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STUDIES ON BUNT, OR STINKING SMUT, OF 
WHEA T AND ITS COl'{TROL 1 

By R. W. LEUKEL,2 as.~ociate pathologist, Division of Cereal CroJps and Diseases, 
Bureau of Plant Indu.stry 
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INTRODUCTION 

E)",}>eriments on bunt and its control haye been conducted at the 
Arlington E),.'}>t". iment Farm, near .Arlington, Va., for the last 12 years. 
Some of the early results lULye been published (28, 4.6).3 The purpose 
of this bulletin is to present the results of later experiments conducted 
at the Arlington Farm and at a number of State experiment stations 
on the influence of certain factors on the deyelopment of bunt and 
its control and the efficiency of a number of fungicides in controlling 
bunt. Data also are !,.iven showing the effects of certain seed treat
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 (0. V 1915) and Fulcaster (0. I. 1945) were the 
principal winter wheat varieties used in e),.'}>eriments on Arlington 
Farm. In e)",}>eriments at southern e)",}>eriment sCations, Fultz 
(0.1. 1923) also was included. In e)",}>eriments with spring wheat both 
on Arlington Farm and at a number of western stations the varieties 
used were: Oeres (0.1. 6900), Kota (0.1. 5878), Prelude (0.1. 4323), 

I Received for publication .~pr. 21. 1937. 
• The writer is indebted 1.0 S. C. Salmon. _~. O. Johnson, and V. F. Tapke. of the Divblon of Cereal Cropt

and Diseases, for their critical review of tbe mannscript. 
• Italic numbers in pareutheses rcfer to Literature Cited, p. 45. 

, C. 1. refers to accession number of tbe Division of Cereal Crops and Disease". 
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Hard Federation (0. I. 4733), Supreme (0. 1. 8026), Reliance (0. 1. 
7370), Reward (0. 1. 8182), Bobs (0. 1. 4990), White Federation 
(0.1. 4981), Uttle Olub (0.1. 4066), and Mindum (0.1. 5296). 

The bunt that was lIsed 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 Oeres wheat grown 
at Dickinson, N. Dale 

The inoculum was prepared by breaking up the bunt bulls and then 
sifting the spores through an 80-mesh sieve. The seed wus inoculated 
at spore dosages of 1 to 75, 1 to 100, 1 to 250, or 1 to 500; that is, 1 
part by weight of spores WfiS applied to 75, 100, 250, or 500 parts by 
weight of seed. The spores were thoroughly mixed with the seed in It 
mechanical mixer. 

COMPOUNDS USED AS FUNGICIDES 

The following copper, mereury, and other compounds were used 
either !IS such or in cOlnbinu.tiol1 with other materials. 

Copper carbonate (high grade), five commercial bl'llnds containing 50 to 55 
percent of copper. 

Copper cariJomL1t' (dilute), six commt'rcial brands containing 18 to 25 percent of 
copper. Included in this Jot were Coppercarb, Smut Bane, and Cuprojabonite. 

Copper oX~'ehlorid(', three bml1c1s. 
Copper oxalttte. 
Copper beta-naphthol. 
Copper chloride, cupric and cuprous. 
Copper sulphate, basic, dehydru.ted, and moncihydl'llte, full strength and 

diluted with inlc. 
Cupric hydrox}'nitropheno1. 
Copper nitrate. 
Copper stearate. 
Copper phosphate. 
Copper oxide, cupric and cuprous. 
!lochst, a copper arsenic nnphthol compound. 
Cuprobol, containing 2 percent of metallic copper with ferric hydroxide, gypsum, 

bolus, and talc. 
Vitrioline, contnining about 16 percent of acid-soluble copper as copper sulphate 

and copper ltCetate. 
Acco Dust, 10 percent of cuprous cyanide. 
Mercuric chloride, 5 to 25 percent. 
Mercuric cyanide, 10 to 65 percent. 
Mercuric nitro-phenol, 10 perccnt. 
Phenyl mercuric acetate, 2 percent. 
Ethyl mercuric SUlphate. 
Para nitraniline orthomercuric chloride. 
Abavit B, containing probably mercuric and potasAium chloride and Iodide. 
S. F. A. 225, sodium cyanmcrcuricresol. 
S. F. A. 225 V, sodium cyanmercurichlorphenol. 

S. K. 413-8, a complex mercuric oxyphenol compound. 

Wa WI\ Dust, a copper mercuric chloride combination. 

Merclll), C, hydroxy-mercuri-cupric nitrophenol. 

Semesan, mercuric chlorophenol SUlphate. 

Ceresan , 1.6- to 2-percent ethyl mercuric chloride. 

New Improved Ceresan, 5-percent ethyl mercuric phosphate. 

Sanoseed, ethanol mercuric chloride. 

Srerocicle, mercury furfuramid. 

Paraformaldehyde, 2 to 5 percent, diluted with kaolin. 

Iodine dllsts of different compositions. 

Resorcin combined with crysial violet. 

Sulphur with and withollt various oxidizing agents. 

Naphthalene compounds. 

Formaldehyde dusts containing 4 t.o 8 percent of oxymethylene in talc or other 


inert material. Thif! included Smllttox, Kantsmut, Allsul Dust, P. A. C. Dust, 
and others. 

(: 
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TREATING AND SOWING THE SEED 

The dust fungicides were .tpplied to the seed usually at the rate of 
2 or 3 ounces per bushel. In some preliminnry experiments the dusts. 
were applied by the ((excess" method; thnt is, the seed wns mixed 
with an excess amount of the fungicidal dust until every kernel 
was thoroughly coated, after which the excess dust was removed by 
sieving. '1'lle seed invariably ",fiS dusted 1 or more days before it 
was sown. '1'he contrivnncc used for applying the dusts has been 
described in fi previous article (29), 

In tlpplying the formaldehyde treatment the seed was soaked for 30 
minutes in the ordinary] :320 solution of commercial formaldehyde, 
drained, coyerecl2·hours, nnd t.llen dried suHicient1y to be sown. W1ICn 
formaldehYdc-tre(tted seed \Vus to be sent to clifl'crent stations for 
sowing, tl;c following modifirllLioll of Braun's method (2) was used: 
The inoculated seeu was sonkell in wilter for 15 minutes, drained and 
coyered with a damp cloth for 6 hours, sonkccllO minutes in 11 1:320 
formaldehyde solution, dr-ninrd find ('oyered as before for 4 hours, 
rinsed in fresh water, nne! then thoroughly ~Ir·i('d. Subsequent periodic 
ge~'miIlntion tests showed that no nppllrent injmy to the seed resulted 
from this treatment, eYeil if sowing WIIS delnyed for seyernl weeks. 

The inoculated treated Hnd untl"cntl'd seN\ wus sown usually by 
hand in rod rows at the rnte of )2 to 14 g pf'l'row. Severnl replica
tions were devoted to each trenlmen t. "rben yield data were to 
be obtained, the sowing wns done with a, hand ro'w plnnter to insure 
greater uniformity in the r:) te of sowing. 

The efrect of the difrerent trentments on !!'erminntion was studied 
hy sowing 300 seeds of cnch treated and untrcflted lot in the green
house bench. As fnr ns possible, the so wings in the field nnd in the 
greenhouse were mnde on the snme duy. In some experiments the 
treated seed wus stored for different periods or under dinerent eoncli
tions before being sown. Datil on emergence were taken just before 
t.he appearance of the second lell£. 

Percentage of bunt wus determined by counting the bunted heads 
in all the rows and nlso the total number of heads in those rows in 
which mor13 than a trncc of bunt appeared. Partially bunted heads 
were counted ns bunted. The term "trace" in these experiments 
means less than 0.1 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 treaters and drills. 
Therefore, most of the materials tested for fungicidal effectiveness 
also were tested as to their corrosive effects upon metal. These 
studies were cnrried out by exposing strips of metal in a humid 
atmosphere to the action of the different dusts. This also served to 
determine to what extent the dusts were hygroscopic. Many dusts 
were discarded without further tests because of their corrosive or 
hygroscopic properties displayed in these tests. 

Similar tests are described by Fricldrichs (12), who found that 
several commercial fungicidal dusts were corrosive to the iron parts 
of treaters and drills find that others were sufficiently hygroscopic to 
clog the drill unless the seed was sown immedia tely after treatment. 
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EXPERIMENTAL RESULTS 
FACTORS INFLUllNCING 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 temperature, mQisture, 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 TEMPEUATURE BEFORE EMERGENCE 

The temperature of the soil after sowing the seed and before emer
gence of the seedlings is generully conceded to be the principal em-iron
mental factor influencing infection. In general, investigators (8, 23, 
37, 52) agree that infection may occur at temperatures from about 
5° to 20° C. In ordel' to secure more exact information as to this 
relation, foul' varietie:: of Epring wheitt were grown in controlled soi1
temperature tanks (27) from seed inoeulntecl with spores of Tilletia 
Zeds Kuehn !lnd in pitrallcl experiments with spores of T. tl'itici 
(Bjerk.) "Yint. Pertinent data nre gi\~en in table 1. 

l..-Influence oj soiltc1Il1JCraiure on bunt injection in 4 varieties of wheatTABLE 

ITotal and infected plants from seed inoculuted 
",ltll-

Soil 
tPIlI'Variety ppm· Til/ftia levi. 'l'ilIclin tritici 
ture 

Total Infect~d Total Infected 

l\TILm~ l'lum- Num- Num
·C. ber ber Percent ber ber Percent 

6 123 35 28.5 93 32 34.4 
10 57 30 52.6 49 24 49.0 
15 55 17 30.9 60 5 8.3,,"U. ""'"'U"'...........................·\1 
 20 35 0 .0 57 0 .0 
24 38 0 .0 46 0 .0 
6 148 66 44. 6 106 66 62.3 

10 61 53 86.9 53 47 88.7 
84.5 61 I 47 77.015 58 49,,,,,'''mw...............................1


20 60 8 13.3 61 0 .0 
24 50 0 .0 52 0 .01 
6 116 41 35.3 90 39 43.3 

10 61 36 59.0 46 33 71.7 
65.3 56 25 44.6B,b•.•.•••••.•••••••.••••..••••..•••..••••••.1

1 
15 49 32 

0 .020 55 2 3.6 55 
24 46 0 .0 48 0 .0 
6 109 58 53.2 89 59 66.3 

10 56 53 94.6 37 34 91.9 
Little Club__________ --•.. - -______ -_._______..I! 15 56 .0 71.4 .9 H 28.6 

20 57 1 1.8 53 0 .0 
24 51 0 .0 45 0 .0 

200 40.3 378 196 51.9 
10 235 172 n.2 185 138 74.6 

Totals for all varietles _________________ • ! 15 218 138 63.3 226 91 40.3 
20 207 11 5.3 226 0 .0 
24 185 0 .0 191 0 

6 4~6 

.0 

In every ease except one tIle highest percentage of infection occurred 
at 10° C., and in the single exception the difference is not great. 
There was a marked drop in infection at. the higher temperature. 
With T-illet1·a t7'itici no infection occurred at temperatures above 15° 
C. and with T. levis 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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SOIL TEMPERATURE 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 Duwson 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 temperut,ure of 9° 0., and only 2.4 percent when they were 
grown to emergence a,t 9° and then kept at an average temperature 
of 21° until maturity. In Jenkin wheat, similarly environ ed, a high 
percentage of infection was secured in both ca!;,!JS, indicating that 
different varieties may react differently under a given set of environ
mental conditions. An experiment was designed to determine the 
effect of soil tempemture after emergence on bunt infection in Purple
stmw wheat. Seed of tllis variety was illoculated with spores of 
Tilletia 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 initiuJ 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 stnge. The infection data tu,ken later are shown in table 2. 
Of the six transfers, only two, 6° to 26° and 26° to 6°, seem to have 
affected the percentage of infection. This may have been because 
some plants had not yet passed the susceptible stage when they were 
transferred. 

TASI.E 2.-Effect of soil temperature before and after emergence on the percentage 
of infected plants and heads in Pm'plestraw wheal grown from seed inoclLlated ·with 
spores of Tilletia levis 

Soil temperature Plants neads 

BefMe Aftcr Total Infected Total Infectcdemergence emer~Gnce 

·0. ·0. Number NlImbtr Porant Number Ntlmber Puren! 
6 6 114 too 06 350 347 97 
6 13 105 90 91 308 378 05 
6 26 96 80 83 401 328 82 

13 6 127 1lll 94 608 588 97 
13 13 111 103 03 WI 4R6 07 
13 211 112 107 00 564 618 97 
26 (\ l32 1G 12 313 18 6 
26 13 119 0 0 304 0 0 
26 20 100 0 0 333 0 0 

PERIOD REQUIRED FOR EMERGENCE 

Since rolatively low temperatures favor infection, it has been 
suggested thnt this fnet might be related to the longer period required 
fo~ emergence at the lowor tempera,tures. Accordingly, each clay as 
the seedlings in the soil-temperature studies referred to in table 1 
emerged they were marked with met!LI tugs indicating the number 
of days required for emergence. At 20° O. 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 trnnsferred to the greenhouse 
where a temperature of a,bout 15° was maintained. Later the per
centage of bunt was tabulated 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 nre 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 
is especially apparent for the seedlings that emerged at 6°. The 
belief (19) t1~at rapidly emerging seedlings "grow away" from the 
bunt fungus IS therefore not borne out by these results. Faris (8) 
arrived at similar conclusions. 

TABLE a.-Relation of length of emergence period 10 infection by bunt in .4 wheal 
varieties grown to emergence at 1 of 3 soil temperat'ures 

Total an<llnfected plants-

Soli From seed inoculated with- In both series 
Emergence period 

(uays) 
tem· 1--------,-------1----:----
per·

IIlure Tillclia tritici 

1-....-----1---.------1 Total Infected 
Totnl [nfecteu Totnl Infected 

• C. Number Number Percent Number Number Percent Number Number Percent 
8. ____ •_____________ } 1151 101 60.9 129 55 42.6 280 156 55.7 
9__________________ • 15 54 27 50.0 77 21 27.3 131 48 36.6 
10__________________ 4 3 75.0 10 2 20.0 14 5 35.7 
12----------•••••- •• 1 82 69 84.1 48 44 91. 7 130 113 86.9 
13__ •••• _••••••• _••_ H 32 78.0 40 39 97.5 81 71 87.7 
14.................. 10 64 42 65.0 35 25 71. 4 99 67 67.7 
15._••_••••••_••._.. 9 5 5".0 16 4 25.0 25 9 36.0 
16•••__••••••._..... 27 15 M.6 33 21 63.6 60 36 60.0 
17.__•••__ .•._...... 37 25 67.0 8 8 100.0 45 33 73.3 
18•••_•••••_........ ••. _•..••••• _____•• _._. 11 8 72.7 11 8 72.7 
19_••__•• _•• ___••___ 30 18 60.0 14 6 42.9 44 24 M.5 
20__ ••••• _•• _. _____ • 46 25 54.3 27 22 81. 5 73 47 M.4 
21. ______•______ •__ • 94 49 52.1 53 40 75.5 147 89 60.5 
22__ •• ___ ._._. ____ •• 42 22 52.4 20 9 45.0 62 31 50.0 
23•• _____._._••• ___ • 6 106 37 34.9 90 55 01. 1 196 92 46.9 
24. __ ._•• _••_....... I 36 9 2,).0 31 16 51. 6 67 25 37.3 

25.___ ._••••••••_... 20 3 15.0 20 6 30.0 40 9 22.5I 
26 _. __ ••••••••••••• 18 3 16.7 24 8 33.3 42 11 26.2 
27.__••••••••_•• _... 11 4 30.4 19 7 36.8 30 11 36.7 
.<1••____ •••••_. ___ •• S 4 50.0 20 4 20.0 28 S. 28.6 
29••_•••••••_••• ___ • 14 1 7. J 19 3 15.8 33 4 12.1 

SOIL MOISTURE AND OTHER SOIL FACTORS 

Soil moisture also may affect bunt development. Caspar (5) and 
Rabien (37) 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 e)'.-periments 
designed to determine the relation of various soil factors to the 
effectiveness of fungicides, the detailed results of which are discussed 
later, the percentage of infection in the controls was reduced from 
31.4 to 6.5 by satumting clean soil and from 54 to 28 by saturating 
bunt-infested soil in which in both cases bunt-inoculated seed had 
been SO\"'l1. In another case wetting the soil reduced the percentages 
of btmt from 7 to 1.2 in one sowing and from 10 to 4.5 in another. 
These reductions in infection may be explained by the fact that in 
wet soils the o:ll.-ygen supply is insufficient for abundant spore 
germination. 

Soil type is mentioned by Faris (8), Volk (50), Rabien (37), and 
others as a factor influencing infection by bunt. These investigators 
agree in general that soils rich in organic matter are more conducive 
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to bunt infection than nre light sandy soils. In agreement with this, 
tha writer has observed over a period of years tbat in wbeat grown 
from the same lot of seed sown the same day, infection was consistently 
higher in that grown on clay loam or on rich blftCk soil than in that on 
sandy soil. In one case inoculated seed sown the same day in clay 
loam and sandy soil produced 27 and 7 percent bunted heads, respec
tively, nnd in another experiment 22.3 and 4.8 percent, res\lectively. 

Rabien (37) states that pH 5.0 rep'resents the acid liuut 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 
eA'}1eriments on bunt control, which will be discussed later, the addition 
of lime to a sandy soil increased the percentage of bunt from 4.7 to 
10.3. In another ex-periment in which two lots of soil were adjusted 
to pH 5.6 and pH 7.9, nspectively, and sown to Purplestraw wheat 
inocuillted with bunt the percentages of infection were 5.8 and 42.3, 
respectively. 

The effect of fertilizer!:! 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 n,pplications of potassium and phosphate fertilizers 
seemed conducive to bunt development, whereas nitrogenous fer
tilizers seemed to inhibit it. However, the use of commercial fer
tilizers solely for the control of bunt can hardly be recommended. 

In certain sections of the United States the degree to which the soil 
is infested with viable spores when the seed is sown largely governs 
the amount of bunt infection in the crop. These spores usually are 
blown from neighboring fields where 1ll1rvesting 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 fnll rains. Seed trentment under such conditions is not fully 
effective. Fortunately, soil. infestation with bunt spores is common 
in only a smnll 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 I.OAD 

It has been shown repeatedly both by formal investigations (17,31) 
and by general observations for those nreas where soil infestation does 
not occur that the degree of infection in the crop is influenced grently 
by the number of spores per kernel. Assuming fl1vorable conditions 
for infection, seed visibly dnrk with spores may be expected to pro
duce a heavily infected crop j if only the brush of the seed is darkened 
with spores 10 to 25 percent infection mny follow; and if the smut on 
the seed is not visible to the naked eye bunt infection may range from 
a trace to about 5 percent. 11uch, of course, depends·upon the via
bility of the spores, tho environmentl1l conditions during emergence, 
and the relative susceptibility of the variety. 

Seed of Purplestraw and Fulcaster wheats inoculated at different 
spore dosages nnd sown on different dntes yielded the results sum
marized in table 4. There is obviously a relntion between spore load 
and infection. However, infection ill Purplestraw was consistently 
higher than in Fulcaster, and there is a wide range of infection in 
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both varieties, as governed by the date of sowing. These results 
indicate that tho degree of infection cannot safely be predicted from 
a knowledge of the spore load alone. 

