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SUMMARY

1. Experiments were conducted on parents and hybrids of wheat to compare

the variability within parental populations (P., and Pr) and within hybrid

(Fr) RoOulations and to examÍne the effectiveness of selection at the Ft

generatÍon. In 1975, the P,,r P, and F, of eight crosses were grovrn at

crop density and three of the crosses were also Srown at low density.

For each of these 24 populations al, crop density approxirnately 450 plants

were assessed and for each of the f popuJ-ations at low density 200 plants

vJere assessed.

2. Assessments were made on the chara.cters; head number, total plant

weight, total grain r^reight, maÍn shoot total weight, main shoot grain

welght, mai.n shoot grain number, main shoot spikeì-et number and head length'

tilter grain weight, tiller grain number, height. The frequency cìistribution

means, variances, CVrs, and skews for each character and popula+-i-cn forrned

the bases of the comparisons.

3. It had been anticipafed that as the variances of the F, would have

genetic and environmental components they would be larger than that of

the parents which would have only an environmental component. It was

found that the variances for the F, were not consistently or significantly

larger than the variances of the parents with bhe exception of height.

In several instances the variances of the parents were often significantly

different from each other.

4. The range of the F, distribuLions in most circumstances covered the

combined ranges of the parental distributions. Transgressive segregation

was evident in many characters but its manifestation differed between crop

density and low density.

5. Nearly aII the distributions were significantl5' skewecì. Those

characters which were positively skewed vrere; head nurnber, total plant

I
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r^reight., total grain weight, tiller grain weight and tiller grain

number, and those that were negatively skewed l^¡ere; main shoot total

weight, ntain shoot grain weighb, main shoot grain number, heightt

spikelet number and head J-ength. Similar skews were found for the

characters at both densities but they were stronger at crop density.

6, Heterosis defined a-s occurring when the F, had a mean value t'hat

exceeded the parental means, was evident in many characters at both

densities.

7, To study the effect of selection at the Fr, twenty five percent of

the F, derived lines from three crosses, gro!{n at crop and low density in

1975, hrere grown as FO plots in 1976 (experiment 3) at two locations.

Further plot trials were conducted in 1978 but now with fifty percent of

the F, derived Iines from the eight crosses at crop density and the three

crosses at low density. F4 or F, plots v,rere grown at two locations. In

some trials only one. replicate was grolrn but check plots were given on a

grid pattern j-n the trials.

8. Correlation analyses r¡rere used to estimate the rel-ationship between

characters measured on the Frrs and their derived line (FO or Fr) Rlot

yields. .

9, The significant correlations that were found occurred mostly with the

characters measured on lhe main shoot of the F2t"; mai-n shoot total weight'

main shoot grain weight and main shool grain number. A fer,r correlations

only were found with total plant weight, tolal grain weight, tiller grain

weight and tiller grai-n number. Significant correlations occurred mainly

in the crosses in which the F, showed a larger variance than the parents

f'or that character.

10. Harvest index in the F, was not as good as main shoot yield as an

indicator of high yield in the subsequent F,. or FU Rlots. For some crosses

in which the rnain shoot total weight and grain weighl had a significant

correlation with the FO or FU yields, the maj-n shoot harvest index also

showed a significant correlation.
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1 1. It was concluded that prediction of high yielding genotypes itr

early generations may become feasible if attention is paid to main

shoot yie1d.

12. The Discussion vÌas concerned with the means and variances of the

F2t", the causes for bhe positive and negati've skews in the populations

and the value of various charaçters in selection procedures'
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INTRCIDUCTION

The thesis is concenned with selection for yield in segregating

generations of crop plants. In the pedigree method of breeding self

pollinated crops, crosses are made between two parents in the hope that

among the genenations of segregating progeny it will be possible to select

a homozygous genotype having the desirabl-e feabures of both parenLs' The

F, is the firsf generation in which segregat.ion is apparen! and selectiott

can begin. However, there is a growing body of opinion that sefection

conducted in this generation is not effective (BeII, 1963; McGinis and

Shebeski, 1968; Shebeski and Evan, 1973; Hambl-in and Donald, 1973; Phung'

1976).

Various reasons for the ineffectiveness have been suggested

including, (1) the effect of heterozygosity - the objective is to produce

finally homozygous individuals, Q) environmental heterogeneity in the

segregating plot, (3) the occurrence of genotype-envlronment interactions

so that selection undertaken on the F, in one site or season is not effective

for other sites or seasons, (4) the genotype-density interaction. Selection

is conducted often at a low density of ptanting whereas the selected genotypes

are grovrn finally at a crop (high) density. If the breeder triès to avoid

the density interaction, by conducting his selection programme at a crop

density, the micro-environment variation may be very large and affect the

result. Competition among plants will be severe at crop density. Selection

for yield may result in the selection of genotypes with a high competitive

ability rather than ones with high yield when gror^rn in a pure stand. Hamblin

(jgT1¡) concluded that single plant selection for yield was unlikely to be

effective unless there was a positive relationship between the yield of

genotypes in mi*ed or segregating population and their yield in pure culture'



2

Frequency dependent advantage coul-d also affect selection (Phun6;,

1976). Phung found tLrat a genotype present at a low frequency had a

higher yield bhan if it was present at a high frequency in a mixture or was

in pure stand. If frequency dependenL advantage operates in a segregating

population, an individual pJ-ant which is selected for high yield may have

this attribute as a result of itts low frequency and not because of itrs

genetic potential. This type of yield advantage will be lost when the

individual is gror^nn as a pure stand.

Phung also found that when yield was measured on single plants

grown at a cup density, the F, and parental variances were statistically

similar in magnitude. However, the variability wibhin the F, population

should be greater theoretically than in the pure line parents if the parent.s

differ genetically. Variation in the F, should be attributable to

environmenlal effects, genetic effects, the interaction between them, and

to frequency dependent advantage. If the parental variances h¡ere solely

environmental, and the F, variance was of the same magnitude' it might be

assumed that the F, variance vüas environmental and had no genetì-c basls.

Such a conclusion is untenable. If this was true, selection would not

result in a genetic change. As Phung obtained only limited results on

the matter the subject needs to be investigated further.

It would be of val-ue if selection could be applied in as early

a generation as possible. Shebeski (1967 ) showed that the frequency of

desirable genotypes decreased with each generation of selfing. The

frequency of plants having aII the desirable genes was highest in the

F, generation. For example, with a cross j-n which the parents differ by

25 genes affecting yield, about 0.075 per cent of the F, or one plant in

1,330 can be expected to contain all Lhe 25 genes whereas the expected

percentage is only O.OOO05 or one plant in approximately 1.8 million if

the selectj-on is.delayed until the FO generation. Therefc¡re, selection

should begln in as early a generation as possible.
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In this thesis, further consideration will be gi'ren to the

occurrence and interpretatlon of the finding that the F, variance may be

no greater than the parental variances. Also considered are the problems

associated with single plant selection and some procedures will be

investigated which may Iead to greater success when selecting for yield'
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Chapter I

LITERAT URE REVIEW

The literature review consists of two parts. In the firstt

the problems associated with single plant selection in early generations

are discussed. In the second, variability in segregating generations and

models of frequency distributions are considered'

(A) Se1ec tion in earlv Aeneratiorl.

1. The various breeding methods. Several methods of breeding have been

used with cereals including the pedi-gree method, bulk populations, composite

crosses, and single seed descent. There has been Iittle research to establish

which one is the most effective method because strict comparisons are not

easy to make and any conclusions would be subject to many conditions ' A

main difference beLween the methods is the generation in which sel.ect,:-on

begins.

In the pedigree mebhod, selection for desirable combinati-ons of

characters starts in the F, Eeneration. Progenies of the selected plants

are grown and further selection is practised in the subsequent generations

until F- or F. by whÍch ti-me homozygosity may be reached (Poehlman ' 1959i
)o

Allard, 1960). The effectiveness of this method relies on the ability of

a breeder to recognize desirable genotypes ej-ther by measurement or

observation. The high amount of labour and land required is a disadvantage

(Haruington, 1952; Elliot' 1958).

. In contrast, in the bulk population and the single seed descent

methods, selection is delayed until an advanced generation suclr as FU (Hayes'

Immer and smith , 1955; Goulden, 1941 ). The generation chosen theoretically

should depend on the number of genes by which the parents differed but in

practise this is not known (FloreII , 1929). The idea is to allow the

population to become relativeJ-y homozygous before selection takes place'
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By doing this, in the bulk population method, a large nunlbet- of undesirable

genoLypes are carried through unnecessarily. If yield is the main obiective

of the selectj-on, it is essential that lhere be a positive correlation beLween

natural selection, fi-tness and yield for this me1-hod to be effective'

otherwise natural- selection and competition l¡iII result in a loss of the

high yielding genotYPes.

To achi-eve homozygosity as quickly as possible, that is to get

through several generations rapidly and to avoid the loss of genotypes' t'lte

single seed descent method was suggested by Goulden ( 1941 ) ' In this methocl'

one or two progeny from each plant are taken in the successive generations'

The generations are advanced rapidly by two or three generations a year and

there is no concern about the envlronment being atypical of crop conditions.

By growing seedlings close together, a large number can be grovrn in a smaller

area than with the bulk population method (Graflus, 1965). trtith this method

no natural selection or genetic shift should occur'

Neither the bulk population method nor single seed descent avoid

the genetic consequence of delaying selection namely that the frequency of

desirable genotypes in the population falls with each generation' For this

reason the objective of the present sludy has been to investigate aspects

of pedigree selection.

If selection is practised in an early generation the problems

reierred to in the Introductlon may occur. These problems which are

discussed further lead to the reduction of the relationship between yield of

single plants and the yield of tlre derived lines in later generations'

2. Problems involved in selection for yield in early generations.

(a) HeterozygcsitY.

In many studies of self pollinating species the F,, has been

found to be more vigorous than either parent, a result attributed to

he1erozygosity, overdominance or heterosis (Immer, 1941; Grafius, 1959i

Suneson and Riddl-e, 1944; Suneson, 1962; Severson and Rassmussan, 1968;
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for barl-ey, Hathock and McDaniel, 1973; for oa'¿s, Murayanta, i973; Saini

et a7., 1974; for rice, Briggle et a7., 1967 a & b; for wheat) (for rr:vi€:w

see Briggle, 1963).

In early generations, after crossing two diverse parentsr many

Ioci are heterozygous. If overdomj-nance results from this heterozygosi.tyt

it will have a large effect on the phenotype and lead to an inefficient

evaluation of genotypes as the objective in most breeding programmes is the

production of a high yielding homozygous genotype. Overdominance wiII have

the greatest effect or¡ the efficiency of selection, but dcminance of any

magnitude wilt lead to inefficiency.

l,lhen two varieties are crossed, the F.' is heterozygous for those

loci by which the parents dlffer. In the F' where segregation will lake

place, L of the individuals are homozygous ancl ] are heterozygous at a fccus'

l,lhen several genes are involved heterozygous and. homozygous plants which

contain the same number of desirable alteteS may be phenotypically

indistinguishable. This makes an evaluation of the effects of heterozygosit'y

difficult to achieve. Furthermore selection may l-ead to the retention of

both homgzygous and hetenozygous plants. when a further generation is grotnrn'

the heterozygous plant will segregate and re-selection will be necessary.

Heterozygosity is often suggested as a major factor reducing the efficiency

of selection in early generations.

However, in self pollinating crops, there is no direct evidence

on the importance of heterozygosity on selection. Theoretically the

i-ncreased vigour attributed to heterozygosity witJ- falt rapidly as the

percentage of heterozygous loci is reduced with each cycle of selfing' The

breeder has to decide at which generation the effect of unfixable vigour will

be reduced to an unimportant level. Briggle et aJ. ("1967 a & b) showed bhat

the yield fell from the F., to the F, and Fr. A similar resul-t was obtained

by Bhattand Derera (1973a) who found that the yields of F, de.rived lines of

four wheat crosses were higher than F, derived lines. The yields of Ft

derived lines from three other crosses were higher than that of the

correspondlng FO der-'r-ved lines.
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The apparent yield advantage of heterozygotes affects all

methods of sel-ection which have as their objective high yielding homozygotes.

In mixed poputations of heterozygotes and homozygotes, carried forward

under condition of natural selection as in the bulk population method,

heterozygotes will persist at a frequency higher than expected from simple

genetic theory (Jain and Allard, 1960; Altard and I'Iorkman, 1963; Allard

and Hansche, 1965; Imam and AIIand, 1965; Hard-ì-ng et aJ', 1966). These

studies showed that for populatlons of lima beau, barley anC wi-1d oats, Lhe

rate of change in the proportion of heterozygotes withÍn a population was

slower than expected with rdvanci-.rg general.ions. Eventual-Iy the percentage

of heterozygotes slabilized and reached an equilibrium. In aII cases' the

heterozygotes had a setective advantage over the homozygotes. If plants

are selected for yield, heterozygotes may be picked out in any generation.

When single plant selection is delayed to the F, or FU, the high yields of

the heterozygotes will still favor their selection and heterozygosity may

Iead to ineffective selection in any generation.

From the evidence available, no clear cut conclusion can be drav¡n

about the effect of heterozygosity on selection in an early generation' 0n

the other hand, detaying selection until homozygosity had reached a high

level may not be desirable. Many useful homozygous genotypes may be lost

during the generations required to bring either a whole population forward

to homozygosity (the bulk method) or taking one or two progeTìy per plant

through to homozygosity (single seed descent).

In this thesis, no attempt wiII be made to esbimate directly the

heLerozygosity present instead the expression of variation will be measured

in the Frr selection will be practi-sed in that generation, and the outcome

measured in a later generation.

(b) The geno type environment interaction effect.

The yield of a genotype is influenced by differences in climate'

soil fertility, season and site. Genotypes and varieties selected in one
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environment may have a limited value in obher environnrents' Se'!ecti-on

experiments or variety trials carried out in one si-te may be ineffective

for other -sites and seasons (Horner and Frey, 1951, 1957i Mil1er et a7' '

1958; Rassmussan and Lambert, 1961; AIIard and Bradshaw, 1964) ' This type

of genotype environrnent interaction also effects single plant selection as

the micro-environm-enl of the plants and the season wj.tl influence the outcome

(McGinis and Shebeski, 1968; Hamblin and Donald, 1974)'

However, the occurrence of this interaction is not a sufficient

reason for not undertaking studies of single plant selection' It is

necessary to resolve whether the yield or some other character measured on

single plants in a mixed population shows a dir"ect assocj-ation with the

yield produced by the corresponding plant when it Ís grolrn as a pure stand

in the same season and at the same site or in other seasons and sites' If

such a relationship could be demonstrated, then the yield or cther

character of the single plant still could be used as an effectil¡': ¿iuicie

to measure the worth of a genotype.

(c ) The effect of micro-environment.

In most statistical procedures, the confounding effect of micro-

environment on the assessment of material is circrmv"r,ted by the replication

of each entry in the trial. But the replicatÍon of each genotype in a

cereal Fe by vegetative propagation is not feasible. selection wit'hj-n the

population must be based on single plants within a block of segregating

plants. Variation in the micro-environment in the selection block becomes

an important factor affecti-ng the true performance of the plants' If fhis

variation is not taken into account, any selection conducted may be for a

plant which is in a superior environrnent rather than being genetically

superior. Because of these difficulties (replication and genetic variability)

plant breeders have made many attempts to estirnate micro-environrnental

effects. The mpthods are not always feasible if many plants are to be.groh'n

as they depend on the precise spatial positioning of eacþ planb in the

selection block and a record of the position.



9

one method, the rrhoneycomb method of selectionrr was proposed by

Fazoulas, (1973). Individual planbs are grol^In in a selection block at the

centre and corners of_ a hexagonal arrangement. A genotype is selected when

it produces a yield greater than its six imrnediate neighbouring plants'

However, as the recommended spacing between plants was 50 centimeters, the

total area is large and soil heterogeneity is IikeIy to be high' Furthermore'

as discussed above, genotypes that perform well at a low density (wide

spaced) may not be the highest yielding when grown at crop density and t'he

plant spacing in this technique may be alimitingfactor to its success'

A response surface is another technique proposed (Hamblin, 1971;

Hamblin, Knight and Atkinson, 1978). A series of polynomial equatioì" i.

fitted to the yield of individual plants according to their position in

the field, in an attempt to calculate a response surface indicating micro-

environmental variation. One difficulty is that there i-s no simple

biological basis on which to decide the number of terms to include in the

polynomials. However, in'the present study neither of these techniques could

be applied because of the very large number of sÍngle plants and crosses

grown. Many thousands of plants were studied; there were too many to record

each onets position in the plot during harvest. Although no assessment and

correction was ufidertaken for microenvironmental effects on the single plants

corrections that were attempted on the FO and FU Rlot yÍelds will be

presented.

(d) The effect of competition.

when two or more organisms coexist, they may influence each other

by competing for resources that may be in insufficient supply (Birch, 1957) '

In the plant kingdom, a great deal of work has been done to determine

the effect of genotype and environment on competitive ability and yield'

competition is thought to lead to an inefficiency in t'he selection

of single plants in a segregating population growing at crop density' An

inefficiency would occur unless there vüas a positive correlation between the

yield of the individual in the population and its yield in pure stand'
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Otherwise selection in the F, generation may be for competitive genotypes

ratì"r than high yielding genotypes. An early sludy by Monbgomery (19t12\

showed that genotypes performed differently in pure culture arld in mixt'ilres'

He found that one variety dontinated the m|xture very rapidly but it was lot

necessarily the variety that had the highest yield in pure culture.

Later FIarIan and Martini (1938) grew eleven recognl-sable barley

varj-eties in a mixture, and studied the proportions of these varieties

at various locations over a number of years. The results showed, in every

Iocation one variety (which differed between locations) quickly became

dominant while the others declined to very low proportj-ons. The dominant

variety was often the variety grown locally by farmers. At only Lwo

Iocations did the dominanl varieties in the mixture differ from the

varieties grov¡n by local farmers and 1n these two cases the preferences of

the farmers depended on considerations other than yielding ability. These

results suggest that there v,¡ere differences in competitive ability among

varielies a conclusion thât was supported by the finding ihat Lhe

frequencies of certain characters controlled by single genes changed

rapidly with time in mixed population, some characters survived better

in some sltes than others (Suneson and Stevens,1953)

Several studies have shown that the bulk yield of the composite

cross populations had steadily increased wilh time when compared with the

control variety rfAtlastr suggesting that competition may be leading bo the

elimination of low yielding genotypes (Suneson, 1956; Jain and Allard, i960;

AIIard and Jain , 1962l. Jain and Allard took 63 random selections from tile

F3, F6 and F,,a of composite cross V, and showed that with time both yield

and fitness of the population increased.in a linear fashion'

However Allard and Adams(1969 a & b) measured the competitive

ability of four barley varieties (used by Suneson in 1 949) , four wheat

varieties and eight selections from the F1g of'composite cross V and

noted that in the three sets of comparisons, the lowest yield:lng lir¡es in

pure culture showed the largest increase in yield under competitive
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conditions. Their method of prebent.ation was however, quite complicated'

Nevertheless, it was suggested that fhe high yielding lines in pure culture

were the poorer comPetitors.

obhen resul-ts on the relationship between competitive ability and

pnoductivity have been availabl.e and in some instances the conrelation has

been posÍtive and in others negative (Sammeta and Levins, 1970). Jennings

and co-workers (Jennings and Aquino, 1968; Jennings and Herrera, 1968;

Jennings and de Jesus, 1968) working on rice, found a negative assQciation

between yield and competitive ability. The high yielding plants in mixture

were good competitors and were low yietding when grown in pure stands' They

commented that a strong competitlve ability i.¡as undesirabl-e and appeared to

Iimit the progress through breedì-ng in some tropical breeding programmes.

Johnston(1972)workingwithalOObarleyvarietiesandtheFo

and FU generations of 48 F3 derived lines from cross rfProctor rç C.I. 3576n

grollJn in mixtures and pure stands respectively, found that there luas a

highly significant correlãtion between yieids of genotypes in mixtures and

yields in pure stands. Although acknowledging that inter-genotypic

competition influenced the yield of sotne genotypes in the mixtures, he

concluded that micro-environmental variation was lhe major factor limiting

the efficiency of single plant selection.

Another aspect of yield in mixtures and in pure stands of cereal-s

was the frequency dependent advantage found by Phung and Rathjen (1976 a & b) '

A genotype at low frequency in a population had a higher yield per plant than

when it l¡as present at a high frequency. The conclusion vüas drawn that if

frequency dependent advantage, which 1s a form of competition operates in a

segregating population it may reduce the efficiency of single plant selecbion'

An individual selected for yield may have the attribute as a result of its

Iow frequency and not a genetic potential. This yietd advantage will be

lost when the individual is growr as a pure stand'
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The evidence reviewed appears to indicate that competition may

increase or decrease the efficiency of single plant selecLj.on when made on

plants grolrn at crop density. No clear cut conclusion can be drawn as to

whether competition improves or lowers the efficiency of single plant

selection. Furthermore, Johnston (1972) suggested that some findings of a

negative retationship between competitive ability and yield in pure stand

may have been due to an artifact. He found that selection for high

yielding genotypes could be achleved and that there was a positive correlation

between yield in mixture and yield in pure stand.

In this thesis plants of bhe parental and F, generations v'Iere

grown in â; ccrnpetitive situation al crop density and also in a non-

competitive low density situation in an attempt to determine if selection

in one or the other situalion was more efficient

(e) The relati onship between a single antrs perforrnance measured in an

early generation and yiel d of the derived tine in a later generatici-r.

Effective selection for yield in an early generation would l¡e of

great benefit to plant breeding programmes since it would enable a large

number of genotypes to be screened with a minimum of breeding expenditure.

McKenzie and Lambert (1961) and Shebeski (1967 ) suggested that selection

for yield shoul-d commence in the earl-iest possible generation. The

effectiveness of the selection however, depends on the ability fo distinguish

differences between genotypes in early generatÍon and on the persistence of

these differences in later generations. That is, it depends on a high

correlation between the performance of the selected genotypes and the

performances of their progenies in l-ater generations.

' However, single plant yield and other characters have not been

useful as criteria when selecting for hlgh yield in wheat although some

characters have been claimed to be better indi-cators. In lhe results of

the present study, reference will be made to several plant characters

which at various time have been suggested as being related to yielri. They
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include pri-mary tlller yietd, height, componenbs of yield (spikelet

number/head, grain number/head, head number, head length), and harvest

index.

1 A single ÞIantrs yi.eId. Many authors have obtained relationship

between singte plant yield in an early generation and the yield of the

derived progeny in later generations. Reasonably high correlations have

been obtained, McKenzie and Lambert ( 1961 ) measured response to selection

in F, for yieLd in Fu in two barley (Hotdeum vuTgare L.) crosses' They

reporled highly significant intergenerati-on correlations r = 0'31 and

r = 0 .54 for the two crosses. They concl-uded that selection was effec't'ive

only in the cross that had . 
":-¿" 

range in yield among lines in the

repl-icated F, test.

Johnston(1972)obtainedacorrelationofr=0.6lbetweensingle

plant yields in Fo barley and the same lines in Fu plots. Further he

simulated an F, by mixing 100 homozygous barley varieties and obtained

the correlation of r = 0.'56 between sÍng1e plant yield 1n the mixture and

of the varieties in the pure stand. Chowdhry and Sabir (1973) oblained

coefficients that ranged between 0.47 to 0.66 for singre plant yields in

the F, and row yields in F, and -Skorda (1973) obtained correlations up to

0.87. Phung (19T6) compared single FO P1ants of wheat wibh their pure stand'

and showed that when a large number of replications (48) were considered the

correlation $tas very high (r = 0.75) but when a single replicate was

analysed which woul-d be analogous to F, selectiorr the correlation varied

from r = O.29NS to 0.70xxx.

