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IlITRODUCTIOIJ 

Vm .... ticillium vrllt or cotton has become one of the most serious disease 

problems of the in"igated agricultural regions of. the rost and the south-

ri0S'te.rn part of t,he cotton belt,. :Ii.thin th.is r~g:ion of alkaline soils there 

has appo.routly been a vorJ rapid sp .. oo.d of the disease in tho pnst f:tftoen 

.,vidence that the pat:J:10gen ean be trans.mi tted to new locations has 

boon obtained in several place::; .. One iri-atanc.o that may be ci"i;ed occurred at 

the 'United i'.)tates ..' -eld Station at Sa.cat.on, Arizona . d--...1 ·ing th SUl.ll!'uor of 

1948. l Vo:rticilliura. ,;ilt. imd not been obsarved during .36 pr vious years of 

cotton breeding and tea ting.. .fil t ."':i.rst occurred in t':-ro isala :.ed ar us of 

a four acre block of land ·m:Lch had boon used fQl" testing cott n vmieties.­
/ 

Cotton see l for at le<l.St tho ten preVious years had came .from 17.ll t-inf o::rt.cd 

fields f bot California and ir r ..1cxico. 

ostablis.ied tho preo:ence of the .,.athogen in dry- infested leaf tis::m.e and the 

a.bili ·-;y a~ this tissue ~o tl. .. an-smi:t; the po.thogcn._.2 Leaves ~ be ·rr.ldely op-read 

by ·dnd, ir iga. tion and rain miter, and prob.:ihly on agricul tura.l impleoents, 

and might ,w11 consti tu·".e an import-Ont factor in the ra~ d bull up oi' the dis-

11e purpose 0£ the !oll07dng investigation. mis to substanti~to Bl."inker-

hof I s e:xperlmcnts w.i th dJ. y leaves, obtain da:t-a 011 the · !'feet of aging and 

dossication 0£ infos rod l.aavos., o.nd histologicall;y- s ·udy infested l eaf t:t.ater.i.al._ 

l L. A. ~.,rlukerhoff. Unpublished data .. 

2 !bi -
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.!£,nt.o z ~ Oi:rtribu'l:.ion .. - .i.:n"" Vru.·tioillium r.l.lt i'u11sw, Vc..~icilli 

aJ.bo ... a ·rum 1..oinke .:md Borth. , und its rclo:ted f'or~1s are. Wide- spread vascular 

yarasi tcs. Althoueh the pathogen rms first do.scribecl a.._'rld named in 1879 {10) 

its ~~a:thogenici.ty on the cotton plant {Gossnzi um spp .. ) ~:res unlmO\JU within tho 

Un:i.tod St te.s un 11 Carpenter (3) in 1914 discov 1-ed two disc· sod cotton 

plw.1ts at Arlington, Virginia rrhieh yielded pure culture-a of the fungus . 

Verticilliii!lll Viil t of cotton ap. arontly waG not ""'cr-..d.n considered as a 

disease of cotton until 1927 -rmen Shapalov and :ludolph (21) reported it in 

a !iold near i asoo, Calil'onrl. 'l'hey postulated the introduction of the 

fun£,1.1.s by mean:.3 o£ seed potatoes i'hich l..,a.d been planted and plm1t'.d. under just 

rior to the r,lanting of t,h co-t.tc>n. From this first oecurronco of tho wilt 

:pathogen a rapi d !:;pread m.s noted. By 1930 Vcr·ticilli.um ini'cstatiooo ere 

observed in four counties of the San Joaquin valley ( 9) . In a survey by 

1aJ: rison and llrinkorhof.f (8) in 1946, tl c disease \TaG .f01IDd to be ·Jidol.y dis­

tribu·ted thro ~rwut the cotton c i~,\ri.!1~ are of central 'alif'orxtla. ~stimates 

placed the nount of infection at 20 per oont and aconor:dc losses caused by 

the pathogen from 5 to 20 ;>01."' cent ... 

