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o INTRODUCTION
3 _ A the past loose smur in barley, caused by Ustilago nuda (Jens.)
%z ¢ Kell. and Sw., generally speaking, has been considered amenable to
» 3 control only by the hot-water treatment. Tn some barley varieties it
Q Y Dy A

a

has been controlled, or the percentage of infection greatly reduced, at
times by the use of formaldehyde or various organic mereury solu-
tions. In 1914, Johnson (5)' reported that a 0.3 per cent solution of
40 per cent formaldehyde (1:320) had reduced loose smut in barley to
& slight trace® In 1918 Humphrey and Potter (4) intimated that
barley loose smut could be controlled or its occurrence reduced by the
use of formaldehyde., ‘Tisdale et al. (18) reported in 1923 that formal-

edlehyde was as eflective as hot water in the control of loose smut in

ax varieties of winter barley. In 1925 Tisdale et al. (19) reported
~that satisfactory control of loose smut in Wisconsin Winter, Orel, and

eslennessee Winter barleys had followed the use of organic mercury

v=Solutions. Rodenhiser and Stakman (14) reported in 1925 that they
abad reduced loose smut of barley from 7 per cent to a trace by the use
oof organic mercury solutions at 45° C. In 1926 Conners (1) reported
hat organic mercury solutions at ordinary temperatures failed to con-
trol loose smuf in Junior (hull-less) barley and only partly controlled
it at 45° C., but that the modified hot-water treatment eliminated it.
Kirby (6, p. 60-53) stated in 1927 that sonking the seed in formalde-

hyde or organic mercury solutions controlled loose smut in 6-row

! Italic nunbers in parentheses rafer to Literature Cited, p. 18,
#This was in Oderbrucker hprley Whaconsin Pedigree No. & The controls contained 5 tg § per ~ent of
logge smmt.

AL~ =]
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winter barley and reduced its occurrence in certain 6-row spring
varieties.

In 1929, Howitt and Stone * reduced the percentage of loose smut
in O. A. C. No. 21 barley from 10 per*cent to 4, 2, and 1 per cent with
solutions of Tormaldechyde, Semesan, and Uspulun, respectively.

These few citations indicate that loose smut of barley generally has
been found more difficult to control than any other cereal smut except
loose smut of wheat. Dust fungicides have not been considered
efleetive for the control of this disease and up to the present time
seldom have been used for this purpose.

In the fall of 1026 field experiments were started at the Arlington
Txperiment Farm, Rosslyn, Va., to test the efficacy of certain {fungi-
cidnl dusts in the control of eovered sinut and stripe disease in Ten-
nessee Winter barley. Tt was observed, during the first year of these
sxperiments, that these dusts also reduced considerably the incidence
of loase siut, which occurred to a slhight degree in this varicty.
Therefore, data were taken on the control of this discase in this variety
ol barley, and Jurther seed-treatment expetiments with this and other
varieties were later conducted in order to investignte the possibilities
ol controlling lnose simut, s well as other discases of barley, by means
of dust fungieides,

METHODS AND MATERIALS

The general procedure followed by the writer in seed-treatment
experiments with barley has been described in & previous paper (9).
The dusis were usually applied af the rate of 3 or 4 ounces per bushel,
and the seed was thoroughly mixed with the dusts until every kernel
was completely coated. ‘Then the seed was shaken for a moment in
2 fine sieve to remove any excess dust. It was sown in rod rows
usually replicated a number ol fimes for each treatment. Smut
dnta were secured by counting all the heads of loose smut as well as
the total heads in every row in order to determine the percentage of
infection.

Twenty-seven dusts and two liquid disinfectants were used * in the
course of these experiments. The names of the dust fungicides used
and of the manufacturers are listed below.

Abavit B, Chemisclie Fabrik Ludwig Meyer, Mainz, Germany.

Tuian, 8. F. A, No. 225 and No. 225-V, Saccharin-Fabrik Aktiengescllschaft,
AMagdehurg, Germany.

Hoehst (also enlled “Trockenbeize Tillantin™), J. G Farbenindustrie Aktien-
gosrllschalt, Hochst a. M., Germany. .
Vitrioling, Usines Schloesing Frires e Cic,, Marseille, France.
Mereury € nand Sterocide, Roessler & Hasslacher Chemics! Co., Perth Amboy,
NI
Corona 80-B and Corona Oat Dust, Corona Chemical Division of the Pifts-
burgh Plate Giass Co., Milwaukee, Wis. '
Bayer Dust, the Bayer Co., New Yark, .
Wa Wa Dust, the Chicago Process Co., Chicago, I1L.2
Smutlox, 1he Stadler Products Co., Clevelund, Ohic. .
Sanoseed Cirnin Dust, Ansbacher Siegle Corporation, New York.
Acoo Dust No. 7, Ameriean Cyanamid Co., New York.

# Trnpublished data.

i '['he dizsts uged in these expariments were the only ones submilted te the suthor for axperimentsl pur-
poses. ‘Their use ln Lhese ciperiments does not im{:ly that soy other dusts on the market st that time
tnlght not have proved effieacious under slmilar cireumstances, The pames of the manufacturers nre
furnishad merely s information, and mention of them does net Imply any recommendation of the firma
ar thelr produets.

¢ Mow loculed ot Nawark, N. T,
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Semesan, Semesan Jr., Dupont Nos. 12, 35, 45, 53, and 64, E. 1. du Ponf de
Nemours & Co., Wilmington, Del.

