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Oxalic Acid

Daegeun Oh'2, Kil Won Kim?, Kyung Mun Kim', Peter Njukang Akongte', Ju-kyeong Kim',
Changhoon Lee’, Bo Sun Park’, Su-bae Kim', You-young Jo', Yong-soo Choi' and
Dongwon Kim"*

"Apiculture Division, Department of Agricultural Biology, National Institute of Agricultural Science, RDA, Wanju 55365,
Republic of Korea
2Animal Behavior and Ecology Laboratory, Incheon National University, Incheon 22012, Republic of Korea

m This study investigated the safety of oxalic acid [natural acaricide), on honeybee (Apis mellifera)
colonies and its acaricidal effects on honeybee pest mites (Varroa destructor and Tropilaelaps
mercedesae). To determine the safety and acaricidal effects of oxalic acid, the impacts of oxalic
acid was examined using different treatment methods (i) fumigation and (i) dripping (trickling),
and concentrations (0.7, 3, and 6%). For the fumigation, 1 g of oxalic acid was treated inside the
beehive, and the experimental groups were divided by blocking the entrance of the beehive
for different durations (1, 5, 10, and 15 min.). For the dripping, oxalic acid-sugar solutions with
different concentrations (0.7, 3, and 6%) were prepared and applied to the beehive to measure
safety and efficacy of oxalic acid. The safety of honeybees with oxalic acid treatment showed no
significant differences between the experimental and control groups for both the fumigation and
dripping methods, and had no significant impact on the honeybee colonies. The acaricidal effect
of oxalic acid treatment was higher against V. destructor in all experimental groups compared
to the control group in the fumigation method. In the dripping method, only the experimental
groups with 3 and 6% concentrations showed significant differences and demonstrated
acaricidal effects compared to the control group. For T. mercedesae, the low number of
detected individuals resulted in no significant effects. Both treatment methods did not show any
significant acaricidal effects on V. destructor and T. mercedesae, which exist inside the capped
brood cells.
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Fig. 1. Changes in the number of individual honeybees (adult, larvae, pupa, and egg) according to the time of entrance blockage after fumi-
gation with oxalic acid. The data represents the mean of three replicates. The bold text above the graph indicates the comparison of the
number of individuals between experimental groups, while the thin test below the graph indicate the comparion of the decrease amount (N.S.:

Non-significant, **: p<0.01).
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Fig. 2. Changes in the number of individual honeybees (adult, larvae, pupa, and egg) after treatment with oxalic acid-sugar solution by
dripping (trickling), according to the concentration of oxalic acid. The data represents the mean of three replicates. The bold text above the
graph indicates the comparison of the number of individuals between experimental groups, while the thin test below the graph indicate the

comparison of the decrease amount (N.S.: Non-significant).
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Fig. 3. The falling rate of Varroa destructor mites attached to worker
bees based on the duration of hive entrance closure after oxalic acid
fumigation. *: indicates significant difference (***: p<<0.001). The
error bars indicate the standard deviation.
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Fig. 4. The falling rate of Tropilaelaps mercedesae mites attached
to worker bees based on the duration of hive entrance closure after
oxalic acid fumigation. The error bars indicate the standard devia-

tion.
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Fig. 5. The mortality rate of Varroa destructor inside capped brood
cells as affected by the duration of hive entrance closure after
oxalic acid fumigation. The error bars indicate the standard devia-
tion.
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433+181.5,276£206.7, 323 +127.2, 191 +£84.6, 191 +
41792 ATk,

12} B30l Fat Hoke2 F42,0,0.7, 3, 6% w41
2 13+0.8,9+32,16+12.7,35+3.8, 59+ 10.7% 2
2]t 2ol S HEFH ATt (one-way ANOVA, Fui0)=0.323,
p<0.001). 22} HoH&-2 22+8.0,46+22.3,45+3.0,48+
4.6,17£0.9%= 2] gt 2t 7} Q11T (one-way ANOVA,
Fu10=5.484, p=0.013). ZF Y& 34+84, 55+
249,60+13.5,82+3.7,76+98% % 23t APo]E H Y
lq'(one-way ANOVA, F4,100=5.360, p=0.014).

() HE L) H& ZF7HAS0H

Ag & 1912 F=7HEl Yok A9, 0 (F
N 100%),0.7,3, 6% %O 2 26+12.6,6+4.6,8+32,4+
3.8, 226"t Tt A2 F 3 (221 Yot=86+15.2,
155+178.7, 146 +£65.0,91+£39.2, 32 +6 402 AT} &
5} S SMNE 47+£17.0,23+10.1, 19+12.5, 11+
6.9,7+3.57M2] 2 S =AUt HototA] il kol Fot
NH FHTIA-SOoNT= 46+4.5,9+12.7,5+4.6, 110,
s5+6.9utE]olm, A -Solg= 93+15.5, 32+21.6, 24+
216,12%6.1, 12 +4 07+ A},

12} F=7HA8oll Yoke2 749, 0,0.7, 3, 6% w4
F27+490,22+179,40+12.8,28+24.7, 24 +33 8% %
FoJgt Zpol7t §Iolet. 22F Yokg-2 23+3.0, 57+12.9,
40+13.5,57+3.3, 42+34 8% 2 F2|St 20|17} ¢lATh.
2% Y52 50+10.8, 78+ 18.7, 80+19.0, 85+21.5,
66+£40.7% = 23 Z}o] 7L AT

=
EREEET

28

6%

Fig. 8. The falling rate of Tropilaelaps mercedesae mites attached

to worker bees after oxalic acid-sugar solution dripping (trickling)
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Fig. 9. The falling rate of Varroa destructor mites inside capped
brood cells after oxalic acid-sugar solution dripping (trickling)
treatment at different concentrations of oxalic acid. The error bars
indicate the standard deviation.
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Fig. 10. The falling rate of Tropilaelaps mercedesae mites inside
capped brood cells after oxalic acid-sugar solution dripping (trick-
ling) treatment at different concentrations of oxalic acid. The error
bars indicate the standard deviation.
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