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sIn,,II\/t¡.]ìY

Resistonce of wheat¡ barley and oats

populotions ofr and. tho effect of cultivars

grourth of H. avenae '!7ere stud.ied..

to d.Ífferent

of wheat on the

ïl'hite fernales :l-n soil and. on roots should. both be

consid.ered irhen assessing resistance by tho number of females

prod,uced. on the cultivar. Different reÊu1ts between trÍals

on resistance emphasised the need. for unifornrity r,i¡ithin the

acceptcd nethod-s of assessment¡ r¡hich with the possíbi1Íty of

bctter nethod.s has been d.iscussed..

Dífferent ratíngs of resistance occurred. betl¡een

cultivars of the same cereel2 suggcsting more then a sÍngIe geno

üas involved.. Tr¡o cu-ltivc.rs of vheat (Spring -l{Ihcat 12698 and.

loros) ',rere resistant. Problens in breed.ing with the resistant

cultívars¡ and control by usÍng susceptible cultivars have

becn cLiscussed.. Sone cul-tivars reacted. d.iffcrently to the tl¡o

populations of Ii. ovenac used.. loros was resistant to ono and.

susceptíb1e

biotypes of

to the other population. Therefore¡ at l-cast''t'r.¡o

II. avenae are in South Lustralia.

Four grovrth s'cages of feniales of I1. a,gggqgrÊeparated by

three moulting phases¡occurred- d.urlng d.evelopraent on Heron.

Growth of the nenatode r'¡a.s affected. by inherent d.ifferences in
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growth betr¡een cultivars (Horon and. Justin) and.f or enviïonmental

factors affecting €Ëowth of cultívars.

(") Floral initiation occurred earlier in Justin

than Heron.

(¡) Female gronth lras slower d-uring the pre-ad.uIt

stage in Justin.

(") Early grorrth of the ad.ult female tras similar¡

but r'¡as slol¡er at a later stage v,rhcn growth in

Justin with and- uithout floral ínítiation v¡as

conpared.

Grov¡th of II. cvenae in resist¡,nt cultivars üas sinilar

to that in I{eron during grolrth in the seconcl larvcl sto,ge; but

differed. in all later stages and fer,¡ fenales d.eve1oped..

fnfection occurred. witþ all cultivs,Is¡ o,nd. sorìe l-arvae left

the site of infection and. reinfected. the host at another site'

Ne¡ratod.e gro:;rth l,¡as not retard.ed. in resistant cultivcle¡ but

fel,,¡er fenales n'ratured. r¡hile nornal d.evelopr.rent of the nales

oc clrrrect.r
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ÏNTR ODUCTION

Cereal root eelwor;n Hete od.era av ê¡ Wollenweber

1924t (ritip¡ev, 191Ð), occuÏs throughout cereal growing

regions of the vrorld- (Gatr, 1965) I includ'ing the following

states of Australia; south Australia (Davidson¡ 1910)t '

victoria (wtittitcan , 19r¡B)r T,Iestern Australia (Goss , 1961)

an¿ ITew South 1fales (mcT,eod¡ 1968). Although quantítative

assessments a,re laclcing¡ d-escriptive accounts of the

effects of the d.isease (ttict<inlotham¡ 1950¡ Parkin & Gosse

1965¡ Meagher¡ i9,6B a) and the common use of susceptible

cultivars (Brown & l/teagherr 1970)¡ ind'icate the economic

importance of the organism in Australia'

I[. avenae can appaÏently ínter-act vrith other

pathogenic agents¡ increase the severity of d-isease in cropst

and. cause cereal yield red-uctions' This wo's indicated' for

H. avenae and. Rhizoct solani on u¡heat (Meagher & Chambers¡onta

1g11). Holvever¡ for the nematode and trtake alIrr iobolus

gar.rinisl on barleyr the in¿er-rela¡ionship was negativer

with red.uced. nematode populations occuÏring r'¡hen the trtalce

a1lt 1evel of infection r,.¡a.s increased. (cook, 1969).

Therefore¡otherpathogeniceffectscould.eventuallybe

attributed to H. avenae and- it may be of gtreater ímportance

ir
li
Ë
It

1

.ì

in cereal dísease¡ although more d.etailed. experimentation is
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requlred. to establish tho lnter-relatlonshfp of H. Avenae

frfth other orgpnlsms. Butr an jsplovement in the control of

H. avenae ig requiïed to reduce the incidence of the tLÍsease

ln cereal croPBo

Effectlve chemical control of H. avenae ín cerealg

ls Bossible (i{illiamsr 1969t Brovm et a1-; 1970), but

uneconomic (ifittiarns, 1969) ¡ however t]re productíon of

cheaper chemical-s¡ lo.rer applicatlon rates¡ or residual

effects beneficicl to succeed.ing cropst could. make chemical

control an economic proposition (Willía^ms, 1969) ' The

d.evelopment of resístant cereal oul-tívars suitabl"e for

breeding has potentLalr even though recent attempts to

establish resistance ín AustraLia (Brown & Meagher¡ 1970)r

especially wlth trheat cultivars 1 ã,Tè not encouraging. Further

studies on cereal cultÍvars resistant to H. avenae in South

Austral-Íar examinatíons of techniques ¿,nd d.evelopment of new

method.s of assogsrnent are presented. and. disoussed. within this

thesis.

J\ detailetl knos¡leclge of the ca.usal organism

(H. avenae ) is required. to flê&sllïê¡ und-erstand and. d'iscuss

resistance within the cereal cultivarsr and so the biolog¡¡

of the causal organism is revieÌred.. ]\Tuch of the bioLogical

and ecological information is inad.equate¡ and infornation on

other plant pathogeníc nema,tod-es1 especially IlIel o id.ogvne sþll.
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H e t er o.d era- s.o s -Loc-EL4:Lg1 and Heter od.era schachtlir is

includ.ed¡ to al1orr d'iscussj'on by eíther comparing the

d-1fÍerent organismg¡ or by conJecture ç¡ith IT' q'ven¿l'e v¡hen

insufficient data is availa'ble'

1 . GEI'TtrtÄ], 3I01"0GY 0F TIETEN ODERÁ. ¡.YD[ÀE

Sincethefirstrecordofcystsontherootgof

cereaLs by Kühn in 1874¡ various names have been given to

the nematode (Gai", 196ù and so caused confusion untÍ1

Franklin; Thortre and' Oostonbrink (lg>g) proposed' the

stand.ard.ised- name of lleterod'era a'v- nae VÍollenueberr 1924'

Original descriþtions of cereal root eelrillorm

morpholoryandhostsusceptibilityinÀustralia(wiittitran'

lgt|) d.iffered- from Canad-ian and E\rropean d-escriptions

(Franklin 1951¡ Hesling¡ 1965) ' Ilor'îever¡ observations on

morpholory (Mct,eocL, 1968) and' host susceptibility

(uatt ison , 1966; Parkin & Goss¡ ß6e) suggested that these

d.ifferences are minor¡ and a distinct biotype (Broltn' R"1969)

but not a, d.istinct speci-es has probably evolved- in Àustraliao

avenac is an obligate para'site (Franklin t 1951)
H.

of plant hosts of 9lg4!19g9 or possibll' of certain tribes

v¡ithin that fo.mily (ï,trinsloure 1grÐ¡ although Gil1 and- svrarup

(lgll) reported a non-graminaceous plant as a host in Ind-ia'
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Commercial cultivars of wheatr barleyr oats (tUtttitcant 19181

Hesllngr 1g5Ð and non cultívateci species¡ wild oat (+y"""

fgþg)¡ barley grass (HordsuLngrinum) tttd bromes (¡"gggg.-ÐP')

(parkin & Goss, 196e)¡ âr@ recognised. hosts 1n .¿1'ustralia.

Maize in India (Sr:rarup et aI , 1964¡ Yadav & Verma¡ 1971)t

an¿ cereal rye in A.ustralia (Srovrn & Mccgher, 1970) may be

importcnt hosts, but the l-ess uldely distríbuted Y¡ild oat

(/trveqq steriLis) Ís not a host (Bror,rn & L{eagherr 1970) ' The

uee of pasture grasses and leys (Duggan, 1958, Stone¡ 1960)

to controL cereal root eefu'¡orm was supported' by Kort (1164)

'ffho established. that common pasture grasseg I'¡ere poor hoste

in the Netherlands. Ïr/hil-e this concept is accepted r¡ithout

evidonce i.n Àustraliar it may not appLy sÍnce the .A.ustrallan

nematode is a d.istinct loíotype (3rovn¡ R. 1969) .

Synptoms of .@ in o cereal crop first appear

as patches of stunted.¡ d.íscoloured. seed.llngs¡ urhich may

extend. over the v¡hole padd ock and resemble symptonrs of

nitrogen d.eficienc}' or uaterloggins (Goss¡ 1967)' usua1ly

the plants recover after the fnitlal set back¡ but re¡¿ain

retard.od. in d.ovelopmentr prod.uce fer,ver tillers and. yield' less

gpain (3anyer, 1966). Severe infections may causo the

seed.lings to dier 1-eaving bare patches in thc fieLd'

(tticttntootham¡ 19ro) .
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The abovs-ground' symptons can be confusedl wlth other

cond.itions and confirmatory id,entification ip obtained' by an

exaralnation of the plant roots (Banyer, 1966) ' The pri'urary

(seroinal) roots are normally infectedr root development is

hindcred. or stoppedr swelIlng (gaIling) occurs at the

infectíon site¡ and. lateral roots develop abnormally from the

ga11. The Laterals become infected. and. a bunched.¡ mattêd.1

restïictedr shallow root system forms (Davidson, 1970)'

Secondary (noda1) root d.evelopment is delayedr usually

aI1owÍng these roots to escape serious infection and enabllng

the plant to recover (3anyer, 1966). gats often ¿iffer

from r¡heat and. barley by d.eveloping stunted¡ srvollen roots

uith pronounced- sr¡ellingsr but lacking excessive lateraL root

gtrorrth (3anYer, 1966),

l_,ater in thc grouing season Vhite¡ s'tiolIen females

are easily seen in the sr¡o11en or branched. al.eas of the

lnfccted roots (Da,vidson, 1910). The r-¡hite females provide

the best evidence of H. avenae lrrfection in a' 'sugceptible

cereal host (Banyer¡ 1966).
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2. tÏFE CYCIE

lhe life cycle of EÆ (Johnson & Fushtey¡ 1966)

1s sinílar to thot of H. Schachtii (Raski, 1950t ShePherit¡ 1965)

.whioh is the type species of the gÊnus ä-eSerode.qa (Oostenbrlnk¡

1960) . .1L11 Heterod.ora gpp. are obligate parasíteg on roots of

vascular plant end unflerground stems (F::cnlclin ¡ 1951) although

Hr trifolli may o,1so develop on leaves of rhite clover (Ross,

1g60).

Most Heterod.era spp. are heterosenral and. shovr sexual

d.lmorphísn¡ the nale is vermiform and free livíng for most of

its ad.u]t lifer whereag the ad.ult fernale is sub-spherical or

flask shaped and irunobile (sed.entary)¡ spending j-ts l-ife insicle

or attached to the root (Shepherd , 1965). Iollotring

fertil-isation¡ the femalc lays embryonated. eggs until she diesl

and. the bod.y r'¡all hard.ens 'bo form a toughr resistcntr bror¡n

cyst containing the developíng eggs (Shepherd., 1965). Eggs

d.evelop lnto rrfirst sta.ge'r larvae¡ then the larvae noult to

the rtsecond stagetr vtrich are d.ormant untÍ1 jus-b before hatchíng

(Raski¡ 195O¡ Franlclin, 1951) .

During thc hot¡ dry, .A.ustralian summeilr¡hen host plants

are unavailabler IIr--avenae larvae survive v¡ithin the egg

insioe the bror-¡n cyst (ueaserr 1970ç Banyer & Fisher ¡ 1971 a).

Each cyst usually contains 2O0-25O eggsr although very ful1

cysts contain over 600 eggs (Andersen, 1961).
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A. Hatching

TheeggsofgomespecíesofllclergÈglgarestlmulated.

to hatch by e:nrd.ates from the roots of host plants (Vüallacet

196.-). With H. eygias_¡ hatching is eíther not stimul-ated by

root e:ntdates or stinulated. by some ephemeral hatching factor

(Hesling, 1957 a), Eggs of H*avenae are dormant at the time

of cyst maturation and. this aid.s survival by preventing a late

hatch (Lndersen, 1961; Sanyer & Fisher t 1971 a) ' The break in

d.ormancy appears to be d.ue to environment and not to an

inherent capacity (lanyer & tr'isher, 1971 a) '

H. avenae has one generation per year (vlallace, 1965),

whereaE H. schachtÍi can complete 5 generations per year in

CalffornÍa (Jones, 1965) and H-:--rosto-ql'-i-ensjÞ d'evelops a

partial second generation in Britain (Jonest 1950)' lhe

number of generations completed by IT: qgLach!ü o'nd

H. rostochlensis cLepends upon the environment ancl host

availability. H. avenae is restrÍcted- to n single generation

by larvaf dormancy and the inability of hatching to respond-

to hatchíng factors exud-ed- from the host toots'

I.Iatching stud'ies in E\rrope and Canad.a cennot be

d.irectly related. to the Àustr¿l-ian sítuatíon because of

clinratic differences ($la11ace, 1965ç Meagher¡ 1970)¡ er$r;

the inabillty of cysts to survive desiccation in aird'ried
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soil in the northern hemisphere (luggan, 1960) pred'icts poor

gurvival d.uríng .A,ustraLials summer¡ but 1ooal observationS

have established- that the cysts aïe able to survive (Meaghert

197Ot Banyer & FÍsher t 1971 a).

Dormancy and. the subsequent hatching of eggs are

ind.Írectly affected. by soil texture¡ structure and moisture'

whích influence oxygen supply to the cyst (Ïfallacer 1959î

1)68 arA), Lor,v soil temperatures¡ thougþ not essential¡

(lanyer & Fisher t 1971 a) vri11 Íncrease the hatching of eggs

of Fl . avenae (Fushtey & Johnson, 1966; Banyer & Físher; 1971

îhesirnu]-taneou-shatchingoflargenumbersofegge

causes extensíve areag of severe infectÍon ín the field.'

This 'rmcss hatchrr is caused- by the interaction of

environmental factors r,vhich breaks d.ormancy and- high moisture

tension j.n the soil r,rhich restricts hatching until the

opening rnins (lanyer ce, Fisher, 1971 a) ' Thercforer nost

d.amage to cereal crops in south ltustralia couLd be expected.

in years .r¡¡ith latc opening rains (Banyer & Fisher t 1971 a) .

B. Infection of and devel opmen t within the host plant

Âfter hatchlng the lrsecond. stagerr larvae migrate to

the host root. Movement of the larvae through the soíl is

affected. by soil texture and. structure because the larvae

)a, a
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need. orygen, a moisture filn and. roori to move (\Tal-lace, lg67l

Fidler 3¿ Bevanr 1g6t) I and sub-optimal conditions ín thê soll

cancauseanexcegsiveexpend.itureofenerryr,vhÍchlimitsthe

ability of the larvae to penetrate the host (Wcll"ce, 1969 b) '

In Vrctorla, H. aven0e oppe&rs to be restricted- to the sand'y

solonised bror,'¡n soils of the ma1lee and. the friable grey soils

of the vfimmera (Meagher¡ 1968 b). such restrictions are not

evid.ent in south Âustralia v¡here the nematod-e occuls in a r'ríde

riì,nge of soil types¡ including heavy cloy soils (Bo'nyer' 1966)'

The d.irection of larval movement through the soil- to the host

roots rnay be by chance or by attraction to either chernical

stimuli or conccntrnted- grad-ients induced by the host

(Seinhorst¡ 1961ç Kling1er, 1965¡ Shepherd'¡ 1965) ' T'lhen the

lar:vae reach the h.ost they usually penetrate near the growing

point of the root (Johnson & Fushteye 1966) '

,¿Lfter penetrating the host root¡ tire larvce Tîove

intracellularly¡ align the¡nselves pnral1e1 to the Stcle v¡ith

their head.s oriented tov¡ard-s the root tip 'urhere the host

tissue forms syncytía (giant cells) and thc roots sr¡eI1

(,lotrnson & Iushtey¡ 1966). Evidence vrith other nematodes

(Nusbaurn¡ 1958E ÏCr*sberg, 1963; Johnson 8; ViglierchÍo' 1)6) b1

grion & I{Ínz, 1969) suggests thct tlre larvae socrete either a

growthsubstanceoÏaprecursorr.¡hichstimulatesformation

of syncytia.

q

lr



10.

