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APHID TRAISNISSIOR OF fHRBE S~RAIXS 

OF CUCUMBER MOSAIC VIRUS 

I fRODUC1'IOI 

CUcumber mosaic virus exists as a number of 

strains whiCh, individually and collectivel7t 1ntect a 

wide variety of plants. In 1940 Price (72, P• ~) 

r•ported that on atraia ot this virus inte ted 191 

species ot plants representing lto fall111es. J.ccordinc 
' . 

to Paan and Johnson (30, p. 1001), approx!utely 200 

species ot planta vere known to be hosts or this virus 

by 1950. 

Marl1 plant diseaaes, inclu4in& oae of great 

• onoaio bportance, result from the activit)' of cu­

CUilber mosaic virus 1n its aany holt plants • Among the 

illportant diseases oauaed b7 the virus are cucumber 

mosaic, 1p1Dach blight and southern celery aosa1c. 

One of the moat damaging diseases aasoclated With 

this virus in Oregon is known as vh1te break of gladiolu•. 

In 195'6 Snow (94, P• 2) stated that "with respect to 

gladiolus production in the Portland area, the moat seri­

ous viru• disease has been due to cucumber mosaic virus. 

Th1• virua alone, or 1n comb1nation w1th other viruses, 

11 responsible !or the flower breaking and noticeable 

white streaking and flecking ot foliage that is asaoc1­
'• . . 

ated with the disease known aa wbite break.• Reports ot 
. ' ' 

the occurrence of cucumber mosaic virus 1D the aladiolu. 
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are briefly reviewed 1n the appendix. 

IUmerous reports relat1ng to the transmission ot ou• 

cumber mosaic virus by insects, particularly aphida, have 

been made~ Becauae ot their nwnber, and because ot con­

tusion existing 1n aphid and plant virus n011enclatun and 

claesification, these reports have been 41tt1cUl.t to 

appraise. 

In seeking 1ntormatlon concerning the natural apreacl 

ot the vhite break disease, it was desirable to determine 

whether cucwaber aosaic virus 11 likely to be transm1tte4 

by tev or J11&D7 s.pecies ot aphids._ The investigations des­

cribed in thil thesis vere carried out prtmar111 to ac­

quire this intormation. In addition, reports ot insect 

transmission of cucumbtr ao1aic virus are extensively re­

viewed 1n an atteapt to clarity the situation 1n respect 

to such tr~m1es1on, as well as because .uch reports have 

a direct bearing on the work ~erein reported. 

All scientific names ot insects .appearins in the re• 

view are names ot aphids, uillesa otherwise noted~ In 

aaD1 easel the naaes ot aphids, as given in tht report• 

reviewed, ditter trom the l'lalles tor those aphids preferred 

1n America, as presented b7 Dickson (20) 1.11 195'5'. In 

such cases 1n the review, the preferred American. nameJ 

are given, 1n parenthe•••• following the reported names. 

Occaa1onall7 .umes ot aphi<ll are given tor which no, pre• 

tarred American naaes are available. 
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RBVIEW OP LIT TUBB 

Probably the t1ret .report !mplioatinc aphids ae 

e tor• ot cuoUilbeJ' mosaic vlrua waa also the til"lt re• 

po.-t of aph1 tl'anlm1a•1on of a plant vina. lt val 

atated 1n thU Jteport, llr AllaH (3t P• 27) 1a l9llto, tha' 

"'the ooovrtlla of the ae1alo diteaae 1ft tobacco plant•••• 

waa uqueat.iou.bl1 aaaoolate4 v·ith tllfelta'Cicm ot ~· 

pluta by aphides ot the ep•clea lt9£91iphll bbJii 

Pel' ancle. • 2hJ.e. repoJ't, acaordiq t.o . ith and Jbtierl•T 

(87, P• 300), "hal been 41tfteult to valuate beoa\lle th• 

:litent1t7 or b1a (A.lluct•e) vector, tfiRQ•1Jallg '''''' 

Perc., was UDo•rtala aDd alto because aph141 have tail 

to rautait the tobaeco ao•a1c v1~ from tobaooo to 

tobacco 111 aore reeeat experiment••" Th••• vork•ra alao 
ltat*Cl (87, P• 301) that •s.t 11 probable the\ 1ft Allard'& 

eaper1aeat th• cuoabe:r moaale v1~u• waa tt-annd.tte« troa 

tobacco to tob•oco bf· llltii&Rhll 1a&tn&te111 (Aabaea4).• 

1n a later papel' on. the salo <l1e•••• t tobaeco 

(2, P• 626·629) .lUard related tba . both l&illi 

and Mf•»• Pllli!at (SUlzer) Ml become active carrie.rs ot 

the 1bt•ct1ve prtnoiple ot the 41atate ana 1ad1oate4 ~t 

MaO£t•&lbYI 61QSISa• lalt•abaCb an4 MacroaiiDYI Rl.ll82Aa' 
(!alt.) are u.able to can1 1t. • al•o reported (2, P• 

629) that vhltetl1•••· Al-mA4•1 :raponrismw eatvoOd, aad. 

red tpldera t !tSEIIDl'lll \tliDH• Llnftaeue, ao not appear 

http:carrie.rs


to be actively concerned with the spread ot the 41•••••· · 

fha t IJXDI pera1cat. teadily t:ranamits cucumber ao.aaio 

virus b&tween tobacco and certain other solanaceous hoata 

hal been demonatrated b7 Hoccan (lt-5, p. 121) (lt-2, P• 211). 

In addition, Hoggan has •now. (ltlt-, p. 21) (lt-2, P• 211) 

that Ml'MI R•t»AAIQl•aJ Theobald (I• IOlfpi (Kalt.)), 

IUU girgpangua (hckton) and Maatoajl.pbJp sqla;&tQlU 

can tranall1t the virus from tobacco and toaato to solana• 

ClOUt hOitl• 

Apparentlr the t1rat reporta of aphid tranam1aa1on ot 

cucwnber llOsaic virus •• such were ade independently b7 

Doolittle and Jagcer 1n 1916. tbeae vorlttra toun4 (22, 

P• 1~) (~9. P• 1~9) that the cotton or melon aphid, 

Aphis apssYpii Glover, tJ-ansmitted the virus. !his aphid 

vas also reported aa a vector ot thl ~1ru• 1n later paper• 

by Dool1ttle (2't, P• 4).......), Doolittle and walker (28, 

P• lt-3) (27t P• '+6) (26, P• 143) Ud Walker (98, P• '71+3)• 

.Doolittle (2lf., p. ltlt-;,6) n4 Doolittle and walldz. 

(27, P• 56) related that the atriped cucumber beetle, 

piabrot1ca yi,tata Fabricius, and the tvelve-apotted cu­

cuaber beetle, Diabzotica 4UQQt9~unctata Olivier, could 

transmit cucumber mosaic v:lrue. Doolittle (24, P• 46-lf-7) 

• UDable to tra.nJm1t the virus with th• :tarnished plant 

bug, L.fw prateDais Linn., or w1th bee•, wh1ch vere 

thought to possibly be able to carry the virus between 

blossoms of cuc\lllber plants. 



Freitag (32, P• So), 1n 19~6, coUld not tranmit 

aeveral strains ot cucumber mosaic virus to aqu.aah using 

the western striped cucumber ·beetlet Acalll" triy1ttata 

(Mannerheim), and the western. twelve-spotted ouctmlber 

beetle, piab1ot1ca HP4te~tata pndecimRYQR~•ta Mann. 

He stated (32, p. 73) that the reports ot be•tle tranam1a­

s1on ot cucumber mosaic virus need to be substantiated. 

In 1925 Elmer (29, P• 87) reported tfoan811liss1on ot 

the virus(es) causins mosaics ot a number ot different 

lpeciei ot plants, including Cucpis sat1vus Lina. (cucum­

ber), b7 several species ot insecta. Be did not consider 

mosaics of the d1tferent ·spec1 s of plants to be caused 

by ditterent virus••• as eom ot them probably were. Bow 

cuowaber mosaic Virus may have been involved 1n Ellller•s 

work consequently seea1 1ndetln1te. 

In 1938 Watson (99, P• 306) transmitted two strains 

ot cu.cUDlber mosaic virue uaing MYJU• pgsigat and tfYIUa 

c3,rCUJlflexus• Later watson and Roberts (100, P• 574) 

transmitted these viruses with the aa.e tvo species aD4 

w1th MacrgsiphJAI 4!1 (ltooh) <I• soly1tol11) as well. 

Chamberlain (17, P• So), 1n l939, vas able to trans­

mit cucUJilber mosaic virus w1th ApJQa gostTQ11, MY&~ 

Rtrsicaa and Hagrosiphua solagi Kalt. (Mzaus soliDi (Kalt.)) 

but not with Mas;roa1phg 1Ql•pi!Ql11• Doncaster an4 

lassanis (21, p~ 67) tranemitte(l the virus using MYaus 

aacalppicys Doncaster and MXIHI .P•rsigae 1n 1~ and, 
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the following year, Kasaanis (51, P• 420) round that MYna 
ornatus Laing could readily tranami t the virus to lettuce. 

In 1948 Nienow (65, p. 62) reported transmission of 

a strain ot cucumber mosaic virus from MerJ;e.ns1a virginia 

(Linn.) between tobacco plants by Mrzus peraicae, and the 

tame year Chamberlain (19, p. 259) reported that cucumber 

motaic virus was transmitted from infected to healthy tree 

tomatoes, CYphQiapdrft betac•a Sendtner, by the same species 

ot aphid. 

In 1957 semal ( 76, p. 1+46) related that oucum~r 

mosaic virus could be transmitted to beets b;y lb:JUI 

aacalonigus and S1aons (85, P• 145) transmitted three 

strains ot the virus atteoting pepper uaing Aphis gossxp11 

and MYJus persigge. 

A disease ot banana known as banana heart rot or 1n• 

tect1ous chlorosis is thought to be cau ed by cucumber 

mosaic virus. Magee (5;', P•· 929) stat~d 1n 1930 that 

Pgptalonia msroneryosa ( Coquerel) aay transait the ·virut 

causing this disease. He later tound (56, P• 48l•lt82) 

that Macrouwu 111 <H• sql•p1fol.i1), Aphis aosanii 

and an unidentified aphid coUld tr nsmit the virus. 

