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I.YfRODl'CTlOX

I 
Stuclit'S on tht'kontl'ol of til£> hlu£> mold 01' <lm\ny mil<1t'w diseas.:', 

I J 
el'On08pOI'II tabi,rin({ Adam. by >'pl"ayillg wert· begun in 1!I:3:Z, Re

pormf .l'esu~ts ht~s b,(,(:11 ~l('la.\'Pd by .tlIP fae! ~hat th(' n!ild diH'ase at. 
taemof H):3.J and ID.3G (b<lnot [lron<ie a (Tlt\{'al test of control meas. 
lIre~S:- Sprnying Jwas Sll1!!!(,S(l'(1 n" a mold eOIl.trol when the diseH:ie 
firs ecame cle::-tI'lI<,tin' in this ('oulltr,'-' _\:-; II ('ons('(juPl1('e. growers 
in. lith Cal'oli1fl1. Xorth Cal'olina. and '-il'ginia slH'avE'd extpnsin'ly 
witf?,borclc'allx \llixtlll'l' ill l!J:I:!. Tlll'ir l'('!·qdts \\'pre poor. Later, 
He};SersoIl (.3)2 \'£>port('(l]Jl'Olllisill,!! prc'liminal',\' rt'slllts with calcium 
monoslllphidp. }\rmstl'OIlg and :-illlllll('r (1) fOllnd the ('olloi<lal ('op' 
IW/' Hlpel'iol' to cal('iulIl .'lOllo!-'ltlph id(·. awl both better than l'lIprotls

I 
1 Submitted for p)'1i~ntinll .\prll :!:!, 1!J::,~. 
~ Italic nUlJlbprs illrpar('nlllf:l~ps r('fpr to f...it(lrntul'p Cil(,d. p. !:!:!. 

'10:1'11,' .. ·3'-' -I 
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oxide. In Australia, Mamlelson (8) reported wry good l"l'sults from 
!3praying with colloidal copper and copper-soap. but :McDonald (0) 
later reported failure to obtain sa.tisfactory control by spraying. 
Blue molel is a very troublesome ch:iea!Se each year throughout the 
fine-cured area (Flodda, Georgia. South Carolina, Xorth Carolina, 
and'1""irginia) to "which the present report applies more particularly, 
but it is extremely destructive only if, occasional Ycars, :-;uch as 11)32 
anel1937. and eye'n then many localities escaped damage. TlwrefoI"l'. 
growers will be inclined to take a. chance on escaping, lIllle!3S a control 
measure can be provided thnt is relatively simple and inexpensin'. 
The heat and gas methods of control ha,;e proyed highly effecth-e, 
but as y('t 11E-ither is simple nor inexpensive. while the po"sibilities of 
producing tobac:cos resj,::tnnt to the disease al'e at present remote. For 
the:-;e reasons. effort,:; to develop a satisfaetory spray treatment have 
been a.dively pushed. Spraying tobacco beds is inexpensiYe, but the 
big problem has Leen to find a, Spl'!1Y trE'atment that is reasonably 
etfpctiw. 

METHODS OF STUDY 

Blue mold is very ('rratic in its Le:ha"lior. so that if work wer(' 
("onfilled to the see(·1berl. anc1 further. to one locality, it might bc' 
eontinuecl for yell!':' without (lecisiw results. At rpper ~[arlboro, 
~r(1.. experiments ha\-e b('('n c:omll1ctp(1 eaeh year beginning with lV:~:2. 
During this entin' time therp has neyer been' an extl:emelv~serious out
ort'ak 'of blue moh1. Also. tIl(> time that tll(' di::ense is ~letin' at any 
one location i" generally shor1, whieh again limits tl,t' t."tent of the 
studies that ("<111 be nw(le. To ovcrCOIlll' these difti:,:,dtie". eoopel"ntiyc 
\\"ork has b('('11 ('olldm'ted paeh y('tll' at Tifton. n 1.: FIOl"PJ1('(" 8. c.: 
Oxford. :So C.: tIll' ~\'rlington' ExperilllPnt Fal·11. _\.din!!toll. Ya'.: 
and rppPL" ~Iarlb()l'(). ~I(l. In this war, t'Olltil!llOU:-; work was in 
pl"Ogrei's frolll February 1 to .JlIIW 1.1 allll the l"es,ilts obtaincll in the 
extreme ~ollth were elw("kp(l the "amp SP:lson at ,he 1lJ'll"(' norther'n 
location". 

,York lw". been furthel' facilitated by ext"l1:,in tt'sts in the !!l"('{>I1
house. ~Iohl den'lops 1"1'('(,1.\- lIndpl" gr(>pnhou"e ("ondition:'. nnd lIlu('h 
infol'mation ("all bp obtained as to t'olllparatiy(' pti'edin'IlP-" of dif 
f('rent "pray" (fig. 1). The usc of gla,,- ,.;jid('" ('oat('(l with "pray in 
\\'hich spore" ar'e "-,rel"minated in (h'ops of wntp!" ha:-; uepn re('ollllllt'rHlpd 
and is, dOllbtl('ss.~1 \'nluabl(' method with sOllle di:,pa:-;e:,. It was di,,· 
eardpd in Will'!\: with this di"etbe as the result,: appear('(l to he quit\' 
III islpHll ill!!. 

How u~ Illpa,-;ure result~ has beell a. major problem. In potato 
spt"a~·in~. til(' yield is HcCel)[('(l. while with 0)"('hnn1 ('row thp pPr 
centng(' of ;-ollnd fruit i" easy to (letennine. In early work. extellsiye 
leaf (:Ollllb w('rp llIade, ::p ar11ng thenl on the ba"is o{ tisslIP dpstroy('(1. 
bnt ll'uf conditions Illay chan¥<, rapidly in tl Jew days' tilllf'. and th(':-;p 
reeords. on til(' whole. haq> not been satisfactory. Any practieH I 
e\-aluatioll IIJl:::t ("ollsidpr the yi('lcl and qllalitr of plants, nn,1 so in 
later work. ac("ollnt has be('n tak('Jl (1) of plant mortality in th(' bp{1. 
(:!) the yiE'lrl:-: of plants during tIl(' normal tran:,plantin!! "eason for' 
til(> (listrict in qU('stion ancl tIl(' dp1ay in t!"an-planting. if any. bp
cause of the disPtlse. and finally (:n the field :-tancis H·l'U!·ecl. 
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SPRAYING RESllL'rS, 1932-36 

Bordeaux mixture was widely lI,.:ed by growers in North Caro
lina and South Carolina durin/2" the 1n:~:2 epi<it'l1lic with pOOl' rf'sults. 
How-en'I'. the> fact that this sl)1'a)' is the ,.:tandnnleontrol lI1l'a:,ul'(' for 
wry si.milar diseases of potatcll's, cll('umlH:'rs, an(1 lima beans led to 
the belief that this failure might haw been ctlllspd by illlpl'opl'l' us
age. It ,''us known thnt the majority or !!l'ower,.: did not bl'!!in 
spraying' until after the dio;ea~e W3S pr~,.:ent. ;i ntl that they lI":E'd poor 
Cctllipme-nt an(1 applif'd eXC'E'ssi\'e amount,.:. Rpasoning 'along the,.:e 
lines. f'xtf'llSin' experimellt;..; with bonlpaux llIi:dlll'C \\"l'l'e C'OIiducted 
in 1932, 111:3:1, and 1fl:3-!. .Applications WNe made well in uchance 
of the nppparallcP of dispasp. difl'E'rPllt intpl'nj,.: bebwE'1l npplieations 

r"Jc;I'nl-: l.--Etif·pt or' ~IH·a.rin.!! rwicf' w(lt--'kl.\' on hlllt' mold itl thp :!n"pnhnll~(,: I. l'nh'iuIU 
JIloJIlisllll,hide: B, (,UPI'OIlS t.xiflt', l':ltl' or:! JltlUIHIs If) 10lt !:allol1~ ph .... 1 ,,"'"«"Pllt of ('olloll
SI't'd oil; (', :tn 1IIlsPI'u,vt'd ('h"('k: n. Hal(li~lI {'1Ii1oidHI ('OPIIf'I': /,., ('uprfJIlS I)xhlt'. raft' or 
1 1'0111111 lo!fJ() gallons I)Ius 1 I"'C('ent or COl to II,!' ... I oil. Xote ifw tiUIJl'!'iol'ity of the 
(,'opppr-oil ~pra.r:-;. 

W(,I'(' :-tud i!'{l. 11 lid \'l! l'iOIl" III ,It (' ria I" w('r(' uddl'd to till' hOl'llpu IIX. 

