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The Comparative Resistance of Varieties of Oats to
Crown and Stem Rusts

By L. W. DURRELIL and JOHN H. PARKIER, formerly Scientific Assistant,
Office of Cereal Investigations, U. S. Department of Agriculture

INTRODUCTION

Numerous instances of the production of disease-resistant
crops may be noted in this and other countries, but compar-
atively little work has been done on the problem of resistance
of oats to stem rust (Puccinia graminis Pers.) and crown rust
(P. coronate Corda.)* Many of the published records on the
rust resistance of oats are observations covering but a single
season and too often with no determination of the species of
rust present. The use of resistant varieties, however, appears
to be the most hopeful method of combating these rusts. This
paper is chiefly an account of studies conducted to determine
which of the existing varieties are resistant to either or both
of the rusts mentioned above.

In order to reach a more definite understanding of the prob-
lem, our investigations were begun with a view of determining
the degree of infection and of perfecting methods of produe-
ing maximum infection at will. Supplementary to this was a
consideration of the relation of amount of inoculum applied to
the degree of infection and also an inquiry into the relation
of the period of rust incubation, and of time of sowing to re-
sistance of oats to both stem rust and crown rust. A com-
parative study of rust resistance of oats grown in the green-
house and field was also made.

REVIEW OF EARLIER WORK

Among the carliest observations on the variation in suscepti-
bility of oat varieties to rust are those of Eriksson and Henning
(6)% in Sweden. These writers state that it was impossible to
observe any definite difference in the susceptibility of oat var-
ieties. They considered it an open question whether the dif-
ferences observed actually represented constant, inherent resist-
ance or were dependent on soil conditions, proximity to other
rusted plants and other factors of environment.

MeceAlpine (12) states that stem rust alone is peculiar to oats
in Australia and that the wild oat, Avena fatua, is generally
severely affected.

Sower (25) published figures on the rust resistance of oat var-
ieties grown at Cedara, South Africa, stating that both ecrown and

1 For a discussion of the nomenclature of this rust, see Research Bull.
Towa Agr. Exp. Sta. 49: 134-141. Feb., 1919,
2 Reference by number is to the Bibliography.
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stem rusts occur, tho it is quite apparent from his data that only
c¢rown rust was present. It is noteworthy that three varieties
belonging to the red oat group (Awvena sterilis) were found to
be most resistant. He also points out a relation between the
anatomical differences of the group and their relation to rust
resistance and seems to consider these differences as being in-
timately connected with the causes of resistance and suscepti-
bility. Lamont (10), Peacock (20) and MeConnell (13) like-
wise refer to the rust resistance of certain representatives of
the red oat group, tho they fail to specify whether the resist-
ance is to stem or crown rust.

Litwinow (11) made a study of rust resistance of oat variet-
ies in Russia, using 50 pure lines belonging to several species
and varieties. He found that all of them, with the exception
of the very latest maturing ones, were finally very heavily in-
fected with erown rust.

Vavilov (28, 29, 30) made extensive tests on some 350 lots of
cultivated and wild oats to determine their reaction to both stem
and crown rust. From these experiments he concludes that
there is little probability of finding varieties resistant to stem
rust. In the case of crown rust, however, tho the majority of
cultivated and wild oats were found very susceptible, many
more forms showed resistance.

The different varieties of side oats, Avena orientalis, were
very susceptible, as were those forms of 4. fatua, A. ludoviciana
and 4. sterilis closely related to the culivated oats. Of the
323 lots of A. sativa examined, five, belonging to the varieties
A. einerea Kceke, and A. grisea Keke., proved to be ‘‘relatively
very immune’’ from crown rust. The majority of the lots
which he described as ‘‘less susceptible’” and. ‘‘relatively very
immune’’ belong to varieties with black or gray glumes and, in
general, are morphologically different from susceptible races.
A. brevis Roth., A. strigosa Schreb. and A. nuda L. var. biari-
stata Aschr. and Gr. also show relative immunity from this
rust. Vavilov further discusses the origin of cultivated oats
and shows that their reaction to the rust fungi is often correl-
ated with morphological differences and with their supposed
genetic relationships.

In this connection Jakushkina and Vavilov (9) studied
the size, number and distribution of stomata in both resistant
and susceptible varieties of oats, but found that there was little
or no correlation between variations in these structures and the
physiologic character of rust resistance inherent in the variety.

It is interesting to note that probably one of the earliest
American records of rust resistance in oats was that of Speer
(26), who reported the results of his observations on the occur-
rence of rust on the oat varieties growing on the Towa Agri-
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cultural Experiment Station plats. Tho no mention is made of
the species of rust concerned, he states that the oats all rusted
so badly that they were nearly worthless, with the exception
of Improved American, Everett (a side oat), Lackawanna, and
Giant Yellow Krench (also a side oat). Observations on the
resistance or susceptibility of oat varieties to rust have since
been made by Pammel (18), Plumb (21), Carleton (4), Bolley
(2), Shepherd and Ten Eyck (24), and McWethy (14).

Norton (17) published definite experimental results on oat-
rust resistance and distinguished clearly between crown and
stem rust. He found that ‘‘the Avena sterilis forms are nearly
free from crown rust, while stem rust attacks them very badly.”’

Burnett (3) found that the amount of leaf rust infection on
Red Rustproof (Red Texas) was much less than on other
varieties.

Reed (22) tested 46 varieties and strains of oats under
greenhouse conditions, only one of which seemed to possess
any degree of resistance to crown rust. IHis field observations
coincide with those made in his greenhouse experiments. The
same author (23), in a later report, states that in the field
one lot of A. barbata, two of A. brevis, three of A. fatua, one of
A. ludovicina, three of 4. nuda, twenty-two of A. sativa, nine
of A. sativa orientalis, seven of A. sterilis, and one of A. strigosa
were studied. Practically all of them proved highly susceptible
to erown rust. Even those varieties known to be nearly or
quite immune under ordinary  conditions proved susceptible
under the conditions of the experiment. One lot each of A.
brevis, A. ludoviciana, A. trisperma and A. sativa showed some
evidence of resistance.

Parker (19) studied the resistance of oat varieties to leaf
and stem rusts under greenhouse conditions, using seedlings and
plants at time of heading. White Tartarian and Ruakura were
the only varieties which showed unquestionable resistance to
stem rust. Several varieties of the red oat group (Avena ster-
ilis) were found to be resistant to erown rust. Among these
were strains of Burt. Cook, Appler. Italian Rustproof, Red
Rustproof and Turkish Rustproof. The Ruakura oat and cer-
tain other species of Avena also gave indiecations of resistance
to erown rust.

MATERIALS AND METHODS

Many of the varieties studied were obtained from the Min-
nesota Agricultural Experiment Station, while others were sup-
plied by C. W. Warburton ot the Office of Cereal Investigtions,
Bureau of Plant Industry. The forms listed under the Latin
names were obtained from Director Bubak of the Botanic Gar-
den at Tabor, Bohemia, thru Dr. G. M. Reed, formerly of the
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University of Missouri. The hybrids, and also the variety
Early Ripe and one strain of Burt, were secured from Dr. H.
I1. Love of the Plant Breeding Department, Cornell University.
Some of the White Russian strains were suppiied by seeds-
men, others came from field stations of the Bureau of Plant
Industry, and still others from the Ashland (Wis.) Branch
Experiment Station. L. C. Burnett of the Towa Agricultural
Experiment Station furnished seed of Iowa Numbers 103 and
105 and of several other varieties grown for the first time in
1918. The strains of Appler, also erown only in 1918, were ob-
tained from the San Antonio (Taxas) Experiment Farm.

In the study of varietal resistaunce of oats to both stem and
crown rusts in the field, the seed was sown in H-foot rows
spaced one foot apart. The first vear, three rows of each lot
were sown ; later, two rows; and iinally, due to the increase in
the number of lots, one row of each was sown. In every case
a check was sown every tenth rew and along the edges of the
plots. The White Russian variety was used as a check the
first year, and the Swedish Select in subsequent years.

To secure an epidemic of rust, it was the practice thruout the
field experiments to inoculate the plots artificially with uredo-
spores. This was done by snraying and dusting the plirts with
uredospores taken from stock cultures maintained thruout the
winter in the greenhouns:.

In carrying stock cultures of rust, seedling plants of Swed-
ish Select oats, a highly susceptible variety, were grown in the
greenhouse in 4-inch pots, sown 10 or 15 to a pot. In the
4-inch pots the plants were easily transferred to and from the
moist chamber and when thinned would grow to maturity.
These plants were infected with rust as deseribed below and as
the rust developed, other plants were infected, thus keepiag
the stock alive.

Thruout the winter about 100 pots were kept in lots of 10
to 20 in various stages of infection, some lots just inoculated,
others just beginning to produce spores, others profusely spor-
ulating, while still other plants were fresh and ready for inocu-
lation. It was found that infected voune plants would produce
spores for a week or ten days, while older plants would bear
spores for a month in great profusion. As spring approached,
and at the time of seeding outdoors, the greenhouse stock was
greatly increased, for it was desirable to time the spore pro-
duction so that an abundance of spore material would be on
hand for field inoculation. Surplus spores not used for in-
ereasing the ereenhouse stock were saved in vials for subsequent
use as inoculum in the field experiments. As shown by Melhus
and Durrell (16), such uredospores could not only be stored
for several weeks in a cool place without loss of viability, but
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for a period of a few days or a week the percentage of germina-
tion inereased, due to the ripening of immature spores.

Toward spring, when large quantities of spores were needed,
inoculations were made on older plants, grown four to six in
a pot, because stem rust was found to grow during a longer
period on such plants. While the seedlings apparently were
more readily infected and were easier to manipulate, yet the
voung shoots soon grew past the heavily infected leaves. These
leaves then died, ledvmg only a small amount of spore material
for subsequent inoculations. The leaves of the older plants
were less easily killed by the rust, and an abundance of spore
material was colleeted from the large stems and broader leaves.

