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SUMfYTARY

Aspects of selection for yield and other characters in wheat

were investigated using lines derived fron the F2, F3, F* and F, generation

of two wheat crosses, all lines being obtained by randorn pedigreed select-

ion. The lines lrrere grown in plots at two sites over th¡o years. In the

first year, only F, and F, derived lines were available, but in the second

year the F, to F, was grown. Single plants in the FZ, F3 and FO were also

studied in one year. The other characters measured were plant height,

heading date, harvest index, flour yield and pearling resistance (a measure

of graín hardness) .

Correlations between generations, md the variance within lines

for each generation were deternined, Selection in different generations

was sin¡rlated on the data. These results assessed the effectiveness of

selecting in the F, to FO in one environment, for perforrnance in the same

and differe;rt environments. The nost efficient breeding method could then

be devised.

The conclusions frorn the study were:-

1. Correlations between lines in one generation, and the mean of

lines derived from them in a following generation, increased as the gener-

ations were advanced.

Z. Correlations between consecutive generations ü¡ere higher than

those between generations two or three generations apart.

5. The correlations between generations were lower for grain

yield than for other: characters.

. 4. Correlations between F" and F, derived lines, which indicate

the effectiveness of selectLingfr lines, varied from 0.10ns to 0.49** fot

grain yield, wherr lilres from both generations were grouln in the sane

environrpnt, Selecting the best 2O per cent oi the F, derived lines gave
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F, lines that exceeded random selection by B to 20 per cent. These lines

were 14 to 23 per cent better than the rnid-parent in one cross, but wete

less than the rnid-parent in the other cross.

5. Correlations between the F, ar'd F, for flour yield were

** **
0.65 to 0.70 . The F, derived lines obtained by selecting the best

20 per cent F, derived lines had flour yields of 58 and 60 per cent for

the two crosses, compared with mid-parental values of 54 and 58 per ce;rt.

6. It was suggested from these results that the degree of hono-

zygosíty in a particular generation deternines the predictive value of

that generation.

7. As the generations were advanced and greater hornozygosity

was achieve'l, the variability within lines was reduced. It was suggested

that more accurate predictions of the performance of homozygous lines may

be obtained by delaying testing until an appropriate level of honozygosity

and homogeneity is achieved.

8. The rate of decrease in variability within lines was the same

for grain yield as for the sirnply inherited characters. This was contrary

to theoretical expectation. If yield is governed by nany genes it should

take more generations of selfing to achieve uniforrnity.

9. The genetic variance of the F, Benerations as measured by the

difference in variance between the parents and Frrs, vlas snaller than

expected on the basis of quantitative genetic theories. The nagnitude

of this variance may be underestirnated, because the envirorunental variance,

as estimated fron the parents, nay be larger than the environmental

variance component of the F2.

10. contrary to some theoretical proposals, the sane improvement

in yield will be obtained by selecting in early or late generations-

While high yielding genotypesr may be lost by delaying selection, this is

counteracted by the better predictive value of late generations due to

their greater honozygosity and honogeneity.
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11. Correlations between years of lines from the same or

different generations were low and often non-significant for grain and

flour yield, whereas correlations for plant height, heading date and

pearling resistance weïe high. Response to selection for grain yield'

measured in a different year, was little better than randoln selection.

The effect of different sites also reduced the improvement fron selection

for grain yield. Selection for grain artd flour yield should be based on

perforrnance at a number of sites in different years.

L2. Selection for inprovement of grain yield using harvest index

was no rnore effective than selecti-on for yield dírectly, when considered

across years.

A.spects of choosing suitable sites for testing crossbred material

were investigated. The relationship between sites in the states of

South Australia and Victoria, and the whole of Australia were examined

using data fron the state Departments of Agriculture and the Australian

Interstate lvheat Yatiety Trials. Principal component analyses were used

to investigate the grouping of sites based on similarities of varietal

perfornance. conclusions fron these investigations were: -

l. Subregions within the Australian wheat area could be defined,

these being northern, southern and western regions. The dífferences

between extreme sites in Australia in one year' wele greater than the

differences between years for any one site.

2. No subregions could be detected within South Australia or

the main wtieat areas of Victoria. The differencesin the sites between

years in these regions were generally greater than the differences between

sites r¿ithin one year. In favourable years most sites gave sirnilar
I

results, but in stress years each site was different'

3. Sites that represent contrasting environments within a

breeding region should be chosen for testing fiies in the earLy generations.
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Performance at these sites in one year will give only a linited indication

of perfornance in différent years, and trials in several years are

necessary. The effects of different years for one region could probably

be obtained in one year by choosing appropriate sites elsewhere in

Australia.

On the basis of all results, it was concluded that the ¡nost

effective rnethod of irnproving yield should be to isolate lines in an earLy

generation e.g. the Fr, md select these on the basis of tests at different

sites in different years. In this system, lines from early generations

are tested, not for theoretical reasons proposed in the literature, but

to enable testing across environments as soon as possible.



v

STATEMENT OF ORIGINALITY

This thesis contains no material which has been accepted for

the award of any other degree or diplorna in any university, and to the

best of ny knowledge'and belief, contains no material previously

pgblished or written by another-person, except when due reference is

nade in the text.

Bryan Whan



V1

ACKNOI\ILEDGEMENTS

I wish to express my sincere gratitude to my supervisors,

Dr. A. Rathjen and Dr. R. Knight, for their assistance throughout this

study and for helpful coÍments on the manuscript.

The valuable technical assistance of Ntr. J. Lewis and Mr. J.

Chigwidden was greatly appreciated. The nilling of samples for deternin-

ation of grain hardness and flour yields was carried out by Mrs. H. Hannath

and Mr. B. Morrison at the State Research Farn, Weribee, Victoria.

For this, f sincerely thank.then.

For providing land for the experirnents, I thank Mr. R. Coleman

of Saddleworth, fld the staff at Roseworthy Agricultural College and

Mortlock Experinent Station. In particular, I thank Mr. G. Hollanby

at Roseworthy and Mr. P.Van Beusictr-e¡r¡ at Mortlock for their assistance.

I greatly appreciated the statistical and computing advice given

by Mr. T. Hancock, Miss L. Griffen and other staff of the Biornetry

section, Waite Agricultural Research Institute.

. For providing the data fron the variety experinents conducted

by the South Australian a¡rd Victorian Departments of Agriculture, I thank

Mr. T. Heard and Mr. B. Elliott. I also thank the nanagement connitt.ee

of the Interstate Wheat Variety Trials for permission to use data from

those trials.

This study was trndertaken while I was enployed by the Departnent

of Agriculture, Victoria. I thalrk the Department for providing this

opportunity and the financial support.

My wife, Margaret, deserves special thanks for her assistance

during peak periods and in the preparation of this thesis. Her constant

support and understanding made a difficult task much easíer.



I

INTRODI".¡CTION

In recent years the efficiency of traditional breeding nethods

for inproving grain yield, such as the pedigree method, has been questioned.

These nethods often rely on the ability of a breeder to recognize the high

yielding g€,noty?es, but this ability is apparently linited. The wheat

crop in Australia has undergone a relatively high leve1 of improvement,

a¡rd further increases in yield may be harder to achieve. It is apparent

that if improvenent is to continue, more objective methods of selection are

required, Developments of sowing and harvesting equipment and computer

systems over the past decade have rnade it possible to test large nultbers

of lines for yield. New breeding rnethods, based on yield measurement

rather than observation, can therefore be developed.

Theoretical considerations suggest that selection for yield should

be carried out in as early a generation as possible, because the proportion

of plants with the nost desirable conbination of genes, in a hornozygous or

heterozygous state, decreases rapidly with advancing generations. In

addition, selection in early generations should be the nost efficient

method, as only the best lines are retai-ned through the segregating g€:nera-

tions. Hc¡wever, lvtren this rnethod has been assessed experirnentally, results

have been inconsistent, and the advantage over other methods has not been

as great as expected.

['ast experiments that have assessed the value of selecting lines

from early generations have usually conpared an eat1-y generation with only

one later generation. In addition, genotype x year interactions have

often confognded the results. These experiments have answered some specific

questions legarding selection for yield in a particular generation, but

there is a need for a comparison of the value of selection for yield in

various generations.

TIBRARY

AIÏE INSIITUTEw
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Tiris thesis irrvestigates aspects of selection for grain yie1d,

a¡rd other characters, with particular emphasis on comparing the effective-

ness of selecting in early generations u¡ith later generations. The

studies have included the effects of selecting and testíng in different

years and at different sites, as well as in identical environments.

The results were used to assess the theories that have formed the basis

for sorne irrportant breeding rnethods.

these studies should provide infornation so that the nost

effective nrethod of breeding for yield can be devised.
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Chopf er I

IITER.ATUR,E R.EVIEW

INTRODUCTION

The pedigree, bulk and single seed descent nethods of breeding,

and their variations, are reviewed with respect to their suitability for

yield improvement. It is conclude<í on theoretical and experinental grounds

that they are inefficient, as they do not allow intense selection for yield

until later generations. A theoretical basis of breeding for yield is

presented, and the proposition is discussed that yield testing and selection

nust be comrnenced in the earliest possible segregating generation to prevent

the loss of high yielding genotypes.

Testing plots of lines in the early segregating generations gives

good results in sorne situations, but the advantage over other nethods is not

as great as expected on theoretical grounds. It is suggested that the lrain

reasons for poor correlatíons betleen assessments of early and late genera-

tion lines are the degree of heterozygosity and the 1eve1 of heterogeneity

Present in early generations. The variability of characters in successive

generations of selfing, and its implications regarding the success of a

breeding method, are discussed.
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VALUE OF COMMON BREEDING METHODS FOR YIELD IMPROVEMENT

The common nethods for breeding self pollinating crops have been

described frequently (Akerman and MacKey 1948; Harrington 1952; Hayes, fmner

and Snith 1955; Elliot 1958; Poehlnan 1959; Allard 1960; Andrus 1965; Heyne

and Snith 1967). These nethods will be discussed with respect to their

suitability for yield irnprovement in cereals.

1. PEDIGREE I'{ETHOD

The pedigree method, also referred to as the line nethod (Heyne and

Snith 1967), has been popular in the past (Shebeski 1967), but in recent

years other nethods such as early generation yield testing and single seed

descent have increased in inportance (Hurd 7977). The pedigree nethod

involveS selecting plants with the desirable conbination of characters in

the Fr. The progenies of these selected plants are grown, and further

selection is practised in succeeding generations until unifornity is reached,

usually about the F, or FU generation (Hayes, fmmer a¡rd Snith 1955; Poehlnan

1959). this ntethod can prouide information on the genetics of ,the naterial,

but it has the disadvantages that it is expensive and requires detailed note-

taking and recording of pedigrees (Love 1927; Harrington 1952; EItiot 1Sì58).

The success of the pedigree method relies on the ability of a

breeder to identify superior genotfpes as single plants, either visually or

from measurer,rent. While this is possible for sirnply inherited characters,

the ability of breeders to identify high yielding lines as single plants

¿ppears to be extrenely limited.

Effectiveness of visual selectj.on of single plants for yield irnprovernent

Many recent studies havc dcrnonstratcd that litt1e gain in yietd

occuïs from visual selection of plants or p1ots. Selectors have often shown
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little ability to select the highest yielding lines or appreciably increase

the population rnean (Shebeski 7967; Townley-Smith, Hurd and McBean tg73).

In other cases, selectors have visually selected high yielding plants in Fr,

but these did not give high yielding F, plots (McGinnis and Shebeski 1968),

or if F, Plot yields were increased the increase üras not large enough to

give worthwhile improvements (Knott L972). Even under ideal conditions

where plots were grown with adjacent controls, the ability of individua.l

selectors to identify the highest yielding plots in an experiment was linited,

arthough the average yield of serected plots was improved (Briggs and

shebeski 1970). Frey (1962) classified F, and F, oat plants as good or

poor yielders but this assessment was ineffective in predicting the yield

of their progenies. However, visual selection on F, progeny rows was moïe

effective than on single plants. rn contrast with this, Boyce, copp and

Frankel (1947) found that eye selection of plots was not as successful as

that of plants. Studies in barley and soybean have shown that, while sone

improvement is obtained with visual selection, it is snal1, and is effective

only for discarding the low yielding genotypes (Hanson, Leffel and Johnson

L962; Atkins 1964; Kwon and Torrie 1964).

A preconceived opinion of the desirable plant type is important in

visual selection (Boyce, copp and Franker 1947). Townley-smith, Hurd and

McBean (7973) showed that two technicians selected higher yielding plants

than three wheat breeders, because the wheat breeders were biased towards

characters that had no relation to yield. When more than one selector

agrees on a particular selection there is a greater chance of irnprovement

(Boyce, Copp and Frankel 1947; McGinnis and Shebeski 1968; Briggs and

shebeski 1970). rt has been generally suggested that when selecting

visually, a low selection intensity should be used to ensure that the high

yielding genotypes are retained (Br:iggs and Shebeski 1970:- Townley-Srúth,

Hurd and McBean 1973). But Boyce, Copp ancl Frankel (1947) found that eye

selection of single plants was more successful the higher the intensity of
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selection, because the few best plants wete more obvious, and bias due to

personal opinion was less infpQtant.

It nust be concluded fron these studies that visual selection for

yield is 1itt.Ie better than random selection. As the pedigree nethod of

breeding relies on visual selection, there must be little chance of conscious

yield improve:ment using this nethod.

Anit yet, one wonders why, until recent years, so many successful

varieties have been produced using the pedigree method. Most of the studies

discrediting visual selection have been fairly recent using rnodern breeCing

naterial. In 1947, Boyce, Copp and Frankel (1947) using crosses of older

varieties showed that visual selection could be partly effective, and that

selection by eye u¡as as successful as selection by weight in raising the

mean yields of progenies. However, they recognized the conplexities and

uncertainties of the process. In diverse oat populations, Stuthman and

Steidl (1976) had sorne success with visual selection, and in the conparatively

uninproved crop, triticale, Salmon and Larter (1976) reported that visual

selections were superior to a random sample, and selectors were able to

identify high yielding lines. It would appear that visual selection, and

breeding meth,ods such as the pedigree method that rely on visual selection,

may give inprovenent when a cïop is relatively uninproved, but when a crop

has reached e. high level of development, as is the situation with most

cereals, nore sophisticated and objective nethods are necessary to gain

further signi.ficant improvements in yield.

Effectiveness of single plant measuTements fo1 yield improvement

If visual selection of single plants is ineffective, can inprove-

ments be nade by rneasuring their yields? Some authors have been successful.
!

Conparatively high comelations have been obtained between single plant
** **

yields in F, and plot or row yields in F' e.g. O.47 to 0.66 reported

byChowdhryand Sabir (1973), ancl up to 0.87** repàrted by Skorda (1973).
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Johnston (1972) obtained a correlation of 0.61 between FO single plants

of barley and the same lines in FU plots. In another erperiment he simu-

lated an F, by mixing 100 honozygous barley varieties and obtained a

correlation of 0.56** between single plant yields in the nixture and yields

of the varieties in pure stands. However, both of Johnstonrs experiments

avoid the segregation between F, and F, which could cause poor correlations

between these two generations. By arranging the barley varieties in

different patterns in the sinulated F, Johnston showed that the rnean ccmpet-

ition from neighbouring varieties was relatively uniform, as the yield of a

particular variety was not altered by changing the varietíes with which it

r,rras competing. Johnston concluded that selection within a mixture based

on single plant yield was effectiverbut it r^ras even more effective when the

mean of a variety across replications was used.

Phung (7976) conpared single wheat plants in FO with their pure

stands in FO, and also showed that when a large number of replications was

included (48) a high conelation (r = 0.75**) was obtained. Flowever,

when single replications were analysed, as would be the case in F, single

plant selection, the correlations varied from -0.29ns to 0.70**.

Boyce, Copp and Frankel (7947) irad varied success by selecting

the highest yielding F2 plants, as they increased the yield of F, plants in

some families of a cross, but not in other fanilies.

It has been suggested that grain yield per head rnight give a

better prediction of FO plot perfonnance than yield per plant (Alessandloni

and Scalfati 7973), as the yields of F, heads ü/ere more highly correlatecl

with FO plot yields tharr were the yields of F, plants. Howevet, the

correlation between F, heacls and Fo plots was still very low (r = 0.18**').

Although the authors concluded that early selection for yield per head

shoul-d be pronising for obtaining higher yielding genotypes, the expected

inprovernent could only be slight.



The magnitude of the environmental variation and 1ow heritabili-

ties obtained when yield is rneasured on single plants makes selection for

yield on F, plants ineffective (Palner L952; Fiuzat and Atkins 1953; Chebib,

Helgason and Kaltsikes 1973). In fact, the environmental variance assoc-

iated with :;ingle plant determinations are, in many cases, larger than the

genetic varj,ances which exist in the segregating material (Chebib, Helgason

and Kaltsikes 1973). The nost inportant controllable non-genetic factors

are plant spacing, seed size, and genoty¡lic competition. Chebib, Helgason

and Kaltsikes (1973) suggested that the efficiency of single plant selection

could be doubled by sorvíng¡ uniform seed under close spacing. Christian and

Gray (1941) also suggested elininating some variation due to interplant

conpetition by sowing only seed of approxinately the sarne weight in ona

plot.

Variation due to rnicro-environrnental factors such as soil hetero-

geneity, which are not controllable by the breeder, also reduces the

efficiency of single plant yields as a selection criterion (Hamblin I97I.,

Johnston 1972; Phung 1976). Fasoulas devised the rrhoneycomb nethod of

selectionr' (Fasoulas L973, L976; Fasoulas and Tsaftaris 1975), which

involves growing the plants in a hexagonal arrangement widely spaced, and

he clains this overcomes the effects of soil heterogeneity and interplant

conpetition. While this nethod night inprove the accuracy of the actual

plant selection in the F, or F' no evidence is given on whether selected

F, plants will perforrn well as pure stands in yield tests in later genera-

tions. Fasoulas claims that plants selected under non-competitive condi-

tions will give the sarne results when grown under commercial density in

pure stands, but this view is in conflict with those of nany other authors

(Engledow 1925; Suneson and Wiebe 1942; Hinson and Hanson 1962; see also

review by Johnston 1972).
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2. BULK OR I'OPULATION METHOD

The bulk or population nethod consists of growing the naterial

in a bulk p-l-ot, usually fron the F, to about the FU generation, followed by

head or plant selection in the FU (Hayes, Immet and Smith 1955). This

nethod was lteing used in Sweden by Nilsson-Ehle as early as 1908 (Akerman

and MacKey .1948), and was later described by Love (1927) and Florell (1929) .

Florel1 used it effectively for yield improvement in a breeding program,

and suggestrld that it would be an inportant nethod for selection for disease

resistance and winder hardiness.

Because of the ease with which crosses can be grown in bu1k, a

greater number can be handled than with the pedigree method (Hayes, Inrner

and Snith 1955) . The bulks nay be carried through to homo zygosity withottt

any selection, but a higher proportion of the population will be undesirable

than with the pedigree method which, in theory at least, would have elimin-

ated more of the undesirable types.

Often some artificial selection is imposed on the populations

during the segregating generations to increase the frequency of the desir-

able phenotn)es. This nay involve roguing poor individuals, selecting

for winter hardiness by exposing to cold, for rnaturity by sowing at approp-

ríate sites, or for disease resistance by creating artificial epiphytotics

or sowing in infected areas (Flore11 1929; Akerman and MacKey 1948;

Elliot 1958).

In the bulk nethod, selection is delayed until the najority of

the hybrid population is homozygous. The number of generations required

depends on the nr¡nber of genes involved (Florell L929). For five pairs

of genes a bulk population would contain, in theory, L4.2 pet cent hetero-

zygolls individuals in the FU and 7.8 per cent in the Fr. With 10 pairs

of genes there would be 26.5 per cent heterozygotes in the FU atrd onI/

about I per cent in the Frr. The effect of outcrossing reduces the effects

of segregation to sone extent and causes a slight reduction in the rate of
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approach to homo zygosity (Palner 1952) .

The disadvantage of the method is that the best genotypes, which

aïe traïe, are probably lost, because only a smal1 sarnple of the population

can be grown over the segregating generations. This is further considered

in a section dealing with the theoretical aspects of breeding for yield.

Akernan and MacKey (19a8) clained that thr: effective variation in a popula-

tion is not lost as long as sufficiently large populations are glown, but

this conclusion was based on the assumptirln that a cross night segregate

for only 10 genes. If the parents in a cross differ by only one gene for

yield on each chromosome of wheat, md this alnost certainly is an undet

esti¡nate, a cross would segregate for 2I genes for yield. In this case

more than 4 x t0I2 plants must be gror^,n in the FZ if all the different

possible recornbinants have a chance to occur (Allard 1960). Because of

segregation, the frequency of the ideal conbination is lower when fu11

honozygosity is reached (1 plant in 2 x tO6), but this would only occur if

the segregation was not linited in earlier geneïations. The population

required to al1ow conplete segregation could not be maintained in practice,

and the variation obtained at homozygosity must be linited. It must

therefore be assumed that the highest yielding lines are not present in the

FO-FA populatíons.

Early generation testins in bulk Populations

The bulk ¡nethod lends itself ideally to early generation yield

tests so, if these tests were effective predictors of the performance of

lines which could be derived from thern, whole populations could be cu1led

or selected in an early generation. A number of erçeriments have suggested

that yield tests of early generation bulk populati.ons are useful in pre-

dicting later generation performance. These have included evaluations on

barley (HarLan, Martini and Stevens 1940; Irnmer.1941; Smith and Lambert

1968), wheat (Harrington 1940), soybeans (Torrie 1958b, Leffel and Hanson
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1961), and dry bean, PhaseoLus 1:uLgq.Tis (Flamblin and Evans 1976) .

Harrington (1940) claimed that early generation bulks were

measuring heterosis, and the ones with the greatest degree of heterosis

would give the greatest nt¡nber of high yielding selections. In his exper-

iments, F, bulks showed less heterosis than F, bulks, so he concluded that

Frrs were not as valuable as the rr't, anJ night have supplernentary value

only. He nade this conclusion'even tho'ugh the crosses ranked almost

identically in both the F, and F, lield 'tests. If heterosis was the

inportant c:'iteria to be measuring in early generation bu1ks, it would be

expected that F, yields would be of value in predicting later generation

performance. However, the use of F, performance has not been reliable for

predicting cross potential in barley or soybeans (Inmer 1941; Weiss et aL.

1947; Kalton 1948).

In nany instances where bulk populations were good predictors of

the value of crosses, results showed that the performance of parents was

also valuable. This has been shown for wheat (Fowler and Heyne 1955),

barley (Grafius, Nelson and Dirks 1952; Smith and Lambert 1968), soybeans

(Leffel and Hanson 1961), Ðd for dry beans (Hanblin and Evans 1976) .

A.lthough there are a nurnber of experirnental results supporting

the value of yield testing early generation bulks, there are many others

that conflit:t with this conclusion. Again these studies have included

wheat (Fowler and Heyne 1955; Lupton and ''¡ilhitehouse 1957), oats (Atkins ancl

Murphy 1949), barley (Grafius, Nelson and Dirks 7952; unpublished data of

Lanbert quoted by Taylor and Atkins 1954), and soybeans (Weiss et aL.1947;

Kalton 1948).

While rnany studies have shown that early generation bulks have

no value in predicting cross potential, the same experinents have often

shown that charactets nore simply inherited than yield, such as maturity,

height, lodging, and test weight can be quite retiably assessed in early

generation bulks (Weiss et al.L947; Fowler "ta n"yrr" 1955).
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A number of explanations have been proposed to explain why yields

of early generation bulks might not give good predictions of late genera-

tions. These include: -

1. No yield differences being apparent in the bulks due to lack

of variability between parents (Forvler and Heyne 1955).

2. The effects of different seasons and different 1evels of

disease (lVeiss et aL.L947; Atkins and l4urphy 1949), so that testing in

the early generation is in a different environment to the later generation.

3. The effects of natural selection. If the early generation

bulks aïe gïotvn under conditions which cause major changes in the population

structure due to intense selection press'-rre from, for example, abnc¡rma-l

years or disease conditions, the early generations are not likely to be

representative of the yields of selections made later fron the populations

(Taylor and Atkins 1954).

4. The effects of competition. The yield of a genotype in a

nixture of segregants rnight noúbe correlated with its yield when grown in

pure stand (Suneson and Wiebe 1942). Competitive differences could

explain why sonetirnes high yielding bulks do not always give the highest

yielding selections (Atkins and Murphy f949), as the high yielding selec-

tions night be poor conpetitors.

3. MASS-PEDIGREE METHOD

To overcome sone of the disadvantages of the pedigree and bulk

nethods, Harrington (1937) proposed that the nethods be combined in the

nass-pedigree method. An essential feature is that crosses are carried in

bulk until a season favourable for selection occurs. Then plant selections

are taken and progeny'testeå the following year. Desirable progenies can

be bulked, reselected again, oï caïTied in separate bulks, depending on the

following seasons.
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A problem associated with this method is how to rationally decide

whether the envir:onnent experienced in a year is suitable for selection.

4. COMPOSII'E CROSS OR COMPLEX BULK T'IETTIOD

'l'his method, devised by Flarlan and Martini (L929), is an extension

of the bull population nethod. A diverse germplasm is created by cornbin-

ing rnany different crossesrand sometines incorporating male sterile lines

(Suneson 1956; Suneson and Stevens 1953). By continued intercrossing

within the conposite, numerous recombinations are obtained (Suneson anc

Wiebe 1962). The conposite cross population that results is grorvn for

n¿Lny generations in the area of contemplated use to subject the proger:y to

natural selection (Suneson 1956). Flence it has been referred to as an

evolutionaly breeding nethod. Fifteen generations has been suggest.ed as

the nost desirable number of generations of natural selection. Thereaft.er,

conventional selection and testing can be used, natural selection can be

continued in the bulk, or selected reconbinants can be recrossed.

When a mixture of varieties is grown year after year the relative

proportions of the varieties change, indicating that they have different

conpetitive abilities (Harlan.'and l4artini 1938; Suneson and Wiebe;1942).

Sinilarly, specific characters of genotypes in composite crosses exhibit

differential survival, and some environments are rnore selective thal others

(Suneson and Stevens 1953; Jain 1961; Suneson L964; Johnson and Singh L97I).

usirrg five narked 1oci, Jain (19ó1) shor'red that at some loci as many as 10

to 13 per cent of individuals may be heterozygous even after 18 generations.

Other loci behaved as expected, and heterozygotes were halved each selfing

generation. The increased heterozygosity could not be explained solely

by outcrossing, and Jain aná Al1ard (1960) concluded that natural selection

favoured heter:ozygote-s at such 1oci.



T4

Hrrlan, Martini and Stevens (1940) compared nearly 3000 selec-

tions taken fron the F, of a composite cross involving 379 crosses, and

the sarne number of selections taken from individual bulks of the sane 379

crosses. They concluded that the composite cross method was at least

equal to the bulk method.

A number of composite crosses of barley have been developed,

some of which have been gïown for 37 generations (Suneson and Stevens 1953;

Suneson 1956; Suneson 1964). Yield improvement has been obtained within

these composites due to natural selection, and it has been shown in one

composite cross that wider adaptability is also obtained (Finlay 797I;

Lohani 1970). However, Hanblin and Morton (1977) suggested that caution

is needed in interpreting the data on coìrposite crosses, as they concluded

from experiments on bulk populations of beans (Phnseolus uuLgatis) that

there is a greater chance of producing improved varieties from a large

number of simple crosses than from a snal1 nr.rnber of more conplex ones.

This is supported to some extent by the published data on Conposite

Cross XII (Suneson 1956) in which two varieti-es, Atlas and Vaughn, contri-

bute 50 per cent of the genes. Although this composite cross increased

in yield relative to a check variety over 11 generations, it is likely that

at least as good a;result would have been achieved more quickly fron the

simple Atlasx Vaughn cïoss, as four successful barley varieties have been

developed fron this cïoss (Suneson 1956). It is possible that yield

improvement within a. conposite cross will be obtained through natural

selection orly if low yielding crosses are involved (Lohani 1970; Hamblin

Ls77) .

S. MASS SELECTION IVIETHOD

Strme of the disaclvantages of .the bulk nethod nay be overcome by

increasing the frequency of the desirable genotypes through mass selection.

Mass selection involves some form of phenotypic selection within a
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genetically heterogeneous population without resorting to progeny tests

(Romero and Frey f966). The sanple of retained plants or seeds i-s bulked

to propagate the next generation. In practice, this nethod is usually

repeated for several generations. Characters may be nodified by nass

selection directly, or indirectly through correlated characters.

M'ass selection has been used to inprove yield through increased

seed size in rvheat (Derera and Bhatt 1972, 1973; Bhatt and Derera I973a),

to inprove grain size, test weight, seed shape, seed colour and appearance,

naturity, h.eight, and disease resistance in wheat (Derera, Bhatt and

Ellison ¡gi4), to inprove yield, heading date and seed weight, and reduce

height in oats (Rornero and Frey 1966; Frey 1967; Chandhanamutta and Frey

L973; Geadelmann and Frey 1975), to nodify oil and protein content in soy-

beans (Hartwig and Collins 1962; Fehr and Weber 1968; Smith and t{eber 1968),

to increase hard seed in clovers (Bennett 1959; Weihing 1962), to alter

seed size in barley and soybeans (8a1, st¡neson and Rarnage 1959; Fehr and

Weber 1968), and to increase leaf weight in tobacco (lr{atzinger and

Wernsman 1968). Mass selection is a very conìmon method utilized in breed-

ing cross pollinated crops, e.g. it has been used to inprove yield and

other characters in maize (Gardner 1961; Lonnquist, Cota and Gardner 1966;

Genter 1976).

A.lthough mass selection can result in inpfrovernent of characters

with high heritability, the effectiveness of inproving yield indirectly by

selection for an associated character will depencl on both the heritability

of the selected attribute and the genetic correlation between yield and

the selected character (Romero and Frey 1966).

6. SINGLE SEED DESCENT

ff honozygosity has to be achieved before yield testing becomes

efficient, it night be a¡r advantage to advance the generations as quickly

as possible. Single seed descent, sometimes called the nodified pedigree
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or the rafidom nìethod, vüas first suggested by Goulden (1941) to obtain

large numbers of homozygous lines in two yeals after naking a cross.

A cornparable pedigree nethod would need five years. Segregating genera-

tions are rapidly advanced rvithout selection, growing three generations

per year, and only one oT two progeny from each plant are taken in each

successive generation. By growing the seedlings closely spaced in sand

with ¡ninimum nutrients, a large number of plants can be grown in a sma1l

area (Grafius 1965).

Application of the method to soybean, oat, and wheat breedir,g

has been discussed by Brin (1966), Kaufmann (1971), and Knott and Kumar

(1975) respectively. Selection during the segregating generations can

be carriecl out for characters of high heritability, e.g. height, maturity,

disease resistance, shatter resistance and seed quality, as these chaz'ac-

ters can be effectively selected on a single plant basis (Brirn 1966) '

Selection for characteïs of low heritability, such as yield, would be

ineffective.

Sone theoretical aspects of selection in the single seed descent

nethod have been discussed by Baker (1971). Using computer sinulation

techniques, Snape and Riggs (1975) looked at the theoretical changes in

the mean and variance of a segregating population under single seed descent

and found that the direction and nagnitude of these changes depended c'û the

genetics of the character under consideration" lVhen doninance is present

and is directional for the increasing allele, a fall in the generatioi:.

mean will occur, whereas if there is no dominance little change will c'ccur.

Genotypic variance will always increase from the F, to FU except when the

character is influenced by complementary gene interactions. For situations

where heterosis is exhibited, notably when systems of dispersed genes and

complernentary gene interactions are displayed, the population of FU lines

obtained will fall well below the eripectations of the F' and a greater

genetic advance would be expected by using the normal pedigree method-
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However Snape and Riggs concluded that other advantages might wa-rrant the

use of the single seed descent nethod.

iVhile single seed descent does permit hornozygous lines to be

obtained quickly, it suffers from the sane disadvantages as the bulk n:ethod

in that valuable variation could be absent when selection for yield ís

comrnencecl .

THEORETICAL CONSIDERATIONS IN BREEDTNG FOR YIELD

Various authors have considered the quantitative genetic theory

that underlies breeding for yield (Van der Kley 1955; Al1ard 1960; Shebeski

L967; Shebeski and Evans L973), and as some irnportant nethods of breeding

for yield improvement have been proposed as a consequence of these theor-

ies, it is worthrvhile considering them in detail

Shebeski (1967) indicated that it rdas essential to select for

yield in the earliest possible generatio..r so that rare valuable genotypes

could be detected and isolated. These genotypes occur at a higher fre-

quency in the earlier generations.' If one considers an example of a

cross between thro parents which differ by 25 independent genes for yield,

only 0.075 per cent of the FZ, or 1 plant in 1350, nay be expected to

contain aLL 25 of the desirable genes in either the homozygous or the

heterozygous condition. The consequence of this is that at least 15511

plants would have to be grown for the chance occurrence of one containing

all the desirable alle1es.

ff selection is delayed until later generations, the proportion

of plants containing all the 25 desirable genes is greatly reduced, e.I\.

only 1 plant in 1.8 nillion at FO, or 1 plant;in 15.6 nillion bI FU.
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AI1 methods which delay selection until la1-er generations must therefore

suffer from the disadvantage that the most desirable genotypes are lost

during the multiplication phases, as it is not possible to rnaintain the

plant populatíon necessary to retain them.

In the 25 gene exarnple, the nost probable genot)?e for the F, plant

with the desired genes would be honozygous for 8 and heterozygous for 17 of

the desired genes. Since the honozygous rlesirable genes are fixed, the

critical F, arising fron this F, nay be thought of as an F, populati.on

stenming from a cross in which the parents differ by 17 genes and, therefore,

0.75 per cent, or I plant per 133, could be expected to possess all desi;rable

aIleles. So the nunber of plants grown in the Fa and subsequent generations

is also important to retain the desirable genotype.

An important assrxnption in this theory is that the yield of a

heterozygote rnay be used to predict the yield of segregates that will be

obtained fron it.

The opposing view is that the phenotype of a heterozygous plant is.

not a useful guide (Van der Kley 1955), and it has been suggested that

selection for yield should be delayed until later generations when the

genotypes are approaching hornozygosity (Lupton and Whitehouse 1957;

Allard 1960). If selection for yield is delayed until late generations,

it is only possible to assess a snal1 proportion of the possible genotypes.

For exanple, if there were 25 independently segregating factors in the cross,

a total of 35.6 nillion different genoty¡res could be possible at homozygosity.

Apparently the advantage of dealing with hcmozygous fines nust be weighed

against the risk of losing the superior genotfpes.

The above considerations assurne that the I'tdealrr will be the only

useful genotfpe in the hybrid,population, but other conbinations short of

perfection will be useful and relatively common (Palner 1953). Lines

selected frorn any hybrid population most likely belong in this latter category.

If the parents differed by 20 independent genes for yield, individuals
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honozygous for 16 or rnore plus genes could be valuable. While only one

individuat in 220 will have all the plus genes combined when homozygous,

4845 in 220 índiuiduals will have 16 of the plus genes conbined. Palner

suggested crossing together high yielding progeny from the same cross to

eventually give the ideal combination, as there would be a good chance that

these lines would conplement each other.

YIELD TESTING OF LINES FROM EARLY GENERATIONS IN PLOTS

Shebeskirs proposal that selection for yield should conmence on

F, derived lines to prevent potentially valuable genotypes fron being lost,

has inportant inplications. If this view is accepted, breeding rnethods

such as the bulk and single seed descent cannot be efficient, as they delay

conscious selection for yield and randomly discard the majority of the popu-

lation during the segregating generations. Sinilarly, as the pedigree

method usually relies on visual selection for yield on a single plant basis,

no objective selection for yield can be practised with this nethod untí1 late
that

generations. When these methods are used therefore, it is likely¡the nost

desirable genotypes are lost before any yield testing has been carried out.

If it was possible to select for yield on a single plant basis, isolating

high yielding lines in early generations would be easy. As yield testing

plants appears to be ineffective, the logical solution is to yield test, in

plots, lines derived fron the single plants (Fiuzat and Atkins 1953; Knott

7s72).

Following his conclusions that yield testing must be carried out

in as early a generation as póssibte, Shebeski (7967) suggested a nethod

based on yield testing F, plots derived from F, plants. The effectiveness
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of this method has been studied by comparing the yields of F, derived

lines in snall F, plots, with related FO derived lines grot{n in F, plots.

Briggs and Shebeski (1971) found a positive relationship in only one of

three years studied (r = 0.83n*), the correlations in the other trvo years

being non-significant. However these poor results can be partly explained

by the fact that only the high yielding lines were camied on from the F'

giving a narrow range of yield, not typical of the true population.

De Pauw and Shebeski (Ig73) obtained a ccrrelation of 0.56* between F,

derived lines and related FO derived 1ines. They also conpated F, derived

lines grol{n as F, plots with related FO bulk means, and obtained a correla-
' **

tion of 0.59 :

Mcl(enzie and Lanbert (1961) studied the effectiveness of testing

the yield of F, derived lines in the Fa g,eneration, by comparing their

yields with those of related FO derived lines grown in FU nlots. The

yields of fanúlies in the F, and FU generations showed little association

in one cross (r = 0.31**), although a useful association was found in

another cross (r = 0.54**) .

fn a sinilar comparison in two wheat crosses, Knott and Kumar

(f975) obtained low correlations between the yields of F, and F, rows
** **(r = O.29 and r = 0.14 ). They concluded that although selection

based on F, yields would have some effect, it is doubtful if it would be

worth the labour involved.

The above studies (Briggs and Shebeski 1971; De Pauw and Shebeski

1973; McKenzie and Lambert 1961; Knott and Kumar 1975) have all compared

generations growì in different years so are confounded by the effects of

genotype x year interactions. Better comparisons could be expected if

the generations being compared were grown in the sarne year.

F, deríved lines can also be tested in FO and later generation

yietd trials by multiplying seed in the F-, perhaps with selection for

sinply inheritecl characters in the F, and F= (Frey 1954). This has been
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called the F, progeny method by Lupton and ltlhitehouse (1957) and lìihitehouse

(1953), who suggested that it rvas desirable to select in the F, and F,

generations for sinply inherited characters, and delay selection for yield

and quality until the genotypes approach honozygosity. Of course, this

philosophy of delaying selection for yield conflicts somewhat with the

ideas of Shebeski and colleagues presented earlier. Frey (1954) tested

this nethod using two barley crosses, and concluded that the performance

of F, derived lines testecl in F, gave a reasonably good indication of the

yield of the F, derived lines selected fron them. The F, derived lines

did not differ significantly for yíe1d in one cross, but in the other

cross a yield test of F, derived lines was successful in identifying lines

giving superior F3tt.

In his breeding program, Hurd (1969) cauied out yield tests

from FO to Fg, and his results suggest that the yield tests were successful

in isolating high yielding lines.

The use of F, or F, derived lines for early generation tests seems

to have been fairly successful in soybean breeding. Thorne, Weber and

Fehr (1970) reported that selection of the highest yielding F, lines based

on F, or F, derived line perfornance was successful, selection based on F,

derived lines being the nore successful. These results rnr:st be treated

with caution, as the F, and F, derived f ines were simulated by mixing

appropriate F, sister 1ines, so impoïtan't variability would be lost and

the effects of heterozygosity ignored. In 16 comparisons between Fa

and F, derived lines, Thorne (1974) obta:ined 15 significant correlations

ranging fron 0.46** to 0.85*t. Selection of the four highest yielding

F, derived lines would tr',r" ,r""essfully isolated high yielding F, lines.

Lupton and l\[ritehouse (1957) corlsidered the tine taken to produce

a true breedì-ng line of known yielding capacity could be reduced by at

least two years if yield testing and norrnal pedigree selection r^rere carried

out concurrently. In this rnethod, known as the pedigree-trial method,
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noïmal pedigree selection is carrj-ed out in each generation, but plants

renaining in a row after selections have been takenrare bulked for yield

testing. This is not a ne\4r method, as similar schemes were used by

Nilsson-Ehle as long ago as 1910 (Akerrnan and MacKey 19aB) and by Breakwell

at Roseworthy in 1938 (Breakwell and Hutton 1939). This scheme has also

been þroposed for use in soybeans by Raeber and ltreber (1953) .

To inprove the efficiency of selection by using replication, and

to enable widely adaptable F, lines to be identified, Shebeski and Evans

(1973) proliosed a method of growing Fa lines in replicated head hills at

a number of sites. To test the value of this rnethod, they cornpared j.t

v¡ith the pedigree rnethod and early generation yield tests in F, plots,

using three crosses. In one cross all three nethods were effective ill

recovering lines outyielding the control, in another none was effective,

and in the third, the hill plot method was better than the pedigree method

and slightly better than the F, plot nethocl (Seitzer 1974).

