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ABSTRACT

Resistance in barley to the Australian pathotype of Heterodera avenae Woll.

was studied under growth room conditions.

If a sufficient number of barley cultivars were tested to infection with f/. avenae

the reaction showed a continuous range from highty susceptible to highly resistant. At

the level of ten females per plant, the cultivars could be separated into susceptible and

resistant groups. The group of cultivars with less than ten females per plant included

Athenais, CI 8L47, Marocaine, Nile, Morocco and Orge Martin. In the first four

cultivars a single major gene is known to control the development of the females and this

has been confirmed. In Morocco and Orge Martin there were two major genes

conditioning the resistance.

Genetic analysis showed that the resistance in Athenais, Nile and Morocco is

controlled by different genes. The resistance in CI 8147 and Morocco was also

controlled by different genes. In Athenais and Marocaine the gene conditioning the

resistance is not the same but it is probably closely linked.

There was an association between head type and resistance to H. avenae ín

Athenais, Marocaine and Nile but not in Morocco and Orge Maftin.

Results on the response of host to infection with É1. alenae showed that the

resistance in Morocco reduced both the numbers of larvae established and females

developed in the roots, while in Galleon it reduced the number of females but not

established larvae. The type of roots available for nematode! infection also had a

significant effect on the number of females produced on a host.

Populations of .F1. avenae were cultu rea rcpea/ædly on barley cultivars with

and without resistance genes over three generations in pots under glasshouse
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environment. On the r"rirt*& cútivar Galleon there was no change in virulence in the

H. avenae populations.

The growth and yield of barþ cultivars at different initial population densities

of H. avenae 1¡rrrder a glasshouse environment indicated that athigh initial densities the

cultiva¡s differed in response to initial density and this may be due to tolerance.
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CHAPTER 1

INTRODUCTION

The cereal cyst nematode (Heterodera avenae V/oll.) is an important pathogen

of wheat, barley and oats in most temperate areas of the worlcl. A native of the

Middle-East, it was probably carried to Europe with the early movement of cereals and

was fint recognized as a pathogen of cereals in L874 in East-Gennany (Kuhn, I874),

but is now recorded in continental Europe, the British Isles, USSR, U.S.A, Canada,

North Africa, Israel, Peru, India, Japan and New Zealand (Ritzema Bos, 1891; Hansen,

1897; Theobald, 1908; Filipjev, 1925; Putnam & Chapman, L935; Cameron, L946;

Dehn$, 1953; Mezetti,1953; rchinohe, I954;Minz, 1956;Krusberg & Hilschmann,

1958; Prasad et al., 1959; Hirschmann et al., L966; Jensen et al., 1975; Grandison &

Halliwell, 1975). In Australia, it has been present since the early nineteen hundreds

@avidson, 1930) and may have been transported from Europe or Britain with the

intoduction of cereals. It is largely confined to South Australia and Victoria (Ir4eagher,

L972), although it has been recorded in Western Australia (Parkin & Goss, 1968) and

New South Wales (Mclæod, L969).

H. avenae has been known for manl' years as the cause of yield loss in cereal

crops (Gair, 1965; Kort, 1972); but it is only in the last 15 years that serious economic

losses due to this pathogen have been recogntzed @itter, L982).In the United Kingdom,

tlre average annual loss caused by H. avenae, is estimated to exceed f 2 million

(Cotten, L970a).In Australia, with more extensive areas infected, iosses in yietd of up to

3AVo have been recorded in barley (Sparrow & Dube, 1981) and in wheat from 0.39 to

one lha (Rovira & Simon, 1982). 'With more than two million hectares in Victoria

(Meagher, 1968) and South Australia (Rovira, t9ff+oviræc¡-aL- l98l) infested by H.

WAIïE iI.IS'|ITUTE

LIBi||ARY

_/'t./4,

avenae, the estimated annual loss in wheat production is 479,000 tonnes

198la) or a value of U.S. $ 70 million (Brown, f984).

(IJrown,
try-
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Control of this pathogen is difficutt because it occurs across such large a¡eas and

it has, as host, the three important cereals - wheat, barley and oats - in the South

Australian agricultural system. The use of non-host crops, such as natural pasture or

legumes in crop rotation markedly reduced nematode populations (lr4iükan, 1938). Most

farmers in the southern wheat belt derive their income from the production of both sheep

and cereal grains, but at the present time rotations that include a long pasture phase are

unpopular with growers who want to intensify their cereal cropping (Brown, 1982;

1984). The economic pressures of modern agriculture, which require three cereal crops

in four years, have meant that rotational crops no longer give adequate control.

The introduction of nematicides (Gurner et al., 1980) while currently

satisfactory and economic, can only be regarded as an interim measure. Increasing costs

of the chemicals and their application and decreasing prices for cereal grains in the world

market probably means that there is a limited life to the use of chemicals in the

agricultural system. The use of these toxic cliemicals over an extended period even at

low concentration, must be viewed with apprehension.

The use of resistance to control the nematode is a much more desirable approach

particularly in the long term in Australia where only one pathotype has been recorded

@rown, 1969; 1974;1982; O'Brien & Fisher, 1979), Two resistant cultivars have been

released recently, one - the barley Galleon in South Australia, has become a popular and

successful cultivar (Spanow & Dube, 1981); the other - the wheat Katyil, has been

unsuccessful in Victoria (Brown, 1984). Galleon was leleased in 1981; although it is not

suitable for malting its yield potential and disease resistance made its release as a feed

cultivar imperative, and it was expected to become an important component in the

integratedcontrol of H. avenae (Sparrow &Dube, 1981). By 1985, itrose to occupy

about 40Vo of the South Australian barley area or 0.47 million hectare,s (Sparrow pen.

comm.). Katyil bred specificalty for resistance to H. avenae (Brown, 1984) has been

unpopular because of its low yield potential.



3

Apart from their ability to control populations of I/. avenae, resistant cultiva¡s

must also have the desired agronomic qualities and the potential to outyield current

cultivars, otherwise growers will have little incentive to grow them. To avoid such

failure, it is necessary to know and understand as much as possible about all aspects of

the resistance to H. avenae. As resistant cultivars become more important in the

integrated control programs of H. avenae, it is essential to understand the genetic basis

of resistance because for an efficient breeding program, a knowledge of the inheritance

of resistance is necessary.



4

CI{APTER 2

LITERATURE REVIBW

2.1 The host-parasite relationships of plant-parasitic nematodes

The invasion of host tissue by parasites initiates a complex and variable

developmental pattern between the host and the parasite. The interaction between host

and parasite is determined by several factors. Differences in the physiological responses,

morphological structures and nutritional status of host genotypes could affect their

susceptibility or resistance to invasion; similar variation in parasites could influence their

growth rates and virulence. Physical en'¿ironment, timing and level of ^,rfestation could

also affect the interaction between host and parasite (Webster, 1969; Loomis & Adams,

1983).

A pre-parasitic or pre-infectional relationship with the host occurs in some plant

parasitic nematodes. The eggs of some species of Heterodera and Globodera aÍe

stimulated to hatch by exudates from the roots of host plants (Wallace, 1965), e.g.

hatching of H. goettingiana is stimulated in soil by the presence of host roots (Jenkins &

Taylor, L967), and potato root exudates stimulate a rapid hatching ín G. rostochíensis

(Webster, 1969). While in the main, hatching is stimulatecl by exudates from host plants

there are exceptions. Pea root exudate stimulates the larval emergence of H. schactii,

but these nematodes do not feed or develop on pea roots (Webster, 1969). G.

rostochíensís is also stimulated to hatch by some non-host clones of Solanutn

tuberosum ssp. andigena (Wíllíams, 1978). Somepopulations of lf. avenae andH.

glycines are not known to respond to any l'oot diffusates (Jenkins & Taylor, 1967) but

Williams & Beane (1979) showed that some populations of these nematodes Co rcspond

to root diffusate. Some other root exudates have a nematicide action, i.e. exudates from

raspberry cane are toxic to Inngidorus elongarus and decrease the soil 1xr¡lulation of
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this nematode (Taylor & Murrant, 1967). Tagetes sp. (Oostenbrink et al., 1957) and

Asparagw fficirwlis (Rohde & Jenkins, 1958) also contain compounds that are toxic to

nematodes.

The simplest relationship between nematodes and theil hosts probably is that of

the migratory ectoparasites e.g. Py'rarylenchus spp. and Tyíenchorhynchus spp.

(Jenkins & Taylor, 1967). These nematodes move freely about the root surface, feed on

root hairs and epidermal cells near the root tip; except for overall stunting of the root

system, they cause little effect on host-plant growth through nutritional competition,

although they may decrease water absorption in young seedlings (Kirkpatrick et al.,

L964). Much more complex are the host-parasite relationships of the sedentary

endoparasites such as Heterodera spp. and Meloido7yne spp. The hatched infective

second stage larvae of these gencra enter the host root at the roo, 'ip (Johnson &

Fushtey, 1966), assume a feeding site and become sedentary; all the subsequent

development takes place within the roots of the host plant (Jenkins & Taylor, 1967). H.

avenae spends the greater part of its life cycle within the root tissue of the trost plant and

completes one generation a year. It carries over from one season to another as a brown,

egg-containing cyst. The cyst is tough and resistant to desiccation and high temperature

@ube et a1.,1979). Each cyst usually contains 200-250 eggs, although a very full cyst

contains over 600 eggs (Andersen, 1961; Banyer & Fisher, I976). The adult male of É1.

avenae is vermiform and free living, whereas the adult female is sub-spherical and

immobile. Following fertilization, the female lays embryoffa 
"ggr; 

when the female

dies, its body wall hardens to form a lemon-shaped, brown cyst (Shepherd, 1965). Its

life cycle in Australia is adapted to the cereal growing season (Fig, 1), with hatching

coinciding with the sowing of the cereal crop (Banyer & Fisher,I9Tla; 1972). Eggs of

H. avenae start to hatch after the bre¿Llc of season in April-May, maximum rate of

hatching is reached at the end of May and hatching is complete by early July.

Approximately 85Vo of eggs hatch each year (Fisher, pers. comm.), while the remainder

stay dormant in the cyst and carry over into the following year.Heavily infested root



Figure 1. Life cycle of cereal cyst nematode (Heterodera avenae) ín

relation to time of year and current farming practices in

Australia @ube et al.,1979).
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systems are deformed, short, abnormally branched and shallow (Andenen, 1961; Goss,

1967). These malfunctioning root systems cause typical above ground symptoms of

stunting, chlorosis, reduced tillering and reduction in yield (Jenkins & Taylor,1967).

When the nematode larvae reach the host they usually penetrate near the growing

point of the root (Johnson & Fushtey, 1966). They penetrate the superficial root cells

by means of the mechanical thrusting action of the stylet (Jenkins & Taylor, 1967). The

presence of the parasite may induce the host to produce compounds which activate

enzymes of the parasite which in turn break down host compounds leading to the

production of an environment suitable for parasite growth (Rohcle, 1965). When cyst

(Heterodera spp) and root-knot (Meloidogyne spp) nematodes establish permanent

feeding sites in host roots they induce the formation of enlarged syrnplastic structures

called syncytia and giant cells, respectively; these structures are esse..ial for a successful

host-parasite relationship of these species (Barrod ß40; Christie, I949;Peacock, 1959;

Dropkin & Nelson, 1960; Webster, 1969). The giant cells and syncytia are produced by

the break down of cell walls (Endo,1962), incorporation of cytoplasm and enlargement

of nuclei (Krusberg, 1963) to form a large, multinucleate transfer cell that supplies

nutrients or metabolites essential for the normal development of the nematode (Giebel,

1982). Giant cells are initiated by M. íncognita larvae within a few days in tomato roots

(Bird, 1961). Giant cells induced by the root-knot nematodes, Meloidogyne spp,

usually occur in the form of a cluster of multinucleate cells near the lip region of the

nematode. Ilyperplasia and hypertrophy often surround the region of infection and

usually cause galls to be fonned terminally or subterminally on the infected root (Endo,

l97l). Syncytia induced by the cyst nematodes, Ileterodera spp, usually are elongate

with the ends merging with normal tissue and each syncytium is generally associated

with only one larva @ndo, l97l). Flost reaction is necessary for continued development

of the parasite. Failure of the ffansfer cell (syncytium) to develop or function as a source

of food for the nematode will result in its death (Seinhorst, 1961).
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Common antigenic properties appear to be a feature of compatible host-pathogen

interaction between M. hapla and cotton and soybean (McClure; Misaghi & Nigh,

Ig13).Jones 
'et 

al.,(1981) suggesterJ that interaction betweenGloboder¿ spp and potato

depends on the compatibility of the nematode saliva and host-cell cytoplasm' Both host

and parasite have genetic mechanisms for recognition and it is this mechanism that

determines the interaction (Nelson, L977). Most published work on the genetics of

host-parasite interaction is concerned with fungal pathogens. Relatively little work has

been done on the genetics of other plant parasites, such as nematodes, but what is

lorown about them suggests that in their interaction with their hosts, they are remarkably

like fungi (Day, lg74). According to Ellingboe (1976) genetic interaction between hosts

and parasites follows a quadratic check pattern. When a host and a parasite interact, the

presence or absence of the hosr g€11o combined with the presence or absence of the

parasite gene gives four possible interactions, only one of which leads to a unique

susceptible phenotype. If more than one pair of host-parasite genes are involved, the

interactions follow the pattern described by Flor (1942,1955,1971; Schwarzbach, 1981)

that for each gene that conditions resistance or susceptibility in the host there is a

corresponding gene conditioning virulence or avirulence in the pathogen. Thus a host

with a particular resistance gene is susceptible only to a parasite that has the

complementary gene for virulence, regardless of other virulence genes present

(Schwarzbach, 1981).

Jones (1g74) suggested thatagene-for-gene relationship might exist between

potato cyst nematodes and resistant potatoes, i.e. between Globodera rostochiensis

(Rol) anC Solatrum tuberosum ssp. andigena withresistance gene Hl, anri between G.

pallida (pa1) and .S. tuberosum ssp. tnultidíssectum with the resistance gene H2.

\4a1es of all genetic constitutions (NN, Nn, nn) can mature in the roots of resistant

plants, but only recessive females (nn) can mature (Jones et a1.,1981)' There is no

information available on the barley - H. avenae systems. Cook et al., (1978) observecl

that a mixed population of British pathotypes 3 and H.aIZ was abie to produce cysts
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+Le ßlla-ir'_q ï€a.ç
Sabarlis (Ha2), but their progenies failed to develop on Sabarlifl It has be"en'suggested

that the ability to overcome resistant geneiHa2 & no, stable in mixed populations and

thís may be due to hybridization, with British pathotype 3 characters recessive or F1

progenies not viable. British pathotype 3 was originally recognised by Cotten (1967) as

an H. avenae pafhotype, but Cook (1975) has found it to be morphologically distinct.

2.2 Breeding and resistance to cereal cyst nematode (Heterodera avenae)

in barle.y

The CCN (cereal cyst nematode) problem in temperate cereal areas is sometimes

not obvious to the casual observer-;rd may tend to be overlooked or be given a different

explanation (Cotten, i970a). As with other nematodes (l\tlai, 1977), it may be present in

a particular area for sometime before it becomes a serious problem. From the first

introduction of the nematode to an area, it may take twenty years to develop to a level

causing economic damage (Mai, 1977): dispersal to neighboring areas may also be slow

unless aided by wind (Meagher, 1968; 1972; 1977; L982). In Australia, CCN has

become widely distributed throughout the southern cereal belt, largely as the result of

movement of cysts by wind during the turbulent dust storms that occur periorlically in

this region (Meagher, 1968; 1972; L977; 1982). Other important factors that regulate the

rate of increase of the nematodes include, host, crop-rotation, seasonal condition, soil

type and fertility (Jones & Kempton, 1978). Thc effect of CCN on crop yield will

depend on the host, population in the soil, type of soil, lveediness and rainfall @ube er

al., 1979).If susceptible cultivars are to be grown, the control measures must include

resistant rotation crops, resistant cereals and fallow (Sparrow & Dube, 198l). The more

resistant cereals that are available, the less dependence there is on alternative means of

control.



o

Rohde O96l) noted that resistance is any characteristic of a plant or any

interaction between host and parasite which retards or prevents the occurrence of a

parasitic relationship between the plant parasitic nematode and its host. Resistance to

nematodes may be due to the production of toxic root exudates, lack of nematode larval

attractant or egg hatching stimulation in the exudates, a barrier to penetration or a failure

of nematode to develop within plant tissue (Jenkins & Taylor, 1967; 'Webster, 1969).

The roots of cereal plants do not seem to have characteristic anatomical or chemical

barriers to entry by larvae of II. avenae. Similarnumbers of II. avenae larvae can

invade roots of resistant plants as readily as those of susceptible plants, and development

continues normally at least until the fburth moult, when in resistant plants female

development breaks down (Cotten & Hayes, 1969; 'Williams, 19iA; O'Brien & Fisher,

1978; Empson & Gair, L982).In the resistant barley cultivar 'Sabari.s' development of

larvae stops at the third stage, while a few individuals, mostly males, continue to reach

maturity (Rivoal, 1976). I{istological study of the cultivar 'Sabarlis' showed that

invading larvae of H. avftnae stimulated the initiation of giant cell feeding sites, but

subsequently the cytoplasm of these cells became sparse and vacuolated (Cook, 1974),

and failed as a source of food for the developing nematode. The lack of suitable food

could disturb nematode ontogeny and increase the ratio of males to females (Christie,

1959; Dropkin & Nelson, 1960). A high ratio of males to females seems also to be a

characteristic of H. avenae in resistant wheat (Brown, 1974). Since there is no

published data on sex reversal in H. avenae (O'Brien, ßlt),it can only be assumed

that at times of nematode competition for space and food, female larval development is

restricted and the lawae rnay die, resulting in a sex-dependftnt death rate during

development which alters the sex ratio (Trudgill & Parrott, 1969; Ross & Trudgill,

1969).

Resistance to H. avenae does not prevent invasion of the root system, but few

or no cysts are produced (Empson & Gair, 1982). The proCuction of few cysts on

resistant plants has been used by plant breeders to select resistant cultivars in which the
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nematode has a reduced capacity to reproduce (Sparrow & Dube, 1981). The

development of resistant cultiva¡s may involve ten to twelve years of work and screening

of several thousand breeding lines if resistance has to be transferred initially from an

unadapted or wild source ([Ioward & Cotten, 1978). Genetic studies have indicated that

resistance to H. avenae is usually simply inherited (I{oward & Cotten, 1978); and in

barley resistance appears to be controlled by single major genes (Cotten & Hayes,

1969). At presen! there are at least three genes known for resistance in barley (Andersen

& Andersen, 1970); Hal present in cultivars Fero and Drost (Cook & York, 1982),Ha2

in barley No.191 (Cotten & Hayes, 7969; Andersen & Andersen, 1973) and Ha3 in

culdvar l\tlorocco (Cook & York, 1982). Barley cultivars developed with resistance to

CCN are now becoming available to growers. These include the European spring barleys

Ansgar, Sabarlis and Tyra whici, irave resistance to pathotypes 1 and 2 derived from No.

191 (Floward & Cotten, i978) and Galleon resistant to the Australian pathotype which

presumably inherited its resistance from the Egyptian cultivar CI3576 (Sparrow, 1979).

Commenting on work with Meloídogyne species, Fassuliotis (1979) observed

that there were probably as many techniques as workers, and this is also probably true

for Heterodera avenae testing ( Cook & York, 1982). There are several different assays

for testing for resistance to H. avenae used in different laboratories. While the optimal

conditions for selecting for resistance may not vary, there are other practical constraints

and choices influencing selection techniques (Cook & York, L982).Infested soil with

the level of infestation between eight to ten eggs per gram of soil, in clay pipes, plastic

bags or glass tubes (Andersen,196l;1963; Andersen & Andersen, 1982) or in pots,

with initial nematode densiry around 50 eggs per gram of soil (Cotten, 1967; Cotten &

Hayes, 1969; Hayes & Cotten, 1970; Cook & York, 1982) give reasonably good

results; but the number of females counted varies considerably from experiment to

experiment (Andersen, 1963). Other workers have adopted agar grovring media to study

the resistance to H. avenae (Brown, 1974; Rivoal et al., 1978). Test tube method with

mono-axenic culture. and agar medium using a single cyst as inoculum offers a relatively
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simple way of screening for resistance and studying of nematodes @rown, 1974; 1977).

But since densiry of nematodes in inocula has been a major source of variation (O'Brien

& Fisher, 1974) and hatching from cysts can be unpredictable, it would seem preferable

to use hatched larvae as inoculum (O'Brien, 1976). By using polyvinyl chloride (p.v.c)

tubes to grow the plants in a controlled enviroment and a standard number of freshly

hatched larvae as inoculum, O'Brien & Fisher (1977) were able to reduce the variation in

reactions within the test cultivars and they obtained large differences in the number of

females on the roots of susceptible and resistant cultivars.

Methods for counting the final number of females developed on the test plants

also var#. Cotten (1967),Brown (1g74) and O'Brien & Fisher (1977) counted the

total number of females developed on a plant after washing the whole root system free

from soil; the females were collected on a fine sieve and t unrf"fa to a counting dish.

Andersen (1963) counted the number of females through the glass wall on plants grcwn

in tubes and for plants grown in plastic bags the number of females was counted on the

surface of the root ball. Different laboratories use different method to classify plant

reaction into resistant or susceptible. Cotten & IJayes (1969) computed the 95Vo

conflrdence limits of the square root transformation of reactions of the susceptible parent,

and the resistant parent combined with that of the Fl population to objectively allocate

the reactions of F2 plants to resistant and susceptible classes. Andersen & Andersen

(1970) used Sun II oats and Herta barley as control cultivars. A plant with numbers of

females less than 5Vo of the number of females on the conúol cultivars was considered as

resistant. O'Brien & Fisher (1974) used a resistance rating modified from Brov¿n &

Meagher (1970) based on the number of females produced per plant as iollorvs :

.Females per root system : Reaction

0

1-10

11-50

>50

1

2

3

4

Resistant

Moderately resistant

Susceptible

Very susceptible
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Backcrossing is the ciassic system of introducing a single gene from a donor

cultivar to improve a locally adapted cultivar which is used as the recuffent parent in a

series of backc.rosses (Brown & Ellis, 1976; Brown, L977; Sparrow, 1979). The system

depends upon identification of F1's which are heteroz.ygous for the desired gene, in this

case of resistance to H. avenae, which is dominant over susceptibility (Spanow, 1979).

With the method developed by O'Brien & Fisher (1977) it is possible to screen

for resistance before anthesis (Sparrow, 1979). The plants are grown in a controlled

enviroment and are assessed two months after the last inoculation (Fisher, 1982b),

resistant F1 plants can be grown on and further backcrossed to the recurrent parent.

Selection of homozygous resistant lines was made after the second and third backcross

to reduce the chance of losing modifîer and other useful genes from the donor parent

(Sparrow & Dube, 1931). An arbinary demarcation of resistance was set at five white

females per plant (Sparrow, 1979).

There is evidence that resistance to H. avenae could be affected by sorrre

environrnental factors. Temperature has been reported to affect the levels of resistance

and susceptibility. f"r.of&Stúîlinuutt (lglg)suggested that the resistance of barley

P.3122 to the French pathotype 2 may be overcome at temperatures of 23"-25"C. In

Australian tests, the wheat Aus 10894 had 0.7 cyst/plant in the field at mean soil

temperature 14'C but 10.7 cysts/plant i¡ glasshouse test at an air temperature of 17"-22'C

(Cook & Mcleod, 1980). I{owever, Rovira (1982) found that II. avenÕe caused a

severe root stunting on wheat gfown at a soil tempeiature of 1.0"C but not at 15'C.

In Australia, the presence of only one pathotype of H. avenae (Brown, 1969;

O'Brien & Fisher, 1979) has made breeding for resistance less complicated than in

Europe, the United Kingdom or India, where several pathotypes are present, and often

occur in mixed populations (Swarup et al.,1979; Andersen & Andersen,1982; Cook &

York, 1982); in these countriss it may be necessary to use the lesistance from several

sources to provide a more effective control of this pathogen. Inco¡poration of genes for

resisúance to more than one pathotype within a species, is possible. Resistance to two
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pathotypes of H. avenae has been incorporated into barley cultivars at several European

plant breeding centres (Cook, 1974).It may also be necessary to find and develop

alternative sources of resistance to prevent the development of resistance-breaking

pathotypes when growing resistant cultivars extensively. However, the spread of a

soil-born pathogen lilce H. aveturc is generally slow, and provided wind dispersal is not

a serious way of dissemination, new pathotypes would not be disseminated rapidly

compared with the spread of diseases involving air-borne fungi, and therefbre, resistant

cultivars should remain effective for relatively long periods (Cook, L974; Russell, 1978;

Lamberti & Taylor, 1983).

