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ABSTRACT

The cereal cyst nematode, Heterodera avenae Wol I . , i s a

serìous pest of cereals in Australia and many other parts of the

world. The available literature on the distribution and economic

importance of H. avenae and its contro'|, includjng the use of

genetic resistance and tolerance, is reviewed. Desp'ite extensive

screening, only one wheat line (AUS 10894) 'is known to have a

useful level of resistance to the Austral'ian pathotype of the

nematode.

This study descrìbes the transfer of H. avenae resistance

identified in a triticale (X Triticosecale Witt. ) line (T701-4-6)

jnto a better genetic background ìn triticaìe, the locatjon of

the chromosome w'ith the gene f or res i stance, and the i n'it'i ati on

of the transfer of the resi stance gene i nto wheat. The

res'istance of T701-4-6 was shown to be stronger than that of AUS

10894 and probabìy simj I ar to that of South Austral i an Rye.

Inheritance of the res'istance was also shown to be monogenic and,

to a large extent, dominant.

Nj ne homozygous resi stant tri ti cal e I 'i nes were produced by

cross'ing T701-4-6 as the non-recurrent parent to two susceptible,

but hìgh-yìe'ldìng, triticale I ines (T1006 and T1116). 0ne of the

nine lìnes, which t'üas found to be resistant to wheat stem rust

strain 34-2,12, has been submitted to the Nat'ional Rust Control

Programme, Castìe Hi ì ì, for use 'in a trit'icale backcross'ing

pr0gramme.
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The gene for resistance to the nematode has been located on

rye chromosome 6 (6R) of T701-4-6 through backcrossing of the

line to wheat and correlat'ing the presence of particu'lar rye

chromosomes in the backcross progenìes with the react'ions of

these plants to the nematode. Rye chromosomes were identìfied by

C-banding, supported by 'isoz¡rme analysìs in the cases of 4R and

6R and by a morphoìogìcal marker in the case of 5R. Preliminary

evidence suggests that the gene may be on the long arm of 6R.

A d'isomic substitution of 6R for chromosome 6D of wheat was

selected and crossed to Sears' mutant ljne phlb phlb to induce

homoeologous pairing and recombination between 6R and 6D or other

wheat chromosomes. Four F, progeny from that cross were shown

to be phlb homozygotes through observations on the relative

frequencìes of chromosome configurat'ions at metaphase I in those

p'lants and their F, hybrids with Aegilops variabìlis. Three of

the four FZ plants were double monosomic for 6R and 6D and 1220

F,, seeds are available from them for screening for wheat-rye
5

recombjnants. A programme has been in'itìated for production of

disomic 6R(-64) and 6R(-68) subst'itutions for addjtional crosses

to the phlb phlb mutant.

The ef f ici ency of the nematode assay dropped ser"'iously j n the

course of

tentatì ve.

the project leading to some results which are only
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CHAPTER ONE

GENERAL INTRODUCTION

The cereal cyst nematode (Heterodera avenae Wo'llenweber) is a

serious pest of many cereals in the world (Lambert'i and Tay'lor,

1983). It has been recorded in, at least, th'irty-one countries

(Meagher, 1977 ) where 'it attacks majnìy oats, wheat, barley, rye

and triticale 'in addition to some grasses (Duggan, 1961; l,J'iese,

L977 i Cook, 1982).

It was first reported 'in South Australìa by Davidson in 1930

who suggested that 'it had been known in this state since 1906.

It was correctly ident'ified in 1922 (Davidson, 1930) and is

likely to have been jntroduced to Australia about 1860. Europe,

probably Germany, 'is a like'ìy origin of the Australian populatjon

and spread wi th j n Austral'i a has been a.ttri buted ma'i nìy to

dust-storms (Meagher , 1972).

In Australìa t{. avenae js a serious pest mainly in South

Australia and the ['Jimmera and Mallee d'istricts of Victoria

(M'illikan, 1938; Meagher, 1972, L977;Kìngetal , 19821 Brown,

1983a) infestìng over two million hectares (Brown, loç. g!.).
It has also been recorded in the Geraldton area of Western

Austral ja (MacN'ish, 1964; Parkjn and Goss, 1968), 'in friabìe

soils near Koraleìgh in Nelv South l^lales (McLeod, 1968) and'in

northern New South llales (Southwel I and l4cLeod, 1981.).
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Field infestation by H. avenae is usual'ly observed as patches

of stunted plants with ye'lìow'ish leaves (tlaì lace, 1965).

Infected p'lants have shallow, muìt'ibranched, and matted-looking

root systems with swellings. In mature pìants, wh'ite gravid

females of the nematode can be found attached to the roots.

Plants suffer reduced tìì'lering (Davìes, 1961), premature ear

formati on ( Duggan, 1961 ) and smal I or poorìy-f i ì I ed heads .

0'Brien (1976) recorded slow ear1y. seedì'ing growth, reduced

nurnber of f ert j I e spi kel ets, graì ns pelinf I orescence and hence

yieìd of wheat and barìey.

Field popu'lation levels recorded include 20-60 eggs/gm. of

soi l i n South Austral i a (Fì sher, pers. comm. ) 20 or more 'in

Victoria (Brown, 1983a) and 100-200 ìh South-east England (Graham

and Stone, L975).

The methods of control that are avai I abl e are rotat'i on

(M'illìkan, 1938), resìstance (0'Brien and F'isher, I974; Brown,

loc. c'it. ), nematicides (Gurner, €t 31, 1980) and tolerance

(F'i sher, êt 3l , 1981) . 0f these the I east des'irabl e, f rom a'l 1

points of v'iew, is the use of chemicals and a combjnatjon of

res'istance and rotati on shoul d be suf f i c'ierrt f or control .

However, despite extensive screening only one gene for res'istance

has been identified in wheat. This source of resistance wi ll
sustain a minìmum of 3-5 eggs/gm. of soi I of the Austral i an

pathotype (F'isher, 1982). From the results of Meagher and Brown

(1974), Fisher (þq. cit. ) estimated that a yieìd loss of 15-30%

w'i I I be suf f ered by an i ntol erant cul t'ivar 'l i ke Olympi c at that
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level of infestatìon. Before th'is, essentiaì'ly partÍal,

resi stance i n wheat agai nst the Austral i an pathotype was

reported, Brown and Meagher (1970) suggested the introgression of

resistance from a genus related to wheat - possibly rye (Secale

cereal e cuìt'i var ' South Austral i an ' . Modern techn i ques f or

pest/disease resistance gene transfer like protopìast fus'ion,

somaclonal variation and molecular tunìorlations have shown some

potenti al for success. However the success of traditional

methods like alien chromosome substitut'ions, induced

transl ocat'ions and i nduced homoeol ogous recornb'inati on 'i s wel I

documented (Knott and DvoTák, 1976; Sears, 1972, 1981).

The aims of the current stud'ies have been to'introduce a

resi stance gene 'in Tri ti cal e agai nst the Austral 'i an pathotype of

H. avenae 'into a better genet'ic background in trit'icaìe; to

isolate and ident'ify the chromosomal locat'ion.of th'is gene; and

to initiate'its transfer into wheat.
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CHAPTTR 2

LITERATURE REVIEl^l

2.1 LIFE CYC I.E AND DISTRI BUTION .

In Austral ì a

per year (Wal'lace

is no spring ha

and Dube, 1981).

there i s on'lY one gene ration of H. avenae

, 1965; Banyer, 1966; Meagher, 1977)' There

tch as occurs in North-West Europe (Sparrow

Banyer and Fi sher (1971a) categori ze hatchi ng of

Australian popuìatjons into a larval development phase and an

eclosion phase with 100C and 200C as opt'imum temperatures

for each phase respect'iveìy. There is a marked rise in

hatchìng rate wjth the onset of low soil ternperatures in late

autumn - winter jn South Australia (Banyer and F'isher'

1971b). l^lhereas l¡linslow (1955), Hes'ling (1957) and Banyer

and Fisher (1971a) could find no'influence of hostroot

exudates on hatch'i ng, Wi I I j ams and Beane (L972, L979)

w
reported sucf,"-(-intl uence at 10-150C and Kerry and Jenki nson

(1g76) at soì'l temperatures during the European spr.ing.

The embryo deve'lops into a verm'iform larva' moults to a

second-stage larva and then breaks out of the egg shell into

the soil from where it may ìnvade a host root. Within the

root jt feecls near its head from an 'induced giant cell wh'ich

is formed from the breakdown of the walls between adiacent

cells (þJa'l1ace, i965)"

+ls-



7.

After three further moults, the nematode becomes either

an elongate male or a lemon-shaped female. Control of sex

determ'ination in the f am'ily Heteroderidae is a controversial

i ssue (Tri antaphyl 'l ou, 1973) . The femal e remai ns sedentary

as a protrusion from the root whereas the male moves ìnto the

soil from where it may reach and fertjlise the female. The

female produces a mass of eggs and later tans 'into a cyst

which can remain 'in the soil for many months.

Temperature, soil mojsture and soil structure probably

all limit the d'istribution of the nematode despìte earlier

reports (l,Jaì1ace, 1965; Meagher', 1972) ttrat temperature lvas

not ì'imit'ing. The speci al i sed temperature requ'irements for

hatching (Banyer and Fisher, i971a) suggest that the nematode

requì res a peri od bel ow 200C for hatchì ng. Thi s

requ'irement would exclude tropicaì countries as a habitat.

The presence of soil moisture 'is essential for all nematodes

and soi I structure 'interacts wi th soi I mo'i sture i n regu'l ati ng

nematode activity (Walìace, 1963). The optimum par^t'icle size

for motility of second stage iuvenìles is a d'iameter of 130

micrometres (I^la'llace, loc. cit.) i.e. f ine sand. Hence fine

sands would be optimaì but not exclus'ive and jn South

Australia damage is experienced in heav'ier soils such as

red-brown earths (Banyer, 1966) - a s'ituation that occurs in

other countries (Davìes, 196i; Graham and Stone,l975; I^liese,

I977). 0nìy in V'ictoria is'infestation limjted to 1ìght-

textured soils (Meagher, 1968) though Brown (1983a, 1984b)

does not agree with thjs.
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2.2 PATHOTYPES

Based on an International Test Collection of cereals at

least ten different pathotypes of H. avenae have been

differentiated world-w'ide (Andersen and Andersen, 1982).

Three, and poss'ibìy five, pathotypes have been suggested

for Indja (Mathur et al, 1974) some of which may be'identical

to European pathotypes (Swarup et ô1, 1979). Three

pathotypes have been recorded in Britain (Saynor, 1975), two

in Denmark (Andersen, 1959), six ìn Germany (Jones , 1972;

cited by S'idhu and Webster, 1981) four in The Netherlands

(Kort et 31, 1964), two in Sweden (Cook and Williams, 1972)

and four in France (Rivoal , 1977; cited by Andersen and

Andersen, 1982 ) . Some of the French pathotypes may be

ident'ical to North European ones (Andersen and Andersen, loc_.

c'it. ) .

A single unique pathotype, Ha13 (Andersen and Andersen,

loc. cit.), has been recorded'in Australja (McLeod, 1976;

0'Brjen and F'isher, I979i Br'own, 1974, I?BZ) contrary to some

earlier suggest'ions (0'Brìen and Fisher, t974; Elljs and

Brown , 1976).

Meagher and Brown (1974) and Meagher (I9BZ) suggested

that comparabìe popula.tion densities of H. avenae cause more

severe yìeld'loss'in Australia than in Europe. Th'is may have

led Brown (1983b) to suggest that the Australian pathotype 'is
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the most aggressive in the world. Fisher (1982) and Meagher

(t972, 1982) emphasìzed the differences between Europe and

Australia in seasonal cropping patterns vis a vjs hatchìng of

the nematode and in soil ferti'lity and'cljmate. In Eng'land'

25 per cent of eggs hatch 'in Autumn (Kerry and Jenkinson'

1976) effectively removìng this proportion from invasion of

Spring cereals and so reducing the damage to the cereals.

Moreover, Brown (1984a, 1984b) has m'isinterpreted Meagher's

(1970) hatch'ing data. Most rap'id hatch'ing occurred in May

and hatch'ing was almost compìete by earìy July, a hatching

cycìe that cojncides with cereal sowing in May/June in

Australia. In fact, spring-sown cereals in Europe, grown

under cond'iti ons f avouri ng heavy nematode i nvas'ion , suf f er

severe damage (Graham and Stone, 1975) even though, w'ith

rising spring temperatures, they have an advantage over

similar seedlings in Australia (Meagher, 1982).
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2.3 ECONOMIC IMPORTANCE.

The assessment of economic ìnjury to cereals by H.

avenae is difficult and variable. In wheat, at 2 eggs/gm. of

soil either no loss in grain yieìd is obtained (Rovira and

Simon, I9BZ) or there is a 20/ loss (Meagher and Brown,

L974). Meagher and Brown's estimate is based on a s'ingle

soi I samp'le and so ì s untrustworthy. These estimates

probably vary w'ith the tolerance of the cereal cultivar

(Fisher et gl, 1981), the level of nutritjon and the

agronomic factors like rotat'ion so that the amount of loss is

very vari abl e. The est'imate of 20% ytel d I oss (Meagher,

1982) costing A$40-80 million (Rovira and Simon, loc. cit;
Brown, 1983b, 1984a, 1984b) is sìmpìy a guess and may show

I'ittl e rel atì on to the actua'ì f ì gure.

The introduction of chem'ical control to the Australian

agricuìtural system (Gurner et 3l , 1980) has g'i ven some

indicat'ion of responses to nematicides and it is not uncommon

to obta'in a 20 per cent increase ìn yield of barley, a 30 per

cent increase in wheat and a 50 per cent increase 'in oats.

This probably reflects the generally held beljef that bar'ley

is more tolerant than wheat which is more tolerant than oats.

This situat'ion is probably related to the number of seminal

roots produced by each cereal genus (Fisher, 1982). Houever,

for all these cereaìs, if three susceptìb'le crops are grown

in succession, then the thjrd 'is a complete failure. This is

sim'ilar to the situat'ion in Canada (Fushtey and Johnson,
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1966) where a 50% loss 'in yie'ld is common and total oat crop

faìlures are not unknown. Heavy infestations in Europe may

lead to a 30 per cent or more yield loss and 'in United

Kingdom alone, annual loss due to the nematode 'is estimated

at f; z n;llion (Cotten, 1970). Losses in the United Kingdom

are probably lower because of bio'logìcaì control by the

parasitìc fungus, Nematophthora gynophila (Kerry et 31,

1980). In Austral'ia parasjtes contribute I ittle to control

of the nematode (St'irì'ing and Kerry, 1983).

In south-eastern Austraììa, the cereaì cyst nematode is

known to occur together with a number of root-pathogen'ic

f ungi . The most important associ ati on 'in the f i el d 'is

between H. avenae and Gaumannomyces graminis (causal organìsm

of take-al'l ) (Patel , 1983) . Whi le from pot tests, the

synergì st'ic ef f ect of H. avenae and Rh'izoctoni a sol ani

(Meagher and Chambers , I97I; Meagher et al, i978) has been

clajmed as the major cause of y'ield loss in cereals (Meagher

7982; Brown, 1983a, 1984a, 1984b) thìs did not prove to be

the case 'in f j el d stud'ies (Pateì , 1oc. ci t. ) .



12.

2.4 CONTROL

2.4.1 Crop Rotati on.

Fon many years crop rotati ons, i ncl udi ng fa'l I ows

and legumes, have been used to combat the cerea'l cyst

nematode ( Garrett, 1934; Waì ì ace, 1965; Meagher and

Rooney, 1966). A sing'le season's fai low reduced the

soil population of the nematode by 56 to 75 per cent

(Meagher and Rooney, loc. cit.). However, rotations may

be of limited value on small farms (Brown, 1973).

2.4.2 Resowjnq.

In South Austra'l'ia, resow'ing an infested field

after a catch crop had been sown earl jerin the season

has been proposed (Robinson, 1961; Banyer, 1966) .

Success, however, depends on growing cond'itions for the

late-sown crop and the number of jnfective larvae stjll
in the soil.

2.4.3 Earl.y Sowjnq.

Early sow'ing of cereal crops i n Austral i a

(April-May) has been suggested as a method of control

(M'ill'ikan, .1938; Robinson, 1961; Banyer, 1966; Dube et

ê1, 1979; Meagher , 1972) based on the idea that the

plant woujd be well established before the nematodes
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hatch. Brown and Pye (1981) and Brown (1983b, 1984a)

also recommend early sowing but this recommendation js

based on an erroneous 'interpretation of hatching. l,lith

adequate seasonal rai nf al ì hatch'ing i s most rapi d 'in

May, a time when Brown and Pye (l_S.. gf!.. ) recommend

sowìng to avoid damage. l.lith a hìgh in'itial larval

dens'ity, damage wi'll occur in early sow'ings.

2.4.4 Weed Control .

Control of suscepti bl e weeds I i ke wj I d oats and

Wimmera ryegrass prevents a bu'i'ld-up of the nematode in

the soil (Meagher, L972; Dube et al, 1979).

2.4.5 Bi ol oqi cal Control .

Andersson (1982) has suggested the use of fungì

I ike Nematophthora gynophi'la and Verti ci I I i um

chì amydospori um as part of an 'integrated control

programû¿, The decl'ine of H_r_ avenae popuì ati ons under

cereal monoculture in Europe (Gair et al, i969; Cotterr,

L970i Graham and Stone, 1975; Empson and Gair, 1982) has

been attributed to the actjvitjes of such fungi (Kerry

et al , 1980, 1982 ) . Holever, N. qynophjla is not

present in Australian soils and V. chlamydosporium is

not suffic'iently effic'ient to effect s'ignifica.nt

reductjons 'in Australian populatjons (Stirling and

Kerry, 1983).
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2.4 .6 Ti I I aqe Practi ces .

Hi gher grai n y'ie'lds of wheat and f ewer H. avenae

females on the roots were obtajned after direct drì1ìing

compared, to conventional cultivation in Australia

(Rov'ira and S'imon , I9B2; Roget and Rovira, 1983). In

India, Mathur et al (1983) reported increased wheat

yieìds and decreased H. avenae densities after two or

three deep summer ploughings, at weekly ìntervals, prior

to the wheat season.

2.4.7 Chemi cal Control .

Using a low-volume nematicide appìicator Gurner et

al (1980) demonstrated that economic chemical control of

H. avenae in South Australia 'is feasible. Brown (1983c)

made similar findings jn Vjctoria. Nevertheless, the

cost of nematicides relative to wheat prices, the extra

work at seeding and the env'ironmental imp'lications of

us'ing such chemjcals make this a rather unpopular

choi ce. Chemj cal control i s uneconomi c i n Europe

probabìy because of the relatively less damage by the

nematode there, the climatic condjt'ions and the cultural

practices (Andersson, 1982).
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2.4.8 Host Resi stance.

