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(i) 

Abstract 

The occurrence of genotype-environment interactions is 

a problem affecting the interpretation of cultiva r trials . 

Seve r al analyses have been used to try to resolve the 

inconsistencies of cultivar performances which occur when 

these interactions a re present. 

An a ssessment of several techniques was carried out using 

three sets of data . Two sets of barley data came from one 

season '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 arid Principal 

Component Analysis. The parameters of Wric~e , Hanson and 

Eberhar t and Russell were also studied . 

The An a lysis of Variance r evealed significant location, 

genotype and genotype- location interaction effects for the 

barley data. The wheat data had significant years, years x 

locations, genotype a nd 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 

e rror term B., wi th significant differences from 1.0 
1 S 

could be seen for several Barley and Wheat genotypes. It was 

noted that a conflict existed between the aim of finding 

signific ant differences from 1.0 and the assumption of 



(ii) 

independence of effects for the underlying model . It was 

suggested t hat an independent measure of environments be used. 

The parameter s of Wrick e, Hanson and Eberhart & Russell 

were eac h r elat ed to differen t concep t s of stability and the 

genot yp es r anked ac c or dingl y. The t hree parameters gave 

r easo nably consis tent result s for the r ankings of t he cultivars. 

In the ba r ley data t he cul t i var s Gol dmarker and Magnum 

had uniformly low rankings . Th e wheat cul ti var Gamenya was 

generally found to rank highly. The se were measures of 

variabi lity over en vi ronmen ts so a high r anking infers a low 

level of v~rinbi li t y and vice versa . 

A comparison of th e dif fe ren t clustering s tra t egie s 

available was carri ed ou t and Wards I ncrement al Sums of Squares 

method was c hose n a s the ma jor strategy. Thi s was applied to 

eac h da t a set usi ng both geno t ype-environment effects and means . 

A pr o babilis tic cut off measure was use d for truncation of 

the dend r ogram . 

Th e c l us t ers formed could be related to the pre vious 

analyse s end se emed to adequately summarise the different 

re spo nses pr esent. 

A Pr i ncipal Component Analysi s was carried out and the 

number o f components needed to account for 75% of the total 

va r iation were examined. For the barley data sets relatively 

l a rge numbe r s of components were needed for this (five and six). 

Thi s made in t erpretation and presentation of the ge notypic 

performances difficult. For the wheat data two components 



(iii) 

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 interprecation 

of the components. 

It was felt that the roles _of these different analyses 

were complementary in interpreting genotypic performances . 
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1 • 

Introduction 

In order t o assess the worth of a poLcntial culLiv~r a 

Plant Breeder will carry out a seri.es of trials 'Nhich a r e 

designed to give an estimation o f its relative performance . 

Ideally the trials should cove r the range of environmen ts , 

both sites and seasons , which will be experienced by the 

cultiva r when grown commercially . 

Decisions based on t he r esults of these trial systems 

become confounded when genotype- environmental inter acli'•ns are 

present . These interactions are seen as inconsistencies 0f 

relative genotypic perfo r mances over environments and mean 

that comparisons of genotype means arc not a true indication 

of the situati on . 

The occurrence o f genotype-environment interacti,ns 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 invo~ved analysis 

of var iance t echni ques , par titioning into vari ance components 

a nd r egr ession analysis . A more r ecent approach has been 

t o de s cribe t he pattern of response of a genotype . This 

has involved the application o f seve r al multivariate analyses 

to t rial 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 advantage s and weaknesses 

of each . Of particular interest are the Pattern Analysis 

techniques since these are reJ atively untried in this field . 

The data which has been u sed comes fro~ regional tria ls 

for the evaluation of "heat and barl ey cultivars in New Zealand . 

lnter pretation of these for the various stability and 

adaptability concepts has been carried out and rel ated to 

the New Zealand situation. 



j . 

Chapter 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 perfo rmanc e . These assessments arc made on 

phenotypic measurements reflectin0 both genetic and non­

genetic components. 

i . e. Pheno type= Genotype+ envi r onment . 

Unfortunately these nongenetic effects are not independent 

of the genetic effects as is often seen in Lhe changes of 

relative genotype rankinGs ~!,en meosurcd in differe~t 

envir onments . This genotype x envir0~ment i nterac t ion (r x S) 

reduces the correlation between genotype and pheLotype and 

makes accurate assessment of genotype performance difficult 

(Moll & Stuber , 1974) . Genotype x environment interactions 

therefore pose considerable problemG for plant breeders and 

many attempts have been made to categorise and describe them . 

Allard & Br adshaw (1 964) note that where 10 genotypes are 

measured in 10 different environments, 10 145 different 

intera ction types may occur, making assessment very complex . 

They also make the distinction between predictable 

environmental variation , such as seasonal or treatment 

differences, and non-predic table environmenta l variation , such 

as year to year fluctuations. 



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 r ange of environmental conditions. 

Secondly the individuals themselves may be well buffe red, 

such as heterozygotes often are . 

Recognition of the occurrence of genotype x environment 

int eractions has been reported in the literature for most of 

this century (Hill, 1975). 



1. 2 Analysis of Variance 

The technique of Analysis of Variance has ~een widely used to 

dete r mine the presence of significant genotype x environment 

inter actions . This analysis partitions the total phenotypic 

variance into component s as defined by the model and its 

associated experimental design . 

Ear ly work was done by Federer & Sprague (1)47) and 

Sprague & Federer (1951) . They outlined the applic~tion of 

the Analysis of Variance to the trial situation where genotypes 

are tested over a series of environments . 

Miller , \';'illiams and Robinson ( 19'.J.}) applied it Lo their 

varie \y evaluation i rocrn.m for cot ton which i1 ·1, ved t:rials 

ove r seasons as well as locations . 

The model s used by 3praeue & Federer and Miller et ~l . are 

set out as Models 1 ~nd 2 in Table 1. 1. 

The two models differ in that the environmental component 

of .model 1 is split into a year , a location and a year x 

location component in model 2 . Where the data invol ved is 

meas ured over both year s and locations model 2 is therefore 

appl icable . Where only one facto r of environment is involved 

i . e. ei ther l ocations o r year s then model 1 is appr opriate . 

Bo th ar e r andom- effect model s , implying that both genotypes 

and environments desc r ibe a random sample from the populations 

o f infe r ence from which they are drawn . 



6. 

The expec t ed Mean Squar es for both models a r e given in 

Table 1. 2 . 

The assump t ions unde r lying the Analysis o f Varianc e as 

discussed by Cochr an (1947) and Eisenhart (1 947) may be 

s ummarised as foll ow s : 

1 . Tha t the r a ndom e ff ec ts are independent . 

2 . Exper imental e rro r s a r e r andom , have a common 

variance and a r e normally distributed . 

Cochr a n (1 947) fo und that heterogeneity of er ror variances 

was an import ant f eature of data since this may re sult in a 

loss of e ffi ciency i n significanc e test ing and Mean Square 

esti mation . 

For the mode l 1 situa t ion the signi fic ance of the ge notype 

x environmen t i n terac tion te r m is es t imated from the F r a t io 

of G x E Mean Squar e/error Mea n Squar e using the degr ees o f 

freedom appr opriate t o each me an s quare . 

The G x E variance component is estimated from the mean 

squa re s (G x E mean square - error mean squa re) /b 

where b = the number o f blocks. 

From such an analysis ther efo r e it is po ssi ble to get 

an estimate o f the ge notype x environment i nteraction component 

and it s significance. 



Model 1 

7. 

Table 1.1 Analysis of Variance Models 

Y = 11 + a. + n + an . 1 B ( . ) + r . . • ijk . l K l K J I< lJ I< 

= phenotypic value of 

Kth envi r onment and 

the i th genotype in 

j 
th replicate .. 

the 

µ = grand mean over genotypes , environments and 

blocks . 

,th 
a . = effect of the 1 genotype . 

l 

= effect of the Kth environment . nK 

CH). 
lK 

= interaction effect for t he 1 th genotype and 

the Kth environment. 

th t h = effect of the j block in the K environment . 

E = residual deviation for the ji;h o bservation . 
ijK 

Model 2 

y . . 0 
lJ KJ\, 

A 
K 

T .11, 

f3 (j) K.11. 

aA . 
1 K 

aTiR. 

= µ + a. + A 
l K 

= effect of the K 
th 

= effect of the .11,th 

= effect of the jth 

= interaction e f feet 

= interaction effect 

site . 

year. 

block in each K R, th combination. 

of ,th 
l geno type and Kth site . 

of .th genotype and tth 1 year. 



8 . 

'T = second order interaction effect for i th genotype Cl.A . n 
l K Yv 

th ·t d th - K si e an t year. 

= interaction effect of K
th sit e and i th year. 

= residual deviation 

and other symbols previously defined above . 



9. 

Table 1 . 2 Expectations Mean S qua res 

Model 1 

So urce o f va riation Degrees of E( MS ) 
freedom 

envi r onment £- i 
2. 2 2 2 

a + ga Bl £ ) + b c,: + gbo gs £ 

blocks E ( b - 1) a2 + g a2 ~ (£ ) 

genotypes g - 1 a 2 + bo 2 + b Eo 2 
g £ g 

geno t ype- e nvironment ( g- 1 ) ( £ - 1 ) 0 2 ·I bo 2 

g£ inter a c tion 

error E (b - 1 ) (g - 1 ) 02 

•. 

From Gor don et al . (1972 ) 

Model 2 

Source o f 
variation 

si t e s 

yea rs 

s ites x 
years 

blocks 

genotypes 

genotypes 
x sites 

Degr ees o f 
Fr eedom 

s - 1 

y - 1 

( s -1 ) ( y - 1 ) 

sy(b-1) 

g-1 

( g-1) ( s - 1) 

genotypes ( g- 1 ( 1-1 ) 
x years 

genotype s (g-l)(y-l)(s-1) 
x sites x 
years 

error sy(b-l)(g-1) 

a 2 + bo 2 
gsy 

E( r1S ) 

+ b 2 + a 2 +gbo 2 + gbyo 2 
yo g s g ( b) sy sy s 

a 2 + bo 2 + bso 2 + ao 2 + aba 2 + gbs o 2 
gsy gy - (b ) s y ., Sf Y 

o 2 + b o 2 + go 2b(sy) + gb o2 
gsy sy 

02 + 2 
g ob ( sy) 

2 2 2 2 2 o + ba gys + bsO + byo + bsyo 

a2 + ba2 
gys 

gy gs g 

+ byo 2 
gs 

a 2 + b 2 + b so 2 
ogys gy 

2 + b 2 o ogys 

a2 



From Le Clerg, e t al . (19 62 ) 

£ = no . enviro nments g = 

Y = no . year s b = 

no . 

no. 

10 . 

genotypes 

blocks. 

s = no . sites 
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1.3 Partit ioning of the G x E Vari ance Component 

A development from the Analysis of Variance technique has 

been to partition the G x E sums of squares into i ndividual 

vari ety contributions . 

Pl aisted and Peterson (i959) and Plaisted ( 1960) achie ved 

this by omitting varieties one at a time from the comput a tion . 

A similar parameter, the ecovalence, was defined by 

Wricke (1962) Lis reported in Easton (1971 27 as 

( X - X /gb + X ) 
2 

Si=; Xi • K/b - i••/Eb • • K •••/bgE 

The dot no tati on implies summation over the omitted su bscript 

X. = ix .. 
l. K j 'lJK 

Subtraction of the expectations of the ~e means sho~s:-

x. = µ + a . + n + an. 
l"K l K l K 

- X· = µ + a. 
' • • l 

- X = µ + n 
• • K K 

+ X•• • = µ 

an. 
l K 

Hence s. is the sum of an over all environments. 
l iK 1 S 

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. 



12. 

Shukla (197 2) described a stability variance for each 

genotype defined as the variance over environments of 

( a . + £. ) where £ . i s the me an o f £ over b 1 o ck s • He 
l l'K l"K ii K 

., ? 

found an unbiased es timat e of this varianc e 0~ and described 
l . 

an F test of 0?/0
2 where 0 0

2 = pooled error Mean Square to 
l 0 

test the instabili tyd a genotype. 

The stability analysis of Tai (1971) also partitions the 

inte ract i on term but he defines two parameters:-

a . = MS env x (6-1) 
l :r1S env- J1..1S error 

02 2 Q. 
l+ 0£ , 

>. i = 
2 

0 
£ 

Where B = regre ssion coefficient of genotypic means r egressed 

on an environmental index. 

a 2 = variance component for deviations from regression . 
6i 

2 

0£ = error variance 

i.e. a. = measures the linear r esponse of the i th genotype to 
l 

the environment. 

). . measures the de viation from the linear response in 
l 

terms of the magnitude of the error variance. 

A genotype with a = o 

stability (Tai, 1979). 

>.. = is defined as having average 

Hanson 's measure of stability incorporates the contribution 

of the i
th 

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 (i =no.environments), 

with a stable genotype located at the origin . 



1 .5. 

The position of the i th genotype in this space can be 

determined by the deviations of the genotype performance from 

th e expected. The expected performance was defined as 

Z . = X 
l K 

lll·K = (X . - Z. ) l K lK 

whe r e ~ ~ 1 + min s. 
l 

The stability parameter is D. 
2 = t::n. 2 

l lK 
K 

For comparative genotypic stability, a distanc e measure 

between the i th and i
1th genotypes is 

2 
D( .. , ) = L ( n. -

ll 1• K 
K 



1.4 Joint Re gression Analysis 

(i) Basic Models 

A widely used technique for the identification of 

adaptable var ieties is t hat known as Joint Re gression Analysis . 

This type of analysis was originally suggested by Yates 

and Cochran (1938) f or the identification of genotypes which 

were superio r over a r ange of environments . 

Apparently unaware of this early suggestJu n rJ1uc1y a!1d 

Wilkinson (1 963) outlined a s imila r technique but cmphlsized 

its potenti al for identifying different adaptation resronses in 

genotypes . Their bas~c approach i s outlined os Hodel j i n 

Table 1 . 3 . 

The environmental index upon which the varie ty yields a re 

regr essed was obt ained by . taking the mean of all varieties at 

each Of the envi r onments (x. • K) • They suggested t hat B. was a 
)_ 

useful stability par ameter 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 t ogether and constructed the diagram presented in figure 

1 • 1 • 

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. B· = O, x .•• maximum. 
l l 



Model 3 

an. 
l K 

)J 

a. 
l 

B. 
]. 

15. 

Table 1.3 Regr ession Models 

a.n. 
l K 

=B. I 
l K 

+ cS . 
l K 

Rewritten in terms of Model 1, Table 1.1 , 

a . + C •. • 
lK lJ K 

= phenotypic value of the i t h genotype in the th 
K 

· t d · t h 1 · t environmen an J re p ica e. 

= interaction effect for the i th genotype and the 

= 

= 

= 

K 
th environment . 

grand mean over genotypes , environments and repl ic ates . 

effect of the i th genotype . 

regression coefficient measuring response of i th 

genotype to a l l environ~ents. 

I = Environme n tal Index . 
K 

6i ~ = deviation from r egression of i th genotype of K
th 

environment . 

Fr om Perkins and Jinks (1967) . 

Model 4 

Yi K = µi + 6 i 1K + oiK 

h t . al f th . th th = p eno ypic v ue o e i genotype in the K 

environment . 

µ. = mean of the i
th genotype over all environments . 

l 

B. as before . 
l 

I K 

oil< 
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Figure 1. 1 

A ~ener alised interpre t ation of regression coef f icients plotted 
against variety mean yields 

a bove ,.o 

speci · cally 
adap t ed 
f a vourable e 

below average 
stabi l i ty 

1.0 Poorly adapte d t o 
a envi r onmen s 

Average 

below 
1. 0 

above average 
/ stability 

Specifically ada 
t o un f avour e 

ents 

Var iety Mean Yield 

From Finla y and Wilkinson (1 963) 
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Eberhart and Russell (1966) also outlined a regression 

appr oach given as model 4 of Table 1.3 . Their partitionine 

is into : 

(i) a linear component between genotypes ·.:j_th 1 d . f . 

(ii) a linear component of the G x E interaction wilh 

(g - 1) d.f. 

(iii) deviations from r egression ·::ith (£ - ,:) d. f. 

They suggested that in addition to the recressio~ coefficient 

a plant breeder may be interested in the degree to ~nich a 

cultivar devjates from r egression on an environmento.l index . 

Since large deviations from regression indic3te unpreJictable 

behaviour a par D.me ter !'nensuring this can be used to i!1d::.c ate 

stability of n cultivar . 

Their pa.r a'T!ete r is given as such: -

S2ai = 6oi K 2/(n -2J7 - S£ 2 /r 
K 

Where S £
2/ r = an estimate of the pooled error of x . 

l° K 1 S 

n = number o f environments 

r = number of blocks . 

This can be related to the division o f total va r iance about 

regression into pure error and l ack of fit which is standar d 

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

Eberhart and Russell considered that an 'ideal' cultivar 

would be one with a regression coefficient of 1 and s!i of o. 

Another group of wo rkers to have suggested r egression 

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 di ffering 

at 1 locus . 

p, = i.i - Z-dJ + e: - yd 

i , e , t he phenotypic effect o f each line has a genetic effect 

r97, an environmen tal effect f and 8 G X E effect Y, L~ i s 

a constant and is the a ver age deviation of the 2 lines from 

the mid parent µ. They found that a linear r elationship existed 

betwe en e: and y so that y -= Lo/ + Be: . 

This was expressed in more general termG by Pcrh.ins ;1nd 

J inks (1 967) i n a model equivalent to ~odol 3 a~ Tatlc 1. 3 . 

Various tests of s~gnificance are a vailable to ancertain 

the effectiveness of the regression analysis , These are 

generally standard regress i on techniques such as the F test 

for Regression Mean Square/Deviation Mean Squar e and the 

calculation of R2 (Draper and Smith , 1966). 

The significa nce of B. can also be tested as the 
l 

dif f er ence between B. and one , 
1 

I t may also be useful to calculate the percentage of the 

G x E s um of squares accounted for by the regression sum of 

squa r es . 
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(ii) Modifications of Regression Analysis 

Baker (1969) extended the basic regression approach of 

Finlay and Wilkinson i n two ways . Firstly he used two 

di f fe r ent models , the additi onal one being for sites- years 

data . Secondly by carrying out the appropriate subtraction 

of means he regressed the an. effects on ton effects, the 
lK K 

aA . effects on to A effects and the aAT. 0 effects on to 
l K K lK~ 

t he ATK1 effects . The possibility of regressing aTi1 effects 

on to T1 effects was noted but not carried out because the 

variance component fo r aTi ! was not significant . The 

regression coefficients for the effects regression centred 

around zer o as opposed to those of Finlay and Wilkinson 

regression which centred around one . In several ca ses he 

fo und 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 f or comparisons of new 

cultivar s wi t h standar d ones the regression of the different 

genotype means over environments (x . ., ) on to each other may 
l . . s 

be i n for mative . His application of this to potato trials 

Simmonds (1 980 ) found that these r egression coefficients 

ha d l i ttl e pr edic t ive value in prac t ice . 

Eagles , Hinz and Frey ( 1977) examined the heterogeneity 

o f regr essi on to see if genetic variation for the character 

in question was pr esent . Wher e they found significant 

heter ogenei ty they tested for convergence of the regression 
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lines and calculated the point of convcrcencc to t r y and 

i dentify t he type of interaction pr esent . Tnoy concluded 

that t he s uccess f ul application of Finlay c1r..d \ii L,nnson 

r egre s s ion depends on:-

( a) signifi c an t heterogeneity but srnali convergence 

var iation; 

( b) signi f i c ant hete r ogeneity and significant 

convergence variation with the point of conve r gence 

l ying within no r mal environmental r ange . 

I t was s uggested by Fr eeman and Crisp (1979) that when two 

char acters both show g x e inter action regressing one on to 

the other may help to interpret the relationship bet~0cn them 

and help f i nd the characte r o f prj_nw.ry importance to g x c 

i nter ac tion . Verma et al . (1978) proposed that an ideal 

geno type would have a r elatively high yield and low sensitivity 

in less f avourable envir onments and high sensitivity in 

f avourable environrien ts . By dividing the environr.ien tal index 

i nto two subse t s o f less t han favo urable and more than 

f avourable and comparing the two r egr ession coef f icien t s to 

see if they differed, they hoped t o iden t ify such ge notypes . 

I n a study of 10 inbred Nicotiana ru s tica lines they found one 

by this method which c omplied with their idea l genotype c oncept. 

Similar work wa s done by Jinks and Pooni (1 979 ) who 

investigated the possibility of two intersecting straight 

lines being more successful than a linear or quadrati c model . 

Thej found that in cases where linearity failed thi s 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 succ essful. 

Such an environment~ index has the advantages of being an 

independent measure incorporatiug as many environmental factors 

as possible. 

It was postulated by Wright (1971) that if regression on 

to a. was successful as well as the normal regression on to 
l 

nK 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 

se l ecting in particular erivironments. 

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, d, which is a variance ratio 

for testing the hypothesis of a common regression line against 

the al ternati ve of r independent regression lines . 
r 

d (v l v2·- vr) = S.Sqs (v l v2· · · vr) - f=1SS~i), 

2 (r -l)s 2 
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where 
2 m 

= E S Sqs . 
i =l 

( v . ) / L( m- 1) ( n-22/ , 
1 

S Sqs. (v 1 v2 ••• vr) = Sums of Squares of deviation 

from regression for genotypes v 1 , v2 • • • v r ' 

m =no . of genotypes, 

and n =no . of environments. 

They related to the Group Average clustering me t hod of Sokal 

and Michener (1958) and extend this to encompass an F-test 

based stopping measure . For an analysis on carp data the 

clustering produced groups whi ch were very consistent vi J. tr1 

~ ~~1r member' s crossing backgrounds. 

Hardwick and Wood (1972) ou tlined a method of finding 

a linear function of a set of environmental variables which 

could then be used as .:in independent environmental index for 

r egr e s sion . Wood (1 976) compared this method t o tha t of a 

Principal Component analysis on environmental va r iables and 

found that they pr oduced similar results . 



Model 5. 

lJ = 

Cl . = l. 

ri = K 

22 . 

Table 1.4 Regr ession Model 

lJ + a. 
l 

g r nnd 

e f feet 

e f feet 

+ n 
K 

+ K rt . n + S. 
l K 1¥, 

mean , 

of the . th genotype . l 

of the K 
th environrnent , 

K - regression coefficient o f interaction effects on 

to genotypes & enviro:;.ments join:.:y. 

= the comfcncLt of YiK independert cf rcGression 

From Nrighl , A. J . (1~71). 
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(iii) Criticisms of Regression Analysis 

Freeman and Perkins (1971) criticized the standard 

regression techniques because they use the environmental 

means as the environmental index. Because this index is not 

wholly independent of they 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 the proposed an alternative approach 

where the index ls obtained eithe r by replication of tho 

genotypes being investigated or the use of control genotypes 

(such as inbred parents). 

Friun and eaten (1971) used the standard technique as well 

as regressin g on to values from control genotypes and found 

that a similar result was reached with both indices. Studi es 

done by Wi llj_ams ( 1974), _Tan et al . ( 1979) , Pe rkins and Jinks 

(1973), Jinks and Connolly (1973) and Snoad and Arthur (1976) 

all used methods of measuring an independent index of 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 equally low me an 

yields. Genotypes nre unlikely to rank similarly for these 

factors but this is not revealed by Finlay and Wi lKinson 

regression . 

3. Combining dala from diff~rcnt lengths o f c r o~th or 

different gro~th phases ca n be ~islcadinb . 

4 . Int0r.!.>rt:L~,\.-Ot1 m.::iy he affect£:d by the scv.:.•J USl)c.t c1nd 

differer;L scale.; mny be appo:rj~Le :·c. r di.ffere!1t !~L; !!Oty pcs . 

e s t i mat i on 0 f t h 0 t:- i, s be c .., u s c i t i i, .:1 G ~~um e d t h <,1 t t l1 c 

environme~ta l mea n is measurect wit:oJt error . In lnrge 

expcrir.1e11 ts this \~.,ill be smet.l~. so it j 0 11ot normally a 1iro blem. 

Recent cri ticis!:l of the regrcGsion analysi s has oeen made 

either because of a lack of linearity in the data or because 

it has failed to account for a high pe rc entage of th .., G xE 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 

Eas ton and Clements (1973) had r elatively large numbers of 

ge notypes with non- significant regression coefficients . 
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To improve the linear ity of their data Finlay & rilkinson 

(1 963) and Jowett (1972) used a log transfo r mation of their 

raw data . 
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1.5 Pattern Analysis 

( i) Introduction 

The term Pattern Analysis has been put fo rward by 

W. T. Williams and co-~orker s as a Pame to encompass the 

hypothesis generating methods used to simplify complex data 

sets (Williams , 1975) . 

They mnke the aistinction tetwe vn thcs•:: rrethodG anrt Lhosc 

of classical slat istics ~hich ore concerned lar~ely with 

hypothesis tcst~nc . 

'l'he I atlc1'n Anolysis techniques have only a v·eak nyr,othesis 

on which they nre based which is "' __ he r e is sor.!e simpler 

pattern pr esen t in this dc.i. t a 11 • ( \'I · 11. ... i 1.ams, 197 5) • The 

c lassica l null hypothesis that all elements are Lhe same is 

not applicable . 

Significance tests ore seldo~ available in Pattern 

Analysis . These that have been suggested e . g . for divisions 

in hierarchical classi fic ation are of ten sensitive to data 

anormality or have other problems. 

types of analyses involved:-

1 • Ordination 

There are two distinct 

The model underlying these methods is tha t the multiplicity 

of attributes measured were generated by a small number o f 

underlying factors usually independent of each other. 

2 . 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 Pat, tern Analysis 

technique s c an handle mixtures of di fferent types of attri bules 

and that they are most powerful when the number of attributes 

is lar ge. 
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(ii) Classific ation 

Classification has been described as a tectniquc for 

allo cating enlities to initial ly undefined classes so that 

individuals in a class arc in some senee close to one another 

( CorriacK , 1 -;)'l 1). Cluster Anc lysi s is onE: method by ,\11i c h this 

is done . Se veral au thors have attempted to classify cluste ring 

t echniques t,veri t t ( 1974), Corm,3c k ( 1 :)'l l). n. 1. t CJ f W illiar.1:::; 

(1 97 1) is presented as follows . 

1. A classification ~DY be 

(a) exclusive - an element occurs only in o:1e clar.s , 

i.0 . no mc~bership overlaJping . 

or ( b) non- exc lus.1. ve - an el e:.!8r. t m::,.y occur sir.iul tane::)U sly 

in mo r e than 1 cluss , i.~. it may have the 

necessary attribu~es to q~alify for more than one 

Cl J.SS • 

2 . Exclusive classifications may be 

(a) intrinsic ~here all attr ibute~ are regarded a~ 

equivalent 

or ( b) extrinsic where the gr ouping must reflect 

discontinuity in an external a t tribute 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. 
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(b) non- hierarchical , where no route is defined 

between groups and individuals . The strategy 

works on optimizing the homogeneity of the c r ou1s . 

4. The non- hierarchical strategies a r e o f ~ t ypes : 

(a) the groups are obtain~d se rially so that s ucce ssive 

gr oups a re defi ned and r emo ved from the populat i on 

one at a tirr.e . 

(b) the groups are obtained by simultaneous opti~ization 

by an iterative r r ocess . 

5. Hierar chical strategics may b~ further subdJviaed 

d•]pendinc; on whether they ur~ r:!on:nl:etic , i . e. bnsed or­

one atLr:.Lute or nolythetic , 'cc-1sed 011 many :Jttr11~utes . 

~ince an agglomerative met~ud b~gins with individuals u 

monothetic agglome r ative ~eLhod is i~rcssible . 

Tne r e are pr oblems associated with all of the three final 

types of classification . 'The di visive polythetic systems a r e 

re latively unde ve l oped ; the di visive monothetic methods may 

produce misclassifications since grouping is done on the 

strength of 1 a ttribute . 

The agglomerative , polythetic methods are highly developed 

but involve large amounts of computation time and may produce 

misc l a ssifications since the y start at the inter- individua l 

level wher e error is greatest (Williams , 1971) . 

There a r e two considerations to be made in cluster analysis 

methods . Fir stly there has to be a measure made of inter­

i ndividual 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 tNo 

dimensional diagrams called dendrograms ( CJ if ford & S tephcnson, 

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 mode rn 

measures are constrained within O and 1. The r e are many 

possible measures of "likeness " but VJj_lliams ( 19?1) 

identifies 3 main classes. 

1. those based or: the first ;.u nko\·,sld metric 

p 

LW I X· - x I 
K=l K lK jK 

\'/hen wK = 1 it is "city tlock " o r 11:·onhatten" metric, 

when wK = Ix. ~ x. I it ·is "Canberra" metric. 
lK JK 

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

2 . those based on the se cond Minkowski metric 

= Eu clidean distance. 

3. Information Statistics . 

The basic measure of diversity by information statistic is 

the Shannon index. 

H = N log N -
p 
I: 

K= l 
N log N 

K K 
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N =no.individuals. 

(Clifford & Stephenson , 1975) . 

p = no attributes . 

I n addition to t he se the co rrelation coefficient has been used 

in some fields. This is a shape measure as opposed to a 

size measure as it measures irtentity when att rubute s oc cur 

in equal pro po r tions. 

A numerical function of pairs o f points is said to be 

metric , j.f: 

1. d (x , y) = d ( y ,x); 

2 . d (x , z) ( ,d(x ,y) + d(y,z); 

3 . When d (x,y) = o, X = y; 

and 4 . d (x,x) = o 

This means that metric measures are geome tric ally ottracti ve 

and pe rc ept i ble . They a~e also advantageous in hierar chical 

sys tems whe r e the measure should dccre::.i.se ns the hier.::.i. r chy 

descends . This last is true of information statistics as 

well (Wi lli ams & Dale , 1965) . 

Williams (1 971) suggests that for highly skewed binary 

data an information statistic would be best as the Euclidean 

measure is sensitive to outliers in data. I f 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 

suit the Canberra metric. With data of no striking 

features the different measures often produce similar solutions . 

' .... 
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Sorting Strategie s 

Sorting stra tegi es are methods of forming groups or clusters 

base d on the similarity mea sures . The most well developed 

and c ommo nly used strategies a r e the Agglome r ati ve polythetic 

hierarchical ones . These a r e subdivided as follows . 

1. Base d on successive informa t ion gain . These are 

advantageo u s when the data is binary a nd disordered mul t i state 

with possi ble missi ng values . When the data is no t o f t his 

for m t he i r \'/e aknesses in matching zeros ( abs ~nces ) and in 

extra computatio nal time negates this (Clifford 8, ~:itephe n son , 

1975 ) •• 

The basis of the s e stra te gies is the minimal information gain 

6 I a t each fusion v,he r e 61 =: IC - ( IA + IB ) 

61 = increase in di ver sity o f at tributes . 

I C= di versity of the combined att ribu tes . 

IA :} 
I B 

dive r sity at the individual 

a t t ributes befo r e fusi on . 

2 . The remaining s trategi es can be used wi th any indic es of 

dissimilarity. They have dif fe r ent pro perties, af fecting 

their suitability to di f feren t situations , which are outl ined 

in the following . 

( a ) The properties of s pace-conserving, space-dilating 

and space-contra c ting refer to the degree that a gro up will 

appear to move nearer or away from the remaining element s. 

Problems may o ccur with space-dilating strategies where 

11 non.:.conformist g roups o f peripheral elements" may be formed. 
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Also wi t h space-contracting st ra tegi es chaining may result 

(Lance & Williams , 1967) . 

( b) St r ategi es a re combinatorial where the original 

da t a i s no t stored a ft er t he fi r s t measure s are ca lculated . 

A non-combi nato rial st r a t egy , howe ver , nee ds t he original aata 

ret~ined f or further calc ulations . 

( c ) A mo no t onic s trategy i s one which wi l l not c ause 

reve r sals in s ucc essive f usions i n a dendrog r am . ~ith a non­

montonic strategy the similarity measure nay be less than that 

o f the enti ties before t hey merged (Clifford & Stephenson , 1S75) . 

(d) A compatible strategy ha 3 the same measures throughout 

the analysis. Where this is not tru r interpretation m~y be 

difficult . 

The r e ar e se ver al majo r so r ting strategies which a r e widely 

used to form cluster s on t he basis of the distance measu r es . 

