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I

SUMI,fARY

-Compariso¡ts 'were made sfmultaneously of the epread

of the ¡6¡-perBlstently transmf.tted bearr yellow mosaic virue

(nnW) and the perelatently transmltted subterrafiean clover

red leaf vlrus (scruv) ln ftald plote of Vlcfa faba L. mlnor

and lrlfollun aubterranerm L. The study wes made ln a

Medlterraneen envlronment.

spread from a prlmary aource ne8 mepPed followtng t¡e

artiflclal lntroductlon of vÍrug alone, or vf.rue wlth vector

at the centre of the plots. A gradient orlginated from the

aource of BYI{V placed eentrally in the plots and fte ehape was

lndependent of whether or not the gource waa colonized l¡ith the

vector aphtd apeciee Aphfe cracclvora l(och. and !g!gs
solanL (kltb.). Dy contreet, SCRLV spread from the eource only

when plants !ære aleo artlfic&al]y lnfeated wfth the vector

A.goleril (kltb.). Thts euggests that the epread of SGRLV te

dependent on vêctot colonlzatlon. ltre gradlent of ínfection

observed for BYI'ÍV and SCRLV 1n the control plote where çrelther

virus no¡ vector nere provided centrally lndlcated tl¡at both

vfruseg spread lnto the Plots from an outelde sourcet

preeumeblY from t'he nearby plots'

An êttemPt was made to evaluate the fmportance of

eecondcry spread of both vlruees by aseeaelng the degree of

clumping of tnfected planta that occurÎed outaide the prfmary

sLtes of vlrue lntroductlon. t{tth BY!4V, clurnplng of Lnfected

plante occutred whether vlrue was tntroduced with lts vector

or not aa well e9 in control plote. I.Ifth scRLV clunplng

occurred only uhen the vectors Were lntroduced on virus source
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plants at the beglnning of the erçerlment.

ltre patterns of dfstrlbutfon of both vlrusee fn the

plote mre exenlned uaing ordfnary run analysle (Hadden 9!4.,

1982). Wlth BTl,fI/, when the vl.rug source was provlded elther wfth

or wfthout vectors, thc dietrfbutlon of lnfected ptante waa

nonrandom. Thls euggeats that BYl"fV traa sPreadlng 1n the

e:çerlmental Plots from plant to plant. The dletrfbutlon of SCRLV

wes ñonrandom wtrere the vlrus eoutce wae provlded centrally wlth

the vector but ft wae randorn when the SCRLV source wae provlded

centrally wlthout the vector. Such random dlstribr¡tlon fndícates

that vlrus wes not BPreadfng from plant to plant and is conefstent

wlth the virus comlng from an outelde soülGê¡

In T.subterraneun L' plota efunf.lar gradlente of lnfectlon

were observed lúren a vÍrue aourcê wae fntroduced wlth vectOrg at

the centreo lJt¡en vLrue and vector srere not fntroduced at the

cêntre (control plots) the observed gradl-ent $tee from the outelde

and only on the eldea proxtmal to the plots rthere both vlruses

were provided rrlth vectors. Analyele of the developrnent of

cfumrpa of adJacent fnfected plante accordlng to their tlme of

eppearance showed that nore clunps appeared 1n the plote where the

vLrug end vector Ì¡ere provlded artiftclally compared with the

control plote, and that peak clr.mping occurred at the tíme of peak

rste of spread of both vÍrusea.

Tlne of apread of both vLrueee was determlned by e:çoelng

trap planta at 4 rnekly intervals thtoughout the 30 rnonth trlal

pcriod. Both vfruse8 spread 1n the sprlng when vectors $ere

flying, but negllgible epread of thc vl.rueeE wae obeetr¡ed |n the
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autumri deeplte aphld fllght actlvlty.

TLmea of fllght of the four maÍn aphid vector specles

!,rere contfnr:ouely spnltored wlth yellow ltatêr trapeo A maJor

sprlng and a mlnor autulnn fllght peak were observed for

Aphfg creccfvora koch.r,@ (Ttrornas),

Aulacorthum eolani (kltb.) and Myzua perelcae (sulz.). Analyefs

of weather data ehoroed thet the aphfd fltghta occurred

predomfnently in weeks when the mean weekly temperetuÌe wae Ín

the range 13 - 17oC. I,Ieekly rafnfall above 7 rrr per l*eek appeared

to affect the fltghte only r¡hen mean weekly temPeretures r¿ere

outslde the range 13 - t 7oC.

A repllcated trlel wag done Ln one crop growlng season

to determlne whether treatment with the lneectfcides Diaystont

Metaaystox or Malathlon, or a barley barrier row, influenced ths

spread of BT'l'fI/ or SCRLV from lnfected to healthy ]¿:-jEgE L.

plante. Thelr effect on the aphld populat,lon in the Plots was

aleo determfned by sampllng @ L. plants. The reeults

fndlcate that although the ineectlctde treatmente reduced the

aphld population, they dld not affect the pattern of epread of

either BYIÍV or SCRLV. However the barley barrier lnfluenced the

pettern of movement of BlßfV and not SCRLV whlle no effect waa aeen

on the aphid populatlon. The overall lncldence of, SCRLVT ln the

plots recelvlng Metasyetox and Df.ayston waa lege than that

obtained wi.th the other treåtments but no marked difference !vå8

observed between treetments for Bn{V.

An electronmicroecoplc study liles made of !4!!9ry L'cv

Mt.Barker Lnfected wfth SCT.LV. In thln sectione obtaLned from
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phloem of both leavee and ateme, amall isometric virue-llke

partfcles rnre detected {n the tranefer cells, but not fn xylem

or meaophyll cells. Ilealthy þ!g@ L. contalned no

virus-llke partfcles. Vlrus-llke Particles skillar ln elze

(30.4 nm dLameter) and appeerance but eerologically dfstlnct

from those of potato leaf ro11 vlru6 sere also detected in

purified preparettons from SCRLV lnfeeted l.gubterraner.Úl L.

plants.

subterraner¡n clover red leaf vtrua (sctr'v) was purffled

from lnfected Trlfol fr¡n eubterraneu¡n L. plants or lieum sativum L.

byeltherofÊrpnethoda'bothofwhlchenployedcellulaee

dfgeetlon of crude extr¡ctc. The IEG (polyethylene glycol)

method uelng infectcd P.gatfvu¡r L. plants geve ê hlgher Yleld of

virua (1.34 me/kg) tha¡r the other method Q4 Fglkg) r¿here ?EG

wag not used. Only treceg of vf.rus werê lecovered frorn tlsoue

of lnfected T.eubterrenêun L. These vlrus partfcles had a

bouyant denelty of 1.31 g/cJ. ln cersoO and Ar5glAZgO ,f"Èig

of I¡5. l1le relatlonship of thÊa isolete to the New Zealand

lsolate of scRLV wae studled wtttr gel dlffuston teete end

ahowed a reectlon wtth N.Z. antfaellllll¡ In l¡snunosorbent

electron mlcroecopy tèst8, large nr¡¡nbe¡e of partlclee of the

SCRLV Tagma¡rf.an lEolate became attached to grlds coated wlth

entfsera prepared to the New zeelend lsolete of scRLV.

?olyacrylamlde-urea gel electrophoreste of disrupted

vlrue pertlclês revealed trrc RNA speCLes and one DNA specles.

Thc alow movLng RNA a¡¡d the feBt movlng RNA had eetlmated

molecular neighte of 2.08 x 106 and 1.08 x 106 respectively

Ln theee denaturlng gele.
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H3 - 1"b.11ed complementary DNA (cDNA) reverse

tranecrfbed from high molecular weight RNA of purífled vírus

was specific for the detectlon of scRlv, in thaÈ lt showed

no hybrldization with nucleic aclds from elther healthy

P lants (T.subterraneum L. , @1!!gL.) or Plants

ealls florldana Rydb.) lnfected wlth the serologlcally

related potato Leaf ro11 virus (plnV) or nonvirullferous aphtd

vector Aulacorthum solani (kltb.) but hybridized with

homologous RNA and nucleic acids from SCRLV Ínfected plants of

two spe cies (l.subterraneum L. and vlrullferous

aphld vecÈor A.solani (kltb.). The cDNA detected SCRLV in

lndlviduals and groups of the A.solani (kltb.) and the

everage vl.rus content rvas greater than 157 pg per aphid' The

enzyme lÍnked fmmunosorbent assay (mfSA) confirmed the

resulte of molecular hybridizatlon analysis (¡tn'a).



VI

STATE}ÍENT

Thtg thaaLc csntal.rro no materf'el wtrlch hag

becn eccepted f,or the ¡ward of any dcgree or df.plona ln eny

ttnlvercl.ty. To thê bost of my knowledge ¡nd bellef r thl'a

theefa contaÍns no matcrial publtahed or wrltten by any

otlret pêraon, êxcopt rúrere due referencc is nade ln the text¡

I glve my contonts to the theelo bclng nade

avall¡blc for photocopylng a¡rd loan ff rceepted for the

ar¡ard of tlre degrea.

Slgned.

K.l{.JaYacenao



VII

ACKNOl.ILEÐGEMENT

I wleh to thank the former Df.rector of

Agrleulture, Srt Lanka Dr. C.R.Pa¡rabokke and the present

Df.rector Dr.I,t.Fern¡¡¡do for gfving me thla opportunlty to

rrndergo I post greduatê traf.ning ln Pla¡rt Vlrology.

I aleo wleh to e:rPtess my thanke and gratitude

to Dr.J.I{.Rand1es for the supervlalon of my proJectt

¡dvice and gul.dance 1n the preparation of thig thegÍs.

I am rrcst grateful to Profeesor E.R.I{aIlace for

permittfng me to undertake thls proJect Ín the Departnent

of Plant Pathology, Unlverelty of Adelalde.

I thank Dr. R.I.B. Francki for the help and

advlce glven on serologlcal technlques, Dr. T.Eatta for

advlce wlth electron mlcroscoPy technfques and Professor

O.I{.Barnett for the help a¡rd advlce glven on puriflcation

and ELISA technlque, and Membere of the Staff of Biøretry

divfelon for data proceeaLng.

My efncere thanks also goee to Mesare.R.S.Nortont

B.l"llllfgan¡ D.K.BrLtza¡ T.A.Bettermefi and R.P.Ste¡vart and

all ln the farm staff for assistance gfven to me to carry

out the fleld exper.ûments.

tha¡rka are also due to Mrs.L.Iülchman for

drawlngs, Dir.B.Palk for llluetratfons, Mr.C.J.GrlveÉ and

Ml.es L.D.Caetree for technlcal asgistance¡ Mr.D.Talfourd

for the eupply and mafnteûance of plante.



VIII

I am very much grateful to Profeseor AoKerrt

Mrs. Kerr and Mrs.trIallace for the encouragement given to

our famfly durfng our 6tay in Auetralla.

I r¡ould alao llke to express my Sratltude to my

wffe Rohlnl, daughter Saku and eon Kassun for their

sacrlflce, understandlng and encouragement throughout our

stay ln Auetrallar to my eistere Yemuna and Asoka for

readlng the manuscrlpt, my good frlend Jehan NonÍs for

typfng and readlng the manuscriptr ånd to my parente

for thefr eacrlfice and conslstent encouragement

throughout the JêåÌBr

Flnancial eesfstance afforded to me from the

FAO/UNDP and Universlty of Adelaide le also gratefully

acknowledged.



D(

BC['lV

BLRV

BYDV

Bnfl/

CaI'fV

CRLV

Ll{v

LNYv

FT,RV

PeLRV

PÎ'f\t

PI,T\T

PVY

RCNI'ÍV

scMv

SCRLV

scsv

sDv

sPr{v

VT!{oV

Abbrevfatlona

Bean co¡¡mon rrcealc vtrua

Dean leaf ro11 virue

Barley yellow dw¡rf vf.rus

Bean yellow moeaic vLrug

Caullflower nosalc vlruc

Crrrot red leaf vf.rus

Lcttuce mosaic virus

Lettuce necrotLc yellows virue

Potato leaf ro11 vlrua

Pea Ie¡f ro11 virue

Pea moaaic virus

Paeaion fruit woodlnees vlrug

Fot¡to virus Y

Red clover necfrotfc moealc virue

Sugarcane mos¿1c vlrue

Subterranean clover red leaf vfrua

Subterranean clover stufit vLrus

Soyftean d¡varf virue

Sïeat pea rrceaic virus

Velvet tobacco nottle vfrue

H*****



WAITE INSTITUTÍ:

LIBRARY

1

CTIAPTER I

GENERAL INIRODUCTION

1.1

aohid transmltted vÍruses

I{åtson and Roberts (1939), Day and lrzyklewlcz (1954)

and Sylveeter (1958) have descrlbed the mode of vfrus

acqulsitlon, retentlon and fnoculatlon by aphida a¡rd clasaffied

aphid-borne vfruees lnto the three categorlee¡ rlon-pêrsistentt

semt-persietent and persigtent. Black (1959) introduced the

uord circulaÈlve for the persletent vfruEes to emphasfze the

route of vtrue trar¡sPort, md Kennedy 9g!. (J962> suggeeted

the lncluelon of all non-persletent and seml-Persfetent vLruees

into one group and used the term etylet-borne. These

defínitlons ate baeed eithêr on the perÍod of retentlon of the

vf.rus in the aphld, or the site of retentlon or route of

trensport of ttre vfrus lneide the aphid (Pirone and Hamie,1977).

Since thêre le evldence that ¡s¡-perslstently or semi-Persiatently

transmitted vLruses are non-cLrculative wfthin the aphids

(Harrle, 1977) the term non-circulative has bèen euggeeted by

llarrie Q977) as an alternative to the term etylet-borne.

Garrett (1971) concluded that non-perslstent virusee are carrled

1n the cibmium and transmission |e effected by the inJectlon of

the vlrueee from the clbarfu¡n. t[6n-perefstently transmltted

viruses can be acquired and inoculated within a few mlnutes and

survfve 1n the vector for lese than one hssr (Watson and Fltrmbt

f97Ð. Loebenstein and Racceh (1980) eu¡unartzed the

characterlotlcs of non-persletent virus tranEmigeion as i -
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short acquisitlon and lnoculatlon periodsr no fncubatlon

períod followe acquisitlon, virus is loet after short feedíng

perlods, aphlds loee lnfeetivity after moultfng, there is low

vlrus - vector speciflclty, vLruses are acqulred from the

epÍdermal cells of lnfected plante.

Some pot¡rvLrueee and caullflo¡rer rpgaic vLrug

requlre a helper component for tranemlasion (KaEsanlg and

Govier, L97l¡ Govler a¡rd Kaeeaníe, 1974i Lung and PfrOne, 1974i

Fagulo and Kr¡trn, L976i sfurcna, L976¡ Firone, L977i PÍroner 1981).

Thls helper corîPonent mfght act by binding the virus to sftes Ln

the aphid (Govler LÉ., L977i Lopez-Abella g!3!., 1981) thus

renderf.ng 1t transmleslble.

Ferefetent viruaee are lngeeted by aphfda, clrculated

through the hemol$nph to the salfvary glande, and later lnJected

lnto plant celle ¡rlth ealtvary secrêtlone durlng feedlng

(Black, L959; Sylvester, 1980; Glldow and Rochow, 1980).

Characterlstlcs of persLstently borne aphtd-transnitted vLruses

were Bu¡ilnarlzed by Sylvester (1969a¡ L980); htgh level of vlrus

vector epeclflcftyr a latent perlod behreen the acquisi.tlon and

lnoculatlon fceds¡ long tetentlon of the virus in tlre vector and

retentlon of lnfectivtty through a moult. Some persistently

trefismitted vlruses rnultiply 1n their vector8 (propagatlve

vlrusee) (Stegwee and Ponsen, 1958; Sylvester and Richerdsont

L966i 0rloughlln and Chambers, L967; sylveeter, I969b; Peters end

Black, 1970; Sylvestêr g¡3!., 1974), md othere do not

(Mueller and Rochow, 1961; Nault g9_4., 1964i Sylvester 1969b¡

PalÍwal and Slnha, 1970; KeLlock, L97L¡ Clarke and Bathr L973).

Potato leafroll vlrue f.e persietently t1.ensmltted (OortwlJnbotJes
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L920). The êatly reports thet it multiplles 1n ite vector

(Stegwee and ponsen, 1958) have recently been disproved by

Eskandarl et a1. (1979) when they found that 1t doee not

nultlply 1n the vector Myzue Þersicae.

Seml-perslstent virueee are charecterlzed by havlng

no latent period fn the vector, th" virue 1e held in the aphid

for a longer perlod ttran wtth ¡s¡-pèlgletent vlruees

(sylvestet , 1962).

Bean yellow Ípeaic vÍrus (nwv) and subterrêneeft

clover red leaf (SCnf,V) ¡chtch are the eubJect of thls thesis

are transmitted by aphtde ¡en-pêÌsletently (Plrone and Earrist

L}TDandpereistently(xellockrl97Litfi'lsona¡rdc1oserL973),

respectl.vely.

1.2 ftre relatl-onshlo of the Taernanlan tso late of subterrúrean

clover red lcrf vLrus (scnr.v-r) to the luteovlrus Eroup

Tlre luteovlruc group comprteea vlruaes wtrfch câuoe

yellowlng Bymptom8 tn lnfected plants (Fennet,- L976). t'he

ftret rrell char¡ctertzed member of ttre grouP wae barley

yetlow drarf, vLrus (sYnv) and other mnberg of ttrls vlrue

group have propertt'es ¡fmtlar to ttro t¡rpc neraber' TÌte

propèrtlG¡ ch¡r¡eterlatle of thls srouP, have been ar¡marised

by Matthews (L979) as¡ vlrue pertlc'tre6 are leonetrte a¡rd

about 25 nn fn dla¡eter, the nucLel.e acld la a posftlve sense

elogle-ctranded (eo) nm, mleculer relght (¡¡¡¡) - 2.0 x 106¡

coet protctn ls a ctnglc polypcptfdc wtth tlll- 24 x L03, vl'rue

p¡rtl.clG cedlmêntetfoa coEfflclent (crow) t¡ 115-1188, vlrue

pertfcles ¡rê etrongly tnunrurogenfc, and mst menbe¡a ¡re
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serologtcelly lelrted, vlrua prrticlês apperr to be conflned

to thc phloem tfssuc of infocted plante, the vlrurco ere not

tü.asmfttèd by rnechenlcal fnoculatlon, they are cLrculattve ord

trenemittGd pcrafstently by epeclflc vectors.

Subterranea¡r elovor red lerf, vlrus (SCnf,v) h¡s bcen

tcntatlvcly aealgned ts the luteovl.rus group (M¡tthera, 1979¡

Rochow rnd Duffus, l98l), on the basfe of lts synptometology

end vector reletlsnehlpe, A,ebÞy 3¡!¡!. (f979) euggeeted that

SCRLV mry be related to eoybcan dwarf virue (sOV) and fllaree

red le¡f vl.rue $ihfch have becn cl¡aelfled reepectlvely aa a

nember e¡¡d ¡ poeelble nenber of the luteovlruF group

(Uatthcrrs, 1979¡ Rochow ¡nd Duffue, 1981). Jayaeena et al.
(1981) euggeetcd thet on thc cvldenee of partfcle morphology,

cytopethologyr ¡¡rd btologierl propcrties, $CRLV le a mßnber

of, thc lutcoviruB gretrp (oee Ghrpter 6).

I.3 The rel¿tlonehlp bctmen BY'l"fV-S and other nembêrs of the

Dotv'trltug qror¡D
a---+-!

Ttre ter¡r potyvlrus has been derlved as an abbrevlatlon

of, the nane of lte type member, potrto virue Y. Ttris group

comprÍcea 34 charecterLzed r¡embers end sone 38 posetble membera

(Hattheçgr 1979). Thc ¡noln characterfstfc properttee of thle

group, as su¡ilnàrlzed by Matthere (1979)o"*¡ partlclcs are

flexuoue end rod-sheped, 680-900 nm ln length by 11 nm ln

dianeter, wlth heltcal eynunetry and pfteh c. 3.4 nm, coat proteln

le a eLngle polypeptlde of nolecular welght (MW) = 32-34 x 103,

genomfc RNA 1g sfngLe stranded wlth a MI.I of 3.0-3.5 x 106 a¡rd le
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57. by wefgtrt of the pertûcle, parttcles have a sedlfñentatton

coefffclent (er'I.f) 150-160S and a buoyant denslty of
â

L.31 g/cm' f.n cacl, serologlcal relatlonehtpe exlat betrveen

eome ¡rembere ¡rlth dlfferent bfological propertfes, fndlvtdual

vlrusee have a narrow host renger transmieel,on fe by nechanl'cal

laoculatl.on, by aphlda fn a non-persfetent mefinelr a¡rd some are

trenêmitted through eeed. Cyllndrfcal lncluslone wtrlch appear

ae plnwtreele ln croes scctlon ¡re fnduCed fn the cytoplasm.

They coasLet of a proteln, coded for by vlral RNA whlch lg

ufircl¡ted to efther hoot protefn or vlral coat Proteln

(Dougherty and Elebert, 1980).

Bean ycllow ¡noe¡lc vfrus (nn'nl) Partfcleg are

cr 750 nn long, c. 15 nm ln dl'ereter (Brandes, L964) wlth e

pttch of 3.4 nn. Inclusfona ere lnduced fn fnfected celle

¡*rtch reeembLe thoge produced by other vl.rueee of the potryirus

Sroup (Bos, L970). BT'I'{1' was aaeLgned to the potat'o vfrus Ï

Sroup by Brandee (I96a)¡ Haffif.son s4. (1971) ¡nd l{atthewa

(1979).

Edwardson (1974) and Edwardaon and Christle (1978)

attemptêd to dlvtde the potyvfruaes fnto 3 sub-gr'oupe, slnce

cytoplaamlc lnclualona appeared to be characterletlc of

epeclffc vlru6ee. Moghal ¡rd Franckf. (IgSf) propoeed ttrat,

tncluefon bodlee could be used to dtvide Potpiruses fnto only

two eub-gfouBsr In one suþ-group curved plntúreele rrlth ecrolle

werG induccd fn plent cellc fnfected with BCt'fv, Pl¡|V, FVY end

scMV and ln tho other 5ub-grouP plnwheels wlth lstLnated

eggregates v€te lnduced by BTì{V, PMVr SPÙÍV md LMV'
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lhe S l¡olate of BY'ùflf used here 1e a dletlnct nember

of the Eyl.fV group (nandlce ÈÉ., 1980) on the baeia of hoet

ronge, eerologyr mê.¡r ptrtlcle length (Edw¡rdson, 1974), the

typc of lncluefon bodfes lnduced fn both cytoplaem srd nuclef.

(Ghrlsttc ¡r¡d Edw¡rdeon, L977) and the amLao acfd cæposftfon

of lts coat protGlas. On thc basle of, nolecular hybrÍdlzatlon

¡saey (¡m¡) S w¡s rgefn ehown to bê e ðtrrlo of BlMl

(Abu-Samah and Randles, l98I).

L.4 Econourt c looor tencê of bean vcllow msafc virue (gYMtt)

EYl,fV wae flret deecrlbed by Plerce (f934)r Boe (1970)

and Holllnga urd Brunt (1981) have gutrnarleed the phyefcalt

chemtcsl and blologlcal Propertl.€a of BYlfV. lhe dteease ls

wldespread throughout the çorld where legtrmes are grown and

ceuse loeeee of eeed Ln V.feba L.

BTl,fV 1E rePortêd f,rom rnoet pert6 of Australla but was

not recog¡f.zed es an lmporÈent dfaeaae fn Soutl¡ Australf¿ untl'l

¡fter 1975 vrhen broad be¡n and tlek bean (v.fqba L. gtg and

v.f¡ba L. g1ggg) were grouri norè exteo"rrr.ñ etockfeed and

gounncrclal seed. In 1978 the lncldence of BYI'IV in ll¡þþ L.

crops ln the eouth-eeat of South Australler weË estlmeted to be

between 10% e¡rd 857" (Randles, pcror GoIr.) end between 17. and

5Ø. ln 1979 (FlS. 1)? b><lrsràà o. 'ã1n{s\.or-ss'

1.5 Economlc finoortance of gubterrtneasr clover red leaf

virus (selv)

SCRLV weÊ ftrst rcported ln Australta (Anonr 1968) and

âppeera to be conflned to Australta (feltock, 1-9713 Johnetonet

197S) ¡¡¡d New Zeala¡rd (wflson and Closer 1973). llork 1n New



Fig. I The areas r¡here V.Jaba L. crops were eurveyéd and
sampled in the eouth-east of South Auetralia 1n
late October 1979. Data 1n parenthesls shows
percent pLants fnfected with BY'lfv (B) and scRLv(S)
at ttre survey time.
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Zeatand (foh, 19733 Wflson a¡rd Cloee, 1973¡ Aohby Ê3L.t

1976¡ Îeh, 1978), victorle (xellockr l97t) end Tasn¡nia

(Johnstone srd Rapley, L979¡ 1981) has demonstrated lte vector

cpeclflctty, transnlselon, host range, effect on yfeld and the

effect of aphlcfdee on dleeaec control. Irrlgated ungrazed

pratures whfch had been kept aside for hay and eeed productlon

(Anon, f968) becane urproductlve as a reeult of SGRLV lnfectLon.

SCRLV fnfectlon 1e aleo thought to be aseocfated wtth

lnfertlltty ln eheep due t-o hlgh levele of oestrogenLc

compounde preeent fn SCRLV fnfected T.¡ubterraner¡n L. plants

(Johngtone, pers, com).

Infected V.f¡ba L. ehows yellowlng and teaf rolllng

symptom8 (wlleon and Gloger L973; Teh, L978¡ Johnston, 1978)t

and yleld loeees ft !:fgþ L. cån reach 9trl. (Johnston ând

Rapley¡ 1979). Johnetone (1978) reported that 1n Tasmania¡ the

eeed yleld of I¡þþ L. ln cormercl'al crops was reduced by

S(R,LV lnfection to lese than an average of 2000 kg/ha over

eleven yêers. Ttrle hae led to the reductlon of the area

pler¡ted.

SCRLV ¡vas firet recognized fn South Australla fn

L975 in !?ifolfr¡n aubterraner¡¡n L. (Randlee, pêI18r com.) and

now åppearg to be wldely distrlbuted' Durlng the ffel.d survey

fn the eouth east of South Australla in 1978 the tncldence of

syüptone It I@ L. was up to 207. (Randlea, pere¡ coltro). -In

1979 the lncidence w¡c betïeen 1% and 5% (rlg. 1).
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1,6 Pattern of virug epreed and dletrlbutfon

The eurvlval of plant vLruees depende upon en

effectlve Ee¡na of tr¡nemfgelon (Andrerus, 1965). To have an

effcct,lve mea¡r6 of sprcad ft lg fmportant to eneure that the

number of lafeetlve plrtrte doee not fall so 1oÌr that tratremlaefon

to other cusceptlble plenta becomes unl.fkely. Ttre crltfcal

levc1 for virus survfval depcnda on thè effectivenese of the

tr¡nmfsslon procese, nunber srd dfatrlbutlon of host plantst

their eueceptfbllltyr olze, longevity, md potency aa Eources of -

lnocuh¡n (ltrreeh, 1978), Pla¡rt virusee ere trengrnftted by a

r¡nge of rgents (ltatthews, 1979). For exanrple, blology,

feedlng behavfour and world¡rlde dlstrlbutLon of aphlda make theu

1deally eulted for transmittlng plant vfruses (Harrtsr 1980).

Sometimeg lnfornatlon on the vestor f.nvolved fn fleld

tr¡nsmleelon ¡nd the eource of tnoculum can be obtalned by

etudying the dletributlon of dfeeaeed plants¡ Ae Ttrresh (L974)

eteted, th€ rate of vtrug epreed betræen plents vatf.es accordlng

to the type of virue, crop, environment end mde of tranemlesion.

Spread can be obeerved wlthin crops and between crops and ft le

poscfble to dtstfngufsh between both modee of spread (ltrreeh,

1976). For example, vLrus spread wlthln crop6 typlcally

producea very oteep gradiente of lnfectLon, from Prlmsry sources

wlthln the crop, whlch arfeee fro¡n the use of lnfected plants

(Doncaeter and Gregory, L94S), ínfected eeed (Broadbent 994.t
1951)¡ Pagulo and Kuhn, I97Ð¡ Dcmekl, 1975), weed hoets

(ouffug, 197L) or crop reafduea from prevloue plantlngs

(ouffue, 1963). Locallzed dfetrlbutlon h¡e been obeerved wlth
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vlrusea tranemitted non-Perafetently by aphids (Doncaeter arid

Gregory, L948¡ Bro¡dbent SL., 195L; Broadbent, 1957) and

alow ¡novlng nematodes (Taylor and lhomae, L968)'

I{here a¡rnual crops are growl.ng fn a rest'rlcted

growing see6ofi wtrether vfrus dlseaeee spraad lnto or wlthln

crope fe a cruclel feature of vfrus epidcmlology (Ttrreeh, 1976).

Few vfrus digeasee spread cxcluel.vely fnto e erop from outeide

source8 but, the beEt knovrn examples are tometo spotted wflt

(g¡1¿, 1937) and lettuce necrotlc yellows (stubbs 9,L4.r 1963¡

Randlee ¡nd 6ïowley, 1970¡ Threeh, 1978¡ Mertlnr 1979). Þfost

viruaec f,lret eprced lnto crope, then wlthln ê1'opsr For examplet

beet curly top virus vñfch petslets in lta vector can move long

dlatanceg to lnftiate new outbreake (Thrceh, 1978) and later

epreadwlthlnthecrops(clerkr1968)'Inco¡tÍngvectorstendto

aLfght and accum¡late on the perimeter of the crop (Doncaeter

end Gregory, 1948¡ orlob ¡nd Medler, 1961) colmonly on the

wlndwerd edge (Teylor cnd Johneon, 1954). Such an rfedger effect

has bcen reported f,or vlrusee wh!.ch are perefstently trensmltted

by aphlde (stubbs 4-É.¡ 1963¡ Rochow åÉ., 1965); by beetlea

(croxall 4., 1959); by leaf hoppers (Rose, 1971T); by thrlpe

(neta, 1937'7 carter, L939); end by nematodes (Legg, 1964¡

Teylor md Thom¡s, 1968).

varfoue pettcïîs of dfetrtbuÈlon of dise¡sed plenta

occur (Kcrr, 1980) such ae; random dletrfbutLon - often caused

by ceed bornc Ínfectlon end very comnon for vLrus dlceaeee of

legtmrea¡ ¡ggregrtf.on - thts lndlcâtes tnLtial ra¡rdom dletrlbutlon

follor¡ed by epread wlthln cropi regular dlatrfbutfon - flt's
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rêgulrr prttern¡ p¡tsh dlstributloa - chatacterlstlc for sofl

borne dfeeasee c¡used by vlruees tranemftted by nemetodesafrd

fungf i flet gredfent - madnly depend on the behavior'¡r of

vectora and the gradient due to wlnged form vectors whlch

trensmft vlruees pereletently¡ Bteep gradlent - verY colilnon

on non-persletently transmltted vlrueeg and víruseg tranemltted

by alow ruovlng vectors where the spread le only for a short,

diettfrce.

The poselbfltty of plente becomfng lnfected from e

polnt ooutrce deere¡eee wlth tha lncreaslng dlstance (percent

lnfectlon le lnvereely proportlon¡l to the po$Ër of dfgtance)

and trana,formlng the values for lnfectl.on and/or dlstance to

produce llnear regreseione facllltetee the comparison betmen

gradfenta and alde stat,letlcal analyals (ft¡resh, 1976). To

obtafn a m¡themattcal rslâtlonship betrnen tjre digtance and

lnfectfon, aa rvell r8 to approech the analyale of dlepersal

gradLents, verÍous equetlone have bcan used by l,úclfenbarger

(1946)¡ Gregory a¡rd Rerd (1949); Gregory (1968)¡ Nelder and

Iledderburn (1972)9 Lenrbert g!-É. (1980)¡ Taylor (1980).

From an epldemlological polnt of vf'ew ft ls

crltlcal to ldentffy the type of dlsease pattetn and lte apread

fn the fleld (camptett and Perrnypacker, f980). Random

pâttêrns of apread euggeet thet the pathogen 1e not sPreading

from plant to plant, convereely aggregatfon of dfseaEed plante

suggêst8 that pathogens spread from plafit to pLant (ltadden

ggl., 1982). Dffferent technlques for etudying the pattern

of epread of the pathogen have been conaldered by
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Coehren (1936)¡ Todd (1940)¡ Swed ¡nd Eleenhart (1943);

v¡n der Plank (1947); ryer (1948); Freeman (1953); Plelou

(1969)¡ Kranz (J97Ð¡ Glbbone (1976.); converee 9!3!. (1979)¡

Madden gg-g!. (L982).

1.7 Scope of thlo theele

An obJeetlve of cpl.demlology ts to understand the

contrlbutfon of host, vectorr virus ¡nd environment to the

dfstrlbutfon a¡¡d incl.dence of ¡ vÍrue df.eeage. Because of the

complexity of lnteractlona bet!ßen these factors most work has

been llmlted to studylng eopecte r*rlch dlrectly affect control.

Less ettentlon hae been dlrected towcrds the ecology of the

vectotr. I,fhtle tfmee of flight of vectore have been obtalned by

trapplng, vector populatfon dynamlcs as they affect vfrus

spread have been ltttle etudled. Such studf.es have been

cornrnenced wfth LNW (Martin, I979i Martin end Randles, L981)¡

a vlrus with a relatf.vely slmple cpidemlology. In contraatt

Rsndlee and Crowley (1967) deacrf.be a vl.rue-vêctor-host syatem

for caullflor¡er noealc vLrus 1n South Auatralta ¡vhtch Ls more

compllcated bacauee of the lnter¡ct,lon of gever¡l" vector

epcclea ¡¡¡d several plmt hoet apecies.

Factore lnftuenclng the eucceeeful spread of aphid-

trrnsmltted vÍruees arG the proxlmity of vfrue sourceð asrd tfie

tlnlng of the peaka of nlgratory fltghts of the alete aphlds

of vector epecies, The fmporttnge of vlrue soutrCes neA1. or

wlthin crope haa been demonetr¡ted by Bro¡dbent and Gregory

(1948)¡ Duffus (1963); Heethcote a¡rd Cockb¡ln (1966)¡ l.{allfe

(1967); IlâEtptom (L967); Nelaon r¡rd Tuttle (1969);
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Adlerz (o97Ð and Demekt (1975). Gorrelatf.one have been

est¡bllehed between ntmber of wlngsd aphfde trapped end spread

of peraistently trangmltted virueee ln crops euch aa potato

(Broadbent¡ L950¡ llflle Rls Lembete, !972i Bacon g!3L., L976)i

sugar beet (Watson and Healy, 1953; Holllngsr 1955; Heathcotet

I97Ðr md lettuce (C'onzalez end Rawllne, L969). other workers

have ehown that the aphfd specles most frequently trapped Ín the

ffeld ¡re not necessarfly the rnoet lmpof,tant fn vlrus epread

(Broadbent S3!., 1951¡ Dlckeon g!.t 1956; zet'tler Sé.r

19673 Gonzalez and R¡wllns, 1969). lhe early mlgratfon of aphid

vectors (cfft, 1970¡ Gutierrez,g!,-!l.r L97l) and the ablllty of

vlrullferoue aphlde to undertake long dlstance fllghts (Walltn

and Loonant 1971) are ¡lso coneldered ae lmportant factors¡

In Àuetr¡lia, the epidemiology of n6n-perefstently

and pereletently transmltted ephid borne vlrugee has been studled

mafnly 1n the cool ternperete regl.ons but very llttle ls known of

virus epldemlology 1n the Medlterranean cllmatic region whlch

has a wf.nter-sprfng growlng seasonr æd a hot dry eurnner during

rshtch a¡rnual plants måture a¡rd die.

Thle thesls conelets of two maln parte. ltre

obJectlve of the uork described in the firet part of thla theeis

was to fnvestlgete the comParetlve epldeurlology of the

ne¡-persfstently tranemltted BYMV and the persfstently

tranemltted SCRLV tn a Mediterrtne¡n envÍronment at the eame

tlme so aa to overcome dtfffcultles tn the analygfs of data

from dlfferent sltes and tlmee of croppLng. t'lre lnveetigatlons

concentrate on: aphld population changes and fltght actlvlty
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1n the erea of the trl¡l with epccial refe¡ence to vectorc

of BlÌfir end SCRLVi the timc of spread of BYMI and SCRLV; the

patterns of spread of BYlufV and SCRLV 1n experfmental plots

in whfch the sources of vfrus and vector were manfpuleted;

the effects of controlllng the vector on vlrus spread.

l1re second part of the theefs deecribee etudf.es

of SGRLV ln fnfected tLssue by electronmlcroscopy¡ the

purlflcatlon of SCRLV and its nucleic aeld¡ and e¡rathesfs of

eomplementary DNA (cDNA) to SCRLV-RNA.

t1re reeulta obtalned fn the first part have been

ueed to deecrlbe the tlme of aphtd mLgratÍon, the time of spread

of both BYI'ÍV and SCRLV ln the e:çerimental area, and the

relatlonehlp between both vLruees and thelr vectors.

fhe reeults obtalned 1n the second part have been

ueed to conffrrn the view prevLously based on blologlcal

propertles (Rochow and Duffus, 1981) that SCRLV is ¡ luteovirus.

MIIA fs shown to have potential fn fdentlflcatlon of SCRLV 1n

plante and vectore, end thus may have a¡r appllcatfon to

epidemlology.

Part of the work descrfbed ln thls thesis has

already been publLshed.

(f) Jayesene, K.tl.¡ Brttt, T., Franckir R.I.Br¡ aîd

Rmdles¡ J.ITI. (1981). Luteovirus-llke Perticles

esaociated wfth eubterrene¡n ctover red leaf virue

lnfectLon. J. gen. VlroL. 572 205-209.



L4

( fl) Jeyraent, K¡We lnd ßandleo, J.Ì{. (1984)' Patterne of

opread of thc non-per¡l.etontly tr.nsnittcd bes¡r yellow

mosrlc viru¡ rnd thc porofatently trrncmltted

eubtcrr¡nc¡n clover red lcrf vtruo la Vlel¡ faba.

Ann. rppl. Bfol. (Iu preas).

(f.U) Jayrcona, K.lL¡ Rrndleel J.?1. ¡nd Bar¡rett,1 o.l¡L (1984).

Synthcsfc of r complemntary DNA probe cpeeff,fc f,or

datectfng aubtcrreno¡n clover rcd leaf vfruc ln plente

end tphtde. J. gcn, Vfrol. 65¡00 (In Preca).



Fig. 2 Field symptoms of B'ill'fV-S(U), scnr,v-t(c)
and doubl"e lnfectlon wlth BYl"lV-S and
SCRLV-T (d) on V.faba L. mlnor l-lne 3B3At
(a) healthy. syËffic vein bandlng reeultLng
from BYI{V-S infection wae detectabl-e in
double infections (d).
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CIIAP1ER 2

GENERAL MATERIALS Al'¡D ¡-fElfODS

2.1 M¡lntenânce of vlrus leolatee

2.L. I Bean vellow mosalc vlrug

A South Auetrallan fsolate of, bean yellow ÍÞsaf.c

virus (g$fif-S) (Rendles gg,r 1980) was used fn all the fleld

experLmente. It was malntalned fn Vicla faba L¿ cvr Aquadulce,

end tranefer¡ed by nechanlcal fnoculatlon. Prfor to mecha¡rLcal

fnoculat,lon, two rreekr. old V.faba L¡ GVo Aquadulce seedllngs were

kept ln darknese f.ot 24 houre, leaves rrere dusted lightly wtth

500 meeh csrborundurn powder atrd Ínoculated wlttr fnfectfve sap

extracted ln water. Exccgs lnocuh.m w¡e wrehed off with tap

watêtr. Pl¡ntc were maintalned Ln an lneect free glasshouse

provlded with eupplementary coollng end heetlng.

BIMV-S producea distlnetlve dark green vein bandfng

Bymptoms on 13¡þþ L. (ne¡rdlee et al.r 1980) (rlg. 2b). Slnce

thls leolate ls unable to systemleally lnfeet Phaeeolus

vulg¡rle L. (Rafidles et a1,, 1980¡ Abu-Samah, 1982) lte fdenttty

was checked regularly by mechanlcal lnoculatLon to P.vulgg¡cls L¡cvr

Harvkcsbury !üonder¡ Pler¡n satlvr^m L¡GV. Green feaat¡ V.faba Lrcv¡

Aquadulce: ChenoDodlum amarantlcolor Coste and Reyne and

Ghcnooodiu¡n ouinoo Wílld.

2.L.2 subterranean lover red lcef vlrus TaEmanf.an laolate

the isol¡te of eubterranean cl0ver red leef virus came

from Taem¡nla and waa provided by Dr.G.R.Johnstone. fhls ieolate

waa maLntalned on lrlfollr¡r eubterranew¡-L¡cv¡ Mt.B¡rker or

Bacchus Marsh by aphid tranefer (eee sectlon 2'3) 1n wtrtch



Fig. 3 A - Symptona of SCRLV-Î on T.eubterrane¡4q L.
cv¡ MtrBarker 0a), compffiEF-
healthy plaota (b)¡ 30 days efter the
tlme of lnoculatl.on

B - Synptome of BYIIV-S tnfcctl'on on
T.eubterraneum Lo 

. 
cv. Mt.Barker lcavc8.

a - Mqáeale - early stsgo (3 weeks after
Lnoculatlon).

b - Yellow and rnoaaÍc - later stagê
(6 lreeke after tnoculatfon).

c - healthy.
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A.golanl- (kltb.) were fed on dfseased planta for 3 days and

transferred to virus-free þþry L. seedlings for an

lnoculatlon feed of 3 days. I'he elrsptoms produced ruere

simflar to ttroee described by Kellock (197I) 1n that red

leaves were lnduced in T.subterrarÌeum L. cVo Mt.Barker (tr'lg.3ea).

2.2 Establlshment and mafntenance of aPhtd colonfee

2. 2.1 Aphls craccfvora Koch.

A.cracctvora Koch. apterae r¡ere collected from

v.faba L. plante ln the field at the l,lalte Instftute. I\do

aphlds nere selected from the group and placed separately on

seedlings. These tlto pots were kept sePeretely in a double

mesh-Lfned cage (l8tt ¡ l8rr x 36tt hetght) tn an lneect^proof

glaeshouse compertment. The cuttures ltere maintained on

health¡r þþ!g-!. plerits.

2.2.2 Aulacortåum eolant (t<t-tb.)

A vírus-free colony sras eEtablÍshed from

vlruliferous {cglå (xltb.) provfded by Dr.G.R.Johnstone,

Department of Agrtculture, Taemania. SCRLV is transmitted by

A.sot-anL (kltb.) and it resembles other membere of the leaf

ro11 group of pereistently tranemitted vlruses (Xellockr L971;

Ro¡uhanl and Stace Smlth, 1979). Becauge Mlyamoto and Þ1Íyamoto

(1966) reported transovarial tranemissfon of potato leaf ro11

vlrus (rr,nv) ln Mvzue Dersfcae (sulz.) Ít wae consldered

necessary to avoid thls posslbtllty when attenptlng to

eetabl.teh a virue-free colony of 4419! (kltb.). The

procedure adopted for ralsing thla colony was ae follows.
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Ten âPterous aPhlds irere collected from the

vlrullferoue aphid eolony recelved. Ttrey were allolred to

larvfpoeit sèparately for 24 hrs. on I0 detached Datura

etra¡pnir¡m L. leaves in petri dishee containlng moist fllter

paper. Ttrree flrst lnstar nymphs ¡¡ere taken from the progeny

of each of the 10 ePtelous aphlds and transferred lndlvidually

onto healthy l.gubterrafreu¡n L. cv. Mt.Barker aeedlings to allow

detectlon of scRLV. The 10 epterous maternal aphfds were

checked by placlng them slngly onto @ L. seedlinge.

It ¡¡as observed that none of the nyrnphs from the progenles

ttansmitted the vlrus whereae all ten maternal aphlds transmlt'ted

SSRLV.

A vl.rue-free colony rúas establfehed from these

progenies. Slnce ft fs dlfffcult to rear this specLeg ln large

nu¡nbers (G.R.Johnstone, pers. Gonm¡) cultures ltere malntained on

amtxtureof @r@GraY'
Vlcia faba L. maJor cv.Aquadulce and @ L.

cv¡ Mt.Bârker in double mesh-l1ned cages as prevlously described'

2.3 VÍruE tranefer

Apteroua A. so.Iairi (kltb.) were collected from the,-

virus-free colony wttfi a molatened hair brush. To avoid

breakage of styletq aphfds were induced to withdraw theÍr 6ty1êts

by a gentle touch before trangfer to dLeeased subterraneafl

clover planta wtrfch were thên covered wlth a tapered PersPex

cyltnder. sfnce the acquisltlon, tranemíssfon, avaflabtllty

thresholde, and the latent perlod after acquíeltlon feedswsre

6 hrs., 20 mlns., 4 days, and 12 hrs. reepectfvely
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(xellock, 1971) aphids roere allowed to feed on dieeaeed plantE

for 3 to 4 days êt room tenperature. Groups of 5 were then

placed on one trlfoltate leaf of healthy 2 weeks old

T.subterraner¡rn L. plants. the aphids nêre then ktlled by

apleying wlth the fneectlclde rrMetasystoxrr (omæfow-s-MEfiIYt)

and the plants nere kept ln the glaeehouee.

Leaf cageê \oerê used to conffne apterae on host

plante. Leaf cages irere nade wlth 2 run. thick trerisparent

perspex tubes of L.5 cm dfameter. One cm. wlde rings Ìtere cut

from the tubee and one end of the rlng wae glued with

terrylene net. Balsa-wood dlsce of 2 cm. dlameter ¡rere used to

aupport the leaf câgea on the other side of the leaf. Cages

and the aupportlng dlaca were hetd together by lfght-¡ætght

aLr¡nfnlr¡n hatr cllpe' Ttrese cåges were used to confÍne up to

B apterae.

2.4 Preoaratlon of partlallv purlfied virus for electron

microgcopy

Partlally purifted vf.rus preparatlona wìere

negatlvely stafned wlth efther 27" uranyl acetate (UAc) 1n water,

ot 2% ¡a-phosphotungstate (tta-FTA) pH 7.0. Drops of virue

suspeneion were placed on 400 meeh copper gride which had been

coated wlth a carbon stabllfzed Formvar membranes, and fonized

by glow dlscharge, for a few seconds before appllcat'fon of

sarnple. The grfds were drained tåen, etalned for 30 seconds

wlth a drop of UAc or PTA and the excess drained off with

fllter papet. The air-dried speclmene', were then examíned wlth

the JEM 100 CX electron microscope.