Resi stance i s expl ai ned as host j neff i ci ency

(Meagher, 1972) for the growth and reproductìon of the

nematode (Parlevliet, 1981). Th'is 'is dist'inct from

'tolerance' whìch refers to the abiì'ity of the host

pì ant to grow and yi e'ld we'l I despi te i nf ecti on by the

nematode (Schafer , I97l ; Parl evl i et, I oc. ci t. ) .

Since the discovery of some resistant barley

(Niìsson-Ehìe, 1920), wheat (N'ielsen, 1966) and oats

(Miìlikan, 1938; Cotten, 1963) breedìng for res'istance

to H. avenae has become increasìngly ìmportant as an

economi cal means to provi de mater'i al f or controì 'l 
ì ng the

pest.

Agai nst the Austral i an pathotype resi stance i n

wheat has been reported in Festigudy, Dural and Duramba

(Mcleod , 1976); Loros (AUS LI577 ) (Brourn , 1974);

Portugal 131 , Loros (AUS 90248) and Spri ng tr'lheat (AUS

10394) (0'Brien and Fi sher , I974); Psath'ias (AUS BB1)

(Brown , 1974).

Resi stance

(Cc465B), Avena

1982, i983a).

oats i ncl ude Avena steri I i s_

Avon and Cooba (Brown, I974,

sources 1n

str i gos a,
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In barìey, Athin'ias, CI 8147, Marocaìne 079 (C.I.

8334), Martin 403-2, Morocco (CI 3902) and Nile have

good resistance to the Austral'ian pathotype (0'Brien and

Fisher, 1974, 1977, 1.979; Mcleod, L976; Brown, 1974,

LgBz, 1983a).

Weethal le and South Austral i an are ryes res'i stant

to the nematode (Cook , 1974; Brown, t974; Mcleod, 1976;

Brown, t982, 1983a). Some genotypes of Aegilopl spp.

have strong resistance to H. avenae (Brown, I974; Dosba,

et 31, 1978). Brouwer and Castleman (1981) reported

moderate resistance and tolerance in a triticale

cultivar Towan.

Gal I eon was rel eased i n 1981 as the fi rst

commerc'i al barl ey cul ti var bred f or cerea'l cyst nematode

resistance in Austral i a (Sparrow and Dube, 1981).

Sim'ilarly a wheat cultivar, Katyì'l , was released in

Victoria in 1982 (Brown and Young, L?BZ) with resistance

from spring wheat (AUS 10894). The danger of reìying on

major gene (race-specific) res'istance is apprec'ia.ted

(0'Brien and F'isher, 1979). Hov¡ever the relativeìy sìow

spread expected of any resistance-breaking pathotypes

means resistance could be comparatively long-'last-ìng

(Russeì l, 1978; Lamberti attd Tayìor, 1.983; Cook, 7974;

Cook and York, 1981). Neverthe'less, Rtrssell (-]-oc-. cit.)

suggests the accumulatjon of an array cf host resjstance

genes as a 'polygenic resìstance block' (Andersson'



17.

1982) against the pest. Meanwhile, m'ixtures of

susceptib'le and resistant cultivars or alternate

cropping of the two have been proposed (Andersenr 1980 -

cited by Andersson, L9B2) even though partia'lly

resistant pure cultivars may be more useful.
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2.5 TNHERITANCE OF RESISTANCE.

Inheritance of resistance to H. avenae includes both

domìnant and recessive expressions of the genes and one to

several resjstance genes in a host have been reported.

2.5.I tJheat.

Using monosomic analys'is Slootmaker et al (197a)

located the dom'inant resi stance gene i n Loros wheat

(Nie'lsen, 1966) on chromosome 28. Spring wheat (AUS

10894) has a dominant resìstance gene at the same or a

cìosely I'inked locus but may have add jtional mod'if ier

genes (0'Brien et al,1980).

2.5.2 0ats.

Resistance from Avena sativa L. (C.I. 3444) and A.

sterjljs (I. 376), incorporated by backcross'ing 'into Sun

II, have been used 'in breeding (Cook and York, lgBZ).

Cultivar Nelson was derived from C. I. 3444 and has a

single dominant resistance gene on monosome XV and

modifjer genes on monosomes VIII and X (Chew et al,

1981). Accord'ing to Andersen and Andersen (1970) (cjted

by Cook and York, 1982 ) , three domi nant I oci control

resistance .in I. 376. Cotten and Hayes (1972), however,

suggested onìy two compìementary dominant genes.
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Cultivar Panema, bred from I.376, has only one dom'inant

gene which is on the same chromosome as the gene 'in

Nelson (Chew et 31, 1981). The two genes are probably

aìleìic or c'lose'ly linked to each other (Cook and York,

1e82 ) .

domjnant, monogen'ic

from those of the

Hayes , 1972),

In Avena b.yzanti na (P.r. L7502)

probably at

two Avena

resi stance i s

a locus distinct

spp. (Cotten and

and

other

Cook and York (1982) found a s'ing'le recessive gene

in oat cultivar S'ilva independent of the C.I. 3444 gene

in Nelson. Another cultjvar, Mortgage Lifter, has tvro

independent recessive genes for resjstance (Cotten and

Hayes , 1972).

2.5 .3 Barl ey.

At least six resistance genes in barley agaìnst H.

avenae have been predicted on the bas'is of the gene-for-

gene hypothesis (Hayes and Cotten , l97I). Hovrever,

virulence in !_. aven€ is dominant contrary to the

normal pattern f or gene-f or-gene rel a.t j onsh'ips

(Andersen, 1965).
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Rha 1 is a dominant resistance gene probably on the

short arm of chromosome 2 and present jn cultivars

Drost, Brage and Fero (Cook and York , 1982). Rha 2,

also a dominant gene, is located on the long arm of

chromosome 2 (Cotten and Hayes, 1969; Andersen and

Andersen, 1973). Linkages between this locus and

six-row and ìiguìeless loci respective'ly were

establjshed by Cotten and Hayes (loc. cjt.).

Athinia.s and Marocaine 079 have the same singìe

dominant resistance gene (0'Brien et 31, 1979)

independent of the Rha 1 locus (Cook and York, 1982).

Ni le and Athinias have d'ifferent s'ingle dominant genes

both of whi ch differ from the gene( s ) i n Morocco

(0'Bri en, et al , 1979) .

2.5 .4 ¡E

A specì fì c mode of i nheri tance i s yet to be

reported in rye (S'idhu and I,Jebster, 1981).
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2.6 MECHANISMS OF RISISTANCE AI!D TOLERANCE.

2.6.L Resi stance.

Dropkin and Webb (1967) reported less invasion of

the roots of resistant tomato seedl'ings compared with

susceptib'le ones by larvae of Meloidogyne hapla. 0n the

contrary, numerous reports indicate that root invasion

by ìarvae is not infIuenced by host res'istance to H.

avenae (l,Jà'lstedt and Bi ngef ors , 1963; W'i ì I 'i ams , I970i

0'Brien and Fisher, L977), Globodera s pp. (Howard, 1959;

Trudgi'l'l and Parrot, 1969; Trudg'ill and Cotes, 1983) or

Mel oi dogyne spp. ( Brodi e et gl, 1960; Reynolds et al,

1970; McClure et al, 1974a).

Dropk'in (1969) and Dropkin and Webb (L967 ) observed

necrosis in roots of tomato seedlings in response to

'invas'i on by larvae of Meloidoqyne i ncogn'i ta acri ta.

Larva'l enrigrat'ion f rom roots (Reynoì ds et al , 1970;

0'Brien, 1976), retarded deveìoprnent of larvae (McC'lure

et gl, I974b; Brodie et al, 1960; Fassuljotis , 1970),

death of larvae in roots (Shepherd, 1959), ìnadequate

syncytia (giant ceìì ) development (Fassuliotis, 1970)

and earìy degeneration of syncyt'ia (Endo, 1965) have aìì

been assocì ated w'i th res i stance . Some b'iochemi cal

mechanisms of plant resistance to nematodes have been

suggested (G'iebel, I974; I9BZ). Forinstance,
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activity has been implicated in the

to Globodera rostochiens'i s (Gìebel,

hjhiìe resistance to H. avenae has been associated

with a high male to female ratjo of the nematode (Brown,

1974) thjs .may not mean sex reversal or environmental

deterrnination of sex. It" may reflect a differentìal

development rate or death of one of the two sexes on

resi stant hosts.

Dropk'in (1909) noted a reduct'ion in resistance of

some tomato seedlings to Meloidogyne spp. w'ith increase

in temperature. Environmêñtal 'influence on resistance

to H. avenae pathotypes was reported by G'iebe1 (1982).

2.6.2 Tol erance.

Generally the decreasing order of tolerance of the

major cereals to H. avenae attack is consjdered to be

barìey, wheat and oats (Duggan, 1961; Davìes,1961;

Meagher , L972; Graham and Stone, 1975 ) . Fi sher ( 1982 )

associated the relative tolerance of the cereals to

their number of seminal roots (nrean of 3 for oats, 5 for

wheat and 7 for barìey), since the initjal invas'ion by

Iarvae is the most damaging (Duthoìt, 1.964; 0rBrien and

Fisher, 1981t Simon and Rovira, I9B2; Se'inhorst, 1961).

However, Cook (I974) explajned the higher tolerance of

barìey relative to oats jn terms of the'ir different'ial

response to I arval j nvasi on.
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Intra-specific variation in tolerance may depend on

a relative capacìty for compensatory growth for damaged

roots. Tolerant potato cultivars tend to grow larger

root systems 'in sojl heaviìy infested with Globodera

rostochiensis than in li ghtly 'inf ested or nemati ci de

treated so'il (Trudg'i1l and Cotes, 1982, 1983).

From laboratory experiments Volkmar (1983) reported

greater abiìity to withstand water stress in tolerant

oat cultivars as compared to intolerant ones. Reduced

sensit'ivìty of roots to nematode attack, for instance in

the amount of gaì1 tìssue produced, has been noted in

tolerant p'la.nts (Trudg'ill and Cotes, 1980; Stanton,

1983). Stanton (-]_0c.. -g.f_!..) proposed late recovery of

growth as observed for wheat cultivar Cook (F'isher et

gI, 1981) as a possible tolerance mechanism.

2.6.3 Resì stance and Tol erance Est'imates.

Fox and Spasoff (1976) reported that resjstance and

tol erance of tobacco to Heterodera sol anacearum are

under separate genet'ic controls. Jones (1956) suggested

a s'imj I ar situat'ion f or sugar

schactì i .

beet and Heterodera

Resistance to t1. avenae is assessed by the number

of gravid females on the roots c¡f the host p'lant.
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Tolerance, however, 'i s difficult to assess or

select for in segregating popu'lations (Cook and York,

1982). It has been evaluated by yield loss djfferences

between crops from infested and 'non-infested paddocks

(Fisher et 3]_, 1981) or from nematicide-treated and

untreated plots on infested s'ites (Seinhorst, 1961;

l'lilson et ô1, 1983). As a difference between two y'ield

estimates, yield loss harbours the error variances of

both estimates thus reduc'ing prec'is'ion (Parlev'l'iet,

1981). Stanton (1983) criticised the use of percentage

y'ield loss as a measure of tolerance as being'influenced

by the relat'ive yìeìd potentials of the cultivars

i nvol ved .

Furthermore, yield loss may reflect the combined

effects of resi stance and tol erance ( Parl evl 'i et, 1981 ) .

Schafer (1971) adv'ises the elimination of resistance as

a conf oundi ng f actorin tol erance estimates . The

influence of resistance may be through ìts effect on the

number of establishment s'ites induced by the nematode

larvae (0'Brìen and F'isher, L977).

0n the other hand, tolerance could detenmjne the

maximum number of gravid females a host plant wiìì

sustain because the state of the root system and generaì

plant growth after heavy nenratode invasion depends on

host tolerance (Graham and Stone, 1975).
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l.lh'ile some workers (Graham and Stone, loc. c'it.;

Cotten, 1970) found consi stently higher yieìds 'in

resistant lines than susceptible ones in ìnfested fields

others (Trudgill and Cotes, 1983;' Fisher, et 3.|, 1981)

found no such advantage. Sjnce host pìants suffer less

damage from the development of the females and the'ir

syncytìa than from the initial juvenile invas'ion the

apparent con'tl i ct i n the reports may be due to

differences in nature of resistance among the various

cultivars tested . .W (esistance seems to be an

advantage only after larval invasion.

Fisher (igBZ) suggested 12 and 3 females per p'lant

as the levels of 'pract'icäì' resistance for hìgh'ly

tol erant and h'igh'ly i ntol erant cul t'ivars respecti ve1y.

He further advises that resistance should be

incorporated into tolerant cult'ivars - a view supported

by Andersson (1982).
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2.7 Al ien qerm pl asm as a sour ce of disease/nest resistance in

common wheab (Triticum aestivum (1. ) em.Thel l. )

t^lith .increasing uniform'ity of modern cultivars and the

loss of many trad'itìonal land races alien germ p'lasm js

increasing in importance as a source of genes for wheat

improvement. Introgression of genes from relatives of wheat

whìch have one or more genomes in common with wheat js

relativeìy easy because synapsis and crossing-over occurs

between homologous chromosomes in the hybrids.

Speci es of Aegi'lops L. , Agropyron Gaertn. , Haynal d'ia

Schur. and Secale L. are cons'idered relati

(Sears, 1981) . Whi le many of them hav

crossed to wheat, gene transfer from

difficult. Common wheat comprises three

D. Triticum monococcum and Aeqilops squ

ves of common ilheat

e been successful ly

them to wheat i s

genornes - A, B and

arrosa L. Tr iticum

tauschj i (Coss. ) Schmal . ] have been recogn'i sed as donors of

the A and D genomes, respectively, to hexaplo'id wheat. The

donor of the B genome is controversial (K'imber, I974).

Fo'l ì owi ng thei r d'iscovery of the absence of chromosome 4 of

d'i pl oì d wheat ( d4) from hexapì oì d wheat, Wazuddì n and

Driscol I (1986) have proposec! an alternative hypothesi s of

the evolutìon of polypìoid wheats. This 'involves the loss of

d4 and the retent'ion of two vers'ions of chromosome 48 at the

ear'ly tetraploid stage and therefore imp'ìies that the A,B and

D genome progenitors donated six, elght and seven

chromosomes, respect'ively, to hexapìoid wheat. Ûn t'he bas'is
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of resemblance between different nulljsom'ics and fronl a study

of nullisomic-tetrasomjc combinations the twenty-one paìrs of

wheat chromosomes have been placed in seven homoeologous

groups of three (Sears , 1952).

Chromosontes of many of the other members of the subbribe

Trjtjcinae fit 'into the homoeologous groups defjned 'in lvheat

(Gupta, I972i Quinn and DrjscolI , L967). Those of rye vtere

placed in the groups by Sears (1968), Gupta (1971) and Koller

and Zeller (i9i6). However, for a particular locus on a

chromosome, homoeolog0us relat'ionships may be compìicated by

translocatìons during evolution (Appels, 1982).

Translocations in, at least, three chromosomes different'iate

cultivated ryê, Secale cereale, from the wi'ìd species S.

montanum Guss. and S. vavjlovii Grossh. This may expla'in why

mixed hornoeologies were assigned to chromosomes 4R, 7R and 6R

of Imperi al Rye (Kol I er and Zel I er, I oc. ci t. ) .

2,7 .I Barriers to Introgressì on of Al i en Genes i nto I'lheat.

Factors that have frustrated al i en germ pl asm

explo'itation so far include lack of crossabìììty,

differences 'in ploidy level, enbryo abortion, steri'lìt.y

of hybrids, ì inkages between useful and deleterious

genes and I ack of synapsì s and crossi ng-over between

wheat ancl alien chromosomes (Knott and DvoYák, 1976).
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Reciprocal crosses and several genotypes are often

used to c'ircumvent the non-crossabi I'ity and steri I i ty

barriers. For ìnstance, R'i ley and Chapman (1967a)

reported genes in Ch'inese Spring Wheat which facilitate

crossing ,to rye.

To overcome differences in ploidy level genetic

bri dges and doub'l i ng of the chronosotne number of the

wild species have been useful. Embryo rescue technìques

have almost become standard practice in interspecific

hybrì di zati on. l,jhi I e unf avourabl e I 'inkages on al 'ien

chromosome segments may be broken wi th enough

backcrosses and 'large popu'lati ons, sometìmes specì al

cytogenetic procedures are necessary.

Chromosome pai rì ng i n wheat i s restri cted to

homologues by a d jp'lo'idization mechanism control led

mainly by a gene(s) on the long arm of chromosome 58

(Okamoto , 1957; Ri I ey and Chapman , 1958a) . Hence there

i s norrna'l ìy no syna.ps i s betvreen wheat and al i en

chrornosomes (Khush, 1973). Mjnor suppressors of

aìlosyndesis have been located on wheat chromosotnes 3Dê

(Mello-Sampayo, 1.968; Driscoll , 1972, I973a), 3A

(Driscoll, 1972) and 4D (Driscoì1, 1973b).

0n the. cont.rary, pa'iring promoting factors have

been reported to exist on chrotnosome 3D(. (Drisco'l1,

l9-12)r ofl the ìong arms of wheat chromosomes 5A and 5D
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and on the short arm of chromosome 58 (Feldman' 1966;

Ri I ey and Chapman, 1967b ) . Many researchers therefore

agree that chromosome pa'iring in wheat reflects a

bal ance between genes that promote and those whi ch

suppress homoeol ogous paì r'ing (R'i I ey et al , 1973i Jouve,

et gl_, 1980; Fedak and Armstrong, ' 1981 ) . What i s

controversjal is the mode of act'ion of the main paìring

suppressor gene(s) on 5BL. Driscoll et al (I972)

di sagreed wi th Fel dman ' s ( I oc. ci t. ) hypothesi s that the

gene(s) affects premeiotjc associatìon of chromosomes -

an event Feldman considered as a prerequis'ite for

synaps'is. Dri scol I et al (-l-qg.. !-fL. ) suggested that the

gene (s ) seems to act af ter compì eti on of homoeo'lclgous

associ at'ion by controì 'l i ng vlhi ch of the associ ated

chromosomes can proceed to synapsis.

In the absence of the suppressor gene on chromosome

5BL there is formation of multivalents invoìv'ing

homoeologues and synapsis of chromosomes from related

genera (R'i ley and Kempana, 1963; Ri ley et al , 1981) .

Driscoll and Quinn (1970) dernonstrated genetìc variation

among cultjvars of Trit'icum aestivunl which'influences

the level of chromosome pairing'in ìntergeneric hybrids.

