Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



PATTERN ANALYSIS OF GENOTYPE X ENVIRONMENT
INTERACTIONS AND COMPARISONS WITH
ALTERNATIVE ANALYSES

A thesis presented in partial fulfilment
of the requirements for the degree
of
Master of Science
in
Plant Science
at

Massey University

Carol Cullen
1981

BEIEE 1 ¥



(1)
Abstract

The occurrence of genotype-environment interactions is
a problem affecting the interpretation of cultivar trials.
Several analyses have been used to try to resolve the
inconsistencies of cultivar performances which occur when

these interactions are present.,

An assessment of several techniques was carried out using
three sets of data. Two sets of barley data came from one
gseason's trials covering the barley growing areas of
New Zealand., Ten wheat cultivars were tested in four

locations in the lower North Island in two seasons,

The analyses which were examined were Analysis of
variance, linear regression, Cluster Analysis and Principal
Component Analysis. The parameters cf Wricke, Hanson and

Eberhart and Russell were also studied.

The Analysis of Variance revealed significant location,
genotype and genotype-location interaction effects for the
barley data. The wheat data had significant years, years x

locations, genotype and genotype-year interactions effects.

There was a strong linear relationship between the
genotype means and the environmental index for the Finlay-
Wilkinson regression analysis. Following refinement of the
error term Birg with significant differences from 1.0
could be seen for several Barley and Wheat genotypes., It was
noted that a conflict existed between the aim of finding

significant differences from 1.0 and the assumption of
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independence of effects for the underlying model., It was

suggested that an independent measure of environments be used.

The parameters of Wricke, Hanson and Eberhart & Russell
were each related to different concepts of stability and the
genotypes ranked accordingly. The three parameters gave

reasonably consistent results for the rankings of the cultivars.

In the barley data the cultivars Goldmarker and Magnum
had uniformly low rankings. The wheat cultivar Gamenya was
generally found to rank highly. These were measures of
variability over environments so a high ranking infers a low

level of variability and vice versa.

A comparison of the different clustering strategies
available was carried out and Wards Incremental Sums of Squares
method was chosen as the major strategy. This was applied to
each data set using both genotype-environment effects and means.
A probabilistic cut off measure was used for truncation of

the dendrogram,

The clusters formed could be related to the previous
analyses and seemed to adequately summarise the different

responses present,

A Principal Component Analysis was carried out and the
number of components needed to account for 75% of the total
variation were examined, For the barley data sets relatively
large numbers of components were needed for this (five and six).

This made interpretation and presentation of the genotypic

performances difficult, For the wheat data two components
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explained a satisfactory level of the total variation and the
arrangement of the genotypes on these two axes agreed closely

with the clustering results,

Varimax rotation did not aid greatly in the interpretation

of the components,

It was felt that the roles.of these different analyses

were complementary in interpreting genotypic performances.
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Introduction

In order to assess the worth of a potential cultivar a
Plant Breeder will carry out a series of trials which are
designed to give an estimation of its relative performance.
Ideally the trials should cover the range of environments,
both sites and seasons, which will be experienced by the

cultivar when grown commercially.

Decisions based on the results of these trial systems
become confounded when genotype-environmental interactiocns are
present, These interactions are eseen as inconsistencies of
relative genotypic performances over environments and mean
that comparisons of genotype means are not a true indication

of the situation.

The occurrence of genotype-environment interactions has
been reported in many crops over a long period of time and
has resulted in several different analyses being proposed to
handle them (Hill, 1975). The adaptability of a genotype is
a concept concerned with its responsiveness to environmental
change, This is closely linked to genotype-environment
interaction problems and some measure of adaptability has

been the aim of some of these analyses,

The aim of a plant breeding program may be for specific
adaptation to a particular environmental range or general
adaptability to a wide range of environmental conditions,

Some measure of adaptation will therefore be important,



Parameters designed for this purpose have involved analysis
of variance technigues, partitioning into variance components
and regression analysis., A more recent approach has been
to describe the pattern of response of a genotype. This
has involved the application of several multivariate analyses
to trial data, using each test environment as a variable in

the analysis,

This study has been designed to assess some of these
methods in an attempt to identify the advantages and weaknesses
of each. Of particular interest are the Patiern Analysis

techniques since these are relatively untried in this field,

The data which has been used comes from regional trials
for the evaluation of wheat and barley cultivars in New Zealand.,
interpretation of these for the various stability and
adaptability concepts has been carried out and related to

the New Zealand situation,
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Chagter ] Literature Review

1«1 Introduction to the concept of genotype x environment

interactions
[}

In any plant breeding program assessments have to be made
on genotypic performance, These assessments are made on
phenotypic measurements reflecting both genetic and non-

genetic components,
i.e. Fhenotype = Genotype + environment.

Unfortunately these nongenetic effects are not independent

of the genetic effects as is often seen in the changes of
relative genotype rankings when measured in different
environments, This genotype x environment interaction (G x E)
reduces the correlation between genotype and phenotype and
makes accurate assessment of genotype performance difficult
(Moll & Stuber, 1974). Genotype X environment interactions
therefore pose considerable problems for plant breeders and

many attempts have been made to categorise and describe them.

Allard & Bradshaw (1964) note that where 10 genotypes are

measured in 10 different environments, 10]45 different

interaction types may occur, making assessment very complex,

They also make the distinction between predictable
environmental variation, such as seasonal or treatment
differences, and non-predictable environmental variation, such

as year to year fluctuations,
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To counteract the predictable variation they suggest
the breeding of cultivars specifically for regions or
management practices, However, the non-predictable variations
are harder to account for and they stress the need to test

cultivars over seasons,

The selection of cultivars exhibiting stability across
environmental variation would therefore be desirable, Such
a cultivar can be said to be well buffered and this can be
achieved in two ways (Allard & Bradshaw, 1964),., Firstly
the cultivar can be made up of a number of genotypes each
adapted to a different range of environmental conditions,
Secondly the individuals themselves may be well buffered,

such as heterozygotes often are,

Recognition of the occurrence of genotype x environment
interactions has been reported in the literature for most of

this century (Hill, 1975).
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1.2 Analysis of Variance

The technique of Analysis of Variance has been widely used to
determine the presence of significant genotype x environment
interactions. This analysis partitions the total phenotypic
variance into components as defined by the model and its

associated experimental design..

Early work was done by Federer & Sprague (1947) and
Sprague & Federer (1951). They outlined the application of
the Analysis of Variance to the trial situation where genotypes

are tested over a series of environments,

Miller, Williams and Robinson (1959) applied it to their
variety evaluation program for cotton which involved trials

over seasons as well as locations,

The models used by Sprague & Federer and Miller et al. are

set out as Models 1 and 2 in Table 1.1,

The two models differ in that the environmental component
of medel 1 is split into a year, a location and a year x
location component in model 2, Where the data involved is
measured over both years and locations model 2 is therefore
applicable, Where only one factor of environment is involved
i.e, either locations or years then model 1 is appropriate.
Both are random-effect models, implying that both genotypes
and environments describe a random sample from the populations

of inference from which they are drawn,
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The expected Mean Squares for both models are given in

Table 1.2

The assumptions underlying the Analysis of Variance as
discussed by Cochran (1947) and Eisenhart (1947) may be

summarised as follows:
1« That the random effects are independent,

2. Experimental errors are random, have a common

variance and are normally distributed,

Cochran (1947) found that heterogeneity of error variances
was an important feature of data since this may result in a
loss of efficiency in significance testing and Mean Square

estimation,

For the model 1 situation the significance of the genotype
¥ environment interaction term is estimated from the F ratio
of G x E Mean Square/error Mean Sguare using the degrees of

freedom appropriate to each mean square.

The G x E variance component is estimated from the mean
squares (G x E mean square - error mean square)/b

where b = the number of blocks,

From such an analysis therefore it is possible to get

an estimate of the genotype x environment interaction component

and its significance.
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1,1 Analysis of Variance Models

Model 1
ijk

ijx

an.
an

B(j}K
E
ij«

Model 2

YinE

U+ a. * 1 + Qan. +

i K ik 8(j)r N Eijg'

rhenotypic value of the ith

Y environment and jth

genotype in the

replicate.

grand mean over genotypes, environments and

blocks.,

effect of the ith genotype.

th

effect of the « environment.,

interaction effect for the i

th

genotype and

the « environment,

.th

effect of the j block in the D environment,

residual deviation for the jhgh observation,

+ . . ;
u ay + lK +'T£ ks S(J)KE - aAiK + aTlE

+ v By
= u)‘TiKE ATKQ i.]!(f..

effect of the Kth site.
effect of the gth year,

effect of the j'h block in each «2'P combination,

interaction effect of ith genotype and b site.

th th

interaction effect of i year,

genotype and 2



B

th

aATiKQ = second order interaction effect for i genotype
-Kth site and Eth year,
. . th _. th
J\TKg = interaction effect of « site and 2 year.
By i = residual deviation
13k &

and other symbols previously defined above,
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Table 1.2 Expectations Mean Sguares

Model 1
Source of variation Degrees of E(MS)
freedom
environment €= | o + gogte) 4 brz
1 C' s +
blocks e(b-1) o gfﬁB(E)
genotypes g -1 o2 4 boéE +baoé
genotype-environment (g=1)(e=1) g +*bho’
interaction g&
. error elb-1)(g=-1) o7
From Gordon et al., (1972)
Model 2
Source of Degrees cof E (M5)
variation Freedom
. 2 P 2 2 P 2
ite -1 g + bo bo byo
s 5 s oy + byogS 99 (p) g9 +: gRy
ears -1 02 + bo 2 + bqo‘.f + rwJE" + abo & + qbsc2
yee Y gsy gy s (b)sy a
sites x (s=1)(y=-1) o€ 4 bol + GUEb(sy) + qboe
years gsy sy
2 2
blocks sy(b=-1) o< + gob(sy)
2 2 2 2
genotypes g=-1 0" + bogyg * bsugy + bycgs + bsyog
2 2 2
genotypes (g=1)(8=1) g€ + bo + byo
X sites gys g8
genotypes (g=1(y=-1) 0 + bo? o Y bso©
X years gy gy
genotypes (g-1)(y=1)(s=-1) 6% + bo° -
X sites x oy
years

error sy(b=1)(g=1) g2



From Le Clerg, et al. (1962)

€

 §

N0,

no.

environments

years

g9

1o .

noa.

10.

genotyres

blocks,
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1.3 Partitioning of the G x E Variance Component

A development from the Analysis of Variance technigue has
been to partition the G x E sums of squares into individual

variety contributions,

Flaisted and Peterson (1959) and Plaisted (1960) achieved

this by omitting varieties one at a time from the computation,

A similar parameter, the ecovalence, was defined by

Wricke (1962) /as reported in Easton (1971)7 as

2
= o . == -
1 % 250 T Xeegen T Koo /90 T Kol g

The dot notation implies summation over the omitted subscript

B'S' X. K = {?:K

. LK
i § 13
Subtraction of the expectations of these means shows:-
X = + By #F + an,
1K H 0'1 nK an

i
>

Il
s
+
=

an.
an

Hence €4 is the sum of an; g over all environments.

Easton (1971) examined ecovalences and found that on a
regression line of varietal performance against an environment
index the ecovalence measured the deviation from a line of
slope 1.0 with its y-ordinate being equal to the genotype mean,
He concluded that a genotype with a slope greater than 1.0
would have a high ecovalence and thus be classed as unstable

although it may be a desirable genotype,
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Shukla (1972) described a stability variance for each
genotype defined as the variance over environments of
(a, *+ei.., ) Where e, is the mean of ¢ over blocks. He
% 1K isx ijk S
found an unbiased estimate of this variance a; and described
an F test of of/cg where cg = pooled error Mean Square to

test the instabilityof a genotype.

The stability analysis of Tai (1971) also partitions the

interaction term but he defines two parameters:-

2

o 2
@, = MS eny x (8-1) _ s oe
* MS env-M3 error JEEY T z
O
Where B8 = regression coefficient of genotypic means regressed

on an environmental index,

gs? = ¥ariance component for deviations from regression,
oA
2
ge = error variance
; : .
l.€. a, = measures the linear response of the i : genotype to

the environment,

)i measures the deviation from the linear response in

terms of the magnitude of the error variance,

A genotype withao = o A = 1 is defined as having average

stability (Tai, 1979).

Hanson's measure of stability incorporates the contribution
of the ith genotype to the G x E sums of squares with its

response to environmental change (Hanson, 1970),

His particular concept of stability was defined with

reference to a space of Ldimensions (3 = no, environments),

with a stable genotype located at the origin.,
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The position of the ith genotype in this space can he
determined by the deviations of the genotype performance from

the expected. The expected performance was defined as

Z.. =% + X, + «X
b . e K
Nik = (XiK - Pl
where =« = 1 + min Bi
' i ; 2 2
The stability parameter is Di = EniK

For comparative genotypic stability, a distance measure

th th

1
between the i and i genotypes is

2 2
D(ll') = E(nl.< l']i,,K)
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1.4 Joint Regression Analysis

(i) Basic Models

A widely used technique for the identification of

adaptable varieties is that known as Joint Regression Analysis.

This type of analysis was originally suggested by Yates
and Cochran (1938) for the identification of genotypes which

were superior over a range of environments,

Apparently unaware of this early suggestion rinliay and
Wilkinson (1963) outlined a similar technique but emphasized
its potential for identifying different adaptation responses in
genotypes. Their basic approach is outlined as Model 3 in

Table 1 .5.

The environmental index upon which the variety yields are
regressed was obtained by taking the mean of all varieties at
each of the environments (x..c). They suggested that Bi was a
useful stability parameter indicating a variety's response to
the range of environments tested, They also examined the way
in which the regression coefficient and variety mean yield

varied together and constructed the diagram presented in figure

T e

Finlay and Wilkinson nominated an 'ideal' variety as one

having general adaptability, i.e. maximum yield potential in
favourable environments but with maximum stability

i.e. g; = 0, Ei.. maximum,
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Table 1,3 Regression Models

Model 3
ONje =B5le *Og,
Rewritten in terms of Model 1, Table 1.1,
Tige™ B F & % L1 * Bz, & g ¥ €igx*
— ic value of the i“" genotype i th
Yin = phenotypic value of e i genotype in the «
environment and jth replicate,
an, = interaction effect for the i'® genotype and the

Kth environment,

4 = grand mean over genotypes, environments and replicates.
th

ay = effect of the i genotype.
Bi = regression coefficient measuring response of jth
genotype to all environments.,
I, = Environmental Index.
. oy S . th ‘ P -
6;, = deviation from regression of j genotype of «

environment,

From Perkins and Jinks (196?).

Model 4
Yiw = Wy T By Tp ¥ siw
Y; = Phenotypic value of the jth genotype in the th
environment,
Wy = mean of the ith genotype over all environments.

Bi as before.
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Figure 1.1

A generalised interpretation of regression coefficients plotted
against variety mean yields

specI
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’ all environme
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to unfavour
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e

Variety Mean Yield

From Finlay and Wilkinson (1963)
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Eberhart and Russell (1966) also outlined a regression
approach given as model 4 of Table 1,3. Their partitioning

is into:
(i) a linear component between genotypes with 1 d.f.

(ii) a linear component of the G x E interacticn with

(g‘-‘l) d.f.
(iii) deviations from regression with (e -2) d.f.

They suggested that in addition to the regression coefficient
a plant breeder may be interested in the degree to which a
cultivar deviates from regression on an environmental index,
Since large deviations from regression indicate unpredictable
behaviour a parameter measuring this can be used to indicate

stability of a cultivar.

Their parameter is given as such:-

52d1= [-}:51'(2/(11—2_)7 - Seafr
K

Where Se°/r = an estimate of the pooled error of x,
LS
n = number of environments

h

number of blocks.

This can be related to the division of total variance about
regression into pure error and lack of fit which is standard

procedure with regression probléms (Draper and Smith, 1966).

Eberhart and Russell considered that an 'ideal' cultivar

would be one with a regression coefficient of 1 and Sgi of 0.

Another group of workers to have suggested regression

analysis used biometrical-genetical parameters instead of
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straight biometrical ones. Bucio Alanis (1966) and Bucio Alanis
and Hill (1966) began by describing 2 inbred lines differing

at 1 locus.

1]

u—za]+ E-Yd
° o+ Z§71+ e + yd

P

2

i,e. the phenotypic effect of each line has a genetic effect
/3], an environmental effect € and a G x E effect v, /d/ is

a constant and is the average deviation of the 2 lines from

the midparent pye. They found that a linear relationship existed
between € and Y s¢ that y = [@7-+ Be,

This was expressed in more general terms by Perkins and

Jinks (1967) in a model equivalent to model 3 at Table 1.3.

Various tests of significance are available to ascertain
the effectiveness of the regression analysis, These are
generally standard regression techniques such as the F test
for Regression Mean Square/Deviation Mean Square and the

calculation of R® (Draper and Smith, 1966).

The significance of Bi_can also be tested as the

difference betweenﬂi. and one,

It may also be useful to calculate the percentage of the
G x E sum of squares accounted for by the regression sum of

squares.



(ii) Modifications of Regression Analysis

Baker (1969) extended the basic regression approach of
Finlay and Wilkinson in two ways. Firstly he used two
different models, the additional one being for sites-years
data, Secondly by carrying out the appropriate subtraction
of means he regressed the an; effects on to n_ effects, the
alix effects on to AK effects and the a)\TiK2 effects on to
the AT g effects, The possibility of regressing aTi£ effects
on to T, effects was noted but not carried out because the
variance component for aTii was not significant., The
regression coefficients for the effects regression centred
around zero as opposed to those of Finlay and Wilkinson
regression which centred around one, In several cases he
found significant effects regression coefficients indicating
non independence of the different effects in the model. This
indicates violation of one of the assumptions underlying the

analysis of variance,

Simmonds (1979) suggests that for comparisons of new
cultivars with standard ones the regression of the different
genotype means over environments (Ki«“s ) on to each other may
be informative, His application of this to potato trials

Simmonds (1980) found that these regression coefficients

had little predictive value in practice.

Bagles, Hinz and Frey (1977) examined the heterogeneity
of regression to see if genetic variation for the character
in question vas present, Where they found significant

heterogeneity they tested for convergence of the regression
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lines and calculated the point of convergence to try and
jdentify the type of interaction present, They concluded
that the successful application of Finlay and YWilkinsoOn

regression depends on:-

(a) significant heterogeneity but small convergence

variation;

(b) significant heterogeneity and significant
convergence variation with the point of convergence

lying within normal environmental range.

It was suggested by Freeman and Crisp (1979) that when two
characters both show g x e interaction regressing one on to
the other may help to interpret the relationship between them
and help find the character of primary importance to g x e
interaction. Verma et al. (1978) proposed that an ideal
genotype would have a relatively high yield and low sensitivity
in less favourable environments and high sensitivity in
favourable environments. By dividing the environmental index
into two subsets of less than favourable and more than
favourable and comparing the two regression coefficients to
see i1f they differed, they hoped to identify such genotypes.

In a study of 10 inbred Nicotiana rustica lines they found one

by this method which complied with their ideal genotype concept.

Similar work was done by Jinks and Pooni (1979) who
investigated the possibility of two intersecting straight
lines being more successful than a linear or guadratic model,

They found that in cases where linearity failed this was an

improvement,
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Work was done by Suzuki and Abe (1975) and Nor and Cady
(1979) in developing a regression model where the environmental
index used was constructed through the use of Principal
Component Analysis on a number of environmental variables.

Both groups found this technique to be successful,

Such an envircnmental index has the advantages of being an

independent measure incorporating as many environmental factors

as possible,

It was postulated by Wright (1971) that if regression on
to oy was successful as well as the normal regression on to
M then there may be a regression on to both jointly., This
can be detected by fitting a single parameter (k) and this
is outlined as model 5 of Table 1.4, He later relates this
model to selection under various situations (Wright, 1976).
He found that when using such a model selection for general
adaptation will be an efficient strategy, as opposed to

selecting in particular environments.

