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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

SEED TREATMENT EXPERIMENTS WITH
OATS NATURALLY AND ARTIFICIALLY
INOCULATED WITH SMUTS'

By R. W. Leoker ?
Associale patkologist, Divizian of Cereal Crops and Disenses, Bureau of Plant Indusiry
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INTRODUCTION

Liquid formeldehyde probably has been the most widely used
fungicide for oat smut control since its introduction in 1897 by
Bolley (7)? and especially since the introduction of the dﬁy-spmy
method by Haskell (6) in 1917. The dry method eliminated one of
he objections to the use of formaldehyde for oat-seed treatment,
amely, the thorough wetting of the seed. However, one other
objection to this treafment remains., It {requently retards germina-

! tion and reduces emergence, stand, and yield, especially when sowing
G delayed after treatment, or when the seed is sown in soil too dry to
< induce immediate germination and Frowth (@). This retarded gerini-

nation gives soil organisms an excellent opportunity to attack the seed.
Consequently, ever since the development of dust fungicides for bunt
control in wheet, efforts have been made to develop similar fungicides
for the control of smuts in oats at a cost comparable to that of hquid
formaldeliyde and with less danger of seed injury. The frequent
reports in recent years of satisfactory oat smut control with fungi-
cidal dusts at o moderate cost and the increasing use of dust fungi-
cides for this purpose seem to indicate that these efforts have met
with suecess. .

The origical object of the experiments deseribed in this bulletin
was to test the effectiveness of & number of such disinfectants in the

! Recelved for publication, Dec, 28, 1038, . .

3 The writer i3 grateful to A. G. Johnson, of the Divislon of Cereal Craps and Diseazes, for his belpful
sugpestions and critictsmas in the preparation of this manuseript.

1 Ttalio pizmbers lo parentheses refer to Literature Cited, p. 15.
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control of smuts in oats over a period of years. The lack at times
of seed lets carrying & heavy natural infection made it necessary to
use artificially inocuinted sced. Several different methods of inoculat-
ing the seed were used. In addition to testirg the merits of fungi-
cides, therefore, the experiments afforded an opportunity to test the
effectiveness of different methods of inoculating oats with smuts and
to compare the results ebtained with naturally and artificially inocu-
lated seed in seed-trentment studies. :

REVIEW OF LITERATURE

Copper carbonate frequently was tried as a fungicide in early
experimenis on oat smut control (2, §, 12, 18, 19, 2G, 22, 28, 24).
With few exeeptions, 1t was found to give unsatisfactory control of
smut in hulled varietics and fair to good results in hull-less varieties.
Buch materials as mercuric chloride, copper acefute, copper suiphate,
copper oxyclioride, nickel carbonate, nickel sulphide, and suiphur,
used alone or in various mixtures and dilutions, generally were reparted
hinpracticable (g, 4, 8, 12, 18, 28, 24). lodine dnst first reported as a
promising fungicide (22) was found later to be generaliy ineficctive
(4, 7, 12, 25) in addition to possessing other qualities undesirnble in g
dust fungicide. Sayre and Thomas (22), in 1927, introduced for-
maldehyde dust, one of the most promising dust fungicides for ont
smut control produced up to that time. In experiments subsequent
to its introduction (10, 12, 21, 23, 23) certain commercinl brands of
this dust gave excellent control of eat st as well as of barley covered
smut (18, 15) and black loose smut {14, 15), but not barley stripe
(16}, Its use later as o soil disinfectant gave rise to the manufacture
of certain commercial brands suitable for this purpose but not suitable
for ceresl-sced treatment. Formaldehyde dust has been found
generally to bo o safer treativent than liguid formaldebyde, although
1% may injure seed under cerfain conditions (13). Kochler (10)
found that freating the seed with formaldehyde dust a week to 3
months before sowing enused & reduction in yield. In other experi-
ments it caused no consistent increase in yields when applied to smut-
free sced (17). Its repid deterioration and loss of effectiveness
unless kept in airtight senled containers is one of its chiel disad-
vantages. In 1928 Ceresan {(ethyl mercuric chloride) was placed on
the marlket and in & number of experiments (4, 10, 12, 18, 28, 25)
proved very effeclive in ont smut control. Its chief disadvantage
was its ecost, which ranged from about 9 to 14 cents per bushel of
seed treated.  Preliminary experiments with ethyl mercuric phosphate
were followed by its commerelal production in 1933 as New Improved
Ceresan.  This dust has been found generally inexpensive and eflec-
tive In contrel of ont smut and other cereal discases (10).

