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INTROGUCTION

Experiments on bunt and its control have been conducted at the
Arlington Expe.iment Farm, near Arlington, Va., for the last 12 years.
Some of the early results have been published (28, 46).> The purpose
of this bulletin is to present the resuits of later experiments conducted
et the Arlington Farm and at & number of State experiment stations
on the influence of certain factors on the development of bunt and
its control and the cfficiency of a number of fungicides in controlling
bunt. Data also are riven showing the effects of certain seed freat-
ments on germination and yield and the relation between the percent-
age of bunt and the resulting percentage reduction in yield.

MATERIAL AND METHODS
SEED AND INOCULUM

Purplestraw {C. 1.* 1915) and Fulcaster (C. I. 1045) were the
principal winter wheat varieties used In experiments on Arlington
Farm. In experiments abt southern experiment stations, Fultz
(C.T. 1923) also wasincluded. Xn experiments with spring whest both
on Arlington Farm and at a number of western stations the varieties
used were: Ceres (C. I. 6960), Kota (C. L. 5878), Prelude (C. I. 4323),

i Received for publication Apr, 21, 1937,
* The writer is indebted to 8, C. Salmon, A. 0. Jobnson, and V. F. Tapke, of the Divislon of Cereal Craps
and Diseazes, for their eritieal review of the manuseripe.

¥ Itejie numbers o pareatheses refer to Literature Cited, p. 45,
¢ C. L. refers to sceessiob number of the Division of Ceres] Crops nnd Diseases.

1533547 —37——1
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Hard Federation (C. 1. 4733), Supreme (C. 1. 8026}, Reliance (C. L.
7370), Reward (C. 1. 8182), Bobs {C. I. 4990}, White Federation
(C. 1. 4981), Little Club {C. 1. 4066), and Mindum {C. I. 5286).

The bunt that was used to inoculate winter wheat was obtained from
plots of Purplestraw wheat grown on Arlington Farm. That used on
spring wheat was originally obtained from plots of Ceres wheat grown
at Dickinson, N. Dak.

The incculum was prepared by breaking up the bunt balls and then
sifting the spores through an 80-mesh sigve. The seed was inoculated
at spore dosages of 1 to 75, 1 to 100, 1 to 250, or 1 to 500; that is, 1
part by weiglit of speres was applied te 75, 100, 250, or 500 parts by
weight of seed.  The spores were thoroughly mixed with thoseed in e
machanical mixer,

COMPCUNDS USED AS FUNGICIDES

The following copper, mercury, and other compounds were used
either as such or in combination with other materials.

Coppoer earbonate (igh grade), five cominercial brands confnining 50 to 55
percent of copper.

Copper carbonate {dilnie), six commercial brands containing 18 to 25 percent of
copper.  Inciuded in this lot were Coppercarb, Smut Bane, and Cuprojabounite.

Copper oxyehiloride, three brands,

Copper oxalate.

Copper bela-naphthol,

Copper chloride, cupric and chprous,

Copper sulphate, basie, dehydruied, and monchydrate, full strength and
diluted with fale.

Cuprie hydroxynitrophenol,

Copper niteate,

Copper stearnle.

Copper phosphate.

Copper axide, cupric and cuprous.

Ttachst, n copper arsenic naphthol compound.

Cuprobel, containing 2 pereent of metallie copper with ferric hydroxide, gypsum,
bolus, nnd fale.

Yitrinling, containing about 16 percent of acid-soluble copper as copper sulphate
and copper reeinte,

Acco Dust, 10 percent of cuprons eyvanide.

Mercuric chloride, 5 to 25 percent,

Mereuric cyanide, 10 to 63 pereens.

Mercuric nitre-phenol, 10 pereent,

Phenyi mercuric acetate, 2 percend.

Ethyl mercuric sulphate,

Para nitraniline orthomercuric chloride.

Abnvit I3, containing probably mercuric and potassium chloride and lodide.

8. F. A, 225, sodium cyanmercuricresol,

8. F. A, 225 V, sodium cyanmercurichiorphenol.

8. K. 413-a, a complex merenric oxyphenol compound.

Wi Wa Dust, o copper mercurie chloride combinetion,

Mereury C, hydroxy-mercuri-cupric nitrephenol.

Semesen, merenric chlorophenol sulphate.

Caresan, 1,6- to 2-percent ethyl mercuric chloride,

New Improvéd Ceresan, 5-pereent ethyl mercuric phesphate,

Sanosecd, ethanol mercuric chloride.

Seerocide, mercury furfuramid,

Paraformaidehyde, 2 to 5 percent, diluted with kaolin.

Tadine dusts of different compoesitions.

Resorein combined with erysinl viciet.

Sulphur with and withoul varicus oxidizing agents.

Naphthalene compounds.

Tormaldehyde dusis confaining 4 fo 8 pereent of oxymethylene in tale or other
inert materizl. Thie ineluded Smutiox, Kanlsmut, gnsul Pust, P. A, C. Dust,
and othoers.




STUDIES ON BUNT OF WHEAT
TREATING AND SOWING THE SEED

The dust fungicides were applicd to the seed usually at the rate of
2 or 3 ounces per bushel. 1n some preliminary experiments the dusts.
were applicd by the “excess”™ method; that is, the seed was mixed
with an excess amount of the fungicidal dust until every kernel
was thoroughly coated, after which thie excess dust was removed by
sieving, The seed invariably was dusted 1 or more days before it
was sown. The contrivance used for applying the dusts has been
described in a previous article (291,

In spplying the formaldehyde treatment the sced was soaked for 30
minutes in the ordinary 1:320 solution of commercial formaldehyde,
drained, covered 2hours, and then diied sulliciently to besown. When
formaldelivde-treated seed was to bhe sent to different stations for
sowing, the fellowing madificntion of Braun's method (2) was used;
The incculnted seed was sonked in water for 15 minutes, drained and
covered with a damp cloth for § hours, sonked 10 minutes in a 1:320
formaldehryde solution, drained and covered as before for 4 hows,
rinsed in fresh water, and then thoroughly «dried.  Subsequent periodic
germination tests showed that no apparent injury to the seed resulted
from this trentment, evesnt if sowing was delayed for several weeks.

The incculated treated and untreated seed was sown usually by
hand in rod rows at the rate of 12 to 14 g per row. Several replica-
tions were devoted to each treatment. When yield data were fo
be obtained, the sowing was done with o hand row planter to insure
greater uniformity in the rate of sowing.

The efiect of the different treatments on germination was studied
hy sowing 300 seeds of cuch treated and untreated lot in the green-
house bench. As far as possible, the sowings in the field and in the
greenhouse were made on the same day. In some experiments the
treated seed was stored for different periods or under different condi-
tions before being sown. Data on emergence were talen just before
the appearance of the second leaf.

Percentage of bunt was determined by counting the bunted heads
in all the rows and also the total number of hends in those rows in
which mors than 2 trace of bunt appeared. Partislly bunted heads
were counted as bunted. The term “trace’” in these experiments
means less than 6.1 percent of bunted heads.

CORROSION STUDIES

One of the chief requirements for a suitable dust fungicide is that
‘it be relatively noncorrosive to the metal parts of tresters and drills.
Therefore, most of the materials tested for fungicidal cffectiveness
glsc were tested as to their corrosive effects upon metal. These
studies were carried out by exposing strips of metal in & bumid
atmosphere to the action of the different dusts, This also served to
determine to what extent the dusts were hygroscopic. Many dusis
were discarded without further tests because of their corrosive or
hygroscopic properties displayed in these tests.

Similar tests are described by Friodrichs (72), who found that
several commercial fungicidal dusts were corrosive to the iron parts
of treaters and drills and that others were sufficiently hygroscopic to
clog the drill unless the seed was sown immediately after treatment,
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EXPERIMENTAL RESULTS
FACTORS INFLULENCING INFECTION

The control of bunt is contingent largely on factors or conditions that
favor or inhibit its development and the consequent severity of infec-
tion. Among these factors may be the temperatire, moisture, com-
position, reaction, and possibly the fertility of the soil, the degree of
soil infestation, the spore load on the seed, and the relative resistance
or susceptibility of the variety.

SOIL TEMPERATURE BEFORE EMERGENCE

The temperature of the soil after sowing the sced and before emer-
gence of the seedlings is generally conceded to be the principal enviren-
mental factor influencing infection. In general, investigators (8, 23,
37, 52) agree that infection may oceur ab temperatures from about
5° to 20° C. In order to secure more exnct information as to this
relation, four varictics of spring whent were grown in controlled soil-
temperature tanks (£7) from seed inoculated with spores ol Tilletia
leris Kuehn and in parallel experiments with spores of T. #ritici
(Bierk.) Wint. Pertinent data are given in table 1.

Tanue l.—Influence of soil temperature on bunl infection in 4 varicties of wheat

Tokal and infected p]nn}ts from sced inoculated
with—

Variely Titletia fevis Fittelin tritici

Total Infested Tolal Infected

MNum- | Num-
Pereent b Percent
245 2 544

52.6
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In every case except one the highest percentage of infection ocourred
at 10° C., and in the single exception the difference is not great.
There was & marked drop in infection at the higher temperature.
With Tilletia tritici no infection occurred at temperatures above 15°
C. and with T. leris none above 20° C. It seems possible that the
optimum temperature for infection may be slightly different for the

two species of bunt.
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S01L TEMTPERATURE AFTER EMERGENCE

Faris (8) concluded from his experiments that growth conditions
after emergence of the host plants had no marked effect upon the
development of bunt in Dawson and O, A, C. No. 104 wheats. Smith
(42}, on the other hand, working with Hope wheat, obtained 100-
percent infection when the plants were kept until maturity at an
average temperature of 9° C., and only 2.4 percent when they were
grown to emergence at 9° and then kept at an average temperature
of 21° until maturity. In Jenkin wheat, similarly environed, a high
percentage of infection was secured in both easss, indicating that
different varietics may react differently under a given set of environ-
mental conditions. An experiment was designed to determine the
effect of soil temperature after emergence on bunt infection in Purple-
straw wheat. Seed of this varlety was inoculated with spores of
Titletie levis, and the seedlings were grown to emergence at 6°, 13°,
and 26°. At the time of emergence, one-third of the seedlings in
each lot was retained at the initial soil temperature while an equal
number was transferred to each of the other two soil temperatures,
All seedlings were transferred to the greenhouse bench when in the
fourth-leaf stage. The infection data token later are shown in table 2,
Of the six transfers, only two, 6° to 26° and 26° to 6°, seem to have
aflected the percentage of infection. This may have been because
some plants had not yet passed the susceptible stage when they were
transferred.

Tarte 2,—Effect of soil temperature before and afler emergence on the percentage
of infecled plantz and heads in Purplestraw wheal grown from seed {noculated with
spores of Tilletia lovis

Zoil temperature Planta Xeads
TNelore Alter
emergence | arrergonce Total Infected Tatal Infeeted
L o Number | Number | Pereent | Number | Number | Percent
Li] 4] 114 ) o a5l 7 a7
) 13 105 B4 51 08 78 %]
G i} k3] i 83 401 328 82
13 0 127 118 B4 A08 5EE a1
13 13 111 103 4] ol 186 97
13 4 112 07 o 504 518 a7
8 { 132 143 12 313 14 L}
28 13 119 1] o] 304 Q 0
26 20 100 0 0 333 Q 4

PERIOD REQUIRED FOR EMERGENCE

Since rolatively low temperatures favor infection, it has been
suggested that this {act might be related to the longer period required
for emergence at the lower temperatures. Accordingly, each day as
the seedhings in the goil-temperature studies veferred to in table 1
emerged they were marked with metal tags indicating the number
of days required for emergence. At 20° C. the variation in the
emergence period was from 5 to 7 days; at 15°, from 8 to 10 days;
at 10°, from 12 to 16 days; and at 6°, from 17 to 29 days. After all
the plants had emerged they were transferred to the greenhouse
where a temperature of about 15° was maintained. Later the per-
centage of bunt was tebulated according to the period of emergence..
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The combined data from the four varieties are shown in table 3.
Since no infection took place at 24°, and very little at 20°, results
obtained at these temperatures are not included. There seems to
be a definite negative correlation between length of the emergence
period and percentage of plants smutted at each temperature. This
1s especially apparent for the scedlings that emerged at 6°. The
belief (19) that rapidly emerging seedlings “grow away’’ from the
bunt fungus is therefore not borne out by these results. Faris (8)
arrived at similar conclusions.

Tasre 3.—Relation of length of cmergence period lo infection by bunt in 4 wheat
variclies grown {o emergence al I of 8 soil lemperatures

Totsl and infected plants—

Soll From seod inoeutated with— In both seriss
Emergonce period | tem-

{days) per-
ature Tiltetia leviz Tilietia tritiel

Infzeted
Total Infecled Tatai Infeeted

Number| Number|Percent | Number| Number| Percent | Numther| Number| Percent
W 1 6.9 124 55 {2.8 250 158 8T

S0

L R 8D 0 0 00 g e PO B L3 B D S0 o G
Bee £ =k B BN o G0 £ 4 B0 mE B

S0OIL MOISTURE AND OTHER SOIL FACTORS

Soil moisture elso may affect bunt development. Caspar {5) and
Rabien (87) found that bunt development was inhibited in extremely
wet or dry soils. Woolman and Humphrey (52) and Hungerford (23)
secured little or no infection in extremely wet soil. In experiments
designed to defermine the relation of various soil factors to the
offactiveness of fungicides, the detailed results of which are discussed
Iater, the percentage of infection in the controls was reduced from
31.4 to 6.5 by saturating clean soil and from 54 to 28 by saturating
bunt-infested soil in which in both cases bunt-inoculated seed had
been sown. In another case webting the soil reduced the percentages
of bunt from 7 to 1.2 in one sowing and {rom 10 to 4.5 in another.
These reductions in infeetion may be explained by the fact that in
wet soils the oxygen supply is insufficient for abundant spore
germingtion.