Two papers by Lin and Thompson (1975) and Lin, Binn and
Thompson (1977) outline a method of grouping together genotypes
with similar intercepts and regression coefficients from the

standard Finlay & Wilkinson regression,

’

They calculate a statistic, 4, which is a variance ratio
for testing the hypothesis of a common regression line against

the alternative of r independent regression lines,
r

d (vyv,,.v,.) = S.Sqs (vlvz-v-ur)“i=158(vi),

2(r-1)s°
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vhere 2 =
i

s 5ase  (v;)/L(m-1)(n-2)7,

S 598s (Vq V5 eee v,) = Sums of Squares of deviation
from regression for genotypes v, Vo eee Vi
m = no, 0f genotypes,

and n = no., of environments,

They relate d to the Group Average clustering method of Sokal
and Michener (1958) and extend this to encompass an p-test
based stopping measure. For an analysis on carp data the
clustering prcduced groups which were very consistent witin

their member's crossing backgrounds.

Hardwick and Wood (1972) outlined a method of finding
a linear function of a set of environmental variables which
could then be used as an independent environmental index for
regression. Wood (1976) compared this method to that of a
Principal Component analysis on environmental variables and

found that they produced similar results,
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Table 1.4 Regression Model
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(iii) Criticisms of Regression Analysis

Freeman and Perkins (1971) criticized the standard
regression technigues because they use the environmental
means as the environmental index., Because this index is not
wholly independent of the y variable they pointed out that the
regression analysis is invalidated since the sums of squares
for the joint regression (df = 1) is not independent of the
total sums of squares between environments (df =e-1), To
overcome this problem they proposed an alternative approach
where the index is obtained either by rerlication of the
genotypes being investigated or the use of control genctyrpes

(such as inbred parents).

Fripp and Caten (1971) used the standard technique as well
as regressing on to values from control genotypes and found
that a similar result was reached with both indices. Studies
done by Williams (1974), Tan EE;El' (1979), Perkins and Jinks
(1973), Jinks and Connolly (1973) and Snoad and Arthur (1976)
all used methods of measuring an independent index ©f the
environment and all found little difference between conclusions
based on regressing on independent or non-independent

environmental values,

Knight (1970) also examined the Finlay and Wilkinson
regression technique by applying it to data where a precisely
measured environmental factor was varied., He made several

valuable points as a result of this,
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1« A genotype which differed strongly from the others
tested would show a markedly deviant regression since the

others would largely determine the environmental means,

2, Different limiting factors result in egually low mean
yields, Genotypes are unlikely to rank similarly for these
factors but this is not revealed by Finlay and Wilkinson

regression,

3s Combining data from different lengths of growth or

different growth phases can be misleading.

L, Interpreilatioll may be affected by the scale used and

different scales may be appropriate for different genotypess

Hardwick and Wood (1972) showed that a bias arises in the
estimation of theﬁi,s because it is assumed that the
environmental mean is measured without error. In large

experiments this will be small so it is not normally a problem,

Recent criticism of the regression analysis has been made
either because of a lack of linearityin the data cr because
it has failed to account for a high percentage of the GXE sums

of squares.

Blyth et al, (1976) found that overall linear regression
accounted for only 9% of the GxE interaction in their wheat
data and Baker (1969) had a very similar result.

Funnah & Mak (1980), Francis and Kannenberg (1978) and
Easton and Clements (1973) had relatively large numbers of

genotypes with non-significant regression coefficients,
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To improve the linearity of their data Finlay & Wilkinson
(1963) and Jowett (1972) used a log transformation of their

raw data,
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1.5 Pattern Analysis

(i) Introduction

The term Patltern Analysis has been put forward by
W,T, Williams and co-workers as a name to encompass the
hypothesis generating methods used toc simplify complex data

sets (Williams, 1975).

They make the distinction betwecn these methods and those
of classical statistics which are concerned largely with

hypothesis testing.

The Pattern Analysis techniques have only a weak hypothesis
on wihich they are based which is "There is some simpler
pattern present in this data", (Williams, 1975). The
classical null hypothesis that all elements are the same is

not applicable,

Significance tests are seldom available in Pattern
Analysis. Those that have been suggested e.g. for divisions
in hierarchical classification are often sensitive to data

anormality or have other problems, There are two distinct

types of analyses involved:-

15 Ordination

The model underlying these methods is that the multiplicity
of dlributes measured were generated by a small number of

underlying factors usually independent of each other,

2s Classification
The model for classification is that the population is best

regarded as a set of mutually distinct smaller populations
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rather than one single one.

Williams and Gillard (1971) point out that Pattern Analysis
techniques can handle mixtures of different types of attributes
and that they are most powerful when the number of attributes

is large.
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(ii) Classification

Classification has been described as a technigue for
allocating entities to initially undefined classes so that
individuals in a class are in some sense close to one another
(Cormack, 1971), Cluster Analysis is one method by which this
is done., Several authors have attempted to classify clustering
techniques Everitt (1974), Cormsck (1971). That of Williams

(1971) is presented as follows.

le A classification may be
(a) exclusive - an element occurs cnly in one class,

i.e., no membership overlapping,

or (b) non-exclusive - an element may occur simultanecusly
in more than 1 class, i.e. it may have the
necessary attributes to qualify for more than one

class,

2e Exclusive classifications may be

(a) dintrinsic where all attributes are regarded as

equivalent

or (b) extrinsic where the grouping must reflect
discontinuity in an external attribute while still

being based on internal attributes.

3 Exclusive intrinsic classifications may be:

(a) a hierarchical strategy optimizing a route or
phylogeny from individuals to the complete population =
agglomerative, or from the population to the
individuals = divisive, The fissions or fusions are

always dichotomous,.



29,
(b) non-hierarchical, where no route is defined

between groups and individuals, The strategy

works on optimizing the homogeneity of the groups.

e The non-hierarchical strategies are of 2 types:

(a) the groups are obtained serially so that successive
groups are defined and removed from the population

one at a time,

(b) the groups are obtained by simultaneous optimization

by an iterative process.

S Hierarchical strategies may be further subdivided
depending on whether they are monothetic, i,e. based on

one attribute or polythetic, based on many asttrubutes.

Since an agglomerative method begins with individuals a

monothetic agglomerative method is impcssible,

There are problems associated with all of the three final
types of classification, The divisive polythetic systems are
relatively undeveloped; the divisive monothetic methods may
produce misclassifications since grouping is done on the

strength of 1 attribute.

The agglomerative, polythetic methods are highly developed
but involve large amounts of computation time and may produce
misclassifications since they start at the inter-individual

level where error is greatest (Williams, 1971).

There are two considerations to be made in cluster analysis
methods, Firstly there has to be a measure made of inter-

individual likeness, and, secondly, this measure has to be

.\‘
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implemented by a strategy to extract groups or clusters.
Cluster Analysis results are often presented in branching two
dimensional diagrams called dendrograms (Clifford & Stephenson,

1975) .

The Measurement of Similarity or Distance

A distinction may be made between a dissimilarity measure
which has zero for identity, and a similarity measure which
has its maximum positive value for identity., Most modern
measures are constrained within O and i, There are many

possible measures of "likeness!" but Williams (1971)

identifies 3 main classes,
le those based con the first Minkowski metric

Kilmwlxix B de

[

1 it is M"eity block" or '"lManhatten' metric

When W, s

1

XiK * ij

when w it is "Canberra" metric.

K

1

(Clifford & Stephenson, 1975), (Lance & Williamse, 1967).

2. those based on the second Minkowski metric
0
- 2, %
Kilw‘((XiK X. 1)

= Euclidean distance,

3« Information Statistics.
The basic measure of diversity by information statistic is

the Shannon index.

H= Nlog N -

I o

N 1log N
ey BN K
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N = no, individuals. p = no attributes.

(Clifford & Stephenson, 1975).

In addition to these the correlation coefficient has been used
in some fields, This is a shape measure as opposed to a
size measure as it measures identity when attrubutes occur

in equal proportions.,

A numerical function of pairs of points is said to be

metric,; 1if:
5 d (er) = d(y,x):

2e 4 Ux,2).dlxy) + dly:2);

%3s When 4 (x,y) = o, X = V;
and 4. & (x;%) = 0

This means that metric measures are gecmetrically attractive
and perceptible., They are also advantageous in hierarchical
systems where the measure should decrease as the hierarchy

descends., This last is true of information statistics as

well (Williams & Dale, 1965).

Williams (1971) suggests that for highly skewed binary
data an information statistic would be best as the Euclidean
measure is sensitive to outliers in data., If the data is
defined by a small number of continuous variables, then
Euclidean distance is preferable, Data with a few extreme
outliers that should not dominate and is non-negative would
sult the Canberra metric., With data of no striking

features the different measures often produce similar solutions.

N ~
~



Sorting Strategies

Sorting strategies are methods of forming groups or clusters
based on the similarity measures, The most well developed
and commonly used strategies are the Agglomerative polythetic

hierarchical ones., These are subdivided as follows,

_Based on successive information gain. These are
advantageous when the data is binary and discordered nmultistate
with possible missing values, When the data is not of this
form their weaknesses in matching zeros (absences) and in
extra computational time negates this (Clifford & Stephenson,
1975) 0

The basis of these strategies is the minimal information gain
AI at each fusion where Al = IC - (IA + 1IB)

Al = increase in diversity of attributes.

IC = diversity of the combined attributes.
IA :% diversity at the individual
IB = attributes before fusion,

2« The remaining strategies can be used with any indices of
dissimilarity. They have different properties, affecting
their suitability to different situations, which are outlined

in the following.,

(a) The properties of space-conserving, space-dilating
and space-contracting refer to the degree that a group will

appéér to move nearer or away from the remaining elements,

Problems may occur with space-dilating strategies where

"mon-conformist groups of peripheral elements" may be formed.
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Also with space~contracting strategies chaining may result

(Lance & Williams, 1967).

(b) Strategies are combinatorial where the original
data is not stored after the first measures are calculated.
A non-combinatorial strategy, however, needs the original aata

retained for further calculations,

(¢c) A monotonic strategy is one which will not cause
reversals in successive fusions in a dendregram. With a non-
montonic strategy the similarity measure may be less than that

of the entities before they merged (Clifford & Stephenson, 1975).

(d) A compatible strategy has the same measures throughout
the analysis, Where this is not true interpretation mzy be
difficult.

There are several major sorting strategies which are widely
used to form clusters on the basis of the distance measures,
Their properties are documented by Anderberg (1973), Cormack
(1971), Clifford & Stephenson (1975) and Lance & Williams
(1967).

1e Single Linkage on Nearest Neighbour,

This is the oldest of the conventional strategies and
the simplest., The distance between two groups is defined as
the distance between their closest elements, It is combinator-
ial, compatible and space-contracting., Because of its well
known tendency to chain it is often criticized and avoided.

However, Jardin and Sibson (1968) support it on mathematical
grounds, i
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2. Complete Linkage or Furthest Neighbour,

This operates in the opposite fasion to single linkage
in that fusions are based on the minimal distance between
the most remote entities in two groups. It is combinatorial,
compatible and space-dilating. Applications of this method
are apparently few but it has been found to be useful in

ecological studies (Clifford & Stephenson, 1975),

Ao Centroid,

In this method a group is considered defined in Euclidean
space and is replaced by the coordinates of its centroid. The
groups are fused on minimal distance between these centroids,
The strategy is compatible, space conserving and combinatorial
with metric measures, t may lack monotinicity and

as a result reversals are often a problem,

Lo Median,

This was suggested by Gower (1966) with a view to
preventing large groups from dominating classifications.
This is done by regarding the groups of unit size with the
new centroid lying at the midpoint of the two fused ones, It
is combinatorial, compatible except with correlation
coefficients and space conserving., It may lack monotinicity
and produce reversals, Teow (1978) found that it was so

space-conserving that it produced chaining,

S Group Average.
In this strategy fusion of an entity to a cluster occurs

between those with the shortest mean distance between the
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entity and all members of the cluster. With two clusters the
mean distance between the entities of the two are calculated.
The strategy is combinatorial, compatible and mildly space-

conserving, Lance & Williams consider it a promising strategy.

6. Average Linkage Within the lNew Group.

This is similar to Group Average but in addition the sums
of within group pairwise similarities are considered
(Anderberg, 1973). Details of its properties are not known
but it is thought to produce results like complete linkage

(Anderberg, 1973).

Lo Incremental Sums of Scouares or VWards Method.

A pair of elements vwhose distance measure is minimum are
fused and thereafter entities are fused such that the sum of
squares of distances within a cluster increases by the smallest
anount, The total sum of squares is constant so as the sum of
squares of distances within a cluster increases minimally, the
sum of squares of distances between clusters increases maximally.
Its properties are only known when squared Euclidean distance

is used and is space-dilating and monotenic (Burr, 1970).

8. Flexible Method,

Lance and Williams (1967) generalised the preceding

strategies into a single system by the relation

a - xid .+ “jdhj + Bdij + Y dhi -=. d

hk hi hij

where d intergroup measure,

]

i,jsh = groups

i =g B and Y are parameters determining the nature of

b
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the sorting strategy. By varying these parameters a
different strategy can be implemented and they showed that
a system must be monotonic if (ai + «. + B) € 1, Their

]
flexible strategy has the constraints of

«, *+ «; + B = 1 - S~ ‘Y:Oandﬁ<1o

They term g the cluster intensity coefficient as this can be
varied according to whether a space-contracting, conserving or
dilating strategy is required. Conventionally 8 = =0,25

for preliminary investigation which means it is mildly
space~-dilating (Clifford & Stephenson, 1975). A positive

value for g means that the strategy will be space-contracting.

Which Strategy to Use?

Lance & Williams (1967) believe that any space-contracting
strategy is obsolete since this means that classificatory
boundaries are weakened, They include in this the single

linkage method,

They suggest that the choice between space-conserving and
space-dilating methods be made depending on the use to which

the classification is put.

Williams (1971) suggests that a weakly clustering system
may be best for situations where no g priori knowledge of

discontinuities in the population is available,

A further restriction which can be placed on available
strategies is the occurrence of reversals which are
conceptually illogical and should be avoided (Clifford &
Stephenson, 1975),
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How Many Clusters?

In any agglomerative hierarchical clustering system the
number of clusters present during the course of one exercise
ranges from n, the number of individuals to one. GCenerally
what is wanted is a compromise between these two extremes

so some way of determining a truncation point is reaquired,
The normal practice appears to be to make a subjective chocie
based on previcus knowledge Of ihe structure of the data set
(Anderberg, 1973). Other vworkers admit to making arbitrary
cut-off pvoints, e.g. Mungomery et al.(1974). Teow (1978)
implemented a probabilistic cut-off measure, based on the

F ratio of amongst cluster sums of squares/within cluster

sums of sguares.

Application of Cluster Analysis to G x I Interaction

Although not working specifically to examine varietal
adaptation the work of Abou-El-Fittouh et al.(1969) was the
first to apply Cluster Analysis to this field. They clustered
together environments by minimising the within cluster
genotype-environment interactions and then identified the best

zonation pattern for cotton variety trials in the U,.S.A.

Mungomery et al.(1974) considered a genotypes performance
in each environment as its coordinates in a multi-dimensional
space. By applying clustering techniques they identified
groups of cultivars which had similar responses over environ-
ments, They mapped the means of each cluster against an

environmental index to further examine environmental responses.
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A study done by Byth et al,(1976) clustered both genotypes
and environments and they found that the genotype grouping

reflected differences in genetical and selectional origins.

Clustering of environments was carried out by Shorter

et al,(1977) to determine a basis for soybean test sites.

All of these previous studies used the Group Average

strategy.
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(iii) Ordination

The term ordination was first proposed by Goodall (1954)
when he noted that analyses such as Factor Analysis do not
result in claseification in the ordinary sense but in the

arrangement of data in a multi-dimensional series.

Ordination is thus a broad term encompassing several
different multivariate techniques whose primary aim is to

detect the underlying pattern in the data,

The term Factor Analysis is a broad term encompassing
several procedures which analyse the intercorrelations within

a set of variables (Cooley and Lohnes, 1971),

The intercorrelations may be calculated between each pair
of variables (R type analysis) or between each pair of

individuals (§ type analysis).

The factors may be extracted via a closed model where the
factors are said to be defined because they are exact
transformations of the original data or an open model where
the factors are said to be inferred., In this case each
variable is said to be influenced by commonly shared determinants
(communalities) and unique determinants, the latter ones being
ignored in the analysis as they do not contribute to relation-

ships between variables (Cattell, 1965).

Where the factors are defined the general term for the

analysis is Principal Component Analysis. However, if the

correlation matrix is Q type the analysis may be termed
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Principal Coordinate Analysis., In addition the linear function
may be standardised in which case it may be called Principal
Factor Analysis (Cooley and Lohnes, 1971), Where the factors
are inferred thé communalities are inserted in the leading
diagonal of the correlation matrix, the extracted eigenvalues

are standardised and the analysis is known as Factor Analysis.

It has been pointed out that Factor Analysis involves a
greater element of subjectivity than Principal Component
Analysis, and in addition involves greater computatinrn time

(Williams, 1975), (Rummel, 1970).
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Computation of Principal Component Analysis

Principal Component Analysis (PCA) describes multivariate data
by considering selected lincar combinations of the variables
Xl = Xp rather than the variables themselves (Bofinger,

1975), (Cooley and Lohnes, 1971).

To look for the projection of the distribution which gives
maximum variaznce the transformation must be found
= e K

such that the variance of z is maximised subject to

If the variance-covariance matrix of the standardised
variables X‘ veoe Xp 18X then it can 1 in that the variance

of z will be v'Iv and so the maximisation isv“Iv subject to

Using a Lagrange multiplier X the determinental eguation

/J(E =AIN/ = 0o is solved

where I is the identity matrix,

The A's which are the solutions of the equation are the
elgenvalues of I and the solution vectors v,, Vs ses VP

are the mutually orthogonal eigenvectors,

The largest eigenvalue Al associated with the eigenvector

vV, glves the length and direction of the axis of maximum
variation,

The Ao and Vo give the axis of largest variation in the

set of all axes which are orthogonal to the first,
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A factor structure matrix contains the correlation of each

variable with the new components (or factors in the case of

standardisation).

A factor score matrix contains each individual's score for

the new components or factors,
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Rotation to a Terminal Solution

A typical result of Principal Component Analysis is the
production of one general factor and one or more bipolar
factors (Cooley & Lohnes, 1971). Such situations are generally

easily interpreted in terms of the original variables,

Where interpretation is not straightforward, rotation of

the original reference axes may be carried out to give a

"gimpler" structure,

Rotation sets out to achieve the situation where
1« Many points lie near the final axes.
2. A large number of the points will lie near the origin,

3, Only a small number will remain removed from any axis.

In terms of the factor structure matrix, the rows and/or
columns are simplified by making as many values in each row

and/or column as close to zero as possible,
The different types of rotation are:-

le Quartimax which emphasizes simplification of the
rows so that a variable may load high on one factor but almot
zero on all others. This allows interpretation of each

variable in terms of its contribution to the factors.

2, Varimax which emphasizes simplification of the
columns of the factor structure matrix so that a factor may
load high or low on the variables. Each factor may then be

interpreted more readily in terms of the variables contributing
to 1t,
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3. Equimax where both columns and rows are simplified,
L, Oblique rotation where the requirement of orthogonality

is relaxed so that the axes are allowed to rotate freely to

best summarise any clustering of variables,
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How Many Principal Components?

A Principal Component Analysis may produce as many components
as there are variables. Generally the first few components
explaining the larger proportions of the total variance will

be important and the later ones can be ignored.

o,

Morrison (1967) suggests that 1f suitably large
proportion (e.g. 75%) of the variance is not explained by

the first four or five components it is fruitless te persist

in extracting vectors as the later components are likely to be
very difficult to interpret. Approximate tests of significance

are available for seeing how many Principal components are mean-

ingful,

Bartlett (1950) outlined a chi-sqguare test which examines
the hypothesis that all subsequent roots are zeroc, This is
sensitive to multivariate anormality and singularity of the

dispersion (correlation) matrix,

An approximate F-test suggested by Mandel (1971) was used
by Freeman and Dowker (1973) and Perkins (1971). Perkins
found that seven components were significant but subsequently

ignored this as the first two accounted for 84% of the total

variation.

