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The inheritance of yield, yield components and some
morpho—physiological traitsbsuch as, plant height, spike
length, and flag leaf length was studied in six New Zealand
wheat cultivars.v -Tﬁree biometrical methods namely, the Half
Diallel (Morley Jones, 1965), the Scaling Tests (Mather and
Jinkg, 1971) and the General Methods for Detecting Epistasis
(Chahal and Jinks, 1978) wefe used for the genetical analyses
of these traits. The genetical control of flour protein was

also studied by The Half and Full Diallel analyses.

Three principal components of yield, spikes per plant,
grains per spike and 1000 grain weight were found to be under
complex genetical control involving epistasis. However,
grains per spike can be reduced into its basic subcomponents
of grains at the individual spikelet position and spikelet,
per Spike to explore the-role of multiplicative epistasis.

In exact algebraic expression, Grains per Spike = ﬁg Gi where
Gi is grain number at a‘specific spikelet position ;;é N is
the number of spikelets per spike. Using this rationale, an

attempt was made to resolve the role of multiplicative

epistasis in grains per spike by studying the nature of gene



ii

action of this trait and its two subcomponents. Grain
number at a single spikelet position was shown to be under
relatively simple additive gene control and spikelets per
spike was under additive and dominance gene control. The
simpler inheritance of these two subcomponents compared to
grains per spike, which was shown to express epistasis, has
enabled a selection strategy to be proposed. This select-
ion procedure involves the direct exploitation of mainly
additive genes for grains at a single spikelet position in
early generations. A selection response can conceivably
be achieved through this procedure instead of trying to fix
the elusive large spike controlled by epistasis in early

generation.

The genetical analysis of morpho-physiological traits
have revealed plant height and spike length to be under con-
trol of additive and dominance genes for all cultivars studied
except for plant height in the cultivar Atlas 66. Epistasis
forvplant height was exhibited by the families derived from
Atlas 66 and Karamu. The significance of this record of
duplicate type epistasis was discussed in the light of the
'tall dwarf' breeding strategy. It was concluded that while
the 'tall dwarf' selection model could be adopted for crosses
between the semidwarf and the standard height cultivars
studied, difficulty could be anticipated in crosses involvihg
Atlas 66 and the sémidwarf cultivar, Karamu, because of |

epistasis.

The Diallel analyses of flour protein content in the

Fl and F2 families indicated the genetical control for this
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trait to be mainly of the additive and dominance type.
High narrow sense heritability was recorded, emphaéizing
considerable prospects for early generation response to
selection in crosses between the high protein cultivars.
However, epistasis was detected in the F1 Half Diallel
-analysis involving the cultivar, Karamu. The failure to
record similar epistasis in the F2 Half Diéllel analysis
suggested existence of genotype environmental interaction

for flour protein.
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CHAPTER 1

INTRODUCTION

The science of breeding autogamous crop, such as
wheat, can broadly be divided into three phases: assembly
or creation of a pool of variablevgermplasm, selection of
superior individuals from the pool and utilization of the
selected individuals to produce synthetic hybrids or to
Create a superior selection. However,?more recent attitude
is to consider hybrid wheat production as not practical
(Lupton, 1979); Thé practice of these crop breeding
strategies demands a thorough knowledge of the nature of geﬁe
actions. The selection of superior individuals involves
direct exploitation of the additive genetic variance, while
the choice between a synthetic hybrid or the selection of a
superior inbred, following the standard crossing technique,
depends on the relative magnitudes of the additive and
dominance components of gene action. Presence of large
dominance component would favour the production of commercial
hybrid while traits with mainly additive gene control can be
improved by selection of superior segregants. Standard
Hybridization and selection procedures could also take advant-
age of epistasis, if it is of the additive type (additive x
additive, additive x additive x additive, etc.), while other
types of epistasis (additive x dominance, dominance x domin-
ance, etc.) are not fixable by selection under self fertili-

sation and therefore would not favour the development of pure



line cultivars.

However, the masking effects of epistasis
>
are of no consequence if selection is delayed until virtual

homozygosity since only additive type of epistasis are present

in pure 1inest7

Therefore, if estimates of the additive, dominance and
epistatic components of variability are available, one can
decide objectively not only the breeding and selection pro-
cedures but one can also impose early or late generation
selection for optimal advancement. The knowledge of the
nature of epistasis can be of immeasurable help, and can save
the "'enthusiastic breedér from chasing the elusive traits
that are controlled by non—édditive type epistasis at early

generations of selfing.

The mating designs used in this study are chosen to
provide the best methods currently available for assessing
these componehts of genetic variation and also to optimise
the use of all the generations available in this study. The
Half Diallel Analysis of Jones (1965) and, the Variance -
Covariance (Vr - Wr) analysis of Jinks (1954) and Mather and
Jinks (1971) are used to extract informations from the F1 and
F2 familes, some of which are produced to the specific require-
ments of the general methods for detecting the édditive,
dominance and epistatic variation that inbred lines can generate
using a single tester (Chahal and Jinks, 1978). This design
of Chahal and Jinks (1978) shall be referred to as the New
Triple Test Cross Design in this thesis. The Half Diallel
Analysis can provide estimates of both additive and dominance
components of variation and also a test for the adequacy of

this restrictive additive and dominance model. However, no



unambiguous test for epistasis is available in this Half
piallel analysis. The New Triple Test Cross is designed
specifically as an unambiguous test for epistasis and can,

in its absence, provide equally reliable and direct.tests

and estimates of the additive and dominance components of
‘variation. - The Scaling Tests and the Cavalli's Joint
Scaling Test (Mather and Jinks, 1971) are used to test for

the E{esence'of epistasis in each of the individual sets of
cross in the New Triple Test Cross Design and, in the presence
of epistasis, estimates the magnitude of the non-allelic i,

J. 1 type interactions.

- In New Zealapd, the objectives of the wheat breeding
programme héve-beeﬁ for advancement in yield, milling and
baking quality and disease resistance (Wright, 1978). In
this study, emphasis is placed on understanding the inherit-
ance of yield and yield‘components; The yield component
approach to selection has been subject to a considerable
amount of interest. This is because of the high heritabilit-
ies of some of the yield components (Kronstad and I'oote, 1964;
Fonseca and Patterson, 1968; Ketata, Edwards and Smith, 1976a;
Rahman, Halloran and Wilson, 1977). Selections based on
yield components have been found to be effective in changing
yield (Knott and Talukdar, 1971; McNeal{ 1978) . This is in
spite of the negative‘inter—component correlations between
some yield components due to compensation. Yield component
compensation is not necessérily complete (Knott and Talukdaf)
and a genetic increase in one component may well result in a

yield increase.

The simpler genetic control and higher heritabilities



of yield components compared to yield per se has been
attributed to the removal of multiplicative epistasis (Hay-
man, 1960; Moll, Kojima and Robinson, 1962; Grafius, 1964).
Our study also attempts to remove multiplicative epistasis
in grain number per spike. Grain number per spike is a
multiplicative derivation of grain number at each individual
spikelet position and total number of spikelet per spike.

By studying grain number at a partiéular spikelet position,

it is hoped to remove any multiplicative epistasis present.

Agronomic traits not directly contributing to yield
~but playing a significant roie in the availability of photo-
synthate for grain yield are included in this study. As
destructivelsampliﬁé could not be practised, in situ measure-
ments could only be made with sufficient precision on plant
height, head length and flag leaf length. Genetical analysis
of flour protein content, a crucial quality traiﬁ, forms the

final part of this study.



CHAPTER 2

MATERIALS AND METHODS

2.1 CHOICE OF PARENTS

The six parental cuitivars used in this study were
chosen to reflect the diversity of wheat cultivars available
in New Zealand for commercial production and use @ESplant
bfeeders. These six cultivars represent a range of maturity
types, plant heights, fielding capabilities and quality
éharacteristics. .The pa;ehtsrwere cultivars Hilgendorf 61,
Kopara 73, Oroua, Ruru (Line 2288,03), Karamu and Atlas 66,
all made available by the Crop.Research Division, D.S.I.R.,

Lincoln.

" ¢cv. Hilgendorf

Cultivar Hilgendorf 61 was an improved selection of
the original cv. Hilgendorf and was obtained by backcrossing
India 241 selection Desi a total of seven times to cv. Hilgen-
dorf (Coles and Wrigley, 1976). The original cultivar Hil-
~gendorf was a selection from cross 140 of Tainui x Cross 7
(Frankel and Hullet, 1947). VCultivar Hilgendorf 61 is a
standard-height New Zealand wheat (being short-strawed com-
pared with tall wheats of Mexican origin). This awnless
cultivar is characterised by low yielding capability, short
spike, low spikelet number per spike and low fertility of
florets but high 1000-grain weight (Langer, 1965). .The

superior quality of cv. Hilgendorf 61 as a premium wheat



(Meredith, 1970) is still being acknowledged when McEwan and

" cross (1978) stated that cv. Hilgendorf 61 has set high

standards for baking quality. Cultivar Hilgendorf 61
shall be referred to as Hilgendorf in the subsequent parts of

this thesis.

" ¢cv. Kopara 73

Cultivar Kopara 73 is a reselection from the bulk line
originally numbered 1020,01 which was released in 1971 as
Kopara. Kopara or 1020,01 was a selection from the cross

0 o firt ol Lives
1020 which had the follow1ng two parent cemElnatiens: Arawa x
Gab%, Atson X Selklrk Arawa x Selkirk and Aotea x Hilgendorf
;%E;arents (Copp and Cawley, 1973) . Cultivar Kopara 73 is
another awnless standard height wheat capable of high yield
(McEwans and Cross, 1978). It is characterised by long
spike with high spikelet number per spike. Cultivar Kopara
73 has been shown to haveg}egétxfa&?ble quality and higher
mechanical dough deveiopmeng(than cv. Karamu over a range of

agronomic treatments (Dougherty et al., 1978). Cultivar

Kopara 73 shall be referred to in this thesis as Kopara.
v. Oroua

Oroua,or line 74,02, is derived from the cross 66RN395
X Skemer. It is a short-strawed, awned wheat of similar
stature and maturity as cv. Karamu when spring sown, but
taller than cv. Karamu when winter sown. Its yielding
capacity is below that of cv. Karamu in some areas, but as
high as cvs. Karamu and Kopara in other areas (McEwan and Had-

field, 1978; Wright, 1980). The baking quality of Oroua

has been shown to be superior to cvs. Karamu or Kopara (McEwan,



Vizer and Douglas, 1979).
cv. Ruru

Cultivar Ruru or line 2288,03, is derived from the
cross (Gaines x 1018,01) x (Opal x Hilgendorf 61). Line
1018,01 was a selection from the cross ( (Orawa x Gabo) x
(Aotea x Onas 53) ) x ( (Arawa x Selkirt) x (Aotea x Hilgen-
dorf 61) ). It is a short-strawed, awned, late maturing
and is capable of high yield. It has long spike, high
spikelet number per spike and good tillering potential.

bty bnbiey duindili ) pand traa ool neleoged

It is, however, of lowﬁqualityﬁand%haé—been—ciassedwasmamfeed
/

/ﬁ\ ()b'lfthLf'/~l(,',.¢.£“v,é “"‘r’()!‘“J'é‘\‘\' i
( , (Wright, pers. comm., 1977).

{

" cy.” Karamu

Cultivar Karamu was introduced from the Wagga Wagga
Research Institute of Australia as WW1l5. It was gﬁggiéction
of the cross (Lerma Rojo x Norin 10 - Brevor) x Andesg(McEwan,
1973). The high harvest index of this selection has been
described by Syme (1970, 1972). This awned cultivar has

~gained widespread acceptance as a high yielder since its
release in New Zealand in 1972 (McEwan and Vizer, 1972).
Its high yielding potential is mainly attributed to better
~grain set per spikelet and formation of more spikeleﬁfper
spike (Dougherty et al., 1977). It is of semidwarf/habit
and early maturing. However, this Mexican derivative has
been troubled with extremely variable quality since its
release (Langer, 1977). Cross and Haslemdre (1979) have
found Karamu to be inferior in both total grain protein and

~grain protein concentration. They attributed this to a

smaller pool of vegetative N potentially available for re-



distribution and ultimate grain protein synthesis.

cv. Atlas 66

Cultivar Atlas 66 was derived from a cross between a
high protein Brazilian wheat Frondoso and Redhart - 3 - Noll
28 (Middleton et al., 1954). It is a tall, awnless, late
flowering wheat and compared to modern wheat cultivars, it is
low yielding (Gill et al., 1977). its superior protein con-
tent is well recognised (Middleton et al., 1954; Seth et al.,

1960; Johnson et al., 1967).

2.2 FIELD EXPERIMENTS

This study involves three seasons of field experimentét—

ion at Lincoln College, Canterbury, New Zealand (1977-1980).

" Season I : August 1977 - February 1978

Five parental cultivars, Hilgendorf, Kopara, Oroua,
Ruru and Karamu were sown at weekly intervals over a period
of five weeks to provide enough of male and female materials
for the pollination programme. Between ten to fifteen
crosses (heads) were made in every possible combination
amongst these five parents, except the reciprocals to meet
the requirements of the Half Diallel Design of Jones (1965).
During the same season, between fifteen to twenty crosses
were made between cultivars Atlas 66 and Karamu in the field
of the DSIR, Lincoln. These pollinations produced the follow-

ing Fl families.



1. Hilgendorf x Kopara 7. Kopara x Karamu
" 2. Hilgendorf x Oroué 8. Oroua x Ruru
3. Hilgendorf x Ruru 9. Oroua x Karamu
4. Hilgendorf x Karamu 10. Ruru x Karamu
5. Kopara x Oroua 11. Atlas 66 x Karamu

6. Kopara x Ruru

Season II : August 1978 - February 1979

A further season of cross pollination was carried out
to meet the requirements of the New Triple Test Cross Design.
This crossing programme involved the production of the five
El’families with Karamu as the common parent and the back-
crosses of éll‘the fiﬁe Fl1 families (produced in Season I)
with Karamu as the common parent to their common parent and
their respective unique parent. Between ten to fifteen
heads were pollinated for each cross and these were achieved
through the same strategy involving weekly sowing of parents
and Fl's materials over a period of five weeks. The following

families were produced.

1. Karamu x Hilgendorf 9. Karamu x Oroua x Oroua
2. Karamu x Hilgendorf x Karamu 10. Karamu x Ruru

3. Karamu x Hilgendorf x Hilgendorf 11. Karamu x Ruru x Karamu

4. Karamu x Kopara ‘ 12. Karamu x Ruru X Ruru

5. Karamu x Kopara x Karamu 13. Karamu x Atlas 66

6. Karamu x Kopara x Kopara 14, Karamu x Atlas 66 x
Karamu

7. Karamu x.0Oroua
15. Karamu x Atlas 66 x.
Atlas 66

8. Karamu x Oroua X Karamu

During this season, the Half Diallel Fl1 families and
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parents were grown. This crop constitutes Experiment I of

" this study. The ten F1l families together with the five

parents, were planted in two replicate blocks. These
families were randomised within block. A row of buffer
cultivar was planted at the end of each block. Within each
block, each family was represented by twenty five plants.
These plants were planted to a single row. They were

spaced five cm between plants and 70 cm between rows.

-Season III : June 1979 - February 1980

Two experiments, Experimentkg%uéed Experiment III,
were grown during this season. The F2 families of the
Half Diallei studies formed Experiment I. The same experi-
mental design and layout as Experiment I was adopted for

Experiment IT. Fifty plants per family per block were grown.

Experiment III consisted of the F1, backcrosses and
parents of the New Triple Test Cross Design. An additional
~generation, the F2 of the Karamu families of the New Triple
Test Cross Design was also planted to meet the requirements of
the Scaling Test Analysis (Mather and Jinks, 1971). The
thirty families were planted to three replicate blocks. The
thirtyrfamilies were made up of five sets of Pi, Pc, Bli, Bci,
Fli and F2i. A set of Pc is grown for each set of families
having a common parent so that the Bi comparison of the teet
for epistasis will be uncorrelated (Chahal and Jinks, 1978).
Each family was represented by twenty five plants per replicate
block. The seeds were sown to the same spacing as Experiments

I and II.
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2.3 BIOMETRICAL METHODS
2.3.1 The Half Diallel Analysis

The statistical analysis of the diallel table has
been a subject of many studies since the publication by
Yates (1947). - -This analysis has since been modified in
various ways to satisfy various experimental mating designs
e.g. presence and absence of parental means and reciprocal
crosses (Hayman, 1954a, b; Griffing, 1956; Jones, 1965)
and unbalanced diallels in which_reciprocals or selfs do
not occur in arbitrary-numbefs (England, 1974; Keuls and
Ga;retsen, 1977) . Frequently, reciprocal differences are
absent and 6nly'oné-of each pair of reciprocal is raised,
and this had prompted Jones (1965) to propose the Half
Diallel Analysis. Kearsey (1965), in a comparison of five
experimental designs, had concluded that the Half Diallel
Analysis of Jones (1965) was to be preferred because of the
large amount of precise information it could provide about

the components of variation.

The appropriate statistical model required to adequately
describe the variation in an entry, ¥rs, in the full diallel
table with maternal and reciprocal effects was proposed by
Hayman (1954a) as v A e rn%Mtﬁa;

o

Yrs =m+ jr + js + 1 + 1lr + 1s + 1lrs + kr ~ ks + krs R A

2 S
¢ G

where m grand mean

jr = mean dominance deviation
lr = further dominance deviation due to the rth parent
lrs = remaining discrepancy in the rsth reciprocal sum



2krs

2kr difference between the

12

effects of the rth

parental line used as male parent and as

female parent

difference.

remaining discrepancy in the rsth reciprocal

Jones' (1965) Half Diallel Analysis is based on the same linear

model except for the assumption of absence of both maternal

and reciprocal effects.

The table for the analysis of

variance of the half diallel of Jones (1965) is as follows:

bl

b2

b3
yrs
yrr

yr.

Ur

tr

entry in the rth row and sth
value of the rth self

row sum

s yr.
Syrr
yr. + yrr

2 yr. - nyrr

Constant Sum of Squares Degree of Freedom
jx ‘%H;%;_T dev2 Ur n-1
_ N .
1+ 1r + y@ bl +b 2 + b 3 Yn (n - 1)
2
(2y.. = (n + 1) y.)
1 5 1
n (n” - 1) '
1r ——51————L dev2 tr n -1
(n® - 4)
1rs Total -— a - bl - b2 n (n - 3)

column of the diallel table

If the additive and dominance model is'adequate, then the mean

A
square; in the analysis of variance of the diallel can be
A

interpreted as folloWs:

The 'a' item tests the additive effect
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while the 'b' item the dominance effect. The 'b' item can
further be subdivided into 'bl', 'b2' and 'b3'. The 'bl'
item tests the mean deviation of the Fl's from the mid-
parental values. Its significance indicates presence of
directional dominance. The 'b2' item tests whether the
mean dominance deviation of the F1 from their mid-parental
values within each array differs over arrays. Its signifi-
cance implies some pérents contain more dominant alleles
than others. The 'b3' item tests the presence of specific
g bl

combining ability. It will be significant if some/Fl per-

. : O~ .
form considerably better or worse thanx;hé parents.

2.3.2 The Covariance (Wr) - Variance (Vr) Analysis

of the piallel Table

'The theory and analysis of the diallel crosses, as
presented by Jinks (1954), Hayman (1954b) and Mather and
Jinks (1971) have one of its features the Wr, Vr distribution
which is used to assess the genetical assumptions underlying
this theory. If all the assumptions are met, then the line
of regression of Wr, the covariance between the offsprings of
the rth parents and their non recurrent parents, on Vr, the
variance of all these offspfings, would have a slope of one.
In the regression form this can be expressed as Wri = %

(D -~ H1) + bVri where b = 1. Therefore, a line of unit slope
through the origin is that of complete dominance. Movement

of this line of unit slope upward or downward, relative to the
line of complete dominance would reveal decreasing or increas-
ing dominance respectively. The intercept of the line on the

ordinate is then a measure of the average degree of dominance.
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The distance of this intercept from the origin was % (D - Hl).
rTherefore, when D > H1 the intercept is positive, D = Hl
where the line passes through the origin and D ¢ H1l when the
intercept is negative. Moreover, the relative order of the
points along the regression line indicates the distribution
of the dominant and recessive genes among the parents. The
points nearest the origin are from the arrays with most
dominant genes and the points furthest away from the origin
from arfays with most recessive genes. A correlation co-
efficient of the sum of (Wri + Vri) values with the phenotypic
valueé of the coﬁmon parents, Pi, can also indicate the domin-
ance and recessive nature of the parents. A -high negative
correlationnof thé kWri + Vri) with the Pi means dominance of
the increasing phenotype. A high positive correlation means

the reverse is true.

2.3.3 Testing the Adequacy of the Additive and

Dominance Model

Two tests proposed by Mather and Jinks (1971) to test
~the goodness of fit for the additive and dominance model were
conducted in the programme Binhalf (Appendix I). The two

tests are anjanalysis of variance to test the consistency of

the Wr - Vr over arrays and a joint regression analysis of Wr

on Vr to test the agreement between blocks and the agreement of
the joint regression slope with unity. Since both these tests
are approximate, only when both indicated a significant disagfee-
meht with the model (P £ 0.05) was it concluded that the data
did not confirm to one or more of the basic assumptions of the

model (Gibori et al., 1978). In this thesis, the joint
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regression analysis of Wr and Vr is used as the sole test

" for the -adequacy of the assumptions of the model.

2.3.4 The Perfect Fit Estimates of the Components

of Variation

If the additiVe and dominance ﬁodel is deemed adequate,
then perfect fit estimates of the components of variation can
be attempted. The following second degree statistics are
used for estimating.the various components of variation:

Vp = Variagce of the parents,

Vr = mean of Vr over all arrays,

<
K|
]

variance array means around overall progeny mean,

=
H
1l

mean of Wr over all arrays,

E = block interaction of the family means.

The equations for estimating the various components of
variation are:

D =Vp - E

= 4 _ = _ 3n - 2
H1 = 4 Vr + Vp - 4 Wr - =
2
H2 = 4 Vr - 4 VT - 2(n2—l)
E
n
- 4 e - 2@ - 2)
F = 2Vp 4 Wr O E

uv = J  (H1/D)

o
<
Il

%D + 3H1 - YH2 - AF
XD + BH1 - %H2 - 5F + E

1.

Narrow sense Heritability

5D + %H1 -%H2 - %F
5D + %H1 - %H2 - 5F + E

I

Broad sense Heritability
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For the F2 generation, the contribution of dominance component
to family and generation means is correspondingly halved,///
the coefficients of H1 and H2 musgﬁpe qua;ﬁg;gd (terms in h2)
and the coefficient of F (term in H) halvedf{r As the com-
puter programme Binhalf (Appendix I) was written for the Fl

analysis, minor alterations of the coefficients of Hl1l, H2 and

F is necessary for the F2 analysis.

There has been, however, much criticism of the
validity of the assumptions involved in the diallel model
(Gilbert, 1958; Sokol and Baker, 1977; Baker, 1978) .
The genetical assumptions required of the model are:

(i) diplpid segrggation,
(ii) no différence betwéen reciprocal crosses,

(iii) independent action of non-allelic genes,

(iv) no multiple allelism,
(v) homozygous parents,
(vi) genes independently distributed between parents.

Sokol and Baker (1977), in their theoretical studies
using computer simulation, démonstrated that general com-
bining ability includes effects due to additive, epistatic
and, when gene frequencies are not equal to 0.5, dominant
gene action. ‘They were of the opinion that most diallel
experiments were of little value due to these inabilities’
of meeting the assumptions of gene frequencies of 0;5 and
absence of epistasis. Baker (1978) pointed out that the
assumption that genes are distributed independently in the
parents of the diallel is not realistic. Nassar (1965)
emphasized that the correlation of gene distribution is inevit-

able in any small sample of parental genotypes, and may be a
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frequent source of deviation from expectations provided by
the diallel model in the absence of other failure in.the

list of assumptions. The assumption of the absence of
epistasis prompted Gilbert (1958) to state that such an
‘assumption cannot be justified from our knowledge of the
"biochemical pathways in plants. Crumpacker and Allard
(1962) , in their diallel analysis of heading date in wheat,
were of the opinion that the assumptions of no epistasis, no
multiple alleles, and uncorrelated gene distribution were
not strictly valid. They, however, emphasized that the

Vr - Wr graphs.wére not distbrted indicating that these
failures were unlikely to be a significant source of bias

and seemed ﬁhlikeiy—tb be large enough to disturb a genetic
analysis of the data. Johnson (1963), in both theoretical
and practical considerations of the application of the diallel
cross technique to plant breeding, was of the opinion that the
diallel analysis could provide invaiuable genetical informat-
ion and guidance in practical plant breeding. Hayman (1963)
in his discussion of the use of the small diallel crosses,
emphasized that when the parent number used is less than ten,
then none of the components of variation, either statistical
or genetical, in the diallel cross can be significant
estimates of the population parameters. The information
available from the small diallel croés is that.there are
certain differences between the parents, between the crosses,
or between the general or specific combining abilities of the

parents.



18

2.3.5 The New Triple Test Cross Analysis

Most genetic'models have as one of their simplifying
assumptions the absence of epistasis or non-allelic gene
interaction. Among the many multiple mating designs such
as the North Carolina Model I, II and III (Comstock and
Robinson, 1952) and the Diallels (Hayman, 1954a; Morley Jones,
1965; Kearsey, 1965) only the Diallels provide a test for
the adequacy of the additive and dominance model. Moreover,
most breeding designs have a much larger standard error for
the dominance components compared to the additive components
except for the North Carolina Model III of Comstock and Robin-

son (1952). .

Kearsey and Jinks (1968) in their effort to overcome
these deficiencies, proposed the Triple Test Cross Analysis.
The Triple Test Cross is essentially a simple extension of
the North Caroline Model III. The extended design includes
the F1 in the backcrosses. This modification provides not
only a more efficient estimate of the dominance component, but
also an unambiguous test for epistasis. It has been
adequately emphasized by Kearsey and Jinks (1968), in their
proposal of the original triple test cross design, that the
two inbred lines L] and L2 musé be extreme genotypes if the
estimates of  the additive and dominance variation are to be
detected with precision. Since estimates of additive variat-
ion have meaning only if L1 and 12 are extreme selections,
heritability estimates can only be obtained after selecfion
has taken place. Thus, this heritability éstimate is of
little value té breeders seeking a selection response. There-

fore, it must be emphasized that the major contribution of this
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technique is only for furthering an understanding of the

" gene action of the traits under study.

1 3

o |

The original triple test cross of Kearsey and Jinks

(1968) has been simplified by Jinks; Perkins and Breese

(1969) . In the simplified version, the F1 has been replaced
by Pi families. Ihe'Pi families are selfed of the pure
breeding population under study. The analysis can yield
unambiguous results only if the L1 and L2 pure breeding
testers differ at all the K loci at which individuals in the
population may differ. The consequences of using inadequate
testers in the simplified triple test cross has been discussed
by -Virk and Jinks (1977) and a modified analysis to test and
allow for iﬁadequaté testefs has been proposed by Jinks and
virk (1977). In the modified analysis, proposals ﬁave been
made to correct the resulting biases, due to inadequate
. testers, that is testers with common loci. Jinks and Perkins
(1970) have further modified the Triple Test Cross of Kearsey
and Jinks (1968).. In the modified analysis, all comparisons
among the three kinds of progeny means namely L1li (Pl x F2),
fgi (P2 x F2) and L3i (Fl x F2), are orthogonal to one another.
Moreover, in the absence of epistasis, the L3i means.are used
to estimate the additive component of variation instead of
‘being discarded. The modified analysis of Jinks and Perkins
(19705 have beeﬂ applied to wheat, ahd epistasis has been
found to be important for all five characters studied (Singh and

Singh, 1976).

In the most recent design proposed by Chahal and Jinks
(1978), the need to choose adequate testers with extreme geno-

types has been completely relaxed. The new design can
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accomodate inbreds of any genotypes. It thus removes all

" the difficulties and limitations of the original, simplified
and modified triple test cross (Kearsey and Jinks, 1968;
Jinks et al., 1969; vVirk and Jinks, 1977; Jinks and Virk,
1977) . The New Triple Test Cross Analysis of Chahal and

Jinks (1978) is as follows:

2.3.6 Mating and Field Design 9

A sample of n inbred lines, Pi, and, a single tester
line Pc, are chosen from a population of inbred lines. The
inbred lines are then individually crossed to Pc to produce
n Fli families, |
i.e. n Fli = Pi x Pc where i =\ﬂ%7n.

The n Fli families are then backcréssed to each of their
parents to produce two series of backcross famil%s, Bli

(F1li x Pi) and Beci (Fli x Pc).

The experiment then consists of the following families

Pc, n Pi, n Fli, n Bli and n Bci. There are, therefore,
4n + 1 families. Each family is replicated with r individuals
in a randomised block design. In this study, the five Pi

inbred lines are: Pl - Hilgendorf, P2 - Kopara, P3 - Oroua,
P4 - Ruru and P5 - Atlas 66. The single tester, Pc, is

Karamu.

2.3.7 The Test of Epistasis

The test of epistasis is based on the standard backcross
Scaling Test of Mather and Jinks (1971). The expectations of
the scaling tests are summarised by Chahal and Jinks (1978) and

a derivation is shown in Table 2.1. In the absence of epistasis
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these comparisons have expectation of zero irrespective of

" the genotype of the inbred line, Pi or tester Pc. The

test of epistasis is effected by three methods. The first
of which is a 3 n (comprising n sets of A, B, C Scaling
Tests) individual Scaling Tests. The second method is the
n. Joint Scaling Tests or the Cav;lli's Scaling Test analysis
(Mather and Jinks, 1971; Tan, 1974; Gale, Mather and Jinks,
1977; Rowe and Alexander, 1980). Both these tests are
executed with the computer programme Bintest (Appendix IV).
A test combining all the individual tests of significance

is achieved in the context of the analysis of variance and
islgffected with the programme Bintri (Appendix III). The
theory of this anaIYéié of variance is as follows:
Considering the comparison

2 Bli - Fli - Pi = Ai.
The sum of square of Ai is simply

n 2
( E: Ai°) for i = 1 to n.

i=1

This has n degree of freedom and therefore the mean square is
n
. 2
( ) Ai“) /n.
i=1
For the test of significance, this mean square can be tested

against the mean square derived from pooling the corresponding

variances of Ai. The variance of Ai is obtained thus

VAL = 4V Bli + VFli + v Pi
where V Bli, V Fli and V Pi are the variances of the Bli, Fli

and Pi family means.
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For the second comparison of
2 Bci - Fl1li - Pc = Bi

Pc appears in every set of i = 1 to n. So nPc sets are
grown for each replicate so that the nBi values will be

- independent. The analysis is exactly as for Ai and is
achieved by the Call Statement to the same subroutine (PVAR)
of the programme Bintri for the analysis of the Ai compari-

son.

2.3.8 rests and Estimatés of the Additive and

Dominance Components

In the absence of epistasis, two further othogonal
comparisons provide unique tests and estimates for the

additive and dominance components of variation. They are
Bci - Bli - Pc + Pi (Additive) and
Bci + B1li - Pc - Pi (Dominance).

The additive comparison has the following genotypic value
for Pi (AABB) and Pc (aabb)

/ < 0(/(,’-{/ -,:,\,{ :
da db jab jba

-1 -1 =% -5 .
Therefore, in the absence of epistasis, the comparison has

value of -lda -1db. The dominance comparison has genotypic

value of

ha hb i 1

1 1 Y 5 .
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Table 2.1 Derivation of the expectations of the epistatic

comparisons.

da db ha hb i

Pl AABB - 1l 1l - - 1
Pc aabb -1 -1 - - 1
F1l1 AaBb 1 1

ABAB ¥ % - - %

abAB - - % %
B1ll

AbAB % - - %

aBAB - % b
Bl1l % % % % %
2 B1ll 1 1 1 1 %
2'B11 - F11 - P1 - - - - -k

Therefore 2B1l - Fll - Pl is -%i + %jab + %jba

abaB | | o+

abab -% -% %
BC1

abAb -% Y

abaB =% - - Y
BCl -3 -3 5 % %
2BCL -1 -1 1 1 5
2BCl - F11 - Pc -3

Therefore 2BCl - Fll - Pc is -%i + kjab + 4jba

where i, j, and 1. are the epistatic items.

jab

e

g

U o

%1

I
a2

I
I\od

jba

N\

ol o

=~

=

N N Ny

=

U o
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Therefore, in the absence of epistasis, the comparison has

i value of lha + lhb.

The appropriate analysis of variance for testing the sig-
nificance of these comparisons is carried out by the sub-
routine, Canova, in the programme Bintri. Estimates of the
additive (D) and dominance (H) effects are also made by this

programme. - An example is illustrated in Section 2.4.2.

2.4 COMPUTATIONAL PROCEDURES

The folloWing computer programmes were written by the
author to facilitate the data processing. The programmes
were written in Fortran IV for use in the Burroughs B6700

computer.

