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m Because the number of flowers of gold kiwi (Actinidia chinensis P. ‘Haegeum’) that bloom is higher
than that of conventional cultivars, artificial pollination is labor intensive. To verify potential insect
pollinators of the gold kiwi, in this study, we compared the kiwi pollination behavior and effects
of honeybees (Apis mellifera) and bumblebees (Bombus terrestris). The efficiency of pollinating
activity of a bumblebee worker was greater than that of a honeybee worker. The traffic rate of
bumblebees was 1.6-fold greater than that of honeybees. In particular, the percentage of bumble-
bees returning to the hive with pollen was 3.1-fold greater than that of honeybees. Because the
time in the flower of bumblebees was 4 s shorter than that of honeybees, assuming that the for-
aging time was the same, bumblebees would visit 1.6-fold more number of flowers than honey-
bees. However, the pollination effects of honeybees were better than those of bumblebees. The
fruit set rate of honeybee-pollinated flowers was 1.3-fold higher than of bumblebee-pollinated
flowers. In addition, honeybee-pollinated flowers produced 1.2-fold more number of seeds; fur-
thermore, the fruits produced by pollination with honeybee were slightly heavier and larger than
those produced by pollination with bumblebee. These results can be attributed to the fact that the
number of honeybee workers per hive is 20-fold more than that of bumblebee workers per hive.
Owing to the larger number of bumblebee colonies required to achieve pollination effects than
that of honeybee colonies, honeybees are considered better suited for kiwi pollination because of
economic constraints. However, as bumblebees have higher pollination efficiency, determining
effective density could promote their use as an alternative to honeybees in kiwi pollination.
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INTRODUCTION

Kiwi (Actinidia deliciosa) is a deciduous climbing
vine or shrub belonging to the family Actinidiaceae,
and it grows naturally in the subtropical region between
23° and 35°N around the Yangtze River in China (Fine,
1981; Lee et al., 1989). Kiwi vines are dioecious, and
therefore, pollinators must transfer the pollen from male
flower vines to female flower vines for fruit setting
(Costa et al., 1993; Vaissiere et al., 1996; Gonzalez et
al., 1998). However, kiwi flowers are less preferred by
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pollinators such as birds and insects because they do
not produce nectar to attract pollinators (Schmid, 1978;
Clinch, 1990). Contrarily, both male and female kiwi
flowers produce large amounts of pollen, which can
attract hymenopterans that collect pollen (Pomeroy and
Fisher, 2002). The preference of bees for the pollen of
female flowers is lower than that for the pollen of other
flowers blooming at that time because the pollen has no
nutritional value (Jay and Jay, 1984; Goodwin et al.,
2013a). Therefore, it is relatively difficult to pollinate
kiwi vines with wild insect pollinators (Mifiarro and
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Twizell, 2015). Consequently, several kiwi growers car-
ry out hand pollination to obtain fruits of high quality
(Goodwin and Perry, 1992; Razeto et al., 2005). How-
ever, kiwis bloom only for a short period, and therefore,
hand pollination is labor intensive, especially in large
kiwi-cultivating areas. Furthermore, separation of pol-
len from male vines before the flowering period is com-
plicated and time consuming (Razeto et al., 2005; Lee,
2018). Thus, methods of pollination using insects as a
substitute for artificial pollination have been extensive-
ly studied. In some studies, commercially managed in-
sect pollinators, including honeybees and bumblebees,
have been introduced into kiwi orchards and their pol-
lination effects have been investigated (Clinch, 1990;
Costa et al., 1993; Vaissiere et al., 1996; Pomeroy and
fisher, 2002; Goodwin et al., 2013a). It has been report-
ed that controlling the number of honeybee hives per
unit area (Palmer-Jones et al., 1976; Craig and Stewart,
1987), increasing the number of worker bees per colo-
ny (Blanchet et al., 1991), and supplying sugar syrup
to colonies improves the pollination effect (Goodwin,
1992). It has been verified that the pollen-collecting
behavior of bumblebees is better than that of honeybees,
whereas the pollination effects of bumblebees were the
same as those of honeybees in kiwis (Pomeroy and Fish-
er, 2002). In addition, Goodwin and McBrydie (2013b)
reported that the fruit set rate can be increased by in-
stalling pollen dispensers at the beehive entrance so that
the forager bees can carry pollen. Winston and Slessor
(1998) reported that spraying synthetic queen mandib-
ular pheromone on kiwi vines increased fruit produc-
tion. In Korea, there have been studies on kiwi pollina-
tion using insects, such as those comparing the pollina-
tion effects of honeybees and bumblebees on kiwi vines
and confirming its availability (Kim ef al., 2005). How-
ever, unlike that in other countries, in Korea, kiwi is
grown in a relatively small area (less than 1 hectare per
farm), and artificial pollination is carried out using pol-
len imported from other countries or collected from
vines (Lim et al.,2014; RDA, 2017).