Ceresan, Dubay P. M. A., and Dubey 655 and 665, fthe Bayer S8emesan Co.,
New York.

Wicnert's Compound, F. Wienert, Lock Haven, Pa.

The liquid fungicides used were Germisan (made by the manu-
facturers of Tutan) and ordinary formaldehyde solution.

The {ollowing varieties of barley were used:

Tennessee Winter 52, C. 7.¢ No. 3543.

Wiscousin Winter, C. 1. No. 2159,

Wisconsin Pedigree 6, C. T, Wo, 1146.

Wisconsin Pedigree 8, C. 1. No. 4666,

Minnesota Velvet, C. 1. No. 4252,

Three lots of unknown varieties were secured from different farms
in Wisconsin.

EXPERIMENTS IN 1926-27

During the 1926-27 season, in one series of six treatments replicnted
48 times and with 2.5 per cent of loose smut in the controls, Wa Wa
Dust and Abavit B reduced the disease to 0.01 and .02 per cent, re-
spectively, while the other four dusts reduced it to less than 0.5 per
cent. (Table 1.)

Tanue L—Loose smul in Tennessce Winler barley grown from unirecled seed and
Jrom sved treated with dust fungicides and sown i rod rows, 1926-27

[Series 1, 48 replieations, sewn Oct. 12, insoll 15 per cent satvrated; sories 2, 24 replications, sown Oct. 16,
in soi 05 per cent salurnied)

Seed-trestiient compound Hunds of leose smat in—

1
' Nate : Series 1 Series 2

Number | Per cent | Number | Par cent
3 5 243 114

.03

In another series of six treatments, replicated 24 times in rod rows,
in which the controls showed 1 per cent loose smut (Table 1), five
of the dusts eliminated the disesse, while the other dust reduced it
to 0.03 per cent. These results were not considered very significant
on sccount of the low percentages of loose smut appearing in the
controls.

EXPERIMENTS IN 1927-28

During the 1927-28 season 14 dusts were used in seed-trezfment
experiments for the control of loose and covered smuts and stripe
disease in Tennessee Winter barley. Two paraliel series were sown,
Series 1 was sown on Sceptember 21 in relatively dry soil and series 2

-

on QOctober 7 in relatively wet soil. The mean soil temperature

f Accession nuimnber of the Divislon of Cereal Crops sod DHsensas,
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from sowing to emcrgence in both series was about 16° . Very
little loose smut developed in the controls in either series. {Table 2.}

Tasup 2-—Effeet of sced treaiment with dust fungicides on the incidence of lonse
gmul in Tennessee Winter barley grown in field plots, 198728

(ferfes ¥ sown Sopt. 2 ned grown Lo omergonto in relatively dry soil; series 2 sown Qot. 7 and grown io
emeryenee in relntively wet soilj
Fawd-treatment conpound Haoads of lopse smut in—

MNatg SBorlos 1 Serles 2

Number | Per cend .’\nmbcr Per cend
Control 1 073 : 0.35
Abavib B ...
L.oB FUA No,
C 8 F. A, No, 225-V.
Iithatiat
 Tutan,

e b
SEom~uwohwiivesneh

Meroury O
Control____.._

. Wa Wn Dmst__ .

.- BginesEn

.- - Soesan Jr

. Dimponi 3.

Lupont 43_
Dupont 53
Dupont &4 __._____

In series 1 with an average of 0.7 por cent loose smut in the controls,
Abavit B, Hochst, and Wa Wa Dust reduced it the most, while in
serics 2 with an average of ouly 0.36 per cent loose smut in the con-
trols, Abavit B and Wa Wa Dust eliminated it. These results, Iike
those of the previous season, were not considered very mgmﬁcant
beeause of the light infection in the controls.

EXPERIMENTS IN 1928-29

During the 1928-29 season Tennessee Winter and Wisconsin Winter
barleys were used in experiments on the control of barley smuts.
The seed was treated with the different fungicides and, along with
unlreasted controls, was sown in replicated rod rows in ‘three series.
Series 1, contﬂ.mm 20 replications, was sown September 29. This
yielded no data because of total \vmtell\ﬂlmg Series 2, conisining
four rcphcat.lons, and scries 3, contsining cight repllcauons, WEero
sown October 5 and October 18 1ospcctwel3 “The soil temperature
and rainfall records for the pcnods of emergence in these two series
are shown in Table 3, and the infection data taken May 6, 1929, are
shown in Table 4.
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TasLe 3.—Soil lemperature and rainfell records from dates of sowing seed lo dales
seedlings emerged, in experiments on the control of loose smul in Tennessee Winter
and Wisconsin Winter barleys sown in rod rows, [1358-28

{Series 1, 20 raplieations, sown Sopt. 20 (winterkilled); serios 2, 4 replicntions, spwn Cat, 5, ip soil 41 por cent
r&ntunlﬂ.iud:]series 8, 8 replications, sown Oct. 18, in soll 19 per cent saturated al sowing and 25 per cent 1wo
ays later

Serles 2 Series 3
- ' -
Days nfter sowing Soil temporninre ) Soil ternperature h
PR | Sy Rfuin‘ - e — Rfl.\'il]-
- Maxi- | Mini- 7 . ol sraxi Minpl o foll
DO myn Alean mam num I\IEHB :
e e — ! ; S
g °C. ! oo 1 uch
s} 1T, 87 | o
18 sl 135
2 : 56 10l
it I G 124 -
124 13 152
17 G 1887
..... 14 3 8.1 .
150 2 7.
. 1l 6§ 52: -
P 1a 51 B4 l ________
AVOEREE OT 1O m e e ememeae Cowb 7.4 6.5 L% ‘ BT
N 1

I Mot Lhe avorage of Nicures above, but of 2-hourly temporatures for whols peried.

