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Control Effect against Apple Fire Blight Using Bee Vectoring
Dispenser for Pollinating Bees
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m Bee-vectoring technology is a new concept for crop protection by disseminating microbial
control agents onto economical crops using bee pollinators. This study was carried out to
determine control effect in screened cages against apple fire blight using developed dispensers.
The temperature in honey bee hives equipped with dispensers and in dispensers was 30.8
and 29.3°C, and relative humidity was 66.1 and 72.9%, respectively. The number of individuals
entering the hives per 10 minutes through the dispenser installed at the entrance, including
Bombus terrestris, Apis mellifera and Apis cerana, was 7, 91, and 207, respectively, and the time
period with the highest entrance frequency of entry was between 2:00 and 4:00 p.m. A. mellifera
delivered transport substances to the farthest distance (70 m] within the tested apple green
house. The error rate (%) of these pollinating bees adapted to finding the entrance and exit of the
dispenser and carrying out normal pollinating activities was 1.7, 21.1, and 44.1% in B. terrestris,
A. mellifera and A. cerana, respectively. The amount of microbial agent per A. mellifera and
A. cerana was 3.6(+0.59) and 1.2(+0.32) mg, showing a significant difference (t-test, P=0.0008).
A. mellifera delivered about 3 times more than A. cerana. The mortality of B. terrestris exposed
to the microbial products (B. subtilis QST713 and B. amyloliquefaciens MBI600) applied in cages
in the apple house was 7 and 8% and the number of bee entrances in 30 minutes and the number
of active bees in the cages were statistically insignificant. In addition, the incidence of fire blight
in Hongro flowers was 35.8% in the B. subtilis QST713 and 84.2% in the B. amyloliquefaciens
MBI600 treatments, and the corresponding control effect was 61% and 6.9%, respectively.
Therefore, it was found that B. subtilis QST713 is useful as a bee-vectoring microbial agent
for controlling fire blight. Based on these results, we will further study to apply the developed
dispensers for control various crop diseases in green houses and fields.
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M B
HIHE] 3] (Bee vectoring) 7]&< QI7to] ZpA-S mHbst
j$- vFZISH Al E & shuE HS H]ESE thefs
= i

Zt311 Th(Wael er al.,

EEED

AEe] 2R R A o]-&5H7] AT 7]&A Gol=A
259 E 7]& (entomovector technology) 24 = U= =
| (Hokkanen and Menzler-Hokkanen, 2007), %= 2]u]o]
A B o] 7]gof &= HIHE Y 7]ee 2HE T A
o Hod RAoz nAEAE 250 22 wiAAE
= o]-8lA ol EelAl Aot AL SnlRtch(Fig. 1).
19929 = FBEH (Apis mellifera)®] FHXHO=E o]
| 7 e vAEAR AEHddoEA F IRl
7| AL-FIZo|dt (Botrytis cinera) WAL 2 F370]
Q1 Gliocladium roseums Htol= d 2853t (Peng
et al., 1992). LSHEH A|LH A &8 7het 7
FTa%t 2F SEMAES Hi= FEEEY IR
(Bombus spp.)2A A= Bo] 53, oty g7} 181
ofAJotof| Al o] ShRmjZ|RlE o]- 8% QAL TR} A
oo A= FHFD9H (B. impatiens) 12| 1 33t =
ol A= AFHDE (B. terrestris)©] 7&A2H gHlolt.
o] HES HME P o] &7t A= 2] B7|ofl A A
-z oS WAY BX O F Trichoderma harzianum
2 AFESt] "t 229% =2 8RS 2A AT (Kovach
et al., 2000). °]2} FASHA BHENA L 2] B7]of A
Gliocladium catenulatum-s BHE]H o] 0]-85}o] 589 9]
81 712 7FA 2T (Smagghe, ef al., 2012). £3],

A 9H (B. impatiens) S ©1-85+ Clonostachys roseas

S4FSF EnbE oF T3 (Capsicum annuum L. cv. Edison)
ofl A AulFFol o] WS ZF 51.5%F 53% AAISHA
T} (Kapongo et al., 2008). ¥ T A2} B Eof o5 T
A= v Y 7lag o857l $13t d50] ol
Aok ol AE2A Aoz HHEHY S &85t
+ Hl §lof sl WAll® A-8s17] flef 2d7FRol, £
CESAEY, AGER 5o YAIE Slsl At AP
M A A % 79 ol T AF7F o] =R THAL
mazra’awi et al., 2006). =Wl A = A5 G H 5ol H]
HE Y 7ae 28 7Hse A 9] Fdo] o] RIF A,
MFHGE Y= T4 e FAE Adsto] &8
5t7] $1gt A7t ol F AT (Park e al., 2013, 2020; Kim,
2020). G2 E SR/ R 2 el v &7l
(Osmia cornifrons)®l Bacillus subtilis 715t2] &2 ®A|
Al (Serenade®) 2] A= ALt SPHE WUAG O 2 A
A2 Q1 Z-g/d o] Bl FTth (Joshi et al., 2020).