2.3 The ínheritance of resistance ta Heterodcra avenae in barley

2.3.1 Heterogeneity in II. avenae populations

The existence of pathotypes in H. avenae was first demonstrated by Andersen

(1959; 1961); further work in Britain (Cotten, 1963; 1967; Fiddian & Kimber,1964;

Saynor, 1975), Netherlands (Kort et al., 1964), Germany (Lucke, L976), Sweden

(Walstedt, 1967), Norway (Stoen, 1971) and France (Rivoal, 1977) has confirmed the

wide spread occurrence of pathotypes of 11. avenae differing in pathogenicity. Andersen

(1959) demonstrated that the Danish populations consisted of two pathotypes of H.

avenae. In the Netherlands, Kort et al., (19641 isolated four Dutch pathotypes. In

Australia, only one pathotype is known and it differs from the European pathotypes

(Brown, 1969; Brown, 1974; O'Brien & Fisher, 1979; Andersen & Andersen, 1982;

Brown, 1982). In France, Rivcal (L971) reported the presence of four French

pathotypes. In India, Mathur et al., (L974) found five populations of H. avenae

differing in their virulence, and a later investigation! by Swarup et al., (L979) indicated

the presence of even more pathotypes.
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Essentially, populations of H. avenae can be divided into three groups

(Andersen & Andersen, 1982) :

1. Those to which a number of 'West European cultivars, including Fero, Drost,

Ortolan and Alfa are resistant, have been designated pathotype 1.

2. Populations able to break the resistance of Fero, Drost, Ortolan and Alfa, but

are unable to reproduce on No. 191 and Siri have been designated pathotype 2.

3. Populations able to break the resistance of No. 191 and Siri, but unable to

reproduce on Morocco have been designated pathotype 3; these populations possibly

consist of more than one type.

Andersen & Andersen (1982) suggested a two figure system to distinguish

different pa.thotypes. The fîrst figure identifies pathotypes within a group and the second

figure the group as designated alove. Thus Hal1 is the first pathotype in group one

avirulent on the gene Hal.

Pathotype study has made it possible to identify different sources of resistance

in barley and their intenelationships. However, one of the problems has been to relate

the different pathotypes in different countries i.e. the f,rve in Netherlands, four in France,

three in the United Kingdom, two in Denmark, two in Sweden, one in Australia and the

possible five in India. In countries such as Norway and Germany, where the nematodes

occur, the pathotype positi'rn is not known. Andersen & Andersen (1982) have

attempted to relate the pathotypes in different countries on the basis of their relation to the

barley genes Hal and Ha2 from Drost and No.191, respectively (Iable 1).

Person-Dedryver & I)oussinault (1984) reported that Fr4 is similar to

Anclersen's pathotype Hal}, but the Fr2 and Fr4 pathotypes differ from each other as do

Fr3 and Ha11. A group of pathotypes, inciuding the Australian pathotype are virulent

on both the IIal andÍIa} genes and therefore differ from most European pathotypes.

This group is avirulent against the gene Ha3 from Morocco. \Mithin these groups, further

separations are possible using genes fiom difTerent sources. There are insuff,rcient genes

for resistance in wheat to attempt to separate pathotypes in relation to this host and in



5

Table 1. Reaction of barley cultivars to pathotypes of H. avenae (modified after

Andersen & Andersen, 1982).

Pathotypes

1

Group of pathotypes 2 3

Pathotype no. Ha11 Ha2I Ha31 Ha41 Ha51 Ha61 H:al2 Ha13 Ha23 Ha33

Classification

1

Dutch
French
British
Danish
Sweden

A
Fr3
B1
D1
S1

D EB C
FrZ-Fr4
B2
D2
52 Aust

Frl
B3

Cultivars:

Varde/Emir
DrosUOrtolan(Ha1)
KVI- 19l/Siri(Ha2)
Morocco (Ha3)
Marocaine 079
Bajo Alagon 1-1
Herta
Martin 403-2
Dalmatische
LaEstanzuela
Harlan 43
Athenais
cr3726
cr 3780
cr 4226
cr 8147
Nile
Orge Mafün
Rika cb 545
Fero cb 917
Quinn CI 1024
cr 3515
IBDN 61 No. 14
L62
Osiris
Ogalitsu
Rabat

SS
RR
RR
RR
RR
R
SS
R
(R)
R
RR
R
R
R
R
lì
R
R

RR
RS
SS
RS
S
R
R
R

S
S
R
R
R
R
S
R
S
Rp
R/Rp
S
S
R
S
S
R
R

S
R
S
S
S
S
S
R

S
R
S
R

R

i{
S

R
R
R

R

S
S
S
R

R

S
S

S

S
S
S
(R)
(R)
S

s
(R)
R
(R)

s
R
s
R
R
R

l
Rp

-

S
S
S
R
R
S
S
R
S
S

R

-

R

l

S
S

:

S
R
S
R
S
R
S
R
R

3
R
R
S

R.

s
R
R
S
R
R
R

S

Note : S = SuSgeptible, R : resistant, (R) - nroderate resistant, Rp : partial resistant,
- = lto observation, Aust = Ausfralian pathotype.
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oats the situation is still confused (Cook, 1975). More information is needed for the five

or more pathotypes in India to compare them with those in the rest of the world. Much of

the resistance to 11. avenae has been found in barleys from North Africa (Morocco,

Tunisia, Egypt), and so study of the variation in nematode populations in that area would

be worthwhile.

In potato cyst nematode (G. rostochiens,rs) populations, Jones et al., (I967),by

using computer simulation techniques, predicted changes that could be expected under

the growing of resistant potato genotypes. He suggested that the useful life of

monogenic resistant varieties would be prolonged by alternating resistant with

susceptible cultivars. G. rostochiensís in England exists in a mixed population. The

resistant genotypes have selecteC 'he aggressive individuals from the population after a

few generations (Fisher, pers. comm.).

The situation with 11. avena,e differs in some important aspects from G.

rostochíens¡s. Virulence in H. avenae appears to be dominant (Andersen, rc61), tne

nematode does not require a hatching factor but it is carried. on other hosts common in

rotations. Consequently preclictions and experience obtained regarding the long-term

effect of growing nematode resistant potatoes will not necessarily apply to the effect of

growing resistant barley on infested soil. However, ín the short-term, results on cereals

show that not only do the resistant genotypes outyield comparable susceptible genotypes

in heavily infested soil (Cotten, 1970b), but that they also decrease nematode

populations in the soii and consequently have a beneficial effect on the yield of

susceptible crops grown in the following season.

2.3,2 fnheritance of resistance to Í1. avenae

Study of the inheritance of resistance of plants to nematodes could lead to a

better undentanding of the nematodes, their host plants, or the relationships between the
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hosts and the nematodes. Resistance of plants to nematodes can be far better utilized if

the nature of inheritance of this resistance is known. Unlike u,heat, there are several

sources of resistance in barley to H. avenae. The fitst evidence of resistance was

recorded n 1920, when Nilsson-Ehle found that cysts failed to develop on the roots of a

number of Swedish barley cultivars (Hordeum vulgare L. : Primus, Svanhals and

Chevalier) (Andersen, 1959). Resistance in the cross Chevalier x Gull was dominant in

the Fl generation, but due to technical difficulties, the nature of the genetic mechanism

of the resistance in the F2 and F3 generations could not be determined (Nilsson-Eh1e,

1920).

Before the occurrence of pathotypes ín H. avenae was r:ecognized, incomplete

resistance or moderate susceptibility in some barley and oat cultivars had been reported.

A barley cultivar can be resistant to one pathotype but susceplible to another. Some

cultivars are completely resistant with no cysts on their roots, while other resistant

cultivars allow the development of some cysts (Andersen & Andersen, 1970).

Resistance to pathotvpe 1 was found in many barley cultivars, e.g. in Drost; resistance to

both pathotypes 1 and 2 was found in cultivars Nos. 14 and 191. Drost and No.191

were susceptible to the four Dutch pathotypes but Morocco and lvlarocaine were

resistant. Resistance io the Australian pathotype was found in thc cultivars Athenais, CI

8147, Marocaine 079, Morocco, and Nile (O'Brien et a1.,7979), but Drost, Ortolan,

No 191 and Siri were susceptible @rown & Meagher,1970).

The recommendations for nomenclature of genes for resistance in barley is Ha[,

for the gene for reaction to H. avenae,locus 1 (Anon., 1931). Where alleles are

identified, a capital initial letter represents a dorninant, and a lov¿er case a recessive allele

(Cook & York, l9BZ).

Unlike in wheat (Cook& York, 1982) resistance to H. avenae ltas been found

in several barley cultivars. Genes at a minimum of three loci (Ha1, Ila2 and I{a3

according to Andersen & Andersen, 1970) have been identified in barley (Cotten &

Hayes, 1969); these genes are inheritecl as monogenic dominant.
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The resistance genes Ha2 (Cotten & Hayes ,1969; Andersen & Andersen,1973)

and Ha3 are located on the long arm of barley chromosome 2, closely linked with each

other, and may even be alleles at the same locus (Andersen, 1976), but both }{a2 and

Ha3 are not linked with Hal (Cotten & Hayes, 1969; Andersen & Andersen, 1970).

According to Andersen & Andersen (1982) the gene Ha2 is epistatic to Hal. The

location of Ha1 has not yet been determined, though there is an indication that it may be

on the short arm of barley chromosome 2 (Cook & York, 1982).

The origin of the gene Hal is not clear, but it is found in a number of Danish

and German barleys (Cook & York, 1982). This resistance was first recognized by

Nilsson-Ehle (1920) in cultivars Chevalier, Hanchen and Primus. Pathotype

Hal-virulent populations are common throughout north-western Europe (Cook & Ycrk,

1982). This gene is useful in Scandinavia and Germany where pure pathotype

Hall-populations occur/, but of little use in Britain where pathotype HaI2, virulent on

Hal, predominates (Saynor, 1975). The resistance gene Ha2 introduced by S. Andersen

from the barley cultival No.lgl of unknown origin has been widely used in resistance

breeding in Europe (Cook & York, 1982). The resistance gene Ha3 is present in the

cultivar Morocco of North African origin and is effective against pathotypes Ha11,

Ha51, Ha6l,Hal2 and Ha13 (O'Brien et al., L979; Cook & Yo¡k, t982).

There are other sources of resistance in barley which are yet to be conf,rrmed,

like the HaEmir type, the resistance in cultivar La Estanzuela (Cook & York, 1982) and

Harlan 43 (Cook & York, ßgä.La Estanzuela and Harlan 43 areresistant to British

pathotype 3, but both are partially resistant to pathotypes Hal1 and }JalZ (Cook &York,
AL

196; Cook, 1915; I982).It has been suggested that the partial resistance in Harlan 43 is

controlled by a single recessive gene (ìayes & Cotten , ß77).The IfaEmir type resistant

to pathotype Ha51 occurs in a number of north European cultivars, but there is no

inforrnation on the genetic control of this resistance gene. Pure HaEmir-avirulent H.

avenae populations a¡e found in Norway, Netherlands and India, but have not been

found in Britain (Cook & York, L982).
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Complementary gene, HtO".n reported responsible for the resistance in Siri ,

Ortolan, P 3l-322-l and Vogue to the four French pathotypes, and,th*t these genes

differed from the Hal and Ha2 genes described by Andersen & Andersen (1982)

(Person-Dedryver & Doussinault, 1984).

2.4 The relation between nematode population density and plant growtlt

and yield

According to Barker & Olthof (1976) the fundamental quantitative relationships

between plant parasitic nematodes and growth and yield of annual crops are primarily a

function of pre-plant densities. The initial density of nematodes required to cause

significant plant damage and yield loss varies with nematode species. For those

nematodes which complete several generations ayeu, have a large potential for increase

and may multipty more than a thousand times within a growing season (Jones &

Kempton, 1978) low initial numbers can often cause severe damage on the host plant

e.g. Meloídogyne spp ou tobacco (Ferris, 1972; Rickard, 1973) or tomato (Barker er

aL, L976). For those nematodes which multiply only once in a growing season e.g.

Heterodera avenae , build-up of a population may occur following the growing of

susceptible crrltivars, and severe damage can be expected on the third succSive crop

(Fisher, pers. comm.). Andersson (1982) reported that the average multiplication rate of

H. avenae in oats at initial densities of about one egg/g soil ís generally well below ten

times, and only ralely has about 20 times multiplication been found. In barley, under

Danish conditions, the equilibrium densities vary between tv¡o to 40 eggs/g soil

(Andersen, 1980).

The relation between CCN and the amount of damage to the three major cereals -

oats, wheat and barley - has been established by a number of workers (Iïeslin g, 1957;

Duggan, 1961). Oats are generally regarded as being damaged more than wheat which is
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damaged more than barley and these differences have been related to the different

numbers of seminal roots produced by each of these genera (Fisher, 1982a). Duggan

(1961) recorded that, on average, populations causing a reduction of 207o in barley,

caused a347o lossinyieldof wheat anda complete failure in oats in keland. Dixon

(1969) reported that for every ten eggs/g of soil before cropping there was an

approximate loss of 376kgiha in oats, 188 kg/ha in wheat and,75 kg/ha in barley in

England. In the Netherlands, the same situation applies but barley suffers little damage

(Kort, I972).In India, the situation may be different in that barley suffers more damage

than wheat or oats (Handa et a1.,1985). In Australia, in Victoria, wheat suffers more

than oats or barley çVt$un, 1938), but in South Australia, the situation is similal to that

in England and Ireland and barley may suffer as much as 30Vo loss in yield (Sparrow &

Dube, 1981).

All of these comparisons are of a general nature and in most instances are the

results of comparison of a limited number of cultivars. The generality, tlìat oats produces

fewer seminal roots than wheat which produces fewer than barley and by so doing

changes the density of nematodes within the roots (Fisher, 1982a) expiains the

differences between the genera. But the dernonstration that within Triticum, wide

variation in tolerance exists @sher et al., 1981) suggests that other mechanisms are also

operating. The reduced damage in the wheat selection RAC 311 (now the commercial

cultivar Bayonet) is due to a difference in host : pathogen relations in that smaller galls

are produced (Stanton, 1983), this cultivar is as tolerant as barley under South

Australians conditions and the oat variety, N.Z Cape is more tolerant than barley @ube

& Fisher, pers. conrm).

In Australia, nrost work has been done on wheat because it is the nrajor cereal

in the agricultural system. Meagher & Brown (1974) found that a population level of two

eggs/grarn of soil reduced the yield of wheat by 20Vo but Rovira (1982) found that this

density did not affect wheat yield. Although these estimates of losses are little more than

guesses, they are an indication of losses in yield and dollars to the Australian cereal
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industry (Rovira et al., 1981; Brown, 1981a; 198lb; 1984). Although it has been

claimed that damage from CCN is greater in Australia than in Europe (Meagher, 1972;

Brown, 1972; Meagher & Brown, 1974; Meagher et a1.,1978) Þ-ttf there is little good

evidence for this.

In Australia some authors have recommended early sowing in May as a means

of avoiding damage (Brown & Pye, 1981; BLown, 1984) but this stems from a

misinterpretation of hatching data. For example, Meagher (1970) suggested that the

amount of hatching is related to early seasonal rainfall rather than the initial density of

eggs, but little evidence was presented here. Brown (1984) redrew Meagher's data to fit

his interpretation claiming that maximum hatching occurs in early July. The rnaximum

rate of hatching occurs at the point of inflection of the optimal curve of hatching (see Fig.

1) which occurs in May if seasonal rains start early enough. Banyer & Fisher (197La;

1971b) showed that eggs of the Australian populations of I{. avenae become hatchable

when soil temperature drops belov¿ z}'C,with maximum rate occuring at about 10"C and

the minimum slightly below 5'C, but that eggs do not hatch until free water is available.

The data of V/illiams & Beane (1979) support this hypothesis for British populations and

in France, different pathotypes have dift'erent optima and different ranges @ivoal,

1978). The hatching of eggs of the British pathotypes in autumn (Ken:, & Jenkinson,

1976), the cessation of hatching in the cold wjnter nonths and the recornmencement in

spring support the Banyer & Fisher (l97la; I97lb) hypothesis. Early sowing, which is

dependent on early rain, is not a method that can be recomended to avoid damage.

Delayed sowing will produce lower yields (French & Schulø, 1984) whether infested or

not so that it is advisable to sow early and conffol the nematode in other ways. In areas

with favourable spring rainfall, spring sowing will avoid damage because few infective

larvae remain in the soil @avies & Fisher, 1976; Dube et a[., 1979) after mid-August but

loss in yield will result frorn delayed sowing.
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AIM OF EXPERIMENTAL WORI(

The aim of the present study was to examine the inhcritance of resistance in

barley to the cereal cyst nemat ode (Heteroclera avenae Wo11.). Although part of this

problem has been examined before (O'Brien, 1976) there are numerous aspects that still

remain to be investigated. The resistance in the six barley cultivars reported by O'Brien

(1976) need to be confirmed and studied further particularly with respect to the

relationship between the genes. Whether tolerance has any importance in barley is also

examined. Particular emphasis is placed on the variation in numbers of females in the

assays. Experiments are described which indicate variation in reaction in barley to H'

avenae, the effect of initial density of II. avenae on barley growth and yield, the

mechanism of resistance in barley and the possibility of change indte, virulence in the

South Australian populations of É1. avenae .
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CHAPTER 3

VARIATION IN TI{E REACTION OF BARLEY CULTIVARS TO TIIE

AUSTRALIAN PATHOTYPE OF HETETOùCTA AVENAE WOII

^The interactions between host, nematode and envirTþent could determine the

number of females produced on a plant and thus the multiplication rate of the nematode'

The resistance/susceptibility and tolerance/intolerance of the host are i*po,ta"pfactors

in regulating multiplication rate. The effect of host resistance can best be seen at low

initial densities where it reduces the rate of multiplication rnarkedly (Jones & Kempton,

1978). As most known resistance in barley is related to a single major gene' the effect of

resistance on multiplication rate should be dramatic, but in wheat the same single major

genes in different genetic backgrounds may have slightty different reactions (O'Brien el

al.,1979) so that it has been suggested that moclitìers malr sstftibute to variation in

numben of females. In addition, the number of females that are produced on resistant

cultivars can be affected by initial density (O'Brie1 & Fisher, 1974) and temperature

(person-Dedryver & Doussinatlt,lgTg; Cook & Mcl-eod, 1980) while the heterozygous

condition of the cultivars can also lead to variation in number of females (Cotten &

I{ayes, 1969; O'Brien et aI., IgTg). However, the variation caused by these factors

tends to be rather small though it may be significant.

The tolerance of a host can also affect numbers of females produced' The

amount of damage that is caused by the juveniles may in turn affect the number that can

develop (Jones & Kempton, 1978). Normally, this effect occurs at relatively high

densities but the density at which it occurs may interact with nutrition. There is no

information available that relates numbers of juveniles used in assays for resistance to

levels that may be damaging so that this effect is largely unknown. In addition, the

different assays may promote different effects; those assays using juveniles as inoculum

rnay produce a more concengated local infection, which may lead to more darnage, than
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assays using eggs or cysts in soil in which hatching may regulate the numbers of

juveniles available for invasion at any one time. Numbers invading from eggs may vary

depending on initial density and cold treatment (Banyer & Fisher, l97l) so variation

may still be expected. Numbers of females produced on a host may also depend on the

approach to assessment. Some ìworkers count all females (Cotten, 1967; Brown, 1974;

O'Brien & Fisher, lg77) while others simply record prcsence or absence of females after

an inspection of the surface of the root-ball (Andersen, 1963). The latter method is more

likely to produce recordings of zero females.

In this study the reaction of barley cultivars from all parþof the world to

inoculation with a standard number of freshly hatched juveniles of the Australian

pathotype of H. avenae is examined.

3.1 Materials antl Methods

Thirty two barley cultivars from the V/aite Agricultural Research Institute

collection (Appendix 1) were tested for their reaction to the Aust¡alian pathotype of

Heterodera aven7e Wo11., in two separate experiments. These experiments were

conclucted in a growth room at 15'C constant temperature under 10 hours of continuous

fluorescent light in each24 hour period.

The method ernployed was as follows. Barley plants \,vere grown in open ended

polyvinyl chloride (p.v.c) tubes 2,5 cminternal diameter and 13 cm long, filled with

sandy loam containing John Innes nutrients at half strelìgth and no peat. The tubes were

placed at random in a wire-grid on a basal 3 cm layer of potting soil. Seeds were placed

on damp filter paper for 48 hours at 4'C and then for 24 hours at 16'C to initiate

germination. Seedlings with the first one to four seminal roots of about 1 cm rvere

selected. One seedling per tube was sown approximately 2.5 cm deep into the soil. For

inoculation the appropriate volume of a suspension of a standard number of freshly

hatclred juveniles of H. at,enae per ml of water \¡/as prepared. A constant stream of air
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was blown through the suspension for even distribution of the juveniles while 1 ml

aliquots were drawn with a pipette and released on the soil surface close to each

seedling. The seedlings were inoculated at planting and 3, 6, 9, and 15 days later'

One hundred juveniles per inoculation were used in the first experiment and 125

juveniles in the second experiment. A fully randomized design with six plants per

cultiva¡ was used in these experiments.

Nine weeks after the last inoculation, the plants were harvested. The tubes

were removed from the base tray, placed in glass jars and soaked in water. The plants

were removed from the tubes, placed on a set of sieves (apertures : 1.40 mm, 0.710 mm

and 0.250 mm), and the roots were washed with a strong jet of water. The whiæ females

were collected on the smallest sieve, transferred to a counting dish and counted under

igx magnification. Assefnent oflhe reaction of the cultivars evaluated was based on the

number and range of the white females produced per piant.

3.2 Results

The reaction of each cultivar as measured by the mean number of white females

developed on a plant showed a continuous range from 42.67 on Clipper and Indian

Dwarf to less than one on Orge Martin and Morocco (Table 2). On the susceptible

cultivar Clipper in experiment2, inoculation with nematode initial clensity of 5x125

juveniles, gave a higher mean number of white females produced per plant than the initial

density of 5x100 juveniles in experiment 1; on the resistant cultivar CPI 18197 the

clifferent nematode initial densities dicl not affect the number of white females produced.

In the frst extrreriment (Fig. 2a), the mean number of females and the range of

variation showed that the cuitivan feil readily into two groups, which could be separated

at the level of 10 females per plant. But in the second experiment (Fig. 3a) tlie separation

was less clear, it being particularly diff,rcult to classify the c.ultivars Prior D/4,

2 EBYT 16 and Orge Propitete.
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Table Z. The number of white females per plant on barley cultivars following

inoculation with 11. aveturc

females

Cultivars

root
Mean DMRT Range Mean DMRT Range

Experiment 1 (initial density 5 x 100 juveniles)

Golden Promise
Freja
Clipper
Weeah
Shannon
Mnk
Resibee
v,tr223tD
Betzes
Suifu
cPI 18197
CI8147
Chewon
Athenais
Nile
Morocco

Indian Dwarf
Clipper
Beecher
Tnphyr
Baya-rdi
Ma.zurka
Corvett
Arivat
Prior D/A
2 EBYT 16
Orge Plophete
Tintern
cr 3s76
cPI 18197
I¿ Mesita
Galleon
Marocaine
Orge Martin

28.00-46.00
28.00-67.00
29.00-52.00
26.00-41.00
16.00-49.00
19.00-39.00
22.00-37.00
20.00-51.00
14.00-34.00
2r.0c-27.00

3.00-10.00
4.00- 6.00
1.00- 9.00
0.00- 9.00
0.00- s.00
0.00- 1.00

34.00-48.00
30.00-s6.00
25.00-58.00
26.00-s0.00
23.00-44.00
20.00-43.00
15.00-37.00
15.00-28.00
10.00-32.00
11.00-26.00

3.00-25.00
5.00-12.00
3.00-12.00
3.00-12.00
3.00-12.û0
0.00-11.00
0.00- 3.00
0.00- 3.00

5.29-6.78
5.29-8.r9
5.39-7.2r
5.10-6.40
4.00-7.00
4.36-6.2s
4.69-6.08
4.47-7.r4
3.74-s.83
4.58-5.20
r.73-3.16
2.00-2.45
1.00-3.00
0.00-3.00
0.00-2.24
0.00-1.00

(GP)
(F)
(c)
(w)
(sh)
MÐ
ß)
(wÐ
(B)
(s)
(CP)
(c8)
(ch)
(AÐ
G.rÐ
Mo)

39.83
39.6
37.33
33.t7
3r.67
3r.r7
30.83

6.29
6.23
6.08
5.74

28.r7
2s.33
23.33

7.r7
5.r7
4.r7
3.33
1.50
0.17

42.67
42.67
4r.67
35.r7
33.50
28.67
28.00
22.33
t7.33
t6.r7

8.17
7.67
6.33
6.3'5

5.56
5.55
5.54
5.23
4.98
4.83
2.64
2.26
1.85
1.40
0.94
0.17

It'
I

'll'

Experiment 2 (initial densitv 5 x 125 juvgniles)

(D)
(c)
(Bc)
(z)
(Rv)
Mz)
(co)
(Ar)
(P)
(28)
(oP)
(r)
(c3)
(CP)
(LM
(G)
(¡vIa)
(OlvÐ

I

6.s2
6,48
6.40
5.89
5.15
5.31

5.83-6.93
5.48-7.48
5.00-7.62
5.r0-7.07
4.80-6.63
4.47-6.56
3.87-6.08
3.87-s.29
3.16-5.66
3.32-5.10
1.73-5.0C'
2.24-3.46
r.73-3.46
2.24-2.83
r.73-3.46
0.00-3.32
0.00-1.73
0.00-1.73

0.511

5.24
4.70
4.09
3.91
3.22
2.82
2.7i
2.5r
2.46
1.89
1.02
0.52

4.83
1.33
0.83

Note : mean values connected by the same line are not significantly different at p:Q.95.
DMRT: Duncan's multiple range test.