TARLE 4-—Lgose smut in Tennessee Winter and Wisconsin Winler barleys grown
from wnlreated seed and from seed freated wilh differeni fungicides and sewn in
rod rews, 1928-25

Serles 1, 20 eplientions, sown Sept. 28 (winterkilled); series 2, 4 replicntions, sown Oct. & series 8, B
eplications, sewn Oct, 18)

Heads of logsg simut in—

Sted-treatient eomnponud ' - -
) Tennesses Wiuter Wisconsin Winter

: S e i
No, Nanie | Herigsd Soriesd . Seres? Sories 3
i i
. l.-‘ ——— e —— _._—5__ .- - i 1 - —_—— -
’, ' Nam- | Per | Num- Fer - Wum- Per | Num- Per
. . ber cept b ber cent | ber cend ber cent
| Controd. ____.ceoaold a8 L5 208 L5 55 EX 104 4.7
oo CloTOSEN oo : o 0 | a8 .8 5 .3 61 1.4
ooy Dubmy PN AL 0 g 10 | .5 1} i} 23 .3
.. Ubchst ... . O 1] a2 .7 1 11 85 18
[ LT R, T i £ S ] g T2 1.8 4 3! 154 3.6
-] Formeddeliyde 1. i 2 i 0 [ 4 3 jl b T
t

t Troatemebl: Waler 15 minules, droined aad covered 4 hours, 1:320 furmalklciiyde solodion 20 minutes,
drsined and coverad 3 hours, dried overnight.

Tn series 2, in which the soil was 41 per cent saturated at the time of
sowing, contrel of loose smut in both barley varieties was better than
in series 3, in which the soil was 19 per cent saturated at the time of
sowing and was relatively dvy during the entire period of emergence.

In the spring of 1929, scven dusts and one liquid fungicide were
used in limited field experiments for the control of loose smut in
barley grown from the same lot of Wisconsin Pedigree No. 5 seed
used in & greenhouse experiment described later. (Table 7.) The
seed was dusted at the rate of 4 ounces per bushel and sown in two
series. Series 1 was sown March 13 in soil of low fertility, and the
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plants emerged March 24, Series 2 was sown April 6 in rich soil,
and emergence took place April 14.  The soil temperature and rain-
fall records for both series are shown in Table 3,

Tants 5.--Soil temperature ond rainfoll records from dates of sowing seed to dates
seedlings cuwerged, fn field coperiments on the control of loose smué in VWisconsin
Pedigree No. 0 barley, 1929

FSeres 1, sown In poor soil Mar, B, mnergod Maz, 21; sorkes 2, sown 1z tleb sofl Ape 6, emarged Apr, 1)

1
! deries 1 . HMuries 2

Priys after sowlng '

Hoil tamneralitre : . Soll temperalare
T - snue = e if- : - =i 1hin.

Pataxic | s taxl- Mink i b

Do Domum e Dl o ;\Icam"

a

g D e e 2 e e
T e DT

koo
| e

[ —

Avermge .. 10y L

The sotl 1 series 1 was 40 per cent saturated at the time of sowing,
and 0.44 of an inch of rain {ell before the plants emerged. The average
soil temperature during this period was 11.1° €. Therefore, the seed
germinnted nnd the scedlings grew to emergence in a refalively coid

ry soil.  The smut data, which were taken June 9, are shown in
Tuble 6.

TanLe O.—Logse smut in Wisconsin Pedigree No. & hurley grown from wntreated seed
and from seed lreated with different fungicides and svwn in rod rows, 1928
f3oriay 1, four ropllentions in poor soil, sown Mar, 13; series 2, twa rophentions ln rich soil, sown A pr. 0}

Sged-traatment compoumd Hoods of looso smal n-—

Nire Herkeg 1 Sories

. |
' Number | Percenmt | Number | Per cont
« Firat conten) H 3 i .8
AT T T [ER
Bubuy PoMOA 3
Cbdelsbo el e 1]
cabmvit B oL ;
Seeotud eonjrol .
o Morgtry O
Corena ¥0-B.... ...
B 11T X+ S,
P Qerindsnn L oL e

CrEonac—o

|

¥ (. 20 per cent selution for | hotir,

Four of the dusts and the one liquid fungicide eliminated loose
smut, while the rest of the dusts greatly reduced its occurrence in
comparison with the conlrols from untreated sced, nlthough the latter
averaged only 2.8 per cent smut.
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The soil in sorics 2 was about 75 per cent saturated at the time of
sowing, and {rom sowing to emergence the rainfall amounted to about
an incli.  The mean soil temperature during this period was 16.1° C.
In this series, therefore, the soil was warmer and much wetber during
the period of emergence than the seil in series 1. No smut appeared
in the rows from treated seed (Table 6), while the sniut in the control
rows averaged only 1.7 per cent. Evidently soil conditions in both
sarics were highly unfaverabie for loose-smut development, because in
# subsequent greenhouse experiment 38.7 per cent of the plants from
this snme lot of seed were infeeted with loose smut.  (Pable 7.)