ol2ft RFHE Y AAHL ShEuZfet AlE o
= SAlol AT 4 L= S oh= o] Stk AapA o

2 A B7te Aeiel ditt drdez A 1
pis

o
A2 0] §ES 7HAE 4 A (Smagghe et al.,
2012; Fenner et al., 2013). S H|otof| A ZH} &) A
A5 g0l WA T. harzianum®] ©]-§ 22 ozl 7
A gt SRR Az haT ©F 2,987 USD, &<}
& A2H] A= oF 1405 USD, AT Fo] 1.88%
2ol whE 872 USD ©15 55 4rsH A%t hatd oF
3,710 USDO| B4 23S 7 =4, ol °] 7le=
AdYot= o 49 5= HE diH] 3Hu o 2Rt o]ol&
A@d Frh= Z-& oJu]Skt} (Espinosa et al., 2020).

Fig. 1. The concept of bee-vectoring technology composed of pollinators such as bees, biological control agent and dispenser. When pollina-
tors exited to forage outdoors and took pollinating activities, they delivered a biological control agent with their body and legs to target crops.
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Fig. 2. The overall and operating views of the dispenser developed for deploying Bombus terrestris (A & B), Apis mellifera and Apis cerana
(C & D) for vectoring biological control products.
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g FEA5mL) Y- PR Sof7HE S AQTSHT (Fig.
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1, o]AS tHA 15 mL FHO|| AZAste] Hol Apge uf
7] Aot E moll 2 E A7 AL
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SF9th(Fig. 3C and 3D). 18|11 3% SHE o /i

HA QI U 232 Zho} AAFA Q] SHRO/fEES 51
o A8 5= AZH )T LF7FEES HAHAE HEo| A
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Cut polyethylene tube
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Microbial product
particles
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Cut polyethylene tube
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Fig. 3. The schematic (A & B) and original photos (C & D) of a device designed to measure the delivering amount per Apis mellifera and
Apis cerana. Each bee captured in a polyethylene tube (15 mL) entered into another compartment containing microbial product connected
with another tube (5 or 15 mL, A). The stained bee with microbial dusts was kept in the above tube (5 or 15 mL) with a center hole (2 mm
diameter) and the delivered dusts were dropped the bottom of the other polyethylene tube (5 or 15 mL, B).
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5. MYFISEof gt 0| YEH 2] 458 X
SHaE 4N =1

ol A A |E = 2F v|AEAS (Bacillus subtilis
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FEol et AFEE, 302 BF Y S 2 239 T
AU s T Hol & 1183 AR AR F = (Malus
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(Peil et al., 2019; Lee et al., 2023).
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FLTY 4F 1 A HAWAE GAHAS o, 25

W Ui 7J AR
Ll (Fo51=6.11, P=0.004),

Hl & lﬁ *5(72 9%)7} & W5 (66.1%)°l
off B =%, EHES] &l 7V T2 =24 2
491 2o 0101A1L iR 141%’— L5 (30.8°C)7F 2
A WHF 25 (29.3°C)f Hlol oF 1.5°C =L F 2=
7} 168°CE A o2 W M-S ARtelH JeEds
o] T Ul 2% Hof §lof ﬂ*nﬂ/ﬂ A7|9t o F 2%
of o3t FFE A v = oF
\:]/\n-]] /\-] 7]. ZAzte] 2 3

= o ko —IE
Jo
1o,

Table 1. The difference of temperature and relative humidity (RH)
in the Apis mellifera hives and bee-vectoring dispensers

Measuring Temp. RH
position (mean £ SE, °C) (mean £ SE, %)
Outside 16.8+0.03¢c 75.3+0.29a
Dispenser 29.3+0.06b 72.9+0.15b
Bee hive 30.8+0.06a 66.1£0.23c

