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Effects of food type on survival, development and wing form determination in a Japanese
strain of tobacco thrips, Frankliniella fusca (Thysanoptera: Thripidae).

Chisako CHIKAMORI

Abstract : Effects of food plants on survival, developmental rate, and wing form determination in
females of Frankliniella fusca were investigated using rearing trials under two temperature condi-
tions at 15L-9D. At 18°C, leaf pieces of seven plant species were provided as food for larvae. Indi-
viduals fed on strawberry died in the larval stage. On the other hand, individuals reared on green
bean leaf pieces showed the highest rate of survival and development, suggesting that green bean
leaves are the most suitable food among the seven plant species tested. All females molted into
brachypters at 18°C. In trials using leaves of green bean, broad bean, and narcissus at 25°C, indi-
viduals reared on leaf pieces of broad bean showed the highest mortality and longest developmen-
tal time, suggesting that broad bean leaves are the most unsuitable food among the three plants.
The proportions of wing forms in females reared on the different kinds of food at 25°C differed.
The proportion of macropters in females reared on broad bean germinated seeds was higher than
that of females reared on broad bean leaf pieces. In females provided narcissus, the proportion of
macropters was higher in females reared on leaf pieces than bulbs. The body size of adult females
was smallest when they were fed narcissus bulbs in the larval stage, suggesting that these bulbs
are not an adequate food. Results suggest that the proportion of macropterous females decreases
when they feed on unsuitable foods such as broad bean leaves and narcissus bulbs above a certain

temperature. All males molted into brachypters, irrespective of food plants.
(2014 4£ 10 A 1 A=)
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#"E hear, 1995; Cho et al., 1995; Toapanta et al., 1996; Chele-

Y A7 AT W I~ Frankliniella fusca (Hinds) (38
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ik 7 AU RKRETCI A CFI T ITT
Frankliniella occidentalis (Pergande) & & 12 b= |k
L2z 2T A WVA (TSWV) (7=¥ 7 A VA + A
RKIANWAE) OELRBENMEE L THLENRLTWS
(Sakimura, 1963; Groves et al., 2003) HZA Tl 2002 4%
WO T, BREOREZEFIZHE L2 A A ¥ Narcis-
sus spp. DIEZEN S5 &7 (Nakao et al, 2011), %
D, RIFTORAILDOILR LB E DB LIZHE S
TV,

ARFEILMERE & IR L R O T & IR
(Stannard, 1968). 7 X V) 71 & 5 [E T 0 AFE O AT %
WEROHER L, MEHE L D ICHEERD 5 T TRBAD
BEL, Bk o @R IIZEBE;EE T2 (Newsom
et al, 1953; Chamberlin et al, 1992, 1993b; Wells et al,
2002)o WREIAEW EIHETES 5 TSWV R, %
<SS BEDORMER 1 CHsAE LB TH 5 2 L AVURIE
& L T w % (Cho et al, 1995; Johnson et al, 1995;
Toapanta et al, 1996; Chelemi et al., 1994; Groves et al,
2001, 2002) o / — A1 0T A4 FINO R TIEAM O 5
HERE L TSWV B EORAEEOHERIIFMUL TB Y,
P 355 N O B B s B N9 % IR TSWV O B8 1 251
s % (Groves et al, 2003), ¥ a— Y 7INTIXZ TSWV
WRAE~OXTEDOVDEDE LT, T v htA 2BV TEM
R 2 TSWV OIS AR X DiES ¢ 5 2 & iR
SN 72H (Brown et al, 2001), # /N2 2B W T
TSWV OMPAISERIS T v 72 A4 L0 LIEREH D
KEWZDOIZ, TEFITEHHOZEIZ X L RHRIEATRE L
W (Wells et al, 2002), 7 A7 0737w O#A %
PETHEBEENZMHET L 2 &1, B~ ORCRE
KRR P L, SR EBI R o0
WAERMT LD,

Y27 ATFITIOHRIEANLZRETIE, WE
DHEDMATE I G- T A BREERN OO EDTHL Z &
WO 2IZESNTBY, BEMHFOERESEHWIZER
RO EETHFE SN S (Nakao and Chikamori,
2013) o MMETUEORE AT 3 7 < FFCld, BMRIPUE
WS- § ARBERD 7 07N> 79 3 < Thrips ni-
gropilosus Uzel & 7 % A4 0 7 W I 7 < Anaphothrips
obscurus (Miller) D 2FEIZOWTHLNIZENT WA,
707N TR 2 M ORI P (LR &R A
BI5-3 %% (Nakao, 1993), AFMYOFEIZRS- L 72\
ZEMIMSN TS (Nakao, 1994), 70 F 4 0743
7~ OME G I E A A S L (Koppa, 1970;
Kamm, 1972), AP O L ZHZ KITT L)
(Képpa, 1970) o #5804 25 T B 1 C I SR O S 42
B 7 BB IS 35 2 ERMo N TV S
(Harrison, 1980), FEAHY AR PLog |25 2 5 5228
ZOMOZEFLHE H 74 3 < TIFERE S LT,

