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SUI4I.{ARY

The relation of Iì, avenae to r:esistant a.nd susceptible cultivars

of wheat and t:artey, the;r;-;f resis-t-ance in wheat, i.nher:ita¡rce of

resistance in wheat ancl barley, ancl the possibililly of biol;ypes of tlie

nernatode in South Australi-a we:'e studieci.

Because of va-r:ia.t'iliti' in pub.tisherì results, rnethods of stuiying

the relati-on of the nemat-,.¡d.e i-c-'either a single l:oc;". tip or tht: entire

root system of plant wer*: Ceve-lc1:;rrr-1 ín ¡,vhrr:h !--he ent¡irontner.¡t, plant groi'rtlt

:r.rrd density of larvae j-n tire irir¡r:ula. were cont::ollecl " These tnethotls were

used, throughout this study, but one fiefd t.¡:j.;rl. r¿as done to reiai:e these

result-.s with the fielcl situation.

Siinilar nu¡rbers ot' .l'¡r::vae invadecl , er.:tablíshed and devel;ped ,r-ri

susceptib-l-e antf resista:rL rli--ri i:-i-i;.:rrs of v¡heat at each clensity of :r-itr-;.;ulu'i.,

when larvae were inoculatet.i c¡¡:it> a s-ingle rc,'-',ì: tip. Each of these three

aspects had a linear pháse of -tncrease in rrr.::¡.bers of larvae antl t.h'is ìÀ'ö.s

followed by a- plateatr phas:t: as the densit.-' jnc:r:eased, but onl1/ tÏie ;ru:rù.'er

of develolling larvae decr¡¿r.s<.:,ji ¡.il-r'i-l:.e d-t:¡',::i.ty of :i;'rocr-rla coni:leued !o

increase. The dj-f f erences: ,5ç: t'.:eei.r l:ii'lú'-'â'il; :'f .l¿rrua'; ;.nu:idj-nr¿, c:-:t-*l-rli;':-,in.g

and devel-oping increased wi'Lh ii<:;ti.;.ì.'L.y of :-rroculäEj-on ur¡til- the pJateau

ph;r.ses rvere reached and rê-tes o:[ Ii¡rear' .l'-i;-.crease were prog:,:essively

r:educecì .t-rom invasj-on to estab-l-i-shrrìer)L to ,-'lsveiopirLent of larväe. Nuro-ber:s

of females showed simitar phases {--,1 1:liose of-- dcvelop:',ng l.arvae, but

al.though the nrlnber of females \','.is ."i-niti;rl11' half Lhe totai nwrber of

larvae developing, this retatior: v¡as: not roaintained" The :ratio of nraf es

to females was unity at the l-oiv rjc-nsity of inocula and thetl increased

with increases in the deirsity of- il'rocul.atj-on. rnj-tially there was a

similar number of females on resistant ancl slrsceptible cult.i-vars, but as

density of inocula íncreased, fewer females were on AUS 90248 than
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Halberd and on AUS 10894 than AUS 90248.

Field and growth room studies showed that invasion of wheat

and barley seecllings affected plarrt qr:owth and rêduced both the ntunbers

of fertile spílcelets and grain:,+ per ínflorescence. This effect of the

nematode on g::owth and yi eld of cereal.s raras proÌ:ably relat-ed to ou!..rient

ancl moisttrre supply. The resj-st.anl: wÎ:.eat (cv. ,AUS 10894) was usually

mor:e tolerant than llalberd .'rnd the expression or al¡sence of this 'Lol-erance

Ì¡ras associated with the merhanism of r¡+sist:ance. 'Jhere was a suggestj-oir

that t-he r:esi.stance induc+å i-¡:ì.u; tire earl'¡:roo'Ls of AUS 10894 followirig

invasion v/a.s transferre<l to t.i¡.e iater deve,lcping roots

Resistance was co:rfinned for five barley cultívai:s. li'his and

the resistance in wheat was usually associa.tr:d r.¡ít'.h partial d.omj-n,:.i.tce of

a single gene with the poss j,i:,.:.i i Ly of polyger,¡:s or modif ier genes; c.-iso

being associated. The sa¡ce nnj,:i: gene occu:;red i¡r the two resis'tant

cuf,tivars of wheat (cvs " AUS 1.0tÌ94 & AUS 9O24èj , br:t at least tr.rc ;-inul

possj-bly four different gienes were present in ihe barley cultÍr'a.::s.

Tire two resista:i'i rj¡h(-rait culti.trars v¡ere r:es.istant agai-nr;1. H..

avena_e ai 27 c1ifferent sj-tr:s '¡;;i-j:i.::r Sc',ii:li Ar:stral.j-a atrd the r-eacti.'-rir c,f

an tlnternationalt range ol. cuìi-ì-.'¡::; a.ç;-i-ì-i.,s:u 4 di:if+::-ent'. s-'.ites sLr,Egest€jd

only one biotype. Because the :i:er'; feril,r'lrií:: i)rì ::esístar:i; wheal:. we-.re

pi-r)bcìbi! a result of the mechar¡.r;;.: of re..:istance, no resistance-'b::ea-ki.ug

nemato<f:,s wer:e found or were ii l;trl'y "*i.t-h.ic nematocle ¡:opulations in

South AustraLia.
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1. INTROÐUCTIÍOI\I

Cerea-l root eel-worm (Heterodera avenäe, [ùolJ-enr.veber ].924

(rilipjev, 1934) ) v¿as f.irst reporte<1 in South Australia bv Da'.'j.J,son (1930)

and rlescri.ptíl'e a-ccounts of the effects of this organj.siir or t;êr€âl growth

within Austr¿rl.ia (Hickinbothtrmo 1930; Millikan, l-938; Pan;er, 1966;

Par:k-llll & coss, 1968; Meagher, 1968) have -indic¿rted til¡.t. it is c¡f

ecorromic impo::tanr:e. llowever, a synoirtic study o¡r the glrowih of: wheat

('tzitj"cum aesLir¡-t-rir: cv. llalberd) in Soutir ?rustra.lj-a by 9'b1'nes (-r:975) sug'Jests

tha-i: the nenatocle affects Lhe earl-y, or seedling, growth ¡-rf ¿'ir.: ¡rlaitr arrcì

beca,u.s;.r the p.Lant could compensate for: t-his effect during lare:,r grorvth,

othe:;' ei¡r/irom,cintal factors are more important in deternriniug the final

crop yi€ìf.l .

The ,rlajor cereal g::owing areas lrithin South At.:s'¡:.:';,i-ra are boun<i-

rougirl-12 Lry rnearr v¡j-nter (May to October) rainfall totals bet'.:È,.,iì 150 and

350 rrr,.:1. ani] s,Lnrne. =.i-rrfu.tt is relatively insignifi-cant, i.e., bouncl

rougi;iy;l1 e rnean annua-I rainfall betr.,reen 200 ancl 550 nu.r. Slow maturi-tlc;

cu.i+:ivar::i a\re susceptj-ble to the per-iods of high evapo,':'¡rt'-.ì.';;i: ¡iernancl r¡Ïi:i.i:h-

rrornaliy occ:ur J-abe in th: seasoir, therefo::o, the genetì,. a¿.ì ;:-ri:-i::.j..::¡, 1,,.'

Aus'¿i:a.l,ian whc:ats has been through c-:ar.l.y- rnal--urity and insen.;.ìi..i virl' t¡;.;r;th

vevnallisi)tion and photoperiod (¡o¡ralcl ói irucirrid.ge, I975). Iì:i.:r;hest yie-ì-Js

c.f wheat are obtained wheir sowing is j-r:trveen nrid.-lulay and- m.j.O..._ir-rr;,j (Do¡,¿r.ici

.9 Puck::id.Ee, 1975); this results in fl.oral inj.tiation occu,r'r-:,,'1.¡ .C.ur:j-ng Jr-rly

(Symes, L974; Nix, L975) ancl anthes-is occurring during ce"r.Ly O¡-:i-o'i¡er v¡hr:rr

the optimal combj.nation of water availal-r-i-l.i.t\z, tenrperature ariC light rer.¡-ri-rries

occtlr (Nix' 1975). These sl-ages of wheat grcwth during {-,he s:ason are shcwn

in rel-ation to time of sor"ri.ng in Fig. Ib.

Seasonal fluctuations in the total nulnbers of larvae of H. See,

modified from tr{eagher (l-970), are also shown (nig. la) and these clearJ-y



Fiqure 1" ClÌanr-ir:s in t-otal (modified fr:om Mear;her, I970) and

infectri ve .l.a::vae of FI . ê.vêl'iâê ancl in growth of

wheat .l)-ì.edict-.ed for an a\erage se.l¡,:ìoir in

South Àr:.:tra!ia.
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indicate that v¡hcat grovrn in infested soi.l can bc infestecl ul:rti.L the end cf

JuIy or early August. Absence of larvae after this time i.s a.1-,parenLl-y dtr.e

to arr Índuced dormancy j.n the unhatched larvae during 'ru.i 1z (Ba,n'¿e:: ti Fisher,

1971 a). Therefore, wheat" grorvth can ]:e affected by the ¡letl,.rtode unL-il

after f-l-cral initiation, and because the final Erain )'iel"d. of tt¡Ìrea." i-s a

reflecrl--ion cf the accumulatiorr of the effects of crop gi-Ðwtïr i;'cn..rer::i'oiü::tion

to a.nthcrsis, as v¡ei.l. as fr:om anthesjs to maturity (Nix, 1975) ' H. aven¡ìe

is like1y to affecl-. the final- yield of v¡heat.

1. :l Physiol-oqy of of r,vheai'

During vegetative grolth, leaf pri.moidea are i::i't-i.'Lî:ed ancl de't'eio;c

at ti:.e ap.i-caì- Lreristern untiL -floral .initiation occurs and firral leaf nturi,r:¡:

is rle'Lenniner'-i (Bonnett, 1966). Älttrougb. only four leav"" t',',' t.¡e visible at

floraj. íniti"-.ci.c.rn (Siugle, L964), further grotvth of the i,iji.- -:jl:.imoídea

alreelilz i-rrjtiat-ecl continues and usuaLly I or 9leaves âilr1 ¡ìir.'¡¡,;¡-¡oped on tlier

rnain L:ilfer (Syrnes, ß)Ð. Nutrient reserves in the endospr-:rra of the se*4

norrnal.Ly aÊ.fect r-inl1z t'þs growth of the fir.st 4leaves arrci, ì:ecause the

clu:.'a'Lj.ori of grolvth befc¡re the exponenti¿rl phase of eacli -i.,:::lí: :l; proqri-..,-ìrr:Lveiy

j.nc::e :'-r.;eil , ì;he appeãTance of successive le.=.rves ís dela";;e,l- i:;; -t-;..i.:r,¡+, j:rL.Ll) .

Tl:e largest ieaf is often the one elorrgaLing at l-he time of: {i,:.¡;¡:.i -j-n:;-Ì'i ;,tion

(lìc,rriil, r959) " The irçortance of nul;-rienL sup¡_rIy for Lce-f: ':l:-'cwlÌ: -Ê

cìernon,stra.tecl by a redrrcl-ion j.rr Ieaf a.:-'cra wí+¿h reduced avajl..-lri.ìJ-l-.i.'9f

nutrtlents (T,enr¡er, 1966) ancl an increase in nr:núrerr: of leave'.;, r;'ì.Iiror:'l- rlt-iai'inçt

the time of fic::al ini.ti.ation, with increased nitrogen suppiiz {::ìingle, 7.1'itå).

Eetweerr f-Ioral. initiat-ion and anthesis, maximlrm graìrr nrrn[ber jr;

deter:mined thr-ough developne¡ri- of spil<e-bearing tillers, spj.lk: let nurnber

per spike anc f.Lorets per spikelet. llhe maximum number of s,p.'ì-1,,::lets ir:

dictate<l by genoLype and the actual number is the result of the interaction

of genotype and environnent (Rawson, 7-97O), and because spikelet differentiatj.or:
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seems to be ccrnpletecl v¡hen the apex Ïras a "double ridge" appearance (singJ-e,

LL)(,A¡ ].ücâs, 1971-), sp.ikelet clifferentiation'i-n thc field is probably

colirp1-et-.ed by l:he end of l\ugùst. lltris is al.so a periocl of low temperature

;räd poor light intensity (Nj-x, 1975), anC these factors w.i.th leaf area

irr<1ex¡ nri¡ric:nt s¡pp1y aird. pla-nt Çoir.petition (Single, 1964; Davidson, 1965;

Frierrcl , 1.965; Aitken , Lgõ6; lurckri,lge C Donal-d t L9'o7; Iruckricige, i96B)

;.rre iro¡;crt¿¡nl--- factor:s j,¡r itetermining spikelet n';u¡J:er. Therefore, jt is

also L-i.kcly :h;rt plan'L- d-i-seases v¿il1 also reclucc spi-l<etet nuir.ber by affeciinq

:ììr-;r-.t ö-ir thesc- fa,ctorl;.

A:".irr1uction in spj-lcelet nurnber n-rå{} be conpensatecl v¡ith-in a 1:'lant

by an increas,¡ci nrurä:rer of flol:ets .i,u the sl-):'-ltclel-s (Bonnett, 1966) - Ilov''ever'

the nurnber of f'c::tile fLorets or gi.¡lins pe:': spikelet are also affected by

;':-:rÉj same faci:or:- v:hich affect spike i-<,rt rruri.bcr (Slingl-e, L964; Daviclson, 1965;

i:,ir.,::xridge & Dcnal.C , Tg6't; Puckr-ic1çle, l96tj; Frankel ' l-976l-. Other

t:;,i',;iïonmental faci-cl;srespec:Lally fr:ost i,t:d ft.¡-j'sture stress, carr also affect

the nqnùrer of' grainri per spikelet v¡i.th ait cffecÈ on grain set at anthesis

(lJix, 1975) . Ac:cr¡rturl-a.tion of ¡>iiotosi''r:thabe in the g::ain is al-most entj..rely

.r¡.r'¡.¡ i¡,.,ri í):1-;rrLhesis :i-:i :lre flag le::iÌ, pt,':l-rrncle and. spi"ke (Evans & iì¡.:i'/F;cjílt

:1-,:',,i.;i r ¿:.i-1 +-lr.:r:efore, ðìì earl.-',-er cfft¡ct of eittier envíl:onment or di-sr:ase on

i;La.rit..ii-1i"'.:.r:,-:culrf affeci: lJrairì r^/eiîht'. as v¡elI a-.¡ numbers ot- qrain pel'pJ-ant.

íiiu.iiar patterrrs of tleveloprient are cl.escribed for rvhr¿at errii barley

(ri.L:-izìrs¡ i!ró6) and the yiel<J accumulati-cln process seems to operate

r;i:ri:i. l"a-cl-y for ba¡l]-ey and wheat, as the r¡r:r''ber of leaves and C¿uration of the

p-reantires;s pr-,:iod are similar when both arr: grovJn under fi-eJ.d conditiorrs

j-n South Australia (Garclener 
' I974).

2 B:leeding and Resistancc

Resista.nce in plants to most nematodes has been identífied and

the inheritance of this resistance is similar to the inheritance of any
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other type cf resistance and ot-her qual.ities iu piani--s (liare, 1965).

CuL'Lj-va.r:s of wheat- (:Ei!¡_Sg spp.; O'BI'ien & Fisher, 1"974), barley (ltorcleun

spp. l llayes & coÈten, 1970) and oat (4yena spp. i cotten & Hayes ' 1972)

r.,Li,th :,:es-i.stanc:e to H" a\¡e)1ae heve been identifiecl ancl sonie of these cu]-tivars

¡.re r-esi:;tant to the nematorle iii Au.si::alia (¡tj,llika-n, l.93Bi Brov¡n, R., !969¡

B:.',.)ì.71 & MÉlâgher, L97Ai O'Brier, ç F-ìsher, 1974; El-lis & ÈlI6wn I I9i5).

inheri-tance of t-hi-s :lesistance includes bot-,h the domi-nant anC recessi'¡e

û.:Kp-ressic,,Ð o.+r tjre rJenc:s, and althougir a single geire is usua11.y ínvolvedt

r:--vo,. i'¡:1c:e cir: se'.¡cral Eeues v¡ithj.n the host have also beeri ideutifieC

(r-¡:dr:rson., 1')(,I; Cotten & Hayesl , L969; Cotl-en & iÌayes, Lg"l 2; Cool;, 1974).

Therefor:e, tl:<-r gc-:netj.c material j-s ar¡ailabl c, rvj-thin eacJr. of the thr:ee cereal

c{Enera tc¡ int.,'-crjuce resistance into comnevr-i-¿rJ cultivars.

Becai.¡r:s c-,f the possibilltv cf nerç st:rains, races or biotyp.= of

¿r. j-)rìt:hoge¡ fls1r,:ic.,;:ing and breaking dowl tl¡e r:esjsLance to the disea-se

l;ir,j-ch is j,ntroiÌucecl i.nto a new cul'Li!'ar - p'r',ii.iienic rat-her than monogenic

resistance ii ¡>referable (Van der 9j-¿¡nk, 1968). I'Io\^¡ever, polygenic :esist¿rnce

.-Ls not alwa.ï,; availab,le ancl the ¿ìs-<íjEsìriln'L of chis e>:pression of resistérnce

:¡.:.-:ii. lrì.ic'.iJ.i- ¡lur.i-¡rg i. iljr'erjdin_q progr'¡ì.-1'Lt-tr('.:. The nai:ur:e and ha]¡itat ci'r.nos;1:

.r.r i-ilr: ;..!-.;ilii:- .i*r¡atocles .ís res{--:çicied and p.irysJ-ological races that b::e¿¡.f;

t:,:jsí:ii:aìDi e 's¡!:¡l-clr spread :i-r>wIy' (Ha.re:, 19Ê-.5) . Ther:efore, ttre :rotati'-,n c.'f

ití:.r:::i!'¡-i,ìnb ::lld su.sceptikr1e crops as recomlr,endecl by Jones 9l ui_. (I16'i l could

ciç.r,¿,rt íj.-rî €\ri;ì',ir pJ:evelit- tlle selection cf a lìew bíotype.

Seve:,-'al bictypes of I{. gyggg have l>c',err iclentified within }lrrro12e

(A.rice::r;ei:,' 195'i; Cotte¡r, L963; Kort -e3...!1. I l-964; Neuhert, 1966) ancl

c-..ften two o¡: rnor:e biotypes are Lìresent. wi.th-=rn one population of the ncmatode.

fÈ'i;wo or more ):iotypes v¡ithin a nematode populatio¡r is the normal situation,

tire few females on roots of the resistanl- cultivars in South Austral-ia

(o'Er:Len ç Fish,¿r, 1974) may represent a different )rioLype and the
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resistance in cult--j-vars will be lost because tlie resistance breaking bio-

types are already <listributed throughout the infested areas. Sorrzever, orlly

one kiiotype is suggested for /\ustralia. (Brov¡n, R., 19ô9) ¿rncl thj.s -ci.otype

d.i-ffers from those in llu::ope. This aspect-- needs furthor at+¿entio¡l as a

cli:[fert¡nr-: bioty¡:e in South Australia. is pcss-ible (O'Br:Len & Fisher ' L974'i

a¡ri1 resistance breaking biotypes may occur within Vicborían popirlati-ous cf

the nemato,Je (EIIis & Br:ovrn , L976) "

Genetics of virulence in !I . ave:rae has been ¡;tudied iArrilerison-

l.gÉ,5) " I¡oi.dever, these studies are d-iffj-culL and the pr:<.:na-L'-. llLLy <:f selleiì:ing

fcr virulence or avi::ulence in the nematode is more easj--l y,¡-<ser-;sed bY

eit-hc.:¡- rreasuri.ng the reaction of the sa:ne r:es:Lstant ctiltivar to successivtr

gerrerations of t.ïre nernatode or: undersf:andi.ng the mechanisr¡ of resistance

wíth:l-¡i the h,;r:t. Because one life cycie nf Èl . a-venae-_ j,.: .l -'1.;r'i1z s¿s¡ t.-t

(WalJ¿rce, f965), the rnechanj-sm of resj-stance in wheat nerecls ir: be examinçci

to a-.irr-:.:3 l;-irr: l-ikely stafitity of the resístance.

the exrrressj-on of resista-nce (Rol^rde t 7.972) at-rd i>iochemical

lneçha:i.L:-:ros oll resistance (eiebel , L974) ín pJ.ant-.s to ne.l,:':Í.:r:.,d-e:; ltave ire;;'i'l

rec;en'.-.1 ;7* rcr:rieweC.. Li-ttl.e is knot¡nr oi ther response ol: i^';-,-r.¡tÌ.: v<:::',.'a";'':.i Lo

ã. 
=gi:::g_ 

infcction, bu'; resj.starrce i¡i J--rrl-ey cultivars J,oe:. i;i:t: ;iÍ.:-'.'':;;'i::

i-¿:rv¿rl perre'r-'.r:ation (Cotten, 1967 ¡ L9'iO e) , fentale developme rrl- -r-tr ::;:1:¿iiì':iL

a;rcl tlre ¡:urr'rber of nernatodes v¡itlii.n tlLq ror:i:s clercrease (Cci:c.i, , i-;)7ria¡. -¡.':.

:lesistant wheaù, penet::ation ancl the number of sexualJ.y rnatiirc-.ii¿ii:l; cLj-r.1.

not seenr affectecl , but the nunrber of se:<ually nature f-enia.les j,r; r:.-=åuced

(Ilrcxvn, i., L974). l'herefore, the sex ratio of males to feni¿..les is nigirr'.:

on thr: ::esi,.;i:a.nt than the susceptible cul-tj.vars of wheat" 'ri¿¡::jable sex

::atios al-so c)ccur on susceptible hosts to Ii:!.gg*IC upp. (t1ì.i"nby' 1954;

Kampfe & Kerstan, L964; Trudgill, 1967) with different densities of nematodes

invading plants and diffe¡:ent environments ror plant growth" Sex retr'ersal

may occur, but most lleterodera spp. (including lI . aven¿re) are heterosexual.
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and sho\^r sexual ci.morphism (Shepherd, 1965) ancl qenetical sc;x d.eterminatiort

of larvae is more lilcely in these bisexua-l species (TriantaphyLiou, 1973).

The.refore, rrai:iable sex ra'Bj^os reflec'L the effects of en\¡ironn1.r.Ìrrt, nematocle

dens-ity and host r:esistaltce on the establislrnent, clevelopmetli- an,:1 maturat-ion

of the fentale larvae ín the nematode popuiation.

Resista.nce in cul.tivars of barley to Il. *¡!¿5: inc¡:r:tl.se';::;rirr yield,

not on3-1' by :;educing tTre density of the nematode popul.aLion ((:'::Ll-,en' I970b;

I{il.Ii.¿¡r¡s, L7TO), J.¡u'L aiso by havj-ng bett.er tclerance {:c irent.ilocie infectj.on

tt¡¿rn the susceptible cultivars (Cotten, 7-961 ) " Cultiva:'s cf c;.-t. ..i:e ge':eraIly

regarcìecl as less tol.erant to neroatoCe -invasion than ct'rlti!./;ìì:r' of wiieat;,rnrL

u'ire"l^'t is r:egardecl as less tolera¡rt than barley (Hesl-ing, 1959; Stone, ilì':)i).

Evidence cn the tolerance cf cultir¡ars of oat and wheat is la"cking and tl:e

gene::al rel¿l:ionsirip between the ge]lera nay not apply as iit¿:ir='-i may be inl:;:a"

species varietio¡r in tolerance within ear.;h of the genere- s-r-r:'i.:;-rr to tha-t

whích c.iic,rrs ,,.¡i-th resist-.ance (Miilikan, l93B; Rrown & Meagìrer:,- 1970) " Ccr-:k

(L9'i4'¡ .>uggests the diffel:ence in toler¿rnce between barley arid oats is

re-l-ai:t:r'l 'Lo t.oe hust res¡rcnse Lo invasion. This as¡rect :ri,:;eds further

i-1-,'.r6;e;ljL¡a-t:Lon as toJ-ci:ance associated with resista.nce r,,'c'¿ló. .i:'i:r¡:¿:5c' '.!i':

1>rob:ik'r-,'-ity i.f selecti-ng resistant plants vrhen plants a:,:o ¡1:;-i-r;¡'i1;¡:j f'-;;¡1

increa"-ing yielcls <l,uring the later starJîs rtf a breeding proi¡:.r,ìrtxiÉi" ,iir¡)i:iir;r

p..:.:sibility of assj-sting selectio¡r of resistant plants is the jC+r:ti.l'j{J.r1,,i.on

of marker genes i.e., a character gerr.:tically linl<ecl with res,rr::rr-.;-ri'ìte ivr:jci:

:is ea,sily recognised, and sorne suscess tiâs been achieveC wí:h l:t,iÈker gencrs;

fo.-r-' res;istance to H. avj¡l5 irr barl"ey i.;-¡:dersen & Andersen, L?'i :lJ,

During the id.entification of resistant cultivars, i-tLe selectì-nc;

of resistanL pr:ogency in the early staEes of breeding for r':s.ì.stance and 'the

assessing of progeny in tests on the ínheritance of resistancer it is

essential to use uniform methods of assessnrent to ensure that genetj-c

resistance, and not some other factor influencj.ng development of female
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I

nematodes, is measured (O'Brj-en & Fisher, L974). The method of assessntet:.t

should al.sc¡ alloir large nuJcibers of plants to be tested at 'bhe one time

(Mcl.:enna gl gL]-., 19e,3) " Different methocls have been used (Siie:¡:ire;<1 ¡ 1958;

7\ncler-'sen, 1961; Andersen, 1963; Mcl(enna -Ê! al-. , 1963i Rrcrwn , J. , I974i

]¡ut-. r,;i,-lc varia'Li,c)ns in host reaction stil.I occLtr. Therefor.,, fur:tht:r

j-rfornra-tion on the relationshil> betrvee¡r the nematode aniì. bhe hcst pian'i-

dur-Lng ässessment of tl"re reactíon of the host bo infeci;icn ìs rîec{uired. t-o

ei-iminate: vari.at-:Lcil in the re¿rciion of Ì*he .1-^rost plants "

I .:i Aim of Iìzperi-r¡eni:.a1 Worl<

f'J¡.-: prírna::y aim of the experi.rnental work presented irere v¡as t<,

examj-ne l-,he r:es:i-stance-: in l:.;¡o cul.tivars of r,¿heat, AUS 10894 and AUS 902¿:.*'

and to r-+vajtl,lfe tire effectiveness of t-Ïi;:-s resistance as .î. n.làìÍrs of contro-]-.I ing

IJ. 9..-i:-..1-?j-... i¡l l:l,"luth Australia" Cultivar.s c¡f l>ar1ey were in¡:.I ',iied in some

e>çerr:iu''ents ì--"e 1:ermit a compat:ison of the Lwo genera as ir!rr$'{- of the

irrfoi--:¡ati<lr: ,rva.:i.1¿rbie is on l:esistance in bar:Iey" Exper-iments are descrLbcr'å

whi.ch i-r:r]"ic¡ite tiie effect of H. avenae on cereal growth¡ tl-re nrechanis:itls'.rf,'

res:js;tanc* in r,,'Ïreat'., tt-ru po="i=ur;;, differenr-'. biot:':ci:s ;i-i¡ !;i.-ri1f.þ Au;i'i:¡rlj.a

ancl +: t',: i-nhr::citance of ¡:esi st-ance .

In order to obtain this infoi:n¿-t--j-on, tlo meLl:ocls r,irì:'i.: (ìcve.Lorr-.ií

to exarili-rìe the relation bet¡,veerr the nenratocle and the host. ()rre ¡¡e.Lh,od':,¡is

cìeveloped to exarnine this r:ela-f:ic'nship,on individuai. rocts o: i-he host- a:rd

the other rva-s cleveloped to e>iamine the r:el-ationship on the v¡h,.'.i-c.;;lant.

The react;j-cn of plants to ne¡naLode infr:ction was tested by t:he i;rt:ter mei-ircrd

an<l these tes+¿s were done before the cln.:ini¿..1. densities of nen',.'rl:ode arrci times

of inoculaticrr v¡ere deterroined.
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2 INTERACT TLIN }]iJT'tr{T]EN IIETBRODT]RA 7\VI]N}\E AND ROOTS OF SUSCEPTTBI,E PÎ,A\T'I]S

A cereal plant is su..;ceptible to E. g9n39 if it su;iporbs the

production of large ¡umbers of prolific fernales (Sheph'lrc1 , 1959) ¿lnd

resistant- if no, or very few, females are produced (Ande¡se:r" l-961-) '

I{hen cereal cultivars v/eïe testecl for thei-r ::eaciicn to f:,1lis

n::matocl-e, variations occurred in the nunber of females vrtuich devcl-1-o¡rec1

rv-ithi-n a cultivar and between cliffereni tests for the s¡-rne';l.t1ti-va-r (C1Ê:ri(ìn

s, Fislrer t LglA,). Thi-s varia,tion was at'i:riÏ¡trl-ecl to one or ìr,ore of i-Ìre

fc,Jlovri¡E: genetic variat-'r-on j.u tl-re host o:: nematocle, v;:i::i;:r"-.!()lis in nr<:ii:cds

of assc;ssrnerif , o:t the use of di-fferent densities of the r:<lni.¿:-cc1e.

frì ¿,. rnonoxenic culture method (Brown , J", Lg74), a single cysl:

of H. .rvenae '+;as useC to infect a susceptibl-e wheat (cv. tll)'npic) and' a

suscclriible r-.ar:-l-ey (cv. trnfeeah), Again, the number of f t,¡n¿--r:: r: procluced on

each r-:ul.tjvar -y';as variable and this appea::ed to relate +'-Ç' 1::-;':: variationi;

in the í¿iLìù:rrr of larvae hatctted f rom the cysts. Wicle f luctiial-ions noted j lt

botli thri .l--<;tal nrunlter of larvae hatched and rate of hatch of these I-t.r.',.

fr$n iri,:1.j-vicluaL rtirs¡" \.{ere considerecl a rrorlnal feature i¡-i.ì-iì.Li¡ populai';i':r;;is

of F_. g--,*1..-l in Souti^r Australia (Davies, I)crs. comm.). i.îil,:-;i; .;r:;ilr-;.','iirrc:rrt-r.ì of

pl,-,ni:s' reactj-orrs to I1 . "vel€ 
have uscd CYsts as the Sourc* -r-' i-'r'.Ì¡¡- t.irl :.

and, mu,;h of- the variation reco¡:ded in þhe reaction of p]-ant; du.'..i-,1,q Liie'.¡

essessnelìts m.ry be due to conseq-;errt ,iiffel:ences in d-ensj-tt' nl: ;-..ljiruii''¡il'

The clevelopmerrt of a metiro<1 of application of êeccl:ri- 3Làuê. i-ar'::'ae

of Ii,. {?-E-? 1:o seminal roots of cer<:al.s and the effects of 'h:ì.r; ,>n the

pextetrationr establishment and devel.opnreni: of nematodes and c¡r.owth of

seminal. rooLs are exami-ned ancl discussed in this section.

2.L F.elationship betvreen densi-ty of inoculum, penetration cí La.l:vae

and growth of roots

A turbiclj-metric method of estimating the number of nematode larvae

in a suspension has been describeC by Blake (1958) in which a 0.5% solution
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,lri-!of carbo)i.ynethyl celj_ul.ose (c.IIr.c) was u.seci to reua.rn lafvae rn sifsper.s]Ú¡1 "

Therefore, pi:ovided c.nr.c" has no effects on either the nenìatctìe or plant,

it wor,'.Id mi¡rimise variatíon-in the nrunlcer of larVae between i¡,o::ula from t'lie

sante suspension of neroatoc{es, ancl so the value of c.nt.c. a.s a medi.um for:

i¡:ocul-at j-on of larvae of I{. avenae and the method of applic*tion of the

inoc:uf"'onr was e¡camined.

2. 1 " l Materi als and ltle'thocls

2.1"1..1 Genel:al

¡{ature cysts of ¿I_. gyg11gsl_ were coJ-Iected with ¿rs--:c:r:i-a{:ecl rooiE¡

of Ì.r.r;:ley (cv. ClÍppe::) j.n lularch, L972, from a fielcl near Bov¡ HiIl in

Sout-ir ilu:;tral j.a ¡-nd storecl ¡rt 2OoC. Vlhe:r nematodes r'/ere required, the

cyst:s tg(ìre 1-ï¿.Ìí¡sferrer-L to a ternpe-rature of IOOC for appr-o;*:-i:i);i:!:el-y B weeks

as err rT-ic].'ea-.re in r:ate of hatchi.ng of lal'vae from cysts wäii r:':ri:ected fo11,.r:*,:-irg

a low f.¿¡r¡o¿rif:r¿-e tr:eat-rnent (Banyer & Fisher, I971b). Cys:'i.:s rrn-t're then sep;-r.i:.ii:eC

fro¡r. :.:.¡cLs by wasiring, collected wj.th al-;sociated organic maì:eria1 in a C,25 rnrn"

a;ie;va.=ì.ìri¡:l thÈn p]-aced, Tr,?ith the organic rnerterial , onto lrci(.ing sj-lk iri

Ic'-1ri;(: i:r;rys (Southey, 1970) . Each r1a1z, the trays were ;:r')ïí:irl i'::'r),r:ì J-{--,o.3 ';c

.L5oC, ¿l' l,:;¡c;t;., and l.arv¿re were col.lecl-ed, c:ounted and sLrr:4.-:('i .:i.¡i l.i::1li ,..";

wâïei: ;:t soc unti.]- ::equired. Der¡ies & Fi.siier (1976) reportr':'-': i!(-r .[osí; üi-

íri-i=sctiv-'i-ty of larvae for up to six r"¡eeks under these co¡rclii.j-r;r::s of st:;:r:ing"

Differeirt clensitíes c-'f j-ncc::,l.um rvere prepared. Þ! íai.itti,-j-t::tr ':f the

hi.ghesl: derrsj.ty. Lärvae in excess of ihc tot¿rl nrrmber requr.'rrêf.i were pì.ar:+rl

in ¿r vc¡I¡ltr+ c'*f wat.er calculaterl to giv:, a. delrsity of double tlr,:, l.:ighest.

density requíred" This was mixecl v¡Ít}; an equal volume of a 2ç; sol.utj"crr of

c.m.c. to gi're the highest density neeCecl in a l? solution <¡f r.:.m.c. This

density of larvae was checked Lry sub-sarnplinq sì-ngle drops wjth a pasteuz'

pipette and countíng the number of larvae per clrop in a modified Doncaster

dish (Southey r I97O). Other dens-i.ti-es were prepared by dilution with a r*
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solution of c.m"c.

Seeds of Hal-berd, a suscept-ible (C'Brien, L972) and the most

wì-clely gro\^,n wheat in South,Australia, vrere l-.regerminated. Fifty seecls were

'riJ-aced on filter paper in a petri. clish of 95 mm. diameter with 7 ml " of

v¿ater anrl incubat.erl at 2OoC in'che dark. Germinated seeds were sel-ected

fr:l.1ow"i-¡r.q the eme::gence of the r:adiele and three seeds were ¡>ìacecl olr 1.75t

ciistil-led water agar in each 95 mm" p,etri dj.sh" Incubat.ion continued at-

2Oc'C in the Carlç u¡rtii each seedling had. gi:Ðwn the fí:lst three ser,rj-na.l-

.!:fci:s íFiS" '¿ a'i, wlieu each tip of these rc:ots was inoculated with a s.ingle

;1:.'c;p of ínocu1 um of the same dens.ity rvit-h a fJesteur pipette " Ino¡.:ulatj-o¡rs

of the seedlir:qs rvithin a petri Cir=i: were independent of one anothel'.

Penr-:tr:ation of larvae fol lc.wing i.noculation \^ias the number in a

:::tct after a dt"ration and. temperai:ure of :incubation determined by erperimental

rj:ti',.:ign. Seedl-incrs \^/ere removed from ao'ar,. washed and staj.ned in lact.cpltenol

cc'l:'Lon blue (So':they, 1970). The st::ií¡:ed rc>o'cs v¡ere treated with acid

tDavies, L97 1), squashed betrveen 'L-.w,:.¡ glass sl.ides and the nrmber of j.arvae

rrcunted.

T,'i': positicn oi: root tj-ps o,'e s marked on the base of dishc.: a.t

'Ì)i.cj¡..rrl:;.i:i.i.i,.';¡l 
'l,rr,:-1r 

afLe:c í:r¡.:uLation, a:',i ttre increase in length of roo{:

fiiÊìi'riìUi.'ed f i: Ii'iii1 ., wAS fecoltied ag foi\c. eXtensio¡f . EXtensiOn r.lraS lnea$luerj r-rn

thr: f,:i::st sj..eïJinal root and alterira-tely for the second and third rc)ots, to

E!';.:-: equ.erL r-r'r,1.icatíons between the two ty¡:es cf root.

2,1..i..2 Expei:.i,mental

frr-L'r.ia11.y, 'Lo measure the effect of <lensity of inoculation on

t':¡i;,Ïi the peneti:ation of larvae and growt:h of roots, inocula were arJded

di-i:r:ctly on+,-o roots" six densiticrs of 5(ni), 11(+1), 49(!4), 93(13),

224('+3o) and 360(123) larvae (+s.8.) were used and the seedJ-ings were

incubated. at r5oc for 48 hours in the dark fotrowing inoculation.



Figu.r:e 2 Schernatic díag::arns

senrinal r<¡ots on a

Ëì:e ::oot tip beforr:

ó)Î¿enAe an.] bot-:r

shoi;i.ng the ar.r¡rrrqement of

seeclljng of whr.ra.t-, sand over

:i t',r:culatiorr wit.ir .larvae of

i'-¡ :'.', --.ierrnAI and ¿rl¡iroi:m::lËt

g:lor^rth of a ::oot ç;r-c,.'i-::,r7 on agar.
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?] r ,--f ---a 
-^--^.-^^lPene't]îatlolt Oï lal:vae ¿fnÕ exÏ.ensIOII O1 t'lle IIISL ScItt-LIlctI IUUt. wul.e ¡lted.Þtr.r-cLl

on all seedìings, but only root extension for one of the <¡ther: tr^¡o se¡ninal

roots c.¡f the seedl-i.ng wasJ rìleasured" Six repl-i"ut." (seredìi.ngs) of each

clensÍty of j-nocuii-lm were cotttp]-ete1\t ra¡tclomised anci anal-,¿l-=cs çf varj-auce

r.,¡ere dc¡ie on the raw cl¿rta.

Direct inclculati-ons of larvae o¡:to roots câusê,i soü¡e ::oc.,t-g tc¡

grow al:normal-Jy (¡riq. 2 e) r the::efore a simil-ar experiütt-:irt-. '.¡as dcrne tcr

c(ì,npare two rnetlrods of: ino,.--ulation' S-:i-:: densities of r:($), .j-3(1-1) ' 66í+:) '
I13 (+6) , 2L9 (1!-f ) , anC 399 (lf 7) la,:vae (-F*q.fì. ) were u,.rc,.cI a.u:l :i,t:,;c:r-iiai:ioir;

wnre ciirect-I.y onto roots and onto pari:icÏes of sand of 150 -'1150 pm. ct:.;ir:t¡ter

coç'(ìl ì.nq Lhe l'cc'L ti.os (FiE" 2 b, c) " A.fter iuoculati.on, incrrbation l{ât; s',t.

roarn L3.nù--era-Lu,ì:Éì ín the dark fc¡r 36 hou::s. Penetrati.on c;f la::vae, extenri-i,-,n

of r<:irts anr-¡, r-'xí:e:cimenta.J- design were as described a-bo-,'¡:. i'.r.,'i:elat-ion

coefflcie:its a¡:.,d::eg::ession:rnalyses becrveen the number of ;.;::i?â€ P€Dêtr¿¿!.iDri

ancl l.c:n,ìi:h oíi e:,:tension of r:oot were performed on l¡oth Llte :i.;ri.¡ and Lrans--

forllied da-ta (log, 
, ¡ and anallrses of vari.a.nce were al.so dr-'i.ie on the rav¡ d':.ta.

F-er.:ul-ts;

tl-:-i:rr¡.i;h of m.c¡st roots \^Ias ei'ijher: atlong tire surt;¿r.c.r: ,1:j.i: ;i,r:i¡:i' (.ir:t.:.

2 .J) cr: clown into the agar I except tha-t; sr-.,:re roots -inocul-¿rtt':lì '',',-i"ìioul-- ¡-i

<:o','.rrirrg q;f sand g::ev,r abnorrnal-l),' l:y grnwitrg upwarcls frorn Lb,: ¡.,;;:z surfel-'ß

(lrig. 2 e). Crnly a small- percenta.ge c,f roci:s grev,r abnorrrral-i )- êr. 'i,.]re t.,r¡cl

lowest- den-.¡ities of inoculurn, bul- about 50g., of the roots gr?\¡r ?j'i)t:¿Ðr':na1iy at

the next three clens;ities (Table t) . t'r¡i.s abnormal growth soc::rreiì to re:rlu,--¡

th.e nu"rrber of J.art"ar: pene'crai-ing Lrut j.r¡;ufficient replicatic':-r prevente,l

anal.ysj-s of L'iiese results.

Penetrati-on of larvae ini-o roots increasecl with durnsíty of

inoculum in both experj-ments ancl this -increase was not propclrtional t-.o the

increase -in density of j-noculatíon (Tairles 1 c 2). This relationshi-p was

)i



TABLE I.

EFI"ECT If,F DIFFBFNNT DENSTTTBS OF H. AVEI{AE OF PEI{ETRATION

CF LARVAE AND GROIITH OF SE¡{ÍNÄL ROOTS OF I\THFAT

(CV. IIALBERD) DURITTG 48 HOU}ìS AT 15OC

Iiroculum clensity
Penetration

(l'¡os. of larvae)

Root extension (mm. )

root I
root 2 or 3

% of abnorrna.I roots

5

1

1I

,
L. S. D.

49 93 224

81219
(P=0.05)=lJ

360

24

542

36

5

3b

'<")

t.s.!1.

0

L7L28
L7139
(r;=0.05ì *7

68 58 50

5

0

TABLE 2"

TFFECI] OF APPLYING DÍFFERENT DENSTTTES OF H. AVËNAE D.i!:J|.:'ILY

Ot'i'itl irr.)OIS OR ONTO SAND CO\IERTNG ROOTS ON PENETRATïO}I LtIr

I,ARVAE AND GROI^JT'H OF SBMTN¡I], ROOTS OF I\{IEAT

(cv. FIÀI,BEFD) DUR]NG 36 HOURS AT ROOM TE¡lPBRAillIF-El.

Ir¡ccul.;¡n derrcity

llr¡;. of lar:vae penetrated

tlr.¡ct I (Pirect) *
Roct2 ( " )

Root I (Sand)
Roo+-2( ")

Root extension (mm" )

Root l- (Dj rect)
Root2( " )

Root I (Sana)
Roo'E2( ")

6 r 3 66 113 :¿).iì .ì!)':,

A

3

7
7

¿

I
3

3

9L4
8L2

20 28
L7 26

ïù D. (P = 0.05) - 9

54
31
32

39
32
11
T7

25
25

9
9

I
9
6
5

2+
')i

4i
/;.:¡

1ír
L7

ô
6

28
J¿

7 !.,

58

60
61
4T
45

L.S.D. (P = 0.O5) - )

)* Method of i.noculation onto roots.
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simi-Iar for both rrethccls of i-noculatic,n, J:rut rr'cre la::vae penetrated when

rool:s were covererf with sand Ï¡efore ino<:tri.ai¿ion (Tab1e 2) . Except with

the ltighest densíty (399) of inocufrrm orrto r:oots covered with sand, no

<i:Lfference oc.iu.:fre<1 between the two types of seminal root (rau:l-e z) "

Root ext-.ension v¿as repressecl as ttre clensity of inoculum increased,

lLt:t thc r:elatíonshí¡-¡ was nc,t l-j-¡rcar (Tables l" & 2). Ilo dj-fÏe::ences

occ,:r::ed between the two types of se:¡.inal- root inoculated by both the s¿xne

rnr:Lhod an<l the sanìe d¿nsj.ty of larr¡ae" Hotdêver, tloot extension was rtlore

íj3ver.r.:i::.1 \, ¡:esi::ícted wìren roots were covererl r',¡ith sand- before incculatiorr

('il¡:ble 2) .

