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Abstract

Effect of monoterpene composition in pine needles on the susceptibility to pine gall

midge (Thecodiplosis japonensis Uchida et Inouye) has been pursued. The pines stu-

died include 5 susceptible and 2 resistant species. Also included were severely damag-

ed or unaffected P. densiflora in the pine gall midge affected region. From the nee-

dles of the pine trees, 9 monoterpenes were identified by GLC. No correlationship was

found to hold in the monoterpene composition between pine gall midge susceptible

and nonsusceptible pine species. Concentrations of limonene, however, gradually in-
creased following oviposition in the unaffected P. densiflora while the concentrations
of the monoterpene remained constant in the damaged P. densiflora. Effect of high

limonene concentration in the needles of P. densiflora is discussed as a possible fac-

tor inducing resistance toward the pest in the unaffected Pinus densiflora.
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Table i. General discription of sample trees!’

S A =
P. densiflora S Oig 5 6.8 c 522 -
P. thunbergii 6—5’—7:'&73_5 5.2 4—1—1_'5%15_0 ‘
P. banksiana E_)—G;'—?h 5.1 IR 8i§7
P. resinosa 37*8%?1.-5 3.4 T 6T 3 fli?;!l)l.S
P. virginiana 7—.022.-5 8.0 TO~1F 9%;25
P rigida et St 7o
P. koraiensis 4—55’:2-—5 5.8 BT 5?;11. 5

1/ average of ten trees
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Table ii. General discription of P. densiflora resistant to pine gall midge

Length of needles(cm)

Focations (yjszs) H(er;%ht D(?Hg Current Ooud
Kyunggi-Province
‘Sampyung-Dong, Seongnam-Si 31 5.5 10 5.7 6.7
Keumto-Dong, Seongnam-Si 41 6.0 15 5.5 8.0
Keumto-Dong, Seongnam-Si 13 2.0 3 5.3 5.7
‘Galhyung-Dong, Seongnam-Si 11 2.3 6 5.0 7.4
Jungbu-myun, Kwangju-Kun 18 3.9 8 5.4 7.6
Sulak-Myun, Kapyung-Kun 14 4.3 5 9.7 9.5
Sang-Myun, Kapyung-Kun 15 2.2 4 9.8 7.4
Kapyung-Eup, Kapyung-Kun 29 13.0 21 10.0 10.0
Chungchungnam-Province
Seocheon-Myun, Seocheon-Kun 11 12.0 18 8.4 7.9
Seocheon-Myun, Seocheon-Kun 41 14.0 20 9.3 7.2
Seocheon-Myun, Seocheon-Kun 36 10.0 16 9.5 6.0
Seocheon-Myun, Seocheon-Kun 16 4.5 10 8.6 6.6
Parkyo-Myun, Seocheon-Kun 40 12.0 30 7.2 5.9
Parkyo-Myun, Seocheon-Kun 40 13.0 31 10.1 8.7
Parkyo-Myun, Seocheon-Kun 28 9.0 15 7.4 7.2
150mie] @WK 150miE g o+L 5of war- jection port: 200°C, (c) Column:
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Detector: Flame ionization detector (FID)
Carrier gas: 283, Wil : 40ml/min
Column: 3mm(ID) % 262cm, stainless steel
Column packing: (a) ODPN column: 10%
ODPN on Chromosorb G, A/W, 80~100
mesh (b) Mixed column: 29 Carbowax 20
M-+19 OV-1 on Chromosorb G, A/W, 80
~100mesh
Fuel gas: (a) Hydrogen(40ml/min), (b) Air
(0. 5kg/cm?)

‘Temperature: (a) Detector: 200°C, (b) In-

a) 65°C for ODPN
b) 65°C isothermal for 5min and followed
by linear increase at 4°C/min to 215°C
Electrometer: Range 0.4x10?
Chart speed: 5mm/min.
Injectnn volume: 1.0zl
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Fig. 1. Chromatogram of standard mono-
terpene mixturs on O.D.P.N. column
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Fig. 2. Chromatogram of standard mono-
terpene mixtures on mixed (Carbowax
20M-+-OV-1) column temperature pr-
ogrammed; fixed at 65°C for 5 min.
and then followed by linear increase
at 40°C for 5 min. to 215°C
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Fig. 8. Chromatogram of monoterpenes in
P. densiflora needles on mixed (Carb-
owax 20M-+0V-1) columntemperature
programmed; fixed at 66°C for 5min.
and then followed by linear increase
at 4°C for 5min. to 215°C

5 10

Table 1. Retention times of monoterpenes

Retention times(min.)!

Monoterpenes O.DP.N.  Mixed
column column

a-pinene 1.00 1.00
camphene 1.32 1. 20
B-pinene 1.63 1.25
4-3-carene 2.06 3.70
a-phellandrene 2.20 2. 40
myrcene 2.83 3.10
limonene 3.17 4. 80
B-phellandrene 3.71 4.80
Y-terpinene 4-89 6. 30
terpinolene 5.09 7.60

1/ relative to that of a-pinene
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Table 2. Recovery of monoterpenes from

pine needles!/

. i
Amount of i
) Apparent H
Monoterpens monoterpene(mg) extraction
Added Recovered efficiency . .
P.densiflora
a-pinene 1. 00 0.77 0.77
camphene 0.50 0.39 0.77
B-pinene 1.00 0.73 0.73
4-3-carefnie 0.50 0.39 0.77
a-phellandrene 0.50 0.38 0.75
myrcene 1.00 0.81 0.81 W 3
limonene 1.00 0.73 0.73 1
g-phellandrene 1.00 0.66 0. 66
7-terpinene 0.50 0.38 0.75 .
terpinolene 1.00 0.77 0.77 _Ii wjz}_
Average Recovery: 0.75
1/ average of triple analyses
1
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Table 3. Monoterpene composition in seven species of pines!