Several different methods were used in making the inocula-
tions. Spores gathered from greenhouse cultures were mixed
with water and sprayed on the plants with a knapsack sprayer.
Another method involved the artificial inoculation of individual
plants here and there thruout the plots to start eenters of in-
fection. These two methods were later abandoned in favor of
a third, in which the plot was thoroly moistened with a fine
mist from a sprayver or hose. Dry wuredospores were then
blown on the plants by means of a blower (sec fig. 1).

i
|
|
|
|

| 1

Fig. 1. Apparatus for dusting and counting spores in greenhouse inocula-
tion work.

The spores are poured into the glass tube and expelled by a blast of air
from the bulb. The crook in the tube aids in breaking up the spore masses
and in producing a finely divided cloud of inoculum.

I. Slide, ruled in 1/20 em. areas used in counting spores dusted on
plants.

II. Slide, ruled in 1/4 c¢m. areas used in counting sori on leaves.

111. Blower used in dusting on spores. G, bent glass tube; A, small-bore
brass tube soldered to blower.
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The infection just described started when the oat plants were
6 to 8 inches tall and continued throout the growing-season,
until some of the carlier varieties had headed and ripened. The
most severe infection was obtained in the rust nursery as a
result of diligent application of spores in large quantities at in-
tervals of one to two days during that part of the growing-
period when the plants were making rapid vegetative growth.

Just prior to harvest the different varieties were closely ex-
amined for the amount of infection of both rusts. The de-
gree of infection was estimated by comparison with the secale
for estimating rust, (fig. 2).

As the different varieties matured they were harvested by
pulling, so that individual plant selections could be made
where necessary. The seed from these individual plants was
threshed separately and samples saved for the following
year’s work.

EXPERIMENTAL RESULTS

COMPARISON OF METIIODS OF INOCULATION

To obtain uniform exposure of plants to infection is diffi-
cult. Spores may be smeared over wetted leaves with a knife,
shaken from the infected plants as suggested by Fromme (8),
or sprayed on in water suspension as done by Melhus (15), and
then incubated in a moist chamber. Any of these methods is
applicable in carrying stock cultures of rust, but none has
proved practical in comparing varietal resistance where large
numbers of plants are used. Further, it was found that dif-
ferent methods of inoculation gave different results as to
amount of resultant infection. Smeared inoculations resulted
in severe infection of a nonuniform character, some parts of
the leaf being covered with rust, while other parts remained
free. Where many plants are to be tested or carried in stock
this method is very laborious.

In spraying the spores onto the plants a more uniform dis-
tribution of the inoculum may be secured. To accomplish this
even distribution, a blower was devised, as shown in fig 1, with
which spores might be blown onto wetted plants. This dust-
ing or blowing on of spores seems to offer the most favorable
means of insuring rust infection, for it results in a rapid, uni-
form distribution of spores with minimum injury. To record
the amount of spores applied to the plants, glass slides, ruled
in 1-20 em. areas, were distributed among the plants and
spore counts were made on these slides. In estimating the
amount of rust obtained on the infected plants the method
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desceribed on page 35 was used. A modification of this method
was made, however, by laying glass slides, rulec in 14 cm.
areas, over the sori when first visible and by making definite
counts of sori over a constant area.

To compare the methods referred to above with the one just
described, the following tests were made. Spores were applied
to 280 pots of oat plants of several varieties by the following
methods: (1) Dusted from heavily rusted plants on the moist
leaves of uninfected plants, (2) blown on with a spore blower,
(3) smeared on with a knife, and (4) sprayed on in water sus-
pension. The infection following inoculation by the first three
methods was uniformly abundant, but in all cases where the
spores in suspension were sprayed on, the infection was light.
(See fig. 3). This low degree of infection was repeatedly noted
on other occasions when spores in suspension were sprayed on.
Apparently the spores are injured by the immersion in water,
for even those of high germinating capacity, when so immersed
not only produced scant infection, but showed a low percentage
of germination in drop culture. -On examination, these spores
appeared to have experienced some internal disturbance, for
the granular cell contents were shrunken to the center away
from the cell wall and the whole spore seemed greatly increased
in diameter.

The method of inoculation by blowing gives freedom from
injury sustained by spores in suspension in water, and a very
uniform distribution as well. When blown down on a beam

of light, the cloud of spores is seen to

ikl be uniformly divided.
T The spore counts on ruled 1-20 square
em. areas on slides distributed among
508 the plants in a moist chamber are shown
in table 1. These data illustrate the un-
204 iformity of spore distribution by the
e sp'ure-!)lower method. Suoh. even dis-
tribution has never been obtained by any
. other method heretofore described. It
o should be mentioned that it is largely
Fig. 3. Comparative de- due to the use of this method, together

gree of infection obtained
by dusting and spraying
on of uredospores of crown

with enormous quantities of spores, that

rust.

1. The average degree
of sporulation (47 percent)
obtained by blowing, dust-
ing and smearing on of
spores.

2. The average degree
of sporulation (7 percent)
obtained from spores
sprayed on in water sus-
pension.

the high percentage of infection was ob-
tained in the varietal experiments in the
rust nursery in 1917 and 1918.
METHOD OF ESTIMATING RUST
INFECTION
The method of reading the degree of
rust infection as customarily practiced
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TABLE I—SPORE DISTRIBUTION IN MOIST CHAMBER BY SPORE
BLOWER, AS SHOWN BY COUNTS OF SPORES WITIIIN
DEFINITE AREAS ON GLASS SLIDES*

Spores on 1/20 Square Cm. ’ Spores on 1/20 Square Cm.

sSlide No. Areas ‘Areas
Moist Chamber No, 2

Moist Chamber No. 1

14, 3 9 % 15 11, 13

1 i it g (e A TE )

2 7, B, 10y 12 14, 8§ T 14, 10, 8, 14, 10, 9, 8

3 1y % o9 T, i, 14, 13X 8, 32 10, 15, T, I3 16

4 Ty 10 12 9, & UIB 1l 1SS P TV - O

b T B o8 9 1G5 =8 18 16 1% 3 110 70 18 &2

6 LU LS R g L Y e o R e )
Average | 9 spores per 1/20 cm. square 10 spores per 1/20 cm. square

* This table is a copy of a representative page from a notebook showing
the distribution of blown spores caught on twelve slides ruled in areas of 1/20
square cm. and distributed in the four corners and center of the inoculation
chamber. Such counts were made on slides scattered among the plants every
time exposures to infection were made.

iz to estimate the percentage on representative plants by com-
parison with the scale as described and shown in fie. 2. Glass
slides eteched in 4 ¢m. areas were placed over infected leaves and
stems of representative plants, and the actual number of sori
counted in a centimeter space. By this means the degree of rust
recorded is reduced to a more definite basis. Hspeecially is this
true in the greenhouse, where the rust can be observed as soon as
it makes its appearance. It is also interesting to note that the
figures obtained on the percentage basis coincide with those ob-
teined by the scale method, as shown in table II.

As the infection appears on the host plants, every point of
rast invasion is indicated by a light-colored spot, or fleck,
shortly followed by the appearance of a sorus in ‘the center.
In a large majority of cases but one sorus appears in each
etiolated area. (fig. 4). Out of 833 areas attacked by rust, 748 pro-
duced at first but one sorus, 67 produced two, and 15 produced
three. A summary of the results of over 200 lots studied in the
ereenhouse shows further that from an average of 27 flecks per
square em., an average of 37 sorl per square cm. were borne
at the beginning. If estimates of rust are taken at this time,

TABLE II—COMPARISON OF METHODS OF RECORDING INFEC-
TION OF CROWN RUST (PUCCINIA CORONATA) ON OATS*

| All varieties Checks
. Pust- Rust Pust- Rust
Source of data tules esti- tules esti-
per mated, per mated,
sq. cm. | Percent| sq. em.| Percent
First greenhouse records.... 22 32 j 36 46
Ten days after first records. 32 40 46 65
Seedlings in greenhouse... 37 40 54 56
ldarly sown plot in rust nu 40 40 42 43
Late sown plot in rust nursery 38 1 35 40 37
AVETQEC . e it iinnienens 33 | 87 43 49

. * This table gives the averages for all rarieties studied in the greenhouse
and in the rust nursery in 1918,
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they will indicate quite accurate- No.
. o - a count

Iy the relative degree of infec-
tion of plants when exposed to
like conditions and opportunities
for infection. Later, as illus-
trated in table 111, the number
of sori per infected area increas-
ed 56 percent. For comparative
results, where the number of sori
is used as an index of rust infec-
tion, estimates of rust should be
made at equal lengths of tinie
following the first appearance of
the sori.

