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Technical Bulletin No. 422 M April 1934

UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, L.l

"FIELD STUDIES ON RESISTANCE OF
HYBRID SELECTIONS OF OATS TO
COVERED AND LOOSE SMUTS

By T. R. Stanron, senior ugronomist, F. A, CoFrMaw, associgie agromomist,
and V. F. Tapn, pathologist, Division of Cereal Crops and Discases, Bureau
of Plant Induslry !

(The Bureau of Plant Industry in cooperation with the lowa,
North Dakota, Montana, Idaho, and Oregon
Agricultural Experiment Stations)
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INTRODUCTION

Smuts tale an estimated toll of approximately 45,000,000 bushels of
oats ennuelly.? The formsldehyde seed treatment, long recommended
{for the control of oat smuts, is effective, yei the annual loss of oats
caused by smuts continues to be heavy. This indicates that, in gen-
eral, seed treatment is not commonly practiced. Ancther method of
reducing oat losses is by breeding end developing smut-resistant

. varieties,

! The writers express thelr appreclstion te L, O. Burpstt, chief In ceres! breeding, iowa Apricultural
Experiment Statlon, and agent, Dlvision of Coreol Crops snd Dissases, Buresa ol Fiant [ndustry, U.8.
Department of Agriculttire, for assistance io condueting oxperiments st Ames, snd to tha followin§ monhers
of the Diviston of Cersal Orops and DHssases for nysistunes Ia conducting feld sxperimonts: R, V. 8mith,
associate sgronomlst, st DHokinson, N.Duk,; B. B, Buyles, associnte agronemnlst, formerly at Mocensin,
Mont., aad Moro, Oreg.; G. A, Vlsbs, nssistunt egroromnlst, fortaerly at Aberdeen, ldabo; and D. E.
Stephena, senior agronomist, ot More, Oreg.

1 Ertimntes based oxn the following:

UHITED BTATES DEPFARTMENT OF AGRICULTURE, BUREAU OF PLANT INDUSIRY. EITIMATES OF CROT
‘i.osar.s pm; <0 PLANT DISEKASES. 1917. U.S.Dept.Agr., Biur, Plant Induy.  Plant Disesse Bull, 2, no, 1,
18 pp. 1918,

il CROP LOASES FIOM PLANT DISEASES. 19i8. U.H.Dept Agr., Bur. Pisnt Indus. Flant Disessa
Bull, Suap. 8, pp. 186-213. 1040,
RO LOSSEY PROM PLANT DISEASES 1N THE UNITED STATES. 1916-27. U.8.Dept.Agr., Bur, Plant
Indus. Plant Discase Bull. for Rpir.) Bupe, 12, 18, 24, 40, 40, 43, 40, 56, 64, 1920-28. Mimsographed.]
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Some of the most important eommercial oat varieties in the United
States are highly susceptible to covered smut {Ustilago levic (Kell. and
Sw.) Magn.), or loose smut U. avenae (Pers.) Jens., or hoth. Mark-
ton, however, is an exception. The object of the studies reporied
herein has been to combine, through hybridization and selection, the
near stnut immunity of Markton with the desirable agronomic charac-
ters of some of the susceptible varieties. The tests were conducted for
one or more years at stations in the arid, semiarid, and humid sections
of the country, affording an opportunity to test the resistance of the
selections under a wide range of environmentsal conditions. In the
tests reported herein, the inoculum, in the form of chlamydospores of
the Joose and covered smut fungi of ocats, was applied to seed from
which the hulls had been removed. This method, as shown by
Stanton et al. (13),? tends materizlly to increase smut infection in
susceptible oats. Some promising scleetions were obtained which
have both the smut resistance of Markton and the special value of the
susceptible pacent,

REVIEW OF LITERATURE

Reed (3) was the first to publish extensive data on the resistance of
speeies and varieties of Avena to both covered and loose smuts. Later
Reed, Griffiths, and Briges (9) reported studies on varietal resistance
and susceptibility of oats to covered and loose smuts. In general,
similar results were obtained from the strains and varieties when grown
ot widely separated stations. Reed and Stanton (I0) reported that
selections from a Fulghum-Swedish Select cross reacted similarly
toward both smuts, thus in general agrecing with the results of Reed
(8) and Reed, Griffiths, sm(% Driggs (9). Gaines (2) presented data
on the resistance of varieties and hybrids of oats to Ustilago levis. Of
210 varieties and selections tested for resistance to this smut, 21
proved nearly immune. In the remaining sorts the incidence of smut
ranged from a mere trace to nearly 100 percent.