Soil type is mentioned by Faris {8), Volk (50), Rablen (87}, and
others as a f{actor influencing infeciion by bunt. These investigators
agreo in general that soils rich in organic matter are more conducive




STUDIES ON BUXT OF WHEAT 7

to bunt infection than are light sandy soils. In sgreement with this,
the writer has observed over a period of years that in wheat grown
from the same lot of seed sown the same day, infection was consistently
higher in that grown on clay loam or on rich black soil than in that on
sandy soil. In cne case inoculated seed sown the same day in clay
loam and sandy soil produced 27 and 7 percent bunted heads, respec-
tively, and in snother experiment 22.3 and 4.8 percent, respectively.

Rabien (37} states that pH 5.0 ropresonis the acid limit for the
germination of bunt spores in the soil. Soil reaction, therefore, is
one of the factors largely responsible for the lower percentages of
infection usually observed in wheat grown on sandy soil. In field
experiments on bunt control, which wil%be discussed later, the addition
of lime to a sandy soil incrensed the percentage of bunt from 4.7 to
10.3. In another experiment in which two lots of soil were adjusted
to pH 5.6 and pH 7.9, rvspectively, and sown to Purplestraw wheat
inoculated with bunt the percentages of infection were 5.8 and 42.3,
respectively.

The effect of fertilizers on the development of bunt has been
investigated by Caspar (5), Feucht (9), Heuser {19}, Rabien (37),
and others, but without any outstanding or consistent results, In
general, heavy applications of potassium and phosphate fertilizers
scemed conducive to bunt development, whereas nitrogenous fer-
tilizers seemed to inhibit it. Howover, the use of commercial fer-
tilizers solsly for the control of bunt can hardly be recommended,

In certain sections of the United States the degree to which tha soil
it infested with viable spores wheon the seed is sown largely governs
the amount of bunt infection in the crop. These spores usually are
blown from neighboring fields where harvesting or threshing opera-
tions are in progress. 'They are deposited on the dry fallow land on
which wheat is to be sown and germinate along with the wheat after
the late fall rains. Secd treatment under such conditions is not fully
effective. Fortunately, soil infestation with bunt spures is common
in only & small part of the country.

Deep sowing, thick sowing, and excessive shade also have been
reported to be conducive to infection, while old seed, excessive stooling,
and a very loose seedbed tend to inhibit infection (5, 19, 47).

SPORE LOAD

It has been shown repeatedly both by formal investigations (17, 81)
and by general observations for those areas where soil infestation does
not occur that the degree of infection in the crop is influenced greatly
by the number of spores per kernel, Assuming favorable conditions
for infection, seed visibly dark with spores may be expected to pro-
duce a heavily infected crop; if only the brush of the seed is darkened
with spores 10 to 25 percent infection may follow; and if the smut on
the seed is not visible to the naked eye bunt infection may range from
a trace to abouf 5 percent. Much, of course, depends upon the via-
bility of the spores, the environmental eonditions during emergence,
and the relative susceptibility of the variety.

Seed of Purplestraw and Fulcaster wheats inoculated at different
spore dosages and sown on different dates yielded the results sum-
marized in table 4. There is chvicusly a rolation between spors load
end infection. However, infection in Purplestraw was consistently
higher than in Fulcaster, and thers is a wide range of infection in
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both varieties, as governed by the date of sowing. These results
indicate that the degree of infection cannot safely be predicted from
a knowledge of the spore load alone,

TasrLe §—Efeel of spore load, dale oj} sowing, und variely on buni infection in
wheat

Bunted hendd from seed Bunted heads from soed
sawn— sown—
Yaoriety and spore lond Varlety and spore load t

Bopt, .| et | Nov. Sept.| Ot | Oet.
an 2 10 2 K 2

Purplestraw: Pef, .| Pet. | Pet,
140 50... 3, F Bi. 1
1 g

1o 4,
I i 200, T . . . §
1 Lo KL - . . . 1o A0 .
T o 1L, L3 N N 7 e 1,000

! Expressed ns relulivo wolgiis of spores amd seed. t Represents braco, or loss than 8.1 pereont.
¥YARIETAL BUSCEPTIBILITY

As suggested abovo, the severity of bunt infection is greatly in-
fluenced by the relative susceptibility of the vuriety of wheat to the
strain or strains of bunt fungi infecting it. Much work has been
done in recent years in developing varieties of wheat resistant to bunt.
Some of these varietics which seemed to be highly resistant to bunt
(8} later proved to be more susceptible to certain other sirains of the
bunt fungus (2I). The existence of these diflerent strains greatly
complicates the work of developing resistant varieties. However, in
regions where soil infestution occurs, resistant varieties necessarily
will continue to be the chief means of combating bunt.

EXPERIMENTS WITH BUNT FUNGICIDES
RELATIVE EFFECTIVENESS OF VARIOUS FUNGICIDES

Seed treatment for the control of bunt has been practiced to some
sxtent for nearly three centuries and as a standard agricultural prac-
tice for more than 60 years, Copper sulphate and later formaldehyde
were the first fungicides to come into general use. The literature on
the early use of these and cther liguid treatments, such as mercuric
chloride, hiot water, and Uspulun, has been reviewed by Woolman
and Humphrey (61).

The first dust fungicide to be widely used was copper carbonate,
owing largely to the work of Darnell-Smith (8) in Australia and that
of Mackie and Briggs (37) in the United States, The apparent
advantages of a dust trentment greatly stimulated a search for other
and better dust fungicides for the control of bunt and other cereal
disenses.

Space will not permit a complete review of the innumerable publica-
tions on bunt control, but o brief general summary of the results
obtained and the recommendations made will be attempted.

Until recently most investigators i the United States have recom-
mended copper carbonate as the mest practicable dust fungicide for
bunt control. The usually recommended rate of application is 2 to
3 ounces per bushel for the high-grade copper carbonate and 3 to 4
ounces for the so-called “extended” or diluted brands. Some contend
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that the latter brands are as effective as the high-grade brands when
used ab the same rate of application, but others maintain that this
obtains only when there is a light spors load on theseed.  The majority
recommend the high-grade material at least for moderately severe
infestation, and many favor the wet formaldehyde troatment instead
of dust fungicides Tor very badly infested seed. Copper carbonate
and the better dust fungicides in general are, on the whele, credited
with improving the stand, while the opposite effect is fraquently
observed to follow the use of formaldchyde and copper sulphate
solutions. '

Many other copper salts have boen tried as bunt fungicides with
varying degrees of success by a number of workers in the United
States. 'The {ollowing compounds of copper have at times been recom-
mended: Oxalate, oxychloride, chloride, acctate, stearate, phosphate,
fluosilicate, oxide, nitrate, arsenate, bromide, iodide sulpbate, silicate,

sulphide, and combinations of these with each other or with other
materials. The following have at times been found unsuitable as
bunt fungicides: Acetate, chlornte, dichloracetate chromate, phos-
phide, sulphide, stearate, sulphocyanide, sulphophenate, tartrate,
sulphate, and ethers,

Among other chemicals that have been found inferior to copper
carbonate are the carbenates of lead, nickel, barium, caleium, and
sodium, the sulphates of ammonis, potassium, magnesium, and iren,
caleium arsenate, furfurol, paris green, and the acetate, chloride, and
silicate of nickel, A number of American investigators (4, I8, 18,
25, 32, 88, 48) have included in their experiments such proprictary
products as Wa Wa Dust, Abavit B, Vitrioline, Seed-O-San, Semesan,
Corone 620, Bayer Dust, Jabonite, and others. Although some of
those dusts at times wore reported as satisfactory bunt fungicides,
the fact that at present they are not on the American market as such
seems to indicate that, on the whole, they were not able to compete
with copper carbonate and other popular bunt fungicides.

Coresan, containing 1.6 and later 2 percont of ethyl mercuric chlo-
ride, was found by some to be equal to copper carbonate in bunt con-~
trol, but much higher in price. In 1933 Ceresan was succeeded by
New Improved geresun, containing 5 percent of ethyl mereuric
phosphate. In experiments by a number of investigntors (156, 25},
it has been found equsl or superior to copper carbonato with respect
to bunt control, ease of application, effect upon drills, and cost per
bushel of seed treated.

Investigators in the British Empire, in general, have found copper
carbonate the most ncceptable dust bunt fungicide (30, 43, 44, 47, 48),
although in some cases anhydrous and basic copper sulphates and some
proprietary copper dusts have been found superior to copper carbonate,

In France and her eolonies different workers (1, 11, 14, 34, 35, 36, 40)
bave recommended the use of such salts of copper as carbonate, ace-
tate, chloride, oxychloride, sulphate, and arsenits for effective bunt
control. The use of mercury in dust {ungicides does nob scem to
Lave been encouraged in France.

In the countries of central Europe copper carbonate (4I) is not
gencrally recommended for bunt control, although in Germany (39
American brands of this fungicide have been found cffective. 1t is
possible that the frequent failure of copper carbonate as & bunt fungi-
cide in these countries is due to the use of material not especially made

1535473 ——21
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for this work (87). The dusts most frequently used in bunt-control
experiments, especially in Germany (20, 26, 49, 50), are such pro-
prietary preparations as Tillantin, Héchst, Agfa, Kusperit, Seget.an,
Porzol, Tutan, Urania, Abavit, Abavit B, Fusariol, and others, These
sre not commercially available in the United States and their relative
merits therefore need not be discussed.

Although copper carbonate wes recognized as a fairly good bunt
fungicide as early as 1913 (8) and has been widely used as such since
that time, it has certain objectionable features that have stimulnted
a search by State and Federal investigators for something botter.
Commercial concerns also have been trying to develop more acceptable
dust fungicides and usually have submitted their products to Govern-
ment exlperimental agencies for testing. In such experiments carried
on by the writer, copper carbonate has been used as a standard of
comparison. Any dust found inferior to copper carbonate in bunt
control, or equal to it but more objectionn.b& in one or more other
respects, can hardly be expected to replace it as a bunt fungicide.

In the spring of 1929, experiments relating to the contral of bunt
in spring wheat were carried out at 13 cxperiment stations through
the cooperation of the workers at thoso stations.’

Seed of four varieties of spring wlieat was inoculated with bunt
spores at a 1 to 250 spore dosage, and soparate portions were treated
with the different fungicides at Ardington Farm on March 8, 1929,
Prelude was sent to seven of the stations and Reliance to six, while
Kota and Supreme were sent to all of them. The treated and un-
treated seed was sown by hand at the rate of 12 g per rod row in four
replications at each of the stations.

ata on bunt control were taken by the writer at 9 of the 13 sta-
tions, At Moscow, Aberdeen, Moro, and Pullman they were teken
by the respective cooperators at those stations, These date are pre-
sented in table 5.

TapLy 5.—Bunt conirol in Prelude, Kota, Supreme, gnd Reliance wheatzs grown
Jrom ineculaied ireated seed, sown in rod rows, and replicated 4 limes for each
ireaiment applied to each variety al g number of siations in 1929
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Vorlety and seed-treat-
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= Copnercath was nn’?lled at 3 punces and the Utho(l{' dusts at 2 ouncea per bushel., The formaldebyda

was opplled by 8 modification of the Oraun () method.