TIll'~(, indlldl'd lill"p{'d oil. ('alc'illllJ al''';l'llat('. {'ul('itllll ('a,.:piIlHll'. ('("il1
soda A i('k<' 1'. \)(,lItollit!', zil)(, ~1I1(1IIHt<'. lInd lllolaC',..{'.... ,\lIlOllIlts of 
('oppl'r ":lllphutl' I'ungillg frollt 1 to " IHWlld:- IH'r ,-)() gallon,.. Ill' wat!'I' 
\\'PI'p lestI'd. a,.; wplI as difl'Pl'pnt ]>l'ClportiOlh of (,Op[l!'I' ,triplIatp amI 
limC'. ]{P,,"lts ,..hO\\'pd th,,! !'lIlstullclill!! billP Illold (,{)lItl'Ol w,t- ob
tailll'd ill SOlliE' in"'{:lI1(,p:-. .< Itl'!,,{' jlo,.;iti\:p 1'<'''1I1t", wprp ohtaitl<'(l, Itow
<,ypr. ,,,llPn tl){' di";PlI:'p ntt:lC'k w:\,.. short and lIot "P\'{,I'f'. ,,'IH'1l ('OJJ(li
tions fU\'OI·ubl,. I'llI' bitt!' IIlold (1I'(,\':lil(,d for any ('oll,id('rablp [)Prinel, 
thl' bOl'([!'attx ":(1ra,\'" elplaYl'eI eli"(,,,:,(, dp\'(,loPIlIl'lIt :; to T day,.:. a i'tpl' 
",hii'll ";Pl'uw<l plot- WPIl! dowll bdOl'P tlIP disl':I:-{, ju",t a" ,.{'Y{'rl'ly as 
had tilt' lIn~pra~'p([ a i'(>\\' days (·arlipl'. III fad. ill "OTl1{' ('xpl'l'inlPnts 
it nppt':u'('(1 that IpH\'(':- ('oHt!'d with \)OI'!!t'UIlX eliI'd ilIon' rnpidly tl!:tll 
un,,:pl'HvP<! jl'un',... OIlC'{' t Iw\' bp('alll<' illf(>i'tl"l. Til additioll, it was ob
,,('l'n'rl 'that whilt, tlH' bOl'd(:allx-,;pmYl'd plant-- lI";llally li,,!'(l and gl'PW 
,"I'll after tl'an~plalll;n~. thi..: \nl" !lot alw<i,\''; II'IIP, Tn :-Ol1\!' t(',.ts 
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the stands were poorer and growth was les..<; vigorous. In 1933 in all 
experiment involving three beds (a check, one sprayed with bordea.ux 
mixture, and one with calcium monosulphic1e) successive field plant
ings were made on June 1,5, a.nc19. The June 1 pulling of plants was 
made just prior to applying the last spray. A general and nl(~der
a.tely severe attack of molcL developed on .Jnne 2. Recovery from 
this began .June 5 and was well advanced by ,Tune 9. Results fil'C 

shown .in table 1. 

T.\BLE 1.-Effect of bort/('(/u.c miJ,'tllrc III1Il ('(/lcilllliIlIOII0811Iplli(/e 8praY8 011 fi,c/(l 
8t((ll(l.~ at ['ppel' .IfarlilOro, .\llt., 191M 

Il~OSS in stand by June i I~oss ill shllld by July IAverage .'~~ig~& oC topsI 20 with plants set- i 17" ith plants set- ~~ll) """ tth plallts 
~prtly treatment I ; I 

\ June 1IJune 5j June U 1June I JUlie 5 JUlie 9 JUlle 1 June 5 June \} 

- -'.. -----j--I----'--------------
• lPerc~lI~ 'Perc;'"~ PfTC%lJt Iperce"t Perc~lll Percent POlllld.: Pound:f POU'lrd~ 

':<:one._ ..................... , ~.~ I 0.6 _.4 S.8 b.4 6.4 1.0_ 0.96 0.6_ 
CatciullImonosulphid"..... ; :1.2 12.9 2.·1 I 11.2 18.5 12.9 .91 .Si .tH 
Ilordellux mixture..........l 10." I 10.4 6.4 \ 10.4 I 21.7 10.4 .92 .82 .61 

The stand COUJ1tS giyen were obtained from plots of 124 plants 
cach, anel the weights were the lLverages of 40 plants. It is note
worthy that the sprayed plants, and particularly those treated with 
bordeaux, did not liYe as well as the unsprayed. Furthermore, the 
growth was :meven, with many plants stunted, and this difference is 
reflected in the reduced weights of sprayed plants. At the time of 
:-etting, all the sprayed plants appeared superior to the unsprayed, 
!;o these results could not have been anticipated. However, similar 
results ha\-e been obtained a number of times. 

The fact that bordeaux sprays failed to control the disease ullder 
severe condition!;, that once infection developed, sprayed plants were 
affected as severely 01' more so than the unsprayed, and that poorer 
field stands and reduced growth might result. pointed to the COIl· 
elusion that some other type of fungicide must be found. Search 
for this led. to the testing of a wide variety of mixtures. In these 
studies the maximum concentration tolerated by the plant was deter
mined and then the disease-control value. Test,;; were made in the 
greenhouse and in seedbeds. The following materials were tested. 

8,Jlray.~ 

Cop~)er·soap Sltalliehton spruy 
COPPCl' sulphate ('olloidal sulphur 
Basic CQPPl'l' slll[lhnte LillI(' sUlphur 
Basic copper m'dale Ca (('iulll Illonosulphidp 
Xeutl':t1 ('oppel' lIePlat(· Eth~'1 lIwrClll'y phosphute 
.\uulloniaeul ('OPfICI' ('arhOIl:! tl' ('alomel 
Copper stcarate Sodiulll sulphonatp 
Coppcr sillen te Olo:yquillolill(' sulphnte 
('oppcr·na ph thol Potassiulll ,mlphidE' 
I'nlllstl'('X slllphollll tc B SodiullI h;rdroxidp 
Burglll1ll,r mixture Sodium uicar\Jonnte 
COPPl'(' phosphate Lnundr~' soap 
Copper (om;) oxide Fish·oil son Jl 
Copper resinatt' ('ottom:l't'cl·ol I ('IlI11lsi" n 
('opper z('olitp )Iil1!'l'al'oil PllIulsin!l 
Raleigh colloidal t'op!lE'r 

http:bordea.ux
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D1I8t,~ 

Coppel' carbonate C'alotpx 
COPllN' stearate Phenol IIlprcury 
Copper-lillle Sulphur 
Bordeaux 'Wood nshes 
Copper resillate 

The data collected in testing all these materials are extensi"n:' and 
only the conclusions will be given. 

Various copper and sulphur sprays gave the best control, and, in 
general, the former were distinctly the more effective. The best 
sulphur spray was calcium monosulphide (6~ pounds to 50 gallons 
of solution). The best copper sprays were Raleigh colloidal cop
per (1~ to 2 pounds of copper sulphate to 50 gallons of water) and 
copper-soap (1 pOlmcl copper sulphate, 5 pounds soap to 50 gallons 
of \yater). Spra.ys were superior to dusts. In 1934 and 1D35, these 
better sprays were thoroughly tested, and excellent mold control 'vas 
obtained in some instances. However, while their superiority to bor
deaux 'vas clearly shown, it did not appear that any were consistently 
effective. 

Prior to this time, a number of combinatioll sprays and dusts 
had been tested, including various combinations of copper and sul
phur, but l'esults 'were not good. In 1933, howeyer, it was found that 
a I-percent cottonseed-oil emulsion had fungicidal value against blue 
mold, and the oil-sprayed plants did llot wilt as easily as those 
sprayed with bordeaux. Consequently, it was decided to test copper
oil combinations. Work on a small scale was conducted in seedbeds 
at Arlington Experiment Farm. Arlington, Va., and at Upper )Iarl
horo, :Md., in 193+, the colloidal copper and emulsified cottonseed 
oil being combined. These studies were continued that year in the 
greenhouse, and in both seedbed and greenhouse the combination 
showed promise. Repeated tests shO\\'ecl that the combined spray 
was milch superior to the coppel' alone. For example, in one test, 
with the copper alone, 49 percent of the plants survived; with cop
per plus soap.T6 percent: and ,,·ith copper plus oil emulsion. 9T 
percent. The oil was tried in combination WWI bordeaux but results 
were not so favorable. However, a combination of l'rd copper oxide 
and oil gave results almost equal to those securecl with the colloidal 
copper-oil. The colloidal copper is difficult to prepare and not avail
able commercially, so the copper o::..-ide-oil 'was used in most of the 
seedbed tests that followed. This combination was usrd in a large 
series of beds at rpper ~Iarlb()ro~ )1d., in 1!);3!), v;hich constituted 
the first large-seale test of this ;:;pray comhination. )1old control 
was excellent, but the disease, although general ill the unsprayed 
checks, was not se\'ere. The cooperat ing growers. howevcr, ",Ct·c 
very enthusiastie because the transplanted plant" li\'l'(l ancl gl'e\\
exceptionally well. 