Tavun 7—Control of loase and covered suuls in Wisconstn Pedigree No. § barley
grewn from sced ttusted with Ceresan and sown in the greenhouse Junvary &, 1988,
along with unlreated seed

I Plands emergadd Jon, 13, the final dala being taken Apr. 6, 10041]

! f
. . i Loose st Covered sk
Ttow Freated or g Tolal | Total = o A ’ e e -
N untrentud  Cplunds l heads : ! )
“ + Plunts infeeled © Hleads [nfucted  Plants fnfecled | Hends infected
l 2 \ o oy ——r
1 ; - ' :
i Nuwm-1 Per | Num-{ Per | Nuw-|{ Per | Num- ; Per
) . ber | comd ber L ocent fer cenb o ler 0 cend
1. oo Untrented. . 17, i 6 3RR 230 Ll 0 o 14 L4
ey Tremed .1 W D:ooo ol o al o n:oe
T. Untroated 17 47 g dh Ww: 2.0 ! 32.9 ] 17 i @
bl o Preated (] - [\ 0o i8] U Q L. n! 4]
3. o Untrenbed.. . 20 3h fib ann i} 17,4 13 {7 (0 an
1405 . Pronderl._ .. [ B I 0 1] "' 1 0 0 L i
W L ntrented 15, 414 (TR 20 518 i N4 1 i s )
VB | ‘Lreatedd Lo 850 G hp 0 0,0 0 q 0 0
5. ... Untrenlerd _. M il Gi HN.O 1] a0 0 5 A0 St in.s
230, L, Treated. .. 0 5 { o, 0 i [ [ ]
oL Unbreated. 01 Jgan 5 M5 T 45,0 i a5
a3 Trented... . ] i ft i o 1] | S [ q
q B
Totnls: | |
Untrented | !
sl L 43 34,7 a1 A5 W e w2 EX)
Treated seeil.. 0 [ 0 n n 1} l v U a
]

During the winter of 1928-29 a sced-treatment experiment ol rather
limited scope was condueted in the greenhouse on the control of loose
smut i heavily infecled Qderbrucker (Wisconsin Pedigree No. 5)
barley by the use of ethyl mercury chloride, a then relatively new
dust which is now marketed under the trade name of Ceresan.
Previously it had been found effective in the control of stripe discase
in barley (10} and of bunt in wheat (8). Tisdale and Caunon {(i7)
also had reporfed satislactory results from its use int the control of
loose smut in Tennessee Winter barley,

The ercenhouse beneh used was 40 feet long, 34 {eet wide, and 8
inches deep and was {illed with rather rich compost soil.  The seed
was treated at the rate of 4 ounces of dust per bushel. It was sown
1% inches deep in rows { inches apart at the rate of 20 seeds per row,
every sixth row being anuntreated control.  Thesced was treated and
sown January 4, and the scedlings emerged Januarcy 11, The tem-
perature during this time was between 20° and 25° O, and the soeil
was kept moderately moist.  In order to hasten shooting and heading
of the plants a 24-heur growing day was provided by the use of electric
lights, beginning January 25, On April 6, when all the culms were
fully headed, the plants were pulled carelully and plant and nead
counts were made. These results are shown in deteil and also
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suinmarized in Table 7. Both the loose and covered smuts wore
completely eliminated by Ceresan, while in the controls 38.7 and 43.2

er cent of the plants and 36.5 and 33 per cent of the heads ‘were
infected with loose and covered smuts, respectively.

EXPERIMENTS IN 1929-3¢

The following winter an experiment similar to the one described
above but on a smaller scale was carried out with seed of two other

varictics known to be infected with loose smut. TlLe resultant data
are shown in Table 8,

TasLe 8.—Losse smut in fwo varieties of barley grown Jrom wntreated sced and
Jrewm seed treated with Ceresan and sown in the greenhonse November 4, 1929

[Final data tuken Fob, 20, 193]

i, Untreated seed : Treated soml

Tatal E
linnds

Vatjety
Talal

heurs Fwutted hoads

Smutted headds

- e

Number + Per cent
i 0.5

Nuwtber 1 Per cem
10 aLEe

Wisconsin Pedigrae N, ¢ a7 Ly
Unkpown variety ' I 3 LAl 204 3

i _ L

In one variety, Wisconsin Pedigree No. 6, loose smut was reduced
to 0.05 per cent, as compared with 31.7 per cent in the controls. In
the other variety (name unknown) loose smut was reduced to 1.5
per cent, while 6 per cent oceurred in the controls.

Whilc these greenhouse results with two varieties were very gratify-
ing, it must be borne in mind that, although the conditions for smut
development must have been favorable, judging by the high percentage
in the controls, the conditions for the maximum efficiency of the
dust [ungicide used also may have prevailed to a greater degree than
usually oceurs in the field. .

Tn the spring of 1930 six lots of barley seed were used in seed-treat-
ment experiments on the control of stripe discase and loose smut.
Three of these seed lots, Wisconsin Pedigree No. 5 and No. 6 and an
unnamed variety from Oconomowoe, Wis., had been used in previously
described experiments. (Tables 7 and 8.) The three other seed
lots were obtained from difTerent loealities in Wisconsin and were
known to be infected with stripe disease and to some cxtent with
lonse smut.

