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INTRODUCTION

Cereals are the most important of the crop plants grown
in Australia. Wheat 1s the most widely grown of the cereals,
being one of the staple products of the country. This is
indicated by the fact that in the season 1927-19Z8 there were
12,265,979 acres under wheat, ylelding a total of 116,757,082
bushels. Far reaching benefits will therefore accrue from
anything which can be done to eliminate losses in the yleld.
That great losses do occur is well known, and amongst the
causal agents, plant diseases reduce ylelds in a remarkable
degree. The disease known as rust is no exception.

A detailed account of the history of cereal rusts in
Australia 1is beyond the scope of this paper. A great deal
of information has been compiled, but from it only a few brief
extracts will be given.

Rust occurred in wheat in the very early days of
colonisation of Australia. It was one of the many obstacles
encountered. The difficulties met with by the early settlers
in their wheat growing have been reviewed by Potts (118) but

some further references to the original accounts may be of

interest.

The earliest avallable record is that written by David
Collins, the Soc;;bnry to the first Governor of the Colony.
#riting in February 1788 of the disembarkation of the first
colonists, Collins (51) refers on page 7 to the clearing of
a pi‘qe of land, -~ the site of the present Botanic Gardens, --
where wheat was first sown. In August of the same year,
referring to this land he says (p. 41) "The seed wheat that
was sown here did not turn out any better than that at Norfolk
Island: in some places the ground was twice cropped, and there
was reason to apprehend a failure of seed for the next y.ar.'
The next reference on p.88, written in December 1789 states,
"In the course of this month the harvest was got in; the ground

in cultivation at Rose Hill produced upwards of 200 bushels of
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wheat, about 55 bushels of barley, and a small quantity of
oats and Indian corn; all of which was intended to be
reserved for seed. At Sydney, the spot of ground called
the Governor's Farm had been sown only with barley, and
produced about £5 bushels.”

Collins on p.442Z writing of December 1795 says, "The
harvest was begun this month. The Cape wheat (& bearded
grain differing much from the English) was found universally
to have falled. An officer who had sown 7 acres with this
seed at a farm in the district of Petersham Hill, on cutting
it down found it was not worth the reaping. This was owing
to a blight; but everywhere the Cape wheat was pronounced
not worth the labour of sowing." The "blight" may well have
been a plant disease, possibly rust. "Petersham H111"
includes the present site of the University of Sydney.

Barly despatches from Governor Hunter (67) give further
information regarding these happenings. A communication
written in March 1796 (p.554) states, "We have got our harvest
in, and it is, upon the whole, in point of quantity as well as
quality, very superior to anything which this country has
before experienced, although a few blights and other accidents
had disappointed the expectations of some very industrious
settlers.”" In a further despatch (p.557) dated April of the
same year is another reference to this "destruction of the
crops of some of the settlers by blight.” The estimated
wheat yield in that year was from "35,000 to 40,000 bushels."”
The acreage under wheat was stated to be £721§ acres, so that
the harvest yielded an average of from 12 to 14§ bushels per
acre.

Rumsey (125) refers to the first recorded attack of
rust in Australia. It occurred in the Dundas district at
Brush Farm owned by Captain Cox. This is close to the present
Eastwood station. What is evidently a quotation from the

"Sydney Gazette" reads as follows :-
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"october 21, 1803. A more beautiful appearance of
a successful harvest never flattered the expectations of a
farmer within 3 weeks of being ripe; ears were full, plump
and well coloured, and in every respect gratifying to look at.
In 3 days it was completely destroyed by rust. The produce
of 266 acres was not worth £20. A loss of £4,000 was made, --
an enormous amount in those days." Potts (118) quotes this
same statement. Maiden (91) states that rust attack was the
reason for wheat growing being discontinued at Farm Cove.

Atkinson (7A) refers to the prevalence of smut in the
wheat crops, and says (p.45) that "rust sometimes appears, but
is not very common."

Montague Smith (106A) notes on page 9 that the plains
and forest lands of the Hunter River district of N.S.W. suffered
from rust in wheat, He states that the only places which
escaped were patches of virgin soill, although the weather
conditions were favourable for rust development.

Even with the extension westwards into the drier
climates, rust damage was not eliminated. Severe losses
occurred from time to time in the various States. Grove (56)
states on p.255 that in 1889 when there was a wet and muggy
spring, the loss due to rust for the whole of Australia was
estimated to be between 2 and 3 million pounds sterling. The
importance of this "red rust" led to the convening o} confer-
ences o? delegates from the different States to consider the
prbblem. Several of these conferences were held, commencing
in the year 1890. The work of these conferences is summarised
in various numbers of the Agricultural Gazette of N.S.W. (126)
(128) (129) (150). Only one of the full reports has been
available for consultation. It gives interesting aideliéhts
on the problem as it exlisted then, and impresses one with the
enthusiasm and soundness of the workers in those days. It
must be remembered that what are now commonplace facts regarding

rust were then quite unknown.
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At the "Rust in Wheat Intercolonial Conference"” held
in 1892 (129A) figures were given which showed the importance
of the disease. Anderson (p.15) estimated the damage done in
1891-1892 season at over £ bushels per acre sown. This season
was stated to have been a favourable one as regards small loss
from rust.

McAlpine (p.18) considered that the loss in Victoria
that year varied from 2 bushels to 12 bushels per acre, and in
some instances more. Farrer at this conference (p.25) affirmed
that he had the greatest faith in the world that the solution
to the rust problem could be found.

Cobb (26) (27) (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 wheat,

McAlpine (105) has made the most 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
Farrer, losses from rust continued. Thus in 1903 the N.S.W.
losses through rust attack were estimated by Mr. A.H.E. McDonald,
then Chief Inspector of Agriculture, to amount to nearly
5,000,000 bushels, worth more than £400,000. The same
authgrity 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 development of
rust-escaping varieties. - These mature early enough to greatly
lessen and to frequently render negligible the attack by rust.

In 1915 the late Captain H. Stephens was appointed the
first Walter and Eliza Hall Agriculture Research Fellow of the
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University of 3Sydney. He commenced an investigation of the
rust problem, but after holding the Fellowship for only three
months, enlisted for active service overseas. Science in
general and Australia in particular suffered a great loss when
he was killed in action. Results of the greatest value would
have certainly been forthcoming had he been spared to carry
forward the work which he so ably began,

In 1918 the writer was appointed to the Fellowship left
vacant by the death of Captain Stephens, and upon returning from
abroad in 1921, the studies herein recorded were commenced.

The natu;e of the problem demanded extensive studies as
well as intensive research into many aspects of the subject.
Whilst definite conclusions are now possible from some of the
lines of work, in others it will be many ynar§ before definite-
ness can be reached. But some of the general results obtained
seem worth recounting at this stage. These largely have to do
with investigatlons carried out in the plant house, the only
practicable method to follow if full control of the work is
to be maintained. But as far as possible attention has also
been given to field results. In this work particularly the
co-operation with the N.S.W. Department of Agriculture has been
invaluabkle.

The work deals with rusts present on cereals and certain
of the grasses. On wheat, the only rusts recorded in Australia

are Puccinia graminis tritici E. & H. which causes stem or black

or summer rust, and P. triticina Erikss. which causes orange
leaf rust or spring rust. The yellow stripe rust caused by
P.glumarum (Schm.) E. & H., has not been recorded. On barley
two rusts occur, P.graminis tritici E. & H. which causes stem

rust and P. simplex (K&rn) E. & H. which causes leaf rust. On

oats there are two rusts, P. graminis avenae E. & H. which

produces the stem or black or summer rust, and P.coronata Cda.

which causes the crown or leaf rust. There are also two rusts

on rye, P.graminis tritici E. & H. the cause of stem or black




or summer rust, and P, dispersa E. & H. which causes leafl

rust. The genetic connection between these cereal rusts
and certain of the rusts on grasses is discussed later in

this paper.




THE AECIDIAL STAGE OF PUCCINIA GRAMINIS

This stage in the 1life history of Puccinia graminis

is of extreme importance in the Northern Hemisphere. The
eradication of barberries in Demmark has led to a most marked
reduction of stem rust in that country (88). The barberry
eradication campaign in U.S.A. has repeatedly shown that the
destruction of barberries results in a diminution of rust
attack. More recently (165), it has been shown that physiologiec

forms may originate in this stage on the barberry.

Results in 1921

Prior to 1921 it was believed that the Australian
stem rust was incapable of infecting the barberry. In October
of that year it was shown (162) that teleutospores from wheat
straw grown at Glen Innes produced normal infections of a
susceptible barberry growing in the open at the University
of Sydney. Inoculations of seedling wheat plants with
aecidiospores from the aecidia on this barberry gave rise
to the uredospore stage. This culture was studied in
regard to its specialisation, as was also the English cul ture
referred to in the same paper. The latter was found to be
Form 27. Both were kept in culture for several years and
frequently tested on the differential hosts to be certain
of their identity. The Australian culture proved to be
Form 46. It was kept in culture in the plant house for
four years and used in various tests. This same form was
isolated from uredospore material on wheat sent from exactly

the same locality in December 1921 and again in December 1922.

Results in 1922

In March rusted wheat straw was received from
Pusa, India. It was exposed to winter conditions at Hawkesbury
Agricultural College until October, when the teleutospores gave



abundant germinations. They were then used for barberry
inoculations. Sixteen days after the date of inoculation,
spermagonia and aecidia were produced. Aecidiospores were
used to inoculate "Federation" wheat seedlings, but without
result. No rearon could be given for the failure. A recent
visitor from India, Mr.Robertson Brown, has stated that
"Federation" grown in India is resistant to stem rust,although
other varieties are very susceptible. This may perhaps
explain the negative result obtained. Nevertheless a later
test with rust from this locality gave Form 16. "Pederation”

is quite susceptible to this form.

Results in 1923

In April, when the positive results from the
teleutospore germinations of Hawkesbury Agricultural College
material were unexpectedly found, barberries which had been
cut back and were putting out new growth were inoculated
with the viable teleutospores. No infections were obtninod.l
The form of rust used in this test was Form 43.

In the same month, a package of wheaten straw
showing heavy teleutospore infections of stem rust was received
from A.D.Cotton Esq., of Kew, England. The straw had been
collected by kilss K.Sampson at Milton, Wales, and then exposed
to winter conditions until March, when it was forwarded to
Sydney. Upon arrival the teleutospores were viable, giving
abundant germinations. Barberry plants (some of them the
identical plants used for the above-mentioned H.A.College work)
were successfully inoculated, spermagonia beginning to show in
elght days and aecidia in twelve days. From inoculations of
Federation wheat with aecidiospores, the uredospore stage was
produced. This proved to be Porn-27. It has since been kept
in culture and is still alive. It was interesting to find
that the form (27) was the same as that which had been obtained
in the 1921 work from straw collected at the same place.
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It 1s clear, then, that the conditions for barberry
infections were gquite suitable, and that the failure to secure
infections from the H.A.College teleutospore material was due
to something in the material itself.

In October when the H.A.College material was
giving abundant germinations, further extensive barberry
inoculations were made. Again the results were negative
in every instance. This seemed to indicate that Form 43
cannot infeet the barberry.

Results in 1924

At the end of September barberries were inoculated
with viable teleutospores from rusted straw collected from
H.A.College and known to comprise Forms 43 and 46. Spermagonia
were produced but no aecidia.

Further barberry inoculations were made with
material from Rutherglen,Victoria, which had been exposed at
Epping, N.S.W. Uredospore tests with this same material had
shown that Form 46 was present. As a result of the inoculations
spermagonia were produced. The unusual incidence of a cold
snap at this time checked the growth of the barberries and may
have prevented the formation of aecidia.

Another ﬁntoh of rusted wheat straw was received
from Devonport, Tasmania, in March 1924. Uredospore tests
showed that it was Form 46. The straw, which showed heavy
teleutospore as well as uredospore infections, was exposed to
winter conditions at Epping, N.S.W., and tested at the end
of September. It proved viable. Barberry inoculations gave
abundant infections. Spermagonia and aecidia were produced
in quantity. Uredospore cultures on Federation were obtained
and proved to be Form 46. This culture has been frequently
compared with the uredospore culture from the original straw.

No differences in parasitism have been detected.
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Results in 1925

It has been pointed out that some evidence seemed
to be forthcoming that Porm 43 camnot attack the barberry.
In this year's tests, wheat varietles were selected at H.A.
College on the basis of their known reaction to Form 43 and
Form 45, and teleutospore material of three varieties susceptible
to each saved. As deseribed in the account dealing with the
"Teleutospore Stage" abundant germinations were obtained in
September.

During September, six sets of barberry inoculations
were made. The barberry plants in two of the sets were well-
established bushes of Berberis vulgaris growing in the open,

and in the other four sets, were sturdy but rather small plants
growing in pots. From one set of inoculations, no infections
were obtained. This set was on the outdoor plants. During the
48 hours incubation of the young twigs in inmp-ahiunoyn, hot
dry westerly winds were experienced. Attempts were made to
keep the cotton wool plugs of the chigmeys damp throughout

the incubation, but 1t is believed that these unusual wea ther
conditions were responsible for the failure of this set of
inoculations. All the other sets in the plant house gave
infections with production of spermagonia and aecidia (Plate I.)
In every instance the infections came from the rust on Alaska
Branched or American Club, which were known to be infected with
Form 45. The barberries infected in this test were Berberis

Yulgaris, B,vulgaris var sanguinelenda, B.Georglana, and

B.Lucidii. The three last-named were grown from seed kindly
supplied by Dr.M.N.Levine in 1920. No case of infection from
teleutospores of Form 43 was found. A series of fixations of
leaves inoculated with sporidia of Form 43 was made for
sectioning and examination. 'The happenings in the infection

of the young leaf by the sporidia had already been traced

(161) and these preparations were on hand. But a further
series of fixations of leaves inoculated with sporidia from
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Form 45 was made at the same time and under identical conditions
as those made with Form 43.

The sections of the young leaves show that the
sporidia of Form 43 bring about a penotritlon of the cuticle
in the ordinary way. In material fixed ;B hours after
inoculation, the uninucleate h&phae are present in the
epidermal cells and appear to be normal in every way.
Further studies of later stages in inoculations with Form

43 are in progress.

From the aeclidiospores, uredospore cultures were
obtained on Federation and have been studied for specialisation.
The form agrees closely with Form 45. On the ordinary basis
for determination, 1t is classed as the same. That is to say,
both must be listed as showing a resistant reaction on Kanred.
But there 1s a consistent difference between them. The stock
culture of Form 45 gives no infection whatever on Kanred.

The aecidial culture, - tentatively listed as 45A - has always
given a "2" peaction on this host under the same conditions.
The same consistent differences are shown on the Kansas wheats
forwarded by Dr.L.E.Melchers under the names P762, P1066, and
P1068, as well as on several other varieties. A further
interesting difference between the stoeck culture of Form 45
and this aecidlal culture called 45A is shown later in
connection with the biometrical study of the uredospores.

Here it is found that the spores of Form 45A are very
significantly narrower than those of the stock Form 45.

Further Results

In 1926 teleutospores of Forms 34, 43, and 45 were
viable in September. In that month and in October inoculations
of barberries were made, with negative results in each case.

On both occasions hot dry conditions prevailed during the
incubation period out of doors and are believed to have been
responsible for the failure.
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In 1927 viable teleutospores on wheat straw from
India and of Forms 34 end 45 together present on straw from
Glen Innes were used. Barberries were inoculated at the end
of September. The Indian material produced spermagonia only.
The Glen Innes material produced spermagonia and aecidia. These
were fixed and used for class preparations, not being tested
in the uredospore stage.

The results obtained in 1928 were of unusual
interest. They have been reported in a separate paper (165).

In April 1929 a parcel of oaten straw with heavy
teleutospore infections was received from Miss K.Sampson of the
University College of Wales. The material had been collected
in County Kildare, Ireland, by Dr.Murphy. The spores proved
to be viable and were used to inoculate a young barberry which,
although it was autumn, was putting forth some young growth.
At the same time two other barberries in pots were cut back
and brought into a warm spot in the plant house where later they
were used for a further series of inoculations. Very heavy
aecldlal infections were procured and uredospore cultures
obtained on Algopicn oats. One of the barberry infections is
1llustrated in Plate I. Specialisation studies, (referred to
later in this paper) have shown the presence of Forms 1 and 7 ofx

P. graminis avenae, and that in respect of colour and spore

slze this rust differs from the Australian rust.

Su-nngz
Further evidence has been obtained to show that
Australian stem rust of wheat can attack the barberry. An

exception seems to occur in Form 43. Plants of Berberis

vulgaris known to be susceptible to other forms of P.graminis
triticl have repeatedly falled to give infections when inoculatec

under 1ideal conditions with viable teleutospores of this Form 43,

As early as 1925, from infections of a barberry with teleutospore
of Form 45, a form was 1solated which resembles Form 45 but

consistently differs from it in certain respects. This aberrant
form has not been met with in any other isolation. Overseas
teleutospores have given rise to forms unlike those present in

Australia.
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THE TELEUTOSPORE STAGE OF P. GRAMINIS

In order to link up with studies of the secidial’
stage of P, graminis, germination studies were carried out.

Numerous attempts were made to repeat the results
reported by Thiel and Weiss (151) for hastening spore germin-
ation. Using teleutospores which had not been exposed to
weather conditions throughout the winter, these workers found
that as a result of treating the spores with a weak solution

of citric acid, immediate germinations were obtained, Despite
many attempts made in different seasons, in no instance was the
result repeated. Various samples of citric acid, both "pure"
and "commercial” were tried., It therefore became necessary
to fall back upon the method of exposing the rusted straw to
weather conditions in the open, and then testing the germination
capacity. —
Results in 1922 .'

Following upon the succesaful infection of the
barberry which had been obtained with teleutospores from wheat
straw collected at Glen Imnes, (162) it was decided to test
rusted material collected at other places. Wheat straw
showing heavy teleutospore infectlion was collected from the
Government Experiment Farms at Bathurst, Cowra, Glen Innes
snd Grafton in December of 1921, Each collection was divided
into equivalent parts, of which one was sent to each of these
farms to be there exposed to winter conditions. Samples of
this cxposed straw were forwarded to Sydney for examination at
intervals,.

McAlpine (105) states that teleutospores which have
been exposed to winter conditions commence to germinate in warm
dql.lbout the end of September, Arrangements were made for
the first batch of material to be forwarded ebout the end of
- Julye Thereafter the fortnightly submissions were not evenly



mainteined from all the ferms, and hence all the results
from the various pleces are not strictly comparable.

The tests were made by floating a number of teleutosori
in covered watch-glasses of tap water and examining under the
mieroscope after a period of avout 18 hours. The results are
set out in the sscompanying teble., The sign xxxx indicates
that germinstions were very sbundant, The sign xxx indicates
that germinations were plentiful, xx means that they were
me,zmt&qmmfm,m-ﬂntthqm
sbsant altogether.

It will be seen that material collected from all
the centres geve germinations after having been exposed at all
the centres.  The results obtained from materiasl kept at
Bathurst end Cowra were not so good as those from Glea Innes
and Grafton. The similarity between the climatic
conditions at the two former stations would lead one to look
mmmmwmummmmm But
the conditions et Glen Innes and Grafton are very different.
Glen Innes on the Horthern Teblelands expuriences severe
winters, whilst Grafton on the Coast has very mild conditions.
Yet the two sets of materisl gave closely approximating
results, These show an extended period over which germin-
ations occur, when compared with those from Bathurst and Cowra,
The drier conditions at the latter stations probably explain
this happenlng.

Telking next into consideration the source of the
materdal, 1%t is seen that little difference is observable
between the rusted straw which had been collected at Glen
Innes, Bathurst and Cowra. But the Grafton rust showed e
more restricted germination when kept at both Glen Innes and
Grafton.
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As regsrds the identity of the teleutospore meterial
derived from the various sources, uredospore tests made with
rust from Cowra and Grafton in thet season showed the presence
there of only Form 43. At Glen Innes the rust wes Form 45,
and at Bathurst a mixture of Forms 43 and 46. The difference
in the teleutospore germinations is then not to be correlated
with differences in the specialisation of the fungus.

_ An unexpected observation was the germination as early
as July. MeAlpine (105) states that teleutospores begin to
germinate on warm days sbout the end of September, But in
the July test - the first made - the germinations were
ebundant, |

Another test was made this year with heavily rusted
strew sent from Pusa, India, There was not sufficient
material for this rust to be included in the seriecs of tests
just referred to.  When tested on the 15th September
germinations ocourred, although they were not sbundant. A
month later the germinations were very sbundant. Barberries
were inoculated with these as indicated under the heading of
"fecidinl Stage”. '

Begults in 1923
In the succeeding year further tests were made.

Wheaten straw showing heavy teleutospore infections was
collected at Hawkesbury Agricultural College in December 1922,
The rust present in this plot of wheat wes examined in the
m@mmmammm The rusted
straw was kept out in the open on the ground at Hawkesbury
Agricultural College by lir, T. H. Harrison and portions of it
submitted from time to time for exemination, The first test
was made on the 16th April 1923 and germinations were definlte,
though not abundent. It had been considered that a mid-
April commencement would have bemn quite early enough to give
negative results as a starting peint,
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After the mid-April germination test, another was
mede on the 20th May and thereafter they were made at fort-
nightly intervals. The tests prior to the 3rd July
gave negative results in every case, but on that date a few
definite germinations were found, The ssme thing occurred
on the 16th July. The test on the 35lst July gave numerous
germinations, and similer positive results were obtalned at
fortnightly intervaels up to the 9th October. The last batch
gave very sbundant germinations and "ll used for an extensive
series of barberry inoculations.

The teleutospore germination tests were contlinued
at fortnightly intervals, on the 23rd October no single
germination was observed. After such sbundant gorminations
a fortnight previously, this was very striking. Purther
tests were made at intervals until the end of November with
negative results in each case.

The net result of the 1923 teleutospore germination
tests was, therefore, that positive results were obtained in
April, followed by a period up to July when no germinations
were secured, and a further period from July until October
when positive results were the rule.

Results in 1924
In 1924 further germinetion tests were carried out.

Rusted straw was collected at Hawkesbury Agricultural College
in Dtcn!bn' 19?§. . In this case it was known that Form 435
was present in the plot from which the material was taken.
Fortnightly germination tests were made, Circumstances arose
which made it impossible to begin these until 25th June 1924,
Then germinations were sparse, but definite, Similar results
were obtained at intervd s until September when they became
very abundant., On 17th October they were again sparse.

On the 20th October they were rare, and in November and
December the results were negative.
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FPurther work was done with teleutospore material derived
from other sources in this year. In April, heavily rusted straw
of "Little Joss" wheat was received from the State Research
Farm, Rutherglen, Victoria, It had been left lying on the
ground since the harvest in December 1923, In April, germin-
ation tests showed that the teleutospores were viable.
Cultures from uredospores collected from the same spot in
December 1925 had shown that Form 46 was present,

inother batch of rusted strew was received from Devon-
port, Tasmania, in March, 1924, Uredospores present in the
material gave cultures of Form 46,  The straw with its
heavy teleutospore infections was exposed to winter conditions
and tested at the end of September., The teleutospores wore
then viable,

Inoculations of barberries were made from both these
batches of rust, as described under the heading "hecldial
stage."”

Results in 1925

In December 1924 & survey of the rust plot at
Hawkesbury Agricultural College revealed the presence of Forms
43, 45 and 46. Six varieties growing in row teats were
selected, viz., Bobs, Haynes' Blue Stem, Merquis, Alaska
Brenched, Americen Club, end Cleveland, Uredospore tests
showed that in the first three, Form 43 was present, whilst
in the last three varieties, the rust present was Poﬁ 45,
Straw of all six with sbundant teleutosori present was saved
separately and exposed to weather conditions at Hawkesbury
Agricultural College and at Epping, H.S.W. Tests for viability
were made periodically. The results are shown in Table 2.
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It will be seen that even as early as the middle

of March germinations occurred. This was quite unexpected.
Ho frosts were experienced during the period of exposure, which
in the main was hot, Germinations were observed at fort-
mightly iatervals until early Novesmber, with one gap at the
middle of June, Aﬁvlmmmamﬂlm
to germinate, Thilst it is true that the teleutospores
germinate throughout so meny months, it is evident that the
most abundant germinations teke place in September and October,
i.0. in the spring. The germination capacity shown by Form 45
is not notebly different from that shown by Form 45.

Tests in 1926 were made on a small scale, The main
alm wes to utilise the rust for barberry inoculations., The
materisl used was eollected at Sydney University, Grafton,
and Western Australia, This in the uredospore stage was
proved to be Forms 43, 45 and 34 respectively. The straw
in each case was collected eoarly in 1926 and exposed at
H. A, College throughout the winter,  Tests made at the end
of September geve positive results in each case. Further
reference to this is made under the heading of "Aecldiel
Stage”.

In 19287 a fairly extensive series of tests was
planned with a comprehensive set of teleutospore materiasl
representing six physiologic forms, Accldental interference
nmmnmmmﬂngmummwmomm'
bulk of the material being ruined, The 1ittle that was left
comprised teleutosori of Forms 34, 44, 45, Indian teleutospores,
and P, greaminis avense 2. Germinations of all were abundant
et the end of September and a little of the material was
avellable for barberry inoculations as reported under the
heading "Aecidial Stage”. The opportunity of making comparative
germination tests however, was lost.
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In 1928 further tests were made with spores of Imown
physiologle forms in order to produce infections on the barberry,
¥hen the first test was made on the 6th September good
germinations were obtained. The results of this work oy the
barberry have been reported elsewhere (165).

Swrary

It 1s clear from these studies that germinations
of the teleutospores of P, graminls tritiel take plece mch
sooner after thelr formetion than was formerly supposed.
Whilst September and October are the months when the germin-
ations sre most sbundant, the spores have been found to give
sperse germinations as early as March, continuing thereafter to
give somevhat cepricious germinations up to the peak period,
After November positive results are not %o be expected.
These results refer to material kept under natursl conditions.
By utilising cold storage the range could be widely extended.
There has been 10 notable difference in the germination
capacity shown by teleutospores of different physiologic forms.

yer————— T ——



THE UREDOSPORE STAGES OF P.GRAMINIS AND P.TRITICINA.

There can be no doubt but that this stage is the
important one in Australia. It is by means of uredospores
that dissemination of rust throughout the crop takes place.
Specialisation studies involve the use of this stage mainly,
although differences between physiologic forms may be dis-
cerniple in the other stages of the life history. As might
be expected then, attention has been devoted mainly to the
studies involving this stage.

SPECIALISATION STUDIES.
HISTORIC

The occurrence of specialisation in Puccinia graminis
Pers. and in other rust fungl has long been known and is a
phenomenon of outstanding importance. Dietel (35) recorded
a certain amount of morphological and physiological variation
in rust fungli. TEriksson (38) showed that there was distinct
specialisation of parasitism in P. graminis Pers., and divided

the species into five "formae speciales”. All produced aecidia
on the barberry. Hitchcock and Carleton (70) in U.S.A.
obtained results of a confirmatory nature. The fact of special-
isation in the rusts was still further confirmed by Magnus (89),
Rostrup (124), Klebshn (81), Marshall Ward (158A), and others.
Later studies have revealed a much more complex state
of specialisation. Stakman and Piemelisel (137) in 1917 found
that ,P. graminis triticli E. & H. was not a simple organism,
but that there were at least two strains of 1it. In 1918
Melchers and Parker (100) discovered another strain of the
rust. lLevine and Stakman (83) in the same year recorded &
further strain, and began to make use of certain varieties of
wheat as differential hosts to effect a sorting out of the
physiologic forme. As early u' 1919 these workers had deter-



mined twelve distinct physiologic forms of the fungus. Since
then t.ho work has progressed to a remarkable degree. A
standard technique developed by Stakman and Levine in U.S.A.
has been adopted and is being applied in other important wheat-
producing countries. The latest announcement from Minnesota
shows that 55 physiologic forms of P. graminis tritici have

go far been determined. In Austrsalia it appears that no
previous work has been done on this problem. McAlpine (105)
was familiar with the phenomenon of specialisation, but reports
having had no opportunity of carrying out investigations
concerning 1it.

Present day methods of investigation have been mainly
developed by Stakman and Levine (144) in dealing with P.graminis,
and by Mains and Jackson (96) in the determination of the forms
of P. triticina. These workers with characteristic courtesy
have made avallable to the writer cultures of their differential
hosts, and have thus made it possible to study speclalisation
here in such a manner &8s to obtaln results comparable with
theirs.

Method of dete siol f B«

To indicate the method that is used, the procedure
followed in the case of P. graminis triticl may be set out.
It has been developed by Stakman and Levine (144), also Levine
(87), 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 3. The set of differential hosts selected 3 Stakman
. and Levine for the determination of physiologic

forms of Puceinia graminis tritici E. & H.
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Species of Cereal Investigation

Triticum Varietal Name Number.
T. compactum Little Club C.I. 4066
T. vulgare Marquis C.I. 3641

. Kanred C.I. 5146
" Kota C.I. 5878
T. durum Arnsutka C.I. 4072
" '1mm C.I. 5296
. Arnautka (Spelmars) C.I. 6236
" Kubanka C.I. 2094
" Acme C.I. 5284
T. monococcum Einkorn C.I. 2433
T, dicoccum Vernal Emmer C.I. 3686
" Khapli C.I. 4013

Grain of these standard differential 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 determinsative
work.

Seedlings to the number of about fifteen are grown in
small pots. The first seedling leaf is moistened with water
and by means of a flat sterile needle, 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. "O" indicates
immunity, and "4" complete susceptibility. Fluctuations between
these types are indicated by plus and minus signs. A sixth
type 1s 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.
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The explanation of these symbols is set out here~-
under.

Resistant Class.
"0". « Host immune.
Ko uredosori are developed, but sharply defined hyper-
sensitive flecks may be present, indicated then as "0".

" ", - 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 1ight; 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 "2". < Host relatively susceptible.
Infection is moderate; uredosorl are medium in size and
show a tendency to coalesce. True hypersensitiveness is
absent excepting when cultural conditions 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.

Indetersinate Class.
Type "X". - Host intermediately susceptible.

Infection 1s of an heterogeneous nature. Uredosori are very
variable and apparently include all types and degrees of
infection on the one leaf; no mechanical separation is
possiile since spores from small and from large uredosori
alike produce the same heterogeneous infection.
These classes of resction are illustrated in Plate II.
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 1t is easy to determine the physioclogic form

of the rust under examination.

In the case of the determination of P. triticina, a
different series of wheat varieties is used, whilst in dealing
with P. graminis avenae, & particular set of oat varleties has
been selected. But in other respects the methods are essent-
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ially the same. In taking notes on the reactions given by
these rusts, it has, of course, to be remembered that complete
‘susceptibility to E. triticina means that a pustule much smaller

than that produced by P. graminis triticl is found. Similarly
in dealing with P, graminis avenas, in very susceptible ocats

the large "4" reaction is commonly surrounded by & somewhat
chlorotic area. ut 4n the main the same system of note-taking

-

holds

PURITY OF DIFFERENTIAL HOSTS.

Attempbs to grow rust fungl on artificial media have
so far falled. The only method of cultivating them is teo make
use of living host plants. Were it possible to utilise
synthetic media, the rust proulem would be greatly simplified.

Variation amongst living organisms is universal. To
determine the variation - specialisation - within the fungus
causing stem rust, living host plants must be used. These in
turn are subject to 7variation. The extent of this variation
it 1s important to investigate. The twelve varieties have
already been enumerated. It is clear that if She determination
of physioclogic forms by this means is to be effected and the
results are to be comparative, every care must be exercised in
order to keep the differentials pure and true to aame.

The need for this became apparent early in the studies.
These have been possible only through the courtesy of Dr. Stakman
and Dr. Levine in supplying grain of their standard differentials
It was expressly stated that in certain cases the sample given
was known not to be pure. Results obtsined with this grain
prior to its being multiplied in Australia indicated that this
was the case, and single plant selection has been practised
from the beginning of the studies in 1921. Studies were made
of some d‘_:hﬂ aberrant types.



The results of some of these studies of the varlation
shown by the differentials are of interest.

Arnautka.

Grain of this variety as recelved from Hinnesota was
observed to give seedling reactions which were sometimes
abnormal. Pots  of seedlings inoculated with Form 43, known
to normally produce flecks on Arnautka, gave occasional plants,
varying from 2,{ to 5% of those tested, which showed a fully
susceptible reaction. ‘

; In 1925, six seedlings derived from Minnesota-grown
grain and showing the characteristic flecks produced by

Form 43, were transplanted to an open bed and grown to maturity.
At the same time, four showing the aberrant "4" type of reaction
were similarly taken. Aﬁ maturity, all the resistant plants
were of the "Arrﬁutlm" type, as were three of the four suscept-
ibles. But the fourth plant proved to be a "vulgare"” wheat
conforming to Triticum vulgere erythrospermum Kérn. Clearly
admixture of forelgn grain with that of "Arnautka" had taken
place.

In 1927, grain derived from each of the ten plants
was sown and tested with Form 43 before the seedlings were
transplanted teo the open and grown to maturity. The progeny
of the six resistant plants all gave resistant seedlings, whilst
those of the four susceptibles gave all susceptible seedlings.
At maturity a number of random selections, varying from three
to six, were made from each family.

In 1928, the seedlings of the selections were agalin
tested with Porm 43, with the confirmatory result that progeny
of the resistant plants were resistant, and those of the sus-
ceptibles were susceptible.

A scrutiny of the susceptivle durums in these tests



falled to reveal any uoi-phologion or msrked cultural differ-
ences between them and the normal Arnautka types. Whilst
the mixing of grain of a "vulgare"” wheat with that of
Arnautka could be ro_adily discerned and corrected, the
occurrence of two apparently identical types showing sus-
ceptibility in one case and resistance in the other might
well lead to confusion and error in the results.

Hindum.

A state of affairs similar to that reported for
Arnautka was found to occur with Mindum, and was also studied.
In 1926 three seedlings derived from Minnesota grain which
showed the expected flecking with Form 43 were grown to
maturity, es were also two which showed a "3" type of reaction.
The latter proved to be "vulgare" wheats again conr&ll.ng to
T. vulgare erythrospermum Kérn. Tests in 1927 of progeny
of a1l five families showed that they bred true for thelr
rust reaction, and this result was confirmed by a comprehensive
series of tests in 1928 made with further random selections
in each of the families.

In this case the aberrant results were due to impurity
of the grain.

Kanred.

In the earliest studies made with graln kindly
provided in 1921 by Dr. E.C. Stakman, as well as those in
later years when grain was forwarded by Dr. M.N. Levine,
depsrtures from the normal reaction on this host were noted.
For example, pots of twelve seedlinges inoculated with Form 43
freguently showed that elesven were completely immune, and one
completely susceptivle. Summation of & number of these



results shows & frequency of from 5 to 8% of these susceptible
plants. Inoculation of a fresh pot of Kanred with inoculum
from a susceptible Kanred would give a similar result,
practically all the seedlings being immune.

A study was commenced in 1926 with pdu received
from Minnesota in that year. Eleven plants conforming to the
Kanred type at maturity were taken at random, and progeny of
each was tested with Forms 33, 43 and 46. Kanred normally
is susceptible to Form 33 and immune to Forms 43 and 46.
fhe grain of each of the eleven plants was divided into three
portions which wore .un in pots for the seedling tests. The
results showed that there were three classes of families. In
the first class there were six famillies which each showed sus-
ceptibility represented by a "3" reaction to Form 33, and
immunity (no reaction whatever) to Forms 43 and 46. In the
second there were three families which showed the susceptible
reaction kmown as "3" to Form 33 and the moderately resistant
"2" type of reaction to Forms 43 and 46. In the third class,
there were two families which were each susceptible to Form 33
and also susceptible to Forms 43 and 46, giving a "3" reaction
throughout. These seedling results were borne out by field
oburvat.i.ohl. At Hawkesbury Agricultural College where
Kinnesota-grown grain of Kunred was sown and where Forms 43 and
46 were present, it wus obﬁﬂod that the majority of the
Kanred plants were quite free of rust, but occasional plants
showed a severe attack of stem rust. Form 33 1s a culture
which is being kept under control in the plant house, not
having occurred naturally in Australia.

In 1927 three out of the six families belonging teo
the first class were taken at random and the rest discarded.
From each of these three families as well as from the three
fanilies belonging to the second class and from the two belong-
ing to the third class, ten single plants were taken and their
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progeny subjected to seedling tests with the three rust forms.
In all cases they bred true to their class reaction. The
only departure from a noru;al state of affairs occurred in one
of the ten plant progenies belonging to the third class, where
two seedlings from a pot of fifteen revealed the "grass tuft”
habit. Further studies concerning this occurrence are in
progress.