2. The ents of eld. Plant breeders are always interested to know

if any component, or factor, affecting yield can be interpreted genetically

more simply than yield itself. up till now, this has not been a very

fruitfu-t- line of research possibly because high yÍeld may be achieved by

many different.pathways and there is littIe evidence that the components are

simply inherited. However the interest remains and several components of

yield were investigated in this study.
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Several neports on heritability tenC to indÍcate that certain

components of grain yield in wheal are more heritable than yield j-Lseifl.

The utilizat.i.on of the components'of-yieìd approach would be most

effective if the components vrere: highly heritable, genetically Índependent,

and not associated physiologically.

Johnson et aL. (1966) suggested that evaluation of the individual

yield components might provide a better basis for progeny evaluation than

yietd itself and McNeaI et al. (1978) have suggested that kernel weight

and kernel number per spike were good characters for indirect selection for

yield imporvement. Other aubhors also have favoured selection for kernel

weighb as a means of increasing yield (Lebsock and Amaya , 1969; Knott and

Talukdar, 1971).

It has been pointed out that yield components develop sequenfially

and may be genetically independent (Adam, 1967). Thomas, Grafius and Hahn

(1g71) studied the four sequential characters of yield: heads per plant'

spikelets per head, seeds.pen spikelet and weight per grain. Each

character was isolated from its association with the previous character

in the sequence by removing the correlation. The characters were then

called frtransformed characters'r. They found that the true relative

genetic variance of sequential characters examined in this way differed

from the apparent genetic variance of the untransformed character. If the

characters are strongly correlated there is good evidence that the apparent

control over a later character in the sequence is merely a reflection of

control by the previous characlers. Furthermore, the authors stated that

the complex inheritance pattern for yield accounts for a fairly low

predictive value of midparent yield Ín determining progeny yield' The

component midparent value in contrast, had a higher predictive value in

determining their respective component expression in lhe progeny. They

found that the mÍdparenb of the component traits; head per plant and splkelet

per head, showed a correlation with progeny yietd; these traits were called
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rinfl-uential traitsrt. The hypothesis put forward was that influential

traits would not only strongly affect subsequent üraits but also would

contribute disporportionately to bhe variance of the complex trait. The

conclusion vüas made that yield predlction is made feasible by ignoring

uninffuential and concentrating on one infl-uential component.

In this study, the main shoot yi-eld and tiller yield were

considered as the components of the total yield. AIso eval.uated were the

main shootts spikelet number, head tength and grain number and the grain

number of the tillers

3. yield of the mai-n shoot. An Ínterest irr the main shoot lies in the

fact that 1n many regions and seasons in Australia the main shoot may provide

most of the yield of the crop. The tillers have only a low, or often no

yield (Puckridge and Donald, 1967). In this study results will be

presented on the relationship between the main shootrs: total weighi, grain

weight, grain number, spikelet number, head length and its harvest index

for F, plants and the yield of the derived lj.nes in Later generations (F+

and FU).

. Few studies have been conducted to investigate the relationship

between the main shoot of a single plant in an early generation and yiel-d

of the derived lines in a later generation. Alessandroni and Scalfati

(1973) suggested that the grain yield per head might give a better

prediction of the FO plant performances than the yield per plant. They

found fhat the yield per head of F, ptants ü¡as more highly correlated with

the FO plot yield (r = 0.18) than was the yields of the F, Plants' The

authors concluded that early selection fcr yield per head should be

promising for obtaining higher yielding genotypes.

4. Height. Plant height is relevant to wheat breeding for two reasons,

one is that taII plants may be more'competitive and have higher yields in

situations of intergenotypic competition such as occurs when an F,

population is grown at crop Censity. The height and competitive ability
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may be of no value when grown in pure sl,and. The second reascn is that

a short statured plant type (dwarf ancl semj-dwarf) is favoured by breeders

to reduce l-odging and because of the belief held by some physiologists that

if fewer resources are expencied in straw growth this will leave more for

grain yield. But it has been pointed out by Bremner and Davidson (1978)

that the greaLer grai.n number did not seem to originate in the diversion

of assimilate from stem growth to ear growth during pre-anthesis developrnent

and also that short straw was not necessary lighter in weight'

I^lith regard to height, competition and yield Hamblin and Donald

(1gT4) obtained a negative correlation between F, Planf heighL and Fu PIot

yield in barley. They suggested that under some circumstances such as when

Iight intensity becomes a factor of competition limiling plant growth' the

breeder can achieve a val-uable degree of selection in an early generation by

attention to Plant height.

In wheat, the introduction of the semidwarf growth habit of

Norin .10 into other varieties marked the beginning of new plateaus ot'

yield (Vogel et a7., 1956). The improvements were not only for greater

yield of grain but atso new combinations of plant characters (vogel et a1"

1963).

GaIe and Law ( 1976) reviewed the relation between yield and

height in wheat. They showed that plant breeders have pursued the objective

of a shorter, stronger stem to prevent lodging. They found there lfas a

positive relation between height and yield within any one height class'

This has led them to suggest that breeders should select for IttaII dwarfsrt'

such a suggestion has several advantages, not the ]east being the more

highly heritable nature of the- character height compared to that of the

yield. AIso by not selecling strongly for shortness, the rapid di-ssipation

of much of the variation available for further yield improvement is avoided'

One of the conclusions they made was that GailRht 2 has a positive effect

on yietd via increases in grain number per ear and that maximum yields may
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be obtaíned by breeding for 'rtall dwarfsrt wibhin such a height class. This

exploits the positive pleiotropic effects of genes controlling height and

yield in the presence of the Norin 10 dwarfing genes'

Selection for a short statured rice has been an objective of

IRRI. The avoidance of lodging has been equally successfut with rice as

with wheat. In rice, there is also the contrast between a tall, spreading

competitive type that is relal,ively higher yielding in Frrs grornm at high

density and a short statured, erect type that is. high yi-elding in pure

stand (Jenningsand Aquino, 1968)'

In the present study, single plant height was measured as the

height of the main shoot.

5 . Harvest index. one criterion suggested as being assocj-ated with yield

and being a good indicator when selecting for yield i-s rrharvest indexrf '

The term was defined by Donatd (1962) as the ratio of grain dry weight to

the total above-ground weight at maturity of l,he crop. He called these

components of the ratio rreconomical yieldrr and ttbiological yieldrf

respectively. It wås also known as rrcoefficient of effectj-venessrr

(Nichiporovich, 1960) or rtmigration coefficientrt (Engledow and lrfadham'

1g23i Tsunoda , 1956). A number of papers have been published suggesting

that selection for high harvest index will result in increases in grain

yield of cereal crops (Donald, 1968; Chandler, 1969i Singh and Stoskopf'

1971; Syme, 19?0, 1g72i McEwan, 1973; Nass, 1973; Rosielle and Frey, 1975

a & b; Fischer and Kertesz, 1976; Bhatl, 1976, 1977\'

Highly significant positive correlations of grain yield with

harvest index have been reported (Singh arrd Stokopf, 1971; Rosíelle and

Fréy, 1975 a & b; Fischer and Kertesz, 1976). However, since grain yield

is a component of Lhe harvest index ratio, correlations between grain

yield and harvest index measured on the same plants are tikely to be strong

correlations for spurious reasons. Supporters of the value of harvest index

have referred to the progressive increases in grain yield over time and the
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associated Íncreases in harvest index of new varieties (Van Dobben' 1962;

sim, 1963), but such progress has resulted from the selecbiotr for high

yield and not selection for high harvest index itself.

Syme(1972)suggestedthattherewasagreatadvantagein

selecting for harvest index following hls study of 16 characters measured

on plants grown in a green house of the 49 entrles of bhe International

spring lrlheat Nursery (CIMMYT, 1971), he found a remarkably high correlation

between single plant harvest index and mean grain yield of the 49 entries

obtained from 63 sites widely distributed in the world' Grain weight per

plant of the 49 entries in the green house showed no relationship to their

mean yield in the world trials. Fischer and Kertesz (1976) atso reported

a high correlation between the shoot harvest index in space-plant treatments

and plot yield in field trials.

Inthisstudy,harvestindicieswerecalculatedforthemain

shoot and for the whole Plant.

(B) Variabilit 1n arental- and F abion.

lrlhen a quantitative character is measured on a population of

plants, the results often conform to a normal distribution' A normal

distribufion obtained for a population of a pure line cultivar must

result from variation ín the micro-environment in which the plants are

growing or to non genetic differences in the seed. In other populations

where genetic differences are present, the variation will have genetical

and environmentar components. rf the plants are growing at high density'

the expression of the characters may be sLrongly influenced by competition'

Corhpetifion may blur the genetic differences between the plants' In

additÍon, the frequency distribution may show departures from normality'

Koyama and Kira (1956) noted that frequency distributions of

individual plant weighls in a population are seldom normal t but may

exhibif characteristic patterns depending on the stage of grot+th, environmenL¿
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conditions and the density of plants. For a large number of populationst

the frequency distribution changed during growth from a near normal to a

positively skewed or L shaped distribulion. Their mathematical explanation

for this phenomenon was based on the exponential equation of plant growth;

rtüt=Weo

or as the logarithmic form:

togw=logwo+rt
1

"=t(Iogw-IoBwo)
where w is a plant weight at the time t, wo is an initial plant welght,

and r j-s a relative growth rate, e is the exponential value. Four possible

models were postulated with either hlo or r or both as a constant or as a

normal distributed variable. Since it is unlikely that, all plants will

have a constant growth rate, the models 1n which wo and r or only r are

constants ü¡ere considered as too hypothetical to be ever realized in

nature. A constant value of wo could be achieved by carefully selecting

uniform seeds however nårmally distributed values are more useful. The

value of r is generally influenced by variation in the environment. But

when the value of r was assumed to be distributed normally and wo is

either constant or normal distrlbute, lhen the frequency distribution of

log w must be normal. That is the frequency of w 1s log-normal at any

value of t. when not in the logarithmic form, þhe value of w r¿1ll conform

to a posi-tively skewed distribution.

The authors concluded that the normal distri.bulion in the seeds

automatically passes into the asymetric and finally an L-shaped (positively

skewed) distribution, even when any individuals were grown without competitic

A negative skew reported by Koyama and Kira (1956) for height

or shoot length of touch-me-not (Inpatiens baTsamina L. ). A negative skew

for shoot elongati-on vüas also reported by Hozumi, Koyama and Kira (1955)

for yellow dent corn. They found thal the correlation between the rate of

shoot elongationrrrrr and the length of the shoot rrlrr I¡Ias mostly negative
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at time ilbil. This means individuals which were lower in height on a

certain day grew more rapÍ-dly during bhe days immediately after it, and

vice versa. That is aII the plants in the row tend to come up to the

Ievel of the highest individual resulting in an equal'ì-zaLion in plant

height. The authors suggest,ed that the amount of Ii-ght availabl-e for

plants in å community is the major factor influencing the rate of shoot

elongation.

Phung (1gT ü showed that the frequency of a genotype present in

a population may affect its performance and cause the distribution of

plants in the population to be skew. He further compared the variability

in an F, PoPulation with that of the parents and found the differences

were not significant. His work was based on only three wheat- varieties;

!ùarimek, lrlariquam and Halberd and their hybrids. Several points relating

to Phungts findings will be considered in this thesis'

(c) Conclusions from the l-iterature review.

The experience gained so far and reviewed j-n the literature,

points to the conclusion that selection in early generations for hi-gh

yield is seldom effective. This results from the lack of correlation

between an individual ptantts yield in an early generation and its correspondin6

progeny yield in a later generation. This may be caused by environmental

and other effecfs.

However, as genetic theory suggests it is advantageous to select

in an early generation, it is profitable to continue studies on these

generations j-n an attempt to resolve if account can be taken of the

environmental and other effects. For this reason, a series of experi-ments

was set up to consider the followi-ng questions'

1. Is it true that segregation in grain yield can not be

detected in the F, Senerati.on in the sense that the F,

variance is not signlficantly larger than the parental

variances?
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2. If the environment has a stnong effect on the yield of a

single plant, are there any characters which are less

affected but which are sufficienlly correlated with yield

to be useful when selecting?

3. Should selection be based on the yield of all the shoots

and tillers on a plant or is the main shoot less affected by

the environment?

4. Are the plants with high yield those that tiller mosb?

5. Can -selection be based on the main shoot characters or any

other characters at either lovr or crop density?

6. Should selection be based on harvest index and should Ít be

the harvest index of the mai-n shoot or of the whole plant?

7, Is there any correlation between 
'characters of the F, singie

plants and their corresponding line yields in later generations?

This thesis witl describe the experiments examini-ng these questions'
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Chapter 2

FREQUENCY DISTRIBUTION

lN F2 AND PARENT POPULATIONS

Introduction

The objective in conducting the experiments was to try to answer

the questi-ons reviewed in the previous section. In the first yearrs

experi-ments the aim was to compare the variability of hybrid (F2)

populations with their parents and to establish the pattern of frequency

distribufions of characters thought to be related to yield. In a later

year, the relation between the yields of the single plants (Fr) and the

derived l-inesr grown in plotsr I¡Ias studi-ed.

There were two experiments in the first year, in luhich the Frrs

and parents were compared. Experiment 1 was concerned with plants grolin

at crop density and experiment 2 with plants ab low density' The results

for the two experiments will be presented separately'



23

Exper iment 1. Single plants of F2ts an9-parents grown at crop densi-ty'

(a) Outline o f the experiment.

Eight crosses among wheat varieties were studied in 1975 in the

field at Roseworthy Agricultural college, south AustralÍa' The area 1s

in the cereal belt, latitude 3405 South and longitude 13803 East' and is

approximately 60 km. north of Adelaide'

1. The cI imate and the soil.

ThesltehasaMediterraneantypeofclimatewithcoolwet

winters and hot dry summers. The mean annual rainfall- up to the time of

the experiment (for the years 1BB3- 1975) is 440 mm/year (Table 2'0) and

the growing season is about 6 to B months extending through autun¡n' wlnter

and spring, from May/June to November/December. The soi]- is a sandy red

brown earth, classified as Dt.2.2.3 in the Australian Factual Key (Northcote'

1965) .

2 . The material.

The eight crosses !'¡ere:

crossl \M25/4 * MM68/1

cross 2 MKR21 1/g n PN2B/9

cross 3 MKR211/9 åÊ MM68/1

cross 4 CHAMP/81 56/ 17 /52 r(

cross 5 CHAMP /8156/ 17 /52 r(

cross 6 CHAMP/81 56/ 17 /52 r(

cross 7 Ïl!ü15lRVN/ 158/ 14 rç

cross B !¡W15/RVN/ 158/ 14 x

These eighb crosses were chosen because firstly their parents were among

the highest yielding lines in a current wheat breeding prognamme' and

secondly to have representatives of crosses in which parents were similar

or dissimilar in origin (4.J. Rathjen personal communication)' The

pedigrees of the Parents were:

PN2B/9

MM6B/ 1

rMc21/9

PN28/9

MM6B/ 1



W425/4 (!,larimba)

MM6B/ 1

PN28/9

r4KR211/9

24

MENGAVI IË SIETE CERROS

MENGAVI (GABOI(MENTANAl /24)X ((GABOXEUREKA)*

c.r.12632)

SIETE CERROS is a cross between a PENJAMO 62

sib and GABO 55.

is a si-ster selection to lû425/ 4

PI1TC62 II NAPO63

PITIC62 is from YAKTANA54 wibh N10B which is

a Mexican semidwarf wheat with Columblan

ancestry.

NAPO63 is a comPlex cross with N10B

((MEXICOI20 IC KODA)IÊ RAVEN)

MEXICOi2O is from YAKTANA52 with N10B

(Yakbana52 and 54 are related but different

genotypes )

KoDA is from (DUNDEETßKENYA C6042¡x (B0BIN2rGAZA,)

RAVEN is an Australian vari-etY

yMc21/g ( (MENGAVIXSTETE CERROS)Iß CRIM)

CRIM is a U.S.A. varietY

CHAMP/B 1 56/ 1T /52 ( (CHAMPLEINTÊ8156 ) rç (MENGAVITçB 156 ) *CIìIM)

CHAMPLEIN is a French varietY.

8156 is a Mexican vari-ely (MEX 224)

!ù1,ü15IRVN15B/14 (WÙ15 x RAVEN)

!tVl15 is from ((LERMA ROJ0r(N108)r( ANDES)

From these pedigrees, lhe crosses would be classified

cross 1 VM25/4 x l,[468/1 Parents similar origin

cross 2 MKR21 1/g * PN2B/9 Parents dissimilar origin

cross 3 MKR211/9 x Ff"f68l9 rr rr rr

cross 4 CHAMP /8156/17/52 * PN2B/9 rr rr rr
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cross 5 CHAMP/8156/17/52 lÊ i'0468/9 Parents intermediate origin*

cross 6 CHAMP/8156/17/52 x \û"1C21/g rr tr rr

cross 7 !üI¡15/RVN/ 158/14 lc PN2B/9 Parents dissimila" o"igi"

cross B hrW15/RVN/ 158/ 14 l( MM6B/ 1 rr rr rr

rç These were intermediate to some degree in that both parents had

some Senes from MENGAVI.

The F- and F^ seeds were produced at the lrlaite Agricultural
l¿

Research Institute in 1974.

Table 2.0. Long term average rainfalt at Roseworfhy Agricultural

Month

January

February

March

ApriI

May

June

College and rainfalL fot¡1975. 'i¡ mm.

Average 1975 Month
1BB3-1975

21 14 JuIY

19 2 August

20 67 SePtember

38 10 October

50 71 November

54 I December

Average
1883- 1 975

48

52

45

42

27

24

1975

64

31

69

90

17

6
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3. Sowing-.

On June 19r 1975 seeds were sown by a machine which sows six

row plots. The plots were 5 m. Iong with 20 cm. between rows' The F,

and parents were sown in the same plot, as shornrn in Fig. 2.0. As there

were 6 rov\rs, 2 rows were used for borders and one parent row was repeated '

There were two replicates. Light raln feII immediately after sowing and

emergence was good. The plants were thinned on August 29r 1975 Lo provide

150 plants per ror^¡ (equivalent to 180 plants/m2)'

4. Condi tions of erowth.

Disease incidence was negligible in the 1975 grovling season'

Some Septoria was observed but it did not appear to affect the plants'

No lodging occurred nor was there any other damage'

5 Harvesting.

As the objective was to assess individual plantsr they were

pulled from the soll and taken to the laboratory for measurement and

threshing. The two border rows were discarded, only the three inside

rou¡s r^Iere harvested; these $¡ere' the one row of the hybrid (F2) and two

rows of the parents (P., and Pr). As the seeds h¡ere required for the

subsequent generations the air dried seed yields are presented'

6 Characters measured.

After obtaining head number and totat plant weighl, the main

shoob was Separated from the tillers. The main shoot could be traced .

readily from its hypocobyl. Apart from its total weight, grain vreight

and grain number; height, spikelet number and head length were measured

on this main shoot. The characters recorded l^'ere:
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Figure 2.0. Plot layout of experiment 'l

B = border row

P, = parent 1- row

PA=parent2row

F, = hvbrid (Fr) row

gPrF2P2P2B BPlPlFLPZ B
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1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Head number

Plant total weighb

Main shoot_toLal weight

Height

Spikelet number

llead length

Main shoot grain weight

Main shoot grain number

TiIIer grain weight

TiIIer grain number

Total grain weight

HDNO

PLTWT

MTWT

HT

SPIKB

HDLTH

MGRhIT

MGRNO

TGRITT

TGRNO

T0TGRI/,lT

(e. )

(e. )

(cm. )

(cm. )

(e.)

(e.)

(e. )

Total grain welght was obtained by summj-ng the main shoot and the tiller

grain weights. The derived characters. I^Iere 't. the harvest index of

the whole plant, calculated as the ratio of total grain weight to plant

total weight (T0TGR!üTIPLT!,IT), and 2. the harvest lndex of the main shoot

calculated as the ratio of the main shoot grain weight to the main shoot

totat weight (MGR1,,ITIMTI/'JT ) .

7 Stalistical methods.

The experiments involved a large number of single plants

and plots; in 1975 there were 8000 single plants; ín 1976 there were 1400

plots and in lgTB 7 100 plots. In addition¡ the pedigrees had to be kept

for a number of years. The analyses of the data and the production of

records was faci-Iitated through the use of a computor. Computor programs

in FORTRAN IV enabled the graphing of results, the constructj-on of layouts,

the printing of labels for the harvest bags, and lhe calculation of results'

The statistical packages used included Statscript (Lamacraft, 1973) ' SPSS

(Statistical Package for Sociat Science) (¡lei et a7', 1975) and Genstat

(Alvey et a7., 1gT7). The university of Adelaide cDC 6400 computor was

used for aII PurPoses.
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(b) Results of experiment 1

Introduction

Before being able lo present the combined results fon a

particula, F2, or parent, in the form of a distribution it was necessary

to test whether the replicates were homogeneous. An analysis showed no

statistical differences across replicates. Many of the hybrids had

parents in common but to ensure preci-se comparisons, only the results

for parents which were adjacent to a particular F, are presented with the

cross. Somewhat different values were found therefore for any one parent'

The mean value, variance, coefficient of variati-on, and skeu¡ness were

calculated for each population. These statistics l¡Iere used in the

comparison of the varj-ability between the F, and parents of each cross'

The number of plants in the populations were not equal. There

r¡rere approximately 450 plants in each F, PoPulation while in the parental

populations the number varied from 150 lo 450 plants per populabion' To

enable comparisons, the distributions are presented with the percentage

number of plants in each class. Bartlettts Chi-square test was used

to evaluate homogeneity of population variances and when the test was

significant, variances b¡ere compared using the one-tail F tests (larger

variance /smaller variance ) .

2 Head number at croP densitY.

The frequency distributions for head number are shor¡¡r in

Figure 2.2 Loge1her with some relevant statistics. Head number per

plant was very low as a conseguence of the crop density, and the plants

on average had about two heads. The distributions were positively skewed

(Table 2,2). This form of distribution will be discussed later in

relation to the. suggestion of Koyama and Kira (1956) that skews are the

outcome of one form of plant development. The skews tended to be

stronger in the hybrid populations.
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The range of the hybrids was found to often cover the combinecl

ranges of the two parents. Table 2.3 shows that six out of the eight

F, had maximum values equal or in excess of the values for the parents'

Altogether, this indicates genetic segregatj-on i-n the F, populations'

The mean values of the hybrids of crosses 1, 31 5 and 6 were inbetween the

two parental means possibly indicating additive gene effects, whereas the

F, of crosses 2, 41 7 and B had means that exceeded the parenlal means'

indicating possible dominance gene effects.
I

Population variances, chi-squares of Bartlettrs test and

variance ratios of parents and Frrs for head number are given in Table

2.1. Heterogeneity of the variances v¡ere found in crosses 3, 5t 6, Tr 8'

However, i-n none of the comparisons did the F, have a statistically larger

variance than both its Parents.

Therefore it could not be established statisticatly for eight

different crosses that the F, PoPulations had larger variabilities than

their parents. This result suggests that there was either a lack of

genetic variability or that expression of the character was limited by

the environment in the crop density situatiop'



Figure 2.2.
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Frequency distributj-ons for head number in eight

crossesstudiedatcropdensity;theblueandgreen

curves are parent 1 and parent 2 distributions

respectively and the red curve is the hvbrid F"

distribution.