A virus causing raosa1c ot a'baoa, l:!J1II. teetilis •ee, 
1n the Philippine Island has been regarded as identical 

with cucumber mosaic virus (16, P• 399). In 1954, however, 

lent (52, P• 563-56~) stated that the aosaic disease ot 

abaca is undoubtedl7 a complex 1n which at least £1ve 

http:sql�p1fol.i1
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v1ru••• are ooAoe:oned, tn ludillc tho • ca daa true abaca 

ao1a1o, corn mo~&1c, •ucarcan aoaa1o, caaaa sa1o 

ar••• o1a1c. . • or'a oonc rllin aph1 tran11111ss1o.n ot 

virus 1n th1 plu are thoro &bl7 reviewed b7 ent 

('2· • 564-,66). 

Poole (70, P• 1S2·1S3), 1n 1922, • on trate hat the 

v1ru usiD& a celer1 motalc ooul4 be tr n itt to 

healthY plant• by ..-...... ~...~.. rro 1sea•e plant; • 

o tly the eatt r er, 1n work previou lJ 1scu •• 

(29, P• 70), foUQ that the ~lr~ o usin ~ ic oul4 

b rea tted. b7 .from ao.-1 -tnt< cte .. ~. 

•le:ry to cucumber•• 

Doo11t~le (23, P• 11~) tho ht that • eel ry o..1o 

v1th_which he vas wo:rld.n tn 1931 lll&bt b~ caus br 0!1­

cuab r oaaic viru a at t that e 1rus c u ill& tb1a 

mosaic lntect creepin · d&yflowe , ~I&IWII. .......,...,. 

Linn., and could b traa 1 t 

Dooli tle D4 11 (25, P• 48-61), in 1934, ap­

par ntl7 workin with tb •• eler7 oaa1c 1 ~ tb t 

W;M~ ...uw....-a waa n le eo or of the v1ru cau inl it. 

fb y ..re unable t tran 1t tb vlru trom celery to 
. ' . 

Guenee, the ar en tl a pper t UOII;ol..,....,..., gitri Asb • , 

........... -.a.:ll:oi1r.liiMIJ~a&t or th celer loo r, ~lf.MI£1Ul.WI. 

S'J-51+). 

http:lf.MI�1Ul.WI
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Later th same year ellman (102• P• 724) named the 

virus causing this mosaic ttcelerr virus 1" and the disease 

caused by the virus ".outhern celery mosaic". H reported 

transmission of the virus trom creeping dayflower to 

banana and other plants by Aphis pidis Fitch (Hbopalo§1• 

Phum ;a1q1• (Fitch)) and Aphif cpssr;•i (101, P• 1032) 

and tr011. creeping day1'low$r and celery to maize and other 

Gram1neae by the latter aphid (103, P• 1035)• Wellman . . 
(102 1 P• ?23·72~) did not believe this celery virus was 

a strain or cucumber mosaic virus, which it is now con­

sidered to be, but did think that the d~eases ot Poole 

and Elmer were caused bf cucumber mosaic virus. Be later 

8howed (lo4),by extens1v tests, that the southern celery 

mosaic virus could be transmitted to and trom a great JU.D7 

plants, including ornamentals, vegetables ·and weeds, by 

Aphil gOfiYR11. 

In addition, Carter (151 P• 157>, in 19371 reported 

transmission ot a C0m;tl1na ;udit.ora mosaic to pineapple 

by Aphis gossn111 JUzus perfi$1' and Ma.crosiphum aoli'Q• 

:0111, and Simons (84, p. 217), 1n 1955, related that 

southern cucumber mosaic virus, identical with the southern 

celery mosaic virus, ~~ transmitted by Apbia ggssypi1, 

;tSJl;Z}ll pers1cae and AMip tum1C1f Linn. (A,. table Scopoli) 

ln that order ot ett1c1ency. 

Other reports or aphid transm1saion ot viruses caus­

1nc celery mosaics, presumably strains or cucumber mosaic 



virus, have been made by Gigante .(3lt-, .p. · . 22?-228~ in 

1936, and Roland (7.S, P• 264), in 19Sl, Who designated 

QAvi£,1llt paftipaC!II (Linn.) and M!JJI p!ri,CIIt res~ 

pectively, as vectors. 

Semal (77 t P• lt46) reported in 1956 that a chrysanthe• 

um strain ot cucumber mosaic virus 1ntect1ng celery vas 

tranaitted from infected ~o heal thy plants by Kz'ZU• 

peraicae but not by MYiu• aaca,opoua or Aphis gosstpii •. 

Another disease of celery caused by a cucumber 

moaa1c virus is that known 1n Calltornia as celery calico. 

!he celery calico virus has, according to severin, been 

transm1tted · trom celery to delphinium· seedlings by APMI 
apigrayeol!AI Essig, Aphis !RU. Theob .. ,. ARMI terrusin••­

ttriatt Essig <!· wul.ta Walker)' Aph's NddtltOJUi 

(Thomas) (!.• arprac1ae Cowen), Htzua persicte; llZUf 

circumtle.gs t Mnu• convolvuli (klt.) (JI. so.ani), Agia 

goasnU and Rho~alosipium mtllS.t•rum Hottes (,B. conJsi 

(Davidson)) (?9, P• 453), trom celery to pansies and violas 

by the tirst tive ot these species and Cavaritllf caprea1 

(Fabr.) (~. t•coppd11 (Scop.)) and RQop,.os~Pbum 90Qii 

(81, p. 586), ·and trom pansies, violaa ~d celery to pan­

sies and violas by Aphis gossni1, ttrzup S!i~SPUID't 
Kvus so1aN. and Migro;pus violte (Perg.) (81, p. 5'85'). 

Another atrain of cucumber mosaic virus, western cu­

cumber mosaic virus, was said to be transmitted by Aph1a 

gossrpii, Aphis rpmiq1s <!· f§bae) and Mrzus pers1cae by 
! 

http:circumtle.gs
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Severin (81, p. 586) and Severin and Freitag (83, p. 5'29). 

Hrzus pfts1cae is considered the principal vector of thia 

viru• and ot celery calico virus 1n the field althou&h 

Aphis rumis;is <A.· t:abtt> •7 occasionally be implicated 

1n their transmi1sion, aocordlng to Severin (78, p. 553), 
Freitag (31, P• 8) stated that 10 species ot aphids, wb1Ch 

he did not name, readily transmitted western cuouaber 

moaaic virus and that the virus vas tranamitted to one ot 

61 squash plants by AcalYliJif tr1v1t1(a1(p. and to none ot 30 

such planta ~Y ~·~rotiqa DP4e0itpUDctate pndapimpupctata. 

McClintqclt and Smith, in 1918, :round that the virul 

causing spinach blight, also considered to be a 1train ot 

cucumber e c virus, vas coamonly apread trom blighted 

to healthy ~ sp1naoh by M&croaiphJP ao~~tol~1 and lba· 

paloalphua pers1CII Sulzer (HYIUI peraica1> (59, P• 57• 

58) and less oo..only by Aph1a ·rum1s;1a <A· tabae)(59, 

P• 51). they also reported (59, P• 51) that Lxcus pratta• 

Jia tran itted the virus and that the southern corn root­

worm (adults), Diabrotiet 12~pUQpttta Oliv., the stink 

bugs, ltZIEI bilaris Say ana Euch11tus fi£VUI Say, the 

thrips, Th£1pt tabac1 Lindeman, and the springtails, 

smmt}1wus hortensis Fitch and §amV!UTQI Quadr1macu1atu• 

Ryder, were unable to tran mit it. · 

Hoggan (~, P• 103) (~3, P• ~59) related that cucum­

ber mosa1~ _ v1rua could be readily transmitted to ana troa 



u 
various plants, including spinach plants, by HXzus ptJ:si­

JIA and Hacros1phu; solagitpli1. 

Sm1th (91, P• 110-115) listed M&crosiphg 1!111 (Kalt. ), 

APb1s fUPl3.cia <A.• rabae), Macrot1Jdlum .u1 (l(. soW&~fol1J) 

and MY&us Dersicae as vectors ot .spinach blight 1n 193~ 

and the last three or these sp cies ·were also 1d to be 
I' 

vectors ot the blight by Parris 1n 1938 (691 P• 59). 

. In 195' a etrain ot cuc~ber ~osa1c virus 1ntecting 

epinach was said by Behr (~, P• ~26) to be transm1tte4 by 

Mxao4e1 nersigae (SUlzer) <KliBI PA£1sicae), 

strains or cucumber mosaic virus rrom spinach, 

frJmu&a 9R9on1QI Bane , and turnip and a derivative or one 

ot Price• . ;yellow st:rains or cucumber mosaic virus (73) 

were tran•mitted by Hl'KI Pt&s,gae, MxzUI ornatvl and 

Mtqrosi;Au; fUphorbiae (Thomas) <B• aolaq,tol11) in that 

order or efficiency, ac~ordlng to Bhargava 1n 1951 (7, 

P• 385-387)• 

In 1935 Smith (90) described a mos ic or Primu1A 

obs;gDica which he thought was caused by a virus similar 

to; if not 1 entical with, cucumber mosaic virus. Tomp• 
; 

kins and Midde1ton (9,, P• 6?8) described a mosaic ot . . 
this plant in 1941 and failed to transmit the virua caus­

ing 1t vith HxzuCi pers1cae and MYeys s;1rsrgmf1txu'• They 

~e11eved tbis mosaic was different trom Smith's mosaic 

and from mosaics caused 1n pz·imUla bf strains or cucumber 

mosaic virus with which it was compared. Later Severin 
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and Toapld.nl (82, p .• 285-286) related that they chieved 

translllias1on ot thit 1ame prilllula mo1aic virus uting MY&I 

circumtleuf, MYzus ornatug, ADhia u.u, APhll ,,rrug1Qtt• 

•tt1tta <l· 1;cu1ta), Aphia gotsypi1, AMia rpipi• <A.• 
tase> , Jrey1corme u•••ica• (Linn.>, Hx•Y.I lo•w and 

MfClO.siphg pili• 

In addition, Mischke (62, P• 762) recentl7 achieved 

transmi1sion of a pr111Plla 11oaa1c virus using Aph1t tabat• 

A di1ease ot toaato known .as tern lear is cauaed 111 

aome caaes b7 cucuaber aoaaic virus and in others by ~o· 

bacco mosaic virus. Mogendortt (63, P• ~) indicated 1n 

1930 that a virus causing th4s disease was regularly trans­

ferred to tomatoes by My1U1 itr•iaae previouslJ te4 on 

plants 1Qtected by cucumber oaaic virua. Jones and Bur­

nett (5o, p. 8) later atate that llDuB pvaicat; 11&2£R• 

·~Rhum W. (1{• ao).&pitol~i> and Aph1cr goftrp11, as well 

aa the beetles; P1abrot1QI vitta~a and piab£ot1ca li:. 
ppnctata, are capable or transmitting the virus causinc 

tern leaf ot tomato. 