In 1928 further pedigree tests with 41 progenies of
plants from each of the three classes were made. Again 1t
was found that the seedling reactions were true to thelr class.

In 1929 a still further generation was l:.ontod, com-
prising families from each of the three classes. The reactions
given were characteristic of the respective classes.

In Kanred, therefore, there was a mixture of strains

indistinguishable morphologically, but showing wide divergence
in their rust reactions.

Kubanka.

The case of this differential has been complicated
by reason of the effect which altered environmental conditions
apparently have upon the host-parasite relationship. In the
earlier days of the investigation, before this effect was
recognised and when attempts were being made to sort out pure
l1ines of the variety, considerable difficulty was met with.

As far back as 1921, seedling results with grain
kindly supplied by Dr. Stakman showed the mixed results
gimilar to those already described for other differentials.

At the harvest of 1922, eight apparently identical single
plants were selected, and have been grown in pure lines since.
A very great number of tests have been made from time to time
with these selections.



From the outset, marked differences were shown
between the eight families. Thus in 1923, the reactions
given by Form 27 wers of the "4" type with one of the families
and of "O" type with another. An exact reversal of these
reactions was given when these same two famlilies were tested
with FPorm 46. That is to say, the reaction on Kubanka given
by each of these forms might have been listed as completely
susceptibie or completely resistant, depending upon the part-
icular strain used in the test. This sort of divergent result
was obtained in an extensive nrﬁa of tests which utilised
55 different rust cultures representing six different stock
physiologic forms. :

In following years tests have Deen extended and show
elearly that the 1ight plants Saken at random in 1922 were not
all genetically alike as regards rust resistance, although all
appear to conform to the Kubanke type. They are divisible
into three groups on the basis of the reactions shown in a
geries of tests made simultaneously under summer conditions
to Forms 43 and 46. Five of the eight nro susceptible to
43 and resistant to 46, one was resistant to 43 but susceptible
to 46, and two were susceptible to both these forms. Further
references to these results are made in the consideration of
variations induced by environmental changes.

Other strains of Kubanka derivsd from oﬁm sources
were also subjected to test. Por example grain of Kubanka
CeI. 2094, received from Dr. M.N. Levine in 1926, behaved like
the first group of five families listed above, as did also
grain of "Kubanka C.I. 8". Grain of "Kubanka C.I.10" gave
results similar to those of the second group. Grain of "Kubanka"
supplied by Mr. J.T. Pridham of Cowra, showed under summer
conditions that the seedlinge were equally susceptible to every
one of the ten physiologic forms which were avallable for test.

The urgent necessity for scrupulous care in maintaining



the same pure lines if work at different centres is to be
comparative 1s clearly brought out in this work with Kubanka.

Occurrence of Natural Crosses.

Natural crossing in pedigree families may occur and
seriously complicate resnlts. Seversl cases have come to
light.

In & row test of "Indian 12" at the University of
Sydney, two natursal crosses occurred. The grain used for
sowing came from a single ear of a typlcal plant grown at
H.A. College in 1924. In the row test were noted two plantse
which were not fully bearded, but showed only tip-beards.
Each wae saved and its grain sown the following year. - The
progeny varied in regard to beard, showing gradations between
slignht Gip-beard and full beard. There was also segregation
for the smooth chaff and velvet chaff. There is little
doubt but that natural crossing of "Indian 12"had occurred at
H.A. College in 1924.

Another case dealt with a variety of Triticum
sphaerococcum Parc. In 1924 several ears of two varieties
of this wheat were sent from Cambridge, England, by Mr. F.T.
Brooks. The grain of one of these ears was rubbed out and
sown at the University of Sydney in a row test. One of the
resyltant plants was markedly different from the type, being
a "wvulgare" wheat with a tip-beard. ‘'This was saved and its
grain sown the next year. Segregation occurred in regard
to a number of characters, as illustrated in Plate IV.
Clearly in this case tle natural cross had occurred at chd;Zp.

An instance in ocats was very stri!d.ng- Grain of
"Richland " grown at Cowra in 1926, was sown at H.A. College
the following year. A number of single plants were harvested.
One of them had grain larger than the normal "Richland” grain.
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A box of it wus sown and the seedlings tested with P. graminis
avense 1. This form gives a resistant reaction on "Richland".
The test showed 103 resistunt and 41 suscepticle plants. This
18 a near approach to a 3:l ratio, and indicates that probably
at Cowra & natural cross between "Richlaend " and a susceptible
variety like "Algerian" had taken place.

The technique employed in the determination of

physiologic forms has already been referred to (page /7 et seg.)
and the statement made that after inoculation the pots of
seedlings are placed on well lighted benches in the plant house
to allow the rust to develop. Under the condi.tim which
prevail in some seasons in U.S.A., sunlight is lacking. In
N.5.%. the opposite 1s often the case. Here there are wide
divergences between the conditions in the plant house under
winter as compared with summer conditions. The differences
in the temperatures are very considerable. FEvidence has
accumlated which shows that such a difference in the environ-
mental corditions may profoundly affect the rust reaction upon
particular hosts. Since the form determination 1s based upon
the host reaction, this matter 1s of extrems importance.

It is unfortunate that no temperature control apparatus
has so far been available for these studies. It has therefore
only been possible to take advantage of the varlations in the
plant house conditions which have been induced by seasonal
changes. The tests made have practically invelved a com~-
parison of results obtained under winter conditions with those
found under summer conditions. In the early stages of the
work, this veriation in the results obtained was not recognised,
with the consequence that a number of contradictory results



were obtained which were not then mtulligih]:c. So much
evidence has now accumulated, that it is quite clear that
determinative work must be done with & narrow range of
fluectuation in the environmental conditions if the results are
to have a value for comparative purposes. If it be remembered
that the type of reaction which is taken noté of in the deter-
minative work is a measure of the host-parasite relationship,
it 18 not surprising thuat the balance existing between the two
should be liable to variation as environmental conditions
change. It 1s not possible at this Juncture to indlcate

the extent to which fluctuations in the specific environmental
factors such a8 temperature aund 1light bring about an alteration
in the naa{;ions, or of the degree of the response made by the
host and by the parasite to these fluctuations. That marked
effecte in the rust reactions are induced will be seen to be
indisputable.

Material and Methods.

A comprehensive series of tests was made to provide
information regarding the behaviour of the Australian forms,

48 well as a comparison of their reactions with those of other
veluable forms unﬁ.r varying environmental conditions. The
following forms were used in the tests :-

Form 16. Thls was derived from aeclidial infections
of the barberry produced by inoculation with teleutospore
material on wheat straw received from Pusa, India, in April 1927.

Form 27. This had its origin in aecidial infection of
a barberry produced by inoculation with teleutospores on wheat
straw received from Milton, Wales in May 1923 from Miss K.
~ Sampeon of Aberystwyth and Mr. A.D. Cotton of Kew.

Form 33. This form was supplied in the uredospore
stage by Dr. M.N. Levine in 1922.



Forms 34, 43, 44, 45, 46, 54, 65. There were all
obtained from collections of uredospore material made at

different times from various localities in Australia.

Throughout the series of tests, the same culture of
each of the forms was used. In no case was 1t a monosporous
cul ture, but ite reactions on the differential hosts were
repeatedly checked. Of Form 45 two distinct cul tures were
usged throughout. One reason was that one of them which
originated from aecidiospores and is designated Form 45A, has
always given a "2" reaction on "Kanred " whereas all other
cultures of Form 45 have given a "0" reaction, and a search
was being made to find a wheat which would serve as a wider
differential of this culture.

These forms were tested on a number of the differ-
ential hosts. The results are described separately under
the headings of these hosts.

Kubana.

Reference has already been made to difficulties
encountered with Kubanka as a differential, and to the fact
that a series of ‘unglo plant selections was made of several
strains of this variety in founding pure lines. Tests made
simul taneously with the one form on certain of these pure
lines showed conclusively that there was extreme genetic
diversity as regards rust resistance. A good deal of work
was done in testing these pure lines in their reactions to
known physislogic forms under varying environmental conditions,
with interesting results.

The strains of Kubanka used were as follows i~

"Rubanka No. 1" to"Rubanka No.8". These 8 strains
hed their origin in grain labelled "Kubanka C.I. 2094" kindly




supplied by Dr. E.C. Stakwan in 1921. This grain was sown
in a small plot at the Tniversity of Sydney and at the harvest
of 1922 eight single plants were taken at random and have
since been grown in pure lines.

"fubanka 2094". This 1ine had its origin in a sample
of grain sent by the Bureau of Plant Industry of the Tnited
Ststes Department of Agriculture in 1019. From a row of it
a random selection was made of a typical plant growing at
Hei. College. It has since been grown as a pure line.

'M. " This line came from grain of
"fubanka C.I. 2094." kindly supplied by Dr. M.N. Levine in
1925, and since grown in pure line.

"Zubenia C.I. 8" The history of this 1s the sawe as
that of "FKubanka 2004."

"Subanka C.l. 20". This line came from grain supplied
by Dr. E.C. Stakman under this name.

"Kubanka Cowra"”. In 1922 ir. J.T. Pridham of Cowra
Experiment Parm supplied grain which has since been pure lined.
This strain has heads which are rather more compact than those
of "Xubanka C.I. 2004, and is a rather heavier grain ylelder
under conditions prevalling at the Tmiversity of Sydney and
HiA. College.

There were, therefore, thirteen strains avallable
for testing.

In the years 1924 %o 1927 a number of tests were made
with these strains at different times. Using the identical
cultures which have been used throughout the studies to
represent the particular forms, inoculations were mede from
time to time. The results were not identical. To illustrate
the sort of variation found, the results obtained on “"Rubanka 1"
are set out in the following table.

Table 4. Reactions groduood 48 a result of lmulauu

"Rubanka 1" with certain forms of P. graminis
triticli at different seasons.



Form ' Rate of Inocw)ation .
No. Oct.1924 | 0ct.1925 | March 1926 | May 1926 | Hay 1927.

27 4 2 3 3 3
33 S 3 X 3 H
34 3 ;1 &1 3
43 x x x 3 3
45 2+ x 3 3
46 2+ 1+ 2 2 2
55 x x 3¢ x 3+

It will be seen that a good deal of variation is shown
in the reactions given by the same form in these tests.
Uniformity in the results is lacking. But there are indica-
tions that the susceptibllity is greater in those tests made
in the hotter months. |

Other tests utilising others of the strains of HKubanka
gave results which were essentially similar.

To better investigate this variation in the reactions
a more complete and comparative series of tests was carried out.
The tests were made in pairs and were performed twice. For
the first pair, a single plant of each of thirteen pure lines
of Kubanka was used. Half of its grain was used for the
"summer test”, made in P;bruary 1928, and the balance in the
Vwinter test"” made in June 1928. For the second palr of tests,
another single plant of each line was used, half the grain being
used in the "winter test” made in July 1928, and the remainder
of the grain from the same plant used in the "summer test " made
in January 1929. An exception occurs with Form 11, and
"Sew Form", which were tested in January 1929 and July 1929,
not having been avallable earlier.

In all cases, every precaution was taken to ensure that
the inoculum used was what it purported to be. Prior to the
test a form determination on the standard differentials was
made to ensure that no contamination of the culture had taken



place. The inoculum used was taken from an appropriate
susceptible host. A1l the inoculations of any particular
test were made on the same daylgnd the pots of seedlings
treated in the same way. The best pessible conditions of
1ight were given, all the pots being placed on a northern
bench of the plant house. Note-taking on each test was done
on the one day when the reactions were fully developed and the
results checked two days later.

The following table sets out the results.
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The results show clearly that there is great genetlc

diversity between the strains of Kubsnka as judged by their |

rust reactions. There are numerous indications of this. For

example consider the reactions to Form 46 given in the first

of the series of tests, viz., "Summer 1928". = "Kubanka 1"

gl.;ul M ", "Rubanka 2" gives "4", and "Kubanksa 5" gives "4".

Form 27 in the same test gives on the same "Kubanka 1" "4°",

on "Kubanka 2" it gives flecks, and on "Kubanka 5" it gives "4°".

The thirteen strains seem to fall into three groups

within which the members somewhat closely resemble each other.

Grgm lo

Eight of the strains behave, in the main, in the same
way. They are Kub. 1, 3, 4, 6, 8, 2004, Minn., and
C.1.8. It is believed that this group represents
the true xubanlm strain as used in the determinative
work. It is bulk grain of the Kubanka Minn. which
is used as the Kubanka standard in the determinative
work on the physiologic forms. Tests made with this
bulk grain have given results similar to those of
Group 1. .

There are three of the strains which appear to be
related, viz., Kub. 5, Kub. 7, and Kub. Cowra. All
ten forms give reactions which in general agree on
these strains.

The remaining two strains, viz., Kub. 2, and Kub.C.I.10G
show resemblances to each other. ' It was unfortunate
that through an error the latter was omitted in the
2nd. series and only one year's comparative tests were
made with Kub. C.I1.10. But on this basis there is a
general agreement between the two strsains.
The agreement between the two summer and the two

winter reactions is not absolute. In most cases the disagree-

ment is slight. Again it is pointed out that differences in

the conditions prevailing in the plant house may conduce to
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this lack of agreement. In addition, the conditions
prevailing at the times when the two sumwer tests were made
were not identical, nor were they when the two winter tests
were carried out. Higher temperatures prevailed in the summer
test of 1929 than in the 1928 test. But in the main, there
is a similarity between the two series of tests.

Within these three groups certain variations occur.
Exact sgroement 1s hardly to be expected. Major varistions
between the summer and winter reactions are shown in many
cases. 'Thus Porm 33 On Kub. 1, gives "3" in the summer and
"s" in the winter. Prom other tests made during spring and
autumn, evidence 1s avallable that intermedlate reactions are
to be expected then. In the plant house, particularly where
a large series of tests are in progress at the one time, 1t
is not possible to arrange all the pots of seedlings so that
every one shall be under exactly the same environmental
conditions. For example the degree of lighting and the
amount of heat received from the sun vary considerably. This
may result in a certain variation in the reaction shown.
Only when sdequate control apparatus is available can this
point conclusively be aiearod upe. But within certain
1imits of variation the massing into the three groups would
seem to be wvalid.

It is clear that certain forms show a much more
markes variation between the summer and winter reactions than
do others. Thus Forms 16, 27, 45, 46 and 55 do not exhibit
& very marked differsence bLetween the summer and the winter
reactions. On the other hand, Forms 33, 34, 43, 44 and 54
show, in most cases, a marked contrast between the reactions
given under the two sets of conditions. This means that
in the first case the host-parasite complex is not markedly
affected by the range of seasonal variation, whereas in the

e . e #‘ - -




second case it is. it is to be emphasised that evidence
is brought forward under other headings to support the
contention that Forms 43, 44 and 54 are rather closely
related, as are also Forms 45, 46 and 55.

Acme .

From the grain received from Minnesota in 1921,
four typlcal plants were selected at random in 1922 when
the EKubanka selections were made. Under the names Acme X,
Acme 1, 2 and 3, they were pure lined. From the further
supply of grain received from Dr. Levine in 1926, a further
selection was made and designated "Acme Minn." A
series of tests similar to those made with the uloeueﬁa
of Rubanka was conducted with the same cultures on these
five strains of Acme at the same times that the Kubanka
tests were carried out.

The results are set out in the following table:~




Table 6 . Meens of resctiom on certain atruins of 'mni
given by physiologic forams of Puccinia graminis
tritici when tested under different cn‘v!ro_monful
gonditions.
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It will be seen that the variation that occurs
between the strains is very slight. The difference between
the summer and winter reactions is much less than in the
case of Kubanka. Some of the forms do show a variation.
This is notable in the case of Form 43 and Form 54, where
the change from "3+" in the summer to a fleck in the

winter is extreme.

Marquis.

When the series of tests were in progress with
the selections of Kubanka and Acme, a pure-line of Marquis
was also included. In previous work there was evidence
that changes occurred in the reactions given on this host.
The strain used came hrrom a single plant selected in 1922
from grain supplied by Dr. Stakman.

The results are as follows :~-
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Means of resctions on a pure line of Marguis
given by physiologic forms of Puccinis graminis
tritici when tested under different environmental
conditions.

Mearquis
P
t
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Again it is seen that marked variations occur in
the reactions given by certain forms under Summer as compared
with winter conditions. This is notable in the case of
Forms 46 and 55, in which an extreme range of variation occurs.
A chenge from a "4" to a "2-%, or from a %" to an "X="
roaction is one of major importance and again liable to be
very upsetting in determinative work. Thus Form 55 is
separated from Form 45 on the basis of the reactions on
Marquis; this host gives "4" with the former and "2" with
the latter. That there is a distinct difference between
these forms is shown by other tests elsewhere reported.

There is evidence that intermediate degrees of
resistance {(or susceptibility) may be shown under the inter-
mediate environmental conditions prevalling between summer and
winter. 2

Thus in & test made in February 1928 it was found that
five cultures of Form 45 - including the stock culture used
throughout the work - were giving an "X" reaction on some
Merquis plants in addition to a "3+ " reaction on other plants
in the same pots. In each case, from the "X" reactions
cultures were started from the "2" amd from the "z " pustules
on the same leaves, as well as cultures from the itrdm-ns
"s4 " peactions. From these fifteen cultures on Federation
comparative tests on the standard differential sets were made
in Apﬂl. The form in each case was Form 45, tht‘uutuu_l
of Marquis varying from "1a" to "2". The stock culture of
Form 55 was included in this test for comparative purposes.

It gave the typlcal reactions, including the "4" on Marguis.

VARIATION IN FORM 34 ON THE DURUM DIFFERENTIALS.

Further evidence of extreme varlability in the rust
reactions on account of altered environment is avallabdle in

mcum with PFPorm 34. This form was first found in




Western Australia in 1925. The next year it occurred in
New South Wales and since then has been the predominant form
in Australia. Changes in its roagts.mu on three of the
durum differentials have again and again taken place. In
the summer the normal susceptible reactions which are listed
for 34 are given. But in the winter, an entirely different
set of resistant reactions 1|-obtainnd. When these winter
reactions were first observed it was considered that a
different form was concerned. They occurred so frequently
that the reactions were listed and forwarded to Dr. Stakman,
who allocated a number to the form. It is now imown that
it was Porm 34, and that transitions between the two occur.

The first case occurred in an isolation from wheaten
straw collected at Bathurst. This was tested in the usual
way in April 1927. Variation from the normal reaction given
by Form 34 was shown on the durums. Instead of susceptible
reactions throughout, the results were Arnmautka "4", Mindum "0,
Spelmars "0", Kubanka "X", and Acme "3". A repetition using
inoculum from Little Club gave the same result, excepting that
there was now only one Arnsutka plant in the pot which showed
& "4" reaction, whilst three others showed flecks. A further
test was made, the result being the production of flecks on
Arnautka, ¥indum and Spelmars, "X" on Kubanka, and "z" or
sometimes "X" on Acme. Three further sets of differentials
were inoculated from different hosts in August and again the
gsame resistant series of reactions was given. The culture
was koﬁt by sub-culturing on Federation until January 1928
when it was cultured on the set of differentials. It gave .
the susceptible reactions on the durums characteristic of
Form 34. In March 1928 the same normal Form 34 reactions
were shown. In May 1928 the durums sgain gave the resistant
reactions. Illustrations are shown in Plate V.

Another culture from material collected at Wagga
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came up for test in June 1927. It gave the resistant
reactions on the three durums. Inoculum from six of the

hosts, viz., Little Club, Marquia, Kanred, Kota, Kubanka _lnﬂ
Acme was used to inoculate six further sets. In all cases
the result was the same. Three of these subcultures were
used early in September on three further sets of differentials,
and sgain the resistant reactions were shown. At the end of
November these cultures were again used to inoculate sets.
This time the normal susceptible reactions for 34 were given.

Eight other newly received isolations from various
localities were dealt with in the same way and gave the same
result.

One of the two stock cultures which had been obtained
in 1925 and since kept in culture was placed on a set in June
1927. The resistant reactions were shown on the durums.

The principal stock culture of Form 34 which had been
isolated in December 1925 and .h-d since been used in repeated
tosts, was tested in the same way. In June 1927 the resistant
reactions were given. In October 1927, two tests gave the '
susceptible reactions. The same result was obtalned in
January and March 1928. On 24th. April one set was inoculated
and kept in the warmer and sunnier plant house, and another
set treated in the same way was kept in the cooler and shadier
plant house. In the former,the reactions varied in the pots
of durum seedlings. A typical result from a pot of sixteen
seedlings was that five showed "4", six showed a mixture of
"Z". 2% gnd flecks, and Tour showed flecks only. In the set
kept under the cooler conditions no case of simple "4"
reactions occurred on the durums. m. the same leaf were
found flecks, "2" and "3" reactions, the latter occurring
much less frequently than the flecks and "2" reactions.

Another pair of sets was inoculated and incubated
under the same conditions. In the warmer situation, the
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mixture of flecks, "2" and « few "3" reactions on the same
leaves was shown. In the cooler position only flecks
occurred.

On 28th May two further sets were treated in the
same way. In both cases only flecks were shown. The next
inoculation made on 2nd July, gave the mixture of "0", "27,
and "3" in the warm situation, and flecks in the cool place.
An inoculation on 22nd. August gave the same result. On the
10th September the results were @ome simple "4" reactions and
others with the mixture of "0, "2" gnd "3" in the warm
situation, and only ";", "2" and "3" in the cool location.

On the 8th October the result was the normal "34" susceptibllity
in the warm situation, whilet in the coeoler house there were

"4" peactions on some leaves and the mixture of ";", "2" anmd "3"
on other leaves in the pots. In December 1928, the normal

“34" reactions were given in both locations.

It is clear that the sase culture showed considerable
variation in its reaction depending upon its envircnment. The
transition was followed from susceptibllity to resistance and
back to susceptibility.

Lacking the temperature control facilitles, another
method of attack was followed. Early in January 1928 s large
amount of heavily rusted wheat straw and a second batch of
niltlnr barley straw both in a green condition were collected
at HeA. College from two plots which had repeatedly shown the
presence of only Form 34. The straw was cut into short lengths
and allowed to partially dry out during two days exposure in
the laboratory. Each batch was then divided into 25 equal
packets of rusted straw. One of each was used to inoculate
a set of auromu‘n-. The other packets, thanks to the
courtesy of Peters' American Delicacy Co. Ltd., were kept in
their ice-house. At intervals of about a fortnight a packet
of the wheaten and one of the barley straw were withdrawn.
Inoculum from the straw was scraped into specimen tubes




- eontaining distilled water, and the mixture of spores
transferred to the moistened leaves of the differential
hosts directly up to the set used on the 17th April. There-
after, owing to lessened viability it was inoculated on to
large pots of Federation seedlings and thence on to the sets
of differentials.

The initial inoculation made on the 4th. January
gave in each case the normal 34 reactions. Each of these
cultures has been kept alive since by subculturing on Peder-
ation. An inoculation of sets made on 26th. June 1928 gave
from each the resistant reactions on the durums. Tested
agein in November 1928 t.hnj gave the complete susceptibility.

Withdrawals made 2¢th January, 11th. and 27th
FPebruary, 16th. March and 2nd. April gave the normal sus-
ceptibility on the durums. The set inoculated on the
17th April gave the mixture of "0f', "2" and "3" reactions on
the same leaf. Inoculum from the next withdrawsl made on
the J0th April was not avallable in sufficient quantity for
a set until 6th June. It then gave only "0;" on the durums.
The same applied to withdrawals made on the l14th. and 28th.
May and 1lth. June. Withdrawals on the 26th. June and Oth.
July gave inoculum for sets on the 13th. August and in both cases
gave the "4" reaction on some leaves, and the "0;", "2" and
"3" reactions on others in the same pots. Both of these
particular cultures were again put on to sets in November
and gave the fully susceptible reactions. Further with-
drawals made on the 23rd. July, 6th. and the 23rd. August,
and 4th. September, failed to give any 1nro¢tiqm of the
Pederation seedlings. But it was considered very satis-
factory to have kept the uredospores in this viable con=
dition for six months.

This test showed clearly that the normal suscept-
ible reactions given by Form 34 on the durums alter during
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the winter months to resistant types.

Another test was made. This time a batch of
heavily rusted wheat straw was obtained from Cowrs in
July 1928 from an area where only Form 34 had been deter-
mined. It was made up into equal packets which were
stored in the ice~house and tested at intervals.

The initial test made on the 30th July gave only
flecks on the three durums. This 1n1|;1a‘.!. culture was kept
until November 1928 and again put on the set. It gave
complete susceptibility on the three durums. On the 23rd.
August and 4th. September there were "0;", "2" and "3"
reactions. On the 24th. September some leaves showed "4"
others the mixture of "0;", "2" and "3". Withdrawals were
made on the 2nd., 16th., and 30th. October, and 13th. and
27¢th. November. They gave the complete susceptibility.
Further withdrawals on 1lth. and 27th. December 1928
falled to give any infections.

This series of tests showed that the material from
which the resistant reactions were obtained during the
winter gave the susceptible type during the summer.

Apart from this significant variation in the
reactions on the durum varieties, some difference was
dlsoemun on the other differentials. On Little Club,
Marquis, Kanred and Kota, the summer reactions of "4¢",
"4-", "4", and "4=" becawe respectively "3 ", "3", "3-",
and "3-". On Einkorn and Khapli, the summer reactions
of "=" in each case became "HH" in each case. Vernal
Emmer showed no appreciable change. Variation of this
order has little significance.
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VARIATION I8 PEDERATION AND KHAPLI.

Form 46 has been in culture since 1924 and has been
repeatedly tested on the differential sets. That alterations
occur in the reasctions given on Kubanka and Acme when Summer
and winter tests are compared, has slresdy been shown. A
further striking variation has repeatedly been noted end is
11lustrated in Plate V.

For the purpose of subculturing the various wheat
stem rusts, FPederstion seedlings are used. On them the
reaction given by Form 46 during the warmer part of the year
ig "4+ ". During the winter thies falls to a reaction approx-
imating to a "B+ ". That is to say, very small isolated ure~-
dosori occur on highly chlorotic and somewhat necrotic areas.
In the wiunter of 1927 when this weakening in the reaction on
Federstion was overlooked, three subsidiary cultures of 46
were lost through an insufficiency of inoculum for subculturing.

it has been noticeable that Form 27 which was obtained
from teleutospores collected in Wales behaves in the same way,
giving a very weak reaction on Pederation during the winter.
Just the opposite has freguently occcurred on Khapli. On this
host, the summer reaction is a very sharp " Y. But on many
occasions in the late autumn and the early spring, the reaction
has been a "4". It was thought that this might have been due
to the grain used being sowething other than true Fhapli. Such
"susceptible ! plants grown to maturity have, however, been
typleal of Knapli, and have given grain which in the
summer seedling tests have been gquite resistant. Illustrations
of these Khapli reactions are shown in Plate V.
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Single plants of "Joenette", "White Tartar", and
of "Richland" oats were taken. Part of the grain was tested
mder summer conditions (Pebruary 1928) and part of the same
grain tested under winter conditions (Jwne 1928). Two
different cultures of each of the three forms available were
used, The results were as follows i

. Jdosnette ¥hite Tertar | Richland
Ho. Swmer Winter |Swmer Winter Swmer Winter
1 -3t s 2+ 2- 2+ 2=
2 3+ 3 2t 2- 2t 2=
7 | 3+ 3 4 4 2+ 2

It will be seen that the only significant change took
place in Form 1. Here a complete change on Joanette is shown

from susceptibility in the summer to resistance in the winter,
A differentlation between Forms 1 and 2 under sumer conditions
is therefore impossible,

Several cultures of this Form 1 have shown on Jomnette
a very definite "X" reaction in spring and sutum tests.
Isolations have been made from "1" pustules occuring in the "x"
reaction and also from the "3" pustules, and these cultures
compared later wnder sumer and winter conditions, The results
have been from each the " " in summer and the ; in winter,
Dlustrations are given in Plate VI.

A further test was made to confirm this result. In
July 1927 a batch of heavily rusted oaten straw was collected at
Cowra. It was cut into short lengths, partially dried out in
the lsboratory, and then divided into 25 equel packets for
winmoieﬁhou:&



The first inoculation of = set of oat differeatials
was made on the 7th August. The reactions were those of
P. geaminis evesse 1, Josmette giviag "2" resctions, Tis
initiel culture has since been kept elive., It was tosted on
the aifferentials sgein in January 1928 and geve the expected
reactions for P. graminis evense 1, exsepting that Josaette
gave "4" veactions. |

Packets were withérewn from the ice-house at intervels
of spproximetely a fortnight and tested in the ususl way.
Withdrawals on the 23»d August, 4th, and 24th, September, gave
the normal resctions for Form 1, Withdrewsls on the 2nd.,16th.,
and 30th. October varied inssmuch es Joanette gave an "X" mre-
action. Withdrawals on the }Sth, and 27th November gave a "4"
reaction, Thereafter no wredospore germinations ocourred
although withdravals were tested.

m1uammmmmm
i.8, winter conditions for testing. Sets inoculsted simultan-
eously with them snd treated in the seme fashion throughout
have given flecks on Josnette in the one cese and "4" veactions
in the other,

VARIATION I REACTIGH OF Puceinis reiticine.

In studies dealing with the leef rust of wheat, the
Ferrer wheat "Thew" was found to be resistant to one of the two

forms thaet have been dlscovered. It was nmoticed that tests in
the winter months showed the sharpest possible flecks, whilst
4n the swmer the resction was "4°", A series of tests was

earried out using part of the grein of single plants in January
1928 as e "sumer test”, and grain of the same plants in June
1928 as a "winter test". In esch sase two cultures of esch of
the two forms wes used., In addition to "Thew", there were
included cultures of "Webster®, "Hope", mud "Iumillo”, recedved
from Dra, B.C. Stakmen end M.H.Levine, and also the series of



o

dfferentials used by Dr, E.B.lMains in his determinative work

and kindly supplied by hdm,
The results are shomn in the following table -

Teble 8. Results of Smmer sad Winter Tests with
h.wm-Md
on varietlies of .

Australian Australien
Form 1 Form 2

Yariety Sumser | Winter

E

‘.
S
MMM e

lorka 4377-2
Eswvele 5274-1
Democrat 3384-1
liebster S780-8
Hed, 33528«3
Unnamed 3747-5
Unnamed 3756-4
Unnamed 3778 Montana
Unnemed 37795

B MM M M MM Mo
b MM oM M M OMH e Mo

ﬁbbﬂﬂﬂ"ﬂhb-bhﬂhl

B B MM M M M e & s M

It will be seen that apart from "Thew", which serves
to differentiate between the two Australisn forms of leaf rust,
ey @ifferences shown by Form 1 are also shown by Form 2, dome
of the varieties are alike fully resistent wmder sumer and
winter conditions whilst others are fully susceptible under both
sets of conditions, In 4 of the cases viz, Hope, Iumillo Hussar,
and Uonemed 3756, there is a noticeable difference. In the
sumer the reaction is fully susceptible 1.e."4" whilst in the
wvinter 1t 1s the indeterminate type "X".
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Working with & culture of the crganism gbtained from
mmmwmbmmu“
from e resistant to a susceptible reaction could be detected.
from en attempt made in mideswwmer to illustrate heterozygosity
umumammwﬂ.u“;
mmmwma'mm'mu
anm&mnamnnthmx
suscoptidble plmmt, These vesults had been cbtained during the
sutum md winter months, The suaver results from 10 different
femities ware quite differant; the sharp segregition into the
expected groups.of plants giving rosistant flecks and susceptible
"4" pesctions @1d not ocour. A repotition of the work gave the
same resuli, It was therefore decided to make a comparative
test wnder sumser and winter conditions,.

In studies on the inheritance of resistance to this
rust (164) 4% had bees determined thet certsin verieties were
fully suscaptible in the plamthouse, giving a "4" type of
Moﬁmmmmﬂt,amn'fm'
whilst somo were resistant giving flecks, Of the susceptible |
verieties, the following were taken i-
six of Nordeus yulgsre, twe of H, intemsediun, four of
H.distichon end two of H. deficins. All svailsble varieties
mmmuummmmp
rosistence were used, A single plant of each was used for the
m,mormmmmhm(mm 1
md pert in the winter (July 1928). The rust cultwre used was
the one which had been used in the previous investigation.

J.
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The results are shown in the following table :-

Teble 9: Comparisém of reactions to a strain of
sumner and winter conditions.

Barley used Time snd Result of Test

4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4

4 4
Californiesn Feed 4 2 and X-
Psaknon 4 2+
Loeride 4 2 end X-
Sehara 3770 4 2+
Orge Fourragére 4 2 and X
Minn, I 16.13 Lion 4 4°
Minn,II 20,108 4 4°
Minn II 21,14 4 2+
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It will be seen that there is no difference as between
the sumer end the winter reactions given by the susceptible
varietiec., The fluotuations that occurred in the environment
@1a not epprecisbly affect the suspeptibility. A

In the case of the roderately resistant types, an
spprecisble chengo was spperent. Varieties which showed moderate
resistance under wintear oonditions were compleotely susceptible
mder sumser conditions. A chenge from e "2" or an "X" t0 &
"4" is signdficant, |

The resistant types gave a very ifmportant result.
Thder winter conditions they gave flecks, but wder the swmer
conditions they geve the completely susceptible "4" resction,
Thiswasa very wmexpected change. It explains why there was a
failure to secure the expected sugregation during the swmer
test in the crosses of "Manchuwria" with "Cape”, "Seinless” md
"Rinver”. The supposedly resistant "NMsnchuria" is not resistant
wder the sumer conditions, Illustretions ere given in Plate

These results were obtained from only one year's test.
A repetition of 1t is being made,



It has bem shwwn that importast differences occur
in the remctions of hosts to rust attack in the plent house.
These differences may be extrene. OCouplete susceptibility
shown by a rust under sumser conditlions may chacge to complete
resistance in the winter. Gluce the determination of
physioclogic forms of rust is based upon the susceptibility or
resistance shown on seedlings in the plmt house, control of
the environmental condltions becomes lmperative. Au intensive
study of this ehange msy give valusble information regarding
the complex problem of the nature of rust resistance. lo
definite field observations have been made which indicate that
in maturs plants susceptibility may be shown under sertainclimstic
counditions and resistasce under others, but this happeuing
may have an important bearing upon field practice, and
epideniology.



mmmnmnuwmmtnjucm
in the rust reactions may be brought about by altering the
environmental conditions under which the tests are made.
Gomple te susceptibility under summer condltlons may change %o
complete resistance under winter conditions. This has not
been occasioned on all the differentials. HNor do all physio-
mu_fmnusummamwmm.

This does not make invalid the determination of
physiologic forms. But it makes it imperative that uniform
conditions should prevail throughout the tests. Under identigal
environmental conditions different cultures of rusts bshave
quite differently on the differential hosts and can be sorted
into distinet physiologic forms.  The reactions given undey
normal plant house conditions, i.e. not extremsa of winter or
of summer, have been used in the designation of the forms.
The ranges do not inciude those given under these extremes.

Studles involving these determinations have been in
progress at the University of Sydney since 1921. The kindhess
of Dra. Stakmen and Levine in making available grain of their
differential hosts has made 1t posaibie to carry out this work.
The arrival of Form 35 in the uredospore stage from Dr. M. N,
levine, and the cccurrence of Form 16 from Indian material and
Form 27 from English teleutospore material have helped in
checking the grain of the differentials. Many officers of the
Department of Agriculture and others intereated ia plant
disease work have forwarded rusted material which has been
used in the investligations.

In the following table are given the forms which have
been met in the work. It should be clearly borne in mind
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that only seven of these have occurred naturally in
Australasia, viz. 34, 43, 44, 45, 46, 54 and 55. Of these
all but 54 have so far been recorded only in Australasia.
The aix purely Australasiasn forms exhibit a number of
features of Interest.

ZABLE 20

Behaviour of physiologic forms of F.
as shown by the type of infee
on the differentlial hosts.