Growthand.d.evelopmentcontinueswithfourgror'vth

stages. Each stage is separated- frorn the previous one by a

period. of no grovth or a moult d-uring 'l-¡hich d'evelopment occurs

(Johnson & Fushteyl 1966). Genital primord-Ía d-evelop early fn

the life cycle; the femafe larvae conta'in paired ovarieg and'

the urale has a single testis (Shepherd'' 1965) r Sexes hove been

d.istinguished. in the third-stage larvae (shepherd, 1965),

although Johnson & FushteV ?g66) could' not d-istinguish sexes

wíth If. avenae on oats until the fourth stage larvae had

developed.. Àfter the final moult (5trt stage) t thc migratory

male emerges from the host root and the sed'entary female

develops until the vulvr- either emerges fromr or is rleâr¡ the

root epidermis (Johnson 3v Fushtey¡ 1966)'

The fernale emits a sex attractant vhich attracts

males of the same ¡,nd- other HgÞe::oèera species' there is no

cïoss mating (Green 8c Pl*nb, 1970) end H-'--gv=gre raales

probably remain active for !-10 da'ys as is the case v¡ith

H. rostochiensis (Êvans, 197O). -¿1'lthough parthenogenetlc

reproduction has occurrecÌ r.¡ithin Ire!-qloqqrq spp. (Ltulvey, 1958¡

Netscher,1969)¡ithasnotbeenobserved-withEÆ'

andsinceitisadiploid.¡anphirrrictÍcspeciesreproducing

bis erurally ( tri-l.nta.phy11 ou 19: Hirschmal'n¡ 1 g 6 Ð I partheno genctic

reprod-uction is not expec'bed' to occür¡
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U. Sex ratio

be expected. f

Equalnumlrergofmalesanclfemalesusua,llyoccurv¡ith

bisexualr cross fertilising species (Triantaphyllou &

ÏIirschmannrlg64). Ho'ieverr since variable sex ratios have been

reported for H-.liqllqc-hie4sis (nI1enby' 1954¡ Trud'gi1I ' 
1)67) t

H . schachtii (fämpfe & Kerstan¡ 196Ðr a sinilar effect could

of H. a,Vêl¡Oê r

\Vith ]\ie1 oírLo gyJL.e iirc o gn ita ¡ increas ed nemat ode

popula.tions r,rithin the host roots increased the number of

males lrhich d.eveloped' ancl some males possessed- two testes

instead.ofthenormalsingletestislandt]rissuggested.sex

reversal he¿ occurred. (Tríantaphyllou¡ 1960)' Davide &

Triantaphyllou (1161), r-¡ho obtained. sinilar results l¡íth other

Mel oid. oÂr\'I1e sÐþ r suggested. the maiority of larvae lrere

genetically rrfemalesrt¡ but environments unfavourable to

d.eve]r:pmentexercisedancsculj-nisingeffect.Vcryfervlarvae

d.ied- cluring d"evelopment uithin the hoste therefore if sex

reversal 'r,,¡as cliscountedr a d-iffer:ential ability betveen ng'le

and female larvae to penetrate the host roots r:ro"y have

occurred.¡ but this i;aB considered inrrprobably by David.e &

TriantaphYllou. (116l)'

There are t'wo possible explanations of variable sex

gex ïevèrsal d-ueratios in Il. schach tii and H. T ostochiensis
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to inadequate food being avaílabl-e to the developlng female¡

and. d.ifferentÍal survival of larvae because of competition for

the f ood available. The ¿;d.ult eex ratio is d.etermined. by the

ability of infective second. stage larvae to establish syncytía

and. d.erive suitable nutrition f or normal d.evelopment (Trud.g1llr

1967 I Kers-ban¡ 1969) ¡ ond vas affected by nutritioncl stress¡

due to inter-nematocLe compctitíon (Ketud.at, 1969t Tr*udgiLlr

196D¡ fungal co¡petition (Ke'buctct, 1969)¡ or lack of plont

nutrients (rämpfe & Kerstnnr 1964a Johnson & ViglÍerchio;

1969 Ð") ,

Sex reversr.l in H. rostochiensis occurred lYhen the

host either reduced the foocl supply to the roots (Trudgi11¡

1967)¡ or lïc.s resistent to developroent of femeles ([rudgill

& parrott, 1969). Single larva1 infections resulted in the

najo.r:ity of l-crvc.e developing into femcles and. supported the

prínciple of sex reversal r¡hen increased nem¡.tode popuLations

ínfectecl ple.nt roots (Ross & Trud.gÍl1¡ 1969),

Horrever¡ it is often d.ifficult to esteblish sex

reversaf bec:use c,t times of nematode cornpetition for space

ond- food,¡ female larval development is restricted- and- the

larvae may die¡ resulting in a scx-d.eirendont d.eath rate during

developnent lvhich alters the sex ratio (Truitgí11 8c Parrott¡

1969 ; Ross & Trud,gille 1969), There is no evidence of sex

reversal in H. schachtii e where variable sex ratíos can be
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explaíned. by d.ifferential larval development r,vltliin the host

roots (Kersta.n, 1969¡ Johnson & V1g1íerchi-o¡ l969 a).

Tn the absence of publÍshed. clata on sex ratios 1n

H. o,ve11¡,ê¡ one con only assume that the nematode behaves

sinilarly to H. schachtiir as discussed abovê'

7 HOS T -NWI¡.T ODE REI,¡.T I ONS}I ]PS

.4, plant is a suitable host of ilc aleéqg 'when the

nematod.e ccn infect the plant and complete its ]ífe cycle¡

and. is lrsusceptiblett uhen it supports the production of large

numbers of prolific females (Shepherd.¡ 1959). llo1rever¡ on

some host plants¡ ver$ fe'u¡ or no fernales d.evelop¡ and- the

host is rrresistantrt (-A.nd.ersen, 1961), Rosistent plants d.o

becorne infected.¡ but nenatod-e d.evelo'Oment j-s restricted. by

the plant (cottcn, 1967).

ilHost efficiencyrr depenc-ls upon the hostt's ability to

increase: maintainr or decrease the soil population of

nematocles ( Jones, 1956)¡ r'rhilet'tolerancerr ig the hostI s gro'lrth

response to ínfection (Jones, 1956). /t tolerant p1a.nt is

capable of good- growth and. yieldl,rhen infected. by the nenatode¡

and. irrespective of its rrefficiencyrr¡ cloes not exhibit

characteristic symptoms of nematode attack.
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Red.uced. yield.s ha"ve been reported fOT Hr â,VêfIâê

lnfectÍons on barley culti-vars not shor,ring eehvorm synptorns

(Cotten, 1970 a)¡ and the response of other cereals to

infectíon is vcriable (Southey¡ 1955). [he host status of

cereaLs not only vories gfeatly betvreen species ancl general but

most importnntly¡ betr¡een cultj.vars r'¡ithin individ.ual speciee.

¡.. Variations in host res'ponse io infection.

I/lany comparisons of host response to Hr- av-e-4ae

infection in various cereals have overlooked. the irnportance

of Íntra-genelic variations. Thus l,tillikan ( 19tS) rated r:¡heat

the nost susceptible cereel in l\ustroliar r'¡hile îhonas et a1

(lg+6) found. oats to be the most susceptfble genus in lil'clos.

Results fron lfiIestern Âustrelia (Parkin & Goss¡ 1969) establish

oats ns the most susceptible cereal. These variations in host

susceptibility lrithin the same country and. betr¡een d.ifferent
alc

countries fã due to eíther d.ifferent nematod.e pathotypes or

the use of d.ifferent cereal cultivars.

Intra-species variation in Ì:ost efficiency for each

cereal genus has been establishea (Ui11íkanr 19fi; Brov¡n &

I\[eagher¡ 197O)¡ and- different susceptibilíty ratings are

expected if d.ifferent host plants are compared.. Therefore¡

conclusions stating that o¡.ts is more efficÍen'b than bcrley¡

¡,rlrich is more effícíent than v¡heat (HeslÍngt 1959; Stone 1960),
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only have meaning rühen comnercial cultivars aÏe compaTed. in a

1ocal region to improve control' Variations in H. avenae

pathotypes within ancl betv,¡een countries (Lnd.ersen ¡ 1961;

Cotten¡ 1961), give further evidence of the dangers of comparing

cereals between d.ifferent localities. I{ouever¡ the selection

of stand.arcL cereal cultivars to compare the nematode pethotypes

in d.ifferent localities is acceptable (lfort et al , 19641

Cottenr 1961ç Bror,irn¡ R. 1969) .

Environment will also increase hoS'b variations sincê

plant gror,¡thi nematode population d.ensity oncl nematod.e

reprod.uction rate are tirc end result of a complex ecol-ogical

sítuation (Ii'Ia11ace, 1969 a).

3. Effect of nemo.tod-e clens i ty on plant erotvth

Reduced. plant €rowth and yields d.ue to H. cvenae

infections of susceptible cereals ueÏe est¡.blished- d-uring the

first i-nvestigatÍons in Àustratia (iticlsj-nbotharr:, 191O). Hesling

(gSl f) demonstrated the red'uction of plant height as the

initial nematod.e populations in the soil increased.¡ but

red.uction in plant height 
"'¡as 

nct correlated. l:rith reduced grain

yield.sr although d-ecrecsed. yield.s did. occur as the nenatode

popula.bion increasecl (Àndeïserl¡ 1961). l'.{ost d-ata on the

effect of cLifferent d-en sities of H, avenae on plant yield- vere

d.eternined. ind-irectly after clensi'bics 'were red-uced by crop
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rotation (Ca.i.r et a1r 1969) an¿ the use of resist¿nt cultívars

(tilil-tiams, 1970). $Ihen nematode populatlon¡ Yre1e reduced'r the

host respond.ed. vith an increase in grain yield''

ÀmathenatÍcalrelationshipbetvreenhostyield.and.

nematode density (Seinhorst, 1965) has been substantiated yrith

H . rostochiensis (Jones et al t 1967 b¡ Jones & Parrott¡ 1969)

and- H. gostl¡lqgia4a (Jones et a1 t 1965)' The concept of a

rrtolerance 1ímítir (Seinhorst, 1965) as the greatest nematode

d.ensity at r,¡hich no loss of yielcl occurredr lrag enlarged' by

Huijsman et a1 (1169) to ínclude clifferences in thc minimal

yieId. bet'ç-¡een cultivarse as indicated' in Fig' 1' Brown¡ E'

(116ù observed varictions which were independent of so11 type

and. host cultivare ancl r'¡ith the potato cultivar used'r he 'üas

unable to relate the d-ensity of H" r-os't'ochiensis to crop

performance.Ho.rrever¡thernorphologicalresponseofthehost

toinfectionprobablyexplr,insd.iffcrencesintoler¡,nceto

H. rostociliensis betr,ïeen ¡otato cultivars (ttui¡sman et a1¡

1969E Seinhorst & Den Oudenr 1971),

Âlthough nematod.es are normally expected' to reduce the

yield. of a host (as in Fig. 1), íncreased grovrth of a host ',rÍth

lovr populations of H. rost-o-cëþ4glÊ (Seinhorst & Den Ouden¡ 1971)

anù the stímulation of the gro1,rth of various hosts by

MeIoid.ogrne .'i cvonÍca (I,'Ia1lace, 1g71) have been reported ' Tlhile

IT. rostochiensis may actually stímulate host growth¡ the
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íncreasedyield'oftlrehostnraybethesecond.aryresultof

nenatod.es slor,ving the groüth of the host and. thus extend-l'ng its

lifer 'u¡hich vtould' aIlo'w the host to benefit frorn higber

temperaturesancllongerc.ì-aysd'uringmaturation.Variationsín

host response to LI. .iallq4ica infeci;ions (I'üal1ace, 1971) aÏe

¡,ttributed. to an inter-action between inhibitory and' stir:rulatory

on the host. Further evidence is

variations in hcst response to nematod'e

Environmental effects of soil type, nutrientse nof-sture

and.hostplanta]-soinfluencethehostresponsetoinfection

(Jones et al, 1965; lÏa11ace 1970)1 and severe crop losses in

the field. may be an inter-action bet'r,¡een nematod'e population

and. the environmental stresses to the plant (Wallace' 1970)'

Therelativeimportlnceofnematod.esandlirnitingenvironrnental

effectsonhostyieldlstresstlreneeclforfurtlrerecological

stuclies.

The total ecolog¡r of ilÆ ancr' the effect on

cereal- yield- nced-s thorough investi-g¡'tion' Evidence available

suggests that th-e relationship of II' q¡L94qq l¡i-bh cereals is

sirnilar to II. ros tochiensís r'¡i th pota-bor and the liroítation of

the initial population of nematod-es is importrnt ín control'
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C. Final nena tod.e population

The follorrlng empirically based. relationship bettr'reen

initial ancl final popr-rlations of sedentary nematod'es r'¡hich d'o

not danage their hostsr has been proposed by Seinhorst (1967 a)t

Pf J a (-rnq)-t ('' - qPi)

If the nematode danages the host plantr a clifferent

relationship betveen initial and- final nematode populations

occurs (Seinhorst, 1967 c)¿

].L

u"rPíç-r'q.)-1 (r - qPi/cz )Pfâ

Both empirícal formulae are supported. by experimental d-ata

obtaíned- for il. rostochiensis in potato and are presented

in Fig. 2,

Ðeparturefromthepred.icted.relationshipnayoccur

at high and lor,¡ initial population levels. Vfith 1or,r initial

populations¡ the probability of successful fenale reprod-uction

is red.uccd- d.ue to d.ifficulties of rnating betr¡een scattered'

nematod.es (Seinhorst, 1968). Less nema-bod.e infection of host

rootsd.uetorestricted.rootd.evelopmentisunlikelyatirigh

inítia,l nematode populations (Seinhorst, 1967 c¡ rl"l'allacer 1969 a)'

ho.r-¡ever either a change in sex ra.tio ca.used. by inter-nematode
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FIGURE 2

(") Relation betl¡een initial and. final clensities of

Heter odera rostoch.i.ensis (accord-ing to Den Oud.en &

Seinhorst ' 1964\ 'r,:¡hen no host d.arnage occlrrs o

Initlal- and final 'oopulations are in eEEs per 100 g

sl-åeil'
(t,toairi-ea after Seinhorst ' 1967 a) ,

Relation betl,¡een initial ancl final cl-ensities of

Heterod-era rost ochiensis on potato r¡ith. host damage

( acc ord.inq to Den Oud.en. 1 e66\ Initial and. final

lations are in e of soi1.

(ltoairiea after seinhorst, 1)61 c).

(¡)

FIGURIN ]

of the effects of the cultiva tion of host

and non host croþs on final populations of

HeterocLera schachtii.

-- 

:
(t'toai-tiea after Jones t 1956).
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competition (Da¡ide & Triantcphylloue 19671 Kerstanr 1969),

ornematod.ed.eathduetonecrotichosttissueassociated.l¡ith

sevcre infections (Seinhorst, 1967 c) nay result in eÍther

static or reduced PoPulations '

Jones et al (lg6l a) conpr'rtecl population changes of

l[. Tostochj-ensis cluring g::olrth of resis-bant cultivarsr but

guessed. many required paraneters in li eu of sufficient

experimental d-ata. Some of the pa'rarneters that influenced

finalnenatodepopulations'üereenvironnentaleffectsonplant

rootgrorlthgnematod.ehatc]rlnovementoflarvaethroughsoí1

and infection of the host pls'nt (1l"11a"e' 1969 a) ' Therefore¡

tlremaxirnlnrateofrrr-l.ltiplicationand.higfrestequilibriun

clensity of nematodes clepend.ed. upon external conc-Litions as 'r'rell

as.blreinherentcharactersofnerratodesand.hostplants

(Seinhorst, 1967 b),

Host efficiency has a big effect on the eventu¡'l

nematod.e population. l,'ihen the final population is thc sane

astheinitialpopulationallrnaíntenlncellleveloccurs.Data

frorn H. schachtii infections shor:¡ecl cfficient hosts increased

thepopulationrrhileeitherinefficientornon-hostsreduced

the final popula.tion bclor,¡ the m¡.íntenence lcvel (Jones, 1956

Seinhorst t 1967 a), This host effect is prcsentcd" in Fig' 1 '

fnefficient hosts rcd.uced ll. populations (ticsling, 1959 Eavenae

stone2 1960) I irhile a population red.uction¡ at a slouer ratee
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also occurred. vith the continural cropping of efficient¡

susceptible hosts (Gai" et a1, i969; cotten, 1970 b)' Theee

recr_uctions in the presence of susceptible cultivars ha"ve not

lceen explained-¡ and support the probcr'bi1ì-ty of other

interactions on nenatod.e popurations as d.iscussed earlier'

À nernatode reaction to increasing populations in the

hostrootsnaybelirrited'fenraledevelopment¡causingsmaller

cys-bs l¡ith fewer eggs to form' ?roduction of snaller cysts

with fe'r,ver eggs cs the initial population increased occurred'

H. rost ochi ens is
'.rith Ho o,vefloe (Hesling' 1957 b)' but not v¡ith

(Seinhorst91967a)landthed.ifferentresponsescoufd.occur

aseitheraspeciesd.ifferenceortlreclevelopraentofd.ifferent

pathotYPes of Il-' -a'Yeqclg'

Method-s for controlling nenatocles incl-ud-e soil

funigantsr nematode trapping fungil and other enemies v¡hich

reduce nematode populations ' i¡fith high initial populetion

levelslitisunlikelythatsuchmet]roc].sred.ucethencnatod.e

population sufficiently to ¿:ive good control (Jones et all

196Ð. Probably the best chemical control r':rould be a non-

phytotoxic systeriric poison applied" either to the plan'bs¡ or

introd-ucecl to the soil near the roots ('lones et al ' 1965)'

Such chcmical control nethod's are effective on If .

(Bro',rn et a1 t 1970) I but are not econotric (v'liltiatns ' 1969i

Brorimeta1,197O).Tlrereforelirnproveclyield'byrerl-ucing
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populations üith resistant cultivn'rs (Cotten¡ 1970 b¡

\4lillians , 1970)¡ appears to be a nore profltg'ble method' for

thefuture,Oned-angerv¡ithresistantcultivarsisthe
breakdol,rn of resistence by increasing the population of

resf stance breakin¡; pathotypes (r¡¡illiams' 1970) '

4, HOST RT]ST STl,NCtr TO NM{ÂTODE INFECTIO}I

Resistancc in barley cultivars to Il-'-qireqae- increased

yield r not only by red.ucing the ner¡atocLe population (Cotten'

1g7O h; 'tÏillianse 1970)¡ bui also by increased toferance over

susceptible cultivars when hiSh initial populations of nenatodes

occurred, (Cotten, 196ù' llot-reverr selec'bion for tolerancc had'

the practical d-ifficulty of recognising clegrees of tolerance

under fiel-d conclitions (Cottun e 1)lO a) '

Sone barley cultívars l'reÏe Ïecognísed as resistant to

H. avenae by XTilsson-Hrle (f9ZO)' Subscquent studies recorded'

furtlrer resistant cultivore (lfitti-tan ' 1918¡ ;\ndersenr 1961¡

Cottenr 1g6t)e r,'thich were restricted -bo oat and barley

cultivars un-bÍl the Donish spring '¡heatr culti¡¡arr Ï-'oros 'was

reirorteil resistant by }Tíelsen ( 1966) r LoÏos rr8's susceptible

in victoriar Äustralia (Brovn & L[eagher¡ 197O),

CerealshavinSnoneoÏveryfeltfemalesonthej.rroots

(Ând.ersen, 1961), h¡.ve been descríbed' e's resistant' 'A' more
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d.efinite criterion for rating cultivaTs as resistant has been

proposed'',acerealvarietyisconsidered.toberesistantto

the cereal cyst nenatod.e j f the total nunber of ner,lly f ormed

cysts on the roots d.oes no-b exceed the decisive línit of I per

cent of the toi;al number of nc'tr1y-forr.red. cys-Ls on a susceptÍble

cornpara'bive variety¡ uncler equal conclitíons of testing' There

should. be a sufficient replication of nur'rbers to pro<iuce a

rninimun of tr-¡o hundrcd neuly forned. cysts on the susceptible

corrparatíve varietyrr (Brorrn, R.r1969).

A recentty fo::med. International SToup (Broirn, R';persr

cornm.), is attenpting to stiunclarcLise the susceptíbIe conparative

cu_l_tivers and. the nethod.s for testing resist¿fÌcê¡

-4.. Biotv'oos

Barley cultiva::s resistant to one population of

L cly-enlg \7ere susceptible to other populations r;rithin Denrnarkr

and. tv¿o clis1;inct races or biotypes of the nematod-c 1re1e

recognised (Ândersene 1959). Stand.arcl, iest plants ttcre usecl-

I

in other Europecn coun-bries and several biotypes of LgIgae
.nere d-iagnosecl (Co-bten, 1963ç Kort et ¡.1 , 1964¡ Neubert, 1966).

