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INTRODUCTION 

:~ '::. In tiJ0 past 1005e smut in barley, caused by Cstiiago nuda (Jens.) 
:(:: Kell. and Sw., generally speaking, has been considered amenable to 
.~ ~ control only by the hot-water treatment. Tn some barley varieties it 
J has been controlled, or the percentage of infection greatly reduced, at 

times by the use of formaldehyde or various organic mercury solu
tions. In 19a, Johnson (5)1 reported that a 0.3 per cent solution of 
40 per cent formaldehyde (1 :320) had reduced loose smut in barley to 
a slight trace.2 In 1918 Humphrey and Potter (4) intimated that 
barley loose smut could be controlled or its occurrence reduced by the 
usc of formaldehyde. Tisdale et al. (18) reported in 1923 that formal

N:lehyde was as effective as hot water in the control of loose smut in 
g}ix: varieties of winter barley. In H)25 Tisdale et al. (19) reported 
'"""'that satisfactory control of loose smut in 'Wisconsin Winter, Orel, and 
~rennessee 'Winter barleys had followed the use of organic mercury 
~olutions. Rodenhiser and Stakman (14-) l'eported in 1925 that they 
~ad reduced loose smut of barley from 7 per cent to a trace by the use 
oof organic mercury solutions at 45° O. In 1926 Oonners (1) reported 
~at organic mercury solutions at ordinary temperatures failed to con

trolloose smut in Junior (hull-less) barley Ilnd only partly controlled 
it at 45° 0., but that the modified hot-water treatment eliminated it. 
Kirby (6, p. 50-53) stated in 1927 that soaking the seed in formalde
hyde or organic mercury solutions controlled loose smut in 6-1'0,," 

.--_._-----~-.------- ---~------

I Italic uumbers in parentheses refer to Literature Cited, p. 18. 

, T.his was in Oderbrucker barley Wisconsin Prrligr\'e )io. 9. The controls contained 5 h,l 0 per ~cp.t of 


loose smut. 
Pl(l;l4-<l2-i 
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win.tm: barley and reduced its occurrence in certain 6-row spring 
YanetlCS. \ 

In 1929, Howitt and Stone 3 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 formaldehyde, Semeslln, 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 
efrective for the control of this disease and up to the present time 
seldom haye been used for tills purpose. 

In the foll 01 H)26 field experiments were started at the Arlington 
Experiment Form, Rosslyn, Va., to test the efficacy of certain fungi
('idlll dustR in the eontrol of covered smut and stripe disease in Ten
llessee 'YinLerbu.rley. It was observed, during the first year of these 
experimentR, that these dusts also reduced considerably the incidence 
t)f lom;p slllut, which occurred to a slight degree in this vu.l'iety. 
Therl'1'ol'(', data were taken on the control of this diseaRe in this variety 
of Iml'it'y, 111Id further seed-treatment experiments with this and other 
val'ietiC'R \\'('1'0 later condueted in order to investigate the possibilities 
of ('on trolling loose smu t, IlS well as other disoases of barley, by means 
of dust Jungicidos. 

METHODS AND MATERIALS 

The general procedure followed by the writer in seed-treatment 
experiments with burley has been described in a previous paper (9). 
The dusts wore usually Ilpplied at, the rate of 3 or 4 ounces per bushel, 
and the Reed was thoroughly mixed with the dusts until every kernel 
was completely coated. 'rhen the seed was shaken for a moment in 
a finl' sieve to remove any excess dust. It was sown in rod rows 
usually replicated a number of times lor each treatment. Smut 
data 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-seyen dusts and two liquid disinfectants were used 4 in the 
COUl'Re of these experiments. The names of the dust fungicides used 
and of the manufacturers are listed below. 

Ab!witB, Chel\lische Fabrik Ludwig Meyer, Mainz, Germany. 
'l'utatl, H. F. A. No. 225 and No. 225-V, Saccharin-Fabrik Aktiengese\lschaft, 

:,\Iagdcburg, Germ/Luy. 
Hoehst (also called "'l'roekenbeize 'l'ilIantin"), .J. G. Farbenindustrie Aktien

gesf'lIschaft, Hiichst 11, M., Germany. 
VitrioJitlc, Usines Schloesing Freres et Cic., Marseillc, France. 
1r('r(,llr~- C and Sterocidc, Roessler & Hasslacher Chemical Co., Perth Amboy, 

~. .I. 
Corona 80-B and Corona Oat Dust, Corona Chemical Division of the Pitts

burgh Plate Glass Co., Milwaukee, Wis. 
Bayer Dust, the Bayer Co., N{:w York. 
Wa Wa Dust, the Chicago Process Co., Chicago, 1I1.5 

Smuttox, the Stadler Products Co., Cleveland, Ohio. 
Sanoseed Grain Dust, Ansbacher Siegle Corporation, New York. 
Acoo Dust No.7, American Cyanamid Co., New York. 

, Unpublish.d data . 
• 'l'be dusts used in these experiments were the only ones submitted to the author for experimental pur· 

poses. Their use In these oxperiments does not imply tbat any otber dusts on tbe market at tbat time 
migbt not IlI,,"e proved efficacious undor similar circumstances. The names of tbe manufacturers are 
furnlsbed merel)- as information, and mention of them does not imply any recommendation of tbe firms 
or their products. 

'·Now Jocllled at Newark, N. J. 
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Semesan, SeIUesan Jr., Dupont Nos. 12, 35, 45, 53, and 64, E. I. du Pont de 
Nemours &; Co., Wilmington, Del. 

Ceresun, Dubay P. M. A., and Dubay 655 and 665, the Bayer Semesan Co., 
New York. 

Wienert'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 following varieties of barley were used: 
Tennessee Winter 52, C. 1.6 No. 3543. 
Wisconfliu Winter, C. 1. No. 2159. 
Wisconsin Pedigree 6, C. 1. No. 11,16. 
Wisconsin Pedigree 5, C. 1. No. 4.666. 
:Minnesota Velvet, C. 1. No. 4252. 

Three lots of unknown ntrieties were secured from difl'erent farms 
in Wisconsin. 

EXPERIMENTS IN 1926-27 

During the 1926-27 seaSOll, in one series of six treatments replicated 
48 times und with 2.5 per cent of loose smut in the controls, Wa Wa 
Dust und Abavit B reduced the disease to 0.01 and 0.02 per cent, re
spectiYely, while the other fOllr dusts reduced it to less than 0.5 per 
cent. Crable 1.) 

