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ABSTRACT 

K iw ifru i t  breed ing program m e s  in  New Zea land have p roduced a large number of seedling 

populations. Effective methods are required to assess seedlings, and knowledge of phenotypic 

a n d  genotypic v ariation would faci l i tate the design of breeding program mes.  

1 .  Multivariate analyses of p hen o typic d a t a  

M u lt ivariate a n a lyses were u se d  t o  quant ify the characters  mos t  powerful i n  distinguishing 

b e tween seed l i ngs and between  crosses,  and to examine the i r  re la t ionships. Seedlings and 

c rosses were p laced in order of  their  overa l l  merit, and the best  ones  were determined.  Bruno 

was a superior female parent for  producing both floriferous male vines and productive female 

vines  with high fruit vitamin  C content, and D l-20 was the  better male parent in al l  crosses .  

M u ltiv:.�ria t e  ana lysis of var iance  and d i scr iminant  analysis were  more  suitable to sort cro>.s 

combinations,  while factor analysis was more efficient for screening single seedlings within a 

population. Factor patterns varied between crosses, and between years for the same cross. 

Canonica l  c o r re la t ion ana lys i s  proved a u seful tool to obta in  be t te r  unders tand ing of t he  

a ggregates of useful vine characters and  the  relationship between them in fruit breeding. 

2 .  Quantitative genetics studies 

Relatively h igh heritabi l i ty was  shown for the beginning da te  of bloom (0.48) and flowering 

dura tion (0 .50) in ma le  v ines, and to ta l  crop weight (0 .46) ,  percentage of shoots flowering 

(0.54), fruit e longation (0.65), and mean fruit weight (0.52) in female vines. For these traits, the  

selection of  superior seedlings a s  parent could therefore l ead t o  rapid genetic improvement to 

their subsequent generat ions .  H airiness of fruit ( -0.07) and percentage soluble solids i n  frui t  

( -0 .19)  gave nega t ive her i tabi lity value,  thus  could not  b e  i m proved effic ient ly by individual 

s e lec t i on .  H owever ,  t h e i r  b r oad sense  h e r i t abi l i ty w a s  r e a so n ably  high (0 .22 and 0.37 

respect ive ly ) ,  showing the re  w e re some  domina n t  and /or e pi s t a t ic effec t s  involved . This  

indicates a possible chance improvement may occur in  a large seedling populat ion.  Fruit vi tamin 

C content  (0 .22) , fru i t  sym m e t ry (0.30) and re lative core s ize  (0 . 13)  gav e  moderate or l ow 

h er i tab i l i ty values ,  indicat ing that  i ndividual se lect ion may h ave  only moderate  success i n  

i mproving these traits. 
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Simple recu r r en t  ind ividua l  selec t ion was shown to  be  an eff e c t ive  breeding s t ra tegy for  

characters of  h igh heritabil ity . For characters of low heritabil ity , the family selection methods 

y ielded a greater rate  of genetic gain . Selection indices were constructed to  provide a technique 

for irn proving several traits  simultaneously. 

3. SDS-polyacrylamide gel electrophoresis of leaf proteins 

Three regions of the protein profile were found useful for the characterisat ion of cultivars and 
.. 

seedlings .  The band ing pa t terns found in seed l ings p r ovided evidence that in the he)ploid 

k iwifru it the  inheritance of these polypeptides occurred in a manner simila r  to that of a diploid .  

Hence the k iwifruit m a y  have arisen a s  a diploidized polyp loid and  i t  is proposed the kiwifruit 

may be considered as a l lohexaploid. 

Progressive changes of some bands with leaf growth and development may be of interest in the 

s tudy of l e af d eve l o p m e n t .  The  possible appl ica t ion  of l e af pro tein analy sis to k iw ifruit 

breeding was discussed .  
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INTRODUCTION 

K iwifruit ,  t he  com m on n a m e  for  Act in idia  del iciosa (A . Chev. ) C.F .  Liang et A . R .  Ferguson, 

adopted for commercial purposes belongs to the relat ively undevel oped (commercially) genus 

A c t i n id i a .  I t  i s  a decid u ou s  vin e, u s u a l l y  growing o n  t h e  edges of forests on the  h i l l s  a n d  

m ountains  o f  southern a n d  central  China .  I n  China, the main region of A.  deliciosa distribut ion i s  

t h e  Chang J iang (Yangtze River) valley, b u t  i t  extends from the Tsingling Range and Huai River 

val l ey, corre sponding to the  750 mm annua l  rainfal l  l ine ,  to the  Southern Coast  and  Taiwan 

p rovince. S ince i t  was introduced to New Zealand from China in 1904, kiwifruit plantings in New 

Zealand h ave increased very rapidly, and a t  the present t ime commands most of the internat iona l  

market wi th  a return of $500 mi l l ion a year  for this fru i t .  Beca use of  i t s  unique properties and 

successful promotion, the kiwif ru i t  has gained new respect in  the 1970's and early 1980's as  a cash 

c rop for human consumption . 

The success of the k iwifruit in  New Zealand has encouraged a rush of plantings i n  other countr ies. 

But in most cases, these countries have used material ra ised in New Zealand, mainly Hayward, but 

also some B runo. Hayward i s  essentially the only female cultivar  now grown in-·New Zealand and 

exported . The New Zealand kiwifruit industry is  therefore a monoculture based on one cul t ivar .  

Such a s i tuation creates a poten tial  fo r  d isease epidemics, a s  well as  the problems of h a rvesting 

and marketing large quant i t ies of the f ru i t  over a rela tively sh ort period of the year .  Therefore 

breeding p r ogrammes wi th  the genera l  a ims  of improving exist ing cul t iv a r s  and creating new 

c:ultivars are necessary .  

Several k iwif ruit  breeding programmes have already started in  New Zealand,  and about 1 1 ,000 

vines of d ifferent  ages a r e  i nvolved .  I t  is i m portant  to develop methods which  can  a ss i s t  i n  

eff icien t ly eva lua ting seedl ings a n d  select ing t h e  best vines for k iwif rui t  b reeding.  I t  i s  also 

import a n t  to know more a bout phenotypic and gen otypic va riat ion in  k iw if ruit  to faci l i tate the 

design of b reeding program mes. 

For this purpose, three types of ana lyses  were used i n  this s tudy namely ,  m ul tiva riate analysis, 

quanti tative genetic a nalysis and electrophoretic analysis .  

This p roject was carried out from 1986- 1988 with p lan ts  produced and maintained a t  the Riwaka 

Research  S ta tion, of the Department of Scientific and Industrial  Research,  New Zeal and .  The 

plants u sed were from a full  sib family's breeding trial in a factorial mating design, and a number 

of attr ibutes of both male  and female  seedlings were i nvestigated. The objectives and techniques 

of this work were: 
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1 .  To s creen the crosses and  vines within the crosses by mult ivaria te analysis of p henoty pic 

data.  

2. To o bta in  gene t i c  informat ion  for e s tab l i shing  t he breed ing  m e t hods  and se lec t ion 

procedures of maximum effectiveness and efficiency. 

3. To characterise k iwifruit  cul t ivars and seedling populat ions with SDS-polyacrylamide gel 

e lectrophoresis ( SOS-PA GE), and to investigate the profiles for gene markers for genetic 

studies. 
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CHAPTER 1 

LITERATURE SUMMARY 

Unlike apple, peach,  grape and orange, kiwifruit cul tiva tion and breeding has only a short history . 

It is a new fruit crop which has n ot been subjec ted to enough s tudy and the l i terature contains 

l im ited information on some aspects of kiwifruit .  

1. Kiwifru i t  a n d  i t s  product ion  

(i) Kiwifruit ttuonomy 

Kiwifrui t  (A. deliciosa) is a new fruit crop with low calories and h igh nutrit ional value .  According 

to the n utritional report of the New Zealand Kiwifruit Authori ty (Anon . ,  1988) ,  two average size 

kiwifru i t  contain twice the  amount  of vitamin C of an orange,  more potass ium than  a 15 cm 

banana ,  twice the Vitamin E of an  avocado, more dietary f ibre than half a cup  of bran flakes, and 

only 90 calories. Because of its unique properties, in  recent years there has been a world wide 

interest in cul tivating this  vine crop. 

Kiwifruit  belongs to the genus Actinidia,  family Actinidiaceae, order Theales (see Ferguson 1984) .  

For  many years, i t  was known as Actinidia chinensis, because it originally came from China.  The 

culture of kiwifruit in China can be traced back about 3000 years - it was mentioned in a collection 

of ancient Chinese poems,  The Book of Songs, which was writ ten in the lOth century B .C.  

The genus Actinidia consists of m ore than 50 species of cl imbing plants which occur naturally in 

eastern and southern Asia,  and the species A. chinensis was described in 1847 (Planchon 1847 ) .  

Botanists later real ised that there were at least 3 intraspecies varieties of A .  chinensis, with fruit 

varying in size and hairiness (Li  1952; L iang 1975, 1982) viz. 

1 .  A .  chinensis Planch .  var .  chinensis, which bears soft -haired fruit.  

2 .  A .  chinensis Planch .  var .  h ispida Liang, which bears  stiff -haired frui t .  

3 .  A.  chinensis Planch .  var .  serosa Li ,  which bears spiny frui t ,  and i s  found only in  Taiwan.  

The differences between var .  chinensis and var .  hispida have been cytologically examined by the 

author,  and their  different chromosome counts (var. chinensis, 2n = 58 ;  var .  h ispida, 2n = ca.l72) 

reported (Zhu 1982) .  
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From extensive research ,  botanis ts  determined to  trea t t h e  three var iet ies  as  three sepa ra te 

species .  While initially known as  A .  chinensis, since 1985 the k iwifruit has been cor rectly described 

as A. del iciosa, the name given ea rlier to var. hispida by t h e  French botanist Auguste Chevalier 

(Ferguson 1985;  Liang & Ferguson 1986 ) .  I t  is  A. del iciosa which was introduced to New Zealand 

in 1904, and became the k iwif ruit  of today . Only this species is usually thought of as k iwifrui t ,  

however, in  China, the term k iwif ruit has been extended to  A .  ch inensis ,  and even to the whole 

genus Actinidia. To avoid such ambiguity,  the botanical name should be clear when referring to 

plant  breeding material .  

( i i)  Production 

S ince kiwifruit was in troduced to New Zealand kiwifruit  p roduction has  increased dramatically .  

The small  early plantings increased to over 8000 ha in 1982, while in 1985 New Zealand plan tings 

exceeded 15000 ha.  The 1984 export crop was 13.3 mil l ion trays, representing an increase of 27.7% 

over 1983 ( Lyttelton 1984) ,  while in  1987 46 .6 mill ion trays of frui t  were exported . The export of 

74.8 mil l ion t ray has been projected for 1990 (Anon . 1987 ) ,  with f .o.b.  earnings of $700m.  

The success of the k iwif ruit  industry has led to a rapid expansion of  kiwifruit growing in many 

parts of the world. In 1985, the world total acreage was over 33000 ha, with 6000 ha in I taly,  and 

USA 3000 ha .  France, Japan, Chile and Australia are also signif icant producers (Alvisi, 1987 ) .  In  

1985- 1986 New Zealand exported almost 75000 tonnes (76% of world total )  mainly to Western 

Europe, Japan and USA (Alvisi, 1987 ) .  Export earnings from kiwifruit  now exceed those of apples 

- and a re the major horticultural export earner for New Zealand. 

Increasing p roduc tion has given rise to  doubts about market  out le ts .  In  the next  few years,  

competition i s  l ikely to become keener between different countries and even between producers 

with similar harvesting seasons. Drastic price reductions can be avoided only by increasing and 

diversifying consumption, and through closer international coordination of marketing. 

2 .  Kiwifruit selection and breeding 

( i )  Th� Chall�ng� 

Within  the  past  decade t h e  consumption of kiwif rui t  ha s  increased dramatically, as  consumers 

h ave become more awa re  of the hea l th-promoting propert ies of the  fru i t .  But the increased 

competit ion between producing countries means that for New Zealand to continue to  be successful 

it must  have the best production and marketing system,  and this includes being first  to have the 

best  cul tivars. Palmer poin ted out "Our horticul tural produce must lead the market ,  not  be led by 

i t" and  suggested that  a n ew fruit  cul tiva r of the s ta tus  of Hayward,  G ranny S mi th  and Red 

Delicious is needed every 5 years or so if  New Zealand i s  to keep ahead of the field (Palmer 1986) .  



5 

Unfortuna tely the k iwifru i t  industry in New Zealand i s  based on a n arrow range of cul tivars 

se lected y e a rs ago from the origina l  line of seed imported in 1904, the l i m i ta t ions  of which 

indicates  that  increased at tention to cul t ivar  improvement i s  required. 

( i i )  Selection of e:risting cultivars 

Much has  been written describing the history of kiwifrui t  selection (Ferguson & Lay-Yee 1984) . 

Al l  the commercial kiwifruit  plan tings in New Zealand can be t raced back to a few plants growing 

on the Wanganui farm of Alexander Allison, who raised plants from seed sent him from China in 

1904. His vines were producing frui t  by 1910 .  All ison 's k iwifrui t crea ted considerable interest .  

With in  a few years ,  p lan t s  had been dis tributed to a numbe r  of a ma teur h or ticultura l ists  and 

nurse rymen in the Manawatu . By Ju ly 19 17  the first  plants were being sold to the public, and 

about 1 925 the ea rly selection began . The selection of most of the improved cul tivars that we grow 

today took place during the decade 1925- 1935. B runo Just ,  a nurseryman of Palmerston N orth, 

selected several  types of kiwifruit  which he propaga ted and sold as  grafted vines - the cul tivar 

B runo was selected from a group of 30 vines. Many of the other named cul tivars come from the 

Avondale nursery of HaY'vard Wright .  The cul tivars Hayward and Gracie were both selected by 

Wright from a row of about 40 seedl ings. 

For adequate pollina tion, Matua and Tomuri were selected by H M Mouat and W A Fletch e r  a s  

male cul t iva rs, and various Matua-type males are now widely used. 

Amongst these cul tiva rs, Hayward is the main cultiva r in  New Zealand and only Hayward fruit  is 

now exported.  Therefore the New Zealand kiwifruit industry i s  based on one cul tivar , which may 

lead to  a number of problems .  Hayward is a good cul tivar, but by no means a perfect one, e .g .  i t  is  

a la te-f lowering cul t ivar ,  frui t  qua l i ty could be improved,  and the yield is not  re l iable  under 

condit ions of l ow winter chil l ing. For New Zealand to retain its place a s  the world ' s  kiwif rui t  

leader there must be a continued search for  better varieties and different types of kiwifrui t .  

As  wi th  o ther  tree crops there is continuous ,  na tura l muta t ion  taking place within the  Hayward 

popula t ion ,  and these sports  somet imes  may represen t significant i mprovements .  The m ajor 

i mprovement s  compared with H ayward which are sought  are l isted as  fol lows (Davison, 1985; 

Dawes, 1977; Ferguson, 1987; Lawes 1978, 1979; Lay Yee 1980; Seal .ctJ!.l1986) : 

-Fruits consistently l a rger and uniformly-sized 

- M ore symmetrical fruit shape, with fewer 'fla ts' 

- Less hairy, with smoother skin 

- Thicker skin to  increase resistance to wind rub 

- A  small  internal core 
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- Earl ier  maturity to  spread the use of harvesting, packing and coolstore facil i t ies and to 

al low earlier access to markets 

- More compact growth and less vegetative vigour, which could reduce orchard m anagement 

costs 

In fact ,  several intere sting bud mutations have been claimed in New Zealand over  the past decade. 

For instance, a superior muta tion of H ayward was first noticed in Wilkins' orchard,  Te Puke . I t  

was  l onger than Hayward a n d  h ad a smal l  core . I t  was named Wilkins Super and protected by 

plant  patent (Anon . ,  1987) . Another example is an earl ier maturing mutation found in Kennedy's 

Tauranga orchard. The vine was claimed to flower ten to twelve days earlier than others,  and its 

fruit to ripen correspondingly ahead of other vines (Anon . , l 984) .  These selections were some of 

many from a nat ionwide c ompet i t ion . Whi le  such chance discoveries may lead to a good new 

cul t ivar, controlled breeding programmes hold the greatest potential .  

( i i i )  Creating new A .  d eliciosa cultivars 

Like other tree crops, kiwifrui t  is a highly heterozygous plant ,  and the seedlings resulting from 

gene recombination of parents can provide an enormous diversity of vine types ( McNeilage e t  a l  

1986) . The  o ld  cul tivars with valuable characteristics could therefore be used a s  breeding stock, 

a l though they have been discarded in kiwifruit  cultiva tion . 

M on ty ,  a l though i t  h a s  med ium-sized frui t ,  is highly productive, wi th  a good s torage q u al i ty  

( Brooks  & Olmo 1972 ; Minn i s ,  1976)  and may be u seful to improve product ivity of  k iwifrui t .  

Bruno has  the h ighest vi tamin  C conten t ( Minnis 1976 ) ,  and has good flavour (Brooks & Olmo 

1972) ,  and  m ay be u seful to increase  vi tamin C level  of new cult ivars .  Abbott  i s  the earl iest 

ma turing (Sozzi et al l976) ,  so it may be useful material to breed a new earlier ma turing cul tivar .  

In  New Zealand, promising male and female parents h ave been identified and crossed,  wi th  a large 

seed l i ng  p opu la t ion now be ing  grown,  and  it is poss ib le  t h a t  pa rt icu lar  charac ters  wi l l  be 

developed while retaining other good a ttributes. 

F irs t  resu l t s  of those progra mmes  suggested that progress i n  obtaining hermaph roditic ( self­

f e r t i l e )  types  may be m or e  rap id  t h a n  f i r s t  expec t e d  ( S e a l  et a l ,  1986 ) .  S ince  k iwif ru i t  is 

funct ional ly dioecious, hermaphroditism could be important in kiwifrui t  production and breeding, 

a s  apart from reducing the need for male vines, the presence of even a few frui t  on a fruiting male 

vine can provide some fruit ing i nforma tion,  which enables one to make a more rational choice of 

the ma le  parent for breeding . In pract ice,  i t  is difficul t  to detect flowers  with fert i le  pol l en  on 

female vine, but i t  is easier to fin d  flowers with fertile ovaries on a male vine. This sligh t deviat ion 

from s tri c t  d ioecism in ma le  plants probably indica tes  a n  evolutionary origin from herma phro­

di t ism via a gynodioecious pa thway to  dioecious (Lloyd, 1980; Webb, 1979) . S elective breeding 

has  produced hermaphrodite cultivars i n  some d ioecious or gynodioecious species, such a s  grapes, 
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strawberries and papaya. 

In  1985, one fruiting male  vine from seed of an open pollinated fruiting male parent was found 

w i th fl owers of l a rge ovaries and long , th ick s ty les ,  and the l a rgest  f ru i t  weighed 81 g and 

contained more than 800 seeds. I t  was  ea rly maturing and had good shape and flavour. The good 

size and shape of the fruit was confirmed in subsequent seasons, and another vine from the same 

popu la t ion has been found with  even larger frui t ,  and the added a dvantage of producing only 

bisexual  flowers - a stable hermaphrodite (Seal 1987, 1988) .  By using them as parent, a range of 

self-fertile selections wil l  emerge, provided that the fruiting male syndrome is both heritable and 

sufficiently constan t .  

But unt i l  commercial hermaphrodite cultivars are obtained, male cultivars will  play an important  

role i n  kiwifrui t  production and breeding. Because of the dioecious property of  k iwifrui t ,  two 

important constraints  are imposed on breeding work. First, as  two promising female types cannot 

be crossed directly,  a male in termediary must be used and thus an extra generation i s  needed 

before desirable fruit characters can be combined. Second the con tribution made by a male parent 

to the fruit characters of i ts  female progeny is unknown. Therefore it is desirable to choose the 

best  male paren ts. At  the present t ime the progeny of more than 20 male select ions ,  crossed to the 

same female pa rent are being evaluated by DSIR,  and the new male selections which can pass 

particular characters on to their offspring will emerge from this work (Seal et  a l 1986) . 

L ike  many othe r f ru i t  t rees ,  the  k iwifruit  i s  of ten  a compos i te  vine consis t ing of scion and 

roots tock .  In  every b lock, there are some vines wi th  decidedly i nferior growth and yield, which 

may be  associa ted wi th  inheri ted characters of the individual seedling rootstock. I t  therefore 

would be possible to select a clonal rootstock to maintain good growth and reproductive abi l i ty of 

the  sc ion ,  and perhaps  to  provide  resistance to  soi l  borne pes t s  and diseases .  Research on 

rootstock effect on y ie lding effic iency may lead to improved rootstocks being selected (Lawes 

1986a,  1986b; Lowe, 1987) .  

In other parts of t h e  world, Actinidia breeding is also proceeding. In China, fruit  of 14 improved 

cult iva rs  is similar to H ayward in weight, flavour and vitamin C content ,  most of them being bred 

from A .  chinensis and the yield of a three year old planting was a s  high as  22.5 tonnes/ha. ( Gao 

1987) .  

I n  the  United S ta tes, t w o  k iwifrui t  selections "Blake"' a n d  "Vincent'' have proved adaptable to 

c l imates  in S outhern California  where the warm winters  preclude t h e  successfu l  cropping of 

Hayward due to the l ow winter chil l ing (Meyer, 1987).  The selection "Dexter" in  the  warmer parts 

of Austral ia has a l ower requirement for winter chilling, but the fruit are visually very similar to 

Hayward  frui t and store well (Winks,  1986) . 
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I n  I t a ly ,  scie n ti s t s  have relea sed a n umber of se lec t ions  and s t ra ins  inc luding two H ayward 

selections named H E 1  and H E2 whose pollen was about 20% viable.  This character could be of 

va lue  i n  breeding and  further research for hermaphrodi t i sm is being carried out ( Bellini tl1li 
1987 ) .  Another promising selection i s  a mini -kiwifruit  'Fatma' ,  a chance seedling of Hayward with 

smaller fruit .  I t s  male  progenitor i s  unknown, probably A .  kol omikta .  The plant  i s  quite resistant 

to a dry season and to excess calcium in the soi l .  Its keeping quality is extremely high, the shelf­

l if e  with out refrigera tion exceeding 9 months (Paglietta 1987) . 

(iv) lnterspecific crosses of A ct in id ia  

Some breeding objectives for kiwifrui t  improvement poin ted out  by  h orticu lturists and breeders 

(Dawes 1 977 ;  Ferguson 1987; Lawes 1978; 1979; Lay Yee 1 980; Seal et a l 1986 , )  include: 

for extending the climatic and soil range over which kiwifruit  can be cul tivated (e .g .  tolerant 

to  alkal ine soil, h igh soil m oisture levels and drought-tolerant)  

for  processing:  good flavour ,  beau t ifu l  colour,  good texture (firmness) and appearance 

(cross-section of kiwifruit  is a feature), wholeness of a piece (as decoration of food), B runo 

type shape, h igh vitamin C and high sugar content .  

for ensur ing poll ina t ion :  heavy flowering, well t imed male  cul t ivar with necessary pollen 

qual ity .  

for rootstock:  a dwarfing, cold ha rdy cultivar with graft compatibi lity 

for res i s t ing pests  a n d  d i se ases (sca le ,  l eafrol lers ,  bark canker ,  s torage rot ,  root  rot ,  

nematodes, crown gall ) .  

For  reaching the  above goals ,  sometimes i t  i s  necessary t o  int roduce characters no t  found in A .  

deliciosa such as different  flesh colour, different flavour, h igher vitamin C and a h igher level of 

winter hardiness. As  ment ioned above, the genus which the kiwifruit belongs to contains nearly 

100 taxa, many of which have specially desirable attributes. There i s  the possibi l i ty of obtaining a 

completely new k iwifruit through interspecific crosses. 

lvan Michur in , a Russian h orticulturist ,  did much work bringing Act in idia in to  cultivat ion as  a 

frui t  crop ,  and  he produced young seedlings both from selfing and interspecific crossing and 

subjected them to the influence of the new environment,  and u l timately produced one adapted to 

i t .  I n  th is  way a number  of cul tivars capable of being grown f or frui t  in Russia were produced 

(Saskin 1 937) .  In  western countries, the first successful interspecif ic hybrid from A.  deliciosa was 

A .  fa irch i ld i i  ( Rehder 1 939) ,  p roduced by pol l inat ing A.  arguta with pollen from A .  del iciosa 

(Fairchild 1 927) .  

A .  chinensis is of great value to  Actinidia breeding. I t  i s  productive, precocious and of medium 

v igour wi th  smooth-skinned fruit of different flesh colours (green, yel low and pink ) .  M ost of the 

Chinese cultivars were bred from this species (Chen & Zhu  1 98 1 ;  Ferguson 1984; Gao & M a  1988; 
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Zhu 1982 ) .  

The  other species with edible fruit ,  which can be used in Actinidia breeding are: 

A. arguta is  cold resistant, it is  of in terest for areas too cold for the k iwifruit and with a vitamin C 

content of 1 1 1  mg/100 g, with maxima of 130 mg/ 100 g (Kolbasina 1970) . 

A .  eriantha contains exceptionally h igh levels  of vi t .  C.  from 195- 720 mg/ 100 g, while H ayward 

usually only contains 80- 100 mg/ 100g (Bank & Ferguson, 1986) .  

A .  ko lomikta  has  considerable val u e  as an  ornamental plant,  Gerasevic (1966) reported that  a 

seedl ing of unusual ly large whi te  f lowers having up  to 15  peta ls  instead of the usual 5-7,  was 

selected from the cul tivar Serzant 's  New . I t  is  also a good breeding stock for its cold resistance 

and prolific fru it ing (Tyun ikov 1975) .  Several selection s and cu l t ivars have been obtained and 

.evaluated for this  species in the USSR,  the most winter hardy ones can give satisfac tory yields and 

g66G�ality in cold areas ( Plekhanova 1 983). The species has very h igh  vi tamin C conten t ,  

analyses  of  120  forms showed t h e  mean c on ten t  was 890 mg/  1 00 g ( Kolbasina 197 0 ) ,  some 

cult ivars  were even higher, over 1000  mg/100 g (Samorodova -Bianki e t  al 1977, Plekhanova 1983) .  

I t  is  of special interest to  mention the report of Kopestinskij et  a !  ( 1966) ,  who  found two seedlings 

that had both male and female flowers on a normally dioecious vine.  

As  early as the 1930's, there were a t tempts to pollinate A. arguta with A. kolomikta but they failed 

because the la t ter flowers much ear l ier than A. arguta .  I n  1937, t he  early shoots were destroyed by 

a May frost and flowers from dormant bud came out somewhat later, made i t  possible to cross the 

t w o  s p e c i e s ,  a n d  an exce p t i o n a l l y  frost  re s i s t a n t  s e l e c t i on was  o b t a i n e d  ( S a s k i n  1 940 ) . 

Subsequently , some promising seedlings were selected from a cross of the two species (Tyunikov 

1 975) . 

A t  present ,  several programmes  concerning in terspecific hybridizat ion among 10 species and 

botanical varieties have been carried out in New Zealand, and hybrids between cultivated kiwifruit 

and A. a rguta  were  obtained. The pentaploid hybrid was  in termediate between i ts  paren ts for 

m ost trai ts, but less vigorous than either. It had poor male but reasonable female fertility (Pr ingle 

1986) . 

Another example i s  a red fleshed hybrid ( 15 g )  between A .  arguta and A. melanandra. Its fruits 

m a tu re i n  M arch  and have a palatable smooth ski n ,  a sweet  taste with maximum total soluble 

solids of 17 to 20% (compared with 16% for Hayward) .  It is  decorative because of its red flesh 

which appears as  the fruit ripens .  Further studies are being undertaken to assess its commercial 

potential (Seal 1987, Seal and McNei lage 1 988) . While t here have been some successes, due to 

differences in ploidy levels interspecific crosses will not  be easy. Special tissue culture techn iques 
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are  n eeded  t o  solve this problem .  Plantlets der ived from immatu re hybrid embryos, and from 

endosperm have been transferred to glasshouse condit ions for further  growth and evaluation. 

Through embryo rescue, endosperm cul ture and colchicine doubling of chromosome numbers, one 

can great ly increase the range of hybrid vines a t  a l l  possible p loidy levels (Seal  e t  a! ,  1988) .  

(v )  Genetic engineering 

Plant genetic engineering is a technique which allows one to incorporate alien genes into crops to 

create superior or entirely new types of cul tivars. Its power l ies in its ability to get the desirable 

genes from any source, and to manipulate them very precisely. Such innova tion therefore would 

reduce  many problems facing the h ort icu l tura l  industry .  (Aus t in  1988; Gardner 1986; M oore 

1988 ) .  

T h e  two steps involved in genetic engineering a re DNA recombina tion and gene transformation .  

D NA r ecombina t i on prov ides  m e thods  t o  i so la te  a g e n e  a n d  t o  m u l t i p ly  i t  i n  bacter ia ,  t o  

characterize i t  completely and t o  m odify i t  a t  wil l .  Gene transfer usually involves a soil bacterium, 

Agrobacterium tumefaciens, which takes the isolated gene and introduces it into a plant,  to add 

new trai ts  to a cul t iva r without a l te r ing i ts  in t rin sic chara cters .  In New Zealand four strains of 

Agrobacterium have been tested on kiwifruit ,  and two gave indications of DNA transfer .  With the 

technique of cell cultivation, research attempting to get gene tically engineered cells and shoots is 

being undertaken .  New traits of k iwifruit ,  such as tolerance to the herbicide Roundup, and insect 

resistance could be obtained (Gardner 1986) . 

But  b iotechnology alone cannot ach ieve the u l t imate desirable resul ts ,  and genetic engineering 

must be viewed in the proper perspective . I t  can be a useful tool in creating genetic diversity ,  but 

it w i l l  remain for the tradi t ional  breeder  to mould the germplasm into cult ivars  usable by the  

k iwif ru i t  industry .  

3 .  Multivariate analyses in plant breeding: 

Mult ivariate analysis is the branch of statistics concerned with ana lysing multiple measurements  

on one or more populat ions .  I t  i s  a technique of data sum marising and reducing, grouping and 

analysing, and has proved useful in the biol ogical and social sciences for  more than two decades. 

I t s  a pp l ica t ion i s  being extended to crop science, especia l ly with new statistical packages that  

facili tate the complex and tedious calculations.  

I n  many horticultural studies measurements are concerned with a number of different a tt ributes.  

The variates a re dependent among themselves, h ence one cannot split  off one or  more from the 

others and consider it by i tself . M ultivariate methods therefore should be used. 

Al though fa r less than in  other crops, a f ew papers have been published in fruit  crop research, 
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where this technique has been appl ied to deal with kinsh ip  of cul tivars, numerical taxonomy of 

germplasm collections (Blazek & Yon dracek 1988; Challice & Westwood 1973; Jalikop et a l 1984; 

H anda & Ogaki 1985; Hillig & Iezzoni 1988; Kajiura et  al 1979; K ramer et a! 1985; Potvin et  al 

1983) ,  to eva luate  commodity qua l i ty of frui t  products (Forina et  al 1 986;  Genizi and Cohen, 

1988) , and to examine  the rela tive importance of rootstock and scion (Moore, 1975) . 

S ince the me thods below have been employed in this work, their  history and application wil l  be 

briefly reviewed (for detail, see B ose 1977) .  

( i )  Manova and discriminant analysis: 

(a )  Manova : In  1900, Kar l  Pearson created the  correlat ion coefficient and obtained the 

Ch i - square d i s t ribut ion ,  and  in 1908 ,  W .S .  G osset ,  "S tude n t " ,  developed the t d i s t r ibut ion . 

Bu ilding on the work of Pearson and "S tudent",  Ronald Fisher in 1923 began to create the analysis 

of variance (Anova) which proved to  be the m ost widely used and basically useful approach to 

s tudy d ifferences  a m ong severa l  popu la t i ons  or trea t m e n t s .  But Anova only handles  one 

dependent  variable,  and the dependent varia ble i s  assumed to be normally distributed with the 

same variance in each population, and the research issues concern the '' realness·· of the differences 

a mong the population means for this  variable. If one wants  to deal with many characters together, 

Anova cannot do it  and the mul t iple analysis of variance (Manova)  is needed to solve this kind of 

problem.  I n  Manova one is concerned with the  multivariate generalisat ion (vector variable) of 

analysis of variance, which is the study of group differences with a number of variables combined. 

B e c a u se M a n ova  dea l s  w i t h  t h e  vec to r  va r i able s  r a the r  than  scalars ,  it  looks at the whol e  

d ispersion of the variables, i . e .  variance and covariance, i t  is  t h e  more suitable method of handling 

combined variables. I t  is also a very important  tool for genetic studies because m ost quantitative 

genetics information derives from partitioning variance and covariance of phenotypic values, and 

Man ova can generate a dispersion matrix for this  purpose . 

I n  fact ,  complex Anova methods such as factorial designs are multivariate in the independent ,  or 

group ing, variable. The distinctive nature of Manova designs is that the dependent variable is a 

v e c t o r  var iabl e .  T h i s  d e p e n d e n t  vec to r  v a r iab le  i s  a s s u m e d  to be mul t ivar ia te ,  normal  in  

d i s t ribution and with  the same d is persion,  or  variance-covariance matrix, for each populat ion.  

Equal ity of d ispersions is the Manova extension of the assumption of homogeneity of variance in 

the Anova design . I n  Manova the research issues concern the "realness'' of  the differences among 

the population centroids, or the mean vector. 

There are two nul l  hypotheses established for Manova . Hypothesis one i s  used to  test tha t  the 

p o p u l a t i o n s  have  a com m on d i sp e rs ion ; w hereas  hypothesi s  two i s  to  iden t ify whether  the  

populations have a common centroi d .  A test cri terion for the  nu l l  hypothesis H 1  of the equali ty of 

group dispersion matrices was presented by Box ( 1949) ,  which extended from a development of 
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Bart le t t  ( 1937) . A test of H2 was formu lated by Wilks i n  1 932 in terms of the distr ibu t ion of a 

ratio of the determinant  of w ithin group dispersion to the  determinant of total  dispersion - the 

ratio stat istic is usually denoted as Lambda(/\) : 

/\ = I w I I I T  I 

The general ut i l i ty of the determinant ratio statistic is based on its transforms. Bart let t  gave the 

Chi-squa re approximation in 1938; Rao derived an F approximation in 1952 which i s  superior to 

the c h i - square method in that i t  gives very close fi t s  to the /\ even for very smal l  numbers of 

degrees of freedom (Cooley & Lohnes 197 1) .  

I n  prac tica l  research, M anova proved t o  b e  a unified a pproach with al l  of the power, scope and 

flexib i l i ty of Anova ( Cole & Grizzie 1966) .  Although M anova has been mainly used in  social 

science ( Cooley & Lohnes, 197 1) ,  several reports have been found in the other research areas .  For 

example ,  Smith � ( 1962) examined the effect of body weight on bio-chemical aspects such as 

pH, ch loride content ,  in  urine of man.  Cole and Grizzie ( 1 966) used Manova to investigate the 

effect  of drugs on histam ine release in dogs.  In agricultural  research, Manova was used to analyse 

sequen t i a l  observa t ions  on grazing an ima l s  and perenn ia l  p lan ts ( Evans  & Roberts ,  1979) . 

However, no  such report was found in fruit crop science. 

(b) D i scr iminan t  ana lysi s :  When two o r  more popula t ions have been measured for several 

charac ters ,  special inte rest a t taches to certain l inear funct ions called discriminant funct ions by 

Fisher ( 1936), by which the populations are best discriminated.  It can therefore be interpreted as  

a special type of  factor analysis tha t  extracts orthogonal factors of the  measurement  battery ,  for 

the spec if ic  t a sk of d i sp laying all  differences a mong groups .  Since M a n ova can n o t  m a k e  a 

comparison of various means,  we need to use a discriminant function to get test scores for a means 

comparison. So  it  i s  of great importance in multivariate ana lysis, and it has been widely u sed in 

socia l  science, for example,  to group countries on the basis of their employment pat terns ( Manly, 

1986),  and to cla ssify the ca reers of people on the basis of their abi l i t ies,  interests and m otives 

tests (Cooley & Lohnes, 197 1 ) .  

(i i) Factor analysis: 

Like other living things fruit t rees are a highly integra ted system, all the overt  characters of which 

are in terre la ted .  When using a mu l t ivariate approach to solve problems,  the intercorrelations 

a m ong  v a r i a t e s  m u st be  c on si d e red . B u t  the  i n t e rcor re l a t ions a re always the bane of the 

multivariate researcher's struggle for meaning because of the  covariance (Cooley & L ohnes 197 1) .  

One m u s t  transform t h e  data i n  order to produce an uncorrelated vector variable .  This  orth ogonal 

transfor mation can be completed by factor analysis. 

Factor a na lysis includes principal component  (PC) and common factor analysis. PC analysis  was 
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first described by Pearson ( 190 1 )  but a descript ion of pract ical  computing methods came much 

l a ter  from H ote l l ing ( 1933 ) .  The early development  of fac tor analys is  was due to  S pearman 

( 1904) ,  who formulated his two-factor the ory of mental test. Later this theory was modified to 

a l low for each test  result to consist of a part  due to several common factors plus a part specific to 

the  test .  This gave the general factor analys is  model which has  a number of potentially useful 

a pplicat ions in h ort icultural research. I t  can be used to  order multivariate da ta in one or more 

or thogonal d imen si on s  cal led factors, which express most of the variance of the original data . 

Scores on these factors may be used as criteria for plant select ion and as  a non-measu red variable 

t o  replace subject ive  visual  a t t ri bute s  in convent iona l  s t a t i st ical  ana lyses  ( B roschat  1 979 ) .  

P lot t ing of mul t ivar ia te data in  2 d imensional factor space h a s  proved useful for indicating the 

kinship of a sou r cherry germplasm collection (H il l ig & Iezzoni ,  1988 ) .  Compared with M anova 

and discriminan t analysis, factor analysis has been more widely used in agricultural (e .g .  Denis & 
A dams, 1978 ;  G ordon, 1983; Sei ler  & Stafford, 1985) and horticultu ral research (e .g .  Broscha t ,  

1 979;  Forina et al, 1986; Hillig & lczzoni, 1988; J a l ikop et  al, 1984; Kajiura e t  a!, 1979; Moore, 

1 975;  Verlodt �.U!l, 1985) . 

I t  is of interest to note the study made by Godshalk and Timothy ( 1988) in switch grass selection, 

in which both PC and common factor analysis  were involved .  They found that PC analysis had i ts  

h ighest correlat ion with the Smith-Hazel index (Smith. 1936; Hazel, 1943) ,  and indicated the PC 

analysis of a simple correlation matri.x had some potential for selection purposes. 

A nother important application of factor analysis is t o  get the genetic d istance between parents in  

p lant  breeding us ing PC analysis of the genetic correlation matrix of parents '  effects (Adams & 
Wiersma, 1978; K ong, 1986) ,  and the superior parent combinations  can be selected on the basis of 

t heir genetic distance . 

( i i i )  Canonical correlation: 

The  canon ica l  c orre la t ion i s  t h e  maximum c orre la t ion be tween the  l inear  funct ions  of t h e  

v ariables in two data sets .  I t  w a s  developed by H otelling ( 1935, 1936) .  Canonical analysis i s  the 

most general of the multiva riate techniques, mult iple regression and Manova are al l  special cases 

in it. It is a descriptive or screening procedure rather than a hypothesis- testing one (Tabachnick & 
Fedell 1983 ) .  B esides the canonical correla tion coefficient ,  in terest centres on the interpretation 

of the canon ical factors. I t  is  necessary to know which elements in the vector variables contribute 

most heavily to  the maximally correlated factors. Thus, a factor structure giving the correlations 

of the canonical factors with the elements of the vector variables on which the factors are defined 

is desi rable. 

S ince canonical correlation analyses the rela t ionships between two sets of variable,  i t  is  suitable 
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for dea l ing with rela tionships  of y ie ld  componen ts  and phys io logical  ( o r  m orphol ogical e tc . )  

characters in  agricultural research (e .g .  Le dent,  1982: Sun & Huang, 1987 ;  Zhang et  a! ,  1989) .  The 

a ppl ica t ion of the technique in frt.J i t  crops i s  rare, but Geniz i  & Cohen ( 1988)  exa mined the  

canon ical correlation between maturity and sensory properties in  tangerines .  

4 .  The prac t i ca l  app l ica t ion of genet ic  s tud ies  

( i )  Application of quantitative genetics to plant breeding 

Plant  breeding cont inued to be main ly  based on em pirical  knowledge until the rediscovery of 

Gregor Mendel's great 1865 paper on inheritance which gave rise to the science of genetics in the 

beginning of this century (Moore & Janick,  1975) . 

I n  t h e  ea rly days of genet ics ,  i t  was  t h ought  t h a t  the segregat ion law from t h e  s ingle gene 

d ifferences would revolutionise plant breeding, and so it  was for some plants .  But when fruit  trees 

were crossed the results  did not fit any of the simple segregations and no single gene character s  

were known for a long t ime.  I n  fact, most at tributes of breeding value, such a s  fruit weight, shape, 

colour and cropping are controlled by polygenes (Brown 1975; Lawrence, 198 1 ) ,  which means that 

when two cultivars are crossed there wil l  be a wide and continuous range of expression of al l  these 

traits in  the seedlings. The seedlings will not segregate into discrete ca tegories, hence the simple 

segregation law cannot be applied to analyse these attributes, and a quantitative genetic approach 

should therefore be used. 

For many field crops  such as  m a ize ,  genet ic s tudies  of quan t i tat ive t ra i t s  have been widely 

demonstra ted to  be u sefu l  for developing breeding methods and selection procedures, and for 

predic ting genetic gain of following generat ions ( Hallauer & M iranda ,  Fo.  198 1 ) .  This  is even 

more important in fruit tree breeding. The long period of juvenil i ty and the long generation cycle 

great ly  delay the  exploi ta t ion of genet ic  recombinat ion ,  and increase the costs of rearing and 

eva l u a t ing seedl ings .  In add i t ion ,  m o s t  fruit tree species have been ma in ta ined in a h ighly 

heterozygous condit ion ,  and large seedling populations are required. Therefore the designs which 

maxim ise the rate of genetic improvement of breeding material and minimise the cost of obtaining 

the i mprovement are more important  than for other crops. But in  fruit t ree breeding, there have 

been only a few quanti ta tive studies of a ttributes, and this is even more rare in kiwifruit  breeding . 

Therefore m ore informa tion of quant i ta t ive genet ics i s  needed for designing breeding methods 

and experiments.  

( i i )  A brief description of the history of quantitative genetics 

A detailed review of the history of quanti tative genetics can be f ound in the book of Al lard ( 1960), 

and Falconer ( 1981 ) .  
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Galton and h i s  students  first studied quantitative variation by statistical methods in the last part  of 

the  19 th  cen tury ,  and the i r  results  showed tha t  the quantita tive characters were at  least partly 

heritable. Yule then suggested in 1906 that many genes having small and similar effects might give 

rise to continuous inheritance. About the same time J ohannsen showed that seed weight in beans 

varied continuously as a result of the joint and more or less equal effects of heritable and non­

heritable agencies. 

Nilsson-Ehle ( 1909) soon found a naturally occurring m odel for the type of inheritance suggested 

by Yule : in  wheat and oa ts  there are three genes for red versus white kernels. Any one of these 

genes gave a ratio of 3 : 1 ;  two segregating together gave a 15 : 1 ratio and al l  three a ratio of 63 : 1 .  

When more than one gene was segregating, differences in intensity of colour were observed .  I t  

was thus es tablished that different genes could have similar and cumulative effects a n d  any single 

one of those genes was subject  to the same Mendel ian  laws of transmission. Thus quantita tive 

genetics is an extension of Mendelian genetics ,  resting squa rely on Mendelian p rinciple s as its 

foundation . 

The furth e r  development of the theoretical ba sis of quan titative gene tics was established abou t 

1920 by the work of East ( 19 16 ) ,  Fisher ( 19 18 ) ,  Haldane ( 1932) and Wright ( 192 1 ) .  The methods 

were elaborated by many geneticists and stat isticians over the succeeding years. It also became 

c lear  that  quanti tative variation between individuals arises from the joint action of the genotype 

and environment ,  therefore the basic idea in the study of quantitative genetics is to partit ion this 

variation in to  components a ttributable to different causes. The amount of variation is measured 

and expressed as  the variance, and from i ts  partitioning much genetic information can be obtained . 

( i i i )  Phenotypic and genotypic correlation: 

Somet im e s  it i s  necessary to exa m ine  c o rre la ted characters  and to know how the i m pr oved 

character will  cause simul taneous change in other characters in plant breeding. For example,  fibre 

quality in  cotton is equally as important as  yield, and it i s  necessary to improve qual i ty a long with 

yield .  To effect  these s imul taneous i mprovements ,  an understand ing of the na ture  a n d  the 

magn i tude  of the associat ion of the two characters  i s  necessary, because the d irection of the 

correlat ion could enhance or inhibit selection progress (Tyagi 1987) .  

There a r e  two causes of a relation between characters, genetic and environmenta l .  The former i s  

mainly pleiotrophy, though linkage disequil ibrium i s  a cause of transient correlat ion particularly 

in  popul a tions  derived from crosses between divergent  strains .  I t  i s  the overa l l  effec t  of a l l  

segregated  genes that  affect both characters .  The same i s  true of corre lat ion result ing from 

environmental  causes, where seedlings reflect the overal l  effect of all environmental factors ,  some 

causing a pos i t ive corre lat ion ,  some a n ega t ive one .  Phenotypic correlation comes from both 

causes  - s h a r e d  gene t i c  effec t s  a n d  a c o m mon re sponse of independent  sys tems  to shared 
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environments.  Therefore a separate analysis of genetic correlation i s  needed. 

Correlations have been determined for some fruit trees, and their interpretat ion has assisted in 

determining the rela tive importance and genetic properties of characters included in selection 

programmes (Hansche e t  a l ,  1 966; Shaw 1988) . 

( iv )  Heritability and its standard error: 

The absolute magnitude of the genetic variance for a character is of critical i mportance in that it 

de termines h ow effective different selection and breeding procedures will be,  but equally, if the 

genotypic variance is only a small part of the total variability. then environmental  change may be 

more important .  The heritability ( h2 ) of a trait i s  often used to describe this p roportion. 

The heri tability can be estimated from the degree of resemblance between rela tives ,  and several 

me thods are used to estimate heritability (Falconer, 1981 ) .  The offspring-parent  regression is one 

of the most useful methods, and the sampl ing errors of the estimates obtained by th is  method are 

l i ke ly  to be l e ss ser ious  t h a n  t h ose of e s t ima te s  based  on ind iv iduals  l e s s  c lo sely re la ted .  

Furthermore the estimates of  degree of heritabil i ty based on parent and offspring do not  include 

dominance deviations as do the ones based on full sibs (Kempthorne & Tandon,  1953) .  H owever 

w h en records  of pa ren t s  are n o t  ava i l ab le ,  sib a n a lys is  becomes  e s s e n t i a l  for heri ta bil i ty 

estima tion . Several stat istical m odels and their genetic interpretations have been described for sib 

analysis, including biparental progeny model and m odels for three N orth Carol ina Experiment 

Designs (Baker,  1986; Becker, 1967 ) .  

Since the concept of h2 i s  associated with t h e  relative importance of heredity a n d  o f  environment 

in sib analysis ,  the estimation of heri tability is based on partit ioning the variance of pheno types 

in to  var ious genet ic  and environmental components .  For a balanced design, the estimation of 

va riance components  is s tra ightforward .  It is usually accompl i shed by c o m p u t ing t h e  mean 

squares in  the standard analysis of variance,  equating these mean squares to their  expectations, 

and solving for the unknown variance components .  But mos t  research data is unbalanced, and 

est imating variance components  from such data becomes very complicated. H enderson's ( 1953) 

paper has been widely used as a foundation paper dealing with unbalanced data, and based on this 

paper many methods have been developed. A detailed review of variance component estimation 

was made by Searle ( 197 1 ) .  

To determine t h e  level of reliabil i ty of h2 which can b e  used a s  a predictor o f  t h e  rate of genetic 

ga in  when paren t s  are se lec ted on  the bas is  of t h e i r  own p e rformance ,  t h e  deve l opment  of 

a ccurate  measures of precision for h2 estimators is needed. Kempthorne and Tandon's method 

( 1953) has been used to est imate the variance of h eritabili ty based on regression, and there a re 

two methods for determining the  precision of heritability estimators on a progeny mean basis - the 

standard error m ethod and the exact  confidence interval method. 
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The standard e rror method tradit ionally has been used t o  measure t he precision of heri tabi lity 

estimate s.  S ince heritabil i ty is a statistic involving the rat io of the gene tic variance to the total 

phenotypic variance, its standard error is large but unknown (Jensen & Barr, 197 1 ) .  However  an 

approximate variance of the estimated heritability can be obtained by using the approximat ion to 

the  variance of a rat io ( Baker ,  1986;  Becker ,  1967:  Gordon,  1972, 1979; Osborne & Paterson, 

1952) . But  the procedure developed for the purpose is l imited since i t  requires equal numbers of 

observa tion s in the subcla sses, and most biological data does n ot meet that requirement .  Searle 

( 1958) derived expressions for ca lculating variance and covariance of variance components for the 

two-way cla ssifica tion, and they can be used to approximate the standard error of heritabil i ty from 

an unbalanced design . Because of the number of calculations necessary in Searle's me thods, an 

a pproxima te me thod simi l a r  to Searle's two-way procedure was developed by Jensen & Barr 

( 197 1 ) .  

Since the distribution of heri tability estima tes are non-normal,  Knapp e t  a l  ( 1985) pointed out that 

the correct measure of the precision of heritabili ty estimates was the exact  confidence interva l ,  not 

the approximate standard error,  and derived the exact  confidence intervals  for heritabil ity on a 

progeny mean basis in a one-factor ma ting design. Knapp ( 1986) developed the method for a two­

factor model , and Knapp et al  ( 1987)  further appl ied the  m e th od to estimate the precision of 

heritability estimates from sorghum populations. However n one of these procedures have been 

derived for unbalanced data . 

The values of heritabil ity h ave been determined for a variety of fruit tree species as  a guide in 

select ing parent s  for breeding, and have provided quant i ta tive predictors of the ra te of genetic 

improvement in the traits of commercial importance ( Barritt ,  1982; Hansche,  1983, 1986a , 1986b; 

Hansche & Boynton, 1986; Hansche et al, 1966, 1972a. 1972b, 1975; Kester et  al ,  1977) .  By using 

the value of h2 , selection response (genetic gain ) under mass select ion can be est ima ted .  The 

basic paper of selection response theory in fruit breeding was written by Hansche ( 1983), and the 

se lec t ion  response and c orre la ted  response for sev e ra l  impor tance  charac ter s  have been 

calculated by Hansche ( 1986a, 1986b) and Hansche & Boyn ton ( 1986) .  

(v) Sd�ction ind�.x: 

The use of a selection index was original ly proposed by Smith ( 1936) ,  who, following a suggestion 

by Fisher ( 1936 ) ,  argued tha t  since i t  could not  be direct ly  evalua ted, genetic worth might be 

estimated by a linear function of observable phenotypic values .  The observed value for each trait 

is weighted by an index coefficient and thus a selection index is developed which provides a guide 

for plant improvement by iden tifying the genetically superior ones. 

Hazel and Lush ( 1942) compared the relative efficiencies of index with tandem and independent 

cul l ing se lec t ion ,  and po in ted  out the index selec t ion w a s  the mos t  efficien t when the t ra i t s  
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involved were inde penden t .  Young ( 1961 )  furthe r  evaluated their  re la tive efficiency when the 

traits were correlated and concluded that the index is never less efficient than independent culling 

levels, though in some cases i t  is no m ore efficient than tandem selection . He further mentioned 

that the superiority of the index increases with an increasing number of traits under selection, but 

decreases wi th increasing differences in relative importance, i ts superiority being a t  a maximum 

when the traits are of equal importance . The theoretical evaluation of the relative efficiency of 

these m ethods was confirmed experimental ly by Elgin tl.Ql ( 1970) in alfa lfa,  and Eagles & Frey 

( 1974) in  oats .  

However there are some potential problem s  frequently associated with u se of the selection index. 

Lin ( 1978)  pointed ou t that selection may increase or decrease the genetic variance, depending 

upon in i tial gene frequencies. However, selection should decrease the genetic parameters in  the 

long run .  The changes of the pa rameter estimates due to selection may justify the reconstruction 

of the i ndex at intervals during the breeding programme. Therefore the index should be seen as a 

dynamic  index and not a static one .  B rim et al ( 1959) pointed out that  inaccurate estimation of 

population parameters could bias est imates of the theoretical gains. They suggested an alterna tive 

index such that  each t rai t  is weighted according to its rela tive economic value. Will iams ( 1962) 

ca l led  th i s  the base index, and ind icated that  the base index is superior to the estimated index 

unless a large amount of data is available for the estimation of the parameter .  He idhues ( 196 1 )  

pointed o u t  the decrease i n  accuracy of the select ion index method depended on the rat io of 

genoty pic  t o  total variance of the selected t ra i t .  If est imates of elements of the  phenotypic or 

genotypic covariance matrix are 'unreasonable' i .e . ,  if they exceed theore tically determined l imits ,  

they should be modified to increase the accuracy . Experimentally, the base index was found to be 

as eff ic ien t  as the  est imated index when based on poor est ima tion of parameters (Elgin et al ,  

1970 ) .  Eagles and Frey ( 1974) confirmed the estimated index was only slightly more efficient than 

the base index . However the base index has certain advantages because of i ts  simplicity and its 

freedo m  from e rrors  of param eter  es t imat ion,  and i t s  ut i l i ty or when p o pu la t ion parameter  

est imates a re not available. 

5. Protein markers as tools for genetic studies: 

S ince Peirce & B rewbaker ( 1973) outlined the applications of electrophoretic analysis of isozymes 

i n  hort icul tural science, many related papers have been published in many areas of fruit science. 