Figure 2. The distribution of white females per plant on barley cultivars,

inoculated with 5x100 juveniles of H. avenae.

a. Unüansformed.

b. Square root transformation.

Figure 3. The distribution of white females per plant on barley cultivars,

inoculated with 5 x 125 juveniles of H. avenae.

a. Untransformed.

. b. Square root fransformation.
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The variation in the range of white females on cultivars with means above 10

females per plant was generally greater than on cultivars with a mean below 10 females

per plant (Figs. 2a and. 3a). Square root transformation of the clata made the variation

within those groups more uniform (Figs. 2b and 3b). Howcver, Orge Prophete with a

mean of 11.50 females per plant was still difficult to classify, and its range of variation

overlapped with the range of cultivars with a mean below 10 females per plant.

Analysis of variance (Appendix 2) andDuncan's multiple range test (Table 2)

were made on both untransformed and square root transfo ,^àdata. Although the

results show that many cultivars differed significantly, this may not have any practical

value; the statistical difference may only be due to the size of the means and may not

necessarily reflect or explain the nature of the difference between those cultivars.

3.3 Discussion

The results here showed that if sufficient barley cultivars are tested against H.

avenae, there is a continuous range of reaction from highly susceptible to almost

completely resistant. The different nematode initial densities (5x100 juveniles in

experiment 1 and 5x125 juveniles in experiment 2) did not affect the number of white

females produced on the resistant cultivar CPI 18197, but on the susceptible cultivar

Clipper, inoculation with initial density of 5x125 juveniles increase the number of white

females produced.

In the first experiment, at the level of i0 femaies per piant the cultivars could be

separated into susceptible and resistant groups. The group of cultivars witlr less than 10

females per plant inciude some in which a single major gene is known to control the

development of the females (O'Brien et al., 1979). Most of these cultivars originated in

North Africa, Greece or Turkey. Tintern is a resistant cultivar released in Wales (Anon,

1982), Orge Martin is resistant to pathotype Hal1 and HaI2 (Cook, 1977) but there is

little information on CPI 18197, LaMesita and CI 3576.
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In the second experiment, if the single cultiva¡ Orge Prophete was removed,

then variation in reaction to H. avenae would fall readily into the same two groups

which could be classified as susceptible or resistant. Such classification would suggest a

genetic basis for an initial separation but would leave the wide variation in the means of

the susceptible group unexplained.

There are a number of possible explanations for this variation. The commercial

cultivals from several countries are probably rather homogeneous genetically compared

to cultivars such as Orge Prophete which may well represent one of the old 'land races'.

If some cultivars are in fact more heterogeneous than others, then it is reasonable to

expect more variation in them. On unfransformed data the most variable reactions were

shown by Beecher, Freja, Shannon and WI 223ID, the first three of which are

commercial cultivars and the last is a rather recent single plant selection from the'Waite

Agricultural Research Institute. With transformed data the most variable reactions were

shown by Beecher, Orge Prophete, Freja, Shannon, WI223LD, Galleon, Athenais and

Nile. It seems unlikely that the variation within a cultivar can be explained on the basis of

genetic heterogeneity.

Another possible explanation is that different degrees of tolerance can alTect the

number of females produced (Seinhorst, t967). Such a factor could contribute to

variation if the initial density of the inoculum is sufficiently high. Nothing is known of

the tolerance of these cultivars. As well, the small containers used for the growth of the

plants, may have a significant effect on root growth, particularly during the early stages

of the growth, infection and development of the host parasite relationship. Such an effect

might contribute to increased variation particularly that between cultivars.

An altemative hypothesis that would explain continuous variation in numbers of

females on clifferent cultivars is that the system of inheritance is under polygenic control.

There is no evidence yet that an1'of the resistance to H. avenee in cereals is under

polygenic control; all resistance examined so far is conrolled by major genes (AnderserySJscçn

1968; Cotten & Hayes, L969; O'Brien et al.,1979).



29

Lastly, there may be a different genetic contol of variation in this susceptible

group of cultivars consisting of modifiers that may produce different means and

variation. Cultivars with less than 10 females per plant have shown a rather naÍow

range of variation and this may represent an expression of the resistance gene on the

development of females, which suppresses the effect of any modifien.
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CHAPTER 4

TI{E INHERITANCE OF

PATHOTYPB OF H. avenae

RESISTANCE TO TXIE AUSTRALIAN

Wotl. IN BARLBY

After the report by Nilsson-Ehle (1920) on the resistance of some Swedish

barley cultivars to H. avenae , there were no significant studies made on the inheritance

of resistance to this nematode, until the isolation of two pathotypes in Denmark by

Andersen (1959). At first, the resistance was associated with a single dominant gene

(Andersen, 1961), then two genes which were at two different loci (Andersen &

Andersen, 1968) and subsequently four genes have been reported (Cotten & Hayes,

1969). Based on the gene-for-gene hypothesis, at least six genes have been predicted for

resistance in barley to H. avenae (Hayes & Cotten, 1970). RecentLy, it has been

reported that complementary genes were responsible for the resistance in barley to the

French pathotypes @erson-Dedryver & Doussinault, 1984).

Most resistance that has been investigated (Andersen, 196l; Cook & York,

1982) is controiled by single major genes. Such a system of inheritance allows two

classes of plant reaction - susceptible or resistant, or three classes if the heterozygous

condition should vary from the homozygous. These classes should be easily and clearly

separable on the basis of number of females produced in an assay. Often, however, a

wide range in the number of cysts occurs on genetically homozygous susceptible

genofypes even where plants are grown under uniform conditions. As a result there can

be a problem in separating certain plants into resistant or susceptible classes (Cotten &

Hayes, 1969). In addition, intermediate degrees of resistance have beeu observed. One

of the problems in determining the precise nature of this type of resistance is that the

assay needs to be sufficiently precise to be able to separate with ease and confidence a

susceptible reaction from a resistant reaction.

A preliminary examination of resistance in barley to the Australian pathotype
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showed that some genes for resistance were present and this resistance was controlled by

single dominant genes (O'Brien, 1976). However, the assay for resistance was not

sufficiently accurate to be certain and there was a suggestion that more genes may be

available.

This chapter seeks information on genes that are involved in the resistance in

barley to H. avenae , and examines the interrelationships of these genes for resistance,

using modifications of the assay used by O'Brien et aI., (1979).

4.1 Materials and Methods

The methods used, unless otherwise stated, were similar to the methods

described in section 3.1. Initial Jrnsity used throughout the experiments was 5x125

juveniles of H. averwe.

Barley cultivars, Athenais (At), CI 8147 (C8), Nile (I.{i) and Morocco (Mo),

resistant to a South Aust¡alian population of H. avenae (O'Brien & Fisher, 1977),

Marrrcaine 079 (Ma) resistant in Victoria as well @ltis & Brown, 1976) and Orge Martin

(OM) a resistant cultivar frorn Algeria, all of a six-row fype, except for CI 8147 which is

a two-row type, were used in various crosses to the susceptible two-row cultivar Clipper

(C) from Australia. Clipper was chosen because it is widely grown in South Australia

and in previous expeliments it supported the developntent of large numbers of females of

I'1. avenae (Table 2, section 3.2), Betzes (CI 6398) is a two-row barley cultivar

originating in Germany; it was introduced to U.S.A. from Poland in 1938, and released

to þrowers in Montana in 1957 (Wiebe & Reid, 1961) but now it is grown in Canada

(Sparrow, pers. comm.¡. n"tr"rfflas included because in a previous experiment (Table

2, section 3.2) it allorved the develcpment of an intermediate number of females.

The reactions of populations from the following crosses were assessed : Fl's

and F2's of single crosses Atxc, c8xc, Maxc, Nixc, Moxc and oMxc; F1's of first

backcrosses (ArxB)xB, (Arxc)xc, (c8xc)xc, (Maxc)xc, (Nixc)xc, (Moxc)xc and
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(OMxC)xC; Fl's of three way crosses (AtxMa)xB, (AtxMa)xC, (AtxMo)xC,

(AtxNi)xC, (C8xMo)xC and (NixMo)xC; F3's of single plant selections from the F2's

of single crosses AtxC and C8xC.

The six single crosses were rnade in winter, July-Septelnber 1981; the F1 plants

were grown for the first 6 weeks in a growth room to induce tillering before being

trarrsferred into the glass-house, and gfown through summer 1982, until maturity. Seven

backcrosses and six three way crosses were made in the winter, July-September 1982.

The Fl and F2 segregating populations were tested for reaction to 1{. avende

using the tube assay in the growth room throughout 1982. Tests of Fl's of the first

backcrosses and the three way crosses and single plant selections from the F2's oli single

crosses of AbiC and CSxC were carried out in 1983.

To test whether there was an association between resistance to H. avenae and

heacl type in barley, observation was made on the F2 populations of the single crosses

AtxC, MaxC, NixC, MoxC and OMxC. After assessment for resistant and susceptible

reaction to H. avenae, the F2 plants of the single crosses were grown in u'ooden boxes

in the glasshouse until heading and their head type recordeC.

The number of plants tested for resistance was as follows. Twenty plants from

each parent. For the single crosses, 20 plants from each of the F1 populations, 100

plants from each of the F2 populations. For backcrosses, 20 plants from each of the Fl

first backcross populations with the exception of 10 plants for the (AtxB)xB popuiation.

For three way crosses, 75 plants from each of the Fl's of (C8 xMo)xC, (NixMo)xC,

and (AtxMo)xC populations, 25 plants from the Fl of the (AtxNi)xC population, 20

plants from the Fl of the (AtxMa)xC populaiion were used in each of two successive

tests and 16 plants from the Fl of the (AtxMa)xB popuiation. Flanis nos. 16, 24,34, 45,

48 and 100 of theE2 single cross of AtxC v¿hich in the F2 populatiorr test produced 11,

24,13,74,17 and 16 white females per piant, respectively, and plants nos.12, 31 and

64 of the F2 single cross of CSxC which produced 20,22 and 23 white females per

plan! respectively, were selected for the l'3 te.st.
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Resistance was determined by the number of females on plant roots (Andersen,

1961), and a bimodal distribution was determined for resistant and susceptible reactions

of the plants. The range of number of females for the resistant cultivan rvas 0 - 12 per

plant and for the susceptible cultivar Ctipper was 27 - 67 per plant. Classification into

resistant and susceptible reactions in the F2's of single crosses, F1's of flrst backcrosses

and F1's of three way crosses was based on the reaction observed in the parents and

Fl's of single crosses. A chi-square test was used to test the goodness of fit of the data

to the expected segregation ratios. For one degree of freedom the'Yates correction term'

was added to the chi-square formula (Strickberger, 1985).

4.2 Results

The number of white females produced per plant on the susceptible parent,

Clþer, was consistently high throughout the tests and the distribution showed a clear

separation from the resistant parents i.e. Athenais, CI 8147, Marocaine 079, Nile,

Morocco and Orge Martin. The lowest number of white females per plant on Clipper was

27 and the highest was 67; on the resistant parents, the lowest number of white fetnales

per plant was nil and the highest was 12 (Tables 3 and 5).

Distribution of the Fl plants of the single crosses of AtxC, CBxC, MaxC,

NixC, MoxC, and OMxC was skewed towards that of the resistant parents (Figs. 4 - 9),

but the range of number of white females per plant was always greater than for the

resistant parents (Table 3). The F2 populations of the single crosses of AtxC, C8xC,

MaxC and NixC, segregated into a 3 : 1 ratio indicating a single dominant gene for

resistance in Athenais (Fig. 4),CI8147 (Fig.5), Marocaine ffig. 6), and Nile fig.7),

but those of MoxC anrl OMxC segregated into a 15 : 1 ratio, suggesting there were two

genes responsible for the resistance in Morocco (Fig. 8) and Orge Martin ffig.9). The

chi-square values for the expected segregation ratios are given in Table 4.
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In the F2 populations of the single crosses, six plants from the F2's of AtxC

and five plants from the F2's of C8xC although classified as susceptible were found to

be intermediate between the resistant and susceptible parents @igs. 4 and 5). These

plants either belonged to the resistant group, but produced more females, or they

belonged to the susceptible group, but produced ferver females. An F3 test of these

single plant selections showecl that some of the F3 populations segregated for resistance

and susceptibility .

In the F3 test of the single plant selections from AtxC, the progeny of plants

nos. 45 and 48 gave all resistant reactions, showing them to be homozygous for

resistance; plant nos. 16 and 100 were probably homozygous, but the progeny of plants

nos. 24 and34 produced more white females than expected, although their range of

distribution was still below the i*,rge of distribution on the susceptible parent Clipper

(Iable 6a). The rango of distribution of whiæ females of the progeny of plant no. 34 was

skewed towards that of the resistant parent, so it was probably homozygous for

resistance. Plant no.fOwas probably heterozygous but the size of the population tested

was too small to show the segregation (Fig. 10).

In the F3 test of the selections from C8xC, the progeny of plant nos.12 and3t

segregated into resistant and susceptible reactions and were therefore heterozygous but

plant no. 64 was homozygous resistant (Table 6b; Fig 11).

The Fl plants of the backcrosses of (AtxB)xB, (AtxC)xC, (C8xC)xC,

(MaxC)xC and (NixC)xC segregated into a 1 : 1 ratio, but those of (MoxC)xC and

(OMxC)xC segregated into a 3 : 1 ratio (fable 7). These results showed that a single

gene was responsible for resistance in dthenais, CI 8147, Marocaine and Nile (Fig. 12)

but in Morocco and Orge Martin @ig. 13) there were tlvo genes responsible for the

resrstance.
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Table 3. The number of white females per plant on parent cultivars and their F1's

following inoculation with É1. avenae.

Palents

No.of
plants

fested

White females

(no/plant)

Mean Range

No,of
Fl plants

populations tested

White females

(no/plant)

Mean Range

Clþer

Athenais

cr8147

Marocaine

Nile

Morocco

O/lvfartin

39.9s

,.7?

s.00

0.6s

1.85

0.0s

0.40

28-67

0-6
0 -r2

0-2
0-5
0-1
o-2

AtxC

CSxC

MaxC

NixC

MoxC

OMxC

20

20

20

20

20

20

80

20

20

20

20

20

20

2.95

5.70

4.30

4.70

1.80

0.75

0-14

0-14

0-t2
1-13

0- 5

0- 3

Table 4. Heredity of resistance in the F2 populations of single crosses of síx barley
cultivars.

F2

populations

No.of White females Proposed

plants (no/plant) segregation

tested Mean Range ratio

Number of plants Chi

Expected Found square

R:S R:S value (df=i)

AtXC

CSxC

MaxC

NixC

MoxC

OMxC

100

100

100

100

100

100

t2.6r

9.54

13.90

11.96

5.12

2.33

0-70

0-52

0.48

0-42

0-3s

0.32

3:1

3:1

3:1

3:1

15: 1

15:1

72 :28

78:22

7l:29

73 :27

93: 7

95:5

0.33

0.33

0.65

0.11

0,01

0.09

75 :25

75 :25

75 :25

75 :25

93.75 : 6.25

93.75 : 6.25

P> 0.50

P> 0.50

P> 0.25

P> 0.50

P> 0.90

P> 0.75

Note : R. = resistant ; S : susceptible.



Figure 4. Frequency distribution of number of white fernales of

H. avenae per plant of parents, Fl ancl F2 populations

of single cross Athenais x Clipper.
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Figure 5 Frecluency distribution of number of white fernales of

H. avenae per plant of parents, F1 and F2 populations

of single cross CI 8147 x Clipper.
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Figure 6. Frequency distribution of number of white females of

H. avenae per plant of parents, Fl and F2 populations

of single cross Marocaine x Clipper'
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Figure 7. Frequency distribution of number of white females of

H. avenae per plant of parents, Fl anclF2 populations

of single cross Nile x Clipper.
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l'igure 8. Frecluency distribution of number of white females of

H. avenae per plant of parents, Fi and F2 populations

of single cross Morocco x CliPPer.





Figure 9. Frecluency distribution of number of white females of

H. an,enae per plant of parents, F1 and F2 populations

of single cross Orge Martin x Clipper.
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Table 5. T'he number of white females per plant on parent cultivars used in the

backcrosses and three way crosses.

Parents No. of plants

tested

V/hite females (no/plant)

Mean Range

Clipper

Betzes

Athenais

cr8147

Marocaine

Nile

Morocco

O/¡vlartin

70

l0

20

10

10

20

25

10

35.2r

28.00

2.15

5.20

1.00

1.50

0.20

0.20

27-57

13-42

0- 9

t-t2
0- 4

0- 5

0- 2

0- 1

The Fl plants of th¡ee way crosses of (AtxMa)xC and (AtxNi)xC segregated

into a 3 : 1 ratio (Table 8), and their distributions resembled those for the F2's of the

single crosses (Figs. 14 and 15) which suggested that the resistances in Athenais and

Marocaine, and Athenais and Nile were not the same.

O'Brien (1976) found that the distribution for the three way cross of (AtxMa)xC

resembled an Fl of the single cross and suggested that the resistance in Athenais and

MaÏocaine was the s¿ime. As the results here conflicted v¿ith those of O'Brien (L976), a

second test of this cross was carried out with the same result, a3 : I ratio. The similar

tluee way cross using ÏJetzes instead of Clipper as the susceptible parent also indicated

that different genes were involvecl.
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Tabte 6a. The number of white females per plant on the F3 population of single plant

selections from the F2's of single cross of At x C.

No.of plants

tested

White females

(no/plant)

Mean Range

Number of

plants found

R: S Genotype

Parents:

Clþer

Athenais

Af-:se :

Plant no. 16

Plant no. 24

Plant no. 34

Plant no. 45

Plant no. 48

Plant no.100

10

10

10

10

10

10

i0

10

29.70

0.3c

27 -40

0- 4

Mean females/olant:

F2 plants F3 popls

11 4.00 0-13

24 13.50 6-20

13 4.80 0-18

t4 0.30 0- 1

17 3.s0 1- s

L6 5.70 1-r4

10:0

10:0

10:0

10:0

10 :0

10:0

Homozygous

Heterozygous

Homozygous

Homozygous

I{omozygous

Homozygous

Note : R = resistant; S = susceptible.
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Table 6b. The number of white females per plant on the F3 population of single plant

selections from the F2's of single cross of C8 x C.

No.of

plants

tested

White females Proposed Number of plants Chi

(no/plant) segregation Expected Found square

Mean Range ratio R: S R : S value* Genotype

Parents :

Clþer

CI8147

CSxC:

Plant no. 12

Plant no. 31

Plant no. 64

37.80

3.40

30-57

o- 7

Mean females/nlant:

ruE3
olants oools

20 8.s3 0-30 3

22 8.73 0-40 3

23 4.80 0-10

L 11.25 :3.75

I 11.25 :3.75

10

10

15

15

15

14: I

14:1

15 :0

2.69

2.69

Hetero

Hetero

Homo

Note : R : resistant

S = susceptible

* : chi square value > at P = 0.10

Hetero = heterozygous

Homo = homozygous



Figure tr 0. Frequency distribution of nurnber of rvhite females of

H. avenae per plant of parents and F3 population of

single cross Athenais x CliPPer.
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Figure 11. Frequency distribution of number of white females

of H. avenae per plant of parents and F3 population of

single cross CI 8147 x CliPPer.
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Table 7. Heredity of resistance in the F1 backcrosses populations of six barley

cultivars.

F1
backcrosses plants (no/plant) segregation
populations tested Mean Range ratio

o.of White females Proposed Number of
Expected
R:S

plants
Found squafe
R:S value (df:l)

(AtxB)xB 10

(AtxC)xC 20

(C8xC)xC 20

MaxC)xC 20

(NixC)xC 20

(MoxC)xC 20

(OMxC)xC 20

18.20

19.50

16.85

20.6s

18.40

14.60

14.55

0-35

3-s0

4-42

o-46

3-50

0-40

0-39 3:1

5:5

10:10

10:10

10:10

10:10

15:5

15 :5

6:4
10:10

12:8

10:10

11: 9

13:7

L3:7

0.10

0

0.45

0

0.05

0.60

0.60

P> 0.75

P= 1

P> 0.50

P= 1

P> 0.90

P> 0.50

P> 0.50

1

1

1

1

1

1

1

1

1

1

1

3

Note : R : resistant ; S : susceptible.

Table 8. Heredity of resistance in the Fl of three way crosses populations of six barley

cultiva¡s.

way No.of White females Propos ed Number of plants
Expected Found
R: S R: S

squa-re
value (df:l)

crosses
populations

plants (no/plant) segregation
tested Mean Range ratio

(AtxMa)xB

(AtxMa)xC

(AtxNi)xC

(AtxMo)xC

(C8xMo)xC

(NixMo)xC

T6

40*

25

75

75

75

13"00

8.58

15.04

7.25

3.76

1.48

0-40

0-3s

2-40

0-40

0-30

0-30

3:1

3:1

3:1

7;r
7:l
7:I

12:4

33;7

20:5

66:9

72:3

73:2

12:4

30: 10

18.75 :6.25

65.62: 9.38

65.62: 9.38

65.62: 9.38

0 P= 1

0.83 P> 0.25

0.12 P> 0.50

0.002 P> 0.90

4.20 P> 0.01

5.76 P> 0.01

Note : R = resistant ; S : susceptiblei * : two tests each of 20 plants.



Figure 12. Frequency distribution of number of white

females of H ' avenae per plant of parents and

Fl populations of backcrosses of (At x C) x C,

(At x B) x B, (C8 x C) x C, (Ma x C) x C and

(NixC)xC.
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Figure 13. Frequency distribution of number of white females

of H. avenae per plant of parents and Fl

populations of backcrosses of (NIo x C) x C and

(OMxC)xC.
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Figure 14. Frequency distribution of number of white females

of H. avenae per plant of parents, Fl and

F2 populations of single crosses of At x C and

Ma x C and Fl populations of three way crosses of

lst and 2nd test of (At x Ma) x C and (At x Ma) x B.
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Table 9. Test for segregation of head type in the F2 single cross populations of six

barley cultivars.

F2 No.of plants

populations tested

Observed F2 plants

two-row : six-row

Chi-square value for the

expected segregation ratio

3:1 (df=l) 10:6 (df=l)

Atxc

MaxC

NixC

MoxC

OMxC

100

100

100

100

100

25

24

34

30

36

75

76

66

70

64

0

0.01

3.8s

1.08

5.88

P:1

P>0.90

P>0.025

P>0.25

P>0.01

6.14

7.21

0.38

2.08

0.04

P>0.01

P<0.01

P>0.50

P>0.10

P>0.75

The F1 populations of three way crosses of (AtxMo)xC, -(€€xlvfoþ9end

++irdv{o)x€ segregated into a 7 : 1 ratio for three independent genes for the resistance

reaction (Table 8), their distributions resembled those for the F2 populations (Figs. 16

and 17) which suggested that the resistance/ in Athenais,€H-t4#effdN+te *H not the

same as the resistance in Morocco.

These results (Table 8) indicated that there was a high probability of difference

between the genes for resistance in Athenais and Marocaine (Fig. 14), Athenais and Nile

(Fig. 15) and Athenais and Morocco (Fig. 16), but a lower probability in CI 814'7 and

Morocco (Fig. 16) and Nile aud Morocco (Fig. 17).

Observation on the head type in the F2 populations of the single crosses of At x C,

lvla x C, Ni x C, Mo x C and OM x C showed that the F2's seglegated into two¡'ow

resistant, six-row resistant, two-row susceptible and six-row susceptible plants. Head type

is known to be under the control of two genes Vv and Ii. If the alleles of the latter are

sirnilar in both. parents a 3 : I segregation ratio (two-r'ow : six-rcw) occurs in the F2 of a
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Table 10. Investigation on the relationship between resistance to 11. avenae and head

type in five barley cultivars.

