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sotm vECToR, VIRUS, H0Sf-!'LANT RELATIONS{IPS 0F TIIS

SD(-#OTTED LÊÀr'dOIPER., ùhsse-Þ-!el-g-q. fasc ifrqåg ( StSf ¡ u

AXTD ASBER YET,LOI{S I¡TF.ÛS T}f 1{AI1-ITOBA.

Contaet and systemtre lnseetieides formuLated. as e¡mrlsive

coneentrates (Et)u wettab}e powders (WP), and granules (G) were com-

pared at various timesu rates and lntervals of applicatlon to controL

the six-spotted leafhopper, l',{acrogþqþe fascifrons (St8f )n and. prevent

the spread of aster yellows vfrus (AYV) to head lettuce and. carrots.

The lnsectlcfdes malathfon EC, Baygon EC and. G and phorate G, at the

rate of one pound per aere controlled the six-spotteð leafhopper and.

prevented the spread of AW to the head letüueo tn the spring and

surnmer erops of 1960, 1961 and 1962. The same lnsecticldes gave only

partlal- protection to the spring crop and fatLed to protect tho

suamer erop of L963 because of a comblnation of a large population of

ij, faseifrons wl-bh a hlgh percentage (ten por cent) of lnfective

leafhoppers. Other lnseeticid.es tested. against 4" fqsctfrons on heqd.

lettuce were less effective"

The start of applieatlons of insecti-cides bo the spring

crops may be delayed for two or three r¡¡eeks after the plants emerge,

0n su-ûmer crops, spray applicatlons ¡mrst begin at crop emergenceø



DDT EC and Carbaryl i',Pe ono pound per aeree orle application

per week gave a. sfgnifleant reduetlon ln earrots affected by AW

when fho spray applfcabions lÁ¡ere started withj.n two to three weeks

of crop emergenceo

I,ess than Oub D.p.m, of malathfon was found on lettuce

head.s whlcÌr were analyzed nine days after the last of 15 appllcations,

Thrse stralns of AYV, [An, ttgn, and tr0ilu were lsolatsd from

l-ettuee, zlnnia and celery, respeetfvely, 1n Ï,Íanitoba" The throe

stralns were soparafed by symptoms on aster, Nlcotiana rus-U:Leg varo

hrunilts and celery" The crlterla: 1) plant height from ftrst leaf

node to ti.p; 2) pJ-ant hei.ght from first to last exposed J-eaf node;

3) number of exposed leaf nod.os and 4) axlllary growth on aster were

also suesessful-Iy used to separate the stralns"

The transr¡isslon of the three strains of AYV by slngle in-

fectlve M, faseifrons showed that the six-spotted leafhopperr male or

fernale, 1s a eonsistent and rellable trans¡rj-tter after a two-day

lnoeulatlon feod; that astor is a poor lndieator of the proportlou

of fnfeetlve leafhoppers; that stinlcweed and. head. l-ettuee are superior

lnclleator plants; and that different specles of host pLants vary fn

thelr suseeptiblì-ity to ciffferent strains,

The aequisition of the three sbrains of A]tr

from L4 different host plants shov¡ed that i8 d.epended

of AYV and the host plant"

uy S,

on tbe

faselfrons



ACII\I0íSAEDG¡EN'IS

ï wish to thank Dr. A" E" Hannah, Diroctore .?esearch station,
canad,a Department of Agricu.l-ture, ir,llnnipeg, rtanftcba for permlssion

to use the projeet as a thesÍs, and. Dr. A. G" Roblnson, Dopartrnent of
EntomoJ-ory, univorslty of Manitoba, for accopting tho proJecÊ as a

thesls"

Thanks ars due arso to ¡nr" p" H" i{estdar for do3.ng the

flnaL statisùtear analysis of data presented. ln chapters rv, ve true

and VII; to Dr, I. Bu Snith ancl Dr" ltl" Ives for advice on statistical
method.s; to r\{r" R. cheale for grotograph.lng th,e pJ.ants ln tr'ig. B, lOe

and 19; to Dr' P" Barkeru Dr" -'/I" c" WeDonald. and oÈhers for reviewing

the manuscrfpt and. Mr, J" rJ.ehynau l[r" N" BrandÈ, Mr. D" Tlrt¡ran and.

x{ro G. cox for assistance ln earryfng out tho fleld experlmentsø



C.TÍAITER

T."

ïr"

IÏI "

ïv"

TABI,E OF CONTET$TS

PA@

]I{[P.ODUCTI0N" s o s o o s o o 6 o o o o o " 1

fhe problem" ø ø o o o o 6 o ø ø ø ø o o o o o o 2

Import,anceof theproblem. ø o o o o o ø ø 6 o " Z

0rganization of the thesls . ø ø o o o o s o e o A

REïlEr'I 0F TTJE LITERATIIRE" , ø ø a o o ø o o o s o ô 4

Control of lnseet veetors of plant viruses " " u 4

Vectoru vLruse host*plant relatlonshlps., o o . B

æNIRC.L IIATERTALS AND jr&THoDS, ø o o o ê o o ø ó è n?

EXPffiD,ElflIS 0N C0N1R0L 0F Mn faseifrons

32

62

54

4L

4L

42

5l

51

52

56

Db

DIIRING1960. o o s o o o 6 0 ø € o o

Matgri.al-sandmethods" c ô o ô c o o c e o o o ø

Results and. dlscusslon o . o o o o o o ô o 6

Ð(}ffiIIIE}flIS ON COlffROL 0F M" faseifrons

DIRING 196l- o o o o è o e o e Þ e o o o o o ô o

&íatgri.als and. method.s. ø ø o o o ê @ o ø o o o @

Rgsults and diseusglon, ê o o ø ø o o @ o e ô s

Tf. ECPERIMEIü|S 0N CONTROL 0F M. fagetfrons

DIIRINGL962 " ê o ø ø o o o o ô o o o o e o @ o

Matgrials and. methods. ø ø o o o o s o o ø o o ø

RgsuLts and dtseugston o . ô ø ê ô ê o o o e o E

1¡ïI. E1fl?ERIMBTTS 0\T CONTROI Ot' M, fasslfrons

ÐïÏRING1963 " ê o o ô o o o q ð ô o þ o o o ô o

llaterlal_sandmgthods. o o o o ô ô 6 o o, ð o ø

V.



Ív

OTTAPTM

Resul_tsanddlseugglon. o o o e s o ô o o

YIÏT" NTT'fEMüTflT,{TION OF ETREM SFPAINS OF ASTXR

PLANTS" o o o o o ô ô o ø ø o o o ô o ø o o o o

lhteriaLsandmethod.e. o o o o 6 o o ø o o o

Resultsandd.lsgussioxlô o o o ø ø ô ô ø ø o

ln AcQursrrrtîd By M. faseffrons of rtüEE srp,ATNs oF

IISTER YSI,LOI'úS UIRUS FRODI FOURTffiN DIFF¡]FEX]T HOS'

PïrAl\US. o o ô o o o o ø o o o o o o ô o o o o o ø o

lúaterl,alsandr¡othodg" o o ø o ô o o o o o è e e

Results and. dlscussion o o o o o o @ o o o ø ø o

Xf " 
g[J¡,níARY 

" " o o o o o s o o ô o o ô o o ô o o o 6 o

BIBLIOffiAPIÍY' 
" 6 6 o e o o @ o ô o o o è o o o o o o o

APTEl[D]ltA. 6 ô ô o õ ø ê 6 ô ô ó ô 6 è 6 ø ô o ê ê

Riehardsone E[, F. and. p" H. V,Jestdat, ]-968.

Control of tho slx-spottecl Leafhoplers

ï4aerosteleg faseifrons (st8f ) and aster yelJ.ows

on head lettuce 1n MianLûoba. Can, J" pl_ant

SCf" 452I2-L7" è ø ô o 6 e ø o o o o o o o o o ô

YEt1,0ïJstrIF,Ils""ooooøooo o 6g

Iúaterials and methods" ø o ø o o e o o o ø o E " 68

ResuLts and dfseussfon " o o o o Ò ø o 6 o o o u 6g

JÏ. TP.JNSIIITSSTON BY 4. faselfroêg oF THREE STÊATNS oF

A$I¡R ÏÛLtrO,,,ïS VIRUS T0 FOÌfRTEÛI DIft-ERE'NT HOEI

PAffi

5r3

B9

ao

89

95

9g

95

98

Lo5

108

L09



AIFmilÐm A (Conted) pAffi

Riehardsone H. P" and p, i{" r.¡n'estdal. 1964"

kperiments on eontrol of the six-spotted

leafhopper, l"{qsgcgEe1sg fasclfrons, and.

aster yellows on hoad_ Letùucs v,¡Íth contact

and systernic inseeticldes fn i,Ilanltoba"

Can.J"Pl_antSei,44:5g5-3g6." " o c e o o o ô o lt5
APPÐ'{ÐIXB r o ô o @ o o s o ô e o o ø o ø ø ø ø ø o o o " LLg

See llst of tables forAppendjx B " ø o o ô, xi



LTST OF TABT,ES

!\nT,Tr

ïu Per eent of head lettuce pi-ants infected. v¡ith aster

yellows after applieatlon of r¡alathlon at two

lb" 1nr aere at two- and fciur*ttay fntervals wlth

trea,&nent one beginnfng at crop emergenee agalns€

l,Iacrosteles lescifrons, Spring crop 1960. . o o ø

ïr" Total and. seasonal mean numbor of 1Uasrcsgeres f"""f-
frons for three replleates after application of

mal-athi.on at two Ib, per acre at four-day lntervars,

wlth treatment one begÍnntng at erop emergence,

Springeropl960u. o o ø ø ø ø ô 6 o o o ô o o, Eg

ïrr" Percentaþe of head Lettuce plants lnfectod witb

aste¡ yellows after applleation of ¡ralathlon at

two lbø'pêr aers at two- and four_d.ay intervale

wlth treatment ono beglnnlng at crop emergpnce

agalnst Maerosteles fqseffrons, Sununer erop

1960.âôøøooèoooooooooôoõg

ïv. Percentage of carrot pJ.ants infecùed with aster

yello'rs after application of DDT and Carbaryl,

eaeh at two rb" per aeree at six-day intervars with

treatment one begtnning at erop emergenee agalnst

l{aerost,elesfascifrons" " o o o o ø è o o 40

V, Percentage of head lebtuce plants fnfectod with

aster yellows after application of nalathionu

PA@

37



vlf

T.¿{BIIE

VIT "

VTTÏ 
"

!\ô

vIu

PAffi

Carbaryl and Baygon, ü¡ith treatment one be-

ginning at erop emorgenee agalnst l,{aerosteles

faselfronsu SprlngeroplgSl ê o o ø o o o o , 46

Total and. seasonal mean nunber of },[acrosteles

faseifrons after application of malathÍon,

Carbaryl, and. Baygone wiùh t,reatment one be-

glnnlng at erop emergence, Spring erop 196J., " s o 4?

Porcentage of head lettuee plants infected v¿ith

aster yellows after applieation of malathion,

CarbaryL and Baygonu with treatment one be-

ginning at crop emergenee against Ì,,,,iacrosòe1es

fasejl:lroqgrsummereroplg6J_oo ôo-oôo 4g

Total anci seasonal mean nu¡rber of lracågglqlqg

fasci-rronq efter application of malathionu

CarbaryI and .Baygon, rvith troatnent one be_

ginning aü eron energence, Suruler crop 196I. . 49

Seasonal and rnean nurnber of leafhoppers after
application of mal_athlon and Carbaryl against

ir,laerostelesfascifrons, Summorcroplg6l o o ê o. bO

Total and. seasonal rnean nurnber of l,facrost,eles

lgseifrons for eaeh insectieiden ,Spring erop

t96A o o o o o o o ø o 6 e o ô o e 6 o o " 55

Percentage of head Iettuce plants infected rvith

aster yellows virus, Spring erop 1962. . o o o ê " D&

X.

lvl ø



vlll

TABIE PAæ

XII, Total ancl mean number of }¡hcrosteL_qs faseifrons

for eaeh insectiefde tesüed" Summer cro¡ 1962 " " bb

XIII. ?ereentage of head Lettuce plants examined, and

found. infected v¡itb aster yellows virus,

PortagelaPralrie, Sprlngcrop1965". e o o o, 59

XIV. Total and. seasonal mean numbsr of nilacrosteles

faseigrons, Portage la ?rairle, Spring erop

L965røooooôooøøoþoøeoo@60

lV. Pereentage and number of head Iettuco plants

exantned and founil infecòed wÍth asteæ yellows

vLrus, Itlínnipegr Spring erop 1963 n . o o o o o o 6l

lnn" TotaL ancl. seasonal mean number of Macrostelee

fascifrons per 50 ssreeps per treatment, -/llnnipeg,

Springerop1965, " o 6 o o o 6 e o o e c ô o o . 62

i[trïI" Percentage and number of head lettuce plants

examfnod and. found. fnfecteê wlth astsr yellows

vlrus, ?ortage Ia Prairie, Surruner erop 1965 . " . 6g

ICVIII" TotaL and seasonal mean number of }lacrosteles

fasclfrons per 50 sweêps per treaÈment, Portage

la ?ralrie, Summer crop 1963, " ø ø o c ô o o ø . &

XIX" Total number of fuiacrosteles faseifrons, adul-t,s and

nymphs on.4.C 47051, and eheck, Portage la

PraÍrio, Sprlng crop 1965 . " o s o o s o o ô ô o 65

XX" Mean and Î¡SD for 40 aster plants for each of



fx

TABI.E

JT,TI .

}ffiIT.

]Q(ITT 
"

]l-1ÍW

?A@

three erlterla and the per eent of pl"ants

showfng axfllary growth, a fourth erfterion

used to dlfferentlate AW strains nAn, rrBne

alld lîClt and. check" . o o o ô o o o ê o ø o

Miean and LS for 50 aster plants for each of

three eriterLa and, the per eent of planÈs

shor¡¡thg axlllary growthu a fourth crlÈerioa

used to dlfferentfate Ayv strafns ,rA,,¡ nB,,o

an{ttgttand.ehgek.. ê o o o o o o ê

Mtean and. ISD for 25 aster pì.ants for eaeh of

threo erlterla and tho per cent of pLants

shovrfirg axlllary growth, a fourth erfterlon

used to differontiate AYV stralns n4ft¡ tfBnc

ItCn and. ehgek" o ô c o o , ô o e o o o ê ô60 ó @ ô

Total and per cont transmissj_on of three strains

of aster yellows vlrus by tnfected slngle

Îr/tracrosteles fasci.frons to fourteen cllfferent

host plants" o ê o o s ô e e ê o o o . o

Total and per eent transmisslon of three süralns

of aster yellows vårus to aster by single

Macrosteles fasclfrons based. on aequlsftlon

from fourteen dffferent host plants" o o 6 o o

Ðlfferentfal transmfssfon of aster yellows vlrus
gfraÍns 1r4", nBtt, and r0n based. on acquisitfon

70

71

90

72

Tl.T¡

96



TABT,E nÂÆ
-r-1Lü¡

by ¡.{aqrgglgþe faseifrggs from fourteen

dlfferent host plants 6 o o o o o o o o o ô.o o € g?



TABIE

ï.

ïï"

TTI.

rv*

TT?vIô

VIÏ.

I,TST OF TABT"ES

APPH\ID]]( B

PAæ

Number of head lettuee planbs examined and found

lnfeeted wÍth astor yellows vfrus after

applfeatfon of malathion at Èwo pounds p€r

aere' Sprfngerop1960". o o e o o ô o o lZ0

Total number of tdaggoqtel-qg las_cifrons per

repllcate for seven dqtes of sweeping on

head lettuceu Spring crop 1960. ô o ø ø o o * l2l
Number of head lettuce plants examÍned. and

fou¡d fnfected with aster yoLLows virusu

Sunmgrcropl-960,. G È s o E o o o o o o o o o " LZz

I,falathfon reslduo on head. lettuce nine days

1¡n

after applíeatlons ceased. o ô è o ô o o o ê o

Number of earrot, plants examined- and found fn-

fectodwithasteryoll_owsvirus u " ø o o o o

Total number of l¡Taegosteles fascifrons per b0

snreeps per subplot nade on seven different

dateso Sprlngcroplg6l. o o s o a o ø ø

Number of head lottueo plants examtnod and

found lnfeeted. wj.th aster yellows vfrus,

Sprlngerop196l. . ø 6 ø ø o ø ø o

Total number of Macrosteles fascifrons p€r

I23

L24

L25

IrIIT 
"

L26



x1Í

TABÏfi PAE

50 sweeps per subplot made on five dffferent

d.ates, Surnmer eron l-96L" , o ô o o ô o o o o ó o o LZ?

XCo Number of head Lettuee plants exanined and

fo¡rnd. lnfected wlth aster yollows vlrus,

Summer crop 196Ì o è ø ø o q o o . 6 o o o ê " LZB

X. Total number of IvlaqËqqtglgÉ laqc:![ro4s,, fifty

si¡ueeps ** ""ñJt t"rr *"cates for

each date of sweeplng, Spring crop 196p, . s o ø ø LZg

XI Number of head.s of lettuce examlned and found

fnfeet'ed v¡ith aster yellows virus per replicate

per treatmentu Spring crop 1962. . 6 ô ø o o ø ô 6 LgO

XII " fotal number of Macrqsteles lAqcifto¡s p€r flfty

sw@eps *= ""iilã """ *a" ", si,,ieepingu

SeptenberlT, Sunniercrop196A. o o o o o o o e, L5L

ïIIT" Number of Macrqsteles fasetfrons per 50 sweeps

,ur nroffi1" t"** ,nrro* 
""on

L965 . o ô e o o o o o o e o o o o o o o o â ê l..32

XïV. Number of head let,tuce pLants examined and

found. lnfeeted wiüh aster yellows vfrusu

PortagelaFrairlo, Springcroplg63 " " o o 6 o , LB5

XV, Number of L{acqqstgles *scå{rong per 50 sTr¡oeps

n"rnroffi, Èprtngerop1963.. o o " rõ4

trVI, Nunber of head lettuce plants examlned and found

lnfeeted wlth asÈer yelJ.ows vlrusu tïinaf.peg



TABIE

XITT 
"

XVTTI 
"

XffU

lQf 
"

]il[I"

mI"

Sprfngcrop1965. " 6 6 s o 6 o

Number of [,lagroste.leÊ fas_eifrons per 50 sneeps

per ploto Portage la Prairles SunÌner crop lg65 
"

Number of head. leùtuee plants examined. and found

infeeted wlth aster yeì.Iows vlrusu portage J-a

Prairieo Sumruer erop Ig6E,, @ o o ê 6 o o o ø ø

Transmission of three stralns of ast,er ye1J_ows

vlrus by lúaetssqg,Leq faselfrons to fourteen

xllf

PAæ

" L55

. 136

. I5?

d.lffgrgnt bogtg" . 6 o o o ø ø o ô o ô è o e o ê o IgB

Transmlssion of three strains of asÈer yellows

vlrus by slng1e I[aggostetes fascifrons based

on aequisitfon from fourteen dåfferont host

plants" " o o ô ô o o o o ø o o o o o è o ø øo o L5g

Anal-ysfs of vartanee table for transmlssfon of

three strains of aster yeltows vfI'us ttAtt¡ nBrr,

and lr0rt by indlvldual- infeetLve Macrosteles

fassifrons to forrteen dlfferent hosts.. o ô ê . " l4O

Aaalysls of varLance öable for transmission of

three strains of asber yellows vlrus ftAtr, r'Bng

and rr0'f by lndlvidual ]úacrosteleg fase_j_frons

based on acqufsition from fourteen dtfferent

host plants, ø ø e ô ô 6 ø ø o e o o ø e o o . LqL



ITST OF FIfrIRES

flTGURE ÞÅ as!

l-, Head lettucee varo fmperiaj- 456, showing symptoms

of AYV, brow-o exudate on stlff u ehlorotfe

strap-I1ke termfnal leaves " " 6 @ o e Þ o o o o o zo

2o Cellul-ose nltrate cage over an astern fou:r-l_eaf

stage, gror4rn in a three_lnch peat pot" " ô o . 24

3, Î',tetacryllc plastlc tube cage ovsr an asÈer

grownÍnafour*inchclaypot. o ø ê o e ¿ o o 26

4" Poi"yethylene bag cage over an aster grovrn fn a

throe-inehpeatpot. øø" ZT

.ãê Greenhouse beneh showing a serfes of polyethylene

bagcagesusedinatransmissiontesb. o o o o ø ø g0

6" Aster, var. Glant pfnk, planÈs showiug sym.ptcans

of AyV strains irArr, ngrr, åIId ilÇÍ o o @ o o o o o " 66

7. Nieotiana rustica var" humllfs showing symptoms

of AYII strains rtÄr, trgil, g¡fl rÇrr" The plant

lnfected. wlth strain rrBrf is supported with a

strau¡. oo o o s o o o o o o ô 6 o c o e o o o o o 6?

8o Head lettuee vab, Imperlal 456u showing symptoms

of AYV strains ifAffe $Brr¡ âitd nC$ o o o o ð o o o . y5

9" Sbinkweeda TbþsÞL arvense T.,, rosette stage showing

symptons of AYtI strafns r?Atr, $Br¡ and rrgrr" , o o " ?6

L0" stinkweedo Etrþgp! arvense L., frowerx.ng stage, showing

synptoms of AYV strains flAn¡ rrBr!, and n0n" o . ø ø TT



FlGUP&

11, Coleryu var" Utah, showing syrnpùoms of Äyl/

PAæ

sÈrains trþtl , ¿¡1fl ttÇte ø o 6 ô o o e o o o . ?g

L2, Plantaln, Plantagc EjgI 1,, showlng symptoms

of AYV stralns nBrf and rfcr

15" Barley, varo ?ark1and, shovrfng symptoms of AyV ln

ord.er fronn left to right stralns n0'rc n.A.r?, and

ItBt?andehgek" ø o o ê 6 o ø o o c o o gO

14, Onion, var" Ebenezeye showing symptoms of :\1|[

in order from lef t to right stralns tton, riBr?,

and nArf and eheck, , " BL

l-5, Flax, var. Redwood, showlng symptoms of AyV

stra in s trÄlt , ?tBrr, and. ttg tt n 6 o Bz

16. Sunflowore var" Foredoviku showing symptoms

Of AII/ StfainS ,rA,,¡ rrgrr, ¿¡fl trerr

i-7. Sunfl-owere var. Commander, sb.ovting symptoms

of l¡.YV strains rtÄtt¡ rrlrr, gl].d rrÇrr o o ø 6. 84

18" Caruoù, vàxo Speciàì- Long $pe jsanües, showing

syntpùoms of :],YV strains trÀrts rrBr, ¿¡fl uQl" o o ê ô Bõ

Ig, Tarre buc:o,,lheat, var corffûon, siro.r¡¡ing sy,rii::totrs

cf irYV strains ttil{, rrBrr, anç1. r?Çtr o o s o ø ø . o " 
g6

2o' iflld. buekwheatu polygegum convolvulus T,, showlng

sylttptoms of ATV gd,3s!¡1g tt¡Ltt, rrBrf , and rrgrr" o o o o g7

2L, i,',treat, var" ,Selkirk, showfng symptoms of AyV

strain ltBll o o o c ø ø c o , o 6 è o o o ô o o e e gg



ffiTAHffi T

NWTEOÐUCTTON

fhe reeognÍ.tton of pJ.ant vfrrrs lnfeeè1ons as a df.stLnet eLass

of ilisord.ers and of lnsects as vectors of bhe planÈ vlruses d.atos baek

to the end of tho n$"netee¡rth century (cook, rg4?). sj.nee thenu lt hae

been shos¡n that nost pLant speefes of eeonomlc f.mportanee are Ínfeeted

by ono or nore vlrus d.lseasesu reny of whi.eh are transmltted. by fnseets

(Chapn'an, l-959)u In Manltoba, wheat j.s laorìrn to be j.nf,øetett by three

lnseef*transmåttod vlrusesi barley SrelJ-ow dvmrf , aster yexrows, and

wheat str*ate mosaåe; oats by two: barroy yetrlow dwarf, and. oat blue

dwarf; barley by four: barrey yeJ-low dwarf, oat bLuo dwarfu asÈer yelx-

owse and. wheaû strlabe moealc; flax by tr.vo: oat brtre dwarf and aster

yeLlowsu and. most other eropsn vegetables and. herbaceous ornqr¿entaLs by

aù Least one: aster yellows" Barley yellow d.warf, a vlrus dj.sease of

world tlåstribution, was dfscovereð fn LgSl by Oowal.d. and Houston

(Bruehlu i.96X), and the oat blue clwarf as recently ae J.96I (BantËarÍ and

Mooreu i-961).

The proteetlon of tbe erops from the lnseet-trensmftted

vfruses may be based on the development of erop varl.etles neg5.sÈant to

the fnsect or the d.isease, ore on the use of chemteals" Eaeh nethoti

bas åts partåcu1ar edvantages or dLsadvantages, but co¡rmon to oaeh le
the necesslty for a thorough understandlng of the veetoru vfrus and

hos&-p1ant rolaÈlonshlps, The complexity of Èhe relatlonshÍp ls ft¡¡e-
frased by the aster yerlows vfr¡¡s (Aw)" lt f s a comprex of vlrus



stre{ns (Granados, l-965) some wfth dffferent hos6 ranges, dlfferenb

bost effeets and di.fferent veetors ln d.ffferont pargs of åb,s rangeø

M=er.es9ei-es fagg¿gqqgg (St8f) , the slx-spoÈùed l_eafhoÞpero j.s the maJor

veetor, thougb oaly one of at Leasb 25 dlfferent speeios of ]eafhoppers

whlch are ea¡nbLe of transmfttfng Ayv" rn l¡lanitoba the ml.grant po¡>

ulatlons of g" ferscifrons are the npjor soureee, through tbe eggs they

doposit, of ùhe l-oeal- populatfon shat devorops fn lfaniboba, The migrants

arg also the najor sourcs of AW' ç¡hleh they carzy wlth Èhem and fnJeeb

LnÈo ths locaL crop and weed pT-ants" The d.lseased crop and weed plants

form the naJor söurce of Xnfection for the genorations of &tu faseåfrons

whfeh develop 1n lúanftobau

The problem

The probJ-em fs the protectton of the crops from lnfection

by AYV" The first nethod stutile(l was the dlrect d.estructlon of the

s!.x-spotted leafhopper by chemtcals. For th.i.s purpose a serles of
I'nseeÈfetdes were evaLuated. to determine tb.e most effeetlve tlme of

applf.eatfon, mtes and intervaL of aB¡llication.