F i rs t ly ,  t h e  banding patterns of i sozy m e s  have been u sed as tool s for cu l t iva r and roots tock 

identif icat ion (Bringhurst �' 1981 ;  Mazzola & Carter, Jr, 1988;  Menendez �- 1986; Weedem 

& L a m b ,  1985 ) . I n  addi t ion to c u l t i v a r  i d e n t if i ca t ion ,  t h e  isozym e  p a t terns  were u sed in 

d i s t ingu i sh ing  nuce l lar  seedl ings  f rom those of zygot ic  origin in  c i t rus  (Torres  .tl.__al, 1 978) ,  

abnormal f rom normal citrus plants resulting from somatic embryogenesis ( Navarro ll..a.l, 1985) ,  

hybr ids  of  peach  and  plum from the i r  paren t s  ( Parf i t t  .tl_ill, 1985 ) ,  in tergeneric hybrids from 
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wingnu t  and walnu t  (McGranahan e r  al ,  1986) , and in identifying interspecific cell  hybrids and 

fusion p roducts in  ci trus somatic hybridisation (Ben-Hayyim et  al ,  1982) .  

Secondly, different isozy mic zymograms of peroxidase have been found in the stalk of  apple fruit  

during the various r ipening stages. These zymogram s  represented excel lent markers for study of 

t i s sue d ifferen t ia t ion  (Ao tlJ!l, 1 983 ) .  B u t  A ru l sek a r  e t  al ( 1985 ) examined G P I  and AAT 

i sozymes in  callus t issues, juvenile leaves and adul t  leaves of walnuts and found no t issue specific 

differences in the i sozym e  patterns .  

Thirdly, Arul seka r & Parfitt ( 1986) refer to many studies  of  single gene markers i n  date palm,  

strawberry and walnut, which indicated that  isozymes were often eo-dominant and offered the 

m ost  reliable s ingle gene markers for a breeder. Further studies of inheritance and variabil i ty of 

these gene markers a re n eeded, and the work with apple  ( B ournival and K orban, 1987) and peach 

(Arulsekar er al ,  1 986) h ave shown some potential for such research. 

In k iwifruit ,  the a pplication of e lectrophoresis is rare, but work with A. deliciosa showed that the 

c a l l u s  t i s sue ,  i t s  s u b c u l t ures  and cell su spen s i o n s  ob ta ined  from f e m a l e  p l an t s  c on t a ined 

characteristic isoperoxidase fractions, although n o  d ifference was found in stem segment cultures 

between male and female plants ( Hirsch & Fortune, 1 984) .  

I t  i s  interesting to  n ote that with the exception of two of these papers (Mazzola & Carter, J r . ,  1988; 

Navarro et al ,  1985) in  which the soluble proteins were ana lysed, isoenzyme analysis was used. 

6. D NA probe tech nique in plant breeding 

In 1986 Alec J effr ies  in  England found that several regions of human DNA were h ighly variable 

from person to person, so much so that everyone had his/her own unique set,  therefore the  DNA 

could be used as  a unique fingerprint, much like bar codes, of any individual .  

This technique i s  being used in k iwifruit · improvement  and initially the kinship of A.  deliciosa has  

been examined. The results showed the  profiles of  A.  deliciosa and A .  chinensis clearly had  some 

bands in common, and were judged to be closely related; A. eriantha and A .  latif alia  had n o  bands 

i n  comm on with A.  de l iciosa,  suggesting that  they are  unrelated (Crowhurst fi1!1 1988) . The 

further development of DNA probes should be  made in order to characterise cul tivars and even to  

d istinguish ma le  plants  within a seedling populat ion .  
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CHA PTER 2 

MULTIVA RIATE ANALYS IS OF PHENOTY PIC VARIATION 

S E CT I O N  1 MAN OVA & D I SCR I M INANT A N A L Y S I S  

1 .  I N T R O D U C T I O N  

Several k iwifruit  breeding programmes have already been established in New Zealand, and  with 

large numbers  of seedlings being evaluated and selected for further breeding, effective methods 

a re urgen tly needed to assess seedlings. 

As d iscussed in Chapter 1, Manova is the sta t ist ical technique concerned with analysing the  

var iance of  m ul t ip le  measurements on  severa l  popula t ions ,  and  discriminant analysis i s  the  

techn i q u e  for  cen t r oid  compar i son bew e e n  p o pu l a t i o n s .  Therefore  t h ey a re  m u l t i p l e ­

population techniques.  

In  plant breeding. the criteria for assessing cross combinations, such as commodity qual i ty and  

productivity are always determined by a number of at tributes combined, hence  the Man ova and 

discriminant  analysis may be suitable for the evaluation of cross  combinat ions  and selection of 

superior parent  vines in k iwifruit breeding. 

The objectives of the present study were: 

(a) To tes t  the "realness" of differences among the centroid or means vectors of a number  of 

kiwif ruit crosses, and of vines nested within these crosses. 

(b) To d iscriminate and ordinate crosses and individual seedlings, on the basis of scores of 

o r t h ogonal  f ac to r s  or discr im inan t  f unc t ions  w h ich  pars imon i o u sly b u t  effec t ive ly  

describe the measured differences of the  groups. 

(c) To compare these methods with An ova to exa m ine the differences and the relat ionship 

between them .  

(d) To examine the p ossibility of applying d iscriminant scores as  selection criteria.  
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2 .  MATER IALS A N D  STATISTICAL PROCEDURES 

(a)  Materials 

Plant  materia l s  used in  this  work came from a fu l l  sib fami l ies  k iwifruit breeding trial in a 

factorial mating design . But from the view-point of phenotypic analysis, it is a pooled l ist  design 

with  internal replica tions, and without external replications. Experimental error resulting from 

soil he terogenei ty ,  cannot be effic ient ly control led in th i s  design, but the l a rge number of 

in ternal replications and two years '  data set was expected to give rise to a reasonable model for 

analysis. 

I n  November 1982, 2 male seedling pl ants were crossed with 3 female cul tivars a t  the Riwaka 

R e search S ta t ion ,  D S I R, New Zealand .  The seeds from these crosses were sown in August 

1983, after a 6 week cold stratification (3-5° C), and the seedlings were transplanted to the field 

in  September 1984 . First flowering took place in 1985/86, when 30% of the seedlings flowered. 

I n  the 1986/87 season, the third season in the field, 84o/c of the seedlings flowered. 

Data was collected in the 1986/87 and 1987/88 seasons, with the following number of k iw ifruit 

vines investigated for each cross (Table 2 . 1 . 1 ) :  

Table 2 . 1 . 1  Crosses and  t h e  v ine number investigated for  each cross 

Female cultivars 

B R  UNO 
G RA CI E  
HAYWARD 

(b )  Attributes investigated 

Male Parents 

D-1-6 

6 1  (cross 1 )  
16 (cross 3) 
46 (cross 5) 

D- 1-20 

87 (cross 2) 
159 (cross 4 )  
147 (cross 6 )  

A great deal of  variation in  a range of attributes of  horticultural value, or  of  biological interest 

was -found in the  materials investigated. Plates 1 to 5 show quantitative inheritance of petiole 

pigmentation, flower size, bloom date, fruit storage l ife and fruit  size . Therefore the a ttributes 

i nves t iga ted  c o m p ri sed  vege t a t ive ,  f l ower ing  and frui t ing characters ,  and samples  were 

col lected in a random manner. For vegetative and flowering characters, two canes in the middle 

of the canopy of each v ine were sampled, and three samples of l eaf, f lower and flowering shoot 

were chosen randomly from each cane, i .e . ,  a total  6 samples were used for measurement.  For 

fruiting a ttributes ,  f ive  to ten fruits were u sed for i nvestigat ion.  Only the mean values were 

a na ly sed  in  t h i s  w o r k .  Veg e t a t ive and  f lower ing  da ta w a s  co l l ec ted  i n  N ov em b e r  a n d  

D ecember, a n d  fruit da ta i n  April  a n d  May. 
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P l a t e  1 P e t i o l e  
pigmen tation of 6 F l  
seedlings, showing a 
g r a d i e n t  of c o l o u r  
from red t o  dark red. 

Plate  2 Quantita tive 
i n h e r i t a n c e  o f  
f lower size. showing 
4 parents  and range 
of  v a r i a t i o n  i n

-
8 

s a m p l e s  o f  F l  
s e e d l i n g s .  U p p e r  
s e e d l i n g  r o w a r e 
male  f lowers.  l ower 
r o w a r e  f e m a l e  
flowers. 

Pla te 3 Early flowering vine versus late flowering vine. showing two adjacent male vines with 
distinct dates of blossom. 
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Pla te 4 Com par i son 
of fruit s t orage l ife 
of 5 F l  s e e d l i n g s  
( H aywa r d  X D - 120) 
af ter 6 m on t h s  cool 
s t o r a g e .  A l s o 
sh owing variation in 
fruit weight and B rix 
l e v e l  a m o n g  t h e s e  
s e e d l i n g s .  L a b e l s 
s h o w c r o s s  
i d e n t if i c a tion,  f ruit  
w e i g h t  a n d  B r i x  
l e v e l . ( W i t h  
a c k n ow l e d g e m e n t s  
t o  D r  R .  A .  
Beatson ) .  

Plate 5 Quantita tive inheritance of fruit size, showing 3 parents a n d  range of variation i n  23 
samples of Fl seedlings. (With acknowledgements to Dr R. A .  Beatson ) . 
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V EGETATIVE A N D  FLOWER ING ATTRIBUTES: 

( i )  Leaf shape index ( LWRATI) :  

Because leaf size varies along the shoot, the leaf shape index which i s  less variable than size was  

used  in th i s  ana lys i s .  I t  was  t he  rat io  of  leaf length  ( c m )  to  width  (cm) ,  and i t s  p ossibl e 

application for pre-selection of breeding stock was examined in the work . 

( i i )  Petiole colour (PETICO ) :  

Five scales  were used for this  cha racter: l ight red, medium l ight red, medium red, medium dark 

and dark red.  

(ii i )  Flower diameter in cm (FD ) :  diameter at fu l l  bloom. 

(iv) Pedicel length in cm (PL) :  length at ful l  bloom . 

(v) Percentage floral shoots per v ine  (FS H % ) :  

The percentage of the current sea son 's  shoots that bore flowers was determined a n d  analysed 

fol l owing arcsine  transform a tion . (Asin(sqr t (FSH % ) ) *57 .297) .  (see S tee l  & Torrie 1981 ,  

p236) . 

(vi) Total shoot (TS H ) :  

Total number of current sea son shoots per vine.  

(vi i)  Terminal flower number per shoot (TF) : 

Inflorescences occur along a shoot at each axil . The number of terminal flowers on a flowering 

shoot was recorded for both ma le  and female plants, and indicates the number of f lowering 

nodes per shoot. 

(vi i i )  Lateral flower number per shoot (LF) :  

Usually only one  flower was found in  each female inflorescence, thus  lateral flower number  was 

recorded only for male seedlings. 

(ix) Trunk diameter in spring ( D IASP) :  

Measured (in cm)  at 40 cm above ground. 

(x) Increment of area of t runk cross section in cm2 ( INCRS) :  

The  trunk was assumed to  h ave a c ircular cross section , and the formula  (3 . 14* ( (diameter in  

a u tu mn / 2 ) 2- ( d i a m e t e r  in  sp r ing/2) 2) )  u sed t o  calcu la te  the  approxima te  value for th is  

a t tribute.  Trunk diameter was  m easured in  spring and in the f allowing autumn.  

(xi ) B eginning of bloom in the season (BEGDA): 
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This  is expressed as the deviat ion of two dates - the date of f irst  blossom i n  the season of the 

v ine  observed from the date of f irs t  blossom in the whole plant ing.  

(xi i )  Flowering duration (FLPER I ) :  

T h e  period, i n  days, between t h e  dates of first bloom open a n d  last flower open .  

F R U ITING CHARA CTERS :  

(xi i i )  Total  weight (kg) per vine (TW) :  

A l ogar i thmic  t ra n sfor m a t i o n ,  l g  (TW " l O O ) , w a s  u s e d  s i n c e  t he s tandard devia t ion was 

proportional to the mean and the data set had a positive skew. 

(xiv) Mean fruit weight Cg) (FW) :  

Dete rmined from the total weigh t (kg) and total fruit number per  vine. 

(xv) Fruit  number per flowering shoot (FNF) :  

Determined from the total number of  fruit and flowering shoots per  vine. 

(xv i )  Locule  number (LOCN) :  

Counted in  sampled fruit at harvest .  

(xvi i )  

Hair density /coarseness was rated for each frui t  at harvest, on a 5-point scale v iz .  very high, 

h igh, medium, l ow,  very low.  

(xvi i i )  Elongation (ELONG) :  

Fru i t  shape was  expressed as  the ratio length/diameter, where the  diameter was the mean  of the 

maximum and min imum diameter at the fruit equator. 

(xix) Relative core size ( RELCOR) :  

The  ra t io  of  the  sum of  the  core ' s  maximum and min imum width to  the sum of  the fru i t ' s  

maximum and min imum width.  

(xx) Symmetry (SYMM ) :  

The ratio of fruit  maximum t o  m inimum width. 

(xxi) Total soluble sol ids  ( BRIX) :  

The  stalk and  blossom ends of the fruit  were cu t  15mm from each end. Two drops of juice were 

squeezed from each end onto  a refractometer and total  soluble solids read as % sucrose. Tests 
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were performed immediately after  harvest in both seasons .  

(xxi i )  Titra table acidity (AC) :  

Expressed as  the  equivalen t  a m ount  of  c i t ric ac id (g/ 100 ml  fru i t  juic e ) ,  t h e  major ac id  in 

k iwifruit (Heatherbel l 1975) . 2 m l  of juice diluted with 20 ml disti l led water was t i trated against 

0 . 1 N NaOH using phen olphthalein indicator (AOAC 1965) . For minimising the variation of AC 

content the fruit sampled were put into a freezer a t  -20° immedia tely after  harvest .  

(xxii i )  L-ascorbic acid (VC) :  

Vitamin C content varies between species of Actinidia as  well as with region. al t i tude, fruit age, 

harvesting and storage time (Yin & Li 1982) . It is  an important  character to look a t  in k iwifruit 

breeding. The Na -2,6-dichlorophenol-indophenol method (AOAC 1965) was used in this study 

to determine L-absorbic acid content  (mg/ 100 g) - it does not  measure dehydro-ascorbic ac id 

f o r m e d  on s torag e .  A n alyses  w e re performed i n  the  1986/87 and 1987/88 season s .  For  

m inimising the  variation of Vi tamin  C con tent,  the  fruits sampled were put  in to  a freezer a t  

-20°C immediately after harvest .  

(a) Extracting solution 

To 40% W /V sodium hexametaphosphate 50 ml ,  add glacial acetic acid 50 ml ,  then dilute 

to 500 ml.  

(b)  Standard Vitamin C 

Weigh accura te ly 100  mg Vi tamin C, transfer to  100 m l  volumetr ic  f lask ,  make  u p  to  

volume wi th  extracting solution . 

(c )  Standard indophenol solution 

Di ssolve Na-2 ,6-dich lorophen ol - indophenol 0 .25 g in d is t i l led water 50 ml ,  add 0 .21  g 

NaHC03, dissolve the  dye completely, make up to 1 l itre wi th  distilled water.  

(d)  S tandardisation 

Take standard Vi tamin  C so lu tion 2 m!,  add extract ing solution 5 ml, then titrate with 

indophenol to rose colour, which lasts at least 5 seconds. 

(e) Estimation 

Pipette 2 m! sample ,  add 5 m l  extracting solution, then t i trate unti l  rose colour developed. 

(f) Calculation 

mgs L-ascorbic acid in 2 ml juice is given by: 

2 * (net  t itre for juice/net t i tre for standard Vitamin C)  
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The rat io of total fruit weight to area of trunk cross section at  40 cm he ight in  spring. 

(xxv) Du ration of the juveni le  period (FY ) 

The period ( in years) from seed to first bloom was recorded. This character determines h ow 

early vines come into cropping, and h ow soon they can be assessed. 

(xxv i )  Force reading: (kg) ( PENE) :  

Fruit  penetrometer tests were made  i n  the  1987-88 season, and  used for  PC analysis only. Two 

read ings were taken  for each fru i t ,  af ter remov ing a th in  s l i ce  of sk in ,  i m me d ia te ly afte r 

harvest .  

(c)  Statistical modt!l 

Because 2 years' data was investigated. the year effect can be obtained by partit ioning a total 

sum of squares into components associa ted with recogn ised sources of variat ion.  The model 

used in  this work for estimating variance components  was: 

yijk = J.l. + Ci + Vj( i )  + yk + (CY)ik  + (VY)j ( i )k  

where Yijk stands  for the  k th  year sample on  the  j th v ine  of  the  ith cross. The  J.l i s  the  grand 

mean ; Ci the random effects contributed by genotype ,  Vj ( i )  the random effects of vine nested in  

the c rosses;  Yk is  the  effect of year ;  ( CY) ik is  the interaction of cross  and year;  (VY)j ( i )k  is  

residual variances from the interaction of v ine and year (equal Ej ( i ) k) · 

(d) Procedures of man ova and discriminant analysis 

A SAS procedure Man ova of GLM (General l inear model) which deals with an unbalanced data 

set, was  used in this analysis. 

In  A n ova ,  for the m odel depicted above, a pooled set of sca lar l ists would be compared with 

different  F values. H owever Manova involves pooling of data vector lists rather than scalar  l ists 

since a number of characters are examined in this analysis .  Because of in tercorrelations among 

the e lements  of a vector variable, the total effect ,  the deviations of all subjects from the grand 

centroid ( means vector) i s  a matrix ( of sum of squares and sum of cross products) rather than 

scalar .  This total effect T was partit ioned as  matrices C, V,  Y, CY, and VY in th is  work,  which 

corre spond to  the effect of  cross, vine,  year, in teraction of cross and year ,  and in teraction of 

vine and year (or error effects) respectively, and each of the partit ions d ivided by its degree of 

freedom is a matrix of dispersion, i .e .  variance and covariance matrix, which is expressed as De, 
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Dv, Dy , Dcy, Dvy respectively. They are independent estimators of the common populat ion's 

dispersion,  and based on them, the first hypothesis tha t the groups of seedlings are d ispersed 

equally, was te sted. 

A test c r i t e r ion  for the null hypothes i s  of the equa l i ty of g group d i spers ion matrices  was 

presented  by B ox ( 1949) ,  which extended from a development of Bart let t ' s  ( 1937 ) .  Box defines 

the test cr i ter ion M for this hypothesis ( H  1 )  as :  

M =  (N-g)Loge I Dw I -I (Nk - 1 ) L oge I Dk I 

where Dk is a dispersion estimate for the kth group and Dw is the pooled-groups est imate based 

on within group dispersions, N is the total number of subjects in  all groups, Nk is the number of 

subjects for kth group and g is the number of groups . 

Like the  h o m ogenei ty test in Anova ,  m a ny research workers prefer  t o  ignore the  issu e of 

h omogene ity of group  d i spers ions on t h e  grounds t h a t  the tes t  of hypothes i s  two ( H2)  i s  

p robably f a i rly  robust  u n d e r  depar tu r e s  f r o m  i t s  assumpt ions .  A l so, B ox ' s  t e s t  i s  qu i te  

powerful ,  so  research on large samples i s  qu i te  l ikely to lead to a rejection of H 1  with some 

consequent  embarrassmen t to a Manova theory for the data (Cooley and Lohnes 197 1 ) .  

A test of H2,  which may b e  viewed as a test of the d iscrim inating power of t h e  measurement 

battery for th e g rouping cr i teri on ,  or  a s  a test of the '' realness "  of d ifferences  among the  

centroid or means  vec tors  of  the t rea tmen t s  represented by the  groups, was  formulated by 

Wilks ( 1 932) in terms of the distribution of a rat io of determinants:  

/\ = I w I I I T  I 

The general  u ti l i ty of the determinant rati o statistic is based on i ts  transforms .  Bart let t  gave the 

Chi-square (x2) approximation in 1938; Rao's ( 1952) F approxima tion gives a very close fi t to /\  

even for very smal l  degrees of freedom . 

J u s t  l ike  a m e a n s  compa r i son i n  A n ov a ,  in M a n ova i f  H l  canno t  be rejec ted and H2 i s  

significant,  one  m ay proceed w i th  t he  discriminant analysis for centroid comparison between 

the groups.  For the best separation of the groups, the discriminant function,  which is a l inear 

transformation of the devia tions of group means from the grand cen troid, should maximise the 

r a t i o  of t h e  a m ong-groups  su m of s q u a r e s  to  the w i t h in -groups ,  so t h a t  a m ong -group  

d ifferences wi ll be large rela t ive to t he  within -group scatter .  Le t  y1 be  t he  first desired function 

and 
' 

Y 1 = v1 x 

where x is a d eviat ion vector of group means from the grand centroid, and v i s  a coefficient 

vector transforming the deviat ions into a discriminant function. 

The among-groups sum of squares wil l  h ave the follow in g  quadratic form from the matrix of 

among-groups sum of squares and cross products (matrix A) :  
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Similarly the within-groups sum of square will be : 

v 1 ' W v1 
The task for the calculus of partial d iffe rentiation to the unknown weights in v is to maximise 

the ratio of these two quadratic forms subject to v 1 'v 1  = 1 .  
v 1 ' (W - 1A )v 1 I maximum 

Let 

and to maximise i t :  

le t  

and set equal  to 0. we get 

cw- l A)v i - A lv l � o 

and cw- 1 A - A 1 I)v 1 = o  

This is recognisable as the problem of the e igenstruc ture of (w- 1 A) .  The maximum value of 

lambda ( A 1 ) and the associated vector of weights v 1  are indicated by d ifferen tial calculus to be 

the largest eigenvalue and its eigenvector. 

The next step is to find the l inear combination 

Y2 = v2'x 
which ,  out of a ll funct ions  uncorre la ted with y 1, makes  t h e  rat io  of two quadrat ic  forms  

maximum. 

But  the uncorrela tedness of y 1 and Y2 can be obtained only if 

v2'v 1 = 0  
s o  the second Lagrange multiplier k i s  introduced to get the orthogonality. 

Le t  

L e t  

C/>2 = v2' cw -
1 A)v2- A 2(v2'v - l) -kv2' (W- 1A )v l a n d  to maximise it :  

d4'dv2 = 2(W- 1A )v2-2 � 2v2-2k (W- 1 A )v1 
and set equal t o  0, and pre-multiplying by v1 ', 

v 1 '(W- 1A)v2- .\2v 1'v2 - k v 1' (W- 1A)v 1 = o  

The  result  s h ows  that  k m u st b e  0 and the  la mbda 2 and v2 must  be the second root and its 

a ssoc iated vector of e igenstructure . This process may be continued to get p- 1 maximal ratios of 

the  two quadratic forms for discrimin ant  functions. 
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s o  the second Lagrange multiplier k i s  i ntroduced t o  get the orthogonal ity.  

Let 

Let 

<h = v2' cw- 1  A)v2- A 2 (v2 'v- 1 ) -kv2' (W" 1 A)v1 and to maximise i t :  

d<,D/dv2 = 2(W- 1A )v2-2 ,{ 2v2-2k (W - 1A)v 1 
and set  equal to 0, and pre-mult iplying by v 1 ' , 

v 1 ' (W - 1A)v2-A 2v 1'v 2 - k v 1 ' (W- 1A)v 1 = o  

The resu l t  shows tha t  k must be 0 and the lambda 2 and v2 must be the second root and i t s  

associated vector of  eigenstructure . This process may be continued to get  p- 1 maximal ratios of 

the two quadratic forms for discriminant functions. 

The en tire structure will be 

(W- 1 A )Y = YL 
where L is a diagona l  matrix of A . 

In  order  to  v iew the  disc r iminan t  func t ion as  a factor  of the test  bat tery one der ives  n ew 

coefficients for a standardised funct ion ,  and the entire structure is  

F = BX 

where F is a factor ( standardised funct ion)  mat rix, and B is cal led raw coeff ic ient  matrix, i t  

appears to  have l imited use a s  X has not  been standardised. If X i s  standardised, 

F = CZ 

where C i s  cal led a standardised coeff ic ient  ma trix. As both x and y a re standardised, this 

structure is  scale-free and variance equal .  In th is  study matrix C was used to get net  function 

scores for each group by mult iply ing the s tandardised group means (here grand mean = 0) by the 

standardised coefficients, and the groups were dist inguished on the basis of these scores. 

The greatest interest i n  discriminan t  analysis centres on the correla tions between the original 

variables and the functions. The matrix of such correlat ions is called the factor structure ,  and 

will be 

S = RC 

where R i s  a correla t i on matr ix based on T ( Cooley & Lohnes, 1 97 1 ) .  The S matrix is  very 

i mportan t i n  discr iminant  analysis, and  i t  i s  the primary interpretative device. B ased on the 

magni t ude  and nature of correla t ions  (fac tor l oadings)  between the or ig inal  var iables and 

functions, the  function s  can be in terpre ted and n amed.  I n  this study, i t  was cal led a funct ion 

structure i n  order to avoid the confusion wi th  factor structure in factor analys is .  

Based on the principle of Man ova mentioned above and Fisher's theorem for part i t ioning the 

sum of squares in Anova into orthogonal ,  additive components, i t  i s  possible to  extend Manova 

to any experim en tal design . 
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According to the m odel ,  Wilks'  1 \  for each of the part i t ions of the whole effect in th is  work 

should be 

1\c = I CY I I I CY + C  I 

1\y = i l Y I I I CY + Y I 
1\cy = I V I I I V -i- CY I 
1\v = I E I I I E +  V i 

Unfortunately, insufficient  degrees of freedom prevented valid tests to be made for cross and 

year ,  so ,  the vine effect had to be considered as an error term.  Therefore, Wilks '  1\ for cross 

and year became 

1\c = I V I I I V +  C I 
1\y = I V I I I V +  y I 

The corresponding eigen structures for each component are 

1 v-1c- I 1 = O 

I y -ly- I I = 0 

I V - 1 (CY)- I I = 0 

I E -1v - I I = 0 

Based on the cigen structures above, the discriminant analysis was carried out .  

(e) Missing data 

The procedure adopted was firstly to  enter the integer nearest to the mean of the given variable 

as  the missing score, then pick the one other variable with which the given variable correlated 

h ighest ,  and the raw-score regression of the given variable on the other one computed.  This 

regression equa tion was used to re-estimate the missing score on the given variable (Cureton & 

D'Agostino 1983) .  



3 .  RESU LTS AND DISCUSSION 

(a) Male vines 

( i )  Univariate analysis 
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The original data set was collected for 1 2  traits on each of the vines, and was analysed with 1 2  
s e p a ra te Anov a ' s  t o  de te rmine  the  effec t s  of va r ious  sources on each of the  1 2  var iables  

m easured. Anova sta tistics a re given in tables  2 . 1 .2 - 2 . 1 . 4  with sources vine,  cross  (CR) ,  year 

( Y ) ,  and cross-year interaction (CR *Y) . S ignificant d ifferences ( P < 0.05) were de tected among 

vines for all  t ra i ts ,  and among crosses for most of the traits (Table 2. 1 .2 ) . No differences were 

detected for P ETICO and TSH among crosses, indica ting petiole co lour  and tota l  shoots per 

vine were ra ther  cons istent characters between genotypes .  Year effects  were significant for 

vegetative characters D IASP and INCRS, and also for some flower characters TF, LF, FSHS"c 

and FLPERI,  ind icating these characters changed wi th  growing season .  Significan t  d ifferences 

w e re n o t  detec ted f o r  FD, PL, PETICO, T S H ,  B E G DA and LWRA TI ,  indicat ing they were 

s table  across  years .  Cross-yea r in terac t ions  were n o t  significant f o r  all charac ters  except  

P ETICO, showing petiole co lour  gave high inte raction effects between genotypes and growing 

seasons.  

Table 2 . 1 .2 F tes t  of 12  dependent variables  for male vines 

VARIABLE PR > F 

VINE I CROS S2Y EAR2 CR* Y 3 

FD 0 . 0 1 0 . 0 4 0 . 7 0 0 . 0 7 
PL 0 . 0 1 0 . 0 1 0 . 0 6 0 . 0 6 
T F  0 . 0 1 0 . 0 1 0 . 0 1 0 . 6 3 
LF 0 . 0 1 0 . 0 1 0 . 0 1 0 . 9 2 
PET ICO 0 . 0 1 0 . 3 8 0 . 7 4 0 . 0 1 
D IASP 0 . 0 1 0 . 0 1 0 . 0 1 0 . 9 8 
TSH 0 . 0 1 0 . 0 8 0 . 1 5 0 . 4 3 
F SH% 0 . 0 1 0 . 0 1 0 . 0 4 0 . 7 7 
B EGDA 0 . 0 1 0 . 0 2 0 . 4 0 0 . 3 6 
LWRAT I 0 . 0 1 0 . 0 2 0 . 9 4 0 . 1 9 
I NCRS 0 . 0 1 0 . 0 3  0 . 0 2 0 . 1 6 
FLPERI 0 . 0 1 0 . 0 1 0 . 0 3 0 . 1 9 

1V ine,  tests of hypotheses using the type I l l  MS for residual variance as  an  error term 
2cR and Y, tests of hypotheses us ing the type  Ill MS for  CR *Y as an error term 
3cR *Y, tests of hypotheses using the type I ll MS for vine as  an  error term 
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Table 2 . 1 .3 Means of variables, by cross in the male population 

CR N FD PL TF LF PET ICO D IASP TSH FSH% BEGDA LWRAT INCRS FLPE 

1 5 6  6 . 0 7 4 . 3 7 3 . 9 8 4 . 2 7 3 . 2 8 2 . 0 0 3 9 . 5 3  5 5 . 3 8 7 . 0 0 1 . 0 8 1 . 0 9 1 7 . 9 6 
2 8 0  6 . 1 6 5 . 0 3 3 . 8 3 4 . 6 6 3 . 2 2 2 . 2 9 4 5 . 6 8 6 1 . 1 5 5 . 5 0 1 . 0 3 1 . 4 3 1 9 . 4 7 
3 6 5 . 9 5 3 . 8 0 2 . 5 3 0 . 3 8 2 . 5 0 1 . 5 4 3 3 . 3 3  2 8 . 4 3 9 . 1 6 1 . 2 2 0 . 7 6 1 0 . 6 6 
4 1 3 2  6 . 8 0 5 . 6 8 3 . 1 8 3 . 7 0 2 . 9 3 2 . 3 6 3 7 . 9 3 5 2 . 4 0 5 . 2 8 1 . 0 6 1 . 8 0 1 5 . 9 8 
5 2 8  6 . 0 8 5 . 1 2 3 . 0 1 2 . 1 6 2 . 8 9 2 . 0 8 4 0 . 1 4 3 5 . 4 7 8 . 3 9 1 . 1 0 1 .  2 9  1 3 . 5 3 
6 1 2 6  6 . 4 2 5 . 8 8 3 . 4 4 4 . 7 7 3 . 0 0 2 . 4 3 3 9 . 2 9 6 2 . 8 5 4 . 9 1 0 . 9 7 1 .  8 4  1 6 . 6 7 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GM 6 . 4 1 5 . 3 8 3 . 4 6 4 . 1 2 3 . 0 4 2 . 2 9 4 0 . 0 7 5 6 . 0 6 5 . 6 8 1 . 0 4 1 . 6 0 1 6 . 8 6 
SE 0 . 4 2 0 . 6 1 0 . 7 3 1 .  6 3  0 . 4 7 0 . 1 1 6 . 8 4 1 4 . 8 9 1 .  9 5  0 . 0 8 0 . 6 3 3 . 1 2 

CR: Cross 
N :  Number 
SE :  standard error 
G M :  Grand mean 

Table 2. 1 .4 Means of variables, by CR * Y  in male population 

CR Y N FD PL TF LF PETICO D IASP TSH FSH% BEGDA LWRAT INCRS FLPER 

1 1 
1 2 
2 1 
2 2 
3 1 
3 2 
4 1 
4 2 
5 1 
5 2 
6 1 
6 2 

2 8  6 . 1 0 3 . 9 4 4 . 2 4 4 . 6 7 
2 8  6 . 0 4 4 . 8 0 3 . 7 2 3 . 8 7 
4 0  6 . 2 4 4 . 4 9 4 . 2 1 5 . 1 8 
4 0  6 . 0 9 5 . 5 6 3 . 4 6 4 . 1 4 

3 5 . 8 3 3 . 4 6 2 . 6 6 0 . 4 3 
3 6 . 0 6 4 . 1 3  2 . 4 0 0 . 3 3 

6 6  6 . 9 0 5 . 3 2 3 . 6 6 4 . 4 5 
6 6  6 . 6 9 6 . 0 5 2 . 7 0 2 . 9 5 
1 4  5 . 9 3 4 . 7 7 3 . 5 9 3 . 0 5  
1 4  6 . 2 2 5 . 4 7 2 . 4 4 1 . 2 7 
6 3  6 . 7 0 5 . 8 3 3 . 8 0 5 . 4 1 
6 3  6 . 1 4 5 . 9 3 3 . 0 9 4 . 1 3 

( i i )  Mu l tivariate analysis 

3 . 4 2 
3 . 1 4 
3 . 4 2 
3 . 0 2 
2 . 3 3 
2 . 6 6 
2 . 8 9 
2 . 9 6 
2 . 5 7 
3 . 2 1 
2 . 9 6 
3 . 0 3 

1 .  7 8  3 8 . 2 8  5 7 . 9 7 7 . 3 2 : . 0 7 0 . 8 0 
2 . 2 3 4 0 . 7 8 5 2 . 7 8 6 - ':.. 1 1 .  0 8  1 . 3 8 
2 . 0 0 4 2 . 7 2 6 2 . 9 9 :5 . 4 0 1 . 0 3 1 .  2 7  
2 . 5 7 4 8 . 6 5 5 9 . 3 2 5 . 6 0 1 .  0 4  1 .  5 9  
1 .  3 8  2 8 . 0 0 3 1 . 6 6 7 . 3 3 1 .  2 3  0 . 4 6 
1 .  6 9  3 8 . 6 6 2 5 . 2 0 1 1 . 0 0 1 . 2 0 1 .  0 6  
2 . 0 8 3 8 . 7 7 5 8 . 1 0 5 . 5 4 1 .  0 6  1 .  4 5  
2 . 6 4 3 7 . 0 9 4 6 . 6 9 5 . 0 3 1 . 0 6 2 . 1 4 
1 .  8 3  3 8 . 3 5 3 9 . 1 8 7 . 6 4 1 . 0 6 0 . 9 7 
2 . 3 2 4 1 . 9 2 3 1 . 7 6 9 . 1 4 1 . 1 4 1 .  6 1  
2 . 1 5 3 8 . 4 1 6 5 . 2 2 5 . 3 4 0 . 9 9 1 .  3 4  
2 . 7 0 4 0 . 1 7 6 0 . 4 7 4 . 4 7 0 . 9 4 2 . 3 3 

B a sed  on t h i s  d e m onstra t i on of s ignif ican t effec ts the  da ta  was  analysed by t h e  Manova 

procedure. Table 2 . 1 .5 shows  the descriptive stat istics of the  Man ova, where Wilks '  Lambda 

was transformed as  an  F approximation.  Strong significant differences were detected a mong a l l  

effects - CR " Y ,  CR, Y and v ine ,  which suggested the need for  discriminant analysis for centroid 

comparison between groups .  

1 8 . 9 2 
1 7 . 0 0 
1 9 . 7 5 
1 9 . 2 0 
1 2 . 6 6 

8 . 6 6 
1 7 . 4 2 
1 4 . 5 4 
1 6 . 2 1 
1 0 . 8 5 
1 7 . 5 3  
1 5 . 8 0 
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Table 2 . 1 .5 Man ova test criteria for the hypothesis of no overal l  

effect in male population 

CR* Y  
WILKS ' CRI TERI ON L = DET ( E ) /DET ( H+E ) 

F ( 6 0 , 9 2 6 . 2 5 )  = 1 . 4 3 
CR 
WILKS ' CRI TERION L = DET ( E ) /DET ( H+E ) 

F ( 6 0 , 9 2 6 . 2 5 )  = 6 . 5 5 
y 
WILKS ' CRITERI ON L = DET ( E ) /DET ( H+E ) 

F ( 1 2 , 1 9 7 ) = 9 . 6 8 
VINE 
WILKS ' CRI TERI ON L = DET ( E ) /DET ( H+E ) 

F ( 2 4 9 6 , 2 4 1 3 . 1 2 )  = 

( a )  Cross and  vear interaction 

= 0 . 6 6 0 7 4 8 6 9  
PROB > F 

= 0 . 1 9 0 9 8 0 3 4  
PROB > F 

0 . 6 2 9 0 0 7 7 4  
PROB > F 

= 0 . 0 0 0 0 0 0 0 9  
2 . 7 9 PROB > F 

= 0 . 0 2 0 3  

0 . 0 0 0 1  

= 0 . 0 0 0 1  

= 0 . 0 0 0 1  

Table 2 . 1 .6 shows a d iscri m inan t  function structure for  C R  * Y  effects  and related statistics 

including e igenvalue,  proportion of total  discrim inant power accounted for by each function, 

and cumulative amount  of discriminant power of functions.  I n  this structure, each function may 

be regarded as the dependen t  variable that is regressed on a l l  original variables, therefore no t  

only can  we determine  the relat ionship between function and  the  origina l  variables, bu t  one  can 

a lso determine the rela t ionship between the original variables in their own right .  Variables 

w h i c h  h a v e  r e l a t i ve ly  h igh  pos i t iv e  regre s s i on w e i g h t s  on  a f u n c t i o n  a r e  p o s i t iv e ly 

in tercorrelated as  a group .  S imi larly, variables which have high negat ive weights are also 

posit ively i n te rcorrel a ted ,  bu t  they are nega tively corre l a t ed with those var iab les  h aving 

positive weights. The magni tude of the weights shows the  rela tive contribution of the original 

variables to each function , and i s  used to interpret and nam e  the function . 

The first two functions account  for 8 1  o/c; of total discriminant  power, i .e . ,  for 47% and 34% of 

the discriminant  power respect ively. Since the two accoun t  for most of the discriminant  power 

and the rest only account for a small part of the discriminant  power due to random effect ,  and is 

of no value in this analysis, only these two functions were retained for further analysis .  
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Function 1 was mainly associated with FD,  and negatively with I NCRS, hence i t  was regarded a s  

a f lower size and  s low v i n e  growth r a t e  funct ion .  T h e  second funct ion m a d e  up  mainly of 

P ET ICO, and  a negat ive va lue  of FLPER I ,  was  ca l led a short  f lowering period and petiole 

c olour function . Examina tion of the third function suggested i t  may be called a floriferousness 

func tion since i t  was mainly associated with TF, TSH,  FSH %  and FLPERI .  It accounted for 

only 9% of the discriminant power, and so i t  was too weak to use in grouping CR "Y effect .  

Table 2 . 1 .6 Function struc ture and related statist ics 

for C R * Y  effects in male popula tion 

STRUCTURE 

FUNl FUN2 FUN3 FUN4 FUN5 

FD 0 . 3 5 0 . 3 5 -0 . 2 0 - 0 . 2 1 0 . 2 5 
PL 0 . 2 7 -0 . 1 6 - 0 . 4 6 0 . 1 6 - 0 . 1 5 
TF 0 . 1 5 0 . 0 0 0 . 4 5 - 0 . 5 9 0 . 2 4 
LF 0 . 1 0 0 . 0 5 0 . 2 9 - 0 . 3 8 0 . 1 0 
PET I CO - 0 . 3 4 0 . 5 1 0 . 0 7 0 . 2 3 - 0 . 3 3 
DIASP - 0 . 1 6 -0 . 2 5 -0 . 2 2 0 . 4 4 -0 . 1 7 
TSH 0 . 1 8 -0 . 0 3 0 . 5 7 0 . 0 2 0 . 0 9 
FSH% 0 . 0 6 -0 . 0 5 0 . 4 6 - 0 . 0 4 0 . 5 0  
BEGDA 0 . 2 1 0 . 3 2 0 . 2 8 0 . 0 0 - 0 . 4 2 
LWRATI 0 . 2 8 0 . 3 4 - 0 . 3 0 0 . 0 6 0 . 3 0 
INCRS - 0 . 5 3 -0 . 0 7 -0 . 1 0 0 . 0 8 0 . 0 4 
FLPERI 0 . 1 2 -0 . 3 3 0 . 4 0 - 0 . 1 2 0 . 1 3 

EIGENVALUE 0 . 2 1 0 . 1 5 0 . 0 4 0 . 0 3 0 . 0 1 
PROPORTION 0 . 4 7 0 . 3 4 0 . 0 9 0 . 0 8 0 . 0 2 
CUMULATIVE 0 . 4 7 0 . 8 1 0 . 9 0 0 . 9 8 1 .  0 0  

T h e  score f o r  e a c h  cross  i n  each year o n  each  funct ion w a s  obta ined b y  m ul t i ply ing t h e  

standardised means  of a cross i n  each year (Table 2 . 1 .4 )  b y  standardised coeff icients (i .e .  C 

matrix, see 'procedures' ) .  
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Table  2 . 1 . 7  displays n e t  scores for C R  * Y  effect o n  the  f irs t  2 func t ions .  Thus ,  1 2  orig ina l  

var iables  were reduced to 2 funct ions  to  sort  C R  *Y effect . Not  on ly was t he  number  of 

comparisons between CR "Y effect reduced, but the mean ingfulness of these comparisons was 

enhanced,  since these 2 functions accounted for most  of the tota l  d iscriminant power.  

Table 2 . 1 .7 Net scores for C R  * Y  effec ts in male popula tion 

CROSS YEAR FUNCTN1 FUNCTN 2 

1 1 1 9 . 0 4 9 . 5 4 
2 1 2 8 . 9 5 8 . 9 6 
3 2 1 8 . 7 9 9 . 3 0 
4 2 2 9 . 2 4 8 . 3 1 
5 3 1 9 . 3 1 9 . 0 4 
6 3 2 9 . 4 2 9 . 9 6 
7 4 1 9 . 3 9 9 . 3 5 
8 4 2 8 . 7 9 8 . 9 2  
9 5 1 9 . 4 6 8 . 4 9 

1 0  5 2 9 . 2 0 9 . 5 8  
1 1  6 1 9 . 4 3  9 . 1 7 
1 2  6 2 8 . 1 7 8 . 4 7 

Graphically, the mean scores on these two funct ions can be plotted to show cross differences 

between years in 2 dimensions, and then the differences can be readily conceptual ised.  Figure 

2 . 1 . 1  shows the cross distance between years based on the first two functions. The numbers 

represent cross ident i ty and the year as follows, and the score distance in mm for the same cross 

between 2 years was: 

Cross 1 Bruno x 0 1-6 ( 1-2) 3 .8  

Cross 2 B runo x 0 1 -20 (3-4) 6 .7  

Cross 3 Gracie x 0 1-6 (5-6) 5 .9  

Cross 4 Gracie x 0 1-20 (7 -8) 3.8 

Cross 5 Hayward x D 1 -6 (9-10) 7 .2 

Cross 6 H ayward x 0 1-20 ( 1 1- 12)  6 .7  

The c rosses 2,  5 and 6 gave the greatest d istance, which means that  the male progeny produced 

from these c rosses tended to vary across years in  t he  characters flower size, petiole colour, 

flowering duration and growth rate, and had high CR *Y effects .  In contrast the male plants 

from the other crosses tended to be stable for these characters, and have lower CR *Y effects .  
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Fig u r e  2 . 1 . 1  

( b )  Cross effects 

P lo t  of net scores  of discri m inan t f u n c t i o n s  1 a n d  2 
in m a l e  population (6 crosses ,  2 years ) .  

Table  2 . 1 .8 shows a funct ion s t ruc ture and  related s ta t i s t i cs  for c ross effec t .  The  first two 

functions accounted for 84% of the to tal  discriminant power, therefore they were retained for 

analysis .  Function 1 was mainly associa ted with PL, DIASP and INCR, hence it was rega rded as 

an ea rly vigour function . 

The second function can be cal led a floriferousness function since it was mainly associated with 

LF, F S H %  and F L P E R I ,  and would be a useful cr i terion  for selec t ing  t h e  be t ter  crosses .  

Funct ion 2 with function 1 would im prove the effectiveness of selection because both amount of 

flowering and early vine vigour would then be taken into accoun t .  The net  scores (Table 2 . 1 .9) 

of t h e  two funct ions  determined from the standardised coefficients and cross means (Table 

2 . 1 . 3 ) ,  were plot ted together, so the higher the score, the better the  cross (Figure 2 . 1 .2 ) .  

The  r e l a t i on s h i p  be tween the  or igi n a l  va r iab l e s  w h i c h  comprise a func t i on m a y  a l s o  b e  

examined in the ana lysis. I t  is  worthwhile noticing that LWRA TI was considerably negat ively 

a ssocia ted with function 2, that is to say, there is a close relat ionship be tween broad l eaf shape 

and f lorife rousness.  Further inves t igat ion should be ca rried out in order to test the possibi l i ty 

of using leaf shape as  a criterion for selecting for high flowering in male vines.  
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Table 2 . 1 .8 Function structure and related statistics for cross effects 

in male popula tion 

STRUCTURE 

FUNl FUN2 FUN3 FUN4 FUN5 

FD 0 . 2 2 - 0 . 3 1 0 . 6 2 0 . 0 5 0 . 3 4 
PL 0 . 6 9 0 . 1 4 -0 . 0 8 0 . 3 0 0 . 3 1 
TF -0 . 4 9 0 . 3 4 0 . 3 7 - 0 . 2 4 0 . 3 4 
LF -0 . 1 1 0 . 4 8 0 . 4 4 - 0 . 2 2 0 . 2 2 
PET ICO - 0 . 2 3 0 . 3 0 0 . 1 3 0 . 0 0 0 . 3 8 
D IASP 0 . 5 3 0 . 2 3 -0 . 0 7 0 . 4 3 0 . 0 8 
TSH -0 . 1 1 0 . 2 4 -0 . 0 8 0 . 5 3 - 0 . 1 2 
FSH% 0 . 0 2 0 . 6 2 0 . 4 7 - 0 . 1 7 - 0 . 2 2 
B EGDA -0 . 3 0 - 0 . 3 0 -0 . 4 1 - 0 . 2 1 0 . 2 2 
LWRATI -0 . 3 1 - 0 . 5 9 0 . 0 4 0 . 0 8 - 0 . 0 8 
I NCRS 0 . 5 9 0 . 0 8 0 . 0 4 0 . 1 9 0 . 1 2 
FLPERI -0 . 3 2 0 . 5 1  0 . 5 2 0 . 2 9 0 . 0 6  

E I GENVALUE 1 .  3 4  0 . 6 1 0 . 2 1 0 . 1 0 0 . 0 2  
PROPORTI ON 0 . 5 8 0 . 2 6 0 . 1 0 0 . 0 4 0 . 0 2 
CUMULATIVE 0 . 5 8 0 . 8 4 0 . 9 4 0 . 9 8 1 . 0 0  

Table 2 . 1 .9 Net scores for crosses i n  male population 

CROSS FUNCTNl FUNCTN2 

1 7 . 5 5 9 . 0 4 
2 8 . 2 8 9 . 4 7 
3 8 . 0 1 7 . 1 0 
4 9 . 4 4 8 . 5 0 
5 8 . 6 9 8 . 2 6 
6 9 . 7 5 9 . 4 5 

Figure 2 . 1 .2 shows the function scores on the first two functions, the numbers represent cross 

identity .  Hayward cross with D l-20 gave the h ighest score, which means that the progeny from 

t h i s  c r o s s  tended  to be bo th  f l o r if e r o u s  and v igorous .  H owever, if only function 2 was  

cons idered ,  B runo  c rosses w i th  e i ther  m a le parent gave higher function scores than G racie 

c rosses  a n d  Hayward x D l -6 ,  i nd i c a t ing  Bruno shou ld  be used as  the female parent for  

produ c ing floriferous m ale seedlings. I t  i s  of in terest to n ote the male parent  D l -20 crosses 

surpassed D l-6 crosses con stant ly ,  suggesting D l-20 was the better male parent to produce 

progeny that were both floriferous and had early vigour .  
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Figure 2 . 1 .2 Plo t  of net scores of di scriminant functions 1 and 2 
for each cross in male population 

Cross 1 Bruno x D l-6 Cross 3 Gracie x D l-6 
Cross 2 Bruno x D l -20 Cross 4 Gracie x D l-20 

(c) Year effects 

Cross 5 H ayward x D l-6 
Cross 6 Hayward x D l-20 

Table 2 . 1 . 10  contains parameters for the year effect, bu t as only two years data was obtained, 

only one very simple  func t ion was genera ted .  This  func t ion was  posit ively a ssoc ia ted with 

vegetat ive characters, and negatively associated with most of the flower characters, indicating 

vigorous vines with less flowers tended to have h igh year effects. 

Table 2 . 1 . 10 Function structure and related statist ics for year 
effects in male population 

STRUCTURE 

FD -0 . 1 4 
P L  0 . 5 0 
TF 0 . 6 2 
LF - 0 . 3 7 
PET ICO 0 . 0 4 
D I.ASP 0 . 6 3  
TSH 0 . 0 7 
F SH% -0 . 2 2 
BEGDA - 0 . 0 4 
LWRATI - 0 . 1 1 
I NCRS 0 . 5 4 
FLPERI - 0 . 4 4 

E I GENVALUE 0 . 5 8 
PROPORT I ON 1 . 0 0 
CUMULAT IVE 1 . 0 0 
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(d )  Vine effects 

Table 2 . 1 . 1 1  shows a function structure and related statistics for vine effect .  Func tion 1 was 

mainly associated with  D IASP a nd I NCRS, thus was regarded as  a vegetat ive function, and held 

most of the discriminant  power (60%) .  

Table 2 . 1 . 1 1  F unction structure and related statistics f o r  v ine 

effects  in male population 

STRUCTURE 

FUNl FUN2 FUN 3  FUN4 FUN5 

FD 0 . 2 8 - 0 . 6 1 -0 . 3 7 0 . 1 8  - 0 . 0 1 
PL 0 . 5 5 - 0 . 5 0 - 0 . 4 8 - 0 . 0 6 0 . 4 9 
TF - 0 . 0 6 0 . 3 7 0 . 1 2 - 0 . 2 1 - 0 . 0 7 
LF 0 . 1 8 0 . 2 5 0 . 0 3 - 0 . 3 9 0 . 4 1 
PET ICO 0 . 0 8 0 . 0 1 -0 . 0 7 - 0 . 0 5 - 0 . 4 2 
D IASP 0 . 9 9 - 0 . 0 2 -0 . 1 7 - 0 . 1 1 0 . 0 9 
TSH 0 . 2 1 0 . 6 5 -0 . 2 4 0 . 4 4 0 . 1 9 
FSH% 0 . 1 1 0 . 3 4 -0 . 1 1 - 0 . 2 8 0 . 1 3  
BEGDA - 0 . 2 2 - 0 . 1 6 0 . 6 8 0 . 4 8 - 0 . 2 4 
LWRATI - 0 . 1 3 - 0 . 1 3 -0 . 0 8 0 . 5 0 - 0 . 1 2 
INCRS 0 . 6 4 0 . 0 4 -0 . 2 7 - 0 . 0 6 0 . 0 0 
FLPERI 0 . 0 1 0 . 3 7 0 . 1 1 - 0 . 0 5 0 . 3 6 

E I GENVALUE 3 9 . 1 6 4 . 7 6 3 . 8 5 3 . 2 2 2 . 8 9  
PROPORT I ON 0 . 6 0 0 . 0 7 0 . 0 6 0 . 0 5 0 . 0 4 
CUMULAT IVE 0 . 6 0 0 . 6 7 0 . 7 3 0 . 7 8 0 . 8 2  

The second funct ion w a s  mainly  a ssocia ted with  TS H which  i s  a lso a grow t h  variable ,  s o  

function 2 was also considered a vegetative function. This  means  tha t  the  vines can only be 

grouped vegetatively . The other 10  functions only account for 33% of the discriminant power, 

and are too weak to determine vine effec t .  

For  corn parison,  the  n e t  scores of  the  first 2 func t ions  were obtained by  using standardised 

coefficients ,  and plot ted in Figure 2 . 1 .3 .  The vines with the highest score on both functions 

have the greatest vigour and branching ability .  The scat te r  graph shows that most vines were of 

moderate value, and skewed towards l ow value, with very few vines of h igh  value .  
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Figure 2 . 1 .3 Plot  of n e t  scores  of 2 14 male vines on discriminant functions 1 and 2 .  