TABLE l.-Loose smut in Tennessee n~inler barley grown from lmlreated seed and 
from seed treated 1Vi~}l. ell/sl fungicides and sown in rod rows, 1926-27 

[~cries 1, 'IR rc[)lications, sown Oct. 12, in soil 45 pcr cent saturated; ~eries 2,24 replications, sown Oct. 16, 
in soil 65 [ler cent saturated) 

..•_.-.- .....--~~----------------------
::leed·trclltlllcnt compound Heads or loose smut in

i----_···---1-----,-----
Name ! Series 1 Series 2 

\
------1

i Number Per cent Number Per cent 
565 2.5 243 1.01 

5 .02 0 0 
2IJ .10 0 0 
02 .20 8 .03!:~:: .::::::.:::.~:::~:~:::! ~~~~~~i/f;:~·:~j::~~:jmi 15 .05 0 0 

5•••" .................... '. Duponl. No. 12.................._.] 10 .04 0 0 
6.•.•••.•••.•.•.•.••••••••. , \VII \l'n DusL •••.••••••••_••_.••• 4 .01 0 0 

~ - ~. -~- - -- -...,-~ ----------
In another series of six treatments, replicated 24 times in rod rows, 

in which the controls showed 1 pel' eent loose smut (Table 1), five 
of the dusts eliminated the disease, while the other dust reduced it 
to 0.03 pel' cent. These results were not considered very significant 
on account 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-treatment 
experiments for the control of loose and covered smuts and stripe 
disease in Tennessee Winter barley. Two parallel series were sown. 
Series 1 was sown on September 21 in relatively dry soil and series 2 
on October 7 in relatively wet soil. The mean soil temperature 

• Accession number or the Division or Cerelll Crops Bnd Diseases. 
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from sowing to emc:cgence in both series was about 16° O. Very 
little loose SlllUt developed in the controls in either series. (Table 2.) 

TAnL~: '2.-Effcct of seed treatment with dust fungicides on I,he incidence oj /onsl' 
smut fn 'I'ennessee ll'1'nler barley grown in field plots, 1927-28 

[;,crles .1 sown I:'ept. 21 lind grown to emergence in relatlvely dry soil; series 2 sown Oet. i and grown (0 
emcrgenee in relntivel~' wet soil] 

~cod-trentrnent compound Beads of loose SlllU t in-

No~ Name Series 1 Series 2 

N!.lmber I Per cent 1\'1L mber Per cent
ControL.... ______ ._______________ 101 0.73 41 0.35 

1. ___ ._ ....... _....... Abn\·itB .•_________ ______________ 8 .06 0 0 
2______ • _______ ... _ B. F. A. No. 225_________ ..• __ .___ 11 .03 7 . .05 
3..... __ •.• ____________ • ____ S. F.A. Xo. 225-'>________________ 58 .41 10' .07 
4____ ... __________ • ______ , BochsL_____ ._____________________ 9 .06 3 .02 
5_________________________ 'l'ulnn_____________________________ 59 .39 5 I .04 
6______ • ___________________ . Vilriolino__ _______________________ 90 .61 15 .12 

7____ ....... ----.... ----- ~~~~f;:Z:~~:·_____~~:::==:::::::::::I' liili :~~ 4r .011 

S.. __________________ ...... Wn Wn DUSL____________________ 3 .02 0', 
\1 .. __ • ___________ ._ .... __ SClIW$On._________________________ 32 .21 3, 0" 

;~:::::::=::::::.::::::::.: ffl;\~~~~~li'i~-::::=::::::::::=======:! ~3 :~g i i :8i 
i~:::::::::==::::·:·::::::: Ell(lOll~~~------------------------! ~3 :~ Ig , :?~ 
1'1. :,~=--_-..-.:.-.:.~~~.~~~~~~~t 04::==_::_=_::_::_==_=_==_==_=_=:_==_=.;..I__3_i..!,i__• 2_0-'--__ • OR10..:..__ 

In series 1 with an average of 0.7 per cent loose smut in the controls, 
Abavit B, H6chst, and vVtt \Ya DWlt reduced it the most, while in 
series 2 with an average of only 0.36 per cent loose smut in the con
trols, Abayit Band \V'a vYa Dust eliminated it. These results, like 
those of the prrvious season, were not considered very significant, 
because of the light infection in the controls. 

EXPERIMENTS IN 1928-29 

During the 1928-29 season Tennessee vVinter and Wisconsin Winter 
barleys were used ill experiments on the control of barley smuts. 
The seed was treated with the different fungicides and, along with 
untreated controls, was sown in replicated rod rows in three series. 
Series I, containing 20 replications, was sown September 29. This 
yielded no data because of total winterkilling. Series 2, containing 
four replications, and series 3, containing eight replications, were 
sown October 5 and October 18,l'espectively. The soil temperature 
and rainfall records for the periods of emergence in these two series 
are shown in TabJe 3, and the infection data taken May 6, 1929, are 
shown in Table 4. 
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TABLS 3.-Soil temperature and rai1ljall records from dates of sowing seed to dates 
seedlings emerged, in experiments on the. control of loose S7'!1It in Tennessee Winter 
and lYisconsin lVinter barleys 80wn in rod rows, 1928-29 

(Series 1, 20 replicntions, Sown Sept. 2!l (winterkilled); serios 2, 4 replicntions, sown Oct. 5, in soil 41 per cent 
saturated; series 3, 8 replications, sown Oct. 18, in soil 19 por cent saturated at sowing and 25 per cent two 
days later] 

" ",. ----- -_.-
Series 2 Series 3 

TABLE 4.-Loose smut in 'l'ennessee lVinter and lVisconsin lVinler barleys grown 
from 1m/rea/ed seed and from seed trealed wilh different fungicide.~ and sown in 
rod rows, 1028-29 

Series 1, 20 replications, sown Sept. 2!l (winterkilled); series 2, 4. replk'ntion5, sown Oct. 5; series 3, 8 
replications, sown Oct. 18] 

,'-- ------- -------------'------
Heads of looso smut in

Seed-treatment cOIllPound 
Tennessee Winter Wisconsin Winter . 

-1- --I I 
No. I X nme 1 ';cries 2 Series 3 Series 2 1_ Series ~__ . 

1••- ·-----------I~~~::---·-;;r--i NU1II'! i NU1II' 1';u1II'Per Per Per 

i ber «Ill beT I cent I. ber cent beT cent 
CoutroL ..... _....... __ ., 38 J.5 209 4.5! 55 4.61 194 4.7 

L ••.• _•• _. l'eresnn................. ! 0 0 38 .9 5 .3 61 1. 4 
2....______ DubllY P. )L .\... __ ...• l 0 0 191.5 0 0 I' 23 .5 
3.......... UlJchst.. ...•. ___ ....... - 0 0 32 .7 1 .1 88 1.8 

4. ......... Ahn\·it B................ 0 0 I 72 1. 8 4 .3 I 154 3.6 

: ••~~_"~=-L~~rll1nlde~l):dc-'=="~== _ 1 .2 I 0 0 4 .3 I 29 .1 

I Trentment: WMer 15 minutes. droined llnd covered 4 hours, 1: 320 formaldehyde solution 20 minutes,
drained and covered 3 hours, dricd o\"e~night. 

In series 2, in which the soil was 41 per Gent saturated at the time of 
sowing, control 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 relativoly dry during the entire period of emergence. 

In the spring of 1929, seven cI usts and one liquid fungicide were 
used in limited field experiments for the control of ll)ose smut in 
barley grown from the snme lot of 'Wisconsin Pedigree No.5 seed 
used in a greenhouse experiment described later. (Table 7.). The 
soed was dusted at the rate of 4 ounces per bushel and sown m two 
series. Series 1 wr.s sown ~ [arch 13 in soil of low fertility, and the 
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plnnts emerged lVlnrch 24. Series 2 was sown A.pril 6 in rich soil, 
nud emergence took plnce April 14. 'l'he soil temperature nud miu
fallTCcords for both series arc shown in 'l'able 5. 