The seeond. method was a study to d.etormlne the relatl.onehj.p

of the vector and virus wi.th a nwrber of eommon host pLants, The pur*

pose rras fo el"ueldate €he faeËs that nay prove effeetlve ln reduetng

-¡r'Y.lI ånfeetfonsu posslbJ-y through the rsduetlon of eertaln host plaats

or ín the produetion of reslstant crop plants,

ïmportanee of the problem

ïhe host range of M. faseifro4s and Alfr lneludes most of
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the eereal erops, olL seed erops, vogetabJ-es and many of the herbae@ous

ornâment&ls grown ln Manftoba, Although the Xoeses due to AYV lnfee-

tfon seldom exeeed ten lnr eent of most erops, ûheso Lossos have praeù-

åeal-ly elfmtnated. cornnerefal produetfon of head lettuce in Manltoba.

and eonsti.tute serfous probLems on eamots ønd cerery; j.n some years

some growers have Lost t'heir entlre celery cropsô The loss fn most of

the other crops eaused. by the vlrus disease although J-ow, represents

another addltfon to the esst of productlon and. to the eost of the f,l¡ral

food prod.uct.

0rßnlzatfon of the ùhesie

The chemleaLs used j.n the tests are roferred to by their

&rade names or company desfgnatlons tb.roughout the thosfsn The chemlcal

names are glven 1n the seetfon on },{aterfals and I,¡lethods Chapber III"
flre resuLts of the fieLd tests aro prosented in chapters rv to vrr"

The l-aboratory tests eond.uetetl at the Canad.a ÐepartmonÈ of

Agricui-ture, Researeh statlon, ''lllnnlpeg, to dlfferentfate three stmlns

of aster yellows virus, and on the ab1llty of U, fascifrons to bra¡rernit

three stratns of !-YV to and. from fourteen dlfferent host plantg are

8lvon ln Chapters VIII, Dl and. X reslnctively"

Two pubJ-featlons based on the rosults presented ln Chapters

IVe Ve VI a¡d TII are g5"ven ln Appendås Á" Sunuaary tabLes of data

thab form the basfs for Èhe final Tables presenÈod. in the Èest are

gfven 1n Appendix B"



C-TIAPTER TT

REVIEI',T OF LTÍMTTUAE

QcgUre:1 .-oÉ jlgqegt Ee_ejLgrs of plent v"ir.gsee

Tha conbrol of veetors of ¡ùant vlruses to prevent the spread.

of d'fseases has boen aÈtenpted wiüh inseetlef.des, Èrap erops, and varlous

types of hrríers' A survey of the li.teraturo on inseetfcldal eontrsL

of the spread of ptanÈ vlruses was presensad by Broadbent (lg5?). rfi
t'hts revlor,ry he lågbed Èhe earller suceesses and fafLuros by a nrunber of

workers aå+"emptfng to reduee the spread of spottod tonm&o v¡$.Lt on

tomatoos by thrfpsu potato vfruses by aphlds, astør yelLows vtrrus oÌ1

Lettuee, earrots, and endLve by g" tesetfloqg and curly top of sugar

beets by the Leafhopper circuu.fet tsneLrus Baker" Broadbsnt (L95?)

coneludod from the earJ-y aûtempts to eontrol tbe spread. of viruses by

usLng sueh lnsoetlcidos as nieoÈlne, derrls and. ¡yreübrum, that ft ls
not suffi-elent to k1ll the fnseets on tbe cropu that lnsufffclent trn*

seetlcfde remalned actLve on the foli.ages and very frequent applj.cations

wore &ecessary to prevent virus spread.n These w€re expensive and. ofèen

failed beeause lneomJ.ng lnsects fntroducod vfrus or spread. it from pJ-aat

to plant in the åntervals between applÍcatf.ons, An lncrsasod. fneldonee

of potaõo v1zus Y ln potato fíotds sprayed. wi.th lnseetiefd.es has been

reported by various workere (thapnan, 1g5L; McEwen, 1g5õ; Ronand.e Lg55)"

1¡lcEwen (L953) showed. that Lnsectiei.dos kept the folfage gree& Late fn
the season thus maklng the planüs suseeptlble to lat@eseason fnfeet,fon"

Chapman {195L} hypothesizod that trnrathion fncreasecl aphi.d. activlty and



RoLand (L955) swgesÈød öhat i.ô aåtracted aphlds" AeeordS.ng to gha¡¡ks

and tbapna¡r (196õ)u aphÍ.ds, after Lni.tleL probes narie i.onger feodfng

probes on parathfon-treated t,obaeeo than on untreated leaves and vlee-
versa on ÐDTttreated. Loaves" Nelther ¡eterlaL affeeted aphfd. aceul-

sitlon of potato v'lrus y but ¡nrathfon tended to deerease end. DDT to
lnereasê the mrmber of transmlssfons to treated. pJ-ants" The authors

found that the inseeti.eides requfred bl-LgO nln, to H.11 go trnr eent

sf the aphlds two hours after apprfeatlon and muoh longer three days

after treatnsn&, whl).e aphlds ean transmlt non*p€rsfstent vj-ruses Ln

less thân a mlnute" They also found. that the wlnged aphxd.s romain

longer on trnraÈhi.on-treated. plants than on DüT-treated plants, and.u

Ûhat infeeted aphídg transmittetl potato vlrus Y slightly more often üo

p,arathlon-troated than öo untreated Èobacco pJ"ants.

ïè was shown by Becker and Rich (1956) and by li{organ (L96s)

that the conürol of aphtdsn pentalxxgþgpge- sÞÞ. s on strawberry bed.s

prevented the opread of vfrus d.lseases and., as a resulte inereased.

runner and frtlt produetlon' Morgan (1965) shoîyed that one appÌleatton
of lfeta-systæ or dinethoate d.t¡ring the spring to prune tr€es gave a

season-l-ong eontrol of aphj.d.s and sugges€ed. that trlmitatlon of the

spread of vlruses fn the field tbrongh eontrol of inseet vecÈors,

whether or not ëhe 1d'entlty and. behav'1oæ charaeterl.stlcs of sueh veetors

are lmown, Ls feaslbl"e.

Harrlson g& al (r-963) a¡d. I¡Turant et q.3", (1965) showed. that the
nematocid'e D-D effeetively consroll-ed tv¡o speoles of nenatodes Xå3È{gqma

dlversicaudatr¡m (Mico1) and Lon#L:þrus gloJæ-ULs_ (de Mon) and thus



prevented. the spread of vÍrus dfseases ån etrawberry bede, Aeeord.lng

to foIuranfi eb al (l-96b) tbe effeets l-asüed throughout Èho four year

experfmønt 
"

Strong and Rawlins (ISS8) testea fo¡rr insecÈleldes: DDIg

d'emetonu malathfcn and parathlon at various d.osagos for the eonèro] of

$, faseffrons on lettuce" Ttre matarials were sprayed on plants growfng

outdoors and whlch were baken fnto tho laborat,ory for tests aftor
different J.engths of tlme" Thelr eoneLusåon was that none of &he ån-

seeti.cfdes appi.fed as sprays was very effeetíve for as long as three

d.ays' Further tests were carried. out by strong and RawLfns {rg58) in
the flerd uslng the eame four fnsoetleides and uslng populatÍons of
fnfeetlve lnsectw" The auühors wsre abLe to differenÈlato between to*

cldenee of d.fsease on sprayed and r.msprayed Lettuce, and fn tbe resid.uaL

effectlveness of the lnsoctieidos testeô, The d.lfferonees between the

lnseetfeldes wero not svident and ühe degree of proteetj.on v,Jas not satê

fsfaetory for eonmerefal eonclltlons" Chfykowskl (1958), found malathlon

effeetl've for the eontroL of U, fascifrons on head l-sttuee and prevengLon

of lnfeetf.on by AYT. MilLer (1960) recorunend.ed DDf and malathlon for
the eontrol of U. faselfrons on eamots and Lettuee fn Ontario,

Thompson and Rav¡l_j.ns (lg6t) tested the systenåe tnseetiefctes

phorate, d.S.methoate and. Di*sysÈon to eontrol E" fasej¡.:qgggq and reduee

the incldence of lettuce yellows" The inseeticidesu appllod. at the rate
of one pound. per aere ab time of seed.ing as granul_ee or as d.renehes,

were more effeetivs than seed. troatments and equally or ¡nore effeetfve

ti¡an malaÈhlon applLed. twlce weelrJ.y as a sprayo phorate ïË.s more



effeetfve than Di.-syston or d.i.nethoate. The sysÈemLe naterlals were

effectfve four to five weeks follou¡lng soÍl appj-leatlon but appeared

to Lose mueh of thefr effeetfveness six weeks afôer appl-lcation, fre
systomtes gavs a stgnlflcant reduetlon fn the Lneldsnc@ of Ie€tuee

yellows,

Thompson (x96b) apprfed combfned sprays of ÐDT oae pound

anti nal,a&hfon l.B5 pound per aero aÈ weekly Lntervals for the conüroL

of the leafhopper veetors of Ieðtuce yellows" The red.uetion ln 1ettuee

yelLows was signlfteant" fwfee ræekty applicatlons of the inseeÈfcide

mixture were more effectfve than weekly apptrlcatlone" Granular phorate

one pound per acre at soedfng t,lme was as effeeûive as Df.*gysbon and

an Extrnrlmental rnsecùi.eide 45064" contror of leÈtuce and carrot

yeJ-rows wfth phorate was as effeetive as that with malathlon or carbaryf.

The use of barrl.ers both physlcal and lnsecticidaL has been

trled by a nunber of workers, Pepper and Haenseter (J-g5g) used a seve&

foot hlgb cLoth fenee to eaelose a pJ.ot of rettuee, At harvest the

fencod lettuce shorpd a one per eent infeetlon of lettuee yeJ-lowø and

the ebeek 51.8 per eent" lÌre fence proved lmpractieal- in eomnerclal

o¡nratÍons. Plant bamfers d.usted wlth lnseetlcfd.es were test,ed but

failed to stop mlgrating aphid.s and proved u.neeononie (crr:mb and

MeÏ'ihorüerr 1948) " ThLs was agafn showo by Thompson (1956) in whfeh he

sprayed' a barrler of sweet eorn that complotely suruounded Lettuee and.

eamot beds' [he bamier falled. to stop the sl,x-spoËted leafhopper"
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The rel-ationshlp between the six-spotted leafhopper and the

aster yellows vårus was firså d.Xseovered by ituakel (1984), The host of

the vfrus was the china ast,eru carLfs_ûephus qllg_ggsis Neesu Forlowi.ng

&h1s dlseoverye Knnkel (i-926) ehowed that AYV eould. be transmitted ex-

perlmentaJ-ly by 4. {ggg¿ryogg to more thaa 50 d,ifferenb slecies ln p5

dlfferent famfU.es of plants. In Calffornla, Sovertrn (L9p9) observed.

ceJ"ery and 4l&n:!g el-egggs Jacq. f¡fected wlth yerro$¡s and_ transmltted

she yellows from Z_' eLe€e$s to aeter and baek la A" efeægg. The

sympfoms fn aster were simfl"ar t'o bhose of aster yellows" I{r¡nkel (lggl}

failed to transmlt aster yellon's to ceJ-ery and. eonefuded that the trsro

strains of aster yellows wero not j"dentieaL" Further evid.enee of Èh.e

dlfferenee bebw8ea bhe two strains v*as prowfded by Sol'erin {lggd} vtbo

¡-:-sed ånfeeted ¡:ian¡".s obtafned f::on carLfornla, Id.aìro, rnd.3.ane, Ivlaineu

New York and illiseonsLn as source of AYV, to sllor¡u that eelory was Büs-

eeptible only to the Cal-lf,ornia strafn of the vlrus. Further tests by

Ilunkel- (f955) sho'¡¡ed that the two strains could be readil-y soparated on

the basts of symptoms on astorn NÍcottapa rus!"tcq T,., vinsa rosea 1",
and Z. 9le€qgg. Ttre ldentj.ffeatfon of the aster yellows and Callfornfa

aster yeLlows straj.ns was foLlowed. by the ldentlffcatlon of a nurnber of

ad.dLtfonar strafns of AW (runieet, rg5?a, tgg?b, r94s; r?azfer and.

Posnette, l94B; Frei.tage l94gþ J.964; Raymer and MiLbrathu J.960i r.6@e

3.96å; and Granados, 1965).

ngg tor-vf rus relatto-nsh:Lp

fbe reLationshlp between M" faec!îrqqê and. the aster yeJ-lows



vlrus hae been el-osely stud.åed sinee TfunkeX (1924) diseovared that

E" fgSgåEgong wae tbe veetor of AY\I, ldo other speeåes has been found

Èhaö transmlÈs 6he Eastern straln of, Alt[ thougb. pb spefes of ]eafbo-

pp€rs have been reeorded as veetors of èhe lg6st@rn strains or eeJ.ery*

f.nfeetfng strâi.ns (Vüattl.se 1960; Chiykowskiu L96pe L96g)"

the abll"lty of ühe various stages of M" faseffrons to aequire

.{Y\I from lnfeeted planÈs was studj.ed by I(unkej. (1926) who perfosmed 34

experlments v¡fth d.ifferent ages of nymphs, and wlth viruses obtained

f,rom d.lfferent host plants" He showed the exlstence and. approxÍmate

length of tbe fnoubation perlod, He eonelud.ed that nymphs at all stages

and ad.ulËs of boÈh sexes were @apable of aequlrÍng the nirus" Iil on@

experimenå ln whfeh B0 newl-y ha$ehed nyurphs wore eonflned for sueeessiv.e

periocls on thrøe healthy aster plants, the vlrus ineubateð in thø ¡r¡¡¡nlùs

and was transmitted by them, This resul-t was obtained with a culture

kept at a relatively J-ow temperature. At temperatures of ?0o trr" or

above Kurrlcet (196U ) for¡nd. that most of the luseets matt¡¡od before the

lneubatl.on ¡nrfod of Èhe virus was cornFleted," 3&lpp (Lgbl) aLso found

thab all stages of the lnseeb wore able to aequlre the vlrus whea reared.

on diseased plants" The proporbfon of the eolonles whfcb aequirod. the

vf.rus, however, was lesg wfth the fÍrst and, seeond. fnstar nyniphs öhan

wlth l-ater fnstars" Both nymphs and ad.ults w@re able to obÈatn the

vårue from both oLd and young l-eaves (ï,funkeJ", lgp6) and. aeeordlng to

Chaprnan (j.949) nonf.nfeettve l_eafhoplÞrs aequlred the vlrus from s¡rmpbom-

less leaves belolv the Last ovfdenee of the d.lsease on aster plants as

well as from cilstinetly symptoraatie foLJ.age,
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The porfownanco of lndlvldual M" fessåfrons fn aequlrlng

and transmtbôfng aeter yellows vfrus v¡as consld.ered. ifunkel (19¿6)

took young adults whfeh had habehed. and been roared on an lnfeeted

aster and plaeed. tbem ind.LvfdualLy on a sì.lcesssloa of bealthy asters

wfth an eßposure perfod. of one to seven d.ays" The 30 transmåsslon

reeords show that all the lnseets that lfved long enougb to give a

trensnfsslon reeord were vi-rus earrlersn Botb mal,es sa.d fernaLos ïrere

lnelud.ed i.n tb.e group tested, AeeordÍng Èo Cbaplan (1S¿g) eÈarvfng

the lnseat had no 1nrðleular effeet on lt,s transmfsslon of asûer yeLlows,

and sueh t,reatment often H.11ed. the l"nseets ln three to four hours,

TarLoue amounÈs of llght per day dld not affeet the aequ$.sfti.on or

transmfssfon of AYV by the lnseet. The Al[ d.1d not affeet the J_ong=

evlty of the loafhopper (Kunkelu tg26; sevartn, Lgqrl; and Kunkel {Lgzg}

and Dobroseky (Lg2g, 195f) falLed to flnd any cytologfcal df.fferenees

between infectLve or virus-free l-eafh.oppers" Ilowover, Ijttau and.

illaramoroseh (1956, f960) ehoweal eytoj.oglea] changes l¡a nuelei of tro-

phoeyües or fat botly ee3-ls of M" {geg[frons lnfecÈed wlth one etrain

of AYV but not wi.th a second straln.

The eff,ect of heat on the virus fo 4. faeelfro¡rs bas bee¡r

reported by severql workers" TG'nkeI (:.SgV) showed that lnfeeted.

colonlee of slx-epotted leafhoppers eubjeeted to heat treatments ]aettåg

one d.ay or x-onger at about 51o or gza c losÈ the abÍxlty Èo transntÈ

yellows elbhsr pornaneatJ-y or t,emporar$.1y. The eoLonfes beld aÈ these

ùemperatures for X2 days on longer suffered. permanent loss of ablllty
to transmft Aw" colonLes troateil from one to eleven days regaf.ned.
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abÍJ-ity to transntt Aw afüeæ periods varylng from a few hours up Èo

many d.ays' chapman (1949) round. that eonsâant temperaturos of Szot

for ten days had no slgnS.ftcant effeet on the abntlty CIf the traafc'

hoppers t'o transnit Èhe vtrus, Ho found that, fol-lowtng temlnratures

of 56oc for fi.v'e days tho l-eafhopprs regained their abiJ-ity to trane*

nit the virus after a post $roatment perlod. of seven to ten days, but

temp,erabures of 40oC eaused the lnsoets to Lose the virus pe:snanently,

He showed that the l¡¡eubatfon peråod of the virus fn the lneeet was

J-onger aü lBÔC and 52oC than aù 24oC and âBoC and inseets held at 56oc

did not become fnfective, Aeeordång to T,ee (196l) tne thormal" ln-
aetivatlon po1.nt of AYV ån inseets was hf.ghor than prevlousLy roported

by Kunke} (195?) or chapnan (1949)" He also found that Spoc for to¡r

to thlrteen days dtd not affecÈ abti-ity of lnfecôfve colonfos of såx*

spotted leafhoppers to transmit a celery-lnfecÈlng lsorate of A]I[

(Wis" CAYV) " Colonies treated. at 36oC for 10 d.ays regalned thelr ablI-

ity to transmit the virus withi.n sfx to efght d.ays and tnfectfve

coLonles subjected. to five*day exposures at 4OoC regained thefr abilfty

to ùransmlt the virus withln IB days,

The aequlgftfon anô transmisslon of AyT by the sfx-spotted

leafhopper were stuclled. by 0hanmn (1OAS)" Ee s€ates that aequj.sltion

of the vfrus vûas aeeompllsbed 1n about 20 per eent of sfliall eoLonj.es of

slx-spottod leafboppsrs during lnfection feedlng pr$-ods of two hours.

one eol-ony aequlred the vlrus fn a feeding pertod. of only L6 månutes,

A hf.eh lnreontage of transmissfon (Chapnan, l-949) was affeeted by snalL

eolonles of vlrul-fferous fnssets fn test feeding prlods of flve to ten
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hours' Slngle Ì-eafhoppers lnfeeted. three per eenb of the plants vdren

fed. on smaLr asters for one bour and eoLonfes of L6 reafhopxnrs gave

28 per eent lnfeetlon fn elmllar tests bu6 no mass actfon pbenomena

were evidenÛ" Maramoroseh (L955) useA Èhe Eastern straln of AT]tr anil

for¡¡cl that an oeeaslonal tnseet, after feedlng for on].y ten minuùesu

aequlred' enough vlrus to beeome fnfeetive" However, w1Èh aequlsttion

ti.mes of I and 24 hours, B7 p'er eent and 4L per cenb of U. faqgåryggg

beeame lnfoetiv'e. slmfrarly h.e found that whÍle a emaÏL number of
plants could. be lnfected d.urfng a ten minute ånoeulatlon perlod.e Èhe

percenfage of plants lnfeeted lnereased. wíth feeding times of IO0 and

1000 mlnuteg' Strong and Rav¿lfns (1958), horvever, found. that nnfectiva

fnseets restlng on healthy pJ-ants for ten mlnuÈes transmitted Eastern

AYV alnost as read.fl"y as those cagod on ptr-an&s for slx hours, but Èha

pereentagp of lnfeetion was consfd.erabry hieher for lnseets oaged on

healthy prants lor 24 hours. usl.ng a eeJ-ery-infeettng f.soLate of A]ru.

and the same lnseet veeÈor, ChlykowsH (L958) found. th.e shortest aequl*

gition tlne to be tv¡o hours aad the sbortest tnoeulatlon time to be

15 mlsutes" r,ee (196?) round that transmissfon of a eelery-tnfeetlng

f.soLaÈe of AYV was sn exponentåal funetlon of both aequlsttion and.

lnoculation perlods, for feedÍng times arranged fn a geometric prog=

ressíon from 0.125 to 52 hours, In a si.ngle aequtrsftfon test eondì¡eted

transmfssion diel not oeeur lvhen feedfng trnrlods were less than two hours;

howover, transmission did oeeur over the entire yange of inoeuLgtlon

tÍmes tested" The por eent transmlsslon from a 52 hour aequfslt,ion timeu

or from a símlrar inoeul-atlon Èime were, ??.? anð. ?2"? pøt eent resleet-
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fvely. Maramoroeah (1964) ebov¡ød that thø traamtj.ssion @f thø

Eastern straln of AYV by the six-spott,ed Leafhopper fJ-uetuated. d.urlng

a 16 hour peri.ori, Trangmåssions were Less frequenù during Èhe flrsf

elght hours of eaeh d,ay and. flve distånct peaksu Èwo in the mornfng

bours and. three in the afternoon, wore repeatodJ"y and eonsls$ontly

d.e6ectod"

fhe abllfty of lndivtdua] e1x-spott'ed leafhoppers to trans*

mft As/ has boen examlned" I&:nkel (fee6) found. thab some lndivldual

leafhoppors tranemft the Eastern straln of AYV &o all plents on røhfeh

they feed. for as long as one d.ay, whfne oÈhers ûransni.6 1t with m¡ch

J-eee eerÈa1nty" Chaprmn (L949) found. that lnfeeti.ve J-oafhoppers, after

long trnrfods on lmrune barLey plantsu Èransmftted the vfrus to asters

rather ormblcaLly ln short testpfeedlng pertodg bub eonslstenÈly ln

longer orese Ho showed., alsou $hat sfngle f.nsocts j.ntrodueeti lnto

Large cages wlth nany plants re¡nalued. on one plant for as long as t,en

eonseeutlve days and transmltted yellows to practieally sv6ry plant on

whfch tbey fed. After 18 days of fneubatlon of the Eastern etraf.n Allfl

ín the ølx-spotted leafhopÞ€rs no differenees rrrere found fn the fnfeeÈ-

lvfty of lnfeetlve leafhoppers during infeetlon perfods of throeu slx

and. toa d.gys on ehfna ester (Strong and Rawllneulg58), After 18 days

of vi.rus ineubatlon two j.nfeetive tnseets per pi-ant wsre as sueeessful

as large numbers fn *noeulatlon of all heatrthy plants, Infeebfve 1a*

seets rqhleh restecl on plante for ten mlnutes transrnltted vi.rus almosÈ as

read.itry as those caged. on. ptr-ants for sj.x hours, bub per eent of fnf,eetlos

was esnslderably bleber for fnseets eageti on plants foy 24 lrour porfod.so
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&{osö lnfectlv'o reafhoppers lnoeu-l-ateti only ono prant eaeh 24 hour

ÏnrÍ'od of lndi"våduaL eonflnement to groups of plants. After beeomlng

lnfeetlve, ?0 to 78 per eent of fnfeetLve leafhoppers lnoeuLa€ed alL

plants on whieh they were eonfj.ned lndi.v.fdualJ_y for lz to 4g houre fn

sor$.al tranefers" Sueh eonefstsnt Lnfeetlon was not obtafned with one

hour eonflnement 1nrlods,

Vi.rus host-plant reLatlonshlos

Aster yellows vlrus has a very wfde hosÈ plant range" r¿ïallfs

(1960) trlsbed 29? speeies of pJ.ants fn 51 famfltes whieh. wer6 su€eepttbte

åo Èho v'årus. Aceord.fng to Sacketon (J-g59)u the vfrus has been fo¡¡nd

fn 80 genera. in about BO fanfLfes ín Casad.a, fo Èhe aþov.e host Låsüs

tv¡o more hoets i.n t'he grass farnlJ.y have been ad.ded: barley (Banttarå

and Moore, L960) and wheat (Chtykowskle L968, l96b),

The syrnptoms causêd. by Ar/ on lts hosts aro: stuntfng,

chLorosLs and sterility (IErnkelu rgp6; chfykowskiu 1964) " Tbe use of

the effeet of speeiftc strains of Alfv'on the same hosÈ pLants has been

one method used to selmrate the strafns (Krnkel, tgEJ.; gevernn, rg54;

RirnþeL, L955; Freftag, L948e lg64; and Grenadoe, lg6b). The host

plants commonly ueed are aster c. chi¡lensfs; S. lustigg; periwlnk]-e,

1. roeea; pLanåain, Pl"antagc @Jor T,; and. eeJ_eryu Apium ggseo¿egg X,

var. 4ulgg Pers, Three straj.ne of eelery*lnfecting AYV were ldentifled.

1n Callfoe.nia (Freltago l-gb8) and Granados (l_960) j.dentlfied eåg.hù ln
äåsconefn of v¡hieh Èwo were related to tho lllestern or celery-lnfeet1,ng

group which either d.id not lnfeet cel.ery or infeeted eelery oceasionaLLy,
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tno strafn røhlch infeeted celery was elassified as lnt,ermediaÈe bøeauee

of symptorrs resembLS.ng both Eastern and l,,ireetern AWo

Temporatr:re affects lncubøülon of aster yellows vlrus in th€

host plant as it does j.n the fnseet" Iürnkol_ (1941_) showed that plants

of g" rgE!¿gs and g. rgega infeeted $rith ,qyv wourd reeover after sub-

Joetlng the plants to hi.gb. temperatr:ree of 40ot for throe weeks a$d.