2 Mean reactions on diff-rentials. =

m‘w'p
Forma 08 .r-l 0 o @ o 0 ;iﬂ

oe Mooy B |25 |a8 [#83

:! I A w 'S -1 n - e

BilEa| B 2 Eq gq fr

s 2| 2] 28 |8 [RHs |&E°
il 4 |4 o 3 < % 3|37 3 1= | 1=
16 4= | B= (V] 1 4 3+ |3+ 1= 1= 1=
&7 4= |2 0 03 (03 |03 |4 |3+ 1=]| 3+ 1t
33 4 l2 | 31 2 o3 [0 |o3 | |3+ 3| 03] 2
34 ¢ |4 | 3¢ s+|e (4 |4 [|3|3+]| 1=|0; | 2=
435 4 3t © 03 | O3 0; 03 PN 1 3 1 03
44 4 |57 © 03 |03 |O3 (03 [St]57] S 1 03
45 4 |2 0 = | 4 4 4 X 3 3 1
45A 4 |8 e 2 X Ix K 3 1
46 4 |3t O g-| 4 3 5 3 3
54 4 |3t] O 03|03 |03 O3 {2 | 3+| 3 1 03
65 4 |4 (4} 2« | 4 4 4 X |X 3 3 1
New
Form 4 -'A 3V & 03 |03 (03 |3 |35 03| 03| 03

The six Austraslasian forms fall into two groups. The
throe members of each group show marked interrelations. Forms
43, 44, and 54 vary only in their resctions on Kubanka and Agme.
But that differences betwesn them do occur is further shown by



the studies of the reactions of other wheata to these forms.
Similerly Forms 45, 46, and 55 show resemblances to each other
but are separable on Marquis, Kubanka and Acme. The first
group of three has always given sharp reslstance on Arnautka,
Mindum and Spelmars, whilst in the second group these wheats
are goupletely susceptible. It has been repeatedly noticed
in warm weather Iinoculations of stock cultures on Federation,
whigh is susceptible to all forms, that uredosori on the
second group break through the epldermis and give crops of
uredospores in a shorter time than do members of the firat
Eroupe This of course refers to pots treated in the same
fashion. Furthermore, members of the second group give large
"4" pustules on Federation which as they age are often quite
necrotic round the edges. This does not occur with members
of the first group.

Differences in the colour of the uredo pustules of the
different forms seemed to occur. To test the point, cultures
of each form on Federation seedliings were kept under the same
gonditions in the plant house at a season when these approaghed
the optimum. The coloursof the pustules were directly
compared with the Ridgway Colour Standards. The following
was the resulti-

Form 11 Sanford!s Brown of Plate 1l1.

" 16 Burnt Sienns ” »
" ﬂ " n | ] L
" 335 Antique Brown " 2
" 34 Sanford!s Brown »: s
" 43 Burnt Sienna . »
® 44 Sanfordl's Brown " "
" “ " ] n »
" 46 Antigue Brown Plate 1il.
" 54 Sanford'!s Brown Plate 11.
" 556 Antigque Brosn Plate 111,

New Form Raw Sienna = .

-



- 5 =

That 1s to say the "new form" 1s unlike any of the
others. Forms 11, 34, 44, 45 and 54 are alike. Forms 16,
297, and 435 are allke, and Forma 35, 46, and 655 are allke.

It will be seen that this grouping does not accord with that
made on the basls of the spe¢lalisation and uredospore size of
the formse.

An interesting case in comnection with colour of the
uredo pustules came under notice. In the determination of
spegialisation of a culbture of rust from H. A. College,
the normal reactions of Form 34 were found. But on Harquis,
on® pustule was of a different colour from the others. It wes
mich paler. A culture was obtainsd from this pustule as well
as on® from the ordinary darker pustules on the same host.
Doterminations on the differential sets showed that each was
Form 34, but throughout the hosts the lighter colour was
apparent in the one culture. ¥hen compared with the Ridgway
Colour Standards 1t was found to be "Mars Yellow"™ of Plate 111,
whilst the original culture was “Sanford's Brown"™ of Flate 1l.
"hen the wheat straw from which the culture was first started
was exanined, no trace could be found of a colour difference in
the rust present. It is conaidered that this light-coloured
lhhor-!'mumuamum. It has singe been kept
in culture and frequently testad on the differentials without
showing any departure from the origimal colour and reactions,
excopting that 1llilkke Form 34, 1t responds strikingly to differ-
ences in the summer and winter conditions as shown by the
reactions on the durums. A case of colour mutation in
wumwmmm:@-ln&;
The ogcurrence o mutations in stem rust may have an important
bearing on the origin of physiologic forms of the organism.
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DISTRIBUTION OF THE FORMS

S3inge the commencement of the studies in May 1921,
efforts have been made to secgure samples of rusted material
as frequently as possible and from as many sources as possible.

The ideal method of payling frequent personal visits to
different localities in order to collect specimens has not
often been practicahle, although a number of centres have been
viasited from time to time. The survey, therefore, has been
mainly dependent upon the kindness of helpers in cnhntnq
rusted samples for study. Officers of the N.5.W. Department
of Agriculture have very laregly contributed to this work.

The results are sumarised hereunder, grouped into
periods of each one year. Empirically the end of March has
been taken as ¢losing each period of twelve months., Early
sowing of crops takes place in April, and this month has been
selected as the commencement of each of the periods set out.

MAY = MARCH

The firat stem rust recelved and subjected to test came
from Hawkesbury Agricultural College and proved h be Form 43.
From Cowra in September the same form came to hand, and this
particular culture has been kept growing ever since as the
standard Form 43. During the period, 41 different isolations
wore mede from material which was received from 34 differvent
Australasian localities. Five of the physiologic forms were
represented in the collections. ‘

The detalls of these are set out in the following table.
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The only State not represented is ¥. Auatralia.
Gonsidering a grouping of the forms as already suggested 1t
will be seen that Group l. was represented in 22 of the
1solations, and Group £ in 19.  The distribution of the
latter is much the wider.

In addition to these isolations it may be mentioned
that Form £7 was isolated as the result of inoculating a
parberry with sporidla from tolsutospore material kindly
forsarded from Milton, Wales, by A. D. Cotton Esq., of Kew.

The different places of collection were as followsi-

Form £7. Wales.

Form 43. HeA.College, Cowra, Packham, Coonamble, Trangle,
Sowra, Yanco, Grafton, Towors, Vagga
Banks town, University of Sydney Plots, Glen »
Bathurst, Gatton, Q.

Form 44. Camperdown, Hemingha.

Form 45. Bathurst, mmw. Sehe

Form 46. Coonamble, dlen Innes, s Wolling Newstead,
Gatton, Qe Mmthlgﬂ .y Yorriboe, Vic.,
Devonport, Tas., Contral Tasmanis, 8thn.Tasmania,

Longford, Heie.

Form 55. Loamberah, Glen Imi.

Only 156 isolatlions in all were made, very little
material coming %o hand from the various States. Three forms
wore represented, as shown in the following table.

Table 12. Results of iaves tions of uredospore

material received various sources in

1922 - 19283.
No. |of fsolatfons| o " ‘w- from which +

HeSele | Vice| Qo | Sele | Wehe Tage. ek
b 10 5 1 ) :
|
44 4 2
o 2 g
\hhll. 16 7 3 . "
-




In addition, Form 35 was received from Dr.i.l.levine
of Hinnosota during this period.
The different places of collection wore as follows 3=

Form 33 Minnegota, UeS.A.

Form 43+ Hei. Gollege, Bathurst, Glen Innes, University of Syiney
Flots, Vagga, Pittsworth, Q., Chapman, ¥.A.

Form 44+ Glen Innes, Inverell.
Form 54. Roseworthy, S.A.

In this period, 25 isclations were made from Australasian
material representing four States as set ocut in the following
table.

Table 13« Rosults of investigations of uredospore

material recsived varions sourges in

1083 -~ 1984.
Form |Total No.of | No.of different localities from whiéh
Eo. 1solations. materisl game

NeSoWe '“- Q. Selhe | Welho m. Heio

43 10 6 b |
406 15 g2 £ 1
Totals 26 8 2 1 1

In addition there were two i1sclations of Form 27 from
teloutospore material collected at Milton, Wales, by Miss K.
Sampaon of the University of ¥ales.

The different places of collection were as follows ie

Form 27. Vales
Form 43. HeA.College, Gowra, Univeraity of Sydney Plots Wagga,
lese ton, Ilnt;nrot. aum. IS. .

Fom 46. Cowra, htﬂuut. Ratherglen, Vic., Werribee, Vic.,
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More material came %o hand during this period. It
comprised 100 4solations in which were represented five forms
as shown in the following table :-

Table l4. Results of hw-t:g‘t-m of uredospore

materisl regeived different sources
in 1924 - 1925.

Form tal No. of | No. of different localities from which

No. olations material came.

HeSeWe | Vice| Qo | SeAe Welo Tase. HeZo
43 56 24 5|2 | 2
44 1
45 15 4 1 )
46 24 10 b § 4
56 5 3

| ]

Totals 100 41 5 | B £ ks

Here again 1t will be notiged that if the forms be
grouped, Group 1. is represented in 56 of the isolations and
Group 2. in 44.

The different places of collechion sre as follows &=

Form 43. Heho.College, Gowra, Hanilla, Delungra, Eslvin, Grafton,
Trangle thy Duri, Inverell, Coonamble, P »
Golinroobie, Betturst, Illabo, Wagge, University of
Sydney Flots, Roseville, NHarromins, West m. Urana,
Koorawatha, Mendialls, Young, CGatton, Q., s Vice,
Verribee, Vic., Euchaveena, Vic., Roseworthy, S.A.

Form 44. Yerribee, Vic.

Pora 45. H.A.College, Illabo, Vaggza, Cowra, Werribeo, '“.’
mﬂﬂ. Selhe

Form 46. HeA.College, Kelvin, Manillas, Tamworth, Duri, Farkes,

Henty . Poak Hi11, Bugowra, Gatton,Q. Westbury,
h.”‘ﬁ; 'll.', m-: hﬁ ﬂ;ll'. mm. - -

Form 55. Roseville, BEumngerie, Cowra.
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5th. PERIOD, APRIL 1995 - MARGH 1926

Only 28 collesctions were awvailable, covering five forms
as set out hereunder.

Table 15, Results of investigation of uredospore

material regoived various sources in
1985 - 1986
Form |Total Ho. of | lo.of difforent localities from which
No. |isolations. material came
HeSe¥We |Vice \de Selhe | BeAe MO Hede
34 4
43 15 & i 2
44 3 2 i
45 5 S
46 b s 1
Totals 28 10 2 2

It is fmportant to note the advent of Form 34. The
materdal from Vestern Australia was Mb:lr.!_.l- Garne
and Iemhud of a large representative sample of rusted straw
from the wheat and barley orops. The actual culture obtained
has since been grown in the plant house and is the one used as
the type culture of Form 4.

The different placea of gollegtions were as follows -

Form 34. z’m. Vieliey mm. Feddeo

Form 43« HeAJCo » University of Sydney Flots, Roseville,
Grafton, Gatton, Q.,

Form 44. Glen Inmes, Bathmrst, Gatton, Q.,
Form 45. H.A.College, University of Sydney FPlots, Grafton.
Form 46. Grafton. '



6th PERIOD, APRIL 1926 - MARCH 1927

In this year, 89 isolations were made. They included

all the known seven Australian forms as shown hereunder.

Table 16. Results of investigations of uredos

/

pore
material from various sources in 19261927

No. of different logcalities from which
‘Form Total No. of material came.
No. isolations.
NeS.We Vic. Q,ldo S.A. W.A. [Tas. N.Z.
| |
34 18 | 2| 8§ |
43 14 8 JI 1
|
44 30 14 1 2 |
45 17 9 1 {
46 6 5 I‘ | 1
54 3 3 ‘ |
85 1 1 |
| I
. ? -
POTALS 89 . 46 -8 6 3| e
— I |

On the system of grouping the six forms other than Form

34 into the two groups of each three forms, it will be seen

that there are 47 isolations of the first group and 24 of the

second.

Form 34.

Form 43.

Form 44.

Form 45.

The different places df collection were as follows:i-

Curlewis, Manilla, Cowra, Wagga, Loomberah, Bathurst,
Bordertown, S.A. » Walte N S.:A. 3 Lﬂke Grace » Waeke s Salmon
Gums » WeAe » chﬂ.pman, W.A .

H. A, College, Oberon, Bathurst, Wagga, Narromine,
Grafton, Goonoo Goonoo, Curlewls, CGatbon, Q.,
Mt. Gambier, S.A.

H. A. College, Grafton, Curlewls, Tamworth, Armidale,
Yaneo, Narrandera, Beddon, Curban, Cowra, Currabubula,
Coonamble , Bathurst, Roseville, Gatton, Q.,

Lucm‘le. 30&., ﬁllic.nt, S.A.

Curlewis, Yanco, Narrandera, Griffith, Beddon, Curban,
']l;oorauemh, Cowra, Bathurst, Waite, S.A., Ashburton,
.Z.

Form 46.Tullamore,Balladoran,Gilgandra,Canowindra,Chandler, NelsonN.Z

Form 54.
Form 55.

Dubbo, Balladoran, Tooraweenah.
Cowra.



In this period there were 18¢ isolations. All the
States and lew Zeasland are represented. As in the preceding
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Ith PERIOD , APRIL ISRV - MARGH 1988

year, all seven forms were represented in the sollections,
which are seot out in detall hereunder. ,
Table 17. Results of investigations of |

mnterdal Drom verious sources in - |
!

Form Ko. |Total lo.of Ho. of different localities from |

isolations o
ReSelie (Vice | Qo | Sehe | Weae

34 ise a1 1 2 1 4 6| 1

43 £1 6 1

24 6 2 1 ‘B

45 5 3 i

40 ] 2 :

54 - 4 b j

55_ 2 A R J -

TOTALS 189 46 1 “ 1 & 9 b §

: 1 _

: ’ -
In this poricd Form 16 was alsc isolated from to o
materlal kindly forwarded from Pusa, Indis, and used to infect

[ ] hwo

The actual places of collegtion were as followsi=

Form 16. Pusa, Indla.

Form 34« HeA. m‘ Glen Innes, Bm:; Fahigh. m.
Gate, O;Iu. Unandong , Pn;kv!.m. ‘-!:rnh Gnck‘ ¢ '
Quipolly, Guirindl, Duri, Dubbo, Young, Quaker's Hiil1,
Ben Lomond, ido, Cayra, Av s le@eton, Carcoar
Currabubula, Werris CGreok, University of Sydney Flots,
Roseville, Catton Q., Parling Downs, Q. Werribee, Vic.,
Honarlo, Sthe S.4., Keolyin, V.A., Chapman, We.i.
Dindilon, VWels, Morridin,W.A., Saspafras, Tas., W.
Devonport, Tas., Nth., Down, Tas,, Barpington, '5:--.
Sgotzdale , Tus., Stonor, Tas., Nolson, Heie,

Form 43. H. A+ Gollege, Bathurst, Glon Innes, Raleigh, Peak Hill,
Grafton, Barmrington, Tas.

Form 44. Glon Innes, Bathurst, Gatton, Qey dthe Down, Tas.

Form 45. Glen Innes, Gowra, Farrah Greek, Barrington, Tas.

Form 46 . Quandong, Garcoare.

Form 54. Gouwris.

Form 56. Trangle, Darling Downs, Q.
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There were 156 isolations in the year. They came from
numerous localitiss. Only Form 354 was present. The detalls
are as follows. '

Table 18. Results of investigations of uredospore
material from various sources in 1928-1929

Form [fotal No.of No. of different localities from which
lo. | 1solations material cawe.
|

HeSaeWe| Vice Se Sehs VW.A. | Tas. Hedo

—

A 156 36 7 4 3 1

Material came %0 hand late in the season from Testern
Australia tut the uredospores had unfortunately lost viability.
It 1s believed, however, that it was Form 34.

During this period two other forms were added to the
collection, vize. Form 11 and the “Hew Form" (165).

The different places of collection were as followsi-

Form 34. H. A. College, Bathurst, lewis Ponds, Comra,
Boggabri, Trangle , Yango, Pinecliff, Chatawood,
Henty, Duri, Coonamble, ¥Wyalong, Waggsa,
lLoomerah, Univeraity of Sydney Flots, Jindara,
Berrigan, Grafton, ong, Gunnedah, Currabubula,
Tamworth, Pubbo, ¥ellington, Narromine, Barellan,
Lockhart, Forbes, Oaklands, Corown, Peak Hill,
Gowrle, Glen Innes, Inverell, Gatton, Q., Freestone ,Q.,
Loch Lomond, e, Gladfield, QU., Yorribee, Viec.

Dookie, Vigce., Howlong, Vice Ru » Vic. Port
Prairie, Vic., Shepparton, Vic., ¥ » Vic.,
Walte 5.4+ Gloncoe West, S.A., Furner, S.A.
Nelson, H.ie



The whole of these resulis are summarised in the

following tables.

ogalities

inves tigations
tions and different 1
during the several pericds.

Summary of ::. uredospore

Table 19.

Season ending

. |

145
46
45

S8TITLw00T]

SUOT48TOST

SOTITTIvROY

|

4
4

SuU0T39 [0 8Y

6
6

8074 TLE0 0T

SUOF4UTOST

18 11 158 46 (156 61| 380

140/ 21| 7

£
3|3 11
i1 1 & B

80 31 Te007

Harch of
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SUOTIV OS]

4

EOTITTIW0 0T

Su0ys 9 0e]

1113 |8 507

15/ 6|/ 6 |5 (2711

S

a
|
|

89 T3TTu00]

7|56|890 15 |6

suotiwiosy

15/ 6 (284|256 1 |1

8973719007

7 20

i

SUO T30 108]

|

8073719007

SUCT4UTOBT

2 2 4|2

14|12

F P

45 2016 | 10

S 3

41/ 34| 1510 |25/12 100 54 £8 14 | 89|59 189 66 156 51| 645

If the grouping of the six forms into the two groups of

each three forma be considered, it is seen tha: of Group l.

comprising Forms 435, 44, and 54, there were in all 196 1isol-

ations.

Of Group £. comprising Forms 45, 46, and 55, there

The remaining 530 isolations were of

wore 117 isolations.

Form 34.
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Table 20. Summary of the uredospore investigations
showing the different localitles each
season from which the forms came.

Form | Total No.of Different localities ffom which| Total

Ho. |Isolations material came. Humber

R nﬂ. Q+ Subd Wede | Sase| Bele] | R

ities
34 330 73 J 6| 6 6 2 110
43 1456 75 3 2 1 86
44 46 22 1| 3| 2 1 29
45 45 £0 1 3 i 1 26
46 ée 25 al 8| 3 8 39
54 5 4 1 5
55 10 7 1 8
TOTALS 643 154 (43725 (11 (27| 5 303

| -. | E|

Hore again it is instructive to group the forms into
the two groups of each three forms.
120 different localities, the second group from 73 different
localities, and Form 34 from 110 different locallities.

In gonsidering these results attention is again directed
to the limitations imposed upon the collecting of speclmens,
and to the fact that in the main, dependence had to be placed
upon sgents not directly concerned in these studles. The

The first group came from

mamber of isolations for the variocus seasons cannot therefore

be taken as a true index to the amount of rust present in the

grops. In 1928 and 1929 rust was wnwnlantinmmu;
a fact brought out by the numerous isolations that were made.
But in gertain of the other periods when only few specimens

came t0 hand, it is known that rust was present in the crops

to a considerable extent.



DISTRIBUTION OF THE FORMS

Form 43.

It has slready been stated that the first form which
was determined was Form 435. With the exception of Form 354,
this form turned up more frequently than any other during the
eight years. It also came from more localities than any other
form e xcepting 34. Furthormore 1t was determined during _
each of the periods with the exception of 1928-1929, when only
Form 34 occurred. All the Australian States have provided
isolations of this form, but it has not been recorded from
Hew Zealand.

Form 44.

This form, which is allied to Form 43, also appeared
in the early stages of the work, and occurred falrly frequently
during the investigations excepting during the 19251984
poriod when so few isolations were made. It came from four
of the Australian States.

Form 45
This is a member of the second group, and appeared

fairly frequently. It was isolated during the first peried,
and only dropped out during the 1923 and 1924 periods when
only a few gollections were avallable., Queensland and Western
Australia have not ylelded isolations of it, but the other
States and New Zealand have.

Form 46.

: This was the second form to be isolated in Australia,
ocourring early in the investigations and showing very marked
differences from the first form that was found, viz. Form 4 3.
It is a member of the second group of forms. In frequency of
isolation, as well as in the mumber of localities from which
it came, 1t ranks next to Form 43. It was found in each
period up to 1928 with the exception of 1925 when s0 very
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little material came %o hand, With the exgeption of
Western Australia, all the Australian States and New Zealand
have harboured this foru.

Form 54.

This is a meumber of the firat group of forms and has
been isolated only five times during the periods 19235, 192Y, and
1928. New South Wales and South Australia are the only States
in which 1t has been found.

Form S5S5e
This member of the second group has only been isolated

ten times, and has come from New South ¥ales and Queensland.
Regarding these six forms on the basis of their

grouping, 1t will be seen that members of Group l. were isolated

196 times and members of Group 2 117 times. MNembers of

Group 1 came from 119 localitlies, whilst those belonging %o

Group £ came from 75 localities.

Form 34.

This form markedly differs from the other six forms.
They are essentlally Australian, not having been recorded from
other countries. Form 34 has been recorded from several
other continents. It 1s a very much more virulent form than
the other six. '

It will be seen that during the first four perioda
of the inveatigations, Form 34 did not once show up. It was
first found in Hovember 1985 after the investigation had been
in progress for 43 years. During that time, 193 de terminations
of other forms had been made. The material containing 1t
was heavily rusted wheat and barley straw sent by Mr. W. M.
Garne from Western Australia. It was not found sgain until
just a year later, when Mr. Carne again forwarded a hatch
of Western Australian material. At about the same time
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(Nov. 1926) Form 34 was isolated from rusted wheat sent

from several localities in New South VWales and South Australia.
At the same time forms belonging to ome or other of the two
groups were coming tc hand. In some cases the one collection
of straw ylelded Form 34 together with one of the other forms.
Gradually the latter became fewer. The 1928 periled shows

that from 189 isolations, Form 34 occurred 152 times. The
localities from which it came also showed a remarkable extension.
Every Australian State as well as New Zealand gave isolations
of this form. Even more striking is the poasition revealed in
the 1929 period. From 156 isolations only Form 354 was
obtainad. There was no appearance of any one of the other
forms during this period. Form 34 completely dominated the -
situation. Tasmania failed to submit rusted material, but
all the other States as well as lew Zealand sent rusted straw
hmlng?m&&anlonl,thh form. The last isolation of
a form other than 34 occurred in Jamary 1928 from rusted
material obtained from Tasmania.

In the collections examined there were numerous
cases in which more than one form of rust were present. Leaf
rust and stem rust frequently appeared together; the most
convenient host for separating them was Khapll. As many as
three distinet physiologic forms of stem rust were found in
the one collection. It has been a wry' common oGcuUrrence
to find both the forms of leaf rust present in a batech of
material and sometimes on the same leaf of a plant.

The advent of such a form as 34 profoundly affects the
rust situation. It has been found that few varieties of
wheat of commercial value are resistant to 1t, and 1ta attack
on crossebred wheats kmown to be resistant to the other forms
which had been isolated was very upsetting.
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In addition to attacking wheat, P, graminis triticl
is known to ogccur on other plants. Whenever possible, these

other hosts have been examined, with a result indicated in the
following section.

BARLEY

This is a crop which is not very extensively gromn
in Australia. To date 57 cultures of barley stem rust have
been examined.  They came from all the States. Of the seven
physiologic forms known to occur in Australia, five occurred
in these barley isolations. Form 54 and 55, which were not
represented, have only been found in all on five and ten
occasions respectively. Seedling tests have shown that the
commercial varieties of barley are susceptible to these two
forms. Had more extensive gollections been avallable it is
1ikely that natural infections with them would have been
disco wred.

The results of the collections are summarised hereunder.

Table 21. lumber of times isolations of the

different physiologlic forms were
made from barley.

Form No. Number of isolations.
54 28
43 13
44 7
45 3
| 46 6
TOTAL 544

The numbers dealt with sre amall, but a comparison
of these figures with the total number of isolations made of

each of the forms shows a general agreement.

e —



- 72 = !

i3 43

Vhenever it has been possible, rye crops have received
spocial attention. Stem rust was first found on rye at
Glen Imnes in 1022. Fresh uredospores were inoculated
on to seedlings of the same wariety ("Black Winter") without
giving any result. The next collection was from H. A.
College in 1984 when a simllar fsllude was encounterrd, Two
years later a further sample came to hand from Grafton.
Seedlings of wheat, oats, barley and rye were inoculated.
Infections were obtained ca the wheat and barley alone, Tests
on the standard differentials showed that the rust was P.prominis
Iritiel 44.  Shortly aftorwards another collection of rust
on ryeo from Queensland proved %o be Po.graminis tritici 43.
Thereafter stem rust on rye has ogoasionally been collected from
various sources in New South Wales, Victoria and Queensland.
Fourteen samples of viable material have been available and |
have ylelded ome isolation of Form 43, two of Form 44, and chm!
of Form 34. The last mentioned have all turned up singe
Hovember 1927.

On several ogcasions there have been opportunities for
serutinising crops of rye nearing matuarity. Stem rust is
uncomnon in the arop. In coastal areas there have been
numerous cases of leaf rust occurring on the sheath and on the
stem itself. As showing the paucity of stem rust, in 1987
a gareful search through a fleld of Slav rye at Cowra in a
season when rust was plentiful in wheat and ocats, yielded only
one plant infected with stem rust. The grain was at the
dough stage. It was collected and the grain allowed to mature
whilst a culture of the rust (Form 34) was kept growing. Tests
with seedlings derived from this infected plant gave two
susceptible and 39 resistant plants. The two susceptibles
and representatives of each of the resistant types were grown
to maturity and selfed. No viable grain was obtained so the
experiment lapsed. : |



This work is being carried further forward and
promises to yield interesting results, Efforts heve been
made to find rye plants infected with stem rust snd to secure
grain from them. In this work valusble help has been rendered
by Mr, G.S.w.tmo, Wr, J. T. Pridhem and Dr, A, R.
Callaghan of Cowra, and Nr. W. H. Darragh of Grafton. In a few
¢ases, rusted rye plants were found sufficiently early in the
season to meke 1t possible to bsg some heads prior to flowering
mwmm-nzuomummmumhmw
pollinated grain. There were three of these plants. The yield
ummmWMmmm,mm
12, 2, and 9 grains respectively.

The grain of the individusl plents was tested with
Form 34, which wes the attacking form, and after note-taking,
mmmmmmmummmmm
belng grown to meturity. The object is to obtain selfed
mumamummamm,u
hmmmmmm

The results of these Gl tests are shown in the
following table 3-

Table 22, MNeans of resctions given seedlings
w.duﬁ:hxfu.wm

. liode of
O. Source |Variety |Pollination 0 | ; al 21 X188 4
J
624 Cowra Slav Open 17 (23| 2 2 | 88
96564 | Cowra Black Winter Open 38 (60| 2| 5/ 1 | 286
Cowra Black Winter Selfed | 3 Nt o X 7
084 Bathurst do. Open 9 (10| 4 10 2 6
987A | Grafton do. er 3 1l 2
B do. do. . 1 i 1 b
C do. do. do. 5 5| 2| 8
D do. do. do. 8 3
lolsmy I-r&ux March do. 26 |30 4 2| %
Bl do. |Black Winter do. 20 42 19 | 25 14 | 40
B2 do. do. do. 27 29 8|13/ 6 1
B3 do. do. do. 5 (38| 8 10| 4 | 12
BS do. do. do. 22 6 4 4|1 35
Pl do. | Petkus Rug do. 43 9 5 i2
do. do. Selfed 1 1
P2 do. do. Open 4 |20 15 is
do. do. Selfed 9
Total of open-pollinated plants }!umuuulw
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It will be seen that the seedlings derived from

selfed grain of suscepiible plants were mostly susceptible,

OQue of the plants produced S secdliags shich were sll susceptible,
In the aggregate, of the 23 selfed gralns derived from these
three susceptible plants, :I.'i'mmm:lhuml;mm-
ant, Until further results are availsble it will not be possible
to give an adequate explanation of the happenings. Is it a
solneidence that when $he sum total of the reactions given by
the open pollinated plants is taken, there sre 549 resistant to
182 susceptible plants, a near approach to a 3 : 1 ratio? The
mummmmummmammmm
should give an mnawer, '

ORASSES 43 HOSTS OF P. GRAMINIS TRITICL

I% bas long bemm recognised thet grmeses mey play
& part as hosts of the ceresl muste., Humerous investigators
have given ettention to the problem, Otalnan end Plemelsel
(158) suwerise the vesults of previous work and report the
results of their extensive studies. They conclude that
grasses are waquestionahly fmpoptant fn the cereal russ
problem,

In Australie MeAlpine (105) hes vecorded the poouprence
of Puccinis graminis on & number of grasses, but was wnable to
garry out Infection experiments with them., It is therefore
uncertain vhether whoat stem rust wes present or whether it wes
sor@ othar verlety of P, graminis.

Collections of rusis on grasses have boen examined
vherever possible during the present investigations, So far
24 cultures of wheet stem rust have been studled, occurring on
five different grasses. The determinations of the physioclogie
forms concerned have showr that five out of the seven physiologle
forms lmown in Australias have occurred naturslly on the grasses.
Forms 54 mnd 55, which were not represented, have been obtained
in all only five snd ten times respectively in the course of
the studies. It is therefore hardly surprising that they were
not found on grasses,

S e
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After the determinations on the standard differentials

of the physlologlc forma goncerned, it has been the practice

to inoculate the initial grass host of the particular rust

with the culbture taken from the wheat differential hosts.
By this means the suscoptibility of the grass to the

particular form has besen checked .

The vesults are summarised in the following tablei:-
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It will be seen that Barley Grass, Hordoum muplnum,
was found eleven times infected with F. graminis tritici.
Four out of the five physiologic forms which oceurred on
grasses were found on 1it. Taking into account the fact that
Ps graminis avenae also gommonly oceurs on barley grass, ics
{mportance as a rust host becomes evident. Its widespread
ogcurrence throughout the wheat-belt further emphas 1ses
this. Although it dries off in the early summer, 1t may
funciion in the early part of the season in infecting the
growing crops of wheat and oabs.

Hordeum maritimum infected with rust was found only once. it
was garrying both wheat and oat stem rustz as shown in the
tables.

. Agropyren scsbrum bearing rust was collected on oight occaslions.
A1l five forms occurring on grasses were isolated from 1t.

Like Barley grass, 1t is also naturally attacked by B, graminis

Syenge -

Arrhenatherum avenageum in a rusted state was examined three
tinmes. A different physiologic form was present in each
instance.

Eghinopogon gvatus infected with rust was found once. The rust
present was Form 435. It also serves as a host for

2. graminis avenae.
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OTHEK GRASS HUSTS.

The stem rusts which have occurred on grugses cther than cereals
have already been listied. In addition to these, there have been colleclis
~-ions of other grass rusts which have been subjected to test. The prasti
practice has been Lo use the materisl for inoculating pots of wheatl, oats
barley and rye. Where infections were obtained, specialisation studies
were made and then the rust on the ceresl seediings used Uto inoculate
the gruss host on which it first occurred.

Rusts from the following grasses have failed to give any cereal

infections: -

Alopecurus geniculatus Featuca Hookeriana
Andropofgon periusis Heteropogon contortus
Aristide vagans laperator arundinaces
A. behrisns Lamarckis aurea
Bromus mollis Microloena stipoides
B. racemosus Panicum sanguinale
Cynodon daciylon Stipa flavescens
Danthonia bipartits S. pubescens

D. semiannularis

Several olher greass ruﬁts which produce a certain degree of
« infection of some of the cereal seedlings are being studied. When the
resulis are comglete th§3 will be separstely revorted. In this work
there are numerous indicalions thai successful infections of lhe cereals
takes place in the plant house sl the high temperature of summer,

whereas no effect is produced during the winter.

PLANT HOUSEZ INVESTIGATIONS WITH GRASSES POR SUSCEPTIBILITY

TO RUST.

In addition tc the work desling with the rusts which occurred
naturally on grasses, studies have been made of grasses lnoculated in
the plant house with known forms of various rusts. The practice has been
to uge slock cultures for the inoculstion, and where lhe result has becn
sﬁcceasful to then inoculate Lhe appropriate cereal seedlings with the

rust oan the grass and prove ita identity. The stem rusts have received
chief altention. Many of the teste have yielded negative results.

. As far es lhe work has gone the results msy be . ; _
‘follows:- esults msy be swmmarised as

N g————
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GRASSES TRSTED WwITH Puccinie graminis tritici.

Aeglilops divaricata

A ovala
A triticoides
Ae ventricosa

Aegiloys comosa
Avens elatior
Bromus maximuse
B. unipoides

Andropogon tenereum
Agrosiis exarata
Anthoxanthum odoratiun
Alopecurus pratensis
Bromus mollis

B. erectus

Be inermis
Festuca ovina

Holeus lanatus

Susceptible.

Andropogon sceabruu
Bromus tectorum

B hordeaceus
B. arenarius
B. racemosus
Hordeum murinum
He meritimum

Slightly attacked.

Immune.

Brizs major

Be minor
Ehrharta ilongifolila
Pestuca bromoides
Koehleria crisiala

Hordeum Jjubatwn

He bulbosum
Lolium temulentum
Lis perenne

Lo Italicum
L. subulatum

Lamarckia aures
Poa pratensis

I« @annua
Phleum pratense.

In most of these tests all 12 phyeiologic forms which are

available have been used. Some of the results show that the grass is
gusgeptible to all the forms. In other cases there are differentisl

resclions.

B o s
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GRASSES TESTED #1TH Puccinis t;itlninn.

Susceptible.

Aegiloys divaricats

As ovata

A triticoides
A veniricossa
Hordeuwn murlinum

H. maritimun
Slightly sttacked.

Aegilops comosa
Agropyron scabrum
Avena elatior
Bromus maximus

B. racenosus
Brizae minor
Festica bromoides

;Eunl.

Agropyron tenereum
Agrostis exarsta
Anthoxanthum odorstum
AlOpccuruQ,pratensis
Bromus uniioides

Le arenarius
Brize major
Ehrharta longiflore
FPestuca ovins
Hordeum jubatum
Koehleria cristata
Lolium temulentum

Ls perennse
Lie Italicum
7 gubulatum

Yoa annusa

Both the known physiologic forms have been used in these yesys

tests. Only in the case of iegilops evats wes a differential reaction ol

ghown. Aust.l. showed resistant and Aust.2. susceptible reactions on

thias grass.
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GRASSES TESTED WITH Puccinis graminis svense.

Susceptible.

Bromus maximus

Be hordeaceus
Be tectorum
Brizs minor

Be major

Be arenarius
Be racemogus

Festuca bromoides
Hordeun murinum

He. maritimun
Koehlerisa cristatsa
Bechmannis eruceseforuis

Slightly attacked.

Aegilops ovatls
Avensa elatior
Bromus maximus

B unjloides
Lhrharta longiflora
Lolium temulentum

Le perenne
Le . subulatun
lumune.

Aegilops comosa

A divaricatis
Ao triticoides
Ae ventricose
Agropyron scabrum
A tenereum

Agrostis exarta

Adira caryophyllata
Anthoxanthum odoratum
Alopecurus pratensisa
Bromus erectus

Be inermis
Festuca ovina

Loliwn Itslicum
Fhleum pratense

Foa annua

All the available physiologic forms have been used in these Lest:
In & few cases differential reactions have been shown by the forms.

S SN



GRASSES TESTED WITH Puccini

- B1 -

Sugceptible.

Hordeum murinum

glightly attacked.

Aegilops ventricosa
Briza minor
Hordeuwn maritimum

lmune .

Aegilopd divaricata
A ovata
Agropyron scabrum
Avena elatior
Bromus maximus

B. uniloides
Be. arenarius
B. racemosus

Brize major
Zhrharta loagiflora
Pestuce browoides
Holcus lanalus
Hordeum bulbosum
Eoehleria cristata
Loliun temulentum
Le perenne

Le subulatum

mn
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GRASSES TESTED WITH Puceinia coronata.

Susceptible.

Aegilops ovata
Briza minor
Bromus recemosus
Hordeum maritimum

Sliggtlx altacked.

Aegi}ops divaricata
A triticoides
A ventricoss
Bromus uniloides
festucs bromoides
Hordeun murinum
Lolium temulentum

- Immune.

Agropyron scabrum
Bromus maximus

Be arenarius
Briza major
Ehrharta longiflore
Holcus lanatue
Lolium temulentum
Le perenne

L -uhul atum
Posa snnua

"
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GRASSES ATTACKED WITH Puocinla legorgn.

Slightly attacked.