?t***:k*
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CHAP1ER 3

FIELD STTTDIES OF DISEASE GRADIENTS

3.1 INItsODUCTION

Locallzed spread is mainly characterfstic of aphid-

borne vlrus dLseases transmltted ln a ¡g¡-pereístent manner

(Broadhent, 1957¡ van lloof, 1979) whereaE. digtant or

lonqåange spread fs frequently obeerved lelth perslstently

tra¡rgmitted vlrueee (edame, L967). It íe sometímes possible

to dfstingulsh between infectfron resulting from locallzed

epread, and that resulting from spread over longer dfetancee

from outeide eources (Threeh, 1976). Thee6 two t1ryes of

epread have a different role fn epldemiology because localized

epread wlthln crops entalls spread wlthin the same crop plant

environment, whereas the epread between and into plantlngst

from outside, involves the lnvasion of new and sometfmes

dista¡rt places utrere conditlone mey be quite dlfferent

(Threeh, f976). Ilte arnount and extent of spread are further

Lnfluenced by the eLze, denslty and sueceptibility of the croPt

by ternpereture and other conditfone influenclng the abundence

and actlvity of the aphtd vectors (lhreshr 1976).

ì4any procedures adopted to control pLant dÍseases

depend mainly on the separatfon of diseaeed and healthy plants

(Gregory and Read, 1949). To effectively eeparate dlseased

and healthy plants, a knowledge of the characterlstics of

dleease spread Ís essentiaL (Gregory, 1968; Threshr L976;

Adamsr 1978). To reduce the effecte of vlruses by theee and

other means lt ls Lmpoctant to undereta¡rd charecteristics of
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the field spread of these viruees and particularly their

petterns and rates of spread (Zinrnerman and Nftzany, L964).

Thls chapter descrfbee a study of the rate and

patterne of spread of BYl"fV, whlch fs transmÍtted

nqn-perslstentLy by eeveral aphid spp. (Itollings and Brunt,

1981) and SCRLV, whích is transmltted persÍstently

(Johnetone, 1978) by a slngle sp. of aphid.

Itrls study rtas undertaken for the followÍng reaaons.

These üro vf.ruse6 were flrst recognized ae important pathogens

ln South Auetralla during 1975 ¡¡tren V.faba (L.) wae first grown

exteneively for stockfeed and cormerclal seed. In 1978, the

fncidence of B)ll{V ln dlfferent crops was between 10 and 85% and

of SCRLV wes up to 2V/. (Randlesr 1978 ; unpubliehed data). In

L979, the lncÍdence of BYt"t\I wae betr¡een L and 507. and for SCRLV

I and 57" (Fig.I). Although the importence of SCRLV lvas not

known in South Auetralla lt hae been shown Ín Taemanla, SCRLV

can ceuse yteld logses of 90% ír !cÊ3þ (t.)(.lotrnstone and

Rapley, 1979). No eystematlc studies of the epldemiology of

either virus have been done ln a mediterrênêan envlronment

such as that found fn South Australia. So far only the hoet

renge and strain relatlonehfps of BlßfV have been studÍed fn

South Australla and other states of Auetralla (Randles et al.,

L9S0¡ Abu Samah and Randles, 1981). For SCRLV data has been

obtained for vector specificlty (t<ellock, 1971; JohnstonerlgTS)t

host range (Teh, 1978), yield loes in v.faba (1.) ln relatl.on

to tlme of aphid lnfestetlon (Johnstone and Rapley, L979) and

effects of chemical control of the aphtd vectors (Johnstone and
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Rapley, 1981) fn a cool temperate cllmate. There Le no specific

fnfor¡nation on virus spread, to u€e ag a rnodel to study the --.

petterns and rates of spread of non-perefstently (BYl'fV) an¿

persistently (SCRLV) transrnitted aphld borne vlruses under

nedf terranea¡r condltlons.

An aÈtempt has been made in thfs chapter to study

the epfderniology of theee vlruses 1n experimental plots in which

both vfuuses vrere provlded artlflclally efther wfth or wlthout

thefr vectors. These studles were done in plots of the Pasture

specles T.subterraFgum (L.) and the field crop speciee

]@,(r.)
The selectlon of winter planbìnq fo" Igþþ (1.) ln

thie experíment was tn eccordance wlth the tlme of cropplng for
Australla and the cllmate fn the Strathalbyn dletrict resembles

thåt of a tyPlcel medÍterranê¿o::êrlvlËonment (wlnter-spring

growlng season followed by a hot dry aunrner during vùfch annual

plante mature and die).

SelectÍon of an aree to conduct these fteld

experiments took special eccount of the lsolatfon of the area

from other legtrne crops, and accee8 to frrlgatlon.

Th. IL$gþ L. lfne 3834 and T.subterraneu¡n L¡cvo

Mt.Barker were selected for these experiments because they were

both physlologically suitable to the area, and because each of

the vlrueee coutd be eaeily recognízed in single (tr'ig. 2b, 2c,

3a, 3b) or mixed infectlons (rlg. 2d).

3. 2 MAIERIALS A}TD METITODS

3.2.I EEtabllellnent of V.faba L.in the f leld.

Seede of V'feba L. llne 3834 had I00 percent



Flg. 4 e 10 x 10rn plots of V.febe L.
eeparated by bare gr"""A (11.5n)
ueed for the fleld exPerlment;
Y shows the water traps, and

white arrorÍ shows the trap pLante
adJacent to the experfunental
pIo ts.
A single plot showing the central
posltfon of the plants lnfected
wlth BYI¡I\I and SCRLV.

b
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germinetlon. Prfor to planting seed wae mlxed wlth ì{odulaid

SÊoup E (@ 40 gl2Ûkg of seed - Agricultural Laboratorles,

N.S.Iü.) and Benlate (@ 24 g/20 kg of seed - methyl 1 -
(butyLcarbamoyl) benzlmldazal-2-carbamate). For the

prellmlnary trlel (wlnter-sprlng, 1979) seeds nere sovût on

20th ¡uly wfth a tractor mor¡nted eeeder (Connor-Shea Serles 2

ltnkage type drill) at 60 eeeda n"" *2. The space between

plante and rows was I0 and L8 cm. reepectively. Itre plots

were 10 x 10 m. spaced 11.5 m. apart. The 3 treatments (nWV

and SCRLV provfded wlth thelr vectors A¡craêclvora Koch.,

A.sola¡ri (lctt¡) respectively (BYl'{\l-W¡ SCRLV-Vv); BYI"IV and

SCRLV provided wfthout vectors (¡t-t'ttl-V, SCRLV-V); no vtrus or

vector provided (Anor-c, ScRLV-c)) and 3 repllcates were

arranged 1n a latln squate deslgn.

Becauee the trlal fn 1979 had problems sith need

control and lrregular apacfng, the 1980 trial waa nodlfled.

Seed ¡oae hand-eorm G 3 seeda per hfll ln rows 50 cm. apart,

and wlthln row spacing wae 50 cm. (rtg. 4b). SowÍng date was

28 May 1980. The lay-out of thê e:çperimental plots ts ehown

ln Flg. 4a. At the centre of the plot 16 Eeeds were planted

ln a square 30 x 30 cm. to be fnoculated with both Bnfir and

SCRLV (rig. 4b). ThÍnning or flLllng of empty speces was not

done ln either trLal, No fertilÍzer was applÍed to the plante.

In the 1979 tríal weeds were removed manually, but 1n the 1980

trtal they were controlled by manual cultlvation and by

epraylng wlth rrRound uptr (a.1. Glyphosate 360 g/L-Monsanto) G

540 a.1, g/ha. Spray waa applled using a plant guard (rtg. 5)



Fig. 5 a - The sprey-guard used to protect
V.faba L. durlng herblcide

aãFËtfon shown attached to the
knapsack spray.

b - Inslde vlew of plant spray guard;
arrow shovrs positlon of sPraY
¡ozzle.
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whlch had been fixed to the nozzLe of the Bprâyer. Durlng the

letÈer part of the growlrig season (October - November) plants

were watered by furrow irrlgatlon. Sprinkler írrfgation lraa

not uged so ae to avoid the poaelbfllty of ¡rashing aphids from

planta.

3.2.2 EEtabllsltnent of T.eubterraneum L. in the fleld

T eubterraner¡m L, cv. Mt.Bårker eeeds rùere planted

on 21 January 1980 by hand @ 2 seeds per hfll at Alverstoke

Orchard, llaite Instltute. Four plots each 6 x 6m equare lrere

eorùn wlth a space of I m betlueen plots. The space betvrcen

planta and rowe was 50 cm. Each plot consieted of 13 roerrs¡

No fertillzer was added to the plants during the e:gerlment

and weeds were rerrrtved manually. The plants rúere watered by

furrow trrigation when necessary. Ttre layout of the tríal

is shown in Flg. 6.

3.2.3 Inoculatlon of V.faba-L.with BllfV a¡rd SCRLV a¡rd

establiElTnent of vectors

In the trêatrnents where the vlrue and vector

were provided (Vv) as !,te11 as those where only the vlrus was

provfded (V) g of the 16 lnfector plants at the centre of the

pLot were lnoculated mechanieally vrlth BYI'{V-S (eee section
2.1.1). Inoculatlons were done on 11 Auguet 1979 and 26 June

1980, when plants were at the two-leaf atege.

V.faba Lr cv. Aquadulce and T.eubterraneun Lo cvo

Mt.Barker plants showing BYIÍV-S and SCRLV symptoms :

reepectfvely 1n the glasehouse were ueed to raise vlrullferoue

A.craccLvora Koch and A.solant (kttb.) coloniee reepectLvely.

Ap teree of each of A.cracclvora Koch. and A.solanl (kLtb.)



Fig. 6 Plot arra¡rgement of, 1980 trlal showlng
L. plerrtlng wlth6 x 6m f.subteÍraîeüq

1tt¡6¡-p1ot epaelng of

T.gubtcrrengrm L.
at the ccntre (whf

1m. Plota-
SCRLV lnfceted A.eolanf (rltb. ) lnfeeted

aced Ln a pot
Plot b

BYI{V lnfected. A¡Gtacclvora Koch.
fnfeated T.subterrat¡ettrl L, plants placed
ln a pot ã-_efiñã"J-Eilwf¡lte arro¡r).
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were collected from Èhese colonles and placed ln vÍals

contalníng fnfected etems Just before they vere taken to the

fleld. In treatment V, 8/16 at the central plants whlch were

not lnoculeted wtth BT'l'f\t-S sere lnoculated wfth SCB,LV by

cagfng i0 vlrullferous A.eotani (t<tt¡.) per plant wlth leaf

cages. In treatment Vv, l-00 virullferoue apterae of

A.craccivora Koch and A.solani (kltb.) were placed on all 16

central Bource plants and covered with mesh cages to protect

them from natural enemÍee ee well as to allow aphlds to

acclimatize to the field condítf.one. The cages measured

45 x 45 x 65 cm. hlgh. The eldeg and the roof rrcre of fíne

terylene net end the bottom wês openr The cagee were held

donn to the ground by elastic etrape between tluo pegs in the

ground, Cagee were rènoved one ¡oeek after the lntroduction

of aphlde to the central lnfector plantse

In treatment V, leal cagea were removed after

one ¡¡eek and sprayed wlth Pytethrum (Active constftuent 4 g/1

PyrerhrÍne and L6 el]- Plperonyl Butoxide) in l-979 wintef-sprfng

trfal or wlth Metasystox (Demeton-S-Methyl) tn the 1980 trial.

Observatlons were made subsequently to engure that the aphÍde

failed to colonize theee plants.

On the day the vlrullferoue aphlds !ùere

lntroduced on the central lnfector plants, some of the f.nfector

plante were mechanlcally inoculated wfth BYMV-S.

3.2.4 Eetablt'Èhment of viruliferoue Byl,fi/ and SCRLV aphlds in

the T.subterraner¡m L. plota

A nr¡mber of mature po tted T.gubterraneum L. cv.
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Of the four plots, 2 dlagonal

the centre received a pot each conÈaLnlng

lnfeeted wlth A.craccfvora Koch. Slmllarl

Mt.Barker plants whlch rcere showíng symptoms of BYI{\I and SCRLV

were used to raise viruliferoug A.craccivora Koch. a¡rd

A.$olanl (kltb.) respeetlveLy. I\rc days before the infested

plants were put ln the field (3 rebruary L980) aphids on the

plants were thl.nned by removlng alates and alatiform nyrnphs of

A.cracclvora Koch. eo that the fnfested dfeeased plants (BYMV)

had mostly apterous aphlds. No alate forms were obeerved on

A.solanf (kltb.) lnfested scRl,v infected p1ant,e.

ly opposite plots, at

BY-l"fV lnfected plants
-ìl'e
y/other two plots

recefved SCRlV-infected plants lnfested with A.solanf (kltb.).

The pots were sunk 1n the soll go that the rlm of the pots were

at eoll level (ftg. 6113). All the plote received either a

BYì,IV lnfected, Arcraccivora Koch. infeeted pot or a SCRLV

infected, A.solanf (kltb.) lnfested pot. The plote contalnfng

B]lMl/ lnfected plante (flg.6 b) were the control plots for spread

of SCT.LV wlthout a central vl.rus sollrcê¡ Conversely the SCRLV

lnfected plots (f1g. 6a) ¡nre the control plots for BYIÍV spread

wfthout a source.

3.2.5 Survey procedure

In the 1979 trlal, plants were tagged at radial

lntervals of I n up to 5 m from t}re centre of the plot. Eos-À5

plante were tagged at random (10 plants per 90o eector) by

choosing the numbere from a teble of ra¡rdom nr:mbers. These

tagged plants were lnspected one ¡rpnth after the lnoculatlon and

then at fortnfghtly lntervals for symptoms of SCRLV and BlßlV.
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In the BurÍnêr-âütumn of 1980 trial tüith T.subterraner¡n L.

and rhe ¡vf.nrer-spring 1980 rrial wlth !=¡þþ L. the survey

procedures !üere ¡rpdifled by lnapectfng every plant in the plots so

that the posltion of plants ehowlng symptoms could be mapped. Even

though there were two to three plante per h111, 1t was assuned

that these together acted a6 one test site for infectLon. 1o

mfnímlze the probabillty of overlooklng plants ¡rttå m1ld eymptoms,

and to avoid vtewlng the hfghly reflectfve surface of the plent

leavee durlng the surveying perlod as ÌIampton (1967) suggested,

the observatlons rvere done wlth the observer standing above the

shaded plant.

The percentage of infectlon at different dlstances from

the fnoculated point aource were determined frorn the map (I'1g. 7

and 8) by counttng the total number of plants and diaeased plants

at speeiflc dlstances.

100 x

Percentage of lnfectlon =

Nr¡mber of dieeased plants et e clven radlus or a siven rorl
Total number of plants avaflable at that radius or that row

Results arê expressed by radil and rows for 1979, 1980 triaLs

respectively.

3.2.6 Indexing of lnfected plants from the field

To check the field identifíeatf.on of vÍrus on the basis

of s¡rmptome at each survey time 2-3 cuttfnge from lnfected plants

(V.faba L.) in each of the 9 plots were collected, placed 1n

polythene bage, ch1lled on ice and brought back to the glasshouse

for indexing.

Stnce SCRLV symptoms produced in V.faba L. reeemble
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those lnduced by bean leaf ro11 vlrue (sIßV) a¡rd eubterrår¡eÉrr

clover stunt virus (scsv) (Johnstone, 1978), lt was necessary to

conffnn the preeence of SCRLV in dleeaeed plante ln the

experimental plots. MoÞêreicae (sulz.) (wtlson , J-968) and

A.craccivora K6ch. (Grytls a¡rd Butler, 1956) are reported to.be

the efflcLent vectors of BLRV and SCSV reepectl.velyo Íherefore,
to index the dfoeaeed plants theee two aphid epecies were aleo

uBed. Mrpersicae (Sulz.) and A.cracclvora Koch. do not transmit

SCRLV 1n Austrella (reltock, 1971; Johnetone, 1978).

Cuttings which sho!úed yellow cuppfng w,ere indexed by

allowlng groups of 40 indtviduale fron virus-free colonfes of

each epecr"" (ê,g!3g! (kltb.), 8,¡gþ39 (sulz.) and

À.craccivora Koch.) an acqulsitlon feed of 3 days then a 3-day

lnoculation feed on the fndicator plant T.gubterraneum L. cvo

Ët. Barker. Cuttínge whlch showed moeaic sJtmptomc 1n the field

vrere indexed by mechanlcal lnoculatlon on V.fabg L¡ cv¡ Aquadulce

C.amerantlcolor C,oste and Reyne and P.vulgaris Lo cvo

llawkegbury l{onder (aee eectlons 2.1.L, 2.1.2).

T.subterreneum Lo cve l"lt.Barker plants showing red leaf

and moaaic s¡nnptoms were lndexed as descrlbed for V.faba L.

3.3 RESI,]LTS AI{D DISCUSSION

3.3.1 Conflrmetion of BT'l"ft¡ and SCRLV 1n dlseaaed V.faba Lo and

T,subterrerieun L. Plefite ín the experimentaL olote

SCRLV produces brlght to dull yellow f.nterveinal

chlorosÍg itt !þþ, L. arid lcavee upward rolled have a harsh

feel (Johnstoner 1978) (nig. 2c)- BTt{v-s produces dlstfnctlve

dark-green vein bandfng s:¡ïrptoms on V,faba L (ftg. 2b)
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(Randles É3L. 1980; Abu Samahr 1982). Both these viruses can,-

be recognised 1n sfngle and dual Ínfectlons (Fic' 2d)

respectfveLy.

In T.eubterraneum L. SCRLV induces red leaf symptoms

(rig. 3a) (xettock, L971¡ Ashby, 1976)' BY'l'fv ínfected

T.subterraneum L. plants produce rpeaic and mottling on

sytenically tnfected leaves (nandlee g!-gl.r 1980; Abu Semah,

1982) (rtg. 3b).

V. faba L. wlth yelLowing and cupping slmptoms

whlch were Índexed on Trgubterraneum L. cvr Mt.Barker were all
Aplids -hi.Lr feA -po^

poeltive for SCRLY and not for BLRV or SCSV. / T.subterraneum L.
n-

plants showlng red leaf symptoms were able to induce red leaf

symptoms on transfer to test seedlinge of T.subterraner¡n L.

CV¡ Mt.Barker. NeLther M.perelcee (Sulz.) nor A.cracclvora Koch

tranemltted red Leaf sYmPtoms to T.subterraneum L. cv¡

Ìlt.Barker from the field isolatee. Ttrerefore the symPtoms

observed fo þþ$ L. and T.subterraneum L. in experÍmental plots

were due only to SCRLV.

Íhe cuttings fron the plants þþþ L. and

T.subterramer¡m L. ehowing mosaLc symptoms ¡rhen lndexed to test

plents, showed sl¡rnptoms stmílar to the BYM/-S lsolate described

by Randles et al.r(teao)¡Abu samah (1982)' These reeults

together wlth the absence of plants showlng other symptomst

indicate that SCRLV-T and BYI'{V-S were ptobably the only viruees

causing dieease in the plot.
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3.3.2 Conffr.matfon of the presence of BYt'fV. SCRLV in

fnoculated source plants

fhe centre plants ¡rhfch were fnoculated arttflclally

(treatments Vv a¡rd V) wlth both Blll4l¡ a¡rd SCRLV et the beglnnlng

of the experlment were lndexed at tfte end of the experiment as

descrlbed fn sectl.one 2.1.I , 2.L.2. These plants rcere all

fnfected wlth BT-I{V and SCRLV.

3.3.3.1 Pattern of spread of BYMV and SGRLV Ln experimentel

Plots

Tte reeults of a prellmlnary trlal to obeerve the

pattern of epread of Bh{lt and SCRLV at Strathalbyn fn wÍnter-

spring L979 ln V.faba L. ere shovtn ln Table 1. In treatment

SCRLV-C, only SCRLV me found to spread fron the outside towards

the lnside of the plot. At a radlus of 5 m (measured from ttre

centre of the plot) more plants were lnfected, at the 3 m radius

lewerplante were lnfected with SCRLV and at, the I m radfus no

lnfectlon was observed. It was concluded that SCRLV was

epreading from a nelghbourl,ng reservolr. No BYI{V spread was

observed 1n treatnent BYMV-C (Îable 1).

In treatsent SCRLV-V, SCRLV had apparently spread

out¡vards from the central point source as weLl as lnto the crop

from outslde (fable 1). At a I m radlus from the centre more of

the plants were lnfected, then a reductfon to the 4 m radlus arid

then an increase at the 5 m radiue. A posslble explanation for

thts, some of the apteroue @!3g1 (kltb.) lntroduced to infect

the plante et the centre r m&I have sur'\tlved the contact

insecticlde epray (Pyrethrunr) and theee may have colonlzed the



"gTable l: Meam percentage¡plants lnfected wlth BYIÍV and SCRLV at known radll froro the ceritre of the
pLot at the lait 4 eurrey tiæs, 1979.

lre¿t¡æn.t- Diatsrice, Pelcerit Lnfectfon
(n) BYMv scnlv

- 5n0 18ÆO 21L1" TT ltt sllo 18/ro zltl tT lLL

a

a

4
0
0
0
0

0
0
0
0
0

0
0
0
0
0

1
2
3
4
5

I
2
3
4
5

1
2
3
4
5

v

I 6.66
1.66
0.83

0
0

6.66
1.66

8.33
4.16
2.5
1.66
0.83

4.16
0.83

0
0.83
0.83

9.33
5.83
2.5
1.66
0.83

5.0
2.5
2.5
L.66
2.5

9.33
5.83
4.L6
2.5
0. B3

5.0
2.5
2.5
I.66
2.5

2.5
5..0

6.66
1.66
0.93

0
0

1.66
0
0
0
0

0
0
0
0
0

0
0.83

0
0
0

V\rk

c

Note:-

V\r,t =

0.93
0
0

.83

83 1.66
0
0
0
0

1,66
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
.830

0
0
0
0
0

0
0
0
0
0

00
00
0 0.83
0 1.66
0.,93. 5.0

In firet t\É surveys (8/9 a¡d ZllÐf;observed no plants infected either wtth BYI'IV or SCRLV.

(,o

Vfrus + vector¡ V = Virus only ¡ C = No vfrue or vectotr.



Flg. 7 The dletrlbutlon of BTM/ lnfected
V.fabq L. plante at five survèy tlmes
ãñffi a polnt aource ( @ .) at the
centre wtrere BYMII and A.craccfvoea Koch-
nere ¡rtf.ff cf ally provÏä6ã-(Effiv)
end Ln ttre control plots (gfîfit-c).
Flrst dete 1e showri at the 9 week Burvey
( C ) and then at 2 weekly lntervale
1n the derlec Q, O , O .
Row epacing was 0.55m. Layout eho¡v¡r ag
ln the fteld, except th¡t between plot
epacfng wag llm. Posftlon of the
mLeefng or deed plante are shown by I .
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vl.rua aourcc plents end c¡ueed vfrug spreed from inefdc

towrrds thc outsfde of the plot. In trertmcnt BYIIV-Vr BYI'IV

epread wes only obgcrved uP to the I m r¡dlus from the

ecntrrl polnt eollECG¡ Prcsunrbly BTIÍ\/ sprced nould hrve

erÍecn from nonvfrulffcroua mlgretlng elrtc' ephids

ecqulrlng th¿ vlrua from the cantrrl polnt aourse ln thc

t BYMV-V rnd contrfbutfng to thc sPreld of

vfrug.

In trcrtments BTl,f\r-Vv r¡rd SCRLV-Vv e hlgh percenttge$

tnfcctlon of both BYìfl/ rnd SCRLV wer¿ obscrvcd cloee to the

centrrl aourcc wtth a grrdurl rcduction towlrds the outside

of thc plote (teblc 1). For both vfruaes the percentege

fnfection tt è¡ch I m rrdtue wes hlghcr thrn trertænte BYI'íV-V'

SCRLV-V, BYIIV-C ¡nd SCRLV-Cr suggeatlng thet vlrullferoue

vêctore elreedy prceent ¡t the centre of the plots werc

reeponeible for the sprerd of both vLruaes from lnslde toìude

the outef.de of the ploter

From the ebove experlment lt was concluded that both

vfruses spread, when vectors were not ¡rtiflcl¡lly lntroduced.

Eowever, in treetment SCRLV-V, SCRLV epreed hed occurred even

though conttct lnsectlcide had been eprayed to kfll the aphfde

at the point Bou¡'cêr It oeeme lfkely thet the tneeeticlde did

not kfll all the aphlda trtlficlally lntroduced et the centre

to Lnfect the plants' fherefore, reeulte fn treatment

SCRLV-V may be f.n doubt.



Ffg. I The dletrlbutfon of SCRLV lnfected V.faba L.
plants at ffve surveys around a pori-
oource ( € ) at the centre rchere SCRLV

end A.eolanl (xltb.) were artLficlally
pronlGffiRlv-vv), where scRÏ,v only wae
provided (SCruV-V) and in the control
plotB (SCnlv-c). Flrst data le shoÌrn at
the 7 week eurvey ( O ) and then at
2 weekly lntervals in the series
Cr O r O r O . Row sPaclng vtes 0.55m.

Layout shown ag fn the ffeld, except Èhat
between plot spacing wae llm. Position of
the mûsslng or dead plants are shown by I .
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3.3.3.2 .

1n wlnter-gprlng 1980

the effects of lntroducf.ng BIMV and SGRLV with

(Vv) or without (V) aphfd vectota, fnto the experlmental plote

ere ehorwr 1n Ffg. 9.

The lncfdenee of B[IrfV ln BII{\|-C treatment and SCRLV

tn SCRLV-C treatrnent ehowed a gradlent extendfng lnwarde from

the outefde rows (ftg.9). Thls lndlcated that an outeide

source, poaeibly the adJacent plotsr w€re contrfbutlng to a low

lncldence of both vlruees ln the outêr rowa of each plot. In

treatnênte BYI{V-Cr SCRLV-C the ffnal overall mea¡r fncldence for

BYIÍV and SCRLV were 4.3% and 3.9% respectLvely (fable 2).

In the treatnênta whereBTMV and SCRLV were provided

artiflcl¡lly wlth vectors (¡Ylttl-Vvr SCRLV-Vv) or wlthout the

vectore (¡n¡¡-V¡ SCRLV-V) fOO percent infectlon wag observed at

the centre (e.g. all l-6 Plântg at thê centre of the plots were

lnfected wtth BYl,lV and SCRLV). At the early 6tege6r Percent'

lnfectlon of BTI'fi/ and SCRLV in treetments BIIM/-Vv' EY['ÍV-V and

SCRLV-Vv ¡rere low cloee to the fnfector sor¡rcer but vrlth tlme

the number of plants fnfected close to the fnfector source

lncreaeed (fig. 9). Thta fndlcates that vlrua was epreading

from the central aource plante.

In treetmènt SCRLV-V, no plants were lnfected cloee

to the infector aource, hovever there wea t gradfent from the

outelde. This euggests that tntroductton of e vlrus source

alone had no effect on the spread of SCRLV and the apread

obgervcd from outslde w¡e comlng from outelde eourcea, poeslbly



Table 2. Final lncidence of BYI{V and SCRLV in f.Faba L. ln the 1980 trtal

Treatment Nrmrber of plants infected to nrmtber
of healttry plents 1n 3 rePlicates

(n)
S.E.
(+)

BmlV SRLV B]îIV SCRLV BYtr{l¡ SCRLV

Percent
lnfectlon
(nean)

S.D.

Ri R2 R3 Rl R2 R3

B$,nr

771422

24/,34e

23 I 425

t41430

80/436

L51370

53 1406

el4t6

L61428

SCRLV

47 1422

LOl349

r81425

47 1430

r01436

L4l37O

12.74

]-4.57

4.32

11.70

2.43

3.91

8.25

6.66

0.98

1.17

0.37

o.27

4.77

3.95

0.56

0.67

0.21

0.15

Vv* 681406

7714L6

L51428

*Vv=Virus+vector
V = Virue only
C = Control

v

c

1¡,(,



Flg. 9 Sþread of BTM\/ and SCRLV ln t¡eatmente
Vv (virus + vector); V (vLrus alone)¡
and C (no vfrua, no vector). Results
¡rê expregsed as the mean Íncidence
(s.E +) of dlsease (for 3 repllcatee)
ln roõe fron the cent¡al aourse plante
and plotted wfth Lncreaelng tlme after
lnoculation of source plante at the
centre of the exPerimental Plots.
First data ls ehown at the 7 week aurvey
( a ) and then at 2 weEkLY lntervals
intheserfee CrOrOrO.
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from the adJacent plot's (tr'lg. 9). Further, there rres a close

slmllarlty between treâtments scRLV-v and scRLV-c becauee

overell mean fncldence at croP maturity was 2.57" and 3.9%

respectlvely (rable 2).

In treatment BþÍV-V¡ the lntroduction of a virus

Eource alone led to rapld spread of BYI'ÍV ¡rhlch wes not eeen Ln

treatment SCRLV-V. This gradlent wae extendlng outwards from

the central lnfector source plants. Analysle of the aphtd

trapping records durlng winter-spring 1980 trial period (ftg.16)-.-

revealed that there rìtae atate aphld actlvity especially of

M.perslcae (Sutz. ) , E€gP@ (Thomas)' @
(Kennedy 99é. , Lg62) and A@i (tttU.) (Johnstone, 1980) the

vêctorê of BTìl\1, ln the experlmental plot â!B8o A posslble

exptanation of BlllfV apread 1n tleaünent BYt'fV-V may be that some

of the nonvlrullferous aphlde could have acquired the virus from

the central infected plants end contrlbuted to the further spread

from the cêntte towards the outelde plot. At the time of crop

maturfty the overall mean incldence of BY-}ÍV f.n treatment Blll{\¡-V

waE 14.6 (Table 2) and it may be estlmated that 10.37" (SYÏV

lncldence at crop maturlty ln treatment BTMV-V 14.6'[ - BYt"fl/

lncldence at crop maturity in treetment BYl"lV-C 4.3'L = 10.37.) was

due to the BYMV aource provfded at the centre.

In treatrnents BYI'ÍV-Vv and SCRLV-Vvr a gradlent

extended outwarde fron the centrar lnfector plants (rig'9)'

Further the gradlent extendlng inwards from the outside rowg

probably also existed in treegnents BYMV-Vv and SCRLV-Vv but 1t

was partly overshadowed by the gradient from the central



Fig. 1-0 Mean fortníghtly percentage rate of
lncrease ln lncLdence of Bþf\I and
SCRLV ln treaünents Vv ( O );
v ( O )¡ and C ( o ) for the
trfal shown ín Fig. 9.
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lnfecÈor plante ln these plots. For example, the lncfdence of

BYI'fVr ScRtV ln treatmente Bhl\f-Vv and SCRLV-Vv were 12.87" onå

LL.7'/. respectively, at the crop maturfty (teble 2). only 8.57"

BYM\I and 7.87. SCPJ,V apread was thus contrlbuted from the central-

lnfector plants.

3.3.3.3 Rate of spread of BYI4V and SCRLV ln V.faba L. Þlots

The rate of spread was calculated from the following

formula.

Rate of epread (%) = 
x2 - xl 

x 100
t-xl

where n ls the total number of plants ln the plotst

X, ls the nr:mber of plants lnfected at the prevLous

interval, and X, fs the number of plants lnfected in

the current Ínterval.

Flg. 10 shows the relatlonship between tlme end rate of

virus spread for each tteeünent ln the experfinental P1ot8. In

treeünente BYI'fV-C and SCRLV-Cr BT'l"f\r and SCRLV ehowed peak rates

of spread at dlf ferent tfmee r md these aleo dif fered from

treatmenta BfrlV-Vvr SCRLV-Vv, BYtfV-V and SCRLV-V where both

vlruges shomd peak rates of spread at the same time.

The peaks fn rate of spreed coincÍded with periods of

vector actlvfty a¡rd the times of spread estimeted by the use of

trap plants (¡'lg. 15).

3.3.3.4 Statistlcal analvsls

obserr¡ed gradlenta were fftted to a binomial model using

a logit transformetlon (nelder and tr{edderburn, L972). For ttre

1979 trtal, for trèêtment BYI{V-Vv the regression wae negative and



Table 3. Regressions for gradients of BhlV and SCRLV incidence at ÍndÍcated survey tÍme in treatments
Bhftl-Vvr -Vr -C; SCRLV-VV' -V and -C.

Year Nr¡nber of Regressione IÞviance d.f F

Surveye

1979 trial B*(4)r"k
&

B (5)
s (4)

s (s)

\*, = - 0.93-1.48d

\.'
\.,,
tc

\*'
\
tc

=-
=-
=-
=-
=-
=-

1.0 -0.5d
L.73-0.23ð
7.85+1.23d

0.50-0.54d

1.73-0.23d

7.33+1.14d

20.29 13 N.S. Fr .,. = 15.33 1p6.01)
^,LJ

1.85 9 N.s . FZrg -- 52.7I (p<.001)

2.519 9N.s. FZrg =44.12 (p<.001)

L6.26 21 N.S. E4rZL = 11.3 (p < .001)

18.66 21 N.S. F = 15.21(p ç.001)4rzL

1980 trial B (3) \.,
\
tc

B (4) \.,
\
tc

= 0.76-1.13d+0.07ds

= 1.98-1.83d+0.I3d2

= -8.18+0.98d-0.05d2

= O.lJ-Q.83d+0.05d2

= 2.ll-!.18d+0.07d2

= 5.5t*0.42d-O.OLdz

(¡)
o\
Þ

(contd., )



Contlnuatlon of teble 3.

Year Nr¡mber of
9uÎvey3

s (4)

s (5)

1980 trial B (5)** \.,

s (3)

\
tc

\o
\
tc

\.'t

\
tc

\''t

\
tc

Devia¡rce d.f . F

15.08 21 N.S. r 4rZ! -- ?L.L? (p< .001)

Iú.57 21 N.S . F2rZ6 = L8.47 (pç.001)

14.73 24 N.S. FZrZ4 = 63.85 (p < .001)

9.43 24-.N¡S. EZrZ4=138.98 (p<.001)

Regresslons

= 1.14-0.91d+0.06d

= 2.43-L.24d+0.08d

2

2

-6.05+0.68d-0.
-O.65-O.47d

-3.39c.0.47d

-3.1_5-0.47d
0.19-0.39d

-7.6tl¿,O.43d

-6.77+0.34d
0.27-0.38d

-6.50+0.36d

-5.3t++0.zld

04d2

B* = BYl.fi/! S= SCRLV

Vv =virus + vector; V =virug only; G =no virue &vector provided (control)

x* llwrbers 1n parenthesee lndlcate nunber of eurveys.

(,
o\
d
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no valueg were obteined for treatments BYl.fI/-V and BY-MV-C. For

treatmente SCRLV-Vv and SCRLV-V, gradlents were---negative and,

for treatment SCRLV-C, the gradient was positlve (table 3.).

The results sho!æd for the 1980 trial (taUte 3) that thè flnal

patterns of BYI'ÍV fncLdence ln all treetments fftted quadratic

regressíons of elther positive (SYïV-CD or negatfve gradient

(sYM/-vv and Bh4tI-V). Ihe SCRLV patterDs all fitted geparate

llnear regresslons, where SCRLV-V and SCRLV-C were positivet

sCitl,;V-Vv rüas e negatlve gradient.

From the regresslon it 16 clear that treatments

BYIfV-Vvr BY-l"fV-V and SCRLV-Vv dfffer from the treaünentE

BltlV-C, SCRLV-V and SCRLV-C.

Flgs,7,8ehows the posftlons of BY'l{\¡ and SCR.LV 1n

experimental plots. Prlncipal conponênts analysls showed

(ta¡le 4) that vfrus spread was nondirectional, except for

Blll{\I-Vv where spread wae predominantly in an east-west

dlrectlon. Prevailing wlnds lterè from the north-lùest to wect

during the cropping seagon.

Madden et 41. (1982) reported that the ordinary

runs te6t r"" *o"alf"ble for thê determlnatlon of random or

nonrandom distribution of virue infected plants. Therefore

ordLnary run anal-ysis was carrled out (uadden et al.r 1982)

for the treatments BY-Mlt-vvr .vr -c; scRlV-vvr -v, md -cr the

results showed (fable 5) ttrat except for SCRLV-V' and SCRLV-Cr

åi+.¡o-\.o-
the/ScRLV and BY-l"fV wee nonrandom.

If dlseased plants are dístrlbuted nonra¡rdomly the

pathogen ís aesuúned to be spreadlng from p!-ant to plant ttlthin



Table 4. Spread of BYÌ,fi/ and SCRLV in V.!eþ L. in 1980 trial

Treatment Nunber of infected
Plante +t-*

Bn{\t SCRLV

Latent root

SCRLV

x7 ¿

Vv

v I82

53

Vvw =virue +vector¡ V =vlrue only; C =novirus &vectoï provlded (control)

* The X2 value is e te6t of equality of the latent roots, w?rÍch is, 1n effectr a teat of equallty of
the lengths of the princlpai conponents. (Prlnclpal components identlfLes any dlrection in the

spread of the obsen¡atlon).

**A1l infected plants r¡ere included regardlees of tlme of infectlon.

148

29

49

160

c

BYI,ÍI¡

5440.6L

2938.88

444r.63

4328.57

2776.56

L854.46

3740.37

2425.46

L522.47

1165.12

2679.59

L876.62

BY'l.l\t

L4.75
(s)

0.03

(t¡.s )

2.06
(r¡.s )

SCRLV

2.43
(n.s )

0.48
(t¡.s )

1.48
(ru.s )

(,o
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Table 5. Ttre dlstribution pettern of BYM\I a¡¡d SCRLV in V.faba L. in 1980

lreaünent

BYIfV+vector
(w)

SCRLV +
vector
(w)

Repll.cate lotal Expected
nrmrber of nunber of
dlseaeed runs
plante

r19.78

130.70

29.98

55 97.28

96.55

Direction

SE - NTI

SW-NE
E-W

SE-NW
Sl{ - NE
E-W

SEåNW
SI,I - NE

E-W

SE - N}T

SW-NE
E-til

SE-NW
SI"I - NE
E-I.T

- 3.928
- 6.526
- 4.253

- 4.773
- I.827
- 4.773

- L.704
- 0.828
- 0.390

- 0.752
- 5.685
- Q.752

- 7.165
- 6.672
- 6.672

S.D.for Test
nunber of statÍgtic
run ttzn

lype of
spread*

Overall
spread

Rl

R2

R3

Rl

R2

R3

70

79

15

4B

48

5.59

6.16

1.36

4.57

4 .05

N

N

R
N
R

N
N

N

N
N
N

N
R

R

R
N
R

N
N
N

302
806
342

-1.
-3.
-1.

SE

SW

E

NI{
NE
w

(Ð
\o
Þ

86.55 4.05

Contd..



Contlnuation of Table 5.

Treatnent

BYì{V onlY
(v)

SCRLV only
(v)

Replicate Total
nr:mber of
diseaeed
Plants

78

25

82

10

1l_

11

R1

R2

R^
5

RI

kz

R3

Expected
nr:mber
of runs

L?g.4L

48.17

134.51

20.55

22.45

22.45

Dlrectlon

SE - NI{
SIù - NE
E-W

SE - NT,T

SW-NE
E-W

SE.NW
SI"I . NE
E-T{

SE - Nl,f
SW-NE
E -ïf

SE - N!ü

s¡t - NE
E-W

SE-NW
SI^T . NE

E-W

S.D. for
nr:mber
of rr¡n

6.10

2.22

6.34

0.91

1.00

1.00

Test
statlstlc
$ztt

.577

.28L

.265

.895

.097

.996

- 2.524
- 1.893
- 3.155

1.050
1.050
1.050

1.050
1.050
1.050

- 0.953
1.050

- 0.953

lype of
epread*

Overall
epread

-â
-¿
-3

N

R

N

N
N

N
N

N

N
N
N

R
R

R

R
R
R

R
R
R

-3
-2
-2

(,
\oú

Contd..



Contfnuation of Table 5

Treaürcnt RePlicate lotal
number of
diseased
plants

BYIfl/
control
(c)

23

R
2

15

SCRLV
control
(c)

19

Expected
nr.mber
of rr:ns

44.60

29.98

29.98

37.36

I6 31.84

29.11

-2
-0
-1

R1

Dlrection

SE - Nïl
S!ü - I{E
E-!{

SE - N},7

SW-NE
E-I{

SE - Nlr
SI{ - NE
E-I{

SE-NW
SII - NE

E-I{

SE.NW
ST,I - NE

E-W

SE-NW
si{ - NE

E-I.I

S.D. for
number
of rr¡n

2.O5

1.36

1.36

1.7L

1.45

1.27

lest
statlstic

nz,t

.483

.536

.509

- 0.353
- 0.353
- 0.353

- 1.090
- 2.563
- 4.037

.095

.095

.482

Type of
spread*

Overall
spread

N

R

N
R
R

R
R
R

R
N
N

R
R
R

R
R
R

R
R
R

15

R3

Rl

R2

R3

250
090
080

1.
-L.

0.

.234

.Ll+9

.r49

-0
I
L

I
1

-0
t4

*IÞs or o p ts a

lrThe asymptotlc sarPling dÍetri butlon of Z le the stendard notlral dlstrlbution. Z wiLL be a large t,
\o
l)negatlve nrmtber tf there 1e clusterfng, so test for nan-randonness le one-sided.
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the field. Conversely, random pat,terns of spread of lnfected

plant,s suggest that pathogens are not spreading from plant to

planÈ and that the pathogen source üre6 outside (nf f f g93I.,

1980¡ Madden et å1., 1982).

Appllcation of the test of Madden 9!-4. (1982)

to fleld map datå provldes evÍdence for plant to plant spread

of BYIÍV and SCRLV in treaûnents BYI'fV-Vvr BYÌ"fV-V and SCRLV-Vv

by vectors from a prlmary inoculum source wlthin the experimental

plots.

3.3.3.5 Aphtd behaviour deduced from the Pattern of spread

The clumping of diseased plants has been determíned

for eech survey by examining the ch-rnp sizes fn aLl --3

repllcates for each treatnenÈ separately usíng the data 1n

díagrams(E".igp,.?,8 ), Two adjacent planÈs showing dtseased symptoms

have been counted as clumps of t¡vo, whereas ísolated diseased

plants are recor<led as clumps of one.

The results of the clurnping study are shown in

Table 6. In treatments BYMV-Vv and BÌì{V-V, BI|MV infected plants

occurred both singly and in clumps at each tíme when actlve

spread was observed (table 6). Thls pattern of clumping ín

treatment BYl"fV-V appeared to be independent of the artfflcÍal

introductlon of vectors (treaunent BYMV-Vv). The probable

explanation for this, ls that alate migrant vectors entered the

crop from ouÈside, acquÍred 811{V from sources withln the crop

and transrnítted 1t 1n t ¡6¡-petsÍstent mânner to adjacent or

more dlstant new hosts. Thls sort of aphld behavlour has been

reported by Kennedy et al. (1959); Van lloof (1979); and

HarrervlJ n g!-4. ( 1981 ).



Table 6:

*Vv

Date

2818
10/e
23le
e lro
22lto

Frequency distrlbutlon of the slze of cluupa of adJacent infected planta tebuleted according
to ertnei the date when clunps $e¡e fi¡Et òbserved, (prinary ch.rnps), or independently of
the time of fo¡cmation (ftnal).

1

0
I

26
tú
t7

38

0
8

18
37
14

23

v

BYlflf

Slze of Clutry

23456

2006

SCRLV

Síze of Clt^mP

23456 7+

27 100000

7+ I

0
2
7
I
4

3000000
2000000

18511000
43 11 I 2 L 0 1

13300000
35 9 10 2 2 0 3

00000
10000
200I0
20000
00000

42316
0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

lFlna!
2818
10/e
23le
e /10
22lLO

Final

11

0
0
5

tl
3

15

0
0
0
0
0

2

0
2
2
2
0

0
0
0
2
0

0
0
0
I
0

0
0
0
2
0

0
0
0
I
0

0
0
3

L3
11

0
0
0
0
0

0
0
0
0
0

contd..

Þts
Þ



Continuatlon of lable 6.

Dete

Bn{V

Slze of Gltmp

2345

SCRLV

Slze of C1t4

1234s6

c

2818
Lolg
23le
9/10
22lLO

I
0
4

L2
L7

9

0
0
4
I
0

0
0
1
0
0

0
0
o
0
3

7+

0
0
0
0
0

0
0
0
0
0

6

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
t
3

L7
19

0
0
0
0
0

0
0
0
0
0

7

0
0
0
0
0

o
0
0
0
0

Flnal

* Vv = virug + vector

V = virus only

c = no vfrusr n9 vector

1 Chnp eize diatrlbutf.on et croP maturf.ty

L4413200 33410000

rHú



Ffg. 11 Frequency dletrlbutlon of the size
of cknrpe of Ínfected Plants with
BYlr\¡ (lef t), scRLV (right) in
treatmentsw(l); V ( E)
and c ( fl ) åt crop maturity. Data
obtalned from distributlon shown tn
Figs. 7 and 8.
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In treatment BYIIV-C the nr¡mber of clunpa !üaB less.

Thts ls probably due to the abeence of 1nltlal vlrus source

plante and to the requhement for alateB to cerry virus from

an adJacent plot wLth source plants.

An examlnatlon of the clnrnpfng of dLeeased plants at

the end of the trial (ffg. 11) ehowed for treatments BYMV-Vv'

-Vr and BTÞfV-Cr elmllar frequency dfatrlbutlone of chmp alze.

The ftnal frequency dlstrlbutlon of clumps of BYì{\¡ lnfected

plants (ftg.11) ehowed larger clunpe than were obeerved et, afiy of

the survey tlmes. fhle fc probably due t'o colonlzatlon of

fnfected plentE and.sl¡bseqgsnt secorrdarly epread to adJacent

plântê by apterous or alate vectorB.

The reaults for treetnente BYMV-Vvr -V and B1!M\I-C

(fable 6) were analysed with Likellhood Ratlo Statistic {X2"*)

to further têst wtrether there ie any dlfference ln clurnps for

the final clunp slze digtrlbutlon at croP maturlty. tÎre X2"*

value glven ln Table 7 lndlcated that each treatnent hae the

sane proPortlon of fnfected plants occuffing ln cluurpe.

Slgnlflcant clurnplng of SCRLV occurred only 1n

treatment SCRLV-Vv (table 7) but not ln treatmente SCRLV-V and

SGRLV-C. This fndtcateg that early aphld colonlzatLon of the

crop we6 necessary for focl to devetop. lltren the tine of clunp

forrnation was determined by tabulatlng the frequency

dlstrfbutÍon of new clumps each fortnight (according to the time

of survey) ít was found (taUle 6) ttrat npst of the clumps were

for¡ned et the tlne of maxlmum rate of epread of SCRLV

(9 Octobcr). ltrle euggests that alate mfgrante developing on

the artlflclally colonlzed lnfected plants allghted on and
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Table 7: Comparfson betçeen clump slze dletrlbutfon at
crop maturity (t) ln dlfferent treatments in
the 1980 wlnter-sprlng trfal.