Their pr operti e s are do c umented by Anderberg ( 1973), Co r mack 

(1971), Clif f ord & Stephe nso n (1 975) and Lance & Williams 

(1967). 

1. Single Linkage on Nearest Neighbour. 

This is the oldest of the conven t ional strategies and 

the simplest. The distance between two groups is defined as 

the distance between their closest elements. It is combinator­

ial , compatible and s pace-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. 
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2 . Complete Linkage or Furthest Neighbo ur. 

Thi s oper ates in the opposite fasion to single linkage 

in that fusions are based on the minimal distance between 

t he most remote entities in two gr oups . It i s combi nato r ial , 

compatible and s pace - dilating . Appl ications o f this method 

ar e apparently few but it has been f ound to be useful in 

ecological studies (Clifford & St ephenson , 1975) . 

3. Centroid . 

In this method a gr oup is consi de r ed de fi ned i n Euclide an 

space and is r eplaced by th e coordinates of its c en t r oid . The 

groups a r e fused on minimal dist a nce between these c entroids . 

The stra tegy is compatible , spac e conserving and combi na to r i a l 

with metric me asures . It may lack monotinicity and 

as a r e sult reve r s als a r e of ten a problem . 

4. Me dian . 

This was suggested by Gower (1 966) with a view t o 

preventing l a r ge group s from domina tine classifications. 

This i s done by r egarding the gro ups o f unit size with the 

new centro id lying at the midpoint o f the two fused ones. It 

is combinatorial , compatible except with correlation 

coefficients and space conserving. It may lack monotini ci ty 

and produce reversals. Teow (1978) found that it was so 

space-conserving that it produced chaining. 

5. 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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enti ty an d all membe r s of tho cluster. With two cluster s the 

me an di stance be t wee n t he entities of the two are calc ulated . 

The str ategy i s combi nato r ial , compatible and mildly s~ace­

co n serving . Lance & Williams consider lt 8 pr omising st r ategy . 

6 . Ave r o..ge Linkage \'iithin the ::cw Grour . 

This is similar to Gr oup Avcr..,,cc b 11t h1 addition tLe suris 

o f wi thin group pair~isc similarities ore considered 

(:\r.de r berc , 1973) • De tail s of its t ropertie E arc not ::no\':n 

but it is thought to rroduce results ljke c0~nlete linkage 

( Ande r be r g , 1973) . 

7. Increment0l Su~s of 3~u~r es er ~ortis Method . 

!, po.ir c,f cl·2n-,f:nts \"hose dist :1ncc neasure is rr.iniJT.um .:J.re 

fused and thereafter entities are fused euch tho.t the sun of 

squares of distances v.rithin a cluPtcr increases by tl:o i:::mallest 

~aunt . The total su~ of squares is conslont so as the sum of 

squo. r es of distances within o cluster incre.:ise s mi:iir;i.1lly , the 

s um of squares of distances botviccn clu::;tcrs increases rnoxl!:wlJ y . 

I t s pr oper ties a r e only known when squared Euc lidean distance 

i s u sed and i s space- dilating and monotonic ( Rurr, 1970). 

8 . Fl exible Me t hod . 

Lance and Willi ams (1 967) gener alised t he pre cedi ng 

str ategies into a single system by t he r el a tion 

d = oc . dh. + oc,dh. +$d . . + y la h. - dh.1 
h K 1 l. J J l. J 1 J 

where d = intergroup measure . 

i , j , h = groups 

oci' ocj' 8 and Y a r e parameters determining the na ture of 
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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 ( a: . + a:. + B) ( 1. Their 
l J 

flexible strategy has the constraint s of 

a:.+ a:.+ B = 1 
l J 

a: 
l 

= a:. 
J 

y = o and B < 1 • 

They terms the cluster intensity coefficient as this can be 

varied according to whether a space-contracting, conserving or 

dilating strategy is re quired . Conventionally B = - 0 . 25 

for preliminary investigation which means it is mildly 

space- di lating (Clifford i Stephenson, 1975) . A positiv8 

value for B means that the strategy ~ill be space-c on tracting . 

Which St rategy to Use? 

Lance & Williams (1 967) belie ve that nny space-contracting 

strategy is obsolete since t his means that classificatory 

boundaries a re 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 classific ation is put. 

Williams (1971) suggests that a weakly clustering system 

may be best for situations where no a 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 clusterir.c system the 

number of clusters present during the course of one exercise 

ranges from n , the number of individuals to one . Generally 

what is wanted is a compromise between these two extremes 

so some way o f determining a truncation point is required . 

The normal p r aclice appears to be to make a subjective chocJe 

based on previous knov:ledcc of the structure of the data set 

(Anderberg, 1973). Other workers admit to rnaKing arbitrary 

cut-off points , e . r; . Eungor.iery et .:11. ( 19?L1-) . '~'eo,•, ( 1')?"3) 

implemented a probabilis~ic cut- off ncasure , ased on the 

V ratio of a~ongs~ cluster su~s of squ~ras/~ithir. cluster 

sums of squares . 

,, t . . . t ,, ,, 
\., ... ut:; er ,tnn.,_y:"lS o u .{ 1•, Internet ion 

Alt.hough not ·.•::Jrkinr specifically to ex::1mine varict .:-~l 

adD.ptation the "!Ork of iibou- .21 - Fittonl' et al, ( 19(.J) ·:;c:ts the 

fin.,t to apply Cluster Analysis lo this field. They clustered 

together environments by minimising the ~ithin cluster 

genotype- environment interactions and then identified the best 

zonation pattern for cotton variety tri als 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 r esponses 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 By th et al .(1 976) clustered both geno t ypes 

and environments and they found that the genotype grouping 

reflected differences in genetical and selectional origins . 

Clustering of environ~ent s was carried out by Short er 

et al ,(1 977 ) to determine a basis for soybean test sites . 

Al l of these previous s tudie s used the Gr oup Ave r age 

s trategy. 
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(iii) Or dinati on 

The ter m ordinatio n wa s f i r st proposed by Goodall ( 1954 ) 

when he no t ed t ha t analyses s uc h as Factor Analysis do not 

r esult in classi ficution in the ordinary sense but in the 

arr angement o f data in a multi- dimensional ser ies . 

Ordi nati on i s thus a broad ter~ encompassi ng several 

di ffe r ent multiva r iate techniques whose primary 3im is to 

de t ect t he unde r lying pattern i n the data . 

The t erm Facto r Analysis is a broad ter m encompassi ng 

sever al procedures which Pnalyse the inter correL.tlions within 

a se t of var iables (Cooley and Lohnes , 1971 ). 

'J'he in tcr correla tions mo.y be c ale ulated bet ·:ieen each pair 

of var iables ( R tyre analysis) or bct".ecn each pair u f 

individuals(';; ty1)e 'J.nalysis) . 

The factors may be extracted via a clos~d modeJ ~here the 

fac t or s are said to be definea because they are exacL 

t r ans f or rr.ations of the origino.l dat-:t or nn open model v.'herc 

the factors ar e said t o be inferred . Tn this case eac h 

variable i s s ai d to be in f l uenc ed by commonly s ha r ed de t e r mi nant s 

(communali tics) a nd unique determi nant s , the l atter one s being 

ignored in the analysis as they do no t contribute to rela tion­

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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Pri ncipal Coordinate Analysis . In addition the linear function 

may be standa rdised in whic h case i t may be called Principal 

Factor Analysis (Cool ey and Lohne s , 1971). Where the factors 

are inferred the communalities are inserted in the le adi ng 

diagonal of the correlation matr ix , lh e ext racted eigenvalues 

a re standardised and the a~al ysis is Kno~n as Factor Analysis. 

It has been pointed ou t that Factor Anal ysis involves a 

gre ate r element o f sub j ectivity lhan Princi pal Component 

Analysi s , and i~ addition involves gre:.:i.ter comru tai:.1, ,r r:,_.1n e 

(Willicuns , 19?5), ( Rummel , 1970). 
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Computation of Principal Component Analysis 

Principal Component Analysis ( PCA) describes multivari ate da t a 

by considering selected linear combinations of the va ri ables 

x
1 

• •• XP r ather than the variables themselves (Bofinger , 

1975) , ( Cooley and Lohnes, 1971) . 

To look for the pr ojection of the distribution ~hich gi ves 

maximum variance the t r ansfo r mation mueL be found 

z = vx 

such that the variance of z is rnaximi sccl su bj ec t to 

If the var ianc e - covnriance matrix of the standardised 

variables X 
1 

• •• X p is I then it can be shown that the va r iance 

o f z will be v ~Iv and so the maximisatior. is v ~Iv subject to 

Using a Lagrange multiplier >. the determ:i.nen t a.l equation 

I (I - A I )v / = o i s so 1 v e d 

where I is the identity matrix. 

The >-- ' s which are the solu tions of the equation are the 

eigenvalues of I and the solution vec t ors v 1, v 2 ••• vp 

are the mutually orthogonal eigenvectors . 

The largest eigenvalue >. 1 associated with the eigenvector 

v 1 gives the length and direction of the axis of maximum 

variation . 

The >. 2 and v 2 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 sco:e matrix contains each individual ' s score for 

the new components or factors . 



I+ .5 • 

Rotatio n to a Te r minal Solution 

A typical r esult of Principal Compo ne n t ~naly sis i s the 

p r oduct ion of one general factor and one or mor e bipola r 

factors ( Cool ey & Lohne s , 1971) . Such situa tions are generally 

easily interpreted in t erms o f th e original va r iables . 

Where interpretation is no t s t raightfo r war d , rotation of 

the original reference axes may be carried out to give a 

11 simpl er 11 structure. 

Rot a tion sets out to ach ie ve t he s i t uation whe r e 

1. Ma ny po ints l ie near th e final axes . 

2 . A l a rge numbe r of the point s will lie near the origin . 

3. Only a smal l numbe r will rem ain removed from any a xis . 

I n te r ms of th e fa c tor s tru c ture matrix , the r ows and/o r 

columns are simpli f ied by n-o..king as man y values ii each row 

and/o r column as close to ze r o as possible . 

The di ff er ent types of r otatio n a r e :-

1. Quartimax whic h emphasi ze s s i mplificat i on o f the 

ro ws so that a variabl e may lo ad high on one factor bu t almo t 

zero on all others. This allo ws interpretation of each 

variable in terms of its contribution t o the factors. 

2. Varimax which emphasi zes simplilication of the 

columns of the factor structure matrix so that a factor may 

load high or low on the variables. Each factor may t hen be 

interpreted more readily in terms of the variables contributing 

to it. 
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3 . Equimax where both columns and ro ws a re simplified . 

4. 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 Pr incipal Component Analysis may produce as many components 

as there are var iables. Gene r ally the first few components 

explaining the larger proportions o f the t otal variance will 

be iCTportant and the later ones con be ienored . 

Morrison (1967) uggests thut if a suitably larBe 

proportion (e . g . 75%) of the var·iance is not explained by 

the fi r st four or five componenta it is fruitless t o persist 

in extracting vectors as the later components arc likely to be 

very difficult to interpret . Approximate tests of signifi c ance 

are available for seeing how m3ny Principal component s are mean­

ingful. 

Bartlett (1950) outlined a chi-square test which examines 

the hypothe sis that all subsequent roots are zero . This is 

sensitive to multivariate anormality and singulari ty of the 

dispersion (correlation) matrix. 

An approximate F- test suggested by Mandel (1 971) was used 

by Freeman and Do1\:ker ( 1973) o.nd Pe rki.ns ( 1971) • Pe rkins 

found that seven components were significant but subsequently 

i gno re d this as the first two ac counted for 84% of the total 

vari ation . 

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 va ri ance 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 produc ed component s whi ch were 

re adily 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. 

Fr eer.1an and Dowker ( 19'73) a:;:)plicd PCA to dato. from a 

series of c arro t trials. The y analysed the 1.:ithin- enviro!'lment 

variation, the within-genotype variation and the residual 

variation in separa te analyses. For the first t~o components in 

each analysis an interpretation in terms of environmental 

difference s or genotypi c diffe r ences could be made . 

PCA was used primarily to confirm the results from 

clustering methods in the v:ork by ;,;une;omcry e t al. ( 19?4). 

Their plots o f the genotyp e positions in the first two axes 

(corresponding to the first two components) indicated two 

broad subpopulations within the genotypes teste d and these 

could be related to different origins . 

Wo r k done by Shorter et aL (1 9??) used PCA to estimate 

the contributions of each of the environments to the first 

component using the factor structure matrix. An environment 

maldng a relatively large contribution was considered to be 

most useful as a test site for genotypes . 

Okuno et al . (1971) Las reported in JIPB synthesi.§7 have 

evidently used PCA to aid in the elucidation of adaptation of 

genotypes over environments as well. 

' 



47. 

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 

(Clar dige , 1972). 

Breeding programs are carried out for both wheat and barley 

and these produce new lines to be tested each year . 

Douglas et al. ( 1977) examined the basis on which 

cu l tivars vtere assessed in _iev1 Zealand and made .several 

recommendations . The acceptance or rejection of a new cu]tivar 

depends on its performance relative to the standard at the 

time . This is estimated by the degree by which the cultiva r 

c :{ceeds the standard , 5')f greater thon bcinG the level gener .1.l ly 

set for ac ceptance. Depending on the amoun t of between- trinl 

vari ability the number of trials needed to show this ~ill vary. 

They carried out an analysis of variance on some wheat 

data and noted the significance of the genotype x location 

interaction component . As their data was not s uitable 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-signific ant. 

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 d~ta the genotype x year component 
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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 Mate r ials and Methods 

2 .1 Objec tives 

The primary objective of this study Vias to make an 

assessment of the majo r analyses available to examine 

genotype- environment intera c tions. 

Of particul a r interest was th e dif ferent Pattern Anal ysis 

techniques since these have only r ecen t ly been applied to this 

problem and they showed potential t o overc ome some of the 

problems which the more t raditional methods have . 

As a result o f applyin g these various analyses to the 

data sets it was hoped that useful information o~ the 

pe rform ances of the trial cullivars would be produced . 

In order to effectively assess 

the diffe rent methods of G x E anaJ.ysis a set of data was 

re quired which had a good· sample of genotypes measured in a 

range o f environments . 

In order to obtain data with a significant G x E 

interaction component the wider the r ange of genotypes and 

environments sampled, the better. 

Such data sets where the sample of genotype s and trial 

methods are consis tent ar not common. However , national 

cultivar evaluation trials do provide suitable data and were 

therefore ideal for t he purposes of this study. 
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2 . 2 Barley Data 

The Ministry of Agriculture and Fi Gheries (MAF) r an a series o f 

Bar ley cultivar evaluation tri als in the 1978/1 979 season . 

Thirt e en culti var s we r e tested over seventeen locations f r om 

the barley growing areas of New Zealand ( Dyson per s . comm) . 

Lees ton had two trials , one by MAF and the other by DSIR . 

A second set of Barley data was obtained by including a 

14 th cultivar ( Hassan) which is an important standard in parts 

of t he South Island (J.M. McEwan , ne rs. comm ). This necessitated 

decreasing the number of sites to eleven . 

Both of these sets of data were c arried through the ful l 

analyses . 

The HAF' trials had variabl e plot sizes , ran€inc f r o::1 

18 x 1.05 m to 40 x 1. 37 m. The difference in plot size ~3S 

not adjusted for as it ~as decided that they we r e all sufficient­

ly lar ge to avoid bias . There were three replicates per trial . 

The pare ntal pedigr ees (T Dblc 2 . 1) indica te that the gene 

base involved is probably a narrow one as all we r e 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 

Georgie Vada x Zephyr 

Koreke Ruby x Carlsberg x Lenta 

Jupiter Betina x Midas 

Neptune Betina x Midas 

Goldmarke r TCE 131 x Midas 

000- 72 

6487 

124-72 

Ark Royal 

Magnum 

Kaniere 

) Being tested 
) 
) from Europe 
) 
) Pedi.grees not available . 

Proctor x HP5466 

Magnif 104 x Universe 

(Carlsberg x Valla) x (Gazelle x kenia) 

Origin 

U. K. 

Lincoln , N. Z. 

U.K. 

U. K. 

U. K. 

U. K. 

U.K . 

Lincoln , N. Z . 

Zephy r 

Mata 

Heine 2149 x Carlsberg Holland 

(Britta X Carlsberg) X c· esearch X Ingrid) Lincoln, N. Z. 

Hassan Delta x i~gio x (Kenia x Arabische27 Holland 

' 
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Table 2 . 2 Barley Trial Sites and Soil Types 

Site 

Go r e 

Pleasan t Point 

Fairviev, 

Ou trar.1 

Takapau 

Bulls 

Marton 

V/in fiel d 

Leeston 

Milton 

Inc holrne 

Mj_t cham 

Meth ven 

Kirv,ee 

Linc oln 

Dunsandel 

Area 

Inl and Southland 

South Canterbury 

Cant er bury 

So uth Otago 

Hawkes Ba.y 

Mo.na1:1a tu 

Manai'.ra tu 

Canterbury 

Can t er bury 

South Ot ago 

North Oto.GO 

Inland Can t erbury 

Inland Canterbury 

Central Canterbury 

Central· Cante r bury 

Central Cante r bury 

Soil 

Waikoikoi silt loam 

Templeton silt loam 

Timaru silt loam 

Wehenga sil t loam 

Takapau silt loam 

Par ewanui silt loarn 

Mart on s i lt lo am 

Waberton clay l oam 

\'/aberton clay loam 

Tokomairiro silt loarr. 

Clar emo nt si l t loam 

Hatfield silt loam 

Lynhurst silt loam 

Lismo r e silt loam 

Templeton silt loam 

Templ eton silt loa~ 
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The genotype sample would have been even smaller if data 

was considered o ve r sever al seasons trials . For thi s re ~so n 

the data used for this study was restr icted to one ~eason . 

The char ac ter used fo r this study was gr ain yield , adj uGted 

to 15% moistur e expr essed on n k 0/h.1 basis . 'I'hc triol sites 

ana their soil types are lis~ed in Tntlc ~. 2 . 

? . 3 \/heot Dat.::i. 

Fecause of ::l:e narro\': cenc base in ~he B·1rley dat:.i :-ind the 

re ;:,tric t::..on to one sc.:lson i_ t w,1 s dec1 ded to o ";)toi .,_ Dno th,]r 

dote, set where these limitations \'·e r e not :present. for 

this nurr:o sc data from trials co.rricd out bv Cro1) R,::sei" r c h 
- - V ,... 

Dl vision , J.31!~ ( 1 olmcrston :lorth) , wo.s [;utl:erccl tocether . 

This set consisted of L~o seasons trials frore 1976/ 1977 

and 1977/1978 over four Git~s in tile lower liorth I.s.i.'1.n.:l . 

Ten cc~otypes were included in this study reprcrcnting 

hew Z~aland standard cultivar s , ne~Jy released cultivars and 

elite lir:es under t r ial (sec Table 2 . 3) . 

The char acte r used in this study was gr ain yield , 

adjusted to 15% moisture and express ed on a k~/ho. ba::;is . 

The trials were set out in a r andomi sed complete block 

design wi th three replicates per trial and a plot size of 

50 m2 (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 , 0 1 = Ti r i tea Raven x 66 RN430 
Bulk 

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

Oroua Bulk Ske1'1_er x ( Pit,:i
4
c G2 x II - 53-526) 

X c:: sonora b 

293- 201 ~riple Dirk x 2 Karamu/) 

Pataka Complex cross from Hinnosot:::i. 

Gamenyo. Gc1.bo x (C 5 Gabo ~,: :-ier, t,; rw) x 
(2 C,lba x Keny·- , 1 (}J7 

Rongotco. I3ulk 

61 ,oG 

Karariu/9 

301 - 302 

;..; 

Raven A (Tezanos Pintrn. rc c oz 
x 3 Anc.1hvac) 

Raven x GG R'.1430 

Lerma Rojo - (No rin 10 - Srevor ) 
x 3 Andes Enaro 

II- 60- 155 x 3 Karamu/9 



Site 

Halcom be 

Aorangi 

Kairanga 

'riko Kino 
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Table 2.4 Wheat Trial Sites 

Soil Type 

Halcomb0 s ilt loam 

Hana\'/atu fine - sandy loa.rn 

Te Arakura sandy loam 

'rakapau silt loam 

Area 

Rangitikei 

Manawatu 

Manawatu 

Hawke s Bny 
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t l . 2.4 Da -a Ana_ysis 

The i niti al step for t he G x E inte r action analysis ~as to 

c arry ou t a Po oled An alysis of va r iance . This gave an 

indic a tion of t he si ze and signi fican ce o f the di ff ere nt 

vari ance co mpone nts, i n part icular that for G x E inter a c t i on. 

Fr om t his analysi s t he G x E rums of squares we re 

par t itio ned i nto e covalences . 

A regression analys i s wa~ carried out on both the G x E 

e ffe cts a n d the G x E means . Thie provided t~o paramete r s , 

the s. 1 ond the va r iance abou~ recrcssion c~ · ·x2 . 
l 8 I \ 

Both cla s sification and ordi~at~0~ analyses ~ere c a rried 

out . Cl u ster AnalyEis using Wards l~c r emental sums of 

S(J,_Uare s strc..t,E:gy ·:.::•s dor,e on both tho G x E meo..ns and the 

G x E ef f ac t s . 

A Pr inci~1ctl cur::ponE'nt o..nalys:i::-; \'/E.i3 nlso c nrr iecl out . 

(i) Pr ogr an1.ming 

It wa s ne cessary to develop a comput er program for t he nnaJ.ysi s 

of variance, regression a nalysis a nd ecovalenc e calculations 

since there was no appropriate pro gram availa ble . 

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 Pr o_gr am Pans_l 

PANSY - Fi le e quations 
- Total Ar ray s pace set 

PRELI M - Title s and dat a par amete r s r ead 
in 

ANAL 

- Data re ad i n and trans f ormed if ....,. 
required - from 11YLGRD 11

• 

'l'RJI.NS - data transfo r me d - squa r e r oot x 

- rl'i tl.e s and par a.meters printed out log 10 X 

Arc sin x 
- Work a rra ys dimen si oned . 

- Work a rra ys are i nitiali sed 

- Data placed into appr opriate 
arrays for anal ysis .. 

- unadjust e d sums of squares 
calculate d. 

- correctec suns of squares 
c a.l cul a t ed . 

- degr ees of f re edo~ calculated ~ 

~ 

1/ 1 + X 

Arc s i n 1/ l OOx 

t-- lHD.EX - indices dete rmined 
fo r data pl a ceme nt in 
arr ays . 

- homogeneity of error variances~ HO;,mR_ - hon~ocenei ty of 
f-- error vario.nces testeJ 

by cbi- square test. 
tested for . 

- mean squares calculated ~ 
- degrees of freedom for F 

ca.lculatcd . 

- F values calcul&teJ. 

- sicni f icance of F testsa 
- Anova t able printed out with 

coeffi cient of variation . 

- All totals converted to means 
and prin t out. 

- G x E me ans (G x SY) pu t on t o 
di sc file 11Group ". 

- Finlay & Wilkinson ree;ression 
and/or effects regression 
calculated. 

- ecovalences and ratio to least 
ecovalence calcula ted. 

-~ DFCF - desrees of freedom 
r- lor'""°complex F tests ___ , ___________ _ 

~ ____ , ____ -------
(-- PRhF - sir:ni ficanc e of 

F vc:ilues . " 

- F = Reg . s . Sqs/Dev MS calculated. PRBF - s ignificance of F 
~ va!ues. 

- Significance of F tests . f-=-------------
- Regression parameters printed out 
- Hanson • s stability parameter 

calculated and printed out ~ 
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An outline of the tlifferent subprograrns inv olved in P/\HSY 

is e;i ven in TaLJ.e 2 . 5. Listi nt;s of these subyiro i r ams a r e 

presented in Arpendix 3. 

(ii) Analysi s of Variance 

/\ pooled analysis o f vari~nce wos culculatcu for each of the 

sets o f dato. . For the t.\'10 barJ ey GeLs U•c mod.cl usod i'ias the 

environr.ients ~:1odo::. (l·l-:>dcl i of 'T\ .. 1.blc' 1 . 1) . ?or the ·::heat 

da tn a si tcs- yec:irs model -_:,::1.s used ( i:oJi;l ') of 'i'able 1 • 1 ) • 

The Ex::_:)cctccJ :1can Squ2reB were th,.:i.sc outlined in Ta·olo 

squo_rcs, vo.r.5..u!:ce co~.r,oncnt•:, ~,n:! tnc.i.r stanc:o.rd !' r rors v1e r 0 

calculatc ci. 

'I'll e o.c,:rocc C) f freed.or.: for tr1c com}ilcx F- Losts \·10 1·0 

calculated usinc the fo r mula of ~alterthwaitc (1946) . 

(iii) ~covalences 

Partitioning of t he G x F. sums of squares in t o the portionG 

due to ea ch genotype was c a rried out according to the method 

of Wr icke (1 962). 

E, = E ~- /b - X. /Eb - X /gb + X••• /bg£) 2 
l. J.• K J.• • • • K 

K 

where b = no blocks g = no genotypes e: = no environments . 

( iv) Hansons Parameter 

Progr am Pansy also has t he facility for calculating Hanson 1 s 
2 

par ameter Di (Hanson, 1970) . 
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o. 2 = L z. 2 where z. represents the deviations of 
l K l K lK 

the i th genotype performance from the expected in the K
th 

environment . 

The expected performance was estimated as 

Z . = X • • • + X. • • + o::X • • K , 
l K l 

where a: = l + min S ., 

The minimum B used for the analysis was calcula ted by the 

Finlay and Wilkinson regression analysis. 

i_v) Regression Analysis 

Two types of Regression Analysis were carried out. 

( i) Genotype yields :in each environmen t were regressed 

against environrien t means ( Finlay & Will--..inson, 1963). 

i.e. x. against x.. for barley 
l " K K 

i. against x for wheat o 
l"K i •• Ki 

(ii) Genotype effects for each environment were 

regressed against environment.al effects ( Baker, 1969) . 

i.e. an. against n for barley . 
lK K 

a ,-T. against X T O for wheat . 
l K £ K Jv 

Signific ance Testing for Regression 

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

Where a 81 =~ 

~ 
l 

( Draper & Smith , 1966). 

with degrees of freedom (£ -2) and i:: = no. environments. 
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(ii) The significance of regression was calcula ted by 

" 
F = p:r - Yt/1 = 

Sum of Squares for regression 

[(y- y)/(N-2) Sum of Squares for deviations/(£-2) 

with degrees of freedom of 1 and ( E-2)o 

This may also be interpreted as testing significance for 

8 l = 0 . 

( iii ) The R
2 measures the proportion of the total variati on 

about the meo.n y explained by the regression (Draper & Sr.i.ith, 

1966) . 

This is calculated by 

R~ = Sum of S0uares of roGression 
'Totai variance in Y --

(Draper & Smith, 1966). 

From the roc;ression analyses tv;o parameters are estima.ted 

whi c h are of 1.1.se to the analysis of G x E interaction . 

The B. , indicate the functional relationship between 
l s 

genotype perfo r mance and environment. 

The var iance about regression oy · x indicates the degree 

by which a genotypes performance varies from this predicted 

linear trend. 
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(vi) Cluster Analysis 

The date. matrices on whic h this analysis \"Jas :performed were of tv·o 

sorts : 

1. The yield of the individual genotypes in each 

environment i.e. X· , for barley 
i• K S 

X· 018 forwheat . 
l• Kx, > 

2. The effects for each genotype-environment combination 

i.e. an i K's for barley 

a>..T. n i forwheate 
lK x, S 

The program SIMHAT developed by ·.r eow ( 1978) from Anderberg ( 1973) 
') 

was used to calculate S~uared Eucl idean Dictance (De ) oeasures 

betrrnen each paj_r of genotypec. 

D .. 2 = l- ~ 
lJ K=J. 

LJ (X - X ) 
2

] K iK j K 

Where i and j a re t wo genotypes ~easured on n environmnnts 

wK provides the facility for standordisinG the variabl es but this 

was not done since there wore no strong outliers evident in the 

data and the variables were not measured on different scoles 

( Everitt, 1974) ( J\ndc rberg, 1973). 

CLUSAN, a clustering program developed from Anderberg (1973) 

provided seven different sorting strategies . 

1 . Centroi d 

3. Group Average. 

5. Single linkage. 

2 . Complete Linkage. 

4. Average within New Group. 

6. Median . 

7. Wards Incremental Sums of Squares . 
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In addition the Flexible method of Lance and Williams (1966) 

v;as added to CLUS l\.N ( Cameron, 1980 unpu bli Ghed). 

In order to choose the mos t app ro priate strategy for 

this study it was de cided to analyse one set of data with 

all eight. One e the decision \'Ias rr._3.de the othe r sets of 

data were analysed with that one strategy. 

Anderberg (1 973) sugGested that it vould be informati ve 

to examine the growth of ~ithin-Clunter Sums of ~quares/Total 

Sur:s of Squares Cts clustering proceects. It is then 1,0.ssible 

to identify dominant variables, (i . e . those whore e.monG"-cluster 

sums of squares is high in the early 2tages) and dort1ant 

variables ( i . e . those where among-c luster su~s of squares is 

low until later in the clus~ering rrocess) . 

The pro cram SEFV'IG, TcO\'i ( 19?8) developed fror.i l\.nde rberg 

( 1973) ·1as used for t his ~ur:r,:ose . 

Also produced by this 9rogram js the F ratio of 

ANS/ WMS whi ch , \'then tested for probo.bili ty , caE be used to 

indicate a cut off roint for the dend rogram. 

Teow (1 978) took the point of minimum probability as the 

truncation poin t and found this to be success ful. 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) Princ_ipal Component Analysi s 

A Principal Component Analysi s was carried out u sing the 

Fac tor subpro gram of SPSS (Nie et al , 1975). 

The analysis was an R type one where the correlations were 

calculated between each pair of variable s , the variables 

being environmen ts for this study. 

The data matrix co nsi sted of the individual genotypes 

yield i n e a ch environment i. • e . Xi• Kl G for barley 

x. n, . for \'ihe a t. 
l • K }(, [~ 

The correlation matrix of the standardised var iables 

Z was calculated a~d the deterrnincntal equation 

/ ( t - .>- I) v/ = 0 ·,·•as solved. 

Where.>- i s a Lagr ange multiplier (the eigenvalues in t his case ) 

I is the Identity matrix 

and v the eigenve c to r gi ving the length and di rec tion of the 

axi s o f maximum variation» 

Ro tation of the axes may be c arri.ed out to aid 

inter pretation of the components. For this study both rotated 

and unrotated Factor Str ucture Matrices were produced . 

The rotation method used was varimax rotation which 

simpl ifies the columns of the factor s tructure matrix so that 

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

Fol l owing the Principal Component Analysis, Bartlett's 

chi- squar e test was applied to the results to determine the 

number o f si gnificant components (Bartlett, 1950) . 



To test the significance of the remaining eigenvalues 

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

E p - K 

n = no variable s P = no. eigenvalue s K = no. eigenvalues 
removed . 

R 0 _ K = dete r minant of correlation ma t rix/.\ 1 ., •• >- K[ p-;>,. 1 ... >-.kl p - K 

p -K J 
Interpretation of the 'meaning' _of each com ponent wa s do ne 

from the Factor structure matrix which contains the correlation 

of each variable with each o f the ne w component s . 

Ordina tion of the original vari ables was done by con sider­

ing the factor scor es o f eac h i ndividual on th e pr incipal 

components . 

(vi ii) Ra tio t o a Standard Cul tiv~r 

Th e s t andard me tho d o f assessi ng cultivarR in N. Z. is to c ompare 

each cultiva r ' s perfor na nce t o th a t o f t he Rtandard 

(Douglas et al, 1977) .. 

In order to compa r e t his with t he preceding method s th e 

procedure was carried out with all three sets of data. 

For barley the ratio 

s being the standard cultivar zephyr. 

For wheat the ratio Xi•K£ 

~s•K£ 

s being the standarct cultivar karamu. 

was calculated 

was calculated 
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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 

"si.gnifi cance 11 level used (Douglas et al, 1977). 

The average ·atio over all environments was also calculated. 

i . e. For barley x i .. for whea t 

Xs • • Xs • • • 

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 Jiscu ssion 

3 . 1 Analysis of Variance 

(i) Barley: 1,3 genotJpes 

The test for homogenci ty o f error v~rL:rnces found a chi- squa r e 

value of 127 . 875 with an assoc i ated pr obability of 0 . 000 . 