In Uetr ~co, Vorticillittn ·rf.i.lt in now cons5.dorod the .ost i rtant 

cotton disease in the state (5) . As in ot.h-1 .. uostern states, a vecy rapid 

inc1"'ease in the amour.rt of i.1;1.foct,ion has been noted. 

Verticillium ·ml t of cot ton in 01,. .. o.homa. Yr.as first reported in 19 .32 ( 10) . 

UcLa.ughlin (15) isolated V. ~atrun. .from diseased _ lants from Gear.r and 

-,. naum, OklBJ10ma. Other reports (12) have located the disoru::o in Jolmson and 

'J.'illman counti e 
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tions to eli t.o aey chance of scod-banw inf .ct.ion, Presley o · died fur·!;her 

oce..'1.lr:renc o:f the discaso In the valley, and concluded tl1at i nfection resulted 

f1"0m the indieenous occurrence of the pat..ri.og n .. 

H,.u-1nford { 7), i'rO!:. his obs01.~ati ~ns on t..ho GPOn taneous occurrenco of tho 

clisets~ on first- cropped J.a.nd., concluded clso w..a.t Y..• al . atrum must b~ indi-

genous to certain so:llo in Ugan1 In 19.3? l~a roportad 90 r cent, in.foction 

0£ cotton crops uhen pla.11to for ~.he first time., 

Soed disse.nnction., ooth inte· nal ana oxtornal, ha.s boon Pl'O an in 

tomatoe$ and eggplant,:::. {11) . Tr011sr.J.ssion of tho .... un · s by ini\,oted • ta.to 

t,uoo1~s a.loo occurs. ~ r en crops such as t..hese are used L.'1 c:-rop l'Otationa, 

introthiction of the fungus mey occur .. 

Pat..11;>19:W:cal !~atoJ.o~ .- Pm, . • stoJ.o · cal s bu.dies have been raade on 

ilertieilliur,,11 .ri.l t Wested plants. .deinlro a.11d Be tJ:1old (16) der.l.onotrated the 

fungus rgpha.e u:i.thin the vascular and pr• enchyma tissues oi" the potato nl.~.nt. 

The p:;,'Osencc of lfd.crocclerot · oJ~ fo s o.f th,,. ftmgus \T•r'e shown s thoy oc­

cur:i:~ed in the v;:seul.ar clements . Carpen.tor (3) donr.:>n::Jt.rated y. eJJ;.>o-s:trum 

'Jlth.il1 t'1e tis..,-ues of' oltra. nlants. ooth oi.' these · rorh:s shoo d hyphao of suol­

len nnd ab;:10:nn~l .for:JS. Hoi th-er of th-9._ sl·om:ld th<? chn!'actoristic vortd.cil­

late branching of the conidiophoras tri thin the ·issue~ of: t1w host .• 

'2he pa.tholo, • cnJ. bisto1 .. og, of Vc.i ticilliu:m wi.:Lt of cotton bus not boon 

reported in tho li terafaire~ 
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tu.ro for t.he devsl.o:11;1eut; of \ nri:.icilli r.U t is 3 to 75 dewooa Ft:tlu">O: lhoit, 

and that abo-..re 86 degrees tho dicee.s<; ic il.llti.hi.ted (13) . In order to deto 

1-emained above that for more than four ho'W."a " As can be sean in 'fable 1, 

'l'able Gl--ee.nhou$e soil te:: 1 erat.urcs for · r.Lnter 19 49 
recorded in decrees Fhll.ranheit. 