,t',fhen the ,lhropecn test plents were used. in victoriar

one biotype lrhich cLifferecl from the European biotypes uos

establislied.r and. ac}ditional biotypes raay be recognisecl rrhen
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the number of incLicator plants is extended' (Bror'rn¡ R' 11969) '

.ô.1though resistence testing throughout victoria r'¡as reported

to support the conclusion of one biotype present (Brorzn &

Meag'her¡ 197O)¡ vario.tions in host response to ner¡atocle

infcction occurred-e ';rhich nay have been an effect of either

d-if ferent biotypes or chan'5es in cnvironrnent ' Further

infornation on b-iotypes r'¡ithin Âustralia is lacking'

3. fnheritance of resistance

Variations in thc pathogenicity of isolated E:jIry

populationsand.theoccurrenceofclifferentbiot¡rpescarrbe

explnined. by the gene-for-Eene hypothesÍs (ttayes'& Cotten2

1970)¡ which proposes that i;lre genes for resist¡'nce rvithin

the host are natched-. by gencs for virulence r¡ithin ihe

nenatod-e.Byconparing'ubcreportcclrcsponsesofbarley

cultivars to d.ifÍ'erent nenatode racesr Hayes & Cotien (tlZO)

have tentatively predíciec' the nininun nunber of genes

governinghostresistanceanc]-nenatod-cvirule::lceasslxfor

each org&nisn,

Bar1elr resis b¡,nce in Dcnnark vas d-ue to single

cloninant genes (/Lnd.erscn , 1961) 1 and t'rro gcnes f o.resistance

on different l-ocir either on the same chrolllosone r¡ithout

linkage or on cliffer:ent chro*ro'soÉes¡ i¿ere established' ('An¿ersen

& Ândersen¡ 1g6e). Cotten &, Hayes (l16l) id-entified. three



28,

genes and confirlred' the existence of another¡ one gene Tras

ind.epenclentoftheotherthreeri¡hichr'rerecloseÌylinked'on

the same chrolnosome'

Due 'bo d'ífficulties in isolating pure Hr a]¡enae

populationst no positive information is available on the

genes f or nerna,toC'e viruleÏlcêr T{orlever' vírulence appears to

be d.ominant (Ànders'Jn¡ 1965)'

C. Rcsþons e of plsnts TES istant to infection

].nco

Host genotypes lirill express ::esistance by either

lirnitin¿; 'bh-e penetrai;ion of nemctode 1a'rvae or preventíng

nornal grorrth and d-eveloprnen-b of fenale nematodes afters

infec tion.

Resistance in barley cultivars to Lqrq+ge had no

effect on larval penetration (cottene 1967' 1q7o a)e although

host effects on penetration occurred' r¡ith H " schach'bii

(Shepherd , 19's9). Retard-ed- female development and- decreased'

numbers of nenatodes occurred r,¡i-bhin host roots resistc'nt to

II. avenae (c otten., 1 970 a) t lI . schachtii (Shepherd, 1959),

and H . sl-vcines (Ross¡ 1962)' The red'uced nematode nurnbers

rvere due to a hi6her death rate ,.¡ith H. schachtii ( Shephercl¡

1959), À11 larvae of }:ie1o id-o¡s¡ne ta acrita niryated'

outoftherootsofreslstan-balfalfaplantsaftersuccessfu]-
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penetration¡ 'oecause there lïas no host response to infection

(Reynolds&Carterr1969)'Boththeseeffec-bsofd'eathand'

movement cour_d, exprain lor¡er fernale numbers of II. avenqg j-n

resistant cultivars'

Cytological chan¿;es occurred' in the roots of corn

(Zea nayg L. varietyl Pride þ)rvhen infected. by H' 
-aYq!!¡er

and these ÍnhibitecL reating and reduced' egg prod-uction

(Johnson 3, Fushtey¡ 1966). Further evidence of cytological

reactions lri tlr H. a,venae infections is lacking'

Thus, very little is lsnori¡n of the response of plants

resistant io li=?Le-4-Qç. infection' 'r1' better und'erstrnding of

theresponsesand.tlrebiochenristryofresistanthostreactiong

isrequiredand.mayallovthed.evelopmentofbettertechniques

for asscssing Plant resistance'

D. T echniques in asses sinE plant resistance

The use of a standard criterion to determine

resista.nce¡ (Bror-mo R.r1969) r:¡hile desirable, is d-ifficult d'ue

tother¿idevariationsintleenunbersoffemalesproduced.on

genetically hornozy$ous¡ suscepbible genotype s (Cotten & I{ayes¡

196ù. Such varia.tions occurred- uncÌer a uniforn environment

and mad.e ít impossible to d-etermine a nunerical linít for

resist¡"nce (cotten & Hayes, 1969) ' Therefore¡ techniques are
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need.ed. to restrict variation. This could. be achieved. by

eiilrer moTe precÍse control over the present techniques or the

clevelopment of nev nethocls of evaluation'

\4lithcurrenttechniquesgtheplontgrorlthcontainer¡

soil ni-xture; rireth-od-s of inoculation and. fenale counting¡

ca,use variations r;¡hich can be ni-nimised.

lnlhen clifferent soil containers ÏieÏe used und-er uniform

test cond.itionsr the fcnalc count r-ras chan6ecl (Ânclersert, 1963)'

Inocul-ation lras by using infected. soil and may have al-tered-

infectíon levelsr although chcngcs in the soil envíronment

due to ihe d.ifferent containers veÏ'O probably the rnain ccuse

of variation. Infec,ced soil r,¡i'ol't a knoirn cyst content

(Lnd.ersen t 1961), is connonly used- c's 'che inoculun to test

responseg of hosts to infection. Thcrcfof'er l'¡hen d.Íffcrent

soil mixtures are used to test for biotypes, thc host-nematode

relatíonships vil1 vary as previor'rsly "oviulr"d-'

Inoculatíons.t¡ithinfected.soilar.eexpected-tohave

a nornal distriÏ¡l,.tion of cysts, but large variations in

hatclring cc.n occur (Banyer & Fisher, 1971 3'¡ b) and' ca'use

large clifferences in nematocìe infection betr¡een trcatnents¡

îherefo:re¡ by usin6; notiì-e¡ second stage Iarvae as the

inoculune it r:iay be possib1e to lirrit variation in infection¡

Suclr inoculations have been successful (Shephcrd.e 1959¡
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Endo¡ 196Ð And the number of l-arvae lnfecting the host roots

have been measured. (Shepherd ¡ 1959¡ Cotten¡ 1970 a) in other

stud.ies.

Countíngthenunberof.,'¡hitefemalesonanentire

root systera a,fter oareful washing (Ând'ersenr 1961) is often

used. to assess host resist:,nce. Holtever¡ the d'eveloprnent of

denserootsysternsbyplantshavepreventedaccuratecounts

(fort et a1 , 1964). More accurate counts v,¡ere mad.e by Cotten

(116l) r,i¡hen the white females rîeïe 'tîashed from the bulky roots

ancl counted. from the soil'

Thereforegvariabilityca,nbereduced.byrnoctÍfying

current -bechníques¡ and- although fer'ver cultivars r¡il1 be

testecl at one tinc¡ sinpler techniques cnn be used' in the

initial selection. The recollfilend.atíons of an International

*-roup (Brown, R.¡ pers. conn') appear to be self-d'efeatin€ir

sínce a stcnd.arcl criteria is suggested' without uniform

testing rriethod.s.

tühen the resÍstant rirechanisms of cereals to IÏ. qlrenas

infcctions are clearer, nev¡ -bechniques rnay develop from eithor

life cycle stucl-ies of the nenatode or biochenical tests'

llorrever¡ the fluctuc.ting environnents assocÍated- lri'bh fielcL

tria.ls incluce variations unsuitabl-e in evaluatÍng resistance'

once resistcnce is e$tabl-ished.r the cultivar rnust be tested' in

thefield.totestitssrritabilityforbreed.ing.
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E. .Breed.l f s r-s arnc

ResÍstant cultívars of cereals vith commercial

agronomic characters are needecl for practical control. Current

Lconmerclat cu-lliveïs of l,rheat and- barfey have insufficÍent

ïesistance (Brorrn & IVleag'herr 1970) r and although oat

cultÍvars can be usecl (L[athison, 1966)¡ they are not generally

ATo't;¡n. fherefore¡ l¡hen suitable resistance is record.ed. ít

r¡ill- neecl to be introducecl into the commercial- cultívars of

Âustralia. Present techníques of assessËIent of resístance are

clestructive of plants and prevent seed- developnent. Since

plant generations cïe propa¿latecl by seed.se ¡telr¡ non-d.estructive

techniques aïc requir:ed. in plant breecling.

[Tonogenic or verticel resistance is broken nqore

euicklSr than polygenic or ]6otj.zontcl ïesist¡.nce, and the rate

of breakcÌol:rn d.epenc]s rlainly upon the virulence of the pathogen

(Van d.er plankl 1968). .¡1lthou6h horizontel resistc.nce is

d.ifficulb -bo:rssess and- transfer bet'r,¡een cultivars¡ it hae

potential in future breeding prog|r'arnries. Theref ore¡ the

d.evelopnent of vertical resistance onc" the rotation of

resistant ancl- susceptible crops &s recomlend.ed bJ' Jones et a1

(116l a) uroulcl give earlier benefit. 3ut, more information

is need.ecl on the viru_Ience of iI . avenae before reconmend-ations

are ned.e f or the use of reslstant cu1 tivtrs ¡
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cultivars

Because of the inPortance of H. avenae fn limiting

yield-s of t¡heat in South Australiat and' the possible

i-raprovernent of control by using resistant cultivarse an

ínvestigation of host resistance to the nenatode r'¡as

undertaken.

CereaI

for resistance

cultivars¡ cspecially l,rheatl lTere screened'

to H. avefioel and. critically tested' to deternine

the d.egree of resistance.

The -ì-ife cycle of the nenctode in susceptible and-

resistant hosts r,:¡cs examined.e and. conpari-sons und'er uniforrt

a,nd. diffcrent cnvironments rnacle.

Ättenpts r,rere mad-e to evaluate certnin aspects of

resistence tcsting¡ cÌevelop nelir eva,fuation 'methoclsr and'

suggest firrthcr stud-ies to utilise tl're resist

reported" heroín.



54,

RESISTÁ.I{CE i4TÏTI] VTHEÀT, B¡,RIEY .lrND OÀT CI]ITIV/,RS TO

H. avenae causes one of the nost Ímportant d'ieeases

affecting cereals in South Lustralia. This is d'ue'partly

totheuseofsusceptiblecerealcultívarsandpartlyto

Íneffective control by crop rotation in farm nanagement'

certain oat cultivars effectively red.uce soil populations

of the ner¡atod.e (lutcthíson, 1966) I but they usually f o1low

susceptible l-¡heat and barley crops 'r'-¡hen grown' The crop

rotation is coropleted by either one or tr'vo yeclrs of pasture'
ñu

V/ild. oats ( Ävena fatua) anrl barley gtrass Hord.eurrt

are the d.oninant grasses of nany pastureÊ Ín S'/i'r they are

efficient hosts of E:-re (Parkín & Goss¡ 1968)t and are

not effectively controlled. by cultural practices. Therefore¡

the influence of inefficient oat cultivars on H. avenee is

lost t¡ith present farrning methods'

n'lthoughthcorganisrncanbeeffectivelycontrolledby

chenical means¡ such control is uneconomical at this time

(3rowr et a1, 1g7O) and the developnent of suitablo resistant

varíetíes need.s to be explored-. Certain ba'r1ey Horcleum

sativun) and- oat Âvena st ]- is and- vcna stri a cultivars

are resl-stantr whtlc sevcral oat vena sativa) cultivars axe

r:lod orately resista"nt to H. avenae in Victoria (Brorvt & Meaghere
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1g7O). The Danish spring Üheat cv' IoroÊ wast reported' as

resista.nt in Europe (Nie1sen, 1966)¡ but 'uras subsequently

found to be susceptible uncLer victorian cond.itÍono (Brom &

Meagher¡ 1970) . No 'r-¡heat Triticum stivuro ) cultívars have

been reported. as resistant to I-Ir avenqq in rl'ustralia'

Different biotypes of I: a'JLq4Le- occur throughout

Enrope (Ànd.ersen, 1959i Cottenr 1961ç l(ort et a1r 1964¡

Neubert¡ 1966) and a d.istinct hiotype (Bro'urn, R'r 1969) fut

not a d-istinct specíes has probably evolved' in '[ustralia'

Differentbiotypesr]ayoccurinÄustralialbuttheycannotbe

id.en,cified- un.biI a test assortment of resistant cultivars is

estc,b].ished..Íherefore¡tlrerecogriítionofcerealcultivars

r¿'¡ith resistan ce to H. avenae rvil1 aid- the id"entification of

d.ifferentbiotypesandinprovethecontroloftlreorganism.

1 IVIÀ[ffirÀT,s ÄND IVIETI{OD,Sa

[he resu]-ts of resistance of cereal cultivars to

If,averraeÏrered.etermined-frornfourseparatetrialscond.ucted.

during 1967t 1969, 1970 and' 1971' E¡'ch of the last three

trial-s v¡as d-esigned. in Janu-ary of the year of the trial as a

sequel to the one preced'ing i-b¡ after a revision of aims¡

techniques and cultivars used previously had been nade'
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Â. Select ion of c ea1 cultivars

(i) Vüheat cul-tivars

During January¡ 1967 t 790 cultivars rilere selected' at

rand-orn fron ttre lîaite Àgricultural Research Tnstitute (W'¡"n'f ')

wheat cultivar collectionl onc1 includ-ed' cultivars fron {{

differ,rntcor,rntriesanclseveralcultivarsofunknortnorigin

(/,ppenclix .1). Âdd_itional cultivars inclucled f or testing

d.uring 1)6) vete two ner'-¡ cultivars released fron Rosertorthy

,A.gricultural College (n'r"c '), six cultj-vars vhich prod'uced

a goocl yielcl on a nenetocle infected- site during 1p6B

(natfr¡en, peïsc cornm.), ancL the D¡.nish cv. l,oros (Lppend-Íx 2) '

( ir) Barl ev ancl oa-b cultivars

Thebarleyandoatcultirrarstested.d.uringlg67l¡ere

the conplete cuftivar col-lections at R'Â'C' The collections

containeri- l1 barley ¡uccl 81 oat cultlvc'rs (nppenclíx 1)' tr'our

nel,¡ barley cultivars cl-eveloped' at the ÏI'^'R'T" onc barley

cultivar (Esperance) and. one o¡'t cultivar (Saia) reportecl

resistant to E.-gIgÊqq in llictoria (Bro"rn & l'{eaghere 1970)

v¡ere inclucled- in the cultivers to be tcsted for resistance

lurine 1969 (/rpPendix {) '
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( iii) Selection of contro1 cultivars

HeronlPriorand.EarlyKhersonvrereselected'asthe

u¡heatlbarleyandoatcontrolcultivarsrespectivelyand'.r¡ere

retained as controls throughout the cxperinents¡ irrespective

of alterations in seasonal cultivar Ïeco]rullend-ations. Â11 the

control cultivars selected .rîere susceptible to E:jl'le¡æt

vÍd.ely gÏ.oÌïn throughout south .[ustralia and. I'econmend-ed. as

comnercial cultivars d-urLng 1967,

The susceptible oat cultivar (sun II) reconnended. by

an International group (3"ovlrr, R.¡peïS¡ colllfi¡) was íncl-uded.

in the 19?1 pot trial to conpare with the susceptible oat

cultivar; EarlY Kherson.

B. Preliminarv selectÍon of resi stant cultivars

Cereal cultivars se1ecte6. during 1967 (.ô'ppend'ices

1t7) ,;¡ere tested for resístance to lI' a.Leno:e in a field' trial

at R..A..C . ín 1967 .

(i) Site of trial

Ân area of r,rheat cv. Heron infected' r''¡i th H. &venae

cluring 1g66 ar Roser¡orthy Lgricultural College t,ras

for the distribution of the nenatode in February;

examined.

1967. The

area rras divid.ed- into smaller units of 16 m2 t and. fron each
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sub,unlt the number of cysts in the soí1 around' the roots of

five stubble plants selected at rand.om Iîas assessed. Each

soil sannple rras thoroughly d-ried. ancL the cysts collected from

a Fenlrick ce,n (Goodey 1961). The organic naterial collected

rrcs reníxed- l,¡ith vrater¡ aliquots l¡ere fíltered. througtr

]/,Ihatnan No. 1 fÍ1ter papeï, encL the nunbcr of nev¡ cysts

counted. und.er a clissecting nicroscope e

Âtrialsiteof40nxlTOrnluassclected'forthe

tria1. Throughout the sitc¡ each sub-unit averaged. I or nore

ne.u cysts per stubble plant ancl the soil r,'ras a lVia1lee loarn.

( ii) Experinen tal clesi¡rn

Cereal cultivars tested. for resistance (.4'ppend-ices

1rl) r¡ere grolln in síng1e rovs¡ Each ro1î lras 11 '5 n long and

the seed.ing rate l¡as c-lesígncd- to give a seed spa'cing of

0.1! m. The rol,¡s weïe spacecl 0,45 n apart' The seed-ing rate

and_ rolr spacing r,¡ere designecl to red.uce competition betr-¡een

cul-bivars anc'l- facilitatc the n.ssessment of resista'nce on

ind.ivid.ual plants.