The' r:ciationship of d-elrs-ì-ì;y of. inoeul.um Lo penetration sc-:e:¡ned to

complenent th¿l,; of density of inoculut-¡ to roob extension (Table 2).

:ì,:.;ression ana-j.y':;is on logrO of the data r-rJtr:ir'ecl a highiy significant

c:c=:::elation bctr,e-en penetration of i-a:rvae and root extension (r'S-9. 1l a) " A

c.1 r;se relation;;.rlip between the rav.¡ tì..r'i;e, ¡f l;'olTr parameters was also a¡lparent

in a scatter .i1,¿qram (Fig. 3 b).

;j" i. 3 oiþc¡;_is-s;-ç,n

,ì.1. iiorizontal-Ì:ø placr:C l:r;rF- couLrl be cxpected, to show a pcl:i.t:i.'ue

r:-Ë'ii--.1¡cji:ì ç i-;i.ir.:];ioi'rse (i^Init.LingL:cn" 1969) and ::oots rvhj.ch gave a negatj-v':

ç¡i:;-rl:rO;.,,j.;) ï'(:Í;ponse v/ere ciescrib,e.l a3 "a!)1túriltlEll ". Abnormal grolth occurrcc]

ili:rl'r;.i:s i-;rrc,c,.;-Iat:e:d without -.¡nd covc:r-'ing the root tip and appeare¡r. to }:e

¡r"¡:¡ r-:ii:ei:t oÍ lic.m¿¿tocle-. becausç: few r:oclts grew abnormally at +-.i.te lotr'er

d.ellli Li-cs of -i-,rocu1a. The::efcre, root tips were covered witir sar¡c1 to avoid

l:.hese ef fects on roc¡t c¡rowth followi-ng inoculatíon o and the sand parl:ì-c1-e

.qiz,.:s were selected from er,'j-cLence of hral-lace (1963) whj-ch perrnitied optinal

¡'r¡;'.'cnrent of larvae of Fl . avenee.

ïncreased ;;;; and reduced ext-ension or roots resulted

from using sand and this was probabLy due to several factors. Following
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Figu-:re 3 Scatter d.-iagrams sho',.,j-¡iç tÌre relai,'.ionship i-retween

+-he numÌ:er of larr¡e.j E:r"net-r'at.ing a single root

and the growth of the root expresr-ìF-'r(-1. as rooÈ

extension

(¡r) togr0 transfor:¡,::Ì::r:':o of data l.¡ich tire line

of best fit ¡:et,;i:;ri:-ned from the equation

of the linear regression.

(b) Originat. data Hrith the line lrl Ì:,,:st fit

d.etermi.ned i.:,1' :rc i;-;:Lil.ogt.'t:::ansf<>rma.Lj.on

from the eqïiâ ;j-.+, . e, ::'t..':.,,. -l- i- c r:ar' ::eç¡rr.-:,+;r-; i r;n .
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incubation, liquid with larvae r'¡as observed arouncl tips o-f roots cli:rectJ-y

inoculated a¡rd. this proba.bly affectecl penetrat.iotr (Sandstedt E{ Schuster,

1962). Sand would reduce 'tlle amou,nt-. of l-iquid and assíst novement of 1ai:vae,

therefore less energy wou).d be e>çende.r. by the larvae and per:r:tr-'atiorr corìld

be increased (I,lallace, 1969). AIsor tire increa¡;ed ärea of root-. nvai]abj-e

to the lo.rvae would resulL:i-n-Lirg:s inler:fere:nce l¡etl'¡een lar:r.'ae at the::oot:

sr.:rface and increase pene'i::-'::t:i orr (Davies ç I'isherf 1976). Sinqre v¿rr-ious

factors assiociated wj-th r,)ot- r:xu<1ates rna,y .-rttract îa-rvae (Lor.'rerùerg S! 3l-. ,

i960; Bircl , ig62i McClr-l:t: S r.;'¡1r;i-5.*r-cir-rLo, \956ì Johnson & Vigiierchj o,,

1969 a), greaterl attraction cf l.arvae couid- occur wj.tl-r sand,

Although analyses -chowed no interraltion between the tr+o groups of

seminal roots examined, more J-ar:vae penetrei'::eil the first seminal z'c:ots ¿r,1--

the highest density of íno;,u.i,.ì': i.n the secon..ì r.xperiment" This; jrrj-'l,uenr--e,.i

the d-eci.sj-on to use only Llne j:.i i:rt seminal rc'¡t iir future experj-Írerit--í'j.

2.2 Effect of three nredia. on (:)enetratj-on c,f ld:r:vcle arrd grorvLh c.'f roc'Ll;

The different gro-w'Lh responses crÍ' ro.cl:s inoculatecl r,rj-'L.-fi L, l]1gl!?S-

in a soluti-on of c.m.c. wr.i.<i:,,'.r:r,-."lab1y dt¡r: to t:'iio r:sir,atode, bu,..: somc <Ìonbt

existed cn l:iie effect of Lì ,r.í-'. 'Îii;r'c+:¡ri'rt, di-stil-1.c:,.:ì r.rat:ei: and, ;.::-sii-.'\--ì...:cj"

water agãr were consid.ered eS l'.:.',;l'-ib'Lo alCt',':natives a¡rd an eva.j.uatic¡n of the

chree meCia. v¡as rnacle by corrip:.-.i:¡-,'..¡ sj.rnji.ar,iensities of inoeu-Llü c,o. co-,'ered

and uncc,verecl ro<¡ts at two teinct.¡::e',.i:::es.

2.2.L Ì4ai-.criais and Methoc'i.s

LêTìrêê of H. gygegg wc--::e coll-ectoól from the sarne tray of matr-rred

cysts use<1 in Sect--ion 2.1.

fnocula in solutions ot- rn/ater, L% c.m.c. and 0.15% disti.llecl

wate:: agar vrerîe prepared (Sect:i cn 2.I .I.1) by mixi.ng aliquots from the sarne

mixtur:e of larvae a¡rd water wi.th an equaJ- volume of distillecl water, 2s" c.m.c.

or 0.3% distilled v,'ater agar. Similar densities of 94(-t-B), 85(+4) ancl
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7[f (Í3) ]-arva<+ (1S.U.1 in vrater, l% c"m"c. and 0.15% agar respectì-vely '.r'ere

cbLaine-d.

Seed-s of wheat (cv" Halberd) were prergt+rmina*ted, placed on agar

in petri disTres arrd theri inoculated (Sectior¡ 2.1.1..1). OnIy one root per

;eedlÍ-ng, the first: seminal rcoi, ¡,'¿',s irioculated and j"noculation was eiLher

d:L::ectly r¡nto lcots o.r onto -ean.J coverínq the root. Vüith each inoctt]-l.tm, a

soltiLi-cn rvithout irem¡t-.odes was also tc:sted.

Leirgth of exte¡:s'ion of all fi.rst sernj.nal roots ancì penet::a.ti-on of

-l-¡r'.¡âo i-nclcr,r.L,ited orito sand covering roots',¡¡ere measurecl (Section 2"1.1.i-)

Í-c'il.owing inc'.f¡ation of

2soc.

seedlings in the d-ark for 24 hours at' either i5oc or

Thel'e r';e::e six replicat:lojrs per ',;reatment compl.etely randonj-sed

iiri.:-:lriÌt each te;riì::er:ature of incubatj-on and-etral-1,-ses of variance were performed

;-';,.: cach parairreter measured.

2"2.2 Results

Ai?l:':r:.Eh :.j-milar densit:'r.:s v'eie ttse,i ín eac:h medium (Sectic'n 2.2"L),

-i'Jir: varianc,i.: cf dens:Lty from sir¡ -':Êplj-cetes i?ai-j 346.2 for waLer, 7I.5 for

!,t:;ri,,.a. r.-tìC 1j)"7 Í.or a.;iir. a.nd ther'r: r.ia.s gi.fa'tler va::j-aLj-'-tn within waLsr tha¡l

L.,;:,.]: v,'l:i-ie r.:.irr. c. wa!-; interinedia.l:e"

P+,*ietrabion o:Ê la,::v;re i'¡as urraí:iected by the. solution useci "rs tlie

r.'¡r.,..Jr'..r1ü, l:rli: rnc-r.-e i"a-rvae penetrerted roots incubated at l5oc t*han 25ii'-: (Tab1e 3) .

TAIJLIT 3 "

EFTECT C.III 'l-'iJR-EE IqED:iA AI''ID TþJO TIII'TPERATILIF-IIS ON PEIÍETRT\TTON DURII'{G

24 IIOT-IRS OF It" AVENAII INÍO A SEI{ftlZÀL F.OOt OF I'IIIEA:U (cr'.

HAT.,BERÐ) COVL]RED WÏ'ii-l S/ì,ND"

1B c.m.c. 0.15% Agar

zsoc T4

20c

Water

I1
t9

T2

23

L.S.D. (p = 0"05) - 6

150
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TABLE 4.

F]FFECT OF THTìEB MBDÏA TI^IO TEI4PERATURES AlfD SANIJ Olll GROI^ff;I OF

SEI\4TNAL ROOT-C OF ViIIEAT (CV. ITAT,R]IRD) T}IOCUI,ÄTED AND

IJIÑINOCULAT'BD tr{T'IH H. AVENAE I,-OR 24 HOUR.S .

(a) Itros. of roots without sand with abnoriral growth.

Iþlsl le-sg'
tsoc 25oc I 5oc zsoc

l- l.arvae

- larvae

5 5

3

(fr) Root ex-tension (rnm. )

9'-}-Þ3-âqer-
1soc z5c'ü

6

5

6

I
45
I2

* sand-,

* sand,

- sanc1 ,

-l sarrc-l.,

-t- larvae
{- l-arvae

- larvae

- l.arvae

4

I
T2

LI

6

o

2B

32

7

10

27

30

7

IO

1.6

15

L4

24

29

29

-J

5

15

f i::

L.S.D. (P = 0.05) = i

.'ib:i'¡r¡llal growth (Section 2.1.2) uras more frequent :::.llrong ¡q6!5 ririi--,1:,

tharr v¡i¿hoir¡"larvtre and this frequency was sintilar at botle temperatures

(rl¡rb.ie 4, a) .

tixLension of roots wíthout nema.fodes was una:i i:er.:';;.:.:,-l l,)ï :;:r':r'.i i'r'

rrrrer1ja, bu'L was ionger after incubatic¡," at 25oC (T able 4 L-,). r'-,'-.,ct:-i:¡¿-j.r¡': of

ri-rots rçith l-arvae i,n water or agar, ciì-rectlv or onto sanC, :':cr-il:ce,i:-'.r,.lt:

extensic:;l si¡nila-rly at both ternper:atures of incubation. 'Itlç.: t::ffr.:':'; w¿s 'oiso

similar r,u'i-¡.en c"m.c. was used as the medium and roots were inl';i'¡:i-<¡ã a!:. i.,.1,oC,

but at 25aC, a smaller effect on roo1-- extension occurred anCL 'fi:is eÍ'fect v¡;-¡s

Least when inoculation rvas dj-rectly onto roots.

2.2.3 Discussi-on

Exeension of roots incubated at 25oC variecl when.rlilocula of r:.m.c.

were used, but not rr'hen inocrrl-a of water or agar were used. tr{ater and agar

were probabJ-y absorbed by agar in petri d.ishes, while c.m.c. v/as not and
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ôr!v,\r.1 i^u^õ- l-ha c.rrr^,tar.p- !ìivrce increasi:':g f-empera-tl-t::'e tlecl'eases viscositYÞI/rçus qvlvrr

of 1.i-q¡ids, the spread of c"rn.c. v¡ou.lcl be great-er at 25oC tha¡r l5oc an<l the

associated nernatodes would Ìrave friri:l:er to move to reach the ::oois " There-

fo::e, these nematodes would hra'./e less effect oÌÌ root- exLensicn because

either the totat nrütber peDeLr:at-ì-r1g wd\i recl-rlced or a delay in pelei:ratíon

cccurred ancl roots grew for: a-i-r-rr,ger per:iocì. before l-reing aff'-lcted.

Abnormal ç¡rovlrth cf rools þ'as assLrciated v¡ith nemaLodes, but: also

occtlrred i.n some roots r¡i-t,l:ou'i n(ìrnatoclss and seenretL to be mor:e frequent

wheri wateï \r¡õJ aclded and ïoots wri:ìri: incuba':.ed at 15cC. Tnc::eased elougiltion

of celis in rocts near the agi.*z surface pt:oìiably occurred rvhere fr-ee wa,t-.er

was present (lnlhittinqton, l-969) .

However, less varÍation in numbei:s r:'f l-arvae in inocu-Lr.:ln v¡ith

agar was the nain reason f,tr ;r.ì-i.Ècting 0.15e" iistilled hTater aço-:j i:s th.:

medi-um for inocrrlal,ions ir, f r.rr i:í.rir experime',rts performed in petri d-ishes.

2"3 llffech of densitv of inocuirm on penei:i'e.tion and establjshL-.i"i¡t

of l-arvae and on crrov¡ih cf rcol-s

A suitable metli::ii t:''-' ;-ii::plying l-.' -eggg to sitlg-l-r: Jllrr-;i's i¡as beei-r

cleveloped an<'l some informa-'.:ic:r'r ;!ïi ii:.'. ¡:e-L¿itjc'rrslt.jr¡:, i-¡¿¡i-ween cìers;;.r,-.'¡ ziiiJ.

penetratia¡ì cf la,rvae rvas obta.! ¡¡r=.;rì" t'''ûrt.hrl'r infcrmatiQn on t'he r:rfects

of the clerrsiilz of inoculation ar¡¡J. ij.i.rr;rt-j.r:ir of incubation oi¡ ]t::l-h. '",he.¡

penet:ra'uion alicl estabÌishm6.in'l- (li J ¿lïvâe ¡ ã'ä(1 on root gr:cwtir wús sc\Light

before investj-gati.ng the dj.ff¿r,':iices bctvJei:n susceptible and resístant

cultivars.

Th'i s section describes a series of experimerrts desÌ,gnecl 'co acquire

this infornration.

2.3 .I Maberials and Methods

Four experiments are deseribed ín this sectjon a¡rc1 mate::ia1s ancl

methods, unless otherwise stated, were either the same as, or niodifications
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of , those clescril:ed in SecLion 2,.L "I.1. ].,¿rrvar¡ of H. ¡lvellrae were collected
'- f

fron the same tray of cysts used for Section 2.1' but- the different

densi.ties of larvae were prepared in a 0"-l5es sol-utic¡n c¡f distilled, v¡ater aga):.

To exa¡ni-ne the effect of duratior-i of incubatíorr on the nurnber of

.Larvae Fsnetrat'i ng, t--he first semj.rral rooL. of Iralberd i./as inocu1ate,J,

ei-ilrr.r r1-i-rectly or ont:o sand co\¡er:ir:g the r:oot tip, with 24(+2) , 142 (+'9) or

256(+17) l-arvae (!S"8"). The nrlrJ¡er of l-arvae in these roots rvas counted

afte::12,, 24, 36,48 or 72 hours i¡icubation at 20oc. All tv:eatmerrts \,vere

i:.ri¡lc:¡ll-se<1 a:lrl i;here v¡ere six replicates a-t each ti.nre of santpliriq " Anallrssg

t-1'' variance ',.iere calculated ol, the rav¡ data.

The r:uml:'er of larvae wi-,i c:ir lrecame s:i.l-her estaÌ¡lished or irnnobile

j-n roots folloi.,:-nq penetration \{as lbtaj-neC L.y using a Seinhorst misi:ifj^er

i:i-¡ extract the ¡l<.,¡tile l-arvae from the rooL::. The first seminal root of

ii'¡-i-berd. vras c(.\\¡e):c-:d with sand, inocul.at"ed a'ith 15{'l-1) or 140(l-4) I¡rr'¡ae and

i:i..:ubated at 15cC f.or 14, I, 2, 4 or:-, C¿:r,,s. The nutnber of larvae i¡r these

roots was cou¡ìtied both i-mn.ediateJ y- af ter incubation and again f oI1.owi-ng

24, hou.rs in ';:he mistj-fier. Al;Ì t-rc:rti¡.e.nts yieïe rand<:mised, there iver<,. eight

'r:.'.-:i.,1.-i.r..::,rt:ef, ¡.:',ci analyf-.;g$ ';:f variance ,'rel:(: conducted-"

'I'o ';ain fulthel-' i.nFi::lt¡;tiiù:r: on tho effect of br¡th the denE;ity of

ir.'ì'Jc:i.ì.raLit>i': arrrd du.rat.icn of inc::b¿ii-i-on on the rrr:ilìber of larvae eithar

c:st¿}.¡.i .-i-slitC or imr.ohii.e in roots, Lhe previous cxperiment war; rcpr-.rai'.c:C lvj-th

'cl-;.e' .it:,1.1-c>wi'-r!i moclífi-cations" Three clensities of inocula were usecl , 22(+lL) ,

i.Otji'¡-'r-l) o:: i9i(!0) larvae, and larvae \^¡eie ccunteC after l. 2, 4 or 6 days

of :incubai:ic::-

To compare tire relationship betveen penetra+-io¡r of la.rr,'ae and

Çrc"r;th of r:oots on suscelrti.ble wheat (cv. iIa. l-berd) and, barley (cv. Clipper),

the first seminal root vras covered with sand and ínoculated with 0, 28(+3),

65(15), 155(+3) or 332(:LII) larvae and, incul:atecl at 2OoC f.or 48 hours. rwo
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seedlings, oìle of each cul-tivar, were placed in a petri dish for inoeulation

witli the same inoculr¡n. Extension of the one j-noculated root (inclucling

theL o:f the con't:ro1 t::eatnent witirou{.-- larvae) wa-s measured between 24 and.

¿i8 hou::s of .ilrcub¿itiorr and the length of all olher r:oots of a seedling

l',le¿rsureci aft-er 48 iror:rs :-ncr:bation ',,riÌ.s cc.¡rnbinecl tc; give a total length in

ir¡Tir" Leitqth of each root- of the seeirli¡r¡s withou.t larvae \{¿is rneasrtrecl after

2,4 arc.,48 hours of incubation. The ¡rumber of larvae in each of the roots of

¿. see,Cl-ir,g rvírs measrr.r-'ed follovli.irg 48 hour:s; of inct¡bation and the nr¡riber in

)?"¡r-ri:: c.,t-her iÌr-ari the inocul.ated root was combinecl for each seedl.j.ng to give

ii;.: tot.al nr,irl?,,eï of la::vae ín uni-nocul-at-ec1 roots. Analyses of variance

were conduct-eä. o¡¡ the raw data or-- ili.-rze repJ,.i-r:ai:ions.

Ext.:..lis-i¡n of the uninocuL¡:t,ed roots of seedlings inocul-atecl r^¡ith

'i ,:i::.vae was estjLr:a.ted by subtraction of thej.:: f-i-nal length from the tüean

it,r'rgth of the r:c;ui.valent rcots on the con-tro-l- seecllings after 24 hou-r:s

,:.rcr.ibation" fr,ii:ir.-icJ.tral uninocufateä r()c,ts i.;ii;Tr the same number of l-arvae

in them r!'ere grouped- together ano both t-he average extension and percentage

iì:r:wth retla'::-j-rre to that of 'che coni:.v:c¡l. i¿er:e e¡-tl-cul.ate.d. Estimated ext.-.nsion

::r' -i!ri1.¡!¡-ì ..ri;;l_ r:oo'Ls ol: 'i:hc säme Seecliin(-l were comi¡-irred to give total.

ê:¿.¡:,c:¡i..;:ir-'n _ì_).ì:.; Íieedlingr Lirld f:.om i:his, the average exi-ension per sei:dì-íng

,jr¡:; c¿)-.iÇi...,1 ;r.',:r--:i for: seedlirrgs inocurle,ted wíth the sarcre density of 1ar'\"¿¡r:.

1-'h::¡,.::lir' p:;ce.'.rta.ge g::orvth of roots of seeClings relative to Llrat at the

c¡-.il?:..;ú,'i "7as 
(;alcr:l¿rted. ltiis data was not statist-icaj-Iy anal.ysed.

2. -1..!. H$-r._._

The numbel: of larvae penetra-ting at each density of Ínoculat;ion

slrowed a simil¿,Lr tren<1 over the period of rncubatiorr (f ig. 4 an b, c), but

leiver larvae penetrated when j.noculation \^¡as directly onto roots than onto

sand and this difference increasecl as the density of inoculum increased.

When roots covered with sand were ínocul.ated, the number of

Iarvae penetrating roots increased wit-h increased density of inoculum and



ll'igB,lt=.- i:!.. Effect of de:rsity of H. avenae on number of larvae

in roc.¡ts inoculated clirectly or onto sand covering

roor¿s at three different durations of incul¡aùion

at llJo{; "

(a) , (bi , (c) .

o-*--€ fnoculation dj-rectly orr-|:o roobs.

(c1) å\------s Inoculurn dens.i-{:i¡ : i¿':){> larvae

Inoculum densi.ty = i.42 lzrvae

A**-{ Inoculum dt-'isi-ty :- ld l¡1¡'v¿s.

L.S"D. (P.= 0.05)
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varied rvith du¡ation of incubation (FiS. 4 d). .At the two highest dcnsities

of inoculation, three phases of r¡.enraLr:de activity were apparent during

72 hou::s of incubation. ?\n'ini.t',.a1 -i,ncrease in t-he rrumber of larvae in

roots, a period of faj.rly cons Lant r:r¡:nl¡ers of larvae and f inally a decr:ease

in ntmì¡ers of l-arvae in loc-rts. The dl.¡::ation of incubaii.on requiL-eC for the

maxirnu¡.r ulrrn'T:er to penetrate clecieased. from 36 to 24 lrcurs as rÌens-1ty of

inoculum i¡:creased,. At tl^:e lo'.resl:: density of inoclt.lati.on, only the first

tvuo ptrases i\rere apparent ¿s ti¡e i:runber of -l arvae iri roots increased unLil-

36 Ïrr-,urs of incu.batíon wlieir tht; ramüi.n'ed j-l;-ir'l)' constant.

fn examining furtire¡-- i:he decre¡;¡jr.: in the nunber of larvae in root.s

rr'i.th du¡:¿r.tion of incubation. cl,ensi-ty of incci:Jation affec'ted the r;ime

needeci for ma.ximum numbers of larvae to penet:,',:a:l--e (Table 5) . ?lt the higir

ï'ABL!] 5.

DFFECT OF TWO DENii.l.T:,:,:j; CI' II . AVENIJI AIID ÐURATTCN OF

]NCUBAI']ON AT 15oC i';'ti l.lLlMBEF.S OF l-,ir.t1r,/Ä-Tl IN I^IHEAT

(CV. HAL}3EIìD) BET¡ORB AND AI¡TÍR 2¿¿ HOURS TN

A SEïNHORST I\lISTl.i: --rilR.

Duraticr¡ of incubation ici"-r¡ii l 1,. I 4

Inocul-urn cf 140 larvae
Befo::e ni stifíer
i\fte.t r-.ì.stifier

L:) 15
12

L4
1115

Tnc¡cu-l-r¡¡, of 15 larvae
Bef ci.: e mi s'tif ier
After mistifi-er

,ì-3

í:!

_iI
TLì

6
5è'

7

4
I
5

1.. S.D. (? = 0.05) = 2.8

clensity, 2. a d.ay was suffic-ient 'c'ut at the J-ow densíty, number:s ten'fed to
increase up to 4 days aftev'inoi:ul.at.ion. At the high densì"ty of i;:oc:uJ-ation,

the number of larvae in roots :r(,;iì..ì.ined the same up till 4 dziys cf incubation

and then declined, but n<¡ decline in numbers occurred. aL the low density.

llhe nr:nrber of larvae rernaining in roots after 24 hou.rs in a Seinho:lst
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niíst-.ifj-er- rve¡:e mai:kedly fewer th;rn the nr::ltl:cr penetrating fron'. tire l:igh

density of inor:uluin after 4 a ð,ay of incu-bation, but this di--Í.erence

graduaJ.l-y became less the J.onger the incu'oation period a¡ld fi;¡a-111' clisappeared

aft-er 6 clays of i.ircubation. At the low Censity, statisL-i-ca: clifferences

occurÍed between the ¡tumber remaining ancl penetrating after 2 ancl ,lr daf¡s of

i ncul-.¡rtion and the number of larvae re¡rairri.nç¡ ín root.s r;l:ov¡e+ a tenlency

to j-rrcrc¡ase during 4 days of incubation.

Froii'. a sinr-i-lar experiinent :i-ri whích th::ee de:nl;:',t-i-es rvere ecmpe'cedr

the maximl¡¡ number penetrated r'oots j-nocul¿ted with the hi.:l r¡si ti:;nsitj. l's

v¡ith-rn J- day of inctòation (Fj-S. 5 a, b) and at the lov¡esr. ii,'---i-,sit--y, t-h<:

nurûb€'r ìncreagerf du.r'ing 4 days of incrrbatíon (nig. 5 c) " Þfith all densi. c-,-es

of inccu.laticn, no statistical decreasr: occurr:ed between tlie nurnber of ial'\.¡¿të

in rcç-ts wit',1 fr-:r:ther incubation after the maximum nlulh€.r r'¡:Ì! obtained. -t'¡.'ri

numï¡er of I¿¡rvae rernaining in roots after 24 hours in a Sr,.'i-i,i 'r-)rst mistifj.e'i:

remair:¡,cj r;on¡il:etr')f at the two highest densities and \^ias not si-gni-ficant,Iy

dif'fc::¿nl- fronr the numl-rer penetrated- at the higher density (FiS. 5 a) brli;

llewe;.-' -'.'e:ir.aiiiaC ¿r-t the -.'l-ower density (fig. 5 b). At th¿- j-l"r¡etit densiLi,, the

only s;tntj.;t.ica1 difference between tire nu:nber remainj-:u :-.:-t,'i ':.,:t; ,:'i-i:ai;.]-l¡¡J

occi:,rli;C after 4 days of incubation and the number of li:rva':i ï':-::nêi¡;.i 1'¡r;¡

r,'ùots grad.r.ral.Iy Íircreased cluring the ó d;iys of incubatj.cn i,::''i q" 5 c'). r--iì,so,

the nuriù-rer of farva.e remaining in::r-.,ct-.s; i¡rcreased with e'.acÌ'r --'n;-.-t¿¡se i,it

densíty of inoculat-.ion (r'ig. 5 d).

A comparison of growth of control seedlings (i"e. r'ii:irlut uema-.':ocies)

of Hall¡erci ¿:nC Cl.ipper showed. individ-ual roots of Halberd erl-t'-ncle<1 furii--er

over 24 hours tharr roots of C1i.pper (Table 6) , but Clj-pper ir,e¡¡eloped rno::e

roots tlian Halherd (tante Z). Irlso, the roots of Halberd \,;":r.e separated,

i.e. the distance between roots 2 and 3, 20 mm. away from the seed. was

approximately 30 mm., while those of barley were closer together, i.e. a

distance of approxj-mately 15 nun. between the two oute:: roots at the same



Figure 5 Effect of density of H. avenae ancl duration of

incubation at 15oc .;*,a"r * larvae in wheat

(cv. Halberd) Ì¡efore and after 24 hours in a

Seinhorst mistifíer.

(a) , (b) , (c) .

e--.- Before mistifier

After mistifier

id) 6l*-o Inoculum dens:'-ty = 19I larvae

,u-.--.rc fnoculum density = 106 larvae

A-"'-^ fnocuh:rn density = 22 Lawae

L.S.D. (P = 0.05) are gíven where statistj.c¿-i.

differences ":ccurred. No statistical differ'er:':o

occurred with inoculum densit./ = I91 larvae.
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TABLE 6.

EFFECT OF ÐlliNSITY O!- H. AVENAE OI.T NUMBERS OF LARVAE

PENETRATING ANI) EXTENSION OF' ]NOCUI,ATED AOOTS OF

SUSCBPT-TBT,E T,üHBAT AND BARLEY.

Nos.

\:tos "

Çìf larvae ín i..noculum

penetrated - wheat
- barley

L. S.D.

02865
610
59

(e=0,05) =J

3973
2273

L.S.D. (P = 0.05) - 4

155

L8
i_8

332

35
.-:9

')A

I ¡'l

6i
"r 1'7

Iìcot extensíon (nun. )
v¡ireat
barley

1
.1

¿

TAB],8 7.

EI.'FECT OF D!]NSTIY OF H. A\¡E]\.{E INOCULA.TBD O};''.'C CllB

RCOT OF SUSCBPTIRLE ÌífÍBriT AI\TD BAR],EY ON ïrrir'

I,¡'FìAI.{ETERS OF THE UN1iiIOCÜLATED ROOTS (JI.I ,:

SEEDLÏNG.

2B 65 155 332Nos" of larvae i.ri inocufum

IJo";" of rr:rcts - wheat

barley

Tclta.l .ì ength (rn¿n. ) - wheat

- barley

6 4.4

(P = 0, 05) = 0.6

0

2.2

4.4

L. S "D.

LO2

zvÞ

2

4

e0

iB9

104

I6B

)'i

4 "',¿

64

16rt

4 2.4

L.S.D. (r) = 0.05) = 22

Larvae penetratecl (nos. )

- wheat

- barley

fìos. penetrate<lrlroot

wheat

barley

L.S.D. (P = 0.05) - 5

4

4

2 I
9 I5

1. 5 0.8 3.5

1.0 2.r 3 .5

Ave

L. S.D" (P = 0.05) = 1.3
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ra^cì+-i^h Tfnl'lnr^rin¡ inn¡rr'ì:1-ìnn Vti'üh diffe1'ehi: denSitÍeS Of inOCUlrfm¡

e>:Lcrlsiotl of and the nunber of lal:vae perrêtr:ating roots were similar at

ea('rh density fcr both species an'J as density iÌ1creased., the nunber of

J;rrvae pcnetra'ùing increased arrd extens.ion of r.oots decr:eased (Table 6) "

The total nurïber of larvae :in uninoculated rool-s showed a general

iigrease \.rith increas-i-ng C.ensil:.y of .i.noculun and this was mc¡:e obvi.¡us r¿ith

Clíppe:: tha¡r l{a.l-berd (T'able 7) " Iìevrever, the average nunber of larvae

penc:tratj.ng each of these unj.n.Jculated rooi:s v¡as sjmilar irr both spcci-es

,;L ¡:a;h clensi"y, buL rnore penetrated- these individual rocts rvitìi 155 larvae

¿:-a t:hê íno<-"u].'.m. A conçarisol: of t,he total length of uni.noculated rocts

with density cÍ inocult'rn suçlç¡estecl- -çhe tota.r., length was l-ess affected in

C1i-pper than il.rlher.d, arlcl this v¡as oiso sr:ggested when estimations of

'i.;:r:centage gro':ii:i; relative to the ccni:rol vrÊrÊ compared wj,th nunber: of

.i ¡i::'vae penetri;t.ì-r:ç¡ roots for r,r'hole plants (FicJ. 6 a) and. inclividual ..:oots

(l.rg" 6 b) "

2.3"3 oagVr1r.tj3_

T'l;,= efÌects,: of duratj"c¡rr of i-ncubaLlon of high clensiLies of

.i¡r-¡¡.r ';.l1'-;1¡1 crì t.he rrtunb(ìi:-: :;f .l.arvae w-il.ir-irr -i:oot-s befor:e a¡':d after 24 L:oitrs;

i:-'.:i- S;e:L¡ri:o:¡:.;-- ntistifi-er wercl incorrsi.stent betrrreen experilr.el'ìts and oir c¡r-ro

c<.'r:a¡i,..ríi ?his; nur'ù>er of larvae v-as:irni-l.ar throughclut t-.he dur:ation of

li:i:ir,i::.1'i.;ion, i'.i-though all larvae rrsed i¡r the inoculum were stored i.r¿- Ie:.,s

';l¡¿,-.r"¡ l,' v,'c-,eks, they had been siorecl f;or dif f erent periods. TÏrus , al-Lhough

tl.,::j-n,v.rsion ci'roots bl'the larvae was norrna.l , they probabllr had d:l-fferent

arnoilnts of sl;orecl ener:gy and some beca:ne ir.nrnoÏ¡ile nore quicP,Iy than ci;,her:s.

fitir-lrefc¡re, onl1z fresh larvae shclulcl ]re usec-l j.n inocula, especially in

É.ivil)(ir."iflrents on the establishment and development of larvae.

The effects of clifferent densj-ties of H. av_en1g on suscepti.ble

wheat (cv. Ilalberd) and barley (cv. CJ-ipper) were examined because barley is



F j-qu.i:<-: 'ó " Com;,:.ril;orr of the effecl- ef lai:vae of lI . avenae

wit.hi¡i r:oots on the grow'ch t:f' rocrts of suscepti]¡l-e

wheat ¡1ncl bô-rley.

(a) Tot-.al extension of uni.rtoculal-ex,t l:ootel per

..:ee.3.Iinr¡ (rrun. ) .

(il) Ilxt-ensj-c¡n of s-ing1e, ¡:n.ilioculabe<l roof,s (nun.¡ .
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usually regal:dec-l es being more tolerant than v]heat ' Viithout l:ematodes '

i,nctivi-du¿rl rooEs of u,heat g::ew faster than those of barley, bv't the nurnher

of seminal roots lvas higher and the total gror'vth'of roots per st:edJ ing

vras ç{reater: v¡j-th barley. I{ith nematodes, g:-'owth of the í¡rcii-';,'j"dr:ial- -ilccu].;rt:ed'

roots and tlre nuni¡er c¡f larvae penet::ati.ng these roots were sj-rnil-ar' c¡n bobh

s;'ecies at each density of inr>cui-a'bi.on" Tlierefore, ilrdi'¡idr:¡:r1 ::oo'Ls of

barJ_ey vrer:e nct narkedly rnore tolerant-- than v¡heat at thr: de¡r.sj-t;i-.:s of inoculuirt

userf irr this experiment. These clens.Ltj-es rvere selecteci =ro:li Fig- 3 b as heíncl

those associated rvith the rapid ci'¿ìnges in root extens:i¡':r r-'f l1;-'l'!';¡::r1 an'.i

even the lowest density of 15 larr¡ae was probabl.y niuch hj-gire:: i:-han that-

rioriÌra-]-1y expericnced by individual roo'¡- tips in tlie field'

An in,'iication of the effects c¡r root growth of lowe-r densities;

crf l-arvae ani:l densities nearer to those riormally in ihe,'-'j-c-i,tr vJere obtain(lt

by exarnr.n.rng the uni.ncculatecl roots on "';eecilings in wh'i .;h c'rr(:: :i:oot \^¡as

inocr-li¿r-i;.c;cì. ïi¡-tensiori.of indi.v-idual roots of wl:eat was appn.Ì::rfitl! reduced

witÌ: each eilC:ti.rrìal nematocle penetratit'tg, but barley \'¡as not affecterl

rni;ii i-.il.r-'ee ^ì-arvae had penetrated. Becau.se barley proclr:r''cs inore seruin¿l

roots faste::l-han rvhea-'E following gerirli.Ðat.l,cn, mo::e 1a::-/iìe i'r''-\n-:iì r-:r¡;,-;tri'--;d

-*.ig: L,;1-1e)¡ to give a sj.rr,ilar number at ¿ach root tip aircì.-;::';':'; â iìi:rri -1-¿-:-

n,u.¡rbe:.' perreLra-ting ind.ividual ::oots. 'titer:efore, given sirni-L;-'.:'-- i-ic¡i:siì::i-¡:ç; cf

l"a:-'vae f';r both r,,,lieat ancl ba::1e¡2, fe';¡er iarvae woufd penãt:rei-'ri' j;rrl'ivic-ì':¿tl

roots of barley atrd these roots woulC;n¿-i¡:tain better grorvt:Ïr i'h:-r ir'heat.

ì,,rith the lo-wer densi'b.ies of larvae norina-lì-y in the fielC clur:i:rE tiiie early

growth of seedJ.ings, g::owth of roo'bs or" k¡arley rnay be only:,1j,9h1')y affe..';ecl

while those of wheat are restricted, and this may explai-ll tl:.e tol-erance cf

barley to 1. ggllae. This aspect needs confir:mation, but tj:.i: was not

possiÏ"rle within the time available for these studies'
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A suital¡le methocl of inoculat-ing individual roots of seedl-ings; in

a ¡eÌ:ri. clish war¡ developed. vríth sand. (150-250 pri.) being pì-aced over Lhe

'i. ip of tiie ro,lt. trreshly hat-clierd. larvaer were prepare<l in 4. 0"15å dist-il-lecl

t.rater agtr at-. a1>¡:ri:priate densiLiec ¿r,cL a single drop, from a pasteur

pi,rreLti:, rrf tiris in<¡cul"irm rvas F,laceú ont-o the sand, Using this rnetirocl , an

çnrler::;';ancLing of penc-tr:ation ancl csL.rbL.isl'rnLent of lI . avenae in indj-vj.dual

.:onts of sr.rsireptiltle i:osl-s was obtainecl"

CTrr).r:rges ir, the number: of E" avenae pene'LraLing roots of susceptible

ç;i:.rat'. and b:ì.7:l.ey w:'-th increas-ing densities of i.noculation were si:nilar to

tlrose whích cc<:u.rr:'ed wiÈh D-it-.ylenchus <1jrrsa,.':i. on oats (Blake, 1962) ancl

I'Íe1^oi.doqyne j-irST-,gl.lå¿ (McClure c \r.iiiijercÏ.,i.o, 1966). The number of -la,rvae

j:r roots irrcre'¿l.e'l linearly as thc ¿1s¡si¡i,, t:f i-nocult¡rn increasetl until a

¡.:,:;::;La.nt- nu:nJ>r::': \..'as reached and mai.ntaineci at the highest densi.ties and

Lì.ie perccrntage $:¡ 'úhe inoculu-m penet-i:.â1:.i¡rg r:coi:s decreased. at the hj-ghest

densities with cach increase in d.ens;ity. l\s the density of inoculum

i':creased, i:...,1pr:t:LLiou between J-ar\j'r.iÊ; crit't;hê ì:oot su.rface for in.¿asiot: s-ì-tes

¿;:ru'.;irl: i.[ri--i.:ii:er:euce it:r:j:,¡¡¿r.:cd (Da-v¡-e'i & ï'j.sheT, I9?6) and although i-ar:viìi]

r¡i)..f .rj::(ì/-c $;i:.lc of erit:;-.¡ j-lrtc ::oot:s (Peacock, 1959), the severe j-nh-i.h,r-tion

r:i']:oçt-'..-Ìr.,aw'l-lr caused by a sinaì.-L nunlbe:: of larvae limited tne sp'ace

¿rv-il¿llr¡ e fi:-ir r¡elnai:ocles within l:oo'bs'

In';,asion of rc-ots bv rliffe::ent. densities of nematodes during

j-;r;:'¡ilrral-.ion showed three ì)hases of nemaa;ode activity and a, fourtth occl-rrred

if: +-he pe::j,oc1 pri-or: Èo entry of the fi¡:st l.arva into a root (Iag phase) was

-j,l;cl.ude<1 " liiis first, or lag phase r^ra.s the time treeded for'larvae to inor¡e

ur¡.ind begin widespread e:,çloi^ation of r:oots prior to penetrat,iou (Doncaster

& Seymonr, 1973) ¡rnd woutd be <lependent rrpon the density of inoculu¡n and the

distan<;e travclling by larvae to reach the root.

The second, or exponential phase was the per-iod of incrrl¡ation
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when the nunber of larvae ¡.rerreLrniirrg roots increased lÍnearly wíth Liine

and the rate of increase j-n the ilumber penetrati,ng increasecl with increased

cle¡sity of inoculun. Dur.irr,g thì-s pha:;e, larvae entered ::oots, move<l within

::oots see)<ing e suitable si'te to est:ablish a¡rd sorne larvae esl--ablished a:id

began development, while ct-herr-r ei'bhcr conti-nued to rilcve wj.thin roc.ts or

becanrre qu.iescent" Entry of lai:vae was li.kefy to b'e randonr ¿rrrci +-Ìre first

lartrae entering the roots ..¡ere li.kely to es-bablish j:hemsel-ves w-ith little

coppe1;itÍc:¡r with other ï;ruvae wjl:hín ¡:ootri, pa::tj-cirlariy at the low ancl

mode.rate densi'ties of lar-vae -i¡. j-¡:ccirir:¡r. ilecause competitiotr and/or

interference occurs betv¡eerr i¿ìí,Jae, even wlx:l.r a small number of La,'îvae lies

on the root surface (Davj-es ç Fisher , L9'76't, t"his competition a.r.,--i./or: int-r'r:-

ference has occurred througirout this ¡:hase a-r',:i, the linear increase itl ti-rí)

mlnber of larvae within rr;ri'. li,r:; continued'u\nt-il larvae within'ihe roci

affected penetration.

ln the third, or pla-i:crau phase, ti.:e i]''ünber of farvae rt'iciiii^

roots remainerl. constant ancr, although this r¡rimber of larvae i¡rc:;car,;ed lvith

densiLy of inoculum, the.i.,ì,í-:.*.cröi:-rÐ was r!ol:. pr:o¡ror:tional to ti:e i.r:cr¡,:a"-;e j.n

densi.ty c'f i¡oculum. Lar.¡]¿: ',,;,-i i'iLj..l'- i:Lit: ¡::-.{-rt irad es-rt:r.}:-Lj-sh.-cl or ;-rr'ü;ìni¡:

quiescerrt-. or remained motile i¡'i.Ì-.i:.i-n i:iir:: .'r1-,.,-:1'.. Dcncels:er 6. Se)'.Tr]tir (I973)

oi:serveci lart'ae of H_. Sggåig{r-¡.ì j-¡l tirâÍ-;e :it.eges rdth:Lll roc¡ts airrl als<¡ ¡robed

tira.t qr:jeñcent la::vae could e*;,c¡r'i.r,:a-il-y ri:g.,:i-rr ¡rotility to lcave root's. Ät

Io'.v densities of inoculum, alrri::¡í- .',1.i iart'¡e esiablished at:l- began

de*¡elopmeilt, but as densi[v inc:::.lsed. there lrere three separate effects of

competitíon beLween larvae likr,rl-v to influer,ce t-he number of la.rvae in

roots dr.rring this pla'lteau phase. The firs{:, effecc woulcl be due to the:

interference betv/een larvae ol'i Ll:e root surface resuJ-ting i.n sr¡tne l"arvac

leaving the root surface; more larvae woul.d leave as density increased

because of increased interference. Therefore, the nurnÌ:er of larvae ín roots
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vrou--l,d tre associ.ated rvith a lorver numk¡er of larvae on tire root surface than

was in the inoculum and thi.s may be a proportional rela'Eionship. Secorrclly,

as ¡umbers of larvae within a roct ì-nerea-sed, the increased -i.nLerference

bet--ween l.arvae wiLlrin the::oo+- woullcl cause some of the larvae to mcve oui

of the root ancl t-.hese larv.le l¡:¡u].d. Íni,c:rfere r,rzi'Lh the o+.her larl'a-e entering

the ::oot. thelefore, a clyr'and-c eq.uiii-1,',::irutt lvould e*.ist lce't:ween lar'¡ae

enteri.ng and leaving the ru-,)t. lri;-.al-J-y, because root grovJth w¿-is

restricted. ):y' lar:vae, the sp¿ice availal:-l-e 'Lo lar\¡a{: w-ithin::¡ots r¡/oul-d be

occul;,ierl a-nd there would ":a no :;.Í-!;-i.rle for alil' rnore larvae to penetrate. One

of these three effects wou.l-ú -':¿: the domitllti'r: effect at different çlerlsit-.-ies

of jnocu.l.ation, with the fj.rst effect occtrr.r:'iirg at lower clensj-tj. ls than

the seconcl r'¡h-ich would occur at- lo\^rer densi.F-j-e:: than the thircl ef;lect.