Recently, the cultivation of gold kiwi (Actinidia chin-
ensis P.) varieties has increased worldwide as they have
higher sugar content and are more palatable than green
kiwis (USDA, 2016). In Korea, several kiwi varieties,
mainly gold kiwi varieties, have been cultivated and
disseminated since 2000, for the local cultivation of
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kiwi varieties (Kim et al., 2007; Kim et al., 2012). One
of the new varieties of gold kiwi that is commonly
grown in Korea is Haegeum because of its high sugar
content and fruit productivity. However, the blooming
time of Haegeum is earlier than that of other cultivars;
thus, it is difficult to secure pollen from vine for artifi-
cial pollination (Jo et al., 2011). Therefore, kiwi farm-
ers inevitably use cold-stored pollen, collected the pre-
vious year, for pollination (Cho et al., 2017). In addi-
tion, because the number of flowers that bloom is high-
er than that of conventional cultivars, artificial pollina-
tion is labor intensive. To overcome this limitation, in
the present study, we investigated the use of insects for
pollinating Haegeum cultivar. honeybees and bumble-
bees were selected as candidate insect species, and their
pollination behavior during the flowering period, kiwi
fruit set rate, and kiwi fruit properties were compared.
Based on the comparison data, we recommend the most
efficient pollinator insect among the two for Haegeum.

MATERIALS AND METHODS

Insects and crops

The experiments were conducted from May 5 to 24,
2018 in the Jeollanam-do Agricultural Research & Ex-
tension Services Fruit Research Center, Haenam-gun,
Jeollanam-do, Korea (34°34'53"N, 126°39'53"E). We
selected the golden kiwi fruit (Haegeum cultivar) for
the study. It is an early-season kiwi fruit cultivar has
been developed in Jeollanam-do Fruit Research Center,
and its full-bloom day is on May 15. The vines were
cultivated following the standard cultivation method
(RDA, 2016). To compare pollination effects, a cross
between three strains of European honeybees (Apis mel-
lifera L., 3 frames, over 5,000 workers) selected by the
Rural Development Administration and bumblebees
(Bombus terrestris L., 200 workers) of the 16th gener-
ation reared under artificial conditions (26°C, relative
humidity 80%; Yoon et al., 2010) were introduced into
the study sites.

Treatment groups

The test plot consisted of four net house units (360 m?/
unit, mesh: 2 mm X 2 mm) with eight kiwi plants per net
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house. The interval between plants was 6.0 mX3.0 m,
age of kiwi plants was six years, and average height of
plants was 1.8 m. To collect pollens, the flowered bran-
ches (60 cm) of Haeson male cultivars (Cho et al., 2017)
were placed in bottles containing distilled water, and
the suspension was suspended on Haegeum vine, five
branches per plant. To investigate the effect of differ-
ent pollination methods, 2 colonies of 5,000 (2 frames)
honeybee and 2 colonies of 200 bumblebees were in-
stalled at 1 m distance from the entrance of the four net
houses on May 11, 2018. The bee colonies were remov-
ed from the greenhouses at 13 days (May 24) after in-
stallation. In each site, artificially pollinated and con-
trol units were placed. The pollen from Matua cultivar
was collected on May 16, 2017 for artificial pollination,
and then cryopreserved. On May 10, 2018, 20 g of the
cryopreserved pollen was mixed with 4,000 mL of dis-
tilled water; to 200 mL of the suspension (Korean kiwi
farming association, Suncheon, Korea), 0.8 g of food
color was added (Red no. 2, Ojeong, Seoul, Korea).
Artificial pollination was carried out in three randomly
selected branches per female vine in each test plot, be-
fore bee colonies were installed. Immediately after arti-
ficial pollination, the flower clusters were covered with
I mm X I mm mesh until May 24,2018 to prevent insect
pollination. The control group consisted of 30 pistillate
flower clusters, randomly selected just before the bloom,
in each test plot. These remained sealed with paper cups
until May 24, 2018. The pollination activity of honey-
bees, set rate of kiwi fruit, and physical properties of
the harvested kiwi fruits were investigated to compare
the pollination effects.