1 Tha writer grutelfully ack nnwledgas the nsslstance of the following cooperaiors in enrryiog ont gxperlments
in the western Unlted Slates: O, O, fohnslon, Manhattan, Kans.; . F. Sprague, Morth Plalte, Nebr.;
J. G, Dickson and R. Q. Shands, Mmlison, Wis; C. 8. Helton snd E. R. Ansemus, 8t. Paul Minn.;
K, H. Klages, Droakings, and E., 8. ‘\{anddun, Hedfield, S. Dulk.; W. E, Brentzei, Fargo, K, W, Bmith,
Hekinson, ond G, 6. Smith, Langdan, N. Dak,; B, B. Bayles and Toa E. Sutherland, Moceasin, LaRo:
Powars and J. E, Norton, Bozeman, aad M. A, Hell, Hnavre, Mont.; Loren Davis, Aberdeen, gnd C, W,
.Iungerl’ord. Moscow, Idaho; E. F. Galnes end H. H. Flor, Puliman, Wash,; F, F. Martin, Moro, Oreg.:
and B. L. Richerds, Logan, Uish.
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Taste B—Bun! control in Prelude, Kola, Supreme, end Reliance wheats grown
Srom inoculated (realed seed, soun tn rod rows, and replicaled 4 limes for each
ireatment applied lo each variely ol @ number of slations in 1825—Continged
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The pronounced range in infection and in the apparent eflective-
ness of the different dusits at various stations is difficult to explain,
in view of the {act that the seed had been uriformly inoculated and
treated. The results irom some of the stations suggest the possibility
of soil infestation or recontamination of the seed after treatment,
1t is possible that differences in the nature of the soil at the different
stations also may have countributed somewhat to the disparity in
results. None of the trentments reduced the number of bunted heads
to less than 1 pereent in all of the varieties at all of the stations. On
the basis of {he lowest average percentage of bunted heads for all
stations, formaldehyde effected the most nearly perfect control and
next in order wers copper chloride, Héchst, copper oxychloride, copper
carbonate, Coppercarb, copper oxalate, Ceresan, and copper-beta-
nephthol, the last named compound being generally ineffective,
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In the fall of 1929, cooperative experiments with winter wheat were
cerried out at & number of experiment stations in the southeastern
United States.® Seed of three winter-wheet varieties was inoculated
with bunt spores at a 1 to 500 spore dosage, treated with fungicides
at the rate of 2) ounces per bushel, and sown in rod rows replicated
four times at each of six stations,

The data on bunt infection at each of the stations are shown in
table 6. In Fulcaster wheat the infection in the controls ranged from
8.7 percent at Knoxville to 45.7 percent at Athens, and each of the
trentments reduced the accurrence of bunt to loss than 1 percent at
every station. In Purplestraw infection in the controls ranged from
14.4 to 54.9 percent and every treatment excopt Ceresan reduced
bunt infection to less than 1 percent at each station. In Fultz,
which showed the highest infection in the controls, 20.9 to 64.6 per-
cent, only formaldehyde and basie copper sulphate roduced infection
to less than 1 percent at every station. However, nons of the treat-
ments for any variety at any station permitted an inlection of more
than 1.7 percent. It would appear, therefore, thut all the treatments
gave fairly satisfactory commercial control,

Tarne 6.-—Bun! coniral in Purplesiraw, Fulcaeter, and Fullz wheats grown from
treated inoculaled seed soun in vod rows replicated f times for each Lrealment
applied fo each variety al cach of 6 stafions, 1999-30
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& raodifientlon of the Lrann (2) method,
1 T roprasents iruce, or less Lhen 0.1 percent,

A series of cooperative field experiments similar to those of the
previous year were carried out in 1930 at 15 western experiment
stations. Seed of Reward, Ceres, and Kota was inoculated at a spore

¥ The writer gratefully acknowledges the helpful cnogcrntlnn and gssistpnce-of the following persons ln

carrying gut these axpariments: 8. . Leliman, Raieigl, N. C.; R. R. Childs, Athens, Gu.; C. D, Sher-
bakafl, Knoxville, Tenn.; W. D. Valleau, Texington, Xy.; and C. R. Orton, Morgentown, W. Va,
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dosage of 1 to 250, and separate portions were treated with different
‘fungicides. Coppercarb was applied at 2, 3, and 4 ounces per bushel,
in order tc determine whether the extended brands of copper carbonate
should be used at a heavier rate than is usually recommended for
pure copper carbonate. The incculated, treated, and untreated
seed wus sown In rod rows in two replications at each of the 15
stations.

Each cooperator sent in a thermograph record of the daily temper-
sture range and rainfall, from the dote of sowing to the date of
emergence, and samples of seil (in sealed contniners) token at each of
these dates. These soil samples were tested for moisture content,
water-holding capacity, and reaction. These data are presented in
table 7. The datu relating to infection are shown in table 8.

TarLE 7.—Dala relating in cnvironmental conditions belween the dales of zowing
and emergence in experiments on bunt conirel in spring wheal al a number of
slations, 1930
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! Plols ruined by wind-blown doat, v'T represents trace, or less than 6.1 percent.

Conditions during the spring of 1920 apparently were not so con-
dueive to infection as in the previcus year. At three of the stations,
Madison, Langdon, and Havre, so little infection cccurred in the con-
trols that no data of value on bunt control were obtained. At Red-
field the plots were ruined by wind-drifted soil. At the remaining
stations the average percentages of total heads infected in the three
varieties ranged from 2.1 t0 25.3. As in the previous yesr, the fungi-
cides varied somewhat in their effectivness at the different stations,
despite the fact that the seed sown had been uniformly inoculated
and treated. None of the fungicides reduced the amount of infestion
to less than 1 porcent ab every station. Taking the average percentage
of bunted heads in all varieties at 12 stations as a basis for comparison
the different treatments in the order of their effectiveness were
formaldehyde, Coppercarb (3 ounces), Coppercarb (4 ounces), ¢copper
carbonate, basic copper sulphate, Coppercarb (2 ounces), Cupro-
jabonite, and Ceresan (table 8). Better results were obtained with
Copperearb when used at 8 ounces per bushel than at 2 ounces, but no
advantage from a still heavier rate of application was apparent,
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The only stations at which formaldebyde did not effect complete con-
trol were Moscow, Moro, and Pullmen, suggesting either some recon-
temination or the possibility of some soil infestation at these places,

TainLm 8.—Bunt conirel in Reward, Ceres, and Kola wheais grown from lrealed
wnoculated seed sown in paired rod rows af 12 stations, 1030
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1 A ppifed according to o modl@cation of the Branz {2} method,

The data on environmental conditions during the periocd of emer-
gence, as presented in table 7, fail to reveal any consistent relation
between any of these conditions and the occurrence or control of bunt.
Too many iactors beyond the control of the investigator entered into
the field experiments to malke it possible to draw definite conclusions
regarding the influence of any one of them. KExperiments dealin
with the influence of certain soil inctors on the development end contro
of bunt are discussed later.

During the season of 1931-32, in extensive seed-freatment experi-
ments at Arlington Farm, seed of Purplestraw wheat wes inoculated
with bunt at three spore dosages: 1 to 75, 1 to 250, and 1 to 500. Thse
materials used as fungicides were the following: Two brands of high~
grade coppe: carbonate, Coppercarb, Smut Bane, dehydrated copper
sulphato, basic copper sulphate, copper phosphate, copper oxychloride,
Ceresan, 1 and 2 percent ethyl mercuric phosphate, and & number of
other experimental dusts,
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Conditions after sowing apparently were not conducive to heavy
jnfection, for the infection percentages in the controls averaged onl
18, 6, and 4 percent for the three spore dosages, respeciively, and ail
the materials referred to controlled bunt perfectly without impasiring
germination. Detailed data are therefore not given.

In the spring of 1933 the appearance on the market of New Improved
Ceresan {5-percent ethyl mercuric phosphate) and the resultant
numerous inquiries regarding its merits led to experiments designed fo
determine its effect on germination and bunt control. Seed of Ceres
and Mindum wheat, inoculated at & 1 to 100 spors dosage with bunt
collected from thess varieties, were treated with copper carbonate at
2 ounces per bushel and with New Improved Ceresan at ¥, 1, snd 2
ounces per bushel. A portion of the seed was sown at Arlington Farm
7 days, another portion &t Fargo, N. Dak.,” 4 days, and a third lot
st Fargo 40 days after treatment. Bunt infection data are presented
in table 9.

TanrLe 9.—Coniret of bunt in Ceres and Mindum wheals grown from seed inocu-
lated af & 1-10-100 spore dosage and lrealed §, 7, or 40 days before sowing, 1933

Treatitent of seed Tofrl and inficted heads ln—
Logation of o
experiment Rnte ‘;?:3fa Ceres Mindum
Mulerfal used per rent-
bustel | one | Total | Infested | Total | Infected
(225 Days No. | Ko ! Pa.| Ne, . No. [ Pd.
NOO#_ e meecme e ae . w2 130 | i34 Gl a2 4.3
Copiter carhonnte ... . 2 4| i, =30 i L1 814 G 3
Fargo, W, Dak__{s Naw Imjroved Ceresan. . 1y 4| LI 821! 55 M 7 LG
..... [ 2 D ] 4] 1,080 2 .2 831 1 ol
..... da, - F] 4 1, 0.9 2 .2 B33 ¢ 0
51T ORI SR AP 1,215 443 1 38.2 1,26 1 504 4.0
Copper enrbonnie. .ooan.. i 7] L8 3 L2 %285 4 -3
Arliogton, Va...|s New Improved Ceresan, | 3 T 1,262 1 A a8 1 .1
do. . 7 G .¢f 1,238 0 .0
i] 0 1, 138 ] .0
1193 0.8 875 25 4
L3 .3 738 1 .1
Pargo, N, Dak . 2 ] 853 o A0
1 0 G 500 1] .0
..... L+ - T, i 4 73 ¢ .G 18l 9 .0

Bunt control was excellent in all cases with the exception of the one-
half-ounce-per-bushel trentment applied 4 days before sowing at
Farge. This failure may be attributed to the diffieulty of accurately
applying the required amount of dust to the small quantities of seed.
Excellent control was effected at Arlington Farm, whera the percent-
oge of infection in the eontrols wis much higher than it was st Farge,
The sffect of treatment with New Improved Ceresan on germinstion
will be discussed later.

Additional experiments with & number of fungicides were carried
out zt Arlingten Farm during the period from 1933 to 1935, Thae
pertinent data are presented in teble 10. Presented here also are
data regarding the effect of the various fungicides on germination and
vield, which will be discussed later.

! Thy writer gratefnily acknowledges the pssistance of W E, Brentee], whe did part of the treating and
8} of the sow!inhg at Farco and also recorded Lthe deta.
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TaBLE 10—Effect of secd lreaimeni on germinalion, buni conirol, and yicld in
Purplestraw whea! grown from seed inoculated with bunl at a 1-te-100 spore
dosage and scwn on the Arlington Experiment Farm, 1983-85
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Purplestraw wheat, incculated with bunt at a spore dosage of 1 to
100, was used in these tests.  Altogether, 21 materials were compared
as to their fungicidal effectiveness. Some of them were used at
different dilutions or diffevent rates of application.  Six were included
in each of the 3 vears’ tests, seven In each of 2 years, and eight were
tested for only 1 year. After treatment with the different materials
tlie sced was sown in rod rows replicated 10 times in 1933 and 7
times ench in 1934 and 1935,

In 1933, conditions were not favorable for infection, as only 4.5
percent of the heads in the controls were bunted. All the treatments
except.} the formaldehyde dust {Ansul Dust) effected satisfactory bunt
control.

In 1034, an average infection of 91 percent in the controls was
reduced to less than 1 percent by Ceresan, New Improved Ceresan,
basic copper sulphate, dehydrated copper sulphate, copper carbonate,
and Smut Bane and to less than 2.5 percent by all the other copper
dusts except cupric oxide, which allowed 6.8 percent infection. Sano-
seed, Grainaide, and the formuldehiyde dusts, Ansul Dust, Smuttox,
and P. A. C. Dust, also failed to control bunt satisfactorily, In 1935,
with one cxception, ail the dusts used reduced infection from an
average of 77 percent inn the controls to less thun 1 percent. Formal-
dehyde dust (Smuttox} not only failed to control bung but severcly
impaired germination and reduced yield, as will be mentioned later.

The results of experiments with many of the [ungicidal dusts listed
under Compounds Used as Fungicides do not merit publication because
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these dusts failed to show sufficient promise as practicable fungicides.
Among the commercial dusts of foreign make and not available com-
mercially in the Upited States, Hochs, made in Germany, and
Yitricline, made in France, proved very efficient and satisfactory
fungicides for bunt control in the experiments in which they were
included. Among American-made dusts, Wa Wa Dust, while effec-
tive in bunt control, was very injurious to seed and, in the tests pre-
viously described, was found to be highly corrosive to metal. Mercury
C, SBemesan, and Ceresan were moderately effeetive, but all three were
too expensive because of their high mercury content. Sterocide was
wholly incflective and Sanoseed relatively so. Most of the other
mercury dusts were injurious to the seed, highly corrosive, unstable,
ineffective in bunt control, too expensive, or unsuitable for fungicides
in_ other respeets. Resorcin, combined with ecrystal violet, was
effective but objectionable because of its coloring propensity.

Five todine dusts were tried, but none reduced the percentage of
bunt sufficiently to qualify as a bunt fungicide. Sayre and Thomas
($8) reported control of ont smuts with iodine dust in 1928, but
Horsfall (22) found it unsatisfactory for this purpese, while Dillon
Weston (7) found i$ ineffective for controlling bunt. In addition to
this, its corrosive nction and other undesirable qualities should elim-
inate 1t from further consideration as a practical seed disinfectant.

Such materiais as sulphur, paraformaldehyde, quinone derivatives,
cresol, and naphthalenc compounds were not consistently effective,
although at times some of them seemed promising.

Copper compounds, as ¢ class, seem to be specifically toxic to bunt
spores, as most of the more common copper salts effected a pro-
nounced reduction in the percentage of bunt. In preliminary experi-
ments such compounds as copper oxychloride, copper oxalate, copper
chloride, end others seemed to be slightly superior to copper ear-
bonate in bunt control, but when they were included in more extensive
tests their shortcomings became apparent.