It has been found by Williams (1976) that the tests are
of little use in practice because of the problems mentioned
above and that consideration of the components which are

interpretable and account for large portions of the variance is

often the case,
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Application of Principal Component Analysis to G x E Interactions

The application of PCA to 2 sets of 8 Nicotiana rustica lines

measured over 10 and 9 seasons produced components which were
readily interpretable (Perkins, 1971). The first component was
related to general responses to environmental differences and
the second was related to the difference at a single locus in

the inbred lines,

Freeman and Dowker (1973) applied PCA to data from a
series of carrot trials, They analysed the within-environment

variation, the within-genotypre variation and the residual

ct

variation in separate analyses. For the first two components in
each analysis an interpretation in terms of environmental

differences or genotypic differences could be made,

PCA was used primarily to confirm the results from
clustering methods in the work by Mungomery et al. (1974).
Their plots of the genotype positions in the first two axes
(corresponding to the first two components) indicated two
broad subpopulations within the genotypres tested and these

could be related to different origins,

Work done by Shorter et al. (1977) used PCA to estimate

the contributions of each of the environments to the first
component using the factor structure matrix. An environment
making a relatively large contribution was considered to be

most useful as a test site for genotypes,

Okuno et al,(1971) /as reported in JIPB synthesis/ have
evidently used PCA to aid in the elucidation of adaptation of

genotypes over environments as well,
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1.6 Crop Evaluation in New Zealand

Wheat and barley are the two most important cereals grown
in New Zealand in terms of both acreage grown and monetary value

(Clardige, 1972).

Breeding programs are carried out for both wheat and barley

and these produce new lines to be tested each year,

Douglasz et al. (1977) examined the basis on which
cultivars wvere assessed in New Zealand and made several
recommendations. The acceptance or rejection of a new cultivar

depends on its performance relative to the standard at the
time, This is estimated by the degree by which the cultivar
exceeds the standard, 5% greater than being the level generally
set for acceptance., Depending on the amount of between-trial

variability the number of trials needed to show this will vary.

They carried out an analysis of variance on some wheat
data and noted the significance of the genotype x location
interaction component, Aé their data was not suitable for
analysis over seasons there was no indication of the
significance of genotype x year interactions., However, they
recommended testing genotypes over several years as they noted
that such an interaction component was often important, On
the basis of the significant genotype x location component
they suggested the use of test site zones within which

locational differences would be non-significant.

Work published by Mitchel and Cross (1977) quotes the
results of an analysis of variance on four wheat genotypes

over four sites and two years in the southern half of the

North Island., For yield dgta the genotype x year component

S
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was highly significant but the genotype x location component
was non-significant, They also calculated stability parameters
by the method of Shukla (1972) and found that the cultivar

Karamu was "rather unstable'",
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Chapter 2 Materials and Methods

2.1 Obijectives

The primary objective of this study was to make an
assessment of the major analyses available to examine

genotype-environment interactions.

Of particular interest was the different Pattern Analysis
techniques since these have only recently been applied to this
problem and they showed potential to overcome some of the

problems which the more traditional methods have,

As a result of applying these various analyses to the
data sets it was hoped that useful infermation on the

performances of the trial cultivars would be produced.

In order to effectively assess
the different methods of G x E analysis a set of data was
recuired which had a good sample of genotypes measured in a

range of environments,

In order to obtain data with a significant G x E
interaction component the wider the range of genotypes and

environments sampled, the better,

Such data sets where the sample of genotypes and trial
methods are consistenl are not common, However, national
cultivar evaluation trials do provide suitable data and were

therefore ideal for the purposes of this study,



50.

2.2 Barley Data

The Ministry of Agriculture and Ficheries (MAF) ran a series of
Barley cultivar evaluation trials in the 1978/1979 season.
Thirteen cultivars were tested over sevenieen locations from

the barley growing areas of New Zealand (Dyson pers, comm).,

Leeston had two trials, one by MAF and the other by DSIR,

A second set of Barley data was obtained by including a
14th cultivar (Hassan) which is an important standard in parts

of the South Island (J.M, McEwan, pers, comm), This necessitated

decreasing the number of sites tec eleven.

Both of these sets of data were carried through the full

analyses,

The MAF trials had variable plot sizes, ranging from
18 x 1,05 m to 40 x 1,37 m« The difference in plot size was
not adjusted for as it was decided that they were all sufficient-

ly large to avoid bias. There were three replicates per trial,

The parental pedigrees (Table 2,1) indicate that the gene
base involved is probably a narrow one as all were either bred
in European countries or have European parents (J,M, McEwan,

pers, comm),
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Table 2,1 Barley Cultivars

Cultivar Parental Lines Origin
Georgie Vada x Zephyr T.K,

Koreke Ruby x Carlsberg x Lenta Lincoln, N,Z.
Jupiter Betina x Midas U.K.

Neptune Betina x Midas Uk,
Goldmarker TCE 131 x Midas : U.K,

000=72 ) Being tested

6487 % from Europe

124=72 ; Pedigrees not available.

Ark Royal Proctor x HP5466 U.K,
Magnum Magnif 104 x Universe U.K.

Kaniere (Carlsberg x Volla) x (Gazelle x kenia) Lincoln, N.Z.
Zephyr Heine 2149 x Carlsberg Holland

Mata (Britta x Carlsberg) x (Research x Ingrid) Lincoln, N,Z.

Hassan Delta x /Rgio x (Kenia x Arabische)7 Holland
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Table 2.2 Barley Trial Sites and Soil Types

Site

Area

Gore

Pleasant Point

Fairview
Qutranm
Takapau
Bulls
Marton
Winfield
Leeston
Milten
Incholme
Mitcham
Methven
Kirvee
Lincoln

Dunsandel

Inland Southland
South Canterbury
Canterbury

South Otago

Hawkes Eay
Manawatu

Manawatu
Canterbury
Canterbury

South Otago

North Otago

Inland Canterbury
Inland Canterbury
Central Canterbury
Central' Canterbury

Central Canterbury

50il1

Waikoikoi silt loam
Templeton silt loam
Timaru silt loam
Wehenga silt loam
Takapau silt loam
Parewanui silt loam
Marton silt loam
Waberton clay loanm
Waberton clay loam
Tokomairiro silt loam
Claremont silt loam
Hatfield silt loam
Lynhurst silt loam
Lismore silt loam
Templeton silt loanm

Templeton silt loanm
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The genotype sample would have been even smaller if data
was considered over several seasons trials, For this reason
the data used for this study was restricted to one season,
The character used for this study was grain yield, adjusted
to 15% moisture expressed on a Kg/ha basis, The trial sites

and their soil types are listed in Table 2,2.

2.5 Wheat Data

Because of the narrow gene base in the Barley data and the
restriction to one season it was decided to obtain another
data set where these limitations were not present. [or

this purpose data from trials carried out by Crop Research

Division, DSIR (Palmerston North), was gathered together.

This set consisted of two seasons trials from 1976/1977

and 1977/1978 over four sites in the lower liorth Island,

Ten genotypes were included in this study representing
New Zealand standard cultivars, newly released cultivars and

elite lines under trial (see Table 2.3).

The character used in this study was grain yield,

adjusted to 15% moisture and expressed on a kg/ha basis,

The trials were set out in a randomised complete block
design with three replicates per trial and a plot size of

50 me (Mitchel and Cross, 1979b).

Table 2,4 lists the trial sites and their soil types.
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Table 2,3 Wheat Cultivars

Cultivar Parental Lines

61,01 = Tiritea Raven x 66 RN430
Bulk

300-301 I1-60-155 x 3 Karamu/9

Oroua Bulk Skemer x (Pitic G2 x ITI-53-526)
X 2 sonora o -
293=201 Triple Dirk x 2 Karanu/9
Pataka Complex cross from Minnesoia
Gamenya Gabo % /{5 Gabo x Mentana) x
(2 Caba x Keny W B e
—
Rongotea Bulk Raven x (Tezanos Pintos ' recoz
X 3% Anahvac)
61,06 Raven x 66 RIL30
Karanu/9 Lerma Rojo - (Norin 10 - Erevor)
X 3 Andes Enaro
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Table 2.4 Wheat Trial Sites

Site S0il Type Area
Halcombe Halcombe silt loan Rongitikei
Aorangi Manawatu fine-sandy loam Manawatu
Kairanga Te Arakura sandy loam Manawatu

Tiko Kino

Takapau silt loam

Hawkes Bay
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2.4 Data Analysis

The initial step for the G x E interaction analysis was to
carry out a Pooled Analysis of variance. This gave an
indication of the size and significance of the different

variance components, in particular that for G x E interactiion,

From this analysis the G x £ sums of squares were

partitioned into ecovalences.

A regression analysis was carried out on both the G x E
effects and the G x £ means., Thig provided two parameters,

tLhe ﬁi'“ and the variance aboutl regression CW‘YZ'
(=] \

Both classification and ordination analyses were carried
out., Cluster Analysis using Wards Incremental sums of

squares stirategy vae done on both the G x K means and the

ct

A Principal compo

,_J
(@]
= |
m
]

analysia was alse carried out.

(i) Programming

It was necessary to develop a computer program for the analysis
of variance, regression analysis and ecovalence calculations

since there was no appropriate program available,

Based primarily on a program YLGR from the University of
Queensland, PANSY has six subprograms as well as the central

program and calls on several functions to do additional

calculations,

PANSY can be used for both sites-years or environments
models and has the facility to handle multiple observations per

plot and takes into account missing data,
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Table 2.5
Outline of Program Pansy

unadjusted sumes ©of squares
calculated,

PANSY = File equations
- Total Array space set
+
1
PRELIM - Titles and data parameters read
in
Data read in and transformed if -9 TRANS = data transformed
required -~ from "YLGRD", o square root x
o log 10 x
Mitle nd pa eters printed out I SARR .
Titles a param rs p u I
Work arrays dimensioned, 1/1 + x
T Arcsin 1/100x
I
ANAL Work arrays are initialised
Data placed intoc appropriate i
arrays for analysis. ¢ ITNDEX - indices determined

ior data placement in
Arrays.

corrected sums of squares
calculated,

degrees ol freedom calculated,

homogeneity of error variances «

JUMER - homogeneity of

tested for, & error variances tested
i by chi=sauare test

mean squares calculated, : - o
degrees of freedom for [ tests
calculated., 5 DICF - decrees of freedon
" . & Tor complex F tests
F' values calculated, S
significance of I tests. -
Anova table printed out with €~ PREF ~ significance of

coefiicient of variation,

g ——r——

[
¥ values,

All totals converted to means
and print out,

G x E means (G x SY) put on to
disc file "Group",

Finlay & Wilkinson regression
and/or effects regression
calculated,

ecovalences and ratio to least
ecovalence calculated,

F = Rege. S.Sqs/Dev MS calculated,
Significance of F tests. =y

PRBF - significance of F

vﬂues.

f._-.
Regression parameters printed out

Hanson's stability parameter
calculated and printed out.
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An outline of the different subprograms involved in PANSY
is given in Table 2.5. Listings of these subprograms are

presented in Appendix 3.

(ii) Analysis of Variance

A pooled analysis of varlance was calculated for each of the

ets the model used was the

0

sets of data, For the two barley

environments model (Model 1 of Table 1.,1). For the wheat

data a sites-years model wag used (Model Z of Table 141).

The Expected Mean Squares were those outlined in Table

le2e By equating observed Mean Scuares to expected mean

squares, variance components and their standard errors were

calculated,

The degrees of freedom for the complex FP-tests were

¢}

calculated using the formula of Satterthwaite (1948),

(iii) kcovalences

Partitioning of the G x E sums of squares into the portions

due to each genotype was carried out according to the method

of Wricke (1962).

= - — L 2
€; = 2 &, ./P - X,  /eb = X _ /gb + X+*-/bge)

where b = no blocks g = no genotypes ¢ = no environments.

(iv) Hansons Parameter

Program Pansy also has the facility for calculating Hanson's

2
parameter Dy (Hanson, 197Q) .
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D.2 = % 8. @ where 2. represents the deviations of
1 K 1K 1K h
the ith genotype performance from the cxpected in the i
environment,
The expected performance was estimated as

2. = Xeos + X,*° + aXeri,

1K 1
where « = 1 + @\in Be

The minimum B used for the analysis was calculated by the

Finlay and Wilkinson regression analysis.

(v) Regression Analysis

Two types of Regression Analysis were carried out,

(i) Genotype yields in each environment were regressed
against environment means (Finlay & Wilkinson, 1963).
i.ee X. against Xee for barley

1*K K

X. . against X for wheat,
llKj( ol\;‘Q

(ii) Genotype eifects for each environment were

regressed against environmental effects (Baker, 1969).

4

i.0, an; against Ny for barley,

a AT, against 1TK

1 wi -
g 2 for wheat,

Significance Testing for Regression

(i) The significance of Sl from 1 was tested by the following:

~

T =(B;=1)
921 (Draper & Smith, 1966).
Where © Ty
ere O = 10 X
B1 -—5-—-—§
Vp (x,-x)€,

with degrees of freedom (¢-2) and € = no, environments,
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(ii) The significance of regression was calculated by

F= (Z;—Y)/l _ Sum of Squares for regression
(y= v)/(N=-2) Sum of Squares for deviations/(e=-2)

with degrees of freedom of 1 and (e-2).

This may also be interpreted as testing significance for
31 = 0l
(iii) The RZ measures the proportion of the total variation

about the mean Y explained by the regression (Draper & Smith,

1966) .

This is calculated by

™

R = Sum of Scuares of regression
Total varlance 1n Y

(Draper & Smith, 1966).
From the regression analyses two parameters are estimated

which are of use to the analysis of G x E interaction.

The Bi's indicate the functional relationship between

genotype performance and environment,

~

The variance about regression oy+x indicates the degree

by which a genotypes performance varies from this predicted

linear trend.



61s

(vi) Cluster Analysis

The data matrices on which this analysis was performed were of twvo

sorts:

e The yield of the individual genotypes in each

environment i.e. Yi-x'- for barley

S

Xiocd'B for wheat,

2. The effects for each genotype-environment combination

1.06 AN erg for barley

uATi for wheat,.

Kltls

The program SIMMAT developed by Teow (1978) from Anderberg (1973)
|
vias used to calculate Squared Euclidean Distance (D“) measures

between each pair of genotypes.

Where i and j are two genotypes measured on n environments

W, provides the facility for standardising the variables but this
vas not done since there were no strong outliers evident in the
data and the variables were not measured on different scales

(Everitt, 1974) (Anderberg, 1973).

CLUSAN, a clustering program developed from Anderberg (1973)

provided seven different sorting strategies,

1« Centroid 2. Complete Linkage.
3+ Group Average, L. Average within New Group.
5. Single linkage, 6. Median,

7« Wards Incremental Sums of Squares,
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In addition the Flexible methoo of Lance and Williams (1966€)

was added to CLUSAN (Cameron, 1980 unpublished).

In order to choose the most appropriate strategy for
this study it was decided to analyse one set of data with
all eight, Once the decision was made the other sets of

data were analysed with that one strategy.

Anderberg (1973) suggested that it would be informative
to examine the growth of Within-Cluster Sums of Squares/Total
Sums of Squares as clustering proceeds, It is then possible
to identify dominant variables, (i.e., those where among-cluster
sums of squares is high in the early stages) and dormant
variables (i.e, those where among-cluster sums of squares is

low until later in the clustering process),

The program SEFWIG, Teow (1978) developed from Anderberg

(1973) was used for this purpocse,

4lso produced by this program is the F ratic of
AMS/WMS which, when tested for probability, canr be used to

indicate a cut off point for the dendrogram,

Teow (1978) took the point of minimum probability as the
truncation point and found this to be successful, This was

also the criterion used for this study.

A study was done of cluster structure and membership by

the program POSTCA from Anderberg (1973).

The subroutine DIFFS Gordon (unpublished) tested the
means of the clusters by the least significant difference test
(Steel & Torrie, 1980).
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(vii) Principal Component Analysis

A Principal Component Analysis was carried ocut using the

Factor subprogram of SPS5 (Nie et al, 1975).

The analysis was an R type one where the correlations were
calculated between each pair of variables, the variables

being environments for this study.

The data matrix consisted of the individual genotypes

W (]

yield in each environment i.e, ?b for barley

5

. . for wheat
Xl-r.i'f-‘ ‘

The correlation matrix of the standardised variables
I was calculated and the determinental equation

/ (=X I)v/ = O was solved.

Vhere ) is a Leagrange nmultivlier (the eigenvalues in this case)
I is the Identity matrix
and v the eigenvector giving the length and direction of the

axis of maximum variation,

Rotation of the axes may be carried out to aid
interpretation of the components, For this study both rotated

and unrotated Factor Structure Matrices were produced.

The rotation method used was varimax rotation which
simplifies the columns of the factor structure matrix so that

a factor loads either high or low on the original variables,

Following the Principal Component Analysis, Bartlett's
chi-square test was applied to the results to determine the

number of significant components (Bartlett, 1950).
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To test the significance of the remaining eigenvalues

2
X" = ={n = 1/6(2p +5) - 2/3 «} log, R,

=K

n= no variables f = no., eigenvalues K = no, eigenvalues
removed,

R _.= determinant of correlation matrix/ij...) R SR S
p=K
Interpretation of the 'meaning' of each componeht was done

| from the Factor structure matrix which contains the correlation

of each variable with each of the new components,

Ordination of the original variables was done by consider-
ing the factor scores of eacha individual on the principal

components,

(viii) Ratio to a Standard Cultivar

The standard methed of assessing cultivars in N,Z, is to compare

each cultivar's performance to that of the standard

(Douglas et al, 1977).

In order to compare this with the preceding methods the

procedure was carried out with all three sets of data,

For barley the ratio s v 4

- was calculated
Xg ek

s being the standard cultivar zephyr.

For wheat the ratio X
was calculated

s being the standard cultivar karamu,
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The number of times that a cultivar scored 5% higher or

lower than the standard was noted, this being the normal

"significance'" level used (Douglas et al, 1977).

The average

i,e., For barley

ratio over all envircnments was also calculated.

Xie for wheat

Xine.

X

»< |

5:09 geee

The standard cultivars used for this study are those used

by MAF and DSIR for their own analyses (Malcolm, 1978),

(Mitchel and Cross,

1979b) .
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Chapter 3. Results and Associated Discussion

3.1 Analysis of Variance

(i) Barley: 13 genotypes

The test for homogeneity of error variances found a chi-square
value of 127.875 with an associated probability of 0,000,

This indicates that the error variances were heterogeneous,
For the significance testing of genotypes and genotyre x
environment interaction the pocled error mean square is still
the most appropriate error term to use., However for the
testing of environments bias may occur when using the pooled

error term (Cochran, 1947).

The number of environments invelved in this pooled analysis

WVas seventeen,

The coefficient of variation was low indicating a high level

of precision in the pooled experiment (Table 3.,11).

There was a high level of significance for the mean
squares for all of the effects, The locations component was
the largest (Table 3,11), This would indicate that bias from
heterogeneity of error variances would be trivial, The
significant differences found between locations gives an

indication of the wide range of sites involved,

The high significance of the G x E interaction component

indicates the need for further analyses to help interpret these

trials results,



Table 3,11 Pooled Analysis of Variance: 135 Barley Genotypes

Source df Variance Component s.e, Var. Comp, F-Test df F Significance
Locations 16 24335,984,55 795,71 .55 S & 435.23 S
Blocks within 34 97,176.66 25,804L,73 3k 408 894 FHER
locations
Genotypes 12 23,6L3,47 17,606,29 12 192 3354 *HE Y
Genotype X 192 191,858.25 25, 141,72 192 408  L4.62 * %
locations

###% Significant at 0,1% level,
Coefficient of Variation = 8.4%.
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(ii) Barley: 14 genotypes

Heterogeneity of the error variances was also present in this
data set with a chi-square value of 100,784 and a probability

of 0,000,

The coefficient of variation was again low (Table 3,12).
This set of trials differed from the previous one by the
omission of six Canterbury sites but the locational differences
were still very evident in the Pooled Analysis of Variance

(Table 3,12).