Quantities of sced of all six varicties or lots were treated with
different standard or experimental fungicides and sown in paired rod
rows March 20, 1930.  The soil was 40 per cent saturated both at the
time of sowing and at the time when the scedlings emerged. During
this periocl the rainfall amounted to an inch, aud the mean soil
temperature was 7.5° C.  Loesc-smut data, taken June 4, 1930, and
shown in Table 9, are not very significant on account of the light
infection in the controls,
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Tante §.—Loose smul in siz parieties of spring barley grown from unireated seed
and from seed treated with different fungicides and sown in paired rod rows,
March 20, 1930

Sesd-treatiment compennd eauds of loose st in—
Farmers® samples
Wiseongin | Wlsconsia | 4,
No, Namge Pedigreo Pciilgme Mi\?enii“i?“ i "
Ne.b No. 8 i No.t 1 Noz | Nos
| 1
Num-| Per |Num- Per |Nuw-| Per 1\um Per Num-' Per \Num-| Per
ber | eent | ber | cent | ber |cent | ber [cent | ber jcent | ber | cent
Flrst cantrol o1 0 31 45 4| 87 0 ] 24 2: 03 1} a
~ Cerosan. ol e o]l e 3 N 18! 23 g B i 1
« Pubny & [ ] 0, ¢ 1 z 7.0 4’0 a ]
Dby G5 al 0 0y 6 2 S | S A | f ]
Abavit B_____. 6| o gi o .7 wl 2o 55 .8 % .2
Scearl conlol_ - i A2 w3 b [ W &5 i, .2 2 .2
Rhehst. ... gy 0 2 .3 5.3 174 2.1 1 ity 1 W
Wa Wu Dnab___ . al ¢ + 1} .2 20081 M L4 R 2 .2
Coronn OatTust.| o o . 1) s 11 L2l ey 28 ¢l 0 | .2
Sterocidae ol d 1 .2 0.0 : 33,20 G 0 2 .2
“Thitrd eontrol . of o 8! 0 o' 6 | 321 Zal o} 0 3 I
0. | Sanoseed Qraln . : : :
Dust o eeee__. 6| @ 2: .1 g; 6 | w1 L0 6.0 o| e
10 Aceo Dngk Ne. 7. gl 0 2. .y G 4o | 18 1 24 ¢ 0 i) 1]
| T Wianert's Com- : . : i : !
PR L7+ 1T+ DS oy g 1. ‘2| i | L2 2 28 Jg o 2 L2
i‘Z.-..--i Qermbsan ' ... ] 9.6 § 6,0 i W] 27, 1,; .2 1 it
| 1 i ) i i [l ‘

1 0.25 per cent soluticn, ong Lour.

They scem to indicate, however, that none of the treatments used
was wholly satisfactory, especially in the variety which showed the
most infection.  llere again, in Wisconsin Pedigree No. 5, it is inter-
esting to note the almost complete nbsence of loose smut in the
contrels, as compared with 36.5 per cent loose smut in the confrols
from the same seed ot grown in the greenhouse, (Table 7)) Ivi-
dently conditions in the field were very unlavor able for loosc-smut
development, as compared with those in the greenhouse.

. During the crop seasons of 192826 and 1926-30 loose-smut data
were taken on 17 vevieties of barley grown by J. W, Taylor in Ye-
acre plots a6 the Arvlington IExperiment Furm. The seed of 13 of
these varielies had been treated with Ceresan as o general disease
preventive.,  Seed of 4 vurieties was sown in triplicate plofs, the seed
having been trented first with Ceresan or Semesan or left untreated,

All the heads of loose smut in each plot were counted and these
data are shown in Table 10.  Tn Tennessee Winter No. 52 both treat-
menis clinuanted loose smut the first year, while the second year
Semesan allowed 25 smutted heads to appear in this variety, or 2.6
per cent, ns much as_appeaved in the control plots from untreated
seed. In Wisconsin Winter the treatments veduced the amount of
loose smut to an aversge 3.7 and 6.6 per cent of that appearing in the
control plots the first and sceond yonrs, respectively., In Orel the
amount of loose smut allowed by the treatments the first and second
years was 36.5 and 51.5 per cent, respectively, ol that appearing in
the control plots. In Esaw the first year the plots from treated seed
contained an average of 87 per cent as much smut as appeared in the
control plots while the corresponding figure for the second year was
80 per cent.

91034—32——2
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Tasve 10.—Loose smut in 17 varietics of winler barley grown from seed unirealed
or treated with Semesan or Ceresan and sown in Yo-acre plols, 1988-29 and
198930

rint i i Tytal honds loose
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Since untrented sced of the other 13 varieties was not sown, it is
not known to what extent, if any, loose smut was controlled in these.
The data show, however, that 16 was not completely eliminated in
any of them, although its cccurrence may have been reduced con-
siderably. If scoms thab some other form of treatment, presumably
a liqoid, would have to he used to secure complete control of loose
smub in most of these varicties,

EFFECT OF ENVIRONMENTAL CONDITIONS ON THE DEYELOPMENT
AND CONTROL OF LOOSE SMUT

Much has heen published on the effect of soil temperature, mois-
ture, reaction and type, and other environmental {actors during the
peuod of germination and early growth on the development of a
number of seed- boroe cereal discases. The rather voluminous liter-
nture on this subject has been admirably reviewed by Reed and
Faris (18). However, the relation of environment to the develop-
ment of loose smiut in barley seems to have receivedd relatively little
study, as not much on this subject appears in the literature. Seiffert
{15) found that shallow-sown seed produced less infection than sced
deeply sown. This same result was observed in experiments at the
Arlington Experiment Farm by Taylor and Zehner {16). Lind (71)
repmts that the addition of Chile saltpeter, superphosphate, and
potash to the soil, alone or in various combinations, slightly increased




DEVELCPMENT OF LOOSE SMUT IN BARLEY 11

the percentage of barley loose smut in six out of seven plots. Kirby
(6) intimates that infection is favored by soil temperatures higher
than those most favorable for the best growth of the barley seedling.