Aegilops ovata

Immune,

Aegilopys divaricata
Ae triticoides
A ventricosa
Avena elsatior
Bromus maximus

Be uniloides
B. ragemosus
B. arenarius
Briza minor
B. major

Ehrharte longiflora
Pestuca bromoides
Hordeum murinum

He maritimum
Heolcua lanstus
Lolium temulentua

e perenne
Lo subulatwa
_Poa annua



SPECIALISATION IN PUCCINIA GRAMINIS AVENAE

Studies of the organism causing stem rust of oats have
revealed in other countries the occurrence of five physiologic
forms. In the present investigations some attention has been
paid to this rust, thanks to the kindness of Drs. Stakman and
Levine in forwarding grain of their differential hosts. In
1921 grain of Victory, Ligowo, White Tartar, Green Mountain
and Richland were received. Joanette wia sent in 1925,
Therefore determinations prior to this date were imperfect.
They showed that the Form present was either Form 1, 2, or 5,
;1nce in no case was White Tartar or Richland susceptible.
These determinations are consequently not included in the
results recorded.

The following tables summarise the results obtained:-

Table 24. Summary of inveatigations of
uredospore material of P.grg%;nia
avenae derived from differen
sources in Australasia.

Period ending March of

1825 1926 1927 1928 1929
o o
§/8 2 338(38 3 3
42 -l o | -l e -
EE] z 4 42 3 »
Form Total No. of -5 [ -3 -!l o 5
No. Isolations o s @ s g 3
¥ - | ™
1 50 29 |17 3 3 2 2 2} 6 8 4
2 8l 1 1 19 (11 30 (18 |31 | 14
6 8 ! 2 2 6 2
7 11 7 ) 4| O
150 |30 |18 S 3 (21 (135 (47 |51 | 49 | 25




Table 25.
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Summary of investigations of uredospore

material of P.ggaa&e%o avenae showing
distribution in Aus sia.

Different localities from which
orm|Total No.of |Total No.of material came.
o. |Isolations Iocalities
N.S.W, Vie, Q.| 8.A. W.A.| Tas. |[N.Z.

1 50 32 23 4 2 1 1
2 81 44 54 2 4 1 2
6 8 & ] 1
7 11 8 3 5

1850 88 69 7 2 5 2 7 2

|

It will be seen that 150 isolations were studied.

They came from all the Australian States and New Zealand,

although the great majority came from New South Wales.

The different localities from which material came

are as follows, taking the season as ending in March of the

year stated.

1925. Form 1.
Form 2.
1926. Form 1.
1927. Form 1.
Form 2.
1928. Form 1.
Form 2.

H.A.College, Cowra, Epping, Trangie, Dubbo,
Inverell, Coonamble, Tamworth, Eugowra, Wagga,
Glen Innes, Woniora River, Gatton, Q.,
Werribee, Vic., Dookile, Vio., Adelaide, S.A.,
Christchurch, N.Z.

Cowra.
Bathurst, Glen Innes, Gatton, Q.
H.A.College, Currabubula.

Willow Tree, Yanco, Grafton, Cowra, Coonamble,
Bathurst, QOberon, Waite, S.A., Allandale, S.A.,
Merredin, W.A., Ashburton, N.Z.

H.A.College, Glen Innes, Cowra, Roseville,
Werribese, Vic., Chapman, W.A.

H.A.College, Glen Innes, Cabramatta, Bathurst,
Wagga, Cowra, Coramba, Dubbo, Roseville, Ben

Lomond, Armidale, Glenfleld, Leeton, Yanco,
University of Sydney Plots, Monarto, S.A.,
Barington, Tas., Tunnack, Tas.
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Form 6. H.A.College, Grafton.

Form 7. Barrington, Tas., Sheffield, Tas., Parattah,
Tas., loyetea, Tas., South Preston, Tas.

1929. Form 1. Cowra, Wagga, Roseville, Werrlibee, Vic,

Form 2. H.A.College, Mathoura, Cowra, Canowindra,
Yanco, Parkes, Gourie, Bathurst, University
of Sydney Flots, Crafton, Glen Innes, Dookie,
Vie., Port Prairie, Vie., Waite, S.A.

Form 6. Cowra, Dooklie, Vic.

Form 7. Kentucky, Cowra, Ganmain.

Form 1.

This was recorded in each of the five years dealt with,
and was almost certainly present in the material examined during
the preceding three years. It was most abuﬁdant during 1925.
With the exception of Tasmenia, all the Australian States and
New Zealand yioldad”culburaa of this form. The only material
received from Queensland proved to be Form 1. Clearly it 1is
widespread in Australasia,

Form 2.

This was isolated more frequently than any of the other
forms, and came to hand from New Zealand and all the States
except Queensland. The number of localities represented is
also greater than in the case of Form l. Excepting in 1926
when only three cultures were availlable for examination, 1%t

occurred in each of the seasons dealt with.

Form 6.
Only eight isolations of this form were made. They
cccurred in 1928 and 1929. The material was collected at four

places, three of them in New South Wales and one in Viectoria.

Form 7.
This form also occurred only in 1928 and 1929, and was
uncommon . The 11 isolations cover material received from

three locallities in New South Wales and flve in Tasmania.
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Since the compilation of these results, there has
come to hand from Clen Innes, N.5.W., a batch of oaten straw
from which Form 3 has been 1solated, This makes five

naturally occurring forms of P. graminis avenae in Australasia,

In addition to these, at least two forms have been
isolated as a result of infecting barberries with teleutospore
material collected in Ireland. As tested on the oat rust
differentials, one of these gives the reactions for Form 1.
and the other for Form 7. Both of these cultures differ
markedly in colour from the Australian rusts. A strictly
comparative test was made, using cultures on & fully suscept=-
ible variety kept under identlical conditions. Comparing the
colour of the pustules with those given in Ridgway's Colour
Standards, all of the Australian forms were "Morocca Red" of
Plate I, whilst the Irish rusts were "Xanthine Orange" of
Plate III. This is a very striking difference. There 1is
another significant difference between the Australian Form 1
and the Irish Form 1 when the uredospore measurements are
biometrically =tudied. Furthermore, the Irish rust has shown
s remarkable tendency to produce teleutospores on the seedling
oats, On varieties which are susceptible as well as on those
which are resistant, abundant teleutosori appear within a month
of innoculation as a fregquent occurrence. Exactly the same

thing 1s found on grasses, e.g. Festuca bromoides, which are

susceptible to the rust.

GRASSES AS HOSTS OF P. GRAMINIS AVENAE.

In the studies 35 iscolations of P. graminis avehae were

made from grasses other than cereals. This does not include

isolationa from Avena fatua or other species of Avena which

occur as "Wild Qats.” These have been very commonly found

attacked with stem rust. On account of thelr near relation
to the oats which are cultivated, these isolations from wild
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oats are not included here but have been included in those
from "oats" already listed.

To date eleven different grasses have been found
attacked by oat stem rust. Determinations have shown that
three out of the five forms known in Australia occurred on
these grasses. One of these forms has only been found on
eight occasions altogether, so 1t 1s not surprising that it
has not been found on & grass.,

The results are shown in the following table :=-

Table £6. Number of isolations of certain physiologie
forms of P. graminis avenae made from
certain grasses.

Form 1. Form 2. Form S
No. of No. of ¥o. of
collec— Grass collec~ Grass collec~ Grass
tions. Host. tions. Host. tions. Host.
7 Festuca 5 Festuca 1 Phalaris minor
bromoides bromoides
2 "Echinopogon i Calamagrostis
ovatus aemula
1 Cal&nngrostiJ 2 Koehleria
semula cristata
1 Koehleria 3 Hordeum
cristata murinum
1 .Agropyron 1 H. maritimum
. scabrum
1 Hordeum S Phalaris
murinum minor
1 Phalaris 2 Dactylis
minor glomerata
1 Dactylis 1 Bromus
glomerata arenarius
2 Briza
minor
156 19 1
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Festuca bromoides was found twelve times, sometimes infected

with Form 1 and sometimes with Form 2. Extremely heavy
{nfections involving practically all above-ground parts of the
plant were encountered in the wheat-belt. !hin_particnlnr
grass is a worthless 1ntroductiqn agq it would be a good thing
if the oat rust externihatqd more of it. It is notable for
its appearance early in the spring. At the time when the oat

erop is not far advanced, Festuca bromoides is in head and often

geverely rusted. Infections of the oat crop may thus be
initiated by the rust on this grass. With the exception of
one isolation from the Waite Institute in South Australia when
{t was infected with Form 2, all collections examined came from
NowISOnth Wales.

Phalaris minor showed an even wider degree of infection.

A1l three forms which have been found on grass occurred on this
host. In aXl, five isolations were examined. Xach collection
" eame from N.S.Wales. The collection from which Form 3 was
derived was made at the Cowra Experiment Farm. A number of
infected plants were gathered at the same time, and from them
Forms 2 and & were separated out. It is not known whether

the two forms were present upon the one plant. At the time

of collection, the oat crop in this locality was nearing
maturity and was heavily infected with Forms 1, 2 and 3.

* Hordeum murinum was found rusted on four occasions.

All collections came from N.S.Wales. Forms 1 and 2 were
determined on 1t. It is a striking thing that on all four
collections the oat rust was associated in the same material

with one or two forms of wheat stem rust. When it is remembered
that barley grass is most widespread in the wheat belt, and that
it occurs early in the season before the wheat and oat crops
approach maturity, it will be realised that this host may be

important in producing early infections of the crops.

Hordeum maritimum bearing rust was found on only one

occasion. It occurred at Cowra, N.S.Wales, and was infected
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by both wheat and oat stem rust.

Koehleria cristata carrying rust was collected three

times. Extremely heavy infections with Forms 1 and 2 of oat
stem rust were observed. Remarks made concerning Festuca

bromoides also apply here.

Dactylis glomerata yielded three collections which

were either Forms 1 or 2. Infections involving the "glumes"
as well as the other above ground parts have been common.
One of the three sets of material came from Tasmania and was
of this nature.

Calamagrostlis aemula was lwice examined and yielded

Forms 1 and 2. It falls into the same category as Festuca
bromoides.

Echinopogon ovatus was twice found in the coastal
district of N.S.Wales infected with Form 1.

Agropyron scabrum collected at H.A.College was found
to be infected with two forms of P. graminis tritici as well

as with Form 1 of oat rust.

Bromus arenarius was found only once. It was growing

at Cowra and was heavily rusted. In addition to Form Z, one

form of P. graminis tritici was found on 1t.

Briza minor was once found infected by stem rust which

proved to be Form 2.



SPECIALISATION IN PUCCINIA m g-l.

Leaf rust occure fregquently in the wheat crops, and
takes a heavier toll than is generally recognised. In coastal
areas particularly it often does much damage. Fregquently
material of "stem rust” which was submitted was found to
consist of a mixture of stem and leaf rusts. Sometimes it
was reslly leaf rust only.

In the earlier years of the work, a number of cultures
received from various sources were tested on the standard set
of differentials as well as on a number of other wheats. Neo
indication of specialisation was found on these hosts. But in
1926 a culture from Hawkesbury Agricultural College gave an
unusual result. The customary thing was to find that Farrver's
wheat known as "Thew" was resistant to the leaf rust. In this
case the inoculation resulted in a mixture of heavy susceptible
pustules together with sharp flecks which on ageing produced
" " reactions. A separation of the two was made, and it was
clear that a second physiological form had turned up. There~

after each culture of P. triticina that became avallable was .

tested on Thew and recorded as Aust."1" or Aust."2", depending
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 direckly
correlated with the reactions exhibited in the field. In
Plate VII. are shown illustrations of the upper leaves of wheat
varieties grown at H.A. College under natural conditions when
both forms of rust were present. In Plate VII (e) are shown
leaves of "Pederation" which is susceptible to both forms of
leaf rust. In Plate VII (f) are illustrated leaves of "Thew".
The mixed "4" and "fleck” reactions on these mature leaves are

clearly shown. Cultures were made from the susceptible "4"
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reactions and gave only Form 2. Similar isolations from
tiny "1" reactions gave only Form 1. It was found that the
same state of affalrs existed on "Japanese Bearded" and other
varieties which also behave as differentials.

In 1927 Dr. E.B. Mains kindly forwarded grain of his
differential hosts. These have been several times tested
with the two Australian forms. Several cultures representing
each of the two forms have been used from time to time. The
result 1s that the reactions of the two forms are identical
on this set of differentials. Although separation by these
differentials is not possible, it can readily be accompli shed
by "rhew" and certain other varieties. The series of resctions
shown by the Australian rust on Mains' set of differentials is
glven in the following table alongside those listed by Mains
for his Form 12, which most closely of the 12 forms listed,
approximates to ours.

Table 27. Reactions shown by each of the two Australian

forms of P. triticina on the differentisal
hosts used E§ Mains gnd Jackson.

l

Verlety | OX. Number | Bach of the | ms.A
Mal akoff ' C.1. 4898-4 ; 0
Norka C.1. 4377-2 H 0
Unnamed C.I. 3756-4 4 4

do. C.I. 3778 4 4
Webster C.I. 3780-8 ; 1
Unnamed Cel. 3747-5 H 0=-1

do. C.I. 3779-5 i+ <
Mediterranean Cel. 3332-3 3 4
Hussar C.I. 4843-2 4 4
Democrat C.I.3384-1 | ; 4

Kawvale C.I. 5274-1 | 1




These reactions are shown in the same manner as those
given by Mains (96). The variety listed as "Purkey 47" has
not been available, and an additional one, "Kawvale" was sent
by Dr. Mains.

It will be seen that the Australian rust differs
from any of the twelve recorded by Dr. Mains. The nearest
approaﬁh is perhaps to his Form 12, although marked differences
occur even here.

Owing to the inabllity of these hosts to differentiate
the Australian forms, it has become the practice since 1926
to test the leaf rusts on "Thew”. Prior to that year the

tests were not made. The results are summarised hereunder.

Table 28. Results of examination of isolations of
P, triticina obtained from different sources.

» Total No.of | Different localities in Australian
orm No. |1golations. States from which material was collected.

N.S.W. vzc.i' S.A. Q. W.A.

Period 1926 - 1927.

Must. 2. 70 19 1 ..

fust. 1. 80 25 3 2
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‘Table 29. Summary of results of examining collections

of P. triticina.
Total No. Period ending March of
Form of Iso-

No. l‘tion.- 49” 1928 1929.
Isola~-|Differ- |Isola-|Differ-  Isola- Differ-
tions. | ent Loc- [tions.|ent Loe-| tions.| ent Loc-

alities. alities. alities.

Aust.l 1156 3 3 82 18 60 30

Aust.2 144 S 3 70 21 71 34

Totals 269 6 6 | 188 39 131 64.

It will be seen that in each of the three years under

consideration both forms were present.

2 was a 1little more abundant than Form 1.
not turned up in material from Western Australia.

In the aggregate, Form

other States, both forms have been isolated.
The actual localities from which the collections were
made are as follows:-

Period 1026 - 1927.

Form 1.H.A. College, Cowra, Curlewis.
Form 2.H.A. College, Wagga.

Aprdil 1927 - March 1928.

Form 1.H.A. College, Cabramatta, Wollongbar, Grafton, Trundle,
Cowra, Quandeng, Grenfell, Bathurst, Parkville, Warrah

" Form l1.H.A. College, Bathurst, Lewls Ponde, Cowra,
Trangie, Chatswood, Wagga, Uranquinty,

Form 2.H.A. College, Cowra, Bathurst, Boggabri, Trangi

Creek, Quaker's Hill, Ben Lomond, Sunnyeide,

Glen Innes, Cuwrrabubula, Gatton, Q.
Form 2.H.A.College, Wollongbar, Trangie, Grafton, Griffith,

Bathurst, Gowrie, Trundle, Botfield, Cowra,
Grenfell, Parkville,

Armidale, Glenfield, Glen Innes,
Plots, Gatton, Q., Chapman, W.A.

&ril 1928 - ll}_‘__ﬁh _1'929¢

S0 far Form 1 has
From the

Armidsle,

Quandong,
Warrah Creek, Quaker's Hill,

University of Sydrey

Boggabri,
Mumyabla,

Coolamon, Coonamble, Berrigan, Brocklesby, Finley,
Katoomba, Wollongbar, Corowa, Nyngan, Mathoura,

Oaklands,
Werribee,

Lockhart,

Jindera, Toogong, Corowa, Rutherglen, Vie.,
Vic., Dooklie, Viec., Waite, S.A., Mallsla, S.A.

Pinecliff, Chatswood, Wagga, Grafton, Glenfield,
Mumyabla, Coolamon, Coeonamble, Berrigan,

Finley, Wollongoar, Corowa, Nyngan,

a,

Parkes,

Brocklesby,

Mathoura, Lockhart,

Osklands, Jindera, Toogong, Parkes, Corowa, Gatton, Q.,
Darling Downs, Q., Rutherglen, Vic., Dookie, Vie.,
VWierribee, Vie., llai‘ta, S.A., Mallala, S.A.
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BIOMETRICAL STUDIES OF THE MORPHOLOGY OF SPORE FORMS

Specialisation of the rust fungi is shown by the
differential physiologic reactions exhibited on certain
selected host plants. Morphological differences have also been
shown to exist in some cases. Levine (85) (87) made extensive
studies of the comparative morphology of various cereal stem
rusts. By altering the cultural conditions, pronounced morpho-
logical differences were obtained in the uredospores of an
1ndividual 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 & real morphologic distinction between physiologic
forms of P, graminis tritici when developed under uniform con-
ditions, the forms are best identified by their parasitie
behaviour on standard differential hosts.

Homma (71) has shown that there are significant differ-

ences between forms of Erysiphe graminis D.C.

It would seem, therefore, that a biometrical study of
the spores may serve as & useful tool in the rust identification
work. In Australia determinations of physiologic specialisation
have been made only in recent years. In the past when severe
epidemics occurred, no determinations were made of the forms
concerned. But if biometrical studies can establish the identity
of the forms, then from a study of herbarium material it may be
possible to determine the form or forms which caused the damage
and perhaps trace the changes in specialisation which have
occurred.

Methods and Material

Efforts were made to ensure that the spores measured
were truly representative and that the collections were uniform.

In the case of the aecidiospores, the infected barberry
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shoots were lightly shaken over sllides falntly smeared with
albumen fixative. A 50% watery solution of lactic acid was
used as & mounting medium. From the same shoots further lots
of sporoa-;ere taken and used to inoculate susceptible cereal
hosts, The specialisation of the rust concerned was then
determined by culturing on the standard differentials.

Uredospores were taken from fully susceptible hosts.

A set of differentials together with a pot of "Federation"

wheat or of "Algerian" ocats was inoculated in the early summer.
The pots of Federation and Algerian oats were kept in similar
locations on a well-lighted bench of the plant house and given
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, uredospores were obtained from the Federation and Algerian
plants by lightly shaking the infected leaves over smeared

slides and mounted in 50% lactic acid.

The teleutospores were scraped from straw which had
been collected whilst some uredospores were present. The latter
were used to determine the speclalisation of the rust concerned.
The straw in each case was later exposed in wire frames through-
out the winter to weather conditions at H.A.College. The spores
were taken in the following summer for measurement. Lactic
acid was again uneq as the mounting medium.

No one of the cultures used was of monosporous origin.-

To date over 250 single uredospores of P, graminis tritici have

been isolated and used to inoculate susceptible Federation wheat
plants. In no case has an infection been obtalned, and there-
fore no monosporous culture is at present avallable. ILevine's
studies indicate that there is no significant difference between
the results of measuring random samples of uredospores of
monbaporon- as compared with composite cultures of the same

" physiologic form.

The measurements were all made with the same Zelss

microscope, standardised and calibrated in the ordinary way.

-
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An eyepiece micrometer was used of which each division under
the existing conditions measured 1.86/4/ Measurements were
made to this degree of accuracy, and hence 1ts occurrence
throughout the work. The same light intensity derived from
an artificial source was used throughout. The spores in each
case were mounted in a 50% solution of lactic acid in water. |
Every effort was used to avoid bias in regard to the particular
spores measured: each spore encountered as the slide was moved
from one side of the stage to the other was taken. The
greatest length and greatest width were taken in the case of
aecidiospores and uredospores, The length of the teleutospores
was measured from the exterior of the apex to the point of .
attachment of the pedicel, and the width taken across the
septum separating the two cells. The shape was determined
by calculating the ratio of length to width of each individual
spore measured; the figures thus obtained were used in the
calculations of the constants.

- It should be stressed that these conditions of working
differ from those employed by lLevine. Whilst strict comparisons
of the American and Australian results are therefore not

justifiable, a general agreement may be looked for.

AECIDIOSPORES

Puccinia graminis

As indicated already, the aecidial stage is uncommon
in Australia. Only three collections of aecidiospores have

been used for measurement. Two were forms of P. greminis

tritici and the other a form of P. graminis avenae.
Aecidiospores of P. graminis tritici 46 were obtained in 1921

when only 50 were measured (162). P. graminis tritici 11

was obtained in 1928 under artificial conditions as reported
elsewhere (165). In this case 100 spores were measured under
conditions as nearly as possible identical with those obtaining
in 1921.
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The result of adding together the measurements of
these two forms of P, graminis tritici is given immediately

following the individual results of each form. The aecidlio-

spores of P. graminis avenae 1 were obtained as a result of

infecting a barberry with teleutospore material sent by Niss

K. Sampson from Ireland.

The following table shows the results of these

measurements.



Table

30 .,

Pucecinia 5raminia.

Variations and constants for length, width, snd shape of secidiospores of

gpore classes in microns. Constantse.
J J& 4&_ Jl | | Size  Meen. 5tandard Coefficient of
Form. 11.161%.0414.8816.7418.6020.4422.3824.1626.0427.9029.76 4 Limits . Deviation . Variasbility
; LENGTH
P.gr.tr. 45 3 & 24 10 6 1 14.88-24.18|19.081£.199 1.95%.131 10.45%.71
Pegretr. 11 b 4 2z 38 24 8 1 1 14.88-29.76|20.68£.153 2.26%£.108 10.961.53
20 46 & 11 5 10 46 48 20 9 1 1 14.88-29.76|19.15£.126 2.291.089 11.95x.48
Pegreave 1 1 6 10 41 26 11 & 1 14.88-22.90(21.184.155 2.29%.11 }J0.85+.58 1
~WIDH
Pegrotr. 46 18 19 1X 2 14.88-20.46| 16.631.162 1.54+.104 9+49+.64
P.gr.tr. 11 5 10 28 52 5 13.02-20.46| 17.521.115 1.71x.082 9.714£.465
s 46 & 11 5 28 47 63 7 13.02-20.46|17.12+.098 1.78+£.069 10.40+.41
Pegreave 1 e 4 a0 41 23 5 11.16-20.46|16.58%.129 1.91+.091 11.49+.583
3 SHAPE.
Retio of length to width.
1.0 1.1] 2s2| 23| 1.4 | 1.6 |1.6| 1.7| 1.8 1.9 2.0
P.gr.tr. 46| 14 17 10 3 3 3 1.0 - 1.5 |1.146+.0155 | .1482.0099 14.15641.025
Pegretr. 11§ 13 40 2 10 10 1 1 2 1 1.0 - 1.8 [1.1874.0106 ¢ 153+ .0073 12.88+.6E5
P. ,,46 &11| 27 57 32 13 13 4 1 -4 1 1.0 - 1.8 |[1.17 +.0085 «154+.006 12.18+.53
P.gr.av.e 1 2 &5 26 16 15 7 6 1l 1 1.0 = 8.0 |1.2744.0107 .108+.0073 12.73+.618
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of Puecinia graminis é

Swamary of differences between the means of Lhe dimensions of secidiospores

Shape.
Length. Width. "
Difference |LUilference | Uilference |Difterence | Dilference |Uillerence
Types compared. in means in|divided by | in means in|divided by | in means in|divided by
.microns. PeEo microns. Polie microns. P,
P, asminis tritici 11 and 1.60%.25 6.4 -89+.20 4.4 041+.019 2.2
T. graminis tritlcl 46. 20 .
The total of
Pe pminis tritici 11 and 456 and 2.03%.20 10.1 +4+.162 Sed «104+.016 6.3
P. graminis avense 1.
The Lotal of «671.226 2.96 l.46%.14 10.4
Po graminis tritici 11 and 46 and
P. éi’a‘ﬁin!a Tritici recorded by Levine.
P. graminis avense 1 sand
F. graminis avenae recorded by Levine. | 2.56%.25 10.5 1.89+.16 11.8
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It will be seen that there is a significant differ-
ence in the length and the width of the aecidiospores of the
two forms of P. graminis tritici. Form 46 has spores which

are shorter and narrower than those of Form 11. The differ-
ence in the shape of the two is therefore not significant, the
difference divided by the probable error being only 2.2. For
purposes of further comparison the constants for all the 150
measured spores of these two forms were determined and are

used as representing those of F. graminis tritici.

Levine reports that of the different varieties of
P, graminis, the aecldiospores of P. graminis triticl have
the largest arithmetical mean for both length and width. In
the cases under consideration it will be seen that the aecidlio-

spores of P. graminis avenae 1. are significantly longer than

those of P. graminis tritici 11 & 46 and probably they are

significantly wider. The difference in the shape 1is
significant. Assuming that the differences in the methods
employed do not preclude a general comparison of the results,
i1t will be further seen that there are differences between the

measurements of spores of P. graminis tritici as recorded by

Levine and those herein recorded. . In length the difference
is probably not sigmificant, but the Australlan aecidiospores

are significantly wider. Again in the case of the aecidio~

spores of P. graminis avenae the measurements given by Levine
show that the spores obtained in Australia are significantly

longer and wider than those of the American spores.

UREDOSPORES

The variety of P. graminis which occurs on rye and

known as P. graminis secalis has so far not been determined

in Australia. In all cases examined the stem rust on rye has
proved to be one or other of the well known forms of P. graminis
tritici. On barley the stem rust is P. graminis tritiel.
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gats commonly are attacked by P. graminis avenae. On cereals
in Australia, then, the only stem rusts known are P. graminis
tritici and P. graminis avenae. Other varieties of P. graminis

occur on certain grasses, but these are not included in these
measurements.
MeAlpine (105) records the rust on these plants and

gives the measurements of uredospores of Puccinia graminis Pers.

as a composite species. He records a length of 20 - SQ/f_unl
a width of 14 -18 4 It will be noted that these figures are

unlike those found for the variety P. graminis tritieci as a

whole, but are in fair agreement with those given by P.graminis

avenae as a whole.

of P. graminis tritici and P. graminis avenae, Levine
reports that the former has the larger uredospores in regard
to both length and width. Taking the tgtals of the spores
measured'it will be seen that the same thing applies to the
Australian rusts.

A comparison of these two varieties of Puccinia graminis
with those recorded in U.S.A. 1s of interest.

(a) P. graminis triticl

In all, thirteen physiologic forms were avalilable for
measurement. The results are set out in the following tables
in which after the measurements of the individual forms, are
given the dimensions for the total of the eight forms which
have occurred naturally in Australias, and then the sum total

of all t@irteen forms used.



Table 32 .

~ b _akd e . —

Variations and amta.nts far Langth of uredosperes

FPuecinis _ggaminia tritiedi.

‘

_—-_'—‘,-—'-‘

o?p}nio logic forme of

Spore classes in microns. Constants.
J OL i L EL _ Coefficient

Form Size Mean Standard of -
No. {20.4822.3424.1825.0427.9029. 7631 .62P3.4835.3437. 202940640, 9242.7844.64| Limits ¢ Deviation . Variability]
43 A 6 § &N F 88 m 23 20.46-37.20 |29.%392.24 3.581.17 12.104.58

44 1 2 3 8 $ 208 20 13 9 6 1 20.46-39.06 |30.792.24 3.581.17 11.58%.56

54 3 & 12 %1 30 13 9 5 1 22.32-37.20 [29.292.2]1 3.08%.15 10.054.48

34 1 1 $ 14 25 280 22 1 1 22.32-37.20 |30.621.17 2.582.12 8.21+.39

11 1 1 $ 314 A5 -BY_ 2B 7 3 20.46-35.34 |28.961.21 3.091.14 10.7 £.51

33 B i 1 A e - B A 8 22.32-39.06 |30.624.25 3.731.18 12.184.6

46 2 2 G -1 Ay B 2B 9 4 1 22.32-40.92 |32.09£.27 4.09+.19 12.72x.62

45 1 3 “ 9 13 34 15 15 5 i 24.18-40.92 |33.5512.21 3.18Bx.16 10.651. 586

454 1 5 | 6 T 14 14 25 18 7 3 2 22.32-42.78 |32.681.25 3.731.18 11.4 2.5

55 i 2 8 8 2 1Bb 28 10 5 1 1 22.32-40.92 |31.64+.24 3.391.16 10670452

27 1 3 5 5 9 21 30 32 I 2 1 22.32~40.92 |32.531.27 3.51x.17 9.261.44

16 2 3 8 13 16 =B =2 9 3 1 1 |24.18-44.64 [33.054.23 3.48+.17 10.5 %.51
;;:n 4 RS6 33 =8 9 3 24.18-33.48 [28.37+.14 2.08+.09 7.36+.35
fﬁ:ﬁf 2 16 22 64 85 159 144 165 97 46 14 5 20.46-42.78 [31.25£.09 3.681.06 11.751420
gg:al 3 21 45 122 155 262 221 251 120 70 21 7 1 20.46 44,64 31.04£.07 3.70+.05 11.90+.16
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Teble 33 ,

Vvaristions and constants for width of
Puccinie graminis tritici.

Sparo-obaéa.o-ia-ntorons.

uredespores of physiologic forms of

GRS barsa.
Spore clesses in microns. Constants.

Rinm Size Mean Standard Coefficient of
| 5!:_ 1116 (15402 |14.88|16+74(18.60|20.46|22.32 , Limits . « Deviation Variabilitly
43 6 53 31 10 16.74-22.32 |19.441.,09 1.40+.07 7.2811.34
44 2 69 17 5 16.74-22.32 |18.941.08 l.21+.06 8.421.31
o4 3 3 40 28 16 14.88-22.32 |17.561+.13 1,93+.09 11.0 1.55
34 e 15 48 23 10 14.88-22.32 [18.97+.12 1.77+.08 9.341.44
il 2 24 60 14 14.88-20.46 |18.43+.08 1.25%.06 6+671.32
23 14 56 26 @ 16.74-22432 |18.331.09 1l.%341.06 73 +a35
‘46 29 33 36 2 14.,88-20.46 [16.95+.11 1.58+.08 9.30+.44
1456 1 10 47 42 13.02-18.60 |17.30+.09 1.28+.06 7e57£.35
454 2 10 37 29 22 11.16-18.60 |15.98+,13 1.85+.09 11.59+.56
556 13 30 48 6 3 14.88-22.32 [17.78x.11 1.67+.08 9.4 2.45
27 1 15 %] 51 7 1 13.028-22.22 (17.69x.11 1.68+.09 9.05+.43
118 2 -Ta .. 1 13.02-20.46 [17.45+.10 | 1.484.07 8.50+.41
:;'n 1 3 40 47 9 14.88-22.32 (19.72£.09 | 1.37%,07 6492+.33
_L::;:f a 11 96 172 208 117 44 11.16-22.32 [18.141.05 2¢012.03 11.02+.188
T%g:al Z 13 130 266 619 212 o8 |11e16-22.32 [18.251.04 1.88x.03 10.3 .14




Table 34 .  Variations and constants for shespe
Puccinia graminis tritici.

. S e
of uredospores of physioclogic

Ratio of length to width. Constants.

Form ' ' Size Mesn Standard | Coefficient of
Wo. {(1.2)1.4}23.6}2.8}2.0] 2.2 | 2.4 2.6 2.8 3.0 | Limits . Deviation j Varisbility _
43 15 17 40 2,2°* & . 1.2-2.0 1.574.015 | .224.011 | 14.0 +.68

B E R S e BT 3 1.2-2.2 1.69£.015 | .23:.011 13.60%.66

54 I 29 %6 18 6 1 1.2-2.2 1.56£.015 | .224.011 14.18+.69

34 I 1% N W 9 2 1 1e2-2.4 1.70£.014 | .21%.010 124354+.60

2l 5§ 17 45 22 9 2 1.2-242 1.742.015 | 22£.011 12.63+.61

33 gl is B = 3 2 le2-2.4 1.69+.017 | .25:.012 14.8 £.77

46 2 - M W B 3 6 4 2 1.2-2.8 1.98£.021 | 314,015 15.654.77

45 5. 1.2 ¥ ¥ s 5 3 1.4-2.8 2.03+.021 | .314.015 15.254.75

454 B ods 38 B R e 6 3 4 1.4-8.0 2.114.026 | .38+.018 18.09+.87 !i
55 3 PO S R 5 3 2 1 1.2-2.8 1.844.019 | .28+.013 15.2 +.74

27 1 RS ML VR WO 4 2 1e2-2.6 1.884.019 | .284.013 14.894.73

16 gL 3 AL B\ i 9 4 2 1.4-2.8 1.992.021 | .31+.015 15.584.76
2335._ & 6 8 1 1.2-1.8 1.514.010 | .15%.007 9.944.47

iﬁgt; B8 @8 201 194 153 €1 32 17 12 4 1.2-3.0 1.79+.0081 | .339+.0057 18.904.33
gg:alq 55 180 339 314 231 95 47 23 14 4 1e2-3.0 | 1.77+.0061|.324+.0043 18.25+.25







Table s < Y

Summary of differences between the dimensions of the means of uredospores
of Puccinia grasminis tritiei.

Length. Widthe Shape.
Types compared. {pifference Difference |Difference Difference | Difference Difference

in mesne in| divided by |in meens in | divided by | in mesns in |divided by
micronse P.B. microns. P.E. microns. P.E.

P. grauinis tritici at large as recordaﬁ

Dy Levine sand the total of the 13 forms :

messured in Aultl‘&lia. 10351020 6.8 1154il07 22.0

P. izaminia tritici at large as recorded

Dy Levine and the total of the 8 forms

naturally occurring in Austrelis. l.156+.21 5.5 1.651.08 20.6

Total of sll 13 forms measured in

Australia and the Lotal of the 8 forms

aaturslly occurring in Australia. «2lt.11 1.9 «11+.06 1.8 «021.01 2.0

P raminis tritiei 27 recorded by Levine

and e same rform isolated from Znglish

strawin Ausfralia. 2.694.39 6.7 l.84%.14 13.1 «3241.028 12.5

Eo E- _E_I.:. 4% compared with g.ﬁ._t_{o46- 20701036 7«5 2.491-14 17.8 odl ‘!‘_0026 15.8

P. gre tr. 45 compared with g.g;.!!.&5;. 874 .33 2.6 1.328+.10 8.8 »084.033 27
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It will be seen that the results of measurements of
all thirteen forms when compared with those 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 so positive as is the width. The same thing
applies in the comparison of the American results with those
obtained from the eight naturally occurring Australian forms.

of the individual forms, the only one common to the
two sets of measurements is Form 27. Levine compared two
isolations of this form, one from India with another from
California. He found an appreciable difference in the width
of the spores from the two sources, but consliders that there
1s no conclusive evidence of them having different morpho-
logical idantibiea; He remarks that this Form <7 was the
most variable, as regards shape, of all hils stock cultures.
The measurements herein reported when compared with Levine's
show very significant differences as regards length, width,
and shape. Apart altogether from the differences in methods
of measuring, there may be difference in the genetic con-
stitutions of the rusts obtained from the different sources.
Furthermore the form measured locally was obtained from
aocidini infections produced on barberries from Welsh wheaten
straw. It ie known that this stage may give rise to the
occurrence of new physiologic forms under certain conditions.
The genetic constitution of the form used may be different
from the isolations dealt with in U.S.A.

Taking the eight naturally occurring Australian forms,
some interesting facts come to light. It has elsewhere been
pointed out that Forms 43, 44 and 54 show rather marked
similarities in parasitic capabllities. The separation of
Forms 44, and 54 is not easy. An examination of the
uredospore measurements of these three forms shows that there
are striking similarities in length, width and shape. But
morphology alone cannot be taken as a guide to specialisation.

The contrast in parasitism between these three forms of Form



54 -- which at present is the predominant form in Australasia --
is most marked. And yet Form 54 conforms closely to the
measurements given for the Forms 45, 44, and 54. Ine
artificially produced Form 11 which is parasitically rather
similar to Form 54, and was derived as a hybrid between it

and Form 45 differs but slightly from it biometrically. And
yet again the rather weakly parasitic Form 33 obtained in the
uredospore stage from Dr. Levine agrees in measurements with
these two virulent forms, 11 and S4. These six forms together
constitute a group with biometric similaritlies.

Turning next to the other four forms which occur
naturally in Australia, viz. Forms 46, 45, 454, and 55, it
will be seen that they show similarities in thelr measurements.
As a group they are longer and narrower than the first group.
This is strikingly reflected in the measurements of the shapes.
As proviouqu reported (163) this difference may be noted in a
casual examination of the uredospores. They are much more
variable in shape, and much longer and narrower. The actual
differences between Forms 45 and 46 are set out and are very
significant.

