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Environmentally-friendly Control Methods and Forecasting the Hatching

Time Lycorma delicatula (Hemiptera: Fulgoridae) in Jeonnam Province
Duck-Soo Choi*, Do-lk Kim, Suk-Ju Ko, Beom-Ryong Kang, Jong-Dae Park, Seon-Gon Kim and Kyeong-Ju Choi

Jeonnam Agricultural Research and Extension Services, Naju 500-715, Korea

ABSTRACT: This study was conducted to predict the hatching time of eggs of Lycorma delicatula, to select an effective environmentally-
friendly agriculture material (EFAM) and to evaluate the attraction effect of brown sticky traps for controling of Lycorma delicatula nymph
and adults. Eggs hatched 55.9, 26.8, 21.6 days after incubation at 15, 20, 25°C with 14L:10D condition and the hatching rates of egg were
61.9, 57.8, 30.4%, respectively. At high temperature conditions, egg development periods were shorter and the hatching rate was lower.
The relationship between temperature and developmental rate was expressed by the linear equation Y=0.0028X-0.0228, R’=0.9561. The
low temperature threshold of eggs was 8.14C and the thermal constant required to reach larva was 355.4 DD. According to this
relationship, the mean estimated hatching date was 22 May. The effective EFAM was natural plant extract, sophora extract, derris
extract to nymph and natural plant extract, pyrethrum extract, sophora extract to adult. Among three colors of sticky trap : brown, blue
and yellow, the brown sticky trap was the most attractive to nymphs and adults of L. delicatula over a 2 weeks trial period. It suggested
that the brown sticky trap could be a very useful and environment-friendly control method for nymphs and adults of L. delicatula.
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Table 1. Hatching rate of L. delicatulaat different temperatures (14L:10D), developmental zero point and effective cumulative temperature

Temp. Sample Hatched Hatching Time required Caleulated temperature
0 size egg rate(%) for hatch(days) P
15 74 355 61.85 33:9(54~59) . inear equation : Y=0.0028X-0.0228
20 626 362 57.83 268(26~29)  (R’=0.9561)(Y=temp., X=dev. rate)
25 543 165 30.39 21.6(21~23) * Lower threshold temp. : 8.14C
30 570 0 0 * Degree day : 355.4

Table 2. Prediction of the hatching time of L. deficatulaeggs based on low developmental threshold and effective cumulative temperature

(prediction day : 30 April, 2011)

Calculation source

Division Date
. _ ) 22 May
Predicted hatching time (5/19~24)
18 May

Real hatching time (5/15~5/20)

-2/1~4/30 : Used 2011 weather data’
-5/1~ :Used 2010 weather data

- Hatching rate : 82.8%

'Data were obtained from Gwangju regional meteorological administration.
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Table 3. Cumulative mortality of L. delicatula nymphs treated with several environmentally-friendly agricultural materials (EFAM)

Cumulative mortality (%)

Materials Dilution rate No. of sample :

1 DAT 3 DAT 5 DAT
Pyrethrum extract [ 1,000 19 89.6 a* 100 a 100 a
Pyrethrum extract 11 1,000 23 652b 69.5 be 73.8¢
Sophora extract I 1,000 29 239c 58.8 cd 93.3 ab
Sophora extract 11 1,000 20 15.0 cd 55.0 cds 95.0a
Derris extract 1,000 19 10.8 de 79.1b 944 a
Neem extract [ 1,000 22 8.9 de 452 de 73.7 ¢
Neem extract 11 1,000 22 13.6 cd 405¢ 77.6 bc
Sophora+cinnamon extract 1,000 20 19.5¢cd 195f 54.5d
Sophora extract III 1,000 19 154 cd 794 b 100 a
Untreated 20 0.0e 9.6f 149e

* Means followed by different letters within the column are significantly different at the 5% level by DMRT.

'DAT : day after treatment.