2.4.1 The Half and Full Diallel Analyses -~ Binhalf

and Bindial

The Half Diallel analysis as described by Morley Jones
(1965) and the Full Diallel analysis of Hayman (1954a) were
translated into Fortran and their complete listings are given
in Appendices I and II. These programmes also have the Co-
variance (Wr) and Variance (Vr) analysis described by Mather
and Jinks (1971) and allowed for the perfect fit estimates of
the.genetic parameters to be made. As the same subroutines
for these computations were used in both the Full and Half
Diallels, only one set of the subroutines is included in the

listings of Appendices I and II.

Data Input

Card 1 Is the title card and can be in alphanumeric
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punched in column 1 to 80.

" card 2 For the Half Diallel Programme, Binhalf, this
card contains two integer numbers N and IBLK.
For the Full Diallel programmes, three integers
numbers IM, N and IBLK are read in.
The numbers are in format I4.
N or IM is the number of parents used in the
Diallel crosses. IBLK is the number of
replicate block for the experiment.

Card 3 to (N + 3) contains the family means of the Half or

Full Diallel table for the first block. This

is followed by another N cards for the family

means of the second block.

Data Output

The programmes output include:
(i) The Full or Half Diallel table of the family means
for Block 1, Block 2 and the Mean of Blocks 1 and 2. The
Diallel analyses of variance for each block and the mean of
the two blocks are also presented (pages 26-28, 32, 33).
(ii) The overall Full or Half Diallel analysis with the
accompanying block interaction terms. This analysis also
provides test of significance for each item of the Diallel
analysis of variance table (pages 29, 34).
(iii) The joint regression analysis of the Wr-Vr regression
(pages 30, 35).
(iv) The ANOVA for the sum of Wr } Vr and the difference
of Wr-vr (pages 30, 35).
(v) The perfect fit estimates of the genetic parameters

(pages 31, 36).
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106,1100
103,2700 106,48
98.3900 94,27
83.1000 90,90
88,31
L1310 101,740
2270 106,480
.390 94,270
.100 90.900
.900 88,310
$06.3000
506.,3000
604,2600
522.8000
351
- MEAN SQUARE
208.4299
86.2925
7.5158
7.4693

00
00
00
00
Do

486,7700

486.77G0

- 574.8700

533,0400

27

481.7000

481.7000

$70.0100

521.8500
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THE MEAN VALUES OF THE HALF DIALLEL INPUT

106,0356 ' 115.0200 110,4650 106.4800 100,6350
110.8500 108.4750 1903.6100 105.7650
98,5500 100,4200 92,2950
86.9900  #7.0000
- ) _ 87,7450
106,035 115.020 110,465 106,480 100,635
115.020 110.650 108,475 103.810 105,765
110.465 108.475 98.550 100,420 92.295
106.480 103.810 100.120 B6.990 87.000
100,635 105.765 92.295 87.000 87,745
SUM OF ROW 538.6350 543,9200 510.2050 484.7000 473,4400
SUM OF COLUMN 538,6350 §43,9200 510.2050 484,7000 473,4400
SUM OF ROWHPARENT 644.6700 6547700 608,7550 571,6900 561,1850
SUW DF TR 547,0950 533.5900 527.6600 534.4500 508.1550
1520,5350 190,1700 155308.3220
4 0OF SQUARE DF MEAN SQUARE

1606,0747 4 251.5187
83,4167 1 83.4167
38,4490 4 9.6122
45,2691 5 9.0538

1173.2096 14



" SOURCE OF VARIATION DF NEAMN SQUARE - YRA

B1
B2
83

PROD
4 503,0374 ' 63,5164 0.0007
1 _ 1ef,f334 1423,2738 0.0109
4 19.2245 - 2.8832 0.1648
5 14,1077 3.7510 0,0865
10 33,4270 £.5715 0.0032
THE. BLiCK IRTERAZTION MEAN BQUARE
oF TUTESACTICH MEANUSOUARE
BA 4 7.9198
BB 1 0.0487
BN2 4 © 646677
8O3 5 4.9263
AR 10 5.0851
BT 14 S.R950
THE HOMUGENEITY UF VARIANCE BY BARTLETT 1S 0.3221

e

85.3324
29,3006
3. 2011
3.0717
5.6704

PROB

c.0000
0.,0001
0.0843n
0.041%
0.0018

6¢



1T

JOLUT REGERES510N

THE 1 IRTENCEFT 1S §21.5775

"s

5211.3910

HETEROGENRTITY OF REGIES3TDGN

REEATLDER

REGRESS102 COEFFICTIERT 1S Dd.8012 SE

105,8984

29,3787

0,9600

SIGHIFICANT FROX 1,0

DF VR

1 178.409]

6

0,44860

DRFELATINE COEF, OF PRtVR AND PR 15 -0,980558 0.1135IT IS 0,003)

THE AHALYSLS OF VARIALCE OF

SOURCE QF VARIATIOR
REPLICATION
TREATHENT
RESIDHALS

SOURCE OF VARIATIOH
REPLICATION
TREATHENT

RESINUALS

DEGREES 0OF
1
4
) 4

DEGREES OF

FREEDUH

FREEDOM

HRVR

SUn OF SQUARES MEAN SOUARE

30,3050 30,3050
348,3911 87.097¢
256,4564 64.1141

GUM OF SQUARES MEAN SQUARE

4941,0939 1941.0939
22977.3553 5744,3388

- 3795,0192 918,7548

30

PROB

0.0000

S1GeIFICANT FROM 0.0 0.9170

¥ PROBABTILS:

1.3585 0,346

¥ Pis(is a8 IL L

6,0546 9,054



1y

ESTIMATES G COMPONENTS OF VAHTA%ION

STATISTICS HLEL 24,K2
vp 125.6954 163.7131
Vil 56,7516 42,7422
YR 76,6033 56,1156
19.0345 31,7656
E ' 5.6950

PERFECT FIT ESTIMATES OF THE CO¥PONENTS

CUMPONENT BLK1
b 119.8004
i 70,9616
12 70,8525
F <;;h:ezipqa§
k 5.8950
BRUL/D 0.7696
v 0.2496
HEPAR 0,i940
BERBD 0.9486

BLK2

HEAN
14,7043
54,7669
66.3594
40,4021
5.8950 ‘ 5.8950
97.8181
35,0527
44.0665
-24.1101 )
S.8950
0.5986
0.3143
0,7695
0.9197

MODEL

D+E

31

1/4D41/401=1/1F+5/9E

1/72D~1/4F+1/9E

MEAN
108,3092
53,0071
57,4595

{ -43,1033

5,8950

V,6641

0,2320

0,7818

0,9341

1/74D+1/4H1=1/74HZ+1/4F

+5/81FE
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VULL DIALLEL AJALNSES OF PROTEL CUNTEHT ©FF PLANTIRG OhE

THE OJALLEL ANALYSIS FOR BLOCK |

15,4600 14,0300 15,8700 13,2000
11,5690 13,4500 14,7460 11,9600
16,7100 15,3799 13,7900 i 11,4700
11,2500 12,1200 14.2300 12,3600
U OF 53,5600 54,2100 60,3700 51,9600
W OF 305106 5125700 5976300 5126900
g Gr o= 115.0709 1690 g 119.0903 10329550
TVF OF HALE Do ALE CILiHd ~G.6500 =91 7600 R ~9:0300
ARELTAL DEVIATIONS 56,7300 553800 £3.8400 53,5100
-0,0300 ~0.3700 ~0 . 0500
C =0,6300 -0,1600
SUM OF SQUARE 0-3200 MEAN SQUARE
A 19.6737 - 3 6.5579
B ©7.4041 6 1.2340
c 0.5636 3 0.1879
- 0 6.0566 3 0.0189
81 0.4921 - v 0.4921
B2 6.9053 3 ) 2.3018
83 0.0067 2 0.0013
T 27.6980 15 1.8465
15.8000 14,5900 1”:1%']81;(01 ’“'.""['“"'fzt.izlf;(,sl':ﬁfcx 2
14,0600 ° 14,6200 - 14.3700 13,0200
16,4000 14.2200 15,4700 13.0590 P
12,6900 Cot1.s100 13,4400 11,2700 ‘
S O A e s 53,3100 56,0700 50,1400 © «9,2100
SUn e RSERRaRCER TS coumm= 13709090 11360 1Yaiadoe AREETE
DIEF OF 4ALE RGE FLHAGK SOLUHY S Vo3300 Ge2100 Z9.a000
PARENTAL L7 TaYIUN= 51,0000 52,8300 5641900 53,7400
0.5300  =0.7550 ~0.4200
‘ 0.1500 1.2100
SUM GF SQUARE ATt MEAN SQULIE
A 29,6360 3 9,8727
B 2.8732 6 0.,4719
S 0.1628 3 0.0543
D 1.1664 3 - 0,1688
81 0.7271 1 , 0.1211
B2 0,7485 3 . 0.2528
LR 1,3370 P 0.6935

T 33.,838% s ' 2,2559



THE DIALLEL ANALYSIS FOR ﬂLDCh 142

15,6300 14,3100 15,7600 12,7350
14,0600 14.0350 . 14.5550 12,4900
16,5700 14,7950 14,6300 13,7600
12.9700 11.9650 13,8350 11.8150
SUS OF HALE Riwus 58,1350 55,1400 59,7550 50,5850
SUM OF FECALE COLI= 5912300 5501050 587800 50,8000
Sty OF MALE RUx FEMALE COLUMH= 117.6650 110,2450 118.5350 101,3850
DIFE OF MALE ROYM FEMALLE COLUMHN -1, 7950 0.0350 0.,9750 -0,2150
PAREHTAL DEVIATIONS 55.1450 54,1050 60,0150 54,1250
0.2500 ~0.8100 -0.2350
~0.2400 0,5250
-0.0750
S OF SQUARE DFo HEAN SQUARE
A 23,8187 3 7.9396
B 3,3633 6 0.5606
c 0.2038 3 0.0679
. D 10,3526 3 0.1175
Bl R T GL0057 . 1 0.0057
B2 2.9831 3 _ 0,9944
B3 ‘ 0.3745 . 2 0.1872

T 27..7333 15 1,8492
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COARECTED VALUES FDR DIALLEL ANMALYSIS OF BLOCK 142

B 1.1211 6
A 15.8791 3
c 0.1358 3
o 0.2350 3
B1 0.0115 1 N
2 1.9887 ' 3
B3 0.3745 2
T : 3.6984 15
THE BLOCK TATERACTION MEAH SQUARES
pa - 0.5918 , 6
AA 0.5575 3
BC ' 0.1063 3
8D ‘ 0.1726 3
BB1 1.2083 1
pE2 0.5659 3
B33 0,3224 2
RI 90,4040 15
BARTLETT TEoT 1S 1.,0000
VRA proB VKT PROD
1.8945 ' © 00,2262 2.7751 0.0509
28,4850 - 0.0105 39,3059 0.0000
1.,2789 0.14225 0.3363 0.7994
1,3616 0.4029 0,5818 0.6360
0.6995 0.9381 0,0284 0,8084

3.5115 0.1647 4.,9228 0.0111



THE

ITEN

JUILT REGRESSIDR

HETERIGELELITY OF REGHESS]OH

RENBATKOLER

AT FEGRESSINY. CORFFICIENT 15

¢ COPRELATION COEYF, OF WRe¢VR AND PI IS

Y JETERCEPT IS

10.6249
s nF
1.8008 : 1
0.,0292 t
0.0261 4
08066 S€  0.0971- . SIGUIFANCE FRON 1.0
0.858655 0,36250T IS  0.1414

b ANALYSIS OF VARIAUCE OF “RVR

SOURCE OF VARIATION
CEPLICAT(ON
TREA&NENT
RESIDUALS

SOURCE OF VARIATION
REPLICATION
FREANCHENT

RESIDUALS

DEGREES OF FREEDON 5UH4 OF SOUARES

1 : 3.3623
3 0,1694
3 0.0676

DECRELS QF FREEDOA Stiit OF SQUARES

1 3,762
3 7.2160
3 : 1,9507

0.1172

VR
L]

69,0801

HEAN SQUARE

3.3623
0.0565

0,0225

BEAN SQUARE

3,7628
2.4083

0.6502

35

PRODB

0.0011

F

2.5054

Y

3.6992

PROBABIY,

0,23

PRUBARLL,

0,15

SIGNIFICALCE FROM 0.0 0,00)

i

5

1

)
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ESTIYNTES OF CusSPOSENTS OF VARLATLON

SYRYLSTICS DLEY K2 BEAN MODEL
o 16490 4,306 2.9748 D+
ver 1.4367 1.4743 1.4555 174D+ 1/441-1/4F45/9¢
wan 0.9443 2.2784 1.6113 1/20-1/4F11/9E
0.8197 1.2348 1.0273 1740417411 =1/442-1/4F +5/B1E
i , 0,4040 ‘ 0.4040 0.4040 . E

- -~ PEKFECT F1T ESTIMATES OF THE CUY\PLI‘JFi:iI‘S

COUPLLERT BLK1 ‘ " anK2 MEAN

b 1.2450 - 3.5966 2.5708
Ht 2.6089 - 0.0742 . 13416
H2 1.7105 ' 0.2003 , 0.9554
F -0.8831 ~0.9163 ~0.8997
F 0.4040 . 0,4040 0.1040
SRH1/D 1.4476  0.1380 0.7928
uv 0.1639 D.6748 0,4194
HERAR 0,9453 ‘ 0.4377 0.7415

FERRD 0.R271 0,8556 0.0117 A
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2.4.2 The New Triple Test Cross Analysis - Bintri

This programme is based on the paper entitled "A
General Method of Detecting the Additive, Dominance and
Epistatic Variation that Inbred Lines can Generate Using a
Single Tester" (Chahal and Jinks, 1978). This programme
enables an unambiguous test for the presence of epistasis
to be made. It can also teét for the significance of both
the additive and dominance effects and in the absence of
epistasis allowed unbiased estimates of the additive and
dominance effects. The complete listing of this programme

is given in Appendix III.

Data Input

Card 1 Contains three integer numbers, IBLK, IF, IS in

format 3I4;

IBLK is number of replicate blocks,

IF is number of parents (Pi),

IS is sample size for each family in each block.
This programme uses equal sample sizes for all the Pl, P2, F1,
BCl and BC2 families. It can handle four replicate blocks,
20 parental families (Pi = 20) and the sample size of 50

plants per family per replicate block.

Card 2 The subsequent cards are raw data cards,
Data from replicate Block 1 are read first.
The data in each block are arranéed in the
following order:
Data from parent 1'(Pi: i = 1), Pc the common
tester, the backcrosses (BC1l and BC2) and F1

generated from these two parents. When all
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the data from Parent 1 and Pc and their
derived families have been read, the data for
Parent 2, Pc and crosses derived from them are
read in the same order as those of Parent 1.
This process is repeated until all the Parents
and their families (in this study IF = 5) have
been exhausted.

Data from the families of the secénd replicate
block are read next until all the replicate
blocks (in this study IBLK = 3) have been

exhausted..

Data Output =

The programme output is as follows:
(1) Printout of raw data for each block, parent and
families. A representative section of this print out is
shown in page 39).
(ii) The mean values for the parents, the common tester Pc,
“their backcfosses (BC1l and BC2) and the Fl are printed out.
On the same print out, are the four comparisons for each of
the parental groups (in this study IF = 5). The comparisons
are the two epistatic comparisons (Ai and Bi) and the additive
and dominance compariscns. These values are calculatéd on a
replicate block basis and the values, for each replicate block
are printed out separately (pages 40-42).
(iii) The analyses of variance (ANOVA) for each of the
. generation, for all the parents are printed out next. The
analysis groups all the families from the same generation to
extract the variance of the particular generation. The

print out shown in page 43 illustrates the ANOVA for all the
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THE NEW TRIPLE TEST CROSS ANALYSIS

L 2 X XK 3

*
¥
x
*
x
FIXEEXREXEREREXRAAFIRRFARREEFEEREREREEKERXER KRR ESK
I1NPUT VALUE OF RAW DATA
BLOCK 1
PARENT PI 1

¥t*titt*l*¥*‘******i*t*¥***1*t*t****t*it#*t#t¥************#t*******t**ttit*#***#**t*****##**t***t**!*‘t*t#ttttt*tt#t!3“8*##3

101,9 108.,7 104,5 107.9 106,3 114.8 103,6 167,5 105,0 105,8 111,2 108,3 111.4 105.6 107,59

PC
86.3 89.4 87.9 98,9 89.2 89.7 89.5 89.3 90,2 92.3 92.2 90.7 89.6 87.2 88.3
. B1I -
95.3 99.6 _97.5 100.4-106.5 101,2 109.2 95,2 93,5 116,6 120.9 114.6 112.3 95.5 91.56
BCI
98,5 84,4 1311.2 68,0 104.2 '85,9 95,6 97.2 110,6 113.4 107,5 95.2 93,7 100.3 109.4
F1I

104,1 109,2 108,2 107.7 106,9 109,3 107,7 107,11 105,2 103,4 104,5 112.6 108,6 108.7 108.4
i PARENT PI 2

T Ty T T L R Ty Y L s I y  E N Y R T T2 Y
) PI

110,3 106.5 105.4 114.4 113.,5 107.8 113.7 109,2 109,9 105,2 109,9 104,7 99,6 95.9 112.6

pC
90.1 R7,4 86.0 87.4 87.9 90.0 86.0 88.5 92.4 85,5 98.4 97.2 91.2 83,7 89.1
B11 , :
106,6 103.5 101,2 104.2 93,2 118,.4 106,5 104,0 109,2 116.5 98,9 110.4 115.6 103.8 91.6
BCI _ -
113,9 69,3 85,7 82.1 110.2 111.2 90,8 94,5 88,7 122.3 97,8 119.3 92.0 117.8 117.9
F11I

112,2 111.9 112.4 111,9 113.4 112,1 111,7 110,0 113,.5 114,.8 113,9 115.3 115,4 112,0 107,.1
PARENT PI 3

S F TSI EETEIEREAI TN XA F TSI RSB A AR AR RS E S IR AR AN R IR SRR R R R E R KRR KR F A I R A AR EF AR A AR SR AR R AR FRR KB EN SRR ENB R RS A SR TSR DEAXEXF RS
P1

95,2 93.6 104.0 91.7 111.2 10b.5 102.4 104,0 102.2 99.6 99,4 98.5 104,5 101.8 92,0
" pz
87.7 ©9.2 B7.4 95.3 69,7 90,0 7.7 2.0 90.6 R7,3 BS.8 92,7 £8,9 BB.1 B83.6

6¢€



40

BLUCK 1

THE MEAN VALUE FOR PARENTS PX

107,3600107,9067100,4400 86,6000143,3200

THE MEAN VALUE FOR THE PARENT PC

90,0467 89,3867 90,2667 88,8933 90.5067

THE MEAN VALUES FOR B1ll

103,3267105,5733 94.3200 94,1867141,5533

THE MEAN VALUES FOR BCI

99,6733102.2333 91,6867 93.,9333108,6600

THE MEAN VALUES FOR F11

107.4400112,5067 99,9000 94.,6400130,2667

THE VALUE FOR THE EPISTASIS CONTRAST AI

~8.,1467 =9,2667-11,7000 7,1333 9,5200

THE VALUE FOR THE EPISTASIS CONTRAST Bl

1.8600 2,5733 -6,7933 4,3333 =3,4533

THE VALUE #DR THE THE ADDITIVE CONTRAST

13,6600 15,1800 7,5400 =2,5467 19,9200

THE VALUE ¥OR THE THE DOMINANCE CONTRAST

5,5933 10,5133 =4.,700C 12.6267 16,3867



BLOCK 2

THE MEAN VALUE FOR PARENTS PI

105,2667107,4133100,7933 86,7067142,8000

THE MEAN VALUE FOR THE PARENT PC

89,3867 90,2667 88.5933 88,7867 90,5067

THE MEAN VALUES FOR B1I

103.,9867107,8400 94,9467 95,8933138,1200

THE MEAN VALUES FOR BCI

97;0800101.5533 94.4467 90.7267109.6200

THE MEAN VALUES FOR Fil1

105,5400112,1867 99,2400 94,8667128,7000

THE VALUE FOR THE EPISTASIS CONTRAST Al

-2.,8333 =-3,9200~10,1400 10,2133 4,7400

THE VALUE FOR THE EPISTASIS CONTRAST BI

-0,7667 046533 0,7600 =-2,2000 00,0333

THE VALUE FOR THE THE ADDITIVE CONTRAST

8.9733 10,8600 11,4000 ~-7,2467 23,7933

THE VALUE FOR THE THE DOMINANCE éUNTRAST

6.4133 11,7133 -0,2933 11,1267 14,4333

41
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BLOCK 3

THE MEAN VALUE FOR PARENTS PI

107,2800107,3467100,7333 88,1733145,1800

THE MEAN VALUE FOR THE PARENT PC.

90,0467 89,9733 87,8600 89,0000 87,4467

THE MEAN VALUES FOR B1I

104.7733104.4933 98,9000 89,6467136,4607

THE MEAN VALUES FOR BCI

103,7333 97,2467 93,7800 90,0133116,4467

THE MEAN VALUES FOR F11

103,7667110,4000 98,8400 92,6200128,7667

THE VALUE FOR THE EPISTASIS CONTRAST AT

-1.5000 -8,7600 ~1,7733 =1,5000 =1,0133

THE VALUE FOR THE EPISTASIS CONTRAST BI

13,6533 =-5,8800 00,8600 =1,5933 16,6800

- THE VALUE FOR THE THE ADDITIVE CONTRAST

16,1933 10,1267 7,7533 =0.,4600 37,7133

THE VALUE FOR THE THE DOMINANCE CONTRAST

11,1800 44,4200 4,0867 2,4867 20,2867



THE ANALYSIS OF VARIANCE FOR B1l FAMILY .

+

SOURCE OF VARIATION DEGREES OF FREEDOM SUN OF SQUARES © MEAN SQUARE F PROB
REPLICATION 2 67,5759 33.7879 161.9018 L0000
FAMILY R 59529.2776  14882.3194
SAMPLING ERROUR 210 29910,7108 ’ 1?2-4320
EXPERIMENTAL ERROR | 8 735,3752 | 91,9219

THE SUM OF SAMPLE FOR EACH FAMILY

1549,9000 1583,6000 1414,8000 1412,8000 2123,3000
THE MEAN OF EACH FAMILY
103,3267 » 105,5733 94.3200 94,1867 ‘ 141,5533
- THE SUM OF SAHPLE FOR EACH FAMILY

1559,8000 1617.6000 1424,2000 1438,4000 2071,8000
THE MEAN OF EACH FAMILY

103,9867 107,8400 94,9467 95,8933 138,1200
THE SUM OF SAMPLE FOR EACH FAMILY

1571.6000 1567.4000 1483.5000 - 1344,7000 2047,.,0000
’ THE MEAN OF EACH FAMILY '

104,7733 104,4933 98.9000 89.6467 136,4667

1874



THE ANALYS1S UF VARIANCE FOR BCI FAMILY

SOURCE OF VARIATIOK DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F PROB
REPLICATIUN 2 93,6881 ) 46,8441 18,6767 .0004
FAMILY 4 11176,7734 ' 2794,1934
SAMPLING ERROR 210 35163,6107 " ' 167.4458"
EXPERIMENTAL ERROR 8 1196,8701 | . 149,6088

THE SUM OF SAMPLE FOR EACH FAMILY
1495,1000 1533,5000 1375.3000 1409,0000 1629,9000
THE MEAN OF EACH FAMILY

99,6733 102,2333 91.6867 93,9333 108.6600
THE SUM OF SAMPLE FOR EACH FAMILY

11456,2000 1523,3000 1416,7000 1360,9000 1644,3000
THE MEAN OF EACH FANILY i
97,0800 101.,5533 94,4467 90,7267 109.,6200
THE SUM OF SAMPLE FOR EACH FAMILY

1556,0000 1458,7000 140647000 ' 1350,2000 1746,7000
THE MEAN OF EACH FAMILY

147

103,7333 97,2467 . 93,7800 90,0133 116.4467



THE ANALYS1S OF VARIANCE FOR PC FAMILY

SOURCE OF VARIATION DEGREES 0F FREEDDM SUM OF SQUARES lMEAN'SQUARE F : PROB
REPLICATION ' 2 36,7159 18.5580 0,6671 $6325
FAMILY | ' 4 , 37.1499 . 9.2875
SAMPLING ERROR 210 3072,3534 _ : 14.6303
EXPERIMENTAL ERROR 8 111.3598 | .13.9212

THE SUM OF SAMPLE FOR EACH FAMILY

"1350,7000 1340,8000 1354.,0000 1333,4000 1357.,6000
THE MEAN OF EACH FAMILY )

90,0467 89,3867 90,2667 88,8933 90,5067
THE SUM DF SAMPLE FOR EACH FAMILY

1340,8000 1354,0000 1333,4000 . 1331,8000 1357.6000
THE. MEAN OF EACH FAMILY

89,3867 90,2667 88,8933 88,7867 90.5067
THE SUM OF SAMPLE FOR EACH FAMILY

1350,7000 1349,6000 1317.9000 1335,0000 1311,7000
. THE MEAN OF EACH FAMILY '

90,0467 89,9733 - B7.,8600 89,0000 ‘ 87.4467

Sy



SOURCE OF VARIATIUN
REPLICATION
FAMILY
SAMPLING ERRUR

EXPERIMENTAL ERROR

1610.,4000

107.3600

1579,0000

105,2667

1609,.2000

107,2800

THE ANALYSIS FOR Pl FAMILY

DEGREES OF

© 210

FREEDOM

8

SUM OF SQUARES

49,4035

79330,2243

7147,.6227

66,8472

THE SUM OF SAMPLE FOR EACH FAMILY

1618,6000

1506,6000 1299,0000

THE MEAN OF EACH FAMILY

107,9067

100.,4400 86,6000

THE SO0M OF SAMPLE FOR EACH FAMILY

1611,2000

1511.9000 . 1300.,6000

THE MEAN OF EACH FAMILY

107,4133

100.7933 86,7067

THE SUM OF SAMPLE FOR EACH FAMILY

1610,2000

1511,0000 1322,6000

THE MEAN OF EACH FAMILY

107.3467

100,7333 88,1733

MEAN

SQUARE
24,7017
19832,5561

34,0363

8,3559

2149.8000

143,3200
2142,0000
" 142.8000

2177.7000

145,1800

F

2373.4794

PROB

«0000

)74
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THE AMALYSIS OF VARLANCE FOR F1I FAMILY

SQURCE NF VARIATIUN DECREES OF FREEDONM SUM OF SQUARES MEAN SQUARE F PROB
REPLICATIUN 2 162,8376 81.4188 1210,1021 .0000
FAMILY 4 33340,0333 8335.0083
SAMPLING ERROR 210 2141,8440 10.1993
EXPERIMENTAL ERROR 8 55,1028 6,8879
THE SUM OF SAMPLE FOR EACH FAMILY
1611,6000 1687.6000 1498,5000 1419.6000 1954,0000
' THE MEAN OF EACH FAMILY
107,4400 112.5067 99,9000 94,6400 130,2667
THE SUM UF SAMPLE FOR EACH FAMILY
1583,1000 1682.8000 1488,6000 1423,0000 1930,5000
THE MEAN.OF EACH FAMILY
105,5400 112,1867 99,2400 94,8667 128,7000
THFE SUM OF SAMPLE FOR EACH FAMILY
15565000 1656,0000 1482,6000 1389,3000 ° 1931,5000
THE MEAN OF EACH FAMILY o o
. ~J
103,7667 110,4000 98,8400 92,6200 128.7667



THE VALUE OF
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SUM OF EPISTSTATIC CONTR

THE MEAN SQUARED DEVIATION FROM ZEROD
THE BLOCK SUM OF THE CONTRAST

14,7407 =2.6533 =5,1733
THE BLOCK SUM. SQUARED OF THE CONTRAST

=S

217,4642 : 7.0402 - 26,7634
AST IS 427,3869 '

THE CONTRAST MEAN IS 9.4975

S5
SUM OF EPISTSTATIC CONTRAST

1

THE BLOCK SUM OF THE CONTRAST

12 00 =2

~12,48 1.9467 . =23,6133
THE BLOCK SUM SQUARED OF THE CONTRAST

155,7504 48 562 557.5895
18 i, 1

THE CONTRAST MEAN IS 36,0353

'POOLED VARIANCE OF AI CONTRAST IS 13.6436
POOLED VARIANCE OF BI CONTRAST IS 15,4358

F
F

ATI
ATI

o
0

0.5400

0.2916

15.8467

251.,1168

13,2600

175.8276

13.2467

175.4742
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THE ANALYSIS OF VARIAKCE FUR THE ADDITIVE

+

444.6223
SOURCE OF VARIATION 113 's$ S’ ‘ F PRON
HEAN ' 1 . 498,0097 498,0097 83,6441 : 0.0000
CTRAST 5 855.2921 -171.0584 S 28.7304 . 0,0001
DEV 4 357,2824 89.3206 15.0020 0,0009
BLOCK - 2 ) 14,9825 .- 7.4912 1.2582 0.3349
ERROR : 8 47.6313 ° 5.9539 ERARIRRERRSEREE PTIIIIY Y]
TOTAL 15 . 917.9089 tt't'lt!"t‘; ’ SEREEREXEFFSEEY L2222 71
THE ADDITIVE VALUE IS 444.6223
THE TOTAL ADDITIVE VALUE IS 1100.6966
THE AVERAGE ADDITIVE VALUE 1S 220,1393
THE ABALYSIS OF VARLANCE FOR DOHINANCE
123.7471
SOURCE OF VARIATION DF’ ss ) ‘ ' L . F PROB
MEAN 1 © 265,7492 S 265.7492 51,8108 0,0001
CTRAST 5 379.0764 75,8153 o 14.7810 . 040007
DEV - 4 113.3272 . 28,3318 ’ 5.5236 0,0197
BLOCK 2 0,2312 0.1156 A ' ~ 0.0225 0.9778
ERROR . 8 " 41,0338 5,1292 - C EEERERRREERERES Y TYT IV
TOTAL . 15 420,3415 EERUREIERENY SEREEERAIIRNNNE ERSAEEEE
THE DOMINANCEVALUE 1S 123,7471
THE TOTAL DOMINAKCE VALUE 1S 471.2404

THE AVERAGE DOMINANCE VALUE IS 94.24814

6%.
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backcross (BCli) families. This ANOVA is repeaﬁed for all
the five.generations (pi, Pc, BCli, BC2i and Fli) to extract
their respective family variances (pages 43—47)f

(iv) = The tests of significance for epistatic comparisons
(A1 and Bi) are shown next. The mean squares of each of the
Ai and Bi are derived and tested against their respective
pooled variances. Their significances are indicated by the
probability of the F tests. (Page 48).

(v) The analysis of variance for testing the significance
of both the dominance and additive components are presented
next and their corresponding estimates made. These estimates
are unbiaséd when the test of epistasis is not significant.

(Page 49).

2.4.3 The Scaling Test Analysis - BINTEST

The Scaling Test analysis as described by Mather and
Jinks (1971) was translated into Fortran and the complete
Fortran listing is given in Appendix IV. Included in this
programme are the A, B, C'Scaling Tests, the S (6) Scaling
Test used by Law (1977), and the Cavalli's Joint Scaling Test.
The six parameter model for the estimates of the m 4, h,

ir J and 1 effects is also included.

" Data Input

Card 1 Contains five integer values, IBLK, IS, IQ,
IR, N, in format 5I4.
IBILK - is number of replicate blocks,
Is - sample size pef replicate block of P1,
P2 and Fl families,
IQ - sample size per replicate block of BCi

and BC2 families,
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IR - sample size per replicate block of F2
family,
N - is the number three and is the size of

the matrix to be inverted.

This programme can handle five replicate blocks and 50
observations for each trait per family per block. IS, IQ and
IR can assume any interger values below 50. This allows
different sample size for the non-segregating and segregating

families.

Card 2 Is the title card. Alphanumeric title can be

- used and can be punched in column 1 - 80.

Cards 3-8 The next six cards contain the coefficients of
the six equations for the least square solution
of m,(d) and (h).

The coefficients are in thé format (3F4.2).

Cards 9 - Card 9 onwards are raw data cards read in the
following order - Replicate Block 1 is read
first. The families within each block are read
in the following order P1l, P2, BCl, BC2, Fl and
F2. All the observations within each family
for each trait are punched in the horizontal
format of F 8.4. When all the data are exhausted,
the next replicate block is read until all the

replicate blocks are exhausted.