The standard cultivar Hassan was added to the genotypes
but the genotypic differences were lese significant for these
trials, The G x E interaction effect was again highly

signiricant,
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Table 3,12 Fooled Analysis of Variance: 14 Barley Genotypes

Source df Variance Component 5.8, Var. Comp, F-Test df ¥ Significance
Locations 10 2,261,548,02 299,209.28 10 50 38,57 EENS
Genotypes 13 25,470.10 19,3%69.,19 13 130 1.95 *
Genotype x 130 235,458.84 10,852.,90 130 286 4,97 FRAH
locations
Error 286 178,011,50 14,834 ,2

* = gignificant at 5% level,

#*%#% = gignificant at 0.1% level.

co
.
O

Coefficient of Variation =
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(1ii) Wheat 10 genotypes

The wheat genotypes were tested over four sites in two seasons,
The errcor variances were again heterogeneous with a chi-square

value of 35.645 and an associated probability of 0,000, (Tzble 3.13),

The mean sguare for sites was non-significant which may
be a reflection of the relatively small area involved in the

trials,i.e. the lower North Island,

The year component was significant at the 5% level and
the highly significant sites X years component indicates the

variation in the effect of years at the different sites,

The differences between genotypes wes significant at the

5% level,

There are three genotype x environment interaction compon-
ents for this model, The genotype~year component was highly
gignificant indicating that the genotypes reacted differently to
the seasonal changes. There was no significant genotype x site

and genotype x site x year interactions,
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Table 3,13 Pooled Analysis of Variance:

10 Wheat Genotypes

Source df Variance Component s.e, Var, Comp, F-Test df F Significance
Sites 3 422,226.42 528,730.14 3 3 2ol NS
Years 1 24335, 363.02 051,582.78 1 3 14,05 *
Years x sites 3 613,535.21 430,025,28 3 19 9.63 %%
ol 16 179,785,12 614,650, 13 6 Tk 13.75 e
Genotypes 9 04 ,087.18 61,032,534 10 4 2.66 *
23232{532 . 27 164054,02 155265443 2 27 50 NS
Genotypes x years 9 73422%:18 19, 170,57 9 27 554 * k¥
Genotypes x sites ‘2 50 P ot ; -
X years 27 174563420 17,827.11 27 4y 1437 NS
Error 144 141,020.40 16,505, 20

NS = not significant
* = 5% level,
tx 1% level,

*xxx = 0,1% level,
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3,2 Stability Parameters

Three different parameters were calculated which had been
described as measuring stability of a genotype by their

various authors,

The ecovalence of Wricke assigns relative stability to
a genotype with a low proportion of the G-E sums Of sguares.
Hanson's parameter involves the definition of a stability
space with a stable genotype lying close to the origin,

Iberhart and Russell related the o
Y

0 stability saying
that the more deviation from regression shown by 2 genotype

the less prdictable and therefore the less stable its

performance was,
These three paramelers arc presented in two ways:

(a) the actual values are listed along with the cultivars

mean yield over all environments;

(b) the cultivars ranking for each parameter with the
highest ranking being assigned tc the most stable
cultivar according to that parameters definition of stability.

stability.

(i) Barley: 13 genotypes

For this set of data the extreme rankings for the different
parameters agree very well, i.,e,Goldmarker and Magnum share
the bottom rankings and Koreke and Kaniere have uniformly

high rankings (Table 3,21).

An examination of the cultivar mean yields reveals that

Goldmarker was highest for this but its evident lack of
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Table 3,21 Stability Parameters: 13 Barley Genotypes
GENOTYPE MEAN YIELD yp,S-Bsr o pcovaLenceE! ) nansonts(2) sadi(B)
Georgie 5006431 1669.67 2071223435 2058, 7 62865452
Koreke Lol .67 1405, 39 2026870,60 1199,8 62802493
Jupiter 4600, 29 1606.05 2969776.26 206141 141786, 14
Neptune 551,82 1632.49 %021360,92 2140,3 141074 ,84
Goldmarker 5127,55 1813.94 6131501417 303243 296900,12
00072 4555359 1560,973 624011 4 Ll 225545 254384,81
6487 5002443 1590, 35 3172824493 2059, 1 157310, 35
12472 459%,67 1562469 17277515 217840 224811 ,54
Ark Royal 4722,08 1423,47 LE4553L .18 1925, 7 225900 ,47
Magnun L9LY7 ¢ OO0 171144 577442091 2L ] ol 317109454
{aniere 4903, 27 145478 2235253 ,87 1440 ,5 87351k ,38
Zephyr 4565.78 1506432 212904L6,11 15876 375L3 14
Mata L79L 16 1388.60 LOL B30k 4 I 1702, 1 177748,.98

Rankings for Stability Parasmeters and Mean Yield

(1) (2) (3) Mean Yield

Georgie 2 6 2 2
Koreke i 1 i 13
Jupiter ] 8 & A
Neptune 6 g 5 12
Coldmarker 13 13 12 1
000=72 10 1 11 11
6487 7 2 a 3
124=-72 9 10 g 9
Ark Royal 11 5 10 7
Magnun 12 12 13 4
Kaniere L 2 3 5
Zephyr 3 3 L 10
Mata 8 8 6
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stability should be taken into account as well,

The standard variety Zephyr scored relatively highly
for stability but was amongst the lowest for mean yield,
Kaniere the cultivar noted for its wide adaptability (Coles,
1980) also scored well for stability and its mean yield was

amongst the highest.

The cultivar Georgie did well for both stability and mean
yield, Koreke, the most stable cultivar, had the lowest mean

yield,

(ii) Barley: 1L genotyves

Goldmarker and Magnum again had uniformly low stability
rankings and the additional cultivar Hassan took the place of

Koreke as the most stable genotype overall (Table 3%.,22).

Je L

Hassan has been found to be a promising cultivar in
Vorth Island trials and iz used as a standard in some South

Island sites (Malcolm, 1978).

Georgie, Hassan and Kaniere appear to be the best

cultivare in terms of high mean yield and relative stability,
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Table 3,22 Stability Parameters: 14 Barley Genotypes
GENOTYPE MEAN YIELD o S+E:  mcovarence!") sawsons(2) 52, (¥
Georgie 553k .2l 1681,05 189914.90 186445  108459.57
HozRke 4863.,03 1403414 1625406410 1170.9  109418.03
Jupiter 5104, 24 1593,51  2464979.98 1815.,9  208251.98
lleptune 5040,00 1680.79  2815072.05 2050.9  222449.33
Goldmarker 5633.03 1818.04  4686879.12 2600,1  374908,92

000-72  5087.88  1513.95 3777612.45 1950.4  356768.29
6487 5549.°70 1555.39  2700952.13 1795, 1 24,0119.9

124=72  5128.48  1417.23  1432607.83 1142,0  92268.38
Ark Royal 5176.67 1340,04  3802L05,38 1652.7 30056k, 2
Magnum 5378.18 1679.61  4717507.98 2391.6  453016.26
Kaniere 5410,91 1333.44  2159232,36 Y1251 140595449
Hassan 530%.03 154 ,0k 663L71,18 1230.9 7555.92
Mata 5249.39 1311.27  3777607.98 1595.0  282937.08
Zephyr 5014424 1515.58  179983C,78 149k, 2 140541 .87

| 2 ~
Rankings

for Stavility Parameters

ana Mean Yleld

(1) (2) (3) Mean Yield

Georgie [N 10 5 9
Koreke 5 2 L 1L
Jupiter 6 9 7 10
Neptune 9 12 8 12
Goldmarker 12 14 13 1
000=72 10 11 12 11
6487 7/ 8 9 2

12472 2 1 2 9
Ark Royal 11 s 11 8
Magnum 13 13 14 5
Kaniere 5 > 6 b
Hassan ] L 1 6
Mata 14 6 10 s
Zephyr 8 5 7 13
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(iii) Wheat: 10 genotypes

The cultivar Karamu has been noted for its high yielding
ability (Mitchel & Cross, 1977), This is borne out by its
high mean yield for these trials. Its stability ranking
however (Table 3,23) is uniformly low for all of the
parameters, so iilg performance is markedly inconsistent over

environments,

There was less correspondence between the parameters

rankings for each genotype in this data set,
Gamenya has the lowest mean yield and is very stable in
s |

its performance according to Hanson's rarameter and sLdi.

Its ecovalence however was the highest of all the genctypes.

The line 61,01 (now a cultivar knecvn as Tiritea) had

high stability rankings and a relatively high mean yield,
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Table 3,23 Stability Parameters for Wheat Genotypes

GENOTYPE MEAN YIELD MEAN ¥T3LD Ecovarsnce(!) mansons(® 55%1 (3)
61,01 5284.,83 1456.84 151415,60 118246 21830.43
300-301 5731.33  1748.03 862315.28  2033.9  22586.86
Croua 5056.13 1345.,67 536832,36 959.9  23931,32
293-201  5174,0 1206.83 189701,21 726.5 54B60,65
Pataka 5164,33 1478.72 672191,60 1384.9 64970.,72
Gamenya 4573%,29 1071.89 1451267.68 )0 §539.93
Rongotea 5294.46 1645,73 T217232.20 1800,0 37059.72
61,06 4809.42  1415.58 341751.79  1117.2  7538,55
Karamu/9 5831.56 1646462 1058375 .60 1856.,8 90216.26
301-302  5367.50 1607,29 535237.78 1665.6  12304.52
Rankings for Stability Psrameters and Mean Vield
(1) (2) (3) Mean Yield

61,01 | 5 k

300,301 7 10 ]

Oroua b 3 6

293201 9 2 3 6

Pataka 5 6 9 /

Gamenya 10 1 3 10

Rongotea 6 8 7

61,06 2 K b 9

Karamu 8 9 0 1

301-302 3 7 5 3
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3,3 Finlay and Wilkinson Regression

(i) Barley: 13 genotypes

Table 3,31 contains the results for this regression analysis.
Initially the significance of the Bi g from 1.0 was carried

13

N 2 . . - . ,
out using the 0_T in the calculation, When none of the ¥

. x itg
were found to be significant in this respect it was decided
to refine the error term by subtracting an estimated pure error

FS

term from Oy?x‘ Draper and Smith (1966) describe this procedure
and call the remaining error term the "lack of fit", Using
this lack of fit term the significance tests from 1,0 were
recalculated and these results are reported in Table 3.31., It
was found that three genotypes were significant at the 5%
level, Georgie, Koreke and Mata, A genotype such as

Goldmarker had a relatively high By but its "lack of fit" was
very large making the test non-significant., The t-tests
between individual B8's found no significant differences betwveen
any combination of genotypes (Steel & Torrie, 1980), indicating
again that no differences existed between these genotypes in

their response to environmental change.,

The strength of the linear relationship between the

Y. . and the Y . is illustrated by the high rR? values
Xl.K s X..K s

and the significance of the Regression Mean Squares,

The cultivars are ranked according to their Bi value using
Finlay and Wilkinson's definition of a stable cultivar having
a slope of O as a basis. Goldmérker, Georgie and Magnum would
be judged the least stable by this definition. The alternative
definition of stability as given by Eberhart and Russell (1966)
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Table 3.31 Barley Regression Parameters: 135 Genotypes

Genotypes 8, Signif, of R® ~2 _ Signif, of Rank of
B, from I et Regression B,
Georgie 1.093% ¥ 0,963 115920,34  #xx%x 2
Koreke 0.913% * 0.948 115857.75 %% H X 2
Jupiter 1,035% NS 0.933 194840,96  ¥#*#x 9
Neptune 1.0532 S 0,935 194129,63  #*xxx 10
Coldmarker 1.152% NS 0,906 349954,9  *xxx« 13
000-72 0.9822 NS 0,888 Z07439,63 M- 5
6487 10212 NS Ce926 210365,17  **x%x 8
124-72 0,988% NS 0,899 2778664.36  *xxxx 7
Ark Royal 0,890° s 0.878 278955.,29  *#%%xx 1
Magnum 1,076% HS 0,888 37016L,36  *x¥xx 11
Kaniere 0.9372 NS 0,218 140569,20  **xxx 3
| - " - "

Zephyr 0.985 NS 0,948 140597,96  ***xx €
Mata 0.977% * 0.945 230803,80  *#xxx L
NS = not significant

* = significant at the 5% level
#xxx% = significant at the 0.01% level,

Letter subscripts indicate significance groupings of 8.
as calculated by individual t-tests (Steel and Torrieisi980).
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where B8, = 1 would indicate that Goldmarker, Ark Royal and

Koreke were the least stable genotypes,

It would zppear from the significance tests from 1.0 and
the individual t-tests that little "real' difference occurred
between the genotypes in respect tc their response to
environmental change., In terms of figure 1.1 genotypes Koreke
and Mata are specificelly adapted to less favourable

environments and Georgie to favoureble environments,

(ii) Barley: 1L genotypes

The results for this analysis are presented in Table 3.,32.
The significance from 1,0 for the R's was again recalculated
using the lack of fit errcr., It was then found that

Georgie and Hassan had g's significantly different from 1.0,

No significant differences were found between the g's

when all combinations of the genotypes viere tested,

A strong linear relationship was again found azs illustrated
by the Ra values and the high significance of the Regression

mean squares,

Using the Finlay and Wilkinson criterion the ranking of the
cultivars indicates that again Goldmarker, Georgie and Magnum

would be judged least stable. (Table 3,32).

Using the Eberhart and Russell definition Goldmarker,
Georgie, Mata and Ark Royal would be seen to be the least stable
genotypes.,

Again there did not appear to be any significant differences

between genotypes in their response to environmental change,
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Table 3,32 Barley Regression Parameters: 14 Genotypes

Genotypes Signif, of g2 52 Signif, of Rank of
g from 1 (e Regression £,
Georgie 1.1292 (NS) 0¢251 167796.83  ***x*x 13
Koreke 0.9322 NS 0.930 168755,19  *#*xx l
Jupiter 1.049% NS 0,914 267589.14  *xxxx 9
Neptune 1,108 NS 0,918 281786449  *x»xx 12
Goldmarker 1,183% NS 04893 L342L6,08  ¥xxxx 14
000-72 0.962% NG 0,851 L16105.45  *%xxx 5
6487 1.016% NS 0898 299L57,06  *x*xx 3
124-72  0.946% NS 0.938 151605,54  *#wxx 5
Ark Royal O,8ky” NS 0e836 353901,36  *x=xx >
Magnum 1.0672 NS 0,851 51235342  **%x# 11
Kaniere 0.,875% NS 0.908 199932,65  #*x«x 2
Hasean 1,0512 * 0.977 66893.08 r—— 10
Mata 0,827% NS 04837 342274424  *x*xx |
Zephyr 1.0062 NS 04929 199879.,03  ***xx 7
NS = not significant
(NS) = significant at the 10% level
**:** : significant at the 5% level

significant at the 0,01% level,

Letter subscripts indicate significance groupings of B; by
individual t-tests (Steel and Torrie, 1980), s
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(iii) Wheat genotypes

These results are presented in Table 3.33.

The significance testing of Bi’s from 1,0 was done using the
lack of fit error term. This showed that five of the cultivars
had slopes significantly different from 1.0, Three of these
cultivars (3%00-301, Rongotea, and 301-302) were steeper than
average which in terms of the Finlay and Wilkinson diagram
(figure 1.,1) would mean that they were of below average stability
and better adapted to favourable environments., Two cultivars
(293-201 and Gamenya) were flatter than average, indicating
that they were of above average stability and specifically

adapted to unfavourable environments,

2
The R® values and the significance of the Regression Mean
Sguares indicate a strong linear relationship vetween the

variatles,

The individual t-tests between the gi,s showed no
significant differences were present between the genotypes

responses to environmental change.
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Table 3,%% Wheat Regression Parameters

Genotypes g. Signif, of RZ ;2 Signif, of Rank of
* B, from 1 Y**  Regression B,
61,01 1 Q0462 NS 04991 25176437  **x*x 6
300=301 1.2072% *ox 0.99L 24119,9L  **xxx 10
Oroua 0.91832 NS 0,971 70938.12  wesws 3
293=201 0.81372 * 0.947 101867,45  **xxx 2
Pataka 1 00442 S 0,962 111977,52  *xxxx 5
Gamenya O.?}£1a WKk K 0,972 L246E6,87 R R H 1
Rongotea 1.12662 * 0,977 B8L066,52 FREEX g
61,06 0,9705% NS 0,979 5L5LS.35  *esxx "
Karamu 1.11872 S 0,962 137223,06  #xes 3
301-302 I o 0.983 59311,32  **#xx 0

gs not significant,

gignificant at 5% level,
significant at 1% level.,
significant at 0.,1% level,

W nu

Letter subscripts indicate significance groupings of B—‘S
as calculated by individual t-tests (Steel and Torrie, 1980).
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3,4 Effects Regression

Tables 3.41, 3.42 and 3.43 contain the regression parameters
produced from regressing ang . on n. for barley,

akTiKE on ATKR for wheat.
In contrast to the Finlay and Wilkinson regression B s which has
an sverage value of 1,0, the Bi value for the effects regression
will have an average value 0,0, This is because the effects of
Moy ay and n. have been removed from the regression sum of

squares leaving only those {for an. . and n. which sum to zero

by definition. This can be seen in the results in the above tables.

The R2 values and the general lack of significance for the
Regression Mean Square (an indirect test for HO:E = 0) reflect
the lack of linear reistionship between the variables. As has
been already stated one of the assumptions underlying an analysis
model is that the effects arec independent of one another,

Therefore the lack of linearity eeen here is to he expected.

However the wheat data suggests that for two cultivars
300-301 and Gamenya there was a strong correlation between the

aAT. and the AT

i Since this evident lack of independence

kg?s®
of effects may have caused bias in the Analysis of Variance
estimates the regression coefficients have been used to get an
estimate of the covariance between the effects and the Analysis

of Variance estimates adjusted accordingly, This has been
presented in Tables 3.44 and 3.45. A comparison of this with the
unadjusted Anova table (Table 3.13) shows that no difference in
the significance tests resulted from this so the effect of the
covariance was minimal, This result suggests that even though one

of the basic assumptions of Anova was violated the analysis was

not biased by this and can therefore be seen to be quite robust.,
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Table 3.41

Regression Parameters for Effects 13

Barley Genotypes

Genotype Ei & R2 Signif. of

Regression
Georgie 0,09 0.160 NS
Koreke -0.,09 Qa143 NS
Jupiter 0.04 O,Q16 NS
Neptune 0.05 0.036 NS
Goldmarker 0«15 Qs thh NS
000-72 -0.,02 0,002 NS
6487 0.02 0.005% {i
124=-72 -0.01 0.001 UK
Ark Roysal -0,11 0,099 NS
Magnum 0.08 0.041 5
Kaniere ~0,006 0.058 NG
Zephyr -0,02 0,009 NS
Mata -0,12 D145 NS

NS = not significant,



Regression Parameters for Effects
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Table 3.42

14 Barley Genotypes

Bys R? Signif. of

Regression
Georgie 0515 0,205 NS
Koreke -0,07 0.066 NS
Jupiter 0,05 0,023 NS
Neptune 0.11 0.099 NS
Goldmarker C.18 0,166 NS
000-72 -0.,04 0,008 NS
6437 0.02 002 3
124=72 =0.05 0,048 5
Ark Royal -0.16 04148 NS
Magnum Q.07 0.023 NS
Kaniere -0,12 0,167 N3
Hassan 0.05 0,093 NS
Mata ~0e17 0.184 NS
Zephyr 0.01 0,001 NS

NS = not significant.,
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Table 20&3

Regression Parameters for Effects Wheat

Genotype B s R Signif, of

i’s o .
Fegression

61,01 0.00 0,007 IS

300-301 0.21 0830 %K

Oroua ~-0,08 0.207 NS

293201 w0y 19 0486 (N8)

Pataka Q.00 0,001 13
Gamenya 0427 0.824 L
Rongotea 0.13 04346 NS

61,06 ~-0.03 0.042 NS
Karamu/9 0,12 0.222 NS
301=302 0,10 0.335 NS

NS = not significant

& (NS) = significant at 10% level
N significant at 1% level,

H
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Table 3.L44

Ad justment for Covariance Amongst oAT and AT Effects

Source

E(MS)

sites

years

sites x years

blocks (SY )

genotypes

o2+ 2 +b ’+go? + z 2
4 baqsw Y0 46¥9% (sv) gbo . +gbyo +(2)h cov.