TAll1,l~ 5.--Soi/ /('III-1I('ro/ nrc (/.1111 m·il/lall records from dates of sowing secd to dat(·s 
III'cclli'llIlS c'IIl,er(/cd, ,t,//. Jicld I'xllcrillw'llts on the cOlltrol of loose smut til. 1Visco'llS-iJI 
Pedigree 1\lo. is barley, .I D;J{J 

(Series 1. sown In poor 5011 J\llIr, 13, olllcr~1ld 1\(nr, 24; aorlcs 2, sown In rIch soil Apr. 6, olllorged Apr, 14] 

~orltJS 2 

!)nys niter sowill~ 

The soil ill series 1 was 40 pel' ct'nt saturnted I1t tho time of sowing, 
und 0.4'.l: of an inch of min fell before the plnuts emerged. The I1vem,ge 
soil tcmpt'mtUt'o during this period was 11.1 0 C. Therefore, the seed 
"'ermina/ed nnd the seedlings grew to emel'genee iu a reilLtively ('old 
dry soiL The smut dl1tll'I whlch were tuken June \), lire shown in 
'l'nble G, 

TAlILE Q,--Loose Sllwt in lJ'i,W::OILS1>1/. Pctliyn'(' No.5 batlcy growlI from 11:1l17'l:alcd seed 
and from sced treated 1I.''ilh dE.O·erc?lt fungicides and sown in rod ro1('S, 1.929 

[Sorlos I. (our repllclltions In PQor soli. sown 1\rnr . .13; series 2, 111'0 ropllcnlions In rich soli, SQwn Apr. 61 

Seed·trentment compound Hends of I()(]~(\ $lI1ul, In-

No. :->1I11)e Borios "1 Hcrics :.! 

","lImbrr Pcr celli Number Pcrcr.711 
2L 3,0 9 1.8 
o () o o 
I o () 

o o n o 
o o o o

., 6 IS s 1.0 
o O· o o 
a • ,1 () o 
2 .3 o o 
o o o o 

, 0.26 por cent solution (or I hour. 

Four of the dusts and the olle liquid fungicide eliminated loose 
smut, while the rcst of the dusts greatly reduced its occurrence in 
compnrison with the con troIs from Ull trefl.ted seed, nlthollgh t,he In tter 
avcrngcd only 2.8 pm' ('('nt smut. 
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The soil in series 2 was about 75 per cent satllrn.ted at the time of 
sowing, and from sowing to muer'gence the rninfnH amouuted to about 
an inch. The meau soil tempemture dming this period was Hi.!° C. 
In this series, therefore, the soil WfiS wo,rmer unci much wetter during 
the period of emergence than the soil in series 1. No SI)1U t appeared 
in the rows from treated seed (Table 6), while the SIllUt in the control 
rows avern.ged only 1.7 per cent. ]Uvidently soil conditions in Lot,h 
sories were highly unfavomble for loose-slllu t de\Te)opmen t, hecause in 
a subsequent greenhousc experiment. :38.7 per cent of the plrrnts from 
this SltIllC lot of seed were infeeted with loose smut. ('ruble 7.) 

TABLI> 7.-Conlrol of loose and cOl't'red s1II1IIs in lViscollsin Pedigree No. {j barley 
grown/rom .~I.'cd rlusled with Cercsan (tnd sown in Ihe greenhouse .Jul/uary 5,1929, 
aloT/gwith ul1lrcll/cd .~ecd 

[Plnnts mnorgcd Jnn. 11, the finn I dntu Lcing tnken Apr. 0, 1020J 

[ Loose smut Covered smut 
'['rentod or i 'r,)tnl I 'I'otnl 
lWlrNllou 'JlI"'~S Ihonds , ~;'~Jlts inrl·~teu IJIem;s Infl'rtl'dI',"n:;h~lelil H~ndS infected 

j 

; 
I 

.:VlL",.; Pcr : lvum·1 j)er ,J\Tum· Pcr; 4.\"'um.. Per111 

, brr I' CCIII ber alit ber crllt' ber cenl 
.1 • _ 1 Ulltrcntcd~~ .. l fi(j () :ta. a 23 i ·1 L 1 0 ai). a : la j 23.2' 
2-.,IL, 'I'rcllt(,'(1.. .. "".~: ~21 (} 0 () I () 0 (): II 0 
(" \;l1lrOllloll...' 37 0 I :J5.:J 10 i 27.0 9 52.0; 17 4[I.{) 
8-12_~~'i Tn\:\t~(L ....... ~~i II 0 0 I (} 0 (} I 0 0 
13" __ "_" l·l1tr~l\ted ••• 31 nl 30.0 fl' 17.0 1:1 {i1i.O; l!l ,,5.0 
14" Ih. 'l'n·llte'i. .••• 223 , 0 I 0' 0 II 0 0 lOll 
HJ . . t"nlrcntNI...! .t1 ; 10 {IS.S 21 1't1.~' [) 20." ; 12 29.3
~\)-~I 'l'r\'llll'li ... ' 225 t 01 0 0 0 j () O! 0 (J
'2.l. .... . lJl\tnmtl\ll.~ 6 BO.O 10 :11),0: S ,W.O. 8 10• .5 
2t1-30 •• , 'I'renl'·d ..••. o 0, 0i 0 0 (J: (} (} 
:1I __ .• _., Un tn'lIt "'i.._ 9 1 -15,0' 15 :l7.5 i 3.5,0 I la :12.5 
32-3,1.. , 'I'ren ICt.I... • .0..1_ .0 0 .. ~~i__~I__o_-",__°_1___°_

I 
'1'olnls: ~ I I : 1 

Uncrcntoll 
~ccrl ••••.. _" Ill' 2.10; 43 'I 3S.7 III :lG." ,'iI II' ·t3.2 h2 I :13 

'I'ren ted seell •. 55;' \ 1,3:m : tJ II 0 Il ~ 0 0 01 , ()
! 

Durin,g the winter of Hl28-20 11 seC'd-trel1tment C'xperiment of rn,ther 
limited scope WI1S cOlldueted in the greenhollse on the (~ontrol of loose 
smut in hC'lwily infeeLrcl Oderbrueker (Wisconsin Pedigree No.5) 
bl1rley by the use of ethyl !11(\reUT-Y chloride, 11 then rdntivriy UP\\" 

d1\~t whic 11 is now Illnrketed under the trnde nl1ll1e of Cer('slw. 
PrC'yiously it hnd been found cfl'C'ctiyc in the ('ontrol of stripC' dis('n.se 
in hm'ley (to) nnd of tHlTlt in when,t (8). Tiscll1le IUHl Cmlllon (17') 
I1lso hl1([ reported Sl1tisfnetory results from its usc in the conLrol of 
loose smut in Tennessee Winter bnrIey. 

