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Review

Breeding rootstocks for tree fruit crops
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Abstract Identification of problems and
prioritising breeding objectives based on those
problems are essential first steps in a rootstock
improvement program. For all tree fruits,
incorporating resistances to critical diseases and
pests will facilitate fruit production in a social
environment demanding reduction in pesticide
usage. Diseases caused by various Phytophthora
species are important and can be catastrophic for all
major tree fruit crops; breeding for resistance to
Phytophthora has generally been successful. Very
large initial seedling populations are required to
permit suitably rigorous early screening; the
breeding team should anticipate odds of l:104to
1:106 that any given seedling will be commercially
successful. In preliminary orchard tests, positive
selection for dwarfing and precocity induction can
be made by the fifth year. More rigorous second
tests should be made with a number of commercial
varieties in several locations. Although almost all
rootstock improvement programs now rely on
conventional breeding methods, through application
of genetic engineering, the Mailing 26 apple {Malus
domestica) rootstock has been successfully
transformed from being highly susceptible to fire
blight to being moderately resistant.
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INTRODUCTION

Johnny Appleseed is the quintessential picture of
our transition from the hunter-gatherer stage of fruit
production to our increasingly refined orchard
technologies of today. Our first stages in the long
climb from hunter-gatherer involved the simple
planting of seeds from the fruit we had just eaten—
the peach (Prunus persica L.) pit and the apple
(Malus domestica Borkh.) core, carefully tamped
into the soil. In many parts of the world, this
primitive pomology persists even today; the 'criollo'
peaches of Mexico and the village apricots (Prunus
armeniaca L.) of Afghanistan are good examples of
such seedling orchards.

That certain individual trees may be far superior
to the run-of-the-mill has been recognised for
thousands of years. Our viticulturists capitalised on
the easy-rooting of their commodity long, long ago
by utilising cuttings to propagate superior grapevines
(Vitis vinifera L.). By the time Jesus of Nazareth
was walking the hills of Galilee, the grafting of
olive (Olea europaea L.) trees was a commonplace
practice, and the writings of Pliny make it evident
that grafting superior varieties onto rootstocks was
well known in numerous fruit species.

It is impossible to estimate when the horticulturist
began to recognise that just as selection and
propagation of superior fruiting varieties could be
carried out on a routine basis, so might also be
superior rootstocks on which to graft those varieties.

In its earliest beginnings, commercial fruit
production was based on the seedling-rooted tree.
When I (JNC) was a boy growing up in the hills of
Southern Illinois, our orchards of apples, pears
(Pyrus communis L.), and peaches were all growing
on seedling rootstocks, and so were the trees in
every orchard across North America. Those big
trees were tolerant of their physical environments,
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tolerant of the diseases and pests that attacked them,
and tolerant of the often rather casual treatment of
the farmer. Even today, most stonefruit trees being
planted are on seedling rootstocks, and likely almost
half the hectarage of apple and pear trees being
planted are on seedling. Citrus crops of course fall
into a unique class— the peculiarities of citrus seed
production permit the propagator to produce clonal
rootstocks with apomictic seeds.

First serious commercial deployment of clonal
rootstocks probably began in the apple orchard a
hundred years ago. Initially clonal rootstocks were
tried primarily to limit tree size; 'Yellow Metz'—
now Mailing 9 and its many substrains—is the only
commercial survivor of those early selections. Here
in the southern hemisphere, you began using
'Northern Spy' and its derivatives to escape the
ravages of woolly apple aphid (WAA) (Eriosoma
lanigerum Hausmn.). We're all familiar with the
story of the WAA-resistance breeding program
initiated at the John Innes Institute in 1922 and the
cooperation with East Mailing that eventually led to
the introduction of the Merton Immune series and
the Malling-Merton' s. The New Zealand, Australian,
and South African apple industries are based on
these rootstocks today.

BREEDING PRINCIPLES

Developing new varieties was once the province of
the pomologist-breeder working alone, but that
approach is no longer viable. The team approach
initiated at John Innes Institute more than 70 years
ago continues to evolve. On the modern breeding
team, we expect to see not only the pomologist-
breeder and the pathologist, but also often the
biochemist, the biotechnologist, and the stress
physiologist.

Although the basic principles and methods
relating to breeding fruiting varieties are applicable
to breeding better fruit tree rootstocks, the rootstock
breeder does face certain unique factors: (1) the
physical environment of the root system is very
different from that of the fruiting portion of the
tree. Temperature regimes, gas exchange systems,
and moisture environment are obviously different.
Further, within the rhizosphere of a particular plant
there are substantial variations in environmental
conditions, and the variations in rhizosphere from
tree to tree are far greater than those of the same
trees aboveground. (2) The biotic environment in
which the rootstock lives is much different from

that of the scion variety. The stock is subject to the
hazards of water moulds, sucking insects,
nematodes, chewing mammals, and soil-borne
viruses. In many instances a symbiotic relationship
with mycorrhiza is important, perhaps essential.
We need to remember that it is much more difficult
for the orchard operator to deal with these challenges
below ground than with the challenges encountered
aboveground. (3) The influences of root system on
scion and of scion on root system are profound.
Many of the most important horticultural attributes
of the tree as a biotic unit may be substantially
influenced by the stock—vigour, blossom initiation,
fruit set, and phenology are but examples. (4) Under
modern production and merchandising regimes, no
genetic diversity is acceptable in the scion variety.
In the rootstock, though, a certain amount of genetic
diversity is acceptable and may well be highly
desirable.

BREEDING STRATEGY

In the beginnings of our apple rootstock breeding
work at Geneva, United States, we were struck with
the historical failure to identify critical problems, to
derive from these problems appropriate breeding
objectives, and to attack these objectives
systematically. We came to believe that a rootstock
breeding program should be designed on a
problem:objective basis, and that a program in
progress should be frequently reviewed and revised
on this basis. Our basic sequential approach is prob-
ably broadly applicable, regardless of commodity:

(1) Define problems, both existing and potential.
(2) Define objectives, based on real problems.

(a) Establish standards, both minimal and
optimal.

(b) Establish priorities among the objectives.
(c) Weight objectives differentially for specific

producing situations.
(3) Develop screening methods and sequences.

(a) Plan to produce very large populations and
then to eliminate early and ruthlessly.

(b) When working toward resistance objectives,
determine and include physiological races
of each pest.

(c) After screening, confirm that the survivors
are indeed stress-resistant under field
conditions.

(4) Plan the hybridising program.
(a) Identify potential parents. Search (but do not

trust!!) the literature. Parent identification