The different letters indicate significant difference tested by Scheffe’s test
at P=0.05.
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MT—%(Alqarni 2006). E3F 0]’°1EHE A =5
O] 52 oF 20°COllA 7HE =2 A, F
w2 259l oF 14°ColA EiolA E-55t
(Karbassioon et al., 2023). Z12] 11 oF<] ofu} Zof] YHE
o] 7} wo] HFES= A7 0 11A]HE 124] Alo]

|0

e 2 o & orr o o g do

Mo =
o
L o2 o e o

l

© ™ (Yucel and Duman, 2005), 5= APdA FH A F
AR Aol R/ g E she A9 AlfEd
(Apis cerana cerana)®] Ztf Ho|2hg A|7F Q9 oA
¥ 3A] AFo]9TH(Chen et al., 2016). ©]2} H|Z=5HA] 2 o
oA ALE ATAS o] gale] OFEEY EoFEY
0 AFHAY 5 3% A5G| 2 NES A ©
T 2A|RE 4A] Atole]l 7HE et B5-2 H It (Kim
et al.,2024). IHH  otdME G2 (Brassica napus L.) &l
A BT AR o] BEL vima) BT, R %
He @ 6A15E 104] Afolofl F2 AZt6lA 214 10
A 9 24] Afolo] Htje] S-S T, AP
B2 o2 obHe] BE-L AAEIA 0 641 104] A
olof Ztho] 52 Holrprt @ 10A7E 2% 6AI7}
2] 2 T A A A7 9% 6AIRE ©F 104
7] Ztohe 54
2023). 1eal FEEE 5
gkt v)e) 2

‘:]'(Karbassioon and Stanley,
A9 F1 AF Al7lell 7
5o Hol= 1&% T 2ARH 6A] A

B0 olgEe F

H 27} oF [0°cY W @A 10Al T M & B3l vk
W ORI o = @17} oF poecd w 2 11:305-9]

o] At} (Reyes er al., 2019). &

s o
HAE B ol FFFE™H] FEEdof v o
o[ AR Yl T ¥ 2EoA HoldEs drte e

OJu]| St} (Tan ef al., 2012). 23}A o2 StEuj7/fHE-S o]
goto] v E Y 7]&-S E-8517] Holixe A8 i 2
= &, A9 24 2 A7) s £ 52 e 2
7} et

S FEEEN AHEE 2070415 ZEsto] AHAG
| YEA O] HFS ZARRE A}, FeEdat AEd
Z}Z} 3.6(+0.59)7F 1.2(+0.32) mg o2 HA7} S2tof| H]
3] oF 38f o] W2 2RIFS Hol 5AZH o= {ogt 2to]
(t-test, P=0.0008)F YEFHTH(Table 2). ©]+= oFte 7]
gEdo] FEEH Hls) Bol ¥ A o A2 S+t
= T35t A LollA AEsh= W, FEEE2 A

Table 2. Comparison of behavioral properties of three pollinators in beehives equipped with bee vectoring dispensers

Bee density in

No. of bee entry &

Error rate for entrance Delivered amount

Pollinator the beehives exit (mean = SE) (mean=* SE, %) per bee (mean + SE, mg)
Bombus terrestris 80 7x1.1b 1.7+£1.2¢c -
Apis mellifera 13,000 91%19.6b 21.1x£6.5b 3.6£0.59%*
Apis cerana 5,000 207 £46.6a 44.1£3.0a 1.2%£0.32

The different letters indicate significant difference tested by Scheffe’s test at P=0.05.
**The delivery amount of microbial product per A. mellifera and A. cerana was significantly different at t-test (P =0.01).
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e ‘ﬂﬁH EHE o 33 7153 vfjof o B2 429

| ABEAE ol2ltt 2ol v Hol 24t
H 1tk (Koetz, 2013; BeeAware, 2022). <
Tado] ° dolet 5 BEAEY AF Atolof| o] A
A7 l-20] 3% 1 (Khan and Liu, 2022), E3F ¥
o] Y7le} ¢HeY 7] ol &2 AU & Al A
=9 d&5& A Dok= A7 F4PF (auto grooming
behavior) ] Zto] e HAEA] 2Rl JFE u)d 4 9

