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The Need for Characterisation and Evaluation of
Germplasm: Kiwifruit as an Example

1 Introduction

Germplasm collections provide the raw material for programmes of plant breeding and crop
improvement. This is often their prime function, the main reason for their initial collection, usually
by breeders, and it is the genetic diversity and the occurrence of particular desirable genes that are
of greatest interest to plant breeders. However, germplasm collections are not used solely by
breeders: other biologists will have different interests and possibly different requirements (van
Treuren and van Hintum, 2003). While breeders will focus on characters of immediate perceived
value, other biologists may be more interested in the potential variation or will use the collections
to understand better the properties and behaviour of the plant, especially at the genomic level.

Breeders of plant species that have little or no history of improvement tend to make the
greatest use of collections of raw or unimproved germplasm. Kiwifruit (Actinidia) are one such
crop in that they have been subjected to little selection pressure and are still very similar to plants
in the wild. The most widely grown commercial cultivar, ‘Hayward” (A.deliciosa), is only two or
three generations from the wild as is ‘Hortl6A’ (A.chinensis). The current Chinese Kkiwifruit
cultivars are nearly all selections directly from the wild and are not the products of planned
breeding programmes (Huang and Ferguson, 2007). Kiwifruit breeders are therefore in a very
different situation from, for example, maize breeders where the inbred lines used today are the

* E-mail: rferguson@hortresearch.co.nz



product of several centuries of germplasm enhancement and recurrent selection (Anderson and
Brown, 1952).

Effective exploitation of wild or unimproved germplasm for crop improvement demands
comprehensive studies of its reproductive biology (Stalker, 1989). Although the recent advances in
population genetics, genomics and bioinformatics improve our understanding of diversity and will
change the ways in which we exploit that diversity, there is a danger that we will forget the
fundamentals. We still need botanists, horticulturists, agronomists, plant breeders and plant
pathologists. We need to know about genes, genomes and the gene pools, but we still need to know
about the plants as well, we need to know what diversity exists, just as we need to know which
aspects of that diversity should be chosen for incorporation into breeding programmes. The
HortResearch Actinidia (kiwifruit) germplasm collection in New Zealand is used as an example to
justify why | believe it is so important for us to continue studying both the basic biology and the
commercial prospects of the plants we are using in breeding programmes.

2 The HortResearch Actinidia germplasm collection

The first introduction of Actinidia germplasm into New Zealand was in 1904 and, although
some other material was imported at about the same time, probably indirectly from the same source
in China (Ferguson and Bollard, 1990), the next documented importation was in 1955 by the
Department of Scientific and Industrial Research when several different Actinidia species were
imported from Hillier’s nursery in England. Since about 1975, there has been an active policy of
improving our germplasm collections and we now have an extensive range of material that we want
to conserve on a long-term basis:

* genotypes raised from seed or budwood of species in the wild;

* genotypes from other Actinidia germplasm collections;

* cultivars from New Zealand or elsewhere in the world, irrespective of whether they are still
grown commercially;

* elite breeding lines;

* advanced selections from our breeding programmes;

* genotypes, no matter what their origin, which are kept simply because they show interesting
or unusual characteristics.

To date, 300 accessions have been imported from overseas by purchase, by gift or by
exchange (Table 1), there is material of another 40 accessions waiting clearance through quarantine
(Table 2), and almost 360 further seed accessions still held in bond. These accessions have been
imported from countries where Actinidia grow wild, such as China, Japan, Korea and Russia, as
well as different countries to which Actinidia material was sent early last century, although in such
cases the original provenance is usually not known. Currently the collection holds about 3500
distinct genotypes of which nearly 1000 have been selected for long-term retention.

Nearly all these selections are from importations of unimproved germplasm and the
HortResearch Kiwifruit breeding programmes are largely dependent on these wild plants whereas
breeders of many other crops are much more reliant on existing collections, especially on proven
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elite breeding lines or on old commercial cultivars. Programmes of progeny testing mean, however,
that we are now at the stage of accumulating good breeding lines and elite parents. There are also
about 80 cultivars and named selections, some of which came from overseas. In addition, we hold
budsports or mutations which have appeared on commercial kiwifruit orchards. These have very
little value in their own right but can be of great potential value for breeding programmes. A good
example would be the “fruiting males” or “inconstant males”, which produce very small fruit as
well as viable pollen (McNeilage, 1991). The fruit are too small to have any commercial value as
such but the fruiting males were the starting point for the programme to produce truly
hermaphroditic Kiwifruit cultivars (McNeilage et al., 2006). It is therefore important to conserve
such gender variants. Another example would be the occasional budsports of A.chinensis ‘Hort16A’
that have spontaneously doubled in chromosome number: again, these seem to have little obvious
commercial value but could allow greater flexibility in breeding programmes.

