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Br:iggle (19S0) SUlnilla.rize.d the role that t1Theathas played. in

the dev'eloplll$nt of man as follows: - "Wheat provides more

nout"i:lhment for people of the world than any other food

sO'Urt:e ......and sl"ltaX's •.•.into international trade more than any

other .:food": It.s influence has be!=n felt in world a.nd na-

tional .~Jllaat ba;s many na:tura.l advantages as food

grain is nutt"itiQus..y in spite of t.he fact

laclt:tng in sQ:me essential ami:n0 aCid$;

faria, SO'· t,altes .lit;t).e space;. it Can be

tral1s)?orted if reasori~blecaution is reg",.

PliOC$s$li'ld 'to: pr.oduoe highly refined

Rf),csntly the \'10r1o. prod:uction and oonsumption of t'lnaat aver'"

aged 500 million tons per year (Fig~ 1) g tihich illustrates

the importance of this foodstuff to a grot-dng 'V'lorld popu-

La't.Lcn , The enoi.mous demandfor a cheap and abundant food-

stuflC has resulted in the selection of high yielding Crop

cultivars, including wheat cultivars, very often with little

consld~ration for insect and disease resistance. Coupled. to.
this, a swing to Inonoculture agricultural systems which

create ideal condi t.Lons for insects and pathogens, can
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result in severn crop losses. Although the Republio of

South Afri~a is cne of the minor wheat producing countries,

it has in recent: times usu3.11y been able to meet its own

demands and in some oases even expozt; a limited quantity.

MIIIIOI'I Tt>no

Produotton

Stocks

~ oonsumptton

l~i TradE:)

84/35 37/8885186
Yoot/)

Figure 1. Production and consumption of wheat during the

period 1984-f9 (Anon, 1989).

The main wheat producing areas in South Africa are located

in dry regions of the Republ ic ,r and production is therefore

lower than some other wheat producing countries in bhe

world.
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1. WESTERN PROVINCE

2. WESTERN OlflANC3E FREE SoAllE

3. EASTEJl!N ORANC3E FREE STATE

e. CEtnRAL ORANGE FREE STATE

'";L"'\-. "I ,
\ .....

1
n'.tt
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Figure 2. A map of the Republic of South Africa showing the

principal wheat producing areas.
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Three main areas, namely the western Cape, Wl~stern Orange
.1?reeSt::tte(OFS) and eastern OFS I contribute most of the
total wheat production in the Republic (Fig. 2).

This study was conducted mainly in the eastern OPS, one of
the major dry-land wheat producing areas i:n the Republic

The hi9h.ly variable rainfall has undoubtedly a
greatel:' effect On yield than all other factors combined.

SASTJ;RN OF$:
2~1'b

NATAL2%

TRANSVAAl.
1l~

S~RTLANO(OAP~1
15%

Rt.leN~;{ OAP E)
6~

REST OF CAPE
9~

Figure 3. The proportion cf total wheat production in South
Africa originating from different production
areas. Total production during the 1988/1989
season was 3.484 million Tons (Anon,1989).



Howeve.":'insects and diseases can rec.uce the yield signifi-
cantly and every effort should be TIlade to minimise losses.
A thorough knowledge of all aspects of the ecology of a pest
species, or the epid~miology of a ¥athogen, is essential for
the development of successful management progI tUllmes(Kriel,
1984) ..

The JRu.ssian ",heat aphid :Di.urapbis llox:ia (!.§:ordt'lilko ex Kurd-

jumov)t was first desoribed in the early 1900s as a pes.t of

't'l1neat in the Crimea (GrossheimJ! 1914), and has since baen

recorded as a Pt;!st of small grains in various countries of
the Middle East and the Mediterranean coast ~f North Africa
and Europe (t-valters, 19S4}, and l.""eoently, the United Statez

Clf America (Wehster at: al"l 1987).

DUring 1978 this pest was found. to cause severe damage to
t'lfheat near Bethlehem in the OFS (F'iqo 2) 0 Infestr .ion was

initia.lly confined to part of the Bethlehem district but by

September 1979 it had spread ever the greater part of the

OFS and Le.·..;thoand isolated infestations vYere also found in
the Transvaal and in Natal (Walters, 1924).

The Department of Agriculture recognized the gravity of the
situation after it had been found that the insecticides reg-
istered against other wheat aphids were ineffective against
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D. nox i:« 0 The typical stunting of plant grO't'lth and ~treaJc-

j ng and rolling of leaves caused by the pest led to th,a as-

sumption that a toxin 'was involved (Hewitt at al., 1984;

!<riel et: el., I 1984). To date a toxin !las not been iS1jlat.ed,

but a mechanism for t,he aotion of a ~vRuss.ian aphid ,;.;xtraotee

on. chl,p:roplast.s of \vhe~t: he-$. been p,C,)stulated by :Kruger and

liewItt (:l.9(4).

'".£'hee:H:tent ,and severity of D ~ nox:i'a infss+!a.tion\ V&:t."l,iSls tram

yeaZ' to year: Tout the, reasot!ls ;f'o.r this' are r'-,t k:nCfvtl1.. t>IJheat

and batrle.y seem. t? h$< t,ne preferrea hosts .of Di> 11ox:!a and

alt~rl1~at:e •ho-st$ for this' aphid· at present i.iJ,ppearto' be lim-

ited:' 1:0 volunt.eer oereals or :BromlJs <3Pl~),; (Hewitt at l> I

1984 ) .:~ l~videm~efrom the western tJ;FS .sllggests. that vQlun''''

t.eer .';'Jhea,t 6.(lts·as a S.out"cs 'Of aphids. .for .tbe infesta.:tion of
" netlJ1:y so~m>crops (Kriel at &1. t 19.ij4) ~ In the eastern OFS

vtJlunteex'$ within orona at's rare, but patches' of infestation

consist.el'tt !.vith a:JltidS flying into the crop are seen

(Aalb$rs);>erg, 19a7~. The fact. that th:i.s aphid ~nmages c]to.ps

is in no doubt {DU Tait aNi Walt~rs, 1984; FouQh.~€;It a1" v

1984j ~ The large populati0n levels that. this spec:tes

reaches., even if it did not. also produce a toxin, w()Uld

consttit,u1:e a threat to yield (Plumb, 1984).

During october 1979 a research team called the nTas](: team

for the control of Diurapllis noxia" was called into being by
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the Department Qf Agl:'ieul ture • l1.embers of the team were

drawn from the various institutes in the Department, from

the University of the orange Free state ('UOFS)and from the

university of Cape. Town «(jCT)~ The research progranune de-

vised by the taEk team encompassed.a 't'J'ide spectrum of

ac:;rtiv.iti~s involving dl:.sciplines such as sntoIDol,CHffY, viro,.;.

logy and plant breeding.; All these aQtiviti~s had a t:ommcm

goal n~meljl'f to :find·~nq .utilize al!. possible avenU.es

the pest and to redUce the clalnag9 caused hy it

1984)0

POSSIi>L1:i VIRUS INVOLVEMEi).I!T I~l "l1BIml nUSSX~l 4ili?liXD

C014PLEJf

AS a.•.r~sult Qf the aotivit-ies of <thi~ .research groUp. a l'lUm....

btl: of .vi.:t:uce:s .. 't'lfe1'e · found in· Soutb Afri.ocu'J( sl1tal! grains b

r;checharaot.erist.ic ...s~,lln:pt.oms. caused. by lJ.. nox.i(J feeding- on

vlneatt are hori:z:o:n:tal flat.tening' of the t.ill~:rs of young

w';in.te:rwheat..plants and.whiti$h··yellovl streaks or pttt'}?le and.

,maroon streal<.s on the. leaves and stems., These sympt.OntS are

espeoially severe in. the (told season (April. to octC\l;)e1C)., and

aze usually tem.porary in oasss where D.. !loxia. are removed

from the plants at an early stage (Rybiclci, 1~S4i Breme~ and

Raatikainen, 1975).. In older plants the stems return to the

vertical position and appear normal apart from white

streaking along the midribs of the younger leaves and

occasional bleaching of the leaf sheaths. Leaves colonized

by D. nox ie are often tightly rolled (Stshegolev, 1937;
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Borner at aI., 1957). According to Von Wechmar (1980) thE.1

Russian 't'17healt aphid per ee is not the. only causal agent for

"l:h.e typical streale symptoms caused by this species on wheat

pla.nt:!>,but that this symptoms might also be caused by Breme
l~tcisaic viruls (BMV) infections. According' to von Weahmar
CL9S4) whea:t plants col.lected from fields in the east~rn

OPSI whioh j;~ht,)'V?edsymptoms of 1)0 1:logia< i nf-s stat ion , ~lere ell

infected < wi1~hDittY <! . Sh~ ft.u:th~r stated that. Br1V donid caUse

yiald lQsse~~or. up to ?o * in t-/h:eat (ou Toit" 1986 (b) ) ~

.,Additional ~~ymptomsnot.. typical of D. noxia infestation wert;

alao noted.. i-la:cked ye:llQ~ting: of leaVes, infested early in

the sealSH':tn Ilea to "the "'lesc):'ip'tion of the ~Free state strleakU

di~aase* 011' small grains (Von Weahinar and Rybicki, 19<B1)'"
;" '_ -_,' - , - _'-:

These symptioms v· in add! t.ion to the frequent. OCC:nl.rrem:a;l of

plan:t~ 1',itb: int~nsely yel10vl tips and bold yellow stt'eaI~$on

th~ l;;;.\afbllade I' t09~tber ",,11til .evidence of p:rerr(atnre death of

these leavers, lad to the assnmption that ill. virus CO'Ulll be

responsible for at least part of the disease \s~tndrolil.a

(Rybir.;kir 1984) I> Rybi<~ki (1984) also reported that sa:mples

colleot~d from the field in 1979 Qontttined a hic)h.incidoncG
of B~iV at t.he end of the wheat seael~cn(November) 0

The apparen:t inV'oJ.vement of aphids in diseases in the field

prompted ap:b:id veotor studies as 'VIe11 " When 1). noxia and

'* 11'he use .of the tel-IT."Free state streakU disease could
cause conjEusion between aphid and virus damage and
sympt.omatologyof the pathogens involved and is not used any
longe~ (Du Toitt 1987).
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Rhopalosiphum padi (L.) fed on BM"'J-containing plants were

transferred 1:0 laborat.ory grown plants 1 yellOt1ing symptoms

were transmi1:::ted b.y both aphids through several cycles of

propagations 0

Three types ~)f spherical ,irus.-like particles could be is-o-

. la:t~d from such plants" tt!heoe 't'lere identified as BrwJ bar-

ley y~llotV' dir1arf virus (P'i'OV) am~ ~bopalQsiphU1ll pad;' virus.

(llliPV) (Rybi~!lti'! 1984; Von We(lhmql~and RYllicl~if 1981)"

Von Wecbmar tat; al" (1984) a:iso found th~t SOllleof the com-

m¢.ro.iall.y .a;.t,ttilable small 9~a'::"nr...~d 't'!ere oontaminai';ec ''t<lith. '

S.W" 1hese fj.;4dings ,,1'lela t~ ...:r&&.(~ti:4n9:tmplications· for the

;l;tit,ure at the JialJ. 9"rair:. incrwr-try ,Of Sauth Africa.. It ",lalY

suggested by 'cham that a seed car'tifyip~ o~hame 't1ould have

t9 tle :implemented, because tt:ile virus was t.he :major cause of

$ooncrnically important Ol::OP losses"

The movement of an arthropcni-transmittefJ. plant-pathogsnic

virus from one plant to am:rther requires three basilj compo- .

nente: the host plant of th~ virusr the az thropod vector,

and the plant pat.hogenic virus itself. Without all threes

spread cannot occur I unless there: .at"e alternative t.l.~l:msmis-

sion possibilities, for example through :mechanical means or

seed. This triad of basio oomponents suggests tbat the phe-
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nomenon of spread mig'ht be fairly straight-forward aI"Ad pre-

di<:1table" However, l':'!loser scrutiny reveals that. the com-

plE~xities within thh:~ triadg and between component.s of the

tr:Lad a.nd the environ:r.1.ent are sufficient. to have p.l';lrpl~xed

seient.ist.a of the ',vorla for generations (Irwin and. Rl,\tesink,

tj;he relationships' bet'('leen i,?athogenic viruses and their pl,ant

hosts have been inves~:i.gat~~d for deCades." The gep..eral COA'l"'"
" -, ':.,;':: -, - - - - '-,'_ - ." -" .;', - - ,_., , "

.C',.i,~sion slIlergin<;ff from: these' stUdies to date. is that. i~ter~"

xe,;tatiollships a:t:~. ~recifi:~. and complex (Horsfall and,

Cowlin9f~ 19S0r Matthel~J'$~ 1,98~\). The processes involved in
. .! ' I_

::r:vstemic :lnfect.icm· a;ind ,.tesi$\tan~lua to :i.nisation are aVO'"

\~utlena:t'Y ci&cuitou~, 61nd' as yet·, incQmpletely underst.ood

(l1':i'lin .and Ruesiriltv 1!~86)d •

'R~'lationsthips bt:!!tw~en pla\rit,":,pat~og:e:nic viruses. and. th!::dl1'!

I. ?i.i"·bhropodv~ct.ors hav~ also. bSl!~.,studied for many j{$£1:t'f:;.1
v.

althouyh J;J~rh(;lpSnot as in:tel1sivelr as those of virusal? and

thei;!: host. pl~.Fnts.. tlJhat has emerged from these invest.iqa-

tions suggest interrelationships that are often Obligatory

result.ing frOl\l oomplex and int:tloate evolu""

tionary int.e.cactions (l?i:rcone.and Meg.ah,~d, 1966; Pirone and

Ha.rris, 1911; Pirone,. 19~.1)..

In South Africa tne:"7e i:l:; a unique combinat. ..on of virusl~s and

vectors affecting Gra:mineae. The l.nt.erest t.hat haa been

generated in this ar~:::::.is almost entirely due to the advent
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of the RUssia}.,.\~heat. aphid and it is riot surprh.dng that re-

search .into t.his previously ne.g-lecter.v, area has revealed ne1rY

faots and. raised :more.problems (Plul'IIb, 1~B4.). NOt. only was

the prese:nce of BI\N~m(lcucumber mOf;aio virus (C~1V')in South

Africa~~wtleat (Irops disoove:rEl.d 'for tUG!first 'timer bu.t also

the tran~jniss1.on of B}JIW'th:rough 11neat: seeds and numerous
,:"\ ,- .'

", <z

t~$~'l' '''1~a efiCs~t. (iif' 1\)llV l~f~e<~~~~1illIi)~ ~1hlSSit.
6 . , ',\ -

,\
-v
'I

\\
'\:\

S:u;'~~o~~r\\lse~c.~.soni~ti~~jS!$iI~aucsi\t.~;i:.t;",u:tl mosaic sJI'ntl;>toms in
- _":'\-:<. ",~,'~~~"~"-~'\ ,-.~,' '-'~-< \:. -. , _,_"'{:" , ..\

thei~ l\\4~~~tG~bu'c ~ g~~~a'cvariet.y of GYhlptoms can bc: found
, , ,",':, " ".'\,\ . '., -, ,,' , ':~ - " \. " '.
.,U:hd®7:d~\i\fe:t'i17t9 odnditi~n$ ;~:m:l,hos't '.plants .(LanG~f:1917)"

\'i \ t

virdsl§$' nn.\~.tipiy raPi~.,ly, :111'their llpstsl! produc:tng: symp-
\ .

.tQikf$ ~d,tJ1it! a fe~1' days under \ ~aV'orable ccmditiollS"
" "":', "r;' -. \',. " ,

It '_

,virus7s rea<;::hhi9h l~va1~' b~: ti.~\ ,to t'V10 millignnns per qrn1tt

,c~ ti~sue within 1:chree~leeltsdaft~~r:inoculation (Proll, 1.95!.'lj
" ,_ 1.,

~be v~~tis6i~F'l~enlE\in at high levels in
,; .

. I _ ;1' \_f

Qlder pla!.tl';"~s·alit:hough the' rate (if synthesis. decreases
, . . " I: .'

m&rltedly and: ths symptolllS become. less (lDViou.s" The effects

of 2romovirus ,infection on ,h<~stmetabolism are poorly under-

stood... Bramemosaic virus itlfection changss respiration and

nitrogen accumulation (Proll". 196'1(c» in barle.y and rli'tduces

chlorophyll. and increases pe~ro:tCidase in 't'lheato
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:lQ 5" 2 l?:JatuE&l.lOC~'U!7!l:'r®n~e gnQ 4S!ist1!.'ill)lltialll of B~·N i,ill t!lG;

wheat p~~auei~gSE®@.S

Von "V1ec}'\..marand Rybick:l (19131.) reported that field sUrveys

conducted in th.e eastern OFSand in the northern and eastern

Cape Province showed that a numkn::~r'0;;: grasses t'ITsreseverely

;-affected by mw and that this v~rus see:med· endemic in ~,he

nat.tl'ral . vegetation in these ~eas" They stated that· the

preS':ence of this virus in perennial grasses Qo:n:trilJuted to,

.its occurrence in gultiva:ted crops, but suggested no method

for the transmission of B1v1Vfrom the grasses to 't'.thea:t..

Rybioki (19S£!) reported that when eNQ' leolatea from field

9rO't'1n'tiheat. in the eastern OIl'S 't'Tare inoc:l1.;La:ted into :t'1h(f;at

,seedlings, the first lnschetniclal inoculation gave rise to a

yel1Q~rinq syndrolilij1=:unlike thE,\'!norrrtal BrN :me·saie slrmptOlll:s on

most wheat culti vars" Subsequent transferi~ from the first

g'ene:ration plants, g'ialV$ less and lass yellot-lt:l.ng until, after

the third. or fourth transfer 1 no yello1,'1ing symptoms "'ere

notJtced"

R~! reported tha1~ extraction Of diSeased field mat.erial

yielded large amounts Df :BMV,and that it is probable that

due to the high concentration of the BMV any possible con-
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taminants i.'lere not detectable in the presence of the EMV

'I."irions"

Rybicki (1984) reported t...;'n.at.the inoculum he used could have

cont.ained another 1 less easily .mechanically-transmissible

component I as jWA".ged by· thIs ~rdilutionvn of the yello,\;·1ing syn....

drome upon successi VIt:,'lJ. m.echanical transfers after the ori9'i-

irioculatiQn., :Ct"'.is possible that the B}.\W 'tITas in fact a

lnixtnre of strains ....it \.nyello\"lin9v~ ;and tfr:rtu';)sai~~)I:ts·train ... and

that one r$plicated m~~raSlowly; and t':onsequl'antly ,..rag di-

luted out t-iith success1va transfers" fIOvlever, it i.~ also

-possible that a virus other than Br.1'V'l'j~ ]klr~sentat -very lOltl

in thQ original t;xtraa.t., a\!id that this was

ei thar dilute.d out during tralllsf'e:t"s i ~:i: t-li'iS not truly me-

chanica1.1ytransmissiblet and \'1a,stonly inefficiently trans-

This eviderilce I together 'V.rith the· prl.')ven occurrence

in diseased field plants, a.nd 'the suspl'acted involve-

ment ·o;f several species of apbif.ls ~!ith th~e t:r<.~ns:{I1issionox

the disease (Von Weehmflr and Rybicki, 1981), led to the hy-
potheses that a tW'o-virus .complelt =in all prob.a\bility BIW

and BYDV- 'Vlas involved (Rybicki, 1984) Q Rybiclc1 and Von

Wechmar (1.9Sl.) also reported that the OFS isolate (.If BMVis

serologically distinct from other isolates of 13MV!, a\1though

closely related, '{.IIhicn could partially ex:plain thEI ap....

parently aberrant bahavl.or of this virus in the eastern OFS"

Von Wechmar (1985) reported that even under optimal condd+

tions only very small BYDVyields courd be isolated frc.'n\
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field diseased wheat in the eastern O1"S. Although BYDVis

present, olimatic oonditions are not conducive to the

spreading of BYDV 0 She postulated that the contaminant

virus \'11th BMVI' 't'laS CMV, rather than B¥DV (Von Wechtnar,

1985)"

Wh~samples testeg for BMVduring the ccuese e:f this study

also incorporated. tests for CMV.. NO synergistic action be-

t.weenBMV' and mrN has been reported to date, but synergistic

reactions 'Were· noted. loe.t'Vleen 13MV and barley stripe mosaLc

wheat· streak mosaic (WSM\7)(Mckinney

simultaneous infections produced severe.'0 ..

symp'tOll1s st.unted plants moreseverely than single in:fec-

tiol''U>« Th~ interaction het.i'leen £lMVand ESt-IV \i'laS especially

(Lal Sill, 1959)" Samples"lera not tested for

since no B~DV 't-nis found eastern OFS durinq

initial surveys"

Von. Weqhntar al'ld. raybicJd. ,(lS!)l) report that B,:Cavinfec::ted

Cllenopolliu1tr llybr:!dU1lI .(L) and C~. qu.inoa (Willd) 't\TtEn:e found in

Oll:! maize and 't-.rheat St.ubbl$ fields and may serVf> as overf;ea-

so:ning bosts. Hotr;reve~', Kl.."iel(198ti) reports that after ex-

tensive surveys. of Chenopodium spp .. in the western OI."S, no

D. noxia or Signs of aphid oolon~sation could be fOi.:lnd on

these plantso
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According to Lane (1981) the bromovirusses are not tx'ansmit-
ted through seed.. There is a single report of seed trans-
mission of broad bean mottle mosaic (BB~~), a member of the
bromovirus group (Lane, 1981). No other reports outside the
Republic of south Africa (Von Wechmar et al., 1984) indicate
seed-transmission of BMV0' This could be because BI-W in 't.:he

eastern OF'Sis a different strain or clistinct: bi.otype
(Rybicki, 1984).

'I'.h$.. e:Xapt ltlechan.i,smby which seed-tJ;'ansmission. tit'· a!{!V occurs

Wheat is not kno~Tnr but ~ybic~i(1984) reported that '~ed

su~face$ may 1:;)eeontam.:inated and tha:'ccont.aminat.ed s-eed need

not ptQ$.uce an infected..plant" Rybicki (1984) :fc~nd·lmV in
non"'ge:t'"mil1ating ~mbryo$and postulated that infect.ion of e:m-
il.t'yos caul.'" .oause· non",-V'iabjil.lty, but also that only h~avily

infected: embl'Yos died, an.<itll.ose that. $ut"vi:'Vea gave rise to

infect.ed coleoptiles and infact.ecileaves~

The timing of BMV infection during barley development had an
influence on the presence of v:i.abia virions in embryos, al-

though BMVseed-transmission in Atlas barley CQuld not be
demonscrated (Ednie, 1970). According to Rybicld (1984) the

sit.-J.ationin wheat appears to be different, in that seed-
trar.Jmission of EMV'it relatively. high incidences could be

obtfined.
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It appears that BMVis naturally aphid- and seed-trans~~tted

in wheat, which could explain it~ apparent random occurrence

at high concentration in wheat in the eastern OFS, where

these mechanisms appear to operate (Rybicki f 1984). He

stated that seed translllitted virus could be the primary

virus source and that aphids play an active role in sec-

ondary transmission qf theseV'i:r.l1Besamongst crops (Rybicki,
19S4l. In conclusion he atated. that t;_ to ensure .highar
average wheat· yield.s, certified virUs""free seed sh,Juld be

available to the· :farmer~_01;>

~~S"lj) vectot"$ l!:®porteti to be implicgt®61 im. the di4tH1I'lemi=

n~tioll1 Bt4V'

The disease-d.h;tribution potential of the aerial migrant

aphid· is formidable.. Aphids· combine seemingly simple search

'behavior 't'1ith enough ;ceprod:uctive capaoit:,V'to saturate large

areas -:of .t.errain by th(:til" 1tlind ...bor~e ho.;t-findinq flights ..

Some insect species are more li}{ely than others to produce

flying :rttigral;1'tsand there is no sbarp entomological distinc-

tion bet'tlFeen flying an.d.walking VE:c.t..:>r::·the same individual

lstribution of pop-

ulations betvleen plants.. However, th(' :::lcale of redistribu-

tion by flight and on foot differs gl::eatly and is of special

conoeen., In general, walking vector movement is within

crops and maydecide the secondary.crop infestation, once it

is initiatedc It is more easily observed and modelled than

aerial movement. The flying migrants are the pr ..mary iromi-



grant \'i.rriers howevez, and are more erratic and less pre-

dictable than local vectors because a small 't'linged insect

'Cancover considerable distances and are difficult to find

after arrival (Taylor, 1986)~

The role of D.. noxi:« as a vector of BMV is uncertain, as

tests on seed, produced before this aphid irias knownto occur

in South Africa, snowed th,at lllost cultivars test$d w,~re in-

fected t-Tit.ham, some t.o a large ell:tent (Von Wechmar e,t; a.l ~1

1984) Bro1itemosaic virus arid barley st.ripe 11109&io. virus

(BSM.V)haV*1<also been shot\i;n to be aphid transm.:i:t1:edby D.

noxd.a and other cereal. aphitis such as Boni zaph;J..f:.t graminum

(Ronda.t1i) at\d S .. 1>$0:1..(Vc¥.n Wech1'llar and. Rybicki, 1981) .. The

re:l(ttive' effi~;d.ency of .thes;e vectors in relation to each

othE!l:'has n~)tb~~!). dete.'nlined, whilst BMVhas been Ishov1.n to

be i;ral1smi~ted by stem and leal: :rust. {EraSmUS, 1982)., ViX'U$

infeoti:;'$,l a.~pears to be t'1;i:.deSp1tead,hu.t there is li:tt~le data

on tne proportion of individual crops that is infect.ad and

th:i.s is likely to be the p:r.inoiple fact.or daterminin9 yleld

loss in CrOp5!.

r"'r the p4rposes of this study only D. tioxi.e: was used as

veccor , beCi'Use it is the most abundant under field condi-

tions I although other aphids, mf.t,e:s and rusts were reported

to be able to transmit the virus I(Rybioki, 1984).
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rfheRussian aphid is far more numerous than the other aphids
occurring in the summer rainfall area. This fact is sup-
ported by both Rothamstead suction tru~ ~atches (for flying
mig't"ants)(Fig. 4), Moericke {yellow pan} t.rap oat.chea (for

aphid migration within a crop) (Fig, 5) and the presence of
aphids on tillers in a field (Fig. 6) (G.J. Prinsloo,
Unpublished report).

Dam.steegt and Hewings (19b 7) t- :;sted the vector status of a

D .. !loxia clone with a Nebraska isolate of BMYand couLd not

show any nonpersistent transmission of the virus. Persis-
tent transmission occurred in 20% of the cases tested.

In SO!lth Africa the relative contribu.tions of direct feeding

damage caused by D. noxi.a and the damage a:ttributable to

virus carried by the aph:i.d are still to be determined (Dl.i

Toit, 1986 (b».

The success of a plant virus as a pathogen is determined not
only by the properties of the virus but by its source, vec-
tors, host range and the influence of environment on all OJ;

these. The interaction of all these factcrs determines the
seriousness of a disea,,:eoutbreak. A corollary of this is
tllat if anyone of these faGtors becomes unzavoz-abLe tor
virus survival or spread, a plant virus epidemic may decllne
or fail to develop (Randles, 1986).
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2..20 2 W~heataphid ,.. schizaphis g.raminum

This cosmopolitan aphid, which may have originated in Asia,

has an enormous potential for multiplying and consequent
damage to '{Ilheat1 especiallY in the ~aste:r~4 OFS (Annecke and

Moran, .1982).. It is especially in the dry ~linter and early

spring that populations of the wheat aphid can increase vir-
tually to plague proporti':Jns, although only one outbreak, in

i958, occurred in tht past 50 years {Anneeke and l.[oran;

1982)~ It· is doubtful hCl'19Ver whether this aphid has played

any significant role since the arrival of D" !loxia because

of the enormOus competit.ion for limited resources that the

~11heat}lphid has 'to faQe ..

:During . fe~d,ing the discharge from t.his aphid' s salivary

glands p:t'oducesdisoolour~lij' ohlorotic feeding mar]~s, and it

is in t.his way, as nu:mber~~iw::rease, that young :plant.s may

be severely set back or killed {.Annec'ke.and !oloran, 1982).

2,,21113 oat aphid'" Rhopalosipbum padi

This aphid occur-s on all. continents~ 'l'llebiology of this
speoies has not. .been stUdied il'l South Africa. The aphid

usually occurs in small colonies amongst large numbers of D.

noxia, and it is only after the emigration of D~ nos La at

the end (.')f the wheat growing season that R. padi reaches

significant numbe.rs. 'J,lheoat aphid is usua:ily not regarded

as a serious pest (Annecke and Moran, .:'..982).
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(I<IcKinney,1967). They infect nearly all plant cells, and

are normally sap transmissible. Some, however, are re-
stricted to phloem cells where they interfere with nutrient
transport. Phloem-limited viruses induce general chlorosis

and are transmitted principally by insects (Novrdam, 1973).

Until 1950 reports of Vir)lSeS i:n 't.,heat 'Vlare rare even though

viruses in other plants were tl7~!l known~ TodayI approxi-

mately 30 dif.:ferent viruses have been aSlsociated v.rith the

Crop and it is. possible that. more exist. ~dnce viral dis.eases

in 'tv-heattend tq be overlooked or d.ismissed as nutritional

.other n,:'Illparasiti{;! disorders t--lhich they resemble

(Slykhuls, 19?H{a))~

The 'rirtls!l)s most dotretno:nly found .ir1orld-wide in wheat are

BY:PVr BS»W, WSt1V, and "Vlheat soil borne mosaic (t-'lSBMV)

('£'11es$1 1911).. Viruses :t'eport.ed to infect wheat in Africa

are mai:a:e streak (lFISVh 1Kfrican cereal streak (ACSV) (Wiese,

1977), Bl-W, BUOV {Von ·wech.lnar and Wasserman, 1965; Von

Weclnnar 1 1967} r and aw (Von Wechmarr 1985). The viruses

lllel'1tioned fall into si}c taxonomic. groups L,e., the luteo-,

horaei- I brolll.o- I CllCUlnO=, toba.nto- and gemini virus groups

(Matthe'ttlS, 1982) I \:'I1ithWSMV and ACSVa~ yer ;..mclassified.
The methods Qf transmission include leafhopper-, aphid- p

mite-, mechanical- and fungal-t:£.'ansmission, TtlTithsome over-

lap betl!leen some of the viruses (Rybicki, 1984),
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S. aremtnum
D. noxte

j~ ' -4

600 ::.-..- ..~.-..--.-

\ joL ~
JWI1 JrJl~ Aa.ngS®p Oc~ Nov O~C Jaa'n F®b Mar Apr May

Mornth

Figure 4 .. Different aphid specd.es aLaties ca'.'!.ght in a Rothrun'"

stead suction trap at ~mall Grain Centre during

the 1989-1990 season. Nuntbers on the figure in-

dicate aphid numbers i1. excess of 3000.
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[ ~/~ D. nox le

~ S. aremtnum
mf;:m S. evenee
.~4!J.R~pa.dl

(Jeri-2 OCTS...·4 NOV'1~2NOV3""~ DEG1-2 !oEC3-~1
MOflli:rn fWe\~ll~~1""2g We~~ 3"'4)

Figure S. Different aphid species 0flught in Muericke (yellow
pan) traps placed in a wheat field at Small Grain
Centre during the 1989 season.
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D. (loxia

8. gramlnum
R. padl

Figm:e 6. The! releti ve numbers of aphid species colonising

wheat t.il1er.s in a 't'1beat fi.eld. during the 1.9Sa

seaSOD"
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Th-a complsJI.ity of any virus epidemiological sys:tem can be

illustrated by enumerating some of the aspects of each. of

the virtis-vect:o~"'host:-enV'ironment components that malte up".

syst.emo For th~V'irus, its particle. stabilit.y and bio""
logical. pt-operties' "rill.' be': the'" main' detelflUinant ··0£.···.i1:$' abil"" .

ity ito .,sti:rv.bre;, 'spr~ad, infeot:"'anP! indUOe.tU..seaSe .. 'Ve¢to;rs. . . - - - - . . . .

SPil:$($ld.by t.heir m6d~ of '....inter,actfot~ ''t1itb th~;
",:', ....;.

,virps.g ..,as '\1e11 as l::'!:v their aotivity and behaviet'" SQttt'ce

'cr~p;plantS···infiuenc~ virus spread' b1f .thei~· .9Sl"!9~.~"PtA',····

:cyeJ.:.~1 sl.$eJ' .age; ..detlsity ~ntl ~b;Lou:r.i:' 'atltla iib.~l(. :5.11ttU....
," ,:,'::-",:: _-_-._ :_-- ::' - _" -'. ',_- -_-,._

. ' , ,

both virus and vectots g Etrvironlll.rantial. fQ}~t;(ur$ SU~h as'
, , ',." .

.t;f$~th:e~,··'~~i.).t ;riu.tl:'I~l1ts "~l'lrd t~W9',t·aphlt··~.~. hi~Jffli1.Y l/a~!v2.l~~·,··.·

intetactioti vlitl .the o.tb.el· .<?olLp(:)n~l'lt$ ar:e

: '" .

variQus fatifors'lnsrrti(!j;ned li'J!).l
, , , . .

·t·~#miiled·,.f9r tll!$ ~l?i(je~lio'lo9Y at Bl'iN.·;· lJ.ibS··;lllatl,r(pu);:po,$$ ...(.)I.f·•.,
, .