Knowledge about the control o'F pa'irìng 'in wheat has

enabl ed many workers to succeed i n i ntroduci ng al i en

chromosorne segments 'into i t through 'i nduced

recombination. 0thers have used ionis'ing'irrad'iatjon.
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Deleterious Effects of Alien Chromatin.

f¡!.!icum aestivum L. and its relatives have evolved

their current genetic constitutions over many years.

Any s'ignificant loss of chromatin or its ga'in from an

alien source is likely to cause imbalance resu'lting frorn

undes'irabl e dup'l 'icati ons, del eti ons or gene I i nkages .

Interaction between rye genes and the wheat

genotype has been blamed for the low ferti'lìty of rye

addition lines (Riley and Chapman, i958b). The abnormal

cyto'logì ca'l behavì our, aberrant endosperm devel opment

and poor kernel characteristics of wheat-rye hybrids

have been attributed to rye heterochromatin (Bennett,

L977 i Bennett et g]_, 1977 ; Gustafson and Bennett 
'

1982). However, Varghese and Leì ley (1983) have

quest'ioned this suggested influence of heterochromatìn.

Alien chromosome segments in wheat have also been

associated with depressìon 'in yield (l,'le'inhues, 1973),

inferior baking quality (Knott, I97I) and ye'llow flour

colour (Sharma and l(nott, 1966; ovoïák , Ig75) .

2.7.3 Addi ti on and Substi tuti on crf Al i en Chromosomes .

Fertile amphip'loids have been produced by doubf ing

the chromosorne number of hybrìds between wheat and some

related genera. Such amphiploids usually exhibjt low
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ferti I ity, undesirable genes of the wi ìd species and

genetic antagonism between the parentaì genotypes (Riley

and Chapman, 1958b). Not surprising'ly, on'ly the

wheat-rye amphiplo'id, Triticaìe, has found a place in

commercial agrìculture (Drisco'lì, 1981).

To reduce the undesirable characteristics of the

amph'ipìo'ids, 0'l'lara (1940) suggested a procedure for the

addition of sìng'le pa'irs of alien chromosomes to the

ful I complement of wheat chromosomes. These al ien

add'itjon lines provide useful information about the

genes on the part'icul ar al 'ien chromosomes and the'ir

interaction urith the genotype of the rec'ipìent species.

However, âl i en add'it'ion I i nes are unstabl e and return to

the euplo'id condjtion through poìlen selection. Many of

them show 'ìow fertjlìty and adverse effects on agronomic

characteristics of the recipient species. None of them

has been of direct commercial value but they have been

used in irradiatìon-induced translocations t'o

incorporate al'ien chromatin i nto wheat (Sears, 1956,

1967i Knott, 1961; Drìscoll and Jensen, 1964; Sharma and

Knott, 1966; I,lìenhues, 1966). Al'ien addition Ijnes have

also been used to generate djsomjc substitut'ions of the

alien chromosomes for some of the chrornosomes of wheat

(Unrau et al, 1956).

Di somi c al i en substi tuti on I 'lnes shovr nìore

cytolog'icaì stabilìty than djsomjc aljen add'it'ion lines
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but, in addition to the influence of alien chromatin,

the former may have probì ems caused by the wheat

nuì I i somi c cond i ti on . Some aì i en chromosome

substj tuti ons are i nvì abl e owi ng to severe geneti c

imbalance and Sears (I972) proposed the substitution of

critical al ien chromosome arms instead of whole

chromosomes to reduce the imbalance. According to Khush

(1973) rye chromosomes do not compensate as well for

wheat chromosomes as those of Agropyron spp. and

Aeqi lops spp. do. !'lhile homoeologous sttbstit.utions have

been particuìar'ly successful (Knott, 1964) only a few of

the many avai I able substitutions (Dri sco'l ì , 1983) have

found direct use in commerc'ial agricuìture. Several

East European wheat cuìtjvars have chromosome 1 of rye

with m'ildew and stripe rust resistance genes subst'ituted

for 18 of wheat (Uettin et al, 1973; Zeller, 1973). A

West German wheaü cultivar, Weique, which has resistance

to stem, leaf and stripe rusts was reported to comprise

two sub-l i nes : a lR ( -18) substi tutj on and a

translocation jnvolv'ing the replacement of the short arm

of 1.8, or part of it, by a 1R segment (Zeller and

Sastrosumarjo, L972). Substj tuti on I i nes are al so

useful for genetic anaìysis (Kuspira and Unrau , lg57;

Law, 1966, 196B; Sasak'i et al , 1968) .
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2.7 .4 Transl ocati ons.

Spontaneous translocations between wheat and alien

chromosomes have been reported (l,lei nhues, 1973)

especially where Triticales have been crossed to wheat

(þlay and Appe'l s, 1982; Lukaszewski and Gustafson 
'

1983). Most of these may have resulted from the

mi sdì vi si on of wheat and al i en chromosomes i n the

hemizygous condjtion and the fusion of non-homologous

chromatids (Lukaszewskì and Gustafson loc. c'it.).

Sears (1956) developed a procedure for us'ing

ionìsing irradjation to jnduce translocations between

non-homologou's chromosomes. This led to the release of

'Transfer' which has a reciprocal translocation

involving wheat chromosome 68 and a chromosome from

Aeqi I ops umbel I ul ata gì vì ng res'istance to wheat

leaf-rust. 0ther examples of irradiation-induced

translocations include the transfer of stem rust

resjstance from Agropyron elonLatum to wheat chromosome

6A (Knott, 1961); leaf-rust resistance from Aqropyron to

7D of wheat (Sharma and Knott, 1966) and leaf-rust

resì stance from Aqropyron i ntermedj um to a wheat

chromosome (weinhues, 1966).
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Induced transl ocations i nvol ve many deleteri ous

exchanges even though translocations between

homoeologues are reported to predominate (Knott, 1964,

1968; l,Jeinhues, 1973). Driscoll and Jensen (1963) and,

later, , Sharma and Knott (1966) detected successful

translocations by observ'ing segregation for the desìred

characteri stj c i n progeny of the j rradì ated I i nes .

Consequently Driscoll and Jensen (-]-æ-. cit.) produced

'Tra¡rsec' - a wheat-rye translocation stock carry'ing

resjstance genes to both leaf rust and powdery ntildew

from rye . Even when the geneti c detecti on of

translocat'ions is used, confirmation is necessary

through cyto'logi ca'l observati ons on F1 hybrì ds f rom

cross'ing with euploìd wheat (Driscoll and Jensen, loc.

-g.f!. ) . The vol ume of cytol ogi caì work j nvol ved i n the

use of i rrad'i ati on-'induced transl ocat j ons j s a major

di sadvantage.

Target al'ien genes near the end of an al i en

chromosome lend themselves more easi ìy to successful

transfer by transl ocati on. 0thers may necessi t.ate

transfer of I ong al i en segments wi th the attendant

deleterious effects (Sears , I972).

Commerci al uti I i zatj on of products of i nduced

translocation 'is hampered by thejr yield d'isadvantage

vrhen homozygous (l,Jjenhues, I973; Dr iscolI, 1981; Zeller

and Hsam, 1983) and depressed quaì'ity 'level s (Sharma arrd

Knott, 1966; l(nott, t97I; Koebner e! al, 1984).



35.

2.7 .5 Induced Recombi nati on.

Rye is one of the relatives of common wheat known

to have genes which suppress the activjty of the pairing

regulator: gene (Ph) on chromosome SBL of wheat (Bernard

and Bernard, 1978; Fedak and Armstrong' 1981; Naranio

and Palla, L982). Leììey (1976) proposed more than two

alleles in rye probably act'ing addjtively to promote

homoeol ogous pa'i rì ng i n wheat whi I e DvoÉák (1977)

reported a poìygenic system. Rì'ley, Chapman and Mil'ler

(1973) suggested that the short arm of chromosome 5R of

rye may carry the pairing promoter(s). Naranjo and

Palla (1982) reported the probabìe jnfluence of 5R on

homoeol ogous paì r'i ng of wheat chromosomes . From

Triticale x Rye hybrids, Jouve et al (1980) attributed

the high homoeoìogous pairing observed to the jnhibition

of a sing'le dose of the Ph allele of 58 by tt^ro doses of

5R.

Bielig and Drìscolì (1970a) demonstrated that the

ìong arm of chromosome 5R Iacks the pa'iring regulator

gene(s) of chromosome 5BL. From sttld'ies on

substitutions of 5R for its three wheat homoeologues

B'ielig and Driscolj (1970b) concluded a null effect on

homoeologous pa'iring by 5R. Perhaps it could be argued

that the strong infìuence of the absence of the P[ gene

on 58 i n al I the I i nes they compared m'ight have

confounded any j nfl uence of the rye chromosome or

mi sdi v j s'ion products .
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Despite earlier skepticism (Nakajima, 1952i R'i'ley

and Kimber, 1966) there have been numerous reports of

wheat-rye chromosome pairing, albeit at low frequencies

(Lacadena, 1967; B'iel'ig and Driscoll, 1970a' 1970b;

Jouve et al, 1980; Naranio and Lacadena, 1980; Fedak and

Armstrong, 1981; Naranjo, 1982). Such pairing has

occurred 'i n s i tuati ons where the homoeo'logous pai ri ng

inhibitor gene (Ph) was absent or had been suppressed.

However there may be vari abi I i ty among the rye

chromosomes in their affinìty with wheat chromosomes.

Naranjo (1982) reported a hjgh frequency of wheat-rye

meì oti c pa'i ri ng between chromosomes of homoeol ogous

group one. 0n the contrary, Riley and Kimber (1966)

could not find any pairing between the long arm of

chromosome 6R and any wheat chromosome even though the

activ'ity of the Ph gene had been suppressed. Jouve et

al (1980) mentioned the probable increase 'in wheat-rye

chromosome pa'iring by the presence of chromosome 3D bt¡t

admitted the general influence of the new interactjon of

pairing systems.

Certa.in strains of Aegilops speìtoides Tausch. [=

Tritìcum sBel toi des (Tausch. ) Gren. ex Rì tcherl,

Aegi I ops mut'ica Boiss. [= Iriticqm tripsqcojdes (Ja.ub.

et Spach. ) Bowdenl and Aeqilops longissima Schweinf. et

Muschl. in .Muschl. [= l'tr!icum longissinlum (Schwejnf . et

Muschl. in Muschì. ) Bowdenl inhibit the diploid'ization

mechani sm i n common wheat (Ri I ey and Law, 1965; Ri 'ley
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and Kimber, 1966). To promote pairing between

chromosomes of wheat and those of an aljen species a

hybrid between wheat and one of those Aeqilops s pp.

could be crossed with the alien species. However it is

difficult to pick up the desired transfer chromosome

because of the ability of the Aegilops chromosomes to

pair with those of wheat and the alien specìes. Desp'ite

thi s I'imi tati on Ri I ey et atr ( 1968) used a mod'if i cati on

of this method to transfer stripe rust resistance from

Aegilops comosa to chromosome 2D of wheat to produce the

wheat I 'ine 'Compa'ir' .

Crossing wheat monosomic 5B or nullisomjc 5B

tetrasomic 5A/5D to an alieh specìes or a disomìc alien

addition or substitution f ine produces some F2 progeny

wh'ich are nullisomic for 58 and hence without the Ph

gene. Al ternat'ively the mu+"ant wheat I jne phlb phlt¡

(Sears, 1977 ) could be used in place of monosomic 58 and

nul I i somi c 5B tetrasomj c 5A/5D. These methods are

expected to replace wheat chromatin with more or less

homoeol ogous al 'i en chromati n ( Sears , 1981 ) . The I ow

f ert'i 'l 
i ty of 58- and Ph 1- def ici ent hybrids restr j cts

the opportunìt'ies for transfers. To reduce sterìlity

prob'l ems Sears ( 1981 ) suggested the use of I ess

ef f ecti ve pa'irì ng mutants 'l i ke phla (Wal I É al , 1971)

or phZ on 3DS (Sears, 1977 ) but added that the decreased

frequency of alìosyndesìs may negate any advantage of,

'i ncreased f ert ì 
'l 'i ty.
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For greater precision of alien chromosome segment

transfer it is better to elimjnate or suppress Phl

activity in a monosom'ic alien substitutjon line.

Transfers are more likely to involve a particular,

predeterm'ined wheat chromosome. For instance, seventeen

out of twenty transfers Sears (1972) obtained from the

offspring of a mono-34g., mono-3D, nuìì'i 58, tri-5D l'ine

involved chromosome 3D. Us'ing a telosome of the

critical arm of the alien chromosome instead of the full

chromosome f aci I ì tates the cyto'log'ical determ j nat'ion of

homoeologous pa'iring frequency and the jdentification of

transfer chromosomes (Sears, loc. cit. ) .

Even using induced allosyndesis it is diffjcult to

introduce onìy a short interstitial alien chromosome

segment into wheat. Unless the crit'ical gene is close

to the telomere two crossovers close to each other are

requ'ired and thi s 'i s rare even between homol ogues

(Sears , 1981) . Sears (]-qq. cì t. ) proposed the cross'ing

of two transfer chromosomes w'ith exchanges proximaì and

di stal , respect'ive'ly, to the cri t'ical gene 'in order to

produce a wheat chromosome vri th an i ntercal ated al i en

segment. In the absence of exchanges on both sides of

the critìcal gene the transfer chromosorne with 'its

exchange closest to the gene may be comb'ined with a

homoeol ogous wheat chromosome i n a Ph1-defi ci ent

background.
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Despite the many reports of wheat-rye pa'iring on'ly

Joshi and S'ingh (1978) and Koebner and Shepherd (1985)

have claimed successfu'l gene transfer from cereal rye to

wheat through induced recombination. It is not certain

whether the transfers reported by Josh'i and Singh (-]-q.ç-'

cit. ) resulted from homoeologous recombination or

centric fusion of wheat and rye telocentrics. Koebner

and Shepherd (]_g.g.. cit. ) used the phib mutant (Sears,

1977) to induce recombìnation between the long arm of

chromosome lR of cereal rye and wheat chromosomes. They

observed a maximum recombjnation frequency of 2.87 per

cent between a rye gìute'lin locus tightly ljnked to the

centromere and the heterochromatic telomere on lRL.

2.7.6 Alien Gene Express'ion in Common Wheat.

To be useful in wheat breeding al'ien genes must be

epì stati c to those of wheat orinteract w'ith them to

produce the desired effect (Ri'ley and Chapman, 1958b;

Ri'ley, 1960). Ri ìey and Chapman (loc. -gj!. ) attributed

most of the modifications of the wheat phenotype in

thei r wheat-rye addi ti on I i nes to i nteracti on between

wheat and rye genes.

Expressì on of res'istance to pests and di seases 'is

often modifìed when resìstance genes are ìntrodriced jnto

a nelv genetic backgrouncl (Knott anrl OvoFák , 1976).
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Incomplete epistasis was blamed for the wheat mildew

resistance in the wheat-rye amphipìoid of Ri ìey and

Chapman (loc. _çL.) as compared to the immunity of the

rye parent. Riìey and Bell (19'58) reported that the

h'igh resistance to ye llow rust in Aeqilops comosa and

Ae. ovata was not expressed 'in amphìplo'ids ìnvoìving

these species and wheat. Stem rust resistance genes in

tetraploid wheats are repor"ted to have been suppressed

by genes on chromosome 7DL of common wheat (hexaplo'id)

(Kerber and Green , 1980 ) . Some trì ti cal es expressed

only the low leaf rust resistance of thejr wheat parents

but not the strong resì stance of their rye parents

(Quinones et al, 1972).

Contrary to the foregoing examp'les, however, there

are many examples of successful utilizatjon of alien

genes f or wheat 'improvement as ment'ioned ì n previ ous

secti ons .
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CHAPTER THREE.

MATERIALS AND METHODS.

3.1 SEEDS - SOURCES and HISTORY.

T701-4-6.

Thi s

Professor

Agricultural

Matheson of

by CYMMiT,

Itsrt. The

Preì im'inary

H. avenae

(Drisco'lì ,

Heterodera

is a hexapìo'id triticale line received from

C. J. Dri scol I , Agronomy Department, Wai te

Research Institute who obtained it from Dr. t.

the University of New Eng'land. Origìna'lìy bred

it has the parentage: KOALA X TCL MAYA II - ARM

only rye named in its pedigree was "Merced".

evidence suggested that it may have resistance to

(Fì sher, pers. comm. ) and . Septori a nodoru[

pers. comm.). It has good toterance to attack by

aven4q (Dube, unpublished data) but' a poor seed

finish.

T1006 and T1116.

These are h'igh-yieìding hexap'loìd triticale l'ines brred

try CYMMIT and supp'lied by Professor C.J. Driscoll. T1006 has

the parentage Maya II-Arm rrsrt and the pedigree

X2802-3BN-5M*6N-6M-1Y-1M-0y. Corresponding information I'or

T1116 are Ini a - Arm rrsrr and X1648-BN-2M-0Y-3M-0Y. Both

lines are susceptible to H. avenae (Fisher, pers. comm.) bu1.

moderately tolerartt (sensu Schafer, L97I) to its attack

(Dube, unpubì i slred data) .
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c00R0NG.

Seeds of this commercial triticale cultivar, wh'ich was

bred in South Austral ia, were suppl jed by Professor C.J.

Dri scol I . It i s susceptì b'l e to the cereaì cyst nematode

(Dube, unpub'l 'ished data) .

AROONA and HALBERD.

These are commercial hexaploid wheat cult'ivars that were

bred in South Australia and received from Dr. A.J. Rathjen,

Agronomy Department, I,laite Institute. They are known to be

susceptibìe to H. ave[ae (0'Brien and Fisher, L974; Fisher

pers. comm. ).

SOUTH AUSTRALIAN RYE ANd CHINESE SPRING WHEAT.

Seeds of rye cultivar South Australian which has high

res'istance to H. avenae (Brown , I97 4) and those of eupl o'id

Chinese Sprìng Wheat were also suppl'ied by Professor C.J.

Dri scol I .

CHINEST SPRING MONOSOI4ICS AND AEGILOPS VARIABILiS.

Dr. K"hl. Shiepherd, Agronomy Department, l,Ja'i'ue Institute,

provì ded seeds of Aegi I ops variabì ì'is, Chi nese Spring

monosomic 64, and Chinese Spning monosomic 68. Seeds of

Ch'i nese Spri ng doubl e monosomi cs 5ß,6B and 58, 6A were

obtained from Dr. R. McIntosh, P'lant Breedìng inst'itute,

Castle H'i'll, Australja.
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SPRING WHEAT (AUS 10894).

