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The virus diseases of' :plants constitute one of the great 

grou_ljS of plant afflictions standin5 distinctly a9art fro:.u 

those du,e to non-parasitic or environm.ental :factors and those 

in which a visible pa;r,asi te is the casual a.gent. The virus 

troubles wit~h their vnried sy1:1pto:i1a.tology have one f eat11ro in 

co:mmon which is that they may be transini tted frot1 diseased to 

healthy plants by an infe.:Jt.ious 9:r·inciple, the exact natc..re of 

which is un1cnovm. 

These troubles agree v:ith the parasitic diseases d.ue to 

bacteria and :Fungi in being inf'ectious, but no visible organ-

isms 01' casual agant.s a.re knovm. The infective principle, what-

ever it may be, is present in the juice or cell sap of a dis-

eased plant, the different diseases shoviing Vi:ll'ying degrees of 

i.nf'ectiousness. Sone m.a.y be transmitted by n:1er-e contact, while 

in others, less (llseased. and 

healthy plant by grafting is necessary for the artifi.ctal com-

m.unicatio.n of the disease. Under- natural conditions, :l.nsects 

are the :most i:mpo1·tant a.gents in t1:1<:"3 transrilission of the virus 

f'rom one plant to &'1other. 

The fil'f;;t virus disease to be gt ven definite recognition, 

tobacco :mosaic, was repor·ted in 1836. It was first observed by 

Swieten in 1857, and V'ias d.escrited by the German, ?:Sayer, in 1886, 

who gave it the nar"'le "Mosaild;:rankheit. n Howeve1', it r1as _proven 

to be tra.n.sr:1is,gible frmn. cUseased to healthy pla11ts by Iwanov--mki 

in 1892. Beijerinclt in li398' demonstratE,c1 the filterable charaeter 



of viruses. Takani in 1901 demonst:rateci insect tre..ns1:;1ission 

of' virus diseaaes. 1::fost of' the oar ly researc11 in plax1t viruses 

was clone with the tobacco mosaic virus. :F-'rom first pr©of of 

the m.osaic of tobacco as an infecti0'12s dizease{l888-l892), our 

knowledge 01' this crou.p of diseases frill.de slov1 progress until 

have been described as a.ffecting both ::tile cmd cultivated plants. 

The de:monstrations as to the bt'.:lhcvior of the virus diseases Etn.d 

the important part w-l1ich they play· in crop losses confititute one 

Virus diseae,es exhibit dif'f'e:cent degrees of infecti vi ty 

and certain individttal peculiarities and :t'or this reason are 

transmitted in dif'fe.rent ":,'ays in nature or artificia.11:r. Jl 

virt:s :may be comm.uni.cated in one or more of' the following ways: 

l. Trane,mi tted 'by bue.ding ant'\ grafting. 

2. By a specific insect or several specific insects. 

:3 .. Sa:p-inoculation, viz. 1 by the juice 01' a diseased 

plant. 

5. Hon-specific insect transruissions, viz .. , no bio-

logic relation r:etv1een insect and virus .. 

7. Soil tr6l.nm.11ission. 
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The purpose of this 1')aper is to t:lescribe an experirn,ental 

study made of the host reaGtions end. host ranges of sor:-;:e com.mon 

sap-inoculable plant viruses of' this state. Tbls study is con-

eerned m£;.inly ·~dth the finding of reJicblo differential host 

plants .for ce.rtedn viruses leo.&ing to their correct and conven-

ient identification. Moreover, consideratle exper:wnental study 

has teen .e;t~nm to tv,;·o viruses., a mosaic of cowpeas an.d a :10saic 

of petuI11iu:., which are o-:f unee1·tain identity and. of' t,}hich tl:iere 

has been ·tfe:;._,,y little or no r0cord or descr.ipt.ion. Ju.so, some 

original work wa:.:; done concernine; th{~ host reactions, ho~t 

range, separation and analysis of a mosaic vin1s complex from 

potato. 

experiments. Inoculations -were r:Hade ty rutting the infective 

sap or juice of d:l.seased plants o.n theleeveB of healthy plants 

with pot labels or ChBese cloth. 1\n abrasive such as car1::orun­

dum pm'tlder was occasiorrn.lly EtffiJ)loyed to fee ili tete sa:p-trans­

missi<:.m. rrhose infection e:xper i.ment:;'. involved cerr,s·ing the 

viruses to certain D1era1:lers of So.lanacea.e, Legui:ninosae, Cucurbi-

taceae, and C::rudiferae. 



1. Potato J~,ucuba Idosai c Virus 
!Jar££!_ aucuha Holmes 
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The disease caused by thts v·iru,s is generally distributed 

co:nparatively low incidence in both this eountry and a.broad, 

'betng encountered. only in occasional plantings. 

The virus occurs in natu.re in potatoes, t:u"ld its host range 

is confined largely to Solanaceae. The virus, lHrn other potato 

that Elze(lO) states that the virus can be borne i:n the true 

seed from diseaiJed. potato plants. 

'.Potato an.cuhH mosaic vixus is easily sap-t.:ra,.1.sm.:l.ssible 

.from potato to pot~to and to certf;;.in other solanaceous plants. 

There e.re possibly thrBe dif'ftnent .stredns of the virus; Srnith{29} 

recognized this relationship but classified each strain HS a 

separate entity. 

zation expe.ri:::tents th.at a c,?;rtain ill-defined yellO'W mosaic of' 

potato vnrn an atypical form of y;,otato aucuba mosaio.. .Heverth0-

less, potato au.cub& mosaic is usually a clean-cut highly indivi-

clu.alistic virus in its host reactions e.nd a·berrant strains are 

unao:rmion. 

Mv stuav of the virus consisted of san-inoculatio11 ex.1.:-er·i-u - . -M ..t" -

m.ents on various 11la.nts, with the foll0t0,ir1g :results .. 

Bolanum. tuberoBum L.. Irish Potato. A systEur,:ic brilliant 

yellow· mottle develops in the leaves o:r this plant. The tubers 
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consequent reduction in yield. 

L~qope1·:eico!l esculen tum Hill.. Tomato.. Using young :plants 

6:ays, tl:w virus be-

com,es syster1ic p:eoducints small, actttered, 1·ouml,, yellow spots 

particularly in the lovm1· le~ves. T.hese yellow spots 1:ecome 

Hi.ootiana ~lutinosa L. The ssn:;.ptom~, ln this host are 

15.nes a;:ipear in the l0G.v0;z :f'ollov1i.ne rJ.ainly along the veins .• 

is systcm,ic and oro,:Lna:rily causes no necxoi:;is. 

Petunia b.ybrida V:tlm. Garden Pettmia. Tl1e pot~to a.ucuha 

1:;1osaic viruf; does not produce p:ro.Vi,inent ~3;y111ptoms in this plant, 

dition throughout the plar.t.-

lHcotiaua tahacm11 L. Tobacco ,rar ... Turkish, aml Datura 

rstrw1oniuu1 L. J':l,mson Weed. lu these tv10 species, the virus 

virus phenouterm l:11mvn is the read.;5,on of pepz;ers to po ta to 
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the stem and lea,.ros, pa.rtimllnr·ly at thc1 base of the leaV(:)S 

ten to fou1te0n day2. all c:t: tb.e letnres fall off the plant. 

r;rparlc of life in it., The sten1 r:1?._y :9roau.cc a paltry ar.1onnt 

the entire plant dies. :Sa!rs thH virus produces very 

methods, th.e virus was .rH,t found to be tra.ns;tis~ible to this 

plant .. 

Vien.a sinensis(L.) Endl .. , the co1rm1on oov,pea. ·was not found 

to be susceptible to infection with }?Otato auouba n1csaic. The 

same can 'be said for French beans, Phaseolus vulge.:r:is L. 

CI1'CJ C IFE11A.E 

Brass:icu ol'°'1racea L. Cablage. I was u,1mble t,o p:roc.uee 

infection Y.dth the 7:irus in th:i.s plnn.t •. 



Potato Aucv.ba Mosaic Virus 

Explanations to Plate I 

A. Left: pota.to aucuba mosaic virus in pepper. Note 

the blackened, necrotic, naked ete~s. The plant 

is dead, following a 10-da.y infection. Right: a 

healthy pepper plant. 

B. Potato aucube. mosa.io virus in Nicotiana glutinosa L. 



Plate I 

A. 

, 

B. 
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l'J'arm.or tabaci var. vulgare Holmes 

The occurrence of to1meco mosaic virus :i.s world-wide. It 

is found wherever tobacco and tor,1E:to :plants arB grown. Tl1e 

incidence of the virus is high, especi[:.lly in g.resnhouses anong 

toc,acco pl&"lts s11d to_::,mto plants. It is found to oecmr rather 

frequently in petunias. 