FZTARBIFETIE, PRI 2 OTES L O
[Fl—TEFE DI 230 & & L CHFE L7z kol

EHAL T, YO RINS Y A7 a7 Iy
OMBPIEINRITTHEZPHSPIIT L E L0102, L
P HIULE TOALFREFEFTIN, 76 IR oOFY
A ZXh S &MY & L COIEDBME 2 MR CHE L7z
BRREIZIET A ) A ARE TATE O F AR S iz
3R ofEY), BLXOHATHFIMY L L CTHERR S Lz A
1Y ragt, AEM4F 7T THOMY 2R L7z, K
TN H, BIETIRE 728 o o R RIS (5t
HOFF L REERERE), T I v Rz itfdtniz72ne
ZEIHER (BRERESKLY Y —), T2 A&
RENCB AT A7 T7THFITYOMRE THORL 72
& 572 Dr. S. Reitz (Oregon State University), + 5 ~
7 EEOMYWHIERSE TO 270793 7 Oi)n%
BHIS L 72E 5 72 Dr. G. Vierbergen (Plant Protec-
tion Service, The Netherland), % L THFHFENT O —HB
BHFAT LT IEE o 2B ER ARG G HbIf 2R F RS
Be) (AL L B 5.
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1. R & BEED

AEEHIZIE, 2002 4F 10 HIC BRI HETH ORSEE 12
Wl L mBERED A1 ¥ U ED S I 22 H4
(Nakao et al, 2011) #ZAlg#&E & LC, 225C&H (15L-
9D) ST TV I~ AMEFHET (L — AMEEEL, Bi5Ee:
A7 ARy T — FRASH) 2B X OEIAE &
L € Murai and Loomans (2001) ®J5#:125E > TRMA
fAE R ORME 72,

BRI E LT, A ¥ ¥~ A Phaseolus vulgaris
L (224577 A%EY, WoEit: ¥y v~y —
K), V9~ X Vicia faba L. (L — A MR, BFETC :
T ARy T = P& BTy A A (0
M T3EPNT), T v 28X A & ¥ Narcissus pseudonar-
cissus L., F A Solanum melongena L. (il : T —5),
Y~ A E Ipomea batatas L., B X A F I Fragaria
ananassa Duch. (il : FEXFEE) OFEEZ W, 1~
T ATIEEOREE, oMo Y TlEHEDE
Mz52720 2D H, A VXX, VIIABIY
T v A3 25°CEH (15L9D) ST THIELAD
DV TN fEvy, FA, FIUILAEBLD
A F TR LR A E A B B b s 2 (4, ¢
HHEERXTE) CTHEFOLOEH Wz, 2095,
T v NAA DL, 3A TS5 A TR0
ZOHTVLIBENLSMU72H DXL THWz, &
512, TNAL B EVTIAIIOWVTIE, FELZIFT
ml, FNETNHELBFHTEFE L CHW, B3
EREETT I 7 —FEFo, FEIMTWLHEERE M
ER2 MOV KE6 cm BEEDO D D% 2008 4E 11 AT
W2H 1 HOBICHEER Y EI LTS 2, VIvADM
FHFIIRRFAFTICHN 2D LRABEOL D% 5.2 72,
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2. EL3BEMICLZ0E

B r2BoMYWoOELHE L CH 2 7-8E T,
Nakao (1993) & FERICTWEIY) 757 AF v 7 & (NE
18 mm, & & 49 mm) #fFERE LTHY, TS 71
VA® (R =7 v 7l &) F213089
7 4 )V A® (Pechiney Plastic Packing L) TIEH % [&
EL7. BB OMEZELHLRE 127y~ AD3E
EELHEBEERIEL, £300K% 18°CEH (15L-
9D) &M T, #30EE 25°CEH (15L9D) &M
TIULT B L TEE L7z, s ot 2310k 2 ~
3HHIZ, 2~5HmORZRBHERE &R S, M
HE 1 OOfFEREH) 2ILFONAEL, TS &7
WL EF UEHT A 7y~ ADTER [EE L 726
BEMICEAR LB CHEIN S S, #ET SN2k
Wbtz 24 BERIDINIC, 18 C BTk vy~ x, v
TIA, ALk, FTuhkA, FA HIUTALE, A
F IO THOHWWDIFES, 25°C LMETlEA v Xy~ A,
VIIABLOAAL O 3O OIELY T ENE
GE LB RWIC2~6 L DAL, FMLT 5 £ TH
SUTCTHE Lz, RO, 18°C4&Tid 4~
SHT &, 5°CE&METIE2~3HIEILBI ol
TRHI DA 34 H 8152 L T b2 S THL E CossE R %
FUERL, EFEEZHEM L. SO EIZTIE
#% 3 HLWNIZ AGA i (T, 1988) HHZIRAFEL 720