3Bo to 42oc for two weoks, respeetfveÌ-y. perf.wånkle a1so reeovered

after lnunerslon f¡r a waÈer bath at 4oo &o 4boc for a fevr hours, üha¡r"-

rnn (l-g+g) fousr¿ that the fneubati.on perlod of the vlrus was sf.nftr-arLy

affeeted f.n fnsecös, asters and. earrots, when heLd at eimålar temperat*

u-res. The perlod beea¡ne shorter fn both host plants as the Èemperature

uas Ínereaseô from L6o to eBoC but beeame J_onger at BpoC.

Røsfstance of the host plants to lnfeetfon by astor yellows

vlrus has beon shoim ln eamots, sufLowers and flax. Based. on tbe

lncubatlon perfoct of AYV, 2?"g days fn snall carrotsu 45.â days fn large

earrots, Severin (1.95U) eoncluded. that 1n aL!- BrobabilÍty J,arge carrots

are more resistant to tho dfsease. Putt ancl Sackston (1g60) elalmed

that resl.stance üo aster yeJ.lows bad been ldenÈlfied in sunflowêrso Tbe

rssistance to aster yeJ-J-ows appeared to be qualltatively tnherited antt

slngle cross hybrlds beÈween reslstant and. suseeptj.bLe ]lnes showed th.e

reslsùanee to be douÍnant"

ß4artfn gg el (L96L) showed that th.e fLax varleÈtr Abysslntan

{C"I,* õ02} eontributed a greater number of pi_ants froe from the AÏ]¡ synr-

pûoms than other vari.etfes tested, A sereeted straj.n of Abyssfnlan

wlàn a hfgh dogree of resistanee to astor yellows was eonsidered sat*
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lsfaetory as a parent fn a breed.Lng program. trbederf.ksen (Lg64) foumd

that vartstles of flax selected for resistance or tol-eranee to aster
yøJ-lows are not aeeeptable frorn an eþronomåe polnt of våew"

Veetor host rel_ationshiB

Tbe sfx-spotted reafboppr has a wide ranga of food plants"

0sborn (l-916) found tt tn Èhe grassLand.s and oat fields of lrþlne and

mentLons iÈ as a serfous }est on wheatu oats and barrey crops l"n thø

Northwess (Osbornu 191e), Krrnkel- (L9p6) ltsted Êâ specfes on whteh the

Leafhoppers feod and reproduce and. sevea s¡recfes on whfeh thoy do not

flour3.sh, l,{al-Ils (}960) IåsÈed }44 spoeies of ptranÈs as hosts of Sh.e

leafhopper, Among sg prant species, that 1{,arLls (196p) samplede over

a perlod of three yearsr 6here were no leafh.oppers talcen on collards,

oggpJ.ant or okrao He found eel"eriae, eerery and earroÈ moæe suseelÞ

ti.bre to lnfestatÍon than any of the oÈher prants, H€ li.sted earrot,

lettuce and onlon ln a d.eseend.tng order of susceptfbilLty as d.íd

Me0lanahan (1962)" I8ø and Robfnson (lgb8) l1sted leütuco, aster,

parsJ.ey, sarrot or fl-ax Í¡ a deseend.ing ord.er of preferenee. Aecor¿ing

to McCLanahan (L962) the reason for leafhoppor preferenee for certaLn

plant speeies cannot be explafned. Iä cloes not seem to be a funeÈioÌt

of physlear eharaet,oristies sueh as leaf form, coLor or pubescenesn

The fnseets move about for severaL minutes hef,ore startlng to fÐe¿, and

posslbJ"y are LnfLuenced by a ehemoreceptor mechanism"
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fn Manftoba three erops of head. lettuceu a trensplant eroBs

and tv¡o flel"d seedad cropse and one crop of earrots are gro'rin eaeh

Srearo Tlre transpSaut eron is harveeted by mfd*Fune and. usuarrSr ðseapeÉ

savere ånfeeÈion. Th.e tv,ro seed.ed head l-ettuee eïops spríng and sunmer,

1f they are not proteeted inay be eonpl-etely destroyed,.

Ïn the eNperiments the head l-ettuee (Tm1reriai- 456) and carrots

{speeial Long Type Nantes) v¡ere seeded. wittr a 'lPtranet Juniorrr seed.ey fn

rows two feet apart in plots approxi.n:ately 50 x 50 foet" The prots

wero sÐparated from each other by seven feet of cuLtlvated. soål" fbe

lebtuce seedlings were tblnned to one foot between pJ-ants"

The i.nseetfcfd.es used ln the experiments are given in Èhe

folrowi.ng lf.st by the eormon names designaùod by tbe Entomologi.ear

$ocfety of Amerfea (nttltngs, 1965) or Èhe reglstered tratte narnes or

Cornpany desisatlons for exporlmental nnterfa)-s together wf th their

chemleal lrârnêse
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Names used ln ths @es:Ls Cbeniegl_Åg&6é

Amorlean cyananld (AC ) 2- (d lethoxyphospìrlnothioyJ-imlno)-
45064 L,5-d.tthlolase

AmerÍean Cyanamfd. (aC1 Z-(dtethoxypbosphtnyltn_j.no*4*
4?47A nethyl-IrE-d.ltbiolanø)

Aneriean Cyananrtd (AC) a-(aiethoxyphosphinylimino)*
4703L 1 ,3*d lthlol"ane

-[mertean Cyanamia (AC) NCII m[oÏû{
4?500

ñ
Baygon " o*åsopropo:ryphenyl q.rethylcarbamete

capÈan R 
N- ( ( trrenloromethyl ) mto )*+*eyelo hexene-
I r 2*d.tearboxfnÍde

4 tarbary'l l-naphthyl N-nethytearbanate

* ¡ÐT J-rlrJ.-trfehJ-oro-prp-båg(e
ehlorophenyL) ethane

Delnav R pdåoxa-ne-prõ-dfyL ethyl4 {d.loxathlon} etbyt phosphoroAitni.oate
4 Dfmethoate OuO-dimethyl S-(N-methyt

carbamoyJ-metbyl ) phosphorodibhl oat,s

. Dl-syston R ono*diethyl s-(z*(ethytthio) ethyl)* (atsulfoton) phosphorodlthioate
* fudosulfan 6 ø7 ,e eg, 10, l0-hexachloro-J_ , 5,

5a, 6u g, 9a*bexahydro- 6 r 
g-methano

2 u 4, B-benzodi oxathlepin_õ-oxide
* ¡Íalathlon S-(Ir2-bfs(ethoxyearbonyl)

ethyl) 0uO-d.f.methyl flrosphoro-
tllthioate

. l,{eùa-Systox " S-(Z-(ethylsulffnyl)ethy1)O,o** (oxydemeÈonmothyl) dimethyl pnosptroräthtoate
* Phorate 0,O*dfethyi. S-((ethylthio)methyl)

phosphorodithloate

-_R'I:Ii-P.P eÈhyl thiopyrophosphate+ (suLfotepp)

ry co¡ûnon name

R ReglsÈered prod.uet



The lnseeÈietd.es f,or¡u¡l-ated. as v.retÈab)-e trnwders or emulsive

eoneentrates were appl-1ed. at varåous rates ln Lb galrons of water per

aere wtth a two galLon eompressed afr sprayer equfpped wfËh a rryrr * Jet
nozzl-'eo at a proesure of, 60 p.s,f"

fhe iaseetlcfdes formllated. as granuLes wsre applfed Ín rows

åwo feet apart with a rrv* bêlt seed.er at a deptb of one lneh" flre

lotbuce eeed v¡as planted fnrmedlaÈe1y afterwards on the same rows at a

d.opth of a haLf lneh and the earrots at a depth of a half fneh,

The lettuee erops 1¡rers s'svept r¡rfth a 15 lnch d.j.ameter lnseet

net öo obtafn an estlfiaüe of the number of strx-spotted leafhoppers on

eaeh plot. A sw€ep 
"ras 

a sfngle stroke of the aet over a disèance of
approxÍmately three feet (Westdal gå al, l96Xlo

"&en 
the heact tettueê was ¡¡arketable, h.eads were seetioned.

and examlned. for symptons of aster yelJ.ows virus" r,esfons and. Iatex

doposits (eroean S Br, 195b) on the plants were Èbe nafn sympboms

soarght (Flg" 1) ' Tbe carrots were dug up and. examfned for symptoms

of the tlfseasen The fneideaee of dtsease was recorded as a pereentage

of the t,otal number of pl_ants examined.,
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EsÞgratory @xperi-m@n€ e

The vi-rus free M' €gEg.gggong used in the laboratory experx-

meats rsere obtal.ned from a eulture that oråginated from one fernal_e

M" fgqelfrons" The culture was rearod Ín a eage on oats (var. Rodney)

whtreh fs not known to be suseepðfbl_e to A1|Ir" Groups of g. fgggåJ'rggq
fron the eurture were ehecked periodiearly o& aster to verffy thei.r
freedom from AW,

Íhree strains of AYf were fsolated. and. r,ralnÈeined 1n asbers"
fhe one non-celery fnfeetÍng strafn ilAm wâs obtafned from f,leld lnfeeted
I'eÈtuee at ilrnnlpog in 1960, Of, the two eelory lnfeetlng strains rlBr¡

and '?c'ru trB'was obteined from a field fnfoeted. Z!nn!a, irJÍnnfpeg, Lg64e

and mCrf from a field tnfoeted eelery plant, i,rrfnnipeg, Lg6g" CeLery was

used to differentiate bhe celery and. non=eei-ery*i.nfeetlng strafns. Tbe

two colery infeetfng stralns were separated. on the basfs of sympüoms

fn aster and S. rusttca var" hurûi.,l:Ls"

Strafn tîBfr Xn both aster and.

ial growth produetng a spfnd.Iy p1ant"

followed by stunbtng but wlthorrt the formati-on of the termtnal rosette
eharaeterlstie of the strain rcrf and frA"ô axålrary growth was @ eonmon

feature of strafu ?rBm and not of r{n s¡. rrQ$,

ïn addrtfon to these different aster and N. rusùiea growth

habits, three other eriterfe were used. to identffy the strains,
x) the hefghÈ of the pranÈ from the frrst leaf node to plant tip"
2) the d.lsäanee froiu Èhe first iesf node bo the last, observabLe

l-eaf ood.e,

.I\T

In

rustica eaused. a rapid inlt_
aster the rapid growth was
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3) the number of observable leaf nod.es"

The abov.e erÍterla were used. on a eerles of planös for eaeh

replicaùe of the experlment to eertify the identfty of the three vlrue

gtralng"

Tbe host plants used. ln the experiments wero øith.er from

reglstered seed. stocks 1n sase of erop plants or were eol-locted from

Ld,entlfi.ed øpecles in ease of weed.s. Fourteen d.j"fferent h.osts v¡ere

used 1n the laboratory experlmente anð are as foll_ows:

Cormon narne

Aster

Bar)-ey

Carrot

CeJ-ery

Cosmon plantaln

Flax

Head Lettuce

Onlon

Stlnkt¡üeed

Sunflower

SunfLower

fame buckrsheat

Türeat

ïfi.Ld buelcuheat

$ei.enttfie nalne

talli.stephus ehLnønsis Nees

Ilord.eum vu.Igare L"

Daucus carota T."

Ap¿gm gra-v'eelegs L.

Plantago rna.jor L.

Llnum ¡rsitatlsslmum L"

T-actuea sati.va L"

ALliun espa L"

Tblaspf arvense T,q

Hollanthus annuu.s l"e

Helfanthug a¡rnuug T,,

Fagopyrum e geu.Lentum M "

TrttLeun aestfvum L.

Îe¿rsggls g-qngglvg¿gq L.

Brlels
Giant Plnk

ÞrkLand

Special tong
TYpe Nantes

Utah

Redwood.

Inporial 456

Ebenezer

Pered.ovtrk

Conmand.er

tomno¡r

selklrk

sunfloweru wheat,Ssecls of speef.es with large seed.s sueh asc
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barJ-ey, flax and tame buekwheaÈ were trea'bed wltb Captan and sown Èhr@e

to four seed.s per three*fneh pot made of peat" fu germlnatj.on, af,L but

one healtby seedllng R¡@rs removeil. The suaflower seed,llngs were used.

wlthtn a week of gern,ånatfon wiren the two cotyledon leaves had ful"Iy

expanded; wheat and barley were used wfthfn a week of germinatlon when

the seodllngs were one to three lnehes taLJ-, and flax and. tame buelim¡heat

were used' at the four leaf stage" The sesd.s of bhe small seeded hosts

as aster, leûtuee, onf.on, earroÈ, eerery, wlJ-d buekwheat, stlnklveod. and

cortrnon prantain were treated wtth captan and then sown fn a sfx-f.nch

cJ-ay pob. The seedllngs less than one week old. were transpïanted åndfv.-

f.dually to tbvee*lneh peat pots and vúere used. at the four to six l"eaf

stage" fre tlmes of seedfng were seheduled to provlde prants at the

requfred tfne and stage of growth" Ninety ptrants of oach host were re_

qulrod for eaeh replicate of the test,

Tbe leafhoppers were bandled with a glass-tube aspiraüorn

rn the flrst half of the exporinent to determlne the ability of the

leafhopper to transmlt the ast,er yellows vl.rus to aster, eylå.ndrtcaJ.

cages of eelLulose nLtrate slx fnehes long by two and one-hal-f lnebes

in dlameterwore used. (Ff.g" p). The top end and a ono and. one_half

inch hole fn the side of the eage were erosed with nylon eloth. A

one-harf Lneh opening, stoppered wtth a eork, ln the side, was used. for
lntrodueing and removíng J-eafhoppers with the aspirator,

Bv¡o types of eages v¡ere used in the second half of tbe ex*

perlment ln whlch the ab1l{ty of the l-eafhoppers to remove the asüer

yelJ-ows virus 
'uas 

deter'ined" One was a metacrylic plasÈJ.c tube eage
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CETLM,OSE NTTP.AT5 CAGE OVER ÁN ASTSR ¡.OUR-T,EA3'
slAffi, ffi,oÏ,tN 11ü A ffRffi-TN0lr prAT pOT"
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slghÈ lnches long by four inehes fn d.lameter (Flg. g)" Th"e top of the

tube and two slde holes, eaeh trso Ínehes ln dtameter, were elosed. with

nylon eLoth" a one-åneh openlng ín the slder'elosed with a rubber

gtoppor was used to introduee and. renove lnsseÈs" The sseond cage wag

a i. pound polyothylene bag measuring 5$ Ínches bv lå inehes by B lnehes

lone (Fte' 4)' A sharp poi.nted Inlr of foreeps was used. to punch

several hundred snall- holos in the bag to prmit clrculatlon of air,
The laboratory expôrirrtents were carrled out ln a greenhouso

1n whieh the temperabures were th.ermostattcarLy controlled, Four

compartments of a greenhouse aü tanada Department of Agrfcult,ure,

llfnnipeg, ftlan', were used.. 0n6 eompartment, matntafned. at pl" g aoO

was used. to grow vfrus free plants, A second comtrnrtment, at 24 Èo

36oc was used to retatn the exposed plants r¡nttl s¡rnptoms appeared. on

them" The pLants were grown on molst beds of fine gravel whfch. provlded,

a rootlng medlum and a constant source of water" Theso two con¡nrtments

were sprayed €wfce weekJ-y wf.th TBPP for fnseet eontrol" A third eom-

partment, at P6 ! zoa was used to prduee vlrus-free M. fgeglqsenx"

The Leafhoppers rvero reared on oats, in cages whieh were apploximtery

three feet square and. four feot high covered wfth 60 mesh Þran

sereenlng, A fourth eornlnrtment, al 24 I ¿oC was used to expose the

lnfeetive leafhoppers to the host pl-ants. fhls was d.one uslng eolLuloee

nitrate or poJ-yethylene bag eages, Cultures of th.e three virus stratrns

were rnal-ntalned tn thls eomparËment fn metaery]_ie tube cagese All
transfers of U" faselfrees, wøre made fn a room which was attached to
the greenhouse. The preeautions of handltng only one ïtrus strain at
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I ti.m€ and aeeountlng for all t'he insects transferred eftrmfnat,ed poss*

lbiltties of eontamfnatÍon. ïn ad.d.ltfon room llghts were 1of8 off so

ùhat any froe leafhoppers would. be attraeted. to the v¡ind.swu the uajor

li-gbb souree, where they couLd be captured"

In the expertmont (Chepter D() to determfne bhe abfllty of

M. faselfrons to infeet the fourteen host p1an$s wfth the threo stralns

of aster yellows vfrusu lt was aeeessaryu due to laek of greenhouse

spaee, to run RopJ-ieatee J-u Ð and 5 sueeessively" For eaeh replieate

of eaeh strai.n of AIf approxlmately 150 aÍmphse 2nd to 4th fnstare were

plaeed on an ånfect,ed. asùer and retainsd. there for ten d.ays, Ninety

nyrophs for each strafn of aster yellows vlrus were then removed. and,

plaeed fnd.lvidr¡ally on a eeed.lXng aster at the four*leaf stage, grown

1¡r a &hree-fneh peat poü dåeh was covored wi.th the plastic bag eago"

The bag was pulled. d.own over the edge of the peat pot and. held in p}aee

with a rubber bancl" The rernfnlng nyu.phs of eaeh straln wore retai.ned

on a single vlrus free aster. After a perid of one week bhe eagss

containing tbe sfngle teafhopper nymphs were examined and dead insects

were roplaced with llve nymphs. The síngle leafhopp€rs wer6 retalned.

on the aster plants untll the aster ei.ther showed symptoms of aster

yellows or for a perlod which lasted until- two weeks after èhe date on

which tho last planù shov¡ed spnptons, The sex of eaeh leafhopper was

noÈed " The leafhoppers whose host pi-ants showed symptoms of astes

ybllows were consid.ered to have shor¡m themselves to be bransmltters of

ast'er yellows" I'or eaeh straln of AYV, a group of 50 infective leafhoppers

were selected at rand.om and. wero lnd.ivid.ually caged on a seedling aster,
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four-l-eaf stagee grown 1n a three*Íneh peat pot, ustng the eellul-ose

nitrate cage, for a perlod of two days" The open end of the eage was

foveed, fnto the soll in the peat pot, After a feed.ing period. of two

days, eaeh leafhopper was transferrod to a second- seedÌfng host planö

for two days" The transfers were made every two days r:nbil all of the

fourteen hosts were exposed" The d.eath of a test leafhopper waß reeorded.

and the leafhopper was roplaced wfth another fnfective indfvâêua1 whfch.

carrfed. the same strain, After the two day feed.ing peri.od, tbe cagos

and leafhoppers were removed and tho plan$s v,rere grown r:ntil th.ey showed

syÏnpfoms of aster yellowsp ors ln ease of negative resr¡Its, r:nti& Èb.e

plant set soed..

A reeord. was mad.e of t.bose leafboppers whfcb dled d.urlng Èhe

test. fhe last hoså planè was noted and if that parblcular planÈ failed,

t'o show symptoms ft was dlscardsd because it was unhown whether or

not the leafhopper fed before it died. rf the prant was posltlve for
asÈer yellows syrnptons then the result lsas retained.

ïn the experlment (Chapter X) to determine the abllfty of

S. {gggl{ryns to aequire the three d.ifferent stral.ns of ATri/ from the

Lnfected host pJ-antsu 150 virus free nymphs, gnd. to 4th Lngtar were

caged on eaeh host Ínfected wtth eaeh strain of the vlrus for a period

of t'en days. After tho ten day period 90 nymphs, fn three replieates
of 30, for each host fnfeetod wfth eaeh strain of Ayv v¡ero eaged ín
plastle bag eages on tndfvj.dual aster pl_ants. (fj.g. 5)" The astere

were at tho four-leaf stage, grown in a peat pot. The Leafhoppers were

reÈal'ned' untll Èhe asùers showed tb,e virus or for two weeks after the
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FTGURE 5

CÃEENIIOUffi BffüCH SI0I,iTNG A SERIES 0F pOf,y-
STTTï,MÍE BAG CAffiS USM TN A TRAi{gffiSSTON

rEST
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Last prant showed the vtrus s¡mrptoms. the renelntng nyrnphs were eaged.

on a vlrus-free aster pJ-ant. one week after the test vras set up eaeh

eage nras examined and any dead leafhopper nymphs were replaeod. As

soon as tho nynphs beearne adult the sex was reeord.ed, Any leafhoppór
that d.ied before the ffrst s¡rmptoms of Ayv appeared tn the üesÈ was

recorded' If the pJ-ant faxled. to show syrorptoms of Arrr fÈ was dfseard.edu

but lf the pi.ant was posttivo the reeord üJas rstar-ned. This was d.one

because ft rÀras imposslble to determf¡re wheüher or not the feafhopper

had aequired. suffieient virus to be fnfeeùrve and. whetber or not rt
would have transmitted the virus to Èhe asùer pÌant"



CHAPTER TV

Ð{PERilm\TfS Offi CO]'IfR0t O¡'8" fasgl:frons ÐURI}{G n96O

MgLerlqls and. rnetþgds

Tbls experfment was d.esigned. to evaluata nalathion for the
control of the six-spotted leafhopper and prevention of the spread of
aster yeJ-lows to the sprfng and slmmer e¡ops of head lettuce and

earrots. It was afso deslgnød to determlne the mosË effeetlve time,
æate and. i'ntorvaL of applteablon of ühe Inseetielde, tohlath$.on was

found to be rnoff,eeti.ve fn New yorku (strong and Rawr-i"nsu r9bg,

L959) and. effeetÍve tn ïúfseonsfne u"s,A. (curytowski, 19bB) for the

eontroL of U" fasiifrons oa head l-etûuce aad the prevention of lnfeetion
by aster ye-llows vlrus. rn Til5.seonsin, treaünents v{ere noeesaary through*

out the season (thaprnan , Lg4g) ¡ut in lulanitoba the sprfng transplant
crope harvested about June 15, r,¡as grown without appJ-ication of inseet-
leldes arthough the six-spotted leafhoppers amlved at reast one month

before harvest (',tiestdal * af , l_961)"

Tho experrments wero earrred out at the speeiar crops srrb-

statfon, 0anada Ðepartment of Agrleulture, portage ra prairtee nþr.,

The experirc,ents on the sprlng and. sunrner crops of head leÈtuce and. on

garrots were of similar d.osigno" Tho pJ.oÈs vcetre arranged in a rand.or¡*

ized spllt-plot deefgp reprreated. three trmes" Th.e sr:bprogs iryere

troafed on the following datesi
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W
Subpl"st A SubpJ-ot B

Malathlon 2 Ib "/ ac " l,{alathlon 2 Ib "f ae,
lreatment Nipn_bgr at-.L-da[_ji-nqerval* _at--:þ<þy lnterval_

I lfay 2'7 lfay 2V
2 June 9 Juno I
3 June 21 June 2I
4 July 5 JuIy 5
5 July j.5 JuIy 15
6 (eheek)

Saeh spray sehodule when eorwieneed wae cont,fnued r¡ntiI five d.ays before

harvgst u

The sufiner spray sehedules wero the same as the spring spray

schedules, They eommeae@d. on: freatment þAug" 8e T. 2-Aug. 22s

T" 5-$ept" 5s T" 4eSept" 15e T. 5-Sept.27e T" 6 was a eheeko

lbe subplots ln the earrot oxperinent wore treated on the

fol]owlng dates:

Spray schedìúe delgg

Subplot A Subplot B

Trsa!¡nggL Nunber ÐDT 2 Ib./ae" Carbaryl 2 !Þr/ac,

I June 15 June 13
2 fuly 13 July 13
5 JuJ-y SL July 51
4 Aug" 18 A.ug" 18
5 (eheck)

Eaeh spray sehedule was eontfnued untll fíve d.ays before harvest,

l'4alathÍon and. DDT were fo¡stulated as emulsive eoroentrabee

and Carbarytr as a wetÈable powder,

The letöuce r¡as swopt wlth an Lnsect neÈ to obtaln a relatlve
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measl¿re of the nl.unber of the leafhoppers in eaeh plot" Sri,veeps rvere

started about th::ee weelcs after crop emergenae, Fifty sr4Jeeps v,rere

rnad.e on each subprot whfeb was sprayed at four-day intervals ivith

nlalathion. The s$¡eeps were ¡nade at, eight-d.ay intervals, three days

afÈer the last spray applicatlon.

