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SEED TREATMENT FOR CONTROLLING
- COVERED SMUT OF BARLEY
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Associate Pathologist, Office of Cereal Crops and Diseases, Bureau of Plani I neusiry
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INTRODUCTION

Experiments with fungicides for the control of covered smut of
barley, caused by Ustilago hordei (Pers.) K. and 8., previously re-
ported (14, 31, 32),' have been continued during the last four crop -
years (1925-1929). During this time there has been & general
tendency to abandon the liquid seed treatments for smsll grains in
favor of the more easily applied dust fungicides. This is true es-
pecially in regard to seed treatments for the prevention of stinking
smut (bunt) in wheat. The well-known formaldehyde and eopper-
sulphate seed treatments for this diseese have been supplanted in
this country, to a great extent, by copper carbonate, and in Europe
by various proprietary dust fungicides.

Covered smut of barley, however, is not so easily controlled as is
stinking smut of wheat, because the barley smut spores apparently
are borne on the inside, as well as on the surface of the glumes. There-
fore, most investigators still recommend only liquid treatments for the
control of this disease,

In this country very few workers have reported any great degree of
success in controlling covered smut of barley with dust fungicides,
but & number have obtained excellent control in some varieties with
liquid treatments other than the conunonly used formsldehyde.
In 1923 Tisdale et al. (34) reported that a 0.3 per cent solution of
chlorophol, an organic mercury compound, proved superior to form-
aldehyde, not only in controlling covered smut, but in its effect on
germination, stand, and yield of grain. Later Tisdale et al. (35)

# Tialle numbers io parentheses refor to Litersture Cited, p. 20,
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reported similar results with solutions of Uspulun, Semesan, Germi-

and Corona 620. The writer {14) in 1926 showed that 0.3
per cent solutions of Germisan, Uspulun, and Semesan and a 1:390
solution of 37 per cent formaidehyde controlled covered smut, but
that the formaldehyde impaired seed germinstion. Neill (26) in
New Zealand found that (.25 per cent solutions of Semesan and
Uspulun, as well as Semesan and copper carbonate dusts, failed to
cortrol covered smuf of barley satisfactorily. Lambert et al. 12,
Conners (3), Sherbakoff (31), and others in the United States have
recommended formaldehyde ss the most logical treatment for the
controf of covered smut of barley. Tisdale and Cannon {38) found
Ceresan, an ethyl mercury chloride compound, satisfactory in con-
trolling this disease. Porter, Yu, and Chen (27}, in experiments
with hulless barley in China, confrolled covered smut to & fair degree
with copper carbonate, Hochst, and Uspulun dust.

A general perusal of literature on seed treatment seems to show that
in Europe the control of covered smut of barley has not received as
much attention as the control of other ceroal diseases. This may be
due to the fact that, on the whole, it does not occur there to any
serious extent ({, 8). Lindfors in Sweden (20, 21, 22) used fungicidal
dusts in experiments for the control of other ceres} diseases, but for
combating covered smut of barley he recommended 0.25 per cent
solutions of Germisan and Uspulun. Molz (25) in Germany obtained
complete control of this disease with & 0.25 per cent Germisan solution
and also with the two dusts, Abavit B and Agfa 331. Rump (28),
in the same country, combated the disegse successfully with 0.5 per
cent Uspulun, 0.25 per cent Germisan, and 0.2 per cent Tillentin
solutions and with the dust Sch 6142 The majority of investigators
bave found solutions of the common orgenic mercury fungicides
satisfactory for the control of covered smut of barley. Differences
in results reported by different workers may be atiributed to eauses
enumerated In & previous paper (18).

EXPERIMENTS IN 1925-26

Experiments on the control of covered smut of barley during the
1925-26 season were limited to & few liquid fungicides, some of which
had proved effective in previous years, and to prelimirary trials with
a few dust treatments.

LIQUID TREATMENTS

Seed of Tennessee Winter barley from the 1924 and 1925 crops
wes used in these experiments. This seed, known to be naturally
infested with covered smut, was also dusted with spores of this smut,
collected from the same variety of barley in 1925. The various liquid
treatments were prepared in earthenware jars, and the seed, con-
tained in loose cheesecloth sacks, was immersed in these solutions
for the proper length of time. The seed was then allowed to drain
and later was spread out io dry. On October 12, 1925, it was sown
in rod rows replicated 10 times for each treatment at the Arlington
Experiment Farm, Rosslyn, Va. The soil wss moist at the time of
sowing, and 0.5 of an inch of rain fell between the dates of sowing
and emergence. The weather during this period was rather cool,

* Later called Idehst or Tillantin Trockenbeize,
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the mean temperature being 17° C. The hydrogen-ion concentration
of the soil was pH 5.7. The seed therefore germinated and emerged
in & cool, wet soil of acid resction, whieh, aceording to Faris (5), is
the ideal environment for the development of covered smut from
infested seed. Yet the percentage of smut in the untreated controls
was rather low, namely, from 2.4 to 6.7. . -

Data on the effect of the treatments on germination were obtained
in the field by sowing 1,000 seeds from each seed lot in four rod rows,
250 seeds per row, and in the greenhouse by sowing 200 seeds from
each lot in flats, )

Smut data were taken May 27, 1926, by connting the smutted
heads in each row and the total heads in & number of Tepresentative
rows to establish a basis for computing the approximate percentages
of smut.

The data on germination and smut control are presented in Table 1.
With the exception of formaldehyde, all the liquid treatments gave
excellent smut control without reducing the percentages of germina-
tion. The failure of the formaldehyde to control covered smut sat-
isfactorily was due, undoubtedly, to the short pertod of immersion,
as an hour’s immersion inveriably results in control. The value of
the results, however, is decreased by the low percentage of smut in
.the controls and by the fact that only one variety of berley was used.
As previously reported (14), soaking untreated seed in water greatly
increased the percentags of smut. .