T IIRAA XY DEEB LY I < XA OMIFHT %
ELTCHRIMBTIE, MERHIEEHOR) 7oK
Ly (W97 ecm, B3 65 cm) w7z, 3
1317 ~ 20 cm OBEILE H Y, EHBEIE-72. R
1 UBERINETLEIL, BRICESHELFL Y IV
A& Yrva=7HR—) (EEL mm, ZrO, 95%)
PPEAFBOLPIIAAL L DBEY SERD 550 1 1RE
WH7ze VI3 AOWFREFEINET D, i
LRz F LAY FVE (HAREHK Y LY 7THASH) 28
&, ZOLICHEFFETEZHA0MINE L. ZHD%
WCROFMZ & - CTHFAMBET EFFAT L7, T3
BT P OME 1 IEEEHIC25°C EHE&MTT v 7>
Y ADREREE LFERHICEL, L% 2~3HHE
122~ 5 HiORZRMER R & TR &8, FHEMFTTA
VU ADERFEE LT EREAR LR CH
B L7 KIZ, ZOBEKREMAET Ll M bz
2~5EFOA U7y ADEREE L HEEIIL
HL, AEUTT2~3HTEICHRBRIIBLEL
TIMLFCTHEFE L. DL HIZLTHS Nz MR
10 P& MERC L 5 PL %, BEak L2 A A v v EEB LUV
T AMEFFET 2 NE L - fE R ENIRE L, 25°C
FEHGETS HMEE Lz, 20tk B L7z kg &
MO BE, 51220 2 %I, AFEBENO T
ROz B L TAGA IR L7z 2O—HED
BEZ 3IEB I o7z,

3. R, AESLURMBROATE

FROEBRTHESN, AGABTIHEEL KR Z
Nakao and Chikamori (2013) @ #IZ#E LT T LT —
MERE L7z, 2k, MAHZEBEMEE (Nikon, OPTI-
PHOTO-2) F CRBAMBEICESE LRI 7 a2 —% —
VT, 40 ~ 400 fEO R CHEIE, RSB L OHiH
FEalE L7, sk g EdEEL LTHIEL,
Nakao and Chikamori (2013) & [FI#ko Hie TRl % 45
BIL, 572 &YW CHEE L BRI KR %
HL720 BB, HN—=F T ADFIZ LY EALEAILH
ED S,

4. IRETERAR

SRR 1213 PASW Statistics 18 (SPSS Inc., USA)
B LR ver. 2153 (R development Core Team, 2013)
W, REBRTIE, B 20MMICB) 0% %
A — BRI CMEERED S CRE L. T/, fAF
Hand 72 ) OELFERITIEEEEAY 6 IELLT OB 4121
EREE OYa & ERP RN & QIR PR, KFER)
»o, BTOREEEFL T, SHEMHFICBI) 2 EFE
I L7 2O, A EKIEOHIEIZIL Holm ¥ % 1
A L7z0 72, WREH3 AR MO TR W Z &
F, FERE LTCRLEZBESEMCHRENM 2 HEST 2 2
Lol T020, FEMMOLRKIZBIT 5 HEK
HEDHIE121E Holm % # 37, Bonferroni ® )%k %
iz,

&R

EF ERE M

FEHO 18 C G C7HOMWIEL 5 2 THE L7724
B, FA HIURAE, Tk, VITA BIY
AA &2 ORI TE L TARRIITIEE TORELZTE T L
72 (Fig. 1)o —h, A FTOELTIIRELE T TER
o7z (Fig 1o VIRABIVNAAL LV DERE. 272
Bad, Tofi4 oy RECHEE LA L0 iRt
5 I E TOEFFENED - 72 (Fig 1: Fisher @ 1E
TEREME |, Holm #:12 £ 2 filEA =AKEE - a < 0.007),
WAL S FE CORBMMIIMES bi12, 1 7ro=
ADETR LWL, FA, HU<AE, BLUIvIE
A DFETIEYVIRALEAL LY DI LEh o7
(Fig. 2. —ICHCiEDE0HT D 1412 Bonferroni 4 1 ik
B p <005