F2

populations

No. of
plants

tested

Observed F2 plants

RV: Rv: rV: rv

Chi-square value

from contingency table (df=l)

AtxC

lvla x C

NixC

MoxC

OMxC

100

100

100

100

100

50:22:25 :3

48:28;23: I

41 :32:-25 :2

65:28:5:2

60:35 : 4:l

3.24

7.94

10.08

0.11

0.08

P>0.05

P<0.01

P<0.01

P>0.50

P>0.75

Note : RV (genotyPe) = two-row resistant plant (phenotype)

Rv (genotyPe) = six-row resistant plant (phenotype)

rV (genotyPe) = two-row susceptible plant (phenotype)

rv (genotyPe) : six-row susceptible plant (phenotype)

cross between cultivars with different head types, but if the alleles are differe.nt the

segregation ratio is 10 : 6. Commercial two-row cultivars contain the recessive i gene. The

five crosses rniolving six-row parents were tested for these ratios (Table 9). The results

indicated that Athenais, Marocaine and Morocco contain the same recessive i gene as

Clipper but that Nile and Chge Martin probably have the dominant I gene.

On the association between resistance to H. avenae and head type, the results

showed (Table 10) that in the crosses involving Athenais, Marocaine ancl Nile there was a

high probability of linkage between the characters, but not in Morocco and Orge Martin.



Figure 15. Frequency distribution of number of white females

of H. evenae per plant of parents, F1 and F2

populations of single crosses of (At x C) and Q'{i x C)

and Fl population of three way crosses of (Atx Ni)xC.
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Figure 16. Frequency distribution of number of white females

of H. avenae per plant of parents, Fl and F2

populations of single crosses of (C8 x C) and

(Mo x C) and Fl populations of three way crosses of

(Atx Mo) x C and (C8 x Mo) x C.
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Figure 17. Frequency distributiou of number of white females

of H. avenae per plant of parents, F2 populations of

single crosses and Fl populations of backcrosses of

(Ni x C) and (Mo x C) and F1 populaiion of

three way crosses of (l{i x Mo) x C.
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4.3 Discussion

V/ith the modified assay system, the variation in reaction within cutrtivars was

minimized. For most crosses there was clear separation of plants in the F2 populations

into a susceptible or a resistant reaction. There was some drift in the reaction of

heterozygous plants, and a few were classified as susceptible e.g. in the F2 populations

of single crosses Athenais x Clipper, and CI 8147 x Clipper (Figs. 3 and 4). Of

approximately 1500 plants tested only 16 could not be classified with ease. From these

16 plants (l 1 from Athenais x Clipper and five from CI 8147 x Clipper) nine plants (six

from the cross Athenais x Clipper and three from the cross CI 8147 x Clipper) were

tested in F3; most were homozygous for resistance and a few were heterozygous. This

indicates that some heterozygous resistant plants can allow the prt.ruction of more

females than an acceptable number for resistance.

There were no aberrant susceptible plants in other crosses with Clipper.

Nevertheless within the susceptible class there was variation in number of females

produced. This could be due to external factors affecting gene expression, the genetic

background of the plants or the heterozygous condi.tion of the resistant plants.

Teraperature has been reported affecting the expression of resistance to H.

avenae in barley (Person-Dedryver & Doussinault, 1979) and in wheat (Cook &

Mclæod, i980), although the report on wheat must be accepted wittr caution. Cook &

\Milliams (1972) obtained evidence of 'background'resistance, and an example is found

in the cultivar Sabarlis and KVL 191 @llis & Brown, I976). 'fhe number of females on

these cultivars was considerably ferver than on the control, but it was three times as high

on KVL 191 as on Sabarlis; this was unexpected, as Sabarlis contains the resistance

gene Ha2 from K\lL 191 (Cook,1975). Heterozygous plants have seemed particularly

liable to 'erosion' of their resistance (Cook & York, L9B2). There is no evidence yet that

the resistance in barley to the Australian pathotype of H. avenae is affectecl by

temperature.
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Another source of variation in number and difficulfy in interpretation was

seen when Betzes was used as the susceptible parent. It was classified as having an

intermediate reaction to ^F1. cmetu¿e, with a lower number of females than Clipper

(Table 2, section 3.2). Nevertheless, in comparison with Clipper, Betzes behaved in

much the same way so that it had to be considered as a susceptible host. This suggests

that the smaller number of females was due to an effect of environment or genetic

background. Betzes was not a satisfactory susceptible parent for use in genetic analysis,

because the minimum number of females produced on ii tended to overlap with the range

of heterozygous resistant plants. This suggests that for examining the inherjtance of

resistance it is advisable to choose as the susceptible parent a host cultiva¡ which allows

the development of the highest number of females in order to avoid overlap in the range

of distribution of females on resistant and susceptible progeny.

The results from F1 populations of first backcrosses of (AtxC)xC and

(C8xC)xC confirmed that there is one dominant gene conditioning the resistance in these

cultivars. According to Cook & York (1931) the resistance gene in Athenais and CI 8147

is free from the Hal type of resistance of DroslOrtolan (Iable 1i).

A single dominant gene is also responsible for the resistance in cultivars Nile

and Ma¡ocaine 079. Results from the F2 and first backcross populations showed clear

segregation for one dominant gene in each of the cultiva¡s. In a cross between Nile x Siri

(resistance type*a2),Cook et al., (Ig7l) found there were no susceptible segregants in

100 F2 plants, and concluded that the same or closely linked loci are involved in these

two cultivars.

The segrega'rion in the F2 and first backcross populations of the crosses

involving cultivars Morocco and Orge Martin showed that more than one gene was

responsible for the resistance in these cultivars. O'Brien et al., (1979) detected two

genes in Morocco effective against the Australian pathotype of H. qvetu¿e and in Blitain

the differential F2 reaction of the cross Pallas 4 x Morocco line has confirmed this

(Cook & York, 1981).
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When Morocco and Orge Martin were the resistant parents the mean and range

of white females per plant in the Fl's were smaller than those of the Fl's involving

Athenais, CI8l47,Nile and Marcçaine 079. Perhaps this expresses the number of genes

involved in the resistance in cultivars Morocco and Orge Martin.

The gene for resistance in Athenais and Marocaine 079 may be the same

(O'Brien et al., 1979). However, in the Fl populations of the three way cross of

(AtxMa)xC, five susceptible plants carried 29,32,33,34, and 35 white females

respectively. Another test was conducted to confirm this result; in this test, two

susceptible plants were found, carrying 30 and 35 white females respectively; while in

tlre cross of (AtxMa)xB, four susceptible plants were found, carrying 28,29,35 and 40

rvhite females respectively. These results provide some evidence that the resistance in

Athenais and Marocaine 079 may not be the same but that they could be closely tinked

to each other.

Results from the Fl populations of the three way crosses involving cultivars

Athenais, Nile and Morocco gave evidence that the genes for resistance in Athenais,

Nile, and Morocco are different. In the Fl progeny of the tluee way cross of (NixN4o)xC

and (CBxMo)xC fewer susceptible plants were recovered than in (AtxMo)xC. It is

possible that expression of resistance genes is stronger in the crosses Nile x Morocco

and CI 8147 xMorocco than in Athenais x Morocco.

The possibility that the resistances in Athenais and Morocco; Athenais and Nile;

CI 8147 and Morocco; and Nile and Morocco were controlled by different genes

(O'Brien et al., 1979) is confirmed in this experiment. In the six barley cultivars

evaluated here, at least four different genes conferring resistance to the Ausffalian

pathotype of II. avenae aÍe clearly present with the possibility of two more in lnlorocco

and Orge Martin.iJtho'uÊ*i'lhe two genes in Orge Martin were not tested in a three way

crosses and may carrf, similar genes to some of the other cultivars.

A summary of the genes for resistance to the Australian pathotype of H. avenae

in six barley cuitivars and their interrelationship is given in Table 11.
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Table 11. A summary of the resistance genes in six barley cultivars to the Australian

pathotype of H. avenae.

No.

plants

Cultivars tested

Females

H.avenae

produced

(no/plant)

Mean Range

Nature of inheritance

Mode

Gene

interrelationships

Comparisons

with others

Athenais 50 1.70 0 - 9 Mono@) different from Ma

different fromNi

different from Mo

not Hala)

CI8l47 40 4.65 O - LZ Mono(D) d.ifferent fromMo not llaib)

Marcrcaine 30 0.77 0 - 4 Mono@) different from At ?

Nile 40 1.68 0 - 5 Mono@) different from At

different from Mo

Morocco 45 0.13 0- 2 Di(D) different from At

different from C8

different fromNi

O¡lvlartin 30 0.33 0- 2 Di(D)

same or closely

linked tofta}a)

Ha3c)

?

Note : i\{ono = monogenic

Di : digenic

(D) = donrinant

ref,orqneq:

a) Cook et al., (1979)

b) Cook et al., (1977)

c) Andersen & Andersen (1970; 1982)
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Evidence was found which indicated that the resistance conferred by the Ha2

gene of barley No.191 (cb 824) is closely linked with Vv gene (two-row, six-row) on

chromosome 2 (Cotten, 1966). Based on the two years'data the recalculated

recombination percentage between Haha and Vv was 13.2 t 1.96 (Cotten, 1967). Cotten

& Hayes (1969) reporred that the lFra2 gene of barley No.191 (cb 824) which is on the

iá

long arm of chromosome Z{tocated between v and li genes, 10.2 + 2'65 units from v

(gene for head type) and 27.5+4.47 units from li (gene for ligules)' Andersen &

Andersen (1973) found that the recombination value between Ha2 gene of Siri and Vv

werc !9.2+ 1.7 and 11.5 + 1.4. They concluded that there were obviously two values

for the genetic dist¿nce between Ha and Vv i.e. approximately 12 and approximately 18

units and both have a rather high probability. In Athenais the gene for resistance was not

linked to head type, but the F2 p,.rpulations of 50 plants were probably too small to detect

tlre I{a-Vv linkage lCook et al., 1979).

The association between head type and resistance to H. avenae in five barley

cultivars was tested for 'independence' by means of 2 x 2 contingency tables. The

results (Table 10) indicated that there was a high probability of linkage between these

characters in the crosses involving Athenais, Marocaine and Nile. 'fhis is in agreement

with the reports in the previous paragraph which concluded that genes controlling these

characters were located on the same chromosome. The results for crosses involving

Morocco ancl Orge Martin in which two resistance genes have been identified did rrot

show an association with head type but this could be due to interference befween genes.

The sources of resistance to H. avenae examined are, all except one, six-rcw.

in Australia there is a preference for two-row commercial cultivars. A close linkage

Ur*"rn resisr¿nce and six-row type could malce the task of transiening that resistance to

acceptable local cultivars difficult and would uecessitate selection rvithin Iatge

populations in order to obtain the desiled recombinants. Clearly more detailed study with

larger segregating populations than were used here would be neecled to dcf.ermine the

va¡ious linkages with acctrracy.
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CHAPTER 5

EFFECT OF TIME OF INOCULATION IryITH H. avena¿ ON I',{UMBER

OF LARVAB AND +Iæffi €*' WUITE FEMALBS IN BARLEY

In response to nematode infection, host genotypes will express resistance by

either limiting the penetration of nematode larvae or preventing normai growth and

development of female nematodes. Resistance in barley to H. avenae had no effect on

larval penetration (Cotten, 1967) and similar numbers of H. avenae invaded roots of

resistant plants as readily as those of susceptible plants (O'Brien & Fisher, 1978). But

host effects on penetration occurred with H. schachtii, in which the reduced nematode

numbers were due to a higher death rate (Shepherd, 1959).In Meloîaogyne íncognita

acrita, all larvae migrated out of the roo'us of resistant alfalfa plants after successful

penetration, because there was no host response to infection QReynolds et al., 1970).

Cytological changes occurred in the roots of com (Zea mays L. cv Pride 5) when

infected with 11. avenae and these changes inhibited mating and reduced egg production

(Johnson & Fushtey, 1966).

Very little is known of the response of barley resistant to H. avenae infection.

This study is aimed at a better understanding of this response.

5.1 Effect of time of inoculation rvith H. svenae on nurnber of larvae and

number of white females in barley

5.1.Í. Materials and Mcthocls

Four barley cultivars used in this experiment were Morocco a resistant cultivar

from North Africa, and three cultjvars from South Australia, Galleon resistant to the

Australian pathofype of H. avenae, Clipper susceptible and Schooner which is still
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under investigation; these cultivars were tested for their response to infection with the

Australian pathotype of H. a,tenae .

Seeds were pregerminated (see section 3.1) and planted in pots of diameter 10

cm and 10 cm height filled with sandy loam containing John Innes nutrients at half

strength and no peat. The experiment was laid out in a split-plot factorial design and

conducted in a growth room at a constant temperature of 15'C with 10 hours of

continuous fluorescent light in each 24 hour period. The seedlings were inoculated with

200 juveniles of É1. avenae at planting or 10 or 20 days after planting. Twelve seedlings

of each cultivar were inoculated at each time, six plants were harvested 2C days after

each inoculation for assessment of number of larvae and six plants were harvested 70

days after the last inoculation for assessment of number of females. For assessment of

number of larvae, the roots werc washed free of soil particles and then stained using

lactophenol cotton blue (Goodey, 1937: Goodey, 1957), before counting under 10x

magnification. Assessment for number of white females was as describeC in section 3.1.

Analysis of variance was done on all the variables measured and the difference

between the means was tested using the least significant difference test.

5.1.2 Results

For allthe variables msasured there was no interaction between culti.¿ars and

time of inoculation (Appendices 3a and 3b). In all cultivars, the highest number of larvae

establishing in the roots was found in plants inoculated 10 days after planting, and the

lowest nurnber of larvae in plants inoculated at pianting (Iable 12). Overall, Clipper had

the highest number of larvae establishing in the roots, with Morocco the lowest,

Schooner and Galleon had a similar numbel of larvae in their roots (fable 13). These

results showed that resistance did not prevent larvae establishing in barley roots,

although fewer were found in Morocco and Galleon. 'When inoculated at time

of planting, Morocco had the lowest number of larvae established in the roots, foilowed
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Talrle 12. The number of larvae established and number of white females

produced in barley roots, after inoculation at different times and harvested 20

days after each inoculation.

Time

inoculation

(days)

Larvae established

(mean no/plant)

White female produced

(mean no/plant)

Planting

10

20

32.50 a

62.50 c

s0.60 b

3.92

3.00

2.67

I-SD

(P=0.05)

6.84 n.s

Note : mean values foilowed by different letters are significantly different at

P=0.05

by Schooner, and then Galleon and Clipper.'When inoculated at 10 days and 20 days

after planting, Morocco had fewer larvae established compared to Galleon, Schooner and

Ctipper. On average, Morocco significantly had the lowest number of larvae estabiished

with Clipper the highest, but there was no significant difference between Galleon and

Schooner (Table 13).

In all cultivars, different times of inoculation did not significantly affect the

number of females produced; although fewer were found when the plants were

inoculated at 20 days after planting, with the highest when inoculated at planting Clable

14).

Clipper produced the highest number of white females per plant followed by

Schooner and Galleon, the differences were significant (1-able 14). In Morocco, no
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Table 13. The number of larvae established in four barley cultivars after

inoculation at different times and harvested 20 days after each inoculation.

Larvae established (mean no/plant)

Time inoculation s)

Cultivars Planting 10 20 Mean no.larvae/plant

Morocco

Galleon

Schooner

Clipper

22.80

4r.20

3t.70

46.20

4t.20

64.20

70.70

73.80

28.20

53.00

s3.00

68.30

30.70 a

s2.80 b

51,80 b

62.76 c

LSD (P=0.05) 7.88

Note : mean values followed by different letters are significantly different at
P:0.05

Table 14. The number of white females produced in four badey cultivars.

V/hite females produced (mean no/plant)

'I'rme rnoculatron (days)

Cultivars Planting 10 20 Mean no.females/pl

Morocco

Galleon

Schooner

Clipper

0

0

6.67

9.00

0

0.17

5.00

6.83

0

o.67

2.83

7.r7

0

0.28 a

4.83 b

7.67 c

LSD (P=0.05) r.49

Note : mean values followed by different letters are significantly different at
P=0.05.
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white females developed at any time of inoculation. In Galleon' no whiæ female

developed when inoculated at time of planting and similar, but negligible numbers of

white females were produced when inoculated at 10 and 20 days after pianting (Table

14).

5.1.3 Discussion

In all cultivars, when inoculated at time of planting and20 days after planting'

fewer larvae were in the roots than when inoculated at 10 days after planting, yet

numbers of females in susceptible hosts may have been greater when inoculated at

planting. This result can probabty be explained by the distribution of larvae within the

root system. At planting, aboui ihree root tips were available for the nematodes to

penetrate and a little later some root tips of lateral branches would become available' By

10 days, probably five seminal root-tips would be available and mally more root-tips of

lateral branches. By 20 days, the root-tips of the main axes of the seminal roots would

have been at the bottorn of the pot, together with the root-tips of some lateral b¡anches'

This growth habit may explain, to some extent, the differences in nuinbers of larvae in

the root systems at the various times. As more root-tips would be present at 10 days, it

would be expected that more larvae would penetrate and establish as the results showed'

This pattefn was similar whether resistance genes were present or not though fewer

lævae rvere found in the roots of Morocco compared to Galleon, Schooner and Clipper.

The resistance of Morocco severely :educed the number of larvae which

established. In susceptible and resistant roots of wheat larvae of H' avenae had

established within 12 hours (O'Rrien, Ig76). So sampling twenty days after inoculation

should allor,v time for the larvae to establish within the root. It suggested that in

Morocco, the larvae could not find establishment sites and left the roots. The resistance

in Galleon reduced numbers established but not to a great extent. In fact, numbers in
Were g¡-;l^a

Galleon and Schoonerdié*éiìüh,r, The resistance in Moroccoll;çæ.. probably differs
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from that in Galleon and as Morocco has two genes for resistance (section 4.2) it might

be suggested that one of these affects larval establishment and the other development of

female nematodes. The result in this experiment showed that in Galleon, only the second

type of resistance is present. Less damage is likety to result with resistance to larval

establishment as probably 'syncytia'would not form.

Despite the fact that in all cultivars more larvae established when inoculated 10

days after planting, at least in susceptible hosts more females appeared to result from

inoculation at planting. This could resuh if females were produced mainly on the primary

axes of the root system and not in the lateral branches. The proportion of larvae

established in the primary axes and lateral branches needs to be determined.

5.2 Effect of -dddfi*ly¡í. time of inoculation with H. avenae on number and

distribution of larvae in the root system of barle

This section investigated the distribution of .É/. avenae larvae in barley root

sysúems and whether different times of inoculation had an effect on the number of larvae

established and the number of white females developed.

5.2.1 Materials and Methods

Materials and methods used were similar to those in section 5.1.1. Twenty four

seedlings of each of the badey cultivars Schooner and Clipper r¡,ere inoculated at each of

three times of inoculation; twelve plants were harvested 20 days afte,r each inoculation

for assessment of numbers of larvae and twelve plarrts were harvested 70 days after the

last inoculation for assessment of number of females. Before planting the germinated

seeds were observed for number and length of seminal roots a,nd sampling of plants was
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taken at 10 and 20 days later for similar observations. Numbers of larvae were counted

separately in primary axes (seminal) and secondary (lateral) roots. Methods for larval

and female assessment were as described in section 5.1.1.

5.2.2 Results

There was no interaction between cultivars and time of inoculation (Appendices

3c to 3f). As in the results of the previous experiment (section 5.1.2) the highest number

of larvae established was found when the plants were inoculated at 10 days after

planting. There was no significant difference in number of iarvae when the plants were

inoculated at planting or 20 days later (Table 15). However, when the number of iarvae

established in the root were assessed separatel5' in primary âxes âúu lateral branches

there were fewer larvae in the primary axes when older plans were inoculated. But ir the

lateral branches more larvae \ryere found when inoculation was delayed with the highest

being at 10 days after planting. Numbers of larvae in the primary axes and iateral

branches were about equal when inoculated at time of planting. This number decreased

in the primary axes but increased in the lateral branches when inoculation was applied at

10 and 20 days after planting (Table 15).

At time of planting seedlings had one to three primary axcs in the barley cultivar

Clipper with root length ranging from 0.1 to 0.8 cm; and in the cultivar Schooner there

were one to four primary axes with root length ranging from 0.3 to 1.0 cm. Ten days

later the plants in both cultivars had f,rve to six primary axes and lateral branches with the

seminal root length ranging from 11.5 to 18.0 cm. Twenty days after planting the plants

had five to six primary axes and lateral branches, with the primary axes length ranging

from 14.5 to 22 cm. In both cultivars the highest number of females produced was

found when the plants were inoculated at planting and the number was reduced

significantly by cielayed inoculation (Table 16). There were more larvae establishing in

the root system in Clipper compared to Schooner and the difference was significant
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Tabte 15. The distribution of 11. avenae larvae in the root systems of barley,

inoculated at different times and harvested 20 days after each inoculation.

Mean number larvae established in the root system

Time of
inoculation

(days)

Primary

axes

I¿teral

branches

Total

Planting

10

20

30.13 c

8.83 b

5.50 a

37.20 a

69.90 b

64.30 b

67.30 a

78.80 b

69.90 a

LSD

(P=0.05)

2.28

Note: mean values follor.ved by different letters are significantly different at

P:0.05.

Tabte 16. Effect of different times inoculation on the number of white females

produced in barley, harvested at 90 days after the first inoculation.

7.t5 7.93

Time

inoculation

(days)

Mean number white females

per plant

Planting

10

20

20.04 c

9.7r b

5.58 a LSD (P=0.05) =2.79

Note: mean values followed by different letters are significantly different at

P=0.05.
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Table 17. The distribution of H. avenae lawae in the root systems of barley

cultivars Schooner and Clipper.

Mean number of larvae established in the root system

Primary Total
Cultivars axes

Lateral
branches

Schooner

Clipper

13.64 a

16.00 b

53.50 a

60.80 b

67.20 a

76.80 b

LSD

(P=0.05)

1.86 s.83 6.87

Note: mean values followed by different letters are significantly different at

P:0.05.

Table 18. The number of white females in barley cultivars Schooner and

Clipper.

Cultivars Mean number white females

per plant

Schooner

Clipper

10.25 a

13.31 b LSÐ P:0.05) :2.27

Note: mean values followed by different letters are significantly different at

P:0.05.
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(Table 17) and similar results were obtained for the number of females produced per

plant (Table 18).

5.2.3 Discussion

Fewer larvae established and fewer females developed in Schooner compared to

Clipper. There is no information available on the reaction of Schooner to H. avenae, but

this result indicated that it has no resistance to this nematode, although fewer females

were produced than on Clipper.

There was an effect of delaying the time of inoculation on the establishment and

development of nematodes. V/hen inoculated at time of planting, the larvae penefateC the

main axes arrd only later when they became available did they peuetrate the lateral

branches. Fewer larvae were able to penetrate the primary axes at 10 and 20 days after

planting because the root tips had gro*n out of range, but more larvae were found in the

lateral branches. The earlier the inoculation, the greater the proportion (and number) of

la¡vae in the main axes and the greater the number of females produced. This result

showed that the type of root available is important in the production of females in barley.

TIre development of II. avenae larvae in the roots of cereals is dependent on the

formation of feeding sites or syncytia (Giebel, 1982). It is possible the nematodes that

do develop in the lateral roots were mainly males; and that lateral branches being thinner

than the seminai roots did not have sufficient nutrients necessary for female development

and can therefore support fewer females. More study is needed to investigate the

relationship between the sex of the nematode and the position in barley root system

where the nematodes invaded and developed.
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CHAPTER 6

INVESTIGATION ON

VIRULENCE IN THE

AUSTRALIA

TIIE POSSIBILITY OF CHANGES I¡{

H. avenae POPULATIONS IN SOUTH

A danger in breeding resistant cultivars is the possibility of developing

resistance-breaking pathotypes (Williams, 1970). It is likely that the growing of

genotypes resistant to specif,rc nernatode races will lead to an increase in the frequency of

nematode lndividuals with virulence genes able to overcome the resistance genes in the

host. A plant gene that will elirrunate almost all members of a nematode population

applies great selection pressurr. in favour of surviving individuals v¿ith uncotnrnon

genes (Jones et a1.,1981). The rate of increase of such individuals will depend on the

frequency of the virulence genes in the initial popuiation, their dominance relationship,

their mutation rate, the carry-over of unhatched larvae frorn one season to the next, and

the frecluency of cropping with resistant and susceptible crops (Hayes & Cotten' 1970)'

H. avenae populations in Australia have bcen innoduced either frotn Europe or

England some 100 years ago. It scerls that they came from a single cyst, since they

behave as a pure, uniform population with so fa¡ no change in virulence. Results from

testing wheat resistance showed no change in the number of females produced after six

gefierations (Fisher, pers. comm.).