The X axis represents "i."" intervals and the Y

the plant frequency in each class as a percentage'
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Table 2.1 variances of parenLs and 02t", chi-squares of Bartl-e1-trs test

for homogeneity and F test of variance ratios between parenl's and F-rrs for

the character; head number per plant

1 .02NS1 .62xxlç1 .66rßxl(16,52x*x0.470.48o.29
cross I
Wi¡¡15RVN158/ 14
XMM6B/ 1

1.46x1.15NS1 .6Bx**3.35rç0.790.540.91
cross 7
WI¡l15RVN158/ 14
XPN28/9

1 . 89låxl(1.47x2. B0lßlç*11 . 131ç*lç0.720.381 .06
cross 6
CHAMPBI 56/ 17 /52
xl"Mcz1/9

1 .63x1(x1 .35NS1.1gNS4. g3xlçlç1 .030.640.76
cross 5
cHAr'4PB 156/ 17 /52
|(MM6B/ 1

1 .02NS1.12NS1.14NS0.92NS0.940.960.84
cross 4

CHAMPBI 56/ 17 /52
*PN28/9

2. 131êlÉlß1.1BNS1.811ßl(lÊ25.0418¡çx1.320.621 .12
cross 3
MKR21 1/9xtû468/ 1

1 .07NS1 .37x1 .47NS2.4gNS'!.101.021 .50
cross 2
MKR21 1/gXPNzB/9

1 .0gNS1 .03NS1 .07NS0. 17NS0.780. 710,76
cross 1

MM25/4xtM6B/ 1

P
2

F
2P

1
F

2P P
1 2

Bartlett I s

Chi-square

F
2P

2
P

1

Variances
1Variance ratios

1 Larger variabl-e divided by smal-ler variable'

Table 2.2. coefficient of skeurness values for head number per plant

of parents and Fr's Srown at crop densi-ty'

Coefficient of skewness for significanL difference from zero at the
probability level;

= + 0.389 for sampì-e size of 100 (approximate guide for the
parents in crosses 1, 2, 5, 6, 7)

= + 0.200 for sample size of 4oo (approximate guide for all
Frts and ParenLs of crosses 3, 4' B)

1.431.201.261.241 .500.991 .151.82F2t"

1 .850 ,401 .090.600.821.450.301.82parent 2

1.6'0.341.320.810.930.600.611 .48parent 1

CTOSS

B

CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

5%
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Table 2.3. Minimum and maximum val-ues in the parent and F,

populations of eight crosses studied at crop density for the

character: head number

45411

cross 8
I'lW15RVN158/ 14
|çMM6B/ 1

545111

cross 7
t¡II¡l15RNV158/ 14
xPN28/9

546111

cross 6
CHAMPB 156/ 17 /52
xrMcz1/9

745111

cross 5
CHAMPBl 56/ 17 /52
nt'0468/ 1

765111

cross 4
CHAMPB 156/ 1T /52
r(PN28/9

75611

cross 3
MKR21 1/9xtû468/ 1

656111

cross 2
MKR21 1/?XPNZB/9

756111

cross 1

tM25/ 4*tûq69/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

maxlmumminimum
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3 Total plant weigh t at crop density.

. The dj-stribubions for total plant weight are shov¡n in

Figure 2.3. It was found that the distribution ranges of the Frrs

covered the combined ranges of the parents and in general, the mean

values were close to the meatr of the parents, except in crosses 2 and

B in which lhe Frrs had means lower and higher than the parental means

respectively, indicatlng possible dominance gene effects. Table 2'6

shows that for seven out of eight crosses, the Frrs had a lower minimum

value ancl a hi-gher maximum value than the parents'

Tab1e 2.4 conlains the variances and other information relating

to the testing of the variances of the parents and Frrs' The variances

of the three populations Ín all crosses except cross 8, were heterogeneous

however as with head number the F, variances I¡Iere never signifÍcantly

Iarger than both parental variances. These resufts indicate that there

were large environmental effects on total plant weight of single plants

of the parental populations. Their varialion was similar to that of the

F, population which had both environmental and genetic variation. Again'

this may suggest that genetic vari-ation for this character within the Ft

population 1s poorl.y expressed relative to the environmental variation.

The strong positive skews were characteristi-c for total plant

weight (Table 2.5) .



Figure 2.3.

35

Frequency distributions of plant total weight

(PLTWT) for eight crosses studied at crop density;

blue and green curves are parent 1 and parenL 2

distributj-ons respectively and the red curve i-s

the hvbrid F^ distribution.
¿

The X axi-s represents class intervals and the Y

planb frequency in each class as a percetrtage.
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Table 2,4. Variances of parents and F2t", chi-squares of BarLlettfs test

for homogeneity and F test of vaniattce ratios between parents and Frrs for

the character; plant total weight (PLTI"IT)

1 .21NS1. IBNS1 .03NS2. 1 BNS3.813.163,24
cross B

!,IW15RVN158/ 14
|(MM6B/ 1

1 .93**l(1 .0gNS1.771(lclç7 ,71*xx8.164.22T .49
cross 7
W!'l15RVN158/14
XPN28/9

3.02åÊåçlç1 .06NS3.191çxl(18. 4glÊlç*10.493.4711.08
cross 6
CHAMPS 156/ 17 /52
xt'Mcz1/9

1 .68xlçlÉ1 .03NS1 .T 4xxx5.26xxxT .514.457 .75
cross 5
CHAMPB 156/ 17 /52
xMM68/ 1

1 .46x1çlÊ1.17NS1.25x7 . o5xxx8.7 45.987 .46
cross 4

CHAMPS 156/ 17 /52
r(PN28/g

2.64x*x1.17NS2,25xxx42.19xxx11.044.319 .71
cross 3
MKR21 1/9xtû468/ 1

f. i2NS1.62xx*1 .45NS5.3i|çåçx7 .057 .9911 .45
cross 2
MKR21 1/9XPN2B/9

1 .771(*l(i .ogNs1.62x6.081Êlçx6. B03. 846.22
cross 1

vM25/4xnt463/ 1

P
2

F
2Pl tFzP P

1 2

Bartlett I s

Chi-square

F
2P

2
P

1

Variances Variance ratios

1 Larger variable divided by smaller variable'

Table 2.5. Coefficient of skev¡ness values for plant fotal wei-ght (PLTI/'IT)

of parents and Frrs Srown at crop density'

Coefficien
probabilit

of skewness for significant difference from zero aL Lhe 5%

for the+

+

t
v
0

Ievel;
389 for sample si.ze of 100 (approximate guide

parenLs in cnosses 1, 2, 5, 6, 7)
200 for sample size of 400 (approximate guide

Frrs and Parents of crosses 3, 4t B)

0.700. 860. 830.521 .060 .87O. BB1.23F
2

rs

0.390.010.730.420. 890.05o.201.22parent 2

0.810.340.900.230.600.590,621 .19parent 1

CNOSS

B

cross

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

0. for all
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Table 2.6. ¡tinimum and maximum values in the parent and F,

populationsofeightcrossesstudiedatcropdensityforthe

character: Plant totat weight

11.80011.720.290.32

cross 7
lilr/ü15RNV158/14
r(PN28/9

14.879.4113.320. 100.311.10

1B.T 111.0127,360.31o.47o,29

cross 5
CHAMPBI 56/ 17 /52
XMM6B/ 1

cross 6
CHAMPBl 56/ 1T /52
*I'MC?1/9

15.9210. gB13.1i0.320. 601 .00

21.6515.0216.460.080.62o.22
cross 4
CHAMPB 156/ 1T /52
rçPN28/9

1 9 1113.1718.900.300. 400.22
cross 3

211/9xt4^468/ 1

17 .2813.5715.76o.210.610.48
cross 2
MKR2i 1/?XPNZB/9

18.7 113.0317. 100. 180. 870.64
cross 1

\M25/4xtM68/ 1

F
2P

2P
1

F
2

P
2P

1

cross number

maxlmumminimum

cross 8
l^IW15RVN158/ 14
r(MM68/ 1

0.45
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4. The main shoo t total wej.sht at croP densitY.

Frequency distributions for the main shoot total weight are

presented in Figure 2.4. For most of the Frts the range of the

di-stribution cor¡ered the combined ranges of the parents as I^Ias found

previously. The hybrid means were close to the mid-parent value except

in cnosses 1 , 4, 5 and B in whi-ch the F, means were higher than the

parental means, possibly indicating dominance effects. Furthermoret

if heterosis defj-ned as occurring when the F, mean is greater than

the value of the two parental means then heterosis was evident in these

fcur crosses. Transgressive segregation was found in crosses 1, 3,

41 5, 61 7 and 8. This was evident as many extrerne indívi-dualst

with values exceeding the maximum and minimum vafues of the parents

(Figure 2.4 and Table 2.9). Crosses 11 3, 6 and 7 showed transgressive

segregation without any evidence of heterosis.

Table 2.7 contains the variances which in many crosses' were

heterogenous for the three populations (P1, P, and Fr) and the F, of

crosses 1, 3, 4 and 6 had variances significantly larger than that of

both parents. In two other crosses (l and 8) the Ft variances were

significantly larger than one parent. Therefore for this character;

the main shoot total weight, there was clearer evidence of genetic

segregation than had been found for head number or total plant weight.

Skeu¡ness for the main shoot total weight was different from

that for total plant weight, as it was negative (Table 2.8). This suggests

that most plants were able to develop main shoots close to their potential

and on only a few plants, due to environmenbal factorsr were they limited

causing the skew bo be negative. It is shown in Table 2.T LhaL there were

no differences between the P,, and P, variancesr except for cross 8' This

indicates that the micro-environment affected equally, the genotypesr main

shoot. For theSe crosses therefore any differences in the main shoot of

the F^rs should have resulted from differences in genetic constitution.
It



Figure 2.4.

39

Frequency distributions for main shoot total

weight (MTI,íT) for eight crosses grov\tn at crop

density; blue and green curves are parenLs 1

and 2 respectively and the red curve is the

F, distrlbution.

The X axis represents class intervals and the Y

plant frequency in each class as a percentage.
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Table 2.7. variances of parenls and F2t", chi-squares of Bartlettrs test

for homogeneity and F best of variance ratios between parents and Frrs for

the character; the main shoot total weighb (Ì'{TWT)

Variance ratios 1

1 Larger variable divided by smaller variable'

Table Z.g. Coefficient of sker^¡ness values for the main shoot total weight

of parents a-nd F, rs grown at croP densitY.

Coefficient of skeu¡ness for signi-ficant difference from zero 'aL Lhe

probability level-;' 
= * ô.¡g9 for sample size of 1OO (approximate guide for the

parents in crosses 1, 2, 5, 6, 7)

= + 0.200 for sample size of 4oo (approximate guide for all
F^ts anà parents of crosses 3, 4, B)

1 . 62lEåtx1.lgNS1 .36rçrÊ*1 1 .321Élçx1.751 .081.47
cross B

l,üW15RVN158/ 14
|(MM6B/ 1

1 .59rçtçrç1 .30NS1 .22NS4.47xxx2.031.281.56
cross 7
rj'I!,t15RVN158/ 14
rçPN28/g

r z2*llltl.lJ1 .561ÉlçlÊ1. 11NS7. 07xxx2.411 .391.54
cross 6
CHAMPS',156/ 17 /52
xvMczl/9

1 .03NS1 .3BNS1 .43NS1 .9oNS1 .301 .340.94
cross 5
CHAMPB 156/ 1T /52
XMM6B/ 1

1 .46rEn*1 .5Bxlç:ç1 .08NS12. lgxxx1.521 .040.96
cross 4

CHAMPBI 56/ 17 /52
rÊPN28/9

1 .3318**1 .47xxx1. 10NS7 . Boxxx1.731 .301. 18
cross 3
MKR21 1/9xtß468/ 1

1.14NS1.12NS1 .2BNS0. 69NS1.181 .031.32
cross 2
MKR21 1/9xPN28/9

1 .75xxlç1 .4grÉ1. 17NS7 .72xxx1.520 .871.02
cross 1

t{M25/ 4xtM6B/ 1

P
2

:F
2P F

¿1
P Pz

1

Bartlett I s

Chi'square

F
2

P
2

P
1

Variances

-0.22-0.28-0.41-0. 85-0.69-0.50-0 .78-0.34F2t"

-0.30-1 .15-0.66-0. 54-0.63-0.32-1.36-0.39parent 2

-o.27-0.69-1.22-1.00-0.97-1.03-0.38-1.13parent 1

CTOSS

I
cross

T

CTOSS

6

cross

5

cross

4

cross

3

CTOSS

2

CTOSS

1

5%
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Table 2.g. Minimum and maximum val.ues in the parenl" and F,

populations of eight crosses studied at crop density for the

character: the main shoot total weight (MTWT)

cross B

!t!¡15RVN158/ 14
xl'ß468/ 1

0.45 8.5256,150.290.32

8.215.486.420. 100.311. 10
cross 7
!,IW15RNV158/14
XPN28/9

6.836.035. B00.310.470.29

cross 5
CHAMPB 156/ 17 /52
rÊMM6B/ 1

cross 6
CHAMPS 156/ 17 /52
xtMcz1/9

6.385.585.300.300.601 .00

6.775.905.440.08o.620.22
cross 4
CHAMPBI 56/ 17 /52
rßPN28/g

7.506 .406.100.300.400.22cross 3
MKR21 1/9xvr463/ 1

5.915.796.180.210.500.48cross 2
MKR21 1/?XPNZB/9

7.005.506.000. 180 .87o.64cross 1

w125/4xl'|y¡68/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

maxlmummrnl_mum
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5 The main shooL grain v¡eieht at crop density.

The frequency distributions for the main shoot grain weight

(Fig. 2.5) had patterns similar to those obtained for the main shoot

total weight. The Frts means for crosses 2, 3, 7 and B were between

the two parental means while for crosses 4, 5 and 6 the Frrs means

exceeded the parental means. This probably indicates that simple

additive gene effects operated in crosses 2, 31 7 and 8, and that

an effect of dominance operated 1n crosses 4, 5 and 6. The F, of

cross 6 again showed a bimodal distributi-on similar to that obtained

for the main shoot total weight.

gnly in crosses 4 and 6 were the Frrs variances si-gniflcantly

Iarger than both parents (Table 2.10). In crosses 1, 7 and B the Frrs

variances were larger than one parent and in the remaining crosses

the variances were homogeneous.

Again, here \^rere some indlviduals with extreme expression in
t

the F, populations of crosses 1r 41 51 6 and 7 (Figure 2.5 and Table

2.12), as ü¡as evident previously in the main shoot botal v¡eight'

For many of the crosses, the variances of the two parents

were similar, a result that was found previously for the main shoot

total weight.

Negative skews occurred again for this character j-n every

population (Table 2.11).



Figure 2.5.

lr3

Frequency distribution of the main shoot grain

weight (MGRI/'IT) from eight crosses grol^In at crop

density; the blue and green curves are parent 1

and parent 2 distributions respectively and the

red curve is the hybrid F, distribution.

The X axis represents class intervals and the Y

the plant frequency in each class as a percentage.
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Table 2.10, Variances of parents and F2t", Chi-squares of Bartlettrs test

for homogeneity and F test of variance ratios between parents and Frrs for

the character; bhe main shoot grain weight (MGR!'JT)

1 .461Él(rË1.03NS1.42xxx9.58xxx0.380.260.37
cross B

I,'It,ll 1 5RVN 1 58/ 14
XMM6B/ 1

1.31*1 . 21NS1 .09NS1 .7BNS0.460.350.38
cross 7
hr!,t15RVN158/14
rçPN28/g

1 .63rÉlÊlß1.B1rcËlç1.1 1NS10 . 54¡çlçlç0.650.400.36
cross 6
CHAMPBl 56/ 1T /52
x\,r4c21/9

1 .00¡ls1 .30NS1 .30NS1. 13NS0.300.300.23
cross 5
CHAMPB 156/ 17 /52
rËt,ß468/ 1

1 .521(l(*r .7"*-Áçl(1.14NS16.1 1*x*0.38o.250.22
cross 4
CHAMPBI 56/ 17 /52
XPN28/9

1 .07NS1 .07NS1 .00NS1 .05NS0.320. 300.30
cross 3
MKR211/9xW16B/1

1.12NS1 .07NS1 .04NS0.20NS0.290.260.27
cross 2
MKR21 1/9XPN2B/9

1 .651çåç*1 .32NS1 .25NStr trtåElÊlÊ0.330. 20o.25
cross 1

[\t425/ 4x[ß168/ 1

P
2

F
2P F

1 2P P
1 2

Bartlettr s

Chi-square

F
2

P
2

P
1

Variances

1 Larger variable divitled by smaller variable'-

Table 2.11. Coefficient of skewness values for

of parents and Frrs Erown at crop density'

Variance ratios 1

the main shoot grain weight

Coefficient of skev¡ness for significant difference from zero aL the
probability 1eve1;

= + 0.389 fo
pa

= + 0.200 fo
Fz

r sample size of 'lOO (approximate guide for the
rents in crosses 1 , 2, 5, 6, T I

r sample size of 4OO (approximaLe guide for all
ts and parents of crosses 3, 4t B)

-0.32-0.54-0.32-0.79-0 .85-0. 86-0.39-0.38F2t"

-0.45-1.23-0.44-0.90-c.75-0.47-1.10-0.41parent 2

,0.44-0.64-1.07-1 .14-0. e9-1.36-0.48-1.06parent 1

CTOSS

B

CTOSS

7

cross

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

5%
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Table 2.12. Minimum and maximum val.ues in the parent and F,

populations of eight crosses studied at crop density for the

character: the main shoot grain weight (MGRI^IT)

cross 7
l,'I!,¡15RNV158/14
XPN28/9

cross B

l^Il,{15RVN158/ 14
åÊ1"1468/ 1

2.9023.000.050.080.00

3.012.512.800.020.020.42

3. 1B2.922.77o.020. 160.10
cross 6
CHAMPB156/ 17 /52
xI,f4C21/9

3.072.362.480.080 .120.26
cross 5
CHAMPB156 / 17 /52
r(MM6B/ 1

3. 042.842.600.000.200.02
cross 4
CHAMPB 1 56/ 17 /52
r(PN2B/g

2.662.902.790.020. 100.04cross 3
MKR21 1/9xrûq6B/1

2.772.752.920.020. 190.20cross 2
MKR21 1/9XPN2B/9

2.872.412.530.02o.320.11cross 1

t4/.,25/4xlüql68/ 1

F
2P

2P
1

F
2

P
2

P
1

cross number

maximummrnlmum
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6. The main shoot grain number at crop density.

As the main shool grain number was closely associated wilh

the main shoot grain weight (tfreir coruelation coefficient ranged from

0.B2oxxx to 0.9581ËlËx for the different crosses), their frequency

distribution patterns T¡rere very similar. The distributions for this

character are given in Figure 2.6. However, the evidence for a bimodal

distribution in cross 6 found for the main shoot total weight and grain

weight was nohr negligible. Heteros.is in terms of the mean values was

evidenb in crosses 1, 3, 5 and B but the Frrs of crosses 1 and 3 showed

a negative heterosis.

Table 2.15 gives the minimum and maximum values. In most

crosses the Frrs had a lower minima than their parents but for the

maxima only the F, of crosses 1, 51 61 7 and B had values higher than

their parents. The variances are shown in Table 2.13. Although in

nany crosses the F, had larger values than their parents, only in

cross 1 was it sì-gnificantly larger than both parents.

Negative skews were obtained (Table 2.14).



Figure 2.6.

4T

Frequency distribution of main shoot grain

nunber (MGRNO) for eight crosses studied at

crop density. The blue and green curves are

parent 1 and parent 2 distributions respectively

and the red is the hybrid- F, distribution.

The X axis represents class intervals and the

Y plant frequency 1n each class as a percenfage.
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Table 2,13. Variances of parents and trt", Chi-squares of Bartlettrs test

for homogeneity and F test.of variance ratios between parents and Frrs for

the character; the main shoot grain number (MGRNO)

1Variance ratios

1 Larger variable divided by smaller variable.

Table 2.14. Coefficient of skewness values for the main shoot grain number

of parents and Frts Erown at crop denslfy.

Coefficient of skernrness for significant difference from zero aL Lhe 5%

probability 1evel;
= + 0.389 for sampJ_e size of 100 (approximate guide for the

parents in crosses 1, 2t 5, 6, 7\

= + 0.200 for sample size of 4oo (approximate guide for aII
Frrs and parents of crosses 3, 4, B)

1 .30x1 .07NS1 .22NS3.61rÉ215.57165.51201.57
cross B

m,il 15RVN1 58/ 14
XMM6B/ 1

1 .03NS1 .65*xx.1 .7oxxx3.49x305. BB315.36185.43
cross 7
I¡'lÌ¡ 15RVN 1 58/ 14
XPN2B/9

1 .03NS1 .26NS1 .29NS0.9BNS243.65249.84193.23
cross 6
CHAMPB 156/ 17 /52
xrMczl/g

f.i1NS1 .65lclç*1 . t+9x3.90*1 68. 93152.21102.29
cross 5
CHAMPB 156/ 17 /52
|(MM6B/ 1

1.13NS1 .7 4xxx1 .541çxlç14.73xx*260.54230.55149.90
cross 4
CHAMPB 156/ 17 /52
XPN28/9

1 .05NS1 .301ç1 .37**lÊ8.66rË*rß180. B11 90 .09138.7 4

cross 3
MKR21 1/9xtß468/ 1

1.10NS1 .901çåll*1 .731çxlç7.32231 .44210 .40121.78
cross 2
MKR21 1/gXPNzB/9

1 . g4lç*x1.80rçr(*i . OBNS12.33rÊ*lc236.30121.791 30.95
cross 1

I/tN125/ t+xlß468/ 1

P
2

F
2P F

2P P
1 2

BarLIettr s

Chi-square

FzP
2

P
1

Vapiances

-0.32-0.54-0.32-0.79-0. 85-0. 86-0.39-0.38F2t 
"

-0. 45-1.23-0.44-0.90-0.75-0.47-1. 10-0 .41parent 2

-0.44-0.64-1.07-1 .14-0.89-1.36-0.48-1.06parent 1

CTOSS

I
CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

cross

2

CTOSS

1
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Table 2.15. Minimum and maximum values in the parent and F,

populations of eight crosses studied at crop density for the

character: the main shoot grain number (MGRNO)

8072
'76

550

cross J
wù15RNV 158/ 14
xPN28/g

cross I
Wt^l15RVN158/ 14
lËt11468/ 1

9287722212

90BO69173

cross 6
CHAMP8156 / 17 /52
'#IMC?1/g

BO6560B99
cross 5
CHAMPB 1 56/ 17 /52
|ÊMM6B/ 1

B586690121

cross 4
CHAMPB 156/ 17 /52
r(PN2B/g

T47871393
cross 3
MKR21 1/9xPIt46B/ 1

B6B96641010
cross 2
MKR21 1/9XPN?B/9

8672714155
cross 1

MM25/4rÉl'ß468/ 1

F
2P

2
P

1
F

2
P

2
P

1

cPoss number

maxlmummlnrmum
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7 Tiller gra in weight at crop densitY.

At crop density marry plants produced only a single head.

This is shor¡n by the high proportion of plants having a zero value for

tiller grain weight. (Figure 2.7). The mean value for titler grain weight

was l,ow, ranging from 0.22 Lo 1.14 g, per plant. The Frrs means fell

mostly between the two parental means. Only in crosses 2 and B were the

Frrs means lower and higher than the parental means, respectively- There

u¡as no evidence of heterosis for this character. Albhough heterosis was

not evident transgressive segregation was detected and the Fr's in general

had higher maximum values than their parents with the exception of cross B.

AI1 the minimum values hrere zero (Figure 2.T and Tab}e 2.18).

The Frrs varj-ances for this character were not larger than for

the parents (Table 2.16). This lable shows that in seven out of eight

crosses, one parent had a significantly higher varj-ance than the other

suggesting that there were differences in response among the parents

to the microenvironment. The distributions for this character were

positively and strongly skewed (Table 2.17). This is a different result

from that found for the main shoot grain weight which showed a negative

skew. In that both characters are concerned with grain weight' one

might have expected them to produce a similar type of frequency

distrj-bution (the subject wil-l be further considered in the discussion).