(b ) Female vines 

( i )  Univariate analysis 

As  for the male vines,  the original data set was analysed with 23 separate anova's to determine 

the effects of various sources on each of the 23 variables measured. Anova statistics are given 

in Tables  2 . 1 . 12 -2 . 1 . 14 .  Like the  male  v ines  sign if i cant  differences ( P < 0.05) were detected 

a mong vines for all traits except TSH and FLPERI ,  and among crosses for m ost of the tra i t s  

(Table 2 . 1 . 12 ) .  N o  differences were detec ted f or PETICO,  HAIR,  TSH ,  FS H%,  B RIX, FNF 

and EFFI,  suggesting these characters changed very l i tt le between genotypes .  Year effects were 

s i g n if i c a n t  f o r  P L , A C ,  D IA S P ,  B E G D A ,  F LP E RI ,  B R IX ,  LWRA T I ,  I NCRS ,  E L O N G ,  

RELCOR,  F W  a n d  EFFI, demonstrating these characters were easily changeable w i t h  growing 

season. The rest of the characters including a number of economically important ones such as 

VC, TW, SYMM and FNF, did not  change much across years,  indicating they were immune to 

seasonal  changes .  Cross-year i n te ract ions were not  significant for al l  characters except for 

PETICO, HAI R  and TSH.  
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Table 2 . 1 . 12 F test of 23 dependent variables for female vines 

VARIABLE PR > F 

VINE I CROSS2 Y EAR2 CR* Y 3 

FD 0 . 0 1 0 . 0 1 0 . 4 1 0 . 8 8 
PL 0 . 0 1 0 . 0 1 0 . 0 1 0 . 9 5 
TF 0 . 0 1 0 . 0 1 0 . 0 6 0 . 7 8 
PET ICO 0 . 0 1 0 . 2 3 0 . 6 5 0 . 0 4 
HAIR 0 . 0 1 0 . 6 6 0 . 0 8 0 . 0 1 
VC 0 . 0 1 0 . 0 1 0 . 1 6 0 . 9 3 
TW 0 . 0 1 0 . 0 1 0 . 4 1 0 . 6 6 
AC 0 . 0 1 0 . 0 1 0 . 0 2 0 . 5 0 
DIASP 0 . 0 1 0 . 0 1 0 . 0 1 0 . 9 6 
TSH 0 . 1 4 0 . 7 7 0 . 2 8 0 . 0 1 
FSH% 0 . 0 3 0 . 0 6 0 . 2 3 0 . 1 0 
BEGDA 0 . 0 1 0 . 0 1 0 . 0 2 0 . 9 8 
FLPERI 0 . 1 1 0 . 0 2 0 . 0 1 0 . 7 9 
BRIX 0 . 0 1 0 . 2 6 0 . 0 2 0 . 4 2 
LOCN 0 . 0 1 0 . 0 3 0 . 7 1 0 . 3 2 
LWRAT I 0 . 0 1 0 . 0 1 0 . 0 1 0 . 4 2 
INCRS 0 . 0 1 0 . 0 1 0 . 0 1 0 . 7 3 
ELOGN 0 . 0 1 0 . 0 1 0 . 0 1 0 . 7 7 
S YMM 0 . 0 1 0 . 0 1 0 . 7 9 0 . 7 7 
RELCOR 0 . 0 1 0 . 0 1 0 . 0 1 0 . 6 2 
FNF 0 . 0 5 0 . 0 9 0 . 9 6 0 . 0 9 
FW 0 . 0 1 0 . 0 1 0 . 0 1 0 . 9 9 
EFFI 0 . 0 1 0 . 0 7 0 . 0 1 0 . 3 0 

1Vine,  tests of hypotheses u sing the type I l l  MS for residual variance as  an error term . 2CR & Y, tests of hypotheses using the type I l l  M S  for CR *Y a s  an error term . 
3CR * Y, tests of hypotheses using the type I l l  M S  for vine as  an  error term. 

Table 2. 1 . 13 ( 1 )  Cross means by year in female population 

CR Y N FD PL TF PETICO HAIR VC TW AC DIASP TSH FSH% BEGDA 

1 1 2 5  6 . 5 6 3 . 9 6 3 . 0 1 3 . 2 8 1 . 8 4 1 0 5 . 8 4 2 . 1 3 1 . 3 2 1 . 8 4 4 0 . 3 6 3 5 . 6 8 8 . 5 6 
1 2 2 5  6 . 6 2  4 . 2 9 2 . 5 8 3 . 5 2 2 . 6 4 1 0 8 . 60 2 . 1 0 1 . 2 7 2 . 4 0 4 3 . 2 4 2 7 . 56 9 . 2 8 
2 1 3 0  6 . 9 0 4 . 9 1 3 . 2 2 3 . 6 0 2 . 06 1 2 6 . 0 3 2 . 6 7 1 . 5 6 2 . 0 2 4 5 . 4 6 54 . 7 3 7 . 3 3 
2 2 3 0  6 . 8 1 5 . 1 2 2 . 8 2 3 . 1 0 2 . 6 0 1 1 5 . 6 0 2 . 4 0 1 . 3 9 2 . 6 0 4 0 . 7 0 3 9 . 2 3 8 . 5 6 
3 1 3 6 . 8 6 4 . 4 6 2 . 3 3 2 . 3 3 2 . 0 0 1 0 3 . 3 3 1 . 8 5 1 . 3 7 1 . 7 7 4 1 . 6 6 2 1 . 6 6 8 . 0 0 
3 2 3 7 . 00 5 . 3 3 1 . 9 3 2 . 6 6 2 . 3 3 9 6 . 6 6 1 . 8 0 1 . 2 2 2 . 2 9 3 6 . 0 0 1 9 . 3 3 7 . 0 0 
4 1 5 5  7 . 8 2  5 . 6 6 2 . 57 2 . 9 8 1 . 80 7 6 . 3 0 2 . 2 7 1 . 4 0 2 . 1 3 4 4 . 56 3 9 . 0 9 6 . 50 
4 2 5 5  7 . 56 6 . 0 9 2 . 4 2 3 . 0 3 2 . 4 1 7 4 . 2 5 2 . 1 9 1 . 1 6 2 . 8 4 3 3 . 2 0 3 5 . 6 9 7 . 54 
5 1 1 1  6 . 8 1 4 . 7 4 2 . 2 8 3 . 1 8 2 . 0 0 8 5 . 7 2 1 . 9 3 1 . 1 2 1 . 9 2 4 1 . 9 0 2 7 . 6 3 7 . 3 6 
5 2 1 1  6 . 7 6 5 . 1 2 2 . 0 7 3 . 5 4 2 . 6 3 7 9 . 90 1 . 8 3 1 . 0 2 2 . 5 2 4 3 . 0 9 2 1 . 9 0 9 . 0 0 
6 1 6 3  7 . 2 5 5 . 6 0 2 . 59 3 . 1 9 2 . 0 0 9 1 . 0 4 2 . 3 5 1 . 3 3 2 . 1 8 4 3 . 9 0 4 0 . 0 6 6 . 9 5 
6 2 6 3  6 . 9 9 5 . 8 0 2 . 5 5 3 . 2 0 2 . 0 1 8 5 . 1 2 2 . 4 3 1 . 1 8 2 . 8 5 3 3 . 1 2 4 1 . 1 5 7 . 9 0 
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Table 2 . 1 . 13(2) Cross means by year in female population 

CR y FLPERI BRIX LOCN LWRAT INCR ELOG SYMM RELCO FNF FW EFFI 

1 1 2 5  1 4 . 2 8 7 . 8 7 3 2 . 9 8 1 .  0 8  1 . 1 1 1 .  4 2  1 .  0 7  0 . 2 4 2 . 5 5 5 3 . 2 8 0 . 5 9 
1 2 2 5  9 . 6 8 8 . 9 5 3 1 . 7 2 1 .  0 7  2 . 2 9 1 .  7 0  1 .  0 6  0 . 2 6 3 . 0 1 6 4 . 7 5 0 . 3 2 
2 1 3 0  1 4 . 6 0 7 . 5 9 3 6 . 1 0 1 .  0 3  1 .  5 6  1 .  5 4  1 . 1 1 0 . 2 5 2 . 9 6 6 4 . 6 6 0 . 6 1 
2 2 3 0  1 0 . 6 0 7 . 9 4 3 3 . 5 0 0 . 9 6 2 . 5 5 1 .  7 9  1 . 1 0 0 . 2 9 2 . 4 5 8 1 . 6 1 0 . 3 1 
3 1 3 9 . 3 3 8 . 2 3 3 8 . 8 6 1 .  2 0  0 . 9 3 1 .  5 1  1 .  0 9  0 . 2 7 1 . 9 1 7 8 . 0 6 0 . 5 4 
3 2 3 8 . 0 0 9 . 2 6 3 9 . 0 0 1 . 1 4 2 . 1 3 1 .  7 1  1 . 1 2 0 . 3 1 2 . 4 7 9 6 . 9 6 0 . 2 8 
4 1 5 5  1 3 . 3 4 7 . 6 5 3 6 . 0 1 1 .  0 7  1 .  8 9  1 .  4 8  1 . 1 2 0 . 2 8 2 . 1 8 8 2 . 9 5 0 . 4 3 
4 2 5 5  1 0 . 0 9 9 . 2 1 3 7 . 6 7 1 .  0 2  2 . 8 6 1 . 6 8 1 . 1 2 0 . 3 1 2 . 0 0 9 9 . 3 8 0 . 2 6 
5 1 1 1  9 . 9 0 7 . 3 4 3 8 . 2 5 1 . 1 3 1 .  4 9  1 .  2 0  1 . 1 1 0 . 2 7 1 . 9 3 7 7 . 5 8 0 . 4 4 
5 2 1 1  8 . 0 0 7 . 9 8 3 8 . 5 4 1 .  0 0  2 . 5 1 1 .  3 5  1 . 1 3 0 . 3 2 1 . 5 3 9 3 . 2 4 0 . 2 5 
6 1 6 3  1 2 . 6 6 7 . 6 8 3 7 . 6 8 0 . 9 9 1 .  8 2  1 .  2 5  1 . 1 4 0 . 2 8 2 . 3 4 8 4 . 7 8 0 . 4 5 
6 2 6 3  9 . 0 3 8 . 8 5 3 6 . 8 5 0 . 9 2 3 . 2 2 1 . 4 1 1 . 1 2 0 . 3 0 2 . 4 9 9 9 . 8 3 0 . 2 7 

Table 2 . 1 . 14(1 )  Cross means in female population 

CR N FD PL TF PETICO HAIR VC TW AC DIASP TSH FSH% BEGDA 

1 5 0  6 . 5 9 4 . 1 3 2 . 7 9 3 . 4 0 2 . 2 4 1 0 7 . 2 2 2 . 1 1 1 .  3 0  2 . 1 2 4 1 . 8 0 3 1 . 6 2 8 . 9 2 
2 6 0  6 . 8 5 5 . 0 1 3 . 0 2 3 . 3 5 2 . 3 3 1 2 0 . 8 1 2 . 5 4 1 .  4 8  2 . 3 1 4 3 . 0 8 4 6 . 9 8 7 . 9 5 
3 6 6 . 9 3 4 . 9 0 2 . 1 3  2 . 5 0 2 . 1 6 1 0 0 . 0 0 1 .  8 2  1 .  2 9  2 . 0 3 3 8 . 8 3 2 0 . 5 0 7 . 5 0 
4 1 1 0  7 . 6 9 5 . 8 8 2 . 4 9 3 . 0 0 2 . 1 0 7 5 . 2 8 2 . 2 3 1 . 2 8 2 . 4 9 3 8 . 8 8 3 7 . 3 9  7 . 0 2 
5 2 2  6 . 7 9 4 . 9 3 2 . 1 7 3 . 3 6 2 . 3 1 8 2 . 8 1 1 .  8 8  1 .  0 7  2 . 2 2 4 2 . 5 0 2 4 . 7 7 8 . 1 8 
6 1 2 6  7 . 1 2 5 . 7 0 2 . 5 7 3 . 1 9 2 . 0 0 8 8 . 0 8 2 . 3 9 1 .  2 5  2 . 5 1 3 8 . 5 1 4 0 . 6 1 7 . 4 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GM 7 . 1 5 5 . 3 7 2 . 6 2  3 . 1 9 2 . 1 4 9 2 . 0 1 2 . 2 9 1 .  2 9  2 . 3 9 4 0 . 0 3 3 8 . 2 2 
SE 0 . 4 0 0 . 6 2 0 . 7 3 0 . 4 4 0 . 5 1 9 . 9 1 0 . 4 9 0 . 1 0 0 . 1 4 1 0 . 9 6 1 5 . 6 7 

Table 2 . 1 . 14(2) Cross means in female population 

CR y FLPERI BRI X  LOCN LWRAT INCR ELOG SYMM RELCO FNF FW EFFI 

1 5 0  1 1 . 9 8 8 . 4 1 3 2 . 3 5 1 .  0 7  1 . 7 0 1 . 5 6 1 . 0 7 0 . 2 5 2 . 7 8 5 9 . 0 2 0 . 4 5 
2 6 0  1 2 . 6 0 7 . 7 6 3 4 . 8 0 1 .  0 0  2 . 0 5 1 .  6 6  1 . 1 0 0 . 2 7 2 . 7 0 7 3 . 1 4 0 . 4 6 
3 6 8 . 6 6 8 . 7 5 3 8 . 9 3 1 . 1 7 1 . 5 3  1 . 6 1 1 . 1 0 0 . 2 9 2 . 1 9 8 7 . 5 1 0 . 4 1 
4 1 1 0  1 1 . 7 1 8 . 4 3 3 6 . 8 4 1 .  0 5  2 . 3 8 1 . 5 8 1 . 1 2 0 . 3 0 2 . 0 9 9 1 . 1 7 0 . 3 5 
5 2 2  8 . 9 5 7 . 6 6 3 8 . 4 0 1 . 0 6 2 . 0 0 1 .  2 7  1 . 1 2 0 . 3 0 1 . 7 3 8 5 . 4 1 0 . 3 4 
6 1 2 6  1 0 . 8 4 8 . 2 6 3 7 . 2 7 0 . 9 5 2 . 5 2 1 . 3 3 1 . 1 3 0 . 2 9 2 . 4 2 9 2 . 3 0 0 . 3 6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GM 
S E  

1 1 . 3 9 8 . 2 2 3 6 . 1 8 
3 . 3 4 0 . 9 9 3 . 7 4 

(ii) Multivariate analysis 

1 .  0 1  2 . 2 5 
0 . 0 8 0 . 7 0 

1 . 4 9 1 . 1 1 0 . 2 8 2 . 3 7 8 3 . 9 6 0 . 3 8 
0 . 0 7 0 . 0 4 0 . 0 2 0 . 8 7 1 2 . 3 0 0 . 1 0 

Based on the anova results, the manova result was obtained and l isted in Table 2 . 1 . 15. Wilks '  

Lambda and Hotell ing - Lawley Trace were t ransformed as an F approximation, and strong 

signif i can t  d ifferences were detected a mong all effects - CR*Y, CR,  Y,  and vine .  Such an  

analysis shows  whether differences exist between the  vines and crosses, but in  n o  way indicates 

7 . 9 3 
2 . 2 7 



4 4  

how each effect  compared with respect t o  the combined variables. Discriminant  functions were 

therefore calculated as  they permi t  one to order the vines and crosses according to  their ne t  

scores, and based on  the  scores the  effects are  grouped and sorted. 

Table 2 . 1 . 1 5  Manova test criteria f o r  the hypothesis of no overall  

effect for female vines 

CR* Y 
WILKS ' CRI TERION L = DET ( E ) /DET ( H+E ) = 0 . 4 0 6 0 2 5 0 6  

F ( 1 1 5 , 7 8 5 . 1 1 )  = 1 . 3 8 PROB > F = 0 . 0 0 8 5  
CR 
WILKS ' CRI TERION L = D ET ( E ) /DET ( H+E ) = 0 . 0 5 6 8 6 2 7 3  

F ( 1 1 5 , 7 8 5 . 1 1 )  = 5 . 4 2 PROB > F = 0 . 0 0 0 1  
y 
WILKS ' CRI TERION L = DET ( E ) /DET ( H+E ) = 0 . 4 1 8 3 1 8 8 2  

F ( 2 3 , 1 5 9 ) = 9 . 6 1 PROB > F = 0 . 0 0 0 1  
VINE 
WILKS ' CRITERI ON L = D ET ( E ) /DET ( H+E ) = 0 . 0 0 0 0 0 0 0 0  

F ( 4 1 6 3 , 3 8 4 0 . 8 3 )  = . PROB > F = 

HOTELLI NG-LAWLEY TRACE=TR ( E * * - 1 *H ) =1 3 8 . 2 5 8 6 4 2 9 7  
F ( 4 1 6 3 , 3 6 1 3 )  = 5 . 2 2 PROB > F = 0 . 0 0 0 1  

(a)  Cross yea r  interact ion:  

Table 2 . 1 . 16 shows a function structure and rela ted stat ist ics .  Because the first three functions 

account  for 89% of total discriminant power, t hey were retained for further analysis, while the 

other 3 were dropped from the test .  Function 1 was mainly positively associated with DIASP,  

and nega tively with TSH,  and L WRA TI and so may be regarded as a function for  v igorous vines 

with broad leaves and less shoots .  The second funct ion was made up  mainly of FSH%,  TW, 

FNF and so was called a product ivi ty function . The second function seems to  i mply that the 

prolific crosses h ave a high year effect possibly reflecting b iennial bearing behaviour. 

The th i rd func t ion may be described as  a h a i riness  funct ion since i t  mainly associated with 

PETICO and HAIR.  
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Function structure and related sta t ist ics  for  C R  • y  effects 
in  fema le  population 

- - - - - - ----------- - -- - - - - - - - - - - - - - - - - - - - - - -
FUN1 FUN 2 FUN 3 FUN4 FUN5 

- --- - - - - - - - - ------- - - - - - - - -- - ------ - - - - - - -
LWRATI - 0 . 3 5 0 . 2 2 0 . 1 8 0 . 1 7 0 . 1 2 
PET I CO 0 . 0 6 0 . 2 7 0 . 4 4 -0 . 3 1 0 . 1 4 
FD - 0 . 1 3 0 . 0 5 - 0 . 0 8 - 0 . 1 0 - 0 . 1 9 
PL 0 . 1 5 - 0 . 0 2 - 0 . 0 5 0 . 0 7 - 0 . 3 2 
TSH - 0 . 5 8 0 . 2 0 0 . 1 7 - 0 . 4 6 0 . 2 1 
FSH% 0 . 1 8 0 . 3 5 - 0 . 0 2 - 0 . 2 8 - 0 . 0 2 
TF 0 . 0 8 0 . 1 0 - 0 . 0 0 - 0 . 1 7 0 . 1 1 
D IASP 0 . 3 7 - 0 . 0 9 - 0 . 0 3 0 . 3 3 0 . 0 0 
I NCRS 0 . 2 3 0 . 1 0 - 0 . 2 5 0 . 1 2 0 . 0 2 
BEGDA 0 . 0 4 - 0 . 1 1 0 . 0 2 0 . 0 6 0 . 3 2 
FLPERI - 0 . 1 0 0 . 0 3 0 . 1 1 - 0 . 4 4 - 0 . 2 6 
TW 0 . 0 4 0 . 3 3 - 0 . 1 1 -0 . 1 8 0 . 0 6 
FW 0 . 2 4 - 0 . 1 9 - 0 . 1 3 0 . 2 0 - 0 . 2 2 
FNF - 0 . 0 8 0 . 5 8 0 . 0 0 -0 . 0 2 - 0 . 0 4 
LOCN 0 . 1 8 - 0 . 0 5 0 . 2 1 0 . 0 6 - 0 . 1 1 
HAI R  - 0 . 1 5 - 0 . 2 3 0 . 5 0 0 . 2 9 0 . 2 2 
ELOGN - 0 . 0 7 0 . 0 2 0 . 1 2 0 . 3 4 0 . 1 2 
RELCOR 0 . 1 2 - 0 . 1 9 0 . 0 9 0 . 1 2 - 0 . 2 1 
S YMM 0 . 0 6 - 0 . 1 1 0 . 0 7 -0 . 1 4 -0 . 2 8 
BRI X 0 . 2 3 0 . 0 1 0 . 1 5 0 . 3 3 0 . 0 5 
AC - 0 . 2 4 0 . 1 7 0 . 0 1 -0 . 3 2 0 . 1 7 
VC -0 . 0 9 0 . 1 3 0 . 2 0 - 0 . 0 2 0 . 2 6 
EFFI 0 . 0 0 0 . 1 3 0 . 1 8 - 0 . 4 2 0 . 1 6 
- - -------------- - - - - - - - - - - - ----- - ----- - ---
E I GENVALUE 0 . 5 3 0 . 2 3 0 . 1 6 0 . 0 8 0 . 0 2 
PROPORT ION 0 . 5 0 0 . 2 3 0 . 1 6 0 . 0 8 0 . 0 3 
CUMULAT IVE 0 . 5 0 0 . 7 3 0 . 8 9  0 . 9 7 1 . 0 0 
- - -- - ------ - ----- - -------- - ---- - - - - - - - - - - -

Thus,  twenty three original variables were reduced to 3 funct ions to sort CR "'Y effects ,  and 

t herefore the analysis of CR *Y effects was simplified. M oreover, from the function structure 

the  relat ive contribution of the characters to CR *Y effects and their relationship can be easily 

examined. The first function is  a vigour function and a ccounted for 50% of total discriminant  

p ower,  t he refore i t  was the  m ost i mportant  funct ion contr ibuting to CR *Y effects .  In  th is  

function TSH was the most important character. The second function which accounted for 23% 

of  tota l  d iscr i m in a n t  power  was  the secon d  i m p o r t a n t  f unc t ion ,  and FNF was  the m o s t  

important character f o r  th i s  funct ion .  T h e  third funct i on was  made up  mainly of H A I R  and 

P ETICO,  and accounted  for 16% of total discrim inan t  p ower .  To sum u p ,  in the k iwif ruit  

populat ions investigated, TSH,  FNF, HAI R  and PETICO were the most important characters 

c ontributing to CR *Y effects, and the finding agrees with the resul ts  from Anova analysis (see 

Table 2 . 1 . 1 2.) .  H owever Anova only gives separated analys is  of variables, i t  does not  exa mine the 

relat ionship between variables. Table 2 . 1 . 17 displays the  funct ion scores of 6 crosses betw een 2 

years. Based on these function scores the CR *Y effects can be easily detected for each cross.  
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Table 2 . 1 . 17 N et scores for CR *Y effects  in female populati on 

FUNCTION 
CR y 1 2 3 

1 1 1 2 . 2 6 7 . 8 0 7 . 1 3 
2 1 2 3 . 2 2 8 . 1 6 8 . 9 6 
3 2 1 3 . 3 1 8 . 6 4 8 . 8 3 
4 2 2 5 . 1 2 6 . 4 6 9 . 1 1 
5 3 1 0 . 2 7 8 . 1 6 7 . 3 8 
6 3 2 2 . 5 0 8 . 5 8 9 . 0 5 
7 4 1 2 . 2 6 7 . 7 5 6 . 9 3 
8 4 2 8 . 1 3 6 . 0 5 9 . 3 5 
9 5 1 1 .  6 0  7 . 7 0 6 . 3 8 
1 0  5 2 5 . 1 5 5 . 4 6 8 . 6 2 
1 1  6 1 3 . 8 8 6 . 8 3 7 . 1 3 
1 2  6 2 9 . 2 5 6 . 1 1 7 . 8 0 

Since the second function represents the yield characters, the CR *Y effects on this function is  

of  great  interest for kiwif rui t  selection. The score deviation between 2 years  for each cross on 

this function was calculated, and the results are: 

Cross 1 B runo x D 1 -6 ( 1-2) 0.36 
Cross 2 Bruno x D 1 -20 (3-4) -2 .18 
Cross 3 Gracie x D 1-6 (5-6) 0.42 
Cross 4 G racie x D 1-20 (7-8) - 1 .70 
Cross 5 Hayward x D 1-6 (9- 10) -2 .24 
Cross 6 Hayward x D 1-20 ( 1 1 - 12)  -0.72 

In kiwifrui t cul t ivat ion ,  one always hopes the yield does not vary very much w ith the year ,  so 

crosses 1,  3 and 6 should be better selections. 

The CR *Y effects can be also examined on both functions 1 and 2. Figure 2 . 1 .4 shows the cross 

distance between years based on these two functions, for which the score distance of each cross 

between 2 years was as follows: 

Cross 1 Bruno x D 1 -6 
Cross 2 Bruno x D 1 -20 
Cross 3 Gracie x D 1-6 
Cross 4 Gracie x D 1-20 
Cross 5 Hayward x D 1-6 
Cross 6 Hayward x D 1-20 

( 1-2) 1.4 
(3-4) 6.3 
(5·6) 2.9 
(7-8) 8.0 
(9- 10) 7 .9 
( 1 1- 12)  6.3 

Once again the crosses 1 and 3 have less CR *Y effects on these two funct ions, indicting tha t  the 

female progeny produced from the two crosses tend to vary very l i ttle across years for both vine 

vigour and vine cropping. Therefore they are better cross combinations in  k iw if ru i t  breeding. 
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Figure 2 . 1.4 Plot of net  scores of d i sc r imin a n t  funct ion 1 and 2 

in  female  populat ion (6 crosses,  2 years)  

(b)  The effect of  cross: 

8 . 0  8 . 8  

Table 2 . 1 . 1 8  shows a function structure and related statistics for cross effect. The first three 

funct ions account for 90% of the total d iscr iminant power, and were therefore retained for 

analysis .  Function 1 was mainly associated with LWRA TI, VC and EFFI ,  and negatively with 

PL, D IASP, INCRS ,  FW, RELCOR and SYMM, - it  was therefore regarded as a function for 

weak vines with longer leaves and small fruit with h igh Vitamin  C content. With regards to 

EFFI ,  caution should be taken interpreting the function.  EFFI was the ratio of TW to D IASP 

and the relatively h igh loading of  EFFI in thi s  function resulted from h igh  negative loading of 

D IA S P  rather than from loading of TW. Therefore function 1 actually was a less  productive 

function rather than an efficient one. 
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A s  the second function was mainly associated with FD,  PL, L_�RATJ and I;LOGN,  it  may be 

cal led a bi flowc;:L and longer fruit function. The th ird function was made up mainly of F S H %  -

TF, TW, VC and AC, and so may be viewed as a productivity function with h igh  fruit acidity .  

Table 2 . 1. 18  Function structure and related statistics for  cross 

effects in female popula tion 

FUN 1 FUN 2 FUN 3 FUN 4 FUN5 

LWRATI 0 . 4 7 0 . 3 6 -0 . 5 3 0 . 1 3 0 . 0 4 
PET I CO 0 . 1 6 - 0 . 3 1 0 . 0 4 0 . 0 2 - 0 . 3 9 
FD - 0 . 2 1 0 . 5 7 -0 . 0 6 -0 . 1 1 - 0 . 2 2 
PL - 0 . 5 6 0 . 3 3 0 . 2 0 0 . 0 4 - 0 . 0 1 
TSH 0 . 3 4 0 . 0 5 -0 . 1 1 0 . 2 7 - 0 . 2 3 
FSH% - 0 . 0 2 0 . 0 6 0 . 5 8 -0 . 0 2 - 0 . 2 1 
TF 0 . 2 1 - 0 . 0 6 0 . 3 3 -0 . 0 7 - 0 . 1 5  
D IASP - 0 . 4 3 0 . 0 0 0 . 2 8 -0 . 1 1 0 . 1 3 
I NCRS - 0 . 4 4 - 0 . 0 2 0 . 2 5 -0 . 0 9 0 . 0 2 
BEGDA 0 . 0 9 - 0 . 2 4 -0 . 0 2 -0 . 0 2 0 . 0 0 
FLPERI 0 . 2 7 0 . 2 1 0 . 1 5 -0 . 1 9 - 0 . 3 8 
TW - 0 . 0 2 0 . 0 1 0 . 5 1 -0 . 0 6 - 0 . 0 8 
FW - 0 . 6 3 0 . 1 2 0 . 0 3 0 . 1 3 0 . 2 3 
FNF 0 . 2 1 - 0 . 1 6 0 . 2 9 -0 . 3 2 0 . 2 0 
LOCN - 0 . 3 1 0 . 0 9 -0 . 0 3 0 . 3 6 0 . 1 9 
HAI R  0 . 1 3 - 0 . 0 7 0 . 0 7 0 . 2 1 - 0 . 0 1 
ELOGN 0 . 3 3 0 . 3 6 0 . 3 1 -0 . 0 3 0 . 1 3 
RELCOR - 0 . 3 9 0 . 1 8 0 . 0 5 0 . 2 2 0 . 0 9 
SYMM - 0 . 3 7 0 . 0 0 0 . 1 1 0 . 1 7 0 . 0 1 
BRI X  - 0 . 1 5 0 . 0 2  - 0 . 0 3 -0 . 3 1 0 . 2 6 
AC 0 . 3 4 0 . 1 4 0 . 3 5 0 . 0 3 - 0 . 0 5 
VC 0 . 4 5 - 0 . 3 1 0 . 3 7 0 . 0 9 0 . 1 3 
EFFI 0 . 4 0 0 . 0 1 0 . 1 0 - 0 . 0 4 - 0 . 2 0 

E I GENVALUE 2 . 1 1 1 . 2 2 0 . 7 0 0 . 3 1 0 . 1 3 
PROPORT ION 0 . 4 7 0 . 2 7 0 . 1 5 0 . 0 6 0 . 0 2 
CUMULATIVE 0 . 4 7 0 . 7 4  0 . 9 0 0 . 9 7 1 . 0 0 

Thus, twe n ty- three variables  were reduced to 3 i mportant funct ions to c lassify the crosses .  

Table 2 . 1 . 19 d isplays the scores of 6 crosses on 3 funct ions. 
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Table 2.1 . 19  Net scores for crosses i n  female population 

CROSS FUNCTION 

1 2 3 

1 8 . 9 8 6 . 9 1 8 . 4 9 
2 8 . 4 8 8 . 4 1 1 1 . 5 1 
3 1 0 . 7 2 7 . 5 7 6 . 9 3  
4 5 . 3 4 1 0 . 2 4 8 . 8 5 
5 4 . 2 7 5 . 1 7 5 . 8 0 
6 2 . 8 4 6 . 1 3 8 . 7 1 

Since a grower and breeder is always seeking a vine that is h igh yielding, funct ion 3 i s  i mportant  

i n  k iwifruit  selection .  B runo x D l-20 gave the  highest score on this function, suggesting i t  was  

the best cross combinat ion for improving cropping. In  contrast Hayward x D 1 -6 gave the  l owest 

score, indicating it was not an appropriate combination for this purpose. Just  l ike i n  the male 

vine popul ation where D l -20 was the better male paren t  to produce floriferous progeny, D l-20 

proved the better parent to produce female vines wi th h igh early yields, elongate fruit  and large 

f lowers, since D 1-20 c rosses were a lways better than D l -6 crosses on the functions 2 and 3. 

Al though function 1 was a weak vine function, i t  was reasonably associated with VC. Therefore 

functions 1 and 3 may be used together to indicate productive crosses with high fruit v i tamin C 

content .  F igure 2 . 1 . 5  shows the mean scores on the f irst  and third function s .  B runo crosses 

gave relatively h igh scores on both functions, which means the progeny in  these crosses tended 

to be  weak and productive, and to produce longer fruit  with h igh Vitamin C conten t .  

FUN 1 
1 2  

8 

4 

0 

+ 
I 
I 
I 
I I 

+ 
I 
I 
I 
I I 

+ 
I 
I 
I 
I I 

+ 

* 3 

* 1 * 2 

* 4 

* 5 
* 6 

FUN 3 
+ - - - - - - - - -+- - - - - - - - -+ - - - - - - - - - + - - - - - - - - - + - - - - - - - - - +  

4 . 5  6 . 0  7 . 5  9 . 0  1 0 . 5  1 2 . 0  

Figure 2 . 1 .5 Plot of net scores of functions 1 and 3 
for each cross i n  female populat ion 

Cross 1 Bruno x D 1-6 
Cross 2 Bruno x D 1 -20 

Cross 3 Gracie x D 1-6 
Cross 4 Gracie x D 1-20 

Cross 5 Hayward x D 1-6 
Cross 6 Hayward x D l-20 
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(c) The  year  effect :  

Table 2 . 1 .20  shows that  only one function was obtained  for year effects. This function was 

p o s i t i v e l y  a s s o c i a t e d  w i t h  v i n e  v i g ou r ,  a n d  n e g a t i v e ly  a s s oc i a te d  w i t h  t o t a l  s h o o t s ,  

f loriferousness and yield, indicating vigorous vines w i t h  less f lowers and l e s s  fruits tended t o  

h a v e  h i g h  y e a r  effects .  T h e  results  dem onstrate  t h a t  the  fe male  seedl ings  varied in the i r  

phenotypic characteristics from one year to  the  next, and  tha t  they varied prim arily with respect 

to  their degree of vegetative growth and flowering level.  The vine is then inherently inclined to 

biennial cropping when conditions al low low cropping and h igh vigour in any year.  

Table 2. 1 .20 

(d) 

Function structure a n d  rel ated statist ics  for 

year  effects  in  female  population 

LWRAT I 
PET ICO 
FD 
PL 
TSH 
FSH% 
TF 
DIASP 
INCRS 
BEGDA 
FLPERI 
TW 
FW 
FNF 
LOCN 
HAI R  
ELOGN 
RELCOR 
SYMM 
BRI X 
AC 
VC 
EFF I 

E IGENVALUE 
PROPORT I ON 
CUMULATIVE 

The vine effect :  

STRUCTURE 

- 0 . 3 8 
- 0 . 0 1 
- 0 . 1 4 

0 . 1 9 
- 0 . 4 6 
- 0 . 1 8 
- 0 . 1 8 

0 . 6 4 
0 . 5 6 
0 . 1 5 

- 0 . 5 1 
- 0 . 1 1 

0 . 4 4 
- 0 . 0 5 

0 . 0 1 
0 . 3 1 
0 . 3 3 
0 . 4 2 
0 . 0 0 
0 . 4 0 

- 0 . 3 7 
- 0 . 1 0 
- 0 . 6 3 

1 . 3 9 
1 .  0 0  
1 . 0 0 

Table 2 . 1 .21  shows  the function structure and related statistics for vine effects. The first three 

functions accounted for 62% of the total d iscriminant power, and the other 20 only 38%. As in 

the male vine, function 1 was strongly associated with D IASP and INCRS, i .e.  i t  is  a vegetative 

growth function. Because of this strong growth,  the fruiting efficiency was very poor, and the 

function therefore was strongly negatively associated with EFFI .  Since function 1 represented 

37% of the discriminant power, it was the most important  one, this means that as in male vines,  
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t h e  female vines could most effe ctively be grouped by vegetative characters. Plants  with a high 

score on this function tend to have relatively low fruit yield in relation to trunk size, i .e . ,  they 

a re not very efficient canopies with respect to fruiting in relation to  vine growth .  Therefore, 

from a plant breeding viewpoint ,  this function could be used to select out inferior vines. 

Function 2 was a l ong fruit function since it strongly associated with ELOGN.  Function 3 was a 

Vitamin C function, and function 4 was for fruit acidity. Function 5 was of horticul tural value 

because it  was a ss ocia ted wi th  f lower size and average fruit weig h t ,  but unf or tunate ly i t  

represented only 5 %  of the discriminant power.  

Table 2. 1 .21  Function structure and related statistics for vine effects 

in female populat ion 

FUN l FUN 2 FUN 3 FUN4 

LWRAT I - 0 . 2 7 0 . 0 4 - 0 . 0 2 0 . 0 1 
PET I C O  0 . 1 2 - 0 . 0 1 -0 . 0 0 0 . 2 1 
FD 0 . 2 9 0 . 0 0 - 0 . 2 8 -0 . 0 0 
PL 0 . 4 9 - 0 . 0 5 -0 . 1 7 -0 . 0 3 
TSH 0 . 0 0 - 0 . 0 5 0 . 1 5 0 . 0 6 
FSH% 0 . 0 4 - 0 . 0 3 0 . 0 1 0 . 0 9 
TF 0 . 0 2 0 . 0 6 0 . 1 1 0 . 1 6 
D IASP 0 . 9 7 0 . 1 3 0 . 0 4 -0 . 1 5 
I NCRS 0 . 7 4 0 . 0 6 0 . 0 1 - 0 . 0 2 
BEGDA 0 . 0 0 0 . 0 9 0 . 2 9 -0 . 2 5 
TW 0 . 1 7 - 0 . 0 1 0 . 0 4 0 . 0 9 
FW 0 . 4 3 - 0 . 0 3 - 0 . 2 8 -0 . 1 1 
FNF 0 . 0 3 - 0 . 0 0 0 . 1 7 0 . 1 2 
LOCN 0 . 0 9 - 0 . 3 9 - 0 . 1 2 -0 . 1 7 
HAI R  0 . 2 5 0 . 2 1 0 . 1 5 - 0 . 1 0 
ELOGN 0 . 2 9 0 . 9 3 0 . 3 0 0 . 1 6 
RELCOR 0 . 2 4 - 0 . 1 1 - 0 . 0 3 -0 . 2 5 
SYMM 0 . 0 8 - 0 . 1 7 - 0 . 0 0 -0 . 0 4 
BRI X  0 . 2 1 0 . 1 7 - 0 . 0 0 -0 . 0 4 
AC - 0 . 2 5 - 0 . 1 0 - 0 . 0 8 0 . 8 9 
VC - 0 . 2 9 - 0 . 0 0 0 . 8 4 0 . 4 8 
EFFI - 0 . 8 0 - 0 . 1 3 0 . 0 2 0 . 1 6 

E I GENVALUE 5 0 . 8 4 2 0 . 0 6 1 4 . 0 6 9 . 1 5 
PROPORT I ON 0 . 3 7 0 . 1 5 0 . 1 0 0 . 0 7 
CUMULATIVE 0 . 3 7 0 . 5 2 0 . 6 2 0 . 6 9 

FUN5 

- 0 . 1 2 
- 0 . 1 6 

0 . 6 9 
0 . 5 7 

- 0 . 0 4 
0 . 0 3 

- 0 . 0 6 
0 . 0 0 

- 0 . 0 5 
0 . 1 0 
0 . 0 7 
0 . 6 2 

- 0 . 0 9 
0 . 3 6 

- 0 . 1 0 
0 . 0 7 
0 . 2 9 
0 . 3 1 

- 0 . 2 9 
- 0 . 0 0 
- 0 . 2 0 

0 . 0 1 

7 . 2 6 
0 . 0 5 
0 . 7 4 

F o r  c om pari son,  t h e  net  scores  of t h e  first  3 funct ions  were  obtained by  us ing s tandard  

coefficients,  and pl ot ted in Figures 2.1 .6  and 2.1 .7 .  The vines with the  h igh  scores i n  Figures 

2. 1 .6 tend to be vigorous and to  bear longer fruit, and the vines with the high scores in Figures 

2.1.7 tend to be vigorous and to bear fruit with high vitamin C content. 
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T o  sum up, the results based on Anova and Manova indicated that Manova was indeed a useful 

analytical tool with all of the power and scope of Anova. M o reover, as i t  considers dependent 

variables (DVs) in combination, sometimes it was more powerful and sim plified than separate 

A nova. With the use of discriminant analysis following Manova, the com plex in terrela tionship 

a mong DVs can not only be revealed, but also can be taken into account in statistical inference, 

w h i l e  A n o v a  i gn o re s  and f a i l s  to expl o i t  t h e  i n t e r re l a t i o n s h i p s .  T h e  m a i n  p u r pose of 

d i scriminant analysis is to find a linear combination of the variables that maximises differences 

a mong the pre-existing populations, and to sort the objects into t heir appropriate group with 

mini mal error (see B ryant & A tchley 1971,  Introduction ) .  Plant taxonomy i s  concerned with the 

cla ssification of plant material based on rela tionships inferred from the characters of whole 

plants.  This requires that the statistical techn ique used takes into consideration simultaneously 

the c ova riance of as many characters of the plant as possible. Thus this technique has been used 

in plant taxonomy research ( Rohlf 197 1 ) .  
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I n  plant b reeding,  the  exploitat ion and ut i l i sa t ion of germplasm of plant material  i s  of great 

importance,  and i t  i s  necessary to characterise germplasm before using it .  This i s  actually a 

t�xonomic problem, hence manova and discriminant analysis should be suitable for dealing with 

this sort of problem.  

The resul ts  obtained in this study wi th  both  male  and female plants demonstrated the technique 

of discriminant  analysis was useful for grouping and sorting plant materia l .  

In  male vines,  the  DVs f lower diameter, pedicel length, increment of stem, petiole colour and 

flower per iod were detected as the most important DVs for  distinguishing between interaction 

effects  of c r o ss and year ,  because these D V s  were s t rong ly  associa ted wi th  the  f irst  two 

functions which accoun ted for 8 1% of the discriminant  power .  Based on these two functions, 

the deviation between 2 years' mean scores for each cross was obtained. Hayward crosses gave 

the highest value of deviation, indicating Hayward progeny tended to have a h igh cross and year 

interaction, while the c rosses of Gracie were relatively weaker in this effect .  Since most of the 

DVs mentioned were of no  breeding value, the  funct ions based on them d id not make much 

sense in a select ion programme. Thus, they could be good discriminant functions for grouping 

crosses on CR *Y effects ,  but of l imited value for kiwifruit select ion . 

However for cross effect, i t  was a quite different story . The first two functions which accounted 

for 85% of the  d iscrim inan t  power were main ly associated wi th the characters  vigour and  

floriferousness,  and may  therefore be useful as selection criteria .  The  mean  scores based on  

these two func t ions  ind ica ted that  Hayward x D l-20 was  the  best cross because i t  produced 

v igorous and f lor iferous vines; while Gracie x D l -6 was the worst cross because it gave weak 

vines sparse in  f lowering. 

In female seedling populations, two functions for cross and year interaction , which accounted 

for 73% discr iminant power, were mainly concerned wi th vine v igour and productivity, so they 

may be used a s  select ion criteri a .  But these functions were used for grouping the interaction 

effect of c ross  and year, where what was wan ted was the deviation between mean scores in 

different years in  each cross, not the scores themselves. For example,  Bruno x D l -6 gave the 

l owest va lue  of the devia t ion between two years '  scores  based on the f i r s t  two funct ions,  

i ndicating there was  not much variation in  vine vigour and productivity between years in this 

c ross .  T h erefore  it  was show n  to  b e  a pa r t i cu la r ly  good cross  for  producing vines with 

consistency of vigour and yield. 

For cross effects in  female vine, function 3 was of horticultural interest  since i t  was related to 

the productivity of kiwif rui t .  B runo x D l-20 gave the h ighest score on this funct ion,  suggesting 

it was the best cross combinat ion for improving vine productivity .  However, compared with the 
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first two funct ions, function 3 accounted for only 15% of the total discr iminan t power, i t  was 

weaker than functions 1 (47% power) and 2 (27% power) for classifying crosses.  Although the 

first two functions were more powerful than function 3, they only classified crosses in  terms of 

characters of less importance. Once again,  discriminant analysis proved a u seful technique for 

taxonomic grouping, but it was found to have l imited value in plant selection. The reason is  that 

the object ives of taxonomy differ in  an important way from those of plant select ion .  In  plan t 

select ion one i s  usually interested in a number of particular variables,  whereas i n  taxonomy 

often  there is no special interest  in the  part icular character u sed. In discriminant analysis, 

characters are weighted according to how well they discrimina te between groups .  This may or 

may not be related to the relat ive importance of characters as  perceived by the plant breeder. 

Therefore this analytical technique has l imited uses for selecting the best plants unless the most 

i m p or t a n t  fun ct ions  happen to  be  very good hor ticu l tura l  c r i te ri a  for choosing v ines  and 

crosses.  
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SECTION 2 FACTOR ANALYSIS 

L Introduction 

Factor ana lys i s  has become the generic term for principal  component  analysis and common 

factor analysis .  The two procedures have a similar aim, the difference between the two is that  

the former i s  not based on any particular statistical model ,  while the latter is based on a rather 

special model (Manly, 1986) . That is, in the former analysis data are fi t ted to a model,  whereas 

in factor analysis a model is f i t ted to the data (Timm, 1975 ) .  The factor sometimes refers to a 

hypothetica l ,  u nobservable variable and th is  analysis must  be dist inguished from component 

analysis since a component i s  an observable l inear combina tion of variables (SAS I nstitute Inc .  

1985) . 

Principal  compon ent  analys is  was  f irs t  described by K a r l  Pea rson ( 1901 )  and subsequently 

developed by Hote l l ing ( 1933, 1936) .  The early  devel op ment  of factor analysis was due to 

Charles S pearman ( 1904 ). Later  m od ification gave the  general factor analysis m odel  which 

consists of several unobserved factors plus a random error vector (Timm ,  1975) . 

I n  c on tras t  t o  m u l t ivari a te ana lys i s  of varian c e ,  fa c tor  a nalysis  i s  e ssent ia l ly  a screening 

technique rather than a technique of ana lysing variance. I t  is  used to group individuals within 

one popul a t ion ,  whi le  d iscr im inan t  ana lys i s  is  used to  d i scr iminate  between tw o or m ore 

populat ions .  Fact or ana lys i s  does  n o t  req u i re an  experi menta l  de sign , hence  is u seful  in 

surveys .  S ince i t  i s  a technique for grouping, syn thesis and reduction of i nformat ion,  i t  has a 

n umber  of p o t e n t i a l ly  u sefu l  a pp l i c a t i o n s  i n  f ru i t  t r ee  science.  I t  can  be used to order 

multivariate data in reduced orthogonal dimensions called factors, which express most of the 

variance of the original data. Scores on these factors can be used as  criteria for grouping plants 

within the germplasm collection, and as a n on-measured variable to replace subjective v i sual 

a tt ributes in  conventional statistical analyses (Broschat ,  1979 ) .  Plott ing of mult ivariate data in  

2 or 3 dimensional factor space can  be  useful for  indicating the morphological variants within a 

selec t ion p rogramme .  I n  th i s  s tudy factor analysis  was  performed wi th  phe n o ty pe data as 

previously descr ibed (Sect ion  1 ) ,  t o  eva lua te its sui tab i l i ty for ide n t ifying d i s t in c tive and  

superior kiwifruit  vines in a breeding programme. 

2.  Methods 

The factor a na lys i s  was exec u ted  by using the FACT O R  procedure of the SAS sta t i s t i ca l  

package (SAS I n st i tute Inc .  1985) . 
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Suppose there are p correlated x variates which are s o  standardised to  z variates a s  to  have zero 

means and unit standard deviations, then a l inear function 

y = V'z  

w i l l  be  found to  be independently distributed with un i t  variance and such tha t  y is the  vector of 

components  wh ose  con tr ibut ion to  the  var iance  of z i s  a s  g reat a s  poss ib le .  V i s  a p x n 

coefficients matr ix which carries the p -element vector variable z i n to  the derived n -element 

vector variable y.  Thus the elements of y will be princ ipa l  components.  It  can be used for data 

reduction to describe a set of p variables in terms of a smaller n umber of indices or components .  

For  the  best separa t ion  of ind ividuals in a population, V is sought so as to  make y have the 

above properties.  To obtain the V matrix the eigenstructure employed was:  

R V = VL 

where R is the matr ix of correlat ion between the original  variables, V is a coefficient s  matrix, 

and L is a diagonal matrix containing the successive eigenvalues (Cooley and L ohnes,  1 97 1 ) .  

Since factors are standardised principal components,  they may b e  obtained as 

f = L - ( 1 /2)y 

where f i s  a vector  var iable of a factor ,  and L and  y a re as  previously defined (Cooley and 

Lohnes, 197 1 ) .  

The p ossible rank n of  the  factor structure matrix depend s  on  the number of individuals ( i )  and 

the number of original  variables (p) . If the quant ity i - 1  is less than p, then i - 1  is the maximum 

possible rank, if i - 1 is equa l  or greater than p ,  then p i s  the maximum possible rank for the 

matrix . 

The first factor i s  generated such that  it accounts for a large portion of the total  variance  of the 

data. The second factor i s  extracted such that i t  i s  corn pletely uncorrel a ted with the first factor, 

and accounts for the maximum possible remaining variance of the set of original  variables.  This 

procedure is repeated unt i l  all of the variance of the data i s  accounted for by p factors.  Usually 

only f a c t or s  hav ing  e igenvalues  greater than  one a re  re ta ined  for fur ther  cons idera t ion ,  

although the relative va lue  of the  variance explained by the factor and the  m eaningfulness of  the  

component should be considered as  well .  

The m a t rix of regres s ion  coeff i c ien t s  for th e m u l t i p l e  regress ion of each e lement  of the  

observation vector variable on  each factor is the  factor pattern.  I t  i s  the  primary interpretative 

device i n  factor analysis,  as  i t  shows the relative contribu t ion of the individual variables t o  each 

factor,  and  i s  used t o  n a m e  and i nterpret  the  factors .  The factor  score for  each p lant  was 

obtained by multiplying the original data set by the factor score coefficients .  
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A critical value of 0.5 and above for the  M SA ( a  measure of sampling adequacy) was used t o  

determine whether the matrix was suitable for factor analysis (Kaiser & Rice, 1974 ) .  

3.  RES U LTS AND DISCUSSION 

( 1) Factor patterns and factor comparison 

Adequate sa m pies is a pre- requisite for factor analysis, and as only crosses 2,  4 and 6 reached an 

appropriate level of the measure of sampling adequacy (MSA > 0.5),  the analysis for only these 

crosses i s  reported. Factors were calculated for each cross separately, and the manner in  which 

the factors differed was identified. Factors h aving eigenvalues greater  than one were retained 

for full analysis .  

A .  Male vine populations 

Table s  2 .2 . 1 -2 . 2 .3  d i splay t h e  fac tor  pa t te rn s, the  eigenvalue and t h e  proport ion of tota l  

variance explained by each factor  in male seedlings for  each of two seasons.  The first 

factor always has the largest eigenvalue and explains the largest proportion of total  variance. 

Maximum var iance d oes  n ot n ecessa rily mean maximum information, but in the  absence of 

contra ry evidence they are regarded as equivalent (Moore, 1975 ) .  Ther efore factor  1 is the  

m ost  important factor.  