Seeds of this H. avenae resistant line (0'Brìen and

Fisher, I974) were provided by Dr.' J.M. F'isher, Pìant

Pathol ogy Department, l,Ja'ite Insti tute.
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3.2 METHODS.

3.2.1 Cross'inq.

Aìì , crosses were made between plants growing in a

gì asshouse at approximateìy 2OoC and under natural

ì i ght.

3.2.2 Exam'i nati on of Somati c Chromosomes .

Seeds were germì nated on moi st fi I ter paper i n

petrì di shes at 27oC unt'i I the seminal roots were

approximate'ly 1. Scm. I ong. One root was cut of f and

pre-fixed in cold water (cjrca 2oC¡ for 26 hours and

then fixed in a 3:1 mixture of ethanol (98%) and glacial

acetic acid for, ôt least, ten minutes. l'leristemat'ic

cells were teased onto a glass mìcro slide in a drop of

f orty-f ì ve per cetrt aceti c aci d. Af ter p'lac'ing a cover

g'lass (L8x18mm.) on the mass of cellstheslidewas

warmed gent'ly over a flame and then pressed between

'layers of filter paper to spread the cells. The cover

s'l ip was removed by the f iquid nitrogen freezìng

method. The sl'ide was then dried on a hot-plate for

al¡out ten minutes and kept in a desiccator at least

overn'i ght .

For C-bandi ng

saturated sol uti on

a batch of sl i des was pì aced 'in a

of barium hydrox'ide for f ive minutes
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at 60oC, washed, and then transferred 'into a solution

of Sal'ine Sodium Cjtrate (SSC) (7.0S; Sod'ium Chloride

plus 3.53g. tri-sodjum cjtrate per 400m'1. of water) at

60oC for th'irty minutes. The SSC solution was

agitated a few times to prevent the formation of bubbles

on the surface of the slides. After the SSC treatment

the slides were rinsed with water and left in Giemsa

staining solut'ion for ten m'inutes, washed and then dried

rapid'ly with a hair dryer. The Giemsa solution was made

up of ei ghty parts of di sti I I ed water; s'ix parts of

monobasic buffer (7.8g. Sod'ium d'ihyCrogen orthophosphate

per 100m1. water); six parts of djbasic buffer (7.1g.

disod'ium hydrogen orthophosphate per 100m1. vrater) and

eight parts of Giemsa staiñ (Gurrs Improved R66). For

ìong term storage sl'ides were mounted in Euparo'1.

3.2.3 Cytoloqical Analysis of Meiosis.

An immature inflorescence was retnoved and placed in

a small amount of waterinapetrjdjsh. Starting'in

the mi ddl e of the sp'ike one anther cf a primary or

secondary floret was removed and placed in a drop of one

per cent acetocarmine on a gì ass micro sl'ide. Pol len

mother cells were teased from the anther and examitred

under the microscope for the stage of cell d'ivision. if
they were not at the Metapha.se 1 stage anthers of

florets above or below the prevjous ones were checked.

When an anther at the ri ght stage was found the
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remaìning two anthers from the same floret were placed

in a 3:1 mixture of ethanol and glacìal acetic acid for

at I east ten mi nutes. Pol I en mother cel I s from the

fixed anthers were teased onto a gìass micro slide in a

drop of eìther acetocarmine (one per cent) or forty-five

per cent acetic acìd. Acetocarmine was used when the

sl i des were not j ntended f or C-band'ing. The C-band'ing

procedure was sim'i I ar to the one descri bed previ ous'ly

except that treatment i n bari um hydrox'i de sol uti on

'l asted on 1y f our mi nutes .

3.2.4 Embryo Culture.

In a laminar flow cabinet, ôfl immature seed was

d'i pped i n ni nety-ei ght per cent ethanol for a few

seconds and then left in a three per cent solut'icn of

Sodium hypochlorite for three minutes. After washing

the seed in steri le di stì I led water the embryo was

exci sed onto the surface of an autocl aved art'i fi ci al

grolvth medium (Cooper and Driscoll, 1985) in a culture

bottle. The capped bottles were stored at 20oC in the

dark unt'i I regenerati on of seecll ì ngs began . Bottl es

wi th seedl i ngs were transferred to artj fj c'i al 1 i ght

unti I they vrere bi g enough f or transf er i rrto pot b'ing

soil.
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3.2.5 El ectrophoresi s.

Alcohol Dehydroqenase (E.c. 1.1.1.1. ) .

Tl¡e brush end of the endosperm of each

pre-germinated seed was cut off and mashed 'in a p'lastic

centrifuge vial contain'ing 30 ¡l . of pH 7.5 Carlson's

buffer ( Carl son , t972) p ì us 2-Mercaptoethanol . Al I

vials were centrifuged for three minutes at 10,000 rpm.

Approx'imately 3 t1. of the supernatant in each tube was

withdrawn 'into grooves made on cellulose acetate paper

(Ceììogel 250). The paper had been soaked in water for

fifteen minutes followed by equilibratìon in electrode

buf f er f or twenty mi nutes prior to mak'i ng of the

gr00ves.

The grooves were equ'idistant, approxìmately equal

in wi dth and 'length, paraì'leì to the edge of the paper

and 2 cnr. from the edge on the cathode side of the

apparatus. l{jcks of chromatography paper linked the

cellogel 'Lo a pH 8.9 Tris-glycine electrode buffer [14.0

g/1. Trjs(hydroxymethyl ) aminomethane pìus 22,6 g/1.

g'lycine]. E'lectrophoresis r^/as conducted aI room

temperature us'ing a current of 0.8 to 1.0 mA/cm. widbh

of ce'llogeì for not more than one and a half hours. The

paper was then stai ned i n the fol I owì ng mi xture untj l

the'isozyme bands were sharp : L ml. of 0.1M Trjs Hcl

buffer (pH 8.0) plus 0.2 ml. each of fifty per cent
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ethanoì, 0.3 M Magnes'ium chloride, 10 mg/mì.

p-Nicotinamide adenine d'inucleotide, 0.5 mg/mì.

Phenazi ne methosul phate and 2 ngln1 . 3 - (4,5

Dimethyìthiazol -2-y1) - 2,s-diphenyì tetrazolium

bromide. The stain recipe was modified after Tanksìey

(1e7e).

Glutamate Oxaloacetate Transamjnase (E.C. 2.6.1.1. ).

The procedure was adapted from that of Hart (1975).

The separating ge'ls were two vertical poìyacry'lamide

sl abs made by mi x'i ng the f oì 'low'i ng sol uti ons and

po'lymeriz'ing them between glass plates on two sìdes of a

perspex block : L0 ml. of a 36.6 9/100 m'|. Tris-Hcl

buffer (pH.8.9), 20 ml. of a 28.735 g/100 ml. Acry'lamjde

and Bi s-acryl am'ide mi xture ( 38: 1 ) , 50 mi . of water, 0.55

ml. of Ammonium persulphate and 25 Va1' of N,N,Nl,Nl -

Tetramethyìethylenediamine (Temed). The gels were

usually I cm. high and L6 cm. wide. Stack'ing geìs,3.5

cm. high, were polynerised on top of them from the

f oì 1ov,''i ng mi xture z 2.5 ml . of a 5.09/100m1 . Tri s-[lc]

buff er (pH. 6. 9 ) , 5.0 ml . of a 12 .5 g/100m1 . m'i xture of

acrylamjde and bis-acryla¡nide (a:1)t 12.5 nrl. of water,

60 ¡11, of ammonium persu'lphate ancl 24 ¡t1, of N,N,N1,N1

-Tetramethylethy'lenedjamine. Before sett'ing of the

stack'ing ge.'ls combs were partly immersed i n the mixture

to provide, at least, twenty equidistant slots about 1.2

cm. deep. Leaf tissue was taken from seedì'ings be'ing
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for their reaction to H, avenae. Approx'imateìyscreened

half of the second leaf from the top of four-leaf stage

seedl"ings was macerated in plastic centrifuge vials

contain'ing 60 ¡1. of Carlson's buffer p'lus four per cent

sucrose and 6 y1/n1. of 2-Mercaptoethanol. The samp'les

r{ere centrifuged for two minutes at 10'000 rpm. At

least 20 /^1. of the super-natant in each tube was

transferred into a corresponding slot in the stack'ing

get. A pH 8.57 Davis electrode buffer [2.88 g/1.

glycine and 0.5 S/1. Tris (hydroxymethyì) amìnomethanel

was used in both the upper and lower chambers of the

apparatus. Electrophoresis was done at 40 mA constant

current per slab for the first three hours and at 50 mA

per slab for another hour by wh'ich time the front of

green leaf pigment had moved into the buffer in the

lower chamber. The set-up was kept at 2-4oC

throughout the eìectrophoresis. Using freshìy prepared

stain of the folìowìng recipe, gels were stained in the

dark for about ten minutes:85ml.of 0"21'1 Tris-Hcl

buffer, 75 mg. pyridoxaì - 5' - phosphate, 300 mg.

aspartic ac'id, 150 mg. o1 - ketog'lutaric acid (sodìum

salt), and 225 ng. Fast Blue BB.
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3.3 Screeninq for Resistance to H. avenae.

The assay reported by Fisher (1982) was used with minor

modifications. Seeds of each cereal'line or cult'ivar were

surface-sterilised with sodium hypochlo¡ite and pre-

germinated in petri-d'ishes until the first three seminal

roots were each about 1 cm. long. If root t'ips were requ'ired

for cytoìogicaì preparations one semjnal root of each

seedììng was excised before plant'ing. The seedlings were

planted in a sand-loam mjxture in opaque polyv'iny'l chloride

tubes 2.5 cm. internal dìameter and 13 cm. long whjch had

been arranged in an appropriate experimental des'ign on a base

of potting sojl (fig. 1). Each seed'ling was jnoculated with

100 second-stage I arvae of H. avenae per 1 mì. of water at

pl anti ng and on four further occasi ons at three-day

i nterval s .

Plants Were grown at 1so[ constant temperature llnder

ten hours daylength (flourescent l'ight) and r¡rere harvested 75

days after sow'ing.

At harvest the roots of each pl ant were washed over a

set of three sieves (1.68 ffiffi.; 710 ¡tn. and 250 ¡'rm. mesh

apertures, respectively). Any whìte females collected on the

bottom sieve (250¡m.) were counted under 10 x nagnification.

All selected res'istant plants were potted for further growth

'in a gl asshouse.
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Fig. 1. Experimental set-up of H. avenae assay.
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CHAPTER FOUR

COMPARATIVE RESISTANCE OF T7O1-4-6.

4.1 Introduction.,

0nly one gene has been identifjed in wheat for

resistance to H. avenae (Nielsen, 1966; Slootmaker et al,

1974i 0'Brien et 3l , 1980) . In Austra j i a th'is gene 'is not

very effecti ve agai nst the preva'i I i ng pathotype. Rye

cultivar South Australjan has strong resjstance to the

nematode whi I e Weethal I e rye and Towan tri t'i cal e have

moderate resistance.

This chapter compares the resistant triticale 'l'ine,

T701-4-6 w'ith the most resi stant wheat I j ne i n Austral 'i a ,

Spri ng Wheat (AUS 10894) . South Austral 'i an rye and llal berd

l.{heat were jncluded as standard res'istant and susceptible

cul ti vars respect'iveìy.

4.2 Materi al s and lvlethods .

Twenty seeds each of T701-4-6 and AUS i0894, fìve seecls

of South Austral'ian rye and six of Halberd were assayed by

the proceciure detai I ed i n sectì on 3.3. A comp'letely

randomized design was used.
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4.3 Results.

Halberd, the standard susceptible cu'ltivar, aììowed the

production of 40.66 females per plant (taUle 1) while the

three resi stant I i nes restri cted reproducti on of the

nematode. T701-4-6 allowed the production of fewer females

than AUS 10894. Variation in numbers of fema'les per plant

vlas greatest w'ith Halberd and least for T701-4-6 (ta¡le 1 and

figure 2). The variation in numbers of females on AUS 10894

(2-16 females per p'lant) was considerable.

4.4 Discussion.

The relatjvely high number of females per pìant on

Halberd and the variation from 30 to 60 females per p'lant

suggest that th'is was a good assay' sjm'ilar to those of

0'Brien et al (1980). However, more females were produced on

AUS 10894 than they obtained. The increased number of

females on AUS 10894 could have been caused by a number of

factors such as geneti c d'i fferences between seed I ots,

variation 'in the genetìc constitution of the larvae, and

better nutri ti onal status and/or growi ng cond'it'ions of the

test plants. The assay used by 0'Brien et al (1980) was

modifìed by Fisher (1982) to'improve the nutrit'ional status

of the plants and reduce the stress of invading larvae on

them. It 'is ì'ikely that the increased numbers are a result

of these modifications. Nevertheless, there'is l'ittle doubt

that AUS 10894 ìs resistant.
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TABLE 1

COMPARISON OF T7O1-4-6 TO STANDARD RESISTANT AND SUSCEPTIBLE
LI NES.

Cul ti var/Li ne Number of Seedlings
tested

T701-4-6

South Austral'ian Rye

AUS 10894

Hal berd

Least s'ignìf jcant difference (ts¿) (0.01 'level ) for companing
T70L-4-6 with AUS 10894 = 3.78.

Lsd (0.05 level) for comparing T701-4-6 with South Austral'ian rye
= 4.47 .

*s.e.m. : standard error of the mean.

20

5

20

6

0.40 + 0.66

2.40 + 1.98

8.15 + 3.96

40.66 + 9.86

Number of H. avenae
f emal es per p'l ant

Mean + s.e.m.*
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Fig. 2. Frequency djstributjon of females per p'lant on the

roots of T701-4-6, AUS 10894, S.A. rye and Halberd.
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The resistance of T701-4-6 was superior to that of AUS

10894 and comparable to that of South Australian rye aìthough

the smal I sample of the rye necessitates caution 'in any c'lose

compari son.

Genetic control of resistance in T701-4-6 could be from

the wheat genome, the rye genome or both. The strength of

the resistance may even be a reflection of interact'ion

between the two genomes. Investigation into this wilì be

reported in later chapters.
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CHAPTER FIVE

INHERITANCE STUDIES AND TRANSFER OF RESISTANCE TO H. AVENAE AND

WHEAT STEM RUST FROM T701-4-6 INTO BETTER-PERFORMING TRITICALES.

5.1 Transfer of Resistance to H. avenae into better-performinq

Tri ti cal es .

5.1.1 Introducti on.

T701-4-6 has strong resistance to the cereal cyst

nematode but i ts gra'in yi el d and seed qual 'ity are

relatìvely poor. To make use of the resistance in a

trit'icale cultivar ìt would be necessary to transfer the

gene(s) for res'istance to a better genetic background.

Sìnce tlarlan and Pope (1922) pointed out the value

of back-crosses i n smal I grai n breedi ng, many workers

have reported successful use of the method, especially

for the transfer of simply-ìnherited characters 'in

self-po'llinated crops (Briggs, 1938; Briggs and A'llard,

1953; Lavlrence and Frey, 1975). Owing to the greater

opportuni ty 0f cross-overs, backcross i ng i s rnore

ef f ecti ve i n obtai rling recomb'inati on between l i nked

alleles (Brìggs and Allard, lqq_.- c'il_). The probabif ity

of recovery, of the recurrent parent type 'is higher with

backcrossing than wìth se'lf ing. General'ly s'ix back-

crosses, w'ith seldction for the required trait, are
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suggested in order to recover the recurrent parent type

(Briggs and Allard, loc. cit; Stam and Zeven, 1981).

However, Lawrence and Frey (loc. cit. ) reported that

F Z I ines of BCt to BC+ generations seemed to be

the best for se'lecting h'igh-yielding transgressive

segregates from crosses between Avena sativa and Avena

L
{ni nger and Frey (L962) al so found
,\

cons'iderable heterosjs for yìe'ld among BCt to BC+

f ami l i es i n oats. A BC.F 4 spri ng rape ì'ine, T819,

yielded consistentìy higher than its hìgher-y'ie'ld'ing

parent in a backcross programme where low selectjon

pressure was appì'i ed (Thurl i ng, 1982 ) . Frey and

Browning (1971) reported both desirable and undesjrable

assocÍations among genes for resistance to crown rust

and those for gra'in yieìd in oats.

5.I.2 Materi al s and Methods.

A backcross programme in'itiated by Professor C,J.

Driscol I to transfer the gene(s) for resistance to H.

avenae from 170L-4-6 'into two high-yjelding trjticale

lìnes with good seed qua'l'ity, T1116 and T1006, was

continued from the BCt stage unt'i I the BC+

generatìorr (f igure 3). In a series of experiments

seed'l'ings f rom d'iff erent generat'ions of crosses

i nvo'lv'ing e'ither T1116 or T1006 vvere assayed f or

resistance to H. avenae as detailed in section 3.3. A

total of 399 BCTFS seed'ìi ngs f rom 13 parent p'lants,

steri I i s. L
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Fis. 3. A section of the Triticale Backcross programme.
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"c2
Plant (X82-r-1 ) xP
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2
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BtzBzPracrt(882-r-32-2-12) *P2

B83-1-87-3Bß-r-87-2883-1-87-1
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BCrPlant 882 -1-3-4 ) x P,
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252 BCZ seedlings from 68 female ¡ordts, 986 BCZF.

seedì i ngs from 98 p1 ants and 637 BC2F3 seedì i ngs

from 32 pìants were assayed. In addìt'ion, 243 BCa

seed'l i ngs f rom 108 f emal ê porønt5 , 301 BC¡FZ

seedf ings from 32 pìants, 19 BC+ seedlings from two

female gorønts and 77 BCqtZ seedìings from 11 plants

v,rere assayed. Usua'l'ly only plants classified as

resistant were backcrossed 'to the respective recurrent

parents or allowed to self. Hovlever, a few plants vlere

allowed to self even though they did not show clear

resistant reactjons in order to invest'igate theìr true

reaction to the nematode through progeny tests . t 
2

lines were classified as homozygous res'istant if all

thei r sel f ed progeni es wei'e f ound to be res'istant

prov'ided the total number of progeny assayed exceeded

25.

5.1.3 Results.

Two BCTFZ lines and six BCZFZ lines whìch

were derived from T1116 as the recurrent parent were

selected as homozygous resistant to the nematode. One

BCtFe I 'ine 'invol vi ng Ti006 as the recurrent parent

lvas al so sel ected as homozygous resi stant. The

reactì ons of sel f ed progen'ies of f i ve BC.f Z p'l ants

presented 'in figure 4 prov'ide examp'les of progeny test

results used to select homozygous res'istant lines.