For resfdue anaLysfs, six heads of rettuee per replieate
r¡¡ere taken at randon from eaeh of the five subplots treate,å v¡ith

malathion at the four-day interval and. frorn the cheek plots, The

heads v¡ere eolleeted at the time of harvestu ff.ve days after the Last

applleatÍon of lnseetfde, They were stored ln ptasti.c bags at 4ooF

for four days, after luhleh thoy were anal;rsed for mal-athfon resj.dues by

Èhe canad.a Delnrtment of National Hearth and Tlelfaree TJi.nnipeg, l,Tan,

The method of analysi.s was that lf sted by Hor-r¡¡itz (1960)"

BequÌls sgd _diseuseion

on head rettuce, malathfon appried at both two- and. four-
day lntervals reduced the reafhopper population (rauls rf) " ThÍs re*
duetion of the leafhopper popul.ation brough.t about a reduction in the

ineidenee of aster yellows (TaOte t), 0n t!.e sprlng crope the troat-
ment,e differed at tho one perceut levet of signfficance Ín the seasonal

rneaa number of leafboppers and. in the per cent of head.s which were Ln*

feeÈod with aster yeJ-lows vf.rus (fail.es i and II)" There r{,as no d.iff-
erenes botweea the ffrsb three Èreatments (Tables r and Tr) " Tbis

was beeause early fn the yeere the leafhopper population was da trow

leveL, l,tihen the tblrd. treatment, late i.n Ju:re, v¡as starbed, the
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populaülon v,as begfnning to bulld up rapidly on lettuce and ìry the

fourth treatment reafhopper populations v¡ere hfgh. Thero was no

difference betwesn the ffrst three treatments of the suûner erop

(Table IrI) ln reduction of the inefdenee of aster yelJ-ows infected

heads. This may have been partry beeause many p]-ants hacl not emerged.

l¡,'hen the first treatment was appJ-fed. and. paril-y d.ue to slor,v d.fspersaL

of leafhopp€rs to the test area whrre the vegetatron was sparse, The

leafhopper populations remained at a very low leve1 ¿uring the entfre
experlmen&" Aùtempts to $¡reep for leafhoppers failed to glve ang eo¡1*

slsüent data and were aband.oned 
"

The inefdenee of aster yerlows, as deter¡nfnod. by symptoms

shown ln öhe fi.eld.u was hlghor 1n the sprlng erops than in the surnner

crops, lnrt'Leular1y 1n the check and lator treatments (Tbbres r and rrr).
flrls was thought to be due to slow development of the vfrus in eoor faII
weather (Chapnanu 1949 and SeIf and Darling, 1958) u To determLne

whother or not ôhe vlrus v¡as l-atent, approxlmatety bo l_ettuce pJ.ants

wiühout sympboms wero Èaken from the choek plots at ti"me of harvest

and herd fn the greenh6¡se at approxfrnatery z4oc for two weeks. v$:r¡¡s

was aequlred from 66 per cent of the letbuce prants by virus-free
leafhoppers and transmÍtted to aster*

Residue analysls showed that nine days after tb.e last of flfteen
appllcations of nalathlon at a rate of ôwo pounds per aere at four_day

fnterv'ale the resid.ues were less than o,s ppm (Appendix B, thbre 1y)*
The toreranee lfmit was B ppm 8. The resurts show that there were no

ry Ðoroznskl, J"
Mano (p""åooåi

Can. Dopü, Natl" Hea1tb and trfolfare, íÉnnlpeg,
eom¡nunieation),
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aeeulmlatfons of reËåduøe' Tberø was &o d.ffference in the amount of

reeldue on plants fron plo6s t'hat reeeived fffteen applfeatlone a.¡rd.

tbose that reeefvod. only the last threo applleations.

On earrots, DDT and. Carbaryl were equally effectlve when

epplled wltbln a nonth of erop emorgenee i¡ red.uclng the per eent of

plants infeeted" wtth aster yellows virus (laUle lV). The treatments

begun on Ju-}y SL or later dtd not prevent the spread. of aster yellows

virus by the síN-cpottecl leafhoppar. The losi rate of infeet,ion in tbe

cheek, however, pLacos fn doubt the €Ç,9n,oIW of the insectieÍdø appJ.iea*

t'Lons, The eost of fneeetleld.e and appi-ication would probably sxeee¿

the value of the carrots saved,
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PERCMM OT'HEAD T,EITWE ÏLAI.üTS INFECMD WTTTI ASTER TTTÍ,OWSAflrER .qËPI,rcArroN 0F MAL{irHroN AT z tB" p¡R Acrü AT z- ANÐ 4-rr[yrNTrR.vAts ]/trrH TREAnßT\rrr L BEGrxaTrNG AT cRop EnmRcm{cE AGaïNsr
rygggstglgq fasetfrons, SIRING CROP 1960 * -

Treatment and
date started

l"
2"

4o

5o

6"

May Ð?

June g

fune 2L

fuly 5

fuly 1L

( eheck)

No. applications
of lnsectleldes
2*tlay 4=day

29

Ð.1

L7

1L

2* and 4-day
treatmsnts at

Ìs)F Angular transforniations apprfed before anaLysis (Gourden, lgsz)
*E{< Any ùvuo means eonnected by tho same rÍne aro ¡¡ot signÍfleantry dlfforenÈ f:.om eachothor at the r/orevøL ot ärgnrricance by Duncanus nùrtiple range test (Ðunean, tgbb)"

15

1¿

I

data eombined sinee thore was no slgtfÍeant difforence between thesetba 5/o level of sfgntffeanee"

No" of planbs
fuani.ned Infeeted

1581 a9

L407 37

l_gÏ7 31

I42? 1?6

L847 560

L394 311

Fer eont plants
lnfected. *¡q

2

2

19

9r,

!)Þ

ìk**

eñ
ru
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r0¡rAr .{\tD ffiasoNÄr MEAN Nr}nÍBER 0r ueErogtgle_q leeglfggså roR
TIfrffi REPLTCATES AITER .A-PPT,TC.{TTOTI OF I4AÍ,ATHION ÄT 2 I,B" Pffi

ACTffi AT 4*DAY T]ìÍIM,VAIS WTTH TRfiATI\4MIT T BEGTNNTNG AT CF-OP
Ei\mRm\TCE, SPRING CRoP 1960

Treatment and
date startod.

lo itÍay 27

2, June 9

4, July S

5. fuly 15

6" (eheek)

,ïune

No. applicat,lons
of lnseetfcfdes

4*day

2L

# Any two means connected. by tbe same llne aro
at the 1/, J-evol of slgaiffcance by Duncanl s

15

L2

Total no"
M" faselfrons

18

1?

115

ÌÂô

698

e80e

not sJ.gnif,åcantly d.lfferent
mulöiple range test (Ðuaeanu

'Mean ):ìo ê

U," fjsglsgggg.

Ð

s8

OU

zLs

934

frorn eaeh other
1955) 

"

C$
@
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ruRCMSLAGE OT'HEIAD I,ETTUCI¡ PLA]VTS TNFECTtrD l¡fiTH ASTER Y]il¿Ol{lS A-flrm
AÏPÏ,ICATIOTI OF NÍ.{IÉ-T]TION AT e LB" PEn AcRr AT e- and 4*DAY T}TreaVAIS.',!-lTH 

TAEAIi\M}üI 1 BEGTNNING AT CROP E}iffiRGENCE AGâTNST
4laerosteles fasclfrons, SUI'¡L R CROP 1960 *

Treatment and.
date started

L" Aug. I
2" Aug. 22

3" Sept. S

4" Sept" 15

5. Sept, 27

6, (eheck)

No" appllcations
of inseetteides
2-ciay 4*day

28

2L

2* and. 4-day d.ata eomblned sinee there was no slgnåfieant dj-fforenco betwoenthese troatment fntervals"

Angular transfcrrnation applied before anarysfs (Gourdenu tgsz),
Any two nlsans conneeted by the same lfne are not significantly d.ifferent fromother at t'he 5/o LevøL of sÍgnificaneo by Dunean' s multiple range üest (Duncan,

**

¿D

16

12

o

5

2

No" of plants
Sxamined. Infeeted

108å 24

940 14

967 48

i.069 101

994 98

T086 L42

Fer cont pJ"ants
lnfocted 4*

2l
I

¿l
I5l 

ü
IeI

:$q#*

10

1õ

eaeb
1955 ) "

$l
ro



TABTE ÏV

PERCENï.\GE 0F CARROT PIÂI{ïS Ti'fFECfEÐ ,itrlÎIl .{Sf3R Y!,'T.f,ot¡;Ë ÀFTER A1æIIC.{ÏIoN 0F
DDT AI'TD CARBARII,, EACH AT 2 LB, lÐR ACFE, AT 6-DAY llüI¡.,Rl¿AnS .i,J-ItT{ TFEATTIIII}IT 1

BIGINNING AT CROP El'URGn\lCE AeUNSf lvlaeros'beles faseifrons

Treatment and
daùe star$od

I

(tø

A
=o

June 15

July 15

July 5l

Aug" 18

( eheek)

No, of carrot pLants
DDT Carbaryl

Examfned Infeeted kaminod Infected

4< Angular transformat,ion applied. before anarysfs (Gouldeno lgSp)"
fF¡ç ÐÐT and Carbaryl not sigÍffeantly dlfferent.
*s* Any two means c-onneeted. by the same lLne are not stgnifteantly d.ifferent from eachother at the 1/o tevel of signlfÍeance by Duneants multÍple range tost (Dunean, lg55)"

1830

1a9A

2019

P306

4274

o

11

57

B9

74

L872

1956

2089

2260

42'14

I
51

,7e

6e

Per
DDT

eeni; plants infeeted *{'4( carbarY1 '';r'

^¡?

UoO

áøó

-Ãñ
UoJ

5"2

* >Flk

nÃ

J-oO

ú6+

qÐ

s"2

** ãt

¡Þe



CTTA.HT:ER V

rx?mnmNrs 0N cONmctr 0F !!, fascffroas DURTNG 1961

l4a'Lsr:Lals Jìnd. metbqd s-

The experlments were desfgned. to evaruate n¡alaübfon Et

and to test Carbaryl tntr and. Baygon '[F, at d.lfferent ratss and interva].s

of applieation, for the eontrol- of g" {geeífrons to provent the spread

of aster yol-J-ovrs on head. leÈtuee" The treatments rJsere simflar to thoee

ln 1960 ln whlch the prants w€re sprayed aÈ two-week fnterv,aLs in an

attempt to determi.ne the most ef,fectlve ti.nre to comrnence troatment for
eeonomic eontrol"

Tho ex¡eriments ?rere earriod. out at the speelal crops sub-

statlon of the canada Ðelnrtmont of Agrieul_ture, ?ortage ra prairfeu

Man. the experlments on the spring and surnmer erops of head. letöuee

were sfun1Iar; the plots were arranged fn a randordzed. splft-prot design

whteh was replleabed three timos. The four subploÈs wore treatscl as

folLows:

Æ-r-l.trà( ilBRÂRy )\qeuq/
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l¡eatment

f
2.

Ð

4
5 (cheek)

Spray schedule d.ates

Subplot A
malathlon

5-day
int,ervals
1 lb "/ ae,

Subplot B
nalaÈhion

6-day
intervals
2 Ib "/ ae.

Subplot C

Carbaryl
6-Cay

lntervals
L Ib^/ac.

subplot D
6arbaryl

6*d.ay
inbervals
2 Lb"f ae,

lÄay 29
June 15
June 28
July J-3

spRrl{

lvfay 29 
l

June 13 
I

June 28 
IJuly 15 I
I

G CROP

Ì'Iay 29
June 13
June 28
JuIy 13

Hray Zg
June L5
June 28
fuly 15

Treatment

I
Ð.

+
FtrÐ (clleeKj

malathlon
5-day

intervals
L Lb "/ ae"

Carbaryl
6-day

intervals
I I-b./ae.

Baygon
5-day

lntervals
J- lb./ae.

Baygon
6-day

interval-s
I Ib "/ae "

Juì-y 28
Aug. 9
Aug. 21
Sept,2

SIIiI'Xrl,ffi

JuIy 28 
IAug. I 
I

A.ug, 2I 
ISept. 2 I:l

cn0P

July 28
Aug" I
Aug, 21
Sept. 2

July 28
Aug. 9
Äug. 21
sepf, 2

To crbtaln a ::erative measule of the nurnber of r¡i. f-ascifrols,
fifty s'rJeeps were nad.e on eaeh subplot, beginning three lveelcs after crop
emergence" All suhprots of the sprÍng and summer erops l,,ere swept, at,

six-day intervars" The sweeps were ¡¡ad.e tvuo days after every second.

spray of the insectiej-d.es whieh were appJ_ied at three-day fnt,ervalse and
five days after the insectrcídes appried. at six-d.ay fntervals" sanpros
of heads of lettuce n¡ere sectloned. to d.eterrnine the per cent infection
of aster yellows virus,

Resul-ts and d.iscussions

Malathlon

Carbaryl and Baygon

and Carbaryl tn the

in the sunmer crop

spring crop and maJ_atbion,

of head lettuce (faUles VI and
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TÏIT) at the rates and interv'a1s tested effeetlvely redueed the pop-

ul-atlons of the six*spotted leafhoppere Thfs reduetion yssulted. i¡r a

lower fncldence of ast,er yeJ-rows (Tables v and urr), The treabments

differed at, the cne IÆr cent level of signifj.eanee in the spring and.

srrnmer cropso frls was probably beeauso, as in 1960, the reafhopper

popuratLon vms at a ro,¡¡ level. By the tirne of the third treatment,

i-ate ln June the populatlon vraa begfnning to bufld up rapfdi.y on lettuee

and. by the tåme of the fourth treatment leafhopSer populatfons $¡ere

htsh (Tabj-e iÆ)" There vras no d.Ífferenee at t,he one per cent level of

signfficanee betwsen the flrst thrøe treatments of the sunner croÐ

(ga¡te VIII). AË in 1960 thls may ha¡re been due to tho slow d^ls*

persal of Ëhe 1-eafhoppers to the test area while vegetat,ion u¡as slprse.

Íbere Gras no dfff,erence at the five per eent lovel of si.gnlfleance in

the i¡raid.enee of aster yellows betw@en plots wlth difforent inseettcj.des

raÈes, or lntervaLs of applloation, However, fn the sprlng erop there

14Jas a d.ifferencs at the one per eent level of sfgnificance in the moa¡

seasonal- number of leafhoppers (taUle tX),

Malatblon applied at slx-d.ay lntervale was not as effective

as the other insectleldes in conÈrolling Ëbe slx-spotted reafhopper; a

blgher lneLd.enee of aster yellows would therefore, be expocöed., Thore

ifias a small lnerease fn the j"netdence of aster yellows, but lt was not

statÍstLeally dffferent, nor wae it proporÈåona1 to the dÍfferonee in

numbers of leafhopp€rs. rt has been shorqïr thaö fn tg6oe (chapter tvi,
malathlon appJ-ted at four-day lntervals isas as effeetive as at two-day

lntorvals" rt ls J.lkery that at two pounds per aere, marathion was
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stli-l- effee€fve buè to a dlmlnlsbång d.egree on the 5bh and. 6th days,

permtttlng more invadlng leafhoppers bo survive, However, tho tlme

for vivus lnocuratlon wouLd. be l"*.míted and. the reafbopp€rs woutd be

destroyed with the next appricatlon of lnseetleld.e on the 6th day"

Tlfth a larger leafhopper populatfon andr/ or a hlgher pereentage of

infeetfu¡e fnd.fvfd.uai.s than ln 196I-, &he deereasing effecüivenose of

the inseetfelde toward the end of th.e slx*ôay interval would probabLy

be refreeted i¡r a stgnff$.eantly higher tneídenee of aster yoJ.J.ows"

0arberyJ- and Baygor gave effeeêive eontrol of Leafhoppers

but r¡¡ere not seÈísfaet,ory for use on rettuee" T,ettuce treated wiåh

carbaryJ, beeame hoavlly fnf ested with ephld.e and w&.s urrarketable 
"

very few aphíd.s were noted. in any of tho other pJ-ots" Baygon reft a

hoavy v¡hite deposf.t whícb dobraeted from the appearanee of the l-etêuce,

ïn treatnents lu 2o and õ of the spring lettuee erop of lg6r
(faUte V), most of the lnfected heads had. minor aster yellows symptoas

whi.ch showed only on the growing tip of the plant. Thfs díd not affect
fhe rmrket value of the lettuee" In contrastn rnost of ùhe infected

heads in treatnent 4 and the eheck had typieal advanced aster yellows

symptoms. The minor symptoms were the result, of a heavy fnfl_ux of

Leafhoppers lnto the plots a short t,ime before harvest.

îhe lncfd.enee of aster yeli-ows, as determfned by sympboms

expreesed. in the fferdu was hlgher in the spring crops than j.n the

suimor erops, trnrtieularly in the check and later treatments (Teble y) 
"

Thi.s vgas bhoughù to be due to l-ov¡ deveropment of the vårus j.n eool

autunn weath.er (Chapmanu lg4g, $olf and. Darling, Lgbg)n To d.etermlne



whet'her or not tho vlrus was laÈent, approxirnaboly 50 lettuce plants

wi-t'hout sympt,oms wero taken from the eheck 1ùots at time of harvestu

and hold in the greenhouse at approxínately zaac ray two weeks" vårì¡s-

f,eee leafhoppers were placed. on the lettuco for a period of one week,

then on vårus*free ast,er Èo d.etermine rate of transmission" rn Lg6l"

4Y pex eent of tho lebtuco plants had ratent virus infeetions.

rfalathion applted aö the rate of one pound toxiaant per acre

at three-day intervals v¡as ihe rnost si.ritable treatment for ihe control
of the six*spotted Leafhoppor and aster yellows on head lettuee" The

results shov¡ that treatment need not be started r¡ntil about four weeke

after emergence of spring-seed.ed eropse and. for sunmer erops öhe

'r,reatments should eommence at erop energencee
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TABÏ.8 tr

Pffi.cEùl':nffi 0F IffAD r,ETTu'cE pLANTs n'ii¡EcrED !iru{ ÁSTER
LELL0'JJS AEIER ArPT,Tc,irrONS 0F nL*IlirHr0N .AND cAitBAIlIT.,
ï'trItll TRF-årME]ir 1 BEGTNNTNG AT cROp E¡iIERcm\TcE AßirNST

Macrosteles fascifrons, ffRÐüG CnOp IgeI x

Treatment and
d.ate started.

1, May 29

2' June L5

5u June 28

4, Jui.y 1-5

5. (check)

Per csnt plants
fnfected **

23

22

<,v

61

Ãa

Number of plants
ExamÍned Infected

1255 2'79

109L ?,38

L17I 225

1004 619

1079 629

+x

Data for arl lnseetieÍd.es, rates and. intervals of apprlcation
are combined..

Angular traneformation applj.ed beforo analysis (CoutAen, lgb2)

Any two means eonneeted. by the same
different from each other at the I,4o
Targe test (Ð'.mcan, lgbb) ,

line are not signfficantly
l-evel by Duncant s Multiple
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TABLE V-T

ÎOTAL AND SEtlSONir"L l-Ei{\T Nul,,iÊm OF ittaerosteles fasclfrons
iTFTER APTLTOATToN oF r'!\rATÍ{roN mn crnT[ñffffiffi r

BEGIN¡|ING AT CROP l[,,ßRc]f\TCE, SPRII{G CROP 196]

Total number
Mj" faq_e,!!L{ggg

6710

6464

55UB

T76T?

24243

Treatment and
date sfarted.

l- " l,{ay 29

2" Juae 15

5" June 28

4ø JuLy J-5

5u (eheek)

Ï,Iean number
M, faseifrons 4

BO

7B

64

210

289

Data for aLr insecticldes, rates and lntervars of apprlcation
are cornblned."

Any two means connected. by the same rlne are not signifícantly
different from eaeh other at the r,/o leveJ- of sígnifieanee by
Ðuncanrs mulüiple r&nge test (Duncan, lgbb),
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TABT.E VIT

"TRCTNfiTA@ 
OF HEAD LF¡TÏICE PLA}üTS INT,EOTED 'úJTÍTI ASTER

YELLOTIS .AEfm APPLICÁTIONS 0F II{A-T.{TIII0N, CAtBAp,yL AND
B{YGON9 IITTÍI TREATr,,mIflr ]- BEGINN-ING AT CROp E1IERGm{CE
AC4.ffST MaerosteLes faseifronss Sül,roEp, CROP ]g6l *

l-u

2"

Trøatment and
date started

July 28

Aug" I

.&ug" âL

Sepb. 2

( cheek)

22,73

?Lg4

4frfrv?

2248

2244

62

156

q/1rz

365

3R1

Per eent pJ-ants
lnfeetod *+

6

l_5

1"6

L7

***

3"

Number of plants
E*xaminod Tnfeebed

Ðata for aLr fnseetictdes, rates and. i.ntermls of applicatfon
are eombined..

éngular transformatlon appLled before analysfe (couLaen, lgbp)"

any two nþans eonnected by the sane lfne are not slgniffeaaèJ_y
different from each other at the Lfi rever of slgnlfieanee by
Ðuneane s mult,itrùe range test {Drrnean, lgbS) .



49

TABLE V]TT

T0TAI -AND ffi{sONAtr vmAN \run[Bm oF ]Íaerosbeles faseffrons
AEtm APPLICATION OF ],ÍAIATHION, C

TFE{T¡,IENT i- BEGTNI{TNG AT CROP Etr{FRffivcEs sUIorER cRop r96t

Treatment and
date etarted.

.r¡.zl)¡

Aug.

Aug. 21

Sept. 2

(ch.eek)

w*L4

L5

L?

,aI,

I

4Ëo

Uiean number
M" faseÍfrons *

öö

107

Total number
E. faseffrqns

774

7?5

886

57â7

6ns4

Data for all insectfeides, rates and. intervals of applÍcationaro eombined..

4<4 Any fwo means eonneeted by the same Lfne aro
dl.fferont from eaeh other at the 1% Ievel of
Duncanr e mrltfple range Èest (Dunean, IgSb) 

"

not signlffeantly
sf.gnifleanee by
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TABTE ffi

ffÀs0N¡\L lvlEAN NU!.IB¡.1ì oF r,EAFTlorPERs AFIER -4ïpr,rcATr0N
oF MAraTHroN AND cAnBArrr, Acar¡{,sT lúaerosteres faseífrons-

spBINe ofiû? reõr-*--

Inseetfelde
Rate

(1b,/ a.ere )

Applicatl"on
lnterval (¿aye)

li[ean ni.¡mber
Mn faseffrons

3,{al-athlon

Carbaryl

0arbaryl-

Malathfon

theck

üÞ

11L,

¿

I
6

o

b

Tõ l*
I

80 
I88 I

LB?

289

Any two means con¡eeted by the same lj.ne ar€
dÍfferent from each other at the l./ levet of
Ðuncanss nultlple range test (Ðunean, 195b)p

not signffleantly
sfgnlficance by



CIIAPTER VJ

Ð{PMT]M,TTS ON CONM?OL OF M" f_ase f fro-ns &TffiTNG 19 6A

I{aterlale aud. methode

$yetemLe lneoeticldes applied. t,o the soXl or plantu as

granuJ-es at tfmo of seed.íng or as sprays during Èbe grovaing ssason,

wore eo¡npared wfth malathlon the reeommended. lssecùlelde" The ox-
periments on the epring and. gtrnmer erop of head letüuce were sjmflar"
The pLots were alranged' ln e randomized bLock d.esign, The insecticj.dee
r'vhfch v¡ere tested., the formulatfonsu ::atee and fntervar- of apprteatfon
are as follov¡s;

lnsee tlc lde Toxfeant per a@ø fntervel of application

Baygon G
Di-Syston G

AC 43064 e
Phorate G
Baygon EC
S{eta-SystoxR EC
Ð1neùhoate EC
AC 47500 Ec
l¡falathi.on

Del.aav G

Ðelnav Et

af seeding
at soedfng
at seedfng
at seedlng
per seaso&
por season
per season
por season
per weok
4-day interval)
at seeding
por week

'l ¡nn
- 

Sì,}/ E

1- app"
J- app.
J. app"
2 app.
2 app"
2 app"
3 app"
2 app,

t.æ alld
1 app.
I app,

Tbe ffrst nlne materiaLs were applled Èo the spring crop; all the

materials were used on the srm.m@r crope

The flrst appli.eatfons of ùhe lnsecticidos which vrere for*
muLatec as ern¡lstfíable eoneenùratee were mad.e one week after the sprxng

I
I
l_

1
I
I
l_

l-
i.

lb,
lb"
Ib"
Ìb,
lbu
oZø
lb"
lb"
¿u o

lh

lb,



52

erop ernerged. and at crop er0ergenee ln tire surnmer clrGp€ The seeond

applleatfon of the sysbemj.c insee ticides v¡as three v;eeics after bhe

firsù applicatíon"

The lettuce crops, as in prevlou-s experlrnents, v,rere swept v,rith.

a net +-o obtaÍn a reLative meesure of the nunber of leafhoppers on eaen

pì"eb" Tho s'weeps -'¡ti:r. started. about three rueeks after the crop ernerge¿"

Fifty shreeps vsere made on the day before the four*day application of

malathion" At harvestu the heads of lettuee were seebioned and. ere*

amined for sympûoms vuhíeh v¿ere maj.nly lesions and Ìat,ex deposÍts"

Re sql--'Ls qgÈ di s_e_ugsf qn

Durlng 1962 the populatlons of the slx-spotted leafhopper were

l"ow (Tabre x and xrr), and. the percentags of ånfeeùive reafhoppers was

also low (o"z/"1. strbsequently, the incfdence of aster yolrows on the

spring erope (taule xr) was too row to show d.lffereness betweer the

lnsectieid.es tested." 0n the sunmer crope thg incid.enee of aster yellows

appeared negJ.igibre; the erop r¡¡as not sampled to determLne rate of

infectlon by aster yellows virus" The resrrlt,s (TÞbte XII) show that a

nuntber of fnseet'j.cides gq.ue a stgntffcant reduetlon of the popuJ.aüto¡r

of leafhoppors" Based on t'be results of experimønls performod during

1960 and 196L, a redueti.on fn leafhopper population resuf,ted ln a re*

duetlo¡r of bhe lneideneo of asber yeJ.lows on the head let&uee.