Table 2.2.1 Factor pattern of first 4 PCs for male seedlings in cross 2 (Bruno x D 120) 

1 9 8 7  1 9 8 8  

PC1 PC2 PC 3 PC4 PC1 PC2 PC 3 PC4 

FD 0 . 5 7 0 . 6 3 0 . 1 5 - 0 . 0 4 - 0 . 1 4 0 . 5 8 - 0 . 5 2 0 . 2 4 
PL 0 . 4 6 0 . 5 6 0 . 2 1 - 0 . 4 2 - 0 . 3 7 0 . 6 5 - 0 . 1 7 - 0 . 3 6 
TF 0 . 6 6 - 0 . 2 9 - 0 . 4 6 - 0 . 0 2 0 . 7 3 0 . 0 1 0 . 3 4 0 . 0 2 
LF 0 . 7 7 - 0 . 2 4 - 0 . 3 7 - 0 . 2 3 0 . 6 4 0 . 3 6 0 . 3 5 - 0 . 2 2 
PET I CO 0 . 3 8 0 . 3 3  0 . 5 2 0 . 0 2 - 0 . 3 7 0 . 1 2 0 . 3 0 0 . 7 0 
D I ASP 0 . 8 3 0 . 2 6 - 0 . 1 3 - 0 . 0 6 - 0 . 0 7 0 . 7 0 0 . 5 3 0 . 1 1 
TSH 0 . 2 7 - 0 . 0 1 0 . 1 4 0 . 8 0 0 . 7 4 0 . 0 5 - 0 . 2 2 0 . 0 8 
FSH% 0 . 7 7 - 0 . 1 6 - 0 . 1 9 0 . 1 9 0 . 8 9 0 . 0 7 0 . 0 5 0 . 0 1 
B EGDA - 0 . 3 2 0 . 5 8 - 0 . 5 2  0 . 2 9 - 0 . 5 2 0 . 0 3 0 . 6 0 - 0 . 2 5 
LWRATI - 0 . 0 9 - 0 . 1 4 0 . 4 8 0 . 0 9 - 0 . 2 0 0 . 3 9 - 0 . 1 5 - 0 . 4 9 
I NCRS 0 . 6 2 0 . 1 0 0 . 1 2 0 . 4 0 0 . 2 0 0 . 6 6 - 0 . 1 2 0 . 3 2 
FLPERI 0 . 5 5 - 0 . 6 1 0 . 4 0 - 0 . 0 9 0 . 8 3 0 . 0 4 - 0 . 0 3 - 0 . 0 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
E I GENVALUE 3 . 9 2 1 . 8 3 1 .  4 7  1 .  2 1  3 . 6 6 2 . 0 4 1 . 3 8 1 . 1 9 
PROPORTION 0 . 3 2 0 . 1 5 0 . 1 2 0 . 1 0 0 . 3 0 0 . 1 7 0 . 1 1 0 . 0 9 
CUMULATIVE 0 . 3 2 0 . 4 7 0 . 6 0 0 . 7 0 0 . 3 0 0 . 4 7 0 . 5 9 0 . 6 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 2.2.2 Factor pattern of first 4 PCs for male seedlings i n  cross 4 (Gracie x D 120) 
- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 8 7  1 9 8 8  
- - ----- - - - - - - - -- - - - - - - - - - - - - ---------- -- - --
PC1 PC2 PC 3 PC4 PC1 PC2 PC 3 PC4 

-- - - - - - - - ------ - --- - - - - - - ----- - - - - - - - - - - --- -- - -------- - - - - - - - -

F D  0 . 6 1 0 . 4 2 - 0 . 4 8 - 0 . 1 4 0 . 4 3 0 . 6 2 - 0 . 3 7 - 0 . 0 6 
PL 0 . 6 5 0 . 4 9 - 0 . 3 3 - 0 . 1 3 0 . 4 3 0 . 5 9 - 0 . 1 6 - 0 . 2 9 
TF 0 . 7 7 - 0 . 3 5 0 . 1 5 0 . 2 1 0 . 7 8 - 0 . 2 2 0 . 0 9 - 0 . 0 8 
LF 0 . 8 2 - 0 . 2 7 0 . 1 3  0 . 0 9 0 . 8 8 - 0 . 1 6 0 . 1 9 - 0 . 1 3 
PET I CO - 0 . 0 0 0 . 0 9 0 . 2 9 - 0 . 7 9 - 0 . 2 0 0 . 4 7 0 . 7 5 - 0 . 1 7 
DIASP 0 . 7 9 0 . 3 8 0 . 1 0 0 . 1 0 0 . 1 0 0 . 7 5 0 . 2 0 - 0 . 0 0 
TSH 0 . 5 1 0 . 1 7 0 . 6 1 0 . 2 5 0 . 6 9 - 0 . 0 8 0 . 2 2 0 . 2 7 
FSH% 0 . 6 0 - 0 . 4 0 - 0 . 3 6 - 0 . 0 5 0 . 8 7 - 0 . 2 5 - 0 . 1 2 0 . 0 7 
BEGDA - 0 . 6 9 0 . 3 2 0 . 1 0 0 . 2 1 - 0 . 6 4 - 0 . 0 8 0 . 2 0 0 . 3 5 
LWRATI - 0 . 1 6 0 . 5 1 - 0 . 1 7 0 . 4 1 - 0 . 5 8 0 . 0 9 - 0 . 4 1 - 0 . 2 1 
INCRS 0 . 4 9 0 . 4 7 0 . 3 8 - 0 . 1 6 0 . 2 2 0 . 4 6 - 0 . 1 6 0 . 7 5 
FLPERI 0 . 7 8 - 0 . 2 0 - 0 . 0 5 0 . 0 6 0 . 7 8 - 0 . 0 0 - 0 . 0 0 - 0 . 0 1 
-- - - - - - ---- - - - - - - -- --------- - - - - - - --- - ---- --- - - - - - ------ - - - - - -

E I G ENVALUE 4 . 7 1 1 .  6 1  1 . 1 9 1 . 0 5 4 . 5 0 1 .  9 1  1 . 1 3 0 . 9 6 
PROPORT ION 0 . 3 9 0 . 1 3 0 . 0 9 0 . 0 8 0 . 3 7 0 . 1 5 0 . 0 9 0 . 0 8 
CUMULATIVE 0 . 3 9 0 . 5 2 0 . 6 2 0 . 7 1  0 . 3 7 0 . 5 3 0 . 6 2 0 . 7 0 
-- - - - - - ----- - - - - - ------- - -------- - - - - - ---- --- - - - - - - - - - - - - - - - - -

Table 2.2.3 Factor pattern of first 4 PCs for male seedlings in  cross 6 ( Hayward x 0 120) 
-- - - - - - -------- - ----- - - - - - - - - - - - ----------- - - - - - - - - - - - - - - - - -- -

1 9 8 7  1 9 8 8  
--- - - - - - - - - - - ------- - - - - - - - - - - - - - - --- - - - -- -
PC1 PC 2 PC 3 PC4 PCl PC2 PC3 PC4 

- - - - - - - ---- - --- - - - - ----- - - -------- - - - - - - - - -- - - - - - - - - - --- - - - - - -

FD 0 . 4 5 0 . 5 2 - 0 . 4 9 - 0 . 0 6 0 . 2 3 0 . 5 6 - 0 . 5 4 - 0 . 1 2 
PL 0 . 5 8 0 . 4 3 - 0 . 2 4 - 0 . 2 7 0 . 2 7 0 . 4 9 - 0 . 5 2 - 0 . 1 7 
TF 0 . 7 0 0 . 1 5 0 . 2 7 - 0 . 1 8 0 . 8 0 - 0 . 0 9 -0 . 1 6 0 . 0 2 
LF 0 . 8 0 - 0 . 1 2 0 . 2 4 - 0 . 0 5 0 . 8 9 - 0 . 0 5 - 0 . 1 4 - 0 . 1 3 
PET I CO 0 . 0 7 0 . 5 3 - 0 . 1 5 0 . 0 9 - 0 . 1 3 0 . 6 2 0 . 0 4 0 . 3 5 
D I AS P  0 . 6 1 0 . 2 8 0 . 0 4 0 . 1 8 0 . 2 4 0 . 6 8 0 . 3 2 0 . 0 0 
TSH 0 . 3 1 0 . 1 2 0 . 7 5 - 0 . 0 2 0 . 6 5 - 0 . 1 3 0 . 3 0 - 0 . 0 5 
FSH% 0 . 7 3 - 0 . 4 0 0 . 1 0 - 0 . 0 2 0 . 8 9 - 0 . 2 2 0 . 0 5 0 . 0 2 
BEGDA - 0 . 4 7 0 . 3 8 0 . 4 5 - 0 . 2 4 - 0 . 4 4 - 0 . 0 8 - 0 . 2 8 0 . 6 5 
LWRAT I - 0 . 1 7 0 . 5 1 0 . 3 0 0 . 3 5 - 0 . 3 9 0 . 2 5 0 . 3 9 - 0 . 4 1 
I NCRS 0 . 2 3 - 0 . 0 2 0 . 0 0 0 . 8 6 0 . 3 1 0 . 5 4 0 . 4 4 0 . 2 2 
FLPERI 0 . 6 4 - 0 . 2 9 - 0 . 1 3 0 . 0 0 0 . 6 7 - 0 . 0 8 0 . 1 6 0 . 4 3 
- - - - - - - - - ------- - - -- - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

E I GENVALUE 3 . 4 3 1 .  5 5  1 .  3 7  1 .  0 9  3 . 8 0 1 . 8 7 1 .  2 6  1 .  0 4  
PROPORTION 0 . 2 8 0 . 1 2 0 . 1 1 0 . 0 9 0 . 3 1 0 . 1 5 0 . 1 0 0 . 0 8 
CUMULATIVE 0 . 2 8 0 . 4 1 0 . 5 2 0 . 6 2 0 . 3 1 0 . 4 7 0 . 5 7 0 . 6 6 
- - - - - - -- - - - - ------ - - - - - - - - - - - - - - --- - - -- - -- - - - - - - - - - -- - - - - - - - - -

One  of t h e  major aspects  of factor  analysis  i s  t h e  biological interpretation of the important 

factors .  In  the data set of cross 2 in 1987 (Table 2.2. 1 ) ,  factor 1 was strongly a ssociated with  LF, 

DIASP, and FSH %  and thus was regarded as a vigour and floriferous factor.  The second factor 

was  m a d e  up  main ly  of FD, PL,  B E G DA and n egat ively a ssociated wi th  FLPERI ,  and was 

described as a large  f loweti, late f l owering and short bloom dura tion factor.  The third factor, 

mainly associated with PETICO and n egatively associated with B EGDA, was viewed as  an early 

blossom and dark petiole colour factor. Factor 4 may be called a branching factor since i t  was 

mainly a s sociated with TSH. Factors  represen t  the pattern s of re la tionship of the  original 
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vari ables ,  and  one may examine the  differences  in these patterns between populations and 

between years .  Cureton and D'Agostino ( 1983) developed the coefficient of congruence (CC) 

for factor comparison  to show how closely the pairs of corresponding factors resemble each 

other,  and suggested that if corresponding factors from two studies are real ly the same factor, 

the coefficient of congruence should be at l east 0.90. The formula is 

" "' l " .a. 
CC=�L1L 24( �L 1�L 2 ) 

where L 1 and L 2 a r e  the l oadings on corresponding factors  from two studies ,  and n i s  the 

number of variables  investigated. 

Table 2 .2 .4 shows the CCs of the 4 pairs of PCs between the 3 crosses in  1987 and 1 988, and 

between two years in the same cross. In 1987, there was no difference between the first factor 

of a l l  crosses  s ince a l l  the  CC values  were  above 0 .90 .  I n  1 988, the CC values between al l  

crosses were close to 0 .90, suggesting consistency in the patterns  of associa tion of the characters 

which main ly contribute to factor 1 .  However, between crosses, different factor patterns were 

found f or a l l  subsequent factors in 1987,  and in  factors 3 and 4 in 1988. This experimenta l ly 

demon stra tes that factor analysis is a single popula tion technique,  and the  factor patterns of 

investigated characters can be obtained for each cross by separated analyses. Thus the crosses 

can be grouped on the basis of the consistency of their factor patterns. 

Table 2 .2.4 The coefficients of congruence for factor comparison in male 

seedling popula  tions 

1 9 8 7  1 9 8 8  1 9 8 7  vs 1 9 8 8  

CR2 & 4  CR2 & 6  CR4 & 6  CR2 & 4  CR2 & 6  CR4 & 6  CR2 CR4 CR6 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
PC1 0 . 9 4 0 . 9 5 0 . 9 8 0 . 8 4 0 . 8 8 0 . 9 8 0 . 5 8 0 . 8 9 0 . 9 2 
PC 2 0 . 7 0 0 . 7 1 0 . 7 5 0 . 8 1 0 . 8 3 0 . 9 7 0 . 4 5 0 . 7 6 0 . 7 1 
PC 3 - 0 . 0 6 - 0 . 3 5 0 . 6 1 0 . 6 5 0 . 0 6 0 . 0 9 - 0 . 5 5 0 . 6 3 0 . 4 0 
PC 4 0 . 2 0 0 . 3 5 - 0 . 0 9 0 . 2 6 0 . 3 3 0 . 4 8 0 . 2 5 0 . 0 8 - 0 . 0 1 

It is of interest to n ote that the CC values between crosses 4 and 6 were always higher than for 

the o ther  cross combinat ions on factors 1 and 2 i n  both growing sea sons,  which suggests a 

similarity of the two crosses. In  crosses 4 and 6, factor 1 represented the  same plant  variable 

relat ionships in  each of the two successive years, but  in al l  other instances there was  a clear 

change in the factor pattern between years .  
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M oore ( 1975) exam ined the changes in factor patterns with year, and indicated that the annual 

records can best be  summarised by the trend of the change. This enlarged the appl ication of 

factor analysis .  Den i s  and Adams  ( 1978) made  separate  fac tor ana lyses  of plant  variables 

related to yield in d ry beans  in two loca t ions ,  and found tha t  factor  pa t terns were a l m ost 

ident ical .  This may indicate the  year effect  is m ore important  than l oca tion in affecting the 

factor pattern . F loriferousness is a desirable property in a male kiwifruit  and as factor 1 was a 

fl or if erous factor, the seasonal effects were studied m ore closely. 

In cross 2, factor one was strongly associated with LF, DIASP and FSH % (loading magni tudes 

0 .77, 0.83, and 0.77 respectively), and reasonably associated with FD, TF, INCRS and FLPERI 

( 0 . 5 7 ,  0 . 66 ,  0 . 6 2  a n d  0 . 5 5  r e s p e c t ive ly ) .  T h i s  f a c t o r  r e p r e s e n t e d  a v i n e ' s  d egree  of 

f l oriferousn e s s  ( ex pressed  by F S H %. TF a n d  LF)  and growth (ex pres se d  by D IA S P  and  

I N CR S )  in  1987 . I n  1988, th i s  factor remained as  a f lorife rous fac tor since i t  was strongly 

associated with TF,  FSH% (0 .73 and 0.89 respectively) ,  but  i ts  relat ionsh ip  with DlAS P  and 

I N C R S  dra ma t i ca l ly changed ( -0 .07 and 0 .20 respect ively ) .  Hence the n a ture of fac tor 1 

changed markedly from one year to the next. 

In cont rast, in crosses 4 and 6, the factor 1 pattern indicated a l ower level of vigour in 1987, and 

a more simi lar  v igour level in  the following season .  The significant congruence of factor 1 

between years may therefore reflect a balanced pattern of growth in t hese seedlings - whereas 

i n  cross 2 annual growth relat ionships were more variable. 

B. Female vine populations 

Tabl e s  2 .2 .5  - 2 .2 . 7  d isplay the  factor pat terns ,  the  eigenvalues and  t h e  proportion of total 

variance explained by each factor in female seedlings in  two seasons .  Table 2.2.8 shows the CCs 

of the 4 pairs of PCs between 3 crosses in 1 987 and 1988 and between the two years in the same 

cross. 
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Table 2.2.5 Factor pattern of first 5 PCs for female seedlings i n  cross 2 ( B runo x D 120) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 8 7  1 9 8 8  
- - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

PC1 PC2 PC 3 PC4 PC1 PC2 PC 3 PC4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F D  0 . 7 3 0 . 3 2 - 0 . 1 0 - 0 . 2 9 0 . 4 4 - 0 . 5 5 - 0 . 1 4 - 0 . 0 1 
PL 0 . 5 6 0 . 5 2 0 . 0 3 - 0 . 1 3 0 . 6 2 - 0 . 3 4 0 . 0 4 0 . 3 3 
T F  0 . 6 8 -0 . 3 4 0 . 3 8 - 0 . 0 2 0 . 7 6 0 . 4 3 0 . 0 6 0 . 2 0 
PET I CO 0 . 1 4 -0 . 5 1 - 0 . 0 0 0 . 1 8 0 . 5 6 0 . 0 3 0 . 1 5 0 . 1 5 
HAIR 0 . 2 1 -0 . 0 1 0 . 2 8 - 0 . 3 6 0 . 3 3 - 0 . 0 1 - 0 . 5 1 0 . 1 1 
VC - 0 . 0 9 -0 . 5 4 0 . 2 8 0 . 2 9 - 0 . 0 8 0 . 4 0 0 . 1 7 - 0 . 3 3 
TW 0 . 9 1 -0 . 1 6 0 . 2 8 - 0 . 0 3 0 . 8 7 0 . 3 4 0 . 0 8 0 . 1 6 
AC - 0 . 0 1 -0 . 1 0 0 . 0 7 0 . 3 4 - 0 . 1 9 0 . 1 7 0 . 4 2 - 0 . 4 6 
D IASP 0 . 8 4 0 . 0 5 -0 . 2 6 0 . 1 9 0 . 8 0 - 0 . 4 0 0 . 0 7 - 0 . 1 4 
T SH 0 . 6 7 -0 . 0 5 - 0 . 0 3 0 . 4 9 0 . 2 9 0 . 3 8 0 . 2 3 - 0 . 4 1 
F SH% 0 . 3 8 -0 . 4 0 0 . 6 6 - 0 . 0 5 0 . 6 9 0 . 3 7 0 . 0 5 0 . 1 4 
B EGDA - 0 . 3 4 0 . 2 7 0 . 3 8 - 0 . 1 7 - 0 . 4 0 - 0 . 4 8 - 0 . 0 3 0 . 3 1 
FLPERI 0 . 2 0 -0 . 4 7 -0 . 4 8 0 . 3 3 0 . 5 6 0 . 5 8 - 0 . 0 6 0 . 1 3 
BRIX - 0 . 4 3 0 . 3 6 - 0 . 1 1 0 . 3 0 - 0 . 1 8 0 . 4 6 0 . 2 2 0 . 1 8 
LOCN - 0 . 2 6 0 . 5 4 0 . 1 4 0 . 1 9 - 0 . 0 1 - 0 . 4 5 0 . 6 0 0 . 5 2 
LWRAT I - 0 . 0 7 - 0 . 2 4 0 . 0 7 - 0 . 5 3 - 0 . 3 8 0 . 3 0 - 0 . 1 5 0 . 1 6 
I NCRS 0 . 3 6 0 . 6 7 - 0 . 0 4 0 . 2 7 0 . 5 7 - 0 . 2 4 0 . 1 2 - 0 . 5 4 
ELOG 0 . 5 0 -0 . 2 6 -0 . 4 6 - 0 . 3 4 0 . 4 8 - 0 . 1 7 - 0 . 6 8 - 0 . 2 2 
SYMM 0 . 1 8 0 . 4 9 0 . 5 0 0 . 0 5 0 . 2 4 - 0 . 2 8 0 . 6 8 0 . 1 2 
RELCOR - 0 . 0 7 0 . 6 9 0 . 4 2 0 . 0 6 0 . 1 5 - 0 . 2 4 0 . 5 4 - 0 . 2 8 
FNF 0 . 6 7 - 0 . 0 0 0 . 5 0 0 . 1 5 0 . 6 6 0 . 5 1 0 . 0 0 0 . 1 1 
FW 0 . 3 4 0 . 2 5 -0 . 3 7 - 0 . 6 5 0 . 3 3  - 0 . 7 9 - 0 . 0 8 0 . 2 4 
EFFI - 0 . 5 4 -0 . 4 5 0 . 5 6 - 0 . 2 7 - 0 . 3 5 0 . 6 5 0 . 0 8 0 . 5 0 

- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
E I GENVALUE 5 . 2 9 3 . 6 0 2 . 7 1 2 . 0 6 5 . 6 3 4 . 0 3  2 . 3 0 1 . 9 8 
PROPORT I ON 0 . 2 3 0 . 1 5 0 . 1 1 0 . 0 8 0 . 2 4 0 . 1 7 0 . 1 0 0 . 0 8  
CUMULAT IVE 0 . 2 3 0 . 3 8 0 . 5 0 0 . 5 9 0 . 2 4 0 . 4 2 0 . 5 2 0 . 6 0 

- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 2 .2.6 Factor pa ttern of first 5 PCs for female seedlings i n  cross 4 (Gracie x 0 120) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - -

1 9 87 1 9 8 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PC1 PC2 PC3 PC4 PC 1 PC2 PC3 PC4 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F D  0 . 4 7 - 0 . 3 4 0 . 5 2 - 0 . 0 3 0 . 0 7 0 . 2 9 0 . 3 6 - 0 . 0 5 
PL 0 . 4 4 - 0 . 3 0 0 . 4 0 - 0 . 0 4 -0 . 0 2 0 . 3 0 0 . 5 5 0 . 2 8 
TF 0 . 7 6 0 . 2 2 - 0 . 2 4 0 . 1 0 0 . 7 1 - 0 . 2 1 0 . 2 6 - 0 . 2 8 
PET I CO - 0 . 3 4 0 . 1 9 0 . 0 2 0 . 3 7 0 . 3 1 0 . 2 6 0 . 4 6 0 . 1 7 
HAI R  0 . 3 8 0 . 0 5 0 . 3 1 0 . 0 5 -0 . 2 6 - 0 . 0 7 - 0 . 2 0 0 . 1 6 
VC - 0 . 2 1 0 . 0 3 - 0 . 2 5 0 . 1 6 0 . 2 8 - 0 . 4 0 0 . 4 3 0 . 2 3 
TW 0 . 9 2 0 . 1 8 - 0 . 0 2  0 . 0 2 0 . 9 0 0 . 2 0 0 . 1 4 - 0 . 0 7 
AC -0 . 5 0 0 . 0 6 - 0 . 1 2 0 . 3 4 0 . 2 8 - 0 . 5 4 - 0 . 0 2 0 . 1 7 
DIASP 0 . 7 2 - 0 . 5 3 0 . 0 5 - 0 . 0 3 -0 . 4 2 - 0 . 1 4 0 . 5 3 - 0 . 5 0 
TSH 0 . 7 4 - 0 . 2 0 - 0 . 1 1 0 . 1 4 0 . 2 0 - 0 . 2 0 0 . 2 3 0 . 7 0 
FSH% 0 . 8 6 0 . 3 3 - 0 . 0 9 - 0 . 0 1 0 . 8 7 0 . 1 5 - 0 . 0 0 - 0 . 1 3 
B EGDA - 0 . 2 4 - 0 . 0 4 - 0 . 1 1 - 0 . 4 2 - 0 . 5 4 -0 . 3 1 0 . 0 7 0 . 2 2 
FLPERI 0 . 7 5 0 . 0 9 - 0 . 1 1 0 . 3 5 0 . 5 5 0 . 0 6 - 0 . 3 1 - 0 . 0 4 
BRI X  - 0 . 3 9 0 . 0 2 0 . 1 6 0 . 4 5 - 0 . 3 5 - 0 . 0 5 - 0 . 1 5 - 0 . 0 4 
LOCN 0 . 1 8 0 . 3 0 0 . 6 9 0 . 2 7 - 0 . 1 2 0 . 4 2 - 0 . 1 0 - 0 . 0 5 
LWRAT I 0 . 1 7 - 0 . 3 0 0 . 1 1 - 0 . 2 8 -0 . 2 5 - 0 . 2 4 - 0 . 3 2 0 . 0 5 
I NCRS 0 . 0 1 - 0 . 5 3 0 . 0 3 0 . 6 0 - 0 . 3 2 - 0 . 0 2 0 . 5 0 - 0 . 1 4 
ELOG 0 . 0 8 - 0 . 4 7 - 0 . 2 1 - 0 . 4 9 - 0 . 0 7 - 0 . 0 2 0 . 4 1 0 . 4 2 
S YMM 0 . 2 5 0 . 4 4 0 . 4 3 - 0 . 0 5 - 0 . 1 0 0 . 6 6 - 0 . 1 9 0 . 1 8 
RELCOR - 0 . 0 7  0 . 2 8 0 . 4 4 - 0 . 3 6 -0 . 3 1 0 . 7 6  - 0 . 0 8 0 . 1 2 
FNF 0 . 8 2 - 0 . 0 1 - 0 . 2 3 - 0 . 0 0 0 . 8 5 0 . 0 1 0 . 1 2 - 0 . 2 0 
FW - 0 . 3 7 - 0 . 1 0 0 . 5 5 - 0 . 1 1 - 0 . 1 2 - 0 . 5 3  0 . 3 2 - 0 . 0 1 
EFFI 0 . 1 7 0 . 8 7 - 0 . 1 3 - 0 . 1 9 0 . 7 6 0 . 1 2  - 0 . 4 0 0 . 3 4 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

E I GENVALUE 6 . 0 3 2 . 5 4 2 . 0 6 1 .  7 9  5 . 0 1 2 . 5 8 2 . 3 2 1 .  5 6  
PROPORTI ON 0 . 2 6 0 . 1 1 0 . 0 8 0 . 0 7 0 . 2 1 0 . 1 1 0 . 1 0 0 . 0 6 
CUMULATIVE 0 . 2 6 0 . 3 7 0 . 4 6 0 . 5 4 0 . 2 1 0 . 3 3 0 . 4 3  0 . 4 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 2.2.7 Factor pattern of f irst 5 PCs for female seedl ings in cross 6 ( Hayward x D 120) 

FD 
PL 
TF 
PET I CO 
HAIR 
VC 
TW 

PC1 

0 . 5 3 
0 . 4 5 
0 . 7 8 
0 . 0 7 
0 . 4 4 

- 0 . 0 8 
0 . 9 1 

- 0 . 1 0 
0 . 6 3 
0 . 7 2 
0 . 7 9 

PC2 

0 . 4 7 
0 . 4 8 

- 0 . 2 9 
0 . 5 1 
0 . 2 3 

1 9 8 7  

PC 3 PC4 

0 . 1 5 - 0 . 1 8 
- 0 . 0 3 - 0 . 0 1 
-0 . 0 7 0 . 0 3 

0 . 2 3 -0 . 2 2 
0 . 0 3 0 . 0 6 

- 0 . 6 2 -0 . 1 5 0 . 1 8 
- 0 . 2 7 0 . 0 1 - 0 . 0 1 

-0 . 2 0 
-0 . 0 1 

0 . 0 9 
- 0 . 0 8 

-0 . 1 7 
0 . 1 8 
0 . 3 3 
0 . 0 8 

PC1 

0 . 0 3 
0 . 1 2 
0 . 8 0 
0 . 0 8 

- 0 . 0 8 
- 0 . 1 3 

0 . 9 0 
0 . 0 3 

- 0 . 0 1 
0 . 3 7 
0 . 8 7 

- 0 . 0 7 
0 . 5 6 
0 . 0 6 

- 0 . 4 4 
0 . 1 2 

- 0 . 2 8 
-0 . 0 7 

0 . 0 3 
0 . 6 0 -0 . 6 0 

- 0 . 3 0 0 . 7 5 

1 9 8 8  

PC2 PC 3 

0 . 5 4 0 . 2 4 
0 . 6 1 0 . 2 1 
0 . 1 6 - 0 . 1 7 
0 . 5 9 
0 . 0 9 

- 0 . 3 4 
0 . 1 4 
0 . 2 4 
0 . 8 6 
0 . 3 7 
0 . 0 5 

- 0 . 0 1 
0 . 0 3 

- 0 . 0 3 
0 . 1 8 
0 . 0 9 

- 0 . 1 2 
- 0 . 4 5 

0 . 0 2 
- 0 . 0 0 
- 0 . 1 5 

0 . 1 6 
- 0 . 2 0 

AC 
D IASP 
TSH 
FSH% 
B EGDA 
FLPERI 
BRIX 
LOCN 
LWRATI 
INCRS 
ELOG 
SYMM 
RELCOR 
FNF 
FW 
EFFI 

- 0 . 5 7 
0 . 7 0 

- 0 . 3 8 
0 . 1 6 

- 0 . 1 6 
0 . 1 9 

0 . 0 9 -0 . 1 3 0 . 1 3  - 0 . 3 2 0 . 1 5 - 0 . 2 6 
- 0 . 0 5 0 . 8 3 0 . 0 8 0 . 2 6 -0 . 0 6 0 . 7 2 

0 . 0 5 0 . 1 2 - 0 . 3 8 - 0 . 2 7 - 0 . 2 4 - 0 . 2 7 
0 . 6 8 0 . 1 7 0 . 1 9 0 . 0 5 0 . 5 7 0 . 1 2 

0 . 3 3 0 . 3 2 - 0 . 3 8 
- 0 . 1 1  - 0 . 1 0 0 . 6 7 
- 0 . 2 1 - 0 . 3 3 0 . 6 9 

0 . 7 8 - 0 . 2 7 0 . 0 0 
0 . 0 3 0 . 5 7 0 . 0 8 
0 . 0 6 - 0 . 8 8 0 . 0 0 

E I GENVALUE 5 . 6 0 3 . 8 4 
PROPORT ION 0 . 2 4 0 . 1 6 
CUMULAT IVE 0 . 2 4 0 . 4 1 

2 . 0 3  
0 . 0 8 
0 . 4 9 

0 . 1 1 
0 . 4 1 

- 0 . 1 8 
0 . 2 1 

- 0 . 5 3 
- 0 . 2 7 

1 .  6 2  
0 . 0 7 
0 . 5 6 

- 0 . 2 0 
0 . 4 5 
0 . 3 4 
0 . 7 7 

- 0 . 0 3 
0 . 5 0 

4 . 8 4 
0 . 2 1 
0 . 2 1 

0 . 4 0  
-0 . 1 9 
-0 . 2 3 
- 0 . 1 1 

0 . 2 6 
-0 . 6 9 

3 . 3 8 
0 . 1 4 
0 . 3 5 

- 0 . 1 9 
0 . 6 7 
0 . 6 1 

- 0 . 2 3 
0 . 3 6 

- 0 . 1 5 

2 . 2 8 
0 . 0 9 
0 . 4 5 

Table 2 .2.8 The coefficient of congruence for factor comparison in female 
seedling populations 

PC4 

0 . 3 3 
0 . 3 6 
0 . 1 6 

- 0 . 1 0 
0 . 0 0 
0 . 3 7 
0 . 1 7 

- 0 . 0 2 
- 0 . 2 3 

0 . 0 6 
0 . 0 9 
0 . 4 9 

- 0 . 2 8 
- 0 . 4 6 
- 0 . 2 7  
- 0 . 3 3 
- 0 . 2 9 

0 . 2 3 
- 0 . 1 6 
- 0 . 2 8 

0 . 0 5 
0 . 3 7 
0 . 3 2 

1 .  7 5  
0 . 0 7 
0 . 5 3 

1 9 8 7 1 9 8 8  1 9 8 7  vs 1 9 8 8  

PC1 
PC2 
PC 3 
PC4 

CR 2 & 4  CR2 & 6  CR4 & 6  CR2 & 4  CR2 & 6  CR4 & 6  

0 . 7 5 
-0 . 2 3 

0 . 0 0 
0 . 6 6 

0 . 8 6 
0 . 4 4 
0 . 3 1 
0 . 3 9 

0 . 9 1 0 . 4 4 
- 0 . 7 5 - 0 . 4 1 

0 . 7 1 - 0 . 0 6 
- 0 . 0 0 - 0 . 1 0 

0 . 6 6 
-0 . 3 8 

0 . 4 3 
0 . 1 7 

0 . 8 2 
0 . 0 1 
0 . 1 0 
0 . 3 3 

CR2 

0 . 9 0 
- 0 . 6 6 

0 . 4 1 
- 0 . 4 2 

CR4 

0 . 5 6 
0 . 3 0 
0 . 0 4 

- 0 . 1 8 

CR6 

0 . 7 7 
0 . 8 0 
0 . 8 0 
0 . 0 6 

With only one exception, in  two years the four factors were found to d iffer between crosses. 

Thus the d egree of consistency of the factor patterns was less for the female progeny where a 

l arger number of va riables were recorded . Each populat ion therefore,  produced i t s  own 

peculiar group of dist inguishing characteristics. 

As for male vines the factor 1 CC values between crosses 4 and 6 were always h igher than for 

the other cross combinations. 
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Factor 1 was a yield factor since i t  was s trongly associated with  TW and FNF i n  a l l  crosses i n  

both seasons (Tables 2 .2.5-2.2.  7 ) .  Inspection of the factor pattern indicates that ,  a s  for the  maie  

v ines, i t  was primarily differences in the vigour variables  tha t  effected the changes  between 

y e a r s .  F e m a l e  seed l ings  f r o m  c ross 2 w e re the m ost consi stent  over two years in being 

characterisable by their yield /v igour features. 

Because the  factor pattern changed between years, superi or v ines were ident ified by factor 

analysis of the  mean of the two years' phenotype data.  

(2) Selection of distinctive and superior vines 

Since cross 6 reached the required l evel of Kaiser and Rice 's  measure of sampling adequacy 

(namely 0.69 for male vines, 0.62 for female vines) and had the h ighest value among the crosses, 

only the ana lyses for those seedlings are described. Also variables FY (duration of the juvenile 

period) and PENE (force readings from penelrometer tests) were included in this analysis of 

female vines .  

A .  Male Vines 

Table 2 .2 .9 displays the factor patterns and the sta tistics of the first 4 factors (of a tota l  of 12 

fac tors)  for 63 ma le seed l ings .  The first  pr inc ipa l  fac t or h ad an e igenvalue of 3 .85 ,  a n d  

explained 32% of the total variance, hence was the most i mportant factor i n  this  analysis.  A s  i s  

usual,  t h e  first few factors accounted for most of the variance of the original  variables,  a n d  i n  

this analysis, only factors with eigenvalues greater than o n e  were reta ined.  The first 4 factors 

together  explained 66% of the total  variance of the data set  and were re ta ined for furthe r  

analysis. 

Table 2.2.9 Factor pattern of f irst 4 PCs for male  vines (mean of 2 years) 

PC1 

FD 0 . 3 4 
PL 0 . 4 3 
TF 0 . 7 7 
LF 0 . 8 9 
PET I CO - 0 . 0 2 
DIASP 0 . 4 9 
TSH 0 . 5 5 
FSH% 0 . 8 4 
BEGDA - 0 . 4 3 
LWRATI - 0 . 2 8 
I NCRS 0 . 4 0 
FLPERI 0 . 6 7 

E I GENVALUE 3 . 8 5 
PROPORTI ON 0 . 3 2 
CUMULATIVE 0 . 3 2 

P C 2  

0 . 6 2 
0 . 5 4 

- 0 . 1 0 
- 0 . 1 7 

0 . 6 2 
0 . 5 4 

- 0 . 1 7 
- 0 . 3 2 
- 0 . 0 0 

0 . 3 8 
0 . 3 1 

- 0 . 1 6 

1 . 8 2 
0 . 1 5 
0 . 4 7 

PC3 

- 0 . 4 4 
- 0 . 2 9  
- 0 . 1 2 
- 0 . 1 1  
- 0 . 1 7 

0 . 3 0 
0 . 3 4 

- 0 . 0 1 
- 0 . 2 3 

0 . 4 7 
0 . 6 4 

- 0 . 1 1 

1 .  2 6  
0 . 1 0 
0 . 5 7 

PC 4 

- 0 . 3 1 
- 0 . 0 9 
- 0 . 1 9 
- 0 . 1 0 

0 . 4 7 
0 . 1 8 
0 . 1 4 
0 . 0 5 
0 . 5 5 

- 0 . 3 0 
0 . 1 4 
0 . 4 2 

1 . 0 4 
0 . 0 8 
0 . 6 6 
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I n  the  factor pattern m a t rix each fac tor may b e  regarded a s  t h e  dependent  variable that  i s  

regressed on a l l  the  original variables, therefore one  can  determine the relationship between a 

factor funct ion and  t h e  original variables ,  and a l s o  the  rel a t i on ship between t h e  original  

variables .  

Factor 1 was strongly a ssocia ted with TF,  LF, TSH, F S H %  and FLPERI,  hence may be regarded 

as a prolif ic  factor. The second factor was made up  mainly of FD, PL, PETICO and DIASP,  

suggesting it  is  a robustness factor. The third factor may be called a vigour factor ( INCRS)  and 

Factor 4 (BEGDA) a l a te blossom factor. 

The first factor was also important because it  represent s  a number of desirable properties in  a 

male k iwifruit selection . Numerous flowers and an extended flowering period are necessary for 

good pollination, and the factor scores of each vine on this factor could therefore be used as  an 

index of prolificness to  order the male vines. If the best 10% of the male plants were selected, 

the 6 vines which had the h ighest scores on this factor would be vines 76, 86, 100, 1 03 ,  1 14,  128, 

with scores 1 . 1 ,  1 .5 ,  1 .5,  1 .2 ,  1 .6 and 1 .4 respectively . 

Factor 2 is of less obvious interest ,  being associated with  large  fl owers and also a thick stem 

which reflects good early vigour. Both factors 1 and 2 may be considered together for selecting 

male vines. By plotting the factor scores of each vine on these two factors, differences between 

vines can be conceptual ised. The vines may be grouped according to their distances, and the 

best vines selected. The scatter graph (Figure 2.2. 1 )  shows that most vines had moderate scores 

on these two factors, and skewed towards the higher scores. Very few vines had a l ow score on 

both factors. 
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FACTOR 1 V1 1 4  
* 

*V8 6 
* *V1 2 8  

*V1 4 6  
1 . 2 0+ *V1 0 3  

* * * 
* * *V1 0 1  

* * 
* * * 

0 . 6 0+ * * * * 
* * * 

* * * * *  2 * 
* * 

* 

0 . 0 0 +  * * * 

* 
* * 

* 

- 0 . 6 0+ * * 
* * * 

* 
* 

* * * * 

- 1 . 2 0+ * * * 

* 
* 

* 

- 1 . 8 0+ * 
* 

- 2 . 4 0+ 

- 3 . 0 0+ * F2 
+---------+---------+----- ----+---------+---------+ 

- 3 . 0  - 2 . 0  - 1 . 0  0 . 0  1 . 0  2 . 0  

Figure 2 .2 .1  Plot of the factor scores of 63  male vines on first 2 factors. 
V86 ( 1 .5,0.3), V 1 0 1 (0.9, 1 .3) ,  V 103(1 .2,0.6) 
V 1 14(1 .6, 1 .4), V 128(1 .4 , 1 . 1 ) ,  V 146(1 .3,0.7) 
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I f  the best 10% of the male plants were selected, the  6 vines which had the highest  scores on 

both factors were vines 86, 101 ,  103, 1 14, 128, and 146. Thus by factor analysis, the 12 original 

variables were transformed into a small number of factors, reducing the size of the da ta set but 

also enhancing the meaningfulness of the data. This then gave an opportunity for dis tinguishing 

between plants ,  and identifying phenotypically superior ones. S im ila rly factor  1 and factor 3 

could be plotted together to  express floriferous vines with a fast growth rate of the main stem,  

and factor 1 and factor 4 could be plotted together to identify prolific vines wi th  a late flowering 

season . 

I t  is interesting to note that the male vines that bloom early, with a short flowering period are 

d e si rable f o r  c o l l e c t ing p o l l e n  f o r  a r t if i c i a l  s p ray pol l i n a t i on in c o m m e rc i a l  k iwif ru i t  

cul t ivation . Table 2.2.9 indicates vines with a h igh score on  function 1 a re  early f lowering but 

w ith a long bloom period. Although function 2 was negatively associa ted with the bloom period, 

the magn itude of the loading for this character was small. This indicated that factor analysis 

was not sa tisfactory for identifying superior males for artificial pol l ination, tha r were both early 

flowering and of short flowering duration. 

Factor  1 was s trongly associated with TF, LF, TSH,  F S H %  and FLPERI ,  therefore a close 

re la t ionsh ip  between these characters was  found .  Not  surprisingly TF and LF were c losely 

a ssociated wi th  F L PERI ,  w i th  m ore te rmina l  and la tera l  flowers extending t h e  f lowering 

dura tion. The c lose relationship between TSH and FSH% i m plies that  v ines with m ore shoots 

tend to be floriferous. Therefore TSH may be used as a cri terion for male vine selection in the 

juvenile period of kiwif ruit .  

B.  Female vines 

Twenty-five a t tributes were recorded for the 63 female seedlings from c ross numbe r  6 .  Table 

2 .2 . 10 displays the factor pa t terns and the statistics of the first 8 factors .  In  this analysis,  only 

the f irst 8 factors which together explain 74% of the total  variance were retained for further 

analysis. 

Factor 1 was  m ainly associated with  F D ,  TF, D IASP ,  TSH,  FSH%,  FLPERI ,  and FNF, and 

especially strongly associated with TW, hence i t  was regarded as a prol ific factor - a desirable 

property in  a female kiwifruit selection . The factor scores of each vine on this factor give an 

i ndex of prol if icness to order the female vines. On this basis, the best 10% of the female plants 

were v i n e s  n u m bered 1 ,  88 ,  1 09 ,  1 24 ,  1 34 ,  142,  w i t h  scores 1 . 6 ,  1 .5,  1 .4 ,  1 .7 ,  1 . 6  and 1 .7 

respectively .  
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Table 2.2.10 Factor pattern of first 8 PCs for female vines (mean of 2years) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FACTOR 
- - - - - ------- - - - ------- - -- - - - - - - - --- - - - --- - - - - -
1 2 3 4 5 6 7 8 

- - - - - ---- - ------ - - - -- - - - - - - - - - - - - - - - - - -- - - - - ---- ----- - - - -
F D  0 . 5 7 - 0 . 3 7 0 . 2 3 -0 . 2 4 - 0 . 1 7 0 . 3 8 - 0 . 0 0 0 . 1 1 
PL 0 . 4 7 - 0 . 4 8 0 . 1 6 -0 . 3 0 - 0 . 1 6 0 . 1 5 - 0 . 1 0 - 0 . 2 0 
TF 0 . 7 0 0 . 3 9 - 0 . 1 1 -0 . 0 6 - 0 . 1 1 - 0 . 2 1  0 . 1 8 - 0 . 0 3 
PET I CO 0 . 3 1 - 0 . 5 2 0 . 1 3 0 . 1 4 - 0 . 2 6 - 0 . 1 0 - 0 . 2 9 - 0 . 1 7 
HAI R  0 . 4 2 - 0 . 0 5 - 0 . 0 1 0 . 1 7 0 . 1 7 0 . 3 8 - 0 . 3 0 0 . 5 3 
VC - 0 . 2 5 0 . 3 6 - 0 . 1 1 - 0 . 1 9 0 . 3 6 0 . 1 2 o . o o 0 . 2 1 
TW 0 . 8 3 0 . 4 2 - 0 . 1 1 -0 . 0 0 - 0 . 0 6 0 . 0 6 0 . 0 9 - 0 . 1 1 
AC - 0 . 0 4 - 0 . 1 5 - 0 . 1 8 - 0 . 0 9 - 0 . 3 9 - 0 . 5 2 - 0 . 2 7 0 . 1 3 
DIAS P  0 . 7 0 - 0 . 5 9 - 0 . 0 1 0 . 0 9 0 . 1 3 - 0 . 1 7 - 0 . 0 3 0 . 0 4 
TS 0 . 6 9 - 0 . 0 4 - 0 . 0 3 0 . 0 6 0 . 4 2 - 0 . 0 5 0 . 1 8 - 0 . 0 6 
FSH% 0 . 6 9 0 . 5 2 - 0 . 1 9 - 0 . 0 7 0 . 0 6 0 . 0 4 - 0 . 0 9 - 0 . 1 5 
B EGDA - 0 . 3 9 - 0 . 2 6 0 . 0 6 -0 . 6 4 0 . 3 5 - 0 . 0 6 - 0 . 0 1 - 0 . 1 4 
FLPERI 0 . 5 6 0 . 4 3 - 0 . 1 5 0 . 4 9 - 0 . 0 9 0 . 0 6 - 0 . 0 9 - 0 . 0 5 
BRI X  - 0 . 2 1 - 0 . 2 5 - 0 . 3 4 0 . 5 7 0 . 2 7 0 . 0 3 - 0 . 1 6 - 0 . 3 2 
LOCN 0 . 0 7 0 . 0 7 0 . 7 5 0 . 3 1 0 . 0 5 - 0 . 0 2 0 . 0 4 - 0 . 0 8 
LWRATI - 0 . 2 8 - 0 . 0 0 - 0 . 1 7 0 . 5 6 - 0 . 2 1 0 . 0 8  0 . 0 1 0 . 4 0 
I NCRS 0 . 3 4 - 0 . 4 9 0 . 2 1 0 . 2 9 0 . 2 7 - 0 . 3 8 0 . 1 7 0 . 0 7 
ELOGN 0 . 3 0 - 0 . 3 1 - 0 . 3 6  -0 . 0 5 0 . 3 4 0 . 2 6  0 . 3 1 0 . 1 3 
SYMM 0 . 0 5 0 . 2 9 0 . 6 9 0 . 1 9 0 . 2 9 0 . 0 5  0 . 0 4 - 0 . 1 5 
RELCOR - 0 . 1 8 0 . 3 3 0 . 7 5 0 . 1 4 0 . 0 1 0 . 0 5  - 0 . 1 4 - 0 . 0 4 
FNF 0 . 5 8 0 . 4 9 - 0 . 0 8 -0 . 1 1 - 0 . 1 5 - 0 . 3 2 0 . 1 5 0 . 0 1 
FW 0 . 2 3 - 0 . 3 7 0 . 2 5 - 0 . 0 5 - 0 . 5 3 0 . 4 0 0 . 3 2 - 0 . 0 2 
E F F I  - 0 . 3 3 0 . 8 1 - 0 . 0 8 - 0 . 0 7 - 0 . 1 7 0 . 2 0 0 . 0 2 - 0 . 1 0 
FY - 0 . 4 8 - 0 . 1 6 0 . 0 1 0 . 2 4 - 0 . 1 7 - 0 . 1 3 0 . 6 6 0 . 0 4 
PENE 0 . 2 1 0 . 2 3 0 . 4 5 - 0 . 2 7 0 . 0 5 - 0 . 3 2 0 . 0 0 0 . 5 0 
- - - - --- - - --------- - - - - - - ---- - - - - - - - - --- - - - - - - - - -- - ----- - -
E I GENVALUE 5 . 2 0 3 . 7 6 2 . 4 7 1 .  9 9  1 . 5 7 1 .  3 7  1 . 1 2 1 . 1 0 
PROPORTION 0 . 2 0 0 . 1 5 0 . 0 9 0 . 0 8 0 . 0 6 0 . 0 5 0 . 0 4 0 . 0 4 
CUMULATIVE 0 . 2 0 0 . 3 5 0 . 4 5 0 . 5 3  0 . 6 0 0 . 6 5 0 . 7 0 0 . 7 4 
- - - - - - -- -- - - - - - --- - - - - - - -- - --- - - - - - - --- ---------- - - - - - - - -

The  second factor was  associated with PETICO, FSH%,  and negatively associated with D IASP,  

and strongly associated with  EFFI and may be described as a cropping efficiency factor. Factor 

3 made up  mainly of LOCN, SYMM and RELCOR, was called a fruit quality factor. The fourth 

factor may be cal led maturity date factor since it mainly associated with B R IX and LWRA Tl, 

and negat ively assoc ia ted with B E G DA .  The fifth fac tor may be cal led a small fruit factor 

(negatively associated with FW) ,  Factor 6 low acidity factor (negatively associated with AC) ,  

Factor 7 long juvenil ity factor (associated wi th  FY) ,  and Factor  8 ,  a ha iry factor, was ma inly 

associated with HAI R .  

T h e  first factor represented productivity of t h e  kiwifruit vine and together with factor 2 which 

represented fruiting efficiency, offers a useful technique for selecting superior female vines.  

Figure 2 .2.2 shows most vines had moderately high factor scores on the first two factors, and 

skewed towards the higher scores, with very few vines with l ow scores on both factors. 
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FACTOR 1 
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* * 

* * * 
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* * 

* * * *  
* * * 
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* 

* 
* 2 * * 

3 
- 0 . 6 0 + * * * *  

* * * * 

* * 
* 

- 1 . 2 0 + * * 
* 

* * 
* 

- 1 . 8 0 + * 

* 
* 

- 2 . 4 0 +  

F 2  
--+--- ------+---------+ - - - - - - ---+-- - - - ----+---------+ 

- 3 . 0  - 2 . 0  - 1 . 0  o . o  1 . 0  2 . 0  

F igure 2 .2.2 Plot of the factor scores of 63 female vines on first 2 factors. 
V8 ( 1 . 1 , 0 .9) , V82 ( 1 .4,0.9),  V 85 ( 1 .2, 1 .0 ) .  V88 ( 1 .5,0. 1 ) ,  V 124 ( 1 .7,0.4),  V 142( 1 .7 , 1 .7 )  

The best 10% of the female plants h aving the highest scores o n  both factors were vines 8 ,  82, 85, 

88, 124 and vine 142. Thus these vines can be readily visualised by this analysis. Simil a rly factor 

1 and factor 3 could be plotted together to help identify prolific vines with good quality fruit,  

and fact or 1 and factor 4 could be plotted t ogether t o  repre sent prolific vines with early fruit 

ma turity . 
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A 3-dimension plot  may be used t o  al low consideration of 3 factors together,  but  with a large 

number  of points ,  the plot becomes cluttered and difficult to in terpret .  Figure 2 .2 .3  shows the 

factor scores of 63 female vines on factors 1 ,  2 and 4 which together rate vines for prolificness, 

eff iciency, and  ea r ly frui t  ma turi ty .  The scat ter  g raph shows that most vines had moderate 

scores on these three factors, and only a few vines with a h igh score on each of the factors 1, 2 

and 4 are located in the upper left hand corner. 

I n  addition, the relationship  between the original variables which togethe r  comprise a factor 

may also be examined in factor analysis. Factor 1 was strongly associated with TW, and also had 

a c lose rela t ionsh ip  with FD, TF , D IASP,  TSH ,  FSH%, FLPERI ,  and FNF. Since variables 

which have rela tively high loadings on a factor are intercorrelated as a group ( Broschat 1979) , 

the close rel a tionship between these characters i s  obvious.  The fruiting character FNF (fruit 

number per fruit ing shoot)  could be considered as  the component  of the y ield (TW) ,  and the 

others as the basis of high yielding. 

TSH was strongly associated with floriferous male vines, but a lso with F S H %  and TW in female 

vines, hence i t  could be an  indicator for the selection of floriferous males and productive female 

kiwifruit .  
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To sum up, factor analysis i s  a data reduction and screening technique .  The main purpose of 

factor analysis is to find l inear combinations of the measured variables, which may be used to  

group indiv iduals  within  a single population . I n  discriminant analysis t he  l inear combinations 

of the original  va riables, which maximise differences among pre-existing populat ions, are used 

to order  and to group a nu mber of different popula tions .  Therefore factor ana lysis is a one­

popula tion techn ique, and  is a suitable screening technique in s ingle plant selection and in  a 

germpl a s m  co l lec t ion .  Discrimina n t  analys is  is a ppropria te for  d etermin ing the best cross 

combinat ions f allowing hybridisation.  

In  this  work,  1 2  va riable s  for male vines and 25 variables for female vines were reduced to a 4 

factor m odel and 8 factor model respectively according to the eigenvalue of each factor. Based 

on these re ta ined factors ,  the v ines  were scored so that they could be compared on several 

charac t e r s  i n  c o m b i n a t i o n .  Not o n ly the n u m be r  of comparisons  were reduced, but  the  

meaningfu lness of the comparisons was enhanced, and based on  these comparisons, the  best 

vines could be  selected for different b reeding purposes. 

While factor analysis proved to be a useful tool for screening kiwifruit plants, it was based on 

phenotypic data.  Genetic studie s  a re necessa ry to provide informa tion on the inheritance of 

these p lant  characters .  

(3) Comparison bet ween principal component and 

principal factor analysis 

Since principal component analysis and factor analysis are both invoked to analyse the structure 

of v a riance-covar iance and corre la t ion  matrices ,  they are eas ily confused. Common factor 

ana lys i s  is covar iance oriented,  whereas  pr incipal  component  ana lysis is variance orien ted. 

F a c t o r  a n a l y s i s ,  a l t h ough s i m i l a r  to p r i nc ipa l  com ponent  analys is ,  is considerably more 

complex .  However, principal factor analysis i s  the simplest method of  the factor analysis, and i s  

generated the  same way as principa l  component analysis except  tha t  i t  sets the  squared mult iple 

c o r re la t ions ( S M C) of each variable with a l l  the other var iables  a s  the prior commun al i ty 

e st ima tes,  whereas  pr incipal  component  analysis  sets  a l l  pr ior communal i t ies  to  one (SAS 

I n st i tute Inc .  1988) . The two methods were compared u sing the  coefficient of congruence of 

two factors. 

T a bl e s  2 .2 . 1 1  a n d  2 . 2 . 12  a re p r i n c i pa l  f ac to r  p a t t e r n s  f o r  m a l e  v ines  and  f e m a l e  v ines  

respectively .  Compared with Tables 2.2.9 and  2.2.10 which a re principal component patterns, a 

simi lar  magnitude of loadings was f ound.  The CC values between the two methods a re 0 .99, 

0 .99, 0 .96, 0.90 respectively for 4 factors of male vines, and 0.99 0 .99, 0 .99, 0.99, 0 .93 and 0 .91  

respectively for  6 factors of  female  vines.  This  indicates there was  no  difference between the  

two methods i n  identifying factors for  characterising and g rouping plants .  
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Table 2.2. 1 1  Factor pattern of first 4 factors for male vines (mean of 2 years) 
- - - - - - - - - - - - - - - - - - - - -------- - - - - -

FACTOR 
- - - --- - - - - - - ----- - - - - -
1 2 3 4 

- - - --- - - - - - -- - - ---- - --- - - - - - - - ---
FD 0 . 3 0 0 . 5 5 - 0 . 3 5 - 0 . 1 0 
PL 0 . 3 7 0 . 4 6 - 0 . 1 9 0 . 0 1 
TF 0 . 7 5 - 0 . 0 6 - 0 . 1 7  - 0 . 2 4 
LF 0 . 9 0 - 0 . 1 3 - 0 . 1 2 - 0 . 0 8 
PET I CO - 0 . 0 3 0 . 4 4 - 0 . 0 4 0 . 2 8 
D IASP 0 . 4 3 0 . 4 7 0 . 2 8 0 . 0 8 
TSH 0 . 4 9 - 0 . 1 2 0 . 2 4 - 0 . 0 1 
FSH% 0 . 8 3 - 0 . 3 0 0 . 0 3 0 . 0 9 
BEGDA - 0 . 3 7 - 0 . 0 1 -0 . 1 2 0 . 2 3 
LWRATI - 0 . 2 4 0 . 2 6 0 . 2 1 - 0 . 2 6 
I NCRS 0 . 3 4 0 . 2 6 0 . 4 6 - 0 . 0 1 
FLPERI 0 . 6 1 - 0 . 1 2 0 . 0 0 0 . 3 4 
- - - - - - - - - - - - - - - - - - - - - -------- - - - -
E I GENVALUE 3 . 4 4 1 . 2 3 0 . 6 4 0 . 4 1 
PROPORTI ON 0 . 6 3 0 . 2 2 0 . 1 1 0 . 0 7 
CUMULAT IVE 0 . 6 3 0 . 8 6 0 . 9 8 1 .  0 6  
- - - - ------ - - - --- - - - - - - - - - - -- - - - - -

Table 2 . 2 . 1 2  Factor pattern of first 6 factors for female vines ( mean of 2 years) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FACTOR 
- - - - - - - - - - ------ - - - --- - - - - - - - - - - - -
1 2 3 4 5 6 

---- - - - - - - - - - - - - - - - -- - -- - - --- - - - - - - -- - - - - - - - -
FD 0 . 5 3  
PL 0 . 4 4 
TF 0 . 6 9 
PET ICO 0 . 2 8 
HAIR 0 . 3 8 
VC - 0 . 2 2 
TW 0 . 8 5 
AC - 0 . 0 4 
D IASP 0 . 7 0 
TSH 0 . 6 7 
FSH% 0 . 7 1 
BEGDA -0 . 3 8 
FLPERI 0 . 5 5 
BRIX -0 . 1 9 
LOCN 0 . 0 7 
LWRAT I -0 . 2 5 
INCRS 0 . 3 1 
ELOG 0 . 2 7 
SYMM 0 . 0 4 
RELCOR -0 . 1 7 
FNF 0 . 5 8 
FW 0 . 2 2 
EFFI -0 . 3 2 
FY -0 . 4 5 
PENE1 0 . 1 9 

E IGENVALUE 4 . 9 8 
PROPORT I ON 0 . 3 0 
CUMULATIVE 0 . 3 0 

- 0 . 3 6 
- 0 . 4 6 

0 . 3 7 
- 0 . 4 6 
- 0 . 0 6 

0 . 3 2 
0 . 4 1 

- 0 . 1 2 
- 0 . 6 2 
- 0 . 0 5 

0 . 5 2 
- 0 . 2 4 

0 . 4 1 
- 0 . 2 1 

0 . 0 5 
0 . 0 0 

- 0 . 4 6 
- 0 . 2 8 

0 . 2 6 
0 . 3 1 
0 . 4 6 

- 0 . 3 6 
0 . 8 4 

- 0 . 1 3 
0 . 1 9 

3 . 5 4 
0 . 2 1 
0 . 5 1 

0 . 2 2 
0 . 1 4 

- 0 . 0 9 
0 . 1 0 
0 . 0 0 

-0 . 0 9 
- 0 . 0 9 
- 0 . 1 5 
-0 . 0 2 
- 0 . 0 1 
- 0 . 1 7 

0 . 0 2 
- 0 . 1 0 
- 0 . 2 9 

0 . 7 0 
- 0 . 1 2 

0 . 1 8 
- 0 . 3 2 

0 . 6 7 
0 . 7 3 

- 0 . 0 6 
0 . 2 5 

- 0 . 0 6 
0 . 0 0 
0 . 3 7 

2 . 1 1 
0 . 1 2 
0 . 6 4 

- 0 . 2 6 
- 0 . 2 9 
- 0 . 0 6 

0 . 1 1 
0 . 1 3 

- 0 . 1 5 
-0 . 0 2 
- 0 . 0 5 

0 . 1 1 
0 . 0 6 

- 0 . 0 8 
- 0 . 5 9 

0 . 4 8 
0 . 5 1 
0 . 2 4 
0 . 4 4 
0 . 2 7 

- 0 . 0 2 
0 . 1 5 
0 . 1 0 

- 0 . 1 2 
- 0 . 0 9 
- 0 . 0 9 

0 . 2 1 
- 0 . 2 3 

1 .  5 9  
0 . 0 9 
0 . 7 4 

- 0 . 2 4 
- 0 . 1 7 
- 0 . 0 4 
- 0 . 1 7 

0 . 0 5 
0 . 2 3 

- 0 . 0 8 
- 0 . 1 4 

0 . 1 8 
0 . 3 6 
0 . 0 7 
0 . 3 4 

-0 . 1 1 
0 . 16 
0 . 0 4 

-0 . 1 7 
0 . 2 6  
0 . 1 6 
0 . 2 4  
0 . 0 2 

- 0 . 0 3 
- 0 . 6 4 
- 0 . 2 3 
- 0 . 1 5 

0 . 1 2  

1 .  2 3  
0 . 0 7 
0 . 8 2 

0 . 2 5 
0 . 1 0 

- 0 . 2 5 
- 0 . 0 9 

0 . 2 9 
0 . 1 9 
0 . 0 7 

- 0 . 3 6 
- 0 . 1 2 

0 . 0 9 
0 . 1 1 
0 . 0 3 
0 . 0 7 
0 . 1 6 

- 0 . 0 3 
- 0 . 0 2 
- 0 . 1 9 

0 . 3 2 
0 . 1 6 
0 . 0 5 

- 0 . 3 8 
0 . 1 8 
0 . 1 7 

- 0 . 1 7 
- 0 . 2 2 

0 . 9 5 
0 . 0 5 
0 . 8 7 
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SECTION 3 CANONICAL ANALYSES 

1 .  I n  traduction 

I n  some sets of mu l tiva r iate data  the variables can  be d ivided n a tu ral ly i n to  two domains.  