XBl-111-9--6 was consi dered a probabl e homozygous
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resistant ìine whereas XB1-111-9-1 and X81-111-9-21 were

heterozygous. Occasionaì1y, plants which were probably

mis-classified as resistant produced selfed prnogenies

wh'ich reacted similarly to the progenies of XBl-112-5-1

and X81-111-9-14 (fig. a).
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5.2 lilheat Stem Rust Resistance in T701-4-6.

5.2.t Introduction.

0n many occasions since wheat productìon started in

Australia wheat stem rust (Puccjn'ia graminis trit'ici

has caused serious yield losses (Mayf ie'ld, 1980). The

best method of control so" far has been the use of

resistant cult'ivars. Strain 34-2r12, a mutation from

34-2, 'is pathogenic on triticale cult'ivars with Eene

Sr27 and i s w'i despread 'in the eastern wheat bel t of

Austral i a. l,Jhen the backcross programn¿f or nematode

res'istance (secti on 5. 1) had a'lready advanced to the

BC¡ generation it was deci'ded to include selectjon for

resistance to wheat stem rust strain 34-2rI2 wtth the

aim of produci ng I i nes whi ch were homozygous res i stant

to both rust and the nematode.

5.2.2 Materials and Methods.

Twenty-five seeds of each of the three parents used

in the backcross programnn(sec'b'ion 5.1) were sent to the

Plant Breedjng Institute, Sydney University, for testing

against wheat stem rust strain 34-2,I2. Subsequently,

490 selfed seeds from 23 BCiFZ plants, 39 F, seeds

from crosses

parents, 237

seeds from

of B BC1

sel fed seeds

pl ants to thei r recurrent

from L7 e,CZ Pl arrts and 40

p'lants were al so sent f ortwo BCZF 
z
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test'ing agai nst the strai n. Fi na'l 1y, t7 t L seeds f rom

crosses of 4 BC? plants to their recurrent parents and

205 selfed seeds from BCg pìants were submitted for

screening by the Plant Breeding Institute. Further

selfing and/or crossìng to the recurrent parents were

concentrated on nematode-resistant lines which produced

some progeny that were res'istant to the rust strain.

Occasionaììy selfed seeds of plants classified as

resistant to the wheat stem rust stra'in were assayed for

nematode resistance. l'lhen a mutant strain of the rust,

34-2rtzrL3, was recorded by the Plant Breed'ing Institute

seeds of the non-recurrent parent, I70t-4-6, were sent

for test'ing aga'inst j t.

5,2.3 Resul ts .

Al I the seedì i ngs of T701-4-6 proved res'i stant

(25p;)* to wheat stem rust strain 34-2,12 whereas all

those of T1116 were susceptibìe (ZSpA+¡ . Seedl ìngs of

T1006 showed some vari ati on i n thei r reacti ons

(tpi3p2=?0p3+).

* The number preceding'p'refers to the number of seedlings.
P - Seedlìng.
; - hypersens i tì ve f I ecks w'ith no ured'i a devel opment.
2= - Smal I ured'ia 'in green i sl ands.
3+ - Very large pustules; no d'istinguishable chlorotic effect.

Susceptible interactjon (Lu'ig, 1983).
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From two BC'F' pl ants, X81-lL2-5'7 and

X81-112-5-8 (fig. 3), 23 and 19 selfed progen'ies,

respecti vely, proved resi stant to the rust strai n.

Progeny of another BCf Z pìant,' XBl-112-5-L0 (fig.

3) segregated 22 resistant: 5 susceptibìe. All these

three BCTFZ pl ants were derived from crosses

invo'lv'ing T1116. Al I the twenty selfed progeny of

XB1-111-5-7 which were assaye d for H. avenae resistance

were found to be resjstant. They supported a mean of

0.25 females per p'lant (range:0 to 1) as compared to

the means of 0.16 (range: 0 to 1) and 22.6 (range: 10 to

37) females per pì ant supported by the resi stant

(T701-4-6) and suscept'ib'le (T1116) parents,

respect'iveìy. 0n the othêr hand, two out of twenty

selfed progeny of XB1-112-5-8 were suscept'ible to H.

avenae wh'i I e the rest were resi stant.

Thirteen BCZ seedìings resuìting from crosses of

four BCt pìants to the'ir recurrent parent (T1116) were

resistant to the rust strain whereas 26 BCZ seed'l ings

from crosses of four other BCt plants to Tll-16 were

all susceptibìe. Eight BC?FZ seedlings from two

BCZ plants segregated (4 resistant: 4 susceptible) ìn

their reactions to the rust strain but 2?9 BCZF 
Z

seedl i ngs from 15 other BCZ. p'lants were al l

suscepti bì e.
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Al I four BCg progeny from a cross bet'ween cne

BCZ plant and T1006 were resìstant to the rust strain

while three such progeny invo'lving another BCt Plant

and T1116 segregated (2 resistant ': 1 susceptjble). Ten

BCg seedì'ings from two other BCZ plants were alì

suscept'ibìe to the rust strain. All the 190 selfed

progen'ies from eìght BC¡ plants ('invoìv'ing T1116 as

recurrent parent) were "susceptible to the rust.

However, 15 selfed progeny from one BCa plant (also

derived from backcrossing to T1116) segregated, 11

res'istant¡ 4 susceptibìe, to the rust. A progeny test

indicated that this BCg pìant was suscept'ibìe to the

nematode.

The total numbers of seedl ings tested from

indiv'idual I ines which segregated in the'ir reaction 1;o

the rust strai n were too few for any accurate

'inheritance pattern to be worked out.

The new rust strain (34-2,1,2,I3) was pathogenic on

T70I-4-6 so further rust screeni ng was suspended.

However, one BCZF 2 
'l i ne, BB2-I-32-2-I2 (f i S. 3) , was

given the -accession number 15624 and submitted to the

t'lational Rust Control Programme, Castle H'i'll, for use as

a parent in a triticale backcross programme. Thjs line

has resistance to both H. qvenaq and wheat stem rust

strai n 34-2,1.2 and was deri ved from backcross i ng to

T1116.
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5.3 Inheritance of Resistance to H. avenae 'in T701-4-6.

5.3.1 Introducti on.

For effective breeding of plants resistant to pests

and diseases knowìedge of the mode of inheritance of

resistance is very useful. Resistance to H. avenae ìn

Loros wheat has been attr"i buted to a sì ngì e dom'inant

gene (N'ielsen, 1966; Slootmaker et al, 1974) which may

be identical to the one in AUS 10894 and AUS 902+8

(0'Brien et 3]_, 1980). Resistance in some bar'ley ljnes

have been attrjbuted to sing'le domìnant genes (0'Brien

et 4, 1979) whi le recessive genes have been associ ated

with the resjstance in some'oat ljnes (Cotten and Hayes,

L972i Cook and York, 1982). Data on the inheritance of

resistance to H. avenae in T701-4-6 were extracted from

the backcross programme outlined ìn section 5.1"

5.3.2 Materials and Methods.

For a.dd i ti onal data on the i nheri t.ance of

resistance to H. avenae in T701-4-6 it was crossed to a

tritjcale cult'ivar, Coorong, which'is susceptible to the

nematode . Ten seeds of each standard suscepti bì e 'l 'ine,

T1116 and Aroona; 20 seeds each of Ti01-4-6 and Coororrg;

34 of the Fl progeny; 40 of BC, ancl 200 of F, wc:re

put through the nematode assay descrjbed jn section 3.3.
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The data from the backcross programr(sectjon 5.1)

were based on 10 pl ants each of the parents, Fl

progenies and a standard susceptjble cultivar, Halberd;

73 BC1 pìants and 85 BCIF' plants.

5.3.3 Results.

The experiment set up to provide addjtional data

had to be abandoned because initial samples of 25 plants

of Coorong and 10 each of T1116 and Aroona supported

unacceptabìy low numbers of H. avenae females. The mean

number of females per plant which developed on Coorong,

T1116 and Aroona were 3.6 (range 1-6), 3.0 (1-7) and 5.5

(2-9), respectìveìy.

In the backcross programme the two triticale lines

used as resi stant parents, T701 -4-6-3-7 ancl

T70L-4-6-6-9, were both derjved from seìf ing of

T701-4-6. The mean number of H. avenae fenlales per

plant (1 standard error) developed on 170I-4-6-6-9 and

I70t-4-6-3-7 were 0.3 + 0.15 and 0.5 + 0.1.5,

respective'ly. Corresponding results for the suscept'ible

standard cul t'ivar, Hal berd, and the suscept'i bì e parents

T1116 and T1006 u¡ere 26.6 + 3.22, 17.8 + 1"74 and L7.4 +

2.86, respect'ive'ly. The F1 progeny of the cross

between T701-4-6-6-9 and T1116 supported a mean (+

standard error ) of 0.9 'l. 0.23 f enral es per pì ant. The

Fl progeny of the cross between T701-4-6-3-7 a.rid T1006
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allowed the development of a mean of 2.5 + 0.45 females

pei pìant (fig. 5).

There was no clear bi-modal distribution of

reactions of the BC, segregants and some of them could

not be classified as either resistant or susceptible

(Fjg. 6.). Using the raw data, thejr square root or ìog

transformations, the ranges within which 95 per cent of

the parents and Fl popu'lat'ions could be expected to

fal ì were cal cu I ated ( Cotten and Hayes , 1969 ) .

Classifying the BCt segregants on the basis of these

ranges still left some plants unclassified. The maximum

number of females which deveìoped on the homozygous

resistant parents and the Ft hVbrids were, therefore,

used as the approximate demarcati on 'l 'ine between

res'istance and susceptib'i'lity (Cotten and Hayes, loc.

cjt. ). The observed frequencies of resistant and

susceptible pìants of the BCt progeny were L4:15 for

the crosses i nv'lov'ing T1116 and 11 :33 f or those

involv'ing T1006. The former ratio conformed to a 1:1

ratio for a single dominant gene hypothesis

(0.75<P<0.90) whereas the latter deviated s'ign'ificant'ly

(P<0.00s).
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Fig. 5. Frequency distribution of H. avenae females per

pìant on parents, F, progenies and Halberd wheat.
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Fig. 6. Frequenc distribution of H. avenae females per

pìant on BC, progenies.
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The absence of a clear hi-modal distrìbut'ion was

again evident for the segregation of BCLF 2 pìants

(Fig. 7). Us'ing the same I ine of demarcation as for the

BCt pìants the observed segregat'ion ratios were 4lzL7

and 19:8, respectìvely, for crosses to T1116 and T1006

both of wh'ich conformed to a 3:1 ratio for a sìngìe

dominant gene hypothesis (0.25<P<0.50 for the former and

0.50<P<0.75 for the latter).

Results of a progeny test of five BCtF, plants,

some of which were difficult to classify as resistant or

suscept'ib'le to H. avenae, are presented i n f i g. 4.

Plant X81-111-9-6 supported three females in an earljer

test but all 28 of its selfed progeny allowed the

development of a maximum of one female per plant and a

mean of 0.1 females per plant. Plants XBL-111-9-1 and

XBl-111-9-21 supported one female and no fema'le,

respectìvely, but their selfed progen'ies segregated 24:7

(resistant:suscept'ib'le) us'ing the same line of

demarcati on between res i stant and suscept'i b'le

individual s set for the BCt and BC1F2 pì ants

discussed previousìy. This fits a 3:1 ratio for a

s'ing'le dom'inant gene hypothesis (0.75<P<0.90). The

other tvro plants, XBl-112-5-1 and XB1-111-9-1-4 supponted

7 and 5 f ema'les , respecti ve'ly, and the'ir progen'ies may

all be classified as susceptìble with respective mean

numbers of females of 9.27 and 9.08 per pìant. The mean

for the susceptible parent (T1116) was 10.86 females per

pì ant.
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Fig. 7. Frequenc distribution of H. avenae females per.

p'lant on BC'F, progenies.
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5.4 D'iscussion.

Selection of lines that were homozygous resistant to H.

avenae was hampered by serious problems with the screenìng

procedure. Low numbers of females supported by the standard

suscept'ible cultivar and susceptibìe parents necessitated the

repetition of a number of trials. Poor recovery of some of

the selected plants transplanted after the screening often

led to poor seed production. The inclusion of selection for

res'istance to wheat stem rust strain 34-2,L2 further slowed

progress. Emphasis had to be shifted to nematode-resistant

pìants that produced rust-resistant progeny. Before strain

34-2rI2,t3 was reported efforts were be'ing made to screen

simultaneous'ly for resistance to H. avenae and wheat stem

rust on the same sets of seedlings. The originaì aim of

se'lecti ng many nematode-res ì stant I 'ines i n order to i ncrease

the probability of transgressive segregation w'ith respect to

agronomic performance vvas not ach'ieved as a result of the

foregoing ìmpediments. Aìthough the new rust strain is

pathogen'ic on the non-recurrent parent the few resistant

lines produced will be usefuì parental stocks for breeding

programmes such as the one siarted by the National Rust

Control Programme . The BCZI 2 I i ne al ready submi tted to

that programme (BB2-1-32-z-LZ) would be of better agronomic

type than its resistant parent (T701-4-6). Its recurrent

parent (T1116) ranked sixth and fourth, respectiveìy,'in

yieìd in the first and second Interstate Tritìcale Y'ield

Trials (Driscoll and Mclean, unpubìished). The iìne could

ìead to a high-yielding l'ine wjth resistance to both the

nematode and the rust.
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The inheritance analysis was based on a rather small

number of plants. The mean of 26.6 females per plant

supported by the standard susceptible cultivar, Ha'lberd, was

less than expected but two particular seedlings wh'ich allowed

development of onìy 12 and 13 females, respect'ive'ly,

contributed a lot to the low mean cbtained. The mean number

of females (+ standard error) that developed on the two

susceptible parents . 17.4 !2.86 for T1006 and 17.8 + 1.74

for T1116 - were cìearìy higher than those on the resistant

parents : 0.5 + 0.23 for T70l-4-6-3-7 and 0.3 + 0.15 for

T70i-4-6-6-9. (Standard error of the difference between

means was 2.526). However, the difference between the upper

ìimit of the range of reactions of the resistant parents (2)

and lower limit of the range of reactions of the susceptible

parents (7) (fig. 5) was not big enough to make crosses

between them suitable for inheritance studies.

The react'ions of the F1 hybrids (figure 5) suggested

dominant gene act'ion but the ranges of 0 to 3 and 1 to 5

females per pl ant for F1 (T701-4-6-6-9 X T1116) and Ft

(T701-4-6-3-7 X T1006) , respect'ive'ly, extended beyond the

upper lim'its of the numbers supportedbytheirrespectìve

res i stant parents . The apparent drif t av\ray f rom strong

res i stance may i nd'icate an i nf I uence of the new genet'ic

background (Cook, 1974; Ellis and Brown, 1976) and js not

unusual. Andersen and Andersen (1982) proposed that the

effect of a gene for resistance may depend on the vlhoìe gene

pool of the cultjva.r and agreed w'ith Cook and York (1982) on
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the probable difference in reaction between homozygous and

heterozygous pl ants. When confronted wi th more seri ous

drifts away from res'istance in F, hybrids Cotten and Hayes

(1972) and 0'Brien et al (1980) conc'luded that resistance to

H. avenae was partialìy dominant over susceptibj'lity in the

I i nes and culti vars i nvol ved. The means of the F1

progenies s'ignificantly exceeded those of thejr-resjstant

parents i n the work reported by 0' Bri en et al (-]-8. ci t. )

contrary to the results presented in this thesis (standard

error of the difference between the mean number of females

per pìant supported by the different cereal lines was 2.526).

Many reports on inheritance of res'istance to H. avenae

incìude prob'lems with the classification of F, progenies.

0'Brien et al (1979) and 0'Brien et al (1980) could not

produce bi-moda'l djstributions of F Z progenies even after

cì ass i fy'ing them on the bas i s of the 95 per cent probab'i 'l 'ity

of their fa'l'ling into one of the parental classes. Since

different researchers have used different methods of

assessment. of res'istance jt 'is difficuìt to compare the

various results obta'ined. The poÍnt of demarcation between

resistance and suscept'ibiìity in segregat'ing popu'lations has

generaììy been selected arbitrariìy. Slootmaker et al (1974)

classified resistant plants as those which carried not more

than one cyst. One progeny of monosomi c 28 whj ch fel I

unexpectedìy jnto the susceptible c'lass was considered a

probab'le nuilisomjc. In pot and field trials,0'Brjen and

Fisher (1974) classjfied plants r,rith no females as moderately
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resistant and all other plants as suscept'ible. Chew et al

(1981) cons'idered FZ oat pìants as susceptibìe if they

supported one or more cysts and yet classifìed five plants

with one cyst each as resistant on the bas'is that the

resistant parent, Neìson, was known to produce a few cysts

occasionalìy. Andersen and Andersen (1982) cons'idered zero

to two females per plant as a resistant reaction. Person -

Dedryver and Doussinault (1984) considered five per cent of

the susceptìbìe FZ class as mis-classified because five per

cent of the seed'l'ings of the susceptible parent showed the

resistant reaction of no females or females without eggs.

Even the more object'ive method of pìacing t, Vlants withìn

95 per cent confidence limits of the parents and Ft hybrids

left many plants unclassified in the work on oats (Cotten and

Hayes , 1972). Some of those plants were considered

susceptib'le on the reasonìng that they were .more likely to be

suscepti b1e pl ants that had part'i al 'ly escaped 'inf ecti on .

Fol ì ow'i ng the cho'i ce of a subiecti ve poi nt of

demarcati on between resi stance and suscepti bi I i ty i n the

BCt and BCIF Z popu'lations reported in this chapter, the

most l'ikely inheritance pattern of res'istance to H. avenae in

T701-4-6 i s the acti on of a si ng'l e domi nant gene. The

absence of bi-modal distributions may be attributed mainìy to

inefficiency of the assay, the partial susceptib'i ì ity of

T1006 and T1116 and the poss'ib'iì'ity of modifier genes. The

deviation o't the observed ratio f,rom the expected one of the

BCt progeny (fig. 6a) invoìv'ing T1006 may be due to the
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greater variation of the reactions of the T1006 seed'l'ings and

the F1 hybrids involv'ing it (Figs. 5c and 5d). The results

presented i n fi g. 4 seem to v'i ndi cate the poi nt of

demarcation chosen for the cl assjfication of BCt and

BClF2 progen'i es. Pl ants whi ch supported fi ve to seven

females could be considered as suscept'ible plants that

partiatly escaped 'infection. Those that supported three

females could be resistant pìants in which the resistance

gene was not being expressed fu1ìy.

The results of the nematode assay and those of the rust

test di d not suggest any ì ì nkage between the genes for

resi stance to the two organ'isms .