25°C R HGMC 3O REL 5- 2 CHITH L72#5 %,
WAL SPMLE COEFTIE, 1075y ATRbEL
VIR ATRbE» -7 (Fig 3 x?HesE, Holm 12
L BMIEAEEAKEE - a <0003). Wb ST E TOFE
FHMISIMEREE oA VX< ATRETHY), VI~
A T# £ 72 - 72 (Fig. 4 Mann-Whitney & U #% 52,
Bonferroni 2 £ A2 #ilEAEAKE © ¢ <0017),



>
T
D
(o))
qn

16 FORRIFF SRS [ ar B |

Strawberry
Eggplant
Groundnut
Green bean
Broad bean

Narcissus
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0 50 100

% of survival from hatching
to adult emergence

Fig. 1. Survival rate from hatching to adult emergence of Frankliniella fusca reared on leaf pieces of different food
plants at 18°C under 15L-9D. Numbers in parentheses indicate sample size. Bars with the same letters were not
significantly different at the 1% level by Fisher's exact test with the Holm adjustment (a = 0.007).

Female Male

Eggplant
Groundnut
Green bean
Broad bean
Narcissus

Sweet potato

Developmental period in days

Fig. 2. Developmental period from hatching to adult emergence of Frankliniella fusca reared on leaf pieces of
different food plants at 18°C under 15L-9D (mean * S.D.). Numbers in parentheses indicate sample size. Bars
with the same letters in the same column were not significantly different at the 5% level by Bonferroni multiple

comparison method following one-way ANOVA.
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Fig. 3. Survival rate from hatching to adult emergence of Frankliniella fusca reared on leaf pieces of different food
plants at 25°C under 15L-9D. Numbers in parentheses indicate sample size. Bars with the same letters were not
significantly different at the 1% level by y? test with the Holm adjustment (a = 0.003).

Female

Green bean

Broad bean

Narcissus
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Developmental period in days

Fig. 4. Developmental period from hatching to adult emergence of Frankliniella fusca reared on leaf pieces of
different food plants at 25°C under 15L-9D (mean * S.D.). Numbers in parentheses indicate sample size. Bars
with the same letters in the same column were not significantly different by Mann-Whitney U-test with the

Bonferroni adjustment.

R

EH®18°C &t E Lk i ~cEamic
-7 (Fig. 5)o 25°C KHEMTHRT LM R
Fal L RS BL L, 87 2 &MY CRE LD
WA R IR ORI LR H - 72 (Fig 5 x 2 HE,
p<005)c [F—HEWHDORL LA EBAELTEELE
WD EMBRE LT 5 &, VIV ADRFRTTOE

WA (807%) 1EV T ADIETHOEMAIZR (83%)
I ) AEEIZE L (Fig 5 Fisher @ IEMERERME, p <
0.001), A4t DIEHE LTRE LMo EBRIE
(349%) \ZFDIHEETHRE LMo RBAIE (54%) X
D EEICE Do 72 (Fig. 5 Fisher O IEMEMERME, p <
0.001)o H— D P EME DS 2 FEFEH O B 4 F T Tl
TLZ2THRMOBRTIE3IHEED THEEEND
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VIR AT TORMAERAAL L VHETOREB < 000D, %&b, HEIE18T & 25T H &L & Ol
B L ) Edro 72 (Table 1: Fisher @ IEFEMEERNE, »p THTRTEAEITH - 720

Eggplant leaf | (6)
Groundnut leaf [ (7)
Green bean leaf [ (101)
Broad bean leaf | (3)
Narcissus leaf | (51)
Sweet potato leaf [ (14

0 50 100
Green bean leaf | (280)
Broad bean leaf | (12)
Narcissus leaf | (106)
Broad bean seed (98)
Narcissus bulb | @
0 50 100

% of individuals

Fig. 5. Wing form composition of female Frankliniella fusca reared on different food types under 15L-9D at 18°C
(upper panel)and 25°C (lower panel). Numbers in parentheses indicate sample size. W : macropter, []:
brachypter.

Table 1. Wing form composition of female Frankliniella fusca reared on different
food plants at 25C under 15L-9D

No. of

Replication Food plant N’ macropters brachypters p-value
,,,,,,,,,, R ol S UR WL
,,,,,,,,,,

3 Noveisom > 3 7 < 0001

"Numbers of female adults in a group of offspring from 10 females introduced into a container
containing bulbs or germinated seeds in each replication. The 20 females in each replication were
produced by once-mated isofemale from a stock culture.
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fEg, RS LJUENER

FEHO I CHEMTHEBELLMTIE, 17y~ AD
AL LCHRB LR THRELBENEL, Hxil
FIXREWEHNIZH - 72 (Table 2: Bonferroni D% H It
Bk, p<005). HEICBWTY, 47 Y ADETE
B LAMEGECTHELHBESEL, MHBRIIKE W ER
\2& - 72 (Table 3: Bonferroni ®% &E L, p < 0.05),