2 2 .2 2 O 2
a +bogSY+bSng+gc b(SY)+guosT+gbsnT+(2)b cov.

2 2 2 2
" +b095Y+gob(sY)+gbOsy+ (2)b COVegvs,vs
o*+go?b(sy)

o*+bo? +bsc? +byo
gy

9
“

. 2
S+bsyog+b cov

gys g “gyYs,ys
y = ] 2 D
genotypes x sites o +bog¥s+bY0gS+b BOV. s s
- 2 2 2
genotypes x years o +b0gys+b50gy+h QOV; —
genotypes x sites o%+bo? _+b cov. ___ .
error o?
Genotype Covariance
61,01 0
300-301 500195
Oroua ~190550
293=-201 4452557
Pataka ¢
Gamenya -643107
Rongotea 722503
61,06 71456
Karamu 285825
301=302 238188
Total 389040

gYs,Ys
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Table 3.45 Adjusted Pooled Analysis of Variance

Re-estinated
Source Adjusted 5,5, Adjusted M.S. F Signif,
sites 136704500,20 L5568166,67 2447 NS
years 300741778.55  300741778.55 14e22 *
sites x years EOLIL772.17 20138257, 39 957 * X
blocks ( &y)
genotypes 30452202,48 33835105 25l *
genotypes x sites Thy1881 .44 275625, 24 Te54 NS
genotypes X years 9262453.50 1029161450 5¢7L  ¥waxx
gemotypes x stes  ,841129.61  179301.10 LB NE
NS = not significant
* = pignificant at 5% level
*»** = gignificant at 1% level

*xxx% = gipnificant at 0,1% level,
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3,5 Cluster Analysis

(i) Comparison of Clustering Strategies

The eight available clustering strategies were applied to the
G x E means data for the 13 barley genotypes, This allowed
an assessment to be made of the strategies so that the most suit-

able one could be chosen,

The single Linkage Strategy exhibited a mild chaining
effect (figure 3.51). This is due to its space-contracting
tendencies which have been noted by previous authors (Williams,

1971). There were single entity clusters present until late

stages of clustering,

Both the Centroid (figure 3.52) and Median (figure 3.53)
methods had the problem of reversals occurring in the
clustering process, For the Centroid method this occurred at
two stages, for the Median method at one stage. This problem
had been noted before by Lance and Williams (1367), Teow (1978),

Anderberg (1973).

A mild chaining effect could be seen with the Average

Within Groups strategy (figure 3.55).

Program SEFWIG was run for the Group Average (figure 3,54),
Average Within, Complete Linkage (figure 3.56), Wards (figure
3.,57) and Flexible (figure 3,58) strategies., This determined a
truncation point for each dendrogram based on the minimum F value

for Amongst Cluster Sum of Squares/Within Cluster Sum of Squares
ratio (Teow, 1978).
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Dendrogram for Single Linkage Clustering of 13 Barley Genotype Means
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Figure 3.52 Dendrogram for Centroid Clustering of 13 Barley Genotype Means
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Figure 3%.53 Dendrogram for Median Clustering of 13 Barley Genotype Means
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Figure 3,55 Dendrogram for Average Within Group Clustering of 13 Barley Genotype Means
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Figure 3,56 Dendrogram for Complete Linkage Clustering of 1% Barley Genotype Means

lustering Criterion
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Figure 3,57 Dendrogram for Wards Clustering of 13 Barley Genotype Means
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Figure 3,58 Dendrogram for Flexible Clustering of 135 Barley Genotype Means
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The truncation points have been marked on each dendrogram,
Of these five methods Wards and Flexible strategies produced the
most even sized clusters and in addition the cluster memberships

produced by these two strategies were guite similar,

Because of the chaining and reversal problems of the first
three methods, and the desirability of having even sized
clusters, Wards and Flexible strategies would appear to be the
most suitable, PFrevious reports of the successful application
of Wards Incremental Sum of Squares strategy (Teow, 1978),
(Cameron, 1979) and the conceptually attractive basis of this
method meant that it was chosen sg the strategy to be used for

the remaining dafta sels,

MASSEY UNIVERSITY
LIBRARY
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(ii) Barley 13 genotypes

1., Clustering on means,

The results of the Cluster Analysis of Genotype-Environment
means by Wards method are presented in Tables %491 and 3.52

and figure 3.57.

Using the method described by Teow (1978) the truncation
point of the dendrogram was determined at the & cluster level
and the membership and means for each attribute (environment)

for these clusters is reported in Table 3.51.

An examination of WSS/TSS ratio (Table 3.52) gives an
indication of the proportion of the total sums of squares of
each attribute not explained by cluster differences. The
truncation point is marked in the table and at this point
dormant and dominant characters (environments) can be identified.

.

At this point, Winfield had only 15.5% of its Total Sums of
Squares (T58) not accounted for by clustering, This implies that
it was a dominant attribute in the cluster formation, Similarly

Outram., Bulls and Methven were relatively doninant characters,
’ “

Dormant environments were Pleasant Point, Leeston MAF,
Mitcham, and Leeston CRD, i.e. a small proportion of their TS5S

was accounted for by clustering.

The significance testing of the means of the clusters Table
3,51 indicated that Cluster 4, whose members are Goldmarker and
Magnum, had a significantly higher mean than the other clusters
for 6 out of the 17 sites., These 6 sites were all relatively
dominant characters. These two cultivars had been previously

noted as having a high mean yield and low stability rankings -
section 3.2,
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Barley 15 g means

Table 3,51 Cluster Means for Each Environment
Letters indicate significance
grouping of Means, by LSD,
between clusters,
Environments s 2o X e L, S 6o
1. Gore 7892.22 7671.7%  7990,0% 8788.3% 7663.3% 8840.02
2. Pleasant Pt 5103.3% 5160.0% 5091.7% 4921.72 4791.,7% 1816.72P
3, Fairview  5133.3° 5901.7%° 5576.7%° 6233.3% 5691,62° 5620,02°
4., Qutram 6253,32° £590.0% 6336.72 6570.0% 14905.0° 6260.02°
5, Takapau 5175.,6% 4795,0%  4688.3? 4440,0% 5060.02 5348,3
6. Bulls 5385.62° 4973.3°  5718.3%P £925.02 5861.72Y 6280,02P
7. Marton 4990.0%" 4980.0%® 3935.0° 5425,0% 5375.0% 5545.0°
8. Winfield  4806.7° 5208.3%° 5328,32P £745.0% 5733,32P 6230.02P
9, Leeston MAF 2355,5% 2576.7% 2308,3% 2406.7% 2471.7% 2353,3%
10, Milton 6324 .42 6515,02 4895,0% 4963.3% 6083.,3% 6115.,02
11. Incholme 2755.62P 3865.0% 2598.3° 3143.32P 2813,32° 3553,32P
12, Mitcham 2495,3% 2551,2° 356, 5 523,38 2570.72 26247
13. Methven 27L6.7° 4258.8%° 3653,22P 4B08,72 3825,5%P 4,157,820
14, Kirwee 3133,92 3161.,0%  3123,7% 3323.,2% 3328.2% 3443,0°
15, Lincoln 5632,8%0 5718.72P 5280.0° 6462.3% 5718.72° 5555,33P
16, Leeston CRD 2922.3% 2866.3% 2880.3% 2777.7% 2915.5% 3032,2%
17, Dunsandel 4759.12 5009.,22 4880.8% 5176.8% 4751,0% 5299,72
Jupiter Ark Royal Koreke Gold=- Zephyr Georgie
marker
MEMBERSHIP 000-72  yaniere Neptune Magnum Mata 6487

124=72
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2, Clustering on Effects

The results for the Cluster Analysis by Wards Method on the
G x E effects are reported in Tables 3,53, 3.54 and figure 3.59.

Five clusters were indicated,

The dominant environments involved in the formation of

these clusters can be identified as Milton, Bulls and Outram,

The environments with the least proportion c¢f their TSS

involved in clustering were Pleasant Point, CGore and Incholme,

There was a degree of correspondence between the clustering
of means and effects, In hoth cases Goldmarker and Magnum
were grouped together by themeelves as were Koreke and Neptune,
Jupiter and 000-72Z, and Ark Royal and Kaniere remained together

in both analyses.

fulls and Outram were dominant environments in both

analyses,

The cluster containing Goldmarker and Magnum, cluster 5,
showed significantly different means in five out of the
seventeen environments, This could reflect the relatively high

level of instability noted earlier,
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Barley 13 g effects

Cluster Means for Fach Environment

Clusters
Environments 1 2 5 L 5
1. Gore 52.8% 116.3% 83,22  -309.42 385,6%
2. Pleasant Pt -146.,0% 349,5% -80,3% 149.6%  -349,52
3, Fairview 22,32  175.0% -334.8° -88,2% 302, 7™
i, Outram -928.2°  h24.5%2 91.4%P 373,82 128,82P
¥, Palkapa 167,720 -1,33P 338 92 9. 72% ~778.6°
G, BEllE 18.,8%% 145,42 403,92 _7200.3P  §23.02
7. Marton 128,82 -85L.6°  692.3%  -68.62P  106.43P
8., Winfield 363,22 =31.3% =284.4 542,72 85644
9, Leeston MAF 62.1%  148,7% -23%36,12 {2381 «552,0°
10, Milton 364,720 _912,02P p6e.8%P 902,32 ~1172.7°
11. Incholme 180,12 246,92 3146 189,92 230492
12, Mitchanm 7.3%  85.42 112,42 33,5%  -275,82
13. Methven 110,820 82,22P _na 6P _86.23P 708,72
14. Kirwvee 82,72 128.7° F 1 66,52 -200.8%
15, Lincoln 342 =192,5% ~22h4.4 % 1,60,8%
16, Leeston CRD 55,72 224,72 -28.420  63.62P -407.0°
17. Dunsandel =108,72 158.,1% 255,02 B 54 T
Membership Georgie Koreke 6487 Jupiter Goldmarker
Zephyr Neptune 124=-72 000=72
Mata Ark Magnum
Royal
Kaniere

Letters indicate significant groupings by LSD between environments,
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Table 3,54 Provortion of Variance Not Explaired by Clustering (Ws55/T5S)
va, of
lusters 1 J Criterion 1 2 .5 L 5 £ 7 a 9 10 11 12 13 1L 15 16 17
12 12 .1196 x 10? 172 LO43 015 014 002 ,001 D60 000 017 000 ,009 .,178 ,015 .212 .Ou9 006 004
1 4 .2579 x 107 .253 .081 .030 .035 .089 .018 ,082 ,000 .134 .006 .009 ,356 .O4S .254 .092 ,023 147
10 6 4007 x 107 314 o143 .372 041 098 .023 L0358 .021 L137 .008 .015 ,548 .09 L300 o111 ,232 160
9 11 .5700 x 107 314 4255 375 4096 <217 027 .099 .035 .14y 4,027 .027 .553 114 J37% 191 .252 ,335
8 10 7771 x 107 ,322 4292 383 .108 271 ,055 L10L .099 179 J058 .214 o573 .128 .379 377 .20 .339
7 8 .1083 x 108 .323 .549 .391 .109 .282 070 J146 153 388 .058 .246 657 370 J4LO 553 J496 352
6 13 14078 x 108 .635 .737 .425 241 .283 104 .258 278 .439 063 .260 657 .394% J459 557 497 372
5 9 .1759 x 10%  .700 739 .650 241 JL12 L1462 J260  W28L  J4h2  J10hL ..696 679 561 519 .569 .569 416
4 7 .2223 x 108 700 813 832 4265 L456 L1538 965 299 J6L7 111 852 .680 .703 .526 .569 .629 438
3 5 .2775 % 108 705 867 JBLL 780 456 .10k .08B 403 L67h .289 .896 .703 .773 528 .606 .632 .824
2 3 .3539 x 108 854 .885 849 ,992 461 .627 4992 613 JTLO 629 950 .706 .775 .722 641 .632 .970
1 5 4702 x 108 1.00 1.00 1.00 1,90 1,00 1.00 1.,GD 1,00 1,00 1,00 1,00 1,00 1.0 1,00 1,00 1,00 1,060
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(1ii) Barlev 14 genotypes

1« Clustering on means,

The results for clustering of means by Wards Method are

presented in Tables 3,55 and 3.56, and figure 3.510,

The probabilistic cut off method indicated that four

clusters be considered,

From Table 3,56 it can be seen that the dominant

attributes involved in clustering were Pulls and Milton with

Winfield also having a relatively low rercentage of its TSS not

accounted for by clustering,

The dormant characters could be identifisd as Takapau,

Pleasant Point and Leeston MAF,

The cluster membership reflected some similarities with
the 13 genotype analysis, with such pairs of genotypes as
Goldmarker and Magnum, Koreke and Neptune, Jupiter and

000-72 being grouped together still,

The cluster of which Goldmarker and Magnum were members
had significantly high means for five out of the eleven

environments,

The dormant attributes exhibited no significant

differences for cluster means,
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14 g Means

Barley
Table %.,55 Cluster Means for Fach Environment
Clusters
Environments 1 2 % L
1. Gore 7750,.8° 8123.3%  7998.92P 868L.5
2. Pleasant Pt 5078,3%2 4907 .52 5166,72 4810,0%
3, Fairview 5500,0% 5703,3% 5452,22 5992,22
L. Outram 6472,5% 5502,5° 6241, 12P 6558.,92
5. Takapau 4970,82 5081,72 L370,0% L761
6. Bulls 5059, 2" 5867.52  5767.3%° £838,9%
7. Marton 4907,52P 5290 ,0°2 £,390.0° 5697 .83
8, Winfield j@&:.%“ ;?ﬁ7.'11 :1§C.th GLER T
9, Leeston MAT 248l 2 2135,02 00 .9 3159
10, Hilton 6695,38 6290 ,02° 5003, 3 518892
11 Incholme pfii.fg L"“].?a 768,29 0B, 3"
Jupiter Hassan Koreke (icldmarker
Cluster 000=72 Zerhyr Neptune Magnum
Membership Ark Royal Gecrgie 124=72 6437
Kaniere Mata

Letters indicate

means grouping by L5Ds between environmentse.
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14 Barley g Means

wal'usg

Table 3.56 Proportion of Variance liot Txvlained by Clusterine (VWSS/TSS)
No. of .

Clusters T J Criterion 1 2 3 L 5 6 7 8 Q 10 11
13 3 6 .10435 x 107 045 .G75 231 004 .006 005 .008 .010 JO1h .001 .002
12 2 4 .21060 x 107 111 LI54  .251  L033  L088  .023  .017  .,012  .124  .011  .003
1 12 14 <3575 x 107 113 .365  .260 <41 L0858  .032  JO43 018  L.126  .017 .00
10 G 11 47580 x 107 118 LL57  .262  .224  L209  LO042  JOL8  .039  .208  .026 003

9 5 10 66045 x 107 137 L475  .262  .226 b 076 LOL8  .103  .381  .077  .093
8 2 8 36633 x IO? + 137 o 490 w7 « 237 520 .079 287 s 128 o e 085 o 141
? 1 12 .10863 x 108 .428  .581 307 .248 L5601 083  J314 166 513 095 = 197
6 5 7 «13676 x 108 Ll 5 623 457 o 243 . B4 7 L 090 . 1100 252 .610 « 131 307
5 3 9 ,19567 x 10 451 .835  .735  .259 .904 L0955 WOk .255 682 147 .756
4 1 13 .19567 x 108,598  .857  .755  L463  .910  L117  Ju48 313,827 154,973
3 1 3 .25830 x 10°  L670 L8917 L7300 L850 L9201 ,329 505  .570  J837  ,193 835
2 1 2 .32736 x 105,672 .9290  LO11  .879 946 .362  J715 601  .953  .773  .883
1 1 5 45797 x 108 1.00 .00 1,00 1,00 .00 1,00 1,00 1.00 1.00 1,00 1,00
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2e Clustering on effects

These results are found in Tables 3,57 and 3.58, and figure
34511, A relatively large number of clusters were indicated,

i,e, eight, and of these three had single genotype memberships,.

Again previously associated pairs of genotypes were grouped
together i.e. Jupiter and 000-72, Korske and Nevntune, Hassan
and Zephyr. Goldmarker and Magnum, the cultivars which had
previously been strongly associafed were both in single genotype

clusters,

Dominant characters involved in cluster formation were
Bulls, Milton and Incholme, There were no really dormant
characters because of the relatively early stage of truncation,

however Pleasant Point had 52% of its T8S not accounted for by

clustering at this stage,
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Barley 14 genotypes effects
Table 3,57 Cluster lMeans
Cluster

Environments 1 2 3 L 5 6 7 8

1. Gore 193,72 -638,5% 45,22 176,11  484,6° 356,12  -484,52 128,52
2, E%easant ~297.,8% 151,12 -130.3% 397.3% -579,2° il 123,32 157,72
3, Fairview ~48,0% 235,32 -387,7% 219.9% 188.4° 456,62 202,62 403,02

b . a ~ :
L., Outram -405,63P -1538,9° 38.0%Y 468,9% -55,9%F 352,32 379.9% 342,72
5, Takapau 78.3%% 239.4° 291,47  48,9%° -520,9%° -986.1° -186.72P 362,72
6. Bulls -97.98P 362,02 352,32 191,62 1041.7% -1869.4° -895,72P -526.56b
7. Marton 40.1%° 630,12  605.4% =843.7° <36,9% goq 2R Lqii 08P g, a8
8, Winfield  472,78° —223,92P _355,338 5 8D 159 4 e R - L3
I 72,15 266,85 86,47 200.7%Y 170,28 322,08 135720 1g8a®P
10, Milton 428,820 187,720 _555,320 _90p,780 _g55 980 _1501,10  pou 08P 193, .2
11, Incholme =-292,2%° 28.9%° 359.2%° —171.6%° —704.7° 343,52  752,8%  -336,13°
Hassan 6LB7 Koreke = e Ark Royal Jupiter
£ Mata S s S Goldmarker Magnun . Y .

Cluster Zephyr 12472 Nentune VRN Kaniere 000=72
Membership Geor‘béie

Letters indicate means grouping by LSDs between environments,



1325 14 Barley Genotypes Effects

Nards
Table 3,58 Proportion of Variance Kot Explained by Clustering (WSS/TSS)
Clusters
Fusing
No, of I J Criterion 1 2 3 b 5 £ 7 8 9 10 11

Clusters

13 12 1 J77%0 x 10°  .007  .063 .002 L0617 L0200 L00O .008 L0338 094 L,O00 ,002

12 2 L .1663 x 107 ,068 ,086 .006 L075 L140 ,007 .O4O0 L,O38 .302 ,003 OOk
1 9 11 J2677 x 107 .069 .210 J012  .i24 .250 L,008 LO4O LO48  .305 L,Ol4 .020
10 3 6 <3719 x 108 138 L2264 319,128  .257 012 054 065 ,312 L0015 024
9 1 12 4884 x 107 .379  .266  J342 L1130  .257 L015 .188  LO74 .317 ,015 ,033
8 7 8 6123 x 107  ,380  .522 346 130  .269 .025 L,227 .125 346  ,L,015  ,061

7 3 9 .8723 x 107 L 522 4562 130 o390 045 228  J134 G347 J067 498

6 113 1170 x 100 656  W684  .597  W342  .398  L067  .304  .214 490,072,526

5 2 5 L1498 x 10°  ,683  ,930  L598  .383 484k L1137 430 424 650 074 4596

4 1 7 1848 x 10°  L.685  ,930 L7300  .538  .500 L1568 497 .545 671  ,210 757

3 1 2 .2384 x 10° L7490 957  .853 779 J581  .193  .969  .591 .707 368 .836

2 1 10 .3138 x 10°  ,775  .957 L9057  .839  L983 .772 ,979 613  .876 .552 .910
2

1 1 3 L4035 x 10° 1.00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
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(iv) VWheat

le Clustering on means

Tables 3,59 and 3,510 and figure 3,512 give the results for

this analysis,

The truncation point was determined to be at the three

cluster level,

Examination of the cluster means shows that the cluster 1,
with 6 genotypes in it, ranked congistently in the middle for

each environment,

The cluster containing Gamenya and 61,06 had significantly
lower means for all of the environments while the cluster with

300-3%301 and Karamu/9 had significantly higher means,

The mean yields listed in Table 3,235 also indicated this
trend so the clustering seems to account for differences in

yield quite ciosely.