The tentati ve concl usì on on the i nheri tance of

resistance to H. avenae in T701-4-6 'is that a single gene is

ìnvolved whìch is, to a large extent, dominant.
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CHAPTER SIX

CHROMOSOMAL LOCATION OF RESISTANCE GENT.

6.1 Introduction.

Transfer of genes from one cultivar or l'ine to another

within the same species can be achieved through homologous

recomb'ination foì'low'ing hybridisatjon. Interspec'if ic gene

transfer often requires cytogenetic man'ipul ations. I^lhi le

some of the methods depend on chance combinations of genet'ic

material, know'ledge of the gene's location enables greater

control and precis'ion of the transfer thus increasing the

probab'i'lity of success. Al ien adclition and subst jtution

lines provide valuable information about genetìc factors on

the al i en chromosomes and have been used 'in genet'ic ana'lyses .

Slootmaker et al (L974) and Chew et al (1981) used monosornic

ana'lysis to locate genes for resistance to H. avenae on

chromosomes 28 of wheat and XV of oats, respectìvely, whereas

Cotten and Hayes (1969) located the Rha, resistance gene on

chromosome 2 of barley us'ing translocation stocks and linka.ge

anaìysìs. Rjvoal et al (1986) have also located a gene(s)

for resi stance to H. avenae on chromosrrme 614\' of Aegiìops

ventricosa Tausch"

Either the vrheat or the rye genome may be the source of

the resista.nce gene in T701-4-6. l,lhile the high level of the

resistance mey suggest that rye 'is the prchab'le source
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(Fisher - pers. comm. ) tne possìble influence of genomic

interaction cannot be ignored. Crosses were made between

T701-4-6 and two wheat lines with the view to locating the

resjstance gene on a particular chromosome.

6.2 Materials and Methods.

Each of two I ines , T70t-4-6-3-7 and T701-4-6-6-9,

generated from se'lfing of T701-4-6 was used in recìprocal

crosses with Aroona and Chinese Sprìng wheats. Embryos from

devel opi ng F1 seeds of crosses i n wh'i ch wheat was the

female parent had tc be excìsed and cultured on artificial

medj a (Secti on 3.2.4) to prevent severe endosperm shri vel ì i ng

and/or death of the embryos. Fl seeds from the crosses in

which tritjcale was the female parent, and seeds of the

parents , were surface-steri I i sed and germi nated 'i n petri

dishes in an incubator until the first three seminal roots

were each about 1 cm. long. Single roots excised from ten of

the Fr" seedfings from each cross were used for examination 
'

I

of somatÍc chromosomes as detailed in sectjon 3.2,2, Single

root tips were also cut off each of ten seedl'ings of each of

the four parents. All these seedl'ings were then tested for

their reaction to H. aveRae (section 3.3.) after which the

Ft plants were transplanted for backcrossing to thejr

respective wheat parents. Concurrently,cytological ana'lysis

of meiosis (sec.tion 3.2.3) was perforned on a separate batch

of Fl p'lants, some of whjch were also allowed to self. A

s'ingle root was excised from each freshìy germinated BCt
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seedling for cytological examination of somatic chromosomes.

About one-third of the brush end of the endosperm of each

seed'ling was cut for eìectrophoresis for alcohol

dehydrogenase (Adh) isozyme analysis.' These seedlings were

then screened for their reactions to the nematode (section

3.3). During the nematode test leaf samples were taken from

the seedl'ings for electrophoresis in relation to Glutamate

oxaloacetate transaminase (GOT) isozyme analysìs. Al t pìants

were transp'lanted after the nematode test.

At maturity a hairy peduncle was taken as an indication

that the particular pìant had, at least, the ìong arm of rye

chromosome 5 (5Rt) jf not the whole chromosome. Some

tillers of those BCt pìants wh'ich were classjfied as

res'istant to the nematode were allowed to self while others

were backcrossed aga'in to their respective wtreat parents.

The BCZ and BC{ Z seeds obtajned were taken through the

same processes as were the BCt seeds. Some seìected BC,

pìants were allowed to self.

6.3 Results.

A C-banded mitotic metaphase preparatìon of T701-4-6 js

shown in figure B. Adh and GOT zymoEram phenotypes of

T701-4-6, Aroona, Chinese Sprìng and S.A. Rye are shown in

figures 9a and 9b.
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Fig. I A C-banded mitotic metaphase preparation cf

T701-4-6. The rye chromosomes present are labelled

with their homoeologous group numbers.
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Fig. 9a. Alcohot dehydrogenagqzlmogram phenotypes.

Fig. 9b. Gl utamate

phenotypes.

oxaloacetate transaminase zymogram

A:

B:

C:

D¡

S.A. Rye

Chinese Spring Wheat

Aroona Wheat

T70L-4-6

The arrows indícate the direction of current flow.
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Anaìysis of variance, foìlowed by Duncan's nerll muìt'iple

range test appìied to the nematode reactjons of all the

parents and Fl progenies, showed that the triticale parents

and Fl progenies were all resistant; Aroona vvas susceptible

and Chi nese Spri ng was partì a'l ly resi stant (Tabl e 2) . Si nce

there were no significant differences in the reactions of the

two tritjcale parents and F, Progenìes involv'ing them, aì1

data of progeny from subsequent crosses i nvol vi ng a

particular wheat parent (e.g. all crosses to Aroona) and the

two triticale parents were combined.

The

progeny

10).

range of react'ions of the F, (T701-4-6 X Aroona)

extended beyond that of the triticale parents (F'igure

Seed setting on the F, plants was 1.01 seeds per spike

from a total of 69 spìkes.

The combìned BCl popuìatjon from all crosses shov¡ed no

clear bì-modal distribut'ion of res'istant plants to

súsceptibìe ones (F'igure 11). Us'ing the maximum number of

females per p'lant on the F, PoPulation as the demarcation

poì nt between res i stance and suscepti bì ì 'i ty the observed

ratio of 68:65 (resistant:susceptible) conformed to the

expected L:1 ratio for a sìng'le dominant gene hypothesjs

(0.75<P<0.90) .
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TABLE 2

NUMBER OF H. AVENAE FEMALES PER PLANT SUPPORTID BY PARENTS
PROGENIES OI_TR'TTTTALE X I/HEAT CROSSES.

1

Li nes

T701-4-6-6-9

T70I-4-6-3-7

Fl (T701-4-6-6-9 x Aroona)

Fl (T701-4-6-3-7 x Chinese Spring)

F1 (T701-4-6-6-9 x Chinese Spring)

Fl (T701-4-6-3-7 x Aroona)

Chinese Spring

Aroona

Ranked Mean Number of Females Per Plant
*

0.3 a

0.4 a

0.5 a

0.8 a

1.3 a

1.3 a

4.8 b

20.5 c

LEAST SIGNIFICANT RANGES (LSR) FOR COMPARISONS BETWEEN ANY PAIR OF

RANKED LINE MEANS USING DUNCAN'S NEl^l MULTIPLE RANGT TEST.

er means separa ng any
two l'ine means beìng compared

LSR (5 per cent level ) I.72

LSR (1 per cent level ) 2.24

*
Any two line means followed by the same letter do not differ

signìficant'ly.

6

2.222.lB2.162.762.06L.97

1. 701.681.64L.621.561.48

4210 53



Fig. 10.

86.

Frequency distributjon of the number of females per

plant supported by the parents and F, progen.ies of

Triticale X l/heat crosses.
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Fig. 11.
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Frequency d'i stri buti on of the number of femal es

supported per plant by parents and BC, progenies

of Triticale X Wheat crosses.
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From a correlation of the results of rye chromosome

identification and those of the nematode test it was observed

that BCt pìants that had chromosome 6 of rye (6R) supported

an average of 1.45 + 0.18 females per p'lant (Table 3). In

the absence of 6R, pìants containing the other rye

chromosomes, 'irrespective of the number and their

combinations, ôllowed larger numbers of females to deveìop

(means of 15.56 + 2.L5 ìn the presence of 5R to 19.44 + 2.26

when 4R was present but 6R was absent) (Table 3 and Figure

LZ). For instance, a plant carrying 22 females had rye

chromosomes 113,4 and 7 and another one whjch supported 33

females had chromosomes I14 and 5 of rye. However, seven*

BCt pìants in which 6R was not identified restricted

development of females to less' than the upper ìjmit of

numbers found on Fl progenies. Five of them were from

crosses to Chinese Spring. The range of females per pìant

supported by the BCt progeny containing 6R was 0 to 4 w'ith

a mean of 1.45 compared to 0 to 3 for the T701-4-6 parents

with a mean of 0.50. Some of the BC, p'lants from crosses

invol v'i ng Aroona supported far more femal es than thej r

suscept'ibl e parent.

The nematode resjstance screening of BCZ and BC'FZ

p'lants was not very eff icient judg'ing from the react'ion of

suscept'ible controls. For instance, the overall mean number

* I.lhi I e f i g. 12 suggest,s that B B

lR and 3R were 'identif ied in one of th
plants were jnvolved both

p1 ants .
c1
e
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TABLE 3

NUMBER OF H. AVENAE FEMALIS SUPPORTED BY PARINTS AND BC

IN RELATION T0- THE PRESENCE OF RYE CHROMOSOMES.

PLANTS
1

ME N

PRESENT IN BC PLANTS*
1

T701-4-6

Chinese Spring

Aroona

1R

3R

4R

5R

6R

7R

PLANTS

16

16

16

23

16

27

25

53

9

* Entries 1R, 3R, 4R, 5R and 7R refer to BC., plants vrith these
respective rye chromosomes either s'ingìy'or with other rye
chromosomes provìded 6R was absent. Entry 6R refers to BC.,

pìants with that rye chromosome alone or in combjnations with
other rye chromosomes.

0-3
3-18

11-33

3-44
1-48
I-44
0-33
0-4
6-44

0.22

1.03

1 .50

2.30

2.86

2.26

2.I5

0.18

3. 88

0.50

10.68

23.06

L6.74

16. 31

L9.44

15.56

1.4s

17 .00

ERROR
ANME
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Frequency di strj butj on

females supported per

progen'ies in relation

chromosomes.

of the number of H. avenae

pìant by parents and BC,

to the presence of rye

Fig. 12.

Entries lR, 3R, 4R, 5R and 7R refer to BC, pìants

with these respective rye chromosomes either singly

or w'ith other rye chromosomes provided 6R was

absent. Entry 6R refers to BC, plants with that

rye chromosome alone or in combinations with other

rye chromosomes.
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of females per plant supported by Aroona in the tests was

only 10.56. Neverthe'less, 'it may still be sign'ificant that

atl the 89 pìants 'in which 6R was identified supported either

one or no females whereas plants'without 6R carrìed

re'lative'ly h'igh numbers. Selfed progeny of a part'icular

BCt p'l ant, 883-94-84-1, wh'ich had only chromosome 6 f rom

the rye genome showed clear segregat'ion between resistance

and suscept'ib'ility. Six of them whjch retaìned chromosome 6R

supported an average of 0.5 females (range of 0 to L) whereas

five pìants, which did not, supported an average of 21.6

(range of 12 to 29). From their meiotjc metaphase I

configurations three of the resistant progeny were found to

be monosomic additions of 6R to the complete wheat chromosome

compìement and another two werê'monosomic substitutjons for

wheat chromosomes. A BCZ pìant, BB3-9A-254-I, was also

found to have a 6R addition to the wheat genome and supported

no nematode femal es . Pl ant 883-9C-136-3-1, a BCTFZ

derivative from crosses involving Chinese Sprìng, had a total

of 42 chromosomes, was disomic for 6R and supported no

females. Its mejotic metaphase I configurat'ion was mainly 20

bìvalents of wheat chromosomes and one of rye. Its Glutamate

oxaloacetate transaminase -2 isozyme pattern confirmed the

presence of chromosome 6R and indicated the absence of 6D of

wheat. The plant showed simjlar morphoìogy and fertj'lity to

ìts wheat parent. Fi ve other BC..F Z pì ants wh'ich were

disom'ic for 6R allowed no female development whereas a sixth

such plant carried one female.
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No H. avenae females were observed on three BC, plants

in whjch the 'long arm of 6R (i.e. 6RL) was identìf ied and

another one in which an isochromosome of the long arm was

found in the absence of the short arm. However, two females

were found on one BC, Rlant which had 6RL.

From the selfed progenies of BCZ plants the disomic

addition of 6R, the monotelosomic addition of 6RL, the

monotelodisomic and monoisodisomic additions lvere selected.

The last two addition plants had the short arm (6nS) as the

mjsdjvision product.

6.4 Discussion.

The requirement of embryo culture for the wheat X

trit'icale crosses was probably due to genetic imbalance in

the endosperm (Lukaszewskì et 3]_, 1982). The poor seed

setting on the Ft plants compares with 0.27 to 1.95 seeds

per spike from a number of Trit'icale X wheat crosses reported

by Lukaszewskì et al (loc. cit. ) and could be due to the

imbalance caused by the high number of univalents from the

rye genome and D genome of wheat.

The reaction of Chinese Spring to H. avenae ìn the test

invo'ìving parents and t1 progen'ies (taUle 2 and fì9. 10)

was interestìng. The Chinese Spring seed'lìngs exhibited slor,r

ear'ly growth and possibly root production wh'ich may have

contributed to poor support for growth of the females or

restricted the number of invasion sites in'itìal ìy.
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Subsequent tests (f orinstance, Tabl e 3 and Fi g. li ) showed

higher numbers of females on the line but Aroona remained

more susceptib'le than Chinese Spring in all tests.

The reac,tion of F1 plants suggests dominant action of

the resistance gene in T701-4-6 (Table 2 and F'ig. 10). The

wider range of reaction of the Fl (T701-4-6 X Aroona)

progeny of 0 to 4 females per p'lant compared to 0 to 2 for

the resistant parent (FiS. 10) may be attributed to the

change in the genet'ic background of the resistance gene

and/or hemizygosity of the gene (Ellis and Brown, 1976).

The fact that the segregation of the BC, popuìation

was consistent with the expected Mendelian ratio for a s'ing'le

dominant gene could suggest the A or B genome of wheat in the

resìstant triticale parent as the source of res'istance, so

that segregati on was uni nfl uenced by any unusual femal e

transmission rate of a univalent chromosome from either the

rye genome or D genome of wheat. However, the high

correlation of the presence of chromosome 6 of rye (6R) with

resistance to the nematode (ta¡le 3 and Fig. IZ) suggests

strongly that that chromosome carries the gene for

resistance. To be consistent with the total BC, data the

sum of the female transmission rates of 6R and its critical
arm from their Ft parents must have been approximately 50

per cent, which . is not unìikeìy. The observed transmission

rate of 6R was 4I.73 per cent. Lukaszewski et al (1gBZ)

reported a 27.8 per cent female transrn'ission rate of 6R and
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Lukaszewski and Gustafson (1983) speculated on a probable low

misdiv'ision rate of 6R. The difference between those reports

and the current observation may be due to the djfferent

genetic backgrounds involved.

The BCt pìants representìng the lower end of the range

of reactions of plants lacking 6R but hav'ing one or more of

chromosomes 1R, 3R, 4R or 5R devìated from the general trend

(Tabìe 3 and F'ig. 12). Considering the range of reaction of

Chjnese Spring (Table 3 and Fig. 12)'it is not surprising

that five out of the seven p'lants involved were derived from

crosses to that l'ine. The five plants could just be

expressing the Chìnese Spring gene(s). It can on'ly be

specu'lated that the rema'inìng two BCi p'lants either

partiaì'ly escaped infection or contajned translocat'ions of

the critical segment of 6R whìch were not identified. It
must be noted that the low numbers of females on those p'lants

were not associ ated wi th any speci fi c combj nati ons of

chromosomes. Different combinations of the rye chromosomes

(excluding 6R) were found ìn very susceptibìe p'ìants (i.e.
plants carrying more than 20 females per plant). It could

also be argued that while some plants might have partiaìly

escaped infect'ion and therefore produced only a few females

the product'ion of numerous females on a pl ant with a

part'i cul ar rye chromosome ì s a good case agai nst that

chromosome being the crìtical one. That situation is true of

all the rye chromosomes except 6R (Table 3 and Fig. IZ).
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The apparent h'igher" susceptibi I ity of some BC, pì ants

than their suscept'ible parents (Table 3 and Fig. IZ) could be

due to aneupìoidy, h'igh suscept'ibi l'ity of the wheat

background of the tritjcale parent or higher toìerance of the

BCt plants (probabìy derived from the rye genome) enabl'ing

them to support more females.

l.lh'ile the eleven selfed progeny of p'lant BB3-94-84-1 was

onìy a smal 1 popul atìon their reactions provided strong

supporting evidence of the role of 6R. Even in the weak

tests, there was clear separation between the mean of 0.5

females per pìant on p'lants with 6R (6 plants) and 2!.6 on

those without it (5 plants).

The influence of 6RL alone could not be conclusjvery

established owing to the ineffic'iency of the tests jn wh'ich

they occurred and the fact that short arm terocentrics of 6R

v'rere not posìtive'ly 'ident'ified in any susceptible p'lants.

Further tests are requ'ired to confirm the arm locatjon of the

resistance gene.

The 6R (-6D) disomic substitutjon p'lant, BB3-9C-136-3-1,

will be useful for induction of homoeologous recombjnat.ion

between 6R and wheat chromosomes, e5pecì al 'ly 6D, through

crossing with Sears' ph mutant line.

Si nce the fì rst three semi nal

were considered essenti al for the

roots of each seedling

nematode assay only a
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single root per seedling could be sacrifjced for. cytoìogicaì

ana'lysìs. Consequently, in situations where a part'icular

root tip showed only a few dividìng cells fixed at the

metaphase stage the number of cells available and suitable

for chromosor¡e identification was restricted. For

identjfication of chromosomes 4R and 6R there were supporting

data from isoz¡rme analys'is and 5R identification was

supported by pubescence of the peduncle of the mature pìant.

In the few instances where there was doubt about the jdentity

of a rye chromosome, some of whÍch could have been

centric-fus'ions between arms of different chromosomes (Sears,

L972), the reaction of the plant to the nematode was 'ignored

in relation to that chromosome. Hence figure 12 does not

include al I the pl ants whose reactions are presented in

fÍgure li. The frequencies of the various rye chromosomes in

the BCt popu'lationr ôs shown in table 3 and figure 12, are

influenced by the'ir ease of identification.
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CHAPTER SEVEN

DIFFICULTIES l^lITH SCREENING FOR RESISTANCE.

7.1 Introduction.

Fisher (1982) listed the causes of variation in the

number of H. avenae females on.a cultivar as: escape from

infestation, genet'ic varìation in seed, variation in methods

of assessment, exi stence of different b'i otypes and/or

different proport'ions of b'iotypes, different starting

materials (cysts or ìarvae), different init'ial densities of

the nematode, and environmental factors ìike temperature,

nutrjtion and parasites.

