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Technical Bulletin No. 956 • May 1948 

Bacterial Blight of Cotton Under Conditions 
of Artificial Inoculation 1 

By RICHARD WEINDI.ING, formerly associate pathologist, Division of Colton and 
Other Fiber Crops anci Discases, Bureml of PlanlIndustry, Soils, and Agricultural 
Engineen:ng, Agricultural Research Administration 
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thefleaves, stems, and bolls; hence, according to the organ affected, 
it ]s known as angular leaf spot" black arm, or bacterial boll rot. 
Although the disease is present in all cotton-producing countri~s, 
crop losses vary widely with region, var.eties grown, and seasonal 
conditions. 

Varieties of Egyptian and sea-island (G. barbadense J.1.) are more 
susceptihle to the disease than varieties of upland ('otton (G. hirs'Ui'Um 
L.). In the western part of the Cotton Belt bacterial blight is con
sidered second in importance only to cotton root rot. Losses due to the 
disease are difficult to estimate because its effects are cumulative. 
Plants are mrely killed, and destructive epidemics are infrequent, but 
when these do occur, the affected leaves and bolls tend to shed rapidly. 
ThUG the set-back to the crop is not readily recognized as brought 
about by disease except when stands of seedling plants are destroyed 
by black arm. 

Two methods of controlling bacterial blight of cotton arc knmm to 
be of practical value: (1) Treating seed with certain gel'micidal dusts; 
(2) using res:t'tant varieties. Seed treatment reduces primary infection 
on seed lm.',;,.:s but cannot be expecteci to prevent the disease from 
building up later to serious proportions if conditionE: are favorahle. 
On the other hand, under conditions of natural infection it is difficult 
to select and breed varieties resistant to bacterial blight, because of 
the erratic behavior of the disease. Under these conditions plants 
that escape the disease nre likely to be considered resistant. A systpm
atic program of b"('('(ling for r('sistan('e to such a dis('ase requin'::; 
methods of artificial inoculation that give unifOl:mly severe infeetiol1. 

The work reported here was concerned in part with developing 
suitable methods of nrtifieial inoculation and of gmding vllrieti('s 
with respect to relative resistanee. In OUl' first tl'ials with the method 
Knight (12)2 used in breeding work in the Anglo-Egyptian Sudan, 
infection was errutic. Thus a need arose to determine the factors and 
conditions essential for producing epidemics lutificinlly. Preyious 
investigations in the epidemiology of the disease hnye been ('on('('/"Ill'd 
primm'j}y with survival, dissemination, and spread of the (,flusHl 
organism (7, 8, 9, 14, 16) nnd with the effects of ellyironmental (,Oll

ditions upon disense deyclopment (20), The present study emphasiz(·s 
the host-pal'l1site relntionship itself. Special consideration WitS ginll 
to vnl'ious methods of ino('ulation and to the factors afTN·ting iIl\'asioll 
and disease expression. The results of the study may bc summltrized 
as follows. 

SCM MARY 

The inycstigat ions ('ondu('ted were ('on('('l'I1e<l wi th bnetcrinl blight 
of cotton, with emphnsis on (1) the host-pal'llsite reln.tionships fundlt
mental in epidcmics of the disease, involving intellsi,'e studies on infec
tion of individual lenYl!s; and (2) methods for produeing epidemies 
by artificial inotulation, including gre('nhouse nnd field expcriments 
on the epidemiology of the disease. 

Scvere infection of expanded lenyes was found to depend upon 
methods of ino('lIllltion that proyid(1 mpid pPIll'trll.tion of lnr'g(1 baei(,l'in [ 
masses into slls(,l'ptible tissues. Phwing hnctl'l'iul slispen~lulls upon 

~ ltalic numbcrs in parcnt heses refer {o .Liicraturc Cited, p. 33. 
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Jnntlll'c lcnves did not I'esult in bat'tNial invlIsion, hp<'nusc the bacteria 
ll,ppnl'cntly require n liquid pnssng(' into the int('rel'llulm' SPII('(,S. 

Rapid stomntni itwnsioll depcnds upon the (kgl'ce of stomatal 
opening nnd upon tho ext('llt of wat(,I' congestion inclu('('(lin the intel'
('cHulnr spn('('s by watel' forced ngn inst thl' 1I:'IIf slll'f!tcc, The term 
"wntcL' cOIl(rcstioll" dcsicrnah's nn n,hnol'mnlly hitrh watl'!' ('on tent of 
tho intet'cellulal' spu('cs. '" If kaf tisscs IU'e visihl)~wntcl'-eongested at 
the time of inoeullLtion tl]('y latpr be('omc, entil'ely disens('(l; if wnter 
congl'stion is IIOt ,·isihle the disl'nse develops ns s('aUNt'l1 spots. 

Th(' Im'gel' the numbel's of baetcl'in intl'odu('('d into the tissue, the 
shOl·tcl' was the period 01' ineubntion and till' mor(, sc\'('rc the disensc. 
Thl'sc relatiollships suggest n hypothl'sis of mllSs nt'lion efl'eetive in 
nbundn.nt, infection of cotton leans. Hydrosis, the first symptom, 
beeornes \isibl(' when the mnsses of bndl'l'ilL ha\'(' built up to the point 
that they, together with the wnt(,L' 01' eell Slip withdl'I1WIl [!'Om til(' 
surrounding e('lIs, pmctic.nHy fill the intel'c('llulnr SP/H'C'S, Thl' InrgPl' 
the initial number of bnctl'l'itt illtl'odut'ed peL' unit \'olul11(' of illtel'l'l'll11
lar spae(', the shortel' the pel'ioel LH'('('SSIU'y fOI' incll bnt ion and til(' 
gr('ut('r th(' ebuncl's foL' furthe .. SPI'('Uel Ull'oll~h the tissllPs. 

Thus, in('ubnliOIl is subject to n biologi('ul muss ('fl'c't't. Invusion 
appnl'('ntl,v is d(,Pl'IHll'nt upon physienl mnss (,fl't'ds, such as the' 
llumlwl' of liquid pllssuges und till' fol'(,(,s with which l)!letl'I'ia iU'C dmwll 
into the inf('('lion cou .. ts. Thl'sl' fndol's nppl'IU' to <I('peIHI upon the 
('xtl'nt of tC'IIlPOl'fu-y wntt'l' (,oll~('stion nllt! in tUI'l1 lIpon the wal('" 
pn'ssur(' erl'(,(,tiv(' at the lenf sUl'fn('l', 

Sus('('ptibility 01' I'l'sistlln(,l' appelll'S to be ('ollllf'('Ll'd with till' dl'grl'l' 
of compatibility of host tisslle unci paI'Hsitl'. In !'HIS('l'ptiblp tiSSlIC'S 
the pilthogl'nie baete ..in spl'l'tld from n ~in'n infcl'tion ('Oll .. t illto su ..
rounding lenl' areas, In I'('sislunt tissues inf('elion is l'l'stl'idNI to smltll 
spots 01' mny not cvc'n l'('slIit in visible le'sions, It is \\'(·11 known thut 
vnl'ic,til's difTl'I' in sus('('plibility. ~IOI'('OV(,I', ll'aYl'S of plnnts tilllt 111'(' 

in aetivl' growing condition nrc mon' SllS('('ptibll' thlln thosp of plants 
IlOt tletivl'ly ~ro\\'ill~; young SIl('('uil'llt !l'IlY('S n..C' g(,p('mlly 1Il01'l' 
sus('('ptible lImll ol<ll'I' 1r'/\'vC's of til(' suml' plllnt. l'licll'r <'pid(,lIliu 
('ondiliolls, fa('tors of Sllscl'ptibility Illay b(' obs( uf'('d by pitysimlll1Hss 
dTc'cts, l'. g., Il'nves on pltlllts of toll'I'IlIlL vu ..i('til's muy bC'('oll1(' us 
sl'V('rdy diseas('d ns ('ompI1..n.bl(' kans of slIs('('ptible va..il'til's. Ob
,'iously so mnny flletOI'R ufl'l'd the diR(,HR(, thnt the impo .. tance of Illly 
singll' factor will VIlIT from 011(' sc·t of ('olldilions to I1noth(· ... 

Epicil'mics hun 1,)('('11 il!ducl'd in lhe fi('ld by spl'Ilying pltlnts with 
bu('t(,l'inl SlISIH'l1sions, lIslng j1, knil PRIl!'k 01' \\·It('<,I!)iIITO\\' SPI'Il)T(,I'. 
This nH'thod IlIIs ('onsist(,lltly gin'lI unifol'mly S('\'(,I'I' disc'lIs(' on 
mu\'uJ'l' !Puns if tYlp pl'l'\'iously ,,(nU·d l'l'quil'l'ln('nls 1'01' sUl'l:<,ssful 
inoculation W('I'(' salis/i('d, ItS 1'0110\\'5: 

1. Sprny-inoclllut(' the' opc'n stolll:llu. in mid lll(JrIli ng'. 
2. Apply PI'('SSUI'l' by holding thl' no%~lp dost' to til!' II'iI\'('S fol' 1>1'0

dueing \\'ntl'l' ('on~esti()n. 
:3. l'se sllfIi('i('nl ('on('Plltl'utioll of illocllium hy ('l1lplo,Ying' aboul 1 

million blletl'l'in. IWI' lllilliliil'l'. 
4. Provid(' SlIs('pptibl(' plullt tisstl(· hy usillg plunts ill guod gl'owing 

("ondilion wh('n 5 to H \\'('('ks old. 
Lpilf spot S('ITI'lI us til(' principlIl indi('utol' of 1'l'lntin' l'('si5tnIH'(' in 

gl'ndin~ inQ('ulntl'd fic·ld plants. Ynl'i('( ips \\'PI'P t<·nlittin'l." gl'OtlJwd 
in [lIn'I' ('Inssvs: Slls('('ptihh', tolpl'nl11, nnd l'l'sisl:lJIt, dPIH'IHling on the 

http:nbundn.nt
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prNlominant I'('adion of the If"UV('S, Tolel'unt reaction was more 
rendily distinguished from resistant than from susccptible I'eaction, 
which latter was Tt'cognized by lal'(l'{'I' slower dl'ying ~pots and by 
grentcr secondary infection. Degl'~es of susceptibility within the 
groups were oftt'n more dearly in evidence on stl~m!;l, on bolls, und 011 
kavcs in th(' bud stuge at the time of inoculation. On these organs 
stomatal invasion s('('incd to be of minor importance. 

Thel'c is g('n('ral ugre(,lll('nt with rcgar'd to relative vnri('tul reslstan('(' 

in the sev('rul phuscs of thc dise'usc-lcuf spot, blat'k tum, boll rot, 

and s('edling blight. The' e'xt('nt of the ugr(,l'ment, how('Y('r, is not 

known ,,"ith ('ertninty, Deviutions huyl' bl'('n noted. Thus, stem 

and boll reaction should also lw considered in bl'ceding programs. 


Fi~ld ('xperim('nts were conduded I)n thl' ('fl'ects of various fadol's, 

which had b('('[J studi('d {h'st on gl'N'nhousl' plants, :Mild forins of the 

dis('ase r('suHf"d (1) wh('n plants w('n' sprnYNI late in the evening; 

(2) whcn the flpray wus appJi{'d us It fin(' mist; (3) wh('n plants wCl'e 
old 01' in poor growing ('ondition, Expel'in1l.'nts in thc grecnhous(' 
wel'(, condudcd in plll'lllll'l with fi('ld t('sts; s('('ondlll'Y inf('etion, COIll
mon in the' field, wus (,xdutkd in the gl'('cnhous(', On susceptible 
varieties it was delllonst.l'Iltec\ that leuves thut were in the bud stagl' 
at the' time of inoculution lwcallll' I'nthel' s('Y('I'('ly infected, even 
when the inoculum wus not npplied I'ol'cl'fully, 

11cthods of Itl'tific.iul inoculntion imilntN\ nllturul ino('ulution during 
ruins. Applying ino('ululll in the form of a mist cOITl'sponds to thl' 
efl'('ct of upplying it il1 gentle min; fil1(' spl'lly when appli('d ns d('scriiwd 
a hoye, to a dri\'in~ rain; and ('onl'se spray, to a rain storm. 'l'hl' 
course spray fl'('queutly injmpd tpndel' ol'gnns, On leuyes it was not 
mueh mol'(, cf1'(,('tiyl' thnn tht' fine Spl'uy, but on bolls and stems much 
hen.vier inf('etion wus produced by COUI'Sf" thun by finl' spray, 

Evidence was obtained showing thn.t mild infpdions, especially 
those of bud lean'S lind seNllings, mlly Iw seriously uggravuted by 
tn'ntnH'nts imitnting (il'w und fl'NIIH'nt gf"nt\e mins, sueh us exposuJ'(' 
to high humidily or frequpnt sprinkling following inoculation, These 
proc('{lmcs <i('SPI'\'(' ('onsid('I'ation for uSt' in ('onjundion with the mol'(' 
Sl'V('J'(' ml'thods r('('omml'nd('d for inoculntion of hn'l'ding plots. Thl' 
sevel'f" methods have Ill!' advuntnge of excluding ('s('npes from diseus(', 
as they pl'odu('(' symptoms in 1IJl' IllOSt r!'sistllnt upland vnridi~'s 
known. CompuJ'H.tiV(' studi('s of ino('ulntiol1 methods imitnting 
various nulul'Ill ('onditions mny also b(' useful in fmUH'r invesligntions 
on the epidemiology of thl' dist'11Sf", More infol'lllntion is purticulal'ly 
Dceded in reglll'd to the boll roL and blue\( urm phnses, 

I~FECTlON AND DISEASE H EACTION OF INDIVIDUAl, 

I.EAVES 


Rec('n t inYf"stigations on hllC'tC'rinl pll thogl'ns of lobllc'('o lIu \'(1 dt'm
onstl'utpd thl' importun(,f" of wnlpl' ('ong('stion for infection of the 
11OS1 pln.nt. ulld fol' till' r\f'n'lopnH'nt of C'pidl'mics (8, ii, IlL TIl(' 
t('1'1ll "wnl('1' ('ong'pstion," propos('d by .Johnson (J 1.). is lIsl'd hl'l'(' for 
(iPsignnting nn nbnormlllly high Illoistlll'{' ('ont('nt of til(' inll'l'('('II\11nl' 
SPIH'PS or Il'nt' lisSlIP, '.I'I}(I PI'('st'nt in\'('sligntions fin' ('on('('I'I1('d 
prilllurily withwn IN ('ongps.1 iOIl pl'odu('('c\ by l;xll'l'IInl Illl'flns. \YIlI'lI 
noli('('lIble to UJ(' unnid(,d ('Yl" wnll'1.' ('ong'pstioll will 1)(' ('nllpd" \'isihlf",'1 
in C()lltl'HSt to"nOlwisiblc" waler cong('slioll. This is it crudc dil1'('I'

• 
• 

• 
... 

, 



5 BACTEHIAL BLIGHT OF COT:l'ON 

entiation, consid(,l'ing th(' ('ompll'x natme of th('. ph('noml'nu, for 
obviously Uwr(' al'(, val'iolls kinds and dI'IP'('('s of visibIP and nOll visible r water congestion that cannot be defin('d propedy at our present state 
of knowledge, 

The inv('stigations on bucterinlblight of cotton \\'(,I'e copr,lucted from 
1942 to 1945, The experim('nts discussed in this section were con
('('rn('d with cel'tuin factors afl'eeting the host-pnl'flsite relutionship, 
N('arly ev('ry one of tiH'st' expel'im('nts involnd s(,\'(,I'al factors, In 
ol'(lel' to fucilitat(' th(' pl'esc'lltation th('8(, will b(' tl'l'tlted s('pal'll.tcly 
and then att('mpts will be mnde in til(' dis('ussion to ('ol'l'('late and to 
int(,I'pl'ct the intl'rrt'lations, In tnbIPs 1 to 7 til(' results of represen
tative experiments m'e given in a condem;cd form b('cause it is impl'flc
tieul to present here all tlH' ('xperiments nnd nll detnils of the I'cndion 
of individuallenns. To illustrnte the dduiled obs('l'valions on whieh 
the tabl('s nr(' based, I'(lsults f!'Om a single plant nre sho\\'n in table 7, 
omitting notes on disense s('v('l'ity earlier und Int('f' than th(' 18th duy 
nfl{'I'ino('ulntion. Thl' datn obtnilwd by ino(,ulating individunlleuv('s 
W('I'P ('onfil'l11l'd nlso by l''xpt'rim('ntnl results 011 inoculation of whole 
plants; as presentpd in a subs('qul'nt spdion. 

~lATEnl'\Ls AND ~I ETIIOI)S 

Plants w('re grown in till' gl'('l'lihous(' in 2-gnllon glnz('(1 pots with 
sundy lonm soil to which 5~5-1O f('l'tilizl'l' hnd \)('('n nddl'd nt the' mte 
of 1)~ ounees p£,I' pot. To [,£'duce soil. pucking a pOl'OUS 2-ineh tillY 
pot was plncl'c\ in the ('('nl:<.'I' 1'0[, wnlt'['ing. The' plnnts 'V('I'(' k('pt in n 
lhl'ifty eondition by ndding ca\eiurn nitmt{· SOIUtiOllllbout one(l a w('{,k 
at th£' l'll.tl' of 800 m!. of a H molnl' solution. At first, ",IH'n til(' im
portunec of using thrifty plants WlIS not fully I'puliz('d, 4 to (3 plnnts 
wel'l' grown in I'Il('h pot nnd ill(WlllnlNI wht'n 8 to 14. w(,pks old. Lat('!', 
(3 to 8 plants \\'('1'(' gl'own in {'n('h pot nnd ino(,lllniNI Ill. tht' age' of (j 
",('{'ks or cnrii!.'I', 

'rbc Ylll'ieties of ('otton uSNI most fn'qul'ntly in t.hps(' l''x(H'l'inH'nls 
wel'C, in ol'del' fl'om highly :;us('pptiblc' to I'('si:;tnnt: 8 X P Egyptian, 
Shnftpl' Aenla, A(,HIn. 1J, Tl'i('1' 2A, Stoneville.' :37, 8tolH'ville 4-8, nnd 
Ston{'\'ilI(' 20, A('nla 11 wns l1s('(1 in many of thp basic' exppl'inwnt:;,3 

1311.('t(,l'iul SllST}('nsions of XuntlwJnm/((s mafra('(arlirtL wPl'e pl'epnrt'd 
as follows, Th(' bne(el'iu W('I'(' sl:!'('jlkPd thiekly O\'PI' hnl'd pOtllto dex
trose (01' Sll('1'OSC) ngnl' in petri dish('s. Aft('1' 4 to () days' ineubnlion 
nl 26° C. til(' :;Iimy musses of bn('tpl'ia, whidl (,0\'('1'('(1 thp ngnl', \\'('1'0 
rCl11o\-I)d with n pot Inlwl onto It moist pi('('(' of cl!('('iw('\oth spI't'ad onl' 
u funn';'!. WHtPI' wus udd('(l to give til(' d('f;il'ed dilution, nnd til(' SllS
pension wns l'('(H'nt{'dly filtpl'(·d thl'ough til(' l'1l('('s('('loth lIntil unifOl'lll, 
Th(' numbpI' of hIH'('rin in Sus(wlIsion WIIS ('stimllt('d 1'01' S('\-PI'al lpsts 
by dilution ('Ulllll'('S Ilnd by dil'(,('t ('(junt. Wht'll 1'('lllti\'(' ('Oll('Plltl'll
tion WitS thl' fllNor to IH' ('onsidpl'('cI, it wus found sntisf'n('{ol'v to bllse 
eul(,llia lions on lh(, following ('stimlltC': ~ 

, '.I'hl' nn'I'Hg(' nllml)('r of \'inblt> IIn('(('rill ohlain('(1 fl'om on!' pPlri 
dislt by til(' outlinNI pI'ocNlul'p is IlbOlll 10 billions, Sus(wnding 
tb('s(' .ill 1,000 millilitpl's gin·s 10 million P('I' millilil('I', which WaS till' 
COIH'(lntrntionfl'l'qll('ntiY(lmplo,Y<'d in pI'('lilllinul'.n~l'l'('nhotlSl·t('sts, In 
field ino('ulutions, sllslH'nsions eontnining 1 million bnd('rill(WI' mill iii {('r 

3 Th(' wrilt'r j" indc·bl NI to t h(' following' workt'rs for furui"hing: the :;('('<1 lot:;:
C. J, King, C. 1Il1rrbon, D. H. Hooton, Ilml /).~!. Simpson. 
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were used gC'nemlly. One isolate of Xanthomol!os maiv(lcearum. was 
used throughout this work, ine1uding tht' fit,ld work, and its pII,tilo
gt'nicity kept conslnnt by flwllIl'nL l'piRollllion fl'om infect('d tissue. 

Proct'dUl'('s of watt'r congesting and ino('uillting colton leaves w('re 
developed and standardized so liS to flll'llish I'estllts pel'mitLing valid 
comparisons within any giw'n test. '1'wo types of water congestion 
arc distillO"uished-" visible" Ilnd "nolwisible." :For producing vis
ible walcr~ong('stion the method of Diachun and olhers (5) was used, 
i... No, 20 needle of It 10-milliliter B-D Luel'-type hypodermic syringe 
wascutotf to gin' a cil'('ulal·opl'ning. Asheam of water was forced from 
til(' syringe against the \par surface, The syringe WilS moved rapidly, 
inducing a watl'r-('ongest.ed streak that remained visible to the naked 
('ye for 10 to 20 minutes, Nonvisible water congestion was produced 
by means of It l-qual't sprllyer, and mom oftl'n by means of a No. 16 
DeVilbiss atomizer, 

An attempt was made to attllin unil'ol'm pl'cssure at the leaf sUl'face 
for each of the described methods, The leaf was. backed by holding 
it appresseci to a rubber pad. while the walei' was forced against its 
surface from a distan('e of 1 to 1M inches, Atomizing 01' spraying was 
done from tbe same distance, and the numbel' of strokes adjusted so as 
to apply about thc same quantity of liquid pel' unit of leuf suJ'face, 
:1"01' instance, leuves of 5-inch diameter would rc('eivc six strokes, and 
I('aves of 3}<,;-int'h only three strokl's from the utomizeJ', Water COI1
gestion was induced at the lower surface of the \('uf, unless otherwise 
stated,

'1'he degree of yisible water congestion wos used ns an indicator of 
the degree of stomatnl opening (footnote 1, table 2), as Diaehun (4) 
hus shown that sntisfllctol'Y I'('sul ts are obtuined hy this method, It 
is realized thnt tel'l11S su('h as degree of wutel' congestion am ill-defined, 
They are used here as tempol'l1l'Y expedients, pending a deal'er under
standing of the t'ol11pll'x phenolll{'na, 

Inoculation was caJ'l'ied out by YUl'ious pl'o('edUl'es, An attempt 
was made to npply uniform quantities of bnd(,l'inl suspension to eol'
responding leaf sUl'fl1ees wben using any on(' pl'oc('dul'e, In some 
experiments the inoculum \\'US POUI'('(\ OWl' the leuf sUl'fu('e 01' leuves 
were dipped inlo a jar eontuining the blldel'inl suspension, ~Iol'e 
often ino('ulution wus caTried O1lt by ulomizillg or by bnlshing with a 
2-ineh pnint bl'lIsII. '1'wo nwlhods of bnlshing wel'e used-"g('ntle 
brushing" and "brushing with moli(,I'ul(' JlI't'ssUI'e." In gentle brush
ing lhe brush WI1H mois(ell('d with blldNiul slIsp('nsion ulld held 
pnTn\lel to the ll'nf surfn{'('; til{' lullel' was touched Ilt 5('\'(,I'lll pll1('('S, 
taking ('1I.('e to avoid I'ubbing, In hl'uHhing with l1loi\C'I'at(' PI'l'RSlIre, 
the moi5t('ned bl'ush \\'US druwn onl' the I('llf ns in puinting, but h('ld 
nt Ull neut(' nngl(' to th(' surfU('('., ('nl'(.' had to be tukel1 to !L\'oid 
p('l'mnnl'nl injui',\" ",hieh I'('sulls if ('XC'(,RS PI'C'ssul'e is applied to nny 
one point of tll(' I('nf by hl'lIHiling 01' by ron'ing wat('l' against it. 

In the ('Olll'Se of wOl'k ("olldu<'l('t\ 0"('1' 5('\'('1'111 y(lll/'S it wus 1I0t 

f('l1silM to Il\'oid mociifi('nliolls of t('('hniqm's, Da.lil of 0111' l'XIH'l'illll'!It 
W(,I'(, not strielly c'ompill'ul,lt' with lhost' of I1noth('I'. ~1()I'('ov(lI'! tll(:~ 
gl'(,C'l1h01IS(' wOl'k wnH dOIl(, 11 lid ('I' ('onditiolls lhnl did not pC'l'll1il I'igid 
('ontl'ol of If'mp('I'ntlll'p nlld soil moistul'(', Tl'Il11W1'ntul'es \\'('1'(' ~('Il('I'-
nlly in thl' l'nngt' of n° to :3;";° ("! nnd lll(' pot", w('r(' "ppl w('ll wntNPd, 
D('~pit P ('ollsic\(,l'nhlp Yill'in.liollS fl'om 011(' ('x()('1'i 1lll'J) l to flIlO! 11('1', the 
results within nny gin'n ('xpC'l'impnl- W('I'(' gt'IH'I'Hlly ('ol1sislplll. 

• 
• 

• 
.. 

, 
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BACTERIAL BLIGHT OF corrON ·7 
In the first experiment each test was repented fl'om 2 to 4 times, 

using at least 10 leaves fOt, a given treatment. Whenever possible,r parallel tl'eatments were ('om pared on individual leaves by applying
each treatment to half of the leaf. 

As the studies progressed and as the factors affecting infection and 
susceptibility were defined, procedures were adopted th.at made it 
possible to obtain comparable numerical data, The leaves were 
tagged and the degl'ee of water congestion noted at the time of inocula
tion, Relative development of expanding leaves was indicated by 
measuring their diameter at the time of inoculation (table 6, footnote 
I), When the incubation periods were to be determined, daily notes 
had to be taken. Arbitrary scales wore established, showino: the 
degree of water congestion at the time of inoculation and the relative 
severity of disease 3 w('('ks aftenvaJ'(1 (table 2, footnotes 1 Ilnd 3), 

F . .\CTOHS AFFECTING I:'IIFECTIO:'ll OF LEAVES 

STOllATAL OPENI:'IIG 

Stomata of cotton leaves of gr('enhollse and field plants showed 
wide variation in stomatal reaction when tested by Diachun's method 
(5), The pattern of stomatal belHLViot, agreed with data reported .in 
the literature (15) as follows: Stomata of mature cotton leaves are 
pl'llctically elos('d during the night. They open in the mOl'J1ing, 
rapidly in sunlight and slowly on cloudy days, Closing of stomatn 
is less regulrir than opening, paJ'ticulal'ly with stomata of the uppet' 
smface, The pCl'iod of maximum opening may be shortened by 
various fnctors, slIch as drought, shadinff' and low relali\'e humidity, 
Stomata of bud leaves are 1Illcievclopell, those of expanding lelw('S 
tend to be open for short pel'iods only, and those of very old leaves 
become permanen tly elos('d, 

Abundant inf('dion of matme coUon leans by XantltOmonas 
malracearllrfL was found to take pluee only if stomata were 0Pl'1l 
(table 1, expl'J'in1l'nts 1 and 2), Stomatal invasion took plaee reganl
less of whethel' blletel'ial suspensions Wel'e applied to the 10w(1r OJ' 
upper leaf SUJ'fll('l', usin~ any of the following pro(,pdUJ'l's: ti) FOJ'eing 
the suspl'nsions against the lcaf by atomiu'I', spl'llyl'r, 01' bypod(,I'mic 
sYI'inge; (2) forc'ing- \\'U 1('1' ugllinst tl1l' len f by atomizl'J', sprayer, 01' 
syringc imn1l'diatl'ly following 01' pI'ior to pouring the suspension or 
to hl'Ushing it gl'ntly OWl' H1l' leuf; und (~) ino('ulating us in (2), but 
fl'om 111(' ll'nf slII'fnc'p opposite tl1l' OIl(' trl'uh'd (tahl('s 1 und 2). 