There was one outstanding dormant environmment for this
analysis. Tikokino 1978 had 81.5% of its TSS not accounted

for by clustering.,

Kairanga 1978 was the most dominant character but
Tikokino 1977, Halcombe 1977 and Halcombe 1978 were also

important.
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Table 3,59

Cluster Means for Fach Environment

Wheat Means

Environment

1

Cluster
e

3

Halcombe

s

6002, 12P

6694 4 22

Ve

7543,82°

Co
(RS
O
nJ
)
s

v77

5816 .67

Tikokino '77 58964727 5451,7° 6931,22
. -~ S e et Ay ey 8
Halcombe '78 233,.,9 L4923,0 5947 .2
- 4 i r el s ErEe &
Aorangli 1786 506647 14357 515547
o — ab ——. L SR e
Kairanga 78 362841 E} 0 3799,5%
T —— - ~ab s ey gt & rpd
Tikokino 178 2541.;a :QIE.DI 2718472
6101 Bulk
Oroua Ganenya 500-301
Cluster Pataka y
: S N 3 1 |4 7

Eongotza
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Table 3,510 Proportion of Variance not Explained by Clustering (WSS/TSS)

Wheat Means Wards Method

No, of Clusters

Clusters IFusingJ Criterion Hal '77 Aor '77 Kai '77 Tik '77 Hal '78 Aor '78 Kai '78 Tik '78
9 ! 3 ,38095 x 10° 0,019 0,007 0.017 0,039 0,060 0,005 0.027 0,005
8 7 10 .79120 x 10® 0.076 0,017  0.019 0,055 0,109 0,065 0.030 0,041
2 2 g 413937 x 107 0,103 0,018 0,033 0,123 0,121  0.082 0,030  0.449
6 i s .20504 x 107 0.119 0,033  0.121  0.170  0.174  0.083  0.058  0.462
5 | L .28881 x 107 0,127 04129 0,155  0.174  0.260 0.098 0,076  0.567
4 6 8 L0472 x 107 0,267  0.146  0.296 0,174 0,265 0,132 0,167 0,786
3 1 7 58267 x 107 0.276 0,343 0,369 0,220 0,287 0,421 0,167  0.815
2 | 6 J10044 x 108 0.534  0.713 0,46k  0.317 0418 0,919 0,755 0,863

i : 5> .,17851 x 10° 1,000  1.000  1.000  1.000 1,000 1,000 1,000 1,000
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2o Clustering on effects

Tables 3.511 and 3,512 and figure 3,513 give the results for

this analysis,

The cut off point was at the three cluster level again,
lalcombe 197/ was the most noticeably dormant environment with
Tikokino 1977 and Halcombe 1978 also being relatively dormant,
Aorangi 1977, Acrangi 1978 and Tikokino 1978 were dominant

environments,

ot a great deal of corresrcondence occurred with the cluster
analysis on means either in respect to cluster membership or

importance of enviromments,

However cluster 1 was again the middle ranking cluster for

most environments,
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Table 35,511

Cluster Means for Bach bEnvironment
Invironment Cluster
[ 2 3

. s 18 &5 Bl 2wl
Halcombe '77 20,1 -152,9 56.3

y ab r 5 7D 8
Aorangi Y77 =49.3 -639,6 269.6
v . - f‘-\b b - . =
Kairanga '77 2061° ~467.6 2437

Tikokino 177 ~183,47 43 181,02
Halcombe '78 101 5% 214,72 5.9
. - ” | n 8 . a
Aorangi ''78 235.2 218,7 =34L .5
Kairanga '76 34,027 305,02 ~18645°
Tikokino '78 25,22b 519,12 ~283,7°

Cluster
Membership

61,01
bulk

6106
Oroua

Pataka

- . -
Gamenya

500-301

301-302
Rongotea

Karamu/9

Letters indicate significance groupings of cluster means by

1LSD,
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Table 3,512 Proportion of Variance Not Exvlained by Clustering (WSS/TSS)

Wheat Effects

Clusters
fusing

No, of

Clusters I J  Criterion Hal '77 Aor '77 Kei '77 Tik '77 Hal '78 Aor '78 Kai '78 Tik 178
9 18 .1593 x 10° 0,058  0.033  0.008 0,003  0.000 0,003 0.061 0,018
8 2 10 .4225x 108 0,081 0,034 0,027 0,005 0,010 0,058 0,091  0.136
7 1 3 7205 x 10° 0,135  0.042  0.049 0,081  0.081 0.142  0.135  0.15€
6 L 6 L1151 x 107 0.421 0,051 C.051 - 0,099 0,092 0,234  0.181  0.248
5 2 7 J1672 x 107 0.787  0.113 0,053  0.140  0.321  0.277  0.241 0,260
L 2 9  ,2%306 x 107  0.849  0.169 0,113 0,523 0,354  0.307 0,327 0,292
3 1 5 3133 x 107  0.885  0.251  O0.476  0.656  0.639 0,317  0.331 0,297
2 1 4 J4555 x 107 0,960 0,504  0.744  0.718  0.999  0.317 0,530 0,561

1 1 2 .7571 x 107 1,000 1.000 1,000 1,000 1,000 1,000 1,000 1,000
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3.6 Principal Component Analysis

(i) BRBarley: 13 genotypes

For the unrotated analysis, Table 3.60 presents the eigenvalues
and cumulative percentage for each component, Table 3,61
presents the Factor Structure matrix and Table 3.62 the factor

SCOres,

Fer the rotated analysis Table 3,63 presents the factor

structure matrix and Table 3%.64 the factor scores,

It was found that for this set of data the correlation

matrix was singulzr and therefore could not be inverted,

The inversion of the correlation matrix is not essential
for the subsequent calculations for Principal Component Analysis
(Cooley and Lohnes, 1971), However the determinant of the
correlation matrix is necded for the chi-sguare test for the
significance of the components. This may be calculated by
multiplying together all of the eigenvalues (Bartlett, 1950),

but in this case 5 eigenvalues equalled 0,0000 making the deter-

=
o

minant alsc O and the test inapplicable.

It was thought that the singularity was caused by the
number of attributes (17) exceeding the number of observations
per attribute (13), This was examined by removing the five
environments (attributes) which had the lowest communalities
and therefore contributed least to the components, With these
five removed the number of attributes was less than the number
of observations and it was found that the correlation matrix

was no longer singulaf. It was found that at least five
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Table 3,60 Principal Component Analysis PBarley 13 Genotypes

Component Eigenvalue % of variation Cumulative %
L e 2 2
Ce . o
3 1.88862 1141 99.6
T 5 &
6 1,08207 6o 8347
& 0.88120 5.2 88.9
8 0.76377 L.5 954
9 0455041 31 9645
10 0.31928 1.9 98.4
]1 0021067 ]ot. 99-6
12 0.05977 0.4 100,0

rest 0,00000




Gore
Pleasant Pt
Fairview
Outram
Takapau
Bulls
Marton
Winfield
Leeston MAF
Milton
Incholme
Mitcham
Methven
Kirwee
Lincoln
Leeston CRD
Dunsandel

Table 3.61

125,

Factor Structure Matrix

Farley 15 g

Component 1 Component 2 Component 3 Component 4 Component 5

0.71494
-0.32423
0.74822
0.13536
~-0,09247
0.81869
0454354
0,83019
0415376
~0,37791
0,37344
051852
0.65364
O 7125
0,61653
-0.31434
0.74771

-0.18976
-0.38657
-0,33767
-0.39525
0.9053¢2
-0.12068
O.48324
-0.09434
0.38060
Q.46337
0.03899
0.65723
-0.36682
0.51871
-0.12706
0.12256

0.05035

-0,27467
0.56280
0,30038
0.03965

-0,09011

-0.30673
0.22778

~-0.,18026
0.52982
Oali 3421
0.67944
0.02277
0.40622

-0.20328
0.16093
0,20155
O 11743

0.12660
0.22512
-0439204
0.31272
0.17839
0415294
0.,36572
~-0,03129
-0.53458
-0,20229
0.46245
~0.27431
-0.20898
0+ 10431
-0.08484
0.65830
0432546

0.09229
O.13345
-0,03591
-0,41060
0.07216
0.16096
0.03046
0,38016
0424426
0.08022
-0.31796
~0.419C3
O 16352
O.13724
0.,27918
0.57261
-0a36413
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Table 3,62 Factor Scores: 13 Barley Genotypes

Component 1 Component 2 Component 3 Component L Component 5

Georgie 0.643788 0.525747 04255464 0.405274 1,306019
Koreke -0.584618 -0,087699 -0.,869497 -0.3%97332 -0,358118
Jupiter -0.622711 0.508553 =0.,411969 =1,515196 -=1.067782
Neptune -0,747270 =-2,065158 -0,868615 -0,0153%58 -0,067044
Goldmarker 1,929766  ~0,318062  =0,411482 =1,176750 0,099638
000=72 -1,867604 0.116778 0.060806 1.102198 1.237173
6487 1.078185 1.015331 -0.409525 1,835393  =1,29097

124=-72 -0.423015 0.628068 =0,563072 1,092318 -0,868777
Ark Royal -0.,569793 ~0.835443 2.027480 ~0.413692 -1.369084
Magnum 1160939  =1,785501 0.1353369 0.849704 0,669084
Kaniere 0. 194435 0,662151 1.581211  =0.,206185 -0,351985
Zephyr -0.184124 0.772478  =1.,486467 -0,963743 04534855
Mata -0,007978 0.853757 1162299 -0.596632 1525727
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Table 3,63 Varimax Rotated Factor Structure Matrix
13 Barley Genotypes

Component 1 Component 2 Component % Component 4 Component 5

Gore 0.62775 0.40028 0.01579 -0.22545 0.,02363
Pleasant Pt =0.,04117 ~0.75215 0.15725 0.06269 0.28761
Fairview 0.79482 -0,15829 0621630 0.,01899 =0 47071
Outram 0.03828 -0.09155 0.10629 -0,08027 -0,02968
Takapau -0, 57580 0.69719 0+19479 0,58504 0.28708
Bulls 0.65488 0634721 0.21506 ~0e52145 0.03044
Marton 0.20588 0.53806 0,73981 -0.,02835 0.15507
Winfield 0.84874 0.40726 0.00858 -0.135114 0.06990
Leeston MAF  0,30884 0.05732 0.05751 0.80069 -0413455
Milton ~0.26984 0.,03849 -0,03124 0.82449 0.13393
Incholme 0.12984 -0.22559 0.88169 011520 0.05788
Mitcham 0,0373%7 0458503 0.48778 0.20346 -0.55146
Methven 0.8187¢€ ~0,21072 0, 18047 0.13947 -0,15556
Kirwee 0.42994 0.76688 0636163 -0,04330 0,02817
Lincoln 0.,68473 Ce03435 017763 -0,02547 -0,01396
Leeston CRD =0,12288 0410685 0,10106 0.06745 0.93556
Dunsandel 0434200 0.24052 0.69256 ~0.23163 -0.18253



128,

Table 3,64 Factor Scores for Rotated Factors

Georgie
Koreke
Jupiter
Neptune
Goldmarker
000-72
6487
12472
Ark Royal
Magnum
Kaniere
Zephyr

Mata

Component 1 Component 2 Component 3 Component 4 Component 5

1.012474
-0.664143
-0.846950
-0.016298

1.876050
-1.060925
-0.550130
-1 547374
~0.432926

1.586808

0.107703
-0,206109

04541820

0.899925
0107303
0437449

~14129772
0.839167

-04369844
1.330916
0.304707

-2.044375

~1.037191
0,040287
1.192690

~04571262

-0.156539
-0.691659
-0.802041
-1.460422
~0.252261
-0.883719
1945440
0.886340
0. 964484
0,379795
0.730957
-1,150201

0,529821

1.028158
-0.522401
0.800837
-1.161005
0.007871
0.549848
-0.963014
-1,10462Y
0.825215
-1.506408
1.682712
-0.256290
0.619111

14333970
-0.506762
~-1.516007
-0,063896
-1.121978

2.151928

04170071

0.067645
~-1.058696

0.522476
-0.087567
-0.3552299

Oe461116
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environments had to be removed to solve the problem, thereby
supporting the above explanation, The results of the analysis
with twelve environmenis are presented in Appendix 1., A
comparison of the factor scores for both the full and restricted

analyses reveals that the differences between them are minimal,

Because the chi-square test was not applicable here the
number of components tc be studied was decided on the basis of
75% ©f the total variation explained. The first five components

satisfied this critericn (lahle 3,00),

r~

The factor structure matrices for both the uurotated
(Table 3.61) and the varimax rotated (Table 3,63) anzlyses are

given for these five components,

Component 1 accounted for 32,2, of

i

the tetal variaticon

]
o
a,

wags by definition the most important comvonent,

ior the unrotated analysis Winfield and Fulls were the
envircnments with the highest positive ceorrelation with
Compornent 1 although Kirwee, Fairview =znd Dunsandel vere alsc high-
ly correlated, Three sites: Pleasant Foint, Milton and
Leeston CRD had negative correlations with the component although

these were not large.

For the varimax rotated analysis, Fairview and Winfield
had the highest positive correlation with component, with

Lincoln, Bulls and Gore also being important,

Takapau, Milton and Leeston CRD had small negative
correlations, It has been often found that the first Principal

component represents a general factor in the data (Cooley &

Lohnes, 1971). This does not appear to be the case here as the

.
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environments vary considerably in their correlations with the
component, The varimax rotation indicated that Fairview and
Winfield were especially important for this component, Both
are Canterbury sites, but other factors which might single them

out from the other environments were not chvious,

-

Component 2 accounted for 16.,3% of the total variation
taking its cumulative totsl with Component 1 to just under 50%.
For the unrotated analysis Takapou had s very high positive
correlation with this component and there werc again some low
negatively correlated sites i.e., Pleasant Point, Fairview,

Cutram and HMethven,

The varimax rotated factor structure hovever suggests some
degree of bipolarity ©f the environments with Kirwee and
Takapau's high positive ccrrelations being opposed by the high
negative correlation of Pleasant Point. Again any interpretation
of this feature was not cbvious from the information available on

these enviromments,

The genotypic scores for the components are represented in
Tables 3,62 and 3.64, and graphs of the scores for Comronent 1
against Component 2 are presented in figures 3%.61 and 3,62, The
clusters formed by Wards Method on means are indicated on the
unrotated scores, It is apparent from this that there is little
correspondence between the grouping of the genotypes by cluster
analysis and their arrangement on these two axes, Magnum and
Goldmarker were grouped together by cluster analysis and here
they are separated into a quadrant by themselves so there is some

agreement there, Since the first two components only account for
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Figure

3.62

152,

Genotype Scores for Components 1 and 2 for 13 Barley Genotypes -

x 8

Varimax Rotated

Kl

Genotypes

1. Georgie
2, Koreke

3. Jupiter
L, Neptune
5. Goldmarker
6. 000-72
6487

8. 1 24"‘?2
9, Ark Royal
Magnum
Kaniere
12. Zephyr
Mata

L %13
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~50% of the total variation this lack of correspondence with

cluster analysis is not really surprising.

The arrangement of the genotyres on these twe axes seems to
suggest the separateness of 000-72, Neptune, Magnum and
Goldmarker from the remazining genotypes and each other, On

the varimax rotated graph Ark Royal is also apart from the othars,

Similarly little corresrondence could be seen hetween the
dominant/dormant environments in Cluster Analysis and those
showing strong correlations in Principal Component Analysis,
Winfield was a dominant environment for the clustering on means
and had a high positive correlation with Component 1 for both
the rotated and unrotated PCA's, Other similarities were not

evident however.
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(ii) Barley 14 genotypes

The unrotated results are presented in Tables 3,65, 3.66 and
3,67. Figure 3,63 is a graph of the unrotated factor scores

for the first two components.

The varimax rotated results are presented in Tables 3.68

Lgv)

and 3.69. Figure 3.64 is a graph of the rotated genotype scores,

The determinant of the correlation matrix was 0,000513,
Bartlett's Chi-Square test indicated that there were six
significant components, To be consistent with the previous
data set the first four components are considered here together

accounting for 73.3% of the total variation.

The first component accounted for 30,.5% of the total
variation and there were four environments which had high
positive correlations with it (i.e. Gore, Fairview, Bulls and
Winfield) in the unrotated analysig, Milton had a stirong
negative correlation and Pleasent Point and Takapau had small
negative ones, For the varimax rotated analysis Gore, Bulls
and Winfield again were highly correlated with the component
with Pleasant Point and Milton having notable negative

correlations.