While the mnin purpose of the experiments deseribed in the pre-
ceding pagos was to test the relative efficiency of different fungicides
in smub control, incidental observations were made In an attempi to
correlate the relative severiby of loose-smut infection with variations
in soil moisture and soil temperature. In Table 1, for example, the
soil in series 1 was about 45 per cent saturated at the time of sowing,
while in sertes 2 it was about 85 per cent saturated. The percentage
of loose smut in series 1 was twice as great as that in series 2, Whﬁe
control of loose smut was better in series 2. In addition to the higher
soil moisture, however, & slightly lower average soil temperature in
series 2 may have played some part in this difference.

The same correlation between soil moisture and percentago of loose
smub seems to obtain in Table 2. When series 1 was sown the soil
was 13 per cent saturstod, and when series 2 was sown it was 65 per
cent saturated. Here, again, more loose smut developed in the drier
goil, and better control was secured in the webter soil.

Again, in Table 4 it will be observed that in Tennesseo Winter
barley 2.5 per cont loose smut sppeared in the controls of series 2, as
compared with 4.5 per cent in the drier soil of series 3, and in both
varictios the control of loose smut was better in the wetter soil of
series 2.

Similar differences are evident in Table 6.  In series 1, in which the
soi} wans 40 per cent safurated when the seed was sown, more smut
appeared than in serios 2, in which the soil was 75 per cent ssturated
at the time of sowing. Control again was better in the wester soil,
although here again temperature and fertility relations may have
played some part.

The significance of these rosults, like those relating to control of
looae smut by the fungicides used, is greatly decreased by the low
percentages of infoction in the controls, also by the meny unkvown
factors which enter into field experiments of thiskind.  To supplement
these rather fragmentary field data on the relation of certsin environ-
mental factors to the development of loose smut in barley and
its control, & number of experiments werc conducted in the greenhouse
under more or less controlied conditions. In the first of these Wis-
consin Pedigree No. § barley was grown in metal cans 8 inches i
dinmeter and 12 inches decp, using four lots of soil at 35, 55, 75, and
95 per cent of saturation, respeetively, The soil temperature varied
from 12° to 18° C. After all the plants had fully emerged they
were transicrred to the greenhouse bench, where they were grown
uatil final data on loose smut were taken. These dats are shown in
Table 11. They indicate that, at least in this variety, & high degree
of soil moisture from sowing tc emergence somewhat inhibits the
developinent of loose smut.
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Tavre 11.—Relation belween percentage of soil saluralion Jrom planiing {6 emer-
gence and subsequent development of loose smut in Wisconsin Pedigrec No. 6
barley

Plunty Honda

Soli saturation
Infectad with loose oty | Itfected with loose
Bt smuit

Number | Per cent Number | Per cent
35 per cont K 03 17 474
58 por epnto 3 At 157 348 G4
K EX L0 a2z 37
45 per cent 4 2.8 15% i)

During the 1929-30 season treated and untreated sced of Wisconsin
Pedigree No. 5 barley was used in & greenhouse experiment designed
to show the effect of soil moisture on the development and control of
loose smut. A greenhouse bench 42 inches wide was divided into
three sections each 16 feet long.  The soil in these sections, 1, 2, and 3,
was edjusted to 37, 64, and 73 per cent, respectively, of its water-
holding capacity. The sced was treated with Ceresan and sown
1% inches deep in rows § inches apart, and every eighth row was sown
with untreated seed of the same seed lot. Sections 1 and 2 were
covered with canvas until the scedlings emerged, while section 3
was wabered daily so thal st times the waler content of the soil
undoubtedly was much over 73 per cent of its water-holding capsacity,
The average temperature in the greenhouse was 15° C. Adfter the
seedlings had emerged a test showed that the soil in sections 1, 2, and
3 contained 25, 57, and 70 per cent, respectively, of its water-holding
capacity.

When the plants were fully headed they were carefully pulled and
counts were made to detcrmine the percentage of discase in each
section. Since considerable covered smut and stripe disease devel-
oped, dabs were taken also on these diseases. These data are shown
in Table 12.

Tanup 12—Relation of soil moisiure fo devclopment and control of siripe disease,
loose smut, and covered smut tn Wisconsin Pedigree No. 5 barley grown from
unltreated seed and sced treated with Coresan and sown in the greenhouse wnder
three condilions of soil moislure, 1928-29
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In the controls all three diseases developed most abundantly at the
lowest soil moisture. Contrary to expectations, however, the only
smutted plant from treated seed was found growing in the wettest
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soil. However, it was in o row adjacent to a control row, and since
this seetion had been watered freely after being sown, b 1s probable
that an ustrested infected lernel was washed from the near-by con-
trol row, On the other hand, the only stripe-disessed plant from
treatod secd was found in the driest seil. The results from this
experiment are n agrecment with those from the preceding experiment
as far as soll moisture and loose-smut development are concerned.