TAMJS X

TOlÀf, AÌ{Ð s.ASOtüAt LÍEAI{ NTJI,ßER 0F lüaeroeteles faseifrons
FOR EACH INffiCTICIDE9 SpRnTG CRCP 1962

* .A¡y two means eonnected by tho same line are not signifleantl-y
d.lfferent from oach other at the i.fl level of signlfieance by
Drrnes¡1ts multi¡:le rango test {Dunean, }g5b),

ïnseetfe fde
ITo. of alrylfcatlon

lnseetfeldes
Total number of
M" fascffrons

Seasonal
mea¡1

Malathfon EC

Phorate G
Baygon G

Baygon EC
l,{eta*SysÈoxR Et
Dlmethoate EC
At 47900 Eg
Ðf*Sygton G

AC 45064 G

Cheek

Tb
-L

I¿

2
ia
Ð

i.
-t-

50
L0B
l.e8
lb3
900
2'?4
õ1"1
.3.52

586
63?

i¿

ryl't
8å

10 
1

12 
1

17 l,
r.e tï
22 rl
õ?'tå
40$



TABT,E XT

PERCH\]'TAGE OF IILAD LETTUCE ]{,AJ{TS NIFETTED I'JITI ASTER
ELLoITS VIRIIS9 SRING CROP 1962

4 Angular t,vansforr¡ation apprfed before analysis (Goulden, l_g5z)"

*># An analysis of variance showed. Èhere was no dlfference between
insecticid.es tested to red.uce the incidence of aster yollows
virus"

Tnseetleide

Number of
applications
fnsectic i.des

Total noo of plants
Exa.mfned Infeeted

Por eent
lnfection

Baygon EC
AC 47500 EC
Baygon G
I[alathlon EC
Phorate G

Meta*SystoxR EC
Dimethoate EC
Dl-Syston G
AC 43064 G

Check

2
z
l_

15
¿
I

t
L

472 9
4q4 0

504 t5
508 L0
599 i.6
442 22
+75 20
469 2i_
480 26
505 26

0"0e x+
0,02
Uø UO

0"03

0"04
0"04
0"04
0,05
0"05



T;IEI,E XTT

T0TA3, .A.r\D ]vllr=.{{ NIll\ßli-R OF iViacrosteles fascifrons }-OR
EÀcH trirsgcrrctD¡ rgs:ffi ffiï.eõ-

4 Any two meang eonnoeted. by the same line are nob signifieanÈJ-ydlfforent from each. other at the L:fo Levar of signifieance by
Ðuncan's multiple range Ëest (Duncan, l95D),

fnsec t,f c ides

IVU ô

applieations
inseetieides

Total no, of
L[. fascifrons n[ean

Baygon G

I,lalathlon EC

DeLnav EC
Phorate G

Baygon Eü
I"{eta*SystoxR
Dfmethoate EC

AC 45064 G
DoLnav G

AC 47õ00 Ec
Ðl-Syston G
Cheek

l_

l-L

a¿
Ð

û
2
+
.L

I

Å

2L
25
26

A€)

44

57
60
'î2
v2
s9

ol*
ãll
^Nf
ålIr

10 lflll,
iåuf,llÍ1,

is'lllt
zo fÍ22 I



CI{APTER VTT

Hü&Rf1,m¡t:fS 0N ÛONTROT. 0F u" faseifrons DURDIG 1965

l,[aterf a]- s_ggd nre ths<le

The i-965 øxporrr,ænÈs were deslgned to eompare the most

effeet'1ve lnseeticfdes of prevfous tests r¡¡ltb. two new eompounds for
the eontrol of the U. €eseifqons and to prevent the spread of AyV on

head l-ebtuee,

The inseetietdes tosted with amount of toxfeant per aere

and fnterval of applieations ar@ as foll-or,,¡e:

ïnsecti.eide ïnterval of apptr_ication

Baygon G
?horate G

AC 47051 c
AC 4?4?O G
ftlalathlon EC

Bal'gon EC
Delnav EC
Endosulfan EC

at seeding
at seodtng
at seCIdfng
at seedlng
twico weekly

(õ- and. 4-d.ay)
weekly
weekly
weekly

Two experiments ware earrle. out on the spring crope one at
Portage la Prairfe, and one at Ì.yånaf¡ng, Manitoba, A thj.rd experlment

on the sunmer crop üJas carried oub at, portage ra prairfe" Trrese ex*
perlments were sfmlJ.ar, varylng on}y ån the nurnber of rnseetícides
tested. The ptots w€re arranged in a rand.omrzed broek desrgn, and.

$rere repllcated four times.

Toxieant per aero

l_b,
Lb,
Lb"
lb.
Ib"

lb,
lb"
lbr

The flrst apprieatlons of the lnsecti.cides as emursrftabre
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eoneentrates were mad.e one to tøo r+oeks afùer bhe spring erop

lettuee emerged, Th.e spray seheduLe was eont,inrred until ftve

before the harvest"

of

days

The Ïettuee crops tïere swept wÍbh a net bo obtain a measure

of the number of leafhoppers on eaeh prot. The sweeps wera started

three weeks aft,er the erop emerged., Flfty sv¡eeps were unde the d.ay

before the four-d.ay applicatlon of malathion, and the weekry appli-
eation of Baygonu Delnav and Endosulfan,

Aå harvest the head.s of lettuce wer@ soetioned and. examlnsd

for sSnnptoms, ne.lnl"y lesf ons, and. latex deposits of f¡.yv Íbfection"

leafhoppers eolleeted near barvesü in bhe check plots of

both sprfng and. sutrmer eropse were caged on asters to determine the pro-

portion that were infeetive"

Reeults anê dtscussion

Durfng 1963, controÌ of the leafhopper was not d.iroctry

refreeted in the incidence of Ay[ in letbuce (tuutes xrrr, xrv, we

)ilnr xvrr and Hrrrr)" &talathtron vras more effeetive tban Baygon Ge

Phorateu and. Baygon EC ån roduefng the numbers of teafhoglpers, but

was generai-ly loss effeetlve 1n preventing -aw" Delnavu Âc 4?470 Ge

and Endosulfan wore l-ess effeeüive than malathfon a}though betûer than

no lnseetíeide at atr" AC 47ozL G appeared to adt as an attyactanr

and resulted. in a higher population of both adul_ts arrd. nymphs th.an ín

the check (taute;{F), Th.is population Level v;as not reflected in a

siinll-ar incidence of .iryv (Ta¡:-e xrrr)" Nymphs occuged only in the
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checl( piots and in the plots treateC llrlth "tC 4?A3L G lndieaü1ng Èlrat

Baygon G, Piio::ate S, and. Lö ¿,ry4'f} G prevenèed crå¡r';siLtc:-i a:, i-l*veloF*

nent af îr¡¡r;phs during tire nlnæ v¿eeks of the test"

Tlie nnetd.enee of AY\I ru¡as hlgher on the sunÌner crop than on

Èhe sprlng erop at ïcrbage la Prairíe Lg63u aithough the seasonal mean

nu¡tbers of l-eafhoppeis were mucÌr hí¡¡her 1n the sprtng crop (fab1e ]lIV)

tban in the su-l-rnrer crop (fa¡te ITIII)" l-Iol'¡ever vi.rus transmission

t'ests showed tìrat the percentage of infeciive leafhoppers in l,he check

ploüs at the time of harvest was r"5 and. J-o"o por cent ln the spring

and surunel: cropsu respeetivery, rt is also apparent that gíven a hi.gh

percenbage of infeeti.¡e Ìeafhoppers it is not possíble to prevent a

hlgh lneld.enee of AYII on field plots v¡ith the insoctloitLes tested..

In l-963r tlra|¿fhion the reeolrunend.ed. insecticidee was reasonably

effeetive against öhe leafhopper and AYV in the sprlng crops;. but uot

ln the sunmer crop. rlowever, undEr eommereial condltfons where the

entire erop as weLl as border araas are sprayed, better cont,ror of the

leafhoBpor and AYV should be obtainodu

The systenrie fnseeticf.des Baygon (G and Et) and phoraüe G

were bstter than nulathton in 1963 for the provenÈion of AyV ln head

Lettuee' símirar results were reported for phorqèe by Ttrompson and"

Rawlins (l-96r), and. for Baygon wettabte powder by Rlehardson and.

'lïestdal" (1965)" Baygon has a m¡:eh lowor rnnmallan boxicity (ÁFonymous,

1965) than phorat,e and 1n granular form Ís more convenient and. eheaþer

üo apply than n:alaÈhfon" ffistemlc inseeticid.es such as Baygon niay prove

èo be suLtable for red.ueíng the leafhopper and AyV"
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rABTE XTIT

PERCH\I'IAffi 0F Im,\D LETTUCE PLANTS ÐLAl,|f,i\rm
AND FOÏII\]-D ]NII'ECTED !'[TI1 ASIER YEI,LOI,'Ñ \NRUSg

PORA{GE IA rrr,*\IRIE, trRIl'[G CROP j_965

'# Angular trensforrntion appJ-led. before analysfs (coulo.ene lgoz),
** any two means conneeted by the samo rtne are not signlficantly

dtfferent frorn oach other at the r'/o reveL by Duncanes multf.pl-e
range test (Duneann1955).

ïnsectieide

Nó, of
applications

of fnseetl"cide
ToèaI no. planbs

&a¡n1ned Infected

Per eent
plants

lnfeeted

Baygon G
?boraùe G

Baygon EC
MalaÈhåon It
AC 4'74'70 G

ÐeInav EC

Endoeulfan EC

rtO 470õ1 G

Cheek

L
i.
Õ

15
i_
o

R

l_

764 2?,7
BOl 305
766 5åL
7',7"e õ50
BL? 4i.8
?9I 524
?51 528
vag 567
?57 688

æ+#
58fl
42 

1

43 
1

51
66{
zo{l
72 

1

ol
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B{BLï,' XIV

To[a[, AND tr'{sONÁ¿ i\,EirN NU}BER oF Maerosteles fascÍfrons.
PoRTAæ LA rRAlRrn, smtffir

ïnseetic ide

Malathi"on EC
Baygon EC
Phorate G

Baygon G
Ðelnav EC
Eud.osul-fan Et
.LC 474?0 G

Cheek
AC 4705i. G

* ,{ny two means con¡ected by bhe eame
different from each othor ab ütø I,Á
range tesü (Duncan, 19b5),

llne are not signifleantly
level by Duneanl s niultiple

ftlean ntrmber
M, fasclfrons

lçi

l
tL

tt
i.

À

5I61"
5297
5585
7825

n0208
i.2i.05
12P60
13559
I7865

1q,

P'P.],

424
326
425
504
511
565
?44

No" of,
appli.cations

of insectlcide
Total number
U. {eqq"lsqogq
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TAtsI-E XV

?EICEITAA GI,J]D NIJliiBtR 0I' i{iùiD LItT,tUCii pl,iJfTS
Ðtuirl'llül /ìND FOUND T\IFEOTED !'TTIÌ ASTER YELto'ú,s vrRus"

WINNTTEG" SPRI}TG CROP 196õ

ïnsec ble id.e

No, of
applleatlons

of fnsecticide

Total
plants

Examined. Infeebo6

Per cent
planbs

infeeted

Baygon G

Malethlon Et

Phorat,o G

Cheek

.!-

i.t

I

1204 i_40

LL4t 149

1l?5 l_86

r.171 ?60

'! rr

l_6

65

Angular transforsnatlon apprfed before analysis (Gourd.en, rg5?),
s# Any tvro means connected. by the same rine are not signifieantly

different from eaeh other at Ëho Lfo Level by Ðuacanrs murtlpre
range tes& (Duncan, i-gSD)e
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T,{BIÆ XVT

1OTA.T, AND Sqll.SON¿,I, b:ilAN NUJ.,ß}R Or
Mac.rggLg,Les fascÍfrons fER 50 Sl,,trEpS PER TRB\TÌvËïüT,.II;INNI?EG, 

SPRTNG CROP ]"965

u"

fie¿¡1
nurnber

IggpL{qoqs_
Insee tie ide

tuial-athlon Et

Phorate G

Baygon G

theek

* Any tv¡o means eonneeted. by the same
dlfferont from eaeh other at, tlne I/o
ran€le test (Dunean, 1955) ,

576

108s

i-09e

240L

Iíne are not sLgnlflcantly
level- by Duncan¡s muLtiple

ß2

60

Þ-L

L53

Nou of
appllcatlons

of lnseetictde

ToÈa1
number

M. fascifrons
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TABT"E XTII

PEF.CNtgAffi A}üD NUIIiBER OF HEAD I,ETTITCE ?T"liNTS :trA]vtrNED
i${Ð ForJtvD INFECTED t"J-Iml .A"9TER ]tßÎ"to.,llls IrIRUse

PORTAæ LA 1ìR{IRIE, StJI\0úm Clìop L96$

ïnseetlefde

Baygon G

Baygon EC

Xialathi.on EC

Phorate G

Check

++

t

t5

IO

L

980

Y+A

942

9',13

952

723

77I

804

tJ¿'1

928

Per eenb
plants

lnfected

74

84

9rI

Àngurar transfornntlon applied before analysis (coulaen, lgFp).

Any two means conneeted by the same lino are not si-gnificantry
tlifferent from oach other at ths r-/o Levør of signifieance by
Duneanr s multiplo range test (Duncan, lgSF),

ITo " of
applications

of lnseetieide

Total
plants

ExarnLned ïnf eeted
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ÎABLE X\ruTT

TOT.11Ï, AND SEAsüfiql, ],4EAN NII\,Btr; 0F
Mecros_toles {gËeifronå PUì 50 STi1EEPS l1ER TFJlATtmitT"

1'0RTA@ l,A PRAIRIE, SUl,[',ljIR Cil0P 1965

L,ïean
number
fase ifronsInsectic ide s

llialathÍon EC

Baygon EC

Ð-rræ¡n ñlaJ6uu J

Ph.orate G

Chee js

Tb

I
ì
.L

¿

584

59?

1060

I145.

2006

ãn

ÃD

100

Applications
of *.nsecticide

TotaI
number

fti" faseffrons

+ Any tvro means connected. by the same lj.ne are
different from eaeh othey at the 1l levet by
raÐge test (Dunean, 1955).

not slgnfficanti"y
Ðu¡eanfs mulbinle
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T¡JIE XIX

TOT.iL ]riIll¿ilER Otr' liáacrosteles faseifrons"
.'ìDUITS :\ldD i\-vllÆiSffiffi ffij{,

?ORTil@ L:^ irR:r.Lp.fE" S?RïiñG C:IOP 1963

Date svrept

June 14

fune 19

June 26

July 3

Íuly l0
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CIIAPTER VTTT

DïF¡EREIVTL{TION 0F TImm SÏRAIiTS OF
.åSIER YELLOTfS VTRUS

l,{a t e q ågle_ggg_ ng-tþ oqe

ThÏee strafne of asber yellows vfrrrs; r?Ár?e mBrr and wgwe

wore isoLated. from J.ett,uee, zånnta and eolery and transmÍtted to
fifteen d.ifferent host p].ants: aster, head rettuee, eerery, pran*

tafnu sunfLoi{ers varè peredovfk and command.eru I[" qgg_b!çg var.
hu¡t4r:þ, tame and wild buekwheat, strnrrweed, onfon, earrote barrey,

flax, and wheat b]' the glx-.-epotted feafhoppêró Two method.s være

used. to d.l?ferentia&e the strains: host-pl_ant suscepÈlbÍJ_ity,

and the d.lffersnù growth habits of the fnfectod plante. llre growth

habiÈs, eonsidered. ln the seeond method. and used to d.ifferentÍato

the strainse were the befght of trnfeeted aster pJ.ants from the

fÍrst leaf node to tip, the dfstaneo from flrsü to taet,;rêaf nod.e,

nurnber of exposed leaf nod.es and a:clLLary growth,

Repults and L1:Leeussfon

Th'e dtffereat effecte whlch eacTr strain of tho virus had on

asber and N" zustiea var" Lg¡r:Lliq are shown ln Fj.gures 6 a¡d ?"

straintt-A.".fs a non-eelery infeetlng strafn whieh ln aster (Fle. 6)

resuLts ln a sèunted bub sturdy pJ-ant with the Èeml¡rar growth poln6

onding ln a Loose rosett,e. rt bas a eimi-lar effeet on N" Eusti-ca

(Ffg" ?) ' strain ng$, which. fs a eerery-infeeting strain, eaused a

rapfd growth of aster and N. qustågq (rtes, 6 and.7) resul_ting 3.n a
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tall spxndly plant. The eentraf termånal growt.b of the infeetod asteÏ
is st,t¡nÈed but does not form a rosette, and. tbe axllj.ary growth is a

eo¡rnor feature of sueh plaaès (Fig. 6) " S" guEt¿eg tnfeeted v¡ith straln
ItBtt are fneapabJ-e of erect growth and. sprarøJ_, u.!s.&ess supported.e ov6r

the ectge of the pot" Sbraln t?Crre a eelery*1¡foctlng sÈrafn &n aster

{tr1c. 6) and. N" rust$.qq!_ varo h¡¡mU-:þ {¡,tg" ?} eauses sevetre stunting"

The plant has a weak stem and the termi¡ral- grovith forms a tj.gtrt rosette.
Ïn addftlon to the symptome whieh separate tho virus stralns

o& aster and. ld' rgstlqq. var" hj:m:Ll:Lgn the strai"ns may be soparated on

the basis of hefght measuvements, number of exposed 1eaf nodes an¿ nurþ

ber of plants shorriing axfl_Iary grorvth (faUtes )ffi, iffiI and XKIT), The

two eel-ery fnf,eetlng straíns, rrB* ahd ttç', Ílåv be distingulshsd on the

basls of the mean plant heighÈ frorn the first l-eaf node to tipu th.e

rirean prant height fro¡n the first leaf nooo to tne last oxposed. leaf
node, and the nu:nber of exposod reaf nod.es" rn Tables )cx, )fKr and

KKfIr the measurements of symnto¡ns of straåns rrBlr andrrCrr rnlere sig-
nifícantly different ai the one per eent level" GeneraJ-lyu on the

basls ef the crfter-i"au 1.t i,+as porsible to separate all birree strains,
but the fact that tÌre s¡.¡n-O¿o¡rs of strains rrgrr and 'rjlrl vtere nOt alil,ays

dlfferent at the one per cent revelo i,Ias irrerevent, si-nce s!,rqfn n4*

and *B* co¡lld be seþarated on 'bhe basis of lvhether or noü ihey infected.
c a'1 o*trvv4v¿J é

ltr eomparison of tl¡.ese straíns wíth Èhe Eastern straín of

Kunkel (L955) and the three r,úeste::n or callfornia st,raÍns of F?eibag

{L964) shows several- differenees" The Eastera straln of ?iurikel- iLg55i



rrn

TABLE KC

l@AbT AÌID LS FOR 40 ¡.SI T. ?I¿]fIS FOR EA"CH OF Mffi
TRTTERLA AJ{D MIE Pffi TMM OF ELÁI\TS SS{OITJtI,TG AXTLTÁRY
ffi'O1íTtr, A F0TlRflJ CRITERIq{ USEÐ T0 DIF'¡'rnElmT¿.TE Atry

sTM{ms nAilÞ ffBfte rrgrr, AÎ{D cIIEcK *

* Tbe astor pi"anbs four*leaf 6tagee wsre eaged with sfx-spoèted
leafhoppers, which had been fed on an lnfeeted plant for ten
daysu on February 24, the synptoms of AY1I showed on l,Þxch l_Ie
eltd the pJ"ants wère examfned on Aprfl ?"

Strain Á. Strafn B Strain C theek LSD"ol"ø

&iean pJ-ant heiehÈ
1n em fyom f$fsè
leaf node to tLp

lvÍean plant height
ln cm from li.æet
to last l-eaf node

Mean number of
leaf nod.e s

?er cent plants
showlng axillary
growth

9ôO

l_1,4

L4"5

40"0

I

i
25"L

Í

14.9

15,6

67"5

1"7 "8

Q. 11

10,9

2"5

28,6

22 "'?

?,3,9

15"CI

ìn¿o f

L ø'{

å6Õ
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ÀiqAN AND LSD FOR
CRÌT5RÏA AND THE
ÉOri,ffI{, A r'oürTH

STFAD{S

TAB],8 ET

50 ASIER PTI\NTS FOR LAçE OF TI{ffi
PM CENT OF PLA}ITS ffiOT,ITING ÆTILLARY
CEÏTERTOI\TUSED TO DTT'FEBJIüIIATE AYV
rrAs¡ rrBrr, rtg$, AND cffiCK *

Strai.n A Sûrafn B Straån C Check î"ffi.OJ*'"/o

Moan plant heåght
1n em from ffrst
leaf node to ttp

Mean plant hetght
ån em from fi-rst
to Lasü leaf nod.e

Ifean nurber of
leaf nodos

Per eent pJ-ants
showlng axlllary
growth

L?.4

6,6

10"8

4,0

Lg *2

10"5

l_2,1

BP.O

15,5

10,0

rìñ

29, 6

22 "7

Ð3.2

1,4

1ñJ.6 f

1,4

u'F

The aster pranös four-leaf stage, were eaged with six*spotted
leafhoppers, whlch had been fed on s,n lnfectod. prant for ten
d.ays, on Aprfl 7, symptoms of AYV showed on Aprll 25, and theplants ?rere eleamåned on June 24,
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TABLE ]üTT

TßAN AIID LSD FOR. 25 Á,STÍiR F,T,Á]fTS FOR EÄTH OF WNEE
T?JTã}ì]A II]iID TIftr PM CTSIT OF PT,ANTS S{OT![NG AXTLI.AEY
ffiOT,{l'IT{, A FOT]RTH CRITEAÏONTSD TO DIFT'SR¡JSTTATE AYq/

STRAINS rfArle tîBrle ttt?ee A¡ilD CI{ICK *

Strafn A Strai.n B Strai.n C Check Effi,01,1,

llean plant hefght
ln cm frorn ffrst
loaf, node to tip

&ioan planö hetght
ån cm fron f$-rs6
to last Ìeaf slod.e

Mean numbey of
leaf nod.€s

Per eent plants
showfng axl}lary
growfh

B.g

1Å4ø?

I"L

0.0

g.B

2"5

9,5

24.O

'l "V

.8

7,0

ooo

ìq ry

3"4

LÐ "4

nn

th

L 6'{

w The aster plants four-leaf stage, w@re eaged. with
six-epotted leafhoppers for two days on Aprit 50,
showed lÃøy LZu the plants were examined June 6u

lnfeeÈlve
the sympÈoms
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ås non-celery infoeting ( or ce.lery måy be infeeted wÍth dffficulty)
and proåueês abundant axtll-ary grcwth" Tbls is not a eharaeteristre
of strainttA'ir used ln thfs e6udy, 0n s. rqs_tf_e_e (&:.:rkel, 195bi the

Eastorn sbrafn of Ayf produced uprj.ght grovrth wfüh r_ibtle gnarrfng

of the leaves" Tafs fs not eharaeterlstic of strain rîAR (Fig" z¡"
The sympto&.:,.oxpr@sslon of the two ceÌory infeet,ing strains, îfBr? and
,?ct? (Flc" ?) ao not resemble the s3ntrptoms of the car1forn1a strarns,
severe, Dwarf and rur-erake, prod.ueed on u, rus_tÍca var. þu:nil{e
(f"reltag, fgO+) , A comparlson of symptoms of sËyaf¡1s *¿rru ,rBrr and.

ttstt v¡fiþ the deserS.ptioits for the eight stralns tsol-ated in'u,jåsconsi¡i

by Granados (l-s6s) lnaleat,es a numbsr of dÍfferences. He crassffied.

three strains AYV gu'r,'i¡is" %w, and AW 6u as belonging to the

Eastern AYV group beeause rnfeeted asters wore not severery strur¡,s¿,

The plants prod'uced side shoots and ths strains d.id not infeeb eerery,
or did so with d.Lfficulty" The non-eerery fnfectfng strar.n, rrA,,e

t'ested in this experÍment produced. a stunted plant wlth fev¡ ff any slde
shoots (tr'fg" 6) (fables N:{, Ð(f e EffII), The two stra1ns which cæanados

(1965) crassified as eoleqy fnfecüi.ng, .{y[ p and. Ayv ?, prod.ueed savere

stuntlng on aster and. No r}re-t¿gg. of the bwo celery infecting strafne
whleh wero testod in th.åe sðudy only straln !?cr' p:loduced. severe sëuet-
lng on aster and $" EggE¿sg' The sr.mflarit'y of the sympÈoms may åndtr-

eate that tbese two are the same strafa.. Straj.nspB0? does noÈ fft any

of the descrfpbrons gi.ven for ceJ-ory-J.nfecttng strÐ.rns by Granados

(1965),

The effects of the three strafns on the t3 other hosts tested
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are shôÌm ln Ffgs. I to 19" celery and plantaån were suseeptlbre to

etraln rBw and. nCn but not trAn and wheat was suse&ptfble to st,rain i?Brî

bub noö to strai.ns .'At! or îtcrî" straing rtBrt and wcn eould. not be

separated. on the basi.s of symptoms on celery or plantain and. straine
ttAtie tfB!! and ftcft eoul-d, not be separated on the basls of syrnptoins on

head. Iettuee, stlnkweedu cåryoto onlon, sunflowersn tame and r¡¡fld

buckwheet, barley or fl-ax"

u'Iheat would. noË be a suttable hosÈ to ld.entify strain
lsBrr becäuse of the low rate of trnfectlon"































CHA.PTM. ]X

TRÂ¡TS¡rIISSION BY Lnagoqlefes fascÍfrons OF lHRm
srnArxTs oFAw rffisr m¿rws

trfat erl al s*_gn4 method s

One hundred. and fifty nynphsn pnd to 4th fnstaru

tr'[" faseffrons were þlaeed. on aster plants lnfect,ed with one of
the three strains of Ayv. The nymphs were reft for a ten-day

virus aequlsition feed, after ruhfch go nymphs, fn three roplicates

of, 50e wero chosen at rand.om and plaeed. singly on aster-oLants whÍch

were at the four*leaf stage" Th.ey rernained ilrere until ùhe plant,s

developed symptoms of Ayv, Thtrty reafhoppers which had shown Èhe

ability to transmft Aw were then placed for two-d.ay Íntorvals on

each of the 14 host pJ.ants tested, beginniag wiilr aster, rn the

successive two replicates bhe hosts used after aster were pickecl

a.t rando¡n. Thls $¡as repeated for eaeh virus strain" The host

plants vuere then held for expression slznptoms. rhe sex of the leaf-
hoppers and the time of synpüom expression vrere noted,

Results and d.iseussion

The ability of tnfective Iú" fasc-ifrons Éo transmit three

strains of AW to 14 dlfferent hosts varÍed v¡ith the host pi.ant

(raute ÐCTIT), Thore was no difference bet,ween Ayv strains nAfi, ,,8,,,

and. 'r0tt, (Appendix B Table )if,I). The fact that single infective l-eaf_

hoppers were abl-e to infect gg and gB per cent of stinlcweed. and head

lettuce plants, respectiverl', on ',vhich they were praced for a two-day
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TOTAT AND P}R CHfT TBANSXMSSION OF THËEE STRATNS * O¡' AgTffi
lffi,L0t^¡s v-rRus Br rNFrcrgD srNGrE ]r{qegeqseles faseffrons

To FoIIRTEEN DTFFmENT Ìrffi 
- 

r

Host

Stånkweed
ïlead. lettuee
Onlon
Flax
Asüer
Carrot
Barley
Tame buelfiÁrheat
I¡'Iild buckwheat
Colery
Sunflower (Peredovfk)
Ptrantain
Sunflower (0ormrander)
ïiheat

M. faselfrons
%

Total No"

t@sfed

s rho data for the stralns were eombined (Appendix Bu Table Ðrr )

*ÞF Angular transformaälon appriod before analysj.s (coulaon, lg52),
àk** Any trtro means e-onneeted. by the sa¡ne line are not slgniflcantly difforent from eaehother at the 1/o level by Duncan¡s multiple range tsãt (nr¡neanu trgss).