In 193~ Chamberlain (18, P• 262-263) found that the 

virue causing narrow leaf' ot tomato, probably cucumber 

. mosaic virus, was tranaterred froJJt diseased to healthy 

plants by Mlaus pseudoiQ.ani (If,• IOl&Qi) but not b;y MYZBI 

persig!t or tJacroslphg o1 (Jt• . soltn1tpl1~) • 

Severin <SO, p. 115) stated in 1950 that AQb!l gostJ• 

pii, Mrzus circumtlexu.a and MYaus pers1oae can transmit 

http:Toapld.nl


13 
western cucumber mosaic virus to tomatoes• and Van loot 

and Camtterman (96) noted in 195'2 that cu.cumber mosaic 

virus vas eVidently transmitted to tomato plants by Macz:sa­

s1pQwa euphorb1at <11· so+anitol11) • 

. Tomato aspermy virus is apparently the same virus that 

causes a diseaee ot chrysanthemum known as chrysanthemum 

aspermy. As pointed out by Smith (92, P• 15'3), "there 11 

still much contu.s1on existing about the various viruses 

attacking the chrysanthemum." Smith discusses the possible 

relationShip or chrysanthemum aspermy viru1 with cucumber 

osa1c virus (92, p. 15'7) and states that •evidence aug.. 

gests that the ChrysantheDlUil v1~s is related, though 

perhaps not very closely, to that ot cucumber mosaic,• 

Brierley, Smith and Doolittle (14, P• ~), 1n 195'3, 

working with a tomato aaperlll7 virus from ohrysanthemUil, 

reported transmission or the v1rus from chrysanthemu. to 

chrysanthemum, tobacco, and to.ato, trom tobacco to to­

bacco and tomato, an4 trom tomato to tomato by WSI 

R•r11s;ae, trom chr;ysantheJUum to chrysanthemum and tobacco, 

trom tobacco to tobacco, and trom tomato to tomato by 

lfXIUI sglani• trom chrysanthemum to chrysanthemum and to• 

bacco by M&croaiphopielJa sybo£Ai (Gillette) (J!acroa'­

RSYI s1Qborp1 Gill.), and from chrysanthemum to chrys­

anthemum by JiaoDalqsiMum N9J11Cylatum (WUson) • 'l'hese 

workers maintained that the failure ot tomato aspel"JJl1'
\ 

virus to produce mosaic 1n cuowaber a and fleck in Creol• 
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aster lily 41a~1nguish it from cucumber ao•aic Virus. 

Govier (35, P• 72), . however, concluded in 1957 troa 

cros·s-proteot1on and serological test1 that the tolll&to 

aspermy virus is a • tra1n or cucuaber moaa1c virus. Be 

va• able to transmit ~e virua . troa chryMnthemllll to 

chryaa~tbellUil, tobacco, ll1d tomato by KtiUI PI£11Atl and 

Aulacortpu; aolani (Kalt.) (J!liU• sola§), from cbryaan­

tbeaua t~ chrysanthemum and tobacco by Hacroa1RQPp1el1a 

•wow (lf&grpalug •MR2G1>, rrom to..to to tomato 

and tob&coo and trom tobacco to tobacco b7 Au*•cortgpa 

aplfp1 CMzlua tQlyi) and Kpus J?trsiqfet .and trom tomato 

to tomato by An~' tlbt! (3~, P• 67). Be was not able to 

transmit the virus us1na Mrau aagalon1cu•, H!croa1phl.JI 

lupQO£b1ae <ll• lo4•pitql11), Aul,acotYUIR pircpptlgum 

(Buckt. ) (Jlau• ;j.rcuQ.IX\UI) or lafonoV1t ;1b1s-Aisr1 

(Mosley), 

In 1~9 Blencowe ·aad Caldwell (8, P• 322-323) were 

unable to tran it tomato ••P•~ virus between tomato 

pla.Qts or trom tobacco to tomato with M;uus persicae; 

APAtl fib&•, KaoroaiP!WaJ.tlla sauow (lflcrpsiphwp J!A• 

JaprD1) or Macros1pl;&wa eup;gorblae <K• sql§Pitp;111) but 

could react117 transm1 t 1t from di.seaaed -to health7 tobac­

co plants with MYzus ptrlicat~ 

Hollings (47, P• 95), 1n 1955, reporttd tranamis1ion 

ot the a spt!'JIIY virus trom tobacco to tobacco and trOJil 

chrysanthemum to chrysantheJDUII by HaCrp;plJhua nphof'b11t 

http:H!croa1phl.JI


<11• aol•Aitol11) , tfDus Rtrs1gae, AulaostJuua s0ltn1 

(Mxzua soltgi) and Hfcrostpnopiella sapbor4i (Macros1phJ1 

I&QRpriQ), and troll aater to a1ter and from ehrJsantheiiUII 

to chr7santhemum by §rayzcapdua helioQtz:ai (JCalt.) <•n»• 
hel~gbrxsi lalt.). He vas unable to tranamit the virut 

using Mxqa a•ca:J,gpicya, ColorAgoa rutomacu1ata (Wilson) 

(Hbopalosi$QJIL rutmaacu~ttg (Wilson)) or ApQis rJ\tiPi 

Boyer de Fonscolombe <A• &bRftViata Patch). 

Wellman, during a atudy ot the host range ot southeZ'n 

celery mosaic virus 1ll 1935 (104-, P• 387), transmitted 

the virus to Ba.ster and Golden lilies with Aphis gosalp11. 

Price (7lt p. 568), 1n 1937• concluded that lily 

mosaic Should be clasa1t1ed in the cucumber mosaic virus 

group. He said (71, P• 561) that c. E. r. Guteraan re­

lated in 1930 that mosaic ot Easter lily could be tran•· 

mitted b7 Aphis soaan11• Guterman and Ogilvie (68; P• 

313), the year before; reported that a ao1aic ot Bermuda 

Eaater lily could not be transmitted by Aphis gos1xpi~; 

Aphis og14Y''' Theob., the lea~oppers, E;poa 'abae Harris 

and C~ga4ula ae~nottta Fall, or b7 the bulb mite, 

gh~zog:J,YQQija hzaciptb' Banks. 

Hopkins (~8, p, ~8-~9) reported ln 1941 tbat Easter 

1117 mosaic was round to be caused by cucumber mosaic 

virua ana that the virus wa1 transmitted trom lily to cu­

cumber by Krzus persicae. 

In 19~ BrierleJ and Smith {13, P• 530) gave evidence 
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that cucumber mosaic virus, plus a virus known ·ae lily 

•ym.pt·omless virus, together cause a disease or Easter 'l!ly 

known as necrotic fleck. ADhis gossypJ.3-, Mfprosiphyg 

solaA1fol11 and Mrzus nersicat w•re able to transmit cu­

cumber mosaic virus to lilies, according to these workers, 

whereas 'pfAis tab&th Magro.si;h\11 111&1 Monell, MliUf sir.• 

cunm• and MlZUI CRPVOlyq).1 ()1. solan1) tailed to do 

so (131 P• 5'5'3). Sll1th and Brierley, 1n 191+-8, found that 

Mtzus pers1QAt readily transmitted the virus from Easter 

lily to growing plants or sprouts ot C~eole lily 1n storage 

(86t P• 81+3) and stated (89, p. 85'1) that, 1n their ex­

per1llents covering several years, Mxzus 'convplVU11 ( • 

solan1) did not transmit cucumber mosaic virus 1n lilies. 

A disease of passion truit, Pass1f1orl •4u11s Sims, 

otten termed passion fruit woodiness, or bullet, disease, 

is said to be caused by a atrain or cucumber mosaic v1rua. 

Koble and loble (66 1 p. )16) (67, p, 20-21) reported 1n 

1939 that HY&us per§igae, DCJos1nhum so1ap1fpl11, and 

two dark pecies belonging to the group 1n which are in­

cluded ARh!l rymicis <A· ttbae) and Aphis mtdicag1p1a 

Koch, were capable ot transmitting the passion fruit 

virus. In 1948 Magee ('7, p. 201) stated that this virus 

can be transmitted by several species ot aphids, includ­

ing MY;us pe;:sa,c,e, M!crosiphym tolanifoli' and Aphis 

gosa:gp11. 

Certain leguminous plants are sometimes infected by 
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strains ot cucUilber mosaic Virus and such diseases a1 lima 

bean mosaic, cowpea mosaic, and browning ot lupine result 

from such intectiona, !he cowpea mosaic caused by cucum. 

ber mosaic virus should not be contused with another cow• 

pea mosaic ¥bioh is tran.a1tted by biting insects (92, 

p, 218). 