TABLE 4.-Effecl 0/ spore load, date 	 0/ Bowing, and variety on bunt infection in 
wheal 

JJunted hends from seed 	 Bunted hnnds from seed 
sown-	 sown-

Variety nnd spore lonrl I 	 Vnrlety nnd spore land I 

S~Jlt. Oct. Oct. No,'. Sept. Odt. Oct. Nol'. 
20 2 Hi 2 20 2 16 2 

-------1--------	 ------
PnrplesLrnw: Pcl. Pel. Pcl. Pct. Fulcustcr: Pct. Pc/. Pcl. Pct.I to 50_____________ •• 

3.0 15.7 3·1.0 81.1 1 to 50. __••_•••_••••• 1.R 5.3 11.2 48.9 
1 to JOO_••••••••••••• 1.4 14.0 30.0 n.D 1 to 100_••••__._••••• 1.1 7.2 13. Ii a7.2
I to 250_._•• _••__ •___ .a 10.0 23.11 63.9 1. to 2;·0••.-_................... .4 5.4 9.0 31.2 
I to 5m__ ..... _•._... .2 i.1! 1(1.4 54.S 1 \.(1 noU._••_......... .5 5.2 S.1 22.0 

''1' 4.8 8.0 2i.2 "r 3. I 6.0 18.0I to 1,00lO._._•• _•• ___ 	 1 to 1,000•• __•• _____• 

1 Expressed us reIIlU,'o weights of.spores and seed. I Hepresenis traco, or le,s than 0.1 percent. 

VARmTAL SUSCEPTIBILITY 

As suggested above, the severity of bunt infection is greatly in
fluenced by the relative susceptibility of the vuriety ojl. wheat to the 
strain or stl'llins of bunt fungi infecting it. :Much work has been 
done in recent ycars in developing varieties of wheat resistant to bunt. 
Some of these vll.rieties which seemed to be highly resistant to bunt 
(3) later proved to be more susceptible to certnin other s):,rains of the 
bunt fungus (21). The existence of these different strains greatly 
complicates the work of developing resistant vnrieties. However, in 
regions where soil infestation occurs, resistant varieties neeessarily 
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 
extent for nearly three centuries nnd as a standard agricultural prac
tice for more than 60 yenrs. Copper sulphate and later formnldehyde 
were the first fungicides to come into general use. The literature on 
the early use of these and other liquid treatments, such as mercuric 
chloride, hot water, and Uspulun f hns been reviewed by 'Woolmnn 
and Humphrey (51). 

The first dust fungicide to be widely used was copper carbonate, 
owing largely to the work of Darnell-Smith (6) in Australia and that 
of Mackie and Briggs (31) in the United States. The apparent 
advantages of a dust treatment greatly stimulated a search for other 
and better dust iungicides for the control of bunt and other cerenl 
diseases. 

Space will not permit a complete review of the innumerablepublica
tions on bunt control, hut It brief general summnry of the results 
obtained and the recommendutions mude will be attempted. 

Until recently most investigators 111 the United States have recom
mended copper carbonate as the most practicable dust fungicide for 
bunt control. The usually recommended rate of npplication 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 brnnds. Some contend 
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that the latter brands are as effective ns the high-grade brands when 
used at the same rate of application, but others maintn,in that tlus 
obtains only when there is a light spore load on the seed. Tho majority 
recommend the high-grade materinJ at least for moderately severe 
infestation, and many favor the wet formaldehyde trentment instead 
of dust fungicides for vel'Y budly infested seecl, Copper carbonate 
and the better dust fungicides in general are, on the whole, credited 
with impl'ovinf5. the stand, while the opposite effect is frequently 
observed to fOllOW the use of formaldehvde and copper sulphate 
solutions. ,-

Many other copper snIts have been tried us bunt fungicides with 
varying degrees of success by a nurilber of workers in the United 
States. 'rhe following compounds of copper have at times been recom
mended: Oxalate, oxychloride, chloride, ncetate, steamte, phosphate, 
fluosilicate, oxide, nitmte, arsenate, bromide, iodide sulphate, silioate, 
sulphlde, and combinations of these with each other or with other 
materials. The following have at times been found unsuitable as 
bunt fungicides: Acetate, chlorate, diehloracetate chromate, phos
phide, sulphide, stearate, sulphocyanide, sulphophenate, tartrate, 
sulphate, and others. 

Among other chemicals that have been found inferior to copper 
carbonate are the carbonates of lead, nickel, bUTium, calcium, and 
sodium, the sulpl1ates of ammonia, potassium, magnesium, and iron, 
calcium arsenate, furfurol, pfl.1·is green, and the acetate, chloride, and 
silicfLte of nickel. A number of Amel'icltIl investigators (4, 13, 18, 
25, 32, 33, 48) have included in their experiments such proprietary 
products as Wa Wa Dust, Abavit B, Vitrioline, Seed-O-San, Semesan, 
Corona 620, Bayer Dust, Jabonite, and others. Although some of 
these dusts at times were reported as satisfactory bunt fungicides, 
the fact that at present they are not on the American market us such 
seems to indicate that, on the whole, they were not able to compete 
with copper carbonate and other popular bunt ftmgicides. 

Ceresan, containing 1.6 and later 2 percent 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 Oeresan, containing 5 percent of ethyl mercuric 
phosphate. In experiments by a number of investigators (15, 25), 
it has been found equal or superior to copper carbonate with respect 
to bunt control, ease of application, effect upon drills, and cost per 
bushel of seed treated. 

Investigators in the British Empire, in geneml, llaye found copper 
carbonate the most acceptable dust bunt fungicide (30,43,44,41,48),
although in some cases anhydrous and basic copper sulpbates and some 
proprietary copper dusts have been found superior to copper carbonate. 

In France and her colonies different workers (1, 11, 14, 34, 35, 36, 40)
have recommended the use of such snJts of copper as cnrbonate, ace
tate, chloride, o:'.'Ychloride, Rulphate, and nrsenite for effective bunt 
control. The use of ~lercury in dust fungicides does nDt seem to 
have been encouraged in FI·unce. 

In the countries of centrul Europe copper cnrbonate (41) is not 
generally recommended for bunt control, although in Germany (39) 
American brands of this fungicide have been found effective. It is 
possible that the frequent. failure of copper carbonate as a bunt fungi
cide in these countries is due to the use of material not especially made 

153t:i47°-aj-2 
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for this work (31). The dusts most frequently used in bunt-control 
experiments, especially in Germany (20, 26, 49, 50), are such pro
prietary preparations as Tillantin, Hochst, Agfa, Kusperit, Segetan, 
Porzol, Tutan, Urn,nia, Abavit, Abavit B, Fusnriol, and others. These 
I1re not commercially available in the United States and their relative 
merits therefore need not be discussed. 

Although copper carbonate was recognized as a fairly good bunt 
fungicide as early ns 1913 (6) and has been widely used as such since 
that time, it has certain objectionable features that have stimulated 
a search by State and Federal investigators for something better. 
Commercial concerns nlso have been trying to develop more acceptable 
dust fungicide:! and usually hnve submitted their products to Govern-:
ment experimental agencies for testing. In such experiments carried 
on by the writer, copper carbonate hns been used as a standard of 
comparison. Any dust found inferior to copper cu,rbol1u,te in bunt 
control, or equal to it but more objectionu.ble in one or morc other 
respects, can hardly be expected to repInce it us n bunt fungicide. 

In the spring of 1929, experiments rcInting to the control of bunt 
in spring wheat were carried out at 13 experiment stations through 
the cooperation of the workers fLt those sto,tions.6 

Seed of four vnl'ieties of spring wheat wus inoculated with bunt 
spores at a 1 to 250 spore dosage, and sepumte portions were treated 
with the different fungicides at Arlington 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 llnd un~ 
treated seed WfiS sown by hand at the rate of 12 g per rod row in four 
fel?lications at each of the stations. 

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

TABLll IS.-Bunt control in Prelude, Kota, Supreme, and Reliance wheats grown 
from inoculated treated 3eed, sown in rod rows, and replicated .4 times for each 
treatment applied to each I!ariety at a number of stations in 1929 

Smutted hends nt-

SVariety and seed-treat· 
ment compound • ~ ., = OJ) 0 = == All sts~ ~! .g .~ " '3 :;;;" 0 = '" ] '"e e ~ tlons 

~ 0 OJ) :;;; * ~~ ., 0 ~ ~ 0 ~"" f; Ii! " 0 ,Q ... '3~ Z ~ ~ ~ A ~ Il'I -cj ~ p.. 

- - -"'" -
" 

- - - - -'" 
Pl'elude: Pct. Pet. Pct. Pct. Prl. Pd. Pcl. Pct. Pct. Pct. Pd. Pct. Pet. No. Pct. 

ControL ••••••••••__ • 40.00 30. 00 25. 00 52, 00 21. 00 20. 00 34. 00 ••••• _•••••••••••••••••••••••• 5,85738.00
CeresRIl•••••••_••••••• 04 .48 1.30 .50 .87 2.40 2.80 .•••• ___ •• ____ • ____• _________• 170 1.00 
Copper cnrbonnte __ •• .08 I. 00 .00 .00 .53 .40 .10 _____ _____ __________ __________ 55 .34 
Coppcrcnrb••<o._____ .08 2.10 .12 .2D .53 .28 .80 .. __ • ____________ •••.•________ 107 .67 
ControL.___________ 44.00 36. 00 18.00 51. 00 15. 00 20. 00 31. 00 .. __ • _________ •• _____________ • 5,72334.00 
Copper chloride. __... .00 .50 .00 .00 .00 .04 .00 • ____ .. __ ••________• _____ .____ 17.11 
Coppcroxychlorlde... .16 .70 .06 .15 .07 •~4 .17...___________....__ •• ___ ..... 47 .20 
• Coppercnrb was applied at 3 ounces and the other dusts at 2 ollnces per bushel. The formaldehyde

was applied by a modlflcntlon of the Broun (t) method • 

• The writer grnterully acknowledges the nssistance ofthe rollowlng cooperators In carrying out experiments 
In the western United Stutes: C. O. Johnston. Manhnttan, Kans.; O. F. Sprague, North Platte, Nebr.; 
1. G. Dlokson Bnd R. 0, Shand8~ Madison! Wis.; C. S. 1I0iton and E. R. Ausemus, St. PS!cl]J Minn.;
X. H. Kiages, Brookings, Rnd E. t:l. McFadaen, Redfield, S. Duk.; W. E. Drentzel, Farj!o, R. \v. Smlf.b,
Dickinson, and O. S. Smith, Langdon, N. Dak.; B. D. Bayles Rnd Joo E. Sutherland, Moccasin, LeRoy 
Powers and J. E. Norton, Bozeman, snd M. A. Dell. Havre, Mont,; Loren Davis, Aberdeen, and C. W. 
Hungerford. Moscow. Idaho: E. F. Gaines and H. n. Flor, Pullman, Wash.; 1. F. Martin, Moro, Oreg.; 
and D. L. Richards, Logan. Utah. 

http:5,72334.00
http:5,85738.00
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TABLE B.-Bunt control in Prelud~, Kola, Supreme, and Reliance wheat3 grown 
from inoculated treated seed, sown in rod rows, and replicated 4 times for eacr. 
trealment applied 10 each variety at a number of slations in 1929-Continued 

Smutted heads nt-

Variety aud seed·treat· !5 
m0nt compound ! .. 

til = cp:;" C I0 = = ... = .~Il sta-

" Ul0 '3 .!3 c ~ 
.::: ,:: .!!l p. ... 

0 
0 :;;; .. " 8 " 8 .§" tiOIlS 

,ll. " 1 '5 2 
0 " a ;;"" ,.; 2 ~ " ~ 0 " ~ "3 

~ " Z ~ :., is ~ ""-< ;;S .c.. ----'" --'" ------------I-"" - "" 
Prelude-Continued. Pet. Pet. Pel. Pet. Pet. Pet. Pet. Pel. Pet. Pd. Pet. Pet. Pet. No. Pel. 

Copper oxalate•••_... 0.9602.00 O. on 0.70 0.40 0.76 0.37 ••••• __ ......._ • ________ • _____ 111 1.07 
Control. .. __ •• __..___ 52.00 31. 00 14.0040.00 17.00 28. 00 35. 00 ____ • ____• __ •______• ____ • "'__ 5,36132. 00 
Hilchst______________ • .00 .10 .00 •Oti .07 .00 .00 ..._••_. __ • ____ • ____ .____ _____ 6.04 
Copprr·bem·nnphthollO. 00 13.10 •. 20 9.00 4.60 1. 20 6.50 _____ • _____ .._. __ •______••_._. 1,.88 9.30 
Forrn~ldehyde 1:320._ .00 .10 .06 .08 .13 .00 .00.________________ • _________ .__ 9.06 

Kota: 
ControL..__________ 31. 00 14.00 6.00 27. 00 9.00 24. 00 26. 00 29. 70 24. 80 28. 10 23. 8019.3036.00 5, 622 23. 30 
Ceresnn ..________..__ .15 .40 • 121 .32 .27 1.60 1.35 2.00 .54 .90 3.50 7. 10 1. 90 282 1.20 
Copper cnrbonnte_ ___ . OS .05 .06, .13 .00 1.20 .24 2.00 .40 3.10 .64 2.20 .\)2 172 .74 
Coppercnrb---------- . OS .85 .00 .0:1 .27 .50 .62 2.90 1.60 2.70 1. 20 2.00 . SO 221 .90 
ControL. ___ •_______ 26.00 15.00 7.00 24. 00 7.00 26. 00 20. 00 24. 30 24.3025.6031. 2039.2039.305.58223.90 
COPP<lr chlorlde ____.. .00 .00 .00 .10 .00 .00 .07 .50 • J6 .15 2.20 1. 50 .00 78 .33 
Copperoxychloride. __ .45 • 60 • 00 .32 • 40 • 75 .27 2.0<; 1. 03 1. 15 •~O 2.80 • 75 164 • 70 
CopP<lr oxalnte. _____ • .15 •SO .00 I. 10 . ()7 1.30 .42 2.00 .40 .85 2.30 -1.80 _80 224 .90 
ControL _•• __________ 29.00 13. 00 ~. 00 26. 00 II. 00 23. 00 24. 00 30. 8018.9026.5033.20 63. 10 41. 00 6, 19622. 60 
Hocbst.._________ • ___ .00 .10 .00 .00 .13 .13 .15 .40 .17 .202.30 .00 .70 98 .41 
Copper·bem·nnphthol 3.00 3. so 1.70 3.10 3.00 to 90 7.70 11.20 4.20 5.70 1. 50 11. 80 6.30 1,082 4.50 
Formaldehyde 1:320...00 .00 .00 .13 .00 .00 .00 .30 .13 .10 .56 1.50 .00 32 .13 

Supreme:
ControL..__..______ • 3.50 2.50 2.00 1.00 1.40 2.00 2.90 .59 3.00 4.00 1.7021.0018.00 1,225 4.80 
Ceresan.._...________ .00 .00 .07 _00 .00 .00 .05 .00 .03 .00 .36 5.40 .10 30 .15 
COPP<lr cnrbonate.. __ .00 .00 • 00 .00 . 00 .00 • 00 • 00 . 00 • 27 . 60 .00 • 10 24 • 09 
COPP<lrcarb __ .•• ___••. 00 .0-' .00 .00 .00 .00 .00 .00 .10 .30 .16 1.70 .06 21 .OS 
ControL ___ •______._. 2.70 3.50 1.50 1.50 1.50 2.00 3.50 .60 3.20 7.20 6.50 18.70.l4. 00 1, m 4.70 
Copper chloride._.... .00 .07 .07 .00 .00 .00 .00 .00 .00 .00 .00 .00.10 7.02 
Copperoxychloride_ __ .00 .32 .00 .00 .00 .00 .00 .00 .25 .50 •M 1. fiO .06 32 .12 
Copper oxalate._._._. .00 .04 .00 .00 .00 .00 .05 .00 .07 .50 1. 30 .00 .20 63 .21 
GontroL ___ •______ .__ 3. 10 3.40 1.30 .70 J. 20 2. GO .2.50 .80 3.40 5.70 4.·JO 19.40 15.501,127 4.40 
HilchsL __ ._.________ .00 .f).! .00 .00 .00 .00 .00 .00 .07 .00 .32 .00 .20 17 .00 
Copp~r·betn·nsphthol .80 .61 ,20 .07 .36 1.20 1.10 .20 1.00 1.00 .1610.20 3.90 317 1. 20 
Formnldehyde 1:320._ .00 .04 .00 .00 .00 .00 .00 .00 .03 .10 .00 .00 .00 4.01 

Reliance:ControL __________________ . ___••____ . _________ . ________ • 
.70 2.50 4.29 2. 03 14. 29 11. 40 543 4.70Cerel'lln___ ._._.___ •____ ._. __ • ___ .._. "'___..._ •_________ .00 .10 .05 .32 2.7i 1. 10 53 .46 
• 00 .00 • 00 •16 •00 .00 11 .10g~g~:~~~b-O-~~:~:::: ::::: ::::: ::::: ::::: ::::: :.:~: ::::: ,00 .06 .30 .00 .37 .00 9 .07ControL __•___• __________ •._____....._______ •_____ • __ ._. .20 2.03 J.60 2.70 5.50 S.70 455 3.90Copper cbioride. ________.. ___....... ______.... ____• ____ • 
 • 00 .00 .00 .00 .00 .00 o .00

Copperoxychloride ___ •___ • ___._ ...__ "'_' _..___..__ ..... • 00 .00 .05 .00 .00 .00 5 .04 
.00 .06 .25 .05 .00 .00 8 .06g~grr'::'l~~~~~~:::::::: ::::: ::::: ::::: ::::: ::::: ::::: ::::: 575 5.30:~~ 2: ~~I 5: ~ 2: b~ 1~: ~~ 9: ~ 32 .26HiiCbSt.... ___._. ___.._ .-.-...--- --·--ll----. ---"1----- .-.-Copper·beta·naphthol •____ . ____ ._... ____ • _•• _..._______. .00 .20]1.30 .15 2.14 2.84 132 1. 11 

Formaldehyde 1:320__ .---- .---- --.-- ---.. ••---C--.. ----. . 00 • 00 . 00 .00 .00 .01 1 .01 

The pronounced range in infection and in the apparent effective
ness of the difl'erent dusts at various stations is difficult to explain, 
in view of the fact thnt the seed had been uniformly inoculated and 
treated. The results from some of the stations suggest the possibility 
of soil infestation or recolltnmination of the seed after treatment. 
It is possible that differences in the nature of the soil at the different 
stations also may have contributed somewhat to .the disparity in 
results. None of the treatments reduced the number of bunted heads 
to less than 1 percent in aU of the varieties at ull of the stations. On 
the basis of the lowest Ilvernge percentage of bunted heads for all 
stations, formaldehyde effected the most nearly perfect control and 
next in order were copper chloride, Rochst, copper oxychloride, copper 
carbonate, Coppercarb, copper oxalate, Ceresan, and copper-beta
naphthol, the last named compound being generally ineffective. 

http:18.70.l4
http:1.7021.0018.00
http:8018.9026.5033.20
http:2039.2039.305.58223.90
http:8019.3036.00
http:14.0040.00
http:0.9602.00
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In the fall of 1929, cooperative experiments with winter wheat were 
carried out at a number of experiment stations in the southeastern 
United States.6 Seed of three winter-wheat varieties was inoculated 
with bunt spores at a 1 to 500 spore dosage, treated with fungicides 
at the rate of 2U ounces per bushel, Bnd sown in rod rows replicated 
four times at each of SL\: stations. 

The data on bunt infection at each of the stations are shown in 
table 6. In Fulcaster wheat the infection in the controls mnged from 
8.7 percent at Knoxville to 45.7 percent at Athens, and each of the 
treatments reduced the occurronce of bunt to less than 1 percent at 
every station. In PU'rplestrttw infection in the controls ranged £l'om 
14.4 to 54.9 percent and every treatment except Ceresan reduced 
bunt infection to less than 1 ~ercent at each station. In Fultz, 
which showed the highest infectIOn in the con~rolsJ 20.9 to 64.6 por~ 
cent, only formaldehyde nnd basic ~oppor sulphate roduced infection 
to less than 1 percent at every statlOn. However, none of the treat
ments for any vll,riety n.t any station permitted an infection of more 
than 1.7 percent. It would appear, therefore j that all the treatments 
gave fairly satisfactory commercial control. 