4* x2(t"t1.)Treetment Proportion of
cltlrps

Bn'Í/-Vrrf 16.43 < 18.307(x2 (10)) same proportlon
.95

-v
-Ç

SCRLV-Vv 28.264 > r2.5g2(xz(6))
.95

-v

Different
proportion

-c

BY'l"fV-Vv

SCRLV-Vv

4.55 ( 11.07 (x2 (5)) Same proportfon
.95

BYMV-V

SCRLV.V

23.56 > Dlfferent
proportion

(3))
.95

BYIIV-C 8.67 > s.ggl(Xz (2) )
.95

Different
proportfon

*Vv
v

c

= Vírus + vector

= Vlrue only

= No vLrus ot vector (control)

f see Table 6.



Flg. 12 T.subterreneum L. cv. Mt.Barker plants
ñEãããffi-scRl,v (a) and sYMv (b)
around the central point aoutce
( arrow).





44

infected one or eeveral adJacent plante before aettlfng. The

other posslble cxplanatlon for thls, slnce A.solanf (kltb.)

apterae have a hfgh degree of noblllty (lstrUy g!3!., 1982) ts

thet their free movemefit It ICg3þ Lr crops (Johnstone and Rapley,

fgSl) could h¡ve reeulted fn them infectlng many adJacent

plants before eettllng.

The smalt dlfference between the patteri at the

survey tlrne, and the flnal P¡ttern ehows that ml.nor secondary

clr:rrplng occurred and therefore that secondary spread occurred

frour theae inltlal foct, ea â rê8u1t of colonlz¡tion follorred

by ehort rerige mLgratfon.

I^Ihen the vectors wêre not lntroduced (tre¡tmente

SCRLV-V and SCRLV-C) SCRLV ehowed no clunpe letger than 3

(fabte 6). The lnfrequent clr.rrnplng 1n tre¡tmente SCRLV-V and

SCRLV-C ie consLetent wlth vfruliferous vectore entering the

plots and inoculatfng one or tno plante before either eettllng

or leavtng the pLoto The frequency dletrlbutton of clump slze

(table 6) for the t'hree treetmentg scRLV-Vvr -V and SCRLV-C

analyoed by the x2"u teet (taule 7) eholúed rhat sRLV-vv had a

dffferent frequency dietributfon compared wlth treetments

SCRLV-V and SCRLV-C. The observatfon of a hfgh Propoltlon of

clumps tn treatment SCRLV-Vv suggested thet virulfferous apteree

leavlng the fnfected central focl would have contributed to the

secondary epread of SCRLV. Analysfe of flnal frequency

dietrlbutlon of clunrpfng Uy X2f,n tests ehor,red (fable 7) ttrat

there was no difference ln the proportlon of clumping for

treaünents BYl,tlf-Vv and SCRLV-Vvr but.-there was a dlfference in

the clunrping for the other tr¡o treaünents fol both viruses'



Flg. L3A The distrfbutlon at blx survey tfmea
L.
@)
lrere
and

control plots (no vlrusr no vectol
lc, 2c). Ffret data ls Eholrn at
4 week from the day the vlrus souree
wae provlded artfficlall.y ( O) and
then at 2 weekly lntervale ln the
aerleeQ, O, O, or@.( l. )
No plants.
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3.3.4 Pattern of of BYll\l and SCRLV fn T.eubterraner¡n L.

In the Eumêr-âütr¡m 1980 trlal both vlrueee spread

fron the central lnfector soutrce to neighbouring plante

(ffg. L2). Appendlx lable L and Figs.l3A, B and J-4, ehows

the pattern of spread of both virusee ln the experf.æntal plots.

In treetment Vv, BYI'ÍV and SCR'LV shoned a gradient

extendlng from the centrc of the plot towards the outsf.de of

the plota (tr'lg. 14). In treetment BYI{V-Vv, all plants were

lnfected ln the row adJacent (lst row) to the central fnfector

plante, whereas !n the plota grlth treatment scRLV-vv the flrst

two rows adJacent to the centrel fnfector plante had 10ü/.

fnfectlon. Furthermore Ln each row the nr¡mber of plante

lnfected wtth SCRLV ln treat¡ent SCRLV-VV was higher than that

of plante lnfected with Bhlv Ln treatment BiYl'f1l-vv (Fig' 14)'

For both viruses ln control treatments (BYMv-c and

SCRLV-C) wtren virus and vector were not, lntroduced into the

ptot the observed spread was from outslde the plots towarde

the lneide. It can be eeen that both virueee epread from the

adJacent ptots (ffg.13l, n). BYl,fV spread as far as the thfrd

row fn from the outer row, f.n the control plot (nyuv-c). scRl¿v

epread to the 4th row ln from the outelde of the control plote

(sCnf,v-c) (rtg.14). FurtheüIþre in both tre¡ünents (EY¡fiI-Cr

SCRLV-C) the observed gradlents for both ByM/ and SCRLV were

only on sldee p:roximal to Vv Plots (ntg. L3 Ar B).

The final Patterns of, dletrlbutlon of BYIIV ín

treatments BYl,lV-Vv and BIfl'fV-G, fftted beet to a quadratlc

regreeelon (table 8). The gradlento were Posltfvè for



Flg. 13o The dletrlbutlomof BYt{V-fnfected
T.aubterreneum L. plante st 81x survsy
Eamãã--"nq E"e potnE sourcG . O ,
where BYM\I and A.cracslYgia \och. were
provlded at the ccntre (Ib , 2b), md
ln control plote (no virue, no vector
lc, 2c). Ffrat, date is showrl at
6 weeks ( C ) aftor the daY the vlrus
source wac provided at the experlmental
plot and then at 2 weekly fntervals fn
the eeries O, O r o, O . Plantg
elther dfed or seede not germlnated
( r ).
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X.able B: Regressions at last three survey tlmes of gradlents of BYI{V and SCRLV LncLdence 1n treatnents
BYMV-Vv, -Ci SCRLV-Vvr -C.

Survey Lime Virus Regressíon Devtance (6 df) ¡ (2r6)

4rh

5rh

6rh

4th

5rh

6th

Bl'ì{V

SCRLV

n" = -2I.3+6.5d-0.56d2

5*r= 2.61 - 2.61d+0.21d

nc 
= -18+5.8d-0.5d2

\'*' = 4.6-2.6d+O.2d2

= -20+6.6d-0.6d2

= 5.4-2.6d+0.24d

2
2.79 NS

6.10 NS

4.11 Ns

3.04 - NS

26.4L x*

34.38 **

65.46 **

190.78 ***
> r' (1,8)

38.94 ***
) r (216)

68.7 #*
) r (1r8)

tc

\.'

tc=

\.,,=
tc=

\o=
tc=

\o=

2

-12.56+1.73d
4.16-1.34d

-l-5+5.15d -O.48dz

7 .86-2.75d+0.22d

-4.75+0.7d
4.67-O.9d

6.99 ¿ x! r,rs

12.38.- x2, ns

2

Oì



Ftg. 14 Spread of BYMV (broken lfne) and SCRLV

(ãol1d lfne) ln treatmènts Vv (vlrue
+ vector) and C (no vlrus, nô vector).
Dlagonally opPoslte Plote (a, a)
reeèfved scR],v + A.solanl (rltb.) at
the centre. srtrlæ-¡.fF(E', b) plots
received BYÌÍV + Á.èracclvora Koch. at
the centre. ThuE-E_1s-the control for
a, a la the control for b. Results are
expresced for each plot ln-rolr8-from
the central aource Plante ( I )r md
plot,ted with lncreasing tlme after
providtng the lnfectcd plants et the
ã.nt"" oi ttt. experimental plots. The'
first data ls shown et the 4th weêk
(5/3/80) for sGRLV ærd at the 6th \úeek

for BII'ÍV and then at 2 weekly lntervale
tn the eerLea OrC rO, O, O, O .
Row epacfng was 0.5 m. Spaclng bet$een
plots lm.
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trettment BYì'IV-C end negetive for Bhl\l-Vv. The final petterns

of scRl,v spreâd fitted best to llnear regrêssione and the

gradlent was poeftlve for scRLV-c and negatlve for scRlv-vv.

The patterns of Bhl\I and SCRLV epread ere graphed

Ln Fig. 14. The rates of sptead of BWfi/ and SCRLV fn

treat¡nente, BYt"f\r-vv and scRLV-vv were much hlgher than in

treatments BYM¡-C and SCRLV-C at all ttmes as rrould 'be expected

beceuse of the overall hlgher fncldence of Ínfected plants in

the Vv plote. The rate of SCRLV sptead 1n treatments SCRLV-VV

and Bh,f\r-Vv waa hlgher than that of BYIIV ln SCRLV-Vv a¡rd Bh'l\r-Vv

(f1g. 15). the peak rate of apread for both vlruses occurred

at the e¡me tlme (16ttr Aprll to 30th Aprll ). The analysle

of aphld trapplng recorde at that slte (Teble 9) revealed that

flfght of vectors peaked trm to three weeks before the peak

rate of spread. trhle lnterval ls probably equfvalent to the

tlme requlred for symptoms to develop 1n plante lnoculated

wfth BYMI/ and scRLV in the fleld at that tlme of the season.

Furthetmore it was obsented that there was a drop Ln the

epreed of both vlruees t*ren nt¡nrber of aphids trapped was

falltng (table 9),

an analysls of the developnent of clunrps of adjacent

lnfected plants accordfng to time of appearance ís shown 1n

Table L0, In trertments BYI'fV-Vv a¡rd SCRLV-Vv rnre clumpe were

obeervcd conpared to BTMV-C and SGRLV-C. Peak ch:nplng

occurred at rlme of peak rete of spreed. The ch/scu"t" (x2)

valuea glven ln Table 11 indicate that for both vlruses the

clump sfze dlstrlbutlon at cToP maturlty for the tr¡o treatments

(-Vv, -C) w¡s not atgnlficantly dlfferent.



Fig, 15 Mean fortnfghtly percentage rate of
lncrease in fncidence of BYI'ÍV and
SCRLV in treatments Vv ( O ) and
c ( O ) for the trlal shown ín Ffg.14.
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Table 9: Nrunber of 4 aphid specles and other apeciee caught weekly ln a yellow weter trap adjacent
to the T.subterraneum L. trial in 1980. Collectlons were made weekly.

Date of
collection M.persicae

ze lLlso
512

t2l2
te12
2612

413
11/3
18/3
2s 13
Ll4
814

15l4
2214
2e 14
6ls

1315
20l5
27ls

316

Aphld species
M.euphorbiae A.solani A.craccivora Other specíes

0
I
0
0
0
z
7

32
32
T7
63

r_75:
I61

17
27
35

2
4
6

Total
aphid

0
2
1
I
0
5

L7
77
32
35
25
tA
81

5

5
0
0
0
0

0
0
0
0
0
0
2

10
2

16
3
5

19
I
1
0
0
0
I

35
z
4
7

0
0
0
0
0
0
7

30
20
52
68
38
29

0
I
0
0
0
0

0
0
0
0
0
0
0
4
2
3
3
5
2
0
0
0
0
0
0

0
3
I
1
0
7

33
153

88
t23
162
267
292

23
34

r
co



TabLe 10: Frequency distributlon of the slze of ch:mpe of adJacent ínfected plants
1n 1980 srlmrcr-autumri trial at Alverstoke Orchard, Waite Instltute.

T.subterraner¡n L. )

TreaurÊnt Dete
BÏI{V

Size of clump
345',6

0
0
0
0
0
0
1

SCRLV
Síze of clunp

2 3 4: 5t2 I7+

3
1
3

11
4
7
I

0
0
0
0
0
0
2

0
0
0
0
0
0
I

0
0
0
0
1
0
0

0
0
0
0
0
0
I

67+

w* 513
re 13
2l+

t6l4
3014
L4l5

1 Final

513
Le 13
2l+

L6l4
3ol+
L4l5
Final

Or* 0
0
l_

4
6
2
4

0
0
0
I
2
1
3

0
0
0
2
1
0
0

0
0
0
0
I
0
2

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
7
0
2

0
0
0
0
1
0
4

0
I
0
0
0
0
0

0
0
0
0
0
I
0

0
1
0
0
0
0
0

0
0
0
0
I
0
0

0
0
0
2
0
0
0

0
0
0
0
I
0
0

1
3
2
2
2
2
0

0
0
0
3
2
2
0

I
1
4
3
2
2
1

0
0
0
0
1
1
0

2
3

19
L2

4
10

0
0
0

10
13

3
5

c 0
0
0
4
B

3
3

0
0
0
0
0
0
0

*w
c

t

= vlrus + vector
= contlol
= Nr¡mber of clunrps fn each size class
= Clumps slze dlstributlon at crop maturity

r
\o
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Table L1: Comparison betv¡een ch:mp Elze dls
at crop (T.subterranetrn L. ) matur

trlbutlon
fty (1) tn

different treatments in eurflner-autumn at
Alveratoke orchard ln 1980.

Treatmênt Çemparlson Chl squar" (x2 ) Proportlon
of clumps

BYI{V-Vv*

BYI{V-Vv

BYMV.C

SCRLV-Vv

vs BltM\r-c

VS SCRLV-VV

vs scRLV-c

vs scRlv-c

x? us
b

x3 ns
o

xf ns

xl ns

6.25 ¿
5.35 ¿

6.69 ¿

L.9B ¿

Same

Same

Same

Same

{g Vv = Virus + vector
C = Control
t .-see table 10.
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In thfs Chapter lt has been demonstrated that 1n

both T.subterraneum L. and V.faba L. the Petterî of sPread of

BYIIV and SCRLV in treatments where vlrus and vector were

provided (gYUt¡-Vvr SCRLV-Vv) followe a slmflar trend. However,

when compared with the nr:mber of plants infected by both BYI'{V

and SCRLV at each row from the fnfector point oource for both

crops, it was observed that more plants of lgþry, L'

uere infected (Fig. L4) than v.faba L. (rts.9). This may be

due to any of the followfng. Flrstly, procurnbent habít of

growth of the T.subterraneu¡n L. would enhance the movement of

the vectors of BYM\I and SCRLV by lnterplant movement across the

leaf brtdgee, whereas thLe uould not apply to V.faba L. r¡hich

has an erect hablt of growth. Secondly, Mohamed (1979) found

that A.cracclvora Koch. dlsperoed earllest from subterraneum L.

than from V,faba L. The explanatlon he Save fo1' this was that

v.,faba L. planta provlded a larger leaf surface area for the

apterae to settle and larviposft then the same aged

T.subterraneum L.¡ thereby delayrirg the apteroue dispersal. Since

the lntroduced vector of BYì'lt/ cracclvora Koch.) has a hígh

reproductÍon rete and a very short metu3atlon tlme (Gutierrez

g!s. , Ig74) 1f they do not dlsperee early, over crolvdlng would

occur sooner on þ@ L. plants than on ll¡þþ 1' On

the other hand only llttle 1s trtnown of the behavl.our of the

polyphagoue A@! (kltt.) and whether lte apterae have a hlgh

dagree lf mobillty (Ashby g!', 1982). I^Iorklng wíth

M.persicae (sulz.) , ootake (1954), found that just before the

apteraè reach maturfty they become actlve and leave their host

(radleh) plant even at low populatlon densfty.
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For both specf.es the obeerved gradlent waa from the

outslde e:rtendlng to¡rarde the inalde (Flg. 7 and Flg. 14) in

the control plots (nnnl-C, SCRLV-C) and thts indlcated the

lmportance of effectively separatlng dieeased from healthy

plants. For example, in T.subterraneurn L. trlal, when control

plots were sepereted by one meter frorn the plots with

lntroduced vfrue and vector, virue apread was observed between

the adJacent plote.

In the V.faba L. trlal, the results lndica.te that

BYI{V epread was índependent of and SCRLV was dependent on early

eolonlzatÍon by vectors et the trlal site.

*****ìk**
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CÌIAPTER 4

APTTID ACTTVITY AND TIME OF SPREAD OF BYIÍV AI{D SCRLV

4.1 TRAPPING OF APHTDS IN TIIE EXPERIMENTAL ARBA

4.]..1,- INTRODUCÎION

Trapping 1s one of the methods of estimatlng numbers

of flyíng lnsects and ls partlcularly useful when fnsects are

col lected contlno,r¡sly.

Flylng aphlds are very lmportant as vectors of plant

viruses. ltre timing and intensity of aphid fllghts in the fíe1d

ls of conslderable interest for eplderniologieal reasons because

many species not only damage Plante through thelr feeding

activlties but are aleo responsible for transmisslon of a nrmtber

of plani vÍruseS. Relationships between trap catches of

winged aphfds and virus spread have been observed by Broadbent

(1950), Warson and Healy (1953), Holllngs (1955), and Randles and

Crowley (1970). Barley yellow dwarf vlrus (SYOV) lnfects autu¡rrr

sown cereals ín eouth weet llales and it has been suggested that

thls is as result of BYDV lnfectíve aphlds migratlng lnto the

emerglng cereal crops Ín late autqnn (AtBrook, I974i AtBrook and

Dewar, 1980). Therefore to study the spread of plant vfruees in

relation to aphld activlty, a method that allovrs the number and

species to be measured Ls eseential. In the past many types of

treps have been used to monitor aphid actlvity. The corrnonly used

traps are etícky traps (Broadbent, 1948), suctíon traps (Johnson,

1950) and yellow weter traps (Moerlcke, L951). They may be made

eelectfve by applylng colour (Broadbentr 1948; Eaetop, 1955t

Hughes .L1L. , L964', Irwinr l-980).
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All theee traps have advantages e¡rd dlsadvantagee.

Suctlon tråps are most efficfent because they are non-selectlve

in capturlng various epecLes of alatae and give preclee

meaeurements of moving populations. Itre dleadvantage is thêt

thls type of trap le costly and needs electric pover

(Gonzaleg and Rawllns, 1968). Stlcky traps collect few aphlds

but have the advantage of requiring less attention

(lteathcote, 1957; otloughlin, 1963), the number collected on

the trap Íe a functlon of wind velocity (Taylor and Palmert

197Ð. Yellow water pen traps have the adventege of eaee of

harrdllng (Zettler SL.r 1967) but there are dieadvantages

because some aphid speclee are not attracted to the yellow

colour (Eastop, 1955, 1957i Heathcote, L9573 Robertson and

Klosterrneyer, 1958; Orloughlin, 1963) and specfmens must be

recovered frequently to prevent spoílage (GonzaLes and

Rawlins, L968). tr{ater traps have been used extensívely to

trap alate aphlde (Broadbent, 1948; Eastopr 1955; Lanrb, 1958;

Hughes g!-È. , 1964¡ Bvang and Medler, 19667 Landís, L972;

Sandvol and Cunnlngham, 1975; Becon g!-9!. , 1976; Byrne and

Btshop, 1979; Híll È3L.r L980). Ttrey are simple plaetic

or metal bowls or trays filled with watet whích contain small

arnounts of detergent to trap and drown the ineects, and a.

preservatfve (Ilughes et al., L9647 Southnood, 1966). It has

been obeerved that omÍssion of the detergent results in a

reduction in the total catch (Harper and Story, L962).

In comparfng the eultabilfty of flat stlcky traPst

suctfon traps and yelloÎù e¡ater traps for quántiÈatlve studles
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releted to aphids trapped, Heathcote (1957) reported that

weter traps litere more effectlve for collectlng aphids wttlch

are attracted to yellow aurfacee than stfcky traps of the

same colour. Suction traps were the most efflcfent.

Itre efflclency of water traps in catchlng

flylng aphÍds depends upon several factors auch as height of

traps above ground (Ileathcote, 1958; Landis, L972)r tÌap

background (Moericke, 19577 Landis, 1972) and area of trap

surface (costa and Lewlsr 1968).

The maln PurPosê for setting uP water traPs in the

e:çerlrnental plot eLte was to obtafn fnformatíon on (f) ttre

fllght pattern and tfme of aphid migration ln the field¡ it'

wae thought the data obtalned from 2L2 leaîa aphid trapplng

r¡ould be ueeful for forecastlng the tlmlng of flighte of aphide

ln the field. Such data have been ueeful- in predlcting aphfd

populatlon trends¡ êrgo Byrne and Blshop (1979) found that the

nr.unber of alate Myzus perslcae (Sulz.) caught in water traps in

poteto ffelds wa6 correlated with adJacent fleld populat,ions

because the aphfde collected were rnigratlng out of the fíeld

rather than lnto the fleld; (ii) whether there 1s any

relatlonshtp between the numbers of dlfferent aphid species

(vêctor6 of BYMV and SCRLV) trapped a¡rd the tlme of spread of

BYI4V and SCRLV at thê erçerfinental site.

4.I.2 },ÍATERIAL AT{D I,IETI{ODS

I\m yellow water pan traPs almllar to those

described by Moerlcke (1951) were ueed at the experimental

slte. Each yellow p!.astlc pan (35x31x14 crn deep) waa suepended
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1n a squaee steel framed npunted on a steel fence poet. Pans

Ìrere partly fflled ¡d.th water (c. 9 cm deep) contafnlng a few

drope of detergent end formalin. One pan was placed over bare

ground to the Nr of the central plot (eee map Flg.4a) in the

experlmental site and the other wae adJacent to the trap plants

over bare ground and separated from crop plants (tr'íg. 4a). Both

were poeltloned 40 cm above the ground. fhie height was chosen

because water trape placed at 80 cm or louerr æd level l¡lth the

plant canopyr consistently catch more aphlds than those at

ground level (Heathcote, 1958). Further, Ileathcote (1958)

recornmended that water treps over bare ground ehoud be as low as

possible. The selected helght was, therefore, a cornpromise and

ft further avoided the necessfty of having to adJust the trap

height ae the plafit,s gre!Í. Collectione of alatae were made each

week from the t¡m traps separately lnto vlale contafnlng 707.

e,thyl alcohol, etored, and counted. Trape were cLeaned before

refilLing.

Trapplng began o¡ 27 July L979 and ceaeed on

December L981.

+

4.L. 3 ldentifLcatlon of vectors of BYMV and SCRLV

As reported previouely (Hughes et al., L964) alate

aphide have a characterlstic way of floatlng with wlngs spread

and legs and antennae extended and this helps to separate aphids

fron Diptera and Ïlemfptera of the 6ãne elze.

Four of the vecto¡e of BYI'fVr Myzus Perslcae (Sulz.),

lfacrosiohr¡m euohorbiee (ttromae) r@Koch.,
Aulacorthr¡n solanl (r1tb.) (t<ennedy gg-4. 1962i Johnstoner L980)
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and the vector of SCRLVT A.solani (t<ltb.) (reltock, 1-97L) were

identlfied uslng the reference collectlon of the Dept. of

Entonnlogy, Waite AgrÍcultural Research Instltute, end the

descrlptions of Cottler, (1953). IdentLficatlons were confirmed

by sending eamples to Dr.M.Carvelr CSIRO Dfvlsfon of

Entornology, Canberra. the key for the ldenttficatlon of four

aphfd speclee ls shotùn 1n Appendix 6.

4.1.4 Sub-samDl of larse aphid populatÍons

For collectlon wlth more than 1000 aphlds the

total nunber trapped and the nr¡nbere of the 4 epecies of

lnterest l,rere determined from a sub-samPle of 507" of the aphids.

Ttre procedure adapted wae similar to descrlbed by Mohamed (1980).

The aphid colLectiona wele tra¡rsferred to a 9 cm diameter petli

dish marked lnto 8 equal sectors and stf.rred with a brush to

apread thern evenly. After the aphfde settled fn the dlsh

excesg fluid wae removed with a pipette. Aphíds ln fourl-

alternate Bectors erere removed to another petrl dish for

countlng a¡rd ldentífícatlon.

4"1.5 RESIJLTS AI{D DISCUSSION.-

Nrrrnbers of four of the aphld apecles trapped each

weelc at the e:çerímental plot slte and adJaeent to the traP

plants between 27 ,JiuLy 1979 a¡rd 4 December 1981 are preeent'ed

in Appendix 7. Of the total of 22r0BI aphlde trapped (from

both trape) for this period of 29 months, 62% belonged to

these 4 species (Appendix 7).

It¡e catch for 28 day perlode of total nr:mbers and

of each of the above species fe shown ln Fig. 16. Trap



Flg. 16 Four weekly catches of alate aphids ln
trape in the experlmental plot area
( a-O ) ¡ and adjacent Èo the trap
pLante ( O---O ) compared with the nr¡nber
of trap plante infected v¡ith BYI{V or
SCRLV durfng the same perf.od. The
4 weekly catch le cornpiled from weekly
trap counte. The tlmes of plantlng
V.faba L. l1ne 3B3A ( 1 ); fnoculation of
õiñã plant ( t ) and of harvest ( | )
1n adJacent experimentel plote are
lncluded, to show the tlmes when
artiflclally inoculated sources of BYMV

and SCRLV were availabl-e in the eree.
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catches !rcre trsnaformed to loer' (I'I + 1), where N = Number of

aphida. The patterns of mlgratory actívfty of aphlds were

sinilar to sftes, but generally fer,rer were trepped adJacent to

ihå t=.p plants (rtg. 16). The higheet numbere of aphíds were

trapped durlng spring (mid-SePtember to early November for the

year 1979, mid-Auguet to early November for 1980r and mld-

September to early November for 1981). Actfvity wae also

observed betrveen February and July. the minimrmr actívlty was

ln mid-su¡rmrer (December - January) and mid-wínter (June - Jut.y).

In South Australfa peak numbers of aphids generally

occur during the eprlng and auttunn, presurnably 1n responsê to

flushee of plant growth and suitable ¡ueather condltlons

(Maelzer, L981). Trapping records for 24 years at my

experlmental slte also show that there 1s a small autr¡nn peak and

a maJor spring peek 1n close eímilarlty to Hughes et al. (1964)

trapplng recordE for the Adelaide hills, South Australia. Theee

etudlee were limfted to the known vecto¡s of BYI4V and SCRLV which

occur frequently 1n trap catchee frorn South Australia (Hughes

*-4. , Lg65¡ Kennedy g!3!. , 1962). of these spectes (rfg. Ie )

M.persfcae (sulz.) was the most numerous aphtd specLes trapped

for the 2\ y"æ perlod, followed bY M.euphorblae (Thomas)

and A.cracclvora Koch.' A.golanl (Kltb') wae trapped lnfrequently

durÍng thls perlod, Ln agteement with trapplng records for

Lg6L-62 in the Adelalde hills (Hughee g!3!. , L964i 1965). Each of

theee species showed peak of activlty at about the same tfme

(rtg.16)exceptthat@(r1tb')waetrappedrare1ylnthe

autumn (March - Uay) wtren the other specles showed a low peak of

fllght activity.
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4.2 EFFECT OF CLI}IATE ON T}IE ACTIVITY OF VECTORS OF

BY]"ÍI/ ATID SCRLV

4.2.T INIß,ODUCTION

A complex of biotic and physical factors affect

mlgraùton, and dispersal of aphlds. The nt¡rnber of migrants is

determined by the physlology of the aphíd, host plants, the

meteorólogical conditions controlllng vector populations, and

the weather during their migratLon to the crop (^ltBrookr 1-980;

Maelzerr lgSI).

Meteorological variates, partÍcularly temperature t

are known to lnfluence aphtd developrnent and mlgration

(van Emden ,g-!-1L. , L969). The optimum conditions for aphfd

development are a npderate rai-nfaIl and temperature ln the

range 18 - 23oc, Hughes 4. (]196Ð. Dean Q974) showed that

the reproduc tion of Bhooaloslphum padi L. al¡rpst ceased et 10oc

and below. Taylor (1957) rePorted that Aohis fabae (S cop. )

fltght activity might be regtrfcted at tempereturee below 15oC.

Alate forms are produced mainly fn response to

crowdlng and a deterloratlon {n food supply (Orloughlín, 1963).

These aphids fly to new feeding ârêâ5o The maln lest'rictiona on

flfght are due to low llght lntenslty, low temperature and hlgh

wlnd apeed (Taylorr 1965; Dean, 1978). Ìnlhen llght and

tempereture are sultable for fllght, a windspeed of more than

10 knots would inhlbit take off (Cochraner 1980).

I^lhen average maximrxn temperatures weÌe hfgher than 26oC

or lower than 15oc, orloughlln (1963) reported little aphid

actfvity !n Vlctoria. Furthet, he polnted out that this may be
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lndlrectly related to the seaaon and the hoet plants. Randles

and Crowley (1967) reported that reductions in flight, actívlty

of aphlds cofnclded wlth heavy rainfall in some cases, and

increased actlvfty r¡a's colncided sometlmes wlth risfng

têmperature.

Robert and Rouze-Jouan (1976) shotded during both
{ho!

slmunêr and autumn mlgrat,fone¡æak nr¡nbers of the ByDV vector

aphfds could be related rcith combinations of precedfng 10 day

totel ralnfall and accumulated day degree temperêture¡

I.Iatson 9!4. (f975) has shown that the Íneldence of sugar beet

yellowtng vlruees in late August is associated with the nr¡nber

of days wfth froet in Ja¡ruary to March, and ¡rith Aprll

temperaturee. Fewer frost daye and warmer Aprfl temperatures

resulted fn a higher lncldence of yellowe ln August due to rnore

of the vectors Aphte fabae (S coP .) and Myzug persfcae (sulz.)

reproducing and flylng eerlier in the ]êaro AtBrook (198L)

ehowed a similar associatlon for MetopolophÍum dirhodr¡n (Walker)

and Sltoblon avenae (Fabr.) caught in June. The high

temperatures durfng January to February erere aseoclated with

hlgh nunbers of alatae trapped ln June.

The obJectlve of thie study Ìras to investlgate

(f) tne relatÍonehtp beüoeen nt¡nber of aphfds trapped and the

local ¡veather data, and to determine the condf.tlons favoureble

to and unfavourable for aphld migratloni and (it) lùettrer

meteorological data could be ueed for definÍng the perlods wtren

vectors of BYMV a¡rd SCRLV are likeLy to fly.



Flg. 17 Number of alate
M.euphorbiae (T ch.
¡¡--11þ-f an ----- o )
t:apped each we
mean weekly temperature, weekLy ralnfal-l
and mean weekly wfnd speed measured at
lOm hefght. Dashed lines for the weather
data Lndicate that no data v¡Ere avallable
for that perlod. Arrows ln the weekLy
rainfall graph lndlcate thoee peaks of
rainfall whtch cofnclde with reduced
nunberg of aphíde trapped. Arrows 1n.
the mean weekly wlnd speed graph lndlcate
vrhen mean weekly wlnd speed below 11 knots
colncided wlth more aphids trapped.
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4.2.2 MA1ERTALS AT{D METÎTODS

Meteorological records were obtained from the

Strathalbyn Post Offfce which wae 9 lcn from the experimental

slte where the trapswere kept.

Mean weekly temPetaturee were calculated frorn dally

maxlmum and minlmum temperetures.

Mean weekly windsPeed =

9um of dailv mean wf.ndspeed for 7 days

7

4.2.3 REST'LTS ÆiID DISCUSSION

Ileather records are presented ln Appendlx 8.

Figure 17 shows the mean weekly temPeraturer !Éekly rainfall

and mean weekly wlndspeed from August 1979 to December 1981.

To compare the aphld nr¡nbers trapped wlth each weather

component the total catch (from both traps) of M.persicae

(sulz. ), M.euphorbiae (Thomas) , A.craccivora Koch. and

A.solani (t<ltb.) were also plotted on the same figure after

traneforîming the counts to loer.(n + 1) for the same perfod

of ttme.

TemPerature

M.pereicae (sulz.), $,ggp@!!g. (firomas),

A.craccivora Koch. and A.solant (kltb.) were actlve ."-"$--*
"*æ¡nagaf mean weekly tenperatures "tç"ä-*"=¿ 

g.Z - 22.2oc

(rfg.17). Greateat numbers were tlapped in weeks when mean

weekly temperetures lay between 13o and 17oc (ra¡le 12).



62

Relnfall

-

Durtng perlods when the temperature Iras favourable

aphfd activlty wa6 cometimee terminated or the numbers were

reduced, v¡tren the weekly ralnfall lncreased (ftg.I7). This

auggested that flights could be retarded by hlgh rainfall.

Sueh perlods a¡e ahown by the errows ln Flg. 17. A simllar

eituatlon has been obseryed with the number of ll.lactucae (L.)

trapped corpared with weekly rainfall by Randles and Crowley

(1970).

Further analysis of the relationehip between aphid

fllghts and weekly ralnfall showed that ln neeks when the mean

weekly temperature vraa |n the range most favourable for aphld

fltght (13 - tZoC) ralnfall had no effect on the nunber

trapped (taule 12)' Further when mean weekly temperature lilas

below L3oc and above 17oc, fewer aphída of all 4 spp. were

trapped when the weekly ralnfall was above 7 ¡nn.

I{lnd

No correlatlon was found between mean weekly windspeed

(measured at 10 m above ground level and 9 km from the trapping

sfte) and the number of aphids trapped. However, fn some,

Lnstancee peaks ln the populatlon of winged aphtde appeared to

be htghest in those weeks when mean weekly wlndspeed was below

11 knots (rtg. 17).

Randles and Crowley (1967) reported ttrat rainfallt

wlndepeed and tempereÈure affected the nr-rmber of aphids traPpedô

Simllar relatlonshipa were observed here between the weekly

rainfall¡ ilêån weekly temperature and mean r¡eekly windspeed to



Table 12: Nr¡nber of alate aphlde trapped ln relation Èo rreekly ralnfall a¡rd mean weekly temperatule
(.luty 1979 - Deeernber 1981)

I.Ieekly
rainfall

(nrn)

0-7

Mean weekly
temDerature

(oc)

9-13
13-17
t7-19
t9-24

9-13
13-17
t7-19
19-24

No. of
weeks

13
20
13

B

15
10

5
L2

Mean number of aphids trapped per

M.pereicee Stglorbiae Â.solanf - ' -

week

A.craccivora

5.0
8.3

10.0
0

0.1
26.4
L.2
0.3

0,2
4.0

0
1.0

7-Zr

2L-35 9-13
13-17
T7-L9
]-9-24

35-7I 9-13
*13-17
I7-L9
79-24

3.0
980.0

0
0

5
4
3
2

3
I
0
0

7r.2
301.4
18.0
4.O

7.O
157.1

1.0
1.0

3.2
16.8

0
2.O

19.1
31.0
29.O

0

o.2
26.O
r.2
r.0

2.0
2.2
1.3

0

0.1
3.0

0
0.1

0
41.0

0
0

0
3.0

0
0

0
55.0

0
0

0
17.0

0
g

0
93.0

0
0

Or(,

* Raln conflned to trrc days
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number of aphids trapped (ftg. 17).

In concluslon tha results show (r1g. 17 and Table 12)

that the vectors of Bl'Mr/ and SCRLV (Kennedy g,!-4. , L9629

Kellock, 1971) lrere Íþre frequently trapped ln weeke when mea¡r

weekly tempereture lay between 13 to 17ocr and when mean weekly

wfndepeed lees than 1l knots. The rainfall above 7 urn per r'æek

appeared to affect flighte, only rvhen mean weekly temperature

were below l3oc and above L7oc.

4.3 TI!'IE OF SPREAD OF ÐY}Í\T AI\TD SGRLV IN NIE EXPERI}{ENTAL AREA

4.3.I INIR.ODUCTION

To develop control measurea and methods of

forecaat,fng the progress and prevalence of known diseasesr a

knowledge of the maln perlode of opread ts lmportånt. The time

of spread can be detected by exposlng susceptlble plants for

short intervale tn the fteld (Broadbent g!3!.r 1950; Posnette

and Cropley, 1954; Tamakl 9!4,, 1979).

The maln obJective of expoefng suscePtible IL¡þþ L.

plante near the experimental site was to ffnd out when Bh{tI and

SCRLV epread fn that âtêâo

4.3.2 I4ATERIALS AI{D MEITIODS

Virus-free broad Uean (S!$g L.) cv. Aquadulce seeds

were planted 1n v¡ooden boxes (25 seeds per box) and allowed to

germlnate ln en tneect free glasehouee¡ 100 plants (5 boxee)

were exposed fn the field (at a ette 20 m 8f of the cloeest

experlmental plot, Fig. 4a) at Charllck Experfment StatÍont

Strrthalbyn for íntervals of, 28 days then replaced with a new
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batch of 2-week old seedlLnge. Íhe planta brought beck from

the fteld were språyed wlth rrMetaeyetoxfr (IÞmeton*S.ùfethyl) and

kept 1n a seperet'e-glasehouse for one ¡nonth for symptoms to

develop. Plante ehowfng symptoms of BSf\f and SCRLV (see Section

3.3.1) ¡rere indexed (eee Sectlon z.L.L) on C.amaranticolor.

Coste and R<.-yner-'V.faba L¡ cv, Aquadulce, P.vulqarí,9 L.CV¡

Hankesbury l{onder and T.eubterraneum L ¡cv. MtrBarker.

The flrst batch of plante wag ffrst exposed on

27 July 1979 and the trial was contfnued until 4 December I9g1.

4.3.3 RESIJLTS,

The data from the trap plants are shown fn

Appendix 9. Except in 1979, BY'MV a¡rd scRLv spread et the sême

time of the year (Ffg. 16). The fncídence of sc,Rlv at rfie peaks

of spread wae lower (1 to 4%) than rhar for Byl"f\r (1 to 167.).

Blfl"f\I spread was obeerved durlng the spring season

(sept. to Nov,) a¡rd except in 1979 the fncrease and decrease of
percent infectlon coinclded wlth an lncrease and decreaee of
aphid flfghr acrtvtry (ftg.l6).

In the suÍrner of 1979 (December to January) gnfi/

epread sterted after A.craccivora Koch.. A.solani (klrb. ),
M.euPhorbiae (Thomae)r$.pcr,g.lg (sulz.) rltghts peaked, and

continued after A¡sølanf (t<ltb.)r M.euphorbiae (thomae) flfghts
!ùere no longer detectable by trapping. The other spp. ruere also

active at the time, but at a reduced level. rheee data do not

funplicate any partlcular aphid spp. Ín the spread of BYMV,

although 1t may be suggested that M.euphorbiae (Thonas ) and

A.eolani (fltb.) are not lnvolved in either the December L979
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sprêad of BYl,lV or the autuffr 1980 spread. The small auttrmn

peak of BYI,IV spreed coincided with a peak of M.perslcae (Sulz.)

ln L980, but a slmilar peak in actfvlty of M.persicae (Sulz.)

in 1981 dld not lead to detectable spread of BY!{\l.

Spread of SCRLV was aleo obeerved durlng the spríng

and an increaee and decrease f.n percent lnfection coÍncided with

an fncrease and decreaee in flights of íts vector

Aulacorthr¡m solanl (xttt.) (r fg.16). There lras a small peak of

autr¡¡ur flfght activlty but none of the trap plants exposed 1n

the fleld ehormd SCRLV s1rmptoma,

4.3.4. DrscussroN

All four aphíd species studied comnonly infest

V.faba L. (Johnstone and Rapley, 1979). The peak ft-ights of all 4

epp. (eee Sectlon 4.1.5) could be correlated with the tlme of

spread of BT'I{V and SCRLV fnto trap plante. Randles and Crowley

(1967) found that the epidemiology of caulíflower mosaíc vLrue

(caW) ln South Auetralia wae compllcated by the preeence of

more than one vector, whlch dtffered fn theír peak flíght tlmes

and coLonlzlng behavlour. In contrast, four of the vectors of

BYI'Í\¡, M.persfcae (sulz.) l"f.euphorblae (Thomas ) A.craccivorat ,

Koch. and A.solanl (rltb.) (Kennedy É3L., 1962¡ Johnstone, 1980)

showed peak actlvlty rñich coincided wfth trap plant ínfection

wlrh BYt"fv. The results (nie.felîho¡u A.eolanÍ (rltb.), the

speclee which had one of the hlghest 1"".1" .f coneistency of

occurrence for aphtds trapped in Australta (Irughes et a1.r1965)

had a güeater regularlty bet'rúeen flfght peak and the fncídence

of SCRT,\I.
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BYIÍV and SCRLV epread into trap plants only at the

tlme of year when the source of ínocuLwn was provlded

artlfÍclally fn the adJacent, e:(perlmental plot. This suggests

that both vlrueee l¡ould have ,epread from the lnfected eource to

trap plants durlng peak vector activlty.

It waa not possible to a66ese from the data obtained

here, whether wlnged aphids comlng lnto Èhe experlmental plots

or winged aphids produced on colonized lnfected plants or both,

contributed more to the spread of BY'ùftI and SCRLV from the lnfected

source to the trap plante during peak aphid fltght activity.

Neverthelêss, the relatfve lmportance of each ca¡r be inferred

from a dfscusslon of the npdes of transmieslon of the two vÍruses.

Broadbent (1960) reported that aphlds probíng for a

prolonged perÍod on lnfected plante (wtth ¡ep-persistent

virueea) were not ínfectfve, but could become ÍnfectLve by such

a probe followed by a ehorter one. Kennedy *é. (1959) found

that most of the Aphls fabae (Scop.) that made prolonged probes

on bean leaves tended to pause brlefly before flying, so that

aphlds whlch develop on infected plants could become infectfve

by such a short probe before leaving the infected plants. If

other aphid spp. (vectors of B'iß{V) colonizfng V.faba L. behave

the sane as $s!gþg (Scop.), preeumably these aphlds flylng away

from lnfected plants are infective and capable of spreading BYI{V

from the fnfected source to trap pla¡rts.

Dfseased þþþ. L. plants lnfected wlth BYM\¡ and SCRLV

are yellower than heaLthy pl.ants. Some species of flyíng aphids

are attrâcted more to yellow or yellowlsh green colours

(Moerfcke, L950; Muller, 1964i Hllle Rls Lanbeæ, 1972) than to
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green colour. These flylng aphids would be infective after

a short feed on plante lnfected wfth a n6¡-perelstently

trarrsmltted vlrus (Bradley, 1954; Broadbent¡ 1960¡

HarrewlJn g!g., 1981) before the beginnlng of the rnaLn

fllght (Kennedy and Booth, 1963) or early fllght (Van lloof,

1980). Therefore it ls posslble that some of the mlgratlng

aphlds, 1f they were vectorE of BYllV, would have plcked up the

BþfV from the artifietal lnocuh¡n source after being attracted

to them and theee contrfbuted to the apread of BT-ìfir.

Conversely for persÍetently transmitted vlruses, the aphfds

have to feed on the dfeease plants for a conslderable perÍod

(a day or more) and pass the latent perlod after the

acqulsitfon feed before becoming lnfectlve (Broadbent, L952).

therefore the migratfng aphids alfghting on the Lnfected plants

for ¡ short perlod are unl.lkely to become lnfective. On the

other hand the ¡lete aphfds produced from the colonfzed lnfected

plants are vtrullferous and presumably some of these aphide

would have epread the SCRLV to trap plants.

4.4 RELATIONSHIP OF APHIDS IR.APPED TO TIME OF PtAI{Î GROWIII

Under the clftnatlc condlt,ione prevalllng at the

experlmental slte, all non-1rrígated plante dry off 1n the

period November to Aprll. Followfng the flret heavy and

conslstent rains (March, L980r May, 198L - FlB. 17) paeture,

weed and cereal crop specles germinated in the 8Têâo

M.perefcae (sulz.) A.solanl (t<ltb.) and A.craccivora,

Koch. were trapped tn 1980 before the opening râlna. Thfs

suggests that the eource of aphlde was dletarit, from the trapst



69

Buch aa frrigated pastures and higher ralnfall areas severa}

kllometres from the experimental site. One of the major

problems of aphid strategy in South Australfa ls eurr¡ival

over srmÍner (Maelzer, 19Bl). lhe hot, dry season ls the most

hazardoue period for the survival of these four specles in

bcca,"r¡e high temperêture and scarclty of suÍtable host plants

rrtrläh prevent development of aphids above mean daíly

temperatures of 28oc (garlow, 1962)' The mean maxlmum

temperature (over 123 years) for Adelalde for the stfimer months

(December to February) is above 2BoC (South Australian Year

Book 1981) v*rtctr probably accounts for the negliglble aphid

fllght activity 1n su¡nner.

The períod of major flight actlvÍty (September to

November ln all years) coinclded with the later stages of

growth of the artificially lnfected experimental pLots adJacent

to the trep. It wae not posslble from the data obtained to

asseso the contrÍbutlon of the aphtds in the crop to the

nrrmber trapped because during the fíeld experiments (1979 to

L9S1) aphid populations on the crop were not deterrníned.

***drJ.*?**



70

CHAPTER 5

EFFECT OF CONTROLLING APITID FOPULATIONS AIÙD }OVEMENT ON

SPREAD OF BIII{V AÀID SCRLV

5.]- INTRODUCTION

one of the main obJectlvee of the fleld studfeg

descrfbed ln Chaptere 3 arid 4 waE to gain lnformation to allow

control of the spread of BYI{V and SCRLV.

It wae evídent from the resulte of the field studies

(Chapter 3) ttrat BYMV spread wae dependent on the presence of

lnfected plants but lndependent of vèctor colonlzatLon whereae

SCRLV spread was dependent on vector colonfzatlon of infected

plants on the cÌopr Ttrerefore to control BYI'{Vr preventLon of

early infectlon of plants fn the crop would be more important

than preventlng colonization by aphlds, md convereely control of

SCRLV may be achleved simply by preventing colonizatfon of the

crop with lts vector @!3g! (fttU. )

The aphid trapping results for 24 years revealed

(Chapter 4) that there are two peaks of aphid flight activity.

The maJor peak of flíght occurs in the spring (SePtember to

November) and a smaller peak of flfght occurs during autumn

(ltarch to May). This behavlour has been explolted in ttre past

to control virus dÍseases transmitted by seasonally actÍve aerlal

vectors (stutbs, 1948; Ilarpaz, 1961; Bookerr 1963; Shands g!.g!.t

I972i Abu Salih g13!. , 1973; Johnstone and Rapley, 1979). The

area v¡here the expgtfments described in this ehapter were carrÍed

out (Chapter 3) fraa a wlnter-spring growlng season and sowlng

cormnenced after the firat ralns' At present thls method of control

of virus spread cannot be used becauee sowlng the V¡þþ L. seeds
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after the eprlng peak fl1ght of aphlde is not possLble unlesg

lrrlgatlon le practLsed. Since the crop under Írrlgation fs not

economfcal at thfs reglon, the other poseÍble methods were

eoneidered to controt aphfd population and movement of spread of

BYI,IV and SCRLV.

Insectfclde end other treetments to control plant

virus dfaeasee ¡re directed towards preventing the migratfon of

alatae and thus the spread of vlruses from soutce pl.ants to

healthy plants. Such treatments would be effectlve only ff the
{rorn

aphlds were preventedl,feeding on treated plants or alatae were

kflled before they trerismltted the vfrus (Randlesr L961).

