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Abstract Bee-vectoring is a new crop protection technology to control crop pests by disseminating microbial
control agents using bee pollination activities. Through the small screen cage experiments we investigated
seven microbial control agents if these are acceptable or not in terms of bee safety. During the 2 weeks
exposure to the microbial control agents in the screen cages, bumble bees showed frequent movement
between bee hive and screen cage through dispenser. Dead bees were also found in the dispensers depending
on the microbial control agents. The bee mortality from control and treated plots was 11-25% and 8-35%,
respectively. The bumble bee (Bombus terrestris) exposed with Beauveria bassiana showed higher mortality
than unexposed bees, and the other six microbial control agents including Bacillus subtilis QST713 were less
toxic to bumble bees. From this, we could select six microbial control agents applicable to bee-vectoring
technology. We hope that more studies related to development of suitable microbial control agents are needed
to enhance practical application of this technology in field.
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Fig. 1. Screen cage plots (left) and an wooden dispenser affixed to a commercial bumble bee hive (right) used in this study.
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Table 1. Seven microbial control agents tested in this study
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2). BAFNA B, subtilis QST713S & U2 E B3}
sk HollA A E PAEAA F%(6.33 x 10° cfubee)=
Park et al. (2012)°] 5L AAZ A3t F7} vdsle-2
oA ZAE 9.0 x 10°~1.9 x 10° HA}= FASI T}, eH,
ol FAol &8 vew A e viAd %‘Zﬁ‘fﬂ
AA ] Froll S WS F =t Kapongo et al.
(2008)«] Aol A, -5‘, I 3HA =9 B. bassianas
z}zl—tﬂl 0 uH J::.T:y]. b: _17:403 ﬂoﬂ}ﬂ 745-5]_‘: =
It 2o AH4E Hjﬁ“ﬂr oMz AA &

} Uk B subtilis KBC1010& 42Heh Al WojlA 7%** kS

L FEEF 10V AE © v, o] XY =& B ¢ kurstaki,
B. subtilis QST713, B. subtilis Y1336 2 B. bassianas “
215k Tt 2alA oA AP E Hollx = 10~1079] 5% HeE

O
Al

LERo=

HES wvel dAAeIAeN  AEE HPEe
30~40m2] 2§ gkel SF-S BT, 3087 YU
24 18ukellA i 40mH]7kA] S E}(Table 2). 7tE%
oH| AN A T 23X & AR|eHA] gk HEdA 25 14]
oA 3A] Atelell ZAgE F e %%‘?7} 30%7F 30mk]

e, ol 272 & of 2 Ao|AAFo] He| 2E
HAAE Bol & ¢ e vlg Ak Ik Al
o] g d FAA HAEE MAE S £ o dol
B EAA ) 28] =ZE o] ol gk AA Y Fdo T
& e & sle Agxdelgta dkE

AA ] =FH He] APES FAEFAA 11~25%, A
ZTolM= 8~35% WAl AUt ©] F B. bassiana 2]
To] ApdEo] FAET o8t Fot Wl 548 e
U= Ao AF=T. B bassiana® =& A FH9E Al
Eo] FoA= Z& Mommarerts et al. (2009)°] v]#=Fa
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Product content Measured content

Type Microbial agents
P g (cfu/g) (cfu/g)
L o Beauveria bassiana mixture 10% (w/w) 2.0 x 10" 3.63 x 10%
Microbial insecticide 0 10
B.t var. kurstaki 225 %10 2.25x10
Bacillus subtilis QST713 5.0 x 10? 2.18 x 10°
Bacillus subtilis Y1336 1.0 x 10° 3.51 x 10"
Microbial fungicide Bacillus subtilis KBC1010 1.0 x 10° -2
Simplicillium lamellicola BCP 5.0 x 107 2.1 x 10’
Ampelomyces quisqualis AQ94103 1.0 x 107 -

Inot measured.
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Table 2. Mean (£SE) of cfu number measured in bee body, number of bees found in screen cage, number of bees observed in
dispenser entrance and percentage of dead bees exposed to bee-vectored microbial control agents

Cfudetected No.ofbeesfound  No. of entrance per 30 min Bee Mortality (%)
Microbial agents tested inbee body  actively in screen

(cfu/bee) cage Out In Untreated plot ~ Treated plot
Beauveria bassiana 1.74 x 10° +
mixture (10%) 1.08 x 10° (9)° 373+6.2 309+2.1 342+2.6 11.2+49a 35.6+3.9b
Baccillus thrugiensis var.  6.64 x 10° £
Kurstaki 3.86 % 10°(16) 434+3.6 187+1.2 20.5+1.0 24.7+49a 23.0+2.6a
Bacillus subtilis QST713 633 x 10+ 31.9+5.0 359+3.6 404 +3.1 21.2+52a 8.6+ 33a

2.02 % 105 (18) . . . B . . . . . .

Bacillus subiilis Y1336 127 %100 418+83 179425 211430  161+78a  146+2.la
Bacillus subtilis 3.62x10°+
KBC1010 5.79 x 10°(7) 9.5+0.5 - - 9.5+0.5a 84+3.1a
Stplicilium lamellicola » 395436 187426  209+25  225+18a  32.9+53a
Ampelomyces quisqualis ) ) )
AQ94013 23.2+2.8 23.2+2.8a 16.4+34a
Ino. of bees sampled.
Pnot measured.

Within a row, means followed by different letters are significantly different at P < 0.05 using an Tukey-test.

Fig. 2. Photos of inner container in each dispenser after two weeks bee-vectoring trials. (a) B. bassiana mixture, (b) B. subtilis

QST713, (c) B.t var. kurstaki, and (d) B. subtilis Y1336.
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