I,fith high dens-itr€s r)Í Ínoculum, 'ci.t,e rvas usually a phase wh-::i

the nr¡nber of lar:vae withir'i r.,Ð( îr-: decre:asec1 to a number similar i:o t-he

nurn-ber clf l.arvae establ-i-sheii. ;i1 loss of abi.ljt.y of larvae to i.tlv;-iri-c ihr:

root as body reserves of lar:vae were <1epk:ì-.c:cl seemed unlikely ¡rlcaì.lscì soLìe

larvae withj-n the root r:eÌ-'-ci::t:cl the abih-t.r'to move throughr--i;.1: Li.'c âural:.i'¡tl

of incuï¡¿tion and these -'i.â'¡-\¡¿ç Ji:ì'J:r rcLj-,t<..it oL'serv,iii i-o Íeecì rJ.ul::,::g ï-his

time (Ðavies ç Fisher, 1975) . lllr:¡u'r-',,ir: ': r i ar. i,¿;e ruithirr tire :'r-,o t Irral' have

cxt-.er¡deC l-h.c cìuration of their :.ic,cj-,¡il;., i_;j.. ,.,onserving ircdy iÉ_!Ser.¡es dr:ri_ng

pc:ricrls c,f cluiescence. It sc-reris, :'.:r:.",,-e f j-i.rei-¡z Lltat lar:v¿le e',rerltual.ly moveC,

avray froÌ,r the d.amaged. and unfo.1,,r'¡ii;ülrle':¡rt¡ircnrnent of t-.he root, lvhile

larvae unabl-e to e¡;tablisÏi rvi.til-iil LIrr-, root i:a-¡e nove<1 out, eit.he:: ranclomly

or in rei-.Þr,Jns€) to changes in ti:e roo;r, in sr-¿rrch of other sites to esta,bl,ish

themselves.

Establishment of lari¡p() in a root would shciv threc phases of

a,ctivity, a Iag phase, exponeniial phase and a plat-.eau phase. Apart from

the effect of an increase in duratj-on of the lag phase whil"e larvae move

wi-thin the root to sites of establís;hment. these plr-ases are likely to be
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rela-ted to the equivalent phases of .invasioir by netna'tocl.es and clensity o1-'

in<>¡:rrl-atiot-r sÊerrnecl ì-o have a sitniÌelî effr:ct c'n inv¿rsion and esta]¡Ii.shment

of j.ar:vae. This and ol:her aspects of est¿rblishmetrt and development of

,1-¡'rrvae åìre L1is.;ú1¡ssed fur:ther i-n a la-i-er: sieciion.
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3 . Liylprilç gpl!- jIå\gI}rt**= lËP:IÞSJj}lllJN"UJ iÇ4:I*Ii,-tllÏå

A consir:t'eni-', repe¿rt:rbl-e tnet:hoti f-or rneasurirr'c the gene-t-'Lc reaction

of ut: Eo 2,000 plants of cei:ca-]-s +-o IL. .gjlglgg in ir si.ngile tesl- v"¡rs requesl-c'.e1

b.,, plcrnt l)]:€ieri€rr:s!, but assessrncir:t basecl crl, t-Jre uurc,Jrer of fer'ìa:J-els has beet,

c-ífficu-í-'; as che r¡-rinLrer of fem¿'r.les oI1 EeÌ"ietica-lly homozygous ger:oi:lzpes

v¿,ry (C.;i:, lon & Hayes, :1969) " lilheref:cie, the genetic .reac'cj-orr of cer-.eal-sto

rrem;tt..:des was nasked by vari¡:tions reJ-a'[ercj to changes; jn the envi-::onnent.

Th¡r t-esLj-uq cf host r:eactions tr: c:yst-fc.r:nLj.rtg r;pecies of nertlatodes

;rl ...¡.:ii¡ i-1.1' p.:r:f.<,,r¡necl ej-the; outcloo:ls -in L:he natul-i-¡-I en'¡i:ronniell+-- or in al

,:)1.¡:s;ghouse and- usually cyst-s ar:e used as inrrct:1um. Densi..Ey of ncLr¡r-tocles

ín inocula ha:: jreen a major sourc)e uf r"ariaf i.on (O'Brien ¿i Fishe::, '1974) and

using lra.tchecl I ¡rrvae as inoculum woriid seêIr'r pssf e::able to using clzsts as

!,';.,i:chi¡g frcrm t.'..sls can be trirpreci.:i,cÌ.a.jrle" ,''*:en hatched larvae of Il-

l;r-,Ì:.ichtíi e¡s¡E¡ uí::cd (Shepherd, 1958) ¡ 'lâr-ì-,itions in hcst reacti-ons wl-:.r.'¿

s-i.:rij.l.ar to usj.nç cTst-s as in¡-rculurn, ):ur Jat;\:¿-e we:e added in large numl¡ers

ert only one s;tåge of plant growLii, i-.i:'erefore carefrrl manage[tent during

:i;roculati-on ¡:''r lar','ae could, reçiuce 1..1:e:-¡e r.'ari¿ruions. Other elrviroiuneni:a1

í,r.,:;t;lr. r-r :..:1 r.t.:..ting plarrt' ';r'cuth r:ou.l^d iie fl.ore o-asil-'r' controll-ed lviti':-u a

;i:r.,.',,.:.'.i: i:-)Jii. !Ì::Cr'aithol.-:.iii.: ùiris v¡oi-r l-J. i-imít space avaiial:.1-e for test--j.rlE

pj.3ti:rtr...i , 5¡,t:ìr-1. turbes ccul.l i;e'..:-s;:d as, grovtt-h containers to ir:cÏeãse;lurrlie-;ts

of -¡rl,-¡¡¡t-s t:r:stsd v¡i'Ehj.ir this space (Þ.nc1ersoÐ, l-963; McKenna !I- 
-ê.1 

., l-';'63;

Eï,..iiiii. J., \':'l 4).

Cult:Lvars of whe¿t ¿-lncl L,arley rvere growll in small tubes l¡ird.ier

L-r:iìtic:letl elrui-cnr.enta.l cond.iti.r¡ns ancl \,{ere inoculated wi.tl-. seconci'-ilaqfe

ia,r:vae of il . .ryg. The developmenÍ- of a nethod l-o study intc:ractj-orrs

j..ei:';¡een nematocles ancl pJ-ants j-s describecl anci these interactions are

C.L;scussed in this section.
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3 " 1 ljf f ect of inocul-ati or-r, cul.tív¿lr a¡rd too'h grovut-.h ón o¡:r¡ef ol:ment

of a.f ul t: nelnatc)c'res

Labcratolry s{:r:ili-es shorverl hatcliing of larv¿re o.r'. I-1," ¿_t::)n-t-Li- lvas

s-'r-gäioiCal ¿rrrci that the rate of hatc.:hing wfrs dependent upcLl the enrrir..ot:me:rt

(p.an1,2¡ ñ Fishe¿r, I971 a) and tt:i-s seemecl sirnilar i-c'' liatchj-,:.q ì-tr LÌ.e fi<'rlcl

(i'tcragher, 1970) so that- plants vierr: affected by increas;i¡''g C.*nsiti.cs cf

lar';ac dur:irrg growth. Greater nutìbells cf larvae ¡-,enerl:;:i:i-ed r:coLs after

s:rf-riverä-1. ínoclla-tjÐl:rs i^rith low Censi''cj-es of larv¿u-e than r-r¡le ir.ccrrri-a.ti-on

rvitl¡ a high derisity of larvae (Fir¡iier, pers. comnt.). 1-'ilerr':;--rL"r", -i n':cul,aÌ--i-o;r

of çlants;ìt sev(:ral times v,'ith an increase in the nul'.rbe.i: r-'í'ìar:vae fL.:,rr

one j i:ccula,t:Lr-:it to the next would seenr pref erable to the singl.e inocuiai-i r;n

used k'1' She¡rheri", (1958). The effects of cliffererìt inocul .rt-i.cns ancl planì;

maneqciinent oi¡ ì:!:.e number of female nerrtatodes developed i:r:l ''ii.:'Í:tr-rellt cereai'';

are dr:scz -rbeci.

3. I . I Ma,tcr.::i al-s and Methocls

3"i. ¡.i gÊjlpÆÅ.

Ce:leai clultivars were gTown in open-euded tt:ccr:, .i -j '-.':n. i-:,n:

al:il ;2"5 cnr. ;r¡ternal dianeter, cut frclm rigid P.V.C.* c::.r:r,--llz:i i: v:lii';1,, r.:r;¡iì..¿;..i ned

waehc,ril rive:: sand (triaikerj-e sand) with a \r'jr,fe rð-nge of parb-i-'::-Li' r-izer:

('r¿¡le 8i .

T.FTBLIj B.

COI4POSTTTOTT OF \¡iAI:KERIE S?\l'iD C¡LCULATED BY SlE\j'iì(G

SAND THROUGH SfiTvTES OF LIÍ'FEREIW ¡'{ES[I SIZE

Mesh sÍze (urn. ) >1r 200 >11000 >7OO >500 >25O i:l¡Ü >100 <100

Progr,rrtion
col.lected .23 .I3 .L2 05 .16 24 06 .0r

Tubes were prepared for planting by placíng them upright on a

It PoIy vinyl chlorirle
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fi"rm. and- even l-ra-se, a-clcìi,ng a sna=l=J- c¡rarit-i,t-y of moist sa.nct, rarn:ning tiris

sand vigorously to compact it to c;ivei a firm base which pre.rent:ecl" the lass

of the extra sa¡rd. to be a-c1C,erJ. anl t-.o.rl-l-ow free clrainage üf sol.i.rt-:lons.

Fu::the..r sand \^/aLì then aclâeri uri';-il t-hc uubes rverr"-. full and this rsatlcl wae

then light-.ly com¡acted" Tlh-i.s,¿as repcate<1 un'lj-i the level. of -sarrri. i¡as i cltt.

Ì:elcrv thr: top of the ttrbc,s, tlier: !! mi- . o.E lïoaglanC s:r:Iu+.:ion {ÈIoag.t.¿.¡1¿ 6

Snyder, l-933) , containing :ì r:o:r ch*,LaLc (Jacobson' i 951") in the place cf

Irrrn Tartr.a.t-et rças addeci i.;itb an autonatic: pipeEti.lrg machÍ.ncr. !h.e levei, of

the sand usuaiiy subsideil ¿-if i.;ei ¡'-,).:.':.:t.:t. nu.r:,:j.ent: s<¡iui:ic¡n and. tlie::efore niore

sand ruas aCded to maintain tr,-',-'¡.iginai l¿vr'.I-" These preparecl tuhes we::e

t[en stored on trays, 85 crn. x 40 cm., untj.l ìrhe plânts were rencli' f<-'¡

planting.

Seeds were pregt::íll:r:.;1 Ì,:)rj. (Section .: ".j-.1"1) and viabl: ::l-r(ìCs v¡í.ri:('

selected as carly as possijlle., :ine seed pe:'tiibe v¡as sown appro:;irne',te.Ly

50 mm. deep j-nto the sand ar:d r: further 5 m-r-" ci nutrient solutj-oriÌ \íì,1ì arìdi:ú,

either alone or with la,rvae" to the sand s;;rface. Trays of tui:'¿r.; r;c¡w¡i

with seeds r,.iere transferrcu'i,i:.1 growtir. r:-;citn u-ntil enrergenc;:, cf lil.:

coleopt-ires cccul:red ancl'-j.e. f.!,',:r,,i 'ìr:-r4,r'..;j,:,n of p1a-'ir'L.; ct¡uL'f be:,::,-".,:.1.t:.

Selected J:lants were arrarrgeC .,-,; ::-r:r:,::j:r¡i,:'-. i,¿iLh exÏ:!rj:i:j.mer¡'Lal- rJes:ign ancl

returned tc Lhe growth rooiì1 . Íir.l g:--r-r'"1-lr, -1.,-'r:Inwas set !u give c!- ccngtar,t

er:r./il.-or!iler:t: c¡f 20oC and 10 hou::': r.,I g:':nt.i.¡rt¡rrl.s fl-uoresce:nt J.ight of uuiform

intensity :'-r. each 24 hour ¡:er:ir-cr

'roûlen the sand in râos'i: l-r,i:r(*; seeme<i to be dry during the early

g'rowth c,f plants (apprc'ximêtel',, (,nce púr1 'r.¡e.:k,) I0 mI . of either v,'ater cr

nub:ient solution were addec tr> i:he surface of the,: sand. trv-aten and nu'L.rient

solution were added on alterrt¿.i1. occasions with an automaÈir-: pi-.oettì-ng rca<;hirre

unless the addition coincided with an -i-noculation, then the inoculum was

added using a hand pipetting machine. Maintenance of plants continued ín

this manner until 5 days after the final inoculation when only water r¡ras used;
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j-t was added to the trays anrl al:sor:beC throrrt¡h tl':e bese of tubes " Water

was addecl in thj-s manner when pla-nts beEan tc s-iÌ:cw si.ins c;f wilt--i-ng.

fnocula of l.a.-;vaÈi weï'e E,reJla,red wi-{:h either water or nrrtri.ent

solr,rtj.on in a nanne:l sinrÍlar t.i,'thaL d,escriÌ:ecl j-rl Section 2"L'1..:L' except

that the required density- c¡f l-ai:va.e i,.¡g:e in 5 ml . of soltr.tion.

Pl.a.nts \¡/êr€ êxânìr:i.'r;iec.l ::e:.;ul¡'.;-1 y fcr pepbs ¿¿n.d dise¿rses, but orrl1t

green aphid and powdery n'.i-ìder¡ or,-,ci¿rrocl on infrequernt occasions. Plants

vrêrê sf,lî¿l.yed with "rogor"* to conbrol- Ereeu a.phid i;nd dusted. witir sulphur:

to control ¡>or^;dery mílder;',.

'IÏre nrlrù>er of fertt¡t's.; jreliialoùes rllelle ccunted a minimurn crf 35 days

after the final inoculation. Thi-s allowec :r¡r-ficient time for rlcvelopnetr'f:

of the nen,atode to the adult stage u,nd.er tj,g conditions used for qrcwth

of the plants (O'Brien I Lg-i2: - .ilrov¡Èh tuL.es vrt:::e soaked in hTatel:' i)l-at 'l-.iì

and sand i.terc removed fr:or,. i:]n..-: i'.:ibes, ¡rl.aced (rn a 1.68 rnm. sieve, ivash(ì()

with a fast jet of water ani- l.c:;riil-r:l;r sl¿rnci ai'¡.J;rssociaterl organ:'r-c; n¡!:-e;:j.a.J-

collected in a 0.152 rrn. sieve" llhe colle:ci;erl ntaterial. was thr:;: ¡nixcd

with water-, agitated vigoli:'trsj..it an<1 dec:a'r:r;e'l into a 0'152 mn' -'jt"'lïrj" s-:and

was ret-.í:j..ned as sediment -:ril ji.,:i,:i;r.i.çs-: !r,iiì^1i.í: collec:tc.1 :i .t; tlie sie..:c. Tì"e

nrrnbers of females lvere cOL:TlL-ñ'--! i¡i iL =i'-:l''J+:': icull'uing'i:'¡-'lr tluiier i'-''.ri

magnif ic;:'Licrt.

Root weight of p.iar,i:s r;¡is mea.jr:red "r's 
re'et root we-igl,t. Grcv'"'th

t.ubes w.:ttê soâke<l in hrater anct r:,ct:.r-L iir';;c,1.rnl-- t:octs and associateo. sancl

were rerncveC from the tubes. S-*r:J. \¡,I;ls renloverd fror¿ roots by agitatioil in

r,rator aná by washing roots in a 1,6i: nun. g-i.;ve with ¿ n"'ode::ate jet of

water. Root.s rvere cut from the plarit,'i:c]ied intc. a bal-In bJ-otteC dry

with watcr absorbent tissues l.c, iëmove excesis rvater and then rveighed.

4Os" î¡tr/V dimethoate (O,O - di¡rethyl S - (U - clj-rnethyl S - (-methyl

carbamoylmethyl) phosphorodithioate.

*
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3. l-. I. 2 Exper:imental

The effects of <Lens;ity, Lime an<f nurnber of j-nocula,tions on tile

nrrmber of femalesi otì sìJ;.roe¡r i;i.b1.c {cv. Hal.be::cl) ancl resist¿rrrt (cv. AIJS JC)83'X)

wheat r,.üere coÌlpared. trrlai-irer:ie s¿rüJ- with a part-,iclle siz;e of lesl': tha:r

5OO ¡rm" di.aro.eler rvas used as the medi::n fi-.r: I:1an't- grow'Etr because tÌlese

pür.tícIes \,^/ere expected to eicf neiiratoile mor'çlrne¡i'c (htal.J-¡rc,.:¡ 1.9(,3i " /r

single ilioculation with 2OOr 6CI or l.o5riO la::vae \^/as app.lied. to Halb';r'd ott

clays O., 7 ol- 14 after so'\,¡ir:g ¡rLJ l:o AUS;10894 14 c1aj¡s af'[er so'.¡jng.

fnocu3-at1ons ôf 200 larv'eí: at so!..,i-nq folJ-ol,'e':i by 4Otl or I '300 larvae a-t

7 da-¡s or 400 or I ,3OO larr-¡¿ t e:.1:. i4 days a-îter sorving were gi-veu tct bOLìl

gultivars. fnocr:,Iatj-on Of 200 -Larvae on <i:-'1's C, 7 and. 14 afr:e'^ s;oi','inq v;e.s

also given to bot-h cultj-vars. À randomise,l biock design containiÌìg five

replicate5 \^'lìs used and thc. lri,.¡i',¡gr of femafc;l: was compared aflet e.n

analysis of va-riance.

The numbersof fe¡,lni.c-:s ,i,.:vel.oped orl 'rire susceptible ancl s-iv-

resistant cu]tivars of barley were assessecl fo¿.l.owj-ng inoculat:l.an. oî

seedli¡gs l.Ij.'Lìì 5OO larvae;,.t d.nys C, 7 e.n:i.l 4 aftc,r sovring. .ce-':'l.l-i.l¡'.JS 
"Je-re

gro-t{Tt and inoc:ulated in tr:iics; .;;:i-':l-r ,liaj-iit:ti,.: sancl 'í tl a :r:an¡dont.i,r';,-:C bioclç

clesign w-ì-Li-r 7 re¡;licates.

1'h* barley cultive-r¿r u:lr'.:;i 'vver-e el: fol--'ìot','s; f-lj--rrFer a.'.' 'iTtc-:

siisceptil-rie sÈarrdard because j t j¡,; 'i:he ¡n..-,s,| wiclely grown ct:..lLii¡ar i¡i

tioul:h Àr::.:t::aIía, Morocco (l'lI* 2.iiìti,. CI 3,90?) '.,¡a.s reporteC rel;istarrt in

Äustrati¿ (i-rrcwn & Meagher/ 1o?()l .:.¡ic'l seecl was oh;tairled fTCm the \/ic:te'::ian

ht¡eat Resee*rch fnstitute at Horrir¿¿r:., and lri-'i ''-e (WT 1470, CI 3582) ' Athinais

(wI g3g), crge Martin 839 (\'IL f",,ie), Ct Bi4Z (!,7r I9¿,4) and trnII 223L vt]ilich

were rateil resistant in an unpr:Ì-rlisherl fieid test in Sottt'-h,Australj-a.

(Sparrovr, pers. coro¡n.). Resuit-s vrere cor(pare<l by analysis of rza-rÍa::co.

The number of females was also assessed on a susceptible

* l{I - VJaite Agricultrrral Researc}r institute accession number.
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(cr,. Fl¿il-l¡erd) anc'i t--r^¡o othç¡.r (cvs. AUS* 10894 & AUS 90245) r'çhe¿¿ts, which

were resistant in South Australi.a (O'Br.ien ç f'.ì-sher, l.91 4i, b1' g-::orvj-ng anrl

inocr-rl.ating seed-Li.nEs in t.tbr:s of h'aj.lie¡ie sa¡:d wi.tl'r,'l0u l.arv¿:+ a.t sowj-ng,

51.¡0 l-arvae 5 cia.ys and BO0 l-ll:rva:.1"5 cla-ys a'l-:i.-er sowing" Six t:epJ'icates cf

the t:ir-ree ci,rltirzars hle:re rictnpletely randorniserl arrcl arl an,--ìlyris of v;iria¡tce

was dc:le orì result,s.

Foll-orvÍng a successful tesL of tlie reactio¡r ol irarie.y r:i;rl-tit¡ars

tÕ U. êyqg¿g earlj-er j.n this section, "r-iì at-tc+mpt to tesi: t:]:r: reactic:¡r cii

pareÐtS, Fl, F2 arrcl J>aci<CrosseS of progeny'¡rOm Crosses of j.:=:;-ì-äLi'i^1: arrj

susceptiblr: bariel, was made" A ma.xinurn of 355 growtl|Lul-:;r'. !/.:ìreÌ lI]-acec-l- cn

a Lïë..y' to test ô rlaxinum nr¡iùrer of pl;rnts in the mininum space ancl at thisi

clensit_,¿ the gr:c:,^ri:h tulres were self-suppc;rl-ing. After germi-rration and sc¡v.'j-:ÌtJ

test Þl¿tnts -r. lr tubes (Section 3.1.I.1), plant-s were sca.'l--!c;'+ il at random.

throu5l):rç¡uit tlre tray before being inocul-¿rLe'i with 500 la-':r¡ai'íì.- solving' 7 ar,tl

14 d;ry,, ¿ri-¡:e.r r;cwing" 'During the 75 days of grolth of all- ç-i-;nts' general-

mâ.n,:-1.qe-rnrilL (Sect-i-on 3.I"1"f ) of these densely pacl<ed planls \'Ias very

rlii:fir-'.:.iLrt-.here-for:erl-jrrc24p1antsofsur;ce¡:tiblebari-+-i'{crr"Clipf'ev)

sc¿¡i-.t--e-i-,:,i l;.hrou,ghout the tray were e1.'r:rril-ÌeC', after this tin;t i.i',:-1r::1:r-:-Lii,ì-:-r'1

t-he effr:,cts <;f managetnent or¡ the number <rf fetnales in rt¡,'r¿ri-ir-:i -t-a' .i, l-¿l:'i:

gt-owilt. I'Tet weight of root ar:C the n]ÏLì)el: of females on ro"Ìi.:s þ¿fre'

meaStired and a regreSSiOn ai1all:f:i¡- VIJS :)c.rfornled on rA\^I dat;¡'

A r:elatj-onship between the ¿ulaJcer cf females and 7;';,¡;i-- -r'r:LQi:t ';:lç¡

only expecteC ¡vhen ïnanagement of planl-s al-fected plant 'gror.;i:Ïi ;¡::rii sucl¡ a

rel.atj-gnship i.ras obtaíned when 355 tubes; \'¡ere groml on a tl:rr-!' init ' 7 ¿r) '

Therefore, 156 plants wÊre gllowrl in tubes arranged in 13 roirs of 12 ac::r:ss

a tray, and except for one row, rows were paired- and ea-ch p':ir of rows was

separated by a single spacing of the rigid net of wire used 'ì:o support tlie

* AUS - Accession number of the Australian Wheat Collection at Tamworth'

N. S.W.
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g1:ovÌtlÌ ti:,bes, ancl tirís was similar to that shov¡n in Plate 1. Proç¡euy of

crosses of ]¡arley s;elected, germination, inocul.ation and Çei-1.i.i:.ìì. nìal-',a'¡lenent

were sinitar t-.o when 355 plants v/ere grovrll on a tray" But pJ.:'i'-;s ".'¡ere

orrl.y grov,Tr for 45 clays before wet r..teight <¡f roots anci tl:re nur;Lbelr of fenal-es

c¡n ths:;14 plants of susceptible barley (cv. Cli.pper) v¡etîe mr-'¿r-slrred ancl "r

regr:e-rlion analysis \.Jas ¡lel:fornecl, on the raw data.

3.1"2, kgj,rtZ
hrai-lcerie sand with particJ.e sizels; l-ess than. I,00 Um. :i :r ciiamete::

wa...'t an unsuitable mecìium fcr p}-rn+- Çïat','th ¿.1ì seminal rcrc.;';s t-','- i:,cth cult--jr.'ar.s

of '".;ìreat',verl', thick, stunted and,feveJ,oped few Ia'beral rc,ots i¡ecause oi:

conrp.-.c1:ion crf ';he sand. Poo:: developrnent of roots v¡as afso i:eflected by

the s:irall- l'.rr,Ìr:r cf ferrra-Ies on the rooli:i of Hatberd ínoctiie.í.nd-r at oûe tirii¡':

(ra¡l .¡ 9) .

Ijal-berd irrccr:Iated with 200' 600 or 1r500 larr.'l:t -:'c:¡iys after

sowJ-ng se€r.!l:,1 to proa,rce fe\,"'er females t'.han sj-nilar inocirl.ations at or l-+

days a.it'<.ri: soiving (Table 9). This was probably t:he resrilL of using la,---r:r-e

st:,.r::l+d rox a lorrc¡er pe::iocl for inoculati.r-tns 7 Cays aftc::t r::r:,¡i.r.^,t than ¡ii: 0

or -1-.,.ì Ja;,rs o¡aar sowing. Tncreased nr.,¡nlrer- of females cí¡,,1ï.:t.'-:i]..-;.*:i:..,1.;,.:rci

v;he¡r ii:oculations of 200 larvae at sovi-i::çi al-rd 400 larvae at i ¡rl .i.'i C'::¡,¡

afl:er s:avtiÍ-g t/ere used, compa,re,l with c)tihr j.nocul-atíon of 64.'C -.err¡¿ie: '

IlÐvnever, i;he lrr1¡rlber of females \iùas si;,'j-Iar cn Halberd v¡hei-r ],i:..":r:.i:':'1"-ioris i;í

200 larvae at so\,"'ing and 11300 l-arva.e at 7 or 14 days afLerr rii)'-,':rr:!í \,îre

conçare.,-l v¡i*-h the one í¡ìoculaticn of Ir500 larvae" Most feircl-o:s deve-lo'Ìrc.J

when llalbe¡'cl was -inoculatecl with 200 l-a::v¡;e at sowing, 7 and i.4 days ¡.-fcer

sowi¡g. Few females developed on::esistarrt r.¿heat (cv. À-tlS -1 'jììi.1 ) and the

rnethocl of inoculatì-rrg did not affect number:s of females.

!!hen a complete rnj-xture of the particle sizes in Waikerie sand

was used to grow plants, seminal roots of wheat and barley grevr normall-y.



Piate 1" Arrangenient of gror..rEh tubes within !urâ|s for grcwth

of i:lants within an environrnentally controlleC growth

room"
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TABLE 9.

EFFECT OF DBNÍ;TTI:, 1'TME AI¡D NU]"IBI{R Or rNc)cul,p'Tiofis (ri

H. AVETTA¡] ON THE NUMBER LIF F]I¡4ÄLBS ON SI]SCIJP'!.TB]...ìJ

(cv. HAT,BERD) AND FJS Is'llÀr.l'l' ( Cv . ¡JJS l0B 9/r ) i'it{l:'lÀ1' .

Inoculation
Iios. of larvae in -inocu-l-'üm on:

lialberd

5

2

4

6

4

4

7

3

9

I4
10

I
IO

24

(P = 0.05) == 5

gs_g

200

0

0

600

0

c

lr50ü
0

0

2At

2Oit

20i.)

20i-¡

ry-1
0

200

0

0

600

0

fJ

1r500

0

.i00

i.:

1, 300

0

200

Dav 14

0

0

2AU

0

0

600

0

0

1,50C)

0

400

0

1, 3oo

2.OO

L. S.D.

AU3 1.089,tr

l

0

1

t
1

I
2

2

lìocts gr:ew the depth of tubes anC lateral z:cots permeatecL ti',: r:¡:.rlr-i wii:Tlj-¡r

tr:!:'es

The number of femal-e:; on cu.lt-iva¡:s of barley atid ¡;.1ir,-.:',.. ',t.is us:+:d

to assess the reaction to infectiorr Ïry $.. gl3l?i. l{:ith the L"t:--i'<:y cirltivars'

Clípper v¡as very susceptible wj.th an a-¡erage of 60 females i-'â.r: i::!-ail'E atlrl

the other cultivars were moïe resistanl: (Table 10) . Althouq'h I{I 2231 vas

more resistan-t than Clipper and. averaged 21 fennles per pìaai, -j't was mcrlJ

susceptible -uhan the other 5 cultívars which averaged 7 or -',.css femal'er; per

plant. Morocco had the best resistance of the barley cultivars tested as

there r"r"t)?u^.les on the rdots of this cultivar. With l,he wheat cultivars,
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TABLL] IO "

BFFECT OF CUT,TIVi\RS Crf BÄRLLIY ON TI{E NUI{BER. OF

FII¡,I.\LES OIT I:. ¡.VEIÑAE OI'I- ROOTS

Oi:ge-
t¡Iartin vJT2 2 3.!- Cr81.47

2L
.)

36

;\rJS lì02liel

Females

91ånns

60

6

Morocc:o !t{i.1e,r'thi-l¿r..-i-s

+ s.E.

7

'l

3

I
4

l_

5

l
0

n

L.S.û" (P = 0.05) ='J

Halberil was susceptibl.e rr'-i.r:h an ar¡ÈràEe of'35 fem.aies per pJ-aat and the tlvc

othe'; cu-l-tj-vai:s, AUS t089,l i-rrri riij.ì 9:i243 were resist-ant witl.r en average of

5 or less females per plant (ll':;..--'I.e II) "

TAI3T,]E 11.

EFFECT OF CUL'll::i7.^I:5 OF l'rrllllAT Oi'l TiiE NUMBER OF

FEMA],.,:jS i-'.:' li. AVEI'iAE Clì äOOTS

Halberd AÌJS 10894

:i,.i:.D. (1, = 0.05)

Nos. of Females (+ S.E.) 35+3 4 l_I+.

1:¿

Malagement of L5:- 3i'-j j':,irli'r¿.r;, ¡'.-.;.r.tts glgqrr1g,{i lìO.Jel.:iìer oi-r a t¡.'åi'

\Áias very djffj.cult. I^iaterirìg ìrla,ll:r: ¡icii .ri1 automatic p-ïr;:ì:tj-r..; uts.chine

was clif f i.ei-,llt and time consulïi-ii(Í rl ,i¡.. 'ir) i-.i,.r top grcwl-h ef plants . Aclciing

water t() trays \^¡a,s easier, bu:...,l=.i-::,¡l: r+as -4.is:tribuLecl unever.Ly to the pi-ants

and thr¡i;tr plants growing j-r: the (::jirl.r'c o¡i Lhe tray were oft:e.n under moisture

stress" Fowdery mildew was dif Ë:L:.uli to cor:bai-n 

'"rr¿ 

=ittur otl.Ler crganisms

or physiological disorders caui:ec.t a blackenrng a! the base of st-eins ani

poor root growth in many pJ-ant:;, When 15Ci plants were gro\¡¡n 6¡ ¿ Lr:a-!¿

uniform managenìent of plants 'r¡iar¡ easíer and pJ-a.nt. growtl'l ap¡;ear:ed to be

normal.

Regression analyses on the relationship between v¡et root weight

and the number of females on roots of Clipper showed a, second order
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correlaticn when 355 plants -r{cïe 
'-1l:ovm on a. {::r-ay (I'ig" 7 a). Thj.s reì"atj.on-

ship was::epresented by the algc:t'raic ecluat:j,on, Y = 9"4 + B.¡l x -, C.9 v-2.

The curve derived from tht: (-ìc{Llãi-.ì Ðtì -qho\ùed an initial increase in the nurlLìeu'

of feirrales pet- plant as roc.'t wr',içTht in.;reascd. An opti,murn nu-inbtìJ of

females per planf- r,vas reachecl lnd ther the ttu-tlt]:er Ì:egan to d,ecr:e;se loith

further i-ncr:r:¡rses ín the 5¡-rçr! ut:Ì.,,:¡irt oí- p1.ants,. No correlati.ou cccur:red

between the number of ferna,ies ;¡er ;,J.;en1- and ::oot we:Lght- of Cl-ip¡:e:: v"[cn

156 plant'.s wel:e grown on ir tr¿Jy (rjg" 7 b).

3 . 1.. '.J Di.scus sion

Variations in the nu::..'¡er of feni¿., 1.s-'- rrenìatcldes oir genet:ir--.411Y

homozygous genotypes (Cotton & Ha)¡es, I969j ina,de ;tssessjlr.l"ents of: ,;c:r+-tic

reaction tri clifferent cultívar-'l Cifficu]i:. tlul-ti.r¡are of lr'heat- al:,i J:arle:3

are normaili' self-fertilis:LÌtÍ :,r:'.¿i the indiv.i..juai qr"rltiva::s are ür-'3c1-1:ibec.

as homozycjöìls, but unless ri,çlj;.,- n.nta"aton oi Ê:l-a-rr'ts is maintainc.d, ¡iinol'

genetical differences can occu.i: v¡hích causc-l va.r-j-atj"ons in the qe;:rr:t-ic

influences rvithin a cultiv;rr'" Therefore, ;-.rowLh t:esponses to ti':e ilrr';-i-r:cnnre¡lt

and reactjt:rns to the nemai,:r.)ó.,:Í:; L,'¡ ¡;lants',''oulci'rar-'y within th:r:jallt€ cull:i'vä.t.,

but these a::e- 1il<eIy to br'..,;)-ir.l.¡:. ¡:'r--.1.i'-l-c;e:r.¿ g'enet.i-u,-:t.rtrtrcl e-¡:d'.{'o:r11d-:Jary

indepenCenl-i-y of one another \ììr.i-;'r.:s '¡;.:.i-1"¡:¡,ri: envirorute.nial or nè:nâJ:ode

effects oL:cur, This means no (ì(-t::r,,,.Ii'iticr' should oqcLr.iî Jret'..'er:'r tl'c, ¡:or..,t

rvr-:ight ¿'.:.:d the number of fema,i¿r: r',rj::::n 1¡oi.h i;tr-itable enviroi.ìr¿ent anä

i.noculati-ons of nematode are '-:sí.';" i-q: assesi; the planL react-ion.

Cornpositíon of tlre s¿r4 risc-d as a qrowth mecliu¡n affected. roci

growth anrl also affected the nlln?:er of. feniEl.es on ¡rlants. Therefore,

Waikerie sand was used in al I .l ciri-()r assessrrl(-5¡ìt-q to ensure good roc,t gro'ø;''uh

¿ind the maximum expression of Lh"'. genetic reaction of planLs to r¡ematcde.

infection.

A correlation occurred between root weight and nrmlcer of femal-es

per plant when maximum numbers but not when fewer plants r/vere growrr on a



lliç¡ure 7 . Sca'.:Ler d-iar;r:a.ms sl-towing the r:e1al:i.onshì-p l¡etween

the f;:esh wejght of Ì:arley (cv. Clipper) roots

and hlie ntmber of ferrrales of i-i. evenae on the r'.-ji;L''i.

(a) Iligl.'r iensity of plants per: t,::zry (355 gro''t:'h

{:Lrìres),

(¡) f,ow der:sj-ty c,f ptants per tray (J56 grovrth

tubes) .
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t::ay. llhis shov¡ed thac <lifficulties in the trranarge¡ner:L of J-arEe nrut'-hel::s cf

p-L.r.rrts on a tray ca.used extreme dj.fferencos j-n the euvj-rorr¡lent beivreen

ploni-.s ern<1 p::e,rente<l sonre plants froin rear:ting to rteniatod'e infection

-'ì-;ldepencJeirtl.y cf the environìneïrt. Therefore, s.;pa-ci-ng and co-reful

r.,ràÏ1o.Çê¡¡ìê]l i: of 1-r-r.ani:.s are irnporta¡rt .1u:: j ug the assesslnelrt of plants co

nernö r-ode i-nf ection.

Bec:::use ror:t grow'l-.h v,'as ¿-rff,¡cted b1' compactio¡r of sand h'hen

ila.lbercl l.-as -inocul¿rtercl with different den¡;ities cf J-arrrae a-'t clif::íereril--

.f-.i '.rr.(:ij ¡.tùe:r lC,Wing, t-tre- effeCt-s of inOCUla-tions O;r the- nufi.oÈr c'f fe-itales

..:i-r-e ¡rob c]::i-r-, Hçwever, the nuntber of fenaies did not seeÍfl to incrc.:¿ise

vrj-th increas.,:;l densities of inocu.l.ìï:ì or rvit.i r clelaY in inoculations a:,:cl

this suggeste¡i c-:ontpetition between.i.arîvae;^:s â resu-It of density andr'/or

.[ruri,r root grov¡r:i j.inrited the nurnb¿:: of fer;l¡].e',c- ]'lost females r,vere t).roéuced

i:r: ;eecllings j.nocrufated on three succ'essj.ite cccasions wj-th the lowesi;

rir.::1sity of periatcrle- This srrggest-.eci t,t¡t: -l-cir' Cer:sity atlowed penetration'

establishmenÍ: atrd development of ,i¿i'¡:vae :i-nio femalesr ancl allowed furLhe::

rï.;:.ÐVtth of ït::its so titat the ini:.r:Lìa=i/j{:i ï-'Oo'r- gro-lsth between j-noculat-iot-rs

i.\:.r:c,i..-i,i..r,1;t1 ¡rL leas*c a sj.n;.j.il¡ï: ¡-urnber ,:':E fernales to develop vlith eacl, ¿iti'd:'-i:ional'

i;.,:-.¡,:;i'L-ri¡l:i-:,..,. 'vir-Lth nOni:¿,1. rOOt 9r:;-vlt--ìi of Wheat, a sin-ilar effect US-i:.-'';

lii.,3he:t; clr¡-;.;,í-.i-es as irroci;,'r.rm slroulcr fur-t1l,er increase the nunù)et of l''err¿,ri-es.

,i,j-t:r¿:i:tiÌ:e, j;hr; ïeact.ionr¡ oË sui-icepi:íi:Ie ¿rn<1 resist-.ant w-heats were co;ipa::ecl

T:¡,' :i-ir*,;--e.rsii-.1 the rrr.r¡nJrer ol= l-arv¿1e -irr the injtial arlcl the two srrbseqrrertt

-iiìr.'í,¡J.i¡;tj.cns. ;qs Trarley (cv. Clipper:) derrelopecl nore rocts i:han lvlieat

(cv. Halbr-:r:rf) r'¡ring early grorvth (Section 2.3.2), an evell nigher iltiLj"a'I

dr.:.rsity o¡ i¡¡¡crri-unì tvas used Eo coap¿¡re the reactÍon of barley cultj-r.'ars

'i-: rretnatode infectiorl .

Tn the two tests, one on the reactions of barley ancl the other

on the reacti.ons of wheat to H. avenae, a large difference in re¿rction

occurre<l between the suscepti¡f" and resistant ctrltivars. Resistance in
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AUS IOB94 and ÄL.iS 90248 ïJas confj-rmeC for r."'jreat a.ncl:i,¡r l.'lorocco, lrlile,

Athinais, Or:ge lular:tin 839 and CI 8147 for l>ar:ley. r'he barley culti.var,

Vi-L 2231, was rated- as suscepti.h'Ie, but k'as rlore resist,s-Dt- than CJ-ipper:rud

wol'.lc1 i:issiist cor:'i:r,c-1. of H " avorìae if :t vv"el:e a corun€il:cial cultivar-

The n',rm'J:e.r" cf fernal-es; on Haiìrc+rcl i.ncreasecl foll-ov"'ing incr:eases

.L:r..Lhe å,.:nsity (-'f -Lnocul¿,-.t--j-ons.,¡hcrn lú¡;j.ker-i-e saT'iC trras r:sed, Jrut t-hey clid

not incre.¡se ín propcr:Èic'n to tlle ir^,Jrea,ses irr.l.ensities of inocuia'ciollri.

ll-sc, t-.Tre number of .i:^,males v¡as gt:eater on Clípper tlìan Hall¡ercl ¡,vilcr-, h'oth

irer.? gro?¡t1 uird,er siurj--l.ar conditions. This, v;ií:li other obsetrrati.c¡ns discussed

:l'--: r:jii: sâct:iL)n, sl:or¡¡et'l the ¡urrrl,tlr: cf feriLta.les on cereal- roots w¿is Lhe enC

r:.:.su,.i.t of cc¡r:'.Lex i-nter:actions i>etrveen env:'rrolì'.nent:r nematodes and p-lant

g:rovrth. By ciri',trolling the envii:c¡r¡iûotlt a¡irl .r'.lirr.ing a bet-ter unclerstandi,ng

af the i¡tera,rt:txs between nematoCes and p-Larrts, both the density and tirne

i.:j; j,noculaticns,;;ou-l d be detei:mins.i:1 l:c¡ giv'-i i-iie maxinrurn nunrber of fcmales

r)::ì iìierêâls grû'¡/n v¡ithín a pa.rticu--r-e,t: enviror.J'i¿ìilt

:3"2 Effect of dens.ity of inocultrrr :-;t:.i +.irie of i-noculation on

Qrorr'tL i .:--'í. H"rlbi::rd .and clevel.cì:.:le-n'c oli tìcma'{oc1es

rl1-r¡;r¡-rg!iì;ic;: r i:e+,-weer¡ i.¿::,:¿te Cu-rin<¡ perietration of roots e.ncl;/cr

,ì.:r::':,lrt:í,ìrr,.?ni:.,'i.'-:iriu llr-r(,"'.;-i s-rcri.:iTll:r1 '*l'c ¡ra-ít'. causes of var:ia+-ion in the nunber

*r ii¡l:riaie:* iìr: roots crf cultíç';lr:s i rt;culateü v.'ith iarvae of tl . gYel3-?_,

íìe:;¡-::r:ai Íi,.1i'^,ir,:¡:Êtteilt cS.uring g;c',vth Of prani:.s, spacing of plants r.in t::i¡)¡s and

r.,f irj;-¡¡;1¡;¡s¡-¡t affecterJ- corn¡,,e1:.-ition Ì¡el-i¡een nr:natodes. But tliese factirs

v;e:-c, controlied in the later assessÍrents and only cause.d mi¡lor var!¿-.ti.ons

j-ri.i,r:,f rrlm-l,ler rf female ¡trjmat()des on roct:s. Densi.ty of inocuhun an¡ time

cf ínorulati on becar,e the m.ajor: causcs of conpetition betweert larvae ar¡cl

vo.:,-iations in '¿he rlurnl;er of female ncrnatocl.es on roots. l'urùher info:'mal-íon

iva..s needed.¿o selec#. both the dens:ì-ties of inoculum and ti.mes of inoctrla-tions

to avoicl competition and to limit variation in the reaction of cultivars.