Pue to its extremely lnfectioue nature, unusual stability· 

and. pmmar of resistance, Y2idt:'c dir.:, trfbution, and general suit-

atility for experii;},ental work, the virus has a.ttro.cte(: much 

attention and a great deal of irLt'ormation haB been co:nrpiLed 

in its regard.. Tobacco m.::-:.saic virt::.s has 'been subjected to more 

ties end. other character:i.stlcs the_n ex1y other 11lant vi:r1.;_.rs.. I 

shall not undertake au \:n:te.nsiv-s 15.te:ruture review. 

The vi:r:us is secorul to rwn.a in .i.ts high c:eg:rE,s- of inf'ecti v-

i ty.. Tobacco mosa.i c virus is .sap-transmissible even by t,he 

slightest touch or br-esking o:f a t.Single trichor:10.. 'l'lw 1.rirt\S 

.has been :found not to be s.eed-trmsmisnfble, al though there has 

b. l,, h•. • ·t· .,. thi .. t een muc.u. c:usqu1s1 ion regarcnng . ~.1 s sut5Jeo.,. Gratia ,s_na. 

ffanil{ll) claim that the viruri is abse,nt f:ror:1 pollen grains 

and ant.hers; they also contend that the virus d0,e3 not enter 

the ovaries or other floral organn of.' t.11e hcr:t.s., Sn.i th( 29) 

says that the virus is pre.sent in the rir)e fruits of to::1.ato 

plants and JD.ay contaminate the seed coc.t and in this. \1·ay i.n1"ec-

tion ce.11 arise troru: the seed .. Han is the chief disseminating 
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agent through smoking tobacco and chewi.g tobncco . Inse0te a re 

able to trans~it the virus only mechanic~lly, i . e . there is no 

bil ogical rel ati onshi~ between insect and virus . The virus 

frequently has the lncidence of 100 t>er ce..1.t in green·wuse 

tomato cultivation due to hand transJ;l].antinc, :,runjng, tying, 

and the use of electric ~ollinatora which s ,recd the disease 

from one diseasod plant to ell others . 

There e.re innuaerable strains <:£ tobacco r:onaic virus , from 

very mild strains to verF severe , with ~..any strains of inter­

mediate deRrees of virulence . Also , there are several color 

strains of the virus . Holnes (lJ) bas succeeded in ~roduoing 

a ~asked strain of tobacco moseic by means of heat attenuation 

of a distorting strain of the ty~e vir~s . ,, ith thi s ~asked 

strain , ho has succeeded in producine in~unity in tobacco und 

to.:iato 9lants ezai~st any other stIEtl.n of the virus . I carried 

on similar exyerirnents wherein I pro duced several e:ttenue.ted 

strains froL1 t he ty·>e virus . .How, vt>r , none of these strains 

were attentuated sufficiently to produce i;.asked infection in 

t obacco pl ants , and therefore were of no value for imuuni~ing 

pl ant o against other strains . 

I transJ:J.i tted tobacco _1osai c virus to several s-pecies of 

, 1ants with the following results . 

SOLA!MCRAE 

Lvcopersicon esculentu.r:i !.:ill . Tomato.. In tome.toes the 

virus causes an irregular yel low nottle and consideraio distor­

tion in the leaves . Distorti on is very noticeable in the 
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younger leave~ . mte plants do not tccome stunt ed and the l oss 

i n yield is net r oudil j .. anpa.l eri t . Ar:cordi '1£ to t he calculati ons 

of Heubert;er .1nc. _;ortcn{12), toba~cc mosaic reduces the yiel d 

of tom~to pl ants 8 per cent . 

Nicotia.nu tatacu:.:i. L. Tobacco var . Turkish. The symntoms 

of the virus first ~ppeur i n the yol!n l eaves for~ed subsequent 

to the inoculated l e~ves . The sy;!tcms legin in the young l oaves 

a s a veln- cl eerinc .. ,l_ ch quickly differe.c.tiates int o a ~ottl e 

with r aised ~r een ereas . Tre younr l ~eves become badly nuckered 

and ac.,!':$ume e. blistexr ar_pearance ; us the l eaves nature a ty;,ical 

aosaic pat tern develo1Jc . I.n . an: .. cases , the nl an t s are stunted . 

t:icotiana s l utinosa L. The v:ell kno\\-n charact eristic of 

tobacco mosaic virus in th5.s _pl ant is the develop :ient of round 

l ocal necrotic leoi ona on tho inoculated l eaves with1n a pe:r:bd 

of t wo to four days . There is no syntenio spread of t he virun 

and t he l oca lized infecti on in the inocul.& te<. leaves i s soon 

foll owed by aboc i ssi on ond compl ete r ecovery . 

Can si cwn annuu-:1 L. Bel l Pe? "'er var . Wi ndsor A. In these 

pl ants , tobacco uosaic virus :,r odc.ces local necrotic lesions 

in a fe"t'; days . In t bi s variety , t he virus shows a slight 

tendency to s ur ead fron t he ~noculated leaves . However , the 

pl ants soon recover cotrpl etel1 from the infect i on f ollowing 

abscissi0n of the infected l eaves . Hol mes (l4) s tates , i n r e ­

gard to tobacco mosaic , that sooe varieties ot Det)per have a 

t endency toward syste.t:lic necrosis and death , while others 

localize the virus nnd r ocover , still others show a systemi c 

chlorosis, and otLers a del ayed necrosis and finall y escape 
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froD systeraic spread , .1.1tho gh the 3ene::.. 1.or eny of t he£e rc­

&p0nses a r e not e~tirely const~t for ~Uj one variety . 

Dat.ura ;.. tru.'D.on i um L. Jir .son Y.'e cC: . , c.nd uolantu::. !1cl onhena 

L .. Ege ? l ant . In these t Ho 5flccieL, the virus proaLces rot..nd 

nec .... otic l esions wh:ch have .sonc tendency to S7'r ca.d to the. ~e\l 

leaves . r;oon the virus ceases. i ta acti 1..n to\terc. s~rsteoic spread 

and this in foll o, ed 1:}r abscission t..nC::. 1,;0::1pl ete recovery . Acco rd­

ine to Smith (29 ) , the ordinary Ell.l"o·e~n straLn Jf to tacco ~osaic 

viru~ is nuch ::.ere sever e an.a f.requontl y kills Datura pl ants 

and o.l so <~gn i l tnts . 

Petunie. hyl::.rida 'ViL1 . Garden Pet.unia . In petunia~ , the 

virus causes a proncuued nottlins and ,Mckering of t ~e l eaves . 

The picture is one of raised er een areas a[ainst a background 

of yellow. The ,.er gi. s o:f the l ee.ve.;) ust._a.l l y t urn upward . 



III . Tonato Streak Virus or Si ~~o -Virus 
Strook Stra in or Tobacco Fosnic Vi rus 
~aruor tabeci vnr . ccnaconsn, Tiol.J:l.os 

11 

So rar as I con determine r ro~ the avcilabl e literature , 

tho to . .ato s trcax ,,1rus , '1Jhioh Solne!"{l5) ce lls n s i nele- virus 

strook strain of the tobncc.o r.:o soic '1 irur , lan not boon ~r e -

viously observed i n the Uni ted States . I observed tho otr cuk 

condition on tmnto pl ants 1n th:e e:cpcri r; :mt a l gr eenhouse of 

Okl a homa A. & ?: . CoJ l ege i n th e sr,rinr, of 1940 , and by 1ofeot i on 

ex eri~cnt s ident i fied i t as ci ngl ~- vi rus streok. Though a9po­

r entl y ot recorded b~fore 1940 i n the United States , tho v1rus~s 

aro nevcrtheles"" or c oi ::ion occ urre nce in the co.:-'.1:!orcie. l toria to 

oro;--s i n the Bri ti ... h Inl on c. nd Canada . 

t;ovoral str ninD of tho viJ· 013 hove been recor ded . Ber1:eloy 

( 1 1 , ,or kins i n C1:!nndn , has obtainod ,;hat he c alls on Ontario 

strain of tho virl.13 , ..-,hioh he anaorts like t ho ty_pc virus is 

merely onothor str ai n of tobacco !'iOSo.1 c virus . ntlith( '28 } has 

isolated e. yellow strain or t<l""1!l to stre· k virus which ha found 

concurrent ·11 th tto ordinery streak stra in in tor.,oto 1)l antn . 

The yellov, stroin wo3 isolated by corftnuoun subcul t ur 1ng . 

Ha\'1ton nnd ~dwards{ 24 ) soank or thr JO oer0l ob1 cal ly i denticcl 

strains of t h.o virus ~"ih i ch v,'O!"O d 1st1ngu1ohabl e by hos t reecti :>nn . 