· Jook ending 1~ nimtm a"ti.1'!W'..'.l ~i.µ: 

iovember 29 "15 70 ~ku-ch 2 19 73 
1J~u.'!erooer 1 7'2 64 9 10 67 

l.4 77 74 16 69 66 
21 69 6> 23 77 75 
28 67 62 30 74 70 

Ja.nuar<J , 63 62 April 4 70 67 
12 71 69 13 71 69 
19 77 7h 20 ~ 58 
26 77 7~ 27 70 63 

Fobrum.7 2 '?7 75 'Jz:r 4 76 70 
9 72. 66 11 77 7l 

16 73 71 18 78 ""5 I 
,::.J 74 70 

ln crdar to deteroino ~ .1<:rther le::ivos can dissei11L,w,to V. rub¢ · trum,, --
oou to inves"'if;c:tto condi tio:us which affect thG funguu in the leaf, a SOl"ies of 

anhouoc ex-perimentG 11ns ini t iat.od in Hovcmbo:r of' 1948.. These a.,:periments 

o.ro briefly ou::..lined as i'ollo-as: (1) addition of infested lee.f material to 

storiliz~d soil prior to planting; (2) injection OJ. microscopic narticles o~ 



to 
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o.t :room -oo?lf ... :.·aturnc i:.: p per sr-cks uru:l0r -~ co _ • t,ionr: .. 

'lb", first exp.e.1·inent uas <lesio1od ··o dct,~1.:;rinc /,oth .... ' '.ry inf stod 

cotton lao.veo co:lld trm11Jr.J.t 'c:rt.icilllum. wilt t<:, 1.mi..rifoctod pl:.mi..s. For 

:rcri.::tcd !:132.1ur "'., both or t.irich 1'1:.a.d been atean ster:t 1 • zo for 10 hours,. 1r,.,,.s added· 

to r:r .. vc a."l iI ' 'tiru. pH 0£ 8. 2. 

Si..-"t lo.'.lf sou...-..cep (number::, 1, 2;, 3, 4., 6, · cl 7 as :list.ed above) ,. t-;m 

ston souxccs, one inocul.:.i · '! control, and ono ur .. :L oculn.te · corri...rol, ccm.nti- · 

.. dv-e tiues. 

DI)l"'Cf'.d in an SVi ,n l ~-: o.t a dopth of t-;10 inches bolo, ~~he au::faco 01 the 

D..'nount used vm:.Lcd. 'l'o.blo 2 lis "s the c.mount of loaf mat0rial usod. loo 

Le pow at a. depth of 't'..-o inches. ·~ ' • • f' . • .. ne ooco li.i s · · • oo rec • c...S cu,:, .Li."l , f':i.n 

1. ./or he inocul tad eo .... trol, en a 

olc.nt of 

ter tho ad · ti::>n oz these rotor-

ials t,o "::.he pots, £our sceclc 

be free of the Vertid.lli ~ ·~ion .ms good " rl too nur 

ber oi' .:)eodlings 1-ra.z roduc.ed to one per pot.. 



'lable 2.. Amount ru.ld so :u-ce of Ve .. ticilJ.iut'l \Tilt infested cotton 
plant m;:.-:.or-1 .. 1 added to !)Ot3 in experiment i . 

Loaf Sources s{,- m Sources 
1 2 3 4 6 1 8 9 

9 

fl.'IlOUllt in 
gro.m.s 8 h 4 2 2 l 10 s 

l'h oocoud ereenhou3e inf ,ctiou a· orl:1~: · t ~ r~s oot U!) in ordex- ;o de-

' into :.r ill i't·aeuon ··s in the ..._ield it · n:\3 fol t tha · a 1mcr,1lcdgc of che f ·oct 

0£ of l.ihc inf' .., ced in"' e , aa { sirable. 

Forty 6-ineh clay po ts wor cleaned, disinf ostt2d and ill d r.i . .i- soil 

d aecdl:.n,;;.s wru: e re-ducad 

·to O!lO 

jection. 