Generally, therefore, lnsectlcfdee are not effectlve in controlllng

¡6¡-pêrsÍstently transmítted vlruses because acquislt,ion end

lnoculatfon occur before lneectlcldes are effective. Nevertheless,

the economic control of persistent vfruses 1n søte crops (e.g.

potato, eugarbeet, cereals) with ínsect,lcldes has been reported

(Broadbenr, L957i Smlth Èj!. , 1964; Cloee, L967; Rochow and

Duffus, 1981; Måtthews, 198L; Johnetone and Rapley, 19Bl).

fnstances of fallure were also reported (Broadbent, 1957i 1965)

and succesE eppears to dêpend on whether the infection resulte from

the ectfvity of alate or apterae. InsectlcÍdes are often effective

in decreasing epread by aPterae wlthln croPs but do not affect

movement of virullferous åltte lnto the crop from outside sources

(Broadbent g!3!., 1960; T111r 1-97J.¡ Johnstone and Rapley, 1981).

Preventlon of spread of nonrpersLstent viruees through vector

control using fnsectl-cfdes was not effectlve (t<uhn 9!-4. r 1975)

because wlth these virueee transmission ls almoet Lmmedlate

(Broadbent, 1957; Burt et al., L964¡ Web1ey and Stone I972i

Loebensteín and Raccah, L980; Bolteau and Ï{ood, L982).
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Uslng barrÍera to prevent vectore from approaching

thefr terget plante hae been praetlsed in the paet. Broadbent

(1969); Loebenstein afid Raccah (1980), polnted out that barrlers

ere frþre effectfve fn protectlng plants from ns¡-perelotent

viruses than persistent viruses becauee aphids wlll lose

the non-persLstent virus when they probe the berrier plants.

To determine the effectlvenese of the treetments in

each plot, field saurpllng of the croP !ües rìêcêssêtlo

Sampltng of ínsect populatlons may be elther extensive

or intensive. Extenslve sampllng ls ueed to survey large åreast

whereas intenslve sampllng etreeses the continued eampling of a

populatÍon through tfme withln a smaller area or plot (Morris,

1960¡ Strickland, 1961). In thfa study I was only concerned

wlth lntenslve satpllng.

Several methods have been deecribed for estlmatlng aphfd

abundance on plants. The technlques for sampllng aphtd

populations on plante can be dlvlded lnto five categories

(Heathcote,1972). fhey are dLrect observations, plant cllppingst

s!ûeep nets, suctlgn net sanrplers afid ground cloths. Ileathcote,

(L97Ð reported thêt suctlon samplea are not suLtable for

extractlng aphtds from broadleaf plants. The sweep net is not

efffcient because samples glve low estfmatee of aphÍd population

(Fentlon and Howell, 1957) and several factors lnfluenee catches

(Saugstad g¡3!. , L967). Irwín (1980) rePorted that aphids

colonfzlng soybean can be eanrpled more satLsfactorily by plant

clipplng and extracting or by dlrect obeervatlon. Further he

also stated that the plant partê selected for samplfng depend

malnly upon the colonlzlng behavlour of the aphtd species.

lanaka (1957) found that M.perslcae (sulz.) green race was nost



Flg. 18 The plot Layout for the virus control
trial showlng the flve blocks (each 52.5m
long, 5.5m wlde) "f I¡þþ L. plants.
(a) Space between plants was 55 cm and
between blocke 5m. The tall dark green
plants along the lnfected row are the
barley barriers, (b) shows the lnfector
row ln one of the blocks (arrow).
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numerous on the old leaves of cabbage, whereês the pink form

was most numerous on young leaves, lndicating tþat different

races of the sãr¡e species of aphtd are distrlbuted differently

in the same plant.

Way and Heathcote (1966) studfed the population

of {p!!5þþg, (scop.) on þþþ L. by categorizing

lnfestations on stems (extremely líght, very light, light,

medir¡m or heavy), where the method used by Banks (195a);

Gutierrez *_3!. (1971) and Mohanrned (1980) used plant tezmlnals

and v¡hole plants to study Aphls craccivora Koch. populatlons fn

the pasture legumes and V.faba L. respectively. Johnstone and

Rapley (1979, 198L) studied the degree of infestatfon of

Aulacorthug solani (fltb.) o. ]l¿!gÞg L. by brushing them from

each plant and cllpplng whole plants.

The purpose of the experÍment, díscussed ln thls

chapter¡ lrae to obeerve the effects of several lnsectícides and

other treatments on aphíd activlty and the cornparatLve spread

of B'lll'fV and SCRLV.

5.2 MATERIALS AT{D METTIODS

5.2.L EstabLlshment of V.faba L. plote

Ttre experlment was conducted in the wínter spríng

maín crop growing season in South Australla durfng 19BI at the

Charlick Experlment Statlon, Strathalbyn. Prlor to planting

V.faba L. llne 383 the seede vrere treated with t{odulaid group E

and Benlate as described ín Sectiot 3.2.I. ltre seeds were

planted by hand (at 2 seeds per hlll) on 9 June 1981, in 5 blocks

which were 5m. apart (rlg. 18a). The epacfng between plant,s was



Ffg. L9 Det¡1led sketch of one bLock dlvlded
lnto fl.vo plote whlch recelved 5

treatnent,e (T1 b f S). the plote were
aeparated froñ each othcr by 2 rowe of
V.faba L. Open circles lndlcate the
pooltion of planto ðogbly fnfeeted wlth
BYìfi/ and SCRLV and both of thefr
vêctorg (A.creccfvoæa
(Kltb. ) respectively) ;
pool.tlon of the trp barley barrLer rowe
placed between the lnfector row and the
adJacent row. SolLd clrclee lndlcate
the poeltlong of healthy plante¡ r a¡rd
I repreeenta row end troatment. Only
one pLot (rr) fa drarrn eompletely.

Koch; A.aolanf
b the
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55 cm. Each block was 52.5m. long and 5.5m wide (ntg. 18a).

ftrere were 11 rows (spaced 55 cm. apart) in each block and

each block vraE dlvlded into 5 plots, end to end ln one 1íne.

Each plot fn each bloclc was seParated from adJacent plots by

2 guard rows (rlg. 19).

No fertllizer wae applled. To control v¡inter

¡ceede Glyphosate was used once on 13 July (for thís procedure

eee Sectlon 3.2.1). The plots were furrow Írrígated on

16 September and 10 October ¡vhen some plants sterted to show

sLight wllting. Plants ln the 6th row (centre row from either

stde) were fnoculated at, the two leaf stagê (3.fufy) (Fig.l8b).

In each plot, 17 plants at the 6th row, leaving one plant each

frorn both ends (Eo plots were seperated from each other by two

rows of V.faba L. plants) were inoculated wlth BYl"fV and SCRLV

by placlng fnfected stem pleces (Y.faba L.) containing

vlrullferoüa Aocrâcclvora Koch. and A.solant (rltb.)

(approxlmately 50 of each epeclee per plant) as described fn

Sectlon 3.2.3. After placing the aphid infested stem pieces

on the plants, plants were covered wíth plastlc pots Ln rvhich

the top sras covered with muslin cloth for one r,teek (10 July)

and later removed to allow aphids to lnfect a¡rd infeet the

plants.

5.2.2 Treatments

The 5 treetments \trere repllcated 5 time6 and

allotted at random to 10.45 m. x 5.5 m. plote. The

treatmsnts conefsted of onê granular lnsectlclder tr{o foliar

lnsestfcldes, one barrler crop and one untreated Plot.
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Table 13 shows the 3 lnsectlclde treaùnents aPplled. Tti¡o

properties rrere consídered when selecting the lnsectfcidest

flrstly their known abfltty to control some species of aphlds

and secondly their degree of persfstence on folÍage.

The granular forrnulatlon (Dieyston) was applled

(28 ke/ha) 2 cm below the seeds at plantlng tíme. The other

two follar lneectlcides (Malathlon and Metasystox) loere first

applíed when there was 90 percent emergenee (26 June) using a

rfSolo hand fet-4hs9tt knapeack sprayer and then every L4 ot 28

days reepectfvel.y. lhroughout the spray progranrme the

manufactureïs recornmendatÍor$þffot*a. For both Malathion

and Metasystox thls was 1.1 I per ha (tabte 13). All the

fneecticídes v¡ere appl-1ed ae simple emulsions, in water wfth

å !Íetter (ta¡le 13). The planta ltere sprayed to run-off a¡rd

the undereidee of the leaves htere covered as thoroughly as

poseible. The central infector plante vtere noÈ eprayed and

Dlsyston granules were not applied. All spraying was done at

earLy morning to mlnimize drlft to other plots' Horder:m

vulgare Locvr Cllpper wes grown as a dense bartier crop ín

t$o rows, 25 cm away from either side of the fnfector row.

Seeds were soaked for 24 houre and were sovrn 2 weeks before the

V.faba L. Eeeds were planted so that they emerged before the

V.faba L. seedlings.

5.2.3 Sa¡npllns of aohlds fn the V.faba L. trial Plots

l"l.persÍcae (sulz. ) ll.euphorbiee (Thomas )'

A.cfaccivora Koch. and A.solanl (Kltb.) colonized l@L.
at different Bites" For exérmp le A.craccÍvora Koch¡ and

A.solani (Kltb.) preferred to colonlze the terrnlnal part



Table 13: Actlve constituent of the lnsectlcldes 1n the 19Bl experiment, rate of applÍcable, and
the date of aPPlication.

Insectlcide Aetive eonstituent Source Rate Date of application

ni"y"tor, (R)5

Itetasysro*(*) (t)
50 e/ke Dleulfoton

250 elL.(25'L w.v.)
demeton-s-rethyl

Maldison 50

6009/ phenol
ethylene oxide

tlalathion

I^tetting Aeent

(n)
Agral 60

Bayer, Aust. 29 l'rtelt.a 916

Bayer, Aust. 1.1 /ha

1.1 /haChemlcal
Recovery Co.,
South Aust.

ICI Aust. 10m1/100 every spraying

2616, 2417 ¡ 2LlB,
1819, 16/tO

2616, to lT ¡ 2417 ,
7lB, 2L18,
419, L819,
21L0, 16/10

o\
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(growing pofnt) and the under surface of lower leaves of the

plant respectlvely. Since dífferent specles of aphlds dlffered

1n their dietributlon on the plant, to obtain a better estimate

of the population 1t wae appropriate for the ldrole plant to be

clipped from ground level.

In this study aphld populationa !ùere aesessed

through direct observatfon and removing parts of V.faba L.

For plants with low aphld numbers whole plant counts r¡ere made

(10 plants per plot) 1n sltu; but at hígher lnfestation rates,

leaves with Etems (shoote) were sampled at random (using random

numbers) for each plot. Samples were placed ln brown paper bags

and transported baclc to the laboratory. these samples were

immedlately placed ln the cold room (SoC) and cotrntfng was done

wlthfn2to3daye.

Each tfme samples were taken the day before

lnsectlclde was sprayed.

5.2.4 Bxtractlon of aphlde from plant shoots

Heathcote (L972) descrlbed several ways of

extracting aphlde and sma1l Lneects from leaves, stems, soíl

plants and surface trash by usfng slovr actlng toxlcants or

anaeethetics, gradiente of light, and heat or brushlng. Husseln

(1982) sholred thåt 60 min. expoêure at 50oC is the best to extract

aphids from potato leaves. I have used Huseeints (1982) method

to extract the aphtd from V.faba L.shoots. Shoots in paper bags,

were placed in a drylng cabinet at 50oC for l- hr. Later the

ehoote were shaken on to a whlte sheet of paper and aphlds nere

collected fnto a tube containíng 70% ethyl alcohol for
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ldentlfication.

5.2.5 Counting and ldentiflcatlon of aphÍds

Aphlds from stem samplee were classlffed lnto

adutt apteree and alatae and identifie6 csLo epecfee

(M.persicae (Sulz.)r EggPlgÞS (Ttromas)r ê€839@ Ksch.

and A,solant (rltb,)

The eeparatlon of adult âPterous aphids from

nymphal instars was made visually, - based on body lengtht

number of antennal segments, shape of antennal tuberclet

rogtrum length, cornlcle length and shape, eaudal size and

shape (cottlerrl953). The aphlds were ldentlfled uslng the

descrlpttons of Cottler (1953) and the plctorlal field key of

MaeGllLivray (1979). Large aphld populatlons srere subsampled

by Èhe procedure deecribed 1n Section 4.1.4.

5.2.6 Survey procedure

All the plants ln the 5 bLocks were Ínspected

for vislble BlfMV and SCRLV s)'ÍtPtoms 6 weeks after the plastlc

pots were removed from the centrê Ínfector row, then at

bi-weekly lntervals. The first observatil.on vtâs done on

21- August J-98J. fhe observations were termlnated uhen the

Bymptome could not be recognized because of senescence of the

plants. The mean percentage of lnfection ln each row \tas

determined (eee Sectfon 3.2.5)

5.2. 7 Indexlns of diseased Plants

Cuttíngs (3 to 4 per plot) were taken from

dlseaeed plants in untreated plots, brought back'to the

gl-asshouse fst t*¿*xlaZ 1n polythene bags chtlled on I'ce'
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These cuttlngs were lndexed on indicator plants to confízm

the ldentity of Bltf\I and SCRLV as descrlbed ln sectfon 3.2.6

5.3 REST]LTS A}.ID DISCUSSION

5.3.1 ConfírmatÍon of BY'þIV and SCRLV ln dfseased V,faba L.

1n the experimental plots tn L981

Cuttíngs brought back to the glasshouse showed

tlpical syrnptoms of Bllì,fV SCRLV when they were lndexed on thelr

respective lndlcator plants (see Section 3.3.1). No other

virus dLseases r,rcre found ín the trial plots.

5.3.2 Effect of dffferent treat¡nents on aphld population

Table l-4 shows the number of adult apterous and

alate aphids per 50 ehoots for each of the 5 sampLing times and

for each of the tÌeatments. A.solani (Kl tb.) and A.craccivora

Koch. were the first apterous aphlds observed in the plots on

fåc 21.8.8I but alate M,Þersicae (Sulz.)

A.solanl (rltU.) and A.craccivora Kocho \{êtê not present

(laUle 14). This suggests that the aPtêrous A:g13g! (t<ltU.)

and A.craccivora Koch. have moved from the lnfector row where

thege two aphid speclee were lntroduced artlffcially and not'

from the outsldè area (Ffg.15). Conversely observatíons on

3.9.81- ehowed that alate M.Þersicae (Sulz.) and M.euphorbíae

(Thomas) were present before the apterae suggesting that alate

may have migrated from outside the plots and that some of the

alates could have colonized and produced apterae (Table 14).

Ttre plots whích received Dlsyston, Metasyetox and

l{alathion had fewer total aphlde than the untreated plots and

the plots r¡íth barley barriere (Table 14). Initlally the



Table 14: . N.r:nber of- aphids per 5O s.hoots on five occasions

Date and
treatment

21 Aueust

Control
Disyston
Metasystox
Malathion
Barley
barrÍer

3 Sgptember

ConÈro1
Disyston
Metasystox
I'falathion
Barley
barrier

!

Ì,1.p'
adult

Ap. 41'

Other species
lncluding
young of
Mp;}fe;As;A,c;

Total
aphids
(a11 5
replicates )

Mean total
aphids

1.8
o.2
o.2
1.0

1.0

2.8(1.757)¡ a
1.8(l-.443 ) ab
I.2(I.264) abc
3.2(1.887) abd

lO.4(3.275) e

Ùtr.e
adult

A.g
adult

A.c
adult

Ap.. .4,1. Ap.. Â1-.- Ap. 4.1 .

5
0
0
2

0
0
0
0

0

0
0
0
0

3
0
0
I

0
0
0
0

0
0
0
0

0
0
0
0

0

I4
9
6

t6

52

0
0
0
0

0
0
0
0

0
0
0
0

6
1
1
4

4
1
0
4

0
0
0
0

1
I
1
0

9
t
1
5

5

0
0
1
5

0
0
0
0

4
7

4
5

0
0
0
0

003020

0203110211

0

23

Contd..

coo
Þ



Continuation of Table 14.

Date and
treatr'rent

17 September

Control
Disyston
Metasystox
Malathion
Barley barrier

1 October

Control
Disyston
Metasystox
lfalathion
Barley barrier

¡
lf.p'
adult
Ap.* 41.

M.e
adult
Ap. 41.

A.s
adult
Ap. 41.

A.c
adult
Ap. 41.

OÈher specfes
including
young of
Mp;Me;As;Ac;

Total
aphids
(a11 5

replícates )

530
347
495
256
505

2508
1390

303
12r1
2448

24
7
4

55
4L

0
0
1
0
I

308
152
255

70
211

Mean total
aphlds

106.0(10.28)1 a
69.4( 8.31) ab
99.0( 9.81) abc
5r.2(7.03 ) bd

101.0(9.9 ) abc

0
0
0
0
0

106
76
22
96

108

60
tA
77
42
61

114
64
48
92
64

8
15

8
15
26

I4
4
5

1s
6

8
4
4
0
4

64
4
0

18
76

50 L62
64 50
278
39 122
32 r04

t2
16
22

3
50

159
66

3
52

178

104
109
r22

56
109

82
61
43
72

ï78

L763
997
148
720

1704

501.6(
278.0(
60.6(

242.2(
489.6(

6.06)11a
5.44) ab
3.97) c
5.48) abd
6.14) ad

@od



Contfnuation of Table 14.

Date erid
treatment

15 october

Control
Disyston
Metasystox
Malathíon
Barley
berrier

M.p+
adult
Ap.x Al .

M.ê.
adult

Ap. 4,1-..

4.8 ¡
adult

Ap. Al..-

A.c
adult

"AÐ.- Al-.

Other specf.es
includlng
young of
Mp;Me;Ae;Ac;

lotal
aphids
(a11 5
repl lcates )

Mea¡r total
aphids

669.6(6.20)11a
200.8(5.16) b
40¿6(3.67) c

433.6(6.06) ad

308.4(5.6I) abd

t7z
104

4
190

72

120
39

7
98

24

50
4T

2
89

48
45
25
36

7T
t4

2
T2

24 82724

2709
703
158

1633

10 1179

2
2
I
2

166
52
I

80

75

10 3348
1004

203
2168

L542

4
3

28

Note: Nr¡mbers 1n the same colu¡nn, and the same tíme of courit group, followed by the same letter are
not slgnlflcantly dlfferent at P=0.05 according to L.S.D. teet.

+Mp = Myzus perslcae; Me = Macroeiphun êuphorbiae
As = Aulacorthum so'!.anl; Ac = Aphle c¡acclvora

L.S.D. at 57"

*Ap = Apterael A1 = Alate.

= Date in parenthesie are square root
tran.sfôúrnation values (sqrt (aphld+.S)).

= Date in parenthesis are natulal log
trans,úormatlon val-ues (1og (aphíd+I)).

3lelgt
tT le lsr
1/10/81

1s/10/81

0.6077
2.L653
0.6862
0.9281t

@o
o

tt
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Dlsyeton granules controlled aphids as effectlvely as

Metasystox but later (17.9,81 to l-5.10.81) the number of

apterae observed fn MetaeyÊtox sprayed plots were lese

conpared to other treetments fol,lowed by Dieyston (Table l-4).

This euggeste that Metetystox and Dfsyston have prevented aphid

colonÍzatf.on to a greater extent than the other treatmentg

used. Taso and Clark (1961) found that Disyston leached

dor,wrward and to a leaser extent laterally from treated cotton

seeds. Shorey (1963) found that Disyston was effectlve in

controlllng M.persfcae (sulz.) for up to 3 months after

applicatlon to pepper plants. So lt is possible that the

inftíally reduced aphÍd populatÍon on plots treated with

Dlsyston wae due to abeorptlon by roots of the lnsecticide

releaeed from granules. There r,raa no difference (P = 0.05) ín

nr.mbere of livlng aphlds between DÍsyston and Metasystox at

Ínitial etegêe but later there wsre less aphíds l-n Metaeystox

plots than ln Disyeton (P = .05). Metasystox was euperior

(e = .95¡ to Me!-athion, barrier and untreated plots in

suppreeelng the aphid population Ln the plotso

InÍtiaLly bl-weekly epraying wíth Malathion was

effectíve in reduclng the aphids compared to untreated and

barrler plots but in the last tvrc samplings Malathion did not

reduce the aphld populatlon below that of the untreated ploter

there was no slgnlficant difference between the

numberg of aphids in untreated and barrier plots.
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5.3.3 I'lee effect of fneecttcide treatmente and barrier rows

on vLruE lncidence

The incldence of BTì4V and SCRLV on ff.ve occasionÊ Ls

ehown fn Table 15 ¡ Data fn Table 15 show that on the first two

occasions the lncidence wes less with a gradual buÍld-up on the

last three occasione ín all ffve treatments.

The plots receivlng Dlsyston and Metaaystox

lneecticldes had sfgnfficantly (P = WL and P = 5% Level) less

SCRLV lncidence than untreated and barrier plots. This suggests

that insectlcides used fn the plots reduced spread of vlruliferous

aphlds from dlseased to healthy plants' Ilowever, there wa6 no

signiflcant differenqebet!ileen Metasystox and Disyston at P = 5%

and Lf/" leveI, The greater lncLdence of'vlrus 1n Disyston treated

plote agrees !ùith the greater nr¡mber of aphids found in these

plots in late samples (fable 14). Conversely 4 weekly Metasystox

sprays ærclLú .ph,fu had resulted in low virue incfdence

throughout the sêason¡ Metasystox v¡as superior (P = ltr/" and 5%

level) to Malathfon, barrier and untreated plots in reducíng the

incidence of SCT.LV. Johnstone and Rapley (1981) reported that

Metâsystox spraying effíciently reduced the incidence of SCRLV

compared wfth unsprayed plots. However, the incldence of SCRLV

lnfectlon ín Malathion treated plote waa not different from

Disyston, barrler or untreated plote. Barriers did not reduce the

incidence of SCRLV at P = 57. and P = 107. levels.

The results in Table 15 show that a barley barrfer dfd

not reduce the lncidence of BYM\¡ at P = 57. levelr but ft may have

delayed fntroduction of BYI / (see 17/9 data)' the Pattern ín



Table 15¡ Effect of dífferent treatments on accr¡mulated lncidence of SCRLV and BYI{\/ on five occasions

Vlrus Treatment
Days

2rl8 3le rT le 1/10 1s/10

BìN,fV

SCRLV

Control
Dísyston
Metasystox
Malathlon
Barley barrier

Control
Disyston
Metesystox
Malathíon
Barley barrler

0
0
0
0
0

0
0
0
0
o

0.1
0
0

0.3
0

4.6
2.3
L.7
4.8
3.4

2.83(7.9l)cf
l.02(4.25)abde
0.60(2.78)ad
2.13(6.0) bcef
0.53 ( 2.62 )ad

35.3 (36.0)ce
16.7(23.1)ad
15.5 ( 21.9)ad
27.9(30.4)bcde
24..4(27.g)dbd

I4.7(20.6)a
13.6(19.0)a
]-8.L(22.7)a
13.1(1 7.8)a
10.6(17.8)a

55.1(48.1 )ce
39.4(38.8 )bde
26.6(30.7)ad
49.8(44.9)bce
48.9(44.3)bce

47.0 ad
42.3 ad
56.2 bd
49.5 ad
33.7 ad

69.8 cf
46.4 abde
35.2 ad
59.5bcef
61.1cef

Note: Date ln parenthesis are angular transformed values. Numbers ln the same colurnn followtjdby the
same letter are not signlfÍcantly different at P = 0.1 (a to c) and at P - 0.05 (a to f)
accordlng to L.S.D. têst.

BYI{V treatment variance 6.19 0.49 6.22
SCRLV treatment variance 3.72 4.63 5.73
For BYl"fV i 51, 2.70 25.19

LsD lur" z.z3 20.83

For SCRLV ? 5% 8.88 9.49 L6.75
LsD ro% 7.31 7.Bz 13.85

@
(¡J
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Fig.20 T, however shows that the barley barrler provided

protectlon for the row adJacent to the central infectot row,

but 1t dld not influence spread of BYI{V fnto the outer rottsr

Using Disyston at plantlng time or spraylng

Malathion at bi-¡¡eekly íntervals ltas not effective in reducÍng

the fncidence of BY-Iufll compared wfth untreated and barrier plots

(table 15) (P = 0.1) suggestlng that aphlde can acqul.re a¡rd

tranemit BYI'f\l mote qulckly than they are k1lled by the

lneecticfde . Theae results agreê with the work done with

other ¡en-persistent viruses to control them with contact a¡rd

systêmÍc insecttcides (Broadbent et al.¡1956); nurt 9!j!',
1960¡ Randles, 1961; I{ebley and Stone, 1972; Kuhn g!3!. 11975¡

Ferro ggg., 1980; Gabriel $4., 1981). Table 15 shows that

Mètasystox sprayed plots had a higher incidence of BYIÍV

compared with Dlsyston, Malathlon, barrier and untreated plotst

at P = 1ü/" level, but not at P = 5% level. A simiLar sltuatfon

was observed by Randles (1961) when he sprayed wfth

ineecticldes to control eauliflower mosaic virus. Insectfcfdes

have been shown to lncrease incidence of virus lnfection for

various reasons lncluding! a wetting agent sprayed on leavee

may lead to fncreased aphfd problng (Heathcote, 1955), paratÍon

treated tobacco leaves attracted more aphids than untreated

leavee (Shanks, 1960) and lnsecticide treatments mey ceuse

aphÍds to Íþve from plant to plant morè often (Broadbent et a1.,

1963).

4 Dffect of treatmeRts on the epread of SCRLV and Bh'f\¡5.3.

Ffg. 20 shows the pattern of spread of BYì{V and SCRLV



Flg. 20

dleeaee (for 5 replicates) in rowa from
the central fnfected row ( e ) and are
plotted wlth fncreaaing tlme after
ínoculatíon of aource plante. First
data ls ehown at 6 weeke ( O ) efter
the È1me the central row was Lnoculated
with both vLruees and then at 2 weekly
lntervals ln the serles C, O r O r O .



BYMV - Tl f2 -T3

-f2 T3

Distance from Source ( rows )

-T4

-T4

T5

345

c
.9

o
|1,

:
òe SCR LV- T1 T5

242 5
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1n plots subjected Èo five treatments. No apprecfable

decrease in the spread of BYI'IV and SCRLV wae obsetved

following the use of the lneecticldes (ffg. 20). A posslble

explanation for thie ls that the lnsecticldes sprayed on the

teet plants tÍere not gulclc enough to b111 the aphlds vhich

were movfng array from the rmsprayed Lnfector rosrs, 55 cm away

from the l-st row of test plants.

Thete nas a well defined gradlent of the incídence

of SCRLV away from the source (tr'fg. 20). scRl,v spread was

observed in alL flve treetments two weeks before the lnÍtial

BYIM spread occurred. At all tfmee (laet 4 observations) S0RLV

spread was hlgh from row 1 (centre) to row 5 (outsíde) ln

control and Malathlon treated plots when compared to Dísyston

and Metasystox treated plots. This 1s possibly due to more

apterous A.solaní (Xltb.) belng present 1n Èhe control and their

eurvival in the Malathlon treated plots (taUle I4).

At the eecond and thírd observations, Disyeton and

Metasystox treated plots had essentially ldentícal patterns of

vl-rus spread. llowever, at the 4th and 5th observatûon times

vírus epread was higher 1n Dísyston treated plots compared to

the Metasystox treated plots. Aphlde counts ln the Disyston

treated plots (fable 14) showed gradual lncrease of Aglgl
(fltb.) apterae, compered to the Metasystox treated plots. This

suggesÈs that Dísyston granules were ¡ffective Ín suppressing

aphid bulld-up and thereby reducing virus spread for a limited

period from the time of lts applicatLon to the soil (see

Sectlon 5.3.2).

In plotr wlth a barley barriert SCRLV spread lvas very
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slmllar to SCRLV spread ln the plots receiving the other

treatments. Lese dlsease vree observed in the flrst row (adjacent

to barley barrier) compared to the 2nd row. A possible

explanatlon for thís is that the lst row (close to lnfector row)

was overgrown by the spreading hablt of growth of the barley such

that the barley protected the let ron. Consequently, wfnged

aphíds leavíng the infector row would alíght on the first rovt

less frequently than on the other rows.

None of the treat¡nents except the barrier lnfluenced

BYl,fV spread from the central infected row to nearby healthy

plants (ftg. 20), Disyston, Metaeystox and control plots had

very slrnilar patterng of spread of BYllV. All the lneecËÍcide

trêated plots, as weLl as the control plots, showed npre BYI{V

spread at the 4th and 5th observations compared to the first

three observations (Flg. 20). Further, the Last t!ùo observations

for the Disyeton, Metasystox and control plots had a gradual

reducÈion in spread of BlÞfV from the infector row toerards the

outslde of the plots up to the 4th row and then an increase ín

dleeage on the 5th row (outer row). This índlcates that BYl,fV was

spreading from the central infector row tov¡erds the outer ror{s,

as vrell as from outeÍde the plot (probably from neÍghbouring

plots) tov¡ards ínside the plots. Apart from BITfV spreadíng from

the cenÈre ros¡ of every plot, in all 5 treatments there sras a

tendency for more plante to be lnfected vrith BYìfü in the outside

Ëovrso This may have resulted frgm factors such as a tendency for

a certain distance of fllght (t'taiden fllght) by aphtds

(HarrewiJn *j!., 1981) which are leavlng from ínfected plants

ot the attraction of bare ground between pl.ots for aphids
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(AtBrook, f968) some of w?rich are vfrulíferous.

Ffg. 20 shows that at the 5 observation times in the

plot wlth barrier rows, lnfected plants ruere in Low íncldence

close to the central infector ror.r compared to those fn control

or inaecticlde treated plote. Thls suggests that, thickly sown

barley barrier (nonsusceptible to the Br'{v) rowe effectrvely

prevênt BYI'IV spread from the central lnfector rowr

The different pettern of spread of SCRLV from Byl'fV

couLd have been due to l-ow frequency of winged forms of

A.solanl (xltb.) during the tesÈ (Table I4)o

5.4 coNclusloN

It was apparent from thls experfment that using

Dfsyston granuleo alone at Èhe plantíng time Ís not suffícÍent to

suppress the aphld population beyond four months, but Metasystox

sprays at 4 weekly lntervals have suppressed the aphÍds more

effectÍvely than any other fnsecticíde used ln this experiment.

Durlng the early stages there wâa no sígniflcant dífferente

(P = 0.05) between Dfsyston and Metasystox (Table 14). Therefore,

either insectieide can be used for early aphid control after

conslderfng the cost of the chemlcal. However, none of the

lnsecticídes used were .able to prevent the virus (OfruV, SCRLV)

spread to nearby healthy plants from unsprayed Ínfector row.

Perhaps scR],v spread could have been reduced further if systemic

íneecticfdes had been sprayed on the vlrus source (ínfector row)

to prevent colonÍzatíon of vector aphids.

êi L -gtrents--:æe--eldeæ .
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rnsecticides are not effectíve in controlling the Blîf\I spread

und¡r the conditions tested,

Nonsusceptible barrier crops are useful to control

v.faba L. in small plots. An indlrect approach to control both

these viruses by controlling aphids uslng parasf_tes and

predators during peak aphÍd ectlvity time is worth ínveetigatíng.

:l*?c'^LJç:hk*Jr*¡,k
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CITAPTER 6

CYTOLOGICAT STt]DIES

6.1 INTRþDÐqTION

Luteoviruses are apparently confined to the

vascular tlssue of infected plants (Rochow and Duffus, 1981).

only hoet renge (Teh, L978) and vector relationships (Kellock,

1971) are kno¡'rn for SCRLV. Vírus particles have not been

prevlously observed in SCRLV lnfected tlssue and the main

obJective of the work described ln thís chapter was to fdentlfy

and locallze vfrus particles 1n tíssue.

6.2 MATERIALS AND MElI{oDs

6.2.I Fíxing and embeddÍne the section of leaf tissue for

electron microacoDv

Leaf tlssue pleces about 5 nrn equare f¡om infected

and healthy T.subterreneum Lr r,fêrê flxed for 16 hrs. at 4oC fn a

mlxtur.e of 47. paraformaldehyde and 3% glutaraldehyde in 0.1M

phosphate bufferr pH 6.8 (Uatta and Francki, 1981). The flxed

pleces of tiseue were then cut ínto 1 nrn square pLeces placed ln

SSC buffer (0.15U sodf.um chloride and 0.0151¿ sodlu¡n citrate ptt, 7)

arnd washed 1n SSC buffer 6-7 times at room temprature, changíng

the buffer at hourly lntervals. The sections were dfvíded ínto

trrc batches and one batch was incubated for 16 hrs. at 25oC 1n

SSC buffer conteínlng pancreatlc ribonuclease (Type IIIA, SÍgma

Chemical Co., St.Loufs, Mo.) (concentratlon 2 ¡rS/ml RNase in SSC

buffer) and the other lncubated for the same time at 25oC wfthout

ribonuclease. They were then postfixed ín 17, osmfc acíd at room



Fig. 21 thin eectfone of leaf phloem transfer
celle from SCRLV infected (a) and
healthy (b, c) eubterranean clover
plante. Cells ln (a) and (b) are from
tisgues whlch had been treated with
RNeee after aldehyde fixatlon, v¡hereae
thoee fn (c) are from untreated tiEsue.
The cell on the left ln (a) shows
numerous densely stalned vlruc-like
partfcles scattered throughout the
cytoplaem, llhereae the ceLl on the right
fe devoid of euch particlea. The cell
ehoÌtn 1n (b) hae no darklY stafned
particlee due to RNaae treatment, whereåe
that ln (c) containe numerous darkly
otalned ribosomee 1n the cytopLaem. Cl'rlt

Ingrowth of cell wall; M.mit'ochondrlon;
ST, eteve tube; Ch' chloroPlaet;
Va, vacuole. Bar markers represent 0.5¡rm.
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temperature for 3 hourE. Dehydration wes carried out through

a graded ethanol series (Sectfons were traneferred to 70%r then

95% end then 1007" ethanol for 5110 and l0 min. respectívely).

Sectlons were then transferred to small tubes containing 1007"

ethanol and propylene oxide (equal volume) for 5 rníns. and then

transferred through propylene oxide (3 tlnes) at fntervals of

10 mÍns. fhey were left in Eolution containing propyLene oxlde

and epoxy resin (equal volume) for 30 mins. after whlch t'hey

\.rere transferred to epoxy resin solution for t hr. at 45oc.

They were then transferred to an embeddlng mould lñfch contaÍned

epoxy resLn for 16 hrs. at 25oc, followed by 3 days at 60oc

(nayatr 1970).

Thín sections were cut from tiseue embedded ln epoxy

reein with an LKB ultrarUome equipped with a diamond knÍfe.

Sectlons were collected on forrm¡ar-coated 400 mesh grids and

stained wltt. 2% uranyl acetate for 3 mf-n. then fn lead cÍtrate

for 30 eec. These grlds were examined ín a JEM 100 CX electron

microscope.

6.3 RESIJLTS AND DISCT]SSION

Examlnation of thin sections of RNase treated

tissue of SCRLV lnfected plants (tr'fg. 21a) showed densely

stained partictea in many of the phloem tranefer cells. Cel1s

contalning these partlcles were often located next to cells

devold of densely stalned particlee (nig. 21a) inAtcating

that the enzymê treatment was effectlve ín dlgestlng RNA of the

rlbosomes, but not the densely stafned structuree which were

preeumed to be virue partlcles. Isometrlc vÍrus particles



Flg. 22 Thin eectlone of leaf phloem tranefer celle
fro¡n SCRlV-fnfected subterrenean clover
plants are sho¡çn ln (a, b). the cells are
from RNaee-treated tlssue showlng virus-like
partícles scattered in the cytoplasm (a),
the vacuole (emall errow ln a) and the
nucleoplasm (b). Cül¡ Cel1 walli Va, vacuole;
Nm, nuclear membranei Nr nucleoplasm;
V, vLrus-like partfcles. Bar markere
represent 0.5 ¡rm. Vlrue-llke particles
ieolated from SCRlV-infected subterranean
clover plants are ehoun in (c) and after
mixing wlth a preparation of RChIMV in (d)
(arrow polnts to è partlcle from SCRLV-
lnfected plante in d, whereae the remaining
particles a¡re thoge of RCNI[V). Bar marker
represênts 100nm. Virusullke partlcles
lsolated from PlRV-lnfected P.floridana L.
plants are shown ln (e to g) partla 1ya

purlfled preparatlon ln (e) ehowe two types
of partfclee, some slmllar to those 1n (c)
and eome smaller and rounder onee (arrowe).
The aame preparetlon as fn (e) fe shorffi in
(f) after havlng been trapped on grids wlth
antl-PLRV serum, and in (g) after havfng
been trapped and decorated with the sûne
antieerun. Bar marker represents 100 nm.
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20 - 24 nm ín dlameter in lnfected cells are indistinguishable

from cytoplaamfc ríbosomes (Crowley g¡3!. , 1969 ¡ Hatta, T976)

when víewed by electron microscopy. Hatta and Franckl (1979;

19BI); and Randles et al.(1981) demonetrated that vLrug

particles could be dlstinguished from cytoplasmic ribosomes by

dÍgeeting ribosomal RNA wlth RNase. No rfbosomes were

obeerved ln transfer celle, or the healthy tLssue incubated

with SSC buffer contalning RNase (¡'ig. 21b). However for

healthy tlssue not incubated wlth RNase, rl.bosomes were

observed 1n the transfer cells (tr'ig. 21c). The densely etaíned

partfcles resembllng vlrus were never detected in the cytoplasm

of cells from healthy T.subterraneum L. plants.

Sfrnllar perticles were observed ín partlally purlfied

preparations from SCRLV lnfected plants dhowing red leaf

symptoms (see Chapter 7). In Ínfected cells virus llke partÍcles

¡rcre scaËtered throughout the cytoplasm (tr'ig. ZI,a, 22a). In

some of the cells, parÈlcles srere also detected in the nucleus

(Flg. 22b) and in vacuoles (Flg. 22a). Transfer cells

containíng virus-like partlcles often contained small vesicles

vrith stranded materlal (larger arrows in Fig. 22a) similar to

those observed in barley yellow dwarf virus (gyov) infected oat

leaf celle (citt and chong, T975).

PLants lnfected with the luteoviruses for examplet

poteto leaf rotl virus (foSirna 9!4,, 1969), beet western yellow

vírus (Eaau and l-Ioefert, L972; DtAtcy and de Zoetein, 1979)

barley yellow dwarf vlrus (Cfft and Chong, L975) and soybean

dwarf vfrue (Tamada, 1975) have been found to contain vf.rus
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partlcleo fn the vaecular tlssuee, princfpally fn the phloem.

Hetta ¡nd Franckl (1981) observed RNase reeÍstant pertl.cles

with nnrphology and cellular dlstributfon etmller to that

obeerved tn SCRLV-fnfected plants for plante lnfected lY1th

potato leaf ro11 vLrug.

the obeervation of virus-like partlcles ln

vascular tlssuês (phloem tranefer cells) but not fn mesophyll

or epldermal cells, together ¡rith observatlons on symptomatology
CF.eu¡

¡nd vector relatlonshlpe (¡,tatthewe, L979) eåe¡+ that SCRLV 1s a

member of the luteovlrus gtoupo

rt**dr****rr**
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CIIAPTER 7

PURIFICATION OF SCRLV Al{D SCRLV-RNA

7.1 INTRODUCTION

Vlruses in the luteovLrus group can be ldentifíed

by their host range and transmiseion tests wfth aphid vectors.

For some viruses ê.g. beet ltestern yellorver this procedure ls

simple, because only one vector species (M.persícae (sulz.))

ls required (nuffus, 1960) but for other viruses such as

barley yellow dwarf vlrus (sy¡V) (Rochow, 1967t 1979i GflL11967t

1969) a slngle vector species mey not suffíce. These aphid

transmlssion tests are tedlous, requLre special facllítiest

tahe considerable time to complete, and cornparative studies

between vlruses are usually not done. Since viruses belonging

to thie group occur in low concentratlon ln the lnfected plantt

studies of the relatlonships among members of thfs group by

serology cannot be readily done because the production of

antlserum requires large anounts of pure virus and many

serologÍcal technÍques wfll not deteet eross reactlons betr+een

the viruses unless they have been concentrated. The location

of luteovlruses in the plant and the low yield of virus from

plant extracts explalns why l1ttle is known of the physical and

chemlcal properties of most of the viruses belonglng to thfs

group (Takanamt and Kubo, L979a). Therefoïe success in

purificatlon of these viruses depends mainly on v¡hich procedure

iS used to exttact the virus partÍcles from the vascular tissue'

(Rochow and Duffus, 1981) the type of extracting buffer end the

use of cellulolytic enzyrnes (Talcanami and Kubo, 1979a).
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The mode of transmieslon (Kellock, L97I; Teh, 1978;

Johnetone 1978), types of symptome produced (i^lilson and Close,

L9733 Teh, 1978; Ashby $_4. , L979) and the nature of the

vlrus-like particles located fn the lnfected plant (see Chapter

6, and Jayaaena 9!_4., 19Bl) have suggeated that SCRLV

(Johnetone 9!4. , L982; Ashby and Kyrlakou, 1982) is a member

of the luteovirus group.

RNA has been obtained from some of the vÍruses belonglng

to the luteovfrue group ê.g. barley yellow dwarf virus (Brakke

and Rochow, 1974), potato leaf ro11 virus (Rowhanf end Stace-Smith

1979i Takanamf and Kubo, 1979b; Mayo g.!3!., 1982), tobacco

necrotic dwarf virus (Talcanami and Kubo, 1979b), æd pea leaf ro11

virue (¿,sh¡y and Huttinga, 1979). The RNA is slngle stranded of

molecular weight 2.O x 106 (no.f,ow and Duffus, 19Bl-). Falk et al

(1977) repotted the presence of two RNA specles for some lsolates

of beet l.¡esterri yellow virus.

The molecular hybrldization essay (¡mn) uslng DNA

complementaty to viral RNA (cDNA) allows the ldentíflcatfon and

comparison of viruses on the basls of their RNA nucleotlde

sequence (Palukaitis and Symons, 1980; PaLukalÈis g!4rr 198lat

L981b; Abu Samah and Randles, 1981). To synthesize cDNA only

sma1l amounte of RNA are required and very 1ow concentrations of

RNA are detectable (palukaitis et al-., l98la).

The main objective o, *r" study sras to purify SCRLVT

and to obtaln its RNA for use in systhesÍzlng a cDNA probe

(see chapÈer 8).
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7.2 },IAIERfiALS AND METHODS

7.2.L Virus propagation

In the present atudy, Ínfected T.subterreneum L. cv.

Mt.Bafker or P.satfvr¡¡tt L¡ cv¡ Puget were used for purífylng

scRÏ,v.

Trrc rreek old T.subterraneum L. cV. Ilt.Barker or

P.eativum L¡ cvo Puget seedlings were inoculated wlth SCRLV-T

by placÍng vlruliferous A.solani (Kltb.) on the plants and

allowlng them to feed as described Ín Section 2.3. These plants

were kept in a growth cabinet at 20 lZoQ, (teh, 1978) and

1llumÍnated at 231000 lux for 16 hrs. per day (Rovrhaní and

Stace-Smlth, 1979). Four days after the inoculatíon, plants

rvere fumigated with Mafu 50 (a.1. 500 glL (507" w/v) Dichlorvos).

Infected whole plants were harvested 4 weeks after Ínoculatlon

Johnstone g94., (1982) and stored at -70oC for later use.

7.2.2 Partlal purlfícatíon of SCRLV

The purÍfication procedure used by l(ojlma *4. (1969)t

KojÍma end Tamada (1976), Ashby and Huttines (1979)¡ and

Rowhani and Stace-Smlth 0979) to purify PLRV, PeLRVT SDV

and PLRV respectively, were unsatlsfactory for purifyÍng SCRLV

because few particles were fsolated and detected by electron

microscopy. The method of Takanami and Kubo (1979a) was

encouragfng and was npdfffed as follows. Since Ashby and

I(yriakou (1982) found that the use of CelluLase led to equal

or better ylelds than for DrfseLase fn comparative experlmentst

Driselase was replaced by Cellulase (Onozuka R-10r Yaku1t

Blochemlcals, Japan or lype I Sigma Chemical Co.). Preparatlons
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clarified by treaünent with chloroform and n-butanol, contaíned

fewer particles than those clarlfled with Trfton X 100 and so the

latter wes ueed routf.nely.

SCRLV was purified by either of two methodsr both of

which employed cellulase digestlon of crude e*tracts. In method A

frozen whole lnfected plants (500 gm) were ground ínto a powder

ln a pestle and mort¡r in the presence of liquid nftrogen

(Brakke and Rochow, L974). DrArcy (1978), found that when tf.ssue

was frozen Ín lfquíd nftrogen and ground to a fine powder with a

mortar and pestle, much higher concentratlons of purified beet,

vrestern Yellow virue could be obtained than when the tissue rças

proceased símllarly but wlthout the use of liqufd nitrogen. the

powdered tíssue wae partlally thawed and blended fn a Virtie

homogenlser for 2 min. with 0.11't cítuate buffer (2m1/Sm material)

pH 6.0 contalnlng L.57" cellulaee (Onozuka Rå10) and 0.L7"

thfoglyeollic acfd. The blender contalner was LÍrnersed in an Íce

bath. The extract rùe6 then incubated at 25oC for 16 hrs. .r,rí-l'-tr

contlnuoue shaking at 80 oeclllatlons per min. Na N, was added to

a concentratfon of 0.02% to prevent bacteria growing. The

lncubated crude extrect was again honogenized uslng the Vfrtls

homogenlzeu and then eonlcated. Ttre pH was then adjusted to 7 by

addlng 0.21,1 NarHPoO because Tarieda and Harrfson (1980) found that

at a pH below 6.5 much of PLRV was sedlmentable at lor,r centrifugal

forceg. Then Trlton :X 100 was added to 17. and the extract was

kept overnight at 4oC. The extract was then filtered through a

rm¡sl1n cloth and centrifuged at 101000 rpm for L0 min. in a GSA

rotor at l-5oC. The supprnatant wae eubjected to two cyeles of

dlfferentlal centrifugation to concentrate the virue partÍcles.
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The ffrst hlgh speed centrlfugetlon ¡vae done fnispinco 30 rotor

'.et 271000 rpm for 3 hrs. at 15oC and the pellet \ilas taken up ln

0.01M phoephate buffer pH 7.6 and stlrred gently overnlght in

the cold roorn (4oc). This buffer rûas used to suspend the

pelleto in all subsequent €teps in the purification. The

preparation rras then kept et room temperature for t hr. before

clariflcatlon by centrifugatlon êt 101000 rpm for I0 nln Ín the

SS 34 rotor. All centrifugatfons were done at 15oC to avoid ttre

aggregation of pertlcles that can occur at low temPeratures

(Takanarnl and Kubo, 1979a). The supernatant fluid ¡ras then

layered ovet 20% (w/v) aucrose (20% sucrose occupied one

quarter of the tube) and centrifuged in the Îi 70 rotor for 24

hrs. at 601000 rpm et 15oc.