The greenhollse bench used WI1S 40 feet long, :~~6 [C'et wide, and 8 
inehes deep I1n<1 WILS filled with rather rich compost soil. The seed 
wn.s trel1te(l I1t the mte of 4 oUl1ces of dust, per bushel. It WI1S sown 
IH inches deep in rows (j inches I1PI1Tt I1t the rlLte of 20 seeds per row, 
every sixth row being I1n untreltted. control. The seed wn.s tn'ated and 
flown tTnnUitry 5, t1lHI (;l1e seedlings C'mergC'd JI1mll1ry 11. The tem
Jwrnturc dming this time WI1S 1)l't,"'CCll 20° Itnd 2[;° C., I1lld the soil 
wns kC'pt motlern,tC'ly moist. In order to hust.en shooting I1ncl hcnding 
of the pll1nts a 2'1-hotll' growing dl1Y WI1S provided by the use'of electrie 
lights, beginning JllllUl1l'Y 2.5. On April 6, when all the ('u1ms were 
fully lH'acied, the plants were pulled cltrefully ltnd pll1nt lLl1d L1el1d 
counts \\'(I1'e mad". These l'NHlltS fire shown in detail and I.tlso 

http:dis('n.se
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smnmn,rized in Table 7. Both the loose and covered SIllUts were 
completely eliminated by Oeresan, while in the controls 38.7 and 43.2 
per cent of the plants !Lad 36.5 and 33 per cent of the heads 'were 
mfected with loose and covered smuts, respectively. 

EXPERIMENTS IN 1929-30 

The following win to!' nn experiment similar to the one described 
abovo but on a smaller scale was calTied out with seed of two other 
varieties known to be infected with loose smut. The resultant data 
are shown in Table 8. 

TABLE S.-Lo08/i 8'111Ut in two !'arieties of barley grown from untreated seed and 
fro1//. seed treated with Ceresan (lnd SOWII in the greel/hollse November 4, 1929 

[.'innl datn tnhn Fob. 20, W:lol 

Untreated soed '['ronted seed 
I___~ ______" 

'/'otnl 
heads :'Ulutted honds ;;(,~ld! I Smutted head, 

"--1---,

1 Nllmba IPer cent ;'~mber -I-;er cellt 
'Visconsin .Pcdigret! -:\0. tL... _.,,_ .... w~ j tJO HI : 31. 7 .__ .... ___

Unknown \·nriety.. ______..______ .________ 50 3 I O. U 197 
201 I ~ l ~:g

1 I . _J 

In olle variety, -Wisconsin Pedigree No. 0, loose smut was reduced 
to 0.05 per cent, as compared with 31.7 per cent in the controls. In 
the other variety (name unkno\YIl) loose smut was reduced to 1.5 
per cent, while 6 per cent occurred in the controls. 

"While 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 fungicide used also may haye prevailed to a greater degree than 
usually OCClll'S in the field. 

In the spring of 1930 six lots of barley seed were used in seed-treat
lnent experiments on the control of stripe disease and loose smut. 
Three of these seed lots, Wisconsin Pedigree No.5 and No.6 and an 
unnamed variety from Oconomowoc, Wis., had been used in previously 
described experiments. (Tables 7 and 8_) The three other seed 
lots were obtained from different localities in 'iVisconsin and were 
known to be infN,ted with stripe disease and to some extent with 
loose smut. 

Quantities of seed of all six varieties or lots were treated with 
different standard or experimental fungicides and sown in paired rod 
rows 11 arch 20, 1930. 'fhe soil was 40 per cent saturated both at the 
time of sowing and at the time when the seedlings emerged. During 
this period the rainffLll amounted to nil inch, unel the mean soil 
temperature was 7.5 0 O. Loose-smut datu, taken June 4, 1930, nnd 
shown in Tnble 9, nrc not ver:'l' significant on nccollnt of the light
infection in the con troIs. 
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TAlIl.E n.-Loose smut in six varieties of spring barley grown from 1mtreated seed 
and from seed treated with dl:JJerent fungicides and sown ,in paired rod rows, 
March 20, 1930 

Seed·treatment rom pound ! _. Heads of loose smut In- ''________ 

I j Wisconsin Wisconsin I Farmers' samples
No. NUllIe ]'edigree I'cdlgree Minnesotll 1 ' 

No 5 No. (I Veh'et I' 	 I No.3I " . 	 INo.1 No.2' 
--l----Ii-·,-I'·"·· ,._ ---I: I 

l.Yttm. Per ]..t'um- Per lY,L1I1- Per lYum.. ' Per INumJ Per Num· Per 
ber cent ber cent ber cent ber cent ber Icent ber cent 

b'lrst con trol. .....j 0 0 3 0.5 -I O. 7 19 2. 4 2 0.3 0 o 

L •••_ ('cresnn........__• 0 0 0 0 3.5 18 2.3 I 0 I 0 1 ,I 

2' ___ 'illubay 65,~........ 0 0 ! 0 0 1.2 7 . D I 0 0 0 o 

3"-'i Dllblw(105........1 0 0 0 0 2.3 18 2.3 1 1.1 0 o 

4...._, Abnvitll ......... 0 0 , 0 0 41.7 16 2.01 5 .8\ 2 .2 


Seconel control.... 1 • 1: 2 . 31 a I .4 20 2. ft. 1 • 21 ~ ,2 
0...._ II Ilchst.,.......... 0 0 I 2 . 3 2..3 17 2. J 1 . 2 1 .1 
0.._ .. WnWIIDust..... 0 0 I 1 .2 2'1.3 11 1.4 11.2 2 .2 
7...._ ('oronn Oat DusL 0 tl 1 .2\ 1 .2 20 2.5 0 0 2 .2 

.2 
8_... Wl~r~fl~~.;trol~:=== ~ g ! ~ 0 0 ~ i g ~~ ~ ~ II gi ~ I 5 .4 

D...... SnD~~r~.(~..~.~~~!~. 0 0 ~ I .3 0' 0 1·1 1. DO. 0 0 	 o 
ol?::-:.-:== M";;:J~~t'.~t ~~!;I:' 0 0 .3 ! 0 I 0 2.1 0; 0 I18 0 

pound ........... 0 0 I Ii .21 ~!.2 21 2.8! 0' 0 2 .2 
~_..L.0crmjsnn I....... 0 0 o! 0 0 t 19 2.7 1!.2 1 .1 


1 

10.25 pcr cent solution, one hour. 

'l'hey seem to inclicnt(', however, thaI; none of the treatments used 
\vns wholly sath:;fnctory, csp('cially in the vnriety which showed the 
most infection. Here ngnin, in Wisconsin Pedigree No.5, it is inter
esting to note the almo"t complete n,bsence of loose smut in the 
controls, as compared with 3G.5 per cent loose smut in the controls 
from t11(' smne seed lot grown in the greenhouse. ('l'nble 7.) Evi
dently conditions in the fidel were vcry unfiwomble for loose-smut 
development, ns compared with those in the greenhouse . 
. During the crop seasons of 1928-29 and 1929-30 loose-smut data 

w('ro tnken on 17 Yfll'i('t.it's of bnrley grown by ,T. W. 'l'avlor in Xo
ano piotR nt the Arlington Expcriil1cnt FurI11.. ~l'he seec!. of 13 of 
thcs(\ vnri1'ti('R hnd hN'll te('n ted wi th Ccrcsnn ns n. 1!t'11el'fl1 c1i"ense 
pl'cvcnti,'c. Seed of ·1 varicties Wl1S sown in triplicate plots, the sced 
hav:ing b('('u trcnted first with Cel'csnn or Scmesnn or left untretlted. 