In 1£)36, tIl(> copper-oil spray waS thot'(JIlghly trsh'd at Tiftoll, (b.: 
Florence, S. C.; Oxford, X. C.: Arlington Farm. '~a.; and rpper 
Marlboro, ~1d. The results wrl'P good. but SOI1lP mold den'loped i.ll 
many of the sprayed heels. although in no easp did it cause an.Y 
damag~ or delay. .:\[old attaek ill H);3G was gellerally light, although 
transJllalltin~t was dE-Ia.wei T to Hi days ill ~()n1P al·eas. Trnnsplant
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ing experiments gaye uniformly good stands from the sprayed beels 
and, in a fe,,, cases, poor stands ,,'ere obtained from check beds. 

Howe\'e1', while conclusive results were not ,)btnined in 193:3 or 
1936. a large amount of work was conducted with the result that 
when the spring of 1937 approached, n definite and detailed spray 
program wns ready for test. 

SPRAYkNG RESULTS IN 1937 

The results or 1936 were encoumging, but how the spraying would 
hold up ,yith a severe disease attnck still remained a question. The 
fact that mold ,,'as not eliminated, plus the unfayorable earlier 
results with bordeaux and other mixtures, preyented undue optimism. 
Consequently. when it appeared that 1937 ,vas likely to proyide the 
severe test needed, plans were made to gather a suflicient body ()f 

data to make possible definite conclusions. The usual small experi
ments with different sprays were conducted, but the major effort was 
to tryout the copper oxide-oil spray under n wide variety of condi
tions. The spray formula lIsed was red copper oxide one-half or 
three-quarters of a pound, Lethal1e spreader 1 quart, cottonseed oil 
one-half gallon and water to bring the volume to 50 gallons. Appli
cations of spray were made twice weekly. In general, entire beds 
were spray~d. and other ndjacent unsprayed beds considered as 
checks. Of course, no two beds are exactly alike, but, where allY 
difference ,"as apparent, the poorest bed was selected to be sprayed. 
The spraying was done by a number of different persons. sOllle of 
,yhom had had no preyiOllS spraying experience. The sP\'erity of the 
disease outbreak 'vas different in the various localities. In some 
cases, spraying ,,'as begun well in aclnlnce of the disease outbreak; 
in others, beds were infected at the time spraying waS initiated. Ob
,-iollsly, such matters as bed fertilization, date of plallting, location of 
beds, thickness of stanc~s and all cultural practices mried widely. 
Since the object ,ms to lletermine the ntlue of this spray control in 
practical terms, particnlar [lttention was giycn to obtaining results 
that would measure (1) protection of :,;epdbec1 stands, (:2) protection 
against transplanting delays, amI (:3) protection of field i:'tands. Co
operating gro\yers were asked to keep a teconl or time and number 
of plants set, but they followed their own desit'es as to when alld 
how they were set. 

GRANVILLE CO(;NTY, N. C. 

Mold ,vas first obsen'ed in GraIYdl1e County. X. C.. 011 .\.pl·il 16, 
which was about :2 weeks earlier than usual. The di"easp was general 
throughout the distriet by April gO, and I'l'co\'ery took place during 
the period ~Iay 10 to 18. In most beds, dnnHlg(> was limited to 
seYere defoliation and resulting transplanting delays. Spraying was 
begun April 12, and 10 applieations were made. Copper oxide was 
used at the %-pound-p('r-;iO-gaIlOll rate foJ' the tir:-t fin' applications, 
and at the %-pound rate for the remaillder. At the Tobacco Branch 
Station, Oxford. X. C., tIll' early applications W(,1'P made through the 
coYers and, except fot' a ter}(len<:y to o\'er;;pray, I'P:-.ults W('t'e. entirely 
satisfactory. Amounts applip<l pel' 10() sqllilre y,tl'(\:; of lwcl rallg('d 
from 2.:3 to 5A gallons. Effp('fj\'e C'olltl'Ol was o\)taillP<I in all spl'llypcl 
beds. Some mold de\'eloppd, but ill no easp di(l it eall;;e defoliation (It' 
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delay trn,nsplanting. Table 2 gi,es the yield from sprayed and check 
beds at four cooperative locations. At the tobacco station, t1 large 
beeI 'was sprayed with practically perfect disease control, but no 
unsprayed check of adequate size was available for plant yield com
parisons. 

TAlltt: '2.-Blue mold sprayin{J 1'('8I1lf,~ il/ Grall dUe COUlli/l. T. C., 1937 

Plants transplanted per square yard 
01 bed 

Original
plants Total from all pullC'oopel1ltor per Pulled by May 13 ingssquare 
yard 1---,----1---,----

Sllrl\' d ~ot SllrRv I ~ot
I _ e sprayed ' , et sprayed 

---------------, ","umber Sumba ~-lImber IXumber Number 
CasperP. Critcher.. · ___...... __ ' ____ •.... · ________ '1 

I 
342 9 0 ;, l 33 

Frank P. Sherman.. _.._______ ...._.......... __ • ___ " 6.57 25, 0, 269 50
IWillie II. New1:ou __ ......_....... __ •__ ..._____ ...... 639 100 ,5 \ 300 ISO 
JamesT. yancey........ _..... ______ •. ___ .. __ ._..... 279 15 0 I 50 , 35 
----------,---,---

Average__________________ .. ___ • ___ ... ___ ..... 1 479.:!\ 37.2 18.7~ 174) 74.5 
I " 

Field plantings showed no differences in stand between sprayed 
and unsprayed plants. 

Despite the fact that. the disease killed practically no plants~ it 
may be seen from the figures on total plants that whereas 3.2 acres 
were set per 100 square yards of sprayed. bed, only 1.4 acres were set 
from similar unsprayed areas, ApprOx'lmately 5,500 plants are re
quired to set 1 acre. The original plant stancl counts also point to 
the desirability of good initial stands if a large yield of plants is to be 
expected. At Oxford, plants were protected from mold by benzol ~as 
treatment as "ell as by spraying. The gas method completely elIm
inates the disease while the spray treatment does not, but close com
parisons failed to show any practical diiferen('es, considering number, 
earliness, or quality of plants. The normal transplanting season for 
this district. is May 1 to 20. 

WILSON COUNTY, N. C. 

Mold was first. obselTed in Wilson County, N. C., on ~Jarch 25. 
which was 10 to 15 chys earlier than usual. Infection became gener.ll 
throughout the district by April 16. There were two pedods of 
marked activity. April 13 to 15 and Apdl 23 to 24. Recoyery oc
cUlTecl the first ',,-eek in ~Ia.r an(l the bulk of th(' ("rop was set tho 
';\-eek of ):[ay 10. The llormlll transplanting period for this district 
is April 2"5 to ~Ia:v 15. The first spmy was appii('d in tIle main series 
on March 25, and 14 Ilpplicatiolls were made. For fOllr of the ap
plications (Xos. 9-12), cOPP('l" oxide was used at. the rate of three
fourths of a pound to 50 f!allons of wate!', and for the remaindel' the 
regular 1/!!-pound rate was llSe(l. The last two applications\Yere mll,de 
after the disease had become inactiye. ancl omiSSIOn of these applica
tions from some beds indicated that they 'were not needed. 