The objective of this experiment was to investigate the possibility of changes in

virulence in the H. avenae populations in South Australia. Whether the reproductive

capacity, i.e. production of females and therefore of eggs, was increased, maintained or

decreased, when populations of .F/. avenae were cultured repeated'ly on barley with and

without resistance ge'nes.
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6.1 Materials and hlethods

Four barley cultivars were used in this experiment, Clipper as the susceptible

standard, Galleon as the commercial resistant cultivar, WI223lD a susceptible sister line

of Galleon, and Prior regarded as having an intermediate reaction (see section 3.2).

Cysts of H. avena¿ were collected in late summer 1982 from infested barley roots of the

respective cultivars grown in the field. Cysts from Prior were collected from Charlick

Exp.Sta, cysts from Galleon, \MI 2231D and Clipper were collected from Pinery and

Charlick Exp. Sta. After the cysts were removed from the roots and soil, they were

stored at2}'C for 8 weeks and then at 10' C for 4 weeks.

The first experiment in pwrs produced the second generation of H. avenae.The

experiment was conducted in the glasshouse in eariy winter 1982. The plants were

grown in pots of diameter 15 cm and 14 cm height, filled with a sandy loam containing

John Innes nutrients at half strength and no peat. Twenty plants with one plant per pot

were grown for each cultivar. Inoculation was applied as follows : two cysts were placed

inside a terylene bag which was placed approximately 1,5 to 2 cm deep in the soil, and

the pre-germinated barley seedling was planted above the bag. The plants were grown

until maturity. After the plants had matured they were rernoved from the pots and the

cysts were collected from the roots and soil as described in section 3.1. The total number

of cysts per plant was counted. For number of eggs per cyst, samples were taken frclm

the total number of cysts after leaving some cysts to be used as inoculum in the next

generation in pots. Cysts for inoculum were stored at 5' C until needecl for the third

generation in the foilowing winter 1983. Before using these cysts for inoculum, cysts

were taken from 5' C and stored at 20" C for 8 weeks and then at 10" for 4 weeks to

stimulate hatching. 1'he fourth generation in pots was conducted in winter 1984.
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6,2 Results

In all cultivars, in the second generation there was an increase in number of

cysts per plant compared to the number of cysts per plant collected from the field (Table

19). Prior produced the highest number of cysts with an average of 39.65 cysts, WI

2231D 32.00 cysts, Galleon 4.65 cysts and Clipper 17.83 cysts per plant.

The third generation also showed an increase in number of cysts on WI 2231D

(7;Vo),Prior (tr53.21Vo) and Clipper QAN)Vo) compared to the second generation. But

there was about 45Vo reóvction il numl¡er of cysts produced on Galleon.

The fourth generation in pots showed a slight decline in niunber of cysts on WI

223ID (27.80Vo), Prior (19.87Vo) and, Clipper (15.95Vo), and on Ga^ieon about lTVo

reduction compared to the third generation.

Because number of cysts on the susceptible hosts varied from yeæ' to year, the

number of cysts on Galleon the most resistant cultivar was expressed as a percentage of

the number of cysts on Prior the most susceptible in this experiment. For the se,cond,

third and fourth generations, the number of cysts on Galleon as a percentage of those on

Prior were lI.7 3Vo, 2.46Vo and 2.5 5 7o respectively.

The number of eggs per cyst on Galleon was in Inost gerrerations significantly

fewer than on the other three cultivars (Table 20).

In the secorrd generation on Clipper thele were ten plants which produced low

numbers of cysts ranging from zero to seven cysts per plant. It was suspected that the

cysts collected on Clipper fiom the field and used as inoculum were contaminated v¿ith

fungi which caused poor hatching in pots or the seeds were genetically not pure. On

Galleon there were five plants which produced a high number of cysts ranging fiom 10

to 20. The possible reasons for this result on Gaileon were : it coulcl be due to more

aggressive nematode jndividuals or it was simply normal variation. 'fo test the first

possibility, the cysts from four Galieon plants which had more tltan ten cysts per plant
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Table 19. The number of cysts per plant in four barley cultivars.

H. avenae generation (number cysts/plant)

Field Pot

1981(1st) r9B2 (2nd) 1983 (3rd) 1984 (4th)

Cultivars Mean Mean Range Mean Range Mean Range

Galleon

WI223TD

Prior

Clþer

4.6s

32.00

39.6s

17.83

0- 20

0- 75

6-134

0- 51

2.47

56.20

100.40

72.75

0- 12

13- 98

3r - r94

12 - r39

2.05

43.9s

80.4s

61.15

0- 10

18- 80

22 - r37

10- 98

0.37

2.28

2.67

3.20

Table 20. The nunrber of eggs per cyst i¡ four barley cultivars

H. avenaz generation (mean number eggs/cyst)

Field Pot

cultivars 1981(Lst) 1982 (2nd) 1983 (3rd) 1984 (4th)

Galleon

v,/r223LD

h'ior

Ciipper

150.00 a

154.50 a

190.00 b

220.75 c

140.00 a

155.42 b

149.06 b

1s6.20 b

145.56 a

206.84 b

212.47 b

2'14,59 b

142.35 a

186.s0 b

208.74 c

2}t.r2 bc

t value e:0.05) :2.306.

Note : mean values followed by different letters are significantly different at P=0.05.
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Table 21. Number of white females produced on Clipper in the tube-test.

L982-2nd generation in Pots

Plant Mean

no. no. cYsts/Plant

1983-seed homogøreity test in tubes

Mean

no. females/plant Range

No. plants

tested

Control

1

2

5

I
9

11

15

17

18

19

41.30

39.33

37.66

35.33

37.16

37.33

36.16

40.83

33.83

36.00

37.33

34-60

33-42

33-45

33-38

3L-46

33-39

30-41

33-s3

31-40

34-38

35-4r

1

4

0

4

2

2

7

0

4

6

20

10

10

10

10

10

10

10

10

10

10
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Table 22. Number of white females and number of cysts produced on Galleon.

I982-2nd generation in Pot 1983-seed homogeneitY

test in tube

Mean

females/pl Range

1983-3rd generation in Pots

No.plants Mean

æsted cysts/pl Range
Plant

no.

Mean

cysts/pl

No.plants

tested

Conrol
10

20

t2
15

20

10

10

10

10

3.0

2.4

3.6

2.8

2.9

0- 10

0- 8

0-12
0- 9

0-12

7.00

r.20

5.25

2.t6

4

9

4

6

2

5

I
16

1-1

1-1
0

0

2

3

0

6

were selected for inoculum in the third generation. To test the second possibiiity,

Galleon plants which produced more than ten cysts and similarly for Clipper which had

less than seven cysts per plants were selected for further test using p.v.c tubes in the

growth room (see section 3.1). The assumptions were as follows :

1. If in the next generation there is an increase in the total number of cysts

produced per plant on Galieon, it means a more aggressive nematode individual would

be selected out from the H. avenae population.

2. Normal variation would show, if in the next genelation the l'a-nge in the number of

cysts produced per plant on Galleon is similar to the previor.rs generation.

3. If the seeds are not genetically pure, there would be a decrease in the total

nu¡nber of females produced per plant on Galleon and Clipper in the tube test.

The tube test result on Clipper showed that the seeds used were genetically pur:e

as all gave a susceptible reaction to infection with 11. avenae (Table 21). On Galleon the

results also showed that the seeds were genetically pure as all gave resistant reaction to
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infection with H. avenae (table 22). Comparisons with results from the third generation

in pots indicated that it was unlikely that a more aggressive netnatode individual was

present (Table 22).It is possible that the high number of cysts per plant on Galleon in

the second generation in pots was due to normal variation.

6.3 Discussion

Over three generations in pots, there was no detectable change in proportion of

cysts produced on Galleon. The resistance in Galleon did affect or reduce number of

eggs per cysts as well as reducing the number of cysts per plant.

The number of cysts produced on susceptible hosts varied from generation to

generation and so as an adequate expression of increase on resistant hosts, percentage

results were used. These results suggested that there was either no change in number or

the change was too small to detect. Testing over a longer period is necessary, but the

results suggest that if a change occurs, it will not rapidly affect the population. The

results also suggest that the few females which were produced on the resistant hosts are

not of a different genetic constitution so they must result frona variation in the resistant

reaction and their presence does not suggest a rapid build up of an aggressive

population.

Results in this experiment in pots under a glasshouse environment indicated¡hat

there was no rapid change in virulence in the H. avenae populations in South Australia,

but testing over a longer periocl is essential both under controlled environment and in the

freld.
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CHAPTER 7

RBLATToN BETWEBN TNITIAL popul,ATroN DrlNsrry oF ¡1- avcnae

Woll. AND GROWTH AND YIELD OF BARLEY

Most of the information on ccN and amount of damage on cereals in Australia

relates to wheat (Meagher & Brown, L974; Simon & Rovira, 1982)' The amount of

damage suffered by different wheat cultivars varies (Fisher et a1.,1981) but barley has

not been examined.

The relation between the initial populations of ^F1. aven^e, growth and yield of a

number of barley cultivars and final populations of nematode are investigated in this

chapter.

7.1 General Materials and Methods

Barley cultivars (Appendix 4) with different degrees of reaction to H. avenae

were gtown in pots. Seeds were pregerminated as described in section 3.1. One seeclling

per pot was sown approximately 2.5 cm deep into the soil. A suspension of juveniles of

H. avenae was used to produce different initial densities. A djlution series was made up

to give the required initial density. Inoculation was appiied immediately following

planting. Plants were examined regularly for pests and diseases. Pyrethrum and Bayrusil

were used to control greÆn aphid and powdery mildew respectively, which occurred on

infrequent occasions. Wa.tering was applied once a week, or u'hen the soil surface in the

pot was dry. The experiments were laid out in a split-plot factorial design with five

r.eplicates. After the piants had matured, the pots were allowed to dry out' Plants were

harvested by cutting at soil level. Cysts were recovered by washlng the roots on a set of

sieves (see section 3.1), and the number of cysts collected from the root and soil were

counted.
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The following characters were recorded : the number of days to awning' the

number of days to heading, plant height, plant dry weight, root dry weight, total number

of tillers (infertile and fertile tillers), number of fertile tillers (heads), grain yield,

100-seed weight, number of seeds per plant, number of cysts per plant and number of

eggs per cyst.

The number of days to awning was assessed at the time the awns started to

emerge from the boot. The number of days to heading was assessed when the flag-leaf

had opened and showed half the length of the spike. Plant height measured from the base

of the plant to the base of the head, without straightening out any natural bending, at the

time of harvest. Plant dry weight was measured as the air-dried weight of the plant

witho¡t roots, at the time of harvest. Root dry weight was measured as the air-Cried

weight of the roots, after collection of cysts. At harvest, the number of tillers was

measured as the total number of tillers per plant and the number of heads indicated the

total number of fertile tillers per plant. The yield was the total clean grain weight per

plant. The total number of matured brown cysts per plant and the number of eggs per

cyst were recorded.

Analysis of variance was calculated for each of the characters measured (where

the results were significant the table of analysis of variance is given in appendices 6 - 9);

the difference between f eatments was calculated using the least significant difference

test. Transformation log (x+1) was applied <ln data of number of cysts. Regression

analysis was also done on all the characters measured.

Meteorological records at the Waite Agric.ultural Research Institute, on soil

temperat¡re, air ternperature and rainfall during the exporilnental seasons from 1982 to

1984, are given in Appenclix 5.
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7.1.t 1982-Field pot exPeriment

7Jl Materials and Methods

To obtain information on the performance of selected bariey cultivars grown

under a range of H. avenae ínitialdensities in pots under field conditions, plants were

grown in pots, 25 cmintemal diameter and25 cm height, containing two kg sandy loam

soil without organic matter. Pots were submerged in the soil in the field, leaving

approximately 3 cm of edge above soil level; the experiment'ü/as arranged in a split-plot

factorial design, with five replicates.

Barley cultivars used were : Clipper, the susceptible standard; Galleon, a

resistant cultivar released in 193i, and WI 2231D, a sister line of Galleon which was

classif,red as having ¿n intermediate type of reaction to H. avenae (see section 3.2).

Initial population densities af H. avenae applied were as follows : 0 (control),

!, 2, 4,8, 16, 32, 64, 128, 256, 5I2, 1024 and Z} 9juveniles per pot'

27.r fi.esults

Plant characters :

Number of days to arvtting and heading

In all cultivars, the number of days to awning and heading was slightly but not

significantly increased as nematode population density increased (Table 23). In the

absence of nematodes Galleon was first to expose awns followed 2 days later by WI

2231D and Clipper, but the difference between cultivars was not significant (Table 24).

Plant height.

Nematode initial density did not affect plant height (Table 23), but there was a

difference between cultivars (Table 24). Galleon and WI223ID were of similar height,

but Clipper was taller.
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Tabte 23.Effect of nematode initial density on growth and yield of barley

(mean values over three cultivars).

Nematode

initial Plant Plant Total

density Awnrqg Heading height dry wt tillers

(uv/pot) (no.days) (no.days) (cm) (g/pl) (no/pl)

Fertile

tillers

(no/pl)

Grain 100-

yield seed wt Seeds

G/pl) (e/pl) (no/pl)

0

1

2

4

8

16

32

64

r28

256

512

r024

2048

87.47

87.47

87.47

87.80

88.13

88.13

88.53

88.s3

88.s3

90.13

91.13

9r.67

91.67

99.33

99.33

99.33

99.67

99.93

99.93

100.20

100.20

100.20

r01.67

r02.67

103.07

102.87

66.36

65.85

6s.46

64.97

64.63

64.7r

64.36

64.33

63.60

63.98

63.26

63.01

62.49

78.s

67.3

6s.6

64.6

62.5

6t.7

s6.6

55.0

52.4

50.4

48.2

46.6

46.8

42.60

39.80

39.60

39.27

38.27

38.27

3r.73

33.33

30.80

29.67

28.73

27.20

26.33

39.40

36.67

36.53

36.00

33.67

34.73

28.53

28.53

28.27

26.73

25.53

25.20

24.73

32.57

30.03

29.05

28.10

27.75

28.09

26.r0

26.26

24.21

23.95

23.24

22.12

22.09

4.66

4.58

4.56

4.6r

4.58

4.60

4.56

4.62

4.49

4.35

4.45

4.36

4.37

700

657

643

601

601

600

553

s63

540

525

516

502

492

LSD n.s

(P=0.05)

n.s n.s 18.56 9.82 9.35 n.s n.s n.s
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Table 24.Effectof nematode initial density on growth and yield of barley cultivars

(mean values over all densities).

Plant

Cultivars Awning Heading height

(no.days) (no.days) (cm)

Plant Total Fertile Grain

dry wt tillers tillers yield

(g¡pt) (no/pl) (no/pl) (g/pl)

100-

seed wt Seeds

(e/pl) (no/pl)

Galleon 87.85 99.57

wr223rD 89.86 t0r.46

Clipper 89.22 100.91

6r.54^ 67.90b 39.86b

62.67b 62.20b 39.60b

68.94c 44.40^ 23374

37.06b 30.74c

34.7rb 26.58b

21.584 2r.964

4.67h

4.s8b

4304

657b

5714b

5014

LSD

(P=0.05)

n.s n.s 0.88 7.98 4.94 4.r7 3.05 0.22 r33

Note : mean values followecl by different letters are significantly different at P=0.05.

Plant dry weight

In all cultivars, plant dry weight decreased as the nematode inrtiatr density

increased (table 23). The difference in plant dry weight when compared to control was

significant at initial densities above 16 juveniles/pot. Galleon andWI223LD had similar

plant dry weights and both differed significantly from Clipper (Table24).

Number of total ancl fertile tillers

Numbers of total and fertile tillers were affected by inoculation (Table 23); they

decreased as the nematode initial density increased.'When compared to the control, the

differences in numbers of total and fertile tillers were significant from initial densities 32

to 2048 juveniles/pot; at initial density below 16 juveniles/pot they did not differ

significantly from the control. Galieon and V/I 223LD had a similar number of total and

fertile tillers and both differed significantly from Clipper (Table 24).
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Table 25. Effect of nematode initial density on the number of cysts

per plant.

Nematode

inirial

density

(uv/pot)

Mean number of cysts per plant {1og (x + 1)}

Galleon WI223LD Clþer

0

1

2

4

8

t6

32

64

t28

2s6

512

1024

2048

0"

0

0

0

0

0

0

0

0.60

0.90

t.46

2.0s

1.53

0

0

0

0

0

0

0

0.96

2.09

2.72

3.01

3.48

3.73

0

0

0

0

0.23

0.23

0.69

r.27

2.33

2.99

3.22

3.94

4.30

I-S:t)

(P:0.05)

: cultivar x nematode initial density :0.62.
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Grain yield

In all cultivars, grain yield was reduced as the nematode initial density

increased, but this recluction was not significant (Table 23). Between cultivals the

difference was significant (Table 24) with Galleon producing the highest yield followed

by WI 2231D and ClipPer the lowest.

100-seed-weight

In all cultivars, inoculation with different nematode initial densities did not have

a signif,rcant effect on lO0-seed-weight (table 23). Galleon had the heaviest seed weight,

followed by wI 2231D and Clipper (Table 24), the difference was significant between

Galleon and Clipper but WI 223ID was not differed signifrcantly from Galleon.

Nurnber of seeds

Galteon produced mor- seeds per plant compared to WI 2231D and Clipper

(Iable 24).T\edifference betweeen Galleon and Clipper \¡/as significant with WI 223tD

intermediate. Although the number of seeds per plant on all cultivars decreased as the

nematode intial density increased, but the difference was not significant (Table 23).

Nematode character:

Number of cysts

The number of cysts produced on all three cultivars increased as initial density

increased but more cysts were produced on Clipper than on WI2231D on which more

were produced than on Galleon (Iable 25).

+
.Ã Discussion

In the absence of nematodes, the growth of the three cultivars differed; Clipper

was distinct from the otþer two cultivars, which as sister lines, could be expected to be

more closely related. Clipper r¡/as a tailer cultivar, with fewer total and fertile tillers, so it

is not su¡prising that the plant weight differed.

7.1
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There was, however, no significant difference in the time of maturing (number

of days to awning and heading) between the three cultivars. Although Galleon was first

to expose awns followed about two days later by Clipper and WI 223ID. The difference

between Galleon, WI2231D and Clipper in plant height was due to the inherent

character of these cultivars. Plant dry weight decreased as the nematode initial density

increased.

Initial density of nematodes affected the numåer-ef total numbers of tillers and

fertile tillers and presumably because of this affected þ shoot weight. Again, Galleon

and WI 2231D behaved in a similar way to the increasing density of nematodes with WI

2231D usually recording bigger losses than Galleon at the higher initial densities.

Clipper was more affected by increasing density of nematodes than were Galleon and WI

2231D, producing fewer total number of tillers and fertile tillers ar,* fewer seeds per

plant in response to inoculation with different nematode i¡itial density. It was sulprising

that significant differences in grain yield could not be shown. Reduction in grain yield

due to nematode initial density, although not significantly different, was consistently

greater with WI 2231D and Clipper than with Galleon and presumably this was due to

the resistance of Galleon.

In the al.rsence of nematodes Clipper produced the heaviest shoots, but at higher

densities both Ctipper and WI 2231D produced fewer shoots than Galleon, with Clipper

more affected by inoculation. Galleon and'WI 223LD produced similar number of tillers

arrd heads (Table 24), and they showed a similar pattern as nematode initial density

increased. Clipper produced ferver tillers and heads, and it was more affected by

inoculation than were Galleon and WI 2231D. Compared to WI 223ID arrd Clipper,

Galleon produced the highest grain yield, this reflected as rnore seeds produced per plant

by Galleon. The lack of differences in yield probably resulted from excessive variation.

As a result of inoculation, yield declined by about 3)Vo,but such a massive decline was

not signifrcant even though a statistical analysis on the cultivals as a separate variable has

been applied it did not produce a significant result. [t seems likely that differences in
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yield did occur but variation prevented the demonsEation of ttris.

There was a significant interaction between cultivars and inoculation with

different nematode initial densiry (Table 25). On Galleon there was no effect of nematode

initial density on final number of cyst produced, but on WI2237D and Clipper the final

number of cysts produced were increased as the nematode initial density increased, with

Clipper producing more cysts than WI 2231D .

Because of the absence of differences in yield under different nematode initial

density in this experiment, tolerance of the three cultivars could not be examined. The

experiment was repeated in the following year with affempts to conffol variation.

7.2 1983-Field pot and glasshouse experiments

To confi¡m the previous year's results on the effect of H. avenae initial

population density on barley, a similar experiment with a few modifications was

conducted both in the field and in the glasshouse. For the experiment conducted in the

field, border plants were grown in an attempt to reduce variation caused by environnìent.

Nematode initial density of 1 and 2048 juveniles were omitted from the.se experiments,

instead intial densities of 96 and l92were added and the highest initial density was 1024

juveniles per pot.

7.2.1 1983-Field pot experiment

7.2.1,1, Material and Methods

Materials and methods were similar to those in secticn 7.1.1, except in this

experiment the soil used was sandy loam containing John Innes nutricnts at half strength

with no peat, and to minimize the effect of environment Galleon was grown in pots and
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affanged as border plants between blocks and surrounding the experimental site. 11.

avenae initial population densities applied were as follows : 0 (conüol),2, 4,8, 16,32,

64,96, I28, 192,256, 5L2 and 1024 juveniles per pot.

7.2.1.2 Results

Plant characters :

Number of days to awn.ing and heading

In all cultivars, the number of days to awning and heading slightly increased as

the nematode initial density increased. At the highest nematode density awning was

delayed by 2 days in Clipper and \MI 2231D, but this difference was not significant

(table 26) andthere was no difference between cultivars Qable2T).

Plant height

Nematode inirial density did not significantly affect plant height (Iable 26). But

the difference between culdvars was significant (Table 27), with Clipper being the tallest

cultivar followed by Galleon andWI 2231D.

Plant dry weight

In all cultivars, plant dry weight decreased as the nematode initial density

increased (Table 26). \&hen cornpared to control (in the absence of nematodes), in all

cultivars plant dry weight was significantly reduced from netnatode initial density 96 to

1024 juveniles/pot. But there was no significant difference in plant dry vreight between

cultivars (Table 27).

Numbers of total and fertile tillers

The numbers of total and fertile tillers between cultivars differed significantly

(Tabte 27). Galleon and WI2231D had similar numbers but Ciipper fewer than these

two cultivars. The reduction in numbers of total and fertile tillers (Table 26) due to

increasing density of nematodes was not significant but even so were quite substantial
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Table 26. Effectof nematode initial density on growth and yield of barley

(mean values over tluce cultivars).

Nematode

initial

density

(uv/pot)

Awning Heading

(no.days) (no.days)

Plant

dry weight

(e/pl)

Total Fertile

tillers tillers

(no/pl) (no/pl)

Plant

height

(cm)

Grain

yield

(e/pl)

0

2

4

8

16

32

64

96

128

192

256

512

t024

88.87

89.27

89.00

89.40

89.40

90.00

90.00

90.00

90.40

9r.07

9i.07

9r.47

90.87

99.87

r00.27

r00.27

100.40

100.40

100.60

100.60

100.60

100.93

101.53

101.53

101.93

102.00

s9.60

s9.30

57.5L

s7.49

56.93

56.77

57.01

57.90

57.r0

53.2r

57.40

55.73

52.53

42.00

38.20

37.60

37.10

34.80

35.70

3s.30

33.80

30.10

30.30

28.90

24.60

20.80

27.t3

26.s3

25.20

24.80

24.47

24.07

23.80

23.40

22.87

22.47

2r.47

18.93

t6.07

24.93

24.s3

23.00

22.47

2r.73

2r.07

20.60

20.40

19.87

19.53

t7.87

14.67

12.07

21.05

19.8s

19.1 I
19.19

19.04

18.29

18.25

18.08

16.81

16.46

15.73

14.rr

tz.t7

LSD

(P=0.05)

n.s n.s n.s n.s n.s11.76 n.s
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Table 2T.Effectof nematode initial density on growth and yield of barley cultivars

(mean values over all densities).

Cultivars Awning Ileading

(no.days) (no.days)

Plant

height

(cm)

Plant

dry weight

G/pl)

Total

tillers

(no/pl)

Fertile

tillers

(no/pl)

Grain

yield

(e/pl)

Galleon

wI223rD

Clþer

89.1 1

90.68

90.40

100.31

101.08

101.14

57.04 b

53.00 a

60.38 c

37.00

31.90

30.20

27.t7 b

23.7r b

18.63 a

23.17 b

20.69 b

16.23 a

20.26

17.80

14.60

LSD

(P=0.05)

NS n.s "2.97 n.s 4.45 4.31 n.s

Note : mean values followed by different letters are significantly different atP=0.05.

particularly in relation to number of fertile tillers in which a 50Vo reduction was obtained.