Total No"
$, fascifrons

trenemitted

25L
?M
?'4,7

25'7
249
?õ5
264

60D
258
u0B
213
207
L68
1A8
1e0
+4
44
28
z3
f6

6

Per cent
t,yansmÍsslon

oao
98"1
rya î'2

Bl_. 0
80,2
64" 6
52,7
47 "A
1g"o
17"B
10" g
I,e
6"5
e"5

Angu.lar
transfornation

96.5
87,4
66"1
o+"b
6U "1
55"5
44.4
45 

"'7
?6,rî
P0*3
l"B"?
Iü6Ð

13 u9
4'2
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feed.fng priod would. fnd.åeate that t'h.e infeetive six-spotted l-eaf*

hopper is a eonslstent and rellabl-e üransmÍtter of the three stratne

of AYV tested. Iloweveru the sfmilari.ty of resuLts obtainod" onr:aster

ln tl¿is test, and by l{unket (19e6), Strong and Rawlfns (1958) and.

Î,ee (L962) u laould lndicate that the rate of transmissÍon for d.lfferenü

strains of AYV to asùer fs' eonstant" Tho faet tbat aster was sig*

nlfleantly less susceptlbl-e to the AW than was stink$reed. or head

Leðtuce would. indi.cate that aster ls a poor indieator of the per eenb

of the leafhoppors v¿hteh are infective" Th.ås ånterpretatic.n questiç:ls

tire per eent af virus infected host p}ants taken frofi sumr¡er erops

(Chapters IV and V) and Òhe per eent of lnfeetive six*spotüed leaf*

hoppers and infected head l-ettuce plants v¡ould bo higher"

Th.e varlabflfty of the hosÈs to the strains of AYV may be

explafned on ùhe basis of plant resisbanee or veetor host-plant rela-

tionships. rt has boen shown by Putü and saekston (1960) and. xþrtln

et aL- (1961) t¡rat resfstance is presenù in sunflovüers aad fn some

varieties of flax, respeetively. Thougb the vector host-¡lant rela-

tionshlp eourd possfbly be a reason for the differences, tt appears

remote, beeauso although onion 1s l-1st,ed by i4hlJ-f s (L962) and lúetlanahan

{f962) as a poor host, and experlence has shown that leafhoppers cannot

survÍve for long or reprod.uoe on it, tho varioty used in the test was

more susceptlble to the virus strains tlran celery, sunfLov¿ersu plantaln

and wheatu 0n these pJ-ants bhe leafhoppers sr¡rvive anri reproduce norrru-

alIy. The relative suseeptibility of the varietios which wore testod,

lndicates ùbat ft may be d.ifficult to obtaj,n resisbance in csrtain crop
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plants such as head lettuce" In a breeding programu hovaover, !t will

be necessary to consid er the susceptibll- 1ty of the ptanüs to the d.iff-

erent strains of AY\f.

In the transmissfon tests, the sex of each leafhopper v,ras

noted." For the experiment, 1n whlch 2ZZS fe¡u1e E. lSqgiqrons ouere

tested individually, 1076 bransmiÈÈed AYV, a 48.36 per eent tyans-

missíon, 0f the l-445 male six-spotted leafhoppers bested.o 68ô or

47.4? per eent transnltüed AYV. The near l:1 ratio betr,ueen flre per

cent transmissÍon by the female anrf male 4" IgserllËo_ns_ l,¡ouLd. ind.icabe

that tnere l¡ras no difference in the abitity of the sexos to trans:nit

AYV" Tþe leafiropper.s wçre un:nat,ed..
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OF ASTER YELTÐ:,,,S

CIIr?IER X

ì-facqgsteles fascifrons 0F mp,EE STFúIINS
T¡ïRUS ¿rROiri FOUP.TEISI DIFTüRÐ{T jtOST IJL{NTS

lüeterial s and__¡!e Ëho{s

rnfected host planòs were obtained fron the test, described

1n chapter Ð(. One h'ndrod and fifty nymphs, znd,. to 4th" rnstar,
were placed. on eaeh host plant carrying one of the three straÍns of
ttA'tr, ttBtt, 9v ttf,rt' The nyrnphs wero reft on the prants for a ten-day

lnfeetive feed then transferred individuarLy to singte fou:s-leaf

stage aster plants, in the polyethylene bag cagee The cages were

examlned at the end of a week and dead inseets were replaced " The

ssx of the leafhoppers was noted when they natu:led. TLre inseets

were reöained. on the asters until the prants shov¡ed. symptoms of Aw
or for a period of two weeks after the tlate on whieh tbe Last aster

sholr¡ed symptoms.

Results and discusslon

The results of the transmission test (chapter rx) showed.

that infectlve M. fasclfrons were consistent and reliable transmitters
of AW, urhen a two-day inoculatlon period l.¿as used.o and. that aster
(Table )O(TII) was a poor ind.icator plant when comparod with stinkweed

or head. lettuce as an indícator of the proportion of infeetive ]eaf_
hoppers" Aster, holuever, does give consistent results" (Ic-rnleer, 19?6;

Strong and Rawllns, 19DB; Leo, 196A).

The use of aster ln thls experimentu as an ind.icator of the
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ab*li&y of U, Iggqlffong tc aequÍre the tìrree strains of AYI from tire

d"ifferent ho,st plants, would. not fully d.enote the ability of the leaf*

hoppors to aec¿uiro the virus from bhe host planbs"

The abilfty of S, {qsg_Lf_rogg. to aeouire the virus from the

bost plants varied. aecorcling to host and strain of vlrus. At tho one

per cenö level of significanee, the host plants: aster, head- let,tuee,

hq ¡] orr ¡ al oærr , tame buckwheat, sunflor;,rer, (var. Peredovfk end

Cormnander) o plantafnu carrot and stinkweede wËre eqr.ral (TaUte E{IV) "

Straln tl0ît was acç¡uired rnore readily by the leafhoppers than v¡as strain
flAtrø Strain 'rBrr vJas interøsdiate and was signifieantly d,Ífferenb frorn

sbralns t0Art and ttOrf at the one per cent leve1 (Tabl-e Ðff) ,

Ce1ery and. plantain are good. sourees of AYV. Thelr pobential,

howevet, iroulcl bo reduced by a third since thoy were sueceptible to only

tv¡o of the throe stralns of AYf tested (Appondix Bu Tãble XÐ(), t¡Èloat

has a Low potontial as a vlrus souree for the three stralns tested; it

was suseeptibi-e to only one strai.n (Á,ppendlx Bu Table,tllC) and. the

rate of aequi-si-tlon of strain ttBrt by the leafhoppers was low (gaUfe

ffifV) " In addition, hatf the wheat, plant,s which were i.nfocted. died

shortly after the appearanee of AW symptoms at the flag-J.eaf stage"

No vj-rus was obtained from threo such plants tested." Vlrus was only

obtained frorn plants which prodì¡cod a hoad." A simllar phonomenon lras

noted for strain r?An fn barley, Unless the plant produeed. a head,

llttle or no vlrus eould be obtalned from it.

In this tesb as in the transmf ssion tesë (Chapter ff), the

sex of each leafhopper v¡as noted for the experfment, in whieh 16å8 female
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L" åggg!L€o_q-. were tesied intivid.ualJ-yu 1059 transmlt*ed À1-v', a E¡-.CS

per eent transinissj.on. 0f Èhe L449 nai-e Ìeafhoppers besbod, 854 or

58"93 por cent transnitted .liYV. Àgain, the near l-:l ratio between the

per cent transrnlssicn by the fer¿Ie and. rnale Ivl" fascifrons wou-l-d. in*

Cicate that there vüas no difference in the abil-it]' of the sexes t,o

transmit ¿YV. The leafhoppers rjrere unnated..
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LABÍ,E UIV

TOT4T "qJ{D ?ER CE¡{'T TRÄN,S1frSS]ÛN OF $GEE STP,J.TNS
OF ASTER. YEÍ,TO},ñ VTRUS TO éSMR BY SINGT,E

MaerogLe,Lee_ fase ifrons B,A.$Ð ON ACr¿UISITION
TROrui FOUffiMI DITTERMM HOST PÏ.A¡TTS

IIost

Tgta1 no,
Ui. faseifrons

fesÈed.

Total no"
M. faseifrons
transmltted

Transmfssfon

Per
cent

.Angular
transfor¡¡:ation *

Aster
Head lettuee
Barloy
CeIo4r
Thme buckwheaö
Sunflower (Com.)
Sunflower (Per" )
?lantafn
Carrot
Stink$reed
tr'jlioat
l'1-ax
i'u'i.ld buekwheat
Onion

250
25i_
265
L26
?54
243
230
le0
269
209
88

e50
2?.3
232

2i_5
203
22r
l_05
206
188
L7'/
tr82
178
1õL

6
28
+
I

t500u

85.g
gL"7
8L.L
,77 

"6
V7,A
73,3
66 6i¿

62"7
6,8

11,e
1"8

i1oÉ

nlo,3

69 '467.4
ooê o
OOo4è

63" 6
O-L ¿Ð

59,4
55"2
55"0
?,9"7
2g,g

5nA
1"2

Angular ùransfo:sration applied before analysis (Goulden, lgbz)"
Á'ny two m6ans eonneeted. by the same }Íne are not sJ.gniflcantrydifferent at th.e L'/o Lever of signifÍeance by Ðuncane s nrult,f plerange test (Dunean, ISSD).
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rAB],8 XXV

DIFTÍmmflIIÁI, TFiNSi,iiISSïOlI 0F ASTER 1IE[,T.Or,'JS IruRUS
STRÄINS 'rA", rtB're /rl\TD rl0r RASrrÐ 0N ACQUISITION tsy

I4ãeroste_Ies fasc ífrons trROM

FOURTEMT DTT'FMMff HOST PI.,{I\TTS

4 Angular transfornation applj.ed before analysis (Gou1d.en, 1952).

** Any two means connected. by the samo lfne are not sfgnlfi.cantly
different at tlne L/o level of signlficance by Ðr:ncanes multfple
range test (Ðuncan, 1955).
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The purpose of this study was to find a chemÍear mobhod to
contror the slx*spoüted leafhoppeÍ, 4, faeelfrons, to prevent the
epread of asüer yerl0ws virus and to study the rolationship between

X{' fqsgÅrycns' 'lyu and fourteen dlfferent host pJ.ants" The experi-
ments v¡1th inseeticfdes were earried out on head r_ettucer.spring and

sunmer erops, and on eamots in rg60, t961, 1962 and 1965. The

study of tho vectoro vlrus and host-prant rer"ationship was perforrned.

in laboratory during 1965.

rn the field exporÍmenÈs, contact and systemic insecti-
eidos formulated as emuLsfve concentrates (EC), wottable porruders (1,!p)

and granules (c) wore tested. The chernicars were appried as forfage
sprays during the growlng season, and as soil treatments at time of
seeding to contror the six-spot,ted leafho'Þer¡ and prevent the spread

of astor yell-ows virus (¿W) to sprlng and. surn¡ner seod.ed crops of
head lettuee anè caryots.

i,,falathion Et was applied at two pounds per aore at two_,

four* and six-day lntervars, one pound per acre at three-day lntervars
and one pound per aere twÍee weekly (three- and four-d.ay intervars)
to head lettuee" At the rates aad intervals tested rnalathlon red.ueed

the population of the six-spotted. reafhopper and effectivoly prevented.

lnfection of Aïv Ín ar-r cï.ops except the spring and su¡nner crop of
1965" onry partiar protection ln the spring crop of 196õ was obtaÍned,
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The failure of all lnseetlefd.es wb.feh waro tested ån 1965 to prot'eet

the summer erop agafnst AYV was apparently d-ue bo a combj'natron of a

Iarge populat,ion of M. tgggÀErgqg with a high p€rcenüage (åen ¡er eent)

of infeetive leafhoppersô

DDT EC and Carbaryl l,lPu at one pound p€r aere appltr'ad' at

weelcly intervals v¿hfeh conmeneed withfn two to three weeks of erop

emergenee sigpffleantly reduced the number cf earrots lnfeeteð lslth

,{YV" Treatments begun later fn the season wore not as effeetive*

carbaryl i[P at one and tvro pounds per acre at sÍx-day inter*

vals and Baygon 1.,'',lP at one pound ler acre at, three* and six*d.ay lnter*

vals were as effectlve as rLalathion at one pou¡rd at th:"ee-day intervals.

Severe infestations of aphid.s developed after the use of tarbar]¡l fr?"

Baygon TÈ teft an objectionable r¡;hite deposit on bhe }ettuce' Baygon

in both Et and G formutrations signffiaastJ"y reduced èhe rrulnber cf leaf*

lic¡-'¡e rs 'ou.t, slrnil-ar to malati:1on, 6ave only parüÍal protectíon to tho

spring crop of 196ã and failed ùo proèeeü the,sumrler crop of 19ô3"

Phorate G was eomlnrable tc måIathion and Baygon in the

re,Luction of the nurnirers of leefhoppêTs and proteetton of êhre head

lettuce agafnst Aw" The other fnsectieid.es ùested.: Di-syston Ge

tuieta-SystoxR EC, DLmethoate ECn AC 4?300 EC, AC 45064 Ge AC 474?0 Gs

Aç 4'/ObL G, Delnav G and. Et weye less effecttrve than ¡ial-athÍon"

¡,{ai"athion resåd.ues were less than 0.5 p.poilte nlne d.ays after

the last of 15 apÞIlcations.

In 1960 and. 196Iu treatments started on early spring eropss

four weaks after erop emergsnee, were as €ffeetive as those started at
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crop emergence" 0n süllrfrrêT cropse treatments started two woeks

affer erop ômergenee were as effectfve as those startod at cron
emergenee o

In 1965, however, the treatments begun a! crop emergence

fafled to protect the sprtng and surnmex crops of lettuco" The in_
abirity of the rnsecticides tÒ give economic protection uncrer con_

d'itÍons of hÍgh populations which had a high proportion of infectÌve
indivídual-s showed the neeessfty to provide a forecast of the por_

ential situation for the grower each spring"

The study on the vector, virus, host_planü relatÍonshlp
involved the transmisslon of three straj.ns of AYV¡ nA,,, rrBrr, and 'crr,
fo fourteen different hosüs, and. the aequisition of -{yîI from these host
plants by g, fasclfrons" Tb.e three strains of Ayv, *A,rr nB,?, and rtçu,

were isolaùed from head lettueer.zinnia and. corery, respectivery.

'strain tt¡tt did noü lnfect cerery, whereas strains rrBrr and, rfclr did
lnfect this host" The three strains were also differentiaüed on tho
basis of symptorns they produced on asber, and Nleotiana rust,lca varo
huliliris" strain .An produced sturdyo stunüedu chroroti.: plants;
st¡ain'tBrt splndly, tall chlorotlc plants; and strain rîCrr weak severely
stunted ehl0rotic prants. AxilLary growth was a conmon featuxe,of
strainrrBfr. strains r?Br? and'c?r co¡¡ld arso be separated. on the basfs
of the height of infected aster plants from fiæst leaf node to the tåp,
from first lear node Èo rast exposed r-eaf nod.e, and on Èhe basis of
the nunber of exposed. leaf aod.es uslng the one per cen6 føver of
significanee,
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Strngle, lnfeetive rnale or female &. fasgulrons proved to be

consistent a¡d. rellable transmitters of the three stralns of the virus,

when they vÉre given an inoculatlon feed of two d.ays, Stinklveed and

head lettuce were significantly superior, at the one por eent l-evelo

to aster as an indtcator of the proportion of infective leafhoppors"

The fouröeen host plants, in deseend.lng ord.er of suscep-

tibfllty to the three strains of AYII are: stinlcrveed.u head. lettuce,

onj,on, flax, astor, earrot, barley, ta¡ne buckwheat, wild. bucbnheat,

celery, sunflower (var" Peredovik), plantain, sunflower (var. Conrm-

ander), and. vùeat. celery and prantain were susceptibiLe to strains
rrB?r and ttgtt, ârrd v¡heat was affeeted by straÍn mBrt" The d.ifference of

susceptlbitity is eonsidered to represent a d.lfferenee of host-plant

rosistanee.

The abilÍty of the six-spotted leafhopper to acouire in-

fective quantity of the three strains of AYV varied at the one per

cent level of slgnifleance. Strain te0rr was more readily acquired than

strafn nArt, and strafn ttBrt was intermediate" The leafhopper acqulred

the three stralns of -{YfI from üb.e fourteen different hosts ín the

followlng order of froqueney: aster, head Ietüu"ce, barÌe1', celery,

tame buclcwheat, sunflorvor (vars, Com¡nand.er and Peredovlk) , plantain,

carrotu stinkweed, wheato flaxu wild buekwheat and. onionè Söraln nBrt

of the AW gave two reactions on wheat, a sever€ and a mild reaeblon,

The severei-y lnfeebed plants shoued symptoms at the flag-leaf stage of

development and dled. shortly thereaft,er. The leafhoppers falled

to acquire virus fron these plants, The mild. reaction resuJ-ted 1n a
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sllghtl-y strl¡lted plant whtch. prod.uced a head" The leafhoppers v,r-er@

able to aequfre the virus from these plants, A simf1ar reactton was

aoted wlbh straln rrAn on barley,

stfnkweed and. barley offer tbe greatest potgnt,ial of th.e

hosts tested as sources of Ayv for vegetable crops and. poosibly rate
fl-ax" stinkrveed, a wlnter annualu is a cofrunon vreed plant on roadsides,

diteh banks and fier-ds in the sprfngn rt is very susceptibre to Aw
and. the J-eafhoppevs ean readrly acouire the vlrus from ft" Barrey is a

cornmon crop, suseeptible to Ayv. Tho l_eafhoppers ean readftry obtain
the virus fro¡i ft and it ís a preferred host" The movement of leaf,*

hoppers from thf s crop as i.t matures may end.anger ad.jaeenb vogebable

crops and late fl_ax"
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CONTROL OF 1'I{E SIX.SPO'mBD LEÂFIIOPPER,
M,'{CROSTELES FASCIFIÙO¡VS, AND .,\STER YELLOWS

ON I{EAD LB'ITUCE trN MANITOBA'

H. P. Rrcs¡nosoN .1r.ND P. H. WEsr¡¡r,
Canada Departnzettt of Agriailure, lVittnipeg, Manitoba

lRcceived for publication lv{ay 8, 1962]

AI}S'TRACT
l\{elathion, Scvirrô ( l-naphthyl N-nrcthylcarbematc) rnd I}ayc? 39otl7

(o-Isopropoxyphenyl nrethy'lcartlamatc) rverc tcstcd in thc ficlcì for thc
conuol of the six-sponed leafhopper, Macrosteles fascifrons (Stål), and
protcction of letucc from aster ycllorvs in Manitoba in 1960 ând 19ó1.
Malathion et I pound per âcrc ât l-day inte¡vals and at 2 pounds pcr acrc
at +-d^y intcrvals controlÌcd the leafhopper and protccted the lettuce from
aster yeUows. At 2 pounds pcr âcrc ât ó-day intcrvals melathion rvas lcss
cffecrive against the lcafhoppcr but still providcd adequatc protcction âgeinsr
a-stcr yeliows. Sevin ac I ancl 2 pouncls pcr acrc 

^t 
6-d^y intc¡vals and ìÌaycr

39007 ¿t I pound pcr acre ât 3- ând ó-day intcrvals wcrc âs effecdve as
malârhion at 1 pound ñ 3-d^y intervals. Severe infestations of aphids
dcvcloped after the use of Sevin; Bayer 39007 left an obiectìonable rvhitc
deposit on the lerruce. In early spring crops, trearrnents that rvere started
4 ivecks after crop emergence *ãre ä edcitive âs those srarred ar crop
emergence. In summer crops, treatments stafted 2 weeks after crop emer-
gence were âs effective as tlìose startcd at crop emergence, Nine days aftei
ihe last of 15 applications of malathion theie was"a residue of leis than
0.5 p.p.m. on the letruce.

iNTRODUCTION
Aster yellorvs, a virus disease of nrany plants, transmitted by the six-

spotted leafhopper, Macrosteles fascifrons (Stål), is of economic importance
oir several crops (10). In most years, irl Manitoba, the incidence of aster
yellows on seeded head lettuce is very high and since 1954 production of the
crop has been practicaìiy discontinued.

Control of the six-spotted leafhopper by insecticides, rvith protection
of head letruce from aster yellows, has been reported by several worl(ers
(2,7,8,9). This is a report of rvork conducted in Manitoba in 19ó0 and
19ó1 to evaluate the efficácy of three insecticides, at various râtes and witl-t
different intervals between âpplications, and to determine the most effective
time to begin treatment for the control of the six-spotted leafhopper and
protection of head lettuce from aster yellorvs.

MATENIÂLS AND METI{ODS
In l9ó0 anci 1961 spring ând summer crops of head letuce, variety

Imperial 45ó, rvere seeded in plots, approximately 50 by 50 feet, separated
from one another by 7 feet of cultivated soil. There were 26 rows ar
2-f oot spacings in each plot and plants were thinned to 1 foot rvithin ¡ows.
Each test âre¿ was separâted from other crops by a minimum of 30 feet
of cultivated soil, except in the summer crop of 19ó1 which was seeded
beside the spring crop with only 1l feet of cultivated soil intervening.

There r¡/ere l8 plots in each crop in 19ó0 and 15 plots in each crop in
1961. The plots were arranged in a randomized split plot design, repLicated
three times. Three plots were designated as checks in each crop ând the
remainder were sprayed.

¡Contri"oution No. 1ll, Canada Department of A,griculture Resesch Station, Winnipeg, Mm.
f't
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In i9ó0, each plot rvas divided inro nvo sub-plots. À,falathion, 50 per
cent cmulsifìable concenrrare, \vÍrs applied to each-of 15 plots at rhe rate of
2 pounds actual per acre,at 2-day irirervals on one sub-plot and ar 4-day
interv-als on the bthcr sub-plor- ' Thrce of rhe plors rväre sprayed froír
timc of crop emelg.n.., rn'5 clays of har-v'esr. îh. ,rnl" spi-ry' schedul"
'rvas starte<l 'on gro,ipr of three piots (replicares) approxi.^r.iy i, 4, 6 anð,
tì wccks atter crop emergence. I¡r this paper, the terrìl "tleatnlent" refers to
thc pe.iod ou.r nlhi.h th"e spray schedrfe ivas appliecl ro each group of three
plots. The sprùrg crop erlergcd i\lay 27 tnd i,r'as harvesrcã ¡oty I1; the
sì-rmmer crop energed August I and rvas har.r'ested October 6.

In 1961, each plot wzr-s divicled inro four sub-plots. In the spring crop,
insectìcides, in pounds toxicanr per âcre, t'cre applied to eacir of the foúr
sub-plots of flr,elve plots as follorvs: nralathion l- þound at 3-day inrervals,
rnalathion 2 pounds ìt O-day inren,als, Sevin@ (l-åaphthyl N-môthylcarba-
nrate),85 per: cent u'ettable porvcier 1 pouncl at 6-day intervals and Sevin
2 pouncls at ó-dav intervals. Three of the plots were splayed frorr tl-re time
of. crop enlergerlce. to S_days of harvest ãnd, as in iqOô, the same spray
schedulc rvas started at sub.sequent 2-\1¡eel< intcn'als on grotìps of three ploti.
The c.r,tp enrergcd Nlay 29 ànd u'as harvested August i.- In the summer
crop, insecticides rvcre applied ro each of the four sub-plots of trvelve plots
as follorvs: malathion t þ'ouncl at 3-day intervals, Seviir t pound ú ê-da,y
intervals, Bay'e¡ 3999t (o-Isopropoxyphenyl rlerhylcarltanrafe), 50 per. cerit
rvettable poi,der I pound ai ¡-ilav'iirt.rt'rls, ancl'Bayer 3gO0;7, 1 pound at
ó-day intËrvals. Th'ree of the plots u,ere sprayed fr-óm time ni .rop 

".,l"r-gence to 5 days of han'est, and, âs in the otlier tesrs, rhe same spray sèhedule
rvas started at _subsequent 2-rveek intervals on groups of threè piots. The
crop emerged July 28 and rvas harvesred Septerlirer 18.

The insecticides u'ere applied rvith a poltable sprayer, equipped rvith
a T-jet nozzle, in l5 gaÌlons of t'are¡ per atr-e at a pi-essure of-60-þ.s.i.

The letruce was swept rvith an insect net to obtain a relative rneasure
of the nuurber of leafhoppcrs iu cach plot. Srveeps $/ere started about J
rveel<s 

-after 
crop emergènce. lìifty srvce¡rs were^lrade in each sub-plot.

In 19ó0, only the piots sprayed at rhe 4-day inrerval and the checl<s, in the
sprìng crop, were swept. lfhe srveeps rvere made at B-day inrervals, 3 days
a_fter every second..spray. In 19ó1, all-plots in both cróps were swepr ar
ó-day intérvals. Thã síveeps rve¡e nrade 2 days aftcr euäry second dpray
of the insecticides applied at l-day inrervals .ná 5 d"yr afreí the insecticid'e
applications at 6-cìay intcrvals.

