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Summary

The present study was conducted to investigate biological
characteristics, and searching and identification of attractants
for Chestut weevils, Curculio spp. Chestnut weevils iIn the
Tields were identified three species, Curculio sikkimensis, C.
robustus and C. camelliae.

Among three species, C. sikkimensis and C. robustus, are
bivoltine, but the other species, C. camelliae, is univoltine
in the fields. The peak of seasonal occurrences showed late
August in C. carmelliae and early-middle September in C.
robustus and C. sikkimensis, respectively. The period of
embryogenesis was 9.92 days under 25+ 1 , 15L/9D and RH=60%
10% regimes. The longevities of their female and male adults
were 19.25- and 9.13-day for C. robustus, 7.16- and 6.18-day
for C. sikkimensis and 5.83- and 3.70-day for C. camelliae,
respectively. The C. sikkimensis females almost laid their
eggs inside chestnut fruit, 0.4-0.8m depth from the surface.

Copulation of C. sikkimensis male adults with their females
occurs through a sequential mating behaviors followed: antennal
movements, extension of genitalia and clasping female thorax
and abdomen by the male legs. Otherwise, mating behavior of
female adults is a simple comparing with that of the male.
Female adults showed the highest rate of mating in 4-day-old of
C. robustus, 3.21-day-old of C. sikkimensis and 2.71-day-old of
C. carelliae, respectively. Mating time indicates a peak in the



middle part of photophase, from PM:2 to PM:4, among three
species.

The late maturing chestnut varieties were most heavily
damaged by the chestnut weevils. We had tried development of an
artificial diet for the iInsect mass rearing, but cave to a
Tailure because the larvee survived for 4.3 days on the
artificial diet. With scanning electromicroscopy structures of
sensillia, odor receptors, shoned the sensilla trichodea for
pherorone and sensilla chatica for attractants in C.
sikkimensis.

Gas chromatography O, electroantennogran(EAG) ,
olfactonetry were employed in identification of active
compounds in attracting chestnut weevil adults, Curculio
robustus, C. sikkimensis, C. camelliae, from their omn body and
their host plant, chestnut, var. Choopa. Attraction of male and
female adults was also iInvestigated with sex pheromone lure
indoors and outdoors. The retention time of detected compounds
on GC gram from their om body were quite different from those
of sex pheromone from the boll weevil, Anthonomus grandis, even
though the two species belong to the same fTamily. The sex
pheromone of the boll weevil did not attract either sex of the
chestnut weevil in the field. But chestnut weevil adults were
significantly attracted to extract of chestnut burs damaged
earlier by the yellow peach moth, Dichocrosis punctiperalis,
another pest insect species on chestnut fruits. Thelr positive
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behavioral response to the extract may be due to secondary
metabolites of damaged burs, since both virgin and mated
chestnut weevil adults of both sexes showed the same response.
Hence more works were done on chemical composition of healthy
and damaged chestnut fruits.

Methanol extracts of the chestnut burs, undamaged or damaged
by the boll weevil, were analyzed to identify attractive green
wolatiles by GC, EAG and olfactometer. Attraction and EAG
response of the adults were higher to chloroform fraction than
any other fractions in the case of methanol extracts from burs
undamaged. However, ethylacetate fraction showed the highest
level in attracting and eliciting behavioral response in the
adults iIn the case of methanol extracts from burs damaged. From
these two fractions originated from methanol extracts of burs
undamaged and damaged, eight compounds, (+)-a -pinene,
E-2-hexanal, benzaldehyde, n-decyl aldehyde, nonyl acetate,
terpineol, geraniol, 2-phenylethanol, were temporarily
identified when compared their GC retention times with those of
standard chemicals. Among these chemicals (+)-a —pinene showed
the highest attractivity to chestnut weevil adults when
biocassayed indoors.

With the present results, it may be suggested that chestnut
weevil adults probably use, as their sex pheromone, compounds
different from those of A. grandis. The weevil adults may use
green wvolatiles, including (*)-a —pinene, from their host
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plant, especially burs damaged by D. punctiferalis. However,
further studies are required to identify their sex pheromone
components and their composition, and green volatile compounds,
fron their host plant including burs, active in attracting

adult weevils.
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1 .
Section 1: Biological characteristics

of the chestnut weevils, Curculio spp.