Table 1 Imported Actinidia plants released from quarantine and established
in the HortResearch Actinidia germplasm collection

Taxon Accessions  Genotypes  Selections Taxon Accessions  Genotypes  Selections

A.arguta 27 171 31 A.hypoleuca 1 1 1
A.arguta purpurea 6 80 4 A.indochinensis 1 18 18
A.callosa henryi 2 22 1 A.kolomikta 3 3
A.chinensis 90 955 456 A.lanceolata 1 9
A.chrysantha 3 12 12 A latifolia 1 17 17
A.deliciosa deliciosa* 131 1975 258 A.macrosperma 4 5
A.deliciosa chlorocarpa 1 7 7 A.melanandra 5 5
A.deliciosa coloris 1 17 17 A.polygama 13 70 17
A.eriantha 5 60 37 A.rufa 4 28 16
A fortunatii 1 1 1 A.setosa 2
A.fulvicoma lanata 2 2 2 A.valvata
A.guilinensis 4 19 19

Total 310 3482 941
A.hemsleyana 1 1 1

* Including 13 accessions and 339 genotypes of a possibly distinct but closely related variety or species

Table 2 Actinidia plants requiring virus testing before release from quarantine
for establishment in the HortResearch germplasm collection

Taxox A.callosa A.chinensis A.deliciosa Total
Accessions 2 6 34 42
Genotypes 30 81 383 494

Other Actinidia germplasm collections in China hold a greater range of Actinidia species but
the HortResearch collection would be easily the most comprehensive for the two most important
commercial species, A.chinensis and A.deliciosa. We have 90 accessions of A.chinensis released
from quarantine, three new accessions requiring virus testing and 273 further accessions of seed
held in bond; in total, we have about 1000 genotypes of A.chinensis in our germplasm collection.
There are also 120 accessions of A.deliciosa released with living genotypes established, 34 new
accessions requiring virus-testing, and a further 73 accessions of seed held in bond. We have about
2000 genotypes of A.deliciosa in the collection, but most of these come from two provinces of
China, Chongging and Sichuan, whereas the species occurs naturally in at least seven other
provinces (Liang, 1983). In theory, it is desirable to collect from wild populations that are well
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dispersed and that occur in different environments. In practice, however, the collections are not
necessarily representative of what is in the wild: instead, they are simply what it has been possible
to acquire.

Apart perhaps from A.arguta, A.eriantha and A.polygama, the collections of other species are
very patchy and in some cases we have only a single plant or have plants of only one gender.
There is a danger that when we have only a very small number of genotypes for a particular taxon,
those genotypes may be incorrectly assumed to be typical of the taxon as a whole.

For many years the emphasis in kiwifruit breeding was very strongly on A.chinensis and
A.deliciosa and other species were often considered as being primarily of academic interest. It is
now better accepted that these other species could be the source of attributes which might lead to
the production of completely new and different types of kiwifruit: we need more representatives of
these species.

Although 300 accessions may seem very few to those used to dealing with crop germplasm
collections often containing tens of thousands of accessions, the HortResearch Actinidia collection
would be amongst the larger of such fruit tree germplasm repositories. For example, the staff of the
German Fruit Gene bank at Dresden-Pilnitz consider that, with about 350 accessions of nearly all
Malus species, they have one of the largest ex situ collections of Malus wild species in the world
(Geibel and Hohlfeld, 2003). There are, of course, other large collections of Malus cultivars.

The kiwifruit germplasm plants are routinely grown on T-bar structures and they are trained as
if they were commercial Kiwifruit vines. Most species grow very well under such conditions. The
collection is held on HortResearch orchards and occupies about 6.2 ha (1.1 ha at Kerikeri, 3.83 ha
at Te Puke, 1.27 ha at Riwaka), including the area occupied by populations of seedlings from seed
accessions. Many genotypes are replicated at the different orchards. This reduces the risk of losing
significant parts of the collection to disease or natural disasters. So far, the possibility of longterm
storage of Actinidia as seed, in vitro, or cryogenically has not been investigated.