RELATION OF DOSAGE TO

DEGREE OF INFECTION

The appearance and character Fig. 4. Graph showing the num-

s A ber of pustules produced by each of
of the etiolated areas or flecks §33 areas attacked by rust, indicat-
produced at ﬁl‘St b_Y rust mnva- lelgt%ht};laeikin]n%]deu(,}:(?jg:.lietypggtgﬁses
sion, would suggest that each one
represents a point of invasion by a germinating spore. This
assumption in general is true. There is a relaton between the
number of viable spores applied to a host plant and the result-
ing number of sori, but the relation is not direct. Fig. 5 shows
graphically the results of tests on 994 pots of oats, illustrating
the relation of number of viable spores applied to the resulting
infection, evidenced by the number of sori produced. In these
studies, when both seedlings and plants at time of heading were
inoculated with crown rust, the number of spores applied and
the resulting sori were counted as previously deseribed. The
degree of infection was found not to correspond directly to the
amount of inoculum applied to the host. At the lowest ficures,
0-15 spores per square cm., 17 sori resulted; between 15-50,
24 gori, and so on, with a constantly increasing rate up to
1,000 spores per square cm. From this point to 6,000 spores

fo. 5 4 3 2 1
sor i

TABLE IIT—INCREASE IN THE NUMBER OF RUST SORI DURING
AN EIGOT-DAY PERIOD

| No. of sori N 5 @ard
per sq. cm. | No. of sori

Source of data at first read- Eell 8. em.
ing 8 days later
Varieties infected with £P. ¢oronata at time of

RERHPRE it v n B T f A T T 00T D i e 0 SET 22 32
Checks infected with P. coronafe................. 36 46
Varieties infected with P. graminis............... il (a)
Checks infected with P. graminis................. 26 (a)
AVETAZE . 1w oo e ettt e e et 25 | 39

(a) The sori became confluent to such an extent that the number could
not be determined definitely.
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the increase is only 18 sori per square cm.

shown.in fig. 5 becomes flattened.

It is a physical 1mpossibility to get
more than a certain number of sori
on a square centimeter, say about 100,
or one to each square mm. It there-
fore makes little difference whether
1,000 or 6,000 spores germinate on a
leaf; only a certain amount of infee-
tion is manifest as sori. The matter
of degree of infection appears to be
largely one of available nutrition.
With the application of many spores,
their germination and resultant inva-
sion of the host soon exhaust the food
supply, the leaf turns yellow, and the
sori resulting from the infection, tho
numerous, are small, or dried and un-
developed. Where only a few spores
are applied to the leaf the resulting
mycelium hag little competition. Be-
g well nourished, it produces numer-
ous sori in concentric and successive
circles about the original point of
eruption. These symptoms of leaf
rust infeetion have been constantly
observed thruout the studies deserib-
ed in this paper. On large, rank
leaves of maturing plants, where the
centers of infection were scattered
and the rust received plenty of food
without taxing the host leaf, sori have
been kept for over a month, all the
time producing fresh crops of spores
while slowly invading the leaf tissues.
In geedlings, however, the progress of
infection of the tissues is more rapid
than in the case of older plants, and
the leaves are soon killed by the rust
when the infection is severe.

COMPARATIVE SUSCEPTIBILITY OF

SEEDLINGS AND OLDER PLANTS

The greater susceptibility of seed-
lings is indicated not only by the
greater degree of rust infection ob-
tained with equal spore applications,

and the curve

60NNepore s

Fig. 5.
relation between
of spores applied to a leaf and
the resulting sporulation. Col-
umns represent the number of
viable spores applied (from 15
to 6,000 per square cm.)
curve represents the number
of sori produced per sq. cm.
(17 to 8&5) by the different
amounts of spores applied.

Graph showing the

the number
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TABLE IV—COMPARISON OF TIME OF INCUBATION OF CROWN
RUST ON SEEDLINGS AND OLDER PLANTS

Older plants Seedlings
SOU"C}? No. days from |No. days from |No. days from |No. days from
of data exposure till exposure till exposure till exposure till
flecks appear sori appear flecks appear sori appear
Varieties 8.2 10.1 5.8 8.9
Checks... 7.4 9.5 4.9 7.8

but by the shorter incubation period. The degree of rust infec-
tion obtained on seedlings as compared with older plants sub-
mitted to equal chances of infection indicates that the seedlings
are slightly more susceptible than the older plants, producing
18 percent more sori than the latter.

The period of incubation of the rust in the leaf also points
to greater susceptibility of seedlings. Table IV shows a com-
parison of the incubation periods of seedlings and older
plants as averaged from 26 sets of checks of the variety Swed-
ish Select, and from over 200 other lots of oats tested in the
greenhouse.

It will be noted in table IV that the incubation period of
crown rust is two days shorter on seedlings than on older
plants. Whether this difference is due to greater and more
readily available food supply in the younger plants or to some
other factor or combination of factors, is a question yet to be
answered.

RESISTANCE OF DIFFERENT VARIETIES AND STRAINS TO
CROWN AND STEM RUSTS

Of the many varieties of oats, some mature before rust be-
comes severe, others resist slight attacks of rust, while still
others exhibit a definite resistance even under the stress of a
severe attack. In order to determine the reaction of the dif-
ferent varieties of oats to rust, a large number of varieties and
selections of oats was sown in the rust nursery in the field for
five years and exposed to severe attacks of rust induced by
artificial methods. Thus it was made possible to compare the
resistance and susceptibility of these varietes to both crown
and stem rust. The data obtained on lots grown during all or
a part of the five-year period from 1914 to 1918 are presented
in tables V to IX, inclusive. Table VIII gives data on hybrids
erown in one or more years from 1916 to 1918, and table IX in-
cludes lots grown only in 1918.

In tables V, VI and VII the percentages of crown and stem
rust shown by the different varieties are given for each year.
The letter ‘T’ indicates a trace of rust, insufficient in amount
to grade numerically. The average of all varieties and the
number of varieties included in the test for each year are



39

shown at the foot of the tables. Maximum percentages attained
during the period are indicated by blackface type.

Table V presents data on the varieties and strains of the red
oat group (Avena sterilis) commonly erown in the Southern
States. Tdhlc VI ineludes those varieties which belong to the
common oat group (Avena sativa). These are grown in the
northern states and for the most part have white or yellow
glumes. Table VII includes the various botanical species and
races of Avena under their Liatin names. Few, if any, of these
are grown commercially in this country. In table VIIT are
recorded the results of tests with certain hybrids between
rarieties of the A. sterilis and the A. sativa groups. These
crosses were made at Cornell University, and the seed was
furnished the writers by Dr. H. . Love of the Plant Breed-
ing Department.

Before discussing the response of the individual varieties and
strains to the rust resistance tests, some gencral relations will
ke pointed out, particularly the comparison between the A.
sativa and A. sterilis groups. The summary fioures are given
in table X for ready comparison.

Table X shows that in each of the five years the average per-
centage of e¢rown rust was lower in the A. sterilis derivatives

TABLE V—PERCENTAGE OF CROWN RUST AND STEM RUST IN-
FECTION ON VARIETIES OF OATS IN THE RUST NURSERY
AT AMES, 1914-1918, AVENA STERILIS*

Mhina of VEMELY \umher ‘Pelc age crown rust?|Percentage stem rust?
%oulce |1914\]91r 19161 ]91(\19]§\1914\]91) 1916(1917]1918
: C. I 6% |90\4o\1»\3n|20\ 3710165 5|75
fvE. 30 (40 (25 (35|10 (15 (20| T | 8|25
Burt Cor. [ ] |10!45 ]380 | ‘ 10| 5|85
BarE C. T 710 |30 |45 |10 |40 30| 1| 5|12 (10 |80
Culberson C. T 651 |25 |40 |65 |35 (50 (10| T | 3| 065
Farly Ripe Cor. (5 |~ |8 ‘ 451251 | 13| 5|60
Fulghum C. 1. 694 | 30 |40 [ 15 [ 65 | 50 | & ‘ 10 | B 0| 90
Golden Rustproof .  |Class 1796 35 | 35 | 5 |55 | 25 | 25 | 10 | 10 | 5 | 65
Ttalian Rustproof C. I 409 [50 [ 2555 (45 | T (20| 2015 | 8
Red Rustproof C. 1. 261 | 40 | 25 |90 | 35| 5 | 30| 20 | 10 | 80
Red Rustproof C. 1. 518 30 11|85 \ 5 3|25 |12 |12 | 40
Red Rustproof G, /L ‘TR0 | 45 | 15 | 80 | | 2 ‘ 20 | 12 2§
Turkish Rustproof | 40 160 |75 | 50 | 15 | 5[ 3 | 5 |85
Turkish Rustproot |C. I 627 [25 (30 [60 70| | 58 | 7| T |85
Turkish Rustproof | [ | \ 65 | 35 | | | | 65
No. of varieties \ 12 ] 12 | 1 \13 12 | 12 , 14 | 14 | 14
Average percentage 28. ‘EH‘} 6‘24 y\ (\ (]Pl 7.5(15.8/ 9.9] 7.5/69.6

* In all of the tables the varieties are arranged alphabetically and, in addi-
tion to the name, certain identification numbers are given. “C. 1.” refers
to the Office of Cereal Investigations. ““S. P. 1.’ to the Office of Seed and
Plant Introduction of the United States Department of Agriculture. The
abbreviation “Cor.”” stands for ‘“Cornell.”” The abbreviation ‘“Minn.” refers
to the accession numbers of the Minnesota Agricultural Experiment Station,
and the Cornell numbers are those of the hybrid series of the Department of
Plant Breeding. The abbreviation ‘“Class” refers to a series of numbers as-
signed by C. W. Warburton to those varieties being grown in his classi-
fication nursery.