SUMMARY: The present studies were conducted to investigate
biological characteristics of three Curculio spp. and their
seasonal occurrences iIn the chestnut orchards of three
provinces. Chestnut weevils in the fields were identified three
species, Curculio sikkimensis, C. robustus and C. camelliae.
Among three species, C. sikkimensis and C. robustus, are
bivoltine, but the other species, C. camelliae, is univoltine
in the fields. The peak of seasonal occurrences showed late
August in C. carmelliae and early-middle September in C.
robustus and C. sikkimensis, respectively. The period of
embryogenesis was 9.92 days under 25+ 1 , 15L/9D and RH=60%
10% regimes. The longevities of their female and male adults
were 19.25- and 9.13-day for C. robustus, 7.16- and 6.18-day
for C. sikkimensis and 5.83- and 3.70-day for C. camelliae,
respectively. The C. sikkimensis females almost laid their
eggs inside chestnut fruit, 0.4-0.8m depth from the surface.
Copulation of C. sikkimensis male adults with their females
occurs through a sequential mating behaviors followed: antennal

movements, extension of genitalia and clasping female thorax



and abdomen by the male legs. Otherwise, mating behavior of
female adults is a simple comparing with that of the male.
Female adults showed the highest rate of mating in 4-day-old of
C. robustus, 3.21-day-old of C. sikkimensis and 2.71-day-old of
C. camelliae, respectively. Mating time indicates a peak in the
middle part of photophase, from PM:2 to PM:4, among three
species.

The late maturing chestnut varieties were most heavily
damaged by the chestnut weevils. We had tried development of an
artificial diet for the iInsect mass rearing, but came to a
Tailure because the larvae survived for 4.3 days on the
artificial diet. With scanning electromicroscopy structures of
sensillia, odor receptors, shoned the sensilla trichodea for
pherovone and sensilla chatica for attractants in C.

sikkimensis.
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(D)

() 48 4 8.3
D) 54 6 11.1
) 25 3 12.0
D) 58 3 5.2
) 33 4 10.5
) a7 5 10.6
) 50 4 8.0
) 39 1 2.6
) a7 4 8.5
() 50 3 6.0
456 37 -
- - 8.28+ 2.974
() 23 2 8.7
) 14 0 0.0
) 16 1 6.3
) 15 1 6.7
) 18 2 11.1
) 20 1 5.0
) 15 1 6.7
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) 33 4 10.5
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() 15 0 0.0
) 20 1 5.0
) 20 1 5.0
) 37 3 8.1
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1996 10%
1997 4
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30% 500
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)
) 136 40 29.4
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(D)

() 143 31 21.7
D) 139 33 23.7
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(D) (D) (D)
1995| 4,200 3,220(80) | 260(6.2) -

1996| 2,650 960(36.2) - -
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8 10
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“95 1 1 (univoltine) 6.5%
18.2% , 96 2 12 5% 2
(bivoltine) (C. camelli
ae) 1995 1996 1 1
2%
( 9 11).



sikkimensis | camelliae | robustus
1996 2 13 4 19
1997 29 - 18 47
9. “95
¢ )
1996 980 19(1.94%)
1997 2,960 47(1.58%)
3,940 66(1.68%)
10. “96
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robustus 28 32 19.7 13.0
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‘97
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Curculio carelliae 8 25 ,
Curculio robustus 8 29 9 5
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=60%)
8 3
9 9
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mm) —— —_ —
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19.
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| C. robustus () 16 19.25
« ) 9 9.13
C. sikkimensis( ) 19 7.16
« ) 16 6.18
C. camelliae ( ) 16 5.83
« ) 10 3.70
1 3-5
C : )
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1 2
| Wheat germ 709 30g
| Cellulose 60g -
Corn powder 55g -
| Casein - 35g
| Yeast 55g -
Fructose 59 -
| Sucrose B - 35g
| Wessen®s salt mix. 0.69 -
Agar 20g 259
| Cholesteral - 0.59
| Carn oil 2.3 -
Choline chloride - 1g
| Inositol - 0.4g
| Ascarbic acid 69 4g
Vitamine mix. 4g 59
| Distilled water 1,000 850
Methyl 29 29
| p-hydroxynebzoate
| Sorbic acid - 1g
Corn tee powder 29 -
Malic acid 29 -
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23.