" Data Output

The programme output includes:

(1) Print out of the raw data for each family in each block.
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THE CAVALLI SCALING TEST ANALYSLS
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THE ESTIMATE OF M4 D H AND TEST OF GOODNESS OF FIT '

THE ESTIMATE OF M IS 116.9440IT S SE IS0,667500
THE ESTIMATE OF D IS 27.4207IT S SE I50.668304 (
THE ESTIMATE OF H IS 12.5139IT § SE 151.016339

GENERATION " EXPECTED | R OBSERVED :  DEVIATION .
P1 144.3647 - 143.7667. o 0.1949
B1 ' 13649113 . 138,7133 | 2,0370
F1 | 129,4579 -129.2444 _ 10,0911
F2 | 123.20101 ‘ 117.2333 5.7141
B2 109.4906 111,5756 | 1,4192
P2 89,5233 89.4867 0,0037
THE CHI SQUARE VALUE IS  9.4600PROBABILITY.0238

THE HERITABILITY ESTIMATE BY WARNER METHUOD 0,6264

99
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The family means for the whole experiment are also presented
(page 52).

(ii) Analysis of variance table for the six generations.
This analysis of variance is mainly for extracting the error
mean squares and their respective degrees of freedom for the
Scaling Tests. (Page 53).

(iii) The A, B, C and S Scaling Tests and the six estimates
of m, 4, h, i, j and 1, their standard errors, t tests and
probabilities of their significance (page 54).

(iv) The intermediate steps in the weighted least square
solution to the Cavalli's Joint Scaling Tests (page 55).

(v) | The estimates of m, d, h and X2 test of goodness

of fit for the three parameters model (page 56).

2.4.4 plot of Wr - Vr Graphs - Bingraph

Computer plot of Wr - Vr graphs is achieved by the
use of the subroutine graph written by Pearson and McArthur
(1975) . The subroutine is available at the Lincoln College
Computing Centre and is therefore not listed here. The

main programme shown in Appendix V is written by the author.

- Data Input

Card 1 An integer number indicating the number of

families is read in format I4.
Card 2 The Wri values are read in Format F8.4.

Card 3 A title card with alphanumeric letters which

can be punched in column 1 to 80.

Card 4 The Vri values are read in Format F8.4.
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Card 5 The values of the parental variance, y intercept,
joint regression coefficient and its standard

error in Format F8.4.

Output
(1) A plot of Wri against Vri.
(ii) A plot of the limiting parabola as given by

Wri2 = Vp X Vri.
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CHAPTER 3

INHERITANCE OF YIELD COMPONENTS IN WHEAT

3.0 REVIEW OF LITERATURE

Engledow and Wadham (1923), in their attempt to
interpret yield in terms of governing factors, were the
first to propose the now classical description of yield
in terms of its contributing components. They suggested
that yield per plant be-repreéented as the product of the
mean number of ear bearing tillers per plant; mean number
of grains péf ear aﬁa.ﬁean‘weight of a single grain. Their
farsighted objective of breaking up yield into its compon-~
ents was not only meant to help the agronomist by relating
yield to its components, but was also a simplifying measure
to aid the geneticist to work out the mode of inheritance
of these component characters. The usefulness of the com-
ponent approach in the analysis of the genetics of the complex
trait, yield, was illustrated by Hayman (1960) . In his con-
sideration of the genetical basis of fruit yield in tomatoes,
he found the heterotic effect on yield to be the result of
accumulation of favourable dominants of the two components of
yield, fruit numbers and mean fruit weight. Fu?ther

credibility to this component approach was given by Grafius

—

(1964) when he stated that this method could help remove
epistatic interactions due to components. Evidence that
such interactions exist for the.complex trait, yield has ggég

been provided by various workers (Whitehouse et al., 1958;
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Lupton, 1961; Chapman and McNeal, 1971; Ketata et al.,
:'1976b} Singh and Singh, 1976). Moll et al. (1962), while
agreeing that multiplicative epistasis affecting yield might
be avoided by treating the components separatély, questioned
the advantage of this method. They showed that the
epistatic effect could be small compared with the additive
and dominance effect in a multiplicative model. They
emphasized that the advantage of the yield éomponent approach,
based on a better agreement with a simple model, was small.
They further suggested that this advantage could probably be
less than the disadvantages due to the accumulation of

errofs and other difficulties in a joint interpretation of
multiplicatiﬁe compéhehts. - Leng (1963) in his work on
yield components inheritance in maize, found that this study
could lead to simpler and more tenable conclusions about
~gene action than a study of the character 'yield'. The
heritability of yield was found to be so low, that prediction
of hybrid performance from yields of parental lines was |
difficult in maize breeding programme. The relevance of
this component approach in wheat was again highlighted by
Rahman et al. (1977), when they emphasized that genetic con-
trol of individual yield component was worthy of intensive
study. This study can provide the possibility of improving
yield through genetic manipulatioﬁ of yield affecting '
characters which were likely to be under much simpler genetic
control and with higher heritability than total yield. The
usefulness of this approach was demonstrated by McNeal et al.
(1978) when they‘found that selection for yield componehts can
be an effective force in changing_grain_yield. Both kernel

weight and kernel numbers per spike were found to be useful
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for indirect selection for yield improvement. Number of ear
~was, however, found not adequate for selection for yield.

The merit of this yield component approach for breeding and
selection has been challenged on the ground that yield tends
to be stabilised by compensation among yield components
(rdams, 1967). Leng (1963) found no real advantage in the
component approach in maize because the components were
negatively correlated with each other and were poorly
correlated with yield. Grafius (1964), however, stated

that there is no way in which yield can be changed without
changing one or more of the components. Although the changes
may cbmpensate each other, resulting in no variation in
yiéid, any increase'in'yield must be accompanied by changes
in one or more of the components. Knott and Talukdar (1971)
also emphasized that this compensation need not necessarily
be complete.. A genetic increase is one component may well
résult in an increase in yield. They obtained increased

yield by increasing grain weight by backcrossing.

Encouraged by this simplified approach, many workers
have directed their efforts to study the inheritance of the
component characters together with yield per se. Whitehouse
et al. (1958) were among the earliest workers to carry out
detail genetical studies on-yield components. In their
" diallel studies théy found all the components of yield to be
controlled by a simple additive and dominance genetic relation-
ship. Improvement for individual component was indicated and
specific crosses were identified for the improvement of each
component. However, Lupton (1961), in a more elaboraté study -
involving six cultivars, found evidences of epistatic effects

in all yield components studied. Removal of individual array
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removed epistatic effect. Bhatt (1971) in(aéd;aflel cross
-.analysis of spring wheat, concluded that spikelet per spike,
grains per spikelet and weight per grain were all under
significant G.C.A. effect, whereas spike per plant was under
significant S.C.A. effect. This underlines the role of
additive effect for the three components with high.G.C.A. and
the importance of dominance and epistasis for spike per
plant. More evidence of the absence of epistatic interaction
and the importance of the additive effect in grain weight was
provided by Bhatt (1972). Satisfactory fit for the three
parameter ﬁodel, of mean, additive and dominance, was found
for fgrain weight.  Good success for selecting for higher
vgréin wéightxwas_aléo indicated.r The importahce of the
large additive effect of yield components was further providéd
by the study of Hsu and Walton (1970Db). They found dominance
to have only a small effect in the inheritance of grains per
ear, grain weight and yield itself. Overdominance, however,
was found for number of ears per plant. Chapman and McNeal
(1971) also reported absence of epistatic effect for number
of spikelets and grain'! weight. Additive gene action had
the greatest effect on the number of spikelets and both additive
and dominance influenced —'grain weight. No epistasis was
detected for numbef of spike, spikelet per spike and grains:z

per spike by Ketata et al. (1976a) .

Narrow sense heritability estimates of yield components
and yield in wheat have also been made by various workers.
The high variance estimates provided by these workers are
summarised in Table 3.0. The low narrow sense heritability

estimates provided by some workers could be attributed to the



Table 3.0 Narrow sense heritability estimates of yi€ld and yield components.

Grain Wt./ Spike/ ‘ Spikelet/ Grain/

Source . Yield grain plant spike spikelet
Kronstad and
Foote (1964) 0.259 0.472 0.407 . 0.607 0.478 "
Johnson et al. 0.102 - 0.547 0.034 '
(1966) +0.203 +0.189 +0.099 .- - -
Ketata et al. 0.16 0.65 0.36 : 0.09 0.28
(1976) +0.19 - +0.12 +0.18 - +0.20 +0.18
Fonseca and
Patterson F1 - 1962-1963
(1968) 0.17 0.15 - - -
- +0.07 - 4+0.13 :
Fl - 1963-1964
0.49 0.51 - - -
+0.14 +0.08 '
F2 - 1963-1964
0.28 0.44 - - -
+0.15 +0.11 _
Drilled Plots F2 - 1963-1964
0.27 0.55 - - -
+0.10 +0.17

Grain/
spike

0.15

+0.20

0.47
+0.16

0.89
+0.08

0.79
+0.12

0.85
+0.18

€9
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presence of epistasis and dominance. Evidence of the
*'presencerof epistasis was provided by Ketata et al. (1976b)
in their studies designed specifically for its detection.
They found epistasis to be present in the traits 'grains
per spikelet', and 'grain yield'. Epistasis was also
recorded for grain weight in one experiment but not the
other. Further indication of the role of epistasis was
provided by Singh and Singh (1976). In their studies using
the triple test cross model of Jinks and Perkins (1970),
designed for detection of epistasis, they found epistasis
in characters such as spikelets per spike, grains per spike
and yield per plant. Chapman and McNeal (1971) also found
spikes‘per plant and"yieldlto be under complex interaction

gene control or epistasis.

These differences in the expression of the genetic
effects of additive, dominance and epistasis reported by
various workers could mainly be attributed to the dissimil-
arities in the genetic background of the parents used.

This was adequately brought out by Ketata et al. (1976a) when
they found epistasis to be influenced by particular cultivars.
Evidence for the contribution of the parental cultivars to
epistasis was provided by Lupton (1961) when he detected
epistatic interactions when all six cultivars were studied
together. As pointed out earlier, femoval of individual
arrays removed epistasis in the diallel analysis. It is,
therefore, apparent that the components approach has not com-
pletely removed gene-gene interactions or epistasis. While
the simple additive and dominance model is adequate to explain
inheritance in yield components in some studies, other studies

have shown presence of epistasis.
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In New Zealand, the component approach to studies in
?yiel&,has,been the subject of intensive agronomic studies.
Scott et al. (1977) concluded that a high yielding wheat crop
in Canterbury results from the production of a large number
of grains per unit area. They emphasized that the most
obvious method of achieving this number is by improving grains
per spikelet and maintaining high ear densities. The
importance of the number of ears and grain set per spikelet
on yield was further highlighted by Langer (1978). He
stressed that the critical time to influence plant yield is
at the stage when these two components are being determined
deveiopmentally. Langer (1976) also noted great variation
in éraih set ‘of fertile spikelet and suggested great scope
for improvement in this area. Genetical factors were
thought to be involved because cultivar such as Karamu,
originating from the Mexican breeding programmes, tends to
set ﬁore grain per spikelet. Karamu has been able to out-
yield other New Zealand wheat by as much as 20% because of
better grain set per spikelet and formation of more spikelet
per ear (Dougherty et al., 1975). Inherent cultivar differ-
ences and environmental effects on spikelet prodﬁction have
also been recorded by Langer and Dougherty (1976) . The
cultivar Hilgendorf consistently produced fewer spikelet

than cultivar Arawa. '

The agronomist has, to a great extent, been able to
achieve yield increases bybinfluencing yield components
through his agronomic practices. It is cleér that if this
component approach to breeding is to be fruitful, a detailed
undérstanding of gene action associated with the various

yield components must be known. Estimates of gene effects
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have a direct influence on breeding and selection methods.
" The presence and magnitude of additive effect are particu-
larly useful for early response to selection in the develop-
ment of inbred pure lines such as wheat. The presence of
dominance and epistasis can be utilised for hybrid seed pro-
duction. Standard hybridisation and selection procedures
can take advantage of epistasis if it is of the additive .
type only (addi£ive X additive, etc.). Other type of epis-
tasis (additive X dominance, dominance X dominance) are not
fixable by selection under self fertilisation and therefore
would not be favourable for developlng pure line cultivars.
e
Moreover, estimates of additive and domlnancixg;n be biased
-if procedure assum1ng no epistasis is used. More eldborate
experiments that include several generations and environments
can provide information relating to the magnitudes of the
‘different types of nbn—allelié interactions. | The detection
of epistasis followed by the determination of the types and
magnitudes of these interactions éould ultimately lead to
the development of more efficient breeding procedures. The
diallel experiments, the New Triple Test Cross and the
associated Scaling Test studiés conducted by the writer can

help to identify these.gene effects.

3.1 . INHERITANCE OF GRAIN NUMBER IN THE SPIKE AND

SPIKELET OF WHEAT: INTRODUCTION

The use of the classical method of dividing yield into
its components has.to a great extent removed multiplicative

' epistasis so often encountered in yield analysis. However,
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not all the yield components have been reduced to its very

" basic physical level. Grain number per spike and grain num-
ber per spikelet are still the multiplicative results of two
traits, namely grain number at individual spikelet level and
number of spikelet. This study attempts to divide further
the yield component,'grains per spikelet'into its components
of grain number at the individual spikelet level and number
of spikelet. This yield component, 'grains per spikelet',
together with its sub-components are subjected to genetical

analysis to reveal the role of multiplicative epistasis.

3.2 MATERIAL AND METHODS

Ten individual plants per family per block of the

Half Diallel (Experiment I) were used in this yield component

study. Details of the experiment layout and procedure are
given in Chapter 2. The ten plants were individually tagged
on first emergence of the main stem. The main stems, tiller

one and tiller two of each plant were identified with a
different colour tag as they emerged. The plants were har-
vested individually and counts were made of the total number
of spikelet and number of grain on the main stem, tiller one
and tiller two of each plant. Mean number of grains per
spikelet was obtained by dividing grain number per spike by
number of spikelets per spike. The number of grains in spike~-
let position ten, P10 (from the base of each spike), was also
recorded for the main stem, tiller one and tiller two. The
daEa for each trait recorded on. the mainstem, tiller one and
tiller two were pooled and a mean value for the three.tillefs

was calculated. Thirty plants per family per block were



69

sampled in the F2 study of Experiment II and similar data
vrecords were made on the main stems of these plants.

Fifteen plants per family per block were sampled in Experiment
IIT and similar counts were made on the main stems of these
plants. Means of each of the traits were calculated using
Wilson's (1979) Teddybear Programme. Duncan multiple range
test was used to test the difference of the family means.

The family means of each block of both Experiments I and II
were used for the Half Diallel Analysis of Morley Jones (1965)
and the Variance-Covariance Analysis described in Mather and
Jinks (1971). The analysis ﬁas carried out using the com-
puter programme Binhalf (Appendix I) and the Wr-Vr graphs
plotted by tﬁe gtaphuprogramme Bingraph (Appendix V). The
raw data recorded in Experiment III were used for the New
Triple Test Cross and Scaling Test analyses. These analyses
were executed with the programmes Bintri and Bintest(Appendices

III and 1IV).
3.3 RESULTS AND DISCUSSION

3.3.1 P11 Half Diallel Analysis on Spikelets

Per Spike

‘The number of spikelet per spike was found to
be under simple additive and dominance genetic control. The
adequacy of this restrictive model was demonstrated by the
linear regression coefficients of the Wr-Vr graphs (Figure
3.2) shown in Table 3.10. The linear regression coefficient
of the Wr-Vr graph for the mean of three spikes under study
was not significantly different from one but highly significant

from zetro.
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Parents with high spikelet number were found to
:possess more dominant alleles, whereas parents with lower
spikelet number had more recessive alleles. Cultivars
such as Ruru, Karamu and Kopara, had their Wr-Vr array
values nearest the origin whereas cultivars such as Hilgen-
dorf and Ofoua had their wvalues furthest away (Figure 3.2).
However, dominance of high spikelet number was not complete.
The regression line of the Wr-Vr graph approximated the
limiting parabola. - Evidence of the dominance of high
spikelet number under 24 hour photoperiod had been provided
by Rahman et al. (1978) .. The'analysis of variance of the
Half Diallel (Table 3.9) showed highly significant 'a' or
additive effébt for this trait. In addition, the 'b' and
'bl' items were both highly significant. This is indicativé

of the presence of directional dominance.

3.3.2 F2 Half pDiallel Analysis on Spikelets

Per Spike

The F2 Half Diallel analysis of spikelets per spike
confirmed the Fl analysis carried out in the previous section.
Table 3.12 showed the joint linear regression coefficient of
1.0305 which was not significantly different from one (P =
0.8932) but highly significant from zero (P = 0.0032).

This supported the earlier conclusion of the adequacy of the

additive and dominance model.

However, the analysis of variance of the Half Diallel
shown in Table 3.11 showed only significance for the 'a' or
additive effect. The 'b' item and its component 'bl' were

both not significant. This contradicts the results of the
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Fl analysis discussed earlier. While the 'a' item in the
2F2'ana1ysis.maintained a similar magnitude as that of the

Fl, the absolute values of the 'b' and its components were
appreciably reduced resulting in their non-significance.

These reductions in the magnitudes of the dominance components
in the F2 may be explained-by the halving of the dominance in

advancing from Fl1 to F2 generation.

The loss of dominance in the F2 generation was again
reflected in the order ahd arrangement of the parents in the
Wr~Vr graph of Figure 3.2. Cultivars Ruru, Karamu and Kop-
ara which possess.high spikelet number and are shown to carry
most dominant alleles in the F1l studies were not near the

origin but randomly distributed along the regression line.

3.3.3 The New Triple Test Cross and Scaling Test

Analyses on Spikelets Per Spike

The New Triple Test Cross Analysis showed an absence
of significance for the Ai and Bi comparisons (Table 3.14),
indidating absence of epistasis in the trait. These tests
lend support to the results of the Fl and F2 Diallel analyses.
These conclusions, from the Diallel analyses and the New
Triple Test Cross, were generally confirmed by the A and B
individual Scaling Test of Table 3.15. ' Only two of the ten,
A and B tests, of the five family arrays showed significance.
The parental array Hilgendorf showed signifiéaﬂce for the 2
test, while the Kopara array showed significance for the B
test. However, the C, S and the Cavalli's Joint Scaling

tests failed to confirm the results of the Diallel and New

Triple Test Cross Analyses and the A and B Scaling Tests.
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Two of the family arrays, namely Kopara and Ruru, were found
A:to have significant C, S and Cavalli's Joint Scaling Tests
(Table 3.15). These results are indicative of the absence
of fit for the simple additive model of m, (d) and (h) with

evidence for epistasis.

It is not clear why the results of the C, S and
Cavalli's Joint Scaling Tests were at variance to those of
the A and B Scaling Tests. It could be speculated that the
difficulty in'obtaining a sufficiently precise F2 mean with
the present sample size, for each of the Kopara and Ruru
families, could be causing the deviation. The C, S and
Cavalli's Joint Scaling Tests used the F2 means in their
estimations, whéreas nb F2‘mean was used in the A and B tests.
The difficulty in achieving comparable conclusion in the
Scaling Test Analysis was also recorded by Ketata et al.
(1976a) . They sfated that since each of the Scaling Tests
has its own expectation in term of the type and magpitude of
epistatic effects, agreement should not necessarily be

expected among. these tests.

} _
3.3.4 Fl1 Half Diallel Analysis on Grain Number

at P10

‘The number of grain at spikelet position ten (P10) was
also found to be under simple genétical control. No evidence
of epistatic effect was detécted in this trait. This was
demonstrated by the joint linear regression coéfficients of
Table 3.10. The joint linear regression coefficient of the
Wr—Vr'graph of Figure 3.3 was not significantly different

from one but significantly different from zero. The analysis
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of the half diallel showed the genetic variation of grain
number at P10 to be mainly of the additive type.” Dominance
was found to be significant but the magnitude of the dominance

effect was small compared to the additive effect (Table 3.9).

3.3.5 F2 Half Diallel Analysis on Grain Number at

Spikelet Position Ten (P10)

The absence of complex inheritance for grain number
at spikelet position ten (P1l0) was again demonstrated by the
Diallel Analysis in the F2 generation. The joint regression
coefficient for the Wr—Vf»graph (Figure 3.3) shown in Table
3.12 was not significantly diffefent from one but significantly
different from zero. This allowed the additive and dominance
model to be accepted as adequate. The Half Diallel analysis
of variance as presented in Table 3.11 on P10 gave further
support to the results of the F1l generation which indicated

the presence of large and significant additive effect.

3.3.6 New Triple Test Cross and Scaling Test Analyses

on Grain Number at P10

Additional evidence for absence of epistasis in this
trait was provided by the New Triple Test Cross Analysis.

. PN
Both the Ai and Bi tests were not significant. 4 .h%¢ .

The A, B, C and S Scaling Tests of all the five family
arrajs were generally in agreement on the absence of epistasis
except for the B test in the Ruru array. This absence of fit
was again reflected in the Cavalli's Joint Scaling Test where
only the Ruru array showed an absence of fit for the three

parameters model of m, (d) and (h).
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3.3.7 F1 Half Diallel Analysis on Grain Number

- Per Spikelet and Grain Number Per Spike

Grain number per spike and grain number per spikelet
showed strong evidence of epistatic interaction. The joint
linear regression coefficients of both these traits were not
significantly diffefent from zero nor one (Table 3.10). The
Wr-Vr points of Figures 3.4 and 3.5 were distributed at ran-
dom. This is implicit of the presence of interacting genes
or epistasis. Similar epistatic effects have been reported
by various workers (Lupton, 1961; Ketata, 1976b; Singh
and Singh, 1976) . TheAHalf Diallel analysis of variance
(Table 3.9) on gxains per spikelet and grains per spike
showed a similar pattern with significant additive and domin-

ance items.

3.3.8 F2 Half pDiallel Analysis on Number of Grains

Per Spike and Number of Grains Per Spikelet

The F2 Half Diallel Analysis failed to reflect the
results of the Fl generation. The joint regression coeffic-
ients of the Wr-Vr graphs (Figures 3.4 and 3.5) for grains
per spikelet and grains per spike were shown in Table 3.12.
These coefficients were not significahtly different from one
but significantly different from zero. The additive and
dominance model is therefore considered satisfactory. The
Half Diallel analysis of variance shown in Table 3.11 pro-
vided similar significance for the additive or 'a' effect, to
that of the F1 generation. However, the 'b' and its,compen—
ent items were all not significant. As discussed in the

spikelet study and, possibly due to loss of dominance, these



79

items have all been reduced in absolute values. The relat-
ive values of these items, however, reflected a similar

pattern as those of the Fl generation.

This reduction in dominance could explain the failure
to reproduce the results of the F1l generation in the test of
-the adequacy of the additive and dominance model by the joint
regression coefficient. With the loss of dominance, the
detection of F2 families exceéding the parental means, is
considerably more difficult with the present sample size.
Without a F2 progeny family mean‘exceeding (positively or
negatively) the parental mean significantly, the joint re-
gression coefficientwwill tend to conform to the value of

one, making the additive and dominance model adequate.

3.3.9 New Triple Test Cross and Scaling Test
Analyses on Number of Grains Per Spike and

Number of Grains Per Spikelet

The New Triplé Test Cross Analysis on grains per spike-
let, shown in Table'3.20, indicated both the Ai and Bi tests
for epistasis to be significant. Moreover, there is evidence
for the presence of epistasis for grains per spike. This is
indicated by the New Triple Test Cross Analysis on this trait
shown in Table 3.23. The Ai comparison showed a highly sig-
nificant F test. A closer evaluation of Tables 3.20 and
3.23 of the components of the sum of squares from each parental
array, for each of the two traits, showed a dominant contribut-
ion of the Ruru array to the total sum of sguares. Such
evidence for the presence of epistasis iﬁ the Ruru array for

both these traits was supported by the Scaling Test analyses.
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Table 3.1 Mean number of spikelets per spike of

parénts,and their Fl families - Experiment I.
1 2 3 4 5
1. Hilgendorf 15.5 18.5 17.9 19.4 17.5
2. Kopara 20.0 20.0 20.8 19.3
3. Oroua 7 18.2 20.5 18.1
4. Ruru . 21.1 19.9
5. Karamu 18;5

Standard Error of Mean = 0.221

Coefficient of Variation = 5.16%

Table 3.2 Mean number of spikelets of the mainstem of

the parents and their F2 families - Experiment II.

1 2 3 4 5
1. Hilgendorf 17.2 19.5 19.1 19.6 18.5
2. Kopara 21.8 21.2 21.9 20.8
3; Oroua 20.6 20.8 20.0
4. Ruru 22.4 20.8
5. Karamu , 20.0
Standard Error of Mean = 0.1558

Coefficient of Variation = 5,95%
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Table 3.3 Mean number of grains at spikelet P10 of parents

~and their F1l families - Experiment I.

1 2 3
1. Hilgendorf 2.8 3.6 3.2
2. Kopara 4.4 3.9
3. Oroua 3.8

4, Ruru
5. Karamu

Standard Error of Mean = 0.121
Coefficient of Variation = 14.46%

Table 3.4 Mean number of grains at spikelet position ten

4
3.6

4.4
3.7

3.7

(P10) of the mainstem of the F2 and parental

families - Experiment II.

1 2 3
1. Hilgendorf . 2.88 3.02 3.02
2. Kopara 3.53 3.40
3. Oroua 3.47
4. Ruru
5. Karamu
Standard Error Mean = 0.0798

Coefficient of Variation = 18.10%



Table 3.5 Mean number of grains per spikelet of parents

.and their F1l families,—_Experiment I.

1 2 3
1. Hilgendorf 2.5 3.1 2.7
2. Kopara 3.3 3.2
3. Oroua 2.9
4. Ruru
5. Karamu
Standard Error of Mean = 0.09

Coefficient of Variation = 13.96%

Tabie 3.6 Mean number of grains per spikelet of the

mainstem of the F2 and parental families -

Experiment II.

1 2 3
1. Hilgendorf 2.26 2.39 2.41
2. Kopara 2.72  2.71

3. Oroua 2.81
4. Ruru
5. Karamu

. Standard Erroxr of Mean = 0.0521
Coefficient of Variation = 15.01%

2.60

2.57
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Table 3.7 Mean number of grains per spike of parents

and their Fl1 families - Experiment I.

1 2 3 4 5
1. Hilgendorf 39.8 58.4 48.1 60.3 44.4
2. Kopara 66.3 64.1 72.4 65.2
3. Oroua 53.2 59.9 57.7
4. Ruru 57.6 50.1
5. Karamu ' 60.1
Sfandard Error of Mean = 1.94

Coefficient of Variation = 15.32%

Table 3.8 Mean number of grains per spike of the F2 and

parental families - EXperiment IT.

1 2 3 4 5
1. Hilgendorf 38.8 46.4 46 .0 48.0 47.7
2. Kopara 59.2 57.3 61.5 62.1
3. Oroua ' 58.1 58.4 59.9
4., Ruru | 58.2 57.9
5. Karamu ' 61.6
Standard Error of Mean = 1.1466

Coefficient of Variation = 16.23%



Table 3.9 Half Diallel analysis of spikelets per spike, grains at P10, grains per

spikelet and grains per spike after Morley Jones (1965) - F1l generation.

Trait
Item

a
b
bl
b2
b3

Bxa

Bxb .

Bxbl

Bxb2

Bxb3

Block inter-
action

P<L 0.05

af

4
10

10

14

Spikelets/spike Grains at P10 Grains/spikelet Grains/spike

M.S.

14.1707%%% -

0.4501***
1.7579%%%
0.4813 **
0.1636
0.0349
0.0679
0.0443
0.1335
0.0196

0.0583

M.S.

1.1310%*%*
0.0634%*
0.0002
0.0908%**
0.0541%*
0.0152
0.0120
0.0522
0.0039
0.0105

0.0129

*% p £ 0.01 *** p < 0.001

M.S.

0.4009***
0.1339%%x*
0.0282
0.1194%*
0.1666%%%*
0.0177
0.0197
0.0317
0.0233
0.0145

0.0192

M.S.

© 392.3544%%%

56.7051%**
47.7755%
63.7168*%*
52.8816%**
8.9630
8.3159
19.4029
9.8346
4.8836

8.5008
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Table 3.10 Joint regression analysis for testing the adequacy of the additive and

dominance model on spikelets per spike, grains at P10, grains per spikelet

and grains per spike - Fl generation.

Trait
Item af M.S. M.S.
Joint Regression 1  3.2155%%% 0.0267%**
Heterogeneity of ;
Regression 1l 0.0030 ns 0.0001 ns
Remainder 6 0.0239 0.0006
Joint Regression
Coefficient 0.9587 0.8937
Standard Error 0.0826 0.1386
Significant
From 1.0 0.8903 0.7848
Significant
From 0.0 0.0157 0.0532
* P g 0.05 ** p £0.01 ***x p £ 0.001

Spikelets/spike Grains at P10 Grains/spikelet Grains/spike

- M.S.

0.0043 ns

0.0004 ns

- 0.0025

0.3498
0.2655

0.2538

0.5225

M.S.

611.3181 ns

189.4900 ns
592.2909

0.3548
0.3492

0.3168

0.5702

S8



Table 3.11 F2 Half Diallel analysis of spikelet number, grain number per spike and grain
number per spikelet and P10 of the mainstem of the F2 generation after Morley
Jones (1965) .

Item df Spikelet No. Grains/spike Grains/spikelet P10
M.S. M.S. M.S. M.S.

a 4 13.0687*** 360.0132%%%* 0.3761L*** 0.6604*%%
b 10 0.0953 5.2072 0.0124 0.0152
bl 1 0.1967 - 3.1268 0.0001 - 0.0156
b2 4 0.1167 5.0405 ©0.0137 0.0089
b3 ’ 5 0.0579 5.7566 0.0138 ©0.0203
Bxa 4 0.0699 1.9240 0.0073 0.0024
Bxb 10 0.0653 2.7818 _ 0.0082 0.0175
Bxbl 1 0.0562 2.6886 0.0017 0.0002
Bxb2 4 0.0447 3.5285 0.0137 0.0358
Bxb3 5 0.0836 2.2031 0.0057 0.0064
Block Interaction 14 0.0666 2.5367 0.0079 0.0132

* p< 0.05 ** P £ 0.01 *** p < 0.001
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Table 3.12 Joint linear regression coefficient for testing adequacy of the

additive and dominance model for the mainstem of F2 and parental

generation.

Trait

Spikelet Nos.
Grains/spikelet
Grains/spike -
Grains at P10

Linear Regression
Coefficient

1.0305
0.7384
0.8980
0.9198

SE - Probabilit

o+ From 1.0
0.0473 0.8932
0.0497  0.2849
0.0374 0.6168

0.1301 0.8315

ificance @%
From 0.0

0.0032
0.0161
0.0035
0.0435

PN
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Table 3.13 Mean spikelet per spike of the mainstem of

88

parents (Pi), common tester (Pc), Fl, F2 and

backcrosses (Bci, Bc2)

Parents Hilgendorf Kopara Oorua
Generation
Pi 17.2 21.7 20.2
Pc 20.4 20.6 20.5
Bl 17.4 21.6 20.1
B2 19.5 .20.9 20.1
Fl 18.7 21.4 19.8
F2 18.8 20.7 20.0

Standard Error of Mean = 0.1623
Coefficient of Variation = 5.34%

- Experiment III.

Ruru Atlas 66

22.5
20.5
22.2
20.5
21.3
20.7

21.2
20.6
21.2
20.4
20.7
20.4

Table 3.14 Sums of squares of comparisons for detecting

' epistaSis on number of spikelet per spike on

the mainstem.

Ai Comparison

Parent (Pi
(P1) Sums of Squares

Hilgendorf 12.9600

Kopara 0.0178
Oroua ' 0.2178
Ruru - 3.0044
Atlas 66 1.9600
Total 18.1600
Mean Square 0.4036
Pooled Variance 0.2247
F Ratio 1.7962 ns

ns non significance

Bi Comparison

Sums of Squares

0.1111
0.6400
0.0178
6.0844
2.1511
9.0044

0.2000
0.1625
1.2316

ns



Table 3.15

Parents
(Pi)

Test

2 @ v i)

Estimates

m

Hu. BT

Joint Tests

m
d
h

X2 (3)

* P €0.05

Scaling Tests and

_ the mainstem.

Hilgendorf

-1.2000%*%*

-0.1111
0.0108
0.3305

20.1108%**
-1.5889*%*%*
-4.0326*
-1.3219
-1.0889%*

2.6330

18.77 + 0.06

-1.61 + 0.07
-0.09 + 0.10
7.485 ns

*%* P £0.01

estimates of parameters for number of spikelets

Kopara

0.0444

0.2667
-1.8724%*%
-0.5459%*%*

18.7720%*%
0.7111**
5.1226%
2.1835

-0.2222

-2.4946

20.18 + 0.15
0.78 0.16
0.55 0.20
9.7153%*

+
*

**% p £ 0.001

Oroua .