Effects of density of inoculum and. time of inoculatíon on grovrth

of wheat (cv. Halberd) and development of rretnat-odes are describeC and

cliscusse<1 in t-his sectiorr.
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?"1 Mate¡:ia Ls a.ncl- Methods

Seediings of llalbcrd, lve.re ínoculatecl o¡rce with ¿r -low, me<liuln o'í

hiqlr density of lart¡ae (Tabie 12,n either at sovri-ng, 7 at L4 da1's after

TABLE 12 "

AI/ERTIGII NU¡{RT]R C,r' I,êIìVA.E Ol-¡ II . AVIIIìAE 1NO(:I'I,ATED 'JI'IIO

I^ITIE/\T (CV. ilÀI lliliÐ) Á1 DfrI'.tiRÏN.1. lfil4llS

i:'i¿i SOf,i-ti:lc.

ll-urrber of L¡rvae l)en:;itvDar s from sowi

0

0

0

7

7

7

14

T4

L4

-i-'d'1

325

¿l*ro

145

286

422

165

395

594

Lor¡l

I"ledium

High

Low

Medium

Hígh

Low

Medium

High

L.S"D. (P = 0.05) -- "11

sowing an,å wer'e compared i;;:L:ir trïr,-nocu.Iat-:,'.1 seeùi-irrgs. Seedi:i..r,JÍì wÐ':e t.'o

be samp1+rf ¿it. three times :i; ':.: ':-,iÌ^ iíi ,:l:';r, a,fter in':cri.ì-,:r.t.ior¡ fcí j:lfi-:rm¿-t'î:j.on

on the nLrill)er of adult nenra!:c;ci'-.¡: ¿;ir.i. r.cti: i,;¡rowth" Eariy giowi-il of seedl-ings

írrocUlatecl aL sowing Suggestc.i i:o;i EL:,:';'ti:r should also be el:anii-¡-,reti

Suffici-t-':"¡L pta.nts were avail-ablt'. f.ic'Lir -i-r:iri:u,-¿:'tj't-:t-ls ert scwi::c; for a.n exl:r-a

one samp,|e ah low and high clenr¡!t',-iiit:; àr'rd tilo samples a-t the ruecLir:un¡ densi.t-y

of inocuj¿rti-ons. Therefore, ad.i:l i-:L*.:l:al pJ-a:^.ts were iuoculared wich ¿r1I

densities a.1C the effects of I"l. .a',/enae on ¡;J-a,nt growth were examine<l tj".i.l

50 ctays after sorving for each l--.linci of inocu.iatiou and most densj-ties of

inoculabion. The low and higl, ric.¡rsities at sowing were only examined. Lill

36 clays after sowing.

Dest-ruction of seedlings was necessary at each sampling for the
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m^5e!ì1-Õmarl- rìç r^¿rl- ñr.:rrl-1'ì - Si x rerr'l ic:at-esl of s¡eccll i ncis; tve:re ran'.1oi'ltit¡

organised ont-o thTo tr:airs in a irLar:n.er sÍroilar tr: that des:;cr::Lbed for barì.ey

in section 3"1"J-.2 ancl sLìowlì in;r-'l aic 1" Sar'pting was at rairdom frc¡m the

tr:'ays rr1¿ sec.rcllings rvere reorg,;'rrJ-sed to maini:aiir:rows of:1.2 wittiin the trays.

Length of the- fi"r:st fclli:-- seirj-na.l rootrì \.{ås ttt¡-iasrtred on ¿acll

s.oed.J.ing strmpiecl 7 and 14 Cays ;1rt,er e'jv.7ing artd. :ni ãïi€;raE'.: .it:ngth of l:hese

roots was calcutated. Tc,t¿i-]- iengt-.i: .¡f lrcclal- rcloi-rì rt¿.s lfleesurecl or: each

seecll-i ¡g :;airpled until 36 da;.-s al.'te]: s,)winíI . The ilunber of root tips per

seetr;.ing \^¡et:e assessed u.rrrj--'l- :- n;:.:ir -f'ce- sovlj-ng. 7\ssessme.nt of ::oo'L tì-ps

rvas by a rnodi.fication of the ¡,r:--hei'-ì- ciesc::j.Ì¡ed by Sor-rthey (1970) t-Q assess

the number of nematodes v¿it-.bi.ri roois " Sani, '"'¡as \,,7ashed from t-ire i:octs t !-i;':.

roots were staine<l in J-acto;:hen-ol cotton bl ui;, maecraLed in an hc,rtrogeni:'::r

and the n'únber of tips in a :"' ;r'.'i -" a-liquot of : 100 r.rl . suspens-i-c:-i \'IeÏle

counted. ltei- weight of rc+ts. r',i each seedli-nq sanple<l was obtait:ed -in t-htr

same manner clescribed for b¿:.r.ir"v in Section .i"-l-.L"2.

The nuniber of exprncied leaves, Ì-arrgt-.ii of Ìamina of e:':;-,e-niei leartes

and seedling height rvere ¡;i,:;:riir::r:d otr the:;ìirre seedl.ings selc,:'i.eci i'}-; rcöt

growLh. Lamj-na lengttr (Tij.iiiiíi':-; r" 'ì.'ii'rt.i,, 1965) nr¿ti--j l.'rsr'-C to äs,ees,r¡ -l"eaf

growth. fleeclling heighh þ-ss:Ìr'-r,:,.rìi...y,,:i:: i:'t¡Ji.'. îie sarrci ir:r-¡i.u-",, tc'-hc tip i,,f

the itoungest emerged leaf. Bl:¿:::L<'lt'-lt l;,;.,-, r.r:,d.s;ured at'tl:t: wiqLc¡-t" part oi

];rni¡a fc'¡: the first folrr ex¡rand.e.-i.leàv,.-'i ol seecllings samplecl 28 d:.ys frorri

sowing.

l\Cult nematodes i.rerLj (;li:rrrL':ci eitht:r 35 or' 36 qays aftar inr:ctrlaLio¡r..

fernales v¡*li'e collected and cou::t:r'çl as ô.escrr,i i:ed in Section 3.1.I.1. I4¡iles

were colleclted- from sand as \Ã7e.:ll as beinE washed off the sut:face of l-c)nts

during the collection of femal.¡¡s'" A 0.53 mm. sieve tres placerf beneath i-he

1.68 mm. sieve used to collect the fernales washecf from roo'Ls. the water

used to soak the growth tubes was poured through a 1.68 mm. sieve and

material in this sieve v/as rinsed thoroughly with water. Males were



?
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coLlected- j-n Lhr.: ll .53 mm. sieve, a 10 ml . s;r-tspensiç.11 \{es preparecl frolrr

mat,erial collected in this síerrc-., and the nrrml-.rlr of ¡ta-les uTas assessed f::o¡n

coun.ts of I ml.. a]-iquots o:i the sr-.spension (Southey, 1970).

Seedl:i.ngs v¡c-:re inocu..'i.ated ari,:l ma j-nt.¡.i neC in tril¡es .:.s Cescribed

i¡ Sectj-on 3.1.1.1 until 5 clays afte:: '¿he fír.'a"l. inocul-atj.ons. Then

seedii-ngsi wer,:) \yateïecl r¿ii:i:r 1O i::i-. fri:¡¿r an ai,rlor,nat-ir: ¡:ípeF-t-irrg lnar.hine

when indicar¿eC by either cìr"g san.l- in'Lubes or signs of wilting of pl;,nts"

This r¿as rjone to ma-intaj-n r.rn"i,.:or¡ii co¡rCiticns rr¡itTrÍ:,r the tul--es ancl to pr:event'.

the loss of rLral.e nenratod¿r:. í-l':lrci.';nlteri¡-.ls and m¡-:thoils used were as

ctescriL¡ercl in Section 3.1.l- " '- .

Analyses of variarÌce \dere done o¡: r.-,rw data for mosL::Éjrsttlts,

but log (x,:.t) transformat-ì-on 1r?Êrê ê.Dêlysed i:or the lengLh of rrr>dal- L:ootr;

and the nunü-ìcr of male ¡¡srn1,r f ¡';.¡sr "

3.2"2 Re.s:lllq

The numÏ:er of larva-e used as the ¡illierent densities o'i= il:ct:i:il.'.1¡t

wa,s sj-mii.ar at sowing ancl ? days after F-\)irinc (Tab1e 12) . Bt¡'c -[-l:er'.: ve:::e

more larvar¡ i.n the mecliuïi.Ì!':,ti- i¡.jr¡h rfensj.i-iE:s of -i-;'Locul.a 14 dar¡':,i af'L'lr sr:vriirç¡

than in n;ire c.rluivalent d<¡..rr:" Li-:, í',:t .-ti: { i:i L.rrÌ:liej: inr---crl'r..¡-..

rl.oots of uninocula,tr.:,-ì ::or.:úl:irc-: s .,rere Observ¿cl to inean'.le-v- th::ough

the sa-nd as they grew clown wi¡;liii'' tuj:a!; ¿;:lci t'Ìre::efore v¡ere as I'oitc: as the

tuT:e a¡-'.:+r: ? ciays (Table lli) aL.:.j:c;'.r';h tl-i,:r'r' 1tt,i not er.n'erged 
"rom 

the lube.

'ì'¡\Í-]f,!l 13.

EI¡Ë'ECT OF DTFFEF.BNT L]ìI.]SJ:|'i'1¡]Jì OF I¡ 
"

lir/;N"AB AT Tli'ïi'j O!' SOI¿IÏ1\'ìíj

r)N T}IE AVEILZ\GE LEI\IGTiI iIqU.) OI' S;TMTNAI, F.OOTS OF I'IIJFìAT

CV. T1ALBERD COMPAR]IiT T,;ITH TFIE DEPTII OF GP.OI^I'1'ÊI TUBES.

ÌIcrr.r¿'.tode Den i, i t)'Days from
Sovring riisÀ

Growth
'Iube0

I28

133

Lor¿ Meclíum

90 85

7

L4

L.S.D. (P = O.O5) = 19

58 L28
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Tips of uninoclrlatecl rooi-s v.,ere <¡lrservecl near the base of tubes after: 7

è;r1,s nro*.Lh ¿Lnd at the base after 14 days gr:ol,rì:h" Roct-s of seedlíngs

inr>culated at sowilg were shorter th.a¡r thc.se oI rinj.¡1(]cu1ätecl seedij-rlcls

afrpi: 1-.1 days g;:owth and the sl:ort.es'L ::oots \^tere oll seed:l'itnçfs ir:'c¡:tlJatecl

i,:i.th ti.e hiç¡l:es*. dens!-ty of larv.:.e"

A ccmpayi::oir cf g'r:nr.,th of r:,ainocr-rlated and írroculat-ed roots is

sholrrrr (prt.ate 2) for riach sa.rpl.'rng until- 2l d.a1zs; after sor.tj-ng. iìoots

i¡ro,cul-¿r.h.ed at sor.ving::;L<1 gr:owth severef-y affec'Leú at eaclì sa.m.plinq, irut

.Lhe cffcct of iiensity of it'toculurn was not rroli¡eable after 2I dai-s g::ovtth

(.:Í.tooùs, -rnaüL1la.l-ion of roots with hiqh d.ensj.tj-ers of lar:va.e 7 clays aft-er

;,:,wiirg r¡râs tl:,, orrly oiher metho¿l ct-:Lnocul¡.tioi-l to ìrave sctne visual effect

on growth of ¡-r;r;ts (Plate 2c) .

fnoïu-!.í1ted and unirrocul¿rt-cd seer.ii!.ngs had a. similar nur¡ber] '.;f

,.:ir-,'c tips 7 .1a¡.-; after inoculatiori, e-.J., )ieesilremerrts 14 and 21 dalts

.::..':.-'t t:y sovring ,l:.)Í inoculations 7 a¡iC i4 ¡lays ,¡.:'lter so\^7ing respectiveiy

i'i,abl-e 14) . Lri,,t -i.4 dalzs after ínor uiatj-¡-rì^t, i.e", measurenents 14 an<l 2l dalts

after sowing for -inoculat j,ons at r:*:rv.i'rlg ¿rncl 7 rlaysi afLer: sorving respec'Lively '

,:i.:¿: inocril-aì-:i.,d scedli-r,gs had <levl:lópe;Ì i.evrer rr:ot ti;rs than uninocuia'teC

ijr:ìrl,.i.i.:; .rr.js. ;t.fLer 2l C'¡:';rr; çrCr,'+-l'i, s+:iii-i-i:i;s inc-iculateC at Sowing liaå

l.:,,.i.,r T<,ci.- t-.ì-t-.s t-han urii''rccuiateú r-;et--:rll-ings ancl seedlings i-noculatei w-r'+;i:

thc ir:j-qi:r:r ei--rrsir-ies harf fewer r:oot i:ips Lhan those j-noculaced rtj.th i:he

l_r.-.,¡ ri:r. -,i.sii., .

Irrj t-iatiotì of nod.äJ- rooÈs was delayed v¡ith inoculat--íon of

s..r:i.ii-i¡.¡.trs a-, lowj.ng a-nd thj.s del.¡Y w¿:s noticeable untj-I 36 d.lys a.fte¡: sor'ling

(,::¿bte 15). îJtierr i¡oci-:.latiOn was l-ater, !.e., ? or more days after sowing,

rlq'.,1ifferet1cef-. between the ì-ength of t:odai roots on inoculated and

-Lil;ì.:'oculated plarits coul.d Jre show¡r.

The root weight of uni.noculat-ed seedlings 36 ancl 42 days after

sowing were si¡¡ilar and showed an effect of moisture stress on root weight

as a result of a malfunction in the pipetting machine between these two
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Plate 2. Root growth of seedlings of wheat (cv' Halberd)

-inoculated and unirroculated with II. avenae.

(a)

(Ì')

{ci

Growth 7 days following sowing.

I. U:rínoculated

2. Low density aL s<;wing.

3. !.ledirun densíty at sowing.

/¡. I{ígh density at sowing.

G:rowth 14 da.ys following scs,íng.

.¡,. uninoculaLecl or low, medi-ttm or high

density 7 days following sowing.

2. Low density at sowing.

3. Medíum density at sowing.

4. Iligh densíty at sowíng.

Growth 21 days following sowing.

1. Uninoculat.ed, lorv or nredj-':in density

7 days follou'íng sowing, J-orrJ, mediun or

high density i-4 days followíng sowing.

2. ÍIigh density 7 days following sowing.

3. Low, medium or high density at sowing.



(Ð 7 DAYS

@ 14 DAYs

21 DAYS
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EFLÐCT OF D1FFARENT ÐEÌ'ISITIES AND TTI{S OI' INCC:ijr.,ATIOl{ Oi¡

OF H. AVENAE ON THTJ NUMBER OF ROOT TTÞS PII3.

PTANT OF 'ÚùI.TEAT (CV. HALBERD) .

Inoculation lla::ve st (Pays 
-frlç1,:- ig:i,:-lg)_

7 14 ?J_

83 256 577

Ssrsit"y_ rc_lkÆl-
0

lrOS¡

Med:Lt¡rrr

High

Lc¡¡'

I,ie'Jir¡n

HÌgh

Lcw

Mecliun

HÍsh

0

0

0 I7B

2.47

49

442

27L

276

345

371

368

6DB

{,1 5

cir

7

7

7

14

l4

L4

r,.s.D. (P = 0.05)



TABLE 15.

Ei¡FECT OF DfFI]IlRllNT DENSITTES AND ITI{E OF TNOCtiL¡rrTIClf OF

II. AVENAE ON THE LENGTII OF NOD.FTL ROOTS OF IiLTllAli

(Cv. HALBERD)

lnoculation Harvest (Days fr:<>m -9slry.=-'i¿

llâætlv- Time (Days) tl æ l9-

I.25 (31)'t 2.32 (?14) ?."4!: (3Lt)0

2 "57

2.50

2.57

45.

( 386i

(327],

(378)

Low

14ec.1-:i. -,-rt

Ilì.9Ìr

frO.iri

l'4erJ -i-'-ini

Lorr

fi:ciiunr

Iligh

1. 37

L.22

t"c9

I. 3I

1"51-

1.54

(41)

(27 )

( 21)

(s7 )

(47)

(4:)

...:c.,t j

t.'241',;

(23L')

ÌI:gh

rì

0

0

7

7

7

t4

14

14

o.76 (9)

0 (0)

0"r5 (1)

L.7 4 (66)

1.ss (e3)

r.83 ('tz¡

2.43

2.38

2 "34

2.3L (21.¿i .;:.55 (357)

2.35 (2:)5ì ',¿.52 (336)

2.3e (256) 2.60 l4O2)

l:,-Sj"D. (P = 0.05) = O "'s9 = 0.36 l\'l .S"

Results for each time of har-"'est i-s the mean of Lr.jl i, (:+.+l.i

transforma't-ion cf six replicat-.es.

( )* Mean of original da.ta (rrun.)
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^ AUS 10894

TOTAL NEMATODES

SECOND STAGE LARVAE

DEVELOPING NEMATODES

22

JULY 4

TIME OF SAMPLING

39

JULY 21
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Fiqure 8.

Inoculatioì: olì 't-i.t+ <!'ay çf- 5'¡r';:t.:i;

@-.-+ C ]afVae - r¡11-,:¿f¡¡r¿:1f; .i)

O lL67 l.afr..¿.t,. - I

^ 
325 iarvae -' 2

A 436 l-arvae * 3

Inoculation 7 days after soì'iinç (c)

G.- 0 larvae - Treatment 0

ù 145 larvae - 4

l\ lleì6 1a:. r:'eÌ{: - 5

L 422 larvae 6

ïrrc)cul-a'L.ion il. i,ays afte:: sowinE

o----o 0 l-arvae - Treatnent 0

c l-65 -iarvae - 7

^ 
395 1¿irvae - I

t 594 larvae - 9

Effect of different densicies of H. avenae ancl time of inocula¡ljcrr on the growth. of

roÐts of Ïial.berd t'¡hea.r:'.

(a)

A1I data was analysed, and apart frcn tite following exceptions, the points preserrted on Lhe graphs differ

significantl.y (P < c.05).

EXCEPTIO¡]S (i) TreaL-nen+* î at d:.ç's 3f-- anC 'i2-
(ii) Trea.f:meriLs I, 2,3 ¿lt- ¡x:ch san¡r1e. l\.8. C:il1'treatnent 2 was sampleci on Day 5C.

tiii) Treat-.neni:. 9 and -+.:-rea."rner:ts )., 2, 3 at C¡'y 28"

(iv) TreaÈments 6 and. 5 on daY 50.

(v) Trea.tinents 0, 4 and 5 on daY 50.

(vi) Treatments I and 9 on daY 50.

(vii) Treatments 0, 7 and I on daY 50.

ib)
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tJ-rr:es r-rf sa.rnpLi-nç¡ (ntg. B) " Because of thís i¡ifluence of mo.istrrre streErs

crn uninoculetccl p.l.ants, differences between root weighbs /+2 {ir>!r; after

sorvirrg r¿-j-1L Ï-o:i-gn,-rred, w-ì-t'.h the excepbj-on1-hat all i¡rocr.i-l.atc-r,4'.¡l.ants

d-'i-,f rrot shov¡ thil'; effect of ntoisture st::ess"

Roo'Ls o.i see<11,.i-ngs -ì-nocutated at sowì-ng rvith. ctifferent d..::isj.f-ies

Ïiari ¡;inilar root rtei'ghts and were: al-l'rai;si iighterEhan urlitr¡^rr;r.rf;1!s¡1 rootfl

(Fiq. ti a) . l.lj.th roc¡ts inocr-rlated 7 <lays after sowing, cirly roL-\¡l: wj.tlì

t"ire hjqh de.nsity d-;!"ffered fr;c¡rn unino,;u.-I.¡¡-t-.ed r:cots and i;t,:;.r:,1.írrthter 50

da-ys after sowing (nig. B l¡). Aft-er 50 ctays of growth, 'r:ì-r€r 'irr-'i; :-ci!ìht

of s;eerl.Iings ir¡Õc\:lated 7 d-ays after so\^rj"nçf shov¡ed a tencii-.'-,*-.' i-:o decreâ.s;í:

ers cic,ris:Lty of j-:-r.oculum jncreased. Seecllings inoculatecl v¡i;¿h lorv and mecr,--u-Lti

densi-t'Les 14 .-î.eÎs after sohring had a si.rri-l-ar root rveight to ì:haÈ of

unirrr>cultateú. r,eedfings, bu.t- seedlings i.rtcc:ul-ated r¡it:'h t-h,: Ì:....;i.l riensit:y

had 1.ìgh'Ler.lcots 28 days after so'rring ancj heavier root:.; !;'rr.i:i:s after

sowirrc; ir="l.). I c). After 50 days grovzth, lîooL weight of see-:i'ii.i-ngs

irr(r,::lr,¡.ar:¿.:,i 14 days after sow.ing showed a tendency to increã.se as densi.t;-

,>i.l i-;v::ri-rm increaseC.

Thr': number: cf adul-t nematodrrÍ; r.-rr roots varie;ì wi-l:i: u,.l'1."':¡¿i.v'r.'t!:

.l-i j-.i:c:r;ilaLicrrr ('fa¡:-e tS) " Densiiy of i::t:cuhltt h.ld no e:fÉiÌ: ;-r:'. !:;+

na:tnbr.l:. of females but deIalt ir: Li.ne of ;'in.-r.r:ulati,on r:edur:ed- ì:irr: ,tr:¿¡¡lca'¡: ,:.!-

fer,ral-es, wliile the nurnber of m¿:.i.es j;rc-'::cased as clensity j-ni-:i-'¿¿isi:r:. ¿:-rtiì

al-so increased with delay in the time of -inoeulat-ion. 'ihesi: 1"¡,1-11 j,:f i-i.¡-'¡¡1r

in ì:he nulnber of adult nemal-ocles v¡ei:c ref.:-ected i.n malc, to -tc'.t''ri;'r.¿,tics.

Thi-s ratio -incl:eased with inc;i'.:asecl der;sity of inoculations itÌ; pianuin<;

ancl 1.4 days after sowing, but not with it',cculations 7 days; a.f.ter scìwing.

Percentage of l-arvae wklich becanre adui-¿ see¡ted to j.ncrease ;rj.--lr each

delay in't-ime of j.noculation and decrense wj.th:Lncreased cleris;i"-ies of

inocutations 7 and 14 days after sorvíng.

Length of lamina of expa-nded leaves of the firsLr second and



EFFL]CT

Tz{BLE l(i,

OF DTLìr!]RÐI\JT DI.]NSITIES A}]D TT!,11I OF INOCULATION OF

II. AVE:NAE ON DEVEI'OITME\ÎT o¡' ?rsut.T NEI{T\TODES

oL.I wiiEÀ'r (,-:v. HÃ1.']ìE'R]]) .

Ifo. of Male-s M/F Ratio

1.07 (i.2) *

r . 3r'l (27 )

l_ " 6e (s1)

1.5T {:ìÐi

1..72 (i:6)

i. . !)0 (66 )

7 .-i 2. (55)

1. ei (85) .

2.',i.S (148)

= 0.17

0.28 (0 . ?) *

o .45 (l-. a ¡

0"81 is.6)

0. e5 (13. 3)

o.B7 (7.8)

o.92 (7 . e)

L"2s (20.8)

1"39 (32.r)

I . !'¿ i44.0)

= 0.32

47.

Percent

AduIts

16

l3

1-4

??

2.3

36

23

l-:rocul.ati<ln

9ç.-*:-$l- T:i,Le

Lrl;ì\'

ivLe.dium

Higl'r

i4i..L.i.j.um

l'lliEh

i-,ow

i'i r';t;i i.:in

,'! -1.ili : '

No. of
Females (r,cgr o x) (iogr o (x+1 ) )

o

(j

0

L4

T4

10

B

4

4

7

,

7

1.rí

:¡ì

IO

10

( ) * Mean of orig:ina j data

18

26

l p 5r-- o c5)
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thircl leaves on plants inoculaLed at sowinrJ r'¡"eìe shorter thari equivalelrrt

lea.ves on uninocrrlatr:cf seecllings (Table 1'/) " 1nc.'cul-a+;ions 7 and 14 days

TABLE ]-7.

EFFT]CT OF' IJIFT'ERENT] DENSÎTTES A}'IL) TII"ÍIì OI- INOCÜL.F'I'ION OF

H. A\1Il'IAE ON THE L,ENGT'.I (I4\'I .) O¡' EXPAI'íDED ],EA\¿TS

oF VùHEAT (Crr. I:IA]-BERD) .

.I:¡rculatiolr Leaf Nurnber (o:rc{er cf devel.opnient}

:lj:":t:'"::: if ii¡l,e

0

I¡:w

!.:ii"!tIum

I'i:r ilh

J-,,:rv.'

tledium

ili:,il.r

lii,'.,':1i ';,:ri
'l tl¡,

Iii.r-.n

(F = 0.05)

l"

9B

66

64

60

94

9I

89

r)c

,q?:

93

5L3_2

o

0

0

i98 288 2';'l 295 275

13ÍJ 243 275

:Ì 5û 24(: 27L

l.4il )4C 272 304 273

7

L4

-''-95 272 268 303 277

l.[tí| 27 5 259 296 27 4

'i.?4 285 265 273 268

l-84 2e.r, 268 303 287

l-91 281 263 285 270

189 275 264 276 2L8

í'.5" !"t 9 = 17 = 20 N.S. N.5

¿:i.te:¡: sowing seemed to affect length of the third and fourth leaves, but

r,liy the third l.eaf on s'eedlings v¡ith the Ìrigh inoculation 7 days afÈer

sowing lvas shorter than the equivalent leaf on uninoculatecl plants.

Breadth of lamina of expanded lea,ves was also affected by inocul-ations

(TabLe 18). Second, third and fourth J.eaves of seedlíngs inoculated at
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TABLTJ IB "

EFFECT OF DTFFERBNT ÐENSIT]: IìS hliD TII'{E OIr IIùOCUT,-\I']O}I OF

H" AV¡]NAE ON THI' BRÍ¡J)TH (1.{¡{. ) oF I-,¡ù4TNA oF

EXPAI'IDBD LEA\illS C!:' VIHEÂlI CV. ll.rrlts-CRD

Tnoculati-on Lsaf t'iur,'!rer (c.

pð.ryE}.!y T-i-rr:re

0 3"8 4.0 6.5

I¡OVT 6.0

i'ieci.i.rl'. ls,7 5"5

High 4.O i:? 5. iì

LOw 4.0 t)

Medium il"fì 3"5

LzL J

.0

2

7

0

4

3

4

2.0

0

0

.,

6

6

6

3

3

2

4

4

4

7

7

7

2

5

.:"8

I4

L4

\4

11

-¡ r5

\: ¿,

High

Low

Medium

High

4"A

4"2

4

4

6

6.5

L.S"U. 
".'i,' 

-' ti.ti'i; û.5

sorrlng and the third leaf of seerjl-i.rgs in,-,c'Jlatrrd 7 and 14 days after

s<tiving r.,rJre l-iarrower than equi';ì1.íì.rr{: I.-:ã.\¡rs o?:r r-l.nirlo(lulatecl seedlii:rgs"

_r-,cngth of the neh'eg;: ei:¡:un<ljirg leaf was includecl in the

measrlremi:;.Ls of the height of sc'eJl:-irgs. i?Jsause the len9th of expanding

leaves wasi variable (Table 1.9), '-otal Ielgth of laminae of green'

expandecl i eaves was added to Ìre:i.;,i:t ancl used. as an inde>r of stem growth

of seedlings. Seedlings inocul i,;iueð. 7 and t4 days after sowing grew

similarly to uninoculated seedlings and the variations, at 42 and 50 days

after sowíng, with inoculations 7 days after sowing (Fig. 9 b) were an
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TZ\BLE 19.

EFFECT OIT A I:ITGH DENS]-T'Y OF TI. A\TIINAE JNOC]'|.ÍI.AT1TD O}TTO WIIEA:T

(c\r, HAr,liIìRL)) AT TITTE OF SLI!,¡ÍTíG O]$ VARTAI'1ON TN FI,ANT TIBTGHT

AND NL'IMB!:R OF EXPAI]DIID TJiT..\¡I]S AT TVIC HA}ì\TESTS.

Harvest
iuays fram

--Ë'.::ípg)*

2L

:,E

PIant
Number

S.E

L"tttl$_
T-ig40

ÍIeight (nun. ¡ Exi:a.ndecl -l¡caVês ltlc-,s. )

Dr.:n,.;ity

llsþ.

0

o.2 0

0

3

3

3

3

3

J

9_

')

3

3

3

3

J

I

2

3

4

5

t)

3L2

95

r05

lrs

t20

r45

288

3L2

10:l

110

1.35

L40

lBI

95

1t5

J-O¿

J.92

2:lo

2?7

'182

31.

1l_8

134

'L4'!

i55

15?

21]-

L64

Iulean

L20

34

32.8

4

4

4

ri

4

4

3

3

4

4

4

4

I

2

3

4

5

6

Mean 43.7

s.E. 3e 22 0"2 0
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Fj.qure 9. Effect of differerrt d:nsities of H. avcnae ancl. time

of inoculation on growth of the stem of wheat

fcv. Halberd) expt'ess:"l ars ìreighl: pJ-us the total

lcngth of lamj-na (n iLi")

(a) rnoculation on ûi::r Õt s<;wing.

è-{ 0 larvae - Treatment L-l

o 167 larvae - Treatment l-

A 325 l-ar';'¡:. -' Treatment 1:

^ 
436 Iirr,":'-:: Treatment-. 3

N.B. Means of aII sö-':ri:j.i-es plotted"

(b) Inoculation 7 llays afÈer 5sr'.'::t:Ç.

ø---j O J:ii:i'¿rr.r * Treat¡nei;+: 0

o 145 .i:.i::r¡ú'r.: 'i:i.:;a ::l:¿r:t 4

A 286 1a.¡ive..: .' --r'r:'i--1¡¡ç'li"; 5

A 422 La'rva^r: - 'ft:e:':il;¡'.g;rì: 'c

1ì.8. No significa¡:i .ij:,{i-<:::*:ircÉ:; j-'., neans until

d.ay 42. Meaníì í.;i: ri'ji-{Éiles from Day 36 are

plotted.

L. S.D. (I-: '- 0.05)
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effect of ei.t?rer: ,:a-r,'I. i er or :l-ater senescencc ot- leaves: oli one or tt'u'cl of

the seeclliirgs sarnplecl . S'cent gror^rt-.h of seedlings illocu-lated at-' ,lr¡v¡i¡rg

v¿as sirnj.lar a.i; ìrost silr.npli.ngs (Fi-g" 9 a) , ]:ub' 21 days eLf l11 5Ðr";'r:E, more

growt il ccc¡r:rec1 i-n seed.Ii.rgs inocul.al-ed v¿i'Ln the high 1^il¿rn i"tre f.r 'v'r ciensil--'i¡ '

Tìcwever, scecli-j-nqs itlocul.atecl with the þi';h dcrnsity at sowiii<; aJso gr:ew

s.ì-nj-ia::J-y to uniirocuiate<1 seedlivrqs, u'hile seerJlings -i-uor)¿i.ii--":'-l w-tti-1" ì-he

Iow den¡j;-,¿ çÍr:el siiLrj-li:,riy 14 a-¡:cl 28 c1cr,1zs; ¿fter sowing â:l'1 a.'";çt''' l-ess 2't

ancl 3É, days af Eer :;ol,rir:g. SeeCl-ings rvj-L)r t'.l.re ic,ed-i-utr, dr-'Í11Íjit.i ç:i: inccl.rl'atj-c.'n

at-- pì-a¡ting. $/ere interniedj-ate t-r: ì-he lov¡ arr.1 hiqh cènsi i:.-ie:s¡

Ser¡ctl1ngs ínoculateC wi+-h *;he hiql: density of i-.i:v¡{'' ¿r.i- ¡:iaut-ing

hTel:r-: .jomparecl v¡.i,th uninocula-ted seedli-ngs 21. anrl 28 days after sowj-ng

for clif:.t.:renLres in both the.- heíght an<i::ur.Llcer of expa-ndecl leaves (tabl-e

l-9). llc, d'i f:i:¿:i:ences ar:carteð v,'hen heiçtht :.nd t-he nu¡p'beT r::li' r Ûave$ were

cotrsi(:'lei:cf, scir¿r-räte1.v, but inocul.a'¿ecl sjsí=C-:l..ings were eí::Ìle,i: i-':-'ì1er h'hen

seecll.ir.rjiì r,'íl: the se:ne number of leaves vjere comlrared or sj:lc;r ùer wíth

one e:;L.,,.a leaf on the seedling. These tlifferences indicate<i the

j-:rcc;i"l-,:¡lc,f sce,ll:i-ngs hacl grown more than lhe unj-¡roculatlú s-t':;i+r]1-ings"

iin i¡rd¡ez for stage of grovrth of seeclli.ngs aL c:ti;ii r,ìi.:rì;-'::'r:'-' ;;¿i:)

,ibi:.¡:ir.e,-r. f;C;:¡ ¡he height a¡d tlre n'ünbel: l.''f eXpanderl lea'rz'¡s' 'f' l:;1'':r:iì '-lr:riC

t.r.ìn:f.:rmaf.j.o¡r rvas done ç¡ þs'i ght to nri:rii:l'i'se variation and ''-i -" ttu'li:'j."

p1..-rd by tire nr:rnber of expanded .!-t'avds¡ cÍä'\re an i¡dex of tiie;*;¿-r;': oi-

tc)B growth c¡f see<11inc{s (Table 2C) . :''r,:, differcrrces occrlri:'etj ili t;Ì:ii.s

.inde.:x betweerr un:inoculated ancl see'åIir:gs inoculated 7 ancl i"j ç1;;¿'r'7:, ¡Ìfte'r

sc,vrin,¡. But wlien unj,noculate<-1 seeclli.:1.35 v¡ere coinpared with s:rr';rilinr-ií5

inoculated at sr-rwing, the index was greater with the higl: clensity 21 ria¡'s;

after sov,ri¡g arirJ greater rvith all inoculations 28 days afte:: sr;v¡ing' A

bigqer ind.ex r,ras a]-so obtainecl with the hì-gh th;trr tÏ.e 1or.\' dcì;-1:iity of

inocuration at planting 21' dalzs after sowirrg'
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TABLE 20.

EFFECT O]I DTFF]TRENT DENSTTÏES ¡\ND TTI.TE OF TTiOC'JLATTOI{ O!'

IT. ]IVENAE OI{ DEV!]LOP T4ENT OF TIIE ST}IM OF !.ìTJEA'T

CV. HAT,BERI) FTEPFSSI-N'JIfID AS IlUlltBlIR Of

EXPÃNDED L.TIAVES X LOGì O }1ETG!ì'I'.

I{a.rr'est (Da1'g from Sowii:q)i-r,ocr:1ati.on

i,slri!-r 'lime t1

4.0

4.L CO

4.O

r-Ê

3L 42 50

15"5

14

5.J

.) ()

8.5j'l ir,-¡ .i. l: I ll

Li.:'*r

I'Ie.dirun

ilj gh

ivi¡.:Íi-ur.n

ïligh

5.9 8.1 tr.0 ]2"4 L5.2.

fì

(j

0

4"4 5.4 2.9 ro.9

4.3 6. 0 i, ") 11.5

4.3 6 .7 il.8 11..3

7 4.L 6 "(:

íi.4 10.6 L2.6

Íl " 3 10.9 ).2 .4

15.0

L5.2

15 .4

15.5

15

1I: ,)

6"1 8.2 1I.0 I2.7

8"5

iL a

Èi.i.,,,i:,

-1,. í:l . D , (P =" 'J . 05)

6.1 8.7

N.S. - Q.67 = 0.54 = 0.65 N.S- N"'S.

3..,ì.f Di.scus¡icrn

. IrrcreasinE the age of seedli-rrgs before inoculation Jlrom 0 Lo

'Í tn i4 days; chcrnged the nr-:rnbr:r of r<.¡ct titrs arraitable for j.nvasion ì:y

ti3"i'latodes f;orn 5 to 83 to 256 r bul': the per:cen+;age of larvae becomj-ng

adult increased only up to 7 days. This was best demonstrated by t'he

low density of inoculum in which the nr¡nber of females clecreased and the
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number of nales irrcre.esed as inoculation was dclayed and :itrggestecl thc

numJoer of fe¡¡ales \^7as iirrzersely rel¿rted tc Lhe number of root tì-ps.

Tlrre:e lna-in seninal rcoi's had ernerqed frrom t:he seecl ei:Jc::yo at

sowing and by '7 r.lays there were fivl. witir their tips r¡ea:: the ì,1:.se, of the

q¡:ov¡t¡ tube. ,Ihereafl-er, no increase irì the nrrmber c.¡f rr,ain ¡oots )ccu}:recj.,

but t-.hey ha-d bralched (fjrst order brancl-'i:rg) r.¡it-hín 7 C.a1'-s,, anC by -i.4 c1ays,

sc:coll(i order branching liaci' Ì.>e'!;un' This developrnent of l:':ni-ir¡-.rÌ ror;ts

t¡as lìôrnlal- ('Irougirl-on, 1962) ¿rnd increases in root tips frc;,i sowinE to

7 days to 1.4 Ca1.s aiter sowing v¡ere in tips of first a,-,d sccor;'i nrcier

bra.rrches frorn the limít;ed nlrlxber r-,f rrtain selninal roots" j-n *úi-j-Lio¡:,

these roots cliffer ir¡ cliarneter with the main r:oots r^¡idest (0.:i2 nm.), th¿:'t

first- c¡¡dcr-' T.'i:¡incires (0.09 :r¡n.) ancl finaliy the second. or(ier branches

(0.03 lnr,.) '¡'.::ì.: thê na.rrowest (Troughtc:i, L962).

Thiì;i fen-ales probably deveJ.oped only on the il:.¡i.r¡ l:'-''cts and as;

thesc.r a.Þproa-c,tr::.i l:he bottom of tu"bes, fevter larr¡ae were:¡.]:l::r'i-<'i filrd thein,

perret,r;:tc ¿:¡r;1. est--ablish. I.Jlrereas, malr:s couLcl. har¡e C.eveJ-opeci in latera.L

rOOi--:: a¡: t.i:o ¡rttnirsr Of males inCreased ar¡ tlre iì'Jlìl)er Of ::-rot tipS

inr-:-.:l+asci:, .¿i'l:h cj,elays ir: i-noculation. Siimitar observat'.:i.i)i:t vr:.:1"! I'I .

rost.-.r.::l-.ít=:rrci ¡ (nilenby , 7.954; Truc1gl.l 1, i:)67) have sugt':Jï.-'iì .'i'1 j::r -'i:.i-1.:"'i-v

rrf ..j-rrvae to rfevel-op suitable syncytia fcr female del'elo!-'r.ei-,i. ',¡-iti::-n

nãrl'ro\,i, 1"-t;ral roots (P.oss & Trudgill' 1';69).

Den oudetr (1960) and TruCgi-]i (1957) itnpti-ed sez j-;r lI"

;,ostclchiens-is rvas determj,ned envirotrrnc=irtal.J-y and that most f::r'il¿'ie dc''/e:Lûp

j-rrto fernales follovring itrocu] a.tíon of L:oo'ts rvit-Ìr single -ìar:r'¿-'-

Þçpr:oxímatel1' 36* of the total number: o::l ar:vae the.y ínoc;u1¡:-l;t',C otìto r.-)oi:s

developed j-rrur> females anci the rnales may harve developed ï:'.rt e;caped detec+;j-on"

Davies and Fisher (1976) have shown 8Crå of larvae of å. 3119i:1ij- ¡¡e::e ab-ì-e

to penetrate rooi:s. If no competi'bion occurred between larvae at

ínvasion sítes of late:lal :roots and only rnaLes developed within l-ateraL
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roots , AOea of the j-nocuh:m c1-evel-opj-ng into rrial-es \'¡ould favour se>: Ì:eing

geneticaJ,ly precletermined in secoi:cl s;'hatge ].arva,e ('i:iianLaph]¡Tlaur ai-rd

Hirschman | ]-964; I(erstan, l-969; TL-.iantaphy1. j.cu'' 1973) . 1.}tis a.L:tLos.t:

was retacired v¡hen lol nurnLr:r.'; i,'i lert:'rae of li" :-:Yiil3Î" ¡,'¡¿¡ie in1'ìcuia+:erl

onto seL'c1J-inçs 14 days afte:: sr-.rçvincj orrS prct-ra-bly rli<Ì, occLlr :rs sonls iT¡eIes

wr-rrrLcl noi- have beert recovt':l:€:d "

With eitheï coniirtj.'L-i.c'¡ ]:eL¡';aen larvae t''n rtaj-n rooi-'s cr:

derrel,opnei;,i-- of mal-e nern¿-L;:ilc:s l;!'i-Jrin 1a1:eraI rootr:, 'tlle folJ,ovu-ing sequence

Of r:rrents prOl;,ably OCCUTi'¿C. f:ìe:n:j, 1..-.;;rJ-J.y ¡.:r:erd.Ctr-:n'n::.nec1 maj-e and female

r:êCotìd sl-age J-arvae penetz:a-'i+,J :'-'¡;cts randcirtly (Rcss & T::udgil-!., 19ó9;

Section 2.3.3) i:ather than selecti-vely (Dai-.-l cìr,: & Tria¡rtaphyj-ioii ' L967) .

Foll.orving :invasion, random est-^ablj.sirmeut oi 1a-rvae occurred unt:LL |-:l-Letse

\^ras conpeLi-Lj-on between Ia:': ;,,¡-¡- v¡-ithin the na..-:-,'r roots, then the si:l;'of

syncytia r:e::i.u.ired for clever.ì-c)pJiriiìir. of femal.e .l;.',fva(: was restTicLc'.t ;--:,-rr<1 bi'Ì:li

the ma.in ancl J,ater¿ll roots l:¿:<-=..,:i simil-ar efi-,':1. on the establishriil::'l'i' e¡:i

of
developmenÈ/femate larvae. Syilc.ftia malz be *st:cibl-j-shccl ancl bec'¿.,:3.j c.f t]le

::estrictiolls ol'l their deve, I'opriii:'trt, +:þs'¿ in":-:¡ ei-tfiel-- rem¿rin st:iel l, 'ì-í:sLr:-Lct

IarVaI det,eiO¡:,rnetrt ¡rnd pï'j'.rej.tr: j::::r-¡r:;-r.{ti üjì a:ll adr-flt ::\::ì1ì.ìi.f e; Oï t.lai(Iení)f¿}ie

and then tiie fenrale larv¡re '{"..:ì.rir,r ,-r.:i :l li-lr-.i.o. i.965) " ll-- v,'cul¡1 al:';r¡ lre

possibl,e for female larvae ^úc¡,,,',i,,,.¡i.r mct::i -L¿ and er'-Lher lea-;o,:o,-l-.'-; bec¿n¡se

thr"r)r were rrriable to establi-sh (.|¡.":: ¿s i.i -Ii:r.sher, 1976) r:¡: C.¡-e .t,tl ):co*:s

v¡-irerr enci'gy ïeserves were cìepi.i:tt:':,:i (.:',3çt.j<>:t 2"3"3). ThereÍcr-e, cttanges

in sex ,r:¿rt-i.cs Ìrer:e a ::esult rsî i:1..î.'îc:::c--'riti-al deveÏop'inent of iarvat: due

to eithqr- feln¿rle larvae leav.i.n-q i:,.)o'*,:r cr scL..t:tive de:rth of femaie l-arvae

witl¡-in ror:ts.