In th-3 1dcn tifica ... 1 on of t ho tomato stroek virus , i t i s 

i r1portant to oons i c.1cr that o t her vir uso& can or oduce "otreak11 

sy.rni: to:_n i n torr-ato pl ant s . ror oxat1pl o , 5""11 th( 29 } and also 

Jones and Durnott(17) indicate that t he X virus of ;,otnto en:.:oc­

iatcd nit h ordi nar y tobacco c osnic virus is rosronsible for the 



12 

"streak" tonato .:!,.sc,a~e commonl~ occurring in .Anerica . rore­

over , ~erton and .1:dwarc.: ( :::J) have illustratt.d tho t & cert ain 

strain of tl:o X v:1· 1;!:: ·alone bas bean t .h.e oE.:usu of a "stroak,. 

di sease of tc1at oez in Victoria . '~y methods of aiffcrc~rtie.t­

ing the- sin£lc- v'iri;.r strct '..: st1 t::in of tel occo of..eic frov 

tb.os& other pons il : li tiec nro ar follo·. o . 

SOLAUACE..\.E 

Lvco~ers i con escul ent ua. ~111 . Tomato . The vi r us strrts 

b y 9roducin3 ar.ot t l e on the leaves quite l il:e the sym?toc.s 

of ordinax~ t obacco mosaic . The subsequent neCDti c :pat ches 

and spot s in the le~ve~ , and the dhr k l oneitudinal necrot i c 

l esi ons or streaks on t ho ot c~ and ret i ol es , tid not a~pear 

L'l the greenhouse until earlr s;ninr; du.ring t he month of April 

when the pl an t s were ripcnioi their f i rst frui t s . The c.i sease 

is a very ser i ous one and sometmes k ills the pl ant 3. Brown 

a r eas appear in t he pit h and cor tex , and the shr ivelled l einres 

give t he nl ant s a wilted anioarance . 

l.ico tiana tarac~ L . Tot ac co Vfl.I' . Turkish. On this var­

iet y , the vir us p r oo.uces mottling and c. i storti on syr:19tocs on l y . 

Sctith ( 28 ) says that on tobacco var . \:hito Burley t he vi rus 

may pr oduce eit her mot t l ing or necrosis \fhich nay be l ocal ized 

or systemic. Holl:les (l5} repor ts that t he vi r us causes chl oroti c 

systemic ~ot t l ing in some vari eti es of tobacco, and , i n others , 

s uch as Adcock , necr ot ic primary lesi .:>ns with or ,-,i t l1out sut­

sequent systemic necrosis . 

l~ i cot i ana gl ut inosa L. The vi r us produces nm:lerous l arge 

l ocalized necrot i c l e s i ons in thi s pl ant . If the tocato s treak 
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,to c ~ c bee. ue tc n co le- o i • t e i ·s 
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cli a. ot sho inf ect i ..J, . inc. C ti!l t t the M e :: on ... 
t e to t l a!l ts . re u to th in(; l e-vi u st e tr in of . 
to a.cc mosaic . 
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IV. Potato X Virus 
I~arr.:.or dubluo var . vuisare Hol.tles 

The viruo is almost uni versc.lly present in the c o.:.m.arci al 

potato s toe ko of Amerioc . Iiov:ever , aocording to S:11 th( 29) , 

the virua is ~uch less r revolent i n 3uro~e . Potato X viruo 

occurs throuchout the wo rld , ond in so; 10 c ountriec i s so wic!o -

:.,prced that no r lant of 03toblished co:-.:morcicl potato vorioties 

han bcon found freo of it . In aono parte of t~o U~1ted Stateo , 

it in zo co.-::ion ond i rnoc-U')US that it is blmm an the "hcalthy­

rotato vtruo" or "lotont virus." 

Altho11gh the ty ical atroin of tho ! otato X v irus is ubi ­

q•. itouc l y ::.as!:cd in prcotically all of the co!'!m..ercial potato 

ver1etien of this c ountry , 1 t forras n basis for oost or the 

sovere 9otato Dosnic di soases . Tho virus is carried over in 

t .be tub-1rs , but 1s not trens!J.ltted in the true sooa . The :r 

virus is oosily transr11 ttcd by oa;.- inoculc t ion , and i s second 

only to the tobacco ~osalc virus in its high degree of 1nfect-

1vity . :·o inse c t vector in !nO\·m , olthough thri ps havo ooon 

sus-,octed . Sr.ti th ( 29} has fou.'ld sap- sucl:ing insect fauna ineo~n'.Jle 

of tram;.mi tting the virus. Bowovsr , uol n~ aoverol sreoieo or 

thrips , through 100 trensrr~ssion tests , he obtained five positive 

infecti ons . Louchnene and Murphy(l9) failed to find en insoct 

vector , but de~onotrated 7ory si~nificontly thot tho virus is 

trun&11ttod troo :lant to plant by: loaf coctact , ca:,eclolly 

that brought about by air currents . 

T .• e X virus of potato erlsts in a number of c l osely allied 

ztrains . It hos boon de.~onstratad by So.l aman( 26 ) throuzb aero-



Tomato Streak Virus or Single-Virus 
Streak Strain of The Tobacco Mosaic Virus 

Expla.nat1on to Fle.te II 

,A. Tomato st1 .. eak virus in tomato. Note the mottle, dis­

tortion, and necrotio areas in the leaflets. Note, 

also, the dark longitudinal necrotic lesion on the 

stem. 



Plate II 

A. 



~Et~G;-

tin~ in the Uhited Stetes, is~ Dilf ens, ~nc is the ono :on-

res:i ste,;1t potato varieties. 

a comDlez:, alt.ho 

fitev0nson, Bonde, and Beaur1ont 27).. ?otat;o hl956 llm::: be~n 

in uraft 
-~,,.-' 

:most efficient. indicator planttJ f'or the X virus. Sevt:m day.s 

following inoculation, the rr::action bc:5:ins az E?, w.ild 

salt ;.,iottle. l.a.tt-ll", as th.e plant rnatur·es, in the new l,;sa:ves, 
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l arge brill i ant yell ow areas predo~inate which bocooe fainter 

as the leaves a ·,~,r ach noroal size . 

CapsicU!:'l annuum L. Bell Pepper . This p l ant is a l so an 

excellent indicator for the X virus . I witnessed t~o types 

of reactions in peD Jer pl ants . In the cajority of cases , . the 

virus produces systemi c chl orosis accompanied by dark scatter­

ed necrotic l esions t hroughout the leaves of the pl ants . On 

the other hand , in a few cas~s , the virus produced only systow­

ic chlorosis in the , 1ants . This syste~ic oottl ing was accou­

panied by severe leaf d1stort1l•n and consequent dwarfing of the 

plants . The respective types ot reacti ons seen to be controlled 

l argel y by the varieties of peppers used . 1:owever , no one 

variety exhibits absol ute constancy in reacting to the vir~s . 

By subinoculations to Datur a pl ants for indicators , I 

found that this strain of the X virus produces sym;to~ess i n­

fections in the follm1ing pl ants : 

Sol anum tuberosum L. Irish Potato 

Lycopersicon escul entwn. Mill . Tomato 

Petunia hybrida ~ilm. Garden Petunia 

llicotiana tabacuo L. Tobacco var . Turkish 

Dicotiana glutinosa L. 



otato X Virus 

Explanations to Pat III 

A. The X virus in jimsonweed . Note the mild mottling 

produce in the leaves . 

B. The X virus 1n pepper. Note the mottling and dis­

tortion accompanied by some necrosis , and the 

tendency toward abscission of the leaves . 

Exp l anations to Plate r.v 

A. Leaf-print from leaf of healthy j1mson weed . 

B. Leaf- print from leaf of j 1mson weed infected with 

the X virus . 



Plate III 

A. 

B. 



Plate IV 

A. 

B. 
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v. Potato Crinkle-Mosaic Vi.rus Complex 

The potato crinlde-mooaic disease o,ccurs in the t'nited 

States, England, and Holland. It is less cmiimon than its 

sister disease, rugose mosaic. 

The pctato cr111J::le-rI1os.&ic virus com~)lex is sa~-trz.ns.rn.issible 

fro:m potato to potato nnd to certain other solanaceous 1:wnts. 