In table 11 is presented a summary of the results obtained with a
number of the fungicidal dusts used in the foregoing experinients.
This table shows, for each of these compounds, the rumber of seasons
it was tested, the total number of bunted heads grown from seed
treated with it, the total number of bunted heads grown from an equal
quantity of untreated sced, and finally the index of efficiency or con-
trol. The latter figure is the result of the formula:

smutted heads from treated sced
100 [smutted heads from untreated seed < 100]

Where several brands of a dust were used in one experiment, the
average number of bunted heads for all the brands was taken. The
significance of the control index shown for any fungicide is to a great
extent contingent upon the number of experiments in which that
fungicide was used. For example, Vitrioline, which shows a very
high index of control, was included in only a few experiments and
therefore should not be considered superior to copper carbonate, which
was used in 7 years’ experiments and under o much greater range of
conditions. Although copper chloride, one of the more frequently
used dusts, rates high in effectiveness, it is ruled out on account of ifs
hygroscopic nature and corrosive action on metal, as determined in
the corrosion tests previously described. Copper oxychloride, also

153047 —87——3
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very effective, possesses this undesirable feature to a less degree than
does copper chloride. Copper phosphate and red copper oxide were
fairly effective. Copper oxalate, while very satisfactory as regards
its physical and chemicsl preperties, proved slightly inferior to copper
carbonsate in bunt control.

TaBLy 11.—Relative fungicidal efficiency of @ numbcr of malerials in the conlrol of
bunt in experimenty extending over periods of 1 lo 7 years
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Basic copper sulphate, such as is used extensively in dusting fruit
and vegetable foliage, seems to be slightly superior to copper carbonate
in bunt control. It also may be somewhat cheaper, but slightly morc
disagrecable to apply.

New Improved Ceresan in 3 years’ experiments was very satisfac-
tory not only in bunt control but in its effect on germination when
properly appiied. In 2 years' tests it was not superior to the other
dusts in its effect on yield (table 10). It is cheaper than most of the
other dusts, it is more easily applied, has no undesirable effect on drill
action or rate of sowing, and, as will be shown later, it protects the
seed against organisms other than bunt more effectively than do copper
carbonate and formaldehyde. Its chief disadvantage lies in the injury
it may cause to the viability of the seed or vigor of the seedlings if it is
applied at an excessive rate or if the treated seed is improperly stored
(25). The results obtained with New Improved Ceresan stress the
necessity of applying it at not more than one-half ounce per bushel.
If the treated seed is to be stored for several weeks, less than one-half
ounce per bushel may be used (25). Like other fungicidal dusts that
owe their efiectiveness to the volatile fumes given off, it requires less
thorough application than do dusts like copper carbonate, which, to




STUDIES ON BUNT OF WHEAT 19

be effective, must come in actunl contact with the spores. This was
demonsirated by the following experiment: A bushel of Purplestraw
wheat was in:fected with bunt spores at a 1 fo 100 spore dosage. Five
15-g lots of this seed were placed, untreated, in small cheesecloth bags
and buried in the bushel of infected sced that had been treated with
New Improved Ceresan at the rate of one-half ounce per bushel,
These different lots were then sown in rod rows 2 days later. Infection
from the small lots of seed ranged from 0.4 to 1.2 percent as compared
with 0 to 0.5 percent from seed trented in bulk and 77 percent {from
untrented seed.

On the other hand, full advantage can be taken of the fineness and
fluffiness of relatively inert dust fungicides only by thoroughly mixing
the dusts with the seed, so that the latter is subjected to a veritable dust
fog, and us & result each kernel becomes completely coated. Inade-
quate mixing fails to do this and hence allows many of the bunt spores
adhering to the seed to escape contact with the fungicide. Similar
results may follow the use of an insufficient quantity of the dust.
Tihe quantity required depends upon the spore load and upon the
relitive amount of toxic ingredient in the dust. High-grade copper
carbonate gt a rate of 2 ounces per bushel or the diluted brands at 3
ounces per bushel, for example, usuelly are effective when properl
applied unless the spore lond is very heavy, in which case heavier appli-
cations are advisable (37).

Extensive surveys in the spring wheat area of the United States (16)
led to the conclusion that unsatisfactory bunt control with dust fungi-
cides on many farms is largely cuused by failure to apply the dusis
properly.

The results of the experiments on bunt control peint to the follow-
ing general conclusions: When seed wheat corries a light or medium
spore load, bunt infection geunerally can be eflectively controlled by
properly tregting the seed with any one of a number of fungicidal
dusts. Among these are New Improved Ceresan (5-percent ethyl
mercuric phosphate), copper carbonate, both high grade end extended,
basic copper sulphate, dehydrated or monohydrate copﬁer sulphate,

copper oxychloride, copper oxalate, red copper oxide (full strength or
diluted), copper chloride, copper phosphate, and a number of other
less commonly uscd copper dusts.  These dusts, 1o be effeciive, must
be dry and finely powdered. This practically eliminates the chlorides
and some of the sulphates from consideration for ordinary {arm use,
since they take up moisture from the air and tend to lump unless kept
dry in o tightly closed container. Few of the above copper dusts at
present are on the market as dust fungicides.

When the seed carries o rather heavy spore load some of the sbove
materials may fail to afford adequate control of bunt and it may be
advisable to use only New Improved Ceresan, high-grade copper
carbonate, or basic copper sulphate. The first should be applied at
the rate of one-half ounce per bushel, preferably at least several days
before sowing. 'The two lutter dusts should be applied at the rate of
2, or, for very smutty sced, preferably 3 ounces per bushel, and only
those brands should be used that are made spectfically for seed-trent-
ment purposes. The formaldehyde treatment, while effective,
frequently causes seed injury, does not prevent recontamination, and
fails to furnish to the seed any protection against soil-borne organisms.
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EFFECT OF FUNGICIDES ON GERMINATION

Tn addition to fungicidal effectiveness, a further important consider-
ation in determining the relative merits of different fungicides is their
ellect on seed viability and seedling emergence. Extensive laboratory
and ereenhouse studies of this nature were made in connection with
the field experiments herein described. Since the data thus obtained
are rather voluminous and pertain largely to materials tested only in
preliminary experiments and subsequently discarded, they will not
be presented in detail but will be briefly summarized. Some data
reluting to the effects of treatment on germination or stand are included
in tables dealing with other phases of the subject.

In these experiments the better dust treatments usually inercased
the percentage of germination. High-grade copper carbonate in 24
tests inereased it 10 perecent. Ceresan, low-grade copper earbonate,
and basic copper sulphate in 10 tests improved the average germination
12, 11, and 10 percent, respectively. Similar results followed the 1se
of copper chloride, copper oxychloride, copper oxalate, and IHochst.
Seed treated with the above-mentioned eight dusts and stored for a
year showed an average increase of 15 percent in the percentuge of
germination as compared with untreated seed similarly stored.
Inerenses in the percentoges of germination also usually followed the
use of other inorganic copper compounds, Vitrioline, Cuprobol,
seiphur, and Semesan.  Germination was not improved and usually
impaired by the use of iodine dusts, copper beta-naphthol, Abnvit B,
Wa Wa Dust, phenyl mereuric acetate, formaldelbyde dusts, and
liquid formaldehyde.

In some of the carlier experiments New Improved Ceresan was
obscrved to have an inimical eflect on the viability of the seed if
applied at a rate greater than one-half ounce per bushel. Ceres and
Mindum, sown the day after treatment with New Improved Ceresan
at the rate of 2 ounces per bushel, germinated 76 and 66 percent,
respectively, compared with 87 and 88 percent in the respective
controls. When sown 7 days after treatment the two varicties
germinated 48 and 51 percent, respectively, When applied at the
rate of 1 ounce per bushel to seed 1 day befors sowing, germination
was improved in both varieties, but when applied 7 days before
sowing the percentage germination was reduced 8 percent. When
this dust was applied at the recommended rate of one-half ounce per
bushel germination was improved in both cases. The injury resuliing
from a heavier application stresses the advisability of adhering
closely to the directions on the container.

Additional data on the effects of New Improved Ceresan on ger-
mination were obtained by applying the dust at ¥, 1, and 2 ounces
per bushel to 3 half-bushel lots of Purplestraw whent, which were
then covered with a canvas for 24 hours. A fourth lot was treated

with copper carbonate at the rate of 2 ounces per bushel. ~After 24
hours part of each lot was placed in a thin cotton sack while the rest
remained covered. Germination tests were made 2 dgl.ys, 12 days,

22 days, 4 months, and 17 months after treatment. The data are
shown in table 12. They indicate that New Improved Ceresan
applied a6t onc-hall ounce per bushel to Purplestraw wheat saveral
months before sowing will not impair gerinination if the treated seed
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is properly stored, but that a heavier fate of application may impeir
the viability of the seed.

TaBLE 12-—Effect of differan! periods of storage on germinalion of Purplesiraw
wheat treated with copper carbonate or New I'mproved Ceresun, 1933-84

Trostment Emergence from seed stored for—

Co ¢ used | Thar | Bubsaquent storage | 5 gove b iz anys] 22ays) 4 "
mpsun bt?:hul cenditlons ¥ ¥5142d8Y8 | months | months
Cunces Percent |Percent | Peveert | Percent | Percent
B0 120 T T T2 i T2 4
Coppor carbonnte__. 2- i1} B0 92 82 75
New Improved Ceras 3|3n thin cotton ancks.| 88 £8 86 Fax] 8
) L 1 83 T ™ 48 45
DO s 2 B2 51 51 a0 25
Kone..... T4 7i 73 o 68
Copirer carbomate . .. 2 53 Bl 11 a5 78
Hew hnproved Cerosa: 143 »Under heavy canvas. &7 55 3% 8t e
D i 85 Bl 45 45 4
k2 T 4 i3] &4 10 20 A4

In the fall of 19335, 55 lots of spring wheat were collected 2t various
points in the hard spring wheat aren for the purpose of making germi-
nation studies.® Many of these lots were shriveled or of light weight
beeause of the wheat-rust epidemic and the prevailing dry hot weather
before the crop matured. Separate portions of each of these seed lots
wera treated with New Improved Ceresen and copper carbonate and
sown in the greenhouse 1, 7, 42, and 360 days after treatment. Un-
srented seed also was sown for comparison. The data are sum-
marized in table 13. In general, when the seed was sown the day after
treatment New Improved Ceresan caused a pronounced increase in the
percentage of germination as compared with that of untrested seed,
the avernge increase for all lots being 17.8 percent. The sverage
increase in germinstion following the use of copper carbonate was
only 2.7 percent. As the period after treatment was prolonged, suc-
cessive germination tests showed s genern] decrease in the benefits
derived from treatment with New Improved Ceresan and an apparent
increase in benefits from treatment with eopper carbonate. After a

ear's storage the average germination of seed treated with New
fmproved Ceresan was decreased 5.0 percent, while that of seed treated
with copper carbonate was incrensed 15.3 percent as sompared with the
germinuation of untreated seed. Altogether, after the 55 lots of seed
hnd been stored for 1 year there were 15 inereases and 35 decreases
in germination recorded for seed treated with New Improved Ceresan,
while there were 52 increases and only 2 decreases in germination
recorded for seed treafed with copper carbonate s compared with
untrenated seed. The relative test weight of the differont seed lots
seemed to bear no consistent relation to the percentage of germination
or to their response to seed treatment. Seed of low test weight, how-
ever, produced spindling seedlings whieh developed more slowly than
those from plumper grein.

YLeUkEL, R. W, OBRUINATION AND EMERGENCE (¥ SIING WREATS GF THE 1935 ckor. 17, 8. Dept.

Agr.in%tir. Tlant Indus., Div. Cerend Crops sod Disesses {Unnwimb. Pub} 20 pp. 1836, [Mimeo
graphred. i
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Tarne 13.—Effect of sced treatments and different periods of storage efler treatment
on germinalion in spring wheat

Averaga pernilnation from Increase or decronse following
soad— trentment with—
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The gradual decreaso in benefits derived from trestment of the seed
with New Improved Ceresan after prolonged storage of the treated
seed may be due in part to the dissipation of the volatile ingredient
which, when the seed is sown shortly alter treatment, protects it from
the attacks of soil organisms. It alse is apporent that exposure of
some seed lots to the fumes of this material for a whole year results
in & certain degree of injury to the viability of the seed and 1n abnormal
development of the seedlings.

Portions of 29 of the above-mentioned seed lots also were treated
with formaldehyde and periodic germination tests were made. The
average germination of formaldehyde-treated seed was decrensed 33,
25, and 66 percent after storage for 1, 7, and 42 days, respectively, as
compared with that of untreated seed. Nuch of this injury was due
to the high percentage of cracked and chipped kernels.