TasLe 1.—Effect of liguid fungicides on germination of seed and on covered smut
in Tenneswee Winter barley sown in rod rows replicated 10 times for each freai-
tient ot Arlinglon Experiment Farm, Rosslyn, Va., 1955-86

Germlnation

Concen- | Feriod of
Zeed-treatment componnd iration |trestment Groen- Smutted heads
Field

housa -

o

Per cenf Percent | Per cent | Number

. . 7 Fel) 1
5 :

.5

1Y)

q
3
0
2

g -

! 306

.4
.25
1ED
.12 ;] 1L1
.12 i 89
—— 472

R T

Sompmpacn, op

Corona 620 ___ .25 0
Tillantin C .25 0

DUST TREATMENTS

Experiments with {ungicidal dusts were very limited, only six dusts
being given & preliminary trial and only two rod rows devoted to each.
The results are shown in Table 2. Four of these dusts eliminated
the smut completely, one reduced it to a mere {race, while one had
no epparent effect upon it. However, here again the ercentage of
smut 111 the controls was too low and the number of repﬁcations were
too few to make the results very significant.




t

4  TECHNICAL BULLETIN 207, U. S, DEPT. OF AGRICULTURE

TavLe 2.—Effect of funginidal dusis on covered smut in Tennessee Winter barley
sown tn patred rod rows at Arlinglon Ezperiment Farm, Rosslyn, Va., October
12, 1926 .

Number of smutted heads in—
Percent-

Fungicldal dust age af
How 1 Taotal smag

L]

a&!

Dupoent No. 13- ...
Thtreated

Dupont Ne. 13-U-A

Dupont No, 37
‘Untreated

cn

BEoBownBook
WNRORS, oD

W

EXPERIMENTS IN 1926-27

In the spring of 1926 excellent results in the control of barley stripe
disease with fungicidal dusts were obtained at the Arlington Experi-
ment Farmm and at Madison, Wis. {18). In view of these results,
together with the rather limited data obtained that same season on
the efficacy of fungicidal dusts for the control of covered smut of
barley (Table 2), it seemed advisable fo carry out more extensive
experiments with such dusts during the 1926-27 season.

As stated in a previous paper (19), it was thought that soil con-
ditions, as well as severity of infection, might affect the fungicidal
action of these dusts. Accordingly, the fact to be determined was
whether a dust that gives satisfactory control of a seed-borne disease
when conditions for its development are unfavorable, would give
equally good resulte if the most ?avorable conditions for the develop-
ment of the disease prevailed.

Faris (§) states that a cold (10°-20° C.), meist soil of acid reaction
favors covered-sinut development. Rump (28) reports that an alkali
soil stimulates fungus development, that acid soil is injurious to it,
and that a soil-moisture content of 20 per cent is the optimum for
development of covered smut. Schaffnit (29) states that s eoil rich
in orgamic matter and carbonic acid favors covered-smut infection.

In conducting experiments with dust treatments for the control of
covered smut of barley during the 1926-27 season, an attempt was
made to vary the conditions of soil moisture and soil reaction as much
as could be done conveniently on s large scale in the field.

A half acre of soil was laid out in %sracre plots, 16% by 132 feet.
The soil was tested by R. R. Reid of the Office of Seil Fertility, then
of the Bureau of Plant Industry, using the Veitch method, and its
lime requirement was found to be about 2,000 pounds of air-siaked
lime per acve. To produce an alkaline condition in three of these
Y.-acre plots, lime was added at one and one-half times the rate
recommended for soil-acidity correction. The soil acidity in three
other ¥%-acre plots was accentuated by the addition of ammonium
sulphete at the rate of 200 pounds per acre. 'The lime and ammonium
sulphate were disked thoroughly into the soil. Three other plots,
each one between a limed ang an aeidified plot, were left untreated.
A few weeks after the application of lime and ammonium sulphate,
and shortly after the seed had been eown, the pH value of the soil
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was found to be as follows: Limed soil, 7.74; untreated soil, 5.69;
acidified soil, 5.15.

In the first three plots an sttempt was made to vary the soil-
moisture conditions between the dates of sowing and emergence by
excluding the rain from hsalf of each plot by means of temporary
shelters of corrugated metal, which were removed the day after the
plants emerged. However, this attempt at moisture variation was
rendered rather futile by the very slight rainfall during this period.

The seed used was Tennessee Winter barley grown at the Arlington
Experiment Farm in 1926, & variety rather susceptible to covered
smut. In addition to its natural infection the seed was heavily dusted
with smut spores collected from this same variety of barley in the
summer of 1926. - :

The following fungicidal dusts were used: Abavit B, 8. F. A. No.
295-V, Bayer No. 2, Semesan, Dupont No. 12, Wa Wa, 3. F. A,
No. 225, S. I. 220, Semesan Jr., Dupont No. 45, Bayer Dust, and
Mercury C.

Only the first 6 fungicidal dusts were used in the three plots in-
volving soil-moisture differences, while all 12 dusts were Included in
the other six plots.

The dusis were applied to the smutted barley September 17, 1927,
at the rate of 4 ounces per bushel, in flat tightly covered cans. Bach
can was provided with a projecting baffle on the inside so that, as the
cens were slowly revolved in the motor-driven contrivance llustrated
in Figure 1, the seed was thoroughly dusted 1n & manner ver similar
to that resulting from the proper use of the common barrel type of
duster. The dugting was continued for 30 minutes so that there would
be & thorough coating of the seed. The smutted untreated controls

_were likewise mixed in the duster so that any effect due to the mixing
process would not be confined fo the treated seed only, as has been
suggested by Schander et al. (30).