WATEII CO:'llCESTIO:'II 

, 
Proof was ohlnin('d in the snml'> l'xpl'rill1l'nts thut in mature cotton 

!t'UVl'S abundunt ill\'asion thl'Ough stomata d('Pl'IHls upon the prescnce 
of wutel' in intN(,plhilul' spa('ps nOl'mully fillpd with nil', This is 
dpmonstmted most stl'ikingly by pouring the baetNiul suspl'nsion 
OVl'l' the 10w('I' surfaee of the whole l('af aftel' inciu('ing visible wnte'I' 
cong('stion in thl' form of stl'caks by II1l'UIlS of u hypod(,I'mic sYI'inge 
ns dl'seribl'd ahovl', The Il'af pUI'ls thus ('ongesll'd ut the time of 
ino('ulation 1>('('0111(' solidhr infl'('ted Inl<.·I' on, whil(' in till' r('st of the 
I('nf th::- disNlse (·jlh(,I' do('s not den·lop nl. nil 01' O(,(,ltsionnlly mnni
fests itself in the nppNlJ'Un('p of a. f('w smull spot'> (pI. 1, A). ~rOI'{'
over, abundnnL infection does not occllr if the bacterinl suspension 
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Discllse symptoms prodlU:;r)d by X(lIIlhoI/IOIW,~ IIlfllvacCflrum on COttOIl I<:!1l\'CS, 
illustrating the differences in symptoms resulling from two different water
con!!:t'stion proc('dures (A and [1) nncl from difTerenc('s in inherent resi;;;tnncc to 
the disl'ns(' (C Ilnd D): A, Lellf of Il ~Ilsceptible vnriety, 3 wceks nftcr inocula
tion, Willer congestion by Il stream of wnler from n hypodermic syringe directed 
Ilgainst lower surfllce of left hllif of Ie!'£. followcd illlllletiilltely h)' pouring the 
bacterial suspension o\'er cntire lo\\'er leM $urfllce (tllble 1, expt, 3); a, sllmo Ill! 
It, except Willer cangestioll by spraying with wllter; C, lellf of a susceptible 
,'nrieL" (Acnla 11) 3~ weeks Ilfter inoClllll(ion, dsible Willer cangl'slion On right 
hllif of lenf by strcllm of wllter from 11 hypodl'rmic syringe, imllll'dilltl'ly prior ta 
inocuilltion by lIt.ombdng the whole 1l'llf wit.h the bllcterilll suspensionj D, 
SIl1l10 liS C, except thllt lellf is of a resil,tllnL \'lLricty (StollC\'illo 20). 

, 
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Relative susceptibility of leaves as alTected by stage of leaf development at time 
of inoculation. Plant.s 4 weeks old. Inoculation by spraying with a knapsack 
sprayer. Stomata of mature leaves opcn. Pholov;raphed 21~ wccks after 
inoculation. A, Sections from Icaves of I~ Shafter .\clllll pltUlt: (I and II, VrolJ1 
cxpanding leal'cs; call(I d, from IJIlrcly Illllt ure I('a I'es; e lind 1, from full." !/lilt ure 
Ical·c8. X 1~. B, Lea\'('s of an ~X I' plllnt: (I, Blld lellf; IJ, eXPllnding lellf; 
C Ilncl d, barely mllture ICllw's; e and 1. fully 111:1\ 1Ir!' H'!Well. X 11. 

, 
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the incubation period and therefore the development of the disease, 
This hypothesis is favored by all the results obtained in the investiga
tion, Other conditions bei1.~g the same, the concentration of. the 
inoculum suspension determines the duration of the period of incuba
tion and subsequently affects the severity of disease expression, T1IC 
incubation period may be reduced to 2 days by applying a highly 
concentrated suspension of bacteria to yjsibly water-congested palts 
of leaves (tables 5 and 7)1 or it may be extended to 2 01' 3 weeks if 
the leaves are atomized with dilute suspensions (table 3), Jfurther
more, atomizing 01' brushing leaves with a concentrated suspension 
(~able 7) may induce disease s)'1llptoms earliel' than applying a V(H'Y 

ddute susp('nsion to completely water-congested PUl'tS of the leaf 
(table 5). 

FACTORS AFFECTING SUSCEPTnULlTY 

Susceptibility of cotton to bactel'ial blight is affectl.'d not only by 
varietall'eaction but also by the stage of development and the concli
tion of leayes and plants. E ..F. Smith (19), in his piolleer work on 
badel'ial disl.'ases of plants, recognizl.'d thnt "juicy" 01' sllcculent tis
sues favor diseasl.' development, and this fact has since been confirmed 
by all workers dealing with thjs or similar diseases. 

STAGE OF LEAF DEVELOPjlENT 

In the course of the pl'esen till \,f'stiga lion tlte need arose fol' a morc 
pl'ecise definition of factol's afrl.'ctillg slls(,l.'ptibility, I.'specinlly with 
r('spect to individual Il.'aves. FI'equl.'lItly, lW(,flusl.' of yal'illlions 
bl.'t\\'l.'en leaves, ayerages of IlllIllerieal dntfL did not Ildl.'qulltl'ly I.'XPI'I''>S 
difl'l.'rencl.'s jn disl.'ose sevl.'J'ity I'esulling fl'om YllI'ious tl'l.'ntnl('nt5, 
although lorgl.' difl'l.'l·ences wl.'re rl.'odily S('l.'n on (·xnminillg tIl(' I I.'nYI.''> , 

In the enrly expl.'l'inwuts this diflieully wns pnl'tly OV(lI'('Oll!1.' by 
using motul'l.' l(lnvl.'s only ond by giving tho contrnsting tl'('n\lIl(>nls to 
till.' opposill.'holv('s, It \\'ns noted, hO\\'(,Y('I', lhnt bnl'('l,\" lllnlme 
len.Yl.'s tendl.'d to become mOI'(' sevel'(~ly c1is(losl.'d thnn 01<1('1' O/lI.'S, ('Yl.'n 
though stomn lit WI.'I'(' 1111ifol'mly widl.' open, ns shown by thl.' yisihlp 
wn.ter congl.'stion nt UII.' time. of ino('ulnlion, In lhesl' bnl'l.'ly Illnlul'(I 
iI.'!1ves thl.' disensed stl'(lnks npPl.'fll'NI I.'nl'liel' und till.' I('sions I.'xtl.'lHl(ld 
fnl'lhl.'l' into the n(lighboring tissu('s thnn in old('1' I('n\'(':;, "'lINI 
ntomized with boctl.'rinl suslwnsiolls" old ]I.'OVCS dl.'wlol)('d smnll('r 
If'sions thnn youngN Il.'n.\'l.'s and sOll1l.'tinws the old Il.'n \'I.'S did not 
bf'C'ome cI is(ln:;p<! ot nIl. 

TItI.' brush ino('uln(ion method pC'l'mittNI eX{(lnsion of thC'sl.' t('sis to 
expnnding nnd bud h'n\'('s, Stomnln. nl'(' g(,IH'l'ully <'Ios('d in bud 
11.'1).YC's nncl inlellYC's nl C'nriy stngl.'s of ('xpnnsion, whil(' nl lulC'r stnglis 
sloll1ntlll op('ning Ynrh's muth mol'(' lhnn in mntuI'C' 1C'llvC's, ,,'h('/I 
ino('IIlllled by bl'lIshing with mod('I'ntr T)I'PSSIII'C', It'fln's in thl' l'xpn/ld
ing stngl.' b('cnme mol'l.' se\<C'l'('ly d is('nsNI Ihn /I mn 1\11'(' It'IlY I.'S , \\'hl'I'!'lls 
the InUl'r \\"('1'0 gf'I1PJ'nlly the m01'1.' sc'vC'l'ply infpdt'd b'y IlIPlhods in
yolying stomntnlil1vnsion (tnbll.' 71. Bud 1('1\\'('8 1l'IHI('d to hnTP fpw 
1l.'sions, whieh in highly slIs('C'ptihl(' nll'il.'\.i('s bl'('nml.' WIT Inl'gp Il\; It 

Intl'l' slng(l, oftl'n I'pslril i ng in distortion of 111(1 1('11 f,

'" Thl' high slIs(,l'ptibilily of fHld 1(l11\'('s is oftl'n /lot 1'('!Ipc'\('d in llll.' 
dntn. on dis('nsl.' s('Y('ril)T b('('11115(' thl' Inltl'I' is nn pstirnlllf' of disl'HSl'd 
\pnf nrl.'n, (\('pl.'llding 011 both Ilumhl'l' nnd size' of I(':;ions, HOWl'Y('I'/ 
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when methods of inoculation that cause very mild infection (dipping 
It'aves into bacterial suspension 01' gentle brushing) arc used, leaves 
of all stages have few spots; the disease in bud le/wes is then the mOJ'e 
scvel~e, particularly in highly susceptible varieties (tabh1 6), Vein 
blight was prevalent in leaves ino('ulated at the cady expanding and 
hud stages (pI. 2, TJ), The vein hlight consisted usually of bands of 
infected tissues adjoining the veins Iwd rarely nfl'eeled the vPin tissues 
themselves,

The size of indiyidllallrsions tendl'fl to decl'pase grndunlly from bud 
leaves to those fully matme, 'l'his t'f\'ect wns most deal'ly shown 
(pI. 2, A) when whol~ plants with fOllr to six fully l'xpanded leaVl's were 
sprayed uniformly with baelerial suspension, using the COUI'Se spl'ay 
of n'knapsnck sprayer as Inh'l' descl'ibed, In presentinO' such data 011 
plants with mol't' than thl'l'e expnnded lenves, the follmving gl'OUpS 
wpre distinguished: "Bud;" "top" (l'xpanding !eaves with diameters 
l'auging from 10 to 70 mm, nl the time of inoculation); "mid" (burdy 
mature); nnd Illow" (fully mntUl'e) leaves (tnb1C's 6 and 7), 

Among leaves nt vnl'ious stugps of dc'{elopment, the incubation 
period beeomcs genernlly longl'r the oldl'l' tll(' leaves (tables 6 and 7), 
The period of ineubution, ho\\,evel', is lIsuully 10ngpJ' in leaves of the 
l'arly expanding and bud slagcs thnn in those of till' latc expnnding 
nnd eal'ly maturl' stng('s, Intl'r(,pllulnr spu('('s are smllll at first, 
inereasing graduully during expansion, part.ieulul'ly through dev('lop
J11('nt of spongy pnr('nehymn, 'l'hus, room fOl'lnrge musses of bacteria 
is provided only n!'lel' somc dnys, u('('ountillg fOl' fh(' delny in symptom 
expression, 
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Tt ",us ('ommonly obsl'I'\'('(\ lhn t Il'fI Vl'S wpr(' fully s\ls('('ptihle to tho 
elispnsl' only wlwn till' plnnts \\'er(' in vigol'OlIS growing {'ondition I)('fol'o 
unci during til(' r\('wlopml'nl of lesions, Tn this fil,leI of inv('sligntion 
studi('s nl'e neede'd to dl'fiIH' mOI'(' dC'arly tilt' following faelol's nnd tlwir 
int(,lTeltllions: (1) 'l'('mpl'rntlll'e and wat(,I' rplnlionships, parli('ulnrly 
withl'('sppl'i to soil moisime; (2) nutritionnl conditions; (3) gl'Il('I'lil 
growing eondition Ilnd nl!P of pla.nts, Till' fl'w ('I'it.il'al daln obtnined 
in thp pl:t'sent work will Iw bril'fly dis(,IISSl'd, logdlH'1' with incidentul 
obscrvn lIOns,

Dutn. on till' rf\,(,(,t of soil moisllll'l' wPl'e obtnillPd in one of lhe l'l1rlil'l' 
l'xpel'imenls, using mallll'l' 1(,11.\'('5 on 8-monih-old plunts, The' plu.nts 
of thrl'l' pols had bN'n kl'pt l'nth(,I' th'y, whill' lhosp in tllJ'('e otht'rs w('ro 
\\'ut('1'('(1 nOl'mnlly, At tht' lime of inoc'lllnlion wnl('r l'ong('stion of 
}(>n,vps wus ('qunliy good in both sl'ri('s, On tht' 11'11\'('s of phlllts grow
ing in moil'll soil tl)(' disc'lIsP WUS moJ'(' 5('\,('1'(' find tlH' Hyprlll!(' I)('riod of 
incublliion shorU'l', The' I'Psults W{,I'C' ('oIl5ist('nl IInd('r lwo ('ondilions 
of inoelllntioll lind III two ('oll('('lltl'nlions of ino('ulul11 (Inblp:3)' In It 
lu\('r t.('sl similar 1'(,51.1Ils W(,I'l' obtninNI with YOllngC'r plnnts (7 ",('(,ks 
old ",II('n ino('ulntNI), hut: til(' low ItI U\'C'5 \\'1'1'(' mol'l' 5('\'('I,(·ly dis('nsl'd 
in the Ildl'Y" plants, nppnn'lIt1y 1)\'(,111151' thl',Y 1'l'llIuiJll'd 10ngPI' in a 
II juiey" susel'ptihlC' condition, ",IH'I'PHS bud Ulld t'xpnnding IPfW(,S Wl're 
rl'lnl'dNI in growth find lh(,I'('fol'(' 1('55 SUS('('ptihlp, 

('onsidC'l'ing dnln obtnin<'C1 in tht' ('urly tl'sts "ith old plnnts ill 
rulll('r POOl' growing condition, in ('ontl'llst to Illh'l' dfltn 011 young 
plants in ~ood growing condition, wntpl' ('ongC':;tion wns obtninl'c\ TlIllch 
more I'Plldily in 1C'!\.\·('s of th(1 young plnnts llwn in those of thl' old, 

• 
• 

, 

, 
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lvforeovl'r, disease. symptoms t(,IHI('(1 to be. mOl'e severe in thrifty 
plants r('glll'dless of conditions nfl\'ct.ing watcH' eong('sUOIl, 

VAHJETAI,IIE,\CTJON 

Under the. conditions of these gl'pcnhouse. experiments, outstanding 
resistance of mature. leaves was evident in some sLmins of the Stone
ville variety only, When compnl'ing highly susceptiblc, sus(,t'ptible, 
and tolol'llnt val'loties, sbl'iking din'm'cnces wOl'e somet.imt's noted with 
respect to the l'caction of bud lellyes, 'When mature leaves of thl'ifty 
plnnts of tolc:~I'aot vlu'it'ties, however, W('I'e inoculated undt'l' conditions 
of watel' congestion, they b{~came as sevtH'ely disl'Hst'd as those of sus
ceptible vnri('tie.s (table. 5), The lesions 01' the fol'llll'1' tended to be. 
only slightly smallel' and tended to dl'y It little fnstel' than lesions on the 
more. susceptible plants, When such difl'Pl'ences wel'e present they 
were not J'eflt'ctt'd in the dUl'Ittion of the pOl'iod of incubation but 
seemed to involve the subsequt'nt spl'ead of bnctt.'I'ia thl'Ough the. leaf 
tissue 
Th~ high 1'esis(,ancc of StOllcvill(~ 20 wns manifested either in 

absence of lesions 01' in very snmll It'sions, which werc brown and 
dry from thc beginning, Complcte water congestion in leaves of 
tillS stmin wns as readily obtained ItS in susceptible vnrieties, When, 
subsequent to such water congestion, lenves W('I'C inoculated with It 

highly concentrated suspension of bnctC'I'in .(100 to 300 million pel' 
Ill!.) a Iight~bl'owll stl'enk was obtained (pI. ], D) on the following dny; 
thnt is, 11 dny eadiel' than hydl'Osis would hnve nppelu'ed undel' the 
samt' conditions ill lelwes of susceptible Vlll'iet.i('s, 

This extremely mpid I'eaction suggested 11 ph(lnonwnon simi/Ill' to 
the' hypel'sensi ti viLy ]'cpol'tt'Ci ill !'lIstS, but til is idl'11 is con tl'Hdieted by 
such evidencc as is now available, N ei ther' host liSSlll'S nor bnetel'in 
seem to be killed, It appeal's I'I1thOl' thu,t the disl'olol'l1Lion of t.ho 
tissue is connocted with a I'('sistltllt n'netiOIl of tilt' host cells thnt 
rcstl'icts mill tiplieation nnd spl'pad of the bactel'in, No r('nction en
sued wll('n badel'inl SIlSIll'nsions of mth('I' low cOl1eentl'lltions W(,I'O 
Ilpplied to watl'l'-congC'stl'd It'uvl's of Stoneville 20; pale-y(.l\owis\t 
streaks J'l'sllll('d on sOllie leILVl'S wlll'n suspensions of int.C'I'Il1l'dialo 
con('entmtion w(,I'e uSNI, usuully bC'coming apparent shol'i!y aH('I' 
typicnl symptoms of hydJ'Osis were noted on leaYC's of SIIS(,pplible 
"IlI'ieties COI'j'{'spondingly inoculnted, ]i'urtilPl'IllOl'e, in some instnnc('s, 
a few typienl lesions W('l'e seen on len yes; llJidpl' {'pidt'mil' condi Lions 
in the field, gl'C'enish-yello,\r halos appC'nl'('d fl.rollnd nl'('J'otie spot.s nt 
the time when nbundnn L s('('olHllu'y spread was {,,,jdl'l) (; 111'011 nd d isensed 
lesions on It'nYf'S of SUSCl'pti hlp plnnls, 

DISCU881O:'< 

II .... POTIIESI8 Of' I !'I PECTION 

, When bncterial suspensions nrp m('('l'ly plaeed on thc sUl'fnec of 
mature ('otton leaves, infeetion does not I'PSlrlt. AppuJ'ently the 
bllctC'!'ial massl'S J'('quil'C n liquid pnsSlIge lellding from the sUJ'fa('(\ 
in to til(' in tCl'cl'llulal' SPIl(,('S, Sueh in vnsion pnssag('s an' (ll'Ovidl'cl 
by nwthods thnt. pl'odu('c \\'attH' eongpslion by cxtel'l1nl menllS, 

'Vhpn Indin ink is pllw('d on till' slId'n('(' of ('olton 1('llYl's while 
pnrts of their tissues llrc complt,tely or partially watel'-congpstl'd, 
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some of the ink is dm,wn lfilmediatoly into the wl1ter-cOl~gestecl plu'ls, 
This drc'ct has been demonstmtt'Cl by Diachun and Oth'N'S Wi, ond 
supports the view thnt bactcria al'(~ dmwn into the intel'cellultu' _. 
spaces pnssively, apparently by capillary fol'(~('s, 1'his work has bCt'n • 
extemled here to include the afoL'ementioned brushing method, 
'When India ink was introduced into the intcrcellulul' spuces of cotton 
leaves by brushing with moderate preSSUI'e, it could not be removed 
by washing the leaf with water, AppaJ't'ntly the small wounds 
caused by l)l'ushing furnish the passugps, while ('ell sup from broken 
cells provides wu,tel' conO'('stion, 

By coupling a hypothesis of incubation with that of invasion, 
infection of water-congested leaf tissue may be visualized as follows: 
The first symptom of the disease, hydl'Osis, is outwardly similar to 
the visible (temporu.l'Y) water congestion produced by a hypodermie 
syringe, Appilrently hydrosis sets in whC'1l the zoogloenl musses of 
buett'riu ha"e built up to the point; at which they nrc able to with
draw wilter or cpll sup from the surrounding c('lls to such an extC'nt 
tlmt til(' intel'ccllulaL' splices become permllnently congested, rrhe 
period npc('ssul'Y for building up the bactel'ial musses to thc critical 
point is the p<>l'iod of incllhation, 

Evidencc cited aboye indicate's that the IfU'g<>I' the initial numb<>l' of 
bacteria intl'Oduced into the unit volume of intpl'('{'llullll' spn('ps the 
shortel' tbe incubation pedod becomes, This initiul numbel' d('p(ll1ds 
upon (]) the concentl'tltion of the bactPJ'iul sllslwnsion us('d as in
oculum and (2) the' dllgl'e(' of walpl' eOl1{5estion, rrhis InU(,I', in tUI'll, 
involves two factol's-tht' number of ltquid plIssug<'s lind the 1'01'CO 
with which the \mct(lrial slIsp<'nsion is cll'awn through them, Thus, 
jn nddition to the biological mass dl'cct that dominltt('s incubulion, • 
physical muss efl'C'ets may be postuln,tcd as gov('l'ning invusion, .. .. 

It is realized that the eff('cts of moistm'c and othel' fllctol's in 
infection are of a y('ry eompit'x nature and that thcl'e is need of 
detailed busic inYestigulion, 'Phe hypothesis discussed in the pl'l'
ceding parngl'aph should be e0l1si<l('I'('(1 th01'1'fol'(' liS an 011 tli n(', 
OY(,I'sim,plificc! fol' the purpoSo or pl't'sl'nting fl ('olH'l'ent pietul'(' of 
infection, 

SUSCEPTJIIILI'I'Y Oil H1~SJS'I'A':-;CI, 

Th(' tc'l'ms "slIs('C'ptihility" and "I'csistanec" al'c appliC'd IWI'(' to 
the l'C'aC'tion of invadNi tissues, Tlw S('\'('l'ity of indh-idllal I('sions 
"vus tnk('n us U cl'ilpl'ion, t:egltl'dh'ss of w\ll'th~)'I' 1'('llItiV(, I'PlIetion wus 
('Ompfu'pel within any of' the kinds of SUS('('ptibilit~r; tlltlt is, tllllOllg 
Ipn,vl's at vfU'ioliS stl1.ges ot: d('Yl'lopn1C'nt, arnon~ plants ~I'own lIUtil'I' 
vnl'iolls ('onditions, 01' among YtlI'iptiPs, W\WIl wwd in this SNlSf', 
sus('eplibil i 1V fincl resistltne(~ \n'I'l' (,XPI'1'5SioIl5 of the {'om pn,tibili ly 
of' hosi fllld"pHmsite nlld W('I'!, showll to hp indep('nd('nl of invlIsion 
p\H'1101llC'llft 'duC'll as stonlfLlfd opening find of wateL' eotlg(lsLioll pl'O
dUrN\ by ('Xt('I'IW.l mNtIIS ni till' tim!' of' ino('ulntion, In othel' words, if 
Ow tissups SUI'I'Oll nding a gi Y(l1) inf(,('tion eoul't 111'(' suscl'ptiblc, the pnth
og't'nie blletrl'ill, will spl'l'ud qlli,'k)y find ('ont1nLlul!sIYi in less sus('('pti
ble tissues, mllltipliC'ntion ond spl'l'lId al'p rptnJ'ckd; in resistant t.iSfHIPS, 
SP1'Plld is rl'sll'i(,tl'd so JllIlC'h that tho lesions 11I'C vcry small, 01' no 
viflible symptoms nPP('IlI'. ,

'rho nntllJ'(' of Uw slIs('rplibility 01' 1'('5islnn('(' of ('otlon to bn<'l('I'in,1 
hlight is ul\c1PI'Stood ns Hllle as urc busie faetol's of most olhl'I' plnn\. 
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diseases. Obviously, host-parasite relations are complex. There 
may be factors of susceptibility involving moistlire and. nutrit.ional 
relationships; and thp,re may be factors of resistance, such aR sub
stances produced by the host that inhibit the pathogen. (The exist
ence of three genptical factors of resistance has been indicated by
Knight (12, 13).) 

The lack of definite information with resI~!';et to the basic factors 
involved makes it difficult to propose an adequate theory. Evidence 
and observations suggest that susceptibility of cotton to the val'ious 
forms of bacterial blight is a!:;sociated with immature tissues and with a 
slow rate of maturing. It is not known, however, whether the various 
kinds of susceptibility are fundamentl'llly the same. The effects are 
similar, hut the causes need not be the same. Obviously mass phenom
ena nre involved, af:- has been discussed in relation to incubation. 
IVIass development of bacteria in susceptible tissues, however, is a 
consequence and not a cause of susceptibility. 

INTERRELATIONS 

It remains to examine how susceptibility and resistance' affect 
disease expression when the various kinds of susceptibili ty are con
sidered in conjunction with one another and with factors affecting 
infection. 

, Susceptibility and resistance are relative reactions. Varieties may 
be al'l'anged in the order of increasing resistance as determined under a 
~iven set of conditions. A change in these conditions does not affect 
the relative resistance rating 01 the different varieties, even though 
the general level of disease in all varieties may be altCl·ed. Likewise, 
on a given plant with leaves at various stages of development, sus
ceptibility tends to incmase from the oldest to the youngest leaf; 
this relative J'eaction is independent of concentration of inoculum 
and of val'iety. vYllen highly resistant varieties show any disease 
symptoms at all, they appear in the expanding and barely matum 
leaves. 

The element of time is important in considering the combined 
action of the various factors that affect tIle disease. This time facto[' 
has been discussed already in connection with effects of mass action 
upon the duration of the incubation period. 'When inoculated with 
dilute bacterial suspensions, fully mature leaves thn,t water-conge<3ted 
well at the time of inoculation often failed to become diseased, while 
expanding leaves that watel'-congested poorly developed severe symp
toms. By the time these symptoms appeared, that is, from 10 to 20 
clays after inoculation, the older leaves had lost their susceptibility. 
'rIms the kinds of tissue susceptihility that arc connected with leaf 
development and pl!mt condition arc dynamic, that is, they may 
change while the llOst-parasite relationship is in progmss. Obviously 
this is more likely to occur when incubation and symptom develop
ment extend over a long pCI·iod. , Even though the system of factors affecting infection and suscepti
bility is complex, the data presented in tables 1 to 7 show that single 
factors and their effects can be clearly recognized. It is .necessal'Y. 
of course, to choose a mnge at which reactions to a given fnetol' Ilm well 
difrerentiated. :l\foJ'eover, the aforementioned interrelations of fa('
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tors hp.:ve to be taken into consideration. In table 7, disease reaction 

of leaf No.7 is shown to be definitely less severe than for leaf No.8, 

taking into account the stomatal condition at the time of inoculation _. 

us. expressed by the degl'ee of watet' congestion. Fot' both leaves the 

ratio of water congestion to sevet'ity is about 0.6. 


Generalizations have been made here on the basis of such evidence 
as is now available. They are submitted as a possible basis fot· work 
toward a more complete understanding of the disease, a goal that can 
be l'eachl!u only by further I'eseal'eh on the faetors studied hm'e as 
well as on other factors. In' these experiments no concerted attack 
hilS been made 011 the role of moisture conditions as they affect the 
host-parasite relationship. 'rhe complex nature of this problem has 
become obvious through many observations. Thus, "juicy" leaf 
tissues have been found morc susceptible than "dry" tissues, but often 
juicy leaves water-congest easier than dry ones, other factors being 
e4.ual. Extensive investigations on other bacterial diseases have 
demonstrated the importaIlce of internal humidity (17) and internal 
water congestion (11). Indicative data along this line will be given 
in the last part of this bulletin. Emphasis has been placed het'e on 
methods of inoculation that involve water congestion by external 
means. These methods have proved practical for producing epiphy
toties by artificial means. 

ARTIFICIALLY INDUCED EPIDEMICS IN RELATION TO 
VARIETAL RESISTANCE AND EPIDEMIOLOGY 

METHODS 

DEVELOPMENT 010' FIELD TECHNIQUES 

The data presented in the first part of this hulletin provide an 
explanation for the ineonsistent results obtained in previous field 
trials of the inoculation teclmique deseribed by Knight (13). It had 
not been reeognized that this teehnique was fully efrective only when 
the plants are in good growing condition and when stomata are open 
at the time of inoculation:1 The methods subsequently deYcloprd 
are modifications of those used by Knight for pl'Odueing artificial 
epidemics and for detel.·mining relative vlHietal resistance. 

In order to he useful to the plant breeder such methods should be as 
simple as possible and standar'dized so as to give consistent results. 
Methods should be simple enough to permit easy and rapid prepara
tion of inoculum, inoculation of large numbers of field plaJits, and 
grading of individual plants. Standardization should minimize the 
effects of variable natural eonciitions and provide uniformly seve I'e 
disease through (1) unifol'm covemge with inoculum, preventing any 
plant from escaping disease; (2) unifol'm procedures of inoculation; 
and (3) a eomprehensive system of grading. 