TABI,E a.-Bunt contl'ol in Pur7J1e.,traw, F1tlca~(er, and fi'1tltZ wn.ea{3 grown Jrom 
treated inoculated seed sown in rod rows replicated 4 limes Jor each treatment 
applied to each variety a! each 0/6 3tati07ts, 1929-30 

Bunted honds nt-
Variety Rnd seed·traatmen! 

compound 1 Knox· Lexlng· Mor~lIn'Arlington Rnlelgh Athens All stntlons vlUo ton (own 

PUrplostraw: Percent Perc<nt Percent Percent Percent Percent Number Percent 
ControL•••••••••••••••• 23,0 45.3 54.0 16.0 21. 3 30,0 3,851 35.0 
Carosan ••.••••••••••••• .0 1,7 .6 .0 .3 .~ 48 .5 
Coppor carhonnte •••••• .0 .2 .2 .0 .0 .. 12 .1 
Basic coppor sulphate •• .0 .2 .2 .0 .0 .0 0 .1 
ControL••.••••••••••••• 27,2 47.2 5U 14.4 17.4 32,2 3,862 35.4 
Copporcarb••••••••••••• .1 .5 .3 .0 .0 .0 18 .2 
Copper oxalate ••••••••• .1 .4 .0 .0 .2 .8 33 .3,rrFormaldehyde •••••••••• .0 .1 .0 .1 .0 5 T 

Fulcnster: 
ControL•••••••••••••••• 15. f 35,0 43.0 10,2 13.2 16.7 1,882 24.7 
Corosan •••••••••••••••• .0 .3 .4 .0 .2 . I 12 .2 
Copper carbonate •••••• .0 .0 .2 .0 .0 .0 3 T 
BIISic copper sulllhllte •• .0 .1 .0 .0 .0 .0 1 T 
Control••••••••••••••••• 15.0 30.1 45,7 8.7 12.3 16, I 1,860 25.7 
CoPl'ercllrb•.••••••••••• .0 .1 .0 .0 .2 .0 3 T 
Coppor oxalate •• __ ..... .0 .2 .1 .0 .2 .0 5 .1 
Formaldehyde.••••••••• .0 .0 .3 .0 .0 .0 4 T 

Fult?: 
Control................. 36.0 61.0 64.6 26.2 31.4 36.5 4,618 40.2 
Carasan ......_......... .0 1.7 1.3 .0 .2 .0 51 .6 
Copper cal·bonate ...... .0 1.2 .8 .0 .3 .5 44 .5 
Basic copper sUlphate •• .1 .0 .4 .0 .0 .1 20 .2 
COlltroL••••••.••••••••• 43.5 50.2 63.9 20.0 31.8 33.0 4,374 40.7 
Coppercarb.............. .0 1.0 .0 .0 .2 1,0 35 .4 
Copper oxalate •• "'_"_ .Ii 1.7 .8 .0 .1 1.0 30 .6 
Formaldebyde •••• _ ••• __ .0 .2 .2 .0 .6 .0 13 .1 

1 The dusts wero applied lit 2)1 ounces per busbel; the lormeldehyde trentment was applied accordlnl: to 
• modlllClltion 01 the BTlIun (ll met.hod. 

I T represents trace, or leSll than 0.1 percent. 

A series of cooperative field experiments similar to those of the 
previous year were carried out ill 1930 at 15 western experiment 
stations. Seed of Reward, Ceres, and leota was inoculated fit a spol'e 

I The writer gratelully acknowled~es the holplul cooperntion and assistance '01 tho lollowIng persons In 
ClIrrylll!\, out tbese experiments: S. O. Lohman, Raleigh, N. C.; R. R. Childs. Atbells, Gil.; O. D, Sber
bakolI, Kllox\'llle, Tenn.; W. D. Valleau, J-exlngton, Ky.; and C. R. Orton, MoriaI\lown, W. VB, 
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dosa~e of 1 to 250, and separate portions were treated with different 
funglCides. Coppercarb was applied at 2, 3, and 4 ounces per bushel, 
in order to determine whether the extended brands of copper carbonate 
should be used at a heavier rate than is usually recommended for 
pure copper carbonate. The inoculated, treated, and untreated 
seed Wh~ .;own in rod rows. in two replications at each of the 15 
stations. 

Each coopemtor sent in a thermograph record of the daily temper
ature range and rainfall, from the date of sowing to the date of 
emergence, and samples of soil (in sealed containers) taken 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 data relating to infection are shown in table 8. 

TABLE 7.-Data relating to environmental conclit1:ons between the dates oj 30willg 
and emeryence in experiments on bunt control in spring wheat at a nwnber of 
stations, 1930 

Soli saturation at Hydro-Moan Wntcr- timcol- Averagagon-ion Porlodnlr holding TotRI InlectionStation concen- olemerlempor- cupacit~' ralnlall intrntion gencealure 01 soil Forncr- controlsSowing 01 soilgence 

·C. Percwt P,rcent Percent Inches pI! DaU8 Percent
Arlington ....._______ li.5 a5.0 6i.O 56.5 1.01 5.87 19 8. 2
Madison •• _... _. ____ 11.9 3U.0 41. 7 04.1 2.18 5.07 9 1. 1
Brookil1!!s . .,_. ______ .. 12.5 41.8 35.7 til. .1 • i4 6.07 10 4. 9St. PauL ____________ 0.1 40.3 44. II 47.0 5.10 14 6. 1-------.. -.Redfield....__•______ 4i.O 34. Ii 07.2 1.05 6.30 12 <I)Fargo. ________ .. ____ -------- ..

6.1 61. 9 10.3 8i.O 1.12 6.72 17 24. 6Dickinsnn ._w ________ 6.8 4!l.0 51.0 401.5 1.33 5. a:l 10 5.Langdon ____________ ~ 0.2 64.6 31. 7 0:l.3 2.45 6. ,;7 11 1 '1 
~foccas;n. ._ 10.5 4~. 1 39. (l 30. (I .06 7.113 9 13. 8,Havre.... ___________ II.Il 40.4 33.8 41l. a .39 (l.1l7 7 ''1B OZemRn ._. _________ 10. (I 45.5 [)1.5 32.7 .34 ii.80 9 2. 1
Aberdeen... ____ •_... 11.1 35.1 50.3 35.2 ''1' 8.12 8 7. 1MoscoII' ..___________ 10.5 4S.1 44.5 41. 5 .21i 5.85 8 8. 8Logan •.• __ •_________ 12.8 :~7. 1) 211. :l 60.0 1.05 8.U2 13 2. 8:!vIoro... _____________ 11.1 36.5 30. ·1 27. J .0 6.15 11 25. 3Pullmlln .._. _______ .. 11.2 37. \I 50.2 50.9 .4 5.94 12 22. 8 

1 Plots ruined by wind-blown dnst. I T represents trace, or less than 0.1 percent. 

Conditions during the spring of 1930 apparently were not so con
ducive to infection as in the previous year. At three of the stations, 
Madison, Langdon, and Havre, so little infection occurred 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 percentuges of total heads infected in the three 
varieties ranged from 2_1 to 25.3. As in the previous year, the fungi
cides varied somewhat in their effectivness at the different stations, 
despite the fact that the seed sown had been uniformly inoculated 
and treat.ed. None of the fungicides reduced the umount of infection 
to less than 1 percent at every station. rraking 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 Cel'esan (table 8). Better results were obtained with 
Coppercarb when used at 3 ounces per bushel than at 2 ounces, but no 
advantage from a still heavier rate of application was apparent. 

http:treat.ed
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The only stations at which formaldehyde did not effect complete con
trol were Moscow, Moro, and Pullman, suggesting either some recon
tamination or the possibility of some soil infestation at these places. 

T..uILJI S.-Bunt control in Reward, Ceres, and Kola wheals grown from treated 
inoculated sced sown in paired rod rows at 12 Btatior,s, 1930 

a; Bunted heads at 
~ 

Variety lind seed· .0 
:I 

gj, 0treatment compound .... " 0 c :; " " c: g" It 
Co .:, ;;;; c: ;g " E " All sta· .,.. .9 ..0 1 ~ 

'E e ...." e" 11011.•0 
0 ~ ~ !'l ~ ~ ..8 c .! 0 '3 

~ ~ ill 00 ~ is .-; F=l < ::0 0.4 ::0 ~ 

Reward: Oz. Pet. Pct. Pet. Pel. Pet. Pet. Pcl. Pct. Pct. Pet. Pct. Pet. No. Pet.ControL_____________ 5.58 5.62 Z.IB 21.00 2.03 6.08 1. :;n 5.50 6.59 2.02 20.09 lB. 20 1,331 7.80Ceresan_______________ .... -
2 .0 .0 .0 3.71 .0 .il .0 .0 .74 .0 I. 75 1.2tJ 113 .66

Copper carbonate_____ 2 .0 .0 .0 .43 .0 .0 .0 .0 .31 .0 .38 .11 19 .11copg:rcarb___________0________________ 2 .0 .31 .05 .50 .0 .43 .0 .17 .90 .0 .80 .110 48 .29 
ControL ______________ 3 .0 .0 .05 .0 .0 .29 .0 .0 .48 .07 1.29 .0 26 .15 

5.21 5.12 3.~4 20.50 1.80 7.77 3.21 6.41 5.50 .81 19.11 16.01 1,236 7.40 ... ---Coppercarb___________ 4 .0 .0 .0 .57 .0 .0 .0 .0 .n3 .~ 1.14 .0 31 .19
CuproJabonlte________ 3 .0 .0 .0 .64 .0 1.14 .0 .22 .85 .0 .0 .34 40 .3o 
Basic c0tC~er sulphate_ 2 .0 .0 .0 .71 .0 .43 .0 .06 .42 .0 .43 .0 27 .16 
Formal e yde 1:320___ ('l .0 .0 .0 .0 .0 .0 .0 .0 .30 .0 .0 .17 13 .08 

Ceres:ControL______________ 
8. n 5.03 8.95 36.59 8.86 10.69 3.39 9.70 12.33 1.06 37.38 24.00 2,071 14.24Ceresan_______________ ---

2 .0 .28 .0 5.31 .45 .92 .2.1 .33 .71 .7 4.31 2.47 lit 1.27 
Copper carbonat"_____ 2 .0 .0 .0 .61 .0 1.08 .08 .50 .10 .0 .29 .0 25 .18Coppercarb___________ 2 .0 .0 .21 1.92 .0 1.08 .17 .25 .28 .1 .53 .0 50 .35Do________________ 

3 .0 .0 .0 .42 .0 .46 .0 .OS .10 .0 .0 .0 11 .08Control.. _____________ ---- 11.33 7.65 7.55 35.00 6.61 15.61 2.10 7.15 10.67 5.02 33.25 27.13 2, 105 14.37Coppercarb___________ 
4 .0 .0 .0 .25 .0 .40 .0 .0 .15 .1 .0 .20 14 .1oCuproJabonlte ________ 3 .0 .0 .0 .67 .0 1.61 .25 .42 .15 .2 .38 .20 38 .27 

Basic c0tCper sulphate_ 2 .0 .0 .14 .50 .0 .31 .0 .00 .35 .0 .63 .25 36 .25 
Formal ebyde 1:320 __ ('l .0 .0 .0 .0 .0 .0 .0 .0 .13 .0 .63 .0 18 .03 

Kota:ControL _____________ -_ .. - 8.81 2.70 7.46 17.94 4.68 19.59 l.43 8.43 10.22 5.40 23.95 25.94 1,492 11.34Cer658n_______________ 
2 .0 .0 .15 1.61 .44 2.44 .0 .58 1.91 .10 2.17 .47 99

Copper carbonate_____ 2 .0 .0 .08 .36 .0 1.11 .0 .25 2.38 .0 1.17 .24 66 .63Copg:rcarb___________ 
2 .0 .0 .0 .n .0 1.11 .0 .58 1.64 .0 .33 .0 51 .41 

0 __........ _....... _____ 
 3 .0 .0 .29 .09 .0 1.11 .0 .17 1.41 .0 .67 .0 40 .3:IControL______________ --_.. 9.52 2.37 7.26 16.61 4.90 17.05 .84 6.30 7.39 1.28 16.99 24.50 1, 235 9. 56Coppercarb___________ 4 .0 .0 .0 .80 .0 .0 .0 .33 1.98 .0 .33 .0 51 .41
CuproJabon!te________ 3 .0 .0 .21 1.40 .0 1. 78 .0 .83 1.70 .0 .67 .36 75 64 
Basic cotCper sulphate_ 2 .0 .0 .21 .50 .0 1.33 .0 .0 2.11 .0 .50 .0 56 .4II 
Formal ehyde 1:320__ (') .0 .0 .0 .0 .0 0 .0 .0 2. IS .0 1.50 .00 62 .'1 

I Applied accordIng to a modification of the Braun (Il metbod. 

The da.ta on environmental conditions during the period 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 factors beyond the control of the investigat()r entered into 
the field experiments to make it possible to draw definite conclusions 
regarding the influence of anyone of them. Experiments dealing 
with the influence of certain soil iactors on the development and control 
of bunt are discussed later. 

During the season of 1931-32, in extensive seed-treatment experi
ments at Arlington Farm, seed of Purplestraw wheat was inoculated 
",ith bunt B.t three spore dosages: 1 to 75, 1 to 250, and 1 to 500. The 
materials used as fungicides were the following: Two brands of high
grade coppe): carbonate, Coppercarb, Smut Bane, dehydrated copper 
sulphate, basic copper sulphate, copper phosphate, copper oxychloride, 
Ceresan, 1 and 2 percent ethyl mercuric phosphate, and a number of 
other experimental dusts. 
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Conditions after sowing apparently were not conducive to heavy 

infection, for the infection percentages in the controls averaged onl~ 
18, 6, and 4 percent for the three spore dosages, respe~tively, and all 
the materials referred to controlled bunt perfectly without Impairing 
germination. Detailed <lata 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 regardin~ its merits led to experiments designed to 
determine its effect on germmation and bunt control. Seed of Ceres 
and Mjndum wheat, inoculated at a 1 to 100 spore dosage with bunt 
collected from these varieties, were treated with copper carbonate at 
2 ounces per bushel and with New Improved Cercsan a,t X, 1, and 2 
ounces per bushel. A portion of the seed was sown at Arlington Farm 
7 days, another portion at Fargo, N, Dak./ 4 days, and a third lot 
at Fargo 40 days after treatment. Bunt infection data are presented 
in table 9. 

TABLE 9.-00ntrol oj blmt in Ocre3 and Mindum wheal3 grown from ued inocu
lated at a 1-10-100 spore dosage and trealed 4. 7. or 40 daY3 before sowing. 1999 

TreatUlent of seed Tot.land Infected beads In-

LOCiltion 01 Rate Storage Ceres Mlndumexperiment nfter 1--...,----.1----;----MaterIal used 
per trent. I 

_____I________l_b_U_SI_lCl _Ul_en_t_,_'I_'o_tS_l'I __In_fC.,...ct_ed_I_T_o_tn_1 Infected 

Oz. DoV' 	 No. No. Pet. No. No. Pel. 

~g~~er Ci,j.iio'niii;:::::~:: '....2.. ......... 1. ~~ 13? 13: 1 ~~~ 3~ 4; ~ 

Fllrgo,N.nak.. 	Xe"'lmpro\,euCeresnn<_ h 4 1,124 62 5.5 7(}.1 7 1.0 

.....do................... 1 • 1.0,,9 2 .2 831 1 ,1 

.....do.................._ 2 411. ()"9 2 • 2 821 0 .0l
~~g~er~rl,iiniiie:::::::: ··..·2· ........7· U~~ H~ 36:~ ~:~~ so: n:~ 


Arllnllton, Va... 	 Xcw Impro\'ed Ceresnn.. ~ii 7 1.262 1 .1 1,248 1 .1{.....do................... 1 7 J,254 0 .0 1.236 0 .0 

_....do................... 2 7 I. 127 0 .0 I, 135 0 .0 


t'g~~~r·C;;rij,jniiie:::::::: ""'2" ·..· ..40· ::i~~ 11: g:~ ~~~ 2i ~! 
F~rgo.N.Dak.. 	!\'ew Impro\,ed Cercsan.. H 40 1.211 2 .2 883 0 .0 

.....do................... 1 40 1.077 0 .0 809 0 .0t.....do................... ~ 40 913 0 .0 761 0 .0 


Bunt control was excellent in all cases with the exception of the one
half-ounce-per~bushel treatment applied 4 days before sowing at 
Fargo. This failure may be attributed to the dIfficulty of accurately 
applying the required amount of dust to the small quantities of seed. 
Excellent control was effected at Arlington Farm, where the percent
age of infection in the controls was much higher than it was at Fargo. 
The efi'ect of trea~ment with New Improved Ceresan on germination 
will he discussed later. 

Additional experiments with a number of fungicides were carried 
out at Arlington Faml during the period from 1933 to 1935. The 
pertinent data are presented in table 10. Presented here also are 
data regarding the effect of the various fungicides on germination and 
yield, which will be discussed later. 

'The writer gratefully acknowledges the ~ssistnnce of W E. Drentzpl. wbo did part of the treatlnr anc! 
all 01 the sowing at Fargo nnd also recorded the data. 
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TABLE lO.-Effect of seed treatment on germinal.ion, bunt control, and lIield in 
Purpleslraw wheat grown from seed inoculaleel with bunt at a 1-/0-100 .~pore 
dosage and S(W11 on the Arl{nglon Experi7lle1lt Farm, 1!J83-85 

Oerminnt.fon Bunted beuds Yield pC!' ncre 

Seed·treutment compound 

Oz. Pel.. Pel. Pel. Pet. Pet. Pel. BlL. Bu. BIl. 
Ullinor'ulnted, untre'te'L ____________ ....____ 80 91 85 0.0 1. 1 1.1 28 31 22 
Inoculnted, un(.ro.lhi. ,_............_ ...._... 80 91 82 oJ. 5 91. 0 ii.O 24 10 12 
Copper roriJnnatc........._.._._.. __ • 2 III 00 92 .1 .7 .2 28 an Z,l
COJlI'crcurh .."".___________________ a 00 S!I 88 .2 1. a .2 25 ao !N 
Smut Bllne, ___• ____• ___....._•• __ ... a AA 8:1 110 .2 • S .4 2i 3() 25 
Cuprojllbonitc__• ____...... ____ ...... :1 112 na 92 • a 2.3 .8 25 :U 24 
COP11cr oxychlorldo.•• ".. ., ....... 2 110 88 no .0 1. 1 .5 2·1 28 24 

Coppprsulphllto dohydrated '._______ 2 87 $7 8\1 .0 .6 .2 27 ao 19 
Copper sulphiltc diluted .... __ ... 3 84 SO .2' 2.2 ._____ 27 :12 
('ollper sulphllte monohydrate 00---- 2 "!'IO" 8!J~1 ... ---, --. -5- " ,.1) _--_._-_._._ .. ·.;1-1· 2171Copper sulphate ha.lc... __ , 2 
Cupricoxide._.... ... ..... ,,____ 2 H7 ._... __ .___ G.8 .....___.. __ 28 • ___ •• 
Cuprousoxidc(SOperccntcoJll'pl'l._.. 2 _____ ...... 91 '..... ..... .Ii .._...."... 23 
Cuprousoxidc(40Jlerl'ell~Copl)(·I·).__ a,.......... ' sn ........... :2 :::::.t::::: ig

X~1'~?Y51~s~i!le(2~.I~~~~·~".t~~~~·:'~~:.:: ~'''&4·l'·8il· ..~~.I·i:iITi;a 7·..... 2:1 15 

~~X~t&~·6i,st··' .. :::::::::::::::::: ;1 ::::::1 ~i ...oJ'~J:::::: ~~:~ ..~:o :::::: 19 .... ~~ 
b~~!~~d~h)'t~e ,1.:a:.o..:::::~::::::::::: (3)2 "'>;11 i ~~ ...~~_ ''':1/ 1.7 "~::') 2.) ~ ....~~ 
E.l\I.I'.!lSfi',.............. ........ 2 h~ l' .... '..... ,0 ......1·..... ~Q ...... --.. .. 
E,l\LP.J.JOO' .................... ~. SO!. 0 ·r. 