Conforming to this group of forms in which the
uredospores are relatively long and narrow are the overseas
Forms 16 and 27 derived from India and Wales respectively.

The longest spore measured came from the lot of Form 16, being
over 44 /« in length.

of special interest is the remaining form, designated
the "New Form." It may be remembered that this was obtained

from asecidla on & barberry as a hybrid between Forms 54 and 45.
The ur;donporen are the most uniform of those met. They are
the shortest of any of the forms measured, having a mean length
of only 28.37;5.14 . They are shorter than those of any form
recorded by Levine. Amongst the Australian measurements, they
npproiimate most closely to those given by Form 11 which had
its origin on the barberry at the same time and in much the

same fashior as the New Form. Not only is it shorter, but at
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the same time its mean width is the greatest of the forms
measured. From this it follows that in shape 1t is also
unigue, the mean ratio of length %o width being 1.51 : 1 .15.

(b) P. graminis avenae

Five forms of this rust hnv; been determined from
material collected in Australia. One further isolation has
been made from aecidiospores produced on & parberry infected
by teleutospores present on oaten straw collected in Ireland.
Unfortunately, before the measurements were made one of the
five Australian forms was lost. The two stock cultures of
it died during very hot summer conditions. The measurements
of the others are given in the following tableg, together with
the dimensions for.ths total of the Australian forms, and

then for the sum total of all five forms measured.




Table 36 . Variations and constants for length of uredospores of Puccinia graminis avenac.

Spore classes in microns. 2 Constants,.

Coefficient
Form J J Size Mean Standard o hdeard
No. L 20.4622.3424.1826.0427.9029. 7821 .65332.4835.2427 . 2059.06 Limits ¢ «Deviation . Veariability
1(Irish) 1 10 10 17 21 26 8 4 B 24,.18-39.06 |2]1.53+.22 3.261e18 10.35+.50

| b 28 25 12 2
- }——9——1-1—-2& — 4 — 3 . 24.18-37.20|30.52+.18 2.711.13 8.90+.42
3 1 4 ¥ 24 25 24 10 5 20.46-3%.48 |27.81+.18 2.72%2.13 Qe751.47
7 13 19 23 19 16 7 2 | 26.04-39.06 |30.561x.21 2e971.14 9.75+.47
Total Aust 1 5 16 66 82 103 66 42 14 4 1 20.46-39.06 |29.414.10 £.99+.07 10.141.24
Sum Total 1 5 17 76 92 120 87 68 22 8 4 20.46-39.06 |29.994+.10 3.144.07 10.52+.23
]




Teble 37 .

Variations and constants for width of uredospores of Fuceciaisa grsminie avenae.

spore classes in microns. Congtaunts.

Form 4{ J 4 Size Mean Standard Seefisiend or

NO. v12.0214.5816.7418.6(20.4822.32 L s «Limits .Deviation Variability

1(Aust. ) & 15 656 16 : 4 '14.88-28.32|18.58+.09 1.201.06 6.751.22

1(Irish) 4 13 60 8% 14.83'-20.45 18.641.09 1.281.07 7.384.58

2 1 15 37' 40 7 13.02-20.46|17.43+.11 1.59+.08 9e1Z1.44

%] 3 19 57 21 14.88-20.46|18.534+.09 1.34+.086 7.2831.35 :‘
7 1 27 49 23 14.88-20.46|18.49x.09 1.372.07 7.@01-35 §
Popal Aust. | 1 21 98 212 67 1 12.02-22.22|18.262.05 | 1.46.04 8.00£.19 '
Sum Total 1 256 111 272 9(? 1 1302- 22.32|18.33+2.05 1.59£.03 8.67x.18




Table 38 . Veristions and constants for shspe of uredospores of Puccinia graminis evense.

Ratio of length to width. Constanlts.
Form J Size liean Standard Coefficient of!
lo. 1.012.2/1.4 1.6/ 1.8{2.0{2.2 2.4 2.6 Limits ! | Deviamtion | . Vsrisbility |
1{Aust. 5 22 40 30 3 1.8 - 2.0 [1.612.010 «1511.007 9.374.45
1(Irish 14 30 5. 13 T 3 1 1.4 - 2.6 |1.75+.016 .2424.012 | 13.721.66
2 10 22 30 20 12 4 2 led - 2.6 |1.881.019 .28 1,013 | 14.8 1.72
3 'S 24 45 16 & 1 le2 - 2.2 |1.58+.014 .22 £.010 | 12.921.63
7 14 41 27 12 § 1 1ok » 2.4 [1.712.008 .218+.010 | 12.751.62
Totel aust. 132 70 148 103 41 18 5 2 1e2 - 246 [1.694.009 .25 +.006 | 14,51+.35
Sum Total 13 B84 178 137 54 25 6 3 1.2 - 2.6 |1.70£.008 .24 +.005 |14.201.31

= Q80T =~






Table iq

summary of differences between the mesns of the dimensions of uredospores
of Puccinia grauminis avensae.

Leng th. width. Shape.
Difference Difference | Difference Difference | Difference Difference
Types compared. in mesns in| divided by | in means in| divided by in means in | divided by

microns. PsEs microns. P.E. microns. P.E.

Types of ull forms mesasured in' Australia

and the U.S.A. type recorded by Levine. 1.49+.18 8.3 1.61+.09 17.9

Types of all Australian forms and the

form derived from straw from Ireland. 2.12%+.23 9.2 » 38%.10 3.8 061.018 3.3

A form derived from oaten straw from

Ireland snd a similar form obtained

from Australian sirew. 2.854.34 8.5 «064.13 .46 «142+4.019 7.5

- B80T .~




Pable 44 ,

Sunmwery of differences between the means of the dimensions of

uredospores
of Pucecinie graminis avense.
Lengthe. Width. Shepe.

Types compared. Difference | Difference | Difference |Difference | Difference | Difference
in mesns in | divided by | in means in |divided by | in means in| divided by
microns. P.B. microns. P.E, microns Pells

P. greminis avense 1. and P. greminis avenae 2. 1.84+.255 7.2 1e16£.133 8.6 «271.021 12.8

P. 29 s 1. &nd Poe » ) 3. ¢87__‘i_‘-255 303 0001012 06 103_'_?_.03? 09

s 3 23 l. and P. EE ] 2 7e 1'831'28 5.5 00910125 7 .101..018 « 55

P. ) 'Y 2. and P. Iy 2 S 2071_‘_‘;-255 10.6 1.101.14 7.9 «30+.024 120

P. s 'y Sn and Po 2 2 70 0011.28 OOS 1006?_-14 706 -l?1-024 7.1 .I
P. Y 2 3. and P. 83 ') 7. 2. 704428 97 a041-129 o '131.(}21
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If a comparison be allowable with the dimensions
of P, graminis avense at large as recorded by lLevine, it
will be seen that uredospores of the rust a&s measured in
Australia are significantly shorter and narrower. The same
applies to the total of the Australian measurements in com-
parison with the type from Ireland. Even though strict com-
parison between the Australian measurements and those given
by levine be not permissible, such comparisons can be made
between the Australian measurements and those of the Irish
rust; these were all made under identical conditions. That
the uredospores of the Australian rust are smaller than those
of the overseas type is further bornme out by a comparison of
the stock culture of P, graminis avenae l. which originally
came from Werribee, Vic. and the Irish culture of g;_ggégigig
avenae 1. The differences in width are not significant, but
they are certainly significant in regard to both length and
shape of uredospores. It has already been pointed out that
as rdgnrdl colour of pustule, and a striking tendency to
quickly produce teleutospores on seedling leaves of oats and
grasses, this Irish rust is obviously different from the stock

culture of P. graminis avenae 1.

Taking next the forms naturally occurring in Australia,
comparisons are instructive. FPorm 1. is significantly
different from Fofn 2. as regards length, width, and shape
of uredospores. Parasitically these two forms are markedly
different. Very striking differences are also seen to exist
as between Forms 2. and 5. But as tested on the standard
differentials the differences between them sre comparatively
slight. As in the cmse of P. graminis tritici, it is there-

fore clear that there is no definite parallelism between

differences in regard to morphology and perasitism.

(e¢) Puccinia triticina

It has been pointed out that in Australia there are

two physiologic forms. These cannot be differentiated on



shown in the following table.




T.ﬁble # .

Australisn physiologic forms of Puccinis triticinas.

Variations and constants for length, width, and shape of uredospores of two

Spore classes in micronas,. Constants.
Form _; l Sige ] Mean Standard Coefficient of
No. . 16.74]18.6(20.4622.3424.1826.0427.9029.76 ) Limits . Length . Deviation | Variability
Aasbek. | LEKNGTH.
Aust.l. 2 18 35 3] 7 20.46-20.90 | 24.35%.133 | 1.97+.094 8.1l4.39
Aust.z2. 13 24 45 11 7 22.32-29.76 | 256.13%.120 | 1.77+.084 7.06+£.34
WIDTH.
Aust.l. 1 18 54 26 1 16.74-24.18 | 20.61x.093 1.5752.065 |6.67£.316
Aust.z. 6 46 41 7 16.74-22.32 | 19.51%.095 |1l.4 +£.087 [7.17+.34
SHAPE.
Ratioc of lengzgth 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 | 1.20+.0074 o1l %.0052|9.171.43
Aust.2. 1 6 20 30 25 5§ 10 1 1.0 - 1.7 | 1.33%£.0074 .11 +.005%|8.28+.39

BTTL






Table 41 .

Summary of differences between the means of the dimensions of uredospores
of two Australian physiologic forms of Puccinia triticina.

Length.

width

Shape.

piTference in|Difference |Difference in|Difference |Difference in|Difference

means in divided by |memns in divided by |means in divided by
Types cempared. microns. P.E. microns P.E. micronse. P.E.
Australian 1 and Australian 78+ .147 5.2 1.10% .15 8.0 ~13z .01 "13.0

BZTT
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It will be seen that the second form ls significantly
longer and narrower than the first, and as is to be expected,
significantly different in shsape.

McAlpine gives the measurements of the uredospores
as 20-28}« in length and 18 to 214 Iin width. It will be
seen thet as regerds length, these limits agree with those
found in Australiaen Form 1. In width there is not the same
agreement, but the flgures approach more nearly to those of
Australian Form Z. It lroult? seex probable therefore that
both the forms were present when McAlpine carried out his

work.

TELEUTOSPORES

The identity of the uredospores taken for measure-
ment can be accurately determined, and so one can be certain
that a particular form and only that form is being dealt with.
Teleutospores are somewhat more difficult to identify with
certainty. In the cases in point, the teleutospores measured
were obtained from naturally occurring straw which had also
carried uredospores whose identity was established. Only
the one phyelologic form was present in each case, and it is
reasonable to suppose that this form is also represented by
the teleutospores which were measured.

McAlpine gives the teleutospore dimensions for
Puccinia graminis as a composite species as 556-65 x 14-25 & ,
with an average of 62 x 13/» . He states that in slze the
teleutospores are very variable. No indication 1s given as
to whether the measurements of length were made from the
exterior of the apex to the point of attachment of the
pedicel, and for width scross the septum separating the two
cells. At the last mentioned spot, a constriction usually
occurs and it seems probable that the maximum width of the
spores was actually measured. Taking the average figures

for the measured tclontoaparo; of P. graminis tritici and

P. graminis avense together it will be seen that the length



 ranges from 50 to 74/ and the widh fro
[ an average of 456 x lﬁ/' .

() E. greminis tritiol
available for measurement. Their dimensions follo
mmmmuulmﬂmznmalmm
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Table 43 . Variations and sbatania.for length, width, snd shape of teleutospores of
three Austrslisn physiclogie ;orns of Puecinia grasminis tritici.
Spore classes in microns. Constants.
Form 433 l‘ - GL 8015 Z.L J& i J Sige Mean Standard Coefficient of
No. L29.7 + 4857 . 2040, 9444 . 6449, 36{02.0855. 9.52P% . 2466. 9870 .6H74.40 Limits . Deviation | . Verisbility
LENGTH.
54 1 4 233 X B 15 10 16 8 3 2 1 |29.76-74.40 |47.891.58 B8.64+.42 - 17.67+.89
43 _ $ 1% 8 1318 =5 ) 3 1 32.48-62.24 |42.641.41 6.07+.29 13.87x.69
45 11 20 29 19 1z 3 2 e 29.76-59.52 |41.661.40 5.89+.28 14.101.68
| Total 2 2l 57 b9 57 52 19 15 11 4 2 1 29.76-74.40|44.321+.25 7.40+.20 15.70x.47
{
TT-T3I. U414 L5 - 7418. 50E0- 45pz- ——— ;
34 8 28 32 21 8 3 12.02-22.32 |16 .78+.10 2.20+.11 13.1042.63
43 14 &1 45 11l 8 1 11.16-20.46 |14.55+.14 2.79%.10 14.28+ .68
46 b4 5 35 29 29 “ 11.16-20.46 |16.41+.12 1.95+.09 11.2 +.68
Total| 16 34 108 72 54 13 3 11.16-22.32 (156.904.075 | 2.27+.063 14.20+.41
Retio of length to width. SHALE. "
1.512.0 | 2.5 | 3.0 | 3.5 4.0 |4.5 |5.0 |5.5
24 4 15 19 a8 19 5] 6 2 i 1.5 - 5.5 3.0112.056 .826+.039 27.53+1.38
43 p | 14 24 26 12 10 8 4 1.5 - 5.0 3.094.006 . 329+.039 26.80+1.27
45 1 30 36 18 9 2 1 2 1 l.8- 5.5 2.25+.048 «7094.033 30.00+1.55
Total & 59 79 72 41 18 id 8 2 1.5 -~ 5.5 2.92+.027 .82 1:022 28.12%8956
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Summary of differen

of Puccinis graminis triti

ces between Lne

ci.

dimensions of the mesns of teleutospores

Longt-h. wiidth. Shape.
“pifference pifference | Difference pifference | Difference pUifference
Types compared. in means in | divided by | in means in| divided by | in mesns in divided by
microngs. P.E. microns. Falie nicrons. P.Es
The U.S.A. Lype recorded by Levine
and the total of 3 Australisn formsd 748+£.50 17.6 « 771142 5.4
#orm 24 snd Form 42. 4.85¢.71 6.0 "2.2bx.21 10.% .08+.079 1.0
Form 34 and Form 46. B.252.71 8.8 e 37220 1.9 «864.074 8.9
form 42 and Foru 46. 1.98+.57 3.5 1.88+.19 9.9 « 744,074 10.0

8gTL
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Comparing the total of the three Ausitralian forms
with the measurements given by Levine, it will be seen that
the Australian rust is significantly shorter and narrower.
The greater variability is striking.

Between the three Australian forms there are differ-
ences. Forms 54 and 43 differ significantly in length and
width. Form 54 is longer and wider than 45. It is much
more variable in length. In shape there is no appreciable
difference between the iwo. Between Forms 54 and 46 there
are again differences. Form 54 1s significantly longer
than 46, the shortest of the three forms. The difference
in width is not appreciable, but in shape the difference is
gignificant.

Comparing Forms 45 and 46 it is seen that Form 45
is significantly longer and narrower than Form 46. There
is also a difference in shape. These are just the reverse
of the results of the uredospore measurements which showed
that 46 is longer and narrower than 45.

(b) P. graminis avenae

Pwo sets of material were available for measurement.
one batch of oaten straw came from Cowra, N.S.W. Uredospores
from this straw showed the form to be P. graminis avenae 1.

The other batch came from Ireland and was in part used to
infect a barberry. From the aecidiospores, uredospore
cultures were obtained. The form present proved to be

P. graminis avenae 1. The results are given in the

following table.
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Table ¢6 .

Sumnary of differences between the dimensions of teleutospores
of Puccinia graminis avense. ‘

Length. Width. Shape.
Difference Difference | Difference Difference | Difference Difference
Types compared. in means in | divided by | in mesns in| divided by | in means in | divided by

microns. P.E» microns. P.E. microns. P.E.

An isolation of P. graminis avenae 1 1.762.31 5.7 «B67+.17 3.9 230+ .07 33

from Irelsnd and sn isolation ©O e

same form from Austrslia.

P. grominis avense as recorded by

Ievﬁne and the isolation of E. e80+edit -

graminis avenae 1 from Australia. «80%.62 1.29 «574.17 3.3

P. graminis avense as recorded by

Levine and the 1isolation of k.

graminis avenae 1 from Ireland. «96x.73 1.3 +10+.17 «59

= VRl -
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Tt will be seen that the results given by levine
are intermediate in length and width between those of the
Australian and the Irish rusts. Statistically there 1s
no significant difference between the Irish and the U.S.A.
rusts, but the difference in width between the Australian
and the U.S.A.'typea mey be signifiecant. Comparing the
Australian and the Irish forms, the former is the longer.
The difference in length 1is significant, and this rrobably
{s also the case in width ard shape. The uredospore
measurements showed that the Irish was significantly longer

than the Australian rust.

Photographs of the various spore formes used in the
measurements are shown in Plates XII and XIIX. It 1s obvious
that these cannot have as great a value as the biometrical
measurements for identifying forms. As far as possible,
truly representative spores of the various forms were photo~
graphed to illustrate the types, but a small group of spores
considered alone may be misleading. Taken in conjunction

with the measurements they are instructive.
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QVER-SUMMERING OF RUST.

In the case of annual crops like the cereals, the
mode of persistence of pathogens from season to season is a
consideration of the utmost importancs. Rust 1s no exception.

In the Northern Hemisphere, many stem rust studies
have been made and much information accumulated. The ascidial
stage on the barberry is of the greatest importance in Europe.
It has been found that in places where this slternate host has
been eradicated, stem rust has diminished or is altogether
unknown. In Forth America there is abundant evidence to show
that the aecidial stage is similarly important. At one time
it was considered that in the Mississipl Valley, uredospores
were capable of overwintering and were important agents in
producing the first infections in the spring. More recently
1t has been stated (66) that too much emphasis has been placed
on overwintering uredospores in that country.

It has already been pointed out (162) that the
aecidial stage ln Australia has not been found under natural
conditions, although it has been artificlally produced on
numerous occasions. Barverries are not native, and although
they have been planted as ornamentul shrubs in places, they
aré not common. A further consideration is that in Australia
the wheat crop is sown in the late autumn and early winter and
18 harvested in the esurly summer. It is, then, during the
hot dry summer season that wheat is not cultivated. Instead
of the rust fungus having to "sver-winter"” as in the Northern
Hemlsphere, it has here to "over-summer"”. This does not mean
that the teleutospores in Australia could not function as
resting spores as they do in the Northern E'o:i.ophnro. They
remaln viable throughout the hot dry summer. In the following
late spring and early summer (October may be considered the
peak month) they germinate and can infect the barberry. It
18 at this period when the secidia may be produced that the
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uredospore stage is already abundant in the crops. The
secidial stage in the Northern Hemisphere mainly functions
in bringing about the early spring infectiona of the crop.
From these are produced the abundsnt uredosori. It becomes
evident that the alternate host in this country is not
important and that there must be some means other than by
asecidiospores whereby the organism oversummers in Australia.

HcAlpine (105) considers that "yolunteer" and second
growth wheat probably harbour the uredospore stage of the
fungus, and that the organism persists by this means. Evidence
bearing upon this was reported (160) in 1920.

In the present studies, a good deal of furcher
information has been obtalned.

OVERSUMMERING OF P. GRAMINIS TRITICI.

Taking first the case of stem rust of wheat, the
following table shows the positlon.
Table 47. Summary of the number of ssmples of

rusted wheat examined during each month
of the perioed.

Season of collection, ending March of 7
[Month 1922 |1923 |1924 |1925 | 1926 | 1927 | 1928[1920 | Total
April 1 e| 3| 28
May 1 2 4| |58
June 1 1 8 11
July 1 s| o '8
Aug- s |l
Sept. 1 2 1 3| 11| 18
oct. 12 1 20 9 | 17 | 10| 27| 98
Nov. 8 3 9 30 8 | 30 | 91| 66 | 254
Dec. 7 4 4 35 5 8 | 43| 11 | 127
Jan. 5 2 7 13 6 | 15| 8| 85
Feb. 3 2 3 1 1 4 vy| &
March 3 2 2 | 214 2| 2 .
Totals | 404 | 16 | 25 |100 | 28 | 89 |189 |186 645
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The reason for the name “"summer rust” being applied
to the stem rust becomes at once apparent. November is the
month when the rust is most abundant. Regarding the aggregate
receipts for the various months, it is seen that samples have
come to hand during each month of the year. In the earlier
years of the study but little material was received. The more
abundant collections during the last three years are in
measure due to valuable assistance rendered by graduates
appointed to country districts. The ceollections for these
three years indicate clearly that rust in the uredospore stage
is almost certainly present in wheat growing sreas in a viable
condition all the yesur round. The collections which are
available under existing conditions are after all very scanty.
A wider search would certainly have brought to light many more
samples of rust. Since September 1927 there have been only
two months when viavle uredospore material has not been
collected. This clearly points to the fact that the rust
persists in the uredospore stage from season to season.

In this connection it should be pointed out that there
is a very wide range in the conditions which prevail in the
wheat-growing areas of Australia. Having regard solely teo
the south-sastern portion of the continent, this still applies.
Wheat in coastsl areas is sometimes sown in March for providing
green-feed during the winter. Sowing in other areas continues
throughout the ensuing months as late as July. Similarly there
is & continuity in the harvesting operations. Early crops for
hay may be taken off in October, and harvesting operations are
in progress right through until even February in late districts.
This means a great difference in the development and the
amount of “volunteer"” wheat, - both "second-growth" and “self-
gown" - which is present in paddocks in the various districts.

Apart altogether from this occurrence of stem rust
in different districts, evidence is not wanting that in a
particular area, rust is present on volunteer wheat throughout
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the yesr when conditions are favourable. Mr. R.E. Dwyer of
Bathurst, kindly undertook a search at the Bathurst Experiment
Farm. In FPebruary 1927 a first collection was forwarded, and
thereafter until April 1928, in each month with one exception
of August 1927, rusted wheat straw carrying viable uredospores
of P. graminis tritici was forwarded. The absence of the
collection in the one month of August may well have been due
to the pressure of other duties limiting the search.

In any case six other collections from different
N.S. Walas localities came to hand during that month. Some
of these were on volunteer wheat, others on the growing crop,
young as it was at that time. It wae very striking to see
heavy stem rust infections of the leaves of seedlings collected
in the paddocks.

At H.A. College a series of collections points to the
same state of affaeirs. MNr. T.H. Harrison has forwarded very
many specimens from time to time, and though there are gaps
in the monthly sequence, there would seem little doubt about
the presence of viable uredospores on volunteer wheat the year
round.

There is a practical bearing to this persistance
of the uredospore stage on volunteer wheat. Ordinary culti-
vation methods cannot be expected to eliminate it, for tﬁ
cultural practices at the Bathurst Experiment Farm and H.A.
College for example, are good. Whilst viable ur.d#lpﬂ.l
are present in the wheat areas there will be the possibllity
of epidemics of rust in favourable seasons so long as suscept-
ible varieties of wheat are grown. Safety in "muggy" seasons
l1ies in the growing of varieties which are resistant to rust.
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OVERSUMMERING OF P. GRAMINLS AVENAR

The results of the studies of this organism are
summarised’' in the following table.

Table 48. Summary of the numbers of samples rusted
oates examined during each month of the peried.

Season of collection, ending March of

Honth 1922 (1923 (1924 |1925 | 1926 | 1927 (1928|1929 | Total
April 5‘ 4
May 2 4
June 1 1
July - 2 3 5
Aug. | 2 2
Sept. 1 3 4
Oct. 5. 6 = 1l 5 17
Nov. 1 1 11 1 14 | 17 | 28 73
Dec. 2 11 3 | 11 3 30
Jan. 1 2 1 7 2 13
Feb. 1 1 1 1 2

Maroh | 2| Al s
Totals 11 5 30_ 3 21 | 47 | 49 166

In the aggregate, the relative abundance of oat stem
rust in the various months throughout the year approximates
closely to that shown by the wheat stem rust. Al though fewer
isolations were avallable, they indicate clearly that stem rust
of oats is most abundant in the summer, but it is nevertheless
present on "volunteer oats throughout the year when the crop
is not being grown. An intensive search would almost certainly
reveal the presence of abundant viable material continuously
throughout & year. The widespread occurrence of "wild oats”
is a further important factor in the case.



OVERSUMMERING OF P. TRITICINA.

The results of the collections are summarised in “
following table.

-
P
i

Table 49. BSummary of the numbers of samples of rusted
wheat examined during each of the months of

the period.
Season of collecting, ending March of
1922 (1923 | 1924 | 1925 (1926 | 1927 (1928 (1920 | Total
April 4
IMay 2 8
June 11
July 1 11 12
Aug. 17 17
Sept. 1 1 2 41 45
Oct. 6 1 16 23 46
Nov. 3 75 16 96
Dec. 1 16 20
Jan. 1 2
Feb. ) | 1
Harch 1 2 3
Totals 15 1 6 (112 (13 265

Here again it appears that Kovember is the "peak" month. |

But 1t is clear that as early as September the rust is abundant.
Actually the occurrence of the peak in Hovember is probably mis-
leading. It should occur earlier. The studies herein reported

have dealt primarily with stem rust. Collections forwarded from

country centres have been, in the muin, stem rust, and have been
made becsuse this particular rust has been present. The occurr-
ence of leaf rust on the flag earlier in the season has not '
resulted in fleld workers forwarding specimens. Whenever leaf

rust has been present on  material in addition teo stem rust,
it has been cultured and subjected to study.

The indications are clear that leaf rust is also present
on volunteer wheat the whole year round.
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BRESDING FOR RUST RESISTANGE
LNTRODUGTION

In the cmu-olofplmtai_amnwnm are
used. Of these it is genorally conceded that the practice
xnown as "Immunisation" offers the greatest promise. “hen
dealing with an annual crop plant cultivated as wheat 1is,
other methods are difficult of applicatlon. Breading for
disoase resistance is the main hope for the control of rust
as well as the other discases of wheat. Gons iderable
sugcess has attended work of this nature in many plages, and
a voluminous literature has agcumulated. References %o
some of the important contributions are ingluded in the
bibliography. The phenomenon of specialisation offers one
of the greatest complications. Gontrolled genetical studies
help largely in overcoming this ocbstacla.

Haturally success in breeding work ls not likely to
be mot with except as a result of many years of worke. Any
addition to the physioclogic forms of the pathogen pregent in
a country is going to seriously prolong the operation. This
4s well illustrated in the results of the work now to bs
recorded. These have not involved the production of a rust
epidemic in the field. The danger of having valuable F} and
othey wheats killed or seriously affected by such an cgcurrence
has made it unwise to produce an opidemic.  With a "rust
mursery” available, this would be doud.

CROSSING TECHNIQUE

The methods sdopted in the werk may be briefly
described.

Heads of the maternal varlety were selected just as
the anthers about one third the length of the head below the
tip were turning yellow and ripening. The flowers were
emasculated in the usual waye But instead of leaving only
about three spikelets on each side of the rachis of the s
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1t has been the practice to leave double that number, and
froquently many more. The emasculated heads were covered
with glassine bags snd allowed to mature for pollination.

A toat was made to determine how long such heads ought
to be left before being pollinated.  The varlety “Federation®
which is botanicelly Iriticuws vilgare alborumbrun Kdin, was
salected as the ovale parent, and "Indian 12", which is

e Flaksb, as the pollen parent.
The formor has opaque grain and the latter cornecus graine
Gralin produced as the result of crossing the two is cormeous,
20 1t was possible to be assured that grailh set on "Federation"
was the result of orossing.  Furthormore the Fy plants are
markedly different from oach of the parents 30 that any
plants not true crosses gan bs readlily detected.

in the test that was made, fiftoen heads were
gelected at the same stage of developuent, viz. with the
ripest anthers just turning yellow. These were emasculated
and bagged and successively pollinated with "Indlan 12" on
different days, the operation being carried out in the early
afternoon. For purposes of pollination, from the selecgted
male parent an anther which at a touch was ready to dehisce
was inserted in each emasculated flower. The pollinated
heads were then covered again with the glassine bags and
allowed to mature graln. The result of the test is shown
in the followlng table:
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e 0. B it S PR 100N tien
of "Indian 12%.
Tumbe r Number |
Date of | Pate of |Age of | of Flowers of age of
|cross | Emaseul~ | Pollin~ (3% Follin- |Grains |Orain
. ation ation in abed produced |Set
23030 13.10.83 | 13.10.85 0 24 1 45.8
= . 14.10.23 1 28 21 75
33 - 15.10.23 e £8 2e 78.6
43 - 1710483 4 26 16 61.6
54 . £8.10.£5| ® 28 3 10.7
69 - £4.10.23 il £e i 4.2
e " £6.10.83 [ 13 28 0 0
74 - 27.10.25 14 20 0 0
76 W 30.10.85 | o7 32 ¢ 0
83 " 31410425 | 18 26 0 0
o2 . 1.11.55 | 219 28 0 0
96 » £2.11.25| 20 24 0 0
100 " Bell.83 | 23 24 0 0
103 . 6.11.85 | 24 0 0
106 " 7.11.85 | 25 0 0
109 " B.11.85 | 26 £6 0 0
A

Each of the grains was cOrneous.
of the fact that mnnmnmtummmm

Gonfirmation

mu!ﬂmobhmw-mmumdmmﬁ-hw&.
mmup-nu-a-.nhu.aut-nuhmmmm

graine.

those of “"Federation" the ovule parent.

Glearly then, under the conditlons prevalling at

These characters are of course gulte different from

Sydney University, the best result was obtained by pollinating

flowers £ to 3 days after emasculation.

a setting of grain can hardly be expocted.

After about 10 days
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It was of interest to note that the one grain produced
in eross No. IX £3.690 was present in the lowest flower on the
spike; this 1s of course the latest flower in the head to matuve.
At Ghico, Galifornia, Florell reports that s 26
successful pollination was obtained ia 1920 in a case involving
about 240 pollinations of emasculated flowers which had been
left for 16 days. The different ¢limatic conditiona doubtless
explain the divergent results. '
To indicate the efficiency of the method the following
results which wore obtained may be quoted.
fable 5l Results obtained in crossed betwson varieties

otuhomumhomorwhutinlm.
showing the number of gralns set.

Poilinations
made

%
:

11
4

:

:

Indian F x Cedar
Gullen x Federation

x Federation
Federation x Oullen
Faratah x Clarendon
Bena x Glarendon
Clarendon x Bena
Glarendon x ¥armtah
Federation x B 35/4
Federation x Canaan
Federation x College Eclipse
Federation x Auasie
Federation x White Federatlion
Indian F. x Jonathan
Ganaan x Varatah

Jonathan x Bobs

Bathurst 7 x Bathurst 8

Indian F. x Bobs

Ehapli x Gloasy Huguenot
Federation x Jonathan

Khapli x Kahla

Federation x Barletta
Federation x Japansse Bearded

e eIiii20guaggrRssatstuYu  EEIRREEER

g | BERe R RRRRE R R BYRRREREREBRRRRAERRRRARS

Percentage of grain set 793

I :nasaua:nas:n::asa:aaas:::::23:=====:53
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Table 58. Results obtained in crosses botween

varisties of the same species of
wheat in 1926, showing the -m;

gralins set.

Igeu_ No. | Parents Grains | Pellinations

II 26.6 | Florence x Gullen
Pirbank x Florence
Gullen x Federation
Federation x Firbank
Federation x Florence
Federation x Thew
Bunyip x Gullen

¥hite Federation x Federation

Hard Federation x Vhite
Fedsration

White Federation x Hard
Federation

Federation x White Federation
Marshall's lo. 3 x Thew
Federation x Roseworthy
Thew x Roseworthy
Exquisite x Thew
¥andilla x Federation
Boba x Hoseworthy

Roseworthy x Bobs

Thew x Marshall's Ho. 3
Glomsy Huguenot x Kubania 2094
Yandilla King x Gullen
1183.97.8 x 1185.97.4

Federation x Vebster
Webster x Federation
Federation x Vebater

Thew x Japanese Bearded
hgpe x ¥ederation |
Percentage of graln set 64%

Hegcpgagess a2 8E &8 BR3BREERE o

|EbEERBESBER B R o EREEY B EEEEEEEE
Epoepuesuse R B BE R ey 2 28R 2 2RB
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varieties of the same speec

wheat in 1987, showing

Results obtained in oroases between

Eoe anbor Of grains

ol ¥4
s

EREEEE e eeeaaBEene Yy YREERERES

Yandilla x Thew

Hard Federa x Thite
Federation

Yandilla x Gullen

Se0l.)
Federation x Buston (5el.)
Federation x Buston (Sel.)
¥aratah x Yebster

Clare % %ebster
larshall's No. 5 x Vebster
Wayran X Yebster

1 17/4 x Yebater

J /L x Vebster
H 29/2 x Vebstor
G x Yebster

sebster x Euaton (Sel.)
Buston x Webster
Euston x Vebater
Euston x Webster
Euston x Vebster
Buston x Tebabter

BERBEEERREEREERRBRERERER BREBREEERER

sot.
Lross Grains !
Ho. Parents set
1127.12 | Firbank x Florenge

hmnﬂp of p-d.n set 'I'Gx

In many lpuh- erosses made between varieties of

@! EEBREERREERERRRRPRRREEE RRUREBBRERY lE
]

groups like T, vulgare and T, dupum, where the chromosome
numbers are different, poor seiting of grain was of course
obtained. Low results were also obtained, as was expected,

in certain crosses in which it was known that the emasculated
heads had been left longer than they should have beemr, or that
the pollen used was unavoidably in a poor condition. These

results have not been ingluded in the tables.

There was a

noticeable falling off in the efficiency of the crossing in
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1026 and in 1928 when abnormally dry spring and early
summer conditions were experilenced. But the results
show that under ordinary conditions, an effiglency of
75% may be looked for.

It was decided to see how soon after pollination
under the prevailing conditions, viable grain was set.
in a uniform plot of Federation wheat growing at Sydney
University, a number of plants were selegted on the same
day when the first flowers of the most forward ear of
eagh plant were just about to push up the anthers.
All these ears at the same stage of maturity were tagged,
and all but the two lowest flowers in each splkelet
removed. Commencing on the third day from the first
appearance of the anthers, 1.e. the 16th of Ogtober, the
stalk beaping the tagged head was cut off at ground level.
This was done at daily intervals as far as possible.
The harvested heads were suspended in a dry room for a
1ittle more than four months, when the gralin was rubbed
out and tested for germination by sowing in separate pots
of garden soil. Pots of normal graded "Foderation®™ grain
wore sown at the same time for comparative purposes. The \
results are shown in the following tablei~
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Table 54. 3 of development of wheat grain after
ination in relation to germination
capacity Anthors first showing in each case
on 13th oawhf'c

——

Date Age of |
No.| Hap-  |Grain Gharagter of resulte

vested |4in days | Character of Grain ant Seedlings. I
1 16 Octe 3 Ri1 . Hil
2 o ¢ 4 N1l Nid
3 19 " 6 Very shrivelled g Very spindly
4 20 7 doe. I

H do.
5 aa * O doe
.
é 2 * 10 Shrivelled a
Spindly

7 24 * 1 doe doe
8 2 * i2 do. doe.
9 26 » 13 doe doe
10 &9 s 14 do. doe
1l 29 . 16 doe do.
12 | 30 * 17 jSomewhat pinched Almost normal
13| 5 * is do. ’ do.
14 1 Nove 19 doe do.
15 8 ® 20 doe. . Hormal
16 3 . 21 do. doe
17 g " 23 do. do.
18 B 24 doe. do.
19 g = 256 do. doe
20 B v 26 Hormal doe
21 e -» 27 " doe ' doe
22 10 » £8 doe. do.
£3 | 18 * 30 do. do.
24 13 » Sl doe doe.
26 | 14 ™ 32 Goe do.

—
It was surprising to find that after only six days from
polliination, 28 very shrivelled greins in an ear produced 11
very spindly seedlings. The seven day old ear gave 12 very
spindly seedlings from the 26 very shrivelled grains formed,
and the nine day ear, 17 from 26 grains. Thereafter a)though
the grain was shrivelled, 1% was fully viable but gave spindly
seedlings.  An ear 17 days old gave almost normal seedlings.
Those results are illustrated in FPlate VIII.
The result showed that it was perfectly safe to use
this wethod of harvesting crossed heads of wheat and obtain a
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normal germination of the ¢rossed grain.  On account of the
danger from sparrow atback and from damage Dy trespassers, the
-mummm-mmhmm
after lapse of a period of 3 to 4 weeks from pollination was

adopted, and has proved fully satisfactory.