The breeding experiments for smut resistance reported in part in
this bulletin were begun mainly on the basis of the resuits obtained
by Reed and Stanton (J0). More recently Reed (4,5,7) and Reed
and Stanton (1) have shown that there are distinet physiologic races
of the oat smuts and that the problem of breeding for smut resistance
Is more complex than it originally appeared to be. For example,
Fulghum is resistant to the physiologic forms of Ustilage levis and
U. avenae from Missouri, but is highly susceptible to U. avenae-
Fulghum and U. lepis-Fulghum [rom the Southeastern States,

MATERIALS AND METHODS

The materials and methods used in this study have been fully
described (7, 13). The number of physiologic forms making up the
inoculum of the two smut species used in these experiments is not
known. However, since the original collections were from various
localities in the Northern States, the common smut forms oceurring on
the varieties of Avene sativa L. grown in these States were undoubtedly
represented,

# Italie numbers Lo parentheses refer to Literatore Cited, p. 2.
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RESISTANCE OF PARENT VARIETIES

In these experiments the parent varicties were grown from arti-
ficially inoculated seed at widely separated staticns for one or more
years. Their reaction to smut under different environmental condi-
tions was thus obtained.

Data on the resistance to covered and loose smut of nine varieties
used as parents of hybrids obtained a$ five agricultural cxperiment
stations in one or more years from 1925 to 1927, inclusive, are presented
intablel. The total number of plants and the number and percentage
of smutted plants are also shown.

TaBLE 1.—DResistance and susceptibilily of 9 poreal cal varietics lo covered and
lonse sinuts when grown Yor I or mors years al the agricuitural experiment stalions
listed

[Piants grown from seetd artifeisily Inotulated with bulls removad]

Plants grows frotn seed {ncenlated with—

Lacation of stntlon Variety Yenr Ustilaga lavis ! Ustilago avenas

Tatal

| Tatal
plnnls

planis Bmuttsd plants

Smauttad planis

[
Number | Number | Percent Nuwmberl Number| Pereent
158 12l TR e | TR

Do,
Moecasin, Mont
Abegleon, Tdnho

FL __.dn,
Ames, Towt. ... do 43
Drickinson, . Dak.__. S\\'l:t!lish Selepi 125
Do .. .

Do, .- .-
Moceasing, Ao
Moro, Ureg. ..

Do..

Do..
Notenstin, Momte oaeaiooo.. i n o, 5! K ),
Mora, OTE - e neeennnad] | v 1gEk 283 280 089 commeneea [ I

PO aa - ] i 4l 4G J10 L ) SR
ovensinn, hManl 3 o 76,2 T8 iin 183

Maern, Oreg....

48 148
Aberiteen, Idabo. .o : 150 1}
1w, - o7 1]
Do Gb a
Awmes, Jowa 70 0
83 i}
Dickinson, N.Dnk 5% 1]
JMorg, Oreg. . w1 0
....... $i2 o
Moccesln, dont...... 1 15 ]
Total or averige | e meeaeen e 1,102 9

for Murktouw. !

The data in table 1 show that in the Ustilago levis series every vari-
ety with the exception of Scottish Chief and Markion produced over
50 percent of sinutted plants in one or more years. The data for Scot-
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tish Chief agree with the results reported by Reed et al, (9), both in
relatively low infection and in greater susceptibility to U/, avenae than
to U. lewis. The negative data for Scottish Chief when inoculated
with covered smut at Moccasin, Mont., in 1927 are traceable to un-
favorable climatic and soil conditions at and immediately following
seeding. Markton was consistently free from either smut at all sta-
tions in all years. Since these experiments were conducted, Smith
and Bressman (12) have reported the occurrence of smut in Markton,
evidently produced by a hitherto unidcntified physiologic form. In
genersl, the parent varieties reacted similarly to both smuts in the one
year (1927} in which tests were made.