RH®25°C &M T THE L2HETIE, SR B W
T, AVFURAL AL L D#ELE LTHEE L2
K CHEIE B L OMEEDSEWEINIZH - 72 (Table 4: Bon-
ferroni DL EILLFP:, p < 005). T4 V7~ AD
BER & LR CIIEN R, M BEK & VW E
\2& - 7z (Table 4: Bonferroni ® % HIL##H:, p < 0.05),
—Ji, AL UEEEREE LUCEE LR CHEE, &

wAZATFIvT GEHE  7YEI <R OEE, BEB L OB E Y S RIT S

19

EBIUMENE L, HHBEI/NSWEHIIZH 5 72
(Table 4: Bonferroni ®Z HILED:, p < 0.05), FEHHl
IZBWTIE, ALy OETHET LA THIEL L O
HRERE L, MdEIR/N S WEMIZH - 72 (Table 4:
Bonferroni ® % E P, p < 005). 72721, #MEIZIE
HEIY R TR o 72 (Table 4 —JCECE 43 BLHT
P =0453). HElcBWTIE, A/ L DERHE LTI
BLAMEETHES L CGRESEVWEIIICHY), A1+
VEEZETCHE LA CHIR & A RAECERNICH o 72
(Table 5: Bonferroni ® % | Ligd:, p < 005, F 72,
A PR AOELE LTHE LR CH M ED
K&, BRIBVERICHY), AL ErTL L
THE LR TR EAVNE {, MED B Eimic
& -7z (Table 5: Bonferroni ® % B IL§H:, p < 0.05).
C OB T S Mk T o7z,

Table 2. Biometric data of Frankliniella fusca females reared on leaf pieces of different food plants at 18C under

15L9D (mean * SE.)

Head width Body length Left fore wing length ~ Ratio of left fore win

Food plant N (mm) (Erlnm)g (mm)g . length to head widthg
Eggplant 6 0.159 = 0.001 b 1618 = 0025 b 0.098 = 0.004 b 0612 = 0023 b
Groundnut 7 0.170 = 0.004 ab 1657 + 0022 b 0.099 = 0.007 b 0577 = 0.026 b
Green bean 101 0.166 = 0.001 b 1.735 £ 0007 a 0.143 = 0.003 a 0.859 = 0.020 a
Broad bean 3 0.164 = 0.001 ab 1547 = 0030 b 0.113 = 0.007 ab 0685 = 0.038 ab
Narcissus 51 0.173 = 0.001 a 1.759 = 0.008 a 0.124 = 0.002 b 0.718 = 0010 b
Sweet potato 14 0.169 = 0.001 ab 1639 = 0018 b 0.121 = 0.006 ab 0.712 = 0.031 ab

Values with the same letters in the same column were not significantly different at the 5% level by Bonferroni multiple comparison.

Table 3. Biometric data of Frankliniella fusca males reared on leaf pieces of different food plants at 18C under

15L-9D (mean * SE.)

Food plant N e P Gt ko head width
Eggplant 12 0.135 = 0.001 b 1.138 = 0.017 ab 0.076 = 0.003 ab 0569 = 0.001 ab
Groundnut 8 0.138 = 0.003 ab 1.094 = 0037 b 0.069 = 0.004 b 0502 = 0.023 b
Green bean 51 0.138 = 0.001 b 1210 = 0011 a 0.088 = 0.002 a 0634 = 0013 a
Broad bean 2 0.134 = 0.004 ab 1.050 = 0.020 b 0.064 = 0.001 ab 0477 = 0.004 ab
Narcissus 15 0.144 = 0.001 a 1218 = 0.019 a 0.082 = 0.002 ab 0572 = 0.018 ab
Sweet potato 10 0.137 = 0.003 b 1.139 = 0017 ab 0.070 = 0.001 b 0514 = 0015 b

Values with the same letters in the same column were not significantly different at the 5% level by Bonferroni multiple comparison.
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Table 4. Biometric data of Frankliniella fusca females reared on different food types at 25C under 15L-9D (mean = SE.)

Body length
(mm)

Left fore wing length * Ratio of left fore wing
(mm) length to head width

0.739 = 0.004 ns.

0.733 = 0.002 ns.

0.740 = 0013 ns.

