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Evaluation of Susceptibility of Red Poultry Mite, Dermanyssus gallinae

(Acari: Dermanyssidae) in Five Regions to 11 Acaricides

Seung Ju Lee, Jong Ung Yoon', Geun Ho Park, Hyun Kyung Kim and Gil-Hah Kim*

Department of Plant Medicine, Chungbuk National University, Cheongju 28644, Korea
IBiogenoci Co., Ltd., Seoho-ro 89, Gwonseon-gu, Suwon 16614, Korea

ABSTRACT: The susceptibility of Dermanyssus gallinae adults, collected from poultry farms in 5 regions, to 11 acaricides was
investigated. When bifenthrin and formic acid with pyridaben were diluted 100 times, bifenthrin showed 100% acaricidal activity;
however, formic acid with pyridaben showed less than 20% acaricidal activity for poultry farms in 3 regions (Gyeongju, Chilgok, and
Geumsan) except Yeoncheon and Anseong. The carbamate compound, carbaryl showed 100% acaricidal activity in most of the regions,
except Gyeongju. A phosphorus compound, dichlorvos showed 100% activity in most of the regions, yet 66.7% acaricidal activity in
Yeoncheon. The susceptibility of D. gallinae from poultry farms in Yeoncheon and Anseong to most acaricides was high; however, in
the other farms, the susceptibility of D. gallinae varied depending on the acaricide. Clothianidin, thiamethoxam, fenitrothion, and formic
acid with pyridaben showed differences in acaricidal activity among regions. Therefore, farmers should concentrate during the selection
of these acaricides. However, carbaryl, cartap hydrochloride, dichlorvos, and bifenthrin showed high activity against D. gallinae
collected from poultry farms in five regions. Therefore, these acaricides could be used in most of these regions. To control D. gallinae
effectively, the alternation of acaricides is necessary, and indiscriminate pesticide use should be avoided. Therefore, this study can serve
as a basis for controlling D. gallinae.
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SR =7(poultry red mite, Dermanyssus gallinae)= 7}
520l 71410l FEhe o) FFe R A AAde
Bxs Fol&nto|8]2(Newcastle disease virus), S=z]
(Salmonella pullorum), 7\2E|3FE2~(Salmonella gallinarum),
7V~ u) 23l (Avian spirocheters) 12|11 2|2 Pasteurella
multocida) 5& "7)5H= dl|&©o|tH(Lancaster and Meisch,
1986; Axtell and Arends, 1990; Durden, 1993; Moro et al.,
2009). EJF SE R QAFE NG, o] YAk T W FAS 3
A A AA D £41L8 oF7]5)7| = SFHEmous et al., 2005). &
NE7 = 7 B ofy ek Al ¥Rt 2hs=< 583t
715 3o 2R A 7hel e, v 5= o Ish=t, Y
ofl A= A= 571 9 dEl =] vk ko] fiAdst
Z o 2= ZA)|7} ¥t Chauve, 1998; Murano et al., 2008).
HRE7= =& Wl 30204 1AIXF 302 Fez 53] 2
AZEEE FEstal LA AlZtell= AlARe] Solut ARkt

o 1

, S EBHA| YAl 4~57014 Fo AE0] 7hs k] wieoll A
IHA 3kE0] ul]-$- =T Chauve, 1998).

HHAE7 = F2 7R 0| EA|, 77114, gLz ol=A
o] 5ak4 WiAlo] olEa] $hout FiuslT vhE Al A
Rlo] ALg-0 2 A ABo] ERsk= BA7L wekT It
(Beugnet et al., 1997; Genchi et al., 1984; Nordenfors et al.,
2001; Zeman, 1987). 2015 U-2] oFA| 7o) A fenitrothion,
permethrin, carbaryl 5 87|14, I AR =), 70| E
A eFzol] Tk AaH40] 1 ILE|LTL, 9o A= permethrin
of| thet A &H/d o] W = ek Ha17} Iei(Nordenfors et al.,
2001; Murano et al., 2015). 3 o] 23} AHa]A| o] FFEHTE AL
S A Bk ol 2t Hf Aol 7kA] 93 vIAIA
Hof 2h7 5o ¥ B2 A7} oF7] AL It Aulakh et al.,
2006). 2012 oJ=te|ofof A Hof| thet Fof T HARS Al
o A3 457Y 5 5 37709 FRelA 54 2FAIQL carbaryl
ol A=Hen 1719 sRlM= SFHA &2 Al
permethrin©] FHEE 3L, Sl A= o]ef -2 nl-5-5¥ of
Alof] thgt 2771 gl o] wAI7F HaL Ylek(Marangi et al.,
2012; Ministry of Agriculture, Food and Rural Affairs 2017).
o4& U 5% ORI A 0 % §E ¥ 11 Qlrhs Zlo]n] T
W AbE R Q13 1) 184S sl AckSarwar, 2015),
v ol SR =719 ofAl A AR dEeE
of Tzt A AR HALE A o] QA HRI =T of TRt 5= ef