RESISTANCE OF SELECTIONS FROM THE UNNAMED OAT C.I. NO. 367

At Aberdecn, Idahe, in 1925, 200 selections from the unnamed oat
C.I.* no. 357 were grown in head rows and tested for resistance to
Ustilago levis. The purpose was twofold: To determine the hatero-
geneity of resistance to smut in this oat from which Markton was
selected, and to isolate, if possible, smut-resistant strains superior to
Markton, Of the 200 progenies, 112 were entirely free from covered
smut. The susceptibility of 88 lines to ¥, levis shows that the original
C.I no. 357, consists of & mixture of strains. Incidentally, it may be
noted that this variability in relation to the smut pathogen is paral-
leled by considerable variation in many minor plant characters.

In order to test further the resistance of the 112 lines, seed from each
was sown at Aberdeen, Idaho, and Moro, Oreg., in the spring of 1926.
Forty seeds of each line inoculated with spores of U7, leris were sown
&t each station. Forty-four of the lines failed to show resistance to
covered smut that year. Summary date are presented in table 2.
Lines free from smut at both stations are not included in the summary.

TaBLE 2.—Infection in the 44 susceptible progenics of the unnamed oal C.I. no, 357,
grown al Aberdeen, fdahe, and Moro, Oreg., in 19326 from seed inoculated wilh
Usiilago levis

Plants grown {n Infected Range of infection
families in progenles

Location of station agenies Infected

Mi!ni- Maxi-

Infected murm mum

Mutuler ! Pereent Nuwmber | Percent | Percent | Percend
Ahordeen, Idaho, 3T 44,1 ] 7.4 24 35,8
Moro, Oreg o 47, 46 0.4 2.2 M8
Both statlons . o0 1.3 28 3.8

The datn of table 2 show that 44 of 112 selections which escaped
infection at Aberdeen, Idaho, in 1925 were infected in 1926. A range
of infection in the different progenies from 2.4 to 35.5 percent &t
Aberdeen and from 3.2 to 34.8 percent at Moro was obtained. A
higher percentoge of plants showed smut at More than ot Aberdeen,
The data emphasize the importance of conducting tests for resistance
at different stations and in different years. The large nuinber of the
original 200 lines that became smutted shows the heterogeneity for
smut resistance in the unnamed mass variety C.I. no. 357, from which
Markton was selected.

40,1, indfeatas asaxiion nambar of the Divislon of Qsareal Crops and Diseases.
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1t is evident that in the selection of Markton, one of the very best
strains of the original mass populetion, C.L. no, 357, was isolated.
The smut-resistent lines resulting from the experimens reported above
‘have been tested for yield &t numerous stations, but so far only o few
have shown even equelity with Markion. Most of them have been
decidedly inferior.

RESISTANCE OF HYBRID SELECTIONS

Numercus hybrid selections have been tested one or more years for
resistance to covered sinut. The smut-free selections have been fur-
ther tested for resistance to both covered and loose smuts. In the
lntter tests lines inoculated with Ustilago lemis were sown in o series
adjacent to the same lines inoculated with U. avenge. In several
hybrids, remnant F, seed was tested in F,, furnishing additional
results on the reaction of selections to the two smuts, :

Experiments were conducted at Aberdeen, Idaho, on the smut re-
action of selections from crosses of Jogren X Markton, Silvermine X
Markton, Markton X Idemine, and Markton X Victory; at Diek-
inson, N.Dak., on selections from Markton X Swedish Selecs; and at
Moceasin, Mont., on selections from Markton X Scottish Chief,
Markton X Ligowa, Early Champion X Markton, and Markton X
Swedish Select. Summarized results are presented in table 3. Data
on the smut-free selections are not included.