This indicates that the error variances were heterogeneous . 

For the significance testing of ccnoty~es and genoly~e x 

environment inte r action the peeled error mean squa r e is s t ill 

the most appropriate error term t o use . Howe ver for the 

testing o f envir onments bias nay occ ur when using the pooled 

error t erm (C ochran, 1947) . 

The number of environmGnts involv~d in this ~ooled anAlysis 

\',as se ven t e c ~1 . 

The coefficient of vuri~tj_oD ~n s low iniicRtjnc o hi~n levrl 

o f precision in Lhe pooled expcriMcnt (Table 3 .1 1). 

There ~as a hiGh level of Rignificance for the mean 

squares for all of the effects . The locations component ~as 

the largest ( Table 3 .1 1). This would indicate that bias from 

hetero geneity of e rror 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. 
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Table 3.11 Pooled Analysis of Varia~ce : 13 Barley Geno types 

Source df Variance Component 

Locations 16 2,335 , 984 . 55 

Blocks within 34 97,176 . 66 
locations 

Genotypes 12 33,61+3 , 47 

Genotype x 192 191 , 858~25 
locations 

Error 408 159,164.46 

**** Significant at 0.1% level. 

Coefficient of Variation= 8.4%. 

s . e . Var . Comp . F- 'rest df F 

795 , 741 . 55 1 / .b 75 43.23 

y-· 804 7-z <-7 ' .. _,I 34 408 8. 94 

17, 606 . ,~9 1 2 192 3.34 

25 , 14 1 • 7 2 192 408 4 e62 

11 , 116 .53 

Signific ance 

**** 

**** 

**** 

*** * 
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(ii) Barley : 14 genotypes 

Heterogeneity of the error variances was also pre cent in t hi s 

data set with a chi-square value o f 100 . 734 and a pro bability 

of 0 . 000 . 

The coefficient of vari a tion was agai n low (Table 3 .1 2 ). 

This set of trials differed from th e previous one by the 

omission of six Canterbury sites but the loc a tional differences 

we re still very evident in the Pooled Analysis of Variance 

( Table 3 .1 2) , 

The stand~rd cultivar Hassan was added to the genotypes 

but the cenotypi c diffe r ences ~ere les~ significnnt for .hese 

trials . The G x E inte r ac tion effect was agai n highly 

Sli:,!U. r'.LC ant . 
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Table 3.12 Pooled Analysis of Variance : 14 Barley Genotypes 

Source df Variance Component 

Locations 10 2,261,5L1-8s 02 

Blocks within 
22 104,682 . 22 locations 

Genotypes 13 25,470 . JO 

Genotype x 130 235,458 .. 84 
locations 

Error 286 1 '7 8 s O l 1 • 50 

* = significant at 5% level. 

****=significant at 0 .1% level. 

Coefficient of Variation= 8.0%. 

S se. Var . Comp . F-Test df F 

299 , 209 . 28 10 50 38 .57 

33,906. 25 22 286 9 . 23 

19,369 . 19 13 130 1. 95 

10,852 . 90 130 286 4. 9? 

14, 33Li- . 29 

Significance 

**** 

**** 

* 

**** 
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(iii) Wheat 10 genotypes 

The wheat genotypes were tested over four sites in t wo seasons . 

The error varianc es were again heterogeneous with a chi-square 

value of 35 . 645 and an associated probability of 0.000 . (Tuble 3.1 3). 

The mean square for sites was non-signific ant whi ch may 

be a reflection of the relatively small area involved in the 

trials , i .ea the lower North Island. 

The year component was significant at t~e 5% level and 

the highly signific3nt sites x years component indicates the 

variation in the effect of years at the different sites. 

The differences between genotypes was signifi cant at the 

5% level. 

There are three genotype x environment interaction compon­

ents for this model. The genotype-year component was highly 

significant indicating that the genotypes reacted differently to 

the seasonal change s . There was no significant genotype x site 

and genotype x site x year interactions. 
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Tabl e 3. 13 Pooled Analysis of Variance : 10 Wheat Genotypes 

Source df Variance Component s.e. Var. Comp . F- Test df F Signi ficance 

Sites 3 422,226 . 42 528 ,730 .1 4 3 3 2 . 22 NS 

Years 1 2, 335 , 363 .02 2, 051 , 582 . 78 1 3 14.05 * 

Years x sites 3 613 , 535. 21 4.30.025.28 3 19 9. 63 *** 

Blocks within 16 1 79 , 'I 8 5 • 1 2 64,650. 13 16 144 13.75 **** 
sites 

Genotypes 9 94 ,087 . 18 61 ,032 . 34 10 14 2. 66 * 

-
Genotypes x 27 16,054.02 15 , 265 .43 
locations 

"7 C'.. 27 1 .50 NS 

Genotypes x years 9 73,223.15 19,i?0._37 9 27 5. 54 *•** 

Genotypes x sites 27 17,563.20 17,827.1 1 
x years 27 144 1.37 NS 

Error 144 141,020 . 40 16,505.20 
-

NS = not significant 

* = 5% level . 

*** = 1% level . 

**** = 0. 1% level . 
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3.2 Stability Parameters 

Three different parame ters we re calculated whi ch had been 

described as measuring stability of a geno type by their 

various uuthors . 

The ec ovalenc e o f Wric ke assiGns r elative stability t o 

a genot ype with a low pro9o rtion of the G- E sums of squ~res . 

Hanson ' s parameter involves the de fini. tion o f a stability 

space with a stable ienotype lyine close to the origin. 
A ' 

Ebe rhart and Russell relate d the a- to stabil i ty sayins 
'( • X 

that the rnoro deviation from ree;re:::;sion shown by :J. e;enotype 

the lees pr dictablo and the r efore the less stable its 

perfor man c e i'Jas . 

These three par ~~;ne lers arc :'!.'e scn ted t n t \';o 1.·1ays : 

( a ) the actual values are listed a long with the cultivar s 

mean yield ove r all cnviron~ents; 

( b ) the cul ti varr:; r ank .. i..ng for each paraoe ter with the 

highes t r anking being assigned to the most stable 

cultiva r according to that parameters definition of stability . 

stability. 

(i) Barley : 13 genotypes 

For this set of data the extreme r ankings 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 2.21 Stabiliti Parameters: 12 Barlei GenotrEeS 

YIELD S.E. ECOVALENCE( 1) HANSON 1 S( 2) s2d ( 3) 
GENOTYPE MEAN MEAN YIELD i 

9eorgie 5006 . 31 1669. 67 2071 22,2 .25 2028.7 62862.52 
Koreke ~{±64.67 1402-~9 2026870. 60 1 192. 8 62802.9.2 
JuEi ter ~-600. 22 1606 .02 2269776. 26 206 1. 1 141786.14 
Neptune 4,2,2 1. 82 1632 .. 49 3021360 . 92 2140 . 3 14 1074.84 
Go l dmar ker 5127. 55 1812. 9Lt 6 1 .2. 1 20 1 • 1 7 - 20.22 . 3 296200 .1 2 
000-72 425.2-..22 1569 . 9,3 Lt62~lt 11 •4!± 2255. 3 254384. 81 
6487 5002 . 4,2 1520 . ~5 3172824 . 9.2 2059 . 1 1573 10. 35 
1 .. ,L 7 2 c.. ,.- '.±222-67 1,262 . 69 4172773 . 72 2178 . 0 224811.,24_ 
p.rk Ro:t:al I 7')2 08 ::± c. -• 1!f2_3.47 1f64553L+. 18 192,2 . 7 22,2900 . 47 
Ma~num ~2'.± 7. 00 1 7 1 1 • 4Lr 2774~-20 . 91 ? .. '7 71 • L1- 3 17109 • ..2.L 
Kaniere ~90~ . 27 1!±2'.:t• 78 ,:::235259 . 87 1 ~ 4'.± • 2 873 llt ,,38 

ZenhJr ~265 078 1 ~06 .,32 21299!±6.11 1587. 6 '.3'7543 . 1 '.± 
Via ta '.± 72 !±-1 6 1}88 . 60 ~01+8_30L1@ 9f-~ 1702. 1 1777'.:t 8. 28 

Hankin~s for C' t . . - . J. 
.. i • a l'"Jl .• ~l C.;i'. Parm<:eters and ;~eon Jielci 

( 1 ) ( 2) ( 3) Me,"n Yield 

Geo r gie .. , 
c:. 6 2 2 

Koreke 13 

Jupiter 5 8 6 8 

Nep t une 6 9 5 12 

Go1dmar ke r 1 ~ 13 12 '..) 

000- 72 10 1 1 1 1 1 1 

6487 7 7 7 3 

124-72 9 10 a 9 / 

Ark Roya l 1 1 5 10 7 

Magnum 12 12 13 4 

Kanier e 4 2 3 5 

Zephyr 3 3 4 10 

Mata 8 4 8 6 

'· 



stability should be taken in to account as well . 

The standard variety Zephyr scored r elatively highly 

fo r stability but was amongst the lowest for mean yield . 

Kaniere the cultiva r noted for its wide adaptability ( Coles , 

1980) also score d 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 : 14 t;enotyncs 

Goldmarker and Magnum again nad uniformly low stability 

rankings and the: addi b .onal cul tj_var E,qss.::i.n too:;: the place o f 

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

Hassan has been found to be a promising cultivar in 

No rth Island t rials o..nd is used as a standard in some South 

Island sites (Mal colm, 1978). 

Georgie, Hassan and Kanie re appear to be the best 

cultivars in terms of high mean yield and relative stability . 
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Table 3.~2 Stability Para.meters : 14 Barley GenotiEes 

GENOTYPE MEAN YIELD MEA~·~IELD ECOVALENCE(l ) HANSONS( 2) 

Georgie 5531+..24 

Ko reke 

Jupi.ter 5104.24 

Neptune 5040.00 

Goldmarke r 5633.03 

000-72 5087.88 

6487 5549.70 

124-72 5128.48 

Ark E'oya1 5176. 67 

1681.05 189914.90 

1403.14 1625406.10 

1593.51 24649 79. 98 

1680.79 2815072.05 

1818.04 4686879.12 

1513.95 3777612.45 

1555. 39 2700952.lj 

1417. 23 1432607 .83 

1864 .5 108459.57 

11 70.9 109418.03 

1815.9 20825 1.98 

20 50. 9 22241+9 . 33 

2600 .. 1 374908 .. 92 

1950.4 356766.29 

1795.1 240119 .9 

1142.0 92268.38 

-------------------·-·--
Magi:rnm 5378.18 1 6 7 9 • 6 1 Li- 71 7 50 7 • 9 8 239 1.6 453016.26 

Kaniere 51+ 10 . 9 i 1174~1 140595.49 

Hassan 1544.04 66347 1.1 8 1230.9 7555.9 2 
------------------ ·---

Mata 5249 . 39 1311. 27 3777607.98 1595s0 282937.08 

Zephyr 501 ~-. 24 

Rankings for Stability Pa1ameters 
and: r.:rean Y"iel cr·,. 

( 1 ) ( 2) < 2 L Me an Yield 
Georgie 4 10 ·z 7 

Koreke 3 2 3-__ 1 

,Jupiter 6 Q 7 10 < 

Re:etune 2 12 8 12 
Goldmarker 1 2 1~ 13 
000-72 10 1 1 12 1 1 

6487 7 8 9 2 

12~-72 2 1 2 2 
Ark Rolal 1 1 7 1 1 8 
Ma~num 1,2 1,2 1j 2 
Kaniere 2 .2 6 fi 
Hassan 1 ~ 1 6 
Mata 1~ 6 10 7 
Zephyr 8 5 5 13 
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( iii ) _W_h_e..;.a __ t ...;.: __ 1_0__,,,.g.._e_n_o_t...,Y...,P_e_s 

The cul ti va r Karamu has been not ed. fo r its bi~h yi,:')ldinc; 

a bility ( Eitchel & Cr oss , 1977) . This is bo r ~e out cy its 

hie;h mean yield for t!:.ese tri als . Its Gt.:J..bili ty r c1.n \-.inl-; 

however ( Table 3. 23) is uniformly low for a ll of t~e 

par e.me ters , so its performanc e is t!lcid:ed1y inconsistent over 

environments . 

There v1as l ess correspondence beb:een the pJ.r ameter s 

r a nkings f or each genot ype in this d21.ta. G(:t . 

Q,:i.mer;.ya has the lo v ef:t mee-n yield and is v~ry stable in 

"> 

its perfo rr:i ...... nc e 2ccordinr; t.o T!c1nccn I s ,·iJ.r ametcr and r;' d . • 
1 

Its ecov~.tlcnce l:o ·:/e ver ,·,as the hic;bcst of :i.11 the se:r:.otypcs . 

rhe line 6 1 , 0 l ( nov1 a cul t.i. ,,., r :me-.·!! ::..~, Ti r i tc ..-:t) !1~0 1.: 

high sU:..bility r,,r.kings ai:d a rrl'-:.~j_Vf;ly high :necl11 y:icld
0 
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Table 3.23 Stability Parameters for Wheat Genotypes 

s. E. (l) 
GENOTYPE MEAN YI ELD MEAN YI ELD ECOVALENC~ 

61 ,0 1 5284. 83 1456. 84 151415.60 
• 

300-301 5731.33 

Oroua 5056.1 3 

293- 20 1 5174. 08 

P at a k a 5164.83 

Gam enya L~573. 29 

Rongote a 5294.46 

61, 06 4809.4 2 

Kararnu/9 583i . 58 

301-302 5367.50 

Ra.nkin~s f o r 

1748.03 

13L1-.5 . 67 

1206 . 83 

1478. ?2 

1071. 89 

1645.73 

1646 . 62 

S tD.b j Ji t~r 

8623 15. 28 

5_3683r'.2 . S6 

11 8970 1 • 21 

67 2191. C,O 

1451 267 . 68 

7 7 1 7 3 2 • :'O 

.54 1791 • 79 

1058375 . 60 

535237 . 78 

Farameters :::.nd 

HANSON S ( 2) s 2a . ( _"3 ) 
1 

11 82 . 9 21830 .43 

~033 . 9 22586 . 86 

959 . 9 23931 . 32 

726 . 5 51+860 . 65 

1384.9 64970 .72 

o.o 4539.93 

1800 . 0 37059 .72 

1117 . 2 7538 . 55 

1856 . 8 90216 . 26 

1665 . 6 12304 . 52 

Mean Yie ld 

( 1 ) ( 2 ) C.3) Mean Yield 

61 ,o 1 (-

7 2 5 

300 , 301 7 10 ·-

Or olrn 4 3 6 " 0 

-·-
293- 20 1 9 2 2, G 

Pataka 5 6 9 ? 

Gamenya 10 1 3 10 

Rongotea 6 8 7 4 

61 ,06 2 4 4 9 

Karamu 8 9 10 1 

301-302 3 7 5 3 
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3.3 Finl ay and Wilkinson Regression 

(i) Barl ey : 13 ~e.:.§ 

Table 3 0 31 contains the results for this regression analysis . 

Initially the signi f icance of the B. , "' from 1 .o was carried 
l u 

out using the ;y ~x in the calculation . When none of the B1 ,
8 

were found to be significant in this respect it was decided 

to re fine 

term from 

the error term by subtracting an estimated pure error 
/', 2 
ay · x • Draper and SMith (1 966 ) describe this pro cedure 

and call the remaining error term the 11 lack of fit" • Using 

this lack of fit term the significance tests from 1.0 were 

recalc ul ated 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 

Gold.marker had a relatively high 6. b t its "lack of fit" was 
l 

very large makin.; the test non-significant . The t - tests 

beb1een i.ndi victual B ' s found no signi fie ant differences between 

any combina tion of genotypes (Steel & Torrie, 1980), indicating 

again tha t no differences existed between these genotypes in 

their response to envi ronmental change. 

The strength of the linear relationship between the 

and the x ~ is illustrated by the high R2 values 
• • K S 

and the significance of the Regression Mean Squares. 

The cultivars are ranked according to theirs. value using 
l 

Finlay and Wilkinson ' s definition of a stable cultivar having 
I 

a slope of Oas a basis. Goldmarker, 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 3.3, Barley Rej££ession Parameters: 

Genotypes s . Signif . of R2 ~2 
l oy • x s . from 1 

l 

Georgie 1 09:;a * 0 . 963 11 5920 . 34 . _,, 

l~oreke 0 ci 13a ·lf 0 . 9!.i8 115<'357 . ?5 o ./ I 

Jupiter 1.035a NS 0 . 933 19l+840 . 96 

Nep tune 1 . 053a ES 0 .935 19LJ.1 29 . 63 

Go l dmar ker 1 15 .._a • c. T·F' .. ,u 0 . 906 3'·9c1r- 1 94 L1' ~ ) ·+ 0 

000-72 0 .. 982cl l-! ~) 0 . 883 3,0?439 . 63 

61+87 1.021a NS 0.9 ,26 210365 .17 

124-72 0 ., 988a NS 0 . 899 277366 . 36 

_A rk :Royal 0 . 890a HS 0 . 878 2'7d955 .. 29 

Harnum 1 .. o?G 8 lLS 0 . 888 370 i GL~ . 36 

Kaniere 0 . 9370. m:; o. ·J1-S 140569. 20 

a 
Zephyr 0 . 985 NS 0.948 140597 .. 96 

r'ata 0 . 97/1 -lt O. 91+5 2;,0803 . 80 

NS = not significant 

* = significant at the 5% level 

*****=significant at the 0.01% level. 

13 Genotypes 

Signi f. of Rank of 
Hegre r3sion s. 

3/, -k- ,J( ,J( * 12 

* * -,' ~--)!- 2 

*'A*·X* 9 

**-l<·-l<* 10 

** ,J( 1 iC 13 

* *-lE ·X· -l( 5 

'***** 8 

'*·** ** 7 

***-l<·* 

*-*·-Ii X* 1 1 

***** 3 

*** ·X -I' 6 

* ·if ,i: -~- * ~-

Letter subscripts indicate significance groupings of s ,,, 
as calculated by individual t-tests (Steel and Torrie; 5 1980). 
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where s. = 1 would indicate tha t Goldmarke~Ark Royal and 
l 

Koreke were the least stable genotype s . 

It would appear from the significance tests from 1 . 0 and 

the indi victual t-test s that lit tle "real 11 difference occurred 

between the genotypes in respect to their response to 

environmental change. In terms of figure 1. 1 Ejeno types Koreke 

and Mata are specifically adapted to less favourable 

environments and Geo r gie to favourable environments . 

(ii) Barley: 14 genotypes 

The results for this analysis are presented in 1able 3a32 . 

The significance from 1. 0 for the 8 1 s ~as again recalculated 

u s ing the lack of fit error. It wns then found that 

Georgie and Hassan had B's significant ly different f rom 1. 0 . 

No significant differences were found between the f 's 

when all combinations of the genotypes were tested . 

A strong linear relationship was again found as illustrated 

by the R2 values and the high signifi cance of the Regression 

mean squares. 

Using the Finlay and Wilkinson crite r ion the ranking of the 

cultivars indicates that again Goldmarker, Georgie and Magnum 

wo uld 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 sta ble 

genotypes. 

Again there did not appear to be any significant differences 

between genotypes in t heir response ,to environmental change. 
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Table 3.32 Barley Regre s sion Par ameters: 14 Genotype s 

Genotypes Signi f. of R2 " 2 
0 

s .from 1 y • x 

Georgie 1 • 129 a ( NS ) O . 951 167796 . 83 

Ko r ek e 0 9..., ')a . • :Jc_ NS 0 .• 930 168755.1 9 

J upiter 1.049a HS 0.91Lt 26'7589 . 14 

Nep tun e 1 • 109a N.S 0 . 9 113 Z'.8 1786 .49 

Goldmarker 1 • 183a NS 0 . 893 L1-342L1-6 . 08 

000-72 0 9 r '),'.), 

• Oc... ~,:s 0 .. 851 416105 . 45 

6487 1. 0 163. NS 0 . 898 29945?.06 

124-7 2 o .. 946a I~S O. 'J38 151605 .. 54 

Ar k Royal 0 . 8.1+1+ a T~S 0 . 836 35990 l ~ 36 

;,Jagnum 1.067a ns 0 . 851 ~~, ")3s3 4 ') _/ I L. _ ,,., e ·L 

Kanie r e 0 . 875a NS 0 . 906 1S9932 .. 65 

Has san 1 .. 051 a * 0.9'77 66893.08 

Mo. t a (' (l ')? G. 
V • (JC.. lJS 0. 837 31+2274. 24 

Zephyr 1.ooEa HS 0 . 929 199879 . 03 

NS = not significan t 
(NS) = significant at the 10% level 

* = significant at the 5% level 
"'·**** = signific ant at the 0.01 % level. 

Signi f. o f R.J.nk 
Regr ession s. 

l 

**'*** 13 

-K·-Y.·*iE·-1! L: 

***** 9 

*-1( ·lH•* 12 

-l(--l(·*l<·* 11+ 

***-¥·* 6 

**:IH<* 8 

* ** *·)!, 5 

** **-¥ 2 

** * ** 1 1 
-... - - --... -

~:**'** 3 

* *'** ·lt- 10 

***+: * 

'"**** 7 

Letter subscrip t s indicate significa nce groupings of S . ~ by 
individual t-tests (Steel and Torrie, 1980). 1 5 

o f 
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(ii i) 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. Th ree of these 

cultivar s ( 300-301 , Rongotea, and 301-302) were steeper than 

average whi c h in terms of the Finlay and Willdnson diag r arn 

(figure 1.1) would mean that they were of below average stability 

and better adapted to favourable environments. Two cultivars 

( 293- 20 1 e.nd Gar:1enya) , ... rere flatter than average, indicating 

that they were of above avera~e stability and specifically 

adapted to unfavourable environments. 

') 

The Re values and the significance of the Regression /2ean 

Squa res indicate a strong linear r elationship between the 

va riacles . 

The individual t-tests between the B .. showed no 
l s 

sicnificant differences were present jetween the eenotypes 

responses to environmental change . 
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Table 3.33 Whe a.t Regression Parameters 
...., 

" 2 Genotypes s. Signif. of Re: a Signif . of Rank of 
l f3 . from 1 y • x Regression s. 

l 

61,01 1 .0046a NS 0 . 99 1 ,25176 . 37 ·* **** 6 

300- 301 1. 2072a ·lE-** 0 . 994 24 1+19.94 ·l!-·lE-*** 10 

Oroua 0.9183a NS 0 . 971 ?0938 . 12 **-¥.·*-l<· 3 

293- 201 0 . 8137a * 0 .947 101.'367 . 45 ***** 2 

Pataka 1. 0044a FS 0.962 111977 .52 * ·**·lE-* r, .., 

Game nya 0.732 10. -li··)f -lf·lE-* 0.9'7? 421~ 66 . 87 ·x-·lE--l<.·** 

Roncotea 1. 1266a * 0 . 977 8Lf066. 52 **-1(·** 9 

61 ,06 0 . 9705a !·JS 0 .979 5L~545 • 35 *·11-*-l(·* 4 

J<aroJ:1u 1.11873. \S 0 , 96? F'7:::i--.i3 0' .) <-L. O 0 * -li·-l',** 8 

301--302 1.1037a *·lE-* 0 . 983 59311 .32 *** *-l<· 7 

NS ::: not signi fie ant , 
-l( = signj_fi cant 8.t 5% level. 

*** = signi fie ant at 1% level. 
**-ll·*-l<· = sj_gni fie ant at 0 .. 1% level. 

Lette r subscripts indi~at~ ?ignificance groupings of Si ~s 
as calculate d by individual t-tests ( Steel and To rri e , 1980 ). 
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3.4 Effects Regression 

'rables 3.41, 3 . 42 and 3. 43 contain the regression parameters 

Produced from re gres sing an . on n for barley, 
l K K 

a>..T. n 
l K,;:, 

on >..TKi for wheat . 

In contrast to the Finlay and Wilkinson regressions . , whi ch has 
l 

an average value of 1.0, the s . value for the effects r egression 
l 

will have an average value o.o. This is becau se the effect s of 

µ , ai and nK have been removed from the regression sum o f 

squares leaving only those for an . 
l , r 
. " 

which sum to zero 

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

;, 
The R- values and the gene r al l ack of significance for the 

Regr ession Mean Square (an indjrcct test for H
0

: S = 0) reflect 

the lack of linear rel ationship between the variabl(~Se A;:, has 

been already stated one of the assumptions underlying an analysis 

model is that the effects are J.nde9endent of one another . 

The refore the lack of linearity seen here is to be expected . 

Howeve r the wheat data suggests t.hat for two cultivars 

300-301 and Gamenya there was a strong correlation between the 

a>..T. 0 1 and the >..T 01 • 
l K,;:, S K x., S 

Since this evident lack of independence 

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 Analy sis 

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) s hows that no difference in 

the significance tests resulted from this so t he 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 bi ased by this and can therefore be seen to be quite robust . 
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Table ;5. 41 

Regression Parame ter s for Effec ts 13 Bar ley Genoty~ 

Geno type B. ~ 
l s 

Georgie 0.09 0 . 160 

Koreke - 0 . 09 O. 143 

Jupi te r 0.04 0 . 0 16 

Neptune 0 . 05 0 . 036 

Go ldmar ker 0. 15 o. 11..+4 

000- 72 - 0 .02 0 . 002 

6487 0 . 0? 0 . 005 

124- 72 O. OOi 

Ark Ro y a l - 0 . 1 I 0~099 
-----------·------·---

Magnum 0 . 08 

Kanie r e - 0 . 06 0.058 

Zephyr -0.0 2 0 . 009 

Mata - 0 .1 2 0 .. 145 

NS = not significant . 

Sign i f . of 
Regression 

NS 

NS 

NS 

Ne 
...> 

;J .s 

NS 

j\: .• 
" 

r:s 

I.S 

l'IS 

NS 
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Table 3.42 

Regression Paramc0 t e rs for .E ff ect s 14 Bar ley Ge no t ype s 

s. ,. R2 .Signi f. o f 
J_ s 

Re gr e ssion 

Georgie o. 13 o. 205 NS 

Koreke - 0.07 0. 06 6 NS 

Jupiter 0.05 0.0 23 NS 

Nep tune 0. 1 1 0 . 099 NS 

Goldmarker- o. 18 O. 166 ]\f C: 
... , 1.J 

·---
000- 72 -0. 04 0 .008 NS 

----
6487 0 . 02 CJ . OOc~ ,... C ., .) 

124-72 - 0 . 05 0 *01+3 NS 

.A r k Ro yal - 0 . 16 0 . 1 ~P, r,, ~ ,~ 

Magnum 0 . 0'7 C~023 NS 

Kaniere - 0 . 12 0 .1 67 N.S 

Hassan 0 .05 0 . 093 F '' ,i:) 

Ma ta -0. 17 0 . 184 NS 

Zephyr 0.01 0.001 NS 

NS = not significant. 
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Table 3 . '+3 

Regression Parameters for E ff E.'C t s '1Jhea t. 

Genotype 

61 , 0 l 

300-301 

Oroua 

293- 201 

Pataka 

Gar::eny a 

Rongoten 

B.~ 
l s 

o .. oo 

0. 21 

- 0 . 08 

- 0 . 19 

o.oo 

- 0 . 27 

0 . 13 

0 . 00? 

0 . 830 

0,. 20'7 
------·---

0 . 001 

0 . 821+ 

0 .346 

Signi f. of 
Pegression 

l:S 

( HS ) 

* * -~ 

NS 
--------------

61 ,06 - 0 . 03 

0. 12 0 . ?-?.2 

301 - 302 o. 10 o •. 335 

NS - not sicnjficont 
( NS) - s ignificant at 10% level 

~-lH(· -· significant at u; leve l . 
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Tabl e 3. 44 

Adjustment for Covariance Amongst a~T and ~T Effects 

si tes 

years 

Source 

sites x years 

blocks (sy) 

genotypes 

genotypes x sites 

genotypes x years 

genotypes x si tes 
x years 

err o r 

E(MS) 

o 2 +bo 2 +byo '+gob2 ( )+gbo 2 +qb10 2 +(2)b cov . qs\ gs sy sy - s gys, y s 

o
2

+bo
2 

+bso
2 

+go
2
b( )+gbo 2 +gbsa 2+(2)b c ov . gvs , v~ gsy gy sy sy y , ,-

o2 +bo2 +gob2 ( )+gbo 7 + ( 2)b cov. gsy sy sy gys , ys 
a 2 +go 2 b( sy) 

o 2 +bo 2 +bso 2 +byo 2 +bsyo 2 +b cov . gys gy gs g gys , ys 

o 2 +bo 2 +byo 2 +b cov . gys gs gys , ys 

o 2 +bo 2 +bs o 2 +b cov . gys gy gys , ys 

o 2 +bo 2 +b cov. g)s gys , ys 

02 

Genotype Covariance 

61, 01 0 

300- 301 50019:> 
Oroua - 190550 
293- 201 - lt52557 
Patak.a 0 

Gamenya - 643 107 
Ro ngotea 722503 
61 ,06 71456 
Karamu 285825 
301 - 302 238 188 

Total 389040 

... 
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Table 3.45 Adjusted Poo l ed Analysis of Variance 

Re- cc; tirna ted 
Source Adjusted s.s. Adjusted M.s. F Si5ni f. 

sites 136704500 . 20 45568166 . 67 2..47 NS 

years 300741778. 55 300741778. 55 1 '-!. ?2 * 
sites X years 60!.i-14772.17 20 138257. 39 9.57 *** 
blocks C sy) 

genotypes 30452202 . '-! 8 3383578.05 2.73 * 
genotypes x sites 7441881 .41.j 275625 . 24 1.54 NS 

genotypes x yee.rs 9262453. 50 1 C 29161 . 50 5.74 *It**~ 
genotypes X sites 48411 29 . 61 179301 • 10 1. 27 r~S x years 

!~S = not significant 

* = signi fie ant at 5% level 

)t * * = sign:. fie ;_:rn t at 1% level 

***** - signi f ic ant at 0 . 1% leveJ. . 
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3.5 Cluster Analysi s 

(i) fo mpar~ son of Clu s t e r ing Strategi es 

The ei ght availabl e clustering strategies were app l ied t o the 

G x E me ans da t a for the 13 bar ley genotypes . Thi s a llowed 

un assessCTent to be made of t he s t rategies so thDt t he most s uit­

abl e one co uld be chosen. 

The single Li nkage Strategy exhibited a mild chaining 

effect ( figure 3.51)e 'This i.s due to j_ts space-c, ,:,tracting 

t enden cies which have been noted by rrevious authors (Williams , 

1971) . There were single entity clusters present until l a te 

stages of clustering . 

Both the Cent r oid ( figure 3. 52) and Median (figur e 3 . 53) 

methods had the pr oblem of reversals occurring in the 

cluste r ing process . For the Centroid method chis occur red at 

two s t ages , for the Median method at one stage . This problem 

had been noted before by Lance and Willj_ams ( 1967), Teow ( 1978), 

Anderberg ( 1973). 

A mi l d chaining e ff ect could be s ee n wi t h t he Aver age 

Within Groups st r a te gy ( figure 3. 55). 

Program SEFWIG was r un f or t he Gro up Average (figure 3.54), 

Average Within, Compl ete Li nkage ( figur e 3.56), Ward s (figure 

3.57) and Flexible (figure 3. 58) stra t egie s . This dete r mined a 

truncation point for each dendrogram based on the minimum F value 

for Amongst Cluster Sum of Squares/Wi thin Cluster Sum of Squares 

ratio (Teow, 1978). 
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Figure 3. 5 1 Dendr ogr ~ for Single Linkage Cluster ing of 13 Barley Genotype Means 

Cluste ring Criterion 

1 X 106 2 X 106 3 X 106 4 X 106 5 X 106 6 X 106 7 .X 106 

J upi t er 3 
I 

000-72 6 I 
,_ 

l 

Zephyr 12 
,-

/ 

~ ,-

Ark Royal 9 

Kaniere 1 1 

Mata 13 

Koreke 2 
I 
I 

Neptune 4 ,_ 

124-72 8 

Georgie 1 

6487 7 

Gold.marker 5 

Magnum r 
0 



92. 

ggure 3o52 Dendrogram for Centroid Clustering ot 13 Barley Genotype Means 

Clustering Cri terion 
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Dendrograrn for Median Clustering of 13 Barl e y Ge notyp e Means 
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Dendro grarn for fl.ve r a.ge Within Group Clustering of 13 Barley Genotype Means 
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Figure 3.56 Dendr ogram for Complete Lini-~agc Clusteri ng of 13 Barl ey Genot~:ee Me ans 
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Figure ,3.57 Dendrogram for Wards Clustering of 1,3 Bar ley Genotype Mean s 

Clustering Criterion 
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Figure 3.58 Dendrogram fo r Flexible Clustering o f i 3 Barley Genotype Mea.ns 
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The trunc a tion points have been marked on each dendrogram . 