In developing satisfactory field techniques the outlined require
ments were kept in mind, together with the undCl'standing of disease 
factors gained by studies on individual lraves. Some work in inoeu-

I These points arc not clearly brought out in Knight's original dc~rriptiOIl. A , 
recent communication from him indicates that they have been considered in 
praotiee. 



15 BACTERIAL BLIGHT OF COTTO); 


lating individual ll.'aves was donI.' on field plants) using procedul't's 


r that involved visible 01' Ilonvisible waLtw congt'slion, The results 
were similar to those reported fol' greenhollse plllnts, Om't', aftt'r n 
IU.'iavy rain, leavcs of young Held pllllltS were found to be so "juicy" 
that atomizing produccd visible wilter congestion. 

Inoculation with the knllpsack spl'ayer wus first tested in thc green
house. The efl'eet of the water eongl'slion induced was intenuediate 
bet;w~en that of hypodcr'mic syringe and atomiz('r, rsually water 
congestion was not visiblc; but visible water congestion I'esulted whcn 
a ll"af was bncked with a nlbbcl' pad while the spray was applied fmm il 
distance of 5 to (} iuches, Such visible water congcstion did not appell!' 
if stomata wCl'e dosed; for instanee, in leaves 'of plants shnded for 
2 hoUl's !wiol' to inoculation, 

In developing the method, it wns found thnt greenhouse conditions 
have the advantage of being semieontrol\pd and pl'l'mit ('ontinllolls 
close observlltion of thl' devp\opnlPnt of thc' discas('. FUI'thpl'mol'p, the 
direct eO'pets of th(' inoculntion could bl' rl1eognizpd inckp('ndt'nt of till' 
secondal'Y infl'ction that is fl'equl'ntly I'('sponsibk for vllriations in the 
field. On the othel' hand, g'l'l'pnhoust:' tpsts hnd to bt:' rpstl'ietl'd t(l a 
small numbt'l' of plants. MO]'('OVt:'I', g'1'('t'nhous{' plants g'rowing in pots 
with wt:'ll-fC'rtili7.l'd soil gel1t:'l'ally diner f.'om fh-Id plants. TIll'Y nrc 
more lend!'r and succull'nt nt first but tl'nel to gt'l mol'P I'npidly into 
poor growing condition. ~\rith a limih'd quantity of soil aYllilable, the' 
roots of tile' pinnts b('come pot-bound /tnd gl'owth is retarded despite 
frequent watering and hen\'y f('rtili7.ntion, 

INOCULATING PLANTS IN JlIIEEI)lNG PLOTS 

The method of ino(,tdllt ing fit'ld plunts l'onsistNI ill applying bac
terial suspeJlsions with a sprayrJ'. .A Jmnpsflek Spl'll}'t'J' was sntis
fnctol'y for small plots; a wheelbalTow sp1'l1)'<'r equippNI with a pres
sUl'e tnnk was prefel'llble for' hll·gp(· plots. 'Vhen spI'aying with the 
wheelblllTOw type, it was found convenient to hold the pl'essul'(' nt 
125 pounds. This mpthod was first tr'ied in ] 944, applied on a lal'gel' 
senle in 1945, and bridly described in 11 I'('(~t'llt al'tiele (18). 

Field plants wel'e inOt'ulated wlWI1 in vigol·otlS gr'owing eondiliol1, 
usually whell 5 to 7 weeks old. Growing ('ondition is dppendl'nt upon 
soil moisture and oth<'r en vi ronmpn tal f ador's thnt cannot he con tl'ollcd. 
Gl'owing condition, thcrefor(', is the {('nturo least susceptible to stnnd
anlization. 

Prepamtion of inoculum wns stlllldlll'lli7.('d, using the pro('edurc 
deserihNI for expel'iInen ts on individ ulll lea Y('S. Cont'('n tl'llted 
bacterinL suspensions eontailling lhe yi('lds of 10 petri dishes in 1,000 
Ill\. were tahn to the field. By ndding this suspension at the I'atr of 
LO m\. to J ,000 Ill!. of wn(\,I', n sprny stlslwnsion was pl'l'pared thnt 
contn.ined about I million blld('l'ill Pt'l' ruillilit('l'. One gnllon of this 
suspension was sufficient for spraying a 100-foot I'OW of plnnts 5 to 
7 weeks of nge. , Stomutu! opening was t('stN! in thl' first tl'inls, using as 1lC'l'itrrion 
the dpgw(\ of walpl' eongestioll produ('od h)T n stl'('am of ",nIp!' (rolll n, 
hypodermie sYl'ingr, flS c/es(,l"ib('d abo\'('. It wus found !ntt'r thaI, this 
test is not nl'("essul'Y when plant"> in good growing ('ondition nl't:' spl'nYN! 
in midmol'lling of dC-ill' dnys, /)(,(,UIIS(, ut thnt time' tht' stomata OJ] the 
und!:,l' ,>i(\(' of most of the mntul'C lean's nre wi(\t:' OP(,I1. 
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Spl'Uying aimed at producing It high degr('e of nonvisible water' 
cong('stion in a hl,rge per'eenta,?e of leaves WitS ctfected by (1) dirccting 
t.he spmy towurd the under sille of the lcltves, whet'e stomata arc mom 
uniformly open than on the uppel' side; (2) holding the nozzle as dos(' 
to the leaves us possible; und (3) adjusting it so that it would delivCl' 
a scmieoarse spmy, Thus, the pl'OCedUl'e res('mbles that of applying 
pestieicies to obtain unifol'm rovel'nge, but difl'el's from that method 
in thal the spmy is mncie to sl rike the leaves forl'efully,likc It dr'iving 
l'llin,\Yi\C'n rnl'efully appliC'd undC'I' fnvor'nble conditions, this method 
gave ulliformly sC'''el'C' ciisC'llsc, e"C'1I though ,the spl'Uying WIlS done only 
om'C', Uepenting the SPI'lLy on the followmg dny from the opposite 
dil'eetion, und \\'ith onler of rows rcversed, insures against the possi
bility thut uny of the plunts might escupe infe(~tion, 

GnADI~G Fon nELATIVE nESISTANCE 

"When plnnts arc spray('d a('('ording to the method just described, 
severe disefl.se symptoms appcllI' on mn.tul'e lenves within 5 toi dllYs, 
Except on highly I'('sistnnt plants th('se \('sions conll"s('c frequently, 
S('v('['('ly all'('ct('d IC'llvC's stnrt shedding from 2 to 3 weC'ks aftcr inocu
lation, In 1944, nUC'mpts w(,I'e mnde to judge r('ll1tive r('sistunc(' of 
Yal'i('li('s hy s(,\'(,l'il,\' 01' disC'lIse, as express('d by the number of dis(,lls('d 
leav('s and by th(' diseas('d Ill'('ns of inciividualleuves, This proc('dul'e 
was laborious and not satisflletory unl('ss s('condary inf('ction nlso 
wus cOl1siti(,I'ed, 

A pl'llC'liC'nl se\wnH' of gl'llding vltl'ieties with r'pspl'et to r('sistnll('c 
wus deve\opl'(\ in 1944 and extc\llsi\'l\ly uSNI in 1945, Ess(\ntinlly 
it is !1 simplifit'd n'rsion of Knight's llH'thoci (13) and has bppn 
hl'i('fiy d('sC'rib('d pl'C'viously (18), Gl'Ilding is bnsl'd pl'imnril,\r upon 
the size and apppn.run('(' of disf'ase spots (outside of cOIl\(>s('nnt areas) 
uhout 3 \\'('('ks uftC'r inoculnJion, In uddition to spot size, the following 
chnl'netprisli('s iruli(on,tp thp dpgn'e of C'omputibility hC'lwecn host find 
pnl'nsitl': Hnpitlity of dl'ying of \(\sions; color whel1 dry; baet('riu.1 
exudate; sc('on<inry inf(\elion; lind \'ein hlighl (pI. ;~), 

Thl'l'p groups huyC' h(,pn C'stnblished as n t(\ntnlive hnsis for elnssi
fying plltll ts 01' \'lIril'lif's \\ itil I'PS()('et to rcsistllnC'e to blleterilli hligh t, 
TIH's(' gl'OU pS 111'(' d<\Ii ned hy thl\i I' pr(\vailing leuf r('nction, tlm'n ty pC's 
of wllie h nn' difl'(\r('n tin tocl (tuhlp 8), 

(I) A rcsisln.nl rNlclion is eusily reC'ognized by nontypical smull 
roundish spots, whieh IIp[wnr some days ufter typical lesions and a 1'(\ 

dry nnd brown f!'Om th(' l)('ginning; ('onll'se(\nt IIn'llS nnd Hill blight 
are vc'ry 1'lHe, 

(2) .A tol(\mnt l'C'netion is id(\nlified by typic-nl gn'ell angulru' spots 
of I to 2 mill, in dinrnPl('I', whieh hl'l'onl(\ browll ,dlt'n dry unci ofl(\tl 
eonles('e; sccondary spl'Puclnnd \'('in hlight al'(' rittiwI'limited, 

(3) A Stls('pptihle l'('uelion is chnrllcb'I'iz('(1 by IUl'g(\ gn'('n angular 
spots, wbieh t!'ncl to dry slowly, he(,oming durk brown 01' hllv:k IWcI 
ilrn f['(}flUently ('o\T('r('(1 by d.ry grn,,rish films of hnd(\rial ('xudalf'; 
s('condulT spr'('ncl nlld \'('in b1ight UI'(' i\,bulldnnt. 'roll'mnt nil" SllS
cpplibh' I'c'uctions nl'(, not so I'pndil,\' distingllishc'd from OIl(' nllot!\('1' 
flS ur(' tolc'l'llnl nnd rf'sistnnlI'Pfl('tion, 

On lire IJnsis of IIlis ('inssificlI.tion, n, numf'l'iC'ul s,Ys('m of gl'llding 
IIplllnd Yllri('ti('s wus dn'is('d in l!Hi:i, 'I'll(' following gl'l1d('s W(,I'(~ \ls('(\: 
Ol'lldc 1, I'('Sistflllt I'('u('tions; gm<i('s 2 find a, tol('I'n'nl; nlld grn<l(' 4, 
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nela' in' \'arietal r(',;istaI1C(~ in th(' 1!'llf spot phll~e (tabl!' ;S). ..I, :-ic'ctions cut from 
rI'JlJ'('~('nrati\'(' IC'lwC's of plants in field plot" that had bC'en sprayed with bacterial 
;;1I:il'pn~ion, lI:,illt{ a whc'pillarro\\' sprayrl': (I, HIOll!'\'iIIc 20, I), ;:-;toJ\c'\'iII(' -I: c, 
:-;!D!l('\'iIl(' 37; rL, Tri('(' 2.\: awl e, :-ihuft('r .\cala, L('a\'(',.; COll!'('I!'d in ,~!,pt!'lllb('r 
1!l-IA,4 11"('('ks aftC'r iJHlt,ulution, X 2, B, L{'ltH',,; coll('ctl'd in .\UI,(U";L 11).1,),3
w('!'k" nfter lllO('ul:uiol1, ,.. II,;, 

, 
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Ul'ialiY(, \'nriC'lai rl'"i-lllllt'P ill tllp holl rot pha~('. FlIlI-~i/.(·d holl" iU'I('IlI:ul'd bl 
l'Ilhllill!.!; II ith ch£,p,,('('jOllt \\,p([('d ill II ('Ollt'l'tlt l'llt('d';II';PI'II"jull of Xlntl/lIIlI/tllI/l,' 
III I! iL'fI/'1 arlllll. .\., Bulb of gr('i'1I110lb(' plant" plillt Ol!;flLpiH'<\ :2 \\,('ph- aft!'l' 
illllcullltiUll 1"\\('11 IIlIl-l 11',iOII- II l'1'{' in tit!' [(1'('('11 I\l\!pr--oakl'ri .,1 ll:!( : II, ;'111111'· 

\"ilIe 20: II, :-;tOtt('I'i!lP .\ Li: r, "tmlt'l ille' :37. • :r.. Ii, !loll- IIf tll'lf! phll.!
photographed ;j "l·l·k~ MIl'r illo('ullltinll \\ IWIl un'j'lI IllltPr-,oukl'd lIP'(b \1""" 
pre-C'ut (luf,· ut thc· lltltndu of -p("('adi1l!! /(·,illll,,; t \\(1 lmll_ of ('1\('11 1.[ /l", foi/o\\ II:I!; 

-trnill": II, ~tolH'\ill(' 20: /" ,..,,1('('11011 IlIlId!' by 11. ,\1. ~irfll"{\11 (row 1llt!l!'kj'I'"", 
of Tri(:t' 2.\ 10 II. In brid 1)( "tllllf:\Uh' 20 HIIII Tl'i('(' 2,\. c. TrH'1' 2 \. :" 

, 
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susceptible (table 9, pI. 3), Intermediate reactions are indicated by 


r decimals, This tentative sC'i1('me may serve as a basis for a more 
comprehensive system, possibly including varietal l'eadioll in other 
phases of the disease, 

DETEI{)IINING RELATIVE UESISTANCE IN THE BLACK ARl( 
AND BOLL nOT PHASES 

It would be desirable to han' one nWlhod of inoculuti.on for !Ill 
phases of the disease, This, howe\'(u', dOt's not. SN'Il1 to be feasible, 
Special methcds haYe been de\'elopcd, thel'dort', for inoculuting and 
grading in tile blurk finn and holl rot phas('s, Th('se llwthods induce 
lI1vusion of bacteria primllril;\' by I11('chaniC'ill, injul',r, It ilPPNU'S that 
these I111't:ilOc\S are not so dependent upon stollliltal opt'ning as til(' 
leaf inoculr~tion ml.'thod, 1t is not known to what extent stomatul 
b('hayior of leaves agr('es with that of bolls and stl'll1S, 

Field tests in 1944 indicated that in upland varieties black arll1 
was seriousonly when a \'eIT coarse spmy was applied to young plants, 
Otherwise the I11ethod of inoculation did not ditrer fmm tha lIH'C'\'iollsly 
described,CndC'r field ('on<iitions stem lesions appeared within 2 to 
5 weeks after inoculation, mainly on the int('I'nodes of thC' stc'ms, 
This indicated that most of the black ann originatr(\ from direct in
fection and thu t little was secondar)T, that is, \\;orking down from the 
leaves through till' pl'tioh's, 

Grading for l'esistancl' in the bJack arm phase wns bused on (1) 
pl'I'Centag0 of diseas('d plants, and (2 J s('\'eri t:,' of ind i,-id uul lC'sions, 
Scv('rity was estimuted by a sCl1io runging from 1, very slight, to 5, 
very severo (tabh' 10, footnote 3), dPlwlHling upon size' and dc'ptll
of the cnnk('rs, 

Pl'pliminary tests in 1944 suggesU'd lhut s('\'el'e hucte'I'in! boll rot 
muy be obtain('d in the .field by two nH'thods, hoth of whi('h wel'l~ 
uSNI extensh-el.\T in 1945: (1) .Rubbing indi\'idual holls with a tooth 
hrllsh 01' witII a pip(,t' of chppsec\oth w(ltt('d with a buctprial Sllspen
sion Ilnd (2) spraying tite bolls us describc'd 11,110\'0, but uSIng II; COlLrse 
spray,. The ruhbing mdhod wus \"('I'Y ell'ectin' hut slow, .Rubbing 
produces many smull abl'l1sions through which the bacteria entpl', 
Boll infection wus not induced without sudl wounds; however, 
sovere wounds mude by a sculp<,1 I'esldt<'d in I'Ilpid drying of the in
duced lesions, COlll'se spl'Il,\Ting requir('d large quuntities of SPI'lL'y, 
at loust 3 gallons to ouch 100-foot 1'0\\"; s('miC'oursc' sprny was inefl'cc
th'e, Boll lpsions nplwlll'pd withill () to 14 days nfU'I' ino('ulatioll, 

, 
Ol'uding for 1'('sistnn('l' in till' boll rot phu:w wus based on two 

('ritel'iu: (1) p('IT('ningt' of disl'us('d bolls; (2) sen'rily of individual 
Irsions, Sen'rily has bet'n dplilH'd by 1111 Ilrbiu'ary seale ranging from 
1, resistant, to 10, highly sus('('ptiblp, us inclielll(·d by size of IPsion, 
colol', mpidity of drying, d!'pth, Hnd l(ln<ll'n('y to sprPlld, TILl' ('xlrellH's 
of disrllse rellctions on b()ll~ UI'(, ('('('ognizl'd ns (Illilily IlS thosc on h'un's, 
Th(' higlrly sllseeptilJlp l'('netio/l is c1l1u'ad('riz('d nt fil'st by grecll walcr
sonk('d I'lIispd lesions. Thl')' t('nd lo spn'll(j rnpidly and to dl'Y mtller 
slowl.)T in the (,pnlpr, fOl'llling ('rutprlikc' d<'prpssions, FI'(I(lupnt1y the 
whole boll hN'OIl1('S in\'oln'd, til{' lint is dis('olol'pd, lind till' I'ot is 
nCT{TmvnU'd by flllWUS infection. TIr(' I'('siiltilnl J'('IH'tiOll is mnnifpstl'd 

"'''', .,.., . r' I' I I Ifit fust by Sll1l1l1 pnlp-g'l'c,pn flat spots, Ilw)' dl'v rill 1C'1' qlll(', y. I't'SU l 
ing in brown scabby j('sions thntusunlly do noi. ('('stllt in sl'riolls injury 
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to the boll. IntermC'diute rC'uctions coYC'r the runge bC'tw('('n 11]('5C' two 
C'xln'IlH'S (pI. 4). At the time of tnkillg datil, 011 5t'verily, the Prl'
dominant rC'udion (mode) nnd lhe mnge of .reaclioll \\'('re determined 
for euch yuriety, 

III yi('\\' of the pructical importance of boil rot, methods of inocula
tion need flll'ther ill\'estigation, III c1ev(,loping sntisfuctory pro('cdun's 
the following fuctors may necd considcrution: (1) Bolls lnck uniformity 
in dt'velopment 011 the sn111e plant and on the dif!'l'I'ent vuri(·ties; 
(2) shC'dcling of young bolls interferes hC(,lLuse it is difli('ult to detN
mine wh(·thC'r it is due to physiological causes, boll weevil pUllctmcs, 
or bacterial ulight. 

El'l DE~1I0LOG leA L STel>l ES 

The dC'seriiled ml'thod of fiC'ld illo('ulation was uc\opt('d ufter C0111
pnl'ing various pro('NlllI'C'S in gl'Ppnholls(' and fidel t(·sls. Thesp ('xpPl'i
nWII1s also gave intel'('sting illfol'mation with r('sped to the C'pic\emi
ology of the disC'ase. Fn('tol's afreeling thC' diseuse ~1I1dC'r conditions of 
ul'tifi('ial illoculnlion al'C' likply to opel'ate 111l(\eI' conditions of nlltul'nl 
inoculation, SimillU' tests wel'e condut'ted thCl'efore in 1945 in 01'<1('1' 

to c\H'C'k on the results obtuinpd in 1944. 
l"oul' pro('p(\ lII'PS of spmyi IIg wC're usp(\--m ist, fi nC', SPill icoal'sC', f\ nel 

coarsl' Spl'lly, The' s('mieolll'sC' spl'ay hns b('(\11 d('s(,l'ilwc\ ill <I!'llli\' 
The fine spmy follows lilt' 5nnw pl'o('edlll'e, ('X('l'pt thnt t.he ndjll~tnble 
nozzle is rlost'd to producl' the finest spl'ny possible, TI)(' usdulnNis of 
till' ('oal'se sprny has !>Pl'n poinU'd out in d('sC'l'ihing methods of slC'1l1 
und boll inoculal :011, This spl'llY difrPI'1> from sel11i('ol11'5(, in that til(' 
nozzle is opel1('d to til(' point at \\'hi('h it still produces a ('011(' of sprny 
rntht'I' than a solid stream. '\~hl'n a.pplil'c\ from a distan('e of 1 foot, 
eOiu'se spl'Ily will swny plun!.s and o('t'llsionlllly tl'1l1' 1(,IHI('1' lC'a\"('::;. For 
the mist sprny th(' nozzle is adjllst!'d !tS for filiI' Spl'l1y. WhC'1I till' 
nozzlC' is held at a c\istallcl' 01' ] to 2 f{'('l to tlH' sic\p of thp plant, a misl 
is made to drift onto thl' \C'IlV('s, settlinl'; mostly on thl' nppl'l' SUl'flH'P. 
The four types of spl'a,ymn.y bl' likC'n(l(1 to thn·('typc'sof I'nin: )'.Ii;:;l, to 
drizzle; fine and spmit'olu's(' sprays, to dl'i\-ing min; nnd ('OI1I'S(, Spl'll.)', 
to a I'tlinstol'l11. 

In addition to Spl'lly type, four flldol's \\'('I'l' inn'sligntNI nnd tUt' 
herl' lisll'd, indieuling thl' sp<'eific ('omplll'i1>on5 mnc\l' ill th(' t(lsls: 
(1) R<'pliea,tion oC 5pl'n.ys-5pm~' appliN.I nn 1 Y1>. :2 nnd 3 days; (2) 
stomatnl openillg-spl'llying in midmorning \"s. lut(' ('vening; (3} ngl' of 
plant-4: ys. 6 w('l'ks; (4) ('oll('eotl'lItion of ino('ullllll-SlIsppnsion::; 
llil\'ing 1/10 YS. 1 and 10 million bndl'l'in, p('I'miHilitpl', 

In the fipld tests tr('ntmC'nts W('I'l' nppliNI to 50-foot rows III I'n ngt'd 
in I'andomizell blo('ks, Illlowing at 1('Ilst two Teplien.tl's for ('11('11 tn'n\.
Ilwnt. In most ('xI)(,l'inH'nts mol'(' thlln onC' \"al'iply \\'ns lISl·ll. 

Datn, on rl'su\ts in tlH' bln('k arm a.lld boll rot phluws \\ Nt' obln il1('(\ 
as outlin('d for thosp on Ylll'il'tnl l'('sistnlH'P. In Ol'll('r to dptl'rmillt' (lip 
drpds of tll(' va rio LIS tl'('jlln1Pnts in tilt' Ipllr ::;pol phllse' otlwl' PI'o('('dul'l's 
lind to 1)(' dC'\'is('(\. Two kinds of dnUl \\"('I'l' lilkl'n. (1). TIH' illlllH'
clialC' p(rects of inoculation, nppnl'('nt witbin 2 to!) \\'('pks, \\'pl'(' (\l'tf'l'
minc:d by I'npid ('slimalc's of I) 11m 1)('1' of dis('n~wd ll'llY(>S nnd J'l,lati\'(' 
s('\'Pl'ity of <lisensc', ns indicatl'd by It'nf al'('11 nfrN'tt't\. (2) Long I'nllg(' 
c'fre,ets wel'(' invesliglltp(\in nn I1ttpmpl to difr!'I'C'lltifl.lt' IpH.\'PS mHinly 
ufl'p('tpd by pl'imnl'Y inf('dion (ol'iginnting 1'1'0111 thl' ill'tifieilll ilJot'\Iln
tion') from tllose Ilfrected by S('('OndiliT illfl'('lion (due to nnlurnl :lpn'ltd 
through 1'11111). 

• 
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In each 50-foot r('plicat(' row 10 plants \\'('1'(' dlOs('n ut ml1dom. A 
[ng wus attaeiH'd to tht' leflf 110d(' lhnl ""liS judgpd to s('pnmte I('uns 
ufl"t'cted mninly by l'ueh of lhl' nbon :2 types of inf(\('liOIl. Til 1\)4.4 
this wns donc 3 wl'l'ks nH<'I' ilioeulntion, wll('l1 tlH' fil'st symptoms due 
to sccondlu'y infection npp('ared. In 1945 it wns donc 1 wt't'k aftl'1' 
inoculation. The leaf, which was at thnt timc in the lute expunding 
stage, was mark('d, as this wus known to be lIsl'l!llly the highest I('af 
subject to primluy infeetion. Data wpre rf'('on\('d 5 to 6 Wt'('ks aHf'r 
inoculution. ('ounts W('re made of I('aves shed und of disN1Sl'd If'uves, 
ana the relative sev('rity cf dist'ase was eslimnted on indi\'idunllcaves. 
Only the lenn:'s attnehed to the main stem wel'e considered. 

Spots on bracts, obyiously due to secondary infl'ction, were ('om
mon in 1944. Counts were mndc of th(' numb('r of squal'('S, blooms, 
or young bolls thus nfl"('cted. In 19,15 In'net infection was too senrco 
to be considered. 

GREE,,"JlOUSE A::'\J) FIEI.O I'H·\CTICES 

For the greenhouse experiments plnnts W('I'e grown us dC's('ribt'd 
in the first pnrt of this bulletin, pnge 5. 

The field plots wel'e lo('at('d n('ltI· C'1('mson, S. C., in a fie'lel of about 
1 acre on ('('cil sandy loam. The land was fairly uniform, eonsidl'ring 
the sloping soils of the Piedmont seetion, anclhnd not been under 
cultivntion for seYl'rnJ y('nrs but was plowed in the spring of 1944. 

Acid-delinted seNI wns plnntc'd between ~Juy 9 nnd 11, in 1944. and 
1945. A hand-type plnnter wns lIscd by (It'iUing smnll lots in thp 
vnric,ty plots. Oth('I"Wisl', s('('(1 wc're plnnlN) 'with a hors('-dmwn 
plnntel' in bills 13 ineiH's nplut. Ro\\'s W('I'(' 3 fl'(,t upnrt. Three 
we('ks aftc'I' plnnting the seNllings w('re thinn('(l, gClwrnlly to threo 
plnnts pC'r hill. 

Cultivation followC'd prnrtil'('s eommonlYllsed in thC' Pipdmont 
seC'tion of South ('flrolinn. Bdol'(' bNlding, a 5-10-5 f(lrtili7.l'l· was 
disked into the soil, Ilt the rnt(' of 400 pounds pC'I' a("I"('. Sidp dn'ssings 
of nitr'nte of sodn \\'(lre Ilppli(·d shol·tly nfU'I' thinning nnd :3 w(I('ks 
lilter, using It total of 250 pounds ppr n('I'(' in 1 \)·H nnd ;)00 pOllnds in 
1945. 