0.1556
-0.0444
-0.3735
-0.1211

19.8821*%**

-0.1444
0.4692
0.4846
0.2000

-0.5957

20.36 + 0.08

-0.14 * 0.08
~0.62 * 0.14
0.621 ns

Ruru

0.5778
-0.8222
-2.9556%*%*
-0.6778**%

18.8111*%**
1.0111%*>*
4.9444%*
2.711)1*%*%*
1.4000%*

-2.4667

21.34 + 0.10
0.98 0.10
-0.40 0.17

T
T
29.4756%**

per spike on

Atlas 66

0.4667
-0.4889
-1.4000
-0.3444

19.5000***
0.3000%*
2.5667
1.3778
0.9556

-1.3556

20.86 + 0.10
0.33 0.10
-0.19 0.14

T
T
5.8164 ns
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Table 3.16 Mean number of grains at spikelet position ten
(P10) of the mainstem of parents (Pi), common
tester (Pc), F1l, F2, Bcl and Bc2 families -
Experiment IIT.

Parents Hilgendorf Kopara Oroua Ruru Atlas 66

Generation

Pi 2.6 3.5 3.6

Pc 4.0 4.1 4.3 4.1 4.0

Bl 3.0 4.0 .

B2 3.6 4.1 4.0 4.0 4.0

Fl 3.0 4.2 . . .

F2 3.2 4.0 3.9 3.6 3.7
Standard Errxror of Mean = 0.0998

Coefficient of Variation = 18.04%

Table 3.17 Sums of squares of comparisons for detecting

epistasis on grain number at P10 of the

mainstem.

parent (Pi) Ai Comparison Bi Comparison

Sum of Squares Sum of Squares
Hilgendorf 1.6044 - 0.4444
Kopara . 0.7511 0.3600
Oroua 0.0000 0.2178
Ruru 1.0000 5.4444
Atlas 66 1.2844 0.1111
Total 4.6400 6.5778
Mean Square 0.1032 0.1462
‘Pooled Variance 0.0586 0.0636

F Ratio 1.7592 ns 2.2992 ns

ns non significance



Table 3.18

Parents
(Pi)

Test

nQwp

Estimates

o7l =

Pu. b

Joint Test

b od

X% (3)

* P £ 0.05

Scaling Tests and

Hilgendorf

0.4222
0.2222
0.2158
-0.1072 .

2.8713%%*
~0.7444**%*
1.2240
0.4287
0.2000
-1.0731

3.32
-0.73
-0.16 0.11

4.01 ns

** P £ 0.01

0.05
0.05 -

B+ + +

estimates of parameters for

Kopara

2.889
-0.2000

" -0.2624"

-0.0878

3.4710%%*%
-0.3111*%**
1.2136
0.3513
0.4889
-0.4401

3.80 + 0.07
0.28 0.07
0.43 0.13
1.91 ns

S|+ +|

*x% p £ 0.001

-0.31
-0.08

Oroua.

0.0000
-0.1556
-0.3147
-0.0398

3.8075%%%
-0.3222%%%
0.1072
0.1591
0.1556
-0.0036

3.95
0.05
0.11

S

S+ ++

0.89

0.06 .

grain number at P10

Ruru

0.3333
"0.7778%%

0.4588
-0.1631

3.1032%%x*
-0.3333%*%*

1.7935

0.6523
-0.4444
-1.7634

3.81L + 0.06
-0.38 + 0.05
-0.45 0.12
10.29%*"

+
*

-0.32

of the mainstem.

Atlas 66

-0.3778

0.1111
-0.5778
-0.0728

3.3778%%x%
-0.2667***

0.6000

0.3111
-0.4889
-0.0444

3.68 0.06
0.06
0.22 0.10

4.76

5|4+ +] +

]

16



Table 3.19 Mean number of grains per spikelet of the main
stem of parents (Pi), common tester (Pc), Fl,
F2 and backcrosses (Bcl, Bc2)

Parents Hilgendorf Kopara Oroua Ruru Atlas 66
Generation ‘
Pi 2.29 2.68 3.04 2.57 2.56
Pc 3.11 3.16 3.22 3.20 3.21
Bl 2.43 3.10 2.89 2.65 2.76
B2 2.82 3.26 3.15 3.00 3.09
Fl 2.40 3.24 2.94 2.31 3.09
F2 2.55 3.31 3.09 2.72 2.84

Standard Error of Me

an = 0.0634

Coefficient of Variation = 14.77%

Table 3.20 ‘Sums of squares of comparisons for detecting

epistasis on number of grains per spikelet

on the ma

Parent (Pi)

instemn.

Ai Comparison

Sums of Squares

Hilgendorf
Kopara
Oroua
Ruru

Atlas 66
Total

Mean Square
Pooled Variance
F Ratio

0.3166
0.7476
0.3434
1.5658
0.1648
3.1383

0.0798
0.0199
3.5120%*%*

92

- Experiment III.

Bi Compar

Sums of Squares '

0.1414
0.1419
0.9880
2.2741
0.1500
3.6954

0.0822
0.0263
3.1255

ison

* %



Table 3.21

Parents
(Pi)

Test

nwowp

Estimates

HU. 58

Joint Test

ood

x2 (3)

* P £0.05

Scaling Tests and estimates of parameters for number of grains

the mainstem.

Hilgendorf

0.1876
0.1253
0.0324
-0.0701

2.4138
-0.4122%%*
0.5789
0.2804
0.0622
-0.5933

2.70 0.03
-0.41 0.03
-0.27 0.06

2.3029 ns

1+l+1+

*% P ¢ 0.01

Kopara

0.2882
0.1256
0.9040%*
0.1266

3.4113%*%*
0.0432%%%
0.9621
-0.4902
0.1627
0.0764

2.96 + 0.04
-0.24 ¥ 0.04

0.34 ¥ 0.07

8.163% -

*** P £ 0.001

Oroua

-0.1953
0.3313%*
0.4116:
0.0689.

3.3060%%

0.0060
-0.50098
-0.2756
-0.5267

0.1396

3.04 + 0.04
-0.04 ¥ 0.04

-0.06 ¥ 0.07
4%

Ruru

0.4171*

0.5027*%*

0.5144
-0.1013

2.4757%%%
-0.3137%*%*

1.1601

0.4053
-0.0856
-1.3257

2.93 + 0.04
-0.33 ¥ 0.04
-0.53 ¥ 0.06
13.6685**

per spikelet on

Atlas 66

-0.1353
-0.1291
-0.6200
-0.0889

2.5326%%%
-0.3244*%%%

0.6544

0.3556
-0.0062
-0.0911

2.86 0.03
-0.32 0.03
0.19 0.06

4.4756 ns

[+1++

£6
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Table 3.22 Mean number of grains per spike of the mainstem

of parents (Pi), common tester (Pc), Fl, F2 and

backcrosses (Bcl, Bc2) - Experiment III.
Parents Hilgendorf Kopara Oroua Ruru Atlas 66

Generation | : —

Pi \39.27 °  57.7 59.7 (57.9| 54.0

PC 63.3 65.3 66.0 65.6  66.1

Bl 42.2 66.9 57.1 58.9 57.8

B2 54.8 68.2 62.3 61.0 62.9

F1 (44.9, 69.3 58.5 47.2.  64.1

F2 47.5 65.1 60.6 56.7 57.8
Standard Erxrror of Mean = 1.3601

_ Coefficient of Variation = 15.53%

Table 3.23 Sums of”squares of comparisons for detecting

epistasis on number of grains per spike on the -

mainstem.

. Al Comparison Bi Comparison
Parent (P1i) Sums of Squares Sums of Squares
Hilgendoxrf 1.0000 16.5378
KRopara 405.3511 33.6400
Oroua 142.4044 0.0400
Ruru 11464.3378 784.0000
Atlas 66 ~ 50.8844 170.7378
Total 2063.9778 1004.9556
Mean Square . 45,8662 22.2324
Pooled Variance 10.6544 11.6970

F Ratio _ 4.3049%%% 1.9092 ns*

ns non significance
* P £ 0.05

** P L 0.01

*** pL 0.001



Table 3.24, Scaling Tests and

mainstem.
Parents )
(Pi) Hilgendorf
Test
A 0.3333
B 1.3556
C -2.4645
s -1.0384
Estimates
m 47,1355%%%
d -12.0444*%%*
h 3.6179
i 4.1534
3 -1.0222
1 -5.8423
Joint Tests
m 51.26 + 0.62
d -12.04 + 0.65
-6.44 + 1.14
X2 (3) 0.6243 ns
* P ¢ 0.05 *¥** p < 0.01

estimates of parameters for number of grains per spike on the

Kopara

6.7111
1.9333
-1.2767
-2.4803

51.5789%%*%
-3.7667%*%*
36.2756%
9.9211
4.7778
-18.5656

61.74 + 0.83

-3.50 ¥ 0.85
8.14 ¥ 1.47
4.1477 ns

*** P <L 0.001

Oroua

-3.9778
0.0667
0.0014
0.9781

66.7348%**

-3.1556%*%*
-16.0695
-3.9125
-4.0444
7.8237

62.57 + 0.79
-3.52 ¥ 0.79
-4.47 * 1.50

2 ns

Ruru

12.7556*%
9.3333%
9.1914

-3.2244

48.8136%*x*
-3.8444*%*x*
33.3283%*

- 12.8975

3.4222

—34.9864**

62.53 + 0.79
-3.95
-12.60

[+ +

12.3929%%

0.80
1.62

Atlas 66

-2.3778

-4.3556
-16.9556%**

-2.5556

49 .8111%**
-6.0556%**
17.7667
10.2222
1.9778
-3.4889

59.12 + 0.75

-5.76 ¥ 0.74
3.70 ¥ 0.30
8.3872*

96
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The Scaling Test analyses for both these traits showed sig-
nificance for the A, B and Cavalli's Joint Scaling Tests

(Tables 3.21 and 3.24).

3.4 DISCUSSION

The Half Diallel, the New Triple Test Cross and the
A and B Scaling Test Analyseé have provided sufficient evi-
dence to show the adequacy of the additive and dominance
model for spikelets per spike. The absence of epistasis for
this trait has been well documented (Whitehouse et al.,
1958;' Bhatf, 1971; Chaéman and McNeal, 1971; Ketata et al.,
l?7éa, b; Edwards et al., 1976;v Rahman et al{, 1977) . On
the other hand, Lupton (1961), Singh and Singh (1976), Gill -
et al. (1977) have suggested presence of epistasis for spike-
lets per spike. Such contradiction in the results could be
explained by the diffe:encesrin the genetic background of the
parents studied, and this has been adequately illustrated by
- Lupton (1961). The observation in the Fl Half Diallel
analysis on the significance of the dominance effect, is rein-
forced by the preponderance of the dominance effect (h) in
the estimates provided by the Scaling Test analyses (Table
3.15). Similar evidences on the presence of dominance for
high spikelet number under lengthening photoperiod have been
provided by Rahman et al. (1977) who recorded such dominance

under a 24-hour photoperiod.

The inheritance of grain number at a single spikelet
position, for example P10, has not been reported previously.
However, our conclusions from the Fl, F2 Half Diallel, the New

Triple Test Cross and Scaling Test analyses are all in common
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agreement on the absence of gene interaction for this trait.
Abur'observation, based on thé Half Diallel analyses on the
presence of the additive control, has also been substantiated
by the estimates of (d) and (h) in the Scaling Test analysis.
Table 3.18 shows the presence of highly significant (d) terms

but non-significant (h) estimates.

The genetical analyses of grains per spikelet and
grains per spike discussed in Sections 3.3.7, 3.3.8 and 3.3.9
are by no means conclusive. The difficulty of achieving a
common conclusion from such analyses is increésed by the com-
plexity of the traits under stﬁdy. This could be attributed
to ‘the large environmental interaction with an increasingly
complex trait; AHoWeQer, the presence of significant tests
of epistasis, and the significant Scaling Tests for the Ruru
array for grains per spike and grains per spikelet, are further
indication of absence of fit for the additive and dominance
model as observed in the Fl Half Diallel analysis of the pre-
Vious season. Results obtained by other workers are con-
flicting. Lupton (1961) and Singh and Singh (1976) recorded
epistasis for grains per spike but Hsu and Walton (1070) and

Ketata et al. (1976a, b) have provided contrasting evidences.

With the available information, it is therefore not
unduly speculative for us to propose the presence of gene
interactions for grains per spike in our genetic material;

The presence of epistasis for this trait will be consistent
with the expression. of multiplicative epistasis as discussed
by Moll et al. (1962) and Grafius (1964). A simple model
shown in Figure 3.1 is presented to illustrate the likely role
of multiplicative epistasis in grains per spike. ~Grain num-

ber per spike is the multiplicative character of grain number
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at individual spikelet position and number of spikelet. In
:éxact algebréic expression: Grain Number Per Spike is 'NZ:Gi
where Gi is grain number at individual spikelet positio;=ind
N is the number of spikelet. From this algebraic expression,
it is obvious that grain number per spike is the result of
the interaction of two traits. The interacting gene system
or epistasis detected in grains per spike could‘be explained
by the interactibn of genes controlling spikelet nﬁmber with

the genes controlling grain number at individual spikelet

position.

The evidenée provided above on the genetics of grain
number may have important implications in the methods of
breeding and seléction‘df iﬁbred crop, such as wheat. The .
epistasis found in grain number per spike, uhless of the
additive x additive type, is not fixable. This could explain
the elusive spike with a large number of grains ‘and the futile
efforts in trying to select for it. The expression of high
~grain number per spike in a segregating generation would be
lost when the additive x dominance and dominance x dominance
epistasis segregate to homozygosity in advance generations.
The nature and magnitude of the epistasis on grains per spike
in the cultivar Ruru suggests the existence of such undesir-
able epistasis. The presence of the duplicate type epistasis
for this trait (Table‘3.24) is shown by significant (h) and |
(i) effects of opposing sign (Mather, 1967). . Epistasis of
this nature is particularly unsuitable for selection of in~-

breds.

On the other hand, if selection is based on grain number

at the individual spikelet level, response to selection would
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be ensured because of the absence of epistatic interference.
Moreover, the présence of the mainly additive effect would
make early response to selection possible. However, select-
ion for the other yield component, spikelets per spike, would
be difficult because of significant dominaﬁce effect in this
trait. A positive response to selection of grains at individ-
ual spikelet level could conceivably increase grains per spike

if component compensation is not complete.
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CHAPTER 4

GENETICAL STUDIES OF AVERAGE 1000 GRAIN WEIGHT,
NUMBER OF SPIKES PER PLANT AND GRAIN YIELD

PER PLANT IN WHEAT

4.0 REVIEW OF LITERATURE

Grain yield in wheat has been shown to have low
narrow sense heritability (McNeal, 1960; Kronstad and Foote,
1964; Johnson et él., 1966; Fonseca and Patterson, 1968;
Ketata et al., 1976b). These low narrow sense heritability
estimates wefé attribﬁfed to dominance and complex gene inter-
actions of the non-additive type epistasis governing this
trait (Chapman and McNeal, 1971; Singh and Singh, 1976;
Ketata et al., 1976b). Paroda and Joshi (1970) have shown |
grain yield to be controlled mainly by the non~-fixable domin-
ance component of the genetic variation, whereas Whitehouse
et al. (1958) and Hsu and Walton (1970) have found yield to
be governed largely by overdominance. Duplicate type
epistasis was recorded by Ketata et al. (1976Db). The com-
plex genetic nature of this trait, yield, means that.it can-
not be realiably used as a selection criterion in early
generations. The problem of selec£ing for fhis polygenic
trait, yield, which could be controlled by more than 21 loci,
was discussed by Sneep (1977). Knott (1972) in testing
differences of F3 from F2 selection, recorded a gain too
small to be of value in a breeding programme. McGinnis and

Shebeski (1968) in testing the progenies of selected and
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random F2 plants found no difference in their yield. There
‘fWas also an absence of correlation between F2 and F3 yields.
Depauw and Shebeski (1973) obtained significant but low
correlation coefficient of only 0.39 between the F3 and F4
generations. Briggs and Shebeski (1971) obtained contra-
dictory results of high correlations of the F5 on F3 for one -
year, but no significant correlations in two subsequent
years. Similarly, Knott and-Kumar (1975) obtained low
intergeneration correlation of only 0.14 and 0.29 between

the F3 and F5 yield. O'Brien et al. (1978), however, ob-
tained response in the F4 and F5 generations for two of the
four crosses. They emphasized thatrthe effectiveness of
early generafion'selécfion depended greatly on the presence
of large genetic variances and the influence of the environ-
ment. Knott (1979) is of the opinion that selection in the
F3 for yield had limited effect unless carried out in extens-
ively replicated trials. He suggested the use of the single
seed decent method instead of the laborious and ineffective
early generation selection. Wright and Thomas (1976) in
their evaluation of the single seed decent method found no
real advantage and advocated the continuation of the pedigree

method for New Zealand wheat breeding programme.

The principal component of yield, spikes per plant,
ﬁnfortunately, exprésses similarly compléx inheritance as
lyield. Epistasis has been detected for this trait by Chapman
and McNeal (1971), Bhatt (1971), Ketata et al. (1976b), Singh
and Singh (1976) and Gill et al. (1977). McNeal et al.
(1978) reported no useful response to selection based on this
trait. They explained that the lack of response to selection

was due either to the presence of adverse linkages to other



102

yield related traits as in oats (Chandhanamutta and Frey,

- 1973) or annual differences in ‘tillering that could have
affected the expression of genetic differences so that
selection was ineffective in some years. The latter reason
appeared to be more plausible because of the extreme
sensitivity of tillering capability and eventual spike
formation to environmental factors (Evans and Wardlaw, 1976;
Langer, 1974),'and soil nitrogen status (Langer, 1978).

This difficulty of separating the genetic variation from

the environmental effect on tillering and spike formation
could also help explain the expression of epistasis recorded

by various workers.

As reviewed iﬁ;Séctidn 3.0, average 1000 grain weight
has been shown to be under less complex genetic control.
Knott and Taludar (1971) were able to recover lines approxi-
mating the grain weight of éultivar Selkirk in their back-
crossing programme, énd McNeal et al. (1978) had found
selection for grain weight effecfive for yield improvement.
However, evidence of complex genetical control, involving
epistasis, has been recorded by Lupton (1961) and Ketata et
al. (l976a). Lupton (1961) was able to remove epistatic
effect by removing individual array in his diallel analysis,
thus emphasizing the role of the genetic background of the
pareﬁts in the expreésioh of this trait. Ketata et al.
(1976a) detected epistasis in only one of his two experiments
underlining the effect of environment in the expression of

this trait.
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4.1 INTRODUCTION

An uhderstanding of the inheritance of spikes per
plant and 1000 grain weight is important because spikes
per plant is a principal component of yield while 1000 grain
weight is an important yield and quality trait. The know-
ledge of the genetics of tillering is also desirable because
of the need to adapt different tillering genotypes to differ-
ent environments. Uniculm wheat under high seeding density
has attracted considerable attention in some countries, while
in New Zealand heavy tillering cultivars are needed. This
is because of the need to compensate for any loss during
establishment caused by drowning. The Half Diallel, :the New
Triple Test Cross and the Séaling Tests analyses are used to
study the genetics of these two yield components and yield

per plant.

4.2 MATERIAL AND METHODS

Ten plants per family per block of Experiment I were
harvested individually. Number .0of spikes per plant was
counted and only spikes bearing mature grains at harvest were
counted. The spikes of each individual plant were then
threshed to extract the grains. The grain number per plant
- was counted with a seed counter. The grains from each individ-
ual plant were then weighed. The grain weights were corrected
to 14 per cent moisture, and 1000 grain weights were calculated
as the mean-single grain weight x 1000 for each family in each

block.

Thirty plants per family per block of Experiment II were
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harvested and the mature spikes were counted, as in Experiment
ti. The spikes (except that of mainstems) from each of the
family of each block were then pooled and bulk threshed with

a mechanical thresher. The mainstems werevindividually hand
threshed for the studies of Chapter 3, after which these
‘grains were pooled with the bulk threshed grains. The
pooled grains were weighed and the weights corrected to 14

per cent moisture. The resultant moisture corrected weights
were divided by 30 to give the mean grain yield of each
individual plant.  Thousand grain weight of each family of
each block was obtained by weighing five randomly counted 200
grains samples from the pooled grains. Fifteen plants per
family per bibck'of ﬁxéeriment IIT were harvested and the
mature spikes per plant were counted as in Experiments I and
II. In this experiment, the mature spikes were then uniformly
cut just below the last spikelet. The air dried spikes of
each individual pléné were weighed to give an estimate of
éingle plant yield (spike weight). The mainstems which had
been identified with tags soon after emergence were individ-
ually hand threshed and the grains weighed and counted.
Thousand grain weight of each mainstem was estimated by divid-
ing the grain weight, corrected to 14 per cent moisture, by

the grain number of the mainstem multiplied by 1000.

. The individual values fof each trait were subjectéd to
the calculation of means and test of significant differences
using Wilson's (1979) Teddy Bear Programme. The family means
of each block of both Experiments I and II were then used for
the Half Diallel analysis of Morley Jones (1965) and the

Variance~Covariance analysis of Mather and Jinks (1971).
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These analyses were executed with the computer programme
:ﬁinhalf (Appendix I) and the Wr-Vr graph plotted with the
programme Bingraph (Appendix V ). The fifteen individual
values for each trait of each family of the.three replicate
blocks of Experiment III were used in the New Triple Test

- Cross and the Scaling Test Analyses. These analyses were
executed with tﬁe computer programmes Bintri and Bintest

respectively (Appendices III and 1V).
4.3 RESULTS

4.3.1 F1 Half Diallel Analysis of 1000 Grain Weight

The comparison of means in Table 4.1 shows that the
1000 grain weights of the parents differed significantly.
Cultivar Hilgendorf had the highest 1000 grain weight among
the parents studied, Cultivar Karamu, on the other hand,
had the lowest 1000 grain weight, but this could partly
have been due to the pfesence of leaf rust (Puccinia
recondita Rob. ex. Desm.) which could also have reduced the
total yield of this cultivar substantially. Cultivars
Kopara, Oroua and Ruru possessed similar 1000 grain weights.
Some of the F1l plants exhibited greater 1000 grain weight
than the parents, indicating the presence of hybrid vigour .
for this trait. The analysis of variance of the Half
Diallel shown in Table 4.2 indicated the presence of signifi-
cant dominance (item b) and also significant directional
dominance (item bl). The dominance was towards larger grain

weight as reflected in the 1000 grain weight of the Fi which

either exceeded or approximated the parents with greater 1000



Table 4.1 Estimates of number of spikes per plant, 1000 grain weight, and total grain

weight per plant in the Fl Half Diallel Crosses - Experiment I.

Hilgendorf x Kopara
Hilgendorf x Oroua
Hilgendorf x Ruru

Hilgendorf x Karamu

Kopara x Oroua
Kopara x Ruru
Kopara x Karamu

Oroua x Ruru
Oroua x Karamu

Ruru x Karamu
Hilgendorf
Kopara

Oroua

Ruru

Karamu

S.E. of Mean
cC.v.

Spikes/plant

Ul O ovn ooy LTy UTOY T O©

~N g
L] [ ] .
W O 0 N W OW ooy VLUV

w
.
(84}

0.30
21.1%

Average 1000
~grain wt. (gms)

40.7
43.6
39.6
41.1

37.2
34.2
32.6

39.4
33.2
39.9
38.7
33.1
32.2
33.7
29.8
0.01
11.4%.

Grain
wt./plant (gms)

13.4
10.4
13.7

9.6

13.7
12.2
10.7

12.7
10.6

10.5
8.3
10.2
9.3
11.4
8.2
0.63
25.7%

90T
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grain weight. This was further confirmed by the correlation
coefficient of Wri + Vri with Pi.. The correlation coeffic-
ient was -0.9087 + 0.2410 and it was highly significant.
Dominance for higher gr;in weight found in the present study
have also been shown by Bhatt (1972) and Paroda and Joshi

(1970) . The additive effect or 'a' item was also significant.

The Wr-Vr relationships are shown in Figure 4.1. The
graph showed a random distribution of the Wr-Vr values and
the joint regression coefficient was 0.5158 + 0.1629. This
is indicative of the lack of fit for the additive and domin-
ance model. Non-allelic interaction may be present. This
rabsqnce of fit for the -additive and dominance model and the
implicit preéénce of e§istasis was mainly because of the ex-

pression of hybrid vigour in some of the F1l families.

'4.3.2 F2 Half Dpiallel Analysis of 1000 Grain Weight

The comparison of means for Experiment II as shown in
Table 4.4 confirmed the high 1000 grain weight of cultivar
Hilgendorf. However, cultivar Ruru which exhibited moderately
high 1000 grain weight during the previous growing season
(Experiment I), produced grain of extremely low 1000 grain
‘weight for this season. This can be attributed to the
serious occurrence of 'speckled leaf blotch' caused by Septoria
tritici (Gaunt, pers. comm. 1979). The other three cultivars
showed similar relative values, although differing in their
aﬁsolute values to those of Experiment I. The analysis of
variance of the Half Diallel shown in Table 4.5 confirmed the
significance of the ‘'a' and 'b' items. The importanée of

directional dominance was reinforced by the highly significant
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FIG. 4.1 The relationship between Wr and Vr for the'Fl

and F 2 generations for 1000 grain weight.



Table 4.2 F1l Half Diallel Analysis of spikes per plant, 100 grain weight and grain
weight per plant after Morley Jones (1965).

Ttem af Spike;éplant 1990 G;gini Wt. Graég‘Wt.
a 4 1.3484% 55.6002%* 9.2057%*
b 10 0.2785 25.2730%* 5.6236%%*
bl 1 0.2042 144.0570%** 33.9122%%%*
b2 4 0.1080 '7.6397 2.0411
b3 5 0.4298 15.6228 2.8319
B x a 4 0.2731 110.2153 1.4833
B xb : 10 0.2982 6.0354 1.3240
B x bl 1 0.0482 0.4806 0.6020
B x b2 4 0.5296 11.0932 1.9963
B x b3 5 0.1632 ‘ 3.1002 0.9305
Block Interaction 14 0.2910 7.2297 1.3695
* P <€ 0.05 *% P < 0.01 *%% P < 0.001

60T



Table 4.3

Expt.

1T

¢

Linear regression coefficient for testing the adequacy of the additive and

dominance model for spikes per plant, 1000 grain weight and graini weight

per plant.
Trait

Spikes/plant
1000 grain wt.
Grain wt./plant

Spikes/plant
1000 grain wt.
Grain wt./plant

Linear Regression
coefficient
0.5835
0.5158
0.2685

0.3311
0.9652
0.1548

SE
t
0.2801
0.1629

0.2113

0.0324
0.1358
0.0541

Probability
from 1.0

0.4612 .

0.2756
0.1626

0.0099
0.9279
0.0109

Significance
from 0.0
0.3125
0.2485
0.5804

0.1155
0.0396
0.5304

OTT



Table 4.4 Estimates of number of spikes per plarnt, 1000 grain weight, and total grain
weight per plant in the F2 Half Diallel Crosses - Experiment II.

**Spike/plant giiZirzg? %8312) *Tgfiiff;ﬁ?) we-/
Hilgendorf x Kopara 6.5 ”42.6 9.1
Hilgendorf x Oroua 7.7 - 43.3 10.4
Hilgendorf x Ruru 7.2 - 45.6 11.2
Hilgendorf x Karamu 6.8 i44.8 ‘ 9.4
Kopara x Oroua 6.3 42.9 - 10.2
Kopara x Ruru 7.0 40.2 : 11.1
Kopara x Karamu 6.2 39.1 9.7
Oroua x Ruru 8.7 40.8 13.6
Oroua x Karamu 6.6 39.3 9.9
Ruru x Karamu 7.2 40.3 10.8
Hilgendorf 6.7 45.9 8.2
Kopara 6.5 40.6 ' 10.5
Oroua 7.7 38.5 10.9
Ruru 7.7 31.8 10.2
Karamu - 6.3 36.7 8.5
S.E.M. ‘ 0.26 1.18 0.83
C.V. : 29.10% 4.09% . 11.52%

* Derived from replicate block means.

** Derived from single plant counts.

ITT



Table 4.5 F2 Half Diallel analysis of spikes per plaht, 1000 grain weight and

total grain weight per plant after Morley Jones (1965).

Item df
a 4
b 10
bl
b2 4
b3 5
B x a 4
Bxb 10
B x bl 1
B x b2
B x b3
Block Interaction 14
* P €£0.05 **x P < 0.01

Spikes/plant
MS
2.6454%%*

0.3534
0.0116
0.3043
0.4611
0.1110
0.4824
1.0578
0.0808
0.6887
0.3763

*** P < 0.001

1000 Grain Wt.

MS
58.4736%%*
14.3644%%
68.3051%**
12.4636%
5.0908
1.6735
3.2380
13.9472%
2.4818
1.7011
2.7910

Total Grain Wt.
MS
6.9573%x%
1.9179
5.3485%*
2.4455
0.8098
0.7955
1.6350
0.6341
1.3090
2.0961
1.3952

(AN
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'bl' items. As observed in the F1l Diallel analysis, the
Ldirectional dominance was towards larger grain size and
this was emphasized by the correlation coefficient of Wri +
Vri with Pi which was of the order of —0.9106 + 0.2386 (P =

0.0316) .

The regression analysis of the Wr-Vr graph (Figure
4.1) for Experiment II is not in agreement with‘that of the
Fl generation of the previous season (Experiment I). While
the results of Experiment I showed an absence of fit for the
additive and dominance model, the test of fit for the
additive and dominance model was found to be adequate for
Experiment II. The joint regression coefficient as shown
in Table 4.3.was.0.9652 + 0;1358 which was not significant
from one but highly significant from zero. The discrepancy
of results in the two seasons was due to an absence of F2
progeny mean significantly above the parents. The F1 hybrid
vigour resulting in crosses with higher 1000 grain weights
than their parents gave rise to an absence of fit for Experi-
ment I, while the,absencerof such vigour in the F2 generation
of Experiment II had resulted in the failure to duplicate the

Fl résults.

4.3.3 New Triple Test Cross and Scaling Test Analyses

of 1000 Grain Weight

.The presence of epistasis in 1000 grain weight as
suggested by the F1l Dialiel analysis is also shown by both
the New Tripie Cross and Scaling Test Analyses. The two
epistastic comparisons, Ai and Bi, showed significant tests

for epistasis. A review of the contributions to the sum of
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- Table 4.6 Mean 1000 grain weight of mainstem of parents
(Pi) , common tester (Pc), Fl, F2, Bcl and Bc2

families - Experiment IIT.

Parents Hilgendorf Kopara Oroua Ruru Atlas 66
Generation '

Pi 46.3 39.6 38.4 40.7 37.8
Pc 40.5 41.8 42.3 40.6 40.3
B1 45.5 39.3 39.3 43.9  40.7
B2 48.4 41.3  42.8 (52.0 = 44.8
Fl 48.3 41.8 41.7 45,3 42.3
F2 45.2 40.7 41.1 42.9 41.2

Standard Error of Mean = 0.9021

Coefficient of Variation = 14.17%

Table 4.7 Sums of squares of comparisons for deteéting

epistasis on 1000 grain weight of the mainstem.

arent (i) M Comsrisen i comperison
Hilgendorf 31.88 40.34
Kopara ‘ 68.36 173.59
Oroua 40.88 : 372.28
Ruru 430.87 826.18
Atlas 66 36.61 120.68
Total 608.59 1533.07
Mean Square 13.52 34.06
Pooled Variance 4,32 : 5.99
F Ratio 3.13%% 5.68%%%

* P £0.05 **x P £ 0.01 *%% p < 0.001



Table 4.8

Parent
(P1)
Test A
B

C
S

Estimates

Ll SN = e TR =

Joint Test

=gy oTg =

X2 (3)
* P £ 0.05

43.59.

Hilgendorf

1.88
2.12
-3.02
-1.75

36.38%*%
2.86%%%

23.04
7.02

-0.24

-11.02

|+1+

2.94
5.17
3.59

Bl+

S

** P < 0.01

0.45
0.44
0.83

40.73
-0.78

Ropara

2.76
-4.39
-1.11

0.13

41.20% %%
-1.09%
-2.07
-0.52
7.15%
2.16

0.53
4.32

S +] -+ +

S

*** P < 0.001

0.18
0.49
0.77

+

Oroua

2.13
-6 .43%%%
-1.95
0.59

42.68%*%
-1.92%%%
-6.51
-2.35
B.56*%*%
6.65

39.931 + 0.46

-1.02 + 0.46
2.48 ¥ 0.78

16.27*%x

Ruru

-6.92%
-9.58%%*

-23.37%*

-1.72

33.75%%
0.06

13.47
6.87
2.66
9.63

40.46
0.13
8.88

11.75%*

* 4+ +

*

*

0.39
0.38
1.31

Scaling Tests and estimates of parameters for 1000 grain weight on the mainstem.