Table 4. Cumulative mortality of L. delicatula adult treated with several environmentally-friendly agricultural materials (EFAM)

Cumulative mortality (%)

Materials Dilution rate No. of sample

1 DATI1 2 DAT
Pyrethrum extract I 1,000 20 95.0 a* 100 a
Pyrethrum extract I 1,000 20 95.0a 100 a
Sophora extract I 1,000 20 83.3 ab 93.3 ab
Sophora extract 11 1,000 20 71.6 be 85.0b
Derris extract 1,000 20 76.7 bc 90.0 ab
Neem extract | 1,000 20 85.0 ab 100 a
Neem extract I 1,000 20 83.3 ab 100 a
Sophora+cinnamon extract 1,000 20 65.0c 85.0b
Sophora extract Il 1,000 20 96.7 a 100 a
Untreated 20 10.0d 15.0c

* Means followed by different letters within the column are significantly different at the 5% level by DMRT.

'DAT : day after treatment.
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Table 5. Attraction effect of colored sticky traps to the nymphs (3~4th) of L. delicatula

Trap size Trap color No. of attracted/trap No. of attracted/10 cm’
Brown (top) 860 5.5
78%20 cm .
2 Blue (middle) 5 0
(1,560 cm”)
Yellow (under) 3 0
Yellow (top) 1 0
60x20 cm .
2 Brown (middle) 385 32
(1,200 cm”)
Blue (under) 3 0
Blue (top) 2 0
50%20 cm .
3 5 Yellow (middle) 1 0
(1,000 cm”)
Brown (under) 360 3.6
Brown 535.0 43
Mean 1,253 cm’ Blue 33 0
Yellow 1.7 0

% Trap installed periods (2011.6.30 ~ 7. 13).

Fig. 1. The attraction effect of colored sticky traps to the nymphs and adults of L. delicatula (A; installed colored sticky traps ; brown, blue
and yellow, B; Nymphs attracted to brown, blue and yellow, C; Adults attracted to brown sticky traps, D; nymphs attraction to brown sticky
traps, E; adult attraction to brown sticky traps).
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Table 6. Attraction effect of colored sticky traps to the adults of L. delicatula

2

Repeat Trap size Trap color No. of attracted/trap No. of attracted/10 cm
Brown (top) 132 0.8
85x20 cm .
1 2 Blue (middle) 2 0
(1,700 cm”)
Yellow (under) 2 0
Yellow (top) 1 0
65%20 cm .
2 2 Brown (middle) 58 0.4
(1,300 cm”)
Blue (under) 0 0
Blue (top) 1 0
55%20 cm .
3 2 Yellow (middle) 2 0
(1,100 cm’)
Brown (under) 73 0.7
Brown 87.7 0.6
Mean 1,366.7 cm’ Blue 1 0
Yellow 1.7 0
Brown (top) 67 0.4
80%20 cm .
2 Brown (middle) 39 0.2
(1,600 cm”)
Brown (under) 49 0.3

% Trap installed periods (2011.9.1 ~ 9. 14).

232 FH B v, I S0 EHL Foju)
R A% FURIV S SOE BHH0] 2011199 3
= o] 7 ek AR A TR T T AR Q1

RV 1050 A% 27

Im o]0 FHEA 0| =S MXI A 2% F 30kl

AZo] Bro|Efof Ralslo] 2o A1 shelgh 4= qlglom,
sz A o] A AP A TTLo| E#of] RAFE] 2] oko A%
2 gtk o]Are] Aulg SFe A 171o| E o) 7AkAlE] A
L Zojjo) 7} aaek Ak 01 2e] TERko 2 69w Zujju]
= aeFo|1 Aoz A 4= QlS A0 7 TrhE,
LA ol FEA| o) hEsle] SAo A H oS st
£ Aol A= 288 5 Q)8 Aoz Atk
Literature Cited

Han, J.M., Kim, H., Lim, E.J., Lee, S., Kwon, Y.J., Cho, S., 2008.
Lycorma delicatula (Hemiptera: Auchenorrhyncha: Fulgoridae:
Aphaeninae), finally, but suddenly arrived in Korea. Entomol.

376  Korean J. Appl. Entomol. 51(4): 371~376 (2012)

Res. 38, 281-286.

KCPA, 2010. User's manual of pesticides. 1199pp. Korean crop
protection association.