In the three plots involving soil-moisture variation the seed was
sown October 13 in 12-foot rows at the rate of 10 grams per row. In
the remaining six plots the seed was sown October 16 in rod rows ab
the tate of 14 grams per row. A record of the rainfall and of the
maximum, minimum, and mesn daily soil temperatures from the
time of sowing to the time of emergence is shown in Table 3. In the
first: three plots the covered soil was slightly warmer than the exposed
soil, but hardly enough, it is thought, to influence the results appre-
ciably. The water-holding capacity of the soil was found to be 40
per cent. A soil-moisture determination made the day after the
first three plots were sown showed a moisture content of about 50 per
cent of saturation. Only 0.39 of an inch of rain fell on the exposed
plots between the dates of sowing and emergence. After the covers
had been removed & soil-moisture determination showed that the soil
in the covered section (z) was 35 to 40.per cent saturated, while
the soil in the exposed section {§) was 50 to 60 per cent saturated.
Tt is doubtful whether this slight difference in soil-moisture conditions
was sufficient to affect the results greatly, especislly as this difference
did not prevail throughout the entire pertod from sowing to emergence.
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TaBLE 3.—Ruainfall and soil temperatures from sowing fo emergence in experiments
Jor conirol of covered smut in Tennessee Winter barley at Arlinglon. Ezpesiment
Farm, Rosslyn, Va., October, 1926

Boil temperature

Coverad soil Exposed soil

Mani- | Mint-
rm

[

SoRERER:

hat
M LS ngin

e
et ey e

1 Plots 1, 2, and 3 sgwm.

2 Plats 4 Lo 0 sown.

* Covered serias emerged {plots 1-g, 2-5, and 3-a),
1 Exposed series emerged (plots i-h, 2-b, and 3-b).
3 Plois 4 to It amerged.

Infectiorn date were taken May 25 and 26, 1927, by counting the
smutted heads in all the rows and the total heads in all the control
rows grown from untreated seed and in representative rows grown
from trested seed. Winterkilling caused some variation in the stand
in different replications, especially in plots 7, 8, and 0.

- The infection data for the three plots sown October 13 are shown
in Table 4, and those for the plots sown October 18 are shown in
Table 5. Table 4 shows that, among the six dusts used in the first
three piots, Wa Wa, Abavit B, and Dupont No. 12 were outstanding
in their control of covered smut of barley, allowing only 4, 10, and 12
smutted heads, respectively, in 48 rows, while 2,685 smutted heads
appeared 1 an equal number of control rows. Semesan, S. F. A.
No. 225-V, and Bayer No. 2 allowed 42, 53, and 145 smutted heads,
respectively, in 48 rows. In plots 4 to 9, in which less infection
occurred in the control rows, smut was eliminated by Dupont No. 12
and Wa Wa and wns more greatly reduced by the other four dusts
than in plots I to 3. It seems, therefore, that the smut was more
easily controlled when conditions for its development were less
favorable,
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TABLE 4.-—Covered smut in Tennessee Winter barley grown af Arlington Bxperimend
Farm, Rosslyn, Va., from sced unirealed or lrealed with various dust fungicides
and sown Getober 13, 1928, in 12-fool rows, replicaled sixteen times for each dust in
each of three plots which previously had been limed, acidified, or lefi untreated, half
of each plot (plots I-a, 8-a, and 3-a) being covered al sewing time to exclude rain !

uniil after emergence

Heads of coverad smut from seed—

Total smutied

Sofi trest- | Untrested
ment

Treatad with—

heeds from
troated seed

Nam-
ber

Bawer | Sorme-
No. 2 s8R

Dupon LF
No. 12t

We Wa

Untreated. .. |
Acidifted

- [l
DA

- et
b e o LD G

Total smutted heads,
Percentage of smuited
heads

b1
S04

o8

a7

L Ozly 0.32 of an {nek of rain fell on the exposed plats from the time of sowing to emergence,

TasLe 5.—Covered smut in Tennessce Winter barley grown at Arlington Experiment
Forn, Rosslyr, Va., from seed untreafed or frealed with various fungicidal dusts,
and sown Oclober 16, 1928, in rod rows replicated eight times for each dust in each
of six plols that previously had been limed, acidified, or left wnireated

Fuagicidal dnst

Heads of covered smut in—

Plot 4 |

(-

J i
Plot 5 | Plot6{ ny., <
% | {ueichi- ¢ 8 YT L
(limed) ;erled)i fied) !'(i’ med)

tu—e:ucd)

Plot §
{un-

Plot ¢
{acidi-
fied)

I Folal hends of
: s

Mum- | Yer
ber

.| Untreated

r .
Tupont Mo, 45 ...
Bayer Dust
Mercury O

Total smurtted heads from trested
seoed -

Percentnre of smulied hemis from
trented scod

11

}
|

1
!
!
!

B 1D S0 0 1D @ I 6D et e pd ]

B

Siden D

Boowowo

N

[
™
=)

[P L RS - I e

snoouwbooocnoo

Semaslooonoal

fard
D ONT

Snedutooo

&

%]

=g
WA DO OO S =D e

L]

b
e =

-
=

8,93

2 B

The dusts numbered from 7 to 12 were included in the six plots
sown October 16, in rod rows replicated 48 times for each dust.
Comparison of results from these dusts with vesults from the six
dusts mentioned above must be confined to the data obtained from
plots 4 to 9. (Table 5.) In 4R rows Mercury C allowed only 3
smutted heads, while Semesan Jr., Dupont No. 45, S. F. A. No. 225,
and Bayer Dust allowed, rgspectively, 8, 9, 12, and 26 heads, com-
pared with 943 smutted heads in 48 control rows, equivelent to an
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average of 4.2 per cent. S. I. 220 showed such evident failure to
control smut that data were not taken on rows from seed treated
with this compound.