Grain yield

Neither nematodes nor cultivar caused significant differences in grain yield, although

reduction in yield at the highest nematode intial density when compared to control was

greater than 40 7o (Table26).

Nematode character :

Nurnber of cysts

The number of cysts produced on Clipper and WI 2231D increased as initial density

increased (Table 28) but there was no increase on Galleon. At the highest initial density,

more cysts were produced on Clipper than on WI223LD.
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Table 28. Effect of nematode initial density on number of cysts.

Nematode

initial density

(uv/pot)

Mean number cysts per plant [1og (x+1)]

wr223rD ClipperGalleon

0

2

4

8

r6

32

64

96

r28

r92

256

512

r024

0.00

0.00

0.00

0.00

0.00

0.00

0.00

o.t4

0.42

0.50

0.58

0.96

r.32

0.00

0.00

0.00

0.00

0.00

0.00

0.60

0.64

1.57

2.18

2.32

2.51

3.r2

0.00

0.00

0.14

0.14

0.28

o.:5

1.37

r.70

r.93

r.97

2.50

2.63

3.49

LSD (0.05) : cultivar x nematode initial density : 0.50.
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7.2.1.3 Discussion

Essential-ly this was a repetition of the first experiment with modif,rcation aimed

at reducing variation. But the modifications either did not work or were overcome by a

different environment in the second year, because similar results were obtained.

Inoculation with different nematode initial densities had a significant effect only on plant

dry weight but not on number of days to awning, number of days to heading, number of

tillers, number of heads and grain yield. Between cultivars there were differences in

plant height and number of total and fertile tillers, these clifferences may be due to the

inherent charactet of the cultivars. Ctipper was still the tallest cultivar, producing fewer

infertile and fertile tillers, but the difference in dry shoot weignt could not be

demonstrated. Atthough different numbers of heads were produced by the cultivars, no

difference in grain yield could be demonstrated. Density of nematodes had no sigrrificant

effect on numbers of total and fertile tillers or grain yield despite differences of over 507o

in some instances suggesting that variation was still excessive and the modification

adopted did not have a significant effecl

The nematodes multiplied in much the same way in each experiment. There was

interaction between cultivars and inoculation with different nematode intial densities.

Galleon showed its resistance and limited multipiication while both WI 2231D and

Clipper were susceptible and the number of cysts produced increased as the nematode

initial density increased. In the second experiment, there was an incJication that

multiplication at the highest densiry was greater on Clipper than on WI 2231T)

suggesting that these cultivars were behaving in the different ways suggested by Jones &

Kempton (1978) for cyst-forming nematodes. The overall results were a little

dissappointing and further rnodification should be attempted.
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7.2.2 1983-Glasshouse experiment

In the experiments in the field over two years, control of variation was not

achieved. Increasing density of nematodes failed to affect growth and yield of barley. It

was decided that under glasshouse conditions variation nright be reduced and a similar

experiment was set up.

7.2.2.1 Materials and Methods

The glasshouse irad a glass roof only, the sides being made of wire mesh so that

the environment was not completely different from that in the field. The plants were

gfov/n in pots of 10 cm internal diameter and 10 cm height; other materials and methods

were as in section 7.2.1.I.

7.2.2.2 Results

Plant characters :

Number of days to awning and heading

Although in all cultivars the number of days to awning and heading increasecl as

the nenratode initial density increased, density did not have a significant effect on these

characters (Table 29).'lhere were differences between cultivars in number of days to

heading but not in the number of days to awning (Table 30), with Clipper being

approximately one day earlier.

Plant height

Nematode initial density did not affect plant height (Table 29). Galleon and WI

223ID were of similar height, with Clipper being the tallest cultivar and the difference

was significant (Table 30).
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Table 29. Effectof nematode initial density on growth and yield of barley

(mean values over three cultivars).

Nematode

initial

density

(uv/pot)

Awning Heading

(no.days) (no.days)

Plant

height

(cm)

Plant

dry weight

(e/pl)

Total

tillers

(no/pl)

Fertile

tillers

(no/pl)

Grain

yield

(e/pl)

0

2

4

8

16

32

64

96

r28

192

256

512

r024

78.40

78.40

78.40

78.40

78.47

78.73

78.73

79.00

79.00

79.00

79.40

79.60

79.60

92.07

92.07

92.07

92.07

92.07

92.20

92.33

92.40

92.40

92.40

92.80

93.00

93.00

42.87

42.78

42.37

42.3s

42.25

42.r5

42.14

39.24

4r.75

4r.3r

40.87

40.3r

37.97

2.39

2.33

2.28

2.27

2.25

2.25

2.24

2.24

2.23

2.20

2.09

2.05

2.0t

3.67

3.60

3.60

3.53

3.s3

3.47

3.40

3.47

3.47

3.20

3.20

3.20

3.06

2.07

2.07

2.07

2.00

2.00

r.93

1.93

2.04

r.93

1.93

2.00

1.87

r.73

0.93

0.91

0.90

0.89

0.89

0.88

0.87

0.87

0.87

0.86

0.85

0.82

0.79

I.SD

(P=0.05)

n.s n.s n.s n.s n.s n.s n.s
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Table 30. Effect of nematode initial density on growth and yield of badey cultivars

(mean values over all densities).

Cultivars Awning Heading

(no.days) (no.days)

Plant

height

(cm)

Plant

dry weight

G/pt)

Total

tillers

(no/pl)

Fertile

tillers

(no/pl)

Grain

yield

(e/pl)

Galleon

wr223tD

Clþer

78.52

78.88

79.r7

92.42 ab

92.78 b

91.92 a

38.71 a

38.99 a

47.67 b

332 b

3.45 b

3.08 a

2.29 b

2.08 b

1..52 a

0.96 b

0.88 al¡

0.78 a

2.23

2.r5

2.28

I.SD

(p=o.os)

0.68 1.63n.s n.s 0.3s 0.24 0.09

Note : mean values followed by different letters are significantly different at P=0.05.

Plant dry weight

In all cultivars, plant dry rveight was slightly decreased as the result of

inoculation, but the reduction rvas not signifîcant (Table 29) and there was no difference

between cultivars (table 30).

Numbers of total and fertile tillers

In all cultivars, nematode intial density clid not significantly affect nurnbers of

total and fertile tillers (Table 29). There were significarrt differences in numbers of total

and fertiie tillers produced by the cultivars (Tabte 30). Galleon and WI223ID produced

similar numbers of total and. fertile tillers but Clipper produced fewer than these two
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I

Table 3p. Effect of nematode initial density number of cysts.

Nematode

initial density

(uv/pot)

Mean number cysts per plant llog(x + 1)]

wr223D ClipperGalleon

0

2

4

8

16

32

64

96

r28

L92

256

512

t024

0.00

0.00

0.00

0.00

0.00

0.0û

0.00

0.28

0.s0

0.s0

0.69

t.36

1.56

0.00

0.14

0.28

o.77

0.82

1.51

1.9s

2.r7

2.54

2.77

3.25

3.72

4.07

0.00

0.28

0.36

0.94

1.19

L.7l

2.35

2.98

2.92

3.16

3.61

4.10

4.50

LSD (0.05) : cultivar x inoculation : 0.50
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Grain yield

Nematode initial density did not affect grain yield (Table 29), although in all

cultivars grain yield was reduced insignificantly as the nematode initial density increased.

When compared to control (in the absence of nematodes) yield at the highest initial

density was reduced by approximately 15 Vo. Ctipper significantþ pro'duced less grains

than Galleon but did not significantly differ from WI 2231D and Wf 2231D did not

significantly differ from Galleon (Table 30)

Nematode character:

Number of cysts

The final number of cysts produced on WI 223LD and Clipper increased as the

nematode initial density increased, but the increase on Galleon was marginal though

significant. Clipper allowed the production of significantly more cysts than WI2,23lD

which ailowed signifrcantly morc than Galleon (Table 31).

7.2,2.3 Discussion

The pattern of growth of the plants under these conditions was different from

those grown in large pots in the field. In the glasshouse in small pots, the plants did not

grow as well, producing a smaller dry weight, fewer tillers and lieads and less grain.

This was probably a reflection of the small pot size reducing root growth and restricting

water, thus supressing the growth variables. Nevertheless, the variation was also

considerably reduced and the plants were much more unifoÍn as considered by the lower

least significant difierencss for most variables. This inhibition of growth by pot size,

although it reduced variation, also removed any effect that density of nematodes had on

growth variables such as plant dry weight and number of total and fertile tillers.

However, it did show some differences in varietal characters that were not evident in tlte

field pots e.g. Clipper yielded less than Galleon suggesting that Clipper reacted less
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favourably to growth inhibition than Galleon or WI 223LD.

The numbers of cysts produced in pots varied in the two field trials and the

glasshouse trial was similar to one of these. One remarkable change was that at the lower

initiat densities, cysts were produced on the susceptible cultivars in the smaller pots and

this did not happen in the large pots in either experiment in the field. This suggests that

the juvenile nematodes had a greater chance of finding roots in the smaller volume of soil

and so a greater percentage penetration could be expected. It is thus even more surprising

that no effect of nematodes could be found on the growth variables in the small pots.

7.3 l984-Glasshouse experiment

Although the results f¡om 1983 field pot and glasshouse experiments were not

satisfactory, there were strong indications of the modifications necessary to relate loss in

yield to H. avenae initial population density. Small pots in the glasshouse reduced

varjation but the densities of nematodes were not high enough to cause damage, so the

range of initial densities should be increased. As the low densities did not show any

signif,rcant reduction in yield, these could safely be excluded. In addition to the cultivars

used in previous experiments, Prior and Schooner were included for comparison. Prior

is of the Chevalier strain impofed from England, grown in South Australia, New South

'Wales, Victcria and ''ù/estern Australia. It is a cultival best suited to low-fertility,

low-yielding conditions (Sparrow & Doolette, 1975) and was regarded as having an

intermediate degree of resistance to I/. avenae (see Section3.2). Schooner is a malting

type barley cultivar released recentþ in South Ausfralia and its reaction to H. avenae is

still under investigation.
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7.3.1 Materials and Methocls

H. avenae- initial population density applied were as follows : 0, 15, 30,45,

60, 120,240,480,960, lgzo, 3840, 7680 and 15360 juveniles per por. The planrs

were Srown in pots of 72.5 cm internal diameter and 72.5 cm height. Each pot was filled

with 750 Srams of sandy loam containing John Innes nutrients at haif strength with no

peat; pots were placed on trays to allow a regular watering from the base. The

experiment was laid out in a splirplot factorial design with four replicates and set up in

the same glasshouse as those described in section 7.2.2.1. Apploximately eight weeks

after inoculation, the base trays were filled with water containi ng a l/4 strength

Hoagland's solution, to maintain soil moisture and to add nutrients to the plants during

the vegetative period.

Analysis of variance (Appendix 9) and regression analysis (Appendix l0) were

done on the data of all characters measured in this experimenl

7,3.2 Results

Plant characters :

Number of days to awning and heading

The number of days to awning and heacÍing increased significantly as the

nematode initial density increasecl (Iable 32). In the absence of the nematodes, prior was

the first cultivar to expose awns, reaching this stage in about 97 days;Clipper, Schooner

and Galleon reached the awning stage at approximately the same time, 102 days after

sowing and WI 223ID was four days later (Fig. 1S). In each cultivar there was a delay

in reaching mafurity due to inoculation with nematodes and the length of delay increased

with increasing density of nematodes, being about one week in all cultivars at the

highest density (Table 32). Inoculation with different nematode initial densities delayed



Figure 18. The number of days to awning of five barley

cultivars grown under different H. a'¿enae initial

population densities.
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heading, and the delay increased with increasing density of nematodes but at its

maximum was about five days (Table 32). Regression analysis on nnmber of days to

awning and heading data showed that all cultivars had the same slope but with different

intercept.

Plant height

In all cultivars, nematode initial density did not significantly affect plant heigltt

(Table 32). The difference between cultivars was significant, with Prior the tallest

cultivar followed by Clipper, but there was no signif,rcant difference between WI223iD

and Galleon (Table 33).

Plant dry weight and root dry rveight

In all cultivars, plant dry weight and root dry weight decreased as the nematode

initial density increased (Table 32). At the highest nematode initial density, plant dry

weight of WI 2231D was reduced more than that of Galleon. Prior, WI2231D and

Galleon produced the heaviest shoots with Clipper and Schooner the lightest (table 33).

Clipper also produced the lightest root weight followed by WI 2231D, Galleon and

Prior, but Schooner produced the heaviest root weight (Table 33). Regression analysis

on plant dry weight showed that there v'as a different slope and different intercept for

each cultivar. But for root dry weight, all cultivars had the same slope with the same

inærcept.

Number of total and fertile till.ers

The nuinber of total and fertile tillers decreased as the nematode initial densitl,

increased (Table 32). In both variables, Galleon and WI 2231D produced simiiar

numbers of each and significantly more than Prior, Clipper and Schooner, all of which

produced similar numbers of total and fertile tillers (Iable 33). Regression analysis on

both variables showed that there was a different slope with different intercept for all

cultivars (Fig. 19; regression lfures on number of fertile tillers per plant).
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Table 3}.F;ffect of nematode initial density on growth and yield of barley

(mean values over five cultivan)

Nematocle

initial Plant

density Awning Heading height

(uv/pot) (no.days) (no.days) (cm)

Plant

dry wt

(e/pl)

Root

dry wt
(e/pl)

Total

tillers

(no/pl)

Fertile

tillers

(no/pl)

Grain

Yield

(e/pl)

0

15

30

45

60

120

240

480

960

1920

3840

7680

1s360

101.9s

102.30

102.55

102.75

102.80

103.15

103.20

103.s0

r 04.30

10s.40

10s.85

106.95

108.70

108.80

109.00

109.05

r09.25

109.30

109.50

109.50

109.75

110.30

III,2O

111.70

r12.60

113.95

74.79

74.67

74.57

74.49

74.40

74.39

74.22

74.22

73.98

73.56

73.56

73.4s

72.91

15.82

15.61

15.56

15.53

15.35

15.31

15.11

14.78

14.80

14.19

13.89

13.s0

f2.47

1.89

1.84

r.77

t.7r

r.66

1.69

1.65

1.58

r.62

1.54

1.50

1.36

r.20

9.90

9.70

9.60

9.55

9.3s

9.40

9.15

8.9s

8.6s

8.0s

7.85

i.s0

6.90

9.30

9.15

9.00

8.90

8.80

8.95

8.80

8.6s

8.40

7.70

7.55

7.20

6.75

7.44

6.87

6.74

6.76

6.s7

6.58

6.44

6.43

6.36

6.15

6.02

5.72

5.13

I.SD

(P=0.05 )

1.07 0.90 n.s 1.30 0.22 1.23 t.Z3 0.69
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3
Table 3l,F,ffect of nemato<le initial density on growth and yield of barley cultivars

(mean values over all densities).

Plant

Cultivars Awning Heading height

(no.days) (no.days) (cm)

Root Total Fertile

dry wt tillers tillers

(g/pl) (no/pl) (no/pl)

Plant

dry wt
(e/pl)

Grain

yield

(e/pl)

Galleon 103.62b

wrzz3tD 108.50c

Schooner lO437b

Prior 100.194

Clþer 103.87b

14.86b 1.58ab

ß.7¡bc 1.SZI

13.634 1.83b

16.00c 1.63ab

13.604 t.47r

1o.8sb 10.58b

10.04b 9.871,

7.gtã 7.464

7.52^ 7.094

7.954 7.004

109.084

t12.4gc

111.25b

108.274

rr0.42b

67 364

68.974

70.29b

90.60d

ß.24c

7.28b

6.74b

5.644

6374

5.814

I-SD

(P=0.05)

1.38 1.08 2.74 1.07 0.23 1.1s 1.03 0.74

Note : mean values followed by different letters are significantly different at P:0.05.

Grain Yield

In all cultivars, grain yield was reduced as the nematode initial density increased

(Table 32). Galleon and WI 2231D significantly yielded more grain than Prior, Clipper

and Schooner (Table 33). Regression analysis on grain yield showed that the cuitivars

hacl the same slope but different intercepts (Fig. 20).

Nematode characters

Number of cysts per plant and number of eggs per cyst

In numbers of cysts and eggs per plant there was a significant interaction

be[-ween cultivars and nematode initial density. hr all culti'¿ars, as nernatode initial



Figure 19. Relationship between number of fertile tillers of five

barley culi:¿ars and II. avenae initial population

density.

Figure 20. Relationship between grain yield of five barley

cultivars and H. avenae initial population

density.
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Table 34. Effect of nematode initial density on number of cysts.

Nematode

initial

density

(uvþt)

Mean number cysts per plant flog (x+1)]

Galleon WI223LD Schooner Prior Clipper

0

15

30

45

60

120

240

480

960

1920

3840

7680

1s360

0

0

0

0

0.17

0.t7

0.45

0.69

0.68

0.80

0.80

0.62

0.62

0

0

0.97

0.92

1.15

1.11

1.51

2.25

2.36

2.58

2.9r

2.64

2.64

0

0.r7

0.17

0. 17

0.3s

0.45

0.3s

0.68

t.29

1.37

1.61

1.22

1.22

0

0

0.72

0.52

0.97

1.10

1.10

r.82

1.83

2.25

2.40

3.07

3.97

0

0.17

0.72

0.82

r.o2

r.42

1.53

2.27

2.41

2.56

2.9r

3.09

3.09

I-SD

(P=0.05)

: cultiva¡ x inoculation : 0.28.
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Table 35. Effect of nematode initial density on number of eggs.

Nematode

initiat

density

(uv/pot)

Mean number eggs per cyst

Galleon WI223LD Schooner Prior Clþer

0

15

30

45

60

t20

240

480

960

t920

3840

7680

15360

0

0

0

0

93.8

94.6

176.1

280.8

179.1

179.0

17t.4

168.2

105.6

0

0

296.3

3t4.2

320.9

323.8

382.9

366.4

328.8

32r.9

289.4

248.0

2r5.8

0

88.3

89.6

90.0

t64.3

168.3

185.3

176.9

2r1.2

212.7

272.4

270.3

175.7

0

0

166.9

229.3

229.4

469.8

476.4

442.9

392.s

312.5

308.8

271.2

t92.7

0

131.3

371.8

378.8

504.1

481.3

462.9

45t.8

425.2

333.7

296.3

264.5

148.8

I-SD

(P=0.05)

: cultivar x inoculation : 187.18
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density increased, the numbers of eggs and cysts produced per plant increased (Table

34). Clipper, Prior and WI 2231D produced similar numbers and more than Schooner

which produced more than Galleon. The relation of nematode initial density to cultivar

in the production of cysts and eggs differed Gigs. 2l and 22). On Clipper and Prior

numbers of cysts produced increased continually with increasing density. On WI 2231D

and Schooner, numbers of cysts produced reached a maximum at an initial density of

3840 and then declined while on Galleon the changes in number though significant were

suppressed considerably.

There was also a significant interaclion between initial density and the number of

eggs per cyst (Table 35). The number of eggs per cyst increased, reached a maximum

then decreased as initial density increased. On Galleon and Schooner the number of eggs

per cyst was fewer than on WI223ID, Prior or Clipper.

7.3.3 Discussion

In all cultivars, inoculation with different nematode initíal density had a

significant effect on all growth characters measured and small differences werc sufficient

for significance suggesting that vaiation was confi:olled sufficiently. Inoculation with

nematodes delayed maturity of the plants, increasingly as nematode initial density

increased an observation agreeing with Seinhorst (1981) on oats. In South Ausffalia

where rainfall at the end of the season is unreliable, such a delay could be criticai in

affecting yield. The loss in yield in the field could well be greater than that obtained in

pots where water was supplied as needed. Inoculation affected early growth of the plants

as reflected in shoot dry weight and number of total and fertile tillers. Even in the

resistant culti'rar, Galleon, early growth u,as affected suggesting that damage is related to

invasion by the nematode and early growth of the nematode so that the type of resistance

in Galleon, apparently, does not affect invasion. This recluction in early growth was



Figure 21. The number of cysts per plant on five barley

cultivars grown under different H. avenae initial

. population densities.

Figure 22. The number of eggs per plant on five barley

cultivars grown under different H. avenae initial

population densities.
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carried tluough to the final grain yield. The cultivars differed in their potential yield by

the same proportion so that -,he regression lines of yield and nematode initial density

were parallel frig. 20) showing no difference in tolerance betrveen the cultivars.

Nevertheless some characters e.g. plant dry weight, numbers of total and fertile tillers

(Fig. 19), showed different responses to inoculation with different nematode initial

density and the slopes of the regression lines differed. This suggests that it is probably

worthwhile to persist with an examination of tolerance even though time did not permit

this on this occasion. The figure relating yield to nematode initial density also suggest

that WI 223ID might be the most intolerant cultivar and further control of variation might

accomptsh a demonsfation of differences.

There was an interaction between cultivars and nematode initial density.o^-fl

Multiplication rate data showed that a positive correlation between nematode initial

population density and the final population density occured on Clipper and Prior. On'WI

223ID and Schooner the multiplication rate declined above the initial density of 3840

juveniles. In Galleon, resistance contributes to the decrease of cyst production under

high nematode initial density. Reduced yield in Galleon under high nematode initial

density could be due to the early damage on the roots by nematodes. Although Prior and

Wl223ID showed a better yield potential, under high nematode initial density they

suffered a considerable yield loss compared to Schooirer and Clipper. Interestingly, the

cultivars used in this experirnent shared at least one comlnon parent in their pedigree, yet

they showed a different performance under different nematode initial density.

7.4. General discussion

The aiur of the experiments in this section was to assess the damage due to

inoculation with H. avenae and to try to determine if differences in tolerance of

sufficient magnitude to be of practical use could be found in barley.



c
,9

-Ð
t

,-Dr

0¡
t

t
JO
I

I
?

t
I
)

I
!

U

I
r/ì

8
f
elt
3
IJ

u
E
r,)

tç
t
Uf
t

92

In pots in the field variation was too great to permit the demonstration and it

would have been necessary to go to large plots to overcome this. It was not possible to

obtain sufficient nematodes for inoculation of large plots in the field so the alternative of

pots in the glasshouse was used. In the glasshouse, it was possible to show reductions

à*e
in the growth characærs¡lto increased initial density of H. avenae.The cultivars of barley

tested differed in growth habit and in potential yield so that the best method for

demonstrating differences in tolerance was in a comparison of all slopes of regression

lines of a variable against nematode intial density. With some characters, the slopes of

these lines differed in different cultivars so there was a suggestion of differences in

tolerance but in yield @ig. 20) no differences could be demonsffated even though yield

of WI 2231D appeared to be reduced more than the other cultivars{Persistence in

attemps to control variation may well have demonstrated differences in tolerance in

relation to yield but absence of time prevented this.

One of the factors wiúch probably contributed to this problem was the soil. FIalf

way through this series of experimenftne source of supply of nutrient changed and this

was rcflected in the number of cysts and eggs on the plants (Figs. 2I and

22). Despite a repeated search for a better nutrient source, this has not yet been obtained.

The soil did not relrrove the effect of resistance in the host but did affect number of cysts

on susceptible hosts. The effect probably operated through nutrition of the hosts and so

probably affected growth as well. The possibility of demonstrating differences in

tolerance then still remains and is worthy of further examination.

. Multiplication of the nematode at high initial densities varied with the cultivar.

Galleon, as a resistant cultivar restricted multiplication but Prior, WI223LD and Clipper,

which must all be regarded as susceptible had different effects on multiplication at high
(

vig! of Schooner needs further

w'e(e
thatfproduced

Ë"g
{&,
t

initial densities. This effect together with the beha

investigation.
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GENERAL DISCUSSION

Relating the genetics of the host to the behaviour of H. avenae has proved

diff,rcult, probably because the assays for number of females have been unreliable and

variable causing difficulties in partitioning the susceptible and resistant plants (FIayes &

Cotten, 1970). If the initial density is too low, the number of females produced in the

susceptible reaction will overlap with the resistant reaction. If inoculum density is too

high, competition between nematode individuals rvill occur (Jones & Kempton, 1978)

resulting in overlap in the number of females produced in the susceptible and resistant

reaction. In these studies an inoculum deæþof 625 juveniles of H. avenae was used,

it has given a satisfactory nunrber of fernales produced on host roots. Even with this

initial density, an almost continuous series of numbers frorn nil to 40 females per plant

was obt¿ined when a series of barley cultivars was testeclþinfection#Ë, nematode.

So a constant initial density did not overcome the problem of variation. Similar results

have been reported in oats (O'Brien &. Fisher, 1974) and in wheaf (Fisher, I982a).