(ro-+oz) Sucrose gradien in 0.0LM phosphate buffer

pH 7.6 were prepared 1n SI.f 50 tubes usfng a gradient former and

kept overnight at 4oc before use, to allow diffusion to take

place. Samplee (0.5 ml) of partlally purifled virus lrere

layered on top of the gradlente whlch v¡ere then centrifuged for

3ä hre. at 281000 rpm at 15oC. Gradlents were fractionated

using an ISCO deneity gradíent fractfonator ürd ultraviolet (tIV)

scanner et 254 nm wave length. The virue-contaÍníng fractions

from the gradlents were collected and diluted ¡vith 0.01M

phosphate buffer 7.6 and centrifuged at 501000 rpm fot 2 hrs.

ln the SI^I 50 rotor to renpve sucrose and to pellet virus. For

further purlfication, pellets were resuspended in 0.7 ml 10nùt

phosphate buffer (pH 7.4) end mixed wlth 2 ml of buffered

CsTSOO eolution (L0ml'{ phosphate, pH 7.4) to glve a final
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density of about 1.P6 gm/crn3. The rnlNture (2.7 ml) was then

placed ln tubes ."*ËJffiåt€ I.8 ml buffered CsrSoO (density
)

L.46 gmler'), overlafd with light mfneral o11 (0.6 ml) and

subjected to lsopycnic density gradfent centrifugatÍon at

421000 rpm for 18 hrs. in a Spinco Sl{ 50 rotor. Virus particlee

were collected from a band formed in the central zone (fi8.26a)

and sedlmented by centrifugatlon at 2401000 g for 90 min. in a

Spinco 65 rotor.

Method B wae a npdification of method A, which ueed

lfquld nítrogen and a pestle and mortar for the inítial shearing

of P.sativun L. tfseue followed by blendlng ín 0.1M sodir¡n

cltrate pH 4.7, contaf.ning 10 mM EDTA, 0.1% thloglycollic acid

and 0.5% cellulase (fyp" I, Sigma Chemical Co.). Extracts vrere

lncubated f.or 3\ hrs. and the mlxture \ùas then clarified at

1000 rEn for 15 mln. 1n the Sorvall HG 4L rotor at 15oC before

adding polyethylene glycol (PEc) 6000 to 8% and NaCl to 0.4trt.

The precipltate was collected by low-speed centrifugatíon

(4000 rpm - Hc 4L rotor), and resuspended fn 10 mM phosphate

buffer, pH 7.6 by stfrring for 16 hrs. at 4oC. Triton X 100 was

added to 1%, the mixture !ùa6 stirred for a further 2 hrs and then

clarified by centrifugation at 10r000 rpm (GSA rotor) for 15 mln.

at 15oC. A second PEG precÍpitatlon step lras followed by

resuspenelon, as above, and clarlflcation by centrifugation at

101000 rpm for 30 min. in the GSA rotor. After fractíonation

on a L0 - 407" sucrose gradlent virue wae sedimented by hÍgh speed

centrifugatlon, then resuspended and centrlfuged to equilibrlun in

a CoTSOO gradient and concentrated by high speed centrifugation as
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deecribed ín method A.

7.2.3 Electron Microscopy

To estfmate the virue concentratlon in dlfferent

purificatlon methods and for aeeaylng fractlons on sucrose

gradients, fractlons collectèd from aucrose gradients were

placed on an electron rnieroscope grid washed with 25 to 30

drops of distllled water and negatlvely stained wlth 27" UAc or

HIA and examined in an electron mfcroscope (see Section 2.4).

The number of SCRLV particles per standard aree (1000 ¡.,t2) *""

counted, pårticle numbers were assessed by examinfng 10 electron

mlcroecope flelds at 20r000 x magniflcation (Roberts, 1980).

7.2.4 Measurement of virus pârtlcle diameter

Negatively staíned virue partlcLes were examined in

the electron mlcroscope and photographs were taken êt 501000

magniflcation. Particle dl.ameter was meesured by the procedure

descrfbed by Randles and Hatte (1979). InitiaLly the fnstrurnent

rras callbrated at, 101000 wíth a carbon grating replica

(2f00 lines/rffn; Ladd Reeearch Industrtes I¡c.), A small part of

the replice \rao photographed at a magnlflcetÍon of .101000 to

obtafn an accurate magnificatf.on. The same obJect ¡vag then

photographed at an lngtrunental magnlffcation of 501000 to

callbrate the lnstrument at thls magniffcatlon. Partlcles were

meaeured ln photographlc prlnts !¡elng a scale attached to a

magnifier lens with a resolutlon of 0.1 nrn.

7.2.5 Infectlvítv asaav

The lnfectivity of the part,tally purlfied vlrus

preparation¡ from method A and method B was checked by allowing

nonvlrullferous A.solanf (rltU,) to feed theough a stretched
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pârafllm (Marathon Products) membrane on a drop of virus

suepension L¡ 25% sucrose. About 100 aphlda were permLtted to

feed on the vlrus preparatlon at room temperature for

24-48 houre..before they were placed on two week old

T.subterrancum L¡ cv. Mt. Berker test seedllngs ln groups of

flve aphids per seedling. Control aphlds were allowed to feed

o¡ 257" sucrose solution (wlthout vlrus suspenelqn) for the eeme

period and then transferred to teet plante for 3 daye before

they were kflled by sprayfng wlth l4alathlon.

7.2.6 Inununo electron mlcroscopy (IEM)

The IEM technique was used to determine whether the

vLrus-like particles prepered by method A and B (see Sectlon

7.2.2) were aerologically related to SCRLV.

IEM was done by trapplng the partlclee on antf'eertln

treated grids and then uslng the antlbody deeoratlon procedure

(ullne and LulsotL, L977), ScRLv antlserum (ttter Ll5I2)
J.IJ.

donated by li.Âshby, Llncotn, New Zealand, wae used. Trapping

was done by dtluting antLeerum to 1/1000 1n dietllled water,

plaelng a drop of dlluted antiserum on an LonÍzed carbon coated

fornwar grld and lncubatlng it for 5 mf.n. in a hr¡nid petri dish

at room temPerature. The grtd was washed wtth dlsttlled water

three times at I mln. lnten¡als. After dralnÍng the water from

the gtfd wlth a plece of flltet paPer a drop of the vLrus

preparatLon purtfled from lnfected T.eubÈerrener¡m Lr or

P.satÍvr¡m Lo wâ8 placed and lncubated for 15 mfn. et room

temperåture. The excese llquld was dralned off and trapped

partlcles 1¡êre decoËated by fncubating for 30 mfn. on a droP of

SCRLV antLeerum dfluted 1/I00 fn distllLed water at room



Flg. 23 U.V. abeorptl.on p¡ttcans of I0 - 4fl"
aucroad gradlent coatafning prePtrttlone
from Tosubterr¡nau¡n L. lnfcetcd wtth

-

scRLv;---ScRLv waa preparcd from 5oo gr
of fnfeeted tfeeue. fhe tfeaue wae
honogenlzed wltti 0.ll'{. cl'trate buffsr
(2 nþle naterlal) pE 6.0 containlng 0.17.
thloglycolllc actd and I-.5% Cellulase.
Þellcta rcsuepended ln 0.1 M - phoephatè
buf,fer, pH 7.2. ltre gradients $etre
centrl.iuled for 3.5 hra. et 28000 rev/mln
ln SI{ 50.1. ¡otor. Vlrua wes detectGd by
E.Me
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temperature. The grfd was then !ùashed agaln wíth water and

stained wLi.tr 2% uranyl acetate for 30 sêc¡ ând examined 1n

the electron mÍcroscope. The same procedure was follorued to

deco{tate PLRV wlth PLRV antlserum (frorn Dr.Stace-Smith,

Agrlculture canada Research r.".r)iiiîîì"Ji"n columbia) and ro

test PLRV and SCRLV ln recíprocal tests.

7.2.7 Nucleic Acld

7 .2.7 .L Precautl.ons agaLnet rlbonuclease

All the materiels used to extract RNA lære

treated tó ellmlnate contamlnation wfth ribonuclease. Singte

or double glaes dlstílled water, buffers, soLutions of inorganic

salte, including SDS, were autocLaved at 12Ooc, 15 psl for

15 mfn. Glaserùare was kept at L30oC 1n an oven overnight. Ileat

lablle acryLarnide Írås made up in sterile water¡ Centrlfuge

tubes, plexlglaes tubes and electrophoresis apparatus r{ere

sterilised by soaking for 2 min. ín a solutlon contaíning

2N KOH ln 9V/" ethanol followed by rinsing several tÍmes \,rith

sterlle distllled water lmmedlately before use. Sterilised

materlals were maintained RNase free by keepfng them sealed at

room temperaÈure and RNA preparations lrere stored at - 20oC

in small allquots.

7.2.7.2 Extraction of total nucLelc acfds from healthy

liggtlana clevelandll G.*S

N.clevelandll Gnay nucleic acids were.used ag RNA

markers. Total leaf nuclelc acide Srom healthy tÍssues vùere

extracted by the phenol method deecribed by Loenlng and lagle

(1967). Leaf tlssue (10 g¡ was homogenlzed wÍth a pestLe end



FÍ-g. 24 An electron mÍcrograph of a purified SCRLV

preparatlon negatively stained with 27'

uranyf acetete. The bar rePresents 100 Ûn'
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rrrrrtar fn equal voh¡mee of, 17" sodiun dodecyl sulphate (SoS) and

907. phenol by ahaklng for 10 min. and centrlfugfng at 101000 rpnr

for 10 nfn (2 tfmes) ln the SS 34 rotor. To the eupernatant ã[

sodlum åcetate was edded to bring the solutton to O.lMr together

wtth three volunes of redletttled ethanol, and lt was alloræd to

stend at -20oC for upre than one hour before the RNA precÍpitate

was collected by centrlfugation at 101000 rpm for 15 mín. fn the

SS 34 rotorr The precfpitate was washed twice wlth 957" ethanol

to remove phenol. The preclpltate was drafned, dríed, dissolved

ln I ml of sterlte dlsttlled water a¡rd etored at -20oi.

7.2.7.3 Extractlon of velvet tobacco rrottle virus (VNoV) nNes a

VT!{oV provlded by Dr. P.}l.Chu, (Waite Agricultural

Reeearch Instftute, South Australie) was used for extrecting I{NA

to run as a marker wfth SCRLV-RNA, The method adopted to extract

SCRLV-RNA was also ueed to extract VltloV-RNA (see Sectlo¡ 7.2.7.4).

7.2.7.4 Extraction of subterranean clover red leef vl.rus

(scnr,v) nm

The procedure of Murånt g!-g!. Í972) was slightly

nodifted for the extractf.on of RNA from purlfted SCRLV (Randles,

1975). The preperatlon of SCRLV fn 0.0ht phosphate buffer pH 7.6

was mlxed wlth an equal volume of predfgeeted 0.1% pronase

contalnÍng 0.57. SDS and O.LM sodfrnn acetate and Íncubated for

16 hrg. at 37oC. Nucleic actd luas preclpltated by addtng

four vol-umes of ethanol and leavlng for more than 4 hours at

-2OoC. the preclpitated nuclefc acld was sedfmented by

centrifugatlon åt 101000 rpm for 15 mfn. in a SS 34 rotor. The

pellet waa once again waehed wlth ethanol and sedlmented by

centrffugatlon at 101000. rpm for 15 min. and the nucleic acf.d



Flg. 25 An electron micrograph ehowing tubules
often seen together wlth SCRLV particleg
fn partially purified preparatLons
negatlvely etalned wlth 27. Uranyl
acetate. The bar represents 100 nm.





103

pellet lras drained, dried and stored at - zOoc'

7.2.7 .5 MeasuremenÈ of nuclel c acfd concentratlon

concentratíon of purlffed nucleic acid was measured

spectrophotometrlcally uaing a Unfcam sP-1800 double beam

spectrophotometer aasumlng o!¿t't' = 25.

7.2.7.6 Polyacrylamlde gel electrophoresLs

The nuclelc acid lsolated from scRlv whlch was purifled

by nethod A, wae analysed by electrophoresis r¡nder denaturíng

conditlons in 3.37" polyacrylamíde-3lf urea slab gels (eir É4. t

:rg7Ð uslng the Tris-borate-EDTA (TBE) pH 8.3, buffer system

(Peacock and Dlngnan, 1968).

. Electrophoreels fn slab gels was done usÍng the Slo-B¿d

npdel 220 vertfcal- slab gel electrophoresis aPParatus' The slab

gel was 1.5 r¡rn thíck, 120 nrn deep and 140 nrn wide. ltre wells

ware loaded wtth the following:

(r) scRl,v RNA 40 pl + 20 pl 50fl. Glycerol + 20 ¡11'17' sDs

(rf) VTI'tov RNA 2 pl + 20 ¡r1 5C7' Glycerol + 20 yL 17' sDS

(fif) N.clevelandll RNA 5 ¡r1 + 20 ¡rl 507" Glycerol

+ 20 Pl 17. SDS.

srEJ úeÀ {.>
The RNA samples wereielectrophores'rs aÈ 25 mA for 24O

min, at room temperature. After electrophoresis the gels were

steined wíth 0.01% toluldlne blue (fn 5% acetlc acld) for 20 min'

and deetalned ln several changee of sterile dlstilled water.

7.2.7.7 Es of lecular t of SCRLV

MigratlonoftheRNAbandsincludfngmarkerRNAinthe

gel was measured. The molecular welght of the SCRLV RNA was



rtg. 26 (a)

(b)

(c)

Llght-acetterlng zone (arrow) formed
by SCh,LV after centrlfugatlon for
18 hrs. at 42000 rev/min tn a CsrSoO
gradient.

Partlcles of pr:rlfled preparatLone of
SCRLV after centrlfugatfon ln CcoSOr.
gradtentftâlned wfth 27" UAc. slsr 

q

repreeent loo nm.

Purifled preparatlon of SCRLV after
CsoSOr. gradlent attached to a SCRLV

anfiaärt¡ri (1/200 dttuted) coated
graid followed by negattve^Lf stainirng
wlth 27. UAc. Bar repreeente 100 nm.
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estimeted from their relatlve mobllitfes wíth respect to

VT'IvloV RNA -3, and cytoplasmlc rlbosomal RNArs. The molecular

welghta of the marker RNA are listed ln Table 16'

lab1e 16: Molecular welghts of marker RNA components

Reference Marker RNA uol.wt(x 1õ6)

Leaver and Key (1970) Rfboeomal
25s
18S

1.
0.

a1
0

3
1

1
Leaver (1973) Ribosomal

23s
L6s .56

Randles 9!-J. (1981) VflloV-RNA 3 o.r2

The molecular weighte of the test RNAs were

estlmated from the regression of electrophoretic mobility on

locl. molecular weÍght of the standards (Murent g!-3!'t 19BI) '

7.3 REST]LTS

7.3.1 Virus puríficatlon

Inlhen T.subterraneum L.!tâs used to purify SCRLV as

described ln method A, two W absorbing zones (tr'ig. 23) were

detected in sucrose gradlents. Examlnatlon in the electron

mfcroscope showed tno tyPes of particles tn the 2nd peak down

the tube. One type of parÈlcle rvas fsomeÈric (l'íg. 24) and the

other rod-shaped (fig. 25) wíth a central hollow corê¡

Preparations from healthy T.subterraneum L. showed similar but

fewer rods. Slmllar rod shaped particles r'ære also seen by

Teh (1978)¡ Ashby and Kyrlakou (1982), rdren infected

T.àubterraneum L. lrâs ueed to purify SCRLV. Puriflcation of

SCRLV from P.sttivurn L. also geve a W absorbing peak at the



Flg. 27 Bouyant density determinatfon of SCRLV

on lsopycnic CeTSOO denslty gradient.
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same posítlon 1n the sucrose gradlent as obtained for

T.subterreneum L. ånd thfs pealc contcirne'd o"'\9 isometric

partlclcs vrhen examfned in the electron mlcroecop€r ÌJhen

partially purlffed SCRLV was subjected to CStSOO

centrlfugatLon, Fig. 26b shows the htgh degree of purlty as

determlned by electron microscopy.

The yield from 3:93g!g L. $râs low for method A

QA ¡tg¡l<t of tLesue) and hlgh for method B (1.34 me/kg of

tissue), when the same plant materíal was used as the source

for purif lcatf.on. Only traces of virus ltere recovered from.

tiseue of lnfected T.eubterraneum L.

7.3.2 Denslty gradient centrlfugation

In CsrSO^ gradlents a milky band was formed about

25 nm below the meniscus after centrífugatíon for 18 hrs. at

42r000 rev/min. (tr'lg. 26a). '[^lhen fractíons obtained after

CsTSOO gradient centrífugatlon were converted to their

correspondlng densities, the fractíon wlth the híghest W

abeorbance had a denoíty of 1.31 g*/"r3 (rtg. 27).

7.3.3 Absorption spectrum

Flg. 2B showe that purífied preparations of SCRLV

obtalned after centrifugation in CsTSOO denelty gradients had a

W absorption spectrum typlcal of a nucleoprotein. ltre

'%OOIOZ*O ratlo ¡vas about 1.5 and thls ls consistent with an

RNA content of about 2trl. (cibbe and Harrlson, L976).

7.3.4 Measurement of virus particle dlameter

I^lhen SCRLV particles were compared wíth those of fted

clover necrotic mosaic vlrus (ACWUV) at the sarne magnffÍcation



Fig. 28 Ultraviolet åbsorptlon spectrr¡n of
fractlon contaLning SCRLV from a
CsTSOO leopycnfc denslty gradient.
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and taklng the dlameter of RCNÞÍV partfcles as 34.2 nm

(ttatta and Franckí, lnpublished results) the dlameter of

particles from SCRLV infected plante was calculated to be

30.4 nm (see appendfx Table 13).

7.3.5 Infectívfty essay

+.e
None of the test Plants produced sympÈoms when^virus

preparatlon from ¡nethod A was .ts"a U.rfrfrus preparation from

method B caused red leaf symptoms on lndlcator Mt. Barker

plants. Waterhouse and Murant (198I) observed no transmíssion

when viru6 preparetlons (carrot red leaf virus) were made after

treatment rqlth Drlselase for 16 hrs.

7.3.6 I¡rnuno electron microscopy (frÐ

The results ehow that, vlrus-like partlcles purifled

from SCRLV ínfected plants vrcre trapped (Fig. 26c) and decorated

only with SCRLV ântÍserum (flg. 29) and not wíth PT,RV antisêËurno

Conversely PLRV was decorated only ¡vith PLRV antÍserum (Fie.2tg)

and not wtth SCRLV antiserum.

These results show that the vfrus-llke particles

partially purlfied from lnfected Mt.Barker plants and peas were

cloeely related to the scRLV used by Ashby and Kyrlakou (1982)

and not to PLRV.

7.3.7 Serology

Ilhen antlserum to SCRLV (Jl5]'2 titer) received from

Dr.J.'[nl.Ashby, New Zealand \'¡as tested agaínst purlfied SCRLV,

ín gel - diffusion test6, a oingle line of precfpltate occurred

in these tests at dÍlutions up to 1/10 (fig. 30a). No

preclpitatlon banda 1¡tere seen when antLserum lüas tested agalnst



Fig. 29 Particles of SCRLV after attactrment
to SCRLV antÍserum coated grid
(1/1000) dllut,lon and then decorated by
SCRLV a¡rtLserum diluted 1/100 for
30 mLn. at room temPerature.
Bar represents L00 nm.
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crude sap from healthy P.eatívum L. (FÍg. 30a). Furtherrnore

ScRLv antisera lJ12048 titcr) received from Drs,p.M.trIaterhouse

and K,Helms from Canberra (tr'lg. 30b)ÂìÊ-,.-,¿..-\eå -'.1¡ +.* v.i.:s, ç.eço.J.ðn'

Flg. 31 shows that in serologlcal tests with ELISA

(for the ELISA method see Chapter 8), the optimal values were

obtained when the microtlter plates neïe coated with SCRLV [ -
c_o^.conÀ ccr{o.globulln at a cl4,tr¡¡tiee of 5 ¡rS/rnl- and conJugate d.iJ¡¡+iea !úa6 ot

L.25 ,¡tgl¡L. In these tests, purified SCRLV could be detected

down to a dílutlon of 10-3 (pig. 31).

The poosible appllcatÍon of ELISA to the detection

of SCRLV in infected T.subterraneuri L., I=þþ L. and aphids fed

on lnfected plants was also investígated. Table 19 shows that

vlrus was readlly detected in lnfected plants ln whflch extfnction

values (U+OO 
n,u) varíed from 0.88 to 1.74 while values for the

healthy control were less than .07. Further virus can be readlly

detected Ln extracts of aphlds fed on lnfected T.subterraneum L.

plants and the extinctlon value varles from 0.17 to L.62 (tatle 19).

For nonvirulíferous aphlds, the value ¡ras less than 0.1.

7.3.8 Measurement of nucleic acld concentration

Absorptlon spectra were corrected for 1lght scatteríng

as descrlbed by Noordam (1973). lhe concentratfons of RNA

extracted from N.clevelandll GRAY. and VIlloV were 0.84 and

1 mg/ml respectively. Concentration of SCRLV - RNA vras too low

to meegure.

7.3.9 Nuclelc acfd composition of SCRLV

Flgures 32a, b, c show the nucleic acids of



Flg. 30 Serologfcal reactlons in a geL-dlffusion
test between a purífied preparation of
SCRLV úrom P.satfvr¡m L. cv. Puget and
antleera to antlgen (e). rn a, well v
contained purffied preparation of SCRLV.
WeLl A contained undÉLuted antlserÌm of
SCRLV from New'Zealand (Jl5I2 Titer)
provÍded by Dr. J.W.Ashby, well A1
contalned the same antiserum dfluted
Il2O0, well A1 contajned the eame
antleeruÍi dtlúted 1n I/l-0. II, healthy
P.satlvum L. sap as control.

In b, well A SCRLV antl.gerum (tfter
I I 2048) undiluted from Dr.P.M.I^laterhouee
and Dr.K.Helms Canberra; A.t, antlsertm
at a díl-utfon of IlZOi welt Ar, antíeerum
dlluted 1n l-l200; wel-l H, heafthy
P.sativrim L. sap a9 control.
Preclplta tfng reactlon are seen between
A and V only, with no reaction againet H.
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N.clevelandll GRAY VfioV and SCRLV fractionated on

denaturing polyacrylamlde gels. Nuclelc acíd from the SCRLV

preparatfon yielded 3 bands (¡'1g. 32c e Noe.l, 2 and 3). To

flnd out whlch band consisted of RNA, the SCRLV- .NA solutÍon

was dfvlded lnto 3 parts and theee Ìüere untreated or treated

wlth RNase A (final concentration 50 ¡re/ml) (bovÍne

påncreatfc, Sigma Chemical Company) or DNaee I (final

concentratlon 50 Fg/ml) (on - EPr Slgma Chemical Company) 1n

0.0LM MgCl, and 0.01M Tris-IICl buffer, pH 7.4. The RNase was

preheated at 100oC for 5 mln. tb destroy DNase. Each eliquot

was incubated at 37oc for 30 mfn. The reactf.on was stopped by

adding 1% sDS and keeping et - zOoc for rnore than one hour.

Nucleíc acids lrere preclpitated by ethanol and sedimented by

centrlfugatlon as described before (see Sectíon 7.2.7.4). Íhe

pellets were dralned, dried and electrophoresed ln denaturlng

3.37. golgacrylamide gel (see Sectlon 7.2.7.6).

Bands I and 3 were suscepLible, to RNAase

(f1g. 33c) but were reelstant to DNase. Slmilarly band 2 wae

not reeistant to DNAase (fig. 33b) and resístant to RNAase

(rlg. 33b).

From these observations it ¡vas concluded that bands

I and 3 are RNA whfle band 2 ís DNA.

7.3.10 Molecular lrelsht of SCRLV-RNA

MigratLon of the RNA bands lncluding marker RNA Ín

the gel was measured. The resulte sho!¡ (table L7, Flg. 34)

estlmated molecular weights for SCRLV RNA-I and RNA-2 of

2.08 x 106 and 1.08 x 106 reepectlvely when N.clevel-andii GRAY



Fig. 31 Enzyme-linked lmmunoeorbent assay (ef,fs¡)
absorbance valuee 1n relation to dffferent
concentratlon of SCRLV I - globulln and
conJugate.
Q o c-on{ro\
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Table 17: Mobtlity of RNAs on 3.3% polyacryla¡nfde-8Ì"f urea gel electrophoresls

Source

N.clevelandil

VTI{oV

SCRLV

R* = ReplLcate

a = No data

Mol.I{t. of RNA Relative MobÍlity (rmn)

R R R R*
t2345

Average MobllÍty (nrn)

31.6

3 7.0

44.O

49.6

92.0

20.0

34.0

1.3 x 106

1.1 x 106

0.7 x 106

0.56 x 10

d

d

d

6
d

29

32

37

42

90

26

45

R

20

24

28

33

72

12.5

22

46

55

67

74

B5

27

47

-e

1.2 x

RNAI

RNA2

to5¿

2.08 x 10

1.08 x 10

6a

6
d

10.5 24

22

Ho
\o



Fig. 32 3.3% poLyacrylarnlde &l urea gel
electrophoresis of purlfled SCRLV nucleic
acid and marker nuclefc acl.ds. The
fractions of 165, 18S, 23S and 25S
rfboeormal RNA markers are shoÍùri for
N.clevelandl! GRAY (a); RNe 2 and 3 for
VffiV-G);TNA (t and'3) and oÑe (2)
for SCRLV (c).
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were used es interrial markers.

7.4 DISCUSSION

The main alm of the SCRLV purfflcatlon was to obtaln

sufficlent highly purlfled vlral RNA for molecular hybfridization

etudies. Previous attempte to purffy SCRLV from T.subterraneum L.

usíng methods A and B showed that the virus was present in low

concentratlon fn thls host. I^lhen Teh (1978) .tt.rnnfto purify

SCRLV from T,subterraneum L. lt was unsuccessful. Ashby and

Kyríakou (1982) reported that
A {Arfcc>

lsÉee+ed P.satlvrrm L. cvr Puget wa6,(betterTthan ínfected

T.subterraneum L. cv. Mt.Barker. They obtalned virus yields

from infected P.sativr¡n L. cv. Puget of 0.5 to 3.0 mg/xg of

tissue. Símllarly Johnstone g!3!. (1982) obtained vírus yields

between 0.5 to 2.0 mg/Kg of tíseue usfng the same host. In the

present study the vlrus yield vras very fow(2+ pB to 1.34 mg/Kg)
{l:.= J

of tíssue compared witlAshby and Kyrlakou (1982), and

Johnstone g!_1L. (1982). It rryae observed that when Cellulase

(Onozuka R 10) was ueed to digest the plant tlssue at the gíven

buffering system and pH 6.0 at room temperature (method A), a

minimum of 16 hrs. was needed. But wíth Cellulase (sígma type I)

wíth the sanìe buffering system at ptt 4.7 less than 4 hrs. was

needed (method B). Since the method A procedure is very time

consuming and yleld is low when compared to method B, SCRLV

puríficatlon was later attempÈed only by method B. Further it

was observed that virus (SûnV) purified from enzymatic

dlgestíon for 16 hrs. was not transmftted in infectivity assay

tests uslng Itg efficient vector A.eolant (I(ltU.). The reason

for Èhls 1s not known. But l.Iaterhouse and M,rrant (1981)



Fig. 33 3.3% Polyacrylamlde Bl"f urea gel
ãi""t."piro."Li" of SCRLV nuclelc acld
(a) and the same Preperatlon after
incubation wlth DNase (b) or RNase

(c) at 3fc ror 30 min'
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reported a sfmilar sítuatÍon when purifying carrot red leaf

vfrus and suggested that prolonged lncubatfon may cause damage

ond/or
to the nucleíc eclf nrotein components of the virus. This needs

further fnvestigation.

Purifled SCRLV has 30.4 nm isometric particles with

a denåity of approxÍnrately 1.31 g/cm3 in csrso.. ThÍs value ís

close Èo the value of. L.32 g/cm3 ancl 1.33 g/ct3 reported for

pea leafroll virus (asnUy and uuttlnga, 1979) and an ísolate of

barley yellorv dwarf virus (Ilanunond g!3!.t1983) respectívely ín

CsrSOrn gradient. The ratio OZøOIOZSO of 1.5 ls lower than the

value(l.85) obtained for SCRLV by Ashby and Kyríakou (1982) and

lower than that found for other luteovLruses which range from

I.62 fo¡ carrot red leaf vlrus (waterhouse and Murant, 19Bl-) to

1.96 for soybean dvrarf vÍrus (ro¡íma and Tamada, L976).

1'he nucleic acids isolated from SCRLV prepared by

method a (nig. 33) contained two RNA bands (RNase sensitive,

DNase resistant) with estimated molecular weights of 2.08 * 106

(band 1) and 1.08 x 106 (ban¿ 3). The relationshíp between

these t¡vo bands is not known and requires further investígation.

Falk et al. (1977) has reported that beet western yellows virus

whích is also a member of the luteovirus grouP contains two RNA

species. Higher nplecular weight RNA is cLose to the molecular

weight determíned already for the RNA of other members of the

luteovirus group (Rochow and Duffus, 19BI). Ashby and lluttlnga

(1979) reported quotlng Geelents (1974) work Èhat the condition

(nondenaturing or denaturíng) of which the polyacrylamide gel

electrophoresis carrled out can affect the molecular rveight



Fig. 34 Dete:lmlnatlon of mol. wt, of SCRLV RNA

by electrophoresle on 3.37. polyacrylonide
8!f urea elab gele. The llno wao obtefned
by plotttng the log of mol. wt. of
¡narker RNA¡a agalnat their digtance of
mlgratlon'

a) 25s mol.
mol. wt.
0.7 x 106

; 106¡
0b; (c)

(b) 23s
18S nrol.wt.

!'ft
1.

. 1.3
lxI

; (d) 16s rnol. wt. 0.56
(e) Vftlov-RNA3 ¡nol. lrt,. 0.12 x l-

x1
06.

06t

The arrow Lndlcates the poeltl.on of
the two SCRLV-RNA epecf.eo,
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estfmatê¿ since most of the rnolecular welght of RNA has been

estlmated on nondenaturlng gelê e'g' BYDV-RNA (Brakke and

Rochow, Lg7Ð; PIRV-RNA (RowhanÍ and Stace-Smlth, L979i

Takanaml and Kubo, L979b); PeLRV-RNA (Ashby and Huttinga, 1979)

there 1s uncertalnty about the tlue vatue of the slow migrating

RNA exÈract from purlfled SCRLV preparatlons' A comparison

of npLecular weight from nondenaturing and denaturing gels

(Murant g. , L}TZ) wlth a range of luteovlrus RNA6 should be

done. The more diffuse bend observed between the two RNA bands

(rtg,32) was shown to be DNA (band 2) by enzyme dlgestion.

copuriflcation of DNA with the scRLv-RNA may be a tesult of

elther, attachment to, or encapsÍdation ln scRLV partícles.

Its orfgln 1s unknown, but lÈ may be analagous with the DNA

which Sarkar (L976) found to be aseociated wlth preparatfons

of the RNA contalning poteto leaf ro11 virus (Rowhani a¡rd

stace-smLthr 1979).

¡t :lt'<..þt * :k Jo'r ** ¡'r :k :k
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C1IAPTER B

MOLE HYBRIDIZATION AIIALYS IS

8.1 INTP.ODUCTION

In this Chapter the feesíbiltty of using the mol-ecular

hybridization assay (!I[IA) to ldentffy SCRLV in plants and the

aphld vectors is fnvestigated. IdentÍfícation of SCR.LV-ínfected

plants fn field samples 1s tlme consumLng (Jayasena and Randles,

l-984) because of the need to use aphid vectors for virus

tranemf.ssion work. Moreover, because V.faba L. infected v¡ith

SCRLV shows syÍtptoms very much eimilar to subterrânean clover

stunr virus (SCSV) and bean leaf ro11 vlrus (gËnV) (Johnstone,

L978)¡ the correct vector musÈ be used to ídentify the vfrus.

Therefore, a rapid and reliable means of detecting and

identÍfying SCRLV would be an advantage.

ELISA would eatisfy these requirements, but the need

to prepare milligram anounte of virus for i¡rrnunizatíon together

wlth possible dlfflcultfes of ensurlng specifieity and

lnterpreting serologlcal Ínterrelationshlp between isolates by

thl-s method, led to attempts to develop MHA suftable for use wlth

scRLV. MIIA usfng DNA complementary to RNA (cDNA) provides a very

sensitive meens of detectlng viruses, and allows a comparison of

thelr nucl-eotide sequences (Rbu-Samah and Rendles, 1981, 1983;

Boccardo 9!,4.r 19Bl-¡ Palukaftis et el., 1981b; Gould and

Franckl, 1981). PalukaitíG et al. (19BIb) reported that a cDNA

probe can detect vlroid specific RNA ae low ae I x 10-57" ty

wetght of total Leaf RNA extracts and hybridízation percentages

can be used to study relationshlps between viruges and vírus
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strafns (palukaitis and Symons, 1980; Abu-Samah and Randles,

1981,1983).

8"2 ¡,ÍATERIALS AI{D METHODS

8.2.1 virus ffication

For virus purificatíon methode see Chapter 7.

8.2.2 Extractíon of SCRLV-RNA

The method of Murant gg3!. r(I972) was slightly

modified for the extraction of RNA from partially purified

SCRLV (see Chapter 7). Sfnce, hlghly purified RNA was required

for the synthesis of complementary DNA and for hybridlzation

studies (Abu-Samah, 1982) ttre RNA from pertially purffied virus

preparatÍons ritas subJected to sucrose density gradf.ent

centrlfugatíon.

Partially purifíed vírus prepared by polyethylene

glycol precipíÈatlon (PEG) and centrlfugation to equlllbrfi¡n in

a caesium sulphate gradÍent (see Chapter 7) was incubated for

16 hrs. at 37oC 1n predÍgested 0.17. pronase contaíning 0.57.

sodil¡Ín dodecyl sulphate (SoS) and 0.1M sodium acetate

(Murant g!. 197,2; Randles, 1975). After addíng 0.25M Trls-HCl

buffer pH 9.0 containing O.It"t ammonium blcarbonate, luM EDTA and

I% SDS to the dlgeeted preparation, the viral RNA was separated

by centrifugation on 7.5 - 3W" sucrose step gradíents buffered 1n

0.5M Trls-HCl pH 9.0 (Reddlck and Barnett, 1983) at 251000 rpm

for 16 hrs. at 14oc 1n the Spinco Sl{ 4l rotor. rhe RNA zone $Ias

loceted usíng an ISCO density gradlent fractionator and ultra

violet scanner. Fractions from IJV absorption peaks were collected

and RNA lrås recovered by ethanol precipltatíon in the presence of
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0.2 M sodfu:m åcetate. The dried pellet was Èhen dfssolved

fn sÈer1le double distllled water (o.1 ml) and sÈored at -20oC.

8.2.3 Extractlon of NucleÍc Acld from SCP.LV infected and

healthy plent meterÍals

Total nucLeic aclds were extracted from healthy or

SCRlV-infected Pisr¡n sativum L. Puget and Trifoliurn

subterraneum L. cv. Mt. Barker plants. Physalis floridana L.

plants either fnfected r.ríth potato leaf ro11 virus or healthy,

were also used as a source of totaL nucleic acids.

Before extracting the totel nuclelc aclds, plants

were ground to a powder in the presence of llquid nltrogen

usfng a pestle and mortar. Powdered plant materlal was

transferred to a sterll-e beaker contaLnfng equal volumee of

17. SDS and water saturated phenol and stirred for t hr. at

room temperature. The rest of the procedure was as described

in Sectfon 7.2.7.4. The pellets obtained after ethanol

precipitatÍon were drled and dlvfded fnto two. One lot was used

dlrectly for hybridlzatlon studíes and the other lot was flrst

subJected to cetyl trlmethyl anrnonfu¡m bromide (CTAS)

precLpltatÍon to rerrþve non nucleic acld materlal (nalph and

Bellamy, 1964) before using for hybridlzatlon studÍes. Ttre

CTAB procedure riras as follo¡¡s. The dry pellets were dfssolved

fn 180 ¡rl of sterlle double dÍstitled v¡ater. 20¡rl of Zt't NaCl

and 100 pl of 1% CTAB were added whlle mlxing genÈly. Mixtures

rvere left at OoC for t hr. before centrifugatlon aÈ 101000 rpm

for 15 min. The pellets !ùere waehed twice wlth 0.1M sodir:m
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acetate ín 75/" ethanol and once with redisÈÍlled ethanol. The

pellets obtained after low speed centrifugation were dried and

stored at -20oC prior to betng used for hybridizaÈíon analysís.

8.2.4 Bxtraction of total Nuclelc ¿\cid from Aphids

Total nucleic acid was extracted from virullferous

and nonviruliferous Aulacorthum solani (Kltb) and I'fyzus persLcae

(Sulz.)¡ allowed to feed on healthy or SCRLV infecÈed

T.subterraneum L. plants as descrlbed above (Section 8.2.3) and

subJected to CTAB purificatíon.

8.2.5 SvnthesÍs of complementâry DNA for SCP'LV-RNA

The meÈhod descrlbed by Taylor g+1. (1976) and

modtfled by Gould and Symons (1977); Abu-Samah and Randles (1981)

rvae used Èo synthesÍze cDNA to SCRLV.

The DNA prírner required for cDNA synthesis was

prepared as fol.lows. Salmon speïm DNA (25 mg) was dissolved in

5 ml of lrrü'f Trís-acetate buffer pTl 7.t+ containing LmI1 magnesíum

acetate, then 350 yg DNase I was added followed by incubation at

37oc for 2 hrs. The solution was then heated at 121oc for 10 min.

by autoclaving (Taylor gg3!. , L976) and stored frozen t111 use.

To syntheslze cDNA purífied SCRLV-RIIA was mixed wÍth 70 ¡r1 of

sterlle double disttlled water and 75 pl of 3,r-¿aft (Âmersham)

(75pcf (3 nmolee)) rqere added and frozen in liquid nltrogen, then

lyophilised for 3 hrs. For a reaction mlxture of 50p1r the

dríed dCTP an<l RNA rvas díssoLved in a eolutlon contalning 25 ¡il

salmon sperm DNA primer, 100 mM KCl, BmI'{ MeCIrr 50mM Trls-}ICl

p118.3, Actl-nomycín D (100 pg/ml), 0.67mM dATP, 0.67rn14 dGTP and

0.67mM TTP, 30nnM dithlothreitol and 7 units of avian

myeloblastosls virus reverse transcrl-ptase. The mlxture \ûas
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lncubated at 37oC for 2 hre. ïtre reaction v¡as stopped by the

addltlon of 100 ¡rl of 1% SDS and 300p1 0.5M lraOH. The RNA

template was hydrolyeed by lncubatlon at 20oC for 16 hrs. The

cDNA was separaÈed from the rest of the unreacted

deoxyribonucleoÈ1de triphosphates and small ribonucleotides by

passage through a 1.5 x 15 cm Sephadex G-50 column equllfbrated

wíth freshly prepared O.LM NH4HCO3 (ebu-Samah, 1-982). The

fractions (10p1 each) ¡uere collected and radloåctivlty in each

fracÈion was determined. The peak fractlonrof eDNA (Ftg. 36)

were comblned and lyophilised after the additfon of 1/10 the

volume of redisÈflled triethylamine to remove arnmonla and

trlethylanrnonfu¡n salts. The cDNA was then taken up in 800¡11 of

10m['I EDTA pH8, ethanol ¡'ras added to 107" and it rvas stored at

- l5oc.

8.2.6 Determinatlon of Rot value of SCRLV-RNA and nucleic

acid extracted from vlrullferous A.solani (fttU.)

The reaction mixtures (contalnfng nucleíc acÍd,
?

3¡r1 JU-cnNA and hybridization buffer) were heated at L00oc for

3 mln. and then íncubated at 65oC for 72 hrs. to give a maximum

Rot. The procedure is as described ín S*ctlon 8.2.7. The Rot

value was as

Rot RNA concentratlon x Ídization time

molecular rveight of rlbonucleotide

Fg/ml x t (sec.) mg/ml x eêc¡
or

320000 320

where RNA concentratíon expressed as mg per mL., hybrldízation

time Ín seconds and molecular welght for the ribonucleotldes is
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asstrned to be 320 (Abu-Samah, I9B2).

8.2.7 llybrídization analysls of SCRLV-RNA. Dlant extracts and

aphid extracts rvíth 3H-eDNA to SCRLV

Ilybridization r.¡as done as described by Gould and

Symons (1977) ln hybrldizatlon buffer contalning 0.01M Tris-HCl

pH 7.0, 0.18M NaCI rvitl-r lmll EDTA and 0.05% SDS. Hybridlzations

were done in siliconízed glass test tubes.

Reactíon mfxtures of 40 pl contained 3 pl of 3tr-"O*O

(5000 cpm), nuclelc acid and B¡rl hybrldizatlon buffer. The

mixtures vrere then heated at 1000 C for 3 min. and incubated at

65oC for 72 hrs. respectively in a water bath. The hybridization

rEas termLnated by addtng 500¡rl loru salt S, assay buffer which

contained 0.03M sodfurn acetate, 0,051,t NaCl, 1nl4 ZnS04, 5% glycerol

pl{ /+.6 and /¡Opg per ml of denatured calf thyrnus Dl'trA. The extent

of hybrld formatíon vras determíned by resistanc. of 3tl-"oue

dfgestion wíth Èhe single strand specific nucleåse S, of

Aspergf-l1us oryzee (vogt, L973). The hybridized mixture v¡as divided

into two, each 250¡11, end to one portion 5y1 (5 unlts) of S,

nuclease was added. 51 nuclease Ìvas not added to the other aLiquot.

The trvo samples v¡ere Èhen lneubated at 45oC for 30 min. The reaction

¡.ras terminated by adding 1.0 ml of 107, tríchloroacetic actd (fCn,)

and 75¡11- of bovÍne aerum albumin (1 mg per m1). The reaction

mlxrure vas rhen lcepÈ on : lcs for 30 min. ""u)iao 
preciplra.å;"î'"Ë'J=

collected by ftltration through l,lhatman GF/.4. glass-f ibre f ilters

and vrashing trvice l¡ith 20 ml of 10% TCA and 10 ml of Bff/" ethanol.

the filters $rere then dried and counted in 2 ml plastic vÍal"s rvÍth

Èoluene-based scíntfllation fluid containing 3.5 I ôf. 2.5- diphenyl

oxazole (pf,o) and 0.359 of 1r4-bls 2- (5 dÍphenyloxazolyl) benzene
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(PoPoP) per l1tre.

8.2.8 Calculatton of estimated percentase of homolosy

HybridÍzation was estlmated as the percentage of S,

nuclease resf.stance (Abu-Samah, l9B2) whf.ch was:

crpomr in aliquot treated with S,

crprmr í.n unÈreated alíquot

these values were correcÈed for self-annealfng of the cDNA in

the absence of RNA as followe:

correcÈed % S, nuclease resÍstance =

S, nuclease reeistance of hybrld (Ð - S, nuclease

100 x resistance of eDNA (,7")

I00 - S, nuclease resistance of cDNA (7")

The estfmated % hornology in heterologous reactiong =

corrected % S, nucLease resfstance of the heÈoroLagous
hybrld

100 x
corrected % S

1
nuclease resietance of the homologous

hybrid

8.2.9 Enzyme - linked Ímunosorbent assay (mfsa)

The procedures adopted ín this thesis for ELISA rrcre

essentially as descrfbed by Mc Laughlin g!3!. (1981).

8.2.10 Preparatlon and purlfication of lnrnunoslobulin (Is)

SCRLV antiserum (2.5 ml) was diluted wlth an equal

amount of distílled water and 5 mI of 36% sodÍum sulphate was

added to preclpitate lmmunoglobulin (fg). AfËer 10 min. at

room temperature the nrixture rras centrÍfuged at 5000 g for

15 mín., the pellet was washed wlth 10 ml of 187" sodir¡n sul.phate

and sedimented at 5000 g for 15 mín. The pellet was then

resuspended 1n 1.0 ml of phosphate - buffered saline (fnsr0.02M
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sodium phosphate, 0.15M Nacl, 0.003I-f l(cl pH 7.3), then

dialyzed agafnst the same buffer at 4oC with two changes.

The innnunoglobulin fraction was then adjusted to Img/nrl

(UZAO = 1.5) ln PBS ând stored as a stock solutÍon with

0,01% (lv/v) sodium azide at 4oc for later use.

8.2.11 Alhallne ohosphatase enzyme con.jugatlon of Ig

Alkaline phosphatase (SIGì4/t' ChemÍcal Co.r U.S.A.)

(5 mg) wae added to 1 ml of Ig stock solution and the mixture

was dialyzed against PBS at 4oc overnlght wÍth 4 changes.

then lfl, glutaraldehyde was added to a flnal concentratíon of

0.2/". Preparations r'tere incubated at room temperature for

2 hrs. then díalyzed against PBS buffer overnlght at 4oC

(wlth 3 changes) and flnally agalnst trís - buffered saline

(tBs = 0.05M Trls-HClr pH8 contalnÍng 0.15M NaCl). Conjugates

were adjusted to 0.5 mg lg/ml ín TBS. Bovfne serum albumÍn

(nSA) and sodlum azide v¡ere added to give concefltratÍons of

LL (vlv) and 0.01% (w/v) respectlvely and the conjugaÈes were

stored ln the darlc at 4oC.

B.Z.LZ ELISA procedure

Polystyrene Micro test plates (OísPogable Products

Ltd., Adelaíde, South Australla) wíth U shaped we1ls were used

for the assays. the vqells, were rfnsed v¡ith dfstilled water

and sensitízed by adding ì.00¡11 of coatlng antíbody (2.5pg/ml

1n 0.5M sodfum carbonate coatlng buffer, pH 9.6 contalnÍng

0.01% sodfum azide) per well. The plates were incubated for

one hour at 5oC, then unabsorbed antíbody was rfnsed from the

wells by threer3 min. washes in PBS contafning 0.057" Tween 20.



Flg. 35 Sucrose denslty gradtent fractlonation of
nucleic aclds isolated from SGRLV whtch
was purifíed by double PEG preclpltatÍon.
The hígh rnolecular weíght peak (artowed)
was used for cDNA synthesl.e.
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sap extracted from T.subterraneum L. Cv. Mt.Barker ín PBS-Tween

contaÍning DIECA was added at 200 pl per well, and left overnlght

at 5oC in the coated wells. After rinsing as before, conjugated

Ig dlluted 1n PBS-lween was added to the wells (100¡r1/we11) and

íncubaÈed overnlght at 4oC. After rlnsing antlbody - entigen

speciflc reactLons were detected by adding 100 pl of substrate

(p - nítrophenylphosphate at lmg/ml fn tf/" (v:/v) diethanolamlne,

pH 9.8 containing 0.01% (w/v) sodlum azlde). Plates contaínlng

eubstrate rpere incubated for I hr. or longer at room temperature.