The summarized date in Table 6 indicate that, contrary to the
resulis of Faris (5}, acid soil did not favor the development of covered

Gl

""—---—,-..,........-..-I-_'......—-......_.
ST -

Froure 1.-Beed-treatment devies for applying diffgrent fungicidal dusts 7o small lots of seed, In
esch of the Inrger fiat cans shown in tho rotating dovies in A, enough seed mey be treated to sow
about 100 rod rows. Eloven dusts may be appiled 1o ons aperation, In each of the smaller cans
shown in B, sead] for 20 rod rows ot fower may La troated, With thees cuns 24 tresttaents may he
opplied in one operatice. In repeating the tteatmants on differant seed 1gts the same can is used
for a glven dust in each case, The cups are cleaned thoronghly bofore using them for other dQusts

smut as compared with soil kaving an allkaline reaction. The average
percentages of smutted hoads Irom unfreated seed in the limed,
untrested, and acidified plots, respectively, were 6.8, 6.8, and 5.7.
However, these percentages sre too low to warranf any definite
conclusions,
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TanrLe 6.—Summary of dotd on the occurrence and control of covered smut in Ted~
nessee Winter barley grown from treated or untrealed seed under slightly different
-conditions of soil moisiure, reaction, and lemperature, at Arlinglon Experiment
Farm, Rosslyn, Va., 1326-27, together with o record of the mean soil temperature
and retnfall belween daies of sowing end emergence, plots 1-a, 2-a, and J-c
being covered uniil after emergence

Mean Smutted heads from seed—
soil
Date Soil

emerged . N
fere | Unireated “Preated

3oil treatment

jiv)

Taches . |Mumber Per cent| Number| Per cent
. 63 2| - G

=]

bt Pk G G b 0 £ (0 b e £

Untroated ..o
Acidified
Limed. .

. 18

Acidifled
Limed... . ____
Untreated. . __.._.._|--_do_..._
Acidified do

PIFO LA ik 0 O 0

Soil reaction did not seem to have any pronounced or consistent
effect on the fungicidal efficiency of the dusts used. Although the
percentage of smutied heads from treated ssed'in plot 1-a was several
times as great as that from treated seed in sny other plot, the per-
centage of smutted heads from treated seed in the other limed plots
wes not significantly grester than in the corresponding untreated or
acidified plots. Therefore it seems evident that the apparent reduc-
tion in the fungicidal efficiency of five of the dusts in plot 1-a, as
shown in Table 4, was not on account of soll reaction but of some
unknown factors,

A nuinber of other dusts of more or less unknown merit also were
used in & preliminsry series. The results obiained are shown In
Table 7. OStandard liquid treatments were used for comparison.
Vitrioline, Karasch 4, and Dupont dusts Nos. 35, 53, and 64 seemed
to control the smut fairly well and without seed injury. Resorcin,
which was combined chemically with erystal violet dye, proved
worthless a3 & smut fungicide. Various dusts based on inorganic
mercuric salts proved unsatisfactory either because of injury to the
seed or failure to control smut. Solutions of Uspulun (0.5 per cent),
Semesan (0.5 per cent), and Germigan (0.25 per cent) proved satis~
factory as usual, as also did formaldehyde,

121056°—30——2
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TasLE T —Results from preliminary experiments with a number of fungicidal dusts
for controlling covered smut in Tennessee Winter bariey at Arlington Ezperiment
Farm, 1820-87, together with resulls Jrom four standard lquid treatments Jor
comparison

Smutted heads in— Smutted heads in—

Seed-treatment com- Zeed-trestment com-
poundg ; pound -

Row 1 i Row 1{ Row 2| Tatal

32 Untreated

38 Dupont No. 35__

Dupant No. 42!

Dupont No. 53

Dupont No. 57.

Dupont No, 64... .-

Wlercuric gxide, one-halr,
and CuCos, one-half .

Untreated

-
]

[

B cowoo

Ho oomocod
acﬂ Qﬁluaﬁa

—
=)

Mercuric chloride, one-
Lt and Culo, one-

Dupont Vo, 50 ¢

Dupoot No. 67.

Dupont No. 88

Eo = = = -]
(=1 = Y
Yo o o =

o

' Reduced stand,

EXPERIMENTS IN 1927-28

During the season of 1927-28 Tennessee Winter barley was again
used In experiments for testing the efficiency of certain fungicidal
dusts for comtrolling covered smut of barley. Most of the dusts
used in these experiments had been found fairly satisfactory the pre-
vious yesr, some in preliminary trials and others in more extensive
expertments. Along with these were used Héchst and Tutan, both
of which dusts had been used with considerable success in experiments
for barley stripe control the previous spring (/8). The dusts were
applied as before at the rate of 4 ounces per bushei after the seed had
been dusted with smut spores, as deseribed for the 1926—27 experi~
ments, Field germination data were obtained by sowing 1,000 seeds
from each treated lot in rod rows at the rate of 250 seeds per row,
counts being made 15 days after sowing. Additional germination
data were obtained by sowing 100 seeds from each lot in the green-
house, counts being made one weel: after sowing. According fo the
resulting data, shown in Table 8, none of the dusts used caused any
striking decrease in the percentage of germination.

TasLe 8,—Field and greenhouse dala on the germinalion of seed of Tennessee Winier
barley unireated or dusied with various f ungicides and sown af Ariinglon Ezperis
ment Farm, Rossiyn, Va., October, 1297

Percentuge of ger- Porcentage of ger-
witation in-- i minstion in—
Fungicldal dust l Fungicidal dust
Tield | Qreen-

house

Sernesan Ir
Dupont Nn, 37
Dapont No.
Vitrigline_.__ . 45 || Dupont No.
Mercury G Dupant No.
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In an attempt to vary the conditions of soil moisture and tempera-
ture between the dates of sowing and emergence, the seed was sown in
replicated rod rows in two series. Series 1 was sown on September 21
in soil whose moisture content was only 13 per cent of saturation and
which received no additional rainfall until after the plants had
emerged. Series 2 was sown on Qctober 7 in soil whose moisture
content was 65 per cent of saturation and which received an inch of
rainfall three days after the seed had been sown and a still heavier
rainfall the day before the plants emerged. A record of the soil
temperature and rainfail between the dates of sowing and emergence
in both series is shown in Table 9. The mean soil temperature during
this period was 17.7° C. for series 1 and 16° for series 2. It is evident,
therefore, that the soil of series 2 was much wetter and slightly cooler
between the dates of sowing and emergence than the soil of series 1
during a corresponding period.