Enrly pln.nt growth was !rood in 1944, bUl in 19-1·;) it WI1S rt'tllnlNI 
by ('001 moist \\'('uther during :'!iIY nut! ,JUIH'. (This is thp rPllson for 
th(' hpllyipr nitmtc' appliention gin·n in 1945.) In :'!ny und ,JUIl(', 
av('rngt' monthly nwnn t('Il1IH'I'nt~II'('S W('I"{' from 3° to -I:°F, lower in 
1!H5 them in 1944, \\'hilc' totnl rninfnll fOl" th(' 2 months in 194.;') witS 
mon' than twiee thnt of 1944. (tnble 1]). 'J'\H' rest of tht' UH-I: s('nson 
was rnllH'r dry, und thl;' growing t'ondilion of the ('otton phtn[s wns 
much poor('r during thut time' thnn in 1945, whpll fn'qu('nt mins 
continuing Int£' into til(' s('.uson indueed milk growth. Thus, laking 
into ('onsidt'ration the first 2 months nne! thp r(,ll1nining month:; of 
th(' growing S('1U30n apnrl from 0111' nllolhpr, growing ("(ijHliti()ll:; for 
cotton plnnts in I H45 w('rp ('XilN!y thl' I"('Hr,,(' of tho:,!' for I noH. Boll 
w(,l',"il dlUmwc wus slicrht in J 944, but h('lln- in 104;"j. , In both y~u.J·s tIll' I~'ili\n bIe fi(>ld !;pne(' \~ns dividpd nbou t Nlun I1y 
betw('('u plots fol' (I) t('sting \'nriNiC's nnd strnins wi llr I"('SI)('('1 to 
1"ellltiYl' 1;.1'5i"IIlI1('(' and (2) iI1Yl'sl ign ting ('pid('1l1 iologi('nl n"pC'("\ s of 
the .disl'n . .;('. In I!)4-1: this sl'(lnl"Ution wns not stl'id, flS ('.xlwrinwnts 
wem mnd(' 011 lh(' t'(rpdin'lH'ss of Vill·iollS Jl1l'thot\s of spl·l1.ying .in 
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('onjundion with tt'sting rplntin~ Yllril'lni resistnll(,c, In 1945 the 
stnndnrdizpd methods d(~s('I'il)('d nhoy(' wCr0 nppliNI to lwo Ynril'ty 
plots of olll'-foUl'th nen' (,Hch, plnnlpd to the sllme 54 struins, On(' 
of lhe plots wus 11 newly plow('(\ sl'l,t,ion ILl. 11 littlc distnnec frOI1l the 
),Pst of thl' field. The strains Wl'I'P plnntcd to nllow one 50-fooL I'OW 
for each struin ill cnch plot. En'l'y sixth TOW wus a ehcckrow of 
eithcr Acnlall or Cokcl' 100 Wilt, vUl'iptips whose l'elll'tion IltHI bel'n 
established prcyiously ns "susccptibl('" nnd "tolt-rnnt," Th/ise 
YnTil'tit,s ,,'pre e\JOsC'n br('nUSl' hu'g(' qUtllltitips of s('('(1 ,\ ('1'(, uYnilllhl(', 
l'sing int('rsIWrSp\l /'ll('C'kl'ows illsll'lId of l'l'pli('il\('s WIIS sutisfactory 
with r('speet to (,xeluding til(' ('f\'('('\s of "UI'il1hle soil conditions, This 
proeccllll'(' would S(,('111 to b(' pllI'tieulu..ty su;'cnbl(' for brN·ding plots 
when OIlC wish('s to d('termine tilt' I'('\ntin':'psistnnec of single plants 
01' of selections consisting of a few plnnts, 

Epidemiolo~icl11 exp('rinH'nts wel'e conducted in 1945 on two 
qUilrtel'-acre plots consisting of nltel'lliltc 100-foot rows of AC'alu 11 
ilnd Coker 100 Wilt. TIH' plots W(,I'(, ill'l'llng'Nl in l'Undomiz('d blo(,ks 
pl'OyidinIT two 01' thr('e 50-foot rows of (>Itch Yllriety for C,'(,I'Y on(' of 
lh(' trl'lltments, In the epidemiologieuJ tests of 1944 plot Ilrrange
nll'nts wel'l' simililr but not so w('11 stnndtlrdiz('d,

'l'ubl(' 9 ~iYl\S informution rC'lnting to the strnins used in the yuriety 
plots; no uS(lful plll'pose would be s('rvl'd by (lnumt'rnting hel'e all the 
strnins testc'd, "'hen sl'l('ding til(' simins 1'01' tnbuln.tion, ('mphusis 
WflS pIU(,NI 011 those dl'V('loped by D, ~I, Simpson, bc('uusO they 111'0 
rppl'('s('ntutin' of il wid(' rnngp of n'uC'lion, 

The l'XI)(,I'in1<'nts on till' l'fl'('d of sPNI und Sl'l'diing ino('ttintioll were 

C'onduell'(1 in 1945 on n slllull plot of 10 IOO-foot rows, using 4 sus

ceptible ,'uI'ieties, 
 , 

HESUl.TS 

1!niformly S(,\'('ro infeefion \\'I1S ohtuin('d on susceptible ,"nrieti('s in 

enrl:), ex I).('rilll.l'nts IN;till '' til(' lIS('· of n knilpsuek sprnyt'r, In th(' first 

triul madl', 1(,llYes of IIIr plnnis with lI\(' ('x('('ption of StOll('dlle 20 

became so P('wI'(,ly dis('us('d thut nt fil'st glnnee ther(' S('(' III l'll to be 

lillie (\i£1'('I'('n('(' alllong UI('I11, As mil)' he seen fl'om th(' <lntH of tllbl(\ 

]2, howey('I', doser oi';:;{'ITnlion r(,Yl'llled YHri('tul difl'('I'PIH'eS with 

l'(lguni to diS(luse sus('('ptibility, pnl'tit'uiul'ly on th(' 01(\('1' plnnts and 

011 bud I('u,'('s, In nnol11('I' ('xp('ri)))('nt, lh(' r('sults of which Hl'e no\. 

here )'('('0 I'd ell , it wns foulld ihnt YflI"intiolls ill illO('ulnliOIl spl'ny typ(', 

sll('h os doubling thequHnlit.y of spl'ny, l't'p(,Hling th(' spI'ny on Ihr('(' 

('olls('eutin duys, 01' using fin(' 01' ('Ollrs(\' spl'ny, hnd. little illflu('Il(,(\ OIl 

t)1(' dist'nii(' I'(inelion, In llli" (lxpl'l'inwnt., earl'i!'d out on 5~-w('.('k-old 

plant,,-, it WflS int(,l'('sting to nOI(', ho\\,(',"('I', (hnt StOIH'yil\(' 20 show('t\ It 

sligh t d i':;(,Hse )'('n('t iOll, with Y(lIT smnll ulypienl I('iiions on t!lt' 1(,11\,(''; 

Illld wi thou t loyd rosis, .As 111 igh 1 hn \'(' 1)('('11 expp('\('(l from ('n r1 i!'I' 

exp('l'iments on isolntNI 1(,11\,(,8, 1l'llf blight wns gl'(>I\t Iy r('(\u('('d by th(' 

USl' of such distin(,tly I('ss s('nre ino('ulntion tN'hni(pll's us Hpplying 

the inoeulum \\'h('n lh(' slomnln \\'('1'(' ('\ospc\ 01' applyin~ il tiS II mist. 

\\')1('11 the slomuln \\'('1'(' OP('1l (tl1bl(' I;)), Th(> mildlll'SS of t1H'se ino(,l1
lution pl'o('('(lures WIIS pnrli(,ldnrly l'vi<i('nl in till' ('ns(' of midl('!t\'('S und , 

lellst evident on bud It'ln'cs, 
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] nflllence of concelltrntion of inoculuIll 011 ii('Yerit Y of bnctC'rilll blight. Green
hOllse s('cdlilll!; pbnls of Acalll. 11 illOl'uia(('(1 hi u~c of a COM':;(' spray from n 
knnpimck .:;prnYN (tllhll' IOJ. .\PJll'arIlIH·(' of 1111lIlt,; :3 I.z \\"('('ks nfterinoculntiOIl 
with three cOllcenlnnion:; uf IHlctt'rial slI:<p('nliiow .1, Low; H, illtC'rlIl('(li:lte; C, 
high. X J~. , 
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Ilii:!!ll-i!!f!,"I!''' ~t 1'111 0"1'1 loll' of I'I:wl-- or '"n !'i,'! i(" ddrl'rilll! ill fbi.1 H111'(' I () 
\. t/ll,lIullt!Hlf11 .... nllth (Ill tJ ~/l1c ill t Itt· bhu'h anll pllll"'p: • tt ,"-'1'))1("\ lIlt' ;]0: I:. ~l 0111· ... 

,ill.. I 1:i;(',;'!I.!w\ii1,,:li: I), Tn('p;!\, 111!)('qi:UHll!hy 1l-l'lIf!l('/lIJ('l'lIlrnll'ri 

-'I-I"'n-illll "I' I!". j,'Il"l'ri:l IIp,,lj,.,, III II ,'tin 1"'- iu{)("Lnl j"l1 -pm\ frlllll :t hl!llp- , 
-~l('h -pl':! \1'1', 1'1:1I.h I \\ ",,1,.- old, I'h<lll)!!r:ljlh Ilf 1'1'1'1',··,'1,1:1' 1\" -I'\'! JOIl- of 
ll.\',·('l",j -11'111- 11Ik"1I 1\\",,1,.· afll'f il,tll'qlatloll. 
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Results of Iln expel'inwnt designed to indiellte the influence of age 
of plant, Ylll'iety of plllnt, and ('ont'entmtion of inoculum on infection 
of leaves and stems of cotton plnltts with Xautlwmonas malmCeal'1(tn 
nrc shown in tnble 10, The influence of age of plllnt appenl'ed most 
sll'ikingly in the case of the blnek al'm phase, The influence of con
centration of inoculum was Ilpparent in both leaf spot and black urm 
phnsps in all cases, It is \\'ol,thy of note that in this expel'imenL nil 
planls were in excellent; growing condition and that the succulent 
{'ond i t ion of lenves nnd stems helped to make the COllI'se spmy YCl'y 
efrp(,tjw in pl'Oducing extJ'emely seYere disellse, esppcially at the 
hight'Ht ('on('rntl'l1tion of inoculum, SeYel'l11 plllnts of S X P were 
('ompll'h'ly killrd huek by s\l'm blight, as wCl'e also plants of Aeala 11, 
thnt bnd been ino(,lIln.led in the "lP('(lling st.age (pI. 5), For the first 
time stem Il'sions w('I'e notrd on Stonpyille 20 (pIs, 6 Ilnd 7) and leaves 
of tIlP same Yl1l'il'ty wPl'e found with typical Ilngular spots, although 
sll('h Ipaf spots wel'e fpw and (lI'ird yel'y mpidly, 

~rllP high susceptibility of S X P nnt! the outstanding resistance of 
~loncvillc 20, when compnl'ed with val'ieties of the intel'mediate range, 
n1'(' iIlusll'atpd by the data of table 10, Among the YllI'ietics of this 
1':lI1gt', difl'rrentintion wns not consistent; appnl'ently the numbel' of 
plnnts used wns too smnll 1'01' ae(,UI'llte evnluation of susceptibility, 

DISCUSSION 

The greenhouse experiments on tesUng varietal I'esistlln('€' led to the 
udoplion of a field method of ino(~lIlation eonsisting essentially of 
applieation of 11 vigol'OlIS spmy of bneterilll suspension to plnnts in 
good growing condition, 'l'his n1('tliod secmed prci'el'llbh' to others 
bN'nuso it pl'oYided good difl'ercntintion among plnnts falling in the 
rllng'(~ of I'('sistant renctions so impOl'tnnt to the plnnt bl'ccdel', 
Ali hough OtilPI' pro('rcl1ll'cs, suell as spru,ying oldcr plnnts fOI'eet'tllly 
01' using less ,"igol'ous spmys, mny give bettCl' difi'el'entiation among 
vnl'irtips outsidc the resistllnt mnge, thcse pl'Ocedures 111'0 not suitable 
1'01' the I'l'sistant ru,nge, in whidl they frcquently do not produce any 
symptoms nt nil. 
, The data ohtained in grccnhouse expel'iments on epidcmiological 

nspp(,\s or the disrnso grnernlly confil'lned I'esults discllssed in connec
tion with ino('ulntioll of individulll Icu,ves, "lIen whole plnnts WNC 
illo(,lIlnl('d (tnblcs 10,12, 13), the disease I'enetions of lenves were 
nfrrC'ted by the following fndors in the dil'cdions previously pointed 
011 t: (1) Stomntul o p('llinl! ; (2) sprnys indudng waleI' ('ongpstion; 
(0) ('OIl('('nll'lltiOIl of inO('lriunr; (4) I'clntivc dl'vrlopml'nt of h'u,ves; 
(5) gl'owing ('ondiliOIl nlld ngp of plnnts, LMW'S at vnrious stngc') of 
d(',"('loPIll(,Ilt ('ol11l\1ollly rcndNI n('{'ol'ding' to the pnUl'l'1l indiellled by 
plnl(' 2, H, (he youngrst Irnns hnving the ycin blight. Somelimrs, 
hO\\,('\,('I', in young 1('IlY(,s tht' dis('IHlt' mllllifrslNI itsrlf mninly in the 
nppenl'l1lH'p or spots, sll('h ns nTC illust m(('(1 by tilt' ICllf s('etioll" of 
plllt(, 2, A, Plnt(' 2, A, nlso sel'Y(,s to illustrntl' t11(, point thttt Il'llvcs of 
('on1()jlrnblp slng<'s of dl'y('loplIH'nt. BUist be ('onsid('I'('(1 whrll lIsing 
"illl' of It'nl' spot ns a ('ritPl'ion for l'('lttlivc vnl'ipinll'Psifllf\.ll('c (pI. :3), 

lIigh sl'nl'ity or blight in thc hln('1;: linn phnsc \Vns d('J)(,IHI(,1l1 upon 
lh(' n pplirntion of n ('ont'pll t I'll ('d· but'! (,I'inl sus(H'llsioll I() yOllllg' 
plnllts in good I!ro\\"ing condition vVIl('1l ('oll"iti('ring plnlllR \\'('11 

beyolld thl' st'('rllillg stllgt' the sus(,l'pLibilily to blnek nrll1 of the 
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S X P (E~yptian) yal'iety was outstanding. This high susceptibility 
is probablY connectcd, at least in part, with the nondelimited 
character of growth of this variety. 

Bud leaves exhibited considerable similarity to seedlings in theil' 
reaction to various fadors. On S X P plants, bud leaves became more 
severely diseased than in {my of the upland varieties and the numbet· 
of diseased bud leaves tended to be larger. Fmthcrmo!,e, mild 
inoculations, e. g., those involving mist sp'ray or a low concentration 
of inoculum, wet'e capable of producing rathcr SCyel'e disease in bud 
leaves of S X P but not in other varieties. This .finding f.IUggests that 
in bud leaves of S X P the threshold concentration of inoculum 
required is lower than in other varieties. 

'.rhe disease reaction of bud leaves was found to be charncteristically 
difi'crcnt from that of othcr leaycs in two respects: (1) :Mist spray 
may produce a (~onsiderable degl'cc of discase in bUll lcayes; (2) 
forceful spray is effective on bud leaves independent of conditions that 
influcn('e 'stomatal openin~ on matmo leaves. These findings al'e 
perhaps not nnexpected, smce stomata of bud lea1'cs are thought to 
he nonfunctional. It is also not surprising that morc variation in 
disease rea('tion was observed among bud leaves (hlln among mature 
leav(ls, sin(,e the hud leaves considel'ed here, that is, the first or the 
first two leaves aboye the expanding leaf, do not expand either at 
the same time or at the same rate. 

FIELD EXPERIMENTS 

Th(' fi(lld ('xpC'l'iments (,lllTied ont in tlwse studies fllll into two 
~roups, 1I('('ordin~ to wlwther they were con('rrnNI primlll'ily (1) with 
Yllrirtnl ]'('Ildion to the bnctcrilll blight organism 01' (2) with epid('mi
ologieal aspccts of the d is('ase. 

YARIBTAL REACTION TO XANTIIO~IONAS }lALVACEARU~1 

Dutil summurizing the r(lsults obtuincd :with the methods of inocu
luting lind ~raclin~ d(lscl'il)('d in detail on pages 18 and 19 of this bullet.in 
111'(' pr('sented in table 9 and tabl('s 14 to 18: 

In the cxperim('nts of H)44 the hi~h susceptibility of S X P und tIl(' 
r('sistnJl('e of StOlI('vi1lC 20 W(,I'(I (,Ilsily recognizabie ill till' fipld 11 nel 
were outstllnding with rl'~IIJ'd to bllll'k 1I1'Ill, s('('ondary It'lli' spot S.YlUp
toms, and bl'll('t spot (lllble 14). Difi'('['cl1('PS \\'('1'(, not so ('knl'-('ut 
in the intel'medill:te mllg!' of vUl'i('tlll J'('nelion, nlthough til(' sus('c-ptihlp 
Ilnd toJt'rant ~roups W('1'(I fail'ly w(·ll d(·fiJwd. L('nf hlighl S('('IllNI 

II hOll t ('qunlly scYerein all varic-tit's l'x('ept StollPvillc 20, so that \!'nf 
data were taken only with respe('t to seconcllll'Y inf(l('( ion 

A sutisfllctol'y leaf g1'llding method WIIS devl'\opNl in th(l lall' 
scnson of 1944 (pI. 3, A) und wus us('d ('xdusiy('ly in ]945 (pI. 3, ta.blp 
8), Lcuf ~1'Ildin~ dlltll. ure sllmmlll'iz('d in tllble 9for 10 rej)I'('s('ntatiw 
strains covering the rangc of sus('cptibility I'(luetions of th(' 54 st.mins 
t('fited, The most favomble time for grlleling l('nves was found to 1)(' 
2 to 3 w(lcks after inol'ulation, Latcr grudin~, however, gayc simill1l' 
)'('sults and p(lrmitt('d obsel'vnfions on st'{'ondIlI'Y infl'ction Ilnd \'ein 
hlight, Dlltu not ~iY(>n in tnhlt· 9 indielltpd high resistancc for OUIPI' 
sd('dions mud(' by D. ).f. Simpson from hybrids between Stoneyille 
20 and Stonevillc 4 lind from their back('l'osscS, 
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In genel'lll there was remnrkable uniformity with respect to va,rietal 
~'eadion to the diseas(' in plants of the sC'lections ma.d(' from the above 
(,I'oss('s or plants of sC'lfNllines of other va.ri('ties and struins. In the 
dis('llSe r('aetion resulting from the July 24 inoculation in plot ] 
(table 9), it was noted that the plants of Simpson's Stoneville 4-3 
segregated into susceptiblc and resistant individuals. The latter 
corresponded in reflction to Stoneville 4-2, which had definitc r('sist
anee in the leaf spot phase, even though this variety was not quite so 
r('sistant as Stoneville 20. Such s('gl'l'gation was not found in any 
otlH'r stmin used in the experiments, the results of which are rccol'd('d 
in tabl(' 9, nor did any of these strains approach the resistanee of 
Stoneville .2. . 

Despite the wide differences in growing conditions between 1944 and 
1945, susceptibility ratings on leaves and bolls showed approximately 
the same relative order of mnking of the different varieties in the 2 
years. In 1944 growing conditions for cotton were favorabl(, early in 
tlle season and inoeula.t.ion of plants 5 weeks old l'esultf'd in more 
severe disease than occurred as a I'esult of inoculation on old('r plants. 
At the time of the first inocula.tion of 1945, plants 5 weeks old had 
only two to foul' leav('s. They were in their thriftiest state at the 
time of the third inoculation when 11 we('ks old, fumisliing pXe('Il('nt 
leaf matel'ial for uniform sevpre infpction. In contmst with the 
situation observed in 1944, black arm infection from spray inoculation 
was negligible in the experiments in 1945 l'xcept on seedlings. This 
was appar('ntly due to the fact that in HI45 the plants w('re in poor 
growing condition at the ('arly age at which upland varieti('s arc 
susceptible to this phase of the disease. 

Data on boll rot r('action are summo.rized in table 15. The trend of 
varietal r('action to the bOll Tot phase was similal' to that obs('rvNI 
with the leaf spot phase (taille 9). The agl'('em('nt was particularly 
int('resting with Tespect to th,~ r('sistant and susceptible s('gn'gat('s of 
Stoncdll(' 4-3. Thc results WP1'O also 1'ath('1' consistent fJ'om one 
test to another. Within the individual stmins, how('wr, t1l('J'e was 
much variation in reaction, as may b(' s('('n in tlJ(' I'flllg(' of grad('s shown 
in table 15. With the ('xception of Rton('yill(' 20, all stmins showed at 
l('ast some scv('re boll ksions, (,wnincluding stmins haying I('ar 
J'eaction similnr to that of Ston('yill(' 20. Th(' p('rc('ntng(' of dis('aspd 
bolls was g('n(,J'ally in lin(' with tIl(' gl'fld(', but th('l'(, \\'('1'(' som(' notable 
c}('viations. Furth('r studi('s on this point ar(' n('('d('d, as only on(' of 
the t('sts was made on siznbk numlwl's of bolls P('1' stl'flin. 

Varietal sllsc('ptihility in th(' f'arly and late' s('C'dling stag('s app('al'S 
in general to parallC'l th(' I'('a et ions ol>sl'n'('(1 in 001(,1' pll!1s('s of the 
dis('ase. This is indi('ated by th(' dnta of table]6 cOll('('rning infl'ction 
of cotyledons SUhs('ql)('nt to s('('(l inoculation, nnd by th(' data of 
tablc 17 concerning bactel'ial hligllt of s('('(lling plan ts inotulaU'd with a 
knapsack spray('r. In tlH' latt('1' eXI)(,l'inH'nt tlip findings on Aeala 11 
w('l'e out of lin(', appal'('ntly as a J'('sult of na.tural in/,p('tion of thp s('('d 
with Xanthomonas malvacearum (se(' footnot(' 4, tablp 16). 

RELATIVE VARIETAL ItESISTANCE IN THE VARIOUS PIIASES 

OF BACTEHUr. BLIGHT 


Th(' l'('latiw ranking of th(' difl'l'I'('nt vaTiC'li('s for I'c'sistnn('(' to 
bn et('rial blight has be('n J'emarka hly similar in the difl'(,l'L'n t phas('s 
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of the. disease, In order to facili tate critical C'xamination of eXl)(lTi
mC'ntal rC'sults bearing on this point, repl'esenta,tive data were as
sembled in table 18, including results of leaf grading in SeptembN • 
1944 and greenhouse results obtained by the seed inoculation method • 
(21) in 1943. The general consistency of ~he data is evident, particu" 
larly when strains are considered in the four groups of prevailing 
reactions: (1) Highly susceptible (S X P); (2) susceptible (Shaftel' 
Acala, Acala 11, and Trice 2A); (3) tolerant (Coker 100 Wilt, Stone
ville 37, and Stoneville 4-15); (4) resistant (Stoneville 20 and hybrid 
backcross). Heterozygosity with respect to bacterial blight resistance 
has been found recently in a line of Stoneville 4 (table 15). Thus tlH' 
position of Stoneville 4-15 in table 18 is tentative. 

Available evidpnce indicates tho.t, some Stoneville 4 lines, such as 
Stoneville 4-2, are intermediate iJ reaction between other varieties 
of the tolerant group and Stone\Tille 20. Likewise Shafter Acala is 
intermediate between other members of the susceptible group and 
S X P. Although there is. as shown in table 18, a general similarity in 
relative rankings of susceptibility of the different varieties and stmins 
when judged according to the different phases of the disease, it is 
C'qually obvious that large differences between two groups of strains 
may occur in one phase of the disease, while in another phase there is 
little or no difl'erence between the same groups. For instance, S X P 
is much more susceptible than any of the upland varieties in the 
black arm phase; leaf symptoms of S X P, as indicated by leaf gmding, 
are on the other hand no more severe than those of Shafter Acala, 
Similarly, some se1pctions dpl'ived from hybrids of Stonevilh' 20 with 
other varieties and previously found to be as resista.nt as Stonpyillp 
20 in the lC'af spot phase an' dl'cid('dly more sllsceptible than Stonevilll' , 
20 in the boll rot phase,

Such divergent reactions in the YariOllS phases of hacterial blight 

will have to be consid('rpd in wOl'king towllr'c! it comp,'ehl'nsiYe system 

of dassifying varietips and st r'ains with l'('Spect to their relative 

resistance to the dis('itsC', 


EPU>E;mOLOGICAL ,\SPECrS OF BACTERIAl. BLIGHT 

Data from t'xpeJ'inlC'nts df'aling with epidrmiologienl itSp('ets of 

bacterin! blight are pr'PS('ntN\ in tahlps 19 to 22, lhe nwthods pmployt'd 

in thpse experimpnts having 1)(,l'n cliS(,lIssed on pngl's 18 and 19 of this 

bllllptin, . 


The data of ta.hle 19 pmplmsizl' difl'prell(,ps in efl'e('tiYC'I1('SS of difl'pr

ent inoelllation spray teehniques. Disense symptoms prodll('ed by 

coarse and fine sprays were consisten tly morC' abllnda.n t n.nd mol'(' 

severe than disease symptoms following mist spray inoculati.on, ot.lH'r 

conditions being the same. Age of plant at time of inoculation and 

cOllc('Jltration of inoculum were also consic\precl in the pxp('['inlC'nt that 

provided the datn for the second part of table 19, 'rheJ'(' is an obvious 

tend('ncy toward incr'pase in diSl'a.se wI1('11 using YOllngpr plants and 

higher concentrations of i.noculum. ",Vide genpmlizalions, howev('l'. 

cannot be drawn with respect to the effect of nny single factor on all 

phases of the disease. 


Thus, although young plants of Acala 11 dl'vclopNl much morl' , 
extl'nsive black arm tlmn oldel' plan ts, in tit(' rnse of bmct infection 
the situation was reversed, the younger plnnts b('ing thp less seven,ly 

http:diSl'a.se
http:inoculati.on
http:resista.nt
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n,O't'eted. This situation appa ren tly J"esult£'d f!"Om til!.' faet lha t 
squaJ"(,s on younger plants d!,Y!'loped lah'r thun those 01) old(,I' plnnls 
lI.11d had less chance to become infected. r The direct effects of diO'erenc('s in type of spmy inocula! ion on 
I'xtent of leaf spot infection a.re indicated most a(lc>quately by thp datu. 
on shed leaves in table 19. In the experiment recorded in this tablc>, 
eoarse and fine sprays generally produced abundant and SCYCl'e lesions 
within 5 to 8 days after inoculation, wIlile mist. spray resultpc\. in 
ilTegularly scatte1"rd spots that devPloped slowly over 2 to 3 weeks. 
Data on leaf spot were taken more than 3 w('('ks after inoculation. At 
HU1t time severely affected leaVl'S had shed pl"l'llla,turely. On thn 
I'ellmilling leaves secondary l£'sions obs('ulwl the ('on trnsts obsl'ryed 
in the early stnges of disease developnwnt. 

The influence on severity of infection of degree of stomatal opening, 
as determined by the timc of day when inoculations were made, was 
lhe main factor under investigation in another experiment (lablc 20). 
f,pverity and frequency of black al'm lesions wel'\~ consistently gl'Nl.lel' 
1'01' morning than for cyening spray inoculation, Black arm sP('med 
to have originated therefore at least in part from stmnatal inyasion of 
stem tissues, as most of the lesions appeared on intemoclal paris oC 
stems and were not connected with inCection passing down crom the 
leaves. Data OIl secondary leaf infeetion prespntrd in table 20 give 
only it slight indieation of the immrdiate en'eds of the spmy trpatn1l'nts 
obsprYed 2 wpeks aCh'!' inoculation. At thnt timc' knt" spot was 
abundant and seyere only on plnnts !hnt had Iwen inoculated ,,-ith 
('oarse or finp spmy in the mOl'l1ing. 

The data of ta bIt, 21 represN1J 1'('SUitS £I'om a 1945 fi(,leI eXI)('l'iml'll t 
I'plating to three oC the factors eonsidpl'('(] in 1944, nanll'ly, stomatal 
opl'ning, spmy inoculation type', and conCl'ntl'a tion of inoculum_ 'rhe 
rpsuits in 1945 were in geIleml agI'eement with thos(, obtained in 1944. 

'I'll(' importancc of degree oC stomatal opening in ino('uln tions fOl' 
producing black arm were cll'uriy shown, the in('idl'n('(' of bluck nl'lll 
lwing abou t the' same for mOl'lling inoculations invoh-ing 0.1 million 
hacteL'ia p{'r milliliter as was obtainf'd by eVCl1ing ino('ulatiOlls with 
10 times as lIigh a bacterin I con('('ntmtion, In the snmc experiment it. 
was found that within 2 weeks aftl'r inoculation ppiphytotic forms of 
I('af spot occurred as a result of morning applications oC inoeulum in 
('ithcl' coarse or fine spray, more than 95 pt'rc('nt oC tllP I('aves beeomillg 
afrectcd, 50 to 90 pPl'ef'nt sl'vel'(,ly. All eVl'ning spray appli('ations, 
howevcr, induced milder forms of til(' dis('as(', afrc'ding 33 to 63 pl'l'(,pnt 
of the }{'aves, with I('ss thnn 15 PC'I'('l'nt of th('m s(,YI'I'('ly dis('n8NI. As 
shown bv the data. of tahlp 21, hO,,"(,Y('I', 4 to 5 w('{'ks nflpI' inotulation 
tiJ{' efl'l'c'is of (,Olll'se and finp spl'n,y Ilppli('(1 in thC' ('Y('ning !'('('amp 11101"(' 

SI'YPl'e. 