MATERIAL AND METHODS
INOCULUM USED

Because loose smut and covered smut of oats are similar in their
life histories (3) and in their reactions to seed disinfectants no attempt
was made to carry on separate experiments with ench species of smut.
With one exception, both smuts were included in $he saime experiments,
and in taking data their cccurrence was recorded collectively. Tho
inoculum used was & mixture of sinuts obtnined from different sections
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of the country. Smuts from Lee, Kanota, Fulghum, and Victory
oats grown on the Arlington Experiment ¥arm, Arlington, Va., near
Washington, D. C., alsc were included. In one experiment with
Fulghum oats, o virulent strain of covered smut from that variety was
the only inoculim used. The smut was sifted through a 60-mesh
sieve and lept in the refrigerator at 7° C. until used. The viability
of the spores was determined by means of germination tests shortly
before the inoculum was applied to the sced. The inceulum was
obtained vsually from the preceding crop and was, therefore, from 4
to 8 months old when used.

METHODS OF INOCULATION

Although most of the sced lots used were thought to be naturally
inoculated, additional inoculum usually was applied in order to bring
about heavier infeclion in the crop, and thus provide a more adequate
test for the fungicides.

Some of the problems previously mentioned by the writer in connec-
tHon with studies on the control of barley smuts (13) apply also to
these similar studies on oat smuts. If seed secured from a heavily
infected oat crop is sown it will not always produce another heavily
infected erop.  Weather conditions ab blossoming time, not conducive
to the opening of the flowers, ave suggested by Gage (8) as an impor-
tant controlling factor in the amount of infection, especially by loose
smué, in the suceeeding crop. e also Intimates that if moisture and
temperature conditions in storage are favornile, infection {(of the seed)
may take place from spores that veach the oats during the process of
threshing.  Therefore, in the experiments here described the seed
usnally was stored for some time belore treatment under conditions
favorable for the germination of the spores and for the development
of the mycelium under the glumes.  The inoculum was appiied to the
seed as dry spores at a 1- to 100-spore dosage (1 part by weight of
spores to 100 parts of seed) or as a spove suspension in which the seed
was immersed for 20 minutes under 35 inches of vacuum. The latter
method of inoculntion, first used in Geriany (5) and generally referred
to as the “evacuation method”, was carrvied out as described in a
previous arficle (75) except that the subsequent incubation temnpera-
ture was held ot 20° £0 22° C.  In experiment 1, with Lee oats, a spore
suspension was made by adding 2 g of spores to a liter of culture
solution containing 0.1 g each of dextrose, magnesium sulphate,
sodium chloride, and caleinm chloride, and 0.2 g each of ammonium
sulphate, potassium sulphate, and potassium acid sulphate (9).

Another spore suspension was preparved by adding 2 g of spores to o
liter of 2-percent dextrase solution. The seed inoculated with the
Iatter spore suspension produced slightly more smut than that in-
oculated with the spores in the more complicated culture solution,
Hence, in later experiments a 2-percent dextrose solution was used in
preparing the spore suspension.

In experiment 2, with Kanota and Victory oats, hall the seed was
incculated by immersing it in the spore suspension for 20 minutes
without subjecting 1t to vacuum. In experiment 8, with Norton oats,
separate lots of seed were subjected to different processes designed
either to apply additional inoculum to the seed or to make the inocu-
lum already present more effective in bringing ebout infection in the
crop.
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FUNGICIDES USED AND METHODS OF APPLICATION
The following materials were used as fungicides: *

Ceresan, 2-percent ethyl mercuric chloride.

New Improved Ceresan, 5-percent ethyl mercuric phosphate.

Sanoseed, 5-percent ethanol mercurie chioride.

Graineide, organic mercury and methyl aldebyde,

Smuttox, 4-percent formaldebyde in inert material.

Ansul Dust, 6-percent formaldehyde in incrt material.

P. A. C. Dust, 6-to 8-percent formaldehyde in inert material.

Corona Ont Dust, 5- to 7-percent formaldehyde in inert material.

Corona 219, Corona Oab Dust plus 5 percent of hydrexy nilro mercury phenel.

Corons 287, Corona Oat Dust plus S-percent mercury ethoxy.

Corons Compound “A”, a rosin ures formaldehyde commpound.

Dubsay 886—2-percent cthyl mercuric phosphate.

8. K. 413.a, phenol-mercuric compound.

Hongosan, a naphthalene compound,

Formaldehyde sotution, dip, and spray.