1 2 3
| Wheat germ 709 30g 40g
| Cellulose 60g - 60g
| Chestnut powder 559 - 559
| Sweet Potato powder - 459 459
| Casein - 359 359
| Yeast 559 - 55¢g
| Fructose 59 - 5¢
| Sucrose B - 359 359 |
| Wessen®s salt mix. 0-€g - 0-€g
| Agar 20g 259 20g |
| Cholesteral - 0.59 0.5g |
| Carn oil 2.3 - 2.3mg
| Chaline chloride - 1g g |
| Inosital - 0-4g 0-4g
| Ascarbic acid 69 4g 59
| Vitamine mix. 4q 59 4q
| Distilled water 1,000 850 850
Methyl 29 29 29
| p-hydroxynebzoate
| Sorbkic acid - 1g 1g
| Corn tee powder 2g - 29
Malic acid 29 - 29
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25.

1 2 3 4 5
:V\;heatfgerm 70g 30g 409 409 409:
| Cellulose 60g - 60g 60g 60g |
| Chestnut powder 55g 40g 55g 65g 659 |
| Sweet potato pownder - 359 459 359 359 |
| Casein - 359 359 359 359 |
| Yeast 559 - 559 55¢g 559 |
| Fructocse 59 45g 59 59 59 |
| Sucrose - - 359 359 359 359 |
Wessen®s salt mix. 0-6g - 0.6g 0-6g 0.69
| Agar 20g 25g 20g 20g 20g |
Cholestercl - 0.5g C.5g9 0.59 0.59
' Corn oil 2.3 - 2.3 2.3 2.3
:Cholineichloride - 1g | 1g 1g 19;
Incsitol - 0.4g |0.4g 0.4g C.4g
| Ascarbic acid 69 4g 59 59 59
Vitamine mix. 49 50 49 49 49
| Distilled water 1,000 850 850 850 800
Methyl 29 29 29 29 29
p-hydraoxynebzoate
 Sorbic acid - 19 1g 1g 1g |
| Corntee powder 29 - 29 29 29 |
| Malic acid 29 - 29 29 29 |
Niacin - - - 7mg 7mg
Fe - - - - 0-39:
Ca - - - - 0.3g |
P - - - - 0.5g
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2 .
Section 2: Searching and Identification

of attractant for Chestnut weevil

SUMMARY

Cas chramatography (GC), electroantennogram(EAG), olfactometry
were employed iIn identification of active compounds in
attracting chestnut weevil adults, Curculio rcobustus, C.
sikkimensis, C. camelliae, from their own body and their host
plant, chestnut, var. Chaoopa. Attraction of male and female
adults was also investigated with sex pheramone lure indoors
and outdoors. The retention time of detected compounds on CC
gram from their own body were quite different from those of sex
pheramane from the boll weevil, Anthonomus grandis, even though
the two species belong to the same family. The sex pherarone of
the boll weevil did not attract either sex of the chestnut
weevil iIn the field. But chestnut weevil adults were
significantly attracted to extract of chestnut burs damaged
earlier by the yellow peach moth, Dichocrosis punctiperalis,
ancther pest insect species on chestnut fruits. Their positive
behavicral response to the extract may be due to secondary

metabolites of damaged burs, since both virgin and mated

- 39 -



chestnut weevil adults of both sexes showed the same response.
Hence more works were done on chemical caomposition of healthy
and daraged chestnut fruits.

Methancl extracts of the chestnut burs, undamaged or damaged
by the boll weevil, were analyzed to identify attractive green
volatiles by GC, EAG and olfactameter. Attraction and EAG
response of the adults were higher to chloroform fraction than
any other fractions in the case of methanol extracts from burs
undamaged. However, ethylacetate fraction showed the highest
level iIn attracting and eliciting behavioral response in the
adults iIn the case of methanal extracts fram burs damaged. Fram
these two fractions originated from methancl extracts of burs
undamaged and damaged, eight caorpounds, (+)-a -pinene,
E-2-hexanal, benzaldehyde, n-decyl aldehyde, nonyl acetate,
terpinecl, geranial, 2-phenylethancl, were temporarily
identified when campared their GC retention times with those of
standard chemicals. Among these chemicals (+)-a -pinene showed
the highest attractivity to chestnut weevil adults when
bicassayed indoors.

With the present results, it may be suggested that chestnut
weevil adults probably use, as their sex pherarone, carpounds
different from those of A. grandis. The weevil adults may use
green volatiles, including (+)-a -pinene, from their host
plant, especially burs damaged by C. punctiferalis. However,

further studies are required to identify their sex pheramone
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campaonents and their compositicn, and green volatile compounds,
from their host plant including burs, active in attracting

adult weevils.
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, 1992; Toht , 1992),

- (green

volatiles)

(Schoanhoven  , 1988).