Methods reported for the screening of p'lants for

resistance to H. avenae include use of infested so'il in cl ay

p'ipes (Sìootmaker et al, I974; Andersen, 1963), infested soil

in pots (Brown, 1974; Cotten, L967; Cotten and Hayes, 1969,

I972i Chew et 31, 1981; Cook and York, 1982), test-tube or

petri-dish culture (Brown, I974; Person-Dedryver and

Doussinault, 1984), field tests (Brown and Meagher, 1970;

0'Brien and Fìsher, 1974, 1977, L979), and inoculation of

plants in plastic tubes with larvae (0'Brien et al, 1980;

Fj sher , L982) .
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Use of infested soil makes control of the in'itial larval

dens'ity difficult as it relies on uniform hatching of the

eggs. Thjs factor could confound differences in the number

of females eventually produced per plan't. Control of water

relations is difficult in the test-tube or petri dish culture

method. This also suffers from non-uniform hatching where

cysts are used. Moreover, prob'lems of maintainìng asept'ic

conditìons while keeping the seedlings adequately supplied

with nutrients cannot be ìgnored. Field cond'itions are too

variable to give a reliable ìndìcation of the reaction of

ind'ividual p'lants. Infestation can be very patchy and

interactions of the plants' reactions with uncontrol led

parasites and climatic factors could prov'ide m'islead'ing

results.

In the light of the forego'ing disadvantages of the other

methods, the method reported by Fìsher (lg. cit. ) was used

as detailed in section 3.3. Th'is permits greater control of

both the environmental conditions and the initial density of

I arvae.

The efficiency of the assay dropped dramat'ically part-

way through the work reported in this thesis and also in

three other research programmes on H. avenae at the same

Institute; all these programmes relied on the same soil and

simi I ar growth condi tj ons as descri bed i n secti on 3.3.

Constraints in supply had necessìtated substitutions fot' some

of the original ingredients in the soil (e.9. blood meal as
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source of n'itrogen). The low numbers of femaìes supported by

standard susceptibìe cultivars could have been caused by a

low percentage of larvae establish'ing in the roots or a low

proport'i on of establ i shed I arvae devel opÍ ng i nto mature

females. However that may be, the soil used in the assay ìs

the most likely source of the limit'ing factor(s).
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7.2 Variat'ion in Initial Density.

7 .2.L Materi al s and Methods.

The assay reported in section 3.3 was used for th'is

experiment except that three different larval densities

were tried: 100, 125 and 150 larvae/ml . of water. S'ix

seedl ings each of 170I-4-6, T1006' T1116, Aroona,

Wariga'l and Halberd were inoculated with each of the

three larval densities. The experiment was arranged in

a randomjsed complete block design.

7 .2.2 Resu I ts .

Ana'lysi s of vari ance, f o'l I owed by Duncan 's new

multiple range test, showed that dìfferences among mean

numbers of femal es on the different cereal

cult'ivars/l ines were high'ìy signif icant (append jx 1 and

table 4) . The resi stant 1 ìne, T70I-4-6, ôl lov¡ed

development of a mean of 0.28 females per pìant which

was signìficantly fewer than the mean numbers supported

by any of the other cultivars/lines. The sign'ificant

differences between the cultivars/l ines are shown 'in

table 4. The different initial larval densities did not

affect the numbers of females produced (appendix 1). No

significant interaction between iarval density and

cultivar/l ine was detected.
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TABLE 4.

EFFECT OF LARVAL DENSITY ON THE NUMBER OF

SUPPORTED BY SIX CEREAL CULTIVARS/LINES.
H. AVENAE FEMALES

ea u

or Line
var u var ne

0.28

6.28

B. 66

10.83

13.44

15. 11

T701-4-6

T1006

t'lari gal

T1116

Hal berd

Aroona

Means

¿r<

b

bc

bcd

cd

d

Larval Density Means

LEAST SIGNIFICANT RANGES (LSR) FOR COMPARISONS BETWEEN ANY Ti^lO

RANKED LINE MEANS USING DUNCAN'S NTI^J MULTIPLE RANGE TIST.

ro a11 eans ara ng
Any Two Line Means Being Compared

LSR (fìve per cent ìevel) 5. 96

LSR (one per cent level ) 7.74

Cultjvar/l ine means fol lowed
differ s'i gn'if icantìy.

by the same letter do not

4

8.97 9.72 8.61

0.00

7 .83

8.33

9.33

15. 16

13. 16

0.50

4.00

10.17

10.50

14.50

18.66

0.33

7 .00

7.50

12.66

10.66

13.50

Larva I Densìty
(Larvae/ml . )

100 I25 150

7 .647 .487.266. 9B

5. B55.725.545.26

3210

*

For ana'lysi s of vari ance tabl e see appendi x 1.
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7.3 Numbers of Larvae Establishing in Roots.

7.3.1 Materials and Methods.

Twel ve seedì i ngs of Hal berd wheat were i nocul ated

at sowi ng wi th 100 ì arvae/ml . of water per seedl i ng.

Apart from harvest'ing at twenty days after sowing the

set-up and management of the trial were as deta'iled in

section 3.3.

At harvest the roots of each seedling were washed,

boiled ìn lactopheno'l cotton blue for three minutes and

then destained in clear lactophenoì for not less than

three hours ;(Goodey, 1963). Nematodes within the roots

were counted.

7 .3.2 Resu I ts .

The mean number (+ standard error) of deveìoping

I arvae per Hal berd seed'l'ing twenty days af ter

inoculat'ion was 50.08 + 10.18 with variation from 35 to

66. This represented approxìmateìy 50 per cent of the

number inocul ated.
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7.4 Effects of Soil Type. Nutrition and Larval Density on Number

of Developed Females.

7 .4.I Materi al s and Methods .

The testing procedure was basjcally the same as 'in

section 3.3. Aroona was the test cultivar and a

spì it-sp'l i t-pl of desì gn ì ncorporati ng a randomi sed

complete block des'ign was used with six repìications.

Four different soi I types used i n the base trays,

constituting the main units (a) w'ith their fertiliser

treatments- were as fol I ows:
)

.alr Unsterile jnternational grade concrete sand

with less than 5 per cent clay and fert'ilised by

fuì ì-strength Hoag'l and's sol ution (Hoagl and and Snyder,

1933) with iron supp'l ied (Jacobson, 1951) before

pìanting and then at half-strength every ten days.

dZ, Standard soi I was a steri I i sed mixture of

equal parts (bV volurne) of sand and loam to whjch the

fo'l'lowing nutrients were added per cub'ic metre: 0.51k9.

of potassium nitrate, 0.30k9. of potasiium sulphate,

0.55k9. of superphosphate and 0.20k9. of lime. As wel'1,

a soluble feed of nitrogen prepared at 2g/1. of solution

of a 60:11:9 mixture (by weight) of ammonium su'lphate,

potassium nitrate and mono-ammon'ium phosphate was added

before pìant'ing and every ten days.
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a3t Thi s t,,,as the same as al except that the

sand was sterilised before use.

a4t A modifjed U.C. mix (Baker, 1957 ) prepared as

a sterilised mixture of equa'l parts (by volume) of sand

and peat with the followjng fertilisers added per cubic

metre: 0.12k9. each of potassium nitrate and potassium

suìphate, 0.24k9. of magnesite, 0.92k9. of plaster of

Pari s , and 1 .40k9. each of reverted superphosphate,

blood meaì and hydrated lime. Soìuble fertilisers were

added as for aZ. All sterilisatjon was by means of

aerated steam at about 750C. The fertiliser solutions

were added to the surface of the soil.

Sub-units (b) were made up of three different soils

used in the tubes; standard soil was b1, standard sojl

occupying the bottom three-quarters of the tube and

topped up with sand was b, and b, was sterjle sand.

Three different I arval densities were used for

inoculation as sub-sub-units (c). Treatment c1 was

100 larvae/ml. of water applied five times at three-day

intervals starting from the date of pìanting. Treatment

,Z was 150 I arvae/ml . of water appl'ied as f or cr.

F'inaì 'ly, ca was 200 I arvae/ml . of water appì i ed at

pl ant'i ng, repeated seven days I ater, and then 100

larvae/ml . of water app'ljed ten days after p'lanting.
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7.4.2 Results.

No three-factor interaction was detected but three

two-factor interactions were (append'ix 2). These were

the reduced number of females in sterile sand 'in the

base tray (ug) when sand was used in the tube (br);

the increased number of females when sterile sand in the

base tray (u¡) was coupled with an inoculum density of

150 larvae/ml. (cr); and the reduced number of females

for the combination of sand in the tube (Ut) with an

inoculum dens'ity of 150 larvae/ml. (.2). The

treatmentt a3, b3 and ,Z were the only ones which

contributed to the significant interactions (figs.13

a-c and tabìeç 5 a-c).

The major effects were comp'lex. (figs. 13 a-c;

tables 5 a-c). None of the different combinations of

treatments allowed the development of an adequate or

expected number of females. 0f the soils in the base

tray, the standard so'i I ( uZ ) and U . C. mi x (uq )

consistently produced poor results vrith al I the tube

soils and all the inoculum densit'ies. Unsterile sand

(at) in the base tray produced the best results and

more females than sterile sand, except when standard

soil (bf) was used in the tubes or an jnoculum density

of 150x5 I arvae

better than U.C.

the base tray.

Sterile sand proved

standard soil (uZ) in

was used.(.2 )

mix (u+) or
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Fig. 13a.

Fig. 13b.

Fig. 13c.

Interaction between the effects of soil on the tray

(a) and soil in the tube (b) on numbers of females

per pìant.

Interaction between the effects of soil on the tray

(a) and inoculation (c).

Interaction between the effects of soiì in the tube

(b) and inoculation (c).
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TABLE 5

MEAN NUMBER OF H. AVENAE FEMALES SUPPORTED BY PLANTS GROWN IN
DIFFERENT SOILS AND_INOCULATED I^JITH DIFFIRENT LARVAL DENSITIES.

(5a )
Interactjon Between Base Tray Soìl and Tube Soil

Soi I on base tray
Means for base
tray so'i'l

a, (standard So'i'l)

aO (U.C. Mix)

a, (Steri 'l e Sand )

ar(Non-Steri le Sand)

2.22 ¿ *

3.L2 a

7.38 b

12.90 c

3. 1690

n u e

I

Two treatment means followed by the same letter do not
differ significantìy.

LEAST SIGNIFICANT DIFFERENCTS (LSD)

Difference Between: Level of Si n'if i cance

Two base tray soi I means 4.6380

Two tube soi I means 1.5845

ans or

*

Two tube soi I means for the
same base tray soì I

Two base tray so'il means for
the same or different tube so'ils

5. 36d 6. /Be 7 . IOe

2.28

L.94

4.22

13.00

2.66

3.94

8.22

12.28

I.72

3. 50

9.72

13. 44

b^ b.
(Stan6ard (Ståndard

soi I + soi'l)
sand )

Soi l 'in Tube
b^

( sånd )

2.3686

L.L842

3.3539

0.05

3.8705 5.3074
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(5b)
Interaction Between Base Tray Soil and Inoculatjon

Means for
tray soi

base
ISoi I on base tray

uz

a4

a3

a1

ns or Inocu a 0n

Difference Between:

nocu a 0n means or
the same base tray

ase ray means 0r
the same or different inoculations

LEAST SIGNIFICANT DIFFERENCES (LSD)

2.22 a

3.I2 a

7.38 b

L2.90 c

Level of Si n'ificance

3.2104

5.3202

5. 96 6.05 I .'¿Z

L.72

2.56

5.78

13. 78

2.78

3.44

6.28

TL.72

2.16

3. 38

10.11

13.22

I nocu I at'i on Procedure
c2(2oo'
200, 100 )

1 C.
0x5 ) ( 15óxs)

C

(10

3.8942

2.4289

0.05
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Soil in tube

b2

b I
ans 0r n0cu at on

Difference Between:

nocu at 0n means or
the same tube soi I

u SO means 0r
the same or different inoculations

(5c)
Interaction Between Tube Soil and Inoculation.

Means for soi I
ì n tube

b3

LEAST SIGNIFICANT DIFFERENCES (LSD)

s.36 d

6.78 e

7.1,0 e

Level of Si i f i cance

2.7802

2.7680

5. 96 6.05 7 .22

6.20

5.66

6.00

5.t2

6. 16

6. BB

4.75

B. 50

8.42

Inocul ation Procedure
ca ( 2oo,

200. 100 )

ct

( 100x5 )

cz

( 150x5 )

2.0862

2.1035

0.05
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soil in the tube had little effect on

produced aìthough sand (bg) was

worse than the other two types when combined with

steri le sand on the base tray (u¡) or five

inoculations of 150 ìarvae/ml - (cz) (tables 5a and 5b;

figs. 13a and 13b).

The different inoculation procedures did not

produce significant differences in numbers of females

apart from the 'interactions of five inoculations of 150

larvae/ml. with sterile sand on the base tray (ar) and

sand in the tube (br) (taUles 5b and 5c; figs. 13b and

13c).
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7.5 Discussion.

The results pnesented in table 4 illustrate the

difficultjes in screening du¡ing the latter part of the work

reported in this thesis. The susceptìble cultivars or lines

allowed the development of more femaìes per p'lant than the

res jstant I ine (T701-4-6) but genera'l'ly the numbers of

females obtained were fewer than expected (taUle 4).

Moreover, there was no clear difference between the reactions

of the moderate'ly suscepti bl e cul ti vars/l i nes (Wariga'l , T1006

and T1116) on the one hand and the standard susceptibìe

cultÍvars (Aroona and Halberd) on the other. The resuìts

(taUle 4) also ind'icated that the dens'ity of larvae used for

inoculation may not be a s'ignificant factor in the reduction

in the numbers of femal es supported by suscepti bì e

cultivars. Inocu'lating with more than 150 larvae/ml. of

water could affect p'lant growth adverse'ly and thus reduce

female development, espec'ial'ly for an 'intolerant cultivar

like Aroona. The lack of response to jncreased larval

dens'ity by the suscepti bì e cul ti vars suggested that probab'ly

restrictions on larval establishment within the roots and/or

envi ronmental factors whi ch adverseìy affect femal e

development to maturity were responsible for the reduced

numbers of females obtained.

The establ i shment trì al

approximateìy. 50 per cent of

twenty days after a singìe

( sect'ion 7 .3 ,) showed that

the I arvae were establ i shed

i nocul ati on. Thi s compares
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favourably with the 60 per cent reported by Fisher (1982)

using, bas'ically, the same assay and the 58 per cent reported

from another laboratory assay (Chew, 1979; quoted by Cook and

York, 1982). However, the variation (from 35 to 66 per cent;

standard error of mean = 10.18) was quite high.

Neverthe'less, about 50 per cent larval establishment from the

first inoculat'ion p'lus numbers established from the

subsequent four inoculations should have been suffic'ient to

ensure much better separat'ion between the mean numbers of

females supported by res'istant and susceptibìe lines in

section 7.2. Therefore, there must have been factors

restricting larval development to maturity. This conclus'ion

assumes no sex reversal of femal e I arvae on the suscept'ib'le

hosts. Since temperature, ììght or photoperiod conditions

had not been changed, the so'il used 'in the assay was the

probab'le source of the I'im j ti ng f actor (s ) . However, 'it woul d

be 'interest'ing to repeat the experiment reported j n secti c¡n

7.3 and stain roots of samples of p'ìants twenty days after

p'lantìng and about every ten days after that untìl mature

femal es were obtai ned. Correl ati on of the numbers of

developing larvae at the varíous times with final numbers of

mature females could'indicate a critical surv'ival stage after

initial establ'ishment of the larvae. It would also be useful

to establish the effectiveness of the four later inoculat'ions

rel ati ve to the fi rst one by varyi ng the nurnber of

inoculations, using the same larval dens'ity, on a sìngle

susceptibìe cultjvar and re'latìng these to the number of

f emal es obta'ined.



113.

In section 7.4 unsterile sand in the base tray (a1)

fert'i I i sed wi th Hoagl ands ' s sol ut'ion was shown to be more

suitable for the assay than standard so'il (uZ) or U.C.m'ix

(uq) fertil'ised w'ith the soluble feed when considered'in

relation to ,the d'ifferent soi'ls ìn the tube or d'ifferent

larval densities. This may be due to the physìcal properties

of sand, the effic'iency of the nutrient supply from the

Hoagland's solution, microbial activity'in the unsterile sand

and/or toxic'ity in the standard soil and/or U.C. mix. Wh'ile

some limited chlorosìs was observed on plants grow'ing in sand

no symptoms of nutrient defjciency or tox'icity were seen on

p'l ants grown j n U. C. mi x or standard soi I . S'ince aerated

steam was used for steril'isation (at about 75oC) it seems

unìikely that sterilisation Ær se resulted in toxic factors

in the U.C. mix and standard soil. The influence of sterile

sand in the base tray (ug) was comp'licated. It showed a

negat'ive 'interacti on wi th sand ì n the tube (Ug) (f i Eure

13a) but a positive one with five inoculations of 150

iarvae/ml. (.2) (fìgure i3b). The former interaction may

be a result of jnadequate nutrition for the plants since the

sand in e'ither the tubes (bg) or tray (ar) had almost no

innate nutrients. The nutrjent suppìy from Hoagl and's

solution coulcl only reach the develop'ing roots by capiì'lary

action from the base tray so'iì through the tube soil 'in the

initial stages of growth. The 'inconsistency of th'is

expl anat'ion wi th . the eff ect of comb j n'ing unsteri l e sand j n

the base tray (ui) with sand in the tube (b¡) (figure

13a) may be because the factor(s) v¡hich made unsterile sand
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in the base tray (a1) so efficient was capable of mak'ing up

for the defects of hav'ing sand jn both the base tray and

tube. The positive 'interactìon between sterile sand in the

base tray (u¡) and five inoculations of 150 ìarvae/ml.

(.2) 'is rather puzzling but suggests that increased larval

densìty may help to overcome the 'limit'ing f actor(s),

particular'ly in sterile sand. If root growth is restrìcted

in sterile sand then 'increased larval density may play a

compensatory role, to some extent. However, the poor results

of the combinations of sterile sand in the base tray (ar)

and the two other larval densities were surprisìng.

The overal I reacti on of p'l ants grown on U. C. mi x 'in the

base tray (u+) was also surprisìng. The comb'ination of

this soil and standard soil in the tube (bi) approximated

the set-up in section 7.2. While Aroona supported a mean of

15.11 females per plant in the experiment reported in section

7.2 it supported only 3.50 females per plant jn the

åbouu-runtioned combinat'ion in sectjon 7.4 (table 5a). The

major known dìfference between the soì I s i n the two

experìments vvas that the nutrient supply was boosted with

soluble feed ìn section 7.4 but not ìn sectjon 7.2. However,

since they were diff erent batches of so'i'l , prepared months

apart, there coul d have been other di fferences.