2 Figures in blackface type indicate maximum percentage of infection ob-
tained on the variety during the five years.
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TABLE VI—PERCENTAGES OF CROWN RUST AND STEM RUST
INFECTION ON VARIETIES OF OATS IN THE RUST
NURSERY, AMES, 1914-18, AVENA SATIV A

Wains of arlety Nug;bel' {Percent crown rust | Percent stem rust
Source [1014]1915[1916[1917[1918(1914[1915[1916]1917]1918
Abundance Minn. 272 | 20 | 50 I| 42 Ii 65 I| 55 110 | 15 | 12 | 3’[‘ 80
Do C. I 796 75 | 40 | | 0|75
Alberta Class. 1797| 35 ‘ 65| 25|50 | 55|35 | 5| 7|12 | 75
American Banner Minn. 275 | 35 | 55 | 40 ! 45 | 40 f 3|15 15 | 70
Archangel AT Minn. 280 } 25 l 55 | 40 | [40 ] 5] 5 | 4| 580
Archangel x IZarly | | | | | |
Gothland Minn. 305 | 25 | 60 | 55 | 55 | 55 | 3 | 15 5|15 | 85
Bzgmer Minn. 348 | 35 \‘ 35 J 5 7 60 ‘[ 45 | 65|15 | 3 48 ;g
o C. I 806 | 65 | 50 |
Big Four Minn. 354 J' 30 |45 | 15 [ 60 | 55 | 20 { 20 | 4 | 8 | 65
Black Anthony Class. 1804] 20 | 60 ( 35 | 85 } } ‘
Black Beatlty_ , 30 r 50 [ 32 [\ 90 ' |
Black Tartarian 70 | 25 |
Bumper Crop Class. 1791) 35 [ 50 | 65 (75 |55 |20 ( T | 5| 5 | 85
Qhallenge Minn, 273 | 30 | 55 1 25 | 65 | 30 5 “ 15 5110 |85
Clydesdale Class, 1729] 30 | 65 | 40 | 60 | 60 | 15 5 8| 10 | 80
Do Class. 1793| 85 | 40 | 25 (68 | 15 | 25 | 10 | 7| 20 | 95
Colorado No. 9 Minn, 386 | 25 | 50 | 55 | 90 [ 65 | 10 | 15 | 3| 5 | 80
Congueror Class. 1798] 20 | 65 | 40 | 80 | 60 [ 20 | 25 | 6 | T | 90
Danish Gy 1. 798 20 | 80
Danish Giant . 1. 672 5 (10 | 15 5| 85
Early Gothland Minn., 26 10 | 10 8 | 90
English Wonder Class. 1807| 2i 2120 |12 | 5|65
Garton No. 5 C. T. 730 | 20| 5 5 5| 70
Garton No. 396 Minn. 405 | 20| 5|10| 595
Garton Black Rival | 8| 75
Garton Record ¢, 1. 801 20 | 85
Garton Abundance C. I 802 | ‘ 12 | 75
Goldmine i Class. 1805 5 i T| 5| T|75
Green Mountain Tlass. 1799 20 | 20 | | T |85
Green Russian Brook-
ings, S. D.| \ 0] 10
10 Minn. 350] 30 | 1020 2| 565
diobxann, Class. 1808] 2 1| 5] 3| 570
i B Class, 1SOOJ 15 (10| 5| 590
e B Minn, 341 | 3¢ 10 (15| 4| 7|90
LB Minn. 6 0 10 | 15 [ 12 | 10 | 90
FIReA Minn. 340 | ; 15| 15| 3| 5
Rnbsewsit Class. 1728] 30 | 65 | 45 | 60 | 40 |10 | T | 3| 7|90
ey & Rust- Minn. 391 | 85 [ 40 | 25 [ 65 | 30 | 20 |15 | 3 | 8 | 90
o skamit C. I 701 (30|50 (15|40 (30| 2| 5| T | T |10
e C. I 701 ‘ 65 | 25 | | 25 | 25
o c. I 701 25 | 15 | %5 | 35
Do L -aon [t | 60 | 30 | |15 |8
Shadeland Challenge |G- L 680 | 35 | 65 | 55 | 65 | 30 | 8 | T | 215 | 90
Shadeland . Olimax C. I 681 {30 (40 |30 (60|25 10|10 |12 5|75
hiraff d Minn. 285 | 30 | 40 | 40 | 55 | 20 2|10 | 5| 5|85
Shireff 40 | 70 | 55
Siberian ‘ 70 | e 6 5 | 60
Silvermine < m 5 X
crm| | |mlEl,| | %88
Sparrowbill C. I 80 , . s g v
Storm  King |25 (60|60 75|35 0110| 5| 2| 5|75
Stube 3560 |40 )65 | 35 )10 | T 6|10 78
Swedish Select Minn. 271 (30 [ 50 (45 |65 |45 | 5 |15 | 12 | 12 | 65
A R Minn, 271 | 50| 40 18 | 60
i in Black HybridC. 1. 830 | 30 | 40 5
wll?toe“Bmmnz\:L Minn, 403 | 30 | 45 | 25 | 65 | 30 | 25 | 25 4|10 | 40
‘White Russian ‘ |‘ } ig l 38 ‘ | ‘ % 8?
2 | 30 | 35 0|20
Do | 40 | 30 0| 5.
Do ! 40 | 45 0| 5
Do C. 1. 551 | 55 | 40 | 0] 2
Do | 8550504060 |10 0| T | 0| 5
- Do [ 20 | 42 | 25 | 0| 5
Do C. 1. 300 | | 60 | 25 0| 5
Do C. L 800 | | | | 70 | 25 | \ | | T| 5
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- \Tu‘“b'ﬂ | Percent crown rust Percent stem rust

Name of variety
bouloe 1914[1915(1916(1917(1918(1914[1915[1916(1917]1918
‘White Wonder Minn, 2 | 30|65 |30 |70 [ 25| 83 (10| 5| T | 80
Yielder (i 1 W | | | | 78 | 40 | 110 | 90
(Unnamed) .t 130 |6 | 40 | 60 | 45 | 5|10 | 8|10 } 75
Do G Ll \ 30 | 6 50 | 68 | 50 i 15 | 10 | 10 ’ 12 | 60
Do (0 i s 65 | 40 ‘ 35 (30| 1| 5| 4| T |60
Do B 35 40 |50 | 68 [ 35| 20| 5| T | T |50
Do (ot 10 ‘ \ | | 70 ‘ 35 ‘ T | 30
Do e | } | &8 | 40 T | 10
Do Minn, {25 (60 |32 8 (25| 5 (15| 2| T |75
Albion lowa ‘ ’ 55 | 60 ‘ 25 ‘ . ‘ 3] 0|40
Do Towa ‘ ‘ 60 | 10 | 0 } 60
Richland lowa | | | 65 | 68 | 10 | l |8 )70
No, of varieties [ 45 | 45 | 50 | 77 | 72 3 | 47 | 73 | 71
Average percentage ' [29.6/54.4/39. em 6/38.0/11.2 r| 5.5] 6.7/61.1

than in those of A. sativa. The figures are certainly significant,
for the number of varieties is representative in both species,
and the constancy of their relation in each of the five years
leaves no doubt that a greater degree of resistance to crown
rust exists in the varieties of A. sferilis than in those of A.
sativa. This fact was suggested by the junior author (19) as
a result of greenhouse studies made in 1915-1916.

The occurrence of the maximum figures for crown rust in
1917 requires some explanation. In that year special atten-
tion was given to crown-rust infection. Large quantities of
spores were put on the plots daily or every other day during
the growing season. Abundant infection resulted, with the
consequence that the percentage figures were frequently higher

TABLE VII. PERCENTAGES OF CROWN RUST AND STEM RUST
INFECTION ON OATS IN THE RUST NURSERY, AMES, 1914-18
MISCELLANEOUS SPECIES

Name S, PoL \ Percent crown rust | Percent stem rust
Number f1914\] 915(1916]1917|1918 1914i191’)\191ﬁ'1917\1918

A. barbata 25354 ‘\ 10 1 30 / 5| T \‘ 12 | 3 “ ‘1’3 \ 1 30 | ‘]13
A. brevis | 40 0| 10 0| 0] 15
A. fatua | 30 |30 | 65|90 |60 |15 | 5 ’ 12 | T | 95
A, nuda 65 | 25 25
A. orientalis flava ’ } 75 | 40 |-65 | 45 iy { i 5 | 50
A. orientalis mutica 70 | 40 \ 40 3(_) N T 0 5
A. orientalis obtusa —— ‘ 65 | 25 gg 42?) 10 2 T) | ‘?g
A. purpurea 2535 |
A, 301‘329'&@ 70 | 40 < 50 30 10 8 5| 70
A. lartarica tristis i 80 | 40 | 70 | 50 10 8 § 50
A, sativa 25356 | 75 40 A 5 | 40
A. sativa aristata 40 | 40 ‘ 80 | 50 10 1 }9 40
A. sative aurea 80 | 29 70 | 30 10 :% 25 | 65
4. sativa brunnea 2()] (_i()) \ gg 55 %g ’I'% | 3 83
A. sativa grisea ! 70 | 8 5
A. sativa Krausei Z§ :9))0 ! 50 | 25 19 4|20 | 85
4. saliva montana 5 | 30 §5 40 2(; g 10 ;f‘)
A. salive mutica 65 | 3 ‘I 53 {”7% Elom L 75
4. sativa nigra ‘ | fy | 65 | 60 | 57J \ | B | % i) 2
A. saliva praegravis | 57 | 45 ' 86 1 16 - Al
A. sativa setosa . 75 ;1;: bz 45 3
A. sative trisperma 30 | 20| 5 30 | 35 | 10 | 85
No. of varieties | 2119 | 19 22 | 21 2119 | 19 ’ 20 22
Average percentage 120.0(58.5/37.7|58.9/34.6| 9.0[10.7| 6.3] 8.1[57.0
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TABLE VIII. PERCENTAGE OF CROWN RUST AND STEM RUST
INFECTION ON HYBRIDS OF AVENA SATIVA AND AVENA
STERILIS OBTAINED IN THE RUST NURSERY, AMES, 1916-18

c | Percent of Percent of
e 01‘3‘311 crown rust stem rust
No.