EAG  single-cell recording -

- 43 -



(Hummel, 1984).

(3oL 20
C(Sigma Co.) -

hexane, ether
10u 1
GC(Shimazu Co., HP 6890)
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(Pheracan cap) hexane
cC

Pherocan cap(Vckibben , 1971)

- wing trap( 1), boll
wevil trap( 2), Tlat trap( 3 (Leggett, 1979;
Legogett Taft, 1979),
1996 8 24 1996 10 9

- Pherocon cap  boll trap
Pheraocan cap wing trap
1997
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1. Wing trap

2. Boll weevil trap
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3. Flat trap
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- hexane, chlorofarr, ethylacetate

Box olfactometer

bax (35cmx 25cm) 50
box C. robustus 10
. 2500cc/rin
15L/9C, 25+ 1 10 .
| Famday eage

AMTEMMAL
F_REPMT.M

4 1;_._.'.I.._ I |
o . UNIVERSAL
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5. Electroantennogram
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Electroantennogram(EAG)
CCz

(A
(Syntech. Co)

hexane, chlorcform, ethylacetate, water

Box olfactometer

box

box C. rabustus

Y-tube olfactometer
Y-tube( 5cm)
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50

10

EAG
5).

50



. Y-tube

- 2500cc/min
15L/9D, 25+ 1 .
Electroantennogram(EAG)
(60
(A9) EAG

(Syntech. Co)

. Creen volatiles

Green volatiles

Green volatiles butyric acid

ethyl ester, hexanal, [ -myrcene, (+)-limonene, 2-heptanone,
E-2-hexanal, citral, eugencl, o -humulere, (+)-a —pinene,

(-)-E-caryophyllene, geranicl, 1-nonancl  Sigma

Electroantennogram(EAG)
green volatiles hexane

20ng hexane
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- CCz

(GY)
EAG (Syntech. Co)

Box olfactometer
box 50
green volatile

box C. robustus 10

Glass tube olfactometer

Glass tube( 7cm, 15cm)
cornical 50 carnical
green volatile ,
tube - tube
10 tube Y
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50

glass

GC



GC(HP 6890) ]

DB 225(Alltech Co.) 40 2
5 /min. 190 190 20
) 200 , (FID) 200
3 .
1.
¢ 6), ¢ 7 S

(Boll weevil, Anthonom

us grandis) Z-3,3-dimethyl- Jo-cyclohexa
aneactalehyde, E-3,3-dimethyl- Ja-cyclohexaaneactalehyde, (IR,
25)-(+)-cis-2-isopraopeny 1-1-methylcyclcbutaneethancl, Z-3,3-dim
ethyl- 1B-cyclohexaaneethancl (Hardee , 197
1; 1972; 1977; Tumlinson , 1971; Hedin , 1974), Sweetpotato

weevil, Cylas formicarius penta
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6. Porapak-Q

decanal, hexadecanal, octadecanal, myrtencl, hexadecanyl acetat
e, octadecanyl acetate, Z9-actadecenyl acetate, E9-octadecenyl
acetate, eiccsanyl acetate (Kalo, 1979; Kala Neders
tron, 1983)

Cld house beetle, tylotrupes bayalus (Bvans
Higgs, 1975).
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7. Porapak- Q

Pherocon cap  hexane
cC

( 8).
Z2-3,3-dimethyl- Jo-cyclohexaneactalehyde, E-3,3-dimethyl- I
-cyclohexaneactalehyde(Cross , 1969; Tumlinson , 1969)

» B -caryophyllene, a -humulene,

(1R, 25)-(+)-cis-2-isopropenyl-1-methylcyclobutaneethanol (grandi
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al), z-3,3-dimethyl- 1B-cyclohexaneethanol

CC

GC

Pherocon cap

¢ D,
1. Trap
Trap
Wing trap 0
Boll trap 0
Flat trap 0
- 1996 8 24 -19%6 10 9
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97. 8. 25 3

97. 8. 26 3
= ball weevil trap

97. 8. 25 10

97. 8. 26 10
: wing trap
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S,

clfactameter
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4,

6,



Bait pair(1st/2nd) 1st bait 2nd bait No response
CBU : UCF 21 1 5
CTL : CBU 1 21 8

: UCF 1 14 15
CBD : CTL 11 7 12
: CBU 16 2 12
: UCF 10 13 7

CBU :

UCF :

CTL :

CBD :
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5.