Grr:wth of senìinal roçt-; was affected by ne¡natodes anC, the

greatest effect was with inocul¡i-ions at sowj-ng wiien Ìroth the r.'oot weight

and number of root tips vrere recluced, but differences between densj.ties of

inocula \^/ere minor. Mi.nor <lifferences in root growth artd a si.milar number
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.^ -r^*^.:¡-.i 2..- ¡r' .i-..¡rrì-r :*l- r,'iâh+irtÕ l¡ls suctcles1:e,1 SifC.i-t af
OI f elfl¡ìJ€Si I-)t \-\Àt.jvIl !tçlrÞr L'r!iÞ \/!

competiti.on Ì:ettr'eell larv¿¿e ai^- tl'.e l:ooLs fo:: each derrsitlz and' not- the-

i-ncreased competition wiLh :ncreaL:ird 'iensíty '."¡hi-ch was expecLed'" The::efoie'

an optj.mum clelsi'by of ínocultln ¿Iù piauting fc;¡: teists to assesls; tjie reactj otl

of plar:ts to nematocles was not cleier:njt.ecl . Fe'rver lart¡a-e than thc nll:nber

userl fcr .ihe low clensil-12 wcl.lr.t ;,e cpt:r'Lal a.ncl would avoid Luji;'cicQsca:cy

competit-.ion v¡hile al.Iov¿inq l:1re maxj rälurr rìultuLJer of felna]-es '

Ilioculatioils a'l: íjo\\r;i:ig alsr-r Ïiad i:h.e greatest effect'. otl to,o

g¡:oh,th of planUs" Becaust--. 'i:h:rte -l-=:.i-' prj-r.¡"':idia are prefomtecl ^in the

embryo c:f 'che seed and earll ::'':'''rtlt is clr''¡--encler)i: upoil t'he endosperm

(viellingi--on, 1966), the reduced. growth of ü,:.*ue leaves' especis-J'iy of tìre

first leaf, following inoculatj.oû at sowinc'r:llas sL1ggested a dir:el:ci: effe;t-:t:

of the esEat-:rishing nemato.ics;,-,:'i the top gro';iL, of plants. This nr''r:ds

confirmaticn as wat--er ancl r:ut:.r:-i.'::iìt uptake b.'-::¡:ots woulcl also be af'i"ecta'-i

by nematodes. As a resull: oÍ- r.;.:'irtatodes affr:cting leaf growt'h, b';i"r i:l re

total 1eaf a-rea and stem ava-il.al:Ie foï phc:ûs)'tìthesis v¿ere r:ecl..':..-:ÛG' äiìci

further clevel.cpment- of Eh+ 1;i.i':;+:s v¡oul<1 'l:¡i affected" Howevrìr, rll i''dei:

of stem ,ìy'owt-h (f ig. 9) si'-':'l';i:.'r- ':-i:,i,':; ':';ì:zirl:t-: cornpens;-l"L ert:j: fi"¡ tÏic: l':ffcÐt::^

of iuoc¡l.at-íons at sowing l-L! ;ijI .i ;:i: r-íj,''..rLitri i-lite of g::r,'1"'i.1:.

l{j_th each delay 5.ri j-1r11r¡l:.I¿r'i:.i-.:l' ::.::cm sov¡itrq i <: ? ¿'i'.û ttr:r¡

14 day..: ¿rfter: sording, the efÍ:er;ì,:'i ner¡rt:,;dss on pJ-ant grow'Lh w.:-s reduced''

Tiris was due to a dilution of i,'.::rìal.¡-'r1ç:s ¿'.Ì e.:rch root tip as the rrumber of

tips irri;rerased anð/ot decrr:as:Lt:íì âv¿iJ-labilir.y of the mair' seminal rocis

to nemato.tÈs as the plants age:'l , Lhe;:ei'ry rt'crucing th<-: effects cf

nematodes On both the grow,uh arrj functíol: of ::oots. A further inc\ica,tiovr

of *,he decreasing inf Ìuence oi r'.Énì;ìtr)cfes on r:oots was sÏ¡or¡m l:y the di f ie: ent

responses of inoculated plants to r¡c¡isture stl:ess with <le}ays in j-noculation

and increases in density of iuoculum.

Althougb ¡rematodes may benefit plants under some abnorrnal
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environmentâ:l conditionsl , nellrrlLodesi nol:rna].-iy l:É)strict botìr t-.Ìre growLii

and f unction of semì nal l:oot--s, ä'rd delay devel.o¡trnent of t--tr.e noda.l, root-s

cluring the pcrriocl of infei:t'i,on. 'ì.'hus, rítoi*ctu::e and nutïi-erlt upLal:e b;'

roots'das äffected. ancl thil; w¡rs al-sc re:flecred il: the Ùop grou'lh of

pla1ts. The;:efore, the r:et;br-j.cted gr:c,wth of rcr.lt:s cì.urirrç¡ penet:rzt'-:-iori

ancl eetaiilisÌurrent of nenrat-o,l.es latire:; ti-ran develo;:rnerrt of tre,lial:ocl':s after

estal:1-isbtrì.errt \,vas the ma;t-ii: rlðr.'s,e. i.,l: i:Ìre effect of- H. avenac oll grc)\rth of

wheat.

3. 3 (;onc-l-us-'Lcns

. The medium of pl.ar-rt g;:owth, rìurnbl.i: of plants o¡r a 1:-r:;iY, cont"-rol

of pests and dj.seases, moisture, nunrber ¿ntì age of larvae irr the'i l-,1ct1.i.tr",1,'

numÌ:er oi ¡-n.)crrlations and;iile +f planLs at i.noculatio¡r have affeci-ed

both the gr.'ciwth of plants,ìrr{-i- r:.'u-:íiber of fern¿i-Ì.c ne;rtatodes on roo''!s. Thert't.'-

effects emphasised the need 'ì::,7-' ',:'lre standaril.:ration of environncrnl.:al.

conditions and ¡nethod of inocu.iation v¡hen stuli1,'irrg interactionli L:i:tweçi:

U_. *r* and plants, especia3..!.y when onlr,' lhe; fei'nales are c:or.ì.n':r:i1 '

Comparisons of l-'.::Ê i'-:rir;lj-ons; l':::i.r:r¡en â :!;'-lricâÐt-ib-le ¿:'':ä

resistanù bariey, and bet.\-",rei, L-¡ !'1-:Íììi.:1;"rh-i-L.-,-+ an,L i:e¡'r:.j st:;:ir:i rr'hce-f- 1:rre

sa'tisfacterl-':¡ separations of tl rc '-.i.tJ,J:Líc)ri.: ':>f d|f-ferent r':ul-i.iv:irs; to H.

Av-g3g anct tl¡e variation in ti:lr:.::r-i,n.t-re:: cj fenales cìì a cjulliYârî wcrs

rei,ativeLy snralj-" However/ 1vi:Lerj. i:ne rrfÍ.::ci:.i: of cliffe:rent Censities of

-i-noculat.ton onto seedli.ngs at scwl-rr,-1 viirrê (:o¡n,Palí-:d, the effect$ <-i.-

nematodè competition on nenratoci{.r (11}t',:l.opv,rer;i- and root growth of piants

vret:e re-err'¡:hasisecl , suggesting ari,e nurLber of la-rvae use<J j.r¡ the pr:evious

tesLs of plants rvere too high anil that only 50 t:o 100 la,rvae should be

used in the in-itial inocul.um" ÌiÐiJever, rnore information is requl'-red,

especially on the importance of the nenratode density to the possible

induction of resistance in resistan! cultivars.
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Growth of wheau plants were affect'-eil by j-nocuJ.ations with

ne¡natocles at plarrtíng. 'the rate of top groorÈh seetnecl faster, developrnent

of nodal roots vras delayed. and the l.amina çirovrLh of early leaves was

r:crduced v,'hen the inoculated were ccrrpared v¡ith uninoc-ulated seedlings.

These eí-r.:-ects suggested plants infectecl by nematodes during earl-y growth

ccr:l,i ha'¡e the grourth, clevelopment and. yi.e1d of mature planLs affected.

Triis: aspecË needed confirmatio¡¡ a¡:ld Ïr¿s ?¡een exalnÌned by conparinq the

,.:iìr)\rrtì ancl dtvelopmen'.; of a resicta.nt anct susceptible cultivar of r,vheat

,:r¡.rd ,L-l Jrarler, wj.th a-nc withouL inocutations of nenatodes.
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4. EFFBCT OF H. AVENAE ON GROI{TH OF VüHOLE PI,ANIS OF' SUSCEPTTBLE AND

RESTSTANT CULTIVARS OF \¡]I181\T AND BARLEY

Reduced plant growth and grain yields due to infections with

]¿. aysq€ were reported for susceptible cereal-s during the first investi-

r:ati-ons in South ,Arr.stral,ía (Hickinbctiram, 1930) . This has since been

supporte.l b;' increascd grain yields in cereals following the reduction

.rf nêmatocle populatie;¡:s when different .ulant hosts vrere grown (Mathison,

L9l,õz l{eaghc.rr & Brovm, 1974) and nematicides r,v'êrê tts€d (Brown et aI .'

t'.tiO¡ Brewn, R- I973) '

I¡1 i;,:jïope' comParable d.ensities ':f H- avenae (ouggan, 1961;

Gair q! al ., 1969) to those in Australia <1o not seem as -eevere in

reducing yields cf cereals and althuugh this may be due in part to tl-le

r:i::-'rt.êâI cUl-tivars grc,?rn, environmenti-:,1 fact<;rs, e.9.r sOil type and br¡th

t:i¡¡: nutrient ar:c1 rnoisture supply, aiso affeet-- the host response to

nematode infecciol (Jones et al ., i.965¡ l9¡.llace,l-97O). Severe crop

Iosses in the field **" ,.-*gh tirc interaction between the nematode

p,::pulation and the eiivirorunental :;i:resses tc which the plant is subjeeted

ii',,i;:.i¿-'.,::e, 'i.'.r70) 
" Iiower¡,,:r:, Stirires l.lJ75) concluded frcn a Synoptic studl-

r:f ¡¡l¡eo',t gì.<rr-,rÌr in South Ìiusl-ralia du::ing 1972 that although [. grc

afÍec'L'.¡d, th,a growth of lrheat ear't"y:i r.i tb.e season' this effect was nof-

t:r.Ì:l,at.rld to th¿:r fliral- yieJ-<l cf Train a.s increased plant growth later in

titrj seascn cc¡r{pensated for the earlier effect of g. rc .e¡d other

e¡:r¡i.i:9r¡nental -iact-ors were mairrly responsibl-e for the fluctuations ir.

yie1d. of wheat.

Prevíctrs results (Se{rtion 3.2"2) have sho¡¡'n that the final

si.zc of the leaves of wheat rvas affect.ed ty 4. rc and have also

suggested that the rate of growth of plants was faster. Floral

iniì.iation occurred within 20 days of sowing when wheat v¡as grown in a

controlled environment (I{íl1iams, 1966) and within 42 days of sorving ín
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the fiel.d (slrrnes, L974\ " Therefore, floral initiation occurred early ín

the season when the larvae of H. avenae were likely to be active in the

soil (nis. 1), invading plan'Es and affecting growth. The effects of

H.. avelee- on the growth of leaves, stem and inflorescellce of resistant

and susc,:ptibie cultivars of wheat and barley are descril>ed and compared

ir. t--his section.

¿.I Materiais and Met-hods

4.!.i Growth zcom stu.Cy

Materials and mett¡ods used were símilar to those cescribed ín

Section 3.1.1'.1.

GrowL:ìr of inoculated and uninoculateC plants of susceptible

r.:r:ltivars of wh.eat (cv. Halberd) and barJ-ey (cv. Clipper) and resist¿rnt

çl-i.-"ivars of wh-^a.i: (cv. AUS l-0894) er¡.J bar.iey (Morocco) was measured.

In,::culated and ':riinoculated plants hTere treate<l with similar solutions

(r¿ater or nuty- i ent) throughout the grcw+-lt of plants. The nurnber of

l.arvae (+ s.u.) Ínoculated onto seecl l.-ings were 332+9 at sowing and then

:i/ir.l-t-lg, 504+-'?, 8OO+3:ì r 792+22 arr,-'r 93812? successively at 5 day interr.'als

J'. rr.L li-¡u ;i.i-r g scr..: j-;rc; .

Pierrt height and length ,¡f lamina of expanding and erçanded

learrcs \^re::c ïieasured 1l days af+,.r;r sowirrg and then at 3 or 4 day intervals

uìi::j.i ¡i5 dairs afuer sowingn after whích measurements were on <lays 5il and

'?3. Each leaf vras designat-ed as Ll , :r,2, etc. and the number-' referre<1

Èo ogCer of et¡,1j:gence. Piant height- r^ras recorcled for the first till.er

of each plant- and was the height of the Ëop of the sheath of the latest

ÉjxI)aì1ded leaf abovr: tfle sand surface until emetlgence of t]:e inflores¡:ence'

l.;hen height was to the top of the inflorescence and diC not include awns.

Length of lamina of leaves was either the length of lamina of expanding

leaves visible above the newest leaf or the length of lamina of expanded
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Ieaf . Lamina length of individual leaves v¡as measure<l untj-l this lengÈh

was 6imilar on three successive occasions. Breadth of expande,J la¡nina

of leaves $/as neasured at the time of dne final ineasurement oí famina

Iength.

Growth of plants was terminated 73 days after sovT-jlr¡g ancl the

other parameters were then measured. The nr¡nber of tiller:s, total rlumber

of spikeleÈs ancl nurber of fertile spikelets on the inflores:cenee and

the nr¡rlcer of femal-e nematodes on roots were counted. rlfter collecting

the femate nematodes, plants were cven dried at SOoC far L2.':".ii:'s end

the dry weigl.rt of stems and roots lvere measured.

planr¡s were growrt on one tray in the growth room, arranged in

a randomised blcck design of five replicates and analyses of variance

were rior:e on {'rtle raw d.ata.

4.1.2 Fie1d SÈud

C-5¿itivars of cereals resistant to H. avena.e are of conrmercial

value Íf thev reûuce the effects of nematodes on crop g::r.:wtlt and increa¡';

yi-cids ir¡ rater crcps. An indication cf the cômmerciai v¿''lii;-¡ r"f res-isil!'lice

j-n rpher.r.L was Obtained by growing AUS 10894 for one SeaSLìr¡ cr:l ¡'L:: çì'.:íi1a

infeet-ed with H. 3;g, then measuring Èhe grovÉh of a sus{:i-1;:i;i}il-e wi:r:::¿

(c-,;. H¿IT:erd) in the following season ancl comparing this with i;.he r:esulr:s

on areas vlhere Halberct wâs groh'n in bo Lh seasons. Medic clci;:+.t {i'ledicaq¡

littoralis) was grown for commercial seeC production in close trrlxir,iity

to these ar.-jas and, between the plots of Halberd and AUS 10892¡ 'n¿re areas

sprayed with non-residual weedícides (faflow), so a comparisort v¡as macle

of the effects of resistant wheat, medic clover and fallow r¡¡it-h that of

a susceptible wheat on the growth of Halberd in the followiirq sèason.
(rrc,.22)

From a field near Windsor in South Australial in which Halberd
Ä

infected with H. avenae hTas grown during 1973, a site was selected on ttre
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basis of soil uniformity anel the evenness of nematodes throughout the

site which was assessed by an examination of the roots cf stul:ble in

March, L974.

During L974, Halberd and AUS 10894 were planted in plots

3nr. x 3.5m.; there were tr¡ro plots per block and each of the three plots

was separa-ted by a path 1.5 m. wi-d,e. The cultivars were assigr,ed to plcts

within blocks at ranclom and arranged as shown ín Fig. IC. îlre number oi

blocks was limite.'l by the availability of seed of AUS 10894. Seedj-ng wê:;

cn 12th June and the rows were in ar¡ east to west direct:l.on, lln i975,

the whole sit.e was sown with llalberd on 22nd May witJr the rc:.¡s at right-.

angÌes; to thcsre in 1974.

Seed bed preparation and sowinc¡ of cultivars were similar in

19?4 ¿rnd L97ii, a:rd followed the norrnal crop management rìrciì:'/-ai:i for the

district, except that in L974, all plots were sprayed the sl-jïrij way on

two occ¿is.ii:al; durring cèrea1 growth to control weeds. On 5tli AugusL, L974,

the ¡.rath a::eas were sprayed with paraquot and amitrole a¡tmonium thioclal'ìte

(vir:ec1...zcie TL pl-us*) ta kill all plants.

Ðu.ring L975 | plants of Halberd r'¡ere sampled 'ù'.:'.'; Çe -f-,ri1+iiiir:;

emeï-'gence of the inflorescence, when grain development was at'i-i¡a !rlc.lr¡ì;¡r

stage and,¡;h.en the grain was rftature just prior to harvest. 3r. r:.rch iliitr,=,

five rancìom samples were taken f rom *;he areas of plots of ilai-i,et:t¡i,

AUS 10894, paths (falIow) and medic cl,over in 1974, with at feasl- oire

sample frorn each plot and pathway. Sami¡Ies from areas with re¿ì.i. 
"to.rut

were from the southern side ancl close to the area of plots. F,cr samples

at the 'dough' stage of grain development, plants in 30 cm. of row with

15 crn. depth of soil were collected with a shovel. Tillers of plants

within a pair of ros¡s 1.75 m. Iong were harvested when the grain was ripe

* trade name



Figure 10. Írl'ra.i';geirent. of plots of Hal-berci and AUS 10894

wilir as;sociated areas of fallor'r and medic at i:he

i-n.{"esi.:ed f ield site near llindsor.
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and gave a total row length of 3.5 m. per sample'

From plants co1lected at the 'dough' stage, the numi-¡er of female

nematodes \¡rere counted anC 'bhe fresh rveJ-ght of roots vras neasu::ed after

washing plants (Sectiol 3.1.1.1) and the number of femaies L-cr grarn of

fresh root within a sample was calculated. Then the number Uf sterns and

subcrown internodes vlere counted to give the total nurnber of tillers al-d

plants per sample respectively, from'¡¡tj.ch the average nu¡r.b".r of tíllers

per plant wíthin a sample was cal-cul-ated. Incidence of fungal ,åiseases,

rnainly the ,take allr fungus (s:*""1-.¿"-:g graminis va::" 'i-;i+Jci),

on roots of r;lants was assessed visually as the fraction of r1.j-seased

roots tr-¡ totai roots on each plant within a sample. This was then

expresserJ as tl,re average fraction of rocl affected per pi.ant. Eight

platrts withcr:; fu:rga] infection were se.!-ected from each sar'il '-l-'-" and' the

average Ìreight., iength of flag leaf and nu¡rrber of spikel-el-s i;i:-:: plant were

calculal*o :ii.'cm the main tiller of these plants. Height was from the

basal node to the top of the inflorescence' Iength of flaç- leaf was bo';h

thel ì.enEth of le.mina and sheath, and the number of spikc--te,'¿s 
"+as 

both i:lre

total r'.'ulobt¡l' and ntunber cf fertile spi.iielei:s.

At harvest, the nrrmber of infiorescences on the niijü,'.ì.cc p3.::i:l:r-'

ivas countecì, the plants tvere tiren thrash,-:d and the weigh*' of '-ífa.j-ìì per

sample was mea-sured. From these lrreasli.rements, weight of 9.ral .LÌi ìl:1r

i.nflorescence vras calculated anci record.ed as weight of Era-ì-ri f'É-¡': l--i-ller'

Graín weight \^tas also measured.

Anaiyses of variance were clone on data of the five replicatione

of all bhe pa:rameters measured at each time of sampling.

4-2 Results

Growth room study4.2.L

A comparison of inoculated and uninoculated plants of the same
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cultivar provideC an assessment of the effect of ínoculation on pl.ant

growth. ï,eaf growth expressed as larnina length was affected Ì:y nematodes

and because the rate of exponential growth of corresponCÍ-ng -l.eaves was

simil-ar, nemato'jles were usually associatecl with either redu,-:ed size of

Ieaf (e,g. r'ig. 11, L3) or delayed emergence of the leaves (e.9. F-ici- Il,

L?) Ì-:¡t occasionally leaves shc-¡wed bot-h of these effects (e.9. Fig- 11,

I,6) becagse the differences in lamina length during exponetrtial growLh

$ras very si-gníficant. Normally the earlier leaves r,'lere smaller whíl,e

emergence of the later leaves was d.elayed.

Inocul.atíon of Halberd reC.uced the length of ntat:tr.r larninae of

L2, L'3, L6 (riCi. I1), reduced the brea'dth of mature laminae of L2, L3,

L4 (Te.b1e 21) and delayed the time of emergence of L4, L5, L6r L7 and LB

TABLE 2]-.

EFFËTJT OF H. AVENAE ON BREADTH OF LA}ITITA¡ì Ci

EXP¡{NDED LEAVES OF SUSCEPTTBLE (CV. HALBERD)

AND RESTSTATflT (CV. aUS 10894) V!-HEAT.

Halberd AUS l"í)394

Control. Inoculated Control irie:':tr.¡ ti: +i{

l,e¿rf : Ll
L2

L:ì

L7

L8

F1ag

4.L

3.8

5.0

6.6

7.3

8.8

9.2

9.6

10. 3

L'l

3.9

5.0

= O.2

6.4

?.o

7.6

= 0.6

8.0

8.8

8.8

4.û
'Ì1

4"û

i. íJ

6..r

7.0

a.2

4.O

3.4

4.O

L.S.D. (p = 0.05)

5.2

7.O

8.3

L.S.D. (P = 0.05)

8.6

10.1

10.7

L.S.D. (P = 0.05)

L4

L5

L6

= L.2

8.2



Fiqure 11. Effect of H. ar/'rjnaq on growth and final length of lamina of

leaves of susceptible wheat (cv. Halbertl) "

c-,0 Uninccul-ated

o----o Inoculated

i (a) L.s.D. (P = c¡"cS) .¡.Í expanéted le.::j.na

I tnl L.s.D. (P = o.o5) of expanding la,r.ir:a

Ll-, L2, !3 ete. - refer to leaves numbered in order of

development.
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(FiS. 11). V{ith L6, hoth the emergence htas del-ayed and length of the

ma.Lure lamina was shortened. by inoculation. Only two of the inoculated

pla.nis developed L9 while all uninoculated p1anLs developed L9 so the

lean lerrgth of the mature lamina o-Í. L9 was shorter on itloculated plants.

The last leaf to develop on a plant was the flag leaf and emergence of

tliis 1e¿^f vras apparentl.y not deJ-ayed- because 3 of the iuocrrlated plants

<levcJ,cpe<l LB and a1l uninoculated plants developed L9 as the flag leaf.

When ?rUS 10894 was inoculated, the length of mature laminae of Ll,

TZ, t.-:i, ¡¡4,1.5, L6 (FiS. L2) and the breadth of nat,ire lamina of. L2, L3,

L{,r L5 (ta¡t.e Zt) were reduced. Emergence of L7 and probabiy LB vrere

delayed(l'ig.J=2).Lswastheflacrleafc¡nboththeinoculatedand

uninoculated plants. Therefore, Ieaf size was affected more and the

ij-rne of emergetr.t.J of leaves was affected liess by inoculation than Halberd

í!:-:iE. 11).

Inocu1at.i,oir. of Clipper had l-j-l+,it elifect on the length of mature

laminae and ol:J-12 r,2 was sígnifica::+:i1: sirorter (Fis' 13), buÈ the breadth

r-rf nrature laninae was reduced on L2, i.,3, 1:'4t I'5' L6 ita¡te ZZ) and

í',rr.-)l:{r.rnc:Ð. t:,.i. L4, L5, i,5¡ T,7r LB. -L9 (fiç1 . 13) was delayed. L9 was lire

r.i.ii-; .1."e.:.f r:rr !x;t:h the in+culaèed. :1nJ. l.lninoculated plants.

Bcti: t'i¡e tengt-h (i:ig. -t1iJ a¡:ü breadth ('Iab).e 22) of n.ature J¡'¡ti.n¡;e

cf I'ic;rocco h7eï'e not affect,ed by rtrocul-ation, but emergence of L4, L5

La., l',7, LS¡ î,r4 \¡as cielayed (f ig. f ¿). Because either f.9 or LIO was the

f.J-a-q jeaf on l:oth the inoculated and uninocul"atecl plants, inocrrlat.'i-on

clel,a.yed l:ite e¡r:ergience but did not affect tl¡e sÍze of the f lag leaf .

Inoculations recluced the height of seedlings of l-Ialberd (fig. i-5 a) ,

l¡US 10894 (nig. 15 b) and Clipper (niq. 15 c) at various times during the

f.irst 30 days of growth, but did not affect Morocco (Fig. 15 d). These

effects were likely to be associated with the effects of inoculations on

the size, time of emergence and other parameters of growth of the early leaves.



Ficrure 12. Effect of II. avenae on gro\¡rth and final length of lamina of

leaves of resistant wheat (cv. AUS 10894).

o---{r Uninoculated

o----o Inoculated

I t"l

I (b)

L.S.D. (P = 0.05)

L.S.D. (p = 0.05)

of e:çanded leaves

of expanding leaves.

LL, L2, L3 etc., Ieaves nunbered in order of development.
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Effect of E. a'i¡errae on gror,+th and final length of lamina of

Ieaves of susceptible barley (cv. Clipper).

o-Ð Uninoculated

o----o Inoculate,f

1 (a)

I (b)

L.S.D. (P = C.05) r.,f exparided h-::wês

L.S.D. (P = 0.05) of expanding leaves

LL, L2, L3 etc., leaves numbered in order of devefo¡:nrent-.
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' Fiqure 14.

(a) L.S.D. (P = 0.05)

(b) L.s.D. (P = 0.05)

of expanded leaves

of e>çanding lçaves

Effect of H. avenae on grovrEh and finat length of lamina of

leaves of resistai:ts barlel' (cv- Morocco) "

o-.--- Uninoculated

o----o Inoculated

I
T
.l-

LL, L2, L3, etc. leaves nr:mbered .i-n order of development'

I



t

a b

__-----o L6

L7

t
,

LE

,
,
t
I
t

F*

6o-,L
t ot

,
,

,
,
I
,
,
,
,
,

L4

,
,
o
,
t
,
I
I
I

,
I
t

o

t
,
,
t
,
t
a

o
t
,
,

t
,
t
t

,
,

L
o

t
,
,

,
t
t
t
t
t

t
,

t
t
,
,
t
t
t

I
t
,
,

,
t
,

I
I
,

L2

t
,

L2

I
I
I
I
I
I
I
I
I
I
I
I
I

t
t
t
t
,

t
,
I

,
I
I
,
I
I
t
I
,
I
I
I
,
I
I
I
t

t
,
I
t
t

I
t
,
t

LI

ç
È

:
t-
(9
z
l¡¡

z

=

L9

,
,
,
,
,

t
I
I
I
I
I
I
a

r
I
I
I
I
I
I
l
I
I
I
I
I

I
,
t
t
t
t
t

L

,
t
,
,
t
,
,

,
,
,
t ,

I
t
,
I
I
,

t
,
t
,

,
,
,

,
,

t
I

,
,
t
t
t
t
t
,

,
,
I ,

t
,
,
t
t

,
t
,

t
I
t

t
t
t
I
t
,
o

a

t
t
t
a I

t
,
,
t,
o

4030
706050

DAYS FROM SOWING

20'to



,t

Figure 15. Effect of H. avenae t)n prlsT¡¡ height of wheat and

barley during the first 30 days of growth.

Uninoculated

o---- -.o Inoculated

(a)

(b)

(c)

td)

Susceptible wheat (cv. Halberd)

Resístant wheat (cv. AUS 10894)

Si:.sceptible barley (cv. Clipper)

Resístant barley (cv. Morocco)

L.S.D. (e = 0.05)
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TABLE 22.

EFT'ECT OF FI. AV!']NAE ON BREADTH MM.) OF LAMINAE OF

EXPANDBD LEAVES' OF SLISCEPTIBLE CV. CLIPPEF)

AND RESISTAÌflT (CV. MOROCCO BARLEY.

Clippeå
Control fnoculated

Moroc.,co

Control Tnocula'¿ed

Leaf: Ll
L2

L3

6.1 5.6

5 .2 ,1.2

7.4 5.6

i,. S.D. (P = 0. 05) = 0.6

8.3 7.L

8.6 7 .3

8.7 7.9

L.S.D. (p = 0.05)

7:7

7.3

4.5

4.5

L.S.D. (r = 0.05)

7.6

7.2

7.9

N.S

8.1

9.2

LO.2

(P =' 0.05)

J.O.2

12.0

LO.2

8.0

(P = o.osi

= 0.6

7.4

6.8

3.9

3.9

= 1.3

L.S.D.

L.S.D.

7.4

i.u

7.7

9.0

iil.3

Li.6
L2.3

10.6

i.9

!.4

L5

L6

r,7

i,E

L$

!-_]_ag

Inoculat-i-on of Halberrì dj.d nct- affect the expone¡¡tj.¿l .::ate of

elongatron of stems, hut the stari of exponential elonga-tJ-on :r¡td ',:i1e

'boot' st¿ge of gror,vth were deïayed anci Lhe final hei.ght of str-:r¿:i w¿is

recluced (¡'is. 16 a, Plate 3 a). When Á'Jg 10894 was inoculatei,l.

elongating stems tended to be shorter, but Ehe effects were srnall and

the mature planÊs attained similar heigîrts (f ig. 16 b, P1atc -: b). With

the inoculation of Ctipper, the start of exponential elongation was not

affected, but the rate of this elongation was slov¡er' emergence of the

inflorescence was delayed and the final height of stems was reduced



Figure J-6. Effect of E.

(cv. Fal-berd)

wheat..,

avenes on heÌ-g!.:t of st:.sceptibl-e

and resist-ant (cv. ÍrLíS 10894)

o---È llninoculated

o---.-o fnoculated

B Uhe 'boot' stage of piirlt growtÌ'

L.S.D, fP = C'.ri5i
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Plate 3. Comparison of plants inocuLated witTr H. avenae

and r:ninoculated plants of wheat and barley

after ?3 days growtli.

(a)

iL')

(c)

(d)

Susceptible wheat (cv. Halberil)

.ìesj-stant wheat (cv. aUS I0894)

-qusceptible barley (cv. clipper)

Resistant barley (cv. Morocco)

Uninoculaied plants

.- Inoculateci plants.
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(fig. L7 a, Plate 3 c). The effects of inoculation on Morocco were

probabty simílar to those with Clipper, except that matu:ce pia:rts attained

a similar heigh{: (FiS. L7 b; Plate 3 cl) .

Inoculation recluced the numbers of tillers developed on

AUS 10894 but rrot on Halberd, Clipper and Morocco (Table 23). Root

TABLE 23.

EFFECT OF I{. AVENAE ON NI.]I"IBER OF TILLERS' AND DRY

V¡EIGHT OF STEM AND ROOI,' PER PLANT OF WHEAT

(cvs. HALBERD, AUS 1.0894) AlrD BARLEY

C\¡S. CLIPPER IvIOROCCO

D.lV. Stem (S.) D.I¡1. koot (S.) Nos, of Tillers

Inocul.,rt.i.on + + +

Halberci 0.86 0.46 0.15 0.rr 1.O 1.6

AUS 10894

CIippr,:r

Moroccc

L. S.D.

0. 91 0.69 0.13 0.09 2.8

0. €'9 O.49 0.l_B 0.16 3. ii

1

3

0

2

O. 7;1 0.60 0. i7 0. 18 1,9 ,i?

tP = c. 05) = o.l2 = 0.06 1. r.

growth apparently recovered for all- cultivars following jnot:r.i,'-er-j,on

because the dry weiglrt of roots of mature plants was simila:: r.::'thin

cultivars, but roots on inoculated wheat (cv. Ilalberd anC cv'. ¿-rJS 10894)

tended to be lighter (Tal¡le 23) . The di:y weight of stems was reducecl

on all inocu-lated plants, but resistant barley (cv. Morocco) ijÊcimed

less affected than Clipper and resístant, wheat bv. ÀUS I089.i) vras less

affected than Halberd (ta¡te Zg).

An effect of the inoculation on the differentiation of the



t

!-igure 17. Effect of H. avenae on neight of srìsceptible

(cv. Ctipper) and resistanf: (cv. M<¡rocco) barley.

o-li Unínoculated

o----r; Incculated

B - Lhe 'bootr stage of ¡:la.nl E::ow+r:h

E -. thc.: emerçlence of the j.nfi.oroscence from

the f I;-Lg leaf shea.i-:ì-'.'

L.S.D. (p - Lt.05)
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inflorescence cor¡Id a.ffect the total nr:¡nber of spikelets. The total

number of spikelets (Table 24) was reduced proportionally t¡ett4'een the

TABI,E 24.

EFFECT OF H" .ð.\TE}{AE ON I{UMBER OF SPÍKELETS PER INFI,OIJCSCtrI':fCE

oF WHEAT (CVS. IIAI,BERD, AUS 10894) AND BARIEY

(cvs. cLrP!'Eiì, MoRocco) .

Numbel of _Spikeþts
Total Fert.i Ie

Control Inoculatecl Control înocir'!i.i:.cti

Halberrl

AUS in894

L.S.D. (' = 0.05)

Clip¡'rer

Morocco

L.S.D, (P - ü.C5)

15. 0

13.4

11.6

I7. B

-14- L. ¿

12.6

11.6

r0.0
16 .6

12.O

10.6

6.6

11. 2

= 1.2

9.2

l{i " r::

8...:

= I.7 -1tr

t¡ro cuitivars cf '.vheat (cvs. Halberd & AUíj 10894) follo'",i..-r,¡ :il-.rocuiatiori

and. a1t,trau,¡h the numÏ-'er of fertile spi-kelets was also l:¿tlt.icer-.:. j.:i r:',rt?¡.

cr:lt:Lvars by inoculation, AUS 10894 wa.s less affected tli¿¡n r.ii:-ii;,.:rcl"

T.:tal uumber and nu¡iber of ieriile spikel-ets on barley (cvs. .]i-J.p.ner

& I4orocce) were not significantly afíec'¿ed by inoculatior', Ì..,t:c i-ì:e

inocul.ateci plants tencled to have fewcr spi.keJ-ets and perhaps tÌie '-:Ffect

of ínoculation c¡n the number of spikelet,s was masked by some cit:l:le'- factor

(e.g. nutrients) affecting grorvth of uninoculated barley.

Due to the nwnber of la::vae used in inocula, coinpel:ti,t-ion between

J-arvae reduced the number of females which developed on the sú<jceptible

cultivars. Susceptible wheat (cv. Halberd) averaged 3I females and

susceptible barley (cv. C1ípper) averaged 2I females per plant, and these
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nrmbers vJere fewer than had been ol¡tained previously (Sec'Eion 3.1.2).

Few females developed on resistallt cultivarst resistant wheat (cv.

AUS 10894) averaged 2 femalès an;l resistant L-'ar1"ey (cv. Morocco) averaged

I female per plant.

4.2.2 Field Study

Because tJle plots of i,I¡tberd ar,d AUS 10894 grown in 1974 were

separated by paths withou-' ple.nt:; and surroundecl by medic (¡'iS. I0),

the opportunity r,,ras take¡'i to corrli:¡jre the t-.ffect of these additional sites

t>n the growth and grain yiei.d .,-.' llalberd in 1975 with that of Halberd and

AUS 10894. The effects of Halbcrd and AUS i0894 were statisti-cally

analysed and then the four treatments were iinalysed together. Both

analyses o;ave similar resu-].l,'.c, t-herefore, tTre complete analysis is

presented irr Tables 25'27.

The number of plo:ini-l,r ;ind incidence of fungal disease ön rooLs

of these pl.ants collected at the 'dough I stage of planÈ grovrth v.'ere

similar for each of the at:eas, as were bc';i¡ the fresh weight of rocts ¿':nd

number of female nematode:i i:i;..; iranple bqÌ,---¡;-r:se hígÌr residual ',¡¿t:'iancc

within erea-e prevented th,: ar¡:iL:j':'¡J,q s1':t'-r'"i:.:rq any si;nì iicant djfi'e,rence

(Table 25). ILoot weight in grr.:1s, variecl j-;--om 6.9 to 14.3, 8.9 'bo I0.8,

9.2 to 23.5 and 7.1 to 17.0 wiriie tire ilur¡cer of fernales vacie,j from 6¿Ì8

to l-082 | 652 to 743 ' 443 tc,' l-D!"/ arxl î¿7A tc 1499 fcr the aT:eas of

I{alberd, AUS IO894, fallow arrci niadi-c cltrrirrg 1974 respectively. Ilcwever,

when both of these parameters vùria,:. combined to give 1åe numbe:: of females

per graln c,,r' root, differences Lìccurred bet;v¡een the treatments and showed

that the nanagement in 1974 affci:i:ed the initia.l clensity of nematodes in

soil in 1975, with the highest cLe:rsities occurring after growth of

Ilalberd and the lowest densities occurring after fallow. AUS 10894 and

medic had sirnilar effects on the density of nematodes and these densities
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TABT,II 25.

EFFECT OF FïELD ¡IANAGBI'ENT OIr H. AVENAE DUR]NG 1974 ON

VARIOTJS PARAIVI}ITERS OF II.ALBERD AT TI{E I DOUGIII STTTGE

OT¡ GFOWIH DEVELOP¡1-EN'I' DURT}¡G 1975.

Managenìent in l-974

Halberd ArtS 10894 Fallow Medic L.S.D" (P = 0-05

No. of plartts

l{ccL disease*

Fw. i * oi roo: rj (S. )

i{ ì. cf remai cs

Èir . feneles per
ir. of root

+*

12"8

0.16

8.4

877

107

i2..4

0. t4

9.4

700

76

13 "2

0 .10
't? o

792

II.8
o.L2

12.2

970

N. S.

N. S.

N. S.

N.S"

5B 81 17.5

* Root dis;:ase - expressed as the ::-racti,:n of plants per sample

wÍth disease

F,resh wej_,ìht.

v¡+:r:e intermed-'-e.'Le to those for Hail,,erq al:tì fallow.

A ccmparison of the effects of AUS 10894 and Halberd during

1.974 on groir';ir of äalbe::d in l9'i5 shol¡'¡d thal +-he height, number of

Ì--i-ilrj:,.-r-j âfr(r tOtal nur¡.bç:t: Of= S¡;ikel?'!.; wer¡: Sinrilar, bU.t the length c,:f

Íiag 1+¡¡.i i.ìti:i nunber of rerù:iIe spikr:Iets v;ere Íncreased following

ÀtS I'Jíì!)ri (tft¡.r¡te 25). h¡iien fall-ow .ryi:rs c..:inpared with Halberd, the nu¡;rLer

cr:: tj.l-l¡.ers vjere sinilar, but fa.llowing íncreased all the other as¡-'e;ts

oí,:,-rr:,w'ch i¿h;:t were measured. The effect of medic on growth of HalberC

tv'¡t;t> 3rirai.lar tc fallov¡ and both increasecl the length of flag leaf ancl

r¡'vm.ber of f err-:.le spj"lcelets more than AUS 10894.

The conponents of grain yield of Halberd were measured at

nra't-r..rity (Table 27). Weight of L,000 grains was similar following

AUS 10894 and Hafberd, but the total grain weight per harvest and grain

weight per tiller \^/ere Íncreased following AUS 10894 because the number
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TABLB 26.

EFFECT OF FIELD M.AI\AGEMENT OF H. AVENAE DURÌNG 1974 ON

PARAMETERS OF TILLER GROIÙTH OF I.IÃLBERD AT TI{E

.DCUGHI STAGE OT GRAIN DEVELOPME}flT

DURING L975.

Managemenl in 1974

Halberd. AUS 108f)4 Fallow Medic L. S.D. (p = 0.05)

735 731 52Iieiç¡ht (r¡¡r. )

.'r':n,r:t-iì of fl-eg ieaf

.f.,amina (rnn. )

Lamina & shcath
(mm. )

!.Iâ. of tillers

ìl':,, of spikelets

::'otal

Fertile

638 686

TI7 L42

245 286

1.0 1. r_

176 166

338 325

23

N. S.

36

1"3 1.3

13.5 14. r L4 "6 L4.9 0.9

9.1 10.4 t2 " 0 I2.O 0.9

TABLIj 27"

;ILT!"ECT OF I'TT:LÐ I'ïAI.Ië.GE[1EI!VT OF iT" AVENÄ-E DURII'TG 1974

ON COMPOI{ENTS OF GR;'TII YTELD OI¡ ITALBERD AT

MAT'URTTY DT]RING !975.

Manaqement in 1974

Ilalberd AUS 10894 Fallow Medic L. S.D. (p .- 0.05)

Gra.j.n weight ig.)

TctaI

p*.rr Tiller

per 1,000 grains

o.47 0.58 o .7 4 0.72

33 34 38 39

t50 139 23

0.10

79 103

2

No. grain/tiller 14.0 17.0 19.3 18.5 2.L
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nf arainc nar t.i l't ar !-ra¡; in.reâsed." Fallor^¡ a-nc1 neclic increased. allv! Yr qa¡¡r l,u!

components of yield over that obtained foll,ov¡ing AUS 10894 arl(i Halberd

with the excepbÍon of an irrter:mediale effect of medic to fallcrl,I âIì4

AUS i0894 on tI-Ie number of grains per tiller.

4. 3 !,..Þgg="i"g

serial inoculations of Halbercl with E. a\¡e!e9 i'nt j I af i:er

floral. initiation affected vegetative growÈh and the nurrrlcer of spikelets

on the spike. These effects on plant growth can be exi.rlained,r'y the

reiuced supply of metabolites and nutrlents within the Flanl' i:cllowirrg

invasion by l:ema+-odes.

Grc,r;;h of the first four lea.¡es of v¡heat, although dependent to

some r)xtellt ')n the carbohyorate and nut::rent reserves of t:t'.E endosperm

(WilLiams, f .irí-¡|), was reduced on Halber<1 by the inoculaÌ:iü¡; rn¡jth nematodes'

If larvae secrec-e eiijrer a growth substance or precurscl: (ïi.ll:,.:l:erg, 1963¡

Johnson & V:i,:-jlierctrio ì.gOg ¡) when establishing and forming syncytia

(Johrrso¡r & lqsht...:y , L966), then they may disrupt the graaie¡rts of growt?r

sul-'s;t:anci:s rvitin-in pJ.ants an<1 have a dii:ect influence oïr ?jl.är:l growth.

Therc-i-,.;re, a-¡ effect addif:icrnal to tha,t of nematodes or) r-'r-aüi ;;:,-;',"'i.Ì.r c-.;,'-'i

functío1 may be involved <luring the early growLh of plant-s ' ii'hrs aspeií;

needs f.ur:ther examination.

The longest leaf on a cereal ptant r¡as often the l.i.i':; t::l',crgitig

at the initiation of floral developmen-t (Borrill , 1959) anC tiie Lr.rrrsfe¿'

of apicral dominance from the l.eaf to spikelet development. pr:u'g:'essively

reduced the r:a-te of early growth of lea'¿es, i.e., before emel:qence,

because of ::educed ¡rutrient supply to the leaves (Vlilliams , :ctt:O) .

îherefore, as the growth of the longest leaf was similar for-- Haiberd wj-th

and without nematodes, but emergence of the following leaves was

progressively delayed and fewer leaves were developed on plants with
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nematodes, nenaÈodes har./e not affected the time of floraI initiati.on,

but they have reduced the rate of differentiation of leaves before floral

initiatj-on and have reduced-the rate of growth of leaves };efo::e thcir

enrergence followj-rrg floral initiation. These effecÈs were similar to

those of ¡rutrient supplies on the number of leaves and. Ieaf area (Single,

1.964i Langer I L966\ and this has suggested nematod.es affectcc ;rlairt growth

by reduc-ing the supply of nutrients. Floral initiation and stern gi:owth

of Halberd have also been affected in a similar way by äerna';odes as the

number of spikelets per spíke we.re rod.uced and the ratc cf r=-ai:i-;; i.¡r:ot';tTr cf

the stem was redr¡ced and this delayed the period of rapítl t:ìr.';rgation,

delayed emergerrce of the spike and reduced plant height.