TABLE 8.—S0il temperaiure and rainfall records in connection with field experiments -
on conirol of covered smut of barley with dust fungicides at Arlinglon Experiment
Farm, Rosstyn, V., 192728

Sofl temperature | Soil temperature

Maxi-
mim

MMean Maxi- Mean

EZNOSGEA
[~ ]

°C. Inches 1927 —Con. Inches
18. 3 | || Qet.

17 2
17.2
17

1 Series | was sown in soil 13 per cent saturnted.
# Berles 1 enierged.

3 Series 2 was sown [n 50il 65 Der vent salurated,
¢ Series 2 emerged. .

Data on the occurrence of covered smut were taken May 22, 1928.
As stripe disease (Helminthosporium gramineum Rabh.) also was
abundant in the rows from untrested seed, data were taken on the
control of this disease. These combined data are presented in
Table 10,
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" Tante 10.—Number and percentage of stripe-infected planis end of heads of covered
smrut in. Pennessee Winter barley grown frons unirealed seed or from seed lrealed
tgz’tk different fungicidal dusts and sown ol Arlington Bxperiment Farm, Rosslyn,

€.

[Herie 1 wad spwn in dry soil ! S8ept. 21, and series 2 In wat agil § Oct. 7, 1927, Data were taken May, 1928]
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! Soll contained 12 per eant of saturation. ? Soil contained 85 per cent of saturation.

Covered smut was more abundant in series 1 than in series 2 both
in the control rows and, with two exceptions, in the rows from treated
seed. Stripe disease, on the other hand, was more abundant in the
contrels of series 2 than in those of series 1, owing, presumably, to
the slightly lower mean scil temperature in series 2. But despite
this fact, the control of stripe disease, like that of covered smut, was
better in series 2. These results point to the fact that in series 1 the
limited amount of soil moisture, which was barely sufficient to cause

ermination of the seed, reduced the cffectiveness of the fungicides in |
isease control. i

From the standpoeint of disease control the three outstanding fungi-

cides were Abavit B, Hochst, and Wa Wa., Next in the order of their

eneral effectiveness came Dupont No. 45, Mercury C, Semesan, and
g. F. A. No. 225. None of the other fungicides were consistently
effective, although some of them had shown- promising results in
previous experiments. The unsatisfactory results obtained with
some of these dusts, especially in series 2, may have heen beeause of
their gradual deterioration and loss of fungicidal properties upon
standing, as some of them had been stored in the laboratory for over
a year, although in closed containers. However, in series 1 insufficient
soil moisture undoubtedly contributed greatly to the refative ineffec-
tiveness of many of the cﬁlst fungicides.

Preliminary experiments of rather limited scope were carried out
with & number of other dusts during the 1927-28 season. Among
these were Agfa 331, U, T. 488, U. T. 348, Dupont No. 68, atomic sul-
phur, Bayer Dust, calomel, corrosive sublimate, and combinations of
the last two with talc and copper carbonate. None of these proved
satisfactory as dust fungicides for the control of covered smut of
barley., Several combinations of corrosive sublimate and talc or
copper carbonate eliminated covered smut but caused severe injury
to the seed and also proved highly corrosive to metal,
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EXPERIMENTS IN 1928-29 .

In the fall of 1928 two varieties of barley, Tennessee Winter and
Wisconsin Winter, were used in experiments on the control of covered

- smut. The seed of Tennessee Winter and Wisconsin Winter had

come from fields containing, respectively, 22 per cent and 7 per cent
of eovered smut. In addition to this natural inoculation, the seed
was artificially inoculated by dusting it with spores of covered smut.

Seven dust fungicides were used along with & 1:320 solution of
37 per cent formaldehyde for comparison. In treating seed with
formaldehyde & modification of Braun’s presoak method (2) was
- employed. The seed was soaked in water for 15 minutes, and after
draining it was sllowed to lie covered for 4 hours. After a 20-minute
immersion in & 1:320 solution of commercial formeldehyde it was
ellowed to drain snd then was eovered for 3 hours, after which it
was dried. The dusts were applied st the rale of 3 ounces per bushel.
All the seed treatments, including formaldehyde, were applied Sep-
tember 27, and the seed was sown in three sertes as follows: Series 1,
20 replications, sown September 29; series 2, 4 replications, sown
October 5; series 3, 8 replcations, sown October 18.

Unfortunately the plants in series 1 were winterkilled so completel
that no smut-control data could be obtained. In series 2, 250 see(g
per rod row were sown to determine the effect of the fungicides on
the germination of the seed. The plants in this series emerged
October 12, and germination data were taken October 15. As shown
in Table 11, none of the treatments except formsldehyde reduced
the percentage of germination.