A7} 120 o] 52 S A AEL cypermethrin, chlorpyrifos

3
Z,

+ chlorfenapyr, profoxur, carbendazim, bifenthrin, formic acid
+ pyridaben 5 650 = ulj-¢- T=dle}. Lo EEskaL of
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A7 el Me gRI=7100 tiet A= Rl el tit o
T AE FEES o8 AR dotito] RE QAL 4
HAle] et A B +3E Aol gle ARl
(Kim et al., 2004; Kim et al., 2007; Kim et al., 2016). wh2hA] &
Q1 OpAPo] 1% EJol9ls 57 A1) Aol A A Alaks
HRUEZE AR 8t 2= A 953 551 FAE ]
A 2F5 o] 8= oAl S 2ASHALE Tl A= A1
¥ 440) 2AE A g0 Sauol SIS AIE Slat

o=
OFA] AR 71247t 8 4 91 Ao A

E Ao A85F G A = 7|(Dermanyssus gallinae)+= 2016
W SUNE 122717 571 2| A AR At A%, B

L 8715 A3} Q) oll A AR stod Ryt e
=AS 9slo] YA st G E7]= Potenza et al. (2009)2]
Ay ato] uhel 543+ tHFig. 1). Zeto| A 2= Table 1
7} 2o 1 PCR 27295 C ol 4] 105 £t 7hedgh 3, 95C
oA 30%, 55 C of| A 30%, 72°C of| 4] 30 27 A3Y5}= ui-e-&
353] AA] 31 5 72°C o A 105 59k AJ3Y 5491k 2" PCRS
95°C o ] 105 EoF 7}edat 3, 95°C of|A] 30, 60°C ol 4] 30
%, 72°C o} 3027} RaeHE ¥h8-8 358] AN 5 72C ol
A 105 5ot =393}t PCRAYAE-L safeview (Abmgood,
Vancouver, Canada) 2 GA3}0] 1.5% agarose gel-2 ©]-8-5}4]
71952 530 Shelstct

M 1 2 3 4 N

1,000 bp —>
500 bp —

200 bp —>
100 bp —>

Lane M = Marker; lane 1-4 = mites sample; lane N = no DNA

Fig. 1. Results of gel electrophoresis of nested PCR products.



Table 1. Primers for D. gallinae identification

Sequence Diagnostic band
. ITS1-F 5'-TCCGTAGGTGAACCTGCGG-3’
1" PCR 530 bp
ITS1-R 5'-AGAGGAAGTAAAAGTCGTAACA-3’
J ITS2-F 5’-GCGTGTCTATGCTGCATTTG-3’
2" PCR 152 bp
ITS2-R 5’-GGGGTCGTCACACTTGATTT-3’
Aok S 24

Aol A Al Alek= G0 H 7<1]0ﬂ /\}_Q-E]*r Q)= Abu| A 92 S
AAEF] ARSI AdokAe] duby, S FAE AE W