A COMPARISON 0F VARIOUS METHODS FOR YIELD IMPROVEI*IENT

Wirile numeïous breeding methods have been proposed and compari.sons

rnade on theoretical grounds, only a few valid comparisons have been rnade

experimental.ly between alternative procedures. Valid comparisons are

difficult to rnake due to the si ze of. the experiments that are involved,

and also the most suitable method will depend on the particular set of

circunstances and breeding objectives.

Irlith regard to yield improvement, there appeaTs to be little

difference between the pedigree, bu1k, or single seed descent nethods.

In 18 comparisons between the pedigree and bulk methods in six soybean

cr.osses, the yields of FU lines were similar for tfre two methods in all
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cases except two (Torie 1958a) . In the two exceptions the bulk nethod

was superior. The single seed descent and bulk nethods have been com-

pared in wheat and soybeans (Empig a¡ld Fehr L97L; Tee and Qualset \975),

but there tvere no consistent differences between the two rnethods for genel-

ation means or genetic variances, particularly when competition effects in

the popula.tion were not inportant" If segregation occurs for a character

that has c:ompetitive influence on the pcpulation, such as height, there

nay be a ¡¡enetic shift with advancing generations when the bulk population

is used, but this is avoided with the single seed descent nethod.

Computer sinulation has been used by some authors to con4tare

breeding nrethods, and sinulation using actual experinerital data has been

used in this thesis to investigate various aspects of selection. The

pedigree, bulk and single seed descent nethods have been compared using

simulated data (Casali and Tigchelaar L975b), and this has shown that tire

rnost appïopriate method probably depends on the heritability of the

character involved. Pedigree selection was the nost effective at high

heritabilities (50-75%), wheteas at low (25u"7 and very low (10%) heritab-

ilities, mass selection and single seed descent respectively yielded the

best single FU line. Single seed descent retained the greatest variabil-

ity for line selection in FU. It was suggested that pedigree or mass

selection for highly heritable characters in F, and F3, followed by single

seed descent then selection in the FU for characters of low heritability,

should maxinize progress for most breeding situations. Field studies

with tonatoes suppoït this suggestion (Casali and Tigchelaar I975a).

0f particular interest in this review are comparisons of the

pedigree, bulk and single seed descent rnethods with yield testing lines

derived from early generations. Frey (1968) collected conplete clata from

F, and F, derived lines of two barley and one oat cross. Using portì-ons

of these ciata he sinulated selection to conìparq the testing of early

generation lines witli the bulk and single seed descent methods. Testing
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of early generation lines gave a greater expected genetic gain than the

othe:r two nethods for grain yield and plant height in barley and oats,

and grain weight per volume in barley. The bulk and single seed descent

nethods gave equal gains. The degree of superiority of testing early

generation lines was related to the heritability of the trait in questíon.

Wíth low heritability the expected genetic gain frorn the early generation

testing IVas mor'e superior than when the heritability was high. Witt,

barley, 40 to 50 per cent of the expected genetic gain from the earl¡'

generation testing resulted from the F, derived line test, but rnost c,f

this gain was due to exploiting genotypic variance among selected F,

families. With oats, nuch of the expected genetic gain frorn the F,

derived lines was due to exploiting genotypic variances among F, derived

lines within F, families.

Using two wheat crosses, Knott and Kumar (1975) also c.ompared

early generation yield testing and single seed descent, but concluded

that any advantage of testing early generation lines over single seed

descent did not warrant the extra work involved. The best 2O pet cent of

lines based on F, yields rvere compared in the F, with the 20 per cent

highest yielding single seed descent lines in the FU. The yield tested

lines were reselected in the Fr. In each cross, the single seed descent

lines were at least as good as the yield tested lines. On this basj s

Knott and Kunar suggested selecting for highly heritable characters in

the F, and possibly the Fa, carrying these lines through'to F, or FU by

single seed descent, then yield testing. While recognizing that this

nethod night lose the best genetic conbinations, they felt there was no

alternative if selection for yield was not effective.

Testing of early generation lines in soybeans has been compared

rvith the bulk ¡nethod (Raeber and Weber 1953), with the bulk and pedigree

methods (Voigt and Weber 1960; Luedders, Duclos and Matson 1973), and with

the single seed descent and pedigree methods (Boerma and Cooper 1975).
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Raeber ano Weber (1953) conrpared the five highest and five lowest yielding

lines based on FU and FO yield tests with 10 phenotypically superior

plants from an F, bulk and 40 random plants fron the F, bulk, in four

crosses. Comparisons in FU experiments showed that the high yielding

lines fron early generations and the superior lines fron the bulk were

equal in 1"ield, and these were superior to the random bulk lines, which

were superior to the low yielding lines fron early generations.

Voigt and l{eber (1960) for¡nd that yield evaluation in the F4 pro-

duced significantly higher yields in the F, compared with the bulk and

pedigree nethods, although the differences r{Iere snal1 (averages of

3051, 2990 and 2970 kg/ha respectively). A greater number of lines

exceeded the cross nean and control yields with the earLy generation test

than the cther nethods.

Luedders, Duclos and Matson (1973) found no significant differ-

ences between testing of F, and FO derived lines, the pedigree and two

bulk methods, although the conplete bulk and early generation testing

rnethods retained a few more superior lines than the maturity bulk (a bulk

of lines based on maturity) and pedigree methods. Sinilarly, Boerma and

Cooper (1975) did not find consistent differences between early gener:ation

testing, single seed descent or the pedigree methods, and the highest

yielding lines from all nethods were superior to the parents in some

crosses but not others. They concluded that single seed descent was the

rnost efficient nethod as it required less effort and resources.
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CON5,IDERATIONS REGARDING THE EFFI-JCTIVENESS OF YIELD TESTING

LINES IN EARLY GENERATIONS

Although there ì-s good theoretical evidence to suggest that yield

testi-ng oJì lines in early generations should give good progress and should

be rnore ellficient than the pedigree, bulk or single seed descent methods,

disappointing results have been obtained frorn the many experiments dis-

cussed above. designed to evaluate early generation testing of lines. A

nunber of explanations for the failure to recognize high yielding liries

in early ¡lenerations can be suggested.

1. Many experiments (e.g. Briggs and Shebeski 1971; Thorne,

Weber and Fehr 1970) have used snall populations. For early generation

testing to be effective, large populations must be tested to ensure the

superior genotypes are included (Shebeski 1967).

2. The experiments that have conrpared early generation tests

with later generations have compared the trvo generations in different

years e.g. McKenzie and Lanbert (1961); Briggs and Shebeski (1971); De

Pauw and Sliebeski (1973); Knott and Kunar (1975) . Genotype x environ-

rnent interactions nay confound the comparisons in such cases.

3. As well as experinental inaccuracies, interplant and inter-

plot conpetition can be irnportant in giving poor relationships between

early and late generations (Leffel and Hanson 1961).

It is proposed in this thesis that the rnajor factors causing

poor comparisons between early and late generation lines are the degree

of heterozygosity and the leve1 of heterogenei-ty in early generations.

These could influence results in a number of ways.

1. Early generation plants, being heterozygorts, might be heterotic,

and their yields would then be poor predictors of the yields of pure lines

isolated from then (A11ard 1960; Leffel and Hartson 1961).
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2.If early generation lines a.ce tested in plots, the plot inight

be extremely heterogeneous. The value of any plot yield or measurement

might then have little neaning as it is a sr-rnmation of the performance

of rnany inclividual genotypes. Thi.s might be further biased if the

different genotypes differ in their conpetitive abilities.

. 3. Segregation after the generrltion of testing might lead to

individuals which are extrenely differe:nt to those that were tested.

If these argunents apply to the testing of early generation pro-

genL they will also apply to the testing of unselected bulks, but to a

rnuch greatel' extent.

'fhe effects that hetero zygositv and heterogeneity have on the

relationship between dj-fferent generations, and hence the predictive

value of early generations, form the basis of the experintental work in

this thesis. As an introduction to this, the theories of quantitative

genetics pertaining to the variability of characters in successive gen-

erations will be discussed. This will be follorved by a review of the

snall amolrnt of experimental work on this subject, which highlights some

of the problens involved.

VARIABILI'|Y OF CF{ARACTERS IN SUCCESSIVE GENERATIONS OF SELFING

In,self-pollinated species the proportion of heterozygosity for

each gene pair is reduced by one-ha1f in each generation (Allard 1960;

Heyne and Snith L967). The proportion of hornozygous plants in a popula-

tion after m generations of self fertilization when the nuntber of indepen-

derrtly inherited gene pairs is n, is given by the formula (Qm-Ð/Z*ln

(Allard 1960). With 5 independent gene pairs, 24 per cent of the popula-

tion will be homozygous at: alt 5 loci in the Fr, 51 per cent will be

homozygous in the Fr, 72 per cent in the F' and 85 per cent by the FU.

With 25 independent genes, only 4 per cent of the population will be

homozygous at all 25 loci in the FO, 2O per cent in the Fr, 45 per cent in
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the F6, and it is not until the Fg that 90 per cent are homozygous.

From this consideration it follorvs that simply inherited characters will

be fixed fairly quickly, so early generation tests of progeny should be

valid. But with more complex characters such as yield, the early gen-

erations may sti11 be quite heterozygous, and tl-ris night affect the value

of testing early generation 1ines.

Infonnati.on on the variability of char¿Lcters over a number of

generations, and the rate of approach to unifornity, is linited. It has

been suggested that there may be considerable character fixation for

yield in the F, (Thorne, lVeber and Fehr 1970), and Frey (1968) reported

results from a barley cross that showed little variation for yield at-ter

the Fr. These results are surprising, as this could only happen if

yield ü¡as governed by only a few genes, and this is unlikely. A high

degree of fixation for yield nay be apparent bI the FO (lVeiss, Weber and

Kalton L947; Raeber and Weber 1953; Thorne, Weber and Fehr 1970), and

relative honozygosity has been reported in the F, (Raeber and Weber I 953) .

Mahrnud and Krarner (1951) calculated that detectable segregation occurred

tmtil F, for yield, and F, for maturity in soybeans, but as these rvere

extrapolations from FO data their vatidity may be queried.

Depending on their heritability, different characters approach

honozygosity at different rates. Seed síze, protein content and oil

content in soybeans are alnost honozygous after the F, (Thorne, Weber and

Fehr 1970). Plant height has appeared uniform after the F, in barley

(Frey 1954, 1968), while in soybeans and oats considerable variation has

stil1 existed after the F, (Frey 1968; Thorne, Weber and Fehr L970).

The variation of yield within lines is greatest in early genera-

tions, so it is often suggested that greatest emphasis should be placed

on the earliest selections, or that selection arnong lines would be rnore

beneficial than selection within lines (Weiss, ü/eber and Kalton 1947',

Akernan and MacKey 1948).
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Considering the basis of quantitative genetics, there are a

number of features of selfed populations that should apply to pedigree

data (East 1916).

1. Ft populations from honozygous parents should be as uniforn

as the parents.

2. The variability of the F, prpulation from such a cross should

be nuch greater than that of the F, or parents.

5. lllhen a significant number of F, individuals are avaíIab1e, the

parental types should be recovered.

4. In certain cases, some F, individuals may show a greater

deviation than is found in the frequency distribution of either parent.

5. Indivicluals fron various points on the frequency curve of an

F, population should give F, populations differing markedly in their

modes and neans.

6. Individuals either from the sarne or fron different points on

the frequency curve of an F, population should give F, populations of

diverse variabilities extending frorn that of the original parent to that

of the F, generation.

7. In generations succeeding the F' the variability of any

farnily may' be less, but never greater than the variability of the popula-

tion fron which it cane.

East (1916) demonstrated that nost of these principles held for

corolla length in tobacco, which is relatively unaffected by environment,

but no such detailed work has been carried out in many generations on a

cornplex character like yield.

One of the basic assunptions of quantitative genetics and prac-

tical breeding programs in self pollinated crops is that the variability

obtained in an F, is far greater than that of the parents. However, when

yield is measured on a single plant basirs, resqlts have shown that the

variability of the parents and Fr's are often similar in magnitude, or if
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tlre F, variability is greater, it is not significantly so (Irnner 1-94ì;

Palner 1952; Chebib, Helgason and Kaltsikes 1973; Phung 1976; Hamblin

1977). Large differences in variances between parents and Fr's have

sonetines been reported (Mahnud and Kramer 1951), but when proper act;ount

is taken of differences in the means, the variation of parents and F.,rs

is again similar. It seems that the yield of an F, plant is deterrni.ned

very largely by factors of the environntent (Irnmer 1942), and genetic

potential rnay be nasked. No work has been reported on making such r:om-

parisons in plots, rather than on plants, to overcorne these limitations.

It is apparent that there is a lack of general understandin;g of

the behaviour of yield as a character ín successive generations of

selfing and selection. An understanding of the variability of yieltl in

successive geneïations, and the manner in which it approaches homozyilosity'

is inportant in forming a basis on which to develop the most succ-essful

breeding nethocls . T'hese aspects are considered in the experimelìtal ü/ork.

PHENOTYPIC STABILITY IN RELATION TO DEGREE OF HETEROZYGOSITY

There is evidence that hetero:lygotes exhibit a greater phenotypic

stability than homozygotes when exposed to a spectrun of environmental

conditions, and this may partly explain rvhy litt1e or no differences

between the variation of parents andFrrs have been reported in the liter-

ature. It was also found in the experimental work of this thesis, which

conpared the variability of parents ancl different generatíons of the pro-

gen)¡, that this difference in stability between heterozygotes and hono-

zygotes explaine<l aspects of the results obtained. It is therefore

necessary to review the literature on this subject.

There are two rvays by which a variety can achieve stabili ty

(Allard and Hansche 1964). Individuals themselves may be well buffered,

or the population may be made up of a rrumber of different genotypes each

adapted to a different range of environments.
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a) Individual bufferi.ns

Individual buffering can be a feature of heterozygotes in

aninals (Lerner 1954; Dózhansky and Ler¡ene 1955). For example, in

DnosophíLa psetd.o-obscz,u,a individuals hr;terozygous for the second chromo-

sone had greater stabj lity with respect to viability over a broad range

of environnents than the homozygotes (Dobzhansky and Levene 1955).

Sinilarly, individual buffering is associated with heterozygosityin out-

breeding plants. This has been shown :i-n individual races of Mirn¿Lus

and PotentiLLa (Hiesey 1965), and in ma.Lze (Shank and Adams 19(10; Rotve

and Andrew 1963).

Although thele is a consistency of evidence for the gr:eater

stability of heterozygotes in outbreeding speci.es, the evidence for in-

breeding species is conflicting (Lervis i.9541' Jinks and Mather 1955;

Williams 1960). Griffing and Langridge (1963) used the species

Arabídopsis thaLiana to study buffering in inbreeding species. They used

this plant because it has a short life cycle and can be grown in test tubes

under controlled environments. In these studies, heterozygous F, and F,

populations had a greater mean growth and a greater stabi.lity of pheno-

typic expression over a range of temperatures than the homozygotes.

lndividual buffering for the heterozygote appears to be rnore

striking urder stress condi.tions. In ArabLdopsis tLnliarza t1ne greater

stability of heteroz.ygotes was mainly due to their superiority at the

highest temperatures (Griffing and Langridge 1963). In lima beans, F,

hybrids differ little fron their parents in number of seeds produced in

favourable environments, but in unfavourable years the F, hybrid nay yield

twice as much as the better honozygous parent (Allard and Hansche 1964).

Also in lina beans, Allard and l{orkman (1963) used marker genes in popula-

tions to shol that homczygotes and heterozygotes contributed equal numbers

of progeny to the next generation rvhen seed yields were high, but in poor
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years the heterozygotes sonetimes contributed more than twíce as rnany

offspring to the next generation as the corresponding hornozygote.

b) Population buffering

While it can be difficult to explain individual buffering,

population buffering can be easily explained biologically as being a

result of interactions between different genotypes within a population

(Al1ard and Hansche 1964) . If a snal1 change of environnent does not

suit one component, then another cornponent nay compensate.

In the self pollinating species wheat, barley and lima beans,

heterogeneous and heterozygous bulk hybrid populations have outyielded

pure line varieties when considered over a range of environments (Allard

1961, 1967; Finlay 1964.; Qualset 1968). While pure lines might have

the highesC (or lowest) yield in certain environnents, heterogeneous bulks

have greater stability over a range of environments (A11ard 1961, 1967).

The regression coefficient of variety yield on site mean yield has also

been used to show that F, or later generation bulk bar:Iey populations

have a greater stability than their putre line parents (Finlay 1964;

Rasmusson 1968). Using solrþst^t, Byth and Weber (1968) showed that

heterogeneous F, derived lines were lìore stable across environments than

hornogeneous F, derived lines.

As with individual buffering, the increased stability through

population buffering is largely due to the accentuated superiority of the

bulks in the unfavourable environmerìts (Finl ay 1964) .

In rnaize, double crosses are more stable than single crosses,

as neasured by snaller variety x location and variety x year interactions

(Sprague a.r-ìd Federer 1951),, or by snaller coefficients of variability

(Jones 1958). Because of this stability, double crosses yield better

when averaged over nany seasons, even though the highest yiel<l in any one

situation might be from a single cross. It has also been shown that in
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grain soïghun three-way hybrids are slightly more stable than single

crosses (Patanothai and Atkins I974).

Sna11 changes in heterozygosíty and heterogeneity, even between

generation:;, can be important. Bhatt and Derera (L973'b) compared F,

derived lines with F, derived lines, ffid F, derived lines with F4 derived

lines, and showed that the higher leve1s of heterogeneity were either

superior or equal to the lower levels for grain yield, grain weight,

flour yield and flour protein.

lVirile there is a large amount of evidence sholing that hetero-

zygous bulks have better performance and stability than their parents,

it is not without exception. Busch, H¿rmmond, and Frohberg (1976) cornpared

the Fr's and Fr's of 28 hybrid wheat populations with their B parents ín

five to si.x environments. Tlre bulks were similar in yielcl to the mid-

parents acïoss environments, even in stress environments, and they clid

not differ in stabilities.

If population buffering is due to an interaction between differ-

ent genotypes within a population, buffering should also be a character

of mixtures of varieties as well as heterozygotJs populations. While in

many situations mixtures have greater stability than pure varietj,es

(Allard 1961, 1967; Simmonds 1962; Pfahler 1964; I965a; Frey arrd

Maldonado 7967; Qualset and Granger 1970), in some situations mixtures

have been either less stable or no noïe stable than varieties (Clay and

Allard 1969; Rasmusson 1968). In othe:: situations results have been

inconsistent (Pfahler I965b). Stability of mixtures appeals to be

dependent on the nature of the environments under study (Frey and

Maldonado 1967), the relative frequencies of genotypes within the popula-

tions (Qualset and Granger 1970), and the particular combinations in the

mixtures (Simnoncls 1962; Early and Qualset 1971). Mixtures rnight have

greater stability than va::ieties to macr.o-environmental differences such

as different si.tes and years, but they rnight not be more stable to micro-
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enviïonmental variation such as variation within one location (Ear1y and

Qualset 1971).

While nixtures of pure lines night be more stable than pure

lines over a range of environ¡nents in many circumstances, their stability

is not as effective as bulk hybrids (Allard 1961, L967). The superi-or

stability of hybrids over sinple mj-xtures appears to be associated, not

with heterosis, but r4rith the ability of a large nulnber of different geno-

types to exploit particular ecological sites to their own particulat

advantage (Allard 1961) .
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C hapte r 2

INTR,OEUCTIO${ TO EXFERIMENTAT WOR.K

It was suggested in the literature review that breeding rnethods

such as the pedigree, bulk, or single seed descent nethods night not be

the nost efficient for yield improvement, as they do not al1ow inten.se

selection for yield until late generations. Testing of progeny from early

generations, in plots, has been suggested as an alternative, but resul'¿s

often have been disappointing. The najor factors that teduce the relatíon-

ship between the plot yield of a¡r early generation line and the perforrnance

of the selections from it might be the degree of heterozygosíty and hetero-

geneity of the early generation 1ines.

The experiments in this thesis investigate aspects of selection

for yield and other characters in wheat, u/ith particul-ar enphasis on the

effectiveness of testing lines in early generations. The specific object-

ives are as follows:

1. To study the correlations between lines derived from all

generations up to F5, to assess the value of each generation in predicting

the perfornance of the near-homozygous 1í-nes. The efficiency of using

each generation for selection can then be deterrnined. This is reported

in chapter 4.

2. To assess the inptovement obtained íf different selection

intensities are applied in various generations, and the effects of delaying

selection fron early to late generations. Selection was simulated on a

computer using the data from a number of experirnents. This is descr:ibed

in chapter 5.
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3. To study the variability of characters havj-ng either a high

or 1ow heritability in each generation after randotn, pedigreed selection,

and to measuïe the reduction of genetic variability within lines as getìera-

tions are a.dvanced. This study tests the hypothesis raised in the li'lera-

ture review that variability and the degree of heterozygosity of a cha:racter

in each generation might be the nost important factors deternining the

success or failure of early generation selection. If uniformity and homo-

zygosíty are not achieved until a Late generation, it might be desirable

to delay selection. This aspect was strtdied on single plants ancl in plots,

and is reported in chaPtel 6.

The above objectives were studied by comparing large nurnbers of

pedigreed but randonly selected lines fron the Fr, FS, F4 and F, generations

of two wheat cÍosses. All experiments h/ere conducted in the field at

several sites in South Australia.

Grain yield was the major character studied. Two characters,

plant height and heading date, thought to be different frorn yield in herit-

ability, were included for comparison. Harvest index v¡as studied in some

experinents because of the suggestion that it is associated with yield

(Singh and Stoskopf 1971; Fischer 1975; Ðona1d and Hamblin 1976; Bhatt

1976, Lg77). It nay be more usefut in early stages than yield of single

plants (Syne I972i Fischer and Kertesz 1976) or microplots (Fischer and

Kertesz 1976). Flour yield and grain hardness were studied because of the

enphasis placed on nilling quality in recent years. Estinates of herit'-

ability for n|Iling yield, which vary from 35.5% (Everson and Seeborg 1958)

to B3eo (Briggle et aL. 1968), and estirnates of expected genetic gain,

indicate that goocl pïogress shoulcl be possible by selecting for high milti-ng

yield in early generations. However, correlations of flour yields of F3

and F5 plots have been poor and inconsistent (Briggs and Shebeski 1971),

with significant correl.ations between generations being obtainecl in only
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one of three years. Cl early, more inf<¡rrnation is required on flour yield

in early generations to fornulate efficient selection techniques.

A conclusion drawn during the experinental program was that

crossbred lines should be tested at a mrnber of sites in a number of years,

as genotype x year and genotype x locatj-on interactions h¡eïe important in

developing new cultivars. It'is neces¡;ary to choose objectively the sites

used in a breeding program, but little j-nfornation is available on which

to base a decision in ternls of number o:: location of the sites in

Australia. This topic was investigated using data fron the Australian

Intersta.te l\rheat Variety Trials , and va:ci-ety experinents conducted by the

South Australian and Victorian Departments of Agriculture. This topic is

reported in chapter 7.
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€he¡pfer 3

GENER,AI METþIODS AI{D MATER.!A.Ig

As nany of the nethods and rnaterials are conmon to all experirnents,

these will be described only in this chapter. Other nethods that are

specific to experirnents will be described in the separat.e chapters.

In this thesis, the terms trderived lines'r and rrfamilies" a.re

used frequently and are defined as follows. AnF, deríved line is a line

derived fron a single F, pl-ant, irrespective of the generatíon in which ít

is tested. Similarly, * FS derived line is a line derived fr:om a single

F, plant. It is inferred that the line has been carried in bulk si.nce the

single plant, and has not been reselected.

An F, family includes all lines which can be traced back to ¿r

single F, plant, including all reselections. Arì F, fanily night incll-rde

a number of Fr, FO and F, derived lines, and an Fa family rnight includ.: FO

and F, derived lines.

fire experirnents involved growing lines derived fron the F' F3,

FO and F, generations, and comparing the variances of lines in these genera-

tions, and correlating the performances between the generations.

a) CROSSES

Two wheat crosses were used.

1. DX59 * Mexico 8156

2. Olpnpic * DX39

DX39 and Mexico 8156 are semidwarf lines introduced fron CIMMYT (Mexico)

and selectecl in Victoria. Olympic is a conmercial variety of standard



39

heighf gro\r¡n widely in Victoria. It will be seen later that these valie-

ties are rvel1 adapted to South Australian conditions. DX59 and Olympic

have soft grain and lr{exico 81.56 has a hard grain. The pedigrees of these

parents are: -

DX59

Mexico 8156

Olympic

Nainari 60 * Mexico 8156 * Lerma Rojo 642't Sonora 64

Penjarno 62 * Gabo 55

Baldnin * Quadrat

The widely grown Australian wheat, Gabo, is the progenitor of both Gab,¡

55 and Nainari 60.

The two crosses were rnade in the senidwarf wheat breeding pro-

gran in Victoria, and were considered typical of the crosses used jn that

and other programs in Australia.

The DX39 *- Mexj-co 8156 cross r¡ras chosen as being a cross betv¡een

parents of similar type, and in which it was expected that there would be

fewer: genes segregating for yield, naturity and plant height than in the

second cross. Note that Mexico 8156 is also one of the parents of DX39.

fn contrast, Olympic * DX39 ü¡as a cross of rvidely differing parents, and

mor*e segregation was expected for yield, nat-urity and plant height.

b) SELECTION OF RANDON,I LINES, AND SEED PI{ODUCTION

Details of the isolation of 1ines, and seed production are as

follows: -

1974 wínter F plants tvere chosen at random from rows at the
2

State Research Farm, Werribee, Victoria.

Randorn F^ lines rrtere sohln in pots in the glasshouse
¿

and space planted in a birdproof enclosure at the Waite

Agricultural Research Institute, Adelaide, to give F"

lines.

L974/75 sumnrer



1975 winter

1975/76 summer

1976 winter
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'l'he 1975 experiments involved sowing the F , and F,

derived lines as F, and FO plots,

One F, derived line for each F r fami1-y was randomly

chosen to be further selectecl to give FO derived 1ines.

These were actually taken as heads from separate FO rows

sown for the purpose.

The FO derived lines wer.e sor4/n as heacl hills in a

birdpr:oof enclo-sure at the lVaite Agricul.tural Resealch

Insti-tute for seecl nultiptication. One FO derived iine

for each F2 family rvas chosen to be further selecl-eC, and

seeds of these were also space planted to give Ft derived

1ines.

The 1976 experiments involvecl sowing F2, lt,, F4 and

F5 derived lines as F4, FS, F6 arrd F6 plots respectively.

The F ancl F derived lines came from seed harvested front
2s

the 1975 experintent, the FO derived 1j,nes carne fr:oln the

head liills sown in sunmer, and the FU derived lines came

from the single plants sown ilr summer.

The schene for producing the pedigreed, random lines is

illustrate<i in figure 3.1 for one F, farnily. Thjrty-six such F, families

were pr:oducecl for each cross. 0n1y one F, alid FO derived line rsas carried

on for eacli F^ family, as the ph¡.5i.rt linitations of gror,ving the nec¡uired
2

number of plots prevented carrying more than this. It was considerecl

better from an analytical viewpoint to naintain a large number of F,

families, each with one line can'i:d through to Fr, than to cal'r.y on a

number of lines in each generation but with few F, families.

The actual ntmber of lines conpared in each experiment varì-ed,

and these details will be included in the descriptic¡n of the índi-viC'ual

exper:iments



1974 winter

1974175 summer

1975 winter EXPERIMENT

1975 / 76 summer

1976 winter EXPERIMENT
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Figure 3.1 Method of producing pedigreed randon lines in F" to FS generations, illustrated
for one F^ fanily only.

2
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c) s|rES_

The experiments in 1975 weïe sor^m at Roseworthy Agricultural

College and a private farm at Saddlervorth (Tuela, of Mr. R. Coleman), and

ilr 1976 at Roseworthy Agricultural College and Mortlock Experiment Station

(University of Adelaide) .

1. Soil types

(i) Roseworthy Agricultural Co11ege, 1975.

The soil of tfris site is classified by French, Matheson and

Clarke (1968) as a Io¿rmy lvla-llee soil, but Nicolson (personal communicat.ion)

describes j-t more specifically as a calcareous, solonized, brown earth

wj-th a sandy loarn top soil .

(ii) Roseworthy Agr:icultural College , 1976.

This soiL was a red-brown earth with a loamy top soil (French,

Ir{atheson and Clarke 1968), and is classified as Dr 2-33 by Northcote (196tt,

Le74).

Although the soil type-s of the two sites at Roseworthy ale ciass-

ified in different major soil groups, these sites are closely relatecl

agriculturally and according to native vegetation.

(iii.) Saddleworth 1975.

This site had a da.rk grey self-nulching soil that cracks when

d"y, and h¿s been cl.assified as a clayey, red-brown ear:th (French, Matheson

and Clarke 1968). Agrícu1tura11y, this site is quite distinct from the

Roseworthy sites, as the soil has a high capacity for noisture retention

and crops a re sown later.

(iv) Mortlock Experiment Station 1976.

This site was on undulating land with a soil cJ-assified a.s

shall.o1 brown soil oven 'rock (Mulcahy 1954). 1'he top soil was bro'¡n stony

loam with a weak cruinb structure.
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2. Seasonal conditions

The climate at the sites is of the li{editerranean tIpe, wil-h r:oo1,

wet winters and hot dry sunmers. The normal growing season is 6 to 8

nonths of the autumn, winter and spring, and extends fron May or June to

November or December.

Tire 1975 growing season had below average rainfall in the auturml

and early winter, particularly in June, but this was followed by good rains

in l.ate h/inter and spríng (table 3.1) . The wet spring favoured the

development of Septoria tr'ítiei, but disease incidence appeared similat on

all lines.

The 1976 season in South Austrc-lia was characterísed by a severe

drought until October. The site at Roseworthy was particularly dry and

the experiments were sprinkler irrigated throughout the growirig seasolr.

While the rainfall at Mortlock was less than average, it was satisfactory

for growth. Sorne patches of rhizoctonia (Rhízoetonia solcni,) and take-all

(GaeumannomAces gr,ønin'Ls) were evident in one experinent at Mortlock.

In both years of these experiments it r^Ias not possible to sotr¡

until nid June or early July, so the gi:orving seasons were short, extending

for 6 months only.

Despite some incidence of disease and a dry season at Roseworthy

in 1976, the yields obtained in these experiments hrere fu11y comparable

with those norrnally experienced in these regions.

d) I{EASURE}{ÈNTS

1. Single plant experinents

All single plants were individually pulled and the follorving

lneasurements taken: -



44

TABLE 3.1

Rainfall at Roseworthy Agricultural Col1ege, Saddleworth and Mortlock
Experiuent Station in 1975 and 7976,, compared to the average

582 400497 49r440 449 290Total

33

39

2B

36

65

55

69

B5

6I

61

55

1B

2

2L

9

13

19

4L

1B

51

54

103

57

T2

20

22

23

40

57

59

5B

63

54

44

3I

26

11

0

40

11

61

4

71

64

7s

r23

18

15

2I I4 'J2

19 2 2I

20 67 2

3B 10 9

50 71 T2

54 8 3B

48 64 20

52 3I 33

45 69 31

42 90 63

27 T7 35

24 6 L4

Januaty

February

March

April

May

June

July

August

Septernber

0ctober

Novernber

December

Average 
I

rs67-.re76l t97 6
Average I

rB72-1s761 1975I9761975
Average

1B 83 -1976

Month
lvlortlockSaddl ervorthRoseworthy
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(i) Pla:rt height - was neasured on the talLest stern fr:om the base of tl're

plant to the tip of the spike, excluding amrs.

(ii)

(iii)

(iv)

Plant- weight - weight of total plant, above ground.

Grain weipht

Harvest. index - calculated as (grain weight/plant weight) x 100.

2. Plot experiments

The following measurements were taken, some being taken frorn one

site only in each year.

(i) Heading date. Fleading date t{âs measured on a year day basis, foL

example Jar,uary 1 = day 1 and December 3L = day 365. A plot was defined

as being in head when 75 per cent of the plants had heads emerged from the

boot.

(ii) Plant height. Plant treight wãs measured as the height from ground

level to the tip of the spikes of the majority of plants in the plot.

(iii) Harvest index. Harvest index was determined on randomly chosen plots

from the 1975 experiments at Roseworthy. A sanple, I rotv x 0.5m was cut

from the plot prior to harvest for this determination.

(iv) Grain yield. The grain was weighed after harvesting with a stripper

type harvesteï.

(v) Gr:ain hardness. Grain hardness was determined using the pearling

resistance test (Chesterfield 1971) on 5g of t¡heat in 1975 and 10g in 1976.

(vi) Flour yie1d. Fl.our yields were determined on a Brabender Quadrumat

Junior mill using the srnall scale nethod developed by Whan (1974). A

sa:nple size of 10g was used in 1975, and 15g in 1976. This nethod

j-nvolves rnilling hard wheats at a moisture content one per cent higher

than the soft rvheats, and very hard wheats two per cent higlter than the

soft wheats. The soft rvheats can be rnilled at any suitable moisture

content. The hardness gïoups are defined according to a particle size

index (P.S.I) test (Syrnes 1961) which is adjusted to a standard scale.
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The value:; of sonre variet.ies on this stanclard scale are Emblem 11.9,

Falcon 12.5, Gabo 14.3, Halberd 15.7, Stockade 15.8, Gamenya 2I.5, Sununit

27.7, Olynpíc 28.7 utcl Insignia 30.9. Soft whcats, by definition, have

a stanclarclised P.S.I greater than 20.5, har:d nrheats have a P.S.I. L2..3 to

20.5, and very hard rvheats have a P.S.I. less than I2.5. Pearling

resistance values rr'ere used to group the different wheats, by establishing

the rel¿rtionship betrn¡een pearling resistanc.e and the standardisecl P.S.I.

fol the particular experirnent using a set of 10 standard varieties grown

for this purpose. The correct pearling resistance values that corresponcled

to the standarclised P.S.I. values of 12.5 and 20.5 could then be establíshecl,

As only a single rnilling on each sanple ttas possibJ-e, a bulli

Halber:d was milled approxirnately evel'y tenth sample to enable acljustnent-

for possible variations during the mi11ing.

e) ANALYSIS OF DATA

The exper:iments involved large number:s of plants or plots; in

1975 there were 8,640 plots and 6,300 plants, and in 1976,11,200 plots.

Additional. recor:ds had to be kept of mary To\^IS, head hi11s and plants

neecled for seecl producti.on in several seasons and years. The analysi:;

of dat.a and product.íon of records was pcssible only through the extensive

use of the comput-er. Programs were written, using FORTRAN IV language,

to construct the tr:ials, print field boolcs and other li-stings, to print

harvest bag labels, to nanipuT-ate, sort and adjust the data where necess-

ãTy, to statistically analyse the data, to graph the results, and to

simulate various selectj-on schernes. Statistical analyses wer:e also

carried out using the statistjcal packages, SPSS (Statj-stical Package for

the Social Sciences) (Níe et aL. 1975), and Statscript (l,amacraft 1973) .

The l_lniversity of Adelaide CDC 6400 computer tvas userJ for all pttr.'poses.
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In the text that follows, statistical significances will be

denoted in the conventional n¿mner, * for significance at the 5% 1eve1,

and ** for significance at the 7.9o Level.
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TÞ{ffi ffi.ELATE@N BETWJHEË{ W["fl8Á\T I INES

ÐËR,!'JEþ FËt@ffi TME F?, F3, F4 AIUP Fg

GENËffi,ÅT$ÕþüS FÐR, GR.AEhJ YIHLNþ , FTÕ$"5R

YIEE"þ AND OTHER EE"BARÅCTËRS

INTRODUCTION

For rnaxinum effj.ciency and progress in breeding for any

character, selection should be carried out in as eerrly a generation as

possible so that only the best lines are re'[ained fol furthe:: testing.

However, testing tlie per:formance of lines in early generations js of 1i1-t1e

value if their results do not indicate the performanc:e of the selections

which could be tal<en from those lines in later generations. Selection

for sinrply inherited char:acters in early gener:ati-ons kras been -successfu-l,,

but the value of selection for conplex charactels such as yield is not as

clear. Testin1 F, progeny as Frrs is the earliest stage l-.hat tines withiû

a cross can be tested for yield in plots.

Fl:sults of yíe1d testing F, deri.rrecl lines as F, or Fo p1ots,\ave

been inconsistent (Frey 1954; McKenzie and Lanbelt 1961; Briggs and

Shebe-sfti 1971.; DePauw and Shebeskí 1973; Knott and Kuntar 1975), and ofterr

poor correlations have been obtaineci rvith l-atel' generatj-ons. But often

these exper:iments have contpared the early generation rvith only cne later'

generation and internediate cornparisonshave not been made' In other

cases, t|e generati-ons ha\¡e been grou'n in different years so the i.rL'Eeract.ion

betlveen genotype and environntcnt coulcl have affected the correl ations '

Comparisons of testing progen)z í.¡ early genefations wi1-lr otlrer rnet--hods such

as the pecligree, bulk ancl s;irrgle seed descent have also been ilrconsistent
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(Raebel an<1 lVeber 1953; Voigt and lVeber 1960; Frey 1968; Luedders, Duclos

and l'{atson 1973; lìoerna and Cooper 1975; Knott and l(umar 1975).

If the lieterozygosity and variability within an F, derived 1:ine

cause a poor relati.onship between it and the lines selected from it, it

night be more desirable to test progeny fron later generations e,g. I;a and

F4. IVe would expect to get closer associations betleen performances In

two late generations than betrueen two early generatì-ons, as greater ho.no-

zygosity would have been achieved.

T'his chapter describes experimcnts that cleternine the relaticn-

ship between line.s derived from the F' FS, FO and Fr generation-s of t:re:

two lvheat crosses, for a number of characters. Thc rel.ationshi.p between

diffelent generati.olìs can be compared anct the effect of increasing homc-

zygosity arrd decreasing heterogeneity within lines established. Tl-re

optimun gene:ration to conìrence testing fo:: each character can then be deter-

mined.

METIIODS AND MATERIALS

EXPERIMENT I - RELATIONSIIIP BETIVEEN F AND F DERIVED LINES IN PLOTS 19 75

F, and F, deriveci lines from th.e two crosses rvere sown in plots

of 2 rows , 2 metres long in a completel¡. randornízed design at Roseworthy

and Saddleworth. The distance between rorvs within a plot wa.s l8cn ancl

between plots 30cm. For each cross 36 F2 derived lines were included

(tabl e 4.L), forming the ba'.sis of. 36 F, families. l'-or 14 of the F,

fanilies 70 FS derivecl lines were incLucled., and for the other 22 F?. fanil-

ies, 15 FS derived lines. This experiment r^¡as'combj-ned ruith another

designed to neasure the variability of the two generations. The 70 F"
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TABLE 4.1

Origin and number of lines in experiment I (1975)

+ Numbers in parenthesis indicate nurnber of l.i.nes neasured for
harvesi índex, pearling resistance and flour yield.

72 (40)

2620(4ro)

+

F3

ltz

2 f
¿t

2 36 (20)

70
15

(7)
( 13)

t4
22

(20)
(s)

No. of
CTOSSCS

No. of F3
derived lines
for each F2
derívecl l ine

No. of F2
derived lines
fol each cross

Number
of lines

Generation of
lines

(generation f::on
ivhich deri ved)

Origín of lines
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derived lines hlere requirecl for these latter deterntinations.

All plots were sown fron the seed of a single plant, so the F,

a:rd F, derivecl lines were sorlrrr as F, and FO plots respectively. The

experirnent¿1l eïror rvas greater at Saddleworth than at lìoseworthy, due to

weed i-nfesl ation, soil variability and harvesting pr:ob1ens, and grcater

ernphasis wjI1 be placed, therefore, on the Rosewolthy lesults.

Grain yield, headi-ng date, mature plant hei.ght, harvest i.nclex,

pear:ling rcsistance, ancl flour yield t.Iel'e measured at Roservorthy, and grain

yielcl was lîeasured at Sacldleh'orth. Harvest index, pearling resisia.nc,e and

flour yie1c1 rvere detennined on a sub sample of plots on1y, these being

chosen ranclomly rvithin each group of lines (table 4.1) .

