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Influence of honey bee (Apis mellifera) on kiwifruit pollination
and fruit quality under Australian conditions
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Abstract The influence of honey bee (Apis
mellifera L.) pollination of kiwifruit (Actinidia
deliciosa (A.Chev.) C.F. Liang et A.R. Ferguson)
under different pollination regimes (viz. honey bee
supplementation, honey bee saturation in a cage with
a single male cultivar, and honey bee exclusion) was
investigated under Australian conditions during
1993/94 and 1995/96 seasons. Vines that had no
access to honey bees had significantly (.P<0.01)
lower fruit set (24%) compared to honey bee sup-
plementation (91%) and bee saturation (89%). The
mean yield (kg/vine) and the mean number of fruit/
vine in bee-supplemented and bee-saturated treat-
ments did not differ significantly, although vines that
were excluded from honey bees produced signifi-
cantly (P< 0.01) lower yields. However, individual
fruit weight in the bee-saturated treatments was af-
fected. There were significantly more small fruit in
bee-saturated vines than in vines that were supple-
mentary pollinated by honey bees. Bee activity as
assessed by the number of bee visits on flowers
(bees/vine permin) was significantly higher on male
vines than female vines during the first 2 weeks of
the flowering period. Honey bees were the main
contributor to pollination and fruit set, although low
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numbers of other potential insect pollinators such as
ladybird beetles and hover flies were also observed.
The mean seed numbers in comparable fruit from
higher weight groupings (i.e., 70-89, 90-109, and
>110 g) in bee-supplemented and bee-saturated
vines did not differ significantly, suggesting ad-
equate pollination and fertilisation of ovules in these
two treatments. Vines that were caged with a single
male cultivar produced fruit with significantly higher
(.P<0.01) total soluble solids concentration than did
those that were honey bee supplemented. Possible
reasons for the reduced mean fruit weight under
honey bee saturation are discussed.
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INTRODUCTION

Kiwifruit (Actinidia deliciosa (A.Chev.) C.F. Liang
et A.R. Ferguson) is an important horticultural crop
in many countries including Australia. Wherever it
is grown, kiwifruit still experiences production
problems associated with pollination, resulting in
poor fruit set and small fruit. The dioecious nature
of the crop dictates the need for placing both male
and female vines in the field for pollination which
entirely depends on vectors such as honey bees and
wind. The relative importance of honey bees and
wind in kiwifruit pollination is not clear. Although
honey bees appear to be responsible for most
kiwifruit pollination, wind may also be an important
vector (Palmer-Jones & Clinch 1974; Hopping 1979;
Jay & Jay 1984; Testolin et al. 1991; Costa et al.
1993; Vaissiere et al. 1996). Literature from New
Zealand, United States, Spain, and France indicate
that honey bees are essential for pollination and the
production of large fruit (Palmer-Jones & Clinch
1974; McKay 1976; Clinch 1984; Ponchia &
Youssef 1991; Vaissiere et al. 1996). However,
results from Italy show inadequate pollination by
honey bees, and wind contributing appreciably to
pollination (Testolin et al. 1991; Costa et al. 1993).
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Testolin et al. (1991) reported 200 and 400 seeds in
fruit >70 g under conditions in which bees were
excluded and in open pollination respectively. Craig
& Stewart (1988) reviewed the floral architecture
and pollination biology of kiwifruit and suggested
that there is as much evidence for wind pollination
as for insect pollination. A male kiwifruit flower
produces 2-3 million pollen grains. Such a high
pollen : ovule ratio in kiwifruit (2 x 103 : 1) is
characteristic of wind pollinated plants (Faegri & van
der Pijl 1979). Special structural features in the
kiwifruit pistil seem to be adaptations to overcome
poor pollination and over pollination in some
stigmatic arms resulting from insect and wind
vectors (Howpage et al. 1998a).

In commercial kiwifruit growing in New Zealand,
honey bee stocking levels of 8-10 hives/ha have
been recommended (Palmer-Jones & Clinch 1974;
Matheson 1991a,b). Pollen application techniques
with suspension media and hand pollination (Hop-
ping 1979; Hopping & Jerram 1980a,b; Hopping &
Simpson 1982) have also been evaluated and used
in New Zealand. This study was undertaken to as-
sess the importance of honey bees for pollination of
kiwifruit and to determine the influence of pollina-
tion on fruit quality under Australian conditions.

MATERIALS AND METHODS

Location

Studies were conducted on kiwifruit during summer
of 1993-94 and 1996-97. The first study site was at
Peats Ridge (33° 18'S, 150° 14'E ), a major kiwifruit
growing area in New South Wales (NSW), Australia.
This study site was a 3.2 ha block, comprising 9—12-
year-old vines in three separate subblocks. It was
surrounded by a forest of Eucalyptus spp., which is
typical of central coast plantings. A 0.5 ha subblock
of 9-year-old vines was selected for these studies.
Vines were planted in rows, with a 3 x 5 m spacing
on a T-bar trellis system with a polliniser in every
sixth position (i.e., planting ratio of male to female
vines of 1:5). There were four polliniser varieties:
Matua, M51, M52, and M56, planted randomly in
each row throughout the study block. The second
study site was a 5 ha kiwifruit orchard located at
Agnes Banks (33°37'S, 150°41'E) in NSW,
Australia, which was only used to repeat the
investigation of honey bee saturation on fruit soluble
solids concentration (SSC).

Treatments and cages

The pollination treatments were:
(1) No honey bee pollination (NB) honey bees were

excluded by caging the plots. Cages measuring
9 x 2.5 x 2.5 m were used: the metal frames
were covered with 4 mm white mesh Sarlon",
Hail guard (Sarlon Industries Pty Ltd,
Punchbowl, NSW 2196, Australia) to exclude
honey bees.

(2) Honey bee saturation (BS) plots were
"saturated" with bees at the rate of c. 30 hives/
ha. This was estimated on the basis of 300 vines/
ha, and a treatment of six frames of bees, brood,
and stored pollen/cage of three vines. Honey
bees were confined in identical size cages as
Treatment 1, but with a 1 mm white mesh
(Sarlon1", quarantine) to prevent entry of other
potential pollinating insects. A bee colony with
"one super strength" (Langstroth bee equip-
ment) was placed in each cage. Each "super
strength" colony comprised of five frames of
bees and brood, one frame of stored pollen and
honey, and contained one frame feeder which
was filled with sugar syrup at 5-day intervals
during the flowering period to supplement bee
nutrition for lack of nectar. This density of honey
bees was similar to the BS treatment of Palmer-
Jones et al. (1976).

(3) Honey bee supplementation (SP) vines were
exposed to feral bees supplemented by managed
honey bees at a rate of 6 hives/ha. These hives
were "two super strength" which consisted of 14
frames of bees with two frames of stored pollen
and honey.

(4) Hand pollination (HP) 50 flower buds/plot in
two pistillate vines were selected and isolated
with brown paper bags. Flowers from these buds
were pollinated with staminate flowers as
recommended by Malcolm (1991) then bagged
with brown paper bags again until fruit set was
visible, then tagged.

Each treatment plot consisted of a male vine be-
tween two female vines with vines of similar size.
All treatments were replicated 3 times in a
completely randomised experimental design.
Honey bees were introduced into the orchard (sup-
plementation) and into the cages (saturation) when
c. 5% of female flowers were open, the current
Australian recommendation (Malcolm 1991).
To minimise cage effects, they were dismantled
immediately after the flowering period i.e., c. 25
days after setting up.