The collection is supported by a comprehensive, relational, computer-based database system
which contains information on individual accessions such as source, provenance, date of
acquisition, quarantine status, import permit number, taxonomic status, voucher specimen numbers,
genders, ploidy determinations, and precise geographic location in the research orchards.
Accessions are given a coding based on taxon and chronological order of introduction for that
taxon. Individual genotypes within an accession are given a selection number and their gender,
ploidy, and fruit characteristics (for female vines) are recorded. This is all time-consuming but
makes the collection that much more useful.

3 The need for germplasm

3.1 History of kiwifruit as a cultivated plant
Kiwifruit are amongst the most recently domesticated of fruit plants (Ferguson and Bollard,
1990; Huang and Ferguson, 2007). Apart from a few unimportant exceptions, the first Actinidia
were taken into cultivation towards the end of the 19th century and the early years of the 20th
century. The most important commercial species of kiwifruit, A.deliciosa, was apparently in
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cultivation by 1899 and the first seed of this species were brought to New Zealand in 1904. Until
about 10 years ago, most kiwifruit grown commercially anywhere in the world were descended
from that first importation of seed, and could be traced back to one male and two female Kiwifruit
plants (Ferguson and Bollard, 1990). Worse, commercial orchards almost everywhere grew
exclusively one fruiting cultivar, ‘Hayward’. The only important exceptions at that time were the
polliniser or male used in Californian kiwifruit orchards and the cultivars then being planted on a
small scale in China. An industry based on such a narrow genetic base, with a single, vegetatively
propagated fruiting clone, is very vulnerable to new pests and diseases.

This has been demonstrated in other cultivated plants with similar dangerously narrow genetic
bases. Virtually all the coffee plants that are grown in the Americas, Coffea arabica, are descended
from a single plant taken from Java to Amsterdam in 1706. One consequence was that the cultivars
grown through Central and South America had little or no resistance to coffee leaf rust (Hemileia
vastartrix) when it arrived in Brazil in 1970 (Wrigley, 1995). Another salutary example is the
susceptibility of the many maize cultivars containing a form of male cytoplasmic sterility to a race
of the fungus Helminthosporium maydis (Goodman, 1995). A closer parallel is the recognised
vulnerability in the United States of tree or vine fruit crops such as almonds, apples, apricots,
cherries, grapes, nectarines, peaches and walnuts, because of their limited genetic bases and
because only a few cultivars of each are grown (Committee on Managing Global Genetic
Resources: Agricultural Imperatives, 1993). Geographic concentration, as is the case of the New
Zealand Kiwifruit industry, combined with genetic uniformity also increases vulnerability to
adverse weather (lezzoni, 2005).

The vulnerability of the main commercial cultivar of kiwifruit to pests or diseases remains,
fortunately, a potential threat although it should not be dismissed. A more immediate threat a
decade ago was that as kiwifruit cultivation spread around the world; New Zealand was losing its
competitive advantage: it was going from being the only producer of exported kiwifruit to
becoming only one of the countries all growing and exporting kiwifruit of the one cultivar,
‘Hayward’. This problem was partially overcome by the introduction of the ZESPRI™ branding
(Beverland, 2001). There was another threat, however, that fickle consumers might become bored
with the traditional kiwifruit with its brown hairy skin, green flesh and mild, but rather acid
flavour. The solution to this problem was more radical: take advantage of the diversity within the
rest of the genus Actinidia and produce distinctive, new, protectable cultivars.

3.2 Genetic diversity in Actinidia

Within Actinidia there is great diversity in infructescence size, and in fruit characteristics such
as size, shape, skin colour, skin hairiness, skin toughness and palatability, flesh colour and texture,
flesh flavour and chemical composition, time of maturity (and hence harvest), storage life and shelf
life as well as changes in skin or flesh colour and in flesh texture during ripening (Huang et al.,
2004; Huang and Ferguson, 2007). There is likewise great diversity in other attributes such as
growth habit and vigour, climatic and edaphic requirements, time of budbreak and of flowering,
disease susceptibility and yield potential; even ease of vine management. Furthermore, within a
single species there can be considerable diversity. Although genotypes of the one species might be
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indistinguishable morphologically, they might still vary significantly in physiological responses
and such variation could be important in allowing the industry to respond to changes in climate or
in allowing kiwifruit to be grown in new areas. A breeding programme that is genetically broadly
based should provide steadier gains under selection and allow more rapid responses to changes in
environment, diseases and economic trends (Simmonds, 1962).