Wíth -\US 10894, nematodes hacl Little effect on the rate of gro'.vtir

of I eaves arrC stem, but the reduced leaf area resulting :frt;¡,i 'Lhe reductio¡,

in the si-ze c¡f mature leaves in infected pl-ants was probabi',' i."3e cause of-

fewer s-çìÌir.r1ecs being i-nitiated (Davidson, 1965; Puckrid-ge, i968).

Althcugi: r¡ema.;odes had simíIar effects on the root growth. of AUS 10894 ¿Lnd

Iia.ì-ber'":j, grcwth rif the stem and the nurnbe:: of spikelets'li:Ë:ïí: rlot so sei'erely

affecte..i ancl therefore, AUS 10894 seerTt¿:d more tolerant l-r-r tj:;;i.ei:r:r,j.:rLì ì:litrl

ilaIberC,-

Apart from the nematodes ha./-.i¡rg no effect on the n,-:r¡ú:r:r of

l.eaves ar,d spikelets, growth of susci',pL.i.i:Ie barley (cv. Cl.ì-p¡.x';r') -i.r,r¡,:ul.-ri-.:à

with nenatorles was similar to Halbercl . Vegetative growth cf ì:.:riii-:i:¡ìnt

ì:arley (cv. Morocco) inoculated wj-th nema'¿odes was not affec;l:..rc1. b.tfore

floraL initiation, but the rate of grovLh of feaves before eme:gence was

decreased a:Êl'er floral initiation and energence of leaves w¡,.r. rJelayed.

Thís later effect of nematoCes on growth of Morocco explainer! the reduced

effect of nematodes on the top weight of the mature plants. No clear

effect of nematodes on the number of spikelets was obtained for either of

the barley cultivars. This may be the result of compensatory growth in
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the inoculated plants during the indetertninate growth of the spike, but

as the root weight of mature plar,ts v"'as not affected by nematodes, a

restriction on the growth of roo.:s of uninoculate<1 plants by t.l.e grotrth

container may have confouncl.:d aly reduction in spíkelet number due Ëo

infection with ne¡tatod.es.

Although nematodes have affected vegetat-.ive and re;groductive

growth of cereals grown ín a canl:'.-otied. eil-Jìronmeni: by restricting

nutrient supply, this needed confirnation :in a fieid situation to assess

the iikely effect of nematcðes :,r: gr:;in yicia in relation to other

environrnental factors. Areas ,;f differerrt r.nitíal <lensitíes of 4: ry.-_g

were developed in the field by growing susce¡.>tibJ-e (cv. Halberd) and

resistant (cv. AUS 10894) culti-vars of wheat" Numbers of nematodes

infectíng Flalberd grown wj-¿h:r'' Í',irese areas dr:ring the following -'--eason

\¡rere assessed from the numi>ey r:1,'female nem-ato,'-ies per gram of fresh i-oot"

This assessment of nematode denility was Íìora rÌir:¡ìrringful than cyst-s :;.'.:

eggs per unit weight of soj.I because it as-=;essed the actual nurlre.r: of

Iarvae hatcTring and invad-'i-ng -¡-il.ilnts, ther;iry reducing some cf the

uncertaírrty i'.,bout the nurn-;rer rrÍ; ;;¡-','"-',;; |i;q':ghecl froin i1rs,:ts or egq:'"

i^/l¡en Halberd follc-¡wtrr:,. iriei.(ir::'-r.l .. :il::;re nematcds:¡s intecte¡l t,he

¡:lants and smal,ler flag leaves \;erc pr=L{:1t;¡ci by the pì.ants tha.n rvlren

Halberd followed AtlS 10894. I: ra'-s a.J.sc J-i-i.ely that the inc:rease in

neuratocles infecting the plants i.*/::J..e'å the size of most of the leaves,

Iowered the leaf area ind.ex an<,i 'ulie ca¡:acit;v o¡ plants to utj.lise IÍght,

whích could be a cause of the i ec¡uctio¡r il: i::th the uumber of spikelet-s

and fertile spikelets, and. gra.ii:l per spikel.et (Davidson' 1965; Aitken'

L966¡ Frankel & Roskams, 1975ì,, But graj"n weighÈ was not affected j-n

Halberd, therefore the reduction in grain yield was due to the effects of

environmental factolîs on the early growth of plants, and the number of

nematodes infecting plants was the main difference between the two sites.
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Therefore, grorving the resistant w'heat (cv. AUS 10894) lowered the

nurn¡er of nernatodes infecting plants in the following season and this

incri:ascd grain yietd of Halberd.

Fal-low, by increasing mcristure and nutrients available to the

i-,lants, rnd med.'Lcn b]'increasing the nitrogen content of soiIs, improved

ti:e soi.l environment for the gr:owth of Halberd in the f,¡llor,rírrg season

over that obtai.ned b-v qrowíng HaiberC or AUS 10894. Leaf area index and

al1 Èhe c:omponents of grain yi-eld, measured for Fialberd following fa1.Iow

à:¡d. ."(reui c \tîtri) increased over that for Halberd follc¡winq Halbera by both

ci:anging the ysoil environment and reducing the density of nema-todes in

the soi.l. A sj-milar number of nem;11--crcles i¡iracied llalberC following medic

and AUS 10894, l:ut fewer nematodes -i-r¡vaded following fallow. However'

i;ilrilar growEh ,:.rlil grain yield of Halberd +.;c'¡rred following fallow and

tir,::i.i.i-c but, apa.rt from total spikelets Per spi-ke, growth and yield of

Ilälberd followj-ng AI]S 10894 were pocj'er.. '-l'1:erefore, an interaction between

nematode denirty ancl environment, e-speciali-y nutrient supply, has

r¡ccurrecl anil +;hese fi-eld resulLg hrrr?Ê stlpf)orte:C the conclusions of tTre

:;yi:r:t:l'. r'c,oì.r¡ s;tìldy that- il. *v9¡y13 aff.,:c;tg plani-. growth by affecting

til:".t, ji..,-'Li ¡-,,¡fri lirir:i, Stp¡' e ijf',Ë'pl-y .

;;¡3gr.>nä.I rainfa:i,-1. du:::ing 1975 'r¡as above average at !^lindsor:,

e;,.irec:L;r1.lf i.n r:he spring (Septernber tc ¡trovember), while the syncrpl-i.c study

by f;;-i:-r-l::as (.i.''r'i's) from rvhich models of factors affecting growth of r.rheat in

¡.loLi+.:ln i.:¿.ustral.ia vrere salculated, h¡as clone during a season of below ar¡erage

rnì rrfa-l-I. Due ro the complexity of the relationship between factors of ihe

r:rivironment (inctuding disease organ-i.sm;3) and gra,in yield of ccreals, the:

re!.¿rtive imporÈance o€ any factor woul-d change from season to season.

lherefore, further synoptic studies are needed to assess the importance

of H. syg!€ over a wide range of seasonal conditions, but additional

aspects of plant growbh and yielcl to those used by Stynes (1975) should be
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included.

From the information available at this time, the use of resista¡rt

cultivars within the nor¡nal'agricultural practice of rotation, which

includes a season of pasturer woüId reduce nematode densities, increase

nutrient supply and therefore increase graín yields.
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5 ]\IECFIANTSM OF RESISTANCB TO H. AVENAE TN WIIEAT

Biotypes of H. gsn!-_e_ capable of breaking resistance in cereal-s

ha.v: been reported. in Burope (Andersen, 1959; Cott"n, 1963; Kort eL a1-',

i-.)64¡ i{eul)ert, 1966) and although there may be only one biotl'pe in
P..,

Trtr.stralia (Brow¡r,!:-lOe), a ferv femal.e nernatocles usually develop on the'f\

resistani cul.tivars ,¡f wheat (OrErien & f isher, I974); these rnay represent

a <lifferent- biotype. If this is so, usi.ng resistant cultivars conrnercially

woril..1 tenpo:lir.i-1y control the nematode, increase the proportion of

i+sisbant breaklng biotypes ancl er"entuaily resistance would be losÈ'

Becâuse of the limited tinre availab-l.e to Ínvestigate the

probability cf more Èhan a single bictype c: cur:ring rvith:ln a nematode

_5;opulation, this aspect was examj-nerj by i:^rrrestigating the mechanism oi-

t:r:sistance in the la-boratory, growt.: râom;'.ncl the field rather than i:y

::.jï/êstigäting Lhr: continual growLh o.f Lire rr:sista¡rt cultivars on the same

ziematode popuì.:rt1on. This section d-esc:-'-t:L,es these studies on some aspects

of the mech¡,;.isnt of resistance of r.tlieat to E. avenge and the results are

<ii-scussed -ì-¡¡ reialion to both pi.:vious.: studi.cs anC the possibility cf

:¡ : ¡; -ii.; i.:r:¡-,- ¡:'i:eaking i-'1I ti'pe s .

2,, t- :Ya-t eri.;-..-ls and }4ethois

T'¡-eive experiment-s are described in this section a¡-rd.' unles;s

oþirr:r.rvise s'car:ed, tÌ're típs of the first seminal roots of pregermin'.'''-ed

sic-.ierls ïrere covered v¡ith sand for inoculati.on with larvae in 0.15%':.iístì'l'led

wai.er egü.1î atì ,iescribed in Section 2.I.I.1. Also, the ntgnÌ:':r of

ne¡natocles oiiier than males and femal-es within roots $/as counted by the

r:let-]rod for cou¡rting the number of larvae penetrating roots (Section

2.L.L.I), and the number of adult nematodes v/as counted as described for

females (Section 3.1.I.I) and' males (Section 3.2.1).
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To examine the nu¡rJ¡er of farvae of Ii" avenee_ penetrating roots of

srrsceptible (cv. Hatberd) and resista-nt (cvs. AUS 10894 & AUS 90248) wheat,

seecllings were inoculated in petri <lishes v¡ith 17 (+1) 
' 31(+'3) , 63 (j:3) 

'
116 (+2) , 216 (_+Jl) , 429 (+L7) , 560 (+9) ot 777 (II0) Iarvae (+s.E. ) ,

i.ncubate,i at .l5oC for 24 hours ancl then the nu¡nber of larvae within the

ii-rocttl-a*-c:d roots ruas ccun'bed. One p:regerminated seed of each culti'"-ar

rvas pì,a.ced in a petri dish and the 3 culti'¡ars in a dish were j-noculated

'"1,'ith the same densitl' e¡ larvae. Analyses of r-'ariance were claculate<l on

t.i.e fl ::tndo¡r.jseci repli.cates of each density of inoculum.

Th.e nr:rnber of nematodes penetrati.ng, establishing and developing

in roots of lJalberd, AUS 10894 aird AIIS 902¿'8:¡rere compared following

ínoculations v,'Í';h 33(+3), I23(+8) or: 398(+'1.2) larvae and, Halberd antl

ÅÌl.j 10894 were ,,'-Lso .-o-*ntt"U *ro*rnn an i::ctcul,ation of 792(131) larvae.

{ì:,:+ seedling of each cultivar was placed in a- petri dish and inoculated

v¡ith the same Cenaity of larvae, the:'efir::::e nc¡s;t dishes contained 3

seedlíngs but at the highest density each Cish contained 2 seedlings.

îrrelve replitrates were randomised a.:'.t<Ì íncr:bate<i- at 15.oC for lg hours

',:.ìri:l ii0oC io: 18 hor¡'rs-, b::ilore 6 cí' l;:s'' ::eplicates were used to cou::.i. the

r¡j.rrri-rr:,;' 1;ei:.cl--::rt-ad. Seetli.i-ttgs j-n i:.he cther 6 replicates were washed

r-f.ìi,J i-r':ans¡>.L,rnr-.cd. to -L2O ltìl:. cf Ho¿'qlands solution (Section 3.1.1.1-)

in F1-i.ys¡]¡riìne sampl.e jars of 45 nm" j-n diameter and l-00 mm. high' ar:d

-u¡cL'f:r cí,vê¡eá :^;í{¿h brown paper to exc]-ude light. These seedlings rvere

qr,.)ztl!'t ìn a qrowth::ool¡r (Section 3.1"1.f) and the number of Is-rvae rCricL

enì(:rrîgied Ír:om i-.lie roots úuring the first 7 üays was counted by exchanging

the nutrient solutiono and counting the nunri:er of larvae within the

<:::iEina1 solution. The seedli,ngs continuecl grov.rth in the growth room

until 20 days after irrcubation when both tire number of established

nernatodes and the number of nematodes which had developed beyond the

second stage hrere counted before any males emerged (rrudgill , L967 ¡
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OfBrien, Lg72). Analyses of variance were done orr these result-s'

Further information on the nunù¡er of larvae establishing and

de','eloping, plus the nunrl¡erbecoming fenale in rôots of Halberd,

ê-1lS lù894 and AUS gO24B was obtained by inoculating the roots vrith 5,

l-0, 20,'50, 1o0 or 300 larvae in pet::i. clishes as describecl above, but

ir:cul.atj on was at I5oC for 24 hours before transplanting ttre seedlings

to grcri,th tubes of sancl (Section 3.1.1.1). Because a smaller num}er of

larvae wes expected to invade rcots with the L:w tt¡an the high densities

r:i:i-¡r¡l;irl-ttm.. fiuctuations of only one or t\{o nematodes at the lowest

c.,-:r¡si-tíes w,or-r1.,1 cause a greater pro¡rortional varia.tion than a simrl-ar

num¡¡er at the Ìiighest densities. li'hís effec,h tt= *ini*ised within Lhe

]_imited space o:î a growth room by inoculati,-ng groups of 10 ' 5, 4, 2, 2

.i,ri.i. one seedlii:r:; for densities Of 5 ' 1.0 , 2.'.) , 50 r 100 and 300 larvae

:,-r.:¡>ectively. Grcwth tuJces were arranqed in a randomised block design of

l-Ð blocks withj-n tìie growttr room, ai;c-l 5 t-rf thr3 blocks were sanpled 20

days after iücuba+.ion to count t¡oth tire nutiibell of establ.ished nematodes

acd number ci+vel.oped beyond the sec,-¡¡rr3 stuge (-'f growth' while the

:í:,Ì.êi.:-rtü(,. írr-rÈrflings cc,:l{:-inuerl grow{--ir rin'Lj-I. 35 Cays after incu-bation whe[

¡ii¡., i1'.tiir?-irÌr (-.: Í'{:males pc.r inoc,:lal-eci rooÈ i^tas counted. AIl results

OÌ,rtain.:cJ. r,,:;3;;;'r3 l¡snSfOrmeá F-o ilr: eqUiVal.ent nUnber Of nematÜdes per l0

iir.,..rc!,1-;-).t-eC. roc,r:s a.nd anallises of varia-irce hTere on these restl:ì-r¿s.

p,er;¡.,-use of the e>qceri¡nentai design with an unequal nr¡nber of

çrì-a::ts ats dif f=rent densities, the previous experiment was repeate<l nsing

er.r¡ equ¿¿l tlrmJ)er of plants. Tire number of i-arvae perretrating, esta.bì-:-shí.r:9,

<leveloping arriL beconing females were assessed for roots of Halbercl'

åJrfl IoB94 and AUS 90248 inoculated wiÎ-h 7(-LI), I2+I), 25(lr) , 56(+4),

Bl(!3) and 110(+7) larvae, then incubated at 2OoC for 36 hours before

the seedlings were grown in either sand or water culture. Following

incubation, 5 replicates of each density were used to count the number of
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larvae penetrating roots, I replicates of densìties of 25, 56,81 and

IlrJ larvae vüere grown in water cul.ture fox 20 days before counting both

the rrtu,'Jcer of established larvae in roots and thl nunber of these larvae

wnich ha.d begrin developmenÈ, and 8 replicates of all the densities were

grown in growth tubes v¡ith sand for llti days before counting the nr:niber

of females. l4ateríal.s and meti:cd.s were as described prevíously and

enalyses of '¿ariance :'rere done on the results.

To e:tamine the number of males and fer.rales on llalberd and

;¡,lSj i.0t-194, seeclJ-irrgs were germin;ited anC i.noculated ín grovlth tubes

{section 3.lL""t.I) at one time with 5l0O larvae at sorvíng' or two times

with 5OO larv¡rt. at sorving and 750, l5ÒC, 31-\it or 6000 larvae 12 days after

sowing. Seedi-ì j¡qs rúrere grown in t-he grorvtìi room (Section 3.1.I.1) fc.rr-

¿-.-.i Cays (i.e. 3,1ì days after the secllnd inc;cu1aF.ion), when the number of

lr¡:.i.*:s and fema-les hrere counted in the 5 repl-icates distributed at randorn

ci: a tray. Arlai¡rs;es of variance were tlone on these results'

A further examination of n'i.:...le ¿tnd fe¡na1e nematodes was made on

lrsceptible icv" Halirc.rd) and res-i-si:ant (cv. ÄtiS l-0894) wheat and on

,¡,-rr:tl€:i'-;':..i-Llí- ícv. Clippc::) and resisi--''r¡It {'-:rr. iviorocco) barley. Seeds we¡::e

E.jï-rxir:r:i'l'-r:r.i, .,(ìrnil, inocul¡rted and r¡.aintained irt a grovrth room as desr':r-i.Ì¡ed-

ail¡)o¡ê¡ btii t...l-,t: inoculatir¡ns of 5 re¡.:l.icates r¡sere with -?32(+6) larvae ac

sL-,w:ilgo or 50.'.' (17 ) larvae 10 Cays after sowing or 332 (+6) larl"ae ¡-rt

scwi;:g r.n4 5¡-;ar(+7) larvae 10 eì.ays after sowing. The number of femaies

and, ¡lal.es vrerc counted 30 d-ays after the second inoculatíon and anal¡,'ses

o.f variance wcre done on these results

To c:ompare the cffect of HaLberd and AUS 10894 on g. aveqeg

ui':ii:rr fietd conditj-ons, ttre piants groi{n at- L{indsor cluring 1974 were

examined (Section 4.I). Ten plants per cultivar, with at least 3 from each

of the 3 plots so\^tïI, were randomly collecEed 22 ('fuly 4¡ ' 39 (JuIy 21)

and 63 (August 14) days after sowing by placing an auger, which gave a
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core of both the soil and associated roots for each plant of 6.5 cm.

clj.ameter by 15 cnr. deep, over each plant. Soil was washed fr,'¡m the root.s,

and the roots were weighed'(Section 3.1-.1.1) befóre the number e'f galls

a¡cl ¡ir-rimber of both second-stage and developi-ng larvae of Il. øve¡ê9¡ with

the r¡urnj:er of foreign nematodes within roots, v¡ere counted. Analyses of

v¿rrianee were done on these results.

The effects of resistant wheat (cv.. AUS 10894) on deveiopmenÈ of

H. a\¡ery1g during F,i:e experiments alrea-d.y descríbec1 in lTiis sect-ion

suggested an effect of the initial infections of H_. avÉqaJ:- ctÌ f,'ri:eì::lati'-','j,

and estabrishmen+: of larvae inoculated onto t"ot"-"f;; :Lnitiar

inocu:Lat,ion. "r.'herefore 5 experiments were Cone on seedlings in petri

dishes to exa'nir¡a this effect further.

To s,:<amine the effect of duration of invasion i;Í ;li initial

inoculaticn w-1¡h H. avenae on the penetr'ation of larvae frcr:¡r :; second

inocu1a.;jc:ì otî ar* ="tn t""a, the first serninal root of llalb*r"cl and

AUS.l.OB94 v:as inoculated and incubated at 2OoC. One seeCl.ing of each

c,:l¡-íva.l'was p]-aced in rsach petri dish ar¡t1 treated the siii'.e "'r*'l'. For--

t-he si¡:.;ll-e inocul-atic¡ns, enough seedlings r¿ere inoculat":tl. *¡-..L 1;1::';11';)

L,arr¡¡¡e to give 5 replicates of each du::acion of 4 or I0 iìo'ùrÍ'::i r,u".'¡1¡r,::::-t--'¡'

brrfor<: the penetraterì. larvae vlere Cout:IÈecl , or 5 replicates wc::e

inoculated witå 70(+4) larvae and ineubated for 12 hours befc:::: .::ount-i.¡rg.'

For the double inoculation, seedlings were inoculated wit-h 2!¡';'(':'i)

Iarvae and a.fter 4 or]O hrs, the second rnoculatíon of 70(l-4) }alqae

w¿rs done and +-he number of penetrated iarvae ín I0 replicates rrias

counted after a fr:rther 12 hours incubation. Analyses of va::ia,nce were

carríed out.

A further examination of the effect of an initial inoculation

of H. avenae on the penetration of larvae from a second inoculation onto

the same root of Halberd and ?\US 10894, plus the effect on the establishment
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of larvae \^¡as done. The procedure was siltiilar to that described above

ex<:epÈ that there was only one duration of incul:ation of the firsi

incctrLationi whenever seedli.ngs were harvesteci ior counting the number

<:ri penetratecl larvae, an equal nrwber of seediillqs were placed in a

;--einhors: rnistifie.i: for 4 days tc <iet.:rmine ttre number of larvae which

becaine estaiblíshec1 , anc", there were l-0 replícates of all treatments- Às

ñontr:ols¡ ê. sincrrle ii:cculation of 3-?8(+l-5) larvae $'as left in associacion

for I hours wi.tl tþe roots, r¡rhích rvere then washed to rernove the larvae

,-:::',::::,:n¿.Li to tl".e roots and the seedlings were placed on fresh agiìr for

,i or L6 hou:rr: before t-he number of larvae pene'crated and established

v,'ere dete¡¡¡i¡i:rr.. As a control for 'che secr.;ir'ì inoculation, 96(15) Iarvae

were added 12 hr,¡-'r's after the start of the e:/-perilnenÈ, i.e., fresh

Eit:r:idlings viere i¡oculated when the -'':"i-rst tr'riìî'ú.s were harveste,f for cou.ntingt

¡i-**.1 the number of penetrated and establ.isheä larvae were determined .i.2 hours

j-¡f-er. For tl:re: iic.,ulrle inoculatiorr, i.:c';ì.i Fl-ocedures l.,Tere combined, i.e.,

seedlings wer-'e inoculated with 333(1,15) lar:vae for I hours, then they

hr.r;.e washed rnd place<l on freslr {rc.,'..r' :¿cr 4 lrours before the second

; r-.:r.,i-,.1-:-li.-:iì :f 96 (+.5) .i itr."'ae 'i¡as a¿1,:l-ì(1 ar;d the nurnber of penetratecr and

+.::r.L,li.¡.j-ií,j-r,.'l'1 .¡-tìtl,.ae i-n 'L!re fOo¿S ','.rere counted i2 h.OUrS l¿rter. AnallzSeo

c¡t ¡¡a.r-.i¿ii"c-e ',:::re done on t.tre a.esul.t;"

i:.'t-r,.:xamj-ne the effeci: of in<¡culat,ing the first seminal ïooË of

I"i¡,j.i.'¿r.j an<1 ;.uS 10894 on a later inoctrlatj-on of the secoud or third root,

.tþe fj:-.st roct was inocutatecl with 338(!I5) l¿rr:vae and folloiving 13 liours

j.lcubatiorr a'L 20oC, the roots were washed, transfez'red to new agar and

¿ither the second orEhird root was j-nocuia'Led with 78(+3) lar'¡ae.

ii:,Lension of Section 2.I.1.f) , anð. l¡oth thg r¡umber of penetzated and

establishecl larvae in, the inoculated second or third root were ineasur:ed

after 24 hours incubation at 2OoC. The number of established larvae was

counted following 4 days in a SeinhorsÈ mist.ifier. As the controls, the
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first root only, or either the second or third loot only, or none of the

roots on a seedling were .inoculated with the same density and incubated

for the same duration as the equivaievrt roots when the seedlings were

inoculated at two times. Extension cf the seconri or third root, and

both the number of penetrated ;rnd estel¡lished larvae ín aII the i¡¡cculated

roots were measured. One seeclling of each cultiva:: was placed' ín a petri

dish as describecl previous-1-y and 'l;here were 10 ran.i,omised replications

Of each treatment. Analy:;e:s of ..'ari¿lnce vt,:re done on the results.

The effect of ti¡ne c.Í irrocuiation of the first three seminal

roots of AUS 10894 on extensiol: of, ancl boti-, the penetration and

establishment of larvae in the fcrurth or f i-f'¿h seminal root was ex¿.-irûined -

Each of the first three roo'Ls were inocuLated i:rcfore the fourth a'nd fift:'ti

roots had emerged (O days) v¡i'rr, iO9(+8) larvae, oi'when the fourf-n and

fifth roo't were approximateli'ì:,'rn. Iong (2 Ca¡'s) with I95(+6) lar-¡ae, or

when they v¡ere approximately It mm. long (3 da1:5) with 204(a12) laluaa.

Invasion of larvae ínto the first three roi-¡ts vlas terminated aft.ev 24

hours by washing the larvar,ì trff the roots witir v¡aie:r and the ¡;eetil-''-ngs we:'e

transfer¿'ecL tc fresh agar, 'I'iì.: l,¡'-.;:-..ii r-;¡' f-ifth ront oiÌ ea<:h see¡cìr] ¿ng r':as

inoculate.<i- on day 4 with 1û0(j,9j li.ìr'"¡ä¡: .:i;i.i invasion was tsrmil:ated

24 hor:rs la'3er when the extensi-r'n r;l:-, i¡-ncl -Loth thc nurù)t:r of pener-rat-'eC,

and est..,Jriished larvae in thei;r l-cv-¡i:s wcze ¡Ìreasured as descr::i-bed, abcve.

The num.ber of established larr.,¿:-t:-¡r tne uninoculated fourth or fifth root

wers af so counted and. as control-:;, tl:e exten:.:ion of the fourth or fifth

root on uninoculated seedlings aird the nurnb¡:r of larvae penetrated when

the fourtti or fifth root was t!¡q only root j-noculate<l on a seedling,

hTere measured at the same time ¡rs; the mea.surenents on seedl-r,-ngs inoculated

at two times. Seedlings were incubated at 2OoC and 8 replicates were used

for each treatment. Analyses of variance were done on these results.

A comparison was then made of the effect of inoculation of each
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of the first three seminal roots of AUS IOS94 and Halberd with 24 (13)

Iar:.r¡ae on the react-ion of the fourth or fifth root to inoculation with

16í.{-;¡) l-arvae. The first three roots were inoculaf-ed before the ¡rext

r:lir of roots were visibte an<l one of this next pair was then inoculated

rrhen theT had gr:ovin onto the agar su::lJace. On both occasions, invasion

was terrninated 24 lrorrrs afier inocu]ation as desc:libed previously.

Tncul;ation was at 2OoC throughout the experiment. Eight replicates were

use<l for botll the seedlings inoculated at two tj.rnes and the control

ßâeìd.Li-ìlgs wi:h t-he fourth or fifth root only inoculated. Extensi.on of

ç.:,;r:ir of the f.ì.rst three roots, with and without nematodes, and of the one

inoculated rooL of the next pair wõ:s rneasurí,:d as described above. fhen

t;he number of .i-ar:r'ae in each of the first ¿;hree inoculated, roots and in

i::ì,:r one inocul;rt.etl root of the next pair l'rÊjr:e Counted following the

.ü...,.:rîination of-: invasion, while the other uninoculated root of the ne,llt

Fa.iLr was also exarLined for larvae as â r:itec:k r:rr pcssible contamination

by larvae frcm the first inoculation' Anal''1'sss of variance were done

o:¡ these z:et;u1ts.

i.rrc:ause of t'lr.e ei-'fer:ts of ì-lie tli.fferent inethods of inoculating

it¿'..ì.i':ri-::'rh:¿;:ó.,1,-.fli IO89¿¡ on Lhe restail.isl'ìment and <ievelopment of I{. g:Ê-l-?e,

¿r furi;hez rr,l{;1,írirration was nade of Lhe effect of [I . avql,tSe on the gr.<,rv.rtìr

C'ir 'l-ir,¿ 'c.\.rr,j ùrl-'ì..;ivars. See,Jli.ngs v¡ere germinated and the seedlings

Í.r:,_:.;i_i;.¡,,¡.od. rn growth tulres (section 3.1.1.L) with 425(!II), 532(+?U) a¡rd

';,84:'i+.30) larvae C, 5 and 15 days after sowing respectively, itere cc-rmpared

l-i-j.1-li the unine:ulated seedlings. The number of females was counted and

i:c'th the wet.r:oots (Sectj.on 3"1.I.1) anrj fresh stems were weigired 50 clays

;fr-.t:r sowing for the 5 replici,-tes distributed at random on a tray. A

'students' t test was done to compare each result of the ínoculated and

uninoculated control plants of each cultivar.
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5.2 Results

The numbers of larvae penetrating susceptible (cv. Halberd) and

res:'.sta1t (cvs. AUS 1.0894 & AUS 90248) wheaL ao=ing 24 hours showed

increas..:d variatiou wittrin cultivars as the density of inoculum increaseC.

l¡therefore¡ statÍst-i,ca1 analyses wer:e on treatments inoculated with less

than o:: with ¡nore than 300 larvae and on the combined treatments. A

".i:nilar number penetr:a.tetl the different-. cul.tivars at each density of

inocrrlun (nig. 18) anel a phase of linear increase was followed by a phase

c.-i a cc)nstant nu¡nber penetrating as the density of inoculum inc'veaseC.

Thr:rie separate experiments were ione to compare the effects of

density of ino;ulum on the establis'nnent a,n:'L Cevelopment of larvae in

srrsceptible (cv. Ilalberd) and resísLant (c',¡s" AUS 10894 & AUS 90248):..rheat.

1,.:,, the f irst exlieríment, the numbe= of larr,'¡.e penetrating during t4 àays

(l.¿inle 28) and I eaving over the fol.iouritrg 7 r.tays were similar for the

Liiree Cultiva;::r¿ att,å both of these n'lröe:s of larvae increased with

íncreasing cìe:-,sity of inoculation. A.fter 18 ri.a-ys, a sinilar number of

ìr,.ìÍìlatodes e:.r:ab] ishecl in the roots of ea.ch cuiÈivar at the lowest densíÈy

ç.i. il-¡rcc"'l-.1 "-.i.::irin, but f:ei'r+r establ-isl:.::,-i. in che roots of the resistant

c¡.r.i.i.i-v¿-i:s at- {-'ire higher derrsi.Lies. 'ihe nurnl¡er of established nematccl.crs

ir¡,::feia:-;e,-l ui) to an inoculum dens'tl-y of I23 l.arvae and then remained

(,r'-;.r::;bí:.nt ir: iia.iL:erd, but in the resist¿rnt cultivars the increase cc.'ttinued

tc aii j-¡rccult:nr density of 398 larvae. At the lowest density of inocuJ-um,

ti're nur,rber of lervae which developed was similar in all cultivars, buÈ

fewer developc-:ci in the resistant cultivars than in Halberd at the hiqher

dcnsitiesr anci fewer tended to develop in IrUS 10894 than AUS 90248 at an

irreculum density of 398 larvae. I¡r llalberd and AUS 90248, the n'¡mber

developíng íncreased with density up to an inoculatíon of 398 larvae,

but this increase in AUS 10894 was only up to a d.ensity of 123 larvae.



I

Figure 18 Effect of density of H. .C¡Lglae on nr:rnber of i.arvae

penetrating roots of susce.ptible (cv. Halberd) e.nd

resistant (cvs. AT-IS 10894 & AUS 902481 wheat-

L.S.D. (P = 0.05) of all. treatments

Anal.1'sis of numbers of larvae penetrating rooi:r;

with d-ensities greater than 300 larvae showed no

-oi.{]nif i cant åif f erence between cu}tivars -
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Table 28.

Effect of density of H. avenae on nt¡dber of larvae penetratinq,

estal:1ishí and'devel

ft da.ys afte:: inoculation:

Halberd

AUS 10894

AUS 90248

? '.ìays after izrcculation:

Halberd

AUS 10894

AL|S 90248

l [r ,:;ie...y r: .,:-iì |,:ri r: i.¡rcculaticn:

Ilal.bercl

AUS 10894

AUS 90248

13 clays after inocul¿rtion:

Iialberd

AUS 10894

in Flalberd AI]S 10894

and AUS 90248.

33

No. of Larvae in inoculum

r23 398

No. of larvae penetrated

28 49

25 43

2u 46

L.S.D. (P = 0.05) = L2

l!o. of larvae emerged

519

620

620

L.S.D. (P = 0.05) = P

7

B

6

792

53

57

31

34

I

¿

a

5

5

6

No. of rrematodes establisheil

24

L7

T7

L.S.D. (P = 0.05) - 5

of nematodes developing

L2 16 16

988

811 -

24

18

2l

L2

T2

No

4

4

4AUS 90248

L.S.D. (P = 0.05) = l
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In the second experiment, a narrowell range of densities of

inoculation v¡as used and the nrmber of females was countecl . The uumber

of larvae which established or devel.oped showed the same trends with

increase in derrsity of inoculun (F j.g. 19 a, b) , a phase of line¿',:: increase

in the nu¡nlcer of nematodes foIlowed, b7 a plateau phase in whj.ch the

number remained constant" Eacn cultivar rvas sirnilar with respec'E to the

nunber established or deve.lopect ar- each density of inoculation" Af- low

densities, most of the larrzae v/:-i-ch established wer:e able to develop but

as density of inoculum j-r:r:reased o a smaller-- proportj.on of the established

'! arvae were aÌ.,,Ie to develop '-lnríi the nurnber of este.,blished larvae was

constant. The number of females also showed ¿'. linear ancl plat*:)au phase

with increasing density of inoculation (ri-g. 19 c), but in AUS 10894, the

number decree.sed at the hiEi:i:rii'-'åensity. Th,e change from the linear i:ir

the plateau phase of the r¡.r::il:,:..:: .rf females wËrs; at a lower densiÈ'r, r'.-.l,itn

that for the nurnber of develLol-'rrrg nematodes. irl-though a similar ntlr,!¡er cf

femaÌes developed on the three cultivars at t-be lowest d.ensities, {r}iu-€.r

developed on AUS 90248 thal.r Hal.berd and er;gr') fe\trer developerJ, on r-lrJS i0ti94

than AUS 10248 as the den-:it1' c-''; inccula.iicin incr+:ased.

In the third exp€lriiiì1jjí':t " iitz s¿-rit: .patLery¡ of r;+:nel:ral-;-l::¡ of

larvae was ob.tained (fig. 20\, ;: .-;-ir'ear j-nr:rease j.n th.e nur¡.be:c l,erretrateai,

wh.j.ch was foliowed by a plateau ph*se as Cel:sity of inoci-'.1atlo;i increased,

a-nd. the ilumber of penetrated I il..i!'a€: r/.'as Ejirìrìilar iu the three cuitivars at

each densitw. However, the pl:rtea:-r phrr.se $'as reached at a much lovrer

density crf ínoculum than in the 1:r-ei'ì.ous e:;;'¡eriment on penetration (FiC"

18) " The nrurrber of establíshec. rnd devel-opecl nemaÈocles in tLre three

cultivars were similar at eactr cler*.rsity of inoculation, and although the

number established and develop.:.á were similar at the low density (FiS. 20),

more were established than developed at the higher densities. There was

no significant change in the number of larvae established or developing as



F j-cnrre ì9. Ilffect of densíty of II. av.Ðes on number of

establishecl, developing and femaie nematodes in

susceptible (cv. Halt¡erd) and resistant

(cv::. AUS 10894 & AUS 9O24e) wheat.

(a) N':mber of nematod.er¡ in roots 20 days

' after sowing.

(b) Tlrrmber of nematodes beyond ti:e second

stage of developmenL 2Ü da1'o after sowing.

(c) tdumber of females 35 c3a1's after sowing.

f

I (1) L.S.D. fol.!.owins anall'sis of

Halber,¿, AIJS 10894 a¡rri AUS 90248.

I (2) L.s.D. fori-r;'.ring ârnarysis of

-ì\US Iû894 and AUS 90248.

(¡i; Proposed re.l-at--ion beiween stages of

nematode action in roots of Halberd.

L.S.D. (P - 0.05)
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Irigure 20. Effect of density of H. aYenes on penetratÍon,

este.bLishment and development of larvae and female

deveLopment in susceptible (cv. Halberd) and

resistant (cvs. AUS 10891¡ & AUS 90248) wheat.

L.S.D. (P = 0"c5)

(1) turalysis of the number of larvae penetrating

roots.

(2) Analysis of the nu¡rúcer oi- establishecl and

developed nematoCes.

i:i) Analysis of the nwùrer: cf females on the

three cu.ft-j-vars.

l4l Analysís c'f tl:e n't¡nÌ-¡:i' of females on

AUS .10894 and AUS 90248.
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density of inocul-'¿m increased and' these numbers were less than that

obtainect in the previous experiment (Fig. 19). However, -'he m¡rrlcer of

females arid the pattern of production with increasing incculunr .lensity

(rig. 20) were s:Lrnilar to the previous expeïiment (Fís. 19), except thal:

the nr:mber of femal-es on AUS 90248 was reduced to equal the nlfirber rin

l\lJS I.0894 at the higher densities of inocul-um. The nur,iber of. femalos

on Flalberil at the two lowest densities of inoculum wa.s s-pproxirralely

half that of the nr-rm-ber of larvae penetrating (FiS. 20) ancl ¿tt the next

highest density, were approximatel-y half th¿rt of the nr¡r'Jre3i i:f {1.':rieloping

Iarvae"

Two separate experiments exainined the effect of different

inoculations on the number of male and female nematodes developed on

susceptible ancl resistant cultívars. In the first of th::s':, 'lhe number

of maies and females on Halberd and AU5 i0894 l^rere comp¡ireci ', 'Ihe nunber

of femaj-c;:: oir ÏIalberd increased initially when larvae were a-dced 12 days

aft<-:r s(-iv;j_rrg (table 29) but then remained constant while the number of

Table 29.

tì:ife.,;t of density of I-I . avenae c.tn Dtlmber of male ¿.¡lC ii-:¡i¿.--I-r:

nematc;des on Halberd and AUS 10894.

No of lar:'¿ae in inoculum No" of females

Ha.lberd AUS 10894 Halbercl l\Uíi i 089.iDcY- o-

500

500

500

500

500

Day 12

0

750

1,500

3,000

6r000

(e = 0.05)

22

34

37

39

I

2

3

2

I

No " oÍ ma] es

2A

64

80

l0

l_5

13

T4

13

65

=1I :3IL. S.D.

39 114
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males not only increased initially but-. also continued to Íncrease as the

density of the second inocutatíon increased. I{ith larvae added only at

sow.i,ng, a sj-mila-r m:rnber of males and femalu" o.",rrted in Halberd, but

r+i.th a second inoculation, the male -'o female ratio gradually increased

v¡ith the density of larvae. I{o\+'ever, AUS 10894 had f ewer ¡nales and

females bha:r ilalberd and these nunloers were similar in aI1 the inoculation

Lreatrrrents.

In tire other e>rperiment, the number of males and females on

r:rsr.:epi-ibl-e ai-¿cl resistant cultivars of wheat and barley were compared.

,lr.vie ¡ru¡nber c\J: mal-es <¡n the four cultívars, except betr+een AUS 10894 arrd

Morocco with t¡e double inoculatiot:, t¡as s j.irrlar rvithin each of the

inoculations (fa¡l-e 30) and between the sirrgle inoculation 10 days after

T;l'l-r-' 30

Effect oí: time and densit å' cf inoc'-lJ-atio¡t of H. avenae

on ntrrrf<'er of adult nematode;-: cTÌ tjr'ls;ceptible (cv. Halberd)

ancr resistant cv. AUS 1,A894) lr'heat, and susce bIe

{cv. Cl-iÞ;:er ) and re:;i-s La¡it (cv. !"lorocco) barlev.

å No. Ia-r-";'le i.n inccluium: 332 i 6 on liay 0

504 + 7 on Day 10

.Ir.:+cui¡rl-i.cn No. of femal.es No. of males

(it:r\';.¡ fi:om sowing)

Fialber.l

Àus 1ixr94

Clipper

Morocco

L. S.D. (P = 0.05)

10 0&I0 1_0 0&I0

23 50 58

25 60 4r

22 50 59

14 64 7L

o

I4

T4

I

L9

9_

32r
1 0

t

0

-t_J

o 0

=23
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sowing and inocuiation at both ti¡rieE;, ìi-rit fewe¡: inales <ievelopcd fclJ-orving

the single inoculation at sorving. The::e were Ilo females on the resistant

ba::ley (cv. Morocco), very few on lîesistant wheat (cv" AUS 10894) with

each j.noculatj-on and very fernr a.Iso on susceptiT¡Ie wheat (cv' Halberd)

¿nd susceptible bartey (cv. Clipper) rn¡r:-th the single inoculation I0 days

a'fter sr.l¡-i-ng. More feirtalss flgvelo¡rr:d on both susceptible cultivars when

j-nocr.:1ated twice than with either of the single inoculations, and the

si.ngte inocu-ì a.tion at sowing produced more f emales t'han I0 days later '

.h'itÌr e;ich t-v¡e of inoculation, the number of females on HaIberC and

C':.ípper was sj.milar.

The e,ffects of Halberd ai^,.I AUS 10P94 on g. aver¡ge were coir"pared

under field conS:i,tíons. AE 22 da1's after siolr"i-ng the total nr¡nber of

ii.- q{enae in th:, roots was simila:- fcr boti. c'¡Itivars and all the

rii::;!,ttodes wer€ second stage lar:vae (¡'jg. ;11). I'o1"lowing further gro'cth of

ií¿fberd, the tola]- number and numher c'Í rìevel.oping nernatodes increased and

the number of: second-stage larva-e rei¡.ained the same for at least 17 clays

lrefore decre¿rsinq. llowever, v;iti-t .',''.i¡-'ther growf-h of AUS 10894, the

i!-,1Ìi:r,:r 13f .56.ç:çrnd.-starle: li.r.-rvae decre:¿¡ed,, the tctal ntrmber of nematcr.les

i.:.,.',ui.r:1. i...c ðec:t¡ase a1d, r.>nj.y a few oi the:iematodes begatl development.

i).r..o! 1q.¡;'..-iìr- t;í.s similar iit botil cuj,li,ivars (TabIe 31) until ír4 days ¿ìfti)r

Tal¡le 3l-.

iìffecL of H. avenae on fresLi root we t and n'.:rnber of

Ha1bercl a-nrl AUS 1089;4 ÇÍor'r'rl under fietd conditions.

Fresh root v/ei t (s) l{o. gaI1s,/plant

Days from sow.ing

Halberd

AUS 10894

22 4A 64 22 64

0. t1
0.11

0.11

0 .16

0.43

0. 3r

I.I
o.2

53

L.S.D. (e = 0.05) = O.08 -7

3
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Figure 21. Ef f e,ct of growi.ng susceptible (cv. Ha1bercl) and

reoi¡;tant (cv. AUS 10894) whee: in the fiel-d or:

nrrîii¡lr of H. avenae in roots ¿¿t different timr':-',-:

afLe,: sowing.

L. S.D. (P = 0.05)
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sowing when the roots of llalberd \,u'ere heavier than AUS 10894. This

Íncrease in root weight was 1>robably due to the increased number of galis

i.nduced by the nematodes on lialhercl , as this was the only time when

either cultivar showed a significiant correlatioí coefficient (t[U] = 0.9814)

bet,"veen the number of devel.op-ii.E nenatodes a:rd:loot weight-, and- this was

obtained with }Ialberd. Ali tÏ¡.) seminai roots of Halberd were inie<'ted

by nematocles several tinies but only tite fj-rst thrttr¿ or four serr-'i-iral roois

appeared to be infected once oÌ'r Ar-lS t0894 and the other roots did rrot

appear affected (Plate 4) . Tire ¡rumbe-r of :retnatocles other th¡¿n H. avefiôq

wa.s a-l.so corrnted, and a1t'nc-,uc1i: +.iri: nr:nber r--'.1 these increaseC during the

growth of plants, no signíf'íc¿.-;,,':. d.ífferet.ce occurred betv¡een the number

on HaÌberd and AIIS 10894.