Of these five methods Wards and FlexibJ.e strateLies produced the 

most even sized clusters and in addition the cluster me~berships 

produc ed by these two strategies were quite similar . 

Because of the chaining and reversal pr0blems of the first 

three me thods , and the desirability of h3vinc even sized 

clusters, War ds and Flexible strategies would appear to be the 

most suitable . Pr evious reports of the successful application 

of Wards Incremen t al Sum of Squares strategy (Teow , 1978) , 

(Came r on , 1979) and the conceptually att r active basis of this 

method meant that it Ras chocen as the strategy to be used for 

the remaining data sets . 

MASSEY UNIVERSITY 
LIBRARY 
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( ii) Barley 13 genotype~ 

1 . Cluste r ing on means . 

The r esults of the Cluster Analysis of Genotype- Environmen t 

means by Ward s method are presented in Tables 3, 51 and 3. 52 

and f i gure 3. 57 . 

Using the method described by Teow (1978) the truncation 

poin t of the dendr ogr am was determined at the 6 cluster Jevel 

and tb e membe r shi p and means fo r each att r ibute (envir onment ) 

fo r these clus t e r s is reported in Table 3. 51. 

An exa'Tlino.ti on o f WSS/'rss r atio Crable 3 . 52) t:ives an 

indi cation of the pr oportion of the t0tal sums of squarea o f 

each attr ibute net explained by clurter differences . The 

truncation point i s ~arked in the table and at this poi~l 

dormant and dominc,.Ylt char acters (cnvironmP.t1ts) c.J.n be ide;1tified . 

At this point, ~infield h~d only 15.6t of its Total Suxs of 

Squares (TSS) ~ot 0cccunted for by clustPrin~. This impJica that 

i t Wds a dominant attribute in the cluster formation . Simi lar ly 

Outram , Bulls a!'ld ;v!etr.ver ~·Jere r elat.:..vely dcm:l.nr11t ch::iractars . 

Dormant environment s were ~leasant Point , Leeston ~AF , 

Mi tcham , and Lee ston CRD , i . e . a small pr opo r tion of their TSS 

wa s accounted for by clustering . 

The signific ance t esting of t he means o f th e clus t er s Table 

3. 51 i ndic ated t hat Cl uster l+, whose .nembers a r e Goldmarker and 

Magnum, had a significantly higher mean than t he other clust er s 

for 6 out o f the 17 sites. The se 6 si tes were all r el a tivel y 

dominant characters . These t wo culti vars had been previously 

noted as having a high mean yield and l ow stabili t y r ankings -

section 3 . 2 . 

' 
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barley 1 .5 G. t!'leo.ns 

Table 3.5, Cluster Means fo r Each Envi ronment 

Letters indicate significance 
grouping of Means , by LSD , 

between clusters . 

Environments 1 • ? '-. 3. 4. 5. 6. 

1 • Gore 7892.2a 7671. 7a 7990 . oa 87Ei8 . 3a 7663 . 3a g8Lt0 .Oa 

2. Pleasant Pt c.; ,o- ~cl. 
./ ;; . - 5160 .0a .-:.no 1 ?a 

,/" ,.I ./ ~ 49?1.7a 4 791 . ?a 4816 . ?ab 

3 . Fair view 5133 . 3b 5901. 7ab S,5?6 . 7ab 6233 . 3a 5691 . 6ab 5620 . 0ab 

4. Outram 6253 . 3ab 6590 .oa. 
.. 

63.36.?a 6570 . 0a 4905 . ob 6260 . 0ab 

5. Takapau 5175 . 6a 4795 .oa 4688 . 3a lt440 . oa 5060.oa 5348 . 3a 
--
6 .. Eulls 57n;- 6ab 

..)0.) . 4973 . 3b 571~ :z,ab C • ,, 6925 . oa 5861 . T'.lt /" --iso oab 
Oc • 

7. 1·1arton 4990e0ab 4980 . 0ab 5935 . 0 b 5425.oa 5375 . 08 5545. oa 

6. Winfield 480G . 7h 5208.3ab r:::2p. 7D.b 
")..) ---·' . _) 

(7' c; oa ) .:+.., . 5733 . 3D.b 6230 . 0ab 

9. Leeston MAF 2355 .5a 25?6 .?a 2.303 . :a 2406 . 7° 247 1. 7a -:>35- 3a L ) o 

10 . t-!il t on G3~''· 4a ,_,. 65 15.oa 4875 .0tl 4n' z 3a 
,I b.) . 6003 .3° 6115 . 0°' 

1 1 • Incholme 2755 . 6ab 3865.08 2598 . 3b ... 
1

,
3 3

ab 
) '+ • 28 13. 3ab -,~

5
7 "°7ab 

):) ) . ) 

2495.3a 
,., ?.:SC:. r. c.:;.1 2523 . 3a 2570 . 7:J 2624. i 1 12. Mi tcham 2551 . z~· -.//0,/ 

13. Me thven 27L+6 . 7 b 4258 . 8ab 3h')-' ._:;;b -~:J.,c Lt808 . 7a 7>825 . 5ab 4157.oab 

14. Ki rwee 3133 . 9a 3161 .0a 31?3.7:-1. 3323.2a 3328 . 2a 3443. 00. 

15. Lincoln 5632 . 8ab 5718.?ab 5280 . 0b 6462 . 3a 5718 . 7ab 5555.3ab 

16. Leeston CRD 2922. 3a 2866 .3a 2880 .3a 2777. 7a 29 15. 5a 3032. 2a 

17. Dunsandel 4759. 1 a 5009.2a 4880.8a 5176 . 8a 4751 .oa 5299. 7a 

Jupiter Ark Royal Koreke Gold-
marker 

Zephyr Georgie 

MEMBERSHIP 000-72 Kaniere Neptune Magnum Mata 6487 124-72 
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-- 102. ':'nblc 'i . :Z2 3nrley 13 g ~eans ~ards 
Proportion o f Va:riar..ce ::c t ~x:~lai ncci ov CJ.l1s tt)rin1; ( i"SS/'f.SS) 

:{o. of Cl;.i.s ters Enviro!l.ments 
Clusters fusing Criterion 1 2 3 4 5 6 7 8 9 10 11 12 13 1 !± 12 16 12 

12 3 E • 1447 X 107 . 045 . 0?5 . 23 1 . 004 . 006 .005 . 009 . 010 . 015 . GOl . 002 . 350 . 001 . 034 . 018 . 453 . 015 

11 2 4 .2895 X 10( .112 • 154 • 251 • 033 . o8S . 023 . Oi7 . 012 1 , • 
• I j I . 012 .003 . 529 . 031 .063 .035 .465 . OtO 

10 9 l i .4861 X 107 • 117 . 245 . 253 • 11 5 • .309 .O jli- .0 ;23 .053 • 219 . 02 1 . 004 • 51+2 .058 . 319 • 138 . 494 .088 

9 5 10 .7208 X 10 1 • 136 • 263 . 253 • 1 17 • Li-29 .068 . 023 . 097 . Lf03 OT' . ' ..., .092 . G32 .078 .31+2 . 209 . 734 • 122 

8 12 13 . 9695 X ,o7 • 155 . 749 . 287 • 149 . 441 • 102 . 063 • 130 . %6 . 073 • 137 
,,.,, ., 

• 0(J.) . 12G .3/fo . '.: 14 . 776 • 134 

7 1 7 .1267 X 10~ . 224 . 809 . 297 • iGO . 4411- ~ 15 i • 265 • 15,3 .762 • 129 .214 . 725 • 123 .352 . 240 . 836 • 169 

6 3 8 .1 625xl08 . 230 . 848 • 300 • 193 . Lf46 . 207 • 2rJ4 . • 158 .780 . 356 .267 .790 . 216 .430 . 241 . 836 / , 361+-

5 1 12 • 2104 X 108 . 593 . 849 • 303 .567 .4o5 • 236 -. "\r\ 
• _')i._ .... ~ • 19L+ • . ~. 1 1 . 356 • 1+2 i . 797 . 230 . 470 .254 . 868 .740 

4 3 9 . 2690 X 108 . 608 . 851 • G0,3 .594 .5t5 . 269 • _300 • ,~.~ I • 91+ 1 ~r , . )o, . 336 . 306 . 554 .1+73 . 259 . 877 . 808 

3 2 3 . 3343 X 108 . 621 . 852 . 6i9 .595 . 639 7 , .r 
• :J-0 . 6i9 • ,?4S 1 . OOO .762 • 98 i . 899 . 601 . 475 . 362 . 878 • 8() 8 

2 1 5 . 4172 X 108 
.'722 . 862 . 8 11 . 860 . 999 • L;3l, . Gc:O • 361 1 ~OGO .975 .982 . 918 . 716 . 491 . 802 . 998 .846 

2 .5682 X 108 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1.000 1, 000 1.000 1.000 1. 000 1.000 1. 000 1,000 
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2 . Cluste ring on Effe~ts 

The results for the Cluster Analysis by Wards Method on the 

G x E e f fects 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 of their TSS 

involved in clus tering were Pleasant Point , Gore and Incholme . 

There was a deuree of correspondence between the clustering 

of means and effe cts., In both c ases Goldmar'·er c:ind i<0s:n1-.rn 

were grouped together by the~selves as vere Koreke and Neptune . 

Jupiter a nd 000-?C:., and trk Roy,)_J_ ar:cl [::u:iere re'te.incd tJcether 

in both analyses . 

Bulls and Outram were domina.nt environment s in both 

ana.lyses . 

'I'he cluster containing Goldmarker and Magnum , cluster 5, 

showed significantly different ~eans in five out of the 

seventeen environments. This could reflect the relatively high 

level of instability noted earlier. 



104. 
Barley 13 g effects 

Table 3.53 Cluster Means for Each Environment 

Environments 

1. Gore 

2 
Clusters 

3 

2 . Pleasant Pt - 146 . 0a 

:; . Fai.rview 

4. Outram 

5. Takapau 

6. Bulls 

7. Marto n 

8. Wi n fiel d 

9. Le eston MP.F 
---------
10 . ?-~ilton 

11 . Inc ho 1me 

12 . MitchB.l'.il 

13. Methven 

::i ...., 3a '- c • 

b -9 28.2 

~,, , 4a - , .,.., ., J , ___ ,, . 

")7.6- l a 
- ( __ ,/, . 

- .. ,,., 7ab 7· -, oab 46'' ;iclb ):>'+ .. - ,c.~ - .r: ,, D 

,., ..,a 5c: i,a 11 L." • '',a ( • :J ..) • 'i' w. 

82 . 2a b ,...,o 1• 6b 
- ( J '-j. ' 

---------------·--
14. Kirwee 

15 . Lincoln 

16. Leeston CRD 

17. Dunsandel 

Membership 

-34.4 a 

Georgie 
Zephyr 
Mata 

158. 1 a 

Koreke 
Neptune 

"'>4 ,a - {__(_ . 4-

6487 
124-72 

4 

-309 .4 a 

,..3 6ab - o . 

c:: 4 '"" 7a -) c . 

Jupiter 
000-72 
Ark 

Royal 
Kaniere 

5 

- 349.5 D. 

302. i 3
· 

b -778.6 

")8? C) a 
- L. '- • 

'708 . 78 

- 200 . 88 

b - L+07 . O 

-74. 9 a 

Gold.marker 

Magnum 

Le tt e r s indicate significant groupings by LSD between environments . 
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B~rlcv 13 r Effects 

"i~ c1rc.s 

Table 2..!..2.!± Pr onortion of Vario.r.cc rot Explained by Clusteri.:i.J:; ( \'/SS/TSS ) 

1;0 . 0 f 
clusters I j Criterion 1 2 3 4 ? 

,· 
7 0 9 10 1 1 1 .? 13 1 i: Fi 16 17 () 

< 

12 1 12 o 1196 X 10 7 • 172 .043 .015 . O ilr . 002 . 001 . OGO .ooo .0 17 . coo . 009 • 178 .015 . 212 .ou9 .006 . 004 

1 1 2 4 . 2579 X 107 . 253 .081 . 030 .035 . 089 .01e . 032 .ooo • 134 . 006 . 009 . 356 . 048 . ?S4 . 092 . 023 • 147 

10 3 6 . 4007 X 107 . 314 • 143 . 372 .041 .C')o . 023 r"'" (J 
o V';tv .021 .137 . OOo .015 . 548 .049 . 300 • i 1 1 . 232 • 160 

9 9 11 .5700 X 107 . 314 . 255 . 375 . 096 . 217 . oz? . 099 . 0_35 • 144 . 027 .027 . 553 • 114 . 374 • 191 .232 . 335 

8 5 10 .7771 X 107 . 322 . 292 . 388 . 108 . 271 .053 . l OL;- . 099 • 179 .o::;e . 214 . 573 .128 . 379 .377 . 420 . 339 

7 7 8 • 1083 X 108 . 323 .549 . 391 • i09 . 28? . ()?0 '',, • • ~O • 153 .388 .05a 0 2L~6 . 657 . 370 . :_.40 .553 . 49G .352 

6 1 13 . 14078 X 108 . 635 . 737 . 425 . 241 . 283 • 104 . 258 . ?7f, .439 . 063 .260 . 657 .394 . 459 . 557 . 497 . 372 

5 3 9 .1 759 X 108 . 700 . 739 . 650 • 2l~ 1 . 4t2 e 1 /7? • 2:Go . 204 • L: l~2 . 104 •• 696 . 679 . 561 . 519 . 569 . 569 .416 

4 2 7 . 2223 X 108 . 700 . 813 . 832 . 265 - 456 • 153 . ;G5 . 299 . G47 • l 1 1 . 8;>2 . 680 . 703 . 526 . 569 . 629 . 433 

3 1 2 . 2775 X 108 • 705 . B67 ,844 . 780 ,45G • ; Si+ . ;88 . 403 . 674 . 289 . 096 . 703 . 773 . 528 . 606 . 632 . 824 

2 1 3 03539 X 108 . 854 . 885 . 849 . 992 . 461 . 627 • 99.~ . 613 • 71+0 . 629 . 950 . 706 . 775 . 722 . 641 . 632 . 970 

5 . 4702 X 108 1.00 1.00 1.00 1 .oo 1.00 1 .oo 1 . C:) 1.00 J .oo 1 .oo 1 .oo 1 .oo 1.00 1. 00 1 .oo 1.00 1 . oo 
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(iii) Barley 14 genotype s 

l . Clustering on means . 

The results for clustering o f means by ~ards Method are 

pr esented in Tables 3. 55 and 3. 56 , snd figur e 3 . 5 10 . 

The pr obabilistic cut o ff method indicated that four 

clusters be considered . 

Fr o~ Table 3. 56 it c~n be Geen th~t the do~i~ant 

-.it tributes involved in :::lustcrins -.·. 2rn i3ulls nr~d i·:iJ ~on \!i th 

VJiaficld alt'o h· vl!tG v rel:i.tivcly 

1ccounted for by clustcrin: . 

1 ,.., , .. -- ...., ._ , of i lG "::;s not 

'!:he cior:10.:1: eh.:'.."' ctcr::-; coul(: ro .i.dcntif.i ~-· o. r;; ·ra;,:. 1 c- u , 

Plovsont Point and Leeoton NAF . 

The cluster membcrsnlp reflected some Glmilarillcs ~:th 

tl1e 13 Genotyre "'nalysis , \.ith su-::'1 p.:J.i r s of GErnotyres :.t s 

Gold~arker and MaGLum , Ko r cke and Eeptune , Jupiter and 

000- 72 being er0u~ed together still . 

The cluster o f \ihich Gol dmarker and Magnum wer e r.iember s 

had significantly high means for five out of the eleven 

envi r onments . 

The dormant attributes exhibited no significant 

differ ences for cluster means . 

' 
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108 . 
Bar ley 14 g Means 

Tabl e 3.55 Cluste r Means for Each Environment 

Clusters 
Environmen t s 1 2 3 4 

1 • Go r e 7750 . 8° 8123 . 3a 7998.9ab 8684 . 5a 

') 
c._ . Pl easant Pt 5078 . 3a 4907 . 5a 5166 .7a i.+810 . 0a 

3. Fairvie w 5500 .oa 5703 . 3a 5452 . 2a 5992 .• 2a 

4. Ou t r am 6472 . 5a 5502 . 5b 624 1. lab 6558 . 9a 

5. Takapau 4970 . 8a 5081 . ?a 4.370.oa 4761 . ia 

6 .. Bulls b 5·367.5a 5767 . ,3ab ?:.F'38 qu. 5059 . 2 ..... '.j .. ..... 

7. Harton ioo7 rab . ., . :) 5290 .oa 4390.ob r::.(07 oa ./..) ';I • 

8 . VJinfielr1 
1- 50·' ..._Jb 

3 ·,, 
61 6° 9·'.l C::,Q,~ - 3 Ll 515(. T ~-./ .J ). '.t'-4 .. ). J -l (' . -

------- -·------
9 . Lec[;ton i-11\F ...,L 8L -.c'J. '- t I • c_ 

"'L-,S-a 
' \_J_, .u ') 7 rv~, (' ') 

-- _,,_ \.• • .J -: ., 1 ·" 0 c°• 
_) ·-· . -· 

.,.--------·--"· 
10 . Viil tm~ 6G95 . osi 

a,, 5on5 - ("\ c:i :·~ 0 ao G ,.-'() ·J ·~ c. ;'\ • \ .v .') . .,/ 1~) ~..I •. ,/ 

---·---------- ----------
1 1 • Incholme 3403 . 3.:.. 
------ ---------------

Cluster 
Jv~e:nber"'hip 

Jupiter 
000-72 
.; r k Roy:::i.l 
Kaniere 

Hassan 
Zephyr 
Georgie 
Ma ta 

Koreke 
Heptuae 
124 - 72 

f1ol dm ::,,.rker 
;,1a;snu:::1 
6487 

Letters indicate means grouping by LSDs between environments . 
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\
1:arus 

Table 2..!...22. Proportion of Variance Not Exnlai~ed by Clustcrin5 (WSS/TSS) 

No . of 
Clusters I J Criterion 1 2 3 h .5 6 7 8 9 10 1 1 

13 3 6 .10435 X 107 . 0Lf5 . 075 . 23 1 .OO!f . 006 . 005 . 008 . 010 . 014 . 001 .002 

12 2 4 . 21060 X 107 • 11 1 • 154 .251 .033 . 088 . 023 .017 . 012 • 124 • 01 1 . 003 

1 1 12 14 . 3575 X 10 7 • 113 . 365 . 260 • 1 L1- 1 . 088 . 032 . 043 . Oi8 • 126 .017 . 008 

10 9 1 1 . 47580 X 107 • 1 18 .457 . 262 .224 . 309 . 042 . 048 . 039 • 208 . 026 .oos 

9 5 10 .66045 X ld7 . 137 . 475 .262 .226 .11-29 . 076 0 0L:.8 .1 03 . )8 1 . 077 . 093 

8 2 8 . 86633 X 107 • 137 • Lf9i+ ··n ·o 
• .:),Jr._ • .:.?...3'/ .5?.0 . 079 .287 • 128 .382 . 085 • 141 

7 1 12 • 10863 X 108 .428 5n1 • 0: . }J7 • 24,S . 561 . 083 . 314 • i 66 . 513 . 095 • 19'? 

6 5 7 .1 3676 X 108 . 4L15 . 623 • L;57 0 2~3 • 8L1-7 . 090 . lf00 • 2)2 . 610 • 131 . 307 

5 3 9 .19567 X 108 . 451 .639 .735 . 25) • 90L~ . 095 . Lr04 . 255 . 682 • 147 .756 

4 1 13 • i9567 x 109 . 598 . 857 17r.· .-. '// • l1-h3 . 910 • 117 -448 . 313 . 827 • 154 .773 

3 1 3 . 25830 X 10
8 . 670 ·~c 1 • 0./. ,, '190 . 350 . 9,'.'~ l . 329 . 505 . 570 . 837 • 193 . 835 

2 1 2 .32736 X 108 . 672 . 929 , C, 11 .879 • 91.;.6 .362 .715 . 60 1 .953 .773 . 883 

5 . 45797 X 108 1.00 1.00 , .co 1 .oo 1 . oo 1. 00 1 . oo 1.00 1 .oo 1. 00 1.00 
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2 . Clus ter ing on effect s 

These resul ts are found in Tables 3. 57 and 3. 58 , and fi gure 

3 . 5 11 . A relatively l a rge number of clusters were indic ~ted, 

i . e. eight , and of these t hree had singl e genotype membe r ships . 

Again previously associated pairs of genotype s were grouped 

t oge ther i .e. Jupiter and 000-72 , Koreke and Nep tune , Hassan 

and iephyr . Goldmarke r and Magnum, the cultivnrs which had 

pr eviously b een strongly associat e d we re both in single genotype 

clusters . 

Dominant characters invol ved in cluste r formation were 

Bulls , Milton and Incholm e . There we r e no r eally dormant 

characters because of the rel a tively e3rly stage of truncation, 

ho we ver Pleasant ~o i nt had 52~ of its TSS not accounted f o r by 

clustering at t his stage . 



Environments 

1. Gore 

2. Pleasant 
Pt 

3. Fairview 

4. Outram 

5. Takapau 

6. Bulls 

7. Marton 

8. Win field 

9. Leeston 
MAF 

10. Milton 

11. Incholme 

1 1 2 . 

Table 3.57 Cluster Means 

Cluster 
2 3 4 5 

193.7a -638.5a 45.2a 176 .l a 484.6 a 

-297. 8a 451.la -130.3a 397 . 3a -579. 2a 

-48.0a 235.3a -387 .?a 219 . 9a 188.4cl 

6ab b -405. -1538.9 38.0ab 468.9a -55. 9~b 

78.3ab 239.4 
a 

291 •. 4 a L~8 • 9ab -520 . 9ab 

- 97.9ab 362.0a 352. 3'.J. 191 . 6a 1041. ?a 

40. 1 ab 630. 1 a 605.4a - 8~-3 .. 7b - 3G . 9ao 

472.7ab - 223 .9ab - 345 .3ab ,_ r a~ 
) . Q V 

;, 
1 209 . 1 -· 

- 72.lab 266.Sa - 86 . 4ab 209 . '?ab -::,1-) 

1 rl/""\ ..-, o. i.. 
- . (0' . c.. 

428.Sab 187.?ab -555.3ab - 702 .?ao - 355 . 9ac 

- 292 ~ab • c. 28 9ab 7r9. ~ab 1'71 t~ab 704 7b 
e .. J:) o L - • ) - . o 

Barley 14 genotypes effects 

6 7 8 

6 a a 35 .1 - 484.5 - 128.5a 

-74.4a 123.3a 157.7a 

456.6a 202 .6a -403 . 0a 

352.3a 379.9a 342.7a 

- 986 .lb -1 86 .. ?ab 362.7a 

- 1869 . 4b - 895 .7ab -526.3ab 

221 . 2ab ·-141. oab 88 . 2ab 

527 . 3ab '~ b -i+ol . 7 - 663 .9b 

-3:~2.ob 135*7ab 14s.4ab 

-1 521 .l b 474.2ab 1134.4a 

3Lt3 . 5ab 752 . 8a -336.l ab 

Cluster 
Membership 

Hassan 
Zephyr 
Geo rgie 

Mata 6487 
124- '7?. 

Kc reke 
.,. 1 ' ,,er,-cune Goldmarker Magnum Ark Royal Jupiter 

Kaniere 000- 72 

Letters indicate means grouping by LSDs betv1een environments . 
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1 1 3 . 14 :!".•ar ley Genotypes Ef fee ts 
!lard s 

Table~ Pr opor tion of Var1 ?nee I~ot 1xplD.in€·d by Clustering (','/SS/T~E,) 

Clusters 
Fusing 

No . of I J Criterion 1 2 3 4 5 6 7 8 9 10 1 1 
Clusters 

13 12 14 . 7730 X 106 . 007 . 063 .002 .061 . 020 .ooo . 008 .. 03.3 . 091.i .ooo .002 

12 2 4 . 1663 X 107 . 068 . 086 . 006 .075 • 111-0 . 007 . 040 . 038 . 302 . 003 . 004 

1 1 9 1 l . 2677 X 107 .069 . 210 . 012 . "4 • I c. . 250 . 008 . 040 . 048 . 305 . 0 14 . 020 

10 3 6 8 • 1 .38 -,r4 • 319 • 128 . 257 . 0 12 . 054 . 065 . 312 .015 .024 . 371 9 X 10 • i:.o 

9 1 12 .4884 X 10 7 . 379 . 266 .342 • 130 . 257 . 015 • 188 . 074 . 317 . 015 . 033 
I 

I 8 7 8 . 6123 X 107 . 380 .522 . 346 • 130 . 269 . 025 . 227 • 125 . 346 . 015 . 061 

7 3 9 . 8723 X 107 . 434 . 52:? . 562 • 1 30 . 39C . 045 . 228 • 134 . 347 .067 .498 

6 1 13 • 1170 X 108 . 656 . 684 . 597 . 342 . 398 . 067 . 301.i . 214 . 1+90 . 072 . 526 

5 2 5 .1498 X 108 . 683 . 930 . 593 .383 • 481+ • 137 . 430 '"4 • 'fC:. . . E50 . 074 . 596 

4 1 7 . 1848 X 108 . 685 . 930 • 730 . 538 .500 • 158 . 49'7 . 545 . 671 . 210 . 757 

3 1 2 . 2384 X 108 • 7Lt'J . 957 '5 "? • v .) .779 . 581 • 193 . 969 . 591 . 707 . 368 . 836 

2 1 10 
0 

. 3138 X 10u • 7'15 -r7 • 'J7 067 . - . G39 . 933 . 772 . 979 . 613 . 376 . 552 . 910 
- -- ..... 

1 1 3 • 4035 X 108 1 .oo 1 .oo 1. 00 ·1 .oo 1.00 1 .oo 1.00 1.00 1. 00 1 .oo 1.00 
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Figure 3.5 11 Dendr ogr am for War ds Clus t ering o f 14 Bar ley Genotype Ef fe cts 

5x 106 10x106 15x106 
Clu s t eri ng Crite rion 

20x106 25x106 30x 10 6 30x106 25x 106 40x106 
I 
I 

I 

I 
Hassan ) 

..... 1 
I 

I 
I - I 
I 

Zephyr 1 ...__ I 
I 

I 

I . 
Georgie I ' 

I . . 
I 

Ma t a 1 ' I 
-

~ -
I 

6487 ' I ,: 
...J 

124-72 I 

1; . / 
/ 

I 

' Koreke '.~ I . 
I 
I 

Neptune 

Goldmarker 

( 

~ 
I 

J 
I . . 
f 

I 

I 

I 

I 
I 

I 

Magnum 1 I 
I . 
I 

Ark Royal ' 

I 

I 

: 

Kaniere I 
I 

I . 
I 

Jupiter I 
I 

I 
I 

' 
. 
I 

000-72 I 
) 

I 

Truncation Poi nt 



115. 

(iv) Wheat 

1. Clustering o n ~eans 

Tables 3 . 59 and 3 . 510 and fj.gure 3 . 5 12 Give the r esults for 

this analysis . 

The truncation point ~as detcr~ined to be ~t the three 

cluster level . 

Exa::d.na tiO!l of the c 1 'j ste r me .:m:, shov;s tha L th~· cluster 1 , 

with 6 genotypes in it, rnnkcd c~ncistontly in the 2iddle for 

each environ~ent . 

The cluster contai~inc G~scnya and 61 , 06 had signific~ntly 

lowe r rre~ns for all of the environnents while the cluster ~ith 

-oo -,o 1 d I' /9 ' d . . t·. .... 1 h. l ) - :> on ·.ara:1u ua si01u. ican1,_y lG1er r,,eans . 

'l'hc r.1ean yields 1.istcd j n 'l'able 3. 23 al so i ndico.tcd this 

t r end so the cluslerins see~c to account for differenceP in 

yield quite closely . 

There was one outstan~ine dormant environment ~or this 

analysis . ?ikoki no 1978 had 81 . 5·7.) of its 'I'SS not accounted 

for by cluster ing . 

Kairanga 1978 was the most dominant char acter but 

Tikokino 1977, Halcombe 1977 a nd Halcombe 1978 were also 

important . 



1 1 6. 
Table j . 59 

Cluster Means for Each Environment 

Wheat Means 
Environment Cluster 

2 3 

Halcom be '77 Goo2 . ,ab 5344.5b 669Li . 2a 

Ao r angi ,77 7543 . 88.b , I r::.., .) b 
b·-f:?) . - 8202 .. 2a 

Kai r an~a , 77 5816 . 6ab ,---,--, ' 5 b 
_')))4 . 6803.2a 

Tikokino ' 77 5896.?ab 5451 . 7 b .,.."3 1 ')a 0 'j • - -

5293 . 93 b 
' 

Hal com be 170 , ,,... •• . )7 00 r::9 4.-. ,a u -T'j : .. ) • ) ( . c_ 

fi.orang i 1 78 506(,. 7c1.b I J.7:~ 7h Lf '-t _) _). 5155 . 7a 

Kai r a.r:.ga I 78 3E28 . 1ab 3171 . 7'::i 2
' 799 5a .) I e 

Ti kokino I 7r· 0 2541.2ab "\I , -z - b 
C.'-i I.,;•'.) ')? 1 " 7'3. c... o . 

6 101 Bulk 
Oro ua Ga:-aienya 300- 30 1 

Cluster Pat ak2. G106 K..,ram.u/9 Me~be r shi p 293- 201 
Rongotea 

30 1-30.:~ 
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Table 3. 510 Proportion o f Variance not Excloincd by Clust er i ng ( WSS/ TSS ) 

\,heat Means War ds Me thod 

No . of Cluste rs 
Clusters Fusing Cri terior. ·,,,1 1 7? L · ~ ~or ' 77 Kai ' 77 r, · : I '17 .!.l;l Ea: 1 7B t.o r '78 Kai 1 78 Tik 1 78 

I J 

9 I 3 . 38095 X 10
6 0 . 0 19 0 . 007 0 ~01 7 0 . 039 0 . 060 0 . 005 0 . 027 0 . 005 

8 7 10 • 791 20 X 10
6 0 . 076 0 . 0 1'? :J .c,,~~ r, ( . ;:"' .-

u . ,.1J) 0 . 109 0 . 065 0 .030 0 . 041 

7 2 9 • 139 37 X 10 7 o . 103 o . 0 1e 0 . 033 o . 129 0 . 121 0 . 082 0 . 030 0 . 449 

6 1 5 . 20594 X 10 7 0 . 11 9 0 . 0_3.3 0 . 1?:1 0 . 170 0 . 17L~ 0 . 083 0 . 058 0 .462 

5 1 4 1 2883 1 X 107 o . 127 O. 129 O. 155 0 • 17 L~ 0 .260 0 . 098 0 . 076 0. 567 

4 I'" 
0 8 . 40472 X 107 0. 267 0 • 1 Lt6 o. 296 o . 174 0 . 265 o . 132 0.167 0 .786 

3 1 7 . 58267 X 10 7 0 . 276 0 . 343 0 . 369 0 ~220 0 . 287 0 . 421 0 . 167 0 . 8 15 

2 1 6 • 10044 X 108 0 . 534 0 . 71 .3 o . 4Glt ('\ 3 · 7 ... J • I . O. L,. 18 0 . 919 0 .755 0 . 863 

1 1 2 . 17851 X 108 1. 000 1.000 1.000 1 . ooo 1.000 1 . OOO 1 . ooo , . ooo 
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2 . Clu ster ing on ef fec ts 

Tabl es 3 . 51 1 and 3.512 and figure 3 . 5 13 give the results for 

thi s analysis . 

The cut off point was at tte three cluster level again. 

1Ialcombe 197/ was the mout noticeably dormant enviror~e~t with 

Tikoki no 1977 and Halconbe 1978 also beinG relatively dornant . 

Aorangi 1977 , Acrangi 1978 a~d Tikokino 1978 were do~inant 

er..vironmen t s . 