By taking advantage of this diversity in the genus Actinidia, it seems very likely that breeding
programmes could produce new and different types of kiwifruit: fruit of different sizes and shapes,
with different skin colours not only green and yellow as at present but also orange, red, purple or
even multicoloured. Fruit might change colour as they ripen or they might have peelable or edible
skins, attributes that would make them that much more convenient for consumers. The fruit might
have different flavours or they might have much higher contents of desirable nutrients such as
vitamin C. The first such new and different type of kiwifruit to be developed in New Zealand is
A.chinensis ‘Hort16A’, the fruit of which have been commercialised under the name ZESPRI™
GOLD Kiwifruit.

The very first step in developing such new types of kiwifruit is recognising the existence of
such diversity so that germplasm can be collected to bring together representatives of the diversity.
To gain this understanding requires extensive and detailed work in herbaria and in libraries. We
have built up a basic knowledge of the genus Actinidia (e.g., Ferguson, 1990a; Huang and
Ferguson, 2007) through our own studies, by cooperating with Chinese institutes that have made
detailed studies of wild Actinidia or that have their own germplasm collections (e.g., the Wuhan
Institute of Botany, CAS, the Sichuan Provincial Natural Resources Research Institute, and the
Guangxi Institute of Botany) and by collecting the very scattered literature, much of which is in
Chinese with other useful information in English, French, German, Italian, Japanese and Russian.
3.3 Insitu versus ex situ collections of Actinidia germplasm

Agriculture, horticulture, and most forestry in both Australia and New Zealand are almost
entirely dependent on introduced species. This is not really surprising as only a very restricted
number of plants have been exploited with about 100 species providing 90% of the world food
plant needs, but it does mean that our breeding and improvement programmes are consequently
almost all based on ex situ collections, collections in which biodiversity is preserved outside its
natural habitat. Although conservation of the natural diversity in situ might be preferable, such in
situ diversity is increasingly threatened by human activity and, moreover, is often difficult to
access.

Ex situ collections have a number of advantages (Smekalova et al., 2003): plant diversity is
safely preserved and concentrated in a small number of controlled places under consistent
environmental conditions and is readily accessible to breeders. There are also disadvantages: only a
very small part of the diversity of the population can be preserved; collecting and maintaining
germplasm is very expensive and requires skilled staff; there may be restrictions on collection.
Furthermore, although our agriculture and horticulture are based on the exploitation of only a very
few plants, our germplasm collections should also include diversity amongst the wild relatives of
the cultivated plants, relatives that may have contributed to the development of the crop or may in
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the future contribute usefully to new developments or improvements. This makes potential
germplasm collections that much larger.

The genus Actinidia (Actinidiaceae) includes 50-70 species largely confined to southern China
but with a few outlying species in northern China and in neighbouring countries (Ferguson, 1990a;
Huang and Ferguson, 2007). The centre of species diversity and, probably, of current evolution is
in southern China, mainly south of the Yangzi River. The very broken topography of this region has
probably encouraged geographic isolation and speciation (Huang and Ferguson, 2007) by
providing at a given latitude, sites at a variety of altitudes and microclimates.

Actinidia seem most at home in the hills and mountains where they prefer more protected,
damper areas such as under the forest canopy, in clearings, at the edges of forests or in stream beds.
However, the mountains and hills could also be considered refuges and the populations occurring
there as relict populations with many vines lost because of human activities such as deforestation
or brutal harvesting of fruit, a loss that is accelerating. It is likely that the Actinidia resources now
remaining in China are discontinuous remnants of what were previously much more extensive
distributions and this could lead to population differentiation. Although large quantities of kiwifruit
are still harvested from the wild in many parts of China, the in situ diversity must be considered at
serious risk and some taxa have become locally extinct. In Sichuan and Chonging, for example,
many of the wild Actinidia resources recorded only 25 years ago have now disappeared (Li and
Lowe, 2006). Reliance on the in situ diversity is therefore not a realistic option.

