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Changed in Feeding Behavior of Cacopsylla pyricola Foerster
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Abstract Feeding behaviors of the pear psylla, Cacopsylla pyricola, and their changing feeding behaviors
were recorded and analyzed with an electrical penetration graph (EPG) analysis against 5 insecticides. And
their mortality against insecticides were carried out in the laboratory. General feeding behavior patterns of C.
pyricola were changed by insecticide treatments. Especially, the type and frequency of waveforms differently
occurred depending on a sort of insecticides treated. Total duration of transition to waveform PEIl and
phloem ingestion (waveform PE2) were significantly different between treatment and non-treatment of
insecticides. When 5 different insecticides were treated on pear leaves, difference of feeding patterns were
recorded. In case of treatment of benfuracarb, total duration of non-probes (waveform Np) was appeared
higher than any other insecticide. However, when flonicamid and deltamethrin were treatment, total duration
of stylet penetration (waveform PA) and xylem ingestion (waveform PG) were appeared higher than other
insecticide, respectively. As results feeding behaviour of C. pyricola after treated insecticides with time-based
consumed rate of C. pyricola, the rate of non-probe (waveform Np) was longer than start penetration
(waveform PA), penetration and ingestion in parenchyma cells (waveform PC1+PC2), ingestion at phloem
(waveform PD+PEI+PE2) and xylem (waveform PG). As result of direct spray treatment to C. pyricola,
mortality of C. pyricola against imidacloprid was higher than any other insecticide on 24 hours after treatment.
However, all of insecticides showed 100% mortality of after 48 hours. On the other hand, when 5 insecticides
sprayed on the pear leaves and then C. pyricola located on the treated leaves, benfuracarb showed the most
toxicity against C. pyricola among insecticides. These result was consistent with the EPG results that showed
relatively longer total duration time of waveform Np (non-probes) by benfuracarb treatment.
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Table 1. Concentrations of each insecticides used in 2011

o
280 294

Concentrations
Insecticides Formulation, A.I.(%) ppm (dilution rate)
1/3 fold 1 fold 3 fold
Benfuracarb WG 30 100 (3,000) 300 (1,000) 900 (333)
Imidacloprid SC, 8 13 (6,000) 40 (2,000) 120 (667)
Flonicamid WG, 10 17 (6,000) 50 (2,000) 150 (667)
Deltamethrin SC, 0.75 133 (3,000) 400 (1,000) 120 (333)
Fenitrothion WP, 40 3(8,955) 9(2,985) 27 (995)
S} Ak T 3HAR e H, Aske FHEEe] I/ 2 BAUeE IR Eoll AM HolE FHsk] insect
3, FHFEE 20119% FR ARG 3719 4% breeding dish (N0.310102, SPL, Korea)°ll 2313 7417+

._%
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Bl B ) FE SIS 4T 4 300miS
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Table 2. Total duration of non-probes (Np) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different
concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb  Imidacloprid ~ Flonicamid  Deltamethrin ~ Fenitrothion Control P*
12,684.97 = 6,982.81 £ 7,543.67 £ 8,536.58 + 8,364.79 £ 2,369.52 + 0.001""

g IPPd 024 5022566 466798  452422bc  65332lbe  1372.70a

E g LSS254: 1120513+ 071468+ 898825  T087.09%  2360.52% oo
g 528726b 357059  419597b 534168  63988%ab 1372708 -

=

B g 1338038% 1221669+ 1482651+ 695370+ 1058179+ 236952+ .