Because of the appearance of the rr.)3ì:s of AUS 10894 ex¿¡¡lined

from the fie]d, a further f i..u .laÌ¡oratory ex¡,'ei:iinents examined ti-.e effe':i.

of inocul¿rtion of AUS 1089.i o:r iìl'e later pe::eLr-attion and establislxrre:rt of

larvae.

Two expe::iments e>:amined the localised effect by inocula*-,ing

the same roct on two separ¿ri:: çr:casions. .i.n the fjrst expe:1 ir:ien'l , llter€:

was no dif fe:rence in the ¡,ì:t'ib,:':i i.':i i:1;.¡;=.¡3,:, penetrati¡r'i i:i¡r: fir:st setrij-n:1

root of lla.lberd and AUS I0834 '.;-Lti..-ì-:-: i::¿,--:!ì. i¡:rocula,ticn iTablf: 32:).

IÍov¡ever, scr'iÈ effect of the fj-y¡.i: j.r',ocl.¡.i;rr-i':rì orì penet-r:etion of -iarvae in

tÌ¿ê ser-írnr-ì inoculation showeC, i:,<:¡ç:atts.: w.i-Lh Lhe double i.nocrrl-ations, the

clífferel'tue betweerr lhe numl,.er r-¡1'. i;'¡.i:,,'a:,-3 r,ih-r-Çh penetrated tÌa.l-berd, when

j-rrvasio¡r of Iarva-e in the firs'L i-'.roc:i.llation increased from 1l to 1.0 hours,

r¡/as greater than that for .AUS :l O'Õ94.

Ln the second experi:¡r1nt there vrere no ilifferences i-n the

number of larvae penetratÍng or rstablishÍng in lfalbe¡-d or ,rrUS 10894

following inoculations at only one time (fable 33), but both numbers were

greater in l{alberd than AUS 10894 fotlowing the inoculation at two times.

The number of l.arvae in roots 1.2 and 24 hou¡rs aft-er starting the first



Pla-ue 4. Tnfested seminal roots of susceptible and. resistant

wheats coll-ected 63 days after sowing near rdi;¡,lsor

durinE L974.

(a)

(b)

Susceptible - cv. Halberd

ResistanÈ - cv. AUS 10894.
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Table 32.

Effect' of densitYo dura tio¡r and ntunber of inoculations

<¡f If . avenae on netratio n of larvae into the ílrst

serninal root of uali¡erd and AUS 10894.

TNCCULATTON I
- No. of larvae

_ Duration (Hrs.)

INOCULATION 2

- No. of I;¿rvae

Nos. of fg.t*g_i"
- HaIl:er'J

- F.US .10394

L" S .Ð. i:.: = 0.05)

296 296

4 10

o 0

296 295

4 l-u

7tj ll)

o

0

70

4

5

1B

20

¿:.Y)

22

2L IO

20 12

=1, =$

Table 33.

Ei-i:.:ct- of density, nr¡nber of inoculation and duratic¡;r

aft.er i.noculation of H. avenae on tration i¿¡ld.

estal:lishmenc of 1arvae v¡ithin the first seirirl,l-]-

root of Halberd a¡id l\US 10894.

T}.|ç,:ULATTON I
l:lo. of la::vae

Duration (Hrs.)

TNOCUT,ATÍON 2

lSo. of la::vae

No. Penetratecl
Ha.lberd

AUS i.0894

No,. Estab]-ished
Halberd

338 338 338 0

L2 24 0 o

o 0 96 96

2L 2L 35 15

I9 20 23
L. S.D. (p = 0.05)

17
=$

L2 T7

T2

19 13

I L2
(P = 0.05)

I
=ÇL. S.D.

AUS 10894
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inoculation were the satne in b<¡th cultivars and similar to the nunber

in AUS IOB94 following inoculat--ioir at two times, but in Halberd' the

number following inocul,aticn at Lwo times seemec to be the additive

ef fect of the tvro s-ingl.e inoc:-'la+-i,>ns . Ti'¡e::ef ore ' penetraticn of larr"ae

i' the secc¡rrn inoculation was inhibiced in AUS 10894 but not in Ha-lberd.

l.lo additive effect occurT:€:'¿ rvir:l¡- the n'¿rnber: of -]-a'rl'ae estabi'isher] and

this number was not increa.sed ii' ej-ther cul-'Livar by the second

inoculation, hovTever, fel.:e:r la::vae tendecl to be established 12 hours afÈer

the first incculation th¡ri: af 'l;r+r 24 hours '

One of the experi¡irt,i:i:,."i exa¡nineci the effecrl' of inoculating the

first seminar root on growth of roots and l-*-rth the penetratíorr and'

establishment of larvae following inoculat-i-on of one of the next ¡:'ai-r of

roots. Extension of equiv'ri-c:"ii: roots (Tabl(: 34) and both the nr¡rb':r of

'Jr¿i¡.t.e 34.

Effect of an initial i.::-<,;r;u1a t-ion of t-.t:c, first and a

later inoculation nf the second t-'r third seminal

root wittr H. av4ii'i":ì,e ,,iLr exten; i c,:i (rnrtt . ) llf the

Iat-er inoculatt: 1 ::ci',;':{ :-:¡:i;'-ri:.,-il and. AI-i¡t -iüE94.

No. of Larvae
Semi.nal I

Seminal 2 or 3

33û 338 0

78 78

Rc¡ot- E;tension (mm. )
IIalberd 1645

1.665
l,"s.D. (P = o.05) = J

Ar;'s 10894

penetrated and estal¡Iíshed larvae in the roots (Table 35) were the same

for both cultivars. There was no influence of the inoculated first

seminal root on larvae invading one of the next pair of roots.

n

0

t8

19
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'I'abIe 35 
"

Effect of an initia I inoculation of the fír st and a later

inoculation of the second or third semina-I root with

.r-r-. the later inocul ated ::clot o t HalL¡erd and AUS 10894.
aj -----

Dfcs of larvae
Seminal I

SenÍnal 2 or: 3

0 338 0 338

No. Penetraterl No. Established

Halberd

AUS tc894

I1 1I 10 L2

T2

7B 78 7B 78

IO 99

(N.5. )

Therefore, tWO e>çerimer:'l:t tì>¡alIljr¿:d 'che effect of inoculat'ing

¡;i-rt:, first three semlnal roots on the fourÈh and fi-fth root' rn the first

experiment, t.l:ere: was no significan¡ çfflcL of delaying irtoculation of

t.he first tl:r*e..:oot-.s from before,. at arrcl' after appearance of roots 4

el:il: 5 on th¡-.j extensir-'n of roots { and 5 iollowing their inoculation

íi.lr.i),tc .li) ^ 
-aut exteyi¡;-i'l;i-. tended fíJ l,:e "etiuce'l with ea'--'h delay' Bcr-h

t-ir¡¡ nrrnil.¡er of penetratecl anC establ-ished larvae in either the fourtir or

fil:itr roct: illcreased vlith each <1a3'a¡' -r-n 'inocuration of the first three

:,.+.r.,,¡--g. Howeve::, increased Cross cont-amj-nation by larl'ae following :ach

de.i ;ry in i¡roculation of the f irst three seminal roots to roots 4 an:l 5

v¡a:r Í;ho,,vn by ar: increase i n the nunÌ:er of e*stablished larvae in the

unj-noculated ::oot 4, or 5, on a seeclling'

In tTle second experiment, 1;he fi:rst three seninal roots of botlt

iiaiberd and AUS IOg94 were inoculat-ed before the appearance of roots 4

and 5. Root extension of, and the number of penetrated larvae in the first

three seminal roots of Ilalberd and AUS 10894 were the same (Table 37) and
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Effect
'I'ab1e 36.

of timé of an ini-tial incculation óf the first thr:ee and a

Iater inocula'Lion of the for:ri;h or fifth semínal root v¡ith
s H. avenae on extensi.cn of and aÈicn and

establishment of larva.r in 'i hr-- iate:-- inoculated root of AUS I0894.

INOCULATION I (Seminal l,
No. of larvae

time (oays)

INOCLILATION 2 (Seminal 4 ,rr' 5i
No. of larvae

0 209 195 204

0 2 3

rl 100 I tC 100 100

0

0

L. S. r).
(P = 0.05)

3

iì

F-oot- Extensiorr (¡nm. )

Penetrati-on (No. )

lB 5 5 3 2

L4 l:i 16 22

Establishment (No.)
Inoculat-ed root 7

Uninoculated root 3

Effect- of an initial inocul at-ion of the ri¡'st three and a la'rc::

inocu-lation of the fourLh or fifth s.:l,inal root with H. avÊIìi¿ìe
-æ:a:::3

on 'Ehe extens j-on (n¡',i. .- t;' and ji.i-aÈion a n,i establisl¡nent.

of larvae in, the 'i i1ç.rç1¡.1.¡ ¡1i;r,¡-l r:cr-. l:J cf Halbe:¡.i ¡:nd AIIS 10U94

INOCULATIOI.í I (Seminal l, 2,
No. of larvae

J.¡ f<oct- ì. ,2 ,3 Root 4 or 5

24 0 24

9

4

6

I
2

'L':.rble 37.

nTOCULÞ,TIr-rDl 2 (Semínal 4 or 5|
btro. c.,r larvae

Root Ext.eltsicn (mm. )

HaIbei:cì

AUS 10894

Penetratíon (wos.)
Halberd

3

(r

I6

I8

I9

lro

3

i6

4

5

(n. s. )

t6

7

I

5

7

7

(N.s. )

6

6 5AUS 10894
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there vJas no difference between these three roots on a seeclling' vlhen

root 4, or 5 was inoculatecl at a later time, root extension of' and'Xlie

number of penetrated larvae were the same for both cultivars and was not

affected by tire earlier j.:roculatj-on. There vlere no larvae in the

uninoculated roots when the,v we,'?e exa:ained'

l,7hen the effect of 4. gvq11€ on the sl:owth of llalberd or-'

AUS 10894 vlas examined, wet: root vteight in both cult'ivars w¿ts similar

(ta¡te :g) and rr'hile fresb. wei.c;ht of stem. \'fas not 5;'ignificantly less in

T¿¡¡i.le 38 "

Effect of H. aveTì¿ìe Lr:r number of fe¡nales arrd

o f Halberci. and AUS 10îi94.

I{alberd AUS 10894
C+r:i:roi Inocul.ated Control Inacu-r.at"eci

No. of females

Roct Weight (S.)

Stem !,leight (S.)

0

9

I

36*

2.C

2."1

I

0

6

I

z

1.5

I 'l-'.
JtJ{ 3

*

Halbe::d, it wa.S lesS in ¡ilÎíi lÛ3Í;1':'.:''¡:li.-l 1r1,'irir-¡ a compar:i ¡;i:ìn Of the

inoculated and uninoculated pi.i::i::= iril) iays ¿.¡¡"r sowi:r'-:;' t''lany ie;r'ales

deveì-ope,i on ilalberd, but excepi:. fo]: c¡t':;''-i':-.r'nt v¡hich p'-rcduccr<ì 5 ;-emales'

ej-ther 0 ;r I female developed riil i+l-lS ]-îtl,g4. AIso, the fresh stem v'eight

of the cire plant of AUS 10894 t^r.ii'li:5 fenrai.es r"ras sirnilar to that of the

uninocuÌated Plants.

s. 3 ÞZggS¡""
Invasion of resistant plants by neina.todes has ofterr beer¡

confirmed so that resistance eoes not depend on barriers obstructiug the

entry of nematodes. Sometimes invasion was less (Shepherd, 1959¡

Dropkin e l.^tebb , 1967) but often was not affected by resistance of the host

SigrrificantatP=0.05
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bar.r:iey had no ef f ect on ínvasion of I{. avenae (Cotton I L967) and there

hras no cffect oi: resistant culti""t" ", -*-a on' invasion of this nematocle.

Vlhen iuvasion v/as affecteclr €"9. ¡ incubai:-i-on at 20oC instead of 15oC

follorvirrl inoc:u1at-i-on, the same effect occur:recl on t"he resistant and

susceptibl.c cultivars, ancl this effect was difficult to expla-in because

the nrotility of larvae was likely Lcr be sitnilar at both temperatures

(tsa_nyer ¡. Fisher ? L972,). Therefore, invasion of larvae into a single root

oi res:i-s.!ant: c:rl--jvars of wheat vras probably at ranclom and simiiar to tha-t

Ccsc::ibed flr: susceptible wheat in Section 2.1.

Althour¡h some symptomatic respons6ì, such as a necrotic or hyper-

sensitive reacl-'ì r:¡n, is usually show:i by rer:istant roots it is not

¡ t:entíal for 'ci-:e expression of resi.s{iance iry the plant (Dropkin , L969)

::.:.:.1 does not a-Lways occur (Reynold-s St- ù., 1970; Fassuliotis, 1970), but

í<:sjistance is i:r,i',:cjed soon after infs,<:Lir.n beqins (propkin, 1969). Larvae

of H. avena_g- had established in susccrptibi-e and resistant roots of wireat

w1L.hin 12 hc¡il¡:s, cytt:Iogical striJi:::: siiowed r:+:sistarrce in cotton to

i.:=r;:-|.;,:,':.ìgi:t:':]-q.95rlt1t':. crÜ(l;il;ied in ¿18 'ii<>i-r'rs (ltcclure 
"t- "!', 

]-91 4 b) atid'

i¿'!.?:ï.i1.11 c'f l1f-::.1*!çgrc- j:-cllg:lii¡l e-iå*a lef L roots of ::es-istant alfa-l-fa

¿,.i'cer *î ,1:1,,¡,, (Hey¡rolds gi *f ., l-9701 . Aiso, fewer nematodes develotred

i¡r r..¡r;.i :ita:-,t ti:a.n suscepti-l>Ie roots because larvae migrated t'ro¡n'the ror¡ts

(;<'..1-,;o.i-.d.s .i:rL,, l-970) , second stage l-arvae died j-n the root--s (Shephercl ,

ig:)Íj) i:,:l syncy-,;-ia. v¡ere initiated and then degenerated before l-¿rrval

<l.ev,elopment bcTan (Endo, Lg65i " A sj:nílar number may develop with fewer

yìr-.'rìletodes beconing fema-le because inadequate syncytia v¡ere developed

íir,:+.t;suliotis, 1970) or syncyt:i.a clegenerated. and the nematodes <l-ied before

tirey become adult (McClure et al . , l-97 4 b) -

No cytological stuclies were done on resistance in wheat to

H. avenae, but the same number of l.arvae migrated out of resistant and
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susceptible roots" resulting in the same number of l.arvae remaining in

the root:s and the same nt¡nber of nematodes der¡elopiug beyoncl the second

stage of development at eacir dens.ì-ty of inocul-ation. The nunrber of

female nematocjes were sini.lar ¡rt lcw detrsit-.ies, but then more fernal.es

developed on Halberd than the resistanlr cultivars and more developed

orr AUS TA2.LB ihan AUS lOB94 ¿5 .lsnsiLv cf inoculatìon was inc::eascd.

Therefore, not all larvae w.ere ak;Ie to initiate suitable syrlcytia in

resistant- rocts to devefoir into females ar'd either sone developme¡rt of

these nematodes occurred;;efo::e: t-i rcry died i>: they cleveloped into males.

i\lthough sex reversal may ha'te lr,:cr:rred, th'-: greater ratio of males to

females in resístant than susceptible roots i,ras more likely the .result

of the recluct-ion in the nunber of females, and if more males devel"oped,

this was probably due to t-l,;e :;:lective estaÏ¡lieirment of male larr¡âe; irì

the same \iìanner as that descr:ì.i:r.i1 for the cha;lctes in the sex ratio on

susceptible plants as inoculum <tensity increase:d (Sectíon 3.2.3).

Therefore, the mechanis¡n of resj.s¿an(:e occurring at a singìe

root tip of l¡heat followir,g a. si-ng1e ínociLL.atj.on with larvat: of 1!'. ,:velì.ae

\^tas ind'.ir-red following int'ar-;io¡;. '-',.1': 
{¡:iri:::¡':ci:. i>y larv-:r+'-'. fnr¡asr"";r't;t-*

nematOde \^rais l:andom and whc:rr lr.,¡"i.i i:r',;tbe ,:s: :i-;rVaded, ii:t^, .LarVae

r:stablisl,efl and developed nc'rrr,iäl.i-j, i l.t<tr.;e,.,.rcrr as the r.ur¡J¡e¡ ;.¡v¿riin$

increaseC, the first larva l¡lqr +;'ll¡ rooi- ristabl,isheC, cle',reloped norrrally

and índrrced a resistant mechanií,iii .,.rllicli ¡:irtr'leitted female larvae enÈeri-ng

after tìre¡i from forming sui.ta]^,-le syrì.cytia to ]recome females. These later

larvae, poterrtially female, eith;.ilî renainerl ¿:nd dieri or migrated out of

the root, rvhile those larvae v¡ir:i-ch were po'¡-entially rnales' were abl-e to

establ-ish and develop because their requirements were Less than that for:

development of female larvae' so far, no symptoma-tic response '¡rourd be

shown by the p1ant, but as the number of larvae invadi-ng roots increased,

eventually a hypersensitive reaction occurred and the degeneration of
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,J!,ñ^rr{-.iâ nro\/ênl--ed fem.ale br:t al-l-owed male development" Thus, two
ÞJ ¿ru j L.Lq y! u r e¡rr

phases i.n the resisÈance mechanism seemecl, iikely and the number of larvae

in,¡;:.åi.ng roots to induce these mechanisms cli-ffered for: AUS 90248 and

.I-IIS 1Cg94 as r::hey supported a differ:ent ntrmber: of females as detrsity of

inocula.l-ron j.¡tcrea.sed .

ThenumberofH.?.Y9.4q9-wj.thinrootsofHalberdandAUSl0B94

wet:e counted frorn plants growî. in the field a-nd initially both cultivars

a,,jnl-ainerL Lhe same nrrinJrer of sec<.¡n<1-stage larvae. !'rom then on, the

t:r.-.mj-.e.1 of ne".oatodes developing in HalÌ:erd continued to increase as

l,¿::va€: contínr:ally invaded the rooLs while the nuinber of larvae iir

AUS 10894 dec:rr:ased and only a fe-r* of the la-rvae began derrelopment' Also'

there was an ãrverage of 53 galls on rc¡ots of llalberd and only 3 gal-Is on

l¡Ì15 10894, sugc-ì:1iti.ng the first three semjnal- l:oots of the resistant'

i::.!lj.tivarwereili-.1¿rdedsimilarlytÒti.loseof.thesrrsceptiblecultivar'but

eh.;.¡ roots which tjtrrerged after these *itl,er escaped invasion or contj-nued

to grovr desp:! ie -tnrrasion. A simi-l-az oi,servaiion on AUS 10894 was macle

)r:,r7 Browno J, (J.g74), and thereÍore j IIOL only had a lr'calised mechanj's;tii

;:-: rjs::Crj..n..,':'l iOr inocr'¡1.;l-i:-iOn Of a si.qie root oCCl.¡rred On the firsi:

!rì:.liri-r):r.l ritri:s, but a.l-sc i:ilc ::e' :;is'i:a:',ce hacl probably a.l-ready been j-n<ìu'r:ed'

.l.;¡-Ll i:he ûl:lie:r roots. I::r ad<ii,-uÍo¡r r:o this, field observations and 1¡i:or'-+;h

sì._irij.es (sect-:,on 4) suggestecr AUs 10894 was nìore toler:ant to:1. fl9_lg1

t.na.il l{.r:-i.k,.:.rr.l , and this tolera,nce was likefy to relate to the induce:d

.reúj-stanee of .rl-l roo"¿s follor'ring t-.he irritial invasion of nematodes'

Ali:l,,.rugh a s-isiilar effect occurred in one growÈh :oom stitciT

in u,hich there: was no increase in the nurrLlcer of males on AUS 10894

foJ-],-owing inoculation at ivro separate times witå different densities of

j_arvae, this vras not repeated in a later e-!¡"perilnent. AIso, the laboratory

stuclies in which different roots were inoculated with a c1e1ay between

inoculations did noL give any indication of a transfer of resistance from
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ônâ seminêl rÕôt 1-*o a^nother. Beca-r-l-se t-hese tnrer:e prelim-'i-nary studies an<l

tine did not permit continued investiga-ticrns, there \^¡ere many possíbJ.e

exl,lerraLíons of this failure to demonstrate the translocation of

rcsistance rçitlrin AUS 10894 and further sl:udies neecf io be done on this

;spect. Ilowever:, a high ini-t-ial d,cr-rs.it-y of inocul.tilÌì prevetlted invasion

of larrr".e fr:orn a seconci inoculur, ot'r the same root and. d.emonstral-ed a

change in the mechanisff of local resistance wíth increased density of

¡'rernatodeE:. 5'herefore, the react-ion of a resistant rr'heat to j-nfection.

ì,;r$ ä.lr.¡c. J-il.c,r.1z to change with the initial density of nematod.es i.nvading

t::e plant.

In h:';stoJ-ogical investigc:tj-ons of l'-he host-nema.tccle relati.on-

slrip of U. g_ul.É and resistant culi.ivars o:1 barley and oat (Cook, I9'1 4J,

):ii'vae invading barley stimulated t.ire initì-ai..r-on of syncytia and the cyto-

;:,j::.Sm of these celfs became Sparse anC vacuo-lated, while invasion of oat

t.i.:,-:iË normally foJ.lc-,wed by hyperplasie. a¡rc.ì necrosis which prevented the

initiation of syncytia. No experir¡erLtal d.r:tails were given with these

sl;nclusione, ¡tnd diffr:::ent hist.o)-ogj-rlâr1. iîespo!ìiìes by i-,arley and oat tcr

Í,tìir:¿i.t-{.ìr.i¿-ì -;irr.'iigj,on m¿rv ()fc[ì-r vrj-th di:^r-crt:rrf- densitjes of inoculum, ].ê. r

e ì,1',i¡i,:-.:r ri*:-i:;icy of ne::i-,a';;l-tcles inc'cu.io.tec1 onto barley rrìay cause a sir¡.il.a.r

li-ìstoi.ogic¡--i i:eaction to îna+- repoz.tecl on oat, and a lower clensity of

r.:i¡';r',a'¡.ocles.,,',j-tl: oat may gi';e a similar hlsLological response 1-o r"-hai.. on

i;ar1,-¿i'v. I{c',.;e:"'er, t:wo differ:e¡rt histolcgical responses within resistant

t:e¡:taTt to [. Êven4e llave k¡ee¡r re-ported and the response may be de¡:ettdent

ttporr the Jens-¡,ty of nematode invading the r:oots.

Tile follo\','ing seque¡rce of Lesponses of resistant wheat prokrably

c,c,:urred as the densi-ty of neiratod.es increasecl . When a low nurnber of

larvae invaded the early seminal roots cluring germination of the host,

penetration, estabtishment and developnrent of larvae to adults was

unaffected, but sufficient reaction by the host may have occurred to
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j-nd¡ce resistancr-: in the ::oots which developeC I¿rter. As this initial

density of nematocles j-ncreased., a localised resistance was inducecl which

inhibited female clevelopment and there was no further j-rrcreas'+ in the

nunlber of females, while resistance was probably still indu¡,ecL into the

l.ater roots. This inhibition of femal-e de"¿elopment was posr;ibJ-y a-

cieiayeC intr:oduction of the lcr:alised mechanism of resi¡-tanc¡. '¡"hici,

tu-as exfrï:essed by either a degeneration of syncyt-ia or hyperplasj.a and

¡ecrosis preventj-nc¡ the in-i-tiation of fr:rther syncytia. Further increases

in the in-it-ial densíty of nematodes continued to affeci. f6¡¡;r¿l-ç '-ri-;'relop-

mentrandalt-horrghthenurnberoffer'al-sswasconstantatf:iÌ'':'i¡aclensil'l'v-

waË Leached when the nr:nber of females decreased and eventually no

female¡s deve,ì-ope,å on the roots. These changes implied an ea-rlieT

introclur:tior, of tire localised mechanism v¡ithin the root i¡i-i:ir +-h.e

inc::easeC, rate of invasion as the initial density incre'-;se':.1 i;';;til no

femalei; O".rs¡.Lr¡pt:d and no resistance v¡as transferred to the o1:iÌer roots.

The i^içr:r:tance of fenrale development in the transfer of resístance betw¿ei-¡

ror:t:; .*¡as ai.so i¡rplied and favoured the earlier introd'-i'r:1.:-c,i of a h.vpel:--

se¡grt;ve reactj.on a; initial density of Ilematodes inc::caer.:ii

l.urther, simil-ar sùudies with histological anC l¡i¡,"1¡,--'¡r',:'::.:ì-

si;..ucli.:s are requireC to verify tirese chatrges in the resj-.';tai'.¡trì iìií.jch:'r)i:'lri

of rr'heat with increa-sing densit-¡ of ne¡r;todes. The time of- 1.:'"ie ;'::j-tj-¡Ll-

invasícn by the nematode detennined the number of roots per;t;lizl:i'tr j-riier-:i;eil

<.:¡r resístant cultivars by the n.ematoqe a-s each root infecteci .''.i: tlrri,s; ti.rne

reactecl incle¡:'endently of the c,bher: rooËs. Changes in the irliljial deltsi'¿.'

ancl time of invasion caused anomolies in the resultsr ê.9.¡ êl irrcreasc

in the nq¡nbe¡: qf males fclllowing two irrocul-ations, the effe,:L gn the

penr:tration of larvae in a later inoculum and. the change frorrt a tolerant

to an intolerant reaction in AUS 10894, and these can be expJ-ained by the

mechanisms of resista¡rce whj-ch have been proposed-
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The few females rvhich normally devel,;p otr t-he resistant cultivars

of r,r'ì:eat can be e>çlained by random est-abl-isLunent and clevelopment of

ferra.Ie Jarvae. Therefore, these females are a result of the mechanism of

resistance an,J nct the selection and <leveioprnent of a minor bi.otype within

È.he nenraLode population, AIso, OrFr.iezr & Fisher (L974) suggested Loros

(i\US 90248) may have been susceptiL'le to one population and that two

biotl,pes of g. {sg?g_ måy occur in Scu-'h Australia. The hígher number of

females counLed on AUS gO24B coul.d have resulted from a late infectlcn of

.¡ 1or,' clensitz oí nematodes and this provides a more Iikely hypoi:hesis to

't.l',¡"t of a biotype effect.

Mucl: of this discussíoir :i.s hypoth'.:tica1, but is consistent with

t-he results oli'ca:-ned and shows more is invnl..'ed in the mechanism of

.lir..;istance in r,'|.:at to H. avenae thsn the localised and hyperserrsitive

j:{::ìrt.xtions of !csi-.s to fungal infection (Day, 1973). A1so, due to the

r:r:.Lationship be'uw*en female d.eveloplrrt:ni: anri the transfer of resistance

between roots c¡f the host, growtli rec;rriators and the balance beLween growth

rr.:gulators a:id phenoi-ics (hrall;:ce, i-973) may be invol-ved in more than

i.:(j:i-'ri",i.:jc: ¿ridi hyperselis,i'Li.tte respolls€::ì of Ìrosts to invasion.
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5 H}IAIVIINATION OF I'I. AV.EI.T?\'E I.ROIV.!. DÏFI¡F;I"ìT-I'ÌT] S.LTES FOF Ij].OT]IIPES

Dif fe::enl- biotypes of Il. -{ç}gg have been íderrt"i-f iecl within

lluroÌ)e (Anderseii, 1959; Cotben, "'l-963; Kort qt !:i.'¡ 19rr4; Neubev:t,

.1 166), l¡ut tr'Ïlcn 1-he Euro¡rean Èer:;t- t:i-rJ-'bivar:s \^¡'erê usêd in Victori-a, one

kriotype ¡l-riclr dìff,,:recl f:roiu tire Ei:i-'cpean biotl'pes rvas este-Ìrl-ished

(ülcwn, ii"r 1,9.c9) anrl acldi.tiolf'".r¡l¡r,;rt: for tlie single biotype has l:e'¡':n

r-ep,-rr:i:erd. (Brov¡n & Meaghor t L9'7C; Rlowrr, 1ì., l-974). Two i:iotypes in

Sout-h Aus.rtraiia rvere í¡ossible (o'Brien c l---i-sher r 1.274), Ì-:ït{:. ait

i3'.'.;-i-i;,;¡-liçnia.l- eifect vias the rnore likely e:rpla.nation of the va::i.ation i-n

::i,:,cticn reporded for AUS 90248"

Bec¿iuse of the pcssibilit:y of biotr,;pes of H. qYglgg- break;-ng

clovrt the resís;i-.alrce introdrrced in1:o a ne\.,r ,;u.ì tivar, furtìrer assess¡nenLr;

r,:.:ro lûêde of t-r:: presence of biotl'pt:*q withi¡: South Australi-a. These

at.3:-;íissments ar:e tlíseussed in this sec:trron -

ù "L rllaterialri ar'(:i ltet-hoc1s

Tl::.¿e di-fferent assesìsnic.:rts wêre do¡:e of the reaciíon of cei:eaf

i:¡-i-it-.j-vars; tr: E. g!.gy¡j.j from cli.ffci.'ent:,rj-tes ùiirc:r-ighoi:t t-.he cereal grcvri.ng

rìT'.?i-:;: ,'.i' i-:'.r;i+-þ Ãrist::;L-'.:i.:,. ¡\li âss.:-;r:IlìÉrltts wet-e on the number of fe'.n¡llÈ;.-

¡>:;.'pì-a;':,ir:::rì,i.owínq tl're inoc,-:Latj-cn;rnd growt-h of plants in the çJrowth

l:Lj,l1i1 (S(.r.:+*ir:rÌ 3.1 ;l " l) .

E;c:'Urtr:en the rl:oc¡tt ;;, 'ant'.}:esis¡ ¡-T-açies of c;e¡::ea-l Ei:cvrtit ,iilring

'!-'9'::',, ;-¡-l-i celeal. grc,wíng areä¡,i were visi ted ancl 26 sites of tI_. a.ven;l-9

(lrj-rj., '2,2) vreÍi-j selectecl . Selectiorr'¡/as on the basis of both the rtu¡úrer

of femal-es oir cereal roots anC'.¡ariaticn in en¡¡ironmentr i"e., selec';iorl

r';¿:; Ï¡ia-sed io gi-ve a wide range cf sc.,j-] and climatic condit j ons under

r¡i¡iuh the nernatode h¿,,d develcped. This, airC the collection of mature

cysts with associated organic matter l:etween February and early May during

1974t was done v¡ith the aid of officers of the State Department of
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I'ic¡ure 22 " Dist-, ibution of sites cf t--Ï:1

H-. q\:1;r=g sanrpled l-hrouq':rc.ru i:

area!; rf. S'r:uth Australi; :-;: j-:re :;l',a::c:h for

dif,':e..-.Íit biotypes of thr.: i¡einatr:cle.

i;o¡.:u-t a tj-ons of

Lh..: c,:reaI grervirrg
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Ag::;Lcultgre. The scil sainples cont-.airr:itig t-ire räatr¡re cysÈs v¡ere stored

al.-- a:nbiene tempera.t-.r-¡r-'e untj,l the 22nri Malz ¡ Lo'74, whet-i l:hey lvere tr:ansfer:red

to a terrrperature of looci for 6 weelçs J¡efore the cysts 1{è1rê sêPârated

tr:r-rm the soj-.l , v¿ashed from the r:oo'¿s and the htrtching l-arvae were h-hen

uollect-:,-l a¡d stor:ed at 5oC (Sect-ion 2.1.1"I) "

Tn the f irst assesslT,ênt ' 1:he reaction of 6 eereal cul.Liva'::s

to l_1. Sli:ll*g from the 26 sites (Fig. '22ì 'v\rð.s ¡lssessecl and ancthe.r

cii.l"tivar of Ì arley (cv" I(o. 191-) v¡a.s intetrded l¡r.it t-Ìren ornj.tte<l because

.-,r'i-r¿,,-rr) ggïTfì:nat-i.On. -FOur Of the cUlLiVar.Sr 3 wheat and l barl-ey, were

¡:,,;ieri.-es. frci¡ir Lhe cereafs tested. i.n previous e'xperì-ments (Siocti.ol: 3"I"1.2).

These çere Flaìj.r¿rd. as the susce¡¡tíl:l-e stand¡¡rcl and AllS 10894' AUS 9Õ248

and l.lorocco êF: the resista-nt culti-r¡ar:¡. -Iu aclclition, ari oat (cv. Sur' ÏI)

¡:i,f 2 barleys i,.-, l's. Drost a¡rd No. 191'-) ob'¡;r:ined from the Victorian l'la¡ii:

'tì.]iièa.l:ch Tnst::"+:u1'.e at Bu-rn1ey were i¡rciuclei. lt'he 5 replicates of each

nj. le were arrai:geã in a rancf()n1-ised- J:'''c:i:lr" Ù'csi-gn, j'rroculated with 300 lalvae

ai: sowing ) Aitú larvae 7 days at'rer s()i!'i ngl anc 600 larva-e 14 clays afttlr

l:nwing, ancl i:iLe number of femal.cs ¡-¡-l1- pi-ant v/ìs counrúec] 50 days aftel:

::¡r.r.;:r¡:¡. fi(ì ,.jnAlySeS \.:e:{.: c1one, Ì,',it ti:e :reactiOn Of thrl cUl.tivar:s ',,'r¡:

å,-ì,:jr-.::,f ,.ìi, ;.-.:1. ¡t.e meati :-ti:¡:,.tL'::i ci f-eir,¿rl-.:s pÊril p1ant.. Ii c.rui.'livar was u¿i'i:.cci

i::; ïí-i;j.stl:i:¡r irhen È¡ere l¡ere íev,'ef i:han 5 females per plant at-rd sl:sr:cpi:ì-bl-e

'.,tjii:r, ì.hi:.rc lrttìire 5 or more fenäle:s per piant.

lL¡:i i:Ìie second assessÌnenh, the rear;tion of 9 barleY, 3 oð'lr-r

'l ,,i,i,r)et..:nð, 1::ye cul.Livars tcì H" qYsrlae fron sites I4r 7.9r 20 and 2¡"-

(!'j.çl . ?2) w¿ls tr-ss(:ssed,:t the same time an,â by bhe sanìe prc'*redure as j-n

thÉi fÍrsb ¿;síiessment. llith the €xcÊp{;i,gv¡ of lialberd vvhich was -incl-u<led

â.c ¡l suscept:lbie stan.clard., the cultivars r;ested (Table 40) conpriseú an

,f.nl-.ernationai' tesL range of cu.l.,t--ì-vars usecl t-o ident-ify different hi-o-

types. Except fox'tl:ree of the v¿Ìreat cultivars, Halberd antl AUS 10894

w¡ich were used pre.riously (Section 3.I.I.2) and Psathias (/\US 8BI) which
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was obtairred frorn the Victoria,n T¡fhreat Reseai:c]: Institrrt:e ¿t Hot:sh¿:rr¡, the

cujì:-ivaïrì rrer:e ol¡taine<1 fror,r C.II . NielsÈn a'Ú T'1'Istrup irr Denmark'

Arial.,,seç; of varja]ìce v/ere done separately"for tlre barÌey, hTheat and oat

c:itivars; .on liot-.h ''che raw and lc',g* tr:ansforr:ecl. da'ba.

For the thj.rd aÊjsess;ì.ìen"u,. 1.he reac'Li.on of cuitivars of 3 barl-ey'

Z. t;¿;+¿ e¡¡j l- wheat cul-t j-vär selcctecl fiom the t lnternational. ¡ range '::f

cni,.:1v¿rrs to.E. ggLeg. fron sj-tes 12, 19, ?,o (rig. 22) was assessetl ancl

.-.'orirpared 'v¡j-ti:, the rear:l-i.on of a Susceptihir+ s'Lanáard' for: each of i:he

(lr).1.rìiri.-r.. CJ.i;,¡cr for b¿rrley, l.Ialberd for r',rheat and Earl-y Kllelsot^ for oet

..!t1 e tthe susceptj-ble sl-andards as these three cultivars are sllscept--i-1:1.e

cuit-ivars grcli{ir chrr:rughout SouLh Australí¿.i" R'ejo Aragon -I-I, Dalmatishe

ayrd. p 3I322-I lcr barley and Psathi.¿rs for r.-¡hr.at v¡ei:e selected to be l-:e-

i:iriled because l-.i,.-:y rvere oft-en resi-r.tant j-n Î-ir:ropean tests (NieIsen, pers.

(;.ilri.), while l-;'ì.:.îì JI and 64C318-40-:¿-i fo¡: oat wère selected to reêsÍ--lss

ì.:jii: differencÉ: cbi;aj-ne.d. between tÌte;t.: i:r+o cul l.ivars to the neinatode frotn

site 19 in tl-i.--: previ.ous assessmeri'l:. lliere were 7 replicates of each sj.¡-e

i::':r:angecl j-n ¿ ra¡:rc1om-ì.sec1 block çì*rçi¡;11 . The whea't and oat cultj-r'ars v.'ele

-i.:¡r-r'-,'.r,.i¡,tEil.':¡:.th 25O:a:í:1.'3r:' e.t sow-'.:-rg. and 500 larvae 7 ancl 21 days aÎi:er

1r;;,,;,i-r-,i;, .¡r''rl-1r-: ihe Ï.¡arl.c.:-r' cult:ri:a¡1; y,-Ê;-11ê inocu-l-ated v'ziLh !i00 larvae at

Íjij,:/r-iig, ?r 'l.4 ¿n<l 2I àay:. ;rfter: sowÌi]g. The nuurrlcer of fenales iler i,Ia::r

r,ri;.Ê (:cruîriell €i1 days irft-.er sowing anil an a.nalysis of varj-ancc w¿rs cc;,,:e

o:: i:!'Li: .'.'aç á'¡ "a .

e.-:). !::?*.å
Matui:e cysts <¡f H. gyelg,e_ were collected over a. long duraticn

(F elrr:ruary to early May) , in wet soil. from L2 of. the siies arrd in dry soil

f r,-,;, the other 14 sites. The se vari¿Ìtions.' :-¡r collection may relate to

the irregular hatching of larvae v¡h-ich occurred between the sites and.

because of thi-s, no assessment was possible for sj-tes 2, 5, 15 and 23

(Table 39), only 3 replicates v/ere possibl.e fol sítes 7, Il and 25, and
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l"

Tai¡i-e 39 "

Effect of rlifferent popul;rÈicrrs of H. âverrâê on nün'rber of

femaLes per pJ,ant of Halberd; iu[-j ,li,]'j94,

ÀUS 90:48, Morocco, Sun II s::,r.i :):r:osi:.

Results pr:esented. are;

(a) Thè evetiage number of í:€r-tirl.ts from 5 repì.icates,

wÍth tl:e rating of thr: :i-r::ltr;:-i;;i6¡ of each cultir,'ar as

either susceptible (Si o¡ r:cisistant (Ð ,

(b) Nurtbers in brackets are tÌre range of nr-rro-be,': of

females per plant.

* :llirrea replicates i:al-.¡ i,:i i:¡l::','r :rli'r::i,var tes.L-.ec.

age.ínsÈ the populatj-on,.

? a,n uncertain classi'lic:¿¡t::ic.:r:. oi t:iit: lrost reaction"

f --
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larvae stored for di-fferent duratiolrs were use.d in the inoculat-ions.

However, the reaction of Hal.berd. anrf Drost r'¡as ::ated ari susceptil'rle a¡rd

.foi' irUS 1.0894, I:TJS 90248 and Morocco \^/a-s r¿rted as r:esista-nt at ¿rII of

''r.t,e s:ites testeil , rr'hiJ-e the reacl:ion of Sun TI was usually rated as

,luscepi;i.rrÌe, l:n{: w¿rs ra-ted aS res j-c''¡¿:-nt to larvae fron s j-'Les 7 , 11 . l.B

an;|t 24.

The assessnler:.t of the reac';ior: of an tlnter:nat-ionalr ratlge of

.iu.J.tivaï:s: to 4 sil-es ,:rf the nem¿rtocle ¡,.¡as done 'r¡i 
+-Ìt larvae collecLed al-.

'i::-rir :;.'ru,,.. 'Li.i:rc as those for the pl:evious ¿ssessmenl-. Therefore' the

"ì:.iferences wiL.ich occurrecl betr,veen sj-tes J.,4, L9, 20 and 2I (Tabl-e 40)

were PrjcbabL;.::eiated to the dur¿rtj-on of st-.c-c;r.ge of t.he l.arvae. llov¡e¡Jer,

nc sígnificarr*,- inter:action occurraeil betweerr sites ¿rnd. cul.tivars, the::e

'.riue only mino:c cì'ranges in the ral.rk-in9 of ì:'ite::eaction of cultivars

j-.i:.:1.¡een sítes ,rrtd. no biotype effect was recoç:rnisecl" Withj-n the ì.:arlcy

c::-r'i-iivars, Ma:t:t-:i.n ¿-\O3-2 and Moroccc'y'eÌ: f:: r(ìsisLant arld the reaction of

DaLna.tishe was variabfe betweerr i;l.ic sítes. The reaction of rye (cv"

.itoqo) was; v;itiable rvj.+;krin repl-r.(.:;lt:iufÌs. I'or vrheat' ¡ÙS 10894 and the

j.,,--r'L,,,.-r¿:'!ri (63/T-7-L5.-:t2) werr-e resi,-;i--aÌri--.,vhiIe Psathi.as arrd lskamiriÌ-r -l('-

).'.i .¡<i;,i: (-í.:Ì\,Èi ./et:iab1e reälcticrnl; btlwe¡:n sj,tes. Vtrithiir l--"Ìre oat cuL,'L-i..varg¡

;r,.. ).,ìl:ûir:i I is ¿,;r¿l Si"lva werr ¡1ês.Ls'::ant whilc+ the rea.ction of 6ÅO3IB^'4C-2-:.

r.r¡rË v¿i¡::ì.al:li; T.¿:bween sites;" Plants of TY 72-42-I ancl llY'1 2-¿-9-1 'Jtë:t';

pcri-i;; e¡-rC r.l.ic; nrjrnber of plants agjsessed tc give the mean llumber orl

llr:;.r:-i--t--c*i pe:: p].o,nt varied from 1 t.o 4.

In r-he thírd assessment, rvhen the reaction of cul-tivars

s-'lr:l-ected from the tlnternationalt rar¡ge was teste.c1., a significant irlter-

¿r,',i-on between cultiv"rrs aird sites occur-'l:r.icf as wÊ)lI as rlifferences

between cultivars and sites (Table 41). The differences between cultivars

showed variations in susceptibility of the cultivars tested and no plants

were resistant, while the differences between site,s showed variat-i.ons in
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'Iable 40 "

EIIFECT ÐF F]. 7NE}fTrE F]IO},I !'OUR SÏTII5 TJ}l IST]}TBIì]]ì OF FEMALES

PEP. PI,ANT OF CEREALS TI{ TI{E 'TNTERNATIOI{AL 
T TU\NGE

¡=OR IDENTII--¡.(-:-ìllICN OF RIOTYPFjS "

Sí.tt: o:t a tion of H" aveina-e (Fiq-. 22)
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MarE.ín 4,i::-2
Morocco

RYE

Rogo

VJTTT]AT

2Ji

38
24
2'L

2L
20
]E
_r3

3

19

¿. \)

t5
l4
13
11
t0

7
()

0

2L

l8
i.,5

22
1.1

l_0

t_3
t
J

l

L4

L4

L"S.D. (P=0.05)
between si,tes

L.S.D. (P=0"05)
between si tes

L,"S"D" (P=0.05)
bel:ween sites

-a

^a

t2
7

9
7
I
I
1.