Not a great deal of corrcst cndence occurred rii th tho cluster 

analysis on means either in respect to cluster nembcrship or 

importance of environ~ents . 

Ho'.':evcr cluster 

most environments. 

v1:--:c.s ~c .. ·,in the :11 LddJ.e r.:inkins cluste r for 

' 
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Tilrnkino 1 78 

Cluster 
~ i e1:1 be r bhi ~1 
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Tabl e j . 511 

Cluste r Vieans for Each :~:nvironment 
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Cluster 
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1 C-. 9a 
- I ;> c. . 

I '9 Gb -o.) '· • 

b - 1+67 . 6 

G2.m.enya 

3 

- 186 . 5° 

28 -:z ,7b .. ..) . 
.500- 30 1 

301 - 302 
Rongotea 

:V.aronu/9 

Lette r s indicate signifi cance sroupings of cluster ~eanG hy 
LSD . 
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Table 3.512 Proportion o f Variance Not Explained by Clustering (WSS/TSS) 

Wheat Effects 

Clusters 
fusing 

No . of 
Clusters I J Criterion Hal ' 77 Ao r '77 Kai '77 Tik 1 77 Hal '78 Aor '78 Kai ' 78 Tik 1 78 

9 1 8 . 1593x106 0.058 0.033 0 . 008 0.003 0.000 0,003 0.061 0.018 

8 2 10 . 42251 X 10 b 0.081 0 . 034 0 .027 0.005 0.010 0 . 058 0.091 o. 136 

7 1 3 .7205 X 106 o . 135 O c042 Co049 0 . 081 0 . 081 0.142 0.135 o. 15b 

6 4 6 .1151 X 107 0 .421 0 .. 051 0 . 05 1 0.099 0 .092 0 .234 0, 181 0.248 

5 2 7 . 1672 X 107 0.787 o . 11 3 0 . 053 0 .140 0.321 0 .277 0 .241 0 . 260 

4 2 9 . 2306 X 107 o. 849 0 . 169 0 . 113 0.523 0.354 0.307 0.327 0.292 

3 1 5 . 3133 X 10 7 o . 885 0 . 25 1 0 • Lt'?6 Oo656 o . 639 0.317 0 . 331 0.297 

2 1 4 . 4555 X 107 0.960 0 • 50Lt 0 .744 0.7 18 0.999 0.317 0 . 530 0 . 561 

1 1 2 . 7571 X 107 1 eOOO 1 aOOO 1.000 1 .ooo 1 .ooo 1.000 1. 000 1. 000 
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Table 3. 513 DendrograE for ~lard~ Clustering of Wheat Genotypes Effects 

Clustering c r:terion 
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3.6 Principal Component Analysis 

For the unrotated analysis , Table 3 . 60 present s the eigenvalue s 

and cumulative perc entage for each component , Tabl e 3. 61 

presents the Factor Struc ture matrix and Table 3.62 th e f actor 

s c or es . 

For the rotated analysis Table 3.63 pre sen t s the factor 

s truc tur e matri x and Table 3 . 64 the factor scores . 

It ~as fou nd that for this set of data the corr elation 

motrix wa s singular and Lhcrefore co uld not be inverted . 

The inversio~ cf the correlation matrix is not essen tial 

for the su bse que n t Ci').l cula tion 1:, for PrincipaJ. Co:nro!le11t l\.naly sis 

( Cooley 2.ncl Lo lrne s , 1 971) • Fio 1,':ever the d.e terminan t ,) f tl10 

correlation mat ri x i s ne eded for the chi-soua~c tes~ for the 

sig~i fican c e of t he compo nents . This may be cal culRted by 

~ul ti plying together all of the eicenvalues ( Bartlett, 1950 ) 1 

but in t his c a se 5 eigenvalu es equal led 0 . 0000 making the deter-

minant also O and the test inappli cable. 

It was thought that the singulari ty was caused by the 

number of attributes (17) exceeding the number of observations 

p er attribute (13). This was examined by removing the five 

environments ( attributes) v1hi ch had the lowest communali ties 

and therefore contributed least to the components. With these 

five removed the number of a.ttributes was less than the number 

of observations and it was found that the correlation matrix 
. 

was no longer singular. It was found that at least five 
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Table ,2.60 Princi:eal Com:eonent Anal~sis Barle~ l,2 Genot,YEes 

Com12onent Eigenvalue 1a of variation Cumulative OI 
/0 

1 5. 47746 32 . 2 j2 . 2 
2 2.76262 16.3 48.5 
3 1. 88862 1 1 • 1 59 . 6 
4 1. 72453 10. 1 69 . 7 
5 1. 29954 7 . 6 77 . 4 
6 1 .08207 6 . Li 83 , 7 
7 0 . 88126 5 , 2 88 . 9 
8 0 . 76377 Li. 5 93 . 4 
9 0 . 5304 1 3. 1 96 . 5 

10 0.31928 1 • 9 98 . 4 
1 1 0 . 21067 1. 2 99 . 6 
12 0 . 05977 0 . 4 100 . 0 

rest 0 . 00000 
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Table 3.61 Factor 0tructure Matrix 

ComEonent 1 CornEonent 2 CornEonent .2 ComEonent 4 Com:eonent 5 

Gore 0.71494 -0.18976 - 0 . 27467 o. 12660 0.09229 
Pleasant Pt -0.32423 -0.38657 O. 56280 0 . 225 12 O. 13345 
Fairview 0 .74822 -0.33767 0.30038 -0. 39204 -0.03591 
Outram 0.13536 -0.39525 0.03965 0.31272 -0.41060 
Takapau - 0 .09247 0.90532 -0.09011 0.17839 0.07216 
Bulls 0.8 1869 -0. 12068 -·O. 30673 0.15294 o. 16096 
Marton 0.54354 0.48324 0 . 22778 0.36572 0 .03046 
Win field 0.83019 - 0.09434 .:0.18026 -0.03129 0 .380 16 
Leeston MAF O. 15376 0.38060 0.52982 -0.53458 0.24426 
Milton -0. 37791 0.46337 On43421 -0.20229 0 . 08022 
Incholme 0 . 3'7344 0 . 03899 0.6791.+4 0. 46 245 -0 . 31796 
Mitcham 0.51852 o . 65723 0 .02277 -0. 27431 - 0 .41903 
Methven 0. 65364 -0.36682 0. L+0622 -0.20898 0 .1 6352 
Kirwee 0 .76125 0.51871 -0. 20328 0.10431 O. 137 24 
Lincoln o.6 1658 -0. 12706 0.16093 -0.08484 0.27918 
Leeston CRD - 0 .31434 o. 12256 O. 2tJ 155 o . 65830 0 . 5726 1 
Dunsandel 0 .. 747'71 Oft0503:j o. l l 7l~j 0.32546 - Op36413 
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Table 3.62 Factor Scores: 1,? Barley Genotypes 

Component 1 ComEonent 2 Component 3 Component 4 ComEonent 2 
Georgie 0.643788 0.525747 0.255464 0 .405274 1 • 306019 
Koreke - 0 .584618 -0 . 087699 - 0 . 869497 -0.397332 - 0 . 358118 
<Jupiter - 0. 622711 0.508553 -0 . 411969 -1 . 515196 -1 .067782 
Nept une -0.747270 - 2.065158 -0.868615 -0 .. 015..558 - 0. 067044 
Goldmarker 1.929766 -0. 318062 - 0.411L~82 - 1. 176750 o. 099638 
000- 72 -1. 867604 0 .11 6778 0 .060806 1.1 02198 1 • 23 717 3 

6487 1. 078185 1.01 5331 -0.409525 1.835393 -1. 290971 
12Lt -'7 2 - 0 . 423015 0.628068 -0.5630'72 1. 0923 18 - 0 . 868777 

Ark Royal - 0. 569793 -0 . 835443 2.027Lt80 -0 .4 1369,2 -1. 369084 
Magnum 1.160939 - 1. 7dj501 0 . 133369 0 . 849704 0.669084 
Kaniere o. 194435 0.669151 1 u 381 21 1 -0 . 206185 - 0.351985 
Zephyr - 0 e 184124 0. 772478 -1.1+0G467 -0 . 963743 0. 534855 
Mata. -0 . 007978 CJ .. 853757 1.162299 -0 . 596632 1. 525727 
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Table ,2.6~ Varimax Rotated Factor Structure Matrix 
13 Barley Genot~ 

_gomponent Component 2 Com,Ponent 3 Component 4 Component 5 

Go r e o . 62775 0.40028 0.01579 -0.22545 O .0 2.563 
Pleasant Pt -0 .04117 -0 .. 75215 0.15725 0 .06269 0 . 2876i 
Fairview 0 . 79482 -0 . 15329 0 . 216.50 0001899 - 0 ~~-7h71 
Outram 0.03828 - 0.091.55 0 . 10629 -0.08027 -0 .02968 
Takapau -0 • ..57580 0069719 0. 19479 0 • .58504 0.28708 
Bulls 0.65488 0 . jlt'l 21 0. 21506 -0.52145 0 . 03044 
Marton 0 . 20588 0._53806 0.73981 -0 . 028.55 O. 15507 
Winfield 0.84874 0.40'726 0.00858 -0 . 1 j 114 0.06990 
Leesto n MA.I<' 0.30884 o. 057'92 O .05'751 0 . 800E:9 - 0. 13495 
Mil ton -0 .. 26984 0.03849 -0. 0 .3121+ 0.82449 o. 13393 
Incholme o. 12984 -0.22559 0.88169 0. 1 1 520 0.05788 
Mitcham 0 . 03737 0.,58503 0.48778 0.20346 - 0 . 55146 
Methven 0.81876 -0 .. ? 1072 0. 18047 0.13947 - 0 . 15556 
Kirwee 0 . 42994 0.76688 0.3616.3 -0 .01+330 0 . 02817 
Lincoln o . 68473 0 .034.33 0,.17763 -0.02547 - 0 . 01396 
Leeston CRD -0. 12288 -0. 10685 0 .1 0106 0.06745 0 . 93556 
Dunsandel 0.34200 o . ~4052 o.69256 - 0 . 23163 - 0 .1 8253 
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Barley 13 g 

Table 3.64 Factor Scores for Rotated Factors 

Component_]_ Component 2 Component 3 Component 4 Component 5 

Georgie 1.012474 0.899925 - 0 .. 156539 1.028158 1. 333970 

Koreke -0,. 664 i L1-3 o. 107303 -0.691659 -0.522401 -0.506762 

Jupiter -0.846950 0.437449 -0.802041 0.800837 -1.516007 

Neptune -0.0'16298 - 1. 12977 2 - .1 • L;.60422 -1.161005 -0.063896 

Goldmarker 1. 876050 0. 839167 --0. 25226 1 0.007871 -1.121978 

000-72 -1.060925 -0.369844 -0.883719 0. 5L1-98L1-8 2.151928 

6487 -0.550130 1 ~330916 1. 945440 -0.963014 0 . 170071 

124-72 -1 .. 347374 0.304707 0.886346 -1.104624 o .067645 

Ark Royal -0 .432926 - 2.04437.5 0.964484 0.825215 - 1. 058696 

Magnum 1. 586808 - 1. 037191 0.379795 -i. 506408 0.522476 

Kaniere 0.107703 0. 040287 0.73095'? 1.682712 - 0 .087567 

Zephyr - 0.206109 1.192690 -1.190201 -0.256290 - 0 .352299 

Mata 0.541820 -0.571262 0.529821 0.619111 0 . 461 1 16 
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environments had to be remo ved to solve the pr oblem, t he r eby 

supporting the above explanation . The results o f t he analysis 

with twelve environments ar e presented in Appendix 1. A 

comporison of the factor acorcs for both the full ond restri c ted 

analyses reveals that the diffe renc es between the~ a re Qinirnal . 

Bec~use the chi - s1ucrc te s t v ~s not nrpli cablo hero the 

numbe r of components to be studied ·::as decic:ed on the b3Si['. of 

'75% c f the toto.1 vo.r1ation ex~:l.:iined . 'l'he first fj vc compor1ents 

2ati s fied this c ri ter:i r:-::. ( _· ·at.1le 3. CO) • 

The factor structLrc DGtricaG f or both the unrat~teci 

( T~ble 3. 61) and the ( r; "·o-L ,=, 
., .... · • V 

given for these five conponents . 

'-'lc.'.S Ly dcfiniti.on the n:ost i.1r.~:c,rt .. 11t co.::_!)orient . 

For tt.e unrota.tcd 2.nalysis ·:1iri L'._E-} cJ .,nd :-ulls 1:. cre -::;he 

environ~ents with the highest positive carrelatio~ uith 

,1. re 

Component 1 although Kir~ee , fnirview end luncaure 1 .. ere also high-

ly correlated . Th r ee sites : Pleasant foint , Milton 2nd 

Leeston CRD had negative correlations ~ith the component although 

these we re not large. 

For the varimax rotated analysis , Fairview and Win field 

had the highest po si ti ve correlation \':i th component , with 

Lincoln , Bulls and Gore also being i mportant . 

Takapau , Milton and Leeston CRD had small negative 

correlations . It has been often found that the first Pr incipal 

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 var y consider ably i n their corre l ations with t he 

component . The varimax rotatio~ i ndicated that FairvieD and 

Win field ~er e espec i all y im;o r tant for this component . Bo th 

ar e Can t erbur y sites , but other factors which might single t he~ 

ou t from the other er.viron.:~icn ts 1:1ero nG t : bvious . 

Cow;.'Oncn t 2 oc com:.ted for 1 o •. 3:; o f the total v ~?.ri e tion 

taking its cu:~1uJ.2,tive to t r·.l ,-rLth Co17:ronent 1 to just under 50%. 

For the unrot::.,tcd analysiE 'J'nkarou hnci o. very hii:;h ?O::;i ti.ve 

co rrelation ~ith this comroncDt and ~h0re ~ere a~ai~ ~omc low 

negatively correlated 

Gu t r a.rn ,-,,nd i1ethven . 

. t . ,., t s1 es i . e . ... -~LCDW<'J.!1, l'Oin t , Fai.rvi e•:. , 

'i:lic v:-1.rimc1.x rota tcd f :i.c to r structur e l10\";;ve1' 3UG(;c st.::; soH11.? 

decree of bir,01~,ri t/ of tr:c c•11vir onr;.ents with Ki.rwee end 

Ta.1-~apau ' G tir:h positive c::crelationc bei ng op:;:,osed ty the high 

negative corr elation of Pleasant Point_ Acain ~ny Jnt c r ~re t ation 

o f t his feature was not obvious from ~he infor mation a vailable on 

thes e envi r onmen t s . 

The ceno t ypic scores for l he COi:1:"o nents ar e represented in 

Tables 3. 62 and 3 . 64 , and graphs of the sco r es for C0~:onent 

ae;ainst Component 2 a r e pr esented in fig ures 3.61 and 3 .62 . 'l'he 

clus t ers fo r me d by War ds Method on means a r e indicated on t he 

unrotated score s. It is apparent from thi s that the r e i s little 

correspondence between the gr ouping o f the genotype s by cluster 

analysis and their arrangement on these two axes. Magnum and 

Gold.marker were grouped together by cluster analysis and here 

they are separa ted into a quadrant by themselves s o there is some 

agreement there. Since the first two components only account for 
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Figure 3. 61 Genotype Scores for components 1 and 2 for 13 Barley Genotypes - unrotated 
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- 50% of the total variation this lack of corre s po ndence wi th 

cluster anal ysis is not re a lly surprising . 

1rhe arrange:nent of the gcnotyrcs on these t1rn axes soems to 

suggest the separateness of 000-72 , Neptune , ~acnurn and 

Goldmarker from the remaininc genotypes and each other~ 0~ 

the varirnax rotated graph Ark Poyal is alEo Dpart from the oth9rB. 

Similarly little correspondence could he seen between the 

dominant/dormant environme~ts in Cluster Analysis and tho3e 

showing strong correlations in Prin ci pal Compcne~t An~lysis. 

Winfield ~as a domlnant environ~ent for the clustering on means 

and hQd a high positive correlotio~ ~ith Co~nonent 1 for both 

the r o t ated 2nd unrotated ~C~ 1 ~. Other si~il~ritics ~ere not 

ev ide!1 t ho,11e v er . 
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(ii) Darley 14 genotypes 

The unro tat ed r esults are presented in Tab le s 3.65, 3.66 and 

3. 67 . Figure 3.63 is a graph o f the unrotated factor scores 

for the first two components. 

The varimax rotated results are presented in Tables 3.68 

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

The dete r minant of the correlation matrix was 0 . 0005 13. 

Bartlett's Chi--Square test indicated that there were six 

signifi c ant components. To be consistent with the pre vious 

data set the first four components are considered here togethe r 

accounting for 73 . 3% of the total variation . 

The first component ace c1un tc d for 30 . ~~% o f the total 

vari.s. tion and ther-e were four environmentr.3 which had high 

positive correlations with il r . G F . . ~ 11 \ 1 ¥e. ;Ore, a..Lrview , b U s o.nd 

Winfield) in the unrotated an,1lys5.L,. (1.Ll ton had a strong 

negative correlation and Ple2.::e n t r )in t and Takapau 11:;;1.d small 

negative ones . For the varimax rotated analysis Gore , Bulls 

and Winfield again were high.1y correlated with the component 

with Pleasant Point and Milton having notable negative 

corre lations . 

Component 2 accounted for 17. 2'/4 of the variatio n 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 sho wed Takapau being strong­

ly positively correlated with this component and Pleasant 

Point and Fairview being negatively correlated with it . 

' 
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Tabl~ 3. 62 Erinci2al Component Anal,:x:sis Barle.:z: 1~ Genot.:z:12es 

Com:eonent Eigenvalue % of V o.ria tion Cumulative cl 
/ 0 

x2 

3. 35665 * 30 . 5 30 .5 66 . 9 

2 1 • 89680 * 17. 2 47 . 8 .52. 0 

3 1 . 54609 * 14.1 6 1. 8 45 . 5 

4 1.25871 * 1 1 • 4 73 . 3 38.1 

5 1 .06847 t 9. 7 83 .0 29 .7 

6 0.72390 * 6. 6 89 . 6 21 .4 

7 0 . 58676 5. 3 94 . 9 12. 2 

8 0. 27938 2. 5 97.4 

9 0. 19739 I . 8 99 . 2 

10 0 .05668 0. 5 99 . 7 

1 1 0 .02916 0 • .5 100. 0 

* denotes significance with Bar tlett ' s Chi-Square Test . 

' 
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Barl ey 14 g 

Table 3.66 Fac tor Struc ture Mat r ix 

ComEonent 1 ComEonent ...., 
c. ComEonent ~ CornEonent 4 

Gore 0 0 79550 0.02201 -0. 14592 0.01340 

Pleasant Pt - 0. 26114 - 0.34677 0.57764 - 0 .093 10 

Fairview 0 .71 002 -0.06489 0. 431.i-25 - 0 . 41267 

Outram 0. 22848 -0. 37262 0.21159 0.464 17 

Takapau - 0~29884 0.77882 -0 .2283 1 o. 17962 

Bulls 0.88424 0.10927 -0. 17024 0.035 15 

Marton 0.,36044 o .. 65650 o. 20284 0.43485 

Wi nfiel d 0.86011 0.23865 -0. 15487 - 0 .17972 

Leeston -0 . 08467 o. i+8966 0 . 39165 - 0 . 65749 

Milton - 0. 54441 0 . 51 140 o. 18244 - 0.03408 

I ncholme 0. 234 22 0 . 15899 0.79049 o. ~1924 
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Table 3.67 Factor Scores: 14 Barley Genotypes 

Com12onent _) Com,eonent 2 Com:.eonent 2 Com.Eonent 4 

Geo rgie 0 . 570079 0. 925757 -0.000572 -0.744147 

Ko reke - 0 . 566884 - 0. 847484 - 0 . 933811+ -0 . 802940 

Jupi t er - 0 . 871 437 0. 091062 - 0 .4861_54 - 0. 379196 

Neptune 0. 121206 - 2. 273767 -0. 446846 -0 . 274623 

Goldmarker 1. 963 166 O l 92 7 TS • + -;J - -0._3 12684 - 1. 071 806 

000- '72 -l .6'/b'/91 0. 122963 -0 . 525612 0 . 94'7717 

6487 0 . 935070 1 .04363 1 -0.13820 1 2.431432 

l 2lt- 7 2 -0.484280 -0.175060 -0. 138885 0.954181 

/\rk Royal -0. 827948 -0.741471 2.094530 -0. 137911 

Magnum 1 • 690;::o 5 -1 .. 361501 0. 633924 0. 4939 15 

Kaniere - 0. 286608 0.725642 1 .565036 0.037133 

Hassan - 0.012163 0.142858 - 0 . 313257 0.426284 

M.J.ta - 0.379709 1 o 2L1-2250 0. 813829 -1 • Li-39883 

Zephyr -0. 171906 0 .,6 12745 -1 . 811 .3 15 -0.440155 
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Scores for components 1 and 2 for 14 genotypes - unrotated 
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Tabl e 3. 68 Varimax Rotated Factor Structur e Matrix 

14 Barley Genotypes 

Comuonent 1 Com_po nen t 2 Component 3 Component 

Gore 0 . 81541 0 .02162 - 0. 0 1235 - 0 . 02 11 2 

Pleasant Pt - 0 . 44950 -0.58592 0.19894 0 . 11 159 

Fairview 0 . 62048 - 0 . 56094 0.1966 1 0 . 35831 

Outram 0 . 08435 - 0 . 07516 0.06.531 - 0 . 13076 

Takapau - 0 . 11 373 0 . 83670 o. 15880 0 . 20959 

Bulls 0.85347 - 0 • 1009L} 0. 2355 1 - 0 . 26283 

Marton 0.28182 0 . 31361 0,826:)9 - 0 . 08688 

Winfield 0 . 92Li49 0 . 0326(; o. OG0.56 -0 . 09456 

Leeston 0 . 0469 1 0 . 02623 0. 016'?6 0 , 931lt5 

Mi lton - 0 . 43194 0 .47487 0. 09057 0 . 52059 

Incholme - 0 . 02157 - 0 . 20640 0. 845 16 0 . 13976 

4 
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Table 3.69 Factor Scores on Rotated Fac tors 

14 Barley Genotypes 

Component 1 s;omponen t _2 Component 3 Component 4 

Georgie O. 91+23 17 0.664378 -0.276265 1 • 320919 

Koreke - 0.300606 - 0 . 262565 -1 .494304 - 0 . 224980 

Jupite r - 0.518751 o.671034 -0.972111 0 .. 541252 

Neptune -0.0819 22 -1 .440038 -1.415479 -0.960013 

Goldmarker 2.238439 -0.109651 -0. 296106 0.758946 

000-72 - 1.546525 1.167700 -0 . 305664 - 0 .438847 

6487 0 . 620268 1 .309000 1.907535 -1 .404334 

124-72 - 0 .708368 0 . 090158 0 .51 901+2 -1 . 066428 

Ark Royal - 1. 392979 -1.490585 0.821893 0.791760 

Magnum 1 .050445 -1.70031 1 0~681341 -1 . 075933 

Kaniere - 0 . 3'17 304 0.2701 19 0.7561?6 1. 691872 
~ 

Hassan -0.017819 0.310717 0. l 7Lt60 3 -0.480Lt56 

Mata -0 .31 8418 - 0.591704 0.925651 ·1 . 008843 

Zephyr 0. Li- 1 1 224 1.111748 -1 . 0265 12 -0.460601 
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Interpretation of either the unrotated or r otated- components 

in terms o f site information again pro ved difficult with no 

obvious trend being evident. 

There was some correspondence between this data set and that 

for 13 seno types , e . g . the importance of Takapau for the second. 

component. 

The g r aph of the unrotated genotype scores did not co r respond 

very well with the clusters produced by cluster analysis . Neptune , 

Goldmarker and Magnum again appear to be apar t from the other 

genotypes when mapped on the f i r st two compone nts . 

For the varimax rotated components 000- 72 also appears to 

be distinctly apart.. Thi s agrees v:el l ,ni th th1; rcsul ts fo und 

for th e previous dnta set . 
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(iii) Wheat 

The results of this Principal Component Analysis are 

presented in Tables 3.610, 3.611 and 3.61 2. - unrotated and 

Tables 3.613, 3.614 - vari max rotated. 

The determinant of the correlation matrix was 0.0000149 

Bartlett 's Chi-Square tes t indicated that there were four 

significant components (Table 3.610)e 

The first two components together accounted for 77% of 

the total variation and since this met with the previously 

stated criterion these two alone a r e 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 positi ve cc rrelation between all the environments and 

the first component ~ ~ith tho exceptions of Tiko~i~o 1978 

and Aorangi 1973 the correlations ~ere all very high . 

After the varimax rotation the impo rtance of Tikokino 

1978 and Aorangi 1978 were lessened further and Hal cornbe 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 Eigenvalue % of Variation Cumulative % 
') 

' <... 

4 . 97521 * 62. 2 62.2 40 . 81 

__ __ f _______ 1~1§2§§_~--------l~~2 ___________ 72~1 __ ____ ~1 ~21 
3 0 . 9 194 1 * 11 • 5 88. 6 21 • 18 

4 0. 40300 •· 5 . 0 9.3 . 6 12 . 64 

5 0.27659 3 .5 97 .o 5 . j9 

6 0 . 20211 2. 5 99.6 

7 0 . 02995 0 Li. . . 99 . 9 

8 0 . 00407 0.1 100 . 0 

*=significance according to Bartlett 1 s Chi-~quare Test. 
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·.!heat 

Table 3.611 Factor Structure Matrix 

COm£onent Component 2. 

Halcom be '77 O. 90259 - 0 . 22979 

Aorangi '77 0.82313 - 0 . 3377 1 

Kairanga '77 0 . 83696 - 0 .36672 

Tikokino 1 77 0. 8970 1 0 . 12425 

Halcom be 1 78 0.89523 - 0 .01 1 21 

Aorangi ' 78 0.,55949 0.15407 

Kairanga ' 78 O. ,3391+5 0. 30824 

Tikokino '78 0 .. 39841 0 . 86834 
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Table 3.612 Factor Scores 

Component 1 Component 2 

61 , 01 0 . 199834 - 0.260904 

300-301 1.3412'13 -1 . 021764 

Oro ua - 0.457483 o. 123452 

293- 201 0.044-245 1.501390 

Patak.a - 0 . 229436 0 . 29 7590 

Gamenya -1'" 659441 10107329 

Rongo te a 0.085331 - 0 . 84 1602 

61 ,06 - 1. 244292 - 1 • 5c28020 

Karamu/9 1.570204 1.041631 

30 1-302 0 .. 349765 -0.419102 
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Table 2. 6lj Wheat: PrinciEal ComEonent Analisis 

Varimax Rotated Facto r Matrix 

Com12onent ComEonent 2 

Halcombe '77 0.8 1671+ 0.35898 

Aorangi ' 77 0.41575 0. 21264 

Kairanga ' 77 o. 73592 0.09073 

Tikokino ,77 o.67643 0 .. 04671 

Hal combe 1 78 0.88811+ O. 2Lf063 

Aorangi 1 78 O. 18035 O. 9.5645 

Kairanga 1 78 0 • 361 L1-L+ 0.60034 

Tikokino 1 78 0.09252 0.09376 
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Table 3.614 Fa ctor Sc o r es on Ro t ated Factors: ::bea t 

Com:eo nen t 1 ComEone nt 2 

61, 01 0. 071 915 o . 655779 

300-301 1 • 694268 o . 662596 

Or oua -0 . 963256 0. 960352 

293,201 0. 240765 1 • 282884 

Pa taka -1. 104 026 0 . 691903 

Gamenya - 1. 245826 - 1 • L/.'/ 1524 

Rongotea - 0 . 806364 - 0.0274 19 

61 ,06 0 . 395104 - 'J . 262456 

Kar amu/9 1., 06655<:i - 0 . 421258 

30 1-302 o . 650862 - 1 . 070857 
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Figure 3, 66 Genotvpic Sca r ce fo r Components 1 and 2 fo r Wheat Genotypes - Var imax Rotated 
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Figure 3. 65 is a graph of the geno typic s core s for the 

unrotated components 1 and 2. The clus t er s fo r med by cluster 

analysis a re marked on t h e gr aph and fo r this set o f data the r e 

is a marked agre ement between t he genotypes positi ons and t he 

cluster membe r s hips . The s e par ati on of t he cluster s is a l ong 

the axis o f the fir s t component with the high yiel ding 

cultivars scoring positively and t he low yielding c ul tivar s 

negatively. With the exception of cultiva r 293- 201 none of the 

middle clust er score very hi ghl y on e ither componen t . 

Fi gure 3. 66 i s the gr aph of t he ge notypic scor es on the 

varima x r o t a t ed compo nent s . The c ultivar Gamenya had no t abl y 

high negative s cor 0s for bo th compone nts 1 and 2 a nd i s separ a t e 

from t he other cultivar s . Cul t ivar 300- 30 1 is also rat he r 

r emo ved from t he e ther s . 

I t i s of inter es t t o note t ha t TiKokino 1978 and Aorangi 

1978 wer e t he leas t impor tant environments for the c l uste r ing 

a nalysi s wi t h t he r emaini ng enviro nments al l being dominant . 

Thi s corresponds closely with the correlations of t he environments 

with compone n t 1, bo th unr otated a nd ro t ated . 

Based on the unrotated anal ysis the firs t 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 t o Standard Cultivars 

(i) Bar l ey ; 13 g eno types 

The s t andard cultivar for barley in New Zealand is Zephyr 

(Malc olm , 1978) . The r esults of the ratios for thA other 

c ul t i vars wi t h Zephyr are presented in Tabl e 3 . 71 . The number 

o f t imes ( o ut of a possi ble 17) that each cultivar was signi f icant­

l y higher or l ower tha n Zephyr is also given . All of the cul t i vars 

be tte r ed Zephyr i n some envi ronments bu t Geo r gie , Goldmarker , 

648 1 and Magnum did so most no t ably , In the cluster analysis 

on means ( sectio n 3. 5) Gol dma r ke r and Magnum formed a clu3ter 

whi ch had generally s i gni f icantly higher means fo r each 

environment . Geo r gie and 6487 al so formed a cl uster by 

th8rnsel ves, in t hat analysis so there is some degr ee of agr ee-

ment be t ween the tvo analyses , The highest a verage ratio to 

Zephyr [ ;i · ·) was produced by Goldmarker, t he lowest by Koreke . 
s • • 

( ii ) bar ley: 14 genotypes 

Again Zephyr was t he standard cultivar used for this analysis . 

The r esul ts are pr esented in Table 3,72. 

Georgi e and Gol dmarker we r e signi fi cantly hi ghe r than Zephyr 

in 9 out of 11 environment s , Neptune and 000- 72 wer e significant­

l y lower t han Zephyr in relatively l a rge numbers of environments . 

Go l dmarker again had th e highest average ratio t o Zephyr . 

No cor respondence could be seen in the se r esul ts and 

g r oupings fo rmed by t he other analyses. 

' 
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Table 3. 71 Ratio to Standard Cultivar (Zephyr) 15 Genotypes 

Georgie 

Koreke 

Jupiter 
Neptune 

Gold.marker 

000- 72 

6487 

124-72 

Ark Royal 

Magnum 

Kaniere 

Mata 
Zephyr 

Average ratio 
to Zephyr* 

1.096 

0 . 978 

1 . 008 

0 . 997 

1 • 123 

0 . 997 

1 . 096 

1.006 

1 . 034 

1 . 083 

1 . 074 

1 . 050 

1.000 

* for 17 trials . 

No . times No. times 
signif. higher signif . lower 

than Zephyr (5%) than Zephyr (5%) 

12 0 

4 4 

5 5 
5 8 

1.3 2 

5 6 
10 2 

7 4 
8 4 

1 1 3 
9 2 

7 2 

' 

Rank 

2 

1 1 

8 

13 
1 

12 

.5 
9 
7 

4 
5 
6 

10 
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Table 3.72 Ratio to Standard Cultivar (Zephyr) 14 Barley Genotypes 

Georgie 

Koreke 

Jupiter 
Neptune 

Goldmarker 

000-72 

6487 

124-72 

Ark Ro yal 
Magnum 
Kaniere 

Hassan 

Mata 
Zephyr 

Average ratio 
to Zephyr* 

1. 104 

0 . 970 

1.018 

1 . 005 

1 • 1 23 
1.015 

1 • 107 

1 .023 

1. 032 

1 .073 

1 . 079 

1 .058 

1 .04.7 

1 .ooo 

* for 1 1 trials. 