The virus cor:1plex is sap-tra.ns1nissible to potato only rJi th 

difi''iculty and by persistent e:tf'ort. The use of an abrasive 

st:.ch as cartorundu.rn dust f"acilitatss i~echanicRl inoeulation to 

potato, but even in th:s ca~:e the percentage of infections is 

low. The C;o;;,.plex is test t:ransmi tted by grafting methods. 

viruses in combination producing cha.:racteri.stic symptoms in 

its natural host, the potato, and in C()rtoi.n othor solanaceous 

plants. rrhe viruses cons ti tut ing the complex. are the X virus 

(Marmor c1uliium. var. vulr-;&:re Holmes) a,."ld the .. &.. virus(tkJ.rmor 

solan1:. Holmes}. The X vi:r us, though or,mit;rese:nt in many·· com-_, -
rae1·cial :potato var:leties, is not thought to be insect l:orne,, 

but the: A virus has been found to be transm,itted by certain 

:l.nsects of tlle A:phidic1ae, such as Anhis rham.ni Bo:rter in North 

Amor:ica and I1vmis :oersicae Su1z. in the British Isles{LtHlf~hnaue 

18}. The :potato c:rin:tle-~imsaic virus com:plf?X lH::e the many 

other potato virus d1seancs i:s carried over in th{:: tubers. Also, 

Dykstra ( 6) indicates tl1at ce1ts.in weed hosts such as Solanu.:,1 spp. 

the disease in a fit':ld and serve as a souree of inoculurrr for 
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insect vectors . It is interesti!'g to note that Johnson(l6) 

in 1929 assU!led that crinkle mosaic and rugose mosaic were 

diseases due to single viruses , a l though he fully realized 

that these diseascc were definitel y assoiaten with the latent 

X virus in potatoes . But it is an i uporte.nt fact that potatoes 

have been known to contract as cany as three or even four 

viruses in natural sequence. 

In the past it has been alcost impracticable to distin­

guish crinkle monbiC from rugose mosa ic on the basis of host 

reacti ons . Crinkle mosaic consists of the X virus coupled 

with the A virus . Rugose mosaic is coapoaed of the X virus 

in co~tination with the Y virus{Marnor cucumeris var . uosilon 

Iloln:.e5) . The t wo diseases are certainl y closely related 

symptomatologically because the A virus anc the Y virus be­

long , accoreing to host reacti ons , in a group of si~ilar Y­

type or veinganding viruses(Smith 29) . ~urphy and Loughnane 

(22) suggest that the viruses A and Y are probal ly identical . 

However , the fact t hat there is no i.mmunol opical rel ati onshin 

between the viruses A and Y socos to be sufficient justifica­

tion for considering them as i ndeJendent entities(Smith 29) . 

Chester{2) has shown that the two viruses are serol ogically 

unrel ated, beoause the A virus , which he refers to as tho 

potato oil d mosaic virue , eives no cross- precipitin tests with 

the u vi rus or the cucumber mosaic virus , and therefore does 

not antigenically belon£ in the vein~anding group of viruses . 

Also by serol ogical method s , Chester(2) has found that the Y 

virus i s definitel y related to t he cucumber mosaic virus and 
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haD placed bot h in the reinbanding cr oup of viruses . Concord­

antly , HoL:nes (l5) considers the Y vir us to be & strain of t he 

cucunl'er nosaic virus in his cl assific~ti on and nomencl ature : 

Cuc . Mos . Virus , !!arnor cucu."1cris vo.r . vulgare Hoh'les 

Y v i rus , 1Iar 1or cucu...ieris var . mrnil on HoL':'les . 

~or eover , in Hol mes ' cl assificat i on , the A virus ic an ent irel y 

different s~ecies : 

nArt virus , Ma.rm.or sol ani HoLJas . 

Johnson{l6) says that cr i nkle osaic .:iicht easil y pass for 

rugose uosaic , ana sue~ests that i n order to el ininate confus­

i on , distincti ons shoul d be 1!18.de on baser ot her than sy,.Jptoca­

tol ogy. Neverthel ess , a number of authorit ies such es r:cKay 

and Dykstr a(21) and Smit h ( 29 } assert t hat the sympto~s of 

cr inkle ~osaic on potato are qui t e cha r acteristic and eas i l y 

distinguishaL Le from t he disease known as r ugose mosaic . But 

her e again doubt ar ises because much de~ends on t he var iet y 

of pot ato invol vec . Also , the difficulty is increased by t he 

fact that there are different fo r~s of crinkle ...aoscic due t o 

different ntrains of the X vir us and the A virus making u, the 

compl ex , and different forms of rucose nosaic due to different 

strains of the X virus and Y vi r us i n at.sociat ion { Dy!'.:stra 7) . 

The r efor e it is not the bebt ~rvctice to att empt to diagnose 

any vir us disease or vi r us by i t s reacti on or symJtofus on one 

host if it is possibl e t o transfer the infecti on to several 

hosts , 5 i ving special attenti on to the reac t i on on each pl an t 

ana t o t he host range . 

Pr act i cally al l of the ~ol anum vir uses , due to the eeneral 

occurrence of t he X virus , aro com~o.site in nat ure , tut i n t he 
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case of the crinkle mosaic virus cooplex , the presence of the 

X virus see!?ls actually to revoluti)nize the effects of the A 

virus, and vice versa. I have carried the crinkle complex to 

a n~~ber of eifferent host plants me..king detciled stucy ot the 

respective host reecti0r.s . Also , I hcve separated tho consti­

tuent viruses of the co~)lex by ~eans of tee ~- virus i:.,._une 

clone , Potato 41956 , and Detura stramoniura L., an, have studied 

each virus independently . Futherm.ore , I have added one virus 

to the other in delayed sequence in various hosts , therel.y 

synthesizing the crinkle- ~o3aic virus co~plex in its original 

form . The follow~ng topicn relfite the co....rse and resultn of 

t his work . 

A. Di!fenntial 3oot Reactions of The 
Crinl:le- !.:osaio Virus Coril.plex 

Solanum tuberosum L. Irish Potato . The liost character-

1st1c sympto~ of crin~le ~osaic in Jot&to is a ~renounced 

puckerinP. and dmvnware. curling of the leaves . The1•e is no 

distinct spoting or necrosis , or lecf- dro~ a~ so~et1-les occur 

in the case of rugose mosaic , but diffuses , slightly yellowish 

ureas appear all over the fol iaee . The disease is a mild one 

and does not do the pl a~t& serious dama~e ; t here is no t l ighted 

ap?eare.nce atout the plants as in the case of ru~ose oosaic . 

An.ether strong point in differentiating crinkle nosaic from 

rugoso ,:iost.ic is that ainkle noa.aic is sap- transmissi bl e from 

potato to potato with er oat difficulty, even when an abrasive 
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such as carborundum dust is empl oyed in the rrocess . This 

contrasts sharply with the high infectivity of rugose mosaic 

when sap- inoculated to potato (l:cKay o.nd Dykstre 21) . 

Nicotiana glutinosa L . The crinkle- mosaic virus complex 

exhibits very unique sympto~s in this host . In seven days a 

brilliant vein- clearing ar,pears in the leaves, accompanied by 

marked crinkling . Quickly following is a severe veinal nosaic 

turning into myriad irre~ular small soni - neorotic yellow spots . 

There is a pronounced dovmvmrd cur line of the leaves . Next , 

necrosis nets in at the tips of the leaves proceeding back to­

ward the petioles . This pr ogressive necrosis eventually con­

sunes the entire leaf . The virus ccmplex keeps nigrating upwards 

into the nevi leaves , producins semi- necrotic yellow spots i n 

only three or four days . One by one , the leaves are destroyed 

by necrosis , their crinkled , bro\'Jn , dried renains per sisting 

attached to the stalk . Only the uppermost leavos remain alive , 

dying as nevi ones are forned . Vi th the continuous coluo.n of 

crisped dead leaves hanging on the stalk below a ;,arosol- like 

ag~regati on of younB loaves at the summit , the plants have a 

wretched a_ pearancc but survive indefinitely . 

Nicotiana tabacum L. Tobacco var . Turki sh . At first the 

virus complex causes a bright- vein- clearing and a crinkled 

ap;earanoe in the leaves of young plants . This vein- clearing 

quictay becomes a Mild ring- spot type of necrosis . The rin~­

spot soon beccmes a rin3- chlorosis , a mottlo , then a mild 

mosaic , and eventually becor1es entirely r:iaslted as the plant 

approaches maturity . 

Lycoperiscon escul entur. Mill . Tomato . Ten days after 
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inoculation , the plants develop a severe yellow raosaic . This 

symptom confines itself l argel y to t he l ower leaves and per ­

sists without doing the J l ant any ercat a110L111t of injury. The 

affected leaves have a characteristic drooping . 

Petunia hybrida Vil!!l . Garden Petunia . Fron three to five 

weeks after inoculation , vein- cl euring appears in the nev, 

leaves . This syrnpton gradually differentiates into a s trik ing , 

yellow, veinal mosaic . The virus conplex causes no necrosis . 

In contrast with this , the rugose mosaic complex does frequent­

ly produce necrosis in petunias (Dykstra 6) . The cr::nkl e-.J1oso.ic 

virus compl ex cause& no l eaf distort i on in this species . In 

petunias the counten~ce afforded ty the vir~s compl ex is a 

characteristic golden mosaic which is a l mos t beautiful to t he 

eye . There is no flower eympto~; the pl ants bl oom freely and 

nor mally . 