Bait pair(1st/2nd) 1st bait 2nd bait No response
CBU : UCF 5 4 21
CTL : CBU 1 8 21

: UCF 2 6 22
CBD : CTL 20 5 5
: CBU 23 2 5
: UCF 22 4 4
4
6.

Bait pair(1st/2nd) 1st bait 2nd bait No response
CBU : UCF 4 2 24
CTL : CBU 3 9 18

: UCF 3 25
CBD : CTL 27 1 2
: CBU 28 0 2
. UCF 25 4 1
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Bait pair(1st/2nd) 1st bait 2nd bait No response

CBU : UCF 6 3 21
CTL : CBU 3 5 22
. UCF 1 4 25
CBD : CTL 26 2 2
: CBU 24 1 5
. UCF 25 4 1

Box olfactometer

EAG

( 10),
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No. weevil
N B & Z

D Il L

Hexane fraction Chloroform Ethyl acetate
fraction fraction

Treatment

9. Box clfactaoreter

Box clfactareter ,

(¢ 1D).
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Response

N oW B Mm@~

—

=

Heaxars Chlorfoern Water  Heamane Chiosolarm Wiates

Fraction  Fraction  Fraction

Treatent

10.

(air

1994; Turings , 1990; Turings

Y-tube

(¢ 12).
(entered)

EAG

(Barnay  Chapman,
Tumlinson, 1992)
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0

No. attracted weevil

Metharicl Hexanes Chloreform  Ethyl acetats Water
extraction fraction fraction fraction frachion

Treatment

11. Box olfactormeter

(attracted)

box olfactareter
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20
0 Altracted
15 B Entered
=
(i}
i
=10
o
=
5
¥
Mt hanol Hesane frachion Chloroform Ethyl acetale
axiraction frection fraction

Treatment

12. Y tube olfactormeter

EAG

EAC
o -pinene

13).

-humulene  caryophyllene
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o0
=

=
e

12

Aujesu

air
Ethyl acetate
Chloroform

Hexane
MalH

2-heptanons

(-)-E-
canvophylens

(+)1—a-pinens
a-haum lens

Ethyl acetats
raction

Chloroform
fraction

Hexane

I O O

MeCH extract

Trectrrert

green volatile

13.

EAG

o -humulene

Curculio cayae,

weevil,

Pecan
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caryaphyllene
Z2-3,3-dimethyl- 1B -cyclcohexaneethancl

(Hedin 1979; Roseland , 1992).

. Creen volatiles

green volatile box olfactormeter
hexanal, 2-heptanone, E-2-hexanal,

(t)-a -pinene, geraniol 9.

. CGlass tube
aclfactarmeter green volatile
(+)-a -pinene  (-)-E-caryophyllene -
(t)-a -pinene  EAG

- pinene myrcene
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8. Box alfactarmeter green valatile

Green volatile

butyric acid ethyl ester 34
hexanal™* 54
B -myrcene 37
(+)-1imonene 35
2-heptanone* 49
E-2-hexanal™ 52
citral 34
eugenacl 19
o -humulene 34
(+)-a —pinene* 48
(-)-E-caryophyllene 32
geraniol* 45
1-nonanol 14
control 22
* green volatile
myrcene
caryaphyllene
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9. Glass-tube olfactormeter green volatile

Green volatile

butyric acid ethyl ester 0.92
B -myrcene 0.80
(+)-limonene 0.50
2-heptanone 1.20
o -humulene 1.31
(+)-a —pinene* 2.25
(-)-E-caryagphyllene* 2.43
geraniol 0.80
1-nonanol 1.10
* green volatile
- Red sunflower seed weevil
-pinene (3 -pinene
GC
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GC ,

(H-a

-pinene(5.209), E-2-hexenal (8.271), benzaldehyde(13.966),

n-decyl aldehyde(16.700), nonyl acetate(17.971),
terpinecl (18.259), geranicl(20.390) C 14),

-

a -pinene(5.167), benzaldehyde(13.907), geranicl(20.338)

( 15),
(t)-a -pinene(5.503) terpinecl(18.377),
2-phenylethancl (20.274)
( 16).
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(+)- a-pinene, E-2-hexenal, benzaldehyde, n-decyl aldehyde,-
nonyl acetate, terpineol, geranicl, 2-phenylethanol -8-%|A]Zt
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