Food type Wing form N He?fnr‘ﬁl)dth
macropter 61 0.160 = 0.001 ab
Green bean leaf  brachypter 219 0.161 = 0.001 a
total 280 0.161 = 0.000
macropter 1” 0.168
Broad bean leaf  brachypter 11 0.154 = 0.002 b
total 12 0.155 = 0.002
macropter 37 0.162 = 0.001 a
Narcissus leaf brachypter 69 0.162 £ 0.001 a
total 106 0.162 = 0.001
macropter 79 0.156 £ 0.001 ¢
Broad bean seed brachypter 19 0.155 = 0.001 b
total 938 0.156 = 0.004
macropter 4 0.158 £ 0.003 abc
Narcissus bulb brachypter 69 0.140 £ 0.001 ¢
total 73 0.144 = 0.001

1.695 = 0.006 b
1696 = 0.006 a
1696 + 0.005

1595 = 0.030 b
1610 = 0.031
1.719 = 0007 a
1.700 = 0.007 a
1.706 = 0.005
1.691 = 0.008 ab
1634 = 0.024 ab
1.680 = 0.008
1.530 = 0.057 c
1.392 = 0.016 ¢

0.737 = 0.003 n.s.

0.203 = 0.006 a

0.137 = 0.004 b
0.142 = 0.010 be

0.092 = 0.002 ¢

4621 = 0.033 ab
1.260 = 0.039 a

4564 = 0.028 b
0.847 = 0.024 b

4680 = 0.028 ab
0640 = 0011 b

1400 = 0.016

Values with the same letters in the same column for each wing form were not significantly different at the 5% level by Bonferroni

multiple comparison.
"n.s. indicates no significant difference at the 5% level.

" A single individual was excluded from the statistical analysis because of small sample size.

Table 5. Biometric data of Frankliniella fusca males reared on different food types at 25C under 15L-9D (mean * SE.)

Head width Body length Left fore wing length ~ Ratio of left fore win,

Food type N e?mm) : ’ <}I’n§1)gt et ?mm)g enet lergOtI? toehteaod ?Nidthg
Green bean leaf 51 0.133 = 0.001 ab 1.220 = 0.020 a 0.091 = 0.002 a 0685 = 0012 a
Broad bean leaf 6 0.133 = 0.006 ab 1.200 = 0.024 a 0.074 = 0.003 be 0.562 = 0.031 bc
Narcissus leaf 8 0.138 = 0.002 a 1223 £ 0015 a 0.084 = 0.007 abc 0.609 = 0.055 abc
Broad bean seed 19 0.133 = 0.001 ab 1.227 = 0011 a 0.090 = 0.002 ab 0676 = 0.016 ab
Narcissus bulb 17 0.129 = 0.001 b 1.108 = 0.022 b 0.076 = 0.003 ¢ 0586 = 0.019 ¢

Values with the same letters in the same column were not significantly different at the 5% level by Bonferroni multiple comparison.

TR

FE L L TOREBHENDEME

BRI, A FTE2RCAF 6O IELZT L L
THLETOREEE T CTE (Fig Do LT AV HK
feclidw A 7a 7 Iy <id ¥ /Na[Yy; T TSWV % &
XL EEERTH Y (McPherson et al, 1999;
McPherson, 2006), ¥ a — Y 7I® /33 Tix, 1997
21270 77 FIVvoELRZ 725 LT 5% (Bertrand,
1998), Nakao and Chikamori (2014) X% /N2 3 f&
DIEPFFEL LTABEETH D Z &2 HAREAERETRL
TWh, Pa—Y 7N/ —=20a54 F Moz 32
BCIIAEOR DY N D% T THF I 7~ &
DAL RESNI—T, Lo IZPH L RESNE
molzZ &5 (Eckel et al, 1996; McPherson et al.,
1999), wAZ U7 I YORHITIE L D b FEL R
THEEZONS, LI, OGRSy Nar B
LTHETHIEFEIL LG IETZEEOMNL LA
# CTd % (Dr. S. Reitz, #A15 ; Nakao and Chikamori,
2014)0 —7i, TAZBTH I IH NI O ERKE

WZF NITEIHRCRES T AERE LT, IR ARG
&N D VDY N TDIEZEET D 2 LT
ENTWD, FNITIH M) I—2R Y2 BLUOEFIC
P EBELRLTVEEZZONL, HLEDO< VLI,
BEMEERDE, SR B L OCRELRE, 25 0IBo
MW OER L) @, 7Y Iy <HEHIHERWIT 3
R 5 &2 51 A (Riley et al, 2007), # L
T, EBICyZ27aTFEIvvEI s FA 0TI
< TIAMERL HASER O 2 W EE LD S AEAT B S 7o %
BEIRL, ZIICEMLT, L) ECBERZERTE
HITEDNRIEEIN TS (Riley et al, 2007 : 7272 L,
Chitturi et al, 2006) s L72h3> T, 7 X HE&HED %
NI BT S TSWV o#Ex, Ao H ik
WU OREWRE ECREB L ORE LY A 7073
IR LT, —HEIZZ oNT FICHET AT ETE
HELTOLIMEEELNRE . Z0720, REFEFRE LT
DEFEREY OWFYE, B X O THIET Bk o EnE
(A o7FE, TSWV BEDIA L IKICEET 5
LEZONS,