Pollinating activity and foraging characteristics

To compare the pollination activity of honeybees and
bumblebees, we investigated bee traffic and number of
bees visiting kiwi plants from May 14 to 16, 2018. Bee
traffic was defined as the number of worker bees en-
tering and exiting hives in 5 min; it was recorded at 1-h
intervals from 08:00 to 19:00 h for three days. In addi-
tion, the number of bees pollinating the flowers per
kiwi plant was observed at 1-h intervals from 08:00 to
19:00 h for three days; that is, the number of foraging
bees visiting a kiwi plant at the same time intervals. We
also compared the time the bees spent in the flowers (as
the time spent collecting pollen or nectar from one flow-

er by one worker) and the time taken to move from one
flower to another. To compare the preference for male
and female flowers between honeybees and bumble-
bees, the foraging worker bees were counted on female
and male kiwi flowers for 5 min; it was recorded at 1-h
intervals from 08:00 to 19:00 h for three days.

Effect of pollination method on the fruit set rate

The rate of fruit set was surveyed on May 24. It was
measured in three plants of the honeybee-pollinated,
bumblebee-pollinated, artificially pollinated, and non-
pollinated groups. The rate of fruit set was calculated
as the percentage of flowers that were pollinated in 30
randomly selected branches per plant in the insect-pol-
linated groups and 3 branches per plant in the artificial-
ly pollinated and control groups. Meanwhile, the rate
of fruit set in flower clusters was calculated as the per-
centage of flower clusters in each plant that contained
at least one pollinated flower.

Effect of pollination method on fruit quality

The fruits were harvested five months after pollina-
tion (October 16, 2018). Fruit quality was determined
using 30 randomly selected fruits from each treatment
group and fruit properties (weight, length, diameter,
firmness, soluble solid content, SS-TA ratio, and seed
number) were analyzed. The fruits were weighed using
an electronic balance (CB-3000; AND, Seoul, Korea),
and their length and diameter were measured using Ver-
nier calipers (500-181; Mistutoyo, Kawasaki, Japan).
Meanwhile, fruit firmness was evaluated using an 8-
mm measuring rod of TMS-Pro (Food Technology, Ster-
ling, VA, USA), and the vertical maximum pressure
was measured along the fruit’s equatorial plane (5 mm
sample move, 100 mm min~'). Next, juice was extract-
ed by cutting the fruit at the point of median equatorial
plane, and then squeezing the fruit and passing the pulp
through cheesecloth. The content of soluble solids in
the juice samples was measured using a digital sugar
meter (PR-32a; Atago, Tokyo, Japan). Juice was extract-
ed from five fruits of each treatment group, and 5 mL
of each juice sample was diluted with 35 mL of distill-
ed water and neutralized to pH 8.3 using 0.1 N NaOH;
titratable acidity was determined using malic acid. The
SS-TA ratio is the percentage of fruit soluble solid con-
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Table 1. Bee traffic of insect pollinators per day in the net house

Insect N Incoming traffic (Percentage”) Outgoing traffic Total traffic
pollinawtor Non pollen Pollen* (Percentage) (Percentage)
Honevbee 4 210.8+168.0* 1255+113.3 478.0 +303.9* 814.3+539.2%
y (42+34) (25+23) 9.6%6.1) (16.3+10.8)
Bumblebee 4 5.8+22 63+2.1 105£2.6 215+£52
(72£2.8) (7.8+2.6)* (13.1+3.3) (269+6.5)

Values represent the mean = SD

¥ Survey count (day)

* Percentage of foraging bees to colony size

* Number of bees carried pollens

* indicates a significant difference at p <0.05 between treatment plots.

tent/titratable acidity. The relationships between seed
number and fruit weight, soluble solid content, titratable
acidity, and SS-TA ratio were analyzed to determine the
correlation between the number of fertilized seeds and
quality of fruits.