"'chis TWill be ";:'8 det~mine if BIu'N on :its ot..rn oonst.l.tutes a

t1fllsatipathbqeri'fn th~i}sUllUtt~r·raJ.ri.fali~'afeal or if··.·.th1s·
is only aseoondary side effect of the yie:id-lill1.i,ting:

:r61e that 'b~nOJ{).a piays i~ wheat oultivat:i.i>h in thi~ atea"

Plant virus epidemiology can be, simulated using computer

models. 'rhe quality of the predict.ions is entirely depen ...

dent upon the qual! ty of the d~ta from which the mod~l is
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prepared and the validity of the assumptions on ";;l1hiooit is

based {Frazer, 1977}. computer-based simulation mo~elling
is a recent activity in science, even though modelling is

not.. There have been many attempts in recent phytopatholog-
ioal. literature to define nmodelu andv although the tel:'mis
t'1idely used,. !"'c still does not have -a sinq:te clear meaning
(Tengcg 19S5)'" .~ model is any representation of an object,

system, or idea in some form other than that of the er.'l't,it.y

itself (Shannon; :L975}"
~ectiol!:lsof real.ity-{ZadOk~f 1971), having Su1i1~ hut not all
the propert.ies of !Cea_;-life situations.. Models are seldom

"CQ!UPliE:rc.e,and mod.$11ing ,is an iterative prooess in 'l1hioh the

model provides a closer and: closer approximation of 1Ceal5.ty
1:'1ith each Succ$ssive iteration (Teng' 1 19B1) ~ ThUS, a\ model

is neV(li:1;:'an,ena';"point .in.itS~lf (KranZ and Doyls¥ 1918) ..

Sillce th~ inception of researqh on 1),. J'u})ria in south Africa

in 191$; a ,vast a.-mount of 'ttJQrlc.bas been done ¢l!l this, aphi~

and problems related to it" It t'letS ~specially the warIt of

Aalbersbarg (1981) that paved the 'Wlay for a l1\¢delto be con-

. stru.cted for this aphid" The ccmpl$xity of t.he interaot:Jon

bet~.re"Jinthis aphid, its environm1entand the possible i.n-

volvement \l1ith :SMi!has necessitated the dev~.lop1ilent of a

conotaptual model at this stage~

The :model repres,ented in this thesis is a fi:t'st at:temJS)tto

!l. ..:ovida a prediotion system for. BMVand D. nOltia epidEmiol-

ogy. As such it only represents the first step on the



Utesting-adapting-and""":re.testing:n road".. The 4ata used. to

compile the model ,.yas obtained from various sou)::'ces and; the
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lfueat plantsv :i.nall stages of gro't<tth; are subjeot to nUJtler-

eus injuries and stresses whioh interfere ~tith their no:t""mal

Any resultanA- abnormal condition, in a broad

sense., is a disease" Each year a,bout 20% of. the 1riheat that

Qt.hert<Iise would be available for food and feed is 'lost to

t!iseaS$" Diseases in the field and in storage. claim about

e~ual amount.s0 Weather I' insects, viruses J ,fungi ~ l'lematodes1.
hac:ter·ia and. l,'lTeeasare primary haZards to 't1Theatp-cod.uction ..

t·) ~)at.product.ion hinges on sC''Imdmanagement., pest (disease,

insect, lleed) oontroll improved c;ultivars, neti t.echnology

and maas producec.inutrients" AvailablE:<nutrient.s and mois-
ture, perhaps, arE~ the most impt'.:t"tant factors that affeet.

crop prospeots (Wiese, 1977)"

-Th~actual number of vlheat diseaseS is Unltl1lOW!h

are economically inlportant and nearly: 400 have 'been de-

sc:d.be.u.~All, whether infeotious or non-infecti~')us? are :tn-

jurious in some areas, in aeme years and on some pilant. part ..

~ll d.r.awattentiol1 beeause clf s:\,i'mptomsor because of detri-

ment.al effects on t.he quality or ~l.'tantity of plants, stra'tv

org-rain (Wiese, 1977).
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All parts of the wheat plant are subject to disease and one

or more diseases occur on virtually every p...ant and in every
field." The magnitude of disease damage is environment- and

cUl.tivar- dependent. For infectious diseases I t.he type q

popu.la:tionand virulence of pathogens and their vectors also

are in.fluential (Wiese, 1917).

~1his aphid is 't>"lellknotm in south·Africa, arld vias first

~re.corded i~ this country in the eastern OFS in 1918.. In

j~980 the species ''I)'asreported in' the south-tiTestern Cape

Province.. i{owit came into the country is not l<.:no~l1n..Early

records of, t.ne. species from Zimbabt'19 and l{enya may be' ques ....

tionable and require conftrmatiQn" various aspects of the

ISlcology and. damage caused by this aphid are deseX'ibsd by

El[e't'litt et: aJ... (19B4) t .Kriel at alo (1984); ;r;ouche at ru"
(1984)t KrUger and Hewitt (1984); Du Toit (1'986(11», and

aleveral others ..

Diurapb1.s nOMia. apparently originated in eastern Europe and

l'l1'estern Asia 't'IThereit is a known wheat. pest. It was assumed

to be the vector _.. a virus infection of ~.;heatbecause of

the resultant yellowish streaks in the leaves, but this dam-
ag~ may be more consistent with extreme toxicity of the
salivary secretion pas~ted into the plant during the feeding

process (Annecke and Moran, 1922).
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.2 " 2 ..t\ Bro't'1Uwheat. ear aphid = Si tioixion avenae

This aphid is common en wheat
and nray have 0 tginated. thereQ

in Europe and western ASia,

This aphid hecomes abundant
on wheat ears during the winter and occurs almost. ever~vhere

wheat is grol;vn in South Africa (Annecke and l"loran,19S2)_

There is no evLde: "e to show that this aphid·· is capable of
reducing a wheat crop or of reducing the qUalit.y of a·wheat
crop and is theref.ore regarded to be of little importance ..

grain chinch J-;,u9'q MaccJli.adslllus. d.iploptel'1lS u occurs oeca...

.$iona.lly on wh~at in th.e west.ern cape, and· is re9'arded to be

(;f .minor .bnpp:ct.ance" Other species of the order liemiptera

also c;n::;curon wheat from. time t.o time, but the only (rther

arthropod. oc{.n.lrs:·ingon 'l.dieat in s.ignificant numbers is the

.brot'ln wheat mite, l'Gltrobia lai -aDS. No evidence of involve-
ment. of this mite in crop yi.eld reduction has been reported
to date (Annecke and Moran, 1982).

203 ll:CONO.MICALLX IMPORTANT sm\.LL GRAIN VIRUSES

Virus infections in wheat range from latent to lethal, and
induce stunting, rosetting; mosaics, yellowing and necrosis.
The action of two or more viruses in a given plant (multiple
infections) can be additive, synergistic or cross-protective
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This virl.!s is probably the most "tl1jdaly distributed and re-

~'larched virus disease of cereals (Rochowand Duffus, 1(81) e

Barley 1"19110\'1 dwarf virlls causes fairly significant crop

losses in ~lheat and barley in North America, Britain and

Europe; d~s~ite stringent control efforts OV0r the ];ast

thif.'t.y years ~Gill, 1910; Wiese, 1911.; Carrigan et alq

1981) ., .:Barley yello",,! dltJ'arf virus isolatAs display varia ...

t.ions; especially in terms of serology and specificity of

transmission by their aphid vectors (Aapola and. RoehOi.-1,

3.911; Palit'lfll, 1919; 1.980)~ Rochow (1919J classifieC the

more commonisolates as:

(1) RhopaJ.osipl1um padi ....transmissible (RPV)t

(2) Ma.crosJ.pnumaV$nas-trans:mis5'lible (I.[AV) 1

~:3) B ..1l:la.idis ....transmiseible (RlYlV) t

(4) schizapb.:is graminnm ...trrulsmissible (SGV)I and

(5) R.pad:i and llrl..a!fenae-transmissi!ole (PAV).

Barley yellot't dt'iTarfvirus transmiss ion by its vectors is

circulative and persistent. The virus does not mUltiply in
the aphids and can be found specifically bound to accessory

salivary glands after acquisition feeding (Rocho'W, 1969;

Paliwal and Sinha, 1970; Gildow and Rochow, 1980). R. padi-

and R. maidis-transmi tted viruses ar·= reported to be

serologically related, but unrelated to R. padi and R.

maidis non-transmissible isolates (ego MAVand SGV) (Rochow

and Carmichael, 1979).
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Symptomscaused by BYD'tlarc ambiguous and often overlooked

or associated v.Tith nutritional or nonparasitic disorders.

Barley yellow dwarf virus is diagnosed by the presence. of

aphid vector~ and the occurrence of yellowed, stuntef

plants, singly or in small groups among normal plan"::s.

Recovery and tra~smission of the viru~ by aphids may be re-

quired for definit.ive dIagnosis. This may not be a sati5-

fact.o:ry means of diagnosis as was shovmby Gill (1..970}, vlho

found t:hat relat.ively high yields of BYDV could be obtaj~ned

from Slflnptomlessplants frar <1.-iJ"; .... ;;ed. fields.

Leaf d.i.soolonration OccUr$ .:!.lo'to;'t red or pUr-

ple and is found especially froJll' ' and. front margi.n

to . midrib t;)f the leaves. Seso..t.i. ....;;t... ,1::!C:t.ions, if not

lethal, slow plan~ grotr.rthanr.i cause prominent. or brilliant

yl£:::11owing 0$ older l.eaves" YellOwed or reddened flag leaves
on otherwise nOl:'l~al plants are reported to be indicative of

post seedling infections (BrushJ.., 1961).

Most. BYDV isolates cause stunting of their hosts I t-Jhich are

i.imit.ed to the Poaceae but include most commercial grains

such as oats, barley, wheat, maize, rice and rye, as well as

many glasses. Tillering vf wheat and oats ~ay be reduced,

but symptoms in wheat are less distinctive (Bruehl, 1961).
The symptoms in leaves appear to be caused by bLockaqe of

phloem vessels dl..-a to the accumuLat.Lon of virions in them

(Jensen, 1969, Rochowand D~ffus, 1981).
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aphids, OJ: mechanically I but there are many reports of seed
transmission (Neergaard1 1~77).

von Wechmar (1985) reportls that eM\(' appears t¢ be the do:mi.."

nant virus l;'esponsible for dise.ased wheat in the Chris:~ies...
district, south easte.t'n Transvaal.. Al't'.erna:tehosts fO~ .'

': - - "_ - - -:: .,'

",a,panese Radish. in ,'linter and paSs!ply maize in

.. .' - _"- "0' ~ -.

lJt9t~iz~.....~t.Jieal~ viru~ ;is
._ _. . :.:.:

...- .c: -.;-:.. .:.......':'""9'<PlrtJ..nj.,vJ..~$ . .
. " , :

grou.p f!{(~ttlie'ltl$r 1.9$2).. .•.....'rna ..virus ~laS fit:$t:· reported from.

south Air±~i$L in 1.901, anOi·j:~$ insect tralilSwisSion \'la$ als-
0, ,.',: ", ':' ',,"

cov~red :in··.······.the l~~Os (Full~zr.# 1901; stol~y?.··.;i931) .'~
·a_,J!Q isola~d ...and···Gharact\$lrized in east··A~:eipt11.: f13o.ck ~t alop

~ri¥.has.·.··again.X':¢~~~iyheen inve~tt9~ta~l.in soutl1····
'.:' . ",' .<_ ,,_. _. ,- '._. . ... -_ .:-.""::_- "_" - ..... _. ._ --: .. - .. " ;', _.- ":."_-. -'. .•..•

(VpnWechmart 1.9<57; Von Weonmar and J~ill1~, 1983)"

The virps has been repor~e9-· fl':0nl ~,l'esternl ~as;t.ern anci sout.h....

e:t'tl A:fl:it,;l~ and. ~ro:m .Indi~ fGopchnal"l, 19B1}"
- - '- :..: -'_ . -_" -:";: - - -:_ -- -'_- .- . - _. - ,- - -, ::. -.:- .. .; ..~

..of .l.\(fSV),~~v¢.been ,isolated' < from. 4i,ffer¢:t:1~C Gl;'alllinea$, and

found, . to ditfer )both serQlogically a'a~d in l1oS?t ranglS (BoeR

at a1., 1974). symptoms ill ltIaize are charaoteristic inter ...

rl.l.p{no.Adparall(~l chlorot.ic leaf streaks Ol:' str iat:i.ons and

usually seve.re stunting of the whole plant ~.

virus ....infeoted wheat displays fine chlol:0tic streaks, and

plants are often stunted, tiller exces.si'V'ely f and can be
sterile (Von Wechmar, 1967; Wiese, 1977; Goodman, 1981;



37

Barley stripe mosaic virus 1::..perhaps the bel~rl ..nown seeld

transmitted virus of small grains (CarrtJl:!,1980)" Althou'jth
it is alSo seed t:ransmitt.E:::d.in wheat and oauses severe la:bo-
rato:l:Y inf.ections1 no seriou$ yield losses have been de.-

'scribed in this crQP (Wiese, 1'977; Jackson and Lane, 19$1)"
, ,

O't,-.rint;,1;,',to '.internat.ional e;xchang~~of gex'lnplasm and al$Q to

cQYA'd~~~cialseed shipments I the virus has a ~orld-~1ide 'disr'~
\- - - ,

is ,the t.Y!le member ~f th~ ho;:aai virus group and

a fairly tv;ide .host rang's in the:, Gramineae f infecting-
", ,. .

\".l'heat., a\~ts, mai2le, ryegrass, m!llet. arrM;l ,B,1I:OP.lUS appo

a~o~9st, others., 'rne virus also infectt.~ SOme dicotyledons

suall as some chenl,':)poaiaceae {Atabekov a~d 1'lov!ltOVg 1971;

Ja~'\l~$(;\nand Lane,f 1.98~r.

strab~ variations in BS~N are 't'lell documented (IJ1cl<inneyand

Greely, 1965; Timian, 1974i' Jackson. and Lane, ~9(1) f and all

the strains described to date are appal,:ently se1"ologi.:;ally

J,~elnt-ed to vClI.l'.·yingdegrees I al,tno\.lgh symptom sKpression and

h\'Jst ra.nges differ I and. severit.y of infectiorl differs be-

Infeotions in wheat :may be latent, or ex-

pr¢ssed as S9-vera mosaic, chlorotic blot.chesl d1fJ'arfing,

ns,c;t:'otio .streaking" leaf tip l'lecrosilS! or :),mixture of these

(WiG'ss, 1977). symptom expression and severity of infect.ion

in barley t\Tas found to be temperature- as well as strain-de-

l'
)
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the Gramineae and it infects rye I barley and various Bromus

spp~, but has been reported on certain chenopodium spp•. as

w$ll (B~akke,1911}0

{soil-bt".(n!~l mosaic virt;ts has a cosmopolita:rr distribu'"

'.~¢qllrrin~ th~Quqhout· th'e .$ast and cel1t:ta1. USAj , Japanl
, ' ' .', ' ,

E'lYPt.·{l:talr~ A¥gentina. and. al:t;;rzil".· re is cla~ltne(lthat tlla
.'...... :"" ':,: .. .. - "... ',:" ", "-:.""', '. ..,'_

vi:t1l$ ~_Oli$eas~ ..riva$$; the" .dollnage.>caused-'llY --13iDV.·in' 't~l,'u~a;.in.
···th~.·..tJ¢Aq$.1d that.-e~"QnOm±qtiq1Uage·,to tll'e·- crbp ean be ...•·sev~~ef.

,....aitPQ~9b.."'-~Op..··lpS$:'~ep($)llds·on. yi;;llS str.ain,. :w:beat,·.·.cultiv,arlf ...

.~~v.tt~nm~~~ :anct_tia~~ of irite¢€it>l'1;' ..wi.the iitutumn'''$Ot~n wheat .in
:,',-_ ', ... - ---:'.--._ . ._ - _'_"_.' _',.: _';.. '" '." '"

. th~ UpA 1'J~ihq the ;ntO$t ;$'Q$cle~tible (l~i~sei..1917)." nisa~se
am;·.,qn.a~aptek'istiaa:.tiy _111os~ios.and mild' to se;~~e

• --j> -_--"'j- .. -._- .• ",'--.- - . _.' "_._ ," '_'_ ._- -'_ - _- _ -._-.- . ' .-"'_ ,'_ - _. - .-_-_" -.. -._ _. '_

~nd o~casi,<Jnally rQ~et:t~n9'o- Disease symptoms at'S!-.,- ._ . - .. _'-" --',
. ""':'" ',', - '_ ,"" .. - -:,:,,: -',,' -, _....<-

SH!ppre:ss~c.l air? t~n,p~~·et'ttl.rei~c:c~asesl!' as is. the $~velt'ity of
-_._ '-. :.- -.- -, .. -_ -': : .-- _" "'-'-.;._-.-.:- .. :' _,

~..y _'-._.,._. . . .~'

.(i.~~e ) t a~ \'b·ii9~te paras;!.te of the toots ~f ~fXny
~.;.:--::::--- ..:<';: '.- .~>.. ';':.:.
0.£ hi911~· pl.ants

. .

;Chefvixus is
_-.::- .. -' -' <.

bath int.el'nally 'and e~ierlla'uy on litotil.E.. .zoosPCU:'~S,

floUrishes best: in cool 'ltJel:. periods ,\inen soil moisture ccn-

.tent is ird.gn,. 'tJ'hile tempera:tures above 2L'° C ai;s rspot'ted to'

inhibit fungti;;;replication (Wiese, 1911).
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If there is no source of virus, ther.e would be no problem

t<.r.tth virus diseases. This elementary statement is the key

t<;l understanding the epidemiology of virus diseases., Elimi ....

n~t.ipn Ql:' reduction of the amount of primary inoculum will

determine to a large extent how readily aphid$ ~till spread a

The virus sources include a) infected.

se~d.r Pi. j;)~:t:t>.etuatingsources (vo.lunt.eer plants) # C;l similar

q1,:' dj.ssimi+ar.,.crQPs and .d). t-leed hosi:s~

$e$d"'l·H)l:'n.~ vh;u,s.di~eases ..ltlhich .are, additionally ··tX'a,nslnit.ted ..

!O¥' aphidS ·9CC'lPY a s,t;>ecial Place in -che ~pread of vi;t;U$ dis-

The subjeot of .seed transm:l~sion of plant' viruses
-_". "--_-- -".

vIas reviet1ed by Bennet (l969) " No ;::1emipersist.ent >01:persis ....

viruse~ t<tere .mentioned,. but several. nonpetsis'ten't

vi:ruses rtlare~

Where seed acts as thB prinoipal source of virus in natture,

plants gro~m from infected seed often serve as the pl·imary

source of inoculum for aphids. This appears to be the case

for bean commonmosaic virus (Bos, 1971), blaokeye cowpea

mosaic Vil.'liS (Gay and Winstead, 1970; Zettler and EVanst

1972), peanut mottle virus (Paguio and Kuhn, 1974; Dentsld

and Kuhn, 1975) I and let.tuce mosaic virus (Grogan et al. f

1952; zitter and GUZln~;i, .1974; Bruokhart and Lorbeer, 1976).
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In the ""ester'1 cape , BYDV occurs in small grains along the

west coa st; , but is not considered a serious pr'ob.Lem , Von

Wechmar (1988) reports that in the south western cnastal re-
gion the situation is confused by the presence of other

viruses such as em and BMV,which cause yellowing symptoms

in sIl\al~ g:raills and are probably responsible for more e,10-

nomically significant crop losseu.

Von l'lechmar (1988) also stated that in the eastern 01"5I

w-heat.has a particularly high incidence af. BMVinteot.ion,

oft.en occurring together. with. CMV. Barley yello'!rJ' dwarf

vir1'l.s infeotion vas found to occur ar . ~11, but is not. con....

si.d\ered to be a s~!rious pr(.1blem ill the eastern oPS.

Brome moseLc virus i,s the type of lnember t.h,e brol\1ovi:rcus

gl:'OUp I which in.cludes the serologically related. broad b~.m

Inottle virus (BBMV)and cowpea chlol:~otic mottle viruses

(CCMV)(Hollings and Horvath, 1-918; Lane, 19811 Matthe~..rs,

1S'82).

Brame mosaic virus has been isolated from wheat and pasture

grass in the U',A (Wie!s'~f 1977) 1 in the UK (Gibson and

Kenten, 1978), in Europp (proll and Richter, 1965), and in

South Africa (Von Wechm,~rand Van Regenmortel, 1966; Von

Wechmar, 1.967). Brome mosaic virus is found in wheat, bar-

ley, maize, oats and pasture grasses under natural infec-

tions world-wide, but it is not considered to be of any eco-
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economic importance outside South Africa (Wiese, 1977; Lane,
1981). Brome mosaic virus also infects a few dicotyledons
such as Da.tura spp. and some of the Chenopodiaceae (Chiu and
Sill, 1959; Rochow, 1959; Lane, 1974; 1977; 1981).

The virus sometimes causes mosaic sympt.oms on. Graxnineae but

some .'ft1haat cult.ivars are· apparently symptomless carriers of

SM:V(,\1hilst others :maydisPlay chlorotic or '{<!hitestreakin.9't

~'ellow"'g:reen mosaic, yello'ftt mottling, head stunting or other

de"xor:mit.ies (V~n Wecnmar, 19$7; vaese, 1917; Lane, 1981)..
OU;t'inq·the COU:t'seof this study it. 't1as often found. with both

l'1lechanical and. natural infections. under fielg. conditions

+-hat strealting of·the leaf .laminae.only occurred in the d.is-

tal half of the leaf" l?roll (195'7(.b)J found that the higb-

est cQnclf.mtra.tj,onsof the virus also OCct:lXJ:"ed. in t:b.is region

of t.he leaf and t.hat symptom severity aud virliisc:~no.:o:l'"
trat.ior1 could. be direotly linlt~.d~

until very recently, aMV had no k:notm vectors undex- field.
co:ndit.i.ons, altho~9'h Schmidt at; al.. (19G3) and Fri,tsche

(1975) succeeded in the labot'atQry transmission of the virulS

by Xi.p'binema sPt). The cereal leaf beetle, J)ulema melanopus

(L.) has been renorted as a natural transmitter undar fipld

conditions (Lane, 19ftl; Gaborjanyi and Szabolcs, 1987).
Both stem- and leaf-rust f\ungi of wheat, Puaainia gram.inis

f. SPa tritiai and P. recondita (Von Wechmar, 19~O; Erasmus,
1982; Erasmus and Von Wechmar, 1983) have been reported as
vectors of BMV. In addition it was also reported that BWJ

may be transmitted by grail1 aphids (R. padi and D. noxia)
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both in the laboratory and under natural conddt.Lcne (Von

Wechmar and Rybicld, 1981) I although this has not been ob-

served outside South Africa (Lane, 1981). Von Wechmar and

Ryhiold (1981) suggest that the' numeeoua natural vectors

could account for n... the severity of natural BlIlVinfections
in small grains in the east:.e.rn OIl'S and ~lf.ievJ'he;rain· Se.n.!tn

Af:rica,·.···wnere . the virUs appears· to be. tbe major cause ..••of
.$c911omioally im}to;rtant crop. disease _lg

Cucumoviruses have a very wide. host range \I]hich includes

herbaceous and. w(.)ody plant species. By f:&;1[rthe most

t1idespread and most stUdied is the type memberI em~ Cu.cu-

ItloviruSes are· is'ometric particles about 30 ~"lmin diameter 0

The~?are transmitted mechanically and by aphids (l(aper and
Watert'l1o:rth, 1981).

The ttlQ.st conn-non symptom oaussot !)y em is :mosai(:~ (l<airln and

Scott, 1~641 Gracia and Feldman,. 1977), and severity may

3;a:r~gef:rom no obvious symptl.")lI1s··in some crops t,Q death of the

bost in others (Mcki:nl1.ey,1953).

Perhaps the most notable charaoteristic of the natural
spread of cuoumoviruses is that the viruses are transmitted
by numerous species of aphid~ (Fritzohe at a1., 1972). Cu-

cumovf.ruses are transmitted in a nonpersistent or ::::tylet-

borne. manner (Zitter, 1977). They ar.-e not known to be

transmitted by futlgi, nematodes, or insects other than
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scott et al., 1985). 11aize s,'treak virus usually occurs in

irrigated wheatlands that are close to maize growing areas,
with autumn-sown win'cer wheat being especially susceptible

owin.g to migration of leafhopp,~rs from ripening maize to

young tvi'leat (Soott. at: al .., 1985)"

This virus {tJasfirst 9,escribed in east:>;Africa in :1973, aftet'

causing seve.re crop darilalle on oats in !{enya .f~Ollt ~969:"'1912"

ACSVis phloem-limited and h? oblig6rtQry transmitted by the

planthop~er '.foya c:~ta:Lilla. {JNmnah) (Hardatt' and Backer t 1973; .

Harder, 1975) I Which could acoount foy: its lot..,-la.nd oocU'.:r-

renee in :Kenya,!!as the planthopperst geographical· d.istribu"'·

t.ion exo.lucles high-lands (Uarqer and :Ss:oJ{e~,.1973; Wiess"

1977) ..

The virus inf~ct$ ~arley" oats t rye, trit' ~al:ed t'ice" and

several 9rasses. Symptomsb....cil faint discon".... :'tlOUl.':; chlol;otiQ

leaf streaking and can spread ac:ross the entire leaf '\..rhich

may eventually heoomecompletely yellowed .•
'"

lings are often stunted and severely chlorotic and usually

die (Harder and Backer, 1973}4

Taya catalilU3. has not .been reported in the OFS ~lheatland,e;,

whicb are at a fairly high altitude (average 1500m), and :may
have a more. temperate clinlate than the Kenyan lotilJ'-lands ..

These factors could prevent the spr( d of the virus in this

country (Rybicki, 1984).
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pendent. An increase in both symptomsand severity was di-

rectly linked to a temperature increase (Jackson and Lane,

19131.).

Efficiency .of seed transmission of BSI.JIV.'cpends on 'the virus

Some
l'arl.ey cu1tivars are 110t affected by either sap inooulati.:m

(~rseed transmis ~on" No wheat cUlt.ivars appear to be re-

s;istant al:too11qh the incidence of seed transmission is ap'"

p~r~ntly low~. in wht4at than in barley {Hagborg.. 1954;

The. virus also appears to be

..
Barley stripe' - r.aic virus has no Jtnown natural vectors. and

it is r~po:r'! .chat the vir.us spZ'eads. from seed-in:t'eet.ed

pla~..ts I eitf\er by mechanical t.ransmissj.on due to inter ...plant

{J:ontactor damaC]epf farm implements and .by pollen transmia-
\

sion.; No aphi('ts.. ~eetles.l leafhoppers; rust or soil Lu,ngi

are l~noll-m'.1:0 be inlplica:ted in natural transmission of tnis

virus (Wiesel 191'1; Jaokson ana !ianet 1981).

"

This virus i.1aSidentified in 1919 and is one of the first

described 't'lheat viruses, and also the f.irst reported to be

soil-borne (Wiese., 1977). Wheat (soil-borne) mosaic: vir\.\s

is ~ ~-r -:"l'n1','"1' ~rusf serologically related to TMVand potato
mop-top virus (PMTV) {Cooper and Harrison, 1972; Powell,

1976). Its host :l:'l.nge appears to be essentially limited tv
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Maiz.e dwarf mose.Lc virus is a strain of I?ugar cane mosaic
(SCMV)and bas been found in wheat in the USA (Wiese, 1977) ..

Maize ¢h>1arf mosaic virus only rarel!! cause.s Trlheat. disease

OCCUJ:'S in t"h.eat. grotm neal:.' maize or infected Johnson

ana presumably

mild
. .. ,

mottling', lout is not ref:;1arded as

tl1heat. streak mosaic ('V,~SIvN)I l!oreeum I Agropyron- and

ryegrass mosaic Viruses are similar in appearanQe to the po'"
tyvh:uses in that th~y are elongated and filamentous I their

dimensionsp hoW'everq regarded. as being too short to be
All the

viruses

rather than by aphids and are not. serologically related to
any of the recogniZed pptyviruses (Hollings and Brunt,
1981) and a.re sap....transmissible (Slyliliuis,1973)"

Wheat streak mosaic virus oauses disease in wheat. throughout
the r.rSJl&and in areas of eastern .'Europe~ In the central
great plains of north America it can oause significant crop
losses (Wiese, 1977). ttJheatstrea]c mosaic virus is also
found in spring wheat, barley, maize and other grain crops,
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as irl~ll as in several p~rennial grasses t indicating a fairly

broad host range (Slykhuis, 1973; Wiese, 197'1). The other

three viruses mentioned all infect Gramin\eae but only

Agr()}?yron lttvaa':'c appe.c;trs to cause se:rious datnage in wheat

'.'\"" :'",' "."':, . . ......•... '.,:- ','.

'i1t#~~la1tuli,,~~$ (l\ftdr ..lalld by '$ri¢phY~s,tO$icne12a ..lKeif ..) ..
'-',::r.:'· _:, - ',' '_

A9liqp~ron mq$ai(1 'is ~,:itnsm.itt.fiel by AbaCarus 11'Y1~trlx (Nal"),,

The. ve!btor of tlordElum mosQtic is unl<no'tvn!, but. ,i:E~ pl"esu1!lea t.o

~'tute. (~I~Sej··~Sl,~,·t}.'" The~e>.viru;s~$'.•nave"riot been', r~~
, - "-.":' ._- -: ...-, "._._ -,,<' - - -- - ,. -;...::_

O¢6tUf in $ol,lth Afi-iq{~ I~nd' the :mit,e vectOt'$ Of
,.' .:,/-',

WS~NJ:h.ave no'-1:.,'ylSt ,bee»: :tQu.nd ;in. the

19·841·~'

The epidemiolOgy. of aphiumbo1Cna viru's ctiseases: can best be

revieWed' tS the····ihtef:;~6ti6:n<b~ the virl.1~;·host) veotor, en...

vironment, actions atld cultural practices of the growet", and

the effects of ti;me {Zit'cer, 1$'1,17) ...
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Lettuce mosaic is a good example of a virus which, ~lthough

transmitted at a relatively low level in seed, can be spread

extensively by aphids. WorkE'rsin Califo-:nia (Zink et: a1 e,

1956) and England (Broadbent at a1., 1951) established that

satisfactory. The number of

O. 1%, control ,{r,fould not be

infected lettnce seedlings

if se~d trar,::-rr,issior. exceeded

emergin-;:--ner acre at the 0" 1.% rate lould be 200 t or 20000

inf'ected seedlings/ioo acre.s n;;rea.tneaa, 1966),.

Amongthe important perpetuating v;;'rus sources are infe(.~te,d

propagative plants; tUbers and voluntE'-lerplants carried over

from the pl;'evions season.. HiSt:arj,cally, perpetuating

scurces have been the chief me: \Jf wide spread dissemina""

tion of several virus diseasap>c For :exampl~, the ocourrence
Of suqar-cane mosaic virua in ffic;;stareas ean be traced. di-

rsctly or indirectly to infected seed. cane from Java

(Summerset: al. Ii Hl4S)0

Although volunteer plants may not appear to be a particu'"

larly i:mportant virus sourcet here again aphidS can greatl~

enhance ....he role of these sources Examples of aphid-borne

virus diseases associated with volunt.eer plants are onion

yellow dwazf (Zitter, 1977), beet mosaic and beet western

:7ellows (Wall~.s, 1967(b); Howell and Mink, 1971), beat yel-

lows (Bennet, 1960), turnip mosaic (Laird and Dickson,

1963) I and peanut; mottle (Demskiand Kuhn, 1975).

b.l.milar or closely related c.rops can ofban serve as vd.rus

sources. studies in the United States have indinated that
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sugar bc=et itself is an important source of beet moea.,c and

yellows vLruaes for introduction into subsequent beet crops

(Shepherd and Hills, 1970; Duffus, 1973).

Weeds are usually intr:"cately linked to the distribution and

spread of virus diseases. In terms of the total nUtnoe1: of

aphid ....transmitted virus diseases which depend en: iil~ea.~as

thsir primarY source Of Lnccuaum, weed hosts muse .ba consi<i-

e1',i;J the sJ.ngle :ttLO,stimportant virus SOttrce {Duf.Cus.. 1'97.1,)...

Aphid-borne virus diseases belonging to virus grot.l'P$, which

ar~ nonpersistent,ly transmitted seem to depend hea'\J!l.y upon

'r )eds as virus ·soure:es¢ chief among" these v.b:us~$w()u:l.d be

tV'ij:.n 1ifide h¢, '- ranges fl!¥emplified by altalf~l mosaic;:

.......and.. Qupumber lllosaic: viruses ~it.ter; 1977}.

$'wo se:mipe.,;sistent viruses in wllioh t".reed hosts -:::atl act as

virus reservoirs are beet yellt,.'lWs virus and beet yello\-l

stunt v:trus (Ouff\.,s, 1~73). He stated t.hat t.here w,~s little

direct. evidence. that weeds serve as t:! maior snurce. ~(~~it;E~d-

tion of beet yellows, but may simply perpetuate the 'disease .•

The occurrence of se.veral diseases caused by pHpsisten'ti

\t iruses is clos~ly linked \'\Iith weed host.s , This is }??I.:tticu-

larly true with beet western ..t '~llf)WS virus which. is more

widely distribu'Lsld than any of the other beet yello:-s.,ing

vf.ruses (Duffus, 1964 (r\); Wallis, 1967 (b». The other major

virus which has bean wid~ly studied is BYDV. I]:n:~s vdzrus
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overwinters in perennial grasses as well as in autumn-sown

small grains (Bru.ehl, 1961'.