NC\\i)~~ll~~~~~:l.:::~~~H1. '::::::::::::1 t\::::::1 ~~'l :~~~: ::::::1'· ;~~. :::~~:I ::::: .~~. ··..24 
b";~\l~~li:le:::::::::::::::::::::::::::: 2 :::::: ~~ :::::: :::::: 3~: 31:::::: :::::: i~ :::::: 

I Germinntion test mnrle. 12 dnys tlrter trc-ntrncnt. 

I Clerminlltion test Jl1n(lc ·1 days nrter treatment,>
3 Modified IImulI (!) method used ill J!):H to prevent injury; regulnf formaldehyde trentment used in 1035. 

• Ethyllllercurie phosphate.
, T rCllfescnts trace, or less thlln 0.1 pertent. 

Purplestrllw whent, inoculnted with bunt Itt a spore dosage of 1 to 
100, wns used in these tests. Altogether, 21 materials were compared 
as to their fungicidnl efl'ecti,'encss. Some of them were used at 
different dilutions or difl'erent mtes of application. Six were included 
in each of the 3 yenTs' tests, seven in ellch of 2 years, Ilnd eight were 
tested for only 1 yenr. After treatment with the different materin,ls 
the seed wns sown in rod rows replicated 10 times in 1933 Ilud 7 
times each in 1934 nnd 1935. 

In 1933, conditions were not fayorable for infection, ItS only 4.5 
percent of the heads in the controls were bunted. All the treatments 
except the formaldehyde dust (An suI Dust) effected satisfllctory bunt 
control. 

In 1934, an average infection of 91 percent in the controls was 
reduced to less than 1 percent by Ceresan, New Improyed Ceres an, 
bllsic copper sulphate, dehydrated copper sulphate, copper carbonate, 
and Smut Bnne and to less thlln 2.5 percent by nIl the other copper 
dusts except cupric oxide, which Illlowed 6.8 percent infection. Sano
seed, Grainllide, and the formnIdehyde dusts, Ansul Dust, Smuttox, 
and P. A. C. Dust, also failed to control bunt satisfactorily. In 1935, 
with one exception, all the dusts used reduced infection from an 
average of 7i percent in the controls to less than 1 percent. Formal
dehyde dust (Smuttox) not only failed to control bunt but seyerely 
impaired germination and reduced yield, as will be mentioned later. 

The results of experiments with muny of the fungicidlll dusts listed 
under Compounds Used us 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 United States, Hochs'i, made in Germany, and 
Vitrioline, made in Franco, 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, WIlS very injurious to seed and, in the tests pre
viously described, was found to be highly corrosive to metal. Mercury 
0, Semesan, and Ceresan were moderately eft'ective, but all three were 
too e:ll.-pensive because of their high mercury content. Sterocide was 
wholly ineffective and Sanoseed relatively so. :Most of the other 
mercury dusts were injuri.ous to the seed, highly corrosive, unstable, 
ineffective in bunt control, too expensive, or unsuitable for fungicides 
in other respects. Resorcin, combined with crystal violet, was 
effective hut objectionable because of its coloring propensity. 

Five iodine dusts were trieci, but none reduced the percentuge of 
bunt sufficiently to qualify us a· bunt fungicide. Sayre and Thomas 
(38) reported control of oat smuts with iodine dust in 1928, but 
Horsfall (22) found it unsatisf!tCtory for this purpose, while Dillon 
'Yes ton (1) found it ineffective for ('.ontrolling bunt. In addition to 
tlus, its corrosive action and other undesirable qualities should elim
inate it from further consideration as a practical seed disinfectant. 

Such materiuls us sulphur, paru.formaldehyde, quinone derivatives, 
cre,ool, and naphthalene compounds were not consistently effective, 
although at times some of them seemed promising. 

Copper compounds, us a cluss, seem to be specificully toxic to bunt 
spores, ns most of the more common copper salts effected a pro
nounced reduction in the percentnge of bunt. In preliminary experi
ments such compounds as copper oxychloride, copper oxalate, copper 
chlOl'ide, and others seemed to be slightly superior to copper car
bonate in bunt control, but when they were included in more extensh-e 
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 experiments. 
This table shows, for each of these compounds, the number of seasons 
it was tested, the total number of bunted heads grown from seed 
trented with it, the total number of bunted heads grown from an equnl 
quantity of untreated seed, and finally the index of effidency or con
trol. The latter figure is the result of the formula: 

100 [smutted heads from treated seed X ] 
- 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 
WIlS used in 7 vears' e~-periments and under a 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 its 
hygroscopic nature and COITosive action on metal, fiS determined in 
the corrosion tests previously described. COPPAf oxychloride, also 

153547°--37----3 
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very effective, po~esses this undesirable feature, to a less degree than 
does copper chlonde. CDpper phosphate and red copper oxide were 
fairly effective. Copper oxalate, while very satisfactory as regards 
its physica! and chemical properties, proved slightly inferior to copper 
carbonate m bunt control. 

TABLE n.-Relative fungicidal efficiency of a number of materiall! in the control of 
bunt in experimentll extending over perioda of 1 to 7 year8 

Total bunted beads 
from seed- IndexYearsNo. Fungicide of em·tested ciancyNot Treatedtrcated 

1 Formaldehyde (1:320 ~olution)•...•..•••.•••••••••••••••••• 7 34.143 187 99.5 
2 Copper carbonate, pure._ •• _•••__ ••..••••••••_•._••••••••_. 7 41,·191 469 98.9 
3 Copper carbonate, 'Wuted ..____ ..•••______ ..____________ __ 7 36.67.1 791 !l7.9 
4 Copper sulphate, dehydrated.____....______• __ ..________ __ 6 18,335 372 98,0 
Ii Copper sulphate. husic __ ...______________..__•__________ __ 5 13,666 136 99,0 
6 Copper oxychloride ........________ •__ ..__ ..__..__.......__ 5 21,0.12 204 99.0 
7 Formaldehyde dusts ..______ .....____ ..______..__....____ __ 4 :1,020 1,690 44.0 

3 7,417 30 99.6 
~ tJ~;~~~~:~I~~~.~.e~~~~.~~~::::::::::::::::::::::::::::::::: 3 25,799 547 97,9 

3 :l,730 36 97,7 
~~ g~i.Ps~~~~~~~~~~~::,::::::::::::::::::::::::::::::::::::::: 3 28, !H2 1,075 90.3 
12 Vitriollne..__ ••• ____ •____ ....______________ -__ •---- .......- 2 2.675 4 99.9 

2 13,832 102 99.31~ g~~~~L~~~~~~~~::::::::::::::::::::::::::::::::::::::::::: 2 15,799 153 99.0 
15 C uproboL ____ •___••. __ ......__ • __ •__.. __ •••• ____ -- --. ---•• 2 9,232 366 90.7 
16 Sanoseed _.,, ____...•__••• __••____________•••--. ----.--.,,-- 2 2.435 264 89,2 
Ii Sulphur__ •. __..... __ ......__ ..__...........__ •__ ...._..__• 2 3.71l 70s SO. 9 
18 Copper·beta·naphthol. __....____ ....____• ____ ..... __ ...__ . 15, .576 3,088 SO. 2n 

19 Abavit B..____......__ ...____._......__.....____ ....____ __ 1 708 0 100.0 
20 S. F. A. 225...____ ..___________ ..______...._____ ...______ __ I 708 0 lCO.O 
21 S. F. A. 22.5 V ____ ...____ ..______ ... __ • ________ .....____ ... 1 708 u 100.0 
22 Wa 'Va Dust___________ ..__________________....________.._ 1 708 0 100.0 
23 Crystal violet In resordn ______.•_______ ..__ . ____________•• 1 70s 0 ltX'.O 
24 Copper (cuprous) oxide ___________________________________• 1 2,320 15 9\1.4 
25 }\[ercury C __ ..____ •________..______ ...__________ •. ______ __ 1 708 21 97.0 
26 SemCllan__ •______ •••_.•______________ ' ______• -- ------. --- _. 1 708 23 90.8 
2i Copper (cupric) oxide .• ______. __________________________ __ 1 2,690 326 87.9
28 Iodine dusts _______• _____________________________________ __ 1 1,744 353 i9.8 
29 Sterocld••••••__________ •________ --. ----. -- -- -- ------ -- •• -- 1 222 108 5J. 4 
30 Paraforlll!lldehyde dusts.________________________________ __ 1 400 225 43.8 
31 Cuprous cyanlde ________________________________________ __ 1 444 356 19.8 

Basic copper sulphate, such liS 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 more 
disagreeable to apply. 

New Improved Ceresan in 3 years' experiments was very satisfac
tory not only in btmt control but in its effect on germination when 
properly applied. 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 shO'wn 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 eftectiveness to the volatile fumes given off, it requires less 
thorough apl-,lication than do dusts like copper carbonate, which, to' 
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be effective, must come in actual contact with the spores. This was 
demonstrated by the following experiment: A bushel of Purplestraw 
wheat was infected with bunt spores at a 1 to 100 spore dosage. Five 
15·g lots of this seed were placed, untreated, in small cheesecloth bags 
and buried in the bushel of infected seed thfLt 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.'1 to 1.2 percent as compared 
with 0 to 0.5 percent from seed treated in bulk and 77 percent from 
untreat('d seed. 

On the other hand, full advantage can be taken of the fineness and 
fluffiness of relatively inert du.st fungicides only by thoroughly mixing 
the dusts with the seed, so that the latter is subjected to a veritable dust 
fog, and as a result each kernel becomes completely con.ted. Inade· 
quote mixing fails to do tlus 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. 
The quantity required depends upon the spore load and upon the 
reln.tive amount of toxic ingredient in the dust. High·grade copper 
carbonate at a rate of 2 ounces per bushel or the diluted brands at 3 
ounces per bushel, for example, usually are effective when properly 
applied lml('ss the spore load is very heavy, in which case heavier appli
cations are advisable (31). 

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 hll'gely caused by failure to apply the dusts 
properly. 

The results of the experiments on bunt control point to the follow
ing genem} conclusions: When seed wheat carries a light or medium 
spore load, bunt infection generally can be effectively controlled by 
properly tre~ting the seed with anyone of a number of fungicidal 
dusts. Among these are New Improved Ceres an (5-percent ethyl 
mercuric phosphate), copper cnrbonate, both lugh grade and extended, 
basic copper sulphate, dehydrated or monohydrate copper sulphate, 
copper oxychloride, copper oxalate, red copper oxide (full strength or 
diluted), copper chloride, copper phosphate, and a number of other 
less commonly used copper dusts. These dusts, to be effective, must 
be dry and finely powdered. Tlus practically eliminates the chlorides 
and some of the sulphates from consideration for ordinary farm use, 
since they take up moisture from the air and tend to lump unless kept 
dry in a tightly closed container. Few of the above copper dusts at 
present are on the market as dust fungicides. 

When the seed carries a rather heavy spore load some of the abo'\e 
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 latter dusts should be applied at the rate of 
2, or, for very smutty seed, preferably 3 ounces per bushel, and only 
those brands should be used thl1.t are made specifically for seed-treat
ment purposes. The forml11dehyde treatment, wlille effective, 
frequently causes seed injury, does not prevent reeontnmination, and 
fails to furnish to the seed nny protection against soil-borne organisms. 

-...~-------
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EFFECT OF FUNGICIDES ON GERMINATION 

In additioIl to fungicidal effectiveness, a further important consider
ation in determining the relative merits of different funfPcides is their 
effect on seed viability and seedling emergence. ExtenSIve laboratory 
and. greenhouse studIes of this nature were made in connection with 
the field experiments herein described. Since the data thus obtained 
arc rather voluminous and pertain largely to materia.Is tested only in 
preliminary experiments and subsequently discarded, they will not 
be presented in detail but will be briefly summarized. Some data 
relu,ting to the effects of trelLtmcnt on germination or stand are included 
in tables dealing with other phases of the subject. 

In these experiments the better dust treatments usually increased 
the percentage of germination. High-grade copper cnrbonnte in 24 
tests increased it 10 percent. Ceresan, low-grade copper cnrbonnte, 
and basic ('opper sulphate in 10 tests improved the u,vel'age germination 
12, 11, and 10 percent, respect.ively. Similar results followed the t se 
of copper chloride, cop PCI' oxychlOl'ide, copper oxaln,te, a,nd Hochst. 
Seed treated with the above-mentioned eight dusts and stored for a 
year showed an Iwerage incrense of 15 percent in the percentttge of 
germinn,tion as compnred with untreated seed similarly stored. 
Increnses in the percentages of germination also llSlUtlly followed the 
use of other inorganic copper compounds, Vitrioline, Cupl'obol, 
sdphur, and Semesrtn. Germilln,tion was not improved and usually 
impaired by the use of iodine dusts, copper beta-naphthol, Abavit B, 
v\'n vYa Dust, phenyl mercuric acetate, formaldehyde dusts, and 
liquid formaldehyde. 

In some of the earlier experiments Ncw Improved Ceresall was 
observed to hu,ve an inimical efl'ect on the viability of the i':eeu if 
applied at a rate greuter thu,n one-hulf ounce per bushel. Ceres and 
~1indum, sown the day after treatment with New Improved Ceresan 
at the rnte 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 varieties 
germillltted 48 and 51 percent, respectively. When applied at the 
rn.te of 1 ounce per bushel to seed 1 day before sowing, germination 
was improved in both varieties, but when npplied 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 resulting 
from a heavier application stresses the advisability of adhering •closely to the directions on the container. 

Additional dnta on the effects of New Improved Ceresan on ger
mination were obtnined 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 dll,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 at one-half ounce per bushel to Purplestraw wheat several 
months before sowing will not impair germination if the treated seed 

http:materia.Is


---------

STUDIES ON BUNT OF WHEAT 21 
is properly stored, but that a. heavier rate of application may impair 
the viability of the seed. 

TABLE 12.-EjJect oj rJ.ijJerp.nt periods oj storage on germination oj Purplestraw 
wheat treated with copper carbonate or New Improved Ceresan, 1933-34 

Treatment Emergence from seed stored for-

Rate Subsequent storage 4 17Compound used per 2 days 12 days 22 daysconditions months monthsbusbel 

Ounce. Percent Perunt Perunt Percent Percent 
None••••••••••••••,._•••__••• 74 72 ill 77. 1\8

·--··2·~COPIlOr carbonate._•••••••••• 93 90 92 82 75 
New Improved CarMan•••••• ~~ lIn thin cotton saCks.j 86 88 86 8.1 81 

Do••••••••••••••••••••••• 1 88 i7 74 48 45 
Do•••••••_••••••••••••••• 2 82 51 51 30 25 

N ono .••••••••••••••• '.""'" 74 71 73 79 68 
COPllOr c..rbonate .• """"" 2 O~ 91 91 85 78 
New Improved Cerosan•••••• ~~ Undor heavy canvas.j 87 li5 88 81 78 

Do.••••••••••••••"""" 1 85 81 68 45 40 
I 

Do••••••••••••••••••••••_ 2 81 64 40 29 24
I 

In the fall of 1935, 55 lots of spring wheat were collected at various 
points in the hard spring wheat area for the purpose of making germi
nation studies.s Many of these lots were shriveled or of light weight 
because of the wheat-rust epidemic and the prevailing dry hot weuther 
before the crop matured. Separate portions of each of these seed lots 
were treated with New Improved Ceresnn and copper carbonate nnd 
sown in the greenhouse 1, 7, 42, and 360 days after treatment. Un
tren.tcd seed ulso was sown for compnrison. The data are sum
marized in table 13. In general, when the seed was sown the day after 
treatment New Improved Ceres an causod a pronounced incrense in the 
percentage of germination as compared with that of untreated seed, 
the average increase for all lots being 17.8 percent. The averago 
increase in germination fonowing the use of copper carbonate was 
only 2.7 percent. As the period n.Iter treatmen~ was prolonged, suc
cessive germination tests showed a general decrease in the benefits 
derived from treatment with New Improved Ceresan and an tlpparent 
increase in benefits from treatment with copper carbonate. After a 
year's stornge the tlvernge germination of seed treated with New 
Improved Ceresan was decreased 5.6 percent, while that of seed treated 
with copper carbonate was increased 15.3 percent as compared with the 
germination of untreated seed. Altogether, after the 55 lots of seed 
had been stored for 1 year there were 15 increases and 35 decreases 
in ~ermination recorded for seed treated with New Improved Ceresan, 
whIle there were 52 increases and only 2 decreases in germination 
recorded for seed treated with copper carbonate as compared with 
untreated seed. The relative test weight of the different 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 which developed more slowly than 
those from plumper gr:>.in. 

• LEUKEL, R. W. GERYINATIGN ANn E~IERGENCE IN SPitiNG WHEATS or THE 1935 CROP. U. S. Dept.
Agr .. Bur. Plant lndus., Dlv. Cereal Crops and Diseases [Unnumb. Pub.] 20 pp. 1936. (Mimeo
ITIIpbed.) 
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T AB.LE la.-Effect oj leed treatments and dijJerent periods oj storage aJter treatment 
on germination in spring wheat 

Averag~ germination from Increase or decrease following 
sood- treatment wlth-

LengthRRnJ;e ofI.ols In Treated wlth-Variety stor·tested bushel "goweight Not New Improved Copper CRr·period trented New 1m· Copper Ceresnn bonate 
8r~\'ed cur· 
~resnn bonato 

/'tU11IiJt!T POII.T/d., Dav& Percent Percent Percent Amount Ipercent Amount Percent 
1 70 8.1 73 II 11.8 -:1 -3.0 

Mlxed ________• 7 83 III 86 8 11.0 3 3.624 40 to 01 { 42 80 81 82 1 1.. 3 2 2.5 
300 ifi 63 83 -12 -16.0 8 10.7 

1 81 02 8.1 11 13.6 2 2.5 
Ceres•• ________ 7 KI 114 III 10 11.11 7 8.38 46 to 60 { 42 8~ 110 92 8 n.R 10 12.2 

300 711 i8 811 -1 -1.3 10 12.7 
1 67 82 72 15 22.4 {) 7.5 

Marquls. ______ 7 73 8S 82 1.1 20. .1 II 12.33 42 to 59 { 42 75 77 82 2 2.7 7 9.3 
300 60 04 78 -2 -3.0 12 18.2 

1 611 87 75 18 20.1 6 8.7 
8 42t059 {KubankB_____ • 7 70 83 74 13 18.6 4 5.7 

42 05 711 i7 14 21. .1 12 18.5 
360 tIS 72 82 4 5. \I 1-1 20.6 

1 till 87 in 18 26.1 JO 14.5 
Mindum.______ 7 64 84 78 20 31.3 14 21.96 54 to 60 { 42 65 80 70 1.1 23.1 14 21.5 

360 00 77 8., 11 16.7 III 28.R 
1 65 83 7a 18 2;. i 8 12.3Mlscellnneousdurums ______ 7 70 77 72 7 10.0 2 2.97 50t061 { 42 65 75 75 10 15.4 10 15.4 

360 00 67 80 -2 -2.9 11 15.9 
= = ---= = = = = 

1 73 80 75 13 17.8 2 2.7 
7 78 88 82 10 12.8 4 5.1Average.. ---- ... _- 75 82 8.0 0.3 

360 72 68 83 -4 -5.6 15.3
--------{ 42 81 6 7 

111 

The gradual decrease in benefits derived from treatment of the seed 
with New Improved Ceres an 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 after treatment, protects it from 
the attacks of soil organifims. It also is apparent that exposure of 
some seed lots to the fumes of tIllS material for a whole ;rear results 
in a certain degree of injury to the viability of the seed and m abnormal 
development of the seedlings. 