AIDE GROSSES

The possibility of obtaining resistant types of wheat
from wide crosses has not been neglected. This was
additional to considerations concerning the gensties of suech
crosses.

Zheat x Barley

The commercial variety of wheat named "Bobs"™ is
reputed to have bsen derived from a cgross of this nature. IS
was produced by the late William Parrer in 1806 and 1s stated
to have originated from a cross between "Nepaul" Barley and
s wheat named "Sarly Lambrigg". Btarting with one shrivelled
grain obtained from the cross, the variety was fixed in four
years.

A second Australian variety known as "Ganberra" is
also atated to have originated in a e¢ross of this nmature.

The parents in this instance are reputed to be "Federation"
erossed with "Volga" Barley.

In the work that is in progress, both these wvarieties
of barleys were used as the pollen parents, the main work
being done with “"Volga". Parrer's "Early Lambrigg" was not
avallable as an ovale parent. A mumber of warleties of
2, valgare which flowered at the same time as the two barleys
wore used as the ovule parents. The work reported covered
tests made in 1984, 1985, 1986, and 108Y. This gave a
range of seasons in case some speglal seasonal influence
might contribute to successful crossing. The practice was
to emasgulate the flowers at the stage already described under
the technique of crossing, and to leave them until the next day
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for pollination. On the following day the pollinations of
the same flowers were repeated. In a number of cases when
it was practicable, ptm&orpoumunnm-ﬂamﬂu
moxt day. In the results gliven mereunder, this third
pollination is not counted. Hor is any note taken of
mumerous further attempts made by senior students ofvarious
classes. The "pollinations made™, totalling 1932, mean
that 961 wheat flowsrs were actually used, Ini.’ pollinated
at least twiee. The results are as followsi=-

fable 56 Results of attempts to oross varieties of
2. wulgarc with 2 varisties of barleye.

Parents of Cross m oo :a. of Follinations
Glarendon x Volga Barley e 336
Hard Federation x - 0 80
Federation x . 0 104
Harst's 11. x . 0 328
Bunylp x . 0 s32
Early Bird x o 0 oL
Sunset x " o 48
Plowman's No. 5 x - 0 52
Canberra Xx » 0 144
Firbank x . _ 0 se
Federation x Nepsul Barley 1 164
ganberra X . 2 144
Bobs x v 0 56
5 1s32
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It will be seen that in all 5 grains were obtained.
In each case they were sown the next season and grown to
maturity. All proved to be normal wheat plants of the
variety used as the pollen parent, viz. Federation, Canberra
and Clarendone. In the suocesding generation no segregation
ogourred. Each was glearly the result of sccidental self-
pollination. _

There would therefore geem Lo bs doubt whether the
claims that barley and wheat were successfully crcssed to ;lﬂ
"Bobs™ and "Canberra® can be sustantiated.

Iheat __and __Rye

It has long been known that orosses between these
two cereals can be made, Reference has elsewhere boen
made 50 the fact that even in seasons when wheat was heavily
attacked by P.,graminis tritici 34, adjacent crops of rye
showed but rare infections. For a long time 1€ has been
pnpd that gross-bred material might be avdilable for studies
in rust resistance.

In the years 1981, 1922, 1924, 1025, 1826, 1929
and 1928, crosses have been attempted. The ovule parent
in each case has been wheat. Federation has beon mainly
used, but in some eases Hard Foderation has been substituted,
and in fewer instances Thew. The pollen parent has in the
main been "Rosen" rye, but "Black Winter” has also been used.
As in the cgase of the whest x barley coroases, pollinations
of the same flowers were made on the 2nd, and on the 3rd days
after emasculatlone. In these instances also, yot a thlrd
pollination was many times made, so the results given are
gonservative. Actunlly 1010 wheat flowers wore used,
Senlor students made additlional attempts which are not here
ingluded.

During the six years, 135 grains have been obtained

from 2020 pollinations, 5 of the grains falled to germinatbe,




% yislded Federation or Hard Federation plants which showed no
departure from the normal bohaviour Gf these varisties and
ware therefore the result of accidental self-pollination.

In only one ¢ase to date has a true c¢ross been obtalned.

This was in 1925 from a cross between Federation and Rosen rye.
The ¥, plant tested with Forms 43 and 46 gave "flecks",
wheveas the ovule parent Federation at the same time gave "4
reactions. The seedling after test was transplanted and
grownm to maturity. A notable feature was its abundant
stooling. This was welcomed as giving the possibilify of
making bacgk crosses. One of the heads is 1llustrabed in
Plate VIIL. '

The hybrid plant proved to be completely sterile,
though pistils and stamens were seemingly normal. A large
number of attompts were made %0 effect ¢rosses with each of
the parents, and also to pollinate stigmass of the hybrid
- plant with pollen from the wheat and from the ryo parents.
In no case was the attempt successful. The hybrid was
storile and the attempt to obtain resistance accordingly
falled.

Fyom the crosses made in 1928 one plant 1s avallable
from Canberra x Rosen rye. In the seedling test, this gave
flooks with Ps greminis tritisi 46 which normally produses
a fully susceptible reactlon on Canberra. It 4is therefore
a hybrid and is being growm to ma burity under carvefully
controlled conditions.

It will therefore be se~n that so far no success
has attonded the efforts to secure fertile progeny as a
result of erossing wheat and rye.

Of the wheat varieties tested by different workers
for resistance to sbtem rust, the varlety of T, dicoggum Ajap,
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Perc. known as "Khapli" is perhaps the most resistant. Of
the physiologic forms recorded to date by Stakman and lLevine,
only one attagks Khapli. 1t is therefore not surprising
that many efforts have boen made to cross this resistant
emmer with the commercial types of vulgare wheat which are
susceptible.

Hayes and Stakman (61) report disappointing results
from the attempts %o cross Khapli with Marquis wheat, Hynes
(76) reports a successful cross between Federation and Khapli. |

Gommencing in 1921 attempts have bosn made oagh year
to obtain successful crosses between commercial vulgare wheats
and Khapli. In the main Federation has been the variety used.
Extending the work over a number of seasons like this has made
it possible for various seasonal influences to operate.

In the work 1t has been the pragtice to pollinate the
valgare wheat with Khapli pollen on the day following the
emasculation, and to repeat this the next day. In very many
cases a third pollination was also effected, In tabulating
the results only the two pollinations are taken into account.
Actually 930 flowers were used for the pollinations. Senior
students also made a number of attempts to secure vesults,
and these are not taken into account. The figure 1860 1s
therefore a very gonservative estimate of the pollinations
made .

The results are summarised as follows:
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Results obtained in 7 of the yesars in attempts
to cross certain vulgare wheats with Ehapll emmer.

Vulgare Parent

75
8

8
=
a

f

§ B ESE BB

Federation
Federation
Hard Pederation
Hard Pederation
Federation
Federation
Canbsrra
Federation
Gluyas

Gurka (Gullen)
Federation
Gluyas

Gurka (Gullen)

Hurst's 1l.

Early Bird

-
vobhaBloababRoaro E

spgBegsy :

pgeptise

TOTALS

;

Table 57. Summary of the results of attempts to eross
cortain waristies of wvulgare wheat with
Khapli emmer.
Variety Hoe. of No. of
Y Grains set.| Pollinations
Federation le2 1114
Hard Federation 14 130
Guilen 6 108
16 108
hvi? 156 60
Hurst's 1ll. 9 56
Zarly Bird 5 82
Ganberra 7 5e
TOTALS £86 1860

-—_———ﬁ_——'L—-

Out of the 286 grains obtained, £ germinated with the
production of pure Federation plants. These

pollinations.

2 grains were

Clearly they were accidental self- o
The £84 F, plants which were crossed thus

show approximatdly a 15§ setting of graine. In all instances

the grain was much shrivelled.

e s

| .
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The crossed grain was sown in pots or boxes under
the best conditions for germination.

Prior to 1927, the F, seedlings were in part inoculated
in the "first leaf™ stage with Form 43, and in a later leaf
stage with Form 46. In other cases this order was reversed.
Form 46 being used first and Form 43 second. The mean of the
reactions shown with Form 43 was "1" and with Form 46 "g",
Simultaneous tests on Federation and Khapli gave respsctively
"4" and "0"; with Form 43, and "4" end "1" with Form 46. °
mummmuu-umumrl.
although the dominance is not quite complete. In 1927 and
1928 the F, seedlings were inoculated with Form 34. "hilst
the pareatal reactions were again as just -um.mrl
reagtions were of the "X" type. They are i1llustrated in
Plate IX.

After the seedling haﬁ.ml‘lﬂuunﬂ
transplanted to open beds and given the best possible
conditions for growth. In no gase did any one of them
attain %o maturity. The plants were stunted and died
before producing ears, - with two exceptions, - usually when
about 10 inches high. It was observed that there was a
difference in development depending upon the wulgare parent
used. When Gluyss and Hurst's 11 were the pavents, the
smallest growth took place, the plants reaching only 6 inches
in height. ¥ith Federation as the parent, the F, plants
grew slightly larger, reaching 8 inches. The plants
derived from the crosses using Bunyip and Early Bird, grow
to 10 inches, belng exceeded slightly by those derived from
the Gullen crosses, which grew to 12 inches. Illustrations
of these are given in Plate X,

The two exceptions above referred to occurred in
the crosses of Khapli with Bunyip and Gullen. In each case
one tiny ear resembling an emmor with a tip beard was
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produged.  Each ear gomprised two lateral spikelets on each
side of the splke. In one of the spikelets of one ear
three small stamens were produced snd in one spikelet of
the other ear, a small pistil weas found. In each instance
an effort was made to cross back on to the Bunylp, Gullén and
Khapli parents. The pistil of the F, in addition to
receiving polien from Bunylp, Gullen and Khapli, was also
pollinated with one of the three small anthers produced by
the oﬂnr!’l plant. lio setting of gralin occurred in any
case .

‘ In 1984 Mre Je T. Pridham forwarded a quantity of
grain stated to be an Fp generation obtained from a oross
be tween Canberra and Khapll. The grain was white and
opague and perfectly plump and well-filled. Neo shrivelled
grains at all were present. A series of over 900 seedlings
was tosbted with Forms 45 and 46. To these Canberra shows
respectively resistance and susceptibility, whilst Khaplil
is strongly resistant to both.  In all cases the seedlings
showed resistance to Form 43 and suseeptibility to Form 46.
levertheless they were transplanted to open beds and grown &0
maturity because of thn value of such cross-breds. All
plants showed the typical characteristics of Canberra proving
¢learly that the F, plant or plants had resulted from
ageidental self-pollination of the female parent.

It is therefore belleved that 1ittle is to be gained
from a ttempts to directly oross vulgare wheats with Khaplie
mmtmumrlmuoru-mmmnuam
greater vigour than others may make it worth while to preserve
with tests of other vulgare varieties as parents.

The attempts to incorporate the Khapli resistange in
vulgare wheat are being made in other ways. Khapli has been
grossed with certain durum wheats which roadily give fertile



- 142 =

progeny as a result. Some of these F, plants have been
used for crossing with commerelial vulgare wheats. In

other cases, seriss of ¥, families of such crosses have been
tested in the seedling stage for resistance and famil ies
homozygous for resistance of the "Khapli" type noted. These
will be used for crossing with commercial wvulgare wheats.
These studies are still in their early stages but the general
rosults may be indicated.

One of the crosses involves the dmnﬁntmnu
"gamla®.  This is resistant to all the Australian forms except
the second group, viz. 45, 46, and 556. "Khapli” is strongly
resistant to all.

In the F1, six seedlings tested with Form 45 as
representing the first group gave flecks. ‘Tested with Form
46 they gave "1" reactions. There was dominance of resistanse.
At that time the troublesome Form 34 had not yet made its
appearunge .

A group of 180 1'8 seedlings was tested with Form 43.
They showed strong resistance throughout. Another bateh
of 184 was tested with Form 46. There were 170 resistants
14 susceptible plants. This approximates to a 15 & 1 ratlo.
On & £ factor basis the expoctancy for 184 individuals
would be 172 resistant 3 12 susceptlble plants. This result
is now being confirmed by F, tests.

Aurhnefl'aﬁlﬂl involving the use of Form 54 is
hmnundpnhﬁdnnl:hthomutﬂunt! fagtorse.

Further orosses between "Khapli” and "Abyssinian” and
petween "Khapli® and"Glossy Huguenot” are giving essentlally
similar results.

The durum wheats are reputedly rust-resistant in
Australia. Tests of seedlings have shown that some varieties
are quite suscepiible. Others are strongly resistant to

some of the physioclogic forms, ®.g. Arnantka, Hindum, and
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and Spelmars of the differential set. It was decided tosee the
mode of inheritance of this sharp resistance in crosses with
vulgare wheats.

¢rosses were made in 1622 between Federation and each
of these three durums. From 176 Federation flowers ppllinated,
98 grains were secured. This approximates to a 504 setting of
grain. They were somewhat shrivelled and in some cases produged
very weakly ’1 plants which failed in the seedling stage. The
F, plants were gosted in the seedling stage with Forms 45 and
46 to whiech the durum parents are respectively strongly
resistant and strongly susceptible. The reagtions are flecks
in the first case and"4"in the second. Federation is comple tely
susceptible to both.

The P, plants gave "1" reactions to Form 43 and "4"
to 46, indicating dominance of reslstance. The F) plants at
maturity were intermediate in characters between the two parents .
Many flowers in each spike falled to produce any grain, and
where grain was set much of it was very shrivelled.

Fp tests were made with seedlings sown in boxes and
i{noculated with Form 435 in the usual way. The resulis are as

follows s~ _

Table 58. Results in the F_, generation of crosses between
Federation and ofrtain durum varisties tested with

P
M'ﬁonﬂﬂm and Frequency
e N O .0 Y
Federation x Arnautka 26 . B2 50 28 5
Federation x Spelmars| 151 26 4 44 10
Federation x Mindum 13 ] 3 11
8 7 2. 3 . 8 4
TOTALS 228 94 96 8¢ 36

Summating the resistant and susceptivle classes, the
ratio is 418 resistant : 122 susceptible. The expecgtancy omn &
single factor hypothesis is 405 resistant 3 135 susceptible.

-L = -l B 1.91
PuEo 6.79

After completing the tests on the first leaf, the

seedlings were carefully pruned and new leaves of each plant
fnoculated with Form 46. In 10 plants out of the 540 the
reaction dnstead «f Dbeing & U4" was "I, Cultures £rom the
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tiny reactions were made and proved to be Form 46.
segregation had occurred. This series of tests was carried out
in the spring and although the transgressive segregates were
transplanted they failed to mature.

In regard to Form 43, there would seem to be a single
dominant factor determining the resistance of these durum wheats
when they are crossed with Federation. Complications from steril-
ity in the progeny, may, however, upset this assmmption.

A segond cross made iIn the same yeer was be tween Harguis
and Mindum and reciprocally. Form 45 gives completely
susceptible and resistant reactions respectively on these pwents.
The grain sotting was 29 grains from 46 pollinations.

The F, plants gave flecks with Form 43. There was a
considerable degree of sterility in the !’1 Plants.

The rn results were as follows:i-

Table 59, Results of testing F, generation Mlﬁ
crossas between and Mindum with Fo 43

Gross L BN mewi: e o on

x Mindum K15 18 a8 16 16
x larquia 52 4 20 22 i
POTALS 87 g2 | e8 2 |1

Sumaating the resistant and susceptible groups, the
ratio is 177 resistant 3 556 susceptible plants. On a single
fagctor hypothesis the expectancy would be 174 : 58.

:%:'4:%‘: ne

Hore again there are clear indications that a single

dominant factor for resistance is present in the durum parent.
This work with the durums has not so far been carried

veyond the Fg generaticn. As pointed out later, from certain
vulgare whoats the desired resistance should be obtainable, and
will not involve the very wide segregation and sterility invelved
in the vulgare and durum ecrosses. But the work points to the

resistance of the durums being due £0 on® main dominant factor.
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VUILGARE CROSSES

CANBERFA x THEW

It has been pointed out that speclalisation studies
revealed that prior to 1926 there were six physiologic forms
of stem rust in Australia. These six forms belonged to two
divergent groups, each group comprising three rorns.. Teats
with commercial varieties of wheat showed that amongst others,
"Canborr;l" was strongly resistant to Forms 45, 44, and 54
which comprise the first group, but was completely suscept~
ible to the second group comprising Forms 45, 46, and 55.
The variety "Thew" showed reciprocal reactions. Crosses
were therefore made with a view to selecting commercial
types which would embody the complate resistance to all
six forms. The discovery that "Thew" was also resistant
to one of the two known Australian forms of F. triticina
and to at least one form of Erysiphe graminis was not made
until the work was well in progress. The initial aim was

simply to obtain stem rust reslistance from this cross.

INHERITANCE OF RESISTANCE T0 STEM RUST

Fp Results

A number of seedling tests of the F, plants has
been made, using inoculations with Form 45 as representing
the first group of forms, and with Form 46 as representing
the second group. In some tests the first leaf was
inoculated with Form 43, and s later leaf with Form 46;
in others Form 46 was used for the first leaf and Form 45
for a later leaf. When tested with Form 45 the reaction
was "03;" with Form 46 it was "2." Simultaneous tests with
the parental varieties were made. "Canberra” with Form 45

gave "0;" and "Thew" with 46 gave "2." These tests were
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carried out in the late subtumn (May). Dominance of resist-

ance is shown.

Certain of the F; grains were not tested btut were

T

kindly grown at the Cowra Lxperiment Farm by Mr. J.T.Pridham
in order that a good yield of grain might be obtained. The
F) seedlings which had been subjected to test were afterwards
transplanted to open beds and grown to maturity. After
harvest a comparison of the heads of the individual plant
progenies was made in order to be certaln that each plant
was truly an F; plant and not the rosﬁlt of an accidental
self-pollination. That this was really so was furcther
proved by the segregation which occurred In tChe progeny.

In all cases the Fg progenies of individual P, plants were

kept separate.

?2 Results

Grain from single F; plants was sown in boxes and
tested in the seedling stage. Illustrations are given in
Plate XI. In some instances the first inoculation was
made with Form 45, and after notes had been taken on this
first leaf reaction, these leaves were carefully removed,
the plants thoroughly sprayed with distilled water and the
emerging leaf then inoculated with Form 46. In other
instences the order of inoculation was reversed. Pots
of each parent were similarly treated and used for

comparison.

The results were as follows :-
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RKesults of testing Fg seedlings of
“Canberra" x "Thew" with two forms
of P, graminis tritieci.

Table 60.

Totals

Form of | Heactions and Observed Expected
Stem Frequency
Rust Hesis-| Juscepq Hesis-|suscep- D
Used 0 1|2 | 4|tant. | tible. | tant. |tible. P.E.

28 o3
Form 45 [506|89 (114 (125|12| 509 | 135 483 161 |7.4T "~ 3-8
Porm 46 k31|30(e23 13a |17 [ 405 | 1810 | @5 | 180 [Fay = 1.3
= |

Fromthese results it will be seen that the Fz analysis
is explainable on a single factor hypothesis. There 1s a some-
what wide divergence in the case of Form 45, but 1t appears
that one main factor determines the resistance to each of the

forms.

F3 Hesults

During the late autumn, winter, and spring, of 1924
and of 1926, two series of F3 tests were carried out. Single
Fg plants grown at H.A. College were harvested separately, at
least three good ears of each being taken. In promising
agronomic plants more werse harvested. Two pots containing
about 20 grains of enchlrnmily were sown and tested in the
ordinary way with Forms 45 and 46. Pots illustrating the
method are shown in Plate XI.

Table 61. Results of testing seedlings of F3 families

of & cross between Canberra and Thew.

Number of families present in each of the three classes
Rust Homoz ypous Resistant Heterozygous HomozZygous Susceptible
Used ODbserved |Expected |Ubava ixptd. | Observed pec
Form 49 90 85 170 166 72 83
Form 46 T4 76.25 148 |[165.5 83 76.25
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In the pots tested with Form 45, there were, on
an aversge, <4 plants per pot in the homozygous resistant
class, and 23 per pot in the homozygous susceptible claszs.
In the pots tested with Form 46, the numbers were 25 and 25
respactively. Taking the hc;erqzygoua classes, in the
tests with Yorm 45 it was found that there were 30568
resistant and 995 susceptible plants. ihe oxﬁeobmnc: on
a single fsctor difference is 5038 : 1015. , The average
numbsr of plants tested in each fn-iiy was 5. In'tho
tests with FPorm 46, the hetersfygous class comprised 355656
plants of which 2658 were resistant and 927 were susceptible.
The expectancy here on & single factor hypothesis is 2674
resistant : 891 susceptible. '

It would seem therefore, that a single factor
underlies resistance to esch of these two forms. An
{nvestigation of the results was made to see whether the
factor for resistance to Form 45 was inherited independently
of the factor for resistance Lo Form 46.

fhsnn;ing "A" to represent the dominant factor for
resistance tolfer- 45 und "a" its allelomorph for suscept-
ibility, and "B" to represent the dominant factor for resist-
ance to Form 46, and "b" its allelomorph, then "Canberra"
can be represented as having the genotype AAbb and “"Thew"

as being aaBB. The F) would be AaBb, and in the Fgz there
would be the usual 9 classes. On the basis of the F3 re-

actions shown, the genotypes of the Fg families was allocated

and the results summarised as follows :- _
Table 62. F, genotypic results as determined by the Fj, tests.

Fg genotypes
BB | AABb | AaBB | AaBb | AAbb | Aabb | aaBB | aaBb | aabb

50 30 27 |83 18 o8 15 ¥0 iz

18.3 | 56.6 | 36.6 |73.2 | 18.3 | 56.6| 18.5 | 56.6| 19.5 |Expectes
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Table 65. Fz Phenotypic results.

AB Ab aB ab ) ]"
L]
170 56 45 2e Observed. 3
. 186 55 85 18 BExpected.

It will be seen that there is a fairly close agree-
ment between the observed and the expected resulis, showing
that the two factors for resistance are inherited independ-

ently.

Inheritence of Resistance to Leaf Rust

The facts that "Thew” shows msrked resistance to one
form of leaf rust designsated as "Aust.l,” whilst "Canberra"
is fully susceptible, were alsoc taken into aeconnt in this
work.
| Fy tests with six seedlings showed that they gave
flecks at a time when the resistant parent "Thew" was also
showing flecks. Dominance of resistance occurs.

One series of 110 F3 famlilies after being tested
with Form 46 was pruned and tested with this form of J

P. triticina. It was found that there were zZ6 homozygous
resistant families, 55 heterozygous families and 29 homozyg
susceptible families. This 1s a close approximation to the
expectancy on a single factor hypothesis.

Work was done to determine whether the same factor
. determined resistance to Form 46 and the form “Aust.l." of
P. triticina. In one instance a series of 1Z pots of
famillies heterozygous for resistance to Form 46 w&S
the resistant and susceptible plants separately tagged pri
to inoculation with the Leaf Kust. There was no CONNet
between the resistance to the two rusts. -
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This was further borne out by an examination of the
results for all the families.

Calling the dominant factor for resistance to this
form of P. triticina "C" and its allelomorph "¢,” "Thew" may
now be represented as having the genotype "aaBBCC" whilst
"Canberra" is AAbbec.

On the basis of the F3 results, the genotype was
allotted to each of the 107 families fully tested. In dealing
with this number of families on a three factor basis it is to
be expected that a divergence from the genotyplc expectancy
should occur. On a phenotypic basis the approximation is

close. The results were as follows :~-

Table 64. Hesults of F3 tests of seedlings of Canberra x Thew.

Cenotype |Observed |Expected Phenotype |(Observed |Expected

AABBCC
AABECe
AABDBCC
AaBBCC
AABbCe
AaBBRCe
AaBbCC
AaBbCe

AABBcc
AaBBecc
'AABbec
AaBbce

AADBDCC
AabbCC
AAbbCe
AabbCo
aaBBCC
aaBbCc
aaBBCc
aaBble
AAbbece
Aabbece

aaBBce
aaBbee

aabblC
aabblc

aabbecce

ABC 45 45

AbC 16 18

aBC 13 15

Abe 5 5
aBe 4 5

vlow|po|vw|lenrr|etno|enan |Soroarvan

abC 7 5
abe S 2

§ elop|law|lup|lysup|tsun|tvun |Bevssuuure

Totals 107

It is clear, then, that with this independent assortment
of the factors for resistance, homozygous types combining the
complete resistance should be obtainable.
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F; Fleld Results.

Of the same F3 families which were tested in the
plant house, seed residues of 152 taken at random were sown
in row tests at H.A. College in 1924. Observations were
made on stem rust attack naturally occurring. Forms 45 and
46 were known to be present in the area. The plant house
tests of seedlings inoculated with the two forms had shown
that 14 of these families were homozygous for resistance.
The field observations indicated that in all but two cases,
these famllies showed no infection. In the remaining two
where rust was present, the attack was light and occurred
on only & few of the plants in the rows. There were six
additional field rows where no rust was noted. These
families were all early maturing types and they had apparently
escaped attack. The seedling tests in the plant house had

shown heterozygosity for resistance in these familles.

Fq Results.

Of the Fz families, 1l were carried into the Fy4.
They comprised 5 of the first series tested in 1924 which
were shown to be homozygous for resistance to Forms 45 and
46, together with six other families which were heterozygous
for resistance but were particularly promising agronomically
in the row tests. Two of the five homozygous families were
the most promising of all. They were heterozygous in the
F3 for chaff colour and tip beard, and one of the two was
heterozygous for grain colour as well. The selections used
in these F, tests totalled @4; they came from 1l of the Fg
families, varying from 1 to 7 per family.

Two pots, each of 20 grains, were used for plant
house tests with Forms 43 and 46. The flve families which

had shown homozygosity for the double resistance in the Fj
tests were sgain homozygous for resistance. Further sowings
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of the grain of these Fy selections were made in the open
at Sydney University and at H.A. College, and ¥r. J. T.
Pridham kindly made yet another sowing of them at co-n
Experiment Farm. He made selections for agronomic
characters from these famillies, and these selections formed

the basis of the subsequent work.

Fg Results

These tests dealt with 14 selecticns tracing back
to the two homozygous resistant ?a families which were so
promising. [Each one showed mﬁsmotity for resistance to
Forms 45 and 46. Four were also homozygous for resistance
to the form of P. triticina designated "Aust.l," one was
homozygous for susceptibility, and the remaining nine were
heterozygous to this leafl rust.

Sowings of all families were made at the Sydney
University and H.A. College r-or field observations. At
Cowra Nr. Pridham again grew them and made further selections.

At H.A. College Forms 45 and 46 were found to be
present in the area this year. Thew and Canberra were
each infected. Plant house tests showed the rusts to be
Forms 45 and 46 respectively. [Both Australian forms of leaf
rust were salso abundant in the crop. On the flag of Thew
were pustules 6!‘ leaf rust intermingled with sharp flecks
and tiny *1" reactions. Illustrations of these occurrences
are shown in Plate VII. Cultures from the pustules tested
in the plant house showed that the rust was the "Aust.2."

The flag of Canberra gave cultures of Aust.l and Aust.2.

A serutiny of the (Canberra x Thew) selections revealed no
stem rust attack. On the flag, leal rust was present.
family which was homozygous for susceptibllitly gave ¢
of both forms. The homozygous resistant families showed :
flecks and pustules on the leaves, and from these latte L
form Aust.2. was determined.



There was, then, complete agreement between the
plant house and field results at H.A. College.

At the same time that these results were obtained,
further samples were grown by Mr. J.H.A. Helillan at the
Gatton Agricultural College in Queensland, and by Mr. W.H.
Darragh at Grafton, K.S5.W. Mr. MéMillan reported that at
Gatton the wheats were sown on black soll and were irrigated
during growth. is was to be expected, a very severe rust
attack developed in the early summer as the wheats approached
maturity. Samples of susceptible varietlies submitted showed
some of the heaviest infections ever met. Tests showed that
Forms 45 and 44 were present.

Under these identical conditions the (Canberra X
Thew) selections were reported to.b. "perfectly clean and
free of rust.”

At Orafton Mr. Darragh reported that rust was present
in abundance on susceptible varieties of wheat. Tests
showed that it consisted of Forms 45 and 44. The (Canberra
x Thew) selections were rust-free as had been the case at

Gatton.

P5 Results.

The tests made in 1927 dealt with 41 selections.
Homozygosity for resistance to Forms 45 and 46 was shown,
but in some cases there was heterozygosity for resiatance
to the Form Aust.l of P, triticina,

The 1927 fileld resulte with the Fg material proved
to be very interesting. An extensive series of selections
which plant house tests showed to be homozygous for resist=-
ance to Forms 45 and 46 was sown at Sydney Umiversity, H A.
College, Cowra, Gatton, and Grafton. It will be remembered
that the specialisation studies had shown that prior to 1826,
only the two groups of forams represented by 45 and 46
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respectively were present in N.S.¥., and that in the summer
of 1926, a few scattered isolations from western areas of
K.8.W. revealed the advent of Form 54.

In July snd September of 1927, rust samples sent
by Mr. T.H. Harrison showed that Form 45 was present in the
crops at H.,A.College. On sllt.OGtobcr a scrutiny of the
plots showed that the (Canberra x Thew) cross-bred were
perfectly clean, but rust was found on "Iittle Club," "Thew,"
and & number of other varieties. The collection made was
a representative one of wheats and barleys. The rust proved
in each case to be Form 45. Canberra was free. On 4th.
November, #r. Harrlison forwarded a sample of rust on
"Japanese Bearded" growing in the plot: 1t proved to be
Form 45. A further visit to H.A.College was made on the
1lth. November. Collections of rust on "Thew", & represent-
ative group of wheats, and a group of barleys were made.
The (Canberra x Thew) wheate were still free »f stem rust.
Tests made with the three collections showed in each case a
mixture of Forms 45 and 54. On the 18th.Hovember another
vislt revealed a tremendous development of stem rust through-
out the plot. Samples were collected from "Thew," "Canberra,”
numerous other wheats and groups of barleys. Stem rust was
now present on the (Canberra x Thew) selections and was also
sampled extensively. In every instance Form 54 and only
this form was present. Since that date wery numerous
isolations of rust from H.A.College have been made. Excepting
for an occurrence in December 1927 of Form 45 on Agropyron |
scabrum and one on "Glossy Huguenot" wheat when Forms 45 and
34 were together present, Form 54 alone has been present at
H.A.College. This applies to wheat, barley, rye and grasses.
The change in the rust flora was as complete as it was remark-
able. |

The leaf rust tests during this period at H.A.College

revealed that forme Aust.l and £ were present on susceptible
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varieties in the plot. On Thew, Japanese Bearded, and the
(Canberra x Thew) selections, flecks and pustules occurred.
In each case the pustules were those of Aust.2.

From Oatton, Q., Mr. Mckillan forwarded represent-
ative rust samples of the commercial varieties twice in
October 1927. In each instance a mixture of Forms 44 and
34 occurred. A fortnight later another representative
ssmple was sent, Logether with a series of rusted specimens
of the (Canberrs x Thew) selectipns which were stated to now
be showing rust. In each instance the only form present
was Form S4.

The Grafton results were of the same nature. In
October 1927, samples of wheat and barley showed that Forms
45 and 54 were present. Three weeks later similar samples
showed that only Form 54 occurred in both the wheats and
barley and that the (Canberra x Thew ) selections were now
attacked by this form. lLeaf rust isolations from this
locality again showed only Aust.Z2. on the (Canberra x Thew)
selections.

At Cowra the ssme general result was obtained.

At Bathurst there was also a development of Form 54.
In this year kr. R.E. Dwyer was given a number of Fg selections
of (Canberra x Théw), many of them different from those tested
at Cowra and Gatton. The only rust determined on the samples
of these which were submitted was Form 54.

Thus it became abundantly clear that the "Buston"
types needed resistance to more than Forms 45 and 46 and thelr
cotypes. Further crossing of the "Euston" types became
necessary in order to obtain resistance to Form 94. It m
a fortunate circumstance thut Dr. Levine of Kinnesota at m
time forwarded samples of hi.a "Webster" and "Bopo mlcﬂm
both of which show resistance to 54. Crosses with them have
been made, and some of the material is now in the F3 gener-
ation. Various strains of "Buston" and of other

varieties have been used in this work.

Y o - - Lo
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Fy Results -

In 1928 a further series of plant house tests of
the selected material wes made, and homozygosity for resist-
ance to Forms 45 and 46 determined. Now known as the
variety "Euston,” tests were made at Cowra on & field scale
for the first time. In its trisl as & late sown grain
variety Euston headed the list with a computed yield of 23
bush. 15 1lbs. per acre (98). At Bathurst, yleld tests
carried out by ¥r. Dwyer with his types showed that one of
the (Canberra x Thew) selectlons headed the list., ‘Taking
the yield given by the standard variety Waratah as 100, the
best of these (Canberra x Thew) selectlons ylelded 116.66.
In all, five families were included in this test and all

except one excesded 100%.

Conclusion

The results of this work show that plant house work
in conjunction with field tests can lead to the development

of useful varieties of wheat which are rust resistant.

INHERITANCE OF MORPHOLOGICAL CHARACTERS

When practicable the inheritance of certain obvious
morphological characters has been traced. Canberra has tip
beard, bronze chaff, and white grain. Thew 1s beardless,
has white (golden) chaff and reddish grain.

In the Fj, intermediacy was found in the characters.

A group of Pp plants was analysed, with the following

results :~-

Tip Beard
By direct comparison with the parent types, the

e - ﬁ?
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generation was sorted into a group with tip beards 21-11:»
to Canberra, & group that was beardless similar te Thew,
and & third group that was intermediate in character. 1h./
ratio was

90 tip bearded : 191 intermediate : 106 beardless.
This approximates tb a 1:2:1 ratio, the expectancy being
07 : 195 : 97. Seemingly a single genetic factor determines

the production of the tip beard.

Chaff Colour

The same Fy generation was sorted into groups on the
basis of the presence or absence of colour in the chaff. The
ratio obtained was 298 coloured : 89 white-chaffed plants.
The expectancy on & single factor basis 1s 290 : 97.

F?ﬁ? = g%yg = 1.4. That is, a single factor also under-
lies the production of bronze chaff.

Grain Colour

The same Fyp generation was sorted, by direct com-
parison with grain of the parental types into the three
groups, one coloured corresponding to Thew, one white
corresponding to Canberra, and a third group comprising
{ndividuals intermediate in colour. There were 107 coloured :
195 intermediate : 85 white grained, the expectancy being
7 : 195.: 97. A single factor determines the production

of grain colour in this cross.

Grass Tuft Habit

In the Fg generation it was early noticed that a
number of the segregates were dwarfed, resembling tufts of
grass. These are illustrated in Flate XI. Counts of these
have been made in all availsble Fg generations of this cross.
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The results to date show a total ratio of 1220 normal : 281 #

grass tuft plants, a very close approach to the 1219 normals &
282 grass tufts which would be expected onfa 15 : S basis.
A series of F3 counts further confirmed this result. Clearly
then an inhibiting factor operates. Further evidence will
be presented to show that it is carried by "Thew."

These four characters were found to be inherited
independently of each other, and also independently of the

rust resistance or susceptibility.

Further Work Bearing upon the Canberra x Thew Cross

Further work was carried out to test the hypothesis
that the resistance of Canberra and Thew to Forms 45 and 46
respectively was due in each case Uo one dominant factor.
Each of these wheats was crossed with Federation, a variety
very susceptible to all known rust forms, and the resultant
material studied in the F;, Fg, and F3 generations.

FEDERATION x CANBERRA

The F; grain was in part sown in pots, tested in the
seedling stage, and afterwards transplanted to open ground
where 1t was grown to maturity. Other grains were sown at
Cowra by Mr. J.T. Pridham to provide a large yield. In the r

seedling teste with Form 45, the F) plants gave n.'l'
reaction, whilst Federation and Canberra seedlings under the
same conditions gave respectively "4" and "1" reactions. §
Clearly resistance was dominant.

Fg testa were made by sowing grain in boxes and :
inoculating with Form 43. After note-taking one £
over 200 seedlings was sorted into groups on the basis
reaction shown, and grown to maturity in open beds ;

: .
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that Pz material of kmown phenotype might be available. In
other cases Fg grain was sown without any tests, and at
maturity, compleie single plants were harvested separately.