0

9
9
7

T2
4
2
0

f, . S " D. ip.-O . C5 ) betv¡een tultiv.r:cs =' 4

Iskamis-n-K-- 2-Dark
HaIber:t'f
Capa
Psath.;t,g - AUS i:¡ll]-
ii r 1.. i-i r,! st,-K-- 2-Liqh ;:t

.t:,.ì,; :.-'; - j '-j 'i-2 (I¡;,,:;. t:.: +3 r)s s )

i :.1-_l I : * r,l tl ':l .tr

iti *¡rr :.f
;.';iìÌ Il
¿'40318--40-2-1
1-iìV lI 72*'346*
f'-i-lva
A, sc:eri ]i-s cc 465ð

I44I

2T
.1.6

20
7

4
3

4

.1 tl
)^

1. -?
(l

5

)q

!: ír

19
L3
.10

a

3

¿o
14

20

23
1l_

15
IO

¿

0

IB

-d

r.S.D. (P=0.05) bel-ween crrlti.vars =" 5

a7
3
7
't

2

31
2L
I:J
T7

3
0

7.7

T2

6
IO

(,

0

l,.S.D. (P=0.05) between culti-vars = 4

,ry 72-42-L
Tv 72-49-L

{â

9
L2

* steril.is (e: n) x Sun II7 )

0
tr

15
1)¿J



I09 "

TaÏ¡le 4I.

EFFECT Otr I-t; A\¡EITAE F'iìO¡{ TI-fRtìE SIt'XS Crü I{UMIIER OF }'III\4ALES

P]IR PLANT' OI- CLILTIVARS OF CERE.\LS [R0iul IL'HE ' IN'TERI\ATIONAL I

RANGE FOR ]DE}T']]TFTCA.]]ÌOII C}- P,TOTYtsT]S.

SiLe cf t-ion of H " averlíle (Fi,T. 22,)

BAI.¡,I,EY

Ciipper:
Bajo A:rarTon--L-1.
Dalnnt i:;he
P?1322*:r.

i,íTIE\T

llalber é;

Psathia:; "' ¡\Uti 8Bl

OAT

Early I{nersç,n
Sun II
6403L8-4A*';i^ 7.

¡g
50
24
i5
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LZ
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10
IO

i9
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7
"7
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L.S"D. (!.=Q.05)
betv¡een siLes

76
Ii

L5
13

2i
1a

2L

:13

13
11

t7
20
I6

L4
1B

'"1'o' 
(p=o'os' 

ï"î:::,,;:Ï:;.i1"i.T,"= x si.res) = g

i::'¡* ef f ec;t;.i:;':',¡:r,es:s.i of f-he inoct.'rl':¡tiorl:; .

i: i l-,i:rt:,:,,i r-

t'i.lt¡ vay.iati.cns in +-he:rtiil:e:c of females per plant of i.ndivi.Cu¿i

,:ui i: j 1'al.,,f ¡ j--e twee¡ sii:es and c1j-1.-f r:rerìL ¡rssessr¡enLs, cl-emonstrated t-he

É;;:,::bir.jiì'tsl:i.i;) cor.,p.ri'J.r:g the effo<;ts of ¡rematocles fror', different site-* cn t-'Ïie

ìrct,;i: r-ea¿-;tio¡i" 1-.r:respectj-ve of the technique usr:c1 for inc,cirlatictrr,. i.e- ,

¡racur:aily i.nfi,st-ed soil, :iatr-:.rc cyst.s cr larvae, -it woul-d tre ver!

cl-i-f Eicr:lt .l-o rnanage the nematod-e fronr the dif ferent sites to g"ive sinilar

i:r;f.est1ons of the test plants. Thercior-'e, separation of the reactic;;s

çrf plants on the number of fenLales as highly resistant, resistant,

moderately resistant, poo:r1y resistant, motierately susceptible and

suseeptible were impractical because most of the variations were clue to
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+-r^¡ *-¡c.{-.in¡ mal-hr'.dq ar¡d not rlifferences ir: the nenatoiì,e. Hcwever:, bet:ter
L¡IV LgÞ \-I¡¡Y

ntanãgenìetlt of the mature cysi--s before ancl durirrq hat'chingi so llhi'+-* fresh

Ia::va<: coulcl be r-rsed in the inocula (Secl-ic¡n 2"3) ancl- th:1 use: of L-ower

densi,ties of larî,'¿ìe in tTre i-nccula (Secti-or^ l.!2) v/ouIc1 xl-L])i-rl.i: ;c t:ire

va.riati.r,:rs in lîeactions of host platrLs to ¡reinatoiies fr"oln clif ilt-:::ent' 'j-tes'

A cornparj-son of r!encì-+*oc1(:s f:rorn W¿rtclunan in S<--u';ii Aust-:'al'ia

(O'Brieir .& Fisher, :*g'74J and Sea La.ke in Victoria (Brov¡tr ,- I{' ' r'-96i) ¡:i'i:h

thr-.se testecl in this secÈiorr v,zas attettrp+;e<] . Tíowever, --! rlsuf i:-i.:;i.en't larvae

were collected from the mature cysLs fror¡. the two siter:; to ü:.>i¡ì 'tc:l- a.

ne¿rningfill_ test on the reactÍon of ihe,Sifferent hosts 1--c' rll,:jsrÊ n'ir(l¿;"i;ocrc,:i.

flrei'oÍlore, orr.ly one biotype of I1_. 3y9l1g seemed likely for sout'h A¡:¿stra'ì'''a

and',¡hetÌ:erlhis \^Ias the sarne as the one bioLype suggeste<l fcr Victor:ia

(Bror.rn, 11., 'J.?(,9¡ Lg74) was not determj-ircd. IÏr¡r,uever, t-ì:-r ::'':r;ceptj-ble

react-j-c.lr of i...;athias rûay have suggestecl r-r,ifferent biotyi-ìes ir:iir rì'.use the

re¿ìct.i.ofis of Pl;crthj.as ¡;.urf AUS IOB94 were sintj-l'ar agai¡''-:I iii::;i:l:'r''ian

popl.:,I;i:'i c.i:¡ r-,if the nematotle (Brc'wn, R., L974). ElL"is & Bror'-'Iì (l'976)

sugq;st-r-,i t.".e possibil-i.ty of resista-nce-lcreaking biotylla:l v':i chin \¡ictt''l: ji¡:

p(rl,r-r1 ä.tiorls c¡f tlie nernatode, Ï-:ut the h<ist reactions wei* v..:3rl-l-r::..1'; a-rLriì 
,

.t--bii, ,,..ic f.i)..:cly to be <h:e Lo the methtd rr:;ecl to assess i:.t.:e :r:11:;ìr'';::iÍr'ir':,

r¡]1:-r 1e1í:ictiOns oll Sun II, Drost and Morr.rccrJ suggested the- bii:'-'','Ír':ì 'Ln

Slru+:ii Aus;tral.ía was <lifferent fÌ:üm tT:Le Et:r'-o¡rean biotypes (C''-'c'¡- â. Iij-lii;:'lrlsr ,

ig'¡2), but. .Lhi.s coulcl not be er¡bablísl,c,d definitel-y beca.us;€i (ì.i iiì'ij

absenc..j of No. 1.91 from the assessment" Hov¿ever, t-he sr:sce¡rì-.i.ir-l-e rtacticns

of l3ajo Aragon-1--1, Dalntatishe, P 3132::l--l-, Psathias ancl 6403ì$-:1'¡-'2-1

suqgested t-.his biotype was clifferent frorn those of Europe (tlii:lsen¡ trrßrs'

corun. ) , I¡ur:r-ìrer testirrg of ne¡;ratodes fr:om. different locali':-j'es by the

same method of assessrnent would be needed to establisii Lhe u-'aì-ationship

between the di-fferent nematodes.

Some doubt may exist on the abili-ty to transfer the resi-stance
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from one cultivar to another T¡ecause one barJ-ey¡ cv. P 3L322-L (selected

from crosses which included Drost and Morocco) and three oat; cvs.

IGV H 72-646r Íy 72-42-1 ar¡.1 TY 7:-49-I (selec;becl from crosses witi) L.

5e5+_l,LÐ were suscept-ible. 'I'lij,s wäs probabi.y d.ie to an ínal:il-'it;z to

maintain resistance to the Ausbral.ian hiotypc v¡hen the selection f^ra!ì

nrad,e againsL the Er:ropea.n biot-¡pes, -'lcwever, tire oue r"ûreat cultivar;

63/L-7-LS-I2 (selected fror, a crJ5s '.ri'ci: Loros) r¡ras resíslant a¡rcl l:ir'-.'

Loros tr.sed was likely to Ì-'.a sírni-i.ar to AUS 90248. Therefore, '""-he'

ïesi$tance of .AUS 10894 äî.,1 -qìIf: 9l;1¡.:3 Lo Lire ne¡natoC,e a-t al-l- sj-t"es use<1

i-n uhe assessnents I and the ii::r¡'1-;al-¡:.!.J-iì-lt of a sÍrgle biotype in

South Austra.lj-¿, supported the sr-ritabìl.ity lf t.Lese cull-ivals :.t.'il

inclusi-on jn a breed.ing prograflìme. Before r-¡ther resistant culti\zar':.i arL¡

included irr a breeding procîiär..úìrt: o it. would L'c, rlesirable to test t'h": j-r

reaction Ì:o r¡ematodes frc¡nr a'r::Lá; range of gil-"es throughout th€i aït-:;:j

-intended for their use.
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7 . ]\HUåNçE_ .oq- r,E SIgl]''q-E-I.g-g:-lJ,ErIAE IN I rH.I-,HJ!UÌ. Fråip-qv-

The inher:j.ta¡rce of :resj-stance tcr jJ.. +ySl::"q- in v¡hea'L (Nielsen,

196,ro: Slootmakc::: ,gf iü.. i.gl¿) , oat (Cotten & Hayes ¡ 1972) trnd bar:ley

i:\nde:sen & .Ai¡Cer:sen, 1968i Co-;teli 6. Hayes, 1969) has bee¡i st'ucliedo Ì¡ut

¡r,s j¡fç.r:.-riati6¡r j s avai.lable on inher:itettce in these crcp Í;pecies to

Aii;cralj,-;ir pc¡;uiat-j"ons of the :'.cr¡¡tat.clc. F-esis'L:ance is Ceter:r,r:iired bv

the nu¡ribe:: of females on plant roots (¿ìrclersen, i.961.) a.ncl progeny wíth

.) cr L fetn^al,lr were rðied as resi-si;arll: iu t-.ire st,ud1'o¡r inheritance in

r=";i1 1.1;,.-i í31-oot¡i¡.kci: eL ill_., l-g74) " However, in the stud.ies cn i:rirerita-n<:e

ì-r, ir;rrie;, (Cotien ti Hayes, 1969) anit oai-. (Cot-1--en & Hayes, 7-972 ) c';,l.tivars'

a bimodal di¡:r;'i-irutiotr was detenir-Li:ed for rr-':istar:t and. susceptible

reactions of t'he progeny, but not l-ry 5¿isc:t:ing an absolut:.e ritut¡ber of

ì.!:iiales below ¡,¡i;::_¡h plants were resi,s;*-ant" Ílhe clifficulty in assessírtg

i:i.,r: reaction c;f È'rogeny was attri]¡ut.ecì- pA3'ilY to euvir:onmental var-i.ai;iÖl-''

"-i.i:;:ing the tesls ¡r'id partly to gener'î.'.:i c'¡ariati-an in t--he aggressiveness

of. the ¡e¡s¿l¡r',ì.c (Cotten & Hayes¡ .i96!-t,¡ -

Ir. fjeccio¡r 3.'l¡ a tec'Ìrrrii':,:: uuas desc:¡:ìberd in v¿hj-ch l:obh tlie

i-:).,r-i-,i,../aL.,lìiìtì;:¡j.i con.lit:¿;.ns an¡] the ¡'lurtul:'l:l-' rlf larvae il:oculatecl onto t'L:er

?.:-i.,;:Ì:!.¡r iÍ,,ì:'il rlf.á+-rC1l-eld, ¡l:'i ^ì-:: Se..;tjcrt 6n the prebabi-Jity Of only orte

i;:i,:r.i:i..¡,.: c:,i i.h.e :rernatoáe :-¡r SorrtJt .husì:ra-Ij-a rvas cleterntinecl . Ther:efole.

çþ-.!;; r.-¿çþi¡i,:¡,Jç: \^r¿rs usecl in an at'cempt l.o establi¡lh the mcrle of j-nj",e-r--j.tance

c!: 'rç:;i.:,t¡ricr: in tvheat anrL ba::ley cultir;a:rs tcr this biotype'

i . I ll.a l--eri aJ-:. a-ncl I'letl:ocls

Thcl a-ssessment-s r,rere by thc: rrret?roil described in Secti.on 3.1-.1-"1

an,¿\ I.56 planl,s v¡ere girovzn on eacll tT¿-y (Secl;ion 3.1.I.2) with plants of

tì:,: parents,. Fl and F2 progeÌIy arrangecl at randorn tlrroughout all the

trays needed to accommodate the ptants ¡vithin a test. The wheat and

barley \¡¡et1e groltn in separate trials.
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vüith ',+heat, seecls of the s;r-rsr:ep'1.íbie {cv" }iali:erd) and'

rc:r:istant (cvs. ÄUS IOB94 a¡lrl AUfi 9O24Bi 1;a:rents rvere f¡:otn tÏre salne source

as tnose used ¡:i:i:evicüe1y (ljoctj-on 3'1.1 .2) and see<ls of both tlre Fl and

i-.2 proc¡err1z of li.a1bercl x AUS 10S94, llall:erd x AUS 9O24e and. ALïS 10894 x

..hUS 9024rr were provicled l>y Dr" ¡i.J- iìafhjen. Äpprox:i-mately 30 plarrts of

ll.il,l¡crci, AilS 7.Ogg4 and pregefly frorc, tire I'i of eat:h of the three c-r:os":es'

ì-5 pi:rLrts of .A,US gO248, IBO plants fro¡n the F2 gencr;r"lon cf hoth the

ila.Lbercl rr ALt,,i gA248 a.nd ÀUS 1.0894 x AUS 90248 clli)iìsjeso arird 370 pl;r.nLs

,tr-,.-r¡, Lirc'I¡2 Ei:nerat-.ion of llalber¡.I. x ÀUS i0894 were inc¡culateC. w-ì-th

?_:.,ú(+5i6), 59ii.ì i.t33) ancl 733 (a51) l-arvae (+rS.E") at 0, 7 and 21 days

fnllovii-ng sor''i 1..'g respectj-\¡ely.

Bar!e,z plants from differ'.;Êtr cr(-)sìscíì -invcrlving Cli.pper (C)

¡:;tì ihê susceptit;le parent and n¿1'-i¡a,ig (Ai, CI 8147 (CL), I'{arocaine 079

iií.:._J , Morocco (I'i,J) , Nile (N) an'J 1ù1 22.'.11 iì,J) ¿r-s tlle resistant parelìts

-,{ìrr::e assesseil i;y l:l:e number of feri:al-es: Î,1 I'Jols. Except for Ma

(Ìrf1 239?, CI t334) v¡hich was ohta.j:r¿r'i flr.:om the Victorian I'üreat Resea,rch

1¡istj.Lutr.:, Í:icrsha.n, ',/ictoria, i;i-,e tj¿jleT cir]-tj"r.'ars we::e fronì the sante;

s,a'ìij:l-:-: i'ìe:;;.;;-lbe-d in :-ìc,::ij'iìn 3 " I.t. ? ' Approxirnate)-y 1.Q plants fror¡ ì;he

l,'i ¡¡.::il .iD J'i.¡,r.i,ir frorn tl¡e F2 oi A x -1, cI x c, Ma x c' Ivto x c, N x C

i:,:ì(.i ií -ri il ¡¡,:.ïl-' teste,j. -L,:.:ì,vever, tllerr:e v¡ere the followin,g eìi'JeI)tiolìrìi
the

Ìi ,rì;'-.r:rbr; fr,:m Lhe I'1 of Cl x C, 162 platrts fron,l F2 cf 7r x C ¿ncl nc p1;;'nts
t'.

fr¡r,:, i.he 91 úi trla x C" Also, 30 to 40 pl-ants f.r'om(A x t"la) x C, (¿ x t¿o) x C,

(r :; tí) rr c, (ç:t x ¡to) x c, (¡io x c) Y. c, ([1a x c) x c, (N x I'Io) x C a¡rd

it;¡;a ¡4r-¡) x C:, a.nd 20 pl.ants from (e:l C) x C wêTe tested" A1i parerrt's

4..,:td progeny wçre ¡rrovided by Dr. D. Spirrrcrv, and were inoculatc'f r'¡ith

2it.(+8), 463(+1.2) and. 41,4(:!:11) l-arvae at 0, 7 and 20 days folJ-owing

sowing respectivelY.

Fc¡r both the wheat and barley, the raw data and both the square

root and logarithmic t-ransformations vlere used to determine the 95%
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confidence l-j-mj-ts of 't-he distribut:Lon of t-l:e re¿icLiorl of the susceptible

palr:rrnts ancl of the r:er.iisÈant parent-s cor¡ùi:i-nec1 with the Fl pLogeny. This

wa.s :;iln.ilar t-o t:he pr.'oeedure used bi' Cotter¡ & Hayes (1969) to deterrnine

the ]:ímocr',al di-s+-ribuiion of i'esi.:;';¡trit anrl su;:ceptible qenotypes'

-¡ "2 S.Ë11rj:.

The distrj.Ì¡utíon of !-2 an¡j intercross progeny ,:f r'¡heat ancl

!:>a::,!-ey in these test-s was not b-ir¡cdal r ancl therefore, some of the gerio*

t,rr'¡--,;,-;, eoäj-d .n,-,'Lt be cl.iLssj.fied as ej.ther resist¿rnt or susceptibl(=-'

Dji:Lribution cf the Fl p-rogeny of lialbe::d x Atis ICEg¿' (Fi-q" 23 bi

1a.i,!.s between r:':a,t: of the two parc:"i-sr (f-iq. 23 a) ancl the meal of this

distribut-i_on (:i = 12) was significan'biy' clrea'L-c.'t than thar-. of AUS 1-0894

1.,¿ = 3) ancl sm.a.Lier than that of !I.r11^ê:((]- t:< .= 39). I^lith t-.Ïie F2 praqt:lìy

ii:',,r. 23 c) ¡ t-ift clistribution was .r,rn'l-i.utrr'¡".:, ârtd skewe<l towarcls that c-'-[

':i:i: resistant ¡'r:r:'enL (cv" ÄUS 10894).

Prog.r:::1, of l-Iatberd x AUÍj c'o24i] shor,red a s-imil-ar pattern of

distr:iLlutior: {Fjq. 24) to that of -i.iie pr(..qeny,¿f l{ai}¡ercj x AUS 10Í]94

i¡'-i-c-:. 23). .:'hr: mean of the dist-:¡.ì-ì:r:.Lj.oir of ths Fl. pÌ:ogeüy (i -- Ir>) \ta's

.-!r:i ¡.ir;;111,,'.1.i; qreater' +.-l¡,':.¡¡ l;-J1¿t-. rrf .J:tlS 9024S (Ç. -= A) r !ìina.Iler l-han 'r-irat

lr:í jl¿.¿jl.ri:r:'ii ¡.¡á simí|ar tc that ot LTre Fl- progenl¿ of AUS lfJtig4 x iIal.Ì:rt'rd.

Ti.:r-rre \^j,ès rro iiiffeyrrt'icrr irr't:he: cìistribuÙion of parrents artcJ hotir

i:iiç Ì,.'.i ¿r.nd ì'? lJrûgeny of AUS 1íJS9,1 x ÀUS 9O?/.8 (f ig. 25) ' arrd the rn:'an

uf t,:ach çf tiiese distributions v¡as less than that for the Fl. p::ogen'y of

't1:..i1;;r:'e1 x AI-IS i0É]94 and P.albe::d x AII':i 90248"

liie susceptil:le paren'L (crr" Ctipper) had lol¡ nulnbel:s of fer':=:les

-¡,rc.,-- 1_rlant in tlre test on bar3 ey and this <listrikrution c¡verl appacl ther

;.ïj.stributj.orr of 5 of the resistant parents; Athin¿is and \lile (l'ig" 26j 
'

irlarccaine 079 (rj-S. 2'7), VW 223L anð. CL eI47 (fig. 28), but not Morocco

(rig. 26). ?\lthough all resistant and susceptible genotypes were not



l¡ i'ir:e 2:J " Fr:erq',;i:r,cy <1:Lstributiot.L <-rÍ: ¡rrun-l;e.v- cf ferneLJ-es c-rf

Il . SI.*::3S_ per wheat p]-at-,t or- parr,'¡h:; and. progen)¡

c¡f IiL:,..1 l-,rircl x AUS 10494.
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F i <.fi :r:c: ?-A Fre¡rrr-rr:ëy dj-str.ibution c¡f it\-rnlJer ,:lf fema-les of

tt. g:;:::."g per v,theat platli: o:': ¡ra.:.r,-rl';s; and pl:ogeny

of Ë¡:l]-s:rd x AUS 90248.
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Figure 25. -c-requency d.-i-str.j.l:p.Í:j-o¡r of nutrrr'¡er ol; :i: e¡ri¿r-ies of

Iì" 9lL€:11"49 per wlr=¿':i r-:-ì.-:¡il of parer:t::-r ai:cì progeny

of ALIS :l-0894 x Al,5 lj{ì.:13.
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itistingui-shecl , t.,re ,iistyibutiotr of the Fi ¡rrogerry (tli"E. 26, 2J, 2B)

suo;gested orjJ)' ].)¿rï-Lj-aL. cLo:njltance as its rteatt \.tas grî'.tít't-er hlial' 't-hat crf i"hr:

t..eÊist:,3rit parent, a.nil this lv¿rs si.milar to t.h¡: res'ú.1-L:,tr n¿j.ç:n c,c'ct!:rl:êrci h¿jtl-l

wlie¿rt (fig. 2.3, 24) "

j¡Ihe¡r ÀLhinais ö.nd l'líle (l¡i-g" 26), I*farocaine 079 (riE" 27] end

Cf û14? (l-:'-g" 28) were iile resisi:ant Frìr:ents, the distr-in,:,ti<':t-'; of l--jre Fll

Bïogetì!, were sinila:: anrl skewed to give a- sj,milar dj-stri.ì:'.-:,tjon t. Lirat

for the F2 progeriy o:f vrheat (I'i.g. 23, )Zil ,\. The progel'r;; ¡",r-,tl (;-¡' x C) x i:

anC (l,fa x C) x C (Fig" 27) pro':ucecl clis+Jrj-Ï-:':lr;ioris which lrrr:t:t-r :.!';);-,F.1.y

res<¡nJrle<l the cji-strihut"ion of CJ"i¡rpc:: thati the res-isL,ant ¡:L.'-'::rri;"

trícst-. of the F2 prcgeny from i'lo x C (fiS. 27) seemecl. resisLartt

and tltir iack of genot.¡pes as susceF)tj"ble as Cl.ipper $îas unexT:ectecl" TTij.:=

\^ras anoiirolo¡::, ancl fr.rrther investigatior:s viould. be needeC t'-':r ::l'nfilnr thÍs

resull- by re,r.akírig t?:e cross. The dis't';i.buii-ion of prog;,rly l;-'..:,:',r (i'lo x C) -'i C

was t:.-:L ¡---:i¡1--f-i-r:!i:l:tly clÍstinct to provide defirrit,e conclrrsiclr; ¡¡n the

resi.si.:a.:rcg; of Morocco.

Whenevei¡. I/lT 223I \^¡¿is used as a iìa.ren't (rliS. 2lìi,. :ij,scussiolì

of rt-:sict:â.:rcc r,¿as nol: neecled as the d:i-f-::erences it1 rii.=;.t-:i-bi:rì- i'11ì;:: i)*i'',..i1'rl

!,iI 2::31 and í:ïii)Per r,vere negligible.

ifl:e clísl-ribut.ions fo¡l (¡\ x Ni x r- and (w x l¿o) x (-', ii,':,;. :¿ó:

resembìeC those for the F2'.^¡hir:h st.1g':ie51;ei1 that the resis:t.¡n¡:c..':i n ALt'i'ii¡+j-s

arrci ¡lile, and lïi.l-e and Morocco were rì,-r+- the sarne. Conve::sei','. l::ir,::

ciistribut.i.on for (e x tuta) x C (FiS, 2'ì't rÊ-sembled an Fl atic s'ii1;+'j;tcd tliai:

t-Ìre resi.stance i.rr Ath.inaís anci iilaroca.i¡;"' 079 was the sarne" 'i"i'uh

(a x ¡lr:) x C (l':-9. 27) ancl (CI x !1o) x C (Fig. 28), the cistrj.butíons u¿-:t-'e

not clistínct, but they seemed rnore Iikely to resernble those fc:- the F2

tharr the Fl, 'rtrich suggestect that the res-i-stances in Athinais ¿'"¡rd

CT 8147 were not the same as the resistance in I'{orocco.



F j.qure 2i:r. tsrecir.: ei1ç1' d-is;tr:ibtih j-cn of

Fl. ¡y'ìLgg per ba.rley ¡r1ant

nu;¡ber af fernal-es of

oL ¡;,arentr:, l.'J- ;rncl f'l?

ancl prîog(ìi-iy of (A ): lìlprcrjr-'n-y of À >; c arrd N x c,

x il ¡ritó il¡ x ¡to) x C.

Il;.i.ien'L cui-tivars; of Ì:,a::1ey :

A - lrti.irrais lulo - llcrocco

C * C:li¡:pei: Ìf - Nj-i-e
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!':i t;:-ryr. ll'l. I'ri:,i'iuer!cy cli-stri]:ution <¡f rìur.'bcY- of fe¡rl¿J-es of

4. ::i-?s|.g per barley pì-i'.;ii: ;:f pn'::*itt-.s;'

of i'lrcl v. C, Í!2 pl:ogeI)y o.'; li() x C ¡:llri, I:!a

prog+:,rry of (A x C) x C, i,ia x C: x C,

(A >: i'1;r) x C and (A x lluJ >l C.

Par:.+irì- cufti-l"ars of ba::i.e1 :

it * ¡\tit ínai s ì"1¿:. - l4art>caine t79

I " Cliu¡rcli-' i 1!t- ) Morocco

Fl progc.ny

x Cì, and

(uoxC) XC,
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FSgurc-: 2;; " ii':rcqi;oncly ciir-str:Lbri-'Lic¡n of nurnl-,ellî of fen,al.es clf

. Fì.\/í:l1lðllìil per ba]:J"ey pJ-ant of p¿ì'i.elrts, ll1 and.

!',:ì ¡;:rogr-rny c)f !f x C ancl C.l- >: r,., ..1nd pro]Cjn'/ of

':r,{ >: i4c) >: c ¿ì))d (cr x ¡¿o) x c.

iìal:e:¡r-t; cu-Lt.iv-,ri:s oii barley :

C - C:l3.pper: l'4o '- l.'io:i:occo

ar - (lr 8l_47 !v - 'vi.i 71231
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Àlthorrgh resistance in oats (Cott.:n & Ìiayes , 1.g'ì 2) and barl-ey

(,inC=rsen, t96I; Cotten & H"lyes , L969; Ilayes & Cot'ten, i970) includeit

1,,¡Lh ljre clomj-nant. and recess;i.ve exrr::ession of cne or more g'enesr a mono--

genic ¿-,;..1 dorainnnt expression of r:esi¡tance war:i rrs'JalJ-y iuvolvcd"

Fr,lr3jstatr.r-:e .i¡ v¡iiea-t:. (N-Lel.scn, -',9r'j6; S.Lootmaker et ¡1!" r I97 i") Ìr¡rs a-l-so

TrÌ:.,)1 ãrt-tïij¡uie<l Èo a síngle dol¡inat:t gene, Tbese ccnclus j-ol:s on the

.i.:riiorir¿a-n ce cf resist..:ince r,,¡ould anly be valid i.f a bimod-al distrilrr:ti-Qn

+'J t.iie. re¿:ct-jÕfr of resistaut aud susceptible genot"ypes occu-i:red, i'e',

tì:^ Cist.ríbr:.-ic¡n of ihe resistanl- genot-"ypes diffe::ecl fr:o¡-t t?raÈ of the

susceptible ç;:'.-ir--tyi>es, but rvere s;it.,ilar tc t-hat <¡f the resisLaut pa::ent"

B:Lnrodal distri.l.:utions of the resistani: anci slsceptj-b]e genotypes may

.li:,.'e occurred :ii, t'.he previ.ous stuc-Lie:: on t-:ht: i¡:heri.tanc<: of resistanr:e

.;1.<: if. grc:i-n ,:.'srearsf but often tl:c re:'tstance r:ating gi.ven to ger+*

t.r.,r:res was detef;iri-oed from an absolt:;.r::Í: irl'.tficrlr of feruLal.es and insufficient

cl-ata was incliillecr to validate this es:;i'srtrtlenb of resistance, e-9.,

SlooLmakeL .l-å *. (1974) rated gerre't-,.íi,).rs cf v,'heat as resistant when C

,.:-- i. f:e:p;:j::".¿.S COUnted r:rn the fC'.>ts, no data vlÉls presented for the

;ü¡.ì{ri::.Li}!: ,)ï í,;.rIlOty¡-lel: i:ri i:irs Fl- a¡.'*ì- Cn1-t,' *-he fating oi: resistant of

sr.r,:i:,.:,.ptibr.e r¡as gi-ven fo,'-' gerr'-tt';pcs in the F2'

T,h:: distribrrtions of i'r:sist,ant anci. susceptiÌ:ie genol;Y-c,esi cf

t.;à't:-ç: (tl<;tL-c-.i:r r, LÏayes, Lg72) ancl barley (Coiten & Hayes' l-96:r) were Çrnly

:jel-ìi.:'r-;-ì.Led aftc,r the c'rlculation of t-he 95È confi.rJ.erice limits of the 5qùrìre

rcct- L::ansfo;,';.,..rtion for i-.he distrj-Ï-:r,itjon of both the suscep'Li-ble pzr-cn't

a-n,j t-he res.lsÈant parent conr'oined with tl:at of the FI progerry. All' '¿he

gelìctypes of barleywere therr rated as ej-tl:er resistant or susceptibi.e,

b*û some of the genotypes of oats vrere still interntecliate to the t-wc¡

distributions and could not be rated. Simitar calculaticns were clone in

an attempt to separate resistant and suscepti-ble genotypes cluring these
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studies on resi-sta.nce in wheat- aud barleyu but: t-cio utany c¡f t-he get'lotypes

urere irrternrediate tc¡ ì-he tlv'o dist:cibutit-,ns ¿rnö coultl not be rated

bÐcê-r,rse a bimode-t Cistributi.orr clid riot o(lcl\-r. in the F2.

Fai.l-r'.re to ciisti-ngriísh },r:{-.ween resi.stant atrd. su-scepti.ble

reactilcì:r.i was pr:ob:rbly due Lo the in.--:lcj-l-ity r:f the technique used to Ei-tle

s'.iffi-ci.¡,;r'l fenales on ihe susc,-.:l-)'i:íi-rìLe genotypes. T-'herefore, if fres;Ïr

iar',-e-J i n the i.nocula improves J:oth tire esta-hilishic.ent ancl derzelopment of

.!.¿.1-vae in.'¿aclj,ng tlie tr¡-i^;rn'Ls (Secbion 2.3), and a l.ower Ì'lunrl)et: of l¿.rvae

;!-r1 i:¡:.: :ì-nçcu:a ïeciuceE the competition betweeu larvae and has i.ess ef fect

ir, Ír.Jöt growi.ti (Sectj-on 3.2), thj-s rnetho'J of asses:sm.eni-. cotiid be nrodified

tc increase tir¡r nurr:rber of females ,--.ä the si\iß.ieptible parents in furrher

studies. HovíÊveti, except for the j-n¿.-l¡ilit-.,' t.o establish l:.imocl¿rl cli.sl:i:ihu-

ì-il rJ,ns, the distr;-but:Lon of these oierlo3ypes of wheat and bar:ley seetned

r;i:ri-lar to thcse i,or barley (Cotter, & riayt':-r, 1969) and oats (Cotten &

l-l;i-i.ss, lg72) ¡ êyûîr though the::e \rler:..!. 2i'.i-t 'ic 76'7 femaies on the susceptible

barley and 4:; Lo 973 females on t'lre suscept--iì:1e oal:s in those stuclies.

!,jrerefore, e.ì.t):rough variations viitir';-n i:he metltods used affected tire

,:r¿.r.¡i'ior',g .r,r tile genct:),fi)c:s, 1:he rnode of resj-stance within the geno{..-('pes

'l-r:rrj :,.j,.:.,-r -1.;:.:;rì:ah.l-y afrccle..i thc r'eac:r.ions i.o infection.

iii.:ããltse the FI 'iis',:r'il-¡u.tic:rs were inte,rrnediate to that of the

.re¡isì-¿rnt a::¡C str.scept-ibli: parents, or-r1'¡ parti,al dominance has hee¡

c:r-:,;e¡-rsecl , e{'¡ð. lieceuse the F2 distri-butir¡n:; wer:e not bimodal , it ru::s

-ì.nv,¿i.i..iii 'F.o drav.¡ any firm conc]usíons on }terrdelian inheritance" Hor'"'ever,

ti:t: f'2 ,listri-i-,,1'lions encolnpassecl kroth pa::ents ancl pointed çr-s3¡ìy Ùr-r

Õrlly one o:r two genes being involved¡ as tlle F2 range would noT: Ì-.e so

.:xLr;nsive if many genes \Àrere i-nvolveri.

Duriirg an early assess$ent of resistance in wheat in Australia

(Br:own & Meagher, 1970), Loros \4'as susceptible. But there are 5

accessio¡rs of Loros within the Austraiian IrJheat- Coll.ect-ion at 'llamvTorth in
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lüerr' Sctu';h lntales" h'herr 4 of these lvere tes'Led lry Brovm, J. (1974), 3

were susceptibte ¿¿ncl I (cv. AUS 11577) wa¡ resistant-. ana the other

a.Jcessíon (cv. ÃUS 9A218) lvas also resis',t¿rr.t- (o'Rrien & Fisher:, L9'1 4).

AtÍS::ì0248 may be tìr.e sarne äs ¡\LIS 1.15'77. Thererfore, the;:eIat.ion J:etv¡een

A'.lS 9t)248 and the Lc;r:os used in the genetic.';tudies in Europe (Nielsen,

ig66¡ S.lc¡ctmaker .aL 31 ., 1974) is unc:erta-irr. I{o-vüeverr â s.i ng.l.e major

(_íi-ìne v¡as al.so likely -ì-n AUS 90248 aird the resis';a.nce ir, AUS I0U94

,..1,i¡:ea::ec-i tc be the sane, because no susceFtiblLe genotlzpes t/¡ere segre'.iaterl

in i:ìtr: F2 of.;r'rls 90248 x ZrUS 10894. The partial donrinance of tÌiis giene,

Lirs cont.i;rui-'t--y in the F2 distributions and Èhe consistent cjj-ffe::ences;

bç,'+;ween the t'..:,o cultivars durir:g..;tudi.es ot-r the lilechanism of resistarrce

(Section 5) h.ave suggested polygerres.- or: tnoclifi-cr genes, (ttj-eger qt_ 3L.,

hç168) were ass.rciated with the majo.r qene i¡r the expression of resis'L¿Ltt.-re

i.:r ivheat.

With l)er:ley, a similar relatior¡ bc:'tweetr rnajor and modifier

gerìes vras alsr) possible. Resistani:r-: jn ¡:í--;li:laj-sr CI 8L47, Marocaine 079

and Nile wa¡:lik-c]y to Ìce associäi-ed..'¡j-*¿T, one major gener v¡hile in l"Íor:or;<;o,

r::'i.t.i^:er: two n.¡;:jor genes were proï,:.Ì:1y assccÍated with resistance ol: êït

i1;.;;r,¡;¡'2;-:; (:T'i-,s9 qlas tr)Íìt-í:'d in Lher ¡';l at only a single gene has prev.iou:lì-y

i-.s+,.¡r i-ri.snt:ì i.:.+d (Ilayes & Cott-en, i-97ù) " Alt-houqh the same gene may i::rt'e

jre*n irrvolvr.:d in Athiru¡is ancl I'(a:-ocaine U?'9r a different gienc v¡as

ri:;¡;c:;i;-r.ted. ',vi Lh ::esist¡:nce in r'lj.l.e than Athinai.s and these r-1if f:e:'ecl fro¡l

thr: resj,r:tarrce in Ì'forocco. I¡.esistanc:e in CI 8147 may have also cliffered

fr:c,itl tl¡.at in l"Ì¿rocco. Therefore, a1: least 2 ancl possì.bly O U'15¡s¡e:., 1-

rua..ior genes were involved in the expressi.cn of resistance withirr ba.riey to

L!:e: ;iopulation of H. avenae rt¡:ed jn i;hese tests"
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8 " GNI'{EIìAJ, DISCUSS]ON

Tthese studies ha'¡e shcwn H. gelaq affected tite early

seed-:.ing growth of wheaL, suppresse.d the c-Jrain yield an<l 1-hat

s;ignifica¡t rcduction of grain yie.|d could occur when ncr symptoms were

c,bvi¡:us cn the plairt. A wider clist::j-buLj-on r:f âr êcorrorltic reduction in

tirc ¡,iej-d of tineato as a resuli: <-¡f this organisrn lh¿n was previously

ïecúgirisecl in south Australia, has beerr .imp1ied" Therefore, the

i.nrportance o.i the inco::'poration of resístance to the nematocle intc

(;-:'-r¡iir::¡r.:j-al. c''rJ tivars c-,f cereals v¡as re-emphasised'

T'.s,: techniques were developed and w-idely used throughout these

stud.ies on diLlíi'¿r:ent aspects assoc'i at.ed with the resistance j'n cereals

to the nematcc'i¿- The results were oíterl vctr:Lâble because insufficierrt

¡l.i1-a was availal.,ic olr the density of iarva.e normally associated with

j.r,.,.,rsion of ei.ti-rer inclívidual or ent:Lï(: rc)íìt systems of seedlings at

¿ji,-i:f'erent stage; c.r[ growth. Often tile- ijerisj-ty of larvae used in the

inocutations v.,cre abnormally higli ald t'heref.an:e, competition occurred

i,,r:.Eween Larvã.e invading, establísh:i-l.,i and deve¡ioping withín roots, atid

::r-ri.ì:r:i:Eh :r-,Ji-'r¿ practj-cai. r,;ret'l--Lods of j.:rcct'l.l-ation wert: determineclr thr-.'',r 1'"s¡6'

!.ii(:i.ì,.i:t.-LriÊ'i it-t,.:, late for'.:s-::¡ ir: ehes'-- inl'es;tigatj-olls'

Iicv¡ever, studi-cs oil the .r:lation of the nefiatode to bcth

.r*r.: j s:l-anÈ a¡-r,J sllsceptiSle cul-tivirs of. r.,"'Ìreat showed that the j-i]:¡as-i-o:r of

1-r'31; t:j_Þs i:r1i rii.fferent l-arvae w-ithin the nenatode poprrlat-ion v¡as ai-.

ra.n,lcln, e.nd- t-hat approximat-eIy an eq.ual number of male and female

r-r€rr:qatoóes ctev.:i.oped at low densi,tj.es of inoculation. As the d'ensj't'; of

inocul.ation iitcreased, either resistance rdas inducecl in the resistent

r:r.r.!-'i:ivars Or competition eventually ocglirred between larvae in the

susceptible cuitivar¡ fem¿rle development- was then restricterl and more

of the male than female larvae developed inho adult nematodes.
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The f,ie.¡d stucly in r,¡hj.ch AUS 1C894 was conparect wj.th lialberd

shclwecl ì;he resistang cuitir¡ar reducecl the rlensity of the nenrab.ocle and'

incre¿lseC. L.lie yie..i-d of tåe suscepLible cuJ-ti-v¿rr in the followilr-; scason "

/\rr e¡:¿mj-nation of the::elation of t-he Tìemato,1e to the ti'ro cu-r ti'vai:s

Curing tire fii:st year of this stud-y suggesteil that the resistance

i::rduce-l .int-.o the J:irst seminal rools cn AUS 1.0394 was ð.Illo trar:sfe.rred

to ihe rcots içh:Lch cleveJ-opetl later. This effecb. of i:esistän(::e a-rrC a

g:rjo\^7th rocrn study, whi.ch c<rmparecl the, cf fect of the r)eriì'iri-od.l On tÏir¡

g::owth of ÏIaiberd ancl ÄUS 10894, l.;riggeste.d *-olerallce mã-'l lloir'ìùì1-i' ].t.

associate:d v¡ith the r:esistance in AUS I0B-c'4. This vnas ali -i rilitrtaut
the

ccrrclirsi.cn Lre.ce.use -it has inplied that the selection of/highest yielding

geilot.,r¡r¿5; clur:j,ng the l-ai-ter stages of seiectic¡n in a breedj-ng plîogramine

would al-so nc.l:rna1.Iy be a sel.ection for resistance tr¡ thc nfrì.ri:ode.

A1Ì-nough the sa-me monogenic resistance with parti:', 1: .:.orninance

occur-¡eil :n A.üíj 10894 and AUS 90248, the mechanisni of resj-st-.rrice in

AUS 1,J394 v¡as consist-ently better than that in AUS 90248" Tl-iis differer:c¡+

Ì¡c¡we::." the two resist;.rnt cultivars of rvlicat suggested ¡', di¡:¡lerence in

.l-he 
¡-.ru-ri1'geïres or mod:Lf :Ler genes IikeJ.y tir L'e associatei:ì 'v¡i''iril i---l:: l-:.-. l':-.-; i'.r

i(-.ajcl: g.rne in t-.he inheri'ts-arrce of resíst¿trrce. Therefo::er A'ü:-ì ,(::,t::í" rr.',d-lr'l

.Oc. a s¡;itabie cultivar to use -1s a res.LSt-;r:rE pazent, but- i--h:'ì j'r::1.:i¿::i

rersisLance -i-n AUS 10894 would f;rvour -i-i:-'r sE.]leccícn as the crril.+;j-':'¡:; t:r:;

use in Lhe transfer of resista-r:ce to';c-¡nrmerci.al cultivars of wirr=:':'..'

r;it-hin a breecling pi:ogranìrne.

Only one biotype see¡íled tikeiy- withín South Austr¿,lj a, ünri

botlr AUS L08gL1 and AüS 9\2"4tt were resistant to the nematüde a-i: al I siù'js

i--ested duri.¡g t-.his st-udy. Although variatj-ons in t"he nu¡nbe;: ,:-'tf femal-es

occurre,å on t-he indicator plarrts, the relation of the nemato'.lt: to

resistant and susceptì-ble cultivars shov;ed these variations vtere likel'y
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to be the result of variatíons in the dens;ity of acti'"'e l.arwae usecl in

the agsessments, and not in the virul-ence Õf Lhe nematode.

Therefoy-e, the resístance availal-.1.e to the nematode in rl'heat

c:ultivars would. be benef icial if t¡'ansfer::ec1 to conmercial cultivars '

Tncreaseà grain yieJ-cl rvorrld result fror¡ both the redtrction of the

riqr¡isity ot the nematode populat,ion e,nd the tolei:ance assocíated with the

mechairism of resistance. The resistance would be retained for a long

i:inre as therer is prob:'rbly only one biotype in Sorrth Arrstralía and also'

1:'::r::rr:: :l s unl lkcly to be any resistance-breaking nematodes withir, this

1:'rliirJ.ation.
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