1916 (1917 [1918 [1916 1917 [1918
Burt x Sixty-Day " 2600 207 7o 30T T 65
Early Ripe x Sixty-Day | 514 | 10| 60| 0 5] b 20

Do 514 | 10 75 0 3 i iy
Do 514 | 60 25 LA 15
Do 514 | 5 62 15 15 s 15
Do 514 | 5 60 20 20 ’ 10 50
Do 514 | 65 5 5 30
Do 514 ‘ 65 | 10 5| 50
Early Champion x Early Ripe 10 60 | 25 12 8 70
Do | | LT 5] 8 5 70
Do | { 10 I 70 20 14 5 60
Do \ 30 85
Early Ripe x Black Mesdag 535 | 20| 70 10 iy 50
Do 535 5 70 30 | bLiy 70
Do 535 5 72 15 | T 70
Do 535 5 l 75 | 25 18 8 85

Do 535 8 70 | 10 10 5
Do 53, | 5| 72] 30] 12] T | 80
Do 535 78 20 15 80
Do 535 75 15 b Vi)
Do 535 75 40 10 80
Do 535 15 90
Do 535 25 80
Swedish Select x Early Ripe 543 5 65 25 10 5 25
Do 543 b 65 20 12 20 60
Do 543 25 80
Do 543 5 62 20 20 40
Do 543 25 65
Do 543 65 20 20 50
Do 543 15 50
Do 543 40 80
Do 543 35 50
Do 543 30 65 15 ah
Do 543 40 50
Do 543 65 25 30 65
No. of varieties ’ e 26 34 14 26 33
Average percentage | 8.4 |66.4 [22.5 [11.1 | 7.5 [59.4

than in other seasons. In 1918, the same methods were followed
with stem rust, and with the same result.

The 1918 season was the only one in which the attack of stem
rust was severe enough to prove conclusively the resistance of
the White Russian oat, tho the results in previous years had
suggested it. The maximum percentage of infection with stem
rust is, therefore, a safer criterion of the resistance of any
variety than the five-year average.

In the case of crown rust, the five-year averages probably
furnish a fairly correct idea of what might be expected of a
given variety or group of varieties under normal field condi-
tions. The maximum figures serve to show what may be the
reaction of any variety under the most severe rust attack.
Fewer varieties can be described as resistant on the basis of
the maximum figures than when the averages are used as cri-
teria. Fig. 6 shows graphically frequencies of the different
maximum percentages on all the varieties during the five years.
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Fig. 6. The frequency of the different maximum percentages of crown

and stem rusts occurring in the varietal experiments.
From this graph it will be seen that few varieties show a low
degree of rust infection. In the case of crown rust, the greatest
number became rusted from 50 to 70 percent, while in the case
of stem rust, the greatest number were rusted from 50 to 95
percent.

Only a few varieties are outstandingly resistant to either
rust and none, with the possible exception of Ruakura and
Avena barbata, show marked resistance to both rusts.

It has been shown that, as a whole, the A. sterilis group is
distinetly more resistant to erown rust than the 4. sativa group.
Of the varieties of red oats, the following are of particular inter-
est, because of their relatively low averages of crown-rust in-
fection :

Appler, C. 1. No. 695, 5-year average, 24 percent; maximum in-
fection, 40 percent.

Burt, 5-year average, 28 percent; maximum infection, 40 per-
cent.

Burt, C. I. No. 710, 5-year average, 31 percent; maximum in-
fection, 45 percent.

Early Ripe (Cornell) 3-year average, 28 percent; maximum in-
fection, 45 percent.

Golden Rustproof, Class No. 1796, 5-year average, 31 percent;
maximum infection, 55 percent.

Of the varieties of A. sativa showing resistance to crown rust,
only two deserve special mention. These are:

Green Russian, Minn. No. 350, 5-year average, 28 percent;
maximum infeetion, 50 percent,
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Ruakura, C. I. No. 701, 5-year average, 33 percent; maximum
infeetion, 50 percent.

Of the species and varieties of Avena grown under their
Latin names, three have shown marked evidences of resistance
to erown rust. They are:

A, barbata, S. P. 1. No. 25354, 5 year average, 9 percent; maxi-
mum infection, 30 percent.

4. sativa trisperma, 3-year average, 18 percent; maximum in-
feetion, 30 percent.

A. brevis, 4-year average, 15 percent; maximum infection, 40
percent.

The lot of A. barbata is probably more resistant to erown rust
than any other which has been studied in the rust nursery dur-
ing the five-year period. Three individual plant selections were
made in 1917, and a row from each was grown in 1918. As
seen in table IX| all of these were graded O, indicating immun-
ity under the conditions existing in 1918, which were not as
severe as those of 1917, but still offered ample opportunity to
distinguish resistant strains from susceptible ones.

TABLE IX. PERCENTAGE OF CROWN RUST AND STEM RUST

INFECTION ON VARIETIES AND SELECTIONS TESTED
ONLY IN 1918 IN THE RUST NURSERY AT AMES

| Selec- |Cr'wn| Stem | Selec- |Cr'wn| Stem
Name [tion No.| rust | rust Name |[tion No.| rust | rust
Bicknell 40 | 90 White Russian [102 1/2-4| 30 2
Black Mesdag 10 | 80 Do 102 1/2-5| 35 b
Black Tartarian 85 Do 102 1/2-6| 25 2
Daubeney 35 70 Do 102 1/2-7| 30 5
Early Champion 20 60 Do 103-2 45 5
Early Gothland 40 Do 103-3 45 5
Green Russian 50 25 Do 103-4 30 10
Do 45 Do 103-5 40 i
Do 45 10 Do 106-2 30 10
Do 50 5 Do 106-83 | 35 5
Joanette 40 50 Do 106-4 | 30 10
Probsteier 55 55 Do 107-2 | 25 | 40
Siberian 5 60 Do 107-3 | 25 5
Sixty-Day | 5 35 Do 108-2 | 30 10
Swedish Select I 30 65 Do 108-3 | 30 10
White Russian 50 Appler | | 55 80
Do 15 Do | 50 80
Do 20 2 Do 65 80
Do 30 10 Do 35 it
Do 15 2 Do 30 65
Do 10 40 Do 25 75
Do 20 10 Do 40 85
Do 98-2 55 0 Do 40 80
Do 98-3 45 10 Do 50 90
Do 98-4 40 il Do 65 85
Do 98-5 30 2 Ttalian Rustpr’f 25 90
Do 99-2 40 2 Red Rustproof 40 85
Do 99-3 30 10 Turkish Rustp’f | 65
Do 99-4 35 10 Avena barbata 0 20
Do 101-2 40 10 Do (1 10
Do 1101 1/2-2 45 2 Do 1] 10
Do 101 1/2-3| 50 30 Do 0 15
Do 101 1/2-4| 40 5 Avena fatua 40 50
Do 101 1/2-5| 40 ) Avenaludoviciana| 25 75
Do 102-2 30 1 —
Do 1102 1/2-2| 35 5 No. of varieties 69 ‘ 67
Do [102 1/2-3[ 30 5 Average percentage 33.1 | 32.8
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In 1918 (table IX), a number of varieties then grown for
the first time had low percentage figures, but as the epi-
demic was not an extremely severe one, these results cannot
be taken as final. The strains of Appler obtained from San An-
tonio (Texas) Experiment Farm did not manifest a high degree
of resistance to crown rust, altho three of them had relatively
low percentages of infection, 35, 30 and 25 percent, respectively,
as compared with some of the others, which ran as high as 65
pereent.

It has been shown that the comparisons of group averages of
resistance to crown rust do not hold for stem rust. It is also
true that none of the individual varieties of A. sterilis have
shown resistance to stem rust, tho one strain of Burt and several
selections of A. sativa and A. sterilis hybrids have averages
slightly lower than the group average, probably due to their
rust-esecaping character, which results from their early maturity.

Altho the number of A. sterilis varieties studied was not
large, it represents fairly well those types commonly grown in
the United States, and certainly does not suggest that we
should look for, or expeet, resistance to stem rust among the
red oats.

Among the species and botanical varieties of Avena tested,
there are three which deserve special mention because of their
resistance to stem rust. These are:

4. barbata, S. P. 1. No. 25354, 5-year average, 15 percent; maximum in-
fection 30 percent. Tour individual plants of this strain sclected in 1917
produced progenies in 1918 which graded 20, 10, 10, and 15 percent, al
showing marked resistance in a season when the infection was abundant.

A. orientalis mutica, 4-year average, 1.25 percent; maximum infeetion, 5
percent. This strain showed infection only in the severe rmst year, 1918,
the infection then being only 5 percent. This variety, a side oat, well ex-

emplifies the extreme resistance, amounting almost to immunity, exhibited
by certain other varieties of side oats.

A. sativa grisea, 4-year average, 2.5 percent; maximum infection 10 per-
cent. An individual plant selection made in 1916 was free of stem rust
in both 1917 and 1918. Under the 1918 conditions this is quite remarkable,
and indicates an abilty to withstand an extremely severe rust attack.

TABLE X. AVERAGE PERCENTAGE OF CROWN RUST AND OF
STEM RUST INFECTION RECORDED IN RUST NURSERY
STUDIES OF AVENA STERIRIS AND A. SATIVA
GROUPS OF OATS AT AMES, 1914 TO 1918

Group | 1914 | 1915 | 1916 | 1917 | 1918 | Average
CROWN RUST
A.  sterilis | 28 | 39 24 } 58 ] 31 | 36
A. sativa | 30 b4 39 59 38 44
STEM RUST
A. sterilis T ’ 16 | 10 ‘ 7 ‘ 69 ‘ 22
A. sativa 11 10 b 6 61 19
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Most of the varieties of A. sativa are susceptible to stem rust,
but certain varieties show well defined resistance. Among these
are:

Green Russian, Minn. No. 350, 5-year average, 19 percent, maximum in-
fection, 65 percent. Flecks characteristic of resistance were observed on
plants of this variety grown in the rust nursery. Two selections made in
1917 showed only 10 percent and 5 percent infection in 1918, giving fur-
ther evidence of the resistance of this variety. A strain obtained from
L C. Burnett of the Iowa Agricultural Experiment Station and grown in
the 1918 rust nursery also had but 25 percent infection, as compared with
many varieties running up to 90 percent.