Reactf.ons were stopped by addlng 50¡rI of 3M NaOH. The strength

of the teaction fn each welt was determfned by comparing colour

development at 400nm in wells using a Unicam SP 1-800 ultravíolet

spectrophotometer.

8.3 RESULTS

8.3. I CharacteristÍcs and hybridízatfon speciflcity of

SCRLV-CDNA

From the peak ftactlon (Fig. 35) containing c. 1¡rg of

nucl-elc acld about 0.4p9 of RNA rtras recovered by ethanol

precipitation. Incorporatlon of 3"-aCr, lnto cDNA was about 17"

(rtg. 36).

The kínetlcs of the homologous hybrÍdization between

SCRLV 
3"-"oNO and SCRLV-RNA, and between the cDNA and total

nucleic acids extracted from ínfected p lants and A.solani (xltb.)

are shown

dilutlons
3H-"o*o.

lndfcated

ln Flgs. 37 and 38 reepectively. Fourfold serial

of nuclelc acid extracts were allowed to hybridlze with

The kinetics of hybridization (slngle phase Rot curves)

that the cDNA was not signlficantly contamínated with



Fig. 36 Separatlon of 3H-cDNA (arrowed) frorn
unreacted 3H - dCT?. The G-50 sephadex
coh:rn vras eluted with NII¿HCO1 pH 9.0.
20¡rl at tquot r¡as counted cif f Úpf fractLon.
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sequences not speclflc for SCRLV-RNA. The level of

contaminatlon of the SCRLV-RNA wfth plant RNA would have been

less than 0.002% (Homologous Rotä I Maxlmum Rot value tested =

9xto-3+648xtoo).

ttre Ro! ä value for homologous hybrldizatlon

(3n-"ntst : sCRLV-RNA) (Ftg. 37) was 9.0 x L0-3 mo1. ".".1-l
vrhích is the value expected for an RNA of molecular welght of

ca. 2 x 106. Thls ls based on the assumption that Rot ä and

analytical complexity are línearly related (uett 
"t il.11976).

GouLd and Franckf (198I) reported that a Rot ä value

1.12 x 10-2 mo1.""".1-1 was obtaíned for viral RNA of

estlmated molecular weight of. 2.I x 106. Abu-Samah (1982)

working with BYì,IV-RNA under condltions of hybrldlzation slmllar

to those descrÍbed I this Chapter, obtained a Rot å of

!.2 x 10-2 mol."u..1-1 for RNA wlth an estÍmated molecular

weight of, 2.6 x 106, For example, the estÍnated RNA

concentratlon at Rot ä was 0.037 pg/ml. Therefore Rot ä =

0.037 x 78060 (see Sectlon 8.2.6)
320000

9.0 x 10-3 Imol.sec.1-

If the R t ä of !.2 x 1O-2moloseCo 1-1 t" obtaÍned for an RNA
o

of Mo.trüt. 2.6 x tO6 (¿uu-samah, 1981) the approximate molecular

weight of SCRLV-RNA

= 2600000 x .009

0.012

1.95 x l-06

This esÈimate of nnlecular wefght is close to that estlmated for

SCRLV-RNA (see Section 7.3.10) and members of the luteovirus



Flg. 37 Itomlogoue hybrldlzatlon Kinettcg of
SCRl,V-epeclflc 3tt-cUne wlth the htgh
molecular wetght virus RNA' Four-
fold dflutlona of the RNA 1n
0.181'l NaCl, 0.011,Í Trla- H clr pH 7.0t
furù{ EDTA. 0.057" SDS were lncubated
wlth cDNÁ at 65oc toc 2L hre. and
4ImLn.( O )ot72hre.( O ).
Percent hybrldlzatfon was eecayed
wlth S. nucleaee and calculated
accordtng to the text (eee Sectlon
8.2.8) .
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group (Rochow and Duffus, 1981).

8.3.2 Ðetectlon of SCRLV-RNA ln pLants lnfected Ìrlth SCRLV end

ln aphide fed on SCRLV fnfected plants

Nuclelc acld extråcted from SCRLV infected plante or

from A.eolant (xltb.) fed on fnfected T.eubterraneum L. showed

betræan 447" s¡d 967, maxlmun hybridization values whereas nuclelc

acid extracted from healthy plants and A.solenf (fltb.) not fed

on SCRLV eouÌce gave values of betqeen 0 and 127" (Table L8).

Thfs conflrmed that the 3r-"o*o probe was speclfic for SCRLV and

that lt dfd not hybrldtze wfth nucleic acids extracted from

healthy T.eubterrener¡n L, r 3€91S L. and nonviruliferous

A.solanl (rltb.). Potato leaf ro11 virus (rr,av) which shows a

dletant. seroLogleal cross reaction rrith SCT.LV (Ashby and Kyrfakou,

1982) ehovred no detectable nucleotlde sequence homology when

nuclelc acide extrected from PLRV-lnfected Phvsalls floridana L.

were atlowed to hybrldfze wlth cDNA durlng the hybridlzetlon

incubarlon (rable 1B),

It wae aleo obeerved that the CTAB step ln the

purÍfleation of nucleÍc aclds from plants and aphfds IÍas necessary

to prevent partial degradation of cDNA durÍng the hybrldlzatlon

incubation (table 18).

8.3.3 Detectlon of SCRLV in aphÍds

Followlng a 72 ír . acquLeltlon feed bg apterae on

SCRlV-tnfected T.subterraneum L. (Table 18) , groups of åg!gg!
(rltb.) ¡ut not M.persl.cae (sulz.) were found by MIIA to have high

percentage hybritlizatf.on values and thus to contaf.n SCRLV-RNA.

In a second trial theee epecfes çere allorved to feed on

SCRlV-lnfected T.eubterraneum Lecvr Mt.Barker for 102 hourg

under continuous llght at 25oC. Llve fourth and fifth stege



Table 18: Percentage hybridlzation of SCRLV-RNA; cDNA with RNA in â range of nucleic acld extrects

Source

PurÍfied SCRLV
il

T.subterraneum L.
SCR.LV-infected

Healthy

P.sativr¡n L.
SCRLV-infected
HealtJry

P.florÍdana L.

PLRV-infected
I{ealthy

Ideíght of
the startlng
material (g)

6.5

6.5

Rt
o

(mol. sec.l
Ilybridiza-
tíon (7")

Nucleic acid
Preparatíon Amount Concentra-

extracted tion in
(us) eesay

(ue/ml)

-1 )

500
500

RNA
RNA

totel nuclefc
acld

n

il
n

0.44 0.29
il

2.3x10-1 gg.6a
50.0

¿ú.5(34.4)

12.2( 0.6)

56.5( 25.5 )
4.2( 0.4)

0.2
0.1

272(304)

316( e2)

120( 500)
684(424)

88
L74

800( 805)

810( 600)

800(800)
800( s00)

600

lt

648(6s2)

6s6(486)

648(648)
648(648)

486

b

10
10

5

1
.5
.2

il

1t 648800

H
¡9
.F-
Ð

Contd...



Table 18. (e€n€Énuatlon)

Source
R tI^leÍght of

starting
material (g )

Preparatlon Nucleíc Acid
Amount Concentra-
extracted tion in
(Fs) assay

(åo1."u..1-r
Hybridlza-

) tion (7.)

A.solani (t<ttt. )
200 aphids access to scRLVe 0.075

20 rt rl rr

200 nonviruliferous
2Ail

0.055

total nucleLc
acíd

il

il

ll

112(200) 800(800) 648(648)

-c
104(148) 7s0(s00) 608(648)

-c

95.9( 94.l_)

46.5(
0(
0

-)d
r.2)

M.persicae ((sulz.)
200 aphlds access to SGLVe

20 fi n

Values corrected for self hybridízatlon (0-5%), but

Values in paranthesfs are the samples not subjected
extracÈion.

Carrler yeast RNA was used to extract aphíd nucleic
v¡as for 118 hrs. when carrler was added and 72 hrs.
No data

not normalized wlth reference to homologous standard.

to CTAB precipitatlon duríng the total nucleíc acld

acld, Rot was therefore not calculated. Tncubation
otherwise.

-c
0
0

a-

b=

Å-

H
¡\)
+.
d

Aph lds fed on SCRlV-infected T.subterraneum L. plants for 72 hrs.
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Table 19: Detectlon of SCRLV fn A.solani (kltb.) and M.perslcae

(sulz.) ty rlrsA and MHA, oNer\.=ó.Åg o- i^çeclÊ-å -f- euV¡Lercoñe.ñ

ELISA
a llybrÍdization (%)

(eooo)

b
Sample Access to

SCRLV source

10 A.solani (kltb.) fOZ hours
ilttllll

nilllll

llil|tll

nllllll

illlllll

10 M.persicae (Sulz.)3OZ ltours
ililllll

ililllll

30 tf rr rr

Lon0
10il0
30r0
T.eubterraneum L.
SCRLV-infected

Ilealthy

@L.
SCRLV-ínfected

Ilealthy

r.62
1.60

0.07

0.07

0.17

o.24

0.10

0,09

O. BB

0.06

r.74
0.06

c

1.1

6.6

L6.7

52.9

0

a = Coatlng antlbody at !.25 pglml, t hr. at 5oc; antígen
(10 aphlds were ground fn 100p1 of 20ml'l phoephate buffered

sallne, pH 7.3, 0.05% TrÙeen-z0, 20ml"t diethyldithlocarbamate,

2Omlul 2-,nercaptoethanol; leaf was ground ln 4 volumes of the

eame buffer), was allowed to react fot 24 hrs. at 5oc,

absorl¡ed conJugate was clarified by centrifugation, and used

at 1.25pg/m1, lncubating 24hre. at 5oC; substrate was

lncubated 5 hre. at 20oc.

þ = Ilybrldlzation for I19 hrs. values corrected for self-
hybrÍdizatíon.

c = No data.
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lervae nere collected lnto batches of 10 or 30 a¡rd assayed by

MIIA. Duplfcate groups of 10 aphlde were also assayed by ELISA.

The results 1n Table 19 show that SCRLV can be detected Ín

A.eolanl (xttU.) by both methode. Trace amounts of SCRLV were

detected in the M.peralcae (Sulz.) groups glven eccess to SCRLV

by both ELISA and MIIA. Slnce both viral antigen and nuclelc

acid were detected 1t ls concluded that v¡hole vfrus was taken up

by ll'g39!E (Sulz.). Thle suggests that although SCRLV may be

detected ln !14glg!g (Sulz. ) 1t does not accurnulate to the

concentratfon found Ln A.solani (rltb.). Ttris fs consLstent, wlth

Èhe results in chåpter 3 that A.solanl (fltb.) but not

M.pereicae (Sulz.) tranemlts SCRLV.

An estimate wes made of the average SCRLV content Ín a

group of A:@1 (ttltb. ) given access to an SCRlV-infected

T.subterraneu¡n L. plants fat 72 hourg. The hybridizatÍon klnetics

are ehovn ln Ffg. 38. A Rot ä value (31.5 nþl.sec. 1-1 """
belo¡v) wae obtalned for hybrfdlzatlon time of 20 hre. for the

aphtd nucleÍc acid extract at 1/16 dllutLon. At this dilutlon

the concentratlon of the total nucleÍc acid extract luee

calculated to be 140Þg per ml. therefore the Ret | =

140 x 72000
320000

31.5 rrol . gec,l -1

By comparlng the Rot A for an aphtd e:ßtract wlth the homologoue

Rot 
'ã 

(0.009 rþl.sec. 1-1), scRLv-RNA was shown to comprise

0.0287" (0.009 + 31,5 x 100) of the total nucleic acld extracted

from aphlds. As the amount, of nucleic acid extracted from the

200 aphfds was LJ'Z ¡tg, the amount of SCRLV-RNA 1n 200 aphlds

= 0,028 x I-12



Ffg. 38 Hybrfdfzatlon Klnet,lcs of SCRLV-BPecfflc
cDNA wl.th total nucleic aclds extracted
fronr the vêctor, A:g91,åE! (Kltb.) after
aphfde had.bEen glven acceaa to a SORTV-
fnfected f.gubterràner¡m L. plurte for
72 hra. EFilí'fñãiãiIaclds uere
dtlutad four-fold and lncubated ae in
Flg. 37 for 20 hra. ( O ) or
72hre.( O ).
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Assuming the RNA content of SCRLV ie 2V/", the virus content per

aPh id r¿ould be 100 x 31.4 = @9,.
20 x 200

Average aphíd weight was 375¡rg, therefore number of aphids Per gm.

would be 2667 or nr¡mber of aphlds per kg. 2667000. Therefore

vlrus content of the aphlda can be estlmated to (7.84 x 1O-7) *

2667000 = 2.1mg Þer lcs. of aphids. This value ís not corrected

for extraction efficíency of the nucleic acid. Although this

value ls not knorvn for thie experf.ment it seems likely to be

approxlmately 33% from the other experiments uslng carrier RN¡\

(Randl-es per.com. ).

8.4 DISCUSSION

InthlsChaptertheELlsAtechnlquewasusedonlyas

a basfs to support MIIA data. Thls is the flrst evidence to show

that MHA can be used to detect SCRLV in vlrus-infected plant's and

ln aphids gíven access to the virus-infected plants.

The results shown that SCRLV-RNA was an effective

template for reverse transcrlptlon into 3H-cDNA, the method

described by Taylor *j!. (1976). Further, 1t was shol¡n that

Less than one microgram of pure RNA !s sufficient to synthesize

e cDNA probe' ttrls 3tt-cDNA probe can probably be used

diagnostlcally for a minimum of 4 years on the basis of previous

experience wlth thls type of assay (Randles pê1.r colro)o

Although ít was observed that DNA (rig.32 c) was

present in nucleic acíds extracted from highly purified SCRLVT

|t was assumed that thie DNA woul-d have sedimented more slowly

than the maln SCRLV-RNA peak ln the sucrose density gradient
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(fig. 35) and would not have interfered with the synthesis of

cDNA to SCRLV-RNA ln the presence of actinomycln D

(Taylor gg-g!., 1-976). The specfflclty of the cDNA'for

SCRLV-RNA conflrmsthat lts synthesls Ìras as expected using the

Taylor random primer method (Taylor g!3!.r 1976).

Since SCRLV is largely confined to the vascular

system of lts plant host (see Chapter 6) successful diagnosis

of SCRLV would be expected to depend on usl.ng an efflclent

method to extråct nucleic acid from Ínfected plants, as well

as tts vectors. The results show (Table 1S) that the method

described in thie Chapter to extract nucleic acid is

satlsfactory. As shown in Table 18, the CTAB step also appears

to be necessary in the nucleic acld extraction procedure to

prevent partlal degradation of cDNA duríng the hybrldtzatÍon

incubation.

The variatíon 1n maximum percentage hybrídizatlon
be

values obtalned in dlfferent exPerimentsr maY Oossiblg¡due

to i,a¡,Crcrrtc¡t variation Ín S, nuclease actívlty in dlfferent

a8says.

In conclueíon, the above experÍrnents show that

hybridizatlon analysis uslng 3U-"orO to detect SCRLV-RNA in

partí411y purlfied nucleic acid extracts of plante and aphlds

fs a relatlvely rapld, sensltlve and reliable procedure for

the detection of scRLV. A further use for 3"-"o* wÍl1 be in

the idenÈification and comparlson of SCRLV with other

luteoviruses.

* * Jr rk* illÀ' f< Jr*'k.¡k*
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GENERÁL DISCT'SSION

An understandlng of the ratet rångêr tf-ue end

påttêrn of vlrus epreed fe neceesary to evaluate vlrus

epldenlotogy, rnd ¡6 f,.*rulrlête ePProPcfate vlruc eont¡ol

rnêBourê8r Eptdenrlology fa lnfluenced by propcrtfee of the

vector, hoet, vlrua aud envlÊon¡nent and qulte msrked

varl.atfone fn epldemfology cen bc oxPccted through changee

1n the envfronment.

BY!{V rnd SCRTV have beco¡m the moet fnrportant

vf.ruses of legune cüoPs fn the south east of, South

Auetr¡lÍa ¡f"nee 1975 (Randlea pere¿ con¡). Íhç e:çeriments

dcecrfbed ln Ghaptcr 3 wfth V.fela L' and Îsg!@ L.

ftrotly, providc e basts for thc developnrent of coritrol

rpagureg of BY!{V ¡nd SGRLV ln a nedltêrrane¡n envfronment

typie¡l of thc southeta pert of Aust'ral1e (Wlnter-eprfng

growlng setson and dry er¡¡u¡er)r and oecondly, they c^\\o'-
,à .rÇ

re-cvaluatÉ/the prtacfplee of the epread of non-perslstently

and peraletently borne aphtd tr¡namftted vfruaes qoder fteld

condltlonsr Ttrc use of the BT!,Í1|-S feol¡te and the SCRLV-Î

faolate., rchfeh lnduccd dletlnctivc synPtoms on foFaba Lr

mfnor (rfg. 2) and T.¡ubtctrtraner¡m L. (Ftg. 3) wae an

advarrtage beetuso lt ellorred both viruaG¡ to be studfed

efsultaneouely. X'hle avolded the varlatlon arlalng f,rom the

usc of dlfferent eftee ¡nd tlmes of planting. the fndexlng

of fteld amplec Cscctfoo 3.3.L) revealed no other vfruses

wtth sfrnflar synptometology ln the experlmental plote.
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Aphfds have theit greatest economlc fmportance fn

thelr role ag vectore of vfrus dieeaseg. Tt¡e tfming of flighte

of the al-atae of a particular aphfd epecies gfves the most

convenl.ent êstfmate of changee ln the eize of aphid populatlons

and the tines of crop lnfeotatfon. At the expetlmental efte

I'trÞèrslcae (Sulz. ) M.euphorbiae (lhomaa ) 'å:.9@! 
(rttu')

and @$¡g Koch. eho¡æd 2 peake of fltght in each year wlth

maJor flfght actlvlty durfng the oprlng seaeon and mLnor fllght

actf'vity durfng the autr¡n¡r (¡'1g. 16), Ttreee four speclee

mentlonêd above tÌe vèctore of BSIV (Kennedy g!-g!., 1962) and

A.eolanl (t<ltb.) le the vector of SCRLV (Johnstoner 1978). They

ahowed (ntg. 16) fluctuatfons in mfgratory actlvlty slmilar to

those prevlously reported for the Adelalde hflls (ttughes g93!.,

1964i L965). The prêEence (wlnter-spring season) or absence

(sr¡¡mner and autr¡nn) of green plants adJacent to the aphid traPs

appeared not to lnfluence the timlng of peaka of rnlgratlon (eee

Chapter 4 and data obtained over 24 yeerd (rlg. 16)). The

earlfer publlehed data led to the concluelon that the Moericke

trappfng teehnlque glves a general and reproducible estlmate of

vector mtgratlon patte¡ais over e wide area. The vectore studled

(tr'tg. 16) ghowed overall Petterns of rnlgratlon which were

consistent and simllar for the four epecies over the perlod of the

ctudy. therefore, from aphfd trapplng recorda (flg. 16) alone lt

ts not poselble to compare the relative importance of the vectors

of EYIÍV ag has been done prevlouely, for exampler wlth

caullflower moeaLc vÍrus whete dlfferent epecies of vectore show

different tlmes of fllght (Rand}es and Crowley, L967). IÎterefote

tt w111 be lmportant to fnvestlgate the transmígslon efflciency



131"

of the aphtd vêctors of BYI'ÍI/ to galn eome fdea of thelr

relatlve lmportance.

More aphldg ¡vere trapped fn weeks when mean weekly

remperature wa6 between L3oc an¿ I'fc (tatle 12). other aphld

epecies also migrate frequently wlthin thie temperatutê rân$êo

Therefore temperature le one of the important dete¡minants of

aphid populatlon dynaurics ort 6ource plants (Maelzer, 1981¡

Martin end Randles, 1981).

It eeeme probab\e that the ralnfall levels (ftg.17)

lnterrupted flighÈs of alatee and hence the sharp but

temporary drop ln nr¡nbere trapped. Furthermore, labla 12

shows thåt reinfall above 7 nnn appeared to effect fllghte only

when mean weekly temperatures wsre outside the range 13oC to

Lfc. Ilowever, further lnveetigatlone are requfred to check

the eignlffcance of thls observatl.on. Knowledge of factors

that determine vector actlvfty should allow virue Íncldence

to be mlnfmized in annual cloPa euch ae V.faba L. and such

knowledge may help to antlclpate the poseible courae of an

epfdenlc, ¡nd lt may help to explaln varlable I'ncidence of

these vlrusee ln cllmatically different EEêêo¡

A general relatlonship betræen the epread of both

vfruees and flfghts of aphide hae been confirmed by the

expoôure of trap plarite (rtg. 16). Ttrls relattonship also

fmpllee that factors leadlng to reduced vector activlty (fig.L6)

may reduce vf.rua epread, and that rcnitorlng of aphid species

shouLd lndlcate.the rlek of vlrus lnfection ln cropping areas

for V.faba L. In the coo!- tenrperate zone of New Zeeland
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which favoure srlüner growth Aehby gg3!. (1979) reported that

Trlfolfr¡¡n repens L¡ wê8 e êource of BYl,lV and SCRLV..John¡lonet

(I978)reported übat Trrêpêrta L. and Rumex eDp¡ tfêtê gources of

SCRLV fn Taemanfa. If theee or other host speciee that

gurvlved the South Australfan ar¡lrner r¡ere the aource of SGRLV

and BYMV, euÊceptlble V.faba L. should have become lnfected

wtren they (trap ptants) were expoeed Ín autuffir when there was

aphfd activlty (rig. 16). But thle wag not the caee fn thle

study. lhe trap planta only became lnfectedr when the vl'rus

Bourcê wae artlffcally lntroduced to adJacênt experimental

plots durl.ng the wlnter-sprfng growfng aeaaon (ffg. 16) whtch

suggests that vlrus âpPe¡r8 to have come only frorn the nearby

plote.

Slmultaneoue surveye of the patterne of

dletributlon of the BYlrf\/ and SCRLV ln the eame plots (see

Chapter 3) have allowed a rþrê preclae comparleon to be made of

the spreed of e nqn-pereietently (¡nn¡) and a perslstently

(sC,tlV) transmltted aphld borne vLrus than can be obtained in

oeparate plote. The effect of a primary dleease focus on the

nurnber of lnfected plants 1. . !=þþ Lo crop at maturíty ehowed

thet BYI'IV epread wae tndependent of vector eolonlzatLon rrhereae

SCRLV spread was dependent on vector colonLzation. Ifhere the

SCRLV aource was provlded centrally with the vector A.aolanl

(Kltb.) (scruV-vv) the obeerved spread was from the centre

(t'ig. 9). The inftfal epread waa probably due to lntroduced

apter¡e rather than alat¡e bec¡use aphld trapplng (ffe. 16)

ehowed at th€ tlme of inttfel epread of SCRLV that no alate
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A.solani (xltb.) were trapped.

The dffference fn patterns of epread of SCRLV fn

SCRLV-V treatmente during 1979, and 1980 in the V.faba L. trlals

may have been due to the dffferent t¡¡pes of lneectlcldes used to

klll the A.solanl (Kltb.) after infectlng the central planta

wtth SCRLV fn SCRLV-V treetments lnitially. Even though no

quantftative atudles have been done, later observatlons fn the

glass house ehowed thet the recoumended doeage of rrPyrethrr¡mtl

by the manufacturer, does not control 100 percent of the aphids

whereas rlfetasystox[ does. Therefore 1t 1s posslble that sone

A.solanf (rttU.) apterae survfved on rrPyrethrumtr sprayed plots a.-,ò

*ere+orm*-+c spread the vlrus from the central lnfected source

(table 1) rvhereas ln Îl,letasystox'r eprayed plots (rtg, 9) ttre

SCRLV epread 1s only from the outafde of the Plots, preswtably

comlng from eourcea outeide the plote.

ltre obeerved dtfferent pgtterne of epread of both

vfruses ln treatmente By'IrfV-V and SCRLV-V (trig.9) are malnly due

to the different modee of transmission by thetr vectore. The

relative lmportance of each can be lnferred from a dlscussion

of the r¡pdee of transmlsslon of the two vtruses' BY'lf\I ls a

¡sn-persfstently transmltted virus (Boe, 1970) and

nonvf.rullferoue vectors of non-Pêrelstently tranemitted vlruses

can acquíre the vfrue wlthln a few eeconds (Metbhtr'ts, 1981) to

becorne vlrulfferoue. It wae observed that vecÈors of BYI'fiI

(ntg, 16) are numeroua in the study area and eome of them could

have acquired the BYI'ÍV from the lnfected central focus and

conttlbuted to the further spread of BYltlt/ ln the experimental
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plots. For example, after conçletlon of the teneral perlod,

M.persicae (Sulz.) rlateg nould be expected to talce off from

the hoet r¡¡rder favourable vreather conditlone (Johnson g!j!.,

1957) for a long dlstance flight, folloroed by a brlef

erratLc mfgratory phase ln ¡úrfch the aphids try to find

eultable hoet plants. Vfrus csn be picked up from lnfeeted

planÈs either shortly before the beglnnLng of the main flight,

whlch can last for hours (Kennedy and Booth, 1963) or d1¡rl.ng

problng between attack fllght and eettlfng. Harrewijn et al.

(1981) using radioJ-abelled M.perslcae (Sulz,) found that the

ffrst fltght can be as short as 1 to 100 fieters. Varr }Ioof

(1979) found that the spread of potato vl.rus Y - N isolate

Cpvfll in early fltghte occurred over relatively short

dlstancee from a virus 9ouËcê¡ Conversely, for perøietently

tranemftted virueeg êrgr scRl,v (t<ellock, 1971) the aphids have

to feed on the infected plante for a conslderable perfod (a day

or more) and pass the latent perÍod after ttre acquisltlon feed

before becoming lnfectlve (Broadbent, 1952). Further, Johnson

(1953;I957) suggests that mfgratory aphids would be unfmporta¡rt

as a vector of persfatent víruseg trnless they developed on

lnfected plants, because nonvf.rul-f-feroug migratory aphlds that

land after an inltial fLlght and remain on infected pl-ants

long enough to become vlrulLferoue $ould be unl-ikely to leave.

The flfght bchavlour of A.solanl (t<ltb.) 1s unknown, but eome of

the other aphid app. flight behaviour 1s known, e.8'IgPglg

(sulz,). T.f A.solanl (t<ltb.) behave the sane way as M.persl.cae

(su1z.), mlgratlng A:glgi (t<ltb.) allg ting on the ínfected

plants (sCnr,v-w, scRLv-V treatments) for a short period are
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unllkely to be effect,lve as vectors becauge according to

Teh (1978) nonvirulíferous mlgratory aphids (A.solanl (rtUt.))

teke e mlnimu¡n of. 2O hre. to aegufre the SCRLV. The latent

perlod, before aphlde become lnfective f s 14 hrs. to 22 tva.

the latent perÍod also depende on the tenperature (latent

period of 14 hrs. and 22 hre. at the temperature 20oc a¡rd l0oc

reepectlvely). On the other hand a colony of alate A.eolani

(Kltb.) produced on lnfected plants (SCRLV-Vv treatuent) I{'i11 be

vlrulfferoue and the vlrus can perslet fn the aphlde for 3 v¡eeks

or nrcrre (xellock, 1971). Prasr¡mably, some of these aphlde

¡rculd have spread SCRLV fnto the SCRLV-V tregtment plots'

From the results ehown for the I¡þþ,\L. trieL

1t can be fnferred that in the trlal erear migratory

nonvfrullferous A.solani (rltb.) would have been of mf.nor

lmportance la the spread of SCRLV whereas A.solani (xtÈU.)

movlng from colonlee on the infected plants would have been the

source of epread. Conversely, \'tith DYI'ÍV the migratlng

nonviruliferous vectors of BYMV are egually fmportant ln the

epread of Bt'Þf\I. Therefore, when controlling the spread of these

Èwo vlruses, atrategiee ehould be btsedlon the above mentioned

characterg.

the reaults ln Chapter 3 ehow that BYI'ÍV can epread

slgntflcantly when virus infected pl-ante were present at that

site and control eould be achteved by taktng measuree to Plevent

the vectorg of BYl"f\l enterlng the crop. The control of SCRLVT

where both vlrus and vector ha¿e to be preeent for slgniflcant

epread to occur, could preeumably be achieved at thie site by

preventing colonfzâtlon of the crop with A.solanL (rtt¡.)
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The manlmr¡m BT-I"ÍV lnfectlon occurs at the experlmental

site during october (!'lg. 16) when peak nr:mbere of al-ate BT-ÌfV

vectors vrele trepped (rlg. 16). 1o prevent the crop becoming

lnfected wlth nlgretory aphlds after feedfng on dlseaeed plants

in the fleld, late planting after the aphtd actlvityr could have

been helpful, but lt ls not economlcaL to have a late planted

crop because of the high coet of Lrrlgatlng the crop during

61rÍrlê!. The repellent effect of certal-n colours to aphlds

(Moericke, 1950¡ Kennedy *!., 1961) ls anofÍrer possíble

approach to reduce BYIÍV lncfdence in annuals. Alumlnium foll

aleo has been used to reduce the lncldence of vírus diseases

fntroduced lnto crops by transient aphids (Johnson 9!-9L. 11967).

Thla approach is worth Èestlng 1n the future.

Aphtds have a two way fnteractfon between flight and

sertlin8 (Kennedy, 1965). Aphtds tend to adopt rebound fl-lght

rvhen they land on nori-hoat pLanta. Knowledge of thls

characterlstic rebound fllght has been utllised for reduclng tJre

lncldence of virus dfseaeee by cultivatlng non-host barrier croPs

wlthtn crop plants. Simons (1957); Broadbent (1969); Loebenetefn

and Raccah (1980) reported that barrLers are more êffective ln

prolectlng plante from non-persistent viruses than persistent

Oflè8 ¡

studles ln chapter 5 descrlbe an attempt to reduce the

lnfecti.on de nWV and epread of BYMV from nearby lnfected sources

by conÈroll1ng the aphide uslng readlly avallable ínsectícides

and barley barriers. Reeults for Blßf\r in Table 15 show that the

lneectlcidee ueed were unable to reduce the lncidence and spread

of BYI{v from the nearby lnfector source presumably because
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acqulsltlon and lnoculatton occur before insectf.cldes are

effectlve on aphlds. Batley barrler rowe did not reduce the

overall accumuleted BTI'f\l lncidence but lnfluenced the spread of

BlßfI/ from the fnfector rolù towards the outalde of the pÌots'

However, with scRt,v, the systemlc insectlcldes rrDisystonrr and

nMerasysrox'f (Teble 14) reduced the col0nizatlon of å€!.9n!
(t<ltb.) and thls waa assoclated vrlth reduced virug fncidence

relative to the other treatllents (Teble l5). None of the

treatnents prevented the epread of SCRLV from the lnfector row

(Flg. 20 T1....T5). ThiE fs probably becauee the inoculation

threehold wås 20 mf.n.¡ (tcellock, f97t) and the lneectÍcldes would

be able to ktll the aphlde before they infected the plants

(Johnstone and Rapley, L981). Other poealble alternatlve methods

theÈ $ould be worth lnveetigatlng are btologlcal control of

vectors es suggested by Johnstone and Rapley (1981) because

A.solanl (t<ltb.) hae been l-ntroduced to Austrelta wlthout its

parasl.tee.

Molecular hybrÍdtzatlon assay (MHA) techniguee

have been used to study the vfrolds, where only snall amounte of

RNA are avaflable and concentratlons in t188ue are very low

(owene, 1978, Palukaltls ggg., 1979; Randles and Palukaltl6t

1979). The aucces6 of thfe technlque depends on obtalnlng vlral

RNA of hlgh purtty (ebu samah, 1982). Lfke other luteovlruaes

scRlv 16 detectable only ln phloern trenefer cella (rlg. 21t

Chapter 6) and Jayaeena .$!. (198L). Succeseful puriffcatlon

of scRLV malnly depende on flndlng a eultable host to allow

SCiRLV to multiply faster and lsolating SCRLV from transfer cells.

Teh (1978) atternpted to purify SC:RLV unsucceasfully from a

nnmber of hosts. Ae Teh (1978) stated 1t was easier to



138

raise and readily transnlt SCRLV to l.eubterreneum L.

Therefore, to purlfy SCRLV, LSÞEåS L. cV. Mt.Barker

was used as descrLbed 1n Chapter 7. A nr¡nber of methods

deecribed for the puriflcatlon of other luteovlrusee (see

Chapter 7) were not succeEsful. However¡ the enz]rme aeEieted

method described by Takanami and Kubo (I979a) wae modlffed and

as described in ChaPter 7 ¡¡slng T.eubterraneum L. gave low

yields of SCRLV. Changlng the virue multipllcation host to
c^sÀ .¡stsq\¡<:

P.eativr.El L. cV. Puget w*thÆsåfe PEG precleltatloþe a

yleld of 1.34 mc/kc of tigsue which was sufftclent to purify
and

vlral RNA. Recently Johnstone 9!3L. (1982), Ashby and

Kyriakou (1982) claimed succèss ín the purlflcatlon of SCRLV

using cellulaEe. The only difference betvleen the method used

by Aehby and Kyriakou (l-982) and the method descrlbed ín

Ghapter 7 !s the clarlfication procedure. Chloroform-butanol

clariffcatlon tends to cauee loss of vlrug parËlcles (baeed on

the nr:mber of pattlclee obeerved ín the electronmlcroscopic

fleld area) r,úren compared to Trlton X l-00. I,laterhouse and

Mstant (1981) found sfmllar reeults when they used

chloroform-butanol ve Triton X 100 in puriflcation of carrot

red leaf vlrus wtrich is also a luteovirus.

l,Ihen T.subterraneum L. lnfected plants were ueed to

purify SCRLV, tno types of partlcles rvere observed (Fig. 25)

(tubular particlee and isometÌlc particles). these tuo types

of particles were also obeerved by Ashby and Kyriakou (1982).

The ieomet:1c partfcles were for.¡rd ln lnfected plants and not

in healthy I.@ L. and the tsometrfc partÍcles were

lndistingulshable from PLRV partlcles purffied (tr'fg. 22e) ln



139

P.florfdana L. using the procedure slmllar to that used to

putify SCRLV from infected lg!!ry L. The tubular

particles were å1so observed in low coûcentratÍon fn healthy

I:99þ@ L. Ashby and Kyriakou (1982) reported that

these particles (tubular) r^rere composed of a efngle pol-ypeptfde

of moleeular irelght 54200.

Longer fncubatlon (tg hrs.) of lnfected plant

extråct rvith celluIase (Onozuka R - 10) enzyme (method A -

see Chapter 7 SectLon 7.2.2) gave much rnore virug thanfehortI
2 hour incubatlon at 28oC, but puriffed vf.rus was not aphtd

tranemlsglble after this treaüflent. I{aterhouse and Murant (L981)

suggeeted that prolonged incubation with enzyme caused damage to

the nuclelc acld or protein components of the virus and thls may

be a posslble cause for lack of aphtd trensmfseion. ThÍs warrants

furthet inveetlgetion. Ilowever, it haa been shor,rnr that virus

partfclee purified from method B (see Sectfon 7.2.2) caused red

leaf symptome on healthy T.subterreneum L. seedllngs when

nonvirultferous A.eolani (r1tt.) were allowed to feed on tJre

virus preparation for 48 hrs. at ïoom temPerature (see

Sectlon 7.2.5). I^lhen nonvlruliferous M.persicae (Sulz.) were

allowed to feed on Èhe same virus prepar ation ae for A.solanl

(t<ltb.) red leaf symptoms on heaLthy T.subterraneum L.

seedlinge were not lnduced. Johnstone (1978) reported that the

Taemanlan lsolate of SCRLV (ScnlV-f) v¡as trangmitted only by

A.sol-ani (rltb.) and not by M.persLcae (sulz.)

The nucleic aclds lsolated from SCRLV prepared by

method A (tr'ig. 32) fndtcate that there were troo RNAg and some
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DNA present. The fast movl-ng RNA 1n polyacrylamide slab gel

(fíg. 32c- No.3) could be a cleavage product of the higher

molecular weight RNA (Fig. 32c - No.1). The relatlonehip

betneen RNA I and 2 is not kno¡vn and requlres frrther

lnvestlgatlon such as a comParlson of nucleotide sequences. The

origin of the DNA is unknown and it may be anaLogous to thaÈ

ruhÍch Sarkar (l-976)found in PLRV. The DNA 6ource needs to be

studled further. Horvever, the vrorlc by Rowhanl and Stace-Smltht

L979; Ìlehrad g!jl., 1979; Takanaml and Kubo, 1979b, has Proved

thât PLRV has a single stranded R{A,. The slow movlng RNA

(ftg. 32c No.l) has a molecular weight (tr'íg. 34) equivalent to

BYDV, the type member of the luteovirus grouP (Rochow and Duffust

1981). Since the molecular weights of luteovÍrus RNAIs have been

so far esÈimated only on nondenaturing gels e.g. BYDV-RNA

(Brakke and Rochon, 1-974); PLRV-RS¡A (Takanami and l(ubo, L979b;

Rowhani and Stace-SmÍthr 1979); PeLRV-RNA (Astrty and Huttinga,

1979) there is uncertainty about the true values of the molecular

welght of their RNAIs. Therefore a comparison of results, from

nondenaturing and denaturing gels with a range of luteovÍrus RNAs

shoul-d be undertaken when adequate amourits of RNA become l

avallable'

tlork in chapter I shows the potential value of MIIA

for identifying plants lnfected wlth viruftotr"rt ere ln low
/t

concentration. R6t analyeis (f'1g. 37) showed that RNA ueed to

make the cDNA probe lles not, sfgniflcantl-y contaninated wfÈh host

plant RNA. The virus speclflc RNA as well as RNA 1n leaves

lnfected by scRLV wae readlLy detected with homologous cDNA

probes. MHA also showed that aphlde feeding on scRLV infected
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plante contefn en RNA wlth a nucleotfde sequence simllar to

that of SCRLV.

MHA ls however, nore than a dlagnostlc aid. It can

be used as a quantftatlve as6ay for the virus 1n plante or aphlds.

Furthermore MIIA, allowed the measurement of the concentratfon of

SCRLV-RNA extracted from leaf tiasue ae well as from aphfds which

rvould be valuable for estimatÍng absolute vf.rus and RNA

concentratton fn virus (see Chapter B Sectlon 8.3.3).

The poseible applfcatfon of the dlrect ELISA method
in *-\.o'\= tÑ

for ldentlffcation of purified SCRLV partÍclee ae well as ftem

infected plant materlal was aleo lnvestfgated (Chapter B). The

results show (Table 19) that infected planto are clearly

dletinguished from healthy ones a6 
"åE-" 

vlrullferous from

healthy aphids. The dlrect ELISA method also showed (Table 19)
alñ.È"À.

that M.persicae (Sulz.) ¡*as"not e vector of SCRLV (Johnstone ,

1978) ¡nd after feeding on SCRLV lnfected plants- !t showedo

positíve reactlon. Thls should lead to further lnvestigations

on the fate of virus partlcles ln nonvectors.

In thla study the efflciency of the direct ELISA method

to the fndirect ELISA method was not compared. It should be

emphasized that the hlgh epeclficlty of direct ETISA raLsee

problems ln detectlng closely rel-ated viruses. For example,

conJugated antlbodfes ln at leaet 5 dffferent antisera would be

required to detect the preeence of the 5 major strains of BYDV

(Rochow and Carmichael, L979). Hence, the appllcatíon of direct

ELISA may be of restricted use for identiflcatlon vork, although

ít le very useful for the identificatlon of closely related vlrus

straíns (van Regennortel and Burckard, 1980).

***¡t*¡k*Jc*



t42

Table 1.

Table 2.

Table 3.

Lfst of Appendix Tablea

BTì{V and SCRLV spread from the centre
where the vírus source was provlded
centrally with vector on T.subterraneum L.
(19 79 aürflnêr-âutr¡mn)

Mean fortnlghtly percentage rate of
lncreaee in incidence of BYMV and SCRLV
Ln l.subterraneum L. trf.al .

Table 4.

the a¡rpunt of BYI{I/ and SCRLV spread from
epideniologícal plots after vlrus source
was provided (L979 winter-sprfng trial).
Movement of Bhf\¡ and SCRLV on V.faba L.
after vÍrus aource was provl¿effiEñ
vector or wlthout vector - 1980 winter-
sprfng.
Mean fortnightly percentage rate of
increase ln íncldence of BYI'f\r and SCRLV

ir I:€gþ L. trlal.
Key to aphid identificatfon.

Table 5.

Tabl-e 6.

Table 7. I'Ieekly catches of alate aphlds ln traps
ln the experl.mental plot (8.P.) area and
adjacent to the trap plants (T.P.).

TabLe B. Meteorologlcal data for Strlathalbyn from
August 1979 to December 1981-.

Page No.

T43

144

t47

148

t49

151

152

153

154

r45

L46

150

lable 9. The nunber of trep plante (V.faba L. cv.
Acquadulce) rnrectãd with ffin¿ scRt,v
after exposing them at Strfathalbyn for
28 day perlod.

Table 10. Number of aphíds present tn 10 shoote of
V.faba L. in each replfcate at 5

ãffione.
Table 11. Movement of SCRLV on V.faba L. from centre

row after vl.rus "ourcffiae artíflcially
lntroduced vrlth vector - 1981 wlnter-spring.

Table 12. Mover¡ent of BT'I{V on V.faba L. from centre
row after vlrus so.trãã:frã; artíflcially
Íntroduced with vector - 1981 wfnter-sprl-ng.

Table 13. SCRLV partlcle diæneter measured from
electron micrographs.

1_55



Appendlx Table 1: BYI{V and SCRLV spread from the centre t¡here the vlrus aource was provided centrally
wlttr vector on T.subterreneu¡n L. (1979 slrrer - autr:mn)

Date of
observation

5.3. B0

l_9.3.80

2.4.80

TreatmenÈ Dietance
from
source
(row)

Virus +
vector
(vv¡

Nr¡nber of plants ÍnfecteÇ/'f+en
healthy plants ¿"þ==j

SCRLV BY}lv

RT R2 Rl R2

Percent
InfectÍon

SCRLV BY-}IV

S.E. (mean)
(+)

SCÎ.LV BYMV

8.95
7.7L
2.08

0
0
0

4.47
4.34
4.r7

0
0

0

0. 89
0.96
4.L7
7.83

0
0

33.92
7.69
2.08

0
0
0

3171
2
3
4
5
6

I
2
3

4
5
6

I
2
3
4
5
6

2lts
0124
0132
o/3e
o l+t
sl7
7lL3
0lZt+
olzz
0/38
0147

617
10 /r:

s 124
3132
0 /38
o l+t

2lB
0 /16
rl24
o 132
0 /3e
o l+e
5/B

10 /16
2124
0132
0 /3e
0/48

7lB
12lto

3124
Bl32
o l3e
0/48

0/B
0/16
ol2?
0128
0149
o/+o

]-IB
0l]-6
0123
0128
0/40
o/40

4lB
o 116
ol23
0l2B
0140
0140

o17
o/ro
o 124
0/31
o ltø
o l+z
rl7
o 116
0124
0 /31
o 136
o 142

317
olrc
0124
0/31
o 136
o 142

66.96
58.l_ 7
4.16

0
0
0

86.60
75.96
16.66
17.18

0
0

0
0
0
0
0
0

B

0
0
0
0
0
0

0.
0
0
0
0
0

3

893913.
0
0
0
0
0

o'5
0
0
0
0
0

4246
0
0
0
0
0

H
(,
Þ

Contd.



Continuatl-on of Appendix Table: I

Date of
observatíon

16.4. B0

30.4.80

14.5.80

Treatment Dlstance
from
source
(row)

Number of plants infecÈed
from healthy plants

SCRLV Bn{V
Rr R2 R

1

S.E. (mean)
(+)

SCRLV BYI,IV SCRLV BmlV

Percent
lnfectfon

1
2
3
4
5
6

I
2
3
4
5

6

1
2
3
4
5

6

717
11 /13
]-.3124
4132
2l3B
2147

717
13 /13
2]-124
te l32
20/38 ì

]-6147

717
13 /r¡
21124
22132
23138
]-7147

718
L2IT6
16124

132
39
48

I
lrc
124
132
lzg
l4a
lB
Ito

slB
4lt6
3123
4128
2140
2140

8/8
8116
s lzs
5128
3 140
6 140

8/B
11/16

6123
sl28
4140
6 l+o

R2

617
4116
2124
3lst
2136
4142

717
9116
Bl24
7l3L
t+136
4142

717
10/16

9124
7 l3L
4136
s l42

93.75
79. B0
60.41
18.75
6.47
3.16

100
96. 81
95.41
54.68
48.10
33.68

100
100

89.5 B

65.62
55.9
34.75

74.I0
25.0
10.68
11.9 7

5.27
7.26

100
53.L2
?,7..53
20.21
9.30

12.26

100
65.62
3L.79
zo.2I
10.55
13.45

6.26
4.81
6.26
6.26
L.2I
1.08

0
3.13
2.O4
4.69
4.53

11.63
0

2.36
2.3I
o.27
2.26

o
O

3l
TI

BI
15
20
16
T7
16

0
3.13
5.81
2.37
1.81
2.74

0
3.13
5.72
2.37
0.55
1.55

I
16

0.35

0
0

2.08
3.13
4.63
r.42

22124
20132
20ltg
l6l4e

HÞ(¡
d



Contínuatíon of Appendix Table: I

Date of
observation

5.3. B0

19.3.80

2.4.80

Treatment Dlstance
from
source
(row)

Control
(c)

Nr¡nber of p1-ants infected
from healthy plante

sçRLV BnfV SCRLV B]MV SCRLV BY}TV

Percent
infection

S.E. (mean)
(+)

R2R1 R1

0/38
ol47

017
o/rg
0124
0132
0 /38
o 147

h2

1
2
3
4
5
6

I
2
3
4
5

6

I
2
3
4
5
6

0/8
o lL6
ol23
0128
0 140
o 140

0/B
o lL6
ol23
0128
ol40
ol+o

0/8
0/16
ol23
o lz\
0/40
0 140

ol7
0lL6
ol24
0/31
0136
ol42

olt
0 /16
ol24
o/gr
0136
0142

olv
ol]-6
ol24
0/3r_
0/36
0142

0/B
0116
o 124
0132
ol3e
0148

ol7
0/r_3
0124
0132

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
o
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

olB
0116
o 124
0132
olts
0/48

0/8
o ltø
0124
o 132
o l3e
ol48

017
0/13
o 124
0l32
0 /38
o l+t

H
(,
o

contd.. ¿ o



Continuation of Appendi.ti Table: 1.