Just .. "1!':Lor to the injection of ~ .. he ;.wm 1d '·is.cue inr.o the pl:m s , '\lie 

Injection into tb.e pL."'mt ... ·, do .,.:.t.,h :! Berton, J.ickinmm , te1'inm.7 ss inge-

e-1uippod d th a 20 gauge Ya.le....'i'ype noodle .. o ncedl~ m:i.s inn rte intcC the 

siiom at .:~bout a 45-dcgroo angle at the soil line~ To re 1uce '.,ho posoibili .i;,y 
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of cont ""'D..n" · iO:q tlL t..rilo ..... te1• controls wore inject d fir:: • t"~ en 

e ch serios oi' injectiono .t,;b. , :J'ft-i.n,)'., and needle 1e1" , .. horougllly rrashod in 

W,. C -.t' and Dtor'J.lizcd with s~s per eoot ethyl uleohol. A sorios of check plants 

~ta: su!lpenoion of a. puro culture of 7 ,. al o tl'Un., --
a...d :::,._ aininc through oi h:t tldckn.essos o.f ch e.Docloth. , 7Proxi.>'fl..ately one 

mill.ill ·,01 of both the cu.1 t,, u·o · noeullll'l :1d lo.o..f mt ri.o.l wao injected into 

... AG,'h 0£ tho plants. l':i,5m~ l is a photoni.cror;cv:ph of t LO aus. o.nnion of lo f 

'i1hc pi thy iu ... erior oi' tho pla'l'lt st-,:, hatl booomc ~;ooey uno. ·· ughonod so 

r,hat injection .ms Vra!""J dii'i"icult. ~u..sa "tho .... eecUe used £or .:!ljeotion co-. 

tinuall:y ooca"":le clom;cd, 30 t' ia.t there rmr.i a uest.icn a.., to .ii1cthe:e 1oaf par-

could bo ol:rta.inn.d. Tl e -~·ourni loaf :rru;it,or:tul, Ihich had bo .n ""tor-ed in plueeed 

V- sha: d cu.t ,me a: • do at th 

busa of the s1:.e!'n of' plants s!10.;ing no syrapto, i:.. fr-om the previoua injecM.on; 

t.'1-ds cJ.1o: .... d a fla.,,:"J to o pr·ied m-:.ay fl-ot- tha st . · it.h ·a i'inv inted 1 ·ur 

"·s placed in tho exposed 

of fric·tion ·'· · r;0 .. 

llum wilt.. Five leaf sources (munbora 1., 3, h, 5, and 6 as list".ld above) and 

and e-aeh 1·• ;;-licat.ed fi.vo tinms. '.rhirty clo.:rn, disinf cc d po+,c .. ;e1•e filled rlth 
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soil as in '"v ;Cr:j •. ient 1 OY..CG_ t t:.at ,,, 01.llld limestone (one iJC- cent by , ight) 

-.10.0 u:Jod i::1 place oi' hytl.rat..od 1i o. ·r r:""J s ,all pieceo 01 ,:,hB loaf -; ..,:--rue were 

att..:;.c~ <l o · !le 1in ~· of t:r1e cotton ooec jus · prio_ ·i;o planting. In _, ) lloo-

tior~ l, 2, ·ld 3, s..aa.11. pieces f "on t ... e t.iolo l··a.e junction were attachod, 

and in re:plicetions 4., ·11:1d 5~ , ieces o.f the bl.:"". 

in,, t~h0 :J.ced, t .e p.~,.,ticlos udhered to the fuzz ,. This p1n.nt:i.ng ~ms mru1o on 

.JOV"a:lber 14, 194.J. 

in Ja.nuJ.17~ 1949, this e::ic . ..:crit'!Z:1t rr.:-....n r pe ~i:. d . -'ho no-:r ,... ts of 

soil ·wo10 s"t.;I'ili~cd by au· ocuiv.L"lg -~ 15 poum:-ls :i: ensure .for t110 how.,.s. In-

loci' s.om'Cos, ir...te~ e lo· s from exporiment 1- . re 

used s a ,;,OU.~e f inoculu.m. !'he !:iotho<l c .... -:..tac '-:""tt of tl o lon.f ;;a.r ::J.cles 

,ms sis:ilar -to t.l, t· i•st ,lc.nviP""'"' l'Iie so·1., ll f r-.:.il e aandy t;n · , 1a:;; not 

pacl:ed tie;htly in tlw _.:oto. Li c rra... no · added oil ce t.m rigina1 co~l : eo.o-

c noil lS"'vel · c'ro in -~' e 

1Jot, • · 1 t\'. occt.Gions : sily autocluvod soll utir;, added to the poii3 to r.iain­

tuin tho soil u.t tne top o.r the pots. 