( iii) Field. rnanagernent

lhe trial site r¡as cultivated- r¡ith a d'isc plough¡

combine tynes ancì- ha::rol¡s to pÏcpare a' good' seed- bed'' ?rior
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toseeding¡theareal¡asfertilised-r¡itinaltolmíxtureof

superphosphate to sulphate of arnmonía at a rate of 10 kgflna'

Seod.ing vras on the 2?th J¿ly, 1967 ¡ ancl was done uith a

rnodified- Finlay seerLer (Fintay' 1961)'

( i") .¿1.s sessment of res istanc e

Tho cul-tívars l'ïere examined' for resistance either

just prior to or at ear emergence ' Five plants 't7ere ranclornly

selected. per cultivar¡ ancl each plant lras carefully removcd

fron the soÍl to re-i;ain as much of the root system as

possíble. The roots were gently agitated' to remove loose

soil¡ carefully washed- in va-ber and exaninecl for r'rhite

fenefesofthcnematocle"Thecultivarsl¡ithnofernalegl-¡ere

selected.asbeingresistan-band.thesecultivarsr,¡eretasted.

agBin in the field çluring 1969' either to confirm or negate

this resistant cla'ssifícation'

c. l'urthcr ev¿luation of resist ce and tolerance

Sor,readditionalcereafcultivarsancLthecul'bivars

selected as resistant fron thc 1967 f¡e¡d trÍa'I (Àppenclices

2¡4)'ç¡ere tcsted for resista'nce in a field trial d-uring 1969

atlïatchman.Inforrration\Iasalsosou6htoncultiv¡rrtoferance

by conparing the gSolrth of each cultivar in infectecl ancl

non-inf ectecl soil- '
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I i ) Site of trial

[he year 1)6'l was a d'rought yea'r and' the effect of

ilroughtonyield.satR'L"C'isshownin[able1'Red'uced'

growth ancl yíeId-s d-ue to the cì'rought cond'itions masked' the

effectof@ina11crops¡andnose1ectionofsites

'wíth H. avenae infections could be made ín 1967 for the 1968

season. During 1968, a site "ras 
selected' at Yrlatchman as no

suitable site 'was available at R 'À 'C '

Tr,ro trÍaL areas ï¡ere selected' and these d'iffered' by

the presence and absence of II. avenae infection assessed' bY

reduction in crop growth during 1968' Soth sites l?ere on a

sand.y loan soil in the same field-' The d-ensity and'

d.istributionof@enaecystsineachsiteYfasd.eter:¡lined.

fron 2.5 cm x 2.5 cm x 1!'O crn soil core sanpLes talcen at the

intersecting points of a 1'! m x 2'O m gricl pattern' f']:e

number of cysts Ín each sanple lîas assessed- by the nnethod'

described in Ltethods B (i)'

Ân area of 10 n x {O n with a nematocle cyst

population greater than JO cysts per 100 g of topsoil was

selected.forthenenatod.einfected-trialsite..tisimilar

areav¡ithnocystsrecorded.fromthesoi]-r¡asselectedas

the nematod-e free ârea'¡
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T/rBT,E 1

-¿l.vera Érain yield.s of uheat, ba,rlev and. oats

at R ..4-.c . fronr 1966-1 1 and. total raínfall

fron Âpr i1 to October 'inclusive.

Only yields of crops after a period' of leyland'

are given because all field. trials for resistance 'lreÏe

after a períod of leyland-. The rainfall represents

rainfall d.uring the nornol growlng period. of crops at R.Ä.c .

17 48

412

1968

14to

1611

2162

161 4

1055

2e65

2556

1923

t100

1667

10r5

24rt

1711

2161

2507

255.5

162.1

471,1

292,6

117,8

411.O

1966

1967

1968

1969

1970

1971

0atsBarley\,[LreatRainfall
("*)

Year

Cereal gpain yield. (tcs/ha)
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(il) Exper inen tal desípm

,0, rand-onised split-plot d'esign with J bl-ocks at each

of tvo sites was used.¡ tiith r,¡hole plots of v¡heat¡ barley and'

oats v¡ithin each b10ck and the treatrnents rnnd'omised within

each v¡hole P1ot.

Each treatnent contained' tlro test cultivar ror'¡s çrÍth

a controf ro'w on each sÍd.e' The roÏ¡s r;Iere 4 n long¡ 0'2 n

apcrt, and. the seed. spncing l'rithin ror-rs lras approxÍmately

0.0{ m. Rovr spncings vere selected to conply uith nornal

farming practice¡ ancl the seed' spacings complÍecl vrith the

norrrally ïeconnended. seed.ing rates of 44-,8 kgf:'a to 67 'J kg/na

for r¡heat¡ barleY and. oets.

( iii) F j-elcÌ ¡nanagement

Seed. bed- preparation 17as the sane as d'escribed' in

lrietirods 3 (iii) ancl prÍor to seeding¡ superphosphate

fertíliseï lïas eppliecl at the rate of JO kgfna' The trial

vaÊ solïn on the 2TtYtMa.yt 1969, v¡ith a nod.ified- Fín1e,y seeder

(linta.y 196il. On the 51st Julyt sulphate cf annonia riras

applied. at the rate of 44'B kcg of N' per ha ancl- later¡ on the

zith Àugust¡ the plots ',¡ere sprayed- irith a pronetryn"f 2'4 D

ester raíxture to control r,¡eeds. Both applications 'r'rere part

of the norrnal cïop nanagement pÏoêT¡'mne for the cListrict'
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( r") .¿t Þ sesgment of tol eran ce and resistance

the test

Originall-y¡ the grain yield' of each treatrnent v¡as to

beus€d.j¡theasscssmentoftolerance.Hol,?everlplantd.ensity

v¡as reduced up- to To percent by a field mice plagrre forlovi::g

seed-Íngandthisnad.eyield.evalua,tionsiml:ractical..Ehereforgl

tolerarrce was assessed- on a visual appra^lscI of growth'cor:lpared'

with the susceptible control cultivar'

Resistance 17es assessed by a moclification of ihe

nethod d-escribed in lt[ethods Br (i]r)' Three plants per

treatnentintlreinfect.ed,site.l¿Íereexa.nine(lonlOthSeptember¡

and'thewhitefemolesperrootsysternÏreÏecountec].\,rhcnthe

feLale count Tras less th¿n 1 O for the three plants within a

treatment¡threeplantsfroneachofthetr''roadjacentcontrol

ïor?s¡ (Methoc-Ls.tr (iii))i7erc examinecl to confirrn infectipns of

and. three aclclitional plnnts l"¡ere

cu1-bivar ro\Ts r

examine.cl r¡ithin
lI . eVenile

The standarcl erÏor r¡¿s calculated for 4"11 cultivars

l¡ith less than 50 fenales per root systen ancl the rcnainder

\ïere recorcled- as h¿ving lnore than 50 females per root systen'

À resistance rating \7as given to each cultivar accorcling to

T¡}le2r;¡hichiTeganoclification-ofthecriteriausedbyBrou-n

& Meagher (t970).
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TABTE 2

Ihe nunber of femaLes of H. AVenAe prod.uced. on

a cereal cultlvar expres sed. as a nunerical rating

and a descrintíve reaction of resistâûcêr

Each cuLtivarl¡as placed. in the highest rating

possible after considering the Erean number of fenales per

root systern and. tho stand.ard. error of all plants tested'

for that cultívar.

D' Critical evaluation of resistance

The resistance of cercal cultivars selected from the

i969 fíe¡d trial lïas assesscd. in tç¡o separate pot trials

durÍng 1970 and 1971,

Reslstant (n)

I\[od erately resis tant (M .R . )

Susceptible (s)

Vêry susceptibte (V.s.)

Rating

1

2

1

4

o

1- 10

11 - 50

50

ReactionFenales/root system
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( i) ExlrerÍnental cl-esiglr

cultivars nitlL a resistance rati-ng of I ot 2lrere

sclected. fron the 1969 fieLð, tria]- and. testec'l for resistance

ancl tolerance in a llot trial d-uring 1970' Â ranclonised bloclc

design .r¡as used. anc]- containcd four bloclçs i;rith three sub-plots

ineachblock.Cu]tivaÏS17efe8rovníninfected.soilto

evaluate resistance¡ in infected- anc'L non infectecl Soil to

rÌeasuïe tolerancer anil- the thrce treatnents constituted' the

sub-p1ots. The sub-plots 1ïerc conpletely rancl-onised. r¡ith one

anothcr r,;ithin cach blocl<.

À further selection of cul-tivars vith a resistance

rating of 1 or 2 r;¡as r:acle fron the first pot trialr and-'r''rith

the con¡rercially reconnencled. oat varieties¡ t,¡ere testecL again

f or resis-bancc clr,rring 1971 " The trial containecl six blocks

in a rancl-onisecl bl-ock cì-esi8n' (t t*.c')
zl

Throughout both trials' O'OO2 M/lolVstyrene pots

rreïe used- to grotr a singl: test plant' Eaeh block contained'

pots of the sa.rrc colour ancr. the treatnents Ì,?eÏc rancLonised

l:iithín each block at lreekly intervals '

Collect ion of inoculun( 11/

Partlyc-luatod.ifficultiesincollectinganclisolating

large nunbers of cysts fron \Jatchnanz and- partly clue to an

attenpt to gain sone infornation on biotypes¡ the inoculun of
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H. avenae cysts for the pot tr ials was obtained' frorn a sând'Y

collected during Feb:ruarry 1970
soil at IVlannum' Inoculrrm Y¡cg

and. 1971 frorn the same siter and after infected' barley

(cv. C1ípper) naa been grorm durÍng the p:revious year' Soil

'!îo,s rcnoved. to a depth of 15 cr¡ ; sieved' through a co¿ì'rse

sieve ancJ- roots ancl d-ebris retoined' by the sieve üere placed'

in air-tight polythene bags r'¡ith a linited qus'ntity of soil '

( ii.i) Inocula tion cnd nt of trials

Cystmaterialcollected-c.Luring197O¡¡asstoredat

ambient ternperature until mid-Ì/lay' The roots weÏe separated'

fron the soil v¡ith a 2'JB rnn sieve¡ shred'ôed and- memixed

r,rith the soil. À soil mix of 2 parts inoculumr 4 parts so'ndr

4 parts f oan and organic fertilisel liîas thoroughly rnÍxedby

coning a,nd- quartering' Due to the size of the trial' t1'/o

mixes of Ínoculated" soil Ï¡ere Ïequired'' À nematode free soil

nrix r,¡as prepared by replacing the infected' soil component

with sc,ncl.

Soil-'r,,¡¡.s ad'd'ed' to trithin 2 cn of the top of the pots

and- tliey l,zere storeô in a d'amp cond'ition at ambient tennperature

f or tt'¡o veekg ' 'ô' single germinated seed of a test cultivar

rras planted- at a d-epth of 2 crn in each pot' The pots remained

at arnbient ternperature for an adr'itional tr¡o rreeksr and- then

the], 'ç¡ere transferred- to the glasshor'rse'
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Halfthecystmaterialforthelg7ltríalr,yasstored'

at ambÍent temperature¡ an¿ the other half at 5oC. The pots

\ïere prepared¡ inoculatecl and seed'ed d'uri-ng rnid-May ín a

simil-ar manner to the 1970 trial . Hol,rever¡ the inoculated

soil in the mix r¿as rnad-e up from equal proportions of cysts

stored. at ambient temperature and log. The final cyst content

'ïas J.6t O.{ cysts per 1OO gms of soil (Method's B' (i))' 0n1y

one soil mix r¡as prepared. a,nd. the pots r,rere moved immediately

to the glasshouse'

Managementofthepotsr¡asthesaneforbotlrtrials.

Pots were checked- dailye cl-usted'''¡ithsulphur to control

porrclery mil¿ew¡ sprayed- lrith 'a'egearrìt insecticide to control

green aphld.¡ ancl v¡atered. r,vhen requirecl'

Âssessment of tolerance and. resi-stance( r")

Duringthelg7cpottrial¡tolerancelTagassessed.by

compcr,ríng the grovth and. yield- of each culti.¡ar grolTn und'er

inoculated. o,ncl non-inoculatecl conclitions'

The resistance of cul- tívars to FI ' avens,e lrag

assessed- in both trials on the nr-rnber of femal-es procluced per

plant. ¡,t eaï energêl-rce¡ the plant l¡as rernoved- from the pot and'

the excess soil gently washed- fron the roots. lhe remainíng

* 4Oo / o lr/v d imethoate ( o, o-clirnethyl
ptiosihor od ithioate ) .

S * ( N -rne thyl c arb anoYlme thYl )
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soil r¡as ïemoved by nore vigorous agitation and collected' in

a,latgebea.ker.Finesoilparticlesüererenoved-bywashing

ilrrough a 0.1 49 rrct siever and. the females counted- by spread-ing

theremeiningsoilevenlyoveraflattra,yl,rithablackbage.

The root material ïres maceÏated. in a Trlaring blenderr lrashed

r¡ith a fast jct of rrater i;hrot'-gh a 1.68 rnn sieve and collecte¿

inaO.1[)mmsíeve.CountsoffenaleglïeÏenrad.ebythesane

rnethod. used. for the soil count' [lhe total f:r'rale count was

the ad.d.ition of the soil ancl- root connts'

(") Stat istical- anal-Ysis

The rcsul-ts for r,rheat¡ barleye oats in the 1970 trialr

and. 'r¡heatr oats ancl conmercial oats in the 1971 trial r¡ere

transforned- to 1og (x + 2)' 1\n analysis of variance was nad'e

on each and the L.S.D. at 50/o,'¡as c-leterninecl'r,¡¡hen significo'nce

vras present.

Becausebothtrialsr;crcd.esigned.totestresistancel

the results of cultivars coruIron to both trials r/eÏe analysed'

as a 5 x 2lectorial for ';¡heat¡ ancl a 12 x 2ftct'ovial for

oats to test for the presence of cultivar x trial interactions'
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2, RESUITS

Severe iLror,rght conditions (Ucbfe 1) d'uring the

prelininary fíeld trial for resistance (ltetnoas l) prevented'

!B v,rheat cultivars fron grolring an¿l causc-d- poor gror'rth in a1]-

other cultivars. /ilthough asseesment of resiste.nce 17as

d.ifficult¡ 11 v¡heo.tt B barley and, 22 oat cul-tivars lrere

selectcd for further testing. îhese selected- cultivars a'nd

ad,Ë.itional cultivors¡ l¡hen tested. at \'rlatchnart in 1969,

(Uetfroas C) showed. a range of reactions fron resistant to

very susccptible (falfe 5). À11 of the barley cultivars

testecl were tolerant uhether they were rated. as susceptÍble

or rnod.erately resistant r:¡hile fev of the r:¡hoat or oat

cul-tivars t7eïe tolcrant (tatte 5). Tho cultiv¡"rs rated.

resistant or noclerately resistan'6 v;eÏe selected. for ftrrther

pot trials for resigtc.nce.

Results of the pot trial in 1970 to exa'nine

resístance are shor¡n in Tc,ble 4. /i11 barley cultivars uere

rated. as susceptible: but r,,lhen the nunbers of fenales

d.eveloped. by each barley cultivcr 'Ì,ïere conpared on the basis

of the tr.s.D., (ri.gure 4)r three clistlnct IeveIs of

susceptÍbilit¡r becane apparent. The reactions of rvheat and'

oat cultivrrs¡ (talf e 4), shor'¡ed. considerable varj.ation.

I,fhen the resistance of cultivars tested in the pot tricl

(ls.lfe {.) r-rere conpared with the reaction from the fiel¿ tricl
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(latfe 5)r marked. d.ifferences occurred- v,rithln certaÍn

cultivars¡ esBecially lorose Freja¡ Àvon¡ f:r¡in ancl Swan.

No assessnent of tolerancc (l,tethod Ð (iv))r¡cs made fron the

1970 pot trial as no significant clifferences in grouth

occurred bet'¡¡een Ínf ected, anc-l non infected. cultivars '

\l'lhen the rcsista.nt and- nod-erately resistant r'¡heat

and oat cultÍvars \rere examinerl in the further pot trial¡

si€;nificant variations in the number of fe::laIes per plnnt

occurrcd. be tween cultiv¡rs (f igure 5) r ond three ind-istinct

levels of resistance coul-d. be notecl for both t¡heat ancl oat

cultivars.

Both of tho pot trÍals to test the resistance of

cultivars to iL.-glqnag procluced- significr"nt results¡ but 'r,rhen

cultivc,rs of oats collunon to 'uhe tr,¡o tri¡.ls r¡erc cornpared-

(figUre 6), a cultiv¡r x trial inter¡.ction becane a"ppa.rent.

X. factorial a.nalysis of variance (f",lfe 5) confirned' a

cultivar x trial interaction f or both oats cuncl r¡heat.

In the nethod used. to assess cultivar resistance

in the second. pot tría1¡ fepales in soil ancl on roots \7ere

c ounted.. .1 signÍf icen-b correl¡,tio" (R( 
t o4) t o.7e)

occurred bet'l¡een nunbcrs of fenales in -bhe soil and. from

roots u¡hen all treatrrcnts 17ere conpared¡ i-.€.¡ for c ran'ge

of nurabers of f enales on roots frorn O to 264 (f igure J).
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The slope of the regression line for this correlation wag

0,76. But .when treatnents y¡Íth five or less fenoles on the

roots üere conpared.¡ the correlation (reö E 0'2J) rras

not significant.

Good resistance to H. avenee l?as record.ecl for tt¡o

wheat cultivars. Spring l,'¡heat 12698, v,¡hich origincted. fron

Âfghanistanr prod.ucecl less than five fenales per plant Ín

all trialsl l¡hi1e the Danísh cultivar (T,oros) prod.uccd' less

than scven fenales per pì-ant in both of the pot trials. The

latter cultivar r,i¡as ratecl susceptible when groun at

I{atchnan (lauf e 1)'
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TÀBTE 5

Reaction of wheat¡ barley anc oat cultivars to E, avenae

at Watclr.nan.

Resistance rras rated. on the nu-nber of fenales per root

systen (ralre z) and the reaction clescribed as resistant (n),

noderately resistant (m.R.), susceptible (S), oï very

susceptible (v"s.). The tolerance recction (wtetnoas c (iv))

llas a vísua1 assessncnt of cultivar grouth as being either

very poor (-) or substantially better than thc contrors with

no synptons of discolouration (+).
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T^.Brq 4

Resistance ratíng to H. avenoe of l¡heo,tr barley

and. oat cultivars selected fron Table I anè

tested. in a pot trial"

Rosistance of cultivars to lIi avenae collected. from

Mannun Ìrcs assessed as in T¡.b1c 1.
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T.IIBI,E 5

Test of sisriflcanc e of tho effect of cultivar
ancl experÍnental cond.iti.ons on the res ista,nce

of cereal cultivars to H. avenae tested. 1n tr¡o

pot trÍals ,

åÊ Signifícance at 50/o

Signíficance at 1o/o

Significance at O,1o/o

JÊ'$

r**åÈ

*Jfâe
1.2112

. {ÉrÊJå
14.2712

o.2757x*x

0,0658

11

1

11

72

l+:lË
4,5421

1.4629
JÉ

o.197o

0.0590

4

1

4

5o

Cultivars

Tríal-s

Cultivars r Trlale

Error

M.S .dfM.S .dffnclepentient variable
0^TVfIIEIIT
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FIGUIìE 4

Dcffiees of resistance of certcin barley

cultivars to H. tverlâ.er

Cultivars (varieties) of barley vere testec-L for

resistance ín a pot tríal d.uring 1970, Cultivars l:¡ere

gracled. for resist¡.nce on the rtcan log (x + 2)

trcnsfornation of four replicatcs '

Cultivar (variety)

Barbless

cr 5576

Prior

Trebli

Freja

1

¿

4

4

5
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FTGÌIRE 5.

Degrees of resist¡.nce of certain uheat and- oat cultivars

to Llyonao.

Resistant anfl noc'lerately resistant cultivers fron Teblc l¡ connercially

reconnend.ed. oat cul-tivars¡ and Sun II oats were tested. fcr resistance in a pot

trial d.uring 1971 , Cultivars r¡ere ¿rad,ed. for resistrncc on the nean 1og (x + Z)

transfornction of six replicates.