6,798.09¢ 3,717.17bc 2,734.64c 5,702.90ab 4,681.39bc 1,372.70a
prx 0.830™ 0.021° 0.001™ 0.661" 0.423" - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 3. Total duration of stylet penetration (PA) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different
concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P
- 193,54+ 217351 + 30730+ 396.10 ¢ 6210- 9510+ -
g IBRld T p3a 3315.09 359.59% 589.42a 4485 57952 009
E g 11993x 1939.86 + 1847.91 + 25579 + 12096 9510 oo
5 117.64a 2444.72b 2239.70b 563.50a 98.69a 57.95a :
[=}
g 52121+ 769.04 + 48161+ 95.67 + 6069+ 9510+ "
©  3fld g6 71ab 1188.23b 637.14ab 64.76a 65.30a 57950 0070
) 0.150™ 0.409" 0.034' 0376 0.128" ; -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 4. Total duration of sheath salivation (PB) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different
concentration of 5 different insecticides for 5 hours

*

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P

2 173 fold 48721+ 368.11 = 149.26 + 163.74 + 171.24 + 917.63 + 0101
.5 588.29ab 590.34ab 204.62b 165.18b 234.34b 1383.51b )
§ 1 fold 1,090.66 £ 238.89 + 31941 + 96.49 + 260.73 + 917.63 + 0.179%
§ 2049.88a 297.01a 288.02a 35.68a 279.16a 1383.51a ‘

=

S 69.15+ 337.03 + 66.48 + 131.16 + 86.44 + 917.63 + «
© 3 fold 74.65ab 259.70b 114.57ab 85.40a 103.39a 1383.51a 0.0t

P™ 0.332"% 0.765" 0.041" 0.401N 0.223™ - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

AEH EHOM ESok=tl AR5t AlZHPA, PB) o2 YER}A] 23k TH(Table 4).

HwpjuEe) 7y AEA ] THS IAFPANTE
o] 2238k AJ7He- imidacloprid®} flonicamidES | ] g+ 1t "EA S| 28 APF PC1, PC2)
HA] ofAlE FAETet F AelE HolA %A, Huppuprol7h f22E FA] Bl BH|(PCl)ske
flonicamid= 7|55 o3e] FE= A0S 735 *—‘.% o 28ue AR —FZJ]Oﬂ TS Wo| kx| o} FAg
Aol 7 v sgsk= Algke] HojAH, 5714 oA T} 7Zh oAl T A7l 2ol o] WAEA] ekgltt
% imidaclopridZ} TF2 kAo BlslA] T B2 G 7 (Table 5). WHHo| Aupluzo| 7t b 2AS A28

e A0FE YEPITHTable 3). B8 Aufujupi-ol 7t 2 T Yehte 39 ((PC2)0 A= 71 1739 FEQ
Ao HFA Bl S EHlst] Yehdes 33 (PB)e] A 1 TollA] CRAlol] P W] GEARE 7|EEF o] Tk