Harter (36t P• 901•902), 1n 1938, transmitted a liaa 

bean mosaic virus, thought to be a atrain of cucumber 

mosaic virus, trom diseased to healtby plants with APbi• 
gpseypi~ and ttv:zua pers1cae, and Whipple and walker (lOS, 

P• ltl), in 191+1, rel ted that two strains of' cucumber 

mosaic virus pathogenic on bean and pea were transmitte4 

In 191t-1 McLean (S8, P• lf-23•lt24) f'ound that the v1ru1 

causing a cowpea mosaic, apparently a •train ot cucumber 

mosaic v1rus, was transmitted from diseased to health)' 

cowpea plants by Htcros#,pbg so1p1folii, Aphis soaalDiS.1 

Macros~phup l1&l ana an unidentified black aphid, resembl­

ing j.phis rum1.C:1s <!• tab&e). He waa unable to transmit 

the virus with piabrotiga vittata, tyms pratens1a, the 

Mexican flea beetle, Ep1lagbpf gorruptf Mulsant, or the 

bean leafhopper, Bmpoatct table te Baron. 

In addition, Yu (106, p. ~51) aChieved transmission 

ot a cowpea mosaic virus in 1946 ueing Aphis rypaigi• <A• 
fabae) t Jjacros1P!W; Ul1 and Aphis soaan1J.. 

Heinze has reported transmission ot cucumb•r mosaic 
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virus, which causes browning ot lupine in Europe, by a 

considerable number ot spec! s ot aphids, In 1939 he (38t 

p. 84-85') transmitted th virus trotn lupine to lupine 

with Hr;2Qes pe;s1sa• (Mfzus ~'fiJcae), Rora.is rabae 

(Scop.) (Aphis tabap), poralls tranwae (Koch) (Aphia 

goss;yp11), Doralis r1l•lll1 (Koch) (ARhis abbrey1ata}, and 

Aulaeorthum sol;y1 (twz;s. S9lapi.) and t'rom cucumber. to cu• 

cumber by MYzus omatua. He was una~le to tran8lllit the 

virus with lea~oppers, weevils · and pa)'llida. 

the 11Ute worker, 1n 19~0 (1+1, p. 52), reported trans­

mission ot cucwaber osa1c virus trom cucumber to cucum• 

ber by k•9hxo•u4»1 hel1cbrxs1 (ApliJ.s btl1shr:rs1), Breyi­

C9rme braa1icae, Bnlopterus ttYR41n~a (Fabr.) ,. Doralip 

urt~caria (Kalt.) (Anh's urticatt Fa.br.} t l!ASQD9UI 

£3.b1eola (Ialt.), Bner9JDYIU' laatygac (Linn.) (.ymhpto-­

;bQra lactucae (Linn.)) and Bbopalpa1phop&pyp latzsip~ 

(David.), trom lettuce t~ lettuce by Paotznotyo obaCH£Yt 

(Koch) (Hacrosiphum gpsCUl"Jlf (Koch)), Hneromxzu§ l;aqtucat 

<whorophora Jaactucal) , le9JBY&I· c&rcWQtlexul (Buckt • ) 

(Mrzus circgtl•xu• (Buekt.) and: Macrot1Rbon· ,§olan1tol1i 

(AShm.) (M&croaiRbUm solan1tol11), tro• calendula to calen­

dula by £oloradoa taapetina (Kalt.) (Rhopalos1phy 

tanaeetina (walker)), Brevieo:YQ! brast1Cift BraQbxc•U4Y' 

hel1cbr;ys1 (APhis . pelic@Ysi), · pagtmotus t•p•cet1co1a . · 

(Kalt.) (Macros&Rbum :ta,nap ti· (Lilln.)) and Myzodes persi­

2!!. (Myzus pers1cae) t t'rom. lupine to lupine by fer&!Jld!1da 
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pracctt (Linn.) (Aphis praccae Linn.} and HQppalos1Pbon1• 

;ya latxsiphpn, and trom celery to celery by ApuraPb1• 

f»bttrranea {walker) (Aphis 1ubterranea Walker). 

Heinse listed Poral1Da mprdyiljiage (Dobrowl3ansk1) 

(Aphis mprdwilki!na Dobz.) as a vector ot the virus from 

cucumber to eucWDber 1n 1951 (37, p~ ;2) and, the follow­

ing year (39, p., 8•9); related that thit aphid and 

RQppalosipb.Qn llYIJlpheae (Linn.) (RQopalosiphu;m DDJpheae 

(Linn.)), Crxpto;yzus tib~l (Linn.) (Capl$OphOfUS ribil 

(Linn.)), Mxzoaes ligystr1 (Mosley) (Mpus 11gust:r1 

(Mosley)) and Delph1A9l?l=um Jwck1tnum (Karsch) (Rhopalos~· 

phum Junaekianum. (Karsch)) can transmit the virus between 

cucumbers, that Pba~alia tao~ce$1 (Linn.) (Hacrpaiphul 

tyacet1 (Linn •. )) and 12fctxnotus tanaeeticola (Mtprgai­

phu, tyapeti) can transmit 1t from cucumber to calendula, 

and that PtsauJ,acortAA; nsaudqsoJant (Tbeob •. } (Hpua 

IQlani) and HrzQdt~ pfrsicte {MxiHI porsicee> can transmit 

it from cucumber to dahlia. 

Recently Heinze (4o, P• 24-25) reported transmission 

ot cucumber mosaic virus from cucumber to cucumber by 

C4a1tophorus beku11pu1 van c1 r Ooot, Bungs1a JMYCiis 

Passerini, ~phis olrs11-aganthold11 Scop., CerosiRbf 

epilpbiina Walker, Hetppolophium 2ecidental! Hille Ria 

Lambers and Hetopeurgm fuscov1r1dA stroyan and from 

~cptiapa &lut~posa to cucumber by Meg9Yl! viciae Kalt. 

(AmphoroPnora vieiae (Kalt.)). 

http:RQppalosipb.Qn
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A referenced list of the species of aphids. reported 

as vectors ot strains, or possible strains, of cucumber 

mosaic virus is given in the appendix. 
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MADIUALS All)) METHODS. 

I4tptit1cat1on IDi B!Pdling £t .Aphida 

Each ot 13 species ot aphids vas tested to deter­

mine 1te ab1l.i .ty to tranamit ttrains of . cucumber moaa1e 

virus. 

Moat of these aphids were colonized and kept on 

caged plants in a greenhouse ~til uaed 1n trans~sa1oa 

teats. The cages use~, primarily ot wood frame and tine­

mesh screen construction, ar• illustrated 1n figure tvo 

ot a Ph. D. thesis (l) on file in the library at Oregon 

State College. These cages were placed over .the planta 

and on the rims ot s1x-1nch pots or number 10 oans 1n 

which they were grown. The cage were never opened in 

the greenhouse but were taken to a headhouse whenever 

aphids were to be removed tor transferring to new caged 

hoat plants or tor testing.. Any aphids on the external 

surfaces ot the cages were brushed therefrom when the 

cages were to be returned to the greenhouse. The green• 

hous unit in which the aphid cul~ures were kept wa• 
separated trom those units in which plant u1ed in testa 

were kept. 

Aphids trom siX different collections or the bean 
• 

aphid, Aphia ftbae Scopoli, a~d from seven different col~ 

leotiona ot the potato aphid, Mf.cros~phum aolap1fol~1 

(Ashmead), were tested. '!he be n aphids were colonized 
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on broadbean plants, V1c1a l!.Rl. Linnaeus, and the potato 

aphids, except those collected on, pot~to pla,nts (see col­

lection da.ta in table l), were colonized on gladiolus 

plants. 

Aphids tr<?m single collections ot the apple grain 

aphid, B)lopaloaiphua t1teh1i (Sanderson}, the English 

grain aphid, Macrpsiphy &nn•riwa (Kirby), the rose grass 

aphid, Macros1phum girhodqm (walker), the cabbage aphidt 

B£evicorYne briSS191' (Linn.), the green peach aphid, 

Mll»l per@1Qtt (Sulzer), and the pea aphid, Macro§iphUJD 

m.a1, (Kaltenbach), were tested. Aphids trom the first 

three of these collections were colo.nized on barley, the 

cabbage and green peach aphids on broccoli, and the pea 

aphids on broadbean plants. The green peach and pea aphida 

were trom cultures permanently maintained in the green­

house. 

Some ph1ds were used 1n tests immediately after they 

were collected because they could easily be collected in 

sufficient numbers tor immediate testing and/or could not 

readily be colonized on plants in the greenhouse. Aphids 

' from single collections or AmphorophOll soach1 (Oestlund), 

Ampholophora rtlododendri (Wilson), the rose aphid, 1!119.• 

rosiwaum rosae (Linn.), Macrosiphwg bArr~ Essig, and the 

thistle aphid, Aphis cardu1 Linn., were handled 1n th11 

manner~ 

Complete collection data for all ot tne aphids used 
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,. 

in ~rfi.DSJ&ission tests is given in table l.) 
' ,< > I t ' 



!'ABLE I 

((OJ.LECTION PATA FOR APHIDS USED IN TflANSMissiOlf fE§tS 

Collection Date Location Collected. On. lumber. Soec1es ____ _ 

1 
2 

~ 
6 ' 

•7 
•8 . 

.•9 

10 

•ll 

•12 

*13 

•14 

15 

4!:eu. Scop~
liW. Scop. 

• 
Alm11_ I ~~~=. .liili · . SCOJ>'•
Allll1l · SCop. 

(Ashm.)

x:·UA:!ii~li~i (Ashm.) 

~omtdi (Ashm.) 

~Z!:!f'Hh <Asbm. > 
lfacrosiohUII (Ashm.) 

(Asbm,) 

(Ashm..) 

1trc£1!1Y~a.> 
Maorpt1phUJ1 

&ranariul (Kirby) 

27 Jun 57 
1 Jul 57 
7 Jul 57 
9 lul 5? 

10 .Tul 57 
26 Jul 57 

24 Jul 57 

30 Jul 57 
9 Aug 57 

13 Aug 57 

20 Aug 57 

29 Aug 5'1 

6 Bov 57 

7 Jan 58 

28 Feb 58 

Corvallis, Ore • 
Spr1ngf'1eld; Ore. 
Springfield, Ore. 
Gresham!- ore• 
Corvall •• Ore.-. 
Corvallis, Ore. 

Corvallis, Ore. 

Troutdale, Ore, 

Troutdale, Ore, 

CUlver, Ore. 