(") Àl-1 oat cultivars (r) Connercial oat cultivars ( 
")

Vfheat cultivars
(Vc.rieties )

1. GuYra B' Àlgerian

2. l.riortgage !. I{ent
trífter 10. Sun If

l. Àvon 11. frwin
4. II.Z. CaPe 12. Mulga
l. Blythe 13. Ear;'y
6. Svan Klrerson

7.3oppy

(VarietÀes )

1, Àvon

2. Suan

1. Kent

4. frizin
5. Early Kherson

Spring Ï.T?¡cat 1269e

loros
Portugal 1J1

Portuþ,l 120

IIeron

lr

2.
z).
4.
Ê).

r/arieties



300

200

to

0

(b) (c)
(a)

L.S.D
ß/.)

123¡t56789þf l2l3

L.S.D L.S.D
ßh6/.tro0

50

c!o

3
CI

€
a
o

5

123¿r5 123¡r5
YLrbty



TIGURE 6.

Effect of cultivar and. eEperincntal cond.itions on the d.egee

of resistance of oat cultivars to IIr cvêñaGr

Conparison of the nunber of fenales pcr root systen of oat cultivars

tested. in t'wo d.ifferent pot tria.1s. Eech result is thc rLean 1og (x + 2)

tra¡nsfornation of totel fenales per root systen of ea.ch cultivar.

E First of trial Sccond- pot trial

Oat cultivars (varicties)

0\o
a

1. Guyra

2. ì.tortþage Lifter

t. -.l,von

4. N.Z. Cape

5.

6.

7.

8.

Blythe

Svan

Boppy

Âlgerian

9. Kent

10. Irvin

11. L{ulga

12. Early l0rerson
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¡rGlIRE 7

Scatter cliapgo¡l shor¡ing the relationship

betveen lrhite cys ts of I{. avenae counted.

from soil and. host roots.

The nunber of fer:lales per root systen used to assess

the resistance of cultivars fron pot trials l¡as the su¡n of

fenalcs counted in soil and on roots (n,lethoas l, (fv)) The

relatíonship between the tr¡o counts vas plotted- as the log

(x + 2) tra.nsfornation of all treatnents fron llne 1971 pot

tri¿1.
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T'llaeat is thc najor cereal grolîn in South r\ustralia

(Àitchison, 1971)r but barley ancl oats are often groïü-n

r,:rithÍn a crop rotation systen' Therefore¡ the red'uction

of populations of H-Lqve-ryg on a1f crops is inportant in

control1ing the nenatode' Heronl Ins:-gpta 49¡ Ganenya

ancl Gr.bo for wheat¡ prior for barley; ancl J.vonr Kent and.

Early Kherson for o¿"tst üêre the pror:rinent cultivars of

eaclr cereal typc groï¡n durine 1969 (¿'itchison' 1971' Since

thenr neu cultivars of Glaive and l-Ialbercl f or rrÌreat;

Clipper for barleyg S'wanr lrvin and- Coolebo'h for oats¡ have

been released ancr. recorulenC'ed- as repla'cencnts for sone of

tlre previously recoÍrtended- cultivars (Heard-e 1972)'

À11 thc reconunend-ccl1 commerciel cultivars that have

been tcstec'l for resistance to lI. avenae lîere suscePtible'

Hov,reverr the reactions of many of the cultivars l'¡erè

cliffcrentwhentcstecr-inthcfielclorinpots'and'often

bothr¡erec.Lifferentfrontlrere¡,ctionsrecorded.inVíctoria

(Broun & Meagher¡ 191o)' These c-[iffcrences nust result

fron one oï nore of th.e follo'uing re:'sons9 variations in

nethoc,sofassessrnentlcliffercntinitialpopulntiond-ensitics¡

or the existence of differcnt biotypes'
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.4.. l¡iethocls of assessment

lnIith nost cultivarsr the lnproved. method. of counting

the white fenales per root systen used. Ín the pot trials

resulted. in an increased. number of fenales from that fcuncl

in the fie]c1. only portion of the root system could be

sanpled. fron the fielcl-r r¡hereas the entire root systen 'r,'ras

recoverecl fron pots. The portion of the root systen sa,niplecl

in the fielcl w¿s variable d-ue to clifferences in the pattern

cf roct grorrth bet'l¡cen clifferer:.t cul-tívars1 ancl clifferences

in root gror-rtkr v¡ithín a cultivar Srolring ín cllfferent sóil-

environnents (Troughton, 1962). In the fielc'l, unless plants

l'rere wicl.ely space<1¡ roots of neighbouríng plants overlapped't

.Here includ.ed. in the sanple¡ :lncl r-¡ere d.ifficul-t to renove

r.¡it[out removing the roots of the test p1ant. These variables

cou1c1 only be conpensa.ted. for by sanpling a gI.eater nr¡:rber of

plants as ,,Tas clone in the fÍeld. trial at Vfatchnan¡ çhere only

the nurnber of females per root systerÌ lras csscssecl . This

nethod. of assessnont ir¡.s sinilar to that used. by Ändersen

UgA) anô Bror,vn & tfeagher (tgZO) but it sufferg fron sone

inaccuracieg.

Ä reliable assessnent of nunbers can only be nad.e rvhen

thc fenales are naturer protruclíng fron the roots anc'[ are

easily sêê¡.¡ But these requirencnts also nean that the



96.

fenalesnaybeeasilyd.islod.ged.lvlrensoilisbeÍngrenoved

frontherootsysten.Thus,r'¡henhostsrvithcwid.erange

of reaction to nerratode infection rÍere usec'l¡ a good' correlation

be'bv¡een nunbers of fenales on roots and in soil rras obtained'

This suggests thct a correlation factor night be used to

transforn root counts to totol countsl but t'"¡o problens prevent

this; the d.ifficulty of counting fenales fron entíre root

systens (Kort et a1, 1964) and thc fact that no correlation

could' be obtainecl for hosts..rith a snall nu:rbcr of ferra]es on

thcroots.Thus,thenostr:eliablenethod.ofassessmentnust

bcbasedonthenurnberofferralesinsoí].and-onroots¡ancr

thelattercountmaybeobtained.byvashingallt]refenales

fron roots (Co-bten, 1961)¡ or b$ root naceration in a Tfaring

b1enc1er. Total nunbers of fenales (fron both roots ancl soil)

ûeïe countecl in both ny pot trials¡ and' the greater nunber of

fernal-es obtained. (cornpared- r-¡ith ny fielcl results ancr- those of

Brovn & luteagher (f gZO)), proba'bly reflects the increased'

accur&cy of the rnethoc-L'

\,Ilailefield.trialsprovid.ethenostconl¡enientnethod.

of testing largo nunbers of cultivaÏs for resistance to

¡.vêfiÐ.er the cultivars selectecl nust be critically evaluated'
Hr

by a pot trial Ín rrhich the va::iables assocj-ated. l'¡ith counting

the total nunbers of fcr:rclcs per root systen can be níninised.

Thefina]eva]uationisthenrnad.einanotherfielc.trialto
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test the reactions of the selected. clrltivars to ínfection

under natural envirorunental cond'itÍons and to evaluate other

agronoräic features of the cultívars ' For this field' trialr

the number of cultivars tcsted. should. be red.uced. to a nunber

snall enough so that anple replícation can be nacle for a

real-istic assessnent of resistcrlCCr

Br Effect of initial nenatod-e 4gggiff.

Inproved. nethod-s of assessment probably explain part of

the variation in the reactions of ¡,,¡heat ancl barley cultivars

in tho fiet-d_ and_ pot trials (raltes l and 4)¡ but the conplete

resistance of several oat cul-bivaÏs ín the field- is nore

likely to be ¡.n effect clue to the initÍO.l nematod'e rlensity'

lïhen the sane nethocl of assessment r¡as usecl in both pot trialsr

a significant cultivar x trial ínteraction occuÏrea (rar1e 5) r

c,nd. this l.fes r]]ore significant in oats d,ue to the r¡ic]er rajlge

of cul-tivars tcsted.. since. the source of nernatod.e¡ pot size

ancl soil nix r:rere also sinilar in both trials¡ the c¡,use of the

interaction ï/es particlly cl"ue to differences in the initial

nenctoc-Le d.ensitY.

(i) Effect on field. trial

OatsaregenerallyÏegald'ed.asbeinglesstolcran.bof

ï[. avenae tþan eÍther wireat or barley (Gair, 1965), and. barleY
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cultivars aïe veïy tolerant (ralfe 5)' nifferences in

tolerance are probably clue partly to d.ifferences in the rate

of root grolrth ancl cì-eveloi,nen-be l¡here the rate of root gfo1'rth

v¡ith the tolerant plant is sl-o'r'rec-l- -bo a lesser extent

follor-ring infection by the nenatocle than the intolerant plant:

ancL unless the plant is genetically resistant tc T'I.-eve4?e-t

ilre nenatoc'le is nore lilcel¡r -bo clevelop nornally as conpetition

iS also leSs bctr,reen ner¿atoc-[eg in the roots' Therefore¡

follouing the initial- infocticn of thc oat cultivars ín the

field- trial by the nenatod.er the grorrth and cLevelopnent of

the roots v¡as slovcr and- this probably recluccd the total

number of larvae penetrating the plants. E-ven soe enough nay

have penetrated -bo cause eithor sevele conpetì-tion betl¡een

larvae or a host reaction as a Ïesult of the nunber of larvae

infecting -i;he limitecl- root systen ancl this rlay have prevented-

nornal clevelopment of the f enale nematocries. The ef fect of

nenatocle d-ensity on roo'b grorrth r¡oulcl be nore narked in a

fielcl 1,rj:a:- than a pot trial because of the ad-cled. effect of

the environnentr ll¡hich is very variable in the fielcl'

Manyquestionsrenaínunanslrercc.llanclnoreinfornation

is neeclec-l on the effect of c'Lifferent nenatode d.cnsities on the

resis-bance of host plants¡ as a plant resístant at ono clensity

nay not be resistant at another. Recluceil nunbers of fenales

couId. be a neila-bocle-ind.ucecl effect rather than a host effectr
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and_ this j.s c-lenonstrated. by the ability of susceptible clops

to reduce nematode popllatíons (eair et al, 1969; Cotten¡ 1970

b ; Tlilliarcs 1970) .

( ii) Effect on pot trÍals.

t¡/hether both trial-s r;¡ere inoculated. r¡íth the same d.ensity

of nenatocle cysts or eggs lras ninorl as the d-ensity of

nenatodes available to infect the plants d.epend-ec1 upon the

nunber of larvae hatching fron the cysts" Hatchíng i-s a

corrplex process (lanyer 8'¿ Fisher t 1971 Ð'¡ b) t with a better

hatch occurring r,¡hen the cysts are stored at 5oC than at

anbient tenperature. Therefore¡ nore larvae ÏIeÏe avcilable

to infect the host in the second. trialr aÐd if the interaction

17as sinply an effect of d.ifferent nenatod.e densitiesr a

proportional d.ccrease in the nunbcr of fencles prod.uced and' the

sane relativc resistance rating betr,¡een cnli;ivars wouIcl be

expectecl. No such relation r'¡as obtained- (rliSure 6). \nlith

snall nunbers of infective larvae d.ístributed. in the soil¡ the

probabí1ity of infection r,ras reclucec-[ un]ess the host roots

perncated. the soil. fherefore the no::e ra1:icl gro¡rth of roots

of the barley cultivars probably pernitted- goocl infection of

the roots and- the cventual il-evelopr:rent of female nenatocles¡

but variations in the gror;rth of roots l¡ithin rvheat and oat

cultivars probably oausecl variations ín infeCùÍon anc-l in the

nunber of fenales t¡hich c]evelopec]. Different environnents
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usecl in each trial¡ especially the d.eIay in placing pots ín

the glasshouse for the first tria1, further accentuated. this

variation in cultivar root grovrth ancL the eventual level of

infection.

Therefore, if results of trials used- to assess the

resistance of cereals to H. avenae are to be conparecl¡ nethod-s

of assessrnent nust bc unÍforrn and. the ctegree of variation

between treatnents nininisecl. The nain problen is ín

ensuring a uniforn density of nenatoi!-es capable of infection

for each cultivar. Infornation is requirecl on the

relationship bctrreen [!ro',;tb- characteristics of d.ifferent

cultivars ¡rrd d-ensity of infective nenatod.es, so that a

range of nenatod.e d.ensities rzhich are effective in inoculating

all cultivaïs can be cl-eternined and. used. l¡hen cultivars

are tested. for rosistancc -bo the nenatod-e. The results

presenteC. for barley cultivars in Figure zi and. for l,rheat a.nd.

oat cultivars in Figure l¡ provid.e a realistic grcd-in¿; of

the cultivars for resistcnce to lI. avenae os satísfactory

levels of nenatod.e infection 'l¡ere achievecl r¡ithin the

respective pot trials.

C . Evid-ence for biotypes

Tn the evaluation of resistance of cultÍvars to

i.

II . avenaee two populations of the nenatod.e l:rere used. to
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ind.icatethepossibilÍtyof.d.ifferentbiotypesoccurringin

S.Â., and these were selected' fron geographically isolated

âreas (figure e). The reaction of T.,oros¡ Freja ancl Trebl'i to

nenatode populatíons at trlatchnan (talfe 1) anô Mannun (faUfe 4)

d'iffersufficientlytosuggestabiotypeaffectlratherthana

d.ifference in either assessnent or nenatocl'e d'ensity' Ho'wever¡

further testing r,--rith selecteê cultivars is rcquired' to

confirn the presence of different biotypes of H' aYe'4as in

S .Â.

Ð. Selection of resis tant cultívars

conplete resistance of cereal cultivars to E':gæ

has rarely been observecl¡ and a cultivar rated as resistant

has prod-uced c few fenales (''Lnc-Lersen ' 1961) t but variations

inthenunberoffernalesproclrrced.ongenetically¡honozygous

genotypes occurr,rhich nake a nunerical linit of resistance

difficult to d.etcrnine (cotten gc Hayes¡ 1969). Recently¡ a

criterion of a resistant cultivar prod-ucing 5o/o o" l-ess of

the nurnber of fenales on a comparative susceptible cultivar

was proposecl (3rown¡ R'r 1969) I and although the linit of

resistance r¡ould' vary 'r'lith the conparative cultivar gelected'r

i.ê.¡ 'r,lid.e variations in the reactions of cultivars to

H. avenae occur (¡'igure 4, 5), it ruould' have the ac-lvanta6e of

collpensatingforclifferentc].ensitiesofnerratoc]einoculun
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FIGURE B

(n)

(¡)

Section na'o of South Åus tralia shoving the

l-ocation of H. avenae polulations use(1 in

testini{ ccreal cultl vars for registance.

Site of 1967 ptelininary selection trial (R"l"C ')

Site of 1969 fíclrl trial (tr"tcttnan)

Site of cyst collections for pot trial-s'
(c )
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occurring betveen trials, provid-ecl a conparative range of

nenatocle clensities 'was used.. If the conparative susceptible

cultivar proclucecì. 5OO fenalesr a cultivar p.locLucing 25 fenales

uou1d. be rated. aÊ resistant to H. avenae by the latter

criterion¡ and although it is significantly more Tesistant

than bhe conparative cultivar¡ a rating of resistance to

H. avenae is d.oubtful-. Therefore¡ nu¡rerical linits for

resistancc t¡hich are baseil on fenale counts are flexíble and

cì.epenc'l ullon the d.egree of resistance required'

Imed.icte benefits in the control of H:- arelLe nay be

obtained. by using the reconnencLecl cultivar r,¡íth the best

degree of resist¡,nce. such cultivars nay be susceptible¡ ancl

procluce nany fenalcs ancl So inprovecl control could not be

precr.icted. unless infornation is ev¡.ifabl-e on tire effects of

clifferent nenatocLe populations on cerenl yie1rls. ThiS

infomation i-s not aveilable for South -A'ustralia¡ hotreverr

Mr.thison (t966) reported. i.von oats as sufficiently resistant

to red.uce the nenetocl-e population ancl- increase the yie1d. of

a vheat crop in the follolring season. Fron the results of the

cl-egrees of resi-stance of connercial- oat cultivars (figUre 5 b) t

Àvon oats rrculcl- be the recollnend.eci cultivar anc-L so supports

the principle of inned.iate benefits be.ing obtainecl by using

cultiv¡.rs lrith the best resistance. i\o suita"ble connercial

cultivars cre available for r:¡heatn but if the new cultivar
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(Cl lS16) of barley is released as a' suitablc cormercial

cultÍvar it r,roulcl gíve better control than either Prior or

clipper (rlgure ,1) . Àltho-,rgh the introcLuction of "rheat 
quotas

throughout Àustralía has resultecl ín íncre¡.sed areas of barley

ancl oats being sor:rn (Roberts¡ 1971)r the increase in oats is

only slight ancL it renains a ninor cropo This liníts the use

of oat cultivars in the control of I!' 
-¡'v-eL+-9. 

in S 'À '

Intheabsenceofsuitable::esistanceintheconnercial

cultivars of v¡heat ancl barley¡ suitable resistant cultiv¿rs

areneed.ec.Ltobreec.Lrcsistanceintotlresecul-bivars.I¡ron

all the cultív:Lrs of r¡heate barJ-ey ancl oats that lrere tcsted-

for resistance¡ only tuo r¡heat cultivr,rsl Spring l:','lreat 12698

anc- loros, tïere ratecl ¡.s resistant to i1.- iTLg.nQe- populations

frorr l,[annun. The resj-stant cultivars averagecl less than fiVe

fenales pcr i:lant and' no pl-ant proc'Luced nore than seven

fenales in either pot trial¡ uhile c'11 other cultivars

procl-rr-cec'ì, itn aveï¡.¿çe of be-b',¡cen 20 ancl 165 fenalcs per plant in

the pot trial usecl to nssess resistance to H . avenee

(Figure l¡, 5) " Further infonration on the reaction of both

resistant cultir¡ars to clifferent inocul-ation d-ensities¡

c.l-ifferentnena-boùepopulationsancltllefielclenvíron¡rentis

neecled beforc they can be consic-Lerecl- suitable for breed'ing

resistance into other cultivarg'
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E. eof resistance.