Seeds from the five lots showing the greatest improvement in
germination after treatment with New Improved Ceresan and some
other mercurials were found, upon plating on nutrient agar, to harbor
orgnnisms capable of attacking the hydrolyzed foed material in the
sprouting seed, thus arresting germination and preventing emergence.
The marked improvement in emergence {rom these seed lots after
treatment with mercurials such as New Improved Ceresan is attributed
to the elimination of these seed-borne organisms. Copper carbonate
isﬂlless effective in this respect, probably because of its relative insolu-
bility.
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FACTORS AFFECTING THE EPFICIENCY OF DUST FUNGICIDES

In the litersiure on bunt control there are many cenflicting con-
clusions by different investigators relative to the tungicidal efficiency
and general merits of certain madterinls tested as fungicides. These
seemingly contradictory reports may have been due to differences in
the phvsical or chemical properties of supposedly identical dusts or
to differences in the conditions under which the dusts were used in the
experiments. That is, satisfactory results from the use of & dust
fungicide mey depend largely on one or more of the following factors:
(1) The chemical composition of the dust fungicide used. This
includes the relative proportions of the different ingredients and the
percentage and kind of inert filler used; (2) the physical condition of
the dust, its relative fineness, fluffiness, dryness, etc. (31, 48Y; (3) the
method and thoroughmess of applying the duss to the seed (16); (4) the
rate of application; (5) the length of the period between treating the
seed and sowing it and the conditions of storage during that period
(20, 25); (6) soil conditions which mey fwvor either the action of the
fungidide or the parasite to be cent,rt)l{ed (5,9, 19, 26, 37, 48, 47, 48,
49, 50, 52); and (7) the presence of bunt balls in the seed or bunt in-
festation in the soil.

CHEMICAL COMPOSITION AND PHYSICAL CONDITION

The composition of proprietary fungicides ou the market ocension-
ally is changed by the manufscturers without such changes being
indicated on the container. This may lead to seeming disagreements
in the results of different investigators supposedly using the same
fungicides. It is highly desirable that the chemical compeosition of
such preparations be stated on the container and that this statement
of contents be changed to correspond with gny change made in the
composition of the product, ns suggested by Koehler (26).

The effectiveness of a dust fungicide may be governed largely by its
physical condition. Two dust disinfectants of approximately the
same chemical composition may differ widely in their relative effective-
ness as bunt fungicides, because one of them may be too cosrse to
coat the seed adequately with dust. That extreme fineness is one of
the chief requisites of & good dust fungicide has been demonstrated
in experiments with copper dusts. Mackie and Briggs (31 } eon-
cluded that copper carbonate for fungicidal use should be sufficiently
fine to allow ot least 99 percent in aqueous suspension to pass through &
200-mesh sieve. Twentyman (48), by means of an air-flotation ap-
paratus, divided each of severs! commercial copper powders into six
fractions based on particle size. He found the finer grades much more
effective in bunt control than the coarser ones. He also found that
the apparens relative density of any one of the six fractions was &
convenient measure of its fineness; that is, the coarser the material
the greater was its density. Extreme fineness and resuitant fluffiness
and low density in a dust greatly enhances its covering property
and conseq nentfy its fungicidal effectivencss. The physicaf properties
of copper carbonate, for example, may be more important in relation
to its fungicidal effectiveness than are certain differences in its chemical
compositivn, which varies somewhat with the method of making it.
A product of fairly constant composition can be obtained repeatedly
by mixing constant given quantities of copper sulphate, sodium hy-
droxide, and sodium carbonate solutions of constent concentrations,
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The same relative quantities or concentrations of the solutions are
not always used, however, and since variations in these respects are
reflected by a change in the ratio of copper to carbon dioxide in the
resulting product it seemed desirable to determine if this ratio is n
factor in the efficiency of copper carbonate as a bunt fungicide. The
following experiments aceordingly wore conducted,

Several lots of copper carbonate were made ® by mixing solutions of
copper sulphate, sodium carbonate, and sodium hydroxide in dif-
ferent proportions and concentrations. Stirring was accomplished by
~ drawing a current. of air through the selution, after which the flocculent
precipitate was allowed to settle. The resulting products were
washed by decantation until tests showad absence of sulphate in the
supernatent liquid. The precipitates were dried at 100° C., ground
fine enough to pass through a 200-mesh sieve, and then analyzed.
These different lots of copper carbonate were applied at the rate of 2
ounces per bushel to Purli}estmw wheat, inoculated with bunt at a
1 to 100 spore dosage. Two hundred and fifty sceds per rod row
were sown in five replications. Germination data were obtainbd in
the field and in the greenhouse. Since infection in the control rows
was too light to test the fungicidal officiency of the dusts adequately,
the field experiments on bunt control were repeated during 2 successive
years. The results are shown in table 14,

TABLE 14.—Germinalion, yicld, and bunt confrol in Purplestraw wheat grown
SFrom bunt-inoculaied secd, treated wilh copper carbonate dusts of different com-
position, and sewn in rod rows, Arlinglon Experiment Farm, 1997-30
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Under the conditions of these experiments neither the range in the
copper-carbon dioxide ratio nor in the percentage of copper affected
the fungicidal effectiveness of the copper carbonate. In a subsequent
series of experimenis, five difforent commercinl brands of copper
carbonate containing 50 percent and four containing 18 to 20 percent
of copper were compared as to their l‘unﬁ:lcid[ﬁ effectiveness over o
period of 3 years. All the dusts were applind ut the rate of 2 ounces
per bushel. When the infection in the controls ranged from 1 to 23
percent no appreciable diflerences in the results from any of the

. ¥ These samples were made and fested by 0. A, Nelson, chemist, Insecticide Division, Burcau of Chem-
istry and Solls, te whom sckoowledgment Js made,



http:supernatu.nt

STUDIES ON BUNT OF WHEAT 25

brands were obtained. When mors than 50-percent infection ap-
pesared in the controls, the high-grade dusts were slightly more effec-
tive. Similar results have been reported by Fromme and others {13).
Mackie and Briggs (31) diluked separate portions of high-grade copper
carbonate with different percentages of calcium sulphate or calcium
carbonate, so that the resulting proparations contained 37.5, 25, or
12.5 percent, respectively, of coppoer. TFungicidal effectiveness was
greatly reducod as a result of these dilutions. The nature of the
diluents used may have been an important factor in the results.
Thomas anct others (45), on the other hand, obtained good bunt
control with a dust containing only 8.5 percent ol copper.

The possible effect of exposure to the atmosphere on the fungicidal
efficiency of two lots of high-grade copper carbonate and two lots of
diluted copper carbonate (18 to 20 percent copper} was studied,
One lob of each had been freshly made and the other had been stored
in the laboratory in an open container for 4 yeurs. These dilferent
dusts were applied at 2% ouneces per bushel to Purplestraw wheat
inoculated ot & spore dosage of 1 to 250, The seed was sown in rod
rows replicated 10 times for each of the four dusts. With 20-percent
bunt infection from untreated seed, complete control wus obtained in
all cnses. Age or exposure to tho atmosphere apparently did not
impair the fungicidal officiency of the copper carbonates used in these
experiments. Certain other dust f{ungicides, however, deteriorate
rapidly on exposure to the air. This is especially true of those that
give ¢ff fumes and thus disinfect the grain mostly before it is sown,
The advantage of these dusts is that their effectiveness is largely
‘independent of soil conditions after sowing. Their disadvantage lies
in the uncertainty regarding their eflectiveness unless they have
baen made shortly before being used.

PERIOD AND METHOD OF STORING TREATED SEED

In preliminary experiments it was found that dusts containing
certain volatils materinls were more effective in disease control if
applied to the seed at lenst a day before sowing., This was especially
true of dusts conteining formaldehyde, iodine, naphthalene, para-
formaldehyde, ethyl and methyl mercuric compounds, and some other
volatile materisls. In general, the longer the sced was stored after
trestment with these materials the more thorough was the disinfec-
tion. The latter process was facilitated by covering the seed after
treatment to confine the fumes, although this is not generally recom-
mended for some dusts. Occasionally, seed injury resulted if the
application was too heavy or if the seed remained covered too long.
Apparently such injury is most likely to occur if the secd has 2 rela-
tively hizgh mwoisture content or is stored in & moist abmosphere after
treatment.

Additional information was secured in an experiment in which
various fungicidal dusts were applied to the seed at different intervals
before seeding, The dusts used were copper cerbonate, copper
chloride, copper oxychloride, copper oxalate, Ceresan (2-percent
sthyl mercuric chloride), Hochst {copper-arsenie-naphthol compound),
and one containing 2 percené of ethyl mercuric phosphate. Thess
were applied at 2 ounces per bushel fo three lots of smutty Kots,
Prelude, and Hard Federation wheats on February 8, March 8, and
Mareh 13, respectively. = All three lots of seed were sown on March 13
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shortly after the last lot had been treated. The storage periods were,
therefore, 33 days, 5 days, and about 1 hour, respectively.

The infection from untreated seed ranged from 6 to 28 percent.
Perfect control of bunt was obtained with ail fungicides applied Feb-
ruary § and March 8§ and with the first four copper dusts applied just
before sowing on March 13, Ceresan, Hochst, and ethyl mercury

hosphate were not wholly effective in eliminating bunt when treating
immediately preceded seeding, the average infection being 5, 3.2, and
6 percent, respectively. This showed the necessity of applying these
materials to the sced at least o few hours befors sowing,

Flor (10), in experiments with smutty seed treated September 8
with copper carbonate »r formeldehyde, reports that “the effectiveness
of the copper carbonnte treatment decreased with each successive
(weekly) eowing from 94.5 porcent in the first to 64.8 percent in the
9th.” “The effectivencss of the formaldehyde treatment was fairly
constant, ranging from 88.5 percent in the fourth sewing to 100 percent
in the tenth. ﬁo satisfactory explanation is offered for the unsatis-
factory control of bunt by copper carbonate in the later sowings.
Similar experiments were carried out by the writer during the seasons
of 1932-33 and 1933-34. In 1932, from October 3 to November 15,
five periodic sowings were made of bunt-inoculated Purplestraw wheat
treated with copper carbonate or formaldehyde either on Septembsr 27
or on the day the seed was sown. Untreated controls, both inoculated
and uninoculated, were included. Six rod-rows of each were.seeded
beth in noninfested scil and in soil infested with bunt spores at the
time of sowing. The copper carbonate was applied at the rate of
4 ounces per bushel. The formaldehyde treatment used was similar
to that employed by Flor (10). This consisted of soaking the seed in
8 1:320 formaldehyde sotution for 1 hour, after which it was covered
2 hours and dried. Soil acidity was corrected by a lime application
of 4,000 pounds per acre_

Data on germinagtion are given in table 15, together with infection
data taken the following June. The treatment with formaldehyde
caused severe injury, especially to the seed stored after treatment, as
shown by the low percentages of emergence and also by the extremely
poor stands.

TasLE 15.—Effect of sloring seed efler irealmont on the conirol af buni in Purple-
straw wheal grown from inoculated seed, treated, and sown periodically in nonin-
fested and bunt-infested soil, 1932-33
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1 Qopper carbonate was applied at 4 punoes per bushel; formaldehiyde treatment was & 1-hour soak in
& 1:320 solution; the graln wes then drained, novered 2 hours, and dried.
? Treated on day ezed was pown.
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The results obtained from the two lots of seed treated with copper
carbonate sown both in noninfested and infested soil indicate that the
fungicidal effectiveness of copper carbonate was not significantly
impaired by storing the seed after treatment,

In the fall of 1933 similar periodic sowings were made in noninfested
soil only. Imoculated seed of Purplestraw whent was treated with
copper carbonate or formaldehyde on September 15 or on the day it
was sown, The formaldehyde trentment was a modification of the
Braun method (2). Included in each sowing was some of the seed
that had been inoculated and treated with copper carbonsate the
previous year and also lots that were treated on the day sown., The
seed was sown witn 8 Columbia hand drilf in rows 132 feet long, one
such row being dovoted to each seed lot on each date. The infection
data are presented in table 16,

TABLE 16,—FEffect of sloring seed after ireatment on the control of bunt in Purple-
slraw wheal grown from tnosulated sced treated and sown periodically in nonin-
Sested zodl, 1958-84

RESULTS OF TREATMENT
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¥ T represents tinee, or Joss thap 0.1 percent.

In no case was the copper carbonate more effective when applied

just before sowing than when applied 1 to 2 months or even a year

efore sowing. There was no indication of any gradusl decrease in its
eflectiveness, as suggested by Flor (167}.

80IL TYME, REACTION, AND MOISTURE CONTENT

Some of the soil conditions previously mentioned as influeneing
infection of wheat by bunt niso may affect directly the efficacy of
certain dust fungiecides. Vollk (50} found that acid soils increased
the effectiveness of slowly soluble copper fungicides, while alkaline
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soils dimfhished it. He (49) stated further that the best fungicidal
action was obtained in loose sandy or pent soils and at 20 percent of
the water-holding capacity, and that the cffectiveness was diminished
by an excessive increase In soil moisture after sowing. In clay the
effect of excessive moisture was less noticenble.

Kiihl (26) and & number of other workers (43, 44, 45, 48) concluded
that the eflicacy of dust fungicides is more or less dependent on the
nature of the soil. The disparity in results obtained m wheat grown
from the same lots of treated seed sown at experiment stations in a
number of States has been mentioned (tables 5 and 7). It is possible
that differences in soil may have played a part in producing tliese
differences in results.

The inflience of liming on the effectiveness of several brands of
copper carbonate and a number of other dust fungicides was studied
in & field experiment at the Arlington Farm in 1927-28. Purplestraw
wheat inoculated at a 1 to 250 spore dosage was dusted at the rate of
24 ounces per bushel and sown in paired rod rows in imed and unlimed
soil in each of three parallel series September 27, October 12, end
October 22, 1927,  The soil was light and sandy, with a water-holding
capacity of 38 percent. The reaction of the soil in the limed and un-
limed plots as determined by the colorometric method was pId 7.2
and 5.8, respectively. A fourth series was sown October 26 in 12
rod-row replications in unlimed clay soil, with a reaction of pH 6.5.