Formacide, paraformaidehyde plus a catalytic agent in inert material,

The dust fungicides were applied to the seed at rates ranging from
}¢ to 4 ounces per bushel in accordance with general practice or the
recommendations of the manufacturers. The seed was then mixed
with the dusts as described in o previous publication (15}, after which
it usually stood covered for at least 24 hours and was then stored in
open containers or cloth sucks uniil sown. The lots of seed treated
with the mercury snd formaldehyde dusts were buried in larger lots
of seed similarly treated with mercury and formaldehyde dusts,
respectively. The formaldehyde spray trentment was applied by
spraying the seced with a2 1 to 1 ditution of commercial 37-percent
formaldehyde solution at the rate of 1 guart of the mixture to 50
bushels (10 cc to 8,000 g of grain), after which the seed was buried
in & larger bulk of seed similarly treated, covered for 5 hours, and
then either sown at once or aired eand stored. In applying the for-
maldehyde dip the seed was immersed in a 1 to 320 dilution of the
commercial formaldehyde solution for 5 minutes, drained, covered
2 hours, dried, and either sown immediately or aired and stored.

In order to study the possible influence of temperature on the
effectiveness of certain sced disinfectanis in oat smut control {11)
a quantity of Fulghum oats was inoculated by the evacustion method
with a virulent strain of Ustilago levis (Kell. and Swing.) Magn. on
March 22, 1935, incubated at 22° C. and 90 percent relative humidity
for 24 hours, and then aired and stored for 3 weeks. Separate lots
were then freated with New Improved Ceresan or Smuttox and
portions of each lot stored ot temperatures of 53°, 16°, 15°, 20°, and
25° for 4 days along with similar portions of untreated sced.  The
seed was then sown s uniformly as possible in 5-foot rows in well-
prepared soil in ouldoor heds.  Separaie portions of o fourth lot of
seed were sprayed with portions of a 1 to 1 formaldehyde solution
kept at the different temperatures mentioned, and the seed was then
covered and stored at these respective temperatures for 5 hours before

being sown.
SEED USED

Sixteen lots of seed embracing 11 varieties were used over a 5-year
period, 1982-36. The different seed lots were obtained from eight
different States and usually from smut-infected crops. They were
thoroughly clesned and graded before being used.

1 The sources of most of these compounds, the eompos!tion of which as hera glvan was supplied by Lhe
manoiscturers, heve beew glven in o previous poper {15).  Formacide {s a product of the Hammond Paint &
Chemleal Co., Ine,, Beacon, N, Y.
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80WING

In the field plots the seec was sown ususlly by hend in rod rows
replicated 8 number of times. In the small oufdoor beds the seed
was sown in 5-foot rows ut a uniform depth of 1% inches and a$ the
rate of 150 seeds per row. In the greenhouse, 100 seeds were sown
1% inches deep in 3}%-foot rows 1 foot apart. Dats on emergence
were obtained in the greenhouse and in the outdoor Peds just before
the appearance of the second leaf,

TAKING DATA

In the field plots and in the cutdoor beds the smutted heads were
counted in all the rows and also the total heads if any smubt was
present, Yoose smut and covered smut usuelly were not recorded
separately. In the grecnhouse the plants were pulled and o record
wes made of healthy and smutted plants and heads. A plant bearing
both healthy and smutted heads was counted as smutted.

EXPERIMENTAL RESULTS

The results obtained in the first experiment {1932) are presented in
table 1. Five of tho treatments climinated smus, but two of these,
Grainaide end Corona 219, severely injured germination. Corong
Oat Dust, 1 year old, wes almost as effcctive as the freshly made
material. Three of the treatments were more effective when sowing
was delayed 8 days after trenbing, The fungicidal cffectiveness of
Corone Ont Dust was increased by the addition of & mereury nitro-
phenol compound (Corona 219) and decreased by the addition of
mercury ethoxy (Corons 287).

TasLe 1.—FEmergence of and loase and covered smuls in Sixty-Day oals grown from
seed both naturally and artificially inocvleled, dusted wilh different fungicides
Mar. 18, 1982, siored in closed containers 18 hours, and soun in four series

jSerles I, sown antdosrs Mar. 19, 450 seerls per {reatinent; series 2, sown ontdoors Mar. 28, 190 seeds fer

tregtioent; serivs 8, sown in greendonuse Mar, 0, 100 seeds per Lreatmyent; serfes 4, sown In ersenhingse
Afar, 26, 100 seeds jer trestment, after skornge it ¢losed contoiner for 8 dnys)
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The influence of environmental factors on smut development is
demonstrated by the differences in the percentages of smus in the
controls in the different series. The avernge temperature during the
emergence of the seedlings in the two outdoor serles, series 1 gnd 2,