C. I. No. 749, 5-year average, 15 percent; maximum infection 50 per-
cent. Two selctions made in 1916 cach had only a trace of stem rust in
1917, and in the severe epidemic of 1918 were graded 30 percent and 10
percent, both of which figures are significantly low.

Ruakura, C. I. No. 701, 5-year average, 3 percent; maximum 10 percent.
Three selections made in 1916 and grown in 1917, were graded 25, 25 and
15 percent, respectively, and in 1918, 25, 35 and 35 percent, respectively.
These 1918 figures are distinetly lower than the average for the group in
the same year. This variety is really resistant to stem rust, in addition
to showing a fair degree of resistance to crown rust. As has been stated,
this variety and A4vena barbata are the only sorts tested which seeem to
possess resistance which is not limited to a single rust species.

Probably the most outstanding and at the same time most
valuable oceurrence of the character of resistance to stem rust
is in the White Russian' variety of the side-oat group. Omne of
these strains has a five-year average of only 3 percent and a
maximum of only 10 percent. Because of the importance of
these results, the figures for each year are given in some detail,
as follows:

In 1914, the average stem-rust infection on the forty-three
lots of the Awvena sativa group was 11.2 percent, while of the
twenty-six rows of White Russian grown in the rust nursery
as checks, none had more than a trace of stem rust and most of
them were graded 0. In 1915 the average percentage of stem-
rust infection on the forty-three lots of common oats was 10.5
percent, while on the twenty-six rows of White Russian again
grown as checks, one was graded 0, fourteen were recorded
ay ‘““trace,”” six as having 5 percent infection, and one, 10 per-
cent. In 1916, the percentage of stem-rust infection on the 47
lots in the experiment averaged only 5.5 percent; the epidemic
was a very light one. The three rows of White Russian grown
were almost entirely free of stem rust thruout the season, a
significant fact even with so little stem rust present. In 1917
the average percentage for the 73 lots in the test was 6.7 per-
cent, while all three of the rows of White Russian were free
of stem-rust infection. In 1918, as mentioned above, the epi-
demic of stem rust was very severe, the average for the 71 lots

1 Apparently identical with White Tartar, as described by Itheridge (7,
p. 161).
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being 61.1 percent. The White Russian variety showed but
5 percent of infection, a figure of especial significance, which
confirms and emphasizes the less definite evidence of resistance
obtained in previous years when the epidemics were not severe
enough to afford a basis for final conclusions,

In 1917 several additional strains of the White Russian type
were secured from seedsmen and experiment stations and were
included in the rust nursery. The results are shown in table
IX. Of the seven strains added, five were graded as 0 and
two as trace, and in 1918, under the severe epidemic, six of
these strains had less than 5 percent of stem-rust infection, the
seventh having 20 percent. A number of individual plant
selections made from these rows in 1917 showed extreme resist-
ance when grown in the 1918 rust nursery.

Of thirty selections (see table IX) all but three showed 10
percent or less of stem-rust infection, in entire agreement with
results already obtained and in sharp contrast to other varieties
grown in near-by rows.

The resistance of the White Russian oat to stem rust has
been proved to hold in other localities and in two different sea-
sons.  Pure lines of several oat varieties were grown in nursery
rows at the Minnesota Agricultural Experiment Station in
1917, when the natural infection of stem rust was sufficient to
afford an accurate comparison of the resistance of the varieties.
The plants were frequently observed during the season, and no
stem rust was present on any of the rows of the White Rus-
sian oat, in sharp contrast to those of other varieties. The per-
centage of stem rust infection on these varieties at time of
maturity is shown in table XI.

The figures in table XI again show the distinet resistance of
‘White Russian and the contrasted susceptibility of other var-
ieties of the common oat group and of varieties of the red oat
group, some of which are resistant to crown rust.

The Ruakura oat, tho not entirely rust free, showed a lower
percentage of stem rust than any variety in the experiment
except White Russian.,

TABLE XI. PERCENTAGE OF STEM-RUST INFECTION ON OAT

VARIETIES GROWN AT THE MINNESOTA AGRICUL-
TURAL EXPERIMENT STATION IN 1917

v, z P e .
Avena sterilis 0??52::,&?.%; Avena sativa O'Ff eég;gt_iﬁgt
Varieties infection Varieties infection

Appler 60 Black Tartarian 80
Burt 30 Ligowa 60

Do 40 Sixty-Day 40
Cook 40 Swedish Select 50
Fulghum 30 White Russian 0
Golden Rustproof sel. 50 Ruakura | 20
Italian Rustproof sel, 40
Red Rustproof sel. 60
Turkish Rust proof 60
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In addition to these studies, field observations have been made
in two states which further substantiate the fact that the White
Russian oat is resistant to stem rust. In August, 1916, about
ten fields of late side oats, probably White Russian, located be-
tween Brookings and Watertown, 8. Dak., were examined for
rust. Not a trace of stem rust was found on plants typical of
the variety, while plants of other types, particularly the wild
oat, Avena fatua, growing in the same fields, were heavily in-
feeted. Many fields sown to other varieties, as Swedish Select,
Sixty-Day, and other open-panicled types in the same region
were found to have a fairly abundant infection of stem rust.

In August, 1917, notes were taken on the percentage of stem-
rust infection on the oat varieties grown in field plots at the
Ashland (Wis.) Branch Experiment Station.! Of more than
twenty plots carefully examined, all except White Russian
showed some stem-rust infection, the amounts ranging from a
trace to 80 percent. The four plots of White Russian, includ-
ing one grown under the name of Giant Swedish, were en-
tirely free from stem rust. Plate I is from a photograph of typ-
ical culms collected from these plots, and shows clearly the
marked rust resistance of this variety.

These conclusions are in agreement with the observations of
earlier workers in this and other countries, whose results were
given in the reviews of literature. Greenhouse experiments con-
ducted by the junior author (19) also gave indications of the
resistance of the White Russian oat to stem rust.

There are other varieties of side oats, some of them grown
under the name White Russian, which are not resistant to stem
rust, and care should be taken to avoid confusion of names
and varieties. KFrom what has been said, it must not be con-
cluded that the White Russian oat is suitable for general cul-
ture in the chief oat-growing districts. As has been stated,
‘White Russian is a side oat, known botanically as Avena sativa
orientalis. This variety has long and rather plump white kern-
els and is very late in maturing. Because of its late maturity,
it is not a high yielder, particularly in localities subjeet to mid-
summer drought and hot winds. In such districts, early oats
such as Sixty Day or Kherson are much more likely to succeed.
In the central and north-central United States, also, such var-
ieties as Swedish Select, Silvermine, Victory, and others will
usually outyield the much later White Russian. However, it
is grown to some extent in Canada and in Minnesota, Wiscon-
sin, and North and South Dakota. At the Belle Fourche (8.
Dak.) Experiment Farm, Aune (1) reports that in a five-year
experiment on irrigated land, this variety produced the high-

1 Grateful acknowledgment is made to Supt. . J. Delwich.e for his courtesy
in offering the use of facilities of the station and for specimens.
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est average yicld. Thus there may be certain areas in the north-
ern part of the spring-oat. district where late side oats will yield
well. If stem rust is a serious limiting factor in such localities,
losses from it can be greatly reduced or entirely avoided by
growing the rust-resistant White Russian oat.

Probably the greatest potential value of this resistant variety
lies in the use which plant breeders may make of it. The fact
that it is a white oat in the 4. sativa group simplifies the prob-

o . 1t \?

Plate I. Culms of oats from Ashland, Wis., in 1917, showing different de-
grees of resistance to stem rust.

10 and 18, White Jewel (side oats), susceptible.

14. Early Gothland, susceptible.

16. White Russian, resistant.

22. Q@Giant Swedish (similar to White Russian), resistant.
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Fig. 7. The relation of the time
of planting to the degree of rust
infection.

P. graminis. Stem Rust:

1. Average percentage of rust on
early-sown varieties.

2. Averae percentage of rust on
late-sown varieties.

P. coronata. Crown Rust:

3. Average percentage of rust on
early-sown varieties.

4. Average percentage of rust on
late-sown varieties.

0

lem of producing thru hybrid-
ization a resistant variety for
northern conditions which is
carlier and higher in yield than
‘White Russan.

EFFECT OF DATE OF SOWING
ON AMOUNT OF INFECTION

The effect of early or late sow-
ing on the amount of rust in-
fection is shown by a survey of
the data from the 1918 rust
nursery. Duplicate plots were
sown at intervals of two weeks.
Early in the season the differ-
ence in the growth of the two
sets of plants was quite notice-
able, but toward the end of the
season there was little difference
in size, general appearance, or
date of ripening. The plots
were side by side and were

equally exposed to infection. A
close inspection, however, revealed a difference in the total de-
gree of rust infection on the early- and late-sown plots.

This relation is shown graphically in fig. 7, which indicates
that in the case of stem rust, the later plots were more heavily
infected. Some of this difference is, no doubt, due to an in-
creased effort to infect the later plot, but it is to no less an ex-
tent due to the nature of the rust and its relation to the host.

On the other hand, the earlier sowings were more heavily in-
fected with crown rust.