Atlas

2.02
-3.66
-2.98
-0.34

37.72%%x%

-1l.26%%
6.73
1.34
5.56%*
0.30

39.13
-0.79
5.72
6.59

0.41
0.40
0.60

A+

91T
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squares of the Ai and Bi epistasis comparisons (Table 4.7)
:indicated the role of the two parents Ruru and Oroua in the
expression of epistasis. Cultivar Ruru contributed to more
than half of the total sums of squares for both the Ai and

Bi comparisons and cultivar Oroua provided a significant
contribution to the Bi comparison. The significant contribut-
ion of the cultivars Ruru and Oroua to the epistatic sums of
squares was further reinforcéd by the individual Scaling
Tests shown in Table 4.8. The Scaling Test Analysis showed
cultivar Ruru to be significant in the A, B and C Scaling
Tests and to have.a highly sighificant x% test in the
Cavalli's Joiht Scaling Test. This emphasized the inadequacy
of the threelparémetér-modei of m, (d) and (h) for this
trait, in the crosses involving cultivar Ruru. Cultivar
Oroua, on the other hand, showed significance in only the B
Scaling Test. The X2 test of goodness of fit for the three
parameter model of m, (d) and (h) was also highly significant

indicating an absence of such fit.

4.3.4 Fl1 Half piallel Analysis of Spikes Per Plant

Cultivars Ruru and Oroua_produced the highest number
of spikes per plant (Table 4.1). The other three parents
were not significantly different in theif ability to produce
spikes. In field populations, Karamu has been shown to be
able to produce more tillers per plant than Kopara (Fraser and
Dougherty, 1977). ‘The inability to discriminate between these
three parents highlights the difficulty of estimating this
trait in this study where only ten planﬁs per block were used.

The major problem was the extreme variability encountered
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where some plants within the same family had more than
Labuble”the mean number of spikes. The Diallel analysis
based on these means must then be interpreted with utﬁost
“caution. The Half Diallel analysis of Variance shown in
Table 4.2 showed only significance for the additive effect.
There was an absence of significance for the dominance
effect. However, the Wr-Vr graphical analysis showed the
Wr-Vr points to be distributed at random and the joint re-
gression coefficient wasv0.5835'i 0.2811. This is indicat-
ive of the lack of fit for the additive dominance model with
implication of non-allelic interaction or epistasis. The
presénce of epistasis was due to F1l producing fewer spikes
per plant thaﬁ theirbbaients) The conclusion of the presence
of epistasis could be accepted if this trait had been deter-
mined with sufficient precision. However, in the analysis
of this trait, where the expression of srikesper plant is not
sufficiently accurately determined, this conclusion must be
deemed inappropfiate. The difficulty of genetical work with
this trait has been emphasized by McNeal et al. (1978). For
the F2 Half Diallel studies in the next section, the sample
size per block has been increased to thirty, in the hope of

obtaining a more accurate estimate for this trait.

4.3.5 F2 Half Diallel Analysis on Spikeé Per Plant

The mean spike counts of Experiment II, as shown in
Table 4.4, confirmed the high spike forming potential of culti-
" vars Oroua and Ruru recorded in Experiment I. Both these
parents produced significantly more mature spikes thanvculti-

vars Hilgendorf, Kopara and Karamu. The Half Diallel analysis
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again showed significance of only the ‘a' or additive
‘effects. - The 'b' and its component items were all not
significant due mainly to the large block interaction mean
square used for testing their significances (Table 4.5).

The Wr-Vr graphical analysis and the joint regression
~analysis contradict the Diallel analysis of variance dis-
cussed above. The Wr-Vr points were distributed at random
and the joint regression coefficient was 0.3311 + 0.0324 which
was highly significant from one but not from zero (Figure
4.2). This is indicative of a lack of fit to the additive
and dominance model. This absence of fit is caused by the
mean value of the cross Oroua x Ruru which significantly
exceeded both'parenté—ih their mean values. This could have
been reflected as a significance for the 'b3' item had the
block interaction mean square been of a lower magnitude.

The high sampling variability encountered in Experiment I
continued to be a problem in Experiment II. This is despite
‘the larger sample size of 30 plants per block. The within
family variances of the parental‘cultivars were similar to
those of the segregating F2 families. This emphasized the
difficulty of separating the genetic differences from those
due to the environment. The coefficient of variation for
Experiment II was of the order of 29.10 per cent and this
accentuated the difficulty of interpreting the results of the

Diallel analysis for this trait.
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4.3.6 The New Triple Test Cross and Scaling Test

Analyses on Spikes Per Plant

The high coefficient of variation of 26.7 per cent
for spikes per plant as recorded in Experiment III (Table
4.9) continued to affect the genetical analysis by increasing
the within family variances.and the difficulty of making
accurate estimates of family means. This is clearly re-
flected in both the New Triple Test Cross and the Scaling
Test analyses;.both of which used single plant datum for
the derivation of their family means and variances. The
sums of squares of the épistatic comparisons on spikes per
pléﬁt of the New Triple Test Cross analysis are shown in Table
4.10. Both the Ai and Bi comparisons gave rise to mean
squares which, when tested against their respective large
pooled variances, gave F ratios which were marginally sig-

nificant.

A closer scrutiny of Table 4.10, however, showed a
disproportionate contribution of each of the family arrays to
the total sums of squares of both the Ai and Bi comparisons.
For the Ai comparison, the Oroua and Atlas 66 arrays were the
dominant contributors to the total sum of squares, whereas
for the Bi comparison, only the Hilgendorf array was the
dominant contributor. There is therefore, suggestion of
epistasis in some of the families arrays as indicated by
their larger contribution to thelsums of squares in both the

Ai and Bi comparisons.

The evidence for the presence of epistasis in some of
the families is further strengthened by the Scaling Test

analysis shown in Table 4.11. Significant Scaling Tests were
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Table 4. 9 Mean number of spikes per plant of parents (Pi)
and common tester (Pc), Fl, F2, Bcl and Bc2

families - Experiment III.

Parents Hilgendorf Kopara Oroua Ruru Atlas 66
Generation

Pi 7.0 5.9. 8.0 7.2

Pc 5.9 6.2

Bl . 6.7 6.7 6.8

B2 7.0 6.6 7.0

Fl 6.8 6.3

F2 7.4 6.1 6.5 7.0 6.8
Standard Error of Mean = 0.2693

Coefficient,ovaariation = 26.97%

Table 4.10 Sums of squares of comparisons for detecting

epistasis on spikes per plant.

Parent (0 G o eres Sun oF Sauares
Hilgendorf 1.44 22.40
Kopara 11.11 4.27
Oroua 20.55 5.76
Ruru ' 0.00 6.42
Atlas 66 25.00 1.78
Total 58.10 40.63
Mean Square 1.30 0.90
Pooled Variance 0.43 0.38

F Ratio 3.02%* 2.37%

* P L 0.05



Table 4.11 Scaling Tests and estimates of parameters for number of spikes

Parent
(Pi)
Test
A

B
C
S

Estimates

m
(d)
(h)
(1)
(3)
(1)
Joint Test

m
(4)
h)

X< (3)

* P < 0.05

Hilgendorf

-0.40
1.58%
3.34%%
0.54

8.62%*%

0.57%*
-2.85
-2.16
-1.98%

0.99

6.52 + 0.17
0.43 ¥ 0.16
0.64 ¥ 0.33
13.06*%

** P < 0.01

Kopara

1.11
0.69
-0.39
-0.55

3.87%*%*
-0.14
6.43%* "
2.19
0.42
-3.99%

6.12 + 0.16
-0.11 ¥ 0.16

0.28 + 0.27

4.51 ns

*** p < 0.001

6.77

0.79

0.13
12.01*

Oroua

-1.51*%
0.80

-2.38% .

-0.41

5.29%%%
1.04%%*
2.86
1.66
—-2.31%%
-0.95

* +|+]+

0.17
0016
0.33

6.67
0.63
0.12
4.78

Ruru

0.00
0.84
1.91
0.27

7.66%%%

0.64**%%
-1.34
-1.1

- -0.84
- 0.22

Sl+l++

0.15
0.15
0.29

per plant.

Atlas 66

1.67%

0.44
0.91
-0.30

5.14%%x*
0.17
4.97
1.20
1.22
-3.31

6.46
0.26
0.65
6.24

0.15
0.14
0.29

[AAN
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recorded in families with disproportionately high sum of
;quares in the New Triple Test Cross analysis. For example,
the Hilgendorf, Oroua and Atlas 66 family arrays have at
least one of the A, B or C Scaling Test shoWing significance.
Moreover, the Cavalli's Joint Scaling Test was found to be
-significant for both the Hilgendorf and Oroua families. The
significance of this x2 test, for absence of fit in the three
parameter model of mean, additive and dominance, indicated

presence of non-allelic interactions.

4.3.7 F1 Half Diallel Analysis of Yield Per Plant

Yield per plant as mgaéuréd by grain weight showed sig-
nificant variation among parents (Table 4.1). Cultivar Ruru
had the highest yield, followed by Kopara, Oroua, Hilgendorf
and Karamu. Karamu showed an abnormally 16w yield, probably
because of the serious occurrence of leaf rust. This culti-
var has been shown to be capable of producing high yields.
(Smith, 1974; ‘McEwan, 1973). Most of the Fl plants ekceeded
the parents in their yielding capacity and exhibited varying

degrees of hybrid vigour.

‘The Half Diallel analysis of variance showed significant
additive and dominance variation for this trait. The domin-
ance variation was mainly of the'difectional type, with item
'b1l' highly significant. The Wr-Vr graphical analysis showed
the absence of fit for the additive and dominance model.. The
joint regression coefficient was neither significant from zero
nor from one (Table 4.3), confirming the presence of_genétic
variation other than of the additi&e and dominance type.

The presence of non-allelic interaction is well accepted in
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yield. The absence of fit for the additive and dominance
‘model confirmed the presence of epistasis. This emphasized
the difficulty of trying to fix the high yielding segregants

by early generation selection.

--4.3.8 F2 Half Diallel Analysis on Yield Per Plant

The results of the seéond season (Experiment II) as
shown in Table 4.4 demonstrated the high yielding potentialv
of cultivai Oroua. Cultivars Kopara and Ruru retained
their relative high yielding standing, as was recorded in
Experiment I. They excéeded cultivars Hilgendorf and Karamu
by-épprOXimatelyAtwo;grammes per'plant. Cultivar Karamu
continued to exhibit the low yield recorded in the previous -
season. This could be indicative of the poor yielding
capability of this cultivar under spaced planted condition. .
The high yielding potential of this cultivar, under convent-
ional planting, has been well documented and has been dis-
cussed in Section 4.3.7. Cultivar Hilgendorf again produced
the lowest grain yield recorded in the parents. The cross,
Oroua x Ruru, exceeded both parents in their grain yielding

capacity.

The Half Diallel analysis of variance of Table 4.5
showed significant ;a' and 'bl' effects, indicating presence
of both additive effect and directional dominance. The Wr-Vr

~graphical analysis of Figure 4.3 showed fhe points distributed
at random. Moreover, tﬁe joint regression coefficient of fhe
Wr-Vr graph was neither significant from zero nbr one (Table
4.3). This is inaicative of the inadequacy of the additive

and dominance model and suggests the presence of non-allelic
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.Table 4.12 Mean yield (spike weight per plant) of parents
' '(Pi) and common tester (Pc), Fl, F2, Bcl and

Bc2 families - Experiment III.

Parents Hilgendorf Kopara Oroua
Generation

Pi 15.2 17.0 20.2
Pc 16.2 18.1  17.7
B1 16.8 21.7 18.9
B2 -~ 19.1 19.3 18.1
Fl 18.8 21.6 19.4
F2 19.4 18.3 17.4

Standard Error of Mean = 0.9935

Coefficient of Variation = 35.63%

Ruru Atlas 66

19:7 14.5
17.1 16.9
20.6 19.4
20.4 18.6
19.6 20.1
19.0 18.1

Table 4.13 Sums of squares of comparisons for detecting

epistasis on yield (spike weight per plant).

Ai Comparison

Parent (Pi)

Hilgendorf
Kopara
Oroua
Ruru
Atlas 66
Total

Mean Square
Pooled Variance
F Ratio

ns non significance

0.62
211.20
34.23
28.74
148.21
423.00

9.40
6.02

Sum of Squares

1.56 ns

Bi Comparison

Sum of Squares

97.13
14.36
6.67
143.70
0.02
261.88

5.82
5.31
1.10 ns



Table 4.14

Parent
(Pi)
Test
A
B
C
S

Estimates

1S e o T~

Joint Test

5o

%2

* P < 0.05

Hilgendorf

-0.26
3.29
8.83%
1.45

21.47
-0.49
-5.50
-5.80
-3.55

2.78

15.90 + 0.50

~0.75 ¥ 0.49
4.02 + 1.09
5.90 ns

** P £ 0.01

Kopara

4.84
-1.26
~5.27

1.15% -

g8.72%
-0.56

25.33%

8.85%
6.11
-12.43

17.48
-0.11
3.92
6.13

0.66

0.67

1.17
S

Bl++1+

**% P £ 0.001

Oroua

-1.95
-0.86
-7.16
-1.09

14.60%*x*
1.29%*
6.37
4.35.

-1.09

-1.53

18.57 + 0.57
1.06 + 0.56

-0.20 ¥ 1.15
3.39 ns

.. Ruru

1.79
3.99
-0.14
-1.48

12.47%%*

1.33*°
18.87
5.92
-2.21
-11.71

18.54 + 0.58
1.25 + 0.57
1.81 + 1.21
2.72 ns

Scaling Tests and estimates of parameters fof yield (spike weight per plant).

Atlas 66

4.06
0.04
0.66
-0.86

12.29
-1.19%*
15.39
3.44
4.01
-7.55%%

15.91 + 0.49

-0.91 + 0.48
4.85 + 1.03
3.46 ns

LZT
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interaction.

4.3.9 New Triple Test Cross and Scaling Test

Analyses on Yield Per Plant

The New Triple Test Cross analysis of Experiment III
on épike-weight per plant as shown in Table 4.13 provided
no evidence for the presence of epistasis. The Ai and Bi
comparisons testing the presence of epistasis were not sig-
nificant. The absence of significance for the Ai and Bi
comparisons was further reinforced by the A, B, C and S
Scaling Tests and the Cavalli's Joint Test. The results
of these tests are shown in Table 4.14. There is a general
agreement on theAadeQuacy of the three parameter model of m,-
(d) and (h). The results of the New Triple Test Cross and
the Scaling Test analyses are therefore in disagreement with
those of the F1 and F2 Diallel analyses. The Half Diallel
analyses have provided evidence of absence of fit for the
simple addifive and dominance model. These differences in
the outcome of these three biometrical genetical models
epitomize the sensitivity or insensitivity of each of the models

which is discussed in Section 4.4.1.
4.4 DISCUSSION

4.4.1 VYield and Spikes Per Plant

The complex inheritance of yield has been well documented
(Whitehouse et al., 1958; Hsu and Walton, 1970;. Paroda and
Joshi, 1970; Chapman and McNeal, 1971; Singh and Singh, 1976;

RKetata et al1., 1976b). Low narrow sense heritability of this
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trait as fecorded by McNeal (1960), Kronstad and Foote
~“(1964)., Johnson et al. (1966) ana Fonseca and Patterson,
1968) , testified to the difficulty of achieving a selection
response. McNeal et al. (1978) and Knott (1979) have re-
corded such poor response for direct selection for yield,
whereas O'Brien et al. (1978) have managed to achieve a

selection response for two of their four crosses.

Reports on the inheritance of the yield component,
spikes per plant are conflicting. There were reports of
simple additive and dominance inheritance to more complex
inheritance—involving epistasié (Whitehouse et al., 1958;
Lupton, 1961; Panigrahi, 1962; Kronstad and Foote, 1964;
Paroda and Jdéhi;'197b{ Singh and Anand, 1971; Ketata et
al., 1976a, b; Gill et al., 1977). These differences have
been attributed to differences in the genetic backgroﬁnd of
the parents (Lupton, 1961), and the presence of genotype
environmentai interactions was not discounted by Ketata et al.
(1976b) . Our resuits from the Half Diallel analysis, the New
Triple Test Cross and Scaling Tests analyses on these two
traits are not in agreement. While it_is convenient to
attribute the conflicting results to genotype environmental
interactions and differences in the genetical background of
the parents, we are of the opinion that the absence of agree-
ment in our results could be explained by the sensitivity of
each biometrical model to the presence of high sampling
variation. In the test for the adequacy of the additive and
dominance model of the.Half Diallel analyses, the covariances
(Wri) and variances (Vri) of the family means are used. In
a situation wheré high within family variances are present, | /

estimates of the family means will be correspondingly biased.
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The use of the biased family means (simulating genetic
:éffects) will inflate the covariances (Wri) and variances
(Vri) , resulting in the random distribution of the Wr-Vr
points. This will result in an absence of fit for the
additive and dominance model which must necessarily be mis-
leading. ° On the other hand, the high within family variances
which are pooled for testing the presence of epistasis in the
New Triple Test Cross and the Scaling Test analyses wiil in-
crease the difficulty of achieving significant epistasis.

It is therefore, obvious that the genetical interpretations,

- derived from different biometricai models of traits showing
~great variations, should be viewed with caution. This study
may have failéd to pfndnce a uniform conclusion on the nature
of gene actions for these traits. However, it may have added
another dimension to the explanation of the contradictory
results produced by the genetical analyses of highly variable
traits. Difficulty in achieving Consistent»genetical results
may simply be attributed to micro-environmental influences
rather than genotype environmental interactions. Differing
micro-environments caused by the inability to control the
spatial relationship between plants, due to diseases or
mortality, could play an important role in determining the
variability of spike formation and yieid. Difficulty of
direct selection for thesé two traits have been discussed by‘
McNeal et al. (1978). Prospects for genetical advancement of
these traits by direct selection will continue to be weakened
by the nomplication from epistasis, genotype environmental

interactions and micro-environmental influence on these traits.



131

4.4.2 1000 Grain Weight

The diffeféﬁtrconclusions reached in the F1l and F2
generations of the Half Diallel analyses on 1000 grain weight
could possibly be explained by the halving of the dominance
effect in the F2 generation. This loss of dominance will
result in reduced hybrid wvigour. Our inability to record
an F2 family mean exceeding éignificantly the parental means
may explain the failure to obtain the same result as the F1l
generation analysis; However, the evidence provided by both
the New Triple Test Cross and the Scaling Test analyses is
in agreement with that of the F1 generation analysis. These
supports for the presence of epistasis are in line with
reports by Lupton (1961) and Ketata et al. (1976a), although
simpler genetic control has been recorded by various workers
(Hsu and Walton, 1970; Bhatt, 1971; Chapman and McNeal,
1971) . Response to selection for this trait has been dis-
cussed by Knott and Taludar (1971) and McNeal et al. (1978).
Expression of epistasis in our study is confined to crosses
involving cultivars, Oroua and Ruru. It is conceivable that
grain size improvement could be achieved in the context of
breeding among our other parentai éultivars. Cultivar Hil-
gendorf, a high 1000 grain weight cultivar, could conceivably
be crosseq with cultivar Kopara for 1000 grain weight select-

ion.
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CHAPTER 5

THE GENETICAL CONTROL OF PLANT HEIGHT,

SPIKE LENGTH AND FLAG LEAF LENGTH IN WHEAT

5.0 REVIEW OF LITERATURE

Plant Height

Plant height in wheat has been a subject of intense
interest to wheat breeders prior to the 1940's. This is
because of the strong association between height and grain
yield. The belief that only tall wheat had potential for
high yield was accepted as fact by most breeders during the
1940's (Briggle énd Vogel, 1968). However, plant breeders .
never lost sight of the advantages of shorter wheats. The
lodging resistance and early maturity types of shorter
wheats were advantages that plan£ breeders were keen to in-
corporate into their new cultivars. In Britain, sturdy
efforts by breeders brought the height down 30 cm from 130 cm
over a period of 50 years (Lupton, 1975). This was done by
selecting shorter strawed progeny from crosses between taller
cultivars, taking advantage of a range of minor genes which
determines height. No major breakthrough in breeding for
height was recorded until the introduqtion of the semidwarf
growth habit of Norin 10 into the wheat breeding programme of
the Washington State University. This was acclaimed as the
beginning of new records in the production efficiency of Winter
wheat (Vogel et al., 1956). Norin 10 was crossed with Brevor
and selection 14 from this cross has been extensively used as

the basic material for the development of semidwarf wheats
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throughout the world. This pioneering work on the intro-
fauction-of the dwarfing genes of Norin 10 has resulted in
the profound impact of the "Green Revolution”. New Zealand's
Karamu and the newly released cultivars Oroua and Rongotea
have all been developed using the Mexican dwarfing derivatives
of the original Norin 10 (McEwan and Viger, 1972; McEwan and

Cross, 1978; McEwan and Hadfield, 1978).

The excitement over the outstanding success of the
dwarfing genes in the development of modern wheat cultivars
in the past twenty years has led breeders to intensity their
selection for even.shorter strawed wheats. The publication
of the work on the genetical reiationship between plant height
and yield by Law-et al.‘(1978) should serve as a timely warn-
ing to enthusiastic breeders pushing the straw length to its
dwarf limit and therefore forfeiting any genetical association
between yield and height. This warning was also carried by
Stoskopf and Fairey (1975) when they stressed the growing
awareness of special grain yield problems in progressively

shorter strawed genotypes.

The genetical control of height in wheat can be divided
into the major dwarfing genes and the numerous other quan-
titatively inherited genes. Two major‘dwarfingAgenes, namely
Rhtl and Rht2, have been identified as being responsible for
the semidwarf charactefistic of modern wheats which were
derivatives of the Norin 10 (Vogel et al., 1963; Hermsen,
1963; Allan et al., 1968; Reddi and Heyne, 1970; Fick et
al., 1973). Two gibberellic acid insensitive genes Gail and
Gai2 have been identified and were thought to be 1ocatéd on the

same chromosomes as Rhtl and Rht2 (Gale et al., 1975; Gale and
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Marshall, 1976). A third gibberellic acid insensitive gene,
SGéi3, found in another source of dwarfism, Tom Thumb, has
been recorded (McVille et al., 1978). This work also indi-
cated that the genés Rhtl/Gail, Rht2/Gai2 and Rht3/Gai3 were
probably not three pairs of linked genes but only three
single genes expressing pleotropic effects for dwarfism and

gibberellic acid insensitivity.

Apart from the two major dwarfing genes, height has
been shown to be a quantitative trait by Anwar and Chowdhry
(1967) and genes affecting height have been located in seven-
teen of the twenty-one pairs,of chromosomes (Snape et al.,
1977) . = F2 distribution studies by Novoa (1973) showed a
small number of genes ﬁo be‘involved in the inheritance of
height. Fick and Qualset (1973) indicated that four inde-
pendently segregating loci accounted for most of the differ-
énces in height among the four cultivars. Halloran (1974),
after eliminating the differential responses of photoperiod
and vernalization, recorded genetical control of culm length
by threeréenes. : Quantitativergenetical studies on plant
height have revealed simple additive and dominance control
to complexrepistatic interactions. However, additive gene
effects have been found to be the major component of the
genetip variation (Johnson et al., 1966; Bitzer et al.,
1971; .Fick and Qualset, 1973; Bhatt, 1972; Gill et al.,
1973). The expression of dominance has been found to be to-
wards loci increasing heiéht (Merkle and Atkins, 1964; allan
et al., 1968; Bhatt, 1972). In some crosses, epistatic
effects were an important component. Epistasis in the
‘inheritance of height has been recorded by Singh and Singh

(1976, 1978). Snape et al. (1977) found epistatic effect of
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the additive x additive type in their study of the cross
“Chinese Spring and CapeliﬁLDesprez. Fick and Qualset (1973)
found that the primary source of genetical variation in one
of the six crosses they studied was due to epistasis with
additive x additive and dominance x dominance effects of
__major importance. Chapman and McNeal (1971) in their
studies of plant height inheritance studied over two seasons,
found height to have sighificant epistatic effect of the
dominance x dominance type in one season and absence of

epistatic effect in the second season.

Length of Spike and Flag.Leaf

Plant.physiologists have highlighted the role of
photosynthetic area in the determination of grain yield.
Watson et al. (1963) have stressed the contribution of leaf
area and leaf area duration to grain yield. Thorne (1966)
was of the opinion that photosynthetic area above the flag
leaf was the major contributor to grain yield. Thorne
(1965), in'his etudy of the photosynthesis of ears and flag
leaves of wheat, found that seventeen per cent of the photo-
synthate would be assumed to come from the ear and the rest
from the photosynthetic parts of the flag leaf and shoot.
The importance of the stem and the ear was again emphasized
by Evans and Wardlaw (1976) when they stated that an important
characteristic of some cereals is the‘sﬁbstantial photosynthetic
contribution made by both the stems and inflorescences, particu-
larly in the latter stages of grain growth when stem and ear

photosynthesis can become a major source of current assimilate.

Walton (1969) and Hsu and Walton (1970a, b) were among

the first workers to'investigate the genetic nature of these
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morpho-physiological traits discussed by plant physiologists.
;@hey were of the opinion that these traits could offer good
prospects as additional basis to the conventional yield com-
ponents as selection criteria for high yield. They were
able to show that flag leaf area and flag leaf breadth were

. associated with yield. However, more recent work on near
isogenic populations selected on the basis of flag leaf area
have shown little difference in grain yield, and flag leaf
area by itself did not appear to be a good index of grain
yield (McNeal and Berg, 1977). Similar observations have
been made by Watson et al. (1963).’ In their limited com-
parisons of_old‘and new cultivars, they were able to demon-

- strate that dbntinueé selection and breeding to improve the
grain yield of wheat had not altered the efficiency of the
photosynthetic mechanism of the leaves, nor had it altered the
leaf area of the plant in ways beneficial to yield. The
reason why leaf area index had not been affected was not
obvious to them, but they suggested that improvement of yield
through change in leaf area index might have been prevented
by simultaneous selection for characters other than yield,
e.g. short, stiff straw to counter lodging. New cultivars
yielded more grain partly because their ears emerged sooner
and this lengthened the period of grain growth and the ears

. were able to photosynthesize more. They believed yield
could be increased further by breeding cultivars with maximum
leaf area index within the period of grain growth after the
ears had emerged eithér by promoting still earlier emergence

or by delaying senescence and the death of leaves.

- The genetics of spike length have been studied by

various workers. Novoa (1973 in his studies on the F2 popu-
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lation showed that the trait had a trimodal distribution and
~-he concluded that this trait was controlled by a few genes;
Hsu and Walton (1970a) and Gill et al. (1973) have all
demonstrated significant additive genetic effect for this
trait. In another study, Gill et al. (1977) detected sig-
~nificant additive and dominance effect in one cross and only
additive effect in another cross. Test for epistasis was
found not significant. Evidence of partial dominance was
provided by Hsu and Walton (1970a), while Singh and Singh
(1976) detected epistasis in spike length. The inheritance
of flag leaf area has been studied by Walton (1969) and by
Bala}ic (1973) , whereas flag leaf length was studied by Hsu
~and Walﬁon (1970b). ;'Partial dominance for leaf area was
recorded by Walton (1969) and Balilic (1973). They also
reported large and significant additive effect of this trait.
Flag leaf length expressed both significant additive and

dominance effect (Hsu and Walton, 1970b).

5.1 INTRODUCTION

Genetic studies of the traits plant height, flag leaf
length and spike length are of considerable importance. This
- is mainly because of the direct association between height and
yield and the contributions to the photosynthetic surfaces of
the iattér two characters. Direct measurement of the photo-
synthetic area of the flag leaf and spike would involve destruct-
ive sampling which cannot be carried out in the Fl and the
backcrosses because of severe limitations of seed numbers.
The Fl1 Half Diallel analysis was carried out as a preliminary

study of the inheritance of these traits. More detailed under-
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standing of the inheritance of these traits is provided by
“our studies of-the F2,--the Triple Test Cross and the Scaling

Test analysis.

5.2 MATERIALS AND METHOD

Ten plants per family per block of Experiment I were
randomly tagged. The main stems of these ten plants which
had been identified with colour tags soon after seedling
emergence, were used for the studies on plant height, flag
leaf length and spike.length; . Plant height was measured at
harvest and was taken as the distance from the base of the
stem to the tip of the spike excluding the awns. Length of
spike was measured at harveét and was the length from the first
spikelet node to the top of the last spikelet excluding the
awns. Flag leaf length was measured soon after spike emerg-
ence and was taken as the length of the lamina from the posit-
ion of the auricles to the tip of the leaf. The same methods
of measurement on plant height, spike length and flag leaf
length were used in Experiments II and III. Thirty plants
per block were sampled in Experiment II and fifteen plants per
block in Experiment III. The data for each trait were tested
for family and block differences using the programme Teddy
Bear (Wilson, 1979). The Half Diallel analyses (Morley Jones,
1965) for theAFl and F2 generations were carried out using
the programme Binhalf (Appendix I). The individual datum
measured on>each plant for each trait was used in the New
Triple Test Cross and the Scaling Test Analyses. These
analyses were executed by the programmes Bintri and Bintest

- respectively (Appendices III and 1IV).
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*
THE 'TALL-DWARF MODEL'

A A

/"

YIELD

LODGING

— v cuT-OFF’

HEIGHT

FIG. 5.1 A model showing the effects of selection for
increased height in populations into which semi-
dwarfing factors have been introduced. The
'lodging cut-off' is the plant height at which

losses in yield due to lodging begin to occur.

(a) indicates the substitution of an allele for
dwarfism having a positive effect on yield.

({b) substitution of an allele for dwarfism
whose effect on yield is neutral or
identical to the effect of the allele for -
tallness on yield.

(c) substitution of an allele for dwarfism
whose effect on yield is negative..

(d) population carrying the tall allele.

After Gale, M.D. and Law, C.N. (1976).



“Table 5.1 -Mean height of parent and Fl plants.

1 2

1. Hilgendorf 98.0 108.6

2. Kopara 101.1

3. Oroua
4. Ruru

5. Karamu

Standard Error of Mean = 1.04
4.87%

Coefficient of Variation =

Table 5.2 Mean height of parent and F2 families (cm).

1 2
1. Hilgendorf 106.0 115.0
2. Kopara 110.9
3. Oroua
4, Ruru
5. Karamu

Standard Error Mean = 1.41

Coefficient of Variation =

3
104.2

103.8

85.8

3
110.5
108.5

98.6

10.80%

4
103.7

100.0
90.1

79.1

4
106 .5
103.8
100.4

87.0

5
100.4

99.9
86.9
85.4

80.7

5
100.6
105.8

92.3
87.0

87.8

140
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5.3 RESULTS

5.3.1 Fl1 Half pDiallel Analysis of Plant Height

The mean heights of the parents and Fl families are
shown in Table 5.1. The heights of the five parents can be
- divided into three different classes. The cultivars, Hil-
gendorf and Kbpara, were the fallest with cultivar Oroua
intermediate and cultivars Ruru and Karamu the shortest.

Semi-dwarfness in the cultivars Oroua, Karamu (McEwan and Lot

g ’7)1& 2

s

Viger, 1973; McEwan and Hadfield, 1978) and Ruru (G.M.
_ o : S
Wright, pers. comm.) are expected because they have been
deﬁéioped from the Mexican dwérfing derivatives of Norin 10.
On the other hand, cultivars Hilgendorf and Kopara are
standard height wheats and they form the tall parents in this
study. All the Fl plants exhibited dominance for tallness.
The F1l means either approximated the tallest parents (cvs.
Hilgendorf and Kopara) or exceeded them to give rise to a low
degree of hYbrid vigour for height. The F1 of the shorter

parents all exceeded their parental means indicating again

some low degree of hybrid vigour.

The Diallel analysis of variance for plant height in
Table 5.3 showed highly significant additive and dominance
effects for this trait. Moreover, the bl item of the'analysis
was highly significant indicating the presence of direcfional
dominance for tallness. This directional dominance éf the
increasing phenotype, tallness was confirmed by the high and-
negative correlations (-0.9741 + 0.1305) of the (Wri + Vri)
values with Pi, the mean height'of the parents. The distri-

bution of the dominant and recessive genes among the parents
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Table 5.3 Fl and F2 Half Diallel analysis of variance of
' plant height after Morley Jones (1965).

Source of Variation df
a 4
bl 1
b2 4
b3 5
b 10
B x a 4
B x bl 1
B x b2
B x b3
Bxb ‘ 10
Block Interaction 14

Mean Square

Fl
455,40%*%*
587.31**%x%

17.00%**

14.16**

72.61%*%
3.80
1.40
1.06
3.77
2.45
2.83

F2
503.04*%%%*
166 .83***

19.22%*

18.11%*

33.43%%
7.92
0.05
6.67
4.83
5.09
5.90

Table 5.4 Joint regression analysis of Wr on Vr for

estimates from two blocks for Fl and F2 plant

height.
Item .