ObF| ZHAM TIAIS

HRIE7 o tiet e 78S flsto] oA (filter
paper contact method)& ]%—ﬂ?&ﬂ(KIm etal., 2007). 7+<F3]
AFRS Argshd, 24210 ofAlE Eof| ot F=(50~
1,0008) = 5]4s}o] ofHof %Hﬂ]ollﬂ(’—%‘@ 5 em)E S
AR Ae)stort. 1A7F 5o A8t Z3A8-87](insect
breeding dish, 5 cm diameter x 1.5 cm)of] @11 HAE7] A&
20mte] A AESHQATE. oFAI A 2] 24 A7 48 X171 o]l A A &

u] A(20x)3}o)| A A4S 8R01514 AL, 7He o g Are e
the] o] SA o] gl 7S F2 A2 Hsiick 2 A
e AAEo Agarg on, 25+ 1 C o &= 60~70%2] Z710)
A 34HE.0 2 A= QI

Table 2. List of the 11 tested acaricides

YA RS BARYS AN 00 Fo4o] o1
_(’3_

1=
Tukey’s range test 2 H] WS} THSAS Institute, 2009).

2

NE adde| X[H9E Z+d ot

1139 A 1834 S A3 4%, 3 AR
) AN AU
2ol o obA e
HRIE=7]= 500u] 3)AE
bifenthrin o] Ak 24 A17F Wil 100%2] AH|ZS Hglom,
48 A7t Bof| = carbaryl o A= 100% AHu]EHAS Ve ik
(Table 3). F=32] 3 FAIA AR E HE=7]= 500812
35|45t amitraz, carbaryl, cartap hydrochloride, dichlorvos,
milbemectinof| 4] 24 A17F Wjofl 100%2] AH|1EA-S ®H STt
(Table 4). 121} 1,0008) 3]4] Mof| A= dichlorvosTto] 100%
o] AnE g e )l sof| wheh |2 o] 2fo|7h =

X =7\(Dermanyssus gallinae) A3
2AHSIEh AFAGN A A
cartap hydrochloride, dichlorvos,

Nt

Xl

Family Acaricide A1"(%) and Formulation® Korea name
AdminS Amitraz 20 EC ulo] ek
Macrorides Milbemectin 1 EC U=

Carbamates Carbaryl 50 WP AHl
Nereistoxins Cartap hydrochloride 50 SP act
o Clothianidin 8 SC e
Neonicotinoids
Thiamethoxam 10 WG olelz}t
Diazinon 34 EC tlo]olE
Organophosphates Dichlorvos 50 EC gche-D
Fenitrothion 40 WP Eas] P4Ec
Pyrethroids Bifenthrin 10% SL P EER
Other Formic acid + Pyridaben 20+ 10 SL oty

VActive ingredient.

2EC = emulsifiable concentrate, WP = wettable powder, SL = soluble concentrate, SC = suspension concentrate, SP = water soluble powder,

WG = water dispersible granules.
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Table 3. susceptibility of Dermanyssus gallinae population from
Gyeongju to 11 acaricides (n = 60)

Table 4. Susceptibility of Dermanyssus gallinae population from
Chilgok to 11 acaricides (n = 60)