, 
Appn.l'pn tl.". pn'SS\l/'(' nt the boll smfa('(> is tlJ(' d('C'isiw fnelol' in 

p1"oducing bollinfN,tion by sprn.ying. 'rhis ('olwlusioll hnd bpPll 

sugg('sted by expel'impnts cOTHlu('t('(l in 1944 Ilnd was ('onfirmeci by 
latel' ('xpel'in1l'nts cal'l'i('d out ill 1945 (table 22). Holding the' llozzll' 
as closc as possible to the bolls inel'/'asNI th(' incidc'llN' oC bnetf'rird 
spots on bolls ns eompal'Nl with holding the nozzlc' n.t some disUl1l(,P. 
Sl'mieourse spmy gnn' IwU(>I' ['('sulls t1H1n fine onl', hIlt WflS not so 
C'fl'c'ctivc as con rs(' SPl'lIY. 

Fm'thel' eyidpIH'P' nlong this linl' wns oillnillP(i in c'ontH'dioll with 
the boll inoculntion of Hl45 in vnl'il'ly plot 2. Two nppliell(ions of 
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semicoul's(' spl'ny \\'(,1'(' i1wfTN-tiyc, only a fcw bolls becoming dispused 
within 2 to 3 \\'('('ks, Thl' thin( inoculation, hOWCVl'I', using ('oul'se 
SPl'uy, pl'oclu('('(\ nn ('pid('mie of bndpl'iul boll spots within 8 to 12 dllYR, , 
Included in tnble 22 111'(' dl1tn, Rugw'sling nn inel'ease of bnd('rinl boll 
rot ns n. eons('quen('p of ('uttll1g bnek the tops of I'llnk plants I1ftpl' 
inoeuln.tion, The efT('et mny be en.used by nutl'itionnl 01' temp('mtme 
fUetOI~S, On sllnny dnys maximum uir t('mpemtmes nl'ound bolls of 
('ut plnnts I'nnged from 8 0 to 11 0 C,highel' thun those ul'Ound bolls of 
other plunts, 

MISCELLANEOUS STUDIES 

In eal,liPl' parts of this bulletin therp hllY(' been presented results of 
detnilN\ exp('riments rPlating to a few of the faetors thut determine the 
ineid(,!lc(' and sen,'rity of bactel'inl blight of cotton under conditions of 
artifieial inoculation, In nddition to these experiments, pr('\iminnry 
tests \\,('I'e enITied out inn'ln tion to otitel' fadors eone('rning th(' disease 
nncl its d(\Yt'lopment, "'Idle the ('xpel'inlC'ntnl ('vidl'll('e 011 these nddi
tionnl points in som(' cases is not extpnsive, sueh dnta as nrc available 
I'('veal n number of highly interesting new facts and suggest promising 
lines of nUnck townl'C( ful'ther knowh·dge or the dispnse, 

~iOlsTunE RELATIONS IN INFECI'ION BY XANTHO.MONAS ~IAL\,ACEARml 

It hns be('n clninH'd by E. F, Smith (19), and luter by other plnnt 
puthologists, tbut frr{'('nhons(' plants are more readily inft'cted by buc
terial puthog('ns if t\H'Y nrr plil('('(( in a moist chumber fol' ] or 2 dnys 
nfter inoculution, Dia('hul1, Vnlleau, nnd Johnson (5) hl1ye demon
stmted thnt Whl'll inoculation pl'O('edures inyoh'ing wnt(,I' congestion 
nre USN(, infpction of tobl1(,(,o INlYpS by bueterinl pathogens takes pln('e , 
without moist-chnmbl'I' ('XPOSUI'(" TIl(' fuet thnt seyel'(' infl'ction of 
('otton leayps by X(llltlwmOIl(l8 'ma/cacenl'1(:Tn mny take plu('(' I1ft(,I' in
oeulntion proeedul'es inyolving watpl' ('ongestion but without 1'('COurse 
to moist-ehumb('r pxposllr('s is nmply d('monstl'llt('(1 by pxperimentnl 
results reported in ('nrli('r seetions of this bullptin, l"urthel' experi
ments of 11 pl'(·liminnry nntlll'(', however, /'C'nnled that whell mild 
forms of the diseuse w('r(' indlH:('cl in vigorously growing plants of 
highly suseeptible yuridies by such inoculntion mdhods, for cxnmplc, 
ns the npplientioll of mist spray, the moist-ehnmber trentmcnt in
('reused the severity of thp bncierinl blight on bud lellves nnd on leaves 
in ll\l' early expanding stage, 

In vil'w of llH' int('llsifying l'fl'eel of post-inoculntion moist-chambel' 
tl'('utnwnt on bligh t production in bud nnd young expnnding leaves, 
it S('('I11N\ probuble thut 11 similiu' (,f1'c'et might O(,('lII' with seedling 
plnnts \)('cnuse of the' Y.igorous growing condition of thpir Ipllyes, An 
exp('rinH'nt with sC'{'dlillgs did ill fuet t'onfirm this idea (table 23), 
~Ioist-('hnmber tn'atment I'('sliltc'd gC'lIP1'ully in Il greater disense in
eidrll(:c nnd more s('v('rp dis('use, The seedlings for the experiment 
I'('ported ill table 2:1 weI'(' grown in 4 woodl'n fluts with w(·lI-fertilized 
soil, GO se('(lIings to nflnt, 10 s(INllings of encb of thp {)vnric·j ies used, 
'fhe plnnts werp kept in vigorous growing condition throughout th<' 
(lxperim('nt nnd \)('enml' ('l'Owd('d HI1d. I'unk, At the timp of ino('uln
tion Uwy wc'rp 12 dnys old, with bud knn's just iH'!,!'inning to PXplIIU(, , 

the Inrgl'st huying n dinmeter of nbout 15 mm, The' inOt'ululll ('011
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tained about 60 million bacteria P('l' milliliter and was applied at the 
rate of 700 Ill\. per flat. About a fifth of the ino('ulum was atomized 
onto the seedlings, an attempt being mude to wet. the bud leuves, 
The rest wus spl'inkled over the plants with a small cun, After inoeu
lntion, two of the flats were plueed in a moist ehumber for 2 days; 
the other two were kept in a greenhouse and. wel'c shaded until thc 
plunts wel'c dry, 'TIlen watering thc flats, an attcmpt was made to 
nyoid wetting the leaves, 

The seedling experiment reported in tablc 23 indicates that relatiyc 
vnrietal susceptibility is similar to that obselT('(1 in previous expel'i
I1wnts on gro\\'n plants, Ineidentlll to the findings made in connection 
with this experiment (table 23) observations on other disease symp
toms were made, A wilt of the leaves exhibiting symptoms very 
similnr to fusarium wilt was fl'equently notieed, U11<L when the stems 
of the plants were ('ut, blaek streaks were oft('n se('n, Datn on thesc 
wilt ::;ymptoms arc in eluded in table 23 and will be discussed in a 
5U bsec'LUl'n t s('etion. 

The incrt'nse in infcetion of seedlings brought about by the post
ino('ulution moist-ehnmber tl'eatIl1ent des('l'ibcd above suggested that 
similar cfl'eets might be indueed by frequent light sprinkling of plnnts 
follo\\'ing ino('ulntion. The 1'l'sults of an experim('nt to test this hy
pothesis (tuble 24) indicated that sUl'li wns indced the ense, On 
seedlings grown from inoculated sN'd, the most stl'iking efl'ect of 
sprinkling was on the tl'll(' leayes, Yerr frw of thrsr b('('nme inf('('ted 
unless seedlin~rs were moistened after emr;lrgcnce, "'hen the s('('lllings 
were spl'inklrd with wntt'1' on('e a dny fOl' S duys aftl'I' emergl'lleC, 
bnetel'ial spots nppC'nl'ed on the true leavcs of nenrly nil scC'dlings thnt 
llild dis('Hst'd cotyledons. ~Iu('h of the bluck arm thnt o('('ul'l'(·d I'C
SU/tNt from im-ns'ion of tht' stems through the pptioles of the eotylNions 
and devC'lop('d without sprinkling; sprinkling, howpvel', did enuse some 
inert'l1s(' in blnck nrm, 

III anothl'r pnrt of the experiment reportNl in tnb\(, 24, seedlings 
WNt' inoeuinted by sprinkling with bnderinl suspension shol,tly after 
emrrgen('(' (8 dnys), nt a stnge wl1('n the bud leuyes wt'rt' still rudi
Illentllry, Sprinkling with walpr twicc a <lny for 4 dnys following 
ino('ulntion tl'iplpd the numbN of plnnts of Shnfter Aeulu 011 whidl 
the Iruyes b('('ame dispased, nnd while it did not ehnnge inf(·(,tion of 
lenYl's on Stoneville :37, this strnill showed u largp in('I'pns(' in numbN 
nnd sC'vNi ty of lesions on cotyll'dol1s ns n ('Ol1s('(lll('nee of wn tel' 
sprinkling, On seedlings of both thesl' varieties ino('uilltl'd Hi clnys 
uftc'r plnnting, repeatl'<l spl'inkling with wuter subsl'qul'nt to ino('uln
tion I'l'stllted in slightly mon' lN1f spot thun on ('ontl'ol plnnts, (plnnts 
of tilt' two groups inoculated u t the se'('(lling stngC' Iw('unH' so crowded 
thut they could not be' gl'own long t'nough to den·lop bluck nl'm,) 

In expNinwnts to d('t('l'min(' the l'('lativl' cffeC'liYC.·IH'sS of s('rdling 
ino('ulntion by sprinkling as ('ompnrNI wit). inoculation by [0I'('du I 
sprny from fl. knupsn('k sprnyt'r, thl' I'l'stllts obtnin('d wen' not ('ntirdy 
consistent from one ('xpel'impnt to the next, nppnr('nlly becausc the 
condition of sl'edlings ehangl's rnpidly during growth and is grf'i1tly 
influeneed by environmental fnetors, 'l'h(' r('suits of one s(lell l'xpC'l'i
ment nre I'eportl'd in tnble 25, In this ('x!H'I'imen t ti\(' ino('ulnt('d 
plnnts wel'e in good growing ('ondition und some of the' lellyes ilnd 11 
dillm{'ter IlS great IlS 5 em" stomata bt·ing wick opl'n at tite tillle of 
ino('ulution, Sprinkling inoeulation produ('ed spots on tilt' l(,flYCS of 
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all plnnts, but the. disense wns more widcsprend and severe on leaves 
of plunts inoculated with a knnpsuck sprnyer. 

It is elNlr f!'OIll the cxperiIllentill evidell(,c prcse'lted that infp('tion 
of bud 1l'll\'PS of llllltllI'C Ot' s{,pdling plants difi'ers in sen'rnl I'pslwets 
from infection o[ older lean·s. It seems probable that the epidemi
ology of baeterial blight might be('o111(> bettc'r undt'rstood through 
studies on infection of bud lpl1yes, esppcially thosc of st'edlillgs. 
1I1f('dion of bud lPllYes iR not dependent on fOl'eeful sprnying. Bud 
lenv('s,in uddition, are gencmlly more suseeptible tlHUl others. A 
mature lenf clops 1I0t become sevel·('ly dispnsed when only n fp\\' lesions 
UI"(' presl'nt, whp"pns bud leaves frequently do. Durinf? C'~'P:l11sion of 
t1 bud lr'uf tlw dist'nst' mn.y sprPltd f!'Om a singlC' infectIon C'OUl't OYeI' 
mUe'h of tht' lel1f I1I'('H. I1S vein blight, 01' us "wilt," which is diseusspd in 
a su bs('C[ UPI1 t SPC'tion . 

.Abundunt inf('l'lion of mntur(' IC'lwPS involvps instnntnncous 
invHsion, whiC'h o('curs most l'C'ndily whell the stOl1mta ure op('n and 
tlIl' tissues WI1 tpl'-<"ongl'stN\. It is not knowlI, howpvpl', how invnsion 
Pl'o('(·('(ls in bud It'nn·s. Thc' bUC'(('l'ia Hilly ('ntp!' thl'ough stomntn if 
It fl'\\' of thpm i1.1'(' fun('tionnl, or possibly through op(,lIings ill til(' 
('uti(,\p. 'flip ('uticlp is wry thin n.t this stngp nnt! thprdol'{, llIort' 
subj('('t to inj my; 1('I1.\'·(·s tlll1t nre expnndillg while> plnll ts nre in 
n moist ('hnm1)('1' hnn bN·1\. not('d to b(' more tender tbnn cOl'responding 
ICI1Y(,s on plnn ts Oll tsidl' til(' elHun b('t,. 

Dab1 gin'n hpl'(, illdicl1tl' thn.t inf('ction of bud lellv('s on S('Nllings 
is in('I'('115NI by l'('pC'nh'd w('tting of I('n.\'('s ns w('11 ns by moist-('hnmlll'1' 
tn'ntnwnt nftpl' ino('ulntion; thiLt is, fl'{'(lut'nt PI'('s('n('(' of fn'(' moisturL' 
on thc' 1£'nl' SUl'fnct' npp<'nl'S to b(' us pfl'('('tiv{' HS its continuous prpS('Il('(·. 
rndpl' nntul'nl conditions, thpl'pfol't', fl'('qu('nt dC'ws 01' light rilins mily 
fneili tntl' inlY!lsliOIn of hud .11('11·\'('s H.nd. of t!tI'~'V('s in the ('llll'~y pxpnndling 
st:ngl'. rn IIg I Y SlIS(,l'ptl ) 1(' vnl'll'lI('s liS may r('su t III n· gnH Ult l 
huild-up of the dispnse' to ('pid('mil' pI'opol'lions. 

VASCL'I.AH l~FEcTloN 

Bl'ynn (1) c\('sC'l'ilwd liS' "ntypienl" It-siomi 011 ('olton IPll\,(IS "a 
gmd lIill lind Pl'ogl'('ssi\Tp fnd ing ou t nnd dying of tlH' tiSfHI('S," 11 ppnl'
('ntl" till' I'('sult of vas('ulHI' infe'(,tion bv Xnn(/wmOI1ClN malral'faruTIl. 
Sb(:found til(' hnetl'l'ia to "pour out ill" gn'nt nlllulH'I'S fl'oll1 thl' ('ut 
('nds of Ow y('ins but not frolll tllP intl'ITPllillg tisstll'''-n condition 
opposite, to thp usunl situution. ]n thp PI'(,8('11t wOl'k. this f01'111 of til(' 
disf'nsp wus fI'Pqu('ntiy 11ot('d on illocuintf'C1 plnnls in til(' gl'l'('nhous(' 
nnd, nlthough. not so frpqu('ntly, in th(' lipid. 1'h(' condition O('('UITNI 
On sN'dlings lind on hud I('H\T(,S lind expanding 1(,llv(~s of old('1' plant~ 
of sus(,pptiblp Vlll'idi('s. ,['hus, this phllse of the' disl'l1s(' npP(,I1I'S to 
O('C'UI' pl'imHl'ily on highly sus(,pptibl(· I 1.'11 n·s. 'flip Ylls('ulnr IIlltUt'l' of 
this typP of illfedion wus ('onfirlll('d by l'('i50lnting til(' pnthog<'nie 
hllctpl'in, from di5C'olol'NI st:I'pnks thnt ('xt('ndl'd from th<' wins thl'ough 
pf'tiol(.s into til(, st('m. Su('h dark sln'l1ks ""('1'(' follo\\'\'d in stellls of 
s('rdling plnnts fol' (\istnJH'PS of 5 to R ('m., thc' 1Il0st prolloulH'('(1 
dis('olol'lltion UPlwul'ing in tllP pl'imitl'Y xylpll1 (pI. 8, B). 011 gl'('('ll
hOlls!' pInnts, \Pl1r symptoms \\,1'1'(' simillll' to those' of fusnriull1 wilt. 

Data \\'/'1'(' \nk('11 ill c'olllwdioll with t1H' 5Pl'dling ('Xlwl'iIlH'nts 
I'<'PI'('s(,1I(,(\ b~' tllbll'5 n to 21) on this IHld('l'inl wilt Hilt! on inU'l'Ilnl 
clis{'olol'u lion of 5tl'ms. 1'h('s(' dllln WPI'(' in lin(' with thos(' on otll('1' 
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Early ;;tagc of black arm Ic:;ioll 011 slem, produced by bllcterill innlding frOIll 
di;;('a~ed leaf. Htelll infection derin~d frolll vein blight of leuf by progre:l~ion 
of buct('ria \"hl'ou~h Iwtiole. \'Ilriety, Trice 2A. 
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symptoms of thp ciis('HSP, giving similul' I'l'SPOIIS(,S fol' fnetors under 
L('sts, stle-h flS \'uric,tail n'lI('tion ulld moist-ehlltnb('I' a11d spI'inkling 
tl'enlmPllts. 

An inte'I.·(·sting IUlc' st.ag(· of til(' wilt phus(' wus ObSl'n'NI all old(·/' 
gr('('nhol1se plll11ls of susc'('ptihlr Ytlri('ti('s. In thl' (,Putt'!' of the, wilt 
lesions wus the ol'iginnl typiclll ungulaI' spot, which wus dry !lnd dUl'k 
bl'own nt this timp \lIId SliITOlllHI('d by It light-bl'own 1l1'l'lt of (/1'Y 
tissu('. Thm II fndNl-g/'{'('1l ZOIW [o!lmw·d, wilie/t retnin£ld the' gl'(l('n 
('0101' ('nil wll('n tiH' Iwulthy parts of til(' l('uf tUrH('d y('Uow. At th(' 
murgin of this ZOll(, \\'('1'(' typi('lll ungulnr spots or minut(' spots ulong 
Yeini<.'ts, giving the nppeal'fiuec of It dllrk staining in till' network of 
v('ins (pi. 8, A). 

'fhe following hypotlH'sis is of\'('l'ed as n llossihlc approach loward 
explaining why bn('tel'ial blight, which is typic-ally n· disl'l1s(' of PUI'PIl' 
ehymntic tiSSlil'S, ma,y adopt It bdlltviol' eharnetel'istie of vns('ullll' 
wilts. On hot c1uys, INlY(,S in tIl(' eXPllnding stag(' l1r(l the first to show 
t('mpol'lll'Y physiologicnl willing ill both {il'ld nnd gr(,l'lIhousl'. Thl' 
wnt('1' ('ont(,llt of pxpllnding 1('11\'('$ is known to 1)(' sJ.lbjt'('t to hU'gC'r 
diutnnl flu('tun lions than thnt of otht'r ll'ilVl'S (15). Bil('tl'riil rect \lire 
nbundnnt moisture' for t\wir d('vl'lopnH'nt in the It'uf tissue'S. DUl'ing 
('xpllnsion of I ('nYC's , til(' Pllt/togl'ni(' bll(,t('rin are most lik('ly to find 
fllYOl'llbk moistur(' ('onditions dose to V('ins, ItS is indi('nted by the 
('onunOIl O('('lIlTPl1(,(' of nin blight on ('xpnnding \('nv('s in the' 1)III'('n
chymatie tissu('s ndjoining tiH' vPins. Conditions of wnt('i' s(['('ss, 
hO\\'(,V('I', mny illc\U('(' tllP hn('ll'l'iu to invnde the wilt(,I.'-<'ondueting 
tissu('s tli('ms('lv('s, [,('sulting in C/will," liS dN;(Til)('c\ n\)o\,('. 

SCllnV,\!. OF XAl'iT"O)IO~AS It,\I.vACE,\HC~1 IN .PI.ANT TISSUE 

Thl' lif(' ('yell· of XnlllltOIIlOlUl8 mall'(l.cl'anun Jl1ny h(l di\'idl'd into 
netiv(' nnd qlIi('s('('nt stng(·s. In til(' netiv(' stllgrs l11oistu('(' is ('ssentinl 
for tlH' SPI'l'fld of th(' \)lIct('rium nnd for infh·tion .. In quil's('('nt stng('s 
dry tissu(,s provide· the' most filyoruhl(· condition for Slln'iYIlI of the' 
pn thog(·n. ~I nlly plnn t pnthogpn ic IIIl('t('rin, inel lilting X([nthOIll()i1(l,~ 
ma/f(lcearum, mlly pC'rsist in dry plunt tisstl('s for ,P'/U'S (/4,16). Hflpid 
drying of th(' bnet(,l.'i\il slim(' S(,(,Jl1S lo hl' irnportnnt, sill('l' the bnd('riIL 
t('lld to disitpPPilr fro/l1 rotting tissu('!'; (10). 

Pl'Oof of th(' pr('s(,I\('(> of Xn'lItit.olllOl1aS malmcearu.m ill qui('s('l'lIt 
('onditioll in old disl'llsC't\ tissue' wns /lot diffic'ult to obtain. 'I'mp 
m('lhods w('r(' found 10 yit'ld till' pntilogl'lIie huetC'rin ('nsily, ('\,('11 

wh('11 n.ti('mpts III isollliioll fnilc·d in .dilution ('ulturC's liS II. rpsult of th(' 
prNlominnn('(' of s('('ondnry orgnnisms. RusppnsiollS I11IHI(, from dr~' 
dis(>!lSNl tissu('s by ('rushing t\WJl1 in distillpd wlltl'r W(>I'(' pOllJ'pd O\'PJ' 
\('n,\,('s of Stls('C'pti\)k plllllts nttc'r in<iu(·ing visibl(' wI11('r ('ongt'slion in 
th(' I('IW('S by nl('nm; of n. hypodprmi(' syri1lgl' or nft!'!' gc·ntl.Y rubbing 
('xpanding 1(>lIv('s with Il moisl ('hl'!'s('('lolh, "\.s nn nltpJ'lIntiv(' Ill('thod 
sl'(I(1 of S X P Wl'r(' sonk(·d ill til(' sllsp('nsion for 2 to :~ hOllr:.;, th('n 
g('['minnt('d b('twl'l'l1 papPI' tow(>ls. Tn SOI11(' of th('s!' t(·:.;ts ('stimntps 
of wlntiv(' nbUlldnn('p of hnet('rin in 1('lIf tissue' W('I'l' obtni11l'd Iw 
mil.king sllslwnsions of ('om[hu'lIble snmplC's of dry mnlpriul in lO-mi. 
w!~t(>r blanks. R('nritY of ll'sions nllll durn tlon of t h(' in('u bnlion 
pel'iod 5('rn<l us indientol's of tht' [,(·lltli\T(' llllllllwrs of bnclC'I'iH pn':.;('nt; 
th(' in('lIbation pc·riot! of dil\'('rC'nt samples diff('I'l'd by as mud.l liS 
2 \\-(·(>k5. 
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In ol'd(,I' to ill \'(ISliglLIl' til(' possi bili ly of su n'i val of ,\ l/.I/thom ()lIa,,~ 
'/lla/l'(/cC(I,l'urn in dis('usl'd lis::;ups tlll'oligh lll(' wintc'I', snmpl('s of 
IpaYl's Il,nd of (\isl'll,spd piu'ls of st(,lI1S \\'('I'P eolll'('tNI during tilt' winlpI' 
of 1044-45 fl'om (i('ld s{'elions in ",lIi('1I 1I1t'1'(' hnd bN'n bligllt IMe 
in th(' senson of 1944, l"l'lw('s still nttaehed to the plnllts wel'o 
('olll'cled nnd also l('fwes fl'om t\w gl'ollJld, In the case of lenf ('olle('
tions from till' gl'Olllld, two sample PILl'ts wen' tn.IH'Il, one from the 
UPP(,I' dry InY(,I' of I('nv('s nnd th(' otll<'I' from th(' moist bid li\~'(,I' 
din'etiy on tll(' ground, 'rhp dl'Y-\('nf pn.l't of the sn,mp\(' ('ollsist('ntly 
gnvc indienlion of C'onb1ining 1\ If11'gel' nUJnl)(,I' of pnthogC'ni(' bn.dpI'in 
1Ilfm th(' moist PILl't. Thl' bn('lPI'ild bligllt pathogl'n wn.s 1'('('ov(,I'NI 
fJ'Om nil l,\'p('s of snmpl('s t'olh,eted up until iLlld illduding the last 
('olle('tion date, ),1 nl'('h 9, 1945 j thn,t is, up until n. few w('('ks pl'iol' to 
tll(· time' of pbnting ('otton, 

Pl'pliminl1,l'Y ('xp(,I'illH.'nts \\'PI'(' nlso ('oncluded in tll(' labomtol'Y 
on faetol's n.fl'eding lhl' sUl'vivnl of Xa,nthomol/as mall'ocearuU!, in 
h'nf tiSSllP, In one: pxpl'rim('nt dist'as('d INwl's W(,l'l' ('('mond from 
gl'PPl1ho\ls(' plants, W('('(' thpn dried nnd bl'ok('n into smnll pi ('('('s, 
slIbdividNI, nnd StOI'pc\ in two s(,l'('w-top hotl\('s, OIl(' bott\(' Iwing 
kl'pt in thp labol'fLtol'y nll'oom tempel'lttul'(', the olhpl' nl So C, 'l'hn'p 
yeiu's In.t('J' .X, ma[l'a('eal'uln wns 1'('l'O \'P1'('(1 fl'om tilt' tissup in ('neh of 
th(' boUlc's, Th(' mntpl'ild k('pl nt So C, ('ollti1in{'(1 mol'(, bnetPJ'in, 
Oth('J' t('sts \\'(,I'P mndp b~' ('tlltillg disks of 8-mm, dinnwtpl' with 1\ 

('ol'k hOl'pI' f[,om Irsions 011 thp h'iJ.\'('S of fidd plallts, mounting sueh 
disks on pins stu('k inlo ('ol'ks, and itltl'mpting to I'(,('O\,(~I' the blight 
Imdpl'ium nftpl' difl'pl'pnt ppl'iods nncl ('onditions of stol'l1,ge', 

Fin' gl'oups of snmpl(,s \\'1'1'(' stol'pcL for 9 mOllths, On(' gl'OIlP wns 
slol'{,(\. in thr op('nin thp hdlOmtol'Y, 'I'hl'(,p gl'oups W(,I'(, stol'pd at ,
difl'('J'('nt 1'('In.ti\'(' humiditil'S in cil'si('('nlol's, Ollp at 2fi IWI'('pnt, one' 
nt fi5 pPI'(,pnl, iLll!! on(' at S5 IWI'C'PIlL 1'('lltliv(' humidit~·, A fifth 
gl'oup wns h('ld in 11 mOist ('hnmbl'I' fOl' S wrpks, at: thp ('lid of wllieh 
p(,l'iod the sn,mplps hnd I)('('ome ('oYC'l'pd with mold gl'owth Itn(l W('l'(' 

I'PlI1oy{'(1 to thl' OPPII lubomtol'Y fol' rxposul'(' in piu'idlpl with tlH' 
Iil'st gl'OUP, X{/,ntlt()mO'lw,~ U!a!l'(/c"al"l/llt WllS 1'('('ov('I'{'(1 hy tmppillg 
111('thocis fl'om sa,mph's in ('[\,('h of thp fiyC' gl'Oups nftpI' IlS mu('h ItS 
I) months, Some' of thp diskR pxpospd to thc' moist ('\uunlH'I', h o\\'('\'(' I', 
did not yi(·ld til(' bndl'l'ia, )'loI'povel', 1\ sll1ldlpJ' IlUm\)PI' of bnett'l'ia 
was pI'esPllt in diskR Iwpt fOl' mol'(, t1llln 2 mOllths iLL 85 pel'(,l'nt 
1'('ln,tin humidity thltn in disk::; kc'pt op('n ill thl' laliomtol'y nt 2fi 
n.nd ;')5 ppl'(,PI1 L 