HortResearch has cooperated with institutes in China in exploring the natural resources of
Actinidia and in developing Actinidia germplasm repositories in China (e.g., Li and Lowe, 2006).
We have also introduced much new material as seed into New Zealand, believing that it was by
growing plants under our particular climatic conditions and by carrying out progeny testing that we
could best assess their potential contributions to our breeding programmes. Unpredictable
characteristics often appear in progenies of hybrids with wild forms (Rick in Gerrish et al., 1981)
meaning that accessions of unimproved germplasm should not be evaluated directly as their
potential may become apparent only in subsequent generations. Unfortunately, the strictures of the
1993 Biosecurity Act and the 1996 Hazardous Substances and New Organsisms Act (Douglas,
2005) have made it very difficult to introduce any new Actinidia taxa into New Zealand.
Furthermore, the recent discovery of viruses in some Actinidia plants (e.g., Clover et al., 2003)
means that what seed or budwood we can import is subject to rigorous and very expensive virus
testing. The introduction of a much more extensive and much more representative range of
Actinidia germplasm is therefore effectively prevented. In the future, we will probably have to shift
much of our Actinidia germplam evaluation offshore. Plant breeders may, with difficulty, be able to
adapt but such a shift would be a severe limitation to other potential users of the germplasm.

3.4 Nomenclature and taxonomy

The taxonomy and nomenclature of cultivated plants are notoriously fraught with difficulties.
The tetraploid wheat, Triticum turgidum (L.) Thell., for example, has had at least 14 other names
(Chapman, 1989). Fortunately, in Actinidia we are currently dealing with plants that are not very
different from those occurring in the wild: that is, we are essentially dealing with the taxonomy of
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wild populations, albeit remnant ones. The genus has undergone three major revisions in the past
50 years, one yet to be published. The two most recent revisions have considered only species from
China and the taxonomists involved have not always had access to the type specimens. In addition,
Actinidia vines can be very variable morphologically, even between leaves and shoots from
different parts of the one plant, and some of the species described, especially many of those
described most recently, are based on inadequate sampling of populations, sometimes even on
individual genotypes. Taxa that are widely distributed may show considerable morphological
variation across the geographic range. However, taxonomic fashions change and there has been an
increasing tendency in recent years not to attempt formal descriptions of such infraspecific
variation (McNeill, 2004). Nomenclature consequently changes.

Thus the taxon that includes the traditional green kiwifruit ‘Hayward’ has been variously
treated over the past 100 years (Ferguson, 1990b; Li et al., 2006):

* as a variant of A.chinensis Planch., but not formally distinguished;

* as a variety of a different species as A.latifolia var. deliciosa A.Chev.;

* more appropriately, as A.chinensis var. deliciosa (A.Chev.) A.Chev.;

* likewise as a variety of A.chinensis but with a different varietal synonym, A.chinensis var.
hispida C.F.Liang;

* as a distinct species A.deliciosa (A.Chev.) C.F.Liang et A.R.Ferguson;

 and then, most recently, again as a variety as A.chinensis var. deliciosa (A.Chev.) A.Chev.

Many breeders and perhaps most of the other biologists studying kiwifruit will find this
confusing as they may have had little formal taxonomic training and have slight understanding or
appreciation of the niceties of botanical nomenclature. This may not be so important: what really is
important is that it be realised that a biological entity may have been given a series of different
names and that a particular botanical name may be applied by different authors in rather different
ways encompassing different assemblages of the natural diversity. Over time, this may result in
ambiguity in non-taxonomic literature as to exactly which biological entity is being discussed
(Ferguson, 1990b).

4 Characterisation, evaluation and reproductive biology of
Actinidia germplasm

For germplasm to be of use to breeders it must be characterised and evaluated. There is often a
delay between collection of germplasm and its evaluation, particularly of fruit trees because of the
time required for them to reach maturity. Evaluation is most useful if it considers the traits wanted
by plant breeders. We are fortunate in that our programme of germplasm acquisition and evaluation
is very closely linked to our programme of kiwifruit breeding with usually the same people
involved in both. Preliminary evaluation can indicate those accessions that warrant more detailed
evaluation, but those that appear not to be of immediate value should not be simply discarded.

I will not consider the more obvious characteristics such as fruit size, fruit shape, flavour,
storage life, and nutritional composition or vine disease resistance, climatic adaptability, ease of
management and nutrient requirements except to note that there are not always easy but reliable
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methods to analyse complex quality traits. Instead, | discuss why it is essential to develop a good
understanding of some aspects of the underlying biology of the plants, especially if we want to take
advantage of widely diverse germplasm with collections of genes that could be incorporated into
crop development. Managed hybridisation between Actinidia species is frequently possible but not
always successful. We need to be aware of the relationships between species, and some of the
barriers to successful crossing such as differences in ploidy and lack of chromosome pairing and
recombination. This is important as the New Zealand Kiwifruit industry does not currently accept
the possibility of developing new cultivars using molecular biological techniques.

