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Flower-visiting Activity and Fruit Set of Japanese Plum
(Prunus salicina Lindl.) Pollinated by Honeybees and Bumblebees:
Effects of Bee Species and Bumblebee Colony Number

Su Jin Lee, Heeji Kim, Dong Hee Lee, Minwoong Son, Su-Bae Kim, Bo-Sun Park,
Kyu-Won Kwak, Sung-Kuk Kim and Kyeong Yong Lee*

Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science, RDA, Wanju 55365,
Republic of Korea

M Most Japanese plum (Prunus salicina Lindl.) cultivars are gametophytically self-incompatible,
and cross-pollination by insect pollinators is therefore essential for stable fruit set. However,
the use of managed pollinators in open-field orchards remains limited, and no guidelines are
available on which bee species to introduce or how many colonies to deploy. This study was
conducted in 2025 and 2026 to evaluate the applicability of the buff-tailed bumblebee (Bombus
terrestris L.) as a pollinator of Japanese plum in comparison with the western honeybee (Apis
mellifera L.}, and to compare flower-visiting activity and fruit set between treatments with
different numbers of bumblebee colonies deployed. In the 2025 net-house trial, the estimated
number of bees entering and leaving the hive was 2.98 times higher in honeybee colonies
than in bumblebee colonies, whereas the estimated number of flower-visiting bees was 2.99
times higher in bumblebees (both p <0.001). The total flower-to-flower duration was shorter in
bumblebees (8.48 s) than in honeybees (11.54 s] (p =0.025), although flower visit duration alone
did not differ significantly (p=0.053). In the open-field trial, the median fruit set was 46.70% in
the bumblebee treatment and 17.45% in the honeybee treatment, both of which were higher than
those of the hand-pollination and pollinator-exclusion treatments (0.00%; p <0.001). In 2026,
flower-visiting activity was higher where six colonies were deployed than where three colonies
were deployed (p<0.001), and the estimated fruit set of the bumblebee treatment was 15.54%
and 3.86%, respectively. These results indicate that B. terrestris actively visits plum flowers and
can contribute to improved fruit set, providing baseline information for determining the level
of pollinator introduction in open-field plum orchards. However, because the colonies were
deployed at a single point per treatment within one orchard and the survey was restricted to trees
adjacent to the colonies, the present findings should not be extended to the general effects of bee
species or colony number.
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Fig. 1. Diurnal hive entrance activity of honeybee and bumblebee

colonies during plum flowering. Values are the mean=+ SD of the
number of bees entering and leaving the hive per 5 min.
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Fig. 2. Diurnal flower-visiting activity of honeybees and bumblebees
during plum flowering. Values are the mean+ SD number of flower-
visiting bees observed per 5 min.

—_—
)
—_

b)

16
14
12

16
14
12

Flower visitation duration(s)
Interflower flight duration(s)

o N B O 0
o N B O 0

p=0993), A} A7to]| w2 HS} /2 ¥ FRel wet
v46}7ﬂ o272 §Agront AR A7t 2ute] WelehE 4
2 A S QoA B =A e

7]” 89l FHFoR Tt RPN H T
o] ait= Folstth(Wald y>=36.747, df=1, p<0.001;
Table 1). AL AZE 7], A 2 29| 2= &
olet2] gttt £ =5 A Hr & tiAle v s 24
oflME ¥ F7 7} F2l51 S ™ (Wald > =35.893,
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%2 Zol7} FoJ5tA] ekottht=1.328,df=133,p=0.187;
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Table 1. Effects of bee species, time of day, and weather variables
on the number of flower-visiting bees on plum blossoms

Effect Wald df p
Bee species 36.747 1 <0.001
Time of day 4.893 8 0.769
Air temperature (°C) 2.039 1 0.153
Relative humidity (%) 1.789 1 0.181
Illuminance (1x) 1.560 1 0.212