The elata, 111 table 3 cover the period to ~1ay 15, which is the end 
of the normal transplanting season for the area. 

http:gener.ll
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T.,illLE 3.-BIIIC wold ,~[lrayi/l!J rcwlt,~ in 'Wilsoll COllltly, S, C., 19.37 

Plants lrans· 1 
Bl'd uren 'l'otal plunts planted per I Field slund 

transplanted square yard oC I 
bedI

Coopcrolor I-----.-----:-----.-----I----------l----~ 
. 1\ Xot S "\d\ Not ~ ~Cf.li Not tSI'riI') l~ Not 

--------------------1Ispro)l'l jspra)'ed ~ sprayed •. pm) .liSpraYed:~tprnred 

ISquare ISquare ...Yu m· ~Yllm- .J.YUIU- ~\-,t1"- r Per- t Per: 
: yards yards ber ber ber ber i cellt j cellt 

B. J. Dew......... i 150 115 134, 130 15,125 22i 1:1I I 9i: 95 
ehas. Dew..._. . ; 280 I 280 33,000 4,2..1U 118 15 I 99' 91 
A. D. WiIIlams_. . 90 190 I 9, 100 15,000 lUI I 79 99: 97 
W. C. ThompsOIL.. 150 I 150 17.Si5 5,500 119. 37 U7 91 
F. W. BoswelL. . . 200. 200 i 27,650 18,000 138 90 99 71J 
An'in Xicholas..... 80! !Xl I i. SIO 6,840 US 7ft 0., Ui 

Simpll'a\·'·rage............... : 158.31170.8:21,594110,786: 133.51 'l.3 OS.l 91.. 

. I. ' 

At two Wilson County locations, seedbeds '"el'e :,:pI'ay(·d lwginning 
April 15, at which time spots of mold infection were present in both 
locatiolls. :Mold was not active for the following 10 day::;: conse
quently, fOil I' ::-:prny applications had been made prwr to the Apr'il 25 
outbreak. Transplanting results showed that at one location 15i 
plants per square yard were obtained from the sprayed Hretl and 131.5 
from the unspmyed; at the other location the figures were: Sprayed, 
127; and llllsprayed. 37. Although these results were not equal to 
those obtained in adjoining- seedbed areas where spraying was begull 
sooner, nevertheless, the fact. that benefits from spraying could be 
secured under such conditions is of much importance, as many growers 
would be expected to follow similar practices. 

Further tests OT this same sort "'ere conducted at two locations in 
'take Connty, N. C. The mold was present in spots at the time the 
first application was m&de (April Hi), but there was time for theee 
to four treatments prior to the general outbreak (April 2;3), and the 
re::;ults secured were yery good (table 4:). The total number of 
applications was eight. 

TADLE -i.-Blllc II/old N/lI'ayillll "('.~I//t.~ ill 1Va!.'c COl/illy, X. C.. 19J''j' 

I I Total pluntS I ~lll~~t~X~~:'1 ,.Be. area transplante1l 1 square yart! Flelt! swud 
CO()l>~rator I oC bet! ___-,-____ 

I~, . I Xot I" . III XO! I~ rn' II N()t II"P ....I >rot _______.__.._._.._:~= s~rayedll~n~~ Sprnr('d(~~~~,prnyed ~i<P~ 
, ,';fllll,re I"'lIHue !i 111"d,y lIflrds l",Y'Umber\",Vu,mIJCT .Yumlx, ,S"tlmbeT1}-JtrUllt PrTCtnt 

• • t 0-- .). (j'" t· (W. 5 I 2: 71Le.lJeltuud... . .... 50 I ,iO t S, ," _.(>ifl 1,1 ,. .11 l U7.51 'IlS 5I 

ITan'er Johnson.. . •. . i\O: 150: J,21O, n,3.'O IIH 4~. ,S ux.5 i 100 _____~_.._____.~__..____. .___ ....--_1--_-
I Through ).1<1), 11. '1 _-\ pr. :,m ~ettin~. 

The belHL\-ior of all :,;prayed beds was the Sa11H'. Till' (lp\-plopllient of 
the disease was g-reatly c\l'.Iaye(L after whieh all \\'\:'Ilt through a mild 
disease attack. This was characterized by a ::;light yellowing of the 
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leaves, plus small lesions, but few leaws were killed and no plants, as 
far as could be obselTed, Disease symptoms disappeared completely in 
3 to 4 days~ and no further indications of infection were seen. Plants 
never stopped growing, and it was the ununimous opinion of the 
growers that there was 'no transplanting delay. On the other hand, 
the unsprayed beds were severely defoliated, libont 20 percent of the 
plants killed, and transplanting ,yaS delayed about 2 weeks, Field 
counts shmyed from 97 to 99.5 percent stand with sprayed plants and 
71 to 100 percent with unsprayed. The greater certainty of obtaining 
a good stand ,yith sprayed plants will be pointed out later (p. 10). 
Stimulation of growth waS ObRet'wd in certain '''ilson County sprayed 
beds (fig. 2). 

FWl:RE 2.-("l) fiprayed lind (B) IInBpray.!d plants 011 a farm In Wilsoll COUllty, X. ('. 
In addition to blue mold control tbe spruy 'tn'ntment proliuc('d marked. sthnulnrlon. 
Notp thut the b<'llt sticks. which supportt'd the cottOIl COVel', ure phtillly visible In the 
unsprayed bed but pr:H'tkally ('oll('ealpd by thl' h('Il\'Y growth of plants in th., sprayed
bed. ~f1](' srum! of planrs ill the un"pJ"lQ'I',1 b('(\ WIIS ,·..,111('<'(\ nbout :!:! ,,,'n'pnt by the 
bIn" llIo\(!. Thp ~p""yed b~<l s('t 11.920 phlllts 'pt'r 100 Hqullre yards during the normal 
transplanting season nnd the unsprayed IJl'd ::I,U(j!). 

In the eastern Xorth Carolina district, some growers obtained infor
mation as to the spray program and treated their beds illdependently. 
These locations were carefully checke(l, and good results were reporteel 
except in OIle case ,,-here the final application caused injury_ In this 
instance, it ,,-as found that the sprayer had been lIsed to apply an oil 
spray to poultry houses and hatll10t bE'en cleaned out beforE' making 
the tobacco-be<l'application. . 

COLUMBUS AND nOBEsoN COCNTIF.S. N. C. 

The tests in Columbus and Rohesoll Counties, X. C.. constitute a 
very interesting- exp~rimeTlt in that they were. undertaken to finel 
whether spraying would be profitabl(' after mold was generally dis
tributed through a dist ricL The work was conducted in cooperation 
with the Xorth Carolina Extension Seryj('e. The experinwntal beds 
were selected 011 March l!J, at ,,,hi('h tinJ(' IllallY heds in the district 
were already showing moltl damage. Only heds that showed no evi

861106°-38--2 
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dence of disease were chosen, bnt at the time the first spray application 
was made (March 22) several of the beds selectpd had developed evi
dent symptoms, and others were substituted. Later disease develop
ments indicated that all beds were probably infected at the start, but 
since there ,vas no gellel'lll disease outbreak until April "', four applica
tions of spray were made prior to this time. All beds were sprayed on 
a fixed schedule, and it was not possible to deby applications. As 11 

consequence, several treatments were made during showery weather, 
which preYented thorough work. Copper oxide at the rate of one
half pound to 50 gallons of water was used throughout and a total of 
10 sprays ,,"ere applied. The last two were made after the disease had 
passed its peak and omission' of these applications from some beds 
showed they were not needed. Active mold development in the sprayed 
beds was limited to the period April 15 to 19. This attack terminated 
as suddenly as it began, and actually caused lit1.1e damage. So far as 
could be determined, no plants were killed in sprayed beds, while in 
the unsprayed the kill was estimated at 30 percent. Transplanting 
delays were yery slight in sprayed beds, and around 2 weeks in un
sprayed beds. The growers kept records of tIll' time and number of 
plants set. On April 28, these data were collectecl and counts made of 
field stands (table 5). The normal transplanting season for Columbus 
County is April 1 to 20, and for Robeson County, April 10 to 30. 

'f_\J1LE 5.-Bluc /110/d f:lpraY;IIU I'csII/tf:lin OOllllllll1/l1 and Robe8on COlli/tiCS, N. r., 
1937 

Plants per square Plants per S'lUllrc 
yard of bed of yard of bed spt 

Field standtransplanting size into the field prior 
on Apr. 28 to Apr. 28Coopcrlllor 

Not S[lra''''<l! Not Sprayed Notsprayed ... .. '" sprayed sprayed 

-~-------------------
Square I Sflunre 
V(LTd~ ~ V'lTda ...Vumber .J.V'tL11Iber .iVllmber .LYllmber PfTCt1Il Ptr«nt 

W. S. TIritt 	 9'J ·li 
R.llridgtru"I •. __ ._._ [~I i6~ ~~ ~~ ~~ ~ 	 !l9 Si 

Il3 72$. F. CaldwcIL _____ ; [2,'; I [25 144 8l 38.1 6 { 72 21 
Luther WesL _. __ •.• 1 95 !l5 
Shelton WC5L .... _•• 1 19?, ! t~ 5~ ~ [fg \'61 99 
W. P. Rabon_... ___ .! IOU' 500 93 45 s.5 J [ I 	 9S 
L. B. Nancc __ ._ .. __ , \Ill [iiO [S [·S Jl>j [I 	 9'J 
W. :-r. !looks. _. _" 1;;0 liiO 102 49 t 43 9 	 9. 
J. \Y. Wilson ___ _ 2fKI 1,000 ~,5 i2 
W. n. Prl'vntL .. _ HKI 200, i5 I 49-----------,-----------'------.,.-,. 