Although they are invest iga ted concurren tly on the subjects ,  conceptually t hey are differen t .  

For exam ple domain 1 may be physi ological characters,  and  domain 2 may b e  morphological 

ones;or d omain 1 may be characters of p roductivity.  and domain 2 may be qual i ty characters; or  

domain 1 may be environmen t at tributes, and domain 2 may be plant characters.  Research to 

de te r m i n e  the i n t e r r e l a tedness  of the  two d o m a i n s  may be  of i n t e r e s t .  The  numerous 

interre la t ionships  m ay make  th is  unsuited to a bivari a te correlat ion method,  but canonical  

correla tion analysis can  then be used to examine the rela tionships between the two groups. 

The objective of th i s  sect ion was to  exa mine the rela t ion ship be tween plan t  vegeta tive and  

f lower ing characters ,  a n d  between f lowering characters  and frui ting properties, in order to 

understand the intercorre la tedness  of various aggrega t e s  of these characters for screening 

plants in  kiwifruit breeding. 

2. Methods 

The canonica l  correla t ion analysis  was performed by the CAN CORR procedure of the SAS 

package with data averaged over 2 years for 126 seedl i ngs in cross 6,  using 12  characters for 

male vines and  25 c h a rac ters for female vines.  Cooley and  Lohnes  ( 197 1 )  provide a good 

u nderstanding of t h e  canonica l  correlat ion model .  F irs t  the model derives a pair of l inear 

functions x1 and Y1 from each original vector variable such that  the covariance between the 

functions is maximised.  Next, the canonical model derives another pair of functions x2 and Y2 

that  are maximal ly c orrelated,subject to the constraint that  they must be uncorrela ted with the  

f i rs t  pair of function s from each d omain.  Then the th ird  pa ir  of functions is generated, and so 

on u p  to the  pth  pa ir  of  functions, where p equals the function number in the  smaller data set .  

The conditions are 

x == c'z 1 and y == d'zz 
and R e == ( 1 /n )LXiY i I maximum 

where x and y a re l i near functions for the original data set of  z 1 and zz, and both z 1 and z2 have 

zero means and un i t  variances; c and d are coefficient vectors which carry the origina l  vector 

variables into the d erived variables x and y .  R e i s  the canonical correlat ion  between two 

functions. 
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T o  maxim i s e  Re , c a n d  d are  sought  t o  t ra n sfer  t h e  or ig ina l  d a t a  s e t s  i n t o  a ppropr ia te  

components x and y .  Once again a complicated eigenstructure, which can be expressed i n  terms 

of the parti t ions of the correla tion matrix for z1 and z2 together was used to  obtain the c or d  

vector: 

(R22
- 1  R2 1R 1 1

- 1  R12- � j l )dj = o  

with the restriction equation 
' 

djR22 dj = 1 

where R22 i s  the  m a t rix of c or rela t ion b e tween t h e  elemen ts of z2, R 1 1  i s  the  m a trix of 

correlat ion between the elements of z1 ; R21 a nd R 12 contains the cross-correlations between 

elements of z1 and z2 (Cooley and Lohnes 197 1 ) .  

When d has  been computed for canonical functions of z2, the corresponding weights c f o r  z 1 

can be obtain ed from the equation 

c = (R n- 1  R 12 d)/Rc  

Final ly i n  th i s  formula t ion of  the canonical  correla t ion ,  the  eigenvalue is the square of the 

canonical correlation coefficients.  

Bar t l e t t  ( 1 94 1 ,  1 94 7 )  der ived  a procedure  for t e s t i n g  the s ignif i c a n c e  of t h e  c a n on i cal 

correlat ion . The null hypothesis that z1 i s  unrelated to z2 is tested by a function of "Lambda" 

that i s  d ist ributed approximately as chi -square with p1 P2 degree of freedom, where P1 i s  the 

function number in z1 , P2 is the function number in  z2 (see Cooley and Lohnes,  197 1 ) .  

Besid e s  t h e  canonica l  correla t ion coeff i c ient ,  i n terpreta t ion of t h e  c a n on ical  func t ion s i s  

important,  a n d  a canonical s tructure giving the correlat ions of t h e  canonical functions with the 

original variables was examined for this purpose. 

3. Results and discussion 

A.. Male vines 

The 12  variables invest iga ted for male  vines can be  d ivided natural ly i n t o  two groups, i .e .  

vegeta t ive  characters  and f lowering cha racters .  The vegeta t ive  grou p inc luded  PETICO,  

DIASP,  TSH,  LWRATI and INCRS called "VAR" variables in this analysis, and the  flowering 

group i n cluded FD, PL, TF, LF, F S H %, B E G DA and FLPERI wh ich  were ca l led "WITH"  

variables .  A canonical correlation analysis was  used to examine the relat ionships between the 

two groups.  
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Table 2 .3 . 1  displays the stat istics of the 5 canonical correlations for 5 pairs of canonical variates 

of the two groups. The first canonical correlation was the most important and explained 6 1 %  of 

the covariance between the vegetat ive and flowering characters. 

Ta ble 2 . 3 . 1  Eigenvalue a n d  the proport ion  of tota l  covar iance  expla i n e d  by each 

canonical correlation in  male seedlings 

Approx 
Canonical  Stand ard 
Correl a t i o n  Error Eigenvalue Proportion C u m u lative 

0.66 0 .07 0. 795 0.6 1 2  0 . 6 1  
2 0.49 0 .09 0.320 0.246 0 .85 
3 0.34 0. 1 1  0 . 1 35 0 . 1 04 0.96 
4 0 . 1 9  0 . 1 2  0.039 0.030 0 . 99 
5 0.09 0 . 1 2  0.008 0. 006 1 .00 

The nul l  hy pothesis  t ha t  group 1 was unrela ted to g roup 2 was tested for  each  canonical  

co rrel a t i o n  (Table 2 . 3 . 2 )  and as  on ly  c o r r e l a t i on 1 reached a significan t  level ,  only this  

correlation was investigated. 

Table 2 .3 .2 S ta t is t ics  for  s ignif i cance  t ests  of each canon ica l corre la t ion  m male  

seedlings 

Canonical 
Correlation 

1 
2 
3 
4 
5 

L ikelihood 
Ratio 

0.35 
0 .63 
0.84 
0.95 
0.99 

Approx F 

1 .73 
1 .05 
0.63 
0.32 
0 . 15  

Number DF PR > F 

35 0.009 * *  
24 0.401 
15 0 .840 
8 0.956 
3 0 .926 

Table 2 .3 .3 shows  the  canonica l  s t ruc tu re  matr ix ,  where each ca n on i c a l  var iable may be 

regarded a s  the dependent  variable that  i s  regressed on all origina l  variables, and it can be 

n a m ed according to the  relat ion ship between the  canonical variable and  original  variables 

which together comprise the canonical variable. 

The first canonical variable (V 1) was called a total shoot and leaf shape function, since it was 

associated mainly with TSH, and negatively associated with L WRA TI, hence the vines with high 

scores on this canonical variable tended to have many shoots and rela tively round leaves .  
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Table 2.3.3 Canonical  structure:  correl a tions  between t h e  veget a tive variables and 

their canonical variables (males) 

Canon ical variables 
V l  V 2  V3 V4 V5 

PETICO -0.35 0.76 -0 .25 0.40 0 .24 
DIASP 0 .20 0 .67 0.70 -0.04 -0.09 
TSH 0.77 0.05 0 . 16  0 . 13  0.58 
LWRATI -0.50 -0 .30 0.50 0.45 0.43 
INCRS 0.36 0 . 15  0 .44 0.67 -0.43 

The significant f irst can onical variable for flowering characters (W1 )  was primari ly associated 

with TF, LF, FLPERI, and strongly associated with FSH% (Table 2.3.4) and therefore may be 

called a floriferous canonical variable. The canonical  correla tion of 0 .66 between the first two 

canonical variab les  of Table 2 . 3 . 1  implies that  v ines  with many shoots and relatively round 

leaves tend to be prolific flowering. I t  also suggests that in the selection of male kiwifruit ,  the 

leaf shape index may be used as  a selection criterion for heavy flowering. I t  also suggests large 

shoot number was associated with many lateral flowers, or that floriferousness was related to 

the presence of many l ateral flowers (rather than increased flower nodes/shoot ) .  

The results from the other crosses confirm the above conclusion. For exam ple, i n  cross 4 ,  the 

f irst  vegetative canon ica l  var iable was m a inly associated wi th TSH (0 .74) , and nega t ively 

a ssociated with LWRA TI ( -0.72 ) ;  the floral one was ma inly associated with FSH% (0.92) and 

FLPERI  (0 .7 1 ) .  The canonica l  correla t ion between the  tw o was 0 .80, i mply ing the above 

conclusion was true i n  Gracie x D- 120 progenies. 

Table 2.3.4 Canonical s tructure:  correlations between the f lowering variables and the 

canonical variables (males) 

Canon ical variables 
W l  W2 W3 W4 W5 

FD -0 .19  0.74 0.33 -0.08 0.29 
PL  0 . 1 1  0.60 0.54 0 .04 -0. 10  
TF 0.62 0.08 0.42 -0.06 0.63 
LF 0 .75 0 .29 0.33 -0.38 0 .14 
FSH% 0.92 0.26 -0.03 -0.02 -0 .02 
BEGDA -0.26 -0.03 -0.57 -0. 14 0.43 
FLPERI 0 .57 0 .49 -0 . 13  0 .28 0 . 15  
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B .  Female vines 

The var iab les  investigated  for female vines can  be d ivided n a tural ly  in to  three groups, i .e .  

vege t a t ive c h a rac te r s ,  fl ower ing charac te r s ,  and  f r u i t ing  char a c t e r s .  Three ca n o n i c a l  

correlat ion analyses were examined: 

1 .  Ca n o n i c a l  c or r e la t i o n  b e t w e e n  veg e ta t i v e  a n d  f l o w e r i n g  a t t r i b u t e s  

The vegetative group ('var' variables) included PETICO, DIASP, TSH,  I N CRS,  and  LWRA TI,  

and the flowering group ( 'with' variables) included FD, PL, TF, FSH%, BEGDA,  FLPERI and 

FY. 

Table 2.3 .5 displays the statistics of 5 canonical correlat ions  for 5 pairs of canonical variates of 

the two groups.  The largest proportion (0 .62) of the t otal  covariance between the vegetat ive 

and  f lowering groups of var iables was given by the f irs t  canonica l  corre la t ion . Canonical  

corre lat ions 2 and 3 were of relatively minor importance. 

Table 2.3.5 Eigenva lue  and the p r o p o rt ion of t o t a l  covariance expla ined by each 

canonical correlation between vegetative and flowering characters (female seedlings) 

Approx 
Canonical Standard 
Correlation Error Eigenva lue Proportion Cumulative 

1 0 .7 1 0.06 1 .0 14 0 .623 0.62 
2 0 .53 0.09 0.382 0.235 0.85 
3 0 .40 0 .10 0. 189 0 . 1 16  0 .97 
4 0 . 18 0 . 12 0.034 0 .020 0.99 
5 0 .08 0 .12 0.006 0.004 1 .00 

On te s t ing  the  n u l l  hypothesis  tha t  group  1 was unrel a ted to grou p 2 for  each  canonica l  

correlation, only correlation 1 was found to  be significant (Table 2 .3.6) and analysed further. 

Table 2.3.6 S ta t i s t i cs  for  t e s t in g  the sign if icance  of each c a n on i c a l  c o r re l a t i o n  

between vegetative and flowering characters 

Canonical Likelihood 
Correlation Ratio Approx F Number df PR > F 

1 0.28 2 . 12 35 0.0006 * *  
2 0.58 1 .26 24 0 . 1922 
3 0.80 0 .78 1 5  0.69 14 
4 0 .96 0 .27 8 0 .9733 
5 0.99 0 . 12 3 0 .9465 
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Table 2 .3 . 7  sh ows the  canonical  s tructure mat rix for  the  vegetat ive characters, where each 

canon i cal va r iable  may be regarded as  the d epen d e n t  variable that  was regressed on a l l  the  

origin a l  v a ri a bles .  The f i r s t  canonica l  variable,  be ing  main ly  a ssociated w i th DIASP and  

LWRA TI was  called main stem and  l eaf shape canonical variable. 

Table 2.3.7 Canonical structure: correlations between the vegetative variables and their 
canonical  variables 

V 1  V2 V3 V4 V5 

PETICO 0 .43 -0.53 0.31 -0.46 0 .45 
DIASP 0.79 -0. 16 0.53 0 .23 -0 .05 
TSH 0.47 0 .61 0 .53 0 . 1 1  0 .30 
LWRATI 0 .60 -0.26 0.62 -0 . 12 -0.40 
INCRS 0 .22 -0.35 0.41 0.66 0 .46 

Of the c a nonical  var iables  for fl owering charac ters  (Table 2 .3 .8 ) , only the significan t  first 

c a n o n i c a l  v a r iab le  ( W 1 )  was exa m i n e d .  I t  w a s  m a in ly  a s soc ia ted w i th FD and PL, a n d  

negatively associated with FY, a n d  may b e  called a flower size a n d  p recoci ty canonical variable.  

From Table 2.3.5,  the canonical correlation between the first two canonical variables was  0.7 1 ,  

implying that  the vines  with a thick stem ( strong early vine growth)  and long leaves tended t o  

produce big flowers a n d  to be precocious. 

Since n early the sam e  characters were investigated for canonical correlation between vegetative 

and f loral charac ters  in both male and female vines,  it is possible to compare the exten t  and 

nature of the canonical correlation between the two types of kiwifruit .  The first  f loral canonica l  

variable no  longer was a floriferous function in female vines, but a flower size function ; and the  

first v egetative canonical variable changed from a total shoot (male) to a main  stem function . 

The l eaf shape index was a main contributor to the first canonical functions, but the direction 

was changed. A further study is suggested to understand the mechanism of these changes. 

Table 2 .3 .8  Canonical structure: correlations between the f lowering variables and their 

canonical  variables 

W 1  

FD 0.70 
PL 0 .89 
TF 0.37 
FSH %  0.41 
B E G DA 0 .09 
FLPERI  0 .06 
FY -0 .50 

Canonical variables 
W2 W3 W4 

-0 .13  0.37 0 . 1 8  
-0.38 -0.02 0.03 
0 .60 0.37 0 .23 
0 .80 0 .20 -0 .14 

-0.03 -0.83 0 . 17  
0.36 0.72 -0.23 

-0.34 -0.06 0.70 

W5 

-0.44 
0 .18 
0 .16  
0 . 12 

-0. 1 1  
0 .52 
0 .14 
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2. Can o n ical c orrela t i o n  b e t w e e n  v eg e ta t i v e  a n d fru i ting a t tr i b u t e s  

Table 2.3.9 d isplays the  statistics of 5 canonical correlations for  5 pairs of canonical variates of 

the  two groups. The largest proportion (0.95) of the total  covariance between the f lowering and 

fruiting groups of variables was given by the first canonical correlation, which was shown to  be a 

significant relationship (Table 2.3. 10) . 

Table 2.3.9 Eigenva lue  and  the  p r o p o r t i on of t o ta l  covariance explained by each 

canonical correlation between vegetative and fruit ing characters 

Approx 
Canonical Standard 
Correlation Error Eigenvalue Proportion Cumulative 

1 0.98 0.004 27 .89 0.950 0.95 
2 0 .64 0.073 0 .71  0.024 0.97 
3 0 .51  0.093 0.35 0.0 12 0.98 
4 0.47 0.098 0 .28 0.009 0.99 
5 0 .29 0 . 1 15  0 .09 0.003 1 .00 

Table 2.3 . 10 Stati stics for testing the significance of each canonical correlation between 

vegetative and fruiting characters 

Canonical Likelihood 
C orrelation Ratio Approx F Number df P R > F 

1 0.01 5.40 65 0 .0001 * *  
2 0.30 1 .35 48 0.0823 
3 0.52 1 .03 33 0.4244 
4 0.70 0.90 20 0.5805 
5 0.91 0.53 9 0.8433 

The first canonical  variable (V1) being mainly associated with D IASP, TSH and INCRS (Table 

2.3. 1 1) was cal led a vigour canonical variable. 
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Table 2.3. 1 1  Can onical  s t ructure :  correlat ions between the vegetative variables and 

their  canonical variables 

V 1  V2 V3 V4 vs 

PETICO 0.42 -0.44 0.27 0.7 1 -0. 19 
D IASP 0 .99 -0.07 -0.02 0 .02 -0.0 1 
T S H  0 .62 0 .71  0.26 0 . 1 7  0.03 
LWRATI -0 .12 -0.28 -0.07 0 .09 0.94 
I NCRS 0.59 -0.25 0.32 -0.32 0.03 

Of the canonical variables for fruiting characters (Table 2 .3 . 12) ,  the significant  first canonical 

variable being s trongly n egative ly correlated with EFFI ,  was ca ll ed an  efficiency canonical 

variable. Table 2 .3.9 indicated that the canonical correla tion between the first two canonical 

variables was 0.98. This implies that the vigorous vines tended to be less efficient in  cropping. 

Table 2.3. 12  Canonical structure: correlations between the f ruiting variables and their  

canonical v a riables 

Canonical Variables 
W 1  W2 W3 W4 ws 

HAI R  0.33 0 . 16  -0 . 16  0 . 18  0.36 
V C  -0 .32 0.42 -0. 1 1  -0.28 0.20 
TW 0.37 0.70 -0 .05 0 .34 -0. 15  
A C  0 .05 -0.47 -0. 15  0 . 10  -0 .22 
BRIX 0.05 -0.2 1 0.2 1 -0.01 0 .62 
LOCN 0.05 -0 .00 0.60 0 . 1 6  0 . 14 
ELOGN 0.35 0 .15 0 . 12 -0. 12 0.05 
SYMM -0. 10  0.26 0.49 -0 . 1 5  -0 .25 
R ELCOR -0.31 -0.08 0.23 -0 . 19  -0.09 
FNF 0 . 19 0.52 -0. 1 6  -0 .05 -0 . 17  
FW 0 .21  -0.24 -0.09 0 .39 -0 .29 
EFFI -0.86 0.37 -0.00 0 . 1 9  -0.05 
PENE 0 .03 0. 12  0 .33 -0 .25 -0.52 

3 .  Can o n i c a l  c orr e la t i o n  b e t w e e n f l o w e r ing a n d  fru i t ing a t tr i b u t e s  

The flowering group included FD, PL ,  TF ,  FSH%, B E G DA, FLPERI and FY , and the  fruiting 

group included HAIR,  VC, TW, AC, B RIX, LOCN, E LOGN,  SYMM,  RELCOR,  FNF, FW, 

EFFI, and PENE . 

Table 2 .3 . 1 3  displays the statistics of 7 canonical correlations for 7 pairs of canonical variates of 

the two groups.  The largest p roportion (0.81 )  of the total covariance between the flowering and 

fruiting groups  of variables was given by  the first canonical correlat ion a l though the first two 

correlations were significant (Table 2 .3 . 14) .  
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Table 2 .3 .13  E i g e nv a l u e  a n d  the  p ro p o r t i o n  of t o t a l  covariance exp l a ined by each 

canonical c orrela tion between flowering and f ruiting characters 

Approx 
Canonical Standard 
Correlat ion Error Eigenvalu e  Proportion Cumula tive  

1 0 .97 0.006 17 .90 0.814 0 .81  
2 0.85 0.034 2 .64 0. 120 0 .93 
3 0.64 0.073 0.72 0.033 0.96 
4 0.48 0.097 0.29 0.0 13  0 .98 
5 0 .40 0. 105 0.20 0.009 0.99 
6 0.32 0. 1 13 0. 1 1  0.005 0 .99 
7 0 .27 0 . 1 1 7 0.08 0.003 1 .00 

Table 2.3 . 14 S ta tistics for testing the significance of each canonical correlation between 

flowering and f ruiting characters 

Canonical Likelihood 
Correlation Ratio Approx F Number df PR > F 

1 0.004 4.20 9 1  0.0001 * *  
2 0.084 1 .96 72 0.0001 * *  
3 0 .307 1 .1 1 55 0.2841 
4 0.531 0.79 40 0 .7956 
5 0.690 0.69 27 0 .8687 
6 0 .829 0.58 16 . 0.8858 
7 0 .924 0.57 7 0.7736 

Table 2 . 3 . 1 5  s h ow s  t h e  can on ica l  s t ruc tu re  m a t r ix f o r  f l owering characters ,  where each  

canonical  var iable may be regarded a s  the  dependent  variable tha t  was  regressed on a l l  the  

original variables .  The f i rs t  canonical variable, as for male vines, being mainly associated wi th 

TF, FLPERI,  and strongly correlated with FSH%, was called a floriferous canonical variable .  

The second canonical variable was mainly associated with FD and PL,  and may be described as  

a big flower canonical variable . 
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Table 2.3 .15 Canonical  s tructure:  correlat ions  between the f lowering va r iables  a n d  

their canon ical variables 

V 1  V2 V3 V4 vs V6 V7 

FD 0 . 15 0.855 -0 . 1 5  -0.09 -0.25 -0.28 0 .25 
PL  0.0 1 0.724 -0.07 -0.59 0 . 10 0 . 12 -0.30 
TF 0.74 0.239 0 .45 0.04 -0. 19 0 .35 . -0. 10 
FSH% 0.97 -0.003 -0.08 -0.09 0 .06 -0. 17  -0.07 
B EGDA -0.38 -0 .209 0.38 -0.62 -0.08 -0.42 0.26 
FLPERI 0.69 0 .015 -0 .35 0 .14 0 . 12 0 .56 0 . 19  
FY -0.46 0.023 0.36 0.44 0.67 -0.0 1 0.08 

Of the canonical variables  for fruiting characters (Table 2 .3 . 16) ,  only the significant first two 

were exam ined .  The f irs t  canonical  variable was main ly associated with TW and FNF, and 

called a yield canonical va riable .  The second canonical variable was mainly associated with FW 

and n egat ive ly associa ted with EFFI, and  may be cal led a big fruit canon ica l  variable .The 

results  imply that the vines which were florife rous tended to be high yielding, and vines which 

produce big flowers tend to bear large fruit .  

Table 2.3 . 1 6  Canonical structure: correlations between the fruiting variables and their 

canonical variables 

Canonical Variables 
W 1  W2 W3 W4 ws W6 W7 

HAI R  0 .22 0.30 -0 .493 0 .20 -0.41 -0 . 1 1 1  0 . 12  
VC 0 .03 -0.44 0 .051 -0 .26 0 .25 -0 .320 -0 .01 
TW 0.95 0.24 0.004 -0.01 0 .08 -0 .002 0 .03 
AC -0 .08 0.05 0.079 0.01 0.09 0 . 102 -0.65 
BRIX -0 .18 -0 .25 0 .375 0 . 1 1  0 .49 0.421 -0.02 
LOCN -0.03 0.07 -0 .081 0.21 -0.06 0 . 169 0.38 
ELOGN 0 . 1 1  0 .3 1  0 . 124 -0 .17 0 . 17 -0. 1 36 0 .46 
SYM M  0.07 0.04 -0.042 -0.0 1 0 .09 0.366 0.29 
RELCOR -0 .04 -0.08 -0 .206 0.22 -0.03 -0. 1 82 0.01 
FNF 0 .71  0 . 13  -0.497 0 .27 -0 . 10 0.055 -0.2 1 
FW -0 . 12 0.76 0 . 127 0 .14 0 .29 -0. 1 19 0.02 
EFFI 0 .26 -0.55 -0 .046 0.46 0 . 17  -0. 189 0.08 
PENE 0.15 0.05 0.21:2 0 .05 -0.59 0 .068 -0 .09 

The above resul ts  showed tha t  the  canonica l  correlat ion provided i n t e res t ing informat ion 

concerning the  relat ionship  between three  domains of kiwifrui t  properties .  This analytical 

method becomes important where there  a re many characters in  each  domain , and i t  would 

otherwise be difficult to generalise the extent  and natu re of the variable i nterrelationships. 

In the ma le  seedlings, a rela t ive ly h igh canonical correlat ion (0 .66) was detec ted be tween 

aggrega tes of vegetative characters ( explained mainly by total shoot n um ber  per  vine and leaf 

sha pe index) and f lowering charac ters ( explained mainly by flower n umber  p e r  shoot  and  
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percen tage f lowering shoots  per  vine ) .  This  correlat ion reflects a n  associat ion between the 

number of shoots  developing i n  spring, and the vine's flowering efficiency. Thi s  i s  expressed i n  

t h e  fie ld  when  compar ing v ine  behaviour  fo l lowing m i l d  a n d  coo l  winters .  For  ins tance ,  

fol lowing a cool winter there i s  a high level of bud burst ( hence numerous shoots) ,  and many 

flowers develop on each shoot .  Also,  wa rm spring tempera tures from the start of bud break 

result  in  high bud burst  and m o re fl owers  are produced .  Therefore th is  analysis supports 

exper imen ta l  observa t ion  by Wa rrington and  S tan ley  ( 1986 ) ,  and  ind ica tes  the v ine is  an 

in tegrated system with vege ta tive development in teracting with flower development - and one 

expects this  relationship to have a genetic basis .  

The characters TSH and LWRA TI appear  to be potent ial ly useful indicators to help breeders  

select a floriferous male v ine - possibly even in the kiw if rui t 's  juvenile period . It  is in teresting 

to not ice that TS H was assoc ia ted with f lor ife rous charac ters in  both the pr inc ipal factor 

analysis and the canonical correlation.  However, associat ion of LWRATI with floral characters 

was iden tified only in the canonical correlation.  This may be due to  the differences between the 

two methods .  A l though canon ical correlat ion uses  the  same a nalyt ical  technique as factor 

analysis  to reduce the d imens ional i ty to  a few l inear funct ions, the canonical model selects  

l i near func t ions  that  h ave max imum covariance between doma ins, whi le  the factor  m ode l  

selects l inear function s of original variables that have maximum variance within a domain .  I n  

correctly identifying correlations. the canonical model would b e  the more powerful .  

I n  the  a n a ly s i s  of  f e m a l e  v in es, some a ssoc ia t ions  between f lowering and  the impor tan t  

characters of yield and  f ru i t  size were ident ified.  The  canon ical correlations showed flower 

numbers (FSH%, TF and LF) were a good indicator of yield (TW and FNF) . While this analysis 

did n ot p rovide  any new i n sights into vine produc tiv i ty ,  i t  serves to i l lustrate the analytical 

techn ique can provide real ist ic statemen ts  about vine performance. 

The correla tion coefficient between flower size variables (FD and PL)  and fruit size was high in 

the canonical correlation 2,  so that a large flower and long pedicel always correlated with la rge 

fru i t  size - therefore FD and PL could  be used as select ion criteria to select vines with l a rge 

frui t .  H owever ,  not al l  fruit characters of commercial value were found to be associated wi th  

any recorded flower characters,  for  in stance, B R IX ,  SYMM, PENE, ELONG and RELCOR.  

This suggests more flowering characters, especially physiological characters of the  flowers need 

to be recorded for canon ical analysis .  Zhang et al  ( 1989) working with wheat found that  the 

c a n o n i c a l  c or re la t ion of phys io l ogi c a l  charac ter s  w i t h  q u a l i ta t ive g r a i n  characters  was  

s ign if i c a n t , a n d  h igh e r  t han  tha t  w i t h  y ie ld -co m p o n e n t  charac te r s .  T h i s  i n d i c a t e s  t h e  

importance of physiological  characters in  qualitative i mprovement,  a n d  their usefulness in  p lant  

selection . 
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CHAPTER 3 

G EN ETIC ANALYS IS 

The relat ively long juvenile period of fru i t  t rees ,  and the h igh cost of rea ring and evaluating 

seedl ings  p rovide s a s t rong impetus for establ ishing effect ive  b reeding methods and also for 

procedures which permit accura te predictions of population behaviour under the influence of 

select ion . The development  of such methods and procedures depe nds on the explo i tat ion of 

genetic variabi l i ty .  

A l imi ted number of papers on quanti tat ive genetics of tree fruits have been published. ( Barri t t ,  

1 98 1 ,  1982; Hansche,  1983, 1986a , 1986b; Hansche and Beres 1966;  Hansche and Boynton,  1986: 

Hansche et a l 1966, 1972a , 1972b, 1975; Kester et al 1977), but none  for k iw ifru i t .  Therefore the 

objectives of the present study were: 

(a) t o  es tabl i sh a stat ist ical  model  of variance componen t  analys is  for a factorial mating 

design. 

(b) to estimate heritabil ity and i ts  standard error 

(c) to est imate genetic advance for different selection strategies .  

(d)  to estimate  genet ic  corre lations, and to estimate the correla ted response amongst a range 

of characters .  

(e )  to construct a se lection index and to compare index selection wi th  multivariate analysis .  

(f) to evaluate the applicat ion of these analyses to k iwifruit breeding.  

S ECTI O N  1 : G ENETIC VA RIANCE AND HERITA B I LITY 

1 .  I NTRODUCTION 

Variance  component  a nalys is ,  which par t i t ions  the phenotypic  variance into i ts  genet ic  and 

environmental components, i s  used to est imate the types and extent of gene act ion . From the  

resu l t s  of  var iance  compon e n t  ana lys i s, her i t abi l ity v alues  can be genera ted ,  and  genet i c  

advance can  then easily be  estimated using the heritabi l i ty values.  

T h e  p roced u r e  u sed  in v a r i a n c e  c o m p o n e n t  ana lys i s  can a l so be used i n  the  analysis of 

components of covariance between two metric attr ibutes.  Based on the d ispersion of genetic 

effects ,  gene t i c  corre lat ions  and a se lect ion i ndex can be  establ ished. This provides furthe r  

i nformation on t h e  eo-inheritance of the observed characters, and i ndicates effective breeding 

practices. 

The first report of variance component analysis was by Fisher ( 1918) ,  and others contributed to 
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advancements i n  th i s  field, but mainly for animal  breeding. A n  in te rest  i n  t h e  application of 

quant i tat ive  genet ics  to plant improvement developed i n  the 1940's, fol lowing publ ications by 

Comstock and R ob inson ( 1948) ,  and Comstock et al ( 1949) .  Gene tic studies of quanti tative 

trai ts  have subsequently proved useful in devel oping effective and efficien t  breeding methods 

for many field crops.  

2. MATE R I A LS AND STATISTICAL MO DEL 

The materia ls  and a t t ributes used for  the phenotype analyses (Chapter 2 )  were used in  this 

study. However a different model was used in the analyses to incorporate the effects of male 

and female plants and their interac tion.  The fol lowing model was employed:  

Y ijkv = ,u + Y k + F i + M j + (MF) ij + ( FY) jk + ( MY jk) + (FMY) ijk + V v + Eijkv 

Where Y ijkv stands for the kth year  sample on the vth vine (ful l sib progeny) from a mating of 

the i th  paternal and jth maternal p lan t .  The ,u is a grand mean; Y k is  the effect of year ;  Fi i s  the 

random effect con tributed by the mate rnal  parent, ( the general combining abi l i ty of the genes 

i n  the c rosse s ) ,  and M j by the pa te rna l  paren t ;  (MF) ij i s  the in terac t ion f o r  pa te rna l  and 

materna l  parents  ( specific combining abil i ty of the genes in  specific biparental combina tions ) ;  

( F Y )ik  i s  the  in t e ract ion of pa tern a l  pa ren t  and year, (MY)jk is  t he  interaction of maternal 

p a r e n t  and year ;  (FMY)ijk is  t h e  i n terac t ion of b iparen ta l c ross  and y e a r ;  Yv is fu l l - s ih  

ind ividual v ine  effects;  and Eijkv is  the residual variance. This m odel is a years-pooling of a 

fac to r i a l  ma t i ng  design wi th  v i n e s  ne sted wi th in  crosses .  and  w i thou t  ex terna l ly blocked 

repl icat ions .  

Like most fruit  t ree crops, the kiwifruit i s  outbred, with level s of heterozygosity a pproaching 

panmictic expecta tions , and very va riable i n  the F l  hybrid populat ion of any cross.  Therefore, 

gene t i c  para meters  were es t imated using the  Fl populat ion s .  S ince  in p lan t  breeding most  

es t imates  of genet ic  parameters  rest  on the a ssumption that  tested individuals a re a random 

sample from a l a rge panmictic popula tion, the compl ication of different procedures for the so­

c a l l e d  'f ix e d ' ,  ' m ixed '  and  ' ra n d o m '  m o d e l s  i s  in  general ignored ,  random m odels  being 

p referred (Mayo 1980 ) .  Simila rly in this study al l  variance components were treated as  random 

effects .  

B ased  on t h i s  m o d e l ,  the  d i s p e r s i on due to the  var ious  eff e c t s  m e n t i on e d  a bove w e r e  

determined b y  mul tiple analysis of va riance ( MANOVA) performed using S A S  procedure G L M  

( SAS Institute I n c .  1985) .  When samples have unequal subsample number,  t h e  basic analysis i s  

t ha t  the  square  of any tota l  i s  divided b y  the  number of observat ions  i n  the  t o t a l ,  and  the 

computation of the coeffic ien ts for  the components of variance i s  therefore far  less obvious 

than when equal numbers prevai l  (S teel & Torrie ,  1981 ,  p 161- 162 ) .  

Components of variance for the  above sources were estimated using the  method o f  Gaylor e t  al 
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( 1970)  which i s  a single unif ied p rocedure for  obtaining the  expec ted mean squares from a 

balanced or  u nbalanced design. Tables 3 .1-3 .2 show the expected m ean squares for male and  

female popula t ions .  Based on t h ese expected m ean squares, the  variance  c omponents can  be  

obtained (see Tables 3 .4  & 3.6) . 

Table 3 . 1  The expected mean squares for male vines (fol lowing Gaylor e t  a l ,  for  

this  internally unbalanced design) .  

SOURCE D F  EXPECTED MEAN SQUARE 

F 

M 

F*M 

y 

F * Y  

M* Y 
F*M*Y 
V 
ERROR 

2 VAR ( ERROR ) + 1 . 3 5 9 5  VAR ( V )  + 5 0 . 7 0 5 3  VAR ( F*M* Y ) 
+ 4 . 7 4 2 6  VAR ( M* Y )  + 7 1 . 2 1 9 6  VAR ( F *Y ) 
+ 1 0 1 . 4 1 0 6  VAR ( F*M ) + 9 . 4 8 5 3  VAR ( M )  
+ 1 4 2 . 4 3 9 2  VAR ( F )  

1 VAR ( ERROR ) + 1 . 7 9 8 8  VAR ( V )  + 2 6 . 6 7 4 8  VAR ( F*M* Y ) 
+ 6 1 . 5 8 9 3  VAR ( M* Y ) + 5 3 . 3 4 9 6  VAR ( F*M ) 
+ 1 2 3 . 1 7 8 7  VAR ( M )  

2 VAR ( ERROR ) + 1 . 6 4 7 6  VAR ( V )  + 1 7 . 4 5 7 2  VAR ( F *M* Y ) 
+ 3 4 . 9 1 4 5  VAR ( F*M ) 

1 VAR ( ERROR ) + 5 1  VAR ( F*M* Y ) + 1 4 2 . 9 2 5 2  VAR ( M* Y ) 
+ 7 1 . 5 6 0 7  VAR ( F *Y ) + 2 1 4  VAR ( Y )  

2 VAR ( ERROR ) + 5 0 . 7 0 5 3  VAR ( F*M* Y ) + 4 . 7 4 2 6  VAR ( M* Y ) 
+ 7 1 . 2 1 9 6  VAR ( F *Y ) 

1 VAR ( ERROR ) + 2 6 . 6 7 4 8  VAR ( F*M* Y ) + 6 1 . 5 8 9 3  VAR ( M* Y ) 
2 VAR ( ERROR ) + 1 7 . 4 5 7 2  VAR ( F*M* Y ) 

2 0 8  VAR ( ERROR ) + 3 . 2 7 5 5  VAR ( V )  
2 0 8  VAR ( ERROR ) 

Table 3.2 The expected mean squares for female vines (fol lowing Gaylor Sial, for 
this internally unbalanced design) 

SOURCE DF EXPECTED MEAN SQUARE 

F 

M 

F*M 

y 

F * Y  

M * Y  
F*M*Y 
V 
ERROR 

2 VAR ( ERROR ) + 1 . 6 2 1 8  VAR ( V )  + 4 4 . 5 2 8 2  VAR ( F*M* Y ) 
+ 5 . 0 2 0 2  VAR ( M* Y ) + 6 1 . 7 7 5 4  VAR( F* Y ) 
+ 8 9 . 0 5 6 5  VAR ( F * M )  + 1 0 . 0 4 0 5  VAR ( M )  
+ 1 2 3 . 5 5 0 8  VAR ( F )  

1 VAR ( ERROR ) + 1 . 6 5 8 3  VAR ( V )  + 2 1 . 8 0 1 7  VAR ( F*M* Y )  
+ 5 1 . 6 9 2 1  VAR ( M* Y ) + 4 3 . 6 0 3 4  VAR ( F* M )  
+ 1 0 3 . 3 8 4 2  VAR ( M )  

2 VAR ( ERROR ) + 1 . 6 2 9 2  VAR ( V )  + 1 4 . 9 4 5 1  VAR ( F*M* Y ) 
+ 2 9 . 8 9 0 3  VAR ( F*M ) 

1 VAR ( ERROR ) + 4 6 . 2 5 1 3  VAR ( F*M* Y )  + 1 2 5 . 2 6 7 3  VAR ( M* Y ) 
+ 6 3 . 4 4 9 1  VAR ( F* Y ) + 1 8 7  VAR ( Y )  

2 VAR ( ERROR ) + 4 4 . 5 2 8 2  VAR ( F *M* Y )  + 5 . 0 2 0 2  VAR ( M* Y ) 
+ 6 1 . 7 7 5 4  VAR ( F * Y ) 

1 VAR ( ERROR ) + 2 1 . 8 0 1 7  VAR ( F*M* Y )  + 5 1 . 6 9 2 1  VAR ( M* Y )  
2 VAR ( ERROR ) + 1 4 . 9 4 5 1  VAR ( F*M* Y )  

1 8 1  VAR ( ERROR ) + 3 . 0 1 6 6  VAR ( V )  
1 8 1  VAR ( ERROR ) 

The experimental design was s imilar to the North Carolina Design II described and evaluated 

by Comstock and  Robinson ( 1952) . Males were crossed in al l  combinations with the females to 
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produce ful l-s ib fami l ies .  I n dividuals may b e  classified as  full s i b  ( F S )  within each biparent 

cross, or as half-sib ( H S )  sharing a common male parent, or as  HS sharing a common female 

parent .  B ecause both male and female plant effects were built  into this design, the  model was 

especial ly suitable for dioecious species l ike k iwifrui t .  

Based on the  fundamental  equations Va = 2pq [a + d(q-p) ]2and Vd = (2pqd )2 in a populat ion at 

H a rdy-Wein berg e q u i l i br i u m  ( F a l c oner  198 1 ) ,  the f o l l ow i ng gene t i c  i n t e rp r e t a t i on of 

resemblance (expressed as covariance ) between relat ives was de rived for th is  factorial  design 

( Baker 1986, Becker 1967 ) :  

Table 3.3 The genetic interpreta tion of variance components 

variance 
components Relatives V a Vd Vaa V ad 

F covHS 1 /4 0 1 / 1 6  0 
M covHS 1 / 4  0 1 / 1 6  0 
MF covFS - ( covHS ( F )  

+covHS ( M ) ) 0 1/4 1 /8 1 / 8  
V Tot a l - covFS 1 / 2  3 / 4  3 / 4  7 / 8  

Vdd 

0 
0 

1 / 1 6  
1 5 / 1 6  

F i s  the variance of ha lf sib famil ies with female parent i n  common, M i s  the variance of half sib 

fami l ies  with ma le  parent  in  common,  MF i s  the variance of full sib families. V is  variance 

among vines in  FS famil ies; Va = addit ive genetic variance, Vd = dominance genetic variance, 

Vaa = variance due to additive x addi tive epistatic interaction, V ad = variance due to  addi tive x 

dominance epistat ic i nteraction, e tc .  (Baker 1986) . 

Three types of heri tabil i ty were est imated in this study , and they were a l l  obtained from the sib 

analysis outlined above . They were: 

1 .  h2 (narrow) ,  t h e  heritabil i ty i n  the narrow sense. I t  i s  defined a s  the ratio of addit ive genet ic  

variance to  phenotypic variance; 

2.  h2 (broa d ) ,  the h e ri tabi l i ty in  the  broad sense .  I t  is defined a s  the ratio of total  genet ic  

variance to phenotypic variance; and 

3.  h2 (Sea ) ,  the heri tab il i ty of specific c ombining abil i ty .  I t  is defined as the  ratio of non­

additive genetic va riance to phenotypic variance. 

I n  the f allowing  text ,  any reference to 'heritability '  indicates narrow sense her itabi l i ty unless 

otherwise specified.  
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S i n c e  both m a l e  a n d  female  c o mponents  have the same i n terpretat ion ,  i t  i s  best to use the 

average of the tw o to  e s t i m a t e  gene t i c  va r i ance  ( B a k e r ,  1986 ;  Becker  1 9 6 7 ) ,  therefore 

heri tabilities can be estimated as :  

h2 (narrow) = 2(Vf + V m) /V total 
.., 

h"" (sea) = (4V mf)/V total 

h2 (broad) = ( Yf + Y m + Y mf + Yv) /Y total 
where Vtotal = Vf + Vm + V mf + Vv + Vy + Vfy + Y my + Yfmy + Ye .  

Using these equations the heritabi l i ty values (Tables 3 .5 ,  3 . 7 )  were calculated.  

The precision of an estimate of he ritabil ity i s  indicated by i ts  standard error.  For est imating i ts  
sta ndard error, the above defini ti ons of heritabil ity can be reconstructed as :  

h2 (narrow)  = x 1 /y 
h2 ( SCA ) = x2/y 
h 3 (broad) = x3/y 

Where x 1 = 2( Vf + Ym) ,  X2 = 4Vmf, X3 = Vf + Ym + Vrnf + Vv, and y = Vtotal .  

The variance of h2 may be obtained approximately from: 
V heri tabi l i ty = [ (U/*V /) + (Ux2*V /) -2Ux Uy * CO V(x,y) ] /U/ 

where Uy = E (y ) ,  Ux = E(x)  ( Kem pth orne ,  1 957; Os borne & Paterson , 1952 ) .  I n  practice,  the 

parameters are replaced by the corresponding estimates. 

Sample variances of est imated variance components for a balanced design may be obtained by 

Where n = the divisor appropriate in the estimator of a specific variance component .  MSi = the 

i th mean square in est imator, and fi = the degree of freedom of the ith mean square (Cru m p  

1946, 195 1 ) .  According t o  Kempthorne ( 1957) , when calculating the variance of a n  est imated 

variance and covariance, one should replace df by ( df + 2 )  to remove bias .  

For unbalanced data,  the procedure for variance e st imation of variance components i s  very 

complex (see Searle, 197 1 ) ,  therefore the approximation method of Jensen and Barr  ( 197 1 )  was 

used in this study .  The variance-covariance matrix of the components, V(cc' ) ,  can be calculated 

as:  

V(cc')  = x- 1 V(RR' )x- 1 '  

where X i s  a matrix of the coeffic ien t of compon en t s, and V ( RR' )  i s  a d iagonal m a trix, each 

diagonal element being the variance of the appropriate mean square approximated by the wel l -
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known expression 2(MS i)2 /(f i + 2) ,  M S i i s  the i th mean square and f i i s  the associa ted degree of 
freedom.  

3 .  R ES ULTS A N D  DISCUSSION 

Male Vines:  
Table 3 .4 sh ows  the va lues of variance com ponen ts of 12 characters for male vines.  I t  i s  obvious 
that these components vary with the character invest igated.  

Table 3.4 Variance component estimation for male vines 

FD 

PL 

TF 

LF 

PETICO 

DIASP 

TSH 

FSH\ 

BEGDA 

LWRATI 

INCRS 

FLPE"RI 

F 

- 0 . 0 0 3 5  

0 . 0 4 3 4  

0 . 09 1 3  

- 0 .  4 1 0 9  

0 . 0 0 2 8  

- 0 .  0 0 9 9  

1 . 6 107 

-4 1 . 4 0 3 2  

-

-

-

0 .  2 1 3 1  

0 .  0 0 0 1  

0 .  0 0 6 6  

2 .  5 6 5 2  

M F*M y 

0 .  0 3 2 6  0 .  0 1 0 0  - 0 . 0 0 4 7  

0 .  3 2 69 0. 0 6 3 6  0 .  0 8 9 3  

0 .  0 0 2 6  0 .  0 4 9 6  0 . 1 0 5 3  

0 .  8 0 1 0  1 . 1 5 7 4  0 .  2 0 7 4  

-0 . 0 0 3 3  0 . 0 0 4 9  - 0 . 0 2 1 5  

0 .  0607 0 . 0 1 5 5  0 . 0 4 1 6  

0 .  5165 2 . 96 8 1  3 . 76 3 0  

6 8 . 8683 9 4 . 0 9 7 6  6 . 6 3 3 7  

2 .  3 0 7 9  0 . 0 7 6 1  0 . 0 7 1 2  

0 .  0 0 3 1  0 . 0 0 0 8  0 . 0 0 0 4  

0 . 1 1 5 2 0 . 0 1 4 1  0 . 0 7 6 4  

2 .  5 8 5 8  0 . 8 3 6 1  0 . 8 4 6 4  

H*Y H*Y F*M*Y V GROR 

- o .  0 3 5 3  0 .  0 0 7 8  0 . 0 4. 6 4  0 . 1 2 4 3  0 . 1 8 1  

-0 . 0 0 3 5  -0 . 0 2 2 5  0 .  04 2 9  0 . 2 7 2 6  0 .  3 7 5  

-0 . 0 1 9 8  -0 . 0 1 8 3  0 . 0 3 : 9  0 . :. 4 3 7  C . 5 3 6  

0 .  0 1 7 :3  - 0 . 0 1 2 6  - 0 . 0 2 1 2  1.  2 0 5 2  2 .  6 7 9 

0 . 0 3 9 0  0 . 00 7 5  0 . 00 7 8  0 . 0 7 4 2  0 . 2 2 9  

-o . o o o 4  0 .  0 0 2 6  0 .  O O C 5  0 . 1 0 5 4  0 . 0 1 2  

- 5 . 1 4 6 4  - 1 . 8 1 9 1  6 .  8 5 9 8  4 0 . 5676 46 . 7  2 2 

5 . 2 3 3 7  1 .  0 3 8 9  - 1 0 . 7 2 1 4  5 9 . 8 9 3 0  2 2 : . 6 3 0  

-0 . 8 4 3 9  -0 . 0 8 4 7  l .  2@75 2 .  4 0 5  3 . 8 1 2  

-o . o o 1 1  - o . ooo6 0 . 0 0 1 5  0 .  0 0 2 8  0 . 0 0 8  

-0 . 0 0 1 2  -0 . 0 1 1 1  0 . 0 1 2 4  0 . 0 9 4 5  0 . 4 0 2  

0 .  4 0 4 4  0 .  4560 - 0 . 0 1 5 3  3 .  2 0 7 0  9 . 7 2 1  

A s ment ioned above.  the diffe rent  c o mponents  had d ifferent genetic interpretations (Table 
3 .3 ) ,  based on these variance com ponents, the heritabil i ty values were calculated and li sted in 
Table 3 .5 .  

Table 3 .5  Heritabil ity estimates for male vines 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TRAITS h2 ( narrow ) h2 ( s ca ) h 2 ( broad ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F D  0 . 1 6 ( 0 . 0 9 ) * 0 . 1 1 0 . 4 6 
PL 0 . 6 2 ( 0 . 1 0 )  0 . 2 1 0 . 6 0 
TF 0 . 2 0 ( 0 . 0 8 )  0 . 2 2 0 . 3 1 
LF 0 . 1 4 ( 0 . 0 7 )  0 . 8 2 0 . 4 9 
P ET ICO 0 . 0 0 ( 0 . 1 0 )  0 . 0 6 0 . 2 3 
D IASP 0 . 4 4 ( 0 . 1 6 )  0 . 2 7 0 . 7 5 
TSH 0 . 0 4 ( 0 . 1 0 )  0 . 1 2 0 . 4 8 
FSH% 0 . 1 4 ( 0 . 0 8 )  0 . 9 3 0 . 4 5 
B EGDA 0 . 4 8 ( 0 . 0 9 )  0 . 0 3 0 . 5 2 
LWRAT I 0 . 4 1 ( 0 . 3 6 )  0 . 2 3 0 . 4 5 
INCRS 0 . 3 1 ( 0 . 0 8 )  0 . 0 8 0 . 3 1 
FLPERI 0 . 5 0 ( 0 . 0 8 )  0 . 1 6 0 . 4 5  

* Standard error 

A ccording to Falconer  ( 198 1 ) ,  h 2 (narrow) determines  the degree of average resemblance 
between relat ives, and is therefore of the greatest importance in breeding programmes. 
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The standard of Hansche et a! ( 1966) was used i n  this study t o  examine the heritabi li ty level -
namely, very high (above 0.8),  modera te to high (0 .3-0 .6) and l ow (below 0.2) .  

S tudy of Table 3 .5  reveals that for  male  v ines ,  P L ,  DIASP,  B E G DA ,  LWRATI and FLPERI 
have high heritabi l i ty ,  indicating that  for these trai ts ,  the selection of superior seedlings for use 
as  parents  i n  succ essive crosses cou ld  resul t  in  rapid  gene t i c  i m p rove ment  to subsequent  
gene r a t i ons .  S ome of these chara cters  a re of  interest  for  k iwifrui t  breeding.  Selection for  
F L P E R I .  f o r  example ,  could  be  u se d  t o  produce a super ior  ma le  of e ither  l on g  or  short  
f lowe ring per iod to cover the fl owering duration of  presen t and fu ture female cult ivars, or to  
faci l i tate harvesting flowers in  a ma le  orchard . 

P E T I C O  a n d  T S H  h a d  very l ow n a rrow-sense  h e r i t a b i l i ty in th is  s tudy .  Three possible 
explana tions for low values for narrow sense heritabi l i ty are :  

( 1) genetic homogeneity of the sample population investiga ted.  
(2)  l ow levels of average gene effec t s  re la t ive to  dominance/epis tat ic  effects  i n  the 

expression of these traits, or  
(3)  l a rge rel a t ive effect  of n on-gene t ic  (environm enta l )  variab i l i ty ( H a n sche, 1 972 ) .  

W h a tever  t h e  c a s e ,  i n  breed ing  prac t ice  s u c h  c h a r a c ters  c a n n o t  be  i m p r oved 
eff ic ien tly by  individua l  select ion ,  which  operates through i m proving the  average 
genetic worth of successive generations. 

The rest of the traits in male vines gave l ow or mode rate her i tabi l i ty (narrow ) ,  indicating 
individual selection may be an effect ive and efficient method to improve these traits ,  but  the 
rate of genetic  gain would be lower than that of traits with h igh heritabili ty .  

I t  i s  of interest t o  notice that L F  and FSH% gave very h igh value for h2 ( sca)  ( see Table 3 .5 ) . 
This means tha t  great differences can be expected among different segregat ion combinat ion s  
f o r  these two characters. 
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Female Vines:  

Table 3 .6  sh ow the values of vanance component  of 23 chara cters for female v ines .  S om e  

characters have relatively large values of genetic components,  while some have n o t .  Therefore 

d ifferent heri tabi l i ty est imates were obtained on the basi s of these components,  and were l isted 

i n  Table 3 .7 .  