KFRI, 2007. Annual report of monitoring for forest insect pests and
diseases in Korea. 151pp. Korea forest research institute,
Sungmunsa, Seoul.

Lee, J.E., Moon, S.R., Ahn, H.G., Cho, S.R., Yang, J.O., Yoon,
C.M,, Kim, G.H., 2009. Feeding behavior of Lycorma delicatula
(Hemiptera: Fulgoridae) and response on feeding stimulants of
some plants. Korean J. Appl. Entomol. 48, 467-477.

Liu, Y-S., Chen, Y-X., Li F., He, H., 2006. Study on the primary
identification off intestinal bacteria in Lycorma delicatula. Journal
of Shandong agricultural university. 37, 495-498.

Park, J.D., Kim, M.Y., Lee, S.G., Shin, S.C., Kim, J.H., Park, LK.,
2009. Biological characteristics of Lycorma delicatula and the con-
trol effects of some insecticides. Korean J. Appl. Entomol. 48,
53-57.

Shin, Y.H., Moon, S.R., Yoon, C.M., Ahn, K.S., Kim, G.H., 2010.
Insecticidal activity of 26 insecticides against eggs and nymphs of
Lycorma delicatula (Hemiptera: Fulgoridae). Korean J. Pestic. Sci.
14, 157-163.



I*I Public Works and Travaux publics et
Government Services  Services gouvernementaux

Canada Canada
TRANSLATION BUREAU BUREAU DE LA TRADUCTION
MULTILINGUAL TRANSLATION SERVICES SERVICES DE TRADUCTION MULTILINGUE
Request No. \ Originator file no. \
N° de la demande Lt bzie | Lare Référence du demandeur =
9034647 Korean 2015.01.16
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ABSTRACT: This study was conducted to predict hatching time of Lycorma delicatula, to select effective
environmentally-friendly agricultural material (EFAM) and to evaluate the attraction effectiveness of
sticky traps in different colours for controlling L. delicatulanymphs and adults. Attemperatures 15, 20,
and 25d°C (14L:10D), eggs of L. delicatulahatched after 55.9, 26.8 and 21.6 days, respectively, and the
hatching rates were 61.9, 57.8 and 30.4%, respectively. The higher the temperature, the shorter the time
it took the eggs to hatch, and the lower the hatching rate. The relation between the temperature and the
development rate of eggs can be expressed as Y=0.0028X-0.0228 (R2=0.9561), and the threshold
temperature was 8.14°C and the effective thermal constant was 355.41 DD. Based on the relationship
above, the hatching date of L. delicatulain the Jeonnam area was predicted to be May 22. The effective
EFAMs were pyrethrum extract, sophora extract and derris extract against nymphs, and pyrethrum
extract and sophora extract against adults. Of the three colours of sticky traps, brown, blue and yellow,
the brown attracted 535 nymphs and 87.7 adults over two weeks, and found to be highly effective in
attracting and killing nymphs and adults of L. delicatula.

Key words: Lycorma delicatula, threshold temperature, sticky trap

In South Korea, the densitity of L. delicatula started to increase in 2006, and their distribution expanded to
Seoul, Gyeonggi Province and North Chungcheong Province in 2007, to Cheonan, Gongju and Yeongi in
South Chungcheong Province, Jeongeup in North Jeolla Province and Sangju in North Gyeongsang Province
in 2008 (KFRI, 2007, Han et al., 2008). In South Jeolla (Jeonnam) Province, they spread into Jangseong,
Yeonggwang and Damyang in 2010 and in 2011 they spread to the central north area of the province
including Naju, Hwasun and Gurye. It was reported that L. delicatulawas a subtropical pest insect living
in China and Southeast Asia, and that they entered to South Korea from China (Han et al., 2008). Thirty-
eight species of trees and three species of grasses, a total of 41 species of trees and grasses are known as
host plants of L. delicatula, and the plants known to have been most badly affected are Juglans
mandshurica, European Toona sinensis, Toona sinensis, Australian Toona sinensis, Evodia daniellii,
Phellodendron amurense, Picrasma quassioides, Ailanthus altissima, Parthenocissus quinquefolia, Vitis
coignetiae and Vitis(Park et al., 2009). In particular, when selecting a host to feed on, they prefer
Ailanthus altissima and Vitis most for their sugar content (Lee et al., 2009). So far, as insecticides to
control L. delicatula, seven types have been registered including lambda-cyhalothrin and thiamethoxam
water soluble granules (KCPA, 2010). Also, Shin etal (2010) investigated chemical sensitivity of L.
delicatula eggs and first- and second-instar nymphs to 26 types of materials and found that Chlorpyrifos
had 100% effectiveness as an egg-hatching inhibitor and that all the materials were 100% effective as
insecticides against nymphs.