Capsicum annuw:i L. Bell Pepper . Peppers , when inocul ated 

with the crinkle - Josaic virus compl ex , contr act only one of the 

constit uent3 of the mixture , the X virus . The A virus is f il­

tered out , and composite vir~s symptous c&n no t te recovered 

when subi nocul ati ons are made from the pepper s to tobacco 

pl an ts , petunias , or hi cotiana 11.lutinosa L. Onl y the X virus 

is r ecovered in these pl ants . The symptoms on pepper s are the 

t ypical X virus syrapto~s , wit h systemic chl orosis of the 

l eaves interspersed with .1any small necroti e spots . The fact 

that onl y t he X vir~s can te recovered from peppers inoculated 

wit h the cr i nkle mosaic compl ex(X and A viruses in associat i on ) 

i s an important point . Peppers thus eliminate the A virus , and 
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in not being susceptible t o i nfecti on with t he A virus establish 

a strang poi nt of contr ast of crinkle mosai c v,ith rugose oosaic . 

The r ugose r.1osa ic compl ex (X and Y viruses i n associa tion ) i s 

theoretically tranSJ:1.issible t o peppers as .a nnit , because 

Dykstra{ 7) asserts that the Y virus is defin i tely sap- trans­

~i ssiblo to ~eJper s , causin~ a bandine of the vei ns , wh ich 

changes to a mot t l ing . 

Datura str ru:ioni um L. Jimson ":eed . Here agin we have a 

species whi ch contracts only the X virus f rom tbe crinkl e 

complex. Ty, ical ~ottlinB X virus symptoms result on inocul­

ation to this p l ant . !lathing but the X virus can be r ecover ed 

vihen subinocul ati ons are nade to ot her hosts . According to 

Smi th(29) , Datura strnnoni um i s , by sap-inoculation ~ethods , 

1.r.mune from the A virus of the crinkle complex , and , also , 

i moune from t he Y virus of the r UBOSe rosa ic complex. 

Solanwr. nclongena L. Egg Plant . Tho crinkle virus com­

plex , or either of its constituent viruses , did not att ack 

this plant . 

LEGU'.JINOSAE 

Vigna s i nens is{L.) Endl . C~1pea . Usi ng several varieties 

of cowpeas and carbor u.ndum dust to facilitate inocu.l:ltion I 

was unabl e to induce any i nfecti on v,ith the crinkle virus complex . 

Ne ither tho X virus component not the A virus component 

fJOUl d produce infect i :m in these pl an t. Using cowpeas 

vor . Bl ack Eye , I made partic ul ar efforts to promote an 

infecti on ~ith the c omplex , but found my effort s of no 

avai l . Should the complex have been r ugose nosaie, some in-



fectio"la wm.ld he.ve hecn e:xpecteC: fron t.te Y ,;irus. Chester { 2) 

doscribcs the Y viru& as being def:n~t ol y cnJabl e of produc i ng 

r-cd l ocal necrotic lesiors on cm\;ea vt.r . Black Eye . 

Phaoeolus vt~lP'el' i a L. :"1 enc h Boen. The cri nkl e virus 

complex , or eitl.cr of' it.s v lruo com;,onont s , proG.uced no in-

fection in theae pl ants . 

c:.UCi f'.t.RAE 

Brassica oleracea L. Cal,baee . The com~lex , or eit her of 

its component s , did not infect this s~ecies . 

B. Separ a tion and Analysis of The 
Ci inklc- I!o:.;.aic Virus Cor..pl eJt 

Transfers of t he coi:.,.posi te viru.:; v,eru ..aade to Potato 41956, 

the ~\- v irt.s i..m.uune va.ri:ty devtl oped by the U'ni t~<:! Etatcs Depart­

ment of Agric~ltuxe . It is i aportant to use c- rborundum dust 

to f acilitate the ee.p-inocul~ti ons . ?otato 41956 olu1inates 

the X virus from the conple2:. , carryin& the A viruz in e 1:1asked 

condit i on . It we.s fay e1.·1h.~ r i e.ucc to find no difficulty in 

se.p-transtai3s1on of the A virus t o :?ota "o 41956 . Tlle detec­

tion of the , r esenc~ of the A v:rus w:11 bo d i ~cussec among 

the next rew tor,ics . Sit1ultaneousl y , txansf crs of t ~e couposi t e 

viru.s were uade to Dat ~r a strationi~..J. L., an /. virus ~':.LUle ol ant . 

Datu.ra stratoniw;: took the X viru e rea.c.ily, anC: ol il.llinatE;d the 

A virus . Potato 41956 antl Datura ~ere sho~n to hsve divided 

the cowpl e~ ty testing them for the c:n.n.kle co_pl ex ~ith certain 

dif fer ential hosts .L1enti o,1ec1 in t he ;,recoding topic . Th .... s \~e 
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have tl1e l. vi1•us in Daturu tnd the A ,rirus jn Potni..o 1,.1956 . 

1.:.'1~ 1,. VI!rJS CC!TOIL.:IIT . This co.1:,oneut is n L'liltl strain 

of the A virus, and. hhen uot cot..:,led with tlle X virns la appe.r ­

untly pm'ierl ess to produce sy!aptom:,j in any te:1ted host . This 

strain. of the Ji virus produces L"'.a:JkeC i · feet i ons in Potato 41956 

aud in the fol~owinz plant:; : 

l!i0otinnj l.n. acun L . Tohti.cco var. Turl:ish 

l icotiam., :5luti110sd. L . 

Petu..."lia hyti·idu Vilm. Carden Petunia 

i.~1co"'ler,:)icon ecl!ulentm, ::111 . Tome.to . 

It is iutc re,'3iine to note the.t the ordinary strain& or "",he A 

and Y viruses will p roduce vein-banding sy:a.ptoms in t~e a1 ove 

~lant~(Soith 29 and Dy::stra 7) , ond in thin respect are ver~,. 

si jlur . Row ve.r , the only ccn-;enient way to retec t tL" 

na.l:ed p.rE'sence of this strain at tee A virus in tho~e plants 

is to <:dd the X virus to it , tt.c X virus also being n m.aaked­

syro.ptom. strain in tLc abo'!e "'la.1ts y;hen carried alone . More­

over , ry r: - co,.1ti~tng t 1e X virue 11ith the A virus- in t,he arove 

.i1lants , atrikin,: , characteristic spptol!lS of thE:ori: inal crinkl e­

mosoic viru_s cor.'.l..:,lex can be obtained . These sy:ru:::>tor.s have al­

ready been described . The A vir us i~ sap- tre.ns~issit l e with 

difficulty to commercial potato variet i es . I was not able to 

transr:u t the virur to Ce.!:>slcwn ennuW'l L., llcll pepJ)er , by sap­

inoculation methodE . In this res.ect , the A virus differs 

markedly from the Y virus which is sap- transmissible to peppers 

( Dykstra 7). 

TilE X 'VIRUS co:ooNY~'T. The ayo.r>tor:s on Dat.ura st.ramon1u;! L. 
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are quite characteristic of t he X virus. Here there is the 

typical pe~~er- and - nalt ~ottle tecol:l.ing ~ore pronounced in 

the u :-~er leaves . Cm ca-,oicum annuu:.1 L. , the reaction in the 

plant is ulso characteristic of tho X virus . Systenic chloro-

sis inters~crsod with Sillo.11 necrotic lesions appears on the 

leaves of this plant . This s~raln of the X virus produces 

:Jasked infecti ons in the following hostb: 

Nicoti ana talacw:n L. Tobacco ve.r . Turkish 

Hicotiana f'l utinvsa L. 

Lyco ,er ~icon eoc~en tum ~!ill . To:7.ia to 

:etunia hyLriJa Vilm. Garden Petunia . 

c. The A Virus Cor-'!ponent 01' Crin~le .:osaic 
versus The Y. Vjrus Col".l'"'One~t of nu:osc. ::ost1ic 

At tbis point it is well to summarize the ir.for fi'',i on 

l eading to the identification of th~ virus as the A ~irus 

component of crinkle mosa:J o rat.her tl10.n the Y '7iru_s cm:.ponent 

of ru~ose lOSaic . (1) The A virus is aa - trans~i~eir l e only 

with d i1'fic1..lty to cormercial varieties of potctoe~ , tt.e per -

centage of illi ectionz boine low. ~uite in ccntr~st , the Y 

virus is r eadily and efficiently seT)- tre.nz .issi~le to co '""'"l~r-

cial ootato varieties, causin~ rugos~ mosnic due to tl:e ubi-

q_uitous nature of the X virt.s (Dy~stra 7). ( 2) Tho:. virus 

in association with the X v1r11s in ;-'Ota toe~ ( -::rinl;le ~ocr.ic ) 

produces a mi ld ~osaic wlth s lie.ht dO\';nward curli,c or tbe 

l eaves . There is no necrosis or dro~~inr of t~o l eaves ru1u 

the pl ants a.re not badl y he.r !:l.ed by the infect i on . hy way of 
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contrast , when the Y virus is in associati on wit h the X virus 

(rugose mosai c) , very severe sy-aptoms frequently result in 

potatoes . The synpoms consist or a distinct mosaic in the 

leaves , and the l eaves become ruffled . 1•ecrosi s sets in along 

the veins enlar~ing into pr om· nent necrot ic areas; eventually 

the lower l eaves die and fall(UcKay and Dykstr a 21) . (3) I 

was unable to infect Capsic w.a. annuum L. with the A virus . In 

contrast , the Y virus i s sap- :noculntle to peppers producing 

a banding of the veins which changes to a mot t ling (Dykstra 7) . 