TasLe 3.~—Ferceniages of covored and loose smuls in suscepiible families of oal
hybrids grown tn 1927

Seed lnveulnm
Ustitngo stllago Ustilago leviy
levis nyehge and U. avenge
Qener- -

Vatletles crossed ution Station £ |a oy la § L e e ,a g

21.0s E a _..c, g |ga L B g%

2 23| 5 |22|98| 5 |22 28| 2 | o2

2 ESl = 1B2EE = |82 58| g | 8%

g8 n:‘“g"“g e=1HY g | 28

= |z |2 |3 a s |lo|»n

Sl 5B |« [mi{R = {&|=<8

Yo. |No. | Pet | Pet. |No, | Pet.| Pd. |No. |Pd.| Pet.
Togren % Markion. ooeenoon F: | Aterdeen, Idano. | 62| 3522 085 7| 50[30.2] 84,7 33]30. % 0L€
Blivermine X Markton. i T — de .- 46| 10)1a.7|60.7| a3112.7 R2 Y I415.8] BRO
Markton ¥ Idamipe. Fy |- 45| 1] 2.3 2.3 4I0.60 30,8 N84 iG.8
Markton ¥ Vietory..___. Fs |..-_-d | 1| 7 8] 25| I511.2 b5, 3 1123 123
Markton ¥ Swaedish Solect___| Fi Dicklnson, M. Dak | 168 13 012500 38[21.1 85.7)  8i20.4] 40,1
Markton X Seottizh Chief .| Fi | Mocoasin, BMond_ | 44 &G2.0604  SI7.1] 458 5258 47.0
B0 L T, Fa L F|5.3]84.6) 1Bi21. 2| 4. 7| 4135 4] 8.7
Markions X Lipowa.... ¥ 20010, 754, 2] 43123.7] T7.3| 2520.3] 658
) o 2 Fy 6112 3(33.3) 08120.1; 81.B) 420.G 5.6
Euarly Champion X Markton.| GO, 10 0 88[22 200y 5812027 B4, 2
R . s 15[18.0130.8 10159 38. 5 817,31 L0
Markion X Swedish Select__| Fu 17130.ql81. 8] 1E2L.0| 46.7] 320,29 &0.7

IOGREN X MARKTON

An T, test of the Togren X Markton cross ab Ames, Jows, for resist-
ance to Ustilage levis was low in smut infection and is not reported.
In 1927, 52 families were grown from remnent seed of F. plants at
Aberdeen, Idaho. Only 2 remained free from loose smut, 17 being
frec from covered smut. On a plant-unit besis 30.2 and 22 percent of
thoe plants were infected with U. avenae and U. levis, respectively.
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Of the 33 families infected with both smuts, 30.2 percent of the plants
were smubted.
: SILVERMINE X MARKTON

Remnant seed of 45 of 53 F, plants of the Silvermine X Markton
cross was inoculated with covered and loose smuts snd sown at
Aberdeen. Smut occurred in 35 of the 45 T, families. The summary
data are shown in table 3. The average number of plents infeeted
wes 12.7 percent for loose smut and 13.7 percent for covered smui.
Thirty-three of the thirty-five infected familics were smutted by
Ustilago avenae and only 16 by U. levis. The two families that showed
no loose smut were slightly infected by 7. levis.

MARKTON X IDAMINE

In the Markton X Idamine cross 45 I, selections not infected with
Ustilago levis wore tested with both loose and covered smuts in the
Ky, Six families became infected with loose smut and one succumbed
to both smuts.

MARKTON X VICTORY

Sixty-three ¥, selections from previously smut-frec families were
inoculated with Ustilage avenae and U. levis. Fifteen of the sixty-three
families proved susceptible to loose smut. One family was smutted
by both species. These results are similar to those of the Markton
X Idaming cross, in that the reaction of a sclection to one smut is
not an indication of its reaction to the other.

MARKTON X SWEDISH SELECT

The incidence of loose and coversd smuts in the Markton X
Swedish Select cross grown from inoculated seed st Dickinson,
N.Dak., in 1927 is summarized in table 3. Forty-one of the one hun-
dred and two I, families were smutted by Ustilage avenae or U, levis or
both. Loose smut developed in 36 of the families and covered smut in
13. Populations from 41 smut-free F; families were tested at Moccasin,
Mont., for resistance to both Usiilago avenae and U. levis. Of the 41
I families, 19 were free from both smuts, while 22 showed one or the
otlier. Of the 22 F,; families 18 were smutted by I/, avenae and 17
by U. leris. A considerably larger number of families succumbed to
U, lems at Moccasin than at Dickinson.

The greater susceptibility of the Swedish Select parent to loose
smut under the conditions at Dickinson, N.Dak., may explain why
so much more loose than covered smut occurred in the %‘3 hybrid
families, However, at Moceasin, Mont., Swedish Select was equally
susceptible to both smuts. A$ Dickinson, eertain I, families showed
high susceptibility to loose smut, yet high resistance to covered smut.