TaBLe 11.—Effecl of seed disinfectanis on field germinaiton of Fennessee Winter
and Wisconsin Wenler barley soun al Arlinglon Fzperiment Farm, Rosslyn, Va.,
October 5, 1928

Percentage of ger-
minaticn in—

Seed-treatment compound )
) Tennes- | Wiscon-

see sin
Winter | Winter

PEEARRE

pisgRRdRe
@ OO D i N W T RO 8
BEERREAn
o L i D B 4 b

~eo) e earard
e O 50 s G0 O O 1D Q0

Corona 30-B

1 Injury due to delay in sewing after treatment.

Later, further germination studies were made in the greenhouse
beneh with treated and untreated seed that had been stored, either
in cotton secks or in closed cens, for different periods of time. The
results are shown in Table 12. Seed treated with Smuttox and stored
in closed cans for 27 days or longer failed to germinate, while seed
treated with P. M. A. and Corona 80-B and similarly stored had its
viability greatly irmapaired. P. M. A. and Smuttox also affected
adversely the germination of seed stored in sacks. None of the other
treatments caused any striking reduction in the percentage of germi-
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nation, regardless of manner or time of storage. Through an over-

sight, formaldehyde-treated seed was not included in the series

stored in cans. The seed had been treated with this fungicide some~
" what in accordance with Braun’s presosk method (2). After being
soaked in water for 30 minutes it was allowed to drain and then was
eovered overnight, about 15 hours. It then was immersed in a 1: 320
solution of 37 per cent formaldehyde for 30 minutes, allowed to drain,
covered for 2 hours, and then dried. This treatment, it will be noted,
did not result in seed injury even after the diied seed had been stored.
for 75 days before soving. For effective control of covered sImut,
bowever, an hour’s immersion in the formaldehyde solution is recom.
mended. for, es shown in Table 7, this treatment controlled covered
smut.

TanLe 12.—Effect of seed disinfectanis on germination of Tennessee Winler bariey
after the treated seed had been stored for different periods of Lime either in cofton
aacks or in closed cans and then sown in the greenhouse, germination data being
taken IO days after sowing

FPercontage of germinvation after storage

£

Beed-frestment eompounsd 27 days in— £1 days Jo— 75 (dnys in—

Backs Sacks | Cang Cana

-

ZRIREBIRIIR -
SEESBREEERE

Coresen
Dupont PR A
Control. .
3 | Hiochst,

BRBR 08

7 | Smuitox. ..

Series 3 was sown October 18 and the plants emerged October 28.
At the time of sowing series 3 the soil conteined 19 per cent of its
water-holding capacity, which two days later had increased to 25
per cent. The meen soil temperature from sowing to emergence
was 11° C. Series 2 was sown October 5 and the plants emerged
October 11. At the time of sowing series 2 the soil contained 41
per cent of its water-holding capacity; a light rain the day after
sowing increased the water content to 46 per cent. The mean soil
temperature from sowing to emergence was 15.6°. The soil tempera-
ture and rainfall data between the dates of sowing series 2 and the
emergence of series 3 are shown in Table 13,
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Tapse 18—Record of ihe soil temperailure and roinfall between dnles of sowing
Gnd emergence in conneclion with experiments on control of covered smut of barley
at Arlinglon Experiment Farm, Rosslyn, Va., during the 1928-29 season

[Serles 2 was sown October 5 and emerged Qotober 11, The s0fl wos §1 per cent saturated. Series 3 was
suwn Oetobor 18 and emerged October 28. "The soil was 19 per cent saturated)

Zoil temperatire Soil tempernture

Rainfai}
Mnxi- | Mini- Menn Muxi- | Mini- .

murm mum Mean

e . | ec 1 A e+
16.5 . 18
4.3 . 17

ronReBdnne

Oct. . 25

In series 2, therefore, germination and emergence occurred in g
warmer, wetter soil than in series 3. According to the data on smut
control shown in Table 14, these conditions evidently resulted in
more effective action of the dust fungicides, since only five smutted
heads were found in all the rows from dust-treated seed in series 2,
while In series 3 none of the dusts completely eliminated covered
smut. Formaldehyde, on the other hand, was more effective in
series 3 despite the fact that the higher percentage of smut in the
controls in this series indicated more favorable conditions for its
development than in series 2. The fact that the fungicidal action
of formaldehyde and other liquid fungicides takes place before the
seed is sown should make their effectiveness in disease control more
or less independent of soil conditions after sowing. This, however,
is not true in the case of most dust fungicides. It seems that a soil-
moisture content of 25 per cent of saturation is not sufficient for the
maximum effectiveness of those dust treatments whose fungicidal
action doubtless is dependent upon their contact with soil moisture.

TanLe 14—Conirol of covered smul in Tennessee Winler barley and Wisconsin
Winter barley grown from secd unirealed or trealed with various fungicides and
sown in vod rows at Arlinglon Experiment Farm, Rosslyn, Va.

{im series 2 four replivations werp sown Gotober 5, 1928, and ¥o series 3 eight replications were sown October
8, 1925, Datn wera teken May 15, 1930]
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From the standpoint of controlling covered smut without Injuring
the seed, Hochst, Ceresan, and Abavit B were the onl satisfactory
fungicidal dusts used in the 1928-29 experiments. %t should be
stated that the makers of Smuttox recommend it chiefly for the con-
irol of oat smut and not for barley diseases. It was unfortunate
that the plants in series 1 were wintsrkilled, because the more num-
erous replications in this series would have vielded more significant
datd on the control of covered smut than were secured in the other
series. The failure of formaldehyde to control covered smut effec-
tively must be attributed to & too brief immersion in the fungicidal
selution, as has been suggested before.

DISCUSSION AND CONCLUSIONS

Duning the period 1925-1929 more than 45 dusts were tried in
experiments on the control of covered smut of barley. Of these
dusts 12 were made in Germany; 1, Vitrioline, in France; 24 by
seven different commercial concerns in the United States: and the
remeinder were made up in the writer’s laboratory from various
salts of mercury and copper. Of the 12 dusts from Germany, the
2 outstanding ones in the control of covered smut of barley were
Hochst, also called Trockenbeize Tillantin and Abavit B. Duscs
Nos. 225 and 225-V controlled covered smut satisfactorily at times,
but were not consistently effective. None of these 4 dusts are com- -
mercially available in the United States.