Component 2 accounted for 17.2% of the variation taking
the cumulative total to 47.8%. Takapau and Marton had high
positive correlations, Pleasant Point and Outram had negative
ones, The varimax rotated analysis showed Takapau being strong-
ly positively correlated with this component and Pleasant

Point and Fairview being negatively correlated with it,
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Table 3,69 Principal Component Analysis Barley 14 Genotypes
Componernt Eigenvalue % of Variation Cumulative % X2
1 3.35665 * 3045 3045 66.9
2 1,89680 * 17«2 478 5240
3 1.54609 * 1441 61.8 4545
Iy 125871 * el 733 3841
5 1.06847 * 9.7 83.0 29.7
6 0.72390 =+ 66 89.6 214
7 0.58676 53 9449 12,2
8 0.,27938 2¢5 974
9 0.,19739 1.8 99.2
10 0.05668 0.5 9947
11 0.,02916 063 100,0

* denotes significance with Bartlett's Chi-Square Test.
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Barley 14 g

Table 3,66 Factor Structure Matrix

Component 1 Component 2 Component 3 Component 4

Gore 0.79550 0.,02201 -0,14592 0.01340
Pleasant Pt -0,26114 -0.34677 0.57764 -0,08310
Fairview 0,71002 -0,06489 Oe43425 -0.41267
Outram 0.22848 ~0437262 0.21159 0.46417
Takapau -0,29884 0.77882 -0,22831 0.17962
Bulls 0.88424 0,10927 ~0.17024 0.03515
Marton 0. 36044 0.,65650 0.,20284 043485
Winfield 0.86011 0.,23865 -0415487 -0.,17972
Leeston -0,08467 0.4896¢€ 0.39165 -0,65749
Milton -04 54441 051140 0.,18244 -0.,03408
Incholme 023422 0.158%9 0, 79049 Os4192L
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Table 3,67 Factor Scores:

1L Barley Genotypes

Georgie
Koreke
Jupiter
Neptune
Goldmarker
000-72
6487
124472
Ark Royal
Magnunm
Kaniere
Hassan
Mata

Zephyr

Component 1 Component 2 Component 3 Component L

0,570079
-0,566884
~0.871437

0.121206

1.963166
=1.678791

0.935070
-0, 484280
-0,827948

14690205
-0,.286608
-0,012163
-0,43797C9
-0,171906

0.925757
-0.347484
0,091062
-24273767
0.492373
0122963
1.043631
-04 175060
-0 741471
-14361501
06725642
0. 142858
1o 242250

0.,612745

-0,000572
~0.933814
-0,4861 34
-0,446846
-0,312684
~-0,525612
-0,138201
-0,138885
2.094530
0.633924
1.565036
~04313257
0.,813829

=1:.811315

=0 744147
-0.802540
-0.379196
-0,274623
-1,071806
0.947717
2.431432
04954181
-0.137911
04493915
0.037133
0.426284
-1.439883

-0.440155



Figure 3.63
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Scores for components 1 and

2 for 14 genotypes - unrotated

x5

3.5%
wre- |
\ TR
X7 L T G -
X
\ -
,1‘1:\7,' ’,’
- 5 14
5= VAR
5 b
e & ' 0.5
-7 '
L]
!
' 12 ¥
£3
N
~1,0 -8’5 0
x 8y
’, Rl
i L)
% P \
] 1
b [ -l ,5
\‘\ F \
R i \
\
\‘5?,' ; \
(X2 \
L)
X -1.‘.0
&
a \
* \
A Y
\ \
v \
s S A
Thad.
A
. \
A .
\ LY
% \
"2.0\ \
M L)
A\ L3
\xl.-‘l

Xlo

Genotypes

1. Georgie

2, Koreke

3% Jupiter

L, Neptune

5. Goldmarker
6e 000=72

7« 6487

8. 124=72

9. Ark Royal
10. Magnum
1i. Kaniere
12. Hassan

13, Mata
14, Zephyr
--=-~ indicates

clusters found
by Wards Method.
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Table 3.68 Varimax Rotated Factor Structure Matrix

Gore

Pleasant Pt

Fairview
Qutram
Takapau
Bulls
Marton
Winfield
Leeston
Milton

Incholme

Component 1 Component 2 Component 3 Component L

14 Barley Cenotypes

0.81541
=06 44950
0,62048
0.08435
-0.11373
0.85347
0.28182
0.92449
0.,04691
-0.45194
-0,02157

0.02162
-0,58592
~0456094
-0,07516

0.83670
-0, 10094

0431361

0.03266

0.02623

0e474L87
-0+ 20640

-0,01235
0. 19894
0,19661
0,06331
0.15880
0623551
0.8269%9
0.06056
0.01676
0,09057
0.84516

-0.02112
011159
0435831

-0.13076
0.20959

-0.,26283

-0.08688

-0.,094586
0.93145
0.52059
C,13976
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Table 3,69 Factor Scores on Rotated Factors

Georgie
Koreke
Jupiter
Neptune
Goldmarker
000-72
6487
124=72
Ark Royal
Magnun
Kaniere
Hassan
Mata

Zephyr

14 Barley Genotypes

Component 1 Component 2 Component 3 Component 4

0,942317
-0.300606
-0.518751
-0,081922

2e238439
-14546525

0.620268
-0,708368
~14592979

1.050445
-04377304
-0.,017819
-0.318418

Co411224

0.664378
04262565
0.671034
-1e440038
-0,109651
1.167700
14309000
0.,090158
-1.490585
~1,700311
0.270119
0.310717
-0.591704
1.111748

-0,276265
-1..494304
-0,972111
-1.415479
-0.296106
-0,305664
1.907535
0.519042
0,321893
0.681341
0.756176
0.174603
0.925851

1320919
-0.224980
0.541252
-0.960013%
0.758946
=0.438847
~1.40433L
-1.065428
0.791760
~1.075933
1.691872
-0. 480456
1.008843

~0.4€60601



Figure 3.64
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Genotype Scores for components 1 and 2 for 14 Barley Cenotypes - varimax
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Interpretation of either the unrotated or rotated-components
in terms of site information again proved difficult with no

obvious trend being evident,

There was some correspondence between this data set and that

for 13 genotypes, e.g. the importance of Takapau for the second

component,

The graph of the unrotated genotype scores did not correspond
very well with the clusters produced by cluster analysis, Neptune,
Goldmarker and Magnum again appear to be apart from the other

genotypes when mapped on the first two components,

For the varimax rotated components 000-72 also appears to
be distinctly apart., Thie agrees well with the results found

for the previous data set,
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(iii) Wheat

The results of this Principal Component Analysis are
presented in Tables 3,610, 3.611 and 3.,612.- unrotated and
Tables 3.613, 3.614 - varimax rotated,

The determinant of the correlation matrix was 0,0000149
Bartlett's Chi-Square test indicated that there were four

significant components (Table 3,610),

The first two components together accounted for 77% of
the totazl variation and since this met with the previously
stated criterion these two alcone are considered further, The

first component accounted for 62.2% of the total variation.,

The factor structure matrix Table 3,611 shows that there
was a positive correlation between all the environments and
the first component., With the exceptions of Tikokinoc 1978

and Aorangi 1978 the correlations were all very high.

After the varimax rotation the importance of Tikokino
1978 and Aorangi 1978 were lessened further and Halcombe 1977,
Halcombe 1978 and Tikokino 1977 have the highest correlations

with this component.

The second component accounted for 14,9% of the total
variation, The unrotated Factor Structure Matrix, (Table
3.611), showed Tikokino 1978 having a strong positive
correlation with this component and three environments, Halcombe
1977, Aorangi 1977 and Kairanga 1977 having moderately negative
correlations, Following varimax rotation there were no negative

correlations and Aorangi 1978 had a notably high positive
correlation,
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Table 3,610 Wheat: Principal Component Analysis

Component FEigenvalue % of Variation Cumulative %

1 4,97521 * 6242 62.2 40,81
Bl 218266 % 14e9 o 70e)_ 21e21

3 0.91941 * 1145 88.6 21418

I 0,40300 * 5.0 93.6 12464

5 0.27659 3¢5 97.0 5459

6 0,20211 245 99.6

7 0.02995 Qo 99.9

8 0,00407 0.1 100,0

* = significance according to Bartlett's Chi-Square Test,



Halcombe
Aorangi

Kairanga
Tikokino
Halcombe
Aorangi

Kairanga

Tikokino

Table 3,611 Factor Structure Matrix

145,

i)
vEr
i
Y7
178
178
178
V78

Component |

0.90259
0.82313
0,83696
0.89701
0.89523
0455949
0.83945

0.359841

Jheat

Component

2

-0,22979
~0,335771
-0,36672
0.12425
-0.01121
0.15407
0.30824
0.86834
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Table 3,612 Factor Scores

Component 1 Component 2

61,01 0.199834 -0, 260904
300~301 1341273 -1,021764
Oroua -0.457483 04123452
293-201 0.04L4245 14501390
Pataka -0.,22943%6 0,297590
Gamenya -1.659441 1.107329
Rongotea 0,085331 -0,841602
61,06 - 1,244292 ~1.528020
Karamu/9 1.570204 1.041631

301-302 0.349765 -0.419102
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Figure 3,65 Genotypic Scores for Components 1 and 2 for Wheat Genotypes - unrotated
Genotypes
ie 6101 Bulk
2,0 Z2e 500-301
3. Oroua
& i ke  293-201
b L3 5. Pataka
i P 6o Gamenya
o f ' e Rongotea
‘4" ‘6 x "‘ ' Pl 5- 610
' J . 1,0 : o KB 9. Karamu
\ : + Y ' f 10, 301=302
1 i ,' !
l‘ ! |_' 'J E | !
0 ¥ \ : {
] ‘. ll ) s ;1 II ;
!‘ ' *1 !‘ | |
\ ' | !
‘I \ ' x5 \ i ]
\ \ : | | 1
‘ ‘ i ‘ ' ' indicate
\ \ s 3 I e =)
PC1 e L L : : pasecti ' clusters found
TR0 S¥heB § Thed = ¥ oo ® el p Al 2,0 by Wards Method
‘. \ \\ x 1 ‘I : :‘
1 ! \ I :
: ¥ A xho ! !
\ ‘l w8 ! ! i
\I § % ’} ' :
\ ‘|, \\\ l’ : :
\ ! ‘\ X Ta‘ i |
L | S ' '
.' ' =1 ,0 4 :‘ x 2‘1
L] 2 i
\ '
' .l
T OO T
gl




148,

Table 3,61% Wheat: Principal Component Analysis

Varimax Rotated Factor Matrix

Component | Component 2
Halcombe '77 0.81674 0.325898
Aorangi '77 0.41575 0.,2126L4
Kairanga '77 0.73592 0.09073
Tikokino '77 0.67643 0.04671
Halcombe '78 0.88814 0,24063
Aorangi '78 0,18035 0.,95645
Keiranga '78 0.36144 0.60034
Tikokino '78 0.09252 0.09376
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Table 3,614 Factor Scores on Rotated Factors: .heat
Component 1 Component 2
61,01 0.071915 0.655779
300-301 1.694268 0.662596
Oroua -0.963256 0.960352
293,201 0.240765 1.282884
Pataka ~1.104026 0.691903
Gamenya =1.245826 -1.471524
Rongotea -0,806364 -0.,027419
61,06 0.395104 ~14262456
Karamu/9 1,066558 -0.421258
301-30e 0.650862 -1.070857
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Figure 3,66 Genotypic Scores for Components 1 and 2 for Wheat Genotypes - Varimax Rotated

Genotypes
le« 6101
é. 300-301
5« Oroua
15 ie 293-201
5. Pataka
7. Rongotea
8. 6106
1,0 9. Karamu
A3 10. 201=302
X5 X 1 Xz
.59
= =1.5 = 1.} X7 a_s’ 5 1:0 1.5 2,0 PCI
x 9
’5'
-1.0
x1 0
"B
= 1.5
2.0




151,

Figure 3.65 is a graph of the genotypic scores for the
unrotated components 1 and 2, The clusters formed by cluster
analysis are marked on the graph and for this set of data there
is a marked agreement between the genotypes positions and the
cluster memberships. The separation of the clusters is along
the axis of the first component with the high yielding
cultivars scoring positively and the low yielding cultivars
negatively. With the exception of cultivar 293%-201 none of the

middle cluster score very highly on either component,

Figure 3.66 is the graph of the genotypic scores on the
varimax rotated components, The cultivar Gamenya had notably
high negative scores for both components 1 and 2 and is separate
from the other cultivars, Cultivar 300-301 is also rather

removed from the cthers,

It is of interest to note that Tikokino 1978 and Aorangi
1978 were the least important environments for the clustering
analysis with the remaining environments all being dominant,
This corresponds closely with the correlations of the environments

with component 1, becth unrotated and rotated,

Based on the unrotated analysis the first component may
be interpreted as representing a general environmental trend

with no particular sites or years distinction involved,

The positioning of the genotypes along this axis seems to

be closely related to their mean yields over all environments,
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3,7 Ratios to Standard Cultivars

(i) Barley: 13 genotypes

The standard cultivar for barley in New Zealand is Zephyr

(Malcolm, 1978). The results of the ratics for the other

cultivars with Zephyr are presented in Table 3.71. The number

of times (out of a possible 17) that each cultivar was significant-
ly higher or lower than Zephyr is also given. All of the cultivars
bettered Zephyr in some environments but Georgie, Goldmarker,

6481 and Magnum did 30 most notably., In the cluster analysis

on means (section 3.5) Goldmarker and Magnum formed a cluster

which had generally significantly higher means for each
environment., Georgie and 6487 also formed a cluster by

themselves, in that analysis so there is some degree of agree-

ment between the two analyses. The highest average ratio to

Zephyr [E;.-] was produced by Goldmarker, the lowest by Koreke,

L.

(ii) Barley: 14 genotypes

Again Zephyr was the standard cultivar used for this analysis.

The results are presented in Table 3.72.

Georgie and Goldmarker were significantly higher than Zephyr
in 9 out of 11 environments, Neptune and 000-72 were significant-
ly lower than Zephyr in relatively large numbers of environments,

Goldmarker again had the highest average ratio to Zephyr.

No correspondence could be seen in these results and

groupings formed by the other analyses.
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Table 3,71 Ratio to Standard Cultivar (Zephyr) 13 Genotypes
Average ratio No., times No. times Rank
to Zephyr* signif., higher signif, lower
than Zephyr (5%) than Zephyr (5%)

Georgie 1.096 12 0 2
Koreke 0.978 4 L 11
Jupiter 1,008 5 5 8
Neptune 0.997 5 8 13
Goldmarker 1e 123 13 2 1
000-72 0,997 2 6 12
6487 1.096 10 2 3
124=-72 1,006 s Iy 9
Ark Royal 1,034 8 L 7
Magnum 1,083 11 3 L
Kaniere 1.074 9 P 5
Mata 1,050 7 2 6
Zephyr 1.000 10

* for 17 trials.
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Table 3,72 Ratio to Standard Cultivar (Zephyr) 14 Barley Genotypes

Average ratio No. times No. times Rank
to Zephyr* signif. higher signif. lower
than Zephyr (5%) than Zephyr (5%)
Georgie 1.104 9 0 %
Koreke 0.970 3 3 14
Jupiter 1.018 4 3 10
Neptune 1.005 L 5 12
Goldmarker 1125 9 1 1
000-72 1.015 & 3 11
6487 1« 107 7 2 2
124=72 1.023 6 3 <
Ark Royal 1032 7 2 8
Magnum 1,073 4 2 8
Kaniere 1.079 6 2 L
Hassan 1.058 6 1 6
Mata 1.047 7 3 &
Zephyr 1.000 15

*for 11 trials.
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(iii) Wheat

Karamu was the standard cultivar used for this analysis
(Mitchel and Cross, 1979b). The results are presented in
Table 3,73 Only the cultivars 300-301 and 293-201 achieved
yields significantly higher than Karamu and that was only in

one environment each,

This illustrates the superior yielding ability of Karamu.

The lowest average ratio to Karamu wes that of Gamenya.
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Table 3.73 Ratio to Standard Cultivar (Karamu) Wheat

Average ratio No. times signif. No. times Rank
to Karamu* higher Karamu (5%) signif.,
lower Karamu
5%

61,01 0,906 0 6 5
500-301 0.983 1 2 2
Oroua 0.867 0 7 8
293%-201 0.887 1 6 6
Pataka 0.886 0 7 7
Gamenya 0.784 0 8 10
Rongotea 0.908 0 9 L

61,06 0.825 0 8 9
301=302 0.920 0 5 3
Karamu 1,000 1

* 8 trials,
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Chapter 4 General Discussion

L,1 Analysis of Variance

The application of Analysis of Variance to trial data is a
necessary initial step to further detailed studies., The
importance of this analysis has been illustrated in this study.
The analysis provided an indication of the presence and magnitude
of any interactions present and the necessity of further analyses
can be based on this,

There were two indications that not all the assumptions
underlying Analysis of Variance were satisfied, PFirstly all three
pooled Anova's had heterogeneity of error variances which means
that when testing for significant differences between
environments the use of the pooled error term may cause bias,

For the other significance tests the pooled error term is still

a valid basis (Cochran, 1947). Secondly, the regression of effects
for the wheat data indicated that for two genotypes there was a
linear relationship between the a)AT '"s and the 3T 's suggesting
non-independence of effects,

The analysis of the wheat data showed that the genotype x
years component was larger than the genotype x locations
component, This is commonly found (Simmonds, 1979) and

emphasizes the necessity for testing cultivars over seasons,

L2 Stability Parameters

The parameters of Wricke, Hanson and Eberhart and Russell

have been termed stability parameters in this study because their
primary purpose is to give some estimation of the degree to

which each genotype interacts with the environments it is grown in,

The three parameters studied here represent only a sample
of those that have been proposed.

Of these Ecovalences and the Variance about Regression
(Sadi) are perhaps the most commonly used while Hansons is
relatively untried.
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All three are based on different concepts of stability,
Hanson's defines a stability space where a genotype's stability
is measured by its deviation from the expected performance for
each environment, Ecovalences are a partitioning of the G-E Sums
of Squares and Sadi measures the deviations from a linear trend

over environments,

Despite this there was a certain degree of consistency found
in the genotypic rankings for these parameters, indicating that
they were all successfully detecting consistency of yield in a
cultivar,

Ecovalences and Sedi are both off-sghoots from cther analyses,
Anova and regression respectively and as such do not require
large amounts of computation time and extra expertise. 1In
comparison Hanson's parzmeter requires a more complex analysis
and the concept on which it is based may be less easily understood,

As a single statistic upon which genotypic assessment can
be made they are valuable especially to the practical plant
breeder. They have Lhe advantage c¢f ease of interpretability and
relative ease of computation,

The major criticism of them is that they do not describe the
pattern of response of the cultivar but only the degree of
variability over environments. Some indication of the form of
the response may give additional information to the plant breeder
(Byth, 1977).

L,3 Ratio to a Standard Cultivar

This method of analysis also produces a single statistic for each
genotype. The average ratio to a standard cultivar ?i._

involves a comparison of the ,; effects, fs_.

While this gives an indication of relative genotype average
performance it ignores any degree of variability over environments
that may be present and is therefore of limited value, The geno-
typic rankings for this ratio follow closely those for the mean
yields, as would be expected.
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The recording of the number of times a cultivar's performance

exceeds a standard's performance may be of value to give a general
idea of performance but the performance of a standard must
influence these results as is illustrated by using Karamu for
wheat where it is rarely exceeded and Zephyr for barley where it
often is,

4,4 Regression Analysis - Finlay and Wilkinson

The linear Regression Analysis, as Finlay and Wilkinson described
it, gives an indication of the form of a genotype's response, and
in addition some idea of stability as judged by the regression
slope g4+ If the Eberhart and Russell parameler Sedi is
considered as part of the regression analysis then a further
indication of stability is provided, In this sense stability
refers to the degree of variation about the linear trend, This
analysis has proven to be very useful and has been widely applied
to many different crops.

Tt has been noted previously that the use of the T"V's as
an environmental index causes statistical problems in the
regression analysie (Freeman and Perkins, 1971). Several studies
have been done comparing analyses using independent environmental
measures with those using the ?--K,S. The general conclusion to

be drawn from these is that little difference is to be found

between the two, However consideration of the basic premise of
Finlay and Wilkinson regression leads to the conclusion that there
is a conflict between what the analysis sets out to show and an
assumption underlying the experimental model, In order to
successfully compare genotypic performances, significant differences
from a slope of 1,0 are tested for, If they occur, however, it is
implied that covariance of effects exists for the model underlying
the analysis, The independence of effects is a basic assumption

for a linear model,

The regression approach may still be a useful one, however, as
long as an alternative environmental index is used. One promising
possibility for this is to create such an index by estimating a
Principal Component Analysis on a set of environmental variables
€+gs Climatic measurements, soil., This has been successfully

done by Suzuki and Abe (1975) and Nor and Cady (1979).
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Other criticisms have centred on the lack of linearity of
the data or the failure to explain an adeqguate percentage of the
G x E sums of sqguares, This study found a strong linear
relationship between the variables so on this basis the analysis
was successfully applied to these sets of data.

One factor in the wide application of regression analysis to
G x E studies is the relatively easy computation involved and
the ready availability of computer programs toc do such an analysis,
Statistical tests are associated with the analysis which allow
objective decisions to be made concerning linearity, deviations
from 1.0, etc,

The conceptual basis on which it stands of finding the linear
relationship between a genotypes performance and an environmental
index is one which is readily interpreted, It would be statistically
more acceptable however if such an index was an independent one

and not the % as suggested by Finlay and Wilkinson,

ez 's

L.5 Regression Analysis - Effects

The regression of effects {rom a linear model would theoretically ‘

show that no linear relaticnship existed between them.

This was largely borne out by this study where only in two
exceptional cases was any trend shown to exist,

Since such a negative conclugion is of no value to the
interpretation of genotype x environment interactions this analysis
is of no practical use for this purpose, It may be used to check
for independence of effects if this is desired,

L6 Pattern Analysis

The advantages of using Cluster Analysis and Principal Component
Analysis to interpret Genotype x environment interactions have
been listed by Eisemann et al,(1977a) as follows:-

1, Comparisons of response pattems are simplified through data
reduction,

2e No a priori form of the response pattern is assumed, as is
the case with linear regression,
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e Summarisation of the degrees of similarity among genotypes
in their response patterns, is produced.

4, The contrasting of different response patterns permits

identification of specific response differences.

De Environments giving rise to specific contrasts in response
patterns can be identified,

6 Differences in response patterns can be related to genetic
backgrounds and environmental differences,

s In general enables the formulation of hypotheses about
genotypic adaptation, G x E interactions and differences
in environmental factors.