GREENHOUSE STUDIES OI' RUST RESISTANCE OF OAT VARIE-
TIES

In addition to maintaining cultures of rust in the greenhouse
with which to start field infection in the spring, a study of the
varietal resistance of oats in the seedling and heading stages
was made under greenhouse conditions during the winter of
1917-1918. The results of these comparative greenhouse tests
are given in tables XII to XV, inclusive. The varieties used
in this work were the same as those used in the rust nursery.
The seedlings were grown to the height of 4 to 6 inches and in-
oculated only with crown rust. Four plants of each variety
were grown in 8-inch pots and inoculated with stem and crown
rusts when beginning to head.
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With such large numbers of p]ant% as were used in these ex-
periments it was impossible to give all equal opportunity for in-
fection. Therefore, the results in rust percentages for each
variety are not tabulated. The figures given for each variety
were determined on the basis of the amount of infection shown

TABLE XII. RUST RESISTANCE OF OAT VARIETIES AS TESTED
IN GREENHOUSE IN 1917, COMPARED WITH RESISTANCE OF
SAME VARIETIES TESTED IN RUST NURSERY IN 1918
AVENA STERILIS

Percent crown rust Percent stem rust

Variety SO(I).I;"CG (ireen- Rust Green- Rust

house nursery house nursery
FOARTRn, | oy 1918 1917 1918
Appler e 1, 685 44 } 37 14 | 95
Burt G- F10 52 100 17 107
Culberson G I 65 || 119 | 116 114 ) 82
Early Ripe Cornell | 64 | 65 | 86 63
Fulghum C. I. 694 | 41 | 112 | 78 114
Golden Rustproof Class. 1796 55 87 | 182 82
Italian Rustproof C, 1. 409 54 9% | 48 107
Red Rustproof e. 1. 261 65 | 95 159 101
Do C. 1. 518 | 13 | 27 100 51
Turkish Rustproof | 64 | 115 | 68 107
Do c. 1. e | 4 | ‘so | 1 82
Average | | 55 | 84 | 85 | 90

TABLE XITII. RUST RESISTANCE OF HYBRIDS AS TESTED IN
THE GREENHOUSE, 1917, COMPARED WITH THE SAME HY-
BRIDS TESTED IN THE RUST NURSERY, 1918
A. SATIVA x© A. STERILIS HYBRIDS

Percent of crown rust Percent of stem rust

— Green- " Rust Green- Rust
Hybrid | house 11urse1 v house nursery
| 1917 | 1917 1918
Larly Ripe x Black Mesdag 144 61)‘ 100 82
Do | 54 70 14 89
Do 70 | 65 86 89
Do 92 67 57 107
Do 59 40 186
Do 52 137 35 101
Do 42 75 43 101
Do | 111 65 28 95
Do 150 42 73 101
Do 103 122 71 51
Do 105 88 21 101
Iarly Champion x REarly Ripe 66 92 27 89
Do 83 15 43 %9
Do 73 62 10 76
Do 7 62 10 107
Early Ripe x Sixty-Day 109 77 40 19
Do ‘ 82 75 55 19
Do 46 T0 82 63
Do ‘ 79 32 38 38
Do 63 60 123 63
Swedish Select x Iarly Ripe | 76 67 79 31
Do 87 52
Do 69 77 146 63
Do 50 80 107 51
Do 30 75
Do 83 90 53 69
Do 102 155
Do 66 95 121 | 82
Average | 76.8 73.8 | 65.9 | 4.0
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TABLE XIV. RUST RESISTANCE OF OAT VARIETIES AS TESTED
IN THE GREENHOUSE, 1917, COMPARED WITH SAMI
VARIETIES TESTED IN RUST NURSERY, 1918
AVENA SATIV A

Source | Derce L“},Lli’,‘&lj‘jt Dercent stem rust
Variety or (il een- Rust ‘5 (Jll een-~ Rust
' Numb ouse | nursery 10use nurser
Number | o7 | "19i8° | 1917 1018
Abundance Minn, 272 22 I 82 101
Do C. L 796 | 115 ’ 69 95
Alberta L‘L 55, 179 “ 100 | 64 98
Albion fowa 103 | 78 | 48 51
Do Do [ B e 76
American Banner Minn. 275 | 100 50 89
Archangel Minn. 280 | 75 93 101
Archangelx Early Gothl'd; Minn, 305 | 120 150 107
Banner [Minn, 348 [ 120 157 9
Big Four ‘)Imn. 354 | | 142 78 82
Bumper Crop (Class. 1791 120 |
Challenge {Minn. 273 87 69 107
Clydesdale Class. 17291 125 78 101
Do Class. 1793| b 35| 120
Colorado No. 9 inn. 386 | 136 98 101
Conqueror Class, 1798 | 162 146 114
Danish L 708 127 62 101
Danish Giant C. L 672 150 HH 107
Early Gothland Minn., 26 12h 131 114
nglish Wonder Class. 1807 136 62 82
Garton No. b5 [C. I 730 | 117 86 $9
Garton No. 396 ; Minn. 405 125 20 120
Garton Record |C. I 108 189 107
Goldmine {Class. 1805 70 856 96
Green Mountain |Class. 1799 110 69 107
Green Russian Brookings 27 62 82
Do | Minn. 350 150 )
Do @t | .28 1 1R
Do 160 [ 11 6
Johnson | 162 | 51 89
Junghans | 120 45 | 114
King Oscar 95 54 ] 114
Ligowa 82 31 | 114
Pickett 125 112 114
Richland 35
Roosevelt 62 52 114
uakura Rustproof 117 17 12
Do 98 17 3
Do 52 17 44
Do 87 71 44
Shadeland Challenge 92 65 114
Shadeland Climax I 80 76 95
Shireff ?l\Imn 42 |
Silvermine 67 104 | 6
Sparrowhbill i (_‘. L | 80 55 107
Stormking | 108 | 82 95
Swedish Select Minn. | 90 | 70 32
Do Do | 90 T4 76
White Russian 130 59 101
Do 80 52 1
Do <2
Do | 80 21 8
Do 95 28 6
Do 87 20 2
White Tartarian I 13% 76 6
Do [ 75|
Do 55 139 6
Do ‘ 52 57 6
White Wonder \lmn, 299 { 100 107 101
Yielder L 789 | 122 | 103 114
(Unnamed) (‘ 1. 601 | 60 | 161 95
Do C. I 603 | 98 153 95
Do C. I. 609 | 156 65 76
Do C. I 749 | 87 114 76
Do Do 105 202 3
Do Do 1067 |
Do Minn. 343 130 | 75 12
Vilmorin’s Black Hybrid [C. 1. 830 | 110 | 62 51
Average | | 101 | 75 75
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TABLE XV. RUST RESISTANCE OF MISCELLANEOUS SPECIES
OF OATS AS TESTED IN THE GREENHOUSE, 1917, COMPARED
WITH THE SAME SPECTES TESTED IN THE RUST
NURSERY, 1918

Miscellaneous Species

|Percent crown rust|Percent stem rust

| Source

Variety or Green- Rust Green- Rust
Number house nursery house nursery
1917 1918 917 1918
A. barbata S.P.I. 25354] 30 | ifly2 | 24 | 12
4. fatua 101 156 119 195
A. orientalis flava 46 80 26 63
A. orientalis mutica 9 97 9 6
A. orientalis obtusa 78 20 143 101
A. orientalis tristis 57 195 92 63
A. purpurea S.P.1. 25357 40 150 11 57
A, sative S.P.I 25356 56 130 14 51
A. sativa aristata 96 115 88 51
A. sativa aurea 82 110 52 82
A. sativa brunnea 93 117 57 107
A. sativa grisca 63 95 25 0
A. sativa krausei 84 82
A. sativa montana 66 | 150 100 89
A. sativa mutica 87 98 82 90
A. sativa nigra | 10 95
A. sativa praegravis 73 114 | 62 104
Average | | 66.3 | 107.8 | 5H57.1 | 72.9

by the check, arbitrarily fixed at 100 percent. Thus twenty or
thirty varieties and several checks (Swedish Select) might be
exposed to infection in moist chambers one day and another lot
exposed to a different amount of infection another day, while
the varieties in the rust nursery received still another amount
of infection. As the checks in each case were all of the same
variety, the most satisfactory method of estimating relative de-
grees of infection was that just stated.

Notwithstanding the fact that the greenhouse studies were
conducted under conditions differing from those in the field
and that the results represent but one season’s work, the simil-
arity between the results and those obtained in the field is
noticeable. Particularly is this true in the group averages for
crown rust shown in table XVT,

The red-oat group, as in the five year nursery averages, main-
tains a comparatively greater resistance to crown rust in the
greenhouse.

It is interesting also to compare the degree of rust on cer-
tain outstanding varieties that showed resistance in the field and
to note that resistance is exhibited in the greenhouse in these

TABLE XVI. AVERAGE PERCENTAGE OF CROWN RUST ON
VARIETIES OF AVENA STERILIS AND A. SATIVA IN
GREENHOUSE AND FIELD

Groups In g{gia}rlhouse ‘ Rust mfl‘sery
Avena sterilis 55 o1
A. sativa 70 101
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varieties. Thus Avena barbate shows its usual resistance to both
crown and stem rust. Awvene sativa grisea and Avena orientalis
mutice in greenhouse cultures showed a similar degree of resist-
ance to stem rust to that exhibited under field conditions. Of
the other varieties, Appler, one strain of Red Rustproof and
Ruakura show comparatively the same degree of resistance to
crown rust whether grown in the field or in the greenhouse; and
Green Russian and White Russian manifest the same resistance
to stem rust in the greenhouse as in the field.

On the whole, the results in the greenhouse are quite com-

Plate II. Figs. 1 and 2. Infection in Greenhouse.
Fig. 1. (on left) Puccinia graminis on Avena fatua.
Fig. 2. (on right) Puccinia coronato on Avena fatua.
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parable to those in the rust nursery and may be considered as
a confirmation of that work. In Plates II, 11T, IV, and V are
shown representative infections obtained on different varieties
and the checks in the greenhouse studies.