Factor/$' which inflUence suscepti,b:ili~7 of plants to infec-

tion k)l" aphid. ....}:'orrtt;! viruses Wer~' reviewed by $w~nson (1969!t ~

Among tlJ.~ host factors mel'l.tioned were inn.erG'nt gemet..l.c diJ:-

fe:r:~nc~~;i"plant age and ac;J$ ~f leaves :at the. t.:bne ·of inoo'!l···
l"ation~ .

Getlt:H'faj.:ttJ the older t1\,,:{ plant, tb~ mo)'."e difficult it its t:'Q
'::

be inQOt~la;teq'by aphiqs. CJ;'ne age of leaves can also i:rl£!u,~

,enes susqeptJbilfty as Wae ehotlXCin the infection, of potatQ

wLth ~bt.at,d V.irua .:};..' (Bagl1.al1 ana :6:radleYr 19~5) and. :bear.l

with cl1.t1umher nt:Z>$1aicvirus (Stimr'l~nn ai'lQl Swensen, 1967). Axl

il'nPQt't~ri'\' oe;S'lsicterq,tion in ;'valU>iting A>~.an'\", sHlScept::ttd.lity

to virus :i.:nfeo4 i.Ol!'l is disting~dshin9 oc.::ttlleenresults ob···

't:ai.tilSid by mechanical rul...bil'lg .and, to()s(" acni!i?vt!d by aphid. in~

ocnUation (Nau,lt at al. i 1971; Aapo.1.a at: 4l1" f 1914) "

Older plants are l(.ss Gusc0.ptib).e to in,oc'!,4~atio!l by aphids

ara':i aphids (.llrF.l lesEl likflly 'La recOVer virt:s from oldlt!r in-

r.rhis is :pi Jbably the rCElu:t t of lower vjLrus

tit,el:'s in pLarrcs infected for a long tim~ (Zittery 197'7).

Tl~O patterns of host-virus ':e1ationships among nonpersj:.stent

vi.ruaes w~re dLsoussed by Swe'1S0n (1967). \n the first .re'-
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lationship, a relatively high concentratior. of infective
virus is maintained in successive new leaves of systemically
infected plant-s, as jn the case of bean yellow mosaic virus

(Swenson, 1962), potato virus Y (Simons, 1958), cellery mo-
saic virus (Zitterr 1970), and pepper mottle virus (Zitt~r,
1.975) ~ in the second relationship, a peak concentration of

inf¢ctive virus is reached in certain 1<=4velS but is not
maintained in th$se or s~ccesding leaves, Gj,$ in the case of
cucumber l1Iosa;Lcvirus (Simon~, 1959; St:bnntann and swenscn,

.an common•m.osa:I.e ',virus (Zet:~ler t

. .. _-- ."

ship alt~':thos~, wbit:b can lJe acquireq in b:rief probes. and can

be just as guicl{l:it transll\l.t;t.ed. to ana~the:t' host. The lClnge:i:

the virUS>. acquisit.iol'! pe:r:iod is,. the less likely aphids are

t~ tranr:;ulit these viruses 1 and they are not :tetained longer

than all bour by feedlng aphids and usually not more tha1'l
several ..hours :by non-feeding apbids" ~l:t9rant aphids are

:i.cleal.ly suit.ed for the spreading of nonpersistent. viruses
under these conditions., because they aliqht..and :?robe on
many hosts but de not feed or bre~-::l.. Without fur'ther access,

to anothe~ virus source plant, however, the aphid soon loses

the virus. The nonpel..·sistpnt relationship has a great Ln-

fluence on the distance of virus spread. Limited or

marginal spread has been noted in many instances (Wellman,

1937; watson et: al., 1951; Simons, 1957; Adlerz, 1972;
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1974(b); Demski, 1975), although the dil:"ltanceof spread may
be greater depending on circumstances (Shepherd and Hills,

1970).

Viruses with a persistent relationship require mOre time for
viru~.apquis!tion, an~ the.1Clnqer theacq'disitionperipd the
gl:e·~'ter<.the cllanata that tIte aph.id wil.lo be.virtl~ife+ou$•.......A

are ablet.o.tt9.Ds!i1it, ~tIt onpe 'the·vi~Ushas }l$enap'"
it. 6~l'l>be. rEj;f~lned by :.tlte aphids. for many (l~Ys'Pif .

":':' , ','",-. "'" -', ,:,:'.'",.,.',:, '- .,".,: -:. "_',:,':,'

lifS~ ~h.is lon9 r~ten~lon fa<?t.9r ser~s to C()illpen-
, .... ,,"' -, ",,_._ .,'_

sate·.·9(Jl1\$l:1h.a~c for the .prQlOn9~etacqui$J~tiol111E!t'lod and y~d:-
·t04'. ·$peq~ficitY· .•t'lhich Sa.ems to ~e .typibaJ..· ..··ior. ~ersisten~lY

viruf1. spurci$is,. vi;t'us .spr~ad.m(.tY' be nt<lr~ 10n9<r~l1qed···as .!n
the qase of. beet iFfest$:tl) yel101'1S ,,1$:.'u$ (J1uffusq 197'3)., BY])V

(Gi;~t 1910; 1.975), ana sro.bterr.an~ari qlQver \Stunt virns
-." _- .: '."_

(<i'tu~.ierJ1ez et: a.l.~., l~t]'l».,.

Viruses ~1itha ssmip$X'sistent :r:elation$~~p .hay~·eharacte:t;.1$-

t.iQS which (.'tZ'eintermediate bett-teen t.he ()t.b.er tw'o>methods of

transmission.
plisl'ied in b:l:'ie.f probes., and the praDa-clIity of acqu.isit.ion

inoreases ~.'~+'1;. increased acqui~it.ion periods of up to 12"'24

hours (S\'lEmSOn, 1968). preliminary fasting does not enhance

acquisition and there is no definite latent period. Aphids
can retain these viruses for 1"'2 days which allow for a
greater distance of spread than -v'li tb the stylet-borne

viruses. This appears to be the case for the spread of beet
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yellows virus (Shepherd and Hills, 1970) and beet yellow

stunt virus (Duffus, 1973).

Of all the factors which can influence the amount of virus

spread i1n a season, pro,bably the single ~lost important fac-

t.or is· the nUliiber of aphid vectors available (Zitter r 1977)"

U~ually good. oarreltltions have been made bett·uaen trapping

informa:tian and the amount of sp:r'ead in suoh. crops as potato

(Broadbent.; 1950), sugar b~et (Gonzalez c.U1dRawlinsI.' 19:69)I

pepper (Zitter and ozaki; 1913)I alid Ttlaterlnelon (Adler2l,

1914{b» ..

Aphid
importan't in the rate of disseminCltion (if strawberry viruses

(ShanJ~s, 1965). The timing of aphid flights and j_:ts rela-

tionship to t;.he age of the susceptihle crop oan be just as

important a',:: aphid numbers (Heathcote, 196($; Gilljl 19701

1975; Ishii" 1972)Q The distribution and abundance of vi;rus
souroes can also restrict or del~y virus E;lpread (Aalerzr

1974(a); Knooks at 131., 1974). Finally 1 differences in

a,Yhid trat}.smissicn mechanisms mentioned earlier and aphid-

virus specl.fic. ~ties I can greatly influence the amount of

spread (Zltte:t, 1971).
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Frazer (1977) suggested that simulation modelling could be a

useful tecbnique in the stUdy of virus epidemiology but it

appeerl:$ t}:lat $ew hava ta,ken up his idea.

Si1'O.'llla:t:j,:ort.mod.els can e:i;the:r:be deterministic, in ii"l'h.ich ·'~',~S$

the meatx 7,~lues of paral'n~ter$ and variabl~.s ait<e used and a$

auan the. t:ttbdel need only :b~i.run once 1iIith anY' l?articular set

ofpai~~t~rv~l~e:s.t .or ~to¢,llasti4;JJ'" 'tvlter'~ v9,:tues al;s.;depe:(;l~

.. ;d~ni·~···~~·;lltob~bili"C;l ..~t1n,nfdon$'~ta benQe.'t:her:.eisa ;raI!g~ <'

'of \on.-tci~~~~ for each parti~ular set (Ca:rtet'l 1986),. The:.

fo~uer·./'t~$ is .more col'fv:eni.ent to usa J)ut may in certain

C"'aSeSla,c:k .biological reali~m (Fransz and $~ith, 1.974)"

, ;" .

.of Qb-~®e'~lY$$

$eeltl.obvious tbat this step is the

cia! oi:uill in. a moaellinl; .e:>'ercisel but it bas ofcten

dervalq.~.d (Cas'{mell st: al .•, 1~72; ove:r.t.ol'l,llf,?"l'1)~

'elves d~~~im:i.ne the t.y,),Je ,Of <model .to.'.be c()l'l~t:.t'\1oted and;.,

o~ns~g:tien't:1YI the amount -.and. precision ot· ,data. required

.(Berryman al'1d Pien~a:t'i l,9741 and the criteria used to e-valu ....

ate the lttodel (Ruesink, 1916} " Conversely., the oomple:lr.ity

of th$ :model developed 11l.it1ht depend on the data already

available and th~ eff.ort required to collect more, that is,

a l1l¢delmight have to be simplified if only limitea informa-
tion can be obtained with the available resources (Carter,

1.986)0 Ideally a model should have generality I realism and



50

precision but it is difficult to reconcile all three

(Levins, ~966).. It is likely that the virologist t-lou.ld be

concerned with the amount and rate of virus build-up .. and

h(\w it is influenced by the size Of the veotor populationg

its' transmission ef.£iciency, host plant. resistance and 'the

cons($qu.ences for yield (Carter, 1986)6

The f..:trst stage Is to list tne COlnponen~Str .interact.ioXlIS and

mechanisms '~:~'1ou9'htlikely to he imt'ortant .{Hall and nay J

'19771 given the objeot:ives .of the model] 0' \113' a:xercise" 'l'b.is

e.rtaga. ,Oan be j,,,dtially crude r;.nd is then continually refined

during model· 4evelopm~mt as Ulore infornla:cion become~av...il-
.'

able (Berrymal1. and Pi'snaar It 19.74,).. coml~one:rztsthat effect

others ~jithin the. sys'tett'iI but are not influenced. the:mselvast

are placed outsid.e it and in t.his ~y the system bound.ary is
.positioned ..

The components that miq-ht influence aphid population dsvel-

opment include~ t,emperatul;e, host plant quality and aphid

density (Carter.( 1.~86)" The next stage is to rep;rl';:lsentthe
system diagrannnatically I usi:ng relational diagrams of t'l1hich

there are several conventions 0 A convenie!1t one is de'"

scribed by ve Wit and Goudriaan (1.9'Hl) 0 Variabl.os are clas-
sified into five ca.t.egories, each represented by a symbol:

a.) state variables oharacteri/(ls and quantify the state of

the system at any time r for examplef numbers of insects I

proportion of virus-infect.ed plants, b) drivinCj variables
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are those which influence 4-".10 system f::om outside but are

not affected by processes insidel' for example, temperature,

c) rate variables quantify the rate of change of state vari-
ables., and their values are determined by·state a.nd driving

variables, d) auxiliary variables are \'\s~ as intermediate
Vat'iables in complicated processes to aid understanding, for
e~ample.l'the use of aphiC!units to equate different ili'l',:;tars

for the calcUlation Qf rat-:,$s of pre.d~tionl ~nt\ 'e) output

v~l:'iabl'Ss ara those variahles t1'hioh the lilO,dalprod1:~ces f9X:

This step i!;(:\110Hs .2.5,,2' and is used to q1lQlnt:tfy the rela-

t-iollships -tlescrU~e€;' qual.itativelyu For aphids' ~nd ot;h~:

sp$oies t.he variable-li:f~-tahle .method has been 1:1idelj{ 'USl!.t(}

(Hughe$ and Gilbert, 1~68; Gilb~rt and Ro, jh<tPs'Q1911) t liihile

fo~ species such as ).ea:fhopp~~s.i' \']~.t.h severa.l distinct gera.':'"

erations per year (Sasaba et; al ..f 1973)t or moths t1ith wn~

generat.ion p~r y~ar (Dempster and Lalmenig 19191 Varley ~t

cAl~1t 1973){f a series 6f regression .equations have· frequently
been er.ployed.. ~he v;;.X'iable''''lif·e-table method inolud~s

three basic population processes t.;hich va:!:y t'lith time; d~-

velopment, survival ana r.eproduution (Frazert 1917) .. Gro..:~s

of insects are moved from one instar to the . ne~t

(d~e.velopmant)I wlth the loss of s,oma individuals at. each

stc;!.g·e (mortality/survival) ~
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Temperature is often considered to be the )t.ain driving vari'"

able. Extrapolation of the linear relationship "togive the
temperature corresponding t.o the zero developmental rate

(ievelopmental thres""'old t.emperat.ure (Campbell et

..Scopes and Biggersi-~_f .. 1977).~ .This threshold is

(Aalbersberg, 1987).

, " , -: ;,i:,::::.'/:.,'::'".

l1i¥sd·· .~it of phY$iulog-,l.Qal tilne~
..

Pll¥siol0gi~al units fa quip). of a~lY Qf t.he.
Call .i~$taJ; pet~iod,l'····l.$ ...a' cohvSnierlt·.::·······

len9th '.{G:t'1~rt r:::t Fil" I 1.9·'l6}... The a<lv~nt~geof a lC~al-t.ir,le

~rtepl' ·li~tl1~V.~t'.,is that tbe model' predictions .~l':e
:'1 , _ i' - - .: .'.:": '': : "',,:,'" , :,:'", :......., , '>I' ' >'. ,..." 'i',,~,::' -: ,"'f _ .; - " ,:.; '::'J ':,;' ,.' ,',:", :'. ," ,

¥orilparabI.~ to fl.eld ob:;;~rv;;l:t.tons (Carteri. If>8fil,,

c it' tS3Jl!P~li.a.t.~re$.inorease o.\x1'i;:,,9·the .seai?~n;· th$

- tl~-!·l.~-<i~~"1opmefli~also inQr·~ases·. ~fia $h6ui~':~be···iatl~en'·ill1i;~.·
'-:,----_-.:_-:'-:< ....•.::. ,."";:-.. <:'

.'considef~t:ton'I.

··~jnQdel··catt ··be used' to giVe ···ad-v"ic$)on Goni:;rol mea....-

sures I' ii; !las to be verified and: ' ..alida.ted.~. ·WPest?,:t~10terms

for l'I\od~ltesting are often used interf'~h.angea:Oll1 but i:t is

useful·· to differentiate between them..

priseS ·;he domparisol1 of the structur~ and general behavior

of a luode! \'I11t11the real system (Jeffers, 19:-8) and ensures

that. the model operates on the dat.a in the intended ittay,

that. iSi it is a kind of debugging (Loomis at: al" 1973)"

Validation is th~ quantitative c:..;omparisonof output from ·the
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model with observed results not u~ed to devl!":!lopthe ltlodel

(Jeffers, 1.97S; Carter et: el::, 198.2).. A model '!tlhich fails

ejJ.:her 'Verification or valiaation may have errors in its

structure lOr its formulatiQn lOr both •

. ....: ',,: - - '" , " .

On$unctes,ir~bl$aspect p;f lll~delli.nq is c,i:tllbratiou (or tUn"'".",'.

:Lng) Which :inVOlves d dlg;Lljg parameter valnG!s to improve

fit of: .the model to ob$ervations... This :may result. i~

loweri~~.;~i" t:he model' s ~~lal'latory role anti degenerate i,'ll;Q
" .,':','. ",: "," .

.$Qphi$ti~~t~d ··~rye fit:t.i.nCl tI.iQomis .:et; >aJ"I'..1.979l. In c.e,;"""

"'9- ...,u·.···· ¢~l:~~~tan~~s·· j.e- ~~~: .loe....•impi)$$:i.'Pie··.··.-t9·.estimate·' tll~';".'-.

value oiL'~ :pa~ameter ut14l$t'~ield c~nQitiort~.·aiv;t ca:U.brati~(i·

n1(;\jl' be the ¢llly 'Vlay of d~t.erm.ininRi-c (ca:t''t~:ril 1.986) ~

". i: <'i .'

.'1.'f1e ltto:;,;i£ .commotl. ¥tay of. ~al\it¢!a,'tinJ~]..:.a.. sim.ula·tion .:model, .is W
_. - - - "_ : - _'. - " •• -_.. • ...... '.. - - - _,_:~., - ., '_o __ . _

Q1:b:~~t:;69~~ar'i$¢n.!If'
~'. : :;.',; ::.

-_._ ._:-" .. .;' _" - _-.... ._-. -_-,

o~tPut. t"i~~ .inotependen'b····se~ ..•..
_._. :, ..'.: --;:--._-- _ -, -"

sf data (Ca:l:;'ter I 19S.6)"

analysis is ,th~ namagiven to the 'pl:ooess·of ex~ .:

peri1:n€lntiri9l' t~it:h mOdelE!' ~U11d ft irrvolve.s the changing ¢>f

model structure and paral\t~ter values" It is oarried. out at"",

t.el:" model< formulation: and should be used oontinually durinq

formulatit!:ll1 to determin.e the importance. of pt'ocesses

Two forms ·of sensitivity ana.lyses are recognized; a coarse

form WhE~r$processes~ are omitted from the model to test
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their overall effect, and a fine form where smal::" positive

and negative changes are utade to parameter val "Ues to study

the consequences. for model out'fut (Car\':er at; a1.., 19B~i ..

drily P!rle. parameter i~ changed at a t:im~ to test its ..'

.e$f~ot·.~~: moCf:el Otl'tpfrt, .~speaialJ.Y .~vher$· a·····mod~lhas many

parame:eers." ..
"",,' .',':-_'. >.<. ' ' , -. ,,,:::" "",,, ,", ' ..'. ::::

qu!cJtly l$ads to excessl'vs. numbers of S;illlQiatiGl1s ..

para:rru:~t~~ 'lit(:)d.el requ:b:es .Ji~ht simulat.ions' it) test all com""
. ' ...... - •.. ' : :.-,..... . ,. "'.' .' .. , ,., ,/:. '"<': ', -1{ 1':·· ".': ' '

,"'hina4(i¢x,$:V-$rt i'both ,qj_r$d~iori$, 'and> loll :gel1e~'~l 3 ..···....-'•..sJ.,muJ..a-

a~~':.·.!le~ded':·;for •.a'}\1:k~~~mete£.'!aod~l'·:td~i'ie~f··'·.:_,~9861·•••.:
.' "',:' .:

',','. :: ,', '" ','

-'Vlou1d have been ad:vantageOu$ to have tI$~n.:able t.o give
. . , , .

$ingle proeedure f-or th~ "d~!elopment of ..ii ~ilUulat!6n mOd~l
al.1~;tb ~p;tld~;r,this t'lifh "~~~c:rii?tio:m$ of valiCl.at.s~

t'lhicit: ~~;:: ~1.raad.i .£Ull¥ oP~x:~t~Qnal..·
-,':-----'-- " "':"':::'_,':., :" -'- .' ..,'..... " - - ..

JJu!nbSl" Q~ iipproaches t.o modelling is rou<;fhly

equal t.Q th$ '1~umberof mottellers ...

- .

could' be,'fUrther fr011l th~" tr lth as models
: :-----_.: '::-.' .:'. -- :-__ , ",: .. '.: - -- - - - "._::

help t.0 ensure' that the fi9ht data at tl'ic:;t{right:. prec 6ioft
level are c;allected (carter"t 19136)"
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In. all e)q)e:d.lllentsreported on Ln this thesis 'Use wa.S mad.eof

.th~ C1l1tiv~r Betta, unles$ otherwise stat$d" The reason for

this. being that this cultivar is one OI the frequently

planted J,:pftier ~l-l.and CC)ll¢!itiol'ls the ~a$tern ••...OFS.. This

cul'tivar "haSe been one of the tt;)p five .,(:.u;tti;v;.tJ;'s ra.nl(:E!d

popttla:rJ:ty \'fith ~lheat rr.Oduce:r$ Since·. 1985 ..(Anon

#~ter mCl.turity tn$ plants ~jet'e harVested. \;lith a plet h~-

vester, '$Xcludinq .the siets rot-Is of every plata ~he seeds 't\Terte

dried, '.cleaned and t'1eighed. In most cases the yields per

~lere transformed to tonne per hectare for at.at ' '-1ca1

analyses. t~ere yields of single plants were determined, such

plants were harvested by hand and the seeds removed from the

ears with a single ear threshing apparatus.

various yield components tvere measured during the course of

experiments.. This included the thousand kernel w'eight (TKW).I

1tlhich is a measure of the kernel 'weight or tvfillingVU of
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individual kernels. The flag leaf and the leaf directly

beneath the flag leaf are mainly responsible for the provision

-, . ..1

j

of carbohydrates to the developing kernels (Thorne, 1965,

Lupton, 196H). Damageto these leaves could therefore lead to
the shortage of basic nutrients to the developing kernels.

IJamage Qf these leaves couId also lead to a lowering of

photosyn.thetic surface ~\7hichalso leads to undernourishment of

the .kernels.. This usually prC)'\rideSa senslti ve measuremr.ant of

yield loss and "'las freqUently USsd during the course of

experiments.

othel': ..ttr.E;asurentents us~d w~re the number of seeds per plant and

the l\V..4.S$· ~f. silch··seeds" trhese· measurements t..lere used to de....

t.ermine T!<rt according to the follotelih9 formula : TKW = mass of

sesels/number: of seeds X :LOOO.

Altbougrh the l',lumber of tillers pe:t plant ant: plant ~ell9th are

not diX'$otl.y involved in eventual yield, the differences in

number .of tillers and plant length do give an indication of

the effect of infection on plant development. Where ex-

perimental . procedure dictated such measurements I they I·;er.e

done as well" other measur~1Uents included the number of

plants per l\1etre, ears per metre and virus concentrations per
plant.

3. .. 1. 0 3 Growth stage <letarmination

The groli.rth stages (GS) of wheat wera determined according to

the scale of zadccks et al. (1974), Tottman and Makepeace
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(1979) and TottmaI. (1.987). This scale 'l:.vas used because of the

decimal nature Qf the scale, as \"le11 as the provision of

numerous sub-classifi..:::ations t'lithin a class. This ensured

that accurate determinations of GS t..rere possible. The nature

of the. scale. is also. such that rapiCi determination of GS 'I;'las

possible under fiel.d cond.It.Lons , t'1ithout first having to

laboriously dissect. plants to obtain meristems to. determine

A short. synopsis C"f the Za.deks

scal~ is g-iV$ll in Table:; to ensure alar!:i;v 'Of procedures used

in the experiments.

A synopsis of the Zadol{s scale for grot'lth stage

deter:f.\inat.ion in cerealS t v1ith an app~Qximation of

the duration of. ~very stage {Zadeks at tll .., 1974)

S~.•.."'-_ ne~o~i~iom. .
o Germination
10 Seedl.5.~lg grot~rth
20 ~il1e.r ':'n9.. ..
30 stem ~'!1¢n9ation
40 ... Booti~q
45-46 Flag leaf 9xne:rgenceSO Ear.elllergence
60 Floltlerinq
70 t>!ilk etevelopment
80 DoughdevelQpment
90 Ripen'~ng

z::.w~o~im~v;G! E51~lF!~ionCi
36 days
21 days
27 days
27 days
4 d.ays
4, days

24 days
7 days
6 days
7 days

30 days
'0 Tile <brat:). ')n·ef a GS is extremely variable and is influenced

by cui tivar alld envil:'onment;,

Where experimental procedures demanded the control of aphid

pepulatiens dur ing the course of a seasen, demeton-s-methyl

{25%emulsifiable cencentrate (e.c.» and parathion (50% e.c.)

-------
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was 11sedin a ratio of 5~~ ml~650 ml respectively per hectare.

This concent.rat.c ..laS ei thar sprayed with a back-pack spraying

apparatus or a tractor drawn spraying apparatus, determined by

the size of the experimental plots to be treated.

AnnUal field. e::<perimentswere done during the period 1985-1990
at the Small Grain Centre of the Research Institute fo" c·ra-in

:crops at Bethlehem.. Wheat. ~rtas planted in soil of the Avl.on

type with a dep.th of 600 to 100 mm.

:;,ee"iing d.etlsities used, ~mlesS oth~rwise stated, were 25

kg'lha, and the recommended fertilizer applications for the

eastern 'Of'Swere used for t.:ill e2peri:ments. The planting dates

were uaually during the first two weeks of June ..

Plot sizes were lOnt X 5 Ol.~6 rottlS of 't'>lheat, with inter"'row

spacing of 350 to 400mrotunless other'ltJise stated. The plots

within a.n e:xperiment were uS!.4ally separated on all sides by 2m

spaces: t.o limit aphid movement between plots. The side rows

of a plot Were nee used for any measuz-emerrcsand nerved as

addi.tional buffers between plot.s.

The experimental designs used were according to the methods

described by Van Ar)t (1981). Experimental designs varied du-

ring the course of the study, but use was maLnLy made of 6 x 6
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Latin square designs, or of random block designs with 5 or t,

repetitions. Where data covering more than one season were

needed, oaze was taken to use the same experimen·tal designs

and treatments during the follovling seasons.

....,

In some cases factorial experiments t'11ereused, and in others

correlation and regression a:nalyses~ DifferenCes between

means "{,'Teretept\'il!d at the P ::::G.05 level of significance, and

smallest significant differences bet'l'rleen means tlTere determined

according t.o the Tukey te~.rt (steel and 'I'·orriel 1.960)"

Sample$ of field ....gro'l'rtn-vtinter t-lneat. Ccv~ Betta) '{ihieh ShO'lrled

symptoms t.ypical of a, virus infection '\'rYere collected from

va~ious localities in tl'eeastern ON'S for virus isolation and

identifioationa tt'h¢ no~al pH 4.0 flCI&rcate extraction method

used for B~Nwas foll.owed (Von Weclu!1aran.d Van Regenmol'tel,

1968; Rybioki and Von Wechmar, 1981)~

Plant sampl~s (100 g) t'1ere l'Illxed "lith 200 :m1 of lmffer con-

taining 20mM sodium ac.etate and 80 lUi'\1 MaC!,

(Miller and Golde"", 1950; Rybicki and Von

t'iTechmar, 1981). The samples were homogenized thoroughly,

adjusted back to the oorrect pHwit~ 10 % (v/v) glacial acetic

acid and left:: for 30 min at 22 ~oC to allow' precipita'Lion of

plant components. After clarification by centrifugation at

15000 g for 10 minutes I the supernatant was adjusted to a

final concentration of polyethylene glycol 6000 (PEG 6000)of
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7.5 % (w/v) and NaCl of 2.5 % (w/v), stirred for 2 hours at

room temperature and again centrifuged at 15000 g for 10 min

to collect the precipitated virus.

Precipitates were then resuspended in 1/10 of the original

volume of the eoet.abe buffer t and subjected t.o 2 cycles of

differentia.l centrifugation by alternating a run at 235000 g

for ao :minwith a low speed run at 15000 g fOr 10 min ..

3·"3 c~a'.t'ERl2iA1':t()N O:F V:U~us ISOLATED FRO};'i '\WH~z\'l' Z~ ~J!!E

SU,,1rJl~R UINlrALL ~E~

Various analytical procedures were used to determine tb.e

id.$11t.ity and. purity of virus isolates. Criteria used to

determine purity W.ere dictated by available apparatus and in-

cluded ultraviolet speot.t'oscopy. sucrOSe density gradient

handing, electron microscop::.l'and ser( logy"

The absorbance in the range 220 nm to 320 nm of all purified

preparations was measured in a spectrophotometer, using an 1

cmpa.th-length quartz cuvette.

The concentration of ttl Lsol.: '_es was determineD according to

the method desc:cibed by Rybicki (1984). An extinction

coefficient of 5.2 (Lane, 1974) 'I;'I1dS used for BMVisolates.

The A 260/A 280 absorbance ratio was cal.culateJ. for every
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isolate and the concentrat:i.on oalculated. according to the
iollow~ng formula:

C1 = A260/A2S0 ~ 2.6
where C,!= concentrat~on oOfvirus in mg/ml

A26.o/A280 = Absorbance ratio
2,,6= Extinction coeffici\i;.!!lt./2

To det:ermine the concentration of virus in the oriqinal. iso"'*

use 't'J'asma.de of the follo\11ing

(Cl/m) x b
COllcentra:tion of· vir·Us ;tn original. plant.
!(,?'lkg)

= l¥!aSI':1.of.· plant ma:terial.before is.oliltion(q)
~..Volume of' buffer Used to resrtlspend. isola.t~(:ml)

.:1mall aliquots .(1"2' lUI pel:' tuba) 0·£ t.he acetate-prepa.red

samples were. la:V'ered ont.o :10"'40 % (WI'll} $ucrose gradierrts in

0.05 )1. phospnabe pH ~hO and oentrifuged in a SW ,28 :8eckn:an

rcrtor at 112.000. 9 at. 10° C for .3 ..hours", -rne $UCrOS~ columns

't'J'E:.refrac·t.ionatedl into 1 ml samples t,yl.th a fl.".$.ption CQllsct.or,

and the a);)sorbanc~ at.· 454 .l'lnt mea$uz:ed...

ll'he method of McEwin (1.967) for estimating the sEad:bnent:ation

coefficient of a particle banded at the <.'lentre of a tube

(a!?proxbnately 25 % wit'! Sucrose) was used" The solute con--

oenr..ration correspondintj to extrapolat.ion Of a linear grad-i-

ent distribution to zero radius (Zo) for the rotoX" and gra-

dient wet.scalculated from the formula:
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where Zl
Z2
rl

= minimum % w/w of sucrose gradient= maximum % wfw of sucrose gradient= meniscus of gradient i.e. minim~m
distance from ce:ntrif~:agalaxis

r 2 = bottom of tube, i.e" n~~ximumradial distance
from centrifugal a,ds ",

va.lu$.s'fs;l'erefound in Table 9, Griffitb, 1919 ..)

(10 %)
(40 %)
:radial

'It {These

By' llsing the t.ables in appendix 1 (Griffith, 1.919) the Time
"

integral (n values for sucrose at the meniscus of the gra-

dient and at. the separated: zone for the particl.e "1as, found Q

fonnula *
sao tW \:: 'r (25%) - f(10%) / l12t

'irlh$:re "12
t

== (0 ~10472 x RP!1}!?
- du~atiQn of run

, Fi v~-day"'old ~lheat plants ~nd Chenopodium hybriC/am 'VIera me-

chanically inoculated 't1ith the BD-Wi.Galates" A paste con-

sisting of 'Taxying concentl7'ations of the purified 'V·.:i.rus,in

acet.ate buffer (pH 4), and ,eelite (as abrasive) ''''as prepa~ed<f

This paste ,,*lasrubbed into the leaves of the i'lheat plants 't'Jith

a 10 x 10 em piece of sterile cheesecloth .. Tlrlenty minutes

after application of the paste, the plants ~tere sprayed 't'lith

''\Tat.er to remove excess celi te and other debris from the

leaves. Wheat of the sanue age was also inoculated ,,'lith celite

and acetate buffer alone to serve as controls.
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The wheat plants were then allovled to develop in an a.phid-free

greenhouse, and examined evary second day for the develapment

of macroscopic symptoms on leaveso

3:g.G ......••.:f;ra~t..ions 1;v~,t"1$
., ," , .

~~dl1l the serum by the :mathod 6i: .Cla:rc]c and Adartls .

···'.~et~~t~a$~ncuba.t~d·at 37°···C.for 2(}'~in\l'te$.··tl1i:tb.<1.~i"

~;~llriflsd f~'~mVitu~-"frea plant$.. . TEla" hQst -,sap

obtained ~ ~rindin.9 heal:Cl1y .;pla.nts in. aaetai;e buffet' (pH
;'

, .

0"o:n~t) .i;i;nd ~ .~iltaring th~> $ap tht,:ougn a ~in9'le
-: "'"',,< '.. ,::-: :

cheeseclot!i~< The serum t<lq'$ th~n centrifu:g~a' at 10-OO()g
. " ,', .

..'.I'!,~!.$uperh~'tant,'•.' t1aSr f~in¢uibated liitb b,Qst .'sap..' f(ll:"
.. :."., ....: ...

. .

The t~10 pl:'~¢'ipitatas obta;tnf!d> in this raau~~:t' t"ere combinecl e
',,":""'," ,.; .,:"," .: .. ,',' ... ',:

the pH a(;ij'tl~.ted to 2..9 'V1ith. 0"1 ~1 Hel, arid centrifuged ?l;t

l86000 .g $p,; 30 min.. Ten,·rtii.,of StlPerna:tant was decanted into
1 ntl. Qf"'O~5 1-1 phosphl~te btif:f~~ (pH 7) ( and \a:ftC;lt'.•adjUsting J;l1e
pH back to 7 wittl .()~1 N NaOHq the globu.lin :f:r.'action ~~.as

precipitated T11ith em equq_l. volume of ,saturated anunoniwu

sulfate sC)lution.. The precipitate 'tl1as l:'SS1.1SpiSnded in a 0" 15 M

HaCl solut.fon and eentrifl.1ged again at :1.0000 g for 10 min to

remove any :'denatureci 'host matel."ial"
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1.L'he globulin was then precipitated "lith ammoniumsulfate so-

lution and centrifug, d at 10000 g for 10 min. The globulins

were resuspended in O..25M PBS pH 7,,4 and dialysed in 12000

m..w.. out.off tUbing overnight againc:::;t a lar~ "I volume af the

samE!buffer e

.Small aliquots ".rere passed through an anion exchange column

(Whatmal1 DE 52 IT equilibrat.ed ''lith o. 25M PBS buffer) it

tiona with Qibsorbance of 1.4 or higher at 280 run were pooled,
~nd Qlilut.ed to give an 0.0 280 of 1.4 (= 1 1t19'/ntl)

1'he PllZ':i.£ied IqG 'ilTClS conjugated with high-aotivity all(aline

phospha'tase (2500 tt/mg,. Se:r:avao Laboratories) by incubation.
wi;~ 0~06 % (vIv) glutaraldebyde (Fluka). for 4 hours at 22°C

(Rybicki, .1979)~

Conjugates Wet'e s'cored at 4tlC in pH 7 ..4. PBS buffer wit.h 1 %

(vilv) ''bovine serum albumin and ~"G5 % (w/v) sodium. azide. as

The SM.Visolated 't11th tbe acetate extraction prooedure was

compared to athet' isolates of BMi! using the double ....a:ntibody

sandwich imrnunosorbent assay (DAS-ELISA)
(Rybicki and Von vlec::lhmart 1981) ~ The antisera used were eith-

er obtained. from th~a UCTor made as cl,~scribed in 3,,:L4.. These

'were conjugated as d.escribed by Erasmus (1982) Q
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Th.e RIO technique (Slack and Sheperd, :1.975; Von wechmar at

fl1", 1934) '!flas used for tes·ting for sead bQrne BloiV, as this

method, .although not. as sensitive as the ~LISAg provided a

for the rapid screening of a large numbst' of samples.