-
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was shout 15° C., but the second sceding received a heavy rain. The
seedlings in the greenhouse, series 3 and 4, were grown o emergence
at an average temperature of 20° and in a drier soil.  The effects of
temperature and soll moisture are apparent,

In the second experiment, conducted in 1932-33, Fulghum oats,
artificizally inoculated with dry smut spores, were treated with Ceresan,
Smuttox, Corons Oat Dust, Ansul Dust, Grainaide, Sanoseed, Dubay
1100, 8. K. 413-a, and formaldehyde spray and dip. Data of value
on smub control were not obtained because of severe winter-killing,
Germination was adversely affected by Grainaide, Dubay 1100, and
the formaldehiyde treatments. The treatments did not seem to affect
in any way the degree of winter-killing, but the plants grown from
seed not artificially inoculated, or inoculated and treated, survived
better than those grown from inoculated untreated seed. Zade (26}
reported that infected planis are more susceptible to winter-killing
than are noninfected plants.

The data on smut development and control in Lee oats, inoculated,
treated, and sown in September 1933 are presented in table 2.

TaBLE 2.-—Laose and covered smuls in Lec oals grown from seed both naturally and
griificially inogulated, treated with different fungicides, and sown Sept. 27, 1833
with @ hand nursery Jrill in 66-fool rows replicated hwice for cach trealment and
Jor each of three metheds of wrtificial tnoculation

[Sertes 1, sced tonculated with spores suspended in nutrieat solullon In vagpum; serles 2, same as serics 1,
but ustng 2-perceni dextrose salntion; serfes 3, seed dusted wlth dry spores]
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Inoculating the seed by the evacuation method and using a culture
solution for the spore suspension, as described by Haarring (5), resuited
in 38.4 percent of smutted heads in the controls and an average of 2
percent from sced treated with the six better fungicides. When a 2-
percent dextrose solution was used for the spore suspension the corre-
sponding percentnges were slightly higher, namely, 41.0 and 5.,
respectively. Inoculation of the seed with dry spores resulted in only
26.8 percent of smutted heads in the controls and an average of 0.4
percent from seed treated with the six best fungicides.  Apparently
thers was about 6.5 percent of smut due to natural inoculation. This
smut, along with that due o the application of dry spores to the seed,
evidently was more easily controlled than was the smut brought about
by the evacustion method of inoculation, as only three of the dusts
reduced the percentage of smut to less than 4 percent in series 2.

-
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The naturally inoculated seed of Fulghum and Colorade No. 37
oats treated March 26, 1934, and sown in the greenhouse and out of
doors March 27 and April 2, respectively, produced the results pre-
sented in fable 3,

TabLe 8—Germination and smut control in Fulghum and Colorade No. 87 oats
grown from nalurelly inoculaled seed, freuled with various fungicides, and sown
tn hwo series, 1984

[Serkes 1, ln greenbouso benchies, Mar, 27; sertes 2, {n outdoor plols, Ape 8]
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! Beed invinersed In s} to 320 solution 5 mlnutes, drained, und coversd ¥ hours.

Most ol the dusts improved germination, especially in Colorado
No. 37. Only two dusts climinated smub in both varieties in both
indoor and outdoor trinls. Four other dusts and formaldehyde
liquid reduced the infection to 8 weighted avernge of less than 1

ercent. Ansul Dust and Hongosan were relatively ineflective.

nvironment seemed to influence smut development differently in
the two varieties. In Fulghum infection was higher in the outdoor
series, series 2, and in Colorade No. 37 it was greater in the indoor
series, series 1. In Fulghum, applying smut spores to the seed in-
creased smut infection reletively more than it did in Colorado No.
37 i both sowings. The plant population in the grecnhouse was too
small, however, to give much significance to the resulis obtained in
that series.