No. times No . times Rank 
signif. higher signif. lower 

than Zephyr (5%) than Zephyr (5%) 

9 0 3 
3 3 14 
4 3 10 

4 5 12 

9 

4 7 1 l :; 

7 2 2 

6 3 9 
7 ') 8 L_ 

7 2 8 

6 2 4 
6 6 
7 3 7 

i j 
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( iii) Wheat 

Kar a.mu was the standard cultivar used for this analysis 

(Mit chel and Cross, 1979b) . The results are presented in 

Table 3.73. Only the cultivar s 300-301 and 293- 201 achie ved 

yields significantly higher than Karamu and that was only in 

one environment each. 

This illustrates the s uperior yielding ability of Karamu . 

The lowest average rati.o to Karamu wa.s that of Gc:,mcnya . 
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Tabl e 3.73 Ratio t o Standard Cultivar ( Karamu) Wheat 

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

lower Karamu 

61 , 0 1 0 . 906 0 
( 5%) 
6 5 

300- 30 1 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 5 Lf-

61 ,06 0.825 0 8 9 
_501-302 0.920 0 5 3 
Karamu 1.000 

* 8 trials. 



157. 

Chapter 4 General Discussion 

4 . 1 Analysis of Variance 

The application of Analysis of Vari a nce to trial data is a 

necessary initial step to further detailed studieso The 

importance of this analysis has been illustrated in this study. 

The analysis provided an indication of the presence and magni tude 

of any interactions present and the necessity of further analyses 

can be based on this. 

There were two indications that not all the assump ti ons 

underlying Analysis of Variance were satis fied. Firstly all three 
pooled Anova's had heterogeneity of error variances which means 
that when te sting for significant differences between 

environments th e use of the pooled error term may cause bias. 

For the other significance tests the pooled error term is still 

a valid basis (C ochran, 1947)A Secondly , the reGression of ef fect s 

for the wheat data indi cated that f or two eenotypes there wa s a 

linear relation ship between the c:dT 's and the AT ' s suggesting 
non-independence of effects. 

The analysis of the wheat data showed that th e genotype x 
years compone n t was larger than the genotype x lo cations 

c ompo nent. This is commonly found ( Simmonds, 1979) and 

emphasizes the nec essity for testing cultivars ove r seasons. 

4.2 Stability Parameters 

The parameters of Wricke, Hanson and Eberhart and Russell 

have been termed stability parame ters 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 

(S2di) are perhaps the most commonly used while Hansons is 
relatively untried. 
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All three are based on different concepts of stabilityo 
Hanson 1 s defines a stability space whe re 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 s2di me asures the deviations from a linear trend 

over environments . 

Despite this there was a certain degree of consistency found 

in the genotypic r ankings for these parameters, indicating that 

they were all successfully detecting consistency of yield in a 

cultivar. 

2 Ecovalences and S d. are both off-shoots from othe r analyses , 
l 

Anova and r egression respectively and as such do not require 

large amounts of computation time and extra expertise . In 

comparison Hanson's parameter requires a more L-Ornplex analysis 

and the conce pt on which it~ 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 the advantage of ease o f interprctability and 

relati ve ease of compu ta tiou. 

The major criticism of them is that they do not describe the 

pattern of r esponse 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 , 197'1). 

4.3 Ratio to a Standard Cultivar 

This method of analysis also 

genotype. The average ratio 

involves a comparison of the 

produces a single statistic for each 

to a standard cultivar x. 
l • • 

ai effects. ~ 
S • • 

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 thi s ratio follow closely those for the mean 
yields, as would be expected. 

'· 
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The recording of the number of t imes a cultivar ' s pe rformance 

exceeds a standard ' s pe rformance may be o f value to give a general 

idea of performance but the performance of a standard must 

influence these r esult s as is illustrated by using Ka ramu for 
wheat where it is rarely exceeded and Zephyr for barley where it 

o t'ten is . 

4. 4 Regression Analysis - Finlay and \iilkinson 

The linear Regression Analysis, as Finlay and Wi lkinson desc ribed 

it, gives an indication of the f orm o f a genotype ' s response , and 
in addition some idea of stability as judged by the regression 

slope 3 1 • If the Eberhart and Russell p~ramete r s2cti is 

considered as part of the r egr ession analysis t hen a further 

indication of stability is provided . In this sense stQbility 
refer s t o the degree of variation about the linear trend . This 

analysis has proven to be verJ useful rnd hi-ls been widely appJ.ied. 

to many different crops . 

Jt has been no .ert previously that the use of the· • • ~,. t G as 
an environmental index cauces statisti.caJ probJerns in Lhe 

regression an~lysic (Freeman and PerKins, 1971) . Several studies 
have been done comparing an3iyses using in~8pcndent ~nvi r onmental 

mGasures with tho:.,e u.sing the x · · , . The general conclusion to 
"· s . 

be drawn from the se 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 t hat the re 

is a conflict between what t he analysi s sets out to show and an 
assumption underlying the expe r imental model . In order to 

successfully compar e genotypic performances , significant differences 

f r om 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 
fo r a linear model . 

The regression appr oach may still be a useful one , however , as 

long as an alter native environmental index is used . One promising 
possibility for this is to create such an index by estimating a 
Pr incipal Component Analysis on a set of environmental variables 
e . g . climatic measurements, soil . This has been s ucc essfully 

done by Suzuki and Abe ( 1975) and Nor and Cady (1979) . 
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Othe r cri t icisms have centred on the lack of linear ity of 
the da t a o r t he fai lure to explain an adequate percentage of the 

G x E s ums of squares . This study found a strong linear 
r elati onship between the variables so on this basis the analysis 

was s uccessfully applied to these sets of date. 

One factor i n the wide application of regression analysis to 

G x E s t udies is the r elatively easy computation involved and 
the r eady availability of computer programs to de such an analysis . 

Statistical tests are associated with t he analysis whicn allow 

objective dec i sions to be made concerning linearity, deviations 

from 1 • 0 , et c • 

The conceptual basis on which it stands of finding the linear 
relationship between a genotypes pe rformance and an environmental 
index is one which is readily inter~rcteJ . It would te statistically 

more acceptabJe however if buc h an index was ~P ind epcnda11t one 

and not the~ , as sugcested by Finlal and ~i lkinson . 
• • r~ S 

4. 5 Reeressior: Analysis - hrfects 

The regression of effects from a linear model ~culd th0ore~ically 

shov, that no linear relation ·hip existed bct·.:ecn U!em . 

This was largely borne out by tr.is study .,hE:re 01:ly in t·,:o 

exceptional cases was any trend shown to exist . 

Since such a negc1ti ve conclusi.on is of no V,:llue Lo tile 
interpretation of genotype x environment interactions this analysis 

is of no practical u se fo r this purpose . It may be used to check 
for i ndependence o f effects if t his is desired . 

4. 6 Pat t ern Analysis 

The advant ages o f u s ing Cluster Analysis and Principal Component 
Analysi s t o inter pr e t Geno type x envir onmen t inter ac t ions have 

been listed by Eisemann et al . (1 977a ) as follows :-

1. Comparisons of response patterns a r e simplified thr ough data 
r eduction. 

2 . No a priori f or m o f the r esponse pattern is assumed , as is 
the case with linear regression. 

' 
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3. Summarisati on of the degrees of similarity among genotype s 
in their r esponse patterns, i s produced . 

4. The contras ting of different r esponse patterns }Crmits 

identification of specific r esponse differences . 

5. Environments giving ri se to specific contrasts in response 

patterns can be identified . 

6. Di ff e rence s i n r esponse pat t e r ns can be r elated to genetic 

backgrounds and environmental differences . 

?. ln general enaules the formulation of hypotheses about 
geno typic adaptation , G x E i~tcractions and diffe rences 
in environmental factors . 

These autho r s have stressed the importance they place on point 2 

in several papers ( Eisemann et aL, 1977t; Byth et aL, 197(; 
Mungomery et a~, 1974) . They have evldently encountered data 
wher e the linear r eL;:J.tion"'r,ip o f the da t a ":as not strong al though 

they do not publish details of this . Eoweve r us they state 
themselves a basic assumption underly~ng cluster analysis is that 

there are discontinuities in ~he ~at~ . The succes~ful applica~i0n 
of this al'laly sis must there fore de pen i on thi G <;~ nd if there 3.re 
r.o such divisio1,s :;:resent cluGtcr an-1lysir; may misrerreserit 3.1~y 

t r ends thc..1.t ::1re there. The v.::-,ric'Jnce b:-:i.sj.s of \1nrds Jncrernen tal 

Sum of Squares method is the best strAtegy fr0~ this point of view 

as it is not conce rned with distances between gr oups or indivi duals 

but with variance partitioning . 

Cluster Analysis produc es groups o f similarly responding 
geno types 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 Analysis 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 bu t the important aspect of such groups is that they may 

suggest new hypotheses about genotypi c adaptation and envi ronmental 

influences. 

To be successful in this respect the clusters have to be fur the r 

assessed in light of backgro und knowledge such as environmental 

variables, previous s t ability r ankings ( as in this study), regres sio n 

results and genotypic backgrounds. 'l'his need for further analyses 

to aid i nte r pretation can be seen as a disadvantage of Pat tern 

Analysis techniques. The simplicity of interpreting the analysis 

in terms of genotype adaptability and stability is not possible as 

it was with t he ear l i er analyses . The possibility of using 

rotation to aid interpretation of Principal Components is an 

ad vantage of this analysis over Clustering. 

An additional disadvantage of Cluster Analysis is that 

several s ubjective de cisions are needed in its applicution o 

Choice of dist ance measures, strategies and truncation points are 

made on the basis of previous experience and knowledge about the 

data set. The solution o f a Pr incipal Componen t Analysis is 

unique and no de cisions have to be made on a purely subjective 

1<asi s. 

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 desi r able. 

4.7 Barley Data Sets 

The Pooled Analysis or Variance indicated that highly significant 

genotype x loc a tion occurred for both sets of barley data . The 

trials sties for both sets covered a wide geographical range and 

included all the majo r Barley growing a reas of Hew Zealand . 

The presence of s uc h int e ractions is therefore an important 

aspect to be considered for Barley Cultivar evaluations o 

The pr esence of significant location components tends to 

suggest that growing trials over this range of environments is 

j us tified. Signific ant genotypic ·oriation apparently exiE",ted 

within this sample of genotypes . 

A comparison of three di f feron t stablli ty parameters revealed 

th a t similar rankings were produced by each one. In particulnr 

genotypes showing a high leve l of variability over environments 

had very consistent rankings for th coe me t h,Hls . 

It could be seen that examination of cultivar mean yield over 

environments and mean ratios to a standard cultivar did not supply 

all the informa tion 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; several genotypes 
y•x 

were found to have slopes significantly different 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 

8 - 1 were found. 
l s 

The regression of th e aniK effects on to the nK ' s was not 

successful fo r the Barley data as no linear relationship w1s 

present . This was as expected illustrating the lack of practic al 

use for this type of regression. 

The Cluster Analysis allov1ed examination of two diffe r ent 

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 (x-l. ) is an examination of the gene ral pattern 
• K 

of response for each genotype . Clustering aniK e ffects 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 bet~een the means cluster analysis and 

the effects cluster analysis. There were several pairs of 

genotypes whi ch 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 consider ation 

o f relatively large numbers of components. 

The interpretation of the components and genotypic scores 

in s uch cases wo uld therefore be expected to be difficult. 

In additi on r elating any of the components to specific 

combinations of external factors such as geographic position 

climat~ data and soil t ypes was not successful . 

The fact that many small components had to be ext r a cted may 

indicate that there was no simple influence underlying the 

patte rn of the data (Wi.lliams, 1976). He discusses such sj_ tuations 

and suggests two possible cau ses . 

1. When the variances of the original measurements are 

approximately e qual and th e measurements ar e onl y very 

weakly correlated . In such a case no really effic ient 

reduction of the space is possible. 

') 
L e The correlations between the original measurements may be 

strongly curvilinear in which case the Principal Component 

Analysis ls "help1ess" because it takes out the best straight 

lines. 

An examination of th e 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. 
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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 f irst two component scores, must be lessened 

when so little of t he total variance is ac counted for. 

Gene r ally similar results for the two sets of barl ey data 

were produced for all the analyses . Hassan ( the additional 

ge notyp e for the 14 genotype set) proved to be a cultivar of 

note as it r anked highly on the stability parameters and had 

a regression slope steeper than 1~0. Its mean yield ranked in 

the middle o f this sample of genotypes. 

The correlation coefficient between mean yield and B1 was 

0.46 ( 13 genotypes) and 0.52 (14 genotypes) indicating that 

independent manipulation of these may be possi::ile . 

4. 8 Wheat Data 

The pooled analysis of variance over sites and years indicated 

that there was a significant genotype x years interaction but 

none for genotype x locations . A significant years component 

emphasize d the importance of testing over seasons whereas the non­

significant locations component meant that perhaps the use of 

se veral trial sites in the lower North Island was not necessary to 

ascertain genotypic performance there. Similar results were 

found by Mitchel and Cross (1 977) 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 (Kar a~u) and the s t abl e 

(Gamenya ) could r e adi ly be i denti f ied as such . 

A strong linear r elat i ons hip was apparent in the Finl ay 3nc 

Wilkinso n r egr ession so the r e was no question of invalidity of . 

t his analysis from t his point of vie".' . Sar11&nya had a highly 

signi fica~t f l at slope whi ch by Finlay and nilkinson ' s de f inition 

meant t hat it is a stable cul tivar . This r esul~ corresponded well 
.• 

with t he stabili ty par ame ters rankings . Cultivars 300 - 30 1, _301 - 302 

and Rongotea had significantly steep slopes . 

Two geno t ypes showed a linear relationship when t he ef f ects 

r egr ession was appl ied in die a ting lJ.O n- independcnce of eff ec t s -

The cluster analysi s o f means gave somn intcrestlng results . 

Thr ee cluste r s we r e formed with one having consistently hi gher 

means and one having consistently lower . Apparently most o f the 

sites x years combinations we r e impor t ant for the cluster formation . 

Clustering on e ffects showed some correspondence with that on 

means . 

The Principal Component Analysis was found Lo be e f fective in 

de ter mining t he patter n for this data set . Because the first two 

components accounted for a lar ge pr oportion of the total var iance , 

interpr e t a t ion o f th ese done could ident i fy the major sources of 

influence i . e . which si t es x year combinations were impor tant. 

In addition the scores o f the genotypes on these t wo 

components produced a pattern corresponding closely t o that of 

clustering i . e . both analyses suggested that the whe a t 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 seasonal or sites effect . 

The varimax rotation did not aid in the interpretation or 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 give n to 

the fi rs t and second components (Perkins, 1971; Cooley and Lohnes , 

1971) • 

'rhere was close correspo!idence between th e dominant/dormant 

environrnentE in Cluster Analysis on Means and the unrotatcd facLor 

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). 

4.9 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 standards at any one test site K 

c an be expresse d as the following. 

= 
µ + a 1 + n k + an 1 K 

µ+a + nK + an 
S SK 

Such a comparison can be seen to involve the a 11 . effects as 
lK 

well as the ai· •s• Since at each sile the an for the standard 
SK 

may be different and is unknown the compari son by this ratio is 

not merely a simple ratio of genotypic performances i . e. Cl. ' • l s 

Some assessment of a cultivar 1 s stability or degree of 

variability, by whatever definition, may be valuable information 

for judging a cul ti var' s worth. By such analyses it could be 

inferred that cultivars Goldmar ker and Magnum were relatively 

un stable and that their response patterns singled th em out fr om 

the others in th e analyses. Koreke , Kaniere and Hassan appeared 

to be relatively stable across environments . 

The adaptation trends described by Finlay and Wilkinson 

regre ssion suggests that Hassan and Georgie changed to a greater 

extent than average with changing environments and that Koreke 

and Mata changed to a lesser extent than average. 

The standard cultivar Zephyr ranked poorly for eco valences 

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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4.10 Wheat Culti var Assessments 

When the comparison of new cultivars occurs over seasons as well 

as over location s furthe r interaction effec t s a r e involved in means 

r atios , as follows: -

For the wheat data tested here the aAT. 9. and the aA . 
lK , lr: 

components we r e not significant . However the rrTi~ components 

we r e and would therefore be confaunded wit 1 cri ~n any ratio 

comparison with the standard . 

The adaptation analyses appl ied in this study faund that 

there .ve re three dis tine t grc ups wl Lhln this ::-;et of wheat cul ti vors ; 

1 . Karamu/9 and 300-301 had high mean yields bnd r &nked 

poorly for stability . 

2 . Gamcnya and 61 , 06 had low mean yields and ranked highly fo r 

stability. 

3. The remaining six cultivar s were grouped together and we r e 

apparently not extreme for either pro perty . 

These trends in cultivar performance are similar to those 

suggested by Finlay and Wilkinson (19 63) (refer to figure 1.1). 

Previous published work, Mitchel and Cro ss ( 1977) had alSJ found 

that Karamu/9 was unstable for yield. 
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Conclusions 

1. The pooled Analysis of Variance showed thal significant 

genotype-location interactions were present in the barley 

dat a , and that signi ficant genotype- year lnteractions were 

in the wheat data . 

2 . The thre e paraJne ters measuring llJ.0 cte15ree of genotypic 

variability over environments agreed reasonably well for 

cultivar rankings. They were useful for the int e r pretation 

of Cluste r analysis and Principal c~~ponent analysis . 

3 a Lack of linearity found by other ~orkers for Finlay and 

Wilkinson regression was not evident here. Some distinc tion 

bet~een cultivars for their regression slopes could be made . 

A conceptual conflict ~as seen to exist in the use of a non­

independent environmental index . The use of an independent 

index perhaps produc8d by Princip~l Component Analysis of 

envi r onmental va ri ables was suegested. 

4. A comparison of eight different cluEtering strategies pr oduced 

resul ts i n agreement with other authors . 

Wards Incremental Sums of Squares method produced clusters 

whi ch 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. 

5. The Pri.ncipal Component Analysis was effectively applied to 

the wheat data where the first two components accounted for 

77% of the total variation. For the barley dat a large 
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numbers of conponents were needed to account for a 

satisfactory amount of the total variation making interpretatior 

difficu lt . Varimax rotation was not of great value in 

interpretation of the compone nts. 

6. There was generally close corre sponden ce between the t wo 

sets of barley data. The fourteenth cultivar Hassan could 

be distinguished as having above average adaptation but 

also had little variability over environments a s me asured by 

the stability :parameters. Other notable genotypes -

Go ldmarker and Magnum wi. th relati ve instability we re also 

singled out by the Pattern Analysis. 

7. Both cluster analysis and principal component analysis 

suggested that tha wheat cultivars fell into three groups. 

Those with high mean yi elds and relative instability, those with 

low mean yields and high stability and the remainder which 

we re not extreme for either property. 

8 . It was felt that alth~ugh all of the analyses studied had 

• 

some problems they all produced information of value for 

genotype-environment interaction interpretation. Thei r r oles 

were in general complementary to each other. The choice of 

analysis depends largely on facilities and expertise available 

and t he purpose fo r which the results are needed • 

'· 
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Appendix 1 

Principal Component Analysis Barley lj Genotypes 
with 12 Environments 

Component 

2 

3 
4 
5 
6 
7 
8 

9 
10 
1 1 

12 

Eigenvalue 

4. 249 19 
2. 14824 
1053529 
1.43941 
0. 98739 
0.79423 
0.31 644 
0. 24235 
0 .17353 
0 .08021 
0. 02818 
0. 00551+ 

Factor Matrix 

Gore 
Fai rview 
Outram 
Takapau 
Bulls 
Win field 
Leeston MAF 
Incholme 

Mitcham 

Kirwee 
Leeston CRD 
Dunsandel 

Componen_t 

0 .76499 
0.70506 
0 . ·1391 1 

-0.00622 
o. 80508 
0. 80883 
O. 16803 
0. 34178 
0.57557 
0.78421 

-0.34565 
0.79644 

% of Variation Cumulative % 

35.4 
17 .. 9 

12. 8 
- 12. 0 

8.2 
6.6 

0.2 
o.o 

.35.4 
53 . 3 
66 . 1 

78. 1 

86 .. 3 
92 . 9 
95.6 
97 . 6 
99 . 1 

99 . 7 
100 e0 

100 .0 

Cor.rnonent ,'2 

-0. 29920 
c2~ponent ~ Component 4 

-0. 25 1 ~ 6 
·-o. 50758 

0.85945 
- Ou 171+53 
-0.14699 
0.57835 

-0.03100 
0.63068 
0.44422 
0 . 12787 

-0.01536 

0 . 23686 - 0 . 2556 1 
-0. 48635 0 .1 7694 
0.26524 
0 .38939 
0.1 1464 
o. 12535 

-0.38587 
0.25553 

-0.29396 
0.24298 
o.77058 
o. 19595 

0.42853 
- 0.06226 
- 0. 35873 
- 0 .34920 

0 .161 88 

o.s3219 
0.19927 

-o. 14842 
0.02289 
0.35159 
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Factor Scores 1 3 • Barley GenotyEes 12 Environments 

Com12onent 1 Com12.2nen t 2 Com:12o nent 3 Com12onent 4 
Georgi e 0 , 918832 0,5472 15 1 • 24.3080 - 0 .1+54754 
Ko r eke -0,505563 0 , 418056 -0 ~ 26 1291 - 0 . 155138 
Jupiter - 0 , 526688 0.394133 -1 • 4344 1 -0 . 13 1581 
Ne ptune -0. 616365 - 1.919559 -0. 1229 59 - 0 . 773292 
Goldmarker 1. 9 51928 - 0 . 298751 -1 ,035963 - 0 . 883138 
000- 72 -2.0 10095 - 0 . 1 13032 1.49453 - 0 . 529705 

6487 I. 163323 0,330468 1. 577013 O. 74-5033 
124- 72 -0 , 214715 0.558367 0 . 53831 6 0 . 219806 

Ark Royal - J .,594847 -0.739343 -1. 137822 2. 019230 
Magnum o.721374 -1. 91425i 0 8 3851+09 0 .1577Lf7 
Kaniere J ,,138296 0.810656 - 0 .o 133.55 1. 736576 
Zephyr - J .28003 1 0,494 106 - 0 .495336 -1 ,459789 
Mata -0 . 1454-50 1, 43 1935 - 0 .7341 05 -0 .490994 
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Genotypes 
1 • 
2 . 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
1 1 • 
12. 
1}. 

Georgie 
Ko reke 
Jupiter 
Neptune 
Gold.marker 

000-72 
6487 

124-72 
Ark Royal 
Magnum 
Kaniere 
Zephyr 
Mata 

, 
/ 



176. 
A.EJ2endL<: 2 

Correlati on Coefficients for 13 Barley Genotypes: 17 En vj_ronmen ts 

Gore Pleasant Fair view Ou tram Ta1':.apau Bulls Marton Winfield Leeston MAF Milton Incholme 
Point 

Go re 1.000 
Pleasant - 0. 2029 1 . 0000 
Point 

Fairview 0.4502 - 0.0361 1 . 0000 
Outram 0 .3241 0.0063 o . 0·732 i . 0000 
Takapau - 0.0886 -0.2456 -0. 4859 - 0 . H307 1 .0000 
Bulls o.6744 -0.1541 0.4851 0 . 0199 -0.0881 l .0000 
Mar ton O • 1 30 7 -0 • 1 6 4 3 O ~ 1427 -0.1454 0 .3226 0.4799 1 . 0000 
Winfield 0.7431 - 0.3794 0 .5397 C • 0 56 1 - 0 • 1 1 1 1 0.7382 0 . 3109 i . 0000 
Leeston MAF -0.1049 0. 1034 0 .31 84 - o. 1884 · 0 . _5263 - 0 .1 290 0.0393 0 . 1215 1 .0000 
Milton -0.2356 0.0355 - 0 .3099 - 0 . 1489 0 . 3990 - 0 .581 1 0 . 0692 -0.2819 0 . 3783 1 .0000 

Incholme 0.0463 O. 1896 0 .3498 0.2947 - 0.0520 0 .0431 Oa5340 0 . 0609 0.0409 0 . 0462 1 . 0000 

Mithcham 0.1518 - 0.4514 0 .3093 - 0 . 1909 O. 4-469 0 . 2530 0 .492 1 O. i 620 0 . 3970 0 . 0581 0 . 22 11 

Methven 0 . 4187 0 .0367 0.7763 o. 10.36 -0.4403 0 o L~ 5 7 8 0 • 20 1 8 0 . 6640 o. 2707 - 0 .062 1 0.3762 
Kirwee 0 . 5144 -0.5546 0 .351 9 - 0 . 1080 0 . L~648 0. 6 121 0 .5790 0 . 6580 0. 2057 - 0 . 2053 0 . 224 1 

Lincoln 0.3502 - 0.1253 0.5861 0 . 1552 - 0 . 2535 0 . 4383 0 . 4097 0 . 4902 0 . 2546 -0. 26 13 O . 2058 

Leeston CRD -0.1666 0 . 3180 - 0 . 4657 - 0 . 0807 0 . 2840 - 0 . 2263 0 . 0833 - 0.1033 - 0 . 0653 0 .1 219 0 .1 812 

Dunsande.l 0.5601 -0.0488 0 . 4186 0 . 2354 0 . 0196 0.5783 0 .4615 0 .4897 0 . 0 115 - 0 .3479 0.5724 
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Mitcham Methven Kirwee Lincoln Leeston CRD Dunsandel 

Gore 
Pleasant 
Point 
Fairview 

Outram 
Takapau 
Bulls 
Marton 
Winfield 
Leeston MAF 
Milton 
Incholme 
Mitcham 
Methven 
Kirwee 

Lincoln 

1 .0000 

0 . 0389 1. 0000 
o . 6354 0.2009 
0 . 1842 0.3463 

Leeston CRD - 0.4892 -0.2150 
Dunsandra]. 0 . 5285 0.4123 

1 .0000 
0.3941 

-0.0241 
0.5198 

1 . 0000 
- 0 . 0676 1 . 0000 

0.1885 -0.1748 1 . 0000 

/ 



~, 

178. 

A£Eendix 2 

Correlation Coefficients for 14 Barley Geno types: 11 Environments 

Gore Pleasant Fairview Outram Takapau Bull s Marton Winfield Leeston Milton Incholme 
Point 

Gore 1 .0000 
Pleasant 
Point - 0.2028 1 . 0000 

Fairview 0.4262 - 0.0358 1.0000 

Outram 0 . 3211 0.0064 0.0739 1 . 0000 

Takapau -0 . 0871 - 0 . 2457 -0.4863 - 0 . 181 0 1 . 0000 
Bulls 0 . 6713 - 0. 1540 0.4852 00 0202 -0. 0883 1 .0000 

Marton 0. 1097 -0. 1586 O. 1462 - 0.1362 O.j109 0.4706 1 .0000 

Winfield 0 . 7349 - 0 . 3783 0 . 5405 0 . 05'75 - 0. 1 1 19 0 .7376 0 . 3159 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 . 14 19 0 . 3894 -0.5689 O. 1069 - 0 . 2658 0.3164 1. 0000 

Incholme 0.0601 O. 1848 0 . 3374 0 . 2847 - 0.0481 0.0399 0.4693 0 . 0485 0 . 0849 0 .01 01 1 . 0000 
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NUMBrR OF PROGBAM SEGME NTS a 5, NUMBER 1or OJSK SEG MENTS= 16, 
PROGRAM CODE FILE= CAG0938CULLEN)C ODuN PA NS Y ON PACK, 
C QM P T LE.fL..C O M P I L_E Q_ 0 i\J 1 0 / 3 1 / 7 8 C F O RT R AN UN P ~ C K ) • 

.. 

START OF fi§~~NT 003 

START Of SEGMENT 00~ 
SEGM£NT 005 IS 0011 LONG 
SEGMENT 003 IS 0015 LONG 

STORAGE REQUIREMENT• 21159 wu Ros. 