Flower-visiting bee counts per 5 min were analyzed using a negative binomial
generalized linear model including bee species, time of day, and weather
variables (air temperature, relative humidity, and illuminance) as explanatory
variables.
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Honeybee Bumblebee Honeybee

Bee species
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Bumblebee Honeybee Bumblebee

Bee species

Fig. 3. Flower-visiting behavior of honeybees and bumblebees on plum blossoms. Values represent the mean = SD of (a) flower visit duration, (b)
interflower flight duration, and (c) total flower-to-flower duration. The asterisk indicates a significant difference between bee species (p <0.05).
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df=67.56,p=0.025, Hedges’ g=0.463; Fig. 3C).
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Th (Kruskal-Wallis y>=41.343, df=3, p<0.001; Fig. 4). 2
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(16.70~54.80), FE-EH FE 17.45% (9.88~22.53), 2
TFEA 0.00% (0.00~1.70), SHEU7HES A 0.00%
(0.00~0.00)Att. Dunn®] #44 H|w A3} Fa-Ed 2 A
FHIE TR A2 SRt SRR
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Fig. 4. Fruit set according to pollination treatment in Japanese plum.
Boxes indicate the interquartile range (Q1~Q3), horizontal lines
within boxes indicate medians, whiskers indicate the observed data
range, and points indicate individual observations.
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Table 2). M Hr= AYFIE 2771 5351138N
OF ofEEWH £B0] 305487 NEIE HTHF %=
21.837,p<0.001). T4 Zo] 15 7184 VFE U
AR E = F 2 I Afo7t ook gtth(E S
p>005).

4. E¢l 8 £ WeletEa Ans
Mo gE o] WelEs H 4= 660 m*oll 652 HiA]
Sk A @A (90.98 wha)oll A 0.981F2]/550]191.0H 1,350
m?ol 3872 vl g Al 8% (22 287/ha) ol A= 0.200}
g5 o 2 At (Fig. 5). B¢ Bt 4 #2]e] avt
1.5
e
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£
§ 0.5
&
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g T
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=
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High colony-density treatment Low colony-density treatment

Colony-density treatment

Fig. 5. Number of flower-visiting bumblebees on plum blossoms
under different colony deployment treatments. Values represent the
mean = SE. Error bars indicate the precision of the estimated means.
Six and three colonies were deployed in the respective treatments
(Wald y*=43.322,df=1,p<0.001).

Table 2. Fruit characteristics of Japanese plum under honeybee and bumblebee pollination treatments

Fruit characteristic N [I)j)(l)lr; EZE?; Izz)llrﬁ E::?:: df F p
Fruit length (mm) 60 428+92 399+8.2 1,58 1.726 0.194
Fruit diameter (mm) 60 458+7.6 403+9.2 1,58 6.265 0.015
Fruit weight (g) 60 56.8+26.2 46.3+29.6 1,58 2.096 0.153
Fruit firmness (N) 22 30.5+8.7 535+13.8 1,20 21.837 <0.001
Soluble solids content (°Brix) 60 142+13 142+28 1,58 0.009 0.923
Titratable acidity (%) 18 14+£0.2 1.2+0.3 1,16 2.329 0.146

Values are presented as mean=+SD. N represents the total number of fruits analyzed from both treatments. Differences between pollination treatments were

analyzed using analysis of variance, without accounting for tree identity.
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= Frolot.om (Wald y2=43322, df=1, p<0.001), £
o ol2HE 4= Tholl e F-of_t WA F Yeldth(Wald =

8.661,df=1, p=0.003; Table 3). S8 ZA}F A|7F(Wald =
13.650, df=8, p=0.086), 7]<&(Wald 5*=0.052, df=1, p=
0.819), A5 = (Wald >=0273,df=1,p=0.602) X £
Bt 5 28] x A A7 AT AR (Wald 52 =9.856, df=38,
p=0.275)9] B3t= FolotA] gt

Table 3. Effects of colony deployment, time of day, and weather vari-

ables on the number of flower-visiting bumblebees on plum blos-
soms in 2026

Effect Wald ? df p
Number of colonies deployed 43.322 1 <0.001
Time of day 13.650 8 0.086
Air temperature (°C) 0.052 1 0.819
Relative humidity (%) 0.273 1 0.602
Illuminance (1x) 8.661 1 0.003
Number of colonies deployed 9.856 8 0.275

X time of day

The number of flower-visiting bumblebees observed per 5 min was analyzed
using a negative binomial generalized linear model. Six and three colonies
were deployed at the respective sites within a single orchard.