In table 4 are presented the gerniination and infection data obtained
in 1935 from Lee oats grown from seed inoculated by the evacuation
method and by the dry-spore methad, and, after treatment, sown in
three series—(1) at Statesville, N, C., and (2) and (38) on the Arlington
Experiment Farm in small outdoor beds of rich soil and in field plots,
respectively.
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Tanre 4.—Effect of different inoculation methods and secd treaiments on germination
and smul occurrence in Lee oaty sown in three series, 1984-86

[Berles 1, sown at Btotesville, N, Q., Cct. 1; Serles 2, at the Arlingion Experlment Farm In rich soll, Oet, 12;
serles 3, at the Arlington Experiment Farm o poor soil, Get. 1)
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! Spruyed wilh a 1 to 1 solution, coverad 5 hours, and then aired.
1 Dipped Inow 1 to 320 snlutlon §minwtes, eovered 2 hours, washed in water, and dried,

As in ths previous year’s experiments, the evacuation method of
inoculation caused a higher average percentage of infection (55.8) than
did the dry-spore method (33.5). The former method again seemed
to induce a more deeply seated seed infection that was less success-
fully eliminated by the disinfectants,

Washing the seed in water after it had lein covered for 2 hours
following a dip in a 1 to 320 formaldehyde solution greatly reduced
the usual effectiveness of that treatment., Germination was adversely
affected by the formaldehyde spray and by New Improved Ceresan,
The formaldehyde dusts also eaused some reduction in germination
after the seed had been stored for § months. Lack of sufficient aera-
tion during storage and & relatively high moisture content of the seed
probably accounts for some of this injury,

Data from the Kanota and Vietory oats inoculated March 1§, 1935,
by means of a spore suspension with and without vacuum, ure presented
in table 5.

The evecuatton method of inoculation with s spore suspension
resulted in an avernge of 26.1 and 46.6 percent of smut in Kanota
and Victory, respectively, while the use of the same spore suspension
without the vacuum produced only 9.8 and 10.6 percent of smut,
respectively. o

The formaldehyde dusts, which had been kept in supposedly tightly
closed containers for 5 months, were, on the whole, unsatisfactory
m the control of smuts in these verieties. New Improved Ceresan
was the only treatment used that controlled smut without Injury to
tha seed. Corona Compound "A" und the formaldehyde treatments
eliminated smut but greatly reduced the stand of grain,
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TabLE §.—Effect of different inoculation methods and seed lreatments on emergence
and smut | occurrence in £ varieties of spring oals sown in 4 series, 1935

[Serled 1, in outdgar beds, Mar. 21; sarfes 2, In feld plots, Mar, 21 serles 3, jno feld plots, Mar. 20; series 4,
in toe greenhouse, Apr. 9
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Victory:
Colnoeunlnted, nntreated. .
Inoculated, untreated
Naw lmproved Ceresan...
Spore suspenslon [ Smmuttox.  .vooaan -
in vacuotn. P. A. C. Dust....
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Formaldehyde dip...
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Ingeulnted, untrented
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Formaaldehyde spiray_
Formaldehyde dip

1 From 25 to 40 percent of the smut was cavered siout.

1 Seed for germitation test was sown 20 days after trentmoent.

1 Soaked v a § to 10 solution § minutes, draized, covered 2 hours, and dried.
+ geed sprayed with a 1 to 1 spiutlen, covered 3 hours, and then dried.

+ Dippad {n & 1 to 320 solution, dralned, coverad 2 hourg, and dried.

In table 6 are presented the data from Fulghum oats inoculuiud
with & virulent strain of covered smut treated and stored as previously
described and sown in outdoor beds.

TanLe §—Covered smut tn Fulghum oele grown from seed artificially inoculated
Mar. 28 with a spore suspension of Ustilago levis by the evacualion method, treated
Apr. 114 at different temperatures, and sown in ouldoor beds Apr, 15, 1835

Beed-trealmnent compound Hends Infected following treatment at--

Total heads
Rate smuited

Name per
bushel

L . . . .| Ne, | Pel.
Control. . oveeeececeenae . . 2 3 . LT (2004 | o0
New lmproved Ceresan. . 3 5 3 200 4.
BIoubteX . mocmceeae s i . 14 .
Formaldehyde . ... .. 10

1 Formaldehyde treatment applied Apr. 15.
# Sprayed with s 1 1¢ 1 solutiob aod covered § hours befora sowing.

12HI9°—3T—2
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The temperature at which the grain was stored alter the trentments
were applied had lLittle apparent effect on the rolative efficncy of the
fungicides, Smuttox, which had fuiled to give adequate control of
smuts in Kanota and Victory in the previous experiment (table 5),
allowed an average of only 0.3 percent of covered smut to appear in
Fulghum. On the other hand, a Tresh lot of New Improved é]eresun
received immediately before being used permitted from 3.8 to 5.0

ercent to appear, or an average ol 4.5 percent, although another
ot of New Improved Ceresan n Tew months old had furnished excel-
lent control of smuts in Kanote and Vietory in the previous experi-
ment,

Formnldehyde spray, applied 5 hours before sowing the seed, was
the most eflective treatment used. Representing the stand from
untreated seed as 100, the relative stands from seed treated with New
Improved Ceresan, Smuttox, and formaldehyde were 101, 82, and 94,
respectively.