o Dilution  Mortality (%, mean + S.E.) o Dilution  Mortality (%, mean = S.E.)
Acaricide Acaricide
(X) 24h 48h X) 24h 48 h
500 26.7+6.0de 56.7+4.4bc 500 100.0+0.0a -
Amitraz EC Amitraz EC
1000 16.7+73¢ 31.7+9.3 c¢d 1000 50£29gh 20.0+2.9cd
500 233+1.7de 41.7+6.0c¢c 500 100.0+0.0a -
Milbemectin EC Milbemectin EC
1000 133+1.7¢ 21.7+4.4 cde 1000 0.0+0.0h 0.0+£0.0¢
500 81.7+44b 100.0+0.0a 500 100.0+0.0a -
Carbaryl WP Carbaryl WP
1000 16.7+4.4¢ 45.0+104 ¢ 1000 95.0+29a 100.0+0.0a
Cartap 500 100.0+0.0 a - Cartap 500 100.0+0.0 a -
hydrochloride SP- 1000  100.0+0.0 a - hydrochloride SP 1000  25.0+8.7efg 25.0+8.7 cd
o 500 46.7+44cd 81.7+44bc o 500 0.0+£0.0h 0.0£0.0e¢
Clothianidin SC Clothianidin SC
1000 0.0+00f 0.0+£0.0f 1000 1.7+1.7 gh 8.3+3.3 cde
Thiamethoxam 500 11.7+x1.7¢ 21.7 £6.0 cde Thiamethoxam 500 40.0+7.6 def 88.3+6.0ab
WG 1000 0.0+0.0f 0.0+£0.0f WG 1000 0.0+£0.0h 10.0 £2.9 cde
500 71.7+73bc 85.0+7.6ab 500 80.0+10.4 abc 95.0+2.9ab
Diazinon EC Diazinon EC
1000 0.0+00f 50+£29ef 1000 0.0+£0.0h 5.0+29de
500 100.0+0.0a - 500 100.0+0.0a -
Dichlorvos EC Dichlorvos EC
1000 100.0+0.0a - 1000  100.0+0.0a -
500 0.0+0.0f 33+1.7ef 500 80.0£7.6bcd 80.0+7.6b
Fenitrothion WP Fenitrothion WP
1000 0.0+0.0f 0.0+£0.0f 1000 5.0£0.0 gh 6.7 £1.7 cde
50 100.0£0.0a - 100 100.0+£0.0 a -
Bifenthrin SL 100  100.0+0.0 a - Bifenthrin SL 250 88.3+3.3abc 883+3.3ab
500 100.0+0.0a - 500 533+33cde 75.0+29b
50 0.0+0.0f 8.3 £1.7 def 50 20.0+5.0efg 333+1.7c¢
Formic acid + Formic acid +
+ + + +
Pyridaben SL 100 0.0+0.0f 0.0+£0.0f Pyridaben SL 100 13.3+1.7fgh 20.0£5.0cd
500 0.0+0.0f 0.0+0.0f 500 5.0£0.0 gh 6.7 £1.7 cde
df 10 12 df 14 15
F-value 65.17 41.01 F-value 41.33 52.68

Means followed by the same letter within a column are not
significantly different at p < 0.05 by Tukey’s range test (SAS
Institute, 2004).

= Aol tiek A3 o]
ek Aoz A7k 2 ek
2ol 4] 2007 N A FE] 2014 d7HA] 2583L2] A
oA 75-2] A A|LF 450 AFANE o8] HRI=7]2] A
A WS Z A3 A3} carbaryl ) trichlorfon, fenitrothion,
permethrin, phthalthrino| 4]+= th-2 kA of] u|3 wlj-$- oFst #{3t
A& YR 9ltiMurano et al., 2015). £ Lo A = carbaryl
9] - thE oA of] Ha| 2 AHE/dE Hof A WrEo|
A Lebt & U fenitrothion ] 7-9-ofl = ¢ d5tek= th=A|
Aol m} 2 Bge] 2fols} Liefsi.

ey an
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Means followed by the same letter within a column are not
significantly different at p < 0.05 by Tukey's range test (SAS
Institute, 2004).

AR BRI =7 )= carbaryl, cartap hydrochloride, dichlorvos,
bifenthrinol. ] S00U13]4 ok 4] 24417k Fof 100%2] b
S-S Y024 formic acid + pyridaben 501[ 3] 4] & 2] o]
AT ufe- W2 AEhd S B ¢l tH(Table 5).

ARA G ollA Qe FRE=7]= 1008 3] 4 oFA] % 2] 24
A7k 3o KL= OFA|| o A 100% 2] 28122 H I TH Table 6).
13} 1,0008)) 3] kA of| A= carbaryl T} bifenthrin, formic
acid + pyridaben o] A5+ 100%2] AHH| 8-S LR T A 42
o7 AR GRET|= tF2e] Aol tiste] g

< B4t} 18y 2518 thE A Hx} e dichlorvos o] 2+



Table 5. Susceptibility of Dermanyssus gallinae population from
Geumsan to 11 acaricides (n = 60)