The periods required for emergence in the sowings on the dates
mentioned were 4, 7, 9, and 12 days, respectively, and the correspond-
ing average soil temperatures during thesc periods were 21°, 16°, 14°,
and 12° C,, respectively. The date on germination and infection are
shown in table 17,

TavLe 17.—Bunt control in Purplestraw wheat grown from inoculated sced sown in
Limed and unlimed sandy soil Oct, 12 and 22, respeetively, and in unlimed clay
loam Ocl. 28, 1927

Bunted heads from seed sown In—

Snndy soll

. Clay
Beed-treptiment compound ¢ E,’;;‘[{;‘f, loam
Qct. 12 Cot. 22

i tUn- Tn- Cot, 26,
Limed | e | 14med | e | uniinied

Pd, Pet. Prt. Pd.
Avernge of controls 1, 4
Copmer corbonate no. 1, 50 percent copper
Copper cerbonate no. 2, 5 percent copper.
Copper carbionsle no. 3, 50 pereent coppar,
Copper corhionsle o, 4, 50 percent LOPper.
Copper carhonnle 8o, 5, 50 pereent copiper.
Copper carbontate no. 6, 18 percont copper_

gpper carbennie ne. 7, 20 parcenl colper.. .
Copper enrbonate no., 8, 20 forcent eopper_.. ..
Copper eprhonate no,
Copmer oxychioride
Copper sulphais {dehydrated)
Viteloline.

...
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Formaldebyde 1: 320

¢ The dust fungleides were applied at 214 nunces per bushel; for the formaldehyde treatmant tha seed was
immersed 30 m!inutes, drained, covered 2 hours, and dried,
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Warm weather during the period required for emergence inhibited
bunt infection in the first sowing (Sept. 27), and therefore data for this
are omitted from the table. Heavy rains and the resulting excessive
soil moisture apparently had an inhibiting effect on bunt infection or
development in the October 12 and, to a lesser extent, in the QOctober
29 sowing. Conditions were more favorable for bunt in the October
26 sowing, and # greater percentage of infection was secured. In the
October 12 and 22 sowings infection was slightly greater on the limed
soil, and the fungicides were semewhat less effective. The differences
are small, however, and probably not significant. While clay soil,
together with a slightly lower temperature, proved more favorable
for bunt development, it also seemed to favor the fungicidal action
of the dusts, as bunt control by the better dusts was, with few excep-
tions, os good in clay soil as it was in sandy soil, in spite of the higher
percentage of infeetion from untreated seed in the clay sail.

Studies on the influence of soil type and soil moisture content on
bunt control with severnl dusts were made the following year, 1928-29.
The dusts were applied to inoculated seed of Purplestraw wheat at
slightly more than 2 ounces per bushel (1 g of dust to 400 g of seed).
The seed was sown October 25 and November 7, both in sandy and
clay soil. In the sandy soil, 20 rod rows were devoted to each treat-
ment. Half of each of these rows had the rain excluded from sowing
to emergence by means of temporary shelters; the other half received
an artificial drenching equivalent to several inches of rain.  In the clay
soil, 10 rod rows were sown for each treatment. Unfortunately, &
wet series could not be included in this soil.

Tn the sandy soil the periods required for emergence in the first and
second sowings were 12 and 14 days, respectively, and the correspond-
ing average soil temperatures daring these periods were 10.1° and 8.5°
C., respectively. In the clay soil the corresponding emergence
periods were 13 and 15 days and the average soil temperatures 7.8°
nni()l1 7° C., respectively. Data relating to infection are presented in
table 18.

TapLe 18 —Conirol of buni in Purplestraw wheet grown from inoculated geed sown
in sandy and clay lypes of anil, the sandy soil either being salurated al sowing or
kept relatively dry until the seedlings had emerged

Bunied beads grown from sed sown-—
Oet, 25, 1328 Nov, 7, 1028
Seed-Lreatment
compound ¢
In sandy ssil In sapdy sell
In elay loam In ¢lay loam,
unwatered unwatersd
‘Watered | Unwotered Watersd | Unwatered
!
No. | Pd. | No. | Pet. | No. | Pd. | No, | Pa. | No.  Pe, | No. | Pet.
Coptrol oM 12F 4 | oo luseziz oot 2600 45| 811 [10.00 | BM ;53
Ci b ) (R 4] .4 3 .0 B 15 7] .0 , O3 T .12
Phenyl mercurle acetate. 0 .0 0 00 18 U ] R 1] .2 & R
Coppercarb. coeeaean 0 N a 1] 0 a3 0 Kl a| .00 5 .8
Copper carbonate. .. 0 .0 0 ()] 18 35 0 4 1] .02 2 g <
Formaldebyadw 1:720. 5 W1 0 i o] 2 43 Q .0 of .00 ] .10

1 The dusts were apEHed at glightly more thao 2 ounces per bushel; In Applylog the fortmaldshyde treat-
ment the seed was soaked 30 minntes, drained, covered 2 hours, and dried

x
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In both sowings, saturating the sandy soil after sowing decreased
the percentage of infection but did not seem to affect the efficiency of
the fungicides. In both cases infection was greater and the fungicides
were slightly less effective in the clay soil.

Additional dats relating to the influence of soil moisture on the
control of bunt by dusts were obtained in another experiment designed

rimarily to study the effect of bunt balls in the seed and bunt spores
m the soil. As in the previous experiment, saturating the soil after
sowing greatly reduced the percentage of bunted heads from untreated
inoculated seed, the percentages of infection in saturated and in un-
weatered soil being 6.5 and 31.4, respectively, for Purplestraw and 1
and 10.1, respectively, for Fulcaster. Saturating the soil in this cnse
did not affect the action of the fungicides, as 100-percent control was
obtained with all of them. However, when the seed was infested
with unbroken bunt balls or when it was sown in infested soil, the
relative reduction in the percentage of bunt by means of the dust
fungicides was, with few excoptions, less in the saturated soil, even
though the percentage of infection here also was greatly reduoed by
excessive soll moisture, )

Thus, on the whole, the results indieate (1) that acid sandy soil
tended to inhibit bunt development, but favored bunt control by dust
fungicides; (2) that limed sandy soil was more conducive to bunt
development but less favorable to the action of the dusts in bunt
control; (3) that clay loam was more conducive to bunt development
than was sandy soil but did not differ from 1t consistently in its effect
on bunt control; and {(4) that saturating the soil after sowing materially
decreased the percentage of bunt but did not decrease the efficiency
of the dust fungicides except where the sced contained unbroken bunt
balls or the soil was infested.

BUONT BALLS IN SEED AND SOLL INFEETATION

Directions for treating seed to prevent bunt usually include the
recommendation that unbroken bunt balls should be removed from
the sced before treutment, especially if Jiquid fungicides are to be
used (16). Dust treatments are generally supposed to offer some
measure of protection against recontamination of the seed after treat-
ment or agninst infection due to soil infestation. Although soil in-
fastation is considered of major importance only in the Pacific North-
west, it is thought that at times unbroken bunt balls in the soil may
be responsible for some infection in other areas when wheat follows
wheat in the rotation and especially when relatively dry weather has
prevailed from the time of harvesting or threshing to the time of
SOWing.

Experiments therefore were begun at Arlington Farm in the fall of
1830 to study the relative eflectiveness of several fungicides in bung
control when the seed contained unbroken bunt balls and the soil
was infested with bunt spores. For this purpose seed of Purplestraw
and of Fulenster, inoculated with bunt at a spore dosage of 1 to 250
and treated with various fungicides, was sown in bunf-free and in
artificially bunt-infested soil. The bunt spores were applied to the
soil after the seed hiad been sown and before it had been covered. To
half of the seed sown in noninfested soil, bunt balls were added at the
heavy rate of one bunt ball to about every three seeds. .The dust
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fungicides were applied at 2 or 3 ounces per bushel. Copper sulphate
was applied as o 2.5 percent solution In which the seed was sonked for
10 minutes followed by immersion for 5 minutes in limewnter. The
formaldehyde treatment consisted of a half-hour soak in a 1-t0-320
solution, after which the seed was covered 2 hours and dried. The
seed to be treated with the liquid fungicides was contained in cheese-
cloth bags, so that unbroken bunt balls were not removed in the
process of treatinent. The liquid treatments were applied the day
before sowing,

The plots were seeded October 22 in fwo parallel series. In one,
the soil was heavily watered immediately after sowing, so that it was
saturated to & depth of 5 inches. In the other thers was no artificinl
watering, and the soil, which was 4{-percent saturated, received less
than half an inch of rain before emergence, which occurred on
November 13. The mean seil temperature from sowing to emer-
gence was 5.9° C., with a maximum of 19° C. on Qctober 28 and =
minimum of —5° C. on November 8. A gradient in soil fertility was
reflected in the total nunber of heads, which are shown in table 19,
together with the data on infection.

TApLE 10.—DBun! infection and conirol in 2 varielies of winler wheat grown from
seed infested with bunt spores, or with both spores wnd unbroken bunt balls, treated
with one of scveral fungicides, and sown in aoni nfested soil or in 30il infested with
bunt spores, half of each plot being sal wraled after sowing, 1980-81
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When the only inoculum consisted of spores applied to the seed, al}
of the treatments controlled bunt perfectly. The controls, however,
showed less infection than when additional inoculum had been used,
either in the form of bunt balls added to the seed or spores applied
to the soil, especially in the heavily watered soil.

Where smut balls were added to the seed the dust fungicides aver-
aged 88 and 91 percent control in the watered and unwatered soil,
respectively, for Purplestraw and 86 and 94 percent for Fulcaster.
The copper sulphate solution was, in both eases, slightly more eflective
than the dusts in the wet soil and somewhat less eflective in the un-
watered soll. Formaldehyde was relatively ineflicient, for with one
exception it failed to reduce the percentage of infection to less than
half of that present in the controls. :

That bunt balls in the seed may bring about considerable infection
is shown by the fact that adding them to the bunt-free seed resulted
in 45.1 and 31.6 percent bunt in Purplestraw and Fulcaster, respec-
tively, when no artificial watering was used. Considering the heavy
infestation, however, bunt control was not aflected us much sas might
have been expected.

The highest infection, with two excoptions, and the most unsatis-
factory bunt control cecurred wlhere the soil had been infested with
spores. In this series relutively mare infection occurred after heavy
watering than where only seed infestation was employed. The dust
fungicides averaged 58- and G6-percent eontrol in the watered and
unwatered soil, respectively, for Purplestraw and 56- and 72-percent
for Fuleaster. Except in the case of Fuleaster in unwatered soil the
percentage efficiency of copper sulphate solution was less than the
average of that of the dusts. Formaldehyde again was highly ineffec-
tive in this series. :

As previously noted in an earlier experiment, saturating the soil
after sowing greatly reduced the percentage of infection. It also
reduced somewhat the relative effectiveness of most of the fungicides
when the seed contained bunt balls or the soil was infested. In the
latter cases, as already noted, treatment with dust fungicides or with
copper sulphate solution was more effective than wns treatment with
formaldehyde. There appear to be no outstanding or consistent
differences between the results obtained from the various dust fungi-
cides or from the different rates of application.

Experiments in which seed and soil were infested with bunt spores
end with unbroken bunt balls wers carried out ir. the seasons 1031-32
and 1932-33. In 1931 a plot of soil 10 by 152 feet was artificially
infested with unbroken bunt balls on October 6. An adjacent plot
was similarly infested with spores. Beginning Oectober 13, clean
untreaied wheat and smutied untreated and treated wheat were sown .
in duplicate 8-foot rows in each plot at weekly intervals.- The date
are shown in table 20, Iunfection was very light in all cases. In both
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plots some infection was caused by the infested soil even when seed
was sown as late as November 10. With the low percentage of infec-
tion in the controls and the somewhat erratic and inconsistent results
obtained with the fungicides no definite conclusions can be drawn
regarding their relative merits in this experiment. Clean seed sown
in this area the following vear {October 1932) produced no bunted
plants, indicating that even in unbroken bunt balls the spores do not
retain their \-‘iabi:iit.y in the soil {or 1 year under the conditions at the
Arlington Experiment Farm.

TanLe 20.-—Buni infrction in Purplesiraw wheat grown from treated and unireated
scerd sown al siccessive daies afier the applicaiion of unbroken bunt balls or loose
bunt spores fo the soil Oct. 8, 193!

Bunted heads from see-d sown on tates shown and in soil artifl-
vially iufested with—

Ralg

per
bushel
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¢ Sped sonked 40 minntes, drzined, eovererd 2 howrs, aud drled,
1 S spaked 10 ntoutes, diyied ju thinewaler 5 minoles, and dried.