S A FAYTO MM ool P Wob o 2 A PALTS tha: Aolr} gglont FAREE
A Aelsk Aol A o BA e, A k4 felge] githTable 6).
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Table 5. Total duration of salivation at parenchyma (PC1) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3
different concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb ~ Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P
2 173 fold 15,536.58 £ 4,121.97 + 6,084.66 £ 2,048.89 £ 3,734.62 £ 3,616.78 £ 0.598N
8 43,383.96a 3,858.89a 6,209.89a 2,016.84a 3,659.47a 2,932.00a ’
§ 1 fold 2,575.22 2,016.86 + 2,399.72 + 2,076.37 £ 2,286.34 £ 3,616.78 £ 0.642N
§ 3,114.85a 2,116.48a 1,204.90a 1,527.47a 1,974.67a 2,932.00a ’
é 3 fold 1,995.98 £ 2,956.05 + 1,653.01 £ 2,646.32 £ 2,340.02 £ 3,616.78 £ 0.653N
3,448.65a 1,621.96a 2,473.27a 2,661.04a 2,885.09a 2,932.00a ’
P™) 0.409™ 0.238™ 0.039" 0.778~¢ 0.464™ - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 6. Total duration of vascular parenchyma feeding (PC2) time of Cacopsylla pyricola using EPG techniques on pear leaf treated
3 different concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P’
2 13 fold 1,707.19 £ 1,423.85+ 1,721.35+ 4,589.52 + 3,147.06 £ 1,166.69 £ 0207
8 2,515.47a 3,303.89a 3,146.67a 5,184.40a 3,467.00a 2,605.58a ’
§ 1 fold 1,538.55+ 1,440.73 £ 1,520.38 £ 698.66 + 4,229.74 £ 1,166.69 £ 0.177"
§ 3,423.57ab 3,385.92ab 2,477.71ab 1,670.05a 4,428.72b 2,605.58ab '
é 3 fold 1,257.49 £ 876.94 + 519.70 + 3,023.18 £ 830.03 + 1,166.69 £ 0.176"
2,027.19ab 2,088.24ab 1,329.14a 3,415.81b 1,141.95ab 2,605.58ab )
P 0.933"% 0.891™ 0.506™ 0.080™ 0.082" - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 7. Total duration of transition to PE1 (PD) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different
concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb ~ Imidacloprid Flonicamid Deltamethrin =~ Fenitrothion Control P
goBRE S% ow e 7o oo dorsa O
LR v v v
T S TR TR U
P 0.876M 0.265™ 0.396™ 0.210™ 0.040" - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 8. Total duration of phloem salivation (PE1) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different
concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P’
" 69242 + 0.00 £ 73.23 + 186.70 + 0.00 £ 4,706.37 + .
8 1/3 fold 1,269.31a 0.00a 201.38a 382.79a 0.00a 2,794.15b 0.000
§ 1 fold 761.65 + 75.09 + 1,059.19 £ 68.59 + 0.00 £ 4,706.37 + 0.000"
§ 2,121.89a 237.46a 2,739.50a 145.19a 0.00a 2,794.15b ’
=
S 0.00 £ 0.00 = 3733 + 0.00 = 1486.46 + 4,706.37 + .
o 3fold 0.00a 0.00a 118.06a 0.00a 311987 2794156 000

P™) 0.430M 0.381M 0.280M 0.221M 0.123M - -

Values represent by mean £ SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.
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=55 AT ¢ Yehks (PG 7157 173
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deltamethrin®} fenitrothion®. WEFstH(Table 10).

il 24 o4

9o 712 A%E HEeR fE 2EL BN 43,

a4

~

auhiluFol o] A B3 Al7K(Time to the first probe)

Al Teb A7k ztelE Hd & 4 UL, oA 7

o] BFF YERtA ekrh. Aepiubreolzh A4S AlE
% 3147(Total number of probe)?] A¢ Aex FAHF
M= oAl 7+ AtolE ERIEIAIRE EEe] 739 oF
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phase)= A& Lol = A8k FA 1 2ol 7h vefut
A FokaL, FREEAM e Tl ofAe} v Folg
A Al 7F Apol7F YebdTH E XA benfuracarb}
=T A 7P Al she AR UERTH(Table 11).
Hoppjutele] AR A#F A4 AlZK(Time to the first
phloem feeding)> <FA| 2] Alol| AFAF AL A==
W) 2 om oA E AsIAS 735 AAS AlEske Al
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Table 9. Total duration of phloem ingestion (PE2) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different

concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid  Deltamethrin Fenitrothion Control P’

- 4738+ 0.00 % 0.00 % 0.00 0.00 £ 108249+ -

g 1BRld 5471 0.00a 0.00a 0.00a 0.00a I7s186b 0000

E o g sIex 0.00 + 0.00 + 75854+ 0.00 + 1982495 (o

5 1,051.13a 0.00a 0.00a 2,398.70a 0.00a 1.751.86b :

o

5 0.00 + 0.00 + 0.00 + 0.00 + 833.63 + 1,982.49 + .

