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Evaluation of rootstock and 'Hayward' scion effects
on field performance of kiwifruit vines
using a multivariate analysis technique
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Abstract The influence of nine Actinidia
deliciosa (A. Chev.) C.F. Liang et A.R. Ferguson
var. deliciosa rootstocks and four 'Hayward' strains
on the growth and cropping performance of
kiwifruit vines 4, 5, and 6 years after grafting was
determined. Canonical discriminant analysis was
effective in summarising the complex relationships
of the data, distinguishing among rootstocks and
'Hayward' selections on the basis of field
performance. Plants grafted on rootstock 4 (male)
were distinctive and characterised by strong trunk
growth and large fruit size over the three seasons.
In contrast, scions on the female rootstocks 7 and 9
were less productive in the second and third seasons.
Ungrafted own-rooted vines had high yield in two
seasons. 'Hayward' A as a scion achieved the best
field performance in yield and fruit sizing across
eight root systems in two seasons. Vines grafted
with 'Hayward' B showed low productivity.
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INTRODUCTION

The kiwifruit (Actinidia deliciosa (A. Chev.) C.F.
Liang et A.R. Ferguson var. deliciosa) industry in
New Zealand is based on the cultivar 'Hayward'
(Sale 1990). For many years 'Bruno' seedlings have
been widely used as rootstocks for kiwifruit in New
Zealand, and growers believe that seedling
rootstocks give rise to vines which grow rapidly
and are productive (Lawes 1990). However, field
observations have indicated wide variation in
performance (e.g., in fruit number and/or fruit size)
between vines grown in apparently identical
microclimates (Lawes et al. 1986). It seems these
differences are influenced by the rootstock
seedlings, the 'Hayward' scions, and/or the
interaction between the two (Woolley et al. 1988).

There is little literature on rootstock effects in
kiwifruit (Viti et al. 1990; Cruz-Castillo etal. 1992;
Wang et al. 1994), or the effect of scion cultivar
strain on performance. There is no clear evidence
that cutting-grown plants with their own-root
system are inferior to grafted kiwifruit vines (Lawes
1990). We initiated this work with the hypothesis
that rootstocks, including own-rooted plants and
'Hayward' scion strains, influence fruit productivity
during the first years of production in the orchard.
Thus, in this work the contributions of the scion
and the rootstock to the field performance of
kiwifruit vines 4, 5, and 6 years after grafting were
studied. There are biometrical methodologies to
evaluate rootstock and scion effects (e.g., Rives
1971; Lefort & Leglise 1977; Tubbs 1977; Lider et
al. 1978). However, their univariate techniques
focus on narrowly defined sectors of highly
integrated systems involving intercorrelated
variables. Therefore, in the present study canonical
discriminant analysis (CDA) was used to
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characterise the combined effects on the measured
response variables of different rootstocks and
scions. CDAcan identify differences among groups
of individuals (or treatments) and improve
understanding of relationships among the vari-
ables measured within those groups (Cruz-
Castillo et al. 1992; Cruz-Castillo et al. 1994).
CDA operates under the assumption that the
within-group covariance structure is
homogeneous for all groups. This approach also
requires that data within groups have multivariate
normal distributions. However, the normality and
homogeneity assumptions are not always
considered absolute prerequisites for using this
technique, in particular, when used as an
"explorative" tool (Krzanowski 1988).

MATERIALS AND METHODS

The experiment was carried out at the Fruit Crops
Unit, a research and commercial orchard at Massey
University, Palmerston North, New Zealand. The
kiwifruit vines had been grafted in 1985 with
selected material from commercial 'Hayward'
kiwifruit orchards. Observations during two
previous seasons had identified pairs of adjacent
or nearby vines within a block as "good" or "poor",
producing a high yield of large fruit, or low yield
of small fruit, respectively. On the basis of vine
differences in those characteristics, four pairs of
contrasting vines were selected for the propagation
of the experimental plants. Root pieces from the
unknown seedling kiwifruit (A. deliciosa) rootstock
of three good and four poor 'Hayward' vines were
propagated to produce entire plants that, when used
as root system clones, were expected to vary in their
effects on scion behaviour. Similarly, 'Hayward'
scion material from two of the good and two of the
poor vines was used to propagate plants on their
own roots. These four 'Hayward' selections were
also grafted on the seven clonal rootstocks and on
'Bruno' seedlings. The root and shoot cuttings were
mist-propagated as later described by Lawes (1990).
Each scion-rootstock combination was replicated
six times across the four scions (24 plants/
rootstock, or 54 plants/'Hayward' selection). The
vines were trained on a T-bar trellis system, and
planted at a spacing of 5.0 x 2.5 m on a sandy loam
soil. A male polleniser vine (M51 or M52) was
planted after every third female vine in each row.
Throughout the experiment vines were winter-
pruned and summer-pruned as in commercial

orchards and vine canopy area was c. 8.5 m2.
Lateral and flat fruits were removed and the vines
thinned to c. 35, 40, and 45 fruit/m2 canopy, for
the first (1988-89), second, and third seasons,
respectively.

For each vine, data collected included
percentage budburst, percentage floral budburst
(proportion of total winter buds that flowered), and
mean number of flowers per current shoot in early
spring. These attributes were determined in spring
on two long replacement canes of similar size
situated randomly on each side of the vine. Trunk
diameter was measured in spring 70 cm above the
ground, in the seasons 1988-89 and 1989-90 four
and 5 years after grafting, respectively. Fruit
number, vine yield, and mean fruit size per vine in
the 1988—89 season were obtained by counting and
weighing each fruit (including non-export sized
fruit). Fresh weight of canes from winter pruning
were also obtained. In the following two seasons
(1989-90 and 1990-91), the total crop of each vine
was counted and weighed in the field, and mean
fruit size determined from a randomly selected
subsample of 60 fruit (including non-export sized
fruit) taken from two canes.

In the first two seasons, nine root systems and
four 'Hayward' selections were studied. In the third
season, three root systems (own roots, and
rootstocks 4 and 9) and two 'Hayward' selections
("A" and "D") were selected to contrast poor and
good field performers on the basis of the results
obtained in the first two seasons. Canonical
discriminant analysis was performed on data of the
rootstocks across the 'Hayward' selections
(rootstock effects), and on the 'Hayward' selections
across the rootstocks (excluding own-rooted vines)
to evaluate scion effects. Only canonical
discriminant functions (CDFs) explaining large
percentage of variation between root systems and
scions are shown. Thus, scion effects in the 1990—
91 season were not interpreted for this reason.
For performing CDA, procedure CANDISC of
the SAS System (1989) was used. In three seasons
of experiments a few vines were not included in
the analyses because they were grafted in 1986
or 1987. Analyses of variance (ANOVA) on the
standardised canonical scores resulting from the
CDA were performed using the GLM procedure
of the SAS System (1989). These ANOVAs
enabled us to determine statistically significant
differences between rootstocks and between
scions.