In another experiment in 1931 (wo sowings were made, one on Octo-
ber 13 and another on October 26.  In each case one half of the plot
had been artificinlly infested with bunt spores October 6 and the other
half was similarly infested at the time of sowing. Here again, as
shown in table 21, infesting the soil greatly increased the previlence of
bunt. This was greatest when sced and spores were sown the same
day. Some infection resulted from soil inflested on October 6 when
wheat was sown October 13, but very little when it was sown October
26. With the exceptien of formaldelyde, which was the least effec-
tive, the various fungicides did not differ greatly in elficiency. They
all furnished the poorest control when the seed was sown October 13 in
soil incculated the same day and with one exception perfect control
when the sced was sown October 26 in soil inoculated October 6.
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TanLe 21,—Bunt infeclion in Purpleatraw wheat grown from treated and unireated
seed and sown in soil arlificially infested with loose bunt spores I or 8 wecks before
gowing or at lime of sowing

Bunted heads frown soad sowo—

Cct, 13, 1931, In soll Oct, 20, 1831, in soil

Seed-trentruent compound ! Inaculatod— Inaculnted—

Oct. 0 Cetb. 13 Cet. 8 Oct. 28
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t The dusts ware sppilad at 284 ounces per bashol; in applying formuiddeny<de tho seed was sonked 30
minntes, dealned, coverad 2 hours, and dried; copper sulptinte wis applied us a 16-eiouto dip siter which
the seed wag immersed iu Mmowater § mioutes, drafued, and drled.

The data from another experiment conducted in 1931, involving
the presence of unbroken bunt balls in the seed, are shown in table
22. The smaller proportion of bunt balls used (30 bunt balls to 70 g
of seed), together with conditions apparently less fayorable for bunt
development than those of the provious year, resulted in scarcely any
bux(nit, infection traccable dircctly to the presence of bunt balls in the
seed.

TasLE 22.—DBunt infection in Purplestraw wheat as affected by unbroken bunt balls
tn [he seed

Buntod heads fron! sved sown—

Beed-treatinent compound ! Oct. 13, 1931 Oct. 28, 1931

Without | With bunt | Without | With bunt
bunt balls balls bunt balls balls

Pereent
Valnoeulated, untreated. A o
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t The dusts wore applied sl 25 ounces per hushel; in applying formaldehy+da the seed was suaked 3 min-
utes, dralned, coversd 2 hours, sud dried; coppor sniphato was applied 53 8 WHmingte dip after witheh the
soed was lmimersed ln Hmewsier & minutus, drobned, and dried. '

In June 1932 two adjacent plots each 50 feet long by 5 feet wide
were divided into sections 6 by 8 fcet by inserting partitions to prevent
washing from one section to another. On July 1, August 1, September
1, October 1, October 10, and October 26 a section in one bed was arti-
ficially infested with bunt balls and & section in the other bed was in-
fested with loose bunt spores. These materials were mixed with the
surface 3 inches of soil. = On Qctober 26 clean and inoculated seed of
Purplestraw whest, untreated and trested with copper carbonate or
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formaldehyde, was sown in each of these 12 sections, 150 seeds being
sown In each 5-foot row. Infection dats are presented in table 23,

Tavre 23.—Effect of periodically tnfesling the soil with bunl spores or unbroken
bunt balls on infection by bunt in Purplestraw wheat grown from clean or inocu-
lated seed, untreated or ircated with copper curbongie ¥ or formaldehyde 3, and
sown Ocl, 26, 1582 :
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Spores placed in the soil as early as July 1 caused no infection, but
unbroken bunt bells did. Infection resulted from soil infested August
1 or later with either spores or bunt balls. In the plots infested August
1, September 1, and Oectober 1 there was no consistent difference in
the amount of infection resulting from the use of spores or bunt balls.
In the plots infested October 10 and 26, however, the spores caused
approximately seven and five times as much bunt, respectively, as
did the bunt balls. With twoe exceptions, where infection was caused
wholly by soil infestation, copper carbonate furnished better control
then did formaldehyde.

Further data on the effect of bunt balls in smutty seed were obtained
from other ficld experiments designed to determine the effect of seed
treatment on yield and the relation between bunt and yield. In
these experiments, which will be discussed more {ully later, the pres-
ence of bunt balls in the sced (1.5 percent by weight, or about one bunt
bull to 4 g of sced) increased the average percentage of bunt at eight
stations from 10.3 to 17.6 percent, or an average increase of 70.9
percent, It decreased the average fungicidal efileiency of three dusts
from 98.7 to 86.8 percent. The fungicidal efficiency of formaldehyde
was reduced from 97.1 to 90.9 percent,

In another experiment, formaldehyde and three dusts were used to
treat different portions of two lots of smutty durum wheat, one free
from unbroken bunt balls and the other containing about 4 percent
by volume. The bunt balls in the durum wheat used were
observed to be harder and more solid than those in Purplestraw
wheat. Their specific gravity apparently also was greater, as very
few rose to the surface of the solution while the formaldehyde treat-
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ment was being applied. The treated and untreated seed was sown
in rod rows at the Arlington Farm and at Fargo and Langdon, N. Dak.
The plots from untreated seed containing no bunt balls showed 6, 6.2,
and 27 percent infection, respectively, at the three stations, as shown
in table 24. The corresponding percentages of infection from seed
containing bunt balls were 10.3, 36.7, and 22.9, respectively. Smut
bells in the seed reduced the average fungicidal efficiency of formalde-
hyde from 84.8 to 74.7 percent, whereas thiat of the dusts was reduced
from 99.5 t0 93,6 percent. With one exception the dusts were superior
to formaldehyde in bunt control,

Tapre 24.—Control of bunt in durnwm wheal grown from inoculaled seed, treated
with a number of fungicides,! and sown in rows at severel ylutions, 1982
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In the fnll of 1933 & quantity of Tulcaster wheat Infesfed with
bunt balls was obtained to study equipment for removing bunt balls
from wheat {24). Two lots of this wheat were prepared, one con-
taining 30 bunt balls per 56 g of seed and the other with the bunt
balls removed. Separate portions of each lot were treated with cop-
per carbonate, Coppercarb, or New Improved Ceresan at 2, 3, and
¥ ounces per bushel, respectively, or with formaldehyde and sown in
one-eightieth-ncre plots together with untreated seed of each lot. The
following June no bunted hesds could be found in any of the plots
grown from trepted sced. The plots grown {rom untreated seed with
and without bunt balls contained 30 and 22 percent of bunted heads,
respectively.

n & parallel experiment bunt balls secured from the above lot of
infested wheat were added to different lots of relatively bunt-free
Purplestraw whent in the following proportions: 0, 1, 5, 10, 25, and
50 bunt balls per 50 g of wheat. Separate portions of these different
lots were treanted as described above and sown in paired drill rows
together with untreated wheat of each lot and with wheat infested at
a 1 to 100 spore dosage with bunt from Purplestraw wheat, The
infection date are shown in table 25. The different proportions of
bunt balls in treated secd seemed to have little effect on the per-
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centage of bunted heads from this seed. They did increase somewhat
the small percentage of bunt in the plots sown to untreated seed, but
not in proportion to the number of bunt balls added. The much
higher percentage of bunt resulting from infesting the seed with loose
spores from Purplestraw indicates that this variety may have been
somewhat resistant to the strain of smut ebtained from Fuleaster or
that the spores in this particular lot of smut were of low viability.

In the fnll of 1934, different proportions of unbroken bunt balls
obtained from Purplestrasy whent were added to separate lots of
bunt-free sced of that variety, as in the preceding experiment. An-
other lot of this seed was infested with bunt spores at & spore desage
of 1 to 100. Separate portions of these different lots of wheat were
treated with New Tmproved Ceresnu, copper earbonate, and formal-
dehyde and sown as before in paired 132-foot drill rows. The data
on the perecentage of bunted heads also nre shown in table 25.

TanLE 25—~ Dunted heads in Purplesiraw wheal growa from relatively buni-free
secd, separate lols of which had been infesicd with different proportions of bunt
bualls and portions of each treafed with different fungicides and souwn in paired
! Sg-fagt drill rows, tegether with spore-infesled seed similarly trealed, 1933-84 and
158535

Bunied hiends grown from seed

TPeriod and number
of hunt mlis per
5 g of seed

Treatod with—

Not trented
New Tmproved

Coppur cirbotts
i Curesan?

uil

Copperenrb 1 Formaidehyde!

M- Num- AN Num-
Pereenf | ber | Percent|  ber ber | Pereent|  ber | Pereent
0.8 o0 E [t} 0. 0 13

1.4 5

A6 5

5.4 O
13
35
4

(L B A —
LT O

s

NOTHODD MOOCWD -
Ba.u-acn‘aa

BSEew, |

Gl Ll e L e €3 DD S
HiteHons mosoms
NN RSSO .S

tApplled at 2 ounces per bashel.

tanpiied at 3 ounees per bushicl.

LApiied gt 16 punee per bushel.

:Illumerscd I o 11320 sobutlon 30 mingtes, drained, covered 2 hours, and diied,
T'=trarce,

1Seed infestes] with spores at & spore dosege of 1 (o 100,

As in the previous experiment, the different proportions of un-
broken bunt balls in the seced produced little or no infection when the
sced was treated with any one of the three fungicides used. When
the seed was not treated, however, increasing the relative number of
bunt balls caused more or less corresponding incresses in the percent-
age of bunt, but these inereases were not strictly proportional to the
increases in the number of bunt bells added to the seed. The maxi-
mum infection resulting from infesting the seed with bunt balls
amounted to only 20.4 percent of bunt. The fatlure of the bunt
balls to cause Leavier infection must be attributed to the fact that
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most of them remsined intact during the handling of the sced inci-
dental to treating and sowing. This was shown by a subsequent
examination of samples of seed collected from the drill spouts. That
conditions for smut infection again were very favorable is shown by
the beavy infection that resulted from inoculating the seed with loose
bunt spores.

These various experiments involving bunt spores in the soil and
unbroken bunt balls in the seed and in the seil point to the general
conclusions that fungicidal dusts and copper sulphate solution used as
seed treatments afford considerable but not complete protection in
such cases and that formaldehyde is less effective. Infection result-
ing from the presence of unbroken bunt bsalls in treated seed depends
upon the extent to which they are broken after treatment and before
sowing. This, in turn, is contingent on the brittleness of the bunt
ball covering and the amount and kind of handling the treated grain
receives.

Bun$ balls from duruin wheat seem to be less ensily crushed than
those from other wheats. ‘They also are relatively heavier and do not
rendily rise to the surface when a liquid treatment is used.

In these experiments a small pereentage of unbroken bunt balls in
the seed did not greatly increase the percentage of infection or decrease
the degree of bunt control secured by the more effective dust fungi-
cides. It must be borne in mind, however, that these experiments
were confined mostly to an area of relatively high humidity, and the
results are not necessarily applicable to more arid regions where the
bunt spore covering may be more brittle.

Although bunt spores in the soil in the form of unbrolken bunt balls
reteined their viability longer than did the loose spores, the latter
caused more infection., In regions with an average rainfall equivalent
to that of Maryland or Virginia it seems that there is but slight danger
of bunt infection from soil infestation except when little or no rain
falls between the time of hnrvesting or threshing and the time of
sowing, It is highly improbable that spores in the soil survive the
winter at the Arlington Farm except in the form of bunt balls in
unthreshed wheat hends protected to some extent by straw or other
litter. In one case under observation a plot of smuity wheat plowed
under in the fall resulted in infection in the wheat sown in the same
plot a year later.

EFFECT OF SEED TREATMENTS AND BUNT INFECTION ON YIELD OF GRAIN

Studies on the effects of seed treatments on the yield of wheat
included observations on the relation between the percentage of bunt
in and the percentage decrease in yield from wheat grown from
untreated smutty seed, compared with yields from ireated smutty
seed or untreated smut-free seed.

The first data of this nature are presented in table 14 in connection
with the experiment designed to determine the effect of the copper-
carbon-dioxide ratio on the efficicney of copper carbonate. In this
case 15 percent of bunt in the control corresponded with a reduction
in yield of 16.9 percent, as compared with the average yield from
treated seed.

In another experiment inoculated seed of Purplestraw wheat was
treated with copper carbonate, Coppercerb, or formaldehyde and
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sown in rod rows. The data are given in table 26. The rows grown
from untreated seed contained 21.2 percent of bunt and yielded 34.4
bushels per nere 2s compared with o trace of bunt in and an nverage
yield »f 39.6 bushels per nere {from the rows grown from seed treated
with the copper dusts. That is, 21.2 percent of bunt presumably
caused & reduetion in yield of about 13 percent. The formaldehyde-
treated seed evidently suffered considerable reduction in viabi ity,
as the average number of heads per row was only 74.4 pereent of that
from untreated sced, and to this fact may be atéributed the low yield
from this seed. The slightly zreater number of heads per row from
untreated smutty sced as compared with that from the sced treated
with the copper compounds may be explained by the fact that bunt-
infected plants often stool more abundantly than do uninfected ones.