It may have been unjusbifiable to calculate coefficients of

variation because of the very strong skews. However, as there is no

satisfactory procedure to be used in adjusting the result, CVts on the

unadjusted data are presented in Figure 2.7.



Figure 2.7.

51

Frequency distributions for tiller grain weight

for eight crosses grovrn at crop density. The

blue and green curves are the parent 1 and

parent 2 distributions respectively and the

red is the hybrid F, distribution.

The X axis represents class intervals and the

Y represents the frequency of pJ-ants in each

class as a percentage
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Table2.16.VariancesofparentsandF2t",Chi-squaresofBartletttstest'
for homogeneity and F test of variance ratios between parents and Frts for

bhe character; tiller grain wei-ghb (TGRI/'IT)

1 .10NS1 .05NS1 .05NS0 . 51NS0.220.200.21
cross B

I,I\^li5RVN158/ 14
|(MM6B/ 1

2.zBxxx1 .07NS2.44xxx9.11xxx0.570.250.61
cross 7
I,fl,t15RVN158/ 14
*PN2B/9

4.67*xxr1 .691çlçlß7 . 89xxx40. B6l(lçx0. 840. 1B1.42
cross 6
CHAMPB 156/ 17 /52
xtMcz1/9

2.00rß*l(1 .34NS2.69xxx,t 1 ?a***
I l.lv0.680.340.91

cross 5
cHAr4PB 156/ 17 /52
l(l'ß468/ 1

1.64xxx1 . OBNS1 .77x*x16.2Txxx0.720.440.78
cross 4

CHAMPB 156/ 17 /52
*PN28/9

3.03*rçx1 .05NS3.20tç*lç75 . 191çtçlt0.910.300.96
cross 3
MKR21 1/9xW46B/ 1

1 .2gNS1.62xîxx1 .25NS5.7lxx*0.650. B41 .05
cross 2
MKR21 1/9*PN2B/9

1 .651il(åç1.12NS1.851Étçlç5.76xxx0.430.260.48

P
2

F
2P :F a

L1
P P

1 2

Bartlettr s

Chi-square

F
2

P
2

P
1

Variance ratios 1

Variances

cross 1

vrM,25/ 4x'Àß168/ 1

1 Larger varlable divided by smaller varj-able'

Table2,lT.Coefficientofskeunessvaluesfortillergrainweight
of parents and Frrs Erown at crop density'

Coefficient of skewness for significanL difference from zero at Lhe

probability level;
= + 0.389 for sample size of 1OO (approximate guide

parents i-n crosses 1, 21 51 61 7l
= + 0.200 for sample size of 4OO (approximate guide

Frrs and Panenl,s of crosses 3, 4, B)

for the

2.301.992.061.201 .901 .631 .802.32F
2

rs

2.191 .303.071.291 .782.540.672.29parent 2

2.380. 821.920.621.201 .171 .001 .46parent 1

CTOSS

B

CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

fon aII

5%
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Table 2.18. Minimum and maximum values in the parent and F,

populations of eieht crosses studied at crop density for the

character: tiller grain weight (TGRI"IT)

2.853.002.7 400 0
cross 8
WI¡l15RVN 1 58/ 14
rçMM68/ 1

4.002,202.60000

cross 6
CHAMP8156 / 17 /52
xÌ"MC21/9

cross 7
til't 1 5RNV 158/ 1 4
rf PN28/g

5.902.765.78000

4.312.583.67000
cross 5
CHAMPS 156/ 17 /52
rçMM6B/ 1

5.953.724.62000
cross 4
CHAMPBI 56/ 17 /52
*PN2B/9

5.903.605.70000
cross 3
MKR21 1 / gxt 468/ 1

4.283.254.21000
cross 2
MKR21 1/9*PN2B/9

3.782.983.67000
cross 1

t4y'25/4xW16B/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

maxlmumml-ntmum
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8. TiIIer grain number at crop densitY.

Tiller grain number was closely related to the tiller grain

weight. Their correlation coefficÍent ranged from 0.799åÊtçlc to 0.975*xx

in the different crosses and their frequency distributions were similar

(Figure 2.8). As many as 75% of the plants in the population did not

have any tiller grain when grovm at crop density; their yield had been

reduced by the Iarge effect of competition 1n the crop micro-environment.

The mean grain number from all- the tillers on a plant was in general

lower than on the main shoot. This may be seen by comparing Figure 2'8

with Figure 2.6.

The variances in Table 2.19 shows that there were significanf

differences between the parent 1 and parent 2 variances in most crosses

again suggesting that there were differences in response among the

parents to the micro-environment and their produclion of grain on the

tillers.

The Frrs variances !Íere not larger than both parental

varl-ances. only in a few crosses were the Frvariances larger than for one

parent. However, most of the Ft (of crosses 2, 41 51 6, / and B)

had higher maximum values than their parents (Table 2.21).

strong positive skews were obtained for this character

(Table 2.20).
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Frequency distribution of the tiller grain

number from eight crosses studied at crop

density. The blue and green curves are the

parent 1 and parent 2 distributions respectively

and the red is the hybrid F, distribution.

The X axis represents class j.ntervals and the

Y the frequency of plants in each class as a

percentage.

Figure 2.8.
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Table2.lg.VariancesofparentsandF2'",Chi-squaresofBartletblstest
for homogeneity and F Lest of variance ratios between parenLs and Frrs for

the character; tiller grain number (TGRNO)

1 .03NS1 .33x1(l(1 .38xlçl*6.54*xx302.19312.18226.55
cross B

vÙ!{15RVN158/ 14
l(1,,ß468/ 1

2.07xlt*1 .22NS1 .?oxxx9 .43xxx811.24391 .43663.62
cross 7
v,rt,'I15RVN158/14
XPN2B/9

1 .67tçl(l*1 .32NS2,21x**6.951çxx705.11422.49932 " 
4T

cross 6
CHAMPB 156/ 17 /52
*MMC2 1 /9

1 .761(*x1 .04NS1 .69lçlËlç5 .7 6rrxx792.50451 . 1B761.24
cross 5
CHAMPB 156/ 17 /52
rç1,ß,168/ 1

1 .06NS1.27*1 .20NS2. BONS994 .14939.64783. 89
cross 4

CIIAMPB 156/ 17 /52
*PN28/9

1 . B4xlçlc1 .02NS1.B1rËl(lc25.TBxxxr 089 .70593.04i 07o. 50
cross 3
MKR21 1/9xt^468/ 1

1 .53åçtËlç1 .21NS1 .26NS3.79*823.151258.50999.60
cross 2
MKRz1 1/gXPNzB/9

1 .32NS1 .35x1 .78xxx4.23592.96450.62801,95
cross 1

\[M25/ 4xW46B/ 1

P
2

F
2P't:FtP P

1 2

BartIeLb I s

Chi-square

FzP
2

P
1

Variances Variance ratios

1 Larger variable divided by smaller variable'

Table Z.ZO. Coefficient of skev¡ness values for tiller grain number

of parents and Frrs Erown at crop density'

of skev¡ness for significant difference from zero aL the 5Coefficient
probability

= 10
Ievel;
389 for sampJ-e size of lOO (apprcximate guide for the

parents in crosses 1, 2, 5, 6, 7)
for sample size of 400 (approximate guide for aII
Frts anà Parents of crosses 3, t+, B)

1 .901.591.810.991.921.571.571.99F2t 
"

1 .700. 882.940. B41.t+42.250.601 .91parent 2

2.040 .871 .830.611.281 .190.812.38parent 1

CTOSS

B

CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

+ 0.200

ôl
lo
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Table 2.21. Minimum and maximum values in the parent and F,

populations of eight crosses studj-ed at crop density for the

character: tiller grain number (TGRNO)

cross 7
I¡¡I/Í15RNV158/ 14
rf PN28/g

cross I
Írbr15RVN158/ 14
xMM68/ 1

0 1038T9000

172B1101000

165138139000
cross 6
CHAMPS 156/ 17 /52
xl"Mcz1/9

14493119000
cross 5
CHAMPB 156/ 17 /52
XMM6B/ 1

244156154000
cross 4
CHAMPB 156/ 17 /52
*PN2B/9

196163209000
cross -3

MKR21 1/9XT4y1i6B/ 1

180143122000
cross 2
MKR21 1/gXPNzB/9

1621161Bg000
cross 1

tq425/4xÆq68/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

maxlmummrnamum
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9. Tota1 grain weieht per plant at crop densitv.

Many of the features of the distributions for tot'al grai-n

weight were slmilar to those for total ptant weight discussed previously.

The two characters r^¡ere highly correlated in this experiment with an

average correl-ation coefficient of 0.955*l(åç (in individual crosses the

correlations ranged from O.627xxx to 0.98$xxx¡. Figure 2.9 sho'¡s the

distributions of the parents and Frrs for this character. It will be

seen again that the Frts distributions covered the combined ranges of

the two parents and their means were intermediate between the parental

means. There was littte evidence of heterosis as nearly atl of the Frrs

means were neiLher greater nor lower than the parental means. There

was evidence of transgressive segregation however as in aII crosses

there vüere several individual-s with values that exceeded values in the

parental population (Table 2.24).

The Frrs variances for this character were not significantly

greater than both parental variances (Tabte 2.22). The small differences

among the CVts suggest that the P,,r P, and F, vari.ances within a cross

were similar.

Positj.ve skews were obtained (Table 2.23). It will be recalled

that the distribution for the main shoot grain weight was negative and

the distribution for tilter grain weight was strongly positive. This

second component therefore, although much smaller in mean value, has

given the positive skew to the distribution of total grain wei-ght.



Figure 2.!.

59

Frequency distribution of the total grain weight

from eight crosses studied at crop density. The

blue and green curves are the parent 1 and parent

2 distributions respectively, the red curve is

the hybrid F, distribution.

The X axis represents class intervals and the Y

the frequency of plants in each class as a

percentage.
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Table 2,22. Variances of parents and F2t", chi-squares of Bartlettfs test

for homogeneity and F test of varj-ance ratios between parents and Frrs for

the character; total grain weight per plant (TOTGRI'IT)

1Variance ratios

I 20x.x.N-1 .ogNSf. igNS5.7Txxx0.750.580. 69
cross B

tIt,,I15RVN1 58/ 14
r(t..ß468/ 1

1 .671ÊlÊle1 .03I1S1 . 61*lçlÉ5.051Êlçx1 .500.901 .45
cross 7
t^IW15RVN 1 58/ 14
rçPN28/g

3.071çx'lc1 .05NS3. 2 i l(*lÉ1 .27NS2.30o.752.41
cross 6
CHAMPB 1 56/ 17 /52
*MMC2 1 /g

1 .59l(**1.1BNS1 . BBIËxtçB. 01*lçlç1.370 .861.62
cross 5
CHAMPB 156/ 17 /52
xl'ß{68/ 1

'1 .7 t*X*l.111.16NS1 .48åçlçx23.8T xrtx1.630.951 .41
cross 4

CHAMPBI 56/ 17 /52
rÉPN2B/g

2.361ßlçåç1 .06NS2 . 51 åçxrç32. 28fÉl(lç1.770.751.BB

cross 3
MKR211/9xW46B/1

1.12NS1 .48tÉxåç1 .32NS10. B3*xlç1 .301 .461.92
cross 2
MKR21 1/9XPN2B/9

1 .67l(xtç1. 1 1NS1.51*5. 1BrçrÊl(1.020.610.92

P
2

F
2P

1
F

2P P
1 2

Bartlett I s

Chi-square

FzP
2

P
1

Variances

cross 1

MM25/4xMM6B/ 1

1 Larger variable divided by smaller variable'

Table 2.23. Coefficient of skewness values for total grain weight per plant

of parents and Frrs grown at crop density.

Coefficient of skewness for significant difference from zero at the
probability level;

= + 0.389 for sample size of 100 (approximal"e guide for the
parents in crosses 1, 2, 5, 6, 7)

= + 0.200 for sample size of 4oo (approximate guide for all
Frts and Parents of crosses 3, 4, B)

o.590. 910 .800.580. 870.820. 831 .17F
2

rs

0.750. 100.360.410. B00.930.211.19parent 2

0.690.280.960. 1g0.540.570.690 .85parent 1

CTOSS

I
CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

cross

1

5%
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Table 2.24. Minimum and maximum values in the parent and F,

populations of eight crosses studied at crop density for the

character: total grain weighb per plant

cross 7
hlt^t15RNV15B/ 14
r(PN2B/g

cross I
r¡Il^l15RVN158/ 14
r(MM68/ 1

5.344. 055.030.050 .080. 10

6.844.235 .190.020.020.42

B.9T5.118.010.020. 160. 10
cross 6
CHAMPB 156/ 17 /52
rIMC?1/9

7.384.355.680.080 .120.32
cross 5
CHAMPB 156/ 17 /52
xMM68/ 1

8.375.926.720.000.200.02
cross 4
CHAMPBl 56/ 1T /52
*PN28/9

7 .775.2tB. 100.050. 100:15
cross 3
MKR21 1/9XT{/I6B/ 1

7.26trtrtr6 .170.020. 1g0.20
cross 2
MKR2i 1/gxPNzB/g

6.455.396. 130.020.320.11
cross 1

MM25/4xMM68/ 1

F
2P

2
P

1
F

2
P

2
P

1

cross number

max].mummrnl-mum
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10. Height o f the rnain shoot at crop densitY.

. The frequency distributions for this character are shown in

Figure 2.10, The Frts distributions conforrn to the genetic model

expected in that they showed a wide distributjon and their ranges

covered the combined ranges of the parental distributions. There was

no indlcation lhat major genes were involved in these distributions'

The F^ts means in general were intermediate between the two parental
¿

means, except in crosses 2 and I in which the Frrs means were lower

and higher than the parental means respectively. This indicates

negative and pos|tive heterosis-in these two crosses. Although

heterosis was not evident in the other crosses (crosses 1r 2r 3, 4 and

7), transgressive segregation was apparent (Figure 2.10 and Table 2'27)'

The coefficients of variation were comparatively sma1l varying between

B and 22%. In all the previous characters the CV were far greater often

being in excess of 50 to 60% which was part.Iy a consequence of their

skews.

The variances, chi-square of Bartlettts test and variance

ratios are shotrn in Table 2.25" In contrast to most of the other

characters studied, the Frrs variance for height clearly provided

evidence of segregation and in five out of the eight crosses the Frrs

variances were Significantly larger than both parental vari-ances'

Some were twice as large (in crosses 3, 41 6 ancl 7). In cross 5

the parent 2 (MM6B/t ) fraO the largest variance'

Negative skews were obtained for helght (Table 2.26).

Possible reason for the negative skews for plant height were referred

to in the Literature Review and will be considered further in the

discussion.



Figure 2,1O.

63

Frequency distributions for main shoot height for

eieht crosses studied at crop density. The blue

and green curves are the parent 1 and patenL 2

distrib¡utions respectively and the red curve is

the hybrid F, distribution.

The X axis represents class intervals and the Y

plant frequency in each class presented as a

percentage.

'(
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Table 2.25. Variances of parents and F2t", Chi-squares of BartleLtrs test

for homogeneity and F test of variance ratj-os between parents and Frrs for

the character; height (HT)

1 .3Bxl(lç1.1gNS1.16NS5.301ËxlË147.951 06. 93124 ,18
cross I
tM15RVN158/ 14
r(MM6B/ 1

3. 16rÉlç*1 . 85*lß*1 .71x;e x24,24xx*164.6252.06BB. BB
cross 7
hrLI15RVN158/ 14
ITPN2B/g

10Qlç*lÊ1 .7 4xxx1.14NS10. 57xl(tç73.1436.9942.14
cross 6

CHAMPBI 56/ 17 /52
xyr4c21 /9

1 .54x1çl(1 .5Bxlçx2.32xx;Ég. 17rçxx105.42162.3166. 83
cross 5
cHAl4PB 156/ 17 /52
xMM68/ 1

3.26x1Ê*2,21xxx1 .47*xx72,92xxx154.0947.2069.57
cross 4

CHAMPE 156/ 17 /52
*PN28/9

2.45xxx1 .7 4xxe1.41*xx35 ' 49xxx304.82124.59175 .44
cross 3
MKR21 1/9r,vr463/ 1

3.32rçxlç1. 19NS2,7gxx*19. 34xxå(157 .2147.35131 . 93
cross 2
MKR21 1/gXPNzB/9

1 . 84xr(à(1 .501Ê1 .22NS9. o6xxx156 ,4085.12103.97
cross 1

t4/,25/4xt+168/ 1

P
2

:F
2P .F

21
P,:P,

Bartlett I s

Chi-square

F
2P

2
P

1

Vaniances
1

Vaniance ratios

1 Larger variable divided by smaller variable'

Table 2.26. Coefficient of skev¡ness values for ¡sig¡¿

of parents and Fr's Erown at crop density'

Coefficient of skev¡ness for significant difference from zero at the
probability Ìevel;

= + 0.389 for sampl-e size of 1OO (approximate guide for the
parents in crosses 1, 2, 5, 6, 7)

= + 0.200 for sample size of 400 (approximate guide for all
Frrs and Parents of crosses 3, 4, B)

-1.28-0.79-1.37-1.42-0.91-0.77-0.95-a.65F2t 
"

-1.30-2.01-3.07-0.96-1.76-0.92-1.81-1.06parent 2

-1.34-1.24-1.01-2.59-2.24-2.32-0 .81-1.60parent 1

CTOSS

8

CTOSS

T

cross

6

CTOSS

5

CTOSS

4

CTOSS

3

cross

2

CTOSS

1

5%
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Table 2,27. Minimum and maximum values in the parenl, and F,

populations of eieht crosses studied at crop density for the

character: height

82. BO0.3BB. 824.5023.70
cross 8
m,¡15RVN158/ 14
r+MM68/ 1

25.50

103.4038.4CT7 .3022.7038. 1039 .00
cross 7
WW15RNV158/14
XPN28/9

87.2076.6C82.7026.2030.0042.30
cross 6
cHAÌ,rP8156/ 17 /52
*IMC?1/9

87 .0097.4C81.9021.8022.0028.00
cross 5
CHAMPB 156/ 17 /52
*MM6B/ 1

101 . 3090.2C85.1017 .8038.5029.70

cross 3
MKR21 1/9xW46B/ 1

icross 4
CHAMPB 156/ 17 /52
*PN28/9

116.2099.5c104 . 1C8.923.50i1.30

1 16. 6096.2C1 14,. 1C3'1 . B050.4053. 50
cross 2
MKR21 1/9XPN2B/9

1 30 .7096.5cBT.2O16.3129.5039. 60
cross 1

try125/4xlffi68/ 1

F
2P

2P
1

F
2

P
2

P
1

cross number

max].mumminimum
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11. Sp ikelet number of the main shoot at crop density.

The distributions for spikel-et number shot¡ed some very clear

patterns (Figure 2.11) indicating situations ç¡here the parents and F,

were almost identical- (cross 6), to where the F, was intermediate

between two different parents (cross 3) and to a situation that resembled

domi-nance (cross 4). The pattern for cross 3 was almost a perfect

example to demonstrate a quantitative genetical model-. The Frrs

ranges cover"ed the combined ranges of the parental distributions

and transgressive segregation was evident in crosses 1, 2, 5, 6, T

and I (Table 2.30).

The variances for this character are presented in Table

2.28. The Frrs variances of crosses 1, 4r 5 and 7 were significantly

larger than both their respective parental- variances, whereas in

crosses 2, 3 and I the F, was significantly different only from one

parent. As with height, the CV for spikelet number vüere small.

Strongly negaLive skews were obtained for this character

(Table 2.29).



Figure 2.11.

67

Frequency distribution for main shoot spikelet

number for eight crosses studied at crop density.

The blue and green curves are the parent 1 and

parent 2 distributions respectlvely and the red

curve is the hybrid F, distribution.

The X axis represents class intervals and the Y

plant frequency in each class presented'as a

percentage.
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Tabte 2.28. Variances of parents and F2t", Chi-sqr"rares of Bartlettrs t'est

for homogeneity and F test of variance ratios between parents and Frrs for

the character; the main shooL spikelet number (SPIKB)

Variance ratios 1

cross 1

t{M25/ 4x}¡r468/ 1

cross 2
MKR21 1/gXPNzB/9

cross 3
MKR211/9xIû468/1

cross 4
CHAMPB 156/ 17 /52
*PN28/9

cross 5
CHAMPB 156/ 17 /52

'(MM6B/ 
1

cross 6

CHAMPBl 56/ 1T /52
xw4c21/9

cross 7
1,\r!ü 1 5nvN 1 5Bl 14
XPN2B/9

1 Larger variable divided by smaller variable'

Table Z.Zg. Coefficient of sker¿ness values for the main shoot spikelet number

of parents and Frrs Erovrn at crop density.

Coefficient of skev¡ness for significant difference from zero aL Lhe 5%

probability Ievel;
= + 0.389 for sample size of 100 (approximate guide for the

parents in crosses 1, 2, 5, 6t 7)

= + 0.200 for sarmple size of 4oo (approximate guide for aII

1 .321çlçlç1 .22NS1 .ogNS4 . 611(lçx5.314.024.37
cross 8
t^M15RVN158/ 14
r(t'o468/ 1

1 .37xåÊlç1 .74xxx1 .301(5. 56tçxx7.705.264.33

1.10NS1 .29NS1 .42NS1 .64NS5.695. 187.35

2.001Êl(lç1 .68rçlçàÊ1.19NS10.95*nx6.023.013.58

1 .58åfiÈx2.O4xx*1 
'O***25 .46xxx7 .915.003. 87

2.011Êl(åç1 .09NS2. 20rçr(åç21 .351Èx*B. 414. 189 .19

2.5Bxxx1 .01NS2,61xxx13.021Êlçlß6.872.666.93

2.7 lxxx1 .98xxx1 .36NS22,27xx*7 .362.723.7 1

P
2

F
2P1tF2P .D

1 2

Bantlettr s

Chi-square
F,2P

2
P

1

Variances

-1.27-1.5701.09-0.91-1.96-1.38-1.20-1.18F2t"

-1.37-1.46-1.28-1.81-1.24-1 .46-2.12-0.74parent 2

-1,26-1.88-1.47-0. 63-1.24-2.34-1.43-1.87parent 1

CTOSS

B

CTOSS

7

CTOSS

6

CTOSS

5

CTOSS

4

CTOSS

3

CTOSS

2

CTOSS

1

F
2

f s and parerits of crosses 3, 4, B)



69

Table 2.3O, Minimum and maximum val,ues in the parent and F,

populations of eight crosses studied at crop density for the

character: the mai-n shoot spikelet number (SPIKE)

222121I 69

cross 8
WW15RVN1 58/ 14
r(MM68/ 1

25222141010

cross 7
l^It¡J15RNV158/ 14
ITPN2B/g

2221216B6

cross 6
CHAMPB 156/ 17 /52
x\MC21/9

2220207109
cross 5
CHAMPBI 56/ 17 /52
riMM6B/ 1

2424215BT

cross 3
MKR21 1/9xrr463/ 1

cross 4

CHAMPBI 56/ 17 /52
*PN28/9

¿o21265B6

2623247129
cross 2
MKR21 1/gXPNzB/9

25212251111
cross 1

tû425/ 4xtM6B/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross numb-er

maxrmummlnlmum



70

12. Head length of the main shoot at croP densitY.

The lengths of the heads on the main shoots were measured

without the awns. In general, the distributions conformed to what

wás expected from a segregating population in that the Frrs means,

with some exceptions, were intermediate between the parental nleans while

the range covered the.combined ranges of the parents (Figure 2.12).