Troutdale, Ore•. 

Corvallis, Ore, 

Corvallist Ore. 

Corvallis, Ore• 

Corvallis; Ore. 

Rmaex &• 
&t~t .&• 
Phaseolus yglgar1.1 

·euurJt my1p•
SOlfiD!Il tJl!?erosg 

GladiolB§ U• 

GladiOlus .1.2• 

GladioJ.us S.• 

SOlallPJ!l ~uberosum -

Gladio1BI AR• 

G1ad~olul 1.2• 

1!:1.£ .&.• 

Festuca JR.• 

~ 
tri.tJ..cum aesti:YUIIl 

http:GladioJ.us


TABLE I Cont'cl 

Collection 
lumber Specitl Pitt Lqcat3.gn CoUected On 

16 "tcfis!p,. d1rJlc2Slumwa ker 17 Jan ;s Corvalli.a, Ore. , (unidentified grass) 

17 ~lf!i!iYDe brassicae 
2 Aug '57 Corvallis, Ore. arass1ca cau1orapa 

18 MYzus Dersicae (SUlzer) (stock culture) 

19 Macrosinhum ~. (ltal.t.) (stock culture) · 

•20 A'RQolO,..OEJ fODchi 
Oest •. 14 Aug 'i7 Corvallis, Ore. §on9hus oleraceUJ 

•21 .QphoropJlon
mododendri (Wilson) 24 Aug '57 Corvallis, Ore~ Rb9dodendr9n &.• 

22 KacrosiJWum, rosat (Linn.) 22 Jul '57 Corvallis, Ore. RQa .G• 

23 Macrosiphwp, bH;r1 Essig 6 Nov 'i7 Corvallis, Ore. - LfCtuea SC!£101& 

2lt- Aphis cardui Linn • • 16 Aug 57 Corvallis, Ore. Cifsium lanceolatua 

•!be writer is indebted to Louise M. Russell tor identification of the species
aarked with an asterisk and to Dr. Knud G. SVenson tor 14entit1cat1on ot the 
other spee1es ~1ated. 

.IU 

"' 

http:Lqcat3.gn
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three atra1na of eucaber mosaic v1rua were obtairutd . 
tor use 1n the transmission testa to be carried out. 

The first of these strains was obtained from Dr. J .A. 

Milbrath ot the Department ot·BotanY and Plant Pathology 

at Oregon State College 'Who., with Dr. Roy A. Young ot the . 

same department, isolated 1t from a dise ted daphne plant, 

Dapbpf odQ£1 Thunberg, and determined that it vas a straill 

of cucumber mosaic virus (61). !his virus was acquired 

from the daphne plant on April lt-, 1951+-t and was U.in­

tained through mechanical 1noc~at1on•• to cucumber and 

Kentuc]q ~6 tobacco plants, liootiana ta)aa.QM Linn. var., 

and in dehydrated local lesions from one ot the tobacco 

plants, until inoculated to :young cucumb r plants tor 

use 1n transmission tests, which were begun in June, 19~7. 

f.bis atrain will subaequentl:y be referred to as "~17"• 

the second strain vas also provided b:y Dr. Milbrath 

vbo had reoe1ved 1t on D camber 21, 1954, tro the Am.eri.. 

can tne Culture collection ot viruses where it waa des1g• 

nated "Cucumber Mosaic Common Type Culture #10" • This 

virus va• retained through mechanical inoculations to 

cuo'Wilber and Necrotic Turk tobacco plants, .JU.gptiepe 

•Inoculations ot plants with viruses by means other than 
by aphids are 1n this pap r considered mechanical 
inoculations. 

http:ta)aa.QM


tabJ.au; x I• sJ.utig.ost Linn. h7br1d, and 1n deh)'drated 

lesions trom one ot the tobacco plants, 'llntil inoculated 

to yotmg cucumber plants tor use in testa. This •train 

will be referred to as "ClfV tJP•"• 

!be tbird strain was acquired trom a Virua-disea•ed 

gladiolus plant and tnoculated to a young ~ucuber plant 

by aphids or the species liD»• pfrsiQI! (SUlzer) on 

February 27; 195'7. The procedure whereby th11 •• accom­

plishe<l 11 recounted in the appendix. This virus t which 

caused the development ot cucumber mosaic s1Jilptoma 1n cu­

cwnbe:r pluts, wail maintained through il'loculations by 

IllY• pers1211 aphids to cucuaber plants. fh1s strain ot 

the virus will be reterred to as "0..23"• 

Cucumber mosaic virus (uauallr) does not 1ntect 

Bount1tul bean plants, fha•tQlis n4str3:• .Liml. var. t and 

occasionally causes local 1ea1ona on broadbean plants, 1n 

which it seldom becomes systemic (61, p. 282). The virua 

infects and becomes systemic 1n Kecrotic Turk tobacco 

plants. 

fhe G-23 and CMV type viruses, in expressed juice 

trom the youngeat leaves or 1ntecte4 cucumber plants, were 

eaCh 1nooulate4 b7 a method similar to that described by 

Rawlins an4 Tompkins (74, p. ~79) to leaves ot Bountitul. 

bean, broadbean ~d Necrotic Turk tobacco plants. ~e 

results ot these inoculations vere similar tor both 

viruses. fhe viruses did not 1ntect the Bount1tul 



bean plants or b~come systemic 1n the broadbean plants. 

However, they caused the appearance of local lesions on 
'' 

the inoculated leaves qt the bro~dbean plants and infected 

and :became systemic ill. the tobacco plants. 

The writer :concluded that ~he gladiolus vir-us was a 

strain of cucumber mosaic virus because it is unlikely 
' I 

. l , l' ; ; , I

that any other virus. transmitted by aphids as this virus 

was, would cause the reactions described when inoculated 

to cucWD.ber, Bountitul bean1 broadbean and Necrotic Turk 

tobacco plants. 
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AJh14 truemi•••rm Teati.;c Prpotdp:ra 

Cucuaber ao1aic virus is considered •non-persistent• 

in respect to the aanner ot its transmission by insects 

(1001 P• ~). Aphid vectors ot this virus can acquire it 

almost immediately atter they begin to teed on an idfected 

plant. It these aphids are starved tor a tiae betore the7 

teed on suCh a plant• the probability that they will 

tran1m1 t the virus to health7 plants on which they subse­

quently teed 1a 1noreased. 

In the transmission testa here described, v1rus-tn­

r•ote4 plant• are teraed "virus source plapts• and healthT 

plants to which aphids tl'om vil'ua aource plants are 

transferred are termed "teet plants"• 

All ot the plants used 1n the•• tests were oucUlllber 

plant•, Cuqg1s sat1yua Linn. t variety A and c. These 

plants were grown 1n soil 1n six-inch pots or number 10 

can• Oll bench•• 1n a creenhouse. 

!he testa ~re carried out 1n a headhouse adjacent 

to, but aeparated trom; the greenhouae 1n Vbicb aphids 

and plants were kept. 

At the 1ta:rt ot eaCh te1t1 approximately 7; apterous 

aphids w•re traasterred, on the moistened tip ot a amall 

bruah, into a 50 Jill Erlemaeyer tlaak. In all auoceed1ng 

oaaee, vh•n aphids were moved, they were silll1larly brulh­

transterred. Wben the aph1<ls had •tarved 1n the nask 

tor at least one .. halt hour, 15 ot thea were placed on the 
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70 eat 1 , •• ot a vlrua · our . 1 •. , er · • a '41 

bad. M .tbe ovoe plu\ to-.. t.tve · SD u •· 10 ot tb• 

-.re tranater.r to a JOUD teet laat~ A · • •• 

t~aaaterr tro• tbe tlaak to the .souroe plant troa 

the eova. plant to teat p1Aa'•t.· •• deaorlb , 'Wltil JO 

of tbu bacl ku plac oa 11'• tt•t pla '''· 10 a 1 1 . J*l' 

plan . " 
or eaeh tive t.•t plant• utclt. 10 &441 1011&1 apb.tu 

"" ~raaaterr:M dtreoilr !froa 'tbe a ll oU cUora :_.... ... 

uatd t ea ot two h•ltbr ouo r plant Uea,S.oal tdtb• 

cr s.n the lot with., ·••• u •• t • p1allt••· 

th11 na cloae, •• • oh80kt JO u 1· ·a • ·ouU be" obw 

ta1 ot wllether tbe aphl • w•• tnu•ltt vt.n .a 

to tett plaata tr pleat• u vblo tbeJ t · •tor . • 

•••' 1 atarted. 
a aPbf.4• :bad r taN • ••t or •• plaata 

o which •7 ·ww• pland tor •• hour or aore, tb se 

plaAtat a the Ybll IOUM lUt U t H l'Ual&atad. 

vith aiootiM r nve mutea to Jd.ll • a ida 

alld ,.. pl oe Maohe lrl the peeBhou••• 
At h• OOIQtletl · · of ... tat1. tl • ltiou.l 

b..lthJ o bel' pla.Gt.• 1 14-eatloal witt\ • crown lll • 

•• lot th thoae ued •• t8at plu a, *lob ,.,. 

t: the ar•ellhc:a •• r• plae *• •• 
b4tacb w1 • plallt• o wb1 · . apbl a be buD .ruererJ'• • 

1• va• d 10..,. baa..S.ad a of 'f'ln..a r ltl'&J 



.aphid in the greenhouse might be indicated-. 

Tests, as. described above, were carried out .at least 

twice with every aphid-'VirUs combinetion used. More than 

_two tests, with a maximum or six,. were made with any such 

combination w1th lthich transmission waa not achieved 1n 

two tests, 

Since ,differences could ot.ten be observed 1n the 

feeding behavior .or aphids on different days, eaeh or the 

tests using any particUlar aphid·v1rus combination was 

made on a d1ft rent day., Also, any single day•·s te ting 

never involved the use of aphids from more than one col­

lection, thereby Jlledueing the chances ot accidental mixing 

or aphids from different collections. . 