Tanwe 26.—Bunt gecurrence, heads per vow, and yield of grain in Purplestraw
wheat grown from tnovulated seed, untrealed or treated with one of several fungi-
cidest, and sown ol Arlinglon FBeperiment Farm Get, 20, 1927

Rt
rowy

Tield | Tmereasa or dg-

Seed-trontment com patid per nere) cresso In yicld ¢

Buated hends | TTeads per row

Niwher Nu.mberlPercmr. Numberj Inder |Bughels) Dushels | Pereent
Contral 10 1,58 21,2 i 16,0 Hi 4

Copperearb . ¢ R 508 1
Copper carbonnic. 4 e i 83,0
Formnldehyde 14 4y 815 4

t Copnerearb and copper earbonnte wera npplied at 3 and 2 ounces jer taist o, respectfvaly; formaidehyde
was anplicd by soaking tho seed In n 1:320 sadition 40 uifntes; seetl was dratned, covered 2 hours, and dried,

# Tha vleld! froin untrented sool was 13 pereent imlogw Lo uvorags ylold from dusted sosd.

1 T reprosentstrace, or less thay 0.1 peresnt,

Tield experiments  conducted during the seasons of 1928-29 and
1929-30 to compars the relative efficiency of Ceresan and copper
carbonate in bunt control under field conditions were nsed also to
determine to what extent these dusts affect the yield of grain when
applicd to bunt-free seed. It was thought the experiment also
would show the relation between the percentage of bunt in s erop
and the resultant percentage reduction in yield.

Seed of Purplestraw wheat, elcan and bunt-inoculsted, and sither
untreated or treated with Ceresan or with copper carbonate, was
sown in parsllel one-cightieth-ncre plots. Each plot sown to treated
geed was adjacont to a plot sown to untrested seed from the same
lot. There were five replications for ench set of paired plots. A
similar sowing of Fuleaster was made with the exception of the clean
seed treated with Ceresan. The percentage of bunt infection in the
various plots was obtrined by counting the bunted heads in a total
of 2,500 hends selected at randem in each plot. These results together
with the data on yield per acre are sumumarized in table 27. This ex-
periment was repeated the following year when only Purplestraw wheat
was used and 10 replications were employed for each pair of plots.
The resulfs obtained are ineluded in table 27 to facilitate comparison,

¥ These experiments wero eatried out in cooperation with 7, W, Tayler, rgrouomuist, at Arllngton Experts
ment Furm,
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TasLe 27 —Averege perceniage of bunt in and yield of grain from Fuleasfer and
Purplestraw wheals grown from clean or bunt-inocrlaled sced which was [reated V
or not treeled and sown in Yo-acre plofs, and the average increase or decrease in
yield from plois sown lo unirealed seed compurad with lhe yield from adjaceni plots
gown o frealed seed
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No significant superiority was displayed by either dust in the
control of bunt or in its effect on the yicld of grain.  Also, neither dust
affected the yield to a significant degree other than by controlling
bunt. The yields from clean uninoculated seed were in no case
significantly affected by treatment,

There was, however, a fairly consistent relation between the
percentage of bunt and the percentage decrease in yield from smutty
untreated seed as compared with the yields from clean untreated
seed or smutty frested seed. The percentage of bunt from smutty
untreated seed inveriably was somewhat greater than the corre-
sponding percentage reduction in yield.

Data on the effect of certain seed treatments on the yield of spring
wheat and the relation between the percentage of bunt and the
percentage decrease in yield were securod from field experiments
&t & number of stations during the years 1931 and 1932.

In 1931, seed of Ceres wheat uninoculated and inoculated with
looss spores only, and with both locse spores and bunt balls, was
trented at the Arlington Farm and sent to eight experiment stations
in the Great Plains for seeding in rod rows. Data regarding infection
wers taken by the writer and, later, yield records were secured by
the cooperstors at the different stations. Average yields of the
uninceculated, untreated controls, and the corresponding average
increases or decreases in yield from the rows sown to treated seed
are given in table 28,
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TasLe 28.—Comparison of yields from Ceres wheal grown from clean unirealed
seed and clean lrealed ! seed yown in rod rows replicated & times Jor each ireat-
ment af each of 8 stalions tn 1981

A Ipcrense or decrense In yield from sned treated with—
vernge

rod-row
Station | yieta o

: - Bonzle copper
controls Formakdohyda Conper cerbonnte Coresan suiphuls
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Moveasi T 0| =74 4.9 X . . E , —3.0
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! The dust fungleldes were applicd at 2 cunces per bushel,  1'he formaidehyde was appiied acgording to
a modifieation of Brauy's (2) mothar.
¥ The coutrols ok Forgo contelnad were tian 6 pareent of boat.

The untreated controls at Fargo showed slightly more than 6
percent of bunt. As no bunt developed in this series at the other
stations, this scoms to indicate either soil infestation ab Fargo or
accidental contamination of the seed. At Brookings, Redfield, and
Moceasin the avernge yield from untreated seed excecded that {rom
seed treated with each of the four disinfectants. At St. Paul the
same was true with the exeeption of the formaldehyde-trented seed.
At Langden, Dickinson, and Bozeman two trestments showed in-
creases 1n yield; while at Fargo, where some bunt cceurred, increases
were recorded for all of the treatments, three of them being signifi-
cant. At Redficld, on the other hand, significant decreases in yield
were recorded for all of the treatments.

Excluding the results from Fargo, it seems that treating, on the
whole, reduced the yield, and there appears to be no appreciable
difference nmong the different fungicides in this respect.  Altogether,
there are 20 cases in which a decrease in yield was recorded. In
six of thesec the difference is more than three times the probable
error. Excluding the resuits from Fargo, there are seven cases in
which an increase in yield was recorded, of which only one reaches
the level of significance.

Data relating to bunt infection and vield from seed inoculated
with bunt spores and with both spores and bunt balls are shown in
table 28. Inoculation with spores alone resulted in infection ranging
from 0.1 to 31.5 percent, or an average of 10.3 percent for all of the
stations. The average yield of 17.5 bushels per acre from untreated
seed represented a reduction of 12.1, 10.7, 9.3, and 6.9 percent as
compared with yields from sced treated with formaldehyde, copper
carbonate, Ceresan, and basic eopper sulphate, respectively. The
corresponding coefficients of correlation between these average per-
centages of reduction and the average percentage of bunt in the
controls were 0.6950:-0.18, 0.765040.15, 0.846710.12, and 0.6630+
0.07, respectively. With the exception of formaldehyde and copper
carbonate at Fargo, highly satisfactory bunt control was secured
with all the fungicides at all of the stations.
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TasLe 29.—Bunt conlrel in and acre yiclds of grain from Ceres wheat grown from
buni-inoculated seed, separale lois af which were treaied with different fungicides b
end sown in rod rows replicaled § times for each lreaiment al each of several sla-
tiong in 1931
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Despite this, however, thers were two decreases in yield each from
seed treated with formaldehyde, copper carbonate, and Ceresnn,
and four decreases from seed treated with basic copper sulphate,
At Langdon, where thera was 13.2-percent infection from untreated
seed and an average of less than 0.5-percent from treated seed, none
of the treatments seemed to increase the yield. The greatest henefits
from treatment were obtained at Fargo, where 31.5-percent infection
in the controls was reflected by an average yield of 32.9 percent less
than the average yield from treated seed,

in the series in which the seced was infested both with spores and
bunt balis (table 29) the percentage of bunt in the controls was
higher, the average yields of the controls were lower, and the decrease
in yield due to bunt was more pronounced even though control of
bunt by the fungicides was somewhat less satisfactory, The yields
from untreated seed exceeded those from treated seed in only three
cases., ‘There was an average of 17.6 percent of bunt in the controls
at the eight stations. The reduction in yield from untreated seed as
comparsed with that from seed treated with formaldehyde, copper
carbonate, Ceresan, and basic copper sulphate was 23.2, 18.0, 20.5,
and 16.7 percent, respectively, and the corresponding coefficients of
correlation between percentage of bunt and the reductions in yield
were 0.826340.12, 0.841140.11, 0.879010.09, and 0.889510.08,
respectively.
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Similar experiments the following year were limited to a study of
the eoffects of Ceresan and two grades of copper carbonaie on the
yields from clean seed of Ceres, Marquis, and Mindum wheat at
five stations. The sced was treated at Arlington Farm and sown
in rod rows replicated five times at cach siation. The yield data
are shown in fable 30.

Tanre 30.—Comparison of yields from elean trealed ¥ seed and cleen unireated seed
of 8 varicties of whea! sown al § stalions in rod rows replicated 5 times from each
trealment applicd to each varicty, 1482
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Bunt infection was entirely absent in the rows from untreated seed.
A comparison of vields from éreated and untreated seed of all three
vericties at the five stations reveals only three cases (all at Brookings)
in which treating the seed resulted in increased yields. None of these,
however, is significant. In 41 cases treatment was followed by de-
creased yiclds as compared with the yields from untreated seed.
Only 11 of these decreases appear to be statistically significant.

The foregoing results of experiments relating to the effects of treat-
ments on ylelds indieate that treatments as a rule did not increase the
avernge yields of grain except approximately to the extent to which
they reduced the percentage of bunted heads. The relation between
the percentage of bunt and the resultant percentage reduction in
yield presumably caused by it is by no means constunt, as shown by
a comparisen between a considerable number of such percentages in
these and other cxperiments. The percentage of bunt in the majority
of cases exceeds the corresponding reduction in yieid, the averages of
the percentages in 10 exporiments being 39 and 32, respectively.
More abundant stooling in the infected plants from untreated seed
probably accounts for this to seme extent.  No explanation is offered
for the mnany cases of decrensed yiclds from dusted seed compared with
yields from untreated secd encountered in these experiments. A
series of tests with a planter of the type used failed to show sufficient
differences in the rate of flow of untreated seed and that of seed treated
with different dust fungicides to appreciably affect tie yieid.
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SUMMARY

Soil temperatures from about 6° to 15° C. from sowing to emergence
were found most favorable {or bunt infection, the highest avernge
infection with both bunt species occurring at 10° in the four varirtios
of wheat used. Temperatures above 20° or below 5° were found
kighly unfaverable to bunt development, At any given temperaturs
there was no positive correlation between length of cmerzence period
and percentage of bunt.  Soil-temperature conditions after emergence
did not affect the percentage of infection in the variety used.

Excessive soil moisture tended to inhibit infection: wheat will
gernminate in soil too wet to bring about abundunt germination of
bunt spores.

Sandy soil was found less conducive to bunt infeetion than clay soil.,

The application of lime to acid sandy soil increased the pereentage
of bunt from inoculated secd.  Aeid soil seened to inhibit bunt infec-
tion. The percentage of infection was roughly proportional to the
spore load. This relation was nffected in each ease by the date of
sowing and the relative susceptibility of the variety.

More than 50 dust fungicides were tested for efficacy in bunt
control over a period of 7 years, While many of them controlied
bunt in the experiments in which they were used, most of them must
be eliminated from consideration as practical bunt fungirides for use
in the United States becnuse of excessive cost, extreme poisonousness,
corrosiveness, hygroscopicity, injury to seed, rapid deterioration, or
unavailability.

Considering relative cost, availability, freedom from objectionable
features, and general effectiveness in numerous experiments, copper
carbonate or basic copper sulphate of the proper degree of fineness
and containing not less than 50 percent of metallic copper, and New
Improved Ceresan proved to be among the most practical dust fungi-
ccides for bunt control on the market in the United States. The diluted
brands of copper carbonnte, if of sufficient fineness and containing
not less than 18 percent of copper, are equalily effective if used at
about a 50-percent heavier rate of application.” Other copper salts,
such as phosphate, red oxide, oxychloride, and oxalate, also were
fairly effective, but are not generally available as bunt fungicides.
Dusts containing formaldeliyde, paraformaldehyde, naphthaiene,
iodine, or sulphur as the toxic ingredients were refatively ineflective.

Bunt control by means of fungicidal dusts was governed largely not
only by the factors conducive or unfavorable to hunt infection but
elso by the rate or thoroughness of applying the dust, by the physical
condition of the dust, by the period and manner of storage after treat-
ment in the ease of some dusts, and by certain soil conditions.

The fungicida) efficiency of copper carbonate was not affected by its
copper-carbon dioxide ratio, its age or exposure to air, a range of 25
to 50 percent in its copper content, or by the length of the period
between treating and sowing. Copper carbonate and some other dusts
proved more effective in unlimed sandy acid soil than when lime was
applied. ~Relatively dry soil after sowing did not afiect the fungicidal
action of the dusts used; neither did saturation of the soil except when
the seed contained unbroken bunt balls or when the soil was infested.
" Under the latter conditions seed treatment with fungicidal dusts and

to some extent with copper-sulphate solution eﬂecteg a better degree
of control than was secured by treatment with formaldehyde.
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A small percentage of unbroken bunt balls in the seed did not
greatly reduce the percentage of bunt control secured by dust fungi-
cides. Boil infestation, however, reduced it considerably.

The effectiveness of certain volatile dusts was increased by storing
the trented seed for some time after treatment, but prolonged storage
with some dusts impaired germination, Storage of seed treated with
copper carbonate or a number ol otlier copper dusts or Ceresan for 5
weeks did not reduce the fungicidal efiectivencss of these dusts, and
storage for 1 year did not impair the viability of the seed.

Although the better treatments useally improved germination and
controlled bunt, they did not inerease the averagze yields from clean
geed compared with yiells from clean untreated seed.

In general, there was a high degree of correlation between the per-
centage of bunt in the crop from untreated seed and the pereentage
reduction in yield of tiie sanie erop as compared with the yields from
seed ndequately treated or from bunt-lree seed.

Usunlly the average percentage of bunt was slightly greater than
the percentage reduction in vield,
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