Statistical analysis

The pollination behaviors of honeybees and bumble-
bees (bee traffic rate, bees visiting kiwi plants including
female and male vines, foraging behavior, time spent
on flowers, and time spent moving from one flower to
another flower) were compared using a z-test. The pref-
erence of the insects for male and female kiwi vines
was analyzed using the chi-square test. The effect of
pollination method on fruit set rate and fruit quality was
analyzed using a one-way ANOVA test. Data with sig-
nificant differences identified using the Tukey’s HSD
post-hoc test were subjected to post-hoc analysis.
Pearson correlation, one-way ANOVA, and #-test were
performed after verifying normality using Shap-
iro-Wilk test. After the correlation analysis, a liner re-
gression equation was derived using a regression anal-
ysis if a significant correlation was confirmed. All sta-
tistical analyses were performed using SPSS PASW
22.0 package for Windows (IBM, Chicago, IL, USA).

RESULTS

Pollinating activity of the different insect
pollinators

Overall, there was a significant difference in the bee
traffic per day between the species (Table 1). The incom-
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Fig. 1. Comparison of the average number of honeybee and bum-
blebee bees visiting a kiwi plant per day. * indicates significant dif-
ference at p <0.05 among treatment plots.

ing (#-Test: t6=2.440, p=0.050), outgoing (t¢=3.077,
p=0.050), and total traffics (t6=2.940, p=0.026) of
honeybees were 36-, 45-, and 38-fold greater than that
of bumblebees, respectively. However, the colony size
varied between bee species. However, when presented
as a percentage, the incoming, outgoing, and total traf-
fic rates of bumblebee were 1.7-, 1.4-, and 1.6-greater
than those of honeybees, respectively, but there was no
significant difference (Table 1). The number of honey-
bees that carried pollen and returned to the colony was
20-fold no significantly higher than that of bumblebees
(ts=2.105, p=0.080). However, the percentage of bum-
blebee was 3.1-fold significantly higher than that of
honeybee (6= —3.090, p=0.021). The number of hon-
eybees visiting a kiwi plant per day was 4.4-fold great-
er (22.6 £ 6.5 bees) than that of bumblebees (5.2+2.1
bees) (Fig. 1). However, when presented as the percent-
age of plant visits per bee to the total bee traffic, the
results showed that the number of bumblebees visiting
a kiwi plant per day was 8.6-fold greater than that of
honeybees. Both honeybees and bumblebees prefer
male flowers over female flowers (Fig. 2). The number
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Fig. 2. Comparison of the rate of honeybee and bumblebee bees
visiting a kiwi plant per day. * indicates significant difference at
p<0.05 between treatment plots.

35 A) 29+ 04

3.0
2.5
20

15
07 £0.2

10
0.5
0.0

Female Male
Gender of kiwi flowers

Number of honeybee visiting kiwi flowers

**1B)

30
25
20
13+£03

1.5

1.0

0.5
02+01

ol

Female Male
Gender of kiwi flowers

Number of bumblebees visiting kiwi flowers

Fig. 3. Comparison of number of (A) honeybee and (B) bumble-
bee visiting female and male kiwi flowers per day. * indicates sig-
nificant difference at p <0.05 between treatment plots.

of honeybees visiting male flowers per hour (2.9+0.4
bees) was 4.5-fold higher than that visiting female flow-
ers (0.2£0.1 bees) (f2= —5.281, p=0.0001) (Fig. 3A).
Similarly, the number of bumblebees that visited the
male flowers was 8-fold higher than that of bumblebees
that visited the female flowers (f22=3.540, p=0.002)
(Fig. 3B). Honeybees spent 10.1 0.1 s on a flower pol-
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Fig. &. Comparison of (A) time spent on kiwi flower and (B) time
to move from a flower to another flower between honeybee and
Bumblebee. “ X and horizontal line in the box are mean and me-

g

dian values, respectively. “e” indicates more than 3/2 times of the
upper quartile. ** indicates significant difference at p<0.05 be-
tween treatment plots.

linating, which was 4 s longer than the time spent by
bumblebees (Fig. 4A, t54=2.388, p=0.020); both hon-
eybees and bumblebees spent 3 s moving from one
flower to another (Fig. 4B, 134=0.083, p=0.935).