: ,,' , '. .

';soribed t..y. Ol.ark and Adi;llrtlS(1977),. Antlb,tldy \'1(llS diluted in
" " ' . ; :.:, "'.

G...05:J!.i( i?h9Sl?hat.~ buffer (pn. '10 OJ to yield ~ .;¢inal t;:lol'lcentta-
,.,",'

:'Y¥:t(?l't·''§f ·A~fh.~(jlm-l,,· •Wel1$;;·w~i:e.coateq.iiith;··.~;~f)··.•·iLl of ....diluted.
·····anti~brla1f··p~~/~tel1 •·ancr··inbribated· at. ··~,~··~;·:tQr····1-2.···-.hQurs·~·

;f?fa~tas .i"~~'~ ; liiashteai .~....•.ti~e~..'t:fu:Quqb a 5,...litinut:e soald.ng in

.l?B~IO ..P5:'P~,;.··(.J.1V)T~~en-20 ~iij ..4 (~S~!f). t~~Jt.drained upsid.~
<, -' . . . .

. .

d(l~·J.n 011 pa~\~.r totrrelling.. ' .....•~ post-coati1l9' stilaP t..yas usually

p~ff~t'm~cf',~o.rt~oh.wi;a~~Ck~l:'6li~~" 'Phis .<eoru~·i:~,t~dQf incubat.ion

'~t~~hd?as;'f16"~a'% (t\t/vi' a$A':~1~"1-i4 .,{p,as",T.,;.aS$\l;··· the t~ed.ls.:ci.t ...
:min'U:t~JS..

~$stecl ~e~s sUSpl$nd~d in PBs""T-nS~

~rttig;el1$ ir,l'er~ $e~;i.al:.ty diluted a"",
: .

T~e saln~1.e~·.(200,ul/t'lelll ·l·i~:r;e incubated in

~aysi at <a.ju C for QO"'12{) :Iltinutes" Tr~y'S ~lere l1asned 't'lith

PBS-T as.b$:eora.

conjugate suspensions p. :m9'/!lil speoific antibody) 't'1ere dilu.ted

in .PBS"'T~BSAj as determin,ed previously .by.· grid titration

(~ybiekit 1.919), to give an OD (max) value, after 60 minutes

substrate incuba1:ion, of bat't-leen 1.0 and 1.£,) 00 units 0 The
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conjugate suspension dilutions 'ttlere usua].ly in the region of

1/2.50 - :1/500 (2-4 Jt9/ml antibody)" ~he conj ugate was in-

cubated :f3r a minimum of ,2 hours at 37° C, cr 1.6 hours at 4~ C

(Rybicl;;.i .. 19B4} " The wells were washed as hefol e ..

.:t'~e .substrate ~olution t'l1as prepared. freshly f01:: each assay by

dlss91ving: p-nit.rophenyl phosphate he;g:ahydrat.e f,l. 1il9/ml) in 10
,\"

illaS added t.o t.ne plate and theft inCUbated for 30-60

at· room tempererture ...

..u$ual1y read several times (at 405 nm) du.ring- the

sta{_~,es of incUbation" A ussful feature of the Titertelt
;\ ---. '

]iultl-sltan '~$ reported by Ryblclti' {19S4t, t'tos the li~matrix 1nodeq~
\~, " '( ". - - - : . - ,- - - ,- .' '

. ' : ,1,c,\\.

optiOn)t' i<Ybtt":!h irlaS used sxtensi vell' to standardi2® rssults in
i;. , '_ "',"--;-_ _<_l:, " : _ ',-" _,',_.' ,_: _'. , - .

aiffer~nt trays by prknting; 0',:,' 'ifalues as percentages of a pre-
~',- : . " .

ssleoted :maxiw.i.:~m012.. ~'ilheraquantitative valu.e$ l"lere- needed,

.at :i~cr'l)3t10 ··repetitione per sample were done on the sa~
. ,!~ ..' . ,·1, .'

The i:nteilsUty .of the cclQur reaction of a. st.andardized

Al though some controversy' e:ldsts on using the ELISA aJS\,a

quantitative testA: use was macie of the follot>1inq:
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A = i:,v/a.rrt/v = Z m/a
where A = absorbance

m = mass of absorbing substance
v r volumeof solution in microtitl~ation plate

~1ell
a ::::cross-se0i::ioA'lal area of nLicl.:"otitration plate

vIell
{Titerteii\:Multisikan operation manual, Eflaboy qo .." Finland}

~,":', -,::,:,,; ,,:<" ", "'::,', - - -_.

:procet,lt~'Jt.~..used

~lltaQ ip,<:ltrded. using 1111 1:he negative oont1;'01 ::ceaclings

particulp,;c·.·plate as ·a blanking control ami. suptrf!oting the~a

'l"he.pas! tiQllSvalues ;l:17011lthe ..reaaings qf the positive t~~t:$,

\-lhk~ .:tandolRited on ..the
:: .~.:~~.:::::" , ':'._"_ ,-, -. -: - . - - ,; -: _. -- - - .'. . .

errors dUe to pqsition on the plGtte"
:','.: ,'.":' "

was madE:}·6i various latticE! designs .for ~ample loa'!!ing On
.'"., , .' ,:. ,,' "

plates a:s ~1?S. reoommended bli J;lurrovls at al ~ (1.984)f and a eLlt....

.Qff valti9< ",tas determinec;l that correlated t;tith virus tit.er$

obtaine1.d tlt.ll7iil9 isolation.; 'Bo:r.qarline. cases t1are repeateCt a.~cl

if a ri~tm~i distrihution of r~sults 'Vlas not obtained, the c'Ut-

405 mn Qenel:'al1y l,4,sedin tests waS 0" 1.5•
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The procedure used in these assays was essentially the same as

that described by Slack and Shepherd (1975) and Von Wechmarat
al. (1984).• Plastic petri dishes (10 em diameter) 'l;1ere

wlith a thi!t layer .t5 mIl of D.5 % (-r.v/v) Difco-Noble
,-_:- __ " ... - ".- ".

agar in 0.0$ M.phosphat.eIO.15 M Na.Cl (PBS) buffer pH 6.0, with
:1 sodium az:lde-added as preservative"

'.

Qver".iayer¢d. tiltb 2.0 litl·~9"ar.at. 45:'.~C ctmtaining 1./50 diluted

.a~t.i.l3!~ ':~+~l-L1,a.. ~Plates ~lef.k incu-Qa.ted..it!hUlllid boXes at room

by direct.

. .

.;rrsl;~e~m~tli\mi~~~~e@vy

Pm:'ifieq Salnples. Of acetate isolates \'lereexa.l11ined bY electron
micl1osc9pe at. the Oepalti:..<'Uent of x.licrobiology, University 01

Sall1pl~s tv-ere applied to Formvar-coater

neg-atively stained vlith 2 % neutral

phosphotungstate, and examined. in. a JIm-100S electron

mioroscope.
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3 ".;r,,, "1 l:solatiQn and itlsntification of other viruses oecurrilll9'

simultaneously ~ith B~IV under field ~onditions

Fiald collected. material was also subjected to the follot'1ing

purification protocol for the isolation of CMV. All the steps

in the procedure 'trIerscarried out at. 4° Co

Leaves "tere briefly rinsed in deionized water and then ho-

mogenized in 0...1 1'1 sodium phosphate buffer, pH 8 ..0.., contain-

;Lng0...:1 % diethyldithiocarbamate .(DIECA) alld 0.,,1%thioglycolic

acid ('l'GA), in a leaf (g) to buffer (mll ratio of 1.:2.. The

homogenat.e ''laS tlr "tt· centrifuged at 10000 9 foX'·;to min"

The pl:'ecipi tate t1ni(;:tb conslsted lUustly of plant dBhr is was

d,iscat'ded" Triton X 100 ~las .added to the supernatant fluid. to

a final conoentration of 2 % (v/v) and t<!asst.irred at 4°C for

15 min~ Th~ .supernatant t'laS i:tdj.usted to· £i.nal concentration

of '10;5 % (t:lIV) PEG60(}0and. a. 5 * (wlv) NaCl!,.and stirred for

a further 15 min at 4° C, and again centrifuged at 10000 g for

:10 min" The ~sUPernatant was discarded. and the pellet

r ~sllspendedin a small volumeof 0 I> 05 1-1 .boratE~buffer., pH $).0,.

The isolate was centrifuged again at. 1000.0gr for 10 min to

remove the denatruzed host componentis, and then centrifuged at

23500.0 g for 70 min. :he :.::upernatant was discarded and the

pellet resuspended in 0."0.5 1-1boratf,: buffer. To l{eep virions

intact a 4 % (v/v) formaldehyde solution in 0..05 Mborat.e was

added to the resuspension buffer in a 1:1 ratio.
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Samp]~s of CMVin dried lupin loaves supplied by Professor

lV:.11. von Wechmar, Department of Microbiology, Uni vez s I ty of

Cape TO\'lli, '!tMre ground in 0005 Mpotassium phosphate buffer,

pH 7, containing 0.0.2 M B-mercdptoethanol and 0.02 11DIECA,

and inoculated into 5 day old wheat pLan i",s using the same

procedUre as described in 3..3..3. T'.ese plants '\-lere harvested

10 d.a.ys after inoculation and the virus 'tvas then iso ~ated 't".!'ith

The isolate tested.

posit.ively aJ;1ainst an anti-Ci\iV serum suppli~d by UCT and vIas

t.l1en use~··to rai~e an e.nt;i:....sel:um in goats.

'fhe CMVi~olation :from. field cOllected plants. yielded no de-

tectable 'V'il:''I.:U:~ both spe('· ""'c>photometrically and '!fInen tested

against alW and ·CMVanti-s$ra with t~le ELISA,Q

tvere not t.ssi;e(! any further.

These samples

Plants eollected ;fr.om the OF'Sand Natal were tested for BEW~

some of ..these plants were ground up and the sap used to in-

oculate Wheat (cv , Betta) grot<m from a virus free seed. source.

These Lnocu.Latied plants 'k'~re tested for BMVsix weeks after

the inOCUlation.
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samp tee of these plants were replanted in pot.s in t.he (jreen-

house and placed singly in aphid-proof cages. virus-free D.

noxia were placed on these plants inside the cages (10
aphids/plcmt) • On plants where successful colonisation took

place, aphids were allowed to feed for two weeks , and were

then transferred to virlls-free vTheat seedlings grotvn in pots.

six t..teeks after colonization the aphids were kille'i, and the

wheat pIt,rIts tested :for BMVwith the !1:I,ISA~

A sUrvey of· BMV in the eastern and western OF'S and l~a,tal was

:m~~f,l.eduring the peri:;.'lo Februa:ry l,::-aS to April 19810 The

plarrts tested .included Cbenopodium spp, I ir" ~renot;!s perennia',

grasses (B,romu;9and Eragr()stis aPt>~) and vol..tn'teer t';)'heat.. Any

aphids found on SUch plants were collected and tested for BI~.

The stratified randr,lTlsample design (SRSD) technique desoribed

by Oelp at a.!~ (1')86) was Used for sampling the plants ..

This technique is based on the division of the entire area to
be sarn"led into uniform sect.>X's~ These sectors had to be non

overlc.pping, and together they had to comprise the entire area

to be sampled. Once the sectors had been daf ined 1 a random

sample "'la'S collected from each sector. A feature of this

sampling desig; was that every plant in the field had an equal

chance of bed n-. sampled and provided an unbf.aaed estimate of

virus Lnci.dence , Another advantage of the r.eohn.Lque was that

the sectors were uniform and :i ndependerrc, and coul6. thus be

compar-ed vit.h variance analyses (Cochran, 19!53).



72

At every monitoring point, 5' plants from the sectors laid out
on the edges of ploughed fields were randomly selected. These

plants were placed separately in marked plastic bags and
brought to the laboratory and tested for BW'

."iill:ty po.ts in the greenhouse wer.e planted with ~. plants each,

1.l8ing virus-free sEIad. The seeds ttlere vernalized for six

weeks at 4. a C aft«:!:!:,germination in petri dishes t.o enhanc~

tiller :formation~ tjthe plants were divided randomly into three

gro1.lps of 20·pots each.

The lot-.tertwo leaVeS of eVe-X:¥ .plant. in the first qraup ware

:mechanical1y infeot.~d with e; purified BMVisolate during GS

15, using the method. desc-x:ibed in 3.3'.3'. This procedure WaS

repeated with the next S.et Of 20 pots at GS 30, and the last

Get of pots were in:r:ected at GS45.

After two weeks t.he distal 2 em of t.h4~ leaves which had. been
infected initially, as well as parts of any new leaves which

had 'appeared in the interim were removed and tested for BMV

with the ELISA. The same proce.durp. was repeated fortnightly
until the plants started to ripen. At the end of the season
the internodes, as well as any ears that had appeared, were
tested for BMV.
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A trial was conducted in the greenhouse over two seasons 0

Wheat frolll a viX'us-free source 1 was grown in pots J' after the

seed had been vernalized for six weeks after germination at

4i.>CiI In an attempt to sim·..llate natural condi t.ions I t.be night

temperatures in the greenhouse ~'lfere allowed t.o vary 'tV'ith

c;tmbient temperatures ( ....4 to O"C) and. the etay temperatul"$S were

Mzceptat: 1.5(1C for·tne fi1:'st three months, and at 20( C for t.he

l.~e$t of the growinl1 s~ason"

The plan:ts ..'Vlere·d.i'vided random].y itli;;o tlu:ee groups of 160

each,. Whes~ 9:t;oups ,,1ere mecha.nic;ally inoculated with BMV at

three different g't'O\1th at.ages. using the method. desoribed in

3' a 3~3.. initial infect.ions Welte done art GS·2:5 {seedling} J' SS

30 (stem elongat.ion) at:.'i. GS45 (flag leaf) respectively"

The three :mair..groups were sUbdivided into foul' groups of 40

plan'cs each and trt?ated in the following manner: ,a) A oontl..·ol

group which 'frlas treated with inooulation buffer and abrasivf,e

only f b) A group whj.ch 'i.v-as infected. wit.h purified 3MVat a

oonoentration of O..()Ol lUg/ln.lof inoculation bUffer (Fivt::!ml of

buffer per plant), c and d) The same as abov~ but lrdth virus

concentrations of 0.01 and 0.1 mg/ml respectively~

These initial infection levels were chosen after isolations of

BMV, from virus infected D. nOKia, indicat~d virus con-

centrations in the aame range.
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The normal yield components were measured at the end of the

season. Virus in leaves of five randomly selected plants of

each group was isolated and the concentration determined
spectt'ophotometrically;, This was done by removing tha bottom

leaf of each plant byo \";Aeks at'cer the first infection and

thereaft.er another le~f every :"bree t;)'eeks.. In addition theSe

leaves ,tI'ere te$t.ed for BMVwith the ELISA .. The yield
:measurement.s of these plants "YJ'erenot used in ,srtat.!stl cal

analyses, as the removal of leaf frag:ments ~ould have had a

detrimenta 1 affe<.:t on the plan.ts.

~ e i.! l> $ l(,;~fcae~ c~ a!·w. un.d®r fi~::Ilr~ M}n~itiQIDlSi,

V1,1lieai!lfron"t a virus-free source, 'tIl~tJ l?lant~d over t'V10 seasons

in 'che field~ Plots of 2m x Smw'ith five rows o:f plants per
. .

plot· were planted using ,_t ran(cmiz$td block desig~'! 'Vriti\ three

treatments and ~ive replicates of SEltlh. Only the middle three
rOt'ls of each plot were ul-;ud for experimental purposes.,

The plots t'le:re divided randomly into three groups of five
each, Ei9'ht.~..'t'lheat plants Jper ret1 in the middle three rOlPlS 0·£

every plot in the g:t'oups lrle:l:'e mec}lanically inoculated with. BMV

at three d.i£fer~1nt growth sta,ges using the method r.:!sscribed in

3» 3 ..3 • Initioll infections t1ere done at GS 15, G~ 30 and GS 45

respectively.

The three main groups were subdivided into four qroups of 20

plants each and treated in the fv -,lowing manner: 16.) A control
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group which was treated with inoculation buffer and abrasive

only f b} A group which was infected with purified BMVat a

concentration of 00001 mg/ml of inoculati~' buffer, using ~ive

ml of buffer per plant, c and d) 'rhe same as above but tdth

vi:ru$ concentrations ...of 0.0 01 and. O.t lilgIml respectively"

strict chemioal control of aphids was applied on t'leelcly

.!.J(p;i:>.I ••i(:J throughout the seaSlJ1'lto ensure that no colonisation ·of

exp$:rilltental plots too]t place"

per plant I seeds per plant, :m(.'l.ssof

seeds per p~ant and plant height t-Jas recorded at end of

season.

eastern Oli'SirJere

plan-ted over t'Vl0seasons in pll',;ts of 10 4, meters in al

Latin square design. The planting dat:e 'l'.<1hich'Vias se;~ectedl

a mean of the recommendedplan:ting. oat.es the dilef~re:nt

oultivars ..

The plot$ had ten. t'O\'lS of plcmt.s .instead. ·0£ the five normally

Twenty percent of the
l~lants in the middle three rotllS of five adjacant rattlS of

plants in a plot of each cUU:.iva:r \'lere :t ndomly selected, and

1::henmechanically infected 'I;.TithBMVjust prior. to tne stage

that all the cultivars 'lrlereapproaching GS30. This infection
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stage was chosen after it was found that infection at this

growth stage had the greatest effect on yieldo

Aphid colonisa.tion was controlled chemically fortnight.ly

throughout 'the season. Observations were made on a 'tPjee]~ly

basis to ensure that. aphid colonisation did not take plaosJ

and the. number of plants per plot deve).oping B!~Vinfection

symptQms. vras recorded ..

tJ7he.plants· Weri? harvested at the end of the season and the

:yield per plot determined" This data 'w'ere then correlated

"lith the BMV infection levels of 'i;he plot concerned" The

normal yield otJ:mpollentswere also measured"

Four h:una):'ed seeds, from a SOUrCe tested to .be as % BMV in-
fected. with the ELISA. t-Tare individually soalted for 30 minutes

in 1 ml of distilled t>later; removed" t'J'ash.'SQ under running

vlater for two mirmtes, and then diSSected into embryo f seed ...

ooat and endosperm.. The three dissected parts per seed: ,!;<Jere

then grQund separat.ely in P.BS-T~.reen-BSA (pH 7) (400 pI per

seed.) and incubated overnight at. 40 C4 The dissected. parts

were then t.ested for the presence of BMVwith the ELISA4
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sixty seeds from the same source used in 3.5.1 1(lere soaked in

1 % sodiUiilhypochlorite solution for five minutes to determine

the effect of surface-"sterilization on BI-nr infection on seed"

The seeds 'VJere rinsed five times in 1. ml distilled ~l~rter per

seeci, dissected and. tested .:Lnth.e same manner as men:t.ion4r:l.d in

Giaminat:lon tests on seeds vIera done in· the same

manner as. described in 3 •5...:3 r both before and aftel:

erterilization, to. ,determine 't>1hetherthe lQss' fil seed viability

cauSed by Bl\Wlnfection was influenced.

l:'!ine ,'9roups of ,seeds 'tdth Bl'1Vin;fection ~ates of a %, 5 *., 10

%; ,;15 '%, 20 ~!I 25 %1 30 %1 35 % an.d 40 % ~lere identifie~ 'tiith

the rZ1dial iWllunoaiffusion. techpique' (400 seecls per test}
'Ii'l. ' - - \\

,
TbeS\~ see~s (250 per \l,ronp,) w~r~\.divi'ded into 9Jroups· 'Of 50

I/o·

and .t<Jere. allot1ea" to germinate on :moist. tissue paper in petri

dishes at 22.~C in the .dark for 48 hours~ Aft~r 413 hours the

nmnber of ~ermina:ted se~ds 't1l'cI..S recorded"

S" $ 0 4 ilfio~t @$! ililoeulW!!\ e@IQleel.'llt~gr~iQlil &1lil©l -rcim@ (9r{!;~7til!

stag-f:),) of infection tlitlll WW of ti!@ SQG©l p~;:lleclilt olll m@Gl~

Pl!:O~UQ@~

Twelve grou.ps of seeds vTera obt.ained fr'om the g'roups of pJLants

used in 3. 5..2.. Five hundred seeds of each group irlere tE!stsd

for BMVinfection 'lftith the RiO technique, and a furtheJ::' 120
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Fou.r

hundred seed.s from each group 'ii/ere used for .germination tests

(See 3" 503»"

for 9~rll1~l1ation tests in $011 in groups Qf 50 seeds each~,

These seeds itere planted in $;eed trays in tn~ laboratory anlj

we;tg· i~llt)J~~l/tO'··g.~ntintit~ .aii t'¢ilmii tem:p$~~tults:...vlithout an1".···.·
./ ..... '.J ". .: '_

Th~1e~fter.···"the·iper¢el1~ta~e····germinctt~~ri.·.·

"-_._- .._-._.--. _.._.._.'::'-:(;' ':::':'::"~.;.""'-'--::"~-'--~-::--:--~~:::-::-_.. :.-_--._"::. --------~~-<~-<:..::.>.~.::.:..:.
in 3~5,,'4; ct..r~i{$·j;ran$fei!i.'red:\ t~ t , ~ ·tti:"'eE:!ll"lIJit:;t!ltS~l!·.··

." :_..:(: ,,:,:. .'~'" ,".. ' , .'. :',:" .:' ',':i'" ::," ':':' ,

al10.t'1~d .t.()' "gro't'1 for six ·ti~el~s..
_," "."{. ',;

, \ "".:;:"" .' ,: ..... ...

ph,ot¢iperi~?g .~:\t a 15/9 fiOlll1
- - .,\,., ,"

. 1'ter,e a~Ed:;':at 20/100
i,:' .::

..

ell:"'"'

"th~j rWi;:$p .'V:teffe.;t~~t$d" 1:0.]( BMY li~i:l;ictiori"with the>'
'.''.. ;~~~:~~.re$u~~s"~l~#~~':;~~rl:e1.ai;~a··~1~~ij~'~\~he'init:i'al ·se$~'" .'

..•. .", , , ... I:

infect.~o.n..iant't ,9'ermil1~t,ionperQ£,f.mtage~
'I
'i
,/
I'

" .' ,;"'""

,S~~i'$...tit'~n$mis~iolla

se,ads of E!~cl1 line :,were 1l$.~C1,half of "lh.iol~vIera t*,~sted fQ~1

BMV and t11,$ ptner half usrad ftJrgermination tests (See 3"563),,
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A numberr of seed lots (ev. Betta) vIas tested w.i til the ELISA

until sources vtith 0 %, 10 %, 20 %, 30 % Q,nd 40 % infect. ion

levels with BMV,..jere round" These seeds ware planted in ,10 x 2

m lll()'ts in a 5 x S Latin square desi9'n over "b-JO seasons"

Aft.~r emergence of the plants they "lere sprayed with insec-

ticide l:ll:t weekly intervals" The mlmber of plants per' m2 in

the middle three :rOvIS of every plot "las recorded every 25 days

up to 150 days after emergendiS" The number of plants per

plot., number of tillers per plant and number 'Of plants per

metre lilera also J;ecord~t1at 'ehe end of the season 0 The plots

'l'tlere harvested individually at the' ella of the seaSon and the

yield and TXti'determin~d.

A m..nnber of aphids vlSt'e' collected at random from volunteer

't'lheat and .Brome 9'l:'a$$~ Half of t:hes~ a8hids 'lrlet"e tested in-

dividually 't-lith t.he ELISA for Bf4V. ThE! at-het's t'lere trq,l1s-

ferred to t'lneat grown from vi~:-us :free seed, using an average

five aphids ret' plemt. Tt-lOifleeks after init.ial col e,misation

these plants Were sprayed with insecticide to kill the aphids.

The plants v.rere tested for BI>W wi th the ELISAafter another

six weeks had elapsed.
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A colony of 1) '" lloxia raised on virus free lt1heat ,{>Jasused in

this experiment" Aphids ttlere removed from the initial plan<cs

and transferred to t']h~at which had been mechanically

in.ocllla1;:ed 't'lith BIN.. laefpre transfers t'Jere done, the aphids

't·tere subjacted. to preacquisition starvation periods lasting

60 minu_tes" The aphids ~"]ere then transferred to

'irlheat qro'\'1n from virus free seed. T'V10 hundred of the aphids

placed in funnel covered v.rit.h a double layer of

and 'tiTashedfor two minutes under running vJ!ater to

:remOVe possible external BlN contamination.. Thay vlers 'then

homogenized and t.ested ror 'che presenC'e, of B!v1,V with the ELISA..

rest Qf tb.e aphids {5 per plant) were left on the nevI sets

plal'lts fo;r p~riods of .5 .... 25 minutes ·after probing had

sta:tted* The plants t;Jare then spr.ayed ~tith ...inseoticide and

kept free of aphids until the assays. t..rera d.one.. T~n

replicates of each. feeding t.ime l:qere done and the plants t'lere

tested for :ar.Nt,yitb. the ELISAfour tieeks after the aphids had

beel removed..

A:rnids from the same colony of D. noxin used in 3. 6.2. 1 were

USSu .i.u a serial transmission experIment., After a preacqui-
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3.6.2.1, five aphids per plant were transferred to wheat grown
from virus-free seeds~ The aphids were allowed to feed on the
plants for 48 hoUrs after initial colonisation and then

tr.ansferred to a ne\-,set of plants. After five transfers the

aphids 'V',ere:killed by spraying the plants with insecticide.

The plants ",<lerekept in aphid-free conditions for a further

'flOur 'I;'leeks·and then tested for 13MV"

~h$ infl't;!(¥lnQ~ of tile GS Qll; t:b~· tgL"'~iCilt. pl.~litt and

fSJ,ur~til,)~ of ®xpQs-ux:e to vile'~lif~r~u$ 1).. ]loxia on BI·W

t~n$m:l.$H!3ion

f;rolt\ the 5am~ colony of aphids as in 3. 6..2,,:t. '{'las used

a t;;xp$rim.el1t ~ One pot of 'lflhe.at:.meohanip~llY in-

fected \;1ith B1Wand colonized by fj" noxia 'VIas placed among: she

pots. tvith three virus-free t1heat plants eaen (l:eplicat.ed s:bz

times) ~ At th~ start pf the e~l:-'e:rim$ntall thl$lse.plants 'Vl~r~

at (is 20" Aphids were allowed. to colpni:te the $l.l&~ou.neU..nq

pots nat:.u:rally in a variation of the arena test de$crib~d by

I1:.'t11n and Ruesink (1986)

'The aphids on the first set. of six p\lt"~",ere allot-led to feed

for one 'veek before being lei!) ed t'litil. ins~pt.icicle. At this

stage all the D. noxia on the meChanically infected wheat had
oolonized the newwheat in the surrounding pots, and the pots

with the mechanically infected wheat; were removed from the

greenhol:.se. The second set of pots were colonized for two

wee]cs before the aphids '\vereremoved. 'I'his l:>rocedure "las
continued for four more weeks. All plants previously sprayed
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with insecticide were resprayed at ~leekly intervals to prevent

recolonisation by aphids.

After the last Sl~tof pots had been treated in this manner a

further four t-teeks t'll'ere allctl'.lTed to' elapse befor~ the purifi-

ca.tion of BMVfront individual plants in t.he different treat-

ments. :VIas started. The isolates 't'lere tested ~Jith the EL!SAto

confirm the· iden"ti:l;:.y of l~he virus.. The concentra.tion of BWl

was then determined spectrophoto:metrically.

presence of offspr.inq en'. leaves colonised .by the a};lhids J

during courel:t;'!,of the experiment ds:scribed 3~{:),,:2,,:3 vIers

removed fram the experimental plants and placed on moi$t paper
in covered petri dishes" Randomsamples of theSe aphids 'V.rere

individually teS!;ted ;for BMV"lith the ELISA.. This procedu:i....e

was :repeated "t'lith sampl~s of the offspring"

The new-b0rn aphids were transferred to virus-free wheat
seedlings and allowed to feed for three weeks0 Afte:t· three

w'eeks these aphids were killed with insecticide. 'l'he plants
w,ars allo'lltTedto develop further for four more ~leeks before

Leing tested for aI~ with the ELISA.
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Field collected samples of D. noxi:e were placed on pots of

virus-free wheat grown in the greenhouse~ When these aphids

stax-ted reproducing, t.he new-born aphids were reooved 'l'l'lith a

moist Cantsl hair l>rush and -tran::;ferred to pc:)ts co)'.taining:

virus-free w'he:lt and pots containing mechanically infected

't'lneat. in a growth cabinet. The 'telnperature ill t.he c~binet vIas

¢ont.rol1eq at 17 o··C day and .1..1 ~ .·C night temperatures

{t2h~12hl~ Initially five aphid$ t'lG're placl$d en the tt10 sets
. -- - ..

_p;t' pla,n'ts. ~en pots of $ach -tpeatment (Vil:U ,"':free' .and "'il:'u$~
. .

tnf~cteti.lwere Used"

Clip cage:s Wet's used. t.o cOl)fins the aphiCl:$; to the leaves
-i

-c' ~I;.alb¢r$be:r:gf 1987). In otder '\:0 ens'U)!e that the test. aph.ids

.. ' : ". :

Camel~air brush tc th$

to

eX<mlined every 12 hours, and a.fts);' ..••the aphids had bel~run 1;:)

r.eprodUc$, tlle nymphs t'lere removed and Cbunted e:v~ry 12 hou.r~"

This 'I':.rascontinued unt.i! the parent aphid died"

All. the transfers were done simultaneously,. using aphids as

near to the same age as possible. The time from ini tial co-

lonisat.ion up to Qeath was rscordt..d. In':Jtars of the aphids

were determined aC00rding to the key of Aalt.ersberg (1987).
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ii) Driving va.riablesg

Temperature, Wind, nainfall.

change in growtp_ $tage, Chatv{' in virus concentrat.ion, Change

!n .?lpb.,id pO'.!?uled:;ton, Change in" nUlti]:)er of tillers per plan.t,

J~~!l'Urnbet< <r:rf .a.phids per ~:i11E?t""

.,., .

qrQ'Vlth factor, t>)Y1i(" concentration. ohange faotpl;,

0$ J). ho,ii.ieff.ectivity·fa.ctor"

pays post smerg-eXl(;!e, Total number of Do Doxia infest~q plants,

p~centage .ofi ba' noxia infe~'~ed plants, Total nuntber of l3MV
·'i:nfect.~d.PlantSt. ;peroentaq$ of·' BMVlilfected plantsf ,Summary of

environmental ;faotot's, Grovlth stage 'Of plants.

Model formulation Wa::; done nsing the corrocted basic infection
rate of Van dar Plank (1963) for both aphids and BMV.
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3 ~ t$ & 3 :E:ff Get. of D. noxia-traXUillli\\i tt.el(. lBI-fll IOn i1YJtA®&ri: in the

c:rr ISenhoue e

Wheat (cv , Be1'::ta)I from a virus free source, was grown in pots

in the gre.enhc)use, using the methodi described in 3.4.2" Three

randomly chosen groups of 50 plants each were used, and

tlt:'eatments 'I{e.re applied to ~ach group at a different growth

ff ~age.. J1a.mely GS 15 I, GS 30 &nd GS 4$ respectively.

TI~lt plan:t.s ill teach group Iliere randomly salected to serVe as

aont:tdlls~ ~~heother 40 plants t-.1er$ rerctoved from the green""

lliousa tllt the appropr.i.~te gro~tth st.age and· transferred to a

greenh,,?1J.se set. at similar temperatures and photoperiods ..