All'the h('nds of loose smllt in ('ftch plot were counted find these 
dntn nl'(' "hown in Tnhle ] O. Tn 'l'el1l1('ssee vVintel' No. ,52 both treat
ments eliminnt:ed 1008(' "mut thefil'st year, while the second yenr 
Semesnll nJlowed 25 smutted hends to n.ppenr in this vnriety, or 2.6 
per cent, IlR much ns npPcl1l'ed in the control plots from untreated 
s('ed. Tn vYisconsin vYint('l' the tl'entmcnts reduc('d the nmount of 
loose smut to lln nvernge 3.7 and G.G pel' cent of th[Lt appearing in the 
control plots the first nlld second ycm's, rcspectiycly. In Orel thc 
amount of loose smut· nllowed by the trentments the first and second 
yeurs wns 56.5 and :j1.5 per cent, respectively, or thn.t appearing in 
the control plots. In Esaw the fU'st year the plots from treated seed 
contained nn n,Yerage of 87 per cent as much smut as nppen,red in the 
control plots while the corresponding figure for the second yeur was 
80 per cent. 

91034-32--2 

I 
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TABLE lO.-Loose smut ill 11 varieties of winter barley grown from seed untreated 
or treated with Semesall or Geresan and sown 'in ~o-acre plots, 19$8-29 and 
1929-30 

Since untreil,tecl seed of the other 13 varieties was not sown, it is 
not known to what extent, if any, loose smut was controlled in these. 
The dfLta show, however, that it was not completely eliminated in 
any of them, nlthough its occurrence may have been reduced con
siderably. It seems that some other form of treatment, presumably 
a liquid, would have to be used to secure complete control of loose 
SIllU t ::1 most of these varieties. 

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

~:[uch has been published on the effect of soil temperature, mois
ture, reaetion ilnd type, and other environmental factors during the 
period of germination llnd early growth on the development of a 
number of seed-borne <;erenl diseases. The rather voluminous liter
lI.ture on this subject has been admirably reYiewed by Reed and 
Faris (13). However, the reltltion of environment to the develop
ment of loose smut in barley seems to have received relatively little 
study, as not much on this subject appears in the literature. Seiffert 
(15) found thn,t shallow-sown seed produced less infection than seed 
deeply sown. Tlus same result was observed in experiments at the 
Arlington Experiment Farm by Taylor and Zehner (16). Lind (11) 
reports that the addition of Ohile saltpeter, superphosphate, and 
potnsh to the soil, alone or in various combinations, slightly increased 

• 
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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 mllin purpose of the experiments described in the pre
ceding pages was to test the relative efficiency of different fungicides 
in smut control, incidental obseryu,tions were made in an attempt to 
con'elate the relative severity 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 series 2 it was about 65 per cent sltturated. The percenta~e 
of loose smut in series 1 W!tS twice as great as tlutt in series 2, while 
control of loose smut was better in series 2. In ltddition to the higher 
soil moisture, however, it slightly lower average soil temperature in 
series 2 mlty have played some p!trt in this difference. 

The same correlation between soil moisture and percentage of loose 
smut seems to obtain in 'rable 2. ·When series 1 was sown the soil 
W!lS 13 per cent saturated, and when series 2 was sown it was 65 per 
cent saturated. Here, again, more loose Slllut developed in the drier 
soil, and better control was secured in the wetter soil. 

Again, in Table 4 it ",,-ill be observed that in Tennessee Winter 
barley 2.5 per cent loose smut appeared in the controls of series 2, as 
compared with 4.5 per cent in the drier soil of series 3, and in both 
varieties the control of loose Slllut WllS better in the wetter soil of 
series 2. 

Similar differences nre evident in Tnble 6. In series 1, in which the 
soil was 40 per cent saturated when the seed was sown, more smut 
appeared than in series 2, in which the soil was 75 per cent saturated. 
llt the time of sowing. Control again was better in the wetter soil, 
although here again temperature llnd fertility relations may have 
played some part. 

The significance of these results, like those relating to control of 
loose smut by the fungicides used, is greatly decreased by the low 
percentages of infection in, the controls, also by the many unknown 
factors which enter into field experiments of this kind. To supplement 
these rather fragmentary field datlt on the relation of certain environ
mental factors to the development of loose smut in barley and 
its control, a number of experiments were conducted in the greenhouse 
under more or less controlled conditions. In the first of these Wis
consin Pedigree No.6 barley WIlS grown in metal cans 8 i.nches in 
dillIneter and 12 inches deep, using "fOUl' lots of soil at 35, 55, 75, and 
95 per cent of saturation, respectively. The soil temperature varied 
from 12° to 18° C. After all the plants had fully emerged they 
were transferred to the greenhouse bench, where they were groWII. 
until final data on loose smut were taken. These data are shown in 
Table 11. They indicate that, at least in this variety, a high degree 
of soil moisture from sowing to emergence somewhat inhibits the 
development of loose smut. 
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TABLE n.-Relation between percentage of soil sat'uration from plant'ing to emer
gence and 81lbsequent development of loose smut in Wisconsin Pedigree No. 6 
barley 

Plant.s 	 Hends 

Soli saturation 
Infected with loose Infected with loose'1'otal 	 Totalsmut 	 smut 

1Vumber Per ani "Vu1IIber Per cent
35 per cen!. _________________ "" ___________ _ 356 63 	 17.7 474 77 16.255 per cent ___________"___________________ _ 

325 Ijl 	 15.7 346 54 Iii. 6 75 por ceuL______________________________ _ 
95 per ceut _______________________________ _ :l1l 37 1l.0 327 37 11.3 

130 ·1 2.0 159 5 a.l 

During the 1929-30 season treated and untreated seed of vYisconBin 
Pedigree No.5 barley was used in a greenhouse experiment designed 
to show the eHect of soil moisture on the development and control of 
loose smut. A greenhouse bench 42 inches wide was divided into 
three sections eneh 16 feet long. '1'he soil in these sections, 1,2, I1Ild 3, 
was adjusted to 37, 64, and 73 per cent, respectively, of its water
holding capacity. 'fhe seed was treated with Ceresan and sown 
1}~ inches deep in rows 6 inches apart, and every eighth row was sown 
with unt.reated seed of the san1e seed lot. Sections 1 and 2 were 
covered with canvaS until the seedlings emerged, while section 3 
was watered daily so that at times the water content of the soil 
undoubtedly was much over 73 per cent of its water-holding capacity. 
'1'he average temperature in the greenhouse was 15° C. After 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 determine the percentage of disease in each 
section. Since considerable covered smut and stripe disease devel
oped, data were taken also on these diseases. These data fire shown 
in Table 12. 