Table 6. Susceptibility of Dermanyssus gallinae population from
Yeoncheon to 11 acaricides (n = 60)

o Dilution  Mortality (%, mean + S.E.) o Dilution  Mortality (%, mean + S.E.)
Acaricide Acaricide
(X) 24 h 48 h X) 24 h 48 h
. 500 31.7+1.7bc  61.7+4.4bed 100 100.0£0.0 a -
Amitraz EC
1000 183 +73bcd 25.0+8.7 ef Amitraz EC 500  85.0+£0.0bcd 100.0+0.0a
500 30.0+5.0bc 43.3+1.7bcde
Milbemectin EC 1000 51.7+x1.7ef 93.3+3.3ab
1000 11.7£33cd 20.0+58ef 100 100.0+0.0a _
Carbaryl WP 500 100.0£0.0a ) Milbemectin EC 500 76.7+1.7cde 100.0+0.0a
1000 100.0£0.0 -
2 1000 55.0+7.6ef  71.7+3.3bc
500 100.0+0.0a -
Cartap 100 100.0+£0.0a -
hydrochloride SP 1000 100.0+0.0a -

500 233+1.7bc 71.7+4.4bc
Clothianidin SC

1000 0.0+0.0e¢ 0.0£0.0g
Thiamethoxam 500 0.0+00e¢ 0.0+00g
WG 1000 0.0+£0.0¢ 0.0+00g
500 433+1.7b 80.0+29Db
Diazinon EC
1000 0.0+0.0e¢ 0.0£0.0g
500 100.0+0.0a -
Dichlorvos EC
1000 100.0+0.0a -
. . 500 233+44bc 41.7+7.3cde
Fenitrothion WP
1000 33+1.7de 83+4.4fg
50 100.0£0.0a -
Bifenthrin SL 100  100.0+0.0 a -

500 100.0+0.0a
50 28.3+10.1bc 28.3 +10.1 def

Formic acid +

+ 0=£0.
Poridaben SL. 100 00+00e  00£00g
500 0.0+0.0e  0.0+00g
df 10 10
F-value 4276 35.96

Carbaryl WP 500 100.0+0.0a -
1000 100.0+0.0a -

100 100.0+0.0a -
500 100.0+0.0a -
1000 90.0+29abc 983+1.7a

Cartap
hydrochloride SP

100 100.0+0.0a -
Clothianidin SC 500 95.0+29ab 100.0+0.0a
1000 85.0+£5.8bcd 100.0+0.0a

100 100.0+0.0a -

Means followed by the same letter within a column are not
significantly different at p < 0.05 by Tukey's range test (SAS
Institute, 2004).

(]

| k3l formic acid + pyridaben 2] 244 0| =A] LEFSITY 0]
FAP| wEt GRIE7]E WAsH | S1s) AR oAl Ab
2 ek Azbic) webd 2 g At oA
A AR e] 2ol7} A thehi] ol AR AFgo}
J) 2412k 5] A4 1) o) Fol ok B Ao ke

= Aol tiet e WS Rhohe AL ofele e
2 PAAPER OBIo) MEALET} o] FojAlof 8 Ao Hrk
QFAJ 2| o) A= carbarylS 1,0008)] 3]4]5lo] 2] 2]gk=] 24

19 o qr
[¢) NL

D)

AIZE 30 100%2] AR Zdo] UERtow amitrazS 2|5}
S T 1004 8] 4ol A 1= 48A7E Fof HRI=7] 9] 4n| 2ty

\T;g‘methoxam 500  85.042.9bcd 100.0+0.0a
1000 717+17cde 983+1.7a
100 100.0+0.0a -
Diazinon EC 500 73.3+7.3cde 100.0+0.0a
1000 733 +4.4cde 81.7+6.0abc
100 100.0+0.0a -
Dichlorvos EC 500 56.7+88ef 91.7+6.0ab
1000 40.0+58f  66.7+8.8bc

100  100.0+0.0a -
Fenitrothion WP 500 61.7+1.7def 90.0+5.0abc

1000 51.7+73ef 550+7.6c¢
100 100.0+0.0 a -
Bifenthrin SL 500 100.0£0.0a -
1000 100.0+0.0a -
100 100.0+0.0a -
E?;E;ZZ;‘S; 500 100.0£0.0a -
1000 100.0+0.0a -
df 16 9
F-value 36.71 9.14

Means followed by the same letter within a column are not
significantly different at p < 0.05 by Tukey's range test (SAS
Institute, 2004).
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Table 7. Susceptibility of Dermanyssus gallinae population from
Anseong to 11 acaricides (n = 60)