Table 3 .6  Variance component est imat ion for  female vines 

Traits F 11 F*ll y F*Y II*Y F*M*Y V ERROR 

-------------------------------------------------------------------------------------
FD C . Ol9 C . 0 569 c .  C086 -C . CC64 

PL C . 1 C 5  C . 2585 - C . C 1 4 7  C . C 2 C C  

TF O . C56 0 . 0 3 4 3  -o . colS O . CC68 

PET ICO 0 . 01 2  - c .  C 2 3 5  O . C 1 9 2  - 0 . 0 1 9 8  

HAIR -O . OC 9  -C . CC57 c . OC 8 9  a . 04 2 3  

VC 1 C 5 . C 0 5  -4 1 . 2 3 5 1  8 5 . 2941 8.  2813 

'N a . a1 a  a .  C 7 2 7  -C . CC 9 3  C . OC34 

AC C . C0 7  C . C C 3 1  0 .  C C 1 6  c .  O C 2 9  

DIASP o . oaa a . 0 3 C 5  C . CC C 2  C . 0658 

TSH - 2 . 1 3 4  - 7 .  C 3 6 5  3 .  6 5 C 6  -4 . 1 8 49 

FSH' 8 . 1 57 9 1 . 6 5 8 2  - 1 C . 4 6 1 1  6 .  2784 

BEGOA C . 2 7 8  c .  2 3  2 7  - C . 3 2 1 2  C . 0 9 8 0  

FLPERI a . 7 3 8  c .  9 3 9 1  a . 1 8 9 C  1 . 64 7 6  

BRIX - 0 . 1 0 1  -c . C7B5 0 . 1687 c.  2C29 

LOCN 1 . 704 - 1 . 1 9 3 8  2 .  5 9 9 3  -a . 1 C 7 1  

LWRATI C . 00 1  O . C0 3 5  - c .  o c c 4  C . C C 0 9  

INCRS a . 0 2C c . 1 C84 - C . 0066 a . 2 3 1 7  

ELONG 0 . 0 1 7  C . CCC2 c. OCC3 a.  OC74 

SYMM c . oac c . OOC2 -c . OC01 o . cc o c  

RELCOR o . ccc - 0 .  ccoc C . C001 C . O C 0 2  

FNF O . C84 -C . CC42 0 .  CC27 a . C 3 7 6  

PW 1 C 2 . 4 G 2  1 9 . 8385 4 . C 1 7 4  4 4 . 7006 

EFFI C . OC 2  -c . cc c c  -c . cc c 2  a . C 0 9 2  

c . CC 6 8  

c .  C l 4 3  

0 . 0 2 1 9  

c .  C C 1 7  

-c . a o 3 7  

- 1 2 .  C C 4 5  

-C . C C 2 0  

c .  C C 0 3  

c .  C C 0 1  

4 .  C 0 3 4  

3 .  8 8 9 2  

O . C C 5 2  

C . 2 C 3 9  

-C . a7 2 8  

c .  6 3 8 C  

-C . OC C 3  

-a . C C 4 8  

c .  C C 1 2  

- O . C C C 1  

-C . O O C 1  

- C . 1 26 3  

1 .  9 4 1 6  

a . ca o 8  

c .  0 1 1 1  

c .  0 1 1 5  

O . OC67 

C . 0276 

- C . 0045 

-7 . 1 3C6 

- a . aC46 

c .  O C 1 3  

0 .  C C 1 0  

1 1 . 5 3 C 8  

- 5 . 58 7 1  

-O . Cl 8 8  

0 .  C 1 1 4  

- 0 . 06C7 

O . CO C 2  

- 0 . 0005 

-a . C C 8 8  

c . caao 

- c . coca 

-c . o c c c  

-c . C 6 2 2  

- C . 5 3 4 1  

- c .  coa1 

-c . c 1 3 9  

- c .  c223 

- 0 .  C 3 29 

C . 0051 

a .  C144 

1 5 . 9 7 4 3  

a . 0003 

-c. coc• 

-C . OOC2 

-5. 7C57 

2 .  3828 

-c . C412 

-a . 1 374 

c.  1 C 5 5  

-0 . 6C 2 C  

0 .  coos 

-0 . 00 1 4  

-a . o c o 2  

c .  C C 0 1  

C . 0001 

C . 1 7 2 C  

- 5 . 3 8 C 2  

-a . c c o 2  

C . 1 7 8  C . 2 4 C  

C . 3 2 C  C . 3 9 3  

C . 1 1 5  c .  537 

C . C9 2  C . 1 9 6  

C . C9 5  a .  266 

3 3 8 . 5 7 3  97 . 94 8  

C . 0 4 7  0 . 24 2  

O . C2 4  O . C1 2  

0 . 1 04 a . C2 1  

6 . 8 2 6  1 1 9 . 669 

26 . 1 2 5  2 4 4 . 58 9  

3 . 6 C 4  5 . 164 

2 . 1 3 5  1 1 . 1 28 

0 . 696 0 . 994 

7 . 0C6 1 3 . 93 5  

0 . 002 c . aa 7  

0 . 21 6  a . 4 95 

O . C 2 3  0 .  C C 5  

a . a01 C . CC 2  

o . occ C . O C 1  

0 . 070 C . 767 

1 4 8 . C 7 2  1 5 C . 7 8 9  

C . C08 a . C1 C  

For  female  vines, PL, TW, FSH% ,  LWRATI , ELONG ,  and FW were shown  to have a moderate 

to high h eri tabi l i ty indicating that the selection of superior l ines for these traits would result in 

rapid genetic progress among successive offspring. M oreover, as  most of these characters are  

of intere st i n  k iwifruit  breeding, the  h eritabili ty est imates for  them is particularly relevant  to  a 

programme a imed a t  i mprov ing productivity and qual i ty of k iwifruit .  
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Table 3 .7 Heri tabi l i ty estimates for female vines 

-- - ----------- - - - ------- - - - - - - - - - --- - -
TRAITS h 2 ( narrow ) h 2 ( sca ) h 2 ( broad ) 
- - - - - -- - - - - ----------- - --------- - --- - - -
FD 0 . 3 0 ( 0 . 0 8 ) * 0 . 0 7 0 . 5 3  
PL 0 . 6 7 ( 0 . 0 7 )  -0 . 0 5 0 . 6 2 
TF 0 . 2 4 ( 0 . 0 9 )  - 0 . 0 1 0 . 2 7 
PET I CO - 0 . 0 8 ( 0 . 1 2 )  0 . 2 5 0 . 3 2 
HAI R  - 0 . 0 7 ( 0 . 1 2 )  0 . 0 9 0 . 2 2 
VC 0 . 2 2 ( 0 . 0 8 )  0 . 5 8 0 . 8 3 
TW 0 . 4 6 ( 0 . 1 1 )  - 0 . 1 0 0 . 3 4 
AC 0 . 3 9 ( 0 . 4 0 )  0 . 1 3 0 . 7 0 
D IASP 0 . 2 8 ( 0 . 1 0 )  0 . 0 0 0 . 6 1 
TSH - 0 . 1 4 ( 0 . 1 5 )  0 . 1 2 0 . 0 1 
FSH% 0 . 5 4 ( 0 . 0 3 )  - 0 . 1 1 0 . 3 1 
B EGDA 0 . 1 1 ( 0 . 1 0 )  - 0 . 1 4 0 . 4 2 
FLPERI 0 . 2 0 ( 0 . 0 9 )  0 . 0 4 0 . 2 4 
BRI X - 0 . 1 9 ( 0 . 1 2 )  0 . 3 6 0 . 3 7 
LOCN 0 . 0 4 ( 0 . 1 0 )  0 . 4 3 0 . 4 2 
LWRATI 0 . 6 1 ( 0 . 1 4 )  0 . 1 1 0 . 4 2 
I NCRS 0 . 2 4 ( 0 . 0 0 )  - 0 . 0 3 0 . 3 2 
ELONG 0 . 6 5 ( 0 . 1 2 )  0 . 0 2 0 . 7 5 
S YMM 0 . 3 0 ( 0 . 1 3 )  - 0 . 0 9 0 . 4 1 
RELCOR 0 . 1 3 ( 0 . 1 0 )  0 . 1 9 0 . 3 8 
FNF 0 . 1 7 ( 0 . 1 1 )  0 . 0 1 0 . 1 6 
FW 0 . 5 2 ( 0 . 0 8 )  0 . 0 3 0 . 5 9 
EFFI 0 . 1 2 ( 0 . 0 7 )  - 0 . 0 3 0 . 3 3 

* Standard error 

PETICO and TS H had very low heritability - just a s  they did in male vines.  HAIR, B R IX,  and 
LOCN also  had l ow heritability .  These characters cannot be improved efficiently by individual 
select ion or related strategies. H owever, some of them a re considered im portant cha racters for 
the ideo type and fur ther studies are needed to  discover if there is genetic variability for them in 
other gene pool s .  Although the na rrow sense heritability value is  low for these characters, the 
b r o a d  sense her i ta bi l i ty is reasonably h igh for some of them. for exa m ple BR IX (0 .37 )  and 
ha ir iness  (0 .22 ) ,  in dicating that there are some dominant  and /or e pistatic effects involved.  
Because k iwifruit  i s  clonally propagated,  all of th e genetic variances - additive, dominant and 
e pi sta t ic can be u t il ised for i m p r oving these characters by circumventing the usual  sexua l  
generation progression . However ,  total shoots per  vine (TSH)  had  very low value in a l l  three 
kinds of heritability estimates. There is apparently no large genetic v ariance of any kind in this 
populat ion for this  trait, and with this level of heritability i t  is not possible for selection to be 
effec tive in impr oving this character a s  far as  judged from this p opulat ion .  

The rest of  the t ra i ts, including such important characters a s  TF,  VC,  AC, SYMM, RELCOR 
and  F N F  in female  vines gave m oderate or l ow heri tabili ty, indicating individual selection may 
have m o derate success in improving these trai ts, but the rate of genetic gain w ould be l ower 
than that  of trai ts  with high heritability.  Therefore more sophisticated methods which empl oy 
family selection based on dispersion would be highly beneficial . 
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The standard errors for h2 (narrow) displayed in Table 3 .5,3 .7 sh owed that most est imates  have 
reasonably low value, indicating that the heritabilities for these characters were est ima ted with 
c on siderab le  p rec i s ion . T h i s  may be r e su l ted  from e i ther  the a ppropr ia te  and accurate 
m e asure m en ts  of these c h a rac t ers  or  s uffic ient  s a m pl e  s ize .  To some frui t cha racters,  a 
particular problem was the vari abil ity within a vine . To account for th is  two canes in the m iddle 
of the canopy of each vine were sampled,  and measurements  for the characters inve stigated 
w e re carr ied  out on these  two cane s .  Thus  the s a m pl ing  e r ror of expe r imenta l  un i t s  w a s  
reduced, a n d  the precision of heritabili ty est imates was enhanced. 

I t  is very im portant that  the l imi tations of estimates of heritabil ity are real ised. While a mean is 
a first  degree statistic,  v a riance is  a second degree statistic which is  inheren t ly less precisely 
e stimated. Heritabi l i ty, being the ra t io  of variances, not only shares all  biological restrictions 
for  es t ima t ing gene t ic  v a ri a nces ,  but  a lso shares the h igher  i m precis ion of second- degree 
statistics ( Ewing, 1987 ) .  

The m ore comm on assumptions for  est imating genetic variances are :  

1 .  n ormal diploid behaviour a t  meiosis 
2 .  no maternal or cyt oplasmic effects 
3. no selection, and no epistasis in the estimat ion population (Sprague 1966) .  

In the  current  study, o n l y  three f e m ale  cul tiva rs and t w o  m a l e  cul t ivars  o f  k iw ifru i t  were 
involved, all  belonging to  one species, A .  deliciosa . This is a restricted populat ion of i nference, 
although i t  does represent a much wider gene pool than that commonly studied in New Zealand. 

Based on chromosome numbers, this  species appears to be a hexaploid, which w ould int roduce 
bias from the failure of a ssumption ( 1) .  Kempth orne ( 1955, 1957) exa mined the com plexit ies of 
interpreting genetic rela ti onships for  aut o-tetraploids .  He showed tha t ,  because dominance 
eff e c t s  a re invo lved  in the  c ov a r i a n c e  between  half - s ibs ,  the  add i t ive effects  es t i m a ted 
according to a diploid m odel wi l l  be  posit ively skewed. The same could be true of  a hexaploid 
so  that the magnitude of narrow sense h2 (reflecting additive gene effects) wil l  be larger than it  
should be. However ,  i t  a ppears that we do  not need to  be concerned about this  source of bias  
h e r e ,  because  Z h u  ( 19 8 1 )  f o u n d  t h a t  l ike A. ch inenesis ,  A .  deliciosa a l s o  h a s  a regular 
chromosomal  behavi o u r  in  the  w h ole  process of meiosis for  the poHen m other  cel l .  Th i s  
indicates that k iwifrui t  i s  a diploidised polyploid, and  that the use of  diploid genetic analysis i n  
this work is  val id .  
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An estimate of h2 s trictly a pplies t o  a particular  metrical character, i n  a part icular populat ion,  
at  a part icular  m oment and in  a particular environment .  Thus even for a single character, h2 is  
not con s t a n t ,  s o  c au t ion i s  nece ssary i n  in t e r p re t ing e s t i m a t e s  of h2 ( Ewing  e t  a l ,  1987 ) .  
H owever, some inference can stil l  be obtained by corn par i  son of h2 for  the same character in 
different species.  In this study, a zero est imate of h2 for BRIX was obtained (smal l  negative 
es t imate ) ,a n d  a s imi l a r  resul t  ( 0 . 0 1 )  was repo r ted for the peach tree (Han sche e t  a l ,  1972) .  
Other est imates a re 0 . 17  for dwarf peach, and 0.35 for dwa rf nectarine ( Hansche, 1 986) . While 
the val ues d iffer ,  in general  the h2 of B R IX is  re la tively low. But  f or fruit size, weight and 
length, H an sche  ( 1 983) poin ted out that  the tra i ts  in d iffe ren t  species  had similarly h igh h2 . 
The results  of this  work agree with this conclusion,  the h2 for mean fruit weight was 0.52, and 
0 .65 for  fruit  e longa t ion.  This  implies that  con siderable gene tic  potential for  increasing fruit  
size exis ts  in fruit  tree breeding, even by simple individual  selection . 

A part f rom the problems discussed above, due to sampl ing error genuinely low values for some 
v a r i a t i on c o m pone n t s  may be ob ta ined . In  t h e  es t imat ion of  h 2, neg a t ive  es t ima tes  are 
freque ntly equated t o  zero ,  but  this obviously, leads to  bias in the results .  In this w ork, such 
bias  was  no t  introduced and PETICO, TSH, HAIR,  and BRIX have been reported as  showing 
low nega t ive  h2 values. 

In th i s  w or k  some s ta ndard errors  of her i tab i l i ty est imates were found to be uncomfortably 
large .  This  m ay be caused by inh erent ly l a rge non-gene tic  var ia bil i ty in the data ,  the use of 
crude subjective scores, or insufficient sample size. Hansche ( 1972) pointed out that  there was 
considerable evidence that the variabi l i ty associated with subjective scores, such a s  crop rat ing 
were l a rge and may be a major cause of low heritabi l i ty est imates .  Increasing sa m ple size can 
increase precision, thus smaller d ifferences between cross means become detectable a t  a given 
probabi l i ty l evel ( H a n sche and B eres, 1966a ) .  But if the sample size is l a rger than required,  
more w ork i s  done than necessary . Therefore i t  i s  suggested the optimum sample size should be 
estimated before measurement starts .  



9 7  

SECTION 2 :  GENETIC CORRELATION 

1.  P ROCED URES 

Genetic correlation is the ratio of the additive genetic covariance to the geometric mean of the 
c o m p onents  of add itive genetic var iance .  It impl ies  a re lat ionship between the genes that 
influence the two traits .  

The est imation of geneti c correlations i s  based on the resemblance between relatives and the 
m ethod is  analogous to the estimation of h 2. Instead of computing the variance components of 
one character, the components of covariance of the two characters a re c omputed, and rather  
than p a r t i t i on i n g  sums  of  squares ,  t h e  sum of c ro s s -products  of  the tw o cha racters  a re 
part i t ioned according to the sources of var ia t ion . This gives estimates of the observational 
com ponents of covariance, and the interpretation of these estimates is  exactly the same as  that 
of the variance c omponents shown in Table 3 . 1 .  For example, in an analysis of HS families, the 
component of covariance between males and that between females estimates one-quarter of the 
c ova r i a n ce of th e breeding va lues  of the  tw o cha racters .  Th e r efore the add i t iv e  genet ic  
correlat ion ( r  A) is :  

r A = c ovxyf v (varx vary) 
where var  and c ov refer to the components of variance and covariance respectively. 

According to Van Vleck and Henderson ( 196 1 ) ,  the genetic correla t ion will not be accurately 
determined if at least one of the 2 traits has  a l ow h2 estimate.  Therefore genetic correlation 
may n ot be estimated where the compontents of genetic variance are nega tive or  of very l ow 
v a l u e  ( G od sh a lk S<..Ll!l, 1 988, Melchinger  1 9 8 8 ) .  On th is  bas i s, excluded from correla t i on 
analysis for female vines were PETICO, HAIR,  TSH, BRIX (negative h2) ,  and LOCN ( low h 2 

of 0 .04 a n d  very l ow value of c om ponent of genet ic  var iance ) .  For  the  ma le  popu l a t i on ,  
PETICO and T S H  were excluded because of their l ow h2 (0.00 and 0.04) and very l ow value of 
comp onent of genetic variance. 

2. R ESULTS 

The genetic correla ti ons are presented in Tables 3 .8 and 3.9.  The environmental effects h ave 
been part i tioned out ,  so these values are purely a genetic correlations.  These relationships may 
c o n tras t  with phen otypic observ at i on ,  due  t o  environ mental i nf luences  that  m od ify gene 
expression.  
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Table 3 . 8  Additive genetic correlations (above diagonal)  and phenotypic 

correlat ion (below diagonal) for male seedlings 

FD PL TF LF D IAS FSH% B EGD LWRA I NCR FLPE 

FD 1 1 . 0 0 - 1 . 0 0 - 0 . 7 8 0 . 8 5 0 . 0 9 - 0 . 2 6 0 . 1 7 0 . 2 8 - 0 . 1 4 
PL 0 . 5 3 1 - 0 . 5 5 0 . 6 1 0 . 9 0 1 . 0 0 - 0 . 6 2 - 0 . 6 9 0 . 8 2 0 . 0 3 
TF 0 . 1 4 0 . 0 1 1 0 . 5 1 0 . 1 1  0 . 4 4 - 0 . 2 5 - 0 . 2 2 - 0 . 0 5 1 . 0 0 
LF 0 . 2 8 0 . 3 0 0 . 7 2 1 1 . 0 0 1 . 0 0 - 0 . 8 9 - 0 . 8 0 0 . 8 2 1 .  0 0  
D I AS P  0 . 3 9 0 . 5 9 0 . 0 5 0 . 3 3 1 1 . 0 0 - 0 . 9 0 - 0 . 9 2 0 . 8 8 0 . 5 1 
FSH% 0 . 3 2 0 . 3 0 0 . 6 2 0 . 7 7 0 . 3 0 1 - 0 . 8 8 - 0 . 6 9 0 . 9 7 1 .  0 0  
BEGDA - 0 . 3 1 - 0 . 3 3 - 0 . 3 7 - 0 . 5 4 - 0 . 3 3 -0 . 5 8 1 0 . 7 3 - 0 . 9 8 - 0 . 6 5 
LWRAT I - 0 . 1 6 - 0 . 2 7 - 0 . 2 3 - 0 . 3 6 - 0 . 2 9 -0 . 4 2 0 . 3 6 1 - 0 . 9 9 - 0 . 6 1 
I NCRS 0 . 2 7 0 . 4 2 0 . 0 1 0 . 2 1 0 . 5 4 0 . 2 3 - 0 . 2 4 - 0 . 2 1 1 
FLPERI 0 . 2 0 0 . 1 4 0 . 6 2 0 . 6 8 0 . 1 8 0 . 6 7 - 0 . 5 8 - 0 . 3 4 0 . 1 3 

The significant values of phenotypic correlation coefficien t  based on error df = 208 
are 0 . 14 for P = 0.05 and 0 . 18 for P = O .Ol .  

Table 3.9 Addit ive genetic correla tions (above diagonal) and phenotypic  
correlat ion ( below diagonal)  for  female seedlings 

FD 

PL 

TF 

VC 

AC 

DIASP 

FD PL TF VC 'IW AC DIAS FSfl\ BEGD FLPE :.;.>RA INCR ELOG SYMM RELC FNF F'W EFFI 

1 . 0 0  0 . 0 8 - 0 . 3 1 0 . 5 8 0 . 48 0 . 8 6 - 0 . 57 0 . 58-0 . 93-0 . 5 9 0 . 7 4 0 . 1 1 1 . 0 0  1 . 0 0 - 0 . 29 1 . 00-0 . 4 1  

0 .  5 3  1 0 . 0 5- 1 . 0 0 0 . 5 2 0 . 0 6 1 . 0 0 - 0 . 4 7 0 . 51-0 . 74-0 . 7 5  0 . 9 5-0 . 2 8 0 . 8 8 1 . 0 0 - 0 . 2 5 0 . 90-0 . 7 4 

0 . 0 8 0 . 1 3 1 1 . 00 0 . 8 4 1 . 00 0 . 2 5 0 . 8 4-0 . 0 7 0 . 95-0 . 3 7 0 . 16 0 . 89-0 . 1 9 - 0 . 6 1  1 . 0 0-0 . 4 6 0 . 7 5 

- 0 . 2 1 -0 . 3 0 0 . 2 2 1 0 . 59 0 . 6 5 0 . 06 0 . 66 1 . 0 0 1 . 00-0 . 0 3 -0 . 06 0 . 91-1 . 0 0 - 1 . 00 1 . 00-1 . 0 0 1 . 0 0 

0 . 2 8 0 . 3 0 0 . 7 4 0 . 1 3  1 0 . 8 6  0 . 8 0 1 . 00-0 . 4 6  0 . 79-0 . 6 3  0 . 7 6  0 . 4 4 0 . 1 4 - 0 . 2 3  0 . 8 9 0 . 0 4  0 . 2 2 

0 . 03-0 . 0 6 0 . 2 2 0 . 3 9 0 . 1 7 1 0 . 58 0 . 9 4  0 . 04 1 . 00-0 . 4 4 0 . 4 3  0 . 8 8-0 . 5 5-1 . 0 0 1 . 00-0 . 6 8 0 . 6 9 

0 . 3 1 0 . 50 0 . 1 3 -0 . 2 1 0 . 27-0 . 1 3  1 0 . 7 9-0 . 8 2  0 . 19-0 . 7 8 0 . 9 2 0 . 0 1  1 . 0 0 1 . 0 0-0 . 08 0 . 89-0 . 4 6  

FSHt 0 . 2 1 0 . 2 3 0 . 7 0 0 . 1 6 0 . 9 1 0 . 2 3 0 . 2 0 1 -0 . 47 0 . 77-0 . 6 5 0 . 76 0 . 47 0 . 1 2-0 . 3 5 1 . 0 0 0 . 03 0 . 2 2 

BEGDA -0 . 11-0 . 1 <-0 . 29 0 . 1 0-0 . 39-0 . 06-0 . 0 4 -0 . 3 4 1 -0 . 1 2 0 . 38-0 . 96 0 . 2 4-0 . 3 7 - 0 . 3 1-0 . 22-0 . 6 3  0 . 6 7 

FLPERI 0 . 0 8 0 . 0 1 0 . 56 0 . 1 9 0 . 6 3  0 . 22-0 . 0 4 0 . 61-0 . 4 5 1 -0 . 5 7-0 . 04 1 . 00 0 . 25 0 . 1 0 0 . 25 - 0 . 1 5 0 . 7 5 

LWRATI -0 . 17-0 . 3 7-0 . 1 8 0 . 00-0 . 2 6-0 . 0 3-0 . 35-0 . 2 8 0 . 0 3-0 . 1 1  l -0 . 6 3 0 . 02-0 . 9 6-1 . 0 0 0 . 4 8 - 0 . 56 0 . 3 5 

INCRS 0 . 20 0 . 3 7 -0 . 0 3- 0 . 1 5 0 . 11-0 . 07 0 . 5 8 0 . 0 3 - 0 . 03-0 . 1 3-0 . 3 3  1 - 0 . 1 2  0 . 86 0 . 94 0 . 2 0 0 . 8 6-0 . 5 2 

ELOGN 0 . 11 o . o 5 0 . 1 4 0 . 2 4 0 . 1 2  o . o9 o . 3 o o . o 6 0 . 10 o . o s-0 . � 8 0 . 1 9 1 -0 . 7 5- l . O O L oo-o . 7 9 0 . 9 2 

SYMM 0 . 1 4 0 . 2 8 0 . 0 5 - 0 . 1 8 0 . 22-0 . 1 5 0 . 1 2  0 . 20 - 0 . 1 0  0 . 07-0 . 2 0 0 . 1 7 -0 . 2 0 1 1 . 00-0 . 8 4 0 . 8 7 - 1 . 00 

RELCOR 0 . 09 0 . 2 3 - 0 . 1 7- 0 . 27-0 . 02-0 . 26 0 . 24-0 . 0 3-0 . 0 8-0 . 2 0-0 . 2 1 0 . 2 5-0 . 1 3  0 . 50 1 -0 . 8 3  1 . 00-1 . 0 0 

l'NF' 0 . 1 0 0 . 0 6 0 . 6 8 0 . 24 0 . 7 2 0 . 1 4 0 . 1 1 0 . 63-0 . 2 4 0 . 4 3- 0 . 0 8 0 . 0 2 0 . 1 6 0 . 0 3 - 0 . 1 1 1 -0 . 6 9 1 . 0 0 

FW 0 . 3 6 0 . 4 6-0 . 2 9-0 . 4 2-0 . 0 8 - 0 . 29 0 . 35-0 . 2 2-0 . 06-0 . 27-0 . 2 1 0 . 3 3 0 . 0 1 0 . 2 2  0 . 3 3-0 . 3 0  1 -1 . 0 0  

EFFI - 0 . 17-0 . 3 0 0 . 3 8  0 . 3 2 0 . 3 6 0 . 27-0 . 61 0 . 4 4-0 . 1 4 0 . 4 5 o . ;.4-0 . 6 2-0 . 1 9 - 0 . 0 1-0 . 2 1 0 . 29-0 . 4 4 1 

The significant  values of phenotypic  correlation coefficient based on error df = 181 
are 0 . 1 5  for P = 0.05 and 0 .20 for P = O.Ol.  

Male popula tion 

0 . 3 9 
1 

Flower dia m e t e r :  F D  w a s  s trongly posi t ively c orrela ted with PL , DIASP,  a n d  nega tively 
correlated with TF, indica ting ( 1) the larger the flower ,  the longer the pedicel ; (2) a vigorous 
vine (expressed a s  diameter and increment of main stem) is  associated with large flowers; (3) 
increasing terminal  flower n umber per shoot is associated with decreasing flower size. 
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Pedice l  length : P L  was strongly cor related wi th DIASP,  F S H %  a n d  I N C R S  a n d  negat ively 
correla ted with LWRA TI, indicat ing high vigou r vine was associa ted with long pedicels a n d  
broad leaves .  

Terminal  flower number per shoot :  TF had a strong correla tions with FLPERI .  Thi s  suggests 
that the two characters can be i mproved together in the selection process. 

Latera l  flower number per shoot :  LF had strong correla tions with DIASP, FSH %,  INCRS,  
FLPERI ,  and  was  negat ively correla ted wi th B EGDA, LWRATI ,  indicat ing v igorous vines 
blossomed e arly in the season, and tended t o  be interrelated wi th m ore la teral and terminal  
f lowers and broad leaves. A high incidence of lateral flowers in  male kiwifruit was a ssociated 
with vines being floriferous wi th a l ong flowering duration. 

D i a meter  of main stem in spr ing :  DIASP was strongly correlated with FSH%, INCRS,  and 
n ega tively correlated with B EG DA,  and LWRA TI,  indicat ing that the vine with a thick main 
s tem tended to be floriferous, to  blossom early and to produce broad leaves genetically. 

F lowering shoot % : as  expected, FSH% was strongly correl a ted with FLPERI,  because m ore 
flowers result in a longer f lowering period. FSH% also was negatively correlated with B EG DA 
and LWRA TI ,  suggest ing a v ine wi th  many f lowering shoots tended to blossom early in the 
season and to produce broad l eaves. Also FSH% was strongly a ssociated with INCRS.  

Beginning date of blossom in the season: There was  a relat ively h igh positive correla ti on with 
L W RA TI,  and a negat ive one with INCRS, this means weak v ines tended to blossom la te in the 
season and to have elongate leaves. 

Leaf shape index: LWRA TI was negat ively associated with I NCRS, suggesting a vigorous vine 
tended t o  produce broader leaves. 

A study of th e phenotypic corre la t ions  (Table 3 .8)  showed they were s imilar t o  the genetic 
correlations in direct ion,  but  different in magnitude. I t  was obviou s  that genetic correla t ion in 
general were higher than corresponding phenotypic  correlation. This  was in agreement with the 
resu l t s  obta ined by G odshalk  � ( 1988) ,  Han sche e t  a! ( 1966 ) ,  Tyagi ( 1987) and several 
others.  

A cc ording to  Shaw ( 1 988) , genet ic  correlation i m pl ies a relationship  beween the genes that 
condit ion two trai ts, whereas phenotypic correla t ion resul ts from both shared genetic effects 
and a common respon se of independent genetic syst e m s to  sha red environ ments .  If the two 
types  of corelati on a re s imilar to each other, the select ion on phen otype will  a l so  be a fa irly 

r.�,."4. "' '  ... ':,\1 i 1 � v ' '  r�-� S l-�\' 
Lh . .:i"��'\�- \ 'l 
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"accurate" selection of geno type. 

In  m a l e  k iwifru i t  fl or ife rousness (expressed a s  percen t age f lora l  sh oots and la teral  flower 
number) is  considered an  important character. The results show that it is  strongly a ssociated 
with diameter of the ma in stem and leaf shape index. This  suggests that diameter of main stem 
and l eaf sh ape index m ay be used a s  guides to select superior male vine for heavy flowering, 
although this relationship may n ot h old for other popula t ions .  In  breeding practice, a sea rch is 
a l w a y s  being m a d e  f o r  c h a r a c t e r s  which can be a ss e ssed in the juveni le  per iod and a re 
correlated with fruit characters in the mature tree, in order to discard undesirable plants a t  an 
early stage. The correla tion should be of fairly h igh o rder and the character in  the juvenile 
plant must be reasonably easy to recognise. The two characters mentioned may be suitable for 
such a purpose. These correlat ions were established on y ou ng ma ture vines (3-4 years)  and 
require confirmation,  since there is no proof on even younger plants.  

It  is  of in tere st to  n ote that the flowering componen t s  TF and LF had differing rela tionsh i ps 
with the  vigour ind ica tors INCRS and DIASP .  L F  was strongly correlated with INCRS and 
DIASP in genetic correlation (0 .82 and 1 .00) , while TF was not ( -0.05 and 0 . 1 1 ) .  The same was 
true in phen otypic correlat i on (Table 3.8) . The c o r rel a t i on coefficients of LF with I N CR S  
(0 .2 1 )  and DIASP (0 .33) both were significant a t  P = 0 . 0 1, while the coefficients of TF with these 
two characters were n ot (0.01 and 0.05) .  This suggest s that terminal flowers  and la teral  f lowers 
have different response mechanisms to vine vigour. 

In general, the f loriferousness which is expressed by FSH o/c (many floral shoots) and LF ( many 
f lowers) was always assoc ia ted with vine vigour cha racters (INCRS and DIASP) within the 
male population in this study, therefore selection for fl oriferous genotypes with vigour sh ould 
produce rapid genetic gain among the offspring. On the other hand, where floriferou sness and 
less vigour is the selection goal, genetic progress m ay be considerably m ore difficult to  obtain, 
due to the u n f a v o u r a b l e  gene t ic  corre l a t i o n s  b e t w e e n  t h e se c h a r a c t e r s .  U n d e r  t h e s e  
circumstances ,  a selection index should b e  used t o  make a balance between these cha racters in  
order to select parents efficiently. 

Female population :  
Flower diameter :  F D  w a s  strongly correlated with PL, D IASP, INCRS ,  SYM M ,  RELCOR and 
FW. This  i mplies a strong relationship between the genes that  conditioned F D  and the gene s  
tha t condi t ioned these other  tra i t s ,  a n d  that  o n e  could improve the F D  character a n d  these 
characters s imul taneously .  In  c ontrast  F L P E R I  had a strong negative correlat ion with F D ,  
indicating t h a t  t h e  vines with short flowering duration were associated with big flowers .  

Pedicel l ength:  Like FD,  PL had strong correlations with DIASP,  INCRS, SYMM ,  R ELCOR 
and FW. PL had a strong negative correlat ion with VC, indicating that pedical length could be 
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a u seful indicator  for h igh Vitamin C k iwifruit selec tion . 

Termina l  f lower  n u mber per shoot :  TF had strong correlat ions  w i t h  VC, TW, A C, FSH% 
F L P E R I ,  ELOGN a n d  FNF .  W h i l e  i t  cou ld  be  pred ic ted  tha t  T F  wou ld  have a strong 
relat ionship  wi th fruit  productivi ty characters, i ts  relationship wi th VC and AC was unexpected 
and indicates these characters can be improved together in the selection process. 

Vi t a m in C: Th i s  i m portant  character  is nega tively re lated to S Y M M ,  R E LC O R  and FW, 
indicating that big fruit tend to have a l ower vitamin C conten t .  In plan t  breeding, i mprovement 
in  b o th fru i t  s ize and v i tamin  C are requ i red but on e cannot  i m p r ove the two characters  
s imultaneously due to  the  nega tive direction of the  correlat ion - select ion for  one character wi l l  
inh ib i t  the  select ion progress of the other.  Therefore a selection index i s  n eeded. The results 
also sh owed that v i tamin C was strongly a ssocia ted with BEGDA, FLP E R I ,  FNF, EFFI and 
ELOGN,  indicating these ch aracters can be improved together .  

T o t a l  f ru i t  w e igh t :  TW had a s t r ong r e l a t i o n sh i p  w i th  FNF, bu t i t s  r e l a t ive ly  s t r o n g  
r e l a t i onsh i p s  w i t h  D I A S P  ( 0 .80)  a n d  I N C R  ( 0 . 7 6 )  are o f  in terest .  Jus t  l i k e  in  the m a l e  
popula tion, in females a vigorous vine tends to  b e  floriferous a n d  t ends t o  b e  productive. 

Acidi ty:  AC was s tr ongly assoc ia ted wi th FSH%,  F L P E R I ,  E L O G N ,  FNF, and nega t ively 
a ssociated with RELCOR.  This  indicated that the l onger frui ts  wi th a smaller core on prol ific 
v ines  tended to have h igh ac id i ty .  S ince AC was associated with a n umber of characters of 
hort icultural value. it was considered an important character.  But increasing AC is undesirabl e  
unless B R I X  also increases. This i s  because i t  i s  the balance between th e two that pr imarily 
determine acceptability of the fru i t .  For example, the majority of successful dessert apples a re 
in  the group of medium acid and m edium sugar, medium acid and high sugar, and l ow acid and 
medium sugar ( Brown, 1975) .  

D i a m e t e r  of  m a i n  s tem in  spnng:  D I A S P  was  s t r ongly c o r rel a t ed w i th INCRS,  S Y M M ,  
R E L C O R ,  FW, a n d  negat ively c o rrelated with B EGDA,  and LWRATI, suggesting vigorous 
vines blossomed early, bore big fruit  and produced broader leaves. 

F l owering shoot % :  F S H %  w a s  s trongly correlated wi th  FNF, ind ica t ing vines with many 
fl owering shoots tended to  produce floral shoots with many fruits. 

Beginning date of blossom in the season: BEGDA showed a strong negative value of correlat ion 
with INCRS,this means weak vines tended to  be a ssociated wi th  late blossom in  the season. 

Flowering period:  FLPERI  had strong relat ionships w i th ELOGN,  indicating the  vines wi th 
longer fruit  tended to  be a ssociated with a l ong blossom period.  
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Leaf shape index :  LWR ATI was negatively associated with R ELCOR and S Y M M ,  suggesting 
the vine with broader l eaves tended to be associated with asymetrical  fruit with l a rge core size.  

Increment of main stem :  INCRS strongly associated with SYMM,  RELCO, and FW, suggesting 
a vigorous vine produced big asymmetrical fruits ,  with l a rge core size. 

El ongat ion of f ru i t :  ELONG was strongly correlated wi th F N F  and EFFI , and negat ively 
a s s o c i a ted w i t h S Y M M , R E L C O ,  and  FW, and i t  could be predicted that  some of these 
rela tionships would occur in a seedling population if pa rent vines were selected according to 
these characters.  

S y m m e try of f r u i t :  S Y M M  w a s  s t rongly  c o r r e l a ted w i t h  R E L C O R ,  FW, but  negat ive ly 
a ssocia ted wi th FNF and EFFI, indica ting the more fruit that  set  on a frui t ing shoot,  the smaller 
the fruit size,  and the more regular  the fruit 's  shape. 

R e l a t ive c o r e  s i z e  of f r u i t :  R E L C O R  was s t r o ngly c o r r e l a t e d  w i t h  FW, but nega t ively 
a ssociated wi th  F N F  and EFFI,  indicating that the more the fruit  set on a fru i ting  shoot,  the 
smaller the core size of the frui t .  

Fru i t  number per  fruit shoot: FNF was  strongly associa ted with EFFI ,  indicating i t  i s  possible to 
select for improvement in both characters a t  the same t ime.  

Average fru i t  w e ight :  FW was  n ega tively assoc iated wi th  EFFI ,  indicating an  efficient vine 
tended to produce small fruit .  

The results  sh owed that as in the male populat ion most phenotypic correlat ions were similar to  
the corresponding genetic correlat ion in  direction, but  d ifferent in  magnitude (Table 3.9) . 

I n  th i s  work ,  vine vigour (expressed a s  DIA S P  and I N C R S )  was sh own t o  be  an  important 
charac ter  because i t  was  strongly corre lated with FW and TW and s ignif i can t ly  n egatively 
correlated wi th the BEG DA. This indicates that a vigorous vine tended to be productive, and to  
produce l a rge fruit and t o  blossom e arly in the  season . Such  a vine would  be  of  comme rcial  
interest .  

Watk ins  and S pangelo  ( 1970) in  a diallel analysis of apple seedling v igour ( expressed as  p lant  
height )  found that cliff er  en t sets  of  parents had cl iff e rent  additive genetic var iabil i ty,  vary ing 
from 50% t o  100%. That is ,  plant vigour is heritable, and can be i mproved by selec t ion.  In the 
current  s tudy, the h2 of DIASP and INCRS are 0 .28 and 0.24 for female plants ,  0 .44 and 0 .31  

for male  v ines ,  and the  results confi rm the above finding . 
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The strong correlation between leaf shape index and vine vigour indicates the leaf shape index 
may be useful a s  a guide for pre -selection. 

I t  is important to realise some l imitat ions in the determ inat ion of a genetic correlat ion .  Firstly, 
est imates of genetic correlat ions from variance and cova riance components are usually subjec t  
t o  rather large sampling error and a re therefore seldom very p recise. Furthermore, since the 
d i s t ribut ion of  such s tat is t ics  i s  not  k n own,  the i r  var iances  cannot  be ca lcula ted (Griffing, 
1956 ) .  Secondly, genetic correlations are strongly influenced by gene frequencies, so they may 
d iffer markedly in d ifferent populations (Falconer 198 1 ) .  For these reasons, the results i n  this 
work must be regarded a s  est imates for this population and a re not  necessarily valid for other 
pop ula t ions .  Thirdly , the  genet ic  correla t ion wil l  be la rger in  absolute magnitude than the 
p h e n otyp ic  correla t ion . This m a inly resu l t s  f rom the  v e ry l ow value of genetic va r iance 
c o m ponent  (Baker ,  1 986 ) . Many large values of  genet ic  c o rrela t ion h ave occurred in  th i s  
analysis,  and the results a re  i n  agreement with this conclusion . 
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SECT I O N  3 : SELECTION RESPONSE 

1 .  SELECTION R ES PONSE F O R  I N D I VIDUAL SELECTIO N  

The change i n  the p opulat ion mean produced by select ion i s  called t h e  response to  selecti on,  
which is  symbolised by R in  individual  se lect ion , i n  which indiv iduals  a re selected only in 
accordance wi th their own phenotypic values.  

R = h2 " s  
w h e r e  S i s  t h e  a v e r a g e  su peri o r i ty o f  t h e  se lec ted  parents ,  w h i c h  i s  c a l l ed the  se lect ion 
differen tia l ,  and h2 is  the  heritabi l i ty of  the average a l le le  effects for  the  character involved . 
The chief use of R is for predicting the genetic a dvance from selection and for monitoring the 
success of practical selection response. 

The R may be generalised if S  is expressed in terms of the phenotypic standard deviat ion, a(p ) ,  
and t h i s  standardised S i s  called t h e  intensity of selection, symbolised by i .  Thus 

S = ia(p ) , and 
R = ih2 "a(p)  

In frui t  tre e  breeding, the com m on breeding system is recurrent mass selection. This method 
involves selecting a source populat ion (parents) which contains al l  the tra i ts  desired for cul tivar 
improvement .  The parents are intermated to  form a heterozygous base population.  The best  
seedl ings a re then sel ected to  form the second source populat ion after intermating selected 
p l a n t s  a n d  bulk ing the seed . The cycle can be repea ted many t imes, and each cycle  sh ould 
produce progressive population im provement .  

In  this  s tudy,  four importan t charact ers were examined for  genet ic  a dvance (Table 3 . 1 0 ) .  

Assuming the best 1 0 %  of the female parent populat ion will  b e  selected, the value of i will  b e  
1 .755 .  Since only the female parent p opula t ion i s  selected, the genetic  advance wil l  b e  half of 
the  a d\·ance  which results  from the  R equa t ion ment ioned above ( Hallauer & Miranda,  Fo .  
1 981 ) .  

Table 3 . 10  Genetic advance for  6 selection cycles 

TRAITS MEANS CYCLl CYCL2 CYCL3 CYCL4 CYCL5 CYCL6 NEW MEANS 

VC 
TW 
FSH% 
FW 

9 2 . 0 1 
2 . 2 9 

3 8 . 2 2 
8 3 . 9 6 

4 . 6 1 
0 . 2 4 
9 . 1 4 
9 . 9 4 

9 . 2 4 
0 . 4 6 

1 7 . 4 4 
1 9 . 2 1 

1 3 . 9 0 1 8 . 6 0 
0 . 6 8 0 . 8 9 

2 5 . 1 2  3 2 . 3 3  
2 7 . 9 2 3 6 . 1 6 

2 3 . 3 2 
1 . 0 8 

3 9 . 1 6 
4 3 . 9 9 

2 8 . 0 6 
1 . 2 7 

4 5 . 6 8 
5 1 . 4 7 

1 2 0 . 0 7 
3 . 5 6 

8 3 . 9 0 
1 3 5 . 4 3 
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Table 3 . 1 0  shows t h a t  t h e  expected cumula tive se lect ion advance i n  V C  i s  4.61 ,  9 .24, 13.90, 

18 .60, 23.32, 28.06 respectively in 6 selection cycles .  After 6 cycles  of selection, the mean value 
would increase from 92.01 mg/100g to  120.07 mg/ 100g. 

Thus for TW, the mean value will increase from 2 .29 units  to 3.56 uni ts, FSH% from 38.22 to  
83.90 units ,  and  FW from 83.96 g to  135 .43 g .  

The  results indicate tha t  much potential  exists for  kiwif ru i t  i m provement in  both  productivity 
and frui t  qual i ty . These resul ts  sh ow only the pre dicted value,  and i t  is necessary to test the 
real i ty in breeding p ractice.  Gene rally, the predicted and actual responses do  n ot agree very 
well  (Caldwell tl.J!l, 1966; Eagles & Frey, 1974) .  One cause for the lack of agreement between 
the two could be in sufficient sampling. A second could be a change in  the mean gene frequency 
between the time when a populat ion was initially sampled and when it was eva lua ted some years 
later (Hallauer, 198 1 ) .  However, as  the estimates of phenotypic variabi l i ty and heritabil i ty are 
unbiased, the predicted and actual  advance will be in cl ose agreement .  

Information about actual  se lection advance in horticul tural crops is  l imited, but  Shikata ( 1 982) 

conducted one of the best controlled divergent selection programmes in  sweet potato,  selecting 
the best 10% for high yield for 3 cycles and 10% for low yield for 1 cycle only . Mean yield 
increased 74% over 3 selection cycles, while nega tive selection reduced mean yield 52% (cited 
in Jones 1986) .  S imila r reports have not been found for fruit trees, and further studies need to 
be carried out .  

I t  is of interest to  n ote that  the genetic advance is not  consistent in each selection cycle, because 
h2 will change with the selection process (Lin, 1978) .  Li ( 1975) reported a reduction in h2 for 
root weigh t f r o m  0.57 in generat ion 4 and 5 to  0 .44 in  generat ion 6 a n d  7 in sweet pota to  
breeding (c i ted in J ones 1986 ) .  This may im ply the predicted genetic advance from the first 
selection cycles is  the more believable one and the l a tter possibly too optimist ic .  

2 .  SELECT I O N  RESPONSE FOR DIFFERENT STRATEGIES 

To evaluate the different  selection strategies, the corresponding R may be est imated from the R 

equation for individual selection (Falconer 198 1 ) :  

For l ine select ion,  i n  which whole lines are selected o r  rejected as  units, according t o  t h e  mean 
phenotypic value of the l ine .  

R(L) = io(p)h2[ 1  + (n- 1)r ]/ v' { n [ 1 + (n- l)t ] }  
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For w ithin- l ine select ion,  i n  which the individuals are  selected according t o  the deviat ion of 
each individual from the mean value of the line to  which i t  belongs 

R (WL)  = io(p ) h2( 1 -r ) / v' [ (n - 1 ) /n ( l-t ) ] 

For c ombined selection, in wh ich both lines and individua l s  are selected 
R (comb) = io (p )h2 v' { 1 + [ (r-t )2 / ( 1- t ) ] [ (n - 1 ) / ( 1 + (n- 1 ) t) ] }  

where o(p) is the phenoty pic standard dev iation of an ind ividual;  h2 is heritabili ty of individual 
va lues ;  r i s  the c oeffic ient  of the addi t ive var iance ;  t is the in trac lass  c orrel a t i on between 
member of lines, and calculated as the between -group c omponent divided by the total va riance 
(t = aBfoT) ; n is  the number of individuals in the l ines.  

The between-l ine component can be expressed as  o B =  toT, and the within-l ine comp onent as  
ow = ( 1 - t )aT . 

S ince the va lue  of r v a ries w i th  mat ing sys tem ( w i t h  ful l - s ib  fa m il ies ,  r = Y2 ;  w i t h  half-sib 
fam ilies, r = Y.I ) ,  the selection response not only varies with different selection strategies, but  
also varies with m a ting systems and pollen manage ment .  Therefore d ifferent l ine  structures 
which result f ram d ifferent ways can be compared f or choosing the best breeding methods .  

By using Gordon's  programme ( Gordon 1989, personal communica tion ) ,  the d ifferent breeding 
methods and selection strategies were compared, and the results are displayed in Table 3 . 1 1  and 
Figu res 3 . 1 - 3 .4 .  These results were obtained for the following conditions:  

( 1 )  i =  1 .755 and truncation z =  1 .282 ( P = O . l ) ;  
(2 )  25 indiv iduals  per l ine; 
(3) only female parents were selected; 
(4) no wild pollen was involved .  
(5)  1 cycle pre-l ine selection.  

Table 3 . 1 1  s h ows  the gen et ic  advance for  4 c h a racters  after five selec t ion cycles by using 
different  se lec t ion  stra tegies in d ifferen t m a t ing systems in  a l ine se lect ion progra m m e .  
According t o  the genetic gains, full sib m ating w a s  the m ost effective meth od o f  pollen control 
for all  select i on s trategies except for within line select ion.  As to wi thin l ine selection, random 
mating w ould be the m ost effective method, and f ull s ib m ating the least  effective. 
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Table 3 . 1 1  Genetic advance i n  random mating, h a lf sib mating, ful l  sib 

mating 

RANDOM MATDIG 

cYC IDVI In. AL COM 

BALl' SIBS 

IDVI In. 

l'1JLL SIBS 

AL COMB IJIDVI In. AL COMB 

VC 1 9 . 2 4 8 . 9 8 6 . 2 6 9 . 2 8 9 . 7 0 8 . 4 4 9 . 4 0 1 0 . 7 5  1 0 . 2 8 7 . 54 1 2 . 5 5 1 3 . 0 8 

2 1 3 . 9 0 1 3 . 2 3 8 . 5 5 14 . 1 1 1 5 . 1 6 1 1 . 8 6 1 5 . 9 1  18 . 10 1 6 . 5 2 1 0 . 1 9  2 1 . 57 2 2 . 4 8  

3 1 8 . 6 0 1 7 . 3 5 1 1 . 4 0 19 . 1 2 2 0 . 9 7 1 4 . 8 8 2 3 . 81 2 6 . 5 6  2 3 . 3 8 1 2 . 2 3 3 2 . 2 2  3 3 . 3 2  

4 2 3 . 3 2 2 1 . 3 5 1 4 . 7 6 24 . 3 5  2 7 . 0 9  1 7 . 5 6 3 2 . 8 2 3 5 . 9 6 3 0 . 79 1 3 . 9 2 4 3 . 8 0  4 5 . 0 3  

5 2 8 . 0 6  2 5 . 2 3 1 8 . 6 0 2 9 . 8 0  3 3 . 4 7 1 9 . 93 4 2 . 8 0 4 6 . 2 2  3 8 . 3 4 1 5 . 2 7  5 6 . 2 2  5 7 . 5 1 

TW 1 0 . 4 6 o . 4 5 o . 3 1 0 . 4 6 0 . 4 8 o . 4 3 o . 4 2 o . 5 n o . 5 o o . 3 8 o . 53 0 . 56 

2 0 . 6 8 0 . 6 5  0 . 4 0 0 . 6 8  0 . 7 3  0 . 59 0 . 6 5  0 . 7 8 0 . 7 7  0 . 50 0 . 8 3  0 . 8 9  

3 0 . 89 0 . 8 3 0 . 5 1 0 . 8 9 0 . 97 0 . 7 2 0 . 90 1 . 0 6 1 . 0 3 0 . 5 9 1 . 1 6 1 . 2 3 

1 . 0 8  1 . 0 0  0 . 6 2  1 . 1 0 1 . 2 1 0 . 8 3 1 . 1 7 1 . 3 5 1 . 3 0 0 . 6 6 1 . 50 1 . 5 7 

5 1 . 27 1 . 1 6 0 . 74 1 . 3 0 1 . 4 4 0 . 9 3 1 . 4 5 1 . 6 5 1 . 5 5 0 . 77 1 . 84 1 . 9 2 

1 1 7 . 4 4  1 7 . 0 3  1 1 . 8 0 1 7 . 4 7  1 8 . 0 5 1 6 . 1 2  1 5 . 4 6 1 8 . 56 1 8 . 7 3 1 4 . 4 7 1 9 . 0 5 2 0 . 3 9 

F>il% 2 2 5 . 1 2  2 4 . 1 1 14 . 9 5 2 5 . 2 2  2 6 . 6 8 2 1 . 8 7 2 3 . o o 2 8 . o 4 2 8 . 1 o  1 8 . 8 5 2 9 . 1 5 3 t . 4o 

3 3 2 . 3 3 3 0 . 5 6 18 . 4 5 3 2 . 5 5 3 5 . 1 0 2 6 . 6 2 3 1 . 3 2 3 7 . 6 2 3 7 . 3 4 2 1 . 9 3 4 0 . 14 4 2 . 8 2 

4 3 9 . 1 6 3 6 . 4 8  2 2 . 1 9 39 . 56 4 3 . 3 3  3 0 . 6 0 4 0 . 10 47 . 2 6 4 6 . 3 6 2 4 . 3 0 5 1 . 3 1 5 4 . 2 3  

5 4 5 . 6 8  4 1 . 9 8 2 6 . 1 2  4 6 . 3 1  5 1 . 3 7 3 3 . 9 3 4 9 . 1 9 5 6 . 9 4 5 5 . 1 3  2 6 . 06 6 2 . 5 7 6 5 . 6 3 

FW 1 1 9 . 2 1 1 8 . 7 4  1 2 . 9 4 1 9 . 24 2 0 . 0 1  1 7 . 8 1 1 7 . 1 7 2 0 . 6 3  2 0 . 9 3 1 6 . 05 2 1 . 2 7 2 2 . 8 1  

2 2 7 . 9 2 2 6 . 76 1 6 . 5 9 28 . 0 5  2 9 . 9 5  2 4 . 4 1 2 5 . 9 5  3 1 . 6 1  3 1 . 8 1  2 1 . 1 5 3 2 . 9 4 3 5 . 5 5  

3 3 6 . 1 6 3 4 . 1 0 2 0 . 7 2 3 6 . 4 8 3 9 . 7 1 2 9 . 8 9 3 5 . 74 4 2 . 8 3 4 2 . 5 9 2 4 . 7 7 4 5 . 6 5  4 8 . 7 7 

4 4 3 . 9 9 4 0 . 8 6  2 5 . 2 2  44 . 5 9 49 . 2 5 3 4 . 46 4 6 . 1 0  5 4 . 1 6  5 3 . 0 5  27 . 5 3 58 . 4 8  6 1 . 8 9  

5 5 1 . 4 7 4 7 . 1 1 3 0 . 0 0  5 2 . 4 7 5 8 . 5 3 3 8 . 2 8 56 . 80 6 5 . 5 2  6 3 . 1 3 2 9 . 57 7 1 . 2 8 7 4 . 8 6  

I D V I, I ndividual Selection 

WL,  Within Line Selection 

AL, Among Line Selection 

COM, Combined Selection 

Figure 3 . 1  shows the cumulat ive genet ic gain s of v i tamin C in 5 select ion cycles:  In random 

mat ing,  combined and individual selection strategies would result in a greater genetic advance 

than within line selection, and much better than among-l ine selection . But in 2 other mating 

systems, a mong l ine selection beca m e  more effective than i ndividual and within l ine selections 

as the n u m be r  increasing  of sel e c t i on cycles i n c reased .  The s imi lar  trend i s  found i n  the  

analysis of  the 3 other characters,  TW,  FSH% and FW, the  results for  wh ich  a re  depicted m 

Figures 3 .2-3.4.  