TABLE 12.-Rclal'ion oj soll moislme to development and control of stripe disease, 
loose smut, and covered smut in lVisconsin Pedigree 1\"0. 5 barley grown from 
untrca/ed seed and seed trealed with Ceresan and sown in the greenhouse under 
three conditions of soil moist lire, 1928-29 

If 	 I']'0101 I PIllnts Infected with
'rroaled or UII mlln I

Soil snlurntlou 	 I Ironted seed i ber or ,----------.,----- 
! ! plnnts! Stripe dlsonso Loose smut Covered smut 

------j li--jNILm-1 Pcr NU1II- Per NU1II- I Per 
i rH, I ber I ccnt ber cent ber I cent 
1,.~ntrenlC(L_______ 6·\ 6 0.4 8 12.0 2\ 3.170 to 73 per cent----------1 '1'rolllo(I..---------1 181. 0 I 0 1 •n 0 0 

5" to 64 per cent Untrooled_________ 50 , .\ 8.0 6 12.0 3 6.0 
I ----------\ 'I'roo(od___________ 136 I 0 0 • 0 0 0 0 

ry5 to 37 per cent I Untronted_________ 82 121 1-1.6 28 34.1 15 18.2. ----------1 '1'ron(ocL_________ ~__1 __._5 __0 __0 ____0 
1
__0_ 

Total or avornge ____ I{untrented--------- IDO 221 11.2 421 21. ~ 20 II 10.2
Trented___________ 516 1 .2 1 ." 0 0

1I 	 , 

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 fOlmd growing in the wettest 
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soil. However, it was in a TOW Ildjacent to a control row, and since 
Hus section had been watered freely after being sown, it is probable 
that 11Ll untreated infected kernel was washed from the near-by con
trol row. On the other llllnd, the only stripe-diseased pltlllt from 
treated seed was found in the driest soil. The results from this 
experiment are in agreement with those from the preceding experiment 
as flU' as soil moisture and loose-smut development are conceIlled. 

In another experiment seed of Wisconsin Pedigree No.5 barley was 
sown in 8-inch cans in each of 16 soil-temperature tanks to determine, 
if possible, the :influence of soil tempemture and soil moisture upon 
loose-smut development. Four soil temperatures were maintained: 
10°, 15°,20°, and 25° O. In each tank the soil in half the number of 
8-mch cnllS was ndjusted to 74.1 per cent and in the other half to 
42.5 pel' cent of its water-holding capacity. The construction and 
operation o:f the equipment used have been previously described (7). 

When the plnnts reached the third-leaf stage they were transplanted 
to !L greenhouse bench, where they were allowed to grow until fully 
headed. When fully headed the plants were pulled nnd counts made 
of healthy and diseased plants and heads. (Tables 13 und 14.) 
The data presented in Table 13 indicate that the hlgher soil temper
atlll'cs wore somewhat more favorable for loose-smut infection, espec
ially in the wetter soil. However, there was not enough reduction 
in the percentage of loose smut at the lowest tempel'l1ture (10° 0.) 
to explain its almost totalabsonce in planti.1 grown :from this same 
lot of seed in the field at slightly lower and higher average soil 
temperatures. (Tables 6 and 9.) 

TABr,l~ 13.-Loose smut in lVisconsin Pedigree No.5 ba1'ley g'rown from nat1trally 
'inoculated seed sown 'in the greenhouse, the plants being grown to the fou7·th-leaf 
slage 'under controiled conditions of soil temperature and soil moisture, 1929-30 

Soil 74.1 per cont sllturnlod Soli 42.5 per cent snturllled 
I .1\[oan _____. __..._... _____________..__ ._ 

Hcplicalion Xo. .'ioil tem· j 1 
: Iloraturo ;~~o,;J! I Smutted heads ~e°,;J! I Smutted hends 

. ·C. -;;'umber·',' Number '1 Per cent-l;~:~berl Number 1Per cellt 
L __._ •••• __________________ •• __ . 24.7 92! 43 I 40.7 95 38. 40.0 

2_ .--.--------------------------.' 25.:! I 81 :,. 37 , 45.7 80 I 40.032 13______ .•. _________ .____________ 25.2 87: 33 ~ 37.0 67! 10 23.9 
-1. __ •__________________ ........ _. 2-1.7 93! 29i 31.2 84 201' Zl.8 

'I'otnl or a\'ornge. _•• _..••. ·----;5,i),--:i53i-ml~ -----:i26 --1O-0 ---:i2.5 
L•••••• ___ ._. _______ ._. _________ - LO.8 r- 02 : 34 j 37.0 81 

1 
i 22 I 27.2 

2. ____ .........________ ._ •• ____ • 20.0 I 80 31 38.S 81' 25 30.9 

3_ •• ____ ._._. ____ • __________ .___ 20.4 ' 8S 40 45.5 04' 37 39.4 
4___________ •______________ •• _ ~,---00-;---34-~--8-.11__2_L ~ 

1 
'l'otaloraverugo•.• __ ..... 20.0, 350 139 39.7 340; 105 30.9 

==;=~:==j=-=---
1. ________• __ . ___.______________ III ~ 8n 2S I 32.0 93, 2S 30.1 

L::::::::::::::::::::::::::::: i~:~ I ~~ ~~ 1 ~~J ~g : ~~ g~:g
-L __ •__ •• __ • ________ ••• __ .......; 15.1, 92: 29i 31.5 OOi 19 21.1 


'I'olal or average.... _____X--~:-__:li9:--9-7:-:r0.4j-----a.i3j---O-1 --;;u; 
1. __ ._.________.. _____......____ ; 11. :;=( 72 -- 15 i 20.81' 73 ~ 27 37.0 
2 _____________________ ._. ___ • __ .' 10.0: 72 14 1 10.4 75! 10 21.3 
3______ • _______________________.' 10.7 " tl4 I 11 1 17.2 . 70 15 19.0 
4 ________________________ • ___._, 10.7 70' 28 20 28.235.4~: 

'1'olnl or nvernge _____ ...._!-w.7I~;--6-81--2:3.71 298 78 26.2 

http:1--2:3.71
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TAllI,E 14.-Stripe disease, loose smut, and covered smut in 'Wisconsin Pedigree 
No. 5 barley grown in the greenhouse from naturally inoculated seed, the plants 
bcing grown to the fourt.h-leaf s/,age under controlled conditions of soil temperainrc 
ancI soil1l!0isillre, 1929-30 

..--.---- '--'l-'::Vie::~o;~~:;;:nt satumted 1 Soil 42.5 per centtlUturated 

lteplicntion Xo. te:~er. :' ~;riPe LOOS:' r~o~~~e~r;;~iPe! Loose ICovt."cd 

_ .. ~__I~i.~liSO~SO_ -~-I~~-i disease i~I._:~t. 
! 0 C. ,Per cent Per cent' Per cent I Per cerlt IPer cenl I Per cent 

L._ •• __ .•••. _.••••._.• __ •.. _•• _, 24.7 9.1 40.3,' 211.91 5.3 I 40.0: 32.0 
2•.•_." .... __ • __ •• ___ ._•• _•._.1 25.3 0.5 40.3 28.6 I 1.8 I 35.1' 27.3 
~__ • __ .......... _..... __ • _____ , 25.2' 25 37.0 38.3 I 4.5, 23.9 i 30.0 
4............ . .. .. .. 24.7' 1.2 32.5, 49.4' 6.9 I 21.9; 31.5 

.\\'!'r:t~e. . • _ 37.4 t--ao:s' 6.21 30.5 30 I:--;---7.71 
I... '" ..... ... ..' 19.:' 13. G --;;S' 46.9 I 11.4 26.6 I 54.; 
2........................ ' ~O.O 17.7 3~.0 :18.0 7.9 28.9 47.4 
3.... __ ...... _....... __ .• .... 20.4 1. 6.4 39.7 41.1 . IS.O 32.6 ; 44.9 
4............_ . __ ., ......_:. __~_~_~~;~_ 22.9_~ 