The results of the Fy seedling tests were as follows:-

Reactions. "o;" o ' o 3" g

Frequency. 213 155 111 141 17

Pederation and Canberra seedlings tested at the same
time gave respectively reactions of "5+ " to "4-" and of "0;"
to "2." Summarising the Fy results it will be seen that
there were 477 resistant and 158 susceptible plants, which
is a close approximation to the expectancy of 476 resistant :

159 susceptible plants on a single factor hypothesis.

P * g3y = 0.14.

Fz tests were made with a small series of families
taken at random from Fg material which had been grown without
test. Of 64 families tested, 1l were homozygous for resist-
ance. They comprised 199 individuals thus averaging 18
plants per pot. There were 52 familles heterozygous for
resistance. These comprised 625 individuals, an average of
19 per pot. Of them, 445 were resistant and 179 susceptible.
On a single factor hypothesis the expectancy would be 460 : 156.
F?ET & _?%g_.- 5.145. The remaining 21 families were
homoz ygous for susceptibility. They comprised 542 plants,
an average of 16 plants per pot.

“he results ;f these tests can be taken as pointing
to a single dominant factor determining resistance to Form 45

in this cross.

Inheritance of Morphological Characters

Federation and Canberra differ mainly in respect of

the tip beard which is present in the latter variety. 1In

chaff colour and grain colour, differences are not

-



7ip Beard

in the ¥, an intorunxiato condition occurs.

An Fg generation was analysed, being sorted into
classes simllar to the two psrents and to the intermediate
hybrid. There were 44 beardless : 90 intermediate : 59 tip
bearded. The expectancy 1s 48 : 97 : 48. glthough the
numbers are small, the result clearly indicates that a single
factor determines the production of the tip beard in this
cross.

The inheritance of tip beard was found to be indepen-

dent of inheritance of resistance Lo form 45.

Grass Tufts

In no case did examination of an F, generation reveal

the presence of any but normal plants.

FEDERATION x THEW.

An examination of this cross was also made for con-
firmatory evidence regarding the factorial basis for resistance
in the Canberra x Thew cross.

F, seedlings were tested with Form 46 and af terwards
grown to maturity, and in other cases the grain was grown at
Cowra. The reaction to Form 46 was "2+ " and under the
same conditions Federation and Thew gave respectively "4" and
"2." Resistance ls dominant in the F,.

A series of Fy tests was made with the following

result :-

Reaction. "3 " avs ' ‘u 3" "e"

Frequency. 145 132 191 179 7



- 161 =

Simultaneously pots of Federation and Thew were
tested. Pederation gave "3" and Thew gave "1", "2", and "X*
reactions. It has already been pointed out that a number of
varieties of wheat showed thdt whereas inoculations under
winter conditions gave strongly resistant reactions, a
repetition of the experiment in the summer gave susceptible
reactions. In this instance the test was made in August under
rather warm conditions.

Summerising the result it is seen that regarding the
"X" reaction as indicating resistance, there were 468 resistant
and 186 susceptible plants. 7The expectancy on & single factor

hypothesis is 490 resistant : 164 susceptible plants.

D 22 .
ety te

A series of Py families was tested. These were
obtained from the plants which had been tested as Fg seedlings,
sorted on the basis of their Fy reaction, and planted out inte
open beds. The occurrence of "grass-tufts” accounted for
the loss of some plants, and in other cases Lhe yleld of
grain was so low (fewer than 20 greins) that the results
were rejected. ‘

In all 101 Fz families were tested with Form 46.
There were 22 which were homozygous for resistance; they
averaged 31 plants per pot in Cthe test. of families
homozygous for susceptiblility, there were 350, averaging 29
plants per pot. There were &0 families heterozygous for
resistance, and ﬂhoy averaged 24 plants per pot. Summarising
the results in the heterozygous families, there were 925 L
resistant : 504 susceptible plants. This gives a very
close approach to a 3 : 1 ratio and confirms the opinion
that the resistance of Thew is due to a single dominant
factor.



- 162 -

m&rﬂ m Pe TRITICINA

LS
It has already been pointed out that Thew is

resistant to one Australian form of P, tritiecina. An
examination of the mode of inheritance of this charaster
was made in this crosa.

In the Plnwpofltx‘mdu.ng- was tested and
found to give flecks, whilst at the same time Fedsration
and Thew respectively gave "4" and "0;" reactions.

In ﬁa!‘a. the same series of seedlings which had
been tested with Form 46 was pruned and later tested with
the form of P, triticina designated Aust. 1. The result was
as follows:i=

Reagctions. "03* "g" g

i ol

Frequency 166 239 154

That is to say there were 405 resistant 3 154 |
susceptible plants, on the basls of a single factor differenge
the expectangy is 419 resistant 3 140 suscepiible plants.

D
e = o
P - ‘Li = ’.

| The relation between the reslstance to Form 46 and %o
the form Auste 1 of Fs triticina on a phenotypic basis was
examined. If “B" represents a factor for resistance to Form
46 and "b" 4ts allelomorph which determines susceptibllity,
and "C" and "¢" respectively the fagtors for resistance and
susceptibility to the Form Aust. 1 of P triticina, the results

were as followsi=

N S

1
]

28 Bg L. be
Observed 249 81 94 21
Expec ted 245 8e 82 27

It will be seoen that there is a falrly close
between the frequency and the expegtancy if free
took plece. The two fagtors for resistance are
independently.
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In the ra tests, the same series of 101 families used
in the Form 46 tests was prunsd and later tested with the leafl
rust. The numbers of seedlings used has alveady been set
out. Owing to damage by Helminthosporium sp, and aeeident,
ten of the families were lost. Of the remaining 91, 1t was
found that 23 were homozygous resistant, 17 homosygous susgepb-
ible, and 51 heterosygous. Of the latter, 1350 were resistant
and 474 susceptible. The expectancy on a single factor
hypothesis is 1368 resistant 3 456 susceptible.

Here again the gquestion of correlation homﬁ
resistance to Form 46 and Auste 1 of P, tritivina was considered.
The genotypes of the §1 families were summarised with the

following resulti-

e e e e e e e
13

Observed 4 ;u 156 \ss |a 7 6

Expected Ias.'r 1204 | 11ed 22.6 547 | 11e4| 57 | 1144 | 5.7
_ | | v

There is a fairly close agreement with the e xpectaney,
confirming the result that the resistance to Form 46 is.
independent of resistance to P, Sriticina.

S A ERYXS IPHE IS

It has been found in the plant house work that ab
least two forms of the powdery mildew occur. Incculation tests
have shown that “Thew" is resistant to one form and susceptible
to anather. Federation is comple tely susecepiible to bothe.

Using the first form, inoeulations of six F, seediings
showed that they were resistant. In the Fy, a serles ﬁﬁ'
seedlings gave 161 resistant @ 5l susceptible, a near m
to a 33 1 ratioc. murlmrgu-unumm
ously with tests of Federation and Thew as controls.
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A seriea of F3 tosts was made, using the same
seedlings which had been tosted first with Form 46 and later
with P, tritigina. After taking notes on the later results,
the plants were pruned, and then atomised with an abundant
suspension of conidia in water. HNotes were taken on homozy-
gosity for resistance and suseceptibility and on heterosygosity.
It was found that the results agreed with those for leaf rust.
In the series tested, there was linkage between resistange
to leaf rust and reosistance to powdery mildew. Further
extensive tests are meeded for a determination of crossing=
over if this occurs. It may be mentionsd that 9 other
varieties of wheat have been found which behawve in this same

WaY «

Federation differs from Thew in having bronze chaff
and white grain whilst Thew has white (golden) chaff and
reddish grain.

The F, 1s intermediate in character.

A small F, generation was analysed.

Shaff colour

The material was sorted by direct comparison with
the parental Sypes, no attempt being made to sort the
ﬁmd'w- further. They were 72 coloured : £5 white
chaffed plants, iadicating a single fagtor differenge.

Srain Coloup
Inthhomminmraardnmm
diregtly with the parental types and sorted into three

grained plants. This again points to a siangle
difference.
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Grass ‘fafts
Gounts in Fg generations showed a total ratio of

468 normals $ 119 grass tufts. The expectangy on a8 15 & 3
basls is 479 normals 3 110 grass tufts, showing the presence
of an inhibiting factor. That this is present in Thew is
now ovident.

These characters were inherited independently of
each other and apparently were also imherited independently
of resistance to Form 46 and the form of P, Sriticina called
Auste 1.

RIVERINA x THEF

An examination of the inherltance of resistance to
Pe triticina was carried out in this oross, which was made in
the first instance begause of the reciprocal reactions of the
parents to Fowms ““and 46 of E. graminis Sritlel.

In the Py, six seedlings were tested and gave "03"
when Riverina and Thew gave respectively "4" and "03"

hmrgﬁunauhnnuronms-

Reections 03" b ng®
Observed 108 247 99
Expected 1135 229 1156

That is, there were 3556 nshﬁnt : 99 susceptible plantae.

2. 3 2B = £.35

Pai, 6.22

The Fy families were tosted in the usual way, with the
result that there were 34 homozygous resistant comprising an
average of more than 21 plants each, J7 homozygous susceptible
families each comprising more than £5 plants, and 91 heterozygous
families which comprised 1756 resistant i 547 susceptible
plants. This 1s in cleose agresement with the e xpectangy
on a single factor hypothesis which 1s 1727 resistant 3 §76
susceptible plants.
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In 1985 2 back-gross was made. Pollum.ll‘
plant was used to poliinate emasculated Riverina flowerse
A poor setting of grain took place, only 13 grains being
obtained., These were sown and teated in the seedling
su@ prior to being planted oute Eight gave "4" reactions,
the remaining five gave fleckse. The progeny of each plant
was saved separately and tested. The eight susceptible
plants yielded a progeny of 435 plants, all of which gave
4" reactions. The five resistants were each heterozygous,
producing a Sotal of 185 resistant to 74 susceptible plants.
The expectancy on a single fagtor hypothesis 1s 163 3 64

L o= A0 o 243
P.Be 4.68

Here sgain is good evidence of a single fagtor
determing the resistancge of Thew to the Aust. 1 form of
B.tritieina.

GLUYAS x THEN

This ¢ross was primarily made for resistance Sto Forms
43 and 46 of P. graminis tritief. Resistance to P. tritielns
also received some attention. _

In the F,; four seedlings tested all gave "03"
roactions, whilat the pavents gave respectively "4" and "03".

An Fg test gave 165 resistant 3 60 susceptible planta.
The axpectangy on the basis of a single factor difference
is 169 » 56.

A small number of Fy families taken at raniom was
tested, They gave 1¢ familliles which were homozygous resistant,
12 families homozygous suseeptible, and 27 familiss hoterosyg=
ous. The latter comprised 202 resistant 3 87 susceptible.

The oxpegtancy on a single fagtor basis is £84 5 96.

In this cross also the evidence points to the
resistance of Thew o leaf rust being dependent upen a
single factor.

al'e dil i o
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FELERATION % JAPAMESE EEARDED

The variety knowr as "Japanese Boarded", recelved
from Er. Fo T. Brooks of Csmbridge, was found to show strong
resistance to Pe triticina Aust. Form 1. In 1924 1t was
erossed with Federatlon for study of the iaheritance of this
character.

NHE U LTANGE OF RESIS

-ty

- dofiar £ 1 4

et

in the Fy, ten seddlings showed a "2" reaction
ander conditions such that Federatlon and Japanese Bearded
gave respectively "4" and "E2" reactions.

Inthl‘gturhoc\fbohm-ﬂovﬁhh
following result.

Reactions "o3® e ugv
Obgerved 169  ®281 1856
Expec tod 1615 3035 1516

Summating the resistant types, it is seen that
there were 450 resistant and 156 susceptible plants.

L ® BB o 097

P 7.19
hmrsmumunwruuu-m-n
homogzygous for resistance. These comprised 1249 individuals,
or an average of more than 27 plants per pot. 52 familles were
homozygous for suseeptibility, comprising 1627 plants or an

awﬁgoormthannﬂmhmm. There were 58

ho terosygous families comprising 2809 plants, an average of
iﬂﬂnnﬂﬂplmhmpbt. Taking the numbor of families
ocourring in these three classes, the ratio is 45 homozygous
resistant ¢ 88 heterozygous resistant 3 52 homosygous
families, which is a close approximation to a 1 3 2 § 1 rat
In the heterosygous families there were £138 resistant § 671
susceptible plants. m.:pccm.:ohna|1“!l'
708




Farther gonfirmation of this analysis was fortheoming.
After taklag nolcs on one of the batehes of Fy seedlings,
these were sorted into the "O0;™ "2, and "4“ classes, and
transplanted into an open bed under this classification. The
plants were harvested separately and kept in these groups to
provide the grain agtually used in the Fy tests recgorded
above. The homozygous susceptible ra'mm came in all
cases from plants which were susceptible in the Fp. The
homozygous resistant 1‘3 families did not show the samo
accurate resulte Of the Fg plants classified as “0;", sll
proved to be homozygous for reslatance in the Pz, with the
exgeption of five which produced heterosygous families.
Similarly those classed es "2" in the Py gave heterozygous
Fz familles with the exception of ten which proved to be
homozygous resistants. An orror of this magnitude gould
easlly be induced by improved and by worse environmental
conditions for the rust dovelmnt.

It is c¢lear that as in "Thew", there is a slagle
dominant factor in "Japanese Bearded™ for resistange o

the form Auste 1 of Ps Sriticina,

An attempt was made to determine association of
resistange Go leafl rust with certain worphological charactars.

Beard
Foederatlon is a bald wheat, Japanese Bearded fully

bearded. The F; plants were intermediate in charactor.

In the Fg 450 plants were examlned. Of them 29 were fully
bearded. This Indicatea a teo fagtor difference, since the
expoctancy on this basis is 28 plants. Several attempts were
made to devise a scheme for classifying the other groups.

A satisfactory fit was not obtained, the nearest result

being

- Bald  Awnletted
Observed 66 161
Expected 28 e
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Grain Colour.
Federation has white grain, Japansse Bearded has ved.

The F, plants produced an intormediate ved grain. In the
Fp, 450 plants were sorted into two classes, one containing
coloured grain and one containing white grain. In the former
class marked differeonces were noted in the degree of colour,
but they were not finally classified. The total was 442
coloured 3 8 white grained, indicaiing a three factor
difference for this character, since the expectancy on this
basis 1s 7 white grained individusls.

Loleoptile colour
In very young seedlings there are marked differences

in the colour of the goleoptile in Federation and Japanese
Bearded. In the former the golour is white, in the latter,
browne. The ¥y showed an intermedlate amount of colour.
In the F2, 212 individuals woere examined, giving a ratlo of
50 white 3 $6 intermwediate 3 66 dark.
This is an approximation to a 15 £ ¢ 1 ratio. Inmta.
a group of 132 families was examined. There were 34 families
homozygous for light coleoptile. They comprised 865
individuals, or an average of 25 plants in each family. Also
there were 54 families homozygous for dark coleoptile. These
comprised 921 individuals, or an average of £7 plants per
family. The heterozygous families numbered 64, comprising
1855 individuals or 20 per family. Totalling the classes
in these heterosygous familles, it was found that there were
450 dark 3 971 intermediate : 434 light, which again
apprpximates to a 1l 3 2 § 1 ratio, Assuming dominance of
colour, the ratio becomes 1421 3 434, as compared with an
expectancy of 1391 & 464.
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Y N

it was considerad that there might perhaps be some
correlation between the pigmentation and resistance. The Fy |'
families which were ¢lassifled scgording to colour production
were allogated thelr genotype on a resistance basis.

Assuming that A represents the factor for resistance
to Auste Form.l and g 1ts allelomorph for suseeptibility,
whilst B represents the factor for coloured coleoptile and b
the allelomorphic factor for white coleoptile, then the
constitution of Federation would be gabb and of Japanese

Bearded AABB. In the ?8 the following are the resultai-

Genotypes. AABB AABb AaBB AaBb AAbD Aabb asSB asBb asabb

Obsarved 6 15 ¥ % 83 BB
Expegted 8 16.6 16.5 35 8 16.58 16,5 8

Although the number of families examined was small, .
it is clear that the two characters are inherited independentlye.

Srain Colour
It has already been atated that out of the families

examined, only three had white grain colour. On the genotyple
basis just postulated, these three families had respectively
the genotypes Aabb, AnBB and AaBb. This indigates the
probability of no assoclation between these three charagtors.

SING WORK.

It is not intended at this juncture to describe in
detail other breeding results, but simply to indicate in
general terms what has been found. A number of crosses _
been examined, following the same gemeral procedure outlined |
in connection with the Canberra x Thew cross.
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reciprocal reactions to these two groups of forms with a view
to combining this double resistance. Others had as one parent
a wheat like Kamred or Xota which showed the doubdle resistance,
the other parents being commercial wheats like Federation,

Hard Federation, Canberra, etec. In yeot other cases the grosses
involved Federation and one other of the varieties showing

the single resistance, as had been done in the Canberra x Thew
cross. A number of the actual parents are set out in Tables
51, 52, and 53 and will not be repeated here. Sines 1926
the c¢rosses made have involved resistance to Form 34. Tebs ter
and Hope have been malnly used to contribute this.

In the stem rust work, to date ?1 Plants from 286

crosses have been teated with Form 43 to represent the first
gtoup of forms, and with Form 46 to represent the second group.
In all cases there has been dominange of resistance. The
tests have been made in the autumn in order that the seedlings
after baing tested might be transplanted to open beds and
grown to maturity. Fota of the parental varieties have

been tested under the same conditions for comparative purposes.
Almost complete dominance of resistance to Forms 43 and 46
has been shown.

Then the first of the ¥, tests was made with Form 54
in 1927, it was very surprising to find almost compls te
dominange of susceptibility to this form. To date rl
seedlings from 76 crosses have given this result. There has
been no departure from it. In a number of cases the F, grain
of a cross has been divided into three groups. One batch _
has honzmhhdummu.u.mumm;mj
Form 43 being used for inoculation after note Saking and
removal of the leaves which gave the Form 34 resction, and :
Form 46 being used after removal of the leaves giving the o

T
oy —
- i T ™ =
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Form 43 reaction. The cthor two groups of seedlings have l
been inoculated with thess samwe culturss used in different
ghronological order. The result has been the sase. There
is dominance of resistance to Forme 435 and 46, and dominange
of susceptibility to Form 4.

In the leaf rust tests of P seddlings frou 17
grosses, there has been dominance of reslstance similar to
that described in the orosses of Thew with Canberra and other
susceptible wheats. |

rg Results ‘

In the stem rust work, a numbor of the crosses have |
been tested in the seedling stage with Forms 43 aud 46, or with
one or other of these two, dopending upon the parents. The rule
has been to find segregation on a single fagtor busis. One |
of the interesilng cases was lu crosses of Lola with Federation,
Hard Federatlon, and Canberra, where Ghere were o0 an average, |
3 resistant 3 1 susceptible plant. Glark (24) made an
extensive study of a Kota x Hard Federation cross and found
segregation on the basis of 15 suscepiivle : 1 resistant.

The form or forms of stem rust preseni are not indlcuted.

An exgeption to the general happening nas besn in s Fedoration
x Yebster cross. In some of the teats, Form 45 has boeon used
to inoculate the firat seedling leaf, and Form 46 to inoculats
a later leaf after note taking end removal of the isal infected
with Form 43. In other tests the order in which the forms
have been used has been reversed. The result has beon the

-

same . There has been 2 ratlo of 15 resistant 3 1 susceptible f
plant. Furthermore, the piants susceptible to Form 43 “‘11
susceptible to Form 46.  This indigstes that in Websber :
thero ere two dominant factors for resistance to Form 43 amd
46 which are cumulative in their effects. The same oross tested
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with Form 54 gives a result in which the dominasnce of
susceptibility is outstanding, with an approximation to a
ratlo of 3 susceptible 2 1 resistant, This is merely a
tentative suggestion since & series of Fy testa that are in
progross seems to point to s 13 ¢ 3 ratio. Ia the Fp work
1t was found that the segregates which wore i’uﬁnpﬂ.hh to
Forms 43 and 46 were not necessarily susceptible to Form 34.
The inheritance of resistance to Form 34 1is independent of
resistance to Forms 43 and 46, The same Fp plants used in
these tests were also inoculated with the form of P. friticins
known as Auste 1. Segregation on the basls of 3 resistant §
1 susceptible plant occurred.

This again was indespendent of the mm of
resistance %o the three forms of stom rust.

Some of the morphologlical characters which are exhibited
have been studied in certain of the crosses, with the following
genoral yesulteie

Table €5. Summary of results of counts in Fy

generations
of cortain wheat corosses, showing“ratlios found |
in the inheritance of some morphological charagters.

l’nrnnhorcreu. m ::ilrd m
Canberra x Kanred S 331 15t 1 :
Federation x Kanred 3 3 156 3 1 65 11 |'
Ganberra x Kota 5 3311 |

Federation x Kota S 21 . 383

ration x Kota 3 5 § 16 : 1
Manﬂ.anxlohbr. e—eee 16 3 2

n x Thew Sl

x Thew 0
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Teats of Ps families of several crosses for resistance
to Forms 43 and 46 have been made., These inglude Canberra
x Kanred, Ganberra x Kota, Hard Federation x Kota, Federation
x Kota, Gullen x Thew, Canberra x Bobs, Firbank x ¥andilla,
Canberra x Clarendon, and Bena x GClarendon. The results
confirm the Py hypothesils that one main dominant factor for
resistance operates in these grosses. Evidenge was obtained
of modifying factors coperating In some cases.

It has already boen stated that a series of ’3 families
of the Federation x Webster oross are under study, mainly in
regard to the inheritance of resistange to Form 34. It is
sarly to attempt to draw final gonclusions from this work.

The dominance of susceptibility has been very clear. It has
meant that an abundance of inoculum of this form has been
available in the plant house in which the tests have been

made . In all other cross-bred tests, a sufficiency of the
inoculum has only been ensured by frequent inoculations of an
appropriaste susceptible host variety. Several families

have been found which are homozygous in the seedling stage

for resistance to Form 34, in addition to showing satisfagtory
agronomic characteristics as F, individuals. A result in

the flag smut work which is in progress promises to have an
important btead ng on these Fy family tests. In pot tests
earried out in 1928 and 1929, the straln of Vebster used in the
crosses for rust resistance has remained quite free of flag smut,
alongside fully susceptible plants of Federation and VWaratah
derived from grain which was heavily smatted with flag smut
spores as was the Vebster grain.
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In some of the orosses, notably those enumerated
under the heading "Fy Results™, selections have bLeen made
unqngathnpur.,olwhwlhl. T. Pridham
at Comrn. Plant house tosts have been made before deciding
upon the progeny for the next sowinge. Certain of these
types give gonsiderable promlse agronomically. The occurrence
of Form 34 has greatly compllicated matters, but crosses
votwoen o number of the best of these types and Vebster and
mmmmurgmmwomuuum:mm
types of sgronomic value.

PR

R s
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UCCURRLNCE OF GRASS TUFTS IN WHSAT CROSSES.

Altention has already been called to the ocourrence of grass
tufig in the #, generations of the orosses Canberrs x Thew and
Federation x Thew. The same condition hes been found in & number of
other crosses thai have been wade. It has indeed been & liwiting fector
in some of Llhe oroaaeé which were made to give rusi resistance,
gompletely prevenling any progress beins made.

Grass tufts have occurred in the P, of & nuuber of crosses.
Hotice was drawn Lo Lhis happening by Mr. G.S.Gordon of Verribee in
1922, He had found that from crosses ofl"lndian " with "Jonathan",
only grass tufls resulted. He kindly made further croasai between the
two varielies und forwarded the crossed grain for testing purposes.

All the grains produced grass tﬁrna. and although thege were grown
under‘bhe best garden conditions and watered when necessary, they could
not be brought bey.nd this stsge. They died without flowering.

The crosses which have been made and which show this saue occurr-
ence are as follows: -

Hard Federation x Cedar

Fedesulion « Cedar

Canberra x Cedar

Gluyas x Cedar

Wandille x Ceder

Yandilla King x Cedar

lndisn ¥ + Cedar

Cedar x Indian ».

Indian P x Jonathan

Federsation =« Jonathsan .

Jonathan x Cauberra 3
federation x 7arren

Herd Federstion x Warren

Cauberra x Warren

"Sua x Dawson" x FPederstion _ T
Yundilla x Bobin (Cross made by R.E.Dwyer) o
rersian plack x Pederation
Albertns ned =< lersimn Black
Federstion x lumillo

T. 8 hserosoceum B.L.x Pedermtion.

Grogss tufte in the segregaling generstions have been noted by o8

mwny workers. la the work under review, the occurrence of . rass Fﬂ#tﬁ{a-

in the F, genersation hus been observed in the crosses which are at&ﬁ;i&

dn the followin: table.
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Ocourrence of grase tufls in ¥y generations of
certein wheat crosses, compared with the expeectancy
on & 12 : & basis.

] Cbserved. Lxpected. 4 D.
Gress Gruss “T.R.
~ Purents of Cross. Potals [Hormel| Tufte| Normal | Turts
8
3s 5 Thew 580 463 97 | 4556 106 Te22 = 1.3
I Wandillia 710 881 129 577 123 ?%ET = 0.6
Gullen 585 485 100 | 375 110 ‘6%'%‘7 = 18
Indisn . 217 | 170 a7 | 178 41 3958 = 1.8
Kiverins 101 78 23 B2 19 2%33 = 1.0
federation 296 232 64 240 58 1%53 = 1.8
’QJ x Barooga 40 32 8 | 32.5 7¢5 %f%g = 0ol
2 buri 105 8l £4 85 20 2%75 = Ll+0
a Thew 120 95 25 97 &3 E%EH = Ue?
idllla King * Thew 335 ave 82 272 63 I%EE = 0
o
x Koseworthy 102 83 19 83 19 Ze66 = 0
8w <« Marghall's lio.3 98 84 14 80 18 'éi—si = LB
gehall's No.% x Thew 150 116 24 122 28 E%Eg = le¥
g Federslion x Florence 386 320 66 314 72 E%TV = le&
pence « jiard Federsiion | 199 158 41 | 162 37 E%VT = led
'f!;&lon x Florence 145 126 .17 | 118 27 %gT? = Jel
rence « Ffederation 1923 153 40 157 36 3%33 = lel
 ?@;3 x Florence 351 293 o8 2856 65 Zg§3 = 16
;&«c x Gullen 3686 292 74 | 297 69 B?UI = 1eU
flen x Plorence 200 410 235 410 95 3%?2 =0
snce x Jandills 752 526 125 811 14l 7%%2 = Lol
e « Yentilla king |00 | 80 | 20| e 19 785 = 0k
erre x Clsrendon 545 481 87 | 445 103 E%%E = 248
pendon « lere.sh 166 | 137 29 | 125 a1 ..f., = 0.6
idon « Benec 172 | 142 30 | 140 22 725 = 0.8
'Vne%trenion 184 159 25 150 24 3%37 = 2.8
-=&i;-Bnman 469 387 g2 | 271 88 ? = led
y qgamn " | s0a 407 94 | 407 94 -z = U
Js King x. Bomen 237 250 47 | 241 56 .
rra « hietd
6 x Cmaberrs

LT TS

. ?¢& Iﬁ‘”
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It will be seen that in some of the crosses the number of indi-

viduals mveilable was small. The figures are given jusl ms they were

B . taken in the field In these 33 crosses there is the clear indicsaticn

of an inhibiting fector in esch.case. Examination of the results points
to the inhibitor being carried by Thew, Florence, Clarendon, Bomen,

Rieti, Ridit, Chinese “hite, and 7. sphaerococcumsS.B.

- A study of e=m 'y ramilgsor the Canberrs x Thew cross further
canfgnmad this result.
In addition to thesé cesses in which there has been the 12 : 3
ratio typical of the sction of an inhibitory factor, there have‘bean
three in which & 15 : 1 ratic occurs.

7 They are as follows: -

Teble L7 . Occurrence of grasse tufts in P, generations of
7 certain wheat crosses, compared with the expectancy
' on & 15 : 1 basis.

ﬁ{ Observed. Lxpected. T.
%ﬁéﬁrtnta of Cross. Totals | Normal %ugg: Normal jgﬁgfg e
ftﬂlguilits s Thew 18l 149 R 151 10 2%57 = 1.0
Moot x Facien 319 298 21 | =299 20 T0E = 0.3
-(.'_Fftﬁx?blmk x Wandilla 258 2432 156 24z 16 E;'H = U.4

D




RESISTANCE TO PUCCINIA GRAMINIS AVENAE

Unexpected difficulties have been met with in this
work. There have been numerous attempts to make crosses
petween varieties of oats at the Sydney University. To date
no crossed grain has beon obtained from over 200 pollinations.
¥r. J.T. Pridham of Cowra has kindly supplied some crossed
grain from which a few results have been obtained. Losses
from attsck by grain moth havg much further hampered work.

Phe crosses available have been -

1. Belar (susceptible) x Reid (resistant.)

2. Ruakurs (susceptible) x Richland (resistant).

3. Mgerian (susceptible) x White Tartar (resistant).

4. Agerian (susceptible) x Joanette (resistant).

The only rust used so far is P. graminis avenae 1.

The reactions indicated have to do with this physiologic form.

In the ll'1 seedling tests, there was a close approach
to complete dominance of resi stance. Thus in the first cross,
the Py reaction was "2+" while the resistant "Reid" gave "2".
In the second cross, the F, reaction was "0"; similar to that
gﬁon by Richland. In the third, the F, showed "2", similar
to that given by White Tartar. In the fourth cross, the F,
preaction was "2", whilst Joanette showed e ™

Only in the case of the first cross have Fy results
of value been obtained. In the other cases, loss of grain
by attack of army worm in the field or by grain moth in the
laboratory after harvest has reduced the numbers avallable
too greatly for the figures to have a real significance.

But Fy studies are planned which may give information m
the genetics of resistance. In the cross Belar x Reid, the
game culture of P. graminis avense 1. which had been used in
the F, tests was used to 1noeulato a group of Fg seedlings.
There were 177 resistant z/muptiblo plants, a close M
to a3 : 1 ratio.
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As regards resistance to P. graminis avenae 1, in
the cross Belar x Reld there appears therefore to be a single
dominant factor which determines resistance.
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SUMMARY AND CONGLUSIONS.

Studies of various graminaceous rusts have been in progress
for several years. Stem rusts have received main attention,
and of these, stem rust of wheat has had wmost time devoted to
it.

Work with the aecidial stage of Puccinia graminis further dis-
proved the old statement that stem rust of wheat in Australia
has lost its power of attacking the barberry. Hany successful
infections were obtained from Australian teleutospores,  as well

as from material received from overseas. It appears that Form43
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of P. graminis triticl is capable of successfully infecting
the barberry. Further indirect evidence was obtained that
change in the specisalisation of a rust may be .brought about
in the secidial stage on the barberry. The telsutospore

received from overseas have glven rise to physiologic forms

of P. graminis tritici and P. graminis avenae which are

unlike those occurring in Australla.

Germination studies were made of teleutospores naturally
ococurring on straw which had been exposed throughout the
winter to weather conditions. The most abundant germinations
occur about October, but sparse germinations are found l..l
early as March. Between March and COctober germinations are
sporadic, and they cease altogether in November. There was
no discernable difference between the germination capacity
of teleutospores of different physiologic forms.

Uredospore studies have involved guestions of specialisation.
Tests of the grain of varieties used as differential hosts
have shown that steps must be continuously taken to wmaintain
the purity of these plants.

It was found that variations in the environmental conditions
in the plant house may profoundly influence the reactions of

differentisal hoste to various rusts.

In the case of P. graminis triticl there was change from
complete susceptipility in the hotter months to complete

resistance in the cooler part of the year. The reactions
on several of the differential hosts showed this change.

Some physiologic forme show much m violent alterations
of this nature than do others.

Changes from summer to winter conditions alter the reactions
shown by P. graminis avense 1 on "Joanette” from complete sus-
ceptibllity to complete resistance.

e
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Tests with cultures of P. triticina showed that the reactions
it gives on certain varieties of wheat are changed by altering
the environmental conditions.

Essentially similar results are shown by P. simplex on certain
varieties of barley.

Such major variations in the reactions given on differential
hosts may completely alter determinations of the physiologic
specialisation of the fungus concerned. In field practice
such changes may also be of the utmwost importance.

But under identical conditions of cultivation, physiologic
forms may be sorted out upon the basis of their rust reactions

on selected hosts.

In Australasia, seven natursally occurring forms of P. graminis

tritici have been found by this means. They are Forms 34, 43,

44, 45, 46, 54 and 55. Form 11, a form tentatively designated
Form 45A, and a hitherto unrecorded form have been obtained
from the aecidial stages on barberries. Two other forms - 16
and 27 - have similarly been produced from overseas teleutospore
material.

The distribution of these naturally occurring forms has been
studied in regard to time and space.

Prior to 1926, Forms 43, 44, 45, 46, 54 and 55 were present,
but in 1926, Form 34 was found in Western Australia. Next year
it occurred in the Eastern states, and at the present time 1t
appears to be the only form which occurs in Australasia.

P. graminis tritici is most abundant in wheat crops about
November, but investigations have shown that it has been
present in the viable uredospore stage on volunteer wheat
and other hosts all the year round.
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Barley serves as a host for various forms of P. graminis
tritici, as does also rye. On the latter crop, there has
been no indication of the presence of P. graminis secalis.

Several grasses have been found to be natural hosts for various

forms of P, graminis tritici. Hordeum murinum and Agropyron
scabrum are outstanding examples.

Specialisation studies of P. gramwinis avenae have shown the
presence in Australasia of Forms 1, 2, 3, 6 and 7. Cultures
of the organisme have also been obtained from the aecidial
stage produced by rust sent from Ireland.

The distribution of P, greminis avenae has been studied, as has

also its natural occurrence on grasses. Festuca bromoides,
Phalaris winor,and Hordeum murinum are outstanding hosts of

various forms of the rust.

A number of other grasses have been tested in the plant house,
mainly in the seedling stage, with various cultures of the
avallable rusts, and their reactions recorded.

Specialisation studies of P. triticine have shown that the
differential hosts used by Mains and Jackson do not differ-
entlate the Australian leas rusts. But this 1s resdily
accomplished by “rnew"”. The two physiologic forms thus sorted
out have been studied in their distribution and in their host

range on grasses.

Biometrical studies of the spore forms of the avallable rusts
have been made. Comparisons of some forms show that there are
blometrical affinities betwsen some forms which are in agree-
ment with those determined by the reactions shown on the differ-
ential hosts. In other cases no parallelism exists.

Results obtained in breeding for rust resistance are given. The

technique of crossing was tested, and the method adopted found
to give 75% successful crossing in wheat.
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Attempts to cross wheat and barley feiled, and sterility was
found in the one successful cross made between wheat and rye.

Humerous unsuccessful efforts were made to cross EKhapli emmer
with varieties of vulgare wheat. Attempts to incorporate the
Khapli resistance in vulgare wheats are being made by indirect
mothods.

Crosses were made between Canberra x Thew to give resistance

to the six forme of P. graminis triticl present in Australia

prior to 1926. These parents behave reciprocally in thpir
resistunce. The resulte given in the Fy, Fp, and Py gonerations
indicate in esch parent the presence of a single dominant factor
for resistance. The results are given of later generation tests
and the development from the cross of the variety "Buston”. The
inheritance of resistance to Australian Form 1 of P. triticina
was also traced in this cross, together with the inheritance

of certain morphological characters.

To link up with the Canberra x Thew cross, studies were made of
crosses between Canberra and Federation, and between Thew and
Federation. Confirmatory evidonce was obtained of the resist-
ance in each case depending upon a single dominant factor. In
the case of Thew, an additional independent dominant factor for
resistance to Australian Form 1 of P. triticins is present, and
is linked with resistance to one form of Erysiphe graminis.

The general results of studies of other wheat crosses are given,

a8 well as & certaln amount of work with oats.

Observations on the occurrence of grass tufte or dwarfing have
been made in a number of the crossss, and its mode of inherit-
ance studied.

Despite many complexities, there would seem to be no valid
reason why success should not be attained in breeding fully
resistant varieties of wheat which are also agronowically
desirable.
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Plate 1. (a)

()

Plate II.

EXPLANATION OF PLATES.

Aecidial stage of P. aminis tritici on a barberry
which gave rise to the unusual physiologic form
styled Form 45A.

Aecidial stage of P. graminis avenae on a barberry
arising from 1uoenintiona with Eeioutocpma on
oaten straw from Ireland. :
Seedling leaves of wheat showing types of reaciion

produced by P. graminis tritici.

(a)

(v)

(ec)

(a)

(e)

(f)

Leaves showing the flecks of the immune type design-
ated "0;" of the resistant class. Two show the upper
and two the lower surfaces of the leaves.