Joint regression

Heterogeneity of
regression

Remainder

Joint regression
coefficient

Standard error

Probability of
significance from 1.0

Probability of ,
significance from 0.0

* P £ 0.05 *% P < 0.01

af

1

Mean Sgq
Fl

13396.87*%*% 5241.39%%%

4.47
61.33

0.9946

0.0673

0.9839

0.0086

**% p < 0.001

uare
F2

105.89
29.38

0.8012
0.0600

0.4480

0.0170
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100,

80,

Wr 60,

40,

b = 0.9946 + 0.07

20,

Wr

b = 0.8012 + 0.06

20,

FIG. 5.2 The relationship between Wr and Vr for the F 1
and F2 generations for height.
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can be determined from the Wr-Vr graph of Figure 5.2. The
:Ewo tallest cultivars, Hilgendorf and Kopara, had the smallest
Wr-Vr values and were positioned nearest the origin, while the
other three cultivars had relatively 1arger Wr-Vr values and
were positioned furthest away from the origin of the graph.
This confirmed that the two tallest cultivars carried the
most dominant genes while the recessive genes were carried by
the semidwarf cultivars. This is in égreement with reports
on the recessive nature of the dwarfing genes of the Mexican
derivatives (Vogel et al., 1963; Ali et al., 1968). The
test for the adequacy of the additive and dominance model
showed that the joint regression was highly significant and
the heterogeﬁéity of‘fégresSion not significant. The joint
linear regression coefficient was 0.9946 + 0.0673. This
coefficient was not significantly different from one but sig-
nificantly différent from zero (Table 5.4). This is true if
the non-additive genetic variation is of the dominance type
only. Therefore, the additive and dominance model is |
adequate for plant height. With the additive and dominance
model accepted as sufficient, perfect fit estimates can be
made as in Table 5.4. Considering first the value of D and
H1l, the additive effect, D, is equal to the dominance effect
H1l and therefore dominance is complete. The dominance ratio
as given'by (H1/D) is 1.6067. The full dominance is
again confirmed by the graph of Wr-Vr of Figure 5.2 where the
regression line passes through the origin. The perfect fit
estimates also provide estimates of broad and narrow sense
heritabilities. The narrow sense heritability estimate of
0.7093 indicates that early response to selection for this

trait is likely, while the high broad sense heritability
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estimate of 0.9704 shows presence of the low envifonmental
EVériance for this trait. Furthermore, the value of H1 is
equal to H2 and % (H2/H1l) which represents the product

UV = 0.2487. This indicates U = V = 0.5 at all loci for

plant height.

5.3.2 F2 Half Diallel Analysis of Plant Height

The mean heights of the parents and F2 families which
are shown in Table 5.2 remained in the same. relative order
as those of Experiment I. The heights of all the families
in Experiment II were geherally of higher absolute values
comﬁared with those inExpe;iment I. This was mainly due to
the early winter sowing of Experiment II compared to the late

winter sowing of Experiment I.

. The Half Diallel analysis of ‘variance of the F2 plant
height reflected a similar pattern of significance for the
'a', 'b', 'bl',''b2' and 'b3' items as that of the F1 analysis
of the previous season. However, the absolute values of the
'b' and 'bl' items were considerably reduced in the F2
analysis compared to those in the Fl analysis (Table 5.3).
Such a reduction is expected because of the halving of the
frequency of the heterozygotes in the F2 generation. The
directional '‘dominance for tallness is again confirmed by
the highly significant 'bl' item and the highly significant
negative correlaﬁion of (Wri + Vri) values with the Pi values.
This correlation coefficient was -0.9805 + 0.1135. The
dominance of the tall parents is further shown by the.Wr—Vr
graph of Figure 5.2, The tall parents Hilgendorf and Kopara

were all positioned near the origin, whereas the short parents
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Table 5.5 Components of Genetic Variation of 5 x 5 Diallel

..Crosses for plant height.

Generation Fl F2

Components

D 99.6625 108.8092

H1 98.8999 212.0280

H2 o 98.6859 229.8300
(H1/D) ? 1.0067 1.3959
H2/4H1 ' 0.2487 0.2709

E 2.8347 5.8950
Heritability (Narrow sense) 0.7093 0.7818 .
Heritability (Broad sense) 0.9704 0.9341

Tabie 5.6 Mean plant height,bf the parents (Pi), common
tester (Pc), Fl, F2 and backcrosses (BCl, BC2) -.
Experiment III.

,Parehts Hilgendorf Kopara Oroua Ruru Atlas 66
Pi 106.6 107.6 98.3 87.2 143.8
Pc 89.8 89.9 89.0 88.9 89.5
BC1l 104.0 106.0 96.1 93.2 12707 1331
BC2 100.2 "100.3 93.3 91.6 122.5 "n. b
F1 105.6 111.7 99.3 94.0 129.2
F2 100.2 103.8 93.5 88.5 117.2
Standard Error of Mean = 1.57

Coefficient of Variation = 10.11%
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were all distributed away from the origin.

The test for the adequacyrof the additive and dominance
model shown in Table 5.4 showed a highly significant joint
regression coefficient of 0.8012 + 0.0600. This regression
was not significantly different from one but significant from
~ zero. The additive and dominance model was thus acceptable.

This confirmed the conclusion of the Fl analysis of Experiment
I and allowed perfect fit estimates of some genetic parameters
to be made. The perfect fit estimates for the genetic
parameters are shown in Table 5.5. The dominance effect, H1,
was considerably higher than the additive effect, D. This
~gave rise to the dominance ratio of 1.3959. This is higher
than the ratib of 140067 obfained in the F1l generation.

There is therefore, a suggestion of overdominance in the F2
~generation. However, this is not supported by the Wr-Vr graph
of Figurezgga which cut the axis near the origin. Moreover,
the additive dominance model had been shown to be sufficient.
This overdominance must be regarded as an over-estimate. As

in the F1 studies, the narrow and broad sense heritability

estimates were high.

5.3.3 The New Triple Test Cross and Scaling Test

Analyses of Plant Height

The Fl1 and F2 Half Diallel analyses were conducted
with five parents. These five parents were made up of three
semidwarf cultivars and two standard height cultivars. In
the Triple Test Cross and the Scaling Test analyses, an addit-
ional cultivar, Atlas 66, was included. This cultivar can be

classified as tall when compared to the two standard height
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Table 5.7 Sums of squares of comparisons for detecting epistasis on plant height.

Parent (Pi)

Hilgendorf
RKopara
Oroua
Ruru

Atlas 66
Total

Mean Square
Pooled Variance
F Ratio

**% p < 0.001

Ai Comparison -
Sum of Squares

With Atlas 66 Without Atlas 66
155.7504 155.7504
481.6562 . 481.6562
270.7122 551597 270.7122
251.1168 251.1168

.
J

2760..4516 (715474% -
391976872 62#537" 11592356

87.%042 36.0383 32.2010
15.3574 /3.6436 16.1128

5,~TIg*** 2.6412"  1.9984 ns e6#53

** P < 0.01 * < 0.05

Bi Comparison
Sum of Squares

With Atlas 66 Without Atlas 66
217.4642 ‘ 217.4642
7.0402 7.0402
26.7634 26.7634
0.2916 0.2916

6248.3755 x 75.823% -
6499.9348 ©17.>367  251.5593

9. 49 7S
144.4430 - EFH0 6.9878
14.7112 /S-4358 16.0161

9.8186***%(0,.6/53 ms 0.4362 ns

8VT
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cultivars, Kopara and Hilgendorf. The mean heights of the
“six generations of P1l, P2, Fl, F2, BCl and BC2 generated by
the five cultivars (Pi) crossed to the common tester, Karamu
(Pc), are shown in Table 5.6. It can be seen that the
cultivar Atlas 66 and the families derived from it exceeded

all other families in their heights.

The New Triple Cross analysis of Table 5.7 showed
highly significant Ai and Bi comparisons. These significant
tests testified to the presence of epistasis in the inherit-

ance of plant height amongst the families studied. An

evaluation of Table 5.7 immediately led to the identification
of ‘Atlas 66 array as the only dominant contributor to the
epistatic sumé of séuares of the Ai and Bi comparisons. A .
re-analysis of the data without the Atlas 66 array confirmed
the observation on the«role of the Atlas 66 array in the |
expression‘of épistasis. The F tesmsof_the Ai and Bi com-
parisons were both insignificant. These tests implied the
absence of epistasis for the trait, plant height, for all the

families not involving Atlas 66. These results confirmed

the conclusions of both the F1 and F2 Half Diallel anlayses.

Pt

The presence of epistasis in all the families with
Atlas 66 parentage was again adequately emphasized by the
Scaling Test analysis of Table 5.8. Significances were
indicated by all the A, B, C, S and Cavalli's Joint Teéts.
These tests stressed the importance of non-allelic interact-
ions leading to an absence of fit to the three parameters model
of m, (d) and (h). The extent of non-allelic interactions
was clearly shown by the significance of all three forms of

(i), (3) and (1) epistasis. On the other hand, the Scaling



Table 5.8 Scaling Tests and

Parents (Pi)
Test

©nOw

Estimates

il e o T =

Joint Test

m

d

h
X2 (3)

* P < 0.05

Hilgendorf

-4.1600
. 4.9156
-6.9600
'—1.9289

90.5156**%*
8.4044%*%*
23.5378
7.7156
-9.0756%*
-8.4711

98.11 + 0.39
8.24 ¥ 0.39

7.39 + 0.53
n

5.85
** P< 0.01

S

Kopara

-7.3156**

-0.8844

-5.4781
0.6805

101.4375%%%
8.8400%**
-0.6616
-2.7216
-6.4311
10.9219 -

98.37 + 0.48
8.57 ¥ 0.48

13.08 + 0.67
7.05 ns

**%% P < 0.001

Oroua

-5.4844
-1.7244
-11.9860%*
-1.1943

88.8606***

4.6311*%*=*

8.0343
4.7771
-3.7600
2.4317

92.24
3.36
6.97
4.95

estimates of parameters for plant height.

Ruru

~5.2822
0.1800
-10.0006
-3.8657

72.5638%*%%*
-0.8667%*
42.4036%*
15.4629
5.1022
-20.9251

87.99 + 0.13

-0.83 + 0.43
6.01 + 0.62
3.047 ns

Atlas 66

=17 .5133%*%*
26.3489%*x
-22.8099%*
-7.9111

84.9822%%x*
27.1400%*%
84.7422%%*
31.6444%%
~43.8622%%%
~40.4800%*

115.55 + 0.69
25.09 + 0.69

14.18 ¥ 1.01
%* %k

0ST
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Table 5.9 The analysis of varianée for the additive value for plant height (without the
~ Atlas 66 array) .

Saurce of Variation af ss ' MS F Prob.

Mean 1 147.9582 147.9582 136.1186  0.0000***
Additive 4 275.1850 68.7962  63.2911 0.0000%**
Deviation 3 127.2268 42.4b89 39.0153 0.0002***
Block 2 11.8972 5.9486 5.4726 0.0444%*
Error 6 6.5219 1.0870

Total: 12 293.6041

The Estimate of the Additive Value = 90.2790

TST



Table 5.10 The analysis of variance for the dominance value for plant
height (without the Atlas 66 array).

Source of Variation daf ~ 88 - MS F Prob.
Mean 1 141.2017 141.2017 22.1593 0.0033%*
Dominance 4 164.6090 41.1523 6.4582 0.0230%*
Deviation 3 23.4073 77.8024 1.2245 0.3795
Block 2 7.1678 - 3.5839 0.5624 0.5972
Error 6 38.2327 6.3721

Total 12 210.0096

The Estimate of the Dominance Value = 46.3735

¢ST
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Test analyses for the other parental arrays, were in general

:égreement'on'the absence of ‘epistasis. All the A, B, C, S
and Cavalli's Joint Tests were not significant except for the
significance of one A test involving the Kopara array and one
C test involving the Oroua array. (Table 5.8). Moreover, in
contrast to the Atlas 66 array, all the other estimates of the
(i), (j) and (1) epistatic terms except for one, the (3j)

estimate of the Hilgendorf array, were not significant.

These analyses involying the F1l, F2 Half Diallel, the
New Triple Test Cross and Scaling Tests have provided con-
clusive evidence oh the adequacy of the additive and dominance
model for plant height in families not involving Atlas 66 as a
parent. Adeéuaﬁe évidénce‘has also been provided on the role
of epistasis in the crosses involving Atlas 66. The absence
of the Atlas 66 array in the Fl and F2 Half Diallel analysis
is unforﬁunate, otherwise complementafy evidence for the exist-
encé of epistasis could be of immense interest for the evaluat-
ion of the efficiency of the biometrical genetical models

studied here.

In the event of absence of epistasis such as in the
analysis without the Atlas 66 array, two further orthogonal
comparisons provide unigue tests and estimates for the additive
and dominance components of variation. These comparisons are
2Bcli - Fli - fi for the additive compohent and 2 Bc2i - Fli -
Pc for the dominance component. The tests and estimates for
both the additive and dominance can be carried out in the con-
text of the analysis'of variance shown in Tables 5.9 and 5.10.
The theories for these estimates have been discussed in Chapter
2. The analysis of'Variance for the additive and dominance

comparisons was also carried out in the analysis involving the



Table 5.11 The analysis of variance for the additive value for plant height.

Source of Variation daf ss
Mean 1 893.1013
Additive 5 2081.1654
Deviation 4 1188.0642
‘Block 2 158.2632
Error 8 387.6882
Total 15 2627.1168

The Estimate of the Additive Value

- MS
893.1013
416.2331
297.0160

79.1316
'48.4610

- 490.3628

F
18.4293
8.5890
6.1290
1.6329

Prob.
0.0026**
0.0045*%*
0.0147*%*
0.2543

ANE



Table 5.12 The analysis of variance for the dominance value for plant height.

Source of Variation

Mean
Dominance
Deviation
Block
Error
Total

The Estimate::

daf - Ss MS
1 296.7409 296.7409
5 382.2666 76 .4533
4 85.5257 21.3814
2 2.8725 1.4362
8 46.9687 5.8711
15 432.1078
for the Dominance Value = 94.1097

F
50.5428
13.0220

3.6418
0.2446

Prob.
0.0001***
0.0011***
0.0566
0.7886

QqT
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Atlas 66 array. Such an analysis would provide insight into
Ethe effect of epistasis on the estimates of the additive and
dominance component of variation (Tables 5.11, 5.12). High
significances were recorded for both componénts and these sig-
nificances allowed the estimates of both D and H to be made.
The estimates of the additive and dominance components were
higher compared to the estimates obtained in the absence of
epistasis. These estimates confirmed the inflationary effect
of epistasis on the additive and dominance component (Tables

5.11, 5.12).

The nature of epistasis.in the Atlas 66 array was re-
vealed by the direct fit estimates for the dominance and epis-
tatic componehts-of (h), (i), (i), and (1). The signs of (h)
and (1) were opposite. This indicated that the interactions
were predominantly of the duplicate type (Mather, 1967; Jinks

and Jones, 1958).

5.3.4 F1 Half Diallel Analysis of Spike Length

Large and significant variation in spike length exists
for the parents used in this study. Four groups of spike

length could be identified (Table 5.13). Cultivar Hilgendorf
had the shortest spike, followed by Oroua, Karamu, Kopara and
Ruru in order of increasing spike length. The Fl1 exhibited

spike length greater than the mid-parent values but often less

than the higher parents. The analysis of the Half Diallel
table (Table 5.15) showed high significance for both the addit-

ive and dominance effects. Directional dominance was shown
by the significance of the 'bl' item while the significance

of the 'b2' item showed unequal dominant allele distribution
in the parents. Significant specific combining ability shown

by the 'b3' item was due to the cross between Kopara and Oroua.

This F1 exceeded both parents in spike length.
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Table 5.13 Mean spike length of parent and Fl plants (cm).

1 2 3 4 5
1. Hilgendorf 7.1 9.5 9.6 9.7 8.9
2. Kopara 10.1 10.6 10.5 10.1
3. Oroua 9.5 10.8 9.1
4. Ruru 10.6 10.0
5. Xaramu : 9.4
Standard Error Mean = 0.13

Coefficient of Variation = 5.78%

Table 5.14 'Meanvspike length of parent and F2 families (cm).

1 2 3 4 5

1. Hilgendorf 8.3 9.2 9.8 9.6 9.4

2. Kopara 10.0 10.3 10.7 10.0

3. Oroua 10.3  10.8 10.2

4. Ruru 10.8 10.6

5. Karamu ' | 10.4
Standard Error of Mean = 0.1l1

Coefficient of Variation = 8.54%



158

Table 5.15 Fl and F2 Half Diallel analysis of variance of
_.spike length after Morley Jones (1965).

Source of Variation as Mean Square
Fl F2
a 4 3.695%%% 3.04%%%
bl 1 1.115%%% 0.09
b2 4 0.299%%% 0.05
b3 4 0.22]1**% 0.07
b 10 0.3414**%% 0.06
B x a 4 0.027 0.07
B x bl 1l 0.017 0.01
B x b2 4  0.036 0.04
B x b3 5 0.013 - 0.04
B xb : 10 0.023 0.05
Block Interaction 14 &0 024\\ f6105‘

* P <0.05 ** P 0.01 - k%% P < 0.001

Table 5.16 Joint regression analysis of Wr on Vr for
estimates from two blocks for Fl and F2
spike length.

| Mean Square

Item df Pl F2

Joint regression 1 0.3764*%% (0.0994%*%%
Heterogeneity of regression 1 0.0021 0.0020
Remainder 6 0.0128 0.0008
Joint regression coefficient 0.8311 0.9396
Standard error 0.1533 0.0857
Probability of 51gn1f1cance

from 1.0 0.6814 0.8435
Probability of significance .

from 0.0 0.0780 0.0184

* P<L 0.05 ** p <0.01 **¥* p £ 0.001
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The test of the adequacy of the additive and dominance
‘model for this trait by the joint regression analysis showed
the joint regression highly significant and the heterogeneity
of regression as not significant (Table 5.16). The joint
linear regression coefficient was 0.8311 + 0.1533 and it was :
not significantly,different,from”one (P = 0.6814) . The
additive and dominance model was accepted as satisfactory for
this trait although the probability of the joint regression
being significant from zero was P = 0.078. This is due to
low joint regression coefficient of 0.8311 and the high
standard error of 0.1533 which can be attributed to the Fl
between Kopara and Oroua which exceeded their parental means.
The Wr-Vr gréph of Figﬁre 5.3 showed the parents Kopara and
Ruru both with the longest spike located near the origin |
indicated that long spike is dominant over shorter spike.

The shortest spike parent, Hilgendorf, had its Wr-Vr value
further away. showing that it carried the most recessive genes
for this trait. Cultivars Oroua and Karamu wefe intermediate
between the two extreme groups discussed above. Confirmation
of the direction of dominance as being towards long spike was
given by the correlation between the (Wri + Vri) values and
the phenotypic means of the parents (Pi). The correlation
of ~0.9608 + 0.1600 confirmed that dominance was towards

longer spike.

With the additive and dominance model adjudged satis-
factory, perfect fit estimates of the genetic components
could be made and are shown in Table 5.17. The additive
effect D is greater than the dominance effect value H1l, there-

fore dominance is partial.  The degree of partial dominance
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Table 5.17 Components of genetic variation of 5 x 5 Diallel
' Crosses for spike length.

Generation Fl F2
Components |

D 1.2561 0.8650

ﬁl 0.6361 0.3616

H2 0.5573 1.0436

(Hl/D);5 » 0.6997 0.6465

H2/4H1 0.2266 0.7215

’ E ‘ 0.0237  0.0464
Heritability (Narrow sense) 0.7485 0.7549

Heritability (Broad sense) 0.9629 0.8974



l6l

Wx

Wx

wa by

b = 0.9395 + 0.08

FIG. 5.3 The relationship between Wr and Vr for the F1l

and F2 generations for spike length.
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as given by (H1/d) and is 0.6997. This partial domin-
:%nCe is again illustrated by the graph of Wr-vr of Figure
5.3 when the regression line cuts the Y axis above the
origin. H1l is equal to H2, hence there are equal allele
frequencies of u = v = 0.5. uv as given by %(H1/H2) is
0.2266. The equal allele frequencies provided in this esti-
mate is contrary to the significance of the 'b2' item which
implied asymmetry of gene distribution, i.e. H1>» H2.

This apparent contradiction can be due to the small block
interaction used for testing the significance of 'b2'.
Narrow'sense heritébility estimate was 0.7485 indicative of

a good potential response to selection for this trait.

5.3.5 F2 Half pDiallel Analysis of Spike Length

The F2 measurements on spike lengths @ééﬂfiianébié)

confirmed the Fl observations (Table 5.14). Cultivar
Ruru maintained the lead with the longest spike length and
cgltivar Hilgendorf had the shortest. The other three culti-
vars showed intermediate values. The analysis of variance of
the Half Diallel Table 5.15 confirmed the highly significant |
'a' or additive effect as detected in the F1l studies. How-
ever, the highly significant dominant 'b' and its component
items, recorded in the Fl studies, did not approach signifi-
éance in the F2 studies. This>difficulty in obtaining sig-
nificance for the dominance items was partly due to the halving
of the frequency of the heterozygotes in advancing from F1l to
the F2 generation and partly due to the high block interaction

recorded in this F2 study (Table 5.15).

The test of the adequacy of the additive and dominance
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model by the joint regression analysis showed the joint
r;regression'highly~significant*and'fhe heterogeneity of
regression was not significant. The joint regression
coefficient of 0.9396 + 0.0857 was not significantly differ-
ent from one but significantly different from zero (Table

- 5.16).. The additive and dominance model was therefore
acceptable. This confirmed the conclusion of the Fl analysis.
The difficulty of detecting the dominance component discussed
earlier was reflected in the distribution of the parents in
the Wr-Vr graph of Figure 5.3. Such random distribution

was contrary to that of the F1 studies as shown in Figure

5.3. While conclusive evidence was made available by the
Wr-Vr graph of the Fi generation on the parents carrying the
most dominant genes, no such support can be obtained from |
the F2 analysis. The difficulty in confirming the direction
of dominance as being towards long spiké, was shown by the
correlation coefficient between (Wri + Vri) with Pi.  The
correlation coefficient was -0.4426 + 0.5177 and was not
significant. In the Fl studies, the correlation coefficient
was 0.9698 + 0.1600 and was significant. This poor tally of
the F2 results with the Fl's can be attributed to the halwving
of the dominance in the F2 which has also resulted directly

in the quartering of the variance and covariance terms.

These observations highlight the difficulty of using a segre-
gating F2 population for a Diallel study, when the sample size
has to be restricted to a manageable one. It is obvious that
the sample size of sixty.FZ plants per family sampled here
cannot adequately provide a representative estimate of the
family mean, while the twenty plants per family in the Fl

studies was satisfactory for spike length.



Table 5.18 Mean spike length of the parents (Pi); common tester (Pc), Fl, F2, and

backcrosses (Bcl, Bc2) - Experiment III.
Parents Hilgendorf Kopara Oroua‘ Ruru Atlas 66
Generation i 7
Pi 8.4 9.6 10.4 10.4 10.3
Pc 10.5 10.7 10.9 - 10.7 10.5
Bcl 3.9 . 10.5 10.2 10.7 10.4
Bc2 , 10.3 10.9 10.4 = 11.4 1 10.7
Fl 9.8 11.3 10.3° 10.9 11.0
F2 - 9.4 10.1 10.2 10.6 10. 4
Standard Error of Mean = 0.12

Coefficient of vVariation = 8.06%

ot
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Table 5.19 Sums of squares of comparisons for detecting

epistasis on spike length.

: Ai Comparisan Bi Comparison
Parent (Pi) Sum of Squares Sum of Squares
Hilgendorf _ 0.6294 " 0.4624
Kopara 0.0822 0.3600
Oroua 0.4182 0.9474
Ruru » 0.2055 . 12.8164
Atlas 66 3.0044 0.0576
Total - 4.3397 14.6438
Mean square 0.0964 0.3254
Pooled variance ~0.1000 0.0873
F ratio i : - 0.9640 ns 3.7276 *%

ns non significance
* P £0.05
% P £ 0.01



Table 5.20
Parent (Pi)
Test a
B
C
S
Estimates
m
d
h
i
j
1
Joint Test
m
d
h
%2 (3)
* P < 0.05

Hilgendorf

-0.2644

0.2267
-0.7095
-0.1679

8.81ll6**x*
-1.0656***
1.5890
0.6717
~0.4911
0.6340

9.47
-1.09
0.22

** P < 0.01

Kopara

0.0956
-0.2000
-2.3686%%%*
-0.5660

7.8970%%*
—0.5344%***
5.5716%**
2.2641
0.2956
-2.1597**

10.06 + 0.07

-0.52 ¥ 0.07
1.09 ¥ 0.11
28.71%%*

***x P £ 0.001

'

Oroua

-0.2156
- =0.3244

-0.9832%

-0.1108

1 10.1900%**

L =0.2722%%%
-0.0259
0.4432
0.1089
0.0968

0.07
0.07
0.12
ns

10.57
~0.27
-0.42

Scaling Tests and estimates of parameters for spike length.

Ruru

0.1511

1.1933%*x%
-0.3375
-0.4205%*%*

8.8703%*%*
-0.1256

5.0183%*%x%

1.6819%*%*
-1.0422
-3.0263

10.58 + 0.07

-0.20 ¥ 0.07
0.36 ¥ 0.13
18.06*F*

Atlas 66

-0.5778
-0.0800
-1.2489
-0.1478

9.8156%*%
-0.0911
1.1356
0.5911
-0.4978
0.0667

10.34 + 0.07
-0.13 0.08
0.57 0.13

F
+
5.35 ns

99T
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As the additive and dominance model has been accepted
r%s>adequate;“perfect'fit estimates of genetic parameters can
be made. The estimate for the additive component, D, was
0.8650 and H1l, the dominance component was 0.3616. The
value of (Hl/D);5 was 0.6465. This indicated partial
.dominance for this trait and confirmed the observation made

in the F1 study (Table 5.17).

5.3.6 New Triple Test Cross and Scaling Test

Analyses on Spike Length

The additional cuitivar, Atlas 66, used in this
study, possessed_similax spiké 1éngth as cultivars Oroua,
Ruru and Karamu (Table 5.18). The New Triple Test Cross
analysis shown in Table 5.19 provided contradictory evidence
for the presence of epistasis. The Ai comparison was not
significant but the Bi comparison was significant. The A
and B individual Scaling Tests supported the conclusions of
the New Triple Test Cross analysis. Moreover, the C, S and
‘the Cavalli's Joint Tests were significant in some family
arrays (Table 5.20). The C test was significant in the
Kopéra and Oroua arrays while the B and S tests were signifi-
cant in the Ruru array. Furthermore, the Cavalli's Joint
Test was significant_for the Kopara and the Ruru arrays. The
contradictory evidence pfovided by the C, S and Cavalli's
Joint Tests to those of the A test could be explained by the
difficulty of obtaining'reliable estimates of the F2 and back-

cross family means under the present sampling techniques.

Our conclusion on the absence of epistasis for spike

length shall therefore be based on the Ai comparison of the



Table 5.21 Analysis of variance for the additive value for spike length.

Source of Variation df SS MS F Prob. .
Mean 1 0.2441 0.2441 5.0446 0.0549%
Additive 5 1.0694 0.2139  4.4210 0.0315%
Deviation 4 0.8254 0.2';563 4.2651  0.0387*
Block 2 0.4517 0.2258  4.6679 0.0454%*
Error 8  0.3879 0.0484
.Total 15 1.9081

The Estimate of the Additive Value = 0.2207

89T
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Table 5.22 Analysis of variance for the dominance value for spike length.

Source of Variation ‘df SS MS : F Prob.
| Mean 1 0.5894  0.5894  2.9876  0.1222
Dominance 5 2.0453 0.4091 2.0735 0.1715
Deviation 4 1.4559 0.3641 1.8450 0.2137
Block 2 0.0554 0.0277 0.1403 0.8712
Error 8 1.5782 0.1973
Total 15 3.6789 |

The Estimate of the Dominance Value = 0.2824.

69T
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New Triple Test Cross, the A Scaling Test and Fl and F2

“Half piallel analyses.

As one of the epistatic comparison (Ai) of the New
Triple Test Cross analysis has provided no évidence for the
presence of epistasis, attempt can be made to estimate the

‘value of the additive and dominanée éomponents by the
analysis of variance of the additive and dominance compari-
sons. These analyses are shown in Tables 5.21 and 5.22.

. The dominance comparison, however, failed to reach significance
in the analysis on spike length. Difficulty in obtaining
significance for the dominanceicomponent has also been en-
countered by Chahal and Jinks. (1978). They attributed the
absence of siénificéﬁéeito their inefficient experimental
designs. However, the generally high standard error
accompanying the estimate for the dominance component és
diécussed by Kearsey and Jinks (1968) could also explain the
difficulty of achieving significance for the dominance com-
ponent; On the other hand, the analysis of variance for

- the additive component was highly significant (Table 5.21).
In spite of this absence of significance for the dominance
component, estimates of the additive (D) and dominance (H)

components is attempted (Tables 5.21, 5.22).

5.3.7 F1 Half Diallel Analysié of Flag Leaf Length

The flag leaf lengths of the five parents used in this
study can be divided into three classes. Cultivar Karamu
had the longest flag leaf, while cultivars Kopara, Hilgendorf
and Ruru were of intermediate leaf lengths. The culfivar

Oroua had the shortest flag leaf (Table 5.23). The Half
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Table 5.23 Mean flag leaf length of parent and F1l plants

(cm) .

1. Hilgendorf 18.4 19.5 17.0

2. Koparab 18.7 17.5
3. Oroua : ' 15.3
4. Ruru

5. Xaramu
Standard Error of Mean = 0.48
Coefficient of Variation = 11.74%

Table 5.24 Mean flag leaf length of parent and

families (cm) .
1 2 3

1. Hilgendorf 18.3 20.4 18.0

2. Kopara 19.4 17.9
3. Oroua : 17.0
4. Ruru

5. Karamu
Standard Error of Mean = 0.38
Coefficient of VvVariation = 15.05%

20.1
20.9
19.1

19.9

18.2
16.6
17.5
18.8

20.3

F2

20.5
19.7
20.2
21.3

18.9



Table 5.25 Half Diallel analysis of variance oanlag leaf length.

Source of Variation af

a 4

bl 1

b2 4

b3 5

b 10

Block X a 4
Block X bl
Block X b2
Block X b3

Block X b 10

Block Interaction 14

*** p <0.001

** P <L 0.01

MS o
5 x 5 Half Diallel

6.9995% %%
0.0000
3.5258%
1.2068
2.0137
0.2234
0.4950
1.9515
0.1965
0.9284

0.7269

* P < 0.05

W O N WH WO N W H W

df

s
4 x 4 Half Diallel
(without Karamu array)
8.9657*%*

3.2275
0.1798
.0.8855
0.9230
0.2172
0.2940
2.8089
0.0452
1.4685
1.0574

LT



Table 5.26 Joint regression analysis of Wr on Vr for estimates from

two blocks for Fl and F2 flag leaf length.

Item

Joint regression

Heterogeneity of
regression

Remainder

Joint regression
coefficient

Standard error

Probability of signific-
ance from 1.0

. Probability of signific-
ance from 0.0

* P< 0.05

af

1

** P < 0.01

Mean Square
Without Karamu

With Karamu

Fl
1.6030 ns-

1.0527
0.9562
'0.7998
0.6177

0.8074

0.3481

F2
1.015%*

0.0214

'0.1152

0.7563

0.2446
0.6397

- 0.1770

*** P < 0.001

Fl

6.0846**

0.0875
0.1718

1.1728

0.1971

0.7169

0.0575

F2
1.0521

0.0731
0.0568

[

0.729

0.1694

0.5462

0.1512

€LT
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Diallel analysis of variance (Table 5.25) showed a highly
';ignificant'additivé effect for this trait and significant
dominance. The 'bl' item was, however, not significant,
showing an absence of any directional dominance. The 'b2'
item was significant and therefore the dominant alleles were
not equally distributed among the parents. The 'b3' item

was not significant, although significance was expected be-
cause of the presence of specific combining ability in the
cross involving Kopara and Karamu. The F1 of this cross

had a shorter flag leaf than either of the parents. This
lack of significance was due to the high pooled block inter-
action mean square used for testing'its significance. The
lack of fit fér the aéditive‘and dominance model which could
be attributed to the specific combining ability of the above
cross was shown by the joint regression analysis of Table

5.26. The joint regression analysis was not significant and
the joint regression coefficient was not significantly differ-
ent from one nor zero. A re-analysis, after the deletion of
the Karamu array, thereby eliminating the cross showing
specific combining ability, was carried out. The new analysis
showed presence of only additive effect (Table 5.25). The
adequacy‘of the additive and dominance model was shown by the
significance of the joint regression analysis and the joint
‘regression coefficient which was significantly different from
zero but not from one. The adequacy of the additive and
dominance model for the four parents Half Diallel after remov-
ing the Karamu array and the presenée of the largely additive
effect suggested early response to selection in crosses without
Karamu. The lack of fit in this restrictive model in the five

parents diallel could be due to epistatic effect in the cross
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F1 leaf length.

Wr

Wr

FIG. 5.4 The relationship between Wr and Vr for the F1
and F2 generations for leaf length.



Table 5.27 F2 Half Diallel analysis of variance on flag leaf length.