As the experiments involved a large nrmber of p1ots, it occupì-ed

an area sufficiently large to be subject to the probl.ems of environlnental

varj-ation ¿Lnd soil heterogeneity. The experj.nents v¡ere designed to talte

accorxlt of this variation. The variety Wariquam l{as solvn eveÌry fj ft}t

plot as an indicatoï of the variability of yiel.cl over the experinrental

area. Horr'ever, its yields were not used for adjustment; a noving nean hras

fouud to be lnore efficient in accounting for environmentai variation r'¡ithjn

each site. The evidence for using noving ilìeans and the justificatj on for

adjusting yields in this nannel is fu1ly discussed in c.hapter 6. The

rnoving ntean ì{ras calculated from the grain yields of a nunber of entries on

either sidc of the plot being adjusted. The entïy was then adjusted by

rnultiplyi¡g its yield by the proportion (site rnean/rnoving mean). Nej.ther

check plots no:: the yie1cl of the entry beí.ng adjusted were j-ncludecl in the

noving mean. A mean of 14 enir:iesr7 ei-ther side of the one being

acljusted, was used for the moving nean at Roseworthy, and a ¡nean of 16

entríes rva:; ¡secl at Saclcllevlorth, as these gave the most effectir¡e reduction

of r:es jdua-L variance (chapter 6).

Correlations and regressj,ons betrveen '1ine.s clerivecl from F, ancl

FS generations were calc'-ulatcd b¡' comparíng the F, derived lines (lìa plots)
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(figure 4.I) .
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corresponcling F, cler:ivecl lines (Fn plots;)

EXPERII\{ENT II - RELA'IIONSIIIP BETIA/EEN F , F,, T' N AND F' DFRIVED LINES

-i-..........a-
IN PLOTS 197

4
Fz F.,

J
and F clerived lines frc'ln the two c1'osses were sor\¡nF

5

in plots of 4 rows, 2.5 ìnetres long at Rosevrorthy and lt4ortlock. The

distance betv¡een rorvs within a plot was 15cm and between plots 30cni.

For: each c1:oss families of lilres derivecl froln 36 F, lines were sol{n, tìre

nunbers included ilr each gener:ation being shown in table 4.2,

Only one F, and FO derived line was calried on to latel geneïa-

tions. Bccause of a shortage of seed, some F, families c,ould not be

replesentecl by F, rlerived lines at lr{ortlock - the F, cler:ived lines of only

30 or 32 of the 3(r F, families for the trco cr:osses coultl be inc.lrrcled.

Tlre salte F, and F, derived lines trvere soh,n at both sites, but sone FO.

derived lines and all the F, derived lines lvere different at each síte.

The F' F3, Fn and F, derivecl lines l{ere sol\¡n as FO, F5, FU and FU Plots

respecti.vely.

To obtain the best comparisons rvithin each fanily of 1ines, the

lines uiere sot\rn in nestecl groupsr in a similar manner to a split 1t1ot

rlesign. The experiment was subclivided irito crosses, the crosses were sub--

divided into F, families, ancl each F, family was subdivided into lines fr:on

the F' FO and F' Lines and groups were ranclomly arranged wit-hin each

level of subdivision. Hence the lines being comparecl were sown in

proxirnity in the experirnent. To overcome dífferences between groups clue

to envir:onnrental variation across the experilnental site, al1 yields were

adjusted according to a gricl control of the va.r:iety hrariquam sohrn ever)¡

fifth plot. The tlc¡ neighbouring grid controls for each entry wel:e

averagecl, and the yield of the entry nultiplied by the proportion (site

mean/rnean of the tr,lo nei-ghbouring controls) .
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I 97 5

F2 derived line
-compared with mean

F3 derived línes

1976

Mean F3 derived lines
-compared with mean F4

and F5 derived lines

Mean F4 derived lines
-compared with mean

F5 derived lines

F2 derived line
-compared -with mean F3 , F4 and

F5 derived lines

E F3 derived line
-compared.wìth mean F4 and

F5 derived lines

F4 derived line
-compared with mean

F5 derived lines

Mean F3 derived lines

Mean F5 derived lines

An illustration of the comparisons made between
generations in 1975 and 7976.

The lines within only one F., fanily are shown.
For each cross, 36 such Fr'families were included'

H

:r:

Figure 4.1:



TÃBLE 4.2

Origin and number of iines in experi¡nent II (i976)

ul
Þ

+ Nunbers in parenthesis indicate nrmber of lines measured for pearling resistance and flour yield - at
Rosewcrthy on1y.

Ø R and lvf indicate numbers includec at Roser¡orthy and Mortl-ock respectiveiy.
nunbers were included at both sites.

Where not indicated, the sa¡ne

Fz

F3

Fa

F5

Generation of
lines

(generaticn from
'*'hích derived)

72 (40)
+

nó, tza
¡¿Ø goo

(L2o)

360 (i20)

216 (720)

Number of
lines

2

2

36 ( 20 )
+

36 ( 20 ì R 10 (5)
M5

2

2

36 ( 20 ) 1 (

(

I ) s (5)

1 (1)36 (20) 1 1 ) ( 3 )

No. of
cïosses

Origin of lines

No. of F2
derived lines

for each
CTOSS

No. of F3
derived lines

for each F2
deri',¡ed 1íne

No. of F4
derived iines

for each F3
derived line

No. of F5
derl.¡ed lines

for each Fr+

derived line
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Yie1d, heading date and plant height were rneasured at lt{ortloc}<,

and yield, pearling resi.stance ancl flour yield r{ere measured at Rosewoltlty.

Pearling resistance and flour yleld r{ere deternined on a sub sample of

plots randornly chosen frorn each group of lines (table 4.2) .

Correlations a:rd regressions betvreen lines derived fron the

different generations were cal.culated (figure 4.1). Regressions were

calculated, in additiou to the correlatíons, because the slope of the

regression indicates the response in the lâter generation that will be

obtained from selection in the earlier generati-on. The earlier gene:i:ation

rvas alna¡,s considered the independent vaiiable.

Comparisons r\'ere made rvithin the tr^Jo crosses, and for the two

crosses poolecl . The latter comparison I\Ias ma,de becatrse in sone .situ:rtioirs

breeders dc not select rvithin crosses but consider all their rnateri-als.

RESULTS

A" COI\ÍPARISONS I,VITIIIN ONE YEAR

1. Grain Yield

The correlations between the yields of síngle lines in one genera-

tion, ancl the mean yie1cl of lines derived from thern in the next generation,

increasecl with aclvancing generations (tabte 4.3). It will be recal1ecl

that al 1 the generations hrere growTt together in one season, and tl'le results

are not- influenced by seasonal differences. As an example of j-ncreasing

correlati-ons, the values at the botton of the table for the two crosses

poolecl and averaged over tl-re trso sites, incr:easecl from r--0.51** fott the Iì,
**

line/F, mean compa-rison to r=0.68** for the F, 'line/F4 mean to r=0.78
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TABLE 4.3

Relationship between Fz, F3, Fq and Fs de¡ived lines for two v,heat crosses, 1976

Grain Yield

All coefficients are significant at the I% level unless indicated otherwise:- * P < 0.05, ns not significant

* r and b are the correlation and regression coefficients respectively
n=36-for the comparisons of seParate crosses nd ¡=72 folconparisons of the two crosses pooled, r¡nless

i¡dicated otherwise.

0.4s
0.57

t
0.38*
0.s0

0.42
0.51

0 .66
0.89

0 .69
0 .57

0.57
0.64

0.60
0 .84

o.62
0.73

0
0

63
64

0.42
0. 38

0.l7ns
0 .7 îns

I
0.29*
0.28

0 .43
0.47

0.47
0.30

0.29ns
0.23ns

t
o.37 .
0.41

0.39
0.37

o.42
0 .33

r 0.57
b 0.46

0
0

0
0

0

.71

.55

.60

.48

.68
.53

0
0

0
0

88
62

7L¡ 0.46
b 0.38 63

r 0.51
b 0.41

0
0

78
67

DX39*Mex
815ó

0lynpic
IDX59

Two
cros ses
pooled

Average
of
2

sites

o.6l
0.74

(n=30 )

0 -4s
0 .54

(n:32)

0.53
0 .64

(n=62)

0
0

60 0 .81
0.66

(n=s1)
75

0
0

0
0

49
52

56
65

0 .71
0.82

(n=32)

0.76
0.72

(¡162)

0.49
0 .38

(n=30)

0.10ns
0 .09ns

(n=32)
I

0.284
0 .26

(n=62)

t
0.41*
0 .42

0.55
0 .33

(teî0)

0. llns
0.08ns

o.44
0.46

(n42)

0.49
0 .37

(n=62)

*
0
0

28
26

*

1
b

0.50
0.40

0.61
0.44

0.8 2
0.60

(tt=s0)

t
I
b

r
b

0 .41{ 0.48
0.43

o.67
0.58

(n=32)

0 .7s
0.s9

(n=62)

0 .30

0.44
0 .35

0.57
0 .44

DX39 *Mex

81 56

Olynpic
TDX39

Tlvo
cTosses
pooled

Mortlock

0 .24ns
0.47ns

o.37 *
0.52

t
*0

0
28
47

0
0

57
96

0
0

0
0

0
0

44
44

60
75

46
45

0.s2
0. 59

0 .61
0.89

0.22¡s
0 .20ns

*
0.33*
0.38

t
o.2s *
0 .23

0.32ns
0.28ns

0.29ns
0.28ns

0 .2 8ns
0.26ns

0.43
0.47

0
0

38
36

0
0

34
32

+¡
b*

I
b

¡
b

0.62
0.33

0.61
0.60

0
0

77
69

0.43
0.35

0.58
0.44

0.60
0-57

0
0

59 0
0

62
s9

0.69
0.5938

DXS9iMex
8ls6

0lympic
rDX39

Ttvo
c10s s e5
pooled

Roseworthy

Mean F3

lines
with mean
Fslines

Mean Fra

lines
with mèan
Fslines

Mean F3
line s

with nean
Fh lines

Fz line
with mean

Fs 1 ines

Fg I ine
with nean
F5lines

F2 line
with mean

F'+ I ine s

F'f l ine
with mea¡r

Fs lines

F3 line
with mean

Fq lines

CrossSite

Association of ¡nea¡ of lines
in one generation with mean

of corresponding derived lines
in a following generation

Association of single lines in one
generation with nean of lines derived
from them in a followins seneration
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for the lìO line/F' Tnean. Sirnilar:ly, thu regression coefficients were
** **- **

0.41 , 0.53 ancl 0.61

Correlations for t-he four independent sets of observations (i.e.

for the tr{o crosses at each síte) a1 J shrll'/ed the sane general trend.

The increase in the correlations lvith ad'.¡ancing generatj-orìs, uras signifi-

cant for the four independent sets of co.¡relations , ãs, using the binomial

distribution, the probability of obtainirrg this pattern, and no other, is

0.016.

the experinent in the previous year: (1975) which, of course,

comparecl fe¡ver generations, gave results for Roseworthy (tab1e 4.4) rvhich

were in general agreement with the r:esults for: 1976 (table 4.3). TJre

cor:relations between F, derived lines and the mean of the F, lines clerived

from them were a little higher in 1975, i:articul ar1y when compared tvi th

the lvfortlock results in 7976. 0n the other hand, the regressiorr co*

efficients rvere consiste:rtly higher in 1976. The correlation and r:egress*

ion coefficients between the F, and F, derived lines at Sadclleworth in 1975

wer:e lorv and usually not significant, j.ndicating the grearter environment¿Ll-

r¡ariabilitv at this site

Correlations and regressions between generation-s tl'/o generaticns

apart were lower than conparisons between consecutive generations (tab1e

4.s) .

Again the associations between later generations t^Jere closer

than betleen earlielr generations, for example the correlations for the two

crosses pooled, averaged over the two sj-',:es v¡ete r=0.39** for the compar-

ison of F, lines with the rnean of the corresponding F'* lines derivecl frorn thel

a¡cl r=0.42** for the cornpari.son of F, lilres with the nean of the Iì, lines.

LastIy, when the-correlat.ions and regres-sions were calculated

between lines three generations apart, that j s betrveen F, derived l.ines and

the nrean of the cot:responcling F, lines deríved Jrom them, the values r¡ere

general ly l.orver again, and sorìo lrrere not significant. Tirese correlations
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TAI]LE 4.4

Relationship between F2 and F3 derived lines (F3 and
Fa plots) for two wheat c1'osses, 1975

All coefficients were significa.nt ¿t the 1% 1evel unless
indicated othen¡ise:- * P < 0.05; ns not significant

DX39 *
Mexic.o 8156

For comparisons of the separate clos:ies, u=36 for grain yie1d, headi:rg
date and plant height, and n-20 for liarvest index, pearling resistance,
and flour yield. For comparisons of the two crosses poolecl n=twi-ce
these nunbers.

-r r and b a're the cor:relation and regression coefficients respectively

T
b

r
b

0 .9s
L. C4

0.62
0.73

0 .86
0 .76

0 .95
0 .90

0 .50
0 .36

0.76
0 .63

Pearling Resistance

Flour 'l'ield

+
0.('4
0.¿i2

0 .6s
0 .26

0 .63
0 .28

T
b

ï
b

ï
b

+

0.25ns
0, J)ns

0 .26ns
0.09ns

0.27*
0.L0*

0 ..r7
0 .30

a.62
0 .30

0 .60
0 ,37

ï
b

ï
b

T
b

0.ó1
0,39

0 .5s
0 .38

0
0

6B
,E

0.E,7
0 .93

0.93
0 .93

0.92
0 .96

0 .91
0 .87

0 .94
0 .83

0 .95
0.85

Harvest Index

Ileading date

Plant I{eight

Grain Yield
Roseworthy

Saddlervorth

Average 2 sites

Two crosses
pooled

Olpnpic *'

DXs9
Character
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have practical inrplications as they indicate that the value of yield

testing F^ lines, variecl from r=0.10ns tcr r=0.4g**.
¿

One aspect of the above is thaÍ each conparison is between a

single line in one generation and a mean of lines derir¡ed from it in a

follotr'ing generation. In the absence o1ì replicati-on - the single lines

were grown as single plots - inaccur:aci-es, in the cleternination of the 1'1s1¿

of the single line can lower the correlal ions and regressions. Although

this is usually the siLuation confrontj-n¡1 the plant breeder, it is of

interest tcr conpare the means of lines in one generati.on with the means of

lines in a following generation. The neran of a group of F, lines c¿.n be

considered a replicated result of the Ir, line fronl whích it was der:jved.

A correlatj-on between this mean and the ne¿rn of FO or F, clerir¡ed lines may

then be calculated. Sirnilar:ly, the mear. of the FO derived lines can be

considered a replicatecl result of the F, line from which it rr'as derived,

and a correlati.ou. calculatecl lvith the nean of Ir, clerivecl lines.

Corr:elations and regr:essions calculatecl in this rr'ay tùere higher

than the col:responcling conparison when the single lines were used (tab1c

4.3). For example, for the thlo crosses pooled, a\reraged over the tr¡¡o

sites, the correlations between F, means and FO means rvas 0.62nn cornpar:erl

to 0.39*n for the Fr li-ne with tìre FO mean, the correlation between FO rnearr.s

arrd F, means was 0.63** compared. to 0.42** for the F, line rvith the F, mean,

*-*
and tlre correlation between F, means and F, means was 0.42 compared to

0.2g*n for the F, line rvith the F, nean. Apparently the use of means

improved the correlations. The improrrernent lvas greatel' for lr{ortloclc than

Rosetvorthy indjcating a grear-er need for replication in experiments at that

site. This is also expected frorn its greerter environnental variation

(soe chapter 6). '

It j.s to be expectecl that the correlation betrr'een the rnean of F-

lj-nes and the nean of FO lines would be lower thalr the correl¿rtion bett,/een

the individual Fa line and the mezur of the FO lines, a-s t-he F, meau includes
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lines that could have very different yields. Sinilarly, a lower corlela-

tion is expect.ed for other corresponding cornparj.sons. This occurrecl

consistently at Roselorthy, but. at l{ortloc.k the tr,ro correlations were

similar: for all comparisons. It appear:; that the yielcls of individual

lines were subject to greater environmenl-al variation at Nlortlock, as the

genetic differences withiri groups of linr:s were relatively less important.

1-his supports the proposition that there is a greater need for replicaLion

at Mortlock.

Ir'lost correla.tions betrveen genei.'ations in 1976 were higher for the

cross DX39 * Mexico 8156 than for Olyrnpic * 0X39, althottgh in 1975, the

correlations \{efe the sane for the tivo c:io-sses.

2. Íleading Date

Tre pri-nciples establisJrcd in the conparisons betv¡een generations

for grain yielcl also apply generally for heading clate (table 4.5). The

cor:relations betrr'een a single line in one generation and- the rnean of lines

derived from it in a fol1owíng generation increased with advalcing gcltera*

tions. (lorrelations between consecutive gerÌer¿rtions tcere greater thaLr

betr,ireen generations two apatt, and these in turn were greater than bett+een

generations three apart.

Correlations between the means of lines in one generation and

the means of tl-re corresponcling derived lines in follolving generations tçer:e

always higher than the cortesponding cornparisons involving just the single

line e.g. FS ttean/FO mean cornparecl with Fr line/F4 mean.

The regressions did ltot always follolv the sane pat'Cerns as the

correlations.

In al 1 cases the 'correla.ti-ons and regressions t^rere much hi.gher

than similar associatíons for grain ylelcl. The results for the two

crosses were .similar. The correlations betweelr F, and Fa derived lirres

in 1975 (table 4.4) were higher than i.n 1976 (table 4.5) .
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TÀBLE 4.S

Relationship betr¡een F2, F3, F4 and F5 deriVed lines for two vrlìeat crosscs, ltlo¡tlock 1976

Heading date

DX39*MexB I 56

0Ly*DX39

Tho crosses
poo 1 ed

0
0

67
69

0
0

0
0

0.77
t.73

(n=30 )

(n=32)

.56
.94

.56

.90
0.69
0.70

(n=62)

0 .57
0 .85

+ r and b are the correlation and reg'-ession coefficients rcspectively.

n=36 for comparisons of separate crosses and n=72 fot comparisons of the trvo closses pooled, r¡nless
indicatcd otherwise

* All coefficients ale signifícant at the I% Level except these, which are significant at thc 5% level'

69
7B

0
0

ï
b

r
b

0.91
0.77
n=32)

82
83

0
0

+r
b*

0 .89
0 .87

(u:62)

0.86
0 .9L

0 .90
0 .97

0.69
0.77

0.89
0 ,90

(n=30 )

0.70
0.79

o.42*
0 -77*

(n=30)

0.44*
0 .63*

(n=32)

(n:62)

43
bt)

0

0

0
0

0 .8s
0 .80

(n=32)

8t.
07

(n=6

72

2)

89
88

0
1

0
1

o.67
7.02

0 .93
0.98

(n=30 )

0,s4
0.72

(n=62)

0.44*
0.57*

(n=32)

0.67
0.91

(n=30 )

F21 ine
witlì nean
'F 

3I ines

F31 ine
¡,iith rnean

F 51 ines

F21 ine
with rnean

FLr l ines

I ,u,,,,"
lu'ith nean

I 
nstin"'

F3J ine
wit-h ¡ncan

Fr*1ines

I'lcan F3
I ines

with mean
Il5l ines

llean F4
I ines

wi.tlì rnean
F5lines

I'fean F 3

lines
rvith l¡eân

Fra l inesF 51 ines
nean

r.neF.l
r^¡ith

Association of rnean of lines
ín onc generation t,lith ìtlean

of correspouding cìelivcd lines
i¡l a following generation

Ássociation of single line in onc
generation r.rith rnean of line-s derived

frorn it in a following genelati'ln

Cros s
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3, Plant tleight

In contrast with the results for yield and heading date, the

correlations and regressions betureen Lines deriver1 fron consecutive gcnera-

tions for plant height rqere sinilar for r)ach comparison, tvith little or no

incr:ease ín coeffj-cients wi.th advancÍ.ng ,gener:at-ions (tab1e 4.6) . Correl¿.-'

ti.ons and regressions between ljnes two,)r thr:ee getrerations apart lvele

general 1y sinila::, but. less than comparisons betv¡een consecutj-ve generatic;ns,

Corr:elations and regressions between the rneans of lines ín one

generation and the nean of the corlresponCing lines in a follorving generatj.on

werc higher than the comesponding compari-sons i¡rvolving only the sirrgle

line e.g. Fg ntean/FO üealt compalecl with F, line/F4 nìeatÌ. An increase in

correlati.ons betrveen generation-s rr'hen generations were advanced tvas nore

appaïent when the nìeans rather than single lines were used.

The actual values of the correlations and regressions foi: planl

height were higher than for yield or heacling date. Again a:r effect of

tlre years was present and the con:elatiorrs betleen F, and F, derived lines

in 1975 rvere l-righer than in L976.

4. Ilarve-st index

Flarvest index h'as measnred in 1975 on the material at Roseworthy.

Tlre corr:elations betrueen F, and F, derived lines for har:vest index ir¡erc

generally sinilar to those for yiel d (tabte 4 ,4) , but the regression

coefficients were higher for harvest index than for yield.

Harvest inclex and yield of the plots were not correlated, ej.ther

for tlre same generation or between dj-fferent generatlons (table 4.7).

lhis surprising r:esrrlt nay be a consequence of the material under consider-

ation. Lines that headecl ,later and were taller had lorver harvest inclic.es

(table 4.8), but these lines had the highest gr:a'in yieJds.
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TÀBLE 4.6

Relationship betì{een Fz, Fs, Fq and F5 derived lines fo: two wheat closses, Mortlock 1976

Plant height

All coefficients are significant at the 1% level

+ r ancl b are the co'-relation and regression coefficients resPectively

n=i6 for conparisons for separate crosses and ¡=72 for conprrisons of the two crosses pooled, unless
indicated otherwise

0 .89
1 .04
n-30 )(

ú
0

s9
63

h=32)

0
0

76
B7

(n=t)

0.87
a .9,6

0 .88
0.92

(n=30 )

o.67
0.68

0
0

83
o?

(n=32)

0.78
0.84

0 .87
0.93

(n42)

0.73
0.93

(n:30)

0.60
0 .59

(n=32)

0 .6s
0.76

(n=0 2)

0

0
78 0.71

064
(n='30 )

88

0,64
0.65

0 .55
0.58

(n=32)

o.7l
0.78

0.67
0.6s

(n=62)

+
I
b*

0 .84
0,86

0
0

80
71

79
74

80

0 .85
0 .82

(n:30)

T
b

0

0
B2 0

0
0 .87
0 ,86
n=32)

82

r
b

0

0
83
84

0
/ô

0 .86
0.8 5

(n=62)

DX39*ltlex8156

0lympic*0X39

Two ctosses
pooled

t'lean F3
1 ines

wit-h inean
F 5Iincs

Itlean F3
1ines

with me

F4 1 ine

I

*l
sl

l.'fean Fq
lincs

l¡ith rnean
F51 in es

F2line
with nean

F 51 ines

F 3 line
rr'itlr nean

F5 lines

F2 1 ine
with nean

F¡+ line s

Fq line
with rnean

F 51 ines

F31inc
lvith rûean

Fr¿ l ine s

ij2l ine
with mea¡r

F3 l ines

Clos s

Âssociation of ntean of lines
in one generation çith neal

of corresponding derived lines
in a following gcnc:'ation

i\ssociation of single line in o¡e
genclation rvith ¡nean of lines de:lived

from it in a follor,ring lleneratíorl
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TABLE 4.7

Correlations betleen harvest jndex and grain yield
of Fz and F3 derived lines grown at Roseworthy 1975

All correlations are not signifir:ant at 5% 1evel

Yie ld

F2 line

n=20 for comparisons of separate crosses and n=40 for: conlparisons
of the two crosses Pooled.

0 .41
0 .06

0 .16
-0 .05

-0.27
-0.32

-0"01
-0.15

0 .04
-0.13

0 .15
0 .01

F2 line
Mean F3 lines

F2 line
Mearl F3 lines

F2 line
Mean F3 lines

DX39 * Mexico 81.56

Olympic * DX39

Two crosses pooled

Mean F3
l-ines

Harvest
InclexCross
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TABLE 4.8

Correlations of grain yield and han'est index vs heading
date ¿nd plant height for Fz and F3 derivecl lines grov/n

in Plots at RoseworthY L97.5

Compa-rison

n=20 ancl 36 for harvest index and yíe1d respectively for compari,sons
of separate crosses, and n=twice these numbers for c.omparj-sons of
the two crosses pooled

*P<0.05;*'*P<0.01

0.20
0 .38*

0.59**'
0.64**

0 .45**
0 .41*'b

-0 .59**
-0.69**

-0 .47'k
-0 .71**

-0 . 51*'
-0.67**

0

0

5B * 0 .62'* *
0.69**'

0.50*'Ì
0.50**-.49**

0.25
-0.28

-0.34
-0.L7

-0 .08
-0 .30

F2
F3

F 2
âF

F2
F3

F2
F3

Grain f.ield vs
heacling date

Hatvest index vs
heacling date

Graín yield vs
plar t heigl-rt

Harvest irrdex vs
plant height

Tlvo crosses
pooled

Olympic *
DX39

DXs9*
Mex8156

Generation
in which
conpared
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Calc.ulating a correlatíon between the yield and han¡est index

of the sarne plant or plot is based on questionable statistical grounds

(Dona.ld and Ilarnblin 1976), but such results are often reported. lhis

query is applicable when correlating the yield and harvest index forthe

same generation, but not when correlating harvest index in one genera'tion

witl-r the yield of lines in the next generation.

5. Pearling resistance

The correlations and regressions between all generations for:

pearling resistance wel:e high, even betv¡een the individual F, derived

lines ancl the rnean of FU derived lines (tables 4 .4 and 4.9) . The

associations r\reïe not as close for the Olylnpic * DX39 cross, but this was

due to less variation for pearling resistance ín this cross as the gl'lin

of both parents are soft. The nagnitude of the correlations and

regressi,ons between generations for pearling resistance !{ere higl-rer than

for any other character studied.

l\rhile correlations betrveen generations generally increased as

generations wet:e advanced, the íncrease:; were snalI and the trend was lìot

coltsistent in co:npar:isons betrveen a single line in one generation and the

mean of lines in the next generatíon.

Comparisons involving the mean of lines in one generation rvith

the nean of the cort'esponding lines in a following generation were very

silnilar to the corresponding cornparisons involving only the single line.

6 . Flour: Yie ld

The colelat.ions and regressions for: flour yield betneen a

single líne in one generation and the meal of lines derived from it in a

folloruing generatíon increased with advancing generations (tables 4.4 and

4.10). Correlations and regressions betleen generations two and three



67

T.ABLE 4.9

Relationship between F2, F3, Fq and F5 derived lines Jlor two wheat crosses, Roseuorthy 1976

Pearling resistance

All coefficients are significant at tt-e 1% level

+ r and b are the correlation and regression coefficients respectively

n=20 fot comparisons of separate crosses, and n=40 for corrparisons of the two crosscs pooled

0.78

0 .84
0 .97

0 .88
0.97

0
L

0
L

0

1

8ó
00

84
01

92
0L

0.92
0 .93

0.90
0 ,8?

0.95
0 .95

0. B4
L -1L

0
0

79
/o

0.90
1.77

0 .89
1.16

0.70
0.70

0.92
1.13

0.91
0.97

0
0

0
0

.81

.85

.94
,9s

+
I
b*

0 91
01

74

0
7

98
03

0
0

0

0

0
0

97
8B

77
64

97
B8

1

r
b

T
b

0
0

0.90
0.9862

0 .93
1.04

0.98
1 .00

DX39 *Mex8 1 56

0lynpic*DX59

T\,Jo cTOSSes
pooled

l,lean F3
lines

with mean
F5lines

l"lean F4
lines

rL,ith mean
F5lines

Fzline
k,ith nean

F 5lines

F2line I

with meanl
F,r f ines 

I

F¡ line
rr,ith rne¿ul

F5lines

F41 ine
vritlì r[ean
F5lines

F3line
with nean

F41i-ne s

'F2line
with nean
F3lines

Cross

Âssociation of tnean of line:;
in one generation with nealr

of corresponding derì,ved lines
in a following generation

Association of single line in ore
generation with nean of lines derived

from it in a folto',,¡ing generation
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TABLE 4.10

Relationsìrip between Fz, F3r F4 and F5 derived lines for tvio r,¡lìeat crosses, Roseworthy 1976

Flour Yie1d

Â11 coefficients are significant at the l% 1eve1

+ r and b are the correlation and regreision coefficients respectivel)'

n=20 for conpariscns of separate crosses, and n=40 for conparisons of the two closses pooled

0.90
0 .94

0
0 ao

0 .87
0.91

0,83
0.77

0
1

0

91
02

0 .78
0.83

88
94

0
0

85
87

0.91
0,94

0 .70
0 .91

0

0

0

65
77

73

0.63
0.73

0 .84
0.65

0 .66
0.73

0
0

0

.89

.88

.87

.7?
0
0

7S
77

+
T
b+

0.62
0.76

0

0
85
EO

0

0

0

0
0

80
71

93
ot

88
B2

T
b

T
b

0 .69
0.71

0 .87
0 .81

0
0

74 0 .86
0.?474

DXS9*l'fex8156

0lympic*DX39

TVo ctosses
pooled

l'{ean F3

lines
r.¡ith rnean

l:51ines

Ifean F4
lines

rtrith ¡ncan
F 5lines

Mean F3
lines

with rnean
F41 ines

F2 line
r,¡ith mean

F 51ines

F 31in e
with nean
F5lines

F2 line
v¡ith ¡re¿n
F4lines

F4 I ine
with nean

F 51 ines

F 3 line
with mean

F4 lines

F2line
with nean
F3lines

Cros s

Association of mean of 1ínes
in one generation with mean
rf corrcspolding derived line.s

in a following generahiotl

rlssociation of single line i¡r one
generation with mean of lines derived

from it in a following generation
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generatiorrs apart wer:e similar: to as.sociatiorts betrn'een consecutive geì1era-

tions.

Correlations ald regressions betv¿een the rreans of lines iu one

generation and the:neans of corresponcling lines in a folloling general-ion

hrere generally higher: than the col'Te-sponding associations involving j-rst

the single line.

In a11 cases the colrelations and regressions between generatiolts

for flour )'ield lr'ere high, even between the F, ancl F, generabions. These

coefficients were higher than similar cornparisons for gr:ain yield and

headirrg date, and lr'cle sirnilal ìn magnil".ude to the correlations ancl

regressions obtain.ed for plant height.

B. CO¡ÍPARISONS BEThI]]EN YJ]ARS AI{D STTES

fhe effecl- of diffelrent )¡ears on early generation tests as pl:e-

dictoi:s o'Ê perfornìance in late generations, can be seetr by conparing the

results for 1975 and 1976. Arcl the dífference betlveen N{ortloclt and Ro-se-

vorthy irt any one year illustrat.es the effect of different sit-es.

1. Grain yield

The c-orrelations for grain yield between Ij, ald Fa derived lines

grown at Roselorth¡r i-u 1975 and the Fr, FO and F, derived lines groln at

Roseworthy and Mortlock in 1976 ltere, with solte exc-eptions, 1ow ¿.nd non-

si-gnificant (table 4.f1). The results between the two years tnrere cor:rel-

ated in some in-stances for Olympic i'DX39, particu).at1.y at Roserr,orthy.

The correlations clecreased as the number of generations separating t-he

generations increased. AJ.though not presented, the corresponcling compar-

iso¡s between resu-lts at S¿ldclleworth in 197.5, or the average of lìosetr'crthy

and Saddleworth in 1975, md the results in 7.976 gave sj-mii¿rr c:ol'l'e1aiion.s,

altl'rough they were generalJy weaker. Couelatiolrs betlveen years welr'l



TABLE 4.11

Correlations between F2 and F3 derived lines groi4n in 1975 at Roseworthy, and F3, F4 and F5

derived lines grohrl in 1976 at 2 sites
Grain Yield

The mean F3, F4 and F5 lines are the means of a number of lines

--I
O

n=36 for cornparisons of separate crosses and n=72 for cornparisons of the two crosses pooled, unless
indicated otherwise

*P<0.05 , ** P < 0.01

DX59*ilfex8156

0Lympic*DXS9

Two crosses
pooled

Cross

F2 line
Mean F3lines

F2line
Mean F33-ines

F21ine
Mean F3lines

Roseworthy
1975

-0 .13
-0.2L

-0.29
-0 .34*

0 .09
0.07

0.56* 0.34*
0.66** 0.39*

0.23
0 .45**

0.72
0.L2

0.00
-0 .15

0 .16
0.23*

It{ean F3
lines

Roseworthy

i976 sites

Mean Fq
lines

Mean F5
1 ines

-0 .14
-a.77

-0 .07
-0.07

0 .01
0 .03

(n=30)

0.43** 0.05
0 .49f.* c .14

0 .04
c.i5

(n=32)

0 .18
0.27

0 .00
0 .05

0 .03
0 .11

(n=62)

lfean F3
lines

Mortlock

Mean F4
1 ines

Mean F5
lines

-0 .15
-0.20

-0 .16
-0.r7

0.05
0 .07

0 .45** 0 .17
0 .60** 0 .27

0.14
0 .31

0 .19
0.21

0 .00
0.00

0 .10
0.2r

Ir{ean F3
iines

Average of 2 sites
lvfean F4
lines

Mean F5
1 ines
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sometines significa:rt for Olynpic x DX3,9, but not the other cïoss.

Harvest. index is l.ess influencecl by environnental changes than

yielcl (Fischer and KerLesz L976; Dorrald and Ilamblin 1976), so it- may be a

criteriou of value in selection for yielcl if it is more stable acïoss l oca-

tiorrs and years. But harvest indices of F, and Fa derived li.nes ¡¡l'orvn in

1975 were not correlated with the yields of the FS, F4 and F, der:ived

lines grorür in 1976 (table 4.I2).

Yield results fron the different sites in any one year l{ere more

closely correlated than between years, Ðd the correlations across sites

ri'ere often signi-ficant (table 4.L3). ,lorvevet, the snia11 magrítucle cf the

coi:r:elatjons inclicates that agreernent across sites is tlot a1 ways goocl .

2. Headjns date and plemt height

For both heading date ancl plant height, the resulis of bhe F,

a:rcl F, clerived lines in 1975 were híg.h1)'correlated with the F' FO and Fu

clerivecl 1i-nes jn 1976 (tables 4.I4 and 4.15) . The correlations decre¿r:;ec1

as the numbr:r: of generations scparatíng the generations increa.sed'

Agreeme¡t between years was better f,or plarr'b hei.gllt th¿Ln for heading, date.

3. Pearling resist¿mce

The number of ljnes that could be compared betleen years for:

pearling resistance and flour yield was only 10 for the DX39 * N{exico 8156

cross and L2 for Olyrnpic * DX39' The correlations \^Iere affecteci by these

smal1 numbers and rvere not often significant.

The correlations for peart.ing resistance between F, and Ir,

derived iines ín 1975 and the Fa, FO and F, derived lines i:r 1976 (tãb1e

4.16) tvere significant for DX39 * Mexico 8156, but not for Olpn¡tic * 0X39,

although all coefficients were positive. The lorv cortel-atj ons for Clynpi c

* DX39 ive-r:e clue to the sma11 r¡ar:iation for pearling resi-çta.nce present in

this cross of two soft grained varieties. Th'e correlations for-. both



TABLE 4.12

Correlations between harvest index of F2 and F3 derived lines grown in 1975
at Roseworthy, and yield of F3, F4 and F5 derived lines grovnì in 7976 at 2 sites

{

n = 20 for conparisons of separate crosses and n=40 for comparisons of the two crosses pooled, unless
indicated otherwise.

* P < 0.05

DX39*Mexico
B 156

0lympic*0X39

Two crosses
pooled

Cross

F21ine
Mean F3lines

F21ine
Mean F3lines

F 21.r ne
Mean F 3lines

Roseworthy
19 75

0 .00
0.18

-0.07
0.23

-0.47
-0 .04

0.11
-0 .31

-0.09
-0 .08

-0 .30
-0 .05

-0 .07
-0 .13

-0.15
4.02

-0 .15
-0 .05

Ii{ean F3
lines

Roseworthy

i97ó sites

Mean F4
lines

Mean F5
iines

0.11
0 .39

0 .18
a.42

0.18
0.32

(n=16)

-0 .26
-0 .48*

0 .01
-0.13

-0.72
-0 .09
(n=17)

0 .01
0 .07

n 11

0.2r
0.0s
0.72

(n=35)

Mean F3
lines

Mortlock

Mean F4
lines

Mean F5
lines

0
0

09
3E

a.L2
0.40

a.n
0 .15

-0 .18
-0 .48

-0 .05
-0.16

-0.24
-c .13

-0 .01
-0.02

0 .04
0 .18

-0 .02
0 .03

Mean F3
lines

Average of 2 sites
Mean F4

1 ines
Mean F5
lines
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TAB],8 4 .13

Correlati otts of F2_, F3 , Fq a.nrl F5 derir¡ed li.nes betlveen
Roseworthy eLncl Sad<lleworth in 1975 ¿rncl betrveen Roseworthy and Mortl ocj<

ur I976

Grain Yield

Correlations ivith
succeecljng gener:at ions

at different site
Cr:os s

DX39 *lt{exi cc B 156

**
0 .430.12).*

0.7s
Inclividua1 F2_1ine
life an F 3 l. ine s

'lwo crosses
pool ecl

0 .460 .08
0.74

Incli vidual Fzline
It{ean Ir3lines

0lympic*DX3.9

0.5g*0.20
0 .6s

*-*Inclividu¿r1 F2J.ine
I{ean F3l j,nes

Sacldler,vorth 1975Rosclolthy 1975

N4ean F5
lines

N4e an F4
lines

Ii{ean F 3

lines

Correl.ation
with sanie
lines at

different
site

n-36 for comparisons of separate crosses and n=72 fot contparisons of the
tr{o crosss-" pooled, unless inclicated other:wise.

+ Lines corrtributilig to this mean are nct al.ways comlnon between the 2 sites,
Mean F5 lines were not includeci Lrecause all tines rvere clifferent betlveen
the 2 sites.
*- P < 0.05 ** P < 0.01

0

0

34
35

't' 0.26* 0.30 (n..30)
* 9.49*u o.26nln_-30)

0. 55 0.63 (n=30)
*. tr

0 .35
0.33

0.26 (n=32)
0.I2*(n'=32)
0.35 (n=.32)

0.18 (n=32)
O.17 (r;-i12)

,r
0 .37
0.23

0.46

0.23
0.17
0 .08

a.2r

0.29

(n=30)
(n=3ú)

{¡

0.26*
0.24

0.2L
0.34
0 .34

0.24 (n=62)
0 .I7 (n-6 2)
0.45 þt=62)

(n=62)
(n-6' 2)

tr*
**.

*
0.2I
0.19

'19r,*.
L)

.54
)**
*

0
0
0

(n
0
0

=62
.36
.28

Mean l.-elincs
Mean Fi lines*

Individual F2line
Indj viclual F 31ine
Individual F4line

Two crosses
poo led

0.13
0 .51
0 .48

(n=32
0.50
0 .05

*-*

)**

Individual F2line
Indir¡idual lì3line
Inclividual Fr11j-ne

lr{ean Fa Lines
t'{ean Filinesn

Olympic*DX39

0.22**
0 .55,-*.
0 .60

[n='3 0 )
o .4eii
0 .48

Indiv î clual
Indivi dual
Indivi dual

F2 Iine
F 3 1ine
F4 line

Mean F3lines_
Irlean F4l ines'

Roser,¡or thy I976
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TABLE 4 . ].4

Correlations between F2 and F3 deril'ecl lines grown in 1975
at Roseworthy, and F3, F4 ancl F5 derived lines grown in 1976

at Mortlock

Heading Date

n=36 for contparisons of sepaTate crosses and n=72 for conparisons
of the two crosses pooled, unless irrdicated othertvise.

*Al1 coefficients are significant at the 1% level except these,
which are significant at the 5% 1eve1.

Mean Þ-4

lines
Mean F5

l ines

0 .80
0 .83

0.67
0.73

0 .62
0 .69

(n=30)

0.79
0 .85

0.s2
0 .58

0 .4s
0.43*

(n=32)

0.73
0 .75

0 .56
0 .61

0 .49
0.s1

(n=62)

F2 line
Mean F3 lines

F2 line
Mean F3 lines

F2 line
Mean F3 lines

DXS9 *lvk;xico815 6

0lynpic*DXS9

Two crosses
pooled

Roseworthy
19 7s

Cr<lss
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TA3LE 4.15

Co::re1a-tions between F2 and F3 derived lines grown in l-975
at Roscworthy, and F3, F4 and F5 derived lines grown in 1976

at Mortlock

Plant Height

l\11 coefficients are signíficant at the 1% leve1

n=36 for cornparisons of Sepalate cr.osses and n=72 for comparisons
of the thlo crosses pooled, unless indicated otherwise.