When the lettuce was marl<etable, heads rvere sectioned and examined
for symptoms of aster yellorvs. Lesions ancl larex cleposirs (5) on the plant
rissue were the main symptoms used, In 1960, and Íor- the spr-ing crop of
l9ó1, all heads in 4 rorvrin_each sub-plot (approximately tzoo Treads'per
treatment) were exarnined. In the sumin". cród of 1961, ill heads in g rorvs
per srrb-plot (approxinratelv 2200 hcacls per trcafmcnt) rverc exarnined. The
incidence of disease rvas ¡ecordcd as a pcicenrage of the rotal plants examined.

. For residuc analysis, in 19ó0, 6 heads pcr replicate rvere taken ar random
from each of the five sub-plorc ftear€d rvith málathion at the 4-day interval
and from the check pìots. 

- The heads were collected, at the time of harvesr,

110
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5 days aftcrrhe- last application of insecticide. They rvere srored in plastic
bags. at 40'F. for 4 days, after r.vhich rhey rvere analysed for malàthion
residue (4).

RESULTS ÄND DItrUSSION
¡\ll the chemicals at the rates and intcrvals tested effectiveiy redr-rcecl

the leafhopper population. This recluction resulted in a lower'inciclence
of aster yellows. In l9ó0 and 19ó1, the trearments differed (summer crop
l9ó0, P ( 0.05; others Il < 0.01) in both rlre seasonal rlrcan nurnber of
leafhoppers and the incicle'ce <¡f asrer yellorvs ("fables I and 2). There was
no difference (P > 0.05) benveen the first three rrearmcnrs of the spring
crops in either year. This was because, early in the year, the ieafhópper
popilation rvrs ât a lorv level. By the ti¡ne óf the thiid rrearment, l.Ëd in
iune, the population was beginniíg to build up rapidly on lerruce and by
the tinre oi the fourrh rrcarm-enr lcãfhopper poþulaËioní u'ere high. Thcrt
'wâs no difference (P > 0.05) betrveen the firsi two treatments of ãle sunlmer
crops in eitirer year. - This may have been partly because many plants hacl
not-emerged rvhen the first tréatmenr was åppliecl and parrly'dúe to slor*,
dispersal of leafhoppers to the resr ârea rvhile vegetarion rvas sparse.

In 1960, rhere rvas no difference (P ) 0.05) in the incidence of asrer
yellorvs between plots sprayed with malathion at z- and 4-day intervaìs.
In 19ó1, there was no difference (P > 0.05) in rhe incidence of aiter yellows
betrveen plots with the different insecticides, rates or intervals of application.
Hor.r'ever, in the spring crop in 196i, there was a diffe¡ence (p ïO.Ot¡ ln
the seasonal mean irum-ber of leafhoppers âs follows:

Rate
(lb. per acre)

Applicatiorr
interval (days)

Seasonal mean number of
leafhoppers per 50 srveeps

Malathion
Sevin
Sevin
Malathion
Check

rMean8 not connected by the same linc signifìcantly different at the I % level (3)

1

2
I
¿

/J l'
80 

1

881
187
289

, À4alathion appliecl ar. 6-day intervals wâs noi as effective as rhe orher
insecticides in controlling rhe six-spotted lcafhopper. A hisher incidence
of aster yellorvs would, t-herefore, be expected. Ïhe.. *'as a"small increase
but it u'as not stârisrically different, nor ivas it ploportional to the diffcrence
in nurnbers of leafhoppers. .It has been shor.vn that malathion applied at
4-day intervals was as effective a-s at z-d^y. intervals. It is lil<ely'rhar at
2 po.und_s.pet 1.I". malathion wâs srill effeciive bur to a diminishiríg degree
on the 5th and 6th days, permitting more invadins leafhopp.rs to-sor.7iue.
However, the time for iirui inoculat'íon rvould be liriited anä'the leafhoppers
yg."ld be destroyed with the nexr application of insecticide on rhe etÉ àay.
lvith a ]r{9.I" leafhopper population and/or a higher percenrage of virú-
liferous individuals thàir in-lgó1, rhe decreasins eff"ectiväness ofihe insecri-
cide toward the end of the 6-day interval worìid probably be reflected in a
significantly higher incidence of aster yellows.
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T.TTIT 1._NuMBERS oF LEÂFI.IoPPERS ÂND PDRCENT¡{GE oI? I.IEjTD LETTUCE
INFECTED iVITtI Á.STER YELLO1VS .ÀFTI'R ÂPPLICATION OF MÄLATHION AT 2 TOUN¡S

OF TOXICANT PER ACRE ¡rr 2. ¿WN 4-N¡Y TNTENVÂLSI, IVITH TREATMENT I BOCINXTNC

l) l_12

Sþring crop
1-May27
2-June9
3 -.f une 21
4-July3
5 -.f uly 15
6 - (check)

Sunrmer croþ
| 

- 
/\rrû x

2 - t\ug. 22
3 - Sept. 3
4 - Sept. 15
5 - Sept. 27
ó - (check)

Treatment
and date started

Seasonal mean no. of
Ieafhoppers per 50 swceps

Seasonal mean no, of
leafhoppers per 50 sweeps

Per cent
heads infectedr

ólt
ól

38 
1

ó0J
2t3
934

't 11t
;'.8 |
2.4J

12.3
26.7
36.4

1 111
T'i I

s.ð_lr
e.4 Jle.e I13.r I

22.61
21.8 |
20.1 )
61.41
s8.1J

I '7-1

6.2J
12.e1
16.2 |
1ó.91

80-ì'
78 1

64J
210
289

141a
1sl
17J
8ó

107

12- and 1-rfay data combined,sincc there rvas tro diflcrcncc (P>0,05) betrveen these treatment intervalsl,J¡grrlrr transfo¡Dìrtion applicrl bcf ore analysis
;ü:ifi t3t :;il::l:l iì:llì::til: lit::iåti;:il1ìì ;litiï:iilt tllå;a l:#l {jl

Tenln 2.-NulfgERs oF LEÀFrIoppERS rtND pETCENTAGE oF HEitD LETTUcE TNFECTED rvrrn
^srER 

YELI-Olvs AFTER ÂPPLiCATION OF IfÁLÂTrrroN, sEvtN AND B^y8R39007, wlrn TREATMENT
1 s¡clNr.riNc Ar cRop EMER.ENCE Ác.uñsr Macrostetes faiciÍioii igìot,

'f reatment
and date started

Per cent
heads infectedt

Sþring croþ
1, - May 29
2 - June 13
3 - June 28
4 - July 13
5 - (check)

Summer croþ
I - July 28
2-Aug.9
3 - Aug. 21
¿-qôñÈ ?

5 - (check)

]$.ngular transformation applied before or"iviis-'¡Means not connected by the same line signitìçantl5, different at the lVo level (3)

sevin and Bayer 39007 gâve effecrive conrror of the leafhopper but wcre
nor satisfacrory for use oñ lerruce. Lertuce rreared with bävin became
heavily. infesred with aphids and was unmarr{erable._ very few aphids were

îi:.1 ti :lf :Í the other ptots. Bayer 
.3e0.07 tefr a heâvy rvhìte deposir

wntch cletracted from the appearence of the lettuce.

- -In.Treatmenrs l,2.and i of rhe spring crop in l9ó1 (Table Z), mosr
of the infected heads had minor aster ydllor.ris syrËptoms wniàh showéå only
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on the grou'ing tip of the plant. This did nor affecr the marker value of
the lettircc. Iñ contrast, môst of rhe infected heads in Trearmenr 4 and rlie
checl< had typical, advanced asrer ycllows symptoms. The niinor symproms
\vere the ¡eiùlt of a heavy influx'of leafhóppèn inro the plots a si-,ori time
before harvest.

The incidence of asrcr ycllows, as determined by sympronrs expressed
in thc fìeld, u'as higher in thc spring crops than in tire iunìmer crops, par-
ticularly in the chãcl< and latci trõaun.nts lTrl,les I ancl 2). This was
thousht tn bc due to slorv dcvclopment c¡f the viru.s irr cool fall rvcnrher
(1, ó). In each year, to dctcrmiric whether or nor tire virus rvas latcnt,
approxinrately 50 lemrce plants without symproms were raken from the
chèck plots át tiure of harvcst ancl held in ihe greenhouse ar approximately
75"F. for 2 weeks. Virus was acquired from the lettuce bv virus f¡ee
leafho_ppers. and t¡ansmirtcd to asrei. In 1960 and 19ó1, respectively, óó
and 47 per'ccnt of the leruce plants had latent virus infection^s.

Residue analysis in l9ó0 showed that,9 clays afte¡ the last of fifteen
field applications'of malathion at 2 pounds p.r á.." at 4-dty inrervals, the
rcsidue rvas lcss thrn. 0.5 p.p.m. The acccpied tolerance limir is 8 p.p.nr.*
The results shorved that tlìeie rvas no accumularion of residues. Thêrê r.vas
iro difTerence in the amouut of residue on plants from plots rhat received
fifteen applications and those tirar received ônly the last three applications.

À,falathion ât the rate of 1 pound roricanr per acre applied at 3-day
intervals wâs the most suitable trèatment for the control of itte six-spotreä
leafhopper and asrer yeilorvs on head letruce. The resuks sllow that^treat-
ment need nor be srarred until about 4 weeks after emergence of spring-
seeded crops but for su-mmer crops trearmenr should coñlmence af crop
€mergence. This shouid provc ro be a practical recommendation for com-
¡nercial crops of head lernìce in lfanirobä.
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IIXPERIMENTS ON CONTTIOL OF TFTE STX.SPOTTED
LEAFIIOPPF,R, ilIACROSTELES FASCIFROIVS, ANÐ ASTER

YELLOWS ON HEAD LETTUCB WITH CONTÁ.CT
AND SYSTEMIC INSECTICIDES IN MANITOBÄ'

R e s e ør c h s t a t i o n, å ;T; iËïîä,iïî,,iY f ;l;Lllå,o, r, n i p, g ;i, ¡¡ on ¡ o 6 o

l(cceived March J. l9l*l

. 
Thimet@, Di-Systono, 

. 
B-ar.r rffi iä$ropo*yph"nyl mcthylcarbamare),

American Cy_anamid (AC) 4J,0ó4 (2-(dicthoxypliosphiñotHoylimino)-1,3-di-
thiolane), AC +7,470 _.(2-(diethoxyphosphinylimino-4-methylll,3-ditÉiolãne),and AC 47,011 (2-(dicthoxyphospñinylimino)-1,]-dithiolane),' in granui#
formulatio¡s_ _ 

(G), and malathion, Delnav@, Thiodan@, and' Bayei Jg007,in emulsifiable concenrrare fo¡mulatiors (EC), wcre tesred in held plots
for control of the. six-spotted leafhoppcr, Macrostcles fascifrow (Stål),'and
protecrion .of hcad- lcttuce .from astcr yellorvs virus (AyV) in spring and
summer crôps in i\4anitoba in 7962 ancl 1961.

In l9ó2, malathiorr, Thimer, and Bayer 39007 G significantly reduced the
numbers of. leafhoppc_rs in both thc spring and the so*it"r crop. In t9ó1, the
semc chemicals with lSayer-.39007 in both G- and EC formulatións significántly
reduced the numbers of leafhoppers an<ì partly prorected the lettuce fiom Ayv
in the.spring crops but not in tle summèr ciop. Thc other insecticidcs tested
rvcre inefÌective, The failu¡e of all treatmeáts to prorecr the summer crop
Sgainst AYV was apparently due to a combinarion'of a larse popularion oi
leafhoppers with a high percenrâge of viruliferous leafhoppersì

INTRODUCTION
Aster yellows, a. virus disease of many plantsa,is transmirted by the six-

sporred leafhopper, À'Iacrosteles f øscifrons (stål). The imporrrn"e 
"tld 

conuol
of tlre insecr and disease have. been ,-eported for Manitoòa (5, 6,7,11) and
elsewlrere (2,8,9, 10). This is a report of work in 1962 and'1963 to evâluate
insecticìdes, parricularly sysremics, for the conrrol of the leafhopper and Ayv
on head lettuce in Manitoba

rn Ie62 and treó3, 'oTtËXitå"'i'üiiÏö:oJrur,"^¿ rerruce, variery rm-
peliai 45ó, were seeded in plors, approximately 5o by 50 ft separated froni each
other or other crops by a minimurir of 7 ft oï culriíated soii] The plots were
arrangcd in a randomized block design, replicated four times. Each plot con-
sisted of three groups, six rows eich, oï letruce with five to*r öf barlev
between the first and second groups and five rows of flax berween the seconä
and thjrd groups. 

- 
The lettuce wai seeded to a deprh of å in. in rows 2 ft apart

ar-rd plants were rhinned to I ft within rows. The barley and flax *.r"'irr-
cluded in the tests to determine the effect of AYV on theie crops. This will
be ¡epo¡ted elsewhere.

the insecticides tested were:
G r ønular f ortmtl ati ons ( G).-Thimer@, O,O-Diethyl S- (ethylthio ) merhvl

phosphoroditlrioate; Di-Sysron@, O,O-Diethyl S-2-(ethylthio) erhvl phosphorä_

{lt*,.t Bayer 39007, a-Isopropoxyphenyl methylcárbamate; Ám^eri"* cy-
'Contribuúon No. 152.

Cao, ]. PIut Scl. Vol. 44 (1864) 
393
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Materialst

Malathion EC 15 2a* lI 6a 15
Bayer 39007 EC 8
ThimetG 1 7a 1 8a L
Bayer 39007 G I 8a 1 5a 1

Delnav EC 8
Thiodan EC I
LC4747o G 1
AC 47031 G IDi-SystonG 1 22b 1 20c
4C430ó4G | 37c 1 14b

Spring 19ó2

Mean no.
No. of leaf-
appl. hoppers

- ?, b.l-9, .d, e, f; A9y-!wo m.eans- in the same column and associated with the same letter are not significantly difierent from each other by Duncan s -u,,in* **" *", (a), f* tntat the 5/6 level, for 19ó3 at the 1/¿ level,
fEC - emulsiñable cotrcentnte: G : gmnules. :
lAngular tËüforution applied before analysis. :

Summer 1962

Mean no,
No. of leaf- No. of
appl. hoppers appl.

Portage Ia Prairie

40c 22c

Spring 19ó3

Mean no. % Mean no.
leaf- lettuce No. of leaf-

hoppers AWI appl. hoppers

LJ ¿A
22Lat¡
224ab
326bc
425cd
504d
J,I,Icl,?

565d

43b 16
42b 8
38b I
34a 1

66d
70de
5ic

:"
9tf

Summer 1963

Ø/o
lettuce
AYVI

29a 85b 11 32a 13a
30a 82b
57b 84b 1 60b l6a
53ab 74a j 61b 9a

p

Mean no. %
No. of leaf- lettuce
appl. hoppers AYVI

Winnipeg

100c 97c 133c 65b

Spring 19ó3 o
z

z
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z
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anamid (AC) +3,064, 2-(diethoxyphosphinothioylimino)-1,3-dithiolane; AC
+7,031, 2-(diethoxyphosphinylimino)-t,3-ditliiolane; and AC +7,+70, 2-(ði-
ethoxypl-rosphinyiimino) -4-methyl- 1, 3 -dithiolane.

Eúntlsifiablè concerztrate f o,t'nntløtiotts (EC).-À4alathion; Delnav@, 2,34-
dioxanedithiol S,S-úis (O,O-diethylphosphoroclithioate); Thioclan', hexachloro-
lrexalrvdlomethano-2.4.3-benzoclioxathicpin oxidel and Baver 19007,

ihe granular insecticidcs wcrc rppi;.a in the rorv tô a depth of 1 in., ac

the ¡ate of I lb âctive ingredient per acre with a "V"-bclt seecler, just prior to
seeding the lettuce. The emulsifiable concentl'âtes rvere applied to the piants
at tire rate of I lb active ingredient in l5 gal r.vater per acre, at 60 p.s.i. with a
2-gal hand-sprâyer with a "T"-iet nozzle.

Ì\'Ialathion rvas applied at altcrnate 3- and 4-day intervals and Bayer 39007
EC, Delnav, and Thì<jdân oncc a wecl<. Iior the'spring crops, spráying was
started I to 2 weeks after the lettuce emerged and for the summer crops rvhen
the leftuce emerged. The spray schedule was continued to 5 dayô before
harvest.

The lettuce wâs swept with an insect net, using a rnethod described
earlic¡ (ll), to obtain a mcasure of the nurubcrs of leifhoppers in each plot.
Sr.veeps rvere started about 3 weel(s after the crop emergcd. Fifqy sweeps were
made on each plot at rveel<ly intelvals. The srveeps rvere made on the dey
before the 4-day application of malathion and the weekly application of Bayer
39007 F,C, Delnav, and Thiodan.

At harvest the heads of lettuce rvere sectioned and examined for symptoms,
mainly lesions and latex deposits, of AYV infection (4). AIi l-reads were
examined in six rorvs of each plot, approxin-rately 1000 per treatmént. The
incidence of disease wâs recorded as a oercentage of the total plants examined.

Leafhoppers collected near harvesË, in the ähecl< plots of bodr spring and
summer crops, were caged on asters (11) to determine the percentâge that
were viruliferous,

All crops, except a spring crop at Winnipeg in 1963, were ãt Portage la
Prairie' 

RESLJLTS ÄND DISCUSSI'N
In 1962, Bayer 39007 and Thimet were as effective as malatlúon, the in-

secricide recommended at present in ùIanitoba, in reducing the numbers of
leafiroppers (Table 1). Beèause the population of leafhoppers was very low
and tlre percentage of viruliferous leafhoppers was low (0.2'/") the incidence
of AYV in the plots was too lorv and inconsistent to show differences berween
tleatments. F{owever, ít has been shown that a reduction in the number of
leafhoppers may result in a lower incidence of AYV (2, 6, 8,9, i0).

In 19ó3, control of the leafhopper wâs not directly reflected in the in-
cidence of AYV in the lettuce (Table 1). À4alathion was more effective than
Bayei 39007 G, Thimet, and Bayer 39007 EC in reducing the numbers of
Iea'fhoppers, but generally less effective in preventing eYV. Delnav, AC
+7.+70 G. and Thiodan were less effective than malathion althoush better rhan
the check. AC +7,011 G appeared to act âs an attractant resulting in a higher
population of both adults and nymphs than in the check. This population
î"*l .urr not reflected in a similar iniid.n." of AYV. Nymphs o.cüried only
in the check plots and in the piots treated with AC +7,t31 G indicating that
Bayer 39007 G, Thimet G, and 

^C 
47,+70 G prevented oviposition or de-

velopment of nymphs during the 9 weeks of the test"

l_1?
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ltB
The incidence of AYV $¡as higher in the summer crop than in tlie spring

croP at Portage la P¡airie in 1963 aftLrough thc scasonai mcän numbers of'leaf"-

lgl¡g.r rverð rnuch higher j¡r the. spiing cro_p than -in the summer crop
(Table l). Ilorvever, virus rransmission tãsts shou,ed that the p.t..rtrg" oï
virulifc¡ous leafhoppers in the chcci< plots nt the rime of harvesi rvas 1.í and
10.o"A, in the spring ancl surnnlcr cr,,ps, rcsrrcctivclv. It is apparcnt from the
incidcncc of AYv'Ín the chccl< plots^thar ä lorv ptpularionïitt-r " high per-
centage.of viruliferous leafiropperi can cause as r¡úcÉ AYV infecrion as"a liigh
population rvith a lorv percentage of viruliferous leafhoppers. it is also a-p-

Parent that given a high perccntage of virulifcrous leafhoppc¡s it is not possible
to Prevent a high incidencc of AYV on ficld plots rvirh ifie insecticided tesred.

In 19ó3, malathion, the recommended insêcticide, rvas reasonably effecrive
against _the leafhopper and AYV in the spring crops but nor in rlie summer
ciop. .Flou,ever, ï.tder conrmer-cial conditiorii whe^le the enti¡e crop as well
as border areas are sprayed, better conrrol of the leafhopper and AYV should
Ðe oDtarned.

The systemic insecricides Bayer 39007 (G and EC) and rhimet G rvere
better than malathion in 19ól fol the prevention of AYV in head letruce.
simjlar lesults were reporred for Thirnef by Thompson and Rawlins (10) and
for Bayer 19007 wettãble porvdcr by Rióhardson^and Wesrdal (ó). É"y..
39007 has ¿ much lorver mamlnaiian toxicity (l) tlian llhimer and in granúl^r
fo¡m is more convenient and cheaper to aþply rhan malathion. Systãmic in-
secticides, such as Bayer 39007, may provè i:o be suitable for reducing the
leafhopper and AYV.

Th e au rtr ors wish ro .n iftlüÎ"ä"8tÎ""ti :ffi cer-i n- c h arse. sp e ciar c¡ops
Substation, Portage la Prairie, fuIan., for use of land and faciliíies. ^ Thanks aie
also due L. B. smith and orhers, canada Agricultule Research station" win-
!ip"g, À4an., for advice on the statistical analjzsis of the data and assistanóe with
fi eld work, respectively.

REFERBNCES
A¡¡oNv¡.rovs. _ 19ó3. Bayer 39007 insecticide. chcmagro corporation Tech. Bull.
Cxrvrowsrt, L. N. i958. Studies on migration and control- of the six-sported leaf-

hopper,_Macrostele.s fascifrar¡s (Stål),_.in relation to transmission of aéter yellows
vi¡us. Ph.D. Thesis, Universiry of Wisconsin, Madison.

DuNcan, _D.!. _]?51. ^Muhiple ran_ge and multiple F tests, Biometrics, 1--L, 142.
Gnocex, \ C.,_W. C. SNroan, and Iì,. Bmor*. i955, Discases of letruc'e. Calif. Agr.

Expt. Sta. Ext, Serv. Ci¡c. 4481. pp,6-7,
Lnn, P,.E., _and.-4, G._Ro¡n¡soN. 1958. Studies on the six-sponed leafhopper, Mdcro-

st_eles_fascifrøns (Stål), and aster yellows in Manitobi, Can. J, pianr'Sci. BB,
)zv'zt.

RrcuaRnsoN, H,9.,".1d P. IJ. w¡sm¡r. 1963. control of the six-sported leafhopper,
MLcrosteles fascifrons (stål), and aster yellows on head lettuce in Manitol¡a. ^can.

J. Plant Sci. <13, r2-17.
SacxsroN, W. E. 1957. Aster yellorvs. Proc, Man. Agron. Conf. pp. l7-lg,
srnoNc, R. G., ¿nd w. A. R¡wrr¡¡s. 1958. Evaluation of four inìôcdcides for the
^ control of six-spo-t-ted^ leafhoppers on lcftuce. J. Econ. Entomol. 51, g0l-90i.
srnoNc, R. G,, and w. A. Rewuxs. 1959. Ficld- evaluatiorr of four insecticides for

the prevention-.of lemrce_-y_ellows_disease wirh known population of viruliferãui
six-spotted leafhoppers. J. Econ. Entomol. 52, 68ó-ó89.' '

THoursoN, L. s., and w. A. R¡wur¡, lf{I. systemic insecricidcs for six-spottecl leaf-
!gnn9r_-"on¡r9l and ¡eduction of incidence of lettuce-yellows, J. Econ, Entomol.
54, lt71-1176,

lvesroer,, P.-fI'' c. F. Bnnn¡rr, 
"qq H.P. Rrcs¡nosoN. 196r. The six-spotted leaf-

Ioppgl' M-acr-o-¡teles fascifrøns (stål), and aster yellows in Maniroba. ó""-¡. eu"t
Sci. 41. t20-331.

t.
2,

6.

8.

9.

10.

u,



Á.PPFJ{DÐ( B



TABIE T

NUMFER OF HEAD I;ETTUCE PI.ANTS ÐUMTNM AIVÐ FOUND TNT'ECTED WITH ASTER ÏTÏjIO!ìISÏnRus AFTER ArPLrcATroN oP MilfaTgroÍ AT e LB, PER AcREe spnnqä cRop t96o

Trsatment

I

Rep,

l"
2
5

I
2
q

I
2
5

Tt-

2
g

¿
2
g

l.
Ð

a,

4

2-ilay fnterv,al
No" of plants

Exanlned Infoeted

256
PL6
25].

zZO
e26
242

190
t99
220

6 (eheek)

8
r)

4

2
5
I

a
2
7

26
L2
ß&

39
50
56

4g
49
60

4-day Snåerva1
No" of pì"ants

Exanfned Tnfectod

252
224
234

eL9
239
2L4

205
L77
206

e40
296
222

zge
249
2&

g

o
xo

198
P,ã2
258

234
240
24.3

R

B
l"¿

Fi

1¿
ã

gg

25
46

r{^d
VB

L0o
81

49
4ËÞ

64

222
P,22
ffi,P

18õ
x9g
196 P

¿uo
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TABI.E TT

TOflAï, NUifrBER 0E' Mg¡crosteles fascifronsDAïEsors'ffi, PER FEP¿TCAÎE FOR ffiVffid
STRTNG CROP 1960

MaXathÍ.on p trb. per aer€
aÈ 4eclay tn&ervaXs

Ro¡úleateL Replieate2 RøpJ.ÍeaÈeTreaSment

5

6 (eheek)

Eaeh ffgure Ín the tablo
50 slveeps for seven dates
fuly â, JuLy L0, July J.4u

o

o

45

7X

20ß

917

I

Io

i.s the total number
of sweeping: June
and fuly 22"

48

59

'l tÌr7

1015

of leafhopp€rs per
13, fune Ì6, June Z&e

za

50

258

870



TABÏ,8 TTf

rüÏJI\liBÃR Or }GAD I.ET'ÍWE Ptð.N.rS MIA}T]]üED AND T"ÛT]ND INFECTED
hTffi AgTm YELIOTJIS VIRTÎS, SU¡ff/îER CROP L960

ltalathlon

AppLied
2*day lntorvaL

Number of pLan€s
Erami.ned Infeeted

LZn

2 lb" per acre

Applied
4-d.ay fntervaL

N¡¡mber of plants
&amlned InfeetodTroatment

( aheek)

3

2TL

150

150

tr85

L5?

x48

222

L26

156

184

L99

¡.49

L59

204

L69

20?

¿oÐ

222,

ø

o

x

5

2

z

l"ã

Þ

5

L3

50

Ð

a

u1

v

48

4

P.L4

¿ÐÐ

LåP

L92

L42

L56

L80

1"46

L3?