MARKTON X SCOTTISH CHIEF

Thirty-five of forty-four F; families grown at Moccasin, Mont., were
free from both smuts, 9 were susceptible to loose smut, and 5 to covered
smut. A summary of the susceptible families is shown in table 3.

Selections from 96 previcusly smut-free families were tested at
Moccasin in Fg with both Ustilago avenae and U, levis. Seventy-five
iamilies were frce from smut. A summary of the 21 families suscep-
tible to one or both smuts is shown in table 3. Suscepts cannot be
completely eliminated by testing under field conditions for 1 or 2
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years. Even in the Fs 7 of the 96 families that were smut-free the
previous year besame smutted. In this cross the suscepts to covered
smut were almost completely eliminated in F; and F,.

MARKTON X LIGOWA

¥, populations were grown st Moccasin from remnant seed of 63
I’y plants that had been tosted with Ustilago levis.  Of the 63 lines, 47
were susceptible to one or the other ol the smuts, Summarized dats
are given in fable 3. Of the 47 lines that proved susceptible to one
E)r ‘the other smut, 43 were infected with U. avence and 29 with U.
evis.

Fifteen of the most promising ¥, lines, selected on the basis of
freedom from smut and other desirable characters, were further
tested with both smuts, Bight werc again smut free, but seven
proved susceptible to loose or to covered smut. Summarized dats
are presenied in table 3. The oceurrence of smut in so large a propor-
tion of these Fy lines shows the difficulty encountered in weeding out
the suscepts. Tive of the seven lines infected with covered smut
were resistant to the causal pathogen In tests in two previous
generations.

EARLY CHAMPION X MARKTON

The resistance to covered smut of selactions from the Eerly Chamn-
pion X Markton cross was studied at Moro, Oreg., and at Moceasin,
Mont. No tests were made with Ustilago avenae in Oregon.

At Moccasin 40 seeds of each of 127 F, plants were inoculated with
spores of {J. lewis and a like number of each K, plant with spores of 7.
gvenae. Summarized data are presented in table 3. Of the 197
families grown, 90 succumbed to one or the other of the smuts. A
somewhat greater number of families was susceptible to U. avenqe
than to U. lewis, although the average percentsge of plants infected
per family is almost identical. Of the 80 families infected with one
or the other smut, only 2 were {rec from loose smut. Twenty-nine
fumilies infected with loose smut wore free from covered smut.

At Moru 140 Iy progenies of the above cross were grown, of which
103 werc smutted. ITrogenies from each of 3 Fy plants of the 38
smut-free rows in the I, produced only 3 families that showed covered
smut, Of the 101 smut-free I, families, 53 were tested in the Ty for
resistance to both loose and covered smuts at Moccasin, Mont., in
1927, Of the 59 families, 18 were smutted with one or the other or
both pathogenes. A summary is presented in table 3. :

DISCUSSION OF RESULTS

The data for hybrid populations inoculated with both locose and
covered smuts are of interest in showing the lack of linkage in reaction
to the two smuts. These results are somewhat at variance with the
conclusions reached by Reed and Stanton (1), who found hyb:id
selections appearing to react in a similar fashion to both smuts.
Reed (6, 8) has shown that nearly all the selections from hybrids
between Hull-less, a variety highly susceptible to either smut, and
Black Mesdag, & variety highly resistant to or nearly immune from
both smuts, aiter retesting certain ones, reacted similarly to the two
smuts. The data on sclections of Jogren X Markton, Silvermine X
Markton, Markton X Swedish Select, Markton X Ligowa, and
Early Champion X Markton, reported in this bulletin, do not agree
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with those obtained by Reed (8). The pistillate parents of these
crosses all ave hiphly susceptible to both smuts, yet many selections
from their crosses with the highly resistant Markton do not show
uniformity in their reaction to the two smuts. Further testing might
have shown a similar behavior for some of the apparently dissimilar
selections, but since conditions in most of the tests were exceedingly
favorahle for infection the resulis seem to be significant.