Effect of pollination methods on the fruit set
rate

There was a significant difference in the fruit set rate
of kiwi plants among the different pollination methods
(Fig. 5, one-way ANOVA test: F363="77.060, p=0.0001).
Fruit setting by artificial pollination (86.4% £ 10.1%)
was the highest, followed by honeybee- (72.3% £ 15.2%)
and bumblebee-mediated pollination (53.7% +15.0%).
The fruit set rate by artificial pollination was 1.2- and
1.6-fold greater than that of honeybee- and bumblebee-
mediated pollination, respectively. The insect-mediated
pollination methods showed 5.4~7.4-fold higher fruit
set rate than that of the control, verifying the pollination
efficiency of the insect. The fruit set rate by honeybee-
mediated pollination was 1.3-fold higher than that by
bumblebee-mediated pollination. Although fruits were
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set in the control, they all dropped during fruit matura-
tion.

Effect of pollination methods on fruit quality

There was a significant difference in the weight and
size of kiwi fruits among the different pollination meth-
ods (Table 2). The weight, length, and diameter (weight:
F377=25.897, p=0.0001; length: F377=14.728, p=
0.0001; diameter: F377=25.425, p=0.0001) of fruits
obtained by artificial pollination were the highest, fol-
lowed by those obtained by pollination with honeybees
and bumblebees. In particular, the weight, length, and
diameter of fruits obtained by artificial pollination were
1.5-, 1.1-, and 1.2-higher than those of fruits obtained
by insect pollination, respectively. The fruits produced
by pollination with honeybees were slightly heavier and
larger than those produced by pollination with bumble-
bees, but there was no statistical difference. The firm-
ness of fruit did not differ among the pollination meth-
ods (F377=1.138, p=0.236). The soluble solid content,
and seed number were significantly different among the

a

100 864+ 10.1

b
723 £ 152

80 c
53.7 £ 147

60

40

Fruif set rate (%)

d
98 + 35

20
0

Control Artificial pollination Honeybee

Bumblebee

Pollination methods

Fig. 5. Setting rate of kiwi fruits with different pollination meth-
ods. Different letters indicate significant differences among the pol-
lination methods, as determined using the one-way ANOVA and
Tukey’s HSD post-hoc test (p <0.05).

pollination methods (Table 2). The soluble solid content
of fruits obtained by honeybee-mediated pollination was
15.6 Brix, which was 0.7 Brix higher than that of fruits
obtained by bumblebee-mediated and artificial pollina-
tion (£377=3.589, p=0.030). The SS/TA ratio of fruits
obtained by honeybee-mediated pollination was 32.4%,
which was 1.3 and 1.4-fold higher than that of fruits
obtained by bumblebee-mediated and artificial pollina-
tion, respectively (F377=4.780, p=0.011). However, the
highest number of seeds was obtained by artificial polli-
nation, which was 1.2- and 1 .4-fold more than that ob-
tained by pollination with honeybees and bumblebees,
respectively (F377=19.137, p=0.0001). For titratable
acidity, there was no significant difference among the
pollination methods (F377=2.724, p=0.072). The
weight of kiwi fruits showed a significantly lower posi-
tive correlation with seed number (R=0.333, p<0.01)
and soluble solid content (R=0.233, p<0.05). On the
contrary, there was no correlation between titratable
acidity and SS-TA ratio (Table 3). A first-order regres-
sion equation was derived between the weight of kiwi
fruits and the number of seeds (y=2.494x+566.18;
ANOVA F;73=9.733, p=0.003, R*=0.111,
DW =1.303) (Fig. 6). On the other hand, it was not sig-
nificant regression model between soluble solid content
and fruit weight since the residual was too large and R
value was too small (ANOVA F73=4.467, p=0.038,
R?=0.054, DW =0.604).