http://ejje.weblio.jp/content/pyrethrum

Few studies have been done either in Korea or elsewhere regarding environmentally-friendly methods of
controlling L. delicatula, and Liu et al. (2006) collected 4 types [of bacteria?] including Bacillus polymyxa
from organs of L. delicatula and stated they were medically important resources for insect control. The
most reliable and effective method to control L. delicatulain an environmentally friendly way is to remove
eggs before they hatch, but it is very hard to remove eggs one by one when they are laid in large numbers
over large areas. Therefore this study was conducted to determine the appropriate time to control them
by predicting the egg-hatching time based on the effective thermal constant through investigation into
their development at different temperatures. The study also aimed at selecting environmentally friendly
materials to control nymphs and adults of L. delicature and identifying environmentally friendly method
of controlling them by determining effectiveness of sticky traps in different colours in attracting nymphs
and adults of L. delicatula.

Materials and Methods
Predicting egg-hatching time through studying development at different temperatures

Egg masses laid in forests near Mt. Mudeun in Gwangju City, where a large outbreak of L. delicatulatook
place in the fall of 2010, were collected on February 15, 2011, and were incubated in incubators from
February 16 to April 17. Also to observe hatching time and rate under natural conditions, 10 egg masses
in the area where eggs were collected were marked with a permanent marker and hatched insects were
studied every day in May.

In plastic Petri dishes 90 mm in diameter and 40 mm in height, absorbent cotton made wet with distilled
water was placed at the bottom and on top of it parafilm and one egg mass per dish were placed. The
dishes were closed with a mesh lid and kept in incubators (EYELA MTI-201) at the temperatures 15, 20,
25 and 30°C (14L:10D), and every day hatched nymphs were observed. This was repeated 15 times for
each temperature. To prevent eggs from getting dry in incubators, a stainless pad (28x22x5 cm) soaked
with distilled water was placed at the bottom of the dishes, and distilled water was added every three
days. After hatching was complete, waxy substance covering the egg mass was swept off using a number
10 brush and eggs were examined to determine whether or not they had hatched by observing emergence
holes with dissecting microscope. The development rate was calculated by taking the reciprocal of the
incubating period of each temperature and the temperature where the development rate was 0 was
identified as the threshold temperature. The effective thermal constant was determined as the mean
value of the temperatures that were calculated by subtracting the threshold temperature from each
temperature used in the development experiment and multiplying the resulting value by the development
period. The relationship between the temperature and the development rate was calculated using Excel
2007 program.

Examination of effectiveness of environmentally friendly materials as insecticides for L. delicatula

To examine the effectiveness of environmentally friendly materials for nymphs of L. delicatula, young
nymphs were collected using insect nets on fields and in forests near Mt. Mudeun in Gwangju City and
Ailanthus altissima was grown in a glass greenhouse and used as a host. Environmentally friendly
materials were tested for their effectiveness as insecticides under laboratory conditions. In cylinder
shaped cases 20 cm in diameter and 40 cm in height, covered with fine mesh on surface, a 300ml
Erlenmeyer flask with distilled water inside was placed. Branches of Ailanthus altissima collected outside
were inserted, and 10 nymphs were inoculated in each case and let sit for one day to give the nymphs time
to settle. Each material was diluted 1000 times and sprayed 10 times while circulating the sprayer
around the mesh cage, in a way that the solution would drip from the plant matter. Approximately 15 ml
was sprayed. To simulate natural conditions, from the application of materials till the end of the
experiment, a rotating fan was operated at low speed, creating a drying condition similar to that by



natural wind outside. One, three and five days after the materials were applied, the numbers of dead
insects were counted and mortality rates were calculated. Tests of all the materials were repeated three
times, and effectiveness of materials for adults was tested in the same way.