The greenhouse un1ts in which plants used in t . sts 

wer kept were twnigatecl with nicotine or fEPP (Tetra­

thy! Pyrophosphate) wheneve.r insects were noticed 

therein- · 
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BESULTS 

the results ot teats to determine the ability ot 

each or the specie.s or aphids tested to transmit the 

G-23 and CMV t7Pe strains O·t OUCWilber mosaic virus are 

given 1n table 2. This table shows that 11 ot the 13 

species tested transmitted at least one ot th two strains 

and nine ot these 11 apecies transmitted both strains~ 

The specie• Macrosiphua aglanitolii (Asbm.) , MYIU• 

per••c;lt SUlzer, Hacrps1pllua Jl1l1 (Kalt.), Awphgrophora 

IQAchi (Oest.), AarqhorQphora rhod04tJ1dri (Wilson), M&oro­

aiphum rosae (Linn.) and Apbia cardy1 Linn. readily trans• 

m1tted both strains ot the virus. Aphis tabae Scop., 

Rbopalosipj)p t1t9h1~ (Sand.), Brevicorme brasaicat 

(Linn.) and M&crgsiphy b&rrJ Essig tranamitted both 

strains at low rate or tranamitted only one ot the 

strains, and M8crgs1ph;ym dlrho,Zu; (Walker) and MJ.qroaa.­

phg grapar1UJ1 (Kirby) tailed to transmit either ot the 

two strains. 

Aphids of the species lfcros1phum bltr4 v re te1ted 

only twice with each of the two strains, even though they 

did not transmit the CMV type strain. These aphid• were 

not tested turther because 1t vas very d1tt1cult to col• 

lect enough ot them tor more tests. 



33 

~phids of the two species which tailed to transmit 

e1ther of the two strains, Hacros1phwp &ttariu; and 

1factoa1phy Q1rhgd1lpl, were very active when placed on 

cucuaber plants and few of them ted on these plants. · 

Because of this, testa with these aphids were discon• 

tinued after aphids of both species•had been tested tour 

times with both strains. 

All ot the check plants used. reaa1ned un1ntected by . 

viruses. 

Considering all tests, strains or cucumber moJa1~ 

virus were transmitted to 1'7 ot .680 test ,plants, or to 

slightly more than 23 per cent ot the test plants • . T.be · 

G-23 strain was transDdtted to 79 test plants and the CMV 

type strain to 78 test plants. 



!ABLE 2 

RESUL1'S OF ATTEMPTS TO, DUSMI! G-23 AID CHV TYPB 

WI1'fi DIFFERUT SPECIES OF APHIDS 

Collection 
Kgbtr 

1 

2 

3 

lt­

5 

6 

1 

8 

§ptcitt · 

ADhis tabae Soop. 

Anb1a tabae Scop. 

Aphis hblt Scop. 

Anbia fabaa Scop. 

A$1• t•Ru scop. 

.lnhis f'abae SCop. 

"!!I:!t1Jft1 (Asha.) 

V1rue 
StraW 

CMV tJPe 
~23 

CMV t;ype 
G-23 

CJlV tJpt 
G-23 

CKV type 
G-23 

cxv tn• 
G-23 

cxv tne 
G-23 

CMV tJpe 
G-23 

CHV type 
G-23 

l'uber 
of Zeay 

lt­
a. 
... 
lt­

2 
2 

It­... .. 
a. 
4 
It 

2 
2 

2 
2 

._ber or 
Aphids Used 

(10 pet PlW) 

200 
200 

200 
200 

100 
100 

200 
200 

200 
200 

200 
200 

100 
100 

1..00. 
100 

-.ber ot . 
.. Ipfec»pp•• 

3/.20
0/20 

0/20
0/20 

2/10
3/10 

0/20
0/20 

0/20
0/20 

2/20
l/20 

5/10
5/10 

t.f 
l/10
8/10 



DBLB 2 Coat '4 
---- --.--oer ot-----~-----~-

Collection 
lpwbtr BP't1ta 

9 X::mtm (A.­aba.) 

10 ••cese <.&.ma. >.o~o~1 

11 '::rufft1 (Asbm.) 
12 I&Cmf, ,ao to-1 (Aaba.) 

13 ~f!!i!t!f1 (Aaba.) 

l't- '!I#Yf1t'A.> 
lS "J!::;ea(Klrb7) 

16 ,f::i!,walk.) 
11 ~UigflZDIrass .cae (Lilm.) · 

18 ~~picatz. . 

Virua 
Straig 

Cfi tJPe 
G-23 

cxv tne 
G-23 

CMV t,-pe 
G-23 

CMV tJpe
G-23 

CMVt)'Pe
G-23 

CMV tn>e 
G-23 

CMV type 
G-23 

CHV type 
G-23 

CMV tJPG 
G-23 

CMV tJ'pe
G-23 

Btaber 
of !Uta 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

6 
6 

... ... 
If. 
4 

4"' 
2 
2 

Apbida Dud . 
UO w Plapt) 

100 
100 

100 
100 

100 
100 

100 
100 

100 
.100 

300 
300 

200 
200 

200 
200 

200 
200 

100 
100 

._ber o~ 
IBftt»>R•* 

1/l.O
S'/10 

9/10
3/10 

lt/l.O
8/lO 

8/10
2/10 

2/10
1/10 

l/30
0/30 

0/20
0/20 

0/20 
0/20 

l./20
S/20 

'Vol 

""" ~g 



fABLE 2 Cont'c:l 

lfuaber or 
Collection 

lgbtr. ap,citt 

19 .,i!f.ih• W1 

20 .unchj..r.,hora 
21 ,cm;tsa (wu... , 

22 'tfi:f'hga ""' 
23 lfjC£21&iJ'!um lzlni·.

811& .. 

21+ Aphis O!£du1 (Linn.) 

VJ.rua 1\taber 
St;ay ot t•s1CJ . . 

CMV tJPe 2 
G-23 2 

CHV type 2 
G-23 2 

CllV type 2 
G-23 2 

CMV type 2 
G-23 2 

CMV tn• 2 
G-23 2 

CHV type 2 
G-23 2 

.lphi.ds Used 
(10 per Pltntl 

100 
100 

100 
100 

100 
~00 

100 
100 

100 
100 

100 
100 

•Bumerator • luaber ot lntect1onsJ Denominator • lUmber or !eat Plants 

1\uaber ot 
IDfect!ont• ., 

4'10
/10 

9/10
6/10 

4110 
8/lO 

9/10
9/lO 

0/10
3/10 

4/10
/10 

w 
Q\ 
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transmission 2.t ga %nJ. }2% D1Uennt Collect1ou 2t AMil 

fabae ScopolJ. 

From the result• or test• of different colleotlon• 

ot aphids ot the species Aph6• taR!• Scop., it appeared 

as though some collect1ona ot this specie• llight be unable 

to tranaait the strains ot cucuaber mosaic v1ru. Ultd. 

To 1nveat1aate this possibUity, turther teats were made 

to determine vhether aphids tro a collection ot this 

•pecias whiCh had not been Shown to contain veetor ot 

either of the virus 1tratns used (collection #2) could 

transmit the CMV type etra1n. Also, as a check and tor 

comparison• aphids trom a collection ot the same specie• 

which bad been shown to contain vectors ot both strains ot 

the virus (collection #3) wre similarly tested. 1'he 

test1ng procedure used was the •••e •• that previo~ly 

described. Aphids trom both collections were te•ted on 

each ot tive days and the order in which the coUeot1on. 

v.re u.ed 1n teats on each day was randomlr determined. 

fhe results ot these tests, ~1eh are given 1D table 3, 

•how that aphids from both collections test d V*re able 

to transmit CMV trP•• Bone ot the cheok plants used 1n 

these t sts became intected with viruses. 
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RESULTS OF TESTS TO DBDRMIBE THE ABILift 

OF APHIDS FROM EACH OF TWO COLLEC!IOBS OP 

AfiiS FAB61 SCOP~LI TO TRAlfSMIT CMV ftPE 

. !Nm.ber ot 
Collection luaber Aph1de Used BuabeJ' ot 

bll Ja!il 'JD Q£~1£ %11!ildl . ,~g RIE flan~l ·~ISE!iiRAI* 

26 Sep 57 2 0/'J'03 5'0 0/') 

27 Sep '57 3 so 1/') 
2 50 1/5 

. . 'jOl? Oct 'J7 3 2/') 
2 c;o 0/S 

28 Oct 'J? 2 5'0 0/'} 
3 5'0 0/'J 

30 Oct 'J7 3 c;o 0/'J
2 ;o 0/') 

*luaerator • lumber ot Int•ot1ona 
Denominator • IUaber of Teat Planta 
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Aa previously indicated, all of tbe atrains of cu­

cwaber mosaic virus to be uaM 1n tranSJilisaion tests 

were inoculated to healthy cucumber plants Shortly before 

the transmission teste were to begin. fhe 1).17 and CMV 

t1P• atraina were aeebantcallr inoculated to these p~ants 

whereas the plants inoculated 14th the 0.23 atrain were 

inoculated b7 aphids ot the species Mtz!JI Plli1pae (Sulzer). 

Cucumber moNic virus is OOIIUilonlr 1noculated to 

healthJ plants by aphida under field conditione. It waa · 
th*retore thought desirable to inoculate the D-17 and CMV 

trpe atraina ot the virus to health7 cucumber plants with 

Mfzua persis;at aphids and to use the result1ng aphid­

uoculated plants, and the plants i.Qoculated with 0.23 

b7 aphids, as virus source plants 1n the transmission 

tests to be made. 

When attempts were made to do this, the CMV type 

strain vas readily transllitte4 to healthy cucumber plante. 

The D•l? strain1 however, could. not be tranall1tted to 

healthy cucumber plantst although approximatel7 600 aph14• 

were used 1n repeated attempts to trana.it this strain. 

T.he inability ot. MY~Ua persicae aphids to transmit 

the D-17 virus was \Ulupected since Dr. Knud G. SVenson ot 

the Department of Entomology at Oregon St te College, in 
.. 

unpublished work carried out in the fall ot 195'6, 'Was 

http:trana.it


able to tran1mit the D-17 atrain t'rom infected to healthy 

cuowaber plants with the aphid species Kflcrosippum rt••• 
(Linn.}, Macrqsiwna aQl.Wts?la.1 (Aahm,), pPhorophsf 

rubitoxiqa I<nowlton, MJcroa1Rhua Wl (Kalt.) 1 Aphis. 