Date of
obeervatlon

16.4.80

30.4,80

14.5.80

lreatment Distance
f¡om
90urce
(row)

Percent
infectlon
SCRLV BYI'ÍV

8.8. (urean)
(+)

Number of plante infected
from healthy plants

SCRLV BY'I'{\¡ SCRLV Bn-f\t
Rl R2 Rl R2

I
2
3
4
5
6

I
2
3
4
5
6

I
2
3
4
5

6

0/8
0lL6
0123
o lze
rl40
3140

0/8
o 116
ol23
4l2B
5/40
Bl40

0/8
olto
ol23
5128
8140

].6140

olt
o ltø
o 124
o l3r
rl36
5142

ol7
o/ro
o 124
6lst
e 136

tol42
017
0 /16
2124
6 l3r

10/36
LTI42

017
0/13
0124
Ll32
2l38
3147

ol7
o /l-¡
ol24
3132
s/¡s
Bl47

ol7
o/r¡
ol24
3132
7138

LO 147

0/8
0lL6
ol24
Ll32
6l3e

rol48
0/8
o116
ol24
rl32
6l3s

10/48

16.81
18.75
2r.g

0
0

4.16
18.6
23.88
33.09

19
35

6.24
]-4.26
18.92

0
0
0

6.24
16.9
zr.o5

0
0
0
0

0.L
2.20

56

0
0
0

1.
5.
7.

0
0
0

6
9.7

0
0
0

0
0
0
0

2.

0/B
o116
0124
ol32
2139
4148

0
0
0

2.54
6.26
1.9

0
0

4.L7
0.75
3.89
6.gz

0
0
0

1.56
0.07
0.97

13
11
91

13
52
22

0
0
0

3.
1.
1.

0
0
0

3.
1.
0.

HÞ(,
Þ

* R = Replicate
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Appendix Table 2 ¡ Meen fortnfghtly percentage rate of
fncreage Ln inclclence of BYI,ftl and SCRLV
fn T.subterraner¡m L. trlal

Treatment Date óf
obeervatlon

Number of dlseased
plants out of nr.rnber
of healthy plants

avallable
R** R^T¿

Average
percent
Lnfectlon

&
SCRLV-Vv''

c

BYIfi/-Vv

5l3lB0
1913

214
]-6ltr
30 l4
t4ls

513
Le 13

2lI+
L6l+
30 ltr
].4ls

513
te lt

214
1614
30l4
].4ls

s13
le l3

214
!61+
3014
]4l5

5IL6L
7lrs6

]-.2lr4e
15lr37
571122

7 165

o/rss
olß5
0/1ss
4lrss

13 /1sI
12l138

o/rss
IIL55
3lLsL

16 /1sL
1s /13s

s lt20

0/161
olL6t
0/161
6IT6L

10/15s
4lr4s

31L67
14lL64
r.3 /150
17lr37
45ltzo
IOlTs

o lL56
0/1s6
olL56
6ltso

1e/150
4lßL

o/1s6
ULs6
2lrss

18 /1s3
18/135
3ltr7

oltøt
o lt67
o ltot
61t67

1r. /161
0 /1s0

2.44
6.50
8.35

IL.67
42-It
12.04

0
0
0

3.2L
10.63
5.87

0
0.64
l.6l-

11.1 7

L2.22
3.36

.65

.64

.37

0
0
0
3
6
I

c

Vv =Vfrue+vector
C = No virus, no vector
f,** = Repllcatee



Appendlx Table 3: The amount of BhfV and SCRLV spread from epideniological plots after vf.rus
aource wae provided (1979 wfnter-spring trial).

Date of
obeervatl.on

5.L0.79

18.10.79

2.LL.79

Treatment Df.stance
from
6()urce
(m)

Vlrue +
vector
(w)

Number of diseased plante out
of healthy plants

SCRLV

Percent infectÍon
(mean)

s6r.Lv BYt{v

4.16
0.83

0
0
0

8.33
4.16
2.5
1.66
0.83

8.33
5.83
3.33
1.66
0.83

66
66
83

R
3

o l+o
û/40
o 140
ol40
o 140

0140
2140
rl40
u40
0 140

3 140
2140
tl40
rl40
0140

Blî{1¡
Rl R2RI R2 R

3

I
2
3

4
5

1
2
3
4
5

1
2
3
4
5

0
0
0
0
0

66
66
83

3t
TI
ol
ol
ol

4l
TI
0l
TI
LI

ol40
ol40
0 140
0 140
o 140

4140
3140
Ll40
Ll40
tl40

2140
rl40
0/40
0140
o 140

3140
o 140
ol+o
0/40
0140

0140
a 140
ol+o
o 140
o l¿+o

40 3140
40 zl40
40 2140
40 0/40
40 0140

3140
rl40
rl40
o 140
0 140

3140 3
Ll40 1
rl40 0
ol40 0
0140 0

0140
ol40
ol+o
0140
0 140

2l+o
0140
ol40
0 140
o 140

140 2140
l+O 0lt+O
l+o ol40
It+O 0l40
ItrO 0l40

83a

3 140
2140
2140
o 140
0 140

6.
1.
0.

0
0

6.
1.
0.

0
0

40
40
40
40
40

Hrql
Þ

Contd.



Continuatlon of Appendix Table: 3

Dete of
observation

Treatment Dístance
from
gource

(m)

Nr:¡nber of dlseased plants out
of healthy plants

BYì,f\T

Percent Ínfectlon
(nean)

SCRLV BYI'{VSCRLV
R2 R

3

40 3l!+O
40 2140
40 2140
40 rl40
40 0/40

RzRr- R3

L6.LL.79

5.10.79

18.10.79

Vlrus
only
(v)

0 140
oltro
o 140
0 140
o 140

o 140
ol+o
o l+o
ol40
0140

1
2
3
4
5

1
2
3
4
5

I
2
3
4
5

4l¿+o
3140
rl40
rl40
Ll40

3140
rl40

tl40
0 140
o 140
o 140
0140

LI
al
0l

3l
2l
2l
tl
0l

LI
ol
0l
ol
II

66
66
83

83

1.66
0
0
0
0

40
40
40
40
40

40
40
40

3140
rl40
0 140
0 140
0 140

2140
0140
0 140
0 140
0 140

8.33
5.83
&.16
2.5
9. 83

4.16
0.83

0
0.93
0.93

6.
l.
0.

0
0

0.
0
0
0
0

0
0
0
0
0

40
40
40
40
40

ol40
0140
0/40
0 140
0 140

0
0
0
0
0

0
0
0
0
0

l40
I t+o

l+o
l+o
l+o

l40
l+o
l+o
It+o

I ¿+O

0l
ol
ol
ol
0l

2140 2
rl40 0
ol40 0
0/40 I
0l+0 0

40 2lt+0
40 0140
40 0/40
40 0l+o
40 0140

I
I
I
I
I

0140
ol40
0 140
0 140
0 140

H
+.f.tlú

Contd..



Contínuation of Appendix Table: 3

Date of
observation

Treetment Distance
from
60urce

(m)

Nrsrber of dlseased plants ouÈ
of healthy plants

SCRLV BffTT
RI R2 R3 Rl R2

Percent infection
(nean)

SCRLV BYMV

z.LL.79

16.Lr.79

5.10.79 Control

I
2

3
4
5

L
2
3
4
5

1
2
3
4
5

2140
rl40
2140
rl40
rl40

2140
Ll40
2140
t/40
]-l4a

2140
oltro
o 140
0140
0 140

2140
o l¿+o

o 140
0140
0/40

o 140
o 140
0/40
o 140
0 140

ol+o
o 140
o 140
0 140
0/40

o lt+o
0/40
ol+o
o 140
0140

R
3

o 140
ol40
o 140
0 140
0/40

5.0
2.5
2.5
r.66
2.5

5.0
2.5
2.5
1.66
2.5

2
1
0
1
1

2
I
0
1
1

It+O 2l4o
l+o ]-140
l+o rl40
l+a ol¿+o

lt+O ]-l4O

t+0 2l4O
40 rl40
40 rl40
40 0140
40 rl40

40 0140
40 0140
40 0/40
40 0140
40 0/40

40 0lt+o
40 0140
40 0140
40 0140
40 0140

1.
0

.,0
0
0

l.
0
0
0
0

0
0
0
0
0

0
0
0
0
0

66

I
I
I
I
I

40
40
40
40
40

ol
ol
ol
ol
ol

0l
ol
ol
0l
0l

66

ol40
0140
ol40
0140
0/40

o/
0/
0l
0l
ol

Contd..

Fr
tJr
o



Continuation of Appendix Table: 3

Date of
observation

18.10.79

2.rr.79

L6.1r.79

lreattent Dístance
from
gource
(m) SCB,LV

Rf R2 R3
BYI"ÍV

Rr R2 R3

Percent infectlon
(mean)

scRLV BYIUV

0
0

0.83
1.66
5.0

0
e0
0.93
2.5
5.0

Nu¡nber of diseased plante out
of healthy plants

1
2
3
4
5

I
2
3
4
5

I
2
3
4
5

ol+o
al40
o l¿+o

0 140
Ll40

o 140
o 140
rl40
0 140
3 140

o 140
014ø
o 140
0 140
0 140

0140
0 140
0 140
rl40
2140

o 140
o 140
o 140
0140
0 140

olt+o
o 140
0 140
0/40
o 140

ol40 0
0l+0 0
ol+o 0
ol+0 0
ol40 0

ol40
o 140
0 140
o l+o
0140

I
I
I
I
I

I
I
I
I
I

I
I
I
I
I

0
0
0
0
0

0
0
0
0
0

40
40
40
40

0
0
0
0

0.83

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

40

40ol40 0
ol40 0
0/40 0
rl40 0
tl40 0

40
40
40
40
40

I
I
I
I
I

40
40
40
40

40o 140
o lt+o
Ll40
o 140
3140

0 140
0140
0 140
2140
Ll40

0/40
0/40
0/40
rl40
2140

0 140
o 140
o 140
o 140
0140

0140
0 140
0/40
0/40
o lt+o

40
40
40
40

H
(.rr
È

* Replicates.



Appendix Table z 4 z Movement of BT-!ÍI/ and SCRLV on V.faba L. af ter virus aource was provided with or
wihout r¡ector - 1980 *it ter-spffiF

Date of
observation

29.9.80

10.9.80

Treaünent

Virus +
vector

(w)

DÍstance
from
80urce
(row)

Percent
lnfection
mean

SCRLV Bï-lfv
Rlo R2 R3 RI R2 R3 SCRLV BYM\T

Number of plants infected
out of healthy plants

8.8. of
meen
(:)

SCRLV BY'I'fl/

4.18
2.57
L.47

0
0
0
0
0
0
0

1
2
3
4
5
6
7

B

9
10

T

2
3
4
5

6
7

8
9

l_0

o/a
TIL3
rl23
0/3r
0 /3s
o 142
0ls4
0/60
0/68
0172

0ls4
0 160
0/68
o 172

LIB
0lL6
0123
O I3I
ol39
0147
0154
o lse
o /68
o 176

218
0/16
o 123
0 /31
ol3e
o l+t
ol54
o lsg
0/68
0 176

0/8
olr4

1/8
olt4

0/B
o ltt+
ol24
0132
o/39
o 148
0156
ol63
0l70
o 176

0l
ol
0l
ol
0l
0l
al
ol

0
0
0
0
0
0
0
0
0
0

2

I
I
I
1
0
0
0
0
0

24
32
39
4B
56
63
70
76

24
32
39
48
56
63
70
76

18 o/8
lr3 0116
123 ol23
/31 0/31
135 0l3e
142 0147
ls4 ol54
160 0lse
/68 0/68
172 0176

4.L6
2.56
1.44

0
0
0
0
0
0
0

20.
2.
5.
2.
0.

0
0
0
0
0

1/8
olt4
0124
0132
o l3e
o 148
ols6
0163
ol70
o 176

47

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

4.18
2.57
1.45

0
0
0
0
0
0
0

LI
1l
LI
ol
0/
0l

I
13
23
31
35
42

ol
0l
ol
ol
ol
ol
0l

l8
Itz
lzs
l3t

L6.66
2.56
1.44

0
0
0
0
0
0
0

2l
0l
3l
TI
ol
0l
ol
ol
ol
0l

35
42
54
60
68
72

I
16
23
3I
39

83
56
79

14
95

4.18
2.57
3.85
1.07
0.95

0
0
0
0
0

I
I
I
I
I
I

54
59
68
76

H¡.
Or
Þ

Contd..

ol



Continuatlon of Appendix Table: 4

Date of Treatment
observatíon

23.9. B0

g.l_0.80

Nunber of plants fnfected out
of heal

SCRLV BYMV

Rr R2 R3 Rl Rz

Percent
infecÈion
mean

R3 SCRLV BYMV

DiBtance
from
source
(row)

S.E. of
mean
(+)

SCRLV BmlV

I
2
3
4
5
6
7

I
9

10

I
2
3
4
5
6
7

I
9

10

218
2lt3
4123
6 l3L
3l3s
ol42
tl54
0/60
0/68
o 172

218
3lr3
6l?3
e l3t
7l3s
7l42
4154
6160
2168
2172

218
4lL6
2123
3l3t
4139
o 147
rl54
ols9
1/68
o 176

218
s lt6
4123

10/31
6lgs
7147
5154
4l5e
TI68
LI76

318
LIL4
3124
o 132
rl39
Ll48
0156
o163
olTo
0176

4lB
5lt4
sl24

32
39
48
56
63
70
76

3/8
2lt3
4123
3l3r
Ll3s
5 142
tl54
2160
6168
4172

slB
4lr3
4123
e l3t
4145

70142
3 154
4160

12168
5 172

418
6|rc
4123
3l3r
rl3e
3l 47
tl54
2l5e
3l6e
3176

318
LII4
0124
U32
frl3e
0l4B
tls6
o 163
0170
o 176

2156
rl63
0/ 70
5176

29.16
15.84
L2.86
9.67
7.r2
0.69
1.23

0
0.49

0

4L.66
20.00
11.59

7.48
1.80
6.09
L.82
2.23

-4-41
3.r4

54.L6
33.46
]-8.77
21.40
5.51

10.06
7.36
4.44

10.29
8.01

4.18
5.18
2.53
5.61
2.34
0.69
0.61

0
o.4g

0

8.37
3.72
2.53
9.27
3.60
3.92
1.68
2.46
0.50
0.76

4.18
9.11_
5.82
2.T9
0.91
3.45
0.02
r.l2
2.55
I.64

9.3 7
16.12

8.91
6.11
3.31
7.14
2.87
1.50
5.32
L.26

s/B
1o/to

8123
8/31
2l3e
3147
7ls4
3 lse
el68
B 176

33.33
30.0
2L.43
21.48
14.35
11.90
6.74
6.11
L.94
2.67

I
L4
24
32
39
4B

3l
tl
TI
3l
ol
0l

rl
3l
2l
2l
TI
II
3l

HÞ
o\
d

Contd..



Contlnuation of APPendLx Table: 4

Date of
observation

22.rO.80

29. 8. B0

lreatment Distance
from
aoulce
(row)

Virus
only (V)

Nr¡mber of plants ínfected out
of ts

SCRLV
Rz R3 R1 Rz SCRLV BYMV SCRLV BI'I'IV

Percent
l-nfection
mean

S.E. of
mearì.

Rt

zlB
3lL3
6lzt
e l3r
7l3s
7142
6154
6160
3/68
3172

zlB
5116
4123

11 /31
6 l3e
7147
s ls4
4l5e
I /68
2176

ols
0/8
0/18
0126
0/30
o 137
0/48
o 155
o 162
0 lse

B

T4
24
32
39
48
56
63
70
76

39
4B
56

o 163
o l7L
o 178

518
s lr3
5123

11/31
T lss

rol4z
4ls4
4160

]-2168
s l72

017
0 /16
0122
0/30
ol39
ol48
0ls3
ols9
0l6e
0174

BYI'{V

618
Loltø

8123
8/31
4l3e
3147
Bl54
415e

t2168
].4l 76

4lB
2lr4
2124
4132
olzg
0l4B
3156
tl63
o 170
5176

0/8
0/16
o 124
o 132
0/3e
ol48
ols6
0163
olTr
0178

33.33
30.0
26.99
23.58
16.06
11.90
8.57
6.11
2.gL
3.57

62.5
38.41
21.58
24.59
10.08
10.06
9.18
5.0

TT.76
10.64

(+)

8.37
3.72
5.85
B.91
2.7L
3.92
l_.70
2.46
0. 85
0.48

7.25
13.99

7.65
6.69
5.80
7.r4
2.88
I.72
5.91
3.89

R
3

I
2
3
4
5
6
7
I
9

10

1
2
3
4

4l
5l
el
2l
5l
2l
3l
LI
2l
3l

5
6
7

I
9
0I

017
0/16
0122
0/30
o 139
0/48
ol53
0lse
ol69
0174

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

ols
0/8
0/18
0126
0/30
0137
0/48
o 155
ol62
olse

I
t_6

24
32

ol
ol
ol
ol
ol
al
0l

H
Or
o

Contd..



Continuatíon of APPendlx Table: 4

Date of
observatÍon

10.9.80

23.9. B0

Treaünent Distance
fron
source
(row)

Percent
infectlon
mean

SCRÏ,V BYI{V

S.E. of
mean
(+)

SCRLV BYI'ÍV

Nr¡nber of plants lnfected out
of healthy plarts

SCRLV
Rl Rz R3 Rr-

BYMV

RR
32

618
4116
3124
2132
0 l3e
Ll48
2ls6
3163
3 l7r
6178

315
1/8
o/re
ol26
0/30
0137

317
3lL6
4122
3 /30
o l3e
o lI+8
o ls3
o lse
rl6e
rl74

0/8
0/16
ol24
0132

1_

2
3
4
5
6
7

B

I
t0

1
2
3

4
5
6
7

I
9

10

ol7
0 /16
0122
0/30
0l3e
ol48
0153
0159
0 l6e
ol74

017
0/16
ol22
0/30
0/3e
o l48
ol53
0l5e
Ll6e
ol74

0/5
olB
0/18
olzo
0 /30
o 147
o l4B
0 /s5
o 162
0 l5e

0/s
0/B
0/18
0126
0/30
o 137
Tl48
0/ss
o 162
rl5e

0/8
o 116
0124
o 132
o 139
o 148
o ls6
o 163
o l7r
o 178

ol3e
ol48
ols6
o 163
o l7L
0/78

tl7
011,6
ol2z
0/30
o l3e
o 148
0/53
o l5e
o l6e
o 174

ol5
0/8
0/18
0126
0 /30
0137
ol48
0lss
o 162
olse

o 148
Ll55
2162
rl5e

1/B
Llt6
olz+
o 132
o 139
o 148
a 156
o 163
o l7L
o l78

0
0
0
0
0
0
0
0
0
0

50
09

4.
2.

0
0
0
0
0
0
0
0

8.92
2.08

0
0
0
0
0
0
0
0

69

0
0
0
0
0
0

0.
0

0.

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0.69
0

0.48
0.56

59.28
18.75
L0.22
5.41

0
0.69
1.19
2.r9
2.96
3.57

48
0.55

9.33
3.62
5.39
2.93
0

0.69
1.19
1.39
0.81-
2.06

H
o\
cL

Contd.



Continuatlon of Appendix Table: 4

Date of Treåtment
observation

9.10.80

22.10.80

Dietance
from
90urce
(row)

Nr:mber of plants infected out
of healthy plants

SCRLV

S.E. of
mean
(+)

Z R¡ SCRLV BYIÍV SCRLV BYI.{V

Percent
ínfectÍon
mean

Rr Rz R3 Rl
BYI'ÍV

R

4ls
318
3/ra
4126
0130

0/8
0l]-6
ol24

ols
0/B
0/18
0126

I
2
3
4
5
6
7

I
9

10

I
2
3
4
5
6
7

I
9

10

olt
0l]-6
0122
o/go
0139
tl48
0/s3
olse
rl6e
2174

ol7
0/r.6
0122
0/30
0 l3e
2148
3ls3
2ls9
216e
3174

0/30
0137
2l48
tls5
rl62
3l5e

015
0/8
0/18
o 126
0/30
o lst
2148
2lss
3162
3lse

0lB
o116
0124
ol32
rl3e
ol48
rl56
o163
LIT]-
4178

olzz
rl3e
Ll48
Ll56
tl63
217r
4178

517
]-L116
]t0122
1r/¡o
1.2lzg

6 l48
4ls3
0l5e
7 169
e l74

sl7
11 /r0
]t0122
1r/30
rzltg

6148
4ls3
o lse
7 169

III74

4ls
318
3/18
2126
0/30
oltt
LI48
uss
3162
2lsg

0137
rl48
2lss
4162
3l5e

6la
7lt6
8124
6 132
4l3e
6l+a
e ls6
7 163
7 l7r
e lTB

7lB
7116

r0124
6132
6l3g
7l+e
e l56
8163

T0l7t
TLI78

75.47
50.0
31. 81
2I.O3
L3.67
8.33
8.56
4.30

8.27
9.O2

2.50
9.59
8.39
8.49
9.09
4.18
4.09
3.45
I.73
2.94

4.66
9.59
9.O7
6.63
B.g2
4.57
4.09
3.79
2.2r
3.15

0
0
0
0

0
0
0
0

0.85
0.69
l¡ 21
0.60
0.06
0.80

0
0
0
0

0.
1.
1.
0.
0.
0.

0
0
0
0

0.
2.
3.
2.
3.
4.

0. 85
0.69
l_.98
0.60
1.48
4.3

85
OB

86
86
51
75

79.64
50.0
34.59
23.59
15.38

9.O2
8.56
5.44

L0.22
11.34

B5

20
13
64
66
35

HÞ
Oì
oContd.



Continuatlon of Appendix lable: 4

Date of
observation

28.8.80

10.9. B0

Treahent Distance
from
60urce
(row)

Control
(c)

Nr¡mber of plante infected out
of healtjrv plants

SCRLV
Rr Rz R3 Rl

BY}fV
R2

.'' Percent
infectlon
mean

SCRLV BYI"fV

S.E. of
mean
(+)

SCRLV BT'l'lV

0
0
0
0
0
0
0

I
2
3
4
5
6
7

B

9
10

I
2
3
4
5
6

7

I
9

t0

olg
0lLs
0123
0l3r
0 140
o 147
o lss
0162
0l6e
0178

ole
o lLs
olzz
0/3r
olt+o
o l+t
0l5s
ol62
a l6e
o l7B

0/8
0/15
ol22
0/30
0/38
ol47
ol54
0 /61
0l7r
0177

0/B
o/rs
ol22
0/30
0/38
ol47
o 154
0l6r
olTt
o 177

0/8
0/11
ol20

26
36
40
46
56
58
68

0/8
0/11
ol20
0126
0136
0 140
0146
o 156
0/sB
o/68

ole
0 /Is
0123

0126
o 136
0140
o lt+ø
0ls6
0/s8
o l68

0/8
0/15
0122
0/30
0 /38
o 147
o ls4
0/61
olTr
o 177

R3

0/8
0/11
0120

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

I
I
I
I
I
I
I

o/31
o 140
o 147
o/5s
0162
o 169
ol78

ole
o/rs
0123
0/31
0/40
o l47
0/ss
0162
o 169
0/78

0/8
o/rs
0122
0 /30
o/ge
o lt+l
ols4
o 16r
o l7r
0177

0/8
0/l-1
o 120
o 126
o 136
o 140
o 146
o lso
o/s8
0 /68

PÞ
o\
r-h

Contd..



Continuation of Appendíx Table: 4

Date of Treatment
observatlon

23.9.80

9.10.80

Dfstance
from
80urce
(row)

Nr:mber of plants lnfected out
of healthy plants

SCRLV BYMV

R

Percent
Ínfectlon
mean

S.E. of
meen
(+)

RIR2R1
3

0/8
0 /11
o 120
0126
oltø
0 140
ol46

R2 R3 SCRLV BYMV SCRLV BYMV

I
2
3
4
5
6
7
I
9

10

t
2
3
4
5
6
7

I
o

10

ole
0 /ls
ol23
0 /31
0/40
o lt+l
0 /55
o 162
0 169
ol78

0le
o/rs
0123
0/31
o 140
0147
Ll55
rl62
2l6e
7l78

0/8
0/]s
o 122
0/30
o/38

olg
o lLs
o 123
1 /31
rl40
2147
2155
2162
2l6e
4178

0le
olÉ
0123
213r
2140
2147
2lss
3162
4l6e
5178

0
0
0

1.07
0.83
1.41
r.82
1.61
2.37
2.I3

0
0

1.51
2.15
2.59
2.r2
3. 89
3.29
5.06
9.53

0
0
0

1.07
0.83
L.42
1.05
0.93
1.25
L.54

0
0

L.5Z
2.16
r.45
l.z3
o.22
0.88
0.45
1.16

ol
ol
TI

ol
u
0l
rl
0l

47
59
61
7T
77

0/8
0/15
0122
0/30
0/38
rl47
ll54
II6T
2l7L
3177

0/36
o l¿+o

tl46
I /56
0/s8
3l68

0/8 0
0/1s 0
olzz 0
0/30 0
0/38 0
ol47 0
rls4 0
Ll6r 0
3l7r o
u77 0

0/8
0/1s
rl22
0/30
0 /38
rl47
Lls4
2l6r
3171
B 177

0/B
0/11
o 120
0126
rl36
0 140
2146
rls6
3l58
6l6B

0.46
o.49

0
0

0
0
0

0.70
L.94
1.67
1.90
3.30

le
/ru
lzo
126
lsa
l+o
l+ø
lso
lse
l6a

0
0
0

t0
0
0

1.
0

0
0
0
0
0
0

o.67
0

0.46
0.49

34

0l
ol
ol
ol

56
58
6B

B

11
20
26

0
0
0
0
0

0.71
0.I-1
0.05
0.95
0.01

H
o\

GI

Contd.



Continuation of Appendlx labLe: 4

Date of Treatment
observatÍon

22.].,O.80

* Repllcates.

Number of plants lnfected out
of heal te

*1o R2 R3 Rl
Bn"fv
Rz

SCRLV

Percent
infection
mean

R3 SCRLV BYÏV

Dlstance
fron
aource
(row)

S.E. of
mean
(+)

SCRLV BW\I

0l
ol
ol
0l
II
2l

I
2
3
4

0/8
0/15
ol22
0/30
0/38
2147
rl54
2l6t
417t
4177

5
6
7

B

9
0

ole
olts
o 123
LI3]-
ol40
rl47
4ls5
4162
sl6e
2178

ol8
0/11
o 120
o 126
o/gs
o lt+O
TI46
2ls6
I /s8
3168

0le
0l]-s
0123
2t3r
3140
2147
3l5s
4162
416e
9178

0/8
0 /ls
Ll22
0/30
0/38
rl47
2ls4
2l6r
4l7r

LOl77

2146
3ls6
3 /s8
6168

0
0
0

1.07
0

2.r2
3.76
4.43
4.86
4.05

0
0

1.51
2.r5
3.42
3.77
4.49
5.02
8.11

11.11

1.01
1.64
0.78

0
0

r.52
2.L6
2.20
0.86
0.51
0.93
0.54
I.22

0
0
0

L.07
0. 86
L.23
r.76

I
11
20
26
36
40

1

Hr
Ol
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Appendlx Table: 5 Mean fortnlghtly percenÈage rate of
Lncreaee in incidence of BYI"ÍV and
SCRLV ln V.faba L. trial

Treatment Date of
observa-
tion

Nr¡mber of dieeased plante out
of number of healthy plants

*l*o R2 R3

Average
percent
lnfectfon

SCRLV-Vv

-v

-C

BYlfl/-Vv

-v

-c

28lB/80
r019
2319
e lro

221L0

28IB
ßls
23lg
9lro

221r0

21406
r1404

ts I 403
29 /3BB

61359

ol416
olt+t6
LI416
4l4rs
414tt

o 1428
o l4za
o 1428
6 l4ze

t21422

01406
10/406
231396
271373
Bl34s

L1422
II42L

Is 1420
27 lt+OS
31378

0134e
01349
2134e
41s47
41343

o1425
tl42s

424
423
417

o 1422
81422

2414r4
30 1390
rs 1360

01349
r1349
7l34B

11 /34r
5 /330

o l42s
rl42s
51424
7l4re
214t2

01430
r1430
e 1429

27 1420
10 /393

01436
01436
01436
71436
3142e

o l37O
01370
21370
s1368
71363

o l43o
01430
3 l43O
71427
41420

o1436
r0 1436
19 1426
371407
L41370

01370
o/370
51370
6136s
4135e

Oc24
o.23
3.L2
6.85
1.66

0
0

0.27
1.23
o.g4

0
0.07
0.25
1.38
2.22

0
r.45
4.Og
5.51
2.47

0
L.25
2.96
9.09
1.95

0
0.31
1.70
1.58
o.77

28lB
L0le

23le
e/10

22lto

28 IB
10 /e

23le
e lto

221r0

28IB
role
2319
e/10

221L0

2BlB
]-olg
23le

e /10
221r0

ol4to
sl416

10/411
60 I 40r

2134t

LI
6l
BI

01428
31428

rrl425
614r4
3l4rL

Vv

V

c

R**

= Vlrus + vector

= Virus only

= No virug, no vector

= Replicates



Appendix Table 6 ¡ Key to aphld identiflcation

Alatae viviparae

1. Myzus persicae (Sulzer)

2. Macrosiphrm euphorbiae
(rhomãs)

3. Aulacorthr.¡m solaní
(Kaltenbach)

4. AphÍs craccívora
Koch

Abdomen almoet same \ùidth from thorax to bases of cornicles, then sides
gently rounded to meet the cauda abruptly. Head wíth prominent
lnward-pointing antennal tubercles. Cornicles slightly svnllen on
apical half, cauda short, Abdomen Breen or pínk with a more or less
solid dark patch.

Body elongete, wedge-shaped. Frontal tubcrcles highr dfverging;
antennal haÍrs long, l-onger than half dlaneter of antennal segment III;
abdomen pale. All veins of front wings of seme thlckness. Cornicles
extremely l-ong, the tips wítåout tackllke flanges. Antennal segment III
(except extreme base) and resÈ of tl1e antenne usually blackfsh.

Abdomen with dark, irregularly shaped, trånsverse, segmentål bars of
broken patches; head spinulose lateroventrally; frontal tubercles
parallel-sided. Basal veins of front wings slightly darker and thicker
than other veins. Corniclee stralght wÍth prominent flanges.

Frontal tubercles slightly curved fl-at; body egg shaped, shlning black
dorsrmr; cornÍcles short black; cauda pointed apically bl-ack.

Contd.
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æ
Þ



Continuation of Appendlx TabLe 6

Apterae vlvfparae

1. zllg slcae Sulzer

2. l{ecro siph¡q eu?tto¡Egs
(thornas )

3. Aulacor.thurn solaniffi

4. Aphis craccivora Koch.

AMomen alspst same width from thorax to bases of corniclesç ttren
sides genÈLy rounded to meet the cauda abruptly. Head rrtth prominent
ínward-pointing antennal tubercles. CornÍcles slightly srrcllen on
aplcal half; ceuda short.

Frontal tubercles high, diverging; antennal haÍrs long, more than
half as long as diaræter of base of antenaal segment III. Body
elongaÈe; legs and antennae long. Cornícles cylindricalr flared
outward, about one-thlrd the length of the body; cauda about
one-third the length of the cornícles, both extendíng about the
sfrre dístance past end of body.

Head spinulose; frontal tubercles parallel-sided; abdomen globulart
wídest just ahead of cornicles, taperÍng to inslgnificant upturned
cauda. Cornlctes not sr'uollen, sllghtly taPered wfth prominent
flanges on the dark tlps; legs and antennae with dark joints.

Frontel tubercles sllghtly curved flat; body egg shapedr shinfng
black dorsrm with pronounced reticulation; cornicles short. black;
cauda polnted aplcally black.

H
N
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Appendix TabLe:7 : Weekly catches of elate aphids in tr
and adjacent to Èhe trap plants (T.P

Date 1.P.
M.P* M.e 4.6

27.7.79
3.8.79

10.8.79
l-7.8.79
24.8.79
31.8.79

7.9.79
].4.g.7g
2r.g.7g
28.g.7g
5.10.79
L2.r0.79
19.10.79
26.r0.79
2.LL.79
g.lr.79

16.1r.79
2r.LL.79
30.11. 79
7.12.79

14.r2.79
2I.r2.79
28.L2.79
4.1.80

r1.1.80
18. 1.80

in the experimental plot (E.P.) areaaPs
.)

A.cOT
E.P.

M.p M.e A.s A.c O T

tss\9
þ

0
2
3
3
2

15
2
0
4

0
0
0
0
I
0
0
0
0

33
7
1
13
11
0
0
0
2
2
2
0
0
0
0
0
0

I

0
0
0
0
1
I
0
0
1

t4
7
I
2
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
I
I
0
0
0

11
4I
16
t1
50

9
6
0
0
0
0
0
0
0
0
0
0

0
7

7
2
B

6
I
7

3
4I
I7
24
18
31

0
3
0
0
0
3
I
0
0
0
0
0

1
2
2
2
2
I
I
2
2

40
2
5

22
18
11

0
4
0
I
3
0
3
0
I
2
4

1
2
2
t
I
0
0
I
0
6
2
3
13
t1
7

0
4
0
I
I
0
1
0
1
2
4

1

0
0
0
0
0
0
0
0
1

2T
0
0
3
2
1
0
0
0
0
2
0
2
0
0
0
0

0
0
0
I
0
0
0
1
1
1
0
0
4
0
I
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
2
0
I
2
1
2
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
I
1
I
0
0
0
0
I
0
4
0
0
0
0
0
0
0
0
0
0
0
0

75
I

13
48

174
15

9
5
I
2
3
0
I
0
1
0
1

0
9

10
5

13
23

3
I
B

274
73
55
92

266
24
18

5

3
4
B

1
1
0
I
0
D



M.P M.ê
E.P

A.s A.c O

T.P
A.c

0
0
0
0
0
I
2
0
0
0
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

OT

Continuatlon of Appendix Table: 7

Date M.p M.e A.s

25.1.80
1.2.80
8,2.80

15,2. go

22.2.90
29.2.80
7.3.80

14.3.80
21.3.80
29.3.80
4.4.80

11.4.80
18.4.80
24.4.80
2.5.80
9.5. B0

16.5.80
23.5.80
30.5.80
6.6.80

13.6.80
20.6.80
27.6.90
4.7.80

11.7.80
18.7.80
25.7.8O

T

1
2

16
6

0
10
24

3
I
0
2
4
9
I

10
62

6
0

13
2

]-¿+

19
15

9
t4
19
18

1
2
8
5
0
9

24
3
0
0
2
3
4
1
4

36
5
0
4
0
5
2

4
2
7

1
3

0
0
0
0
0
I
0
0
0
0
0
1
2
0
0
1
I
0
2
1
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
t
0
0
0
0
0
1
0
0
0
0
0
0

0
0
0
0
0
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
I
I
0
0
0
0
0
0
0
0
3
0
5

?s
0
0
7

I
B

I7
11

7
7

18
15

1
4
9
3
3
7

5
6
3
0
3
0
3
0
5
3
0
0
I
5
3
0
4
2
6
6
B

2

I

1

1
4
6
3
3
5

2
6
I
0
2
5
2
0
I
8
0
0
1
1
2
0
2
I
5
t+

7

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
I

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
3
0
0
1
1
0
2
0
1
2
1
0
4
5
0
0
0
4
I
0
2
1
1
2
0

H5
\0úContd.



Continuatlon of Appendix lable: 7

Date M.p M.e
T.P

A.s

1.8.80
8.8.80

15.8.80
22.8.80
29.8.80
5.9.80

12.9.80
19.9.80
26.9.80
3.10.80
10.10.80
17.10.80
24.10.80
31.10.80
7.11.80

14.11. B0

21.11. B0

28.11.80
5.12. B0
12.L2.80
19.12.80
26.12.8O
2.
o

16.
23.

.81

.Bl

.81

.81

A.cOT M.P

11
29
27
5s

104
207

2442
135

\770
693
978
49
10

2
0

0
0
0
0
0
0
0
0
0
0
0
0

E.P
M.e A.s A.c o

5
3
6
I

45
97

3050
r22
194
776

72
34
28
28
10
I
4
3
0
0
0
0
3
3
6
6
3

T

T6
32
35
63

156
315

5598
294

2080
1535
LLg4

254
87
3B
11
14
4
4
0
0
0
0
3
3
6
6

3

0
4
4
9
5

10
55
10
24
11

2
0
0
0
0
0
0
0
0
0
0
0
1
2
0
0
0

0
0
0
0
3
0
6
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
1
t_

3
3
3
1
5
5
4
0
0
3
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
1
4

16
20
24

B

L6
5
B

I
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
4
2
2
0

10
2

40
4
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0

46 72
70 101
69 90
20 29
49
3B
55
44
47
33
00
11
22
00
00
l2
13
33
00
33

0
0
0
0
I
2
3

13
4
9
I
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

5
0
5

13
T6
19

114

5
4
9

23
26
32

LBl

0
0
I
0
2
5

B8

L7
8?
56
88

l62
40

7

I
6
0
I
0
0
0
0
0
0
0
0
0

I
1
I
1
I

Contd..
Fr\o
o
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ContinuatÍon of Appendlx Table: 7

Date M.P M.€ 4.8 OT
E.P

M-p lif .ê A.s

6.2.8r
13.2.81
20.2.8r
27.2.8L
6.3.81

13.3. Bl
20.3.81
27.3.91
3.4. 81

10.4.81
]-7.4.BL
24.4.8L
1.5.81
8.5.81

15.5.81
22.5.8r
29.5.81
5.6.81

12.6.81
19.6. 81
26o6.BI
3. 7.81

r0. 7.81
r 7. 7.81
24.7.8r
31.7. 81

0
0
0
0
0
0
z
4

20
2t
23
26
68

296
91
18

3
2
1
0
0
0
0
0
0
2

0
0
0
0
0
0
I
0

T2
6
7

6
15
34

0
24

9
4
3
4
3
1
0
0
1
1

11

0
0
0
0
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
1
0
2

4
6
0
0
0
0
0
0
0
0
0
0
0
0

T.P
A.c

0
0
0
0
0
0
I
1
0
3
0
0
I
3
3
2
0
0
0
I
0
0
0
0
0
0

4
0
0
4
0
4
9

24
53
39
T2
l_5

191
95

111
l_4

3
5
2

5
0
0
0
0
0
0

4
0
0
4
0
4

L2
30
73
64
35
43

264
400
205
34

6
7

3
6
0-
0
0
0
0
2

0
0
0
0
0
0
I
0
0
0
0
3
3
2
2
1
I
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
2
0
0
0
0
0
1
I
2
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

A.c To

3
9
1

10
3
3

2l
30
63
20
I

T4
7L
20

141
11

2
4
3

T7
I
1
I
3
I
0

3
9
1

10
3
3

25
30
75
26
16
23
90
57

255
36
T2
I
6

2t
4
2
1
3
2

I

Hr\oo



Contínuateion of ApPendix lable: 7

T.P E.P
A.g A.c oDate

7. 8.81-
14. 8.81
29. 8.81
4. 9.8r

11.9.81
18.9.81
25.9.81
2.10.81
9.10.81

16.10.81
23.10.81
30.10.81
6.11.81

13.11.81
20.11.81
27.rl.BL
4.LZ.8r

M.P M.ê A.s A.cOT M.P M.e T

0
0
0
0
2
I

16
35
96
42
22
42
0
0
0
0
0

0
0
0
0
0

I

0
0
0
I

14
27
49

L22
196
236
140
190

6
2
1
l_

0

0
0
0
1

l2
t4
26
53
54
94
48
42

5
2
0
0
0

0
0
0
0
0
2
7

l6
6

1B
6

TZ
0
0
I
1
0

0
0
0
0
0
I
0

16
36
70
52
94
I
0
0
0
0

I
0
9
B

0
0
6
0
0
0
0
0

0
0
0
0
0
2
0
2
4

L2
T2

0
0
0
0
0
0

0
0
0
1

16
120
194
660

L]-g2
378
172

62
2
I
0
0
0

0
0
0
0
L
9

15
47

].34
166
2].4
278

t_1

9
0
0
0

0
0
0
I

38
276
450

1045
1680

772
508
528

22
16

0
0
0

0
0
0
0

2L
138
2L7
268
306
L94

B4
70
I
4
0
0
0

0
0
0
0
0
I

24
61
40
34
38

702
1
2
0
0
0

* MP = Myzus PersÍcae
Me = Macrosiphun euPhorblae
As = Aulacorthr¡¡n eolanl
Ac = APhls Cracclvora
0 = other aphtd specles
T = Total nr¡nber of aphlds
Total_ nr:¡nber of aphid species trapped for 29 monÈhs 2208I
Nr¡mber of 4 aphíd species trapped for the same period 13730

FJÞ\o
o
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Appendlx Tabl-e: I : Meterologfcal data for Strathalbyn
from Auguet 1979 to December 1981.

Date Mean weekly
temperature

(co)

lleekly
rainfall
(nrn)

Mean weekly
I,Iindepeed

(knots )

4.8.79
11
18
25
I.9.79 -

LL.42
10.30
10.75
11.L7
r0.77
14.18
T2.97
L5.29
13.53
12.86
13.35
16.77
l_5.05
18.05
18.46
17.96
16.59
20.77
18.12
18.78
20.18
20.50
18.50
19.68
18.95
L8.32
15.93
2r.5
23.08
18.69
L7.72
16.66
zo.7g
L7.37
16.99
L7.67
21.43
18.45
r2.3
I 7.33
14.98
12.3I
14.36

15.60
11.80
5.8

18.6
22.6
L7.8

0
1l_.8
2r.6
41. B

3.6
0.8

0
0

32.2
5.6
2.4

29.4
34.8

0
3.4
4.4
6.0
2.8

.35

13
11
10
L0
L7
16
11

9
T2
19
11
13
L2

r0.8
I7
24
31

7

L4
2L
28

5.10.79
T2
19

-26

.92

.5

.75

.85 ¡.

.o7

.2L

.7I

.5

.64

I
15
22
29
6
13
20
27
3
10
I7
24
1.1
I
15
22
29
5
L2
19
26
2
9
L6
23
1.3
I
15
22
29
5
T2
19
26
3
10
T7
24

2.

-2.rr.79
-9

16
-23_30

79- 7

l4
2I

-28
-4.1.80
-11

18
-25
-1.2. 80

0
6.0

0
0

9.6
0.8
)2.6
I.2

0
0
0

0.4
2.6
3.6

0
0
0

0.2
0

I
15
22
29

7
L4
2L
28
80
11
18
25
80

9
16
23
30

.4.

.5.

.7r

.57

.64
L2.57
L5.85
L3.7L
9.78

L3.42
13.28
1r.57
]-3.28
l_0.5
13.21
]-.3.64
11.16
T3.27
L2.92
13.5
L2.2I
13.0 7

]-'2.07
13.28
LI.5

7.35
11.85
L2.77
10.07
L3.14
9.28

10.4
9.8

L0.71
I

BO

-4

-2

Contd.
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Continuation of Appendlx Table: I

Date Mean weekly
temperature

(coc)

lleekly
rainfall

(mn)

Mean weekly
!üindspeed

(knots)

31
7

T4
2T
2B
5
I2
L9
26
2
9
16
23
30
6
L3
20
27
4
11
18
25
1.11.80
I
15
22
29
6

I3
20
27
3
10
L7
24
31
7

T4
2I
28
7

T4
2T
28
4
t_1

- 6.6. 80
-13
-20
-27

4. 7.80
-11
-18
-25
- 1.8.80
-B

15
-22
-29

5.9.80
-L2

19
-26
- 3.10.80

10
-L7_24
-31
-7
-L4

2T

-28
- 5.12.80
-12
-19
-26

2.1.81
9

16
-23

30
- 6. 2.8'L
-13
-20

27
- 6. 3.Bl
-13_20

LL.92
11.5 7
11.53
12.67
11.31
lL.18
12.o4
9.2

11.15
10.45
11.85
11.59
11.65
12.95
].4.32
12.95
14.79
14.78
L4.62

.55

.9

.70

.79

.77

4.81
10
I7

20.27
l=9.77
17.1_0
23.8
15.66
21.83

zi.zt
2T.I5
22.6
2r.5
2I.96
2r.12
19.28
17.1
17.28
L7.67
14.94
l_9.84
I 7.15
L 7.58

2L.

0
40.2
32.4
7.4
7.4

28.6
0

4.O
0

29.2
7.6
0.8
r.4
4
0.6
0.4

8.85
5.2L

12.L4
L2.O5
L4
9.78

11.33
7.85

11. 85
L2.64
15.35
L4.42
L6.92
17.78
17.78
]-.3.92
L3.92
13.92
10.85
11.5 7

L4.64
]'4.35
13.5
14.35
L2.35
L4
14.92
11.71
13.71
14.42

9. 83
g.2r

10.85
13.07
]-6.67
13.64
15
13.07
15.35
13
10.5 7
g.2L
7.64

10.14
12.07

I
02.1

l_8.8
11
27.2
3.8
6.4
3.6
6.6

rl.2
7.4
6.2
1.6
3.8
4.2

36.6
o.2

I4
15
T4
I4
19

L.4
0

3.6
0

II.2
:

0
0.6

23.O
2.8

0

- 3.
27

Contd.



l50c

Continuatlon of Appendlx lable: B

Date Mean weekLy
temperaturè

(co)

lleekly
raínfa11

(¡r¡n )

Mean weekly
!líndspeed

(knots)

18
25
2
9
16
23
30
6

13
20
26
4
11
18
25
l. B. 81
I
15
22
29
5

L2
19
26
3
10

24
31
7

14
2L
28

24
1.5.81

I
15
22
29

5. 6. 81
12
19
26

3. 7.91
10
L7
24
31

7
L4
2L
28

4.9.8r
t1
18
25

2.10.91
9

16
23
30

6. 11. g1

13
20
27

4.12.91

17.72
15.26
15.99
L4.24
10.35
13.3
L2.66
11.84
10.92
9.76

10.01
L0.44
L2.27
10.71
I_1.56
10.35
12.65
9.76

10.15
15.42
L5.32
13.81

L5.O7
12.88
14.04
I 7.13
L6.47
16. 83
14.24
22.2r

41.8
15.6
8.2

49.4

L7.4
L5.2
29.6
L2.2
9.4

70.2
zil.8
9.4

17.4

.8
3.6
3.8
I.4

20.4
13.2
1.0

12.07
L2.28
13.0 7

9.57
9.5

13.92
L2.78
14.85
10.5 7

L4.T4

0
0
6
5
4

l_0

4

.6

a

6
15a

0
0
9.6
g

L2.8

13.85
13.64
10.21
12.21
L2.07
15.71
2L.42
10.5 7
13.28
14.85

.78

.85

.0

.57

.64
10.85
L2.28

7.57
15.0 7

2La

I
L2

16
t4
15

9

T7



1s1

Appendlx lable: 9 The nr¡mber of trap plants (lljþþ t.
cv. Acquadulce) fnfected wi6 BYMV and
SCRLV after exposl.ng them at
Strathalbyn for 28 day perlod.