These authors have stressed the importance they place on point 2
in several papers (Eisemann et al, 1977b; Byth et al, 1976; .
Mungomery et alk, 1574). They have evidently encountered data
vhere the linear relstionship of the data was not strong azlthough
they do not publish details of this. However as they state
themselves a basic assumption underlying cluster analysis is that
there are discontinuities in the data, The successful application
of this analysis must therefore depend on this and if there are

ro such divisions present cluster analysis may misrepresent any
trends that are there. The variance basies of Wards Incremental
Sum of Squares method is the best strategy from this point of view
as it is not concerned with distances between groups or individuals
but with variance partitioning,.

Cluster Analysis produces groups of similarly responding
genotypes over the environments tested and shows a phyletic
relationship amongst them, Principal Component Analysis also
can be used to produce such groupings but there is no way to
assess the phyletic relationship between the groups as there is
with cluster analysis, Principal Component Analysia does not
assume discontinuities in the data as Cluster Analysis does and
considers the total dispersion i.e, variances and covariances, in
G x E performance,
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Both these analyses bring about a reduction in the number of
genotypic comparisons to be made which may be valuable for large
data sets but the important aspect of such groups ie that they may
suggest new hypotheses about genotypic adaptation and environmental

influences,

To be successful in this respect the clusters have to be further
assessed in light of background knowledge such as environmental
variables, previous stability rankings (as in this study), regression
results and genotypic backgrounds, This need for further analyses
to aid interpretation can be seen as a disadvantage of Pattern
Analysis techniques, The simplicity of interpreting the analysis
in terms of genotype adaptability and stability is not possible as
it was with the earlier analyses, The possibility of using
rotation to aid interpretation of Principal Components is an

advantage of this analysis over Clustering. |

An additional disadvantage of Cluster Analysis is that
several subjective decisions are needed in its application,
Choice of distance measures, strategies and truncation points are
made on the basis of previous experience and knowledge about the
data set, The solution of a Principal Component Analysis is
unique and no decisions have to be made on a purely subjective

bhasis,

Both Cluster Analysis and Principal Component Analysis have
been successfully applied by other workers, This study however
encountered some problems with Principal Component Analysis,
illustrating that its application may not always be straightforward
and its interpretation not always obvious. Both analyses involve

complex computer programs which are often not readily available
to a plant breeder, Cluster Analysis is perhaps the more available
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method but the degree of subjectivity involved means some

experience with it is desirable,

4,7 Barley Data Sets

The Pooled Analysis of Variance indicated that highly significant
genotype x location occurred for both sets of barley data. The
trials sties for both sets covered a wide geographical range and

included all the major Barley growing areas of New Zealand,

The presence of such interactions is therefore an important

aspect to be considered for Barley Cultivar evaluations,

The presence of significanl location components tends to

suggest that growing trials over thi

1914

range of environments is
justified, Significant genotypic variation apparently existed

within this sample of genotypes.

A comparison of three different stability parameters revealed
that similar rankings were produced by each one. In particular
genotypes showing a high level of variability over environments

had very consistent rankings for thesge mcthods,

It could be seen that examination of cultivar mean yield over
environments and mean ratios to a standard cultivar did not supply

all the information about a genotype's performance.,

A strong linear relationship existed between the genotype
yields and the environmental index and none of the significance
tests suggested that the regression technique was not applicable
to this data. Following refinement of the g ., several genotypes
were found to have slopes significantly difflrent from 1,0,

Georgie had a slope steeper than 1,0, Koreke and Mata had slopes

-
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flatter than one, For the 14 genotypes data set Hassan had a
slope greater than 1,0, No significant differences between the

B. were found,

i's

The regression of the an,, effects on to the M1 Was not
successful for the Barley data as no linear relationship was
present, This was as expected illustrating the lack of practical

use for this type of regression,

The Cluster Analysis allowed examination of two different
aspects of the data., Firstly the identification of groups of
similarly responding genotypes with respect to G-E means or
G-E effects provided a summary of the response patterns present
in the data, Secondly the environments important in the
formation of the groups could be identified, Clustering on the
basis of G~E means (?i.K) is an examination of the general pattern
of response for each genotype. Clustering 4y P effects is
looking in particular at each genotype x environment combination

relative to the whole set of G-E effects.

For both the 13 genotype and 14 genotype barley sets, some
correspondence was seen between the means cluster analysis and
the effects cluster analysis, There were several pairs of
genotypes which remained clustered together and these could be
related to the stability rankings and mean yields, This would
seem to indicate that Cluster Analysis was successfully summarising

the response patterns to the environments involved,

The Principal Component Analysis of the Barley data was not
effective in interpretation of the response patterns for several

reasons, Firstly the first few components did not account for
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large amounts of the total variation and this meant consideration

of relatively large numbers of components,

The interpretation of the components and genotypic scores

in such cases would therefore be expected toc be difficult,

In addition relating any of the components to specific
combinations of external factors such as geographic position

climatic data and soil types was not successful,

The fact that many small components had to be extracted may
indicate that there was no eimple influence underlying the
pattern of the data (Williams, 1976). He discusses such situations

and suggests two possible causes.

1 When the variances of the original measurements are
approximately equal and the measurements are only very
weakly correlated, In such a case no really efficient

reduction of the space is possitle,

(i)
.

The correlations between the original measurements may be
strongly curvilinear in which case the Principal Component
Analysis is "helpless" because it takes out the best straight

lines.

An examination of the correlation matrices for the barley
Principal Component Analyses (Appendix 2) shows uniformly low
correlations between the variables so the first situation may be
the most likely here, Varimax rotation did not appear to aid

interpretation of the components,

Superimposing cluster boundaries on to the genotypic scores

for components 1 and 2 did not show a high degree of association
between Cluster Analysis and Principal Component Analysis,

9
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However as the first two components explained less than
half of the total variance, this is not unexpected. The value of
considering only the first two component scores, must be lessened

when so little of the total variance is accounted for.

Generally similar results for the two sets of barley data
were produced for all the analyses. Hassan (the additional
genotype for the 14 genotype set) proved to be a cultivar of
note as it ranked highly on the stability parameters and had
a regression slope steeper than 1,0, Its mean yield ranked in

the middle of this sample of genotypes.

The correlaticn coefficient between mean yield and B. was
O.46 (13 genotypes) and 0.52 (14 genotypes) indicating that

independent manipulation of these may be possible,

L,8 Wheat Data

The pooled anzlysis of variance over siltes and years indicated
that there was a significant genotype X years interaction but

none for genotype x locations., A significant years component
emphasized the importance of testing over seasons whereas the non-
significant locations component meant that perhaps the use of
several trial sites in the lower North Island was not necessary to
ascertain genotypic performance there., Similar results were

found by Mitchel and Cross (1977) using similar locations,

There was genotypic variation present as indicated by the

significant genotypic component,

The genotypic rankings for the different stability parameters

were not as consistent as was found with the barley data.
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However once again the unstable (Karamu) and the stable

(Gamenya) could readily be identified as such,

A strong linear relationship was apparent in the Finlay and
Wilkinson regression so there was no question of invalidity of.
this analysis from this point of viev.Gamenya had a highly
significant flat slope which by Finlay and Wilkinson's definition
meant that it is a stable cultivar, This result corresponded well
with the stability parameters rankings. Cultivars 300-301, 301-3%02

and Rongotea had significantly steep slopes,

Two genotypes showed a linear relationship when the effects
regression was applied indicating non-independence of effects.
The cluster analysis of means gave some interesting results.
Three clusters were formed with one having consistently higher
means and one having consistently lower, Apparently most of the
sites % years combinations were important for the cluster formation.
Clustering on effects showed some correspondence with that on

means.

The Principal Component Analysis was found to be effective in
determining the pattern for this data set., Because the first two
components accounted for a large proportion of the total variance,
interpretation of these done could identify the major sources of

influence i.e, which sites x year combinations were important,

In addition the scores of the genotypes on these two
components produced a pattern corresponding closely to that of

clustering i.e, both analyses suggested that the wheat cultivars
formed three distinct groups.
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The first principal component was related to a general
environmental trend as there were strong correlations with most
of the environments and no distinct seascnal or sites effect,
The varimax roctation did not aid in the interpretation ot the
component, The second component showed a polarity effect with
the 1977 trials having small negative correlations, The rotated
factor matrix did not support such interpretation however., Other
studies have found that a similar interpretation could be given to
the first and second components (Perkins, 1971; Cooley and Lohnes,

1971).

There was close correspondence between the dominant/dormant
environments in Cluster Analysis on Means and the unrotated factor

structure matrix,.

The correlation between mean yield over environments and the
linear regression coefficient was 0,806 suggesting that selection
for either particular responses or yield may result in strong
correlated responses in the other parameter (Brennan and Byth,

1979) .

L,9 Barley Cultivar Assessments

The fourteen barley genotypes were analysed by a wide variety of
techniques and several trends could be discerned from their
results, Firstly the pooled Anova found that G - E interactions
occurred for both sets of data which means that some consideration

of this aspect should be included in cultivar assessment,

The present practice of comparing each cultivar to a

standard is likely to be confused and complicated by the presence

of such interactions.,
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" The ratio of cultivar 1 to a standard s at any one test site «

can be expressed as the fellowing,.

toe P o %1 o4 Te » %Mk

x - + + + A
XS'PC u Cts nK |
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Such a comparison can be seen to involve the an; effects as
K
well as the 0j1ge Since at each site the an.  for the standard
may be different and is unknown the comparison by this ratio is

not merely a simple ratio of genotypic performances i.e,

i's
Some assessment of a cultivar's stability or degree of
variability, by whatever definition, may be valuable information
for judging a cultivar's worth, By such analyses it could be
inferred that cultivars Goldmarker and Magnum were relatively
unstable and that their response patterns singled them out from
the others in the analyses. Koreke, Kaniere and Hassan appeared

to be relatively stable across environments,

The adaptation trends described by Finlay and Wilkinson
regression suggests that Hassan and Georgile changed to a greater
extent than average with changing environments and that Koreke

and Mata changed to a lesser extent than average.

The standard cultivaer Zephyr ranked poorly for ecovalences
showing that it had a high proportion at G x E variation., This
feature would affect the assessment of others using the ratio
technique described above, A cultivar such as Hassan with a
stable performance and an average yielding ability may be more

suitable for this purpose,
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L,10 Wheat Cultivar Assessments

When the comparison of new cultivars occurs over seasons as well
as over locations further interaction effects are involved in means

ratios, as follows:-

o P Box 8 5% 5 7§ ¢ @A e 4+ T3y 4 AT LT g

% &1
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For the wheat data tested here the uATiKQ

components were not significant, However the «T, ¢ components
X,

and the mlir

were and would therefore be confounded with =, in any ratio

comparison with the standard.

The adaptation analyses applied in

o
—
[
n
)]
ct

udy found that

there were three distinct groups within this set of wheat cultivars:

1e Karamu/9 and 3%00-301 had high mean yields and ranked

poorly for stability.

2. Gamenya and 61,06 had low mean yields and ranked highly for

stability.

3. The remaining six cultivars were grouped together and were

apparently not extreme for either property.

These trends in cultivar performance are similar to those
suggested by Finlay and Wilkinson (1963) (refer to figure 1.1).
Previous published work, Mitchel and Cross (1977) had also found

that Karamu/9 was unstable for yield.
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Conclusions

The pooled Analysis of Variance showed that significant
genotype-location interactions were present in the barley
data, and that significant genotype-year interactions were

in the wheat data.

The three parameters measuring (he degree of genotypic
variability over environménts agreed reasonably well for
cultivar rankings. They were useful for the interpretation

of Cluster analysis and Principal Component analysis,

Lack of linearity found by other workers for Finlay and
Wilkinson regression was not evident here, Some distinction
between cultivars for their regression slopes could be made,
A conceptual conflict was seen to exist in the use of a non-
independent environmental index. The use of an independent
index perhaps produced by Principal Component Analysis of

environmental variables was suggested.

A comparison of eight different cluestering strategies produced

results in agreement with other authors,

Wards Incremental Sums of Squares method produced clusters
which could be interpreted in the light of mean yields

and stability measures, The probabilistic cut off measure
appeared to produce reasonable numbers of clusters of even

size,

The Principal Component Analysis was effectively applied to
the wheat data where the first two components accounted for

77% of the total variation, For the barley data large
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numbers of conmponents were needed to account for a
satisfactory amount of the total variation making interpretatior
difficult, Varimax rotation was not of great value in

interpretation of the components,

There was generally close correspondence between the two
sets of barley data, The fourteenth cultivar Hassan could
be distinguished as having above average adaptation but

also had little variability over environments as measured by
the stability parameters. Other notable genotypes -
Goldmarker and Magnum with relative instability were also

singled out by the Pattern Analysis.

Both cluster analysis and principal component analysis
suggested that the wheat cultivars fell into three groups.
Those with high mean yields and relative instability, those with
low mean yilelds and high etability and the remainder which

were not extreme for either property.

It was felt that although all of the analyses studied had

some problems they all produced information of value for
genotype-environment interaction interpretation, Their roles
were in general complementary to each other. The choice of
analysis depends largely on facilities and expertise available

and the purpose for which the results are needed,
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Principal Component Analysis

Barley 1% Genotypes

Component

O &30y £ W v —

p—
—

12

Factor Matrix

with 12 Environments

Gore
Fairview
Cutran
Takapau
Bulls
Winfield
Leeston MAF
Incholme
Mitcham
Kirwee
Leeston CRD
Dunsandel

Eigenvalue % of Variation Cumulative %
4,24919 3544 554
2o 14824 179 555
1.53529 12.8 6641
1.43941 - 1245 7041
0,98739 8ol 8643
0. 79423 6e6 9249
0e31644 2eb 9246
0.24235 240 97.6
0.,17353 1ok 9941
0.08021 0e7 99.7
0,02618 s 100,0
0,00554 0.0 100.0

Component 1 Component 2 Component 3 Component 4
0,76499 ~0,29920 0.23686 ~0,25561
0,.70506 -0625146 ~0,48635 0. 17694
0413911 ~0,50758 0.2652L 0.42853

-0,00622 0.35945 038939 -0.,06226
0.80508 =04 17453 0. 11464 -0.35873
0.80883 -0, 14699 0412535 -0.34920
0.16803 0.57835 -0.38587 0.16188
0434178 -0.,03100 0.,25553 0.83219
0457557 0.63068 -0.29396 0.19927
0.78421 O.hlly22 0,24298 -0, 14842

~0.34565 0.12787 0.,77058 0,02289
0479644 -0,01536 0.19595

0.?5159
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13 Barley Genotypes 12 Environments

Georgie
Koreke

Jupiter
Neptune

Goldmarker

000-72
o487
124-72
Ark Royal
Magnum
Kaniere
Zephyr
Mata

Component 1 Component 2 Component 3% Component L

0.918832
-0,505563
~0.526688
-0,616365

1.951928
~-2,010095
1. 163323
~0. 214715
-0 994847

0, 721374

04138296
-0.280031
-0e 145450

0.547215
0.418056
0.394133
=1.919559
-0,298751
-0.113032
0.330468
0.558367
-0.,739343
~1.914251
0.810656
0.494106
1.431935

1.243080
-0,261291
=14 3447
-0,122959
~1.035963

149453

1,577013

0.53%8216
-1.137822

04385409
-0,013355
~0.,495336
~0,734105

-0.454754
-0.155138
-0, 131581
-0,773292
-0.883138
-0.529705
0.745033
0.219806
2.,019230
Q.157747
1.736576
-1.459789
-0.490994
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Genotypic Scores for Compongnts 1 and 2 for 13 Barley Appendix 1
. o 5 ™ = T
Genotypes
2,04 1« Georgie
2. Koreke
5. Jupiter
L, Neptune
1,5) 5. Goldmarker
13y Ge 000=72
7. 6487
8. 124-72
9. Ark Royal
A 10. Magnum
i3 11« Kaniere
B i 12 Zephyr
i 13. Mata
BX 5]
\:g X 1.2
x7
2;'2 T.35 1.0 3 5 1.0 5
.5
x 9
1,0
1.8
il x10
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Appendix 2

Correlation Coefficients for 13 Barley Genotypes: 17 Environments
Gore Pleasant Fairview QOutram Takapau Bulls Marton Winfield Leeston MAF Milton Incholme

Point
Gore 1,000
Pleasant -0,2029 11,0000
Point
Fairview 0.4502 -0,0361 1.,0000
OQutram 0.3241 0,0063 00,0732 10000
Takapau -0,0886 -0.2456 =-0,4859 -0,1807 1.0000
Bulls 0.,6744 -0,1541 0.4851 0.0199 -0.0821 11,0000
Marton 0.1307 =0.1643 0,1427 =0.1454 0,3226 0,4799 1.,0000
Winfield 0.7431 =0,3794 0.5397 0.,0561 =0,1111 0,.,7382 0.3106 1,0000
Leeston MAF -0,1049 0,.1034 0.3184 -0.1884 - 0.3263 =0.1280 0.0393 0,1215 1.0000
Milton -0,2356 0,0355 =-0,3099 -0.1489 ©.39920 -0.,5811 00,0692 -0,2819 0.3783 1.0000
Incholme 0.0463 0,1896 0435496 0.2947 =0.0520 0,0431 0.5340 0.0609 0.0409 0.0462 1,0000
Mithcham 0.,1518 =0.4514 0,3093 -0,1909 O0.4469 0.2530 0,4921 0,1620 0.3970 0.0581 0,2211
Methven 0.4187 0.0367 0.7763 0,103%36 -0.4403 0.,4578 0.2018 0.6640 0.2707 -0,0621 0,3762
Kirwee 0.,5144 -0,5546 0.,3519 =-0.1080 0.4648 0.6121 0.,5790 0.6580 0.2057 =0.,2053 00,2241
Lincoln 0.3502 -0,1253 0,5861 00,1552 =0,2535 00,4383 0.4097 0.4902 0.2546 -0.,2613 0,2058
Leeston CRD -0,1666 0,3180 =0,4657 -0,0807 0.2840 -0.,2263 0,0833 -0,1033 -0.0653 0.1219 0.1812
Dunsandel 0.,5601 -0.0488 0.4186 0.2354 0,0196 0,5783 0.4615 0.4897 0.0115 -0,3479 0.5724



Mitcham Methven Kirwee Lincoln Leeston CRD Dunsandel

o

Gore

Pleasant
Point

Fairview

Outram

Takapau

Bulls

Marton

Winfield

Leeston MAF

Milton

Incholme

Mitcham 1.0000

Methven 0.0389 1.0000

Kirwee 0.6354 0,2009 10000

Lincoln 0.1842 0,3463 0.3941 11,0000

Leeston CRD -0,4892 -0,2150 -0,0241 -0,0676 1,0000
Dunsandel 0.5285 0.,4123 0,5198 0,1885 -0.1748 1,0000



Correlation Coefficients for 14 Barley Genotypes:

‘!?8.

Appendix 2

11 Environments

Gore P%egs%nt Fairview Outram Takapau Bulls Marton Winfield Leeston Milton Incholme
oin
Gore 1.0000
Pleasant
Point -0,2028 1.,0000
Fairview O.4262 -0.0358 1.0000
Outram 0.3211 00,0064 0.0739 1,0000
Takapau -0,0871 =0,2457 -0,4863 -0,1810 1,0000
Bulls 0.6713 =0.1540 O.4852 0,0202 -0,0883 1.000C
Marton 0.1097 -0,1586 0.1462 =0,1362 0,5109 0.4706 1.0000
Winfield 0.7349 =-0,3783 045405 0,0575 -0,1119 0.7376 0.5159 1.0000
Leeston MAF -0.0826 0.0986 0.3009 =0,1887 0.3204 -0,1282 =-0,0169 0.1032 1.0000
Milton -0.2451 0,0362 -0,2988 -0,1419 0.3894 -0,5689 0.,1069 =0,2658 O.3164 1,0000
Incholme 0,0601 0.1848 0,3374 0.2847 -0,0481 0.0399 0.4693 0,0485 0.0849 0,0101 1.0000
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