6 0 .--------------------------­
V i t amin C 
( mg/ 100 g )  

A 
60 �-----------------------

B 
60�-----------------------

50 50 50 

i n d i v i d u a l  
w i l h i n  
a m ong 
c o m h i n  

I 
40 40 

I .·.·•. lii!JilliJ I lii!jili!� 1 1�1!,1� 
I m::: [�/} . w&::::::: 

30 I -:·:· :·:·: 30 iff?t-•-t.t.W?+ 30 
- t , :. :: 

20 r-------------- 20 r--------

1 0 -t---i 

0 
1 2 

Fi g u re 3 . 1 

1 0 +-1 ----; 

0 
3 4 5 1 2 3 4 5 

Se l ec t i on Cyc l e 
Cumu l a t i ve gene t i c ga i n s o f  fru i t v i tami n C c o n te n t  by u s i n g 
s t rateg i e s i n  d i fferent ma t i n g sys tems . A .  Random mati n g . 
C .  F u l l s i b ma t i n g . 

20 -+-----

1 0  

0 
1 2 

d i ffe ren t  s e l e c t i o n  
B .  Ha l f  s i b mati n g .  

3 4 5 

,_. 0 OJ 



2 2 2 Total we ight A B I C 
( trans formed uni t s )  

1 ·8 1 ·8 
indivtdual  1 ·8 
w i l h i n  :��"'%.'§t)�''�'l:�� a m on g 

: :: 1 I 11 : :: ! . dl :.: � • m� 6 
I _ ��·::;il l 1::::�� I 11m::� 

J UliDo.: d 1 

0.6 -+--- 0 . 6 -+--- 0 . 6 -t---1 

0.4 

0.2 

0 
1 2 

0.4 

0.2 

0 
3 4 5 1 2 3 4 5 

0.4 

0 . 2  

0 
1 2 3 

F i g u re 3 . 2  
Se l ec t i o n  Cyc l e 

Cumu l a t i ve gen e t i c ga i n s o f  tota l fru i t we i g ht p e r  v i ne by 
s t rateg i e s i n  d i ffe ren t ma t i n g  sys tems . A .  Random ma t i n g . 
C .  Fu l l  s i b  ma t i n g . 

u s i n g  d i ffe re n t  s e l e c t i o n  
B .  Ha l f  s i b ma t i n g . 

4 5 

\0 



70 70 70 
% Floral  shoo t s  A B I 
( t rans formed uni t s )  

60 60 60 
i n d i v i d u a l  
w i t h i n  :::;.,. 
a m on g  
combined 

50 50 I • :;:;::�.� 50 

40 �----------------� 40 �------------- 40 �-----------

30 +------1 

20 +---

1 0  

0 
1 2 

Fi g u re 3 . 3 

30 �----

20 +----< 

1 0  

0 
3 4 5 1 2 3 4 

Se l ec t i o n  Cyc l e 
5 

30 :. 

20 �-

1 0  

0 
1 2 

Cumu l a t i ve gene t i c ga i n s o f  pe rcentage fl ora l s ho o t s  p e r  v i ne by u s i n g d i ffere n t  
s e l e c t i on s t ra te g i e s  i n  d i ffe ren t  ma t i n g  systems . A .  Random m a t i n g .  B .  Ha l f  s i b 
mati ng . C .  Fu l l  s i b  mati n g .  

3 

c 

4 5 

� � 0 



80 

:: 1 
80 

Fru i t  we igh t  
A B I ( g ) 

70 70 
ind iv id u a l  
w i L h i n  
a m ong :::.-. 
combi ned =:m+ 6o 60 60 

50 �----------------� 50 +---------------� 50 �------------� 

40 �------------� 40 +-----------: 40 -f-------� 

30 +---------i 

20 -f----1 

1 0  

0 
1 2 

Fi g u re 3 . 4  

30 of-----, 30 -f----1 

20 20 

1 0  1 0  

0 0 
3 4 5 1 2 3 4 5 1 

Se l ec t i on Cyc l e  

Cumu l a t i ve g e n e t i c  ga i n s o f  mea n  fru i t  we i g h t  by u s i n g d i ffe ren t  
s e l e c t i o n  s t ra te g i e s  i n  d i ffe ren t  mat i n g systems . A .  Random ma t i n g . 

B .  Ha l f  s i b ma t i n g . C .  F u l l s i b  ma t i n g . 

2 3 

c 

4 5 

...... ...... ...... 



1 1 2  

I t  i s  of interest t o  note that  the relative effectiveness of individual selection increases with the 
heritabi l i ty values of the characters. In half sib m ating, for instance,  in dividual selection for 
vitamin C (h2 0.22) becomes less effective than a m ong line selection after 1 selection cycle, for 
TW (0.46) individual selection becomes less effective only after 5 cycles ,  but f or FSH% (0 .54) 
and FW (0.52) individual selection was always m ore effective than am ong line selection within 5 
cycles.  Thi s  indicates that ind ividual selection is m ore appropriate for the characters with h igh 
heritabil ity ,  but that dispersion -assisted strategies will always be better .  

U nlike annual field crops, the k iwifruit has a long juvenile period, (3-4 years each generation )  
a n d  5 selection cycles seem t o  be maximum f o r  any l ikely breeding programme .  Within 5 cycles, 
the individual  selection would be more effective than within line and a m ong line selections in 
random mating and ha lf sib mat ing systems if the heritabil i ty of the selected character was  h igh . 
Although combined selection was shown to be the m ost efficient method in  all  mating systems, 
it i s  m ore c o m plex than individual selection. In addi tion, kiwifruit  i s  d i oecious and therefore 
selection of a ma le  vine for fruit characters is very subjective, hence a random m ating sy stem 
wi th out  pollen control may be the appropriate select ion method for population improvem ents. 
But  if heritabil ity of the selected character is  l ow, the other methods can y ield a greater genetic 
gain than individual selection in  random mating. 

3. CORRELATED RESPONSE OF SELECTION 

The selection respon se for  one trait may  cause simul taneous change in an other t ra i t .  Thi s  i s  
ca l led correlated response to selection. Sometimes it  m ight be possible t o  achieve m ore rapid 
progress under selection for a correlated response than from select ion for the desired chara cter 
i tself. This is referred t o  as  indirect selection. In  many cases a correlated response results  from 
genetic correla tion between the tw o traits involved. If the change in breeding value of trait y is 
considered, when select ion is  on x,  then the regression  of breeding value of Ay on Ax will  give 
the correlated respon se of y as (Falconer 1981,  Mayo 1 980, ) :  

and 

so that 

CRy = bR.x 
2 

b = COV AfaAx = rA aAyfaAX 

Rx = i  hxOAX 
CRy = i  hxr AaAY 

h ere CRy is  the correlated response of y ,  b is t h e  regression coefficient o f  Ay o n  Ax, Rx i s  the 
response of x, a Ay i s  the standard d eviation of breeding value of y .  
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Thus, the  ra t io  of correla ted response (CRy) to the response of direct selection ( Ry) can be 

derived from the above equation:  

CRy/Ry = hx rA fhy 

Accord ing t o  the above equation,  the rat ios of indirect selection to d i rect  select ion  for the 4 

characters ment ioned above were calculated. 

Since VC has a much lower  h2 (0 .22) than TW (0.46) and FSH% (0.54), and has a moderate 

genetic corre la tion with the two characters (0.59 and 0 .66 respective ly) .  selecting VC for TW 

only gave the rat io of 0 .53, and selecting VC for FSH %  only gave the rat io of 0 .52,  indicating 

indirect selections are far less effective than direct ones .  

However, selecting TW for  VC gave the ratio of 1 . 1 1 , and  selecting FSH % for  VC gave the  ratio 

of 1 .27, i ndica ting indirec t selections in reversed manner would be more effective than direct 

ones. 

The resul ts  show tha t  the indirect selection will  be more effective than the direct one, only if 

both h2
x and rA are  high rel a t ive to h2

y· I n  k iwifruit  breeding, VC i s  one of the  i m portant 

cha racters to  be improved, but the vitamin C test i s  complex. Therefore the indirect selection 

method is part icul arly useful in this  case.  Not only can p rocedure of the v i tamin  C test be 

omitted, but a lso the selection response increased by using this method. 

Since the coefficient of genetic correlation between TW and FSH% was 1, the rat io  of indi rect 

to direct sel ect ion simply becomes the ratio of two heritabil i t ies .  Thus, selecting TW for FSH% 

gave  the ra t io  of  0 .92, and  select ing FSH% for  TW gave the ra t io  of 1 .08, indicat ing i f  the 

genetic correlat ion between two characters is very h igh, the magnitude of correlated selection 

response is main ly dependent  on the deviation between two heritabil ity values. 

Since FW had the very low gene tic correlation with TW and FSH% (0.04 and 0 .03 respectively) ,  

selecting TW for FW only gave the rat io of 0 .2, and selecting FSH% for FW only gave the rat io 

of 0 . 1 7 .  S imi la r  resul ts  are obtained in  reversed way. selecting FW for FSH% gave the  rat io of 

0 . 17 ,  and selecting FW for TW gave the rat io of 0.22. This means that indirect selection does 

not make sense if the genetic correlation between the characters is  very low. 

It wil l  be of great in terest in fru i t  tree breeding if selection is  based on the correla tion between 

trai ts  expressed in  the juvenile period and the traits of mature trees. Thus, the genetic gain of 

frui ting characters could be predicted even in the juvenile period, by using vegetat ive characters  

in  indirect selection . 
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SECT I O N  4 : SELECTION INDEX 

1 .  I N D EX THEORY AND WORK ING P R OCEDU R ES 

A selec t ion  i ndex ( I )  i s  a l inear  funct ion of phenotypic  values of d iffe,ren t  t ra i t s ,  and the  

observed va lue  for  each tra i t  is weighted by an i ndex coefficient .  

I = p'b 

where p '  i s  a row vector of known phen otypic  va lues , b is a col u mn vector  of the weigh t s  

assigned t o  each phenotypic value .  

Because the  purpose of using a se lect ion index in  pl an t breeding is  to at tempt to select for 

i mproved "geno typic  worth " ,  the se lec t ion  index m u s t  be based on i t .  Two a pproaches for  

constructing an index have been used in  th is  work . 

S I NGLE TRAIT:  Selection aims a t  improving jus t  one character, and secondary characters are 

used as  aids to the improvement of the one desired character.  The equation for the solut ion of 

this index ( Baker 1986, Falconer 1981) is 

Pb = g( i )  

where P is  the  matrix of phenotypic variance and covariance of a l l  characters involved, g ( i )  i s  

the column vector of the additive gene tic variance and covariance of the focal  character i, and b 

as  defined above. Thus vector b can be obtained by multiplying the inverse of P matr ix by vector 

g ( i ) :  

b=  p- 1 g( i )  

MULTIPLE TRAITS : Se lection a ims a t  improv ing  several characters s imu l taneously . The 

objective is to i m p rove the aggregated breeding va lue ,  or  n e t  meri t ,  wh ich  is a part icu lar  

c ombination of  al l  the characters to be improved .  A l inear  function is  used to define genotypic 

worth,  in  which the genotypic value of each trait i s  weighted by a relative economic value. 

W = x'a 

where x' i s  a row vector of unknown gene tic v alues,  a i s  a vector of known relative economic 

values for each character. 
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Select ion f o r  W cannot  b e  done  direct ly ,  a s  i t  i s  t h e  phenotype n ot the gen otype  w h i c h  1s 

measured. Therefore as  in  the single trait method, a l inear function (I) i s  used as the selection 

cr i ter ion.  The f allowing equation was u sed to  describe the relation ship between I and W.  It 

mini mizes the sum of squared deviations of index values from the l inear regression of I on W, 

and the resu l t ing values of the b's are then the partial regression coefficients of the "genoty pic 

worth" on each phenotypic character (Falconer, 1 98 1 ) .  The equation i s :  

Pb = Ga 

where P is a matrix of phenotypic dispersion, G a matrix of additive genotypic dispersion, and a 

and b are defined as before . 

If G and a a re known, then 

b = P- 1  (Ga) 

and yielding the optimal selection index described above.  

When selecti on is based on I ,  the expected response to selection in the aggregate genotype (W) 

I S :  
Rw = ia( I )  (Lin 1 978) . 

where i i s  the selection intensity, a ( I )  is the standard devia tion of I .  

A nd a( l )  = b 'Pb (Baker 1986, Lin 1978) .  

The standard deviation of the index provides a s imple  way of comparing the relative efficiency 

of cl iff erent indices for improving merit because the selection response is  s imply proportional to 

a ( I ) .  

The correlated response for each component character incorporated in  t h e  index wil l  be :  

CR( i) = g ( i  ) 'b( i/  a( I ) )  

where g ( i ) '  i s  a row vector of genetic variance and  covariances between i t h  character and  other 

characters in  the index .  

2 .  ECONOM I C  W E I G HT 

The early work on i ndices used actual economic weights  in the vector a .  I n  fact, any re levant 

i mportance we ight ing cou ld  be used ins tead .  In this  study ,  economic weights were used and 

e stimated as  the contributions of the different traits to the efficiency of production , price, etc. ,  

a s  l i sted in  Table 3 . 12 .  

Vitamin C 
The benefit of an increase i n  fruit Vitamin C l evel would primari ly be through sales at a h igher 

pr i ce  fo l lowing  the  promot ion  of this fac t .  It w a s  assumed tha t an i ncrease  in v i t amin  C 

c oncentration of 22 mg/100g fresh weight from the mean value of 90 mg/1 00g, could i ncrease 

returns by 60 cents per tray . At  an average price for Hayward of 6 dollars per tray, if vi tamin C 

i n  a n ew cui t ivar  was  25% h igher than Hayward, the  price wi l l  be assumed to  be 1 0 %  h igher 
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than for Hayward. 

Total soluble solids (BRIX) 

An increase i n  frui t  soluble sol ids level at approximately the first of May might indicate early 

maturat ion and better tasting (sweeter) fruit .  If soluble solids concen trat ion in  a new cul t ivar 

was 25% h igher, the price may increase 5% - or, if the new cul tivar gained 1.5% soluble solids 

over the original value of 6.2, it would increase returns by 30 cents per tray. This character was 

excluded in the analysis due to i ts  negative heritabil i ty value. 

Mean fruit  weigh t (FW) 

An increase of 10% in mean fruit size increases the  pack size by 1 count ( say from 36 to  33 fruit  

per tray ) ,  and  so would a t t rac t  a h igher price .  B ased on data of size d ist ribut ion and dollar 

returns in  the 1 987/88 season, the grower would receive an extra return of 65 cents for each t ray 

with increased fruit size. That is to say, if the weight of a fruit increased 9 g from an original 

value of 90 g, the retu rn would be increased by 65 cents per tray. 

Total weight per vine (TW) 

Assuming al l  fruits are acceptable, an increase of 1 kg (:2 l ogarithmic transformed un i ts) in  total 

yield would increase return by 200 cents a vine. 

Assuming mean product ion i s  10  t rays per vine, the degree of change for an  increased retu rn of 

$3 .00 can be computed, and the relative economic value therefore can be obtained (Table 3 . 12) .  

Table 3 . 1 2  Rela tive economic value for 4 traits of breeding importance 

Traits 

VC 
BRIX 
FW 
TW 

"' Transformed uni t  

Increment equiv. 
to $3  gain/vine 

1 1 .00 mg 
1 .50 % 
4 .10  g 
2 . 18  * 

Relative economic 
value 

0.27 
2.00 
0.72 
1.38 
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3 .CONSTRUCTING S ELECTION INDICES 

A matrix a lgebra meth od was  u sed in th i s  w ork . From the Manova, phenotypic and genetic 
d isper s ion  w a s  obta ined  f o r  female  v i n e s  (Tables 3 .1 3 ) .  B R IX w a s  exclu d e d  d u e  to i t s  
demon strat ing no  genetic variation. 

Table 3 . 1 3  Phenoty pic ( up per part) and genetic (lower part) dispersion for  3 traits of 
breeding importance 

Trai ts VC 

VC 
TW 
FW 

VC 
TW 
FW 

5 9 0 . 7 0 5  
1 .  8 3 7  

- 2 2 1 . 2 3 5  

1 0 5 . 0 0 4  
1 .  4 6 7  

- 1 6 1 . 6 4 5  

TW 

1 . 8 3 7  
0 . 3 6 0  

- 0 . 9 9 1  

1 . 4 6 7  
0 . 0 1 0  

- 1 . 1 4 9  

FW 

- 2 2 1 . 2 3 5  
-0 . 9 9 2  

4 6 5 . 8 4 6  

- 1 6 1 . 6 4 5  
-1 . 1 4 9  

1 0 2 . 4 0 1  

T h e  index a i med a t  improving one charac ter  i n  par t i cu lar  was calculated, and t h e  selection 

c oeff ic ients  for  i m p roving fru i t  v itamin C con cent ra t ion ,  t otal fruit weight (vine yield) and 

mean fruit weight a re given in Table 3.14. 

Table 3 . 14 Type 1 indices for improving differen t characters 

Traits 

VC 
TW 
FW 

Index Coe f f i c i ents 

VC TW 
Index I ndex 

0 . 0 5 0 . 0 0 2  
2 . 9 5 0 . 0 1 4  

- 0 . 3 2 - 0 . 0 0 2  

FW 
Index 

- 0 . 2 3 
- 1 . 7 3 

0 . 1 1 

The results indica te that the type 1 index was effective for TW and FW, but  less effective for 

VC. A lthough the coefficient for VC was relatively h igh (0.05) in the VC i mproving index, the 

c o eff i c i e n t  for TW gave the h ighest  v a l u e  (2 . 95 )  i n  the i ndex. Therefore th is i ndex st i l l  

emphasized TW selection. However, both TW and FW improving indices did mainly lead to the 

i m provement of the focal characters. 
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Table 3 . 15  shows the cha racter-set index where several characters were to be improved a t  the 

same time. 

Table 3.15 Type 2 indices for multi ple character i m provement 

Traits 

VC 
TW 
FW 

Index Coefficients 

Economic 
Weights 
Index 

- 0 . 1 5 
- 0 . 4 3 
- 0 . 0 1 

Equal 
Weights 
Index 

- 0 . 1 8 
1 .  2 3  

- 0 . 2 1 

I t  was obvious that  two different weigh t types gave distinct indices. The economic we igh t index 

enhanced FW selection, while the equal weigh t index enhanced TW selection.  

S ince nega t ive va lues  occurred in  the calcu l a t ion ,  i t  was impossible to compare the relat ive 

effic i enc ie s  of t h e  d iffe r e n t  ind ic.es  for  i m pr oving me ri t ,  and to compare  the corre la ted  

responses of  the different characters incorporated in  the  index. The negative values may resu l t  

from huge d ifferences between characters in  gene tic var iance and covariance estimates (see 

Table 3. 1 0) ,  which may swamp the analysis. 

Similarly, the selection index for male vines could be calculated. However it  would be difficul t  

t o  a ccura t e ly e s t i m a te the econ omic  v a l u e  of the i m p o r t a n t  male c h a r a c te r s ,  and t h e  

determination of the  selection index for male vines was n o t  at tempted i n  this study . 

I ndex sco r e s  c a n  b e  ob ta ined  for  each  v i n e  by m u l t ip ly ing the phenotypic  va lues  of the 

compone n t  c h a rac ters by index coeffic ients ,  and therefore superior vines could be selected 

based on the i r  index scores, as if the index were a single character .  The best 10% of female 

seedlings (6 v ines)  selected in  cross 6 were u sed  to  demon stra te the a pplica t ion of selection 

index to kiwifrui t  b reeding, and the vines selected from the d ifferent indices a nd from the factor 

analysis (see chapter  2) were compared (Table 3 . 16 ) .  
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Table 3 . 1 6  The 6 female v ines selected from the d ifferent indices and from the factor 

Cross 

6 
6 
6 
6 
6 
6 

analysis in cross 6. 

Economic 
Wei ghts 
I ndex 

Vine Score 

1 2 0  -7 . 2  
1 4 2  - 1 0 . 4  

9 0  - 1 0 . 6  
1 1 8  - 1 0 . 7  

9 5  - 1 0 . 7  
7 7  - 1 0 . 8  

Equal 
Weights 
I ndex 

Vine Score 

1 4 2  - 1 8 . 1  
1 3 4  - 2 2 . 3  

9 0  - 2 2 . 7  
3 5  - 2 4 . 8  

9 - 2 6 . 3  
2 7  - 2 6 . 6  

Factor 1 

Vine Score 

1 4 2  1 . 7  
1 2 4  1 . 7  
1 3 4  1 . 6  

1 1 . 6  
8 8  1 . 5  

1 0 9  1 . 4  

The resu l ts  show the v ines  selected varied with differen t selection methods .  Only one vine i n  

common (vine 142) was found between two index select ions, and two v ines  in  common (vines 

142 and 1 34)  betw een equal weights index and factor 1 selections. 

I n  review ing some of the recent l i terature, one finds l i t tle  evidence that selec tion indices a re 

being u sed rout inely for crop improvement .  These techniques apparently a re not  an important 

part of present day crop improvement programmes .  H owever, when severa l  characters a re to be 

i m prov ed s im u l t aneous ly ,  the  se lect ion cou ld  be m a d e  m ore effect ive by adop t i ng  s om e  

objective method of weigh ting traits (Baker 1986) . I n  f rui t  breeding, select ion is  a lways applied 

to several t ra i t s  simultaneously, since none of these characters a lone can adequately express the 

overal l  q ua l i ty of a commodity and vine product iveness .  A selection index i s  suitable for this 

purpose. 

Hazel and Lush ( 1942) indicated that the index selection was the most efficient one among three 

methods - tandem, independent culling, and index select ion .  In  index selection, each character  

is  weighted according to i t s  relative econ omic im portance,  and i t s  genetic variance,  therefore 

both genetic and  phenotypic variations are taken into consideration. In fact, the discr iminan t 

functions and pr inc ipal factors in multivariate ana lysis (see Chapter 2) can also be treated as  

indices, but  s ince  n o  genetic i nformation is  involved,  they are less  effective .  
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CHAPTER FOUR 

ELECTROP HORETIC ANALYS IS 

1 .  INTROD U CTION 

The electrophoretic analysis of total proteins  and  isozymes has  been widely u sed in many fruit 

tree crops, but  rarely applied to kiwifrui t  ( Hirsch and Fortune, 1984) .  The technique may aid 

study of the f al lowing aspects in kiwif ruit breeding. 

( 1 ) Cultivar identificat ion and taxonomic cla ssification 

With the  development of the kiw ifrui t  industry, new cu l t iva rs will be developed. It wil l  then 

become im p o r t a n t  to  iden t ify cu l t iva rs to  p reve n t  f ra udulen t  represen ta t ion ,  to a ss is t  in  

des igning breeding programmes  and for  a ppl ica t ion for  p lant  variety righ ts .  The genus to 

which k iwifru i t  belongs contains abou t 100 taxa,  many of which have desirable a t t ributes not 

found in present k iwifruit cultivars but which may be transferable by interspecific hybridisation 

to create comple tely new k iwif ruit  types.  Before using this germplasm for breeding, the origin 

and relat ionsh ip  of the taxa should be examined to assist in successful hybridisat ion.  

S ince proteins  a re a consequence of the nucleotide sequence at the DNA level ,  morphological 

s imilari ty between cultivars and between taxa should have a biochemical basis and be reflected 

as  s imi lari ty in protein and isozyme structure .  Hence the electrophoretic banding pattern of 

tota l  p rotei n s  and isozymes  can be used as  a t ool for cu l t ivar  iden t if icat ion and taxonomic 

classif icat ion of fruit tree crops (Bringhurst e t  al, 198 1 ,  Weeden and Lamb 1985, Menendez et  a! 

1986, Mazzola and Carter, J r .  1988) . 

(2) Study of pla n t  adaptation 

In plants grown under conditions of temperature, pH, nut ri ti onal or moisture stress, changes 

occur  in t i s sue  prote ins  (Ougham,  1 987 ) .  Therefore studies on induction and repression of 

prote ins  u n d e r  s tress  could provide an ear ly  indicat ion of potent ia l  adaptation of breeding 

material ,  if the changes were shown to be l inked to undesirable environmental condit ions .  
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Resistance or suscept ibi l i ty of fru i t  trees to pests and diseases often appears to be based on 

regulation of protein syn thesis,  therefore changes in the protein pattern in an infected fruit tree 

could be used as bioche mical  markers to study host -pest anti host-pathogen interaction . I n  

1974, Rick  and  Forbes found a t ight l i nkage of t he  isozyme gene A ps- 1 and the nematode 

resistance gene Mi in tomato, and this linkage has now been used to screen nematode resistant 

plants in tom a to breeding (Tanksley and Rick 1980 ) .  

( 4) Genetic analysis 

Because of their long period of juvenil i ty and mul tiple gene controlled traits, genetic research 

on fruit trees is l imited.  However electrophore tic analysis of total proteins and isozymes could 

assist in such research. 

Many studies of single gene markers in date pal m .  strawberry and walnut were mentioned in the 

report of A ru l sekar  and Parfi t t  ( 1986 ) .  S tudies  of inheritance and variabil i ty of these gene 

markers in apple ( Chyi and Weeden 1984, Bournival and Korban 1987 ) ,  peach (Arulsekar et  al 

1986) , grape (Parf itt and A rulsekar 1989) and in strawberry (Arulsekar et  a l  1 98 1 )  have shown 

some poten tial  for such research . 

Another important  aspect of genetic studies is t o  construct gene l inkage maps.  Theoretically, 

tagging genes  which control some characters of commerc ia l  value with isozyme alleles and 

protein bands i s  possible, especially if the character concerned is controlled by a single gene. In  

k iwifruit i t  would  be h ighly desirable to  find a strong l inkage between genes  coding for  certain 

isozymes or proteins and the sex determination factor, thus male vines could be removed from a 

seedling popula t ion early ,  t o  al low the most efficien t u se of t ime and resou rces.  The callus 

t i ssue,  ca l lus  subcul tures  and cel l  suspensions obta ined from female p lan t s  of A. deliciosa 

con tained characterist ic isoperoxidase fractions. but there was no difference in stern segment 

cul tures between male and female plants (Hirsch and Fortune 1984 ) .  

2.  EXP E R I MENTAL 

A pre l im i n a ry s t u dy of e l e c t rophore t i c  an a ly s i s  of i sozy m e s  sh owe d  no diffe r e n c e  i n  

peroxidases between the kiw ifruit  cultivars investigated. Some cultivar differences in esterase 

staining occurred, but with poor resolution . Therefore i t  was decided to examine buffer-soluble 

leaf proteins, using a stain for total proteins foil owin g  electrophoresis in the presence of SDS .  
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Since n o  information concerning S D S-Polyacrylamide electrophoresis of kiwifruit  leaf protein 

was available,  it was necessary first to determine suitable electrophoretic procedures, and then 

to assess their suitabil i ty as a tool in  k iwifrui t  breeding. The objectives of this research were: 

(i) to  develop procedures for electrophoretic analysis of kiwif ruit leaf proteins. 

(i i) to  characterise k iwifruit cultivars and seedling populations electrophoretically. 

( i i i)  to study the variability and inheritance of polypeptides. 

3. MATERIALS 

Usually leaves  were harvested from kiwifru i t  cul tivars and seedlings growing in Palmerston 

North a n d  Riwaka aged 3-8 years, between September and March during the 1986/87 and 

1987/88 seasons.  For some experiments  in  cultivar iden tification, hardwood cuttings were used 

in order to get fresh leaves in .July and August .  

4 .  E L ECTROPHORESIS PROCEDURES 

Discon tin uous SDS-polyacrylamide gel elect rophoresi s (SDS-PAGE)  was performed, using a 

system based on that of Laemmli ( 1970) : 

(a)  General procedures 

( i )  Gel preparation 

I ni tia l ly a comparison was made between running gels of a range of concentrations from 

7 . 5 %  to 20% p o l y a c ry l a m i d e  ( T a b l e  4 . 1 )  i n  a B i o r a d  v e r t i c a l  s l ab  gel sy s te m .  

Immediately after preparation, the n on -polymerised solut ion was poured between the 

g lass  p la tes, and overlayed with dist i l led water to  form a flat upper gel  surface and to  

a l l ow c o m plete  polymerisa t ion . Polymerisat ion usual ly took a t  leas t  one  hour. The 

water  was then decanted off and the s tacking gel  solution (Table 4 . 1 )  poured onto the 

running gel .  A comb was then used to form 14 6mm wide wells for sam ple  loading and 

the c omb was removed after 20 minutes when polymerisation was complete.  The final gel 

size was 1 50x200X1 mm.  
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Table 4 . 1  Recipes for making different s trengt h  polyacry lamid e  gel s .  

Reagents Running gel  

(ml)  7 .5% 10% 15% 20% 

Lower gel  stock 1 10 .0  10 .0 10 .0 10 .0  
Upper gel  stock2 

Acrylamide stock3 10 .0  13 .4  20 .0 26.0 
Acryla mide stock4 

Distilled Water  20.0 16.6 
40% Glycerol 10 .0 3 .3  
10% A mmonium Persulfate 0 .2 0.2 0.2 0.2 
TEMED 0.02 0.02 0.02 0 .02 

11 .5M Tris  base ,  0.4% SDS, pH 8 .8 .  
20.5M Tris  base, 0.4% SDS, pH 6.8 .  
3Acrylamide 30g and Bis  0.5g, made up to 100 m! with disti l led water .  
4Acrylamide  30g and Bis  1 .6g, made up to 100 m! with distilled water. 

(ii) Sample loading 

Stacking gel 

4 .57t: 

2.5 

1 .5 
6.0 

0.05 
0 .01  

Protein samples were loaded in the  well s, vo lume depending on the  resul ts  of  a protein 

assay - but  usual ly 5-30 ,ul ,  · to give a loading of 50 ,ug protein .  

( i i i  Running conditions 

Upper  (nega tive electrode) and l ower (posit ive electrode ) reservoir buffer contained 

0 .025 M Tris base, 0 . 19 M glycine, and 0 . 1 %  SDS .  

Electrophoresis was  at constan t current of  30  mA for  4 -5  hours. To minimise diffusion of 

protein at  high temperature, the equipment was pre-cooled to  4°C, the electrophoresis 

was performed in a refrigerator, and tap water was circulated through the central core of 

the a pparatus.  

( iv )  Staining and destaining 

After electrophoresis the gel was placed in a staining solution (250 m !  isopropanol, 100 

m !  glacial  a cetic acid and 0 .4g Coomass ie Bril l iant Blue R-250 made up  to 1000 m !  with 

distil led  water) for 12 hours .  The gel was then destained by immersing in  10% acetic 

acid w hich was changed every 2 hours unti l  the gel background was clear.  The destained 

wet gel was then photographed. Sometimes gels were dried using a Biorad gel drier. 
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(v) Drying gtd 

A Bio- Rad slab dryer was used as f allows to  d ry the gel without cracking: 

( a )  Fil ter paper  soaked w i th w a t e r  p laced on the  porous g e l  su pport  and t h e  gel 

positioned on the filter paper.  The gel covered with very thin plastic film.  

(b)  Laid the  t ransparent seal ing gasket  ove r the gel and sealed it  wi th  water. The 

water vacuum turned on and the l id  closed. 

(c) D ried at 80°C for 2.5 hours. 

(d )  The  lid was  then opened to cool t he  gel . When the  gasket was  cool to t he  touch,  

the  gel was removed, and then the vacuum turned off . 

(b)  Method devel opment 

A comparison was made of a number of extraction, run ning and sampling methods .  

( i )  Evaluation of lt:af prott:in t:.rtraction bufft:rs 

Two extrac tion buffers were compared: 

(a) Tris buffer system: 

Tris buffer :  0 .05 M buffer solution at pH 8 .5 was used in this study. 

SDS sample buffer :  0. 125 M Tris base, 10 ml 2-mercaptoethanol, 6. 1 %  SDS .  

Bromophenol Blue t racking dye :  0 . 1 %  Bromophenol Blue i n  80% glycerol. 

1 g of fresh leaves were ground with a mortar and pestle in Tris buffer a t  a ratio of 1 to 1 ,  

( w  /v ) w i t h  a l i t t le  sand added. T h e  extraction  was  carried out f o r  4 h ours  a t  room 

t e m p e ra ture ,  then  t h e  slu rry was  cent r ifuged a t  1 5000 g a t 4°C for  30  minutes.  SDS 

sample  buffer was  added to the  supernatant  a t  a ratio of 1 :4, and  tracking dye added a t  

1 : 10 .  The m ixture was then  heated for  3 minutes in  a boiling water ba th ,  and the sample 

used i m mediately or stored in a freezer a t  - 17°C .  
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(b)  Smith and Payne extraction solution: 

S mith and Payne's  ( 1984) stock solut ion consi sting of 12.5 ml of 1 M Tris buffer, pH 6.8; 

24 ml water ;  20 ml  glycero l ;  4 g sodium dodecyl-sulphate and 20 mg of pyronin y was 

prepared.  I mmediately before use the  stock solution was mixed with 2-mercaptoethanol ,  

d ime thylformam ide and water in the rat io of 17 :6 : 10 : 1 7 .  

1 g of  f resh leaves was  ground in  t h e  extrac t ion solut ion ( 1 : 1  w jv ) .  The mixture was  

cen trifuged and  the  supernatant heated for  3 m in u tes a t  100°C in a wa ter bath . 

The  resu l t s  for the  two extract ion buffers  are  sh own in F igure 4 . 1 .  Tracks 1 -6 show 

band ing  pa t te rns  of proteins extracted by Tris  buffer from mature leaves of cul tivars 

Hayward ,  Bruno,  Matua and Tomuri, and from young leaves on shoot tips of Tomuri and 

M a tua respect ively.  Mature leaves of Bruno and Matua gave an extra band a t  Rf 0.80 

compared with H ayward and Tomuri, and young Tomuri leaves gave rise to an extra band 

a t  Rf 0.45 compared with \latua. 

Tracks  7 - 13 sh ow banding pat terns  of prote ins  extracted by Smith and Payne 's  buffer 

f rom young t i p  l eaves of Tomuri  and Matua ,  and  mature leaves of Hayward. Bruno, 

M a tua and Tomuri .  Young Tomuri leaves gave a band a t  Rf 0.45 that  was absent from 

M a tua .  Proteins extracted from mature Hayward leaves gave a banding d ifference at Rf 

0 .53 compared with Bruno, Ma tua and Tomuri .  

A l th ough the use  of Smi th and Payne ' s  ext rac t ion buffer which contains a number of 

add i t ives gave rise to  protein bands  of differen t relative intensit ies than resulted from 

using Tri s  buffer alone, the latter gave rise to more distinct bands showing differences 

between cul t ivars ,  so i t  was used routinely . 

( i i )  Estimation of sample loading 

To ensure  that a consistent  amount of sample protein was a pplied to the gel  a protein 

assay of I onas' ( 1983) based on that of B radford ( 1976) was used. 

( a )  Preparation of Coomassie-Blue Rea�ent 

Coomassie-Blue G250 

95% ethanol 

85% (w jv) phosphoric acid 

Made up to 1000 ml  with distil led water 

100 mg  

50 ml 

100 m l  



Fi gure 4 . 1 Band i ng pattern of kiwi fru i t  
l eaf prote i ns extracted by 2 extract i on 
med i a  and analysed on a 1 5% pol yacryl ami de gel 

Rf 

0.45 -

0 .53 - � 

0.80-

·-.... 

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3 . 

T ra c ks 1 - 6  Tri s B u ffe r 
T ra c ks 7 - 1 3  Smi t h  a n d  P ayne buffe r 
1 Haywa rd 7 Ti p of l e a f  of Tomu r i  
2 Bruno 8 T i p l ea f  o f  Ma t u a  
3 M a t u a  9 Haywa rd 
4 Tomu r i  1 0  Haywa rd 
5 T i p l ea f  of Tomu r i  1 1  Bruno 
6 T i p l ea f  o f  Ma t u a  1 2  Ma t u a  

1 3  Tomu r i  

Fi gure 4 . 2  Band i ng pattern o f  kiwi fru i t  l eaf 
prote i n s  extracted by 2 d i fferent extraction 
medi a  analysed on 7 . 5% pol yacryl ami de gel . 

1 2 3 4 5 

Tra c ks 1 - 3  Tri s buffe r system 
Tra c ks 4- 6 Ethanol  extra c t a n t  

6 

1-' tv 
0\ 
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Standard curve s  for protein solution 

A range of B o v i n e  S e r u m  Albumin  s o l u t ions  f rom 0 to  1 mg/ml  were 

prepared in  0.2 M NaOH and heated to 1 00°C for 3 minutes to  simulate the 

treatment  of the  l eaf protein samples. The solu tion  was cooled and to a 0 . 1  

m !  aliquot of each dilution 5 m !  of reagent was added.  The solutions were 

mixed, and the absorbance a t  595 n m  measured and a s tandard curve was 

plotted. 

( i i i )  Estimation of protein content of sample 

180 .ui 0.2M NaOH was added to 20 .ul sample of extract and 5 m l  Coomassie-Blue reagent  

added. The protein content was  derived from the absorbance a t  595 n m  and the standard 

curve .  A wide range of ext ractable protein was found in k iwifru i t  leaves .  the levels  

becoming l ower as the leaf aged .  Typical values ranged from 1 .ug/.ul sample of extract in 

ful ly expanded leaves to 10 .ug/ .u i  in young leaves . 

Sui table gel l oadings for Tris buffer extracts were 5 - 10  .ul for young leaves, and 30--lO .ul 

for the older leaves, giving the equ ivalent of 50 p.g protein per track.  

( iv )  Effect of polyacrylamide concentration on resolution of leaf proteins 

Polyacrylamide gel concentrat ions ranging from 7 .5 to 20% (Table  4 . 1 )  were compared. 

Wi th  a 7 . 5 %  gel only 6 poorly re solved bands were obtained and a l a rge amount  of 

protein accumulated at the bottom of the gel (Figure 4.2, p 1 26 ) .  Both a 15% gel and 10% 

ge l  ( Figure 4 .5 and F igure  4 .6 ,  p 1 33) gave  good separa t ion  of both  t he  h igh and low 

m olecular weigh t proteins .  The presence of glycerol in the 1 5 %  ge l  made i t  easier to 

handle .  The 20% gel  had no  advantage over the 15% gels ,  so 15% gel  were routinely used 

in this work . 

(v) Determination of protein m olecular weight 

In this  work , the  S IG!VIA MW-S D S -70L kit wh ich contains seven standard proteins was 

u sed  to obtain the molecular weight of the kiwifruit l eaf proteins.  

Albumin, Bovine 

Albumin, Egg 

G lyceraldehyde-3-Phosphate 

Dehydrogenase 

Carbonic Anhydrase 

Trypsinogen 

Trypsin Inhibitor, Soybean 

a-Lactalbumin 

66.0 ki l odalton 

45.0 

36.0 

29.0 

24.0 

2 1. 1  

14.2 
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The protein standards were run on a 15% polyacrylamide gel ,  and the relative mobil ity ( Rf) 

values determined. A plot of l og MW against Rf was described by a l inear function (Figure 

4 .3 )  which was used as a calibra tion curve. 

Log ( MW )  

2 . 0  + 

1 . 6  + 

1 . 2  + 

0 . 8  + 

* 

* 

* 
* 

* * 

* 

+---- -----+-- - - - - - - -+- - - - - ----+-------- -+-- ---------

0 . 0  0 . 2  0 . 4  0 . 6  0 . 8  1 . 0 

Relative M obility (Rf) 

Figure 4.3 Cal ibra tion Curve of Protein MW Standards on 15% Polyacryla mide Gel 

Albumin, Bovine 
A lbumin, Egg 
G lyceraldehyde-3-Phospha te 
Dehydrogenase 

log MW 
1 .820 
1 .653 

1 .556 

Carbonic Anhydrase 
Trypsinogen 
Trypsin Inh ibitor 
a-Lactalbumin 

log MW 
1 .462 
1 .380 
1 .324 
1 . 152 
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(vi)  Effect of leaf age on protein banding pattern 

For ident ifying cultiva rs o r  seedlings the leaf material  used should give a consistent 

prote in  band ing pat tern .  Therefore the un if or m i ty and s t ab i l i ty of the ban ding 

patterns was studied . 

A n  ac tively growing shoot  about  80 cm l ong was h a rvested f rom a vine at Massey 

U n ivers i ty in Septembe r, 1987 .  Four leaves were ch osen from diffe rent posit ions 

a long the shoot and ana lysed separa tely . Whi le the leaf age effect on the protein 

pattern was obvious with diffe rent protein patterns being found for leaves at diffe rent 

positions on the same sh oot (see below, 5 ( i ) ) ,  some bands showed little change. 

(v i i )  Method for leaf sampling 

Because of the leaf age effect .  the samples  used for cultivar ve rification should be 

iden t ical  in age , but  th is  is diff icu l t  in prac t ice .  Therefore several  l eaves, were 

com bined to  provide an  average pictu re of the protein pat tern .  The sample used 

consisted of one leaf obtained from the tip, 2 leaves from the m iddle,  and one leaf 

f rom the base of the shoot ,  and  th is  proved to be rel iable for  giving reproducible 

protein profi les .  

5.  R ES U LTS A N D  D I S C U S S I O N  

( i )  P r o g r e s s i v e c h a n g e s  t n  s o l u b l e  p o l y pe p t i d e  c o m pl e m e n t  d u r i n g  l e a f  

development  

The effect of leaf age on  the protein band ing pattern may be  of interest fo r  studying 

gene expression during leaf development - although this was not an original objective . 

Accord ing to Ougham � ( 1987 ) ,  growth and differen tia tion in plants necessitates 

c h anges in gene expression which  will in  the major i ty of cases be represented by 

d i fferen tial syn t hes is  of polypept ide produc t s .  The leaf age effec t  observed on 

k iwif ruit  leaf proteins (Figure 4.4) confirms this conclusion.  

In spring ( late September in NZ) ,  k iwifruit buds swel l  and after 5-6 days begin to  open .  

I t  takes 10-15 days for leaves t o  unfold, after which they start to grow rapidly and the 

shoot begins to elongate. The shoot constitutes a linear gradient of l eaf age, with the 

young leaves on the tip, mature leaves in  the middle, and older leaves o n  the base, and 

when  analysed both qual i tative and quanti ta tive changes in  the solubl e polypeptide 

complement were found (Figure 4 .4 ) .  A loading of 50 J.lg protein for each sample track 

per m itted comparison of band in tensities. 
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Fi gure 4 . 4  leaf age e ffect on el ectrophoreti c prote i n  bandi ng 
pattern from fema l e  cul ti var Hayward and ma l e  cul ti va r  Matua 

MW 
( KD )  
66 . 0  

45 . 0  
36 . 0  

29 . 0  

24 . 0  

20 . 1  

1 4 . 2 

s 1 2 

S P r o te i n s ta n d a rd s  

3 4 5 6 7 

1 Haywa rd yo u n g  l ea f  on the t i p c f  s hoot 
2 Haywa rd l e a f  i n  the mi d d l e o f  s h oot 
3 Haywa rd l ea f  i n  the mi dd l e  o f  s hoot 
4 Haywa rd l ea f  on the ba s e  o f  s ho o t  
5 Ma t u a  yo u n g  l ea f  on the t i p o f  s h oot 
6 M a t u a  l e a f  i n  the mi d d l e o f  s h c o t  
7 Ma t u a  l e a f  i n  the mi d d l e o f  s ho o t  
8 M a t u a  l e a f  o n  t he base o f  s hoot 

8 

- s how b a n d s  wh i c h c ha n ge wi th l ea f  a ge ( see text ) 
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(a )  A band "a '' a t  molecular weigh t 66 K D  was v ery fa int  in young H ayward leaves 

( t ra c k  1 ) ,  but w a s  stronger in m a tu re leaves ( tracks 2-4 ) .  I n  Matua,  th i s  

band occurred only  in extracts from the  basal leaf. 

(b)  A band "b" corresponding to about 45 K D  molecular weight, which was no t  presen t  

i n  a young Hayward leaf occurred in m a ture leaves. No change in th i s  band 

was found in the protein profiles of Matua .  

( c )  A band "c" between 36 and 29 KD molecular weigh t was not present in young leaves 

of Haywa rd or Matua ,  but d id occur in  extracts of older leaves of bo th  

cult ivars. 

(d) A major band "d"  of about 30 KD MW was faint i n  young Hayward and Matua 

leaves, but became more intense in  more mature leaves .  

(e )  A band "e"  at 20 . 1  KD M W  was  present  only in  the  younger Hayward and Matua  

leaves ( t racks 1 ,  5 and 6) . 

( f )  A band "f"  a t  about 1 7  KD MW became m ore in tense in  ma ture leaves  of both 

Hayward and Matua. 

Wi th growth and development of the leaves, both qualita tive and quantitat ive changes 

i n  prote ins  occurred. Mon itoring such changes may enhance our understanding of 

plant growth and development,  and these bands may be useful as markers of the stage 

of a plant 's  development  (Ao et al l983) .  

Expressi on of  photosynthesis-related genes a l ters  wi th  distance from the base to the  

t i p  of  the  l e af in  w h e a t ,  m a i z e ,  b a r l e y  a n d  Lol i u m  t e m u le n t u m ,  a n d  m a j o r  

photosyn thesis-related polypeptides and their  mRNAs increase in  quantity with the 

age of leaf t i ssue (Ougham Ul!.l 1987 ) .  Therefore in th i s  experiment,  most of those 

polypep t ides  t h a t  increased  w i t h  l eaf age may  be l oc a ted i n  the ch lorop las t  a n d  

concerned with t h e  photosynthet ic funct ion .  

Some m etabolical ly important isoenzymes exhib i t  gradients of activi ty wi th  leaf age . 

S tud ies  by O ug h a m  e t  a l  ( 1987 ) ,  Ao e t  a l  ( 1 98 3 ) ,  Parfi t t  and  A ru lsekar  ( 1989) ,  

Croxdale and Vanderveer ( 1986)and Tyson S<.iJ!l ( 1985) support the content ion tha t  

leaf  t i ssue shou ld  not  be t rea ted  a s  enzymica l ly  h o m ogeneous for the  purpose of 

c lassif ic a t i on .  W here leaf protein s a re t o  be u sed a s  gene t i c  markers  by a p lan t 

breeder, i t  i s  clear that  consistency i n  sam pl ing of leaf material is essen t ial ,  s ince if 

leaves are taken from widely differing posit ions on a shoot, developmen tal  variat ions 
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i n  protein pattern will be superimposed on those due t o  underlying genetic differences 

between  cul tiva rs .  Many papers on cul t ivar identif ication by e lec trophoresis do not  

comment  on the leaf  age effect ,  hence the  rea l i ty of  the  gene tic differences i s  not 

always clear .  

However, other isozymes  have been found to  be cons is tently prese n t  i n  t issues of 

different ages, (A rulsekar et al 1985 ) .  I n  th is  study a band (g) of about 28 KO MW 

( Figure 4 .4 )  was found to be constan t across  leaf age in both Hayward and Matua.  

Such a band could be used as a gene marker for  cultivar verificat ion . 

( i i )  Cultivar identifica tion 

Seed proteins as  gene markers for cult ivar iden tification of some crops have proved 

rel iable ,  cons is tent and essen tia lly unaffec ted by environmental changes (El l i s  and 

Beminster 1977 ; Gardiner et al 1986; Marchylo and LaBerge 1980;  Shewry et a] 1 979 

Wrigley et  a l  1982, ) .  Few papers describing cul t ivar iden tifica tion of fru i t  crops by 

leaf prote ins  have been published. (Navarro ll..ill 1985, Carter J r . and Brock 1 980, 

Stegemann et al  1987, Mazzola and Carter Jr . , 1988 ) .  No such work has been reported 

for kiwif ruit . Initially cul t ivar identification by SOS-PAGE of proteins extracted from 

mature leaves was a t tempted, but protein c ontent was low and the banding patterns 

were not c lear .  S imi larly when mature leaves were harvested from seedling plants ,  

results were i nconclusive . In order to  enable comparison between cul t iva rs, resul ts  

from young leaves harvested from regrowths  of hardwood cutt ings are presented as  

these gave the  clearest and most consistent protein banding patterns.  

Dormant woody cuttings of three Hayward select ions and eight other  cul t ivars were 

collected i n  Ju ly, 1987 . After cold storage bud break was induced, and after 4 weeks, 

the leaf sample which comprised leaves of d ifferent ages as described in 4 (vi i )  were 

harvested from the new growth and extracted proteins analysed by SOS-PAGE (Figure 

4.5, p 133 ) .  

Three regions  of the  protein banding patterns were useful for cultivar identificat ion.  

Region 1 with MW between 66 and 45 KD, region 2 with MW about 28 KD and region 

3 with MW < 14.2 KO.  At least two major bands occurred in each region . In numerous 

comparisons of protein banding patterns, regions 2 and 3 proved to be consistent and 

identical in leaves from cuttings and from vines in the field. Therefore i t  i s  acceptable 

to make comparisons between the two sample types in these regions.  H owever, region 

1 seemed to occur clearly only in the protein profile of kiwifruit cuttings, so its usage is 

l imited al though i t  is distinct between cult ivars. 



Fi gure 4 . 5 15% Pol yacryl ami de gel s howi ng l eaf 
prote i n  bandi ng pattern of 9 cul ti vars 
( wi nter cutti ngs ) 

MW 
( KO )  

66 . 0  

45 . 0  
36 . 0  

29 . 0  

24 . 0  

20 . 1  

1 4 . 2 

s 1 2 3 4 5 6 7 8 9 1 0  1 1  

S P ro te i n s ta n d a rd s  
1 Haywa rd - HRC ( Fema l e )  
2 Haywa rd - D E S  ( Fema l e )  
3 Haywa rd - D S I R  ( Fe ma l e )  
4 E l mwood ( Fema l e )  
5 Mo n ty { FM )  
6 Abbott ( FM )  

7 Bu rts • Fav . ( Ma l e )  
8 Mc Ewa n ( Ma l e )  
9 Berryman ( Ma l e )  
10 M 1 18 ( Herma p h rod i te )  
1 1  Ba l dwi n ( He rma p h rod i te )  

Fi gure 4 . 6  10% Pol yacryl ami de gel compari son 
of protei n  bandi ng pattern of the 4 parent cul ti vars 
( wi nter cutti ngs ) 

1 2 3 4 5 6 7 

1 - 3  Haywa rd (Fema l e) 

8 9 10 

· REG ION 1 

I REGI ON 2 

• REGI ON 3 

4 - 6  Bruno ( Fema l e ) ;  Tra c k  6 from wi l ted s hoot 
7 - 8  Grac i e  ( Fema l e )  
9 - 1 0  D- 1 20 ( Ma l e )  

...... w w 
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Figu re 4 .5  shows n o  differences i n  leaf protein banding patterns between Hayward 

from three different sources indicating they are homogeneous genetically. In  region 1 ,  

Hayward and Baldwin gave 2 bands (Figure 4 .5) ,  whi le  only 1 band was present a t  that 

position for Burt's  Favourite, M l l8, McEwan 0 14, Abbott, Monty and Elmwood. The 

band number for Berryman 13/8 was unclea r .  

In  region 2,  Hayward once again gave 2 bands but  the 8 other cul tivars gave one band 

only.  M l 18 was distinguished from the other cultiva rs by a distinct dark band that ran 

just ahead of this regiL1n .  

Hayward. Abbott and Berryman each gave one band in region 3 .  Berryman a lso  gave 2 

other distinct bands runn ing just behind and just ahead of this region . 

Therefore by reference to the leaf banding patterns in these 3 regions it was possible 

to dist inguish beween each  of the cu l tiva rs  Hayward ,  B aldwin . .\H 18, Abbott, and 

B erryman 13/8. The cultivars .\lonty ,  Elmwood, M c Ewan D 1 4  and Burt ' s  Favourite 

a l l  had the same banding pa ttern in these regions - howeve r � 1onty and Elmwood 

differed in also having a band equivalent to MW of 29 KD .  

Region 2 was  a complex of several polypeptides, which could be  separated further by 

using a lower concentration polyacrylamide gel .  Thus a faint trailing band behind the 

two more prominent bands was found in Region 2 for G racie and D- 120 (Figure 4 .6,  

p 133) but only two bands occurred on 15% gels (data not shown) .  

Figure 4 .6  a l so  shows the  results  are reproducible between vines. Protein profiles 

f rom leaves of th ree Hayward v ines, two G rac ie  v ines  and tw o D- 120 v ines  were 

ident ica l  to e a ch other .  The prof i le  of  protein s  extracted from leaves of a wil ted 

Bruno shoot d iffered from unstressed Bruno samples,  indicating protein changes in 

the stressed condi�ion . Ougham ( 1987) pointed out that higher plants have a greater 

need than most other living organisms to protect themselves against transient stresses 

such as heat,  pH changes and salinity .  A common response to such stresses is the  rapid 

and l a rge-sca le  synthes is  of a grou p of prote ins  k nown c ol lect ively as h e a t - shock 

proteins, concomitant with a reduction or  cessat ion of the n ormal pattern of protein 

synthesis for the t issue concerned. 

Band in g  pa t terns  for 12 cul t ivars shown  in  Figures  4 .5 and 4.6 a re sum m a rised in 
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Figure 4 . 7 .  The four  paren t cul t ivars ( H ayward, B runo, Gracie and D 1-20) can be 

d ifferentiated from one another by reference to R egions 1 -3 .  

Figure 4.7  Diagrammatic  drawing of  protein banding pattern of  12  cultivars 

CUltivars i n  Plq • . s  Parent cultivars in Pig 4 . 6  

EUIIl IIOHT BURT Kc E:W K118 ABBO BI!:RR BALD HAYW BRUH GRJ.C 0120 

-------------------------------------

REGIONl -

REGION2 • 

REGION3 • 

H fain t  trai l ing band. 

( i i i )  Inheritance and variabil i ty of  gene markers 

Studies of inheritance and variability of gene markers of isozymes in fruit  trees a re 

l imi ted,  but inc lude apple  ( Chyi and Weeden 1 984, B ournival and K orban 1 987) .  

peach (Arulsekar tl1!1 1986) , grape (Chaparro e t  al  1989, Parfit t  and Arulsekar 1989) 

and strawberry (Arulsekar et a l 1 98 1 ) .  No work has been reported for tissue proteins 

in fruit  crops. Hence the possibility of us ing the banding pattern of polypeptides to 

ascertain the origin of a genotype was investigated. 