Plate TII. Puccinia coronata infection in the
greenhouse on variety White Russian. Note that
stems are clean of P. graminis, tho exposed to
spores resulting in 25 percent infection on checks.
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SUMMARY

1. Little work has been domne, either in Europe or America,
on the comparative resistance of varieties of oats to e¢rown and
stem rusts. During the five years from 1914 to 1918, inclusive,
such a comparison has been made on some 200 lots of oats at
the Towa Agricultural Experiment Station and, tho the results
were obtained only under Iowa conditions, it is believed they are
indicative of the general reaction of these varieties to rust.

Plate IV. Type of Puccinia graminis infection
on checks of the greenhouse varietal experiments.
Variety Silvermine.
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2. In obtaining artificial infection in rust nursery and
greenhouse, different methods are applicable, tho the use of a
spore blower was found most satisfactory. By this method a
uniform distribution of the spores may be obtained and possible
injury to the spores applied in water suspension is avoided.

3. The degree of rust infection was estimated aceording to
the scale used by the Office of Cercal Investigations of the U.
S. Department of Agriculture. Additional estimates were also
made by counting the number of sori per square centimeter of
leaf surface on each variety. In the majority of cases one sorus
appears on each fleck, at first. The number of sori may in-

Plate 1II. Type of infection secured in green-
house. Puccinia graminis on the variety Conqueror.
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crease as much as 56 percent eight days after the appearance
of the first sorus. To obtain uniform results, therefore, the
percentage of rust on different plants should be estimated at
equal periods of time after infection.

4. The ratio between amount of infection and the number
of viable spores applied to susceptible host tissue is direct when
a small number of spores is applied, but with larger numbers
this ratio is not maintained.

5. The greater susceptibility of seedlings is suggested not
only by an average of 18 percent more rust obtained on them,
but by the shorter incubation period of the rust. The incu-
bation period on seedlings is two days shorter than on half
grown or older plants.

6. Altho the manifestations of resistance to rust in field
and greenhouse were comparable, yet they were more marked
in the field. In the case of erown rust only a few varieties
showed a high degree of resistance, the great majority averaging
between 25 and 70 percent of infection. Awvena barbata was
the most resistant oat. Other outstanding varieties manifest-
ing resistance to crown rust were the varieties Appler, Burt,
Early Ripe, Golden Rustproof, Green Russian, and Ruakura,
and the species A. sativa trisperma and A. breuvis.

7. The results of the varietal experiments conducted in the
egreenhouse indicate that the varietis of the red-oat group, Avena
sterilis, show more resistance to crown rust than those of the
common-oat group, A. sativa. The most resistant varieties in
the species A. sterilis were found to be Appler and Red Rust-
proof. The varieties White Russian and Green Russian of the
A. sativa group and the strains grown under the names A.
sativa grisea and A. orientalis mutica were resistant to stem
rust, while the variety Ruakura and A. barbata were resistant
to both rusts.

8. There are apparently more varieties of oats which show
resistance to erown rust than to stem rust, tho few are ex-
tremely resistant to crown rust when subiected to a severe epi-
demic. White Russian, Green Russian, Ruakura and the spe-
cies A. barbata, A. orienialis mutica, and A. sativa grisea show
a high degree of resistance to stem rust under rust nursery
conditions.

9. The variety White Russian is the most resistant to stem
rust under Towa conditions, showing an average of only 3 per-
cent and a maximum of 10 percent of infeetion. Similar resist-
ance of this oat to stem rust has also been noted in other local-
ities in the North Central States.

10. Under the conditions of the experiment, the species A.
barbata and the varieties Green Russian and Ruakura are the
only oats evidencing marked resistance to both rusts.
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11. The effect of time of seeding on the degree of rust infee-
tion, as shown by a survey of the 1918 rust nursery data, in-
dicates that crown-rust infection is greater on the earlier sown
oats, while stem rust infection is slightly greater on the later
seedings.

BIBLIOGRAPHY
(1) AUNIL, BEYER.

1917. The work of the Belle Fourche Reclamation Project Experi-

ment Farm in 1916. Rep. U. 8. Dept. of Agr., Bur. Plant Indus.,

Western Trr. Agr.

(2) BOLLEY, H. L.

1896. A preliminary report upon the relation of the time of seed-
ing and period of development to the development of rusts and
smuts in oats. Proe. 17th Ann. Meeting Soe. Prom. Agr. Sci., 70-
75.

(3) BURNETT, L. C.
1912, Some data for oat growers. Bull. Ta. Agr. Exp. Sta. 128:
89-127. 4 fig. 1 pl.
(4) CARLETON, M A. :
1899. Cereal rusts of the United States: a physiological investiga-
tion. Bull. U. 8. Dept. Agr., Div. Veg. Phy. and Path, 16:1-74
(5) COCKAYNE, A. H.
1904. Notes on the rust fungi. 12th Rep. New Zeal. Dept. Agr.,
Div. Biol. and Hort. 300-306. 2 pl.
(6) ERICKSSON, JACOB, AND HENNING, F. J.
1896. Die Getreideroste....463 pp. 13 pl. Stockholm.
(7) ETHERIDGE, W. C.

1916. A classification of the varieties of cultivated oats. Memoir

Cornell Univ. Agr. Exp. Sta. 10:77-172.
(8) FROMME, F. D.

1913. The culture of cereal rusts in the greenhouse. Bull. Torrey
Bot. Club 40: 501-521.

(9) JAKUSHKINA, O. V., AND VAVILOV, N.

1912,  Eine anatomische TUntersuchung einiger Iaferrossen mit
Riicksicht auf die Frage iiber die Beziehungen zwischen dem ana-
tomichen Bau und den physiologischen Eigenschaftender Pflanzen.

Russ. Jr. Exp. Landw. 13:830-861. Germane Resumé, 855-861.
(10) LAMONT, W. J.
1910. Relative rust resistance and yield of various varieties of
wheat and oats.. Agr. Jr. Cape Good Hope. 37 :243-248,
(11) LITWINOW, N,
1912. TUeber die verschiedene Widerstandsfihigkeit der TFormen
des Sommergetreides gegen Rost. Bull. Angen. Bot. Jahrg. Bot.
Jahrg. 5:399-425.
(12) McALPINE, DANIEL
1902. Cereal rusts. Jr. Dept. Agr. Vietoria, 1::425-431.
(13) McCONNELL, PRIMROSE
1913. The Ruakura Oat. Plant selection and breeding. Jr. Agr.
(Wellington) 6:133-136.
(14) McWETHY, L. B.
1906. Some characteristies of oats. Mich, Farmer, 50:466.
(15) MELHUS, 1. E.
1912. Culturing of parasitic fungi on the living host. Phyto-
path. 2:197-203.



(1‘1))

(17)

(18)

(19)

(20)

(21)

(23)

(24)

(27)

(28)

(30)

(31)

56d

MELHUS, I. E;, AND DURRELL, L. W.

1919.  Studies on the erown rust of oats. Res. Bull. Ta. Agr. Exp.
Sta. 49:115-144

NORTON, J. B.

1907. Notes on breeding oats, Rep. Amer. Breeders’ Assoc.
2:280-285.

PAMMEL, L. H.

1892, Ixperiments with fungicides. Bull. Ia. Exp. Sta. 16:315-
329, 3 fig.

PARKER, JOIN H.

1918. Greenhounse experiments on the rust resistance of oat wvar-
ieties. Bull. U. 8. Dept. Agr. 629

PEACOCK, R. W.

1911. Rust in wheat and oats. Bothhurst Exp. Farm. Agr. Gaz.
N. 8. Wales 22:1013-1016.

PLUMB, C. 8.

1898. The geographic distribution of cereals in North Ameriea.
Bull. T. 8. Dept. Agr. Div. Biol. Survey, 11:24) 3 fig. 1 col. map

REED, G. M., HURSH, C. R. AND BRENTZEL, W. E.

1917. A systematic. and physiological study of rusts. Work and
Progress of the Agricultural Experiment Station for the year
ended June 30, 1916. Bull. Mo. Agr. Kxp. Sta. 147:28.

REED, G. M.

1917. A systematie and physiological study of rusts. How the
Station Works. Bull. Mo. Agr. Iixp. Sta. 151:31.

SHEPPERD, J. R.,, AND TEN EYCK, A. M.

1899. Crop report for 1898. Bull. N. Dak. Agr. Iixp, Sta. 39:
413-438. 3 fig.

SOWER, E. R.

1909. Cereals in South Afriea. Cedara Memoirs on South African
Agrieulture 1. Pictermaritzburg.

SPEER, R. P.

1890. Our rusted and blighted wheat, oats and barley in 1890.
Bull. Ta. Agr. Ixp. Sta. 10:391-400.

TAYLOR, F. W,

1919. Variety tests of oats, barley, wheat and rye. Bull. N. R.
Agr. Exp. Sta. 145:139-153.

Vavilov, N. 1.

1913. Beitriige zur Frage iiber die verschiedene Widerstandsfiahig-
keit der Getreide gegen parasitische Pilze. Arb. Versuchssta.
Pflanzenzueht. Moskover Landw. Inst. 1:110. Resumé in Ger-
man, 90-108.

1913. Der gegenwartige Stand der Frage nach ler Immunitdt der
Getreide gegen Pilzkrankheiten. Arb. Versuchssta. Pflanzenzucht.
Moskever Landw. Inst. x:113-158.

1914. Immunity to fungous diseases as a physiological test in gene-
ties and systematics, exemplified in cereals. Jr. Geneties 4:49-65

WEAVER, J. E.

1916. The effect of certain rusts upon the transpiration of their
hosts. Minn. Bot. Studies 4:379.

ZAVITZ, C. A.

1915. Farm ecrops. Bull. Ont. Dept. Agr. 228:80.