However, with one exception, the resistant cultivars could be separated at the

level of ten females per plant. Cultivars which produced less than 30 and more than ten

fernales per plant may possesa different mechanism which reducøthe production of

females.

To aid determination of the genetic basis of resistance, a cultivar at the exffeme

end of the susceptible range (Clipper) was used as the susceptible parent to enable clear

separation of the susceptible and resistant progeny and in most experiments the

separation was simple. Only a few plants could not be definitely categorized. Vy'hen the

progeny of these was tested, they were either hornozygous or heterozygous resistant,

suggesting a further mechanism of variation, in that some resistant plants ¡¡nder some

conditions may support more females than expecfed in a resistant plant. The reason for



94

this is unknown. When Betzes, a host which allows production of an intermediate

number of females was used as the susceptible parent, more difficulties were

encountered but the results suggested that Betzes behaved in a similar way to Clipper i.e.

as a suòceptible cultivar.

In examining the interrelationships between the genes conditioning the resistance

at least four genes were demonstrated with Athenais, CI SI4T,Marocaine and Nile each

having a single gene (Cook, et al., 1977; 1979); at least two of these genes differed and

both differed from the two genes in Morocco. The relation of the two genes in Orge

Martin to the two in Morocco still remains to be examined so that there could be up to

eight genes available for resistance to H. avenae. 'Where two genes were present in a

cultivar, the resistance was more complete and there was a suggestion from the

experiment with Morocco that each gene controlled a different aspect of the host parasite

relation. Such a difference would also contribute to variation in numben of females and

this, together with the drift in numbers of females that occurred in the heterozygous

condition could well account for variations in numbers of females produced on resistant

plants.

When juveniles invaded and developed in the main axes of the ioot system a

greater number of females developed than where lateral branches were invaded. It is

possible that the size of syncytia is restricted in the narrower lateral branches and the

syncytia may not always be able to supply sufficient nutrients for development of

females. Thus the distribution of juveniles in the root system is important and this is

another source of variation in numbers of females. There is not enough information

about the sizes of different parts of the root systems nor about d.ifferent rates of growth

of root systems to show how important a contribution these characters make to the

variation.

One of the major contributions to variations in nurnbers of fernales, particularly

at higher initial densities, is the tolerance of the host (Jones & Kempton, 1978). The

cxperiments reported here suggested diiferences in tolerance even though this could not
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be proved conclusively. From the growth studies, particuiarly numbers of total and

fertile tillers, Galleon appeared to be the least tolerant cultivar. The resistance of Galleon

interfey'ed with multiplication of the nematode so that the intolerance of Galleon could

not be confirmed from the result on multiplication of the nematode. It needs further

experiments with better control on variation to show the tolerance of a cultivar, because

the effect of the tolerance of the cultivar on the development of females could make a

marked contribution to variation in numbers of females on susceptible hosts in an assay.

This factor certainly requires further examination because other possible contributions to

variation could come from resistance that expresses itself at high densities or from the

genetic background of the cultivar. One factor that does not seem to contribute to

variation, at least to the Australian population of II. avenae, is the occurence of mixtures

of pathotypes or different proportions of aggressive individuals in th,; population which

could relate tolerance/intolerance to multiplication of the nematode.

Three aspects from this study could have practical importarLce. Firstly, two

resistance genes in a cultivar, provided they regulate different aspects of the host/parasite

relation, give a greater reduction in numbers of females and hence witl give Ereater

population control in the field. Secondly, if it proves correct that one of the genes in

Morocco inhibits establishment of juveniles, then this gene coulcl be valuable, not only in

reducing nêmatode populations but also in avoiding damage to the host. 'lhirdly, tolerant

cultivars without resistance will exacerbate the problem in the field because of their

ability to multiply the population at high initial densities. Either tolerant cultivars should

not be released without resistance or great care should be taken in a rotation to avoid the

damage that may result to a following cereal crop.
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Appendix 1. Selected cultivars from the V/aite Agricultural Research Institute
barley collection and their country of origin.

Cultivars Abbreviatron Country of origin

cPr 18197

LaMesita

OrgeMartin

Orge Prophete

Clipper

Galleon

PriorD/A
wI2231D
Corvette

Shannon

Resibee

Weeah

cr3576
Nile

Athenais

Indian Dwarf

Suifu

2 EBYT 16

Marocaine 079

Morocco

Mazurka

Znphyr

Betzes

Freja

Bayardi

cr 8147

Golden Flomise
L

Tlntern

Mink

Arivat

Beecher

Chevron

(CP)

(rM)
(oM
(oP)

(c)
(G)

(P)

(wD

(co)

(sh)

(R)

(w)
(ca)

(NÐ

(AÐ

@)
(s)

(28)

(Ma)

Mo)
(Mz)

(z)
(B)

(F)

(Bv)

(c8)

(GP)

(Ð
(Mi)

(AÐ

(Bc)

(ch)

Algeria

Algeria

Algeria

Algeria

Australia (S.A)

Australia (S.A)

Australia (S.A)

Australia (S.A)

Australia (S.A/QLD)

Australia (Tasmania)

Australia (Victoria)

Australia (Victoria)

Egypt

Egypt

Greece

India

Japan

Mexico

Morocco

Morocco

Netherlands

Netherlands

Poland/Canada

Sweden

Sy.ia

Turkey

United Kingdom

United Kingdom

United Kingdom

U.S.A

U.S.A

U.S.A

Note : S.A: South Australia; QLD : Queensiand.
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Appendix 2. Analysis of variance on the number of white females per plant on

barley cultivars following inoculation with H. avenae, on untransformed and

square root transformed data.

2.a Analysis of variance on number of white females (unt'ansformed datal

Experiment 1 (initial clensiq,5x100 juveniles) :

Variate :'White females (no/plant)

Source of
variation

Degree of Sum of

freedom square

Sum of
seuare (7o)

Variance F table

ratio (P=0.0S)

Mean

square

*Units* Sffatum

Cultivar

Residual

Total

15

80

95

20r4r.50

3861.00

24002.s0

83.91

16.09

100.00

L34237 27.82** 1.83

48.26

2s2.66

Grand total 95 24002.s0 100.00

Grand mean 21.38

Total number of observations 96

Standard errors of differences of means

Table Cultivar

Replicate

SED

6

4.01

Stratum standatd errors a¡d coeffiðients of

Snatum DF SE CYVo

Units 80 6.95 32.5
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Appendix 2 cont.

2.b Analysis of variance on number of white females (untransformed data) :

Experiment 2 (initial densitv 5x 125 juveniles)

Variate: White females (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (Vo)

Variance F table

ratio (p:0.05)
Mean

square

*Units* Statum

Cultivar

Residual

Total

17

90

r07

8s.10

14.90

100.00

22548.7r

3948.s0

26497.2r

t32639 30.23** 1.75

43.87

247.64

Grand total 107 2649 t.2L 100.00

Grand mean 19.73

Total number of observations 108

Sta¡datdcna$ of differences of means

Table Cultivar

Replicate

SED

6

3.82

Stratum standarrl erro$iand coglficients of variaticn

Statum DF SE CYVo

Units 90 6.62 33.6
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2,c ):

Appendix 2 cont.

Experiment I linitial densitv 5x100 juvenilesl

Variate : White females (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
sqtarc (Vo)

Variance F table

ratio (p:0.0S)
Mean

squafe

*Units* Sratum

Cultivar 15

Residual 80

Total 95

408.83

45.29

454.r2

90.03

9.97

100.00

27.26

0.57

48.15** 1.83

Grand tot¿l 9s 454.12 100.00

Grand mean 4.08

Total number of observations 96

Standa.rd errors of diJferences of means

Table Cultiva¡

Replicate

SED

6

0.43

Sfatum standard errors and coefficients of variation

Statum DF SE CYVo

units 80 0.75 18.4
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2.d ):

Appendix 2 cont.

Experiment 2 linitial density 5x 125 juveni'les)

Variaæ: Whiæ females (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (p:0.05)
Mean

square

*Units* Stratum

Cultivar

Residual

lbtal

T7

90

r07

374.r3

51.85

425.98

87.83

t2.r7
100.00

38.20** r.7522.0r

0.s8

3.98

Grand total 107 425.9o 100.00

Grand mean 3.97

Total number of observations 108

Stanclard errors of differences of means

Table Cultiva¡

Replicate

SED

6

0.44.

Sffatum standard errors and coeffìçlgnts of variation

Sramm DF SE CYVo

units 90 0.76 19.1
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Appendix 3. Analysis of variance on the number of larvae and¿*ræberd white

females per plant on barley cultivars following different times inoculation with É1.

avetuæ.

3. a Analysis of variance on number oilaryaç :

Variate : I-arv ae (no/plant)

Source of
variation

Degree of
freedom

Sum of Mean

square squafe

7o

Variance

ratio

F table

(p:0.05)
Sum of
square

Rep Statum

Rep *Units* Stratum

Cult

Treat

Cult x Treat

Residual

Total

5 237.6 0.86 47.5

3

2

6

55

66

9807.0

8792.4

r0r2"7

7658.3

27270.4

35.65

3r.96

3.68

27.84

99.r4

3269.0

4396.2

168.8

139.2

4r3.2

23.48**

3 r.57**
1.21ns

2.78

3.17
111

Grand total 71 27508.0 100.00

Grand mean 49.5

Tcltal number of observations 17

Standard en'ols of diffqrclccs-of :

Table Cultivar Treaünent Cultivar x Treatment

Replicate

SED

18

3.93

24

3.4r

6

6.81

Stratum stanrlard cuprs¿nð coeffieicnls-gf-vanallon :

Statum DF SE CYTo

Units 5 1.99 4.0
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Appendix 3 cont

3.b Analysis of variance on number of white females

Variate: White females (no/plant)

Source of

variation

Degree of
freedom

Sum of
square

Sum of Mean Variance

square square ratio

Vo

F table

(p=o.os)

Rep Statum

Rep *Units* Süatum

Cult

Treat

Cult x Treat

Residual

Total

5 t2.28 1.13 2.46

3

2

6

55

745.r7

20.r1

42.00

271.72

1079.00

68.28

1.84

3.Bs

24.90

98.87

248.39

10.06

7.00

4.94

16.35

50.28*x

2.04ns

1.42ns

2.78

3.r7
2.27

66

Grand total 71 1091.28 100.00

Grand mean 3.19

Total number of observations 72

Standard errors of differences of¡qcdn$ :

Table Cultivar Treaûnent Cultivar x Treatment

Replicate

SED

18

0.74

24

0.64

6

1.28

Stratum sta[dard errors and coeffiçients olv¿nalion :

Statum DF SE CYVo

Units 5 0.45 14.2
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Appendix 3 cont.

3.c Analysis of variance on number of larvae in primary axes

Variate : Larvae in p.i-ary axes (no/plant)

Source of
variation

Degree of Sum of

freedom square

Sum of Mean

square square

Vo

Variance

ratio

F table

(p=o.os)

*Unis* Stratum

Cult

Inoc

Cult x Inoc

Resirjual

Total

100.3s

8s66.69

2.69

t026.92

9696.6s

100.3s

4283.3s

1.35

15.56

6.45*

275.29**

0.Ogns

I
2

2

1.03

85.35

0.03

10.59

100.00

3.92

3.19

3.19

66

7T

Grand total 7L 9696.65 100.00

Grand mean L4.82

Total number of observations 72

Standard en'ors of differenc* of rneans :

l'able Cultivar Treaünent Cultivar x Treatrnent

Replicate

SED

36

2.92

24

3.s8

T2

s.06

SEatu-nsfand¿rd errors and coeffieientsof¡¿ariation :

Sratum DF SE CYVo

Units 66 L2.4 2L.7
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Appenclix 3 cont.

3.d Analysis of variance on number of larvae in later¿l btaqçl:es :

Variate : Larvae in lateral branches (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of Mean

square squafe

Vo

Variance

ratio

F rable

(p=o.os)

*Units* Statum

Cult

Inoc

Cult x Inoc

Residual

Total

960.7

t4694.2

26.0

10ls0.4

25831.3

1

2

2

66

3.72

s6.89

0.10
'39.29

100.00

960.7

7347.1

13.0

1s3.8

6.25**

47.77**

0.0gns

3.92

3.19

3.r9

7l

Grand total 71 2583r.3 100.00

Grand mean 57.2

Total number of observations 72

Stand ard errors o-ldifferences¡freans :

Table Cultiva¡ Treaûnent Cultivar x TreaÍnent

Replicate

SED

36

0.93

24

t.t4
12

1.61

Sjratum glandd--errqrs and coefficients of vauatlon :

Statum DF SE CYTo

units 66 3.9.5 26.6
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Appendix 3 cont.

3.e Analvsilof variance on total number of larvae in the root svstem :

Variate : Total larvae in the root system (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of Mean

squafe squafe

Vo

Variance

ratio

F table

(p=o.os)

*Units* Stratum

Cult

Inoc

Cult x Inoc

Residual

Total

t672.3

1724.5

35.9

12504.3

15937.0

1

2

2

10.49

10.82

0.23

78.46

100.00

1672.3

862.3

17.9

189.5

8.83**

4.55**

0.1Ons

3.92

3.19

3.r9

66

7l

Grand total 71 15937.0 100.00

Grand mean 72.0

Total number of observations 72

Standard errors of differençcs of means :

Table Cultivar Treaünent Cultivar x Treatment

Replicate

SED 3.24

36 24

3.97

L2

s.62

Stratumsfa¡darcl eryors anclcocffi eienls-dvaualiql :

Sfatum DF SE CYVo

Units 66 13.76 19.10
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Appendix 3 cont.

3.f Analvsis of variance on number white females

Variate: White females (no/plant)

Source of

variation

Degree of Sum of
freedom square

Sum of Mean

squafe square

Vo

Variance

ratio

F table

(p:0.05)

*Unitsx Stratum

Cult

Inoc

Cult x Inoc

Residual

Total

168.06

2662.69

138.86

1536.83

4506.44

168.06

1331.35

69.43

23.29

7.22**

57.18**

2.ggns

1

2

2

3.73

59.09

3.08

34.10

100.00

3.92

3.19

3.r9

66

7l

Grand total 7t 4506.44 100.00

Grand mean 11.78

Total number of observations 72

Standard errors of differences of means :

Table Cultivar TieaÍnent Cultivar x Treatment

Replicate

SED

36

t.t4
24

4.83

L2

1.97

Stratu m stan d ard errors an cl recfficjcnls¡f v_ari ation :

Statum DF SE CYVo

Units 66 4.83 41.0
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Appendix 4. The origin of barley cultivars used in Chapter 7 (Fitzsimmons &

Wrigley, 1984).

Prior :

Clipper :

\ryI 2231D :

Galleon :

Schooner :

probably released in 1905, farmer selection'

Parentage was selected from either Archer or chevalier.

regisü'ation date 1968.

Parentage : Proctor x Prior A. Procto¡ was selected from (I(enia x

Plumage Archer) and Prior A was selected from either Archer or

Chevalier.

is a non commercial varietY.

Parenrage : [(Fliproly x clipper) xwI223l (3) and the parentage.

of WI 2231was (Proctor x CI3576).

registration date 1981.

Parentage : [( Hiproly x Clipper ) x WI 2231 (3)l'

regisfration date 1983.

Parenrage : wI 2128 x WI 2099. WI2128 and WI 2029 were

selected from (Proctor x Prior) and (Proctor x cI 3576)

respectively.
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Appendix 5. Meteorological records at the V/aite Agricultural Research Institute,
June - De.cember, 1982 - 1984.

sorl temperature
at 25 mm
Max Min

Air temperature
'c
Max Min

Number
daysmm

T982

June

July

August

September

October

November

December

18.8

18.4

2s.6

28.3

33.7

45.6

47.8

7.0

6.6

9.4

10.3

12.8

16.9

18.2

14.2

13.8

18.9

r7.6

20.4

20.4

27.3

7.3

7.3

10.3

9.6

11.3

11.3

15.5

2.08

r.25

o.79

1.06

0.54

0.11

0.42

17

t4
8

10

13

2

3

Mean 31.2 11.6 18.9 10.4 0.89 9.s7

1983

June

July

August

September

October

November

December

19.4

17.0

21.4

24.6

33.1

39.4

45.0

7.6

7.1

8.9

10.3

12.3

15.6

17.9

t5.4

13.5

16.3

17 -6

2t.l
24.2

27.8

8.5

7.7

9.5

10.1

11.3

13.6

16.2

1.13

4.r2
2.92

2.s6

1.83

0.3s

0.6s

T2

23

13

t6
9

9

5

Mean 28.5 rr.4 19.4 10.9 1.93 t2.42

L984

June

July

August

September

October

November

December

20.t

16.3

17.9

2r.3

33.1

35.1

42.9

7.3

6.7

8.3

8.3

t2.2

15.0

t7.5

15.8

13.1

15.1

15.5

20.6

23.2

25.9

8.7

7.4

9.2

8,7

11.6

t4.3

15.6

16.3

3.34

4.34

2.t2
0.83

1.81

0.29

10

22

22

19

8

13

3

Mean 26.6 t0.7 r8.4 r0.7 2.0s 13.85



126

Appenclix 6. Anatysis of variance on plant height, plant dry weight, number

of total and fertile tillers, 100-seed-weight, number of seeds per plant and

number of cysts on barley cultivars in 1982-Field pot experiment.

6.a Analysis of variance on pl

Variate : Plant height (cm)

Source of

variation

Degree of Sum of
freedom square

Sum of
square (%)

Variance F table

ratio (p:0.05)
Mean

square

Rep Stratum 4

R.ep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult"inoc 24

Residual L44

Total 180

2843.67 28.rr 710.92

t03t.22 2t9.89** 4.46

4.69

210.00

2062.44

37.52

2099.96

20.39

0,37

20.76

228.40

77.r5

4866.59

5172.r4

2.26

0.76

48.11

51.13

19.03

3.2t

33.80

28.73

0.56ns

0.0gns

r.75
t.52

Grand total r94 10115.76 100.00

Grand mean

Total number of observations

64.39

195

Standard errors of differences of means
Table Cult Inoc Cult.inoc

Replicate
SED

ó5
0.38

15
2.t2 3.55

5

Except v¿hen comparing rneans with same level(s) of :

cult 3.68

-.M an d coeffi eicn tsof '¿alalienStra¡¡m DF SE CYTo
Rep 4 4.27 6.60
Rep.cult 8 0.60 0.90
Rep.cult.inoc L44 5.81 9.00
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Appendix 6 cont.

6.b Analysis of variance on plant

Variate : Plant dry weight (giplant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (%)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Stratum 4

Rep.Cult. Sfatum

Cultivar 2

Residual 8

Tot¿l 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cultinoc 24

Residual 144

Total 180

18769.30 11.78 4692.30

19589.50

3108.90

22698.40

16415.30

4s70.60

96943.r0

tt1929.00

12.29

1.95

14.24

10.30

2.87

60.82

73.98

1367.90

190.40

673.20

655.20

2.03*

0.2Bns

9794.70 25.21** 4.4.6

388.60

2269.80

1.75
r.52

Grand total t94 159396.70 100.00

Grand mean

Total number of observations

58.20

195

Stan¿aø en'ors of differences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 3.46 9.47 16.14

Except when compariug means lvith same level(s) of :

cult 16.4I

:

Snatum DF SE CYVo

Rep 4 1A.97 18.90

Rep.cult 8 5.47 9.4

Rep.cult.inoc L44 25.95 44.60
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6.c Analysis of variance orr number of total tillers

Variate : Tillers (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Variance F table

ratio (p:0.05)
Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual I44
Total 180

3139.40 6.36 784.90

5801.30 38.97** 4.46

148.90

r279.40

11602.60

1191.10

12793.60

23.5r

2.41

25.92

5542.00

744-.rc

27r3r.90

33416.00

tt.23
1.50

54.98

67.71

461.80

30.90

188.40

185.60

2.45*

0.16ns

r.75

r.52

Grand total r94 49349.10 100.00

Grand rnean

Total nurnber of observations

34.28

195

Standard errors of clifferences of means

Table Cult In<r Cult.incc

Replicate 65 15 5

sED 2.r4 5.01 8.61

Excep[ when compæ'ing means with same level(s) of :

cult 8.68

Stratr¡m stAndarl errors ancl çoefficients of variatipn :

Snafum DF SE CYVo

Rep 4 4.49 13.1

Rep.cult 8 3.38 9.9

Rep.cult.inoc 144 L3.73 40.0
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6.d Analvsis of variance @
Variate : Fertile tillers (no/plant)

Source of

variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Sranrm 4

Rep.Cult. Stratum

Cultivar 2

Residual I
Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual 144

Total 180

2403.20 5.69 600.80

9041.30

851.80

9893.10

2t.4r
2.02

23.42

450.70

106.s0

989.30

399.70

23.20

170.80

166.30

42.46** 4.46

4797.00

s56.00

24589.00

29942.00

tr.36
r.32

58.21

70.89

2.34*

0.14ns

t.75

1.52

Grand total t94 42238.30 100.00

Grand mean

Total number of observations

3r.t2
195

,Standard eryo,$ of differences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 1.81 4.77 8.14

Except when comparing means with same level(s) of :

cult 8.27

Straturr standard errors and coeffieie¡S ofvanation :

Snatum DF

Rep 4

Rep.cult 8

Rep.cult.inoc L44

SE CYVo

3.93 12.6

2.86 9.2

13.07 42.0
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6.e Anal)¡sis of variancc on-100:seed:we*lht

Variate : lOO-seed-weight (g/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (7o)

Variance F table

ratio (p:0.05)
Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculati<¡n L2

Cult.inoc 24

Residual 144

Total 180

0.69 2.67 0.r7

4.15

0.67

4.82

2.03

0.64

17.55

20.22

_ 16.11

2.62

18.73

7.91

2.48

68.2r

78.60

2.07

0.08

0.48

0.17

0.03

0.:2
0.11

1.3gns

g.22rlS

r.75

r.52

24.62** 4.46

Grand total r94 2sJ3 100.00

Grand mean 4.52

Total number of observations 195

Standard errors of differences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.0s 0.13 0.22

Except when comparing means with same level(s) of :

cult 0.22

Stratum standard erreIr aruLeogffic:ients of var.ialfion :

Sratum DF

Rep 4

Rep.cult 8

Rep.cult.inoc 1,44

SE CYVo

0.07 1.s0

0.08 1.80

0.3s 7.70
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6,åAnalysis of variance on number of seecls :

Variate : Seeds (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (%)

Variance F table

ratio (p:0.05)
Mean

squarc

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cultinoc 24

Residual 144

Total 180

812378 7.53 20309s

787988

249167

1037155

734620

190334

8013535

8938489

393994

3rr46
103715

6tzr8
793r

556s0

496s8

12.65* 4.467.30

2.3r

9.6r

6.81

r.76

74.28

82.86

1.1Ons

0.14ns

r.75

1.52

Grand total 194 10788022 100.00

Grand mean

Total number of observations

576

195

Standard errors of di&rcnçes of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 31.65 86.1 146.6

Except when comparing means with same level(s) of :

cult L49.2

Stratum standarrl errors and co :

Stratum DF SE CVVo

Rep 4 72.20 12.50

Rep.cult 8 48.90 8.50

Rep.cult.inoc L44 235.90 40.90
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6.9 Analysis of variance on number of cysts

Variate: Cysts (no/plant) fiog (cyst+l)]

Source of

variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Variance F table

ratio (p:0.05)
Mean

squale

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation L2

Cult.inoc 24

Residual L44

Total 180

0.39 0.t7

20.02

0.32

20.35

180.64

21.03

10.53

212.20

8.59

0.14

8.73

17.5s

9.03

4.52

91.10

0.19

10.01

0.08

3.39

15.05

0.87

c.15

r.96

L23.47** 4.46

LA2.87** L.75

3.99* r.52

Grand total t94 232.94 100.00

Grand mean

Total number of observations

r.07

195

Standarcl errors of differences of means

Table Cult Inoc Cult.inoc

Replicate 39 9 3

sED 0.06 0.18 0.31

Except when comparing means with same levei(s) of :

cult 0.31

Sffatum standard errors andcoefficre¡_tsof ./dajlon :

Sna¡¡m DF SE CYVo

Rep 2 0.07 6.60

Rep.cult 4 0.08 7.40

Rep.cult.inoc 72 0.38 35.70
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Appendix 7. Analysis of variance on plant height, plant dry weight, number
of total and fertile tillers and number of cysts on barley cultivars in 1983-Field
pot experiment.