Concentration of monoterpenes in Pinus

koraiensis

rigida

nl/g
0.08

virginiana

wl/g
0.07

resinosa

ul/g
0.11

thunbergii banksiana

densiflora

2943
0.37
0.01
0.09
0.02
0.18
0.06
0. 45
0.02

Monoterpene

%

34.0

ul/g
0. 48
0.03
0.08
0.33
0.12
0.10
0.17
0.10

%

27.6

%

29.2

%

44.0

%

55.6

w/g
0.10
T2/
0. 05

%

23.8

ul/g
0.25
0.01
0.28
0.01
0. 05

%

30.8

a~pinene
camphene
B-pinene

2.1

1.0

0.8
7.5
1.7

15.0

5.7
23. 4

24,2

0. 07
0.01
0.04
0.01
0.08

33.3

0.08

32.0

0.08

27.8

26.7

3.4
13.8

1.0
4.8
20.0

A4-3~carene

8.5

7.1
12.1

12.5

0.04 16.0 0.08
0.01
0.01

16.6

0.08

myrcene

3.4
27.6

4.0

0.21
0.18
0.06

1/ average of ten analyses representing ten trees

2/ trace

5.0
37.5

limonene

20. 8

0.05

4.0

17.0

B-pheilandrene
terpinolene

7.1

5.7

1.7
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carene, myrcene, limonene, g-phellandrene %
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Table 4. Comparison of monoterpene composition between needles of pine gall midge
resistant’ and susceptible?” P. densifiora

(a). Pine trees in Seongnam, Kyunggi-Province(20, June)

Current needles

Old needles

Monoterpene Resistant Susceptible Resistant Susceptible

pl/g % elfg % vl/g %  pl/g %
a-pinene 0.18 821 0.19 828 0.20 40.0 0.24  41.4
camphene 0.08 5.4  0.02 3.4 0.03 6.0  0.03 5.2
B-pinene 0.07 125 0.07 12.3  0.07  14.0 0.07  12.1
myrcene 0.05 8.9 0.07 121 0.03 6.0  0.04 6.9
limonene 0.02 3.6  0.02 3.4 0.02 40 0:.02 s. 4
g-phellandrene 0.21 387.5 0.20 84.5 0.14 28.0 0.16 27.6
terpinolene T — 0.01 1.7 0.01 2.0 0.02 3.4

Total; 0.56 100 0.58 100 0.50 100 0.58 100

1/ average of ten analyses, duplicate from 5 trees

2/ average of 15 analyses made on 15 trees,

(b). Pine trees in Kapyung-Kun, Kyunggi-Province (24, August)

Current needles

Old needles

Monoterpene Resistant!/ Susceptible? Resistant?/ Susceptible?/
u/g % wl/g % ul/g % el/g %
a~-pinene 0.21 33.9 0.29 37.2 0.30. 34.1 0.27 . 88.0
camphene 0.03 4.8 0.04 5.1 0. 07 8.0 0.05 7.0
B-pinene 0.07 11.3 0.09 11.5 0.09 10.2 0.08 i1.3
myrcene 0.08 4.8%  0.07 9.0 0.04 4.5 0.06 T
limonene 0.03 4.9%  0.02 2.6 0.03 3.4 0.02 2.8
A-phellandrene 0.22 35.5%  0.23 29.5 0.28 31.8 0.19 26.8
terpinolene 0.03 4.8 0.04 5.1 0.07 8.0 0.05 7.0
Total; 0.62 100 0.78 100 0.88 100 0.71 100

1/ average if six analyses, duplicate from three trees,
2/ average of fifteen analyses, each from fifteen trees

* significance of F-value; P<.05
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(c). Pine trees in Seocheon-Kun, Chungnam Province (15, September)

Current needles Old needles
noterpene Resistant!
el % ele %
a-pinene 0.36 20.8%  0.34 33. 0.3 32. 8 0.359 34.8

0,15 i2.4 .13 12.9 0.11 9.5 G.i1 96
limenene 0. 67 5.8%% 0,02 2.3 0. 04 0. 04 3.5
A-phellandrene 34.7 0.33 32.8 0.88 22,8 0.395 320.7
terpinolene 0.06 5.0 0. 5.1 6.0 0.08 5.9

Total; .21 106 1.0t 100 116 100 113 100

1/ average of fourteen analyses-duplicate from seven trees
2/ average 40 trees
*, *gignificance of F-value; *P<, 05, ¥FP<0.1

Tabis 5. Comparison of m

ssition between needles of pine gall midge

resistant and suscentible £. in different region

Current needles

0.28 3.4 0. 0 0,22 949 0,32

0.04 {0 O 0. 4.1 0.06 6.2

.03 1G.3 0 1.6 0,01 0.09 0.4
0.08 9.7 0 i1.6 0.07 0.07

0. 04 1.9 0,02 2.6 003 2.5 0. 92 3.5
(.32 027 n2.7 0.29 5104 0. 25 3
.03 2.8 0,03 4.0 0. 05 5.7 0.05 G8.1

1/ average of 30 analvses-duplic from 15
2/ average of 75 ;
Kok

analyses

significance of
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