À knowl-ed.ge of the inherítance of resists'nce within

cultivars is required. for an efficiênt breed'ing progrcJllllleo

Resultspresented.inFi¿gre4anc.|FiSrrre5clearlyd.emonstrate

nore th¡.n a single gene is operative throughout the cultivars

testecl. /,ny further conclusions rrith regerd-s to the

inheritance r-¡ou1cl be conjecture¡ but the feü cuftivars

presented. forT¡heat (r'igure 5 c) a'nd barley (rigure 4)

inclicate a sinilar type of inheritance could occur in both¡

and.coulclbesínilartothatd.escribed-forbarleybyHayes

& Cotten (f gZo) ' The il-e6recs of resistence present throughout

oat cultivars (rigure 5 a) suggests several genes are

involved. in d.eternining the reÈistance reactions (Änclersent

1961). -A.ssuning several genes control- resistance in oat

cultivarsu the reactions of -livofi¡, slrane l(ent ancl r:r'win

(r,igure5b)clemonstratethec-|ifficultyinbreed.ingfor¡and.

selecti-ng a cultivar line r¡ith uniforn resist¡"nce fror¡

polygenic parents os these cultivars have been cÌeveloped'

fron the sorle parental lines ' Ilo'r'rever¡ polygenic resistance

naybepreferredtononogenicresist:'nceasÍ-'bcìelr'ysthe

d.evelopnent of resistance-brearcing biotypes (vr,n der Plankr

1 968) ¡ and infornation is required' on the type of inheritance

l¡ithininc]'ivic.ualcultivarslthed-istributionofnernatod.e

biotypes ancl the suitability of the techniques bein''q usecl to

assess resistance crruring a breed'ing progr$Íttler

l-
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F. Resistanc e-breaking biotYPes

l'd.angerÍnbreedíngÏesistantcultivarsj-Sthe

possibility of d.eveloping resista'nce-bÏeaking biotypes

(ttrittians, 1970)¡ o,nc1 this underlines the need to test forr

and. to ùcst resistant cultivars against d.ifferent biotypes '

.A.d-ifferentbiotypetoanypleviouslyrecorcÌedinEurope

occurs in Victoria (Brown¡ R., 1969) and results suggest two

possiblebiotypcsuitlrinS.Ä.Furthertestin¿;isrequired.to

confirn and. ùeternine the range of bÍotypes present throughout

.A.ustra1ia. An Ïntcrnational group (Brorrn' R"r peÏse cor-rn')

is attonptíng to stanclarclÍse the nethod-s of cì.eternining and

cod-íng biotytres in clifferent countries. This na,y be possiblo

throughout Europe 1,¡herc r'.ruch infornation on biotyires has

alrearly been gainede but to s-banciarc',ise the coding of biotypes

bet.ween l"uropc ancl -A.ustralia the sane test rangc of cul-tivars

wh.ich incluc-les l¡oth suscepti'b1e a.ncL resistant cultivars must

be used.. Rcsults shor-¡ a significant clifference betr,¡cen the

susceptibfe cultivars of Sun II ancl Earllr I{herson (nigUre 5)

and- that no suitable c*ltivars r¡ith resistancc (Brown' R'r

196Ð are availablc fror: the test assortnent rrn6e reconncncled.

by an Intcrnational åryoup (Brorrn, R'r perso conn')" Therefore¡

d-ue to ,r,he 3eo¿paphical isolation of /iustralia¡ the proceclures

aclopteil in the classificetion of c,].ifferent str:.ins of

sten rust (,:I"t"or, & l,ui6¡ 1961) arc appropriatee and supports
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the need. for the clevelopnent of standarc-l test plants for

.ô.ustralia¡ but cornbined. r¡ith some international stqrlclard's to

nain.baininternationalco.ordination.Thefirststageisto

select cultivars r¡ith suitabl-e resistcnce to one nenatode

population¡thcnthesecu].tivolsaretestct,Iagainstd.ifferent

populcr,tionsinco.refullycontrollecltri¡.lstoensurethatthe

vari¡.tions ïecorclccl crc a bioty,re effect and. not a technique

clifference. À cOnparison of the rating of resistance bet-l'¡een

cultiv¡.rs tested a'c TTatchnan (t".ltc 5) and in a pot trial

(f".¡fe 4), su6gests Spring lillreat 12698, lo::osr Freiar lrebli

ancl a susceptible conparative cuftivar (Early Iflrerson or

Heron) coul_cl be usecl as test plants until other cultíva.rs

becone a,vailable 8,s a, result of further testing for resist¡,nce

to lI . â,verloe .

G. T ol- cranc e assessnent of culti-vars

Àttenpts to neasure the tolerance of cultivars to

lI . evenae uere tht'¡arteil by environi:rental conc-Litionst

su'rporting" tlre conclusions of Cotten (tgZO a) ancl prevçnl'ing

the coupling of this charecter t¡ith resistarrce at this tine'

Ilor.r4verr a stucly of the agrononic features of cultirrars kno]'rn

to be tofer¿nt r:ray prcvid-e a suitable nethod' of assessíng

tolcro,ncc cl.uring a breecLin$ prosanneo
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GROTTTH OF H. IWE1TAE TN lI,TTEiiT

rn the assessnent of resÍstance of cereals to E:Æt

astageofgrowthinthehostplantrrasused.asaguid.eto

d.eternine the best tine to count the fenales Present on the

sug6;ested. floral initiationhost roots. General observations

and.florald.evelopnentr,.¡ithinthehostuerethestagesnost

1ike1y i;o affect nenatocle d'evclopnent; and this r'ras checked'

by d.eternining a grol;rth curve for lI ¡ avenâê ggol,-ring uithÍn

stuc'ì-y a d.ifferentd-ifferent cultivars of l-¡heat' During this

nethocÌ of evafuating resistance ri¡íthin cultivars rras suggested'¡

ancr. further testing of vrheat cultivars resistant to E:" aven-a9r

Spring ',ilteat 12698 and Loros¡ not only supported' this

possibility but also gave an indication of the nechanisn of

rcsistance opeïa,ting r:rithin the cultivars'

1. ]'iIÂTER.IÀ ]JÐ liI.TD },/iETHODS

Sini].arnethod.slîereused'throughoutthethree

experíncnts to neasure the effect of d-ifferent l¡heat

cultivars on the groirth of H-'--?]Le'n-q.-e-'
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-4.. Source of natcrial

Four wheat cultivaïs 1îere used. to nec,sure the effect of

the þost on the gror,ith of the nenatode¡ fwo't¡ero the susceptible

cultivars of Heron ancl Justin¡ l¡hile the other t'ro¡ Spring

lllreat 12698 and. loros¡ \îeïG the cultivars selected as resistant

to H. avenae in tire previous stuily. The susceptible cultivars

rrere selected. to provid-e d.ifferencos in the tine of flora1

initiationr both betr,¡een d.ifferent cultivars anc-L r-¡ithin the

sane cultivar¡ to cleternine the effect of f1ora1 initiation

on ner.ratod-e groçth. These conparisons 1reTe poSsible because

Justin not only initiated- fIoral d.evelopnent earlier than

Heron when botle cultivarS \îeïc grown in the sane controlled-

environnent of 16 hours of contiiruous incanclescent light per

c-tay¡ but elso failed. to initiate f]orcl d-evelopnent r¡hen

grown in a control-led. cnvironnen-b of eight hours of continuous

incanclosccnt ligJrt Per d.aY.

In all experinen'bse the larvae used. to inoculate the

plants 'r,rere fron cysts of II_. tl,ve4Le- collectecl fron L[annun

cluring fi'ebruary , 1971e ancl stored. al 5oC in airtight polythenc

bags '
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B. Inoculation of seed.linss

(i) Gernination of seed

Seeclsselecte.Lforeachexperinentr.reresoakedinwater

1or2[hours¡sterilised.inal¿1lOOO]r/Iercurj-cChlorid-e

solution for t.ç¡o ninutese ancl gernínated on r-roist cotton rirool

in a petri ctish uhich r¡as íncubated- at 2OoC ' Gerrrinatccl

secd.scta,sinilarstageofgroi.rtlr.l¡ereselccted'land.three

gerninateclseed.sr,rerepla6¿61-inecclr!or-rrrpetriclishontlre

surface of a 1of o ^rt"Lent 
agar necliunl'¡hich contained O'1of o

Streptonycin Sulpha're to suppress the g::ovth of bacteria'

These petri c-Lishes r¡ere incul¡atccl at 2ooc until three roots

nith a nininurn length of 20 nn hacl d-evelopede r'rhen the

seecJ-lings lrere either inoculatecl or stored. at log until they

coulcl be inoculated-"

( ii) oll-ec ti on of larvaec

Root naterial con-baining nenatod-e cysts r''rcs separated'

fron soil 'r,rith a 2.JB ¡n sicvee ancl r¡ashec-L r'¡ith a fast jet

of rrater in a 1.68 m sievc to renove ncnatod-e cys-bs rrhich

weïe collectecL in a o.zJ nn sieve rzith other organic naterial'

Thenena.boclecysts,wit]rtÌ,rcorganicnaterialg.liereplccedon

a cloth of fine neshe coverecl by a thin layer of 'l¡ater in o

flat c,ish anc-L stored- at anbien-b tenperature' 'tt daily
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intervals the nunber ancl species of nenatod-es çhich had'

eneïgecl into the uater r¡a.S exanined. cncl the üater replacecl.

The colloction r¡as discarCed- unless larvae of lI . avenae

cloninated. the populatíon of nematocl-es; the nunber of larvae

of H. ovenae l,ras assessed from aliquots of the solution in

a Doncaster cr.ish (Gooc1ey, 1961). The larvae of I. avgqae

rïere stored. in r:¡ater ct 5oC until sufficient nunbers of

larvae 'werc col-lected. to inoculate the v¡leeat seed'lings' il

prelíninary experinent shoüed no loss of al¡i1ity of larvae

after storage at 5oC over a perioc-t of seven d.ays to infect

the roots of r¡heat seed.lings. Theref orer only larvae r¡hich

had. been stored. cut 5oC for up to seven clays vere used. in

inoculating the seed.lings.

( iii) Inoculation of seed.língs

Â11 larvee lîere thoroug'h1y r-tixed' in vaterr and

c'Liluted. until an aveïage count of 40 larvae per drop fron a

pasteuï pipettc r,ras olctaiired. fron ten separatc scnples. The

sarire pipette was used. throughout each experinent ancl all

drops lrere assupccl to 'be approxínately the sane volune. Since

a prelÍriinary cxperinen'b shol¡ed suffi-cícnt nunbers of larvae

penetrated. seed.lings in 12 hours et 15oC when a single d-rop

con-i;aining {-o larvae 1-Ias plcced. on the root típ ggor;ring on

cgar¡ o11 inoculations 17ere d.one by this nethod '
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!
t, infect lants

Follolringinoculation¡theseed.lings.r,-rerecarefully

renoved.frorrtheagarancl.\?o,sheclinrrrnningr.ratertorerrove

larvaev¡1:ichhad.failed-topenetratetheroots'Three

seed.lings Iîeïe tra.nsplanted. ínto a cylinc-Lrical¡ polythene

containcr of an internal d.ianeter of 5 cn cncl d-epth of 2J cm1

v¡hich r¡as open at the botton to a11olr free clrainage of water'

Â soil nixture of sÍx parts sanrl to four ports loan with

ad.cled. organic fertiliser lïes usecl to fí1l the contciners to

within2cnof-bhetop..frllpotsr,rerepln,cedinenvironmental

cabinets ancl l,'¡a,tered- re¿¡rlarly to naintain a consistent

noisture content throughout the experinents '

D. L[casurement of ,ryowth of nenatodes

.û.t each harvest for neasuring the grol-rth of the

nenatocle¡twogror.rthcontaineÏgl,irereselectddatrand.onland.

the nenatocles ïiithin the roots of the six plants lvere

stained. r,:¡ith lactophenol cotton blue (Good'ey¡ 1961) so that

the ner,ratoc-les courd. bc cr-issectecl fron -bhe roots and mounted

_1
in O.OO2!o/o lactophenol cotton blue' The longituttinal

sectional area of a rcnd.on sanple of tr,renty nenatocles r¡as

usecl as the necsure of ncnatoc-Le gro.r,:rthr ând r:¡as obtnined- fron

the nagnified- outline of a nenatod'e projected onto drar'ring
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paper which l¡as tïc.ced. and. rneasured- with a planimeter. fn

ecch case, the nenatod-e Tras aagnified 200 tines'

E. trxP erinental cl-esi5gt

[\ro environnental ca,binets l7ere used. throughout the

experínen-bs¡ both lfeTe set to provid.e a constant tenperature

of 2OoC ancl eight hours of intensive¡ fl-uorescont lightinge

uithin caclt 2! hour periocL þut one cal¡inet sinrulated' long d-ay

cond.itions for floral- initiation by províding 16 Ïrours of

incand-escent light l¡ithin cac]n 2/, hour periocl; rzhile the

other sinulated short cr.ay concr-itions anc-[ only provid-ec1 eight

hours of incandescent 1ight. .4.11 ind.ivid-ual plant ggor'rth

conteiners used throughor,rt an experinent lreÏe rand.onisecl

1víthin ttre cal¡inet and ïïeïe 1e-ranC.onisecL at reglrlar

intervals.

In the first experinentr infected. plants of lleron and

Justin ì,rere gT,ovn uncler long c-Lay conclitionS to conpare the

effect of cultivars ï¡ith cl-iffercnt tínes of f1oral initiation

on nonatocl-e grorrth. Tine of initiation r¡as calculatecl for

20 ¡1a.nts of eech cultivar by the scoring systen used 'by

Fiiencl et al . (geÐ. Nenatocl-e grovth ín lJeron r¡*s neasureól

¡.t intervals of tr¡o or three cl-o,ys¡ ancl in Ju-stin l-¡as neasured

at intervals of six oï seven c'l-aysr until the aclult fenale

stage -rras reachedl after l¡hich the interval of grolrth
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measurenent was sinilar for both cultivars'

Duetoafailureinthecabinetsettosinulateslrort

d.ay conrl_itionsr €Fovth of the nematod.e in Justín wíthout

flora1 initiation 17as not measured- in tþe fi-rst experiment'

Grolrth of the nernatocle in Justin gfo1ving uncler 1on¿ç a'nd' short

day cond.itions l¡?crs neasurecl in a sepaÏate eXperil]leot. À

conparison was rnarle of the gror,rth of the nenatode at both

14 and_ 41 d.ays after floral initiation to ascertain the

effect of such initiatiorr o11 the rate of c-levelopnent of the

adult f emale of thc nematocle.

.A. further experiment ',,¡as usecl to d.eternine the effect

of host p1ants resistant to lI. avcnae on the gSoirth of the

nerratod.e. Tnfected. plants of Herone Spríng l¡/heat 1269e, an¿

Loros 1?ere gïoï7n uncler long clay concl-itionsr and' grorrth of

the nenatoc-Le neasurecL at four tines¡ i'e'¡ 5¡ 14, 20 and 14

d.ays after inoculation. These times¡ selected' fron the

results of the first experinent r¡ith Heron¡ 17ele choscn to

give measurenents for each of thc larval stages ancl ncture

fenales.

Results of the first tl,ro cxperinents vere analysed. ìry

d.eternining the stanclard. erïoï of each treatment, and since

t.u¡o treatnents r¡ere being conparecl in all instancesr a t-test

of significance betrreen the tr,yo neans 'r,¡as nad.e. In the fÍna1
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experinent, the three cultivars at each sc,nple period. 17eTe

subjected. to an analysis of varíance.

2, RESU],TS

Fron the neasurenent of groi:rth of 5: eve-4a9 on Ïleron

r,-rheat at regulcr intervelsl a continuous ggot,rth curve for

fenales ï¡as obtained- b]r C'r¡"rring in thc cuÏvc of bcst fit

(liglrrc 9) . I¡enales Ìïeïe snal1er on d-ay 22 than either c'lay

20 or ð,ery 24 beca,use it r¡as d-ifficult to d.íssect entire

fenales fron the roots of the host l¡hen the nenatoc-Le r¡as

noultinge and d.eveloping fenales i¡ithin the original cuticlc

weïe neasurec-l . l'[hcn the grolrth of the nenatoc]-e r¡as cor:pared

r,rith ¿rat on Justin v¡heot (nigure 9)I significant differences

occurrecl on cLays 1J; 20 enð' 27. Bec¡'use of the longer

intervals l:etr,¡een sampling tines on Justin rrheat¡ fitting a

grolrth curve to the cÌata r¡as nore d'iffícult' If it was

assu-necl- that a sinil-ar pattern of grolrth of the nenatode

occurred. on Justin aS 17aS found. on Heron¡ then the ggouth

curry-c uoulc]- appeaï as in tr'igrrre !. significant d-iffercnces

in sizes of the nenatocl"es fron the tr¡o r,¡heats occurred on

ð,Ws 13t 2Ot and.2l¡ but not before or after these tines'

I-Io.ffevere floral initÍation 17as earl-ier in Justin than in

Heron (rigxme 9) .

Fl-oral initiation d.id. not occuf. in Justin g]îoïrn under
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sinulated. con¿itions of short clays¡ ¡ut occurred at Z5!O'6

clays folloriring inoculation when Justin l¡a's grown und'er

conàitions of long d_cys. obvious clifferences in plc.nt grorvth

occurrecl bet.çreen thc t'r¡o environnents¡ l¡ith tal] plants¡ in

.;rhich the sten hail elongatecl and- fer,r tillers ffere prod-uced¡

developed. unc-ler conc]itions of long c'Lc.ys vhíle short plants¡

in r,rhich no elongation of thc sten occurred. anc-[ nany tillers

1ïeïe proðucecle cì.eve1opec1- r,rnd.er cond.itions of short days'

Àlthough the gror,rth of fenoles of thc nenatod-e 'r,.¡as sinilar in

both envíron:rents c't 34 days' they l:rere snalier in the plants

grown und.er conc-[itions of short c'Lays folJ-ouíng {1 d-ays of

grorrth (ralre 6) 
"

Results on thc effect of cu]tivars of .r'-i.heat r,¡ith

resistance to H. q_v_enaq on the gpoi.rth of the nenatod.e shovpd

no effcct cr.urin6 the fírst stage (day 5), but reduceð ¡ryor'rth

during the socond (day 14) and third (day 20) stages of tho

nen.atocr.e (fa.ff e 7). No fena]es (fourth stage) had clevcloped

on Spring Y'Iheat 12698? r.nc1 only tr¡o d-eveloped on f'oros after

J|, days of grol,rth (tc.lf c 7) '

Toexarri-neunifornityofc-levelopnentofthenerratoc-Ies

on Heron \rhea'c¡ the frequency d-istribution of the sizes of the

nenatod.es in each sanplc wa.s plottea (ligure 1o) " The

percentage of nenatoiLes i:¡íthin a par-Licular size range \-fas
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plottecl for all samples 'rhere the nr:r:rber of nercctod.es

neasured uas turenty or rÌore. .A.t d-a,y 6 (nigure 1O)¡ sizes

sho't¡ed. c, narro'wr rrorneil d.istril¡ution ancl this broad.ened. urith

tlne till d.ay 22 'when a clouble peale occurrecl¡ fo11owed. by a

single peak at ùay 29. À siní1ar distribution r,ras obtained.

ín the seconcL experirnent vith Heron (figure 11) .