~ 

'-J 
CD 



LIST SYM80LIPRELIM/TNO - ------
OATl ·OJ/02/81 TIM~ IS 1Sl ~7 

SYS)LMIDUMPALL VERSION 3e0e140 
LASlRECORO • 
MAXRECSilElN • 
*** EtiCDlC *** 

176 
14 BLOCKSllEIN = 

0NlTS•'1iuR0S 
'i 21.1 

1 C PROGRAM PANSY 001uoooo 
2 C PUOLEO ANuVA FOR ~ITE~/YEAHS MOOE~ 00200000 
,- C - 00 300000 

4 C ************************* *********************** *****************•004UOUUO 
~ C OOSUOOOO 
6 C ADAPTED BY CAijQL ~ULLlN 00600000 

- 1- C" - 007UOOOO 
8 C fROM YLGBa•PRUGRA MMlR~ r•J • TAYLOR , ReEISlMANN , ~ •SH URTEn ,l• Ul L~CY• 008U0000 
~ C UN1VERS1TT ur QUELNSLA Nu . . 00900000 

l .lJ~ (; ******•*************** • ** ** * * * * ** * • *** ** ** *** * ** ** ** * * *** • • ** **** •O 1 OOOUUO 
11 C - - 01 100000 
12 C PANSY CAR RIES OUT A P~ULEU ANALYS1S OF VAKlANCE ANO A REGHt~S!ON 01200000 
It s ANAL.Ys1s. 8tte8888 

---........ - - C VARIOUS S1 A.STL.ITY PARAME."T£kS ARE fROOUClD AND A TABLt Of Mt.At1~ 01500000 
C IS PRINTEU UUT• 01600000 

24 
~~ 

!l 
28 
29 
JO n 
l, 
JJ 

4 
s 

J6 
J7 
la 

C . . 017UOUOO 
C _ 0 U..T PU T f l L. E ~ "lL OU T tt ! S f OR TH E A N AL Y S I S ; " GR U UP " I S .I. H E M A T R ! X O 1 8 0 0 0 0 0 
C Of GENOTYPE • "E~Vl R6N~EhT MlANS 019UOUOO c · 02ouoooo 

DATA INPUT FILE I~ ttYLGkO" 021uoooo 
0221.lOOOO 

•••••••• ~ .............. •**** * ****** ******* * •••• * * ** ••••••• * ....... ** 02300000 
SUBROUTIN~ PRLLlM ( Z,uAlA,LlMi ,Ll MD > 024UOUOO 

.. 0,500000 
i 2 ~ ~ i il f -A flL u E 1th M 1 N 1:. o w H 1 c H o I M t. N s I a N T h E A t< R A Y s u s t. D I N T H t. g ~ 18 8 g g g 
DlMENSfON OATA(1),TL Mr(l6,lO) ,L(4J,ZCl), K~,s , i20J ,KTC,3), ~~,s ,i~U)028UOOOO 

1•KY{5, S>,rkTt13),XlN(9u,2v,10),N~20,90) - 0~9U0000 
C · -.,......,..-..-- . . OJOUOOOO 
--· K011NT•O OJ 10000 0 

C DATA PARAMETERS& NV=Nu• Of VAklABLESJ NTa ~Y•N~•NG 111 NRJ NY =NU • Uf 0J2UOOOO 
C TEARSJ N\•NO• or LOCAlluNS} Nb=NO, Of GENUTYPLSJ NR•Nu . Of REP ~· Ol3U0000 

BEAD (S, ) KT . " . OJ400000 
l ~RMATtl A6l 03500000 

REAOCS,2)~V,NJ,NY,NL,~G,NH,NP OJ6UOUOO 
2 fORMA,(710) OJ7UOOOO READ ,<<KG(O,t),u=1,~),I=l, Nu) 0J6UOOOO 

_ J ruR~K (5"A~) ~ . 03900UOO 
40 READ ,<CKS(O,f ),0=1,s>,1c1, NL > 040VOUOO 
41 REAC ,,,,~v,o, >,u=1,~)il=1, NY) 04100000 
42 7 rORMAT(5Ao) . 04200000 
43 ~RITE C71,61,1'T 04)00000 
44 61 roRMATt}}i,1H•,13A6,1 H•) 044U0000 
4~ WRITE ,62) NY,NL, NG , N~ 0~500000 
46 62 fORMAT /10X,12H N0• wf YlAkS,I5//1QX,12H NUe Uf SlTES,15//lUX,lOHN046U0000 

----- 47 - -rt), ~f G""ENU-T\'itr571~//1 UX,11HNO• Of REPS,151////) U47UOUOO 
40 GO TO 6 . 048v0000 
49 4 If CNV•KOUNT)70,70,21 0~900000 

_____ ~U 6 Nl ..!__NY+l ____ OSOUOOOO 

~ 

(X) 
0 



N-2---N-1--+N 
52 Nl•N2+NG 
)l N4•Nl+NR 

--1:,--- ~i=~it~,:~~--'-
56 N7•N6+NY*NR 

j7 N8•N7+NL* NG 
8 N9•N8+NL*NR 

___ ~----t!1-A.!N-9_t.N~"·--
60 Nll•NtO+NY*NL*NG 
01 N12•Nt1+NY*NL*NR ..___:s ~11~11:~v:~a;~n 
64 NtS•Nt4+Ni•NL 
6~ N 6•N S+NY*NL*NG 
06 N17•Nt6+Nij 

,__,,,-- 6 Z N 1-a•fU-7-+ N 
68 N19•Nl8+Nij 
69 Ni2•N19+i~G 

--- f Y~- ~~~~if:~~ ~ 
72 N2l•N22+Nij 
Ii N2!:~~l!N~ 

....---t.S,----~~-'• N ~.i-•-~ 11- ---f 6 N27•N29+Nij ,, ~is=~~e:~; 
tg--- NfY:tli!~v:~~ 
Ul . Nl2•NJ14NL*NG 
U, NJ3 8 Nl2+Nt..•NY*NG 
i-S - N.1 .. N¾afN'i -
84 C ~ 
U5 C A CHECK ls MADE ruR SUftIC1ENT ARHAY STuRAGE SPACE 
U6 C 

--- 8 J,-----1L 1--t!ID--A T •N-R•N-i.. *NY-* N-lii 
@8 IF(LIMD•LE•~IMOAT) GO Tu lU 
U9 IfCNlt•LE,~lMZ) GO TO 20 
ij ___ s--1-S ~~ fJ_!l_jJ.f ~~ AK-RA V- I ~ TU O ~MALL. f OR TH ! S DAT A • 1 T Mu ST tH. 
Wi 10R~AT5~TAAN UR EQUAL TU ",15~1> 
9, ·CALL EXfT · 
414 10 WRITE(p,15)L.1MD#LIMOAT 

~-- 9~ 15 fURMAT "~HE DATA AkRAY ST~RAbEC",I5,">lS TOO SMA~L 
,~ 1IT MUS BE ijREATEN THAN UR EQuAt · roc",I~,")"/) 
:, 20 8ab~1~afr · 

---i-~--- - Rt.Ml--t-iu-6-l.f-.M-+- -- -

loo 26 fORMAT(l3A6~ 
CH C 

---ll-VW~- ~--~!=.fJl§i~ .~tAAYJo.~~ta~f~L TU Bt. AN~L YSEO ~ 
04 l NM•NAMr~ VffiABLE Tu bE ANALYSEU, 

lU) C 
06 21 READcs,2S~NA,lT,N M 

--- , U7 K-0-UN T-8- IWU-N-l--+..1 -
1Hs ~a [¥~~,1Ni 2 i 6 ' 2A6 ) 
110 LL•LY/NL 

- - ~Ll-ft4-G------

0~100000 
0,200000 
05JOOOOO 

8~~88888 
05600000 
0~70QOOO osauoooo 
05900000 
06000000 
06100000 
U6200000 
Oo3UOOOO 
06400000 
06500000 
0o6UOOOO 
067UOOOO 
06600000 
069UOOOO 

8~~88888 
012uoooo 
OfJUOOOO 
8 4uooog suooo 
07600000 
07700000 
07800000 
07900000 oeouoooo 
OtHOOOOO 
062UOOOO 
Q8JU0000 
06400000 
08500000 
08600UOO 
067UOOOO 
06800000 
08900000 
090U0000 
09100000 
092UOUOO 

89300000 
9400000 

095UOOOO 
09600000 
OCJ700000 
098U0000 
09900000 
10000000 
10100000 
102uoooo 
10300000 
10400000 
105U0000 
106U0000 
10700000 1oauoooo 
10900000 11ovoooo 
11100000 

_.'l, 

CJ) 
_.'l, 



t-t)-¾~-Y. ( 1.N~ 
L.C )•NR 

l6 C IN ITJA-L 1S-i.-L-AIU(A 'Y f OK Li SE 1 N ANAL. 
- -~ DO 35 1•1,Nl4 

112uoooo 
11300000 
11400000 
115UOOOO 
116UOOOO 
117UOOOO 
118U0000 
11900000 

_ c ____ .,,...,.,.. ....,....._....,.._.,~.......-..~ 1~000000 
,....._--i-·u--c IY*fi:AR tufkJIFIEk1 TL =LOCATIUN IuENTIFIEhi I~=REP,IDtNTlflER• 121000.00 