0.79
0 .88

0 .78
0 .85

0.68
0.79

(n=i;0)

0
0

B4
90

0
0

70
73

0.64
0 .68

(n=32)

0 .81
0. 89

0.74
0. B0

0 .68
0.76

(n=62)

F2 line
Mean F3 lines

F2 line
Mean F3 lines

F2 line
Mean F3 line

DX39*MexicoB156

Olyrnpic*0X39

Two crosses
pooled

It{ean Ir5
1ine-s

Mean F4
lines

Mean F3
lines

Roseworthy
r975Cros s

Mortlock 1976
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TAßLE 4.16

Correl¿'tions between F2 and F3 derived lines grohrn in 1975
at Ro-se'worthy, and F3, F4 au<l F5 derir¡ed lines grown in 1976

at Roseworthy

Pearling resistance

n=10 for DX39 * Mexico 8156 crossl n=12 for Olympic * DX39 cross;
n=22 fot two crosses pooled.

* P < 0.05
** P < 0.01

0.86**
0.87**

0.63*
0.72*

0.63*'
0 .68*

0.39
0 .55

0.L7
0.28

0.1s'
0.26

0 .92**
o.92**

0.7B*x
0.82**

0.81**
0. B2*'*

Fz line
Mean F3 lines

F2 line
Mean F3 lines

F2 line
Mean F3 lines

DX39 *MexicoB I 56

01ympic"DX39

Two c::osses
pooJ ed

Mean F4
lines

Mean F3
lines

197sCr:oss
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crosses general 1y decreased as the nunber of generatj-cns separati-ng the

generations increased.

4. Flour y:ield

'lhe correl-ations for flour yielc1 between F, and F, derived lines

in 1975 an<l the Fr, FO and F, derived lines j-n 1976 were 1ow and not

significan'; (table 4.I7). Agreement between years rvas better for DX39 *

Mexico 815(i than for Olympic * 0X59.

DISCUSSION

The effect of heterozygo-sity on the correlations across gencration.s

For the characters gr:ain yield, heading date, and flou:: )'ie1d,

correlations and regressions between lines in consecutive generations

increased as the generations h'ere advanced, but for plant height and

pearling ::esistance there was Iittle olî no increase in correlations between

the later generatíons.

In the instance of a charac'Ler cleter:mined by nany genes, €.È.

grain yield, the pr:oportion of plants and loci that a::e homozygous will be

small in early generations, but u'i11 inc::ease witl-r successive generations.

Therefore, although the effects of segregation r\'i11 be large in early

generations this wí11 decrease with advancirrg generations, and correlations

between generations r^¡i11 increase. In contrast, for characters determined

by few gerres, e,g. plant height and pearling resistance, there r,¡i1l be a

high pr:oportion of lines and loci homozygous in early generations and high

correlations tvill be obt¿rined. Because further segregation is relativel¡

less important, the inclease in correlations will be only slight. It j-s
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TABLE 4. 17

Correlations between F, and F, derivecl lines grohrn in 1975
at Roselor:thy, a:rd Fr, Fu and Ft derived lines grown in 1976

at Roseworthy

Flour yield

l\11 correlations are not significant at 5% 1evel

r976

n=10 for DX59 * Mexico 8156 cross; n=12 for Olympic * DX39 cross;
n=22 lor tv/o crosses pooled.

0 .47
0.29

0.52
0. 10

0.40
0 .05

0.20
0.2r

-o.27
-0. 19

-0 .08
0. 05

0.28
0.11

0.08
-0.14

a.L2
0.00

F, line
Mean F 3 lines

F, line
Mean F, line

F, line
Mean F 3 line

DX39 *Mexico8 15 6

Olynpíc*D)l39

Tt^¡o crosses
pooled

Mean F5
lines

Mean F,.a
lines

Mean F,
lines

t975Cross
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expccteci that fewel'getles ot's illvolved in the inheritance of flour yieid

a¡d lieaclj¡g date t-.han for: grain yield, so it is understandable that higìle::

cc¡rrelatior:s rvere obtained betrveen early generations for these charactt:r's

tl-ran for gr:ain yie1d. Correlations sti11 iltcrease<l with aclvancirrg getler-

ations as greater hotnozygosity tta.s achieved.

For all chalacter.s, correlations betrveen consecutive generat i.ons

l+ere higher. than those between genelations tldo or three generations aplrt.

T'his is to be expected if segregation is occurring.

It appears that the degree of hornozygosity of a character in a

par.tíc.u.1ar generation is a factol that doterlnines the correlation betweelr

generation-';, and the predictive t¡alue of the naterial'

The value of testing lines from early generations

The corr:elation betrveen síngle lines derived frorn the F, and

the corresponcling lines der-ived froni the F, is of particltlar conceln to

the breeclel as it in<licates the value of early testing. Select'ion anorig

F, derived 1ínes should be the most efficient selection lnethod as only tlre

best lines are r:etained through the segregatjng generations, and Shebeski

(1967) suggestecl it is essential to select for yield at this stage to ar¡oid

losing potentially high yielding lines . F2 derived lines garre a goocl

prediction of l-a.ter generations for characters such as ptant height, head-

ir.rg date, pea-rling resistance and flour yielcl. The high regressions co-

efficients al.so inclicated that selection in Fr lvould have given good res-

ponses in the Fa . The situatj-on for grain yield is much less favourable '

In sonie instances on1y, will valuable responses be obtained by selectirrg

anolìg F, der-irrecl lines. This matter was investigated further:, and the

actual response to -selection will be consiclerecl in chapter 5 ' If select-

ion of Ir, clerivecl lines cloes not give good results i.n later genelatiolìs

then, regardless of theory, selection for yield níght have to be deferred

until lines are less heterozygous and nor:e homogeneous.
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Explarnation for: higher c.orrelat jons jn 1975

Fol grain yjeld, headirrg date and plant height, thc co::r'elar-ions

between F, and F, derived lines rvere higher at lìosewort-hy in 1975 tharr at

eit-lrer site in L976. This migÌrt be clue to these lines being grorrrn as Frrs

arrd F,rs in 1976, rvhereas in 1975 they wore grolln as Frrs artd FOrs directly

frorrr single plants. The extr:a generati.r¡n of bulking in 1976 would allotn¡

more segregati-on so c:reatil-rg greater var-;ability withín p1ots, which c.oulcl

cause poor(:r rela.tionsìrips betu'een the t\./o generations. Also, some

degree of natur:al selection may l'iave cau:;ecl changes i.n the populat-Lons,

Inportance of replicatj.on

Usually when lines derived fron single plants ar:e tested in

early gene:rations it is possible to have a single cleternination only of

each line, unless sone bulk increa.se of seed has been attempted. ltfore

accurate predictions can be made from the lneans of several plots than fron

single p1ots. This will be mor:e irnportant at variable sites, such ¿rs a1-

lvlortlock. In these experiments, the yield of a particular line was nore

accurately as-sessed by usi-ng the average of a nunber of lines derived fron

it. In a breecling progran, this coulcl be achieved by bull<ilg lines ove::

a generation to give enough seecl for replication and testing at several

sites.

Effects of different si-tes and 1,ears on effectiveness of selection

IVhile associations between generations for graj-n yield in one

year anð site might- be considered satisfactory to warrant selection in

eatly generations, the poor correlations between years, and to a lesser

extent betr,veen sites, indicates that site and year effects must be pr:ime

con-siderati.ons in a br:eeding prograun. Sirn1lar1y, the high correlations

betlveen the F, and F, generations for flour )¡ield indicate that good

progress could be achieved by selecting in early generations, but the poor
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corr-elations of lines between years reflect the gr:eat environmental

influcnce on flour yield. It is of no t¡a1ue maìring selections for l-r-i.gh

yield or hì-gh flour extract.ion in early generations if genotype x

environncnt interactions are so great th¡lt lines cleveloped froln the selec-

tion rvill not be superior in other.sites or seasons. It is therefore

i-mportant that selection for grain yield and flour yield are based on data

fror¡ different locations and yeai:s. Genotype x environment interactions

were not Lerge for heading date, plant hr:ight or pearling resistance, and

there lvas good agreennent of results acl-or;s yeaïs.

I\h j le the growing conclitions of the tlvo years contrasted in many

respects, J.t is difficult to knorv if the:;e conditions are comonly exper-

iencecl in South Australia. Conpar:isons between years in South Australia

and Victoria arc presented in chapter 7. They indicate that large

differences betweeiì successive years are comnon rvithín these states.

Even if nor:mal differences betlr,een successive years are not as fJreat as

between 1975 and 1976, the effec.ts of different years always rr'i11 be i-mpor-

tant.

Value of selection for harvest índex to i-mprove yield

Íione authors have suggested that the harvest index of sj-ngle

plants or microplots night be better thalt other characters in predicting

grain yield in later generations. These suggestions have been the

result of a number of findings.

1. Ther:e has been an increase in yield urj-th successive releases

of new cereal cultivars ard this ha.s been associated wi.th an increase in

harvest index (Van Dobben 1962; Sirns 1963, 1968; Cannel.l 1968; Chandler

1969) . i

2. Genetic variability exists for harvest index (Singh and

Stoskopf 1977; Bhatt 1976). ,
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3. HaL:vest inclex responds to selection (Bhatt 1977) .

4. Iìarvest index of singlc plants has been highly correlated

rvith yields in plots (Fischer 1975; Fj-scher and Kertesz 1976) and yielrls

in International trials (Syne 1972), wheleas the yields of single plants

have not.

5. l{arvest inclex is rather staÌr1e to enviro¡rmental changes such

as population type and plant density (Fischer arrd Kertesz 1976; Donald and

Harirblin 1976). Results rvill also be pr:esented in chapter 6 to sholt' that

harvest inclex is less influenced by envir:onment than yield. If harr¡est

index is lcss subject to genotype x environment interaction, the ha.r:vest

index at one site in one year should be a predíctor of the harvest intlex,

and hopefully yield, at other sites ín other years.

The results obtained on halvest index provicle information on t.he

value of selec'cion in early generations for harvest index to give an

improvement in yield in late generations, and whether it lvill be more

effective than selection for yielcl in sna1l p1ots. llarvest index in eally

generations r{ras not correlated with ¡'ield at the sa¡lte site in the sallìe )¡ear,

and it rvas not as good as yield jn predicting the yield of late gerleratiotts,

when consi'Jered a.cross years. This ca.n be pa::tly explained b)' the

influence rf heading date and plant heiglit on harvest inclex and yicld '

Later and ta11er lines tended to have higher yields but 1ov¡er harvest

indices. Syne (1972) also found that late ear elnergence was closely

associated rtith 1ow harvest index.

It is concluded that selection for harvest index in early

gener:ations is not more valuable than selection for yjeld itself.

The recomnended breeding ¡nethod

l{hile the principle stilt holds of yield testing in as early

a generation as possible, of forentost consideration is the gr:eater

accutacy of yield detenni,ltations over a number of sites ancl years. It
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is considered that the best method of seiecting for yield is to isolate

lines in an eatly generation (F, or Fa), increase seed over the next

generation, and then grow tl-re lines at a number of sites, preferably

with replication. The effect of differ,snt years night possibly be

represented to a sma1l degree by choosin.g contrasting sites in one year,

but the effect of different years carì only be completely resolvecl by

repeating the trials, after some selecticn of the better lines, in

succe-ssive years.

1'he problerns of genotype x environment interaction that apply to

grain yield, also apply to fl.our yield, so it would be desirable and conven-

ient to test sj.multatreously for flour yi:Id.
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IM'RODUCTION

The associat-ions betrveen gener:ations were conpared i-n chapter

4, at the salne site or in different sites in the one year, and jn different

years. Responses to selectj-on in various generations ancl situa-tions can

be predic.tecl fron these correlations and regressions, but it is nore lrtean-

i¡gful to know the actual response to selection. This would give a better

ilrdication of the improvetnent exPected in a breeding plograrn.

Even thougl-r lines from late generations are rnore highl)' corr:el-

ated than lines from early gene'rations, due to their greater homozygosity,

it cloes not necessar:ily follor^¡ that selection in late generations rvill give

a greater improvenent. The genetic variability and generation mealls

rnight be reduced, so that selecti-on in, sàY, the FO would be no better than

in tlie Fr.

There are opposing views on the quantitative genetic theory

that underlies selection for characters wl-rich are complexly inherited' such

as grain yieJd. One is that the phenotype of the hete::ozygote is nct a

reliable guide to the lines which night be clerived from it (Van <1er Kley

1955; A11ard 1960). In additi.on, as the proportion of homozygotes in

early generations is very smaI1, sclectioli should be delayed until late

generations ì\,]Ìen it is greateï. Advocates of 'the bulk and single seed

descent methods support these concepts '
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The oppo-sing vierv is that exp.rressecl by Shebeski (1967) and

referrecl to in the discussion of chapter 4. This asstunes tl'rat tlre rncst

desirable gene cornbinati-on can be irlentifiecl el'en in the hetelozygo-Ee.

The essential point of tl-rís view is that the proportion of plants rvjth

the lnost desirable conbination of genes Cecreases rapidly rvith advancing

generations, so if these are not selected in the earlj-est possible gelìe1:a-

tion, even if heterozygous, they will be 1ost. Fultheïnìore, the pop'rla-

t-ions grohn in later gener:ations must be relatively large to reduce the

possible loss of the best genotypes.

As these views have fal r:eachirlg conseqlrences, it rvould be of

beltefit to conpare selection under: the tiqo schernes. It rvould also be of

interest to test Shebeskits (1967) hypothesis that the best gerol-)?es are

irretrievabty lost if selection is delay;d.

The complete data from a nurber of experilìents involving Fr, F3'

Fn ancl F, derived lines t¡ere utilized in sirnulating various selection

procedures. As a1I lines v¡ere rarrdonly chosen, the rcsponse to selectiou

in any generation could be mea.sured from the data in all succeecling gener-

a1.ion-s. 'rhis techni.que was used to investigate the following aspects of

selection and breeding nethods.

.i". To determj.ne the actual leverls of inprovement r:esulting from

selection in different generations, at cliffer:ent sites, artd in dj.fferent

years, as predicted in chapter 4.

2. To test if the best lines are irretrj.evably lost if selection

is delayed. Selections fron i.ate generatiorts e.g. FO would then be loler

yielding than selectj-ons fron early generati.ons e.g. F2,

S. To compare the response of grain and flour: yield to selection

with the morc highly herítable characters plant height, hea-ding date and

pearling resistance. Also to conpare the inpr:ovement in grain yield by

dírect selection for yield or fron selection for hartrest inclex.
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METIJODS AND MATERIAL3

Simula,ted selectiorì wí{s underteken on the results of the extrer:i-

ments described in chapter 4, rvhi-ch involved plots of F, ancl F, derived

Iines j.n 1975, and F2, F3, FO, and F, deri.ved lines in 1976, aII lines being

randotnly chosen. Data wete from Roseworthy in 1975, and Roselvorthy and

Mortlock in 1976.

For each cross, the data from 36 F2 fanrilj-es were available for

grain yielcl and plant height, and fron 2J F, fanilies for flour yie1d,

pearling resistance and harvest inclex. It wil.l be recal1ecl l-hat, in

these experirnents, one line in each generation was ranclonly chosen to be

carried on to the next generat-ion for further randorn pedígreed selectjon

(figure 4.1). Therefor:e, if selecti.on js si.nulated on Fa or FO <lerived

lines, it is irnplied that lines were ranclonly carriecl ilt the previ.ous

gener:ations.

A single line in each generatj-on could be compared r'¡ith the mean

of a number of lines derived from it in the next generation. In this rr'iry

a number of F, derivecl lines rvere selectedrand thei:: Tespollse rneasurecl in

the next gerneration using the rneans of the F, lines derived frorn thenl.

The re.sponse to selecting F, derived lines rvas also measured in the FO and

F5, assuming lines in these generatiotr5 l.o be rando-¡nly continuecl after the

selection. Simílarly, Tesponse to selecting F, derived lines was nteasured

using the rneans of F4 ancl F, derived linc+s, md response to selecting FO

derived lines measured using the rneans of the F, derived 1ines.

Selection was a1so simulated using the neans of derived lines ilr

each generation rather than tlie individu¿;l lines (figure 4.1). The nean

of the Fa derived line originating from a single F, Iine can be regar:ded as

a I'replicatedrr value of the perfornance cf the F, line, so selection can be

carried out on the basis of these means. Resporìses were nteasured using the

neans of FO and F, derived lines . Siniilarly sel ection was simulated anot'tg
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thc tneans of L'O cler:ived Iines. In the sa:ne rvay that 7lines l^rere selected

fron 36 to give a 20 per cent selection on inclir¡idual F, or Fa lines, 7

lines were selected front the 36 when selr:c.tion was unclertaken using tl're F,

or FO means. A gr:eater: ¿rccuracy, and therefore greater response, is

expected fron selection on rnealìs than frorn selection on single 1ines.

Selection was simulated using a FOR'|RAN IV pïogram and the CDC

SORT/IvÍERGE package prograrn on the CDC 64J0 computel. Values for the

material being selected rvere sorted il-rto an ascending or descendíng order,

rr'hichever v¡as relevant for the charac'Ler being selected, and the best l.ines

selected according to a predetermined selection intensity. 'Ihe results

for these lines in the following generations were then calculated. Iìandont

selection was sinilarly simulated in several runs. Five random runs wel'e

perforrned and the results averaged. The values for the sinulated selcct-

j-on rvere expr:essecl in absolute 1.erms, anrl as a percentage of the random

selection. The followitrg selectj-on scheines were invest.igated.

1. Respotrse to selection for grain yield, flour yield, pearling

resistance and plant height measured at the same site as the sit-e of

selectionrin the same year. Also estima.ted was the effect otr graitr yielcl

'¿. Response to selection for grain yield rneasured at a different

site in the same year, using a selection intensity of 20 per cent.

3. Response to selection for grain yield and plant height- meas-

ured in a different year, using a selection intensity of 20 per cent.

The effect of selecting for harvest inde.r in early genera,tiotrs, in one

year, on response to grain yielcl in follo¡¡ing generations in the next year

was also studied. It hras not possible [o deterrnine the response to sel-

ection for flour )'ield or pearling resistance in a different year due to

the snal1 number of lines that rvere tested in both years.

selection was for high and low grain yield, high flour yie1d,

pearling resj.stance ancl harvest index, ancl short plants. It is
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appreciaLed that, when selecting for pearling re-sistance or plant hei.ght

iu practice, selection is often for íntermedj-ate t)?es, but the clirectional

selection:'ts the clearest way of illustra'Ei.ng the response to sel.eciion of

these charircters.

llelection rvas simulated within crosses, and within the two

crosses por:led to form one population.

RESULTS

Generation averages for grain yield

,|t Mortlock, but tlot at Roseworthy, there v,/as generaLTy a

decrease in the mean grain yieJ-d with advancing generations (table 5.1).

This is suggestive, possibly, that high yielding 1j.nes were being lost.

A. LEVEL OF IIvIPROVEMENT ACHIEVED BY SELECTING IN VARIOUS
GENERATlONS

I IMPROVET{ENT TÍEASURED AT T}IE SAIvIE SITE AS THE SI'IE OF SELECTION, TN THE
SAlvlE YEAR.

a) Grain yield

1.. Mor.tLock_

Selection of F* F, and FO derived lines for gr:ain yield at

Mortlock resulted in good improvenients in succeeding generations when all

were gror,¿n at Mortlock in the sane year (table 5 .2 to 5.4) . Tables 5.2,

5.3 and 5.4 present the reslionses obtaíned by selecting at 10, 20 anð.30

per cent infensities, but it lr¡il1 be the selection at 20 per cent inten.si'r.y

that rtri1l be consi.dered in detail. The effects'of selecting at the

different intensities will be considered at the end of the section. IlLen
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TABI,E 5 .1

Grain yi eld aveïages for different generations of
two rvheat crosses at two sites in 1976

+ Generation is the generation in which línes were derived.

Ø Individrnl F2, F3 and F4 lines were the progenitors of a number of
lines giving the F3, F4 and F5 means respectively.

392
408
37r

4r0
401
s94

401
404
383

405
393
374

397
402
366

40L
398
370

Individual F2 lines
Individual Ir3 lines
Individual F4 lines
Mean F3 lines
lr{ean Fr1 lines
Ir{ean F5 lines

Average of 2 sites

309
310
310

34r
334
339

325
322
325

307
307
310

3s4
348
322

320
328
32r

Individual Fz
Individual F3

Individual Fa

Mean F3 lines
li{ean F4 lines
Mean F5 lines

1ínes
lines
lines

Mortlock

Roseworthy

47s
506
45s

480
467
464

477
487
459

503
479
448

460
4s6
427

48r
467
438

Individual Fz lines
Indiviclual F3 lines
Individual F4 lines
Mean F3 linesØ
Mean F4 lines
Mean F5 lines

ø

Tlso
CTOS SES

poo 1ed
o1y*
DX39

DX39 *
MexB156

Generation
and data
averaged

+

Site

Generation averages
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TABLE 5.2

Effect of selecting fo:: grain yield in different gencrations
at I'fortlock in 1976 on inprovernent in succeeding generations

at the same site.
Selection intensity of 10%

Values are grans per plot r¡ith, in parenthesis, the percentage of
random selectiolr.

+ Generation is the generation in which lines were derived'

Parental values:- Mexico 8LS6 - 332
Mid-parental value - 456

DX59 - 540
Mid-parental value - 544

OlYutPic - 548

Average of 3 parents - 473

ses (125) sr2 (111)

569 (123)

478 (11s)

s86 (134)

sss (128)

s82 (11s) 602 (135)

619 (132)

678 (143)

769 (158)

72L (1s3)

688 (139)

6s7 (148)

660 (139)

lndividual F2 lines
Individual Fg lines
Individual F4 lines

Mean F3 lines
Àfean Fq lines
Mean F5 lines

I\,¡o crosses

pooled

s6s (135) 4s7 (115)

467 (103)

445 (111)

46r (105)

s26 (123)

s24 (111) s82 (140)

s89 (128)

668 (152)

6s0 (13s)

66r (143)

612 (128)

6Ls (128)

627 (1õ9)

Individual F2 lines
Individual F3 lines
Individuai Fq lines

Mcan F3 lines
Mean Fq lines
Mean F5 lines

Olympic *

DX39

6rc (114) s90 (116)

660 (139)
6SL (146)

6s3 (153)

6L3 (119)

62r (125) 764 (178)

64r (142)

678 (141)

83r (779)

7sL (136)

704 (141)

7s0 (160)

670 (1s8)

Individual Fz 1j-nes

lndividual F3 lines
Individual Fr1 lines

Mean F3 lines
l"fean F4 lines
Mean F5 lines

DX59 *

lfexico 8156

F5F¡F3

Improvenent in
generation of

selection

Generation+
and data
selected

Cross
Iúprovenent in

succeeding generations+
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TABLE 5.5

Effect of selecting for grain yield in different generations
at Mortlock in 1976 on inprovement in succeeding generations

at the sane site.
Selection intensity oll 20%

Values are grans per plot with, in parenthesis, the percentage of random selection.

Improvenent in - +
succeeding generati ons

+ Generation is the generation in which lines were derived

Parental values:- MexicoSl6-332
Mid-parentalvlue-436

DX59 - 540
Mid-parentalvlue-544

Olympic. - 548

Aver ge of 3 parents - 473

ss7 (113) sß (112)

s38 (118)

488 (115)

4s9 (116)

sss (130)

s7s (119) ss7 (117)

s6r (129)

646 (134)

69s (152)

6sr (149)

62s (127)

627 (132)

sgs (141)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
I'iean Fr¡ lines
Mean F5 lines

Two ctosses
pooled

sr' ( 1Ls) 497 (113)

498 (101)

4s4 (108)

4s6 (103)

ssg (126)

s02 (115) 480 (117)

s63 (132)

646 (138)

606 (127)

628 (133)

s76 (122)

s80 (12s)

sgl- (140)

Individual Fz lines
Individual F3 lines
Individual Fq lines

Mean F3 lines
Mean Fq lines
Mean F5 lines

Olympic *

DX39

s6(t (107) s69 (123)

sgl (126)
s36 (120)

s86 (133)

593 (133)

s93 (12s) s83 (126)

sgs (140)

644 (1s2)

76s (163)

675 (149)

660 (129)

672 (1s1)

6L0 (133)

Individual F2 lines
Individual F3 lines
Individual Fq lines

Mean F3 lines
I,tean Fq lines
Itlean F5 lines

DX39 *

Mexico 8156

F5F4Ir3

Irnprovenent in
generation of

se I ecti on

Generation+
and data
selected

Cross
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TABLE 5.4

Effect of selecting for grain yield in different generations
at I'fortlock in 1976 on inprovement in succeeding generations

at the same site.

Selection intensity of 30%

Values are gr;xns per plot with, in patenthesis, the percentage of random selection

+ Generation is the generation in which lines were dcrived.

Parental values:- Mexico 8156 - 332
Mi L-parental value - 436

DX59 - s40
Mi l-Parental value - 544

OlYnPic - 548

Average f3parents-473

s30 (112) sL4 (113)

s27 (111)
482 (117)

483 (110)

sL7 (117)

sAL (116) s03 (116)

s40 (124)

618 (134)

648 (133)

604 (131)

'sr 
(122)

ssl- (124)

ss2 (124)

Individual F2 lines
Individual. F3 lines
Individual F4 lines

Mean F3 lines
Mean Fra lines
l"han F5 lines

ïko crosses

pooled

sll (112) 468 (100)

489 (107)

449 (101)

483 (117)

s02 (117)

soz (170) 47s (112)

sr6 (120)

62r (125)

s82 (124)

s92 (12e)

552 (120)

ssg (125)

s38 (129)

I:rdividual F2 lines
Individual Fa lines
Individual Fq lines

Àlean F3 lines
Mean Fq lines
Mean F5 lines

Ol¡mpic *

DX39

s48 (102) s60 (10s)

ss2 (114)

s22 (104)

4s4 (107)

ss3 (120)

si4 (122) s2r (118)

s64 (127)

6L6 (128)

707 (144)

6t3 (739)

622 (12s)

624 (133)

s66 (126)

Indivjdual F2 lines
Individual F3 lines
hdividual Fq lines

Mean F3 lines
M.:an Fq lines
Ilean F5 lines

DX39 t

Irtexico 8156

FsF4F3

Improvement in
genetation of

selection

Generation+
and data
se lected

Cross
Improvenent in

succeeding generations+
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tlre top 20 pet cent of lines wel'e selected front the cr:oss DX39 * lr{ex.'i,co

8156, the actual yj-e1ds obtained in the F, delived lines varied frorn li36g/

plot to 595 g/plot, depending on the generation of selection (last coiunn,

top secti,on of table 5.3) . Although these yíelcls were less tl-rarr the

yields of the lines in tJre generati-on of selection, the¡, rePresent colisid-

erable improrrernent when conpared to the ni.d-parental value for the c.T()ss

(4369/plot) , In acldition, tirey wer:e 20 to 40 per cent better than thr:

random sel. ections .

The F, derj-vecl lines obtained by selecting the best 20 per <:ent

in the Olympic " DX39 cross were lorver yielding than those fron the Dli39'¡

lrlexico 8156 cross. Ithile this is partly due to the lower yield-s of llre

lines in the generation of selection, it also reflects the lorver cortela-

tions betlveen generations (table 4.4) , as the inprovenent over random

selection u¡as also 1ess. However, some inprovenent was achieved in the

F, derived 1ines, as all selected groups were consíderably better thal

random selection, and the top yielding groups either approached or exceecled

the mid-parent. lllhen the two crosses were pooled, the level of iniprove-

ment was intermediate bettveen that of the separate crosses.

The yields of the selected lines in the generati-on after select-

ion were considerably less than in the generation of select:ion, an indj-ca-

tion of the degree of association between the trt'o generations. The ¡'ie1ds

of the selected lines were often further reduced when they were advanced at

randon through the following generations. As an exanple, the best 20 per

cent of individual F, deri-ved lines from the trnio crosses pooled at N{ortlock

}rad a yiel<l of. 646 g/pIot when selected, but this was reduced to 537 g/plot

in the generation after selection (table 5.5) . This yield was further

reduceci to 515 g/plot in the FO and 488 g/plot in the Fr. This reduction

in the generations following selection, was fairly consistent over the

different crosses, selection intensities and sites.
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lVhen the bcst lines rvere selected on a basis of the means of

lines derir¡ed from then, the yields in sncceecllng generations wei:e higher

than when the indil¡i.clual lines only were used (tables5.2 to 5.4). Fr::

exanple, the yielcl of F, derj"ved lines fron the best 20 per cent of F,

derived line means for the DX59 * Mexic.o 8156 cross was 583 g/plot (25 per

cent better than random selection), whereas the F, derived lines froln the

best 20 per cent of indir¡idual Ir, derived lines was only 536 g/plot (20

peï cent better than lancloni sel.ection) (tab1e 5.3). This ivas consistent

over the crosses and selection intensit.,es.

As the selectj-on intensity was incleased fron 30 per cent to 10

per cent, the leve1 of i-mprovement j-ncreased (tables 5.2 to 5.4). The

improvement obtained fron the l0 per cent selection intensi ty was high,

particr-rlarly for DX39 * Mexico 8156. The F, lines of this cross were more

than 200 g/piot higher yielding than the nid-parent, and often 40 to 50 per

cent better than ranclom selection. While the irnprovetnent in yield was not

as great when 30 per cent of the best lines were selected, the increases

over the rnid-pa::ent and random selection were stil1 va1uab1e, particularly

for DX39 *- Mexico 8156.

2. Roseuoythu

The improvement in grain yield obtained at Roservorthy, as iitdic-

ated by tlie percentage of randorn selection (tables 5.5 to 5.7), r{/as gener-

ally not as good as at Mortlock . Florvever, considerabl.e progress coul.d

stil1 be expected fron selectio:r, as F, lines \^rele gene'ralLy about 11 per

cent higher yielding tham those ranclomly selected, at a 20 per cent select-

ion intensity (table 5.6) .

There was little 'absolnte difference in gr:ain yield betrveen the

ttvc crosse-s at F.oseworthy, although, as Olympic *'DX-59 had a higher rniel-

parental value, the selections from this closs did not often reach thjs

level. Sel-ections fr:orn DX39 * Mexico 8156 alrnost always exceeded the
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TABLE 5.5

Effer:t of selecting for graitr yield in dífferent generations
at Roselvorthy in 1976 on improvenent in succeeding generations

at the sane síte.
Selection intensity of l0%

Values ate EraJls per plot with, in parerrthesis, the percentage of random selection.

+ Generation is generation in which lines were derived.

Parental values:- Mexico 8156 - 282
Mid-parental value - 315

DX59 - 348
llid-Parental value - 380

Olynpic - 411

Average of 3 Parents - 347

ssl (108) 3s4 (103)

407 (124)

343 (106)

s's (118)

373 (118)

387 (118) ss6 (111)

370 (119)

4L4 (121)

42s (129)

429 (132)

38L (123)

{rs (128)

420 (133)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
I'fean Fq lines
Mean F5 lines

'Iho crosses

pooled

s6s (112) 365 (108)

4r0 (116)
36L (114)

s72 (116)

36L (112)

s82 (114) 3s3 (111)

s70 (118)

406 (120)

43s (134)

424 (122)

384 (114)

4Lo (116)

393 (122)

Individual F2 lines
Individual F3 lines
Individual Fq lines

I'lean F3 lines
I'fean Fq lines
Mean F5 lines

Olympic *

DX39

336 (113) 360 (116)

395 (125)

344 (115)

ss9 (112)

372 (117)

409 (132) ss7 (10s)

362 (109)

4rs (148)

406 (128)

430 (136)

363 (117)

4r4 (122)

43t (131)

Individual Fz lines
Individual F3 lines
Individual F¡+ lines

Mean F3 lines
lrlean F4 lines
I'lean F5 lines

DX39 *

I'lexico 8156

F5F4F3

Inprovement in
generation of

se lection

Generation+
and data
selected

Cross
Inprovenent in

succeeding generations +
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TABI,E 5.6

Effect of selecting for grain yield in different generations
at Roseworthy in 1976 on inprovenent in succecJíng generations

at the same site.

Selection intensity of 20%

Values are gtans per plot with, in parenthesis, the percentage of rartdom selection'

* Generation is generation in which lines were d rived

Parental values: Mexico 8156 282
l*lid-parental value - 515

DX39 548
Þlid-Parental velue - 380

0lpnpi c 411

Average of 3 parents - 347

345 (109) ss7 (1L2)

376 (114)

3s4 (L12)

s63 (111)

36s (111)

380 (114) 346 (108)

s6L (111)

s99 (130)

400 (124)

4L7 (126)

36s (1L5)

402 (12s)

396 (121)

I¡dividual F2 lines
Individual F3 lines
Individual Fq lines

Mean F3 lines
Mean F4 lines
Mean F5 lines

T\+o crosses

pooled

3s3 (107) 364 (10s)

s83 (110)

348 (109)

34r (106)

s4s (10s)

379 (111) 3s6 (108)

s60 (L16)

4o2 (129)

389 (12s)

4L9 (131)

357 (119)

400 (13e)

409 (124)

397 (114)

4ro (122)

4rs (125)

379 (113)

402 (1.17)

s82 (117)

Individual F2 lines
Individual F3 lines
Individual Fr, lines

Itlean F3 lines
Mean F{ lines
I'lean F5 lines

Olympic *

DX59

337 (110) s4s (11s)

s4s (107)

360 (111)

363 (1.09)

s84 (L16)

s6s (120) 33s (L1.0)

366 (116)

Individual F2 lines
Individual F3 lines
Individual Fr. lines

I'lean F3 lines
Mean Fq lines
I'lean F5 lines

DX39 *

Mexico 8156

FsF4F3

Inprovement in
gencration of

se lection

Generation+
ard data
selected

Cross
Improvement in +

succeeding generations
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'IABLE 5.7

Effect of sclecting for grain yield in different generations
at Roseworthy in 1976 on iuprovement in succeeding generations

at the same site.

Selection intensity of 30%

Values arc gra.ûìs per plot with, in parenthesis, the percentage of rando¡n selection

+ 
Generation is generation in which lines were derived

Parental values:- Me ico 8156 - 282
Mid-parental value - 315

DX9 -348
Mid-parental value - 380

01 pic - 411

Average of 3 parents - 347

34r (107) ss} (1C7)

sss (108)
342 (106)

sso (108)

364 (114)

365 (110) xs (103)

3SS (11e)

387 (116)

382 (117)

40r (124)

360 (112)

388 (117)

38t (116)

ïVo crosses Individual F2 línes
Individual F3 lines
Individual Fra lines

pooled

Mear F3 lines
Mean F4 lines
Meaa F5 lines

34s (105) 362 (104)

s72 (108)
344 (108)

342 (111)

346 (105)

3s8 (104) 320 (103)

sso (107)

387 (115)

392 ¡121¡

404 (119)

369 (111)

s92 (111)

370 (116)

Olynrpic *

DX59

Individual F2 lines
Individual F3 lines
Individual F4 lines

I'fean F3 lines
Mean Fr* lines
I'lean F5 lines

s29 (105) s2s (704)

342 (112)
ßs (106)

ssl (109)

382 (117)

3s8 (118) ßs (110)

362 (173)

386 (122)

s73 (123)

s93 (124)

348 (113)

s80 (126)

sgL (123)

Individual Fz lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
Àfean Fr, Iines
Meart F5 lines

DX39 *

Mexico 8156

FqF¡F3

Inprovement in
genelation of

selection
Ge¡reration+
and data
se Le cted

Cross
Inprovement in. 

+
succeedirrg generations



98

¡nid-parental va1,tte, even at the 30 per cent level of selection. Inc.reasing

the intensity of selectj-on had a less dramatíc j-nfl.uence on the irnprovement

obtained at Roseworthy than at Mortlock. fn fact, the yields of the gener-

ations folllving the generation of selecLion rvere often higher rr'hen 20 pe::

cent of lines tvere selected than when only 10 per c.ent were selectecl.

.\t Roselorthy, selection based on inclividual lines and selection

ba-sed on the xieans of lines derivecl fron them, gave sinil-ar result-s. This

was in contrast to the greater irnprovement obtained using means at lr'Iol'rloch.

Again this supports previous conclusions about the greater need for replÍ-czr-

tion at N{ort1ock.

3. Auenaqe of Moz,tLock and Roseuorth,q

ì{hen the best 20 per cent of lines wer:e selected based on l.he

average yielcls flonr l{ortlock and Roservorthy, the yields of the F- lines

were 5 to 29 per cent better than random selection for DX39 * I{exico 8156,

I to 24 per cent better than ranclom sel.ection for Olyrnpic * DX39 , and 4 to

18 per cent better than random selection for tl-re two crosses pooled (table

5.9). The actual yíe1ds consj-clerab1y exceeded the mid-palent for DX39 *

Mexico 8156, and the selected lines from this cross rvere generally higlier:

yielding than those from Olyrnpic * 0X59. Selected lines frorn Olympic *' DX39

did not reach the level of the mid-parent, although tl-re mid-parental- value

for this cross was comparatir¡ely higl-r.

The 1evel of irnprovement increased as the intensity of se1ec1-ion

was increased (tables 5.8 to 5.i0), although the aesponse 1.o increasing

selection i)ttensity rvas not as great as that obtained by using the data

from Mortlock by themselves.

b) Plant height

The difference between selecting char:acters rvith lorv or high

heritability can be illustrated by comparing the selection for high gr:ain
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TAEIE 5.8

Effect of selecting for grain yietd in different generations
on improvement in succeedirrg generations, using thc average of

Roseworthy and lrloltlock in 1976.

Selectj.on intensity of l0%

values a¡e grarrs per plot with, in parenthesj-s, the percentage of randon selectj_on,

+ 
Generation is he generation in which Lines w re derived,

Parental values: Mexico 8156 - 307
I'fid-pare rtal value - 376

DX39 - 444
Mid-pare rtal value - 462

Olyrrpic - 479

eÎage of 3 parents - 410

4ss (113) 436 (107)

46s (117)

4rs (114)

40s (106)

4s8 (127)

4s6 (116) 43L (120)

456 (120)

srB (125)

s7r (139)

ss7 (1s2)

st7 (127)

s2e (1.s1)

50s (130)

Indivj,dual F2 lines
Individual F3 lines
Individual Fr* Iines

Mean F3 lines
Mean Fq lines
Ilean F5 lines

IVo crosses

pooled

4s6 (117) 427 (10s)

433 (L10)

390 (105)

392 (105)

4L6 (114)

456 (112) 406 (110)

4s9 (1L8)

srt (130)

sr8 (1.s7 )

szs (135)

483 (120)

47L (118)

48r (129)

Individual F2 lì-nes

Individual F3 lines
Individual F¡ lines

Mean F3 lines
Mear F4 lines
llean F5 lines

Olympic t

DX39

476 (117) 480 (12e)

s06 (1sl)
4s6 (129)

43r (119)

492 (131)

48r (124) 403 (117)

476 (131)

sL6 (12s)

600 (L55)

s73 (152)

sLg (1s2)

s62 (150)

sls (1s3)

IndividuaL F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
I'fean F4 lines
Mean F5 lines

DX39 *

Mexico 8156

FsF,+F3

Irnprovement iir
generation of

selection

Generation+
and data
selected

Cros s fnprovenent in
succeeding generations +
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TABLE 5.9

Effect. of selecting for grain yield in diffe¡r:nt generations
on improvenent in succeeding generations, usin¡ the average of

Roseworthy and l*'lortlock in 1.976.