Tn \'ic'\\' of til(' pl'('lirninlu',Y ('\·idpl1('(' oi>tl1ilwd fl'om th(' ('XPPI'illH'nls 
(lrsC'l'ilwd n,bon' it sN'ms quite pO::;Rihl(' thnt fhl' n.lIgllhtl' \c'nf spot 
bndNium mny fr('quently o\'(,l'winl('I' in til(' fipld l1,nd that such 0\'('1'
wint('J'('d bn.d(,l'iIL ma,\, \'P I'psponsihlp fol' SOIll(' s('('dling infp('tion ill 
spl'ing, ObS(,I'YILtiolls madp in ('OIlJl(,(,tion witil fi!'ld ('xp('J'inlC'Jlts ill 
11)4;), ilo\\,p\'(,I', ('ollfiJ'll1f'(\ th(' PI'('\':LiPlIt idt'u lhnt inf('('lpd s('('d is till' 
most impol'bLllt !'iO\ll'('(' of l)J'imlu'y ino('\llIllll, III 1!).t,') till' dis('I\S(' 
npPPl'L1'('(\ on l'olyll'dons or mallY s('pdlings, hill it WitS fiJ'Rt l1o\l't\ 011 
tllos(' fJ'olll infc'C'lNI 'I'PXtLS-gI'O"'1l s(,pd, spn'fLding IlLlpJ' to uiil('I' stmills 
whos(' sc'pel \\'PI'P not infl'siNI. ,NATeIl,\J. SI'HE,\I) OF BACTEIIL\I. BI,IGIIT 

OhS!'I'vfLtions IIlfl(\edul'ing till' ('OUI'S(' of til(' Ifl4fi pxp('l'inH'l1ts 
indienLNI lImt most of tlIP nn.tuJ'flJ spl'('lLd of bactPJ'inl blight in tilt' 
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sl'Nlling stn,g(' in the (it'hl WIiS bl'o\l~ht about by 1110\'('I1\('nt of illOC'ululll 

in dminngC' wnt:('f' itt Uw tinl(' of \\"n.shill~ mills 11I,(l' ill ~lflY, Th(lser obsC'I'\'ltlions W('I'(' in n,('('ol'll wi t It. I'l'pol'ls of I1IUisfol'd (I~') on I h(' 
inllllPnct' of sloping Innd on suell SPI'C'lld, Tn \'ltI'iel.nl plot 1, fOl' 

, 


l'xampl(', It compn.l'isoll of slmins of knowll SlIs<'l'ptibility showl'd 
thal lhl' in<:ic\('Il('(' of s('C'Clling blight WitS I11l1ch highel' n,t (ht' top 
of tht' slope, ",hl'I'(' til(' I'O\\'S joinNI thost' of thpinft'dNI A('nln, (hltn 
M lhl' bollom, VllI'iplnl plot 2, also bonl('l'ing thp infpe!NI Acnlil, 
1'0\\'5, hnd lpss slop(' lhnn plOl 1 nnd ILiso (Pss s('('dlincr inf('etion, 

Obs(,l'\'ntiolls \\,('1'(' mnd(' on the Ilntlll'tLi spn'ltd of bligllt on old!'I' 
plttllts in plots \\'11('1'(' spm~yjng hnd pl'oduC'('d ('piph),tolic dis(,Ilf;P 
cOllditions, In 10·14, spl'C'ad of thp dis('n,s(' by s('('oIHlnI'Y infl'('lion 
o('('lIl'1'pd nminly on ino('ullLtNI plltnls nad to ollly It \'PIT slight 01' 
lH'gligibll' pxtPllt on pi:mls ndjoilling 1l1('Ill, III i fl4ij 1l1()1'(' nntUl':d 
spl'PHd WitS notl'(L This spl'Plld SN'I11('d lo OI'iginntt' mosth', hO\\,('\,('I', 
from (,Iuly s('('(llillg inf(l('tioll Itlld wn.s I!(IV('I'SO uniform' tllld SP\'PI'P 
as thnt prod uc'pd by !wl ifieinl inoellllLt ion. wit It It \'il!OI'OllS Spl'i~)', 
'1'11('1'(' was lik('wis(' \'PI')'lit tl(' IIMIII'ILI spl'pnd of haetl'I'ilLl holll'ot, (,\'('11 

on plnnls ",hosp l{'iW('S had 1)(,('OllH' S('\'(II'C'ly dispnsNI priot' to the 
d(I\'('lopnH'nl of bolls, 

GE;\EHAL DISCrSSJo.\" 

Bn.l'IC'I'itti hli~hl of ('OltOIl PI'C'SPlltS bnfIling problems to the' ilwpsti
gn,tOI' who is in sNu'ch of !L ('oll1pl'pll('IISin pie! 111'(' of til(' dis('nsl', 
This sit \lat ion Ims b('(,11 n.plly C'XIlI'('ss('d by BullC'I' (2, ", Ifl/j} ill 
{'ompnrillg tl1(1 fOl'llls ill which th(1 disl'HS(, O(,('UI'S in 1ndin. tLnd Afl'i('a: 

Ir one' WNt' workin!! with a <li/TNl'nt fYJ!<' of ('ottnll, groll'l! 1I1l1i('r Plllin·I.I' 
ditf('rpn\' ('olldifions, l'\,prythillj{ in the' b('hll\'iollr of till' rli~t'n..'1· IJlhdlt he c1i1fl'rPllt 
ill til!' 111'0 nrC'ft:;. ~ll that fllr practiC'Hl pllrp()~(':; it wonld ;;/"1'111 fL-~ if on(' rC'ilJly had 
to do with (11'0 di~til\('l dil'pa":ps, 

'rhe PI'C'S(,llt in\'C'stil!n.lion mit)' h(' ('onsi<if'I'('d fLS Itll ('xpprinH'lIlal 
appI'oflC'h (0\\,:11'<1 {'xplorinl! the· ba('lC'I'inl blight ('oll1pl('x with I'('glu'd 
to ('pidpll1iolol!)' and Ylu'i!'t ILl l'plI.('lio!l. ~ I tlll,\' of t hl' hasi!' fll\'lol'S 
ILIld ph ('II 0 III P 1111. of th(' disl'flS(, !l1'.\'P 1>('(111 l'p('ol!lli;wd hy (>I'('\'jolls 
ill\'p,:;tiga!ol's (7, l.L 16', 19, ;.dOl. FllnIIlLIll(,lllnll~' tilt' PI'PSI'II! \\'01'1\: 

Il-i illlLil'P(,ll1pnt with {hp idptlS of tlw~(' \\'orkpl't-i, but ;';OnH' of tilt' is:>u!'s 
lIfn'p 1)('('11 11101'(, ('(PlLl'h' (]Plitwtl, 

In npPI'()jwhing ('i)idprniologicul pl'ohll'l11s of bll!'tprial bli~ltt, 
nLl'iollS 1l1l'thods of al'tifidal illo(·trln.tion !tll.\'(' h(l('n ('mploYl'd ill Dill' 
(,XIH'I'iI1WII(S to dl'fillP [t 1 IHlsi!' 1':1.(,[01':> nf},f'1'l illg f hp hOl-iI-pn.msi!(' 
I'l'ltl.tionsldp lI)1d('1' s(,lIli('Ollll'ollt'd ('ollditioll";: tUid 121 {Ill' OJlPI'Iltion 
of tlH's(' fa('lol':; Ulld('I' lipid ('oll(litinns. It is I'l'nli;wd lhat ill l!t'IH'I'HI
izilll! fl'OIl1 til!' /'t',.;ult,.; of sHcll PXPl'I'illll'llts (lIlP I\(,{'ds to ('onsidpl' tlH' 
datIl (,I'Hindl",. ('ol'l'plntillg' tll('l11 \\'ith ol>:;('I'\'lI.tiol1"; Oil till' hpha\'iol' 
of thl' dis('tl,sP tllld('I' nlrioll"; )1H.tlll'n..1 l'ollrli!ion<;, ClllItioll il\ ill!<'I'
pl'pl at ion:> II('('d" t () 1)(' ('X{'I'('ls('( 1. purt i{,lIll\l'ly wi t It j'p!!,lU'd t () (t 1 
intpl'll1('ditLt(' pl},p!,!" lIud!'1' IIllttll'ld ('oll<litjoll" ill ('OlUI'/l.S! to 1'('lntl\'('I\
S!tIU'P lirws dl'Hwn ill thl' (':\I><'l'ill)(lntI1l work; :llld 121 lil)!1' fa('tol's iiI 
f'(·ltLtiol\ to l!l'Ildual dp\'plopnll'lIt of thl' disl'lI"p • 

.A ~()od C'XtLf)Jplll falling' IIl1d!'I' tllP fit,,,t of tll('>;(' ('Hlp!!,ol')"" ('OIJ('('I'IlS 
lit!' mn.tt('I' .of :;tomtLlal 'oIwning Hlld ill\'I[sion, t'nd!'1' ('()l\dit iolts of 
lI!ttul'IllillYILSioll on n mill\' dIt\' , S{Ollllt.tll. of II'IL\'P" IlI'P likc,h- to 1)(' 
partly OI)('Il, tl\(, <lPgl'PC' of ~)(l('nllll! r1l'jl('ndilllJ; on till' tilll!' of ('IllY itlld 
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on the extC'llt of ciouciirll'ss, '1'11(' SP('()nd group of eO'eels, that of 
J'pIalioJl of limp fuc,tors to dp\'(')opml'nL of t1H' dis(,llsl.', is most obviolls 
wh('n the disN1S(' O('(,III'S in mild forms, building up gl'lldllally tllI'augh 
till' 5£'I\SOI\, 1t would s('em Ii i(Jieull !0 imi tItt (I ndeq IIntely th0 building
up tlil'Ough I~ su('c('S&1iOJl of sbtgps: (1) Primary infp('tion ol'iginnting 
fl'Olll infected plll.nlt'll sPNl; (2) iJlO!.'lIlul11 fl'ol11 pJ'imlllOY lesions on 
seedlings spl'l'(uling by renoir w(d,t'I' 01' splashing mindl'Ops 01' by wind 
caJ'I'ying dry leaf tll'bl'is; n.nd (:n Sl'('ondILI'Y infl'<"tiOIl c,nIps J'ep{'ll.ting 
th(' )H'Ol'eSSl'S of infC'ction and of spl'pad of inoculum with the aid 
of mins 01' heltvy dews, 

'1'\\'0 forms of till' disNLse have been distinguished in OUI' exp('I'i
111l'nlnl work-mild lmd epiphytotic, Undl'l' Imtllml conditions, 
mild fOl'ms IU'C most common, PI'oc('('ding ILS dc'sel'ibN/. Appm'cntly, 
l'pidl'mic fOl'll1S OCCUI' only when at son1(' stagl' of the building-up 
PI'O('()SS conditions fol' the dis()fI.se beconH' l'x('('ptionlLlly fnyol'iLble, 
In 1944, such outbl'eil.ks W(,I'(, s('{'n in two fidds in the sand hill section 
of South Cl\l'Olinn. The pln.nts inyolv('(1 were about (i w('('ks old 
and the diSl'I\S(, appelw('(L in n.1I I'(5)('cts similtu' to thr t'piphytotic 
form pl'oduet'd ll.rtifieiltlly nt C]()rnson, S, C" rll(~h indi\'iduil.l plnnt 
bring s(,Yl'I'rly nfi't'cted, A henvy I'Il.instol'lll wns cOhllect('(i with 
the nfLtul'ILl olltbl'l'nk, 

SinN' the w('stem parts of tiJ(' Colton Belt hn;yc jn gcn(,J'nlll dri(,I' 
dilllnlt' thnn the l'nstel'./1 )Hu'ts and sincp plnnt (list'nscs al'(, commonly 
{aYOI'Nl by 1I1Oist I'Mht'I' thnn dry w(,(11h('l', one is led to woncll'l' why 
bactNinl blight of cotton set'ms to O('('lll' more fl'('qul'ntly in l'pidt'mic 
form in lhe westl'rn I'll tht'I' UIIlIl in Ow ('as(('I'./1 1'('gioIlS, Thc wol'i\: 
repol'U'd IICI'(', together with othel' points discussed, suggl'sts the 
following I'NlSOnS for this nppnl'lmt ('ontmdictioJl: (I) In T{)XllS nnd 
Oklahoma, StJl11ll1(,I' mins consist commonly of brief hnrd <lo\\,npo\II's. 
]i;xpPI'inH'1l tnl ('videllco ind iNI tes flint stich dl'i\'ing mins pl'Ovidc 
L)('tt('1' conditions for epiphytolics thnn the fl'l'qu('nt light mins ('Om
mon in thl' t'/15tel'l1 cotton SttltC'S, (2) Plltllts growing under dr.Y con
ditions tt'nd to have open foJiil~o so thnt tho bolls nl'{\ mol'C l'{'/l(\ily 
nc('essihlc to inf('C'tion when dnving rnins oC'e\II" (;3) Dry W('lttiH'r 
proyidc's I)pltol' ('ollditions fOl' sUI'Ylvnl of the plttilogC'/1 ill dis(,fI!l(\d 
tisstJ('s of lel\Y(,s Ilnd bolls. In th(' pnstl'1'1l s('dion of t1H' \wlt, bnct(,l'illl 
boll infcetion is followpd by l'xtl'llsivc fungus I;ot more eommonly thnn 
in th(, WC'5tl'l'll seelion, nnd sl\ed fl'om Tt'xns has 1)l'(,11 fOllnd to CI\I'I'Y 
mol'(\ infection by X(wilwmollus 1nall'(lCf!(U'1Im thlUJ sC'NI from the 
l'flst(,I'n s("('tions, '(4) cevol'l1\ variptins grown in 'l'l'XIl!l, 511('1\ ns Aenln, 
nrc' mol'o sllfl('eptihle to tlw ciifl('lISl' than titos(' grown in tho Enst, 

In thC' pl'psl'nt \\'ol'k the infhl{,llce of cl1\'il'Onllll'lltnl nnd olhl'l' fndol's 
on the d(lvelopnH'llt or the d iSt'ltsc hns b('cn shown to \'I\I'Y aC(lol'<iing 
to the phnsc of th(, diiH'tlSC, the Ilwlhod of ino(,lIlution, find tlt(' type' 
of inf('C'tion, The fuctol' of stomntlll o)H'llin~, for l'Xllmpl(,. is most 
impo\'tnnL fol' inf(,(,tiol1 of mnlul'(' lNW('S ino('uintcd hy forceful SpI'ltY~ 
ing; less impol'tnntfol' st<'1ll lind holl inf{'ctioll by the SIlIlW ll1<1lhods; 
nncllellst impol'tilnt fOl' infC'C'tion of bud h'IW('S of SlIs(,t'ptil,lC' vl1.l'inti(·s, 
using gentll' rn(ltiJods of ino(:lIll\tlon, 0" Lhn OUIl'I' hnnd, with bud 
Jen \'1'1; oJ slls('eptiblo vul'i('ii('s the 5('\'(,l'i ly of the tI is('nsc ma," he 
iner('lls('d by thl' fl'('(IUt'llt 01' ('ontimJOlis »I'('$(,I1('C on tiw plnnt of fl'('(' 
moistUl'(I 01' by high atmospheriC' moistlJl'e slIbsN)II('nt (0 ino(,lIlntion; , 
sueh moisLul'u relations, howl'\O(,)', ':;C'{'1ll to bt' of li It!t· im pOl'taJ)('n wll('ll 
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invasion is instantnncous, involving rapid entrance of bacteria through 
stomata 01' wounds, 

After ca/Tying out a sel'ies of investigations on the relation of envi
l'onmcntnl fncto/'s to bactel'ial blight of eotton under controlled con
ditions, Stoughton (20) concluded thnt the severity of the disease is 
inercnscd when tcmperatures are high throughout the period of its 
devclopment, and when humidity is high during the first 2 days after 
inoculation, Stollghton's work was apparently carried out urider the 
following cond i tions: (1) Young plants of a highly susceptible variety 
(Egyptil1n) wore usedi (2) inoculntion was accomplished by atomiz
ing, a 	 mth('r gentle procedure unless cnnied out from very close 
1'I1nge; and (3) inoeulation was made undOl' mther ,~eak artificial light, 
the rcsults suggesting that the stomatal opening was slight and il'l'egu
Inr, As may b(' seen by /'cfercncc to til(' preceding discussion, extel'll111 
moisture relations have been shown to be au important facto/' IInder 
conditions and with plant materials similar to those used by Stoughton 
(20), but not unde/' some othex' conditions 01' with othel' plant ma to/'ials, 
These eOllsiclemtions demollstI'atp lb' dnnger. of genomlizing wi th 
I'Pga/'(1 to thl' l'freet of environmental factors on bacterinl blight, even 
if sueh genernlizations nre based on very cnreful experimentation, 

It is pO/'haps d('simble to considcr effects of individunl facto/'s as 
b·ends subject to modification by oth~r fadOl'S, Sueh trcnds WOI'O 

noted in tables 19 to 21 with respect to the efreds of con('entration of 
inoculum, ago of plant, stomntal opcning, and method of inoC'ulation, 
The complex nature of the discase is obvious when the tabulated datn 
are \'iewed as a '.,rhole, considcl'ing aU the facto/'s involved and their 
relation to the vnl'ious phases of the disease, , 

The Icaf spot phnse has been emphasized in fundamen tal investiga
tions discllsser! in the fil'st Plll't of this bulletin, Similal' studies of 
thc othC'l' phascs may lead to a bettcl' uude/'Standing of tho entire 
disease complex, 

The. Hcod fol' inclllding phases other than lcaf spot in the flll'thel' 
d!,yelopnl('nt of methods of artifkinl inoeuln,tion n.nd of gmrling plnn ts 
1'0/' val'il'tnl/'csistanec in brceding plots has IH'Cll pointed out. Con
sidnmtion may haye to be given to those phases ane! l'adOl's that I),/'c of 
specinl importan('c under the local 0/' seet:ionl1l conditions for which the 
broeding work is done, FO/' genoml pUl'poSe'S thc me'thoe!s of artifi('inl 
inO(,lI1ntion that induco sevel'e epidemies 11./'0 thought to ho most 
pl'adi(,111 h('('n.use tht'y cxclude escapes and provide nSSlll'!111ep that 
plnnts rcsistnnt undc.'/' those ('olHlltions will sllryive mildel' forms of the 
cI isC'aso, 
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APPENDIX (TABLES 1 TO 25) 

'fABLE I.-Effect oj preinoculation t7'eatments on inl)asion oj mature 
cotton leaves by Xanthomonas malvaCf:.arum, experiments oj August
September 1942 

[Plants of susceptible varieties, 8 to 9 weeks old) 

Leaves with 
Ex- Num- lesions 

peri- ber Leaf Method ofPreinoculation treatment 3ment of surface 2 inoculation f 
No.1 leaves NUIll- Very 

erous few 

PeT- Per
cent centL ___ Lower _ Shading for 2 hours_________ Spraying 6___30 0 23.62____ ___ do___ No shading________________ _____ do _____38 100 0 ___ <10 ___3IL __ 33 1 Visible water congesting 6 ____ Drenching__ 100 03b ___ 33 ___ do___ No water congesting ________ _____do_____ 0 45. 5 4a ___ _____ do_____48 Upper _ Visible water congesting_____ 100 04b ___ 48 ___ do___ No water congesting________ _____clo_____ 0 27. 1, 511. ___ lJ Lower _ Spraying with water 7________ _____ do_____ 91 05b ___ ___ do___ No spraying _______________ _____ do_____II 0 9.0611. ___ 12 Upper _ Spraying with water________ _____ clo_____ 7.5 ! 06b ___ ___ do___ No spraying _______________ _____ clo_____ 

I12 0 8.37 ____ _____ do_____18 Lower _ Visible water congesting 6___ • 100 08 ____ ___ do___ _____ do_____18 Visible water congesting 20 0 23. 6 
minutes prior to inocula
tion. 

1In experiments Nos. 3 to 6, the prcinoculation treatment was applied to (a) 
one-half of the leaf, hut not to (b), the other half of the same leaf. Subscquent 
disease symptoms reflecting the preinoculation treatments are shown in fig. 1. 

2 Leaf surface to which preinoculation treatment and inoculation were applied. 
3 Treatment immediately prior to inoculation, except ill experiment No.8 in 

which one-half of the leaf was treated 20 minutes before inoculation. 
f Using suspensions containing 5 to 10 million bacteria per IlIilliliter. 
6 Spraying with bactcrial suspension using a I-quart sprayer. 
6 Induced by means of a hypodermic syringe. 
7 Spraying with a I-quart sprayer when stomata werc open. 

(35) 
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TABLE 2.-Eifectiveness oj water congestion induced on the leaJ surface 
opposite the one to which the bacteria were 811,bseqyently applied in 
allowing invasion oj cotton leaves by Xanthomonas malvace(Lrum, 
experiment oj July 1943 

[Plants of variety Acala 11, 12 wecks old) 

Preinoculation treatment Incubation Disease 
period symptomsI

NUll1- LeafWater congestionber of surface ILeaf Averleaves surface 1inoculater! 21 ,\ M' . IJ.eaves . ver 1111-1 If ageMethod of , ])e- I age ll1um a elct- sever
production J gree I I e( itv 

1 j , 

--- I '. 

I I 
-I--

Per-
I Yuluc Duys Days! cent I'ullle 

27_____ Upper___ 1 Hypo~lerll1ic 2.7 Lower____ 8. 4i 100 31.9
I syrmge. 

31.533_____ J"",,,,---r--dO----___ , 2. I Upper____ 9 (J 
. I 

I 100
27 _____ 1 Upper___ Spraying___ : ______ l Lower____ 15 

19 I 100 I 1. 3 
33_____ Lower___ ---do-------i------I Upper____ 16 58 1.0 

1 

I The degree of visible water congestion produced by a stream of wat.er from a 
hypodermic syringe at the time of inoculation is a measure of the degree of stom
atal opening. The recorded figures are averages of estimates on individual 
leaves. Estimates of degree of water congestion are made according to the 
following scale: 

Appearance of strcak: "Value 
Solid heavy___________________________________________ 3.0 
Solid faint____________________________________________ 2.0
Irregular__ _ __ ___ ________________ __ __ ___ ___ ______ _____ 1. 0 
Intermediate reactions expressed by decimals from _______ 0.2-3.0 

2 Inoculation d01l1) by gently applying with a paint brush a suspension con
taining 10 million bacteria per milliliter. 

3 Disease severity in lesions appearing along the strell.;"o .';hat had been visibly 
water congested at the time of inoculation, expressed as an average of estiwates 
on diseased len.ves. _1<~stimates of severity were made 18 to 21 days after inocu
lation, using the following scale: 

Appen.rance of lesions: . "Value 
Spreading much to both sides of the streak_______________ 4.0 
Spreading little to both sides of the streak.________________ 3.0 
Confined to the streak, forming a continuous band_________ 2.0 
Along the streak, not eontinuous_______________________ 0.2-1. 8 
Intermediate reactions expressed by decimn.ls from _______ 0.2-4.0 

I Disen.se severity in leaf Men.s which had nonvisible wn.ter congestion or no 
wn.ter congeation at the time of inocllIMion expressed r.d an average of estimates 
on diseased leaves. Estimates made 18 to 21 days after inoculation, using the 
following Rcale: 


Fraction of inoculated area diseased (percent): "Value

100__________________________________________________ ~O
80_ __ _ _ _ _ ___ __ _ _ _ _ ___ _ _ _ _ _ _ __ ____ ___ ___ ___ __ __ __ __ __ _ 4. 0 
60__ _______________________________________________ _ 3.0 
40. __ ._ • __ • _____ • __ •• ________________________________ 20 
20 __________________________________________________ • 1. 0 

Intermediate relict ions cxpressed by decimals from ______ 0.2--5.0 

• 
• 

, 

, 
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TABLE 3.-Effect oj soil moisture, inoculum concentration, and degree 
oj water congestion at the time oj inoculation on injection oj cotton r leaves by Xanthomonas malvacearum, inoculation done by atomizing 
the uruler side oj leaves with a bacterial suspension immediately aJter 
induc'ing water congestion, experiment oj July 1943 

[Plants of variety Acalll 11, 3 months old] 

i 
! 

Factors tested for influence on infection 
IncuhlLtion ·l)iHPe.~(}r_____~------------------------i period SYIIl ptOIIlS


NUlll- i 1. ' 'Yater congcstion


I Bac- 1her i terial :-.--------;----- ---..".---------____of SoH ,concen-l ! Ileaves i comli
t.mt.ion I: i Leaves! Averi tion l\fethod of I)ro- Dc- f '\\'er- l\fl'lll'- I'gc 

, ~~:~~l I' ductioll grce I )' age ~lum fe~~~d I s~~.er-i I
" I ltyI-------1 Mil- 1--1

~~i~: , I
I centi- I I Per
I /IIe/cr : l'llllie I Da!l.~ : DIIYs cell/ l'a/lIl'

MoisL_! 3,). 0 H y pod a r III i c: 2.•') 5 I 4 100 22.5 
syrin~e. ! 

2~_____ --.do---
t .7 ... _.do ___ . , .. I 2.4 9; 8 100 2. I20-----1 Dry. __ I 35.0;_ .. _do _____ ..• _1 2.3 6 I 4 100 1.921 ___ ._1. __ do___ 1 . 7 ... __ do •., _.. __ • .! 2. 1 14 I 8 100 .725.____ :\IoisL~! 35,0 , Atomizing. __ .. _.... .. 8 6 100 32.428________ do. __ J .7 : _ .• do••• ___ ....... .. 13 10 
 100 .425_____ Dry _ _! 35.0 :...•. do_____ ... :__ ._ . 13 9 100 1.321.._____ .do_.. .7;_____ <10 ____ • ___ • 1_____ _ 19 16 76 .4 

I 

1 Scc footnote I, table 2. 2 fiee footnote 3, table 2. 3 ~e footnote 4, table ~. 
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'rAIII,r} 4.--E.fhct of intf'lIs'ily of 1vaier pl'e,'$sure at tlte leaf surface 01 
i1df'dion (~f ('otton lenves by X(£'II.thomonas mah-acea1"lI.m. One 7Vater
co II yes/eel strcak 'was l)f'oducc(l on ench hnlj leaj by means aj a hypo- • 
dermic s]/l"il/{/e. 1 InoC'ul1l'1n, cOTli((/i'flin[{ 50 million bacteria per CC., • 
applied by atomiz·infJ. L~ft under side of lea} atomized jrom 1 inch 
distallce, right 1tnder side from 5 to 6 inches. A 'rubber pad 1vns 1J.8ed 
'wAf'lL Icaces 'weI'£! "backed" d1tring inoculntion; 'when not "backed" 
lea.l·es ~eere held at petiole lLnd allowed to S7VlL1I when lLtomizedj experi
ment oj JJay 1944 

[Plants of variety Aca1!t 11, 8 w('eks old; Hi leaves per treatment] 

....·--1~;JlOClllllj jOll Incubation Disel\se 
conditions period symptoms

1------ ~ ._-- ...-~r----:----
Stnge of leaf 

dC\'('loplIlcnt Aver
IJ}!fr~~-I Aver- IMini- ageLenf Leaves 

r1is- Ibacking age mum I infected sever
t!lll(~e ! . ity 2 

I (-- .. ~... -
' 

.----~, --- 
[/lelIeS : I /Jays /JCly.~ Perl'ent Value 

BtLr(~ly lllnture ___ ,_ .. l' + 5.0 4 100 1.9 

1)0___ ' 
 I I 10.2 6 100 .7 
Do__ '._ 5 + I 8.2 7 j 100 .5 

5Do__ _ • _____ " • _: 14. 1 . 12 ! 100 .3 
Fully IIlI1tur(' __ 1 + Ii ..12.0' 9 " 100 .8 


'Do •• ~ - ,,_ _. __ I 1 1<1.3 10 57 .., 

Do.. . .. ~ _~ ___ _ 5 + , 14.0 12 i 100 ..,

])0_- ,, _______ _ 5 I 17.0 15 ! 57 .2 

I 'I'll(' I\\'('m~c d('p;ree of wflter congestion wa:; 2.2 for tIl(' 11IIrply mature 1('lIv('s 

ulld 2.5 for thosc fully mature. 


2 S(!l' footriote 4, t:lble 2. Lesions I\lon~ the streaks which had Iwcn "i;;ibly 

wnter-eon~cRtcd nt the time of inoculution were disregarded. 