Effectiveness of sticky traps in different colours in attracting and killing L. delicatula

For the purpose of finding environmentally friendly and efficient methods of controlling L. delicatula
nymphs and adults, effectiveness of sticky traps in different colours in attracting them was studied. In late
June 2011, when L. delicatula nymphs are in the third to fourth instar, brown, blue and yellow sticky traps
20 cm in width were affixed on the trunk of oak trees, at one metre from the ground near a forest where L.
delicatulas appear in large numbers. The distance between two traps was set at 10 cm, and to diminish
the differences due to the location of the colours, each colour was placed top, middle and bottom, and each
pattern was repeated three times. After two weeks, the adults that had been captured were examined.
Also, regarding adults, to study the effect of the locations, the brown sticky traps, which had shown the
highest attraction effect, were placed at the top, middle and bottom and their attraction effect was
examined.

Results and observations

Predicting egg-hatching time through examination of development at different temperatures

The egg of L. delicatulais brown and 2.40mm long, 1.49mm wide and 1.51mm high, and one egg mass
contains 36.8 eggs in 4.4 rows. They are laid on the surface or flat part of a plant, and covered with waxy
substance, which make them invisible from outside. Hatching rates of L. delicatula eggs by temperature
are 61.9%, 57.8%, 30.4% and 0% at 15°C, 20°C, 25°C and 30°C, respectively, and the numbers of days that
the eggs took to hatch were 55.9 days, 26.8 days and 21.6 days at 15°C, 20°C and 25°C, respectively (Table
1). The higher the temperature, the lower the hatching rate and the shorter the time required before
hatching. The reason why no eggs hatched at 30°C is thought to be either that the eggs got dry despite the
supply of distilled water in the incubator, or that eggs were affected by the rapid change of conditions due
to the transfer from natural low temperature to the high temperature. Shin et al. (2010) examined
hatching rates by egg collection date and reported that the later the collection date, the higher the
hatching rate. The egg period of eggs collected on February 20 was 26.4+4.05 days at 25°C and was
slightly shorter than the result of this study, which was 21.6 days.

By taking the reciprocals of the development periods of the eggs and calculating the development rates,
the relation between the temperature and development rate was calculated by the Excel program as
Y=0.0028X-0.0228 (R2=0.9561). The threshold temperature, where Y becomes 0 was 8.14°C and the
effective thermal constant was 355.38 DD (Table 1).

Based on the results above, using data from the meteorological observatory in Gwangju City, where L.
delicatula eggs were collected, hatching time of L. delicatulawas predicted with April 30, 2011 as the base
date (Table 2). For the period February 1 to April 30, meteorological data from 2011 were used and for
May 1 and later, those in the previous year, 2010, were used. The first date when the daily mean
temperature was 8.14°C, which is the threshold temperature, or higher was February 24, and the date
when the effective thermal constant is reached was calculated to be May 22. Therefore for 2011, the
hatching date was predicted to be May 22. The actual hatching period in the area where egg masses had
been collected for the study was from May 15 to 20 at the hatching rate of 82.8%; four days earlier than
the hatching date predicted based on the threshold temperature, thermal constant and meteorological
data, and the hatching rate of 82.8% was higher than that in the study using incubators. The reason for
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the higher hatching rate in the actual collection area is thought to be that in the study, artificial conditions
such as noise, dryness and lighting affected the eggs as stress factors that inhibited hatching. The
difference between the actual hatching time and the predicted time is attributed to subtle differences in
meteorological conditions.

So far, there are no study results that directly discuss the hatching time of L. delicatula by region, but
according to Shin et al. (2010), in Cheongju City in North Chungcheong Province, unhatched eggs could be
collected until May 25, whereas in the present study in Gwangju City, hatching was complete by May 20.
The mean daily temperature from February to May, 2011 was 9.38°C in Cheongju and 9.9°C in Gwangju,
and Gwangju’s mean temperature being 0.52°C highter than that of Cheongju is thought to be the cause of
earlier hatching in Grangju.