.APPl:'QleJ.lnately ten Dit nOJda." which had fed. on Wheat mechani...

lC!ally inf~ctell with 13MVtWere transferred to the G>eperimental

19lotsd The al?hiGls "'lere allowed to infest the tl1heat for t't'lO

1rle~ks a.rts,:t' which they t'lere k:l.l1e',.i by spraying with in-

Isecrl:.icide and the plant.s re,tl.lrned to tl ..~ original greenhouse.

lD:i.ffoarer.lt. 9re~.mhouses \'Iere used to ensure that unlrlant:.ed aphid

:infestation dd.d not occur I>

Slil~ction!i!of tbe lower t.'lrJO leaves of each plant were removed at

four stages during the sea<"':onand tested for m,,N with the

ElLISA. The leaf sections were r emcved two weelcs after the end

o:E each tl."eat:ment and again at harvest.
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3.6.4 Effect. elf D. noxia-transmit.t.eld Bl·1Von t'ffha&t. 'Under field

cone'lliticlna

T~renty four plots elf 10m x zm, separated by 2m spaces, were

Laid out in a wheat, field which had' a low D. nox i.e i.nfestaticln

lE~vel. Six randomly selected plots ~Jere sprayed for aphid

c(mtrol at 1i1Teeklyintervals i:rom GS 30 onwards. The remainder

w(are sprayed at weekly intervals from GS 30 until one weeJc

};:m:ior to artificial infestations. The treatments were as

follows: a) Six plot.s were Infested at GS 30 with 200

glcEMimho'Use reared v'irul:iferous D. tioxi:e for tt<-10 weelcs. After

infestation the pLotis Were sprayed and thereafter at weekly

intervals until harver;;rt, band 0) Infested at GS 45 and GS 55

rE~speoti vel.y in the same manner as above.

A sample of the aphids used for the trea.tments tlTaS tested td.th

the ELISA for Bmf prior to the treatments to en:;~.c.:ethlat they

we:r:e indee.c1 virulif~rous. Three 't'J'ee](.safter the t.reatment 40

randolnly selected plants from each plot tv-ere tested fOlt:' virus

and the pell.;·centage.of infected plants per plot was determined.

At. the end of the season the wheat was harvested and the

!i.elds of the different plots determined.

3,,6.~ EfflSlct of sead- and D. noxia=t:r::tl.ll'U3mitted B!·ry' on v.vheGil.t

under fisld conditions

Wheat was planted over two seasons in plots of 10m x 2m with

five rows of plants per plot, using a 6 x 6 Latin square de-

sign. Half of the plots, which had been randomly selected,
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were planted with virus-free seed, and the other .oalf with

:seed t"ith a BMVinfection rate of 25 % 0

'The plots were subdivided and the following treatments ap-

plied: virus free seed: a) six plots sprayed at~ weekly in-

tervals to Qo!'}trol aphids, b) Silc plots naturally colonized by

D. floxi.a up to as 40 and then sprayed at. 'to/eeklYintervals I and

u) Six plots colonized w'ith g-reenhouse reared BI'4Vinfect.ed D.

!loxia. at GS 10 up to GS 40 and them sprayed 1tdth insecticide

at weekly int.ervals.. The Rame treatments 'VIer,s applied to the

plotl$ planted to EMV infeoted seed.

plant lengtht number of earS, seeds and $eed "'lu~i9'htwere

rl$lCorded. The reulainiug plants in the :middle three .rows 1;'1ere

harvested;. t'l1'.i:th a combine harvester and the yield t'las added to

the yield of in.dividually removed plants"

The s.ixty plants from each plot we.ra individually t.ested t1ith

the EJ~!SAfol:' the prp.senc~ and conoentration of at-Iv. ourinq

the season racor-ds were also kept of aphid illfestation on the

sixty marked plants per plot.

'l'he numbe:t:of plants per running metre was also recorded to

determine if tIle loss of seed viability observed in BMVin-

fected seed also occurred under field conditions. The number

of ears formed per running metre was also recorded. A count

was also made at GS 40 of the total number of plants
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germinated, of plants showing signs of aphid infestation, and
plants showing an intense yellowing and stunted growth,
indicative of viral infection~

3 0 '1 CO}11?ARISON OF THE EFFECT 011 D ~noxi.e: FElElJ)!lI!G UD Bl,N

:t»lFECTION ON·· t'JlitE4\T Ui:i1DER FIELD COINIDIf.KilON~

Vl.:t'us""free wheat seed was plantscl over t.itl0 ee.a50nlS in 6 )t 6

Latin square· design· in·· plots Clf 10m 'X ·2m t-litb 2J1' spaee$ sep""

arating the plots on all sides" The fo!lottJ'.i'!lg tl·e.atAil.et\t~ t-tere

used, a} six plots \'J'ere sprayed for 2Jpld,(l contro .. ·0110131rleekly,

.1:» Six Plots Were sp174lyed nuoe wSi;!.!kly aft~:r. I..;S :lOt 0) six

plot.s were sprayed onoe "1Hleitly tip to t.tl1(1 tV'~el;;~J;&f. .LoX'\.0 GS 30 ~

~hey 't-lere then inf·eoteu with: lalooratQr~,t raart1l(.l virus fl~~e 1).•

:m',,;da for t.wo weeks, Q,ft.er Which nOrmal sprayiut;J \..r-d·$. resumed,

d} Six plots where 1() % of the plants in<thiS m.i.dca:}.!\otbt:ee ZO·¢MS

't1er~. mechanically infeoted wtth 5 ml of. BlP;{ s.olu.tiort al: a

cOl1cen"tratic:m of 1 mg of viruslml of inoc.ul,'lt:i on. bUJ;fer, e}

six 1'3.01::.swere infeoted. using t.he vi1:f..1.$conce:ntra~tion. gj,ven in

Cd) I' but only 30 % of the pla:rrts in· the three m.id(3,le rows of lil.

plot. were infected, and f} si~. plots were treated if! the same

manner as in (e) t but with 50 % of the plants being infect;ec.l.

A count Was made at GS 40 of the tortal nu.mber of plan ..A;.s, of

plants showing signs of aphid infestati'tm, and of plants
showing an intense yellowing and ~tunted growth. indxcative of

BMV infection. samples of the plant.s show'lngthese symptioms

were tested for both BMV and CMV. Weekly counts of D. noxia

infestation were also made throughout the season, to ensure
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that infestation had occurred in the treatments intended for

natural colonisation.

At the end of the season the plots were harvested individually

and the yields determined. The yields were then correlated

Ttl'ith the aphid counts ma.de throughout the season and a

c~t>mparison made bett'1een the D" .1lotia ant'! aMV effect on yielct ..

A:p~lro~ililately thousand tihef'\t plants from the experiment

desoA'i:bed in 3.7 vJere randomly chosen from the plots at as 40

and ltIarlt'¢ld~ the end of the season these plants 'Were

remo'tled from the field and BMV isolated using the method de-

scribed in 3 0 The concentration of BMV in individual plants
ti'lere <ietermined with the method described in 3"3~1. Sil'loe t,he

plants originated from plots subjected to speoific treat.ment.s,

the infection history Joy D. !loxia for every ind!vidual plant

kno~m9 The B~Wconcentrations for evex:y plant were then

C!orJ:elatedwith the yield of the plant;.

a. wheat field 't'las divided 11'1.1:.036 10m It 10mplots with 10m

separatin9 the j;,l(;)ts ~,nall directions" The wheat between the

plots was not rE!:ntoved to eusur.e a natural colonisat.ion of the

field by 1). noxi«; The o}oject of this experiment was to

determine the fol10't'l1'il'ig:
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Volunteer wheat. plants in the field, as well as Bromus g'rass

and volunteer 'tiheat surrounding the field, was tagged at the

Random s~mpies of the volunteer t...rheatseason ..
.: -_- _--: .: ..... '-;-.:

; - - - '.' ..

plants withiu the field and. sUrrounding thE; field 'W$ra tlS~sted

,',,':',' ',,' .',.

~·d..th the ~iSA to dl~t$r:min¢; thQ presence of ~eed-bolt;ne I:H:,r<l~
. - ..

i{arid[Ql'lL .•..•·.·~~m~+<e~•••...Qf ,plaIl"tE) ~rt·••·.;t~e:....·fiel.a·.··.·..we:l:~ .:al.$~··..·...·.testecl.·.··.flPOQ -.

. > ¥ii <;.i.~lJt~iei,,'~dseltS after mOst' s.~\$ds.1tlerei ttil1Y' get1Uin~ted to .•.,.'
.,d~termine ;1;oe presence of seed~trQ}~smittecl·BMV.

l!:v,eryplant Ih all

and records l~ept of 1). llox.ia colonisatiem throughout. thl$!

season. .In, this manner a oompreh~usive in£estation recox'd of

all pJ.ant$ iTt the field waS Obtained .. One ·bundred of the

pla.nts wh.t.ch had 'become j.nfest,ed <iu:ring a" speoific weak tolere

randomly s~lected at the end of the seaSOn .and harvested

individually., The TKWof thes\e plants was determinee..
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The presence and concentration of BI~ in all plants that had
become infested with D. noxia during the season 'VIasdetermined
with the ELISAat the end of the season. Once every four

weeks 1.00plants, selected randomly, that had become in1:esterl

by D~ nmd.a during the preceding fnonth were tested with the

EL1:SAas well. Samples of J) 0 nox:ia were also removed, from

infested plants during the course of the season and tested for
tJ:'l;B pl:'ISSe!lce of BMV •

.The plots? were subdivided into' m2 blocks and record 1,1(.15 kept

of the position :Viithin a plot of plants that trlera infested
\>,d:th J).., no)tia., As soon as a plant t1as infest.ed with D .. !loxia

the: plant .vJ'CLS tagged to ensure <chat the plant 1;JaS not

re:rt!:acordedat a later date" Record tolaS also kept of the GS of

a plant during initial colonisation~

The spatial distribution pattern of D .. ¥1.ox:ia ~laS determined"

Use tva,smade of the Poisson series for random distl;:'ibutions,.

since thi$ me-thadsoon proved to Joe inadequate, use t>las made

of the ord.inary run te~hnique~

ordinar)( run analyses were done in the plots as t'.Tas des(~l':ibed

by Madden at el , (1982)0 A run is defined. as a success1Lon of

one or more infected or healthy plants. In - ... + + ... + - +++

there are six runs (U).. The runs areu ..... _u+ +U_90+0'_IO+++00.. The

expected number of runs under thE:.!hypothel'3is of :randomness is
sriven by!
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E (U) = 1 + 2m (N-m)/N
Where E(U) = Expected number of runs

m := t~umberof infected. plants

= Total ntlll'tber of pl.ants

clustering
is given br:

- ~_-:-- ;:. _,' ---~--~-;---_-: :">".,:.':" ...-::"","-_-

u.·..·.nd.••·••.··.et.···.·••·•·•.··~.··...: .•...•.•·...~.·.h.·.e.·•.··..·. ·.s.....•·.··.i.•.d.···.·.•·.e.·.·.•.··.dl ft t~;V rJ1"obabl'l· ii£~;.\i 0

( •.......•....•...•..•••.•...•.••.••. '0 .. ' -. ' .. ¥¥ ie ih.;+7{·~··········.···'<····t1'f..LJ ..
~ fa:it9~ u$qat.itfe nt~l$:r' it' thera is oitl:$terin~~

~.;e~~teI~.@f Ci~~i@l~l ~~~tli:@l .~g 1).

~5.@1~·~<fJ~fitl~ti\§)Jc\Sl·

: - . - - .. .

lt~l:f of iti1;e plots I

. - - --

randomly, and

. . .
~ < •.:" - , _";-.

..' ... ......• ... .:

't~he~;b······surrC>un61ing
the plottS \>Jere spra.yed for ~~.h.;hiqontrol at ,*E:l 32 and GS 45~

The aphit;i ..infestation in 'tl'l$ other 18 Allots t-tas allovled tQ

oontinue nat.....:Jy..
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iJ:'he :model structure was determined by the availabil.it.y of

data, and. for certain factors all appro~i:mation of possible

affects Were done~

Factors influencing D. lloxia populations If.le:t'~ considered to be

t'i- ~ following' a) :E'1nperature, :til "'lind,' c') rainfall and d}

number of initial infestations.. parasites and predators were

not. considered to be important (Priusloo,., 1990).

}!'acrf:.orSi influenoing BMVwere ot1nside).f'edto be a} gro't'rth stage

!:If· post plant, b, virus concent.ration ~>n.infected. plent$.f c}

~fficiency 0'£ D. no){ia vectoring and d) seed""tral'lS1'Ilitted BR-rv"

T!:le'model structure is illu.strated in Figure 7"

aased on these assumptions a st..:tUctu:re i;'JaS ;tormulatsd, tal{ing

the, various factors into consideration.. The l'1l.oael i'las

structured according to the m.etbod des¢ribad by D<alvit. and

Gouariaan (.i.978),as follows:

Tcrtal plants infected, Total plants infested, Da~"selapsed,

Percentage seed infection, Total n'.:uuberof plants.
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fFEe']" Of SEED
HNF lECTBOIM

0 .. fil@j:tia POl?UlATBOW
GROWTH lAT iSPEOBfn~-

TEMPlE RATllV RlE·

Cl\l.OOlATIE CHAI\IG!ii DjN'
ilO'!AtL §.WfEC1rROk\J

. . . ,'.

- -
r.15AN fJligtU,Y T~·tttPlSt1AT~.m~ 1

®lI<!Ot"J'ff~ tll1'A@(ii Ttl) fjAr~ I
EM"R""E"fAL meY"" SUth.... V •

Figure '15 A flow ohart to illustrate the program structure

of SIMNOlC,a computer program created to simulate

the epidemiology of BMV' and D. noxia in the summer
rainfall area.
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The formula was adapted from :

Xt
X+:_p

Xt-p,-i

= The change in number of infected plants
with time= Increase per day at specifin temperature
(Polynomial regression, Aalberl:>perg ,1987) x
reproductive period at specific temperature I
Total life span (,It specific temlJerature

::::Total life span at speoific temperat.ure= Duration of instat's 1...i" at specific
temperature

= Total life $pan."" post reproductive period
-duu-ation of instars 1-iv at specific
temperature

whr::e dXt/dt
Rc

.A:nd. for Bj).1V:

RC = concentration increase per day during
specifio gro't\fthstage 1 threshold for
infectivit.y
Total life span (estimat.ed)
Lat~nt period at. specific g.t'C'{rt;hstage
Tot.allife span - concentration threshold
...latent ~eriod

factor 'VIaS added and $t raifLfall

estimated factors ..

with the basic Bx.W i:acrease rat:ea

The grOl1t,h, stage of a plant at specific dates '1tlaS deterl'!1ined
according to an approxhlate duration of growth stages during
several seasons. Zhou at al. (1989) give a formula for a crop
grov~h mod~l based on the decimal code (Zadoks et al., 1974),

'tt-lhichvIas not incorporated into this model, but should be
considerec in future adaptations.

The .time step used in the model \~as based on real-,time to
enable the author to combine research done by himself with the
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work done by Aalbersberg (1987). The life-table method

requires different methods, and this was considered to be -l-.o

oomp.Lexfor the first modeL AlLhough uhe model tiorks on a
day ":0 dt.:.y step, an option to change mean temperatures, t'l_:'nd

factors and rain factors as well as chemical control of aphids

at vario::cs estimated efficiGncies on a weekly basiS', have beer
huil t into the lUodel.

The :modal ,<as verif:i rP i ~("',
: -' .': _, __ .... _ _ 01" the: dai..a usea to construct the

Validation rT~

'$e~r~he, rs,,' usin<;r the, s.....', -,',.'

data for t.he, year in

for D. llox:ia popula'"

sittlulatiori validation ,.lTas obtained from Do TlJit

(eastern OF'S), and Krie1

Data for the validatiQP of BMV
inxectio,ns wel:'e baSed on work done by the autnor I but \tThioh

't'tas not uSed ill the construction of the mOdel.

Several rUDS usi.lg v1rlous parameter changes Were done to test

" i:he various aspects of the model but more possibil:tties, which

have not yet been exploredl exists.

Estimates of the effect of rainfall and wind on D. noxi.«

populations had ,':0 be made as no data on these factors are

available at thh. stage. These estimations are pre~ented in

Table (2) and (3).
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Table 4. comparison of the summer rainfall area isolate of
BMVwi,th other isolates

1..49
't.47
",",'1.,'2;8,",'a ..27±O",Q3,

" ....u·.... p~l,'ldiP?si~i9n.( '..',af~,e~ ri;lt~:2:9nPt~ oe~:l'brifll9"a#~~n<..o;f tl1lS.
isdiat~s, aid 'riot dift~~ aiqnificantly ftom tb~t rountl by

ltybicki {19a4J~'" Aftet'·. 'the oentrifugation x-un$ the virus
" ,". '_. ' .. '"

·.•.····.ffi.tl~pen~ibn9>••migitat~d' apprdlt!lttPtt~l.Y··.··hal~";"T:la.jf dO' .;tM ·.·¢~ht';
,- .-_-.' -_-: '. .

.rifug$ tubes .. "No conta.lninants ~'J'ere fPU1"Hl in the sampls$
',-. " :.

after t:raQtiot\atibn of th~ aUbrose gradisllts at t.,lt:rca'"
·'iiOl¢t;'~bahnin~'.:,~rt.254 tnn in a ·~pe¢troPh6~'Ofuet~r:.ixr#;~'9)0::'('"

coefticilSn~ ($2.0,'-'1)pt, th.s···.isqlates ,..t~a~

calt"\)~l~rted aUQ .c~mpa~~d' to coef'ficients ;r~r:orteorby otb.ez>

researohers (TaJole 5). No sigl1j.fican.t cliffer~~n6~ in S~h .. ",~,t-.r
BMt' COt .1<.1 be



culated to be 1.43 9 of virus per kg of plant tissue (wet
mass) .

Aboorbs",,)®
3.5 ....---------------------------,

.., ,..: .;.. .., _ _ _M>_ ,.__ _ j.- _.j

240

Figure 8. A scan ');f an acetate ~Jitraction (pH 4

from d.iseased field material.
of :at'>2V

Il'he scans of sever-al i~olates were compared to data
published by other :researchers (Table 4)~ From this data it
call be seen that the summer rainfall area isolate compares

well with the eastern OFS isolate (Rybicki, 1984)' witnonly

slightly higher 1\260/A280 absoxbanoe ratios. '1'he A max/A min

of these isolates are consLstenbLy lower than the values
reported by overseas researchers.



Aboorbam:::1iiJ llli 264 nm2~---------------------------------'

1.5

16 ~O
Fra!)UQtlQ QV ~O'o~I(;'mt (mO

gX'qdient fractionation of acetate
pH after rate zonal cent-

the ca.lculated sedimentation
c,':H:;:ffici""'!nt (S20".,) '.jf the summer rainfall area

isolate of :aMY't'lith other. isolates.

~~€ilolat®

Sliv
BM\IBMV
SMV
SI'N
Bl\rvuct
BMVsr.a

1S2Q/l'l:1{

92 S
06.2 S
86 S
S7.3 - 0.470
84.05 S
87 S
86.8 s*

:Lane (1974)
l.ane (1.974)
Lane (1974)
Lane (1974)
Lane (1974)
Rybicki (1984)

uct ;:::eastern ors isolate
sra ;:::summez- rainfall area isolate~~ ;:::Mean of 24 dl'aterminations
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-- Antl-BMV

-I- Antl-CMV

-1~ MtI-BYDV

.., - _ _- .._ __ - -_ _ - _ ,_ _ .._ -.._ __ .._,.,

!

'U ~ G
4 r-(M~vivug tlHtdiOflO

iF:Lgurel.1(L DAS-ELISA of :aM" isola-test against

and :B':ill~Vglobulins ~
\'_', .

Crude .extracts of plant sap from dise.iJsed field material ~e\-

aC!ti~dtdth anti-ai'tV serum but no reactions were found lIdth

anti-Ci.\'r'l and anti-BYDV serum.

402.6 Electron microscopy

R~gula:ris.ometric particles were observed in the isolates

examined. with the elActron microscope (Fig~ 11). r.che part-

:tales were mea;;:;H:redand had an appnrent diameter of 24.8 :f:

O. '3 nm (Result of 20 measurements). No other reqular or

cha:.t'acterist.:.c part.i.cles appeared with several isola.tes ex-
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amined. These results compared well with those reported by

Rybicki (1984).

Fi9~trl~ 110 Elect.ronmicrograph of a summer :rainfall ar~a BMV'

isolate",

·n" i2 l' "1 t$lQirJ;tioill. D,:nd identif iomtion of' otA1l®te Vi1iZUS~S

oCiI;ilt.'iJ!:JCing sim1ll1J.talllc:1l01.,asly tntt.h llUiV UlTh¢i1G&' fiel6t

con6t:lLtions

The init.ial attempts to Lsotat.e CMVfrom the field. collected

mate.rial failed. Isolations from whf::!at,mechanically in-

fected viith a crude CMVextract from lupin leaves, yielded a

homogenate with a faint green colour. The PEGprecipitate



average 14 % of the aphidS found on wheat and Bromus spp. in

the eastern OFS were al.so virulife.rous.

Table 7. Occurrence of BI-IVin D. noxi.« and plants iu the

SU1"Cll\1.errainfall region

LooilC::.t~'3! 1)" !loxia

J1..9~S

Brornus spp. Eragros ...
tis ·SPIll.

"&$5 YIBl~ OS?

Volnnt®<ElZ'
'tjhG~t

YIlliS .. 2$~ 1$'1

EASrElU:'t
Oli'S 21
(lEN1'RAL
'Ol1'$"" $
~lSfuERN
Olf$: , 1 1 1 0 0 0 1. 1 0
N1V:lI,AL 1 ' () 0 (') ,0, 0 O. 1. 0
';g )lunlbe.r.s i;f~~pressed as averag:e % po~itive 'C$si:!Sout ofSa'random atea:ch locality)

12 13 2

'7 '6 0 0 Q

25 42 38
:15 1.1 05

mosaic 'V'1rU$ ,mild ,be .transmit:l'!;sd tQ virus free 't;7lleat.
"',",,,., .... , .. ',".": ..... .: ..... .

'1:11' '$~P inocUlation with sap from .BrOmUGsPP. f Cbel1op¢dium

spp. and voluriteet' \qheatcollected at .di.fferent localities
. _". '_',' "'," --',' ,',' '.' ',_ -' '.: ." ,'_ ',_' " . . .

the ·eastern OF,S"

$ragro$tls spp. and ·olunt.ear t..rnaat in the saster~'l OFShave

natural incideno~ of .BM"v th(ln plants from other

Field collected samples of D. noxia were tested for thf9

pre.sence of BMVa.nc:.the results (Table 7) .indicated that the

ma in distribution of BMVboth in natural plant hosts and D.

noxi:e was lucalised ma:'nly in the wheat prodUcing regions of

the eastern OFS (See Fi,;,. 2).
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Table 2. Wind factor estimation for use with the SIMNOX model
Prog.ram ini.l!p~u~t~---,!M~e~a~ni.'!.o...l'!l~'ye~®~l~tl!:"YI/-....:~~'Yi:o.;n;;;,:(ll~·....!s~p!:!:e~e=d

o 0 Km/h
1 1-3 Km/h
2 >3-5 Km/h
3 >5-7 Km/h
4- >7-9 Km/h
5 >9··:..1 Kln/h
6 >11-15 T(m/h
7 >15-20 Km/h
8 >20-30 ~m/h
9 >30 + km/h

'l'able J. Raill factor estimation for use with the SXYJNOXmodeL
;a;ogr~;minpu.t

o
1.
2
3
4
5
6
7
8
9

~~eEAl1'l ,~~y raimf~11
o rom
1""3 rom

>3"'6 mm
>6...9 rom
>9-12 nun
>12-15 mm
>15 20 rom
>20 :30 tnm
>:30"'40 .mm
>40+ nun

A polynomial regr~ssion equation for the effect. of temperature

CJn the basic infestation rate of D. noxia was determined and

used in the program:
y • 0.75 XI - 19.5 X + 95

where Y ::= Daily population ::'ncreasefactor
X ~ Mean temperatura for the week

Growth stage determinat i ...n for the first 112 days post emer-

gence "to1C\S G.atermined according tr< the following:
Y - 2 + 0.29048 X

where Y = Growth stage
x = Days post emergence
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The f~llowing equation was used for growth s~age det~rmination
for the rest of tbe season after 112 days post emerg€nce:

Y = -37.8 + 0.70477 X
where Y = Growth stage

X -- Days post emergence



CHAPTER 4

4 0 1 VIRUS ISOIrATIOl~ Fam,i WHEAT IN TEE aUJl>n·il'i!lR V l].~WALL

AREA

The acetate (pH 4"0) BMV isolatlon method consistently

yi(..lded a olear and straw-colcmrad clarified homogenate.

The PEGprecipitate. was small and resuspended easily and the
final· h:i.gh"'speed gel1ets were light bro't'ln and transluoent.

4l ~~ O~CIJJ!lltU:::aAbJi:lXO~ or VllRUS ISOLA'1!)r.:!!) lll'liI.OR·l t11ii~A'l IN ~H~

a'Ul\iE~ER 1!U'1I:t~FALL$lU~A

In the case of the pH 4-. 0 ac\~tate i~'{olate, UVabsorbanoe Was

used to calculate the y:Leld of BllIVfroIr.infected tissue.
The tJV spectrum \tras typical of a spherical virus (Fig. 8)

(Rybicki, 1984).

'l're A~H,;O/A280values Were ~. 85(1. 73 respectively, giving a

ratio of 1.65 for the virus isolate. Based on an extinction
coefficient of 5.2 (Lane. 1974) t tne concentration of the
virus preparation was calculat~d to be 4.29 mg/ml. The vi-

rus, which had been isolated from 300g 'Jf plant. material,

wa~ suspended in 100 ml of buffer. The yield was then cal-



Isolat.es of SMVthat wers mechanically inocu.la~ 0"~~.lut.o 't"heat.

s~edl.i.:ng$· 'gave rise to the nO:::111a1 fuQsalc symtrtoli~~.. Tbe.:yel ....

lowd.ng: syndrome I .t111e:re inoculated leaves t.urri$d yell,dt'J aftar'

{RyJ;)J.cl~~,·· 19<:t4J". ra;th$t::~. t.han.· di.;splayiili:j ..·····mosaiC!

"was n6~i ~bser.J~¥~ Br~~e i~osaib; v1f~S '¥$blat:~~.

i. :t~ciouaQrt,~~int.o d?t.~ ?d.i~tri hybr.idiUll prodtl~~d distiri6t ne~""

"'::,~~t:,iCl&S~:f'i<t¥$iontitlipic~i'of B~· ·~tifecii(jh,(RO<::ho~·{..·•·••.•19591.
•····'··~.i~tG.·.

:,:':, - ',<
'.m~hanieallY lnocul,a:ted
.',: 'Jr:,:'. ," '" ' .',::,'::

_, ',.',,,,':,

(O~3M, pft4) , produced
with

.I""

: '",''''' ' "

~ilti""'bod! ····lPJ!ff'

,''''',' .-' ,,,,,,,' " ': ',.",

of s~i~~r r&uali~~ oompa~~d t.o t1~hitset~
,'", """'" -r. '" ::,'

···'wh~".,tft~t'·etld\u.~oin.~~..Of··'thk ..:sera, a~ ·well gs:
. (~$".f,ar··.~$ ndn-~~~ction"vt!~h bost' ~rot$in

.,.',. , '.

ware also·. similar ~
- .',"

ft> irlas· .rea-Sanael '. t~at' "9;,')a.~S

;",~,..,'that the samples oon'l:airied pure SOC'v

(Fig~ 1.0).
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was very small and resuspended easily. The final high-speed
pellets 1\Terelight yreen and translucent .

.It was found ,that aw occurred simult.aneously in plants It<lith·.

BV.cv infeotion in a.nIl' 2 % of the plants tested (Table 6) 0

the effeot on the.

BMV was isolated from Eragrostis spp. , Bromus spp ..I
Cbel'lOpodium spp.. and volunteer irlheat in all areas in the
eastern OFS (Table 7). Similar plants collected in the

"\','JesternOE'Sand Natal tested negatively in most cases. On



Both D. noxia reared in the greer~house and. field collected

i:J.dividua Is were able to transmi t BMVfrolil mschanically

infected wheat and infected field collected volunteer wheat

and Bromus to virus ....free wheat grown in the greenhouse (See

4.5.1.) •

The sy$rtemic sp:r:ead of BlvlV in mechanicli\lly infal1ted bost

is i.l,.Itl.stZOatted. in Figurli!:!12. :tt' :,as foundth~t B1V!V

$y~tettti¢ aftet' the initial mecna.nioal iltfeotion cf.

'c()urit.eil<fro;n< the: llop down i,,~ ..,.fJC'!g-i ¥las the le~f· dit'ec'tly
>-:- - --_-_-:~. . :;':.. '.' -:': -_'_:::.::::-_~---: :'.> :

flag':teaf. 1J:hef}.:tfect of mechanical in:feotd.oll of

with ··BN'¥'duZ'ing .,.d,itferent gro'Vttll· st~ge$ is

:13, and t.he effect of differen.t

result.s correlated well ,,,,i th thol:> of Proll (1967

(b). Th~ virus was translocated from the primary infection
site in t:le primary (bottom) leaves of the infected plants

and at the end of the season the virus could be found in the

flag leaves. It was found, however, that a decrease in

concentration also occurred, and the concentration of virus
in the flag leaves WerE' approximately hal ved at the end of
the season (Tab.Le 8). Proll 1967(.b) also found a dacrease



in t:H~multiplication capacity of the virus with increasing

age of the leaves, but suggests no reasons for this.

~·i!i'll1l!i.l C@filC®V1ltfi'SlUOf1l hrng [BJMY /f::lI I?n~!)i)t)
O~1r-

l
I

0.6' '"....-~-.- ...,...-----.-------

Figur.-e 12.The systemic spree;.' of J3l\iV in leaves of plants

after mechanical infection of the flag-5 leaf.
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Vill'lIJlsConcentration (mg/Qi
1.2 r----~------

---- GS 15

--i- GS 80

------ ..- -------~~(;S·-45-·----1

,. I

FLAG

Fi9\tre 13. The systemio spread Qf :aMV in loaves Qf plants

after mechanf.cuf inf!!90tion of the flag-S leaf

during di.£;:e:(,'enj~gro1wth stages.
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Virus Concentration (mg/~)
1.2 ...-----

10..:a'~.---..-.~.--.-..-.-..-/'

ot=_,~~~--....---I

-:-0-- 0.001 mg/ml

-+- 0.01 mg/ml

1 -- ..--.-'.------.-- ..=-: ~;-;mg1ml

~~

o.s - -----I--------\_
\

-5 -4 FLAG

Wigure 14.The systemic spread of BMV in leaves of plants
after mechanical infection of the flag-S leaf with
different inoculum concentrations.
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Table 8. The spread of miN in the wheat plant after

mechanical infection of the bottom leaves (flag-5)

with BMVduring different grm1tth stages and with

different inoculum concentrations

GRO~'TJ;lr I~30CULUI"l
S~AG~ (msl!ml) ""5 , ~
15 0.001 0.196b

0.01 0.4530.
0.1 0~51.Sd

LEAVES (mgr '!3~N19)
. ""'<I -3 ""'2 =:!. ~LAGO_":.ll::1...7-5-C---O--.~3:"_5-3-e-f-O-.~19-'O-d---O-.~.1~4-4-d~-0-"".=072f
0.7a4a 0.913b O.aaOcd 0.207d 0..154de
O.706a 1.544a O. a38b o. 218d 0.169cde

30 0.001.
, Q. 01
0,,1

ih033d 0.1570
0.048d 0.1920
O.070cd D.349b

0.245f O.s47c
0.318ef 1.063p
O.SlObc 1.406a

0.3510
0.639b
0.865a

0.2290
O.465b
O.714a

45 0.001 0.06bed 0.124c 0.391ef 0.233d O.146d O.079f
0.01 0.OS5cd 0.3120 O.SOlde 0.3140d O.211d O..lSsef

• 0.1 O.lF'Jhc O.343b 0.64700 0.4280a o , 3170 o •.U6.0d
~"""; Numbers within a 'colulnn. fpllottiTed PY, the same letters are

not. significantly dif:ferE'.nt. (P=O"OS)

It,is Of interest: 'tonote that the higi:l.est concentr.:;ttion of

B)nt in leaves was r~ached in all treatments in the leaves

that emerged during as 30-35 (Fig 1,3, 14). Dat.n of aphid

colonisation of vlheat under field condf, tions indica? that

this is the new qro"rth (flag-2 and flag -;"$) that is emerging

at the tilTte When D. !loxia populations enter a logarithmic

phase in their reproduction and colonisation. This would

mean that during these growth stages a high virus con-

centration is present ill leaves being colonized. The change

in GS during this period is rapid (Table 1). Since D. !loxia

tend t.o migrate upwards on t.h~ plant (Aalhersberg 1 1987) I

circumstantial evidence wourd suggest, that if this aphid

proved to be an effective vector of BMV,high concentrations

of virus would reach th7 flag leaves within approximately a

week. This could cause a detrimental effect on yield. In
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the absence of aphids, however, the concentration.s in the

flag leaf and flag-l tend to be low.

The internodes of tillers also tested positively for B}W"

The same decrease in concentrati6n, noted in the t;ase of

l~aves , was ;found here. ",.,heconcentration of Bl).i\lin the

;'nternodes. betWteeo, foX' instance, the', fl?«?1 leaf ant! flag ....1

as co~area. to the internodes, pet.t'leen·fla.g-4 Clmd flag-5, .•was

s).gni:eicantlri .1pwer. This migl1.t be e:gplaine~ by a lotllerilt!q

of the metabolic activity ,in the plant ·:17ith. inoreased .age.,1

dir$pt. proof" for this was' fOllnd"

$he ontv :macroscopic $ytnptom dev~lopin9' on plants, infected

tiuring t,he seed ..ing stage, was a. taint mosaio in those

plan.ts infected tllitn tp·s high titers (0.1 lil.9\ml) of vil:.us.