, 
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TABLE 5o-E.tlect oj cotton variety a.nd ojin()cuhun concentration on 

r 
injection oj cotton lecwes by Xc£ntiwmonali mal/)(lcearullt, experiment 
oj November 1943 

[l'lallts were 4 weeks olel; 10 lean's illocul:tteel 011 4 plallLs of each variety per 
t rpt'.tIlJCIl tj 

1 Avemge incuba An:ruge severity 1 
tioll' pedoel; of diseuse; 

inocllium inocllium 
(expressed in (expressed in 

millions of milliollS ofi\lethoel ofVariety bacteria per bacteria perinoculation milliliter) at 3 millilitpr) at 3 
cOllcelltmtions concentrations 

13~~T 10 Io. 3 1'-300 10 I O. 3 

--------- i 

-,Days' Day:'lDays I! Ylll-::' Yalue Y(lllle
S X P ___________ Gentlp brushing 2 ; 3.7 (jo 8 10.2 2.9 2. I 1. 3 

subsequent, to' 
water congestillg. 3 

AculalL______ -: •• __ .do____________ . 3.,9 7.0 9.5 2. (j 1.9 1.2Stoneville 37 ___ +____ do_____________ 3.9 7.8 II. 7 2. ·1 1.3 .8
Stoneville 4-8. __ ,_____ do____________ 4.3 9.3 < I. 3 < 1. 2 (S)
f:itolle\'ille 20 ___ • i _. ___ do________ 2.3 Hi. 0 6 .7 6.3 0
SXP________ ... ' Brushing2 with 5.8 7.3 10.3 7 I. 5 1.2 08 

Illocieratn pressure, 
no previous wat('r 
congeEtillg.Acala lL____ . _______ do ______ ., ____ •• 6.2 8. 2 10.1 1.5 1.2 .8, + I 

~tone':!lle 3~___ ____ do _____________ ; 6.5 8.2 ,II. 1 1.4 1.2 07StonC\!lle4 8___ _____ do ____ • ________ 9.0 _... _. ____ _ .3 0 0j 
(5) 0 0Stollc\'ille 20_ .• -t· -. -.do-------------f----- -----1-- ... , 

.__.- ..•_-
1 See footnote 3, table 2. 
2 Lliing a paint brush with bacterial su:;pen"ion. Onp-half of each leaf r('c(~i\'ed 

the preinoculatioll treatment and was brushed gently; the other half was brushed 
with moderate pressure. 

3 l~sing a hypodermic syringe. 

< Symptoms on some plants ntypical. 

5 Trace. 

6 Symptoms on alllliants atypical. 

7 See footnote 4, table 2. 
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TABLE 6.-Infiuence oj stage oj leaj development and method oj 

inoculation on injection oj cotton leaves by Xanthomonas malvacea

rum; experiment oj }.{arch 1944

[plants of variety S X P Egyptian, 5~ weeks old, inoculuted 23 to 27 leuves per 
treatment) 

Num
ber of 
leaves 

PreinoculationStage of treatmentdevelop
ment of J-------;-- 
leaves 

(position Deon Type gree 2 

plant)! 

1 


Hypodermic! O. 3
10-----1 
( 

Top____ I 


Incubation 
period 

Inocula
tion proce

dure 1 .'.
Aver MIIlI 
nge mum 

Days IDays 
I G e n tie 4. 0 1 


syringe. . I b r II s h - , 
 I 


i 	 I ing. ~ I
20____ .' ~rieL_ __I____ do______ 1. 5 ___ do______ ; 4.5 
20_____ 
10_____ 

]0_____ 
20_____ 
20____ . 

I,ow----l-----do------ .7 ___ do___ ' __ 9.5 

BucL___ Kone____ • __ - •• -- Brushing Ij 5.8 


I wit h 
, mOder-I 

ate pres
sure.

Top_________ do___________ - __ do______ l 

"rieL_______ .do_________ -"____ do_____ 1 

Low ___ . ____ .do_____________ .do____ .! 


10_____ . BmL___ • ___ do___________ Dipping__ • 
1O_____ f Top________ .do______________ do_.____ 

e e

---'-------- 

4.6 
6.4 
8.4 1 

7.9 l 
5.2, 

20_____ j "-lid _________ do _____ • ----- _._do______ 10.21 
~O~=~Low______ • __ do.._. __ -- ___ ., __ rlo. ___ '114.1 . 

I Stage of development at the time of inoculntion: 
Bud=bud leaves. 
Top=expanding leaves, lip to 70 mm. ill diameter. 
l\Hd=barely mature leayes. 
Low=fully mature leaves. 

4 


3 

6 

5 


4 

4 

6 

5 

5 

5 


12 , 

I 


Disease 
symptoms 

Leavcs Aver
d'IS- age 
as d sever

ity 

;:~i ;Vaille 
30 i 5 2. 8 


100 2 . .4 

55 : .6 


100! 6 1. 6 


100 2.6 

100' 2. 0 

85 : 1.8 


100 6 I. 6 
 ,
100 1.2 
100 	 .9 

60 ' .4 


Bud Jeaves are not susceptibJe to water congestion with a hypodermic syringe. 
2 See footnote 1, table 2. 
3 Using 50 million bacteria per milliliter. 
~ See footnote 2, table 5. 
5 See footnote 3, table 2. 
e See footnote 4, table 2. 
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TABLE 7.-Injluence oj stage oj developmtnt oj leaves on a single cotton 

r plant and oj method oj inoc1tlation on injection by Xanthomonas 
malvacearum; experiment oj December 1943 

[Plant of variety Sx P Egyptian, 7 weeks old] 
._- '_._-,--------;---.,;--- 

fStage of leaf develop Preinoculation 

ment treatment ! 


i 

In- Aver-Ii cu- age~~~rn-l I I I Inoculation pro- ba-; disber ; . . ccdure ~ tion case
(r~nk i P05ition ; Diam Type pcDe- l sever
o:(ter I'. on plant 2 I, eter 

of '! ______1ore. '1________ 1 riod j
age)! I."-. I 

ity 

Milli
meier r ulue [)uy.~ '-lillie 

I 
2 ___ -_: Top_. __ 30, Water con- 0 ,Gentle brushing 6 _____ _ 60 

gestion by I
hypoder
m i e s y r
inge. ,

3 _______ .do.___ 70 __ ._.do______ 1. 0 1- ____ do_____ ._____ 2 2.8
4 _____ ;\!id __ • 110 ____ .do.• ___ ., 2.•5 1_ .. __ do__________ 2 3, 0
5••• __ rlo __________ '•• __ .do. __ •• _ :3.0 I. .... rlp__________ 2 
6.____ .do ________ • ____ •• do______ 2. ~ j... do__________ 3 

3. 3 
3.0

7. ____ Low. ______________ do______ I.:) !' _____ c!o._________ 5 .98. ___ • ___ do______ ••. _ ..... do._. ___ 2.5 ___ ._do__________ 4 1.4
2•• ___ Top __ ._ 30 Atomizing_ ..••__ ~ __ ._.do___________ ._ .. 70 
3_____ ,.. ~10. 70 ..... do_._. __ .. ___+__ ..do__________ 4 2.0 
4. ____ ;\lld . 110 _____ do ____ •. ____ .i----.do••• _______ " 2.6
,1. ___ .. do_._ .... ,, ______ do•. _________ : ____ .do__________ " 2.8
6 ___ . do_ ... __________ .do.. __ •• _____ !-_._.do____ ._____ 4 .8
7. ____ Low.•______ ..... do. ____ • _____ :__ ••• do__________ 9 .3
8•• _.. .do____ . _____ ..... do __ • ________ ,- _do •• ______ .. .12 .2 
L~ .. _ Blld __ ~_ 8. );olle ________ • ____ ' Bru:;hingwithmod- 9 ; . 5 

crate pressure. 6 
2 Top .. _.. 30 ____ do___ •• ___ • ___ ... _.do ___ •• '._ 4 2. ;)3_____ .do... _ 70 ___ ._do_________________ do _________ _ 4. 2.74_. ___ ;\Iid____ 110 _____ do __ ... _ .. _________ do __________ , 4 1.85 __ ~__ .do_______________ do_________________ do__________ ' 5 

.86 _do__________ . __ .do_______________ .. do _________ _ 
5 .6 

1.4 .2~===:= .~·~I~~====:==== :=:::~:~:::=:: ::===:l::=:=~:~:=====:==: 7 .4 

~~ ~,_ ~,_,~~, .~~ .~~_,. ~_ .--",-",-_~N ","'.._,,_,__ ... .... _ .. _____ __••• __ 

I The leave:; are numbered in order from tip to base of stem; a bud leaf is not 
largt' enough to be subjected to more than 1 treatment. 

2 Sec footnote 1, table 6. 
3 14('e footnote 1, table 2; water congestion by atomizing i;; IIOt visible. 
, e;;ing 300 million bacteria per milliliter. 
S Hec footnote 2, table 5. 
~ See footnote 3, table 2. 
7 Sec footnote '1, table 2. 
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'fA 111.1:: ~,-- jJ([8iS oj 'lIut/LOd jor c:lassUyill.!l cotton '/'([ ridies jor r('[atil'e rosistcU/cc to Xantlwllw/~as 'lnct/vaccctl'uln l according ~ 
I:>:) 

to ch(/r(/deJ'i,~tie dis(laM '~!lm}Jtoms Of/, leaz'es 
-~~--~---'----,. ,~--~ 

Ch:ll':ICLel' of leaf spoLs 

I I ColorH('~wti()n c1a~s 
Time lWei /'ate

Shapu 1Dillln-l 	 of drying; clcr 
EILI'I." st:IIW Late slag!)t _, ___ ~",-~-I-

-~--··-----I-·-'--'---- 'I ;ililli
II/cler 	 I 

Houndish"~____ _ I Light. brown. IlNldish bro\"I1- _I 	 Dr.,: from I)('gin-U(,1listllnL ~ ~ 
! nm~, 

Angula)'._" ____ _ ),2 GI'el'n, IHl'own 	 Itat\wr mpid. 

Slo'"_____ - __ _ 
Tol('mnt' 

:->useeptibl{' ." _. _•• do. _______ _ 1-3 do___ ----"-1 Dark browll 01' 
~_ 


black. 


-'- ~----------~~" 

Bxtel1 t of vein 
blight 

-~-, ..---- ~ 
~ 
Z 

I 
I Bacterial eXlI- ...... 

dlLte and extent ~ of seeondan' t"I sprend' to, 	 c: 
I 	 t" 

t" 
1------ trl 

>-'! 

r 
! 

Z'"' 
<0Vcry Iii th.', limited I Xcgligihk', 
til 

to vpin, 
('PlIsidl'mblc,ulong 

\~HinH, 

Extt'nsivc, spread
ing, 

! 	 C> 

, Ver,\' IiUI(l, 
. ~ Abundant, 

~ 
t:; 
trl 
." 
tl 
o 
." 

:; 
Cl 
;:; ..... 
("} 
r::: 
t" 
.." 
d 
1.; 

til til 	 .. 
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BAC'l'EHIAL BLIGH'!' Ol<~ COTTON 

TAnL~ 9.-DijJerences in susceZJtibility oj se~'eral cottonl;arieties to 
Xanthomollas malvacearum, as measurecl by leaj grading in two 
previously inoculated field IJiotsj experiment oj 1945 

[Plallts were 1, IX, alld 2}~ months old at time of inoculation] 

Date of inoculation 

Strain I June 12, .J\lne 26, plot 2 Jllly 24, plot 1 
plot I, 
graded 

.June 27 Graded 
.July 14 

Graded 
.J\lly 24 

Graded IGraded 
August 9 August 13 

~----

Acala 1L _______________ 
Trice 2A ________________ 
Coker 100 Wilt __________ 
Ston('ville 37-13__________ 
Bmpire_________________ 
Stoneville 62_____________ 
Stone\'ille 4-3.___________ 
Stoneville 4-2 ______ •.. ____ 
Hybrid, backcross____ .. __ 
Stfne"ille 20-1.. __ _. ____ 

Grade~ 
4 
.J 
3. 5 
3 
3 
? -~. ;)

3? -•. ;) 

1.5 
I 
1 

Grade 
3.5 
4 
3 
3 
2.5 
2.5 

33 
I 
I 
1 

Grade 
4 
3.5 
3. 5 
3 
3 
3 

32.5 
1 
1 
1 

Grade Grade 
4 

I 
4 

3.5 4 
3 3; 5 
3 3 
3 3 
2.5 3 

'l. 5-3. 5 1. 5-3. 5 
1.5 1.5 
I 1.5 
I 1 

"""""--- ~"<---,,-.----
I The seed lots of these strains were obtained frorn the following sources: 

Acala II :rom D. R. Hooton, Greenville, Tex.; Coker I 00 Wilt frolll C. H. Hogers, 
Hartsville, S. C.; Empire from W.'Y. Ballard and A. L. Smith. Experilll('nt, Ga.; 
Stoneville 62 frolll W. "'. Ray, Stillwater, Okln.; all r('mailling strains frolll 
D. M. Simpson, Knoxville, Tenn. "Hybrid, backcro~"," refers to a backcross to 
Trice 2A of a Htonevill(' 20 X Trice 2A hybrid mad!' by D. 1\1. Simpson. 

~ Grades: I=r('si~tantj 2 and 3=tolerant; 4 =susceptihle.
3 Hesults \'ariahl!'. 
, Tn plot I plants of Stoneville 4-3 tagged to diff!'rentiaf.!' r(':'i~tallt (H) in the 

leaf spot phase from susceptible (S) i 24 plants re>'istllllt, grade 1..5; .58 plants
susccptibl(', grade 3.5. 



TABLE lO.-Injl:uence of age and 'variety of plant and of concentration of inoculum on injection oj leaves and stems oj cotton 
1Jlants spray-inomllated with Xnnthomonas 1nCLlvacearumJ experiment of December 1944 t 

Bacte Leaf spot 2 Black arm ~ 
(')

rial ~ l'lants conccnAge of Z
Variety inocll tration Incubation period Severity ....

plant lated I in Plants !
affectcd Severity'inoC\1- ~ 

hlln Hud Top l\Iid Bud Top Mid txl 
-----,. ----,,-----1- d 

"~--i 
I IMillions §

ValueDays II Number IlIIifL~riter: ])IlY·~ I DIlYs Days l'alul! I Vnlue Yaiue Percent Z 
Aeala 1L___________________ 12 5! 50 4.3 i 3.0 • 2. 8; • 2. 8 100 4.5 

<0Do_< _____ ._____________ 12 t 5! 1 10.0 i 4.4. ------- I. 5 ' 2; 8 100 4.0 CI. 

Do_ .' _______________ 12 5 ! .05 10.5 1, 5.8 -•. ----- I. 6 ' 1.8 r------- 100 .9 c: 

Do_ •. _____________ :._ 28 5' 50 9.3 i 3.7: 4.4 . ~ • 1. 9 ! 1. 9 100 1.5 

Do_ __.____________ 28 I 5] 9.51 4.2 ; 8.1 . n I. 9 t 1. 4 1 .7 
 ~ 
Do_ _ .______________ 28 5 .05 __ • _____ ! 6.8 j 10.6 1_. ______ : .6 II .9 .3~g IStoneYi\l(' 20 .. _______________ 28 5 50 , 7.0 i 5.3 I 7.5 • . 1 5.4 5.2 100 , .3 ro 
Do_ . __ •. __ .__________ 28 5 1 i-------- 6.31--------1 0 .2 1 0 60 . 1 
Do__ ,,, _____________ ._ 28 5 .05·1-_______ 13.3 ________ : 0 .1! 0 (6) , (8) t:! 

ttl 
S X p__ . ________ ._______ 28 5 50 4.5 3.3 5.4:' 3.4: • 3. 7' • 3.2 100 : 4.0 "d 

~Do._. _____ •• _________ 28 5 1 8.0 5.0 i 9.0; 2.9: 2.8 ! 2.0 100; 2.8 
Do_ . _______ • ______ ___ 28 5 ' . 05 6. 0 , ii. O· 11. 0 i 1. 0 i 1. 3 , , . 6 60 1.2 o 

Svarielies 7__________________! 281 25, 50 6.5! 4.0 5.31 .9" 2.0: 1.6 100 2. 0 
no_____________________) 28 25: 1 7.2 : 5. 1 8.5 I .8 I 1. 6 iLl ; 76 .7 > 

"j 

oDo_____________________ 28 25 . .05 9.4 i 8.2 11. 2 i .5 ; .7 I .5 ! 24 .4 ::c.... ____ I ...__• • ! 
(') 

I lllocuilltion by applying' a coarse spray with a knapsack sprayer. ( See footnote 4, tablc 2. d 

~ Sec foot.note 1, table 6. _ 5 A few angular spots showing hydrosis at first, hut drying \'cry ~ 
3 Severity SI1/l1e for black arm lesions: 1'alue rapidly. Onc oC the few cases in which t.ypiclli angular spots wcre d 

Slight lesions ___ •• ____ • _________ I. 0 produced on Stoneville 20... _oo ________ .. __ • -. ~ 
~loderate lesions _____ ~ ________ - ___ .. __ - _______ oo __ 2.0 G 'l'racc. 

Se\'ere lesions. _______________ .. _,, __ • ___ .... ___ .... 3.0 7 Shafter Acala, Acals 11, Trice, Stoncvi\1c 37, Stoneville 4-15; 

Ycry seycre lesions_ , __ . __ ... ____ • _oo .. ___ _ • 4. 0 they cover the range of disease reaction intermediate between Sx P
_ • 

Stem killed__ .. . .. _ . .. 5.0 and Stoneville 20 

fill fII .. 
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BACTERIAL BLIGHT OF COTTON 45 

TABLE 1l.-lIfonthly avero,ge temperature o(lId toi41 rainfall at Clemson, 
S. C., (hlring tlte growing seasons oj 1944 an£1945 

Sep-Weathcr conditions April May June July August tember 

Tem~cratures, 1944: °P. oP. 
I 

°P. °P. of.linimum______________ -... -_ ... -". 55.5 65.8 66. 0 66.0 63.5Maximum _____________ -----_ ... 84.5 93. 4 89.2 ~6. 8 84.0l\lean _____________ ___~ 70. 0 79.6 77.6 70.4 73.7 
Temperatures, 1945: 

--.---- .. 
Minimum ______________ 53. 4 64.2 68. 3 66.0 65.1------ ...Maximum _____________ 79. 2 89. 5 87. 9 87.91\lean _________________ ----.-- ... 85. 9 

66. 3 76.8 78.1 76. 9 75.5---- ... --
Rainfall: 

1944 __________________ Inches Inches Inches Inches Inches Inches 
5. 3 \.4 2.3 3. 9 3. 4 4.41945__________________ 5.2 4.5 5. 0 4. 8 3.7 4.8 

TABLE 12.-Degree oj dijJerentiation oj cotton varieties according to 
susceptibility to Xanthomonas malvacearum when tested by knapsack 
sprayer inoculation technique; experiment oj 111ay 1944 

[Plant::; 7X weeks old] 

::\UIII- Stage of lcaf development 2 

ber of 
Variety plants 

inoclI- Bud Top Mid Lowlatcd 1 

Xumber of lea\'cs infectcd per plant 

s X P ________________________ 
-~~ 

I18 O. 7 0.9 l 3. I 2. 1Acala 1 L ____________________ 
I 

]8 .3 .9 I 3.0 ! 2.2
Stoneville 37 __________________ 18 .1 .5 

, 
3. 0 1.9Stonc\'iI1e 20. _________________ ]2 0 0 0 0 

I
"' ... I

~ 

A vcragp sp\'prity of diseasc (value) 
> - --. 

S X P ____ • ___________________ 18 31.0 2.2 2.4 1.1 
Acala 11 ________,_.----------- 18 .5 1.5 2.2 .5Stoneville 37 ____________ - _____ 18 .5 .9 1.9 .4Stoneville 20 __________________ 12 0 0 0 0 

Ii ! 

1 A suspension of 8 million bactcria per millilitcr applicd at the rate of 600 ml. 
per pot of 6 plants with a semieoarse spray. Stomata of mature leaves fairly 
wcll open. . 

2 See footnote], table 6. 

3 See footnote 4, table 2. 




H::o.T,\l.lLB 13.- Influence oJ inoculation Sprl1]1 tYJlI!, staffe oj leaJ development, and stomatal opening on injection of leaves oj 
cotton I,la.fits by Xantiwlll.ollas malz:aceal'uIIL 

~ 

8 
[Plullts 4}f to 5 weeks old] t"l 

~ EX)'J-~JU~IENT O}' .lIn,Y 28, 1944 Z .... 
o:.Diseasc symptoms I t" 

t:I:1-''''''-'' I c::: 
t"'Lcaycs infected PCI' plant Severity t"'Stomatnl t"l 
.,.:;[Iloculat.ioll spray conditionVariety ~ typc 011 lIIutured ZJ9 days aftcr inoculation ,3!3 days aftcrIcu\'cS . maculation <C 

Bud Top l\Iid I I.o\\, 
C> 
o· 

I . 
Bud Bud Top~:L'~ILOW 

w~---'-l" 
o 

N11 /11-; 1\'11 1/1- l\'UI/I-1 [I,'lllll-I ~ 
1 I beT flU 1m" . beT Falue; Yaluc Yuille Value Value l"a[lIe t"lS X P __ ~ ___ ~ ____________ Selllieonrse ~_____ • OpCIl _____ _ I .-<J 1.0 2.8 O. 8 a O. 9 1. 8 2. 4 O. 6 2. 8 3. 5 '0,i 

Do•. _________________ 1___ do, ..•• _____ • Closed __ .,._ 1.5 .8 1.7 1.0 .6 .6 .5 .42.3 2.7 ~ 
Do.. _________________ · l\list I _ ••• ____ ._ Opell _____ _ .8 1.0 2.8 .7 .8 .4 .3 .3 1.6 .7

Aculll 1 '-. ________________ Bcmicoursc__________ .do_•• __ .5 1.0 3.0 1. 2 . 5 1. 2 2. 3 . 5 . 6 I. 6 
o 
>:j 

no___ .. _________________ .•.do__ __ __ __ __ _ Closed____ _ .8 1.0 2.5 .7 .5 .7 .4 .3 .7 1.1 :.Do_____ • _____••___ .__ l\TisL _______ _ _ Opcu _____ _~_. .7 .7 1.8 .3 .4 .3 .3 .2 .6 .4 o 
Stollcyilfc3'-. ____________ Scrnicotlrsc ______ + .. do______ _ LO > 8 3.0 1.0 .51.13.01.4 .5 1.5 SDo____ .. ___ • _________ i\\isL _•... ___ .' do_. ____ _ .2 .8 1.2 0 .4 .3 .3 .2 .6' .4 o 

c:::Hlolle\'i!le 20._. --, Hc!l1iconrse____ 'I'" do______ _ .2 .8 .5 0 .2 .4 .3 0 .2 .4
Do____ ___ ', i\hsL. ___ . __ .... _ .. clo______ _ 0 0 0 , 0 ..,t: 

c::: 
,---" -'''''''-''-  ~ 

.- til .. 


http:51.13.01
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..-
EXi'EUnmNT OF AUGn;T 28, 1944 

.. 

Semieoarsc 2______ Open ______1 1.3])0___________________ 1.0'~ ,( p-------------------- _____ do___________ 

I j 
3.. 0 ! 2. 3 1.3 1.4 2.4 1.3 ------ ... _----Closed _____ •])0___________________ 1.5 2.01 1.5 1.0 .8l\/ist 4____________ Open ______) 1.4 

.8 .5 ---'---'------
Acnla 1 L 1.8 1.2 .4 .5 .4 .3_________________ ' Selllicoarsc _______ ___ do_______ ------ ------JI.8 1.0 3. 0 2. 0 .5])0________________________do___________, Closed_____ 1.5 1.8 .5 ------ -----.8 1. 0 I 2. 4 1.2 .5 .8 .3])0___________________ l\IisL __ ----------1 Open. _____ .2 ------.-----.8 .81 2.4 1.0 .3 .4 .3 .2 -...,---- ------Stoneville 37 -. _---- .--- _' _ Semicoarsc_ -- - ___1__ .do_______ .8 1.0 I 3. 0 1.8 .6 2.0 1.0 .4 ---- .. - -----

])0. -- - - -- - -------- ---)-- ,.do___ ----- ---I ClosecL ----j .8 .81 2. 6 1.6 .4 .9 .5 .2Do____ • ___________________ do__ _ ___ _ ____ Open ______ , 
.2 .8 ! 1.2 _ 20 .3 .2 ------ ------ ------ tIj 

~~- .. ! >
Q 

1 See footnote 1, table 6. 1-3 
t".l 

2 Selllicoarse spruy applied at the ruLe of 600 to 750 ml. per pot with .1 plants, holding thc nozzlc elosc to leaves; July 28 experiment, ::::J 
million bacteria per milliliter; August 28 experiment, H million per milliliter. ... 