T PN
£ 29502 5

olel Higt A7t Bad o=

Oox

3. M| SEofl CHt )i ER[ef S 2

-r

KEA (B. subtilis QST713%} B.
amyloliquefaciens MBI1600)E 2] AFHFH n]x]=
Y& olA] A2z ARSI (Table 3). A Y
ol et B. subtilis QST713%} B. amyloliquefaciens
MBI600 AA 2] A& 7} 6%t 8% 2 FA T2 7%
oF FAA T FOIF ol & HolA] QAUTh(F.0=1.87,
P>0.05). 3023t HE = St YA W 25 T
QI B 5 Agsto] AR EFFolM = FA T
oF Bluwsto] FAHC R [oJjt 2po] 5 Holx] gt
T (F29=0.39, P>0.05). & A& o)A Uehd nl &4
of MFF G diet ¥ 45 7]E] Hild 6
& (Bacillus thurigiensis var. kurstaki, B. subtilis QST713,
B. subtilis Y1336, B. subtilis KBC1010, Simplicillium
lamellicola BCP, Ampelomyces quisqualis AQ94103)°]
AFF Gl gt A5 Aot FASHAT (Park et al.,

o
_6_5

2020).

AbE ZoA st o] M= u|YEA B. subrilis
QST713%} B. amyloliquefaciens MBI6002] ] 2] 710 A]
2} 35.8%%% 84.2% % FAO| 9= FA T =]
88.7%%} Z}o] S HoJZ] QLT (Table 3). ©]of] T I}
sl oigh WA B3te 2 61%2 6.9%% AR
9}3“’“* At AE] A= nAA] Ege &

of. mrebA HEE RS 085t Jh MRS

‘gA <} °/\}3 FEoz YASH] S v
=5 Jo] $45 4§ THs e A o
- 1—3— 83 shrulEEol &4

Aol Wasteh, B4 sy 4A
5OFEe] F2 ASHL G u)4
2 Pseudomonas fluorescens A506 (Blight Ban™ A506),
Pantoea vagans (Blight Ban™ C9-1), B. subtilis QST713

fl

o%“:."”...l?.'l-h_l

ﬁém?‘iiz
E

a
SF A
2 %

S
= =1

T ol RS < R (e rg 4>
o 13 20

(Serenade Optimum™), B. amyloliquefaciens D747 (Double
Nickel™), P. agglomerans E325 (Bloomtime Biological™),
Aureobasidium pullulans strains DSM 14940, DSM 14941
(Blossom Protect™) 52 & 4= 1th(Llontop er al., 2020).
ZZoll el M = AR sl diet a2 HAlde
22X 159l Candida vartiovaarae TAU-3°] A3t A5
2 A H(Kim et al., 2022).

olel ATtE Eo 2 Aol Atete] e s
HASS 7 SIS o] gste] 28 $42 A4
Shi 9l A4 SFeALt 1] So] 2% shul A2
Sof Hgsp7] g AAH A7 Wasi) Eo] shi

WOl aS FA) T A% FRO

w-1- =1w AT %7‘1]7} ‘?——_}*36]'
7 ghe vlelEl A BEH A A e o

Table 3. Incidence in flowers, control effect by bee vectoring management, number of bumble bees observed in dispenser entrance for 30 min-
utes, number of the bees found in screen cage and mortality of the bees exposed to Bacillus subtilis QST713 and Bacillus amyloliquefaciens

MBI600 products
No. of entra}nce per No. of bees . Incidence in
. 30 min . . Bee mortality Control effect
Material found actively in flowers a
(mean = SE, %) (mean = SE, %)
screened cage (mean = SE, %)
In Out

Bacillus subtilis QST713 21+24a 19+38a 19+3.2a 6+24a 358+ 11.4b 61+11.3%*
Bacillus amyloliquefaciens MBI600  22+09a 20%+1.8a 103*1.5a 8+ 14a 84.2+79a 69+6.2
Untreatment 20+1.1a 21*1.7a 12+3.8a 7+1.8a 88.7+3.8a -

The different letters indicate significant difference tested by Scheffe’s test at P=0.05.
**The control effect of tested microbial products was significantly different at t-test (P=0.01).
“Disease severity =[(No. of flower cluster class 1 X 1)+ (No. of class 2 X 2)+ (No. of class 3 X 3)+(No. of class 4 X4)+ (No. of class 5x5)]/(No. of total

flower cluster X 5) X 100.

1, floral infection; 2, flowers and peduncle infected; 3, flowers and bourse infected; 4, floral cluster, bourse, spur and spur leaves infected; twig connected spur

infected.
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Supplementary 1. The experimental phosphorescent powder (green particles on petals and stigma) delivered by Apis mellifera to apple
flowers at 70 m in the greenhouse apple orchard was detected at 365 nm UV led light (Convoy S2, Dongguan Kangwoyi Electronic Co.,
Ltd, China).
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