mEskParit 88(1) : 31-37. 1999
Jour. Korean For. Soc. 88(1) : 31 -37. 1999

ALPH $HRAS salicylic acid0ll o8t &ART2|9| Bk R*
R - B - WME® - WEH°

Effects of Controlling the Pine Needle Gall Midges by
Salicylic Acid Content in Needles of Some Pinus spp.*’
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2T, #49 $UEve [ARRELS B5-40% Y HAYotavF, 2y|tiauFolle ER-S
st go] EREA Y2 §HERNC &dIuedd A EHRMEWRC FETS & + Ao
+dEele] Rt #EQ v, Al$o $H%ERN free phenold el Y salicylic acide /g &HSE
of glovt Wt@M: AvFd WAYolahR, glrldivFds 37~50ppmel &&= ot salicylic
acide= £ -E78]d A EHEHRE #edd.

EdEa]o) mEH HE] Avbysl sl$el salicylic acid?] BHMS #AK 2L BkS meEd
o] $r¥QR salicylic acid?] #RE ¥ o34 BRAER vt AB/PRERS 17195 BIA
7z 4 s,

Salicylic acidell 21§ &2 zele] Bifge ko] <tolld BHb3lZ] Afol st Reol &R
o, AEFd HAYolal R TS AMERES MBS PRINMES 24%cl wHEh BN
el ohe} 2.8%, 11.5%9 SABERES Jelh 22 ¥R salicylic acid®] Sl o8l &4
gelo] 3t waAME ERE BRE & Je Aoz A",

ABSTRACT

The frequency of gall formation by pine needle gall midges ranged from 35% to 40% in both P.
denstflora and P. thunbergii species. However, there was no indication of gall development from lar-
va on both P. wirgiana and P. rigida species suggesting that some specific compounds might play
role in preventing gall formation of larva, The susceptible species to pine needle gall midges including
P. densiflora and P. thunbergii contained a little salicylic acid under the free phenolic compound con-
ditions while the resistant species against such insects including P. wirginiana and P. rigida species
contained about 37ppm to 50ppm of salicylic acid. Thus, this compound might have important roles in
insect resistance.

The contents of internal salicylic acid in the needles of susceptible pines increased from 9.5ppm to
20.6ppm after direct external irrigation of salicylic acid solution and flour treatment on roots. As a re-
sult, the frequency of gall formation decreased dramatically 17~19 times lower when compared with
that of control.

According to our results, the application of salicylic acid for effective prevention against insect dam-
ages should be performed before hatching eggs. The frequency of gall formation in the hybrid pines
of P. thunbergii(susceptible) and P. virginiana(resistant) showed approximately 24% as average value
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of those in both species. In the case of specific individuals, it ranged from 2.8% to 11.5% in hybrids
of both species. Therefore, effective production of insect resistant pines can be obtained through hy-
brids by crossing between susceptible and resistant species including P. thunbergii and P. virginiana

by increasing internal salicylic acid contents of the needles.

Key word : Salicvlic acid, vesistant substance, pine needle gall midge, necrosis rate, gall formation
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YetaupF, Hulsuy gz ofFlvetavy
S et BifEo) tH(Sone, 1987).

£ Eaielo  FeREiEREe  =ridAady,
wzjyebavtF- AR $HE¥ER salicylic acid
9o FE& 37~50ppme| 3 R HERAEQ] vy,
sfoll= MR FHS T FE) YA sali-
cylic acide ZEfMg o2 MMEE 3l &£ EH=
gpe] BME#AQl 5~6H ol salicylic acid®] #BE7}
Z7}3lm AL 7HA28cHSon ef al., 1996 ;
Eom et al., 1998).

2} FFelA £dETe|o] HEES &
2o u|3led salicylic acidel WE7} F= =
7Vetels EdEvlele JERAEY iR =rlch
ZubE, WAYolauFo EIFS sh giiic]
=R odstornz $HERNC £UEde]d o
3 R MR FETS ¥ 5 Uk Son et
al., 1996).

Salicylic acid9] &> # ARl =l K
Bl T2 BAR7) 45 e Hiol ol
= BHREA Wkl REEC o8 g8 2
ke o HOREE ¢8| salicylic acid”} %
el A AmE B HAMEECE BEpsto
RiEE gk Ehike]l 47A "ot g,

el mAlelz virus WIRE-S BEY A
% salicylic acid®] WE7} 713l fEHe 2
Lol FabEle] gulmzle]z vleole 2ol #EH
Mol AMA1Al Fck(Yalpani et al., 1991. 1993 ;
Ward et al., 1991).