Isolation studies.-... -'r'"lor to uning 11e leaf" sot ~cos listed pr,.. ·omlly 

for t. o Jro"" ouse inf'ectiou -'oost,-:::, laboratory isolation otudicc -19rc oadc 

in -u.tl atoompt to de..t.or . .1ino ,,.,ether tho £ G s a::; Viable.,. t.nd 2n ,mat pcll't 

of the plm- t it OOOU .. "'.'-1.vd ~. r;t, fr-aq_uoutly. 

e culture... are htro.no moJ• cactl;r o;nd co oit.rl.ontly f"' o ..... 1 rash xoot 

m,1Ci st.o:-1s re. the " k'Ul fro loa oc o e:ry plan~ ma.toriul.. Isola · ions ire you,.~ 

ste-"'JS dor,. m, ac i:r.r eelin;; the bw1 k f 0m a one 1a.l inch lengt of ·ci.::muo Tiith 

st,;;;;rile .1..01~0 ,s and seal_ ol., di;J,>ing :i.uto a 1:10 solutio.n of sow. 

e.uori· (i)hlorox) .for fiv0 to ~- n seconds and plan'·in on potato 

1i th large stem oo"C+.iox s , a sr..iall bl.ock of .. he discolored 
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the ae:ur .. 

erDJ. m:>eas of .,ho loaf ncre uned for the isolr . .,ions11· Cn"', t : _ junction of ·lhe 

n:1ich .. re from one to ·r~h.ix-t,ecn nIDnths o d. Sv .•fa.Ce sto:r;i.1.i::i ..... tion of' the tis-

din .. ,in;:: in a 1:10 so1u;~.on of ~uorox.. Tho ru..collol i nc.r:lion oe&... d tc i'tcill-

Tir:ie <>chcdules i'o len .. th of imnornion in tho t,.-70 

liq-;:dd.s vro•ied i· , th ,he generoJ. siz and cond'.i.t.io 1 of t ~e tissuo., ·:r..it 1;,::m:J.ly 

5 to 10 see.onds · .n the :1.leohol :"ollound ... ~ 30 ;. h.5 seconds in t 

For isolat..d.on r~ om the o>ound tissue usod in the so.cond f"l~aorJ1.0unc e:x ... 

asu . " i\l thour·n thio 't"Jl)e 

avid nt,, nru.~ng it d..tfricult t.o ootain t .. albo-atrum in p·Jl>o cul·tm:'o,, - ----
!11 ell cases of i.nfoction in he ~r't"'oenhousc P.xpe ... iment s , positive iclen-

icntion of the causal orgai."ri.sm was macle rr:1 ioola.t:wn of the funsus from the 
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diseas.od plun ... o .. 'll1eso inola,.. · ons 1ruro all fro.m "'t.eT:i. sec lon::.:i as <loscriood 

above,. 

periw.ent 1 1~ ; ch had sl'10-rm .sevoi·c rllt syup :r.m w·MJ s2l ... ctud for t-ection:L g . 

TLe lea£, 1.:ti.ch hb.d been ki.llod by the diseaBe, ms n:·.01'ed in a !)<., r ..,acK and 

dried uppromw:t.e::.,Y 1 10 ·.leeks pr1or o soct.ioning. 

·~·ire ··-; ssue .ms ru;;e;:1 in WA oolution for 48 hours. It, ras then sscd. 

dfi.n ini'il tra:t:ion. 

usod :£'01 t,hc ::wct:.lonin:,. 