Selection intensity of 20%

Values are grans per plot with, in parenthesis, the perr:eùtage of randon selection

496 (123)

s30 (12s)

sr7 (133)

482 (120)

493 (123)

47e (129)

Individual F2 lines
Individual F3 lines
Individual Fq Iines

Mean F3 lines
Mean F4 lines
Mean F5 lines

Two ctosses

pooled

+ Gene¡ation is the generation in which lines were derived

Itlexico 8156 - 507
Mid-parental value - 376

DX39 - 44
Mid-parental value - 462

Olyrpic - 479

erage of 3 parents - 410

Parental values:-

46L (117)

44s (112)

40s (110)

43s ft18)

408 (108)

3s3 (104)

440 (11.6)

432 (107)

449 (108)

Olympic *

DX39

436 (112)

438 (111)

380 (105)

426 (124)

39r (101)

4r4 (112)

4L0 (110)

4s4 (108)

445 (108)

4s8 (118)

4e0 (117)

s}s (126)

46r (1.19)

46s (L19)

46L (122)

Individual F2 lines
Individual F3 linès
Individual Fr, lines

Mean F3 lines
Mean F4 lines
Mean F5 lines

492 (129)

sss (140)

s28 (150)

49s (123)

s22 (135)

Ass (127)

Individual F2 lines
Individual F3 lines
Individu¿l F4 lines

Ilean F3 lines
Mean Fr* lines
Mean F5 lines

DX39 *

Mexico 8156

44s (113)

F3

4ss (112)

F5F4

4rL (107)

{ss (120)

4sr (120)

3ss (105)

474 (1.29 )

4Ss (L13)

467 (117)

Generation+
and data
se lected

Cross Improvenent in
succeeding generations+

Inprovenent in
generation of

selecti on
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TI\BLE 5 .10

Effect of selecting for grain yicld in different generations on
inprovement in succeeding gcnerations, using the average of

Roseworthy a¡rd Mortlock in 1976.

Selection intcnsity of 30%

Values are grÍ'rrls per plot r+ith, in palenthesis, the pe:.'centage of random selection.

+ Generation is the generation in which lines are derived-

Parental values:- Mexico 815ó - 307
llid-parental value - 376

DX39 - 444
Mid-Parental value - 462

OlynPic - 479

Average of 3 parents - 410

435 (106) 426 (106)

442 (110)

40t (108)

407 (110)

4ss (116)

438 (111) s88 (106)

4s9 (120)

482 (117)

s03 (126)

49r (724)

463 (117)

474 (119)

4s4 (122)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
Mean Fq lines
Mean F5 lines

Î\qo crosses

pooled

423 (108) 422 (108)

430 (108)

385 (108)

420 (118)

42r (115)

4L9 (104) s74 (101)

43r (123)

486 (119)

47r (117)

487 (120)

448 (115)

456 (116)

444 (11s)

Individual Fz lines
Individual F3 lines
lndividual F4 lines

Mean F3 lines
l"lean F4 lines
Mean F5 lines

Olympic *

DX39

442 (107) 439 (107)

4ss (121.)

427 (111)

400 (109)

4Ss (122)

462 (124) 402 (112)

436 (122)

47s (122)

5s0 (134)

 sL (1s5)

477 (120)

49s (134)

46r (122)

Individual F2 lines
Individual F3 lines
Individual F4 lines

l"lean F3 lines
l"fean F4 lines
Mean F5 lines

DX39 *

Mexico 8156

F5I''*F3

Inprovement in
generation of

selection

Generation+
and data
selected

C¡oss
Inrprovenent in

succeeding generations
+
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yielcl (tables 5.2 to 5.10) rvith the selection for shor"t ptanrs (table S.1L).

The response to selection for short plants was extremely good. For

exarnple, for DX39 * Ilexico 8156, selected lines had values f::om 64 to 70cn

in the generations aftel selection, r.rhereas the mid-parental value rvas B6cn.

Only a little of the improvernent gained in the generation of selection rvas

lost in the generatiotrs follorving selection, and the height of lines in

succeeding generations, even of F, derived lines, was very close to tht:

height of the lines in the generation of selection.

The heights of selected lines were always less than the mid.-

parents, a.nc1 they were up to 25 per cent shor:ter than lines randornly

se1 ected.

c) Pearling resi-stanc.e

The response to selection for harder g::ain (hígher pearling

resistance) rvas extremely goocl (tab1e 5.12) , and the inprovement obtained

in the genera-tion of selection rvas maintained in all succeecling generations.

Selectcd lines from DXS9 * Itfexico 8156 were L2 to 25 per cent harder than

randomly selected lines in the F' at a 20 per cent sel.ection intensity,and

the nid-parental v¿rlue was greatly exceeded. Even though Olyrnpic * DX39

involved tlvo soft parents, an increase in grain hardness was still obtained

in this cross. Selected lines had a pearling resistance of 45 to 46 ín the

F, compared to 40 for the micl-parent, and these lines were B to 12 per cent

harder thalt ralrdornly selected lines.

cl) Flour yield

The response to selection for higher flour yield rvas also

extrenely good, as tlie inproverLent obtained in the generation of selection

was usually maintailted in succeecling generations (table 5.13). The 20 per

cent of lines sel.ected hacl flour yields ín later.generations of 58 to 6l
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TABLE 5.II

Effect of selecting for short plants in diffetent genelations
St Mortlock in 1976 on itnprovement in succeedilrg generations at the sane site.

Selectioll intensitY of 20ga

Values are crn.with, in pa::enthesis, the poTcentage of rando¡n selection

Irçrovenent iti
genefation

se lection

+ Generation is the generation in which lines were derived.

Parental values:- Mexico 8156 - 96.3
Mid-Parental value - 85.7

DX39 - 75.0
l"tid-Parental value - 87.5

OlPPic -100 '0

. Average of. 3 Parents - 90.4

70.3 (84) 73.3 (86)

69.r (80)
74.o (87)

70.6 (82)

7L.8 (82)

6s.s (83) 70.s (83)

66.9 (76)

70.4 (80)

64.6 (74)

70.7 ( 80)

67 .s ( 81)

66.s (77)

70.1 (84)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
Mean F¡ lines
Mean F5 lines

TVo crosses

pooled

73.3 (84) 8r.0 (92)

76.2 (88)
79.7 (89)

84.2 (ss)

77.9 (88)

7s.4 (85) 80.4 (92)

76 -3 (85)

72.9 (81)

7r.4 (81)

77 .9 (87)

6s.4 (7s)

7L.2 (83)

76,4 (86)

Individual F2 lines
Individual F3 lines
Individual Fq lines

I'lean F3 lines
Mean F4 lines
Ifean F5 lines

Ol¡npic *

DX39

67.3 (78) 6s.7 (76)

70.2 (82)
6s.4 (77)

70.3 (80)

66.7 (77)

6s.7 (7s) ú.e (7s)

64.7 (78)

67.9 (76)

62.r (73)

66.4 (74)

66.0 (79)

64.8 (79)

66.7 (79)

Individual F2 lines
Individual F¡ lines
Individual F'+ lines

lrlean F3 lines
Ifean Frl lines
Mean F5 lines

DX39 *

Mexico 8156

Inprovernent in .+t10nssucceecli
4

Generation+
a¡d data
se lected

Cross
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TABLE 5. I 2

Effect of selecting for harde¡ grain (higher pearling resistance) in
different gencrations at Roseworthy in 1976 on inprovernent in succeeding generations

at the saDe site.

Selection intensity of 2t%

Valucs are % pearling resistance with, in parenthesis, the percentage of random selection.

+ Generation is the generation in which lines were de¡ived

Parental values:- Mexico 8156

DX39

0IYnPic

- 62.4
Mid-parental value - 49.3

- 36.1' Mid-parental value - 40.0
- 43.8

Avcrage of 3 parents - 47,4

s9.2 (131) 60.9 (137)

6L.6 (139)
60.2 (135¡

6L.0 (1s6)

6r.?. (12?)

60.6 (128) 60.2 (126 )

6L.0 (134)

s8.4 (130)

ss.9 (140)

62.2 (132)

s9.s (125)

6L.6 (137)

6L.4 (129)

Indivj.dual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
Mean Fr* lines
Mean F5 lines

Two crosses

pooled

43.8 (107) 43.3 (107)

45.9 (111)

4s.0 (108)

4s.6 (108)

4s.2 ¡166¡

4s.9 (tLB) 46.2 (112)

4s.6 ¡179¡

46.9 (112)

43.9 (111)

46.0 (112)

45.L (110)

4s.9 (113)

46.6 (112)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
Mean Fr* lines
Mean F5 lines

01yn4ric *

DX39

60.2 (115) 6I.s (116)

62.8 (116)

6I.2 (114)

6r.3 (112)

62.2 (125)

62.8 (719) 6r.3 (118)

6I.4 (115)

6L.2 (118)

6r.s (117)

63.9 (131.)

60.8 (114)

63.r (120)

62.9 (123)

Individual F2 lines
Inclividual F3 lines
Individual F4 lines

Meaa F3 lines
I'fean Fr* lines
Mean F5 lines

DX39 *

Mexico 8156

FsF,,F3

Inprovenent in
generation of

se lection

Generation+
and data
selected

Cros s
InprovenenÈ in

succecding generations +
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TAtsLlì 5 .13

Effect of selecting for floul yield in different genelations
at Roseworthy in 1976 on improvement in succeeding generations at the saJue site.

Sclection intensity of 2D%

Values ai-e % flour extracted nitjr, in parenthesis, tÏe percentage of randonr selectjon

+ Generation is the generation in which lines were derived.

Parental valrres:- M xico 8156 - 53.7
llid-parental value 53'8

D 39 - 53.9
l,fid-parental value 58.2

0 ¡nPic - 62.4

Average of 5 parerrts - 5ó.7

s9.o (103) s9.2 (104)

s9.s (103)

ss.r (103)

s9.7 (104)

ss.7 (10s)

s9.3 (103) ss.s (103)

60.2 (105)

s9.s (105)

60.3 (106)

60 -2 (10s)

60.0 (105)

60.L (105)

60.2 (10s)

Individual F2 lines
Individual F3 lines
Individual Fq lines

Meal F3 lines
Mean F4 lines
Mean F5 lines

TVo crosses

pooled

ss.9 (102) 60.7 (102)

60.8 (104)

60.0 (103)

60.9 (105)

6L.3 (104)

60.s (104) 60.4 (104)

60.9 (105)

60.6 (10s)

6r.0 (106)

6r-o (104)

60.8 (104)

60,8 (104)

6r.3 (106)

Individual F2 lines
Individual F3 lines
Individual F4 lines

Mean F3 lines
It{ean F4 lines
Mean F5 lines

Olyrnpic *

DX39

s7 .9 (104) 57.2 (102)

s8.r (103)

sE.t (104)

sB.6 (103)

s8.L (103)

ss.L (103) s8.9 (103)

s8-6 (103)

57.9 (104)

s9.6 (105)

s8.9 (105)

s9.L (104)

s8.6 (103)

s8.9 (10s)

Individual Fz lines
Individual F3 liues
Individual Fr¡ lines

Mean F3 lines
Mean Fq lines
I'lean F5 lines

Cros s

DX39 *

Mexico 815(;

F5FqF3

fnprovernent in
generation of
selection

Gencration+
and data
se lected

fnprovenent in
succeeding generations+
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per cent compared rvith mid-parental values of 54 ancl 58 per cent. 'i'hese

increa-ses, which were 3 to 5 per cent bettc:: tha:r li.nes r:andonly se1ec1.c;cl,

represent a substantial inprovcnient for flour yield, Silnil.ar 1eve1s of

improvemerÌt-- rr¡ere obtained by selection in all generations.

II IIvIPROVEI\,1TÌNT MI]ASURED AT A DIFFERENT SI.IE TO THE SITE OF SEI,ECTTON I{HEN

GROI\IN IN TLIE SA1\4Ë YEAR

Grain yieJd

'IIte performance of the later generation-s of lines selected at

one site, wils generally better at that si.te than elsewhere (conpare'l-able

5.14 with 5.3, and table 5.15 rvith 5.6). For example, tire improverrents

obtained at Roservorthy ín the Fr, FO and F, of DX39 *'lvlexico 8156 rvere 537,

349 and 36rJ S/plot when the best 20 per cent indivídual F, derived lines

rvere selectccl at Roseworthy (table 5.6), but 308, 324 and 333 g/pJot rvhen

the lines were selected at Mortloclc (tabte 5.15) . An exception was when

the best individua). F, de'rived lines of DX39 *' I'4exico 8156 or the two

crosses pooled selected at Roservorthy gave a greatelc irnprovenent at lvlortlock.,

than Fr lines selected at Mortlock (tables 5.3 and 5.14).

Selection at Roseworthy gave a greater improvement at lr{ort1ock,

than the improvement obtainecl at Roseworthy by selecting at l,{ortloclt. The

improvenent obtained at one site by selecting at the alternate site was

satisfact-ory for DX39 * Mexico 8156, as the rnid-parent was exceeded and

the yields \dere considerably bet.ter than random selection. However, for

Olympic * DX39 selection at another site was less effective, as the lines

in succeedjng generations at the alternate site were often no better than

random selections, and the yields were considerably Iess than the nid-parent.
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TABLI 5 . 14

Effect of seLecting for grain yield in different generations
at Rosevror"thy in 197ó on improvencnt in succeedì-ng generations at a different

site, Ilortlock, in the sane ycar.

Selection intcnsity of 20%

Values a::e gtans per plot lJith, in parcnthesis, the percentage of random selection

+ 
Generation J.s the generation in whicli line-s were derived.

89:""glth¿ I'fortlock Roseu'orthY

Parental values :- Mexico 8156 282 332
llid-parental value - 515

DX39 384 540
lÍid-parental value - 380

011mpic 411 548

Ifortl ock

436

s44

s43 (112) s40 (114)

sLL (110)

s2s (11s)

471 (10s)

srr (119)

s24 (104) sß (10s)

s29 (111)
47s (101)

474 (10s)

48L (107)

399 (125)

400 (123)

4r7 (128)

36s (114)

402 (123)

396 (124)

Individual F2 lines
lndividual F3 lines
Individual Fq lines

Meal F3 lines
Mean Fq lines
l*lean F5 lines

T\.¿o ctosses

pooled

494 (104) 49r (104)

464 (102)

46? (108)

426 (e9)

46L (108)

s09 (113) 447 (s8)

457 (107)

44s (101)

43J (104)

46s (108)

397 (117)

4r0 (123)

Ars (122)

379 (116)

402 (1.14)

382 (121)

Individual F2 lines
Individual F3 lines
Individual F9 lines

l"fean F3 lines
Mean F4 lines
I'lean F5 lines

Ol¡r¡pic *

DX39

s92 (118) s9B (120)

6L3 (124)

s90 (129)

s60 (122)

s92 (130)

szg (109) s64 (127)

60r (131)
sor (11s)

s46 (1s4)

s43 (120)

402 (131)

389 (124)

4r9 (134)

357 (118)

400 (129)

409 (120)

Indiviciual F2 lines
Individual lì3 lines
Individual F4 lines

Mean Fa lines
Mean F4 lines
Mean F5 lines

DX39 *

I'lexico Bl56

F4 F5F3

Inprovenient in
generation of

selection

Generation+
and data
se I ected

Roseworthy 1976

Cross
Irnprovement in 

+
succeeding generations
at I'fortlock in 1976
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TABI,E 5.15

Effect of selecting fot grai-n yield in different genelations
at Mortlock in 1976 on inprovenent in succeeding getrerations at a diffe¡ent

siÈe¡ Rosel\,orthY, in the sane Year:.

Selection intensity of 2Oeø

Values are gr'¿rms peÌ plot with, in parenthesis, the percentage of rancìom selection

+ Generation is the generation in which lines were derived

Mortlock Rosewo¡thy

282

348

411

Mortlock Rosewo¡thy

Parental values: - lvlexico 8156 ' 332

DX39 - 540

Olynrpic - 548

I'lid-parental value

Mid-parental value

- 436

- s44

3r5

380

3ß (101) s42 (106)

sss (112)

330 (10s)

367 (117)

344 (108)

3s2 (104) 326 (99)

342 (105)
3s8 (10s)

3r4 (97)

s46 (109)

646 (143)

6es (145)

6sr (748)

62s (131)

627 (133)

sgs (136)

Individual F2 lines
Individual F3 lines
Individual Fq lines

Mean F3 lines
Mean Fq lines
I'lean F5 lines

Olynpic *

DX39

Tt¡o crosses

pooled

308 (103) 324 (106)

sss (109)

ss3 (106)

3s8 (112)

ssL (10s)

330 (107) s24 (108)

37r (122)

sss (108)

328 (i01)

ss3 (108)

333 (101) 352 (103)

377 (111)

3r8 (100)

3s4 (110)

353 (102)

344 (101) 34s (97)

ßr (95)
3r8 (97)

3r0 (94)

3sB (110)

646 (128)

606 (133)

628 (146)

s76 (126)

s80 (122)

sgr (1s5)

Individual F2 J.ines

Individual F3 lines
Individual F[ lines

Mean F3 lines
Mean Fq lines
Mean F5 lines

644 (132)

765 (149)

67s (143)

660 (14L)

672 (147)

610 (134)

Individual F2 lines
Individual F3 lines
Individual Fr1 lines

Mean F3 lines
Mean Fq lines
Mean F5 lines

DX39*

Mexico 8156

lnprovement ín
succeeding generations
at Roseworthy in 1976

+

F5

Inprovenent in
generation of

seÌection

Gene¡ation+
and data
se lected

Mortlock 1976

Cross
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III IT,IPROV}IN{ENT T{EASIJRED IN A DIIIFERENT YEAR TO TI]I] Yì]Aìì OF SEI,EC'|ION

a) Grain Yíelcl

Selection in one year did not result in hi gh yields in succeeding

generations the next year (tabte 5.16). Yiel.ds of the selected lines in

the second year were little bett.el than random selectionsrand wele usually

l-otr¡er yielcling t-han the rnid-parent.

When individual F, der:ived lines rsere selected in 1975, a con-

siderable alnount of the improvement gaín;d by these lines was lost in the

F, derived lines in the salne yeal. For example, the best 20 per: cent of

inclividual F, derivecl lil-Les from the DX39 * Mexico 8156 cross yielded 295

g/plot (32 per cent better than random selection), but the F, litres derived

from then measured in the sanìe year yielcled only 215 g/pLot (14 per cent

more than random selection).

b) Plant heicht

In contrast to selection for grain yield, selection for plant

height in one yeaï tvas very effective in obtaining improvement ir-t succeed-

ing gener:ations in the next yeal (table 5.17) . The decrease in plant

height was much greater than that obtained from ra¡rclorn selectionrand repres-

ented a considerable reduction belol the nid-parent. The improvenient

obtainecl frorn selecting in a diffeTent yeaï was comparable with that

obtained from selecting at the sa:ne site in the same year (tables 5.11 and

s .17) .

c) Flarvest index

Selecting for gráin yield usi-ng h¿rrvest index in the previous

year r^¡as ineffcctive (table 5.18), end the yíelds of the selected lines in

the year following selection hrer-e no better than randomly selectecl 1ines.

The yielcls obtained were usually lower than when selection in tl'Le previous
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TABLE S.16

Effect of selecting for grain yield in different generations
at Roseworthy in 1975 on improvenent in succeeding generatj.ons at Roseworthy

in' 1976.

Selection intensity of 2O%

Values are grams per plot with, in parenthesis, the percentage of random selection.

+ Generation is the generation in uhich lines were derived

197s L976 I976l97S

Mid-parental value - 226

Mid-parental value - 254

Parental values:- Mexico 8156 - 238

DX39 - 2L4

Olynpic - 294

282

348

411

315

380

344
(107 )

324
(102)

334
(101)

515
(97)

332
(102 )

33s
(106 )

2L3
(118)

3r5
(157)

226
(124)

Individual F2 lines

Mean F3 lines

1\,¡o c¡osses

pooled

55J
(10s)

383
(10e )

336
(105)

355
(10e)

356
(10s)

361
(702 )

20s
(1L3 )

329
(152)

218
(12s)

Individual F2 lines

Mean F3 lines

Olympic *

DX39

308 272
( 85)

29D
(700 )

346
(10s )(100)

305 335
(107)(102)

2ts
(114)

293
(132)

231
(117)

Individual F2 lines

Mean F3 lines

DX39 *

Mexico 8156

F5F¡{F3F3

lnprovernent in
generation

of
selection

Generation+
and data
sele cted

Roseworthy
19 75

Cross
Roseworthy

1976
Roseworthy

1S7S

Inprovernent in 
+

succeeding generations



111

TABLE 5.17

Effect of selecting for short plants in diffe¡ent generations
at Roseì\'olthy in 1975 on inprovenent in succeeding generatíons at Mortlock in

L976.

Selection ihtensity of. 20'o

Values are cm with, in parenthesis, the pelcentage of randon selectíon.

+ Generation is the generation in h'hich lines were derived.

1975 L976 197s 1976

Pa¡ental values:- Itlexico 8156 - 84.4

DX39 - 68.3

OlYnpic - 96.6

96 .3

75.0

100.0

Mid-parental value - 76.4

Mid-parental value - 82.5

85 .7

87 .5

70.7
(86)

71 .9 73.s
( B5)( 85)

68 .9
(82)

69.6
( 83)

69.8
(84)

65 .4
(84)

65.4
( 81)

64.4
(82)

Individual F2 lines

I'lean F3 lines

Two crosses

pooled

7r.7
(84)

77 -O I t.5
(87)(Be)

70 -4 78.4
(e0)

/ö.J
(87)(84)

67 .4
(81)

67 .9
(78)

66.9
( 82)

Individual F2 lines

I'lean F3 lines

Olympic *

DX39

67.7
( 81)

65.4
(7e )

6s.4
(78)

67 .7
(80)

6s.4
(77 )

65 .4
(78)

63 .0
( 81)

63.6
(80)

63.0
(7e)

Individual F2 lines

Mean F3 lines

DX39 *

I'lexico 8156

FsF,+F3F3

Inprovenent in
generation

of
selection

Generation+
and data
seI ected

Roseworthy
19 75

Cross

Ilortlock
r976

Roseworthy
1975

Improvemcnt in
succeeding generat j.ons +
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TABTE 5. 18

Ef:fect of selecting fo¡ harvest ind.ex in different gcnerations at
Roseworthr in 1975 on iruprovenent for graín yield in succeeding generatíons at

Roseworthy in 197ó.

Selection inteusity of 2O%

Values are gr,.ìns per plot for yicld and % for han'est index with, in parenthesis, the
percentage of ¡andom selection.

Inprovenent +succceding generations

+ 
Gene¡ation is the generation in uhich lines were derived

Hr 1975 cY 1975 GY 1976 HI 1975 GY 197s GY 1!)76

Parental values:- l"lexico - 42.4
815ó

DX39 - 41.0

Olympic 37.2

238

2L4

294

282

548

411

Mid-parental value - 41.7

I'tid-parental value - 39,1

226

254

515

380

320 325
(s7)

311
(97)(ss)

32L
(ss)

332 325
(101)(e8)

37 .t
(106 )

179
(e6)

191
(10B)

4s.I
(118)

38 .9
(114)

Individual F2 lines

Mean F3 lines

T\.¡o crosses

pooled

327
(s4)

555
(102)

319
( 101)

307
(s0)

351
(103)

328
(103)

35.3
(10s)

169
(s1)

158
(Be)

38. 7
(111 )

36.1
(109 )

Individual F2 lines

l"ban F3 lines

Olynrpic *

DX39

324
(101)

315 320
(9s)(100)

335 345 340
(:101)(102) (ss)

37.8 184(1a7) (s4)

190
(102)

45 .0
(121)

39.7
(106 )

Individu¿rl F2lines

Mean F3 lines

DX39 *

I'lexico 8156

F5FqF3

G¡ain
yie 1d

F3

Harves t
index

F3

Inprovement ir
generation

of
selection

Harvest
index

G€neration+
and data
selected

Roseworthy 1975
(harvest index)

Cross

Grain yield

Roseworthy
l9 76

Roser,¡orthy
t9 75
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year rvas l¡¿rsecl on yield itself .

SeJccting the F, clerived lines rvith the best harvest indjces

was also i.neffective in i-mproving grain yield of F. derived lines at the

sane site j.o the same year, as the yields of the F, delived lines rvere no

higher than randonly selec'Led lines.

B EFFECT O,q DELAYING SEI.ECTION FOR GRAIITI YIELD ON TI'IE POSSIBL.E POTEM'IAI,
FOIì IMPROVEN,{ENT

The effect of delaying selecti-on can be stuclíed by conparing

the response to selectiolr in each gener:ation, In these conpar:i.sons the

response to selection in any generation is measured by the actual yicld

obtained in the next gerìeration. 'the yjelds of any furthel generaticns

cannot be used to indicate the potential available front the selected lines,

as the lines in succeeding generations were clerived from one ::anclomly c.hosen

line on1y, so further selection could nct be carried out within the origi.nal

selected group.

As an illustration, consider the 20 per cent selection at

Mortlocl< in 1976, for the DX39 * Mexíco 8156 cross (tabl-e 5.3). The

improvement obtainecl by selecting the best individual F, clerived lines carr

be neasurecl by the yield of the corresponding F, derived 1ines, rvhich is

560 g/plot. When sel-ection was delayed one generation, and the best F,

clerived lines selected, the yield of the selected lines in the follov;ing

generation was 591 g/plot. l\hen the best individual FO der:ived lj,nes were

selected the average yield of the F, derived lines r'¡as 593 g/plot.

Simila.rJy, the effect of selecting using the means of lines from the Fa and

FO,.rather than the indir¡idual F, o'r F, derived 1ines, can be assessed by

the yielrls obtained in the followi¡g generati-ons (592 and 595 g/plot

respectively).
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Results of the sinula-[ed selections at different selection i.rrten-

sities a¡d clifferent si-tes, presented in tables 5.2 to 5.10, indicate that

lines selected in late generations have the potential to give rise to -r,ines

that are just as hígh in yield as lines rr:sulting fron select,ion ì,n ear'1y

generations. While in sone instances lines selected in early generatiotls

we::e higher yielding t-han lines selected in late gener:ations, in other

instances the reverse l,{as trre. The ove:rall trend is best summarized by

averaging the yields obtained by selecting in different generations for all

selection intensities alrd sites in 1976 (table 5.19). The yields of

selected 1ir,es in the generatiorr after selection were the same, regardless

of the gene::ation in which they were selected.

If the aim was to select for low yielrlrthe effect of delaying

selection was quite different to the situation when selection was for'high

yie1cl (table s.20). selection in late generations, e.g. F4, gave a

greater, reduction in yield in the next generation, and therefore greater

change, than selection in an early generation, e'g'F2'

DISCUSSION

The yielcl improvement obtained by selecting in an early genera-

tion is related to the correlations and regressions obtained between the

generations, as plesented in chapter 4, e.g. at Mortlock the correlations

between F, and F, derived lines for the DX39 * Mexico 8156 cross Í/as 0'49**

while for olympic * DX39 i-t was 0.10ns. consequently, the improvement

obtained jn the FS by selecting F, derived lines was muc'h greater' in the

first cross (20 per cent gïeater than random) than in t'he second (8 per

cent gleater than random). It is important to,note that, in soule instances'
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TABLE 5 .19

Effect of selecting for high grain yield in different generations
on the yield obtained in the next gelìeration.

Average of sinulated selection at 10, 20 altd 30 per cent intensities
at lr{ort1ocli., Roseworthy and the average of these 2 sites, in 1976.

+ Generation is the generatíon in which lines were derived.

448
459
451

46s
460

51s
547
532

497
513

Individual F

Individual F

Individual F

2
?

4

lines
lines
lines

Mean F,
Mean Fu

lines
1ínes

Two crosses
pooled

442
436
430

440
449

513
504
515

474
483

Individua.l F,
Individual F,
Individual Fu

lines
lines
lines

Mea.n F"
Mean Fi

lines
lines

0lynpic*DX39

4ss
479
478

479
472

514
573
541

50s
535

Indir¡idual Fz
Individual F,
Individual Fi

lines
lines
lines

Mean F

Mean F
J

lines
lines4

DX39*Mexico8156

Yield of selected
lines in

generation+
after Selecti-on

(g/p1ot)

Yield in
generation

of selectlon
(g/plot)

Generati on
and data
selected

+

Cros s
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TABI,E 5.20

Effect of selecting for low grain yielcl in clifferent generations
on the yield obtained in the next generation.

Average of sirnulated selection at 10, 20 and 30 per cent intensj-ties
at Mortlock, Roseworthy and the average of these 2 sites jn 1976.

+ Ge:neration is the getreration in which lines were 'derived.

360
325
299

334
323

279
272
266

3I2
296

Indiviclual F2 lines
Individual F3 lines
Indivirlual F4 lines

Mean F3 lines
Mean F4 lines

Two crosses
pooled

367
345
295

34r
301

311
301
28L

3r3
317

Individual F2 línes
Indi.¡idua1 F3 lines
Individual F4 lines

Mean F3 lines
It{ean F4 lines

DX39*MexicoBl56

0lympic*DX39

355
320
306

334
338

2s9
25L
259

3L7
290

Indivi.dual F2
Individual F3
Individual Fa

lines
lines
lines

Mean F3 lines
Mean F4 lines

Yi-e1d of selected
lines ilr

generatíon+
after selection

(g/plot)

Yield in
generation

of selection
(g/p1ot)

Generation
and data
selected

+

Cros s
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while thc corr:elations rvere lorv, the intp::oventent fron selection rvas cluit.e

valuable e.g. the correlation betrveen the: F, and F, derivecl lines for the

tt{o cïosses pooled, at Irlortlock, rvas only 0.28n, but rvhen the best 20 per

cent of line's lvere selected for yie1d, the F, derivecl lines from these ì{ere

15 per cent better than ra:rdonl selection alrd they a1so exceeded the average

of the three' parents,

Ithen selection is carríed out in an early getreration, e.g.

among F, delived 1ines, the inportant consideration is the response to

this selection in a late generation, e.g. the F' when lines are approaching

honozl'gosity. In the sinulated selection schemes consi,dered here, the

selected lines coulcl not be reselected, and the available data enabled eac-h

selected lÌnc to be continued lvith one tandom line on1y. This caused a loss of

variability for grain yield, and the gain from selection was often leduced

in the generatíons followi-ng selectjon. One randon line tvas not sufficient

to maintain the yield inprorrement. fn ptactic-e, the selected group would

be contj-nued with rnany lines, probably rvitlr further selection, and rve worrld

expect the gain to be naintained. The yields obtajned in the gener:ation

aftel selection were the sane for all generations selected. It appeat's

that it is of lítt1e consequence ultimately in wha.t generation selection

for yield is practised. A decision on when to commenc.e selection for yielci

can therefore be based on other factors

Value of replication

Because the seed supply is limited, selection for grain ).ield in

early generations ís often based on si-ngJ-e plots of the línes. These plots

are subject to a large experimental error as they are not replicated.

Better responses to selection were obtainecl at Mor'[1ock v¡hen select.ion was

based on the means of a number of lj.nes than with the individual lines,

suggesting that some form of replication ís desi::abte. A greater selection
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efficiency ma)¡ resul.t frorn smal 1er, r-eplicated plots, or ftom del.aying a

generati-on enabling a multíplication of seed for replicatecl experi-ments

of large ptots. T]ris nould be particular:1y suit-able if the additionat

rnultiplication could be unclertal<en out of season.

Response to selection

Respclnses to selection for grain yield when inprovemelìt l\'as

mea5ured at [he sarne site and in the same year as the selectj,on, suggest

that goocl pïogress for yield should be possible through selection. Better

progress wculcl be achieved in sonÌe crosses than in others. Selccting the

best 20 peï cent of lines froln DX39 * lrlexico BJ 56 gave [¡, lines tha.t exceeded

the mi<l-parcnt by 36 per cent, and the highest yielding palent by 10 per

cent.

Ilowever, when the effect of different yeal's is consiclered, thcr

Iesponse to selection for yiet<l in early gencr:ations, e.g. anìong F, derived

lines, is poor. Yields of lines from succeeding generations il-t the year

after selection were usually lolver than the mid-parent, and were litt1e

better than random selection. Obviously, the overwhelrning factor to be

considerecl in devetoping a breeding method for yield improvement is tlie

influence of different years. The effect of different sites in the one

year was not as great as the effect of different years, brtt it is sti11 an

inportant factor rerlucing the effectíveness of selection. Selection at'

one site will give various responses at other sites depending on the sjnil-

alities between the sites. lr{ethocls of testing to represent the effect of

years and sites must be a prime consicleration in a breeding plogIarn.

This íl.1ustrates the complexities of selecting for grain yieJd. selection

for this character was veïy different from selection for sirnply inherited

characters such as plarrt ìreightrwhich give extremely good .ancl preclictable

responses, evett between Years. \
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Selection for harr¡est index, instead of grzrin yie1d, iri ear"ly

generati-ons dicl not overcome the problem of the elrvironnental influence on

yie1d. Sel.ection for harvest index on F, derived lines l{as rìo nìore

effective in improving yield in succeecling generations in the next year',

than selection for yi.e1d directly.

1'he respouses to selection for flour yielcl indicate that corrsicl-

erable improvement :ln flour yield is possible. Lines with higher flotLr

yields were obtained frorn Olyinpic * DX39 than from DX39 * I{exico 8156.

This reflects the good rnilling clualities of the Olyrnpic parent. It w¿Ls

not possible in these simrrlation experinents to deteniine the effects of

clifferent )'ears on selection for flour yield, but prerrious results (chaptel

4) iudicate that the large influence of the environment tvould have reducecl

the response to selection in different years.

Implications of r:esults olt theories of breecling

The strongest argtuneltt for selecting for grain yield in early

generations is that the frequency of the best genotypes rapidly decreases.

with aclvancing generations (Shebeski 1967; Shebeski and Evans 1973). It

foltows that, if population size is const:ant, a late generation e.g. FO

rr'hich has not been selected for yield previously, should have a lower poten-

tial to give high yielding genotypes than an early generation e.g. F2,

The potentj-al of each generation to give high yielding genotypes was

deterrnined in these experiments by selecting in each generation ald nteasuring

the yield obtained in the generation after selection. If the effect of

delaying sel-ection rnras to irretrievably lose the highest yieldíng genot¡res,

selection in later generations rvould give lines that were loler yieJclirtg

than those obtained by selection in early generations. Hov¡eve::, 1-.his was

not obtained. Improvenents in yield in the generation after selectj-olì were

the same regardless of the generation of selection. This response to

selection was the same, even though in some instances the generation mc+an
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yield overall had decreasecl by the later generations.

l{hile it is stj 11 feasible that delaying selection recluces the

frequency of þigh yielding genotypes, this disadvantage is counteracted by

the greater homozygosity and predictability of selection in the later

generations.

lf lorv yield was an objective, the frequency of low yielcling

genotypes should increase with advancing gener:ations, and selection froln

late general-ions should be rnor:e effective. The results obtained support

this suggestion, as the response to selection increased as selection was

delayed fron F, to FO.

Practical arguìnen ts for te-sting in early generations

Although these results indicate that the improvement obtained by

selecting in late generations is just as effective as in early generati-ons,

there are stíll aïglunents for selecting for grain yield in early generations'

They are:-

l. A nore efficient use of resources would result from selecting

early and retaining only a plopoÏtion of tl're population (e,g. 20per cent).

T'he inprovement could be continued by further selection in later generations,

2, It would enable testing in many sites and years from an early

stage. The testing across envitonments must be the prine consideration

in a breeding program. By starting in early generationsrselection will be

pïactised for high yield stability acT.oss environments.
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INTRODUCTION

It lvas proposed, after revierving the literature, that the

predictive value of early generation plots was deternined by the degree

of heterozygosity and the variabjlity of the character being testecl, irt

that generation. The-se factors could influence results in two ways.

1. If the plots are heterogeneous, due to segregation, the plot

yield will be a sum of yields of many different genotypes. Therefore, the

plot yield carr not indicate the value of the best genotypes. Competitj on

betrveen genotypes rnay further decrease the predictive value of the measure-

ment.

2. Segregation after the plot trial rnight produce genotypes that

are quite different fron those in the original population.

If these factors are i.rnportant, the plots in early generations

are unreliable indicators of the performance of the genotypes which cor-;1d

ultimately be obtained from them. However, these problems could be

avoided if a plot assessnent was delayed until an appropriate degree of

honozygosity and honogeneity was achieved.

This chapter examines the variability of a number of charactels

in pedigreed lines derived fron the F' F 3, F 4 and F, generations of two

wheat crosses, tracing the decline in gerrotypic variance within fa,nilies.

The relative magnitudes of variances in each generation rnay be indj-cative
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of the ntost appt:opriate generation in which to conunence selection for a

particular character.

In these experiments the variability of lines grohtn as plots and

single plants yJere measured in the F, FS, FO and F, gener:ations of two

wheat crosses for grain yield, heading date, plant height, harvest index,

pearling resistance and flour yield. Theoretical considerations, discussed

in the literature revierar, indicate that the genetic variability within

families should decrease more rapidly as generations are advanced for

characters controlled by few loci, than for characters controlled by nany

1oci.

METHODS AND MATERIALS

EXPERIMENT I - VARIABILITY OF LINES GROWN AS SINGLE PLANTS

a) Single plants at commercial density

The three parents, the Frrs, and F, and FO lines obtained by

randon pedigreed selection of the two wheat crosses were sown in rows 4.5

netres long and 20crn apart. The rows were cut back to 3.5 metres prior

to harvest. For each cross 14 FS lines, originating from F, Plants, and

14 F 4 lines were inclucled, the 14 FO lines being derived fron 7 F, lines

each with 2 FO lines. Three rows of each parent and F' and one row of

each F, and FO line were sown, giving a total of 71 rows (one parent being

common to the two crosses) .

The rows were sown with a cone seeder at a density three times

that required in the treatment. The plants hlere thinned after emergence'

using a marked rod, to 3cn spacing between plants, a density equivalent to

commercíal rates. This nethod of sowing rvas used to sinulate as closely
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as possible, cotnmercial conditions, and to overcome the problens associated

with handsowi.ng.

The plants l4rere pulled when they had natured, and measurements

were taken of grain yield, plant treight and plant weight. Harvest index

rr¡as calcul¿rted frorn grain yield and plant weight. For each row, 75 random

plants wer€r processed.

b) Plants ¿rt 1ow densit

'fhe parents and Frts of the tu¡o crosses were also sown at 1c'w

density, to give comparative measurements rvhen the plants were grown turder

ninimum conpetition. Pairs of seeds were hand sown at 30cm intervals in

rows 5 metres long and 36cn apart. Seedlings were thinned after emergence

to give silrgle plants at each position. Eight rows v/ere sown side by side

for each entry.

At naturity the plants were pulled and grain yield, plant height

and plant weight were measured. Harvest index was calculated.

EXPERIMENT II - VARIABILTTY OF LINES GROI,VN IN PLOTS 19 75

The three païents, md F, and F, derived lines obtained by landon

pedigreed selection of the two crosses were sown in plots 2 torvs x 2 ¡netres

in a conrpletely randomized design, at Roseworthy and Saddleworth- For

each cross, I3O F2 derived lines and 980 F, derived lines were included,

the 980 F, derived lines being derived from 14 F, derived lines each v¡ith

70 Fs derived lines (table 6.1).

All plots, except the parents, Í¡eÏe sown from the seed of a

single plant, so the F, and F, derived lines ulere sor4rl as Fa and FO plots

respectively. Identical lines rìreïe sol4/n at the two sites. The variety

Wariquam hras sown in a grid every fifth plot as a control variety to

indicate ettvironmental variability within the experinental alea.



TABLE 6.1

Origin and nunber of lines in experinent II (plots 1975)

ts
tJÞ

* 
Numbers in parenthesis indicate number of lines measured for harvest index (first figure) and.
pearling resistance and flour yield (second'figure) .

Parents

Fz

F3

Generation
of lines

frorn crosses
(generation)
fron which
derived)

590 (60,2L0)

260 (40,140)

t96O(280,280)

Nurnber
of lines
or plots

2

2

130 (20 ,70)

L4 (7 ,7) 70 (20,20)

No. of
crosses

Crosses

Origin of lines

No. of F2
derived

lines for
each cross

No. of F3
derived lines

for each F2
derived line

3 130 (20,70) +

No. of
Parents

Parents

No. of
plots

per parent
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Grain yie1d, heading date, mature plant height, harvest index,

pearling resistance and flour yield weÌ'e measured at Roseworthy, and grain

yield was measured at Saddleworth. Harvest index, pearling resj-stance and

flour yield were determinecl on a restricte,d nunber of plots chosen at randorn

within each group (table 6.1) .

EXPERIMENT III - VARIABILITY OF I,INES GRO}/N IN PLOTS r976

The three parents, ffid F2, FS, FO and F, derived lines obtained

by randorn pedigreed selection were sown in plots 4 rows x 2.5 metres at

Roseworthy and Mortlock, but F, derived lines were not included at Mortlock.

The same lines were sown at both sites, where possible, so that means over

the two sites could be analysed. The origin and number of lines included

are indicated in tabl-e 6.2 . The F, , F S, FO arrd F, derived lines r{ere sor{n

as FO, F5, FU and FU plots respectively. The variety Wariquam was sown

in a grid every fifth plot as a control variety.

Grain yield, heading date and plant height r^/ere measured at

It{ortlock, and grain yie1d, pearling resistance and flour yield were

measured at Roseworthy. Pearling resistance and flour yield were determined

on a restricted number of plots chosen randonly fron each group (table 6.2).