Lol X Tobacco necrosis virus® HRIRE
< FIE] B JA K EHEHR QY salicylic
acidel MpE7} BfEslA] @2 HEMpel w8t 9~
160eh} Z7}slgdtH(Molders et al., 1996).

> 2

w3 2ol MEM U HEH (Pseudomonas
syringae pathovar syringae)d RIEES T
HIES F §A el EHEWES salicylic acid
7 ZEFHPm F odA dAAME 1247 F
salicylic acid’} F&=¢ o salicylic acide
wE Aol ARE e & BuE B
By =2 piEEHEHA s Ezisd] i
o) FHM= ol gcH(Rasmussen ef al., 1991).

el ol A salicylic acid+ transcinnamic acid
ol 4 benzoic acidE 733l £HE™ benzoic
acid?] #E7F 27154 wel salicylic acid®] &
=7} 27k 22 salicylic acid®] BIERWER &
A e 9lck(Yalpani et al., 1993).

LolelA % salicylic acide benzoic acidell A
{4425 72 Tobacco necrosis viruss HET =7
o 72417} Fol salicylic acid7} 7H @eol &
ZH 9ty ek, (Meuwly ef al., 1995 ; Shulaev
et al., 1995)

Solel chulol BefEs WIFEES Aol A
I EWE ) salicylic acid’t &% &HHE
E3le] o E MR BEIE A BEEI
IR EFEBAA salicylic acid® szt #
A e o|A-E gadstsri(Vemooij et al.,
1994 ; Rasmussen et al., 1991).

At M= BefERr AR &R B (Phytophthora
infestans)ell 2|8l IEFIMHEME R salicylic acid7t
ApEcty #EsFATHYu ef al., 1997 ; Coquoz
et al. 1998).

FollA MEY HER(Pseudomonas syringae
. glycinea)d HWEES #HEI A A 4
AL salicylic acid®] Bl wle} Higtk] =R
7F Addct, HEHESA] -2 Abelo A salicylic acid
o] #E 0.5~5mMelx &= #KBE(acquired re-
sistance)o] WA T HEEE HEEIS HMA=
T0uMe] MEANME HKREFe| FHES Bk
% 9l%lcH(Shirasu et al., 1997).
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o Kk BOBEE dd EHEMRE A sali-
cylic acid® &l #ige] A7A HAoks A
& we SBelA EHIT Ao Fael N
EEWES ®Ee A ook 2eing &9
Eoe]o oiF RN BRI Rt B
#r#ER2] salicylic acid®] SRl w& £d37
o] ASIEHRE, salicylic acid®] WER #EXK
o 9% o] SFEE, HERS BMKE F&
A& std salicylic acidell 9% £4 3] B
BRHMEE £HEZAH s,

g £YEue)e] BERBEQ] FAF(vhold
a8)7 geRl(thelolB)e fAle Rl w
Ao, 12|y} salicylic acide ol4¥™l
o] E¥E AH4EHEE AlEA #HEST He R
o g H#pEH JhEow £93deE kY 4
olel EiEayolab A2l

LEE S B

1. giAHaE

£dEayo BFike] F& AT (Pinus de
nsiflora), NE(Pinus thunbergi)st FERTHE
el W Yol a2l (Pinus virginiana)?k AL
TEE Sub-xald, sl xR Yol T2
SR, $H3EAY salicylic acid®] &, #
So B FAsict.

2. BRHE
7}, wEN $Y9355e e AHERE

Im7rA o2 fEFHEE THEAY #EK ¢ bmA
golx % 1m, Ze] 5m, Zeo] 10mz i I
of BabE 23 2 Yol AvF FHE Il E
2 H3y 1186 #dic] FAE $ES A3t
3emFAE 2T 1.5mEelddA -2 AAFH(75%
AHe " e F 59 364 FE(
F) atolel LIt AFeo] AAWAEEF
o}, SAEEHEES 9B stedd HriEe 24 §HEE
Z B EEse ke A4lsiddd.