Average infection percentages for the two smuts in the hybrid
selections suggest a slightly greater virulence for the loose smut.
This difference is not sufficient, however, to account for the marked
dissimilarity in the reaction of some of the selections to the two
smuts.

In any effective program of breeding for resistance, the known
races of both smuts occurring in a panieular region must be used
conjointly for satisinctory progress. Furthermore, it is_desirable
that the solections be tested for sinut resistance under several different
environments or st different stations, This conclusion is supported
by the data on the F; populations of Markton X Idamine and Mark-
ton X Victory crosses shown in table 3. A rather high infection of
loose smut was obtained in a few families that showed no infection
of covered smut.

VALUE OF RESISTANT SELECTIONS

As already stated, many of the smut-resistant selections resulting
from the studies herein reported are being tested extensively for crop
velue. Thero are indicstions that in some of these selections the
smut resistance of Markton has been combined satisfactorily with
other desirable characters of the susceptible parents.

Sufficient data are not yet available for definite conclusions relative
to these selections, yet so far the highest yislding lines have equalled
or shightly exceeded the parent varieties in yield, If is believed that
in the end desiveble varieties will result that should make possible
the commercial growing of smut-free varieties in many sections.
New physiologic forms of the smut fungi capeble of infecting the
present resistant oats might, of course, delay this attainment.

Severa] of the smui-resistant selections from the unnamed oat
C.I. no. 357 have about equsled or slightly exceeded Marlkton in
average yield in the Northern Pacific Coast and Intermountain States.
These strains are not adapted in the Corn Belt because of suscepti-
bility to stem and crown rusts.

SUMMARY AND CONCLUSIONS

The loss of oats from smut approximates 45,000,000 bushels
annuelly. Smut-resistant varieties will help to reduce this loss.
The combining of the near-immunity from smut of Markton oats
with the other valuable characters of leading commercial varieties
i1s most important.

Crosses of Togren X Markton, Silvermine X Markton, Markton X
Tdamine, Markton X Victory, Markton X Swedish Select, Markton X
Scottish Chief, Markton X ligowa, and Early Champion X Markton
were grown from séed blackened with smut. The smut spores were
applied to seed with the hulls removed. The susceptible hybrids
were weeded out in each successive generation. In some cases,
however, simutted plants still occurred in the Fs.
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Promising hybrids have been obtained from the various crosses
which combine the near-immunity of Markton with the other
desirable characters of the suscept.ib{e parent,

Two hundred seelections were isolated from the unnamed oat
C.1. no. 357, from which Markton originated, and were tested for
registance to covered smut. In the 2 years of the test 156 of the
lines became smutted. With this heterogeneity for resistence, con-
giderable vartatior in morphological eharacters also occurred. Nu-
merous strains highly resistant to smut, similar to Markton in plant
and kernel characters, were among the 200 isolated. The prepon-
derance of selections of this {ype indicates that Markton probably
is representative of the dominant morphological form of the original
mass strain, Observations indicated, however, that there was no
correlation between the Markton form and smut resistance.

Conditions at the arid (irrigated) and semiarid (dry land) stations
in Tdahe, North Dakota, Montana, and Qregon were more favorable
for the occurrence of smut than were conditions in Iowa,

LITERATURE CITED

(1) Corruan, F. A, StantoN, T. R, BavrLes, B. B.,, Wiesg, G, A., Ssirn,
R. W, and Tarks, V. F.
1931, INHERITANCE OF REBISTANCE IN CATS TO USTILAGC LEVIS, Jour.
Agr. Research 43: 1085-1099.
(2) Gamwus, E, F.
1625. RESIETANCE TO COVERED 8MUT IN VARIETIES AND HYBRIDS OF OATS.
Jour. Amer, Sce. Agron, 17: 775-789, illus,
(3) RE=Ep, G. M.
1920, VARIETAL RESISTANCE AND EUSCEPTIBILITY OF OATS TQ POWDERY
MILDEW, CROWN RUST, AND BMUTE. Mo. Agr. Expt, Sta.
Rercarch Bull. 37, 41 pp., illus.