ADJUSTMENT OF GRAIN YIELD OF PLOTS, EXPERIMENTS II AÌ.JD III

In experiments II and III the plot yields of all entries were

adjusted to account for site variability. The following adjustenents were

calculated, and the effectiveness of each determined by exanining the average

coefficient of variation of the three parents. The most effective nethod

should be the one that gives'the lowest coefficient of variation for the

parents. Comparisons were made between:-



TABLE 6.

Origin and nurnber of lines in experinent III (plots 1976)

H
N)
o\

* N,rrb"t, in parenthesis indicates number of lines measured for pearling resistance and flour yield.

R and M índicate numbers included at Roseworthy and Mortlock respectively.
same nurnbers hrere included at both sites.

ú Where not indicated, the

Parents

F2

F3

F+

F5

Generation
of lines

from crosses

(generation
from which
derived)

390

260

1400

840
s60

420

(210)

( i40)

(280)

( 280)Ril.

Mø

R ( ios)

Number
of lines
or plots

.,

2

2

130 (70)

14 (7)

74 (7)

s0 (20)

1 (1) R 30 (20)
M20

2 14 (7) 1 (1) I (1) R ls (is)

No. of
ClOSSES

Crosses

Origin of lines

No. of F2
derived

lines for
each cross

No. of F3
derived
lines

for each F2
derived
line

No. of F4
derived
lines

for each F3
derived
line

No.of F5
derived
lines

for each F4
derived
line

3 130 (70)*

No. of
parents

Parents

No. of
plots

per
parent
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1. No adjustment.

2, Adjustment of trial entries using the average of the tlo

neighbouring Wariquam controls. The yielcl of an entry was multiplied by

the proportion (site averagefaverage of the 2 neighbouring controls) to

give adjusted values.

3. Adjustment using four controls. The same as 2 above, e).cept

tl-re four neighbouring controls in the bay were used i.e. the two contrc'ls

either side of the entry.

4, Adjustment using a noving nean of various sizes. For e¿ich

entry, the rnean of a number of entries on either side was ca1culated, e.g.

with a noving mean of size 10 the average values of the five entries ejther

side of the one being adjusted would be calculated. The yield of the

entry and grid controls were not included in the moving mean. Each ent-ry

was adjusted by nultiplying by the proportion (site averagefmoving mean

for that entry). lr{oving means of sizes 2 to 26 were compared.

In the above nethods of adjustrnent, each entry is expressed as

a proportion of the neighbouring controls or moving nean, and then nulti-

plied by the site average to retain the units as g1.ams per plot.

Expressing yields as a percentage of conl;rols or noving means is advocated

and used by rnany authors (e.g. Shebeski 79671 Briggs and Shebeski 1970,

l97f; Knott 1972; Skorda L973; DePauw and Shebeski 1975; Knott and Kumttr

197s) .

It was found that adjusting the yields in this way hlas mo1'e

effective than adjustnent in an additive mannerrü/hich uses the differerrce

between the entry and the neighbouring contlols.

A criticism of using yields expressed as a percentage of controls

or rnoving rneans is that, being a ratio, the distribution may not be norrnal.

This is not a valid critícisn of the data in these experinents, as the

adjusted data were quite no::nal, as illustrated,by exarnples in figure 6.1'

and the adjusted data clid not depart from nornality any more than the

unadjusted data.



Figure 6.1
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Frequency distributions for grain yield of
the parents and F' F, and FO derived lines
at Roseworthy 1976

The skewness and kurtosis for each graph are

indicated in parenthesis.
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The results showed sinilar trends for analyses of utradjusted

and adjusted yields. However, trends were nore significant when the clata

were adjusted, and the envitonmental variation was reduced.

STATISTICAL PROCEDURES FOR CON,IPARING THE GENERATIONS

The variability of the parents, F2ts, and lines from succeecling

generations v¡ere conpared using variances and coefficients of variation.

Data fron each generation were also subjected to a hierarchal analysis of

variance so the variation due to different 1eve1s of subdivision, e.g.

between crosses, between Frts within crosses, between Fats within ,2't,

a¡rd between FOts within F3tt, could be analysed. The expected rnean

squares for this analysis of varia¡rce are illustrated for the FO singlt:

plant data in table 6.3(a) .

Broad sense heritabilities for all characters were calculated

using the variance components fron the hierarchi"ul *rlyres of variance for

each cross separately (table 6.3(b)). In the example shown, the genetic

variance would be estimated fron the between F, variance component, oîr.

Environmental variances , o2, were estinated in two v/ays:-

1. The rrerrorrr variance coflpor:ênt, r,ltrich would be the rrbetween

F, within Frrt variance component, ofir, in the exanple shown.

2. The average variance of the two parents for each cross.
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TABLE 6.3

Expected mean squares for the hierarchal analyses of variance

a) Analysis of variance including the two crosses, illustrated
by the F+ singte plant data

abcd -lTotal

MS.f4

M5-
ts3

ab (c-Ij

abc(d-l1

Between F3 within F2

Between Fa within F3

oÉu *uoÉ 
t

o",

o?o*Uo|.+cdofrr+bcdo2

oÊu*Uo'rr* cdo2r,
F2

MS

C
MSa-1

a (b-1)

Between crosses

Between F2 within crosses

Expected
mean squaTes

Mean
squares

Degrees of
freedonSource of variation

Analysis of variance for the separate clrosses used to calculate
broad sense heritabilities, illustrated by the F3 plot data

ab-1Total

o?.*oo?,

o?f3

MS.r2

ttr,
a-1

a (b-1)

Between F2

Bethreen F3 within F2

Expected
mean squares

Mean
squares

Degrees of
freedonSource of variation

b)
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RESULTS

EFIIECTIVENESS OF DIFFERENI' METT]ODS OF ADJUSTTIENT OF YIELD IN PLOTS

The different nethods of adjusting the grain yields of tria-l-

entries were compared at four sites spread over two years. In all ca:;es

a moving mean reduced the site variability to the greatest extent, as

indicated by the average coefficient of variation of the three parents

(table 6.4). The optinum moving mean sjze r{as 14 at Roseworthy in 1975,

16 at Saddleworth in 1975, and 10 ât Roseworthy and Mortlock in 1976.

Using smaÏl moving moans of 2:of 4:sornetinos increased-the-varj-ation - -'

compared r{ith the tmadjusted data, as exceptional values then had a large

influence in adjustment. Using four gr:-d controls was better than only

two in 1975, but there was little difference in 1976.

On the basis of these results, the yields in these experiments

were adjusted using a movin! ilìêânr the optinum size for each experiment

being used.

VARIABILITY OF DIFFERENT CTTARACTERS IN SUCCESSIVE GENERATIONS

T?re rnagnitudes of the neans and variances r.{ere sonetirnes positive-

ly related, so coefficients of variation (CV) are also presented. Signi-

ficance tests have been performed on important variance ratios, but these

should be treated with caution ryhere the magnitudes of the means differ:

greatli. A one-tailed test was used to test the significance of vari¿rnce

ratios, as the hypothesis being tested was whether one variance was signi-

fícantly greater than the other.

1. Grain yield

The yields from Saddleworth in 1975 were more variable than at

the other sites (table 6.4), and thrÞsedata will not be presented.
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TABLE 6.4

Effectiveness of different methods of adjusting the yield
of trial entries to correct for site variation

37.2

28.3

25.4

25.L

24.4

24 .4

23.9

24.2

23.9

2s.9

24.7

23.9

24.0

38.7

30 .9

29.5

28.4

27 .5

27 .4

27.2

27.1

27 .2

27 .2

27.r
)7?

27 .2

19 .6

17.3

17 .L

L7 .0

16.9

77 .3

17 .7

17.6

17 .6

L7 .6

L7 .6

17 .7

17 .7

25.3

20.8

20.3

20.t
19 .6

20.L

20.I
19 .8

20.0

20.0

20.t
20.2

20.2

Moving Tneans:- size 2

size 4

size 6

size 8

size 10

síze 12

size 14

size 16

size 18

size 20

size 22

size 24

size 26

No adjustrnent

Two grid controls
Four grid controls

23.92t.930 .5

SaddleworthRoservorthy

26.8

19 75L97s

26.6

25.7

20.8

20.2

18 .3

18.6

33.8

30 .1

Roseworthy
r976

Mortlock
r976

Average coefficíent of variation of
3 varíeties (total of 390 plots)

Method of
adjustment
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The envirormental variability, as estimated by the average

coefficient of variation of the three parents, hras much greater for thc

yield of single plants than for the yield of p1ots, partícularly for the

single plants at comrnercial density rvhere interplant competition would har¡e

occurred (tables 6.5 to 6.10). The environmental var:iability of plants at

low density (table 6.5) was only two-thirds that of plants at commercial

density (table 6.6). The environrnental variability of the four ro\,,r plots

in 1976 was less than the two row plots in 1975 (tables 6.7 to 6,9) .

The F, generations were always rnore variable than the average

of thç:a=esp_ective parents_(tab_les l-5 to 6.10) . _ Iqgryeæljqstaìr.¡?s

(plants at low density DXSS * Mexico 8156 (tabte 6.5), Roseworthy plots

1975 Olympic * DX39 (tab1e 6.7) , and Mortlock plots 1976 011'mpic * DX39

(table 6.9)) the variance of the F, was not significantly greater than the

average variance of the tv/o palents, but this was apparently due to the

parents having a larger variance due to a higher nean, as is shotm by the

differences in the coefficients of variation.

The variability of each generation after pedigreed selection

can be seen by comparing the averages of the within line variances for each

of the generations. When the grain yields of lines were assessed on single

plants, the F, and FO generations were significantly less variable than the

F2, a¡rd as uniforrn, or almost as uniform, as the parents (tabte 6.6).

Irihen grain yields were measured in plots (tables 6.7 to 6.10),

lines frorn the F, and F* were generally less variable, on avetage, than the

F2, and there was a steady trend to greater uniformity with advancing gener-

ations. The results fron Roseworthy in 1976 r^¡ere an exception, as the F'

FO and F, still naintained the same amount of variability as the F, (table

6.8). The average variabilities of lines fron the F' FO and F, were

greater than the parents in all plot experiments when conpared using co-

efficients of variation. \
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TA¡IE 6.5

The variability of 3 parents and 2 F2ts for grain yield, pla:rt
height and harvest index ¡neasured on plants ût Low density,

Roseworthy 1975.

F2

C.of
v.

a
18

23 126b 48

2L 91

82 t50d 15

77 124 l5

30 41f 2L

33 42 20

4l56

4S

72 g7c 14

35 42e t9

l52232
Average of 3

parents or 2F2rs

L37

145

0lynpic

DX39

Average

92
28

33

31

22

23

24

L7

l6

t?f

L40

14sDX39

Mexico 8156

Average

Harvest index
(?) t22

53

36

35

25

l9

t)

l6

t2

14
e

Average of 3
parents or 2F2ts 5l684

139

145

0lyurpic

DXs9

Average

93
4

5

51482
d

10

l8

66

98

ó6

89

78

10

19

15

5

5

5
c

145

t46

DX39

l'lexico 81.56

Average

Plant height
(cn) t22

51 5023Average of 3
parents or 2F2rs

93
23

19

2L

49

29

39b

30

28

29

r45

t39

Average

DX39

0lynpic

145

14s

DX39

I'fexico 8156

Average

Grain yield
(g/plant) L22

19

28

24

2g^

7S

s2

28

31

30

VariancelleanNunber
c of

V.a¡ceI'leanParent

ParentsCharacter

Variances followed by the sarne letter arc siglificantly different, P < 0.05
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TABLE 6.6

The variability of grain yield of 3 parents and successive
generations of 2 wheat cros-ses mcastrred on single plants

at connercial density, Roseworthy 1975.

1.8 o.Bcd 4g

0.2
1.8 1.0 56

2 .O I .obd 48

54
0.3

2.O t.2

Average

Varia¡¡ce of fanily neans
Statistics for all lines pooled

DX39 * MTXTCO 8l;6

DX39

Mexico 8156

Average

L.2

2.5

1.9

0.4

1.6

I .04

51 abc2.0 L6 ó3 I
t

3

4

6

7
9

)')
1.9
1.8

2.2

2.2

1.3 51

45
64

46

54

49
s4

3.0
1.1

2.0
0.2

48
44

44
48
49
45
s7
58

49

50
0.8
1.3 I

I
I
2

1
2

.l

.5

.9

.0

.5

.2

.3
14
.6
.9
.0
.7

o.2
0.5
0.9
0.8
o.7
1.7

1.1

1.5

2.9
I.1

2.0
0.4 t 0.3

0.5
0.5
o.7
0.8
0.8

45
49
42
43
43
55

l3

L,7

1.8

0.5

0.6

55

4s

46
53
36
46
45

I
I
2

I
15
16
l7
18
l9

a)
2.0
2.6
2.5
r.2

1.0
1.1
0.9
1.3
0.3

CVVari an ce
I'fean

(g/plont)CVVariærce
l''le an

igTplonl)

F2
famì ly
numberllcan I I

(s/plont¡lY¿tiutr."l cVCVParent
I ltor-tr I

lG/plont)lvari a.¡r ce

F¡{ - uithin F3ìines
(n=7s)

F3 - witlin F2lines
(n=7s)

Fz
(n=22s)

Parents
(n=22s)

Variances followed by the sarne letter are significantly different, P < 0.05

I zhi 542.0

2.O
0.3

r.4J 6r

1.6

1.6

o.8c 54

0.2
l.oJ 61

Average

Variance of fani
Statistics fo¡ all

1y neans
lines pooled

OLYMPIC * DX39

0lyrrpic

DX39

Average

2.7

L.2

2.O

1.4

0.4

o.gfi

44

51

48

2.L 2.sfÈ 74 5

7
I

10

13
ls
1,6

t7
l8
l9

20
2L

22

23

L.4 0.4

o.2
1.4

0.9

44 2.r
1.9

1.3
1.0

54
s2

1.1
2 -5

42
52 )

2
)
?.

.6
,2
.3
.0

7.7
1.8
1.8
1.1

50
60
59
53

2.1 45

I
I
2

1

1

1

.6

.1

.3

.3

.4

.3

0
0
I
0
0
0

.8

.4

.3

.5

.8

56
56
49
5ó
61
63 1.5

1.0

0.8

0.3

ó1

60
1.8
)7

L.4
0.9

67
43 1.9

2.4
2.2
2.4
1.0
2.2

L.2
0.8
L.7
t.7
0.3
I.2

57
38
59Average of

3 parents
Average of F2rs 1.8

1.5

L.4

0.5

66
2.2 1.1 48 2.t 2.L 69 56

s7 s2
50
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TABLE 6.7

The variability of grain yield in plots of 3 parents and
successive gerìeratíons of 2 wheat crosses, Roseworthy 1975,

198

198

283

337

b 26.8

29.4

Average

Statistics for all lines pooled

DX 39 *. MEXICO 8156

DX39 2I4

238

226

264

300

2B2a

24.0
225 396ab 28.0

Mexico 815 23.0
1
2

3
4
5

213
767
225
192
208

308
256
424
2r5
363
239
210
3r2
202
472
192
206
262
361

26.r
30.2
28.9
24.2
29.0
26.5
22.7
27 .9
27 .4
24.8
24.3
22.7
28.4
32.s

Average 23.5

7

I
I

10
11
t2
I3
I4

207
200
L64
259
180
200
r80
185

Vari -
ance

(x10 r
Mean
9/Plotl

F2
fami ly
nunber

CV

Vali -
ance

(xro- I)
Mean

(g/plot)CV

Varr -
ance

(xro - 1)
Mean

(o rplo¡

F3 - t'¡ithin F2línes
(n= 70)

Fz
(n=13 0)

Variances followed by the same letter are significantly different, P < 0.05

T7I

171

273

316

d 30.6

32.9

Average

Statistics for all lines pooled

OLYMPIC * DX39

0lympic

DX39

Average

294

2r4

254

528 24.7

264c 24.0
r94 4L2

cd
33 "I 1

2

3
4
5
6
7
8
9

10
11
t2
t3
I4

197
151
165
204
752
181
r37
194
205
174
r66
144
160
r62

396 24.4

439
157
186
257
219
360
327
238
230
295
328
173
372
243

33
26
26
24
30
33
4I
25
23
3I
34
28
5B
30

6
2

2

9

B

1

6
1

4
2

6
9

2

5

Average of
3 parents 249 364 23.9 Average of Fz's

209 404 30.6
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TABLE 6.8

Thc variability of graJ.n yicld in plots of 3 parents and successive
generatio¡rs of 2 r.lheat crosses, Roseuorthy 1976.

Variance of 'fanily neans
Statistics for all lines pooled

Average

168n ik z¿.s303 551

303 407c 2r.o
no

s2
300 403kr zt.z

300 361b 20.O

11
12
l5
t4

G/PI1
Mean

CVlxlo- 1)

Vari-
ance

(g,þ oD

Mean
Parent CVxt0-11

ance
Vari -

¡r"un I

e/p I)l (

Vari -
ance

(xlo- l1 ( s/P t;
l*fean

CV

VaÌi-

IE/Pr
I'f ean

,1,

ance
xl0

(n= I 30)
Parents F3- within J:2Iiner

(n=s0)
F2

farni I y
number

F2
(n=r30)

F'{- within F3lines
(n=30)

F5- within Fqline:
(n=rs)

Vari -
3 ncc

L0- Ì

DX39 * IEXICo 8156

DX39

I'lexico 8156

Average

01¡mpic

DX39

Average

Average of
3 parents

301 l,lTalj zo 265 3s6 22.5
247 334 23.4
332 816 27.2
300 409 2r.3
285 259 L7.9
340 250 14.7
305 s69 24.7
298 315 18.8
283 37r 2r.5
2s0 451 L7 ,0
306 t98 14.6
288 420 22.5
405 547 tB.3
333 400 19.0

258
¿qö

316
302
280
325

303
266

551
216
3ó4
331
406
409
357
484
t6¿
407
698
150
808
_? 90

319

301

310

243
66r
4s9
334
346
269
348
500
27s

267

294

28rabcd

L6,2

18 .0

L7 .L

295
282
351
32s
283
290
297
263
294

I
2

3
4
5

6
7
8
o

I
2
5
4
5
6
7
I
9

l0
il
T2
l3
L4

t6.7
28.9
20 .0
L7 .8
20 .8
r7 .9
l9 .9
26.9
l7 .8
I8 .8
l9 .3
20.8
t7 .7
L6.7

23 5

0
I
0
7

ó
7

I

20
I9
19
22
19
t7

280
299
331
339

29r
388
345
320

288
290
376
353

15.r
25.2
29.7
13.4
23.9
l7 .9

22

300 399 20.6

300
749

srsjl z¡.s

OLYìIPIC * DX39

380

319

350

16 .6

16,2

ró .4

s4g 43zeln ls

Âverage of F2 ts333 320 16.9

399

267

- --eh5J5

367
335
339
374
294
326
285
360
367
34e
308
292
339
362

378
358
367
259
436
684
638
522
392
698
490
402
667
644

336
34r
427
360
347
355
279
327
367
349
292
315
301
Jõ9

302
408
266
3s9
382
690
217
s42
243
605
398
299
437
303

351

335
374
329
32r
565
266
324
350
387
305
294
272
367

489
195
5s0

422
75r
À14

300
238
370
24r
391
469
263

16r6.8
t7 .8
17 .9
l3 .6
22.5
25.3
28.0
20.L
L7 .L
24.2
22.7
2L.7
24 .L)))

18
I2
l6
L7
23

2I
L7
2L
t4

3

I

6
o

4
7

5
4

3

6

4

9

9

19 .9
13.2
19.9
16.2
)^ )
2s.8
25 .9
16.9
13.9
15 .7
16.1
2L.s
25.2
14 .0

16
22
13
aa

32s 4r2 19.8

331 5889 18.7

140
33t 495 2r.2

Variances followed by the same letter are significantly different, P < 0.05

Variance of family neans
Statistics for all lines pooled

Âverage 18 .3

133
340 s01 20.8

340 389f

22 -5

49shfc 2r.o335

91
335 571m
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TABLE ó.9

The variability of grain yield in plots of 3 parents and
successive generations of 2 wheat crosses, Itfo¡tlock 1976

595
404 1555 28.S

404 84obd 22.6

27 ,r

411 g23c X.7

364
411 r24S

Variance of fanily means
Statistics for all línes pooled

Average

lð .4
24.2
19 .4

692
886
979

453
389
5lr

¿4.9
22.r
19 -2

878
1196

857

377
49s
482

12
l3
14

I
)
3
4
5
6
7

9
l0
1l

408
390
499
403
354
448
373
323
485
401
324

r 097
t447

674
10 36
921
893
8s8
829
870

1075
665

2S
30
16
2S

2i
2l
24
28
l9
25
25

I

8
5

3

I
I
o

2

2
9
)

338
367
488
393
314
s39
354
357
489
356
310

653
9s7

2025
871
716
587
948
329
514
559
662

25 .8

DX39 * Ì'ÍEXICO 8156

acd

26

aa

26
29

406 1o97ab 9
7

1
o

9

DX39

lÍexico 8156

Âverage

t6.7

22.5

19 .6

497

349

423

686

616

651 23

14.?
27 .S
16. I
14.7
21.0
26.3

Itlean
(e/p1)

Mean
(gzþlot)

Parent
G/pL

I'fe an atl antv
I (xl0

."1

'll cv
Mean lvar"i-ancel

qgTprl ¡xro-r)l CVCV
Variance
(xro-t;CV

Vari an ce

(xl0-l )

Fl+ - r,rithin F3lines
(n=20)

F3 - rrithin F2lines
(n=s0)F2

Fani ly
no.

(n=l 30 )

F2Parents
(n=130 )

Varia¡rces followed by the same lettel are significantly different, P < 0.05

363 606e 2r,2

59r
363 942 26.8

382 676

232
382 879

2t -5

24.6

Average

Variance of fanily neans
Statistics for all lines pooled

OLYMPIC T DX39

0lympic

DX39

Average

485

497

49r

916

686

801

t9.7

76,7

L8.2

4oo 7g4e 22 1
2

3
4
5
6
7
I
9

l0
1l
L2
15
I4

34r
27t
399
474
372
386
396
4r7
409
378
382
32I
420
375

595
385
673
814
577
834
899
514
477

I 135
t5L
599
804
427

22.6
22.9
20.6
19 .0
20.4
23.7
23.9
t7 .2
16.9
28.2
22.4
24.1
27.3
17 .4

29r
268
413
388
589
298
394
548
451
439
387
249
424
J5/

437
474
519
499
913
601
981
s25

1094
447
702
306
491

1096

22.7
?s.7
r7.5
t8.2
24.6
26.0
25.l
20.8
24.3
15.2
8.3

22.2
16.5
29.3

Average of
5 parents

Average of F2ts
443 739 19.6 403 946 24
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TABI,E 6.10

the variability of grain yield in plots of 3 parenrs and
successive genelations of 2 wheat crosses, average of 2 sjtes 1976 (Roseworthy and l,fortlock)

356
149

srsik 20.2

zs6 384ce 17.s

Variance of farnily neans
Statistics for all lines pooled

Average

1
2

J

4
s
6
7
8

9
l0
11
72
13
14

351
336
415
364
318
369
335
293
389
34s
302
376
360
425

320
730
351
418
459
268
4L7
411
375
424
29t
253
29r
367

16, 1

22.5
14.3
17. B

2r.3
14 .0
19 .3
2LI
t5 .7
18.9
t7 .9
73.4
15.0
14.3

302
300
398
342
301
451
334
329
38ó
304
298
540
448
406

2t6
378
776
381
302
226
37r
273
199
20s
334
32r
491
324

l5
20
2I
18
t8
11
18
15

lL
t4
t9
16
15
14

4
5

-1

I
3

0
5
9

6

9
4

6
0

351
276

355 437ubij

DX39 È I'ÍEXICO 8156

l8

sTslui 2L.7

35 1 338bde 16.6

12.2

15.0

I3 .6

408

325

s67

DX39

Þlexico

Average

246

237

24zacd

C\¡(g/pt)
I'feanll""n lv"rinn."j(e/pl) (xto'11 CVCVt)

Varizur
(xr 0

Ile an
(e/pr)CV

Variance
(xto- l)gþlot)Perent

t"fean

Fq - within
(n=20x2) I tlines

(xro - t;
Vari an

F3 - xitliin F2lines
(n=5 0x2 )F2

farni ly
trunbcr.

(n= I 30x2 )

E^Parcnts
(n=l 50x2)

* Stn" groups of Fq derived lines did not have the full 20 lines at both centres

Variances followed by the sane letter are significantly different, P < 0.05

3s2 2s9gh M.2

140
352 38s t7,6

5s9 340h 16.1

105
359 4sr 1 8.5

Average

Varia¡ce of fanily neans
Statistics for all lines pooled

OLYMPIC * DX39

Olympic 433

408

421

391

246

14.5

L2.2

t5.4

Ço375 384-o 16 5l
2

3
4
E

6
7
8
9

10
t.t

6i2
l3
14

DX39
354
303
369
424
333
3s6
341
388
388
362
545
307
380
369

289
160
500
zõo
297
380
444
30s
243
639
404
203
456
355

i5 .2
t3.2
r4.8
12.6
16 .4
t7 .3
19 .5
t4 ,2
t2.7
22.1
18 .4
14 .7
17.8
t6.2

315
309
413
369
378
33t
339
342
403
392
329
283
356
364

146
109
243
)'1 -l

146
585
358
37r
394
372.
131
177
267
265

t2 .7
10.7
11 .9
14 .5
r0. t

17 .6
17.8
15 .6
t5 .6

Average 3lg'

Average of
3 parents

Average of F2rs 11.0
t4.9
t4 .5
t4 .2

389 29L 13.9 364 411 . 17
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While the avelages of the lines showed 'Ehese trends, the vat.ia-

bility of individu¿rI lines in each gene::ation differed considerably (tables

6,7 to 6.10). It'lany lines were quite uniform, cornpared ruith the parents,

as early as the Fa, rvhereas other lines fron the FO or F, were:nore vat:iable

than the Fr. Although the parents were considered uniform, many line:;, even

in the Fa, appear:ed much more uniform. This occurred in a1 1 erperimerrts

involving both single plants and plots.

The total cross variability for each generation, in contrasc to

the variability within lines , caÍr be assessed, firstty by pooling the tlata

for all lilres, and secondly from the variance of famíIy neans in each gerìer-

ation. There h¡as a general trend for the total variability to increa:;e

with aclvancing generations when grain yield was rneasured in plots (tabies

6.8 to 6.10), but no increase in total variability v/as evident when gririn

yielcl was measured on single plants (tabte 6.6).

The hierarchal analyses of variance (tab1e 6.11) shot^/ that nost

of the variation for grain yield was bett'¡een lines of the generatiou

analysed, e.g. if lines fron the F, were analysed, then most of the variation

was between F, lines within FO lines. This gerterally accounted for 60 to

80 per cent of the total variation. Some of this would be genetic varia-

tion, but a high proportion would be envj-ronmental.

As the generation analysed was advanced, the variation of the

lowest 1eve1 in the analysis of variance, i.e. between lines in the genera-

tion analysed, was generally reduced in comparison with the higher levels.

For example, considering the average of the two sites in 1976, the per(:en-

tages of total variation for the levels I'between F, within Frtt andrrbettveen

FO within Frrt were 75 and 61 per cent respectively. This indicates the

gïeater uniformity that was ,achieved with advancing generations and inc,reased

honozygosity. There were some exceptions, the F, d,ata from Roseworthy in

1976 and the single plalrt data.
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TABI,E 6.II

Hierarchal analysis of variance of grain yield of lines fro¡n diffe¡ent generations
of 2 Hheat crosscs in a nunl¡cr of experirnents.

F4 I
l2
14

2068

17 .7
24.7
11.9
1.0

0.7
2.I**

11 .9

0.00
0 .09
0.15
1.00

0

t2
82

Single
planrs 1975

Between crosses
Between F2 within crosses
Between F3 within F2

Between crosscs
Bet\,reen F2 within crosses
Between F3 within Fz
Eetween F4 within F

+
FRos eworthy 1

26
2072

80 .9
16 .8
0.9

4'8**
1B.5

0.06
0.2r
0 .9I

5

l8
77

Vari ance
conponentsF

Mean
squales

Degrees
of

freedomsoulce of. variation
Genera-
tion+

an alysed
SiteExperinent

%of
t o t:i1

vat]'atìce

I
26

392

L2677
2432

488

5

5

2*
0

485
t296
4884

7
l9
7s

Between crosses
Between Fq wi.thin crosses
Between F5 within F4

F5

RoseworthyPlots 1976

I
26

812

29014
4574

398

6'4**
l1 .3

583
L372
3984

10
23
67

Between crosses
Between F3 within crosses
Between Fa within F3

Fr¡

I
26
11

44221
3561

428

12 .4 **
8.4

581
631

4282

1I
t2
781 3

Between crosses
Between F2 within crosses
Between F3 within F2

F3

Between crosses
Between F2 within crosses
Between F3 within F2

1

26
t932

349L40 8

3919 3 14
2780

o

I
3r6
520

27gO

8
t4
77

F3Rc'seworthyPlots 1975

I
26

486

54
387 4
299

0.
13.

0r
0

0
1950
2988

0
59
61

Between crosses
Between F3 within crosses
Between F4 within F3

Fa

Average of
2 sites

L976

Plots 1976 1
26

Is72

293
6339

362

0.0
L7 .S

** 0
I 196
5619

0
2-S

75

Between crosses
Betwecn F2 uithin crosses
Between Ë3 within F2

F3

Plots 1976 Mortlock Fg Between crosses
Between F2 within crosses
Between F3 within F2

1
26

L372

30999 2.1*
149r6 18.7

799

230
2823
7995

2

26

Fq Between crosses
Between F3 within crosses
Between Fq tvithin F3

1

26
32

24233
986 1

722

2.5**
13.6

s13
4569
7228

4
37
595

* D"t" fo" each generation were neasured using lines derived from that generation

a ta
P<0.05; P<0.01
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2. Heading date

The F, generations hrere much more variable than the parents

for lieading date (tables 6.I2 and 6.13), the differences being significant.

The average va.riability of lines from the F, and FO was significantly

reduced with advancing generations, but lines from the FO were sti1l sig-

nificantly rnore variable than their parents. A number of individual 1ínes

v¡ere as uniform as the parents by the Fr, whereas the variability of others

was increased. In sorne instances, lines from the Fa and FO were signifi-

cantly more variable than the original Fr. The total population variabi.Lity

was increased with advancing generations (table 6.13) .

Analyses of variance of F, data showed that 62 to 65 per cent

of the variation in the heading date of Frrs was attributable to variation

between Fa lines within Frrs (table 6.14). A greater degree of uniforrnitl,

had been obtained by the FO, as only 23 per cent of the total variance rvas

between FO lines within FStr. lhis indiùates the clegree of fixation that

occurred for heading date by the Fr.

3. Plant height

The environmental variability for plant height measured on single

plants at connercial density was about twice that for height rneasured on

plants at lorv density, or in plots (tables 6.5, 6.15 to 6.I7). Height

of spaced plants and plots were equally variable.

The variability of plant height in the F, was always significantly

greater than the parents. The variabili'Ey of the F, compared with the

parents hras proportionally greater when measured in plots or on plants at

low density, than when measured on single plants at connercial density.

The average variability of lines fron the F, and FO was significantly

reduced with advancing generations, but unifornity was not achieved by the

F4, as tl'le average variability of lines in this generation üIas stil1 s'g:ri-

ficantly rnore variable than the parents. The approach to uniformity of
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TABI,E 6 . 12

The variabíli.ty of heading date in plots of s parents and
successive generatíons of 2 wheat crosses, lìoieworthy 1g75.

29.0

59"279

1.5279 b

1,7

Average

Statjstics for all lines pooled

1

2

5
4
5
6
7

8
9

10
11
72
T3
T4

284
276
280
283
275
296
274
274
278
277

98 .9
4.s

90 .6
89.6
5.0
4.5
6.2
6.1
3.0
2.5

0.4
J.¿
1.1
0.6
3.5
0.8
3.4
J.+
0.8
0.7
0.9
0.9
0.6
0.6

0.6277

0.5278

0.6276DX39

DX39 * T4EXICO 8156

277 34.oae 2.L 2

7

4
o

Mexico 8156
278
?-82

277
)7 9,

3.1

r.7

2.4ab

1

B2

8
.,4ygrqge

CVance
Vari -Mean

(days)CVance
Vari -Mean

(daysCV

Vari-
ance

Ii{ean
(days)Parent

F3- r4rithin F2lines
(n=70)F2

fami1y

mrmbel

F2
(n=130)

Parents
(n=I30)

Variances followed by the same letter are significantly different, P < 0.05

280 s4.3d 2 5

9280 66.2 2

Average

Statistics for all lines pooled

OLYMPIC * DX39

0lympic

DX39

Average

282 1.0

3.1

2.rcd

0.4

0.6

0.5

27g 54 .5c 2.6 t
2

5
4
5
6
7
B

9
10
11
I2
13
L4

288
28L
2Br
283
273
278
275
283
28L
280
277
279
28L
282

7
56
65
67

3
40

5
80
80
76
49
60

.2

.1

.7

.9

.B

.7

.9

.3

.4

.6

.4

.6

.3

0.9
2.7
2.9
2.9
0.7
2.3
0.9
3.2
z)
3.7
2.5
2.8
3.2
3.3

276

279

Average of
3 parents 278 1.9 0 .5

Average of F2 rs

278 44 .3 2.4
7B
B6
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TÂBLE 6.13

The variability of heading date in plots of 3 parents and successive
gcnelations of 2 whcat ctosses, Mortlock 1976.

300

300
50

9.2t'1f o.B

3p
5s .8no z.s

2g7 13.9bde 1.1

14.6p
2g7 27 .2no l.I

Variance of fanily neans
Statistics for all lines pooled

Average

I
2

3
4
5
6
7
I
9

l0

296
298
295
296
301
294
297
298
293
307

3.L
36 .6

7,7
3.2

3r .3
3.7

42.L
40.0
5.3
6.7

1;0
3.6
5.1
3.2

0.6
2.O
0.9
0.6
1.9
0.7
2.2
2.L
0.8
0.9

298 4.2
294 r.7
297 13.4
296 l.s
315 0.7
293 t.5
309 S. r
307 38.S
293 2,5
309 I.4

294 2.0
297 3.5
296 3.6

o.7
0.5
L.2
0.4
0.3
0.4
0.7
2.O
0.5
0.9
2.2
0.5
0.6
o.7

DX39 r ¡ßXICO 8156

aef

2g5 17,7abcrm 1.4

293
297
296

0.7
0.8
0.6

0.4

0.4

0.4

293

296

295

DX59

Itlexico 81

Äverage

1.6

1.4

1.5

CV(days)
I'feanÀlean I I

(days) fVariancel CV

I4ean I I

(days) lvariancel CVCVdays)Parent
Mean

l, luori*""

Fq-within F3lines
(n=20)

F3 - within F2lines
(n=s0)

number

F2
farni I y

F2
(n=r30)

Parents
(n=r30)

Variances followed by the same letter are significantly different, P < 0.05

296 12.4

17.2q
296 27 .9

ij1 r.1

1.8

295 20.r

6.3q
29s 25.5

hjk r.s

1.7

Average

Variance of fanily means
Statistics for aI1 lines pooled

OLYMPIC * DX39

0lynpic 298

293

296

0.7

1.6

0.3

0.4

0.4

296 z6.zchi t.l
DX39

I
2

3
4
5
6
7
8

9
10
l1
12
l3
L4

298
297
297
298
290
295
29r
296
295
296
294
294
295
298

2.8
2L.s
25.2
23.7
4.6

l4 .0
6.7

30 .0
31 .9
26.3
16.1
28.4

0

I
I
I
0
I
0
I
1

I
I
I
1

I

.6

.6
a

.6

.7

.3

.9

.9

.9

.7

.4

.8

.5

.8

299
299
303
294
290
295
292
30r
298
297
293
299
288
296

0

24
5

2

4
6
)

30
4I
19

2

20
4
8

9

6
3

9
5
5
4
J

7
5

I
2

0
1

0
0
0
0

0
I
2

I
0
t
0
1

.J

.7

.8

.5
I

.9

.5

.8
)

.5

.5

.5

.?

.0

Average 1.2ck1

Average of
3 parents

Average of F2rs
296 1.3 0.4 296 2L-9 1.6

19 .9
29 -9



TABLE 6.14

Hierarchal analysis of variance of heading date o lines fron different
generations of 2 wheat crosses in two experinents

Hè
c¡.

Experinent Site Gener-.+tron
analysed

Source of variation
D¿

fJ

grees
of

eedom

Mean
squales F

Variance
components

Plots 1975 Roseworthy Fg* Between crosses
Between F2 within crosses
tsethreen F3 wíthin F2

1

26
t932

243
1594

42

0.2
38.3

¿¿ 0
22
42

0
35
65

Plots 1976 Mortlock F3 Between crosses
Between F2 within crosses
Between F3 within F2

I
26

372

752
519

17

r.4
50.6

?t* 0.3 1

37
62

10 .0
L7 .A

F4 Between crosses
Between F3 within crosses
Between F4 within F3

1 L76r
676

11

2'6**
62.5

3.9
33.3
10 .8

B

69
23

26
s32

+ Data for each generation hlere measured using lines derived

*
P<0.05;**P<0.01

that generation

9o of
total
vari-
arìce
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I'ABLE ó.15

The variability of plant height of 3 parents and successive generations
of 2 whcat crosses nrcasured on si.ngle plânts at conrnercial density, Roseworthy 1975

1931 19.1

73

95
73

lozcd 14 . I

Variance of farnily rneans
Statistics for all lines pooled

Average

148
7L 206n 2o.3

71 67bce l1.l

I
1

5
7
0

t3
l9
I

l6
11

55
60
80
90
76
60

1

9
I
?

0

25
36
40
62

L02
43

7
9

34 7.4

142
138

70
69

87
73

DX39 i MEXTCO 8156

CV( ctn)
Mean

1y

,rade

15

cvCVCV
Tl"lean

F2

72

88 37

69

75

140

94
23L

46
158

37

9.
9.
7.
L

13.
11.

11

!3

15
16
L7
18
l9

I
2

5

4

6

54
91

37
24

I59
?9

r47

38

66
77 t24 r4.47r lrsablt

Parent (cn)

8.4
17 .7

6.9

16 .4

l) .2
8.3

17 .5
t0.7
19.3

54
59
72
83
63

13.1

16.8

97

L34

l0 .6

9.7

t0.2

58

84

7I

DXs9

Mexico 8156

Average
17.0
16.9

llean
(cm)

F4 - within F3lines
(n=zs)

F2 - within F2lines
(n=7s)

F2
(n=22s)

Parents
(n=22s)

70
77
80
7L
55

88
55

s4
88

8.4
13.t.

Variances followed by the same letter are significantly different, P.< 0.05

82 r07hik L2.4

138
82 230n 18.5

7S lzggrJ 14.8

99
75 22L 19.8

Average

Variance of family means
Statistics for all línes pooled

OLYÌ"IPIC * DX39

Olyrrpic 9ó

58

67

38

8.5

10 .6

9.ó

76 trrf8hn 18.2 5

7
I

74

s4
88

89

72
74
83
7t
70
70

80
87

L32

24
L04

L26

ls.6

9.1
11.6

t2.5

82
74

73
86

l0
l2

L3
10
13
12

4

5

7
5

ð
6

DX39

Average 77 ssfjk 93
90
89
86

163
89

149
t16

10

t3
15
l6
t7
18
t9

r20
149

64
91

l9l
204

l5
16

9

l3
19
20

I
6
6
4
7

6 76
59

20
2L

130
96

t4 .3
tL.2 85

83
92

100
61
76

96
101

75
29

23L
14s

77
63

L2.9
l6 .9

L0.2
6.4

r6.5
L2.T
L4 .4
l0.s

Average of
3 parents

Average of F2rs 22 77 285 2L,9
79 S7 9.6 7 4 lss 16.

23 62 95 LS.7
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TABLE 6.16

The variability of plant height i.n plots of 3 par:ents and
successive generations of 2 wheat closses, Roseworthy

197s.