Portions of 29 of the above-mentioned seed lots also were treated 
with formaldehyde and periodic germination tests were mnde. The 
average germination of formaldehyde-treated seed was decreased 33, 
25, and 66 percent after storage for 1, 7, and 42 days, respectively, as 
compared with that of untreated seed. Much 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 
organisms capable of attacking the hydrolyzed food material in the 
sprouting seed, thus arresting germination and preventing emergence. 
The marked improvement in emergence from these seed lots after 
treatment with mercurials such as New Improved Ceresan is attributed 
to the elimination of these seed-borne organisms. Copper carbonate 
is less effective in this respect, probably because of its relative insolu
bility. 
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FACTORS AFFECTING THE EFFICIENCY OF DUST FUNGICIDES 

In the literat.ure on bunt control there are many conflicting con
clusions by difl'erent investigators relative to the fungicidal efficiency 
and ~eneral merits of cel'tain materials tested as fungicides. These 
seemmgly contradictory reports may have been due to differences in 
the p'hysical or chemical properties of supposedly identical dusts or 
to dIfferences in the conditions under which the dusts were used in the 
experiments. 'l'hat is, satisfactory results from the use of a dust 
fungicide may depend largely on one or more of the following fnctors: 
(1) The chemicnl composition of the dust fungicide used. This 
in.cludes the relative proportions of the different ingredients n.nd the 
percentage and kind of inert filler used; (2) the physical condition of 
the dust, its relative fineness, fluffiness, dryness, etc. (31, 48); (3) the 
method and thorouglmess of applying the dust to the seed (16) i (4) the 
rate of application; (5) the length of the period between treating the 
seed and sowing it and the conditions of stornge during that period 
(20, 25); (6) soil conditions which may favor either the action of the 
fungicide or the parasite to be controlled (5,9, 19, 26, 37, 43, 47, 48, 
49, 50, 52) i 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 0)J. the market occasion
ally is changed by the manufacturers without such changes being 
indicated on the container. This may lend to seeming disagreements 
in the results of different investigators supposedly using the same 
fungicides. It is highly desirable that the chemical composition of 
such preparations be stated on the container and that this statement 
of contents be changed to correspond with any change made in the 
composition of the product, as suggested by Koehler (25). 

The effectiveness of a dust fungicide may be governed largely by its 
physical condition. Two dust disinfectl1nts of npproximately the 
same chemicnl composition mny difl'er widelv in their relative effective
ness as bunt fungicides, because one of them may be too coarse to 
coat the seed adequately with dust. That extreme fineness is one of 
the chief requisi~es of a good dust fungicide has been demonstrated 
in experiments with copper dusts. Mackie and Briggs (31) con
cluded thl1t copper cttrbonn,te for fungicidal use should be sufIiciently 
fine to allow ut least 99 percent in aqueous suspension to pass tbrough 11 

200-mesh sieve. 'l'wentymnn (48), by means of an air-flotation ap
.., paratus, divided each of several commercial copper powders into six 

fractions based on pnrticle size. He found the finer grades much more 
efl'ective in bunt control tlum the coarser ones. He also found that 
the n,pparent reln,tive density of anyone of the six fractions was a 
convenient measure of its fineness; thnt is, the coarser the ma.terin.l 
the grenter was its density. Extreme fineness and resultant fluffiness 
and low density in a dust greatly enhances its covering property 
and consequently its fungicidal effectiveness. The physical properties 
of copper carbonate, for example, may be more important in relation 
to its fungicidal effectiveness than are certain differences in its chemical 

. compositiun, 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 constant concentrations. 
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The same rolative quantities or concentrations of the solutions Ilre 
not always used, however, and since variations in these respects are 
reBected by a change in the ratio of copper to carbon dioxide in the 
resulting product it seemed desimble to determine if this ratio is a 
factor in the efficiency of copper carbonate as a bunt fungicide. The 
following experiments accordmgly were conducted. 

Several lots of copper carbonate were mnde 9 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 solution, after which the flocculent 
precipitate was allowed to settle. The resulting products were 
washed by decantation until tests showed absence of sulphate in the 
supernatu.nt liquid. The precipito.tes were dried at 100° C., gl'ound 
fine enough to pass through a 200-111esh sieve, and thon analyzed. 
These different lots of copper carbonate were applied at the rate of 2 
ounces per bushel to Purplestraw wheat, inoculated with bunt at a 
1 to 100 spore dosage. Two hundred and fifty seccls per rod row 
were sown ill five replications. Germination data were obtainbd in 
the field und in the greenhouse. Sil1ce infection in the control rows 
was too light to test. the fungicidal efficiency of the dusts adequately, 
the field experiments OIl bunt contl'oJ were repeated during 2 successive 
years. The results are shown in table 14. 

TABLE l4.-Germination, yield, and bunt control in Pltrple.~traw wheat grown 
from bunt-inoculated seed, treatcd willi. copper cctrbonate d1tsl~ of d7:jJere7lt com
position, and sown in rorl rows, Arlington Experiment Farm, 1927-80 

CQmposltion or copper carbonlltes 1927-28used 

Oopper Carhon Sulphur
dioxide trioxide 

Copper
carbon 
dioxide 

Germlnntion 
In-

Aero 
yield 

Field Green· 
housr 

Bunted 
heads 

]O28-2ll,
bun led 
hends 

1921)-30, 
bunted hends 

---- -------
Pc/,
(1) 

65.65 
54.83 

Pel. 
~I)
.1.14 
5.62 

Pet. 
(Il 
4.37 
3.,13 

Ralio 
<Il 

]:0.133 
J:0.148 

Pd. 
73 
&! 
00 

Pet, 
92 
04g., 

BII. 
46 
50 
53 

lV". 
30·' 

0 
0 

Pel. 
11. 7 

.0 

.0 

No. 
1,925 

3 
0 

Pet. 
'J.O 

.1 

.0 

No. 
2,787 

]0 
0 

Pet. 
34.8 

.1 
;1 

44,25 
52.73 

<Il 
25.23 
54.S9 

5.H2 
10.52 

<I) 
6.20 

13.65 

11.07 
1.20 
(Il 

28.25 
4.58 

] :0.18:1 
1:0.288 

(ll 
1:0.355 
1:0.3.19 

S9 
86 
74 
00 
89 

93 
100 

91 
93 
00 

48 
liZ 
41 
53 
54 

a .1 
0 .0 

482 18.4 
4 .3 
0 .0 

M 
2 

2,306 
15 
12 

.4 

.! 
84.0 

.7 

.6 

5 
16 

3,243 
4 
6 

.1 

.2 
41.2 

.1 

.1 
54.33 
32.43 

15.59 
15.26 

3.36 
15.55 

1:0.415 
1:0.080 

89 
89 

95 
100 

49 
54 

0 
0 

.0 

.0 
6 
8 

.3 

.4 
4 
8 

.1 

.1 

I Untrellted cantrol. 

Under the conditions of these experiments neither the range in the 
copper-carbon dioxide mtio nor in the percentage of copper affected 
the fungicidal effectiveness of the copper curbonate. In a subsequent 
series of experiments, five dilfel'ent commercinl brands of copper 
carbonate containing 50 percent and four containing 18 to 20 percent 
of copper were compared as to their fungicidal effectiveness over a 
period of 3 years. All the dusts were applied at the rate of 2 ounces 
per bushel. When the infection in tIle controls .ranged from 1 to 23 
percent no appreciable differences ill the results from any of the 
.' These samples wern made lind tested by O. A. Nelson, chemist, Insecticide DiviSion, Bureau 01 Ohem

Istry and Solis, to whom acknowledgment Is mado. 
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brands were obtained. When more than 50~percent infection ap
peared in the controls, the high-grade dusts were slightly more effec
tive. Similar results have been reported by ]j"'romme und others (13). 
Mackie and Briggs (31) diluted sepnrate portions of high~grade copper 
carbonate with different percentages of calcium sulphate or calcium 
carbonate, so that the resulting preparations contained 37.5, 25, or 
12.5 percent, respectively, of copper. Fungicidal effectiveness was 
greutlv reduced us a result of these dilutions. The nature of the 
diluents used may have been an important factor in the results. 
Thomas nnd others (45), on the other hnnd, obtained good bunt 
control with a dust containing only 8.5 percent of copper. 

'rhe possible eIl'ect of exposure to the ntmosphere 011 the fungicidal 
efficiency of two lots of high-gl'llde copper carbonate and two lots of 
diluted copper cal'bonnte (18 to 20 percent copper) was studied. 
Ouo lut of each had been freslilv made nnd the other ha.cl been stored 
in the labomtory in an open c'ontniner for 4 years. '1'hese different 
dusts were applied at 2}6 ounces per bushel' to Purplestraw wheat 
inoculu.ted at 11 spore dosage of 1 to 250. The seed. was sown in rod 
rows replicated 10 times for euch of the four dusts. W,th 20-percent 
bunt infection from untreated seed, complete control. w[ts obtained in 
nIl cases. Age or exposure to the atmosphere upparently did not 
impai,' the fungicidal efliciency of the copper CUl'bOIlIl,tes used in these 
experiments. Oertain other dust fungicides, however, deteriorate 
rapidly on expOSUl'e to the air. This is especially true of those thut 
give eft fumes and thus disiIifect the gl'!\in mostly before it is sown. 
The advantage of tJlCse dusts is tlin,t their effectiveness is largely 
independent of soil conditions after sowing. Their disadvantuge lies 
in the uncertainty regarding their effectiveness unless they have 
been made shortly before being used. 

PERIOD AN;) ,lIIETHOD OF STORING TREATBD SEED 

In preliminary eX]Jm'iments it was found that dusts containing 
certain volutile muterials were more effective in disease control if 
n.pplied to the seed at le!tst a cluy before sowing. This wus especially 
true of dusts containing formaldehyde, iodine, naphthalene, para
formaldehyde, ethyl and methyl mercuric compounds, and SOIlle other 
volatile mat.erials. In general, the longer the seed was stored after 
treatment with these materials the more thorough was the disinfec
tion. The In.tter process was facilitn.ted by covering the seed after 
tre!ttment to confine the fumes, n.lthough this is not generally recom
mended for SOIlle dusts. Occasionally, seed injury resulted if the 
app1icution wn.s too hen.vy or if the seed remained covered too long. 
Apparently such injury is most likely to occur if the seed hns u rela
tively high moisture content or is stored in 11 moist atmosphere after 
treatment. 

Additional informntion was secured in an experiment in which 
various fungicidal dusts were n.pplied to the seed n.t different intervals 
before seeding. The dusts used were copper carbonate, copper 
chloride, copper oxychloride, copper oxalate, Ceresan (2~percent 
ethyl mercuric chloride), Hochst (copper-arsenic-naphthol compound), 
and one containing 2 perceni; of ethyl mercuric phosphate. These 
were applied at 2 ounces per bushel to three lots of smutty Kota, 
Prelude, and Hard Federation wheats on February 8, March 8, and 
Murch 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 all fungicides applied Feb
ruary 8 and March 8 and with the first four copper dusts applied just 
before sowing on March 13. Oeresan, Rochst, and ethyl mercury 
phosphate 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 seed at least a few hours before sowing. 

Flor (10), in experiments with smutty seed treated September 8 
with copper carbonate II' formaldehyde, reports that lithe effectiveness 
of the copper carbonn.te treatment decreased with euch successiye 
(weeldy) sowing from 94.5 percent in .the first to 64.8 percent in the 
9th." The eft'ectiveness of the formaldehyde treatment was fairly 
constant, ranging from 88.5 percent in the fourth sowing to 100 percent 
in the tenth. No 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 mn.de of bunt-inoculated Purplestraw wheat 
treated with copper carbonate or formaldehyde either on Septemb{:lr 27 
or on the day the seed was sown. Untreated controls, both inoculated 
and uninoculated, were included. Six rod-rows of each were. seeded 
both in noninfested soil 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 FloI' (10). This consisted of soaking the seed in 
a 1:320 formaldehyde solution 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 germination 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. 
TABLE I5.-Effect of aloringseed after trealmont on the cOlltrol of bunt in Purple

atraw wheal grown from inocldaled seed, treated, and sown periodically in 1l0nin
feBted and bunt-infested Boil, 1932-33 

Dunted heods from seed so\Vn-Average 
compound I applied 

Soll- and seed-treatment Date germlnn
tlon 

Oct. 3 Oct. 10 Oct. 24 Oct. 31 Nov. 15 

In nODlnf~sted soil: Pct. Pcl. Pcl. Pct. Pet. Prt.
Un Inoculated, untmated________ ..................... 75 0.0 0.1 0.0 0.1 2.7
Inoculated. untreated ___________ 7.; 10.1 H.4 57.2 23•• 80.1Copper carbonate _______________Do__________________________ -Sept.-27- 77 .0 • 1 2.• .2 9.8 

(2) 81 .0 .0 1.4 .1 7.0Formaldehyde__________________ Sept. 27 34 .0 .0 .1 .0 1.7D 0_'____ ____________________~ 

(2) 49 .0 .0 .0 .0 2.1 
In Infested soli; 

UnlnoculatE\d, Ilntr~ated ________ 74 5.2 63.11 17.5 83.463.'8Inoculated. untreated ___________ 70 25.5 6';.1 79.6 51.0 00.0
Copper carbonate:______________ -Sejii:27-Do_________________________- 75 2.0 19.8 47.1 10.9 63.1 

(2) 75 2.3 22.0 33.7 15.2 41.7Formaldebyde__________________ Sept. 2i 30 6.5 12.8 55.n 15.3 34.5Do__________________________ (.) 48 6.6 20.2 62.2 16.1 61.S 

i • 
I Copper carbonate was applied nt 4 ounoes per bushel; formaldehyde trr,atment was a I-hour soak ill 

a 1: 320 solution; the grain was thcn drained, covered 2 bours. and dried • 
• Treated on day sepd was Bown. 
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The results obtained from the two lots of seed treated w!th copper 
carbonate sown both in noninfested and infested soil indicate that the 
fungicidal effectiveness of copper carbonate was not significantly 
impaired by storing the seecI after treatment. 

In the fall of 1933 similar periodic sowings were made in noninfested 
soil only. Inoculated seed of Purplestmw wheat was treated with 
copper carbonate or formaldehyde on September 15 or on the day it 
was sown. The formaldehyde treatment was a modification of the 
Braun method (2). Included in each sowing was some of the seed 
tllfi.t had been inoculated and treated with copper carbonate the 
previous year and also lots that were treated on the day sown. The 
seed was sown witll a Columbia hand drill in rows 132 feet long, one 
such row being devoted to each seed lot on each date. The infection 
data are presented in table 16. 

TABLE l6.-Effect of stoTing seed afteT tTeatrnent on the contTol of bunt in Pu.Tple
straw wheat, (frown fTorn inocMlated seed tTeated and sown ~)eTiotlically in nonin
fested ,~oa, 1,933-3;" 

RESUL'l'S OF TREATMENT 

Bunted heads from secd sown

Seed·treatment compound 1 Date npplled 1---.---,---,---.--
Oct. 9 Oct. 16 Oct.26 Nov. 10 Nov. 26 

-------------1-----11--- -----------
1932 seert: Pct. Pct. Pct. Pct. Pcl. 

Unilloclllated. untreated .................................................... .. 0.0 0.0 1.1 0.3 1.7 
Inoculated, untreated ...................................................... .. 
Copper cnrbonate..................................... Sept. 27,1U32 

Do.................................................... (2)
1933 seed: 

3.2 
.0 
.0 

5.2 
.0 
.0 

25.7 
.3 
.3 

56,8 
.2 
.4 

51.2 
.2 
.2 

Uninoculnted, untre.led... , ..................... _......................... .. 
Inoculated, untreated ......................................... _........._.. 
Copper carbonate ................ .,............. Sept. 15,1933

Do ... ___........................................... (2) 
Formaldehyde_ ..................................... Sept. 15,1933 

Do........................................ ........... (I) 

.0 
13.7 

.0 

.0 

.0 

.0 

.0 
27.3 

.0 

.0 

.0 

.0 

.2 
51. 9 

.0 

.5 

.1 

.2 

.5 
17.6 
IT 
.6 
.6 
.2 

2.0 
70.4 

.4 
1.5 
1.0 
.8 

DATA ON ENVIRONl\lENT DURING EMERGENOE 

Dates of sowing ......................................... _................................. Oct. 9 Oct. 16 Oct.26 Nov. 10 Nov. 26 


---------------,1---------------
Soil saturation at sowing_ ........................................ pcrcent... 50.0 60.0 62.0 48.0 51.0 

Soil snturation at cmcrgence ................................... _.._...do..... 70.0 75.0 50.0 53.0 

RainfalL........_.........._.. _......_...... _.......__ ......... _.. inches.. . 3 1.0 .6 .2 sqJ

!vIean soil tomperature .................._.........._............ 0 C.. 13.0 13.0 9.0 5.0 3.0

Duys to emerge. 19:12 seed __ ...... _......_......_.._............_.. _........ 8 8 11 13 30 

Days to emerge, 1933 seeu.................. _...... _.... _.................. _ 8 8 11 12 28 


1 Copper carbonate was applied at 4 ollnces per bushel; the formaldehyde treatment was a modification 
of the Braun (£) method. 

, Treateu on dllY seed was sown. 
I T represents trace, or less than 0.1 percent. 

In no case was the copper carbonate more effective when applied 
just before sowing thun when applied 1 to 2 months or even a year 
before sowing. There was no indication of any gradual decrease in its 
efi'ectiveness, as suggested by FloI' (1(1). 

BOIL TYPE, REACTION, AND MOISTURE CONTENT 

Some of the soil conditions previously mentioned us influencing 
infection of wheat by btmt aiso mny ufl'ect directly the efficacy of 
certain dust fungicides. Yolk (50) found that acid soils. increased 
the effectiveness of slowly solu ble ('opper fungicides, while alkaline 
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soils di~ished it. He '(49) stated further that the best fungicidal 
action was obtained in loose sandy or peat soils and at 20 percent of 
the water-holding capacity, and that the effectiveness was diminished 
by an excessive increose in soil moisture after sowing. In clay the 
effect of excessive moisture was less noticeable. 

Kiihl (26) and a number of other workers (43, 44, 45, 48) concluded 
that the efficacy of dust fungicides is more or less dependent on the 
nature of the soil. 'rhe disparity in results obtained in 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 difl"erences in soil may have played a part in producing these 
differences in results. 

'rhe influence of liming on the efl"ectiveness of several brands of 
copper carbonate and a number of other dust fungicides was studied 
in a field experiment at the Arlington Form in 1927-28. PurpJestraw 
wheat inoculated at a 1 to 250 spore dosoge was dusted at the rate of 
2H ounces per bushel und sown in paired rod rows in limed nnd unlimed 
soil in each of three pnrullel series September 27, October 12, ond 
October 22, 1927. 'rhe soil wus light and sandy, with a water-holding 
co.pacity of 38 percent. 'rhe reoction of the soil in the limed and un
limed plots as determined by the colorometric method was pH 7.2 
Rnd 5.8, respectively. A fourth series wos sown October 26 in 12 
rod-row replications in tmlimed clay soil, with a. reaction of pH 6.5. 

'rhe periods required for emergence in. the sowings on the dales 
mentioned were~, 7, 9, and 12 days, respecti ...-ely, and the correspond
ing average soil temperatures during these periods were 21°, 16°, 14°, 
and 12° 0., respectively. 'rhe data on germination and infection are 
shown in table 17. 