Nevertheì ess, the compari son rai ses seri ous questi ons about

the influence of the soluble feed. On'ìy the numbers of

females obtained from the combinations of unsterile sand on

the base tray (ut) w'ith the three soils in the tubes were

comparab'le to the reaction of Aroona in section 7.2 (tabìes 4

and 5a).
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The negat'ive interactions of sand in the tube (b3)

with sterile sand in the base tray (a3) (fig. 13a) and also

with five 'inoculations of 150 larvae/ml . (cz) (figure 13c)

may explain the suggestion in table 5a that sand js the worst

medium in the tube for the assay. Putting sand on top of

standard so'il in the tube (bZ) was expected to improve

aeration and prevent crusting at the soil surface but no

significant advantage of this has been detected.

The interactions of jnoculum density with the soils used

indicate that 'it would be incorrect to cons'ider larval

density as an ins'ignificant factor in the low numbers of

females obta'ined from suscept'ible p'lants as the results of

section 7.2 suggested.

In conclusion, it must be reiterated that the numbers of

females supported per plant by susceptìble cultivars were

about half the expected numbers. Factors restrict'ing female

development to maturity, most probably in the so'iì, are the

most 'likely causes. tlhile the best combination of the

approprì ate I evel s of the so'i I s, nutrì ents and I arval

densities may not have been found'it is poss'ible that there

are other ìmportant factors which have not been'ident'ifjed.

The probable involvement of microbìal activity, as suggested

by the overall reaction of plants grown on non-sterile sand

i n the base tray, requ'ires f urther i nvest'i gat'ion .
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CHAPTER EIGHT

INDUCTION OF HOMOEOLOGOUS RECOMBINATION

8.1 Introduction.

Al ien chromosome addjtions or substitutions,

irradiat'ion-induced translocat'ions, union of telocentrics and

induction of homoeoìogous pairing and recomb'ination have been

either trjed or successfully used for alien gene transfer

into wheat (Riìey and Kimber, 1966; Knott and DvoÍák, 1976;

Lacadena , 1978; Sears , 1972, 1981). According to Sears

(L972) the most efficient of these methods is the jnduction

of aì'losyndesis which may be followed by crossing over if the

alien chromosome has enough affjnity w'ith one of its wheat

homoeologues to perm'it frequent pairing between them.

Methods of induc'ing a'llosyndesis include suppress'ing the

activity of the major homoeologous paìr'ing ìnhìbìtor gene

(Ph ) on wheat chrómosome arm 5BL using the genome of Aegì'lops

speì to'ides , remov'in g chromosome 58 or using Sears' phLb phlb

mutant line (Sears, 1977 ) which is deficient for the Phl

locus (Sears, 1981).

hl'ith respect to the materì al j n wh'ich al ì osyndes'i s 'i s

i nduced , Sears (1981) descri bed the f oì 'lowi ng ì ncreas'i ng

order of prec'ision for obta'inìng wheat-al'ien recombinat'ion:

wheat-aljen hybrids, disomic aljen additions, monosomic alien
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addi ti ons , monosomi c al j en substi tuti ons , monotel osomi c al i en

substitutions possessing the crit'ical al ìen chromosome or

misdivision product. However, Anderson (1985) found that in

three recombinant lines selected by'Koebner (1985) from

pr0geny of crosses between Sears phlb phlb mutant line and a

plant which ¡t¿s heterozygous for chromosomes lRL and lDL' all

the wheat homoeologous group 1 chromosomes appeared to have

been involved in separate recombination events with the rye

chromosome arm.
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8.2 Materials and Methods.

Crosses were made between the disomic 6R(-6D)

substitution ììne, 883-9C-136-3-1, reported in chapter 6 and

Sears' phlb phlb mutant line with the aim of inducing pajring

and recombìnation of 6R with 6D or other wheat chromosomes.

Embryos from immature Fl seeds were excised for culture on

artificial growth media jn order to save time (section

3.2"4). Selfed seeds were collected from five F, pìants.

One hundred FZ seedlings from these seeds were screened for

the presence of chromosomes 6R and 6D ma'in'ly by

e'lectrophoresis for glutamate oxaloacetate transaminase

isozyme anaìysis (section 3.2.5). A few of them were also

screened by cytoì ogi ca'l exami nat'ion of C-banded somati c

chromosomes (section 3.2.2). The meiotic metaphase 1

configurations of 24 selected t, Vlants were anaìysed. 0n

the basis of these configurat'ions, e'ight plants, four of

whjch were considered probable phlb homozygotes, were crossed

as females to Aegilops variabilis (= Triticum kotschyì) for

further evidence of their phlb status. In order to save

t'ime, embryos from the developing 'intergenerìc F1 seeds

were cultured on artif jc'ial growth media (sect'ion 3.2.4).

Meiotic pa'iring of the resulting F, hybrids were analysed.

Many of the eight F, Rìants crossed to Aegilops variabilis

were part'ia1ìy self-sterile So, for maximum production of

F¡ seeds, tillering had to be sustained by appìyìng

fert'il'iser to the pl ants and harvest j ng the seeds as soon as

they were cons'idered mature enough to be v'i abl e af ter

oven-dryi ng.
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As a second approach, with the ultimate aim of

recombining 6R with 6A or 68, disomic 6R addition lines were

crossed as males to the fo'l lowing Chinese Spring l'lheat

monosomics: monosomic 64, monosomic 68, double monosomic 58,

6A and doubìe monosomjc 58, 68.
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8.3 Results

Five F1 progeny from

6R(-6D) substitution line

produced 1525 selfed seeds.

the crosses between the disomic

and Sears' ' phlb phlb mutant I i ne

Twenty-four F? pìants were selected from the 'isozyme

and/or cytoìogìcaì ana'lysis of 100 seedlings as having both

6R and 6D. From meiotic analysis five of them were found to

have 43 chromosomes and 19 had the requi red 42. Two of the

five with 43 chromosomes were disom'ic for 6R. Most of the 24

t Z pì ants had some pol 'len mother cel I s (PMCs ) wi th

mult'ivalents at first meiotic metaphase so it was djfficult

to use that criterion (Sears, 1977) for the selectjon of phlb

homozygotes. The mean meiotic metaphase 1 configuration, on

the bas'is of 50 PMCs each, typical of most of the F, P'lants

was:

+ 17.00@ (r2-20) +1. 85

0.51

I*

III
(o-5) # + 2

(o-2) + o.o4IV

zdlx (0-6)

(0-1).

However, there were four plants which, on the bas'is of 50

PMCs each, had the f ol 'lowi ng mean conf i guratì on:

( 2-11 ) + 13.82@ (B-17 )2.92

0. 14

I

III
(1-5) + 5.2i[J

(o-1) + o.07IV (o-1).

III=trivalents, IV=quadrivalents ;
Q.D =cl osed ,bi val ents,

f =range.

+

* I=un'ivaì ents , LllJ =open b j val ents,
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Owi ng to the hi gher i nci dence of uni val ents and open

bivaìents 'in the PMCs from these four pì ants they were

considered probabìe homozygous phlb p'lants. The numbers of

wheat x Ae. variabjlis hybrids derìved from these four plants

and anaìysed for the level of meoit'ic paìring were eight from

plant BB4-9CP-2-1-15b, five from pìant BB4-gCP-2-1-14a and

four each from p'l ants 884-9CP-2-1-7b and 884-9CP-2-1-11a.

Al ì these 2l wheat x Ae. vari abi.l i s hybri ds had h'igh I evel s

of pa'iring at metaphase I (figure 14a). For comparison wheat

X Ae. vari abi I ì s hybrids 'involving four sÍb FZ p'lants

showed extremely low frequenc'ies of pairìng (figure 14b).

Assuming a 0.5 transmìssion rate of phlb through the eggs of

the tZ plants crossed to Aeqi l ops vari abi l i s the

probabi I i t'ies of the f our se:lected pl ants hav'ing been

heterozygous Ph1 b hib instead of homozygous (ph1b phlb)

are 0.0039 for 884-9CP-2-1-15b, 0.0312 for 884-9CP-2-1-14a

and 0.0625 for each of 884-9CP-2-t-7b and BB4-9CP-2-1-11a.

From the meo'itic ana'lyses of the four FZ plants

BB4-9CP-2-1-11a was found to be disomic for 6R and most

probab'ly monosomic for 6D, unless there had been a univalent

shift, since the total number of chromosomes was 43. The

othen three p'l ants were monosomì c for both 6R and 6D.

Th'irty-seven selfed seeds were collected from 884-9CP-Z-I-IIa

whereas the other three plants produced a total of t220

selfed seeds all of which are avaìlable to be screened for

recombÍ nat'ion products .
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Me'iotic configuration

variabilis hybrids.

(a) H'igh pairing

(b) Low pairing

in l.lheat X Aegilops
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the second approach seeds from crosses between the

Spring l'Jheat monosomics or double monosomics and

6R addition have been harvested and are avai'lable for

screening for double and triple monosomic Ftrs.
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8.4 Di scussion

The occurrence of multivalents 'in PMCs of many of the

tZ pìants at first meiot'ic metaphase could have resulted

from translocations in the phlb phlb mutant stock that was

used. The choice of the four probab'le phlb homozygotes on

the basis of h'igher.incidence of unìvalents and open

bivalents at mejosis (Driscoll et 31, 1979i G'iorg'i , 1983;

Yacobi and Feldman, 1983; Koebner and Shepherd, 1985) was

v'indicated by the meiotic configurations of Ft hVbrids from

the'ir test-crosses to Ae. variabilis. The probabilitìes of

error in the select'ion of phlb homozygotes are 'low (0.0625 -

0.0039) and the number of F, seeds available from the three

double monosomic plants (1220) provìdes a good chance of

obtaining some homoeologous recomb'inants.

Since it is reasonable to assume that 6R as a univalent

would pair more frequently with its wheat homoeologues than

when in a disomic cohdjtion, the 37 Fg seeds'from

884-9CP-2-1-1la could be sown for further crosses as males to

Sears' phlb phlb mutant line. A lot of F , seeds could be

produced which would be expected to be monosomic for both 6D

and 6R and homozygo us phlb phlb. Hence , it is possible to

increase the nunber of seeds for screenìng for homoeologous

recombinants. However, this should not be necessary.

Screening for recombinants

combi nati on of C-bandi ng and

could

i sozyme

be done

an al ys'i s .

bya

0nìy
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glutamate oxaloacetate transaminase. has been used in thìs

work for the identificat'ion of 6R but preliminary trials have

indicated that aconitate hydratase would be equal ìy

effective. In addition esterases, aromatic alcohol

dehydrogenase and dipept'idase may be successfully used. The

loci for all these isozymes are on the long arm of 6R wh'ich,

from the limited evidence presented ìn chapter 6, may carry

the gene for resistance to H. avenae. If, however, the short

arm is found to.be the critical arm, from tests scheduled to

confirm the arm locat'ion, then the locus of aminopeptidase

and the heterochromatic telomere may be rel ied upon for

selectjon of recombinants. Also one of the 'isozymes on the

ìong arm may be suffjcientìy close to the centromere to be

useful for monitoring recombination in the short arm if this

turns out to be the crit'ical arm.
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CHAPTER NINE

GENERAL DISCUSSION

It is dìfficult to quantify accurately the losses to

Austra'lian agriculture caused by the cereal cyst nematode owing

to jts occurrence with other so'il pests and pathogens and also

interactions of its effects with environmental factors.

Neverthe'less, the devastating effects of the nematode on cereal

crops i n Austra'l i a and other parts of the worl d are wel l

documented (Fushtey and Johnson, 1966; Cotten, 1970; King et al,

1982). The best method of control would be the use of good host

res'istance, especial'ly when associated with tolerance, in

conjunction with cultural methods like crop rotation. However,

the availability of onìy a sing'le gene for res'istance'in wheat to

the unique Australian pathotype is unsatisfactory. Moreover,

that gene i s not ef f ect'ive 'in keepi ng the nematode popu'l ati on

below the econom'ic injury level (F'isher, 1982). The resistance

to H. avenae present in the triticaìe l'ine, 170I-4-6, has been

shown in this thesis to be stronger than that jn the most

resistant wheat line, AUS 10894. W'ithout going into the

controversy over the genetic basis of durable resistance (sensu

Johnson and Law, 1975i Lamberti et al, 1983), it is reasonable to

suggest that, despite the monogen'ic inheritance and dominant

acti on of thi s strong gene i n T70I-4-6, 'i ts depl oyment i n

conjuncti on w'l th cul tural control measures coul d ensure

ìong-last'ing stab'ifity of the res'istance (de Ponti, 1983).
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Moreover, the re'latively slow multipìication rate and spread of

the nematode and also the avajlability of some alternative hosts

should lessen the dangers of 'break-down'of resistance. The

usefulness of th'is resistance gene outside Austraìia, however, is

yet to be establ'ished since the Australian pathotype of the

nematode is a unique one.

The use of the homozygous resistant trit'icale lines produced

in this study in any triticale breeding programme should provide

a good chance for the release of tritìcale cultivars with h'igher

resistance than is now available. Having orìg'inated from parents

wÍth considerable tolerance to the nematode it is very ìike1y

that these 'lìnes wjll also have good tolerance. The combination

of tolerance and resistance jn a sjng'le cultivar will give it the

advantage of normal yield during its first year of use in an

infested area, while still serving as a 'cleaning' crop and thus

benefittÍng subsequent jntolerant cultivars. The mutation of

wheat stem rust strain 34-2,L2 lo the virulent 34-2,1,2,I3 during

the course of this project is just ône more exarnpìe of the

f rust.rati on of combatt'ing a qui ckly changi ng pathogen . The

presence of resistance to straln 34-2112 and H. avenae in a line

like the one submjtted to the National Rust Control PrograrilTould

faciljtate progress towards muìtìp'le res'istance in a sìng'le

cultivar.

Rye cultivar

resi stant to H.

evidence of the

South Australjan has been known for years as

avenae but this thesis presents the fjrst known

location of a H. avenae resistance gene 0n a
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partìcular rye chromosome (6R). The probab'le location of the

resistance gene on the long arm requìres confirmation. The

presence of interstit'ial C-bands and loc'i of a number of isozymes

on the ìong arm (6RL) could facilitate mapp'ing of the res'istance

gene and characterisation of any future transfer chromosomes

involving the critical rye segment and a wheat chromosome.

An excelìent opportunity has been prov'ided by this work for

the use of rye resi.stance to the nematode in wheat cultivars 'in

the near future. This would be most welcome since years of

screenì ng have resul ted i n onìy a si ng'l e wheat I i ne wi th,

essent'ially partial, resistance to the pest. Chinese Spring

wheat will obvìously not be a good genetic background for the

depìoyment of the resj stance gene when a useful wheat-rye

recombì natj on i s eventual ly obtai ned. Its val ue i n cytogeneti c

analysis vvas given priority over its poor agronomic performance

in the select'ion for this project. In fact, even Aroona wheab

may not be the best possible genet'ic background avaiIable for use

since it is known to be intolerant to cereal cyst nematode

attack. Any useful recombjnant line would have to be used in a

backcross programrnuin which a tolerant wheat cultivar is the

recurrent parent. Recombination of 6R with 6D 'is considered most

probable sjnce they were both univalents jn three phlÞ_

homozygotes whose selfed seeds are available for screening.

However, recombìnat'ion with e'ither 6A or 68 js also possjble and

may be of sign'ificance in relation to the use of the gene in

durum wheats.



t29.

Expression of the resistance in the Aroona genetic background

was very good but there was a suggestion of incompìete epistasis

in the Chinese Spring background. 0nly tÍme wììì prove what

deleterjous or beneficial effects may be linked with the

resistance to H. avenae when transferred to wheat. Obviously the

lengths of the exchanged chromosome segments wilì be 'important.

A linkage map of wheat presented by Mclntosh and Cusick (1984)

showed a number of loci for wheat stem rust and leaf rust

res'istance genes on homoeo'logous group 6 chromosomes. The short

arm of 68 and the {-arms of 6A and 6D are also known to have

loci for g'l'iadin proteins which may have some relevance to

bread-making quaìity (Shepherd, 1968; Wrigìey and Shepherd,

Le73).

The unfortunate deterioration of the assay during the course

of the project slowed progress and led to some inconclusìve

results. The time required for the comp'let jon of a s'ingle test

(75 days) made repet'itìons very wasteful of time. It also meant

that experiments had to be set up often without wajting for the

completion of an earljer one. t^lhile the soil seems to be the

most ì i kely source of the probl em further i nvesti gati on i s

requìred to'ident'ify the specific factor(s) and rect'ifythe

s'ituat'ion. An experiment specif ical ìy desìgned to assess the

reaction of a single suscept'ibìe cultivar usìng the different

assays reported by other workers and the one used in this work

might have thrown s.ome 'light on the problem. However, al1 the

assays depend on maturation of the females and are e'ither of
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similar duration aS the one used in this work or take even

longer. Testing outside the laboratory uras restricted by the

seasons and with the short time left for completion of this study

it was not possible to investigate the alternative assays

properly or develop a new one.

I
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APPENDIX 1

ANALYSIS OF VARIANCE FOR DATA SUMMARISED IN TABLE

urce 0 ar a on

o s

Cereal cv./l ine

Inocul um Concentrati on

Cereal cv" X In. Conc.

Error

Tota'l

sign'if icant at 1 per cent ievel.

24.66**

0.55

I.27

**

L07

83. /r

259L.94

23.13

267.98

l7B7.t2

4753. BB

5

5

2

10

85

L6,7 4

5 18. 38

11.56

26.80

21.02

Mean Square5Sdf
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APPENDIX 2

ANALYSIS OF VARIANCE FOR DATA SUMMARISED IN TABLE ,Þ

ar a onurce

0c S

Soil on Base Tray (a)

Error (a)

Soil in Tubes (b)

Interaction, ab

Emor (b)

Inocul ation (c)

Interaction, ac

Interact'ion, bc

Interaction, qb.

Error (c)

Total

19.24**

4.97x

3.08*

2.63

2.34*

2.54*

1.56

*

**

sign'ificant aI 5/" level

significant at I% level.

215

54. 89

1286. 51

66. BB

61.48

38. 06

t2.36

35. 62

31.80

34.48

2I.16

13.54

27 4 .46

3859.53

1003.23

I22.96

228.34

494.48

71.23

190.84

137. 93

254.00.

1625.33

8262.33

5

3

15

2

6

40

2

6

4

t2

L20

Mean Square55df
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