DISCUSSION

Pollinating activity

We compared the activity of honeybees and bumble-
bees during the blooming season of kiwi vines to select
the most effective pollinator of Haegeum among the

Table 2. Effects of different pollination methods on the physical properties of harvested kiwi

Pollination method Weight  Length

Diameter
() (mm) (mm)

. Number of
Y
acidity (%) SS/TA ratio seeds

Firmness  Soluble solid  Titratable
(kg/cm’) (%)

Acrtificial pollination
Honeybee-mediated pollination ~ 30 64.7+18.1°
Bumblebee-mediated pollination 30 61.6+14.7°

20 9394169 612+44° 525+28°
551450 46.0+4.7° 034+0.17
53.8+52° 453+3.8° 0324022

148+14° 091£073 235+120° 873.0+1238°
156+12° 055+£020 324+125* 759.0+984°
148+1.1° 0.88+0.84 242+113° 6402+162.0°

0.40£0.26

* number of samples
Y Soluble solid/titratable acidity
“ mean+SD

? Different letters indicate significant differences among pollination methods, based on the results of one-way ANOVA and Tukey’s HSD (p <0.05).
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Table 3. Correlations between fruit weight and number of seeds,
soluble solid content, titratable acidity, and SS-TA ratio

Fruit weight
Pearson’s X
correlation” -
Numberof g ) pie solid TUAEPIE o o ratio
seeds acid
R 0.333%x* 0.233* 0.185 —0.111
P 0.003 0.038 0.100 0.326

” Each set of values was used to calculate the two correlations.
“*” and “**” indicate significant correlation at p <0.05 and p <0.01 (two-
tailed), respectively.
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Fig. 6. Regression analysis between the number of seeds and weight
of fruits.

two. The percentage of bee traffic was not significantly
different between the insect pollinators; however, the
percentage of bumblebees returning to the colony with
kiwi pollen was three-fold greater than that of honey-
bees. Furthermore, the percentage of total forager bum-
blebees participating in pollination was 1.6-fold higher
than that of total forager honeybees. The percentage of
forager bumblebees visiting kiwi plants was also four-
fold higher than that of forager honeybees. Overall,
bumblebees showed a more efficient pollination activi-
ty than that of honeybees in Haegeum. This can be at-
tributed to one of the following reasons: bumblebee
preference for kiwi flowers with no nectar but abun-
dant pollen (Pomeroy and Fisher, 2002) and bumble-
bees are more adaptable than honeybees to confined
spaces, such as a net house (Katayama, 1987; Dimou
et al., 2008). Nevertheless, it is difficult to affirm that
bumblebees are definitely more effective in kiwi polli-
nation than honeybees. This is because of the follow-
ing reasons. First, the number of worker honeybees is
20-fold higher than that of worker bumblebees per col-
ony. In general, the pistil must be pollinated by large

amounts of pollen for the kiwi to fruit (Hopping, 1990).
For example, in Hayward cultivars, a full-sized fruit
contains 1,300 seeds. As the pollen required for this is
approximately 13,000, insect pollinators with pollen
collected from male flowers have to visit female flowers
several times (Hopping, 1990). In fact, Goodwin et al.
(2013a) reported that worker bees must make five vis-
its per flower for complete fruit setting in HORT16A, a
gold kiwi cultivar. In this study, the total number of
worker honeybees was more than 20-fold that of bum-
blebee workers, and therefore, the chances are more for
honeybees to visit female kiwi flowers than bumble-
bees in confined spaces. Second, the preference of
honeybees for kiwi female flowers is higher than that
of bumblebees. Because kiwi is dioecious, the pollen
of flowers on male vines must be transferred onto the
stigma of the flower on female vines (Donovan and
Read, 1990; Costa et al., 1993). Therefore, the prefer-
ence of insect pollinators for female flowers is as im-
portant as that for male flowers (Goodwin and Steven,
1993). In this study, both bee species generally showed
a higher preference for male flowers. B. terrestris pre-
sented a higher preference than honeybees for male
flowers, whereas honeybees preferred female flowers
(chi-square test x*; =4.313, p=0.038). As kiwi flowers
do not secrete nectar, the only means of attracting bees
is pollen (Clinch, 1990). Our results reveal that the
preference for kiwi flowers varies with bee species, be-
cause the preferences of bees might vary depending on
the kind and composition of amino acids in the pollen
(Leonhardt and Bliithgen, 2012). Particularly, female
flowers of Hayward had limited number of visits by
insects due to the low nutritional value of pollen, but
honeybee visits were relatively more than those of oth-
er insects (Goodwin and Steven, 1993). On the con-
trary, it has been reported that the pollen from male
flowers is favored by bumblebee than honeybee (Pome-
roy and Fisher, 2002).