'\-I 277, .j ."'i.0 I 	 93.1 77 

The gains fl'Olll :-praying that \,"ere secured are f'O outsta:1ding 
that the figures giyen in table 5 require no comment. Howe\-er, then' 
were cle\'e!opments of interest with rpgard to field stand, and thick 
anel thin bed stand:.. At the ,,\Y. S. Britt location, the plants wen' 
extremely thick in the beel, anel the grower intended to thin but failed 
to elo so. Despite the dense plant' growth, sprayilw gaye good re
sults, and the disease did no more damage than in beds with Yery thin 
stands. A field planting was Illade from thi~ ))('(1 at a time when tlw 
sprayed portion showed maximum mold de\·elopl1lent. These plants 
gan' a field stalld of 9£l percent. while plants from thl' unsprayed 
check set the same time ~,l\-e a field stand of ·r, pel·cent. 
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The wide variation in Humber of plants set from different heds is 
to be noted in the table, and the major reason for these differences 
was the initial bed stand. Assuming that: about one plaut per square 
inch could be producecl~ the initial counts showed a close approxima
tion of this at the S. F. Caldwell location. The average at this 
location was 122 per square foot in the sprayed bed, and 120 in the 
unsprayed bed. By April 28, {lYe pullings had been made from the 
sprayed bed. Adding to this the number in the bed large enough 
to be set, it is seen. that. 100 squitre yards would transplant 9.6 acre!", 
since approximately 5,500 plants are required to set one acre. From 
the similar unsprayed bed, one pulling had been made and this plus 
the large plants in the bed would set at the rate of 1.6 acres per 100 
square yards. On the other hand, at the L. B. Nance location, the 
initial plant stands were: Sprayed bed, 24 plants per square foot, 
and unsprayed, 20. Two pullings removed practically all plants 
from the sprayed becl and set at the rate <?f 2.8 acres per 100 .square 
yards. From the unsprayed beel one pullmg was secured whICh set 
one-fifth acre per 100 square yards. It may be noted that field-stand 
counts at the Caldwell location were low, but this was because they 
were secured from several very early plantings. " 

Considering the wide range from very thin to very thick stands 
that was provided in this experiment, there was no indication that 
thin stands were desirable from the point of mold control or that 
better spraying results were obtained with thin stands. Attention. 
is drawn to this development. because it 'was thought likely that 
Stich differences would be found. 

SOUTH CAROLINA 

Abont 3,000 square yards of heel were sprayed at various locatfons 
in South Carolina, and at most of these the mold was quite severe. 
Copper oxide was used at the rate of one-half pound per 50 gallons 
of water throughout. Applications were (Tenerally made twice 
weekly, but because of a crowded spray scheclule, some applications 
were made under unfayorable wnditions because of rain, and some 
were skipped entirely. The total number of treatments rllnged from 
5 to 16. The behaxiol' of sprayed beds "'as rtuite uniform. During 
a period of 10 days to 2 "eeks after mold had become seyere in the 
check beds, the sprayed beds showed very little disease. Then, during 
the period April 16 to 20, they underwent a moderate disease attack. 
The recovery from this ·was rapid and few to lIone of the plants were 
killed. nor '''ere the plants appreciably delayed. In contrast, the 
unsprayed beds had, in mlll1y instances, 50 percent or more of the 
plants killed and plant ing was delayed 2 to 3 weeks. To check on 
the infiupnce of mold on sprayed plal1ts, se,'erni of the cooperators 
made large plantings from sprayed heds at the time when mold was 
at its maximum and practically pprfect stands were obtained. Field 
stands throughout the district were genpraJly good. Dpfinite data 
as to plant yields '''l'l'f' not taken, but the following notl'S indicate 
the trend. 

I .. Jf. I,a /I'.W!1l. /)lIrlillgloll.-Thn·!· IHdlillg;" WPI'(' IllH!lp from tltf' >-PI':typ(\ tw!1 
ltt'for(' all~' wpn' :tvailnhh.' ill thl' (·IIl'l'k. TIl(> hl1lk of tIlt' I'rol' WHO; ::N from 
thl' f'praY(,(j hpd. 
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J. S. Howle, Darlillgtoll.-The yield of plants at the tillle more thlln hllif 
the crop was set WIlS 2 to 1 in favor of the spruyel1 heel. 

[,JIlin Lee. '1'i/llIlLOII,~vill('.-Abont ;;0 percent of tilE' plants were Idlled in the 
cheek and yery few in the sprnyed bpe!. Spraying was begun lifter the <lisense 
I1tHI appeared but before it had become general, und unly fin' IIpplieations 
wpre lIwde. 

J. S. Neal, .Mllllil1s.-I~rolU 35 to 40 pereent of the plnnts were killed in the 
("heel;: bed and, so far 'IlS could be det('l'mined, none in the spra~'ecl hell. Four 
lurge pullings Wl're lUulle from the spra~·pd bed, while one slllall lllllling was 
being obtnined from the chl'ck. 

G.· M. Brown, MlIlli/18.-~10111 killed many plants ill the check hed IIIHI ft'w, 
if all)', in the sprayed. ~Iost of the ('rop was set from the sprH)'ed beel. 

Experimcut 8tatioll, Loris.-Thpre W!1S a consi<lerable kill of lliallts in the 
check hed and few, if any, were killpd in tilt' slll"a~·eel. 

C. B. (11111 B. W. >'!lIlith, Lori.~.-SanlP as at the pxppriult'nt station, LOI·is. 
C. B. !llIcl R. "lV. Smith, Flo'·(,/H"c.-'I'he lliSt'ase did no ei:uunge at this locn

tion. 
Expcrilllell t .~I(/tioll, Plorcllcc.-Some plauts wert' IdllP<1 in the unsprayed 

bed and ill a. series of sprayed !Jeds 110 plants wpre Idlled ('xeept in oue slllall 
spot. 

George lVilcs, Hartsvil/('.-Therp ,'·n;.; rather marked growth stimUlation in 
tbe sprayed bed, hilt the disl'ase did 110 apllrceinbll' c1tlmnge to eitllPl" ~prayed 
or unspra.yed plants. 

In acldition to these experimental heds. one large grower sprayed 
a series of heds and reported good results. 

GEORGIA 

The 19B7 blue mold outbreak in Georgia was the most destructive 
tlmt has yet occurred in this country. Throughout the main tobacco 
belt, fully 80 percent of the plants were killed and the remainder 
were so weakened that transplanting was dehtyed 4 to 5 weeks. The 
disease was very active ovet· a period of more than 2 months and the 
number of sprays applied was necessarily large. It ranr<red from 11 
to 23 in different beds. Late applications were omitte( from some 
beds, and hl this way it was determined that applications made after 
1'ecovery had occurred ·were unnecessary. Consequently, it appears 
that even under these severe conditions, It maximum of 15 I1pplica
tions was adequate. Copper oxide was used at the l'ate of one-half 
IJOtmd per 50 gallons of water throughout. 

The Georgia results were of particular importance in that they 
seem to answer a frequent question, namely, how effective would the 
spray methocl of blue mold control he, providtl'd cool weather and 
favorable mold conditions were prolonged 1 Pertinent data reg:trd
ing disease development in relation to spraying are sllmmarized in 
table 6. 