Y. Salicylic acide] RS & U2 )
o] EFEE
AR (A7 12em)oll WRK#E 23S Zar gfio]
FEE $%ES F3 salicylic acid®] B 50, 1
00, 200, 300, 500ppm=} ZKMWKE GtHe] F#
3 AvE H{H wHslx EMH% 58, 108, 15

B MBSZ BEES 9FC WASdTH & &
WA e 1007He) 4 BESIIT, B 45T
o R MAES ArACACIE 100X)3e4
sl EEY GHAl Y3 Yol Fwatx
2ol AA & FolA $HelA Ut HAS F
& Aoz s

t}. Salicylic acide] BEFI #EABE

AvkE, slee EE 30cm, o] 30me] Fell
&% 184 HR(TELE)3I salicylic acid®] #&

£ 100, 200, 300ppmo 2 Mt B sali-
cylic acid®] kS #eld F3 £953e2
gRol #¢bsls] A 58 6H-YE A& 144 38 M
o e 5ME keI BEKE &% 2z %o
i E e #Eksld o SEEmEE TH
Firstgdoh, =3 &do] BES TH 2984
9o} e HEkow EkIw HPEHEL 9B
o F#slelch. Salicylic acidell 21§+ FhRRERIA
£ wEst?] 8 9o o] ggEe] BEEZ A
I} BERE HBE o] BAKEI &H¥ER salicylic
acid®] &8-S #AEsty] A& A Y #K 3HF
o $t#S YFsled free phenolAei e salicylic
acids @i,

2}. Salicylic acide] #EAK) & ¥R
o] BpE Mt

T ReEfRE Sl 300ppm
salicylic acids #&% 500me¥ 58 158%€ 3H
MipE.c = 3E HEAstT $2ER Bk salicylic
acid®] FES F#E3)7] 8 R EARHEZHE 2
H Mmeg 1, 3,5, 7,9, 11, 14859 HER
w2 kR &% REE KREGEIY #rERY

salicylic acid® ZB®LE FEstsch,

v}, Salicylic acide] E&4H

Agatele] A4S n-hexanet 2 "&A|§ F A
zate] @z oF 10ge HA27[F3H el
4] methanol/acetone/water(7 : 7: 6, v/v/v)¥
Eg-4v 200meE 3A% wHbsle 33 FE39
o}, $E39E AdEIsle &8 AAtE FF
€ IN X9 Hcl¥& 713l pH 322 3%
% ethylacetate/diethylether(l : 1, v/v)& phe-
nolic acid& #Z3}gct. EEE A &F pyridine
o &3]x]71 ¥ N, o-bis(triethylsilyl) trifluorace-
tamide S 7}3te] 70T 287 TMS Al #
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GCEA gt R EFFEL  p-chlorobenzoic

acidg AFg3slgden FFAeF phenolic acide}

Wy B3Ee AdwAnld o st

GCH¥A =42 vhg3 #Zu},

Instrument ; Shimazu GC-14A

Column ; WCOT capillary column ¢ 0.22mmx

25m, silica gel, P10

Detector ; FID

Carrier gas ; Nz(1.5kg/cm?)

Fuel gas ; Ho(0.5kg/cm®), air(0.5kg/cm?)

Injector temperature ; 2807C

Detector temperature ; 280C

Column temperature ; initial temperature 1107C,
final temperature 290C
program rate 4C /min

R 3 EE

1. 17 $AET2(Q /LMK E

gt 194 §H8Y MRS Table
15} 2ol AvhF 40%, 3ME2 35%°)= #1AY
ol £ufFoll = EESN-R s S EBRHEA %o
o ghEEe] HE FAI FEHre] 2.

a8 ER &dE5ge] et ST #A
Yolar}i-o] §HEEdE £dEve]d oI B
el FESCHE AL #HEE 5 o,

TR A < - S mERe] 31.2%
ol &l F xvA ot AVt SWERBRI] 24%
2A WmEES] FRES Jetdln & Sl
ojslyl MG S x A oA ) fEER]
w2l R E] 2.8%, 11.5%Y H+ =
alel ol & fEf8S] #FFEA salicylic acide 43

Table 1. Gall formation rate by pine gall midges

VT2 4H#ERS salicylic acidell 93 €U E9e]e] BIR%E

3] EcHEom et al., 1998).