o 3fold 0.00a 0.00a 0.00a 0.00a 2,042.95a 1751866 0000
) 0.419" ; ; 0381 0208 . -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 10. Total duration of xylem ingestion (PG) time of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different

concentration of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin ~ Fenitrothion Control P
2 13 fold 138.14 + 3,365.64 £ 2,570.38 = 2,055.46 + 2,880.18 = 3,088.89 £ 03278
8 436.85a 4,284.90a 2,908.41a 2,291.09a 4,017.25a 4,593.27a ’
§ 1 fold 0.00 £ 1,216.34 £ 540.53 + 5,054.76 + 4,015.14 = 3,088.89 + 0.001"
§ 0.00a 1,762.29ab 998.78ab 4,190.28¢c 2,819.90c 4,593.27bc '
é 3 fold 1,062.31 £ 574.66 = 442,55+ 5,509.98 + 2,124.36 £ 3,088.89 + 0.025°
3,359.32a 79321a 1,399.46a 5,496.28b 3,842.10ab 4,593.27ab ’
P 0.430" 0.072"¢ 0.035" 0.156™ 0.506™ - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.
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Table 11. Number of xylem phase of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different concentration of 5
different insecticides for 5 hours

*

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin =~ Fenitrothion Control P
P T T
T - T - - R
oo G e wmeme
P 0.612% 0.196™ 0.249™ 0.291™ 0.579™ - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 12. Time to the first phloem feeding of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different concentration
of 5 different insecticides for 5 hours

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P’

2 153 fold 2,642.42 £ 0.00 £ 1,748.15 £ 2,123.20 + 0.00 + 3,055.09 + 0.078"

8 2,981.22ab 0.00a 3,446.87ab 4,730.48ab 0.00a 2,418.11b '

§ 1 fold 563.00 + 3,375.48 £ 2,236.38 £ 1,080.43 £ 0.00 + 3,055.09 + 0.138"

§ 1,287.29ab 5,638.29b 3,931.34ab 3,182.36ab 0.00a 2,418.11ab '

=i

1S} 0.00 + 0.00 £ 516.39 + 0.00 £ 1967.42 + 3,055.09 + "

< 3fld 6 00a 0.00a 1,632.96a 0.00a 2136620 2418116 000
P 0.010" 0.042" 0.466" 0.367™ 0.133™ - -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

Table 13. Number of phloem phase of Cacopsylla pyricola using EPG techniques on pear leaf treated 3 different concentration of 5
different insecticides for 5 hours

*

Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
gowWe VS o tsmb bstb 00w rste 0007
T T T SO
Soome OME L Mwr o mmr o ome o ome o gy
(P™) 0.011" 0.034" 0.342™ 0.384N 0.040" - -

Values represent by mean £ SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.

nopfLtFolel ofx[of cHEt HHS A YEREDL, oAl 7+ o3-S Bt 7IEEY] TEE &
AYRFA2| Znt 3k 22l A= imidacloprid’t 90% ©]/de] AEEo|
SRR 7F SAll A BA - Mg A-AE SA et ImidaclopridE A€ g UHA] efA] 7F Zpol= §l
o AFES 2AK A3, 7157 130 22 E5-g A Ak 7S] 3o FEE E-3 A tllAe oAl 7F
27X imidacloprid®} flonicamid’} 20% ©]4e] A&& FrolAdo] 191aL, fenitrothion®] 90%0]4e] A=ES e}
o] Yeptt. 7l v 53 AHEte At & ATk ARAE 48417 Fole 7IEEe] 13 g 25

x

o)AE BA, imidacloprid’} AE0] 7F¢ =4 e 3 Aol e o 7F Zolzt UYL, imidacloprid,

o} 719 3] FEE AT AZTe A 7 Zol= flonicamid, fenitrothion®] 80%°]4e] A=E2S HT} 7]
HAA R, FAIHCR folido] it AFAE 24A1%F T TE 7IEEe] M =R AEe ATl e F
T ASE A A, 75T 130 FEE EReie o A2} 2ol AR kAl 7+ FAAH o432 sl
flonicamid®} fenitrothion®] 70% ©1/de] AFEZ 7 = (Table 14).
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Table 14. The mortality of Cacopsylla pyricola according to 3 different concentration of 5 different insecticides with direct spray after
5, 24 and 48 hours