Of the 24 dusts submitted by commercial concerns in this country,
only the following 5, to the writer’s knowledge, are or ever were
produced commercially: Smuttox, Bayer Dust, Semesan, Scmesan
dJr., and Ceresan. Of the six organic mercury liguid fungicides used,
Germisan and Tillantin C came from Germany and are not com-
mercially availeble in this country. Semesan liquid is a solution of
Semesan dust. Uspulun is no longer manufectured in this country.

Since so few of the 45 or more dusts used in the foregoing experi-
ments are or ever were on the market in this country, the question
naturally arises as to the practicel value of results from experiments
with such materials. It should be made clear in the first place,
therefore, that the purpose of these experiments was not simply to
test the fungicidal value of proprietary dusts recommended by their
makers for the control of covered smut of barley, for at the time of
beginning these experiments there were no such dusts on the market
in this country. The experiments were designed to aid in the develop-
ment of effective and practical dusts for this purpese. For this
reason most of the dusts used were purely experimental and not
necessurily intended for production on a commercial scele. It was
necessary to determine (1) whether covered smut of barley could be
controlled at all by dust fungicides, (2} whether and to what extent
the effectiveness of such fungicides 1s dependent on environmental
conditions after sowing the trested seed, and (3) whether the dusts
found to be effective under an aversge range of conditions were
practicel from the standpoint of cost, physical and chemical properties,
and their effect upon the seed.

Some of the dusts included in these experiments gave excellent
control of covered smut, but owing fo their high mercury content
were discarded on account of their excessive cost. Others of equal
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~ . effectiveness were undesirable on account of their being corrosive

to metal. Still others were considered impractical or account of
their hygroscopic nature, their lack of stability, their injurious effect
upon tﬁe seed, or other undesirable qualities.

In view of the fact that in these as well as in previous experiments
(14, 34) liquid organic mercury fungicides, now on the market, proved
highly satisfactory in controlling covered smut as well as other
diseases of barley without seed injury, one naturally is called upon
to sup&)ly & Teason for trying to replace these efficient liquid fungicides
with dust fungicides. Bome of the advantages of dust fungicides
and the disadvantages of liquid fungicides have been pointed out
previously by the writer (15). It may be well to review these here,
together with others of greater or less importance.

(1) Dust fungicides usually are easier to spply. The dust is
mixed with the dry grain in a mechanical mixer for a few minutes,
after which the grain may be resacked and either sown at once or
stored indefinitely. All the trouble incidental to wetting and drying
the seed is eliminated.

{2) The use of dust fungicides decreases the chances of mistakes
in seed treatment. In using liquid {ungicides, especially formalde-
hyde, there is some danger of using, unintentionally, too strong a
solution or sllowing too long a reriod of immersion, thus causing
severe injury to the seed. On the other hand, according to Gassner
(6), Krauss (11}, and others, some fungicidal solutions when used
repestedly have so much of their essentisl ingredients taken up by
the seed that they no longer act as disinfectants unless more of the
chemicals are added. It goes without saying that mistakes are
possible in adding the proper quantity of chemical, or, for that matter,
in not replenishing the solution at aﬁ. In the case of dust fungicides
if too little dust is applied, this fact is revealed to some extent by
the appearance of the seed, which is supposed to be very thoroughly
coated with dust. If too much dust is applied, the excess manifests
itself as free dust beeanse the seed will hold only a given quantity.
No injury to the seed will result, as a rule, from excess dust, but the
€xcess may cause trouble in seeding.

(3) Dust fungicides are less likely to cause seed injury. In addi-
tion to the danger of seed injury from too strong & solution or too
long a period of immersion, in the use of liquid fungicides the seed
may be injured by freezing if the weather should turn very cold
before the seed has dried. Furthermore, s period of rainy weather
at the time of treating the seed may prevent it from drying properly
and delay its sowing so that sprouting or other injury may result.
Hurd (70) has shown that seed slightly damaged in threshing is
particularly susceptible to injury by formaldehyde and copper
sulphate solutions. Dust fungicides, obviously, are free from these
disadvantages,

(4) Dust fungicides afford greater protection against recontamina-
tion of the seed after treatment. After being treated with liquid
fungicides the seed irequently is spread to dry on a barn floor, where
there is danger of recontamination; or it may be subjected to further
recontamination after it is dry by being placed in smutty sacks.
Walldén (39) cites a case in Germany in which two lots of wheat
treated with formaldehyde and resacked in clean and smutty sacks
befors sowing produced 0.4 and 16.5 per cent of bunt, respectively,
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in the crop. Since the fungicidal action of nearly all dust treatments
takes place after sowing, recontamination of the seed, manifestly, is
a minor possibility,

(5} Since most dust fungicides do not cause injury te the seed
even if it is stored for months after being treated, the treatment
may be given during a slack period even in freezing weather. This
favors the establishment and operation of comniunity seed-treating
plants where seed may be cleaned and treated at any convenient
time before sowing.

(6) Seed treatment by dusts is independent of temperature and
duration of application, while in the case of most liquid fungicides both
these factors are important. Gassner and Rabien (?) state, for exam-
ple, that an 0.008 per cent solution of formaldehyde at 30° C. for 6
hours is as effective as a 0.6 per cent solution at 0° for 10 minutes.
Both Germisan and formaldehyde, they state, disinfect poorly at 6°
or below. Lang (13) claims that at 5°-6° the disinfecting powers of
Germisan and %ormaldehyde are reduced to one-half and one-fifth,
respectively, of their effectiveness at ropm temperature, and that 3°
1s the lower limit for effectively using liquid fungicides of any strength.
According to this, liquid fungicides should be applied at a certain given
temperature to secure reliable results, This effect of temperature
suggests a possible reason for seme of the conflictingresults occasion-
ally obtained by different investigators in experiments with the same
liquid fungicides, as has been suggested in a previous paper (18).