Th~se .~ylbPtoms ,.disapp,~al:ed c;..fter ,GS 20 t hut a fast dl$ ...ba.e~

of the lcrwer leav~s t\fas opset'ved in all the plants t'l1!ttcb. .had

been in:feoted ,,11t.h virus (0.1, 0001. and 0..001 mg/ml). only

the plants infected with the high titers of BMV (0.1 ntgJml)
in the other groinrths.tages. (GS30 and GS 45) developecl, vis-

ible mosaic sympt.oms ••

A slight differenoe in the height of the infeoted plants was
also observed later in the season. The growth appeared to

Pe. stuntt.'aQ.compared to the corrcxoj, plants (Table 9). Puring

ear emergence a slight mottling of the flag leaves was



Table 9. The effect of BMV infection on lplants after

infection at different growth stages and LnocuLum

concentrations

GliOlJ,!j_I,K SlI'AGE lNOCU!.tUU COlqCElN~.UTIOtl$ . .. .
~~~~~~~!fX01\f}... •.••.•.•..•..{~g.~l.Nlml Og@3r!a pa.4 ~CITA~r$~ 1lVF1r!}R).·.

ss ~5··.· · (H®l91ml.···•.·•..):o~oolmgtml·· ()oo:!lmgt~~l _'I J?!::ll~..t
TI~B$.1;{s..... 7,.•.67 (.all) X 6.i>~3(ab) '1 "~'7(a:~j °jl. '.~·i(e~)
EARS. ,~".lO(ab} . 4*~3.(abc) . S~PO(bc) 4: ..~Q(~'J
LENG~R'c:m)!:Ba.~·.~(a'. 1a.~1(ah) 7(\..S)7(·a~o) 14q20(b(;;}
SEEPS ...·.: a~it%}!5j(ab) lS7' .•17(cd) 144.S3(r:l) 9(). 'iOle.).
YXELi){g) ..~..•,43(a, .. I? -; .5~(l;Ic).. 5"SpHle) 3 ,,38($')

· TKW(g) ..· ..J~1,,2:t(a}.. il~(~;16,/79(al\i, 'a~~7~(~(l) 34~Sl(~dl
VI;RU'S(·1ll9"l'9}O ...oot:e) :;~.~.37.(el <$ .f3.q(~Q) lti6'i(~1

-. -: _:__-"_,:>"; :.': .. ;, ,.:: .. ,.. :-:>, ';.!~..~'i_.;:::.:·:>--_--_· _ .. _. " - .

..~~~:;...·.·~.i~~1~~~~C~$~g~~~r~q0;··'~;.~~ii~~~··.·.··.~·~~t~~l.
· E1s.n~ ........• S·,,97(.a) .4,. 93 (a3::>)r 4~6Q(bCl) 4 ..23(~}·
LiN(;;'.VH(.cm179 ,,$lZ (abc11~·;;«$4(ah~} 7a~pn(61:I.1' 72.20 (q)
SEE;O$ 196 ~O$(a) 15'7.~1~(bo) 'i.as .6·3(dj 900 00O~)
Yl~LD (g). 8.10(a) 5.b7'7{b) 4",6el(ct} 2,,59(£,)

· Tl\W{g) . 4Cl,,32{cd) ~1S~t12(cdj 34~?9'{q~) la.30te}
V:t~U~.{1tl.9'I9')CI~OO(f) ()~5.7(de~ 1"Q6(lp) :1,,(12 (a)

.:"."':',."",,' ' ,:"", ",',,"', "

·~iLiiR$······\•.•.•.·.'~.•:~~f~~~r:~::~~.~~:Efml.'.~··············~·2g·~igf~11.. :;';;~'.'~.;.":i~{G~i.
~~ '0 6t2?!;a} .....,.$~$.o,abc:l···· 4j>.I$Oli'iBc,J· 4~33fl?6) .
LEl)!G~alcmli9469(ahl8'()\ 93~'apj 79 ..6Zlapc) 7S,,40(~~c}
SEEDS 2=t2..90(a.) 117~.03(M:ld) 141.'07(cqd) 102.23($)'
Y!:e:LD.{g) .8.49(bl ..~.26(odj 4 ..Q9t191fJ 3~2G(g}'l)o
~l<W(Sf) . 40,,35(cd} 35.S4{odj 35.,$1(d:) 33 ..71 (f!$}
VI~US'$1gtgl().QOJtl·· O;.36{e) '" '..•......O.~4(e) ·.tLJ9(edl.
;g...N~lfiberst'fithin a rpw. :eOllo1ilSd !by the $~mel.et.ters t and

fo):' 'the same treat:fuemts, are not Rl.g-nif;icantly
different (P:;.;;Q,.05J·· .

i.ntei1sit'ied "and 'the "leave$ died' prematul;:$lY .•

The virus c!)flcent:rat'J,.:'.tns in the monitored. plants showed.that

t,')~.. highest concen:t::rat.tons "lere reachecl after infeetion

during GS 30.

'J?he highest yield loss 'WeS also. associated with infect ion

during-this growth stage, the smallest loss being associated
with GS 15 infection (Fig 15).



00816

~eS30
mmhl as 45

was fOll!1d that infebtiOn early in the life oyol~{ (GG 15) ...

rssulted in a degree of ¢tompensat.ory growth (Tabl'.\:y 9) & On

qyerage t,llsse plallts yielded a higher TRWt.han p'lants in-

fected during othe~ growth stags$" The number 0:£ tillers

formed, was not affected slgnifjcantly by eituer the titer

or GS d.uring infection with BMV.
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Ear development was affec":.ed signifiCJantly by the inoculum

conoentrati.on. The control plants formed significantly more'

ears than all infected plants.. Plant }"I~ight ~1l'asnot signif-

icantly affected by BMVbut infected plants appeared to be

sligh:tly stunted... The :flumber of s~eds per plant was signif-

icant~ly Jlffected by BMV. It "las found: that the largest

decrease Of. a production oemlponant of the plant occurred in

seed forma:tion 0

¥,i~ld ~J'as significp;ntly affeot.ed by both the sta9'e ~)f j ft-

faction al'id the inoc1.1.1umcone;:."t.ratiQn.. The yields of all

plant.s treate9t t'lith t.h~ different inoculum c~nce:nt:t'ations

differ~d siguifj,cl&ntly, ''lith tf~,d control' plal1ts px:oduoing
,

, est- yield per plant. ... 1); w·~.Galso fpund that plant.s in£ectea

duriJll9 .,(is •SO (stem elongation) had a signiflcard:.ly loiti'Gr
.' ,,;_'~:;::' .:

catio~ of V'iru.$'in inf-e.ctedplants was examined (Fig.- 13) it

~ias found tbat dUring the stent ,;;TQngation phas'~p' multipli-

cation of virus infection vlaG the nighest ~ .This CQuld ex-

plain the yield reduction associat~d with infection durin.g

this grotvth at.age., It t'1as noted tb.at virus mu1tiplication

of the highest inoculum titre (0~1 mg{ml} of the infection

done during GS 15 also peaked at GS 30" This could indicate

that the normal rapid grol'lth of the plant during this S1.ZClge

facilitated virus mult:i.plioeltion.

'l'ha 'I'KWwas significanlt.ly affected by both the growth stage

during infection and the inOCUlum concel1.tration, The effect



of i,nfe.ct.ions done during different growth. stages differed

significantly, t·/ito plants i.nfectel.A'~:..ring GS 30 shc)\'\Tinq {;:he.
largest reduction in TKl'l, followed by GS 15 and GS 45

infect.ed plants (Table 9)"

The inoculum concent.ra.tion, rather than t.he grot11th st.age

,d~ri.ng infection, had a greater a,fleet on plant tilleringg

that" yiel~r''irias ra~U.nlY affected. 11y the 9:t'OltJtl'i stage of the
'i \ " __. ,_~ " ,:_-'_.,

\~laJrt:<¢\lring infect-ioth
':,' " i

\ .s

fiCi~~45! t:J©lmtfH.tio~!$l
'( .
I' ,

,~'V7itb..., :l;ielOi')iri~~ct:ed "lh~Q,tR the effect on pl.ant aOfltponents
- >- d. "'~

'Ddl't.,"dire(.;rk'.ly; involved in; yield ..' was more drastic than the
I',

effect fJ~-:tfi,·'the-7oqr@'annolltS~ (See ,4 ..3"2).. Infectea, plants

tillered pqorly in; comparison to' uninfected Gtmt;tol plant~ r
, . - (,

arid ~here, was, a more :mar~d' ~ff~ct en p!ali:\t :heigh:t {Tab:ia,

10)~' Th$ main yield components, na~lely number of seeds per

P'lQ\,,~tl se~d mas$>and 'rl{Wt 't-lers all affeeted signifioantly by
. ~,' I :\ ; . 1 i c_'

.EMVi
" Again t~e main yield recluc.tion ocourrel;l with "il1f~C-

tions during as 30 with high titers af B~iV"

The ove:t:all yield reduction under field conditiona I hO~leverI

was Jess than the reduct.ion found in -ehe greenhouse (68%

reduct ...on in yield b~t;weencontrols ani hi9hl9~t yielc1. lor::sI!
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Table 10 Q The effect. of BloWinfect:ion on plants under :field

conditions after infect:ion at different gro'V'lth

stages and inoculum conoentaratiLone

J:~OCULU!-i
CONC1i!NTlU"\i:tm~ !.JUG:!'!! ••,".:ii'l!:.:!'I.:$:L~It:!:!iE!!!:R~S!...-..!:lB~~i!:!iEe:;:D~B!:..-_..;:Bm:!i!'~B~S:;:_fll..:l~;;!.a.lI!...-.-'~,""..M~'~l(lf..'lJlo:tg::;wj.;

O.QOO· 49.61a 16~8a 520.6a 11.50bc 22~94a
0.0.01. 50.0810 14.4abc 44:;L3b 9 ..6001. Z2,,39ab
0,,01 44,,9lcd 1.2..50d.e 385 ..5co. 7.99f 21e25abc
0,,1. 43.,5j)~e lO,,gef 3m;~3ef 6.,33g 21...05abc

L ,,11aJ:)
8d7ge
6,,979
5~1.4h

O.,GQO
.; JJ.;50.al
"-~0 ..01

.' Q,,:L,

49.,41l!l
4G~99bb
45 ..3704
41 ..7ge

l.7.;6a
13.40<1,
11.:)daf
1.;)..0£

549 ..3a
403 ..3:Oc
325..6e
262c2f

22,,44ab
22 ..36al1
2'2~16ilib
20,,1.20

11.2a 562.0a 12.S0a 22,,42ab
lu ..l.ab 521,.O~ 1.1..1.70 21.51cd\~:e
1:L Jed 402 e. 91;10 8. 40af' 21...24abb

,..1 43.0 de 1 .,4def 341 ..60e 6.99 20,.
c~ncentrati9n:$ are:, expressed at' tug of virtlslm

inQo\ilation' buf1!:lS!r , i" '

~U!ilberswithin a ro~.r fbllcCvled by the same lettars, a~C!.
J, 'Afur..;th~.sa~ tr:ea:~ent:Sf 'are r..ot significantly
'<'a~,ff~rent (j'~Q"O$)C "

,,:_l -_. > '

;s!l~lat-ri~~ by 'the generally more vigorous
'"" , ,1

;,1

undl$r nat:ucaf conditions, •....

Tille virus concen.lcration,s in infected plants tended to be

10t1T~r than in greenhouse material, but concentratialls pealced

aft~r infaction during GS 30" the samG 1'1aS found irIith

previous experiments (see 4.3,,1 and 4~3.2)*
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cult.ivars

A significant correlati:m (r:a =0..693) 't'lrdS found betirleGn the

percentage of BMV infected plants 'and the yield of plQts :1.n

all cul.tivars\ tested.. There Nas a considerable difference

'ill the dl:ioyx:eeto Which the differ:ent cult.ivars 't'lere affected

by the virus. The high yielding cultivar~ {Tugela, SNK ,lOS}
had the larsres:t reduccic.ln in yield "'ith increased B:M.V
infec~±on~ The lOwer yielding culti"lars (Betta, Molen and

'SST 1.07) i:vere f,l,ffeci:ed to a ~esser extent. by the presence of

the virus (Fig., :Hi) 0

comparison of the t-.~tolit:re masses of the' differ~nt
cnltiva:t·s sho't'ledthat the effe-ct of the virus (In yield l;las

not al~ja1s the same (lJ."able 11~.,

Tabl.e:11•. The effect of aMY' infection on the heotolitre lnas.S

.of a numbor of cultival:s"

Hi.c;tQLlrtnw t,~Ss e1l1 m~ss) ~ GllmD!l.
COm~l:Fi.OL la1N 11\!~ECTElO

~UJt'l':IVAR 1!1 mass Gllm.nE hl1iili5lSS G~jj)lF1
BE'l'TA $0 ..14 SUPER;)t 77.94 A l.x
TUGEI·A 16.18 l' 1 73~65 U 1
MOLlSN 71.10 A 1. 73.66 U 1
SNK 108 75.14 A 2 73,.01 U 1
SST107 71.86 U 2 70.22 D 2
X prices paid fOl: grades (based on the 1988 price list)

Was as foll0tl)'s: Super R394.84/t, 1\1. R393050J t, 1\2
Rla5.Sa/t, U1 R364.25/'t, U2 R339.91.1t

The virus also had a secondary effect on the cul1:ivazs in

that. an effeot. on the gradirAgof infected and control seeds



Viend (tIna)5 .--------~
- A~Y == 8.44 - 0.010 X

--_ t : ..-+ B:¥ == 4.85 - 0.054 X

-*- O:Y ti;; 0.35 - 0.029 X.~---------....
--f3- DiY ,,=.' 4,,07 - 0.041 X

20

Figure 16. The effect of BMV infection on the yield of a
number of selected cultivars. A} Betta, B) Tugela,
C) Molenl D) SNK 108, E) SS~ 107
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lrlas found.. The grade obtained for a wheat crC't~ is de-

termined by the quality of the seed harvested~ based on the

peZ'centage of healthy seed, and is determined by the co-

operative lrlhere the crop iSI sold~ Betta had the lo"\lYest

r~d,uction in hectolit.re mass and grain grading ('fa,bIe 11).

Although Bt·W infection caused the greatest yield reduction

in Tugela, this cultivar nev~rtheleSG gave the highest yield
at loi1 infection PE'\,·centages (Fig.. 16)..

. .

cultivars did not differ significantly
all t.he cu.ltivars test~d~ Were also not stat~

istic~ilY' t.'iff'erent

,:E~eoryf indicating

Aphid <;:ontrol on"all. PlotS t'1as··satis....

the differ~.tli;;~s..in the yields be-

~t-leeninfected and cQnt.rol plots of tile CUlt!vars vIera due

'to the effect of Bttrv infeG.tion.
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The eIDhryosof B~1Vinfected seeds (n = 400) contained a sig-·

nificantly higher conce:nuation of virus than the seed coat

or.endosperm (Table 12),

VlJ1US.C01:ICll~~Tl'ONS {tag/g) 1m THE::
w~wm1t41 ~E~D •COl}.']!' J~~it!i~rm} ~WDOS~Eru·l
0",404mglgJ,aJ~ O.243mglgfbl ••.•...• (i.151:m_g!g (c)

lJ: t-teans fQI10'iri'ed by. the Sal.:ca letter are not significantly
diff.erent (P ~ 0.(5)

'J.Iheseresults ct';fnfirm that Bt1'\1 is a seed-box-nevirus t and

nnt just· a $~ad eontamil"..a.nt.The localisation of the mw in

tne eml:>1:'.Yo.¢·f infected seed.s also suggests that a det-

r.imental effect on germination is poss:lble, as was confirmed

The surface-sterilisation of the 60 BMVinfected seeds with

socUumhypochlo..:i.ue had no effect on the virus content of.

the h"rected embryosand endosperm(Table 13). The seec1-co3.t

showeda significantly lower BMVconcentration. Germination

tests on surface-sterilized seeds indicated that the det-



123

ri:mental effect: of BMV or <aed viability was not lessened by

'Chis sterilisation method.

Table 1.3. The effect of surface-sterilisation on thC:l BMV

corrcent; of. infect.ed \>T,,",-eatseeds.

D:t8aECW~!)~EaTJ:ONS
~lSlSTEli} CONTROL aTRRIL!ZAllD
EMBRJ!O' ""- O. 404nig/9X (a) Yo, 4101\19/9 (a)
SEEPCOAT {).210mgl~(b) O..1201il9/9' (d)
ENDOSPERM O.JJi!1m,.qLg_LQl O.152mglg (c).
X Fi;9'1.11:es expressed as mgBMV/g$~ej mC'i!teJ':'iql
y M.~.ans:followed by the same lettet' &:C'~ not signifioantly
diffet'ent()? :;::0.05)

?:he1.:'ewas a significantly higher corH:!entrat.:ionof BMVin the

~J\lbryos ()f both the controlS and st,erilised fileeds, than in

the seed coat or endosperm Of the Z'eleva.nt treatm(...:l'cs.

Germination rat:e tvas sit~nificantly corr'elated with the

percentage. of seed infected with BliffV (r1',,=O•S8 t P < O.05) I

(1fig .. 17).

<1",({ <I 4 ~ff(5lct Qf inooalllum concentl:'mtiOmt &lIlllCil timt1ll (C;p'O'li'1tll'A

st&l91G) of in:fEa;1ction 'liYi th lni""l of tll!<ll S£H~(!! ~&li'Ce:t1l~ en

tAle see«:il If;!JJ:'O<ilVlcetll

It was found that BMVinfection of \'lfheat at differe.'1t growth

stages and virus conce.ntrrat.Lons had an effect on the

viability of the seed formed by such. plants (Table 14).
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% Germ.lneJlon~oo~----~---~------·----------·-------------~

o,0

~~ 0 ~

.................... " ~; ~~ ~.- : , ..

Q o~ ~ 0

tl" 1:1 "-.i:i
........ "' ~~ , ~~ ~ , .

Q~. 0

101-·..···..·..·..

10 20 30 40 50

.Figure 11.The correlation between BMVinfection and the

viability of wheat seeds.
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Table 14. The effect of inoculum concentration and time

(growth stage) of BM'! infection of seed parents on

the germination of progeny seed,

transmission of virus to progeny plants

and the

:rNI~I~ INOCULm4 % ~.s ~.>T~~Sg·jr[$BIOM
I~~~C~IO~ CONCQ PROGENY GEru~I~a~IOWCF VI~US TO
OF 113!l!'lli) (mg" .1f:l~WIml SEi!) OY ~JR.O~El~tt ~nOG2lJ;l!
:::..j?~~~·~E.:;l!~""'"..........._---,1o~' tll~f:!l:;.·· iC:s:.e~· ,.'Jt:':;:"'l!..}, _ ____.l:~' mr~5:;.IIE~C~T!:.:iE='nX SEED PL~~ptS
G•.B. 15 a.QOO 9.5 (fg) 90...3 (ef) 1.:1 (de)

0.,,00.:1 18.5 (d) a3.~4 (Cd) a..a (de)
0..01 23.6 (bo) 73.5 fb) 1.5 (de)
0..1 39.6 (a) 61.0 (a.) 2.2 (de)

0.7 Ce)
9.9 (ab)
6·.a fbc~l

11.2 Ca}

G.$ .. 45 0..0.0.0 6.•3 C9h) 93d) (ig} 1.,,0 Ce)
(hOG1 5.$ (h) 9.5,,5 (9') 2,,() (qa1
0 ..01 6.2 (9'1'1.) 94.8 {g) 2 ..0 (de)
()~1.... 14.4 (,el 9~.Q {fg} 4.•9 (cdl

% : IB > 7 Jr...:;::4~'"0::::5:-'_ .. .~. a _~
Valu~s T:lit.hin a column follOt<len by the santa letter~ are
not sig.nificantly differe.nt (P. == o.OS)

0.000
0.00.1.
O~Ol.
0.1.

1206 fE-f}
22.3 (c)
2643 (b)
36.6 (a)

sa.o (e)
86.S (ds,
80..5 (0)
75,,6 (.b)

G.B. 30

some in.t~c;t.ion occurred ir>. plants originating from .virus-

free seed, probably due to m:"ovlding of plants in the

9't.'e.enhou.se..The progeny seed f;!f plants infected during GS

15 (s~edling) had a high inoidetllce. of see.d infeotion. The

infected seeds germinated poorl~! and tmly very feW'cases of

virus trans-mission to plants :from these see.ds were found.

Seed from plants infected at GS30 (stem elongation) had the

highest seed infection level. ~~hetransmission of the virus

through seed to progeny ras tJ:: ~ highest in this group.

TCAS seeds from plants infected at GS 4S (flag leaf) had

significantly lower B}\iVseed irtf~~ction, and the germ:Lnation
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of this group was significantly higher than the other

,:;roups. The number of progeny pLant.e infected by BMV in

this group WdS low.

It t'7aSfound that only a low percentage of virus infectio.n

on seed t'las successfully transmitted to progeny plants", and

that t.he grotrth stage during infection of the. seed pa:l'..ent.f

as 't'>lel1 as the virus concentration, played a part i1'1 ~che

level of· seed transmission .0£ BMV (Table 15 arid 16).

Table 15. The eff3ct grovtth stage during infection ~lith aMf

on the germination and transmission of virus

Glli\QW~~lrSi31~~i S'$It~~C~lON %GlE:m·~lliW~'!!:tO~ S'~IfllUl®'$IMISLelIODJ'
OF emiEll) li?~~:m: 01'··lJiOGEl\llt OF 1:?l\iOGlril~ Tlm.Ot1G1?!S~mD ~O
'&It.ll' lK'm)1ldTWli:J ._ LelERl~ . SIDEll) PlaOGmll?:nt ~~~1S5
GS 15 22.80 (b)" 71.00 (a) 1.65 (10)
GS 30 ZM.54 Ca) 8~L73 (1'» 7.15 Ca)
CSS 4!i..., _~~~13 (0) 93.82 (c) 2.41 (C)
~Values within a coluwn followed by th~ same lette~s

are not sigailEicantly diffe:r:'ent (P ;:: 0.05)

Table 16. The effl12K;:t of Lnocn.Ium concentration on the
germinat.ion and transmission of virus through seed

I~OCULUt-! CONe.. $'.;I;mrllllC'l'IOl}! 9oSGlmmlI~;Y~~J!:O~1 !1i5TMNSMXSSI01l:-I1
USf,lD TO Imi!OC 0 ,iJY,FPROGEWY OF ll?ROGll!lR~Y '1'JBIROUGh: 8mB1\) TO
SEE)]) ~').JtEN'l' S,=ll!'l=E~D_,-:--'"'""tr'i"---,e::::lE~lE=Jl)~ -"l'!...:'R~O<:.:G~E~:m~Y~P....L~~J!2i!T~'·~lB
0.000 mg/ml --9.47 (d)Y 90.43 (d) 0.93 (0)
O.JOl mg/ml 15.47 (c) 88.50 (c) 4.57 (ab)
0.010 mgjml 18.70 (b) 82.93 (b) 3.43 (b)
0.100 J\lg:/ml_ 30.20 (a) 76.20 La) 6.10 (a)
:R"y Val.ueewithin a coLunn followed by the same letters

are not significantly different (P = 0.05)
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Infection of the seed parent during GS 30 (stem elongation)
resulted in a signiticantly higher transraission of virus to
progEtny plants than th~ other growth stages. The- highest

virus inoculum concentration CCL1 lng/ml) ·of se~d parent also

resulted in the highe$t transmi13s·ion of; the virus to the
- "_"-.

pi.o·~eny.•·..·p:r.ant~q

-: _." -_ -_ --:

in:fect~¢l seed· $1aS cO:t',t'.~lat.e.d petW'$-$l1 th..e

4t)

% Onuli1ctlon

Figur~ 18.. 'rhe (:1ffect ·of £'.MV seed-infection on the germ....
ination Of A) 36 tdnter and B) 36 intermediate

breeding lines
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The intermediate breeding lines had a better ability ttJ

transrnit BJ!.1V(6 %) to progeny plants through infected :leed

than the i.l1interlines (4 %).

It _ l'1aS found that i;ll?r.e was a sigllificant correlation

'b~~~;eenseed infeC~i~l1 and the .nunber. of plants tha,t failed

#{)gl$rIninat~ (r~= Q,,98(6)(lfig,,19). Whenwnber of plants per

r~:hnitig metre, from infected seed r differed si9'nif icantly

frQi;i1. VJ.- .$ frieS aon:trols. The :number of plants per plott

yield Per J;ilo'l:.,,, t..$ll.~~$, per plant apd TKWalso differed.

Th~',~lSrcentaije o~ pi~~t'Sper plo'{;;with, visible BMVintection

SYl'llpt~lttS '(Table 17) ilJ the $1.11:",,1'1in9'plants did not differ

$tatistiCct11Y from eaolt othet'.

'!'(;f1c>1$ 11. The E~ffect Of % l3MV seed-infection on plant

pez-formance "

!',j ~1lll~ll) " "/}~T$I rtL~:g~SI J.iJ;lIts~lElRBI % BR,1V, YliElLD
Illi,~)EC!f!:l.MlD~llmT1!tlTh1 PLO~ PL&IlT Sn>lip'EOMSY~Trnat

o 10.95er 315.3a 13.69b 0.95 39..5Sa S.OSa
10 9.S9ab 300.1a 16.07b 0.99 37.70b 4..92a
20 8.81be 270.1b 19,,54a 0.9a 37~44b 4.68ab
30 8.320 252.2b 19.62a O.~8 35.72c 4.4Sbe

• 40 7.770 245.61:>20.&28 1.07 34.840 4.17CX 'Nu.mbers ,lTithin a rO~l followed by the same letterls are
not significantlY different (P=O ..05) e Le·tters are
omitted whe1r1no significant differences exist across an
entire row.

Y Values calcul,a.ted as a percentage of plants per plot
with visible amr symptoms. Infections Were confirmed bY
ELISA, with symptomlesspl.antis testing negatively.
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<:

Seed so9ltaMY:"_--', -, ... -_ -: .--_-"_ :--- ,

Seed 40,% 8MV
.' .;. f .'

aa
Da~i~·'PO$i' ~f1ri1t~8'~$nrr:~···

Figur-e lS,. ~~ nurnpal:.'" of planta:;. Pe:t" InA in plots planted with

dift'~rent levels. of Bl.Vrilseed infection.



'l'he yield of the pla.nts g:r;O\vn from virus-free seed (0%j and

the lowe~ peroent;i;tges of seed infection (10%1' 20%l did not .

•..(J.i.££er significa,:ri-t-.l.y,<.hut the.·plan~s grott1Xl. f·rom the ...•·J(l;%

gave si9nificanl:l:v low~r yields

loss.. DottEd lines indicate

:i.ntex-val ..
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n.oxia

The results of fiald ;:!ollect.edD. noxis: tested for 81<rtrl'Jith
showed that 14 % of the aphids t'lere virus ...

% of -.> ne virus-free t-lheat eXposed to

:rfoxia .bt;;oame infected 'lrrith BlJ!V..

effectively vlhen a snort

(Table 18).

Transmission of Br·lV by D.. noxla after pla..'!ts

been expesed to virulifer.ous D. Doxia for

Dmm~XO~J OJ;? ~l~~()JBtm~
"lO Vln.tn,X1?~~Oll'S
D..noxia (aim!)

D'Oli.U\TIOl1'~OF li?JR.lil"'FE~DI!!lG i'~$~l£:1G
PlmRIOlO hdlll) . ~

__ ._ __. .~s;,................~l~O:.......-=.lL20 25 3.0 3S <GO 41$ !$@55
(I (Control.} --_F_ (3)-
5
10
15 ~ ~
2.0 (1) (1)
25 ... (21Y~(~3)J-·:----=---:--~(..=1;..1...) _~ -
~lepetitions oontained 10 plants in each exposure period
y (2) Numbers of plant.s infected with BJ}W(-) Plant not

infected with BMVo



Only a low percentage of successful 13~lVtransmissi_ons occur-'

red. The varz "tien in ~reacquisition fasting times had no

e.ffect on the rate. of Sllucessful transmissionsq

"_".,' ... ,',:'".... ',::,',:"","

'$~~j_a;J,;lY~;r()m·'Oneb.6.st to tDe next,· aft$,l,.' the host li~Q. p~en
;" ":,,":"... " .: >,<' - _:"'.: ;:",":, : - ~--:--<---, _ - .-:' - :--_.--':_--;~-:- ::.: -'. _':: ::, ...... :,': : ,'< -','',:':'.:::.. ,c.Gll.~ni~eCl ..•.bi· tUG! ~pplas; 'hoi:h:foi #~';'a t4,me# > be;tQ~:the

~1$r@ urAlisi:$~~~~.•t~ 'the 't.let~:llai6h of Plants' (T~ble

- . ._.. ';": -.

':CCtbl¢",19.S<?,ria.l ·ti:ari~~ission 'of 131{V' b~ D ..

,"_ :

.--: ",

. ," .

VIR~~ l~F13C~E.ri ~~~.tw~g~il\!G . ~U~'1nE~Qil" ~~SFE~S
D. : llt'#tia 1?R:tOIt 1£0" if~St¥~~~G ~E~IOD ~O ~~t~ P?~~~
FXRSW ~l1mii:~BF~N; , ..tm~L :l!,. '.~ ~ . 4

. 4!ii ."ro s,*x '3% 1% 0%
32% 20 6% ,4% 1% 0%
31% 31; a% 2% 1% Qt
~l% 40 3% 1% 0% Q%

.:~
29%; 50 ,. . . J.?~.. '1.% Ol~

.V:it;gutes e"p1:,essed parO\\9lnt.ags -()$ pl~nt:s 't'lH:h'
.i#£ecridons ,,_

~reanhOU$~'.
_.,.(>~:~~~~L

It tilas found after. tnt;! seoond transfer th.at: a decrease .in

the. number of plan;ts '1i-t;h BMVinfectiQll: had oocurred ..



Influence of the GS of ths ta~9Gt pl~~t ana
(It.'W:'atioD of el!:posnn:e t.o virulifa1i:01'1!1S D 9 noxi.« oa

B!-W t.r~n$mi.$lsion

found tha't. infections ocC!qrring two t-teeks after

i:nl.t.i.~! J:::olonisat.iCln b¥ D" .noxia, resULt.ed in the. highest

viX'tlt:t oonoentration$ .in inf·ected. plants.. The highest. rate

also; gccur;,:sd. during this ;P$ri.od (':fable 20) .,

_- ."

.TfansIni.s~i.6n;of Blr1i!by. D} :~6xi.a after Cliffet'ent

e~post:u=-e p~tiQds aJld d'U~~n9' different 9ro't,yth

~VEllAG!} 'Sl~ . .!lU~WION OF
G1liriw~a.aTAG~ l:XllFEC~mK) , CO!tClaN~TI()R~.· ,. ~El?OiStJR1!i·
... :c25 11% n....oij•., -ltrgtlij1', , 1 days
• <fo S3% ..... 0 ..$.9$ mglq '<1.4 ~ays

35 50% '0 ..390 lriglt;! 21 days
>40 23% 0..,110 mgltJ 23 days
45 27% O..07!; 'in'Jlg 3.5 days

"'*"'..................::fj;;l..:o~.......... __ ~..,.....;:2'!."2~~:;.,<:_·•.O:"",- __ ...,.... p•.(}39 mOlIs:.' 42 dal(S
~ .- ccincentrations of :E$]<Win .:lUg vi't'4slfJ plant. ma.ttarial.

, , - - - - _- -__ - - . '. . . _". - -,~

fOlJlld'that only plantsinfectad Idtl1"vit-ti~ .:6anceritrati,ons in
_".:.. "_ ";" < - - -. _"':.

excesS of 0..4 rnglg were ~rone .t.o :vleia loss {See 4 ..6,,1} •
..

The apparent transr.(ission abilH:.y of D~ llOJda is also

mi";leading.. It was found that: it is the host susceptibility

to 13MV durillg GS 30 (See 4.3 ..2 and 4.3.3) I rather than the

ability of D. noxi.e to transmit BMV,that caused high

percentages of effective transmission ..
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v®rtic~l transmission of BZ~ in D. noxia

No vertical transmission of Bf.'CV occurred,. even i.f the new

aphids vlere the offspring of aphids that were BMV infected

and had a proven ability to transmit Bl'1V (See 4.5.2.3)

(Tahle 21).

Table ~1. The vertical transmission of 13ZJiV in j)"n.oxia

~~~E~~APHiDS OFFSPRING WHEA~ PL~~Bb
..219(a)a/c .OOl(b} .OOl(b)
.221(a) .002(b) .003(b)
..211(a) "OOleb) .015(b)
.l.99 (a) ~()()l(p) ..OOl (b)
.192(a) ..OOlfb) ,004 (b)

.., ...108(a) ~OS·(b) ,,003 (b)
.···,,121(al _o4'002fh) .0011.01

a f.: The values. indiqate the absorbance at 405 !In. ".,~1a teiS.t
. .fo·r >Bt4V t1ith ·.1:hIe·i ELISA.... . .'.'. .... '.'. '" .

10 J.:; Host plants. rOt' tll~ pffsPrci:ng·. apli±d$ . ...
C, i# ~umbel:s 1'1ithin a columnfQllo~led by tile same letters a~e

not. signifiC\ant.ly differ'o:1nt. (P !::; j)'o (5)

Different ••in$tars.· ••of, .•);)."'np'xia migilt have differing abilities

to t:rCins~it :a~lV"but· -this was not tested .as populations used

in ....~xperimentation C1onsi:.s<:ed of ra.llcloni samples of all

i.l1stars, and no significant differeiltCe in transmitting

<..pility of populations was found duringr the course of this

study.