Tllren the resistant cultivore Spring lÏheat 126)8, waa

conpared.¡ o, single peak r,rith little varic.tion, 'u¡as obtained.

at all tines¡ although tho síze at r¡hich the peak occurred.

gradually increased. vith tine (nigure tt).
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FTGURE 9

l.[ean area of fernales of ]I. avenDe in ]Ieron and.

Justin v¡heat.

No d.istinctlon r:¡as nade between male ancl fenale larvae

during the first 15 clays of gror,rth¡ þut potentÍa] or octual

fenales were selected. by both size anct shape at later tinres.

The stand¿urd. error for each rnean for Heron and- the means fol

Justin v¡hich dÍffered signifj-cantl-y fron Heron at the sarno

age are given,

ffi|-d Heron n- - -fl ;ustln
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ryprE 6 Size of II. avenae measured. at tr¡o cLlfferent tinesa

in Justj-n r¡heat /-tol'm und"er long ancl short days.

long day

Short day

rê**I'T .S .

1,2

1rj

2/,,1

22,5

1.5

1,1

20.0

19,5

S .8.l'[eanS "E.1\[canGrowth cond.ition

4134Dcys fron infectíon

ITcr;ratod.e area (urn2 x 1o
,)



TAB-IE-Z.

92,

Size of H. avenae irccsurecl at four d-ífferent

times i-n a susce¡tible and tr¡o rcsistant r;¡heat

cultivars . E*ptE?iaonl Jo'ac "talør loa3 tlaa liSt^+in3'

Cultivar

222.4

Nil

251 .3

(r)

(z)

31oO

24.5

23,4

4.0

Heron

Spring \l]nec.tttb|l

Loros

L.S .D . (5o/ o)

t42011,5

Ner:rotocle area (nrn2 * lo3)

Days from ínfection



91.

FTGURE 10.

Variction in sizc of H. avcnae ín Horon r¡heet

at eieht dÍfferent tÍr,res.
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FIGIIRE 11 .

Variation in size of I1. avenae in Heron and Spring

l¡/lre¡"t 12699 at three clif ferent tines.
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3 a NISCUSS]ON

The cl-evelopnen t of fer:ra1es of I-I' avenae on Iferon (¡'ígure 9)

1-fas sirnilar to the growth and. developnent of females of

ii. schachtii (Raslci, 1950). Àlthough the grorrth of fenales

of II. ¡.vcnee shoulcl be similal on clifferent susceptible hosts¡

d.ífferenccs might occur if the growth of the host influences

the nenatoc-le1 and. resistcnt cultivars should. have a d.rastic

effcct on the gror,rth of the nenatocle.

¡., N tocle o';¡th in susc ible hosts.

Resistance of cultivars 1IaS assessecl in a1l trials v¡hen

the infloresccnce of thc host hacl or nearly had energed. fron

rrthe bootrt. That all cul-bivars¡ irrespcctive of their tinie

of naturityl rlcre assessed a'b the sane stagc sllggests o,

relationship Ietr,reen grorrth of the ncniator1-e anc-L the host¡

í.a.7 that the physiolo6ical d-evclopnent of thc host as

influencccl by its genctic constitution and-/or the environnent

controls tlee grolrth of the nenatocl"e. But ¿Por¡th. of the

nenatocì.es on ÌIeron anc-[ Justin; gro\7n untl'el thc same

onví::onnen-ba1 conflitions¡ 17o,s siníl,a,r except fo:: one period'

of tirire - gfovth of the nclratoc]e r¡as sl-o1,trer in ecch cultivar

at ttre tÍne of fl-oral ínÍticticn so that eveniually the sane

size of fenales 'gas prod.uce{. at the sa,ne tine. llhen the
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genetic constitution r,rcs left constant but the environnent

r:¡as altered. (Justin 8ro17n uncLer short and- long days) the

fencles reached a larger size und'er long clays than und'er

short rla,¡rs, a.ncl ff orel initiation did' not occur und'er short

days. Thus a d-irect effect of fIorol ini-bia-bion on gro'r,rth

of ilre nenatocle is untenalrle ancr- an ind.irect cffect¡ such

as incrcase<l- conpetition for nctabolitos betlvcen the host and'

neriratocfe at this tirlc¡ seens nore liicely'

B. Nenatod.e or:¡th in resis t hosts.

Barley cultÍvars l,¡i bh rcsistance to H. avenae d.id- not

affectthenunberoflarvaepenetratingtherootsgbutSrowtlr

of -bhe nenatode wes defayecr- r,nc1 very fc'r'¡ fena'les developecl

(Cotten, 1969¡ 19TO ù). Â sinilar effect occurrec'L l,¡ith

rcsistant cultivars of rrheatl except that there 1?aS no effect

on flre gror,zth of tl:c nenatod-er ancl the nenatocle cl-id- restrict

grouth of the root bl'''t no gaIls ancl very fer'r lateral roots

cLevelopecl, [he clevelopncnt of latcral roots fron the site

of infection is 1ike1¡r to be a result of the succossful

fo:nation of syncytia ¡Jlc', gal1s by tho nenatocle in thc hoste

especiallyifthefarvaesccreteeitlreraglo.r,lthsubstance

or a pïecursoï to stinuls,te fornation of syncytía as occurs

r.¡ith othcr nenatocles (Nus¡c.un¡ 1958¡ l{rrrsberg, 1963i

Johnson 8; Viglicrchio; 1969 b; Orion &' tlinz' 1969)' Therefore;
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the absence of lateral roots and- ga1Is on the resistant plants

suggested. a mechanism of resistance in rvhich the host prevented'

the formation of suitable syncytia for female gfornth' Further

to thisr secondâry infections by larvae 'lvel.e noted vrith lleron

.r,rhich appeared. to result in the development of females and a

failure to form ga1ls and. lateral roots also occurred at some

of the infection sites. sínce inter-nematod.e competition has

affected. flre al¡i1ity of larvae to establish syncytia (trudgi11l

1967¡ T(etuclatr 196Ð¡ the movement of larvae to another site;

and_ their evontual d.evelopment into females lvas probably an

effect of over popula'bion of nema'bod.es in the origína1 site of

infoction.

Therefore¡ resistance in Spring l'"t¡uo¡ 12698 and Loros 'l¡¡as

probably due to the prevention of larwae establ-ishing suitable

syncytia for female grolrth ancl thc larvae left bhe rootl d-ied

or d.eveloped. into ma1es, þut the latter possibility of sex

reversal appears unlileelY l¡ith larvae of il. lvenae . I'I ot'¡ever I

similar results r,¡ith lIeron d.emonstrate a possible effect of

nematod.e d.ensity on ggor+th of females ancl- bcfore the mechanism

of resistancc can be clarified.r the effect of d.lfferent

d.ensities of nematod-es on both nematode a,nd. plant growth must

be d.etcrmíned. "
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GENEIìrì.L DISCUSSION

soil pests encl d,iseases aTe notoriously d.iffícult to

control¡ end. ur ovell&ê is no exceptíon d.ue to the d.istribution

in the soil a,nd. the protection of d.ornant larvae by the cyst

,rall¡ egg sheIl and 1c.rva1 cuticle. .ô,lthough control of

II. avenae has been obtained v¡ith soÍL fumigants (Vtittícmst 1969)

and non-phytotoxic systenic poisons (Brovm et al¡ 1970)¡ it yas

not econoníc and. und.esirable effects on the ecolory of the soil

could. be expccted-. Thusl in the absence of effective and.

econonic nethod.s of killing H.jlrlena,e_ before planting¡ reliance

has been placed. on crop rotation¡ 'rhicìr has not been effectÍve

in Âustralia c|ue to the use of susceptible cereal cultivars and'

the preta.lence of susceptiþ1er volunteer grasses in tl'le pa"stures '

Pred.ictions of changes in fcrrrring practices throu6hout /rustralla

as a resu1t of the introd-uction of r,rheat cluo'bos is d'iffÍcult

(Roberts t 1971), but 1on6er rotations¡ the introd-uction of

non-host plants as clternative crops¡ or the regular uso of

cultive.rs of oats l,¡hich can give sone control as previously

d.iscrrssed.; o1,ê possibilities 1'¡hich cou1d" give inproved control'

However¡ inproved- yield-s by red-ucing populations of H. Avenae

with resistant cultivaïs appears to be the nost profítable

nethod. for the future.



'¡,,i1à ìil:îT¡lUf I
Liilt\-RY

.r1. najor problem in the use of resistant cultivars is

the d.evelopnent on¡ and. the increase i¡r population of biotypes

of the nenatode r¡hich can nuLtlply on the resístant host. This

diffículty has been experienced. rrith H_. r_qgleehie.nsfi on

potator and. fron cor:puted populatíon changes of the nenatode

an alternation of resisto,nt cnd susceptible potatoes in ¿ì crop

rotation progra,mïle vas suggested. (Jones et al , 1967 a),

Biotyp es of II. avenae d.o occur throughout EUrope and. results

fron experÍnents presented here ind-icate that they occur in

nustralia¡ but as |he virulence of the nenatode appears to be

d.oninant (-frnd-ersen, 1965) rather than recessive¡ as appears

f-ike1y r¡ith H. rostoclliensís (,lones & Parrott¡ 1965), the

problen ma,y not be as serious l'¡ith IIr âvefl&ê. ÂIsor resistance

in cereals can be due to nore than a single gener rrhich

suggests that better resistance to the biotyp cs of ÏI . avence

could. be obtained. than is available for Ii. rostochiensis at

present (T'Iol,'rard¡ 1969). To overcorre a sinilcr problen ín

breed.ing r"¡heat cultivers uith Tesists.nce to sten rust Ín r-¡heet

/_( Puccinia rffcr:iinis tritici )r a continuous llreed,ing prograrlne

has been naintained. to c-Levelop nev cultivars r,rith resistance to

the ne'w races of the fungrrs¡ ¿nd. a continual cod.ing of races of

rust r¡ith a test assortnent range has been Decessarg. À

sinilar approach l¡i1l be need-ed. for Ii. avenoer ârìd although

the developnent of suitable techniques of esscssment are nose
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difficuLt with a eoil pathogenr there ie an cd.vanto,ge of ferrer

nev¡ biotypes developing and. a slcûer spread. of such a biotype

if it d-oes d.eve1op. Therefore¡ once the present biotypes have

been identified.¡ they are like1y to be stablc and. cul-bivars

resistant to then cre lilcelJr to renaÍn resistant f or a long

period,

Spring I'Iheat 12698 and. loros have been c,ssessed. as

resistan-b to IIr s,vcnoc ¡ and Spring I',[rcat 12698 Ìras the better

cultÍvar as it r¡os resistent to the tlro probable biotypes.

Durin6 the assessnent of rcsistance in bottr field and. pot

tric.ls¡ problens ì/rere encountered. l,¡ith the nethocls used. and.

d.eficiencies in other nethods that have bcen used. were

sug¿;estcd.r both of vhich ha,ve been d.iscussed- previously.

Ilovever¡ whíIe stuclyíng the developnent of thc ner,iatod.e in

'u¡heat cultivars¡ a possibility of d.eveloping a nelr nethod. of

agsessrrent becane apparent.

Resul-ts on the grol¡th of IIr avcnae on l{eron (rlsrre 9)

suggested that potential femalcs could be identified. after a

short period of grouth. Since sex reversal is unlikeS-y in

Il._.cveqao_ and. fer:¡ fenales are prod.uced. on resistant hosts

(talfo 7), a hypothetical gtror¡th cuïve for nalcs and fenal-es

(ltgure 1 2) vras obtained by cclculating the probablo ncan size

of each. Thie rras d.ono by assessing the Iike1y slze d.istribution
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FIGI]TìE 12.

Ilypothetical gror,tth of Ilrjlve-ní1,-e in r,¡heat

MÀL,E H Ffl'UILE
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of r,lales and. femal-es from the variations in si-ze obtalned. at

each stage of growth on resistant and. susceptlble hosts. Fron

this curve (figure 1Z)r a differentiatj.on of nales and fenales

is possibl-e after only ten d.ays grouth, but since nnorpholog¡¡

is still sinilar¡ differentiation after 20 days gfovth is nore

prcctical. Iherefore¡ the inoculotion of the roots of seed.Iínge

on .Ìgor l,¡ith a neasured. nunber of larvae¡ groTrth in controlled.

cond.itions of envlronnent¡ and assessnent of resistcnce on

either the nunber of potentíal fcnales or probable sex ratio

after 20 dcys growth¡ is suggested. as a rnethod- of d-eterrnining

resisto,nce of cu1 tivars to II . o,verìoe r

Before such a nethod coul-d. be used. r,,¡ith confid.ence¡

nuch rnore infornation is required. on plant and. nenatod.e

relationships¡ especially the effect of d"ifferent nenatod.e

densities on nenatod.e and. plant grovth. Observations on the

developnent of gclls and. latcral roots ct the site of

ínfection sug6ested. that the norphological developnent of the

host could possibly be used. to elir.rj-nate susceptible plants¡

thereby elir¡inetin6 the need- to either exe.nÍne or rre&sure the

nenatod.es in -bhe roots of all pla,nts boing tcsted.. Once again,

nore information is required. before plant norpholog¡r follorring

infection could- be used. as a, prelinínr"ry neans of selection or

rejection of cultivars in the nethod. described.. .l,dvantages in

d.evelopíng the niethod are¡ the red-uced- tine r{cluirecl to test
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cultívars¡ control over the density of inoculation¡ unÍforrn

neasuïenent of nenatod-es¡ an índ.icatÍon of the neohanign of

resistance¡ and. ind.epend-ence of the effect of the agrononic

charo,cters of ind.ivid.ual plant growth. unless sone biochenical

test of plants becones available to assess resistance¡ it vÍI1

be d.ifficult to assess ïesistance r'¡ithout -bhe desùmction of the

pLant¡ but perhaps the groTrth of cxcised. roots 'rrhich havc been

infocted. by the nenatode j-n tissue culture nay provid.e an

a1tcrnetive in future fccrso

Throughouta].1thisv¡ork¡íthasbeena,pparentthatnruch

no1e infornatlon is required. on the biolo6y of IJ.--g¡tc4ae Jrcfore

resistance of cultivars ciln be fu.I1y utilised.. sone of the

ad.d.itional inf ornation required inclucles 3 presence of and

d-istributidn of biotypes2 virulence of the nenatodc and' its

ability bo break resistc.nce¡ cffcct of nenctod-e d.ensity on

plant and- nenatod.o gror:rth¡ nrechanisns of rcsístolce¡ sex

ratíos lnd. the possibilitios of sex reversal'
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¡,PPENÐÏX

¡,PPU\TDIX 1. li-J'heat cultivars selected to test for

resistance to H. avenae at R..4..C.

d.uring 1967.

Cultivars rrere selectecl at ranclom fron the cultívar

collection at the \Taito .A.gricultural Research fnstitute

ín 1967. Since that tinre¡ the collection has been

transferred. to the ,û.ustralian ïIheat Collection at Tanl-rorth;

N.S .1u'. /r11 narred. cul-bivars that trzere scroened. f or resistance

are listed. und.er their country of origin¡ ancl those v¡ith an

ÎrÂus. No.rr are cvailable fron the 1,.ustra1i.an !-/l:eat Collection.

Cultivars r¡ith only a, catalogue nunber ancl cultivars r'¡hich

failed. to grour d.uring the tri¡.I ha¡re been onitted..
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Pinnacle
Pioneer
Presid.ent
h;rple str¡.v
Quad.rat
Rajah
ScinÍtar
Seafoan
Se errari
Sepoy
Spica
Stockacle
Sunset
Ther¡
lotc,c-Lgin
Triple Dirk
Turvey
Union
\/a11ace
\LIaratah
T{arigo
\,trongooncly
\¡/ood ie

il
il
il
il
?t

il
il
il
rf

1l

Á,f gbanista:r

¡.ItGli/il{ISTÂN

ÀUS[RirlI/,

-A,RGIü\ITÏNE

9929

llbyssínnia

JIIJIÐ

oongaar

eron

ein Renclid.or

1678
167

1

I\TP 163
Bencubbin
Seacon
Canberrc x TJop

Charter
C oneback
Dirk

6
19
21
25
29
t2

il
il
rl

It

il

1

10
21
24
2B

t7

3466
3485

250
2501

522
2662

410

FettioroL 1269
Lu.tescens 1268
Spring \ilheat

1269

100
108

1117
1315
1181
1:¡51

41
52
56

Dural
Eurelca 2
Fed.eratÍon
Fecl . x tr"ebster
Ires tival
Fl orenc e
I¡ree Gal1ipo1i
Gabo
Gabo 56
Gluyas

L{ayquaû
1,[inflor
Nabawa

thon

Javelin
Kings l;Ihítc
I(.F . Heron
Koala
l,eatherhead.

litor¡.l Precoz
T,tngnif
Sinvalocho

.[r:lerican B

Gaboto

1 612
1634

$e
2e5g

506
2984
o429

669
719

3117
51 68

799
1182

BBri
5211
o446
1192
o40B
1196
115e

10414.
21,41

21e
1191
2406

1 686
1555

701
1 086

1519
5499

6706

296:4
1o1t
t2tB

67oB

112

2125
276
117 g

421
1,2li1

6e7

11S ¡
No.

4040
1rO41

4044
4047
4050
4054

4065
4070

407 4
407 6

4.o78

4091

4107
4109
oB41
29OB
oe94

177 B

2eB5

1924

111rO4
2117
2172

157

No.
LLS .

Cultivar o
lIS ¡

].1¡ATCu1 1rA,T

10Bi

Yalta
Yand-Ílla king

Bnl' I

Negroz 11 45
Rio Negro

SULGÂRÏ.4.

/varna b
Varna 20

CI"NÂD¡.

cr-24.4
Lee 2 x Kenya

Farrner
L{arc1uís
Red. Bobs
Red Fife
Rcscue
RL 2520 x Th.6
x Kenya F.

CHIN¡.

Clnina J1

CHTIE

Chilean l'i'heat
Klein Grand.ero
Santa Catelina

C-I{¡,RY ISLES

Canr',ry 1,r5

C OLUL{BI.[

Bonza
Napo 6J
Narino !P
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Cultivar

IIIDï/i

Binjar,rar B{
c-51 B

Hindi 12tt 62

n J25
ncLore E2

'' E9B
ilP6

'r P11

.rLppenûix 1 (C onta " )

Cultivar
Âus.
No.