This was evident in crosses 1, 31 4 and 7 indicabing possible simple

additive gene effects. The F, of crosses 2, 5,6 an¿ B show some

indication of heterosis but cross 2 shows negative heterosis and the

others positive heberosis. Transgressive segregation vüas evident in

crosses 5, 6 and B (Figure 2.12 and Table 2.3Ð. 
o

spite of havlng many lower minimum values and higher

maximum values than their parents (Table 2.33), the Frrs variances with

two exceptlons were not greater than lheir parental variances (Table

2.31).

Negative skews were obtained (Table 2.32). A negative skew

has been characteristic of the distributions of the characters measured

on the ma1n shoot throughout this study while a positi-ve skew has been

found for the total plant weighl, total grain weight and characters

measured on the tillers.
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Figure 2.12, Frequency distribution of the head length on

the main shoot for eight crosses studied at

crop density. The blue and green curves are

the parent 1 and parent 2 distributions

respectively and bhe red curve is the hybrid

F, distribution.

The X axis represents class intervals and the Y

plants frequency in each class as a percentage.



50

t
9.s4
8.32
8. 68

2
f

r.29
0.81
2.r2

gv

0.L2
0. 11

o.r7

2
(r

3.08
t.42
2.7 L

c3

MKR 21U9 * MM 6811

20

v
.64
.20
.30

0
8
9

1

v
T6

15
18

E

P

P

F

1

2

2

0
0
0

1

2
2

2rGT
2ct

1

2
2

P

P
F

P

P

F

c1

25/4 x ì,ßf 68/1

15

0
0

00

5040

P1
D'2
E2

9.53
11.04
9.76

.L7

.L4

.17

2.58
2.30
2.76

0
0
0

l¡
8.s6 1

10.06 2

9.50 2

.62

.89

.7r

cv
0. 15

0. l7
0. 17

c2

MKR 21119 * PN 2819

0

c4

CHAMP 8156l17lsz x

PN 2819

0
0 20

head length - croP densitY

15



5 70

2
aP

P

P
13
L4
L6

0
0
0

P1
P2
E2

0
0
0

P

P

F

cv Itr CY
2

29
26
28

51
34
77

8.66
8.22
8.84

8.62
8.42
8.82

1.35
L.24
2.04

8.38
10.03
9.r2

I
2

1

3
3

0.r4
0. 18
0.20F2

c5

CHAMP 8L56/L7/52 * MM 68/1

15

rv

0

c7

I,ül^I 15 RVN 158/L4 * PN 28/9

20
00

40
50

t
qr

z
dP

Pl
P
F

2
2

L9
15
L7

F
7.72 1

7,84 I
7.97 I

CY

1

2
2

2.60
r.57
2.2r

0. 16

0.15
0.17

C6

CIIAMP 8L56/L7152 x wrc Ztl

C8

I^n^I L5 RVN I58/I4 * Iß{ 68/1

0
0

0

head length - crop densiËY

15



72

Table2.3l.VariancesofparentsatrdF2'",Chi.squaresofBartlettlstest
for homogeneity and F best of variance ratios betrveen parents and Frrs for

the character; head length of Lhe main shoot (HDLTH)

cross 1

t{M25/ 4x\^468/ 1

cross 2
MKR21 1/9XPNaB/9

cross 3
MKR211/9xt'0468/1

cross 4
CHAMPSl 56/ 17 /52
r(PN28/g

cross 5
CHAMPB 156/ 17 /52
xl,ß'168/ 1

cross 6
cHAMPsl 56/ 17 /52
xl,\"1c21/9

1 Larger variable divided by smaller variable.

Table 2.32. Coefficient of skev¡ness values for head length of the main shoot

of parents and Frrs grovrn at crop density.

Coefficient of skev¡ness for significant difference from zero aL Lhe 5%

probability level-;
= I 0.389 for sample size of 100 (approximate guide for the

parents in crosses 1, 2, 5, 6, 7')

= + 0.200 for sample size of 4oo (approximate guide for all

1.32*1. 17NS1. 13NS3. 91r(1.771.341.51
cross B

WI,¡15RVN158/ 14
XMM6B/ 1

1.10NS2.54;Éxx2.53*xx1 o . 58xxx3.283.261.29
cross J
t^IW 1 5RVN 1 58/ 14
XPN28/9

1 .41*1 .1BNS1.66x2.95x2.211.572.60

1 .65xåÉ*1 . 511ß1 .0gNS6.09t(xx2.041.241.35

1 .07NS1 .66rÉåçlç1.7Tx{rx16. B2lßlçlç2.712.891 .63

1 .91xt(tß1.14NS2.17x'ßx23,46xx82.711.423. 0B

1 .20NS1 .07NS1.12NS0. 1 6NS2.762.302.58

2.62xx*1 .641Êlßx1 .59åç18. 161Êxx2.12Ò.811,29

P
2

F
?_

P F
21

P P
1 2

BarLIett I s

Chi-square

F
2

P
2

P
1

Variance ratios 1

Variances

-0.90-1.40-0. 85-1.31-1.09-0.77-1.00-0. BBF2t 
"

-1.32-1.30-0.99-1.53-0. 66-1.13-1.78-0.51parent 2

-1.08-1.56-1.90-1.50-1.34-1.48-1.04-1.81parent 1

CTCSS

B

CTOSS

7

CTOSS

6

CTOSS

5

cross

4

CTOSS

3

CTOSS

2

CTOSS

1

F
2
ts and parent,s of crosses 3, 4, B)
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Table 2,33. Minimum and maximum val.ues in the parent and F,

populations of eight crosses studied at crop densì-ty for the

character: head length of the main shoot (HDLTH)

cross I
lrl¡15RVN158/14
rçtn46g/ 1

10.59.910.02.83.8

I

cross 7
I,IW15RNV158/14
xPN28/g

13.313.g10.01.24.24.5

12.710.410. 53.13.72.7
cross 6
CHAMPS 156/ 17 /52
xw4c21/g

12.09,710.22.54.14.7
cross 5
CHAMPS 156/ 17 /52
|ËMM6B/ 1

13. 113. 510.92.94.83.2
cross 4
CHAMPB 156/ 17 /52
r(PN2g/g

13.710.514.03.43.84.0
cross 3
MKR2 1 1/ 9xrû468/ 1

13. 1r3. 312.53.24.94.1
cross 2
MKR21 1/9*PN2B/9

13.20.011 .43.15.55.1
cross 1

tûql25/4x1q468/ 1

"l
F

2P
1

F
2

P
2

P
1

cross number

maxamummlnImUm
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(c) Summary of results from exPeriment 1.

1. Evidence for the Frrs having Iarger var'iances than both parental

variances was not co_nsistent. It occurred only r^¡ith characters

measured on the main shoot. For the other cha¡acters such as; head

number, plant total weight, total grain weight whj-ch is plant yield'

tiller grain weight and tlller grain number, the Frrs varlances were

found only to be significantly larger than one parental variance or

not to be different.

2, The parental variances were in many instances found to be significantly

different from each other although according to theory, dlfferences between

plants of a parental population are attributable only to environmental

differences and the resulting variances are often anticipated to be

homogeneous.

3. Transgressive segregation was again found very often for the

characters measured on the main shoot but only infrequently for

characters such as; head number, plant total weight, total grain weighl'

tiller grain weight and til-Ier grain number

4. Negative skews occurred for all characters measured on the main shoot:

the main shoot total weight, grain weight, grain number, height, head

'Iength and spikelet number.

5. Positive skews occurred for the characters; head number, plant total

weight, total grain weight, tiller grain weight and tiller grain number'

6. In several instances, genetic segregati-on conformed to a simple

quantitative genetic model in that the distributional range of the F,

covered the combined ranges of the parents and the F, mode was intermediate

between the modes of the parents. Understandably the segregation usually

was most clear when the parental modes were of very different value'

7. Some crosses stlowed much greater evidence of genetic segregation and

transgressive segregation. They were crosses 4 (CHAMP/8156/17/52 x PN2B/9)'

6 (CHAl,lPl8156/17/52 r( I'04C21/9)' and B (hr!ü15IRVN/158/ 14 rç MM6B/1) '
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Experiment 2. e ô ants of F fs and arents at low densit

The objectivesof experimenL 2 were sirnilar to those of experiment 1.

Its purpose was to measure the variation in F, and parent populations when

grown at Iow density and to determine if sel-ection coul-d be conducted more

or l-ess efflciently at low density than at crop density'

(a) Outline of the experiment.

Experiment 2 was conducted in the same site, year and season as

experiment 1 and the detai-l.s of climate and soil reviewed for the first

experiment are equaIIY refevant.

1. The material.

OnIy three of the eight crosses of experiment 1 were grol^m in

experiment 2 due to limitations in the number of F, seeds availabl-e. The

crosses were:

cross 3 MKR211/9 xl'{M6B/1

cross 7 I¡íLí15RVN15B/ 14 rç PN2B/9

cross B !'IV'I15RVN15B/14 xMM6B/1

2. Sowing.

Seeds !¡ere sown by machine on June 1$, 1975. Parents and hybrids

hrere SOI,in in separate plots. As Some of parents were in common in the

different crosses only the four different parents l.¡ere grown. In this

way it was possible to reduce the large labour requirement in measuring

the characters on the large plants that developed under low density' The

plots contained six rows, 2.5 metre long nith 25 cm. between rovüs'

The plants !,rere thinned on September' 1, 1975 to leave 13 plants

in a row at a nominal distance apart of 20 cm. (equivalent to 25 planfs

)p"" rt). The commercial variety Halberd I¡Ias gro!'ln in the border outer

two rows, and there were four replicates.

Other detairs of the "*p""i.unt 
concerning disease, lodglng,

damage, harvesting and the measurements and statistical methods were the

same as for exPeriment 1.
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(lr) Results of experiment 2.

1. Introduction. An analysis of vari-ance was undertaken and as the

replicate effect was found to be nonsignificant the val-ues from the four

replications vrere combined to give the frequency distributions. Each

distribution is based on approximately 200 plants. Mean values, variances,

coefficient of variation and skewness values I^Iere calculated for each

population usi4g the same procedure as in experiment '1. The frequency

distributions for the ten characters of the Frrs and parents will be

presented and as the number of plants in the poputations were unequal,

fhe distributions are presented with percentage values in each class.

Comparisons will be drawn between each F, and its parents and between

the results for these low density plants and the plants at lhe crop density

of experiment 1.

2. Head number per plant at low density.

The very low competition between plants that occurred at Lhe

Iow density enabled the development of a greater number of heads per plant

than at crop density. Each plant had approximately four to five times

the number of heads (Figure 2.13). An interestitrg result b¡as present in

the variances. Ï'lhereas at crop density the Fr r s variances for head number

were of a similar magnitude to that of the parents (Tabl-e 2.1), at low

density L;ne Frts had larger variances than their parents with all but

one of them being significant (Table 2.35). The frequency distributions

show that the Frts distributions covered the combined range of the parental

distributj-ons and that there vras transgressive segregation with F, minimum

and maximum values exceeding the values of the parents (Table 2.37 and

Figure 2.13).

The Frrs means for this character were greater than the mid

parent values. This occured at both densj-ties, further supporting the

evidence for an effect of gene dominance. The Frrs of crosses 3 and B

had means higher than both their respective parents, thus showing heterosis.
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The positive skews of the frequency distribubions noted above

for crop density were found again (Table 2,36).
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Figure 2.13. Frequency distribution of the head number from three

crosses studied at low density" The blue and green

curves are for parent 1 and parent 2 distributions

respectively and the red is the hVbrid Ft

distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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TabLe 2,35. Variances of parents and F2'", chi-squar"e of Bartlettrs
test for. homogeneity and F best of variance ratios between parents

and Frrs grown at low density for character; head number (HDNO)

Variance ratios

1 Largen vari-ance divided by smaller variance.

Table 2.36. Coefficient of skewness values for head number per plant

of parents and Frrs Erov'rn at low density.

Coefficient values

cross

cross

cross

parent

parent

parent

parent

3-
T.
B-

Fz (MKR211/9 x MM6B/1)

F Z (W!'l15RVN158/ 14 rÊ PN2B/9 )

F z (hr!'t15RVN1 58/ 14 rç MM6B/ 1 )

t4RR211/9

PN2B/9

tür/,t15RVN158/ 14

MM6B/ 1

0.44

o.27

o.45

o.42

0.50

0.60

0.44

Coefficient of skewness for significant difference from zero

at the 5% probabili-tY level;

for sample size of 200 (approximate guide for
parents and Frrs at low densibY).

cross B

lilt'Ì15RVN1 58/ 14
rç MM6B/ 1

3.333.90 1.17NS7.ozxxx5.66 1 .7oxxx1 .451çåçlß

3.90
cross 7
I¡ü!ü15 RVN158/ 14
X PN2B/9

7 .985.90 1 . 51 l('*x12.25*xx 1 .351ç2.05r(xx

7 .45
cross 3
MKR211/9 * 1,4468/1 9.203.33 2.24xxx27.29xxx 2.77 xxx1 .23NS

1
P

2
F

2
P 21 22

P FPF

Variances Bartlelt I s

Chi-square

= + 0.280
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Tabte 2.37. Minimum and Maximum values in'the parent and F,

populations of three crosses studied at low density for the

character: head number

151113223
cross B

1^I1^l15RVN158/ 14
rß MM6B/ 1

1T1613233
cross 7
Ï'II^l15RVN158/ 14
rç PN2B/9

201118122
cross 3
MKR21 1/9xr4r463/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

(Iow density)

maxrmummrn]-mum



B1

3 Plant total weight at low densitY.

The frequency distributions for plant total weight were slightly

dissimilar to those obtained at crop densi-ty in that differences between

the parents and Frrs were more pronounced at low density (Fig. 2.15). The

Frts had ranges that again covered the combined ranges of the parental

distributions and 1n aII the three crosses the minimum and maximum values

for the F, exceeded the values in the parental populations (Table 2.401.

At crop density (experimenf 1), the Frrs means for this character were in

general intermediate between the parental means, but at low densityr the

Frts means vrere higher than both parents. This indicates heterosis and

also suggests that under reduced competition, the hybrids perfornted

relatively better than their parents for total plant weight. At low

density, the mean values for all populations were again four to five

times greater lhan the corresponding means obtained at crop density'

The F, variances were sj.gnificantly greater than those of the

parents (Tabte 2.38). However, to some degree this resulted from the

larger values involved in the variances and the CVts were only slightly

Iarger than at low densitY.

. Positive skews were obtained at low density as they had been

at crop density for plant botal weight (Table 2-39).



Figure 2.14.

82

Frequency distributions of the plant total weight from

three crosses studies at low density; bluè and green

curves represent the parent 1 and parent 2 distributions

respectively, the red represents the hVbrid F,

distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Table 2.38. Variances of parents and F2t", Chi-square of Bartleltrs
test for homogeneity and F test of variance ratios between parents

and Frrs grourn at Iow density for character; plant total weight (PLTThIT)

cross B

I'r.,{15RVN158/ 14
rÊ t0468/ 1

64.49 57.70 94.23 12.01rçxåË 1.11NS 1 . 46x.r{ 1 .631çåÉl(

1 Laiger varj-ance divided by smaller variance'

Table 2.39. CoeffÍcient of skev¡ness values for plant total weight

of parents and Frts Srown at low density.

Coefficient values

cross

CTOSS

CTOSS

parent

parent

parent

parent

3-
7-
B-

F z (MKR2i 1/9 x t4l468/ 1 )

FZ (l^Il^l15RVN158/14 rç PN2B/9)

F z (!ül¡15RVN 1 58/ 14 * MM6B/ 1 )

MKR211/9

PN2B/9

1^l!,I15RVN158/ 14

I,IM6B/ 1

0.286

0.705

0. 648

0.801

0.663

0. 589

1.097

Coefficient of skev¡ness for significant difference from z,ero

at the 57" probabilitY level;

= + O.2BO for sample size of 200 (approximate guide for

64 .49
cross 7
r¡lt,t15 RVN158/14
rç PN2B/9

144 .4167.50 2o.9Bx¡+¡* 1.05NS 2.24x* 2.14xxx

cross 3
MKR21 1/9 x MM68/1 57.7091 .03 I 43. 96 1 . 571(xx22.62xxx 1 .58rfiç 2.49xxx

2
P

1
P

2
F

Variances Bartlettr s

Chi-square

Variance ratios

1 222
FP FP

1

P1tP2

parents and Frrs at low densitY).
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Table 2.4O. 'Minimum and Maximum values in'the parent and F,

populations of three crosses studied at low density for the

character: plant total weight

56.7856.5049.6e2.875. B09.50
cross B

WtÁl15RVN158/ 14
* MM68/1

71 .1252.8849.687 .208.429 .50
cross 7
1{l,l15RVN 158/ 14
x PN28/g

64.5256.6059.105.O75. B07.50
cross 3
MKR21 1/g*tû468/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

(Iow density)

maxì.mumm]-nlmum
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4. Main shoot botal weiEht at 1ow densitY.

Frequency distributions for this character for parents and hybrids

grovrn at Iow and crop density are given in Figure 2.15. The Frrs ranges

often covered the ranges of the parents. There also was evidence of

transgressive segregation and many of the minimum and maxj-mum values in

the F^rs were higher and lower respectively than the values in the
¿

parental populations (Table 2.43).

For this character there r¡ras a smaller reduction across

density than had been found for plant total weighb, or head number

both of which were strongly affected by competition. Tt is generally

accepted that competition reduces tillering which will in turn recluce

head number and plant weight. But with the main shoot, it might have

been expected that competition would have had a smaII, to negligiblet

effect. It was found in the three crosses that there $¡ere reCucti-ons

from the low to the crop density but these reductions l^Iere nob of great

magnitude when compared wibh other characters.

The Frrs variances were signì-ficantly larger than both the

parental variances for all the crosses at 1ow density (Table 2.41).

The dislributions for this character were either normal or had negative

skews (Table 2.42\.



Figure 2.15.

86

Frequency distribution of the main shoot total

weight from three crosses studied at low density.

The blue and green curves are the parent 1 and parent
L

2 distributions respectÍveIy, and the.red curve

is the hybrid F" distribution-L

The X axis represents class i-ntervals and the Y

represents the number of plants in each class as

a percentage;

!
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Table 2.41. Variances of parents and F2t=, chi-square of Bartlettrs

test for homogeneity and F test of variance ratios between parents

and Frrs grown at low der-rsity for character; main shoot total weight

(MTl,ilT)

1 Larger variance divided by smaller variance'

Table 2,42. Coefficient of skeurness values for main shoot total weight

of parents and Fr's Erown at low density.

Coefficient values

cross 3 - Fe (MKR21 1/9 x MM6B/1 )

cross 7 - îZ (H/'I15RVN158/14 x' PN2B/9)

cross B - FZ (WtÙi5RVN158/14 rç l'ß{68/1)

parent - I'ÎKR211/9

parent - PN28/9

parent - I/ü!ü15RVN158/14

parent - l,lM68/ 1

0.043

0.001

-0.395

-0.498

-0. 1 17

-0.728

-0.078

Coefficient of skeurness for significant difference frorn zero

at the 5% probabilitY level;

fon sample size of 200 (approximate guide for
parents and Frrs at lovr densitY).

cross B

t{l,l15RVN 1 58/ 14
rÉ MM6B/ 1

0. 65 0.72 2.96x0.91 1.11NS 1.26T'1 .40|(xlc

cross 7
m,¡15 RVN158/14
r( PN2B/9

0.570.65 1 .06 10 . 971(lÊx 1 .631çlçlÊ1 . 14NS 1 . B6xlÉlç

0.49
cross 3
MKR211/9 x 14'468/1 0.960.72 14. 441Êl(* 1 .96xxx1 .47*,*lç 1 .331çx*

2
P

1
P

2
F 212

PP F
22

FP

Variances Bartlebtr s
Chi-square

Variance ratios

= + 0.280
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Table 2.43.'Minimum and Maxirnum values in the parent and F,

poputations of three cnosses studied at lolv density for the

characteri main shoot total weight

7 .157.287.521 .60?_.973.15
cross 8
hrht15RVN158/ 14
rç MM6B/1

B. 617 .407.523.083.433.15
cross 7
hrhr15RVNl58/ 14
x PN28/g

8.257.286.862.722.973.05
cross 3
MKR21 1/9xtM6B/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

(1ow density)

maxrmummÌnrmum
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5 The main shoot grain weight.

It may be seen from Figure 2.16 that the patterns of the

distributions for m_ain shoot grain weight were similar over low

and crop densily. The Frrs means were intermediate between the

parental means except for cross 7, where the differences were small.

The variances present in Table 2.44 showed that only the

F^rs variance of cross 7 was larger significantly than both its
¿

parental variances. The Frts variance in cross 3 was significantly

different only from parent 1, and in cross 8 the variances were

homogeneous. There was also a small difference between the minimum

and maximum values in the three populations of the three crosses and

onlv the F^ of cross 7 had values outsj-de those of its parents (Table
'¿

2.46).

The negative skews obtained for this character at crop

density also occurred at low density (Table 2.45) '



Figure 2,16.

90

Frequency distrÍbution of the main shoot grain

weight for three crosses studied at low density;

blue and green curves are parent 1 and parent 2

distributions respectively, the red curve is the

hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Table 2.44,. Variances of parents and F2t", Chi-square of Bartl-etLrs

test for' ' honogeneiLy and F test of variance ratios between parents

and Frrs grown at low density for character; maj-n shoot grain weight

(MGRl^lT )

cross B

bn{ 1 5RVN 1 58/ 14
rç MM6B/ 1

cross 3 -FZ (MKR211/9 x MM6B/1)

cross 7 - FZ (l{l/,l15RVN158/14 å( PN2B/9)

cross B - Fe (l¡n,l15RVN15B/14 tç MM6B/1)

parent - l{KR211/9

parent - PN2B/9

parent - Ì/üW15RVN158/ 14

parent - Ì4M68/1

0,17 0. 1B 0.20 1 .05NS 1 .06NS 1. IBNS 1. 11NS

1 Larger variance divided by small-er variance.

Table 2.45. Coefficj.ent of skeu¡ness values for main shoot grain weight

of parents and Frrs Srovar at low density.

Coefficient values

-0 . 317

-0.454

-o.667

-0.831

-0. 419

-0.854

-0.229

Coefficient of skewness for significant difference from zero

at the 5% probabilitY level;

for sample size of 200 (approximaLe guide for
parents and Frrs at low densitY).

0.17
cross 7
I¡¡r/,115 RVN15B/ 14
r( PN2B/9

0.26o.12 13. 571(lçlÊ 1 .531çxtç1 .42l* 2.17xx*

cross 3
MKR21 1/9 x 1,1'468/1 0. 1B0.12 5.50xlElt0. 16 1 .501Êxl( 1.13NS1 .33x

1
P 2

F
2

P
1 2

FP
21

PP 2¿
FP

Variances Bartlettr s

Chi-square

Var.iance ratios 1

= + 0.280
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Tabl-e 2.46. 'Minimurn and Maximum val-ues in'the parent and F,

populations of three -crosses sfudied at low density for the

character: main shoot grain weight

3.182.903. 400.470,570.70
cross B
hr!,l15RVN 158/ 1 4* MM68/1

3.973.173.400.611.230.70
cross 7
Wrrl5RVN 158/ 14
r( PN2B/9

3. 022.902.90o.g20.570.99
cross 3
MKR211/gxtM68/1

F
2

P
2

P
1

F
2

P
2

Pt

cross number

(Iow density)

.. ::. ñ¿1¡]-¡¡¡¡¡ml-nImum



93

6. Main shoot grain number.

As expected with these characters and the material in this

study the patterns obtained for grain nu.mber (fig. 2,17) were similar

to those obtained above for the main shoot grain weight (the coruelalion

coefficient between bhem ranged from 0.6131çlÊx to 0.8711ç**). The Frrs

variances were not larger than the parental varÍances (Table 2.47).