4.1 Botanical identification

The identity of all material entering a germplasm collection should always be checked and it
should never be assumed that material is true to label. We have used the treatments of Actinidia by
Li (1952) and Liang (1984) but these both have deficiencies. For example, we were misled for a
long time by Li following earlier authors in treating A.rufa simply as a synonym for A.arguta,
whereas a study of more recent Japanese literature and of the actual plants shows that they are quite
different, sufficiently unlike that they should probably be placed in separate sections of the genus
(Huang and Ferguson, 2007). Liang (1984) had not considered A.rufa because his treatment was
limited to the Actinidia found in China and at that time A.rufa was not known from Taiwan. This
example simply indicates that best use of a germplasm collection requires some understanding of
the taxonomy of the plants being collected and that the literature cannot be relied on uncritically.

We have a few plants which we cannot confidently ascribe to any one taxon and they are
possibly natural hybrids. Many Actinidia species hybridise freely and open-pollinated seed from an
Actinidia germplasm collection is of very limited value. Our experience shows that there is a
similar, if lesser, risk that seed collected from wild plants may not be true to type.

On a number of occasions we have imported scionwood of cultivars only to find that, under
our conditions, the plants resulting are nothing like the original descriptions. Frequent synonymy or
confusion of cultivar names is an added difficulty. Once again, this demonstrates the importance of
detailed analysis of the plants being collected and the need for extensive bibliographic work.

The converse is that other workers should not necessarily accept our plant identifications. The
taxonomic and nomenclatural confusion relating to Actinidia means that any publications on
genetic diversity in Actinidia species must be supported by voucher specimens for the plants used
(Goldblatt et al., 1992). If a voucher or the exact position of the plant in a permanent germplasm
repository is not cited, it is very difficult, if not impossible, for subsequent workers to verify the
identity of the plant used. Voucher specimens are far more useful. We have started a programme of
collecting voucher specimens for each accession derived from budwood and from at least one male
and one female from those accessions introduced as seed. We collect flowering specimens of males
and females and preserve fruit in alcohol. We need to start collecting voucher specimens of
individual genotypes.

Knowledge of the identity of the germplasm taxa used, of their phylogenetic relationships, and
of the genetic distances between them, should assist the development of breeding strategies
(Rajapakse, 2003). The traditional infrageneric division of Actinidia has long been considered
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artificial. Use of different molecular markers (Huang and Ferguson, 2007) indicates that the current
Actinidia taxa have arisen through recurrent hybridisation and reticulate evolution as affected by
geographic patterns of distribution and heterogeneous environments. Molecular markers can also be
used to detect relationships between the various accessions of an individual taxon (Dehmer, 2003).
4.2 Ploidy measurements

The genus Actinidia has a reticulate polyploid structure with diploids, tetraploids, hexaploids
and octoploids occurring naturally in diminishing frequency. As more plants are studied, an
increasing number of taxa are found to contain ploidy races and it seems likely that ploidy races are
the rule in Actinidia rather the exception. There is usually no clear morphological distinction
between ploidy races although they may be geographically restricted. For example, of the different
accessions of A.chinensis checked, about 60% were diploid and 40% tetraploid. In this particular
species, flowering time is generally a reliable indicator of ploidy but this may be coincidence as the
tetraploid genotypes of known provenance come from a limited area in China.

The basic chromosome number is 29 and there is increasing evidence (Huang and Ferguson,
2007) that Actinidia are cryptic polyploids or rediploidised palaeopolyploids. Chromosome
numbers have been counted in about 120 Actinidia genotypes, some of them intra- or interspecific
hybrids between different ploidy levels. There is thus a series of plants that are 2x, 3x, 4x, 5%, 6x
and 8x: these plants are preserved in the germplasm collection and are used as standards for the
determination of ploidy by flow cytometry (Ferguson et al., 1997). This allows rapid and reliable
estimates of ploidy in large numbers of plants. So far, flow cytometry has been used to determine
ploidy in more than 3400 genotypes in our collections, essentially every genotype that is large
enough to sample, as well as several thousand more in breeding populations. We have done this
because we have found with Actinidia that it is unwise to make any assumptions as to the ploidy of
any individual genotype.