OLYMPIC * DX39

3.097 80lympic

DXs9

Average

Average of
3 parents

687

838

838

df
3.9

3.5

3.4

1

2

5
4
5

6
7
B

9
10
11
I2
13
L4

97
89
BO

84
78
74
6T
91
90
91
78
94
7B
B2

48
64
95

T12
66
7T
32
78
90
82
3B
7L

105
50

deh84 116 12.7

Average of F2rs
82 TT2 T2.9

7.2
9.0

12.3
12.7
10 .5
11.4
9.2
9.7

10 .6
10 .0
7.9
8.9

13 .1
6.7

83 65e

85 153h

9.9

14.9

BO

80

64

170
g 

16.3

9.7bc
Average

Statistics for all lines pooled

1

2

3
4
5
6
7

8
9

10
11
L2
13
T4

86
77
90
95
63
98
89
79
75
63

101
79
51
63
13
T3
20
66
93
4I

i0.3
14.6
12.0
r0.7
17.i
12.6
7.9
8.3
5.7
3.6
5.0

10 .3
12.9
r0.2

76

Mexico 81 3.3

DX39 68

76

84

gac

7

8

13.1B 0 tOB
oòab

DX39 * NÍEXII]O 8156

6B
r27

BO

75

BO

77
75
81

Vari -
ance cv

Mean
(cm)CV

Vari-
ance

Mean
(cn)CVance

Vari -Mean
(cm)Parent

Parents
(n= 130)

F3- within F2lines
(n= 70)F2

fanily
number

F2
(n=.130)

Average

lines pooledStatistics for all

Variances followed by the same letter are signi.ficantly different,
P < 0.05
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TABTE 6.17

the variability of plant height in plots of 3 parents and successive
gcnerations of 2 wheat crosses, l*lortlock 1976.

Variance of faurily rneans
Statistics for al1 lines pooled

Average 6.3

80
143

161no ls.s

80 tncdf

78
67

L0.2bde

lzino t4.4

78 66

l0.s
7.t
5.6
7.2
6.1
8.7
6.9
6.r
3.S
4.5
4.?-7 

.z
6.1
4.1

82
35
2I
35
35
31
41
30

5

L7

87
80
8l
82
97
65
92
89
6s
9l

6
5

4
5

9
4
2

I
4
õ

5
0
3
3

10
l4
12
11
10
l3

9
7

6
5
7

1I
13

9

72
26
83
83
81
92
6l
41
t7
27

81
77
74
80
82
?2
85
90
64
90

I
2

3
4

5

6
?
8

9

10

62
62

77
76
63

DX39 * I'IEXICO 8156

I4- 3=.5-=.

I
11

6
L4

66

82

74

Bo ,rabcnn

72
100
34

4.8

5.8

5.3

DX39

tlexico 8156

Average

10

23

77aef

llean
(cnùCVlu".r"..J

Me a¡r
(cm)ar1 anc CV

"lt,
Mean
(c')Parent Vari an cv

I

celCVlu"'r,".J
I'lean
( cn)

F3-withinFlines
(n=s0)F2

ani I

F2
(n=r30)

Parents
(n=130)

F4-withinFlines
(n=20)

Variances followed by the sane letter are signficantly different, P < 0.05

Average

Variance of fanily neans
Statistics for all lines pooled

81 42ijl 7.7

81 :23q 13.8

9.9

60

60hjk78

78 115P t3.7

7
2

J

9
2

0

0

6
2

4

0

I

6
9
7
7

5
I

9
ll

8

5

9
6
6

41
59
41
38
L4
38
22
73
86
45
T3
75
22
24

95
84
88
78
72
77
61
9l
84
78
69
92
78
81

5

5
5

5

7
0
0

8

0
9
)
5

8
7

I
9

lc
10

8

12
10

8

11
9
9

l0
9
9

53
58
68
68
39
72
37
56
85
70
43
84
53
56

88
82
79
78
72
77
61
85
84
85
7L
89
7S
77

I
2

3
4
5
6
7
8

9
10
ll
T2

13
l4

Average of Fers

OLYMPIC * DX39

1l80 80 8316 5.0

139k1

16

10
Bo g2chipq tt.

Average
of 3 parent

4.4

4.8

4.6

01¡rrpíc

DX39

Average

9l

66

79



TABLE 6.18

Hierarchal analysis of variance of plant height of liries
generations of 2 whealu crosses in a number of experünen

from different
ts.

H(rl
O

Single
plants

1975

Experinent

Roseworthy

Site

Fa

F3
+

Generation+

analysed

Between crosses
Between F2within crosses
Between F3within F2
Between F4within F3

Between crosses
BetvJeen F2within crosses
Between F3within F2

Source of vari-ation

1

12
63759
17976

4425
87

3.5
4.L

51.1

**
**

44
91
58
87

16
33
2T
31

,T4
2069

1

26
2A72

3266
7293

118

0.4
6L.7

0

96
118

0
45
55

**

Degrees
of

freedon

Mean
squares

F
Variance

components
% of total
variance

Plots 1975

Plots 1976

Roseworthy

Mortlock

Fa

F3

F3

Bethreen crosses
Between F3within crosses
Between Fawithin F3

Between crosses
Between F2h¡ithin crosses
Between F3within F2

Between crosses
Between F2within crosses
Between F3vrithin F2

1

26
532

10
2320

36

o'o**
6s.4

0

II4
36

0
76
24

I
26
32

4793
7200

67

0.7
r07 .7

** 0

L02
67

0

60
401

1

26
r372

7

3L75
63

o 'o**
50.2

0

62
63

0

50
50

* D.t" for each generation were measured using lines derived fron ¡that generation

P < 0.05 ** P < 0.01*
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i:rdiviclual l"ines variecl , as nany ljnes l\'3re as uniform as the palents in

the FO or even the Fr. The total cross variability was greatly increased

wjth advancing generations (tables 6.15 to 6.I7).

The greater degree of unifornrity of FO lines rr'ithin FS't,

compared with the Fa lines within F2'r, is also indicated in the hierarcJral

analyses of variance (tabte 6.18). Analysis of lines derived fron the F,

showed that 40 to 55 per cent of the variation rvas attributed to variation

betrveen F, lines rvithin ,r't, but rr'hen the FO derived lines were analysed,

variation i¡etween FO lines rvithin Fars accountecl for only 24 to 31 per cent

of the total variati.on. Consiclerable fixation for plant height had

occurred apparently by the Fr.

4, Ilarvest index

The environmental variability was much lower for harvest index

(tables 6.5, 6.19 and 6.20) than for grain yield (tables 6.5 to 6.10).

Harvest index of the parents was less variable when measured frorn p1c'ts

(table 6.2ù) than when measured on single plants (table 6.19). Plants

at low density (table 6.5) were slightly more variable than plants at

commercial clensity.

The F" was significantly rnore variable than the parents, except
¿

for the Olympic * DX39 cross in plots at Roseworthy in 1975 (tabte 6'20).

In that situation Olympic was more variable than the other parents and the

F, rvas significantly more variable than the second parent of the cross,

0X39. The variability of lines in successive generations was reduced, and

when rneasured on single plants, the aveÍage variability of FO lines was not

significantly greater than the parents (table 6.19). As with the other

characters, tìre degree of uniformity varied considerably between different

lines. In contrast to other characters, the total population variability

for harvest index t/as not consistently increased with successive genera-

tions (tables 6.19 and 6.20).
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TABLE 6.19

The variability of harvest index of 3 parents ar.d successive generations
of 2 uheat crosscs ¡neasured on siiìgle plants at con¡ne¡cial density, Roseworthy 1975.

4l

4I

)1

31

bc 11.2

10
13 .5

41 32cd ts.4

l5
41 4ù 16.0

Average

Variance of fanily means
Statistics for all lines pooled

DX39 r MEXICO 8156

DX39

Mexico 81

Average

4t 27 t2.7

10.6

1l .7

4s J4abj ls
44

I

2

3

4

6

7

9

44 13 8.0

s7 42 t7.3
39 2s L2.3

41 r.9 10.4

40 28 t3.2

40 s4 r8. I
39 74 22.0

44 L2 8.0

42 34 r4.0

4s
40

72
25

7.6
12.5

43 ^-adt:t 58
41
42
44
4r
4S

27
23
l6
I7
22
I5

13
11

9
9

t1
8

6

I
5
6

ll

l3

37
35
45
42
41
58

13
2l
65
13
22
2L

9.6
12.E
r8 .l
8.6

11.5
12.0

15
l6
t7
t8
19

49
36
46
4S

37

26
65
I6
l9
23

10
22
I
9

T2

4

5
8

6
a

vorion."l c1

Mean
(%)C\T

I'lean
(%) Lurr-..

F2
Êami I y
rumberI

"n."1 
cvVari

l.lean
(e"\Voti a.ra"l CV

l¡t"-
I rzlParent

Fq - within F3 li.nes
(n=7s)

F3 - within F2lines
(n= 7s )

Fz
(n=22s)

Parents
(n=2 2s )

Variances follorved by the sarne letter are significantly diffe¡ent, P < 0.05

zTch 13.4

3r. 74.6

38

5

38

36 3sfhi ró.3

18
36 5l 79.7

Average

Variance of family neans
Statistics for all lines pooled

OLYIÍPIC * DX59

Olpnpic 4r

4I

4l

25

27

26e

12.3

12.7

12-s

48"fg 12.9 37
39

27
11

14 .0
8.5

37 18.9 5

7

I

40

41
39

36

37
35
40
39
26
31

4r
37

27

16
69

28

DX39

Average 1
9.8

2L.2 40
40
38
38

18
47
34
26

10 .6
I7.5
l5 .3
13.4

10 L4.6

15.0
20.2
12.6
14.9
25.L
L7 .0

l3
15
l6
L7
l8
19

3l
49
2S

5J
43
27 35

J5

37
40
5t
38
37
4l

28

56

27
I

29
l4
60
I2

l5 .2
r8 .0

20
2L

2l
23

1l
13

3
0 14.l

7.3
L4.4
9.8

2]-O
8.4

Average of
3 parents

Average of F2 rs 22 34 78 25 .9

15.0
42 25 r1.9 40 41 16.3

23 35 28
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TABLE 6.20

The variability of harvest index in plots of 3 parents and
successive generations of 2 wheat crosses, Roservorthy 1975.

36 25 15.9

rr.7b36 18Average

Statistics for all lines pooled

10
T4

38
38

8.4
9.7

11
t4

7

B

I

6.s

6.5

6.5

1

2

4
7
0

39
32
58
35
32

10
47
I3
23

9

8.2
2L.6
9.3

13.5
9.2

Average 42

42Mexico 8156
17.7

4TDX39

DX39 * IvIEXICO 8156

1

ab

39 2ta

ance
Vari-Mean

(%)ance
Vari

CVI

It{ean
(%)CV

Vari-
¿mce

Mean
(%)Parent CV

F3- rvithin F2lines
(n=20)F2

fani ly
number

F2
(n=40)

Parents
(n=20)

Variances followed by the same letter are significantly different, P < 0.05

35 15
d 11.1

3s L7 11.9

Average

Statistics for all lines Pooled

OLYMPIC * DX59

0lympic

DX39

Average

37 18 11.4

41 7td 6.5

39 L3 9.0

s4 L7c 12.3 3

5

6
7
B

9
I

31
36
55
35
55
35
55

23

6
15
t3
L7
16
15

15 .5

Average of F2rs

6.7
11 .0
10 .5
TL.7
11.3
10.9

Average of
3 parents 40 11 8.1 36 19 L2.A

1



TABLE 6.21

Hierarchal analysis of variance of harvest index of lines from
different generations of 2 wheat crosses in two eScperinents

ts
(,rt
Þ

Spaced
plants

I975

Experiment

Roseworthy

Site

Fa

F
J

+

Gener--+tr-on
analysed

Between crosses
Between F2 within crosses
Between F3 within F2
Between Fa within F3

Between crosses
Between F2 within crosses
Between F3 within F2

Source of variation
Degrees

of
freedorn

Mean
squares F

Variance
cornponents

%af
total

variance

2

L

12
74

068

5794
763
297

25

+

7'6*
2'6**

T2.L

4.8
3.r
3.6

24.6

T3

10
6B

1

26
2072

L3329
116 9

34

11 .6
15 .1
33.7

19
25
56

2k*
11.4**
34.7

Plots 1975 Rcseworthy F3 Between crosses
Between F2 within crosses
Between F3 within F2

I
T2

265

I46
123

16

1

7

2** 0.2
5.5

16 .4

1

24
75

5

* D"t. for each generation were rneasured using lines derived

P < 0.05 ** P < 0.01

om that generation

*
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l-ike grain yield, the greatesb contribution to the total variation

of harvest index came from between lines of the generation being analysed

(tab1e 6.2I), e.g. when the F, data were analysed, 56 to 75 per cent of

the total variation came from between F" lines within F2't. The proportion

of variation of harvest index contributed by these lowest 1eve1s were less

than, or in one case equal to, the corresponding variation for grain yield

(conpare table 6.11 and 6.2L) .

5. Pearling resistance

'Ihe F, generations were signíficantly more variable than their

parents for pearling resistance (tables 6 .22 and 6.23). The F, of the

DX39 * Mexico 8156 cross was much more variable than the other cross as it

involves perents with soft and very hard grain. The Fr, FO and F, showed

a trend to unifornity, and this was particularly obvious for DX39 * N{exico

8156. However, the F, was stil1 significa:rtly nore variable than the

parents. The total cross variability increased signíficantly in success-

ive generations for DX39 * Mexico 8156, but no increase lvas evident for

Olympic * 0X59.

'Ihe approach to rmifornity of pearling resistance is also clear

from the hierarchal analyses of variance (tabte 6.24). A high degree of

hornozygosity had been achieved by the FO, as when the F, lines were

analysed, only 5 per cent of the total variation hras attributable to vari-

ation between F, lines within F4tr. The variation between crosses was

much rnore inportant for pearling resistance than other characters, as

the nagnitude of the variation generated was quite different for each

cross.

6. Flour y-ield

The variability of the Frrs was significantly greater than the

parents for flour yield (tables 6.25 and 6.26). The FS, F4 and F,
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TABLT. 6.22

T'he var:iability of pearling resistance of 3 parents ancl
successive generations of 2 wheat crosses grown in p1ots, Roseworthy

1975.

Average

Statistics for aLI data pooled

5'¿

56
51
53

.'¿

.5

.0

.4

34.6
43.5
29.r
50 .5

Lt.5
II.7
10 .6
13.3

7

10
11
T4

5U.¿ ¿.U '¿.9AVerage

1

2
4

2.6
ql.

53 .3 36 .ga 11 .

r.4
DX39 * MEXICO 8156

.7 28.4

.1 64 .3

.5 33 .2

3.0

2.7

39 .3

61.1

DX39

Mexico 8156
54
53
52

9.7
1.5.1
11 .0

Mean
(%)Parent ance

Vari-Mean
(e")CV

Vari-
ance

Mean
(%)CV

I
I

i

i
¡

ance
Varí -

CV

F2
fanily
number

Fz

(n=70)

Parents

(n=70)

Fg-within F zlines
(n=20)

b53.3

53.3

40 .5

41.5

11 .8

L2.I

Variances followed by the same letter are significantly different, P < 0.05

43.7

42.7

7.4d 5.8

7.4 6.2

Average

Statistics for all lines pooled

OLYMPIC * DX39

0lympic

DXs9

Average

40.0

39.3

39.7

46.8

2.2 3.7
44.2 5.9 s.s 3

5
6
7
8
9
1

43 5

5
3
B

9
3
5

6.4
3./
4.4

19 .9
2.6
6.2
8.6

5.8
4.4
4.7
9.9
3.7
5.7
6.7

L.4 3.0 43.
44.
44.
42.
43.
43.

1.8cd 3.4
Average of Fzrs

Average of
3 parents 2.L 5.1 48.8 2I.4 8.5

1



The variability of
generations

Pe
of

ls7

TABLE 6.23

arling resistance of 3 parents and successive
2 wheat crosses grown in plots, Roseworthy

1976.

F5- within Fqlines
(n=1s)

49 .1 3.gdtfi4 ,2

l12.rq
49.1 100. zrtu2o.4

40.B 4.4InP 5.0

cv

DX59

Mexico 8156

Average

0lympic

DX59

Average

Average of
3 parents

3s.4

61 .6

48 .5

4.1

2.8

3.4

2

5
8

l0
11
l5
l4

2.1

2.9

,aghi2

DX39 T MEXICO 8156

49.5 47.oabcdÌ 13

OLYMPIC * DX59

40.6 5.gjkvwx 6.0

Ave¡age of Fzrs
45.1 26.5 10

47
56
43
51
49
42
49

42
44
42
38
39
42
39

I
2

4
5
6

10
11

I
6
0
3
a

2

0

I
6
9
4
5

0
5

aa

2.4
5.5
1.9
5.7
5.4
3.6

4
5

2

0
I
8

5

25
23

3

56
46

3

41

40.9 6.0
44 .s 6.1
42.r 5.7
58.0 2.3

7
0
8

3

7
4

7

6
5

I
6
I
6
2

45 .1
40 .0
3.7

60 .6

4.4
4.9
4.5
1.6

40.5
58 .0
44.4
s4.9
51 .5
40.4
48 .8

10
8

4
L4
l3

4
13

3.3
8.0

14.5
15.1
l0.2
5.5
6.6

4.3
6.1
2-2

3.2
5.5
3.4

40
59
4l
62
59
40
39

5
4

3

t2
T2

4
16

I
3
3
2

J

7

0

4.1
2.6
s.6
2.2
4.O
5.8
4.8

6
5
5

4
5
J

5

42.0

55.4

38.7

46.s

3.2

4.L

3.7

3.4

4.5
5.2
4.3
5.4
5.9
5.0
3.5

1.8

2.L
40.4
45.3
42.7
38 .8
37 .4
42.2
38.7

1.9
t2.6
37 .7
2s.4
16.1
5.4
6.7

.0
.5
.7
.0
.1
.3
.6

2.ojnoP

2-3
39.s 4.0
42.2 2.0
58.4 4 .7

s-4
40.8 8.9x 7.3

Variances followed by the sane letters are significantly different, P < 0.05

Variance of fanily neans
Statistics for all línes pooled

Average 48.4 23.2cft 8.3

47 .8
48.4 65.ssu 16.4

48.4 28.sbeg 9.9

24.rq
48.4 47.9st 14.3

(e¿)
Mean

CV
Vari-
ance

Mean
(%)Parent (r)

I'le an
cv

Vari-
ance

Vari -
ance(%)

l*tean

CVI

Vari
ance ance

Va¡i-
('a)
Mean

CV

(n=70)
Parents F2

Fami 1y
rrunber

F2
(n=70)

F'+- within F3lines
(n=20)

F3- within F2line:
(n=20)

gv 10. s

41.3 15.11m 8.7

4.9
41.3 18

Variance of family neans
Statistics for all lines pooled

Average

' 7.g

40.8 5.gklo 4.8

7.7
40.8 10.4



TABLE 6.24

Hierarchal analysis of variance of pearling resistance of l-ines fron different
generations of 2 wheat crosses in two experiments

Data for each generation hrere measured using lines derived fron that generation

F
(rl
oo

+

Experinent

Plots 1975

Plots 1976

Site

Roseworthy

Roseworthy

Gener-.+
tr-on

analysed

F3

+
F3

F5

Fa Between crosses
Between F3 within crosses
Between F4 v,rithin F3

Between crosses
Between F2 within crosses
Between F3 within F2

Between crosses
Between F2 within crosses
Between F3 r^rithin F2

Source of variation

Between crosses
Between F4 within crosses
Between F5 within F4

Degr
of,

freedon

ees
Mean

squares F
Varíance

components

9o of
total

variance

1

u9

3470
870

4

24.9
58 .0
4.r

29
67

5

*tç

5

2

1 4.0
2I0.6

1

L2
294

4099
546
I4

*
5**
2

2s.6
26.8
13 .6

39
4t
21

7

40

&¿

4
6
92

1

46

¿5
0

26s

6

5555
29L

22

6534
37
24

I79.0
1.5

12.2::
13.4

23.4
15 .5
27.6

40
23
37

65
1

34

1

2

1

!2

*
P<0.05; **P<0.01
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TABLE 6.25

The variability of flour yield of 5 parents and successive
generations of 2 wheat crosses groI,ür in plots, Roseworthy 1975

Average

Statistics for ä11-1ines pooled

I4

ance
Vari-Mean

(e")CV

Vari -
ance

Mean
(e')CV

Vari-
ance

Mean
(v")Parent

Parents
(n=70) F2

fanily
nurnber

F2
(n=70)

F3- within F2lines
n=20

C\T

DX39

Mexico 8156

Average

s7.4

s6 .7

57.r

1.1

1.0

1.Iab

1.5

1.1

1 .scd

I.2

DX39* MEXICO 8156

58.5 4.44 3.6 58
1.8

1.8

1.8

OLYMPIC * DX39

ce59.5 4.2 3.5

Average of Fzrs
59.0 4.3 3.6

t
1

1

2

4
7
0

3

5

6
7

I
9
1

.1

.7

.3
,3
.5

56
5B
59
58
59

4
7
3
2

1

2

9
5
6
4
4
5

3.8
4.8
z1

2.6
2.0
2.6

56.8 1.6 2.2

0lympic

DX39

Average

Average of
3 parents

65 .1

s7 .4

60.3

59.1

2.0

1.8

1.9

1.9

58.2

sB.2

57 .8

57 .8

3.4

4.2

4.6

7.8

3.0

3.5

3.6

4¡8

1

57
57
55
55
60
59
59

7

1

4
2

0
I
1

5.4
2.9
3.8
4.0
3.1
2.5
3.5

9.8
2.7
4.5
4.9
3.3
2.3
4.4

b

cl

e

Variances followed by the same letters are significantly differcent, P < 0.05

Average

Statistics for all lines pooled
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Ti\BLE 6 .26

The va¡iability of flour yield of 5 parents a¡rd successive generations
of 2 wheat crosses grorrn in plots, Roseworthy 1976.

F5- wiihin F41ine:
In=ts )

l"fean Vari-
(%) irnce

57.0 r.4de 2.0

1.0

c\t

56

54.0

55 .3

61.9

56 .6

59.3

s7 .s

0.7

1.1

1.1

1.5

1 .3hkr

afg
1.5

1.9

DX39 * MEXICO 8156

OLYMPIC T DX39

s8.8 2.ï}.ij 2,8

Average of Fzts

1.E
1.8
1.0
2.r
5.5
2.O
2.0

2.r
1a

3.4
a1

1.9
2-6
1.8

1.1
1.1
U.J
1.4
3.6
1.3
1.3

1.5
2.6
3.9
r.7
1.2
7)
1.1

co

58
s7
55
56
56
56

57.5
58 .9
58 .6
57 .S
57.9
s7 .s
59 .0

)
I
I
3
4
9
7

s7.0 2.2 2.6

Olympic

DX39

Average

Average of
3 parents

r.7

2.2

1.9

1.8

1.5
1.0
2.9
2.0
1.8
4-L
0.9

0.8
1.4
1.3
1.6
2.4
3-7
1.5

I
6
8
J
2

4
3

1.5
2.0
1.9
2.r
2.8
3.4
2.L

59
58
56
57

2.1
L.7
2.9
2.4
2.4
5.5
1.6

58 .8
59 .0
59.3
58.6
57.1
57 .8
58.9

I
2

4
5
6

10
11

58.
58.

58.1 3.2 5
1.1

Variances follor,¡ed by the sane letter are significantly different' P < 0.05

58.1 2 2.4

0.s
58.1 2.3 2.6

Variance of fanily rneans
Statistics for all lines pooled

Average

57.1 2.5 2.7

57-1 2.3c9 2.6

0.7
s7.t 2.5 2.8

57. r 2.Obtf 2.4

s7 .5 2.2
s8.0 1.6
s6.7 3.0
s6.6 1.9
s8.2 0.9
s6.0 3.2
s6.7 1.3

2.6
2.2
3.0
2.5
1.6
3.2
2.0

2

5
8

t0
11
l5
l4

DX39

Ifexico 8156

Average

53
abcd57.4 3.6

6 r.5 2.2
2.7
3.8
2.L
2.r
2.3
2.1
3.1

s8.0
s7 .4
56.9
s6 .4
56 .9
57 .4
56.7

2.4
4.7
1.5
r.3
1.6
1.4
3.1

l'{e an
(%)CV

Vari-
ance(%)

l.lean
ance
Vari

CV
I

Mean
(e")CV

Vari-
ance

Mean
(%)Parent CVance

Vari-

F3- within F2line:
(n =20)F2

farni ly
number

F2
(n=70)

Parents
¡n=70)

F¡+- within F3lines
(n=20)

Variance of fanily neans
Statistics for all lines pooled

Average

t.2
58 .l 2.8 2.9

58.1 1.8J 2.2

2-758.5
60

sB.s 2.oik 2.4

2.3



TABLE 6.27

Hierarchal analysis of variance of flour yield of Lines from different
genetations of 2 wheat closses in twq experiments

F
o.\
P

Roservorthy F3
+

1

T2

266

13
51

4

0.5
L2.B

0.0
2.3
4.0

0
37
63

Plots 1975 tween crosses &+

F2 within crosses
tween F3 within F2

tr

Plots 1976 Roseworthy F3 tween crosses
threen F2 within crosses
threen F3 within F2 2

1

L2
65

r37
T3

2

10.9**
6.2

0.9
0.5
2.0

26
15
qo

Fa Between crosses
Between F3 wíthin closses
Between Fa within F3

1

l2
264

7T

15
2

4
7

7** 0.4
0.7
2.0

t3
2l
66

4

F5 Between crosses
Be'uween Fa within crosses
Between F5 within Fa

1

I2
19s

72
11

2

6
6

+

4**
6

0.6
0.6
r.7

20
22
58

* Drtr for each generation were measured using lines derived f,ron that generation

*
P < 0.05 ** P < 0.01

Experirnent Site

Gener;
tion'

analysed
Source of variation

o"rll"",
dr

freJdo*

Mean
squales

F
Variance

component

9o of
total

variance
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gracluaLly became nror:e uniforrn, with the exception of the F, for the

Olynpic * ÐX39 cross which increased in variability frorn the FO (tab1e

6.26). 'Ihe F, of DX39 * Mexico 8156 was alrnost as uniform as the parents,

but the F, of Olynpic * DX39 was still significantly nore variable. The

lrierarchal analyses of variance (table 6.27) do not indicate any trend to

uniformity, and it is possible that environrnental variation night have

maskecl genetic trends. The total cross variability for flour yield did

not increase with adva:rcing generations.

A comparíson of the decrease in variability within lines for clifferent
characters

The average within line variance in the different generations

conpared to the parents is summarized fol all characters in table 6.28.

The data that best illustrates the overall results have been used in this

srmmary. lVhile there $¡as a general reduction in the average within line

variance as generations were advanced, línes fron the FO were stil1 nore

variable than the parents, usually significantly so, for all characters

measured in this generation. Even lines from the F, were more variable

than the parents for pearling resi-stance and flour yie1d. The rate of

decrease in valiability within lines was sirnilar for all characters.

The uniformity of lines from tire FO can also be compared for the

different characters, by examining the percentage of the total variation

attributable to variation between FO lines within Fgtt. These percentages

were 23% for heading date, 24% for plant height, 2Ieo lot pearling resistance,

66% for flour yieldrand 59 to 67% for grain yield. The much higher values

for grain yield and flour yield indicate that either these characters

approach unifornity al a slower rate than the other characters, or else the

relatively large variation of F* lines within Fr's for these characters

includes a larger environmental conponent. The trends in tat¡1e 6.28

suggest that the latter altemative is nore probable.



TABLE 6.28

Averago varlablllty of 3 parents and successl-vo gene¡atlons of 2 wheat crossos aftot
a nu¡rber of characterg grown in plots. "Xoa

on pedlgreed selection, for

Tho parents aÌe avetages of 2 parents; the P3 and F4 are averages of 14 or 7 lines derived fron these generations (14
for yield, heading date and plant height, 7 fot han¡est index, pearling resistance and flour yield) .

6q

Grain yield
(snlpIot)

-Heading date
(days)

Pla¡t height
(sn)

Harvest index
(%)

Pearling resistance
(%)

Flour yield
(%)

Character

Average of 2

sites, I976

Mortlock 1976

Mortlock 1976

Rosewcrthy
1975

Roseworthy
l9 76

Roseworthy
r976

Experirnent

I
2

1
2

I
2

I
2

I
2

1
2

crossl
Mean

Va¡i-
ance

48
38

13
13

6
4

59

I
I ,aef
åext

74
79

42
39

, aghi

olnoP

, afg
inrr

*z+zf,td

319'

î:Éif

I
I

52
72

gtb
13

I.9
1.9

3.4
3.7

6.5
9.0

5.5
4.6

0.4
0.4

295
296

367
42L

55 .J
.3

CV

Parents

Mea¡
Vari -
ance

ss3 ß7a! r8.z
375 38419 16.5

49:s 47.OaP:d rs.g
40.ó 5.gJK 6.0

85
82

295
296

80
80

t7
26

,abc
28hr

abc
chi

s7 ,4
58.8

L.4
L.7

3.3
2.8

- -abcdJ.O. ..
2.7nr)

59 2ta
s4 rt

11.6
1r .3

tL,7
L2.3

CV

F2

Mean

F3- within

ance
Va¡i

384:1 17.s
340n 16.1

356
359

28
15

15

5

I

11
t1

7

I

4l

obde

ít:L

18b

:siÍf
78
78

36
35

4
3

297
295

t5
20

2,4
2.4

9,9
8,7

L0.2
9.9

1.1
t.s

48.

57.1
58 .5

CV

F 21ine s

Mean
Vari -
ance

351 338b.du 1ó . 6
352 2599n L4.2

3oo s.2:11
296 12,4L)L

80 2s19Í'
81 42L)L

4
I 3

2348
40

s7
58

2.6
2.2

8.3
4.8

6.3
7.7

0.8
t.1

,cft
iklo

t 2.3:c
I 1.8J

cv

F4- within F3lines

Mea¡r
Vari-
an ce

d C"or, I is DX39 * Mexico 8156 ¡ cross 2 is Olynpic t DX39

* Variances of grain yielC are nultiplled by tO-t
Variances fron the sane experinent followed by the sane letter are significantly ,P<0.05

49
40

I
2

13
84

odefl
.í'p

:å1"

4.2
5.0

2.0
2.4

s7.0
58.I

cv

Fs- within F4lines
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BROAD S]]NSE }IERITABILITIES FOR DIFFERENI' CH,ARACTERS

The estination of broad sense herita.bilities for grain yield

gave similar results for the two methods of calculation (table 6.29), but

for the other characters, higher estimates we::e obtained when environilental

variance was estirnated using the average variance of the two parents.

In most insta.nces herj.tabilities increased as generations

advanced.

Fleritabilities of heading date, plant height and pearling resis-

tance were much higher than for grai.n yield or flour yíe1d, particularly

when the environmental variance was estimated from the parents. The

heritability of plant height measured on single plants was lower than when

rneasured in plots. Heritabilities of harvest index were higher than for

grain yield, but not as high as heading date or plant height. The heri-

tability of pearling resistance for Olyrnpic * DX39 neasured at Roseworthy

in 1975 v/as exceptionally 1ow, but this was due to a lack of variation in

this cross, as both parents were soft.

The average heritabilities calculated fron plots, using the

parents to estinate the environmental variance, were 90% for heading date,

BB% for plant height, 6ïeo for pearling resistance, 39eo fot flour yield,

and 25% for grain yie1d. The heritability of harvest index in plots was

54% for one cross but only I6vo for the other. The average heritabilities

of grain yield a¡rd harvest index measured on single plants and using the

parents to estimate the environmental variance t\rere 19% altd 37eo Tespectívely.

The expected genetic advance for grain yield measured in plots

generally increased as the generation of selection was advanced (table

6.30) .

I
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TABLE 6.29

Broad sense heritabilities (%) in different generatj"ons of 2 wheat
crosses for a number of characters tneasured at 3 sites in 2 yea'rs,

The heritabilities in colunns A are based on an environmental
component estinated fion the e1'l'or variance. The heritabilities in
columns B are based on an environrnentaL component estinated from
the average variatrce of the 2 relevant parents.

74
29
47
20

45
20
59
T4

4B
33
15
47

22
2I

7
4T

Roseworthy 1975
Roseworthy I976

-F3
- F3

-Fa
-F5

Flour yield

1

22
66
54

3
69
79
73

5
45
66
97

3B
90
95
98

Roseworthy
Roseworthy

19 7s
L976

-F3
-F3
-Fa
-F5

Pearling
resistance

15
JJ

16
39

32
29

54
34

Roselorthy 1975
Single plant.s

-F3
-F3

Harvest
index

43 6s46 64Single plants - F3

Plant height 56
50
67

92
82
87

64
50
83

94
BO

90

Roseworthy
Mortlock

19 7s
r976

F
F
F

3

J

4

19
23
57

B6
83
93

52
51
B4

93
90
97

Roseworthy
Mortlock

1975
1976

F3
F3
Fa

Heading Date

18 1819 20Single plants - F3

Grain Yield

T4
24
19
25
37
22
34

20
-- - 27':-

29
2t
3I
24
30

11
=--28

24
27
40
27
4s

T4
36
30
35
46
37
51

Roseworthy 1976 - F3

- Fa-
-F5

Mortlock 1976 - F3

-Fa
Av.Ros & Mort 1976 - F3

-F4

15
7

15

10
8

I3

T7
4

t2

I7
6

16

Roseworthy 1975 ' F3
Saddleworth 1975 - F3
Av. Ros G Sad 1975 - F3

tsABA

Data used for
calculation

site and derived
generation of lines)

Charact':r 0lyrnpic*DX39DX39 *MexicoB156
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TABI,E 6 .30

Expected genetic advance for grain yield by selecting tìre 20
per cent highest yielding lines in different generations of 2

wheat crosses.

The her
estinat

it
ed

abilities used we::e based on ¿rn environnental cornponent
fron the average of the 2 relevant parents.

T4 7

L4
932

51

L2
I7

48
7I

4
11

9

11
33
27

Roseworth¡' 1975

Roseworthy I976

Av. Ros. Q Mort. 1976 - F3

-Fa

Mortlock 1976

- F3

-F3
-F4

-F3
-F4
-F5

6
I

5
7
B

10 6

13
I

2I
2B

50
47

1B
25
28

Expected
genetic

advance in
% of the

generation
mean

Expected
genetic

advance in
glams per

pl ot

Expected
genetic

advance in
% of tt.e

generation
mean

Expected
genetic

advance in
grams peï

plot

Data used
for calculation

(site and derived
generation of lines)

DX39 * Mexico 8156 Olympic * DX39
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Environmeni- a1 variabi lity

Fol all characters, environmental variability was less for plots

than for single plants, plants at 1ow density being less variable than

plants at commel'cia1 density. Four row plots were less variable than two

row plots. This was particularly evident for grain yield, and the impor-

tance of a,:curate, and preferably replicated assessments of yield is

obvious.

Heritabilities of different characters

Caution must be used when interpreting the broad sellse heri'cab-

ilities, a:s the estinatiolt of the environmental variation could har¡e been

biased. Environmental variance estinated using the I'er.rorrr variance

cornponent ,:ould be overestimatecl, as it mi-ght have contained a significant

genetic cornponent. This hras particularly apparent for heading date, plant

height and pearling resistance, and to a lesser extent harvest index and

flour yie1d. All gave lower lieritabilities with this method, particularly

in the early generations when the genetic portion of the rrellorrr variance

component could have been relatively large. For these characters, it i-s

more realistic to use the parental variation for estimates of environmental

variability. For grain yield, there was litt1e difference between the two

nethods of calculation. In fact, in sorne cases, the environmental variatrce

r4ras greater when estirnated fron the parents than the trerlortr variance

conponent. The variance of parents can also be an overestination of

environmental variation when compared to heterozygous material, and this

will be discussed 1ater.

Plant height, heading date and pearling resistance were highly

heritable characters, whereas grain yield and flour yield were much less

heritable. Harvest index was noïe heritable than yield, although the

heritabilities for harvest index were not as high as other published values

(Rosielle and Frey 1975; Bhatt 1976, 1977).
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'fhe lieritability of all characters increased with advancing

generations. If the phenotypic var:iance is constart over generations,

a greater response to selection would be expectecl in late generations.

This is ve:ry evident in the expected genetic advances for gra.in yie1d.

This conclusion supports the findings of previous chapters.

rative variabili of rents and F ls

For all characters, the variance of the F, exceedecl the mealr

variance of the parents, usually at a significant level. The F, was

rnore variable than the parents for sinply inherited characters such as

heading date, plant height and pearling resistance. For grain yield ancl

flour yield, tl-re differences were less, even though significant. Thc

differences in variability between the parents and F2rs were greater for

flour yield than for grain yie1d.

Differences in variability between parents and Frrs for grain

yield were greater than those obtained by other authors, who used single

plants (Inmer 1942; Palner L952; Phung 7976). However, the differences

were not great, particularly when it is considered that a basic assumption

in a wheat breeding pïogran is that variability in anF, is far g1'eater

than in the parents or homozygous lines. It is to obtain variability i'trat

the cross is nade. This assunption is also basic to the theory of quanti-

tative genetics (East 1916; Babcock and Clausen 1927),

The conparatively smal1 difference in variability for grain

yield appears to be due to the large influence of environment which masks

the expression of genetic variability. When grown at a corünercial density,

competition between individual plants in early stages of growth nay deter-

nine their yield. This environmental factor may be more important than

genetic factors, and it will occur in the parents and the F2't' lt/hen

conpetition r,ras not present, as with the pla:rts. at low density, the differ-

ences between parents and Frrs were greater, although environmental
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variability was sti1l 1arge. Other factors such as micro-envir:onmental

variation, nust also be irnpottant in deternining the variation in yield

of single plants.

'[he sma1l differences in variability betleen the parent-s and

Frrs for g:cain yield suggest that the genetic variance in the Frís sna1l.

However, in concludíng this, it is assumed that the envíronrnental variance

component :in the F, is equal to the envlronmental variance measured by the

parents. This assumptíon may not be correct. Heterozygous individuals

and heterogeneous populations are rnore stable over differing environments

than homozygotes or pure lines (A11ard 1961, 1967; Griffing and Langridge

1963; Finlay 1964; Qualset 1968). Therefore, the estintation of environ-

nental variance using the parents may be greater than the environ¡nental

variance cornponent in the F' as the F, 1ines, being heterozygous and

heterogeneous, will be buffered to environmental variation over the site,

whereas the parents, being honozygous, will give larger reactions to site

variation. This suggestion is further supported by the fact that often F,

lines hrere more uniform for grain yield than the parents, even ttrough sti1l

highly heterozygous. The difference in variability between the paretits

and Frrs, therefore, nay not give a true indication of the nagnitude of the

F, genetic variance.

If honozygous varieties are less stable to environnental changes

than heterozygous lines, using varieties as grid controls would not give an

adequate picture of site variation for adjustment of intervening heterozygous

lines, The varieties and heterozygous lines could react differently to

environmental variation over the site. It has aLteady been demonstrated

that using grid controls of a va'rLety is of linited value in reducing site

variation, and this could partly l¡e due to the grid controls reacting

differently to the entries being adjusted. Further work is requíred to

investigate whether rnixtures or bulks might givo a getter picture of site

variation than honozygous varíeties.
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Comp arative variabjlity as homozygosjty is approached

As the generations were advanced, the average variability of

pedigreed lines from each generation IVas reduced. This was shorr'n by

averaging the variabili.ties of individual 1ines, and by the hierarchal

analyses of variance. Horvever, all characters were stil1 not as uniform

as the parents, on aveLage, by the FO or Fr. Even wl-ren parents differ by

only three genes, as could be the case for heading date, plant height or

pearling resistance, theoreticai-l_y 33 per cent of individuals could stil1

be hete::ozygous at some loci in the FO (l(night 1968) . Some degree o1:

variability could therefore be expected for these characters in the FO,

and this was obtaíned in these experinents.

If parents cliffer by many genes, as is often suggested for grain

yield, the rate of decrease in variability wi.thin lines should be slov¡er

than fot plant height, heading date or pearling resistance. If the

parents differed by 25 genes for yield, theoretically only 4 per cent of

individuals would be honozygous in the FO, compared to 67 per cent if the

parents differed by only three genes (Knight 1968). It would not be

trrtil the F, that 67 per cent of individuals would be honozygous for yield,

if 25 genes were involved. However, when measured in plots, the rate of

decrease in variability within lines fol grain yield t/as sirnilar to all

other characters. There are two possible explanations for this'

1. There may be only a few inportant genes segregating for yield

in these crosses. The parents may actually differ by rnany more genes for

yield, but these may have only srnall effects, possibly too snal1 to be

detected.