The cxperiment with seed of naturally incculated Norton outs
(1935--36) yielded no highly significant data because of the low per-
centage of smutted leads obteinad in the controls from untreated
seed. The different methods of artificial inoculation used in this ease
had little effect on the subsequent percentages of infection, which were
uniformly Jow probably because the conditions prevailing shortly after
sowing were unfavorable for ont-smut development, Tt alsois possible
that the smut used was of low viability or that the Norton variety of
oats was somewhat resistant to it. Turthermore, winter-killing was
severe and most of the plants that succumbed may have been those
that were infected.

All the dusts, with the exception of the 1-year-old Ansul Dust,
controlled smut satisfnctorily (table 7), but they also eaused some
reduction in germination, especially the fresh formaldehyde dusts.

Tanrne 7.—Germination end smut control in Norlon oals grown from nalurally
inoculated veed, separule lats of which had been subjected to different methods of
artificial incculation 2 weeks before treatment wilh different f ungicides and gown
in field plots, 193536

Seed-trealimenl contpoond Ueads
Germfps- Rod rows
Nume Rato por |y ton! Total Smutted
N lusliol P ola T L
Ounres | Manths | Percent | Number | Nuwmber | Nunther | £ reend
e H) A0 1,514 1,915 18.8
1s 12 7 16 4,070 1} .0
L] 1 25 40 12, 510 Il .1
| 12 &2 18 a, 530 4 .1
3 L5 7 40 10,615 0 N
3 12 85 14 3,430 08 9.4
3 by T 40 11, 380 2 e
3 12 70 10 3, 240 4 .1
L T 3 3 g ) 2, 580 Q .0
Farmaldebyde., .. _...o...... &} R, 5 10 11,40 o L\

+ Data gbisined from plonts growns In ottdvor leds from soed sown 2 weaks after treslinent,
t

race,
} Bipped In 1 to 320 ormanldedyde S milnytes, druined, and coversd 2 hours,

The fact that two of the lots of formaldehyde dust a year old con-
trolled smut about as well as the fresh material indicates that these
dusts will retain their effectiveness if properly stored in sealed con-
tainers,




TapLE 8.—Smul occurrence and control in spring oats as affected by method of inoculation, sced treatment, interval between treating and sowing,
and soil temperature during period of emergence, 193536 )

Percentage of smut infection? from seed inoculated by—
Date seed was—

Seed-treatment compound ! Spore suspension in vacuum Dry spares

Swerlish
Select

Swedish| Aver-

Treated Kanota| Togold | Victory: eot

Ithacan!Tomine Iogold }Victory

Untreated.. . oo ooio.oo .-

ls“,g‘gtf},’;""’“d Ceresan Dec. 7 (greenhouse)

Formiacide
Untreated

Smution ored Comesan--—o-- Feb. 24 (greenhouse)......

Formacide
Untreated.....oouremauneiioe -

g:ﬁ&g‘_’t‘f?d GCeresan. ......... --do.....| Mar. 30 {outdoors)

Formacide
Untreated
New Improved Ceresan..

(]
;o

©F
-0

-

[~
=

-
COCNDOOWCDOHOOOMOO =]

Mar., 4 | Mar. 6 (greenhotise)

New I d .
S;vgml)!;prove Cercsan . Mar. 30 (outdoors)

Formacide.

e BRARRea-BERBETRY

*lao&;ﬁwa“wcﬁ
wooBBE L 8inoler

(]

! New Improved Ceresan was applied at 3 ounce per bushel; Sinuttox and Formacide each at 3 ounces per bushel.
3 In indoor plantings infection was based on plant counts; in outdoor plantings, on head counts.
: \ll‘elghted averages.

I'race.

SLYO HLIMA SINIWIMHAIXHT CNINLYVHLEL dEIS




12 WECHNICAL BULLETIN 568, U. 8. DEPT. OF AGRICULN'URE

During the year 1035-36 sced lots of six varieties of oats were
inoculated by the cvacuation method and separate lots of seed of
four of the same varietios were inoculated with dry spores. A
month later, portions of all of these lots were treated with New Im-
proved Ceresan, Smuttox, nud Formacide and the following day
sowings were made in the greonhouse beneh. The development of
the plants was hastened by extending the normal period of deylight
with electric lights so that data on sinut occurrence were taken in
February. The surprisingly high percentages of smutted plants
from treated seed thet previously had beeri inoculated by the evacua-
tion method (tablo 8) wus attributed 4o the short time (23 hours)
between trenting and sowing. Therefore, on February 24 another
sowing from these same portions of treabed sced was made in the
greenhouse--80 days after treatment. On Maorch 4 additional por-
tions of the different lots of inoculated seed were treated with the
seme materinls used before, extreme enve being taken ns to rate and
method of applieation. Sowings were made in the greenhouse on
March 6 and in outdoor heds on March 30, the outdoor sowing also
including seed that had been treated December 6.