Effect of lU.f\I' ,,Q thotJlongevit'j/, of D.noxia

No significant difference in the Lonqevi,ty of D. noxi,«

feeding on BrN infected and virus-frEle plants was found

('Xable 22).
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The slight lengthening of the nymphal stages of ~he aphids
feeding on BMVinfected plants might be due to a lowering of
the available nour Lshment; caused by the virus infection of

the host. The reproductive period was also shorter, but the

mean number of offspring produced did not differ

significant;.ly.

Table 22M Life span of D. nc.xia at ,.4 °C feeding on virus

infected and virus free host plants.

J!iOST PL~
Virus It-sa
.1~r;vinfected

:tN!SlWA!t!9lREP~ODUCTIVE
I· Go :tV ~EJ!(IODU.)<li]!$)
11.29 42 ..00
11.33. 41.26

POlSTRE~ROJDUCT!VE TOT~
PEllttOD«Da~s) XalFEBPU

24~13 77.42
24.44 729Q3

\.,1Jb.eeffect of 1:iphlo.c>.tt.ansltl ted m·w on plant development 'V'1as

determineu in th-a gf'eenhous.e (Table 23) 0 It was found that

infection at an evrly stage resulted in ;;;omeL .Jmpensatoey
growth in the infected plant because of th~ increase in the

number Qf tillers per plant. However, the effect of this
stimulatj~n in vegetative grovJth did not compensate for the

loss ·of y iald ..

Infection during GS 30 had the greatest influence on plant
yield, Which wC\.s the aame as \'Jas found wi t~ mechend.ca,'.
infection mentioned previously (Table 9).



'l'able ~3. The E>ffect of BMVtransmit1:ed by ti. noxi.« on plant

development after infectil::>n at three different

growth stages during the season

INFEC'l'ION 'l':rLLER~ ':lAllS LEiN'GTlli Sll!l:EDS YIELD 'fJii'
nURING . _ x KClR) Jg) .. «g)-

G.B. 15 11.9(ab) 7.3 66.4(a) 177(b) 5.6(bc) 32.4(a)
G.S. 30 13.9(a) 7.3 66~4(a) 170(b) 4.7(0) 27.5~b)
G.S. 45 lO.9(b) 7~5 61.0(b) lS:6(b) G.O(h) 31.9(a)
CONTROL 10.7 LQJ S. 1 65. 8 (g.L-~~!.O(a) 7.9 (a) ....~~,4 • '/; (_q)_
X l'lumbers within a column followed b}!' th~ same lotters
are not ,':>ignifloantly different. (l?::::O.05)" Let.t.:.ersare
omitted when no si9nifioant differE:npes e~dst.,.

It ,'>}'asalso found that th~ virus c:onc:entrativn in plants 'Was

highEtt' in those pl.ants infected by aphid-transnti.tted virl.\s

:mechanical infection" Tbe virus multiplied
: ".

plant foX' the f i)':'st 50 days post infection ~

with lhechanical infection tbl$ concantt"ation 'Peak.ed at an

average of 0 ..64 rng BMVls of plani:; t.issue at. 60 clays post

infection.

peakea at: an avel."agG>of 1.0 mglq at :ro days post infection

(Fi9'. 21.).

It was., howsvaZ', also found that the variation Ln virus

ccncentaat.Lon was larger with ;aphid-transmitted virus, land

that: single plants in the same trelatment.s had high virus

conc~nt.rations, while others wet'e essentially virUs-free.

This might be due to the var IacLon in the ability c>f D.

riox i.s: as a vact,c . of BMVI and the re:U!I,tively low percentages

of aphids that ItH2re able to successfully transmit the virus.



Vlrul1lconcentrattcn {mg/g) 137

1.:~..~ ~:~h:~'::__=:_ ~'-f_~ ~ .----..J
O~ ~-- ••--.---+ _.--------\-1

" , I·..--··---·-·-~-·-··~1
............................ _ _ ,_ -,,_,~ - _ ,.._ _ - , __ .

...... ~ I<i •• "" "~ ,..~, ~ •................................ -..., _ _ ,_ ~ .. _ _.

40
Growth StOG0

F;i';J:ure 21.A comparison between the aV':lrage increase of BMV

O~-+-4r~~--------~------~~-----,--~o 20 so

concentration in plants after mechanical infec'cion

and infection by D. noxi.« trans.mitted virus;;

'rhe ~e~;ults showed that BMVcould only cause ".\ signif icant

loss in yield in the absence of D. noxia if high percentages

of pLant.s were infected during GS 30. The greenhouse reared

D. noxxa, which had previously fed on BMV infected plants

weare allowed to infest. the plots for one week only. A strict

spraying programme for aphids was foLl.owed bot.h before and

a:Eter t~rea.tments. D. nox i« feeding for such a. short period



has no' measurabls effect on yield (Hevlitt at a.l., 1984;

Kriel ~~tal., 1984; Fouche at al., 1984) (Table 24) 0

Table :24. yield loss caused by D. noxia-vectored 13MVafter

infection at three different gr.owth stages"

OONlrROL GS 3{) GS -ft.5 GS. 55
4 ..35·8 t.lha(a)Y S.676 t/nae}.) 4.153 t/ha{4:t) 4,,346 t/b,a(s.)
(O.7%J~ (85%) (6Q%) (48%)
% Y!ELD LOSS. ,1.5.6% ,,> 4 ..1%.··· ........•...'. 0.3% .',
':!. NUntpeti; -in brackets inqicate p~rCsntage of plant$ per
Y
. plot t~$til1g l,.)osit.ive for ElMV.
Numberswithin .a rot., fol.1o~7edby the same letters are
not siqnifican;;ly different (l?~O.OS)

Yteld (uhel

·"--"--;::3:::Z:-.~.~"-.------.--.------.
"'.' ,.../'....

. .-.,i

.', ".""' " ,""' _ "" ,.., _ ..,_ ,.",~..· ·,· · · ·'·_·io_ ·'..' .._ ',.. _ ..
, .

as ..... ~ ....... .J;._.:..,___ ........__ ...........~ __ ...._ __ _...

30, 66
GrOt~flh $it(llQiiil

Figure 22" ThE~relationship neb/sen perf..;entage BMV infection,

as determined with. i:he ELI....rl., and yield after D.

nox ie: ....vectored infecrt:ion at GS 30. Dotbed lines

indicate the 95 % o....nfidence interval.



Only the plants treated at GS30 yielded significantly l~~ss

at the end of the season (Figure 22). '1'his could be keCatlse

virus infection occurred at a late stage in the plan't:.'s

development and processes such as tiller formation and

general plant 1ro'trrthcould not be af'fect.ed., since tiller:lLng

was a,lrea,dy comPlete and eat's had already start.ed tg :fQl:lU"

tn addition t!;.,ere were no aphids present ~lhicb. t.rotald

ot.herW;isemigrat.e. from leaf 1:.0 leaf alid spread the infect;L<m

thr~U9hout the plant .•

'.
~f:fihtllct tQf s®e~"" &l.n&D" nox.i.a.-t~~n.Si!lt;tt1;$16l ~~4V ~lm t'lbl~~t.

fl.ell'!!1 CQltAd!.t.ioll$

It _.ection no.!:' D~ ;loxi.a·· infestation B,ald"any,:'- ""':- <>. '.._: -.--" "::_.,:_-.- --.-.:-_,.... "-.-
af;fe,ct on tbe number of plants ~er )\tetre" ~~.c$ per 'll\etJ:'eor

'l'able 2.5..Whe effect of B~W infected seeq ancl Bl\lV

transmitted by L. Roxia on t1heat under field

conditions

~REAWME:Nm PLANTS/Jill EARs/m EARS/PLANT i'~.m:.D(ttPSllISll
SEEP 0% BMV 8.78 72.34 10.04 5.35 (a) ,it"'"
SJ~EI)25% BMV B.46 72.86 9.93 5.00 (b)
SEED'O% ... D.,lloxia 8.14 66.26 8.95 4 ..96(b)
SEED 25% + !J .tioxi« a. 04 63.00 8.72 4. 60..£.9J..
X N'lmbers within a column followed by the same lett,e~::s
.are not signi=icantly different (p=o. 05). ~etter,\4 are
omitted whenno significant differences exist.

The number-of plants per running metre in plots planted

with the infected seed did not differ significantly from



140

contiroa. plots. Effects OIl the wheat plant. at:t:ributable to

virus and virus/aphid infections were: Tbe plant length,

". . .

The. average yield loss ~ttrll::l'utl:tble to seed> infection 'li.raFt

aphid~ actJounte.d for a l{,)ss of a% I tdth a combined

aphid .'reduQt.iop:. of 14. 4%,in

$ffect on. plant

···,~~:p.o~e~·,.i;<J bQi:h~:;S~d-,.•....~pcr·.·apl#id~~t>r.lla·.J$l1l!~:,'··.····'···

,~""""::",~~~=~~."'~".".l.",,,,,,' llilR:j~~<lW*,,: ~~E~I"",ili"E::.,;)~...,_~"""",,~=~~~~ ....

,,45 s, f39aJd tA1J:7.5a a~.46bc 4~9,6b
'4S,,83ab ~56~4bc 8,,27bc 4.6:lc

:45.~SBab;44$.6a, jl(1§7~ab, 5~ci(}i->.'. CD.. - " ..
natti '43. 38ab 431a p.Gab :P_~976
'U'j.:r;ult:f~rou~ ls ..l.1b aa,,3!5b ; ~~te.4_c,~e..dll9. 4 ..28d
'~. NUYl1b~;r-std thin,at rcyt'r fol,lo't'ied by the same letters
",' :lloi:,s4.911ific~~.!y diff~l:ent; (l?==O.(5) " .' tet~ers
'.', . Ql,il:l.t.t,$Q~m~n.~Q- signifi¢ant: diff'eltences '$~ist~

. ";,

A.da.ition~l los~e!s :fa·17· si'ritultanebu$ seed...$nfs¢tiort and fI",
.. ':. '. - '

¥iox.ia·.ooionisati~h 't1el:e .fb:itnd. ······'N~illra·±.D}·~Q)d.a·.infestati.on,',
," ~" - . " .. '" . , ".'''" ' .... " ":.. ,"",:',,""_ '. r.: __ ,_":....: _" .':"::,,<,",::' ...:, it

on pla.:nts originPl,ting ~rom 45% ~nt:eoted seed indiC:!ated an

additioflal 1 ..3% loss anLiv:lrus in1!i;!ct~d D e , r..ox:i.a on the .:si'ixne
........plant~j: an addii±onal *~2%loss. '$td,s' could be e~plained by

the lot'J'~l' plant:. dens~ity f al\d re$tl.l:tant higlvar percentage of

plants in1i$sted" b~( the. aphid.



The effect. of j)" !loxia: and that of 13MVon field grown "t'lheat

in Table 27.

yield. losses Oo?A.used. by virus f).".ee lJ~

arid mech~niQal l3MV

nI;~~C·:C.·J:;onen: wheat. l.:U.'lCier fiel<:l condi'tA.on$

....~ONT~ot' ..' 6.18ax ....•.......
VIRt.rS .'.~~:rsE D~..•••..ta,wt'.i~ 5 ..91ab
VIRUS I~FEC,£EI~ b.i .1lQxia 5 ,,~3b
3,,0'% ~EC:liANl:C;~L SMV IN15'lliC1iIPN 5 ..2810

. ,sl.t % .M:e:Cl'!~NICJf\L~rif\l INFEC'r+Ol'l S ~1~b
...•.·59: ,%)r'XrltiJl/AN!g)~L::1stJLV:rNF~CTJON ••." 5,,11h .
.~, NumplS~.s.•~!itibi.~la' C01UlllP 'follqt'1et! klY the salUe

are '.nt;>t Si91kl.1H£'*cantly diffe,t:ent .(P=O.OS)

12..83%
15..49%
22..12%
.~:) 9 6()%
~4",63%

letkers

, ,.::" ;' - .:' .::.

11::< must be rentemb19l:'ed tlhat

, .,._ •... : .. :..... " .•,' .... : ',< . . "" .'

..•..etfeetj.ye inf~p't:ipri.tl1'Al lIChentIle "true had-.been translliit-t.eet

had: a: far mor.$.'>dect.rllnental effect .on yield. than .'

B~rv, ptit wi1~h the: simul't.aneou$ OCCurrence of BMV and D.

efl=.ect Otl yield. 't'ia-s increa$ed. (Fi4 .. 23).

A significant correlation between virus c1oncentrati<m in a

plant and the! same plant's yb~.ld was found in all of the ap-
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Yield (tina)

-+- B:Y::: B,06 - 0.24 X

23. The effect. of Pl?l.'oentags <:It' p.1ant.a
JJ~ n~,ifiQ1 at G S 40 and B~\7oh the yield of t-?neat

A) )) ~ naxJ.a

C). a~

i.
i
[



J.43

p:co)timately 4000 plants tested individually (lJiable as) ..

Results showed that only after a titer Of a1?prGximab~lY' Q ..4

llj.gvi'rusl9 of plant mat.erial vIas reaCh~tl, did the yield loss
sJ.g'nificant (rigo···.24} ..

.':':::, "

al.sa 'found that' the vari~t.,i.()ri a~aund .. the.···

d;e.<;;~~sed ~;.ti:9'nifi¢~ni:lyt-titl1 higher virus levels"

indiCtatad that the· 'higher the virus·' ·t'!6ncentrationg th~ ,~ore
':','_ ;',':""'.,',:

.tlie yi~iOt>'of the p$ap~ il1~~ ·influi$l1ceci!
':::'-;.::,":: :,.:-,.:".::,.:\:,::"

-':-..':;

,': ,:"""<:':':":

'l'a151~.as~ The
'.',. -._-

',""',,

relat.iqriship
'_':.'.',,-.:

. ',,;-

bet.t1Yeen, .' .:'tril7u,s' concentta.t.ion
, , " " ,. .

"plant and ~~erage yield P$~ p~ani
.. , .

vt~u~C-ONC~l"i~" Z~'i1iJW\GI ~tJ~~~E!i 0' Cg~Ial~~:n:O~l $'.$ OJ1?~Q~~
. x~Wm~VM~1$ ..ifll!l~;!)'\ Plt1U~WlSl (t'~l " 1l1Q!YJ~.~'}lltb~~·
, h!l.or.l~n' . !?~R .PLiiUlT ~;g~ oMmGO~1f ". .i~~(!;!!~W~GOE?;Y,:~~:~p:-K:: 3.~;::i: ...2~~f.. ..·;g:~~i~-\ ..it r ,; • .'

>il_¥'$ 1..2. 3~Sl9' 436 1)*634~Yt 13
>L.,.~, "" ,1,,6 a ..5l~ 64 O~~4l.'': :2
>:( ..6'....2,,0 2<t;()9~ 36 O.$5l~ 1,
>2,,0 ~. 2...4.. 1..31g ~~ . Oa"G45~'t ._ :~..... -....~

, , ' .

..~ Del'1qt.~s1:1 si9fi:ifical1't;; correlation ft?;:;:O.OOl)

.whe~'.:~~9.mining th$' yield··..reduction'

p~ant$ one must beal: in mind that th~y' t1ere also colonisElld

by ~l?llldS which can also, cause a yiel.d t'etiuct.;ton of up tic'> ±

nearly 4000 plant~sJ' tested individUally for virus, reat~heti

co~cen.tratiQns eG£ual ."to OX' hi9'her than 0..11 ntgJg f and il'1'rl1l

oould thsreforia only be deem~~dto be a contributing yi-eld-



limiting factor in this portion of the plant population

(Table 28).

Y'i~ld loss associate{l t'fit.h ~lvf\Jr in illf.eoted. i.yh$9\t~

indicating the threshold for BX4VcOl1centJ1:c;ticins

ofyleld reducing potential.

A PQisson dis:t:ribution analysis was done t.o deterr,.dna if the

distribution of plants in the different cOl1lcentration

intervals ~tas 1:'andom. It was found that the number of

infeotions cf a concentration equal to or lO\lTel~ that) 0..4mg/g

was signif:i,cant.ly higher I and a normal distributi,on could

not be indicated. There was a significant correlatio.n be-



undertaken during one season

a further purpose in that it
verifioat.ion of the epide:inioloqical

tween virus concentration and yield reduction only after a

titer higher than 0.4 mg/g was reached in the infected

plal'lt~

experiment, incorporating 1.3.0000 plants.t t1as

in a single season, all the

epidemiological aspects in order to

found in the previous seasons.. Bince

differ significantly from previous

voluntee:t' Wheat in the field and 1Jroltltls spp" and

vdlunteer 't1n$at surrounding the field ]'lSre all heavily

infected ·.~"ith.·.BMV(Table 29) ••

:Ches.splants acted as :lnoculwtl sources of 13MVfor further

disse'in.:i :o.ation by D·~ noxia ~ Results at the end of thE~season

pr<;)"Ved that. BMV i~!fection of t.he n.ewly sown crl3p were

initiated from "pointu sources, within the fiE~ld and

surrounuing the field where volunteer t'l1heat occurred. The

13.roJtlusgrass ltlerenot colonised by D. noxi:« during the month

v.rel;eding pla!1ting and subsequently. Some of these plants
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over-seasoning hosts for D. noxia, and could therefore have
served as inoculum sources for the volunteer wheat.

TapJ.e.29,",The .incid~nce of B:MV in alternate hast plants
surrounding and tdthin a newly sown t-Jheatfield

O..6-2.4a
0..4-Q.6
0.3-0.4

1.1-2.1
1).9-1.4

0,,6'""0.9
1.,3""'1.9

Vol.-gptee;:Wl1~at.:
t;;u:r:toundin~rfield
't1;ii::hill•.•··field
.BJ:P1l1US slPP" .:
% .volunt~er ~lheatinfe~ted:.
$~,r6Un01:i!l.<.1;t'leld .••.··
tiif:nm field H >.' ..,

24%
. 100%

4%
lOa%'

-"',.,,':',',' .. :

~ #: Virus concen:t1:';,d;iari .in mg.BtWper .g pl.ant :material

$a11.lpl~l:lQf 1)" noxia :foUnd·.en the volunteer t'lheat "Vlere te~t.ed

"'C?-be

41,,1,,2 ·RolfS '(jf 1a~¢(j""t:&'~smitt~ra Ja~iN iu the epi©h~miolQ~J' @f

thi$ vimas

Th~ 4seed samples t(as,te~ :before plantin9 were found to l)e. 7%

infected tilth BM"v ...... ['his .1s "lithin the normal range flor

cmd li'rith thts percentage,
t~".lS found#

Approximately 0.1.% of the newly sown crop tested positively
for BMV before D. noxia colonisation commenced. The plants
testing positively 'V'<$re never nearer than 5 m from the
nearest volunteer wheat plants, and no indication of aphid
feeding or other insect damage and leaf or stem .'ust were



feeding I,r oth(~r insect damage and leaf or stem ruet were
found on these plants. It was therefore reasoned that ~his
infection had been caused by seed-transmitted BMV. The co-
lon:i.sati\')npattern of ti .noxi:« later in the season also
indicated that these plants were not
lonised~ These plants therefore did

preferentially co-
not constitute a

primary virus reservoir (Von ~lecbmarr 1980) I and "vere not
considered to be important in tfie·epidemiology of BMVo

~,,1e 3 Role Qf D.noxia-t:t'~n$ndtt.teli! laM"v. in the ap!6Iamiology

of thi.s virus

Altnough D .. noxia was found to be em ineffect~ 'Ie vector of
ijMV. (see 4 ..5.2ql-3) 1 the enczmous.:population build-up of

tl'iis aphid. during the wheat Season would suggest that even

if BMV transmission at. lO~1 levels occurJ7ed, the number of

plants. infected t·!ould be large e

contrary to the findings of Von tr~edhmarand Rybicki (1981) I

BMYwas transmitted hy D. ]loxia in a .semipersistent mannez

under field conditions. These findings agree with those of

Damsteegt and Hewings (l.987). This manner of t_raI,z:;mission

of BMV would U.mit the dissemination of BMV under field

conditionB.

It was found (Fig. 25) t:hat even with the enormous aphid

population build-up dur.:tug GS 20-35, very fev! plants became

infected. .with BMV. Most 01 these infections also fell in
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The growth stage during which plants became infected '(-lith

BMV also had an effect --n the virus concnnt.ration reac"1ed in

such plants (Table 30;.

It was also found that effec'ci ve transmission of 13MV de-

creased during the se.ason up to GS 45 when all effective

transmission .ceased. A slight increase was noted dllrinq GS

3Q (Tabl.e 31). The high effectivity at the beginning OT tbe
season i;l78.sprobably due to aphids colonising wheat directly

from t.he highly infect~d vJlunteer plants. These aphids

't'le:t'eexposed to high concentrations of BMV(See Table 29) I

and the trar~~:rmission t'las effeoti vi ty high (Table 31). Sub-

sequent transfers irlere from plante 'tdth lower virus

concsntrations (Table 30) causing the rate of eff~ci::ive

transmission to d!;Oprapidly.

Tabl~ 30. The eftect of growth stage on virus concentration

in number of plants infected with BMVunder fi~ld

conditions

VIlRUS CONCENTRATIONS (mglq)
GS 0,,0""'061- >0.1-0.2 :"0$2=003 >OoS""'Oo4 @,,4.3:
15 0..0 g'" 0.0 9 0.0 9 1.0 9 2.0 9
20 22.0 fg 14.0 fg 2.0 9 3.0 g 1.0 g
25 100.0 efg 21.0 fg 3.0 g 2.0 g 2.0 9
30 512.0 c 114.0 ef 13.0 fg 1.0 9 11.0 fg
35 570.0 c 149.0 e 11.0 fg 3.0 9 3.0 9
40 783.0 b 2.0 9 3.0 9 0.0 9 9.0 fg
45 958,,0a 13.0 fg 5.0 9 5.0 g 9.0 fg
50 564.0 c 3.0 'J 0.0 9 0.0 9 0.0 9
55 33-6.0d C.O 9 0.0 9 0.0 9. O.O_gx Numbers 'within a column followed by the same letters
are not significantly different (P=G.~'3}
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Figure 25. 'l'he build up of a D .. noxia popu.Lacd on durj,nl;l the a

wheat season, and the aE)s(Jciab::d. transmisf.3ion of
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Figure 26. The virus concentrations in plants infected by
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It was found that other factors such as the GS of the host

and target plant also influencedl the transmission of the

v i r us ,

Table 31. The effect of GS of the hoat; plant. on the

transmission of BMV by D. noxia under field
conditions

GIS OF T~C1!!!! PL~"AN~:lWil';,;..... ,_~Ei!i~~F.:ECTIVE TruuNSMIS~'ION

15 73.9%
20 6.0%

25
30

35
4,0

45
50
55

1.61k

2.1%
0.4%
1.1%
0..9%

0..0%

0.0%

.~---~-~"-------------.....-"---------
'rh~! effect of virus concentration and GS during .infection

cOIIJ.d also be ::;een in the yi.eld (TlCW) at the end of the

seaso" (Fig. 27).

The resul cs presented in 4.6 were also conr irmed in this

E'{xpr:!ri:mel1t. ').'he additir.:mal loss caused by BMVin the

pr eaence of D. noxi.« was found to be low (Fig. 28) 0
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Figure 27. The effect of aphid vectOl:ed :aMV l.nfection during
different growth stage~; IOn the t;[1KWof infected
plants.
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J:~i9ure 28. :rna effect of IUJLVin the preSfmce and absence of

D. IlOX:ti:'i on the TRWof infected it,lants.



In the two we(!l~s following initial colonisation (during GS

12) of t...l1e field by D. noxie. analyses of the spa.tial

indicated a

normal disi:xibution of infested plants" This also held true

for 'BlvW il1fection (Fig" 29, 30)" The patt.ern of D" no)d.a

colonisati~!m changed during the follo't'l1ing three wee}cs (up to

GS 30) ~ vJ~~e,nthe pattern gradually changed .from random 'co

.clust.ered · ill all plots (Fig 31,1 32) • The spatial

distri~u·tij;:in of BIWinfection remained random up to the lrleek.

before GS 3{)I when it changed to clustered 4 '1'1).13effect of

win~ could, be seen dUring this period, in that D~ no;;cia

infested ~;I1ants formed a triangular pattern 'frlith the

volunte~~r lPl.ants (infestatIon ;focal points) being roughly

. halfway do~m the base line of the triangle, and infest.ed

plants forming a t.riangle in the direction of the prevailing

daily tt1ind l~i:rection ~

Dut'inq the final phase of l)" nox:ia Colonisation the
di.stribut;i.o:n of aphids became epidemic, with nearly 100% of

the plants in plpts '(t/here no chemical control \1as used$

beil"lt;'l infested. (Fiq. 33; 34) ~ The spl'.'ead oj: BMV slowed dotvll

du:ri~g this period, and remained essentially the same as

during the 1:>lt:"'s'Viousthree 't..reeks.
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I tl D. noxla ¢ aMY ABOVE 0.4 mg/g

d .. D. no~is !N~ESTED PLAN,.

~ "'POSSIBLtS SEED-TRANSMiTTED i3MV (B~LOW 0.4 mg/g)

o 0 i . .

" . • " 0
.. . o " .. " ". .. . . " " . U It

.. " . ..

a " d " u • • " .

. . '" ..

F:tgu:ce 29.A· generalised distribut.ion map of D~ .oox:1.a

infested aJld BlYlV .infected ;~lants in a plot during

-the e~,:rlyst.ag.as or the whelat season.
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Figure 31.A generalised distribution !tlap of D. noxia 10-

.;fasted and :aMY infected pla.nts in a plot during
the middlte stages of the wheat season. Newinfec-

tions are indicated in bold p""int.
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Figure 32.A distribution map of D. :noxia infest;;ltion writhin

a f.ield during the middle stages of the wheat

season.
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Figqre 33.•A generalised distribution map of D. lloxia Ln-

fested and BMVinfected plants in a. plot du.ring

the late stages of th:e wheat season. New infec-

tions are :indic~Lted in bold pr tnt.
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4.7.5 Effect of chemical control of D. noxia on BMV

dissemination under field cQvdi~ions

Chemical control of D. noxia at GS 30 caused a ma=~,ed

decline in new plants becoming infected with BMV (Fig, 35).
The first control attempt. was unsatisfactory, and control

was repeated a week later. The unsatisfactory control dur-

ing the first attempt was due to the dry period expe::::ienced

during this part of the season.

The effect of chemicc..l ~,'n I ~.$ 3] ~o seen in the yield

data (Table 32). '!:'!"leY.li -~ infected with virus

concentrations in exceess of ~7o'ppedar-d a lower

~ D. noxia at GS 30yield loss was ':" cordec... '1'..le

also caused virus infected. Plants to recover from the

detrimental effec·ts of S~1Vto a c.:ertain degree ..

Table 32. The' effect of aphi{~ccm:t;roJ. on virus concentration

in infeot$Cl. plants, and the effect on yield (TKW)

0.0-0..1
>0.1-0..3
>0.3-0.4
0.4 +

33,,£)62<:1$
23,,011c
22,,5.3oc .
1.9..S10d .

SPJRAlxYll!iD
33b36Ra.
30..932a
2ik085b
25 ..88410(..

X"'"Ntlmberswithin a column followed by the same letters
are not significantly different CP=O.05)
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CHAPTER 5

OONCLUSIONS AND DISCUSSION

1!:~tt:actiPn Qf viru$. from diseased plants collected in the
. , .. . .

sunune:r . rainfall. a.rea resulted in the recovery of large

~mountsof·BMV wit.hthe pH 4 acetate/PEG procedureo Sintila.:c
t-lallts were use<1 Ln the is(.'llatian ~rocedure for CMV.. No c~'V

c¢uld.. he recovered f:r:omfield""infeotsd plants~ but the EL!SA

ci).nflrmsd t.hl~ simultaneous presence of this virus in 1_ 5% of
. . - 1

. . . - - - - ,

....l3~ •.inf~c::t;ed pl.ants te~,;ted.. l'~O m~l)V'was isolated from dis ....

A~as~d plant.s in the sum.mer rainfa:D. area, and no positive

1'he various analytical procedures use& sholl!ed the BMVto' be

ICpurefl using ul:t,:a.violet spectroscopy I sucrose density gra"'"

diel'it ba.nding t eJ..ectron m:i.croscoP¥ and ser.-olog-ieal tech-

nique;so Electron m.ic.toscopy of put;ified BPN did not revl~al

aliy det:eCltable contam'ination with other viruses,"

COlnparj,son of the sununar rainfall area isolate of BMVt'lith

tha isolate characterised by Rybicki (1984), indicated no

Ilt~jol: differences. '1'his st:rain is reported l::'y him ·to be a
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:Figure 35. The effect )' chemica'. cont+o I of the aphid

vect.or. on the dissemination of BMVunder field

conditions.



4.9 COMPUTER SIMULATION OF THE EPIDEMIOLOGY OF BMV

The model was run with weat.her data of the 1987 - 1989

seasons and t.he simulation compar-ed to dat.a reported by

Aalbersberg (1987), Du Toit (1986(b», and data of the

author not used in constructing the model (Fig. 36). The

model compared well with the 1987 and 1989 season, but CQuld

not accurately simulate the 1988 season. The reason for this

could be the mild. winter preceding the. 1988 wheat season and

the probably higher survival rate of D. noxi.e , This could

have caused a higher number of plants to La cc Ior.Laed early

in the season. A number of 10 plants initially infested

were used Ln these runs I but this did not take the above

ment.iGll1edf,a,ctcr into consideration.

A simulc,\tion of the 1989 season, using the data used to

CO:':lstruet the model, was also run (Fig 37). It:. was found

that the :model simUlated the &.ctual data very f/e.tl. This
doeS not, however, invalidate the shortcomings Ol! i~he model

to ba discussed later.

The effect of seed infect,ion was also a.ccurately pred1cted

by tlie model (Fig 38). The number n~ plants decreased in

the same order that a~; found wi to. rlctual data record~d

during the course of this study.
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Figure 36. Validation of the s i.mu l.atiec model against actual

_'ta recorded during the 19q7-1989 wheat seasons.
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Figure 38.1\ simulation of the effect of various J.evels of

seed infection on t:he number of pl,antls germinated.

The effect of a constant mean temperature t'1rougoQut the

season. WIlS also simull::\t.ed (l1':' N 19) ~ Althau9. .h~\ data ",sed

to construct the model were' based on the effect: of gr('.u.qth

stage on virus concentrations, .it wa.s found. that the effect

of mean temper.a.ture on '1).. llQX.i.(:l populations also affected

tran.smicssion of :aMV.

The mode':. indica ted that wirA(lduring August· (no..:mally a very

winCiy month) had a marked, ~ffeot on virus spread. Again
this effect was only indirectly flimulated in the sense that

windy condition~ caused. a ~nore rapid aphid cc.Lor.Laatifon of
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new plants, and this resulted in an increase in virus
dissemination (Fig. 40).

% oi Plant€) Infected
100 ,----------~~--------_4--

40

Degrees 0

-::-"--6

-I- 1080 ~ ~.•.~~ " .., ,~" "' ~~...
'""*- 16

-a- 20

20

o~------~------~..-----,~_J~,-------~----~
o

Figure. 39,,)\ simulation of the 6ff~ct of various mean

temperatures on the levels of BMV infectionw

The. limited Or marginal spread Of BMV oan be negated by the

e:ffsct. of 111ind.. Adlerz (1.974.(p)) four.d that wina oaused an

earlier and mora extens:ive spread .of virus to susceptible

c:rops w'han the crop is situated dOYl:mwind frorn the vi:t"n.s

SoUroe than the orop .locat.ed upwind 0 Aphids tend t.o be :r:e-

latively inunobils, most re,9t'odt'ce parthenogenetically and

t~~d to form colonies (Gutierrez et al., 1980). This



immobility is cancelled to a large extent by a wind blowing

across infested plants.

Pienta lntscted (ThoIJoando)6~------------------------- -- ..._-----,

1 ."

O~--4~--~~~·~~~--- ---~~~I~~.~_~¥=~~~~~~
o a 18 9 1~ 16 18

Fi9Ut'~ 4(hA simula:tion of 'the effect of variQus lcevels of

t,rind speed On. the dissemination or 13MV.

1);'11.eeffect. Of the numb~r of plants initially in:f~cted 't'\ias

al~.o si:mul.at.ed (.Fig-. 41)" This could be explained by hGIl

fact that pathogen source density bas a dire.ct effect on the

~..•-_:ls:missions occurring (Van dr:r Plank, 1963).
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;F$.'Ei'Ure 414A sinl'ulat.i:ol;). of the et'feot of va.riQus n'L\xnbe:r;of

initia.l:t.Jf i.n;fe¢..'tad·sourOe' plants infected with ax-xv
on tllELd.:hssaminat:ion .of vjrus~

Wherea~e still nu.:met"ous other pO$sibilities and various

simul(.'l;tions that oan. b~ at.t.empted. ..\\Tith the. modelf but to

sitnulu.te all. of them 't'lould t~ke in eitcess of 2186 runs,

which is clearly i.mpraot.ical here. The model is by no means

complete, or ...;~mpletely tested at this stage, but it does
have the follotV'.irig features~ a) weeltly '''''.djustment of

el.1vironmental factors are pos~si.ble. leading to the
possibil:tty at accurate forecasting, and b) the effect of

ohemical control of J)~ nox:ia at speoific stag~s wit.h varying
effectiveness can be simulated. This mi ':fhi:':prove to have
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the greatest potierrt.La L value in advising growers of the

possible outcome of chemical control of D. noxia during

various stages in the season.