Leaves showing the very resistant or "1" type of
reaction belonging to the resistant class.

Leaves showing the moderately resistant or "2" type
of reactlion belonging to the resistant class.

Leaves showing the relatively susceptible or "3" type
of reaction belonging to the susceptible class.

The under surfaces of leaves showing the oo-plmtg'
susceptible or "4" type of reaction belonging to
susceptible class.

The under surfaces of leaves showing the intermed-
iately susceptible or "X" type of reaction belonging
to the indeterminate class.

Plate III. Seedling leaves showing types of rust reaction.

(a)
(a)

(b)

(e)

(a)
(a)

(e)

(r)

(g)

(b) and (¢) show infections of P. triticina.
Lower and upper surface views of leaves showing the

flecks or "0;" reaction of the immune type belonging
to the resistant class.

Lower and upper surfaces of leaves showing the moder-
ately resistant or "2" type of the resistant class.

Lower and upper surfaces of leaves showing the
completely susceptible or "4" type of reaction of
the susceptible class.

(e) (£) and (g) show infections of P, graminis avenae.

Lower and upper surfaces of leaves showing the very
resistant or "L " type of reaction belonging to the
resi stant class.

Upper and lower surfaces of leaves the
ordinary occurrence of the moderately resistant or
"2" type of reaction of the resistent class.

Lower surfaces of leaves showing the unusual
ence of the teleutosori in the moderately re:
or "2" type of reaction exhibited by a physi
form obtained from Irish straw.

Upper and lower surfaces of leaves showing the com=
pletely susceptible or "4" type of reaction belo: i
to the susceptible class.



Plate IV.

Plate V.

Plate VI.

Plate VII.

Hatural crossing in a variety of M&%&Mﬂ’
In the top row at the left is shown an ear

normal whesat. In the top row at the right is the ear
of a wheat derived from the grain grown at Cambridge,
Engleand. In the bottom row are typlcal ears of some

of the wvheats derived as segregates from the last-
mentioned wheat 1llustrated in the right of the top

row.

Variations in the reactions shown by P.graminis triticil
on wheat seedlings.

(a) Upper and lower surfaces of leaves of "Khapli"
ghowing the very resistant reaction normally given
by Form 27.

(b) Similar leaves of the same host infected by the same
physiologic form but showing the susceptible reaction
found in the spring and autumn. g

(¢) and {(d) Under surfaces of leaves of "Vindum" infected
with Form 34. In (c) the flecks which occur in the
winter months are shown, and in (d) the completely
susceptible "4" reaction which is exhibited in the
summer. .

(e) Upper and lower surfaces of leaves of "Federation"”
showing the "2" reaction preduced by Form 46 in the
winter. These should be compared with the leaves
f1lustrated in Plate II (e), which represent the
fully susceptible "4" reaction exhibited in the
summer by this same form on the same host.

Variations in the reactions shown by the same culture of
P. graminis avenae 1 on "Joanette" oats, brought about

by e in the environmental conditions. _5

(a) The completely susceptible or "4" type of reaction \
found in the summer.

(b) The indeterminate or "X" type of resction exhibited
in the late spring and autumn. -

(¢) The very resistant or "1 " type of reaction exhibited
in the winter. !

(a) (D) (¢) and (d) 1llustrate types of reactions shown
by P. stmplex on barley- 1.

(a) represents the immune or "0;" type of reaction in
which & bDlack discolouration takes the place of the
ordinary whitish flecks.

(b) shows the very resistant or "1" type of reaction.

(e) illustrates the moderately resistant or "2" type of
reaction. '

(d) shows the completely susceptible or "4" type of
reaction.

(e) and (f) i1llustrate leaves of wheat from H.A. College
naturally infected with P. g:}tici%. In (e) are
shown the mixtures of susceptible "4 pustules and
flecks on leaves of "Thew", and in (f) are shown

leaves of "Federation" on which pustules of both
physiologic forms are present.

Pap T



Plate VIII. (a) (b) (¢) and (d) Lllustrate the types of Pederation

Plate IX.

Plate X.

Plate XI.

seedlinge derived from grain of different ages, sown
the same day and photographed the same day.

(a) Seedlings from grain € days old, “"very spindly”.
(b) Seedlings from grain 10 days old, "spindly".

(¢) Seedlinge from grain 17 days old, "almost normal ".
(d) Seedlings from grain 20 days old, "normal”.

(e) and (f) The side and face views of ears of the Py
plant of the cross made between "Federation®
and "Rosen Rye".

Crosses batween vulgare wheats and "Khapli".
(a) Grain of "Pederation”.
(b) Grain of "Khapli".

(¢) Orain produced as a result of crossing Federation .
and Khapli. |

(d) Some of the Fy seedlings of the Waratah x Khapli
cross after inoculation und removal from the
incubsation chamber.

(e) P, leaves showing the "X" reaction produced by
4. : |

(a) The Py plants of the crosses of vulgare wheats with
!hapﬂ made in 1927, growing in the open after l
having been tested and transplanted. The normal !
growth and heading of wheat plants of other crosses
which had been treated in exsctly the same fashion
are seen to the left. ' l

(b) The same batoh of Fy plantes of vulgare x Khapli
crosses, showing the differences in the degree of ‘

growth made depending upon the particulsar wvulgare 1
variety used as a parent.

(a) An Fp batch of wheat seedlings showing the etage g
&t which inogulations weré made.

{(b) A similar box of seedlings showing the stage of
development at which note-~taking was done.

(c) A pot of wheat seedlings showing the stage at which
inoculations were made in the tests. {

(d) A pot of similar seedlings showing the stage of
development at note-taking time.

(e) Part of an Pg generation of Canberra x Thew, showing
the occurrence of "grass tufts” amongst the normal
plants. |




Plate XII. Pheotomlcrographs oriurudo;gmn of physiologic forms
of P. graminis tritici x 250.

(a) Form 43. b) Porm 44. EG)
(e) Form 11. f) Form 33. g) Form 46. (h) Form 45

(1) Form 45A. (j) Porm 55. (k) T
(m) "New Porm".

Flate XIII. Photomicrographs of spore forms of Puccinia spp.x
(a) secidiospores of P.graminis triticl 46.
(b) Aecidiospores of P. graminis gritiei 11.
(e) Ascidiospores of Irish form of P.gramwinis avense 1.
(d) to (h) Uredospores of P. graminis avenae.

(d) Porm 1 from Australian material.
(e) Form 1 from Irish material.

(£) Porm 2.

(g) Form 3.

(h) Porm 7. |
(1) Teleutespores of P, graminis avense 1 from Irelan _.
(J) Teleutospores of P.graminis avenue 1 from Austr ia.
(k) (1) and (m) Teloutospores of P. graminis tritiei.
(k) Porm 34.

(1) Porm 43. ' ‘\

(m) Form 46. Nl

(n) and (o) Uredospores of P. triticina.
(n) Australian Form 1.
(o) Australian Form 2.
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With Plate XIX.

[ Read before the Royal Society of N. 8. Wales, December 7, 1921.]

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 graminis Pers.
In some seasons the losses it causes to wheat-growers are
enormous. In 1916, the losses in the United States and
Oanada were estimated at 280,000,000 bushels of wheat, or
one-third of the entire crop.(!) 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
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. 1.
MecDonald, Ohief 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 ordivary
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 investigat.ion of the fungus by
numerous workers.
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Life History of the Rust.

In the 18th century farmers in Kurope associated the
presence of the common barberry (Berberis vulgaris L.)
with the spread of rust on wheat. But it remained for
De Bary® 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 thesesporidia
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 Hurope.
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



280 W. L. WATERHOUSE.

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 otherinstances, “germinating
spores were applied directly to the leaves.” McAlpine
states that ‘‘some plants were kept 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.

MecAlpine 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 Levine!” says that the Australian rust has lost
the power of infecting the barberry.

In South Africa and in Heuador, 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 Eriksson,® and other authorities as
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Puccinia graminis Pers. But if the aecidial stage on the
barberry cannot be produced, and if this feature is a
requisite’® in the determination, then as MeAlpine suggests
its identity with Puecinia graminis Pers. is not proved.

Inoculation Experiments.
(a) British Material.

[t was planned to attempt the barberry infections in
1919. 1In 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 Plowright.®

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 Puceinia 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 vulgaris, 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 were sprinkled
with water daily for a week,

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 a;;pearéd 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 harberry
plants were sprinkled with water and the soaked 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
difference 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 vigible:
on the upper surfaces of theleaves. 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 graminis obtained from
England.

(b) Australian Material.

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. Carne. 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'wlhi'ch Liad 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
tried.
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The shoots were kept in the glass cylit!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 2 X 16'7 p and the range from 24°2 p X 186 p
to 14'9p X 14'9p.  Grovell® gives the measurement as
varying from 14 to 26 2 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-
cinia 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.

Haropean 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.

" H. 0. Stakman 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 different biological forms. Hach 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 mycelium. Such an aecidiospore,
having a different nuclear constitution to that of aecidio-
spores of either of the two biologic forms, may be expected
to behave differently, and probably to constitute a new
biologic form.

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-
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obtained under artificial conditions, but it is by no means
impossible for the requisite conditions for infection to oceur
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 graminis
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 inoculation, 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 reinfect 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-
tinued.
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Explanation of Plate.
Photographs 2 and 3 and photomicrographs 4 and 5 by H.
Gordon Gooch,

1. A plant of Berberis vulgaris with a young shoot enclosed in
a glass cylinder during inoculation.

2. Showing spermagonia on the upper surface of a barberry leaf
infected with sporidia of an Australian form of Puccinia graminis
on wheat. x 2+, .

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 spermagonia
and aecidia. Fixed in Flemming's Solution and stained, with
Orange G. and Gentian Violet. x 60.
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STUDIES IN THE INHERITANCE OF RESISTANCE
70 LEAF RUST, PUCCINIA ANOMALA ROSTR.,
IN CROSSES OF BARLEY. L

W. L. WATERHOUSE. M.C., B.Sc.
The University of Sydney.
(With Plates IvV.-V.)

(Read before the Royal Society of New South Wales, Aug. 3, 1927.)

INTRODUCTION.

Cereal rusts cause very heavy erop 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 ecertain wheats to
yellow stripe rust (Puccimia glwmarum Erikss) behaved as
a simple Mendelian dominant character ; the results showed
a ratio of 3 susceptible plants to 1 resistant in the Fi
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. graminis
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), Griffee (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
extremely 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. triticing Erikss, has been studied by Mains, Leighty
and Johnston (26).

'i’arker (81, 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 ecommercial 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. gramanis tritici E, and H. Work dealing with this rust
will be reported later in another paper. The studies herein
deseribed are divided into two sections (1) varietal tests
and (2) cross-breeding results.

MATERIALS AND METHODS. _

Several collections of P. anomala occurring on barley
erops were made. Cultural tests in the glass house using
some of the commercial varieties of barley which are usnally
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-
logic form. The culture used was obtained from material
colleeted by Mr. G. S. Gordon at the Werribee Research
Station, Vicetoria. 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 he 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 erop
having been completely ruined. But if similar varieties
o ““Cape’” and ‘‘Skinless’’, resistant to the leaf rust could
be obtained, a good work would be accomplished. A
search was therefore commenced for a vanety or varieties ,
resistant to the rust.

Grain of as many varieties as possible was obtained from
different 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 moistening 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 pots 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., 19.27. 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 Rostr. attacking the
leaf sheath.



Jouwrnal Royal Society of N.S.W., Vol. LXI., 1927. Plate V.

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 “O” reaction.

B, Very resistant, styled the “1” reaction.

C, Moderately resistant, styled the “2"” reaction.
D, Very susceptible, styled the “4" reaction.

E
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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 affected 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
oceurs.
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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 striet differentiation between certain of these classes
was difficult, e.g., between 1% gnd ‘2", and especially
between ‘‘3’' and ‘‘4". But the distinetion 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 ‘0’7 to a €617 reaction was
not of genetie 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 €02 to a ‘1", from a ‘1’ to.a A or
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
(ie., a ‘0" reaction) and only this reaction, Throughout
the work the class of reaction referred to by Stakman and
Levine (34) as the ‘‘heterozygous of 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 (C.L
No.....: ) were mostly supplied by Prineipal E. A. Southee
of Hawkesbury Agrienltural College, who obtained them
from Dr. H. V. Harlan of US.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, Vietoria, 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 Hordewm vulgare L.
+ (a) Susceptible, Reaction = “47,

Variety. Source.

C.1.2202 |H.z. nigrum typica (Black Russlan) U.S.A.
C.1.2204 |Huw. altrum typica .. . oo oo ou o .
C.1.2206 |H.v.. duplinigrum typica .. .. b
C.1.2207 |H.. trifurcatum typica (Nepaul) W

C.I. 908 |H.o. pallidum (Luth) . 5

ClI 991 |Huw, coeleste .. »
C.1.2238 |H.v. nigrum !cmrrhynrhum (Llon) =
C.1.2256 |H .. pallidum rikotense .. ..

C.1.2269 |H 2. pallidum eur:,v!epu s

Sel. C 81 |Manchuria .. i ol 3 Minnesota
Sel. C225|Manchuria .. .. .. .. .. .. .. "
BERBUE iy vee o v mensy Slpl Cowra, N.S.W.
Skinless .. .. .. I e 5
i Ay "
2 Shorthead oy o S e gl

GRlIga Sy S il L L
Albert I3 A | o A

Marvioht anIRcien. 8 0 L 0| California
Four housand e e |
o e Wy ¢ ot -oalt 3u Cowra, N.S.W.
LTI et sumen e L )

|Hera <. v aial (i

|White Hulless .. .. .. ..

[EInyReE=R, L. L, i e ) Cowra, N.S.W.
|Pear] i AR e e
{Ghedref v Bl o Ut
'Coutscpodi ety et balad i ey

TEBTINRG v G305 3 565, 59 65 e et
*Kaylaua S Ch A o
I8enes .\ .. .. ..

|Salonika .
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| Variety. Souree.
{ . (ST B G S T Cowra, N.S.W.
.Sahara 37%3 e e ey -
A (| TERES DR ) R

o BHBE I as as rialim et o B

TG e NG i

AL | PR SN 3

i ‘5769.............. e

3771 o

'I‘ennessee Wmter .. .. .| Werribee, Victoria.
Himalaya .. .. . SELEN g A
|Orzo nuda puhgnans - n gl oA -
Orzo maraina .. .. «: s o2 -- =
[Eataml oo od sadl s s e s e i -
Pfe BT es aeyas s e "l
lSeaofAzov.............. ,,
White Hulless .. .. .. ¢« oo o b
‘Roseworthy Oregon .. .. .. -- 5
|Wisconsin Pedigree .. .. .. - ol
|S(1uarehead o Cinch el T e o
1Odessa «» oo ss wa as os wu se ne )

W Moderately ¢ res:stant._ Reaction = “2".

“ICalifornian Feed T Lo s i Cowrm, NBWa:

IPEAKLION, s & v el fis Telsiiae s es =
Locride .. S i e o =
|BRRars BTT0 5 osiws ad soraw o o

[Canat L. A0S TR S lar e &
IMATiONet . «. vo se oo oo+« os| Werribee, Victoria.
Orge Foumgere et S SR i

Minn. I 16.18 Lion .. .. .. .. .- Minnesota, U.S.A.
Minn. II 2010 B = «¢ 0 a0 anf - g

Minn. II 2114 .. .o .. o vx -l L

(c) Resistant. Renctlon = “0” e b

|H 2. gethiops typica .. .. <o «o - U.S.A. ;

CI.2290 H.v. horsfordianum typice W

| (Virginia Hooded)

Minn. IT 21.15 Minnesota

\ Smooth Awn x Manchuria

!Minn. II 21.17 W
Smooth Awn x Manchuria

Minn. II 21.18 =
Smooth Awn x Manchuria -

Sel, C163 Manchuria .. .. .« -« g

Sel, C168 Manchuria .. .. .. .- .

Minn. 184 Manchuria .. .. .. - w

Manchuria .. «. «+ o2 s+ o0 == M

OIATE DY o aatav s o bl 38 Cowra, N.8.W.

ND-22..-.-- SRR, R AR e »

N BB o s wE oay, ead e o 5

Calsasa Ll v Bl wsliesiysayoaiss %
Orge 4th .. .. a0 +3 sn weiee o Werribee, Victoria

01ge14J................ -
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Table 3.—Results with varieties of Hordeum intermedium Kcke,
Susceptible. Reaction — “4”,

Variety. Source,
C.I.2209 |H.i. havioni typica .. .. .. .. .. .. U.S.A.
C.L.2210 |H.i. mortoni typica .. .. .. .. .. .. e
C.1.2218 |H.i. nudihaxtoni typica .. .. .. .. 5
C.L.2214 |H.i. nudimorioni . .. .. .. .. .. i
C.1.2215 |H.i. cormutum typica .. .. .. .. .. b
C.1.2237 |H.i. haxtoni tonsum .. .. .. .. .. A
C.1.22564 |H.i. haxtoni tonsum .. .. .. .. .. "
C.1.2280 |H.i. haxtoni tonsum i
(Arlington Awnless)
Sntermediater. 7. . on L L Cowra, N.S.W.
Table 4.—Results with varieties of Hordeum distichon L.
(a) Susceptible. Reaction = *“4”.
L LA e Variety. ) Source.
C.1.2219 |H.dis. angustispicatum typica.. .. .. U.S.A.
C.L.2221 |(H.dis. nudum typica (McEwan’s). . o
C.1.2222 |H.dis. nigrinudum .. .. .. .. .. .. I
C.1.2223 |H.dis. laxum typica .. .. ., .. .. .. o
C.1.2224 |H.dis.nigrilazum .. .. .. .. .. .. e
C.1.2250 |H.dis. nudum ianthinum .. et als 5
e b T L Sy Cowra, N.S.W.
GolAEROYPe tis o s ool i v %
EUAAR R R I g "
Stanawell ST e s o T =
AT o AR S R "
e S e A A = T
CIAORERE Cue Tise ol o L & 5
B o o tomran ol e =

\ Golden GEahy v ok Ja et o
BREbOTIe ) e i v el Werribee, Victoria
H. distichon nutans .. .. .. .. .. .. A
H.distichon erectum .. .. .. .. .. »”
FIATIChEnAc 7 e B RS SR 3

ki Duckbill.... LR o Sl i e i

! Birton’s Malting: .. .. . i 38
T e e e DS %
Garton’s Regenerated Malster .. F
LATChers o SR e e »

(b) Resistant. Reaction — “0”.
C.1.2220 [H.dis. rimpaui L A S = TS § R

Table 5.—Results with varieties of Hordeum deficiens Steud.
Susceptible. Reaction = “4”,
Variety. | . _Source.
C.L2225 |H.def.deficiens typica .. .. .. .. .| U.S.A.
C.1.2226 |H.def. steudelii typica .. .. .. .. '
C.L.2228 |H.def. tridax typica .. .. .. .. ..| 25
C.1.2229 |H def. nudificiens 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 spontanewm 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’’, Hordewm murinum L., which
was resistant, giving a sharp ‘‘0’’ reaction,

An examination of these results shows that of the cnl-
tivated varieties tested, no one belonging to H. intermedium
or H. deficiens proved resistant, and only 1 of H. distichon.
Of H. wulgare, 15 varieties were found to be strongly
resistant, and 10 varieties were moderately resistant.

Comparison of wvarietal 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
Helminthosporium sativum Pammel, King, and Bakke, as
reported by Hayes et al, (22). This organism causes Spot
Bloteh of barley., A direct comparison of the two results
is possiblé in some ecases, -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 Helminthosporium 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. ‘ Rea;;ttlg?wt:
Manchuria C81.. .. "4”—Susceptible e e | H. No. = 18.0
Manchuria C225. ..[“4"= do. <ol EE TNl = 10
Minn. I. 16.13 Lion. [“2”=Moderately resistant. H. No, — 10.0
Minn. II. 20.10 B .. [“2"= do. do. | H. No:"= 215
Manns AL 20040 S Rt=— do. do. H. No., = 28.0
Minn. II. 21.15.. ..[“0”=Very resistant .. ..| H. No. = 20.0
Monn. 3L 2EAT ... . [f0"= do. st o] He  Nb: 5= 20.0
Minn- 3L 2148, . 0= do. e H. No. = 20.5
Manchuria C163 ..[“0” do. vl val He MO, =210
Manchuria C168 .. “0” do, ««| H: No. =1 195
Manchuria Minn, 184/“0” do. o a0, =210

It will be noted that in general, varieties resistant to
leaf rust are also resistant to Helminthosporium sativum,
and those which are susceptible to rust are also susceptible
to Helminthosporium sativum. An exception is Manchuria
C81. The correlation is slight also in the case of Minn. 1.
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. '

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
sorts which 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
commereial varieties like Cape, Skinless and Kinver, and
ccertain of the varieties which have been shown to be
Tesistant, e.g., Manchuria, H. distichon rimpaui typiea and

y
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Virginia Hooded. These crosses were tested in the Fi. ¥,
and F, 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 F, grains were sown in pots,
and after being tested the seedlings were transplanted 10
open ground and grown to maturity. In the T, generation
the same procedure was followed. In many cases additional
F, grain was sown directly in open ground, and these
plants harvested at maturity without having been tested
as F, 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.

' A. Cape X Manchuria.
T, Results.

From the eross, 17 grains were secured. Sixteen of these
F, seedlings gave a ¢¢(** peaction, and one of them gave
a ‘‘4” reaction. Control inoculations of the parents gave
a ‘“4”’ reaction on ¢“Cape’” and a ¢ reaction O1
¢«‘Manchuria’’. It thus seemed that 16 were true crosses.
and that the ome susceptible plant was the result of
aceidental self-pollination. Bach F, plant at maturity was
harvested separately. The susceptible plant did not show
any marked agronomic differences from the others. Ninety
geedlings 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 Fi plant is
similar to the resistance of the resistant parent. Inter-
mediacy of reaction is not shown.
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F, Results.

~ Grain from two of the F; plants was sown in boxes and
each resultant ¥, plant inoculated with the rust. After
notes had been taken, the seedlings were transplanted to
open beds, each under ifs proper number which was
retained throughout the F; tests. Grain from the other
F, individuals was sown directly in open ground and the
individual ¥, plants harvested at maturity. These plants,
therefore, were not tested in the I, generation.

The results of the F, tests are shown in the following
table :—

Table 7.—Reactions of plants tested in the F; generation.

. Number of Susceptible
Plant Breeding Number of Resistant Plants. Plants, s

Number. Reaction = “0". Reaction = “I". Reaction = *“4",

IT, 28.1.1 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 ‘“17.
It was thought that the ‘“1’’ reaction of the F'; segregates
might be an index to the heterozygosity of these individuals.
In other words, these plants might be the intermediates.
But in the ¥, tests, some of the families derived from I,
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 F, plants showing a ‘‘1’’ reaction. A close
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serutiny of the ficures 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 eross.

The results of these I, 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 suseeptibility, the
expectaney would be 170:57. The deviation is 3 and the
probable error on the basis of 227 individuals is 4.4.*

Deviation. 3 _ (¢a
Probable error 4.4

At maturity the F, plants showed a certain amount of -
diversity in regard to time of maturing and stooling
capaeity, but otherwise morphological segregation was not .
marked. \

F; Results.

The series of 227 tested F', 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 F'; families which had not been previously
tested as F'; individuals. Such families were purely random
selections. Individual F, plants were harvested separately.
For the F; 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, control 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-
zZygous 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 F,
test had been made, the last-named class came from sus-
ceptible F. parents. The homozygous and heterozygous
resistant classes were derived from resistant F, 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 difference is 8 individuals. The probable
error is 18.14 individuals.

Deviation 8
Probable error  18.14 — 044
B. Manchuria x Skinless.
F; Result.

From this cross 8 grains were obtained. The F, seed-
lings all gave a ““0’ reaction, whilst the parents gave
respectively ‘0’ and ‘‘4’’. The F, plants were somewhat
bearded and produced hulled grain,

F, Result.

A series of 210 F. seedlings was tested, and afterwards

these were transplanted to open ground and grown to
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maturity. The F', 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 8 :1 ratio. The expectancy on the basis of a single
factor difference is 157 :53. The deviation is 2 and the
probable error for 910 individuals is 4.23 individuals.
gg%i%nerror — -2?3- — 0.47. Test pots of the parent
varieties gave the usual reactions. In the open beds the
F., generation was somewhat attacked by the army worm
and its numbers depleted at harvest time.

¥, Results. .

Tor the F, tests, 140 families were used. Prior to
sowing, notes were taken on head characters of the F.
plants, dealing with beardedness or hoodedness, and with
hulled or naked grain. ¢‘Manchuria’’ is bearded with
hulled grain, and ¢ Qkinless’’ is hooded with naked grain.
In recording notes on the Fs plants, the true naked-grained
and the true bearded classes were carefully determined.
In the ‘‘hulled grain’’ class were ineluded intermediate
types, i.e., those showing a tendency to shell, but mnot
completely naked. Similarly there are ineluded in the
“hooded’’ eclass 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
grow these families on to maturity to obtain confirmation
of this F. analysis for morphological characters.

The F, 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 ecomprised 1126 resistant and 376 sus-
-eeptible 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 suseeptibility, the
-gxpectancy on the basis of 1502 individuals is 1126.5
resistant to 375.5 suseeptible plants. This is an extra-
-ordinarily close fit.

Combining these rust results with those for the
‘morphological characters, the following is obtained :—

‘Table 8.—Inheritance of three Mendelian characters which are
seemingly inherited independently.

Phenotypes. . Expected. Observed.

Resistant, hooded, hulled .. .. .. .. .. 59.1 o 51
Susceptible, hooded, hulled .. .. .. .. 197 ¥ 27
Resistant, bearded, hulled .. .. .. .. 19.7 a7 18
Resistant, hooded, naked .. .. .. .. .. 19.7 Al 13
.Susceptible, bearded, hulled .. .. .. .. 6.6 o 9
Resistant, bearded, naked .. .. .. .. 6.6 T 11
Susceptible, hooded, naked .. .. .. .. 6.6 b 9
.Susceptible, bearded, naked .. .. .. .. 2.2 4 2

140.2 ) 1120

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.
F,; Result.

From the cross 16 grains were obtained. The F, seed-
lings were tested alongside the parent varieties, with the
result that all showed a ‘‘0’’ reaction. The F, plants at
maturity were bearded two-rowed plants having hulled
-grain,
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', Result.

In the F, 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 expectaney
is 145 : 49. The deviation is 2 and the probable error 4.07.

Deviation b33
Probable error  4.07 0.49.

After being tested, these F'. 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 Ty work.

-

F,; Result.

In the F 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

1 =386 — 0.36.
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~ D. Virginia Hooded x Cape.
~were obtained from the cross. The F; re-
. In the F, test, 171 seedlings were tested
ratio of 121 resistant : 50 susceptible plants.
s of a single genetic factor difference the
128 : 43. The deviation is 7 and the probable
ividuals.
Deviation g
Probable error ~— 3.82
tests there were available 99 families. These
hat there were three groups. There was a
fmma'zygous vesistant families, a group of 50
resistant families, and a group of 24 homo-
otible families. The average number of
in the families tested was about 22. There
lants in these tests. The 25 homozygous
es comprised 518 plants, the 50 heterozygous
amilies comprised 858 resistant and 284 sus-
nts, and the 24 homozygous susceptible families
plants. The close approximation to a 1 : 2
evident. The heterozygous families show a
_resistant 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 A 2
Probable error 1.5

— 1.88,

= 0.17.

x Hordeum distichon rimpawi typica.

were obtained from the cross. The F,

? In the F, test 165 individuals were

a ratm of 123 resistant : 42 susceptible

ectancy on the basis of a single genetie
124 : 41. The deviation is 1 and the .

- for 165 individuals is 3.75.
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Deviation 1
Probable error  8.75
For the F; 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 857 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 difference the expectancy
is 1052 : 351. The deviation is 6 individuals and the
probable error is 11 individuals.

— Q.26

Deviation 6
Probable error 11 0.55.
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 erosses.

In the F. tests of the 5 erosses, 975 plants were used.
The results are set out in the following table:—

Table 9.—Summation of the F. results in all 5 crosses.

Number of Individuals in Tested

Cross | F, Generations.

| Parents.
Num‘he!.é | Resistant., | Susceptible.
1L 23.1 |Cape x Manchuria .. .. .. 181 | 54
11.23.6 Manchuria x Skinless .. ..| 159 [ b1
II. 23.7 (Manchuria x Kinver .. ‘ 147 47
II. 23.8 |Virginia Hooded x Cape .. 121 50
11.23.9 Capex H. dist. rimpaui typica 123 [ 42

Totals 7_3i | 244
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On the basis of a single genetic factor difference, the
result shows a deviation of less than 1 individual from
the expectancy where 975 individuals are concerned.

In the F; 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 F:
families in all 5 crosses.

ity ____Number of F, Families Tested.
Number. Parents. Homozygous  Heterozygous | Homozygous
= ] Resgistant. | Resistant. Buseceptible.
II. 23.1 Cape x Manchuria. . 66 | 117 52
I11. 23.6  Manchuriax Skinless 33 ' 60 46
II. 23.7 Manchuria x Kinver 29 | 48 20
I1.23.8 Virginia Hooded x
Gape’ i-ou. Ll .. 25 50 24
11. 23.9 |Cape x H.
| dist. rimpaui typica 42 69 34
e —— | —_— —
} Totals 195 | 344 176

On the basis of a single factor difference, the expectancy
would be 178.75 : 357.5 : 178.75.

Table 11.—Summation of individuals in the F:; heterozygous
families of all 5 crosses.

ety Parents. Resistant. | Susceptible,
II. 23.1 I(}-a.pca x Manchuria .. .. .. .. 2231 760
II.23.6 Manchuria x Skinless .. .. .. 1126 376
II. 23.7 |Manchuria x Rinver . .. s 611 208
II. 28.8 |Virginia Hooded x Cape .. .. 858 284
II. 23.9 Cape x H. dist. rimpaui typica .. 1046 357

| Totals 5872 1985

On the basis of a single factor difference, the expectancy
for 7857 individuals is 5893 : 1964. The deviation is 21
and the probable error is 28 individuals.

Deviation 21

T e
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k DISCUSSION.

The results herein reported show that resistance to leaf
rust of barley (Puccinia anomala Rostr.) is inherited in
certaiu 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.,
Biffen (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 charaeters. Armstrong
(4) obtained substantially similar results. Nilsson-Ehle
(29 & 30) used different parental varieties and did not
obtain sueh clear-cut results. In the F., 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 Rust,
P. triticina Erikss,, was studied by Mains, Leighty and
Johnston (26). They found some cages 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 difference. 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. graminis 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 wvulgare and T.
-dicoccum, whilst it was recessive in erosses 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 T'riticum wvulgare and T. durum, and
was unable to explain his results on the basis of a single
factor for resistance. Puttick (83) reported results of
the study of the reactions in glasshouse tests of the F.
generation of a cross between varieties of 7. vulgare and
T. durwm, 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 ecrosses
between Kanred and Marquis. Aamodt (1,2& 3) working
with a ecross 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
explainable 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 gecessive. He obtained a
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15 : 1 ratio in the F, generation, indicating the presence
of 2 Mendelian factors for resistance in this cross. In the
F, generation not one of about 300 resistant F, families
bred true for resistance, although a number of individual
plants did. Tt was considered that homozygous strains
could be obtained in the F, generation by selection within
the F'; families, Harrington (18) studied crosses between
certain varieties of 7. 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
that in erosses of Iumillo (resistant) and Marquis (sus- |
ceptible), a ratio of 13 susceptible : 1 resistant was
obtained in the F, 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 Tumillo),
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 Tumillo resistance, Hynes (24)
studied a cross between Federation (a common wheat)
and Khapli (an emmer), 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 different species of Triticum.
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The inheritance of resistance to stem rust of oats, P.
graminis avenae E. and H., was investigated by Garber
(13&14). He found in crosses of the two susceptible
varieties Minota and Vietory with White Russian, a re-
sistant parent, that the ¥, plants were as resistant as the
resistant parent and that the F. generation showed a
simple ratio of 3 resistant plants : 1 susceptible. The Fy
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 difference in National x White Tartar and in
Lincoln x White Tartar. In crosses between 3 genetically
different strains of Burt, at least 2 factors,—one of them
an inhibitor—were involved. In the crosses Iowa 105 x
Green Russian and Ruakura x White Russian, the result
in the F. 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. graminis phlei-
pratensis E. and H. Stak. and Piem., Barker and Hayes
(5) demonstrated that the inheritance of resistance was
dependent upon a single dominant genetie factor.

Parker (31 &32) studied the inheritance of resistance in
oats to erown rust, P. lolii-avenge Me.A. He concluded
that resistance could hardly be considered as a simple
character or as being determined by a single factor
difference, but was explainable upon a multiple factor

P—August 3, 1027,
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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 Secotch Potato (sus-
ceptible). They obtained a ratio of 777 resistant and 258
susceptible plants in the F. generation. Of the resistant
segregates, 117 showed a weakening of resistance as eom-
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
conelusions as to the type of inheritance, but resistance
is believed to be dominant.

From a consideration of the foregoing results, it is elear
that the inheritance of resistance to various rusts varies
in different ecrosses. 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 erown (leaf ) rust
and stem rust of oats.

The results herein reported show that in fthe 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 F,
individuals. In the F, 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 F, segregates concerned, as indicated
by the F; 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 conecerns the type of-inheritance in erosses 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. '
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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 Pueccinia anomala
Rostr.

Strong resistance was shown by 16 of them. These
varieties belong to Hordeum wvulgare 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 ¥,, F, and F;
generations.

In the F; generation resistance was completely dominant.

The F, result showed segregation in a ratio of 3 resistant
plants to 1 susceptible.

The F, 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 sattvum 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 Puccinia graminis 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 TO ACCOUNT FOR SPECIALIZATION. !

Several suggestions have been made to explain the origin of specialization
in this fungus.

1. Nuclear interchange in wuredo mycelia.

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 distinet 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 aecidial 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
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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 0F DETERMINING PHYSIOLOGIC FORMS.

In order to make clear the happenings herein described, it is well to indicate
the method of 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 differential hosts selected by Stakman and Levine for the determination of
phyeiologie forms of Puccinia graninis tritiei B. & H.

Specier of Priticum. Varietal Name. Cereal Investigation Number.
T. compactinm Little Club C.I. 4066
T. vulgar: Marquis C.1. 3641

A3 Kanred C.I. 5148

e Kota O.I. 5878

T. durum Arnautka C.I. 4072
13 Mindum C.I. 5200

» Arnautka (Spelmars) 0.1. 6236

b Eubanka C.I 2094

o Acme 0.1. 5284

T. monococcun Einkorn C.I 2433
T. dicoscum Vernal Emmer C.1. 3686
" Khapli C.I. 4013

3
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Grain of these standard differential 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. v

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 oceur 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 graminis 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. 8. 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 vulgaris 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



100 TWO NEW AUSTRALIAN PHYSIOLOGIC FORMS OF PUCCINIA GRAMINIS TRITICA,

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”
gseedlings 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 differentiation 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 spermatia 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. Y
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 nc 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 distinet
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
voung 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 affected 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 flecking of the resistant reaction, showed eleven of the thirteen
plants with this nmormal 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 months 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 knmow 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 usged 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 resplté
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 graminis tritici 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 muade in January, 1928, with material from Tasmania, revealed



BY W. L. WATERHOUSE. 103

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. Of 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 differential 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 Puecinia graminis tritici E. & H.
on differential varieties of T'riticum 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 wvalueless 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 degignation by Stakman and Levine is not yet
available, resembles Form 34 excepting that the three durum wheats Arnautka,
Mindum, and Arnautka C.I. 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 24—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 Puccinia 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 oceurrence 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
graminis D.C. 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 uredospore stage of Puccinia graminis fritici
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 conseguent
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 iz afforded by this work.

EXPLANATION OF PLATE 1V,

Fig. 1.—Young shoot of Berberis vulgaris showing heavy aecidial infection and distortion
with rust from Bathurst. Natural size.

Fig. 2.—Petiole of B, vulgaris showing aecidial infection produced by rust from Werribee.
X 3.

Fig. 8.—Two leaves of Einkorn wheat showing on the under-surface the resistant reaction
and flecking produced by Form 84 in “a'", and the susceptible reaction produced
by Form 11 in “dp". 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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1, 2, Young shoot (1) and petiole (2) of Berberis vnlgaris showing aecidial infection
with rust,

3, 4, Leaves of Einkorn wheat (%) and Mindum wheat (4) showing resistant reaction
and flecking (a), and susceptible reaction (b).
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