TABLE 17.-Bunt control in Purpleslraw wheat grown from. inoculated seed sown in 
limed and 1tnlimed sandy soil Oct. 12 and 22, respectively, and in 'Unlimed clay 
loam Oct. 26, 1927 

Bunted heads rrom se.ed sown in-

Snndysoil 
Clay 

Seed·treatment compound I loam
Germi
nation 

Oct. 12 Oct. 22 

Opt. 26, 
lAmer! Ii~~d Limed I~:!d ulllimed 

Pel. Pet. Pet. Pet. Pd. Pet. 
A vemge of controls ___ ••••• _._ •...•••••••••••••••. 80 2.5 1.210.3 4.7 2'2.3 
Copper carbonnte no. 1.50 percent. copper •••••••.• 96 _0 .0 • 2 .0 Trace 
Copper carbonnte no. 2, 50 perrent copper••••••••• 98 .0 .0 .2 .0 .0 
Copper carbonate no. 3, liO percent crpper••_•••••• 93 .0 .0 .1 .0 .0 
Copper carbonate no •.j, W IJercent copper ••••.•••• 94 .0 .0 .0 .0 .0 
Copper carbonate no. 5. 50 percent ccpper••••••••• 88 .0 .0 .0 .0 .0 
Copper carbonnte no. 6, IB percent copper.•••••••• 96 .0 .0 _0 .0 Tmce 
Copper carbonnte no. 7, 20 percent copper••••••••• 93 .0 _0 .0 .0 .0 
Copper carbonate no. B, 20 percent ecpper.•_•.•••• 97 .0 .0 .3 .9 .0 
Copper corbonate no. 9, 20 percent copper••••••••• 91 .1 .0 .1 .0 .0 
Copper oxychloride. _•.•.••••••••.•.....•.•••••••• 96 .0 .0 .5 .0 Tmce 
Copper sulphnte (dehydrated) •••••••••.•••••••••• 92 .0 .0 .0 .0 .0 
Vitrioline.••_••••••••••. _••.••••••••••••••••••••.• 95 .0 .0 .0 .0 TroL"e 

97 .0 .0 2.0 .8 2.6g~~~~~!::::::::::::::::::::::::::::::::::::::::: 92 .0 .0 .0 .0 .0 
Sulphur•.•••••••••••.•••••••••••••.•••••••••••••• 95 .61 .\1 I.B .0 2.1 
Formaldehyde 1:320•••••••••••••••_•••••••_._••••• 79 .0 .0 .0 .0 .0 

I The dust fungicides were applied at 2~ ounces per hushel; for the formaldehyde treatment the seed was 
Immersed 30 minutes. drained. mvered 2 hour.<. Bnd dried. 



__________________ 

STUDIES ON BUNT OF WHEAT 29 
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 a,pparently had an inhibiting effect on bunt infection or 
development in the October 12 and, to a lesser extent, in the October 
22 sowing. Conditions were more favora,ble for bunt in the October 
26 sowing, and a greater percentage of infection was secured. In the 
October 12 and 22 sowings infection was slightly greater on the limed 
so.i1, and the fungicides were somewhat less effective. The differences 
are small, however, and probably not significant. "Yhile clay soil, 
together with a slightly lower temperature, proved more favorable 
for bunt development, it ulso seemed to favor the fungicidal action 
of the dusts, as btmt control by the better dusts was, with few excep
tions, us good in clay soil as it was in sandy soil, in spite of the higher 
percentage of infection from untreated seed in the clay soil. 

Studies on the influence of soil type and soil moisture content on 
bunt control with several dusts were made the following year, 1928-29. 
The dusts were applied to inoculated seed of Purplestrnw wheat at 
slightly more t\UID 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 slmdy soil, 20 rod rows were devoted to euch treat
ment. Half of each of these rows had the min excluded from sowing 
to emergence by means of temporary shelters; the other half received 
an artificial drenching equivalent to iJeverul inches of ruin. In the clay 
soil, 10 rod rows were sown for each treatment. Unfortunately, a 
wet series could not be included in this soil. 

In the sandy soil the periods required for emergence in the first and 
second sowings were 12 and 14 do,ys, respectively, and the correspond
ing average soil temperatures during these periods were 10.10 and 8.50 

C., respectively. In the clay soil the corresponding emergence 
periods were 13 and 15 days and the average soil temperutures 7.80 

and 7° C., respectively. Data relating to infection are presented in 
table 18. 

TABLE is.-Control of bunt in Purplestraw wh.eat grown from inocltlated seed sown 
in sandy and clay typee of Roil, the salldy soil either being saturated at Bowing or 
kept relatively dry until the seedlings had emerged 

Bunted beads grown from seed sown-

Oct. 25. 1928 No\·. 7. 1028 
Seed·treatment 

compound I 
In sandy soil In sandy soil 

In clay loam. In clay loam, 
unwatered unwatered 

Wntered Unwntered Watered Unwatered 

---.. I 
No. Pd. l\TO. Pd. No. Pd. No. Pd. No. Pet. No.Control.__________________ 

40( 
P".

68 1.2 7.00 1.592 21.20 209 4.S 611 10.00 B04 13.110 
Ce~n. 

0 .0 3 .1» 8 .IS 0 .0 0 .00 7 .1:1 
Phenyl mercorlc acetate __ 0 .0 0 .00 18 .34 0 .0 1 .02 4 .(11Coppercarb_______________ 0 .0 0 .00 20 .38 0 .0 0 .00 6 .09Copper carbonate_________ 0 .0 0 .00 18 .35 0 .0 1 .02 :I .m
Formaldehyde 1: 31!O. ______ 6 .1 0 .00 22 .43 0 .0 0 .00 II .10 

1 Tbp dusts were 3pplled at slightly more tbnn 2 ounces per bu.~helj In Rpp1ylnK tbe formaldebydo treat
ment the seed W08 soaked 30 minutes. drained. covered 2 bours, and arled. 
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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 co.ses infection wos greater and the fungiCides 
were slightly less effective in the clay soil. 

Additional data relating to the influ.ence of soil moisture on the 
control of bunt by dusts were obtained in another e~'Periment designed 
primarily to study the effect of bunt balls in the seed and bunt spores 
ill the soil. As in the previous experiment, saturating the soil after 
sowing greatly reduced the percentage of bunted hends from untreated 
inoculated seed, the percentnges of infection in sn,turn.ted and in un
watered soil being 6.5 Ilnd 31.4, respectively, for Purplestraw and 1 
and 10.1, respectively, for ]j'ulcnster. Saturating the soil in this case 
did not affect the action of the fll.ngieides, as IOO-percent control was 
obtained with all of them. Howc\'er, when the seed was infested 
with unbroken bunt balls or when it was sown in infested soil, the 
relative reduction in the percentage of blUlt by men,ns of the dust 
ftmgicides was, with few exceptions, less in the saturated soil, even 
though the percentage of infection here also was greatly reduoed by 
excessive soil moisture. 

Thus, on the whole, the results indieate (1) that' acid saudy soil 
tended to inhibit bunt development, but fllyored bunt control by dust 
fungicides; (2) that limed sandy soil was more conduci\'e to bunt 
development but less favorable to the action of the dusts in bunt 
control; (3) that clay loam was more conducive to btUlt development 
than was sandy soil bllt did not differ from it consistently in its effect 
on bunt control; nnd (4) that sll.tur:lting the soil after sowing materially 
decreased the percentage of bunt but did not decrease the efficiency 
of the dust fungicides except where the seed contained unbroken bunt 
balls or the soil was infested. 

BUNT BALLS IN SEED AND SOIL D1FESTATION 

Directions for treating seed to prevent bunt usually include the 
recommendlltion that unbroken bunt bnlIs should be removed from 
t,he semI before treatment, especially if liquid fungicides are to be 
used (16). Dust treatments nre generally supposod to ofl'er some 
measure of protection ngninst recontnmination of the seed after treat
ment or against infection due to soil infestntion. Although soil in
festation is considered of mlljor inlportance only in the Pacific N orth
west, it is thought that lit times unbroken bunt balls in the soil may 
be responsible for some infection in other arens when wheat follows <II 

wheat in the rotu.tion nnd especinJly when l'elatively dry weather has 
preyailed from the time of harvesting or threshing to the time of 
sowing. 

Experiments therefore were begun at Arlington Farm in the fall of 
1930 to study the relative effectiveness of several fungicides in bunt 
control when the seed contained unbroken bunt balls and the soil 
was infested with bunt spores. For this purpose seed of Purplestraw r
and of Fulcttster, inoculated with bunt at a spore dosage of 1 to 250 . 
and treated with various fungicides, was sown in bunt-free and in 
artificially bunt-infested soil. The bunt spores were applied to the 
soil after the seed had 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 sulpbate 
was applie(l as a 2.5 percent solution in which the seed waS soaked for 
10 minutes followed by immersion for 5 minutes in limewater. The 
formaldehyde treatment consisted of a half-hour soak in a 1-to-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 bogs, so thnt unbroken bunt halls. were not removed in the 
process of treatment. The liquid trel1tments were applied the day 
before sowing. 

The plots were seeded October 22 in two parnllel series. In one, 
the soil was heavily watered immediately after sowing, so that it wus 
saturil.ted to a depth of 5 inches. In the other there was no artificinl 
watering, nnd the soil, which wns 40-percent sllturnten, received less 
than half an inch of rain before emergence, which occurred on 
Noyember 13. 'rhe mean soil tempel'lltul'e from sowing to emer
gence was 5J)0 C., with a mn,ximum of 19° C. on October 28 nnd a 
minimum of _5° C. on Noyember 8. A grndient in soil fertility wns 
reflected in the totlll nllmher of hend>;, which nre shown in table 1~, 
together with the dn,tlt on infection. 

TARLE 19.-Bunt lnfec/:ion and control in 2 vrm,elie.' of winter wheat grown from 
seed infested w1th bll.nt spore,~, 01' with both spore.~ rmdunbrokcn bu.ltt bails, treated 
wUh one of several flmgicirlc.~, ancI sowrl in '1IOIIi,.fcsled soil or 'in Boilin/llstcd with 
blt'llt spores, half 0/ each 1Jlol being saill-raled afler sowing, 1930-31 

'I'otnl and inrect.;}d heads ~rown in-

Noniulested .'oil Inlested son 

No hunt. hnIls added Bunt lmlls nllded No bunt halls added 
Variety and seed·treatment nnd seed sown in- and seed ~own iu- llnd st'led sown io

compound 
-.: 
.;;; Wet soil Dry soil Wet soil Dry soil Wet soil Dry soil 

E 1----~-1.--~--.1---~--1----~-1.--_.---1---~-
~ ~ ~ ~ l~ ~ ~ E ~ ~ S ~ 3 E 3 ~ 3 ~ ] ~ 
~ 0 : 0 ~ 0 ~ 0 = 0 a 0 = 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~= = = 
_.[;..rl/m. Per· 1\'1/1/1' -;;;. NI/I1I' Pfr· NIIl,jPtr. N1L71I' P.r· Num· Per· 

l'urplestmw: Oz. her «·,11 her Cfllt brr ewl her lcenl ber cwl ber cent 
Uninoculnted controL.•.•••••••__ ._. I, G.10 n. I I.son [),O 1.:128 4. Ii 2,750 ·15, I 2,62922,2 3.01052,2 
Inoculllle,\ ~orl1,roL_.__• _____._...., I, ;'10\ 6.5 1,782Fll.4 I, :llS, S. I 2, oWl. lliO,2 2, :12:1 28, U :1,088 &1,:1 
Copperrorbollllte•••____....... ~I' 1,4UO, .0 ....._ .0 1,2nO .4 2.(H2 4.8 2,29112.:1 2.&1216,S 
Coppercorb..........._......._ 2 1.5\101 .0 ....... 0 1.408 1.8 2,IlIi 5,a 2,281 IU.9 2.5U'~ 19,3 

1)(1 .................__.... :l 1.556\ .n ....._ .0 I.:IIU .8 2'/:(1)1' :I.312.1)6411.7 2,406211,0 
Dnsicco{l]ler~ulphllte•• ,._..... 2 1,500 .0 •••• __ .0 1,:1fo5 1,3 2.0153.0\ 2,2ii 8.11 2,51817.1 

])0.................._...... 3 J,6201 .11 ....... 0 1.459 .6 2.112!1 4,1 2,:l\U 12.2 2,3M I6,!1 
CuprojnIIQllite..... ........... :1' 1.710\ .0...... .0 1.505 1.0 2,1:1() 5,4 2,359 14.2 2.475211,4 
Copper sulpllnte .<ulution. ____•• l (I) I, Mil . \l ...... .0 1,706 • B 2,3.'\4 II. \I 2. ii4 la.6 't,787 :12.5 
Formllidehyde SOlutIOO.__...__ e') 1,420 .0 1,6:10 . U 1,472 5, 1 2,066128.0 2, OS7 22,5 2,56945,1 

Fulcn5tor: 
Uolnocuhlte<l '\:<mtro\... ______•• _.__ 1.000 .0, 1,186 ,0 1.4flO 2.0 1,60.131. 6 1, iW 12,3 1,67228,5 
Illo.ClllntCIi cl)ntrol__._•••••____• .... 1.07!} I. OIl. 185 lO. I I, :1:12 :1.2 1.646,:16, \I 1,752 16,9 1,65335, a 
Copl'crc::lri:o""te•••••_.__••••. 2[1, 130 ,0 ••••••. 0 1.252 .8 1,5;21 :1.0 1,698 9,0 1,616 6,9 
CO/lpcrmlrh••••••_••__•____.... 2 1,21[, .0 ••••••. 0 I.WS .8 I,S:1l 1 2,3 1,7~1 7.5 10!J413.3 

no...__...____ ._......_.__. :1 1,2:121 .0 ••___ .0 1,259 .2 1.5S:1 2.~ 1,6Il() (1.11 1:7:1811.3.,. Ilusic copper sulphato..____.... 2 1.210 .0 ...... •() 1.224 .6 1,4:14 1. 5 1,679 6,9 1.702 9.9 
nq •••••. __................. 31.218.0 ....... 01,265 .31.5081.41,8075.8 l.no:1 7.9 

CUllrclllholllte.... , .......__•• 3) 1,2M( .0 ..___..0 1,280 'T I,5ID :1.5 1,97.0; 8,1 1.57910.2 
Cppper sulphate ~()luti()n•••____ (11 1,01'1' .0 •••••• . OIL, 056. • I 1,.567 4, I I, frl9 !1. 0 1.:194 10.0 
Formuldehydesolutioo.___•__ •• (l) \>10.0 1,092 .0 948 4.8 1.38111.4 1,188 17,3 1,39525.2 

I Soaked in 1\ I: 40 (2.5 percent) ~olution 10 minutes, <lipped in Iimewatcr uminutes, Ilnd dried. 
, SOllked in II 1: 320 solution J~ hour, drained, covered 2 1I0urs, lind dried . 
• T reJlresents truce, or less than 0.1 percllllt. 
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When the only inoculum consisted of spores applied to the seed, all 
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, especiaUy 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 Purplestrl1w and 86 and 94 percent for Fulcaster. 
The copper sulphate solution was, in both cases, slightly more et1'ective 
than the dusts in tIle wet soil and somewhat less effective in the un
watered soil. Formaldehyde was relatively inefficient, for with one 
exception it failed to reduce the percentage of infection to less than 
half of that present in the controls. -

That bunt bnUs in the seed mny 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 ill Purplestmw and Fulcaster, respec
tively, when no artificinl watering was used. Consi:iering the heavy 
infestation, however, bunt control was not affected as much as might 
hn.vo been expected. 

The highest infection, with two exceptions, and the most unsatis
factory bunt control occurred where the soil had been infested with 
spores. In this series reh1tively more infection occurred after henvy 
watering- thun wllOre only seed infestn,tion was employed. The dust 
fungicides avcrnged 58- and 66-percent contl'ol in the watered and ,~ 
unwatered soil, respectively, for Purplestrn.w nnd 56- and 72-percent 
for Fulcaster. Except in the cnse of Fulcnster in unwatered soil the 
percentage efficiency of copper sulphate solution wns less than the 
average of that of the dusts. Formnldehyde ngnin wns highly ineffec
tive in this series. , 

As previously noted in an earlier experiment, saturating the soil 
after sowing greatly reduced the parcentuge 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 
lott'er cases, as already noted, trentment with dust fungicides or with 
copper sulphate solutIOn was more effective than was treatment with 
formaldehyde. There appear to bo no outstandin~ or consistent 
differences between the results obtained from the vanous dust fungi
cides or from the different rates of application, 

Experiments in which seed and soil were infested with bunt spores 
and with unbroken bunt balls were carried out in the seasons 1931-32 
and 1932-33. In 1931 a plot of soil 10 by 1~2 feet was artificially 
infested with unbroken bunt balls on October 6. An adjacent plot 
was similarly infested with spores. Beginning October 13, clean 
untreated wheat and smut~ed untreated and treated wheat were sown 
in duplicate 8-foot rows in each plot at weekly intervals., The data. 
a.re shown in table 20. Infection was very light in aU 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 somewhnt erratic and inconsistent results 
obtained with the fungicides no definite conclusions can be drawn 
regarding their relntive merits in this experiment. Clean seed sown 
in this nrea the following year (October 1932) produced no bunted 
plants, indicnting that even in unl,lroken bunt balls the spores do not 
retain their viability in the soil for 1 year under the conditions at the 
Arlington Experiment l"nrm. 

TABLE 20.-I3lmt infection in Pltrplestraw wheat grown frail! treated and untreated 
Sled sown at successive dates after the application of u,nbroken bunt balls or loose 
blUlt spores 10 the SQil Oct. 6, 1931 

I Dunted heads from seeJ SOwn on ,hlle' shown nnd in soli ~rtln· 
dnlly iufest •• 1with-

Rate " 
Seed·treatment compound per, l'nbroken bunt bllils I Powdered hum spores

' 
bushel . II ' 'I '.

ort'loct.. Oct. [:\0\'. Xu".1 Ort. Ort. Oct. Xo\,. No\,. 

_________.1___1~'~1~1-3-~!~~~-3-~ 
t Pa· I Pa· Prr· Pa· Prr·: prr·l Pa· Per· Per· Per· 

IOunce! cenl, j ctnt ~ cml cenl COlt I cent CtIIt cenl, cent CtIIl, 
Uninoclliated,u~tr~',!cd ••__ ............ 0.0 I.I I q.o 0.2 i O.S i 2.2 ~.5 o.~ 0.9 ~.2 
Inoculnted,lIlltrcmc,L ...........: •••. S.6 7. I' 6.3 10.0 9.5: 9.0 1,4 8" 9.2 1.1 
Ceresnn............. .......... 2 .0 1,0 ,7 .0 ,0,. i .4 .2 . 9 .0 
Copper carbonnte••••_______ •• 2 1.2 .4 .0 .0 .0 I . Q .9 1. 2 .7 .0 
Coppercarh...............____ 3 .i .4 1.0 .0 .n j' .5 .0 1.0 .0 .0 
Basic copper sulpll'ltc. __ •____• 2 .0 .0 • i .0 .0 .2 .6 1.2 .4 . (j 
Formnldehydel:3~O, ...______ (I) 1.:11.01.0 .0 .S;.i .01.2 .0 .0 
Coppersnlphntel:·IO.......... (I) 2.61.5 .0 .0 'Of .0 .0 .0 .0 .0 

I Seed soaked :lO minlltes. drr.ined. co"ere!.! 2 bonrs, nnd drlet!. 
I Seed soaked 10 minutes, (lipped III lhne"'"ler 5 minutes, and dried. 

In another experiment in 1931 two sowings were made, one on Octo
ber 13 and Ilnother on October 26. In each cosc onc hnlf of the plot 
had been nrtiflcinlly infestecl with blmt spores October 6 nnd the other 
half wns similnrly infested a,t the time of sowing. Here again, as 
shown in table 21, infesting the soil grently increased the prenllence of 
bunt. This wos grentest when seed flncl spores were sown the same 
day. Some infoction resulted from soil infested on October 6 when 
wheat was sown October 13, but very little when it was sown October 
26. ,Vith tho exccption of formaldehyde, which was the lellst effec
tiYe, the various fungicides did not differ grelltly in efficiency. They 
all furnished the poorest control whell the seed wus sown October 13 in 
soil inoculated the same day anel with one exception perfect control 
when the seed was sown October 26 in soil inoculated October 6. 
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TABLE 21.-Bunt infection in Purplestraw wheat grown from treated and 1mtreated 
.eed and sown in soil artificially infested with loolJe bunt spores 1 or 3 weeks before 
.owing or at time of sowing 

Bunted heads Irom seed Mwn-

Oct. 13, 1931, In soil Oct. 26, 1931, In soil Seed·treatment compound I Inoculated- Inoculatcd-

Oct. 6 Oct. 13 Oct. 6 Oct. 26 

Percent Ptretnl Percent Percent 
UnInoculated. untreated............................... 3.8 28.5 0.2 5.8 

Inocnlated. untr<;nted .................................. 11.4 34.0 13.0 17.7 

Ceresan._.............................................. .1 2.9 .0 3.0 

Copper carbonate...................................... 1.2 5.9 .7 1.2 

CopperCllril............................................ 1.2 9.3 .0 5.8 

Basic copper sulphate.................................. 1.6 12.~ .0 2.7 

Formaldehyde I: 320................................... 2.7 27.~ .0 7.1 

Copper sulphate 1: 40................................. . .2 5.8 .0 1.1 


I The dusts were npplled nt 2~1 ounces pcr oushel; In npplylng form"ldehyde the seed was soaked 30 
minutes. drained. cO\'erLId 2 hours. nnd dried; copper sulphate W'IS applied as a Io-mlnute dip IIlter whIch 
the seed was Immersed In Ihllewater 5 minutes, drained, and dried. 