>
3 See footnote 4, table 2. t< 
4 l\rist SJlfll}' containing 1 million bacteria pcr milliliter applied at the rate of 1,500 ml. per pot with 5 plants, holding the nozzlc 2 to 3 tIj

fect from thc pIauts. to.... 
0 
~ 
1-3 
0 
~ 

Q 
0 
H 
H 
0 
~ 

~ 
-..:J 



~TAJ3I,E 14.-l'arietal diiferel1cl'S in react-ion oj cotton to Xal1thomol1as ma.lvacearum applied by spray inoculation in two 00 
field plots; experiment oj June 16 to 18,1944

1-3 
{Plants 5 weeks old] l'1 

o 
DATA FRO~I PLOT AI 

t:q 

.- - - ... ~~---- -.-' .--~. - ~ .... 
Secondary leaf spot Bract spot Black arm ~ 

I 
tp 
q 

Variety 
Time 

after in
oculation 

Diseased )CIl\'cS on 
24 plants 

Total Shed 

Area in
fected on 
diseascd 

leaves 

Time 
aftcr in

oculation 
Diseased 
bracts 2 

Time 
after ill~ 
oculatioTi 

Diseased IAycrage 
plants 3 severity~ 

t' 

~ 
1-3..... 
Z 

'" 1:1• 

I 
--~--- ..a> 

SX p ________________ ~ _____________ 
Shafter Aeala________________________ 

~~~: il:=======:=:=::~::::=:::====:Coker 10:L __________________________ 
Stoneville 37________________________) 
St.oneville 4-15_________________ ~ ____ 
Stoneville 20-1. _____________________ 

Days j JVw"ber 
62 

1 

~20 
62 99 
62 79 
62 85 
62 87 
62 83 
62 67 
62 8 

NUllltler 
75 
37 I 
15 I17 
6 

12 
13 
0 

Percent 
8. 9 
9.2 
6. 8 
9.8 
6. 7 
6. 1 
3.6 i
1.0 

Days 
40 
40 
40 
40 
40 
40 
40 
40 

Percent 
99 
67 
49 
48 
41 
49 
:h 

5 

Days 
53 
53 
53 
53 
53 
53 
53 
53 

Percent 
91. 0 
25.0 
23.0 
13.0 
4.0 
9.3 
1.3 
0 

"alue 
3. 
1. 
1. 
1. 
1. 
1. 
l. 
0 

2 
3 
3 
o 
o 

~ 
£Il 
t:l 
l'1 
"d 
~ 
o 
>:j 

I 1 - . 15 
;g 
o 
q 

Si 
q 
gj 

., ..
'" 




.. .. 

DATA FRml PI,OT B 5 

.. 

S x p ______________________________ 

55 134 64 '6. 6 54 100 46 98.0 3. 8Shafter Acala ________________________ 55 84 19 6. 8 54 87 46 52.0 1.Acala 11____________________________ 55 99 26 5.3 54. 71 46 22.0 1.Trice 2A__________________________ -_ 55 97 31 6.7 54 73 4.6 9. 3 1.Coker 100 _________________________ -_ 55 82 11 4. 4 54 65 46 3. 5 1.Stoneville 37______________________-_ 55 78 10 4. 1 54 60 46 11. 0 \ 1. 

I Plot A was inoculnt/Jd by semieonrse spray. 

2 Counts mnde on 150 plants per variety (squares, blooms, and young bolls). Specimens recorded as diseased when they had I or c 
~ more typical green spots. 
3 Counts made on 75 plants per variety in plot A and 150 plants in plot B. ~ 
~ Sec footnote 3, table 10. 

5 Average of datn from 3 subplots inoculated by fine, semieoarse, and coarse spray. ~ 
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'rABLE 15.-Dttferences i'n suscertibilitll oj several cotton 'varieties to boll 

rot as meas1lred after artificial inoculation with XmUlwmonas mal

vaceq,rumi experiment oj 1945 


Plot 1! Plot 2 2 


Severitv Severity of dis
of dis-' ca~e sympt'Olllli 

Strain easii' .-
Bolls symp- Bolls 

diseased tom", diseased Pre- Rangepredomi- domi inIlant IlaIlt grade 3
grade 3 grade 3 


Pcrccnt Perecnt lTalue Yaille
Acala 114 •.• __ • ______________ 100 9 61 9 6-10 

Trice 2A. 90 8 67 9 6-10 

Coker 100 "'iit<~~_=:=====~:= 90 7 39 7 6- 8

Stoneville 37-13_______________ 90 5 33 6 4- 7 

Empirc4 _ ---.- __ -- --' ---- ___ SO 5 16 6 4- 9

Stoneville 62 , __________ .•_. ___ SO 5 42 6 5- 7

Stoneville 4-38 A________ • _____ SO 6 26 6 3- 8 
,Stoneville 4-3R 5_. _ 50 4 _. - - . - --_ ...... "*' ... --" ..... 


~ 
~ 

Stoneville 4-2. __ . __ .::::==:::: 100 4 20 3 \- 5 

50
Hvbrid backcross 4 __ •• ________ 3 30 4 2- 6


Stoneville 20 ___ ..______________ 
 20 1 20 1 . :)- 2 


I Bolls inoculated by rubbinp; tagged specirneus with a piece of cheesecloth wet 
with bacterial $lIsprllsioll, Aug. 31. Data taken 3 weeks later, 10 bolls per 
variety. 

2 Rnl\s inoculated by a heavy application of coarse Hpray, Aug. 27. Dala taken ,
3 weeks laler, 80 to 170 bollR per variety. 

3 Bolls h'1'aded by It scale ranging from 1 = very sligh t, to 10= very Revere. 
~ Sec footnote 1, table 9. 
5 f5ee footnote 4, table 9. 

TABLE 16.-DijJerences in 81lsceptiMlitll in the seedlill[1 dage oj foul' 

cotton varieties grown in fiehl plots jrom .seed inoc1ilated 'I.lJ'ith X(wiho

monas ma!t:acearum; experiment of itfay 1945 


Seedlings diseased 2 


Seedlings Disease
Variet." SeverelygrOWll I index l diseasedTotal cob'le

dOllS 

jllJlIlllll'r Percl'nt Pcrc"lIt
SXP____.... _ ... ____ , .. ____ ._ ,. 11 24. 2
2M 70 

Rhafter Acala,. ,. .... __ . ____ •_____ " 386 G7 5.6 2\. 0 
Acala 11 (j35 5(l ,8 10.7~o_ .'0 __ • _____________ _ 

Coker 100 ___ . _______________ .___ _ H47 a3 . 1 3 1 


I 2 100-foot roil'S per variet.y. 

2 Data taken l\lay 29-30 on sced planted May 9. 

3 Disease index = percentage of fieedlings di~ea~ed X mlativc Hcvcrily. confiiclerill~ 


diseaRe severity of destroyed se('dlin~s as 1.0. , 
4 rn checkrows planted with seed that had not been inocllinted a cOllnt of 960 


seedlings of AcaJa] I gave 24.2 percent diseased. J>racUcall.r no seedling .infection 

was nuted at this time in other varieties. This indicated that the Texas-grown 

Acala 11 was naturally infected. 
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'l'ARLE 17.-SeverUy oj leaj spot nnd black arm symptoms on cotton 


r varieties inoculated in the seedlin{/ sta{/e by sprayin{l uxith s1lspension oj 
X(wthomonas malmcearum; expel'iment oj llfay-J1t1le, 1945 

Leaf spot 1 Black arm 1 

----~·'·-:-~-----I .-.,-~ __.---
I !fnoclIlation sprayVariety L('av('s , ,type 

disC'llsed A"erage: Plants I Ayerage 
per severity2 diseased: severity3

plant 

, ·1· 
! Number rail/I! 

2.3 
2. 0 
.9 
.9 

1.3 
.3 

1 Disease cOllnt;; made .June 25 on 40 thinned plants of each variety per treat
mellt. 

2 Express('(1 as e,;timated percentage of di::ir!U;)NI leuf areas. 
3 See footnote 3, table 10. . 
j See footnote 4, table 16. 

, TABLE lS.-Swnmal'Y oj relative su.sceptibility oj cottonmrieties to val'-:
ious phases oj bacterial bli{/ltt callsfd by ...Yant/wmollas 'malwceal'1lm 

j T~1I1Ck arm I Boll rot,SI L('af ~pot 2 

I 
(plllnts SepU.!mber 

Coty-;-1 Bract diseased) 1945 
\'ariety ledon i : spot 3 

spot.
l ! Sep- .llIne) .Iun~ 

19-13 itern!)pr to I 19H. 
1945 Plot! Plot! 194-1 AlI~I~~ti 19-14

i . 194a , 1 1 2 

--------- ---1---;----;---: -1--1-· '
, 1Di.~-i' . 

calle i . Pl'r- /-'('r- Per
index. Grade Grade' cent cent cent Orade Orade 

S X P (Egyptian) __ ••• 91 5 9f) f)l .... _____ • __ ._. 
Shafter Acalu___ •. ___ 56. 5 '«. 67 25 92 i----- ______ _ 
Acula.11 ...•-- •. -- 47 ~ 1 1- 4" -, 49 1 23 87 : f) I f)
Tric!' 2A ___________ o 35·~. 5·J 48 I 13 .... _1 81 !J 
Coker 100 WiIL _____ .__ __ 3 3.5 41 I 4, 05 I 7 7 
StoncviJle37 __ .. ___ ... ", 22; 3 1 3 49 1) ,., .. _--t 5 (; 

Stoneville' 4-15______ 5 1 2! 31 I I '------1------'--- ..-Hybrid backcross 6___ -_---.1-_----: ____ ._L ____ +_____ 31 4 

=~I~_~O--- '-1 3' l' ~~L_~J----- ...__ ~I 1 

1 Seed inoculated and cotyledolls graded for diseuse reactioll, us d('scriiJprl ill a 
previous paper (.'21). 

2 Leaf grades .range from l=resistant to .5=highly sllsccptihl{'; Hl45 data , from table 9. 

3 Data from plot A, table 14. 

j Age of plants at time of inoculatioll: 5 weeks in 1944, 3 weeks ill 10-lfi. The 

1044 data arc from plot A, table 14, thc 1945 data from table .17. 
5 Boll grades range from 1=resistullt, to 10=highly 511sceptiblej data from tallip

15. 
• Sec footnotc l, tablc 9. 

http:Acula.11


---

~ 'l'.UlLE 19.-Ii1jl-uence oj inoculation Sl)my type, age oj plants, and concentmtion oj inoculum on inject'ion oj cotton plants t.:) 

in field plots with Xa:Tlthomonas ma,lvacearumj experiments oj June 1944 
DATA m' PI.OT C, hWCUI.ATED JUNE 22 TO 24, 1944 ~ 

------,-------. tIl---"'"'' , 

zf" 
o 

Agc of I "'-1" ~ 
!'caf spot Black arm .... 

COIlC(,Il- ., P . , f j' I)' S d . f p Ia~l t S trution i InoclIlution "pray rnnury III eCelon, (IS- \ • ccon .ary 111 cc- Bract td
Varicty spot I c:1O~l~~~~~- of l~~~cu-l typc, ' cllscd lCUVC~~II~~~~~~SI .,~~~~~~.,. 'I Diseasedl Average t" 

plants 4 severity 5 

, Total Shcd Avcr!lge'IDiScascd AVCr!lge, § 
Z ____,,_.'_ ,.,.-.,_1_, ... ___1_"'" .,1 ._--' , scvcrlty2 lcuvcs scvcrlty 21 
<C> 
CI1 

Million \ Q> 

bacterin 
~ 

per mil/i- ~ 
DaliS I liter IIIN'IIIIIIII:r 'N1I1l1ber !Percent Percent Percent 

SX P.---_, _________ _ 92 100 96 98 4.543 I 1 I <2?llrse--------- 97 I 74 17 I ~ 
Do,.,. _________ _ 89 94 13 I 96 92 3.543 1 lq~IC-----------1 93 /' 64 '=' 

Shafter AcuhL. _ • •. _ . 43 1 Coarsc. _______ .! 82 1 52 89 71 6 92 8 1.0 
Do.. . , __ ._. __ 43 I ] l\llst___________ i 83 58 84, 79 4. 92 26 2.0 t<l 

])0_____ . __ _ 43 1 Finc _________ ._! 70 i 46 89 67 6 84 4 1. 0 ~ 
Do _ • , ___ ., _., _., 43 1 ~1i;,jL__________! U3 I 22 80 51 3 24 2 .7 

Cokcr IOlL ___ . _" ____ _ 43 1 Coarse_________1 781 55 89 54 3 76 6 .7 ~ 
86 55 3Do •• , ___ . _______ _ 43 1 Fine___________1 77 47 48 2 .7 

])0 ______________ _ >43 1 Mist___________! 69 43 85 49 2 16 o C'l 
al 
oc:: 
E3 
c:1 
::tI 
t<l 

fill ..'" 




.. .. 

DATA OF PLOT D, INOCULATED JUNE 21 TO 23, 194·1 

.. 

--------- ----~'~'..'-,---- ,--,.. ' .- .. ",.-,-~.-

Acala 11 ______________ 28 10.0 Coarsc _______ J U3 39 1 89 77 8 44 90 L-------
Do .. ______________ 

1· 

28 I. 0 • ____ do_________ : 65 39 ! 85 73 6 28 72 1_______ _ 
])0.______________ 28 .1 _____do_________ 57 35 , 75 67 4 28 60 1--------
Do __ . ____________ 1 28 10.0 J\list___________ 59 31 I fi9 70 5 20 16 L ______ _ 
DO _______________ l 28 1. 0 l_____ do_________ , 53 2!i 59 !i7 3 12 6 L ___ ---
Do_______________ : 28 .1 ; . .- __ do_________ 33 0 22 43 2 8 0 _______ _ 
Do __________ ----jl 42 10.0 Coar;;c_________ i7 58 92 t 97 8 88 32 t,~.'--------t,i. 1'

Do __ .•. _. _____ ~_~ 42 I. O. ___ do______ ._~ (iO 42 87 I 90 6 fi4 8,_______ _ 

D(I _ ~ . ___ • __ •• __ 42 .1 :. _. _do_________ 57 27 82 87 6 48 2 1________ 1:1:1 


])0. _____ .______ 42 10.0 l\lisL ________ .; 52 23 63 77 5 28 0 -------- g;

Do. ____ .________ 42 I. 0 _____ do_________ ~ 48 11 38 80 4 28 0 1i-------- @ 

Do ... _. _.________ 42 .1 -----do---------1 31 7 23 80 3 16 0 1-------- £2 


> 
1 Counts made on 10 plllnts pcr trcatment 25 days after inoculation. t" 

2 Expresscd as a pereenlllgc of infect<~d leuf surfllce, considering shed leuves as 100 pi-recnt infectcd. 1:1:1 

3 Counts madc 47 duys aftcr inoculation in plot. Cj 38 duys aftcr inoculation in plot D. E:: 
• COllnts llllldc 011 50 plants per trcatmcnt 47 days aftcr inoculation in plot Cj 41 dnys lifter inocuilltion in plot D. o 
6 Sce footnotc 3, table 10. . ~ 

o 
..", 

c 
~ .... o 
Z 

~I 
~ 



54 TECHNICAL BULLETIN 956, U. S. DEPT. OF AGRICULTURE 

'fA HLE '20.-E.tfect of time oj (/a,1/ and inoculaf.ion. spray type on. injection 

oj cofton plauts in field plots 'wifAXal1t/wmonas Vla{racearnm; C);· 


lIcri1nl'lIt (~f J1WC 1944 
 ,
[Plants 5 wee"!is old] 

Inoculation Secondary leaf spot 2 Black arm 4 


Diseused Area 
leaves on in
10 plants feeted Dis- Aver·SprayTime of day I ; on eas~c1 age

type ~ ---1-----1' dis· , plantR s~\'cr·
" Ity 6 


Total i Shed I eusrd ' 

: ,leaves3 

----:--,---: .,.--~- ---~---
, Num- Num

ber ber Value~::;l ~:~t I 

S X P .. __ , _ Late morning! Coarsp... 52 27 5 98 I 4.0


Do ____ ., __ do. _ ' Fine. _ _ 40 27 7 SO I 3.3 

Do._, ___ do. __ l\,1i5L .. _ i 33 20 3 15: 1. 8 

Do_ _ _ Late evening•.: (oarse _ _ _ 36, 11 6 46 2.5

Do, ___ do_. ___ _ Fi ne ____ . i 36 i l(j 4 20, 2.0

Do... _____ do_ 
 l\,lisL. __: Hi 3 3 5 1.2 


Shafter Acala.. Late l11oming_ (ourse __ .; 28 6 11 20 1.0 

Do .. __ _ do. __ Finc __ • __ , 28 5 8 7 .7 

Do _____ ... _.do___, I
l\fisL_._ 29 2 3 1 .7 

Do ______ . Late CVCJlIIlLl_.' Coarse__ 24 6 8 .7 

Do..• ____ ._. £10._. ___ ! FillP ___,_, 2] ~l 3 3 .7 

Do. ___ "'_ do. _____ ; l\list-. __ _ 14 0; 3 1 0 


I 
 ,---,-
I During the lIlorning inoculation the stolllata of most leaves were wide open; 

during the evening inoculation they were closed or nearly closed. 
2 Observations made 50 daYd after inoculation. 
3 Estimated percentages, excluding shed leaves. 
l C0I111 ts Oil ,')0 plall ts per treatme1l t. 
5 See footnote 3, table 10. 

, 
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rl'A Ilr,E 21.-E.tfect of inOC111ation 81'''(1,1/ t?I1H', conce71ir(l,t'ioIlS oj inoculum, 
a.nd time of da.?! on. infection of cottnn. lJ/amts in. fielcll)l()t.~ w'ith }(nll 
flU/monas maiwcelll'1un; experiment (!i June 1945 

[Plants of varietics Acaln 11 nnc! Coker 100, (j weeks old] 

Inoculation spot 

r 
l~I~;k "'"'
Lenf f 1 , ____ 

Primary ill- I Sccondary I 1 
COIl- : feeUon ! infection ' 

Time of day cen Spray , " , , Acala Coker 
tra type 
tion '-~~ala; ~Ok~;: Acala ~~~~:~ 11 100l
 111 ]00 I I] 100,

I ' 

I---I:----I--i--,I,----I'~-- "--
J(il- : 
lton , 
flUc- I i I 

teria ' 
per I Dis- Dis- Dis- Di.5- /)is- Dis

milli I ell.~e calle' co.sc case ease case 
liter ind~ 3/lIdl,! 3,index 3 index 3 index? ':i'lIllex?' l.ate morning___ _ 10.0 Conrse ___ l ,'I ,0, II 10 8_ _3

Do___ ,! ]0.0 Fine. 73 02 13 I) ,II 1.4
00_ .. ' 10. 0 2'.lisL 20 32 r 4 4 I) o00___ , 1.0 Coarse, __ ! 00 i58 8 7 29 2Do_ 1.0 Finc~ '"' .-1 53 t 53 I o (j 20 IDo_, 1.0 :\Iist._ -_I 13 Hi 3 2 71 o

31 I 32 3Do. "I · J (~?nrs:p. '-1 4 14 o
Do. I ('llle ____ I 24 1 2,) 2 4· I 7 o 

1Do_ · I ~IisL ••1 12 18 2 3 4 o, I 

Late ('v('lling.. ; 1.0 C:?nrse _._j 31 32 a 4 18 oDo____ .. , .• ' l.0! 1'lIIe.", -I 24 2(j 2 ,1 I) oDo.. __ • _ • __ 1.0 2\IisL ___ [ ()8 I 2 5 o , 

1 ('mints IIlllde on 20 plants per tr(>utll1ent, 35 days after inoculation. 

2 Counts made on 100 plunts per treatment, 36 days after illocullltion. 

a Calculation of l(>llf dif;pniie index: (l\"umber of shed lenves X 100)+(nurnber 


of discnspd leaves X s(·\'erityJ-+-IOO. 
I Calculation of black arm index: P('re('ntagl' of diRPas('(1 plan!s X ;:;('\·('rit\,. 

All hla('k arm lpsions WNP rut hpr ~Ii!-(hf. 

, 
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TABLE 22.-E.tfect qfinoculation S]Jrny tY]I(' on boll rot in field 1)[ots oj 
cotton l)[(l:Tlts inocuinted with ~~~(£7!thomt)lws mall'(/,c(l(£I'Um; eXjlaiment 
oj Auyust 1945 ,

, ..~-, ...,~>~,,,, ~--

ITotal number Bolls with 
of bolls in- bacterial 

Inoculntion 

-------.--------'""1,..-----' oculated l spots 1 

! Method of ," l-'-~--

Date Spray type 1spray nppli- I 11'
calion Acala ICoker, Acnla Coker 

11 , 100 1 11 100 
1_______1_____1 tl 

N1l11l- L~lIm-, Per-" Per
ber 'ber cell t cent 

Aug. 20 __________ Fine___________ ,l,ow 2______ (\1 19i! 8.2 3.5 

Do__________ i •• _.,do_________ lIigh_______ iii 211 I 1. 3 1 2.8 

Do __________ l Selllicoarse_____ Low_______ 6i 231' 16 i.8 

Do__________•____ do _________ High ___ ~___ 61 202 \0,1 1. 5 


Aug. 28 __________ ! Conr~e. Low 3 _____ 111 232 40 " 29

Do__________1____ .do______________ do.'____ 88, 28i I 29 26

I Uninoculnted ___ ------------ 39 Its! 0 3.3 

1 Four weeks after inoculation. 

2 Lo\\'=nozzle held ('lose to bolls. High=nozzle I to 2 feet fnrther away from 


bolls. 
3 Tops of these plnnts cut above the boll-bearing Interals immedintely nfter 


inoculation. 

• Plants not cut. 

, 




---------
---------

.. .. .. 

'LUILE 2;).' lWfl'ct oj moist·cltamber treatment on bacterial blight oj seedling coiton pia,llts; e.cperimcnt oj l\larch 1945 

[PIIiII Is 12 !lIIYs old] 
-_.-:: 

LcafLeaf spot 2 Stcm infection 5 wilt & 

l\loiRt· ----,----, I ~--
' t'iUII,I,d)('rVllripty ,Black arlll VII.~clllllrtrl'nl· l)isen.s\'d 

~----.---~-~~-~-nll'lIt 1 DiH('use Disen.scj I(~u \'PH ISeverity 3 index 4 index'per pluut Lesions ~ J~l~sionH IS('\'critv 0 I ~i~ell.<;c C per plantper ]lhll~t '" ,~__J_, IIldl'X 1 "'l 
tr:l-'----'--I-~~-'---  :e 
~NUII/bl'/, hlllle Numb!'r Vulu(l lVllmberR X P ..._ __ . __ . ____ ._. t'I.i 1. 1 18. i 1.4 2. 4- 33. (i O. 9 33 

])(l " _... , .... .., ..... _ tD2. ·1 l.i 40.8 1.9 2. Ii 1.4- 38+ 49. " t'~llIIft PI" Al'ulll .. ... • .. __ 1.3 .8 10. ·1 1.3 1.3 I(i. 9 .4. 7 ...
Do .. _". __ ., __ _ o1.8 1.0 18. 0 1.5 2. 0 30.0 .7 18+ ~Tril'P 2:\ ... _ .' ,,'. __ •• _ 1.3 .6 i. 1 .9 .8 i.2 . 1 3 8Do. __ ._. __ •• _ ... __ ,_.,_ •••••• + 1. i 1 . .1 18. i 1.1 1.6 Ii. (j .5 6

Stolle\'i1le 3i.... __ ........ _. ,' ____ •. _••. 1.0 .6 (i. 0 .7 .7 1,9 2 o 

Do _ ...... __ .. _................. .. ~ 


1.2 1. 1 13.2 1.2 1.1 13.2 .4 4StoIlP\·iIIp·1 15._.__ • ___ • _.• __ • ____ ._. + 
.6 .5 3.0 .4- .5 2. 0 .1 1 C"l 

])0 ._._ •• _. __ •• _. ___ • _. __ 1. {j .9 14.4 S.+ .7 .7 4.9 .1 3
RlolI('\'i1ll' 20 • __ • __ ._. ' .•• ,,' •• _•• __ • "'l.3 .2 • (i 0 0 0 0 

1)0•••• _••• __ ••••••••• __ ••••••• + . 1 . I . 1 0 0 0 0 ~ 
-.. 

I OIlP J.(roup of see<!linJ.(S, placed ill u moi:;t t'iuullber for 48 hours following inoculation; other group kept outi:iicle the moist chamber. 
TnOt'ulntiOIl dOlle by upplyillg u slI:;jJl'nsion of liO million bacteria per milliliter, ilartly with a quart sprayer n.nd partly with a !:lmall sprin·
kling t'1II1. 

2 Dutu tak('n 15 days ufter inoculation. 
3 S(,\' footnole ·1, tuble 2. 
'Disea:,e in<!l'x=IO X numh!'r of disell.<;e<i leaves per plunt X f'P\·Prity. 
5 Dutil tukl'n 33 day/< uft('r illOClllutioll. 
6 S('e footllote 3. tubl!' 10. 

7 Di"eMc illdl'X= lOX IIl1l11ber of lesiolls per plllnt. X se\·pril,y. ~ 


http:Disen.sc


TABLE 24.-E./Ject cj sprinkling seedling coiton 1lla7lts with n~(lt('r sacral (/1},Ys after inoculation 'Upon subsequent infec C1 

tion by Xallilwmonas '/llalmccarum; eJ.·periment oj April 1945 00 

H 
[ScNlIing plallt~, 25 10 30 of cnell variely per Irl'utlllPnl, grown in S-gllllon pot:;; soil kept very moist. by wnlcring from bcncath\ ~ 

o 
tIt 
ZLesions on col vle- HLCII.fspot 5 Illfection Cdon;; 3 - o 
>Growl h slagI' al t imc of Sprin- t"'Varietyino!;uIlltioll I kling2 t t;:l

Planls DiR('IISe I Plants Disl'fil'C Hhu.:k YIlSC\lI~~l Total 7 Cl 
ditieu.!Sed index t I (\isenscd index' arl\l symp toIll;; t"' 

t" 
~l _. 

~~ _.. ·"~-'~'.--l '_'0' I . --1---, .. ___,_~ t'l 

::!
J PI'nell' PercN11 Perrelli Perrel/I. Percent z

Seed .• _______..... Rhaftcr Aeala___ 55.2 20.0 3.4 O. 3 24. 1 20. 7 2·1. 1 
~j)o .... _ . _ .. .. . d(L. . + 58. S 20. !) 52.9 5. 6 4-1. I 26. 5 4,j. 1 C. 

))0 H!olll'ville 37 17. 2 -I. 5 o o ~9 0 a9 Q> 

1)0 .. _ . ..' _, _...... ... do .......... __ " + 2ti. 9 7. 2 2!).6 1. 5 14. 8 II. 1 14. 8 
8-c!ily-old :;C'N!ling ... _~ .. _.' 8hllftl'r ACIlIIl _______ .. __ 61. ij !). 1 1 L 5 . () ------.-- --------- -------- ~1.. 2 ___ • _____, _________ i _______ _Do ... _, _~ ______ .. _.~_,_ .... cIo ..••• ' __ "___ __ + 7·1. I 13.0 37.0 


])0 .. _._ • ________ StOI1l'villc3/.. ______ . - 28.0 3.0 
 .3 .-________i ________________ _8. 0 ~ 
. 4 j ________ ) _________,_______ _Do .' _ _ ... _.... _.. _ . _.. do • _....... _. __ . _ _ _ + 76. 0 11. 0 ! 8.0 

16-day-old sl'l'(lIing••• _._. Shnfl(-r Acllla. _______ . __ •• ______ ••_ '='HO to:: 

1 
'"Cno ., ....... ___ ..... do" ..,. ___ .. _.. _ + "" _____ .. ___ . J(lO.O ..., 


\)0 .... _ ••• _ ••• ____ Hton(-\'ilI(' 37., ...•••. _ - 77. S 
Do .. _.. , _ •. __ "" _.. ____ • . .. ..do." .. _____ .. _.. ____ . + .. ___ .___ .__... ,_ 4.2 ~ !=======J====:===:::::====: _________ ' _________ • _______

87. il o 
! '=l-, _.-- ~,- - ~--..........-~--.--... ~-.,,-~ , ----.,,~-..... 

>I Sf-I'd iJlot'lIl11tiolJ l-arriNI ollt b~' :;ouking' "p(-d for 2 hours in II. SII"I)(,lIsion conluining no Illillion iJal'teriu per millilit('r; seedlings inoeu o 
;:::IIIINI hy ~pril\kling wil h Iml'\l'rial ""!'JlI'II~ion on lwo "Ul'(~l'''l'h'(' dayi'. H 

~ PI:Ult" 1I0t "prillkl(-<\ ulHl not \\'(-Itl-(\ \I'lli'll watt-ring; + ,."'pIan!:; sprinkh-r! with wllter from II ,mudl sprinkling (-un: (II) !'il'('dlings o 
froln ilJ()('ulall'd H{'('d "priukl('d ('lIri)' in tllf' IIlOrning: for 8 <IllY", stllrfillg with the dllY of ellll'rgcllc('; (b) otlier l;l'P(lIings l'prinkled carly in Cl 

th!' lIlurning nlld lul(' ill thl' ('\·(-lIin." of tll('·l days fullowing' inoculation. ~ 
3 Dutu takl'n 13 (\avs IIftN inoculatioll. .-: 

;:::, ;-;('(' futltnotl' <I, tuhle 23. 

5 Dala of :'e(-(I illO{'ulution IlIkl'n 28 day:; lifter plnnting those of otlll'r seedlings, 13 days after inoculution. 

to:: 


D Dnt:l tllk('!! .10 dnys uf/('r planti!!g. 

1 Totul Illllubt'r of stl'lIIS with black arm, vascular symptoms, or bOlh. 


., til .. 



.. .. .. 

'rABLE 25.-ElJect oj method oj inoculation on bacterial bligld oj seedling cotton plants; experiment oj A1Jril1945 

[Plants of variety Shafter ACllla, 12 days old at timc of inoculation, 27 plants per trcatmcnt] 
.. _-.... 

Leaf spot Stem infection 5 Leaf wilt 7 

Diseased ;I ,
Method of inoculation 1 cotYlc

doiis2 Diseased 1St I Black IVascular Leayeg; ..' 3leaYCS per • po s ,;cr Scyerity ~ Total 6 
arm I symp- per plant1Seyenty

plant I .Icaf i toms 
,

e~w_-.. ---_ I ..--- -_._,.,--' ~ ,,~~,~--~.-. .. --~ 

lYlimba XliII/ocr Nil m ber Valli I! Perce1lt Percent Percent N1I111ber Valli I! ~ 
in~_____ to:!Sprink O. I 1.3 2.2 0.4 33.3 14.9 30.4 0.5 2. 0 ::::1nr,;e spray ____________________ -~~~----------~---- ....Senlico • <I 2. 1 25. (j 1.0 40.7 22.2 47.7 1. (j 3.3 

I . ~ 
---~--

1 Inoculaled in the lllorl1in~ of 2 successh'c days Using, for ('ach 2-gallon pot with 9 plants, noo III\. of u suspcnsion CQntaining 10 million t:tf 

buctr'ria per millilitprs. Sprinkling donc with II sl1l1111 sprinkling can. Semicoafl5c spray applied with a knapsack sprayer. o ~ 
2 Datil taken 13 da\'s after inoculation. 

3 See footnote 'I, table 2. ~ 

~ An'r:l~l' number of spots per disellScd leaf. 

5 Data takcn 40 <la\'s after illoculalion. >:j 

o 

6 Total nllll1bpr of StPllJ8 with black arm, \'usclIlar symptoms, or both. 

C'l 

7 Data takell 30 days after inoculation. 
 Sl 
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