Table\ 1. Hatching rate of L. deficatufaat different temperatures (14L:10D), developmental zero point and effective cumulative temperature

Tcg}p. SaI'T]p]C Hatched llatchh?g Timc required Calculated temperature
(©) S8 cgg rate(%o) for hatch(days)
15 74 355 61.85 55.9(54-59) . jincar equation : Y=0.0028X-0.0228
20 626 362 57.83 26.8(26-29)  (R’=0.9561)(Y=temp., X=dev. rate)
25 543 165 30.39 21.6(21-23)  * Lower threshold temp. : 8.14°C
30 572 0 0 * Degree day : 355.4

Table 2. Prediction of the hatching time of L. deficatu/aeggs based on low developmental threshold and effective cumulative temperature
(prediction day : 30 April, 2011)

Division Date Calculation source
Predicted hatchine tim 22 May - 2/1-4/30 : Used 2011 weather data'
edicte g time - -
= (5/19-24) -5/1~ :Used 2010 weather data
18 May

Real hatching time - Hatching rate : 82.8%

(5/15-5/20)

'Data were obtained from Gwangju regional meteorological administration.

Examination of insecticidal effectiveness of environmentally friendly materials for L. delicatula

The insecticidal effectiveness for L. delicatulanymphs of nine environmentally friendly materials publicly
notified by the Rural Development Administration [of South Korea], including pyrethrum extract, was
studied, and the results are shown in Table 3. One day after the application, pyrethrum extract
recorded the insecticidal rate of 89% and other materials indicated relatively lower rates. Three days
after the application, the number of materials that recorded an insecticidal rate of 70% or higher went
up to three: pyrethrum extract, derris extract and sophora extract. Five days after the application, all the
materials except sophora+cinnamon extract recorded a rate of 70% or higher. For L. delicatula adults, six
materials including pyrethrum extract recorded a high insecticidal rate of 80% or higher one day after
the application (Table 4). According to Park et al. (2009), nymphs in the second or third instar were
100% dead after application of chemical insecticides and therefore they are found to be weak against
chemicals. In the present study, during the preparation period of examination of insecticidal
effectiveness, 12.5% of L. delicatula nymphs were dead after three days and 10% of adults were dead
after one day; these relatively high mortality rates indicate that both nymphs and adults of L. delicatula
are weak and cannot adapt to restrictive closed space.
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Table 3. Cumulative mortality of L delicatula nymphs treated with several environmentally-friendly agricultural materials (EFAM)

Cumulative mortality (%a)

Materials Dilution rate No. of sample = - — — —

1 DAT 3 DAT 5 DA
Pyrethrum extract | 1,000 19 06 a* 100 a 100 a
Pyrethrum extract 1] 1,000 23 652h 69.5 be T38¢

Sophora extract | 1,000 29 239¢ 58.8 ed 033 ab
Sophora extract 11 1,000 20 150¢ed 55.0 eds D504
Derns extract 1,000 19 10.8 de 9.1b 944 a
Neem extract | 1,000 22 8.9 de 452 de 73.7¢

Neem extract [1 1,000 22 136¢cd 405 e 776 be
Sophora+einnamon extract 1,000 20 195ed 195 ¢ 5454d
Sophora extract [l 1,004 19 154 ed 794 b 100 a
Untreated 20 0.0 ¢ 961 149¢

* Means followed by different letters within the column are significantly different at the 5% level by DMRT.

'DAT : day after treatment.

Table 4. Cumulative mortality of L deficatuls adult treated with several environmentally-friendly agricultural materials (EFAM)

Cumulative mortality (%)

Materials Dilution rate No. of sample

1 DATI 2DAT
Pyrethrum extract [ 1,000 20 Q5.0 a* 100 a
Pyrethrum extract [1 1,000 20 950a 100 a
Sophora extract | 1000 20 833 ab 93.3 ab
Sophora extract [] 1000 20 T1.6 be 85.0b
Derris extract 1000 20 T76.7 be 90.0 ab
Neem extract | 1,000 20 85.0 ab 100 a
Neem extract ] 1,000 20 33 ab 100 a
Sophor+cinnamon extract 1,000 20 650 ¢ 85.0b
Sophora extract II 1,000 20 96.7 a 100 a
Untreated 20 10.0 d 15.0¢

* Means followed by different letters within the column are significantly different at the 5% level by DMRT.