1.95

205

L43

t57

r.86

i_59

215

159

11"8

c?

rl,

0

T

Þ

10

3

2

.!.b

5I

6

L8

24

1?

40

r.7

18

n

2

3

'Ì

2

3

J.

2

L

I

T

('

Ð

.Á

2

3



TA3ÏJE TV

¡{AT-AfiTTON RESTDUE ON EEAD T,HTTWE NINE DAYS AETER
APPLTCATIONS CEAffiÐ

Resi.due

RepS.lcate I
of maLathfon

RepJ-f.eate å

l_25

Replfeate 5

0,25

0"05

0,â3

0,0L

0"03

0"05

3.n ppm

Treaêment

¿

¡1

A

( eheck)

0,44

o,42

0.Ix

0"05

0,20

0,05

0,09

0"06

0"05

0.1_3

0,25

0,05
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TABTE V

NI]¡IBER OF CARRST EIA}TTS ÐCA¡IMED A}fD FOUüD TNTESTED iIJ'Tg{
ASTER YET,IOV,E V]RUS

Troatnent Repô

DDT
Nunber of pJ-ants

Examlned Infeeted

Carbaryl
Number of planÈs

Exanlsed ÏafeaÈed

e

g

4

( cireek)

BI
â;
ffl5
,
Ill
lol2fr?l-
IIT

a
F4

L
2,sl

Ir. 
l2ls¡

L9
1.5

eg

31
8Z
26

23
18
55

å 5sB

r 647
I 645
I

i

| îr4g

| 60B
| +eo
i

6L1
'rLg
695

624
850
852

8La
64L
68?

4
+

1¿
o

¡.0

L9

16

L,î
¿L
64

21
25
16

6L4
69L
567

658
7s0
548

?03
804
58e

856
764
640

804
769
56L



Treatment

To[at Nul{BER oe Maergstetes. fascffgggq p}n 50 stffiEps HERffBpr.oT ril,Du CI{ srW srnrNc cnop tgor x

a

2
,)

¿
2
rÃ

T

a
f4

¿
2
s

.¡-

I

Carbary1-
L Lb,/ae. p lb"/ae,

6*day laterval &day fntorval

TABÏ,8 I¡T

g

659
755
30CI

Pl"â
g2g
g64t

5
( eheck)

Baeh flgure *n the table reprosents the combi.nedper subplot made on seven tllfferent d.ates: Junefuly 21u and Jul_y p?"

309
286
292

L56g
1_I"64

L5e5

2209
14L4
L48¿

å lb,/ae"
5-day i.ntorval"

2g?
176
179

gI"õ

r.96
509

u-B?
1003
16?6

1768
l_7L5
2,49Y

Maleöbfoa

2,66
229
xL9

1"95
82ã
424

2P8
ß63
22CI

2Ib"/ae"
6*C,ay interval

105s
1769

696

l_189
rg5å
l.l_9?

L0õt.
895
946

2L72
Ï219
1905

2854
1586
220'?

l"4g?
93't

x55i.

2662
1476
27s3

number of leafhoppols per fffty sw€eps
J", June å?u July 5u July g, tuly lSu- r

ù9
C¡



TA3:[E VIT

NUMBTA OF HEAD I,ETM]CE PT,ANTS ¡XA¡{INSD A}TD FOI]ND
ÏNFECTED li.TfE ASTER ]MI¿OWS VTRUS, SËRTNG CROP 196].

Treatment

I

Malabhfon
I J.b./ae"

5-clay lnterval
No. of plants

Examlned InfectectRep"

2,

l"
2
g

¿
z

1
2
q,

¿
2
5

L
2
Ð

5

8P
9g
89

Malathfon
2 lb"/ae,

6*day lnterval
No" of plants

Examfned Infeeted

4

B6
151
80

19
18
22

Lg
38
18

L4
18
22

58
56
57

51
õ2
fl4

Ð

(eheck)

9B
81
9r

95
o6
8B

89
9Z
90

1@
10?

95

Carbaryl
J. lb./ac,

6-day fn€erval
No, of plants

hamtned Infeetedt

8B
9Z
7L

99
9?
VB

84
92
9L

85
98
8e

41
22
a5

16
5T
19

21
2?
14

60
48
65

LZ4 26
r00 aq
f,05 t?

90 20
86 20
87 nO

101 14
88 14
96 X8

õ5 45
86 g9
98 68

9? 53
89 48
85 60

Carbaryl
2Ib"/ae"

&d.ay lntervatr
No" of plants

ffis¡nined. Infeeted

151
l_0?
98

9f?

I05
7A

4L
4L
?1

e9
19
14

20
l4
19

27
e5
1"6

9A

5g
50

34
44
58

].04
98
84

38
99
B5

99
i.04

69

H
¡\1
0ò



Sreatnren&

fOEAL NUMBER 0r !¿aqlgg$gþs faself,rons rFiR s0 slr,EEps
smpt,or r¿me omffiTES" surln{En cROp I

Rep,

Baygon
L lb,/aeo

5*clay fnterval

I

2
Ð

*
,
Ð

I
2
5

Ll
9l

1f7 
1vl
I

I1l
I2Í-{sÍ

TABÏ.8 VTTT

g7

57
24

4'?

59
26

25
M
59

5?1
469
401"

445
555
487

5

{ eheek}

DATES,

CarbaryX
I lb,/ac,

6*d.ay Lnterval

* Eaeh
made

CROP

59
t05

ÐÅ

6'l
60
69

gI
7ã
YV

548
519
591"

6'64
61e
454

ffgure represeats the eomblned
on flvo tlffferent dates: Aug6

¿:ror

It{alathlon
1lb"/ae,

S*êay lntorval"

45
120
55

4B
64
84

bÐ
À0?
80

4?5
5e1
549

600
691
617

Baygon
J. Ib,/ae,

6*day 1nüerç'aI

numbor of leafhoppers
24e Aug" 2?, Aug. ZBn

97
8å
B4

ve
Ll6

91"

10â
88

155

507
587'
4e6

ã58
6q2
489

per f3.f$y swseps per subpl"ot
Sopto I-u and Sepb. ?,

[\1{



TA.BI,E ]X

NMßM OP ITEAD LETTWE PIA1ITS ÐU¡ÂINED AIVD FOTJNÐ TNTECTED
TJ:ITE ASTER ffiÎ"LOI'¡S VIRUS, SIIMMER Cllop L961

Taêatnent

I

Carbaryl
I lb./ae.

6*tiay lnterval
Nou of plants

kamlned InfeetectRepo

a

Ã

2
E,

i"
2
¡z

I
2

s

T

2
tf

¡

z
i5

17

188 B
205 2
185 5

302 I
182 26
186 ?

L81 51
188 6V
201 P0

x80 2g
18? 16
200 3L

L99 25
L8B 69
200 45

I,{alathton
I J.b./ ac ,

5*day intervatr
No. sf plants

Exanfned fnfec€ed

4

5
{eheek)

l-B?
¿00
f,87

203
roÐ
lBB

Baygon
1" J-b,/ ac "5*dalr lnterval

No" of plan0s
kamÍned Infeeted

1r
1L

Å

¿*
12

14

l"¿
l_9

1_1"

ba
16
37

56
55
27

189
187
194

188
168
20i.

e05
LB7
L72

x90
19s
1?6

187
I?5
194

Baygon
I lb./ac 

"6-day Interval
1go" of plants

Axamined Infeeted

5
2
5

B

28
&

Ðs
50
z6

43
24
40

x5P
19e
193

l_75
å00
189

1B?
199
194

I88
150
tr94

rz.

o
5

v
11
¿¿

P5
z6
x5

56
1"5

19

4I
L2
LÏT

i"99 $ry
181 S2
147 le

18?
196
Lg,3

].92
1?3
184

197
186
i.B8

¡-J
t\)w
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TABT"E X

1OTAL NUMBffi 0F Macrostelqs fasc$.frons" bO Sl,rßEpS
PER REPLTCAÏE FOR FOTIR REPIJCAÍES FOR EAGS

DATE 0F Sl¡ffi?INGe SPRING CnoP ¿96A

lnseetSefd e

Ðate of sweeps

.Fuly ï3" " July J.8, JuLy 25, .Arf,g" I,

I
82
94

effi
t,

60
L7-i.-

Åoo
i.96

IÍal"a$hlon EC

Phorate G
Baygon G
Baygon EC
Meta-SystffiR Ee
Dfunethoate
AC 47500 EC

Ðf-$yston G

AC 45064 G

Cheek

I
E

14
*6
AO

b¿
45
65

L0l_
120

4
14
28
&?

Lr.5
LlB
l_âL

67
L9?
205

10
24
26
50

101
80
85
cJ-

L2,2'
r.16



TABÏ,8 XT

NU'trEER OT'HUAÐS OF TtrTTT]ÜE ÐTAMINED AND ]NFECTED Unrri ASTER, YELTOU¡$
vrRUs Pm REPLTOAIS Pm TBEAIMENT, sPRtNG cRop t 96a

ïnseetfelde

Baygon EC

.âc 47500 EC

Baygon G

Malathfo'n E0

Phorate G

Meta-Syetoxfi EC

Dfneth@te Ec

Ðf-Syston G

Cheek

AC 45064 e

Replleato 1
No" of hoad.s

Examined Infectett

L0? 0

l_19 I
11gl

L15 4

1a55

11? 5

1I0 ri.

xoe 2

151 t¿

101 4

Replfeate 2
No. of head.s

&amfneil Infeeted

95

95

111

L0e

L07

10L

L06

104

96

L02

Replleate ã
No" of heads

Exaníned. Tnfected

Ð

õ

0

12

5

¿.

8

6

L2

4

155

1ã9

1&6

1"44

L55

1å8

l"gx

LSå

157

r40

Replleat,o 4
Nou of heade

Examfeeô Infeeted

0

3

5

I

5

L

trt¿¿

I
T2

i"35

L23

t5e

i_49

Ls4

156

l"å8

x39

141

1õ7

I

a

I

11

5

n

l"

b

F,r

O
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EABÏ.,E XII

TOfAI MIMBER 0F ¡4eq¡q6teJ.es faseifrons PER 50 Sr,{Jmps
PER RnPlrffimffiõ-fi¡mspnTc,

SægETrtsER 17, SUnmrER CR0P L962

AC

ïnseetlelde Rep. tr Rep" I Rep, S Rep" 4

Baygon G
MaLathfsn Et
Ðelnav EC
Phorate G

Baygon Et
Meta-SystoxR EC

DLmethoate EC

AC 45064 G

Delnav G

"åc 47s00 Ec
Pf-$yston G

Cbeek

4
af

?

2
1_9

L1
L5
15
LA
Ào
19
L9

1"0

ÅÐ

r4
9

L5
'lr?

26
51
2'l
26

nt
o
AÉ

i.0
L5
¿þ
IE

L4
?.s7

28

It

æ

ã
1.4

Lo
'1 2

,T

L1
t
a

¿o



Date swept

Íune ¿+

NU¡ÂBER 0F Maerosteles fascffrone ÏEA 50 StilEEpS
PER ?rûre @rNG cRop rs6r

Rep"

June

l1l2l3l¿t-t-
ll

i2,
5
4

1Ì,

2,

6
4

¿
2

4-l
_l¿lzl
$i
&l

I
II&l2lsI
4l

I

Malathfon
EC

å0

June

rASTE )CTTT

1T
r.0

Y

TÐ

3rr
50
19
59

1¿5
100
LA?,
1Pl

59
4€t

5e
B5

100
Lg5
80
95

5¿5
470
58A
516

26

Baygon
EC

fui-y 5

Phorate
G

24
L4
P1
L6

50
47
42
41

JuLy 10

Baygon
G

3,2

20
L7
46

34
45
gl"

22

M
6g
6L
65

Íuly 1"?

DoInav
EC

14
I

1s
40

x2
L4
10
1.8

õ1
62
B?
7Z

L02
186
106
\2'7

L24
sLr"
516
270

566
8¿L
658
?58

90
P,78
L84
P51

¿1
g5

57
PN

54
'lo
41
4B

lndosul-fan
HC

AC
4'74r?O

G

P,õ7

¿01
L74
L10

1057
415
626
610

28
2?
26
46

90
7L
49
29

| 205

i e55
I A$X

I res

i tt,
11¿5

621
72ã

1044
964

105¿
658

564
r98
608
716

AC
470.3L

u

rP
xt"
49
2ß

60
53
5?
28

173
20s
e50
L58

874
726

Lâ24,
670

690
ã90
948
858

24?
35ã
147
176

Bl"0
696
?89
569

1002
L442
x288

696

74L
1212
844
?aõ

5E
50
FO
56

L05
94
,r2

42

Cheek

ã24
216
400
gzg

3ry
42,
4ry

1"60

2Sg
154
158
x?õ

481"
476
454
557

e&46
6.3,4

Lã56
148â

890
94ry
822

1"24,4

196
zoz
2?È
x61

L272
1065
1008
1015

1250
1018
280?
u"i.6

109e
1554
1816
1514

85
56
49
¿o

186
296
I68
x65

5?0
,rg4

849
450

Le00
1"1a8
1440
8?4

?qa
1"608
1258

?50

!.r
u
e\t



TABI,E XTV

NMúBM OF HEAD T.ETTWE PLAI{TS EIAMTNEÐ AND FOT]ND TNTECIED
I,"[[TT{ AsrER TErtOlùs vrRus, POnTAffi r,A rRArRrE, s}RrNe cRop l96s

ïnseetfcfdo

Baygon G

Fhorate G

Baygon EC

Malathlon E

AC 47470 G

DeLnav' EC

Sndosulfan EÇ

.4.0 470SL G

Oheek

Replleato I
No. of plants

kamlnecl Infeeted.

LB? 47

Repltcate P

No" of plants
&'xanåned Infeeted

Ì98 102

L?9 L28

l-95 LZ/L

tr88 L2?

165 152

199 70

20,1 g5

Replleate 5
No. of plants

hamåned Infeeted

19? g2

196 85

e09 115

205 142

18? L54

2l-2 L58

e01 1"79

18? 51

215. 86

196 89

fteplteate 4
No" of plants

ffiamånsd In.feeted

*n1

¿06

197

L?4

202

P08

1?B

L94

189

n99 1"55

193 Ll"s

L95 149

20a L86

59

33

?9

88

x09

124

L3?,

159

x71

Fu
er?



theek

1s
5
()

5?
64
55

64
72
,ro

40
68
6?

246
e95
539

Beygon
G

NUMBffi Or' &c{gg&glEg, faselfrons pER 50 S,yTmS
pER p',oTe lrüfNNIpEe0 STAING CROP 1969

¡

2,

0

Lg
l6
LP

¿6
5S
44

a

I

1"59
x65
zeß

TABTü XV

Phorate
s

ç
I
l-

.n_

10
41
1Ï

4A
48
50

11
R

L2

F
Crl
ûÞ

Malathlon
EC

e65
514
s?6

3
I
,l

g2
5tr
57

5t
59
46

¿5
24
14

68
98
95

5
g

10

154
11¿
lL6

Rep"

T?9
106
zAZ

1å?
84

151

Å
I

5

.å

2
o
L)

,a
.{

I

2
3

A

2
q

L
<r

5

üate swept

June LL

Íune 18

June 24

fuly P

ÍuLy 9

Jul-y L5



IneeetlcLde

TABT& XTE

NU¡]tsER OF HEAÐ T&TfUCE PLAI\ITS ÐTAÀ4INED
r[ï$f AsÍuR ]nELLoWS VÏRUS, WÏNNIIEG$

Baygon G

Malathlon EC

Phorate G

0heek

Replleate I
ITo. of plants

Examfneet Inf ectecl

411 46

416 50

sg8 82

39u 2&

.ÐüD T'OÜNÐ TNFECTM
SPRTNG CROP ].963

Replleate p
No. of plants

kamlned Infee $ed

58? 56

36vt 64

556 4rr

989 257

Replfeate õ
No. of planbs

EKam{ned Infeet€d

406

õ58

42L

õ90

H
CN
UI



Ðate sv@p,t

ÎABTE XYJT

MIMËffi ff'M*Iggtetes faseifrone pm bO S,|'ffiE?S FER pt0TD
PORÎAGE LA PRAIIUE, j$tn[t\@R CRO] tg6g

Aug" T5

Repo

"A.ug. 20

L
2
g

4

¿
2
Ð

&

L
2
g
9å

å
2,
g

4

&

2
la.

4

Aug,

Malathfon
EC

Sept,

4
L5
t

1"8

\e2
205
8?

18
45
59
Lg

¿
t

L

.t-

,f
g

¿
2

Baygon
EE

Sept" X9

50
g

5P
80

gl_

88
9g
40

g0
55
1ñJ.J

22

T4
v
wg

A

t7

17

v

Baygon
G

L5
32
18
+b

Phorate
t:

89
113
196
x67

Li.o
55
42
56

48
g4
42
4n

gheek

89
¿10
20q
99

26?
l"s8

9V
104

a6
e3
14

R

5
25
TA

o

v4
89
54
28

15
¿$
T}

þ

1"8

18
22
x9

69
395
22e
85

154
u"5
B}
otr

gE
9n

50
ßtr

9CI

6B
62
4X

Cll
O¿



TABT,E XMTT

NUMBffi OF HEAÐ TËTTUCE PIAI{TS Ð$MINED ANÐ TffND TNSETfM
ï'[ITH ASïER YEtLOftIs vIRus' ?CRTAGE 1A I&AIRTE, Sm{À&R CROP }968

ïns,eetfeååe

Baygon G

Baygon EC

Malathfon

Phorate G

Choek

Repltcate L
No" of pJ-ants

kamlned Infected

234

2?.5

22L

464

Replleate 2
No. of plants

Examlnecl Inf eeted

14?

16r.

187

180

aPL

462

298

299

248

229

RepJ-fcate 3
No. of plants

Examined Tnfeetod

186

elg

194

a0B

2as

257

25rr

456

2gã

ag3

Repllcate 4
No, of plants

Exa¡nLnod lnfseted

?'0s

1?1"

2L7

¿08

¿51

239

246

e46

e56

462

187

226

¿06

P,?L

?5ß

H
{



138
TABIfr X]X

TRÆTtrflTSSTON O¡' fiffiE STRATNS OF ASTER TETJOWS VTRT]S
BY }rgg,åeelgÅ-gs feee.$scns TO F0URgEm[ DI¡TWtrrTT HOSTS

Replleates
Hoef

S$lnk¡ryaed

Head. Lettuce

Fles

Aster

CIn*on

Cerro6

Berley

Tame ,hrekwheat

Tlflt!. h¡etelmheat

Çelery

$unfLov'er
vatr" Pez'edovlk

Plante$.n

SunfLov;er
vaE" Conunander

irrilreat

A
B

A"

B

JL

B
c
A

B

B

A
Þ

A
B
c
A
B

l{

c
A
B

A
B

A
B

lf

A
B
tt

29/Ss *
2e/ 2e
sol3o
30/ so
28/ es
26/ 28
2v 2e
P,6/ 2e
3"e/ 2?
Ls/ 2?
2v 5o
Lr/ 2e
L8/3o
2v 2e
Le/ ae
2ß/ 2e
Lã/ 28
L?/ 2e
r.v 5o
L5/ 3o
Vso

L3/ 25
LL/ 25
Lv 2e
z/ zB
6/ z?

L2/3o
o/ 3@

2/3O
Lsl 2e
il2e
ffil3t
w3a
ol 2e
6/3a
sl 2e
Vzs
o/ 28
4/ zY
o/ zs
Ll 60
ol3o

5O/ SO

?;9/ 2e
2e/8o
5Ofr,0
26/ 2'î
2e/3O
2a/ 3o
zvso
26/ 60
a?/sa
ne/50
23/50
28/ 29
20/ 28
Le/ 2s
zol 28
2v 3O
Lsl 5o
L7/ 2s
L3/ ze
r.r./50
L5/28
L3/2't
L5/3o
rl2e
Ll24
"t/25
o/?"8
't/'è!a
T /?,6
2/9t7
Ll 3ß
el3t
o/ a'7
Ll a8
2/ 2s
z/3a
vze
Ll 2e
o/ eT

Asa
ol3o

2e/8O
5a/6Ð
sol8a
3O/30
2s/ 2e
8o/so
26/8A
24/ ?ß
2e/3a
P,5/ 26
P,5/28
26/?ß
28/?,e
27/8O
?ß/2e
L6/ 28
20/ 2e
18/30
L6/2e
LB/26
zo/5o
L4/28
$/5o
L3/3O

2/ 3o
T /27
6/ 24
ol 27
3/ 2,',7

12/2Y
3/ ?8
4/ 28
4/ Z',F

a/ 25
3l 23-
2/ 26
Ll 25
L/ z',?

5/3o
o/ ze
4/30
o/ 2s

* lhe fLrst figuro of eaeh eouplet reprosents tbe nu¡nber of
Leaf,hoppers that tra¡rsmftted and tbe soeond fågr:re Èhe numb8rof Leafb.opp€rs thaÈ were tested,,



i"59
TABT,E XX

tr"ANST{ISSION OF rMEE SI'RAN{S OF ASrffi Y'ffi,tOV¿S
VIRUS BY STNGLE trfaerosteles fgsghlrons BASÐ

0lÍ Acqffi srrrom ¡çouffiffirF¡,,mam¡'r HosT pr,alirs

Repllcates
Hos&

Aster

Ilead lettuee

BarJ-ey

CeJ.ery

Tame þuekr¡ùeat

Sunflolver
var" Con¡:and.er

Sunflower
V&Tu P€¡rsd.ovåk

PLantain

Carrot

SÈfnku¡eecl

Flax

'r&eat

ifßl-d b¡rckwheat

0nSon

.Éi

Ð

lf

1f,D

A

B

EI

EI

c

I'

A

B

A
B
c

H

rt

*L

B
ö

B
c

B

Lwzã %

28/3û
26/ 28
\e/ 3t
¡.e/25
24/ 25
2+/ SO

23/ 26
26/ 30

L6/ 20
xB/21
2t 2e
\e/ 25
?Y/ 30
x.6/ eo
20/sa
25/ 2s
Lil 24
Le,/ 2õ
aV 24

20/ 30
26/30
el 2e

zõ/ 3o
2?/so
5/ 26

L3/ 28
24/ 2s
4/ z',p

v28
Uev

2,/ 2e

Vr*
al 26
ol 25
ol23
ol.25
ol za

a8/ zs
T n/ÐA
'¿v30
26/ 30
]'.s/ P,2,

26/2'i
L5/30
27/3a
2e/ 3o

LAl 2z
Ls/ 2a
2a/ 3a
22/ 24
30/30
Lel 26
L8/ 26
25/ 2S
Lel 25
Le/ 26
?,?"/ 26

L?/3o
25/ ßo
rol3o
z0/s0
1e/50
al Iq

L6/2õ
2v 2ß

2,/ 2a
5/30
zl ev

3/ 2s

o/;*
U p'a

vae
o/ 24
ol.24
ol2e

ão! 4w
wl2e
a9/30
28/3Ð
r"6/ls
2v/ 2e
26/ßt
22/28

Y:'
20/ 25
18/ 20
w/3o
2,4/ 28
25/sO
Lel25
wla5
2e/ae
ffi/eT
L5/i¿4
24/ 2e

Lelß0
25/50
re/50
22/õa
27/3A
e/ zL

20/ 2ß
LelaL
4/ A',r

6/5o
y:*
y:'
1/24
ol26
o/26
o/26
L/so
ri/z+

ry The flrsb flgure of eaeb couplet rotrxesonts the
hoppers €hab transmfËted, and tho soeond. flgureleafhoppre that were testod"

nunber of Leaf:
the ¡rumber of



TABÏ,8 ]CXT

ÅTüAI,YSÏS OF VARTANCE TAM,Ï FOR TR{IVSIfiSSTON OF l}$M SrRATNS
tÏ" ¡STER lfELf,OIïg VIRUS, ttAtf e tlBlr AND t?C!t BY INDIVIDUAI INIECIIVE

lvlacrosteles faselfrons T0 FOUREE$I ÐIFT,EA$W HOSTS

Sourco of varlatlon

Hosts

Stralne

Repllcatos

Hosts x etrains

Straåns x repllcates

Hoste x repl5.eates

Hostsxstrainsx¡.epso

D nF"

Total"

Lg

s<s Sf.gnlfleanb d.ffferenee at lfi level (C,ould.enu L95A).

qq

26

88e584"2757

488,99 ?1"

750,4543

4s 605"956e

246,497L

2e545.973'?

l, ?49 
" 
695?

AE

60

52

L25

MuS"

6e 798. 7904

e44.4985

g?5.?,27L

L77.0753

6L.6P,42,

90.6L05

gg"6287

98r568"7499

rrte

58.59 *s

f "sg

4.tr4

5"26 *'F

r.8g

2.69 *8

H
rÞ



.ÐIAT,YSTS 0I' V-À.RL¿trNCiI TiIBLE
YEIIO",,JS VJRUS rrAfr, rfBrr .AI{D

Souree of variatfon

BÄSED ON .¿ICSÛ.ISITION FROI\{ FOTATWJ{ DTFT'ERENTT HOST PÍ"\NTS

Hosts

Styafns

Repl-f eate s

Hoete x sÈratrns

StraLns N replleates

ÏIosbs N roplfeates

IÌostsxstrefnsxrepso

TABLE &iTT

tr.OR TRANS1,.]ISS]ON ÐF UTA]IÊ STIATNS OF ASNER
lrC r! BY NDIVIDU-A.L MasrogbeLe s fascif{gr-r.q

D"F.

Tot'aI

1g

Sfgnffieant d.ifferenee at L/o IøvaJ (Goulden, IgbZ),

a6

?28402"7944

7 e 6?9 "9550

23L,5439

L6s 279 "9075

365 
"l_559

se440"5565

8 erl59,202"7

4

26

52

125

lvlo ù)ê

61569,4457

5rB3g,92?5

L15.7719

6¿6"1502

90.7859

15e.S290

72"276L

104r155.9959

B

8,Bg

6"15

<1

9,66

1,å6

l" "Bf

*4k

#*

Þ¿èH