(7) Dust fungicides protect stored seed from weevils and other
insects and to a large degree from rodents (23, 24). The latter will
avoid dusted seed if other food is available (24).

(8) Dust fungicides cause less retardation of the flow of grain
through the drill than liquid fungicides (7}, unless the seed has been
thoroughly dried after treatment with liquids. This applies especially
to seed treated with formaldehyde or copper sulphate. Such seed
generally is sown immediately after being treated and while rather
moist, because thorough drying is likely to be followed by impaired
viability. This objection IHc-es not obtain with many of the other
liguid fungicides now on the market, as seed treated with these
fungic:'ides may be stored indefinitely if thoroughly dried after being
trented.

Dust fungicides are not without their disadvantages as compared
with some of the liquid fungicides.

(1) They are poisonous and when inhaled may cause extreme physi-
cal discornfort or even more serious tesults. A respirator worn while
applying dusts or handling dusted grain obviates troubie from this
source. However, formaldehyde in concentrated solution as used in
the spray method also is very disagrecable to apply.

(2} Dust fungicides, as a rule, are more expensive than liquid
fungicides (4, 37), but this shortcoming may be putweighed by the
smaller cost of applieation.

(3) Generally speaking, it is not considered safe to usc dusted grain
for animal or human consumption; therefore, only enough seed should
be treated to suffice for sowing. However, Mackie and Briggs (24)
found that wheat treated with copper carbonate did not injure common,
house mige even when they subsisted upon it exclusively. Siegwardt
(32) in Germany fed chickens with wheat dusted with Hochst, a
copper-arsenic compound, and fouad that they seemed to suffer no
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ill effects from it. While the mention of these results is not to be con-
strued as a recommendation for using dusted seed as food, it seems
that seed treated with some of the copper compounds is not so poison-
ous 8s has been generally supposed. Mercury compounds, however,
whether applied to the seed in dust or liquid form, undoubtedly
render it unfit for consumption.

(4) Dust fungicides applied to seed retard somewhat its ready flow
through the drill (17, 80). This retardation may vary with the kind
of dust used, the type of seed, the make of drill, the rate of application,
and the rate of seeding. While it has been shown (I7) that the re-
tardation due to dust treatments is not so great as that caused by
liquid treatments when the grain is sown before being thoroughly
dried, the fact remains that under certain conditions the use of sust
fungicides may necessitate an slteration in the setting of the drill.

(2) Comparatively dry soil after sowing is not conducive to disesse
control in seed treated with dust fungicides (16). According to Volk
(36, 38), heavy rains after sowing #lso may render dust fungicides
somewhat ineffective, especially in light, sandy soils. Westermeier
(40}, in very limited laboratory experiments, also found that heavy
watering of the soil after sowing reduced the effectiveness of the dusts
he used, and for this resson he maintained thab they can not be
recommended for general use. However, in four years’ experiments
with numerous dust fungicides, only in one instance did the writer
(16} feel justified in attributing lack of effective disease control to
excessive precipitation after sowing, and then only in the case of
one dust.

An objection to the use of mercury compounds as seed disinfectants,
either as liquids or &s dusts, is advanced by Zimmerman (41), who
claims that grain from plants grown from seed which had been treated
with any of these compounds may contain appreciable quantities of
mercury. The continued use of flour made from such grain, he states,
may entail serious results, since the action of mercury is cumulative.
Further investigations along this line are recommended by him.

Some of the objections to the use of liquid fungicides are overcome
in Germany {9), and to some extent in this country, by the use of
‘‘continuous’’ seed-treatment machines. By this method the seed
is run through a solution of the fungicide, being immersed for a com-
paratively short time, after which it is immediately resacked and al-
lowed to stand for several hours before sowing. ~Volk (38) states,
however, that in experiments in Germany this method of seed treat-
ment seemed fo reduce the resistance of the plants to winterkilling.
This method also retains many of the disadvantages of the steeping
method. The spray method is employed by some in preference to the
steeping method. This consists in spraying the grain with a concen-
trated solution of the fungicide while it is being shoveled over, and thea
allowing it to romain covered for several hours or overnight. Mani-
festly, many of the objections that apply to the steeping and the
continuous methods would apply also to this method,

SUMMARY

Covered smut in Tennessee Winter barley was satisfactorily con-
trolled by immersing the seed for one hour in any one of the following
solutions: (1) Formaldehyde 1:320, a 0.12 per cent solution made by
adding a pint of 37 per cent commercial formaldehyde to 40 gallons
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of/water; (2) Semesan, 0.5 per cent; (3) Uspulun, 0.5 per cent; (4) Ger-
misan, 0.25 per cent; (5) Tillantin (Uspulun Universal}, 0.25 per cent;
(6} Corona 620, 0.25 per cent; and (7) Bayer Compound, 0.5 per cent.

Nos. 3, 4, and 5 are made in Germany and are not commercially
available in the United States and 6 and 7 are no longer being
manufactured.

Under average soil-moisture conditions covered smut of barley
sesms to be amenable to control by the more effective dust fungicides.

The dust fungicides, Hochst {Trockenbeize Tillantin} and Abavif:
B, both made in Germany and not commerically available in the
United States, and Ceresan, made in this country, gave satisfactory
control of eovered smut of barley without seed injury.

The effectiveness of the dust fungicides used seemed to be independ-
ent of soil reaction and, as far as could be determined, of the usual
range of soil temperature. A soil-moisture content of less than 25
per cent of saturation decreased the efficiency of most of the dust
fungicides used. The numerous advantages of dust fungicides over

liquid fungicides for disinfecting seed grain are enumerated and make
it highly desirable to find effective and satisfactory dusts to replace
ligquid treatments, especially the common formaldehyde and copper
s&phate treatments, which often cause marked sced injury and
consequent reduction in stand and yield.
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