4

1924, PHYSIOLOGIC RACES OF GAT BMUTE. Amer. Jour, Bet, 11: 483-402,
illus,

(56}
1927, FPURTHER EVIDENCE OF PHYSIOLOGIC RACES OF OAT 8MUTS. Mpyco-
logia 19: 21-28.
()]
1028. THE INHERITANCE OF RESIETANCE OF OAT HYBRID® TO LOOBE AND
- ) COVERED sMUT. Ann, N.Y. Acad. Sci. 30: 129-176.
1929, NEW PRYBIOLOGQIC RACES OF THE oAT sMurs. Bull, Torrey Bot.
® Cluby 56; 449470,
B
1931. INHERITANCE OF SBMUT REBISTANCE IN HYBRIDS OF BARLY GOTH-
LAND AND MONARCH OATE. Amer. Jour. Bot, 18;: 803-815.
(9) Gnirrras, M. A., and B=rices, F. N,
1925. VARIETAL BUSCEPTIBILITY OF OATS TG LOOSE AND COVERED BMUTS.
U.5. Dept. Agr. Bull. 1275, 40 pp., illus.
(10) and Srantow, T. R.
1925, RELATIVE BSUSCEFTIBILITY OF BELECTIONS FROM A FULOHUM-
EWERISH BELECT CkOBS TQO THE BMUTS OF oars. Jour. Agr.
Research 30: 375-391, illus.
(11} and Sraxroxw, T. R.
1932, PHYBIOLOGIC RACES OF USTILAGO LEVIE AND U, AVENAE ON RED QOATS.
Jour. Agr. Research 44: 147-153, illus.
{12) Smrrg, D. C., and BressMan, B, N.
1931. SURCEPTIBILITY OF MARKTON AND OTHER VARIETIES OF OATHE TO
COVERED HMVT (USTILAGO LEVIE). Jour. Amer. Soc. Agron.
23: 465-468.
{13) Branrtor, T. R., Corrman, F. A, Tarkg, V. F,, Wisss, G. A, SmrTn,
R. W., and 'BAYLEH, B. B.
1930. INFLUENCE OF HULLING THH CARYOPSIS ON COVERED-SMUT INFEC-
-rm.\rﬁé\{-mﬂ ;l.sELATED PHENOMENA IN 0ATB. Jour. Agr. Research
41: — ,




ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
WHEN THIS PUBLICATION WAS LAST PRINTED

Secretary of Agriculture Henry A, WaLnacn,
Asgsisiant Seeretary Rexrors G. ToewELL.
Direclor of Scienitfic Work
Director of Exignsion Work C. W. Warpurron.
Director of Personnel and Business Admin- W. W. SrocxezreEen.
isiration.
M. 8. FissNzHOwWER.
Sern Tromas.

Agricultural Adjustment Administration_.__ Cuzsten C. Davis, Administraior.
Burean of Agricullural Feonomics Niua A. Qusen, Chief.
Bureau of Agricullural Ergincering 8. H. McCuory, Chigf.
Bureau of Animal Industry . Jonn R. Mourexr, Chief.
Burcay of Biological Survey Jay N. Darving, Chigf.
Bureau of Chemislry and Soils H. Q. Kwiant, Chief.
Office of Covperative Exiension Work C. B. Swurry, Chisf.
Bureaun of Dairy Industry 0. E. Reew, Chief.
Bureau of Entomology Ler A. Stroxg, Chief.

, Office of Experiment Stalions_ ... _.._.... James T. Janpixs, Chicf,
Food and Drug Adminisiration Warrer G, Camracun, Chief,
Forest Serviee Faupivane A Siueox, Chief.

Grain Pufures Adminisiration J. W. T, Duver, Chief.

Bureau of Home Economics Louise Staxuey, Chiegf.

Library_ o ____ wmmm Craningr B, Barvere, Librarian.
Bureau of Planl Industry IixowLes A. Ryerson, Chief,
Bureau of Planl Guarantine A. 8. Hovyr, Acting Chief.

Bureau of Public Roads Trouas H. MacDowawn, Chief.
Weather Bureau Winois R. Greca, Chief.

This bulletin iz a contribution from

Bueean of Plant Indusiry KxowLes A. Ryerson, Chief.
Dinision of Cereal Crops and Liseases.. M. A. McCasr, Principal Agrono-
mist, in Charge,

10

U8 QOVIRNMERT FAINTING OFFICE. 1034

¥or snie by the Superintendent of Documents, Washlogten, D.C, Price b cends