The F, of cross 7 which had a significantly larger variance than its

parents for the main shoot grain weight, did not have a larger variance

for graÍn number. The Frts means were in general intermediate between

the parental means, which is suggestive of additive genetic effects.

The minimum and maximum values showed that only in the F,

of cross B did values exceed those of the parents (Table 2.49).

Negative skews were obtained for most distributions (Table

2.48) but these were not as pronounced as at crop density.



Figure 2.17.

94

Frequency distribution of the main shoot grain

number from three crosses studied at Iow density;

blue and green curves are the parent 1 and parent

2 distributions respectively, the red curve is the

hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Table 2,47, Variances of parents and F2t", chi-square of Barl,lettrs

test for honogeneity and F t,est of variance ralios between parents

and Frrs grown at low density for character; ntain shoot' grain number

1 Lai'ger variance divided by smaì-Ier variance.

Tabte 2.48. Coefficient of skevrness values for main shoot grai-n number

of parents and Frts Erown at low density.

Coefficient values

cross

cross

CTOSS

parent

parent

parent

parent

3-
7-
8-

Fz (MKR211/9 * MM6B/1)

F z (vü!,t15RVN 1 58/ 1q * PN28/9 )

FZ (I¡Ih'15RVN15B/14 rç 14'468/1)

MKR211/9

PN28/g

m¡l15RVN15e/ 14

MM68/ 1

0.466

0.066

-0,612

-0.759

-0.334

-0.642

-0. 346

Coefficienl of skewness for sipyrificant difference from zero

at the 5% probabilitY l-evel i

80 for sample size of 200 (approximate guide for
parents and Frrs at low densitY).

= + 0.2

cross I
1'll,l15RVN158/ 14
x' MM6B/ 1

115 .121.9186.25 3.30x 1 . 41tç 1 .341ç 1 .05NS

86.25
cross 7
I¡rl{15 RVN15B/14
rÊ PN2g/g

116 .61 03. g6 1 .21NS2.23NS 1.12NS1 .35rß

cross 3
MKR211/9 x I'0468/1 66.93121.9139 .42 37.4 1 xxx 1 '70**.0glçxtË 1 . 82xrÊrÊ

2
P

1
P 2

F Pt,F2
2

P .D
22

FP

Variances Ba.r'tl-ett I s

Chi -sc¡uare

Variance ratios
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Tab1e 2,49. 'Minimum and Maximum values in the parent and F,

populations of three crosses studied at low density for the

character: main shoot grain number

102BB90192937
cross I
m/'¡15RVN158/ 14
lÊ l,0"1681 1

10410090454037
cross 7
!ül,'t15RVN158/14
rç PN28/g

94BB7340292T

cross 3
MKRz1 1/9xW46B/ 1

F
2

P
2

P
1

F
2

PzP
1

cross number

(Iow density)

maxrmumminimum
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7. Tiller grain weight at. low density.

At low density the yields of the plants were determined

mainly by the production of bhe tillers, and in this experiment B0

percent of the total grain weight was borne by the tillers. In contrastt

at crop density in experiment 1 only 30 percent of total grain weight

came from the tillers. This is one of the reasons fol' the failure of

single plant sefection for yield at low density to provide high yielding

genotypes at crop density. At low density, genotypes with a high

tillering abi-lity v¡i1l be sel-ected and this abì-lity will not confer

high yietd at crop. densitY.

Frequency distributions for tiller grain weighl are girên in

Figure 2.18. They show that the Frrs ranges in general covered the

combined ranges of the parental distributions. Their means were higher

than the respective parental means and this was clear evidence of

heterosis. fn contrast there was no such clear evidence at crop

density. Transgressive segregatJ-on also was more evident at low density.

For all the crosses at low density, the Frts had a larger

variance than the variances of the parents (Table 2.5O). This was

related however to the high values of the F, as the CVrs were not very

diffenent (Figure 2.18). l,'Iith regard to the minimum and maximum values,

the Frrs showed Lhe lowest minimåm values and with one exception the

maximum values (Table 2.52)

Large positive skews in the distributions were again obtained

for lhis character (Tab1e 2.51). One obvious difference I^Ias that at

crop density there vrere many planls with a zero yield from the tillers

whereas at low density few plants feII into the zero class.



9B

Figure 2.18. Frequency distribution of the tiller grain weight

from three crosses studied at Iow density; blue

and green curves represent the parent 1 and

parent 2 ¿istri¡utions respectively, the red

represents the hybrid F, distribution.

The X axi-s represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Table 2.50, Variances of parents and F2t*, chi-square of Bartlettrs'

test for' , homogeneity and F test of variance ratios bett^¡een parenLs

and Frrs grourn at low density for character; tiller grain weight

cross B

hn,t15RVN158/ 14
x M'468/ 1

10 .47 6.Te 13.30

Fz (MKR211/9 x M46B/1)

F Z (I{I/,l15RVN1 58/ 14 x PN28/9 )

F Z (W'J15RVN 158/ 14 r( l'ß'168/ 1 )

MKR2 1 1 /9

PN2B/9

m^I1 5RVN 1 58/ 14

14l.,168l 1

10.621Él(lç 1 .541(lEl( 1 .27NS 1 .961ËlÊlÊ

0.318

o.772

0.599

0.837

0.784

1,074

1 .199

1 Larger variance divided by smaller variance'

Tab}e 2.51. Coefficient of skevnress values for tiller grain weight

of parents and Frts Erovm at low density.

Coefficient values

CTOSS

CTOSS

CTOSS

parent

parent

parent

parent

3-
7-
B-

Coefficient of sker^¡ness for signifj-cant difference from zero

at the 5% probabilitY leve1 i

for sample size of 200 (approximate guide for
parents and Fr's at low ciensitY ) .

10 .47
cross 7
I¡II¡'J15 RVN158/ 14
rç PN28/g

20.4210 .03 16.14x** 1 . 95lË:çåç1 .04NS 2.04åÊlßt+

cross 3
MKR211/9 X MM6B/1 18. 846.TB12.66 27 .ozxxx 1 . B6*rç* 2 .TT Trxxs

1 .49lgxx

iP 2
F

2
P P'' :P, 22

P F
1 2

FP

Variances Bartlett I s

Chi-square

Variance ratios 1

= + 0.280



100

Tab1e Z.SZ.'Minimum and Maximum values in'the parent and F,

populations of tltree crosses studied at low densì-ty for the

character: tiller grain weight

17 .9216. B01T .450.310.56o.92
cross B

l^Itü15RVN158/ 14
16 MM6B/ 1

24.741g .0817.450.931 .050.92
cross 7
!ù!,l15RVN158/ 14
rÊ PN2B/9

21 .1016. B021.680.000.56O. BB
cross 3
MKR21 1/9rËl'ß468/ 1

F
2

P
2

P
1

F
2

P
2

P
1

cross number

(Iow density)

maxlmumm].nrmum
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8. Tiller grain number at low density.

The results for grain number on the tillers closely reflect

those obtained for t_il-Ier grain weight.. At low density the plants

produced ]O to 15 times as'much grain from the tillers as at crop

densiby (Figure 2.19). The F, means were hlgher than their parental

means and transgressive segregation was evident.

From Table 2.53 it will be seen that the F, variances of

crosses 7 and B were significantly larger than their parental variances.

The minimum and maximum values for the F, were more extreme than for

the parents (Table 2.55).

Positive skews were obtained for this character (Table 2.54)

but again there were differences across density and there were fewer

values in the zero class at low density.

WAITE INSTITUTE
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Figure 2.19.

102

Frequency distribution of the til-}er grain

number from three crosses studied at low density;

blue and green curves are the parent 1 and parent

2 distributi-ons respectively, the red is the

hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.

a
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Tabte2.53,VariancesofparentsandF2'",Chi-squareofBartlettIs
test for homogeneity and F test of variance ratios between parents

and Frrs grounn at low density ion character; Liller grain number

) ).7***
L.Ll

1 Lai'ger variance clivided by smaller variance.

Tab1e 2.54. Coefficient of skewness values for tiller grai.n number

of parents and Frrs Erovnr at lov¡ densi.ty.

Coefficient values

cross 3 - FZ (MKR211/9 x l'ß'168/1)

cross 7 - FZ (!tl,I15RVN158/14 r( PN2B/9)

cross I - FZ (WW15RVN15B/14 r( MM6B/1)

parent - MKR211/9

parent - PN28/9

parent - !'ft,l15RVN15B/ 14

parent - Ìß{68/ 1

0.381

0.612

o.744

0.779

0. 561

0.915

0.614

Coefficient of skev¡ress for significant difference from zero

at the 5% probabilitY level;

for sample size of 200 (approximate guide for
parents and Fr's at low densitY).

cross B

l,úi,t 1 5RVN 1 58/ 14
l( M't6B/ 1

1619 .1 917.8 7991. 15. 351(*l(

1,..r---l

1 .55|çx.tç

1 .63xrilç2 . 1Bl(lÊl(1 .34rçI 15. 30t(lÉlç25370.| 5588.611619. 1

cross 7
WI/,115 RVN158/ 14
ri PN2B/9

2. 5oxl€lç1 .25NS2.00rçlßtç21.B7xx*r 9828.1917 .B5834 .4
cross 3
MKR21 1/9 X MM6B/1

P
1

T
2

P
2

F
2P

1 2

Bartlettr s

Chi-square

F
2

P
2

P
1

Vaniance rati-os 1

Variances

= + 0.280
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Table 2.55, 'Minimum and Maximum values in.the parent and F,

populations of three crosses sbudied aL Ìow density for the

character: biller grain number

746482616243462
cross I
l^II^l15RVN158/ 14
r( M¡468/ 1

847824616469262
cross 7
t¡Ilìl15RVN 158/ 14
* PN2B/9

846482785003434
cross 3
MKR21 1/9xIû468/ 1

T
2

P
2

P
1

F
2

P
2

P
1

cross number

(low density)

. -maXImUmmrnlmum
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9. Totaì- gra in weÍght per plant at low densitY.

As total grain weight is a summation of main shoot grain weight

and tiller grain weight and because tiller grain weight was so much

greater at low density it is understandable that large differences in

total grain weight were obtalned across the two densities (Figure 2.20).

Hybrid vi.gour r^ras obtained at low density whereas at high density the

Frts means never exceeded the top parent. It will be realised that'

for fow density, of the two components of total plant yield, the main

shoot mean yield did not show heterosis over the higher parent whereas

the mean yield of the til-Iers of the F, were clearly heterotic. At

high density there r^ras no clear evidence of a heterotic effect among the

tillers and none was apparent for the total grain weight.

The range of the Frts distributions covered the combined

ranges of the two parents and the Frts had minimum and maximum values

which exceeded the panents (Table 2.58). Table 2.56 conbains the

variances for this character at l-ow density. The Frrs had variances

significantly larger than the parents. However, the high variances in

the Frrs hrere associated with high mean values and the CVrs of the three

populations showed small differences.

Positive skews were obtained (Tabl-e 2.57). These result

from the summation of a main shoot distributj-on bhat was negative

and a tiller distribution that was positive.



Flgure 2.20.
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Frequency distribution of the total grain weight

from three crosses studied at low density; blue

and green curves represent the parent 1 and

parent 2 distributi-ons respectively, the red

represents the hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage-
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Table 2.56, Variances of parents and F2t", Chi-square of Bartlettrs
test fon honogeneity and F fest of variance ratios between parents

and Frrs grown at low density for character; the total gt"ain weight

cross B

h¡i,t15RVN1 58/ 14
X MM6B/1

11.86 8.22 15. 13

Fz (MKR211/9 x I'M6B/1)

FZ (Ïilvrll5RVN158/14 * PN2B/9)

FZ (I^II¡¡15RVN158/14 x M'168/1)

r4KR211/9

PN28/g

üll¡l15RVN158/ 14

MM6B/1

8.651Élç,( 1 .44x 1.27x 1 . 84lçlçlç

0.262

0,667

0.497

0.772

0.728

0.972

1 .078

1 Larger variance divided by smaller variance.

Table 2,57. Coefficient of skeu¡ress values for the total grain weight

of parents and Frrs Erown at low density

Coefficient values

CTOSS

CTOSS

cross

parent

parent

parent

parent

3-
7-
B-

Coefficient of skev¡ness for significant difference from zero

at the 5% probabilitY level;

for sample size of 200 (approximate guide for
parents and Frrs at low densitY).

cross 7
WI,\l15 RVN158/14
r( PN2B/9

23.3511.0111.86 1T.42xxx 1 .96x1çx1 .07NS 2. 12*xx

8.2213.78
cross 3
MKR21 1/9 x l'4468/1 20. 86 1.67xxx20 .04:çl(lç 2.54;P.xx1.51r$ilË

2
F

2
P

1
P 21

P P 22
FP

1 2
FP

Variances Bartlett I s

Chi-square

Variance ratios 1

= + 0.280
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Table 2,58.'Minimurn and Maximum values in the parent and F,

populations of three 4rosses studied at low densÍty for the

character: total grain weight

20.7919.3920.400.781.242.40
cross I
ïr1,ù15RVN158/ 14
X MM6B/1

27.3921.6920.402.132.532.40
cross 7
lj'Ihr15RVN158/ 14
* PN28/g

23.3819.3924.231.BB1.243.40
cross 3
MKR21 1/9xrû468/ 1

F
2

P
2

P
1

F
2

PzP
1

cross numben

(Iow density)

-: maximummtnlmum
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10. Heieht at low densitY.

At 1ow density although the main shoot is not always taller

than the tillers as it is at crop density, measurements were made on

the main shoot and the values are compared.

The frequency distributiorrs for height c¡f the three crosses

at the two densities were almost identical with the Fr's distributions

being intermediate between the parents. For cross 3, the difference

between the means of the parents was quite large and it might have been

thought that a major Sene was involved, however there was no suggestion

of bimodali-ty in the Fr's Cistrj-bution. It may be concluded that the

differences were influenced by many genes.

The plants on average r^rere taller at low density and mean and

mode values blere greater. At crop density there v¡ere a greater number

of short plants which had been affected by competj-tion. Wj.th regard to

the minimum and maximum values considerabl-e differences were obtained

between populations for the taltest plants. The Frts of crosses 3 and

T had plants that were much tatler than plants in the parental populations

(Table 2.61).

The Frrs variances were significantly larger than that. of the

parents, showing clearly the effects of segregation (Table 2.59).

Figure 2.21 shows that the Frts ranges covered the combined range of the

parents and transgressive segregation was evident especially in crosses

3 and J.

The CVrs for height at crop density were greater than at low

density. This was not unexpected however' as competition is a major

factor affecting plant height at crop density and etiolation leads to a

uniformity of height. The average values of bhe parents and F, of cross

I demonstrate the effect of competition. At low density bofh parents

were taII and the F, was shorter. But when r:nder competition at crop
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denslty the F, was tafler. This may raise the qtlestion of whether a

hybrid on average is a better cornpetitor than its parents.

The skev¡ress for height at low density was negative and

only MM68/1 had a positive skew (Table 2.60).



Figure 2.21.
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Frequency distrlbubions of heÍght of the main

shoot for three crosses grown at low density;

blue and green curves are parent 1 and parent 2

disbributions respectively and the red curve is

the hybrid F, distribution.

The X axls represents class intervals and the Y

represents the number of plants 1n each class as

a percentage.
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Table2.5g.VariancesofparentsandF2'",Chi-squareofBartlett|s
test for ì,'homogeneity and F tesb of variance ratios beLween parents

and Frrs grown at low density for character; height

1 Larger variance divided by smaÌIer variance'

Table 2,60. coefficient of skewness values for height

of parents and Frrs Erot+n at low densj.ty.

Coeffi.cient values

cross 3 - FZ (MKR21 1/9 x 10'168/1 )

cross 7 - FZ (!'Jl,l15RVN158/14 rÊ PN2B/9)

cross I - Fe (l^lld15RVN15B/14 x I'O'168/1)

parent - MKR21 1/9

parent - PN28/9

parent - !,ll¡'l15RVN 158/ 14

parent - MM6B/1

-0.405

-0.300

-1.267

-1.723

-0.983

-2.560

0.903

Coefficient of skeu¡ness for signi.ficant difference from zero

at the 5ol" probabilitY Ievel;

for sample size of 2OO (approximate guide for
parents and Frrs at 1ow densitY).

cross B

l{trü15RVN 1 5e/ 14
X MM6B/1

35.25 47 .69 1 9 . 63xxx86. 4 1 .351+ 2.45xxx 1 . B 1*åÉ*

cross 7
Iiü!,l15 RVN158/ 14
Ir PNZB/9

32.1335.25 04. 44 .7 6*xx . g7r(xrç1. 1oNS 3.261(lçl(

cross 3
MKR21 1/9 x MM68/1 47 .6951 .12 168.7 65.1zxxtt 1 .0TNS 3. 54xxåç3.30x.1çlç

2
P

1
P 2

F P1tF2
1 2

PP PzrE2

Variances Bartlettrs
Chi-square

Variance raLios

= + 0.280
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Table 2.61, 'Minimum and Maximum values in the parent and F,

populations of three crosses studied at low density for the

character: height

':: ,t¡¿1¡i*rr*

103.2107 .890.240.5047 .7037 .00
cross B

1,1!ù15RVN 158/ 14
IE MM6B/1

107 .5101.890.252.4051.5037 .00
cross 7
!'ll/\I15RVN158/ 14
¡ß PN2B/9

138. 6107.8106.343. B047 .7060.50
cross 3
MKR21 1/g*try168/1

F
2

P
2

P
1

FzPzP
1

cross number

(Iow density)

m]-nl_mum
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1 1. Splkelet number of the main shoot at l-ov¡ densiby.

There was not much difference in the pattern of the frequency

distributions for this character across the two densities. The F, of

cross 3 again showed a leptokurtic type of distribution having its mode

intermediate between the two modes of the parents, and its range covered

the combined range of the two parents (Figure 2,22).

The differences in the population means over the densities

were small as were the CVrs indicating that there was not a strong

environmental effect on the expression of the character. The F, of

cross 3 had its mean close to the mid parent value indicating possibly

additive gene effects. In contrast the F, of crosses 7 and I had means

that well exceeded the mid parent vafues lndicating possible dominance

effects.

In general the Frrs had larger variances than the parents

(Table 2.62). There was not much difference between the minimum values

of the parent and F, populations however, wilh regard to fhe maximum

value, in crosses 7 and B these were higher i-n the F, than the parents

(Table 2.64) .

Negatlve skews were obtained for most distributions of this

character al low density (Table 2.63).



Figure 2.22.
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Frequency distribution of the main shoot spikelet

number from three crosses studied at low density;

blue and green curves are parent 1 and parent 2

distributions respectlvely and the red curve 1s

the hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Tabte 2.62. variances of parents and F2t", chi-squane of Bartl-ettts

test for honogeneity and F tesb of variance ratios between parents

and Frrs grown at low density for character; main shoot spikelet number

Variance ratios

cross B

I'If,1I15RVN158/14
* MM6B/1

cross 3 - Fz (MKR211/9 x l'ß468/1)

cross 7 - FZ (WI¡I15RVN15B/14 rÊ PN2B/9)

cross B - Fe (I,JV'I15RVN15B/14 r( l'{l'{68/1)

parent - MKR211/9

parent - PN28/9

parent - Ì,nü15RVN1 58/ 14

parent - l,n468/1

1.13 1.32 1.97 7 . B2xxx 1.17NS 1 .74xxx 1 .491çlçlÊ

1 Laiger variance divided by smaller varlance.

Tab1e 2.63, Coefficient of skewness values for main shoot spikelet number

of parents and Fr's grówn at Iow density.

Coefficient values

0.239

0.395

-0.084

-0. 407

-0.237

-0.31 1

-0.495

Coefficient of skernrness for significant difference frcm z'ero

at the 57" probability level;

for sample size of 200 (approximate guide for
parents and Frrs at low densitY).

cross 7
V'JI¡I15 RVN 158/ 14
rç PN2B/9

2.862.071.13 20.481Él(x 2. 531Ê*rÉ1 .83rÉxå( 1 .38rc

1.32¿.o (

cross 3
MKR211/9 * ì,0,168/1 3.12 2.02x*x20. 53*x* 2.36**lç1.17NS

1
P

2
F

2
P

1 2
FP

21 22
P F

Variances Barl,lett I s

Chi-square

= + 0.280
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Tabl-e 2,64, 'Minimum and Maximum values in'the parent and F,

populations of three crosses studied at low density for the

character: main shoot spikelet number

25222317161B
cross B
!,tì/,J15RVN 158/ 14
r( MM6B/ 1

2825231B181B
cross 7
WI,ìl15RVN158/ 14
rç PN2g/g

272227171619
cross 3
MKR21 1/9xI$468/ 1

F
2

P
2

P
1

F
2

PzP
1

cross number

(low density)

:::..maxamumm].n].mum
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12. Head lenel,h of the maÍn shoot at lor" riensity.

The frequency distributions for head length were similar over

the two densities (Figure 2.23). Crosses 3 and 7 denlonstrate a clear

genetic model of segregation in which Lhe Frts had modes intermediate

between the two parental- modes and ranges that covered the combined range

of the parents.

The F, of cross 3 had a mean close to the mid parent vafue

indicating possible additive gene effects but in crosses 7 and B the

Frs had mean values that exceecled the mid parent values indicafing

possible dominance. gene effects. This result was evj-dent for both low

and crop densities and had been found for spikelet number.

The variances showed that only the F, of cross B had a

significantly larger variance than the parents (Table 2.65) and this

was the only cross in which the minimum and maximum values exceeded the

parents (Tab1e 2.67)

The distributions hrere normal or showed negative skews (Tab1e

2.66)



Figure 2.23.
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Frequency distribution of the main shoot head

Iength for three crosses grotrn at low densify;

blue and green curves are the parent 1 and parent

2 distributions respectively, the red curve is the

hybrid F, distribution.

The X axis represents class intervals and the Y

represents the number of plants in each class as

a percentage.
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Tabl-e 2,65, Variances of parent's and F2t=, Chi-square of Bartlettrs

test for homogeneity and F test of variance ratios between parents

and Frrs gro,nrn at low density for character; main shoot head length

1 Lai'ger variance divlded by smaller variance'

TableZ,66.CoeffÍcientofskeu¡nessvaluesformainshootheadlength
of parents ancl Frrs Erown at low density.

Coefficient values

cross 3 - FZ (MKR21 1/9 x MM68/1 )

cross 7 - FZ (W,l15RVN158/14 iÊ PN2B/9)

cross B - FZ (!íH15RVN15B/14 r( MM6B/1)

parent - MRR211/9

parent - PN2B/9

parent - l,¡l{15RVN1 58/ 14

parent - l4M6B/ 1

0.275

0.221

-0.948

-0.386

-0.060

-0.339

-1 .179

Coefficient of sker^¡ness for significant difference from zero

at the 5% probabilitY level;

. = + 0.280 for sample size of 200 (approximate guide for
parents and Fr's at low density).

cross I
ü¡r{15RVN158/ 14
*' MM6B/ 1

0.45 1 . 41rç20.631çåtlç 2.50x 1 .T8xxx0.32 0. B0

0.32
cross 7
W.I15 RVNl58/14
rç PÌ,t28lg

1.101 .87 69.zoxxx 5. B4xx 1.87xxx3.13x

cross 3
MKR211/9 x 14468/1 0.45o.96 1 .12 22,g7xxx 1 . 17NS2. 13xl( 2.49xx*

1
P

2
P

2
F 21

P FP1tPZ 22
FP

Variances BartletL I s

Chi-square

Variance ratios
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Table 2.67.'Minimum and Maximum values in'the parent and F,

populations of three crosses studied at low density for the

character: mai-n shoot head length

13. 011.511 .86.06,68.3
cross B

ht!'t 15RVN 158/ 1 4
* MM68/1

15.815.711.88.79.28.3
cross 7
t'rl1]15RvN 158/ 14* PN2B/9

14.311.515.3B.B6.69.5
cross 3
MKR21 1/9rç14468/ 1

FzP
2

P
1

F
2

P
2

P
1

cross number

(low densitY)

maxlmummrnlmum
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(c) Summary of results from experiment 2.