The data in table 8 show that environmental conditions undoubtedly
were more conducivo to smut development in the greenhouse than they
wers outdeors.  They alse show that the longer the period between
trentment and sowing, the better was thoe smut control both in the lots
treated December 6 and in those treated March 4, This applies par-
ticularly to the sced that hnd Deen inoculated by the evacuation
method,

Tasre 9. —Efict of seed treatmenis on emergence and stund in sz varietisy of spring
vuts, 1935-36

Average of omorgence aud siamd from seed—

| Preated witli-~

Unircied |y hingraved
Clerosun

Varfety St blox Formeclde

Boer ! Bmeor- Erar
E“L‘”L,U:ri~t:zr1(l Y Binnd Berlce Stand geneg | Stand

Fer- Fer- - Per- FPer-
40} ) cent

25 1 5] i

b3

TomIng. .

AVOrage

Data on emergence and stund are prosented in tahle 9. Smuttox
and Formacide at times injured germination, especially in the Victory
oats, the moisture eontent of which had heen incressed by immersion
in the spore suspension during the process of inoculation. The rela-
tively heavy glumes of this varicty probably were condicive to the re-
tention of much of this nicisture by theseed., The secdlings of Vietory
oafs nlso wore attacked by n seedling blight against which excellernt

rotection seomed to be furnished by New Improved Ceresan, less by
gmuttox, and apparently none by Formacide, ss shown by the data
on emergence and stand in table 9.
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DISCUSSION

To facilitate & comperison between somae of the results obfained from
the different materiaf)s and methods employed in the foregoing experi-
ments, there are given in table 10 the names of the varieties of oats
used, their sources, the methods and dates of inoculation, and the dates
on which the different lots of seed wers treated and sown, together
- with the average porcentages of infection obtained from secd subjected
to different methods of inoculation and either treated or not treated.

Probably the ovistanding feature of the foregoing experiments is
the relatively high percentage of smut usually obtained by mesans of
the evacuation method of inoculation as compared with the dry-spore
method, and also the occasional failure of the helter disinfectants to
satisfactorily eliminnte this infection.

The writer can offer no satisfaciory explanation for these peor
results with disinlectants, which in other experiments had furnished
fsirly good smut control. It is possible that the evacuation method
of inoculation may have coused the glumes upon drying fo adhere
more closely to the caryopsis, thus tending to shut out the fumes of
the disinfectants used. Tlowever, an examination of a large number
of kernels of the four varvietios inoculabed either by the evacuation
or dry-spore method in the last experiment failed to convince the
writer that this was the case. It did revesl the faet, however, that
the evacuabion method of inoculation had literally darkened the
caryopsis and inner side of the glumes with spores and that the
latter were particulsrly sbundant about the embryo end. On the
other hand, no spoves were found bencath the glumes of the seeds
that had been inoculated with dvy spores, slthough in the latter case
spores were much more abundant on the outside of the glumes.

About 25 kernels from each of the six lots of Norton cats used in
experiment 8§ also were examined under a dissecting microscope.
The uninoculated kernels showed a sprinkling of spores on the outside
of the hulls, but none was found on the caryopsis except where the
brush end was exposed. The secds inocculated with dry spores
carried a heavy spore lond on the outside of the glumes, but practicelly
no speres were found beneath the glumes. The seeds that Liad been
immersed in & sporc suspension but not evacuated showed & genarous
sprinkling of spores on the earyopsis, especially near the brush end.
In a few cases somic spores had almost reached the embryo end.
In the evecuated sceds, however, the spores were most abundant
about the embryo end of the caryopsis and many had been forced
into the groove and into the irregularitics of the pericarp about the
embryo. Inthelotsimmersed inwater, with and without vacuum, a few
spores were found on the outer sides of the glumes, but only rarely were
spores found on the pericarp or on the inner sides of the ghunes.

The facs that theapplication of inoculum to theseed of Norton onts did
not materially increase the percentage of infected heads in this variety
seems toindicate that thesmut that developed in the cropmusthavebeen
caused by natural inoculation of the seed ab blossoming time, as described
by Gage (8). Lack of viability in thesmut used forinoculum, or varietal
resistance to it, may account for its failure to produce more infection.