7.a Anal)rsis of variance on plant hejght

Variate : Plant height (cm)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Variance F table

ralio (p:0.05)

Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual I44
Total 180

1834.61 10.s9 4s8.65

1,777.41

432.0r

2209.42

10.26

2.49

I2.75

888.70

54.00

220.94

61.31

18.98

83.99

t6.46* 4.46

735.72

4ss.55

12094.56

1328s.83

4.25

2.63

69.79

76.66

0.73ns

0.23ns

1.75
r.52

Grand total r94 17329.86 i00.00

Grand mean

Total number of observations

56.81

195

$q¿ar¿cnors of UfferenceU meansTable Cult Inoc- Cult.inoc

.tteplicate
SED

ó5
r.29

15
3.3s

5
5.7r

Except when comparing rÌieans with same level(s) of :cult ' 
5.79

Sfatum standard. errors and coefficients of variatjonStratum DF rcRep 4 3.43 6.00Rep.cult g 2.04 3.60
Rep.cult.inoc I44 9.I7 16.10
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7.b Analysis of variance on plantdry weight

Variate : Plant dry weight (g/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (p:0.05)
Mean

squafe

Rep Stratum 4

Rep.Cult. St¡atum

Cultivar 2

Residual 8

Toral 10

P.ep. Cult.Inoc. S tratum

Inoculation 12

Cultinoc 24

Residual I44
Total 180

3s07.s0 6.35

1607.s0

3613.10

5220.60

6185.90

1384.70

3893v.70

46s10.30

2.9r

6.54

9.45

LL.2O

2.51

70.49

84.20

876.90

803.70

4si.60
s22.r0

515.50

57.70

270.40

258.40

1.91*

0.21ns

1.7gns 4.46

r.75

r.52

Grand total t94 55238.40 100.00

Grand mean

Total number of observations

33.00

195

Standard errors of clifferences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 3.73 6.00 10.66

Except when comparing means with same level(s) of :

cult 10.40

Stratum standard ettors and coefficients of variation

Snatum DF SE CYVo

Rep 4 4.74 14.40

Rep.cult 8 5.89 17.80

Rep.cult.inoc 144 16.44 49.80
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7.c Analysis of varianceo¡¡umber of total tillers-

Variate : Tillers (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Va¡iance F table

ratio (p:0.05)

Mean

squafe.

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation L2

Cult.inoc 24

Residual I44
Total 180

1089.60 4.37 272.40

1198.80 9.90*

121.10

336.60

2397.70

968.80

3366.s0

9.6t

3.88

13.50

6.53

t.32

74.28

82.13

1.06ns

0.1 l's

4.46

1.75

r.52

1629.40

328.30

18527.70

2048s.40

13s.80

t3.70

r28.70

113.80

Grand total 194 2494r.40 100.00

Grand mean

Total number of observations

23.r7

195

Standard errors of dìfferences of mqans

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 1.93 4.r4 7.16
Except when comparing means witlr same level(s) of :

cult 7.I7
Stratum standard errors and eoçfficiontr of rrariation:
Stratum DF SE CyVo

Rep 4 2.64 11.40

Rep.cult 8 3.05 13.20

Rep.cult.inoc L44 1t.34 49.00



136

Appendix 7 cont.

7.d Analysis of variance on number of fertile tillers

Variate : Fertile tillers (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of

square (7o)

Variance F table

ratio (P:0.05)
Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual I
Tot¿l 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual 144

Total 180

80s.20 3.46 201.30

1839.50

907.50

2747.00

2403.40

28s.80

170r2.90

r9702.20

7.9r

3.90

1 1.81

10.34

t.23

73.16

84.72

919.80

113.40

274.70

200.30

11.90

1 18.10

109.50

1.6gns

0.1u'ìs

r.75

t.52

8.11* 4.46

Grand total r94 232s4.40 100.00

Grand mean

Total number of observations

20.21

195

Stan¿aø enors of ¿ifferenc

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED r.87 3.97 6.86

Except when comparing means with sarne level(s) of :

cult 6.87

Str¿tum standarcl errors andcoefficie¡ts oftariation :

Stratum DF SE CYVI

Rep 4 2.27 11.20

Rep.cult 8 2.95 14.60

Iìep.cult.inoc 144 10.87 53.80
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7.e Analysis of r¿ariance on numbetof cysts

Variate: Cysts (no/plzmt) [1og (cyst+l)]

Source of
variation

Degree of Sum of
freedom square

Sum of

square (Vo)

Variance F table

ratio (p:0.05)
Mean

square

Rep Sratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cultinoc 24

Residual L44

Total 180

7.82 3.23 1.95

33.20

1.39

34.s9

149.s8

27.t3

23.r8

199.89

13.70

0.s8

14.28

61.73

rt.20
9.s7

82.s0

16.60

0.r7

3.46

12.46

1.13

1.1 1

77.44**

7.í'r2*

r.75

t.52

95.29** 4.46

Grand total r94 242.31 100.00

Grand mean

Tota1 number of observations

0.86

19s

Stanclard erÏors of differene es of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.07 0.15 A.zs

Except when comparing means with same level(s) of :

cult ç.Zs

Slratum stand¿rd error-s and coefficjents c'f v¿rialion :

Stratum DF SE CyVo

Rep 4 0.22 Z6.L

Rep.cult 8 0.11 13.5

Rep.cult.inoc 144 0.40 46.7
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Appendix 8. Analysis of variance on number of days to heading, plant height
number of total and fertile tillers, yield and number of cysts on barley cultivars
in l983-Glasshouse experimenl

8.a Analysis of rariance on nu*ber of doytllhcadrng
Variate: Heading (no. days)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Variance F table

ratio (p:0.05)

Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual I44
Total 180

64.13 6.31 16.03

24.29

22.33

46.62

22.07

10.11

872.74

904.92

2.39

2.20

4.s9

2.r7

1.00

8s.93

89.10

12.t4

2.79

4.66

1.84

0.42

6.06

5.03

0.30ns

0.07ns

r.75
1.52

4.35* 4.46

Grand total 194 1015.67 100.00

Grand mean 92.37

Total number of observations 195

Slandard errors of differences of means
Table Cult Inoc Cult.inoc

Replicate
SED

ó5 l5
0.90

.5

t.52
Except when comparing means with same tevel(s) ofcult 'í.SO

4"29

Sratum DF
Rep 4
Rep.cult 8
Rcp.cult.inoc I44

SE
0.64
0.46
2.46

CYVo
0.70
0.50
2.70
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8.b Analysis of variance on plant height

Variate : Plant height (crn)

Source of
variation

Degree of Sum of
freedom square

Sum of
sqtarc (Vo)

Mean

square

Variance

ratio

F table

(p:0.05)

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Tofal 10

Rep.Cult.Inoc. Stratum

Inoculation L2

Cultinoc 24

Residual L44

Total 180

163.57 2.94 40.89

1688.01 103.81** 4.46

L6.26

350.61

3376.02

130.09

3506.10

137.05

30.82

1719.08

1886.95

60.76

2.34

63.10

2.47

0.5s

30.94

33.96

rt.42
1.28

11.94

10.48

0.g6ns

0.1 1ns

t.75

r.52

Grand total r94 s556.63 100.00

Grand mean 4I.79
Tot¿l number of ob servations 195

standard enors of differences of meâns

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.7t r.26 2.2r
Except when comparing fireans with same level(s) of :

cult Z.Ig
Stratum stanclard errors and coefficients of variation :

Straturn DF

Rep 4

Rep.cult 8

Rep.cult.inoc I44

SE

1.02

7.12

3.4s

CYVo

2.50

2.70

8.30
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8.c Anal),sis of variance on number of total tillers

Variate : Tillers (no/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
squue (Vo)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultiva¡ 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual 1.44

Total 180

2.84 2.92

t3.66

5.93

19.59

6.42

2.4;

66.03

74.92

14.03

6.09

20.r2

6.60

2.54

67.83

76.96

0.7r

6.83

0.74

r.96

0.54

0.10

4.46

0.42

1.17ns

0.23ns

r.75

r.52

9.22* 4.46

Grand total 194 97.3s 100.00

Grand mean 3.42

Total number of observations 195

Standard errors of differençes of means.

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.15 0.25 0,44

Except when comparing means with same levet(s) of :

cult 0.43

Sffatum standard errors and co,effieients qf v¿riation :

Srarum DF SE CYvo

Rep 4 0.14 4.00

Rep.cult 8 0.24 7.00

Rep.cult.ínoc 744 0.68 19.80
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8.d Analysis of variance on nuníber of fertile tillers

Variate : Fertile tillers (no/plant)

Source of

variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (P:0.05)
Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. SÍatum

Inoculation 12

Cult.inoc 24

Itesidual 144

Total 180

20.47

2.76

23.23

1.55

1.1.r

42.25

44.92

29.78

4.01

33.79

2.25

r.64

6r.45

65.34,

0.15

r0.24

0.35

2.32

0.13

0.05

0.29

0.25

0.44ns

0.16ns

1.75

t.52

0.59 0.87

29.68** 4.46

Grand toøl r94 68.75 100.00

Grancl mean 1.96

Total number of observations 195

Standard errors of differences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.10 0.19 0.35

Except when comparing rneans with same level(s) of :

c'lt o'34

Stratur¡ slandard egots and coefficients of v :

Sffatum DF SE CYTo

Rep 4 0.06 3.10

Rep.cult 8 0.16 8.30

Rep.cult.inoc L44 0.54 27.60
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8.e An alysis olvana¡ecpnJi-eld

Variate : Yield (g/plant)

Source of
variation

Degree of Sum of

freedom square

Sum of
square (Vo)

Variance F table

ratio (P:0.05)
Mean

squate

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

R.esidual 144

Total 180

0.39 5.61 0.09

0.98

0.47

r.44

0.27

0.04

4.89

5.20

13.85

6.64

20.s0

3.87

0.51

69.52

73.89

0.49

0.06

0.r4

8.34* 4.46

0.02

0.001

0.03

0.02

0.67ns

0.04ns

t.75

1.52

Grand total r94 7.04 100.00

Grand mean 0.87

Total number of observations 195

Standard errors of ciifferences of means

Table Cult Inoc Cult.inoc

Replicate 65 15 5

sED 0.04 0.06 0.r2

Except when comparing means with same level(s) of :

cult 0.L2

Strattrm standard errors and @efficients of-varr¡tio¡ :

Snatum DF SE CYVo

Rep 4 0.05 5.80

Rep.cult 8 0.06 7.70

Rep.cult.inoc 144 0.18 21.20
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8.f Analysis of variance on number of c]¡sts

Variate : Cysts (no/plant) [1og (cyst+1)]

Source of

variation

Degree of Sum of

freedom square

Sum of
square (7o)

Variance F table

ratio (P:0.05)
Mean

square

Rep Stratum 4

Rep.Cult. Stratum

Cultivar 2

Residual 8

Total 10

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 24

Residual 144

Total 180

0.78 0.19

1t7.95

2.3s

r20.3r

228.06

42.75

2r.32

292.r3

28.55

0.57

29.r1

55.19

10.35

5.16

70.70

0.19

s8.98

0.29

t2.03

19.00

1.78

0.15

t.62

200.55** 4.46

128.35** 1.75

12.03* 1.52

Grand total t94 4t3.22 100.00

Grand mean 1.46

Total number of observations 195

Staruiarlerrors of clilfelences of means

Table Cult Inoc Cult.incc

Replicate 65 15 5

sED 0.09 0.14 0.25

Except when comparing means with same level(s) of :

cult 0.24

Stratum stand-aÍL gË9rs and clqfficients afJaútion :

Stratum DF SE CYVz

Rep 4 0.07 4.80

Rep.cult 8 0.15 10.30

Rep.cult.inoc 144 0.38 26.40
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Appendix 9 fxatä¿r of variance on number of days to awning & heading, plant

height, plantldry wêight, number of total and fertile tillers, yield, number of cysts

number of eggs per cyst and number of eggs per plant on barley cultivars in 1984 -

Glasshouse experiment.

9.a Analysis of variance on number of days to awning

Variate : Awning (no.days)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

44.09 r.23 14.70

t8r9.49

r25.25

1944.74

998.49

59.02

534.6s

1592.r5

50.81

3.s0

54.3r

27.88

1.65

14.93

44.46

454.87

ß.44
12t.55

83.2r

1.23

2.97

6.63

28.01**

0.41ns

r.75

r.42

43.58** 3.26

Grand total 2s9 3s80.99 100.00

Gra,rd mean 104.11

Total number of observations 260

Standard errorc of diff'erences of means
Table Cult Inoc Cult.inoc

Replicate
SED

52
0.63

20
0.55

4
r.33

Except when comparing means with same level(s) of :

cult L22

StratUm st¿ndard enors and coeffio
Stratum DF SE CYVo
Rep 3 0.48 0.50
Rep.cult 12 0.90 0.90
Rep.cult.inoc 180 1.72 1.70
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9.b Analysis of variance on number of clays to heading

Variate : Heading (no.days)

Source of
variation

Degree of Sum of
freedom square

Sum of
squarc (Vo)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cultinoc 48

Residual 180

Total 240

34.91 2.0r

587.2s

76.90

664.t5

611.40

44.95

383.19

1039.54

33.78

4.42

38.20

35.r7

2.59

22.04

59.79

r1.64

146.81

6.41

41.51

50.95

0.94

2.r3

4.33

23.93**

0.44ns

22.97** 3.26

r.75

r.42

Grand total 259 1738.60 100.00

Grand mean 110.30

Total number of observations 260

Standarcl errors of differences of means

Tabre Cult Inoc Cult.inoc

Replicate 52 20 4

sED 0.50 0.46 1.11

Except when comparing means with same level(s) of :

cult 1.C3

Stratlrm standard errors and coefficients of varjation

Stratum DF SE CyVo

Rep 3 0.42 0.40

Rep.cult 12 0.70 0.60

Rep.cult.inoc 180 L.46 1.30
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9.c Analysis of variance on olant height

Va¡iate : Plant height (cm)

Source of
variation

Degree of Sum of
freedom square

Sum of
squue (Vo)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cultinoc 48

Residual 180

Total 240

345.72 1.56 trs.24

4669.92 113.88** 3.26

41.01

1r98.23

18679.68

492.07

19t7t.76

84.07

2.2r

86.28

76.t9

39.00

2586.s4

270r.72

0.34

0.18

rr.64
t2.t6

6.3s

0.81

14.37

TI.26

0.44ns L.75

0.06ns t.42

Grand total 259 22219.20 100.00

Grand mean

Total number of observations

74.09

260

Standard enors of differences of means

Tab;e Cult Inoc Cult.inoc

Replicate

SED

52

1.26

20

t.20
4

2.87
Except when comparing means with sarne level(s) of :

cult 2.66

Strâtum standard errors and coefficients of variation

Sratum DF SE CyVo

Rep 3 1.33 t.BO

Rep.cult t2 t.1B Z.4O

Rep.cult.inoc 180 3.79 5.10
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9.d Analysis of variance on plant drf weight

Variate : Plant dry weight (g/plant)

Source of
variation

Degree of Sum of
freedorn square

Sum of
square (7o)

Variance F table

ratio (P:0.05)
Mean

square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cu1t.inoc 48

Residual 180

Total 240

42.71 2.90 14.24

26s.18

74.64

339.82

23s.00

63.76

792.s9

1091.35

17.99

s.06

23.06

15.94

4.33

53.78

7s.05

66.29

6.22

2t.24

19.58

1.33

4.40

4.55

4.45**

0.3Ons

t.75

t.4z

10.66** 3.26

Grand total 259 1473.88 100.00

Grand mean

Total number of obsen'ations

r4.76

260

Standard errors of differences of means

Table Cult Inoc Cult.inoc

Replicate 52 20 4

sED 0.49 0.66 1.51

Except when comparing means with same level(s) of :

culr l.4g

Stratum standard-errors and coefficients of variation

Snatum DF SE CYVo

Rep 3 0.47 3.20

Rep.cult 12 0.69 4.70

Rep.cult.inoc 180 2.I0 L4.20
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9.e Analysis of variance on root dry weìght

Variate : Root dry weight (g/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (Vo)

Variance F table

ratio (p:0.05)
Mean

squafe

Rep Stranrm 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Sffatum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

1.31 3.06 0.44

4.23

3.47

7.71

8.45

2.16

23.r4

33.75

9.90

8.12

18.02

19.76

s.06

54.10

78.92

1.06

0.29

0.48

0.70

0.0s

0.13

0.14

5.48**

0.35ns

r.75

r.42

3.66* 3.26

Grand total 259 42.77 100.00

Grand mean L.62

Total number of observations 260

Standard enors of differences of ¡neans

Table Cult Inoc Cult.inoc

Replicate 52 20 4

sED 0.11 0.11 0.27

Except when comparing means with sarne level(s) of :

cult 0.25

Stratum standard errors anrJ coefficients of variatio:l

Stratum DF SE CyVo

Rep 3 0.08 S.10

Rep.cult 12 0.i5 g.ZO

Rep.cult.inoc 180 0.36 22.20
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9.f Analysis of variance on number of total tillers

Variate : Tillen (no/plant)

Source of
variation

Degree of Sum of
freedom square

Surn of
square (%)

Va¡iance F table

ratio (p:0.05)
Mean

square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Toral 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

17.06 1.08

48t.25

86.8s

s68.09

2t6.32

61.95

714.35

992.62

30.50

5.50

36.01

73.71

3.93

45.28

62.9r

5.69

120.3t

7.24

35.51

18.03

t.29

3.97

4.r4

4.54*

0.33frs

t.75

r.42

16.63** 3.26

Grand total 259 1577.77 100.00

Grand mean

Total number of observations

8.81

260

Standard errors of differeLc_çref.$Eæs

Table Cult Inoc Cult.inoc

Replicate 52 20 4

sED 0.s3 0.63 r.45

Except when comparing means with sarne level(s) of :

cult l.4l

Stratum standard enors and coefficients of variation

Stratum DF SE CVVo

Rep 3 0.30 3.40

Rep.cult 12 0.75 8.50

Rep.cult.inoc 180 t.99 22.60
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9.g Analysis of variance on number of fertile tillers
Variate : Fertile tillers (no/ptant)

Source of
variation

Degree of Sum of
freedom squ¿u'e

Sum of
square (7o)

Variance F table

ratio (p:0.05)

Mean

squafe

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual L2

Total 16

Rep.Cult,Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

20.38 t.2s

s96.83

69.t4

66s.97

160.8s

85.27

703.73

949.8s

36.48

4.23

40.70

9.83

5.21

43.01

58.0s

6.79

r49.21

5.76

4r.62

13.40

1.78

3.91

3.96

3.43*

0.45ns

r.75

r.42

25.90** 3.26

Grand total 259 1636,20 100.00

Grand mean

Total number of observations

8.40

260

Standard errors of differences of means

Table Cult Inoc Cult.inoc

Replicare SZ 20 4
sED 0.47 0.63 L.42

Except when comparing means with same levei(s) cf :

cult 1.40

Stratum DF SE CyVo

Rep 3 0.32 3.90

Rep.cult 12 0.67 7.90
Rep.cult.inoc 180 i.98 23.50
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9.h Analysis of variance on grain yield
Variate : Yield (g/plant)

Source of
variation

Degree of Sum of
freedom square

Sum of
square (7o)

Variance F table

ratio (p=0.0S)

Mean

square

Rep Sratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Sfratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

94.ss

34.79

t29.34

63.78

12.68

227.75

304.22

21.42

7.88

293A

L4.45

2.87

51.60

68.92

2.6r

23.64

2.90

8.08

5.32

0.26

1.27

1.27

4.20*

0.21ns

7.75

t.42

7.82 1.77

8.15** 3.26

Grand tot¿l 259 44r.38 100.00

Grand mean

ïbtal number of observations

6.37

260

Stanclard errors of clifferences of means

Table Cult Inoc Cult.inoc

Except when cornparing means with same level(s) of :

cult 0.8c

Replicate

SED

Stratum

Re.p

Rep.cult

Rep.cult.inoc

52

0.33

2A

0.36

SE

0.20

0.47

t.t2

4

0.83

DF

3

t2
180

CYVo

3.10

7.40

17.70
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9.i Analysis of variance on number of cysts

Variate: Cysts (no/plant) flog (x+l)]

Source of
variation

Degree of Sum of
freedom square

Sum of
square (%)

Variance F table

ratio (p=0.0S)

Mean

squ¿ì.re

Rep Stratr:m 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

0.88 0.28

78.47

s.64

84.1 1

153.69

41.80

35.92

231.41

24.80

1.78

26.58

48.s8

t3.2r
11.35

73.r4

0.29

19.62

0.47

5.26

T2.81

0.87

0.20

0.96

64.19**

4.36*

t.75
1.42

41.70** 3.26

Grand total 259 316.40 100.00

Grand mean l.l7
Total number of observations 260

Standard errors of differgnces of means

Tat le Cult Inoc Cult.inoc

Replicate 52 Z0 4

sED 0.13 0.L4 0.33

Except when cornparing means with same level(s) of :

culr 0.32

Stratum standard errorsd coefficients of variafu
Stratum DF SE CyVo

Rep 3 0.07 5.70
Rep.cult 12 0.19 t6.ZO

Rep.cult.inoc 180 0.45 38.00
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9j Anal)¡sis of variance on number of eggs per cyst :

Variate : Eggs (no/cyst)

Source of Degree of
variation freedom

(p:0.05)

Sum of Mean

square (%)

Variance F table

square ratio

Sum of
square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual L2

Total t6
Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

56855 0.64 18952

1642879

467743

2tt0622

26r4594

rrs6074

2972519

67az1g7

18.44

5.25

23.69

29.34

12.97

33.36

7s.68

410720

38979

t3r914

2r7883

24085

165t4

28097

10.54** 3.26

13.19** r.75

I.46* r.42

Grand total 259 8910664 100.00

Grand mean

Total number of observations

224.70

260

Star,dard errors of differences of means

Table Cult Inoc Cult.inoc

Replicate 52 20 4

sED 38.72 40.64 95.50
Except when cornparing means rvith same level(s) of :

culr 90.g7

Stratrrm standard errors and coefficients of variation

Stratr¡m DF SE CyVo

Rep 3 17.08 7.60
Rep.cult 12 54.76 24.40

Rep.cult.inoc 180 L}B.SI 57.20



154

9.k Analysis of variance on nurnber of eggs per plant

Variate : Eggs (no/plant)

Source of Degree of
variation freedom

(p=o.os)

Sum of Mean

squarc (Vo)

Variance F table

square ratio

Sum of
square

Rep Stratum 3

Rep.Cult. Stratum

Cultivar 4

Residual 12

Total 16

Rep.Cult.Inoc. Stratum

Inoculation 12

Cult.inoc 48

Residual 180

Total 240

1953 1.61 6510

2742

2037

2945

4105

2804

)ñ91

9000

22.58

1.68

24.62

33.81

23.r0

17.22

74.13

6854

r697

1841

3421

5842

1161

3750

40.38** 3.26

29.46** 1.75

5.03* 1.42

Grancl total 2s9 t2r4 100.00

Grand mean

Total number of observations

r529

260

Stan¡lard errors of differences of meanl

Table Cult Inoc Cult.inoc

Replicate

SED

52

2s5.s0

20

340.80

4

775.5û
Except when comparing means with same level(s) of :

cult 762.00

Sffatum standarcl errors and coefficienl$ of variation

Statum DF SE CYvo

Rep 3 316.50 20J0
Rep.cult 12 361.30 23.60

Rep.cult.inoc 180 t077.70 70.50
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Appendix 10. Regression analysis on number of fertile tillers and grain yield of barley '

cultivars in 1984-Glasshouse experiment.

10.a Regression analysis on number of fertile tillers

Y-Variate : fertile tillers (no/plant)

* *Regression coefficients* *

Constant

X
Cult Schooner

culr w12231D

CultPrior

Cult Clipper

X.Cult Schooner

X.Cult WL223ID

X.Cult Prior

X.Cult Clipper

Estimate

11.1250

-0.00023180

-3.410

-0.445

-3.9s9

-3.939

0.0001244

-0.0001128

0.0001941

0.0001532

0.292

0.0000594

0.413

0.413

0.413

0.413

0.000084

0.000084

0.000084

0.00008.1

S.E T

38.06

-3.90

-8.25

-1.08

-9.s8

-9.s3

1.48

-r.34

2.3r

1.82

**Analysis of variance**

Regressn

Residual

Total

Change

DF

9

250

2s9

SS

7B2.rO

8s4.10

1636.20

-782.10

MS

86.90

3.42

6.32

86.91-9
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10.b Regression analysis on yield

Y-Variate : yield (g/plant)

**Regression coefficients* *

Constant

X
Cult Schooner

CultW1223lD

Cult Prior

Cult Clþer

Estimate

7.533

-0.0001060

' -r.644

-0.541

-0.909

-1.472

s.E

0.1s3

0.0000154

0.2r0

0.210

0.2r0
0.210

T

49.r5

-6.87

-7.81

-2.57

-4.32

-6.99

**Analysis of variance**

Regressn

Residual

Total

Change

DF

5

254

2s9

SS

148.90

292.60

44r.50

6.24

MS

29.775

1.152

1.705

r.5544