The data from another experiment conducted in H)31, involving 
the presence of unbroken bunt balls in the seed, are shown in table 
22. The smaller proportion of bunt bnlls used (30 bunt balls to 70 g 
of seed), together with conditions apparently less favorable for bunt 
development than those of the previous year, resulted in scarcely any 
bunt infection traceable directly to the presence of bunt balls in the 
seed. 

TABLE 22.-Bunt in/eclio'l in Purplestraw wheat alJ affected by unbroken bunt ball~ 
ill Ihe seed 

Dunted heads Irom St.'I!d sown-

Oct. 13, 1931 Oct. 26, 1931Seed·treatment compouud I 

Without With buut Without With bunt 
bunt balls balls bunt balls balls 

Percent Percent Percent Percent 
Unlnocnlated, untrelltcd ............................... 

~e=~~'.~.~~~:~~:::::::::::::::::::::::::::::::::: 
0.0 
7.6 
.0 

0.0 
7.4 
.0 

0.0 
8.5 
.0 

0.3 
8.8 
.0 

Copper carbonate...................................... 
Coppercarb............................................ 
Basic copprr sulphnte..............___...._........... 
Formaldehyde I: 320................................... 
Copper sulphate I: 40.................._............... 

.0 

.0 

.0 

.0 

.0 

.2 

.0 

.0 

.6 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.3 

.0 

I The dnsts were applied at 2H ounces per bushel; in applying lormaldehyde the seed WIlS snaked 30 min· 
utes, drained, covered 2 hours, lind {Iried; copper sulphate was applied as a JU-minute dip alter which the 
seed was Immersed In llmew!lter 5 mInutes, drained, !lnd dried. . 

In June 1932 two adjacent plots each 50 feet long by 5 feet wide 
were divided into sections 6 by 8 feet 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 a section in the other bed was in
fested with loose bunt spores. These materials were mixed with the 
surface 3 inches of soil. On October 26 clean and inoculated $eed of 
Purplestraw wheat, untreated and trettted 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 data are presented in table 23. 

TABLE 23.-Effect of periodically infesting the soil with bunt spores or tmbroken 
bunt balls 011 infection by btmt in Pltrplcstraw wheat grown from clea1l or i1l0cu
Za/ed seed, u1I/rea/ed or treated with copper carbonate I or formaldehyde 2, and 
SOWII Oct. 26, 1982 

Bunted hend5 from clenn and Inocu· 
Inted seed sown in soil artificially 
infosted un-Soillnreslod WeightedSeed·trentment compound lI'ith ---:"I---:"I---:-I---:-I----:j-' avorage

July ....ug. Sepl'l art. Oct. Oct. 
I I I! I 10 2G 

--------,---I·--I-r----
CJe~1l scod: Pd. Pcl. I Prt. prt.! Pel.! Pet. Pct. 

Untrontod ••••••••••••••••••••••• __•• } { 0.0 fl. I! ~.I 2. U i I~.:I " 03.6 15.0 
Copper curbonnte._ ................./ BunL 5P0rl'S .0 .0, .6 • U I S.8 38.9 8. I
jo·orUlllldehydo...................... ·...0 I lO.a I I.G 1.7 32.8, ~a.6 15.0 

untr'l5~~~:~:::::::::::::::::::::::::'} { l'~ I, U I I;g ~:~ 3~:g Irg:g Ig
COPller cnr!JOnalo•••••••••••••••••• j Bunt blllls.. ~. ~ I; 41 1 .• 1 .0 .7 9.0 ? 6 
Forlllllitleh) do.. ..................... I"~ 3 I,. S I..! •0 ~. 2 ~. 3 3.8 
untreated ••••••••••••••••••••••••••• 'l 0.0,' 1.7 1.3, G.O 3.0 12.8 5.3

Inocuilltod scod: , 
Untrented........................... } {:la.o , 57. I • ·I~. 2 , 38.0 50.6 57.8 47. I 
qoppor c~rI~ollnto................... DunLsporos .. I.a I J.~ i .. ~ I .! 1.0 :15.2 0.7 

t':f:~II~II~~~~~~:.:::::::::::::::::::::i j' aU I.I~:'i : ~1.j 3.;:6 3~:g ~:~ 3~:~ 
Do.............................i} ,{:J2.1J ji 311. \I 13~' 6 2:1.9 21.7 25.2 29.4 

copporrnrhonnte...................1, Dunt tHllls I,J..; 3.0 0 .6 5.2 13.2 4.7 

Formuldehyde. ...................... .., ~. 5 3.7 0 .0 7.5 12.8 4.8 

unlrentod ••• __......................: ~5. 0 30.2 2S.2 45.8 17.0 1i. i 27.3 


J ."ppliod nt 2 ounGC~ por hushol. 

I Seed Immersed in II I: 3~'tl.olution 30 minutes, dmined, covored 2 bours, nnd dried. 


Spores plnced in the soil ns early as July 1 caused no infection, but 
unbroken bunt balls did. Infection resulted from soil infested August 
1 or later with either spores or bunt balls. In the plots infested August 
1, September 1, Ilnd October 1 there was no consistent difference in 
the amount of infection resulting from the lise of spores or bunt balls. 
In the plots infested October 10 nnd 26, however, the spores caused 
a.ppro:-.-imately seven and fiye times us much bunt, respectively, as 
did the bunt balls. ,\Vith two exceptions, where infection was caused 
wholly by soil infestation, copper carbonate furnished better control 
than did formaldehyde. 

Further datn on the effect of bunt bllUs in smutty seed were obtained 
from other field experiments designed to determine the effect of seed 
treatm('nt on yield and the Telation between bunt and yield. In 
these experiments, which wil1 be discussed more fully later, the pres
ence of bunt balls in the seed (1.5 percent by weight, or about one bunt 
ball to 4 g of seed) increnscd the uvernge percentnge of bunt at eight 
stntions from 10.3 to 17.6 percent, or an average increase of 70.9 
percent. It decreased the llyernge fungicidul efficiency of three dusts 
from 98.7 to 96.8 percent. The fungicidnl efficiency of formaldehyde 
was reduced from 97.1 to 90.9 percent. 

In another experiment, formnldehyde and three dusts were used to 
treat different portions of two lots of smutty durum wheat, one free 
from un,broken bunt balls and the other containing about 4 percent 
by volume. The bunt balls in the durum wheat used were 
observed to be harder und more solid than those in Purpl6straw 
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. Dale 
The plots from untreated seed containing no bunt balls showed 6, 6.2, 
and 27 percent infection, respectively, at the three stations, ns shown 
in table 24. The corresponding percentages of infection from seed 
containing bunt balls were 10.3, 36.7, and 22.9, respectively. Smut 
balls in the seed reduced the avern.ge fungicidal efficiency of formalde
hyde from 84.8 to 74.7 percent, whereas that of the dusts was reduced 
from 99.5 to 93.6 percent. 'With one exception the dusts were superior 
to formaldehyde III bunt control. 

TABLE 24.-Control oj ,/m1l.t, in duru.m wheal grown Jrom inoculated seeel, treated 
with a "ul/lber oj JIUlgicities,l awl sown in rows al several stations, 1932 

'fotul nml smutted hends IUHI percentage or SIIUlL nt-

Series and ~eed·tre8tment Arlington Farm I Fargo 1__...,L_R_n_g'_lo_n___compound 

'I'otnl S I I I 'l'oIRI ! 1 I I II I 'rolnl I---------1 hends mulled IOnl S! hCllds ,smut CI len S I hellds Smutted heads 

J.tum- l\Tu1U- .lV"um- IYItIll-! .LYtlm.. Jltum-
Series I: 1 ba btr Pac'n! brr bu Ptrcrnl ber bu Ptrctnl 

Formaldehyde.......... :100 o 0,0 tiOO 1 0" /l00 32 5,3 

Coppercurb... . ....... :tOO o .0 IKIO 0 .0 noo 1 .2 
Copper curbonnte....... :tIKI o .0 GOO 0 .0 HOO 2 .3 
Cercsnn................. :tlJO o .0 GOO 0 .0 UOO 0 .0 

Control........._._._... 300 18 6.0 UOO 37 6.2 000 162 27.0 

Series 2:' 
Formaldehyde..... __.. 13 6.5 600 15 2.5 1,390 94 6.8 
Coppercar!> ••• , ......,_. 1 • .1 fJOO 35 [;..~ j. 1,2.17 28 2.,2 
Copper ClIrbonnte ....... o .0 (iOO R 1. a 1,155 14 ,J. 2 
Cer(lsnn ...... _ .. ,. .. ~~ ........._.. o .0 liOO S 1.3 1,1117 a .3 

Control................. 31 10.3 GOO 220 I 3U.7 1,225 260 22.9 


I In npplylnJ( fonnnldehyde. seed was immersed In n l:a20~olution 30 minutes, drained, covored 2 hOllrs, 
and dried. Coppercurb wus upplled lit :1 ounces l\1ltl copper carbollute und Ceresuu at 2 ounces per uushcl. 

1 Series I. Seed (ree from unbroken bunt bulls. 
'Series 2. Seed contulning • percent of uun! u"lIs by volume. 

In the fnn of 1933 a. quantity of Fulcnster wheat infested with 
bunt balls was obtained to study equipment for rcmoving blmt bnlls 
from wheat (24). Two lots of this whent were prepnred, one con
taining 30 bunt balls per 50 g of seed nnd the other with the bunt 
balls removed. Sepamte pOl'tions 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-ei~htieth-acre plots together with untreated seed of each lot. The 
follOWIng June no bunted hends could be found in anv of the plots 
grown from treated seed. The plots grown from untreated seed with 
and without bunt balls contained 30 and 22 percent of bunted heads, 
respectively. 

In a parallel e:\'}Jeriment bunt balls secured from the above lot of 
infested wheat were added to different lots of relatively bunt-free 
Purplestraw wheat 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 treated 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 blmt from Purplestmw wheat. The 
infection data are shown in table 25. The different proportions of 
bunt balls in treated seed seemcd to have little effect on the per

http:avern.ge
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centnge 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 bl111s added. The much 
11igher percentage of bunt resulting from infesting the seed with loose 
spores from Purplestraw indicates thr.t this variety may have been 
somewhat resistant to the stmin of smut obtained from Fulcl1ster or 
that the spores in this pl1rticular lot of smut were of low vinbility. 

In the fall of 1934, difrerent proportions of unbroken bunt balls 
obtl1ined from PurplestI'n,w wheat were added to sepaI'n,te lots of 
btmt-ft'ee seed of tluLt variet.y, ns in the preceding experiment. An
other lot of this seed was infested with bunt spores at a spore dosage 
of 1 to 100. Sepa.ratc portions of t.hesedif1'erent lots of whent were 
trea.ted with New Improved Ceresan, copper cm'bonate, and formal
dehyde and sown I1S before in pnired 132-foot drill 1'ows. The data 
on the percentnge of bunted he:tds also are shown in table 25. 

TABLE 25.-Bunlcd heads in p,lrpleslraw ll'licat groll:n from relatively bunt-free 
sccrl, .separate lois of which liml been inf(',~lrd with rliffrrent pr01JOrtions of bunt 
bulls and 11Ortiol/.s of each Ireatcd lei/It different fltngicirles and sown in paired 
i31d-foot clrill rows, logdher with 8porc-'illJested seed similarly treated, 1933-34 and 
1931,-"35 

]3unled hends grown (rom seed 

Period nnd numher 'I'reated \\'Ith01 bunt hnlls per

W g of seed 


Not trented 

Copper cnrbon· 
 Coppcrcnrb'IItol 

Sum· J'ltum .. JV'U11J- J.Vum- Nllm
1033-34: brr Prrccnl ber Pcrunl ber Percenl bcr Prrcenl ber Percenl 

40 O.S 0 0,0 a 0,1 4 0.1 0 0.0
None__________ 
1_••••_••_••••• _5_____ •_________ 50 1.0 a .1 () .0 0 .0 5 .1 

lS2 :l. (l 0 .0 0 .0 3 .1 5 .1 
25_____________ • !MO 6.2 2 6 tl~ 0 .0 0 .0 0 .0 
50______________ :10S 0.2 0 .0 5 .1 0 .0 13 .3 

10._____________ 

1[0 a.O 0 .0 2 'r 0 .0 35 .7None 6.. _ .. __ .. .., __ 4,320 85.0 5 .2 21 .5 5 .2 4 .1 
1034-:15:

N one______....... ., 
 0 .0 0 .0 0 .0 0 .01.________....._ ... _------ -------2 .4 0 .0 0 .0 0 .05..________•___ • -------- ------.. 
161 3. :1 0 .0 0 .0 0 .010.__••_________ -------- --------
5:JO 11.4 0 .n .. -_.._--- 2 T 7 .125••••_____••___ 1,0:!2 1~.3 0 II .2 12 .2(:=:=:50...........___ .., __ ...._ I, os:! 20.4 0 .0.0 _______• II .3 14 .3

None 1•• _....__ 5,330 88,3 ti .1 •______ • 2 T 2U .7 

1Applied at 2 ounces per bushel. 

'Applied ut a Ollllces Per bllshel. 

'Applied lit l2 ounce per hllshel. 

• Immersed In u 1:320 solntioll ao minutes, drnlned, covered 2 hours, and dried. 
11'=trnce. 

I Seed inlested wilh spores nt a spore dosage of I to 100. 


As in the previous experiment, the different proportions of un
broken bunt balls in the seed produced little or no infection when the 
seed was trented with anyone of the three fungicides used. When 
the seed was not treated, howevor, increasing the relative number of 
bunt bnlls caused more or less corresponding increases in the percent
age of bunt, but these increases were not strictly proportional to the 
increases in the number of bunt balls added to the seed. The maxi
mum infection resulting from infesting the seed with bunt balls 
nmOlmted to only 20.4 percent of bunt. The failure of the bunt 
balls to cause heavier infection must be attributed to the fact that 
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most of them remained intact durin~ the handling of the seed 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 bnJls in the seed and in the soil point to the general 
conclusions tha,t fungicidal dusts and coppel' sulphate solution used fiS 

seed treatments afford considerable but not complete protection in 
such cases find that formaldehyde is less effective. Infection re:mlt
ing from the presence of unbroken bunt bn.1ls in treated seed depends 
upon the extent to which they nre broken after treatment and before 
sowing. This, in turn, is contingent on the brittleness of the bunt 
bull covering und the amount nnd kind of hundling the treated grain 
receives. 

Bunt balls from durum wheat seem to be less ensily crushed than 
those from other when,ts.They also ure relntivcly heavier and do not 
readily rise to the surface when a liquid treatment is used. 

In these experiments a small pcrcentage of unbroken bunt balls in 
the seed did not grently incl'case the percentage of infection or decrease 
the degree of bunt control secured by the 1110re effective dust fungi
cides. It must be borne in mind, howev!)l', that these experiments 
were confined mostly to an urea 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 unbroken bunt balls 
retained their viability longer tIlftll did the loose spores, the latter 
caused more infection. In regions with an avemge rainfall equivalent 
to that of Maryland or Virgin in, 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 Ilfll'\Testing or threshing and the time of 
sowing. It is highly improbuble that spores in the soil surviye the 
winter at the Arlington Farm except in the form of bunt balls in 
unthreshed wheat heads protected to some extent by straw or other 
litter. In one case under observation a plot of smutty wheat plowed 
under in the fnH resulted in infection in the wheat so\vn in the same 
plot a year later. 

EFFECT OF SEED TREATMENTS .'ND 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 gro,vn from 
untreated smutty seed, compared with yields from treated smutty 
seed or untreated smut-free seed. 

The first data of this Dl\ture are presented in table 14 in connection 
with the experiment designed to determine the effect of the copper
carbon-dioxide ratio on the efficiency of copper carbonate. In this 
case 15 percent of bunt in the control corresponded wit,h 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, Coppercarb, or formaldehyde and 

... 
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sown in rod rows. The datu, nre given in table 26. The rows grown 
from untreated seed contained 21.2 percent of bunt and yielded 34.4 
bushels pel' acre as compared with !t trace of bunt in and !tn average 
yield of 39.6 bushels pel' ncre from the rows grown from seed treated 
with th(1 copper dusts. That is, 21.2 percent of bunt presumably 
caused a reduction in yield of about 13 percent. The formaldehyde
treated seed evidently suffered considemblo reduction in viability, 
ns the ave1'llge number of heads perrow was only 74.4 percent of that 
from untreated seed, and to this fnct may be attributed the low yield 
from this seed. The slightly ::;l'elltel' number of heads perrow from 
untreated smutty seed as compared with that from the seed treated 
with the coppor compounds may be explained by the fact that bunt
infected plunts often stoolmol'e n.bunduntly than do uninfected ones. 

TABLE 2Q.-Bnnl ocC/),rrcnce, heads per row, and yield 0/ gmin in Purples/raw 
wheat grown from inoculatetl seed, 1mtrcatcil 07' trcated with one 0/ several fungi
cides l , and sown at ArUnglol! liJ.cpc1'I>mcnt PUl'm Oct. 20. 19137 

Rod 
II Yield Increase or dc·Sued·tro'ltmellt compollnd rows Iluntcu hends ]Jenus per row per arre crense in yield I 

Number NWllber Percent. Numba Indo; Bll~hC/. Bushels Percent 
('')nlro!............................ 10 1, S3·' 21.2 S07 100.0 :14.4 ................_. 

Coppercnrb........................ 20 0 .0 808 93. 1 40. 1 5.7 16.6 

Copper rAlrlionllte.. ............... 20 .\ 3 '1' 807 03.0 39.0 4.6 13.4 

Formnluehyde..................... liO 14 '1' U4li 74.4 33. 1 -1.3 -3.8 


1 Coppercarb Bnd copper cllrhonnte were applied at ~ and 2 ounces por hlishl, respectively: formaldehyde 
was applied by SOllklng tho seed In n 1:320 solution ao mll1utes; seed was drained, covered 2 hours, and dried. 

I The yield Crom untreated seed was 13 percent uelow tho Ilverage yield Crom dusted seed. 
I T represents trnce, or less thnn 0.1 percent. 

Field experiments 10 conducted during the seasons of 1928-29 and 
1929-30 to compare the relative efficiency of Oeresan and copper 
cal'bonate in bunt control under field conditions were used also to 
determine to what extent these dusts affect the yield of grain when 
applied to bunt-free seed. It was thought the experiment also 
would show the relation between the percentage of bunt in a crop 
and the resultn,nt percentage reduction in yield. 

Seed of Purplestraw wheat, clean and bunt-inoculated, and either 
untreated or treated with Oeresan or with copper carbonate, was 
sown in parallel one-eightieth-acre plots. Each plot sown to treated 
seed wus udjacent to a plot sown to untreated seed from the same 
lot. There were five replications for ench set of paired plots. A 
similar sowing of Fulcaster was made with the exception of the clean 
seed treated with Oeresll.n. '1'he percentage of bunt infection in the 
vurious plots wus obtained by counting the bunted hends in a total 
of 2,500 hends selected at rn.ndom in euch plot. 'rhese results together 
with the cIa,ta on yield per acre are summarized in table 27. This ex
periment wus repeated the following year when only Purplestraw wheat 
was used and 10 replicl1tions were employed for each pair of plots. 
The results obtuined nre included in table 27 to facilitate comparison. 