T AU T W I 7 O— W R RN & L CEHEM
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FEFRE N CTWwW A2 (Buntin and Bedhear, 1995; Cho et
al, 1995; Toapanta et al, 1996; Chelemi et al., 1994;
Groves et al, 2001; Kahn et al, 2005), %JHHo A%
REBMEN T 2 OME (Stumpf and Kennedy,
2005), 7% 5 M2 7 % (Eddy and Livingstone, 1931;
Watts, 1934) &£ 5 v #+t4 (Lowry et al, 1992) £\ o
TENLFEERD T LRGN TES T, B2MEYoA
fHE L CoMMEoERIIME S CTnhWiadoize KB
ZIZBWT, 18 CRAFHTOBVAEFRLENET
Wil 25, B L L CoEoRMML, ML 2o mipfiE
ORTIEA Y rry<ADRbEmWEEZ 55 (Fig 1,
2o F72, B°CEORMTOETFRLIEFHH 25,
B E L COEOBMEIIA v r =X, Af vy, v
TYADMICEWEEZ NS (Fig. 3,4)e A ¥ 7V~
AEVITIAFEBIITARTH LD, TNENTHE
L7z A7 BT I OEFRIEIREREDNDD,
[ U OREY) T & Al CHEMES R 5 2 LS 2
holzb Wz be I A X ATTHI TN Frankliniella
occidentalis (Pergande) D25 E@MEIZAEDICE TIN5
FEET I /RO EBRT 5 ERBEEIN TV LD
(Brodbeck et al, 2001), WAZ O 7H I < TILZZID
BRI W23, BEYOERIEE L) & ZKERY
LY EIIREE 2 ENE FEE L E 2 51T\ b (Brodbeck
et al, 2002)c ABFIETA XY ~x ALV IV AEER
TBOEFRICKERENH - ZENE LT, ERHD
7 v 7 A (Martin and Juniper, 1970; f&8H 5, 2000) =
EXFom (FEHS, 2000) 7 &R OG5 %k
bis,

REMP B REICKIZ§RHE

FAAEY) OFE 35 X OSERAL 1L O 30T SE 3 2 IR 72 522
ERATUTze 72720, R LML 2w 18 C LT
DU ESAE T TR AR O BB L 2o 72,
2F ), —EULORIME % HFERMICIE, B#AE LS
WD EE DR ERITEL L OB EIIC L > TRE L L
BN %, Nakao and Chikamori (2013) 1% 225T LI E
THRBELZYA707H IOl BREI;HIT S
CEERMRLTBY, RMAMHORER ML 18T 2
52CoOMIZHLEVZ L, KIEIZOWTIE, B
FEWITCRE LR OB LR OHER % i1
L7-5iBid 47 < (Newsom et al, 1953; Chamberlin et
al, 1992, 1993b; Wells et al,, 2002), $&7: 2 EWH OB
EIERFH O, B X OE—1EW TOLIAERH O H
WHAMEZLZ O 726 T ERPEIRTE TR n I & AR
OB DM % HEEIC LT & 7z Al—Hik DR 2
TEWIH T TSWV ORBIFEAERI OME, 7% 5 NI4E
WEHOKE EDEWNE (Wells et al, 2002), /%504
DEPZHEL ) QYR IEE L T/ iER 0
TALDS, MDA~ DOREREARLIIIERIZK & g%

G2 5720 HNZ e RIFFEIZHE L 72RO M,

18C 75 2T5C OIREFEFHTA Xy Y ADREZ L L
THE LA BRI O A% 3T 5 2 L3 s T
372 (Nakao and Chikamori, 2013) s ARIF7ECIE, MD
WA E T A HE 2 O 2« A L7256 Th
IR L L 2 2 & DS TC & 72o AHEILE
MEVEHL 2 A CEGE$ % (Jacobson et al, 2013; Nakao
and Chikamori, 2013)o AMEOMEME (5 & BEA)
[H OMIIFER OAHE B D 2 MR OIS E TN 5,