Perlod Nurnber of Nr¡nber of
plante plant,e
expoeed ehowìng

SCRLV BYl.,lV SCRLV BY'l'lll

Percent
lnfectf.on

20.7.79
r7.8
L4.9
12.L0
g.1r
7.L2
4.L
r.2

29.2
28.3
24.4.
23.5
20.6
18.7
15.9
12.9
10.10
7.ll
5.r2
2.L

30.1
27.2
27.3
24.4
22.5
19.6
L7.7
14.8
11.g
9.L0
6.11

- Ì7.8
- I4.9
- r2.ro
- 9.11

0
0
0
4
I
0
0
I
0
0
0
0
0
0
I
7
L
0
0
0
0
0
0
0
0
0
0
0

16
1I

0

I
2
4
0
0
0
0
0
0
0
0
0
0
0
0
2
I
0
0
0
0
0
0
0
0
0
0
0
2
2
0

2
2
4
0
0
0
0
0
0
0
0
0
0
0
0
2
I
0
0
0
0
0
0
0
0
0
0
0
2
2
0

7.12

100
100
100
100
1_00

100
100
100
100
100
100
100
100
100
100
100
100
r00
100
100
100
r00
100
L00
100
100
100
100
100
100
100

0
0
0
4
9
0
0
I
0
0
0
0
0
0
t
7
1
0
0
0
0
0
0
0
0
0
0
0

L6
11

0

- 4.1.80
- r.2
-29.2
-28.3
-24.4
-23.5
-20.6
-Ì8.7
-15.8
-r2.9
-L0.10
- 7.ll
- 5.I2
- 2'I-.81
-30.1
-27.2
-27.3
-24.4
-22.5
-I9.6
-r7.7
-14.8
-11.9
- 9.10
- 6.11
- 4.L2



Appendix Table: 10 Nr:mher of aphids present tn-10 ehooÈs of V.faba L. in each replicate on
5 occasions.

Date Aphid
species

2rl8l8r !l.persicae

M.euphorbiae

A.solani

A.craccivora

Repllcate T¡eatments

i*
R;
R,4
R5

åi

ii
il
ii
ål

åi

o(
o(
o(
o(
o(

'l^

0(0)
0('0)
0(0)
0(0)
0(0)

2(0)
1(0)
1(0)
2(0)
o(o)

1(0)
2(0)
o(o)
0(0)
0(0)

T2

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
1(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

T
3

0(0)
0(0)
o(o)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

e(0)
t_(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
o(o)

T4

0(0)
0(0)
o(o)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

3(0)
1(0)
0(0)
o(o)
0(0)

0(0)
0(0)
0(0)
1(0)
0(0)

T
5

0(0)
0(0)
o(o)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

1(0)
s(0)
0(0)
0(0)
2(0)

o)
o)
o)
o)
o)

)
)
)
)

0
0
0
0

o(
z(
o(
o(

H(¡
N¡
ÞContd.

0(0)



Continuatfon of Appendix Table: 10

Date Aphid
species

zLl8l8r + Other specLes
including
young of

++ Mp; Me; As; Ac.

Repllcate

Rl
R2
R3
R4t
R5

Iro T2
Treatments

T3

0(0)
0(0)
0(0)
0(0)
o(o)

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
o(o)
0(0)
0(1)

0(0)
0(0)
0(0)
0(0)
0( 0)

0(0)
0(0)
0(0)
0(0)
0(0)

T4

0(0)
0( 0)
0(0)
0(0)
0(2)

0(0)
0(0)
0(0)
0(0)
0(0)

I
5

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(1)
0(0)
0(0)
0(1)

0(0)
0(1)
0(0)
0(0)
0( 2)

s(0)
1(0)
1(0)
0(0)
4(0)

3le l8L M.persicae

M.euphorbiae

A.solanl

ål

ri

ri
åÍ

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(3)
0(0)
0(0)
0(2)

0(0)
0(0)
0(0)
0(0)
0(1)

1(0)
1(0)
0(0)
2(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(0)
0(0)
0(0)

0(0)
0(0)
0(r)
0(0)
0(0)

0(0)
0(0)
0(0)
1(0)
0(0)

(
(
(
(
(

1
0
2
0
1

)
)
)
)
)

0
0
0
0
0

lJl
l\td

Contd.



Continuatlon of Appendix Table: 10

Aphid
species

Replicate Treatments

T3

Dete

319l8L A.craccivora

Tlo

0(0)
0(2)
0(1)
o(o)
0(1)

0(10)
0(ls )
0( 7)
0(13)
0(Is)

2(0)
2(0)
8(0)
2ß)
0(s)

Tz

0(0)
0(1)
0(1)
0(3)
0(2)

0(4)
0(e)
0( 7)
0(23)
0(1)

3(0)
0( 7)
0(0)
1( 7)
0(1)

0(1)
0(0)
0(1)
0(2)
0(0)

0(6)
o(24)
0(11)
0(10)
0( 26)

2(0)
2(0)
0(0)
1(2)
0(6)

T4

0(0)
0(2)
0(1)
0(1)
0(1)

0(2)
0(6)
0(e)
0(10)
0( 1s)

7(0)
0(4)
6(4)
2(7)
0(0)

T
5

0(1)
2(4)
0(2)
0(1)
0(3)

0(3)
0(17)
0(11)
0(14)
0(16)

0( s)
2( s)
3(0)
1(4)
0(12)

+ Other specles
includlng young
of

++ Mp; Me; As; Ac.

ål

ii
äl
nÍ
Riu
RJ)

*l

t
äl
R;

ii

0
0
0
0
0

0
0
0
0
0

0
0
4
1
0

1
0
0
0
0

12
1
0
4
6

]-7l9l8L ÞI.persicae

M.euphorbtae

H(¡
N)
o

Contd.



ConÈfnuation of AppendÍx Table: 10

Aphld
species

ReplicateDate

rT le lsr A. solani

A.craccivora

TI

2(0)
8(0)
s( 0)
4(0)
5(0)

5( 14)
2(13)
1( 20)
3(24)
1(33)

47
91
49
5B
63

4(34)
48( 50)
10(8)
42(B)
2(14)

1( 0)
0(0)
3(0)
1(0)
2( 0)

4(2L)
3( ls)
3( B)
5(46)
1(Ie)

16(20)
18(20)
10( 8)
4(10)

2B( 10)

0(0)
1(0)
0(0)
0(0)
3(1)

1( 33)
6(e)

ls(12)
0(25)
0(43)

2(2)
B( 20)
0(6)

10(14)
2(6)

T
2

lreaunents
T T4

8(0)
4(0)
3(0)

10(0)
30(0)

0(6)
2(7)
0(4)
1(13)
0(26)

14( 36 )
24(J2)
30(18)
14(16)
14(10)

T
5

4(0)
11(0)
6(0)

12(0)
8(1)

L2(r2)
e(4s)

12( 5)
8(2e)

10( 18)

16(14)
6(16)

s6(16)
22(].4)
8(4)

3

+ Other specles
including
young of

++ l,tp; Me; As; Ac.

å1

u
ii
il

ii
Ri

27
3B
20
40
B6

6
1B

7

24
15

13
25
4l
33
26

32
3B
23
39
20

1/10/81 l'l.persicae

F
(Jl
t9È

Contd.



Continua-tlon of Appendix lable: 10.

Aphid
specles

Replicate Treatments

T

Date

LITOIsT M.euphorbiae

A.solanf

A.craccivora

*IT

24(10)
30( 20)
4Q)
0(12)
6( 6)

26(6)
78(0)
22(0)
18(2)
18(0)

38(12)
s6( 1B)
14( 8)
26(22)
25(2)

334
718
]-52
366
193

0(12)
o(22)
4(14)
0(2)
0(14)

10(0)
22(4)
0(0)

10(0)
B(0)

L2(L7)
24(20)
6(6)
4( 0)

20( 18)

119
522
156

97
103

0( 2)
0(20)
0(4)
0(0)
0(1)

1(0)
0(2)
0( 2)
4(0)
3(0)

1( s)
2(24)
0(2)
0(2)
0(10)

L4
3B
2L
23
52

T4

6(6)
2(rs)

10(6)
0(4)
0(4)

42(o)
8(0)
4(0)

36(0)
32(0)

12(28)
2(6)

14( 12)
6(14)

18(12)

T
5

22(4)
4(6)

22G)
16(10)
12(8)

4(2)
24(0)
10(0)
34(0)
32(.¿)

26(26)
30(s4)
34( 20)
48(42)
40(36)

172
576
390
257
309

T
2 3

+Other specíee
including
young of

++Mp; Me; As; Ac.

108
96

201
L43
172

il
ii

tl
nf
R5

H
(Jl
¡\)
o

Contd.



Contlnuation of Appendix Table: 10

Date Aphid
apecies

ts lro IBL M. persfcae

M.euphorbiae

A. solani

A. cracclvora

Replicate

åi

u

R1

R¿

rí
Ri

T

52( 3e)
e4(46)

0( 5)
10( 16 )
16(14)

20( 6)
37(16)
2(4)

10(16)
2(6)

16(0)
14(0)
2(0)

10(0)
s( 2)

38( 0)
71(0)

5( 0)
30( 3)
22Q)

Treahent6
T 14

54(32)
32(16)
60(22)
26(L7)
1B(11)

4(6)
2(e)
2(5)
4(8)
0(8)

14(0)
10(2)
23(0)
24(o)
18(0)

10( 5)
13(2)
1s(e)

6( 6)
36(6)

1
I

2 3
T

5

2(2)
12(6)
26( 8)
14(6)
18(2)

ii
Ri

14(16)
4(s)
8( 2)

s6(4)
22(r2)

4(13)
0(r0)
2( 8)
2(6)
6( 8)

16(0)
3(0)
4(2)
6(0)

12(0)

11(0)
1(0)
B( 2)

23(1)
e( 1)

0(1)
4(0)
0(1)
0(2)
0(3)

0(3)
2(3)
0(4)
0( 7)
0(8)

0(0)
2(1)
0(0)
0(0)
0(0)

0(0)
1(0)
0(1)
0(0)
0( 2)

4( 10)
B(14)
6( 1-3)
0(21)
6(24)

ii
RJ)

2( 0)
26(3)
8(0)

12(0)
24(r)

3(1)
14(4)
11(0)
20(3)
32Q)

H(Jl
Ì\t
HI

Contd.



Continuatlon of þPendix lable: 10

Date Aphld
specLes

15/10/81 + other sPecies
lncluding
young of

+¡ MP; Ue; As; Ac.

T
1

()

Replicate Treaùnents
13Tro

748
1108

92
462
299

159
s4

196
82

212

14

4]-6
230
363
332
292

I
5

7T
298
25I
341
218

T
2

å*

u

22
26
23
31
56

= Controli TZ = Disyeton ; T3 = Metasystox ; 1¿+ = Malathlon t T5 = Barley barrler

= Data in parenthesås represent wlng form of aphid species.

= I{lng and winglese specles all included.

= Mp = l,f.persicae; Me = M.euphorbiae i As = A.solani ; Ac = A.craccivora.

+

++

H(¡
¡\)

GI



Appendix Table: 11

Date lreatment Distance
of from
obser- goutce
vation row

319l8I Control

rT le lsL

1/t-0/81

Movement of SCRLV on V.faba L. from centre ror¡ after vf.rus source was artfficially
introduced w'lth vect¡ãi981 winter-Bpring.

*r"

N

R

?lre,
IIT9,
tlre,
ol19,
olre,

f lants ínfected out of heal lante

R
4

R
5

R3

7. SCRLV
infection
(mean of 5

replicates)
2

10/
13l
10/
el
7l

20
l9
20
20
20

1
2
3
4
5

1
2
3

4
5

1
z
3
4
5

2J20,
L|20,
o/19,
tJ20,
o120,

o 120
o/19
2ltg
rlle
o 120

T ltg
2lts
I /19
rlt9
0/15

2120,
3lr9,
]-120,
r120,
L120,

2lzo
TII9
o 120
o 120
0120

L|20,
Ql20,
o120,
2120,
0120,

3.1(
4.0(
r.5(

.31

.75

.15

.25)

.76)

0l
0l
ol
ol
LI

rl
0l
ol
0l
0l

, tlzo
, 2120
, l-l2o
, 2l2o
, ]-l2o

20
20
20
20
20

20
20
20
20
20

20
20
20
18
20

9
5

)b
)
)

.2(+

.2(-
3
I
1
I
0

8120,
6120,
2119,
2120,
2l2o,

7l20
slre
3lre
rlte
rl20

81r9,
5lre,
zlre,
0/19,
3lr9,

e lte
7lr8
LIT9
Llte
1 /ls

9l20,rJ.I
BlLg, 5l
7l2O,9l
Il?0,61
4120r 5l

L8lzO
t3120
1-3120
8l20
4120

]-3l2O,I8l2O
L6l2o,16l2O
r4l21,L3l20
L3l2O,r2l2O
73120,6l20

r4120,16120
16lz0,16l20
r4l20,r3l2O
5l2O, 7 lß
3120, 2l2O

r8l2o,r9120
19l2O,L7l2O
L6l2O,L6120
Lzl20,r3lr9
8120, Bl20

54.4(
46.9(
37.2(
20.4(
16.2(

79.L(
65.5(
52.r(
43.6(
34.6(

5.
7.
g.
5.
2.

I
4
0
4
I

6

9
5
4
6

3.
5.
7.
6.
4 a

)
)
)
)
)

)
)
)
)
)

t6120,I7 l2O
rtl20, Blr9

4lL9 ,tO lr9
4120, 7lLg
6l20,2120

13/19,r2lrg
9lLg , 8lL8
21t9, 7lLg
5lr9 , 6119
61L9, 311.5

r4120,I7120
13/19,11/19
9l2o,r2l2o
3l2o'to l2o
8120,8l2O

Contd.

H
(Jl(,
Þ



Continuatlon of Appendix lable: 11

Date
of
obser-
vatlon

Treatment Dis-
tance
from
source a

Nr-mber of plants infected out of healthy plants

R

% SCRLV
infectlon
(mean of 5
repLicates)

10w
Rt

Lgl20,r712
r2l20,L3lr
10/19,L3lr
TOI?O,TTI].
r2l20,3l20

7 lr9 ,1.6lr9
41L9, 8lt9
Llrg,rrlrg
B/19,10/19
61L9, 3lT5

R3

]-8l2o,r7
15 Jtg ,r4
L3l2O,I5
7l20,r4
8l2O,r4

R2 R4
5

t7 l?l},t9 l2o r8 | 20,2O | 20

rsl20 20l20,r8l20
Lsl20 I4l20,13/18
lrl2o 14l20, el20

15/10/Bl Control

319 l8l- Disyston

tT le lsr

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

01
9l_
91
9

79 | 20,r9 l2o L9 I 20,rB l20
120
Itg
120
120
l20

18l2o,
]-5120,
l,5120,

99.3
77.4
73.1
59.g
48.1

36. B

20.8
10.5
ro.2
5.0

( 1.5 )b
( 5.3)
( 5.0)
(4.6)
(6.7)

).120,
012o,
ol2o,
0l2o,
0l2o,

rlzo
ol20
o 120
o lzo
o 120

ol2o, ol
ol2o, ol
ol2o,0l
ol2o, ol
ol20,0l

20, 2l2o
20, rl2o
20,0l2o
20, olr9
20,0120

2120,
t|20,
ol2o,
0120,
o 120,

2l20
0120
olzo
0/19
olzo

4lr9,
o/19,
0/le,
0lre ,
o/19,

4lre
1 /18
TITg
0/r9
ollg

20
20
20
20
20

TI
ol
rl
II
0l

8.7 (+2.36)
1.5( - .79)
1.0 ( .68)
0(o)
0(o)

(3.5)
(3.1)
(2.4)

412A,
L120,
ol20,
ol2o,

-o l2o,

rl20
0120
0120
ol20
ol20

5l2o,
3120,
2120,
rl20',
0120,

8120
4120
rl20
3lre
Ll20

4l]-e,
6lLg ,
0/19,
zlre,
zlre,

e lre
4lr8
LILg
oltg
o lre

6 l20,t3 I 20 to/20,t3 l20
912O,6120 512O,3l2O
3l?o, 4120 7120, 3120
2120,312O 3l2O,6lr9
LlzO, rl2o 5l2O, Ol2O

Contd.

(6.3)
(4.1)

H
lJl(,
cf



Contlnuatfon of Appendix Table: 11

Date
of
obser-
vation

TreatmenÈ Dis-
tance
from
aource

Nr:nber of plants infected out of healthy plahts

SCRLV

7. SCRLV
Ínfection
(mean of 5

replÍcates).
Rrow Rr" R2

0120,
0120,
o 120,
0120,
o/18,

R3

o l2o,
0 120,
o/19,
olre,
0120,

R4
5

b1/10/81 Disyst-on

ls /10/ 81

319l8I Metasystox

15
9

L2
9
0

20
20
20
20
20

20
20
20
20
20

I
2
3
4
5

1
2
3
4
5

I
2
3
4
5

15l20,r4l
4120r]..tl
512O,5l
2120,51
3120,31

L6l2O,L6l
4l20rL4l
5l20,I0l
5l2Or 5l
3120, 3l

ßlzo,L7l2O t4l2o,
rrl2o,r7l2o r2l2o,
rrl2o,Lzl20 7 l20,
412O,9l20 3120,
5120, tl20 5120,

17 I 20,r7 I 20 16 | 20,t2 I 20
rLlzo,L2l2o 7 l20,r2l2o
4120,Ltl20 3120,9lr9
6l2o,4l2o 6l2O,3l2o

l20 ]4l20,r5l2o ]-3ltg ,L5ltg
120 4120, Bl20 8119, 7lr8
lzo 5120, Bl20 6119, 7lLg
Itg 3120, Bll-9 2119, 4lt9
l2o ol2o, 3l2o 2lr9, 2lr9

,r2l2} L}lrg, 7lr8
,8120 6ltg,rOlr9
, 8/19 81]-9, 6lr9
, 3l2O 51]-9, 4lL9

74
46

25

81.2
55.1
43.4
31.8
20.2

1.5 )
6.0)
4.4)
4.5)
?.8)

(2.6)
( 6.6)
(4.3)
(4.4)
(2.0)

a 2(
0(
3(
1(
1(

18 | 20,r9 | 20 L7 | 20,I7 I 20 14 I 20,L5 I 20 13 I 19,16 I t9

39

L2.

( 2.0)
(r.1)
(0.8)

4.0
2.5
2.O

0
0

20
20
20
20
20

0120,
0/19,
L|20,
o/19,
o/18,

0120
IILg
o/le
ol20
0120

ol20
o/rg
rl20
0120
0/18

0 120
2120
rl20
o 120
0120

Contd.

6l
5l
3l
3l

3l
II
ol
ol
ol

20
20
20
20

20
20
20
20
20

0l
ol
ol
0l
ol

3l
ol
ol
ol
ol

20
20
20
19
20

0
0

o/19,
L120,
r120,
0l2o,
ol20,

H
(Jl
u,
o



Continuation of Appendíx Table: 11

Date
of
obser-
vation

Treatment Dis-
tence
from
60urce
(row)

Nr¡mber of plants infected out of healthy plante

SCRLV

7" SCRLV
lnfectíon
(nean of 5
replicates)

2l2O,
olr9,
o120,
01r9,
0/18,

2120
Llre
o lLg
0 120
o lzo

2120,
r120,
ol2o,
0120,
o/18,

4120
0lre
rl20
Ll20
0/18

20,6l2O
20, 6120
zo, 2lL9
20. rl2o

R
5

2120,
2120,

t

36.6
20.0
13.0
5.0
2.5

Rr* Rz R
4

8 | 20,LO I 20 11/20,L7 I 20

R3

l-Tl9lB]- Metasystox

1/10/81

Is /10/ 81

1
z
3
4
5

I
2
3
4
5

1
z
3
4
5

( 7.9)b
(5.2)
(3.5 )
(1.8)
(1.1)

20
20
20
20
20

66.8 (
47.2 (
28.1 (
22.3 (
l_1.4 (

13
11

4
5
2

20
20
20
20

I11

t

20
20
20
20
20

20
1B

Bl2O,3l20
rlrg, 3l2o
0/19,3120
ol20, rl20

I120,L0120
812O, 4l2o
Llrg , 3l20
oltg, 3l2o
0120 , Ll?o

t6l20,L8l20 10
Lrlz0, 8l2O 9
6120, 6l2o 3

3l2O, Blr9 3
3120, 2l2O 2

7l
6l
0l
LI

sl
sl
0l

8l
sl
ol

11
6
4
2
0

6lLe,
8120,
3120,

I
I
I
I
I

7l2O,rLlzo s l2o, 4
ro/19, 6119 _ 3120, 2

8120, 2lt9 3120, 3
2119, 3l2o 312O, 4
31t8, 2l2o 0/18, o

rs 120,Ltlzo
lL/19,10/19

Bl2O, 2lr9
31]-9, 4l2o
3lLg,2l2o

9 I 20,Lr I 20 10/20,14 I Zo 17 I 20,18/20
7120, 7lr9 8120, 8l2o ruzo, 8/20
612O, 4l2O 31L9, 9l2O 6120, 6120
3120, 4l2o 2lr9, 7l2o 3l2o, 8lr9
!+1L8, 2118 Il20, 3120 3120, 2l2O

Contd.

l20
Itg
20

I
I
,
I
I

,t5l20 52.7
36.4
20.0
L7.2
6.6

( 7.3)
(5.2)
(3.3ù
(3.4)
( 2.0)

I
I
I

lr9,L5l20
l20,I2l20

7)4.
3.0)
3.6)I20,

l2o,
I2o,

20
20
20

3.1)
1.9 )

H
lJl
(¡)
È



Contlnuation of Appendix Table: 11

Date
of
obser-
vation

Treatment Dis-
tance
from
source
(row) Rr" R2

Nr¡nber of plants infecÈed out of healthy plants

SCRLV

7" SCRLV
lnfection
(mean of 5
replÍcates)

(4.5)
(1.2)
( 1.0)
(1.1)
(0)

b3/19,
zlre,
TILg,
o/19,
0/19,

TIL9
IIL9
2lL9
2lre
o/ra

20,
20,
20,
20,

rl20
]-120
rl20
ol20
o lr7

R

7120,
2120,
LI]-9,
Llt7,
o l2o,

8l20
2120
7120
0120
0 120

R
5

ol]-e,
o 120,
o 120,
o 120,
olL9,

olzo
ol20
rl20
0120
o/rg

12.2
6.0
4.I
1.6

0

50.5
37.8
24.7
13.6
10.6

R3
4

319lB]- Mal-athion

17 le lsr

1/10/81

Itg5

4
2
2
0

B/19,

I
2
3
4
5

I
2
3

4
5

I
2
3
4
5

21]-8, 2
2120, L
]-120, O

0/20, 0
ol2o, o lzo o 120 ,

20
20
20
20

I
I
I
I

ol
TI
ol
0l

9l]-9,
2lre,
21l9,
o l]e,

Its
Itg
Itg
lß

13/19,13|Le
14IT9,T2IL9
6í19, 8lL9
7lr9, 7lI9
rlr9, 6lß

6178,912O
5l20,2l2o
4120, rl20
ol20, ol2o
3lzo, rl20

10 /18,10 /20
tol20, 4l20
r]-l20, 6l20
4120, 4120
6l2O, 2120

s 120,
l-120,
0120,
0120,
012o,

9l20,Lo l20
I l2o, 4l2o
rl2o,3l2o
0120,3l2o
o l20 , tlrT

l-3l2O,L6l2O
L3l2o,r2l2o
s lrg ,rol20
IILT, 7l2O
7120, 4120

L9l20,2o lzo
18120 ,r5120
13lr9 ,r5lzo

5lr7 ,r5120
9l20,rrl20

16lr9,tgl20
t7 l2o ,L3l2o

9 l20,r5l20
s l2o,tolao
3lr9 , 3lt9

L8lr9,t8l20
t5l20,r7l2a
r7 l2O ,r5l2O
L2120,r9120
9lr9,t3ltg

3 120
rl20
rl20
0120
o lt7

(8.6)
(8.7)
(7.7)
(5.5)
(3.7)

7I.7
59.6
48.2
38. B

30.0

(6.7)
( 7.9)
(8.7)
(9.3)
( 7.5)

Contd.

ts
(Jr
t4,
o



Appendf-x Table: 11

Date
of
obser-
vation

TreaÈnent Dis-
tance
from
source

Nr-rrber of plants infected out of healthy plents

R R

7" SCRLV
infectlon
(mean of 5

replicates ).
R

15/10/81- Malathion

3 le l8r Barley
barrier

LT Ig IBI

13l19,r4l]_9 L2l18,r
r4lt9,15/19 ]'5120,
6II9 ,L]-I19 TTI20,
91r9, V ltg 4120,
rlr9, Tlts 7lza,

3

t9l2o,rBl2o
L7120,10/20

20,rO l2O
20, 6l2O
20, 4lr7

4

20 lZO,2o l2o
L8120,rBl20
L4lr9,rs l2o

51r7,16120
9l20,r]-l?0

5

18/19,L8120
l-5120,r7lz0
L7120,r5l2O
13l2o,r9l2o
13/19,r31r9

row) Rr" R2

b
1
2
3
4
5

I
2
3
4
5

1
2
3
4
5

2l
6l
7l
sl
2l

20
20
20
20
20

6l
5l
5I

83. g
73.2
56. B

45.3
37.4

(4.7)
( 6.0)
(6.3 )
(8.2)
( 7.0)

o120,
ol19,
0lle ,
olre,
o120,

0lLe,
0120 ,
0120,
ol2a,
0120,

olr9,
2lr9,
tl]-g,
o/19,
o/19,

20 rlL7,
20 rlr9,
20 0/18,
20 rlte,
20 1/18,

0lre
0120
ol20
l-l20
0120

1 /le
ol20
0120
olzo
o lzo

3lre
3 /18
tl]-e
III9
0/1e

TII9,
tl?o,
1120,
rl20,
olre,

2(
7(
0(
s(
5(0

34.0 (
31.9 (
24.5 (
zo.4 (
10.7 (

rlLe,

4l
2l
TI
2l
0l

2lLe
2lre
0/18
0/le
oltt

6.
5.
2.
2.

2.2)
1.9)
0. B)
1.r )
.5)0

r120,
zlle,
olr9,
0/19,
0120,

5l]-9 14l\9,10/19
rl20 13l20 ,r3l20tlzo 7l2O,tolzo
tlào 7 l2o ,Lo l2o
0120 2120, 3l2O

31r9,
zlte,
3lLe ,
0lre ,
1/19,

4lle
3/18
TII9
4lre
o/rg

r120,
3l2O,
r120,
31r9,

Contd..

s l20 8lL7 ,I3ltg
2l2O 13l]-g ,r2lr9
5l20 7/18,10/18
2lz0 71t9, 8lr9
2120 5 lle, 4lI7

7.9)
9.1)
6.1)
6.4)
3.1)

H
(Jr(,
H¡



ContinuaÈion of Appendix Table: LI

Date
of
obser-
vatlon

Treatment Dis-
tance
from
source

Number of p

R

lants infected out of healthy plants

SCRLV

R R

7" SCRLV
lnfection
(mean of 5
replicates).

1/10/Bl Barley
barrier

L5l20, 81]-9
19179,13120
L2ltg,L2l20

7119,L2120
LO l2O, 9120

18/20 , 9lt9
19lr9,r7lzo
15ll9,r9l20
L3lr9,16120
13l20,t7l20

2 3

L6lr9 ,r4l1-g 8/19,1
t7l2O,L4l2O 10/19,
12l20,t3l20 71r9,
rtlzo,r]-l2o 31r9,

4120, t+|20 21L9,

t6lt9 ,t5lr9
17l20,16l20
14l20,r4l20
rrl20,t5l20

8120,1r1?o

5

120 12lr7,I4lL9
l2o ]-3119,16/19
lzo L3lr8,ls/18
lzo 13lT9,rz¡L9
lzo 6118, B|IT

row Rl" R4

b
1
2
3
4
5

I
2
3
4
5

5lL9 , 6
9120, 7

5120, 7

5l2Or 5
3119 , 4

III9
3 /18
6lr9
5lre
3lre

57.5
62.I
53.2
43.0
27.7

(6.6)
( 7.9)
(6.2)
(6.9)
(4.6)

1s /10/81

ga = Replf.cate. (in each replicate, vlrus spread from both sídes of infector rorr included)

( )b= Standard error +

B llg ,r4lL9 S ltg , 6l20 13lL7 ,L6 lr9
L4 I 19 , 7 lrs rr I 20 ,9il2ø!r3 I 19 ,16 lL9
10/19,10/19 12 I 20,r0 I 20 15/18,16/18
91r9, 9ltg 8120, 6120 r4lL9,L2lL9
4119, 6lLg 41]-9, 4l2O 8lr9, 8lr7

63.3 (
7r.5 (
70.1 (
sV.g (
42.9 (

5.2)
6.7)

7.6)
6.2)
4.6)

H
(Jl(,

0q



Appendix lable: 12 Movement of BYIIV on V.faba L. from cefitre row after virus source wae artificielly
introduced wlth vector.

Date,,
of
obser-
vation

Treetment Dis-
tarice
from
s0rrrce

Nr¡nber of pl

R

0lLe,
0lte,
o/19,
olre,
o/19,

0/19,
o/19,
III9,
ollg,
o/1_9,

2lre
0/18
0/le
o/rg
o/rs

slLe,
4lI9 t
5lte,
llre,
o/19,

3lre
6/18
1/le
2lte
olts

arits infected out of healthy plantq

BYI{V

% BY-t'fi/

Lnfectf.on
(nea¡r of 5

repllcates)
â

ol20
0/1e
0/le
o/1e
ol20

R3 R4 R5

319l9L Control

L7 le lsl

1/10/81

0/20, o
0/19, 0
o/20, 0
0/20, o
ol2o, o

2120
2ltg
2120
0/,20

oltg
0/18
0/re
o/19
o/rs

I
2
3
4
5

l_

2
3
4
5

I
2
3
4
5

ol2o,
0120,
o/19,
ol2o,
olz0,

lzo
lþ
l20
l2o
lzo

ol20,
o/19,
ol2o,
o120,
0120,

ol20
0/le
ol2o
0120
ol20

3120,
o/19,
L120,
rl20,
4120, LIZO

o/20, o
ol20, o
ol2o, o
0/20, 0
ol2o, o

3120,
3120,
2l2o,
a170,
0120,

s 120,
tl2o,
olzo,
o120,
ol2o,

20 9l2O,9l
20 4l2O,6l
20 3l2O, 7 l
20 tlz0r 3l
20 2l2o,4l

2.82)
L.67)
L.L2)
0.5 )
0)

(6.0 )
(4.2 )
(4.0 )
(1.7 )
(4.1)

20
20
20

120
lzo

I
I
t

ol
sl
4l
2l
8l

ol
ol
ol
ol
ol

20
20
20
20
20

,
,
,
I

lzo
lzo
lzo
lLa
120

0
0
0
0
0

20
20
20
18
20

0(+0)
0.5 (o.5 )0 (o )o (o )
0 (o )

ol2o,
o lz0,
01L9,
0120,
0120,

0120
0/1e
o/rq
OILg
olzo

3120
2120
tl20
Ll20
ol20

2120
olzo
Ll20
o/ra
ol20

7.5 (
3.5 (
2.5 (
0.5 (
0(

o l2o,
o120,
0/19,
0120,
0120,

0l2o
0/]-e
oltg
o/rg
ol20

Bl20,L
7 120,
6l2O,
o l2o,
2120,

24.7
18.0
14.6

5.?
10.5

ts
(,lr
Þ

Contd.



Continuation of APPendix Table: 12

Date
of
obser-
vetion

lreatnent Dis-
tence
from
gource
(row)

1
2
3
4
5

Nwrber of 1a¡rts lnfected out of heal lants
BY'l'{\r

% BYT'{V

infectlon
(mean of 5
replÍcates ).

Rr" R2 R3 R
4

19 l2o,r7 l2o
L6l2O,r5l20
l4l20,L4l20
]..3l2o,LLlzo
t7l20,t4l20

R
5

17l20,t4l2o
13lz0,ro l2o
ro l2o,r4l20

8l20,10/18
L3120,16120

b
15/10/81 Control

319l9L Dlsyston

tT le l9r

ol
6l
3l
2l
4l

0l
ol
0l
ol
ol

20, 3l2o
20, 4lr9
19 , 5lL9
20, rlr9
20, 0120

].4l19,10/19
91r9, T lLB

11/r9,8/19
Blr9, 6119
51]-9 , 6115

rrl2o,rLl20
51r9, 7 ll9
5120, 4120
9120,3120

]-3120,6120

58.6
47.0
44.7
36.4
48.1

(9.7)
(6.4)
( 6.9)
( 6.5)
(9.0)

1
2
3
4
5

ol20,
o120,
o 120,
o l2o,
o12ç,

0120
0120
olzo
ol20
ol20

rl20, 0l
ol2o, ol
ol2o,0l
ol2o, ol
al2o, ol

olzo
0120
0 120
o/rs
o lzo

20, ol2o
20,012o
20, ol20
20, 0lr9
?0, ol2o

olte,
LIT9,
LIL9,
IIL9,
olL9,

o lre
0/18
2ltg
ol]-e
TIL9

20, Ol2O
20, ol2o
20, ol2o
20, ol20
20, Ol2o

0l
ol
ol
0l
al

20, oJ?O
2.or ol2o
20,0l2o
20, Ol2O
20, ol2o

o 120,
o l2o,
ol2o,
0120,
0120,

Ol2O, O

0120, o
ol2o, o
0/20, o
0120,0

012o, I
1120, I
0/20, 0
o/20, o
ol2o, 0

0/19,
0/19,
o/19,
0/19,
o/19,

0/le
0/18
0/Ie
0/19
0lLg

0
0
0
0
0

lzo
lzo
120
Itg
120

.5

.5

.5

0l
ol
ol
ol
ol

I
I
I
I
I

(+0
(-o

)
)
)
)
)

0
0
0

I
2
3
4
5

20
20
20
20
20

20
20
20
19
20

1.0
1.5
I
0
0

0.7)
1.1)
0.5)
0.5 )

0.6)

(
(
(

(
(
(
(
(

Contd.

Hglr
d



Continuation of APPendix Table: 12

Date
of
obser-
vation

Treatment Dis-
tence
from
source

Nr¡nber of plants infected ou

BYI'ÍV

a

t of healthy p1-ants

R

% BY¡,ÍI/
infectíon
(mean of 5
replicates)

R
ror¡) R1 R3

0120,
ol2o,
ol20,
0120,
0120,

0120
o 120
tl20
ol20
ol20

6120
2120
ol20
0l2o
ol20

r120,
o J20,
o 120,
rl20,
2120,

3120
2l20
0120
TIT9
rl20

o 120
ol20
0lzo
0120
0120

4

20, 2l2o
2o,2l2o
20, tl20
20, rlr9
20,2120

e l20
6120
4120
I /rg

t]l20

t2lr9,
8lre,

14lte,
8/19,
6lLg,

g lre
7l\e
6lLg
6lre
8l]-g

20.5
14.0
13.0
10.9
11.8

(6.9)
(4.8)
( 7.3)
(4.5)
(4.5)

6.1)
7.3)

R2 5

b
1/10/81 Disyston

ls /10 / 81

319lBL Metasystox

1
2
3
4
5

I
2
3
4
5

I
2
3
4
5

6120,
4120,
5l20,
2120,
5lzo,

0l
4l
?l
2l
rl
5l
8l
6l

5l
5l
4l
2l
5l

612O,
2l2o,
]-120,
212O,
3120,

20 tol20,
20 512O,
20 3120,
20 6120,
20 e 120,

9l20 LOl20,r3l20
8l2O 7170,9l2O
8120 2l2O, 5120
7l2O 6l2o, slr9
T lzo 9120,r0120

L7lL9,18/r9
16lL9,15 /14
18/19 ,r5lr9
14l19, 9lr9
17 lLg,L7 lr9

TII9,
o120,
o l2o,
ol2o,
0120,

20
20
2ot

, 42.
35.
31.9
49.3

0120,
01r9,
o120,
0/19,
0 /18,

o l2o
0 /le
o/rg
0l2o
ol20

o lzo,
o120,
olza,
o/20,
0/18,

0lz0
0lLg
ol20
o 120
0/18

0120,
ol20,
o lr9,
o/19,
o l2o,

3120,
7lZO,

o l2o,
0120,
o 120,
0120,
012o,

7.7)
7.2)
8.9)

51. (
(
(
(
(

9
7
I

(0.5 )
(0)
(0)
(0)
(0)

0.5
0
0
0
0

0120
0120
0120
o 120
o 120

o 120
o lzo
0120
o lre
0120

H
L¡
Þ
o

Contd..



Continuation of Frppendix lable: 12

Date
of
obser-
vation

Treatment Dis-
tance
from
source

)

Number of plants infected out of þeq!!þl_PÞnÈs % Bnfv
infection
(mean of 5
replicaÈes)

BITÍV

0120,0
o/19, o
ol2o, o
0/19, 0
o/18, o

0120,
o 120,
0120,
o120,
o/18,

0120
o/rg
0120
o 120
0/18

0120,
Q l2A,
0lLe ,
0/19,
ol2o,

o 120
o 120
012ø
0120
0120

R

2lt9,
0120,
o120,
o120,
0120,

0120
0120
o 120
0120
ol20

Rl" R2 R3 R3

ro l20,L3l20
9 l2O, 4l2O

LZl20,tOl20
rol2o,5ltg
rrl2a,r3l20

17 19 181 Metasystox

1/10/81

1s /10 / 81

I
2
3
4
5

I
2
3
4
5

1
2
3
4
5

(1.0)
(1.0)
(0)
(0)
(0)

1.0
1.5

0
0
0

0120
0120
0120
0/Ie
rl20

0120,
0120,
0120,
o 120,
0120,

l2o
Itg
lre
lzo
120

0120,
t_/19,
Ol2O 

'TII9,
1/18,

0120
TIT9
0lre
olzo
0120

2120, 2
2120, r
Ll20, O

2lzo, 0
o/18, o

3120 , 3
o/20, 0
2119, I
3119, 3

2120, r

23.L
16.5
17.5
l-5.2
18.0

( 6.8)
(5.7)
(6.9)
(4.6)
( 7.9)

120
lzo
l20
l20
lzo

120
Itg
l20
l20
lß

15 l2o,ro l2o
15l2o, 7 lr9
15 l2O,L6120

7 lr9 , 6120
5l20,ro l20
6l2O,3l20
3120, 3l20
ol20, 8l20

L5lr9 ,t7 120
r2l2o,r9l2O
]-3l20rr3lz0
9 120,L3120
5120,16l20

7 | 20 ,rr 120 t4120 ,L6120 11/ 20 , 6 120 L9 l20 ,]-8120
7 lr9 ,L4 I 19 t4 | 20 ,L4lL9 7 l2O ,r0 | 20 14 | 20 ,rr | 20

67.3
61.9
50.
46.

( 7.1)
( 5.8)
( 5.1)
( 5.1)
( 6.0)

3
0
I55.

7120, 8119 L3l2O, 9120 71L9, 5l2O
8lL9,9l2o rJ,lzo,9l2o 71L9, 3l2O
81r8, 9l20 71L8, 9lr8 14l2o,10/20

Contd.

H
(.rr

o.



Continuatlon of Appendix Table: 12

Date
of
obser-
vation

lreatment Dis-
tance
from
sourcc(rovr,,

Nrqrber of plants inf,ected out of healthy plants
BN,ÍV

*1" R
2

R
3

R
4

0/le
0lte
0/1e
o lr9
0 /18

o/18,
o l2o,
0120,
0120 ,
o 120,

0120
0120
ol20
o 120
o lza

o120,
0120,
0120,
o l20,
0 l2o,

0l2o ol2o,
0120 0120,
0120 ol19,
0120 01r7 ,0lr7 0120,

R

7" Bnfv
infection
(mean of 5
replLcates)

319lBl- Malathlon

17l9lBL

1/10/81

19

1
2
3
4
5

1
2
3
4
5

I
2
3
4
5

olle,
oltg,
0lr9,
0/19,
o/19,

0120
0120
0120
0120
0120

0/19,
0120,
rl20,
o120,
0/1e,

5

rl20
rl20
o 120
o 120
0/le

( 0.5 )b
(0.5)
(0.5)
(0)
(0)

0.5
0.5
0.5

0
0

olr9, ol
o lrg, ol
0lr9 , 0l
01r9, 0l
olrg, 0l

I /18,
0120,
0lzo,
ol20,
o 120,

0120
0120
0120
0120
ol20

0120,
0120,
o l2o,
o 120,
0120,

0 120
olzo
0120
0120
6ltt
o 120
o 120
o lzo
o 120
TIl.T

3120,
0120,
o/tr9,
01]-7,
0120,

rl20
2120
rl20
o 120
]-120

]-IT9,
4120,
]-l20,
0120,
o/19,

4.
3.
1.
0.
0.

15.8
14.0
14.0
10.1
9.9

1. B)
2.1)
0.7)
0.5)
0.5)

( 5.4)
( 6.4)
(5.7)
(4.6)
( 5.0)

19
19
19
1B

s(
s(
5(
s(
s(

3l
II
II
TI
ol

20
20
20
20
19

ol]-g,
0lre,
olLe,
olLg,
0/19,

o /rs
o lre
0 /le
oltg
0/18

21r8,
0120,
0120,
2120,
al2a,

4120 0
2120 0
3120 I
olzo 0
al20 I

20
20
20
20
20

I
I
I
I
I

3l2o,
2120,
]-l]-e,
2117,
ol2a,

5l20 9lr9, Bl2A
5l2O r2l2o,7lZO
s lzo 9lzo, 9l2o
2l20 5120, I l20
3lzo 3lLg,L}ltg

Contd.

H
lJl
5
o



Contlnuatlon of Appendix Table: 12

DaÈe Treetment
of
observa-
tíon

Dts-
tance
from
source
(row)

Number of plants lnfected out of trggllhL_Ple¡rle

BY¡{V

Rlt Rz

% BYMT¡

infectLon
(mean of 5
replieates).

65.0Bl20 r]-120,10/20
6120 6120,6l20
5l2O 5120,rL|20
5l2o 8l2o,Lrlz}
7l2o 812O, 5lr7

17 120,L5l2A
rolLo,r4l20
12lrg,rrlzo
8lr7,trl20

I0l2o,I2l20

18/19,L8120
t7 l20,L4l2o
16l2O,r3lzO
rrl20,16l2o
r2lr9,r3ltg

R4R3 R;)

10/le
10 /le
6lre

10/19

71r9, 8lr9
5lr9, 7lr8

0120, ol
0lr9 , 0l
0/19, 0/
0lr9, ol
olz}r ol

0120 , 0
o/19, o
o/19, 0
0/19, 0
0120, o

10/18,
7 120,
8120,
5120,
6120 ,

6.1)b(
(
(
(
(

(0)
(0)
(0)
(0)
(0)

15/10/BI Malathion

3le l8t Barley
barrÍer

LTlelsL

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

s lre
3lre

,
t
,

47
45
46
44

0
1.0
0.5
1.0

0

6.6 )
6.6)
5.1)
4.8)

(0)
(0.6)
(0.5)
(1.0)
(0)

.8

.5

.0

.1

olrT
o/rg

Itg
lzo
120
120
lzo

19
z0
20
20
20

0l
0l
ol
ol
ol

o/19, o
0/20, 0
a120,0
o l2o, o
o lza, 0

o/19,
oltg,
0/19,
o /19,
0lre,

0/le
o/re
o/rg
0/19
0/Ie

olr9,
o l2o,
o 120,
0120,
o 120,

0120
0120
0120
o 120
ol20

o/ra
0/19

0lLe
0/le
0/18
0lre
olrT0/18,

0
0
0
0
0

I
I
I
I
I

20
20
20
20
20

0
0
0
0
0z00l

lre
120
120
120
120

0l
0l
ol
ol
ol

l_9, 0/19
20, Ll20
20, rl20
20, olzo
20, ol2o

0/19,
olre,
0/19,
olle,
0lLe,

0/Ie
o/re
0lr9
0/1e
0lte

olre
ol20
o 120
olzo

]-7, 0lt9
19, o/19
18, 0/18
19, 2lL9
18, o/17

Contd.

H
(Jr
s-
Fñ



C,ontinuation of Appendix Table: l-2

Date
of
obser-
vation

Treatment Dis-
tance
from
aoulce
(row)

Nr¡nber of plants lnfected out of healthy plants

BYI'lv

% B'rî{V
infection
(mean of 5

Rl" R2 R3 R4 R5 rePlicates)

b
1/10/81 Barley

barrier
0/19, 0
L120, 2
LlzO,2
3120, r
3120, L

Itg
lzo
120
120
120

I
2
3
4
5

I
2
3
4
5

o l2o,
olr9,
2lre,
rlte,
]-120,

o lr9
0120
0Í20
0120
rl20

olr9,
2lre,
1/19,
IILg,
3lLe,

lzo
lzo
lzo
lzo
120

2.
11.
L2.
12.
L4.

6.
26.
40.
Iil+.
50.

(1.1)
(3.3)
(3.7)
(3.0)
(4.8)

7.4)
6.0)
7.0)

0/19, 1
5120,6
4120,4
5l2or 3
]-120, 4

1/19,6lr9
7 l20,rrl20

t3120,r2120
tIl20 tIO 120
8120, ]-3120

0/19
0/18
0/le
2ltg
0lLe

Llrg 0/19, o
2lL8 3120,4
5lL9 7120, 7

6ltg 9120, 9
6119 ]-I|2O, 9

rlr7, 2lL9
3!.L9, 3lt9
3lLg, 7 ltB
2lr9,6lLg
4lr8,9l17

2117, 3lL9
r2lr9, 5lr9
13 /18,10/LB
13/19, 8/19
10 /18,Is /1 7

I
2
6
3
6

9
6

I
7

I

1s /10 / 81

Ra = Replicate. (in each replicate, virus spread from both sides of Ínfector rost íncluded)

() b = Standard error +

ol?o,
21I9,
zlre,
51t9,
6120,

olre
3120
ol20
2120
3120

o/19,
3lr9 ,
8lr9,

14l]-g,
I4IL9,

3.2)
5.9 )

20
20
za
20
20

I
I
I
I
I

(
(
(
(
(

H
lJlr

0a
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Appondlx Table¡ 13 SCRLV partl.cle dlameter meaaured
from electron rnícrographa.

Number of partlclea
meaaured

Partlcle dia¡neter
(nrn)

5.8

5.8

5.8

5.9

5.8

5.8

5.9

5.8

6.0

5.8

l,lean dleureter 5.84

8.8. + O.O22

Therefore dLa¡neter of
partLcle = 5.84x100

19.2

G 30.4 ru¡

(19.2 ¡nn = 100 nm on the electron rulcrographe)

L

2

3

4

5

6

7

I

9

10
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