BiFER SHEEE 4] #ve 6~-8¢iE]RA]
EZRE i,

& Taele] fhaio]l dolM EL3l= 5~6A
off MA|Yolat s #H#ANL] salicylic acid®] &

& 50ppm, 28Il g]7)chank el 35ppmal
o] "hate] AntF-ol slldelli= 10ppme FEERTEO]
et ek (Son et al., 1996, Eom et
al., 1998).

=

-

2. Salicylic acid2] MBS &2 &I2| LR
BIEE

#ol BRE A$9 gr¥E] salicylic acid&
WEHZ EEFT BERC LHHS BEFES
Table 29 #o] 50ppme] EMEANME LSS
WIEsll o EE 150 S HEHELS S50ppm
e 54.5%, 100ppmelAi= 60.6%, 200ppm
oM 82.6% 13l 500ppmel A= 100% 2 A,

< BEAME & & @Esid BE
7v ZUVReE il IR FokEkeld,

9F 9] %S 2481 o1 ZhdelnE 14H
o A F2 MEEEAME SEE Ao
FE&F},

3. Salicylic acid2| R WAKR

Salicylic acide 2l & %A ¢orz ik
Z g4 3] YA salicylic acidg- 100, 200,
300ppmo.2 RS A Bhe 2 el F
3 E LE #EAEAC),

£ Eute]| o] fhaho] delM BMbE7IFI] 58
LAl A 71T gle] B 88 LAl #
A3 FEFE S5AC HEAFT AL 21T BEERRE
A HBEFBEF] 31.5% U uvralel 100ppm

Number of inves-

Number of gall

Percentage of Number of larva

Species tigated needles formation needles gall formation(%) per pine needle
P. densiflora 4,756 1,903 40.0 6.34
P. thunbergii 1,265 441 34.8 7.57
P. densiflora X
P. thunbergii 1,952 609 31.2 7.65
P 8 thunbergii x 1,758 422 24.0 8.09
. virginiana
P. virginiana 518 (85) (16.4) 0

# () : wounded needles by larva encroachment
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Table 2. Mortality of larva in gall-formed needles according to spray treatment of different concentra-

tion of salicylic acid

Treated concentration of

Mortality of larva after treatment(%)

salicylic acid(ppm) 5 days 10 days 15 days
50 15.9 41.7 54.5

100 42.8 66.7 60.6

200 48.8 76.0 82.6

300 52.9 79.4 93.3

500 61.8 86.7 100.0
Control 3.8 14.8 9.2

Table 3. Gall formation rate by pine gall midges and absorbed contents of salicylic acid in the needles
according to different concentration of salicylic acid(treatment : 6. May. 1998)

P. densiflora

P. thunbergii

Percent-  Absorbed Percent-  Absorbed
No. of No. of No. of
Treatment No. of all age of  contents of " Al age of  contents of
sound & gall salicylic acid gall gall salicylic acid
formation . . sound formation . .
needles needles formation in needles needles  needles formation in the needles
(%) (ppm) (%) (ppm)
Concentration of 100 1,144 64 5.30 18.6 1,634 25 1.52 20.6
salicylic acid 200 973 45 4.40 25.2 1,466 20 1.36 22.9
(ppm) 300 1,145 43 3.62 50.4 1,801 24 1.33 50.8
Flour treatment (2g) 752 21 3.47 30.2 1,817 27 1.46 39.0
Control 1,180 543 31.51 8.0 1,774 157 8.13 9.5

#kE 7L 5.3%, BRE T AL 3.5%° 2
$olMe BEEEAMNE SEERE] 8.1%
oldl wksle] 100ppmell = 1.52%, HKEERE
A= 1.46%°1ct,

Salicylic acidg ##gsle] EAE 27 BXE
F A9 #HEE #A Jebgod,

589l salicylic acid®] MWMEZI HEKolA o
BREd Z2RE o WE 452 k"
E8']S Fhskdt.

vkl sl 4o $HERN RikE e o4zt
o) A7} glon AMERELE ZR7 o).
AV A 100ppms AT AL §HERNA
Bk B 18.6ppm, 300ppme EAKRIT AL
50.4ppm, ¥KES & A& 30.2pmeldn AF
N e 100ppms AT AL 20.6ppmsldl ub
stod 300ppmes AT A 50.8ppm, BEES
& AL 39.0ppmel At

s ulele] Hhfo) GelA Bpbste] ssdio)
¥H¥ 8B LAl salicylic acids #k3 AL
Table 49} Zreo] olu] @&#o] R H o] Folnz
SEE RKERAE ERF o S8RY 4o
Pt HEES ulse] M gSmEEdel o)