Leaf samples of Fl seedl i ngs of 6 kiwifruit crosses were collected from the R iwaka 

Research Stat ion in January and February of 1988, and electrophoretic analys is  of 

protein showed some variabil ity in the protein markers within these populat ions .  

Figu re 4.8 shows t h e  banding profiles o f  leaf protein s for 27 seedlings o f  t h e  cross 

Bruno X D- 16  (Cross 1 ) .  Bands in region 1 were not clear in most of the seedling 

profiles. Al l  seedlings gave identical patterns in region 2,  but ei ther one or two bands 

in region 3 .  

Figure 4.9 shows  l eaf prote in  profi les  with in the c ross B runo  X D- 120 ( Cross 2) .  

Variations in  the banding patterns were found i n  both  regions 2 and 3,  wi th  e i ther  one 

or two bands  respect iv e ly i n  each reg ion .  On this  basis the  28 seedlings could be 

classified in to  4 groups :  two bands in  both regions ;  one band i n  both reg ions ;  two 

bands in region 1, and one band in region 2 ;  one band in region 1,  and two bands in 

region 2 .  



Fi gure 4 . 8  Prote i n  band i n g  pattern s of F1 
seed l i ngs of Cro s s  1 ( Bruno x D- 16 ) 
A .  Showi ng i ndi v i dual  seedl i ngs 1- 14 ( l eft to ri ght ) 

B .  Showi ng i ndi vi dual seedl i ngs 1 5- 28 ( l eft to ri ght ) 

*Seed l i ng i n  tra c k  28 o f  Fi gure 4 . 8 . 8  bel ongs to Cross 4 .  

Fi gure 4 . 9  Prote i n  band i ng patterns of F1 
seedl i ngs of Cross 2 ( Bruno x D- 120 ) 
A .  Showi ng i ndi v i dual seedl i ngs 1- 14 ( l eft to right ) 

B .  Showi ng i nd i v i dual seedl i ngs 15-28 ( l eft to ri ght ) 

1 2- 3 
Regi ons 2 and 3 

12 

13 

12 

t3 

,..... w 
0\ 
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The protein banding pattern differed between seedlings of crosses 1 and 2 especial ly 

i n  reg ion  2 .  A s  the re  was  a common  f e m a l e  p a r e n t ,  the d iffe r e n c e  m u s t  b e  

attributable t o  the male parent 's con tribut ion t o  the genotypes of the F 1  progeny. 

B ecause the male vine D - 16 was miss ing.  i t s  prote in  profi le was not determined.  

Howeve r both parents we re ava i lable for th e seedlings in  cross 2 which permitted 

inheritance ana lysis .  

S ince Beck man  et  al  ( 1964) reported that both paren tal enzyme variants could be 

present  i n  F 1  hybr ids  of ma ize ,  many resea rch pa pe rs have conf i rmed tha t  the  

isozymes coded by  both al leles at a given locus a re codominant.  F o r  prote in  analysis .  

Payne and Lawrence ( 1983 ) ,  and Slack et al  ( 1989 ) ,  identified a number  of al lel ic 

proteins derived from each of the glutenin genes  in wheat ,  and indica ted that  many of 

the al leles occurred as pairs of proteins .  Gardiner et al ( 1986) analysed seed protein 

ex tracts from hybrid ryegrass and found that l ike enzymes the proteins of hybrids 

possess a c ombina tion of patterns inherited from their  parents .  They showed tha t  

l i ke  i soenzymes .  some po lypept ides  coded by  both al leles a t  a given locus  a re 

codominant .  

Bruno gave r ise  to only one band in region 2, and 2 bands in  region 3 whereas D-120 
gave 2 bands in both regions 2 and 3 (Figure 4.6, p 1 33 ) .  Assuming the slow band was 

coded by a l le le "A",  and the fast band by a l lele"a" ,  and assuming the polypeptides 

coded by the same al le les  had identical migrat ion rates  (discussed later) e i ther one or 

two bands would occur i n  F 1  seedlings as  f al lows .  

The prote in patterns of F1 in region 2 would be :  

Bruno D- 120 

AA X 

F l  

A a 

50% AA, 50% Aa,  

and the  prote in  patterns of  Fl  in  region 3 would  be : 

Bruno D - 120 

Bb X Bb 

F l  

25% B B, 50% Bb, 25% bb 

When seedlings of c ross 2 were examined, the two expected banding pat terns  were 
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found i n  region 2. Some seedlings gave both a s low m oving band and a fast band i n  

th is  position, others gave only a slow band.  The fast  band, which came from the male  

pa ren t  D - 1 2 0  was  absent  from prote in  p r of i l e s  of n ear ly  h a lf of i t s  p r ogeny ,  

ind ica ting tha t  the al lele cod ing for t he  fas t  b a n d  was  separa ted from the  a l l e l e  

coding for  the slow band in  a manner tha t  fol lowed  the  Mendelian l aw of independent 

a s sor tm e n t  of a l l e le s .  The ra t i o  of t h e  two p a t terns  in region 2 was  1 . 3 : 1  (28 

seedl ings ) ,  wh i ch  was c l ose to  the theoret ica l  ratio of 1 : 1  for a d ip lo id  spec ies, 

suggest ing a s imi lar  inheritance behav iour  i n  k iwifru i t .  The Chi -square test  for 

simple 1 : 1  inheritance of region 2 (X2 = 0 .32, where x20.05 = 3.84) supported this 

conclusion. 

H owever ,  c h rom osome n u mbers  conf i rm k iw if ru i t  is hex a p l oid ,  therefore  the  

assumption of Arulsekar et  al  ( 1981 )  may assist in the interpreta tion of t he  banding 

patterns obta ined. The assumption was that functional enzymes coded by the same  

al leles at  d ifferent 'loci' (assumed to be  due  t o  polyploidy) have identical m igration 

ra tes, and  therefore in the polyploid k iwifruit  there must be several polypeptides 

which m igrate together to give a single ban d .  Thus,  one may hypothesize that the 

hexaploid k iw ifru i t, which in some respects  behaves  as  a d iploid, is a diploidized 

polyploid d erived from unknown ancestors. 

Since both Bruno and D- 120 gave 2 bands in region 3, according to the Mendel ian 

laws of segrega tion and independent assortment  of  genes, the progeny should show 

the  3 b a n d in g  p a t tern s sh own above ,  c o r r e s pond ing  to  B B, B b  a n d  bb . T h e  

inheritance ratio of these protein patterns should b e  1 :2: 1 .  However within cross 3 

only 3 were found to belong to pattern 1 a mong 28 seedlings, and no seedlings were 

found to  give the third pa ttern . As this  differed substantially from the  theoretical 

ratio, it suggests that strong sel ection had occurred against h omozygous genotypes .  

P a rf i t t  a n d  A r u l se k a r  ( 1989)  d i s c u s s e d  a s i m i l a r  p h en om e n on i n  a s tudy  of  

inheritance of  isozymes among grape cul t ivars ,  and  pointed out  tha t  le thal recessive 

alleles may expla in the absence of the represented genotype. In fact,  s imil a r  cases 

were found i n  region 2 in fol lowing analyses,  (see Figure 4 . 1 0) suggesting that  the 

different le thal  alleles had become associated with different gene loci .  

No protein profiles were available in Cross 3 due to  a very small sample size, thus 

only protein patterns from cross 4 ( Gracie X D - 1 20) a re presented (Figure 4 . 10) . 

Since b o t h  G ra cie and D - 120 gave 2 b a n d s  in  region 2 (Figure 4 .6 ,  p 133) three 

patterns (corresponding to AA, Aa, aa) with the rat io  of  1 :2 : 1 could  be predicted in 

their F 1  population. But the protein p rofi l e s  of only 12 among 56 seedlings were 

found to belong to pattern 1 and no  seedl ings were found to have  the third pattern. 

Again the a ssumption of lethal recessive al le le les (Parfitt and A rulsekar 1989) may 

explain i t s  a bsence. 



Fi gure 4 . 10 Protei n bandi ng pattern of F1 
seedl i ng of Cross 4 ( Grac i e  x D- 1 20 )  

A.  Showi ng i ndi vi dual seedl i ngs 1-14 ( l eft to ri ght ) 

C .  Showi ng i ndi v i dual seedl i ngs 29-42 ( l eft to ri ght ) 

I 2- 3 
Regi ons 2 and 3 

B :  Showi ng i ndi vi dual seedl i ngs 15-28 ( l eft to ri ght ) 

..... 

D :  Showi ng i ndi vi dual seedl i ngs 43- 56 ( l eft to ri g h t ) 

12 

13 

12 

13 

I-' w 
1.0 
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The parent s  D- 120 and Gracie gave 2 and 1 band respectively in region 3 .  Therefore 

2 patterns i n  e qual  proportions could be expected in their F 1  seedling population . 

The observed ratio of the two patterns in region 3 was 1 .08: 1 ,  close to the theoretical 

ra t io  of 1 : 1  for d ipl oid species .  The Chi - square test for simple 1 : 1  inheritance of 

region 3 (X2 = 0.4 1 ,  where X2 o.05 = 3 .84)  sup ported the conclusion. 

Because vine D - 1 6  was missing, inheritance analysi s  for cross 5 (figure 4 . 1 1 )  was not 

possible.  H owever, in region 2, 2 protein patterns were found .  One pattern was with 

only one fast  band, the other had 2 bands. The ratio 1 .2: 1 of these 2 patterns was 

close to the theoretical ratio of 1 : 1  for gamete segregation of an Aa genotype .  It was 

shown that G racie gave 2 bands in thi s region, h ence D- 16, whose protein banding 

pattern could not be determined, must give only one band in region two. 

This conclusion was supported by the resul ts  (Figure 4 .8, p 136) for the cross Bruno x 
D-16.  Bruno and all the seedling progeny gave only one band in this region , therefore 

D-16  must be considered as giving only one band in region 2, being the slow band of 

the pair. 

Both H aywa r d  and D- 120 gave 2 bands  in reg i on 2 ,  thus the progeny of cross 6 

(Figure 4 . 12)  could be expected to give 3 banding patterns here,  in the rat io of 1 :2 : 1 ,  

a s  previously discussed.  In  fact, among 24 seedlings, 7 gave pattern 1 a n d  none gave 

the third pattern . An observed ratio of 1 :2 .42:0 was close to the theoretical rat io of 

1 :2 : 1  wi th  pa t tern  3 absent  probably due  to t h e  effec t of le thal  recessive a l le les  

(Parfitt  and Arulsekar 1989) .  

I n  region 3, D - 120 had  2 bands and  Hayward had only one, hence 2 patterns i n  equal 

propor t ions  cou ld  be expected in  the ir  seed l ings. H owever, only 3 were found to  

belong to pattern 2 among 24  seedlings, suggesting that strong selection had  occurred 

against seedlings of the second pattern of protein banding. 

To sum up, the fol lowing findings were obtained in these experiments: 

( i )  Three regions of the p rotein profiles were found useful for cuhivar iden tif ication . 

Some of the  named cul tivars investigated could be distinguished from one another by 

us ing  t h e se t h re e  reg ions .  N o  d ifference  w a s  found between the  se lec t ions  of 

Hayward,  indica ting they were hom ogeneous  genetically in these regions .  For the 

cult ivars w h i c h  cou ld  not be d is t inguish e d  in  this s tudy, alternative techniques or 

t issues m ay be m ore satisfactory. 



Fi gure 4 . 1 1  Prote i n  bandi ng pattern of F1 
seed l i ng of Cross 5 ( Hayward x D- 1 6 )  
A.  Showi ng i nd i v i dual seedl i ngs 1 - 1 4  ( l eft t o  ri ght ) 

B .  Showi ng i nd i v i dual seedl i ngs 15-28 ( l eft to ri ght ) 

1 2- 3 
Reg i on s  2 and 3 

Fi gure 4 . 1 2  Protei n  bandi ng pattern of F1 
seed l i ng of Cross 6 ( Hayward x D- 1 20 )  
A.  Showi ng i nd i vi dual seedl i ngs 1 - 1 4  ( l eft to ri ght ) 

1 2 

13 ;: 
1-> 

B .  Show; ng i nd i vi dual seed l i ngs 15-28 ( l eft to ri ght ) 

-

--

-- 12 

13 
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While the three identified regions p roved useful i n  cult ivar iden tificat ion, they were 

not adequate to characterise individual F l  progeny. This was because both paren tal 

polypeptide varian t s  could be presen t  in  F l  hybrids, and gene recombinat ion makes 

t h e  p ro t e in pa t t e r n s  of F l  m o re c o m pl e x  t h a n  t h e i r  p a r e n t s .  R e g i o n s  w e r e  

characte ristic of some crosses, f o r  example,  i n  cross 1 ( Bruno x D- 16)  a l l  seedlings 

analysed had only 1 band in region 2 .  This region the refore dis t inguished cross 1 

f rom the other c rosses,  but on a group ba sis  rather than for individual  plan ts, i .e .  

there were not enougli proteins wh ich could be demonstrated to show variabi l i ty in  

banding patterns in the v ines studied .  

( i i )  There was  some variat ion in the  protein markers in the  Fl  populations investigated, 

implying the progeny varied genetically.  In  plant selection,  i t  would be u seful to l ink 

some agronomic character to variants in  protein banding pattern and band inten sity 

and such a l inkage has  been reported by Tanksley and Rick ( 1980) in tomato and by 

K osm olak et a l  ( 1980) i n  whea t .  The rnul t iva r iate  analysis t echn ique  espec ia l ly 

canonica l  corre la t ion is suggested for this pu rpose. With qual i ty and productivity 

charac ter s  on one domain ,  and  data  de r ived from protein p rofi l e s  o n  the other  

d o m a i n ,  t he ca n o n i c a l  c or re l a t ion  coeffi c i e n t  between the  two domains  can  be 

obtained.  For doing so, a scanning-densitometric approach could be used to capture 

the protein profile and to quantify band patterns and band intensity. Then the d igital 

representation of SDS-PAGE resu l t s  could be analysed stat ist ically and related to 

plant characteristic s .  

( i i i )  The  banding pa t tern  of some polypept ides could  be used to indicate the mode of 

or ig in  of a gen otype .  This  work showed tha t  k iwifru i t  had a s im i l a r  i nher i tance 

behav iour  to d i p l o ids .  H oweve r ,  k iwifru i t  is  a hexapol o i d ,  sugges t ing  that the 

a n c e s t o r s  of m od e r n  k iw if r u i t  c u l t iv a rs were  d ip lo idized polyplo ids .  Because 

al lopolyploids tend to behave as  a functional diploid in inheritance,  the k iw ifrui t  may 

be an al lohexaploid . It possibly arose from hybridisation of diploid  and  tetraploid 

spec ies  to give a s ter ile tr iploid hybrid, followed by chrom osome dou bling and the 

r e s t o r a t i on of f e r t i l i ty .  H owev e r ,  to our k n owledge, t h i s  i s  the f i r s t  t i m e  leaf 

polypept ides have been used in genet ic  analysis,  and the assumptions m ade in this 

work need to be confirmed. 

( iv) Apart from differences between banding patterns, different banding in tensi ti es  were 

also found within the seedling populations.  Such changes may be due to the effect of 

gene dosage. Chyi and Weeden ( 1984) a nalysed two triploid apple cul t ivars  and their 

d ip lo id  paren t s  e l ectrophoret ical ly ,  and a skewed i n tensi ty pattern in the hybrids 

indicated the female parent was the source of the 2n gamete in  both tr iploid cultivars. 

This example i mplied tha t  i t  i s  possible to use the effect of gene dosage to explain 
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d ifferent banding intensities. 

(v) There  was some ev idence in  l a t e  M arch ( a u t u m n ) ,  d ifferences  in protein band 

i n t ensi ty were a ssociated with v i n e  sex, but no  qua l i tative band differences were 

c learly evident .  I t  would be highly des irable to  distinguish between ma le  and female 

seedl ings of kiwifruit in a selection nursery in  order to shorten breeding programmes .  

Hence further work is desirable, investigating other extraction mediums  for  proteins 

in d ifferent p lan t  t i ssues ,  and a l so  D NA d e terminat ion . Because  of the possible 

in f luence of envi ronmen tal condi t ions  on re la tive banding intensit ies,  i t  would be 

prefe rable to iden t ify qualitative differences in banding patterns. 
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CHA PTER S 

G ENERA L DIS C USS ION 

L K IW I FRUIT BREEDING 

K iwifruit  i s  one  of t he  most recen tly domesticated fruit crops, first developed as  a major cash 

crop in New Zealand . Because of i ts unique proper t ies and successful commercial  cul tivat ion in 

New Zealand, k iwifruit plant ings th roughout the world have increased dramatical ly in the last 

1 0  to 20 years as  consumers have been quick to accept this  new fruit .  K iwifruit  has become an 

i mportant horticultu ral crop in a number of different countries .  In  the early stage of k iwifruit 

cul t ivation, work concentrated on how to grow and market the fru i t ,  but more recently there has 

been increased  study on vine physiology and cult iva r im provement and select ion . 

Unlike other f ru i t  c rops, such as apple and orange,  kiwif ruit cul t ivation has  only a very short 

his tory, and i n i tia l ly only a small number of cul tivars were selec ted from a ve ry narrow gene 

base .  I n  m os t  case s , the k iwifru i t  growing  c o u n tr ies  have used mater ia l  e i t h e r  ra i sed  or 

originating in New Zealand, mainly the female cu l t ivar Hayward and the male cul tivars Matua 

and  Tomur i .  Such a si tua t ion has its probl e m s ,  and means for example a poten tial for h igh 

l osses  f rom d i sease ep idemi cs ,  and provides a very na rrow product range f o r  m a rket ing .  

Furthermore, Hayward is a good cult ivar, but  by  n o  means  perfect .  The following t ra i t s  need to 

be improved further :  

i t  i s  slow to  come into bearing as a young plan t .  

i t  respond s poorly to spur  prun ing m e t h od s ,  the  op t ions  for t ra in ing  and  p runmg are  

therefore m ore l imited. 

i t  often has a relatively low percentage bud break and i t  is less floriferous under conditions 

of l ow winter  chi l l ing.  

the 'Hayw a rd' mark on the fruit  is a common fault  of th is  cul tivar and leads to downgrading 

of the frui t .  

the frui t  tend to have too sharp or acid a flavour  for some consumers. 

(Ferguson �, 1987) 

In  addition to the problems of current  cul t ivars, marketing competit ion also requires cul t ivar  

i m provement .  With in the past  decade kiwifru i t  production has increased dramat ical ly .  This 

situation must bring drastic competition between the k iwifruit growing cou ntr ies, and between 

g rowe r s  w i t h i n  the se countr ies .  This compet i t i on i n  par t  can be met  by m a ki n g  ava i lab le  

cu l t ivars  that  a r e  cheaper  to  produce, more  p roduct ive or  wi th  different  and superior fruit  

characters.  Therefore improving current cult ivars and creating new cult ivars  i s  necessary .  
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A t  present i n  New Zealand some 1 5  ha of land of the Department and Scientific and Industrial 

Research (DSIR)  are dedicated to k iwifruit  breeding and many inter- and in tra- species crosses 

have been made and about 1 1 ,000 vines of d iffe rent ages are involved (Feguson tl.J!.L_1988) .  

Seedl ings from a number of  crosses within Actinidia del ic iosa in this program m e  were used in 

this work, and the resul ts of this study indicated a great deal of varia tion in  vegeta tive, floral 

and fru i t  cha racters  among the seedl ings invest iga ted .  a n d  many of these seed l ings  a re of 

h orticultu ral interest .  Some progenies surpassed their parents in certain characters .  In  male 

populations, for example, the ea rliest date of blossom of seedlings was 3 days earl ier  than the 

male parent D - 120, and the l a test flowering plan t  blossomed 14 days later than i ts  male parent .  

This  gives a grea t  chance t o  se lect  an appropr ia te polleniser to match the flowering date of 

fe male cul t iva rs, such as H ayward which is rela tively late blooming. I n  female populations. the 

vi tamin C con ten t of seedling fruit varied considerable from 25 mg/100 g fresh weight t o  196 

mg/ 100 g, whi le  in B runo the cul tivar with the highest v i tamin C it was 133 mg/100 g on average 

and in H aywa rd,  only 83.5 mg/ 100 g.  I t  was also found the average fruit weight from female 

seedlings var ied from 3 1  to  1 53 g, while the average weight of H ayward was 84 g .  All  these 

exam ples indicate that there is a great poten tial to improve k iwifru i t  by breeding. 

H owever,  wh i l e  some promi sing mater ia l  has e me rged in these F l popula t ions,  no efficient 

m ethods have yet been reported to assess these vines. There was also very l i t t le  quant i tative 

genetic information in this specie s .  Therefore three analyses were proceeded i n  this work to 

assess the potential to uncover, identify and capitalise on the gene pool present in  New Zealand 

and which is i n it ia l ly l ikely to be the basis of breeding programmes in  the country. 

2. M ULTIVAR IATE ANALYSIS OF PHENOTYPIC DATA 

M u l t iv a r i a t e  a n a l y s i s  i s  t h e  b r a n c h  of s t a t i s t i c s  c o n c e rn e d  w i t h  a n a l y s i n g  m u l t i p l e  

measurements  o n  one or m ore populations. For a n  overal l  evaluat ion of seedl ings a n d  selecting 

supe rior v ines  in  k iwifru i t  breeding, the assessment  should not be based on only one or two 

h ort icu l tu ral t ra i t s ,  bu t on several  tra i t s  toge ther .  This  can only be done wi th  mult ivariate 

analysis which was the basis of this study . 

Three i m por tant  mu l t iva r ia te  techniques ,  wh ich  inc luded mul t ivar ia te  ana lys i s  of variance 

(Manova)  and d iscr iminan t  a nalysis,  factor ana lys is ,  and canonical correlat ion a nalysis, were 

a pplied in  th i s  work, and the resul t s  indicated they were useful tools to sort crosses and vines 

and to examine  the relationships between the variables investigated. 
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( 1 ) Discriminant analysis for cross sorting 

I n  plan t  breeding, i t  i s  importan t to se lect  super ior parents and this can be done with cross 

eva luat ing .  M a n ov a  was used to handle  mu l t i p l e  characters, and the results showed strong 

significant  differences between crosses in both the male and female seedling populat ions on the 

combination of characters observed. Discriminant  analysis then revealed the superior parents 

for kiwifrui t  breeding.  In  male vine select ion, the Hayward and D l -20 cross produced heavy 

f lowering progeny wi th early v igour, which was shown as best cross combina t ion ; B runo crosses 

with e i ther of two m ale paren ts produced floriferous v ines, hence i t  was the superior female 

parent cul tivar  for breeding floriferous male v ines .  Compared with D l -6, D l -20 was a better 

male parent to give r ise to progeny with early vigour and floriferousness. In the production of 

female vines ,  B runo proved the best parent for producing vines wi th h igh yie ld and h igh fruit 

vi tamin C content .  

One may think that  evaluat ing crosses can a lso be  don e  just  by m ean comparisons of Anova 

resu l t s .  Often in  h ort icul tural  researc h ,  re su l t s  a re a nalysed for only ind ividual  responses 

separate ly, but the relationship between the character is unknown,  much less for which is the 

most important  character. Furthermore, the cri teria for assessing crosses, such as commodity 

quality are always de termined by a number of attr ibutes combined, and if there are more than 3, 

t here is no way to p lot  t h e m  toge ther  to get a n  overa l l  conclus ion .  To solve th i s  problem, 

discriminant  analys is  can be used to  find l inear c ombinat ions of the variables that  maximise 

differences a m ong pre-existing populations. S ince  the first few linear funct ions are  usually the 

most importan t, the original variables which mainly cont ribute to t hese functions therefore are 

important variables.  And the relationship of these variables in  the structures of these functions 

can also be exa mined .  The fun ct ion scores of e a ch c ross on the  func t i ons  can be p lo t ted 

together to sh ow the distance between these crosses.  To sum up, discriminant  ana lysis  can be 

used to quan t ify t hose characters most  powerf u l  in d is t inguishing between groups, whereas 

Anova fail  t o  compare the relative importance of the characters. 

H owever, i n  the current study the most important  d iscriminant functions did not sort vines on 

the  basis  of charac ters wi th  hort icul tural  valu e ,  and  both male and female v ines  were only 

grouped by vegetat ive  characters by these funct ions .  Therefore factor analysis was  further used 

to solve th is  probl e m .  

(2) Factor analysis for selecting superior vines 

Factor analysis has been the generic term for principal component analysis and various common 

factor analyses .  But only principal  component and principal  factor analysis  were  used i n  the 

s tudy, and the  two p rocedures gave s imi lar  factor patterns for i nterpreting and n aming each 



1 4 7  

factor. Com pared with Manova,  factor analysis i s  essential ly a screening technique rather than 

a technique of analysing variance. It i s  used to group individuals in one popula tion ,  therefore it  

is  desirable t o  use i t  to g roup vines that are nested within a c ross.  Different factor pattern s 

were found between crosses, and between years for the same  cross. These findings confirmed 

exper imenta l ly  tha t  factor  analys is  i s  a s ingle popula t ion  techn ique,  and one should make 

separate analy ses if many popula tions are  involved.  

The r e s u l t s  in t h i s  s t u d y  s h owed t h a t  t h e  b e s t  m a l e  v i n e s  for ea rly v i g o u r  and h ig h  

f l o r iferou sness ,  and  the  female  v ines  w i th h i g h  y i e l d  and  v i n e  eff ic iency  c ould b e  ea sily 

determined by factor ana ly s is by plotting the factor scores of the first two most important 

functions. Sometimes i t  may be desirable for 3 factors to be considered together in selection, 

and a 3-dimension plot may be utili sed for th is  purpose . But with a large number of points, the 

plot becomes too clu ttered to be useful (see Figure 2.:2.3) .  

Another vi rtue of factor a nalysis is that the relationship between the original variables which 

t o g e t h e r  c o m p r i se a f a c t o r  c a n  be exa m i n ed ,  and t h e  m a g n i tude  a n d  n a t u re of these  

relationships can  be  guides for  the improvement of a certain character. For  example,  factor 1 in 

female vines was strongly associated with TW, and also associated with FD, TF, D IASP, TSH, 

FLORI ,  F L P E R I ,  and FNF.  Therefore the frui t  characters FNF could be con sidered as  the 

components  of the y ield, and the others as the basis of high yielding. These relationships also 

indicate the necessity of good early vine vigour and bud break ( D IASP and TSH) in order to 

give h igh yield.  

A s  mentioned above, the most powerful discriminant functions only grouped vines vegeta tively, 

but the most im portant factors sorted vines according to their  economical at tributes. I t  is of 

i nterest to compare the factor analysis with the d iscriminant analysis as the two methods gave 

different solutions. this may be because discriminant functions are so established that the ratio 

of between groups-variance to  within group-variance is a maximum ,  while the factors represent 

the largest amount of variance among individuals  within one population. Discriminant  analysis 

m ay be able to group vines if two or more years' data is used, where the records of the same vine 

in differen t years are treated as one group. The variance of a cross includes both variance 

between years and variance between vines nested in the cross. Therefore discr iminant  analysis 

is more su i tab le  to select the best cross combina t ions  fol l owing hybridisation, whi le factor 

a nalysis is suitable to screen single plant in  a select ion programme.  

Because factors  represen t  the pat terns  of re la t ionsh ips  wi th in  the  or ig ina l  va r i ables, i t  i s  

p o ss ible to  exa m i n e  the cons tancy d iffe rence  of  these pa t t e rns  between popula tions  and  

between years.  By  us ing the coefficient of congruence (CC) of Cureton and  D 'Agostino ( 1983) , 

the difference between the factor patterns of different c rosses, and that  between years in the 

same cross were examined. The former may be m ainly from genotypical d ifference, while the 
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l a t ter  m ay b e  from environ menta l  var iance or i n  response to the vine maturing/ageing. By 

exam in ing  t h e  fac tor pat terns ,  one can invest igate which  characters  m a i n l y  contr ibute  to 

genotypical d ifference and which characters mainly contribute to environmenta l  variation, and 

also the  relationship between the various characters.  In addition, the diffe ren t  growth types 

may be detected by factor pattern comparison. For exam ple ,  factor 1 was a floriferous factor in 

male  v ines  for all crosses invest igated,  but i t s  re lat ionship with v ine vigour characters was 

d iffe r e n t  be tween crosse s .  There was a s t rong pos i t iv e  rel a t ionship  between vigour  and 

floriferousness  in a Bruno cross and a relatively weak one in both Hayward and Gracie crosses. 

The pattern of factor 1 in Bruno seedlings changed markedly from one year to the next, but in 

contrast,  the H ayward and Gracie crosses gave a more similar pattern in the following season . 

This  m ay therefore reflect  a balanced pat tern of growth and deve lopment  in Hayward and 

G ra c i e  s e e d l i ngs  at an age of 3 to  .t y e a r s  w h e re a s  in  B r u n o  s e e d l in g s  a n n u a l  g rowth  

re la t ionsh ips  were  more changeabl e .  This  i ndicates tha t  some aspects of v ine  development 

were su scept ible  to increased yearly variation in some genotypes.  The iden t ification of such 

relationships may enhance our understanding of the mechanism of balance between growth and 

development in  va rious types,  and assist in selection of the best plan t types.  

S ince no  genetic i nformation is  involved in factor analysis, i t  is less efficient than the selection 

index for v i n e  se lect ion . H owever,  Godshalk  and Timothy ( 1988) reported tha t  principa l  

component p lant  scores had a high correlat ion with those of selection index and indicated the  

PC analysis of  sim ple correlat ion ma trices had the potential to be  used for  selection purposes, 

since there w e re seve ral l i mi ta t ions  of i ndex se lect ion tha t  reduced i t s  effect iveness  ( see  

Chapte r 1 ) .  A l t h ough further  resea rch i s  needed to  confi rm  the resu l t s  of  G odshalk  and 

Timothy( 1988) , factor analysis can  be  used as  a selection criterion in  some circumstances such 

as  where no genet ic information is avail able or there is no experimental design . 

(3) Canonical correla tion between a ggrega ted characters :  

The canonica l  correlat ion is the  maxim u m  correlat ion between a l inear  function of  the two 

vector  var iab l e s .  The re su l t s  showed tha t  t he  canonica l  correla t ion  p rov ided i n terest ing 

informat ion concerning the relationship between three domains of k iwifrui t  properties. In the 

male seedl ings,  a relatively high canonical correlation (0.66) was detected between aggregates 

of vegetativ e  characters (explained mainly by total  shoot number per vine and leaf shape index) 

and f l oweri n g  characters (explained ma in ly by flower nu mber per shoot  and percen tage of 

flower shoots per vine ) .  This correlation revealed an association between the number of shoots 

devel oping in  spring, and the flowering effic iency of the vine, and indicated the vine was an 

integrated sys tem with  vegeta t ive developmen t  interacting with f l ower  development  - and 

possibly th is  rei a tion ship had a genetic basis .  In  addition, the characters TSH and L WRA TI 

a ppear  to  be po tent ia l ly u seful indicators  to help breeders select a f lor if e rous male vine -

possibly even i n  the kiwifruit's juvenile period, although that  remains t o  be confirmed. 
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I n  the analysis of female vines, a h igh canonical correlat ion between flower size variables (FD 

and PL) and fruit size was  found, suggesting FD and P L  could be used as selection criteria to  

select vines  with la rge fruit .  However, not  a l l  frui t  characters of  commercial value were found 

to be associated with vegetative or flowering cha racters, indicating more characters,  including 

physiological characters need to be recorded for canonical analysis .  

3.  G E N ETIC ANALYSIS 

I n  fruit tree breeding, the  long  period of juveni l i ty and the  long generation cycle grea tly slows  

the  expl o i ta t ion  of genetic recombination and increase the cos t s  of rear ing and  evaluating 

seedlings, therefore the designs which maximise the rate of genetic improvement of breeding 

material a nd minimise the cost of obtaining the improvement a re important .  But i t  is difficult  

t o  predict  the success of d iffe ren t breeding s t ra tegies  without informat ion on variat ion and 

inheritance of the characters of horticultural valu e .  In this  study quantitative genetics methods 

were employed to provide such informa tion . 

I t  has  been demonstrated that genetic studies of quant i tative traits  are useful for  developing 

breeding methods and selection p rocedu res in  f ruit  trees, and for predict ing genetic gain of 

fol lowing gene ra t ions ( Barr i t t ,  1982 ; Hansche ,  1986a, 1 986b; Hansche and B oynton,  1986; 

H a n sche e t  a ! ,  1966,  1972a.  1972b .  1975,  S h aw ,  1988 ) .  But  there i s  no  s i m i l a r  report  f o r  

k iw ifru i t ,  the refore  the es t imat ion of genet ic  p a rameters  i s  necessary t o  facil itate kiwifruit 

b reeding. 

( 1 )  G e no typic cor re l a tion 

S ometimes it  i s  necessary to examine correlated characters and to know if  the improvement of 

one character i n  plant breeding will also result in a simultaneous change in the other characters .  

To effect a s imultaneous i mprovement i n  two cha racters, an understanding of the nature and 

the magnitude of the associat ion of the two characters i s  necessary,  because the d irection of the 

correlation could enhance or inhibit selection progress (Tyagi, 1987) .  Such correl ations have 

been dete rmined for some f ruit  crops, and the in te rp reta tion of these resu l ts has assisted in 

determining the relative importance and genetic properties of characters included in selection 

programmes ( H an sche �, 1966, 1972; Shaw, 1988) .  

The genetic correlations between 10  characters i n  male vines and 18 characters i n  female vines 

were exam ined in this work, and the phenotypic correlat ions between these characters were a lso 
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ca l cu la ted f o r  compar ison .  The resul t s  showed tha t  t h e  genetic and phenotypic correlation 

between the s a m e  characters  were sim i l a r  in direct ion but d ifferent in  m agni tude.  This is 

because tha t  genetic corre lat ions  imply a r e l a t ion s h i p  between the genes tha t  condition the 

t r a i ts ,  wherea s  phen otyp ic  corre la t ion r e s u l t  from b ot h  sha red genet i c  effects  a n d shared  

environments ( Sh aw, 1988) . 

In  male vines h igh genetic correla tions were found between f loriferous characters (expressed a s  

pe rcen tage  o f  f l ower ing  s h o o t s  and  l a t e r a l  f l ower  n u m be r )  and  v i n e  v i g o u r  c h a racters  

(expressed a s  d iameter of m a in stern and increment of  main  stern ) .  Therefore se lect ion for  

fl oriferous male  genotypes with high vigour wi l l /can be expected to  produce greater genetic 

gain a m ong their  offspring than sel ecti on for  f loriferous vines with less  v igour. S imi larly in  

female vines, the vine vigour cha racters were strongly a ssociated with total c rop  y ie ld  and mean 

fruit weight, indicating these cha racters can be improved together in the  selection process. I t  

a lso means that  i n  selecting for h igh vine vigour ,  a n  i mprovement in the FW wi l l  a l so tend to  

follow.  

I t  i s  in teres t ing  to note the  frui t  v i ta min C c ontent  was  strongly negatively a ssociated with 

mean fruit weight .  Where big fruit  and high v i t amin C content are the selection goal ,  genetic 

progress may be considerably difficul t  to obta in due to  the unfavourable genetic correlation 

between the two characters. Thus a selection index is  n eeded to make a compromise between 

the characters .  

In breeding prat ice,  a search is a lways being m ade for characters which can be a ssessed in the 

juvenile period and are correla ted with frui t  cha racters in the mature tree, in order to discard 

undesirable p lan ts at  an early stage. Leaf sha pe index was examined for th is  purpose in this 

work.  I t  w a s  pos i t ively a ssoci a ted wi th  b l o o m  date in the  male  popul a t ion ,  a n d  s t rongly 

negatively associa ted with fruit  symmetry and core s ize in  female plants .  Therefore i t  may be a 

useful character in the juvenile period to predict the ma le  vines that will have either an  early or 

la te  bloom da te ,  and the female vines with sym metrica l  fruit  with a smal l  core size. But  these 

genetic correlat ions were e stablished on young mature vines.  There is no proof that  the sam e  

correlat ion wi l l  h old when juvenile mater ia ls  a re used, therefore an overa l l  study f rom young 

seedlings to m ature vines is n eeded. 
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(2) Heritability estimation 

For a number of important species of fruiting plants,  heritability estimates (h2) have been made 

for a r a n g e  of p l a n t  and fru i t  charac te r s .  They p r ov ide  a q u a n t i ta t ive  pred ic tor  of the 

effectiveness of parent  selection in influencing p rogeny qual i ty, and can be used to  estimate the 

rate of genet ic  improvement in the traits of commercial  importance (Barri tt ,  1982; Hansche, 

1983, 1986a, 1 986b; Hansche and Boynton. 1 986, Hansche et  a!, 1966, 1972a, 1972b, 1975; Kester 

e t  al ,  1977 ) .  

The values for  the  heritabil i ty of the earliness of  bloom (0.48) and flowering dura tion (0 .50) in  

male vines,  and  tota l  weight (0.46) . the pe rcentage of flowering shoot (0.54 ) ,  fruit  e longation 

(0 .65) and mean weight (0.52) in female vines were high in this study, indicating that  individual 

selection of superior  plants  with these trai ts  could g ive rise to rapid genetic progress among 

offspring.  

T e r m i n a l  f l ower  n u mber  per  shoot  i n  both male and fema le  vines ,  and f r u i t  v i tamin C 

concen trat ion,  ear l iness of bloom, and flowering duration in female vines had m oderate or low 

values for h2 . This  indicates that for these tra i t s ,  the individual selection of superior seedlings 

as  parent would contribute to genetic improvement  in their subsequent generat ions,  but the rate 

of genetic gain would be lower than that of the t raits with higher heritabi l i ty.  Therefore family 

selection based on dispersion should be used . 

Hairiness of fruit ,  total shoots per vine and percent soluble solids of fruit  in female vines gave 

very low h2 (negative values) ,  indicating that these characters cannot be improved efficien tly by 

i n d iv idua l  s e l e c t i o n .  H ow eve r ,  a l t hough t h e  n a r r ow sense  h2 val u e  was  l ow for  t hese  

characters, t h e  broad sense h2 was  reasonably h igh for  some of  them. For exam ple,  percen t 

soluble sol ids of fruit  gave a negat ive value for h 2 (-0. 19 ) ,  but 0.37 for broad sense h 2, indicating 

t h a t  there a re some dominant  and epista tic effects  involved. Because k iwif ru i t  i s  c lonally 

propagated, a l l  of the genetic variances - addit ive,  dominan t  and epistat ic can be ut i l ised for 

improving these characters. 

In  conclus ion ,  since the date a t  which flowering began and flowering durat ion in  male vines 

gave high her i tabi l i ty values, one could expect to  fairly quickly develop males that were either 

early or late f lowering, and with short or long bloom periods to meet the requirement  of cu rrent 

female  c u l tivars  or pol l ina t ion p ract ices,  by u s i ng simple individual select ion.  S imilarly for 

female vines, big genetic gains a re feasible in improving the characters such as vine yield, fruit 

size and fruit  shape, and fruit acidity due to their h igh heritability values. 
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I t  i s  important to note that  the heri tabi l i ty i s  a property not only of a character but  also of the 

popu l a t i on a n d  of the environmen ta l  c i rcu mstance to  wh ich  the  i ndividua l s  are subjected 

(Falconer,  1981 ) .  The value of the her i tabi li ty est imate depends on the magnitude of al l  the 

compon e n t s  of var iance ,  and a cha nge i n  any one of these w i l l  affec t  i t .  Al l  the genetic 

components a re influenced by gene frequencies and may therefore differ from one population 

to another,  according to the past h istory of the popula tion. So, whenever a value is  stated for 

the her i t ab il ity  of a given character  i t  mus t  be unde rstood to refer  to a part icular metrica l  

charac ter ,  in a pa rticu lar  populat ion, a t  a pa rticular moment and in a part icular  environment 

(Ewing et  a!, 1987) .  

In  the  current study, only 3 female cul tivars and 2 ma le  cul tivars of kiwifruit were  involved. and  

they a l l  belong to A .  del iciosa.  Therefore the  estimates of h2 are  relevant only to th is  species 

and to the relat ively narrow range of germ plasm used. However, as this material represents the 

main part of the  gene pool  of the species ava ilable in New Zealand, the  inferences from th is 

study a re of relevance to most of the current New Zealand k iwifruit  breeding work. 

There i s  some simi larity to  the h2 values publ ished for a number of diffe rent  species of fruit 

crops.  Tabl e  5.1 shows that frui t  length and fruit weight had a s imi la rly high heri tabil ity for 

most specie s  investigated, ind ica ting great genetic potential  for increasing fru i t  size exists in 

these breed ing stocks .  Date of bloom also gave h igh heri tabil i ty for most species, a l though the 

value was l ow for fema le  k iw ifrui t .  The her i tabi l i ty of fru i t  soluble solids and yield Yaried 

considerably betw een species, and some specie s had very low values. Compared with soluble 

solids, fruit ac idity is relatively consisten t  between peach and k iwifruit ,  indicating i t  i s  easier to 

i mprove frui t  acidity than to improve soluble sol ids by individual selection .  

Hansche et  a !  ( 1972a, 1972b) poin ted out  tha t  crude subjective measures may be a major cause 

of a low heritabil i ty value, since the crude subjective sca le used to measure the character would, 

by i t self ,  p r e c l u d e  the d i sc r i mi n a ti on of any but gross genet ic  d ifferences ,  and  thus a l so  

preclude the  p ossibi l i ty of determining a reasonable ra te  of  genet ic  gain .  The total yield per 

vine was accura tely measured in  kiwifruit ,  while c rude scores were used for the other species in  

Table 5 . 1 .  This  may be the reason the heritabil ity of yield for k iwifrui t  was much h igher than 

reported for other  species .  This  indica tes tha t  a ccurate measurement of p lan t characters i s  

necessary fo r  h eritabil i ty est imation . 
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Table 5 . 1  The her i tabil ities (h2) of  some characters of hort icultural  

value in various fruit crop species 

Almond 

Apricot 

Peach 

Plum 

Peach ( Dw )  

Nectarine ( Dw) 

Sweet Cherry 

Walnut 

Kiwifruit  (M)  

K iwifruit (FM)  

* By  tasting 

* * Fruit elongation 

Fruit 
Length 

0.77 

0 .61 

0 .3 1  

1 .00 

0 .82 

0 .65 

Fruit 
Weight 

0.97 

0.50 

0.20 

0 .86 

0.52 

B l o o m  
D a t e  

1 .02 

0 .39 

0 .86 

1 .00 

0 .9 1  * *  

0.48 

0 . 1 1  

Soluble 
Solids 

0.01 

0 ..+9 

0 . 1 7  

0 .35 

-0 . 19 

Acidity Yield 

0. 19* 0.08 

-0. 17 

0.03 

0.03 

0 .39 0.46 

(Table 5 . 1  i s  based on the data of Hansche, 1983, 1986a ; Hansche .tl_ill, 1966, 1972a , 1972b, 1975; 

Kester et a!, 1977 ) .  

H e r i t a b i l i ty c a n n ot be  e s t i m a ted  w i th any  g rea t  p re c i s i on if sma l l  s a m p l e s  a r e  used .  

Never thel e s s ,  de sp i te  t he  lack  of precis ion,  i t  i s  very c lear  tha t  her i tabi l i ty differ g reatly 

according to the character.  In  terms of the rela tive value of h2 , a comparison between traits is 

valid. 

(3) Selection response 

The results of th is  study showed that some characters concerned with fruit  productivity and 

f rui t  qua l i ty h a d  relatively h igh heri tabi l i ty ,  a n d  therefore they can be improved by simple 

recurrent mass  selection . The calculat ion of selection response showed that great  potential 

exists for k iw if ru i t  improvement in  those characters .  For example,  the expected cumulative 

selection advance  in  fruit Vitamin C is 4 .21 ,  9 .24, 1 3.9, 18 .6, 23.32, 28.06 mg/100 g respectively 

in 6 selection cycles .  After 6 cycles selection, the mean value would increase from 92.01 mg/100 

g to 120.07 mg/ 100 g. Another example is the projected increase of fruit weight,  and after 6 

selection cycles ,  mean fruit  weight would i ncrease from 83.96 to 135 .43 g .  But as these resul t s  
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are on ly  predicted va lues ,  i t  i s  necessary t o  tes t  the  va l id i ty of these est ima tes of expected 

genet ic  gain s .  Caldwell tlJ!J, ( 1966) compared selection methods for soybeans, and indicated 

that the expected gains were more extreme than the actual ones, but  both ranked the various 

select ion methods similarly . Eagles  and Frey ( 1 974) computed actual gains of grain and straw 

yield for oats ,  and found that estimated genetic gains invariably overestimated the actual ones 

for al l  t ra i ts  and for al l  methods of selection.  No information on this aspect is available for fruit 

tree c rops ,  t herefore further resea rch  i s  needed to  fac i l i ta te the evalua tion of a theoretical 

value .  

The gene t i c  gain s  f o r  4 important characters of commercial value after five selection cycle s 

were exam ined in this work by using different selection strategies in differen t mating systems in 

a line breeding programme.  Based on the calcula ted genetic gains, full sib mating was the m ost 

effective me th od f allowed by half sib mating and random mating for individual .  among line and 

combined selection strategies, but random ma ting was the most effective method for within line 

selection. 

Within 5 cycles,  individual selection would be more effective than within l ine and among l ine 

select ions  in  a random mating design/sys tem .  A l though combined selec t ion was the most 

efficient me th od in all ma ting systems, i t  is  more complex than individual selection. Moreover 

kiwifrui t  is d ioe cious, and the selection of a male vine as parent is  subjec tive, thus recurrent 

selection wi thout  pollen control may be the a ppropriate selection method for i m proving the 

characters of h igh  heritability, because i t  combines the  advan tages of reasonably h igh genetic 

gain and s impl ic i ty of application. In  addition to the mating problem, the est imates of genetic 

and environmenta l  variances and heri tabili ty for many characters of economic value suggest 

recurren t i nd ividual  selec t ion should faci l i t a t e  a greater  rate of improvem e n t  i n  kiwif ru i t  

breeding s tock than  the m o re soph is ti ca ted  a l terna t ives  that  explo i t  nonadd i tive genet i c  

var iance b u t  d ouble the  min imum length of the  select ion cycles,  and  therefore demand more 

time and space .  But since the relative effectiveness of individual selection decreases with the  

decreasing of  the  heritabil i ty values of the characters, if h2 of selected character  is  low - ffTt>l'f! 
than  half of gene t ic variance present  i n  a given breeding stock i s  due to non -additive gen e  

effects, other methods ( th ose involving inbreeding, back cross and the development of hybrids) 

can yield a greater rate of response than recurrent individual selection (Hansche, 1983) . 

B y  using informa tion of both heritability and genetic correlation, the correlated responses of 

selection were c ompared with direct selection responses for several characters of economical 

value.  The resul t s  showed the indirect select ion could be  interesting to some related characters.  

For example,  v i tamin C has a much lower h2 (0.22) than TW (0.46) and TSH% (0.54),  and has a 

m oderately high genetic correlation with the two characters (0.59 and 0 .66 respect ively ) .  Thus 

selecting by VC for improvemen ts in TW and FSH% a re far less effective than selecting for 

them directly. H owever, selecting TW for VC and select ing FSH% for VC are m ore effective 
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than d i rect ones.  I n  k iwifruit breeding vi tamin C i s  a n  important  character to improve, but the 

vi tamin  C test  is a l i t t le involved.  As  an effective indirect selection method appears available, 

not only the  procedure  of a vitam i n  C tes t  can be omitted, but a l so  the se lect ion response 

increased.  

(4)  Selection index 

When select ion is u sed to improve the com modity qual i ty and productivity of tree crops. i t  is 

always a pplied to several traits simultaneously, since no one of these characters can adequa tely 

express the overall qual i ty of a commodity and its productiveness. A select ion index is su itable 

for quant ifying these properties. 

A select ion index is  a l inear function of phenotypic values of different tra i ts ,  and the observed 

value for each t rait i s  weighted by an index coeffic ien t .  Three methods which are recognised as 

appropria te for simul taneous improvement of two or more traits i n  a breed ing programme are 

independen t  cu l l ing ,  tandem and i ndex se lect ion .  Hazel and Lush ( 1942 ) inves tigated the 

relative efficiencies of these 3 methods and pointed out the selection index is  the most efficient 

one when the tra its involved are independent .  Young ( 196 1 )  evaluated relative efficiency when 

the t ra i t s  a re corre lated,  and concluded t h a t  in  most cases the i ndex was a more effect ive 

method than independent culling levels and tandem selection. 

A selection index for the selection of 3 important fruit characters was constructed in  this work, 

the component  charac ters,  vitamin C concen t ra tion. total fruit  weight per vine, and average 

fruit weigh t being combined together into a score. Superior vines could be selected using this 

index as if i t  were a single character.  In  fact, the discriminant functions and principal factors in 

mul t iva r i a te  a nalys is  ( see Cha pter 2 )  can a l so  be treated as  indices of p lan t  superiori ty or 

inferiority_,but  since no genetic information is  i nvolved, t hey a re less effec tive than selection 

index .  

I n  another  a pp l i ca t ion of the select ion i ndex Falconer ( 1981 )  constructed an  index for male 

individual se lect ion according to the addit ive covariance of the individual with i ts  mother and 

with i ts  half s ister, viz.  

1 = 1 /2 p2 + 1/4 p3 

where p2 i s  the  value of character investigated for the mother, and P3 for the ha lf sister. But 

this  index se lec t s  male vines only on a group basis rather than for ind ividual selection. In 

k iw if ru i t  s e l e c t i o n ,  i t  is  a p rob lem to se lec t  m ale  vine for a female charac ter  s ince the 

information a bout  male v ine cannot i tself be measured. Therefore the above male selection 

index may be u sed t o  get some information for male vine selection. 
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SDS-PAGE TO CHARACTERISE KIWIFRUIT CULTIVARS AND 

SEEDLING POPULATIO NS 

Because of their long period of juveni l ity a nd i mportant traits that  are controlled by multiple 

genes ,  i t  is very d iff icu l t  to make genet ic  stud ies  on frui t  trees .  However e l ectroph oretic 

techn iques  may help plant breeders resolve this problem. The profiles of specific isoenzymes 

and proteins may be used as  gene markers to study va riabi l i ty and inheritance of these markers, 

so as  to understand the linkage between parents and progeny. These techn iques also assist the 

breeder  to characterise cultivars and seedl ings to examine their or igin and kin ship .  

I n  t h i s  s t u dy SDS-PAGE of k iwif r u i t  leaf ex tracts was used to  chara c te rise cu l t ivars  and 

seed l i n g s .  T h ree  r e g i o n s  of the p ro t e i n  p r of i l e  w e r e  found  to  be u sefu l  for c u l t iYa r 

identif icat ion,  and the four parent cul tivars c ould be differentiated easily by the unique banding 

patterns  i n  these iden tity regions. The protein patterns of seedlings were examined and based 

on the p ro tein patterns of their parents, the i nheritance of these polypeptides was studied . The 

banding pa tterns found i n  seedlings within different crosses provided evidence that  in kiwifruit  

the  i n h e r i ta n c e  of t h e s e  polype p t i d e s  o c c u rred i n  a manner s imilar to  that of a d ip lo id .  

There[ ore  i t  i s  considered the  kiwifrui t  may have  arisen as a diploidized polyploid.  Because an  

al lopolyplo id tends to behave as a functional d i ploid in inheritance, it is proposed the  k iwif ruit 

may be considered as all ohexaploid. This therefore val idates the results obtained in the genetic 

analysis which  was based on the genetic model of diploid plant. 

Anothe r im portant aspect of genetic studies is to construct gene l inkage maps .  Theoretical ly 

tagging genes  which con t rol some characters  of commercia l  value with isozyme alleles and 

protein band s  is  possible, especial ly if the character concerned is  controlled by a single gene .  

R ick  and  Fobes ( 1974) found a t igh t l i nkage of  the i sozyme gene Aps - 1  and  the  nematode 

resistance gene Mi in tomato, and this l i nkage has now been used to screen nematode resistance 

plants in  tomato breeding (Tanksley and Rick, 1980) .  In  kiwifruit i t  would be highly desirable 

to find a strong l inkage between, for instance, genes coding for certain isozymes or polypeptides 

and fruit characters. Then superior vines could be selected from a seedling populat ion early, to 

al low the most  efficient use of time and resources and to shorten a breeding programme.  This 

could be done by u sing a scanning densitometric approach to capture the protein profile and to 

quantify band patterns and band intensity , then the digital  representation of the banding pattern 

could be analysed by multivariate analysis methods and related to plant characters. 

Although no d ifference was found between ma le  and female vines in  any region of a protein 

track in  this w ork, there was some evidence in  late March (autumn) ,  differences in protein band 

i ntensity were associated with vine sex. H ence further work is  desirable, investigating other 

extraction mediums for proteins in different  plant tissues, and also DNA determination . 
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I n  conclusion, for possibly the first t ime with kiwifruit, the mult ivariate ana lysis has been used 

to quantify these characters most powerful in distinguishing between vines and between crosses, 

and to  exam ine their relationships.  Thus, vines and crosses have been p laced in order of their 

merit in meeting a breeder's requi rements - based not on the individual characters, but rather 

on an overall linear combination of characters. This has been followed by the determination of 

gene t i c  parameters ,  in cluding var iance components , he ri tabi l i t ies  and genetic correlations.  

Based on these parameters, the success of different  breeding strategies for  different characters 

has been predicted, therefore the strategies with maximum efficiency and effectiveness can be 

adopted for k iwifruit  i mprovements. Also a sel ection index has been constructed to facilitate 

improving several c h a racters s imul taneously.  In addi t ion ,  t h e  e lec troph oret ic  analysi s of 

kiwif ruit  leaf proteins  has  proved useful technique to characterise cultiva rs and seedlings, and 

to determine  the l inkage between genes coding for certain polypeptides and fruit characters to 

shorten a breeding programme.  
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