MS
Source. of Variation df . at 4 x 4 Half Diallel
: 5 x 5 Half Dlal;el (without KRaramu array)

a 4 6.12%%% 3 17.11
bl 1 B.47* %% -1 6.47*

b2 4 0.87 3 1.67

b3 5 1.17* 2 1.20

b 10 1.78* 6 2.31

B x a 4 0.74 3 - 0.69

B x bl 1l 2.07%% g 1.72

B x b2 4 0.12 3 0.06

B x b3 5 0.05 2 0.04

B xb 10 0.28 6 0.33
Block Interaction 14 0.41 9 0.45

* P L 0.05 *%* P < 0.01 **% p < 0.001

9LT



177

between Karamu and Kopara and unless this epistatic effect

“is of the additive x additive type, selection will be ineffect-
ive. The perfect fit estimates were not included for this
trait because of this absence of fit for the additive and

dominance model in the five parents Half Diallel.

5.3.8 F2 Half Diallel Analysis of Flag Leaf Length

Cultivar Oroua continued to exhibit the shortest leaf
length (Table 5.24) amongst the parental cultivars studied.
However, cultivar Karamu which produced the longest leaf
length in the previous season, showed equal leaf length to
cultivars Kopara and Ruru in the'present study. Cultivar
Hilgendorf maintained its intermediate position in the leaf -

length ranking.

th Half D;a}lel analysis of variance of the F2 generat-
ion (Table 5.27) indicated agreement on the significance 6f
the 'a' item with that in the F1l analysis. However, the 'b'
and its component items of the F2 generation showed consider-
able departure from the F1l analysis. In the Fl generation,
only the 'b2' item of all the 'b' components was significant

whereas the reverse was true in the F2 generation.

The joint regression coefficient (Table 5.26) of the
Wr-Vr graph (Figure 5.4) was not significantly different from
one or zero. This suggested an absence of fit for the simple
additive and dominance model and confirmed the F1l results.
However, the removal of the Karamu afray which was responsible
for the absence of fit for the additive and dominance model in
the Fl generation (Table 5.26) failed to repeat the Fl1l results.

This is suggestive of a more general expression of absence of



Table 5.28 Mean flag leaf lengths of the parents (Pi), common tester (Pc),
Fl, F2 and backcrosses (Bcl, Bc2) - Experiment III.

Parents Hilgendorf Kopara Oroua Ruru Atlas 66
Generation N
Pi- 20.5 21.4 17.1 19.3 20.8
Pc 21.1 - 20.1 21.0 1 20.9 21.8
Bcl 19.8 20.5 17.9  20.4 21.3
Bc2 20.2 21.6 20.4 20.6 21.0
Fl 18.6 ©20.5 17.5  20.4 20.6
F2 20.3 19.6 19.9 20.6 21.1
Standard Error of Mean = 0.43

Coefficient of Variation = 14.22%

8LT
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~--Table 5.29 Sums of squares of comparisons for detecting

epistasis on flag 'leaf length.

. Ai Comparison Bi Comparison
Parent (Pi) Sum of Squares Sum of Squares
Hilgendorf 1.2544 2.8448
Kopara | '8.0278 63.2555
Oroua 12.7687 47.0596
Ruru . . 9.5687 0.0374
Atlas 66 11.0224 . 2.2700
Total 42.6420 115.4674
Mean Sdquare 0.9476 2.5660
Pooled Variance 1.1565 ' 1.0233
F ratio : 0.8094 ns 2.5074%

ns non significance
* P £ 0.05



Table 5.30

Parent (Pi)

Test

nowhw

Estimates

HU- PS8

Joint Test
m .
d
h
X2 (3)

* P < 0.05

Hilgendorf

0.3733
-0.5622
2.3178
0.3456

22.2278
-0.3033
-4.0656
-1.3822
-0.1889

0.4467

20.97 +
-0.32 ¥

-1.93 +
2.44 ns

*% p < 0.01

% k%

0.23
0.23
0.47

Kopara

-0.9444
2.6511*%*

-3.9867

-1.4233

15.0622%**
0.6222%
12.8156%**
5.6933*%*
-3.5956%
-7.4000%

20.59 + 0.25

0.34 ¥ 0.25
-0.39 ¥ 0.45
19.83*%*

*** P < 0.001

[l

Oroua

1.1911
2.2867%*
6.4498%%*
0.7430

22.0576**%*
-1.9611%*=*
-4.0452 .
-2.9721
-1.0956
-0.5057

19.39 + 0.24
-1.97 ¥ 0.24
-1.39 0.41
21.665%%%

|+]+

Scaling Tests and estimates of parameters for flag leaf length.

Ruru

1.0311
-0.0644
1.3635

0.0992

. 20.5224%%%

-0.7944%*
0.4630
-0.3968
~1.0956
-0.5698

20.23 + 0.29
-0.71 ¥ 0.29
0.36 T 0.51

*
1.19 ns

Atlas 66

1.1067
-0.5022
0.2444
0.0900

20.9889***

-0.5000%*
0.6111
0.3600
1.6089

-0.9644

21.38 + 0.24

-0.38 + 0.24

-0.64 ¥ 0.46
6. ns

08T
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fit in the arrays studied, The difficulty of obtaining
;Egreement in both the F1l and F2 analyses may be indicative
of possible genotype environmental interaction. However,
what appeared to be a more plausible explanétion in the
present study is the difficulty in obtaining sufficiently
accurate family means due to high sampling variations.
These means have been used for both the Diallel analyses of
variance and the Wr—Vi analysis. As the Wr-Vr analysis
used the variance and covariance of the observed family
means, any inaccuracies will be seriously compounded because
their squared valu%s were utilised in such analysis.

5.3.9 lThé Néﬁ;T}iple'Test Cross and Scaling Test

Analyses of Flag Leaf Length

The difficulty of obtaining_concurrent results for
flag leaf length was further shown by the results of the New
Triple Test Cross and those of the Scaling Tests analyées.
The New Triple Test Cross analysis of Table‘5.29 provided
contradictory evidence for the presence of epistasis. The Bi
comparison was significant whiie the Ai was not. The Scaling
Test analysis aiéo provided contradictory evideﬁce as those
of the New Triple'Test Cross analysis. The B and C Scaling
Tests and the Cavalli's Test were found significant in both
the Kopara énd Oroua arrays {(Table 5;30). Such contradictions
provided further evidence of the difficulty of using inaccurate
estimates of the family means owing to high sampling vériations

- Gy - T L
(Table 5.29). ' (“bdﬂyh'v Fod thﬂmww
¢ :
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5.4 DISCUSSION

5.4.1 Pplant Height

Our results on the nature of gene action on plant
height, are in agreement with earlier work. The semidwarf-
ness in -the cultivars Karamu, Oroua and Ruru is shown mainly
to be. controlled by recessive genes. Such observation is
in line with the understanding of the genetics of the Norin
10 - Brevor 14 based semidwarfism (Allan and Vogel, 1963;
Allan, Vogel and Patterson, 1968). The semidwarfness in the
Norin 10 derivatives hasrbeen attributed to two major dwarf-
ing genes, Rhtl/Gail and Rht2/Gai2 (Gale and Law, 1978).

Our conclusions on the adequacy of the additive and dominance
model for plant height for all the cultivars used, with the
exception of the parent Atlas 66, is in accord with records

on othef common wheat cultivars (Johhson et al., 1966; Bitzer
et al., 1971; Bhatt, 1972; Fick and Qualset, 1973; Gill et
al., 1973). Moreover, the dominance of tallness recorded |
here is also in line with earlier work by Merkle and Allans

(1964) and Bhatt (1972).

However, depending on the genetical background of the
parents used? epistasis can be of relevance, as shown by such
expression in the crosses involving cultivar Atlas 66.  This
observation emphasizes the need to conduct preliminary genetical
énalysis with each parent before selection and breeding pro-
grammes . Epistasis in height has been recorded by Ketata et
ai.(1976b), and Gill et ai1. (1977). Chapman and McNeal
(1971) redorded epistasis of the dominance x dominance type

whereas Fick and Qualset (1973) observed additive x additive
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and dominance x dominance epistasis. Our Scaling Test
;énalysis has provided evidence for the presence of additive

X additive (i), additive x dominance (j), and dominance x
dominance (1) types of epistasis in the families with Atlas 66
as a parent. The understanding of the inheritance of plant
height is of immense relevance to the future of wheat breed-
ing. This is because of the presence of a strong relation-
ship between height and yield and increasing yield problems
encountered in semidwarf wheats (Law, 1978; Gale and Law,
1976; Stoskopf and Fairey, 1975).  These observations have
prompted workers at the Plant Ereeding Institute at Cambridge
to .propose the breeding of "tall dwarf" wheats. A model for
integrating the'desiféﬁle major genes for semidwarfism and

the yield related genes for height as proposed by Gale and Law
(1976) is shown in Figure 5.1. The rationale behind this
model is based on the need to preserve many of the genes which
increase both height and yield in the presence of the Rht/Gai
genes, which have the reverse effects, i.e. decrease height

and increase yield. The best course of action to achieve
higher yield is therefore to fix the semidwarfing factors

early in the breeding programme while maintaining other variat-
ions in the population. Thereafter, selection should be for
increased height rather than for shorter and shorter versions
of the dwarf ideotype. It is therefofe, not unduly speculat—‘
ive for us to argue that such an ideal selection could be
achieved in the context of breeding among the three semidwarfs
and two standard height wheats used in this study. This is
because our study has indicated large narrow sense heritability
emphasizing the presence of mainly additive genes in the

parents studied here. The tall dwarf breeding strategy of
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fixing the dwarfing genes in early generations and selecting
“for increasing height atrlater‘generations appears feasible.
However, the presence of epistasis in the families involving
Atlas 66 must be identified as a major constraint to the
general application of the "tall dwarf" breeding strategy.
The. complexity of epistasis as suggested by our results and
those of Fick and Qualset (1973) and Gill et al. (1976) will:
conceivably result in the inability to fix the observed tall-
ness. This is particularly true in the case of the Atlas 66

crosses because of the existence of duplicate type epistasis.

In New Zeaiand, a ' parallel breeding and selection
strategy has been proposed by McEwan (1973) . He suggested
that further incfeaéés'in_gfain yield could be achieved if
the total dry matter productivity of some cultivars of con-
ventional stature could be combined with the high harvest
index of the Norin 10 based semidwarfs. To put theory into
practice, McEwan (1978) has crossed Raven, a standard height
wheat with high biological yield, to two unnamed Mexican semi-
dwaffs of‘high harvest indexes. The result from these
efforts is the recent release of the cultivar Rongotea. This
cultivar was shown to possess high harvest index of the Mexi-
can derivative and to transgress the cultivar Raven in bio-
logical yield. The height of this new cultivar, howevef,
approximated the semidwarf cultivar, Karamu. It is therefore
strictly not a "tall dwarf" selection but a 'high biological

yielding dwarf'.
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5.4.2 Spike and Flag Leaf Length

Our conclusion on the abseﬁce'of epistasis in spike
length conforms with previous works by Johnson et al. (1966);
Hsu and Walton (1970a); Gill et al. (1973) and Gill et al.
(1977) . The significance of this trait was discussed by Hsu
and Walton (1070a) who were of the opinion that photosynthetic
areas above the flag leaf could be complementary to convent-
ional yield components; for yield selection response. More-
over, Lupton (1975) has observed that the high yielding
semidwarf, Hobbit, possessed larger spikes, thereby providing
a larger 'sink'.fof carbohydrates than those of taller culti-
vars. The large spike_ideotYpe'is apparently attractive.
This is particulérly.relevaﬁt with the evidence provided above
on the absénce of complex gene interactions for this trait.
This provides prospects for selection response. However,
this evidence should not warrant over—enthusiésm on yield in-
crease through spike length selection. A large spike may be
able to enhance the 'source' through increased photosynthetic
areas as proposed by Hsu and Walton (1970a), but may not
possess the large sink described by Lupton (1975). The size
of the 'sink' within a spike is determined by other constraints
such as the spikelet density (spikelet.per unit length of
spike) and the inherent floret fertility of each sp}kelet.
Little Work has been carried ouf for these two traits. The
need for genetical studies into floret survival has been
emphasized by Gallagher (1978). Halloran (1974) in his genetic
analysis of hexaploid wheat, has estimated four genes con-
trolling spikelet density and five genes for floret fertility
of the spike. Fertility of the glume has been recorded by

Wright (1968). This trait was found under multifactorial
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control.

Our genetical analyses of flag leaf length are in-
conclusive because of the high sampling variability. Record
of direct yield increase through selection for high photo-
synthetic area of the flag leaf is not available up to now.
The prospects of yield increase through flag leaf area select-
ion, as proposed by Hsu and Walton (1970a, b) , appear to be
poor. vMoreover, the indirect evidence pfovided by Watson
et al. (1963) and the observations proﬁided by McNeal and
Berg (1977)_discussed in the literature review, ‘indicated
little prospects of a yield response through flag leaf areé

increase.
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CHAPTER 6

DIALLEL ANALYSIS ON PROTEIN CONTENT OF WHEAT

6.0 REVIEW OF LITERATURE

Protein content of flour is positively related to
baking quality (O'Brien and Oath, 1977). To improve the
protein content of wheat (Triticum aestivum L. em Thell),
an understanding of the physiological and genetical baéis
of its production is essential. The scope for breeding
high protein_wheat is considerable. This was emphasized
by Konzak (1977)-in his exténsive review of the genetic con-
trol of protein in wheat. He remarked that no wheat culti-
var known today has a protein composition approaching the
level desired. However, considerable-progress has been
made towards this important challenge. Plant breeders at
the University of Nebraska have released a high profein wheat
called Lancota with grain yield as high as commercial culti-
vars such as Centurk and Scout 66. The merit of Lancota
was shown in the 1972-73 international winter wheat trial
when it showed a protein content of 15.5 per cent, an advant-

age of 1.1 to 2.3 per cent over cultivars with comparable

yield (Johnson et al., 1978).

While practical plant breeders are striving for better
cultivars, geneticists are working on the genetical basis of
protein inheritance. Work in this area was pioneered by
Clark (1926) whose genetical studies on high protein ﬁheat

dates back to the 1920's. Ausemus et al. (1946) in their
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review established the acceptance of polygene control of
Egrain protein.  Stuber et al. (1962), using frequency
distribution also concluded that inheritance of grain pro-
tein was under polygenic control. Haunold et al. (1962),
while acknowledging polygene control, concluded that in the
crosses Atlas 66 x Wichita and Atlas 66 x Comanche a rela-
tively small number of genes was involved. Further
evidence of the polygenic nature of this important trait was
pfovided by workers dealing with whole chromosome substitut-
ion lines. Law et al. (1978) showed that at least two
genes, Pro 1 and Pro 2, affecting grain protein, could be
identified on chromosome 5 D.. Chromosoﬁes of homoébogous
Group 2 were.élsd foﬁhd to affect grain protein. Halloran
(1976) using the 21 intervarietal chromosome substitution
lines of the cultivar Hope, found that only chromosome 5 D
significantly influenced grain protein content. He.postulated

the control of grain protein to be most likely due to many

genes, each with small effect.

With the acceptance of polygene control of grain pro-
tein content, recent workers have been concerned with study-
ing the relationship of the various genes controlling grain
protein. An understanding of this relationship is essential
before any efficient breeding and selection can take place.
For this burposé, quantitatiVe_genetical analysis-has'been
most useful. Davis et al. (1961), in studies involving four
crosses, obtained heritability estimates of 54% to 69%.

They concluded that considerable genetic variability was
present in all four populations. Genetic progress through
selection was indicated in all the populations. Haunold et

al. (1962) using the parent offspring regression method, pro-
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vided heritability estimates of 65% in the crosses involving
“Atlas 66 x Wichita and Atlas 66 x Comanche. Stuber et al.
(1962) in their studies on the cross between Atlas 66 and
Wichita, obtained heritability values from 68% to 83%. A
high heritability estimate was also found by Jain et al.
(1975) -in studies based on the absolute amount of protein in
a fixed number of seeds. These studies are indicative of
the imporﬁance of the large genetic effects on protein content.
Low and more variable heritability estimates have also been
reported. _Lebsock et al. (1964) recorded variable heritab-
ility estimates from 37 to 70%. ~ Sunderman et al. (1965) in
studies-on the cfoss Atlas 66 x Itana, pro&ided heritability
estimates of between 15% to 26%. Ali (1976) estimated
heritability of 41% to 45%. The presence of substantial and
variable environmental effects on this trait has also been
recorded. Halloran (1975) while confirming the additive
nature of protein content inheritance, also reported that the
control of profein content, whether by dominant or recessive
genes, appeared to be influenced by the environment. The
need to conduct protein inheritance studies undef environment
similar to those for which high protein genotypes are required

was emphasized by him.

The genetic value can be partitioned into its components
ﬁof additive, dominanée and epistatic effects. The presence
and magnitude of each of these components vary from cross to
cross. For example, Chapman and McNeal (1970), using Hayman's
analysis of six generations (Pl, P2, Fl, BCl and BC2) found
only two of the five crosses to have significant dominance
effect on this character. Additive genetic effect was found

to be highly significant in all five crosses and no epistatic
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interaction was detected. Crosses showing differing effects
EWere also reported by Bains et al. (1972). In their studies
involving an eight parents diallel, they found the dominance
effect significant in only three of the eight arrays. On
removal of these three arrays and on re-analysis of the re-
‘maining five arrays, only the additive effect was found to

be significant. Much of the dominance was attributed to the
presence of epistasis in the three arrays. Halloran (1975)
also recorded epistasis in his eight parents diallel analysis.
The strong epistatic effect detected was attributed to one of
the parents, ArgehtinevIX. Rémoval of this array removed
£he,epistatic effect.. Other. evidence suggesting the presence
of epistasis>Was‘prb§ided by Diehl (1978). Their results
failed to fit the Hayman's three parameters model of mean,

additive and dominance effects.

It is therefore evident that grain protein inheritance
in wheat varies between crosses. While only additive effect
is present in some, other crosses are capable of exhibiting

dominance and epistasis.

Studies of flour protein are fewer than those of grain
protein. This was pointed out by Kaul and Solsuski (1965).
The general lack of research in this direction is because of
‘the difficulty of extracting the flour in early generations.
The earliest recorded work on flour protein inheritance was
by_Thompson and Whitehouse (1962), who carried out a diallel
analysis of this trait and found evidence of interaction of
epistasis with environment. This was followed by Kaul and
Solsuski (1965) who worked on the six generations, Pl; P2,

Fl, F2, BCl, and BC2, derived from the cross Selkirk x Gabo.
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Heritability estimates were also calculated.from the F3, F4
Eénd F5 generations. Several methods were used to compute
the heritability estimates which were generally very high.
The lowest value was 66% for narrow sense heritability.
Lofgren et al. (1968) in their work involving Atlas 50,
Atlas 66, Triumph and Kaw, recorded flour protein inheritab-
ility of between 30% to 70%.  Sharma et al. (1973) using
the dye binding capacity method to measure flour protein,
found heritability estimates of only 26.7% to 27.9%.
Heritability estimates of flour protein are therefore as

~variable as those'of grain protein.

- Plant breeders in New Zealand have been conscious of
the need to iﬁpréve fhé profein content of New Zealand
wheats. As early as the 1920's, they have been attempting
to raise the quality of New Zealand bread wheat by breeding.
These efforts resulted in Frankel and Hullet (1947) releasing
the cultivar Hilgendorf. They ranked Hilgendorf as of out-
standing baking quality. Cultivar Hilgendorf was further
improved by backcrossing to incorporate mildew resistance.
This resulted in the release of Hilgendorf 61 (Copp, 1967),

which is still leading as a high protein wheat.

However, with the introduction of the semidwarf wheat,
Karamu, New Zealand was to face a wheat of extremely variable
quality (Langer, 1977). The importance of this variability
was highlighted by Malcolm (1977) who ggléi%gd grain N of
1.45% following July N application. When the same amount of
N was applied in September, the grain N was 2.55%. This

extreme variability has led plant breeders to seek alternative

cultivars. Two cultivars, Oroua and Rongotea with good grain
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protein content and baking quality, superior to Karamu,

Ghave been released for commercial production (McEwan, 1978).

6.1 INTRODUCTION

Prospects for breeding a cultivar with high yield and
protein content as high as Hilgendorf are good. This pro-
ject was initiated to study the nature of gene action on
flour protein content of New Zealand wheat cultivars. A
better understanding of the inheritance of protein content
can help in a systematic approach for breeding a cultivar
with improved protein content.

6.2 MATERIAL AND METHODS

Grains harvested in Experiments I .and,II, A, B, C and
D were used in this study. Grains were cleaned with a 2.0
mm sieve and 30 grams of grain from each family of each block
were equilibrated to 14% moisture. The grains were then
milled with a Brabender experimental mill. Approximately
two grams of the flour were used for protein determination by
the Technicon Near Infra Red Reflectance Analyser. The two
grams of flour were fed into the analyser via a disk with a
transparent glass cover. The flour protein content was com-
puted and printed out by the analysefvsoon'after the saﬁple
was scanned. The computation of the flour protein percentage
by thé analyser was based on the reflectance property of the
flour sample. The analyser was programmed to compute wheat
-flour protein. The efficiency of the Near Infra Red Analyser
for protein determination has been recorded by Klepper and

Wilhelm (1979).
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Hayman's (1954) analysis was used to study the
'féenetic variation*of'the Full Diallel Expefiments A, B, C
and D. The Half Diallel Experiments I and II were analysed
by Morley Jones' (1965) method. The covariance-variance
graphical analysis of Jinks (1954) and Mather and Jinks

- (1971) was applied to work out the adequacy of the additive
and dominance model and the dominance relationship of the
parents. These analyses were executed with the domputer

programmes Binhalf and Bindial (Appendices I and II).
6.3 RESULTS

6.3.1 F1 Generation Half and Full Diallel Analyses

The flour protein contents of the parents varied sig-
nificantly. The cultivar with the highest flour protein
content was Hilgendorf. ,Cultivaré Ruru and Karamu showed
low protein contents, while cultivar Kopara and Oroua had
‘intermediate protein contents. The percentages of flour
protein in the parents and in the Fl progenies are shown in

Tables 6.1, 6.2 and 6.3

The presence of highly significant genetic differences
in flour protein content is demonstrated by the highly signifi—
cant additive and dominént_effects, that is, items 'a' and 'b'
of the Hayman's analysis shown in Table 6.4. Moreover, the
additive effect 'a' is of a_greater‘magnitudé than the
dominant '5‘ effect. Of the components of the 'b' item,
only the 'b2' item showed significance in all three experiments.
This level of significénce suggests that the mean dominance

deviation of the F1l from the mid parental values within each
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“Table 6.1 Parent and Fl mean flour percentage - Experiment A.
1 2 3 4
1. Hilgendorf 15.63 14.31 15.76 12.74

2. Kopara 14.06 14.04 14.56 12.49

3. Oroua 16.57 14.80 14.63 13.76

4. Ruru 12.97 11.97 13.84  11.82
Standard Error of Mean = 0.4395

Coefficient of Variation =_4.44%

Table 6.2 Parent and Fl mean flour prdtein percentage -

‘Experiment B

1 2 3 4
1. Hilgendorf 16.30 13.95 15.63 12.64
2. Kopara ' 14.48 13.60‘ 14.61 -11.96
3. Oroua -16.22 14.86 14.89 13.54
4. Ruru 13.16 12.35 13.49 11.98
Standard Error of Mean = 0.2055

Coefficient of variation = 2.08%.
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Table 6.3 Parent and Fl mean flour protein percentage -

Experiment I.

1
1. Hilgendorf 16.61
2. Kopara
3. Oroua
4. Ruru

5. Karamu

Standard Error of Mean

Coefficient of Vvariation

-2 3
14.11 15.88
13.91 15.13

15.27

= 0.4172
= 8.50%

13.70
11.72
13.79
11.77

14.51
14.51
13.93
14.26

12.30



Table 6.4 Diallel analysis of variance, after Hayman '(1954) , and Half Diallel analysis,
after Morley Jones (1965), of flour protein content. '

Full Diallel ' Half Diallel

Experiment I II - III
~Item : af MS MS df MS
a 3 17.3299%** 15.8791k** 4 9.7093%%%
b 6 0.8781%x* 1.1211* = 10 1.5367*%*
bl 1 0.4931% 0.0115 1 0.2470
b2 3 1.5195%*%* 1.9887** 4 1.6120%*
b3 2 0.1085 0.3745 5 1.7344%%%
c 3 0.3549% 0.1358 - -
a 3 0.0192 0.2350 . - -
B x a 3 0.0111 0.5575 4 0.3516
B xb 6 0.1427 0.5918 10 0.3467
B x bl 1 0.0793 1.2083 1 0.2522
B x b2 3 0.2502 0.5659 4 0.3774
B x b3 2 0.0131 0.3324 5 0.3409
B x c 3 0.1286 0.1063 - -
B xb 3 0.0060 0.1726 - -
Block Interaction 15 0.0862 0.4040 14 0.3481
% P < 0.05 ** p< 0.01 ***P < 0.001

961
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array differs over arrays. This is because some parents
“contain more dominant alleles than others. The 'b3' item

is not significant in the Full Diallel (Experiments A and

B). It is, however, highly significant in the Half Diallel
(Experiment I). The significance of 'b3' implies the
presence of specific combining ability. This significance

can be attributed to the crosses Karamu x Ruru and Karamu x
Kopara. Both the Fl flour protein means exceeded their
respective mid parental values. In only one experiment,
that is the Full Diallel of Experiment A, were the items
'bl' and 'c' significant. Thé detection of significant
'bl' and 'c' is due to the extremely low block interaction
item used fof'teStinciEheir'significance (Table 6.4).
Therefore, significant directional dominance ('bl') and

maternal effect ('c') are not general.

In the test of the adequacy of the additive and domin-
ance model (Jinks, 1954, and Mather and Jinks, 1971), the Half
Diallel (Experiment I) failed to meet this restrictive model.
This was demonstrated by the joint regression analeis of
covariance (Wr) on variance (Vr) for the two blocks. The
joint regression was found to be non-significant (P = 0.1459).
The joint linear regression coefficient was 0.5448 with a
standard error of + 0.3262 (Table 6.5). This coefficient
was found to be not significantly different from 1.0 nor 0.0
(P = 0.4558 and P = 0.3770 respectively). This, together
with the high standard error, is indicative of the lack of
fit for the additive dominance model.  Epistasis could be
implicated in this absence of fit. The inter-acting array,
that is, the array contributing to this lack of fit, was found

to be Karamu. When the Karamu array was removed, the joint



Table 6.5 Joint regression coefficient of Wr-Vr gréph,testing the adequacy of
the additive-dominance model (Mather and Jinks, 1971).

Experiment Joint Rgg;ession SE . Probability Significance
coefficient , + from 1.0 from 0.0
A 0.8066 0.0971 0.1172 0.0011
B 0.9110 0.0949 - 0.4016 0.0007
I : 0.5448 0.3262 10.4558 0.3770
Without Karamu
array 0.8013 0.1187 0.5950 0.0807
C 0.8370 0.099%6 0 0.1771 0.0011
D 0.8883 0.1154 0.3878 0.0015
II 0.8826 0.0595 0.6473 0.0111

86T
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regression analysis of Wr on Vr for the two blocks was found
jlorbe'highly'significant'(P = 0.0025). Moreover, the joint
linear regression coefficient changed from 0.5448 to 0.8013
with a standard error of 0.1187. This coefficient was not
significant from 1.0 and approaching significance from 0.0

(P = 0.5950, P = 0.0807 respectively). The removal of the
Karamu array therefore provided an improved fit for the additive

and dominance model.

The adequacy of additive and dominance model for the
crosses without Karamu is shown by the analysis of Full
Diallel (Experimenfs A and B). In both experiments, joint
regression analysis showed high significance (P = 0.0011 and
P =0.0007 reépeéti&ely). ‘The joint linear regression
coefficients were also found to be not significant from 1.0
(p = 0.1172 and P = 0.4016 respectively), but highly signifi-

-cant from 0.0 (P = 0.0011 and P = 0.0007 respectively).

The covariance (Wr) - variance (Vr) graphical analysis
also enable the dominance relationship of the parents and
their average degree of dominance to be worked out. The
graphs of Figures 6.1 and 6.2 showed the regression lines
lying close to the 1imiting parabolas. It can therefore bé
inferred that the average dominance level is incomplete or
partial. It can also be concluded that the dominance is to-
wards low protein content. This concluSibn is drawn from the
fact that culivar Ruru the lowest protein parent,>hader—Vr
array values nearest to the origin, whereas the cultivar Hil-
gendorf had its values furthest away from the origin (Figures
6.1, 6.2). Therefore, cultivar Ruru carries the most dominant

genes whereas cultivar'Hilgendorf has the most recessive genes
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controlling this trait. Moreover, the dominance relaﬁion—
;Ehip“and»thewaverage partial--dominance shown by the parents
remained unchanged for all three experiments. Therefore,
time of sowing has not affected these genetic effects.
Similarly, an absence of effect of sowing time on the magni-

~tude . of the 'a' and 'b' items is also evident (Table 6.4).

6.3.2 Fl1 and F2 Generations Full Diallel and

F2 Generation Half Diallel Analyses

The mean flour protein contents of the families of
the second season,(Tableé.G.G, 6.7 and 6.8) showed lower
absolute valugs than;those of the first season (Tables 6.1,
6.2 and 6.3). However, the relative values of the parents
remained in the same order in all six experiments. Cultivar
Hilgendorf still maintained its high flour protein content,
while cultivars Kopara and Oroua had intermediate protein
conteﬁts. Cultivars Ruru and Karamu again recorded low flour
protein content. The differential effects of the environ-
ments on the flour protein status, as shown by the differences
in the absolute protein percentages between the two seasons,
are further emphasized by results in Experiments II, C and D.
Higher mean flour protein percentages were recorded in Experi-
ment I1 fhan Experiments C and D, although these three Experi-
ménts were conducted in the same.field. This difference was
due to the fertility gradient present in the field and was
observed as nitrogeﬁ-deficient symptoms during early vegetative

growth.

The Full Dialiel and the Half Diallel analyses of var-

iance, shown in Table 6.9, confirmed the high significance of



percentages - Experiment C.

1 2
1. Hilgendorf 13.40 12.92
2. Kopara 12.77 10.89
3. Oroua 12.62 10;82
4. Ruru ‘ 10.76 | 9.71

Standard Error of Mean = 0.3439
Coefficient of Variation = 4.34%

13.44

10.82

11.06

10.91

. 9.91
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" .Table 6.6. Parents and F1l generation mean flour protein

Table 6.7 Parents and F2 generation mean flour protein

percentages - Experiment D

1 2
1. Hilgendorf ' 12.95 12.00
2. [Kopara 12.52 11.50
3. Oroua 12.52 10.65
4., Ruru . 10.42 10.36
Sfandard Error of Mean = 0.3121

Coefficient of Variation = 4.00%

11.97
10.52

10.67

10.67
10.09
9.99
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Table 6.8 Parents and F2 generation mean flour protein

percentages - Experiment II
1 2 3

1. Hilgendorf 15.31 13.60 14.26

2. Kopara 11.55 12.25
3. Oroua 11.70

4, Ruru

5. Karamu

Standard Error of Mean = 0.2814
" Coefficient of Variation = 3.35%

12.19
10.99
10.37
10.37

12.04
11.56
11.20
10.30

10.31
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Table 6.9 Diallel analysis of variance, after Hayman (1954) and Half Diallel analysis,
after Morley Jones (1965) of flour protein content.:

Full Diallel - .. Half Diallel
Experiment af C ‘ D . af IT
MS MS . MS
a 3 16.4420%*% 9.3349%**% 4 14.7617%*%*
b 6 0.9106* 0.5620* 10 0.4357*
bl 1 0.0446 0.4988 1 0.0056
b2 3 1.2580% 0.3236 4 0.4655
b3 2 0.8224%* 0.9511* 5 0.4978%*
c 3 0.1706 0.1379 - -
a 3 0.0842 0.1465 - -
B x a 3 0.1284 0.2121 4 0.2321
Bxb 6 0.2154 0.1060 10 0.1289
B x bl 1 0.8559 0.0000 1 0.5568%
B x b2 3 0.0683 0.0153 4 0.1467
B x b3 2 0.1154 0.2951 5 0.0290
B x C 3 0.4438 0.4447 - -
B x d 3 0.1798 0.1054 - -
Block Interaction 15 0.2366 0.1949 14 0.1584
* P < 0.05 ** P < 0.01 *%* P <& 0.001

S0¢
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the 'a' or additive effect and the presence of the dominance
“or 'b" compoﬁent.' - However, of the components of the 'b'
item, the 'b2' item was significant only in Experiment C.
This contradicts the results of Experiments I, A and B.

An additional difference was the presence of a significant
'b3' item in all three Experiments (II, C and D) as compared
to the significance of 'b3' in only one experiment for the
first season (Experiment I). However, the 'bl’', l-c' and
'd' items were all not significant thereby éa;;irming the 2

previous conclusions on absence of directional dominance,

maternal effect and reciprocal differences.