In another experimont seed of Wisconsin Pedigres No. 5 barley wus
sown in S-inch cans in sach of 16 soil-temperature tanks to determine,
if possible, the influence of soil temperaturs and soil moisture upon
ioosc-smut development. Four soil temperniures were maintained:
10°, 15°, 20°, and 25° C. 1In each tanl the soil in kalf the number of
S-ineb cans was adjusted to 74.1 per cent and in the other half to
42.5 per cent of its water-holding capsaeity. The construction and
operation of the equipment used have been previously described (7).

When the plants reached the third-leaf stage they were transplanted
to o grecnbouse beneh, where they were allowed to grow until fully
headed.  When fully headed the plants were pulled and counts made
of healthy and diseased plants and heads. (Tebles 13 and 14)
The data presented in Table 13 indicate thet the higher soil temper-
atures were somewhat more favorabie for loose-smut infection, espec-
tally in the wetter soil. However, there was not enough reduetion
in the percentuge of loose smut 2t the lowest tempersture {10° C.)
to cxplain its almost total absence in plants grown from this same
lot of seed in the field at slightly lower and higher average soil
temperztures. (Tables § and 9.)

"Yapry 13.—Loose smul in Wisconsin Pedigree Ne. § bariey grown from noturally
inoculaled seed sown in the greenhouse, the plants being grown lo the fourth-leaf
slege under controtled conditions of soil lemperalure and soil moisture, 192930
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Taere 14.—Siripe disense, lonse smut, and covered smul in Wisconsin Pedigree
No. 5 barley grown in lhe greenhouse from nalurally inoculated seed, the planis
being grown fo the fourth-leaf stage under controlled condilions of soil lemperature
and goil moislure, 1925-80
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It will be observed in Table 14 that in 12 of the 16 tanks, and at
three of the four temperatvres, more loose smut developed in the
plants grown in the soil which was 74.1 per cent saturated than was
found in the plants grown in the drier soil. These results which,
recording to Student’s method (12), are significant by odds of 60 to 1,
sre somewhat the reverse of results obtained in previous experiments,
as shown in Tables 1, 2, 4, 6, 11, and 12. In these experiments the
soil temperatures invariably were relatively low during the periods
of emergence, and in no case were they as uniform: as that of the soil
in the constant-temperature tanks. It is possible that fluctuating
soll temperatures may affect loose-smut development differently
t-h_anddoes a constant soil temperature. This remains to be deter-
m'ned.

Reed and Faris (18) refer to soil mieisture, soil temperature, and
soil reaction as “interdependent factors” and infer that the “optimum
temperature for infection’ may change with a change in the other
interdependent factors. In line with this theory it will be noted that
slightly more infection oceurred in the drier soil at 10° C. than in the
wetter soil and that at the other temperatures the reverse was true.

The true relation of soil temperature and soil moisture to loose-smut
developinent in these experiments, however, may have been obscured
to a considerable degree by the interaction of stripe disease and
covered smut which developed to such an extent that data on the
percentage of plants affected by these dizenses as well as those affected.

i
!
!
!
|
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by loose smut are shown in Table 14. Stripe disease varied in
severity from 1.2 to 22 per cenb, while covered smub varied from 18.1
to as high as 54.4 per cent in the different replicutions. To what
extent these diseases inhibited the development of loose smut is &
question, but undoubtedly the presence, to such a great extent, of
two other competing fungl, the development of both of which also are
affected by variations in soil moisture and soil temperature, masked to
some extent the true response of loose smutb to these environmental
conditions and in a sense defleated the purpose of the experiment.

During the 1930-31 season an experiment similar to the onc de-
seribed above was conducted in the constant-tempereture tanks (7} in
the greenhouse with a lot of barley seed known to be relatively free
from discases other than loose smut. The seed used was of an un-
known variely grown on & {arm near Qconomowoe, Wis., and kad bheen
used in two previous experiments. {Tables 8 and 8.) The approxi-
mate soil temperatures used were 10°, 15°, 20°, and 25° C. Al cach
ternperature the soil was adjusted to four different percentages of
its water-holding capacity, namely, 30, 50, 70, and 90 per cent,
Two depths of planting, 13 and 3 inches, were employed at each tem-
peraturc and each moisture.

The seed was sown November 3, 1930. The lengths of time re-
quired by the differently environed seedlings to emerge are shown in
Table 15. When the plants had reached the fourth-leal stage, they
were {ranslerred {0 the greenhouse bench. Here they were exposed
to an 18-hour day until they were fully headed, when final data were
taken. Thesc data, presented in Table 16, were disappointing becnuse
the percentages of smut which developed were too small to show any
significant differences 1o infection due to soil moisture, soil tempera-
ture, or depth of planting the seed. In s previous greenhouse experi-
ment in which a soll temperature of about 15° C. had been main-
tained (Tablc 8), 6 per cent of lovse smut had occurred in the plants
grown from this same sced lot. It had been thought possible thal
much higher percentages of infection might be obtained under differ-
ent conditions and thus yield resuits of value, but this did not prove
to be the case.