.\\Wll~(' .' 2D.O 16. G 33.4 42.2 , H.4. 27.8 ·17. G._------1 
1__............. '-"'ii\- --- lK "I' !!S.4 3S.3 : 12.9 24.6 I 36.3 
2__ ......... 15.3 8.4, 20.S 41.6; 20.9 25.5 36.0 
7L~ .. _.. ~ ___ ~__ 15.1 15.8 29.2 28.0 2Lli 2271 28.4
·L_ .. _. __ ~~". ~_~_ 1ft. 1 14.9 26.4 3~.2 1~.9 ~O.'l i 32.2 

Avern~e___ .............. --15"7-u:ni- 2tl. 4 -a:;:8:---rr.2-;3.2i----:l3:J 

1 ......................... _.... - 11.;-'22.0 16.5 26.4, 15.7 30.1 IS. 1 

2_ ..........._...__ .. ___ .•• 10 20.0 15.3' 20.2 9.0 16.9 j ~6.1 

~........ __ ............. __ ... __ 10.7 20.0 13.8 a6.3. S . .'i 18.3. 39.0 

4........ ____............ ___ .. __ 10.7 15.1 29.1 30.2 ! 13.0 2:3.4. : 31. 2 


---------- ,--
A.crnge.................. 10. T 19. a 1~. i 30.1 11. i 22.2; 31.1 


It will be observed in Table 14 that in 12 of the 16 tanks, and at 
three of the four temperatures, more loose SHlUG developed in the 
plants grown in the soil which was 74.1 per cent saturated than was 
fouud in the plants grown in the drier soil. These results which, 
according to Student'smethod (1 fJ)) are significant by odds of 60 to 1, 
a;re somewhat the reverse of results obtained in previous eJl'-periments, 
as shown in Tables 1, 2, 4, 6, 11, and 12. In these e~.-pernllents the 
soil temperatures invariablv were relatively low during the periods 
of emergence, and in no case were they as liniform as that of the soil 
in the constant-temperature tanks. It is possible that fluctuating 
soil temperatmes may affect loose-smut development differently 
than does a constant soil temperature. This remains to be deter
m:ned. 

Reed and Faris (1S) l'efer to soil moisture, 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 w:ill be noted that 
slightly more infection occmred in the drier soil at 100 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 
development in these experimenTS, howeyer, may have been obscured 
to a considerable degree by the interaction of stripe disease lind 
covered smut which developed to such an extent that data on the 
percontage of pla.nts affected by these diseases as wen as those affected 
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by loose smut are sho\\,'11 in Table 14. Stripe disease varied in 
severity from 1.2 to 22 per cent, while covered smut varied from 18.1 
to as high as 54.4 per cent in the different replications. To what 
extent these diseases inhibited the development of loose smut is a 
question, but undoubtedly the presence, to such a great extent, of 
two other competing fungi, the development of both of which also are 
affected by variations in soil moisture and soil temperature, masked to 
some extent tbe true response of loose smut to these environmental 
conditions and in a sense defeated the purpose of the experiment. 

During the 1930-31 season an experiment similar to the one de
scribed above was conducted in the constant-temperature tanks (7) in 
the greenhouse with a lot of barley seed known to be relatively fre<
from disenses other than loose smut. The seed used was of an UIl
known variety grown 011 a farm near OcoIlomowoc, Wis., and had been 
used in two pr('vious experiments. (Tables Sand 9.) The approxi
mate soil temperatures used were 10°, 15°, 20°, and 25° O. At each 
temperature 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, 1% and 3 inches, were employed at each tem
perature and ellch moisture. 

The seed was sown November 3, 1930. The lengths of time re
quired hy the differently environed seedlings to emerge are shown in 
Table 15. 'Yhen the plants had reached the fourth-leaf stage, they 
were trnns[erred to the greenhollse bench. Here they were. expos('d 
to an IS-hour clay until they ,,-ere fully headed, when final data were 
taken. 'rhese datn, presented in 'rable 16, were disappointing because 
the percentag('s of smut which developed were too small to show an:,
significul1 t differences in infection due to soil moisture, soil tempera
ture, or depth of plnnting the sced. In a previous greenhouse experi
ment in whiGh Il soil temperature of about 15° O. had been main
tuined (Tuble S), 6 per cent of loose smut had occurred in the plants 
grown from this same seed lot. It, had been thought possible that 
much higher percentages of infection might be obtained under differ
ent conditions and thus yield results of value, but this did not proY(' 
to b(' the case. 

TABLE l5.-Inflllcnce of soil temperature, soil moisture, and dcpth of planting on 
the number of days rcquircd for emergence 1:n barlcy 

, Do~·s required for 1'IlH'rgenclI of harley seedlings grown from seed sown nt depths 
and ill soil with percentage of saturation shown 

T~mperaturc of soil 30 per cent 50 per t'CDt ,0 per cent 00 per cent 

;~es: 3;~:::i 1.5~nChesl 3 inClW:\5inc~es! 3 inches :~:~i-n~~~ 3 :~h-~S 
,----1-·---.-:---j-- ---_..__.!----;---:---'---'---

~~ t::=:=::::::::J ig! {g : I~ • I~ , 11. I! l~ Ii 
25° ~--===~-==L__~~_____ 9 5! 6 - 5 6: 3 .j 
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TAIII,/'; LG.-Ucsults fr01ll an cxpcriment desiyned to show tlte e.fJeet of soil moisture, 
soil t('ln1i/!ratltI'C, (//1(1 dell/It of 11/all/iu(J 'upon loose-smut 'infection in barli:y, 
19::10· 81 

,Illllllth'(j plllll18 11'0111 sl'~d SO\\'11 aluchos deeJl ill soil mnlull1lue<i nt-' ncs~~t~o'ir~~~~[~~~d I'S 
Boil ~ulurn~ : 

.=,;"i======'==:;========= 
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1I 
6 

lfi 
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3. -I . 4! 4. a 1 I 1. 0 anr, H 3. b 

--~I··~--·~ .... ·----'..·'1 ..--·----· 
~.(j 10) ·1.0 st 2.3,1,'127 18 a." 

.-:;.,.~-..;;,~,= :~~~.::., . ~~:;:-:-.:::=-:; __ 

HIHuttl'd plnuls [!'Om l'It.ll'd ,Sownl.fi lntih's tlt\f'P ht suil mnintnhu.Jd H('suits snlnlHllri1.cclns 
,It to soil Hioisturo 

SO!! Bt,tllftl
tlun , 

10"(\ 15~(,. ~OO C'. 25° C'. ' ;~;~~II~ Ilnfectod pitltJts 
I 

J.Vum- I l'er ,\'11111-: }'(r . NUIII-! Per I]{1L1n· Per 
ber al/t brr ('(,Ilt her ('elli' ber ent I her . ccut 

Prr Kum
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60 I~'r cent•. :\:~ ~ I 1.\1 .1 ) :1. 'I 3 I :1. 7 :liB , 12 3.2 
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'1'OtHI. .•.• ' II, 3. I ; 8, .,,1, 1, .,0. I 36 , •. 3 

I f ~ j i.' 

