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Abstract Measurements of the timing and amount
of budbreak and flowering in 'Hay ward' kiwifruit
were made over 4 years in six regions of New
Zealand. There was a large variation in the vine
attributes measured. The number of flowers
produced/winter bud varied 5-fold between the
worst site-year combination and the best. The time
of 50% budbreak varied by 32 days and the time of
50% flowering by 25 days. The proportion of flowers
on the distal (tip) two buds ranged in a single year
from a low of 10% at one site to > 65% at another on
canes which had an average of 21 buds. The number
of flowers/winter bud is considered to be made up
of four components: the proportion of budbreak, the
proportion of floral buds, the number of
inflorescences/floral bud, and the number of flowers/
inflorescence. The proportion of budbreak and the
proportion of floral buds were found to be most
important in determining the number of flowers
produced/winter bud, and both of these components
were significantly higher at the cooler, southern,
sites. The vines measured in this survey were all
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chosen from a single block in a single orchard
within each region, so between-vine variation was
minimised. Despite this, total between-vine variation
accounted for nearly 40% of the observed variance
in the proportion of budbreak and about a quarter of
the observed variance in the number of flowers/
winter bud and the proportion of floral buds.
Differences between regions were significant for
all vine attributes measured except the number of
inflorescences/floral bud, with cooler sites generally
breaking bud earlier and producing more flowers.
When averaged over all 4 years, the number of
flowers/winter bud was over twice as high at the
coolest site than at the warmest, and budbreak
occurred more than 3 weeks earlier. The proportion
of flowers on the tip two buds varied from an
average of < 17% at one site to > 50% at the warmest
site. Year-to-year differences were generally not
significant when averaged over all regions, except
that flowering tended to be early or late at all sites
in the same years. Year-to-year variation was
however very important within each region. Over
50% of the variance in the number of inflorescences/
floral bud was the result of year-to-year variation,
and over a third of the variance of the number of
flowers/winter bud. At the warmest site, both the
number of flowers/winter bud and the proportion of
flowers borne by the tip two buds varied more than
2-fold in consecutive years. It is this between-
season variation that is of major significance in
orchard management. It is also important for the
industry at large because of the need to organise
transport, storage, and marketing on a region-by-
region basis.
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INTRODUCTION

Kiwifruit (Actinidia deliciosa 'Hay ward' (A.Chev)
C.F.Liang et A.R.Ferguson) is a deciduous perennial
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vine. Fruit are produced on current season's growth
arising from 1-year-old wood. Vegetative
"replacement" shoots grow during the first summer
of the 2-year cycle. The buds on these shoots or
canes overwinter in the dormant state. A varying
proportion of the buds develop or "break bud" in the
spring which follows. A proportion of these new
shoots bear flowers and form what is known as
"fruiting laterals". In any 1 year, both canes and
laterals are produced by the vine so that fruit is
produced each year in the autumn.

In New Zealand, the proportion of dormant buds
that develop in spring is normally not more than
50% and can be as low as 30%. This variation in
budbreak together with variation in the flowering
patterns on the shoots that do develop, can cause a
variation in the numbers of flowers/winter bud from
< 1 to > 2.5 depending on the region the vines were
growing in (McPherson et al. 1988); the angle the
canes were trained on (Snelgar 1988; Snelgar &
Manson 1990); the light environment (Snelgar et al.
1991, 1992); and cane size (Volz et al. 1991). In
South Africa, Linsley-Noakes (1989) found a similar
range of budbreak, but a lower range of flowers/
dormant bud of 0-1.5, depending on the region in
which the vines were growing. Following a mild
winter near Perth, Western Australia, budbreak was
only 27% and the number of flowers/winter bud a
very low 0.22 (Paulin & McHattie 1989). There are
links between the budbreak patterns and flowering
patterns. McPherson et al. (1992) found that the
earlier that buds break relative to the remaining
buds on the cane, and the nearer they are to the tip
of the cane, the higher the number of flowers likely
to be borne on them. Manson et al. (1991) removed
the apical bud 9-13 days before the mid point of
budbreak and found it increased the proportion of
dormant buds that developed, the proportion of
floral buds, and the number of flowers/winter
bud.

Temperature is known to have a strong influence
on the amount of flowering in kiwifruit. Field studies
have shown regional differences where cool winter
temperatures are associated with higher flower
numbers (Linsley-Noakes & Allan 1987). The role
of temperature is confirmed by controlled
environment experiments (Brundell 1976; Brio
1983; Lawes 1984; Lionakis & Schwabe 1984;
Warrington& Stanley 1986; McPherson etal. 1989).
However, the quantitative relationships with
temperature are not yet sufficiently consistent for
predictive purposes (McPherson et al. 1989). This
is unfortunate because the number and distribution

of flowers directly affects the commercial yield in
kiwifruit. Too few flowers limit yield, too many
lead to a high proportion of undersized fruit (Cooper
et al. 1988; Richardson & McAneney 1990; Cooper
& Marshall 1991) and this has dramatic effects on
financial returns (Judd & McAneney 1987; Doyle
et al. 1989; Snelgar et al. 1991)

The timing of budbreak and flowering is also
known to vary over wide limits and to be influenced
by climate and weather. Davison (1990) noted that
there was a consistent delay in flowering time of up
to 7 days along a rise in altitude of 270 m near Te
Puke. Controlled environment studies showed that
a 4°C reduction in average temperature from late
July, delayed budbreak by 19 days and increased
the proportion of budbreak by 7% (Warrington &
Stanley 1986). Cool temperature treatments imposed
closer to budbreak (8 August) still delayed budbreak
(McPherson et al. 1988). Budbreak was 16 days
later at 10°C than it was at 19°C. By the time
flowering was reached, the treatments had been
applied for much longer and the effect on the date of
flowering had increased to a range of 97 days.

Field studies have also shown substantial
variation in the timing of budbreak and flowering.
Morley-Bunker & Salinger (1987) showed that in
one season, the date of budbreak differed by as
much as 14 days between districts, and flowering
dates by up to 11 days. McPherson et al. (1992) used
some of the measurements of the time of budbreak
and flowering that are reported in the present paper
to show that temperatures during the period from
budbreak to flowering accounted for 86% of the
variation in the duration of that period. By using
long-term temperature records they made long-
term estimates of the duration from budbreak to
flowering which varied from 52 to 85 days, a range
of 33 days. Between-region climatic differences
accounted for 19 days of this and the balance was
because of differences in the weather from year to
year at each site. Salinger et al. (1993) also found a
positive relationship between the rate of
development from budbreak to flowering and the
mean temperature for that period. In addition, they
found relationships between temperature and the
commencement of sap flow, and the duration from
that time to budbreak.

The above evidence shows there is considerable
variation in the budbreak and flowering of kiwifruit
vines, and that it is strongly influenced by climate
and weather. Opportunities for the predictive
modelling of these responses have been limited by
a lack of appropriate data on vine behaviour. To