Table 4. Effects of colony deployment and pollination treatment
on fruit set of Japanese plum: beta-binomial generalized linear
mixed-model analysis

Effect Wald »* df P
Number of colonies deployed 23.049 1 <0.001
Pollination treatment 161.520 2 <0.001
Number of colonies deployed 9.366 2 0.009

X pollination treatment

Fruit set was analyzed using a beta-binomial generalized linear mixed
model. Colony deployment, pollination treatment, and their interaction were

2hkgo] tiet 24 A, £ B 4 A2 (Wald 7 =
23.049, df=1, p<0.001), =& A2 Y (Wald y*=
161.520, df=2, p<0.001) ¥ & 22l 94 A5 28 (Wald
%*=9.366, df=2, p=0.009)°] L% 3-2|5}I T} (Table 4).
/grixkg_o] _l_'_/] o].Oﬂ [eR=R=1 X{E]?—Hﬂf‘n X}ﬂ H]—E%/]
e G H| s

B Aol AGHIE o] 4

15.54% (95% CI: 10.80~21.85)2 7H =11,

= 1.93% (95% CI: 1.16~320), SHEOj7/]E5 A=
0.76% (95% CI: 0.23~2.49) %I} (Table 5). Tukey E ths

HlW A3 AFFRGE 27 e ¢ AdTE
o} =9kom, QIF-E e} Ak Afojefli= zto]7} &4l
&) 2] QhSket. 35 Aol e AFFHGE el F
A ZIHE0] 3.86% (95% CI: 2.45~6.02)2 7H =311, <1
TR} A= 242 0.68% (95% CL: 0.35~1.32)%)
1.38% (95% CI: 0.54~3.51)Th ASFFHGE FE22]
g2 QSR ET Lo, Apdeto] Aol=
olgelli= o122 okt (p=0.055). AFFFE 7=
T F4 ZAes & AT 2F A4 vlustd, 65
Ae)7} 38 AeET} oF 40380 =UATH(15.54% vs.
3.86%). O T A= AR ohE WA 55 1449
Aol 2=l ng olgdt AfolE B - T &
o FEREe] Gt SfA Gk Hlofl= A7 Qi

PARIR-NY
— T

A"
ATT=

Z}
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!

AT AT R B
Fol O3 B4R

Fo] thHolold shulE
GOl g 2 ek o

included as fixed effects, whereas tree was included as a random effect. EI:I:‘ E]' —j-‘j"] L} lT—Z] _Tl]- _/'\_Oﬂ /\1% 5} T']:_LDH 7| H_T"___'%_Q] o]_go] O]—
Table 5. Estimated marginal means of fruit set of Japanese plum according to colony deployment and pollination treatment
. L Estimated 95% confidence .
Colonies deployed Pollination treatment fruit set (%) interval Grouping
Bumblebee pollination 15.54 10.80~21.85 a
6 colonies Hand pollination 1.93 1.16~3.20
Pollinator-excluded control 0.76 0.23~2.49 b
Bumblebee pollination 3.86 2.45~6.02 a
3 colonies Hand pollination 0.68 0.35~1.32 b
Pollinator-excluded control 1.38 0.54~351 ab

Values are estimated marginal means obtained from a beta-binomial generalized linear mixed model, with 95% confidence intervals. Different lowercase letters
within each colony deployment treatment indicate significant differences among pollination treatments according to Tukey-adjusted multiple comparisons (p <0.05).
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