The shortcomings crt the concept.uaj, program include the

:following: aj oata used t.o construct the model ba~ed on a

single vlinter cultivar, and predictions could the;retore

c.leelnct.\to be relIable for thiscultivar only. b) The a.phid
.....;eqbl(:)i;.fY da,'ta used to construct the model a:t'e based. on

in the eastern OFS .. Although easte.ltn and

data ~!ere used in validation of th~ ,)nQdel, the

of the lttOdel for other wheat gro'&Jing ar~as" must

dete.t'tn!ned. ,c) The vi:r'us development is ,based on

is in itself only an ap9ro~itnat:,ion"

itself" It. is a firs·t attempt. and can

le~d .tQ luany in.,\te;t.esting future r~Se~tr(.'!hposs.;i..bilities ~ The

:i,~a~iqraapticin' ci~ ina model bOt-leVer i is aocurate I .gi':~n t.he
.·······a~ove~mentionecl··..stibrtcomin9s·~···
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distinct isolate or strain, at least to the same degree as

natural isolates from the USAare different to the SA type

strain (Rybicki, 1979).

Infectivity studies with the BMV extract inocula·ted into

wh,3.atseedlings gave rise to the normal mosaic symptoms.

The yellowing syndrome described by Rybicki (1984). where

LnocuLa'ced leaves turned yellow after infection, ra·ther than

dis.playing mosaic symptoms,was not observed.

R~(bi¢ki.(1~a4) stated t.hat it is possible that another virus

v-las present at very low concentrations in the original ex-

t;.ract he .used.. He speculated that this f· '5 either diluted

out or was m:~ttrulY mechanically tr~'\ns:mif:,;::;ible ar..d vIas only
.. : .. - :::

inefficiently transmi ttedc<> Alternatively it was not 'de-

t$ct~:~dbecause of. Pllenotypic mbdng or genomic mas]cj,ng. He

stated that the lattet' speculation 1s $upport~d b:!i'the re....

sults plf ll'alk at al., (19?$) I •who found that a luteo ....virus

viz beet- we.:s ;srn yello,"ls virus (BW~qr)was 1Il.echanical:;'.y
.: .:

transIi\,tssible. in e}!:t:l;c;lct.Sof plents ,als,io infected l('lith let-

tuce s.pecl1:.1~mosaic vit"'us (LSMV) t and that the normally non-

aphid trFlnsmit:ted LSMVcould be transmitted by aphids from

plants also infe.cted with l:wnl'V'"

As "las stat.ed .p:revit;)usly a mnall numbez·of plants with si-

multaneollS infeOt.ions eJf BMVand Cl,\iV"\'las found. Wheat
seedlings infect.ed "11th C~1.Vcaused the leaves to turn yellow

in the manner d,;~cl~ibedby RybicRi (L.84). As no evidence

of BYOV infection~ was found. in wheat in the sUnmI-er rainfall
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region, the yellowing syndrome could have been caused by

CMVI rather than BYDV. Cucumber mosaLc virus and BMV are

known to share many chemical properties. The coat proteins

showed little homology, but the coding genomes of the

viruses showed over 35 % homology (Murthy r 1983). This

would support the genomic masking theory postulated by

Rybicki (1984) better than the presenC'~ of BYDV which he re-

por-t.ed to be the second virus :'11 a complex occurring in the

eastern OFS.

Th~ main distribu-tion area of BMV was found to be the summer

rainfall ar'ea of the OFS. Brome moaeLc virus was isolated

from Eragrm:;tis .spp., Bromus: spp

untesr wheat i.n the east.ern OFS.

':eI~opodium spp. and "01-

Plants collected in the

WE!stel.'rt OFS and Natal Were ~mostly uninfected. Br'ome It.DsaiC'

v.:b:us could be transrnitt.i~d to virus free wheat by sap Lnccu-

lation \-lith sap fr·om Bro.mus slPp., 3ragrostis app , and vo.lun-

tS'3:t' 't-vheatt h.owever, no evid4i!lnCeof aphid colonisation and

the:tefore iii viable lnethod of virus transmission to wheat

t1rtd~....fijeld conditions from Eragrost.is spp., and Chenopodium

app , was found.

It is concluded that a large number of natural hosts for BW·

occur in the eastern OFS and that these hosts could be an

ampoztiant; acurce : ·of Inf~Jction of wheat crops. The

occur-rence of D. noxia on volunteer wheat and Bromus spp.

could form the most important lU-'!:thodby which new crops

become infecterl "\'lfith virus. It is doubt:ful if all th-a

alternate hosts for)!l part of the epidemiology of the virus
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as far as wheat is concerned. There seems tl) be no

plausible method for BMV transmission to wheat from for in-

stance ctieuopodium spp. and Eragrostis spp r It might be

possible that D. noxia or other wheat aphids probe on these

plant.s under field concUtions, but this could not be demon+

strat~d under laboratory cond~tions.

Brome mosaic virus mu) tiplied .capidly in infec1.ed plants

during tbe first 50 days post-infection, and the concentra-

t.ions peaked at an avezaqe of 0.64 mg of virus/If of plant

tissue in the absence of aphids. with aphid t~ansmitted

-,,'irus the ccncerrtxat t on peaked at an average of 1.0 mg/g' at

10 days post infection.

It Was fOUfldthat BMVspreads systemically tl1:r:ougr,the whea't

plant aft~t' .infection, but that some leaves showed consis-

tently higher concentrations of BMV than others. This was

also found by ShlO:t.S (1958) f Stimmann and Sw~ans:.>·(1961),

and Zittel:' (1970) Where em! caused a peak conce.ncration. of.

virus in certain leaves, but that this concentration was not

luain'L.a.inadin those Or suoceeding l.eaves.

The 13lYL\'!'concentrations during (: 15 and 45 peak-ed in the

flug-3 leaves, and during' cs :)0 in the flag-2 leaves. The

presence of high virus concentrations in the flag<:l leaves

of wheat plants during the G when the plants are especially

susceptibla to BMVLnr «rtLons, had no discernable t~ff.ect on
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aphid-transmission under field conditions (See 4.3.1). The

higher ooncerrt.r-at.Lonsof BMVin the flag leaf after infec-

tion during GS30 might explain the nega~ive effect on yield

found after infections occurring during this growth stage,

because of the involvement of this leaf in leernel develop-

ment.

Bromemosaic liirus infection had a c1etrimental effect on the

d~velopment of wheat under both greenhouse and field condi-

tions" Infected plants were stunted, fewer eaz's were formed

per p~ant and fewer seeds were formed per ear. The TKWwas

also lower than th"'lt of the cont::.rols. These results corre-

lated well with tbp results reported by Poscai (1987).

The' inoculum ccnoent+at.Lon, rather than the grm'l1th stage

during which infection occurred, had a greater eff~~ct on

plant tillering, ear formation and plant height. It wal$aLso

fauncl that yield haCl been mainly affeoted by the gtrowth

stage of the p.J.ant during infection.

With the very high inoculum concentrations of BMV (00 1

lUg/ml) used to infect field. grO'l.1n wheat dUring stem ~~longa-

tion (the most sU$ceptil:>le stage in the 1i:':0 cycle) I the

highest yie.ld losses obtained were never in excess of 20 %,

even when more than 60 % of the plants in a plot were in-

feoted. It must he ke~pt in mind that such conditions in the

field would be extremely rare. The inoculum concentrations

of seed and aphi<i transmitted BMY are very low

(approxiwatl?:IY0.001 mg/ml), and infection does not neces-
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sarily occur during the stem elongation phase in the life

cycle. It is ther~fore concluded that under normal circum-

s cances, the yield loss attributable to BI.f"v infection is very

low (±2 %).

The study further sh(Jwed that although high yield losses

were found with infection in the greenhouse (up to 40 %) I

only 20 % loss due to BMVinfections could be found under

field conditions. The differtnce in yield losses caused by

BMVUnder grail? Je and field conditions is difficult to

explain. one zeaaon could be the ability of winter culti-

Vars to tiller more profusely with the lower temperatures

reached under. field cvnditions.

Different wh~at cultivars react differently to BMVinfec-

tion. 'rhe high yielding cultivars were more prone to yield

losses than lower yielding cultivars. Betta, for instance,

had a yield loss of 18 % at high rates of E'1'1V infeotion (80%

+), Compared to Tug.ela, which had a loss .of 80 % at the same

rate of infect.ton .. During the course of this stu.dy, how-

ever r- the natural occur.renee of BMVun"~er fie) d conditions

seldom e,~ceeded 5 %, and with such lov1 Lnr9ction percentages

no ecol"lomically important losses fC"r any 0":- the cultivars

can be··expected.

The si te of trle infection on seed indicated that BMVwas

seed-borne and not just a coincidental contaminant and that



177

an external seed treatment did not rid the seed of BMV.The

localisation of BMV in the embryoof infected seed also im-
plied that the virus might have an effect on the viability

of the seed itself, as was proven in the subsequent tests.

~he effective transmission of virus was relatively low and

was closely correlated to the infection time (growth stage

of the seed parent) as well as the inoculum concentration.

It was found that wheat; (seed parents) infected with BMV

during GS 30 (st.em eLonqat.Lon)formed seeds. with signifi-

cantly higher BMV transmission ability than the other two

stages testerl..

Only a small numberof plants \l1ereinfected through seed Ln-

faction, :mainlydue to the detrimenta.l effect of seed infec-

tion on seed viability. Results indicated that this route

of virus 4..nfection did not play any signif Lcanc roJ.e in the

final overall infection of a given field. No preferential

selection of seed-transmitted BMV infected plants by D.

iloX.la occurred und.er field conditions.

Results indicated that seed infeotion percentages as high as

20 % did not affect the everrbua.I yield significantly, partly

due to a better tillering of wheat with the lot'l1ernumber of

plants per rna. During 1937 and 198B good seasons for wheat

production were experienced due to a high rainfall, but this

did not have an effect on the econolnically Lmpozt:.ant level

of seed infection. The 1.989season rainfall was lower; and
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the tolerable seed infect.ion level was aomewhat; lower, but

still in excess of 15%.

Commercialseed sources rarely surpassed a 5 % BMV infect,ion

and in the light of present result"3, uuch a level is

tolerable. Tests 01 the seeds of other 'culti vars showed

that the true winter types reacted in essentially the same

way as Betta, while the inter.mediate types transmitted BMV'

more effeotively. This was probably due to the shorter

qrowing season and a resultaht faster metabolic rate in the

intermediate culti vazs , which might favour Bl'iV infections.

only 14 ~ ot I», naxi ~ coV,ected at the start 9X the Season

(June) were virulif.·",.:ous and Ol1~_Y5, % of vir'Q,s f:rse Wheat

exposed to field-collected D. nosd.« became i.nfected with

..Jt:~r,f, Viruliferous D. noxia t:!as able to transnd.t SMV to

vir,Us....fl:lS:eplants at vaxy low rates after 25 minu.tes of· ex-
postlre. to BMVin£ectad wheat. Aphids; were. also able to

t:ran.sinit !t~fV ser~tally Zrom one host to the next after the

plants had been exposed to virulife:):"ous aphids fo:r:·4:S hours,

before the aptii.dsw.~re t:r:ansfet't'ea to the next plant *

Ll.:ill:raphi~. nox:La· t,zas .:(:Qund<t.t) be able to transmit aMV under

both greenhouse and· field conditions, but preliminary re-

sults indicated that, D. noxia was not an effeotive vector.
Pr~viC)us researchers :r:eported a nonpersistent type of trans-
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mission with R. padi and D. noxia (Von ..rechmar, 1982), while

Damsteegt and Hewings (1987) report persistent transmission.

It was found that BMV was tr'.ansmitted by D. noxia in a

semipersistent manner. The reasons for thin be.ing that the

acquif')ition and inoculation 'tV'erenot acc01PI''1. 'GhSt' in brief

probes later in the season under field oond it.Lorr-. and that

the probabiH.ty of acquisit.ion increased with increased ao-

qtd..sition periods" l?r"-'!liminaryfasting did not. enhance ac-

quisition and no definite latent period before reinfectivity

Was found.

It must, hQwever, Pe sta.tt~d that a form of nonpersistent

transrnis.sion did 06c~r uUring the early stages of the wheat

season., This t-las also found in the greenhouse when infected

plants with high BMVconcentration$ 'VIera used as virus

source.plants· in tra~smissiDn ~tudies.

11'1:19 . first. rE!port:·o·f a plant virus being transmitted in a

unique way.that diC!'.llot •fall directly into the categories of
nonp-ersistent, aem:i.persist.ent or persistent was that of the

dahlia roos.aic virus Ig:r.!~rlyand Smit.h, 1950). This virus

wc\s reported to be acquired in 15 min to 98 hr of acquisi ...
tion feeds. Another virus reported to be t.1:'ansmitt,~dat.ypi-
cally was oaullflow~r mosaic. virus (ClaMV). This virus was

aquired by the cap]:)a.qe aphidj J3revicoryne brassicae (L.)
during a comparatively long (40 min) acquisition feed

(Cald.well and Prentice, 1942}. Further 't..rork. (Van HGof I

1954) indicated that preacquisition fasting had no effect on
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th~ efficiency 'Of short (2 min) or long \24 hr) acyuisition
feeds by Myzus persicae (Sulz.) an~ B. brassiaae in
transmitting CaMV. However. B. brassicae retained the virus
longer than 1-1. pexs icee ; These interesting results were

also obtained by Hamlyn (1955) who worked witb the same two

species of aphids and found that they did not .seem to re'"

spend.·.to prea.cquisition starvation for either long or short
CaMV was aquired. by .both species of

aphids in 30 sec to 24 hr ..

This· atypical lnpdta of transmissioT! was first refe,r:r:ed to as

a -.bimodal type by chalfant and cha'l""1an {19 62} 1 who published

details :>f the transnd.ssion mechanism of caMV by tlrlO speeies

of .aphids" ~ypically, ;;l1phidspa~ies transmittil'lJ virltses

b:i:modally acqui.re virus during short propes··of •several sec ....

ends and also du.rin9' longer probes .of several hou);'·s to days

(ld.l\1 ~\Ulallagt:Y..(ol:nJ ·1.97"1)"

Chalfant and Chapma,n (19&2) f·ounclthat aphids transmitt.ing

pea-seed borne mosaic virus transmitted the virus in a. bi-

.modal.manner* Aphids' transmitting t.he first peak Of infec-
tion behaved typicu~.l nonpersis,tent. manner, acqu.irinq

virus dUring shart probes and retaining virus for a cOl:npara-

tiveiy Sh("ll~tperiod, hut 'With longer aoquis.ition feeds,

aphids· appeared to lase the. ability to transmit. '~here...

A.fter, there. WaS a progressive increase in· tl:ansmiss.ion as

~ypified .by sElmipersisT!ent virusest \litb. a mueh long,er pe-

riod of retention. Tbey found that preacquisit.ion f'asting
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did not increase the ~ificiency of transmission at a second
acquisition peak.

Diurapbis noxi:e e;,rhibits a form of bimodal transmission un-

der vatural cotlditions 0 The viru~ concentration in infected

volup.t.eer wheat plants "las found to be high, which in turn

. caus$d a high probab'ility of J). 1.lo1Cia coming 11.to contaot.

with high concr~ntrat,ons ·.of B~W. During 1'.;11isstag~ in the

wheat season the new crop ,to1i;1S emergillg,. and thiS cQlcm';ization

peri9d'of D. noxia on.volunt.eer plants t.ended to. be of short

clura:t:.ion, hefo.:e moving ,to the. newly emerging t'lheat.. Hi9h

ra:t~s of BMVtrarlsmission occurred, but during the seC(indary

oolonization period w'ith.in the field, tra.nsmJ.ssion at effe.c ~

tj,va levels only ocourred in cycles of tl1ree weeks", 'l'hese

cycles w~e coupled to·ttte G$ of the host. during such pst' i-

Qds~ ',!:Inefinal .gycle (Nc\"J:~edji'llst bsfore :migrati(:m of the

~Phids ix-om the wheat C'¢m."nenoed, w'hich CQuld explain the

annual per$i$t~.nee o~ rm:v .in spite r ": low e;ffectivit.y l.evels
Qlf both. seed,••··.a,nd....a.phid...tratl$ntission ..

No vertioal transmissdon of 13MV'occurred and no significant

deox-easa in the total life span was found. A stat.istically

insi9'nifi'Ca~:t deorease in Inu,ltiplication rate t<tas found.

whioh may

effecrt on D.; noxla populations.

It wa,s round tha t t.he e:tfiol,el1cy of D. 1.lox:i.a ltlaS clos~ly 11;'$-

lat.ed to" the GS of "ene tar9~Ert plu.nt. alld thd.t only transm.ls ...

siems occurring ealCly in the: season (GS lU-20) and during GS
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30-35 caused effectiv9 (:oncent1:"ationsof BMV to be transmit-
ted. It was also found that BMV transmitted after GS 35 un-
der field conditions had very small effects on yield.

It was found t.hat t",,,,. virus concentration was lO~l~C in

plants infected by aphid-transmi tted BMV as :!omp?red to

mechanical infection.

variation in virus

It was I nowevez , also found that the

concentration was larger with aphid-

tl;'ansmitted vil:uSt and that single plants in treatments

wh~re !/)". nox.ia had be~ll used to transmit BMV,. had high virus

conC!~rl'tr~tion$t ....volhile·.utherS ~ere essentially virus-free ~

This ~nigh+- be dUe to the .relative inefficietlcy of 1).~. nox.ia

as. a vectot" of aM'l, and. the relatively low JlUluj:,e:rs of aphids.

that vu~rea.ble to successfully transmit the virus.

Although ran apparently larger effect of BMV on yield was

found ih the treatments where infEcted seed had been used,

it was .f<;>lUld••that this was;mo:re·the impact of. otnet' faotQl;"s t

than dj,:rectly linked tQ the presence of. se~d.....transmitt$d

aMV'. The positive effect Qf the ability of wheat to td.l1er

more profusely

caused

i.s .cance.l.lec;'lby th.e. si:nmltaneoUs presence of D ~ nog:ia $ !.Jo

~q~llP~n5?tory growth. takes i)J.aoe, and the appe rent effec:t of

.alYlY.infect~d 5·eed is amplified.. This yield loss is there-

fore only seco·ndarilY at.tributab:!.e to the presence of BM\!&

In this conte~iz seed infection was found t,o be important.

The fewer plal'1~ts in plots planted ,vith BMVinfected seed

also caused thiS remaining plants to be cclonised faster by
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D. nox.ia leading to more L.festations and a larger yield

loss.

vlhen BMV and 1 llox.i.a occurred sinR:ItaneouslY and no che+

mical.cont:rol used,·the virus raacned higher con~ent;rations
than when it. occurred alQne. Once '\11e viru.s. had aChieved a

eoncAntration ·Of C.4 mg/9, significap:1:. losses ~lTerecaused

td.thou.t 'th~ fu.rther presence of aphids· being necessary. It

wa~ a.;':'sofOUIlo. that only :;0 % (, f the total nwnber of plants

te~1t.ed (40001 rea¢hed 1'!ru3 concentrations in excess of -0.4

mglg·

Althc.yt:l:gh high percentages Qf EM't infected wheat were found

in .co~e..:rcial fields j.n sQmeeases 1 t.he virus conCet~trations

in the infected plall.ts Were bel.ow the 0,.4 tnt:J!9 eco:nomically

impoZ'1:J?nt threshold in more than 9.0 % of ~be cases tested L

'This is typical 0·£ t11& s.i tuat.ion under normal farming

t' ..prac ~seoo
ther·efOr.e not l:egarded as an important factor.. The

concentration of BMV in· the ..infected plant is far more

important in det$rmirting pot/ential yielel los$, and. gives a

more reliable est.imate of·. disease. inoidence in this case ..

Although the vit-us co:ntributed to the d.:·mage caused, when

BMV'and D. :noxia oco1i.l,rrea together I it to·as only after a

level of ± 0.4: mg viriilslq plant material was reached, that
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yield losses were closely correlated to virus CO!'lcentra-

tions. This concentration was seldomly reached. in plants

whichwere only infectea by seed transmitted BMV.

'l'na mere presence of BMV, as determined with the ELISA, did

not, cOllstitute a threat to yield. only RfJ.rV concentrations

in eXCess of o.4mg19 were cons.Ldez-ed to be of economic

importa.nce, and these concentrations have to be proved

h~£pzea:ny threat La wheat yield can be implied.

AltholJgh the ELISA is.; a rapid and sensitive method of iden-
tifying the presence of BIWunder field conditions, it can

a:t:,sQbe misleading in the interpretation of resul tIS c Be-

cauSe of thepl:'oven. ability of BMVto cause symptomless in-

fections \.l~der field conditions, large· inci1.ences of BMV

coUld 1:)e..indicat.ed \'II'1t:. the ELISA, ~'ihen in fact most of the

plants are only latently infected~ cautic'ltshould therefore
be used not to use' the ELISA solely as a quanti tati ve test

for virus incidence. Virus isolat.ion and BMVooncentration

d~teriliination. by ult~aviolet spectroscopy or other methods

should be. standard practice in' determining disease

oocurrence. In this manner both quantit tive and

qualitat.ive data on .aMV infeotion are ;;)bt.a.inedI a~"!dmore

pzoec.i:ss arid correct interpretation of data ensured.

Among'the natural grasses oocurring in the eas·tern OFS, only

Eromusspp. has been reported as a natural host for .both
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and D. noxia. Although Eragrostis spp. and Chenopodium spp.
also act; as alternate hc..stsfor BWl, evidence of D. noxia

colonisat~on on these plants was not found.

Volunteer wheat and Bromus spp.were found to be the main in-
ter-seasonal hosts of botb BMV and D. tioxi:«, Especially
volunteer wheat is uirectly i.nvolved in the epidemiology of
this virus, and forms the focal points in new infection and
infestation. The high concentrations of BMV in these plants
are the inoculum sources of the virus, and during the early
part of the wheat season BMV is t.ransmitted from these
plants in a nonpersistent manner by D. noxia.

Seed trans:mittad 13MV played a very minor role as a virus
source, due to the low virus concentrations in such plants,
~nd becauSe no pre.ferent.ialcolonis3.tion of thes~ plants by
:0 ~ !loxia. \-las fotltld..

The aphids transmitted 13MVin a semtpersist.ent manner during
-the later stages in the season, albeit at lOv.Tlevels of ef-
ficiencY" Only small numbers of plants were infected with
Bm:v concentrations in excess of O.4mg/g. Of aI~ '"I'.antsin-
fested by D. noxia during the season only 0.9% were infected
with-BMV in concentrations able to cause yield losses. Of
all plants that were naturally infected with Bl:V on the
other hand, only 9.7% of th~ virus concentrations were high
enough to caUSe yield loss.
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Primary colonisation of the new field by D. noxia start .d

during GS 10 to 15. The infestation 19vels remained low un-

t.il the onset of the windy period during August, t<Jhcn

colonisatlon was rapid. It was during this period, when the
(J

wheat was approaching GS 30 and secondary co ton.LsaeLcn in

process, that the mode of BI~ transmission changed to

semipersistent, and the first peak of higher BMV concentra-

tions was Seen. The rapid colonisation of new plants by D.

noxia lasted for a further three weeks, after 't'l1hichthen the

aphids started to migrate.. It was during this part of the

season that a second peak of BMV infected plants in excess

of O~4ntglg t..ra$; seen.

'The first. BMVconcen'lration peak coincided with the most

susceptible, GS of wheat for the virns, it could, however,

:not be directly determined if this was due to a ohanqe in

vactor efficiency or host plant susceptibility. The secona
peak in virus concentration was probably caused by aphid

transmittedl BMVol~iginating from GS 30 infected plants.

As tvas mentioned earlier this second peak could explain the

survival of BMVin spite of inreoffective transmission meth-

oda; This second peak coincides wi1:h the onset of D" naxi«

migration to aJ.ternate hoctis for the over-wintering period.

The high .am coz<!.entl:ations wou Ld 1::herefore lead to effec-

tive aphid."..transmission taking pl.ace cu_.I. this would consti-

tute a pla,usible survival mechanism"
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The chemical control of D. noxia depressed the total number
of BMV ir:fections to a large extent. Not only was the num-
ber of plants with BMV infections smaller, but no second
concentration peak occurred. It is almost standard practice
for wheat growers to control D. noxia populations chemically
during the wheat season. This could expla~n the relatively
low Lncf.dence of BMV in wheatlands, in spite of large D.

noxia populations occurring annually. The su~vival mechan-
ism of the virus appaz ent.Lydepends on being transmi.tted to

alternate hosts d'l'!'ingthe second peak period, and in th,a
absence of aphid vectors, or if only low numbers of vectors
are present, low transmission efficiency could result in BMV
control.

The second concerrcr-acaon peak leads to t£).e possibility of
aphidS sUch as R. padi, with a proven BMV transmission abil-
ity (VOl1 Wechmar, 1.982), and Which only effectively colonise
wheat after the departure of D. noxia, being involved in the
epidem.i(;:llogicalcycle of BMV as well" The transmission
method of B:t-nr by these apl'lidShas not yet been studied under
field conditions, and could be an interesting futl..orc
project •

... .1.though computer simUlation of epidemiology is ~ useful
method to study epidemiology, and instrument.al in undez-:

standing some of the complexities involved, it cannot re-
place good fundamental res~arch. It do(~, however, serve as
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an excellent method of d! ~mining research direction and to
ensure that relevant data are obtained. Nodelling at an
early st.aqe in virus epi.demLoLoqy and a well thought out
strategy could prevent virologists falling into some traps!
which have ensnared their colleagues working on pests and
fungal djseases, thereby leading to quicker development of
useful models (Carter, 1986).

The model indicated that r~search on the effect of temr 'rG-
tures on the systemic infection and the transmission of BMV
is required. Exact data on the effect of wind and :rainfall
on D. noxLe populat.ions was another research topic Ln wh i ch
data were found to be inadequate.

The mode., developed during the course of this study is a

conceptual model only, and interesting routes for future de-
velopment. ocu.Ld include an aut.or ted growth stage determina-

tion subroutine, and a subroutine simulating the effect of
predatorn and parasites on D. noxia populations.

The eastern OFS strain of BMV is a distinct strain or bio-
type," and occurs in such high concentrations in scme in-

fected plants that any other viruses are either not de-
tectable in the presence of this virus, or the frequency of
simultaneous occurrence is so low (i.e., CMV) that the other
virus CQuid not be regarded as economically important.
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Al though se.ed transmissLm of BMV was repOJ:-ted by other re-

searchers (Von Wechmaret 0.1., 1984) to be of major Lmpoz=

tance in the epidemiology of the virus, no evidence could be

found to support this statement. Not only is the virus

eliminated to a large extent by a loss in viability of in-

fected seed, but also only very high percentages of seed in-

fection (> 20 %) caused an economically important yield

loss, because of the abilit.y of especiaJ.ly winter cultivars

to tiller more profusely under conditions of lower plant

density due to non-viable seed.

Von Wechmar reported (1981) that tests on commez'cLaL seed

sources Lndd.catied the presence of BlVIV g Rspeti t.Lons of such

tests done during the course of this study also indicated
the presence of this virus, but the percentages of infec-
tions were seldom higher than 5 %.; In the llght of the

results obtained during this study such low percenta~Ji-:!S

would have uo effeot on the yield of plants germinated from
the se~d.

Brome mosaic virus infection had a detrimental effect on the
deve.l.opment; of wheat under ,poth greenhouse and field oondi-

tions, and yield was mainly affected by the growth stage of

th~·plant during BMV;infection"

with very high inoculum concentrations of BMV(0.1 mg, mL)

used to infect field grown t'lheat during stem elongation (,the

most susceptible stage in the life cycle), the highest yield

losses obtained were never in excess of 20 %. The inoculum
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concentrations of seed and aphid transmitted BMV are ve1.'Y

low (approximately 0.001 mg/ml), and infection does not nec-

assarily occur during the stem elongation phase in the life

cycle. It was found that under normal cf.rcumet.ences the

yield loss attributable to BMV infection is very low.

Although the virus forms part of a wneat, disease/major p.:ast

compLex; (:Rybicki, 1994), the effect of the virus was neg-

ligible when compared t.o tho phytotoxic effect of D. noici«,

This aprrtd alone can cause ~'iald losses of up to 50 %. The

present chemical COlltrol s.'crategy for D. ttaxis: CDuToit,

19B6(a» is based on a.phid control before GS 31 in the case

of severe early infestations. It was found that under

greenhouse condit.ions D. [lOxia-transmitted BMV attained
slightly higher virus titers than mechanically transmitted

infections in single plants, but that the overall D. noxia-

transmit~ .i virus concentrations 'tIlere lower. Effective
aphid control under f :lald conditian. follo~,rj.ng the

recoltUi\ended procedures, did control tbe inci,culum

conoentration of .virus and reduced the number of source
plants~

Diuraphi.s noxl:« is not a very effective vector of ar-xv. Only

20 % 'successful transmissions of B~1Vtolith field cQllected D ..

noxi:« occurred under' COTltroJ led conditions and this level

dropped even further 11lith subsequent transfers using the

same colony of aphids. It was found that D. noxitl transmits

BMV in a bimodal mannal unde:;:-field conditions
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St~m and leaf rusT. are presently under good genetic control
due to the use of resistant cultiYars and this route of BMV
transmission is considered to be of minor importance.
Although many possible BMV transmission routes to newly sown
t1Theatcrops exist. I,e., seed and D. noxia I none of these
routes were found to be effective.

This fact would explain th~ low percentages of field. infeo-
tions of BMV l.fiOculumconcentrations high enough to cause
yield losses. Although heavy latent infections are some-
times found with the sensitive ELISA, the mere presence of
BMV at low concentrations does not; imply that there \11'i11 be
any effect on yield. This only occurs if BMV conoentrations
exceed the 0.4 g BMV/kg plant tissue threshold. This seldom
happens wit.l.even severe infections 'llTithboth BM'! and D.

noxi.a..

lJ.1aldng t.her.;efacts into consdderat.Lcn it t'louldbe unfounded
to consider BMYas a major wheat disease. The potential for
an $pidemic is small and. even in the event of suoh an
outb):eak, the ability of BMVtn cause large crop losses is
limited.

Although Rh1?V (Vcm Wechma:t' and :Rybicki, 1SS1) and aphid

lethal paralyses virllS (APLV), art aphid pathogenic virus re-
cently r.eported.by williamson et 1;11. (1$}$1), 'Vms reported to
be possible natural contl:ol measures of D. noxia populations
unde:t·field conditions, no marked effect of these viruses
were noted during the course Of this study. These v icuses
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would have to have a drastic effect on the aphid to be of

any importance under field conditions.

Field populations, collected in the same area where RhPV is

reported to occur, were used frequently during this study

and most of these aphids completed normal life cycles.. and

more importantly, becamereproductive. If ALPV or RhPV were

prs$en.t in these aphids, the pathogenic effect of these

viruses was to small to influence D. noxia populationsc To
ha.ve a major effect on D. noxi:« these viruses would have to

influence the life cycle of the aphid by either preventing

the aphid :r:r'ombecoming reproductive, or to cause death be-

fore reproduction could commence.

An alternat:r.ve, more viable, control measure.of D. noxu«, is

genetic host plant resistance. Genetic resistance to Do

tloxia in South African wheat lines 'Wasdicovered Joy Du Toit.

(19fFi}.. He also pioheered the inoorporatiol'l of the
:cesistant gene into most of the popular oultivars presently

being pla.nt$Q in the·sununer rainfall·a.rea.

With cultivars resistant to D. !loxia soon .to become a real-
it.t, the epidemiology of. BMV in the summer rainfall area

migh.f ohange ~ 'rne presence of SMVin wheat. seeds p ceda.t.ing

the.arrival of tJ~ ilo:x:ia in south Africa (Von Wechmaret a.l.,

1.9'84)indicates that. some other vectOl: might have been oper-

ating~ The wide scale planting uf resistant cultlvars might

lead to the population increase of other aphid species which

could be more effectbre vect.ozs of 13M".On the other hand
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the increased mobility of aphids caused by host characteris-

tics, such as a repellent or poor nutritional status, may

provoke increased dispe:rc:;al with consequent virus spread.

It is important not to sUbstitute insect with virus problems

(Gibson and Plumb, 1977).

Resistan;ie to 1)" noxia in Wheat is based on two separate

sing'le dominan.t.genes.. Bearing in m.ind the enormous re-

productive potential of this aphid, tha possib:i.lit.y of this

resistanoe baing overOome in the near fut..tre seems very

real...To sUOha genetic change in)) .. !loxia could be coupled
a :bettr- veotoritl.9 ability for BW. This in turn might lead

to a whole different affeot of BMVon whaat in the summer

ra.i.nfall area" t.rh.efact that this virus. is t<lic;lespraad. in

al.tarnate natural host.s in the eastern O1"S i.s beyond. doubt"
An .effeotive Vector could therefore changs the present.
situation"

In event. ..of a. large. deorease Of. .D" nox:1a populations,

the. otht;;)I'aphids. invol.ved e ~9•• s. gramitlUm, lh padi and IS"

avema~·could und.ergo a cha.l'tge·in their c~l(misat.ion. patterns

and population -.~izes. Under the p:r:e.sent piroumst.anceS they

are. both t.oo fevl and colonise too late. in the season to be

seriously consitl~ed a$ nta:jor .vectors of BMVundEtr :field

oonditions., Should the situation ohanga, however, a serious
attempt shollld :be·made. to le..a.rnmore about .t:b.e bi()logy of

these. specIes. 'rha vect.ori.ng abilities of both R. lpadi and

s. gra,min1J111 were proven undet' laboratory conditions

(Rybicld¥ 1984)• Especially since these vectors are
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reported to transmit EMV in a nonpersistent, nonspecific

manner I the POsl3ible impact on the epidemiology of BMVcould

be important.
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