4272
427
4292
1,296

$7e
1¡189

41e5

2278
2279

4111
li121
4.127
4129

ncll-a 1l

"9
"55,53
,t 61
t, 64
n '74IT
il86
u96
'r 100
'r 110
n 111n15
il 117
rt 120
\t 17 A

| )11'
il 1li6
'r 180

" 191

" 195tt 2O7
il 210
,t 213
n 220
tt 2)t
n 227
n 216
n Z1T
n 246
,t 252f 261
u 276
rr J1Bn J2Z

ï

17 /,4
4469
1rlrT j
4490
1r501

4515
4528
45Jt
2525
4552
4559
4563
4166

121O
1218
1245

Crete 1

n2
,t 11
il 1/1t¿i

D.E.S . OOBO

" 01BB
u 367t, 199

C ZECHOStOV/rKIÀ

DÍoseg No.
Dioseg No.

Âbou -["asll]-
Erypt 2

lt6
1t 21

"Jg
NAQ

't 59

tÍan I¡,llneat

2
1,,

9
2

Cyprus

CIIETE

1

CYPRUS

Giza

il

il

il

õa
200

io¡ '1 A

tt 28
u16
,t 150il 144

inaí 2
ilB
,, 17

,t 65

2572
4640
4652
4669
46e4
4691
1,-694
t,702
1,712

4721
4.7 25
4729
!¡731
1,716

471,1
471,6
4754
4761
4771
4778
47BB
4798
6049
605!,
4 Bo5

481 9
4e24
4829
,+814
,+840
!,847
4850
11855

4859
4875
,4,BT j
!,877
t879

5lo¿

Älter De
Genbloux

B1e Vilniorin 2'l
Chante claír
Professeur Delos
Yga Blonc-[eau

Heines Kol-ben
Var-lutescens

Spring

1498

9
6

FFI.NCE

Igachilco6o351

Salonica 1

D.E.s . .'1.,

1772

GREECE

GMil,,TATIY

J¡.PAI{

GÄRY

an lIoe1c

LL.l!ND

0regon

ze\:.acs 161,-

anku'üi
tvani 111.0

1t

il

3J
255t

266
193

B29O
602',5
etBS
1!,50

Greece 1

n2
,t 16
t, 19
,t 21,
ltalz v)
t¡ a,L
?lñÃ v)
n G6

157 6
2115
3190
3561

t¡572
4575
4578
1,591

4599
4605
1,,611

4615
461 4
4612
5609
5621
5622

11
14

.Àug.
No. Cultívar

Âus.
IIo.
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3BB2
/,969

69B
6gl

o440
905
921,

1211
1208

554e
1068
5546
5549
5r5t
5556
1711

1958
204.O
2069

151
4192
4197
4.+o1

2498
51+2
1507

60,10
6o45
6046

29t1
2946

Tndore PJ4.
Kashnir 1

Narsingarh Nzl5

" II121
Pusa 4,, 12rr !0

'' 111
Pusa 114

Imperial
Rewa R12,t R36n R5in R67

" R76

'r R101
Zonk 1

ITÄIY

Biancuccia
Caírc-lelenze
Cape11í T.D..
Dante
D.E.s , 1062n 1069t¡ 1o7T
Farro Lungo T.D.
Gj.ùstalisa
Sc ors oner&
U':ria
Villa Ilorí

Kenya /¡
t¡9

Kenya vheat

lta yellorv
taj

l,[0R0cc0

IVIorocco 2
B

10
19
20
25
t5
52
5t

I,ItrXïC 0

Ândes J
Crespo 6J
lerna Rujo

. a r.
lJerm& HoJ o b4J\
tt{ayo 6.1

I'lIexico 23,ì 24
ìt2

Nadaclore
Nainarí
Penjano
Pitic
Pitic 62
Sonorc 6J

n 6lit, 64a.
tota, 61
Yagui 50

" 5U,
8156 (tlreite

grain)

Nlllt ZtrllL^.ITD

.fiotea
Àra'ra
Solid stra,v

Tuscin
'Ial-nul-
Zealancl
1 4Oo1 4

P¡.IESTIIIE

Palestine9e
9

9
0

A

4
+
5
5
5
tr

5

516
516
516
517
517
122 Sinai

1

2

t
5
0
1

1

il
It

il
rt

il
il
il
lt

5 It

ll
lt

'l

It

9

01

019 12

506 PM.STÂ

C .P.I.
Persia

POI¡.ND

179
2201
!,75
+78
527
556
558
561

77

801

3lBtr
1264
1266
1 401
1 700
1707

c'7 .4 A
1 l 'f'¡

1 811
1 0BB4

1425
1o452
2!78

6291
51e4
5187
5197
52O2
52O1
5218
5214
5278
5250
5265
,279
5287

1 868
140
4e5
756
800

5295
529B
511J
511/,
5126
5131
5141

2681
I
6

t1
56

11
16
22
40
56
59
7B
01

7s6t
60
o¿

1

1

1

1850 T. persicun
1816 T. pol onicurl

PORTUG¡.7

Barbela 02{B
C ond.estavel
T,usitano
Pad.eira
Pirana
Portugal 2,rt

"16t' 18|25
n 2'6utt

Cultivar
Àus '
No.

-A.us.
No.

Àus.
No.Cultivar Cul-tivar
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Cultivar

5155
5311¡
5378
51¡o4
5412
5428
51¡38
5449
5ti61
5472
5492
5/,99
5522
1O6il
32Bt

.1886
1,891

'4,891,
lijgB
4901
4912
,tig2li
1911

+912
4914

281,5

1299
1115

6j01
6513

4115
4121
4126
t132
!1tB
11 4 A A
'i t LlLi

1,.1li8
1154
4201
l'izo6
41/,6
!,i50
!,355
'n,357
1¡359
/,167

21lz
1 oB41

2149

29o
5572

5578
'1 185
1 405

1947
2805
1126

1 Br0
2OO9
25/,5
2705
1527
2705

Restauracao
Ribeiro
Toviero

Laza, 4
Rounanían -ilutunn
Rovini

c "P.r . 6719
c .P.r . 6ls6

1t

ll
It

il
ll
ll
il
il
il
il
It

ll

Portugal

40

RUSSil.

R0rn[.AN]Â

tt

rl

il
il
n

rt

P¡.KÏSTA}T

4t
60
62

rr !0
"52, 5/¡

1

6
12
16
22
to

IRll.Q

fraq

c 271
c 271

9o
100
120
125
11t
117
141
155
157
170

t577
5726
57 +o
5751

12097

561,6
5650
5655
5662
,668

5669
5672
5679
5696
5697

t157
4160
41 65
1 B7o
2OBB

10862
2921
51 0B

5119
5127
5157
51 49
1305
3110
,615
5658

I
1 907

Dymchatka
E"rinac et:m 29706
Erythrosperrlum

29666
Gro,ecum 6oJ/,
Russia B

Belosiornaia
Russia J0 Novinka
Sarrubra
Transcaucasian

SOUTH ¡.TRICÂ

Bird. proof
Kruger
Rooi kleinkoren

S\TEDEN

I\TG_
Brons
Rroica
Karn 2
ii/eibul1s Atson
ii/is Karn 2

ft

ll
il
It

rl

1

A

1

t
A

6

7
t1

SYRUT

1

5
10
21
26

po.tL1ep
tt

il
il
il
il
rt

ll

Beyrouth
il

Da,nascus

to
11
1t

Âlicante 1n3
tr7

Barcelona 4
Castellon 1

l,eon 15
Mahon 1

Navarra 5,t 17ú26
rr !0,, 64

Salannanca Jtt 12
Sevilla 1 Pn20

,t 27
So1ína
Valencia 1

,t 11,, 21
Val1ado1id. 1

ruqISr./r

Richelle Tres

1

2
o

2

4
7

SPÀ]N

il
il
ll
il

21
21

lIrRKqY

Snyrna
il
It

11 11
n 4A

tta-blve
Tunis

Cultivar
.A.us "
No.

Âus.
No'

?

O¡Cultívar
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Egyptían 16
Enríque L{a,tte
Erie Se1,255811
Escondid o 41
Essex Conqueror
Falaria
Ienily 11!
tr'¡.vorito x 5815
Ferrugineun

1t135
FT,

Florida
Foffre
Fontana
Fulcaster
Frontana
Frontiera
Galgalos
Garra x lfraplÍ
çharflor '1611

Goldberry J2
GolcLen King
Granaclero Klein
Greelc 10 C7115
H44 x ],[inhard i

ca669
He11as
Henry
Heps
Hilgend orf
llochzucht
Ilolarla:
llopec
Il os tio,nun
Ii¡'¡"iU I OO,B

" Rt 607rl723
rl il .7)À

| 1"f

'r " ]jO
Ic-Lea1
Inperial Ânber

a
-Lnc[]-an b
Joffretto
Juljuli
I(ahala

l Bli!,

2121

2255
08,+6

1 oB51
139
148

2782
2869
2B7O
2961
5O12
1O1B
1029
102.1,
1145
1345

1586
139!¡
1555

1,195

'1,198
12O2
4298
1,105
'',t40
1,3 1i2

2e7 6

3166

124

UNITtrD KÏNGDOT..I

Red. l/larvel
T.vuI gc,re x Rye

Baart
Big Club
Cheyeruee
Crin
Defiance
Genes e e
Harvest Queen
IIuron
Id.aed
Ior,rin
Justin
I{nox
Lenhí
Lel¡hi JJ
lilarquillo
Dlichigan /rnber
Ir,[id a
Itf ind.un
I[inn No . 277 6
Panrnee

Licka Jera
Psenica

erajevo 1 B

e1 g.racl-
il

il

u.s .¡.

GOSLÂVI1r

ernillon

e1
7
9

tia
ti-a 2

rotia 2
il 1g

Sclkirk
Thatcher
Thorne
Tinstein

UNIOTO\,ru ORIGIN

Lkathíotico
Âlaslca
Âpex
Lrgentine Õ9656
Âsprov Roullous
Àtle
Âvis
Sabiu
Baflo
Barleta
Bearded. Velvet

Nocl-e
Beaver loc-lge
Blacle Ilull
B1e De le Paix
Boa Boa
Bonzo 61
c591
Cencleal
C rnus
C ,r.s c acl. e
Clar.x Kenya

Baringa
Clarl< No. !,O

E.G.
c .P.r . 6729
c.P "r . 6lll
C olonias
C.nverse
Correll-r s No.B
Daylight
D.E.s . 421rt Jl1

' 796f 2261
n cc¡Á,2L)v)

Doubbi
D.P"r. ,1 2

D .P. l{ezcIa
D.Q. t 15O 2

Dread. nought

Ecrly Russian
Eo 220

1875

197
10811
183
lö¿
!¡18
1 801
17 60
175

6292
6296

135
2183
2189

15 !,

't 439
4'!i1B
i|4tr,2

,1-.^¡27

1/t32
22gO
4461
.+460
1,461
2292
6ts6
211 6

21!,6

3B
1956
1118
1971
1gg2
6229
2053
206t,
2086
1 413

1go5

12071
201

2405

617 6

D A92

236
2!,60
2451
2!,54
2172

11!,06
2491

1 0B48
2509

29t
/,616

11408

119
2565
2565
2567
257 6
25eO
)) |

9qq7
2616

t !,5
2623

2625
2629
o856
4 f. 4'7

2685
269o

201;
209

252
217

Cultivar
Àus
No.

nus,
IIo.

Àug.
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2697
269e

6704
601t
5789
5B0B
581 4
6ozo
6ot e
(ç1 6
35e5
27 40
2750
2T 61

2784
2BO4
2817
2852
2894

291O
500

2983
5i2
662

12085
t 0BB

722
1097

914

t13t

31t7
755

1142
11 49

1 oB71
1162
1175

I(ambourico
I(arnb ourigo

I(yperound.a
I(anred x Je2l)
Kenya Crossbred.
I{enya C99O6

tr c1oB57I' C10860tt RL1377st¡ RL1175,t nL1i7T
Ilhapl 1

Kharkov
I(itchener
I(1ein lucero
I(1oka
Koga
I(oga 2
I(ruger
Kubanka
Lan¡rence
loombah
N 151 5

L4alvi local
l.ta'.¡rr.ov Roul-1ous
l,,,fentena Âristato
l,[oreno

ed.

ific Sluestern

Blue s beni J/
Parkcrl s sel ln
el-issier
e s terb od,en
ilot
olish

ccific

1¡.ncli

otia

cl{urachy

710
1

íphad- zi.

orin 21

orka
orrnand.ie

187
586
I t,,)
1Att.l-t

610,

14lt
3851

J462
1 477
11,7 4

1liBO
1 4Be
1 508
5700
57 01
5712
571 4
57 2J
1502
1551

1552

1561
1561.
1571
1579

1666
157 !,

1816

1591

27 13

1364

¿

109

115

1tB
142

Portugal 6l
c7921

Poso zl.1

Poulard
Purpl e l(orneÌ
Prec oc e
Preston
Psathas
Ranona
Ramona zf{
Red illa
llr.gent RL9756
Red Bobs 222
Red trlay
Red. Roclc
Revard-
Rhod esian
Ríal1 e
Richel]e Hative
RÍche11e JJ{
Rid it
Rio
RL 975
Rooie larnma
Rural
Rust Rcsister
San Giorgio
San ùlartin 16IJ
San-ba Cotalina
Schultz
Secal otricum
Sensation
S onora.
South .A,frican

Iied.ian
Steinu¡cd.el
Steinr,¡ed.e1

TinopheevÍ
Sturgeon CI11701
Subtropical llard

I¡rhite
Super hard.
Supreza
Svenno
Tarrubra
T ¡.s sil o

1O29
1252
1013
zo A7

1245
127 4
1 o71
1o7 6
1 o7B
1071
32e7
1292
1 105
1124
11 40
115t
t321
3326
117 9
118A
5960
1J54
0400
1268

13tt

5185

1575
11t28

1403
3!¡O5

1326
t))l

846
1791
1051
31Bo
Te5

BB1

10966
116oJ

Texas Seltn
Thatcher x

Trimeo 6J0
tiha 61
Trinta &r
Tripoliric o
Trip o1 itic o
T. compa,ctum
l.dicoccurn
T.pyrarnid.ale
T.spheerococc
Triumfo
T .S .Tunisi-enne
Tufyi
Turkey
Turlcey 1001 5
Tuscan
Ulcr¡,inka
Ulka
Universal
Uruquay C1OB35
v39
v 217
v 12 672
v 12 7OO
v 4.1 17
Varonne C61116
Venced.or x l,Ín

Ca1c1
Venced.or x

Kanred.
Vesta
Vete
Vijay
Vil1r Gloría
\'/hite od essa
Yield.er
Zenalí x
Bootoille

JB ,4,rd.ito
21012

JB San lfartin
157

11J Yel1ow
Grain

27BO E

Äus '
No.

Àus¡
No.

Àus
No.Cultívar CultÍvar
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ÀPPMIDTX 2 'lïheat cultivr.rs s cl ec ted. L
U o test for

resistance to H. evenoe at TÏatc hnan

cluring 1969.

Ðr. Â .J . Rathj en

tl

il

rt

ll

tt

Dr. Â.J. Rathjen

R .¡..C .

R .¡,.C .

Daphne

¡'orcl 617

Joppa

l,[ed eah

\¡traratah

Yanv¡ard

lorog

Glaive

I-Ialberd

New Zealanc-l

fnclia

u.s.¡..

1,,[orocc o

Bvazi:..

Unl<nown

Portugal

Portugal

Portugal

Greece

Âfghanistan

Unlcnown

Ho11ancl

Ârawa

Tndia 261

Knox

Itlorocco 1!

Negroz 1 1,1.5

NorÍn 21

Portugal 1 20

Portugn,l 111

Portugal 1.11

Saloni ca 11,

SprÍng i,,[reat
1269e

Turkey

an IIoeh

S ourc eCultivar0rigÍnCultivar

li

är::

itr
. l.:i:¡
:'l

li
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115.

Bar1ey and. Oat cultivcrs from the R.Â.C. collection

tested. for resistance to II . avenae at R.,t .C. cì.urlng

n 9-tl .

Hagera
Hanc oclc
IcleaI
ï ogold
frl¡in
I{anota
I(areel-a
I{c1vin
Kenclel
Kent
Kerson
Kiah
I(urraj ong '(,l24OB
Kurrl
lachlan
Kaggan
liÍarkton
lf indag
Lfortgage LÍfter
l,{ulga
L[ya1
N.Z . Cape
0rÍent
Pen Rhyn
Pot;rys J226
Q-;Lond.ong
RÍchlancL
R.S .T,.
Rua kura
Snyrna
Sunrise
Starks 2
Sr¡an
Tcs ,A.lgerian
Victoria
Victory
Iiarrigal
Veston
tìIongan

Itrood f ord

Âì:erystr,'ryth
Àberystr,4¡tln 5147
il.cacia
Âclíos
Âd.vocato
Lclvocate x Victoria
.A-lgerian
Âlgeribee
/r.I:rery
Âvon
Bathurst /.
Baxter
Belar
Blythe
Bonbo
Boone
Boppy
B o::ran
Bradley
Bucldah
Bud gery
Bundy I'l55e
Bunya
Burclett e
Burlce
Calcut'i l
C ocker Fu1-grain
C ooba
C oolil¡ah
Dal e
D¡¡zn
Early Burr
I4ar1y Kherson
Uaton
Frazíer
Fulnarl<
Fulton
Ilerguson }levarra
Gid.gee
Guyra

Ânabee
Âral¡ían Blue
Àtlas
Ba1cl Skinless
Sarbles s
Sevanls Special
Beecher
c a.pe
Carlsburg
Chevalíer
F 78 Jerusalem
tr'1ynn
Freja
Greenough
I(enia
Lenta
Lilaga
i[opa1
Itroyeir
Palcstine 2
Palestíne E x Ycla
Prior
Prior x tr,{altuorthy
Research
Rcsibee
Titan
Trabut
Trabut ITJ 6
frabut NIB
Treblí
Yner

Oat CultivarsOat CuItív¿rsBarley Cultivars
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.{I.PPETTDIX 4. Barley and- Oat cuftivars sol-ected- to tost for

resistance to II. avenae at Ïlatchman d.uring 1969.

O¡.TS

Gid gee

Guyra

fnrÍn

Kent

L[ortgage Lifter

l,[u1ga

N.Z. Cape

Saía

Smyrna

Sunrise

S'r¡an

Âberystq¡th

Âd ios

/,1gerian

Lvon

Bathurst {.

Blythe

Boone

Boppy

C oclcer Fulggaín

Dale

f¡ulmark

Iulton

Source

R.¡..C .

R .i\.C .

1T ..1r. .R . f .

lif..li.R.I .

lri.¡. .R.I ,

U..A..R.I .

n .¡-.c .

n.A.c .

Rn/i.C.

R.r\.0 .

R.-4..C .

R.-ir.,C .

\T.¡..R.r .

Barbl ess

Bevanrs Special

Bus se11

cr 7576

C1Ípper

Esperance

Freja

Pal-estine 2

Palestine E x
Yala

Trabut

Trabut JB

Trebli
,$l 2117

CultivarCultivarCultivar

BARÏ,EY
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