&21•n1a. Glover and AIRJ1qrophora tOA9h1 (Oest .• ) • • Jle wa1 

UDable to transmit the vins with ARhis fabat scop. • 

Brertqoxme sa•sicat (Liml. ) , JiDlopStrul ttr1pl1c1• . 

(Lirm..) 1 APW• ~e•a.•Pth1 Monell, Dcrpsiphg gryariUJa 

(Kirby) or Agv;a~a tyllpat Boyer de Fonscolombe. 

•The vrittr is indebted to Dr. SVenson tor the 1ntormat1on 
concerning aphid transaission 'ot D-17 here presented. 
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Qoua£1ssm 9.( 1'r&np1aa1b1lJ.tx gt Qt! ~ .1D4 ~ )l: 

Hl~Q§ P•tt1flt (§Ulaer) 

To inquir into tb1a nontransmiss1on or D-17, a 

aeries or tests were made to compare the transm1•s1b111t1 
. I 

ot D-17 and CMV type by aphids of the species ltiUI 

ptfpicae ~SUlser)~ the testing procedure previously dtl• 

oribed vas tollowed in the•• te1t1. Both ot the virus•• 

were tested for tran•miaa1bil1ty on each ot 10 da~• and 

the order in Vhich they were used in tests on each day 

was ran4oml1 determined.. The resUlts ot these test are 

given in table ~. !bey Show that HYIY• pera~sae aph1da 

tranalttitted the CMV type strain, but not the D-17 str in, 

ot cucumber moea1c virus. None ot the check plant• used 

became infected with viruses. 

Since the D.l7 •train could not be transmitted b7 

111zus persioae aphids, it vas not used, a were the G-23 

and CMV type stra1lls, in transmission tests with d1t• 

terent speciea or aphids. 

http:1'r&np1aa1b1lJ.tx


. . fABtllt 

.. COMPARISOH OF !RAISMISSIBILITY OF CMV HPE 

AID D-17 BY M.DU§ fER§IC,Y (SULZER) APHIDS 

llaber of 

Ztst Date 
Virus strt.itt
'lA Qrger tJtttQ) 

Aphids Used 
CJO per Plant> 

28 Aug 57 D.17 
CMV tne 

so 
')O 

1 Oett '57 D-17 'JO 
OMV tne r;o 

2 Oct ;7 1>-17 
CMV tJPe 

;o
5'0 

18 Oo' 57 oMv tJPt 
P-17 

'JOso 
I 

19 Oct 'i'l ' OMV type
D-17 

5'0;o 
21 Oot ,, D-17 so 

CMV tyPe . ')O 

22 Oct '17 D-17 
CMV tn>t 

')O
5'0 

23 Oct '51 CMV t,-pe
D-17 

so 
')O 

17 .ran sa CMV 't1Pt so 
D-17 r;o 

18 .ran sa CMV tJPt so 
D-17 'JO 

!OTiL IIFECTIOBS OBllliED 

P-17 • 0/SO
CMV tJPt • 10/SO 

•JUaerato~ • luaber of Infection• 
Denoaiaator • JUab•r ot feat Plant• 

.~ 

luaber ot 
Jpte;~tw• 

.0/fi} 
11~ 

0/5
li'J 

0/'J
0/~ 

~~ 
'+IS 
0/') 

0/')
1/'J . 

O/S 
·O/'J 

2/J
0/'J 

O/S . 
0/5' 

0/'j
0/S 



DISCt1SSIOI 

!he results ot the transmission tests carried out 

and the many reports reviewed ot aphid transmission ot 

•trains, or possible strains, of cucumber mosaic virus 

both indicate that the virus is likel7 to be transaitte4 

by many species or aphids. It follows that nearly all 

species or aphids which teed on gladiolus plants may be 

conoe~ned with the spread ot the wbite break disease. 

This conclusion is supported by the tact that 10 ot the 

13 species ot aphids tested transmitted the strain ot cu­

cuaber lllOiaic virus acquired from a virus-diseased glad• 

iolus plant. 

During the investigations reported, special ettorta 

were made to collect and test aphids found colonizing on­

gladiolus plants. With the exception ot black bean aphida, 

Aphis {abae Scopol1, few such aphids were observed. ~o1e 

aphids, other than black bean aphids, which were tound 

colonizing on gladiolus plants were collected, colonised 

1n the greenhouse, and tested, as previously described. 

All of these aphids were later identified as potato aphida, 

)Jacrosiphua solanifolii (Ashmead). Aphids ot this species 

are good vectors of cucumber mosaic virus and, since ther 

occasionally colonize on gladiolus plants, appear to be 

important in respect to spr ad ot the 'White break disease 

ot gladiolus. 



.ls indicated, A;his tabae aphid 1 are colllllonly tound 

colonizing on gladiolus plants. In addition, these aphid.a 

can often be observed on gladiolus plants throughout the 

sUIUiler. Aphis tabf,e has trequently been reported as a 
' 

vector ot strains ot cucumber mosaic virus (~, P• 217) 

(81, P• 586) (83, P• 529) (78, P• 5~3) (59, P• 51) (91, 

P• 11:5) (69, P• 59) (82, P• 286) (62, P• 762) (35t P• 67) 

(106, P• ~~1) (38, p. 8~). However, this species has ' 

also been reported as a non-vector ot cucumber mosaic 

virus 1n lUies (13, P• 530) and ot the chrysanthelllUIIl 

aspe~ strain of the virus (8, P• 322·323) and SWenson, 

1n work p:reviously descJ"ibed, was unable to transmit the 

daphne strain of the virus with thi species. In addi• 

tion, Simona (84, P• 217) and Severin (78, P• 553) in• 

dicated that Aphi1 tapae was not as etticient a v~ctor 

ot trains ot cucuaber mosaic virus as were other species 

ot aphids with which they worked. , 

Since ApQ11 t•b!• aphids are commonly found on glad­

iolus plants and becaus,e ot the contra ting reports con­

cerning the abilit:y ot these aphids to transmit cucumber 

mosaic virus~ it was d.eeJirable to thoroughly test thia 

species for ita ability to transmit strains ot cucumber 

mosaic virus. Aphids trom six different collections ot 

this species were consequently tested in the transmission 

tests described. fhe results ot these tests indicate 

that aphids or the species Aphis ltbat can transmit 



..,. 

•trains or cucumber mo1a1c virus, but that they ' are not aa 

efficient 1n this reepect as are moat of the other aphid 

species tested. Nevertheless, aphids ot thia species are 

probably important 1n the spread ot the white break dis­

•••• because or their abundance in gladiolus fields. 

That many spec1ea ot aphids may be able to act as 

vectors of cucumber mosaic virus and the fact that the 

virus intecta a wide •ariety ot plants, some or which are 

very coiUion, .should be considered 'When methods to :reduce 

the 1pread or diseases caused by this virus are bein& de­

termined. An additional factor to be considered 1a that 

this virus can be quicklt acquired from, and 1p.oculated 

to, plants by its aphid vectors. This is important be­

cause insecticides which can kill aphids rapidly enough 

to prevent thea trom transmitting the virus are not yet 

available. Observations indicate that migrating aphids, 

which are apt to feed on each or many plants tor short 

periods ot time, may be largely responsible tor carrying 

cucumber mosaic virus to and within gladiolus fields. In 

view of the preceding considerations, the task of ettec­

tivel;r reducing aphid spread or the White break disease 

seems very difficult • 

.The inability of l!zus persicae (SUlzer) to transmit 

the daphne strain ot cucumber mosaic virus suggests that 

thi1 virus, Which at one tille could be transmitted by 

aphids, aay have lost ita insect transmias1b1lit;r. 

I 



Reports ot the loss ot insect transJilissibility by v1ruse1 

have previously been made,. In any event, the d~phne strain 

of' cucumber mosaic virus vas not transmitted b;y MY'Z].ll 

p•r•1c1e under conditions 1n vbich this species was able 

to transmit the t)"pe strain ot the virus. 

http:MY'Z].ll
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A disease ot. the gladiolus in Oregon, known as white 

break ot gladiolus, is commonly caused by cucumber aosaio 

virus. In seeking information cODoerning the tpr•ad ot 

this disease, it vas desil"able to determine whether ou• 

cumber mosaic vi~ is likely to be transmitted b7 few 

or •anr species or aphids. Investigations were carried 

out to obtain this information. 

Reports concerning ins ct transmiss1on of cucumber 

mosaic virus were eztensively reviewed. 

Tests were made to determine the ability or each ot 

13 species ot aphids to transllit strains of the v1ru•• 

!be results of these tests Show that the tfpe strain ot 

cucumber mosaic virus and/or a 1tra1n of the virus ac­

quired tram a gladiolus plant were transmitted by 11 ot 

the 13 species ot aphids tested. fhese strains were 

readily transmitted b7 aphids of the species Maproa~RbYR 

ao1epitol11 (Ashmead); Mll»• pfrsiclt (SUlzer), Haoroa1~ 

phg Ri§i (Kaltenbach), MI'QAorpDhora son@i (OeetlunCI), 

AmMorophora rhodo4Mtr1 (Wilson) , MaqzosiphUJp roaae 

(L1Dnaeus) and Anhis cardui Linn. Aphids ot the species 

Aphi• tab&• Scopol1, Rbopalos1tihyp f1tgbi1 (Sanderson), 

Dreyiqorype praaaicae (Linn.) and Macrps1pbym Rtrr1 Essig 

transmitted both st~atns at a low rate or transmitted 

onl7 one of the atrains, and those ot the species 



tJasro§iphuJI <Jirhodum (Walker) and Macrosiphum graoar1:Nm 

(Kirby) failed to transmit either ot the two strains., 

Repeated attempts to transmit, by MyJus Ptts1cae 

aphid•, a strain of cucumber mosaio virus isolated f:rom a 

daphne plant were unsuccessful. The results ot teste made 
' ' 

to turther investigate this nontranamisaion show that the 

daphne virus; vbieh had preViousl,- been tranmitte4 'b7 

aphids, could not be transmitted by tJyzus PerliAA<t aphid.a 

under cond1tions in which the·se aphids transmitted the 

type strain ot cucumber mosaic virtls. 