'DAT : day after treatrment.

Effectiveness of sticky traps in different colours in attracting and Killing L. delicatula

Brown, blue and yellow sticky traps were used to study their effectiveness in attracting and killing L.
delicatula nymphs (Table 5, Fig.1). Regardless of the height of the traps placed, only the brown trap
attracted and killed a large number of nymphs. While the oak trunks varied in size, in terms of the
number of nymphs captured per area, the brown trap placed at the top recorded the highest number,
which was 5.5 nymphs/10 cm?, followed by the brown trap placed at the bottom at 3.6 nymphs/10 cm?,
and in the middle at 3.2 nymphs/10 cm?2. The trap at the top had so many nymphs attached that it
looked like there was no space left for more. The results with adults showed the same tendency (Table
6), and the numbers of adults per area on the top, middle and bottom brown traps were 0.8/10 cm?,

0.4/10 cm?, and 0.7/10 cm?, respectively.



Table 5. Attraction effect of colored sticky traps to the nymphs (3~4th) of L. deficatula

Repeat Trap size Trap color No. of attracted/trap No. of attracted/10 cm”
Brown (top) 260 5.5
T8=20 cm
1 (1,560 2 Blue (middle) 5
560 cm
Yellow (under) 3
Yellow (top) 1 ]
60=20 cm
2 (1200 ,) Brown (middle) 385 32
200 em”
Blue  (under) 3 0
Blue  (top) 2
50=20 cm
3 (1,000 3 Yellow (middle) 1 0
L0 em
Brown (under) 360 36
Brown 535.0 43
Mean 1,253 em’ Blue 33 0
Yellow 1.7 ]

# Trap installed periods (2011, 6.30~ 7.13).

Fig. 1. The attraction effect of colored sticky traps to the nymphs and adults of L. delicatuia (A; installed colored sticky traps ; brown, blue
and yellow, B; Nymphs attracted to brown, blue and yellow, C; Adults attracted to brown sticky traps, D; nymphs attraction to brown sticky
traps, E; adult attraction to brown sticky traps).



Table 6. Attraction effect of colored sticky traps to the adults of L delicatuls

Repeat Trap size Trap color No. of attracted/trap No. of attracted/10 cm®
Brown (top) 132 0.8
B5=20 cm )
1 N Blue (middle) 2 0
(1,700 cm”)
Yellow (under) 2 0
Yellow (top) 1 0
65=20 cm ) i
2 N Brown (middle) 58 0.4
(1,300 cm™)
Blue  (under) 0 0
Blue (top) 1 0
55=20 cm )
3 5 Yellow (middle) 2 0
(1,100 cm’)
Brown (under) 73 0.7
Brown B1.7 0.6
Mean 1,366.7 cm” Blue 1 0
Yellow 1.7 0
Brown (top) 67 0.4
B0=20 cm )
N Brown (middle) 39 0.2
(1,600 cm”)
Brown (under) 49 0.3

# Trap installed periods (2011.9.1 ~9.14).

Considering all the results above, it is determined that the brown sticky trap is highly effective in
attracting nymphs and adults of L. delicatula. In mid September 2011, in a vineyard (3,000m?) near
mountains and forests in Goseo-myeon, Damyang-gun, South Jeolla Province, where there had been an
outbreak of L. delicatula, 70 grapevines at the edges were selected and a brown sticky trap was installed
on every other grapevine at the height of one metre from the ground. After two weeks, three L. delicatula
adults were found dead on traps, and in the entire vineyard, there were no adults who lived there and
were not caught on a trap. Therefore, installation of brown sticky traps at the edges of vineyards near
mountains and forests where L. delicatula emerged can be consider to be useful to block the inflow of L.
delicatulainto the vineyards efficiently and without too much effort. It is also thought that this method
can also be used with parks near urban areas, where L. delicature can emerge and cause unpleasant

feelings among hikers.
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