It seems that the evsacuation method of inoculation, if properly
used, should be of value not only for seed treatment work but for
studies on varietal resistance and physiologic forms. The inoculated
seed should be allowed to dry thoroughly before applying dust fungi-
cides, or seed injury may follow.




and sowing of the seed, and certuin data on infection, 1932-36

TapLe 10-—Names and sources of oal varielies used in experiments on smuf control, together with information concerning inoculation, lreatment,

Seed used— Date seed was— Average of infection from seed—
Incu- Inoculated
Source bated Treated Sown -
n-
treated, | Treated!
Iours Percent| Percent
1] Sixty-Day_....._. Urbana, Bl ..o 0 Mar. 18 | Mar. 19-26 26.6 3
Arlington  Farm, 0 Sept. 25 | Oct. 1 ®
Ta. 40 ---do___.| Sept. 27 6.5 38.4 3.2
_____ [ 1 40 6.5 41.9 7.7
40 6.5 26.8 .
Hays, Kans 0 ; 12,9
g 1deees PR+ 1y SR, 0 i 23.0
Colorado No. 37..1 Akron, Colo. 0 Mar. 27 16.7
.----do. 0 do... Apr.2 . ... 10.7
4 Arlington  Farm, 7 Sept. 28 | Oct. 1 and 12 11.3
Va, 72 d do. 11.3

Hays.' Kans
do

e

kinson, N. Dak

-.do.

(=]

~y

A r]ii)gt,on Farxff,
Va.

Statesville, N. C...

Spore suspension___

Spore suspension...

Water only._.___...
Water under - vac-

Swedish Select._.

Swedish Select_ -

Hays, Kans

Ames, Towsd ...
Diekinson, N. Dak.

_____ {6 1) D,
Ithaca, N.Y ..
Ames, lowa.
Hays, Kans.

_f Ames, Jowa..._.

Dickinson, N. Dak.

)

Mar. 21.

do.

do

30.

Dec. 7, Feb. 24,
Mar. 6, and Mar.

R

= Y 0.

' Results from the more ineflective {reatments are omitted.
2 No infection data obtained because of severe winter-killing,
3 The spore suspension in this case was a complex culture solution.

¢ Tnoculated by the dry-spore method without spacial incubation.

5 In this experiment covered smut only was used.

14!
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With the exception of the last experiment, control of oat smut was
- %eneraily satisfactory with the better dust fungicides. The occasional
ailure of the formaldehyde dusts to effcct satisfactory control miust
be atiributed to the loss of volatile matier from these materials upon
standing. Liquid formsldehyde and formaldehyde spray were
effective but frequently injuricus to the seed. New Dinproved
Cleresan with one exception was, on the whole, the most satisfactory
fungicide used in these experiments, hoth {rom the standpoint of
smut control and cffect on germination and stand. Formacide,
although included in only ene experiment, gives promise of being a
- good disinfectant for onts. If bought in 100-pound lots its cost comes
to about 3.4 cents per bushel of seed, which is about the same as for
formaldehyde dusts, although somewhat higher than for New Im-
proved Ceresan. The other materials used were, on the whole,
unsatisfactory or not of sufficient promise to merit discussion.

SUMMARY

In experiments with 11 varieties of oats over a 5-year peviod higher
percentages of smut usually resulted from seed inoculated by » spore
suspension under vacuwm than {rom seed inoculated similarly without
vacuum or with dry spores, or from naturnally inaculated seed.

The smut infection caused by the evacuation method of inoculation
was, ot times, less amenable to control by disinfectants than was that
cnused in other ways.

Oat smuts developed most abundantly in soll with n low to medium
moisture content and at a temperature of about 20° C.

The treatments that controlled oat smuts maost satisfactorily wers
those with New Improved Ceresan, formaldehyde dip or spray, certain
formaldehyde dusts, and Formacide, a paraformaldehyde dust contain-
ing a catalytic agent, which, in the presence of moisture, causes para-
formaldehyde to revert to gaseous formaldehyde. The dusts were more
effective if applied 2 or more days before sowing. All of them injured
germination at times when the treated oats were stored too long with-
out proper aeration, or when the seed had a relstively high moisture
content. Prolonged storage of oats trented with the above dust fun-
gicides is not recommended unless the grain has & moisture content
of about 14 percent or less, is thoroughly acrated a few days after
treatment, and the storage place is cool and dry.
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