In the l'xpcrimelltg with \ViSCOllSill Pedigree No.5 bnrley, described 
above, til{' pNeentng0 of infected plants from one lot of llaturally 
illOCullttcd seed vnried from a slight truce to over 40 per cell t. Tho 
low pcrecntnges of infection (trace to 2.5 per eent) occurred in the 
field, ulld the high I)('rccntngt's (12 to 40 per cent) in the greenhouse. 
In the field tllt' n.vcl'lIge tcmpcrn.tul'es during the periods of I1mCl'gence 
rnnged from go to }UO 0., while the soil moisture vnl'ied from 40 to 75 
pel' cent of saturntion. 

This rnllge of soil tcmpemture find moisture conditions was dllpli
-cnted ill ('xperilllents in the greenhouse (Tables 12, 13, and 14), yet in 
IIO elise WitS legg thu,n 12 per cent of loose smut obtained. It seems 
evident thn.t gOlll(' ot.her unknown factors inhibited the dc\relopnl('nt 
of loose smut in the field and stimulated it in the greenhollse. The 
possible influt'llce of fluctuating soil temperature in this eonneetion 
hm; been rnel)tion{'d. Fnris (2), however, working with harle.v-co\'
cred smut, secured more inrection Itt a, varying tempcrn.tUl'e thnn at 
any constant tCIJlj)el'ntul'e. He nlso found thnt tho optimum te11l
pern.ture for infrctioll v!tried with the soil reaction from 10° to 20° C. 
vVhilo soil reliction mny exert g()ml~ influence on loose-smut tl<'vclop. 
ment, it is hardly probable that, ill this ClIse, it was responsible. for the 
lack. of infection in tl10 field, becnusr thr goil in the greenhouse and in 
the field wns of tlio slime type. 

It WilS thollght thnt the developnH'nt of loose t';ll1uL might hll\'C been 
greatly influenced b~~ the ItbllormnUy long growing lIny Jl1nil1tnined in 
the greenholls{' by IlH'nns of deetric light.s. Gn,rnt'r et nl. (3) found 
thnt in certain pl!tnts the lcngth of the dnily light period mny deteI'
milll' not only tlil' qunntity of enrhohydrllte pl'Odllc('d !Jlle nlso its 
form, its utilization. the H('idi'-: of tiw snp, nnd th(' Wlltel' (~(ln~ent of 

http:mnintnhu.Jd
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the Lisslics. '1'0 tieliPrmine whether tIll' length of the daily ligh t period 
would influcnce the developmcnt of loose smut, seed of WiSCOllSill 
Pedigree No.5 barley was sown December 5, 1930, in two sections of 
the greenhouse bl'lIch. One section WItS given a daily IS-hour light 
period until thc plants hud headed. The other section received no 
urtificinl light. '1'0 Ynry the e:-q)eriment, half of the seed in (,Hch 
section was nrtiIiciully slllutted with spores of loose smut. 

The plants exposed to a daily IS-hour light period were fully headed 
by :Mnrch 10, at which time data were tn,ken on the percentage of 
plants infected with loose and covered SIllutS. Similar datu on the 
plants which hud received n normal daily light period could not, he 
tRken until April 15, These dl1tl1, presented in Table 17, show that 
the high percentage of loose smut in this yariety of barley in previous 
greenhouse experiments could not be 11ttributcd to the abnormnl1y 
long dnily ligh t period to which the plants had been o:\.-posed. Table· 
17 shows that slightly more loose-smut infection occurred in t,he 
plants receiving n· llornw.l daily light period than in those exposed to 
additionnl nrtificilll illumination. This held true for the plants from 
both smutted find unsmuttcd seed. 

TABLE 17,-EjJeci of two dijJerent daily light. periods on the percentages of loo~(' and 
covered smuts 'in Wisconsin Pedigree No. 5 barley grown in the greenhouse 
(December, 1980, to AWil, 1931) from seed which was naturally inoculated tvith 
both smll/,~, and half of which was also artificially inocuZated wilii spores of loo.~e 
smut 

Plants infected with
'rotal

Len~Lh of daih 1i~ht 8L'C<l artificiallY smutted plantspt1riorl .. or not grown \ Loose Slllut Co,-ered smut 

I 
Number 

' 
j Per cenl ';'L~~(~S'!;; C~~!~ 

165 53 I 32,1 
.. :-;mutted ............ _•••_ ~'OO 100 , 53 62 ' 3tli>-IIQur tiny.... (Xot. Slllut ted -••.••••••••.. : 

155 62 I 40 fiO ' as. iXnrlllol dny.. " ..... {;;rot. slUutted_._ •..•______ • 
, c, mulletl •.•• ___.... ____ .. ItiO 8~ , 55 M ' :14.4 

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 smut consistently obtained in the greenhouse. Among 
these may be mentioned the diminished intensity of the light in the' 
greenhouse, which, by miLking the plants more succulent, may have' 
fa,ored the growth of tlle smut fungus. 

SUMMARY 

From the field experiments and observations described it seems, 
e\rident thu.t dust fungicides are not effective in the control of loose
smut in barloy except in certain varieties; In those varieties, such as· 
Wis~onsin Pedigree No, 5 and Tennessee Winter No. 52, in which 
natural seed inoculation by the loose-smut fungus evidently takes 
place !4omewhat like that by the organisms causing covered smut· or 
stripe disease, the more effective dust flmgicides "ill control the 
dison,se. In varieties in which most seed inoculation by the loose-smut 
fungus takes pin('e 11pparently like tl1at. by the fungus causing loose' 
smut in wheat the hot-water treatment is t.he only one known to be
eft'edi ,-e in (,(In t rolling the disease, 
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Very wet so.il (about 90 per cent saturated) seems to inhibit so.me
what the develo.pment of lo.o.se smut and favo.rs its contro.l by dust 
fungicides. Very dry soil, containing barely eno.ugh mo.isture to. 
bring abo.ut germinatio.n and emergence, seems to. be co.nducive to. 
IDose-smut develo.pment and unfavorable to. its co.ntrol by dust 
fungicides. Between these t.wo. extremes, o.ther conditions remaining 
the same, variation in so.il mo.isture does no.t seem to Ilfl'ect greatly 
the development of lo.o.se smut in bllrley or its co.ntrol, the percentage 
of illfcl'tio.n usually being less than in very dry so.il and mo.re than iIi 
very wet so.il. 

.A rriatiyely high soil temperature before emergence seems to favo.r 
loose-smut development more than does a low soil temperature. 
From 20 to 100 pel' cent BiOre infectio.n occurred at 25° O. than tlt 10° O. 
in Wisconsin Pedigrec No.5 barley grown from naturally inocuillted 
seed. Other fadors, ho.wcver, sueh as the interaction of o.ther dis
PIlSt'::; causcd by seed-borne o.rguIIisll1s, may have been largely
responsible for these results. 

On the whole the data rcltlting to the effects of environmental 
fndors ou infeetion by the buri(n' loose-smut fuugus nrc somewhat 
fmgmcntllry anll ineoinplete aml- tU'C J)l'csl'uted here more as 11 pre
liminary than as it finnl report. ~\Iore extensive experiments 'with a 
number of varieties nre desirnble to establish morc ddinitely tbe 
relations of these difIrrcnt factors to loose-smut infection in barlev. 
Them are indicl1,tiolls tllll,t the influcllce of cnvironment is not co.nfined 
to the period o.f germination and early gro.wth, but nUl)' extend ovcr a 
considrl'llhle part of the life of the plant. 
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