1. Under the condition of 1ow density the plants were little affected

by competition and much hi-gher values were obtained for: head numbert

total plant weight, total grain welght, tj-lIen grain weight and tiller

grain number than at crop density. But for characters measured on the

main shoot the increase under low densj-ty was much less.

Z. The significant differences between the parental variances found in

experiment 1 (crop density) were also evident i-n this experiment. This

occurred again although it v¡as expected that differences between plants

in the parental population caused by micro-environmental conditions would

be smal}er than at croP densitY.

3. The Frrs consistently had larger variances than their respective

parenls. However, CVrs of the Frts vüere often only slightly larger than

the parents.

4. Additive and clomj-nance gene effects were evident for all the

characters observed and no simple generalization could be made.

5. Genetic segregation l{as also evident in alt the Frrs studied.

6. Heterosis and transgressive segregati-on vras found in many instances.

Characlers such as tiller grain wei-ght and tiller grain number in

partlcular showed the phenomena. At crop density the phenomena were not

evident for these characters.

T. Frequency distributions that conformed with classical quantitative

genetic models were found for the P.,r Prand F, for the characters: heighl,

spikelet number and head length.

8. positive skews again were characteristic of head number, plant total

weight, total grain weight, tilIer grain weight and tiller grain number.

These were the characters that showed the largest differences across

densities.

g. Negative skews were obtained for aII characters measured.on the maj-n

shoot; total weight, grain weight, height, spikelet number and head length.
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Chapter 3

EXPERIMENT 3

Study on relat ionshiP between

Zs and their derived lines (F¿)

1. Introduction. This experiment vras concerned with the relation

between characters measured on the single plants in the F, (experiments

1 and 2) and ptot yields of the selected material in the FO' From the

results of experiments 1 and 2 it was evident that the main shoob was

Iess affected by the mlcro-environment than the tillers. Furthermore,

at crop density the yield of the main shoot was the major component of

the total yield of a plant. The interesting quesbion arose: would

selection for the main shoot yield in an early generation be successful

as a means of increasing ptot yield in a later generation? Experiment 3

considers this question with the specific purpose of sludying the

relationship between main shoot yietd and other characters of the F,

single plants and their derived lines as plot yields in the Fo.

2. Material and method of experiment 3.

a. Genotypes. Three of the elght hybrid populations from experiments

1 and 2 were studied. TheY were:

cross 3 MKR211/9 rç MM6B/1

cross 7 tilhr15/RvN/158/14 rE PN2B/9

cross B l,l!ü15lRVN/158/14 rß MM6B/1

As these crosses had been grown at both crop and low density (experiments

1 and 2 respectively), it was planned to study separately the selections
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from them making six poputations in experiment 3. For each F2' the

distribution of the main shoot grain weight was divided into ten

classes. Twenty five percent of the lines were chosen from each class

randomly.

b. Seed mul-tiplication and sowing.

Summer 1975-1976. The F3 generation was growr¡ to provide sufficient seed

of an F, for sowlng as a plot. The multiplication was done in a bird-
4

proof enclosure at the I'laile Agricultural Research Institute' This

out-of-season multiplication was affected an an insect, the pasture

cockchafer (Aphodius tasmaniae) and material of cross B from low density

was insufficlent to include in the Fo trial. The total number of the F,

derived lines available following multiplication was:

cross 3 - material from experiment 1 - total 96 lines

cross 7 - material from experiment 1 - total 96 lines

cross I - material- from experirnent 1 - total 96 lines

cross 3 - material from experj-ment 2 - total 56 lines

cross 7 - material from experlment 2 - total 56 lines

Ï'linter 197 6 . The FO lines were studied in plot trials. To reduce the

possibility of loss of an experiment due to environmental conditionst

the lines from each cross v,¡ere grown at two si-tes (Roseworthy and Mortlock)'

The five p"opulations of each group were sown separately. The v¡heat

variety rrÏ,larimbarrand a mixture of hybrld wheat seeds (FU) were used as

checks.

c. Sites and cli-mate.

At each site only one replicabe was grown. Having only a

single replÍcate did not affect the purpose of the experiment which

was to correlate the FO results with the F, values. The two sites l^¡ere;

site 1 Roseworthv Agricultural College South AustralÍa.

It is the same site as used for experiments 1 and 2. Apart from

Hlc
the ^"ãi.,f.tt of the 1976 season (Table 3'1) other information is given

/l

in the review of experiments l and 2. The si-te vüas sown on July 6, 1976'
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site 2 Mortlock Experiment Sta tion, South Austnalia.

The site is about 150 km. north of Adelaide. The soil is a

shallow brovnr sandy loam on rock (Mulcahey, 1954). The region also

has a mediterranean type of climate but a more assured rainfall' Tab1e

3.2 presents rainfal] recorded at the station. The trial was sown on

July 15¡ 1976.

Thegrowingseasoninlg76wasoneofthedriestonrecord

in South Austral-ia and in particular the early part of the season vras

exceptionally dry. Sowing was delayed until late June.

The site at Roseworthy was most affected by the dry conditions'

At Mortlock although the raÍnfall was lower than average, plant growth was

satisfactory.

d. Field layout.
I

The design vras a fully randomio,ed layout with the Fds of the

crosses in separate blocks. The bl-ocks were laid out as shown in

Figure.3.1. Seeds v,Iere sown at the rate of 20 gn'per plot in four

ror^rs, 2.5 n long. The distance between roI^IS was 15 cm. and between

plots 30 cm. The checks vfere one in every three plots of the F4t".

e. Harvesting.

Harvesting vüas dorre at Roseworthy on December 15, 1976 and

at Mortlock on December 20, 1976 using a stripper harvester.
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Table 3.1. Monthly rainfall (mrn. ) at Roseworl,hy in 1965-1975 and 1976'

Month

January

February

March

ApriI
May

June

Jul-y

August

September

0ctober

November

December

Annua1 total

Month

January

February

March

April
May

June

JuIy
August

September

0ctober

November

December

21

19

20

3B

54

48

52

45

+¿

42

27

24

440

1965-1975

33

40

33

35

69

55

84

66

55

31

28

608

1965-1975 1e7g

12

21

2

9

12

38

20

33

31

63

35

14

29o

19Le

14

3

5

36

63

95

107

50

92

1B

3B

10

531

Tab1e 3.2. Monbhly raj-nfaII (mm. ) at the Mortlock station in 1965-1975

and 1976.

79

197 6

2

21

9

13

1g

41

18

51

54

103

57

12

400Annual total
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Figure 3.1. Part of the field plot layout of experiment 3.
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f. Analys is of results.

Thg corre]ations between characters measul'ed in the F, single

plants and their derived lines (Fo) Rlot yields were calculated' As the

rel-ation between the Frts yield characteristics (main shoot grai'n weight'

tilter grain weight and total. grain weight) and Fu vields were of

particular interest, when the correlation was significant a l-inear

regression r¡ras also calculated. This regression would indicate the

response to selection in early generati-ons and fhe F, values (MGRi"lT 
'

TGR!üT, TOTGRI¡IT) were considered therefore as the independent variable'

The regression was:

FAYLD = a+b(X)

where: FOYLD is an FO Vield Per Plot

, a is an estimated constant

b is the regression coefficient of (X)

and x is the value of the F, vield character (MGR!'IT, TGRV'IT' TOTGRWT)

AII bhe calculations l¡/ere caruied out using the computor programme IIGENSTATTT

(Alvey et a7. , 1977) -

In the text that follows, statistical significance is denoted'

lÊ for significance at 5% tevel, ** at i% Ievel and *åçt( at 0'1% Ievel'

Correlations were calculated with or without adjustment of

the Fo plot yields for local environmental effects. Adjustments were

based on arrmoving averagerf approach. Flight plots, four on one side and

four on the other side of bhe target plot were averaged and the target

ptotyieldexpressedasadeviationfromthisaverage.

'Amovingaverageapproachwasusedinpreferencetoadjustment
based on the check plots in view of some cuffent studieS that suggesl

the moving average gives a better evaluation of localised environmental

effects (Knight' personal communicalion) '
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3. Results

a. Correlation between characters measured on the F S1 lants

and the derived F)' , plot yie1d$.

These correlations are given in Table 3.3 (F, at crop density)

and Table 3.4 (f, aL low density). Only in cross 3, grown at Mortl-ock

(with malerial derived from F, at crop density) was there a sígnlficant

correlation between the Fj -. plot yield and the F, characters: main

shoot total weight, height, spikelet number, head length, maln shoot

grain weight, main shoot grain number, totaì- grain weight (Table 3.3).

The correlations between characlers measured on the F,

gro!üì al low density and their derived FO plot yields were not signÍficantt

except for cross 7 gror,¡r at Roseworthy in which negative and significant

correlations were found between the FO ploL yield and F, characters:

height, and head length (Table 3.4). Thj-s would imply that the shorter

selections of the F, Bave rise to higher yielding plots at the FO than the

taller sel-ections.

Correlations between the F, characters with the adjusted

yield of FOrs are shown also Ín Table 3.3 and-3.4. Albhough this

adjustment resulted in an increase in some values and a decrease in

others, the change was not sufficient to alter the interpretation

of the resufts.



Table 3.3. Correlation between characters measured in F, Brown at crop density (1975) and yield per plot
of the derived FO grown at two sites (1976). (411 coefficients were non significant unless indicated)

(^)o

3

7

I

0.111

0.21
lß

5

0.042

0.073

0. 140

0 .079

0.

0. 105

0.090

0. 210

0. 104

0.172

1 0. 0.24

0. 131

0.059

0.212

0 .151

0.028

0. 180

0.249

0.029

0. 3 0.2 0 .278 0 .092 0. 105

0.167 0.051 o.o3o

0.070 -0.007 -0.007

Mortlock 0.012

0. 154

0.097

0.081

0 .129

0.075

Roseworthy

Mortlock

Roseworthy

U)
c)
{-)
'r{
v)

3

7

B

3

7

o

3

7

B

L.,

(n
a)
o

0.082

0.115

o.117

0.038

0 .049
It

0.206

0.062

0.124

0 .129

0.048

0 .124

0 .148

0.048 -0.065 -0.070 -0.083
0.084 0.1 19 0.061 0.122

0 .122 0. 1 9 1 0 .177 0. 000

0.016 -0.030
0.037 0.034

0.169 0.177

0.030 0.071 0.063

0.100 -0.058 -0.067
0.191 0.092 0.078

, , characlers;coefficient of correlation between the ad elds and Fusted F

g

0.254

0.115

0. 118

lË lÉ

0.298 0

0. 161 0

0.120 0

o.062 0.14T o. åö¡ o .l:o o.lzt
0.189 0.129 0.123 0.144 0.034

0.035 0.149 0.141 0.076 0.128

0.168 0.143

0.127 0.181

0.102 0.086

o.o7t

0.103

0.023

0.

0.

0.

ìt
244

171

144

0.129

0.116

0.024

lÉ

241

.143

.112

0.038

0.034

0.015

o.021 -0.108 -0.152
0.06 1 0. 028 0. 1 03

0.123 0.141 0.065

0.006 -0.081
0.054 0.039

0.165 0.184

0.053

0. 133

0.084

0.024

0.049

0.172

0.04i
0.069

0.072

0.057

0.073

0.058

-0.006 -0.004 -0.059
0.066 0.a62 0.053

0.140 0.125 0.124

HDNO PLTIdT MTI/üT HT SPIKE HDLTH McRIl'lT MGRNO TGRI,'IT TGRNO TOTGRIIT MHT TOTHI

coefficient of correlation between Fo plot yield and Frrs character;



Table 3.4. Correlation between characters measured in F, Brown at low density (1975) and yield per plot

of the derived F
4

Ii_ne grown at two sites (1976) . (411 coefficients Ì4rere non significant unless indicat,ed).

coefficient of correlation between FO Plot yield and F, characters;

coefficient of correlation between the usted F ields and F characters
2

'r)

(n
c)
+)
..{
U1

Rosevrorthy

Mortlock

Roseworthy

3

7

3

7

c
ç
(.

c
!
l'

3

T

-0.073

-0.094

0.176 -0.057

0.238 0.236

0.059 -0. 063 -O .157 -O . 1 68 0. 076 0. 1 69 -0.079 0. 078 -0. 070 0 .022

-0.111 -0.i45 -0.090 0.024 -0.206 -0.105 -0.005 -Ô.136 -0.098 -0.202

0.101 0.070

0.105 -0.034

0.i14 -0.032

0.036 -0.018

0.122 -0.021

0.064 -0.037

0.169 -0.224

0.014 -0 .0220.192 -0.287 -0.083 -0.
sgg

459 -0.183

0.214 0.1170.067 -0.095 0.232
*

HDNO PLTuIT MTI¡TT HT SPTKE HDLTH MGRV'IT MGRNO TGRI/.IT TGRNO TOTGRV.IT MHI TOTHI

lß

o.2.og 0.016-0.110-0.153 0.153 0.271 -0.039 0.059 0.007 0.113

-o.o98 -0.154 -0.101 -0.028 -0.242 -0.153 -0.028 -0.153 -0.112 -0.200

0.003

-0. 1 10

o.162 -0.042

0.181 0.188

Mortlock

7

3

0.098

0.233

0.058 0.170 -0.069

0.126 -0.017 -0.271

0.259 0.212
lç

0.134 -0.277

0.089 -0.016

0.155 0.142

0.001 0.136 -0.135

0.133 0.104 0.056

0. i98

0 .003

0.067

0. 1gB



132

b. ssion an sofF eld on the F I s: rnain shoot IN

weieht, ti-1Ier Erain weigh t and total srain weight.

In some i_nstances where the correlation were significant

the regressions were cal-culated and are given with the diagrams in

Figure 3.1.

c. Conclusion.

The results obtained in this experiment indlcate that wifh few

exceptions the variation in the FOts Yield was not accounled for by

variation in the F, single plant performances.

Differences in r"esults obtained for cross 3 between the mate:'ial

grovün at Roseworthy and at Mortlock were due probably to a limitation in

yield imposed by the Roseworthy environment in 1976. This can be judged

from the results for the check variety which showed a large difference

in yield over the two sites. For check rr!'larimbart, the average yieJd was

601.8gn/plo|atMortlockand2g3.lg¡nlplotatRoseworthy,forthecheck
rrmixture of hybridsrr, the respective yields were 444.3 gm/plot and

225.3 grnlplot.

There was also large environmental variabitity wj-thin a site.

At Mortlock, I'larimba;s yields ranged from 484.3 to 819.7 gm/plot and

the yields of the mixture of hybrid seed from 307.9 Lo 526.4 gn/pJ-olu'

At Roseworthy, l,larimba;s yield ranged from 127.1 Lo 374'0 gmlplot and

112.6 lo 294.4 gmlplot for yields of the mixture of hybrid seed' The

moving average adjustment - for reasons as yet unknown - did little to

provide a better assessment of the FO Vields, despite the environmental

variability within the sites.

Many questions arose from this experiment. They were:

1. !,lere the highly significant correlations obtained for cross 3

at Morttock a chance effect or will they occur in other sites

and 'seasons.

Z. lrlas the relationship between generations a result specific to

a cross which could not be apptied to other crosses?
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3. Vlould the relationship between F, and Fo imProve if the Fo

were rePlicabed?

4. Does the relati-onship improve if the season is more normaL?

5. yas the absence of signifÍcant results a consequence of the

small number of crosses and would they be different if the

number of crosses l^¡as increased?

These questions will be examined in the next experiment.
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Figure 3.1. Regression of FO plot yield on the Frrs: main

shoot grain weight and toLal. gr"ain weight which

showed significant in cross 3.
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Chapter 4

EXPERIMENT 4

Further study on relat ionsh ip between
F2s and their derived lines(F4 or FS)

1. Int.roduction.

Experiment lr considered the queslions examined in experiment

3 but now all eight cnosses were avai.lable. There were three replicates

of the material, two were at Roseworthy and one at Charlick. The number

of the derived FO lines for each cross was increased to approximately

200 lines representing about 50% of the total F2t". For those crosses

which were grown at low density in the Frr the number remained aL 56

lines.

2. Material and method.

The eight crosses were those listed in experiment 1. Material

from crosses 3, 7 and I were at, the FU Beneration by 1978, the remaining

crosses are F,.ts. The process of chooslng lines was similar to that
4

used in experiment 3. The exact number of lines j-n each cross was:

F at cro densi

187

200

1g',1

187

187

200

187

187

at low densi

56

F

cross 1

cross 2

iross 3

cross 4

cross 5

cross 6

cross 7

cross 8
56
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summer 197T-1978. The seeds of crosses 1, 21 41 51 6 were multiplied to

give the FO lines. The material of crosses 3, 7 and B was available

from experiment 3. 
_

Ï,linter 1978. AIl lines were studied in plot brials with the material

f'rom each cross grown in separate blocks, giving 10 blocks.

As the experiment involved 4902 plots it occupied a large

area, suffj-cient to be subject to problems of soil and environmental

heterogeneity. To take account of this variation, a check variety was

sown in every fourth plot. Thls increased the number of plots to

6540. There were enough parental seeds of crosses 1, 3 and B of the

parents to be used as checks. In other insLances the check was the

variety rr!'larigalrr .

b. Site and climate.

Two sites were used:

Roseworthv Aericul tural ColleEe. South Australia.

Two replications of the ten blocks l^Iere grown. The 1978

growing season V¡as reasonabl-y good. The climatic details were

presented with experiment 3.

The Charlick Expe riment Statíon, Strathalbyn, South Australia.

The Charlick Experlment Station was newly established in 1,oTB

and soil and climatic information are limited. The station is about

30 km. south of Adelaide and has also a mediterranean type of climate.

Rainfall was not recorded at the station in 1978' The nearest station

with records was Strathalbyn, 10 km. al^Iay (Table 4-1).

Table 4.1. Monthly rainfall (mm.) at Strathalbyn in 1978.

Montb 19TB Month 1978,

January 13 JulY 78

February 3 August BT

March 21 SePtember 76

April 42 October 29

May 55 November 39

June 7T December I
-^Ô
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The soil is transitional between a red brov¡n earth and the solonized

brown soil. These terms follow the terminotogy of stace et al.

(1968).

c. Field lavout.

The layout and conduct of the experiment was similar to

that of experiment 3 except for the arrangement of checks (see

Figure 4.1 ).

d. Sowing and harvesting.

Sowing at Roseworthy was done on June 23, 1978, and harvesting

on November 27 to December B, 1978. The Charlick site vJas sown on

June 30, 1g7B and harvested between December 11 to 18, 1978.
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Figure 4.1. An example of the plot layout in the 1978 trials.
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3. Results.

Correlation analysis was again used to evaluate the

relationshiPs between the

F, and FO of crosses 1, 2, 41 5 and 6

and between F, and F, of crosses 3, 7 and B'

when the correlations between the F, grain yield (MGRI^IT, TGRIüT and

TOTGRI,,IT) and the FO . or FU plot yield were significant, linear regressions

were calculated with the Frts Srain yield as the independent variable'

Analyses were done using GENSTAT (Alvey eX a7., 1977). As the replications

occupied a large area and as two sites were involved the results are

presented seParatelY.

a. Correlation between characters measured on F I s and their derived

F orF rs t elds.

The correlations were with few exceptions low and non significant

(Tabte 4.3). Correlations between the F, main shoot yield and the

derived line yields were obtained in some crosses, the most consistent

being cross 6. Total grain weight and total plant weight were also

found to have significant correlations with the derived line yields in

the crosses in which a significant correlation wiÙh the main shoot were

found. The components of yield (head length and spikelet number) were

seldom correlated with the Fo or Fu's yields. Also evident but to a

Iesser degree and constancy l^Iere coryelations of derived line yields

with the titter grain weight and number and the associated head number'

The correlation of the FO or FU's VieJ-ds with height were not consistent'

suggestions have been made that harvest index is less influenced

than grain yield by environmental differences and therefore is a criterion

of value ùhen selecting indirectly for yield (Donald and Hamblin, 1976i

Fischerand Kertesz, 1976). Some evidence for this l^ias obtained for the

harvest index of the main shoot but the correlations were no better than

with main shoot yield itself. The harvest indices of the whole plants of

-;-^ - ro r.rana nnf ¡nv.rêleteci with the F, or F-ts yields'
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The correlations between charactens of the Fr r s Erov'rn at low

density (crosses 3 and 7) and their derived line yÍelds (F5) also tended

to be non significant. Cross 3 replicate 1 showed a correlation between

the FU yietd and the Frrs main shoot total weight, grain weight, graì-n

number and harvest index (Table 4.5), The corretation in cross 7 of

spikelet number with FU yield vlas an isolated resul't'

It is usually considered that the poor correlation obtained

between F, attributes and derived line yields is due t,o the poor

assessment of the F, but. the lack of correlat.ion in this and other studies

may be due also to an inprecise assessment of the Fots or u5t". In the

present study there was large variation in the micro-environment within

a replicate or block. This was indicated by values for the checks

(Tab1e 4.5), In an attempt to account for the variation moving averages

were used to adjust the Fo or Fu plot yields. correlations between the

Fz characters and these adjusted Fo or Fr- . vields are given in Table

4.4 and 4.6. !Ùith few exceptions the coefficients did not- change

markedly. The improvements were liller grain weight (TGRVÙT) and grain

number (TGRNO) and harvest index of the whole plant (TOTHI) in cross 6

where they became highly significant. If, as a consequence of an

adjustment of the FO Vields, they became more highly correlated with Ft

tiller grain weight then it is probabte that an improvement woul-d occur

also in the correlation with the F, total harvest index. There were

also some increases in the corelations involvlng head number, spikelet

number and head lengfh and derived line yie1d.



Table 4.3. Correlations between characters measured on Frrs (1975) and their derived Fo

I ( 1978). (Frs were grown at crop density) '
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Table 4.4. Correlation between characters measured on Frrs (1975) grown at crop density

yields of the derived FO or FU's (1978)'

and the adjus ted

TOTGRI^IT l,ftII TOTHI
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Table 4.5. Correlations between characters measured on F, grohtn at low density and their derived FU

ptot yield (1978).

Rep. 1 and 2 were grown at Roseworthy and Rep. 3 at Charlick.
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Table 4.7. Variation in yields of the check plcts within the

experimental block in 1978.

yield per plot (gn.)

Rep 2

1 check

check

2 check

check

3 check

check

4 check

check

5 check

check

6 check

check

7 check

check

I check

check

1tM25/4

2 W46B/ 1

1 MKR211/9

2 lrrarigal

1 MKR211/9

2 W46B/ 1

1 hlarigal
2 !,larigal

1 trlarigal

2 lû,168/ 1

1 hlarigal
2 rMC21/9

1 l¡ll,ü15IRVN/158/14

2 WarLgaI

1 I'thr15/RVN/ 158/ 14

2 Vnq68/ 1

mi-n.

318

183

521

461

583

441

193

163

390

345

401

500

558

397

321

287

min.

441

268

579

544

502

331

378

4TO

376

159

368

464

457

319

444

434

max.

796

747

10 10

921

1 050

891

B2g

854

849

793

833

936

969

907

945

B1B

min.

167

175

305

B2

229

263

164

150

232

189

219

156

163

202

378

128

max.

453

441

832

331

531

609

730

541

505

527

486

452

424

457

910

448

Rep 1

max.

898

739

878

904

1 003

798

942

930

926

925

789

941

1061

912

1 045

948

Rep 3
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b. The ssion of F orF Id on the F rs main shoot

tiIler arn we t and total wef t.