Al Dilution  Mortality (%, mean + S.E.)
X) 24h 48 h
100 483+10.1c¢c 883+1.7ab
Amitraz EC 500 50.0+8.7¢ 833+1.7ab
1000 25.0+5.8d 75.0 7.6 ab
100 100.0+0.0a -
Milbemectin EC 500 50.0+8.7¢ 70.0£7.6Db
1000 383+1.7cd 683+44b
100 100.0+0.0a -
Carbaryl WP 500 100.0£0.0a -
1000  100.0+0.0 a -
100 933+1.7a 100.0+0.0a
E;:r?)r::hlori sp 00 850%£58a  883%33ab
1000  60.0+58bc  80.0+5.8 ab
100 96.7+1.7a 100.0+0.0a
Clothianidin SC 500 96.7+1.7a 100.0+0.0a
1000 95.0+0.0a 100.0+0.0a
100 100.0+0.0a -
\T;lg‘meth"xam 500  96.7+33a 100.0£0.0a
1000 86.7+1.7a 100.0+0.0a
100 100.0+0.0a -
Diazinon EC 500 80.0+29ab 100.0+0.0a
1000 81.7+1.7ab 96.7+3.3a
100 100.0+£0.0a -
Dichlorvos EC 500 100.0+0.0a -
1000 983+1.7a 100.0+0.0a
100 100.0+0.0a -
Fenitrothion WP 500 100.0+0.0a -
1000 933+1.7a 100.0+0.0a
100 100.0+0.0a -
Bifenthrin SL 500 100.0+0.0a -
1000  96.7+1.7a 100.0+0.0a
100 983+1.7a 100.0+0.0a
i?ﬁﬁﬁ;ﬁﬁ‘gf 500 983+1.7a 100.0£0.0a
1000 96.7+1.7a 100.0+£0.0a
df 22 8
F-value 45.29 37.33

Means followed by the same letter within a column are not
significantly different at p<0.05 by Tukey's range test (SAS
Institute, 2004).
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0] 88.3%= L}EFITHTable 7). Amitraz= Q¥bd 02 2
of 7|¥3t= B Sol(Varroa destructor)S WA|SH=d &
o] ARG-H L Ql=tll ol it ofAl =/ = oA B
ofell & =4 ehANL Ed-Sofof thsto] flumethrin,
amitraz, acid oxalicS HZ-o}7 |l n S AFE Y So|| = BEL51 a1
amitrazof| th5}o] & A g0l Ueht ofAl A o T
WA o] Qe sltt S THO et al, 2008; Maggi et al.,
2010). E3F SFTS (2GS AT AZEH, Severe Fever
with Thrombocytopenia Syndrome) S vl 7] 5}= Z e8] A=
7\(Boophilus microplus)©] t)3t amitraz2] AH|&-AJ-2 987}
A ol A 7 A E=7]2] 80% AlFo A 100%2] AHH]-8-S 1
RO, 2.04% 2] N =7] AlS-270% w|Tke] Anla-2 Hof 4]
P AE FAE Gk, ke F3t amitraz A%}
4 A& 6M7IA] Akt A3t 1538 = A7) STt
o] A3H/d g 5o] wEA Uepdrh= Z1E HolqltkLiet al,
2004; Rodriguez-Vivas et al., 2006).

Aol Xk el Hlw

STNA A ] FAPNA A E HRI=7100 Tt 115-2] 4]
A2 A dE 500u) B)AjHeS 710 =2 vlarst3iti(Fig. 2).

Amitraz2} milbemectin, clothianidin, thiamethoxam, fenit-
rothion> S 0] AR/ HolA gk EE A} Fhof|A]
T Aol 5 HRlth= A2 AR ofA] 8442 Aol 5 Heltk
© AOR o]= ofAof thsfiA AaHdo] el glvks A&
Wojzr},

F71QUA SFA| 5= dichlorvos+= =2 AHH]
2] 24 A1 3 AR Al g o] Ao]7} 98- ot 4= 9)
“104] ¥ fenitrothion £ A48 BARfol k2 A& %4 9L
of oble] gt Aol Lhehtin 913 & 4 U9l
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Fig. 2. Susceptibility of Dermanyssus gallinae to 11 acaricides,
500x dilution.
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