.- In the fest forAthe adequacy of the additive and
dominance modél,Ausiﬁg the joint regression analysis shown in
Table 6.5, all three experiments (II, C and D) showed complete
agreement in confirming the adequacy of the model. The con-
clusions of the 4 x 4 Full Diallel.Experiments (C and D) in-
volving the Fl1 and F2 generations are similar'to,that,of the
4 x 4 Full Diallel Experiments (A and B) involving the F1
generation. However, the results of the Half Diallel Experi-
ment II involving the F2 generation contradict those of the
Half Diallel Experiment I involving only the'Fl_generation.
While the results of Experiment I showed the inadequacy of
the additive and dominance model due to the Karamu array, there
isvno such evidence iﬁ the F2 generation‘of the Half biallel |
in Experiment II. The inability in this season to detect
the expression of epistasis recorded in the previous season»
underlined the importance of the environment on the inheritance

of protein content.

The covariance (Wr) - variance (Vr) graphical analysis



207

Wr
1.
1
H.
§ Vr
--------- x---------x---------l---------1---------l-—-------;:
3.00 . .
F2 .flour protein
2,50
2,00
Wr

b = 0.8826 + 0.06

F.G. 6.3 The relationship between Wr and Vr for the Fl
and F2 generations for -flour protein.
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confirmed the dominance relationship of the five parents
;(Figures 6.1, 6.2, 6.3). The low protein cultivars Ruru

and Karamu occupied the positions near the origin indicating
that the low protein parents carried most dbminant alleles.
The high protein parents were positioned away from the origin
suggesting the presence of recessive alleles in these parents..||
The Wr-Vr line consistently cut the intercept above the
origin and approximétely the limiting parabola. This con-
firmed the average partial dominance recorded in the previous

season for flour protein content.

6.4  DISCUSSION

The ultimate objective of a quantitative genetic
analysis, such as this one, is to predict the outcome of a
Cross. This information could enable a breeder to plan
his crossing and selection strategies. It is evident, at
this stage, that for high protein selections, parents such as
Hilgendorf, Oroua and Kopara would be the most useful. The
'Jgenerally high additive effect of this high protein trait is
emphasized by the high narrow sense heritability estimates of
52%, 83.4%, 63.9%, 71.2%, 60.6% and 79.5% in our six experi-
ments (I, A, B, II, C and b) respectively. Progress in
early generation selection is therefore possible. A further
point of interest that can be drawh from this study is the
interactions of the environment with the expression of the
genetic components. The inconsistency in the expression of
significance of the 'b3' and 'b2' items in all six experiments
emphasized the role of the environment in the genetic éxpres—

sion of this trait. Moreover, the highly significant combin-
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ing abilities in the crosses Karamu x Kopara and Karamu x
ﬁuru recorded in Experiment I could not be duplicated in the
F2 studies of Experiment II. It must, therefore, be
cautioned that conclusions based on isolated experiments on
this trait could be too simplistic. Studies.should be con-
ducted over seasons and locations to arrive at a concensus
conclusion. The difficulties of studies of this nature have
beeﬁ highlighted by Halloran (1975). Thompson and Whitehquse
(1962) have found similar inconsistencies in their genetical
studies on flour N. While they found the additive and domin-
ance model‘adequaté in two locations, they also recorded

epistasis in two other locations.
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CHAPTER 7

A CORRELATION AND PATH COEFFICIENT ANALYSIS
OF YIELD COMPONENTS AND RELATED TRAITS

IN SOME NEW ZEALAND WHEAT CULTIVARS

7.1 INTRODUCTION

An adequate understanding of the interrelationship
among various traits is vital in the practice of crop breed-
ing. =~ In wheat simple correlations of morphological and
yield relateducharac;ers have been provided by various -
workers (Fonseca and Patteréon, 1968; Hsu and Walton,

1970; Paroda and Joshi, 1970; Dougherty et al., 1975;

Scott et al., 1977). ‘The correlation coefficient of spike
number with yield has been shown to be high by these workers.
‘They also recorded moderately high correlation coefficients
for grains per spike and average grain weight with yield.

| Bhatt (1973), however, cautioned that, although these corre-
lation coefficient estimates provided some understanding of
the reiationship between yield and its components, they did
not provide an exact picture of the relative importance of
thg direct contributions of each of the traits towards yield.
The.patb coefficient anélysis can be used effectively to pro-
vide measures of the direct and indirect effects of the com-

ponents of yield and related traits on yield.

The path coefficient analysis was first proposed by
Wright (1921) and further described by Li (1955, 1956). The

earliest application of path coefficient analysis to a plant
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breeding study was discussed by Dewey énd Lu (1959).
“Workers like Fonseca and Patterson (1968) , Paroda and Joshi
(1970) and Bhatt (1973) had found the application of path

- coefficient analysis useful in elucidating the direct and
indirect effects of various yield component traits on wheat
yield. Fonseca .and Patterson (1968) showed the number of
spikes per plant to have a high and positive direct effect
on yield per plant. Similar conclusions on the importance
of the direct effect of spikes per plant were made by Paroda
and Joshi (1970) and Bhétt (1973) . Bhatt (1973) also found
grain weight to have a strong direct effect on yield. Grain
number per spike also exertedVSignificant direct contribut-

ion to'grain:yield per plant (Fonseca and Patterson, 1968).

7.2 MATERIALS. AND METHODS

The simple correlation coefficient can be partitioned
by the path coeﬁficient analysis into components of direct
effect and indirect effects. The direct effect component
is termed the path coefficient and is simply the stahdardized
partial regression coefficient, and it measures the direct
effect of one variate on another, Furthermore, because of
the standardization, the standardized partial regression
coefficients or the path coefficients can be used to provide
an estiﬁation of the relative importance of different in-
‘dependent variates on a dependent variate. The use of the
path coefficient analysis demands a cause and effect situat-
ion and is ideally suited for the analysis of the effects of
yield components and related traits on yield. In this
study, four yield components and two yield related traits

form the causal system and the yield (weight of grain per
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FIG. 7.1 Path Diagram of Yield and Yield Related Traits.

Path Coefficients Correlation Coefficients

Height of Main Stem (cm)

. Length of Spike of Main Stem (cm)
Number of Spikelets of Main Stem
Average Weight of Grain (g)

Average Grain Number per Spike =
Number of Spikes’

Yield Per Plant (g)

}q AW N
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plant) represents the effect in this model.

In the path diagram (Figure 7.1), mutual associations
are represented by the correlation of coefficients, rij, and
direct effects are measured by the path coefficients, Pij.
The path system is governed by the following relationship

- between correlation and path coefficients.

P67

rl7 P17 + rl2* P27 + rl3* P37 +rld* P47 +rl5*% P57 + rle*

xr27 P27 +rl2* P17 +r23* P37 +r24* P47 +r25% P57 +r26* P67
r37 P37 + r23* P27 +r13* P17 + r34* P47 + r35* P57 +xr36* P67
r47 P47 +x34* P37 +r24* P27 +r14* P17 +rd5*% P57 +r46* P67
r57 .P57-+r45* P47 + r35*% P37 +r25*% P27 +r15* P17 +r56* P67
r67 P67 + r56% P57-Fr46* P47 +r36* P37 +r26* P27 +rl6* P17
The path coefficients in this system can be obtained by

solving the above simultaneous equations. In this study, the
measurements were made on 300 individual plants from 15 geno-
types (Experiment I) and were analysed by the computer pro-
gramme BASIS. The output from BASIS includes the simple
correlation matrix and the beta coefficients which are the
standardised partial regression coefficients or the path co-
efficients. ?he indirect effects of each trait on yield, .
were obtained by multiplying the respective path coefficients
with the correlation coefficients as in the equations above:
The respective bath coefficients and thé indiréct componenté

were summed to‘tally the correlation coefficients of the

respective -traits with yield.



Table 7.1 Path-coefficient analysis of traits contributing to grain yield in five

‘parent diallel in wheat.

Direct Effect

‘ Indirect Correlation
Pathways of Association path coefficient effect coefficient
(P) (P x r) (r)

Spike length vs yield
Direct effect -0.01963 _
Indirect effect via height 0.00054
Indirect effect via spikelet no. -0.00307
Indirect effect via average grain wt. -0.05040
Indirect effect via grain/spike 0.32565
Indirect effect via no. of spike/plant 0.08796

Total 0.3397
Number of spikelet/spike vs yield
Direct effect , -0.00421
Indirect effect via spike length 0.00076
Indirect effect via height ‘ -0.01429
Indirect effect via average grain wt.: -0.07915
Indirect effect via grains/spike ' 0.37023
Indirect effect via no. of spike/plant 0.16381

Total 0.4276
Average grain weight vs yield
Direct effect 0.53771
Indirect effect via grain/spike -0.1080
Indirect effect via no. of spike -0.07367
Indirect effect via spikelet/spike 0.00062
Indirect effect via spike length 0.00184
Indirect effect via height 0.00289

Total

0.3546

A4



Table 7.1 (cont'd....)

+

Direct Effect
Pathways of Association path coefficient
(P)

Grains per spike vs yield
Direct effect . 0.73146
Indirect effect via no. of spike
Indirect effect via height
Indirect effect via spike length
Indirect effect via spikelet/spike
Indirect effect via average grain wt.
Total

Number of spikes vs yield
Direct effect ' 0.75098
Indirect effect via grain/spike
Indirect effect via height
Indirect effect via spike length
Indirect effect via spikelet no.
Indirect effect via average grain wt.
Total

Height vs yield
Direct effect -0.01194
Indirect effect via spike length
Indirect effect via grain/spike
Indirect effect via spikelet no.
Indirect effect via average grain wt.
Indirect effect via. no. of spike/plant
Total :

Indirect
effect
(P x 1)

-0.14291
-0.00175

-0.00870

-0.00207
0.080121

-0.13918

- 0.00064

-0.00230
0.00093
-0.05270

0.00054
-0.00027
0.13034
+0.10708
-0.04025

Correlation
coefficient

(xr)

0.4959

0.5565

0.1864

ST¢C
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7.3 RESULTS AND DISCUSSION

Details of the path coefficients, indirect effect
components and correlation coefficients are shown in Table

7.1.

Effect of Spike Length and Spikelet Number Per Spike
On Yield

Spike length ahd spikelet number were found to have
correlation coefficients of 0.3397 and 0.4276 with grain
weight per plant respectively. However, the path analysis
revealed the negligible direct effects of both these traits
on yield. Their path coefficients were -0.0196 and -0.0042
respectively: The ﬁoderate correlation coefficients
between these two traits and yield were mainly attributed
to their effects via grain number per spike. The indirect
effects via grain number per spike were 0.3255 and 0.3702

respectively.

Effect of Average Grain Weight, Grains Per Spike and Numbef

~of Spikes on Yield
Average grain weight, grains per spike and number of

spike expressed moderate to high association with grain yield.
Their correlation coefficients with grain yield were 0.3546,
0.4959 and 0.5565 respectively._ Strong direct effects were
registered by all three traits on yiéld per plant. Average
~grain weight had a direct effect or path coefficient of
0.53771, whereas for grain number per spike and number of
spikes per plant, the path coefficient were 0.7315 and 0.7510.
This underlined the relative importance of these threé on

yield per plant. ' Grain number per spike and number of spikes
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were the two major and equal components of yieid with average
grain weight of grain followed in third order of importance.
A further point of interest that can be deduced from this
analysis is the compensatory nature of thesé three major
yield components, For example, the strong direct effect of
average-grain weight -was substantially reduced by its indirect
path via grains per spike. This indirect effect was of the
order.—0.108. More evidence on the compensatory effects of
these components was provided by the other two traits, grain
number per spike and number of spikes. Grain number per
spike had a negative indirect éffect, via number of spikes,
of -0.1429, Qhereas number of spikes had an indirect effect

via grains pér spikefof ~0.1392.

Effect of Plant Height on Yield

The correlation coefficient of plant height with
yield was 0.1864. The path coefficient analysis showed
height to have a very small direct effect on yield of 0.0119.

However, this observation is contrary to the high positive

"correlation recorded between height and yield (Law et al.,

1978). This apparent anomaly can be explained on the basis

of the genotypes used in this study. The semidwarf cultivars
used in'this'study had been highly selected for yield and
lodging resistance. It is therefore to be expected that the
association between height and yield would be low. The high
correlation be?ween height and yield recorded by Law et al.
(1978) was on segregating populations of F3, F4 and F5 gen-
erationis in a cross between Cappela-Desprez and Besostaya I.
This observation has led them to propose the breeding‘of "tall

dwarfs". This involves a strategy of maintaining the genetic



218

variation of tallness and therefore the correlated effect
“of height and yield and a parallel introduction of dwarfing

genes to prevent lodging.

The path coefficient analysis is thus useful in
identifying the traits that contribute directly to yield.
It gave a somewhat different picture from that of the simple
correlation coefficient. For example, the simple correlat-
ion coefficients between spike length, spikelet number and
yield indicated a moderate association. The path analysis,
however, help to expose the absence of any direct effect of
these two traits oh yield. On the other hand, the path
analysis reinforced the association between average grain
weight, grainé pér épike and number of spikes per plant with:
plant yield.  The importance of grain number per plant and
spikes per plant had.been demonstrated by Scott et al. (1977).
They showed that the most obvious method of producing a large
number of grain per unit area was by improving grain number
per spikélet and maintaining a high spike density through
reduction in tiller mortality. Dougherty et al. (1975) in
fitting yield components against grain yield by stepwise linear
regression technique, found spikeléts per spike, spikes per
m2, grains per spikelet and average grain weight ranked in de-
creasing order of importance. The role of spike number and
Qrain'number per spike as major yield determinants has been
emphasized by Langer (1976, 1978) when he proposed that the
"critical time to influence yield was when the growth processes

involved in determining these components were in progress.

With the identification of the major yield determining

traits, the agronomist can improve yield by strategically timing
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his fertiliser and irrigation applications to influence the
“main determinants of yield.  The plant breeder can do
equally well by concentrating in his breeding programmes on

these important traits.
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CHAPTER 8

EPILOGUE

- 8.1 - CRITICAL EVALUATION OF - THE BIOMETRICAL METHODS

The application of quahtitative genetical methods
to understanding the inheritance of wheat has been considerable.

-

Interest in the application of quantitative genetical ﬁp%iQIQQ
analysis has developed since the publications of Jinks and

Hayman (1953), Jinks (1954). These papers discussed the
application of genetic algebré to plaht breeding and have

opened new directions to plant breeders seeking methods for
evaluating their crosses. The need for such quantitative

methods was shown py th?i;/rapid and widespread acceptance

by plant breeders wﬁﬁfééﬂguse, 1958; ©Lupton, 1961]; Crum-

packer and Allard,’ 1962; Johnson, 1963). More recently,

other biometrical methods allowing for more refined understand-

ing, including the detection of epistasis, have been utilised

(Ketata et al., 1976b; Singh and Singh, 1976; Snape et al.,

1977) . Conclusions derived are as diverse as the available
methods. - The contradictions are so widespread that conclus-
ions derived from the same method are often conflicting. This

absence of agreement has often been attributed, sometimes
rightly so, to differences in the genetical background of the

parents and genotype environmental interactions.

It is the intention of the following passage to high-

light and evaluate some aspects of our limited experience with
\

the three biometrical methods discussed in the previous chapter.
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8.1.1 High Sampling Variances

Genetical studies are often conducted with small
sample sizes when availability of crossed seeds and the need
to restrict family replicates to manageable proportions are

major constraints. This handicap often results in high

- within family variances for complex trait such as yield.

These high within family variances, often unreported, could
explain some of the conflicting reports. The problem can
be illustrated by our study of grain yield per plant.

This trait has consistently showed a high coefficient of
variation of between 20 to 30 per cent. The family means
defived'from,these experimepts therefore are likely to be
biased. In the Covariance (Wr) and Variance (Vr) graphical
analysis of the Half Diallel, the use of such bias means
(simulating a genetic effect) will greatly inflate the
variance and covariance terms leading to an absence of fit to
thé'additive and dominance model. On the other hand, the
high within family variances, which are pooled to test for
the presence of epistasis, in both the Scaling Tests and the
New Triple Test Cross analyses, will enhance the difficulty
of obtaining a significant epistasis. Contradictory and
misleading results can therefore be produced by different

biometrical methods under high sampling variances.

8.1.2 The New Triple Test Cross Analysis

Perhaps one of the major criticism that can be directed
at the method of Chahal and Jinks (1978), is the use of two
statistical approaches for testing the significance of the

additive, dominance and epistatic comparisons. The signifi-



222

cance of the additive and dominance comparisons is tested
“by the~rigorousraﬁalysis of variance (Method I) while the
significance of ﬁhe epistatic comparison is tested against
the pooled variance derived from the variances of the back-
cross, Fl and parental family means (Method II). Method IT
is a less stringent test compared to Method I and often a
significant epistatic effect detected by Method II cannot be

reproduced by Method I.

In practice, the need to resort to the less stringent
statistical approach of Method II is necessary and may be
explained By the inherently low magnitude of epistatic
effects. However, to ensure comparable conclusions it may
be more satisfactory—té test all three comparisons, additive,
dominance and epistatic, by the less stringent Method II.
This may possibly avoid the situation where detection of sig-
nificant epistasis by the less stringent test is accompanied

by absence of significant dominance or additive effect.

The less stringent Method II for testing epistasis
~.has, however, provided realistic and confirmatory conclusions
to those results obtained by the Half Diallel, the Scaling
Tests and the Curlinear Regression analyses. For instance,
the Half Diallel analysis on plant height on the five

parents (except Atlas 66), has provided evidence for the
adequacy of the additive and dominance model.. The New Triple
Test Cross analysis on.plant height on the parents without
Atlas 66 has also shown no evidence of epistasis. This con-
current evidence suggests the use of the liberal Method II is
sufficiently conservative to detect an absence of epistasis.

Furthermore, when the Atlas 66 and Karamu cross is included
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in the analysis, Method II was able to detect the presence
“of epistasis. - Unfortunately, no Half Diallel analysis
involving the Atlas 66 family was available to confirm the
significance of epistasis. A separate méthod, a Curlinear
Regression analysis (Li, 1964) (not reported in this thesis),
was used to verify the absence of fit for the additive and
dominance model for the Atlas 66 cross. Significant linear
and quadratic regressions confirm the léck of fit for the
additive and dominance model for plant height in the cross
involving Atlas 66 and Karamu. Further confirmation of the
presence of epistatic effect for plant heighf in the Atlas 66
and Karamu cross was préVided_by,the significant i, j, and 1
estimates. .Signifiéaﬁce_of these terms indicates epistasig

(Mather and Jinks (1971).

The £ests by Method II of the New Triple Test Cross
have also shown satisfaétory'agreement with the Half Diallel
analyses for traits such as spikelets per spike, grains at
P10, grains per spike, spike per plant, 1000 grain weight and

spike length.
8.2 SUMMARY

8.2.1 Multiplicative Epistasis

Three principal components of yield, spikes per plant,
1000 grain weight and grains per~s§ikes, have complex genetical
control inﬁolving epistasis. The yield component approach
has therefore not entirely resolved epistésis. Howeyer,
~grains per spike can further be resolved into grains at individ-

ual spikelet position and number of spikelets per spike.
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This partition has resolved the multiplicative epistasis
ffor‘graihs‘per spike. Grain number at a particular spikelet
position, as exemplified by spikelet position ten (P1l0), is
controlled by mainly additive.genes, whereas spikelet per
spike is under additive and dominance control. This evidence
of multiplicative epistasis can possibly explain the failure
to fix the large spikes in early generations. A strategy,
based on the selection of the subcomponent of grains per
spike, is proposed. Early generation selection should be
concentrated on fixing the additive genes controlling grain
number at each spikelet positibn. This method could possibly
lead to a yield increase if component compenSation is not com-

plete.

8.2.2 VYvield Per Plant

As discussed in the previous section 8.1.1, different
biometrical analyses éf this highly variable trait have given
conflicting conclusions. Therefore, no understanding of the
‘nature of gene action can be reached by the present stddy.
Ample evidence has, however, been presented on the difficulty
of obtaining a unified conclusion under the present sampling
technique. It is suggested that future work for this trait
should be carried out with a greater sample size to overcome
difficulties b?ought about by high sampiing variances. As
the increase in sample size will rapidly increase the work
load to an unmanageable level, experiments should be designed

solely for the study of this single important trait.
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8.2.3 Plant Height

Plant height is under the control of additive and
dominance genes for all the cultivars studied except Atlas
66 which expresses duplicate type epistasis. This type of
epistasis is particularly unsuitable for selection of inbred
line. This suggests therimpracticality of the 'tall dwarf'
breeding strategy for the créss involving Atlas 66 and Karamu.
The 'tall dwarf' model can, however, be gainfully utilised in
crosses among the semidwarf and standard height cultivars
- studied here. This is because the semidwarf cultivars possess :
the major dwarfing genesrand height is under mainly additive
gehé contrbli The major dwaffihg_genes can be fixed in early
generation, while the selection for the tall.genes can be
delayed until later generation, thereby meeting the require-

ments of the 'tall dwarf' selection strategy.

8.2.4 Spike and Flag Leaf Length

Spike length has been shown to be under additive and
dominance gene control, with considerablerérésééct for response
to selection. There is scope for indirect increase in photo-
synthetic area above the flag leaf through increase of spike
length. However, the direct contribution to yield improvement
of increased spike length is doubted because of the over-riding

importance of spikelet density and floret fertility.

8.2.5 Flour Protein

Flour protein content is controlled by mainly additive

effect as shown by the high narrow sense heritability recorded
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in this study. This suggests good scope for early response
7;0 selection for this trait. Cultivars such as Hilgendorf,
Kopara and Oroua should be most useful for high protein
selection. However, the detection of epistasis in one of
the two seasons in the crosses involving Karamu emphasized
the existence of genotype'environmental interaction for flour

protein. This highlights the need to conduct such studies

over a range of environments.

8.2.6 Path Analysis of Yield and Related Traits

In this spaced planted study, -spikes per plant and
'gréihs per spike have been shown.to have strohgvdirect influence
on yield per plant. The other yield component,, 1000 grain’
weight, was found to have a moderate influence whereas spikelet
per spike was found to have no direct effect on yield. The
moderate correlation between spikelet per spike and yield was
due mainly to the indirect effect via_grainsiper spike. The

two morpho-physiological traits, plant height and spike length,

also recorded negligible direct effects on yield.
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FUNCTLON FISHER(H,H,X)

SUPNHUKT TG CALCULATE PRODBALITY THAT F=RATIO GREATER THAN X
ARGUHENTS ¢ M IS Dotfe FOR TREATUEUTS, d IS DF-FOR ERRAR AND X IS
CALCULATED F=RATIO

0) GO TO 110 K

L"

IF(X. .
INTEG. ,
A=A ( ~H42
B=2%(0 -t
w44 AlCil)
2=1,0 0+i)
1°(A. .AQU H EQ,1) P=SORT() .
TECA, YAUDLLEOLT) D=0.3183093867 $72/P
1F(CA, .AHU.O.IO.J) P=O.6366107724 YATAMN(P)
1(A, WAND LI 1) PESOURT(WEL)
1P (A, CRADIDLNEL L) DRULS ¥ P F z/w
A, LA Rh.ECLL) P=SORT(Z)
LTECALI AR DGO )Y DS0.% ¥ 4 % P
1F (A, .ﬁ'!.ﬂ.nQ 1) P=3~p
TECA,: .nlﬂ.b.uP.l) =247
(A, JAHD LB LHE L 1) Pzyik?
Y=2.0 Z
TE(A . 1) GO OTO 90
IFC Be2 JGT, H) un T 9%
Do 80 B12,H
D 0+ A/{LHAI(J -2))¥D¥7%
P +D * (\ -
CONTLINUR
G0 T0_ %%
AR = Z¥¥((N=-1)/2)
D = ZK ¥ /8
p = ZK + W ¥ Z ¥ (ZK =-1)/(Z -1)
Y = W x 7
2= 2.0 ‘
B =i -2 -
IF(C A+2 ,GY, MY GO TO 105
DO 100 1 = A+2,M,2
J =1+ 1.
D =Y + D ¥ J/FLOAL(I-2)
P =P -7 % D/J
COMTINUR . )
1F¢ P ,GT, 1,0) P = 1,0
1F(P LT, 0,0) P = 0,0
FISHER =1 - P
RETURM
FISHER=1,.,0
RETURN
END
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APPENDIX V 257

BINGRAPH

Bingraph is a programme for plotting the Wr-Vr graphs.
The subroutine graph is not included here. It is avail-

able at the Lincoln College Computer Centre.

DIKEHNSING Y (5
1 READC(S,90,0ED

90 FORMEL(1IA).
RbAD(%,,,tlD 2)1F, (\R(l),l-!,IP)
COWT LW
thlAl(*li 1) . )
RbAk%H,]“,luD=39)(T1TLH(k),h=1,lb)
SO o !
FORMAT (10: 8
viRLTHE(b,13)

13 FORFAT ( 1’ g !
READ(S,9,10.0
9 "ﬂl1]l'F

X(b4 ), ¥R(9),VR(9),TITLE(16)

)
D ON

ITLE(K) ,K=1,16)

5,16a5,

)
(
1%, T1 /)
29)Jr,(VP(l) I=1,1F)
79

T
X

REARN(S,19,Fub=79)Ve, (CEPT, RL(C SKIFEGC
79 CuntryLE ‘
19 39¥”?{§4F2;é% YCEP T, FEGE, SERPEGS
Wt ITE(6,6 / Nt 3¢ 'C
69 FDR%AT('G','TﬁH wAefETAL VAKLAGCE 1S',F15, 4,//'Tnﬁ,Y INTERZEPT 18*
¥ 15.4,7/7° UHE FEGEESSTON CnlrrlCll'T IS5, F15.4,'Sk’,F15%.4,7/)
- JRSUIIZ0 40 _
po 10 1=1,1F
VESUM=VRSUMEVR(T)
Y(l,1)=ws(1;
X(I,1)=vikQl
10 COKRTLI-UE
VRA=SVRSUr/ L F
DO 20 J=1,10
XJI=(Vila/S.0) % ((J=1)+1)
Y(J,2)=5001((VP2XJd)) .
X(J,2)=xJdJ
20 COVNTINUL
CALL GRaAPH(Y,X, 2 9,10,,.025,0,1,1,1,1)
GLU 70 1
3 sTOP
END
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TABLE A Mean plant height of the parents (Pi), common tester (Pc),
F1l, F2 and backcrosses (Bl, B2) -~ Experiment IIT

Parents Hilgendorf Kopara Oroua " Ruru Atlas 66
Pi 106.6 107.6 100.7 87.2 143.8
Pc 89.8 89.9 89.0 88.9 89.5
Bl 104.0 106.0 96.1 93.2 138.7
B2 100.2 100.3 93.3 9l1.6 111.6
F1 105.6 111.7 99.3  94.0 129.2
F2 100.2 103.8 93.5 88.5 117.2

Standard Error of Mean = 1.57
Coefficient of Variation = 10.11%

TABLE B Sums of squarés of comparisons for detecting epistasis on

plant height

parent (fi) Ai Comparison Bi Comparison
Sum of Squares Sum of Squares
Hilgendorf ‘ 155.75 217.46
Kopara 481.66 7.04
Oroua , 557.89 26.76
Ruru 251.12 0.29
Atlas 66 175.47 175.83
Total 1621.59 427.39
Mean Square 36.04 9.50
Pooled Variance 13.64 15.44

F Ratio 2.64% ' 0.62

*%% p<0.001 *% p<0.01 *p<0.05



TABLE C Scaling tests and estimates of parameters

Trait

Parent (Pi)

Test
A

B
C
S

Estimates
m
a
h

Joint Test
m
d
h
x2(3)

*p<0.05

1000 Grain weight

Ruru

2.13
-4.79
-13.79
-1.72

33.75
0.06

18.26

6.87

2.66.

0.06

40.30+0.36
0.150+0.36
10.78%20.73
12.41**

*%p<0.01

Plant
Atlas 66

4.41
4.42
-22.81%
—7.91%%*

84.,98%%*
27.14%%*
B4.74%**
31.64%*
-0.00
-40.48%*

116.94%0.67

27.4210.67

12.51%+0.01
9.46*

*%% <0, 001

Height

Oroua

=-7.87

-1.72
-14.37*%

-1.19

90.05%**
5.82%%%
4.45
4.78

-6.15
4.82

94.45%0.49
5.61%0.49
4.68%0,62
9.84%*



height

Source of variation

Mean
Additive
Deviation
Block
Error

Total

af

o N b O

15

Ss

265.7492
379.0764
113.3272
0.2312
41.0338
420.3415

ms

265.7492
75.8153
28.3318

0.1156
5.1292

F

51.8108
14.7810
5.5236
0.0225

- TABLE D The analysis of variance for the dominance value for plant

Prob

0.0001
0.0007
0.0197
0.9778

The estimate of the dominance value is 94.2481

TABLE E The analysis of variance for the additive value for plant

The estimate of the additive value is 220.1393

height

Source of variation af ss ms F Prob
Mean 1 498.0097 498.0097 83.0441 0.0000
Dominance 5 855.2921 171.0584 28.7304 0.0001
Deviation 4 357.2824 89.3206 15.0020 0.0009
Block 2 14.9825 7.4912 1.2582 0.3349
Error 8  47.6313 5.9539 - -
Total 15 917.9059 - - -



TABLE F Mean 1000 grain weight of mainstem of parents (Pi), common

tester (Pi), F1l, F2, Bl and B2 families - Experiment III

Parents

Generation

Pi
Pc
Bl
B2
Fl
¥F2

Hilgendorf Kopara Oroua-

46.3 39.6 38.4

40.5 41.8 42.3

48.3 41.8 41.7

45.5 39.3 39.3

48.4 41.3 42.8

45.2 40.7 41.1
=-0.9021

Standard Error of Mean

Coefficient of Variation = 14.17%

Ruru

40.7
40.6
45.3
43.9
52.0
42.9

Atlas 66

37.6
40.3
42.3
40.7
44.8
41.2

TABLE G - Sums of squares of comparisons for detecting epistasis on

1000 grain weight of the mainstem.

Parentq(Pi)

Hilgendorf
Kopara
Oroua

Ruru
Atlas 66
Total

Mean Square

" Ai Comparison

Pooled Varianqe

F Ratio

*p<0.05

sums of squares

31.88
68.36
40.88 |
40.84
36.61
218.57

4.86
3.03
l.61

*%p<0.01 ***p<0, 001

Bi comparison
sums of squares

40.34
173.59
372.28
206.69
120.68
913.58

20.30
4.69

4.32%%%



POSTSCRIPT

5.3.3 The New Triple Test Cross and Scaling Test Analyses of

Plant Height.

In the above analyses, the Block I values for the Atlas 66
BC2 family have been read for computation as the BCl wvalues and vice
versa. The interpretation and discussion in Chapter 5 have been based
on these analyses and should be read with this in mind. A re analysis
with the backcross families in their right order is presented in tables
A, B and C. A significant deviation from the conclusion of the previous
analyses is the absence of epistasis in the Atlas 66 family. This
is shown by the non significant A and B Scaling Tests and the low
contribution of the Atlas 66 array to the Ai and Bi sums of squares.
However, of the two epistatic comparisons, the Ai comparison
is still significant suggesting presence of non allelic interaction.
This can be attributed mainly to the Kopara, Ruru and Oroua arrays.
This significant test for epistasis is, however, not supported by
the A and B Scaling Tests which were not significant except for the
A test of the Kopara array. Moreover, the estimates of the (i), (3)
and (1) epistatic terms were all not significant. The additive and
dominance model is therefore acceptable and the additive and dominance

values can be estimated as in tables D and E.

4.3.3. The New Triple Test Cross and Scaling Test Analyses of 1000

Grain Weight.

The high mean value for the B2 family of the Ruru Cross (table
46) has been traced to a tabulation and card punching error. The
corrected analyses are presented in tables C, F and G. In contrast

to the original analyses of Chapter 4, the re analysis showed signi-



ficance only for the Bi comparison. The significance for this com-
parison can be traced to-the Oroua and Ruru families. The Scaling

Test Analysis also indicated significant B test for these two families.

ERRATA

page 3, line 18

Pioneering studiés by Palmer (1952) showed selection for grain weight
- . to be successful but selection for yield and other yield components

was not.

Palmer, T.P. 1952 Population and selection studies in a Triticum

o cross Heredity 6 : 171 - 185

Page 220, line 10
by plant breeders (Copp and Wright, 1952)
Copp, L.G.L. and Wright, G.M. 1952. The inheritance of kernel weight

in a Triticum vulgare Cross. Heredity 6 : 187-199

Page 10 Materials and Methods

Experiment A, B, C and D were four experiments involving the 4 x 4
full diallel crossing of cultivars Hilgendorf, Kopara, Oroua and
Ruru. Experiment A and B were Fl families planted in June and August
1978 respectively. Experiment C involved the Fl families while
Experiment D consisted of the F2 families and they were raised in
August 1979. The plants were all spaced planted as in Experiments

I, II and IIT and two replicate blocks were grown per family. The
grains harvested for each family in each replicate block wére used

for the diallel analysis on protein content.
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