Ploidy variation between taxa and the existence of ploidy races within taxa can make crossing
in Actinidia difficult. Triploid offspring are often sterile but those at higher, but uneven, ploidies
can be at least partially fertile. Interploidy crosses could also be facilitated by using plants that
produce numerically unreduced gametes, as has been observed in A.chinensis (Yan et al., 1997).
Production of numerically unreduced gametes could explain why offspring of interploidy crosses
are not always at the expected ploidy. There could be new opportunities in interspecific Actinidia
breeding by doubling ploidy with colchicine or by adopting some of the other strategies or
techniques that have proved rewarding with, for example, peanuts (Stalker, 1989) or potatoes
(Carputo et al., 2005).

Actinidia chinensis and A.deliciosa are accepted as being closely related but the genomic
relationships between the diploid and tetraploid races of A.chinensis and hexaploid A.deliciosa are
not clear. Tetraploid races of A.chinensis can be split into at least two groups having different
evolutionary histories (Murray, 2002): some genotypes appear to be autotetraploid, others
allopolyploid. Evidence on A.deliciosa is equivocal: it may be autopolyploid, being derived
entirely from A.chinensis, or it is possible that it is allopolyploid (Huang and Ferguson, 2007). A
better understanding of autoployploidy versus allopolyploidy, and of tetrasomic gametic
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segregation in tetraploid A.chinensis, could give useful indications of the breeding strategies that
should be used.
4.3 Actinidia reproductive biology

Incorporation of germplasm, especially of species other than A.chinensis and A.deliciosa, into
programmes of kiwifruit improvement is greatly facilitated by detailed studies of Actinidia
reproductive biology and of the relationships between the species. Such studies cannot really be
considered as part of germplasm characterisation or evaluation, but they do make the collections
that much more useful.

1. Dioecy. All Actinidia species appear to be functionally dioecious, irrespective of ploidy,
and exhibit “cryptic dioecy” (Schmid, 1978) in that the stamens of the unrewarding pistillate
flowers mimic pollen-producing staminate flowers. However, gender inconstancy is well-
documented in A.deliciosa (McNeilage, 1997) and has occasionally been observed in other
Actinidia species. All genotypes in the collection are therefore being screened for pollen
stainability as a first step to checking whether any of the males retained is sterile and whether any
apparently functionally pistillate plants may produce some viable pollen. The sex determination
mechanism appears to be of the X, X/X,Y type and He et al. (2003) have described what appear to
be sex chromosomes at an early stage of differentiation.

Having only a male or female representative of a particular taxon in the collection is an
obvious limitation. Furthermore, breeding programmes can become protracted if pollen parents
have to be progeny tested since fruiting characteristics are not expressed in the male. Fusion of
protoplasts from two female genotypes of known fruit characteristics would add considerable
flexibility to our breeding programmes and this possibility is currently being investigated. It is
fortunate that Actinidia respond well to tissue culture techniques.

2. Polymorphism and heterozygosity. Kiwifruit show considerable polymorphism in
numerous characters despite many of the plants studied having a common origin in the first seed
brought to New Zealand. This is due, at least in part, to their being obligatorily outcrossing, to their
being polyploid and to their high chromosome number allowing extensive recombination.
Heterozygosity could also be due to chromosome duplication during evolution (He et al., 2005):
chromosome duplication is indicated by the remarkably high microsatellite and allozyme
polyallelism in diploid species (Huang and Ferguson, 2007). Hexaploid A.deliciosa genotypes are
more heterozygous than tetraploid A.chinensis genotypes which are, in turn, more heterozygous
than diploid A.chinensis genotypes (Zhen et al., 2004). It seems that polyploidy has helped
maintain diversity in Actinidia. The high degree of heterozygosity has to be considered when
breeding strategies are formulated. As Actinidia are outcrossing, considerable genetic diversity
within seed accessions might also be expected. This could be investigated further using molecular
markers especially when choosing genotypes from seed accessions for permanent retention.
However, the variation revealed by genetic markers is essentially neutral unless the markers used
are focussing on specific genes (van Treuren and van Hintum, 2003) and the extent to which
molecular diversity accurately reflects functional diversity has been questioned. Nevertheless, it
seems that the genetic potential of germplasm cannot be assessed on phenotype alone and that
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marker methods will assist evaluation (Garris et al., 2004; Rajapakse, 2003).

3. Plastid inheritance. In Actinidia, unlike most other higher plants examined, chloroplasts
are usually inherited from the pollen parent (Cipriani et al., 1995; Matsunaga et al., 1996), although
in certain interspecific crosses chloroplasts appear to be inherited from the mother (Jung et al.,
2003). Flesh colour in mature or ripe Actinidia fruit is determined by the degree to which pigments
are revealed as masking chlorophyll is degraded (McGhie and Ainge, 2002) and chloroplasts are
converted to chromoplasts. The extent to which chlorophyll degradation is under chloroplastic
control and the parental origin of those chloroplasts is therefore important for breeding
programmes having fruit flesh colours other than green as one of their main objectives.