'l.fr.a-

n:in and fast •eon di..,sclv,c·' in 50 per OO,Jt alcoll! 1 u-0ra .frw ,d to e satis­

!xtor.r nt,.d.nn . Jufr,nin clisoolvad in 50 .t er ccrnt alcohol., anc'. lizh_t g.r<.?on 

d:1.woivcd in clove oil ;avo bet oor- rcsu.lts ho re ~r. The slidos rerXlL O' in 

oa:frc...."lin 12 hourn a1 d ·r"'ro thon aJSed in ··,o xylol n£ter vtri.ch ligh'i; gr ... cm ms 

a..,,-nlit.c.h 'i:.ue lij1t .~rean dest .. unod t _e ::;1...ra1 in, E d 1 as tn tm-n dcsta.incd by 

puro clo 9 oil.. r ·.. as then lol und nountod in :novilll t . 

La..,...,-ao .fr ra hr.mJ.. ... 1,;,r ,J.a.,v1ts as ue11 as loavoo :i"Om ini'ected pla.n·A:; gro .• 

in oterilc ..,o.il a .d inoclll"~ au by a • ure c·\ll ure injection were- scction":Jd. J'J 

tho free.;..haad z::iethod... '.C".le .... ections ,101'0 o i;al.ned ·ti. t.h a .... id fuchsin .. 





1.5 

~'1or-tu stun ti .;; o,.. the 'l .t ct ... 

inod heal tcy .-

Toh.lo J. l!1.mbc1• of pla:;1f-,o of five . .:,,in!rle plant :i:-c: licateo i.nfect..ed 
O"'J ,, • ,,u o- a.: at L10nth1.;r i..'1 · _ .:.ls in _:r _ -l'ime. t l --

---- .... 
Source J anui:trY, l.O T:'e ruoey 10 1 ... "lroh 10 :ipril lO Te 

l l 0 3 0 4 
2 0 0 "' 0 .3 j 

3 0 0 0 3 3 
h 2 2 0 l 5 
6 0 0 1 2 3 
1 0 5 0 5 ee. 2 1 l 0 4 
~ l 0 l 0 2 

10b 1 0 2 0 3 :ue 0 0 0 0 0 

Pe.t> uent; oi 
lc.J. t,3 in-

focrood lh l.6 22 12 64 

e. Stem souu:ms. 
b Cultut~ :i.nOculatcd control~ 
c Jninocule.i:.ec. control.,. 

i ... pectod for ty:p·icll.l di~colo , '·ion. ,ith:l.l. i:,ll · •ea oi :Lnjec · on on nt, 

v.S :wo:;:c not con-



-$-f) 
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rJ,bo-::rt:nr:i. 
~~~ 

/ 
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of 

sc1orotia, covered tJ:1e 
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Fig. 1 . ;·11oto ti.cro ;·.~:,h of cru3hcd lr;l, 
cotton leu.t' material in ·water. x210. 
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... ig .. 2. 
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cotton pl.ant (right) shmrlng typical 
' e_ ,:.icillit · ·,7..l.lt S]l.7 >to::i... . I..,e.ft., a 
hr.i~J:~:1y cont...rol lant. 
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Fig. J . llicrosclerotia of v. albo-a.trum grown 
on potato-dextrose- agar;- x2475 . 
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· · ,ud:i.J,..a.l noction of a m-t, of tho 
Yasculo.r area in a loaf v..:'!in :::l:o\:-..i.n ,. hy­
' ac of V. albo--o.tru.'"n in +.,he veosolo. 
x24'75~ - -
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m.th seed in skrile soil. 'l1he introduction of the .fungus to a npw area by 

ven one sc~d could nosnibly b responsible £or ::arious outbr va.ko in follovr­

ing yorxrs. 

Dolinting cott,on aeed as a , •.. , ... no o.f elfrt.i.r! ting V l' tici:.liun izu.'ested 

plant debris .ught 'J ;;orthy of inv ... stig t.:.on, enr,'.:.lcially •me e sc.Hd i.;, '. .ing 

shippcc. fror., ho,;.;..lilly inf stcd Ul'CUS to non- i.riSested or o.s. so tho pos•·i il-

i ty of control by c:isinfoct:..nt ducts mi t co sid ... ed._ 
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