(4) The A virus and the Y virus have a characteristic in common 

in that neither can be transmitted cy uechanical inocul at i on to 

Datura stramonium L. { 5) Although I .. 1ade nunarous attemJts , 

using sap-inoculati on wethods facilitated by car borundum powder , 

I was not abl e to induce any t ype of infec t i on with the A virus 

i n the species , Vigna sinensis (L . ) Endl ., co\vpea var . Bl ack 

Eye . I repeated this inoculation using several ot her varieties 

of cm1petts , with no results . In contrast , the Y virus follow­

ing sap- inocul at i on produces pronounced red necrotic les ions 

on the leaves of cow9eas var . Black Eye . (Chester 2) . 

D. Bynthesis of The Crinkle- Uosaic Virus Compl ex 

1 . Synt hesis i n Nicotiana gl utinosa L • 

.bLDL~G TIIE X VII<.US TO TI-ill A VIRUS . I selected five healthy 

yoy.ng N. gl utinosa plants for this par t of the experiment . Each 

virus by itself i s masked in t his species . Several N. gl uti­

nosa plants carrying the X virus and t he A virus separatel y 

were s et aside as controls . Transfers of t he A virus were made 



28 

fro·1 five rcrnact ivr. ::otato l::956 :1 lants to ~he f!ve scloctecl 

heel thy younf :1 . p.l utinosa plant s . Fot.r weeks lo.tc1 , the X 

-irirus f...-0:1 Dc.tur:: rt ... ,, 1c,n i L m i,. \ as adcwd to theue ~c.n.e plan.ts. 

Typical crinkl0-nc~t ic ...... ; r s CO":'lf:x ..,ynpto .s r._ppe. red in one 

")lant:: .s!?.m..,.11d ty",")j eel r,ym,tome . Tito ct1t o-r the five pleJ1ts 

rem~inea with atypjcr.l &yrnptoms . At a later dutc , I ra,eated 

this er,erL'Tlcmt o. second t.ir.r , '...Ising fi'Ve M. elutino.Ja p l anti. . 

In t wo wee~~s , tyr1!.cal cri~tle-:r.:osaic viru~ 1.::ofu:)lnx sy.;;i:>to:is 

anpea!'o<:1 in ttroe of t he ::,lants , and in thrcd ,:ee~s ty:;ical 

sr-i,tons a ..,-,co.re~ in all five of tile .,?l c..1ts . 

ADD:. G TPE A VIi·US TO TEL X VIhUS . I sel1:;cted tour young 

healthy ) l ants . To t hese I transferred the X virus frOL.. Dat ur a 

s t r runoniu."tl. r... r 
~hrec \~e%= latar , I added to t_cse pl~1t~ the 

A virus f'ro:i Potato 41956. All four cf t!:t !1 . r l utinosu pl ant s 

showed ty;>ical crinl:le vir~s complex sym.pto!l'.S vr.:. thin three ~1eeks . 

lITXTI-iG X AND A -v, l,DfES . Eerc I used t, o 1! . gl tinoaa pl ant& . 

I crushed host lea.was of t he 1: virL L and host leo.veL of tl:e A 

virus t o~cther in a nortar . I r ubbed the l!ll.Xt~rw on the l eaves 

of the j . • glutinoza -,1ents ,•,i th pot l ab<Bl~ . TT)ical sy:::i.pto~s 

of the com,11lex a1Jpet.rt:?d on the nlant~ in two .oekn . 

2 . Sy!lthesis I n 1acotiann tatacL.1 L. 

In the case of tobacco var . Turkish, I used four ~l anto . 

First the A virus was inoc ulated into t hese pla.1t~. , t .en ai--tcr 

a lapse or three wo ks , the X virus was e.cded . In e..pproxL1.a.tely 

t hree \1eeks , the X virus was addod ... I n ap)rcsine.tcly three \teelcs , 
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c.11 l 1....t one of t~ e J lhn tL ~nifested qui tf; typical syra~tot!l.s 

of t~c crirJtle- mm1t ic virt·s co•:t.9lex . 

I .nixod 1rirll3'3s A anc 7 at t.'....e o ~tsc.t , .1sint, three n. .... -
ta be cum pl"nts , anc" or tained the t r.ual com!)OSi t~ syrr.ptor...s i n 

tv.o ,.,eeks . 

3. Syrithesis In ...,etunia hvtri da ViL1 

In those 7 lants , the two virussE , 'hen addcc in delayed 

cequcncc co not a...-id&noe sy:nr,tons of the C0::1.")lex for alout 

three months . Set t inv. as.ide for controlB sev€ral plant5 

cnrrying the A Dnd X ~ixuoes sapar~telr , transfers of the A 

virus fron Pctnto li.1056 were I".ade to three petunias . One 

.~onth late't' I added ~110 X viruG. After a :;>rolon~c. ..,eriod 

cf t~ o, so~e throe ncnt10 , ty)ical crin~le - oscic \irus 

co~:>l ex symrtoms a~peered in tho three plaat :: . 

l, . S7nthAsio Lri. L\·cooer~1con csc ulent~. ::111 . 

Sel octing tv:o youne heal thy to.re.to pl ants • I m.nde t r e..n~fere 

ot tho A virus frcirr Potato l.,.l.95-6 . In three •;,·ee::s • I anded the 

X virus fro:i Dat~ra strar1ontut11 L. Cor.~osi te s~pto ~,s appeared 

in toth pl a~ts in t~o wooko . 



Potato Crinkle-Mosaic Virus Complex 

Explanations to Plate V 

A. A healthy petunia plant . 

B. A petunia infected with the crinkle-mosaic virus 

complex. 

Explanations to Plate VI 

A. Leaf-print from tear of hea lthy Nicotiana glutinosa L. 

B. Leaf-print from leaf of Nicotiana glutinoaa L. infec­

ted with the crinkle- mosaic virus complex. 

Explanations to Plate VII 

A. Synthetic or1nkle-mosa1o virus complex in Nicotiana 

glutinosa L. 

B. Same plant from top view. 

Explanations to Plate VI II 

A. Crinkle-mosaic virus complex 1n petunia. Note the 

brilliant diffuse mottling. 

B. Synthetic crinkle-mosaic virus complex in N1cot1ana 

glutinosa L. Note the crisped leaves hanging to 

the stalk. 



Plate V 

A. 

B. 



Pl&t e 'III 

A. B. 
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VI. C01.npea !V:osaic Virus 

1'<'. tb t 1 • · • f' · "1 · t 1vJ. - ;1e i.ncr.easJ..ng use O- CO\'lIJeas 1.n soi l.fop.rovemen 

p:rof::;-re..i.ris, cowpea nos1:do is becoming an inportant factor in 

Ok:laho:ma :production. Chester ( 5} states that cowpea mosaic 

first attracted. attention in this r5ta:ce in the exp6rim.cnt 

station plantings o:e Oklahoma A.&iJs1. Co+leg;8 in 1937, v1l1ere 

it l1ad becow.e quitE3 seriou.s. In 1939, the disease was found. 

frequently in cot...s.rn..oroial :f ieldt:; of cowpeas ~ v1:i th losses as 

high as JG per cent in so1as cases ( 5). 

A mosaic of cow)eas was .reported as 0m;.mo.n in Arkansas 

l11 1921 {Elliott 9), but thereJ is no E::YVidG:uce pl'o o:r oon as to 

this virus 'being the sarn.e as the cowpea b.,:;ss.ic virus of Okla-

'l'L.e cowpoa 2u.osalc virus sap-ti ans11is&i ble to cov;1peaB 

ana. t.o cert.e.in "";.e.uibe.rs oL' .Solanaceae.. The cowpea ;,,.osaic virus 

to solanaceou.s plants.. On the otl:i.er riani:1, liLe certe.in of the 

othe1· leeum.e viruses, the cmy:7e,J. n:ios2;.ic vii·us is seed-trans-

missible in the natural host. 'The vi1·uB is 5 per cent trans-

missible -oy t,he sec,d Lr·o:m. infect.et cowgea l)lantb{ Clmste:r L:,). 