S o

BIESE St Bl EEFEE vlste] Wkl
o)9} zro| $+EER salicylic acide] (KR oA+
2481 LiES 4his WA= THo] EHi
ez AztEcl, a8lmR £dEstele] o)
doll4] BL3l7] Aol salicylic acidS #k &
2 BRE T+ Aol £UZ=]9] Bkl %R
mae & 4 sl

4. Salicylic acid®| K0l ME $H3EK ME
L 2[4

Salicylic acid& #ksle] ¥R RKS BE
|2 FFEs}7] Y8 salicylic acid 300ppmeS 3
m #Eksla A EAKAEFE 2H HBOZ STEE
< AF3ste] salicylic acide] #ELE FAED #
R Table 52} o] K 18 %ol salicylic acid
= §TEC RikE ] HBES EEEEYC sali-
cylic acid®] &S 2 S7tslela #AF 3H
e lHAEC) F2 Zobslgz SHA 31
o T3ttt A 7Ass o,

a8l 22 salicylic acidell &% BilREERI= &
Y E&stele] EHITE &S] BREY] FiTHA
EAXK 5 HEEFsts Hdo) MRHY AHoE
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Table 4. Mortality of larva and absorbed contents of salicylic acid in the needles according to differ-
ent concentration (treatment : 29, July. 1997)

Treated | No. of No. of | Percent- qubers Needle | No. of | Length | Absorbed
: gall age without rate larva | of larva | contents of
Species ngfﬁ:; sct)tlﬁ d forma- | of gall larva without per in gall salicylic
(ppm) | needles tion |formation| in gall |larva in| gall needles | acid in the
needles (%) needles | gall(%) | needle (mm) | needles(ppm)
100 936 157 14.4 17 10.8 3.12 1.456 39.6
P. densiflora 200 539 90 14.3 25 21.7 2.67 1.258 44.9
' 300 692 122 14.9 28 22.9 2.87 1.425 62.7
Control 844 194 18.7 4 2.1 4.56 1.514 6.6
100 798 346 20.2 99 28.6 4.94 1.530 32.8
P. thunbergii 200 626 216 25.7 56 25.9 2.42 1.536 47.9
300 500 153 23.4 42 21.5 3.60 1.440 127.1
Control | 1.046 504 32.5 84 16.7 6.58 1.520 18.1

Table 5. Content variation of absorbed salicylic acid in the needles of Pinus thunbergii according to
days after treatment of 300ppm salicylic acid (Unit : ppm)

Days after Replication M
treatment(day) 1 2 3 ean
Control 13.4 4.2 15.2 10.9
Ist 19.3 14.4 25.1 19.6
3rd 48.1 20.4 55.1 41.2
5th 41.4 26.4 69.0 45.6
Tth 42.4 22.8 55.7 40.3
9th 38.2 23.4 50.7 37.4
11th 36.6 20.2 28.9 28.6
14th 25.5 16.9 21.6 21.3
AzpEck, o) £ Eaae] ghako] ool MLy Hiel
FE Zlo] FH HREMelAd e A= 100ppm,
® =B WRE 2g A2 HEEA vt £t
B R ERe] 17~ 19 Bkt
£dEale)d REM HERCE FREME B Salicylic acid® #AKE 79 377l $HEA
o) $t%ERX salicylic acidel &Be]l Formz o RKHEZE delld] BT Shddo]l FHIRe

salicylic acide +dFge]d & EHEWE
2 #E=E ek,

2ot dlde AHEERES £E& 40%,
35%eolel & Eate]dl oiF @atE] HAYe}
2UFolE ERS sh} S8 BREA Gk
A4 Aot T RS BT
24%0°1m fEgsel wal 2.8%, 11.5%< EiE=
ool w4 £dEaele] et EANE 2
BE 4 s Ao #irkddl.

o] K % salicylic acid 50~ 100ppm
o] o Mol el BIEES 55~60%°1%
3 salicylic acid& &ol = #EAI A} HEK
S ®ald & AL Higo]l R Hel Fv A

Alstriarel F= Aol Fitd.
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