4. Chromosome pairing and recombination. Cytological studies are being used to help to
determine appropriate breeding strategies. The transfer of genes between Actinidia species requires
the production of fertile F; hybrids. If recombination between the parental genomes occurs during
the production of gametes, segregation of the desired characters can be obtained by backcrossing
(Datson et al., 2006). Genomic in situ hybridisation (GISH) is being used to distinguish parental
genomes in such Actinidia hybrids to determine the levels of chromosome pairing and whether
recombination during meiosis is occurring within or between parental genomes. The results will be
used to decide whether it is more efficient to backcross F; hybrids with one or other of the parental
species or instead to concentrate on producing F, hybrids.

5. Genetic linkage map and applicability of marker-assisted selection. Good progress is
being made with the preparation of a genetic linkage map of A.chinensis using microsatellites taken
from an EST (expressed sequence tag) database (Fraser et al., 2004). One of the main reasons for
preparing such a map is to select for phenotypic traits using markers tightly linked to the genes
controlling those traits, especially traits controlled by a relatively large number of loci
(Quantitative Trait Loci, QTLS). The potential usefulness of these markers is enhanced by their
transferability across many Actinidia taxa (Tsang et al., 2006).

Sex markers for early sex determination have also been developed (Oliveira and Fraser, 2005).
These markers can be applied to many accessions of A.chinensis and A.deliciosa and could, with
some technical modifications, be used in the large-scale screening of seedling populations either
from new accessions or from breeding programmes.

5 Use of the HortResearch Actinidia germplasm collection

The effort to obtain germplasm, maintain it and evaluate it can be justified only if the
collection is used. Many research workers within HortResearch make use of the plants to expand
our knowledge of the genus as a whole, so that we can better appreciate the potential and the
limitations of what is currently available and predict what might be possible. The ultimate use is
for kiwifruit breeding and improvement, for the production of new cultivars that will give the New
Zealand industry a competitive advantage.

All Kiwifruit cultivars recently released by HortResearch are based on material originally
introduced simply to increase the diversity of the kiwifruit germplasm collection. The rootstock,

‘Kaimai’, is derived from seed of an A.eriantha x A.hemsleyana cross introduced in 1975. The
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A.deliciosa cultivar ‘Tomua’ came from a cross between ‘Hayward’” and males from an accession of
A.deliciosa seed introduced to New Zealand in 1975, the first introduction since the original
A.deliciosa seed were imported in 1904. The corresponding males, ‘Ranger’ and ‘King’ are siblings
of ‘Tomua’. ‘Hort16A’ came from a cross between plants derived from accessions of A.chinensis
seed in 1977 and 1981 and the associated males, ‘Sparkler’ and ‘Meteor’ came from seed
accessions introduced in 1979 and 1981, respectively. Four cultivars of A.arguta released came
from germplasm of A.arguta and A.melanandra.

There is thus a long lag between importation of new germplasm and incorporation of that
material into any new fruiting cultivars. The cultivars released so far are based on material
introduced about 20 years previous. Since then, a much greater diversity of germplasm has been
imported and we hope that exciting new cultivars of A.chinensis, A.deliciosa and of other Actinidia
species will emerge from the use of this new germplasm.

Germplasm collections are our legacy for future generations. It is the responsibility of our
generation to protect that germplasm and acquire the knowledge that will make these collections
most easily and most effectively used.
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Investigation of Kiwifruit Resources to Laoshan Mt.
and the Compatibility Study as Rootstock for
Acitinidia deliciosa and A.chinensis

Gong Xianghui  Yin Tao Wang Zhiyun Wang Zhengxin Sun Kebo

( Fruit and Tea Institute, Qingdao Academy of Agricultural Sciences Qingdao 266100 )

Abstract There were two species found in Laoshan Mt. in Qingdao, Shangdong province through
many times of exploration to the central area in the last decade, and the two species are Acitnidia arguta
and A. polygama. This investigation gave the clear distribution of the two species, and A. polygama can
also been used as rootstock for A.deliciosa, or A.chinensis, but A.arguta is uncompatibility with
A.deliciosa, or A.chinensis.

Key words Laoshan Mt. Acitnidia arguta A.polygama Rootstock Compatibility
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AL - -
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