The results of the transmission te ts and the reports 

ot insect traaamisaion ot cucumber mosaic virus reviewed 

indicate that th~ virus can be transmitted by !1.l8.Iq specie• 

of aphids. It follows that manr species ot aphids may be 

involved in th• spread ot the white break disease ot 
gladiolus., HIS2lSU41Ri»m sRJ.aiQ(pl\i ana Aph11 raae aphida 

appear to be particularly lmporta.nt in this respect. 

A review ot reports of the occurrancft or cucumber 

mosaic virus in the gladiolus, an account ot the procedure 

whereby viruses were isolated trom gladiolus plants b7 

ftYzus persigat aphids, and a referenced list or aphid 

specie5 reported a1 vectors of strains, or postible strains, 

ot cucumber mosaic virus are given in the appendix. 

http:lmporta.nt
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APPENDIX . 

gocyzrtnoe it XYQumbtr M9•e1c Virus ~ Gl&g1e1us Pla~• 

' ' 
Smith and Brierley (881 P• '97) reported the ~ccur• 

renee of cucumber mosaic virus in Spara;1s in 1944 en~ . b•­

l1eved that their report const1tut'ed the tirst record ot 

1ntect1on ot a plant in the family Iridaoeae with tibia. 

virus, 

In 1948 Wade (97, P• 39) stated that H. H. White had 

tound that a mo1aic of gladiolu in Tasmania, Character• 

i.zed by pale-green mottling ot foliage and breaking ot 

flower color, was caused by cucumber mosaic virus and 

Smith (93, p. 523), the i'o.lloring year, indicated that 

this virus was the c•use of color breaks in gla.diolu. 

blossoms in England. 

Apparently the f'1rst reports of cucumber mosaic 

virus in gladiolus 1n Korth Amer!ea were by Berkeley . . 

(5, P• 3..,.4) and Bridgmon {9, P• S) who both isolated the 

vi·rus from thie plant tn 19Sl • . Br1dgmon acquired th• 

virus, and other virusts, trom plants Showing a leat 

mottle and tlower break but e•tabl1ahe4 no relationShlp 
' 

be~~een thes• symptoms and cucumber mosaic virus. 

file glacliolus has .-since b$en reported as a hoet ot 

cucumber mosaic virus numerous times (30, P• 100;) (6~, 

P• 5;) (10, P• 69) (llt P• ,0) (6, P• 111) (33, P• 463) 
. . 

(54, P• 165) (53) (94, P• .2) (60, P• 141) • Most ot 



59 

these reports implicate this virut •• the cause, or 

paPt1a1 cause, .of a variety ·or foliage symptc>ms an4 

blossom discolorations often observed in the gleu:11oltaa. 

snow (9lt-, P• 2) 1 as quoted in the introduction, l"e• 

lated 1n 195'6 that the .symptorn• ·associated with white 

break ot gladiolus 1n Oregon are at least part1all7 oause4 

by cucumber mosaic virus. McWhorter (60, P• 141), the 

following year, inc:lieated that a white .break or glad1olua 

in Ore6on is ca"-'sed by strains ot cucUilber mosaic vi:rua. 

He stated that "the disease is easily noted in colored 

varieties because ot contrasty white blotching ot flowers 

accompanied by crinkling, shrinking, and other tlower de· 

tonat1onst and because ot chlorotic stll!eaking and blotch• 

ing ot the foliage." 

A white break of gladiolus occuring in the Eastern 

United States (12, P• 31•32) '-s apparently not the sqe 

as that present in Oregon. 
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Jsolat1on Ql Y1:rusea .t:Rm QltAiolus Plants R% Mlzus 

persicAg (§ulzer) 

Twenty-six corms of the ladiolus variety Friend.. 

ship, taken from a field in which the gladiolus crop vaa 

heavily damaged by white break, were planted 1n the green• 

house in Januar;r,l9S7. 

Aphids of the species MuJls persicae (SUlzer) were 

used 1n attempts to transmit viruses trom each of the 

ahoots which developed from these corms to healthy cu­

cumber and broadbean plants. 

In each attempt, aphids were starved as pr viouslr 

described and then were 1ndiv1dual17 placed on the snoot 

being used. ~. actual feeding ot each ot the aphids 

which ted on the shoot was observed w1th a hand lens and 

t1aed with a stop watch. Five aphids which fed and 

naturallJ tendnated their feeding w1thin 15 to 60 ae­

conda were transferred to a healthy young cucumber plant. 

Five additional aphids, which likewise ted, were trans­

ferred to a healthy young broadbean plant. Th aphids 

were left on the healthy plants at least one hour betore 

the plants were tumi1ated and plaoed 1n the greenhouse. 

Viruses were transmitted 1n this manner trom eight 

or the 26 gladiolus shoots to cucumber plants, in which 

they caused cucumber mosaic sJmptoms to develop, and trom 

13 ot the lhoots to broadbean plants, in 'Which the1 cauaed 
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bean yellow mosaic aymptoas to develop. 

Blossoae eventually developed on only ,seven ~t the 

26 gladiolus plants crown. All of these blossoms were 

marked with White atreaks or blotches. lNhen attempts 

ver~ made to transmit viruses from these bloalo••• uelng 

the procedure described above, virus•• we~• transmitted 

trom the blosso~s of tour ot ,the seven gladiolus planta 

to cucuaber plants. lo virusea were tr~mi~ted trom 

the blossoms to broadbean plants. 
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!ABLE J 

REFERENCED LIST OF' APHID SPECIES REPORTED 

AS VE~TORS OF STRAINS, OR POSSIBLE 

STRAINS, OF CUCUMBER MOSAIC VIRU'B 

Species 

Aml~ioPh0£1 rhodgpeQ4t&
sol1) 

uep'l:phOll rub&tQX1g
ow ton 

Amytfo&ora Y~c1a1 
_ tenbaeh 

Aphif tbbrevia)l Patch 

Aphi-§ apigravtoltpf Essig 

Aa~s QU Theobald 

AahJ.s armottHe3.!' cowen 

APb11 Clf~ Linn. 

Aphis e1£s11-ac§Dth01d1t
Seopoli 

Aphis craccat (t1nn.) 

Aphig taba~ Scop. 

Aph1.a goasn11 Glove~ 

• 

X • 

~ 

38 

79, 81 

79; 81, 82 

79·, 81 

40 

41 

• 35,_ 38159,. .621 691. 76, 
61, ts2, ~3, ~4, ~lt 06 

X 13, 15, 17, 22, 231 2lf.l 
25, 26, 27, 28, 29, J6, JS, 
~t ;o, 56, 27, 58, 71, 79, ao a1, sa, 83, a~, 85, 98, 
101t 103, 10~, 106 
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!ABLE 5 Cont 'd 

Spegitl Bibliographical Rlftrtpcts 

Aphis pelichrrsi Kalt. 

Aphis 1ncu1ta Walker 

A1m.1l. mo;:dv1lij•M
--nobrow jans 

!phis g.bterran•l Walker 

Aphis Q£t1pata Fabricius 

preyicprype braas10if (Linn.) 

41, lt-7 

79, 81, 82 

3?, 39 

41 

41 

• 41, 82 

Ctpitophoryf ribi§ (Linn.) 39 

Cavaritllt aegopog11 (SCop.) 61 

Qavariel1a R&st1Qaceat (Linn.) 34 

CeropipQa ep11pb1ipe Walker 

Cbaf~ophor!f tttulinus 
van der oo 

Bra.opterus arupdinis (Fabr.) 

MfCtOfiphUI b!rri Essig 

Magrosiphg obgcurus (Koch) 

MJCtos1ph1a W1 (Kelt •. ) 

Kacro•1phg rosa,1 (Linn.) 

Ma81!f!~ sagporni 

Macros1phlJIR solanifo111 

.MacrosiphUJI g .b!ci Pergande 

JiacroaipQHI tanaceti (Linn.) 

~ 

~ 

41 

• 

41 

x, ., 58, 82, 91, 106 

x, • 

llt, 35, 47 

X! •, 7, 13, 15, 41, 42,
4J, ~. 46, 47, 50, 56, 
~?. 58, 59, 66, 67, 69,
87, 91, 96, 100 

2, 3 

39, 41 
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TABLE 5' Cont'd 

§peciea . S~bliograppigal Rettrence1 

Metopeytym tuacov1r1da 
Stro;ran 

Mejoi~lolhi~occidentfle
1 e is mbers 

Mioromrzus y1o1at (Perg.) 

Mxzus asc lonicus Doncaeter 

Mxzus circumtlexu• (Buckton) 

MYfUs l1guatr1 . (Mosley) 

MY1;s ornaius Laing 

HYJus persicaa (Sulzer) 

MlZU§ solatQ (Kalt.) 

«asonovia ribieola (K.alt.) 

restalonif nisronervosa 
oquere 

Rhypalosiph,niaus lttxs1phoa
Davidson 

Rbopflos*pburn con11 (D vid) 

Bhopalgsi~ f1tgb11 . 
(Sanderson · 

Dhypalos&~um JuppcJ.&anum 
· Karsch 

Rhopal9siphum maidis {Fitch) 

'+0 

lto 

81 

21, 76 

41, 42, 44, 79, 80, 81,
82, '99, 100 

39 

7, 38, 5'1, 82 

.1 2i 4, 7, 8, 13, 14! 15'l 
l'l, 9, 21, 22, 35, 36, 3~,
39, 41, 42, 43, ~,, ~, ~7,
It-8, 5'0, 57, 59, 63, 65, 66,
67, 69, 70, 75, 77, 78, 79, 
80! 811 83, 84, 85, 86, 91, 
loo, lo5' 

14, 17, 18, 35, 38, 39, 42, 
44, 47, 79, 81, 82 

41 

'' 
41 

79, 81 

• 
39 

101 
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