Tasue 15 —7Influcnce of soil temperaiure, soil meisture, and dopth of planting on
the number of days required for cmergence n barley
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Tante 10-—Results from an experiment designed lo show the effect of soil motsture,
suil lemperature, and depth of planting upen lvose-smnl infection in Darley,
1830 81
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Tn the experiments with Wisconsin Pedigree No. 5 burley, deseribed
above, the percentnge of infected plants from one lot of naturally
incculeted seed varied from a slieght trace to over 40 per cent. Thoe
low perceniages of infection (trace to 2.5 per cent) occurred in the
field, and the high percentages (12 to 40 per cent) in the greenhouse.
In the field the average temperatures during the perieds of emergence
ranged from 9° to 16° C., while the soil moisture varied from 40 to 75
per cent of suturation,

This range of soil temperature and moisture conditions was dupli-
cated in experiments in the greenhouse (Tables 13, 13, and 14), yet in
o cnse was less than 12 per cont of loose smut obtained. Tt secms
evident that some other unknewn factors inhibifed the development
of loose smut in the field and stimulated 1t in the greenhouse. The
possible influence of fluctuating soil temperature in this connection
has been mentioned,  Faris (2), however, wmlunrf with harley-cov-
ered smut, secured more infection at a varying tempcmbme than at
any constant tempernture,  He also found that the optimum tens-
persture for infection varied with the seil reasction Irom 10° fo 20° C,
While soil reaction may exert some influence on loose-smut develop-
ment, it is hardly probuble that, in this case, 1t was responsible for the
lack of infection in the field, beeause the soil in the greenhouse and in
thie field was of the same type.

1t was thought that the development of Joose smul might have been
greally influenced by the abnormally long growing day maintained in
the greenhouse by menns of electric lights.  Guner et al. (3} found
that in certain plants the length of the daily light period may deter-
mine not only the quantity of carbohydrate produced but also its
form, its ufilization. the acili*~ of the wap, and the water content of
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the tissues. "Fo determine whether the length of the daily light period
would influence the development of loose smus, seed of Wisconsin
Pedigree No. 5 barley was sown December 5, 1930, in two sections of
the greenhouse bench, One section was givenr & daily 18-hour light
pericd until the plants had hesded. The other section vecelved no
artificial light. To vary the experiment, half of the sced in each
section was artificially smutted with spores of loose smuf.

The plants exposed to a deily 18-hour light period were fully headed
by March 10, at which time data were taken on the percentage of
plants infected with loose and covered smuts. Similar data on the
plants which had received a normal daily light period could not be
taken until Aprit 15. These duata, presented in Table 17, show that
the bigh percentage of loose smut in this variety of barley in previous
greenhouse experiments could not be attributed to the abnormaily
long daily tight period to which the plants had been exposed. Table
17 shows that slightly more loose-smut infection occurred in the
plants receiving a normsl daily light period than in those exposed to
additional artificial illumination. This held true for the plants from
both smutted and unsmutted seed.

TaBLe 17— Effcet of twoe different daily Light periods on the perceniages of lovse nnd
covered smuls in Wisconsin Pedigree No. 5 barley grown in the greenhouse
(December, 1930, o April, 1931} from sced which was naturally inoculated wilh
both smuds, and half of which was alse artificially inoculated with spores of lnose
smul
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It is probable that other conditions of growth in the greenhouse,
different from those in the field, were responsible for the high percent-
ages of loose smub consistently obteined In the greenhouse. Among
these may be mentioned the diminished intensity of the light in the
greenhouse, which, by msking the plants more succulent, may have
favored the growth of the smub fungus.

SUMMARY

From the field experiments and observations described it seems
evident that dust fungicides are not effective in the control of loose
smut in barioy except in certain varieties. In those varieties, such as
Wisconsin Pedigree No. 5 and Tennessee Winter No. 52, in which
patursl seed inoculation by the loose-smut fungus evidently takes
place somewhat like that by the organisms enusing covered smut or
stripe disease, the more effective dust fungicides will control the
disease. In varietiesin which most seed inoculation by the loose-smut
fungus takes place apparently like that by the fungus causing loose
smut in wheat the hot-water treatment is the only one known to be
efloctive In controlling the disease.
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Very wet soil (about 90 per cent saturated) seems to inhibit some-
what the development of loose smut and favors its control by dust
fungicides. Very dry soil, containing barely enough moisture to
bring about germination and emergence, seems to be conducive to
loose-smut development and unfavorable to its control by dust
fungicides. Between these two extremes, other conditions remaining
the same, variation in soil moisture does not scem to affect greatly
the development of loose smut in barley or its control, the percentage
of infection usually being less than in very dry soil and more than in
very web soil,

A relatively high soil temperature before emergence scems to favor
loose-snrut development more than does o low soil temperature.
From 20 to 100 per cent more infection occurred at 25° O, than at 10° C,
in Wisconsin Pedigree No. 5 barley grown from naturally inoculated
seed.  Other factors, however, such as the interaction of other dis-
eases caused by seed-horne organisms, may have been lurgely
responsible for these results.

On the whole the data relatine to the effeets of environmental
fuctors on infeetion by the barley loose-smut fungus are somewhat
fragmentury and incomplete and wre presented here more as o pre-
Liminary than as a final report.  More extensive experiments with a
number of varielies are desirable to establish more definitely the
reletions of these dillerent factors to loose-smut infection in harley.
There are indications that the influence of environment is not confined
to the perod of germination and carly growth, but may extend over &
considerable part of the life of the plant.
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