]'rom. an original 5 per cent soe<.:cling infectioD., 100 per cent 

ini'ectio.n may reBiilt in a fiel6. in a :fm,J weei.:u,. evid.entlr due 

to efficient in::ieei:, transuission{4). 'l'lle i.nsec'i.:, VE;ctor ll&s 

not been determined( Gheste1· 5). I have ol:.~:H:irveG. natural in-

fections of ·the virus in lhcotiana f;lutinob& L. plants grovm 

tmder greenhouse conditions. The virus causes systemic infection 



inoculation., the Sy!ip:',<'.tflS b(~f:in as a :pronounced Ve'in-clearing 

tion. 

Cansicu..":l. annuum. L,. Bell Pe9per var. Wincu,or A. A E>hiny 
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yellov-Jish m.ottle is :produced in this _plant by tho CO'Jipea mosaic 

virus. The leaves become vr;.riously distorted, end ths J)lantH 

are .z::wrLadly dtvnrfed.. Usually, there is no necrosis. The cu-

{S.mi th :!9) .. 

solanu.m. tuberosum L. Irish Fote.to. I itms not eble to 

infact this species vlith the viru.s .. 

~tura ~El_onium L. ,Ticson 71eed. It was not posaible 

for c.e to lnfect this species with the virus. According: to 

e good differential host :ror 

ring-ohlorosis in th12; St3 plants. It sesr;:i..s logical that c2rtain 

allied stra1.JH;; of the cucumber .:-:iosaic virus ':Jould also be trens-

rds:si'ble to thls species. 

Sola:num fuelont;ena L. Bgg '.Plrrnt. Unlike the ty!)fr~ strain 
. -~ 

r'1~r effortfl, c,;pable of e tta.cking these rlants. 

( 29) describes the cu.cur1ber .m.osalc virus as producing .:;wttling 

end ''fern leafft sy.r:iptonm in th-e ler;vErn of theS'.'°) plants. 

Petunia hybrida. Vilrn. Garden :Petunia. Th1?t cov;'.pea nosa1.c 

virus prm:l.nces a .cild ::::'lCStdc :d th no let,f distr)I'tion or necrosis 

when lnocula tions are rnnclo to petnnias.. The c ucut:ber r>ior'.Oa5.c. 

vi.:rus produces necrotic prir:m.ry lesions follm·md by syste~lic 

chlorosis and stunting i.n petuni:::is{Bnith 29). 



,LEG!3'l1I1~0S1tE 

tr· . . • . . • • L. ) 
\I l.~E0. s IDSJ.1] .. !~J .• En.dl .• The 

miHsible to Vf::rle ties of th:is species Vii tb: aonsidere:ble diffi-

culty. It is i:x1portant to t.i.se carborundum pov1der to i'r:rnilitate 

inoculation. The virus causes a vary sever110 di sea.se in cowpec.s. 

The disease be:Slns as n b:rilliant yellovii moscic in the youne; 

leaves. The succeedinz leaves haih: u striking veinal .r:1osaic 

which is acco::peniec1 by a sevEre downvmrd crinkling,. The 

plants are btu-'tly d·warfed, beco.me decunbent, and the yield is 

lived• but may survive indefinit0ly. u.si11g severe~l 

cucwiber 1::os2, l c vi.rus J}roduce only a localizeD. in.::rect.i.on of 

circular red necrot,ic lesLms three or four days after inocula-

tion. J'rice{25) has also icolatea a yeU.oT1 strain of the virus 

~Jhich does become synt,onic in the c ovrpea. This strain produces 

yellmu lesions ,nhich ere not necrotic, but ·w h tch have £31 necrotic 

periphery. Syste1:k: inf2.ction tat:es the form of a green and yellovH 

accor1pctrii e-d 

sevfn'G stunting- ond c istn .. tion. 

Cov:,1,ea var. Blr1ck Eye. I W8s not successful in t:ransrrj_ tting 

the cov.rpea r::1osr~ic virus to thin vari<:rty by sap-inoculation 

tiethods. Neverthelesr:, this variety io ;:,robably :not, irrrBune, 

e::IJ)Ocially v1hen in.sect, transm1ssi'.:!tt is involved. It is inter-

esting to note that Frice( 2~5} describes ct;.cumber fiOSuic virus 

and its alliea strsins > with the exce;:ti,Jn of the yellow LOttling 

strain centioned in the above 



reaction or red. looal nao:rotlo lesions on C-O..t'l)ea ver. Black 

Ey.e. 

French Bean.. I 1;%3 unable to i:n ... 

CUC!Jf!!:LS sati va Cucumber •. Using several varieties of 

this species, I oould not induce nny inf'ecti'Jn:S with th@ eo<t1-

pea mosaic virus... This is a naturel host for the euonmber :rrosaie 

virus, an<l it is rls)cs0.ru::d:1le to ass~e that any of the closely 

allied .strains of th;:; virus w _; uld infect c.twur,bers through ser:-

inm.rn.lation methcids. 

Squesh. The virus e.:sused no 

This is a cot1I1on host for ttre cucttmb-er .s.osale virus and cer-

tain of its allied struins~ 

Cabbage,. The- results on attenptin,6 



Cowpea Mosaic Virus 

Explanations to Plate IX 

A. The cowpea mosaic virus in cowpea. 

B. A healthy cowpea plant. 

Exp le.nations to Plate X 

A. The cowpea mosaic virus in cowpea. 

B. The cowpeei, mosaic vi:cus in Nicot~~ glutino~~ L. 

Compare with Plate XIII A. 

Explanations to :Plate XI 

A. The cowpea, mosaic virus in pepper. 

B. Top view of same plant. Compare with Plate XII A. 

Explanations to Plat,21 XII 

A. Healthy pepper plants. 

B. Cowpea mosaic virus in young Nicot~~na glutinosa L. 

plants. 

Explanations to Pla.te XIII 

A. A healthy Nicotie,na. g lutinosa L. plant. 

B. The cowpea mosa.ic virus· in N1cot1~ . .na gj.utinof:rn, L. 

Exple . .natione to Ple,te XIV 

A. A leaf-print from a leaf of ;1, healthy toba.cco plant. 

B. Lee,f-pr1nt from e, leaf of a tobacco pla.nt infected 

with the cowpea mosaic virus. 





. 
l'.Q 

. 
< 



H 
>< 
Q) 
.µ 
Qj 

r-1 
p. 

• 
<( 



Plate XII 

A. B. 
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VII. Petunia tiosaio Virus 

cidence of :~:ossio due to n ccrtnin virus v'Jh:l.oh I have isolated 

cont. in some 

outdoor flov:rer ;:,lots. I have observed 100 Iier cent infection 

in petunias gro~·-m in gr~;)enh')Usas, v1here the IJ:lants vm:re pro-

pag&ted vegetatively by euttings .. 

has found oai.1.sing nzturi:l in.factions in 

Chester{5) c:::msidered the di.s;::as2 to be due to a. strain of th.e 

th0 petuniD z:1osl ic virus under gr,2onlL1use concU tions in tobacco 

one has undertsken the identifict'l.1;ion of the virus or a ttompted 

ported t.l:e cu.eu:J.ber :,;;os2do virus ns causing 1 r;c~r' cent i11feetion 

that t!H3 cucumber mosaic virus and th tob-·.:::co r~osd.c virus 6 o 

occur rethcr :froquently in petunias. Eon,1v0-r, m.y ez;;t)rir:t~nts 

indie;:;,te that the pet cmia. r:1oseic virus v;hich I h1.:.n10 s to.a led i.s 
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the tobacco u.oseic virus. 

Hatsumoto and Hirnne(ZO), in 1(.1~,:i,;:i, working in IrorJXtOsa, 

J'apan, isclats::1d a 7 irus :from _petunias v.ihi ch oausGd syst.onic 

inocul;::,ted to r:,etunias and Nicotia.na sn:o" 
~··- ~, . - ..,.. .i;; 

They did 

serological work iJJi th the virus \?hich indicated that it is not 

related to the cucmmbe:r r.Josaic virus. There is insufficient 

i.nforL1atian as to whether or not tho vlrus ls the same as the 

pet uni a :::.:J)sa ic virus hEH'E,l n reported.,. 

Th,::i _p,etunia r:1osoic virus crrnses sy·stenic infection in all 

riewbe:rs of solanaceae.. Ttse insoot vector has not been deterr:1ined. 