35 z,1>•0•0 
MT•NY•Nl.*NR 

C G•GENOTYf UENTlflE k , . 122uoooo 
C READ INOA A tOR lACH YLA R 1LUCAT10N ~RlP, 123U0000 

~~~ C i1- ig_A_j1l-!:f 3~' 48 - i~!88888 
READ (20,41)1Y,1L,I R 12700000 
FiRMAT(lI6> · 12800000 
f'" ~ST nv~ ARE fO R YRS• SITES REPS CODE, 12900000 

45 D 38 K•1iNG -- - - 13000000 
Og ~2 M • 1,NP 13100000 

--- ------42 ..REAIU2.()_1fJ,U_) l_G, < Tt.MPC J., M), 1a1, NV) 13200000 

lsl DU 36 1 • 1,Nv 1J300000 
J4 NLIST • 0 13400000 

1l~ SUM• 0 135UOOOO 
1l~ ___ QO ~7 M~1...NP. _ 136VOOOO 

.----.-1=l7 1r--C TEMPCl1M)J4{;46;4o 13700000 
~ ~ 46 NblST • N~IST + 1 ll8UOOOO 

S1 M •SUM+ TEMPC,,M> 139UOOOO 
, , .. ..11 CJl.tilJNJlE _ _ 1 4 0 U OU O 0 

- - NCK,J)•LY•CIY•1>+LL•C1L•l)+LG•CIG·1>+IR 14100000 
XlN<J,K,Il•SUM/NLlST - 142U0000 

0 55 J•l1MT . 143UOOOO 
---~ - ---i~~iN"~-5-, m ~A~>-- - 1 :~ggggg 

JRANSiORM T~OATA, & Ot.TEkMINE IIS POS1T10N lN THE DATA Af<HAY• 14. 600000 
f (I ~1)~0, 0,49 - 147UOUOO 

__ -A,.. ,9 AJ.f. 1Ati:iJ T_) _ l48UOOOO 
- -- 50 l•N(K,J> ,. 14900000 

55 OATACI)iZi 150U0000 
If (IY•IL•IR •LT• MT lGU TU 4U 151UOOOO 

-1tRtlEt2-1-1...UJ ' _ 152UOOOO 
65 WR TE(21,6&)NM 15JOOUOO 
66 FD MAT(l0~,9HCHARACT Ek , ~A6 ///J 15400000 

WtUTE(B,67) . . 155UOOOO 
ttur v7;ffftf 1 ~iAttf~~~~~6;~~~0~~~5 ~ ~ l = 1, NG) l ~,88888 

68 FORMAT 6x,1s,2x;sA6 1J · 1~euoooo 
WRITE121169) 159UOOOO 

-- 69 fORMAJ '''~f)l~HS1TES AkE C/) loouoooo 
--W-RITE c21, -r,{'KSCu, l) , O:s 1,5).,l=l, NLJ 16100000 

71 fORMAT(6X,1~,~x,sA6/) . l62U0000 WRJTEfll,73) 16JOOOOO L~. 73 [C MA flSX,11HYEARS ARl 1/) 16400000 
---165 WR TEl -r,nTnTI1n ru, I)., O= 1i 5?, I= 1, NY) 1 o5u0000 

WRITEC2l,72) . 166UOOOO 
72 fORMATC1H1J ~ lo7UOOOO 

,-- CALL ANAL,oATA,L,i.C1),Z( N1J ,Z~"42),ZC N3) ,HN4),ZCN5),Z~ N6 ),i.OaJ, 1Ci6UOOOO 
6 9 1 Z ftf!T, "ZTWT), Z I. N 10-1' Z C 1~ 11 ) , l C N 12) ; i. C N 1 3 ) , Z t N 1 4 ) , Z l N 1 5 ) ; Z ( N l o ) ., - ~ 16 9 OOO O 0 

2l(N17),2(111b),Z(N19),i( N20J ;z,N21J,ZC N22J ;i.C N23 ),i.CN24>t NY ,NL,N~' 17ougog-g 
3NH12C~25),ZCN~!),i.C N2/) ,LC ~~8) ,ZC h29 ),Z( NJO ),ZC N31 >,Zt NJ2l,lC~JJJ,171U 0 

00-4.) ' . . . . . 1721.lO~OU 

~ 

CJ:) 
r0 



00000 
00000 
00000 
00000 
::> 0 ::> ::> 0 
M.,,,-u,,o,.._ ,.._,.._,.._,.._,.._ ----

Lt.. 
:, 

Q 
z 
A 
~ ........ 

11\X ,.__ ... , 
~ 
~ ­.._...,_z 
IJCG: 
1-X-=> 
~a, 
O:c:J(JZ 
31:.1..~W 

ocn ....... 



~S! SYMBOL/ANALiT_W_O_ 

LASTii:C~RD • MAXR CS ZElN • 
*** isC IC*** 

1 
~ 

TlMi: IS 15128 

E Bli OlL 3 • 0 • 1 ~ 0 
523 
14 BLOCKSIZEIN = 42v 

UNITS•WURDS 

16 o,x,Y,BLTA,kEG,uEv,~s~,cuN,U[VM,fl,H,~TA~,NYl,NLl,N~l,NKl,SSl, 00200000 
SiBROUTlN~ ANAL(OATA,L,A, 0,c,u,AB,AC,AD,BC,BO,co,ABC,ABO,A'U' 00100000 

2R no,rs,<,~,x2,x3,X4,Y~,Y3,Y4,YS) ' 00300000 
4 C ,. ' · . . 004UOOOO 
~ DOUBLE PREC1Sl0N b,NIL,~SE, MSL,PM~E 00500000 
6 C 006UOOOO 
7 - lNT£GtR DTITPllFE,lU 00700000 
8 D Ut EN S l ON A ( NY 1) , li C NL 1 ) , C U'4 l:a 1 J , 0 ( 111<1 > , A~ l lH 1 , NL 1 ) , AC ( 1-. ''1 , Nu 1 ) , 0 0 8 0 0 0 0 0 
9 lA~(NY11NRl)1B'. (NL1,NG1),B DlNL1,NR1),CDCN. G1,NR1),AbC(NY1,N~1,N~1J, 00900000 

----0· -- 2A D<NYl,_N~l_tNkl l,ACu CNY 1, Nbl , NR 1 >, aco l NL UNGl 1NR 1) ,L C ,o, S ~20 >, . ~ 01000000 
ll 3G 16>,1~r16~,ftl6),p(16),EllS),OAIA(l),AL~,16>,x( ~y1,~L1), u11uoooo 
1i 4Y(NY1,N~1,NG1)1BETA(N~1), HLGC NG1l,DEV'Nb11,SS~(NG1),CUNCN~l)# 012uooou 
Lt ____ ~iij1~~~~,~s~U_~~it~~~~~~t;~i1~~~g!~;~~n~~!~;s~8fi~~1~~is~~~~~t~~r1)8t~88888 

..---:1-~ 7, RAT I O C NG 1 ) , '~I G C NG 1 ) , X ~ ( N Y D , X 3 C f'4 L 1 > , X 4 C IH 1 ; NL 1 J , Y 2 C , .. Y 1 , N G 1 ) , l J t O 1 5 OOO O 0 
16 8NL1,NQ1),Y4,NY 1NL1,Nb1JiY~'Nu1> · ' ' 01600000 
11 C ' - ' 01100000 

DAJ.LALPl'YEARJ','LOCAT~','Y•LQCS','ENVTOT';'i3~ocKs','9ENuls', 01eooooo 
l'GEN*TTj'~EN*L l'~*L*Y ,'ulN•L ,' K*GE N',' k•G•Y ,' R*G*~ ,'K*GLY',' 01900000 
2ERR0R i 'TUT ALT, · · · • · · · · · · · • • u2ouoooo 

COMMON/tRNMIS$E(S,25))M~E,~,2~>,DfE,JSlb 021uouoo 
. . . 02200000 

a~ c TH1S_ s_7-R_P_E~R=r-uR~MS THE CALCULATION~ FO R THE A• o, v. & REGHESSlONS 02300000 
~4 C If DESIREU HANSON~ STABILllY ~ARA METERS AK[ CALCULATEu 02400000 
i) c ... ·· u2suoooo 

----26
1
--·· C- - JUNCT...10-NS- OfM ,Pt<Bf, SIG Nlf ARE ,~E£0EO fUk S1GN1f1CA1-.CE H.STS 02600000 

j c · o;auoooo le S cooEa• A·r~ARf, 02auoooo ,--~-~Jg , _____ .. _,_ 0:tE~aT~~~~; 8i888388 
J1 C ll'•H£PU--C-AT10NS• 03100000 
J2 C 03200000 
~l g b ARRAY CUNTAlNS UATA PARA MlT~RS OllUOOOO 
l4 ATA l~~~ IN NES1ELJ flJ RM YEAt<SCLOCAT!ONS'REP~CGEi.uTYPES)H U34UOOOO 
J5 -- ' . Ol500UOO 
J6 NY•LCl) OJ600000 
~7 NL•~C2) Ol7UOOOO 
l8 NQ•LCl) 038U0000 

·· l9 Nlf9C'C-4-r--- - -- - 03900000 =~ c ~~ijI:~~;~a;N:RRAY s:fsgggg 
4i DO O 1•1120 04200000 
4.1 nrs m •-o. o -~ - 04 300000 
44 BO 11 1•11NY 0~4U0000 45 O 1 J• ,N~ 04SQ0000 
~6 OU 1 K• ,NG 04600000 

i 41 Do-1-i-M ~ - 047U0000 
48 A<I>•o,o 04aooooo 
49 8(J)•Oi0 04900000 
~u C(K)•Oe0 050UOOOO 

~ 

CP 
+' 



+0------ - 0)1U0000 
)2 A8(11J)•OtO Q)200UOO 
)J AC< ,K)•O,O OS3U0000 
)4____ AU( ,M>•o.o,_____ 0~400000 
>) BC-< HK->-•0-..0- - - 05500000 
~6 BO(J,M>•o.o 0~600000 
~7 Cg(K,M)•o.o Oj7UOOOO 
58 ABC<J,J,KJSOtU 0)8U0000 
~..i: ____ u _oJ -L.J , .. M.J ... ~_o_, u ___ ...... o ~ 9 o o o o o 
60 ACD<I,K,M)•O•U 06000000 
61 C ' ~ 06100008 
6i e2o<J,KtM>•O•O 062U000 
6-l 1-1 -SjU 1-N~---0 · ... -- 06300000 
:: C ~ON~5C~~f!~f0TALS 8~~88888 
66 CAL~ lNijxc1,IY,IL1IG,1 ~,LJ 066U0000 
67 T•OATAC · . 067UOUOO 
68 AllY>•A lY)+T 06800000 
, 9 B L>•B<IL>tf 06900000 

0 C Q>•C(lQ>+ 07000000 
1-1--.- 0( R->•D(-ltO• 07 luOUOO 
72 SST(IY~lLl•SST(IY,lL) +T*T 012uoooo 
7l AB(lY, L>•A6ClY11~>+T 07300000 
74 AC(lY, G)•AC(lY, ~)+T 074UOOOO 
l ~ A 0+1---Y- -) • ~(~-t-k-}..j- T - - - - ... O 7 SOO OOO 
76 BCClL, Q)•BCClL,I~>+T 07600000 
77 B8(1L, R>•ts<1L,fk>+T 07700000 78 C (lG, R>• C!G, k>+T 078UOOOO 
7~ A8t-(lY+lL, ~A-8C..4IY,!L,1 G)+T 079UOOOO 
80 Aao,1Y,lL,IR)•A8D(IY,lL,I R)+T 08000000 
81 Aco,1v,lrui' R)•ACOtIY,lG,I H)+T 08100000 
~~ eco<xL, , R>•eco,1L,1G,I R)+T ou200000 ---sH, ......... 1,..-9~>-•-$- i..,_:__: _· _ • ~ o «u u o o o o 

15 SC20>•S<20>•T•T 08400000 
c E ARRA! coNTAINS u1v1~oks fuR s,s. CALCULATIO NS• oasooooo 

. DU 20 •1,4 066U0000 ---2-0-t{-l-la-N t.i.H> oa1uoooo 
b6 EC5>•E<1>1Lt2> oaeuoooo 
89 £t6>•ru1J/Lt3> 089UOOOO 
90 £(7>• 1 ~ -(4) 09000000 9l &{-8~ ..,,...... ____ - ... - - - 091UOOOO 
9, E(9)•E<a)/ (4) 09200000 
9l E<jO>•E<ll/L(4) 09300000 
94 EC ll•t(5)/LCl) 09400000 
9~ £( • -(5+~-(-4-) --·- · --- -~ 095QOOOO 
96 £(ll>• (6)/LC4> 09600000 
97 E(l4>•E(8)/L(4) 097UOOOO 
98 EC15>•NT . 09800000 
9~ C CQMP-U-l-E ' A&.~- UN~D-J-1.1-STEu- ~U M CJf ~QUAR£S 0'1900000 

100 CT•SC19>•~<19)/EC15> 10000000 

U1 DD 40 I•t,NY 10100000 2 S(l>•SCl)+ACll•ACl>IE'l> 10200000 
-·-3 ----0-0-l-i-:JA-l ~ N la - • 1 0 l u OOO 0 

104 S(S>•s<5)+ABCI,J>•ABC1,J>ILC5) 10400000 ~ 
0~ W(VJ>•010 ' . 105UOOOO v,...,, 

1U6 uct,J)•O.u l06UOOOO Ul 
1-01 D 0-2-S~ •-t-,-M-ti ... - 1 o 7 u OOO O 

t
oe c 1oaooooo 
09 S(ll>•S(ll)+A~cc1,J,K)••2tL,11) 1U9U0000 
lU 25 W(l1J)aWC1,~>+ABC<I,J1K)**~IE'll) 11000000 

- l-1~------ . ' ~ 11100000 



tti - '- -- l>O"l 1 K•I, NR 
112voooo 
11300"000 

14 C 114UOOOO 
115 30 S(l2>•S(12)+A~O(t,J,K)•A 8D ll,J,K)/EC12> 11suoooo 
U-6 3 LU..( 1, J au_, , _,_JJiA 8 D' I, J, K) * * 'l /EC 12 > 116UOUOO 
111 0~ 35 t•J,NG ' . 117U0000 118 S 6>•S 6 •AC(I,J)•ACCl,~)/t,6) 118UOOOO 

1W DO 35 K•l,NR . 119UOOOO 
-o JS a<13>•~~J>+ACOCI,J,KJ*~C D~l,~,K)IEC13) 1~iuouoo 1 40-· ,mr- - . 1 00000 

122 40 S~7>•S 7)+ADCI,J>•A OC1,J)/l,7J 1221.1ouoo 
12l D~ 50 t•l11NL ' . 12300000 ~14 S i>•s 2>•8<l>*BC1)/El2l - 124UOOOO 
l S g~ 45 t•PN~ . . 12suooog 
i6 8>•s 8 •a · <l,J)•BCC1,~)/l(8J 1i6U000 

1~7 0~ 45 K•1,NR ' 127UOOOO 1~8 45 S 14>•S(14)+8CD<I,J,KJ•bC D~l,~,K)/EC14) 12auoooo 
~w ~-,o J•1,mr-- · · 12900000 uo 50 S 9~•S(9i+auc1,J>•B OCl ,~)/L,9J 130U0000 

l D~ 5 t• 1NQ . . 1l1UOOOO 
2- - S J>•s l •C(l>•CCl)/E'J) 1l2UOOOO 

lll 00 55 J•l~NR . 1JJ00000 
1J4 55 s

2
10>•t'!U>+C~(l,~>•C UC1 ,J)/E'10) 1J4U0000 

l5 O 60 • ,NR ' 1JSU0000 
J.6 6_a_ s_ ~--rrfi Jl __ .. o_, 1_> * o c 1 l/ E , 4 ) - 13600000 
J7 C CUM~U E A~L . CURRECTE O S0MS OF SQUARES 1)700000 ue C IN P ARRAY• 1J800000 

9 Pll>•Sfli•gJ 1J9UOOOO 
0 P 2>.A.S 2 .:! 140U0000 

141 P(4>•~lti•cT 14lOOUOO 
42 f(l>• . •CP(l)+P,2>> 142UOUOO 
43 P<S>•t 1~)-1T•P<4) 143UOOOO 
li P('>~ fJ ~-~· 14400000 

14~ P( >•s 6)·c,·PC1)•P(6) 145 00000 
146 P(8>•tt8>•C •P(2)•PC6) 14600000 

47 P(1>• u~•cT•P(4)•PC 7) • p,~) - ~C6) 147UOOOO 
.8_ J C Oaf '..1..t.f1JU+P(9) . .. . 14800000 1~9 Ptlj>•it1oi·1~j>•PC6> 149 00000 

~O P >• 1! • )•~Cl OJ+~ l 4 )•pC7) 150U0000 
)l P(13>• (1 • 9)• PCb)•p( 8) • PC11) 1S1U0000 

~it fl (-1..6J •S-l2.0..l~ CJ . 1~200000 li) XX•O•O ' .. 1~300000 
4 DO 65 J•t,13 1 · 400000 
~ 65 XX•XX+ ( ) 15500000 116_ P < 14 > • P , ~ > ~x.x + P c 1 o > + j,J c 4 > lj600000 

1S7 PC15)•P(11)+PC12)+PC1~)+ P(14 ) 1571.10000 158 C CBMPUT THE ' DEGREES Ot FRElDOM I N ID ARkAY , 1,auooog 
59 I fi>• Y•l ~9uOUO 
6U IB >• L•tm 16~00000 

· 61 , • ire • uc 2J - - 16 00000 
162 1g<4J• NY•Nt ·i · 16200000 

63 1 (5 • NY•N >• NR•1) 16300000 
t,64 1-8-19+:~iv¼r> •--r~G-1 > 

164UOOOO - --. 65 lo5U0000 _s 

166 IOC8>•CNL•1>*(NG•1) 166UOOOO Cf) 
167 1DC9>•(NY•1)*(NL•l)*C NG• l) 167UOUOO 0) 

tl<i6 1cc l°-1=1~r-~-m~a,r j0<9 / 
108\JOOOO 

f8 I ~1 I ii D 1 l * N ~ - 1 ) 
1j9<JOOOO 
1 000000 

171 IolW• o,11>•<NL·l ) 11100000 - ,, Th< •1D§l~)*CNY·l) 17200000 



l ~ C-U-) ~ -4--1-W~+-t ~-C-1--2 ) -t !-D ~ 1 3 ~ ! I U C 1 4 ) 173UOUOO 
lfC¼6/•NY*NL*Ni*N~·1 1741.10000 

C T l OR HOMO~ NE!TY uf ERkWR~• 1isooooo 
JS~ . 1 9uoooo 
Pi} - l-&-H-5+- ~ ~ 17 uoooo 

178 DFE•I0(11) 176UOOOO 
19 C • 179!.10000 

.180 DO 70 1•1,NY 160U0000 
l ij 1 00-7--0- J•~~ - - 161',)0000 - ---
lU sseu,Jrij,Q 16200000 -ijf ssj l'J •o,o 18300000 
U SS 1J •O•O 164UOOOO 
" MS - -, J -U·i-0- l65UOOOO 

1:t gftf:j!:ia~l1J)••2/( N~ •NR) 1a9uooog 16 0000 
1as ssoc1,~>•w,1,J)•~r,1,Jl 1661.10000 .~ ,..a-c ~ )•U-W-# J-) •-Cf ( I , J ) - - - 189UOOOO 
.~o ssE<I,Ji•~fl'f'JJ·Cfc1,J>·ssG,1,JJ•ss~c1,~) l90UOOOO l'l MS lI,J •S ~< ,J /0 E · ' - 191UOOOO 

9~ C . 19200000 
19~ e- - --- -- - 19300000 
194 70 CONTINUE 194UOOOO 19~ CA~~ ~~M~R<NY,NL,P~fE,P MS£) 1951)0000 
i6 C CO U tAN ~QUAH S !NG ARRAY• 19600000 

_ t~totp: l t • ij > I UC I ) • 1 . 
---- 197UOOOO 

19800000 
19V 75 G<l>•PC )/ID<l> 19900000 
2UO C C~PUTf ~~PLEX f•ijS TS IN f ARRAY, 2oyooooo 
- . . ·I -N+a- Q 6' Cl ..:r 8 20 00000 

fi1)•(s(1)+G Y~)/,G{3)+~C7)) 2u2uoooo 
f 2>•C <i>+G(9 )/tGC3)+~c 8,) 20300000 
r,3 · ~u_1s))/(G~S)+ Gl9 )) 204UOOOO r .{-4-> -)-- . • :. ,osooooo 
f'(5J•QC5)/G(1~> 20600000 
ftJ!:~~j6~~tte>~l~GC7)+~C 8~? 20700000 

,oeooooo 
F- (-8 >.a-G-(--i-)-l{,-(-9 )- - - 20900000 
f(9l•GC9)/GC1~) 21ouoooo 
f(1y>•j<10)IG(1S) 21100003 
GO O 9 2120000 
,ttE-fHtA--l--1--V-E-f-l--£-S-T~S- I t 'I' f. A I<!> = 1 • - 213'10000 

76 >•~,O . 21400000 ftti• Q(2>+G(15))/CGC))+Gt10)) 21500000 
r •*O ~ . . 21,00003 

18 -fc~t:G !f7Gc 1~ ~---- . - - - 21 uooo 
21euoooo 

219 f(6)•QC6)/GC10) .i!19UOOOO 
220 f(7>•0•0 2201.10000 
al ,:-tt>•G(I)/~-) -- - 22100000 
i2 f 9)•0•~ 222uoooo 

j2l rc1y>•G 10)/G(1S) 22300000 
24 79 CON IN~E . 22400UOO 

225UOOOO ~ · 80 ,o,¥!; :i11a, - --- 22600000 CJ) C - 227UOOOO 
C 

f~fH~-i,~-f k-6 L COM • 
,2aooooo '-.] 
22900000 

NlL •o,o - 2JOOOOOO 
CNYiEQ,1) Y~ Tu 81 2J100000 
1<1>•0fw~ 1), G (~),NIL,NlL,IuCl >,fD'~),u,O ) 2l2\JOOOO 

. - : M-l+*C--7 ! , l't 1 L , N I L , I D ~ 3 ) , l O 7 ) , 0 , 0 ) 233UOOOO 



...--~Iii,~ ·B_LLt2-> •ULC_f..JJil2.~ tia C '1), NIL.., Nl L, I LJ, 2 >, I lH '1), o, 0 > . 2J4UOOOO 
- r f'2T2 Tiifrf' CJ t1H 3 ) , G-C 8'T, N I L, N I L, I D , 3 > , I D ( 8 > , 0 , u ) - - 2 J 5 O O O'"O 0 

fOf1Cl>•OfCfCGCl),G(1~>,NIL,NlL,IU,3),I0 t1s>,o,o> 2J6UOOOO 
ror2c~>•DfCF ,G<s>,GC~>,N1L,N!L,1u,s>,1Dc9>,o,o> 23100000 

2.iD EU[U A ) 8 10 u_>...::..__: . 2l8UOOOO 
- fDf2C4)•1g l1S) 239UOOOO 

fOflCS)• UC5) 240UOOOO 
fOF2CS)• UClS) . 241UOOOO 

. _ _ fOflC6)•DfCfC,C6),GC1~),NIL..,NIL,IUC6),IUl1~),U,O> 242U0000 

I 24J FUf2C,>•DfCTOH71 i"GTIT,NIL,NIL,I0~7);l0 C6),0,0) 24300000 
~ fDflC >•1UC7) . 244UOOOO 

rorac1>!~cc9> 24500000 ·gi <...8 ) • J.I C 6 > --- 2 4 6 0 0 0 O 0 

r8rtlS1• Hf~l ~:t88888 
rur,c9>• uc1s, 24900000 

~~Hfl8i~~+~--- - ~5~88888 
2~2 GU TO 89 2~200000 

_____ jjj C 81 ,Crlfl~~i1vE OEGRlES UF FRL(DUM If YEAR~ a 1• ~sl88888 
2~5 ror2c1>•0 2ssuoooo 
2S6 rcr1c2>•DfCf(U(2),GCl ~),NIL,N!L,I~C2),IU(15),o,oJ 2S600000 
~,,._ ___ t8:Eit~J:srcr~~CS),G(1v),NIL,NlL,IUC5),IDC~o>,u,o> ~~~88888 

.,....._.,-~2S-9 ro·F1T3>•0 - 25900000 
260 FUf1C4>•rurlC2) 26000000 
261 rora<4>•rgr2c2> 26100000 

~:~ {gffilt:mc?i) - ~~j88888 
264 FOflC6)• QCo) 26403000 
26) fUf2C+)• u<lO) iosu OOO 

.---- 26..6 FOEJC )• ____ .. _ 2o6UOOOO 
267 FD~2< >• 26700000 
20a ror1ca>•1ccs> 26aoooog 
269 fUf2(S)• UC15) 2690000 ~--,210 rcr1c~>•o __ __ _ i1ooouoo 
271 fDf2C9)•0 27100000 
272 FOF'lClO>•iOllO) 272UOOOO 

7a._____ f~f2CtO>•!DC1~) 27300008 L'L 8..2_ C J'iJ IRJrE , _ 2 7 4 u o o o 
275 C r ND S GNIF

2
CANCE Off TEST• 27SOOOOO 

276 OU 90 •l; l . . - 27600000 
277 90 fSlGNf l)•P BfCfOf1CI),~DF~CI>,FCl)) 27700000 
27 O .DO -9-5 -1 • l.> .. Hl . . ' 2 7 eooooo 279 95 fSIGNf (I>•SlijNlf(F~I~ NfCl)) 2.79U0000 
280 00 100 l•q,10 . . . 28000000 
261 100 F'SlGNF<f>• : io1uoooo 

--- ~2~ , 1-Br-l~~,.~~_1, 1_6_ - ~g~ggggg 
tos roract>• o 2s4uoooo 

C ' WRfTE jUT 9~~ ANOVA TAB~£· 2asuoooo WJl TE_C luJ _ 26600000 
--109 FORMAT THl 2o7uOOOO 

WRITE (21,110) 28800000 
110 FORMAl ,124x;:POOLEu ~N ALY~ls Of VARIANCE'//) 289UOOOO __ WRIT ,a1,11s, · ~voooooo 

~"9 1 11 S- f'U Rlf"A T c-a4x,olfSlllJ R C"E , 4 " , 2 H D F , 3 X , 1 0 H SU M OF ~ Q S , 2 X , 11 H M EA N S w lJ AR E , 2 9 1 0 0 0 0 O 
29i 15X,1Hf#)X,6HS1GNif, 2X,7hTLST Uf/) 29200000 
2Vl 00 120 1•1116 .. . . 29JUOOOO 
- ~ 4 12.0.Jt.H l TE C 2 l, l 2 ~)ALP O ) , Ill U >, t' ~ I ~, G < ! >, F l I ) , ~ SI G 1ff Cl ) , f D t 1 C I ) , F D f ~ H ) 2 9 4 u O 9 O O 

~ 

CP 
CP 



5-f-&ft-K-A-f-(~~-A-6 ,-2~ 4-.1' 1-X , f 1 2 • ~ , tii X , F l 1 , 2 , 2 X > I' 7 • 2 , 2 X , A 4 , 3 /.. , 1 3 , l 4 / J 295UOCJOO 
i"6 GM•SC1fJl,C15) • - 299uoooo 

91 EMS •Q 15 · 29 uoooo 
j~ CV~JQ~'£Mt)*100tOI GM 29800000 
'#9 H1H E- i-:;-1- -0-->-i ~ 29900000 

38Y 130 fffRMAI'''fox, COEfflC !ENT uF VAR1ATI0N',3x,r1u,1, 10000000 
W lTE fl' 3~>' . 30100000 

302 135 fORMAT 1H1) 302UOOOO 
3-QJ W-R-Ut-C:f-1-,-1-A 9-> 30300000 
304 140 fORMAT l//1 TABL~ OF M[AN~:11> 304UOOOO 
3g5 C CUNVERT AtL ' TUTALS TO M~ANS• 30500000 
306 OD 160 1• ,NY - 30600000 

-0-1- - A-< I > • A C 1-) /.-E ' 1-> l0700000 
08 og 150 ' iil•1,NL. ' 30800000 

309 A Cl,J)•A~CllJ)IE,S) 309UOOOO 
310 00 14S K•s1NG J1ouoooo 
J-1 1 1-4 S A a C-l.I , .J 1-K -• A-8-C W >-..1->--K ) / E l 1 U 11100000 
312 og t5o ~K•1,NR . - lt2oooog 313 150 AD I,J1K)•ABOCI1J1K)/E(12J l JUOOO ft oe 155 J•1,fG ' . Jt4ogoo3 - -- A C~ ,J>-*-A~C ,J)/t,6) J su eo 
jf~ 08 trs K•l,NR . 11,uoooo 

7 155 AD ,J1K>•ACUCl,J>K)/E(1 3> :u 00000 
318 DO 160 J•l,NR · . . 318UOUOO 
a-1-9 1-6-0-A o-'i--1-J->-•-At<-l+..1+1-e-,-1--> l1900000 
3i0 D~ 70 t.• ,NL l2000000 
lil B I>•a( )/E(2) 32100000 
3~~ 00 ' 165 · ~•1,NG · l2200000 
N- Bc-<-1-, J >•a~-C I, J > IE~~ 8) 32300000 
i4 DO 65 K• 1NR 32400UOO 125 1&5 BCD<I,J,Kl•BCUCl,J,KllEll4J l2500000 
~6 DO 170 · ~•1,NR .. J2600000 

, -U 1~7-0- 8 8 't'1~>-•-Bt"-1-,~ I-&, 9 >- -- - l2700000 aa O 7 I• ,NG J26U0000 
3~9 c,I>•CCl)/£(3) l2900000 

~O DO 175 J•1,NR llOOOOOO 
~l 1-1-s-e-0 ( w -J )-&.C~-1-, .--) I E-( l O ) ll100000 

3l2 0~ \80 1•1~NR l32CIOOOO 
3ll 180 0 I •oCI)/EC4l 33300000 
3l4 185 FOR~AT 'tlf.~•2/)~ JJ4UOOOO 
-3 » -e W-fH--l-E~ ' '-A-5 i.E- 0 t ~1 EA N ~ - JJSUOOOO 
lJ6 WRITE(21,19U) 33600000 ii, 190 =~~t~I~f~iAg~~~ANU MEAN/? 33700000 

l38UOOOO 
~~ RA · E ,_, 1,.1,9~ .)_ ll900000 

340 195 fO MAT //2X,SHYEA kS,/) 340UOOOO 
1:1 =~tfEtit:i8!J~A~I>,I=l, NY) l4100UOO 

342UOOOO 
3-4-J 2.0.0-r-0~.AW-'~-li-S-ft~'-1 l --- l4l00000 144 W~llEtfl,185)(8 I>,1=1,~L) 34400000 

4~ W TE 1, · l > ' l45UOOOO 
46~//[x,9HGENOTYP~s,t) 34600000 

3-4-1- . . :.l ,.. ~-t-'-I-~~..1.: -1 ,-NG ) l47UOUOO 
~ 346 WRITEc11,,10> · .. l4SOOUOO 

J4~ 210 fORMAT //,X,14HSITE S bY YE AR S,/) 34900000 CD ~o DO a1~ · l• ,NY J!;>Ovouoo <.D 
1 2 15--W.Hfttttt!"tt~->-'-AS-C..1-,;J.J.., J = 1 , NL. > 3~100000 ------2 WRl E( 1,220) ' 3!)2()0000 

)!# 220 fORMATCl/,X,lijHYEARS bY GENUTYPES/) J5300000 
OU f25 1•1,NY . · J~4uOOOO 

2.2.S- W..IU-; ~1 , l 8 ~ ) ~-A C-W..,...J...) , _J = 1 , Nu > 35500000 



356 WRITEC21,:ill30) 
_ ... -·· _ ·· --·-- _y GENUTYPES/) 

DU 235 1•1,N~ . 
6U 235 llillW:filtSBCCl,J),JSl,NG) 
- - 240 fORMAT(//,X,2lHYEA RS bY SITlS BY u£NOTYPE~/) 

00 245 ' 1•1,NY . . 

_ 245 221i:t2t:t,t~,A8C'I,J,K>,K=l,~G> 
3 O, RE A o-c-s·n ·~c-f'lJ ffJ,ftT1Tf = 1 , 1 ll > 

255 fORMATC14A6) . 
WRITE OUT TH£ TABLE Ot ~£ NU1Y~l * ENVIRUN MENT MEANS• 

~~- ~trtit~ii~~;;1C~}~CCI,J,K>,~=~,NL>,I=l,NY ? 
SP£1iPC1S>;fC11) 
i~I:~E~t-1 
SEG•PC10)/£Cl1) 

C 

.. 6.§ 'fA~lflHtt!•> · 37 &-7-- R AQC,i26J) REGOP 
378 263 f RMA (11) 
379 WRlTEfjl,26~) 

,.... __ ill __ _,2 6..5_L Q.B MA . I I~ v, 'f..N_V • I ND .I.CL. S ' / ':J X, ' C E 1-. V • M t-4 • • G h IJ • M 1"1 • > ' / / 5 X, 2 HY k , 1 X, 
3lU Tl"HLDC ~ - ' ' . . ' 
382 C CALCULAT.E ENVIRON MENTAL l NU lCLS• 
30i DU 275 I•l,NY . 

- i11- ,~t.xa-ti~~-GM 
306 275 WRlTE~21,270>1,J,XCI,~) 
387 270 f~MAT(6X,11,2x,1~,1x,F10.~/) 
l 8 8 I C RE Q OP • £; ~tlL GJ) T O , 7 B 

~-389 t A-L. ~R-N-ATI~"t~• TND rt. ES• 
390 DO 277 1•11NY ~ ~ 
)jl X~Cj>•ACI)•~ 

--~3=i~ ~4<l½>t-}~l,J)•ACI)•B(J>+~M 
394 277 XlCJ>•B(J)~GM i~ C BEltN T~E. RE~RESSION ANALYSIS! 

--- 0:._e-_2,llJJt _ E..t2 ll ,, , &..l_ I } 
37r 281 fO AT(T. )X,•ij•E lFFE~TS'/ 
39~ ECOMIN•looooouo,o · · 
399 DO 279 K•1,NG ~ 

ta¥ --- l{x2~~o- --
4U~ SXY•o,o 
40l SYY•o,o 
404 CON(K)•O,_ · - s s g < ,rm-, '"""O ----

406 
407 

j 

410 

:ti n 
414 
41~ 

16 

RE a< 10 • o. o s~l(K)•O,O ~i-&J-fSi~N-y---
00 aeo J•1,NL 
YCI1J,K)•ABC(l1J, K) •CL Kl YSCK>•Y5(Kl+Y(t,J,K)•Yc l,J,~) 
rv•rw ::z: wt I' - 1- v.\ _,,J# . 
sxx•sxx+x,1,J>•xc1,J> 
sxy•sxv+x,,,J>•Yc1, J,~> Yl. ,..1,K>•A l;C!,J,l\)•At:iCl,J)•CLIO+~M 

l~6U0000 
357000"00 
J!)8UOOOO 
l~9U0000 
l60U0000 
3o1UOOOO 
J62UOOOO 
363UOOOO 
364UOOOO 
36500000 
366u0000 
36700000 
l68UOOOO 

!~888888 
37100000 
l72uoooo 
37300000 
37400000 
37500000 
l76UOOOO 
J77U0000 
l7BU0000 
379UOOOO Jaouoooo 
l61U0000 
38200000 
l83UOUOO 
l6400POO 
36500000 
ll:>6UOOOO 
J8700000 
366UOOOO 
38900000 
39000000 
l91UOOOO 
392UOUOO 
393U0000 
3'14U0000 
39500000 
396UOOOO 
39700000 
39800000 
39900000 
400U0000 
401uoooo 
40200000 
40)00000 
404U0000 
40500000 
40600000 
40700000 
40800000 
409uoooo 
410UOOOO 
411ugoog 
412V 00 
41300000 
4l4U0000 
41SU000Q 
41600000 

~ 

(0 
0 



,. • I ,-o-~Y..Y.1S-¥,.¥ u ,..i-,_J, K-) * y ,~1-, J,, K ) 
~ ' . 418 

419 
420 

C 
C 
C 

---4-21 e 
422 DO 27t f•1,NY 4,l 271 WRITE 2 ,28l>,vc1,J,K),J=l, NLJ 
424 283 fORMA (8,llfl0,2/)) -

__ __..42-5 C ' -- - . 
426 BETACK)•SXY/SXX 
4~1 SSQ(K)•SYY 
4~8 C ' 

417UOOOO 
41600000 
41900000 
42000000 
42100000 
42200000 
42300000 
424\JOOOO 
4,SUOOOO 
42600000 
42700000 
42600000 
42900000 ---4i9-.C---

t!Y C 
4l2 

RJGCK)•liETACK>•SXY :1~~8888 
0 VCK)•YStK)•REGCK) 4l2UOOOO 
l ~~CP,.&Qa.U Gu TO 279 4J300000 

4l4 C ALTtRNATI~E RLG• ANALYSIS• 43400000 
4J5 OU 284 1•1,NY - 4JSUOOOO 
4J6 Y2Cl,K>•ACCJ,i~)•A(I)•~,~>+u M 4l600000 

---417- - WttlTECl~,28~) X2<1>,Y~Cl, K) 4l7UOOOO 
4~& 282 fORMA1<~o~r10,2,2x,r10. ~/)l 4J8UOOOO 
4lY~ oi~~e · J•1,NL . - 43900000 440 Y4 't'K>•A80CI,J,K)·A BLI,J)•AC(l ,K)• 8C(J ,K)+~CK)+ACI,+a,J>·G M 44oogooo 
441 - · -E- l-i,.-282).!..X.4Cl,.J),Y4ll,.J,rc.) . 441U UOO 
442 Yl ~,K>•a,cJ,~)·BlJ)·~,~)+bM 44200000 
44l 294 WRlTE(19,~82)XJCJ),Y3lJ,K) 44300000 
444 2 9 CONTINUE . 44400000 
44-5 - -DF-OEY•i:-' lU ,,2 -- 44500000 
446 SUMSSQ•O•O 44600000 
447 SUMDEV•O,U 447UOOOO 
44d ____ SUMREG•O,u 44800000 
~ 0-8 ,..,39&,, K•~Ma - 44900000 
4~0 SUMSSQ•SUMS~Q•SSQ,K) 450~0000 
4~1 SUMDEV•SUMOEVJOEV4K) 45100000 
4~~ SUMREG•SUHR£G+REG,K) 4~2UOOOO 

---'~-~.1~-- - Bt-YtH-K->•A~-S<OE-V ( K )/ DFIJEV l 45300000 
454 r1,K>•REG(K)/UEVMtK> 45400000 
4~.~ f,l~CK)•PHBrc1,~c10)• ~, fll~)) 45500000 
4~6 _____ r-_ I)CK>•S1GN1fC~S1G'K ~) . 45,00000 

----:~ 290 ~ ~a·a~~1:,1tt~K-~~-SQ CK) :~a88888 
4)9 WRJTECil,295>~£ 4~900000 

'---==~--2-9s-1SAijftJii8~tiiNvlR s~Q',Jt13,211) !t~~8888 
46~ 300 fURMATC20X,'GtNOT SSQ ,lflJ,2) 462 00000 
4 6 l C W llT E 0 U T T ~ E REG k E S S ! 0 r.. S l A 8 1 L 1 T l' P A H A ME f £ R S f lJ R E A C 11 GE I~ O T Y P I:., 4 6 lo O U O 0 
464 WR TE(2l,264) , 46400000 
465 W ~£~~--1-N~.s.l- 465UOOOO 
466 305 roiMA. T(///4~X,'RE~RES~Iu N ~TA~ILITY PARAMLTERS') 46600000 
401 WR TE(21,llO) ' . . 46700000 
46ij 310 fO MAT(//~sx,',G',~X,' kEu S~' ,lx,'UEV SS' ,IX,' UEV MS ',JX,'f',4A,'~146800000 
4,69 -l-GHl'-1111 )--- ' ' . ' ' . ' ' . ' ' . 469U0000 
470 DO 31S K•l,NG 47000000 
411 315 WRITE(21,l20)~,RE~( K),uLV(K) ,u(V M~K) ,f1C K) ,FSIG,K) 471uOOOO 
412 320 fORMATC,3X,13,3Cf11, 2,2X,),f6 •£,3A,A4) 472UOUOO 

---41.-J----CA 1..-1;.-8-A.Rl '-N-(a.1-U E-V M ~o F D t. V ) . • 'l 7 3 U OOO 0 
474 WRITEc21,a2s> . 47400000 
47S 325 fORMAll/2ijX,'NG',~X,' lOT Rlu ~s· ,~x,' TOT uEV SS') 475UOOOO 
476 WRITE l#l41> Na ;su MREu,~U MuEv • · 476oooog 
417 341 f O R--M.A 2-31i N-3~~-F 1 1 .. 2 , 2 X ) / / ? 4 7 7 U O O 0 

_.:i. 

<D 
_.:i. 



-. . 8 H R Ll£ .. t2 1, ,(2 . ...,,.6~> ~-
419 326 foRMATl//25f,'G',1X, ' b•E ss~s.',2X,'RAT!O Tu LEAST 
400 1 I G•£ 1,6X, <17G•L>',6X,' BLTA II> ' 
40 l C 1 

' • ' • • 

• a 2 -.0 o .J 2.1 kltl~_tt.J 
4ij) RATlO(K)•SSQ(K)/ECO Mih 

478U0000 
~SQS',Jx,:RlG47900000 

I 48000000 
48100000 
482U0000 
4t;J00000 

4d4 327 WRlTE(21,J2~)K,SSQCK),HATlU(KJ,RC~),STAbCK),BlTAlK> 
48S 328 fORMAT(23X;I3;fl1e2,5A,t7.~i11X,f!1•2,2X,L11•4,2X,f11•2> 
4ij6 PGE~R•(SUMRlG/SUMSSQ)•1uo.o . · -

I 487 WHITEnl , 329> ~ 
408 329 fORMAlT{ ,1,4x,'NG',1 X,'TUT ~*E SS',12X,'% u•E SS~ BY KEG') 
41S~ NtUTE 21,.H2>1'4G,SUMSSlil,fGE.A R ' . . 

--~44il0 li.2 f OJUlA u..2..1x_, l J, f U, 2, 12x, f 13 • ~ > 

4b4UOOOO 
48500UOO 
486UO()OO 
48700000 
488CIOUOO 
4o9UOUOO 
49000000 
4911.iOOOO 21~ 340 P5Aaittlt~> ANS · 

49l 1r (ANS•EQ,'N:>ao To J8~ 
4i4 WRITE(21,J4~) 
495 345 ruffRAl(lH1,17,{5j,'HA NSuN STAbILITY PARAMETER~'//) 
4i6 C CARR T CONTAlNS ~ENOTYrE MlA~ s. . 
491 C ABC A'RAY HAS G*E MEANS• . 498 R£AD1 ~lSc>~LP..KA ~ 
49~ 350 roRMA (f4,2) 

~gy 355 ~SA~i1iiii~r~LNOTYP£',1ox,',HE~ATI~£ STAblLITY'/) 
JHLJ 6 OJ A-!..1JJ4-'1 ' 
LlM•NY*NL 
QA•O•O 

---. _ BR 11&_ 3=-t:~~L 
U7 . 360 gfifA•<Aecc1,J,KA)·CC~A)•x,1,J)*ALPHA)••2 
08 If (tO(lS>•EQ,O>Gu TO 365 .. 

509 T1•ALPHA*•2•2,0*ALPHA 
Sl..O I l •ti.G -

......---511 XKl•CLIM•1>•CT3+T1)/TJ 
512 Tl•XKl*SPE/lD,15) 

. l DDA•QA•Tl ' 
1li0.D.A.LIJ•O•O~DOA•O,O 
OOA•SQRT(L)OA> · 
GU To 3{~ 
i Q ~ ill ij 1 ~J1tlK A.L.OJ.1 A 
roRMAT<40x,15,19X,f1411J 
CONTINUE ' 
CL0SE(22,UISP•CRUNCH) 

-- C_LDS.U l_j,JU.SP...!._c.RU.NCH) 
--- RETURN 

END 

49200000 
493U0000 
4941.>0UOO 
49500000 
496UOUOO 
497UOOOO 
49800000 
49900000 
50000000 
~0100000 
502uoooo 
SOJOOOOO 
50400000 sosooooo 
'8600008 S 70000 soaooooo 
5u9UOOOO 
,1000000 
51100000 
51200000 
~ll00008 
.,140000 
51500000 
516UOOOO 
s1100000 
~18UOUOO 
!;11900000 5,ooouoo 
521(.)0000 
~2200000 
52300000 
5,400000 

~ 

<D 
N 



86700 F U K T t< A N L O M P l L A T I O ~ M A R K 
C O D O N / l N D E X 
= = = - - -- - - - -

. 
~UBROUTINE INDEXCI,IY,IL,IG,IH,L) 

C 
C IHIS SIR DETERMINES 

~ E-ttrP1rs-rtr01i---r~ 
lJIMENSION LC4) 

YEAH,LOCATiuN,GlNUIYPE ~ REP• INUECES FHOM 
"'-0-ATAJrR RA Y , . ' 

N:1 
uo 10 K=l,4 u- N::1-J~------
L Y=N/L (1) 
·1v=c1•1)/LY+1 
LL=LY/L(2) 

....-----1'-rr1-rYTC rv-1 > 
!L=CIT•l)/LL+l 
1S=IT•LL•CIL•l) 

I ~ G =_LJ./ l.C 3.J 
IG=<1s-1>ILG+1 
lR=IS·LG*CIG•1) 
l'<[TUkN 
l:..ND 

3•0'140 TUESDAY, 02/05/80 12103 PM 

START OF SEGMENT 002 -
00100000 c 002:ooooso 
00200000 C 002:000010 
00300000 c 002:ooooso 
00400000 C 0021000010 
00500000 c 0021ogooao 
00600000 C 002:000010 
00700000 C 0021000014 
00800000 C 002:000210 
00900000 C 0021000615 
01000000 c 002:oooat4 
01100000 C 0021000Al5 
01200000 C 0021000010 
01300000 C 002tOOOFl2 
01400000 C 0021001111 
01500000 C 0021001313 
01600000 C 00210015&5 
01100000 c 0021001eto 
01800000 C 002SOQ1Al2 
01900000 C 002aOb1Al5 

SEGMENT 00-2 1 Sr 0028 L1TNG 
,,,,,,!,,,,,,,,,,,,,,,,,,,,, ##l###ll######l#############################l##l###l##############llll#llll#IIIII 

NQ ERRORS OETECTEu. NUMBER OF CAHDS = 19. 

START OF SEGMENT 00 3 -'- ' 
SEGMENT 003 IS 0004 LONG 

I..Q_M_fJ..LAJ__l___QN TlM.E~-~~ SECOND.S_ ELAP5ED, Ut84 SECONDS PROCESSING• 
,-i ------02- s,;rctC ~S IZE = --;J-W-ulnrs-. - FT[ES IZE = 0 . WORDS, EST I N A TED CORE STORAGE 

IQTAL PROGRAM CODE= 59 WORUS, ARRAY STORAGE= 0 WUROS• 
NUMBER UF PR08RAM SEGME NTS= 3, NUMBEH OF uISK SEG MEN TS= 14• 

,___....._~ROGRAM CODE flLE = 'AG0938CULLLN)CUUO N/ IN D£X ON PACK• 

REQUIREMENT= 8~ WORDS, 

co1rrtm CUMP I [ED Ot~ f0/ 31778 C FORTRAN ON PACK)• 

~ 

(D 

w 



57-0U F U 1 'H A I~ CO M P ILA TIO N MARK 3e0,140 WEONESDAY, 04/02/60 ~ 151- AI 

C 
C 
C 

SUBRnUTINE HO MER CNY,NL,PDFl,P MS[) 

- cuM-P-11TES- HOMOUTNITTY or ERROR VAR 1 ANC (S • 

C O D O I~ / H O M E H 
= = = = = = = = = = = 

OOUB1 E PRECISION ADuE,POOLE,PSSE,PMsL,SS(,MSE,CMSE,CPMSE 
INTEr.ER PDFE,DFE 
D Il .fE N S I ON C M S E C 5 , 2 5 > 
COMMnN/ERHM/SSEC5,2~), MSCC5,25),0FE,JSiu 
PSSE=O•O 
AODE=D•O 
PCfOLF=O.O 
Do 5 1=1,IJY 
00 5 J=1,NL 
CONSr=o.o 

4 IF (MSECI,J) •EQ. CONST) CONST= 0,0000001 
PSSE=PSSE+SSE(I,J) 
CMSECI,J)=MSECI,Jl+CONST 

5 ADO[= ADOE + OFL * OLOGCDA~S(CMSL(I,J>)) 
PMSE=PSSE/PDFE 
lF CJS!G,EQ•O> GO TO 40 
CONST= 0,0000001 
CPMSF=PHSE+CONST 
PODLf=PDFE*DLOGCDABS(CPMSE)) 
CHIER=POOLE .. ADOE 
CH1Cr=1+1/C3•CNL*NY)~1)*CC NY* NL)/(Of[•1J/PDFE> 
C HJ E-R-=C HI ERIC l tJ CF 

----p RB C rt<= PR BF C C NY* NL ) • 1, 10 0 0 • l , CH I Ek IC NL* Ii Y • 1 ) > 
WR I Tr C ::> 1, 1 O) 

lD FORH~TC5X,21HHOMOCE~EITY OF ERRORS1//23X,2HYR,1X,3HLOC,2X,2HOF,BX, 
l2HSS,12X,2HMS/) 

Do 11 L=1,NY 
On 11 M=1, NL ; 

11 WRITrC21,15) L,M,DFE,SSECL, M>, MSECL,M) 
15 fORMAT(24X,I1,2x,12,1x,13,1x,F13.2,2x,F12.2 ) 

WR1TrC21,20)PDFErPS5E,PMSE,CHIEH,P RBCE R 
20 FORHATC1H0,23X,4HPOUL,2X,I3,1X,F13,412X,F12,4///24X,12HCHI•SQUAHE 

1=,F7.3,SX,5HPR0B=1F5.3//) 
lFCPRBfER,LE,0•05)GU TU 30 
WRITr 21,25) _ 

25 FORMAT 24X,49 t1INDIVIDUAL ERl<DR VARIA NCE~ FO HM A HO MUGENEOUS SET/ 
124X,66HFOLLOWING POULED ANALYSIS IS vALlO WITH RESPECT TO THAT ASS 
2U~TTON/l////30X,60C1H*)) 

Go Tn 40 
30 WRITrC21,35) 
35 FORMATC24X,44 HIND1VIOUAL ER ROR VARIA NC

0
Es ARE HETEROGENEOUS/24X, 

137HFnLL OWI NC POOLED ANlLYSIS IS I NVALI /22X,65H**IT IS PRESENTED 
20NLY FOR COMPARISON WITH MOHE VALID ANALYSIS ••l////30X,60(11i*)) 

40 RETURN 
ENO 

00100000 
00200000 
00300000 
00400000 
00500000 
00600000 
OOlOOOOO 
00800000 
0090·0000 
01000000 
Ol 'r0-0000 
012.00000 
01300000 
01400000 
01500000 
01600000 
01700000 
01800000 
01900000 
02000000 
02100000 
02200000 
02300000 
02400000 
02500000 
02600000 
02700000 
02800000 

START OF SEGMENT 002 
T 002:000010 
T 002:0000:0 
T 002:000010 
T 0021000010 
T 002:000010 
r 0021ooooto 
T 002:ooooao 
T 002:ooooao 
r 0021ooooto 
T 0021000015 
l 00210001i4 
T 00210002&3 
T 0021000410 
T 00210005t0 
T 002Z0005i4 
T 002&000Al3 
T 002I000D&4 
T 002:0012!5 
T 002t001C&2 
T 0021001014 
T 002&001Ft2 
T 002&002113 
T 002:002215 
T 002:002521 
T 00210026!2 
T 002l002C10 
P 002:002012 
T 00210033l2 

FIB IS 0006 LONG 
02900000 T 0021003712 
03000000 T 002too3712 
03100000 T 002&003712 
03200000 T 002:003810 
03300000 T 002:0039S0 
01400000 T 0021004014 
03500000 T 002:004Dt4 
03600000 T 002:005Al2 
03700000 T 002t005Al2 
03800000 r 002 005A12 
03900000 T 002 005C&4 
04000000 T 002 006022 
04100000 T 002 006012 
04200000 T 002 006012 
04300000 T 002 006012 
04400000 T 002 006015 
04500000 T 002 0065:2 
04600000 T 002 0065i2 
04700000 T 002 006512 
04800000 T 0021006512 
04900000 T 002:006515 

__.:. 

<D 
+' 

FORMAT SEGMENT IS Oi>86 LO~G­
SEGMENT 002 IS 0075 LONG 

## # ## #######t######t##### ## l # # ##### # ####### # l################################II 



I &-w+-1,11,1 r w I'\ 1 f\- n - n - (.; U M P J. L A T I O N M A R K 3,0a140 TUESDAY, 02/05180 -1 2-•-0-3- P-.M 

~U BROUTINE TRANSCZ,IT) 
C 
C A SU 1:3 R-0.U-LI N-E--41-R-l'-R~ -Sf:U-R-M.l-1~ T HE O A l A • C - • 
C !T=l Y=X 
C 1T=2 Y=SQRTCX+Ot~) 
C 1 +A-3-Y-=.l-O.G-1 ()..(.X-*--1...l-
C l

1
J=4 Y=ARCSI NCSQRT,X))iO•L E•X•LE•1 

C r=s Y=1/(1+X) 
C J.T=6 Y=ARCSI N(SQ RTCX/lOQ))JO,LL•X•LL•lOO 

uo TU C10,11,12,1J,14,16)IT 
10 l'<ETUkN 
11 lFCZ,LT,O>GO TO 15 

______ L...,: S-Q RT( Z-+-0 • 5-}- -
15 l<ElORN 
12 lf(···Z·LI•O)Z=O•O £:ALOG OCZ+l) 
13 i~A~~lNCSQRT(Z)) 

K[TURN 
16 '=ARSINCSQRTCZ/100)) ------~&-TIJ#.N-------------14 lfCZ,EQ,•1>Z=O 

£:1/CZ+l) 
t<tJURN 

C O D O N I T R A N S 
= = = = = = = = = 

START Of SEGMENT 
00100000 c 002,ooooao 
00200000 C 0021000010 
00300000 C 002t000010 
00400000 C 0021000010 
00500000 C 002:030010 
00600000 C 00210 0010 
00700000 C 002:000010 
00800000 C 0021000010 
00900000 C 0021000010 
01000000 C 0021000010 
01100000 C 0021000010 
01200000 C 002&000018 
01300000 C 00210007& 
01400000 C 002&0007t3 
01500000 C 0021000814 
01600000 C 002I000Bt5 
01700000 C 0021000<,;12 
01800000 C 002l000Et1 
01900000 C 0021001010 
02000000 C 0021001013 
02100000 C 0021001214 
02200000 C 0021go1311 
02300000 C 0021 01~15 
02400000 C 002&081ol2 
02500000 C 002&0 1812 
02600000 C 0021001915 
02700000 C 002l001Al2 

SEGMENT 002 1s · oo21 

-
002 
' 

L.ONa 
li#l##llll#l######ll#l#l#i#######l#ill#l# #J #l # ### i l######i##l###l##l###l##ll#l#ll######l##l##l#l###ll#ll##ll##I 

. ' 

NQ ERRO RS DETECTE D, NUMBER OF ~A KD5 = i7• 
---,.--•'--8-MPlcA TI-O N TI M-&-=-~-6-f.6-{)~9~ ELAPSE o, 0•85 SECONDS PROCESSING• 

02 STACK SIZE= 3 WuRDS• rlLESIZ[ = 0 ~OR OS. ESTI MATE D CO RE STORAG[ 
1QTAk PROGPAM CODE= 56 ijORDS• ARRAY STORA UE = 0 WURDS, 

-----~~~H~M 0ts~~Jt~ ~L2~tlJ._9~acu~LlN~~ ~~ &~19~A ~!s~Ns~2~~~TS = 
13

• -
CQMPJ.LE R CO MPILED ON 10/31/78 (tORT RAN UN PA CK>, 

START OF SEGMENT 006 
SEGMENT 006 IS 0004 LONG 

REQUIREME NT= 65 WORDS, 

- ~ 
(D 

Ul 



---.,,,._----..w-tJ-f00 F Ll H T R A-w- G u M P L L A T I O N M A R K 

C O D O N I B A R T 
= = = = = = = = = = 

SUBRnUtINE BARTCN,A~,Dl) 
C 

.--c fi.tl-S-s-1"1rf>~S- 1rB-A-R-rL E-T-f-S T E S T ON T ti l I N D I V I DU A L. DE V N M , S , 
C fROM REGRESSION, 
C 

DIMENSION ARC1) 
•---o.-o sa•o.o 

DO 100 K=1,N 
XcA~cK) -----s~.rr-x·-----------

100 sa=SR+ALOG10(X) 
SA•At OG10(SA/N) 

_____ XP•~3026•0I*'N*SA•SB) x-ew-1 • + n-r-n 117°C"'3*lfi1IT1 
I CR:tXp/XC 

PRB • PRBfCN•1,1000,1,Ck/CN•1)) 
WRITtC21,1)CR,PRB 

1 FORMAT(/59X,•CH1SQ•,3x;ft3,2/59X,' PROB',3X ,F14e3// ) 
RtTURN 
ENO 

3•0•140 wEoNESDAY~ 04/09/80 09J 

00 100000 
00200000 
-0 Q--3 0 o-o O 0 
00400000 
00500000 
00600000 
00700000 
00800000 
00900000 
0 10 00000 
0 11-000170 
01200000 
01300000 
01400000 
01500000 
01600000 
0 17000 00 
01800000 

START OF SEGMtNT 002 
T 002:000010 
T 002:000010 
T 002:000010 
T 002:000010 
T 002:oooo:o 
r 002:ooooco 
T 002t000010 
T 002l000Ut4 
T 002:oooi:2 
T 002:000210 
T 0021000410 
T 002:ooos,2 
T 002sooo9:3 
T 002:ooOBl.3 
T 002lOOOFt3 
T 002:001213 
P 002:0013:~ 
T 002:0011315 

FIB 1S 00U6 L-rrN 
01900000 T 002:002112 
02000000 1 002:0021:2 
02100000 T 002:00211~ 

FORMAT SEG~ENT iS ooar LO 
SEGMENT 002 ts 002c LUNG 

,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,##l#####l#########l#######l###########l##################################t 

WARNINGITHr FUNCTION ttpRsftt WAS NOT FOUND 

NO ERRiRS DETECTED• NUMBER OF CARDS= ~1, 
CORP .tl TION TIME 9 8 src1nrcrs- U---APS-EDJ ltl5 SECONDS PROCESS-ING• 
02 STACK SIZE~ 6 WORDS• F'ILESIZ E = 78 WORDS, ESTIMATED CORE STORAGE 
TOTAi PROGRAM CODE= 94 WORDS• ARRAY STORAGE= 0 WORDS• 
NUMB E' R OF' PR O ~ R AM SE ~MEN T S = 7 • N U M B ER O F LJ I SK S E G I~ E NT S = 1 8 • 
Plf01rlrA~ CODE IrE = ~utl"'nffCULLEN)COOON/BART ON PAC K, 
COMPJLER COMPILED ON 10/31/78 (FO RTRAN 8N PACK)• 

START OF SECMENT 00~ 
(150) 

START OF SEGMENT 006 
SEGMENT 008 IS OOOC LO NG 
SEGMENT 005 I~ 0008 LUNG 

REQUIREMENT= 195 WOR DS• 

' ; It ii-# 

____::. 

co 
U) 
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LA bbreviation? of Jour~al Titl~s.Accor~ing to 
The American Chemical Society (191427 
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