Study of these figures shows that the disease appeared in unsprayed 
beds about February 14 and in the sprayed ones approximately 10 
days later. The !1Yerage date of maximum disease development in 
the check beds was March 3 and in the spi-llyed, March 20. It wai:; 
17 days before the unsprayed beds showecl signs of 1'eco"e1'Y and 
only 3lj2 days before recovery was evident in the sprayed beds. And 
fiIHilly the disease killed 6 percent of the sprayed plants and 80 
percent of the unsprayed plants. These last two ~E'ts of figures 
point to the real hasis for the outstanding gains obtained from spray
ing; namely, reduced disease development, which resultb (1) in little 
or no transplanting delay and (2) ill low plant. mort.ality. 
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'l'ABLE G.-Record of disease cleve/olllllent of 8/lrnyed Cllul III/.spruyecl lied.s, 'i'iff 

COI/llty, On., 19;37 

!I Interval I 
hetween" IDat" of maximum Hale rc(,'ovcn9 maxiIllum l'lnntsDate (II dlsens" ap· didmlsc develop. disease

\learunce ment beg"n . killed
"nd he· 

~inningol
reco\·ery

Cooperator 

~ ~ a:; z rg
::. :.-. ~;,... >-, 

~ ~. ~ ~. ~ ~~~~ 
'3 ~ ~ E ~ E""C[~
Z en Z 8i ~ I~ z UJ Z

--1--------1-,--
, Per· Per· 

, inav.,\nav. cent cent 
L. M. Veasey. _____ Feb. 12 Feb. 8 Mar.19 :1-.rar. 10 Mar. 2:1 Mar. 20 I 4 I 10 0 84 

~. Hntchlnson_____ Mar. 0\ Feb. 22 Mar.22 Mar. 1 :1-[lIr.24 Mar. 15 2 J.I 3 78 
~!" H.llutchinson l_ Feb. 22 .-_do.••. , Mllr. 16 1\[lIr. Hi 1\[ar. 20 Apr. 4. 4 19 16 94 

J, G. Whigham. ______.dO._•.• .-.do_____ Mar.12 1\[ar, 8 Mar.16 Mllr.22 1 4 ].I 1 85 
G. Drexler '.______. 1\[ar. 22 Feb. 0\ Apr. 12 Feb. 20 Apr. HI Mar. 16 ,I 24 2 81 
J. T. Skinner ' __ ... Mar. 1 Feb. 14 Mllr. 8 Feb. 22 Mar. 12 __ do. ____ . 4 22 16 90 
Experiment station. Feb. 2 Feb. 7 :1-1ar.22 . __ dlL ____ 1\[I1r.24 __ .do_____ 1 2 22 4 51 

A\'erage---- .• f Feb. 24 :Feb. H Mar. 20 ~ Mar. 24 Mor.20 !"'3.4! li.ol70;'80..1 
~ , \ l I 

I 1 end ot sprayed bed was shaded and very wet. 

'This sprayed bed was sown 1 month alter the check lind IIlso alter mold hlld de\,eloped in the check 


bed. 
, This sprayed bed \Vas sown 2 weeks after the check. Blue mold present lit time spruying WIIS begun.
, Some plants died in the check beds alter these final counts were mAde. 

However, it is possible also to measure this l'pduction in amount 
of disease directly by means of leaf counts. This has been done many 
Omes, and one set of such data follows. These figures were secured 
by pulling random lots of 25 plants Pilch and classifying the leaves 
as to disease damage. SiIlce counts taken at 0111.' time would find 
the disease at different stages of development ill different beds, the 
following counts wel'e made ill each case at the time that the disease 
·was at its maximum in that particular bed (table 7). , 
T.,\.lIL~; 7.-.Alllolint of infection at tilllc of IIWJ:ill/ 1//11 lIIo/ll t/(,l'r/o/lTII(,lIf, Tiff 

County. Ga., 1IISi 

Leat coun:s 01 plants spraye!l I WII ('OUIIlS 01 plants not sprayed 

Cooperator ,; -:1 ·1 Slightly/severelyl I ·1 Sll~htIy ise,.erelr ) 
_______~I~t~~ diseased ~I~_ l~tn};diseASCd,«.!sease.d~ 

iXllmbrr II Number INllmber ISlImber Xumber INllmber! .Vllmber !"'"mber 
L. M. Ve~ey __ • __ • __ ... I 12t Z2 I 9; .,~ 0' ·1, .~! LO~ 
E. Hutchmsoll ...... __.. _, I 108. S, 9 f ..1 1 0 .j ; On 
J. G. WhighaDl__._. _________ ! Di 19 I 1Q f 1:1 I 0 ;j 4 10; 
G. Drexler________ ........ I H2 19 25 1U I II 11 89 
J. T. Skinner. __ -. ___ .____ 1;4 10 U ill 0 1 12 100 
Experiment stution_ .. _... i.. 110 39 "'J 11 0 il 8 9; 

.\\'erage.... ____ •• __ I !ll.:t. IU.:' i 1-,...) "0 - 0. I. : .1..:; ~.:J , 9S.7- '.i 
These figures show that wl}(,ll the dispase was at its worst, the. 

majority of the sprayed plant leaves still appeared healthy. while 
practically no lell\'es were healthy in the ellP('k bed. The high lllUtl

bel' of dead lelwes in the latter merely indicates that these plants 
,,'ere largely defoliated. 

The time plants are available for transplanting and the total planl 
yields, however, are the imporbll:l llleasures of bltw mold control, 

http:1\[I1r.24
http:1-1ar.22
http:1-[lIr.24
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FlGl'It~; :t-BlUe lI10ld ('olltt'ol hy ~prayjn:.r with ~()ppel' I)xitlr·oil und!'!' ~('\'('!'(' ,liH('n,~(l 
conditions. 'I'his iwd was 1(}{'atf'd Iwar Tiftoll. (;u. Tpli a('rt'S WPI'P :-:tlt fl'om tllp lS0 
square yards or spraye,1 bed, and of this !l a('rl'S lI'el''' sC't prior to Apl'il 1, lll(' nOI'II1,,1 
planting stason ror thig at'(:t lwilli; Mar( It :!5 tn April .15, l'hoto!!r!,phed March 18. ,l\J:H, 

and, because of the critical test provi.ded i.1l the Georgia experiments, 
these figures are presented in some detail. The normal planting season 
for the district is .March 2;'5 to April 15, 

Figun's 3 and 4 show the ('ondition of typical spraypd and (·heck 
beds in these pxpel'iments, Fnder these yel'Y SP\'ere <iif'pase conditions, 
the growers were able to set Yl.'r), few plants fr()lli tlwil' unslll'ayed 
beds by the end of the normal planting seaSOll, April 15, while frolll the 
spraypd bed,., an a\,prage of!3 acres ,,'as spl IH'I' 100 ~qllal'f' yard"" This 
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FIGURE 4.-'l'he destructh'e effects of blue mold in the unsprayed check b"d~ on the same 
farm as that reprcsent~d in tl;,'urc 3. Onlr four-fifths of un u~re was set troIll this 180
square-yard bed and nothing prior to Apri 1. Photographed March 18. 193i. 

is just about the same as was set from sprayed beds in other sections 
and is further verification of the general conclusion by all concerned 
that spraying practically eliminated blue mold damage, despite the 
prolonged and destructive attack. Because of the extreme scarcity 
of plants, Georgia growers continued t!-"ansplanting from their un
sprayed beds much later than usual. so 111 order to make the records 
more complete final data on plants 'set were not taken until May 10 
(table 8). 
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In addition to the regular t('sts, foul' beds -were sprayed. starting 
Yery lttte when the disease had become gencml throughout the district. 
These beds developed general infection after one to' two spray appli
cations had bepn made, and no control whateyer ,yas obtained. These 
l'esults are ill line with others fmel indicate that good re;;nlts 1l1tly be 
obtained when spraying is begun late, provided the disease develops 
slowly so that three to four applieations arc made priOI' to II general 
outbreak. 

mSCFSSION 

It is quite surpl'ising that till' t'opp('r oxi<.h'-cottons('('d oil spray 
should g:iYe so much better blu(' mold eontrol than any of the many 
copper sprays used alone, Red t'OPP(,l (cuprous) oxide was first de
Yeloped by Horsfall U) as a s('ed treatment. and ",hen llsed as a 
spray it did not ~in> good blup mold control. Cottons('ed oil was 
reported by l\Iartlil lind Salman (lJ) to lUlYe fungicidal yalue, This 
report was confirmed with respeet to blue mold in 19:3:3. and prelim
inary tests ,yith the combination of coppl'r and oil were conducted 
in 1934:, Large-scale tests were initiated in 1!):3ii and r(':"ults were 
exC'ellent. The5e tests were eontillllPcl in 1986 ,,'ith similar result::;, 
but in none of these years \\"as the disease highly destructh"e, Con
sequently, there was good reason to doubt the etl'ectiwness of this 
treatment uncleI' !:'pwre dii'ease ('ouditions. Therefo1'l" it sel'med of 
the utmost importance to test this mixture extensiYely nnd under 
as seyere conditions as po:osible before proceeding furth~r, 