Pollination effect

In the present study, the results of fruit set rate and
fruit quality suggested that honeybee was more effective
than bumblebee. In general, the weight of kiwi fruits is
positively correlated with the number of seeds (Hopping,
1990; Goodwin et al., 2013a). Our results also showed
a low positive correlation between the weight of kiwi
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fruit and number of seeds, with a first-order regression
equation. This indicates that the more the seeds produc-
ed through sufficient pollination, the better the quality
of fruits produced (Aizen and Harder, 2007). Indirectly,
this indicates that honeybee, which had more forager
bees, pollinated more female flowers than bumblebee.
Despite the number of forger bumblebees being 1/10
less than the number of forger honeybees, the fruit set
rate and seed number were only 20~30% lower. Rather,
it represents the fact that bumblebees have considerably
better pollination efficiency per worker than honeybees.
Pomeroy and Fisher (2002) reported that bumblebee
visited more kiwi flowers than honeybees in the same
time. In this study, honeybees stayed in the kiwi flower
longer than bumblebees. Assuming that forager honey-
bees and bumblebees have the same foraging time (1
min), bumblebees visit 9~10 flowers and honeybees
visit 6 flowers in 1 min; therefore, the number of flow-
ers visited by bumblebees is 1.6-fold more than honey-
bees. In addition, Pomeroy and Fisher (2002) reported
that bumblebees collect more pollen than honeybees
and exhibits more crossing behavior between male and
female flowers than honeybees; thus, bumblebee can
exhibit greater pollinating efficiency than honeybees.
Despite these advantages, as bumblebee is relatively
less economical, honeybee, rather than bumblebee, is
commonly used for kiwi pollination in New Zealand
(Pomeroy and Fisher, 2002; Mifiarro and Twizell, 2015).
However, our results suggest that if the economic lim-
itations associated with bumblebees can be overcome,
they could be used as a substitute for honeybees in the
pollination of kiwi flowers.

We compared the pollination effects of honeybees and
bumblebees on kiwifruit in a confined space. The effi-
ciency of pollination of a single worker bumblebee was
excellent, but honeybees, owing to a high number of
worker bees, showed greater effects in kiwi pollination.
Therefore, considering the economic constraints, hon-
eybees are more suitable for the pollination of kiwi than
bumblebees. However, since our study was conducted
in a limited space with no other pollen sources and only
kiwi flowers, there is a limit to applying these results to
open fields completely. During the kiwi flower season
in Korea, because pollen source is more attractive to
bees than kiwi flowers (Clinch, 1990), the behavior and
effects of honeybees and bumblebees may change. In
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addition, honeybees and bumblebees differ in their ac-
tivity in limited spaces (Katayama, 1987). Therefore,
in further research, pollination behavior and effects of
honeybee and bumblebee need to be investigated in
open fields planted kiwi vines. Also, it is necessary to
verify the economic feasibility by determining the effec-
tive density of bumblebees per unit area compared with
that of honeybees in an open field.

In addition, artificial pollination showed higher effec-
tiveness in terms of fruit set rate, fruit size, and weight
than that of bee pollination. This could be because in
hand pollination, the same flower is pollinated several
times during the blooming period, which can result in
the production of heavier fruits than those obtained by
single pollination (RDA, 2017). The process to produce
better kiwi fruit by hand pollination is labor intensive. In
particular, the labor and time required to produce Hae-
geum plants with more flowers are higher than those
for Hayward green kiwi. Based on our results, we be-
lieve that the use of insects for pollination of kiwi vines
can be an alternative to artificial pollination. Because
insect pollination produces smaller fruits than artificial
pollination, future studies are needed to determine the
most effective bee density to increase seed fertilization.
In addition, various strategies should be evaluated to
enable bees to pollinate more effectively, such as devel-
opment of a pollen dispenser that can deposit pollen on
foraging bees when they leave the beehive and techni-
ques for grafting a male kiwi cultivar, preferred by bees,
on to Haegeum cultivar.
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