2. The uniformity of lines from each generation was assessed by

conparing then with the variance of the parents, which, being genetically

unifortn, was uSed to estimate the environmental variance. It has been

previously demonstrated that the variance of parents for yield nay be an

overestirnate of the environmental variance applicable to heterozygous
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naterial. 'Ihis rvould therefore give the impressicln that uniforrnity is

achieved iu ¿ur earlier generation than is actually occurring. This a::gu-

ment is supported by the fact that a number of lines from the F, were rnore

uniform than the parents.

It is possible that both these explanations apply.

Applications of variability results

It rtras envisaged that the most efficient early generation selec-

tion would occur when the character being selected was relatively unif'orn.

There n¡ou1d be mininal bias in a plot in the absence of variability, and

the effect of segregation after the gene:ration of testing rvould be reducecl.

It is difficult to be certain of rvhen adequate uniformity has been achieved,

as complete uniformity is lìot essential. Furthermore, while on average

there is a steady trend to unifornity, many individual 1ines become uniforn

before the average.

For grain yield, it might not be essential to have genetic

unifornity before selection is comrnenced. In fact, it rnj ght be rnore desir-

able to retain some variability to make use of the greater buffering capacity

of heterogeneous populations. It night only be necessary to attain uniforrn-

ity of plant height, headi.ng date and agronomic tIpe, to avoid bias caused

by variability in these characters.

This argument can be extended to fixed lines and varieties.

Traditional,ly, genetic uniformity of all characters has been an ain in

developing a variety. But by aining for cornplete genetic unifornity for

grain yield in a variety, we rnight be creating varieties that are poorly

buffered. While it is necessary to have honogeneity for plant height,

maturity, agronomic type and quality characteristics to satj.sfy market and

seed requirements of a variety, it rnight not be necessary to have coniplete

honoge¡eity for grain yie1d. By retaining sorne variabili.ty, the variety

as a crop rnight be more stable and higher yielding.
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Total population varj.ability

Although the variability within the pedigreed lines decreased

rcith advancing generations, the total cross variability increased for all

characters, except harvest index and flour yield. This increased gerretic

variability is a result of the heterozygotes segregating to give genot;ypes

not present in the earlier genel'ation. With arithmetic gene action, no

clomj-nance and no gene interaction, the theoretical variance when segre,ga-

tion has ceasecl should be double that of the F, (Wright 1921). With other

genetic systems an increase in variance will stil1 be obtained, theorertic-

aLIy, but it might not be as great (Pahner 1952).

Use of harvest index

As grain yield, particularly on single plants, is greatly

influenced by environment, the use of harvest index in selecting for yield

irnprovement has been suggested (Singh and Stoskopf 1971; Syme I972; Fischer

1975; Bhatt 1976, L977; Donald and Hamblin 7976; Fischer and Kertesz 1976).

It has been shown that variation for harvest index exists (Singh and

Stoskopf I97I; Bhatt 1976), ffid the heritability of harvest index is high

(Rosielle and Frey 1975; Bhatt 1976, 1977). The results on harvest index

reported here agree with these points in that harvest index was less

influenced by environment than grain yield, it was easier to detect genetic

variation in harvest index, and the heritability of harvest index was

higher than grain yield. Hou/ever, these points simply suggest that harvest

inclex might be sinpler to hrork with than yi-eld. The critical question is

whether selection for harvest index in early generations will give a greater

improvement of yield of homozygous lines in late generations than selection

for yield directly. Results frorn chapters 4 and 5 indicate that it will

not.



174

Aht AFqALYSIS OF SITES USEE)

ADIgASüCEÐ WHEAT t¡8SES IN

AñüD IT5 ¡MPL¡EAT!OF{5 FOR.

BRËED¡hüG P URFOSES

INTRODUCTION

Chopter 7

F@R TESTIhJG

AUSTR,ALIA,

PLAF.¡T

An early testing of lines at a nuntber of sites in a nunber <tf

years is a prine consideration when devising a breeding nethod (see chapters

4 ald 5). A question that arises from the findings in these chapter:; is

how does a breeder choose sites for testing crossbred material in the

various stages of a breeding progran?

within any region devoted to a crop it is customary to find

subregions with different environrnents or cultural practices. A variety

that does well in one subregion will not necessarily do well in another,

and variety x environment interactions will occur. The performance of

the cultivars themselves will be the best indicator of the existence of

regions and subregions. Analyses of the performance of varieties at

different sites has been used to divide some states or regions in the

U.S.A. into subregions for variety reconnendations for oats, corn and

cotton (Horner and Frey 1957; McCain and Schultz L959; Abou-El-Fittouh,

Rawlings and Miller 1969)

Various statistical techniques have been used to group locations

with similar environments, using the perfolmance of crop varieties.

Regions of adaptation have been defined by grouping sites which gave l.he

greatest reduction in genotype x location intera.ction (Horner and Frey 1957;

McCain and Shultz 1959; Liang, Ìleyne and Walter 1966) and sinilar sites
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have been grouped using cluster analysis (Abou-E1-Fittouh, Rawlings a¡rd

Mi11er 1969) ancl correlations between pairs of loc.ations (Guitard 1960).

The value of pattern analysis to characterize the value of test sites has

been demonstrated recently in Queensland (Australia) using the perfolmance

of soybeans at four sites in trvo years (Sholter, Byth and Mungone'ry 1977).

It is usual to find that variety x year interactions are greatel'

than variety x location interactions (Rasmusson and Lanbert 1961; chanters

4 and 5 of this thesis) , and using principal component analysis, Goodchilcl

and Boyd (1975) showed that between season variation of yield in the

I{estern Australian wheat belt was greater than within season var:iation.

It is essential, therefore, that investigations to examine the choice of

sites should include an assessment of the effects of different years.

Tris chapter examines a number of questions regarding the choice

of sites for testing crossbred lines in various stages of developnent.

1. Could the wheat growing areas of Australia be divided into a

number of subregions based on the different perfornance of varieties, and

hence should sites be chosen to represent these subregions?

2. WLLI the diffeaences between subregions, or sites representing

the subregions, be consistent between years?

5. How nany sítes are required to test adequately crossbred

naterial over a region or subregion?

4. Can locations be chosen in one yeat to reflect the variation

in a particular subregion over several years?

These questions tvere exanined usin g data fron the va.Tie^Ly testing

prograns conducted by the Departments of Agriculture in South Australia and

Victoria, and data frorn the Australian Interstate Wheat Variety Trials.

These data were subjected to principal conponent analyses to detect the

sinilarity of sites in South Australia, two areas of Victoria, and the

whole of Australia, in a number of years.



176

METFIODS

THE DATA

Principal component analyses were caraied out on data from four

situations

1. Austral:ian wheat belt

Twelve sites over the whole of the Australian wheat growing area

- were exami:ned using data from the Australian Interstate Itlheat Variety

ir¡¿ ls f o..r-I9:74 
-Lg75-andJgl/=6:(figure:2.-1) 

.

These trials, at sites in Western Austral.ia, South Australia,

Victoria, Ì'lew South lVa1es and Queensland, assess advanced breeding ntaterial

contributed by breeders fron throughout the region. The objectives of

these trials aïe to al1ow testing of advanced lines in the environments

experienced in all states before possible registration as a variety, and

to provide the opportunity for breeders to study and use useful breedi-ng

lines. These trials also provide the opportunity to carry out studies of

adaptation.

A group of varieties is grov/n in this trial in tlo consecutive

years, at 6 or 7 sites in the first year and up to 15 sites in the second

year. The 12 sites used in these analyses were chosen beca,use they were

conmon between the Years.

2. South Australian wheat belt

'Ien sites in South Australia were analysed using data fron the

advancecl variety experiments of the South Australian Department of Agric-

ulture for' 1974 , Ig75 ana tSlO (figure 7.2).

These experinents, which include up to 22 sites over the South

Australian wheat be1t, are used to evaluate advänced breeding lines and
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to formulate variety lecommendations. 'Ihe 22 sites ate chosen on the

basis of 1oca1 experience, with rainfall ancl soil type being the nain

criteria. The onJy objectlve basis for choosing these sites on var:j-eta1

performance has been rvhen testì-ng at some sit-es was termi-nated if it t'ras

appal'ent that these sites give the same results as others.

3. Zones 3 and 4 of Victoria

In Victoria, wheat variety recomrnendations are made for eJ-glrt

zones, these zones being separated on a basis of their protein contenÍ:

(-¡,{cCann ancl l{ul1a1y 1971). Data from the advanced variety experinen'is of

the Victorian Department of Agriculture were used to exanine the sirnilarit¡'

of sites rvithín zones 3 and 4, and within zones I and 2 (figure 7.3).

Zones 5 ancl 4 cover the l{inmera area, and rnost of this area is suitab-.e

for soft tvheats only, as the clops glown are 1ow in protein. Zones I and

2 inclucles the lvlallee area, and because of the higher protein content of

crops in these zones, lnatd or soft wheats can be grown.

Up to 32 sites are included in the Victorian experiments, these

being choscn to represent 1ocal variations hlithin a zone, rnainly ba-sed on

experience and soil type. As with the South Australian experirnents,

testing at some sites were discontinued when it hlas apparent they gave

sirnilar results to other sites, and this is the only objective basis of

choos|ng sites in these experiments, based on varietal perforlnance.

Eight sites in the years 1973 to 1976 were examined for zones

3 and 4.

4. Zones 1 and 2 of Victoria

Nine sites in zones I and 2 weye analysed for 1971 and L972, and

ten sites were analysed for 1974, 1975 and L976 (figure 7.3) . The seme

sites were included in 1975 and 1976, but one or two sites were different

in the other years.
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A randomized block design with Four leplications rvas used in all

these experi.ments, except in Victoria where six replications ì{ere sorre'times

used. Plot sizes varied fron 6 to 5osq n ilr the lltterstate h{reat Variet¡.

Trials, from 14 to 58 sq m in the South Australiau experilnents, ancl from 43

to 72 sq m in the Victorian experiments.

For each of the four situations tl{o types of analysis were carried

out

A. Ana1ys is of individual years

The re1âtionships between sites in individual years u/ere compare<1

to determine if sinilarities and dissimilarities were consi.stent over years.

Because the experimeRts wefe designed-to provide data for assessing poten-

tially new varieties, inferior lines were discarded after each yearts trial,.

It was therefore not easy to obtain data which included a large set of

varieties gror4rn at al| sites in a nunber of years. Wrile it would have been

desirable to have a conplete set of common varietj-es between years, it was

considered even more desirable to include as many varieties as possible in

each year.

A substantial nunber of the varieties were groÌvn between years.

Analyses hrere carried out on these conmon varieties alone, and results

obtained were similar to the whole set of varieties. Because the accuracy

of the analyses hras greater using the extra varieties, they will be described'

The conclusions drawn in this section result from analyses ovcr

nany years. The effect of not using corrplete sets of common varieties

between years would be mininal.

B. Analysis of two years conbined

The effects of different years or sites were analysed usì-ng data

from two years conbined. fn these analyses, only values for varieties at

all sites over the two years were used. Because of the nature of the data,

these analyses sometimes included less sites and varieties than the analyses

of individual years.
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PRINCIPAL COMPONENT ANALYSIS

Fox (1977) compared a number of univariate a:rd rnultivariate

methods for their value in characterizing the sites in the Australian

Interstate Mreat Variety Trials in 1975. These included regression

analysis, cluster analysi.s, correlations, analysis of ranks at differerLt

sites, and principal component analysis. He concluded that the principal

component nethod was the nost effective method for grouping sirnilar s:',tes

on varietal performance.

rincipal component analysis transforms a given set of vari¿rbles

into a nehr set of composite variables or principal components, which have

certain properties (Ho11and 1969) .

1. The derived components are uncorrelated with each other.

2. They are linear fu:rctions of the original variates.

3. The total variation in the derived conponents is equal to the

total variation in the original variates, so that no inforrnation .oi""t.ring

differences is 1ost.

4. The first component accounts for the largest possible pro-

portio¡ of the total variation, the second accounts for the largest poss-

ible portion of the renainder, and so on. Consequently the first few com-

ponents rnay explain most of the variance of the data.

No particular assunption about the underlying structure of the

variables is required (Kim 1975). The technique is valuable for reducing

numerous variables to a feh¡ I'hich account for most of the variation

(Ehrenberg 1975).

Scaling problems are elininated in the analysis, as variates are

standardized by dividing each by its standard deviation. The resulting

covariance matrix is the ,ur. r, the correlation natrix. After extr¿rction

of the principal components, rotation is used to give a símpler and more

meaningful pattern of variables.
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In the analyses described here, the first two components

accounted for most of the variation, so only these will be generally

considereé.

RESULTS

1. AUSTRALIAN THEAT BELT

':ffi f -tn--I2:si-esrirere i-ndicated=.ilr_f lEl-re-:.L-

In 1974 two experiments were conducted at Wagga, one sown in May and the

otheî in June. The sinílarity of sites is evident from the grouping in

fi-gure 7.4, where the first thro components are presented. Analyses com-

bining the sites over two consecutive years indicated that nost sites

assessed the varieties sinilarly over the thlo years (figures 7.4a and

7.4b). Exceptions were Dooen and Turretfield between 1975 and L976, and

Dooen between 1974 and 1975. The sane general trend is indicated in the

correlations between years for each si.te (table 7 .I) , In these analyses,

the differences between sites u/ere apparently greater than the differences

between yeaLs.

When individual years vrere consideredrthe sites showed consider-

able differences (figures 7 .4c to 7 ,4e). This is also clear fron the

correlation matrix between sites for t9T5rwhich is presented as an example

(table 7.2). ttrhile overall, the sites were dissimilar, some sites were

grouped indicating that they were sinilar. In 1975 these groups were

di.stinct, and consisted of northern sites (Narrabri, Warwick and Pirri.nuan),

southern sites (Wagga, loo"ir, Turretfield, Urania and Nangari) and

ürestern sites (lVongan Hills and Merredín) . The Guns (in the north), ffid

Walpeup (in the south) urere exceptions, being gìorp"a with the western
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Australian fnterstate Wheat Variety Trials
7974 to 1976. Arrangernent of sites according

to the first two components from principal
component analyses.

Percentage of total variation attributable
to each compgnent is indicated in parenthesis

on the axes.
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TABLE 7.I

Australian Interstate l{heat Variety Trials - correlations between years

* **
P < 0.05 P < 0.0r

*i *
.6r
.37

.80

.69

.62

-55

.44

.58
**

**
**
l*

.84

.53

.50

.46

*

*

*
5I

*

Tur¡etfield
Dooen

Wagga - I'lay

Wagga - Jrme

Warwick

Narrab¡i
Wongan Hills

1975 and 1976
(n=20)

1974 and 1975
(n=20)

Site
Correlations betueen two years

TABLE 7.2

Australian fnterstate hheat Variety Trials - correlations between sites
1975

n=22 fot all conparisons
It* P<0.05; P<0.01

**
.73

*È
.70

' .49
lt

.65
*

.49

.16

.10

-.t7
-.28
- .15

-.42
-.37

.90

.75

.75

.60

.18

.05

.02

-.67

-.42

-.s4
-.06

*É

t*

*t

**

.81

.83

.67

.18

.08

.05
1a

-.56

- .35

-.09
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+*
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sites. However, Walpeup was negatively correlatecl rvith The Guns,

Wonga:r Ilills ancl Nferredin (table 7.2), and it was heavj.ly rveighted on

the third component. l{hen the first and third, or the second and third

conponents r^rere considered, h'alpeup appe.arecl as a separate site and was

not groupecl rsith the westem sites.

Itt L974the sites were also gr,ruped on western and southern

sites, except that Wagga was different to the rest of the southern sit.es

Nortlrern sites could not be included in the 1974 analysis.

Distinct groups were not obvious in 1976 as all sites rvere

dissimilar to one another. However, Merredin, Wongan Hills, The Gums

and Walpeup rvere nore closely associated r^¡ith each other than wj-th the

other sites., md lVarwick and Pirrinuan \l¡ere closely associated.

2. SOUTH AUSTRALIAN WHEAT BEIJ

The locations of the 10 sites throughout the South Australian

wlreat belt were indicated in fi-gare 7 ,2. The three years considered in

the analyses were characterizedby good rainfall in L974, a dry autumn and

winter but ruet spring in 1975, and severe drought u¡rtil October (late

spring) in 1976.

' There was a clear separation of the sítes in each year for the

analyses involving 1974 and 1976 (figure 7.5b), and for 1975 and 1976

(figure 7 .4c). The differences between years were greater than the

differences between sites, as sites rvithin any year were more similar than

any site between years. The diffelence between 1974 and 1975 was not as

great (figure 7,5a), as some sites showed similarities between years.

However, Urania, lVokurna and Ruda11 were quite different in these two years.

The poor comparisons betleen years 1* urro evident fron the

correlations (table 7.3) . The correiations were gonerally higher between

1974 and 1975 than between 1974 anð.1976 or betùeen 1975 and 1976, a result
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Variety experiments for South Australia 1974

to 7976. Arrangement qf sites according to
the first two components frorn principal
component analyses.

Percentage of total variation attributable to
each component is indicated in parenthesis on

the axes.
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which supports the principal conponent ai.alyses. These results indicate

that agreement between years for sites irL South Australia is not good,

The differences betlveen sites were muclì greater in 1976 than in

eitlrer 1974 or 1975 (figures 7.5d to 7.5f).

There hras no consistency in the pattern of sites with respect to

their similarities in the three years (fjgures 7.5d to 7.51) e.g. Wokurna,

Rudall and Urania were similar ín 1974 btrt appeared quite different in other

years.

3. ZONES 3 AND 4 OF VICTORIA

Zones 1 to 4 of Victoria, and the locations of sites were indicated

in figure 7.3. In addition to the analyses presented here, it was possible

to carry out a number of additional anal1'ses of zones 3 and 4, and zones 1

and 2. Those presented here are typical examples illustrating the general

trends obtained.

The two years 1974 and 1975 were quite different in zones 3 and 4

as there was a distinct separation of the sites in the two years on tlie prin-

cipal components (figure 7 .6b), and the correlations ü/ere low (table 7.5).

In contrast, 1973 artd 1974 were sirnilar, as many sites were similar for the

two yeaïs using principal component analysis (figure Z.Oa)ra¡rd the correla-

tions of sites between years were often high (table 7.5). The year effects

between 1974 and 1975 were greater than the differences between sites,

whereas the differences between sites were greater than the differences

between the years 1973 and 1974.

Growing conditions in the years L974 and 1975 were different, as

1974 was wet, and 1975 was dry in auturnn and winter, and very wet in spring.

Conditions in 1973 and L974 were sinilar as both were uret years. Sten

rust, Puccínia gr'øninis occurred extensively in 1973.

Other analyses, not presented here, showed that there were rnajor

differences between 1975 and 1976, giving a separation of sites between the

years, similar to figure 7.6b. Condition, ir, ùZf artd 1972 also caused a



Figure 7.6

192

Variety experiments for Victoria, zones 3

and 4, 7973 to 7976. Arrangement of sites
according to the first two components from

principal component analyses.

Percentage of total variation attributable
to each component is indicated in parenthesis

on the axes.
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TABLE 7.5

Variety experinents for Victoria, zones 3 and 4 - correlations between years

P<0,05; P<0.01

.71

.48

.78

.90

.78

.71

.34

.87

**
**
**
*

-.60
.11

.79

.27

.85

.68

.30

.90

*

l*

Brin
Kaniva

Boort

Corack

Dooen

Donald

St. Arnaud

Dinboola

1974 and 1975
(n=6)

Site
Correlations between two years

1973 and 1974
(n= I 0)

TABLE 7.6

Variety erperirnents for Victo¡ia, zones 3 a¡rd 4 - correlations between sites
1975

n=14 for all comparisons
* tt

P<0.05 ; P<0.01

t
65

58
* t*

t
60

.67

.43

.68

.51

.t7

.48

.83

.76

.81

.71

.68

**
l*

l*

*+

*t

t* **
.37

.41

.44

.09

.72

.80

.79

.61

*t
.79

.s8

.89

t*

t

**
** t*

i*
.78

.7L
t +

.58

Brin
Kaniva

Boort

Corack

Dooen

Donald

St. Arnaud

Di¡iboola

st
Brin Kaniva Boort Co¡ack Dooen Donald ArnaudSites
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grloupi-Iìg ol. sites between years, although the differences betrveen these

yea.rs l'/eÎe not as great.

l{ithin any one yea'I:rnatry sites i-t't zones 3 and 4 gave sinlilar

results, as they t^¡ere comparativell, closely groupecl on the prjncipal com-

ponents (figures 7.6c to 7.6f). An exception lvas 1976, which rvas a se\¡ere

drought ye¿rr, rvhen sites were generally dissimilar (figure 7.4f).

l"here dld not seem to be any consistent pattern of sj-tes over the

four years, With the exception of 1976, the yields of the varieties at

most sites were closely correlated, ìt'ith perhaps two or three sites giving

somewhat dlfferent results. Thus, in 1975 all sites except Brim and Kaniva

were closel"y associated, and this is also apparent from the correlation

natrix between sites for this year (tab1e 7.6). In 1974 aLI sites except

St. Arnaud hJere very similar, and in 1973 aLI sites except Brirn, Boort and

Corack rverer sinilar.

Sinilar results to those presentecl here have been obtained with

other analyses e.g. sites within 1970 and 1972 wet:e dissinilar as in 1976,

a:rd in 1971 all sites were similar.

4. ZONES 1 AND 2 OF VICTORIA

The years considered in the analyses were characteri zed by a good

year climatically in 1971, a veay dry year in L972, very wet years in 1973

and 1974, a- dry autulTrr and winter but wet spring in 1975, and a very dry

year in 19-;6.

îhe analysis of the sites in 1975 and 1976 combined showed that

the differences in the tvro years were great, greater than the differences

between the sites in one year (figure 7.7a). The correlations between

years for the sites also shols poor agrîeeilrent between the two years (table

7,7). Other analyses, involving other pairs of years, al-so indicated that

the differences betrveen years were irnportant,

I\Ihen the years were considered individually, the sites in zones

1 and 2 were very sirnilar in sone years while in other years they were
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Variety e>çeriments for Victoria, zones 1

and 2, L97L, 1972, L974, 1975 and 7976.

Arrangement of sites according to the first
turo components from principal component

analyses.

Percentage of total variation attributable
to each component is indicated in parenthesis

on the axes.



Woome long

Quombotook 75Q
QWolpeup 75

7S
o

|75muWerri
hBeu

n bowRoi 7so

Wolpeup 7óf

f Hoperoun 7ó

fRoinbow 7ó
Woomelong 7ó

7ö'

76o""u
o

loh 76Murroyvi I le
Werri mul I 7ó !

Ultimo

o
G:'

(\¡

Ê
ar.
c
o
cl
E
oo

a) 1975 and 1976
combined ,

using 9 varieties

T
o

N

(\¡

ô¿

Ê
o
c
oê
E
o
(J

-o.8
Component f (362)

o.4

Component 1 (187",

b) 1s71,

c) 1972,

using 10 variet ies

.4

ç

o
N

N

c
o
c
o
cl
E
o
o

using l1 varíeties

!Hopetoun

f Woomelong

Beulohf
f Ulrimo

Murroyvi I lcf

Wolpeup!

Roinbowf

Mononqolono
o iouolrsorooL

I Piro

Woomelongf

f Roinbow

Ulrimof

o
Wolpeup

Beulohf

Hopetounf

Murrovville
o

o
Monongolong

- o.8

Component 1 ( 57'/")



d) 1974,
using 7 var¡et¡es

e) 1975,
us¡ng 13 vaiieties

f) 1976,
using 12 var iet ies

197

Component I (882)

o

o
o
3tt
o
2
o
5

ñ¡

à
à.{

o

o
o
3
It
or
o
5

!\¡

N

-o-4 o.4

Component 1 (76"1,

o

o

o
o
3
tt
o
ot

1\¡

t9

N

è

.o

lleMu

Wol

Plrof
We¡rlmul

Wolpeup

Wer

Cluombotook u lr; oPiro

Roinbow
o

Beuloh¡

Quombolook

Ulrimof

Woomelong¡!

Hooeloun

e¡o2

Wolpeupa

Werrimull!
Beuloh O

Murroyville

.4

Component I (502)



198

TABLE 7,7

Variety experinents for Vjctoria, zones I and 2 - correlations between years

All correlations are not significant at the
5t level

- .59

.35

.40

.37

-.20
.66
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(n=9)

S ite

TABLE 7.8

Variety experinents for Victoria, zones 1 a¡rd 2 - correlations betweên sites
197 5
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quite different. All sites in 1974, an'l all sites except lValpeup in 1975

gave very similar results (figures 7.7ð and 7.7e, table 7.8). In 1976

nany sites gave very different results, particulally lVooneJ.ang, Murrayville

and Quambatook (figure 7,71). In 1971 there r4/ere considerable differences

betv¡een sites, with lValpeup, Rainbornr and Hopetoun being quite differ:ent to

the others (figure 7 .7b). In 1972 the sites experienced clifferent condi-

tions with l\talpeup, Ultina, Rainbow, Hopetoun and Pira forming the extremes

(figure 7 .7c) .

I.híle there dicl not appear to be any clear and consistent pattern

in the distribution of sites in the different yea-rs, l\lalperrp was often quite

different fron tl're other sites, or was the extrene in a range of different

sites. Rainbow also rvas often an extreme site in a range.

DISCUSSION

Definition of subregions

'fhere is evidence from the Australian Interstate l{heat Variety

Trials that subregions occur v'rithin the Australian wheat belt. To

confirn this conclusion, analyses of more years is required, but it appears

these subregions consist of northern sites, southern sites and western

sites. An exception was The Guns which, although a northern site geo-'

graphically, was grouped with the wester;r sites in the two years considered

The grouping of sites was not distinct in 1976 as many areas were subject

to drought. The effect that stress years have on the relationships is

discussed in more detail later. It was not uncommon for a site in one

subregion t-o resemble sites in another subregion in solne years e.9.

Walpetrp was typical of southern sites in 1974, it was different to all

other sites in 1975, and it was closely associated with the western sites

in 1976.
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The occurrence of subregions rvithin Australia is probably caused

by large clifferences in weather patterns between these areas, whereas rr'ith-

in any particular subregion the genelal weather conditions are sinilar-.

No subregions could be detected within South Australia or the

two main wheat areas of Victoria, as there was not a consistent patte:rn of

sites within these regions. Exceptions to this were Walpeup and Railrbow

which often gave different results to the other sites in zones I and 12 in

Victolia. Although the sites in both states were selected largely o:r

soil type, this apparently had no influence on the performance of the sites.

Rasmusson and Lambert (1961) sinilarly concluded that the state of

Minnesota (U.S.A.) could not be divided into subregions on the performance

of barley varieties, as there r{as only a sma1l variety x location inter-

action in tests over that state.

Effects of different years and locations, and the implications in testing

When snall regions are considered, such as the South Australj-an

wheat belt or zones in Victoria, the difference between years in usually

greater than the difference between sites. The agreernent of site.s between

years is often not good, particularly between years that contrast climat-

ically. In favourable seasons, most sites in any one of these snall

regions generally give sirnilar results, although some sites night be

at¡rical . In unfavourable ortrstressrryears, such as 1976, it was common

for the sites to be dissimilar. This rnay be caused by stress occurri-ng

at different stages of plant development at the different sites, and varie-

ties will be affected differently according to their naturity.

In contrast to the situation for sma11 regions, there were large

differences in the sites over the whole of the Australian wheat belt because

the differences between sites in any one yeal v/ere greater than the

differences in sites between years.
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The effects of genotlle x year interactíons cause pr:oblens whcn

the yielcls of early genelation lines in one year are used to predict the

perfonnance of honozygous lines obtained fr:om them in future years

(chapters 4 and 5). It was concludecl in chapters 4 and 5 that year and

site effects should be the prirne consiclerations in a breeding method, a-nd

it was suggested that early generation lines should be selected on the

basis of tests at a number of sites in different years. Also aclvanced

lines must be tested a mininum of four or five years before release as a

variety, so testing in both early and advanced stages of a breeding program

nay be reduced if the effects of di fferent years could be obtained in one

year by the choice of contrasting sites.

Although a range of conditions could be obtained in one state

e.g. lValpeup, Dooen, Kaaiva and Hopetoun in Victoria, the diffelences

betrveen these sites wou1c1 not be as great as the differences obtained

between years.

By choosing appropriate sites over Australia, the effects of

different yeaïs might be obtained in one year, because the differeììces

between sites are greater than the differences between years, over this

region. Dooen, which is typical of zones 3 and 4 in Victoria, was

sinrilar to Wagga and clifferent to Wongan Hil1s in 1975, but in 1976 it rvas

sinilar to Wongan Hills (figure 7.4) . Therefore resul.ts fron lVagga and

Wongan Hil1s in 1975 would have reflected the results that could be

obtained at Dooen in 1975 md 1976. Testing large numbers of breeders'

lines over Australia is not pra-ctical at present, but with further work

a breeder rnay be able to choose, say, tv¡o sites that would adequeately

indicate the effects of different years in his state. Such a proposition

coulcl then be feasible, possibly by cooperation between breeders.
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Nunber of sites

One critical question that confronts plant breeder:s is how many

sites are required to adequately evaluate tl-re performance of crossbrerl

¡naterial in a region? In favourable years, when conditions over the

regi-on are uniform and all sites give sinilar results, very ferv sites

would be required. However, in years wlren groling conditions vary greatly

and sites give different results, a largre nu¡nber of sites would be required

to give a good representation of the region. An optinum number of sj-tes

¡nust be chosen to give reliable results in all years, and it is possible

to calculate the optirnum nurnber of p1ots, years and locations for a parti-

cular set of circumstances using variance conponent estimates (Rasmusson

and Lanbert 1961; Líang, Helme and Waltel 1966; Liang and l{a1ter 1966;

Canpbell and Lafever 1977). Holvever, this number depends on the stage of

testing. Obviously nany sites are required in advanced stages of testing,

but only a few sites can be handled efficiently in trials of early genera-

tion material. Analyses such as those carried out here rnay help breeders

to make a rnore objective choice of sites for use in early stages, to give

the suitable range of conditions.

The need for rnore data

A striking feature that becarne clear in these investigations was

that, although the testing of crossbred naterial at different sites in

different years is important in a breecling program, very little data on

varietal performance are available to investigate the differences betrveen

sites and the best nethod of choosing sites. The data used in :these

analyses are tire most extensive available, ffid yet it was difficult to get

infornation on nany varietigs at enough sites over many years. Even the

Australian Interstate Wheat Variety Trials, which has as one of its ains

to provide data for studies such as these, did not enable conparisons to be

nade involving the same varieties over a number of years for all sites.
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l{hile up to 15 sites are included in the advanced stage of this trial, a

particular set of varieties is grown at aI1 these sites in one year only.

It was not possible to attenpt to explain the relationships between

sites apparent in these analyses, because detailed ínforrnation on climate,

disease incidence, nutrient status, moisture reserves etc. were not available

for the experirnents.

There remains a need for further investigations into the choice

of sites, particularly what environmental and nanagement factors character-

ize a si-te, and what specific factors cause the large differences in per'-

fornance between different sites in some individual years and between the

same sites in different years. While these studies would be involved,

this should be considered in relation to the econornies they could provide.

If the efficiency of variety testing coul-d be inproved by having fewer

sites or more rapid release of varieties, the initial effort and expense

rnay be wortl-uuhile.

. Valuable information could be obtained innediately, with very

little extra effort, by an expansion of existing variety experirnents.

Testing in the Interstate Wheat Variety Trials could be extended to include

testing of each group of varieties at the conplete 15 sites in a second

year, and variety experinents in each state could possibly retain a group

of lines over years instead of deleting those which are inferior. Support-

ing data on clirnate, disease incidence, soil ty?es, nutrient status etc.

would help explain dífferences betrn¡een sites, md there is already a trend

to obtain more of this type of data.

The statistical techniques are available to study the problens

concerning the choice of sites, but adequate field data are needed.
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Chopf er I

GEB\¡ERAL D¡5CUSS¡OF{ AND C@F{C!"USlOsSs

Chapter 4 of this thesis consi,Jered the correlations between

the F, to F, generations, and the value of selecting in each generation

was predicted. The actual response to selection was repoTted in

chapter 5. The results of these two chapters were related to the va::i-

ability within lines, presented in chaptù O. The i-rnportance of select-

ing for yield on the basis of performance in different environments was

enrphasized in chapters 4 and 5, and aspects of choosing sites for variety

testing u/eïe examined in chapter 7. The major findings of these chapters

will norv be integrated.

The value of using the perfoïmance of F, derived lines to predic.t

the perfornìance of near-homozygous lines in the F, can be assessed fron

the correlations between these generations. For grai.n yield, these

coïrelations varied fron 0.10ns to 0.49**, when lines from both generations

were grown in the same environment. Satisfactory improvenent in the F,

was possible by selecting the best F, derived lines. Correlations were

high for plant height, heading date, pea:rling resistance, and flour yieId,

and selecting F, derived lines gave good improvement in the Fr.

As the generations weTe advanced and greater homozygosity

achieved, tlie correlations between lines in one generation and the mean of

lines derived from them in a fotlowing generation increased. fn addition,

the heritability increased, ild the variability within lines decreased.
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Therefore, better preclictions of the perFornance of hornozygous lines

will be obtained by testing lines from late generations than from early

generations. Plots will be nore homogeneous, and the extent of segrega-

tion after the plot trial will be reducecl. However, this does not nìean

that greater inprovements will be obtained by selecting in late gcnerations,

as genetic variability and generation means tnight be reduced by the late

generations.

It is desirable to attain some homozygosíty and homogeneity for

plant height, heading date and agronomic type before selection for yield

is commenced, to avoid bias caused by variability in these characters'

However, it might not be necessary to achieve a very high level of homo-

zygosity and homogeneity for yield itself. By retaining variability for

yieId, the selected lines rnay benefit fron a greater buffering capacity.

Correlations between early generation lines in one year and

lines fron later generations in the next year htere low for grain and flour

yield. Response to selection for grain yield measured in the following

year was little better than random selection. The effect of different

sites also reduced the improvement from selection. In contrast, correla-

tions between years for plant height, heading date and pearling resistance

were high. It is concluded that selection for grain and flour yield

should be on the basis of performance at a number of sites, in different

years.

Harvest index was less i:rfluenced by envilronment than grain

yield, it was nore highly her:itable, and it was easier to detect genetic

variation in harvest inclex than yield. But selection for harvest index

in early genelations was no mor.e effective in inproving grain yield in

later generations in the next year, than selecting for yield directly.

Contrary to some theoretical proposals, it is of little conse-

quence in what generati.on selection for yield is practised. The sarne

inprovernent will be obtained by selecting in early or late generations.
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Whil e delaying selection may reduce the frequency of the best genotypes

in the breederrs population, this is countera.cted by the fact that better

predictions of the performance of honozygous lines are obtained in late

than in early generations. The decision on when to commence selection

for yield can therefore be based on other factors.

T'he requirement of selecting over different environments should

be a major consideration, and it is concluded that lines from early genera-

tions should be tested, not for theoretical reasons proposed in the

literature, but to enable testing across environments as soon as poss:i-ble.

Selection for flour yiel<1 should be carried out concurrently with selection

for yield, as environnental influences are i-nportant for this charactt>r

aIso.

It is concluded that the best nethod of selecting for grain yield

is to isolate lines in an eat1_y generation e.g. the F, inctease seed over

the next generation, and then grow the lines at a nunber of sites.

Choosing appropriate sites is import¿rnt for greatest efficiency. Contrast-

ing sites should be chosen representative of the breeding region. With

present knowledge, the only objective hlay to choose these sites is on the

basis of existj.ng variety experiments. The effect of different years can

be sinulated to a linited extent only, using contrastíng sites in one year

within a state or breeding region. It is therefore necessary to repeat

trials in successive years. The effects of different years for one r:egion

could perhaps be indicated in one year by choosing appropriate sites else-

where in Australia, but at present this is not practical for large nulnbers

of breederrs lines.

A reflection on the experirnents

It is rvorthwhile reflecting on the experiments of this thesis,

and considering whether they could have been ímproyed.
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lhe approach aclopted rvas to use large numbers of 1ines, with

only one replication at each site. Different sites \^Iere used in pr:eference

to two replications at one site, to give sone safeguard, a-nd to assess the

effect of different environlnents. Short.age of seed and the excessive

number of plots that would be involved, prevented more than two pJ.ots of

each líne being grown. It was considere,d that large nurnbers hrere necessary,

so that the populations were indicative of those confronting a plant breeder.

The experirncnts rrere concerned with determining the means and variances of

fanilies of 1ines. It was considered pr:eferable to have a large number of

lines, each of one replication, contributing to these statistics, than to

have a srnall number but with a number of replications. Large nr¡nbers are

essential to obtain reliable measurenents of variances.

An alternative approach would have been to have fewer lines, but

with a number of replicatíons. hhile this would have overconìe some of

the problems associated with envir:onmental variation, the sna11 nunber: of

lines would be a severe linitation, and results would be less applicable to

the true plant breeding situation. In addition, plot sizes would have been

smal ler .

In these experiments, the environmental variation was estinated

using the variance of a number of plots of the patents. However, it was

suggested that this rnight give an overestirnate when related to heterozygous

rnaterial. Better estinates of the environmental variation applicable to

heterozygous material ni.ght be obtained fron a number of plots of F, bulks.

The experirnents could have been improved, therefore, by including F, bulks

of each cross.

speculations and suggestions for future studies

It was suggested that the environmental variatj-on is overestimated

in relation to heterozygous material when measured using the variance of a

variety, because pure lines are less stable to environmental changes than
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heterozygous lines. This had inrplications in assessing the genetic vari-

ance of an Fr, in evaluating the rate of decrease in variability rvithin

lines rvith advancing generations, in calculating heritabilities, and in

the effectiveness of using varieties as control plots. It would be rvorth-

while studfing these aspects using more appropriate esti-mates of environ-

mental var-iance e.g. the variance of plots of an F, bu1k. Further work is

also required to assess the stability over an experimental site of

naterial di ffering in degree of heterogeneity and hete::ozygosity.

The within line variance for grain yield decreased with advancing

generations; at a tate faster than expected if the crosses were segregating

for a large number of genes for yield. lVlìile this nay have been partly

due to the variance of the parents being used to inclicate uniforrnity, it

rvas also suggested that it nay indicate that there were comparatively few

major genes that give measurable differences segregating in these crosses

for yield. It cannot be disputed that there would be very many genes

segregating for yield, but many of these nay give differences that are too

snall to be detected with present methods. As the number of inportant

genes segregating for yield in a cross has inportant irnplications in j-nter-

preting quantitative genetic theories, this warrants further investigirtion.

A considerable amount of work has accumulated which advocates

inproving 1'íeld by selecting for harvest index in early generations.

Many of these studies have not looked directly at the value of selecting

for harvest index, but have considered aspects such as the increase in

haryest index of successive releases of nev¡ cereal cultivars, and the

genetic variability and heritability of harvest index. Comparisons of

harvest inclex and yield have been made, but have generally been restricted

to comparisons within groups of varieties. The investigatj ons on harvest

index in tþis thesis were concerned with selec.ting for grain yield through

harvest index hrithin crosses, so they were more,applicable to the breeding

situation. Further work of this nature, involving more crosses, is
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required. Donald and llamblin (1976) srrggested that harvest index rnay be

a valuable criterion for early generation selectiotì among spaced plants.

This needs to be i.nvestigated withirì crosses, rather than within groups of

varieties.

Àn important finding of this thesis is that selecting for grain

yield in a late generation, aftet randomly naintaining the population, will

give the sarne imp::ovement as selecting in an early generation. Consequent-

Iy, thc sarrre improvement rnight possibly be obtained frorn single seecl descent

or the bulll nethods, than by testing in early generations. This neecls to

be tested using large populations, either by direct cornparison of the

nethods or by simulating the different methods using appropriate data.

A recommendation arising from these studies is that lines from

early generations should be tested in different sites and years. Although

nore evidence is required, it was suggested that the effects of dj-fferent

yeaïs in one state could be obtained in one year, by choosing appropriate

sites over Australia. Flowever, this is not possible for large numbers of

early generation 1ines, at present. A proposal that could possibly be con-

sidered is whether a national breeding prograrn in Australia would have

nerit. International testing of nateri.al from The International Maize

and lVheat Improvement Centre (CIMMYT), Mexico, is now conmon, and in recent

years there has been a trend in Australia for cooperation betleen sta'ces in

the National Rust Control Progran, the Interstate tr\lheat Variety Trials, and

the growing of an elite crossing nursery and a Septoria nursery. The value

of a national program that could grow early generation lines at a number of

sites over Australía is perhaps worthy of consideration. Selectecl lines

would be widely adaptable, and should maintain their performance in

different years. These could then be distributed to breeders in different

states.
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