EFFECTIVENESS OF SPRAYING IN REDt:CING DIFFERENT TYPES OF BLt:E llOLD 
INJURY 

Fur pmposes of entluation. blue meld injury was considered ill 
terms of (1) plant mortality in the seedbeds, (~) transplanting delays. 
and (3) field stands obtained, Im;pectioll of the data obtained dur
ing the 1937 epidemiC' shows that the I11tlXimlllU kill of plants in any 
sprayed bed was 16 percpnt (table 6), and ill t11is instance practically 
all the plants in the unspmyed check were killed, The disease was 
extremely destrllcti,"e throughout the Georgia tobaC'co belt and the 
a ,'erage kill of plants in the unsprayed beds of this district was BO 
percent, while the ayerage kill fOl' all sprayed beds was 6 percent, 
In other localities, up to ;30 perC'ent of the plants \\'ere lost in UIl

sprayed beds, while in those sprayed thpre was practil'ally no loss, 
Finally. it may be noted that e,'en the fe\\' l~lants, kill('(l in sprayed 
heels l'epl'('sentNI 110 real lo,:s as they \\'e1'p lIlvfu'lahly :"lllali. weak 
indi,--icluals, .A sa fe pstinlatP would ratt' sprayin.!! as at 1(>H,:t \)O-pel'
CPl1t ('tI'ectiYe in prote'cring plant bed stands. on thp hasis of l'Psults 
to clate, 

'I'll(' se('out! pllllsl' of h11I(' mold injul'Y r(,~lt!t;; frolll till' :'l'WI":' dp· 
foliation ,,'hidl rptal'ds !!rowth and hplH'P (h'lavs tl'HnsplantilJlr, 
Sprayin/! c1i(lnot plilllillat~ the mold. and ho\\" IlIlwh till' miltl attu('k.'l 
tlmt o('t'tHTPd in spmyed bp(ls aetuall,v delaYl'd tl1(' plant,: is dilli('ult 
to estimatp, fil'o\\'Pl's who foll(J\\'p(l the \\,ol'k yet'y l'lm;ply W(,I'l' "('11

erally of the opinioll that the plalll~ 'YPI'(' !lot (h'la,~'pcl at :;11. ]Jointing' 
out that 7l'owtlt 11(,"(,1' ('('a:"p(1 an!l tIlE' root-;; ahmy,.: I'Plllailwd whit(' and 
healthy, ('pl'tainh' an ('stilllntp of:~ to·1 dav,,' dp!a\' fol' till' aWl'll"p 

of :"pni.yed beds W(;UIIII)(' liberal. allli on til(> imsis o(all H"Pl'a.!!l' lIpl;;,\' 



of 3 weeks for unspmyed beds it may be concluded tlmt the spray 
treatment reduced transplallting delays by 80 to 85 percent. The fact 
UUlt sprayed beds in the different districts :tyeraged 2% to 3% field 
acres per 100 square yards during the normal transplanting season. 
while the unsprayed checks set from 0 to 11,,3 acres, is practical Hi: 
tlence that transplanting delays were largely eliminated. Jf.uch em
phasis is placed on the gains in plants set out during the normal 
transplanting season, as the result of spraying. By far the most 
uninrsal loss callsed by this llisea,.;p is transplanting delay, and, as 
is "\yell known, crops that are set out late do not generally yiE'ld as 
well ns those set out at the proper season. 

The third type of LIne mold 10;,;,.; is the poor field stands that may 
result from diseased plants. Since sprayed beds show some mold in
fection, it might follow that this "\ycmld occasionally result in poor 
stands. For 3 years, howeyer, field stands from sprayed and un
sprayed beds han~ been studied intensiYcly, and all eyidence points 
to the conclusion that the mold present in these sprayed beds has rep
resented no field hazard. In the 1\);37 experiments, phmtings "\Yere 
purposely made from sprayed beds at a time when these were showing 
a nlRximum of infeetion, and practically perfect stands of yigorous 
plants were secured. On the other hand, despite the fact t11ttt growers 
planned to allow plants to lW'O\'er before tran~planting, they occa~i()n
ally obtained poor stands with the tmsprayed plants. Hence, the re
sults indicate that spraying giYes perfect protection against the loss 
of plants -following transplanting due to blue mold in-fedion. 

Consitlering all three aspects of Llue mold injury, it seems safe to 
~:ly that ~praying has reduced mold damage by 8;) to 90 prrcpnt. 

MECHANICS OF SPRAY PROTECTION 

To considH the- mechanics of spray protection jt "\"ill he necessary 
to trace briefly the esspntinl ditfen'lIces in diseasp dewlopn1Pnt- in 
sprayed and unsprayed beds. The appearance of the disease in 
sprayed beds is generally but not always tlelayed, while the deYelop" 
ment of the disease is always 11lueh retarded. "'~ith mild attacks, 
as in 1936, wry little mold was seen in sprayed beels prior to trims
planting. ,Yith seYere conditions. howewr, as in 1937, ahout ~ wpeks 
after the unsprayed beds had become badly atl'pctl'll, the sprayed. beds 
suffered a mild attack. Other sprays, such as Lonleaux, haY(' re
tarded disease appearanee and the importlmt gain from the copper 
oxide-oil has been tIle mi.nimized attack after the disease develops. 
This minimized llttack is apparently because of inereaspd plant re
sistance, as indicated by slower progrpss of the disea:;e in inf('decl 
leaYes, the short interntl between peak dewlopment a.nd recovery, 
and the generally reduced pffect on the plants. InereasJIlg plant 1'('

sistance by spraying is a l1E'W <1P\"plo(>111ent that will need further 
study. That sprays applied to leaf surfaces may PXC'l'eise intC'rnal 
effects is known. ,\ilson and RlInnpls (70) han' shown that hor
cleanxmixtlll'e and otll('l' ('oppel' sprays in('l'PllSP (,lIticlilar tntnspim
tion. Kmusehe and GillJ(ll't (:j) ('oJ1ellldp that this is owing to the 
absorption of copper. which changes the !)(,l'I1wahility of cpII n1£'m
branes. DE' Long (2) has £0\111<1 that coppel' sprays ('011 t!.·o I thl' 
potato Ipn.fhopt>PI· throllgh intprJlal Ip;l f pfreds. whilp )radl'l' and 
Blodgptt (7) showed that spraying potato Ipa\'p,:; with bonlp:lllx lIIay 
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greatly reduce scab in.fection on the tubers. In each caSe. the obyi
OilS suggestion that the results "were due to a direct action of absorbed 
copper was questioned by the inY('stigators. In the ease of blue mold 
the complication is presented that the desirable internal effects were 
not obtained except with t1. combination of copper and vegetablp oil. 

It has been a question as to "whether spray protection ,yould not 
break down proyic1ed conditions fa "orable for disease de,'elopment 
'ycre prolonged. {'nder Georgia conditions in 1937, weather f:n'or
aLle for mold prenliled for more than 2 months. Before the end 
of this period, plants in sprayed bpc1s reacl1Pd a mild disease peak 
and rec?very then took place promptly. The average intelTal be
tween dIsease peak and recovery with sprayed plnnts was less than 
4 days. Plants that haw recoyered from Ewn a mild attack are 
highly resistant to blue mold and do not require any further protec
tion regardless of weather. 'Vith prolonged fayorahle weather for 
the disease, instead of the sitllation bE'coming increasingly critical in 
sprayed be(ls. tIl(' mild disease cye1e is complpted, and after this the 
disease practically disappears. The process of protection by spray
ing seems to have some resembhmce to vaccination. 

VALUE OF THIN STANDS AND SPRAYING TO COVER BOTH LEAF SURFACES 

It would appear logiCal to SUppOSE' that thin stands of plnnts and 
thorough cowrages of both upper and lower lE'af slirfacE's would be 
a material aid. The present results show, howewl'. that beds with 
thick stands haye been sprayed quit~ as successfully as beds with 
thin stands. Recommendations that growers attempt to CO"pt' both 
leaf surfaces are unnecessary, as this is impractieablp with toba('('o 
plants, and hl all the work here reported, the exposed leaf sllrfa('E's 
only were coated with spray. 

STIMULATION OF GROWTH AND INJURY CAUSED BY SPRAYING 

During the coursE' of ext('nsiy(' tests with many mat('rinls, definite 
s6mulation was rarely obseryed prior to U):n. In that YE'iU' ill the 
eastern Xorth Carolina and Routh Carolina distrids. a numbeL' of 
sprayed beds showed growth stimulation. This was marked ill1d one 
grower exprE'ssed the opinion that '~the spray was a third better 
than any nitrate of soda he had e,'E'r seen." The OCCllL'l'enee of stim
ulation in d~finite localities sup:p:ests the possibility of COppCl' defi
ciency in some of the soils. 