Treatment after 5 hours

*

Insecticide ~ Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
2 o 67+58%  233485b 23358 67+58  167+1lsab 3358 0012
B
g f(:ld 10.0 £ 0.0ab 50.0+£17.3d 26.7+5.8¢c 20.0 £ 0.0bc 13.3 + 5.8abc 33+58a 0.000™
Q
o=
S fgld 26.7 +23.1ab 36.7%5.8b 300+ 10.0b 16.7+11.5ab  20.0 = 10.0ab 33+5.8a 0.079™
P™ 0.308™ 0.068NS 0.579™ 0.154N8 0.702Ns -
Treatment after 24 hours
Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
é flo/l3d 433+5.78abc  63.3£25.1bc  76.7+20.8c  36.7 +20.8ab 733+ 11.5¢ 26.7+153a  0.022°
B
g f(}ld 53.3+5.8b 93.3+5.8¢c 63.3+£5.8b 50.0 + 10.0b 633+20.8b  26.7+1528a 0.001"
Q
=
S fsld 53.3+£252ab  76.7+18.6bc  73.3 +23.1bc 73.3+5.8bc 90.0 +10.0c 26.7+153a  0.006”
P™) 0.670™ 0.131M 0.677™ 0.044° 0.167% -
Treatment after 5 hours
Insecticide ~ Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
g flo/13d 73.3+5.8bc 90.0 £ 10.0c 86.7+11.5¢c  50.0 £20.0ab 86.7+5.8¢c 30.0+20.0a  0.001"
B
‘;é; f(zld 76.7 +20.8b 96.7 £5.8b 86.7+15.2b 76.7+25.2b 90.0 £17.3b 30.0 +20.0a 0.010"
Q
=
S fSId 86.7+12.7b 83.3+5.8b 90.0 £ 10.0b 86.7+5.8b 100.0 £ 0.0b 30.0+20.0a  0.000"
P™ 0.467™ 0.1718 0.932™ 0.123™ 0.340™ -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by

Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.
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Table 15. The mortality of Cacopsylla pyricola according to 3 different concentration of 5 different insecticides with indirect

treatment after 5, 24 and 48 hours

Treatment after 5 hours

*

Insecticide ~ Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
2 oo 00%00a  00%00a 00002  100£00b 67458  00£00a 0000
B
g f;]d 6.7+5.8a 33+5.8a 0.0 £0.0a 10.0+17.3a 3.3°®5.8a 0.0 £0.0a 0.303™
Q
o=
S fsld 33%5.0a 33+5.8a 33+58a 10.0 £ 10.0a 16.7°x15.2a 0.0 £0.0a 0.407™
P 0.296™ 0.020" 0.422N 1.000™ 0.308™¢ -
Treatment after 24 hours
Insecticide ~ Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
£ o 3358 33+58b  33+58%b 133658 67mSSab  00+00a 01129
B
g f;ld 10.0 £ 0.0ab 6.7 £5.8ab 33+5.8a 23.3+20.8b 3.3°25.8a 0.0 £0.0a 0.105™
Q
o
S fsld 433+ 152¢ 26.7 +£5.8bc 33+5.8a 133+ 153ab  20.0°¢17.3ab 0.0 £0.0a 0.007"
P 0.004™ 0.005™ 1.000N 0.670N 0.228N -
Treatment after 48 hours
Insecticide Benfuracarb Imidacloprid Flonicamid Deltamethrin Fenitrothion Control P
% flo/l3d 6.7 £5.8ab 20.0 £10.0c 13.3+5.8bc 16.6 £ 5.8bc 13.3°%&5.8bc 0.0+ 0.0a 0.022"
B
*;é; fclld 20.0 £ 10.0a 20.0 £ 10.0a 20.0+17.3a 23.3+20.8a 10.0°210.0a 0.0+0.0a 0.303™
Q
=
S fgld 533+153d 27.8+14.8cd 333+£20.8bcd 133 +15.3ab 23.3°x20.8abc 0.0+0.0a 0.013"
P™) 0.005" 0.055™ 0.360™ 0.729%¢ 0.506™ -

Values represent by mean + SD, *P<0.05, **P<0.01; Completely randomized one-way analysis of variance, ANOVA, Post Hoc Tests by
Duncan in SPSS version 18.0. Different letters means that these value have a significantly different among them.
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