The regression values were calculated but a

are presented in the diagrams.

The graph (Fie. 4,1 ) relating tiller grain

plot yield illustrates a problem that arose with some

The choice among the Frrs of l-ines to contj-nue to the

we L,

few examples onIY

weight to FO

of the data.

FO Beneration was

based on subdividing the main shoot grain weight distribution into

classes and taking 50% of the l-ines at random from each class' This

procedure would have resulted in an almost random selection of Ft

plants, but as many of lhe piants had no tillers there are a

corresponding number of zero values in the graph. The distribution

of the tiller grain weight va.lues is obviously not normaf and it may

not be stricbty justifiable to calculate a correlatioh or: regression'
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Figure 4.1. Examples of the regressions of Fo vields on the

F,ls main shoot grain weight, tiller grain weight

and total grain weight.
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G hapter 5

DISCUSSICIEJ

The discussion will be concerned with several aspects of the

resulLs in particular the mean values of the populations (P1 I P, and

,r), their variances, their skews and the outcome of selection.

1. The mean values of the various generations.

At crop density (experiment 1) in most instances the Frrs

means were intermediate between the parental means. In a few instances

only did positive heterosis occur with the Frrs means slightly in excess

of the parental means and then it was more evident for the characters:

main shoot total weight, grain weight, grain number, spikelet number and

head length than for plant total weight, ti]ler grain weight or grain

number. There was no evidence of heterosis for total grain weight at crop

density (Table 5.1 and Figure 5.la to 5.1k).

At low density (experimenL 2), the evidence for heterosis was

different, more marked and more consistent. For the three crosses studied

at low density, the Frts showed positive heterosj-s for total plant weight,

total grain weight, tiller grain weight and grain number (also Table 5' 1

and Figure 5.1a to 5.1k). As tiller grain weight and grain number are

components of total plant weight and grain weight, it was the heterotic

development of the ti-llers that was the main factor in this result. The

suggestion that tiller development is the important faclor is supported

by the occurrence of transgressive segregation for tiller grain weight

and grain number detected at low density and not at crop density.



148

A difference in the development of litlers is probably the

explanatlon for the failure of selections for high yielding genotypes

on single plants grown at low density to provide high yielding genotypes

when grown at crop density in later generations. Sel-ectj-on for yield

made at low density is sel-ectiou for genotypes with a high proportion

of their yield arising from titlers and this advantage will be lost

when the genotypes are grown at crop density, resulting in failure of

the selection procedure.

The main shootts yield on the other hand, may give more

reliable information as a guide to high yielding genotypes when a

selection is performed on single planbs at crop density. The main

shoot yield results appeared to be less profoundly influenced by the

environment and the main shoot provides the major part of the yield

at the crop density.

It is difficult to visualise any general and simple inter-

pretation of the results in quantltative genetic terms. A feature of

the means obtained in experiments 1 and 2 was that for any character,

the mean of the F, could vary from a value close to the midparent

((p, + P^)/2) to a heterotic value exceeding either parent negatively
l¿

or positively (Table 5.1 and Figure 5.1a to 5.1k).
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Table 5.1. Number of crosses in which fhe mean of the F, was lower,

intermediate or higher than the respective parents. In experiment 1t

B crosses hrere grown at crop density. In experiment 2, 3 of these

crosses (number 3, 7 and B) were gro!,Jn at low density.

2

0

1 13141516r7 r8 o

0 3rT rB

exp. 1

exp. 2

Tota1 grain weight

2

0

1 ,3 r4 15 r6,7
7

I
3,8

exp. 1

exp. 2

Tiller grain number

2

0

1

0

,3 r4 ,5 ,6 ,7 B

3,7 ,8

exp. 1

exp.2

Tiller grain weight

1'3 2r4,6,T

7r8
5r8

0 3

exp. 1

exp.2

Main shoot grain number

6

0

1 r213r7 rB 415

3r8 7

exp. 1

exp.2

Main shoot grain weight

0

0

1 ,213 r4 ,5 17 6

B

,8
3r7

exp. 1

exp. 2

Head length

0

0

1 1213rI+ 15rT 6rB

3,6 7

exp.1

exp.2

Spikelet number

2

B

1,3r4,5,6,7 B

03r7

exp

exp

1

¿

Height

2

0

1 ,3 r6,T
B

4,5rB
3r7

exp. 1

exp. 2

Main shoot tobal weight

2

0

1,3r4,5,6r7 B

0 3,7 ,B

exp.1

exp. 2

Plant total weight

2,4 ,7
0

1,315r6 B

T 3'B

exp. 1

exp. 2

Head number

Iower Íntermedlate highercharacter

cross number



Figure 5.1 (a to k).

150

The F, and parental means obtalned for

eleven characters observed from crosses

studied in experÍments 1 and 2. Note

the break in scale on bhe y axis.

o is parental mean observed at crop densily (exp.1 )

x is Fris mean observed at crop density (exp.1)

r is parental mean observed at low density (exp.2)

a is Frts mean observed at low density (exp.2)
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2. Variances.

Although there were genetic differences between the parents

in each cross and s_egregation would have occurred, the evidence that

the Frrs had a significanLly larger variance than the parents was not

consistent. At crop density t F, variances larger than those of the

parents were found more regularly for characters measured on the main

shoot; total weight, grain weight, grain number, height, spikeJ-et

number and head length, than on the characters; plant total weight, head

number, tiller grain vreight, tiller grain number and total grain weight.

Height was the character, most consistent j-n showing genetic segregation

in the Fr. At low density, most of the Frrs variances were larger than

the parental variances and in particular those relating to the tillers -

head number, tiller grain weight and tiller grain number (Table 5.2).

However these changes were less marked if account is taken of the

increases i-n the mean values. The coefficient of variation of the

parents and the F, showed only small di-fferences (Table 5.3),

In many quantitative genetic tests it is assumed that the

variance attributable to the environment is similar between parents

and between parents and the Fr. However it has been suggested on

theoretical grounds that variation i.n parental populations caused by

the.environment should not be expected to be similar (Knieht' 1971).

The results obtained in these two experiments support this suggestion,

as in many instances the parental variances l^Iere significantly different

from each other indicating thal the genotypes reacted differently to

the environment. It is therefore unlikely that parental variances will

always give a true measure of the environmental variance present in a

segregating population. Falconer (1967 ) suggested that the envlronmental

variance measured in an inbred line was specific to that genotype and

other genotypes may be more or less sensitive to environmental influences.

This may therefore affect the esti.mation of a variance in a mixed genotype

poputation such as an Fr.
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He also pointed out that the environmental variance of a mixed

genotype population may not be the same as that measured in the genetically

uniform population. Furthermore in general, it was found that inbred

lines often show more environmental variance; they are less buffered

than non inbred or hybrid lines. This may partially explain why the

parental variances were not different from the F, variances in this

study. In fact, the results indicate that the micro-environmental

variation of single plants in the parental populations hlas often

approximately equal to the sum of the genetÍc and micro-envj-ronmental

variat.ions of the single plants 1n the F, PoPulation.

Despite this, there was evidence of genetÍc segregation in

the F, populationS. The distributional range covered the combined

ranges of the parents, the F, means were often intermediate between

the two parental means, and extrenne individuals did occur in the Frrs

distributions. It may be interpreted that some F, inclividuals showed

an accumulation of favorable dominant genes leading to a higher expressi-on

than either parent. Nelther the variances nor the mean values of the

Frrs provide conclusive information in themselves on the value of an F,

for selection and i-t may be necessary to al-so take account of selection

of extreme individuals.
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Table 5.2. variances of P,,r P, and F, of crosses studied at two densities.
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and F of crosses studied at two densities.
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3. Skewness in the distributions as an i.ndication of the micro-environment

effect.

strong an-d consistent skews were obtained for many of the

characters studied some being positive and othersnegative. As mentioned

in the Literature review, skews have been interpreted as being the outcome

of known growth processes (Koyama and Kira, 1956),

rt was found both at crop density (experiment 1 ) and low

denslty (experimenL 2) that the height distributions were negatively

skewed (Table 5.4 and 5.5) with the skews less pronounced at low density

where the competi-tion woul-d have been 1ess. Plants could grow as tall

as their genetic potential would provide and be near lheir maximum

expression for height. Only a few plants, in which the main shoot was

damaged by disease or pests, would there be an inability to reach the

nlaximum height. These plants would therefore form the negative tail

of the distribution.

At crop density, height may be influenced by differences in

light intensity and competition (Yoda et a7., 1957). Reducing the atnount

of light received by a shoot may promote its elongatlon by etiolation

(Leopold and Kriedemann, 1975; Yoda et a7., 1957). The effect will

cause shorter shoots to accelerate their stem elongation relatively

to the taller shoots so there is less shading from the taller neighbours.

This process wi-Il tend to produce a populalion of j-ndividuals with similar

height. Any plants unabl-e to mai-ntain the approximate height of the

population and unable to elongate w1II become progressively more shaded.

They wil1 form the negabive tail of the distribution. The effect of

competition on height- a tendency to equalise- is the opposite of what

is commonly considered for the compebition effect on tillering and

growth which is; the larger the plant the more it will enlarge.

In addition to the skew for height it was found that atl of

the characters assessed on 1,he main shoot had negatively skewed distributions

(Table 5.4 and 5.5). For these olher characters such as head length, the
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negatively skeb¡ed dlstributÍon is unlikely to be affected by the micro-

environment to the same extent as height. It is sugges',ed that in the

developing head (inflorescence) tfre genetì-c constitution usually plays

a greater role than the environment. Pl-ants have a certain potential

to devetop their head length, spikelet number el,c. which depends mainly

on the control-ling genes. There is therefore a genetically predetermined

length of head or number of spikelets per head, and only a few fall below

the l-evels as a result of damage or disease. Again a negative skew is

expected for such characters.

If the reason for lhe main shoot having a negative skew is that

it is more strongly inftuenced by the genotype of the plant than the micro-

environment, then the question arises as to the distribution of the first

tilter on a plant and the distribution of the next tiller etc. In theory

these will also have predetermi-ned upper limits to their sizes. fln

addition if a plant with a big main shoot tended to produce a big first

tiller, then we would expecl, a similar type of frequency distribution for

both characters; both would be negatively skewed. This expectation proved

to be incorrect.

Information on the frequency distribution of the first tiller

formed on plants was obtained from the populations in experiment 1 by

examirring those plants with only one tiller. It was found (Table 5.6 and

Figure 5.2) that the distri-bution for the total weight of the first tiller

had a positive skew as dj-d the first titl-er grain weight; This pÍcture

was obtained by the hybrid (F2) population and the pure l-ines. The

result suggests either a lack of associatj-on between the main shoot and

the first tiller or that the association was reduced by the micro-

environmenþal effect.

A complete lack of association seems untikety as the initial

growth of a first tiller is dependent on the main shoot for.its carbohydrate

and nutrients supply and does not become independent unbil it has developed
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about three mature leaves (Evans et a7., 1975). Tabl-e 2.80 presents

the values for the correlation between the two character's. The values

'although very low confirm the existence of the association.

A greater micro-environmental. effect on the first tiller

therefore is more likely. It is known that l"he micro-envlronment has a

marked effect on a related process, tillering and includes factors such

as: ptanting depth (Percival, 1921), temperature (TayJ-or and McCaIl, 1936)'

Iight intensity (Khalit, 1956; Friend, 1965, 1966), and nutrition (Asana

et a7., 1966). From Figure 2,24 iL can be seen that most of the first

tillers were either without a head or a head without grai-n. As many as

85 per cent (cross B)'of the first tillers had a zero graín weight.

Ranking the main shoot and the first tiller grain weight showed that

plants which produced a lower grain weight of the main shoot tended to

produce also a lower first til-Ier grain weight. In fact the plants with

the lowest main shoot grain lveight were al-so the plants with the lowest

first tiller grain weight. This resul-t together with the Iarge number of

degree of freedom (around 200) may have lead to the highly significant

correlations obtained in Table 5.7.

It is suggested therefore that there is a masked association

between the main shoot and lhe tillers. It is masked due to a stronger

influence of the micro-environment on the tillers than on the main shoot.

The first tillers have not reached their geneticalJ-y determined potential

because of the strong conditions of competition that occurred at crop

density. Theoretically the first tillers should conform to a negative

distribution but under conditions of competition and stress their

distribution may be positive. It was not feasíb1e to test the hypothesis

on the plants at low density as the first tillers on these plants could

not be distinguished from the many other tlllers.

The.explanation for the positive skews obtaj-ned for total

plant weight and total grain weight may be based on the exponential
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equation for plant growth considered by Koyama and Kira (1956)

rt
I^I = WOe

where: w is the plànt weight at the time t

r^¡^ is the initiai- plant weight
o

r is relative growth rate

e is the exponential value

which is:

In the F, populatÍons if wo and r were normally distributed, the distribution

of w (totat plant weight, total grain weight, tiller grain weight etc. )

would buco*e log normal and therefore positively skewed on an additive

scale. In the parental populations, wo woul-d also be normal as a result

of varlation in seed size. Although the genetic component of r is expected

to be constant for the plants of any one parental population r itself

could be normally distributed. This is because the variation in seed

size as well as sowing depth coutd cause the variation in seedllng

emergence and early development. In the parental populatlons also w

becomes log normal. This will occur even under non or low competitive

conditions as vüas the case in experimenL 2. If compel,ition becomes

intense the positive skew may become stronger as was the case of experiment

1 (crop density) (Table 5.6 and 5.7).
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Types of distribution skeu¡ness as a guj.de for single plant sel.ection.

Selecbion in early generations based on si-ngle plants wJ.11

be affected by the type of frequency distribution and whether it is I

positively or negatively skewed. The discussion above suggested that

the positive skew dj-stributj-ons of total plant weight and total- grain

weight were infl-uenced and accentuated by the effect of competition and

the relative growth rate. Koyama and Kira (1956) also found a close

relation bebween competition, self-thinning and positive skews of total

plant weight. This impli-es that plants with the smallest values in the

distribution were at a disadvantage as a result of their lower competitive

abllity and plants with high value are ones which have gained some advantage

from competitive dominance. Selection for plants of hlgh total- plant

weight is therefore a selection for a genotype with a high conpetitive

ability and this may be of no advantage when grown in pure stand and

furthermore the high values of the plants in the positive tail of the

distribution will- not reflect their true genetic potential. A small

genetic advantage may have been accentuated.

A negatively skewed distribution on the other hand, indicates

that there vlere a large number of plants in the highest class. Differences

among these plants although sma1l would be largely determined by their

differences in genetic constitution. Sel-ection based on these differences

therefore may be relatively more effective.
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Tabte 5.4. Coefficient values of skewness for characters observed from

Frrs and parental populations of eight crosses studied at crop density.
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Tabte 5.5. Coefficient values of skewness for characters observed from

F^rs and parental populations of three crosses studied at low density.
¿
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Table 5.6. Coefficient of skewness values calculated from the population

of plants having only two culms (the maln shool and one biller). Negative

skews were obtained for the main shoot and a positive skew for the tiller

(values obtained for crop density of experiment 1 ). The character

symbols. are defined in the footnote.

PLT!'IT MTI¡T

Coefficient values of skev¡ness for

Tl'lT MGRI¡IT TGRl,lT TOTGRI^IT

F, population of
cross 1

cross 2

cross 3

cross 4

cross 5

cross 6

cross 7

cross B

pure lines
1"f468/ 1

l"KR211/9

0.22

0.01r

0. 1B

0.i1
-0.04
-0.04
0.24

0. 04

0.03

-0.14

-0. 13

-1 .17

-0.55
-0.92

-0. 84

-0.84
-0.78
-0.50

-0.63
-0.79

0.44

0.76

o.49

0. 60

0.43

0.68

0.97

0.97

0.71

0.03

-0.28

-1.06
-0. 71

-0. 83

-0.7 4

-0.87
-0.83
-0. 56

-0.60
-0. 93

o.77

0.94

0.55

o.77

0.61

0.72

1 .33

1.25

1 .05

0. 16

0.11

0.05

0.09

0.22

0.05

-0.02
0.28

0. 02

-0.01

-0.11

Coefficient of skevrness for significant difference from zero aL 5%

probability leve1 is + 0 .280.

PLTinlT

MTIüT

Tl¡,lT

MGRI¡¡T

TGRI¡IT

T0TGR!ìlT

plant total weight

main shoot total weight

tiller total weight

main shoot grain weight

tiller grain weight

total grain weight
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Table 5.7. Correlatlons between the main shoot total- weight (MTI¡']T)

and tilIer total weigþt (TI,']T) and between the main shoot grain weight

(MGRllT) and tiller grain weight (TGRhIT).

Coefficient of correlation.

MTI¡'IT and T1¡üT MGRhIT and TGR!ùT

F, population of

cross 1

cross 2

cross 3

cross 4

cross 5

cross 6

cross 7

cross 8
Pure lines
MM68/ 1

MKR211/g

0. 165 rÉ

0. 165 rß

0.354 xrçlÉ

0. 592 rçrçrç

0.405 lç*t(

0.384 rçåßri

0.456 lçlH(

0. 186 x

0.191

0.191

0.335

o.644
o.436

0.362

0.498

o.214

tç l(

lÉ lÊ

*tilË

lÊ lÊ ¡t

lç tç lç

tç rç lç

lç lç rÉ

*rç



Figure 5.2.
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Frequency distributions of the mai-n shoot and

the first tiller from the hybrid (Fr) RoRul-ations

of eÍght crosses studied in experiment 1; the blue

curve represents the main shoot distribution and

the red represents the first till,er distributions.
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ons obtained for main shoot tota t weisht and
4. The b imodal distributi

main shoot grain weigh t in cross 6.

Bimodaldistributionswerefoundforthemainshoottotalweight

and grain weight in the F, of cross 6 (CHAMP/8156/17/52 * MMC2B/9)

(Figure 5.3). If the main shoot weì-ghts were divided at 2'49 g' for main

shoot total weight and at 1.07 g. for main shoot grain weight' it would

givethefollowingnumberofplantsinthetwodivisions;

Iow weight weight

observed expected observed expected total

MTI,JT

MGR!,IT

88 B9

B9

268

260

267

267

356

356
2 96

Testing these numbers for a 1 : 3 segregation with 1 degree of freedom gave

2
ASX

f. ior the main shoot total weight: 0.015 which has probability of 0'90

2. for bhe main shoot grain weight: 0.735 which has probability between

0.30 and 0.50 (Fisher and Yates ' 1963) ' This suggests that the results

fit a 1 : 3 ratio, and that a dominant gene is affecting the main shoot

yields in this cross. Minor genes would also be involved' The hypothesis

that main shoot characters in this cross may be influenced by a maior

gene needs further testing by repeating the Frr by growing an F1, F3 or

by backcrosses.
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5. Correlati ons between F ST ê ant eld and F orF lot eIds.

Although results obtained in experiment 3 gave little indication

that FO yields vfere accounted for by the regression ón the F, sin8le

þlant per.formances, results obtained in experiment 4 were more satisfactory

wj-th several characters showing some association. varia+'ion in the

results r^ras expected to some degree as only combinatlons in which the

parents differ will there be significant results and only some crosses

will show a relation between F, and Fo or Fr. In fact the relationship

obtained in one cross should not be expecbed to occur Ín other crosses'

The Occurrence or non occurrence of significant correlations in a cross

was not related to the differences in origin of the parents referred to

in the Material and Methods. Ilowever, wj.th only eight crosses under

study this was probably too small a sample for a general result to be

apparent.

Thesuggestionwasmadeinexperimentsland2,thatasthe

main Shoot yield v¡as less likely to be affected by the environmentt

it may be a promising indicator of yield in the derived l-ines in a later

generati-on. The results of oexperiment 4 showed that the main shoot total

weight, grain weight and grain number were better predictors of FO and

F- vields than total plant weight or tiller grain weight or t'otal grain

!íeight. The very consistent resulLs obtained in cross 6 was not

surprising in view of its high values for variance and CV' for the main

shoot total weight and grain weight compared to the other twent'y three

populations studied in experiment 1 (see Table 5.2 and 5.3). This

suggests that the site and seasonal effects encountered were overcome

by attention to the relation between the main shoot yield and the yield

of the derived Iines in later generations. It was not found, and would

not be expected, that this will occur in aII crosses or with all sites

and seasons. If for instance a disease was present and there was genetlc

varj-ation for resistance Lhe present relation may not hold.
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In regard to the Frrs grown at low density and their derj-ved

FO or t5t", the lack of relationship in cross J was not unexpected as

none had been found at crop density. For cross 3 a significant correlation

was obtained for the FO and FU yields and bhe main shoot grain weight but

not with the tiller grain weight or total grain weight. These results

may confirm the suggestion made in the discussj-on previously that

heterosis obtained for tiller grain weight and total grain weight in the

Fr's grown at Iow density will be lost once the plants l^Iere groütn under

the competitive conditions of crop density where differences in tillering

abiliby are of limited or no significance.

Interpretation of rel-ationships between characters measured on

the Frrs and their derived line (FO or FU) Vields vüas in some degree

Iimited by the design of the experiment. The use of more than one genotype

as a check, either !,larimba and a mixture of hybrid seed in experiment 1

or P,,r P, and !'iarigal in experiment 2, in practice was not a good approach

to the matter of assessing environmentaf variability within the FO and

F- field trials. Having two checks in the same experiment meant a widening
5

of the distance between plots of an identical- checkr as a result they

appeared in every eighth position instead of in every fourth plot. This

reduces the efficiency of adjustment and led to the adoption of a

rMovi-ng averagetr for adjustment. This ted to some improvement but not

such as to change the biological conclusions from the study.

In this study, many results were obtained. It would have been

possible to analyse them in several different ways. Only those analyses

thought to be most refevent to the objectives of the study were undertaken.

6. The tance of harvest index measured on the F I s and their derived

F, or F- yields.

-¿-

There was l-ittle evidence to support the suggestíon that the

harvest index of the whol-e plant was a good indicator of yield performance
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(Van Dobben, 1962; Syme, 1963, 1968, 1972; Cannel, 1968; Chandler,

1g6gi Bhatt, lgTT; Fischer, 1975; Fischer and Kertesz, 1976). The

results showed that harvest index and in particular harvest index of the

main shoot wilt have a significant correlation with FO or FU yield if

there i.s a significant correlation between the main shoot yield and the

F,. or F-. There were instances where the Frts main shoot yield and FO
I+5

or F- yields were significantly correlated, but the whole plant harvest
)

index was not correlated.

It is therefore concluded that harvest index was not as good

as main shoot yield when selecting for high yielding genotypes.
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GENERAL CONCLUSION

The conclusion made by other workers and referred to in the

literature review, that selection for yield in an F, is ineffective when

the objective is to produce high yielding lines, was on)-y partially

true in the pnesent study. In three out of the eight crosses some

association r^rere detected between F, Vield and the derived lines yield.

In the other crosses the yield vani.ation may have been too small for a

differential in selection to be effective. This may be a common

occurrence in breeding progranmes which involve existing high yielding

lines.

As it appears to be extremely difficult to identify fhe geneti-c

differences in yield among F, plants, dependence may have to be pl-aced on

the main shoot yield which is less affected by the variation in the

environment. Yie1d prediction may become feasible by ignoring the billersr

yield and concentrating on the main shootrs yield.

It is concluded that variances of the F, will often be no larger

than the parental variances. At crop density, in most instances the F,

variances for total yield were not significantly larger than the parental

variances, but for the main shoot yield F, variances were larger. At low,

density, the F, variances for total plant yield and tiller yield were often

significantly larger than the parental variances. Howeverr this was

partially associated with an increase in the means.

It is also concl-uded that neither the main shoot harvest index

nor harvest index of the whole plant were better indicators when selectÍng

for high yield than main shoot yield itself.
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