HEEWE L COBERBNEZZ ORI VX< A
DETIE, 1CBLIVBCEHISEHTTHEE LA
BRI OMEEDRY 4 ZITREVEEZER N, MHHED
KEWHEIIZH -7 (Table 2, 3, 4, 5)0 ZALUIK LT,
MR & HICAA L AL LCHH L2 BROHHIE
ERREIREL, R A Xid/hEF 2 57z (Table 4,
56 Z LT, FDOMHBEIZ/NSWEHENIZH > 72 (Table
4,5) 0 TNHMH AL & VEZEIZAEY & L Co@E)s
FTwekEZzoNhb, EEYWE L TOEEPERNEEZ S
N2V I3 ADEETIEMO EBRIFITKAEHEIZH D
(Fig. 5), FIBRICA A & ¥ B2 T O BRSNS K b
Kh o7z (Fig.5)o SO ERLT AT T7H I T,
T 7T A EREE AT O —H o R TR I
HHNTWAS L) ICAE R BB S CRAM O 5B % 1
3 2 B (Harrison, 1980) L 13872 2% 4>
EDTRIBEN D, Y AZO T I <L T A1) B okRE
JFHEDILEEERTHY, 7Y TitEOAL LT I —
0y XGEEICORADIFICE R SN TS, T 5 +F
EORWBFE T T NFROT~ ) ) AEE AL &
VIBDOHBETORERPIEH LTz (Vierbergen,
1995)s 2 LT, 2000 FELEDO HATOIRITA A £~
BRZEIZHAE LIZIRRETH o 720 AWFFETIE, AL LI
FEDUFICEVERY TlE W I EAURIE SN2, 5§
BN OBIED TR B CTH D Z & 2R L7z, AT
JEIIARFEDS A A & 2 FCRETEER 2 & 2 F2ERIYIC
MR L7 OEF TH %, HEITERIL L) QREE
JHE L Coflifiz B & 5, 2 L TARIIZETIE,
BB WIRESE T, A/ U4 Ea L TRk
L 7-HEHED R ORI D3 i & 72 5 T E DB A &
Tholze TOZ I, [ FEOEF PRI E CHEELT
LUREMEAME S, BN - THEFR S B 2 & B RIg ¢
%o I, AEDNA T vV EEDAA & U FEORE
RgfEE L CTHEHENTE722 & (Dr. G. Vierbergen,
ME) LEET S,

T HOBEFIEO R AR B 5 EEY O
& BIRLORAFRIZ O W T EEER 2 THET ST
Wi, 7O NFTHEITTOMTI, YhodFRE
BHEWMO S THEEPERVWEEZZ 5N Y < X Vica
fava L. & #EVEDE X 7 Chrysanthemum morifolium
Ramat. 7 &% flf & LCHF LoHmEI1Z, AR R
WZEPNEL RV EFH S 2% 5> T b (Nakao,
1994) s A AFHEMIOERTH Y, FEMEERZ AT 2
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JHFAUTHFIYITE, A—FAF (7))
Avena sativa L. i L L THE LA L L 0ER
WeRZy FE— (XX T THT)) Phleum
pratense L. L L CTHE L% EIIEKE 50 5HH
Behofzlent, WEMYOMEAATITE IS
bEEZHLNTE (Koppa, 1970). L2L, ThbH0
TFEOREM & L COMEICOVTIEERSINTES
9, BRI FEHEEOMBEIIARHTH - 72, TE, 7
FATTHFIVITIE, BRBEEISTHOHNTE
V—THELELAILE, BEORWFEL-THEBFLL
WA X)L ERREPE N AR ENT (Reisig et
al, 2010) o 7 A7 T 7H I v IdEEOKRWEEY) TS
BLHAIE, #RoSmCElYTHETLZHAE LD
O EMIZEMPEL D V) 1T, 7F /a7y
< LRMOENEZRT &V b,

HE

FRIRE S A a7 o O L FSEIMIC &
IFTRELHO T A0, 18°CEH (15L9D) 4
PEFCHHRICS R 7R 7T HEONWREL 5 2 CTRE Lz E
ZH, AT TOELTEIHEELE T CELhholze 4V
TR ADOEETIIELENE L, BEM MRS b2
KBEo72Z s, THROFEOH TILR D EELH
WEEZONT, E5I225°CEHEMTFTTYRIZA ~
U DGR ABLIOAA LD 3IMOER G 2 CTHE
L7k Zh, VIR ADETIIAGEINEL (L, 5
FHIMAMEREE QISR D EP -2 &h s, 3HOZED
FCIEE R D W EE 2 Sz, WIS, A
OMIIPEN RATT BN O 22T 5720, 25°C &
HE&MT 3o ER2 T L LCHE L2 R0 %
AL 3512, FHEMHTTY I~ AMEFMET L A4
L UEAEAEL CIMEL ko 2 AL 72, Z
OFER, SO LY % A L - Mo MTRE R LR IR
BEPEDH), VITATORBREZ#EL ) FET%
B2 728810, Ay CIEEL ) b ELR 52 72
WA\ CRARIEE SR o 1oe HEOBAENZ§ X CEBAIT
Holze MBOET A XE AL b VB THRE LIS
TINTH o7 —EULEORESRETIE, BTV E
FEMIMED BIIR 2T S L RSV EEZ S
nrz.
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