10 These experiments were carried out in cooperation with 1. W. Taylor, agronomist, at Arlington Experl· 
ment Farm. 
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TABLE 27.-Averaae percentage of bunt in and yield of grain from Fulcaster and 
Purplestraw wheats grown from clean or bunl-inoculated seed which was treated 1 
or not treatcd and sown in %o-acre plols, anrllhe average increase or decrease t'n 
yield from plots sown to untreated seed compared wilh the yield from adjacent plots 
BOlOn 10 treated seed 

Dunt·free seed Dunt·lnoculntud sced 

Variety, yenr, nnd seed·treatment Tncrense or de· Decrense ofcompound Dun ted Acro creuse of control Bunted Acre control COIll' 
heuds yield c0U11111red \\'Ith heuds yield pured with 

trented sced trented seed 

Fulcnster (1028-20): Percelit /Ju.,hols BIIS/uls Perctllt PerclIIt Bllshel., Blu/,el., Perce lit 
Untrented controL •••••••••••• _. 0.0 10.2 •••••••• •••••••• 45.7 II. 2 7.7 40.7 
Ceresnn......................... ••.••••• ........ ........ ........ ,2 18.0 ................ 

8~N~~eit~arggIW~~t:::::::::::::: : g l~:~ .....~8' '''T§' 45: ~ f~: 3"-'7~ii' ....4i~i 
Purplestrnw (i028-2U):

Untrented controL .............. 22.1 20.4 -.0 -4.2 01.3 3.0 21.0 85.0
Cllccsnn._ .. _._ ... ~ .........._......._.. _.. __ 21.0 21.3 25.5 ................
:I. " Copper carhoullte ............... 21.n ---"' .. - .. - .. - .. ----- 3.6 


, 2.1 
l'urplestrn\\' (1029-30):

Untrented controL.............. , T 20. 9 -1.2 -5.4 14.0 17. 5 2. 5 12.5 
ccr05an......................... [ .0 22.1 1.4 20.0 .............._. 

Untrented controL .............. '. " ZI.O 1.4 0.5 95.5 Z:U '''2ii~2' ....iiii~3 


Copper carhonate............... .0 22.8 --_ .... _......- .... _...... .7 

Untreated controL.............. 'T ZI.O .2 .9 13.5 ~:~ ....2~7· ....i3~4 


I Doth fungicides npplied nt 2 ounces pcr bushel. 
I Soil Infestation present becnuse oC ltell\,Y InCectlon In previous crop. 

I T represents trnce, or less thun 0.1 llercent. 


No significant superiority was displayed by either dust in the 
control of bunt or in its effect 011 the yield 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 bv treatment. 

There was, however, a fairly consistent relation between the 
percentage of bunt and the percentnge decrease in yield from smutty 
untreated seed as compared with the yields from clean untreated 
seed or smutty treated seed, The percentage of bunt from smutty 
untreated seed invariably 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 percentuge of bunt and the 
percentage decrense in yield were secured from field experiments 
at a number of stations during the veal'S 1931 and 1932. 

In 1931, seed of Ceres wheat uninoculated and inoculated with 
loose spores onlv, and with both loose spores and bunt balls, was 
treated at the AJ'lington Farm and sent to eight experiment stations 
in the Great Plains for seeding in rod rows. Data regarding infection 
were taken by the writer nnd, later, yield records were secured by 
the cooperators at the different stations. Average yields of the 
uninoculated, 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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TABLE 28.-Comparison of yields from Ceres wheat grown from clean untl'eated 

seed and clean treated 1 sced sown in rod rOW8 replicated 5 times for each treat
ment at each of 8 stations in 1.981 

Increase or decrease In yield Crom seed trented wlth-
Average 
rod·row --_.

Station yield oC Basic copper controls Formaldehyde Copper carbonate Ceresan sulphute 

Grams Grams Percent Grams Percent Gram8 Percent Grams Percent
St. PauL _____ 105:1:5.7 3:1:: 8.1 1.8 -11:1: 7.8 -0.7 -1:1: 8.0 -0.0 -4:1: 7.0 -2.4
Brooklngs____ 156:1:5.7 -9:1:: 7.0 -5.8 -10:1: 7.0 -10.3 -10:1: 7.S -0.4 -2:1:: 8.0 -1.3
Redfield______ 12fi:l::2.5 -12:1:: a.3 -n.n -15:1:: a.3 -11.0 -13:1: 3.3 -10.3 -12:1: 3.3 -0.5Fargo , _______ 203:1:5.5 ~U:l: 8.1 9.9 2U:l:: 8.4 14.3 31:1: 8 . .( 15.3 33:1: 8.4 10.3Lungdon______ 157:1::·1.0 -7± 0.8 -4.5 14± 7.3 8.0 7:1: 7.1 4. [, O± 0.0
Dlcklnson ____ 140±7.8 -15±1O.5 -10.3 2±11.l 1.4 -12:1:10.5 -8.2 9±11.3 -----ii~2 
l\oloccasln _____ 77:1:3.0 -7± 4.0 -9.1 -11± 4.8 -14.3 -3± 5.0 -3.0 -3± 5.0 -3.0
Bozeman _____ 501±·1.8 -21± 0.0 -4.2 -08± 0.2 -19.0 33± 7.0 0.0 10± 0.0 2.0 

I The dust fungicides were apphed at 2 ounces per bushel. 'l'he formaldehyde wus applied according to 
a modification oC Brauu's (2) method. 

, 'rhe controls at Fargo contulued more I.hull 0 percellt oC bunt. 

The untreated cont.rols at .Jj"argo showed slightly more than 6 
percent of bunt. As no buut developed in this series at. the other 
stations, this seems to indicate either soil infestation at Fargo 01' 
accidental contamination of the seed. At Brookings, Redfield, and 
IVloccasin the average yield from untreated seed exceeded that from 
seed treated with each of the foul' disinfectants. At St. Paul the 
same was true with the exception of the formaldehyde-treuted seed. 
At Langdon, Dickinson, and Bozeman two treatments showed in
creases in yield; while at Farg01 where some bunt occurred, increases 
were recorded for nIl of the treatments, three of them being signifi
cant. At Redfield, on the other hand, significant decreases in yield 
were recorded for aU 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 among the different fungicides in this respect. Altogether, 
there are 20 cases in which a decrease in yield was recorded. In 
six of these t.he difference is more than three times the probable 
error. Excluding the results from Fargo, there are seyen cases in 
which an increase in yield was recorded, of which only one reaches 
the level of significance. 

Data relating to bunt infection and yield from seed inoculated 
with bunt spores and with both spore~ and bunt balls are shown in 
table 29. Inoculation with spores nlone resulted in infection ranging 
from 0.1 to 31.5 percent, or an avernge of 10.3 percent for all of the 
stations. The ayernge yield of 17.5 bushels per ucre from untreated 
seed represented a reduction of 12.1, 10.7, 9.3, and 6.9 percent as 
compared with yields from seed treated with formaldehyde, copper 
carbonate, Ceresan, and basi;:: copper sulpha.te, respectively. The 
corresponding coefficients of correlation between these average per
centages of reduction and the avemge percentuge of bunt in the 
controls were 0.6950±0.18, 0.7650±0.15, 0.8467±0.12, and 0.6630± 
0.07, respectiYely. 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. 

http:0.8467�0.12
http:0.7650�0.15
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TABLE 29.-Bunt control in and acre yields of grain from Ceres wheat grown from 
bunt-inoculated seed, separate lots of which were treated with different fungicide8 1 

and 80wn in rod rows replicated 5 times for each treatment at each of several 8ta
tion8 in 1931 

Untreated Seed treated wlth-

Inoculum Formalde· Copper car· Bnslc copper Station Ceresanused hyde bonnte sulphate 
Bunt Yield 

Bunt Yield Bunt Yield Bunt Yield Dunt Yield 

r --
Pet. Bu. Pct. Bu. Pcl. Bu. Pct. Bu. Pet. Bu. 

(BrOOkings.•• 4.0 13.5 0.0 14.5 0.0 14.1 0.0 J3.8 0.0 12. 6 
Redfield•••• 2.4 11.1 .0 12.0 .0 10.4 .0 10.3 .0 10.6 

'001____ .1 17.1 .0 16.0 .0 17.6 .0 17.4 .0 16.1 
j<'argo.•••••• 31. 5 15.5 1.8 23.5 1.4 22.8 .2 23.8 .4 22.4Bunt spores••• Longdon.... 13.2 15.1 .2 14.1 .1 14.0 'T 14.9 .4 14.4 
Dickinson... 11.4 13.5 .1 14.6 .1 J5.2 .0 15.2 .0 14.0 
Moccasin••• 11.8 0.0 .2 0.5 .3 0.3 .1 10.0 .3 0.2 
Bozemnn.... 7.7 45.1 .1 54.1 .2 52.3 .0 48.8 .0 51.1 

Avernge.. 10.3 17.5 .3 19.0 .3 W.6 T 10.3 .1 IR.8 
-----------_.- 

0.2 14.3 0.4 14.3 O. J 15.5 0.0 14.7 
Redfield .... .7 • 1 .1 .0~: tI__ ~~::' --i7:9'St. PauL... .5 17.6 .0 "i9:0' .0 .0 "i7:9' .0 "'i6:9

Bunt sgores Fargo••••••• ~6. 3 0.5 1.4 21.2 2.6 21.2 ;0 20.0 .5 10.4and unt Langdon•••• 2·\. t; J.\. 1 3.1 16.5 1.4 14.8 .8 17.1 1.7 16.3balls......... 
r"''''pDickinson .•• 21. 8 11.7 .0 15.2 .8 14.8 .0 In,2 .1 15.3 
Moccasin••• H.6 7.7 3.2 8.2 .0 7.1 .3 7.9 2.1 6.7 
Bozemun.... 8.4 30.4 2.4 50.:1 .5 ·J5.4 .0 46.4 .1 44.7 

Average.. 17.6 15.9 1.6 20.7 .0 19.4 .3 20.0 .5 JO.l 

I The dust fungicides were applied at 2 ounces per bushel. The formaldehyde was applied according 
to a modification of BTllun's (f) method. 

I T represents trace, or less thun 0.1 percent. 

aNot included In averages. 


Despite this, however, there were two decreases in yield each from 
seed treated with formaldehyde, copper carbonate, and Oeresan, 
and four decreases from seed treated with basic copper sulphate. 
At Langdon, where there 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 bv an average yield of 32.9 percent less 
than the average yield from treated seed. 

In the series in which the seed was infested both ,vith spores and 
bunt balls (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 ;n 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 
compared with that from seed treated with formaldehyde, copper 
carbonate, Oeresan, and basic copper sulphate was 23.2, 18.0, 20.5, 
and 16.7 percent, respectively, and the corresponding coefficients of 
correlation between percentuge of bunt and the reductions in yield 
were 0.8263±0.12, 0.8411±0.11, 0.8790±0.09, and 0.8895±0.08, 
respectively. 

http:0.8895�0.08
http:0.8790�0.09
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Similar experiments the following year were limited to a study of 

the ~ffects of Ceresan and two grades of copper carbonate on the 
yields from clean seed of Ceres, Marquis, and :Mindum wheat at 
five stations. The seed was treated at Arlington Faml and sown 
in rod rows replicated five times at euch station. The yield datil. 
are shown in tuble 30. 

TABI,E 30.-Comparison oj yields jrom clean treated 1 seed anll clean 1m/reatell seed 
oj 3 varieties of li'heat sown at 5 slations in roll roWs replicated 5 times jrom each 
trea/mcnt applied to each variety, 1.')32 

fncrrnsc or drcrl'!t,C In yirhl from seed trented wlth-
A \'crago 

Variety Station ylrlrl 1-------,---------,------ 
of control Copper carhonate Ccrcsan COPlXlrcarb 

Grums Gram" Percl'1It Gmm3 ~Pt;U1It Gram. P<rcemSt. PauL_____ 

j 
lSS± 5.4 -35:f:7.0 -IS. Ii 0= 7.0 I: 0.0 -2-1:f: 7.2 -12.8 

! F~r~9·-------- 3nl:f:11.0 -r,o:f:15.4 -Ii. I -lS=1r..4 -5.1 -35±10.0 -10.0
Ceres_________ DlCkmson_.__ • 3:.3:1:10.9 -75±21. .'i -21.2 -J02:f:20.7 I -ZS.9 -53:f:22.2 -15.0

Hrooklngs. ___ _ 2{J5:f:II.a -I±10.1 2.0 11:=16.4 5.·1 -10±15.0 -4.9
Hc<ll1el<l. ____ _ 17S:f: 9.S -17:1:1:1.2 -9.0 -~'()-l=13. 1 -1l.2 -16±13.2 -9.0st. PlluL____ _ 1.10:1: 3.0 -30:f: ·1.0 - 19.2 -5± 5.0 -3.2 -25± 4.7 -16.0I'argo _________ 25G:f: 3. \) -o± 5.·1 -2.3 -14:f: 5.3 -.1.5 -9:f: 5.4 -3.5Mnrquls______ Dicklnson____ _Ij 274= 9, i -·IS:f:12. Ii -17.5 -1l=1:J.-I -4.0 -23=1:1.2 -8.4
Hrookings_____ 102:f: 6. r. -1± 9.a -.6 -24± S.G -14.8 -22± S.7 -13.6

1 HcdO~ld_. ____ 128:1: 9.5 -19±12.r. -14. S -17=12.0 -la.3 -15±12.7 -11.7 
I ilt.l'aUI.------I'nrgo 1O;'±17.3 -31i:f:21. II -21. S -~2=!=Z~.5 -7.9 _3 fJ .,J...?') q -19.4I 
r 

_____ •___ 320±11.4 -49±[.1.9 -15.3 -_l:do.4 -8.4 -16±i5: 7 -5.0 
Mindum·----1DlrklIjson----- 21~± 0.1 -3i,± S.I -14.1 -21± 8.3 -$. .1 -59± 7.7 -23.8

[lrooklllgs____ _ 1i2±13.2 -2:!-±17.·1 -12.8 -.1±la. a -2.9 10±W.2 5.8

I fiedlidd _____ _ ntl:f: 3. 9 -1O± 0.0 I -17.8 -5= 5.-1 -5.0 -2:f: 5.5 -2.2 

I Copper carbonato and CCi'l'"an were applied at 2 oUlIees and ('oPJlerc,lrb at 3 ounces per bushel. 

Bunt infection wus entirely absent in the rows from untreuted seed. 
A comparison of yields from treated and untreated seed of all three 
varieties 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 cuses treatment was followed by de
creused yields as compared with the yields from untreated seed. 
Only 11 of these decreases appear to be statistically significant. 

The foregoing results of experim.ents relating to the effects of treat
ments on yields indicate thnt treatments as a rule did not increase the 
avemge yields of grain except n.pproximately to the extent to which 
they reduced the percentage of bunted heads. The relution between 
the percentage of bunt n.nd the resultant percentage reduction in 
yield presumably caused by it is by no means constnnt, as shown by 
a comparison between a considerable number of snch percentages in 
these and other experiments. The percentage of bunt in the majority 
of cases exceeds the corresponding reduction in :yield, the averages of 
the percentages in 10 experiments being 39 and 32, respectively. 
:More abundant stooling in the infected plants from untreated seed 
probably accounts for tillS to some extent. No explanation is offered 
for the many cuses of decreased yields from dusted seed compared with 

.. 	 yields from untreated seed eucountered in these e:o..-periments. A 
series of tests with a planter of the type used failed to show sufficient 
differences in the rate of flow of untreated seed und that of seed treated 
v.-ith different dust fungicides to appreciably affect the yield. 

-' 
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SUMMARY 

Soil temperatures from about 6° to 15° C. from sowing to emergence 
were found most favorable for bunt infection, the highest average 
infection with both bunt species occUlTing nt 100 in the four VUl'!l'ties 
of wheat used. Temperatures above 20° or below 5° were found 
highly unfa\rorable to bunt development. At any given tempernture 
there was no J)ositive correlation between length of emergence period 
and percentage of bunt. Soil-temperature conditions after emergence 
did not affect the pel'centage of infection in the val'iety used. 

Excessive soil moisture tended to inhibit infection; wheat will 
germinate in soil too wet to bring about nbundnnt gel'mination of 
bunt spores. 

Sandy soil was found less conducinl to bunt infection than clay soil. 
The application of lime to Hcid snndy soil in('rensed the percentage 

of blUlt from inoculated seed. Acid soil seemed to inhibit bunt infec
tion. The percentage of infection \\'as roughly proportional to the 
spore load. This relation was nfl'ectcd in cadi cnsc by the clnte of 
sowing and the relatiye sllse<,ptibijity of tbe vnricty. 

More than 50 dust fungicides were tested for cfTicncy in bunt 
control oyer a period of7 y<.'nl's. '\llile lllony of thern controlled 
bunt in the experiments in whieh they were used, most of them must 
be eliminated from cOllsidcmtioll I1S praetical bunt fungicides for usc 
in the United States because of cxccssin\ cost, extrcme poisonousness, 
corrosiveness, hygroscopicity, injury to sced, l.'opid deterioration, or 
un!l.yailability. 

Considering relative cost, aYnilnbility, freedom from objectionable 
features, nnd general effectiveness in numerous c:\l)erilllents, copper 
carbonate or basic COPP('l' sulphate of the propel' degree of fineness 
and containing not less than i50 percent of metnllic copper, and New 
Improved Ceresan proyed to be alllong the most l)ntctical dust fungi
cides for bunt control on the market in the "Cnited States. The diluted 
brands of copper carbonate, if of suflicient fineness and containing 
not less than 18 p<'Y'cent of copper, arc equally efIectiYe if used at 
about a 50-percent heavier rate of appliclltion. Other copper salts, 
such as phosphate, red o:\-ide, ox-ychloride, uncI oxnlnte, also were 
fairly effectiv<', but are not generally available as bunt fungicides, 
Dusts contnining formaldehyde, purnfonnaldehyde, naphthalene, 
iodine, or sulphur as the toxie ingredients were relatively inefi'ective. 

Bunt control by means of fungicidal dusts was governed largely not 
only by the factors conduci,'e or unfnrorable to hunt infection but 
also by the rate or thoroughness of npplying the dust, by the physical 
condition of the dust, by the period and lnanner of storage after treat
ment in the ('usc of some dusts, and by certain soil conditions. 

The fungicidal efficiency of copper cnrbonate wns not affected by its 
copper-carbon dioxide ratio, its age or exposure to air, n range of 25 
to 50 percent in its copper content, or by the length of the period 
between treating and sowing. Copper cm'bonate and some other dusts 
proyed more effectiYe in unliIl1<,d snndy ncid soil than when lime was 
applied. Relutiyely dry soil after sowing did not affect the fungicidal 
action of the dusts used i neither did saturation of the soil except when 
the seed contained 1J11broken bunt balls or when the soil was infested . 

. Under the latter conditioIls seed treatment "rith fungicidal dusts and 
to some extent "rith copper-sulphate solution effected 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. Soil infestation, however, reduced it considerably. 

The effectiveness of certain volatile dusts was increased by storing 
the trea.ted seed for some time after treatment, bu t prolonged storage 
with some dusts impaired germination. Storage of seed treated with 
coppcr ca.rbonate or 4111umber of other copper dusts or Ceresan for 5 
weeks did not reduce the fun~icidal efi'cctiven('ss of these dusts, and 
storage for 1 yenr did not impair the viability of the seed. 

Although the better treatm('nts usually imprO\'cd germination and 
contro1led bunt, they did not increase the average yields from clenn 
seed compared with yields irom clean untreated seed. 

In geneml, th('ye wns a high degree of correlation between the per
centage of bunt 1Il the crop from untreated seed and the ]1ercentage 
reduction in yield of the same cmp as C'onlj)fu'('(l with the yields from 
se('d ndcqufitely treated or i'rom bunt-fr'('(' s('ed. 

esunl1y the aycrnge percentage of bunt WllS slightly greater than 
the percentage reduction in yield. 
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