The petun.ia .r:iosaic virus produces 

very characteristic sym.pto.ms in this species. Thia l~Jr:ves be-

d1t1ttrfed and spindling. According to :S.ni th { 29) , t.he c-uO'gmbar r:ro-

acco::1:psntcd b:, SO:'.t1e necrosis in the lei:,ves of this species. 

liicotian~ tabacum L.. Tobacco var .• T:..u·ki.sh. The sy.mptoms 

begin in youn;::,; _plants as a r::iJ.d ElDS8 ic ~ 1l1his 1,msaie soon c1if:for-

entiateJ:i into a blistery distortion in sorje of' th c h.~aves.. Occa-

in sone of thenew leaves. Those leev.:9/s thr~t ;)Gcone disfigured 

may be round, st.rep-shaped, fiddle-sh-apod, obtuse, SJ;atula-s..haped, 
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st.rap-

T-'etu:aj.~ hybri.ds Vilm. Gareen Petunia.. In }]etu.nias the 

distortE,(L; There is no necrosis or flow,JH' symptom.. The plants 

~i t . t'· .(1 S ,?)I' -~1 ::)11 Tbere is .no necrosis. 

The plant,s are badly ctwarfed. 'fhc oucrunber z:ossic virus. produces 

c s::x:ev;:hat s:.12::,ilar conditi:Jn in this species(Brilith 29). 

caused by the eucumb.:::r cosalc virus in this species. I find 

t .. he petunia rr:oseic viru:':I cU:tficult to transmlt to th:i.s sr,ecieB. 

Lvcopersicon esculentur:: Uill. Tomato. The petunia nosaic 
-· ~-------

virus ceuses a .nild chlorosis t"nd a unique typo of' leaf r'ttdfor;m-

a1:1on in ton{1to .'.'Jlants. Ha-tJever, the virus is difficult to 

virus ts tlvJ mBlforrrntion whioh results i.n the com.pound leavHs. 
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Tho leaflets of tho 

Elplrals or t,c':ist ::r-onnd i:1 n corkscrew fashion. 8:rd. U1{ 29} 

knov; n as tt f'c~.1"11 leaf' ... H 

Solanun ru0l<).ngena ____ .,.._ ~---· - I could 11ot aeco.mplish 

End 1. cowpea. virus 

It is i;nport1:1nt. to use carborundurr1 powder to facilitat~e in.ocule-

tio11. The infection starts as n vein-cle: ring an<J soon 

into a sys.ter,1i c. nild mosaic.. I ;;;as not s ucce.ssfu.l in at terr;pts 

to infect the 

volved. and 

soverel of its Btreins as producing r;ad lOCf)l necrotic lesions 

on verie ties of cOl:'nieas includinr~ cown,3as var. Black ;';!:ve .. .... "~- .... ~ 
~iroe{?~' ~ _ -v ~ .-.~v J 

has isolated a yellow strcin of the cu.cttrn.ber ::nosaic virus v1hieh 

does become systemic in COt'i'peas.. This strain caUSfH! a yellow 

~ottle, severe stunting and aistort1on .. 

:Phaneolus vulrmris L,. 
Ill :f $ .. ~ . ,....._ 

I was not able to in-

feet t,his s peaies t,ith tho petunia nosB:ic virt:.s. 



lJy l~Sflttl ts indi<rnte that the 

allied strains "N·:H:U.d be t:ransir:::.issib1e to cuca:ibers. 

Cucurbita rna.xi1t2.n Du.c.hes11e .• ---- Squash. is evid.crntly 

Tho :mo.st substant:.icl evidence to the e1'fect th0_t the petunia 

n1om.1:'Lt.; v iri::ts is distinct 

the virus to this species by sap-inoculation. 

The petunia t:osaic v lrus may bc3 easily differ13ntiatea from 

the CO!JJpea :.1osai.c vl!•us by the reactions of tho respective 

produces rmrrov:.1 strap-lit:e leaves and blistery nottling in 

in r1 .• - .r:rlP+-1" UO'"'" ;~·"':.,ii:i.·<~• On the other hand, tbs CO'Jpee r:msr:i c virus 

produces in E• rdu:tino!£ e blistery .:"":ottli , dm·1mr,mr{1 curling 

of t.he leaves, 1.:.u1d frequently so1:te necrosis e:t the tips and 

edges o'f the leaves. In tobacco, the cm::.711ea. .mosaic virus rro-

duces 12.1 rr,ild 1:.tosaic v1hich r:1ey later become t 0asked; there is no 



diDtorti on. Futher.mor o , the _,etunia :.:ios ui c virus is transnissi ble 

to tomato , ,:o:horees tho cow: ea .r:-osaio virus evidently- is no t . 

:t.roreover , the :,etunia nosaic virus is transm1ss1 ble to j1oson 

weed , whereas this species in evi dently not a host for t ha 

cowpea mosaic virus . 



Petunia. Ivlosaio Virus 

Explanations to Plate XV 

A. The petunia moaaic virus in petunia.s. 

B. The petunia mosa.ic virus in pepper. 

Explanations to Plate A'VI 

A. Side view of the petunia, mosaic virus in Nicotiana. 

glut inoe a L. Note the narrow s tra,p- like leaves • 

Compare with Plate XVIII B. 

B. Top viev; of the petunia mosaic virus in Nicotia.na 

glutinosa L. Note the strap .. like and thread- like 

lee,vea. Compare with PLs.te 1.'VIII B. 

Explanations to Plate XVII 

A. The petunia mosaic virus in tobacco. Note the 

narrow blistery leaves. Compare with Plate XVIII A. 

B. A leaf print made from a leaf of a tobacco plant 

infected with the petunia mosa.1c virus. 

Explanations to Plate XVIII 

A. A healthy tobacco plant. 

B. A healthy Nicotiana g;lutinosa L. plant. 

Explanations to Plate XIX 

A. Top view of a healthy tomato plant. 

B. Top view of a tomato plant infected with the 

petunia mosaic virus. Note the pendulous attitude 

of the compound l,saves, and the na1"row leaf lets. 



Pla te XV 

A. 

B, 



Pls.te XVI 

A. 
B. 



Plate XVII 

A. B. 



Pla.te XVIII 

A. 

/ 

B. 



Plete XIX 

I' 
A. 

1' 

B. 
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S1Jtil.7ii.RY 

1. '11.he potato aucuba mosaic virus was transmitted by sr:p-

inoculction to Irish potato, tomato, Nicotiana glutinosa - -·....,,.----~ 
L., petuni&s, tobacco, peppers, and jimsonweed. The 

virus produces a masked infection in to~acoo and jimson 

weed. In pepDer plants the virus produces systemic ne-

crosis a.n.d decith in a f'ew days. In the other h:1sts men-

tioned, the virus produoes systemic mottling of various 

types. N. glutinose and pep;ers are useful indicator 

plants for this virus because of their chtciracteristic re-

2. The tobacco mosaic virD.s v1a.s trens.m:itted by s a:p-inoculation 

to tomato, tobacco,. Nicotiana _glutinosa L., peppers, jir:iSOn 

weed,. egg plrnt, and petunias. The virus produces systemic 

xattling in tomato, tobacco, and tunias. The virns may 

produce E,ystemic mottling, syste:dc necrosis, local necrotic 

lesions, or various combina ti:)ns of these three tY})eS of 

reactions in pepi;::ers. The virus produces 100231 necrotic 

1 • • -T 1 t• • • _:; d _es1ons in 1\1. g u 1nosa, Jimson 1:veeu., an, e::;g plant. r11.he 

best differential host plant for the tobacco rnosEsic virus 

is N. glutinoss. - ...... .._ ____ _ 
3. The tomato stresk virus or single-virus streak strain of 

the tobecco nosaic virus wr:s differentie.tod from tb.e "streak" 

conple:{ of tonato vvhich is co.mposec1 of the X virus of potato 

in association with the ordinary tobacco nosaic virus by 



!";,lut inos.a 

loool necrotic lesions with no 

infection of thn T virus by ~tt 

4. Tho strain of tho potato .:t vlrun cor;~:_on in thj_s state is 

,ji::1son weed.. is also e oonv~nient indic2t;or pl,mt fox· tho 

the c:dnklc,-moss:lc v1.rL1s con:plex{X and A vi.ruses :in assoc:l-

anCi ';{ 

. . . t. ) viruses 1n associa·1~c • crink.le complex 'Has carried 

to a nu,.uber of different host, ~1lants r:aking detaiL:>c1 study 

of the respectivo host reactions •. Also, the constitu011t 

virus ".WJS studied independently. Futhc1Y:10re, one vl!·us was 
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5. Little has befm recorded of the cmupea nom::ic virus corru:·mn 

of tho virus. The result~ indic te that t 

vi:rtw ir:; not n rs trelin of tho cucunber r.tosaio virus. It 

differs frora tho JJ.f:jority o:f the L.g11r1e viru.s0s in being 

:c.ose,i c virus.. It .is r,a:::<':' ily 8!11)-trr.m.s.rdns:l ble to St,le.naceac, 
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