InJury from the ('opper oxide-oil spra.y has oC'(,lI\'1'~d when the 
concentration of copper or oil waR materially in(,l'~asE'd or when ex
('essiYe applications were madE'. Injury is mORt likE'ly to OCCllr with 
yerv young, RIo\\' p:rowinp: plants alHl rH USE'S tl)(' IE'a ,'E'S to becomE' 
chal'acteristically cupped (fig. :5). Lat~l'. tllE'I'~ is often a slip:ht 
fle(,king and bronzing of lower ]('aws. Injllry. unless pxtr~mE', is 
of little consequence and is eOIT~('t('(ll'E'a(lily if tl1(' plants ar~ spraYE'(L 
lightly onc~ or twiee. Injnr,V fl'Ol11 ~xcesRiw tl'E'atn1('nts usually re
quires sent'll! da,Vs to de\'Clop. 1Yl)(,11 tIl(' ('OPIWI' oxi<1r ratr has be('n 
doubled, injury has not JWCOIll~ pl'ononTlC'Nl IIlltil after the s<'cond 
application. Injury due to the aceurnnlations of toxic amounts of 
copper in the soil has been stlgg('stpd as a possibility. )[ost tobacco 
gro,,'pl's, hm\'('veJ'. mow tll('ir s('pdhrri lo('ations each year so thpl'~ 
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,,'ould be ]ittIe opportunity fot' accumulations: furtherlllore, there 
has been 110 indication of toxic copper accumulation at either of two 
locations ",1ll're spraying has bf'en conducted continuously for 6 years, 
The fact that with othet' crops copper sprays in lat'ge amounts IUlye 
beell applied for mallY years and that toxic copper accumulation in 
the soil has ne\'er been reported ,,'ould indicate thtlt the mod?rate 
amounts of copper added to tIlt' soil by spmying are either elimi
nalrd OJ' jnaetinlted wry readily, 

FWI'ltE ;j.-SP1·UY Injury produced by excessh'c al'plication~ of the copper oxide-oil spray 
on Yl'ry yUUllg plallts~ 

PRESENT STATUS OF SPRAYING IN ItELATION TO BLt:E MOLD CONTROL 

A spray program has been deyeloped and thoronghly te:5tetl, It 
has reduced blue mold dallla/!e to a .low minimum con::;istently and 
hus stood the test of severe dIsease conditions. The treatment i::; 111

expensi \'e 3 and introduces no complications, in that no chauges in 
p1'e::;ent plant-growing practices are inyolyed, However. extellsi\'e 
res('arch work on blue mold cOlltrol is still in progrl'ss antI impJ'()ye
mellts are confidf'ntly f'Xpectl'(1. "hill' extensi \'e st udies ha \'e been 
conduetec1 with the COpPl'l'S and. sulphurs part it'lllal'ly, till' \'egetable 
oils pre::;ent IlUUl,Y po,.;sibilities for furtlwl' inYestigatiolls. Particular 
a ttent ion is bein/! gi n'll to the fUllgicidal yalup of rli fI'c'rent oils. 
Also, studies nrc bf'ing ma{le all the ntlue of materials suell as xylol 
amI pamclitlllorohenzPI)l' when addl'd to tlll' oil. Till' lPsting of 
fungieides. howen'r, Illust be \'(~ry thorough aml l'l'lwut!;'d experi
Illents al'c'requirl'<1 before C'ondasions can lw safrh' dl'llwn: Ill'llcC 
marked ehanp:ps \\'ill probahly not Ill' Ilmdl:' soon. ~\.. Illost importallt 
11(>('(l is that blue mold control be {tt'wlopl·d as a part of a geuend 
program of plant-bf'cl (lisl'asp ancl illsed eOlltrol. For pXlllllple, wild

:\ ('ru\y rox, E. E .. Hnd {;A'''l:S:•.J. ,;~ Bel r: '(I)Lh IluIW;;\" "'(II.{)I':\\ j l)I,sf.:.\HI-; 0"· Tt)HACCO. 

r, S. DI'(1t. or .\gr. I·'"rlll nllii. IT!I!). 10 I'P,. iIl'I'. ]!):\~ 
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fire, blackfire, and flea beetle need to be considered. Some progress 
has been made along these lines. In :Maryland, a combination of 
early sprays with bordeaux followed by the copper oxide-oil has 
given effecti,e control in the plant bed of both wildfire and blue 
mold. In addition to spraying, work is being continued actively 
with other methods of blue mold control. The benzol gas-control 
method developed in Australia has outstanding merit. ~ 

It. is conceivable that some soil treatment may be found that "will 
render plants resistant to mold. ",Vhile this seems unlikely, continued 
reports of developments along this line. together with the knowledge 
that induced plant resistance seems to be an established fact with the 
blne mold clisease, point to the possibility. Genetic plant Tesistance of 
a high degree has as yet not been found, but much material remains,0 he examined, Howe,er. the suggestion that other :Virotiana spe
cies, which are ,practically immune; might be crossed with N. tabaclf7n 
would seem to offer little promise, Considering that less than 10 
years ago practically nothing ,,,as known regarding control of blue 
mold, it appears that not only is the g-rower now prO\'ided with a 
reasonably satisfactory control hut tllere are distinct prospects fol' 
improvement in the future, 

SUMMARY AND CONCLUSIONS 

Bordeaux mixture and many otlwr fungicides failed to £'iredi yely 
eontrol blue mold. 

Colloidal copper~ copper-soap. and calcium monoslliphide were all 
buperior to borcleat~x mixture, but not effective enough to be 
recommended, 

A combination of cuprous oxide with emulsified cottonseed oil was 
distinctly superior to any of the preceding. TIll' epidemic blue mold 
outbreak of 19;37 offered an opportunity to thoroughly test. the ya111e 
of this method of ('outro!. 

Beds were spmyed twice weekly twd. in most instances, frye to six 
applications were made prior to general mold outbreak. ~Iany beds, 
)\Owever, l'eceiwd but three to fOlll' prior applications. Spmying 
was eontintl(>(l until the plants were set out or the disease became 
inactiye. The maximum number of applications required under 1937 
conditions was about 15. The maximum Ilmnber actually appli('(l 
,"as 23. 

The results obtnined lead to the following conclusions: 
(1) The app(>amnee of mold was usually hut not nlwnys delayed 

hy spmying, 
(2) TI1(' d£'vplopnwnt of the disease was gl'patly t1plttye<i, 
(3) The sH(>rity of disease attack was greatly minimized, The 

maximum plant mortality in any sprayed h(>d "'as Hi per('ent. and 
under th£'8£' sanle conditions plant losses in the unsprayed checks 
rangpd up to !).! p('t'(,pnt, In only t\\'O sprayed 1>('(1s w(>rp more than 
;1 P(>I'C'('nt killed. anel in tllp majOl'ity of l)('cls 110 plants w(>rp killed, 
while ill tIl(> majority of cheC'k hNls frOIll :20 to :)0 pen'(>nt of the 
plants wpr£' destl'oy(>(l. The period of acti\'p dis(>as(' (\(>\'(>lopment in 
sprayed b(>c1s was n('Y(> l' mol'(' than -1 (lays. aftN' which l'('(,O\'(ll'y \\'a~ 
prompt an(1 ('ompl(>te. and t)l(>l'£' was littl£' tl'Hl1spiantin!! (}(·lay. In 
the ('heck beels, mold "was aetlw IIp to;j \Y('(>ks. and tl'allsplalliing wa" 
dE'laye<l for 10 days to ;') week>:. )101<1 in "pt'aypd bNIs r(>prl'<':PIH£'cl Iio 



field hazard, since field stands were uniformly good, eYlm wht'll the 
plants were set out nt the time the disease was most ncth·c. 

(4) Spraying was etfectiYe under severe diRetlse conc1itiomi, uncl 
maximum gains were obtained when the need WtlS greatest. 

(5) On the average
l 

from 2% to 31j:.! acres of tob:w('o were set from 
each 100 square yRrds of sprayed tobacco bed during the normal 
tl'l1nspla!1ting season, while fr0111 unsprayed beds the transplanting:; 
ranged from 0 to 1~~~ acres. 

-While 1937 proyided n. se,'ere test of blue molt1 ('ontrol lIlPll!'llll'('S, 
this diSl'ase is too l'N'ent it IH'oblem to nSSUll1(> that all possible disease 
conditions h;\ "e yet been encountered. 
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