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Oviposition preferences of Gephyraulus lycantha (Diptera:
Cecidomyiidae) females with respect to three Lycium spp. host plants
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Abstract [Objectives] To investigate the oviposition preferences of gall midge, Gephyraulus lycantha Jiao & Kolesik
(Diptera: Cecidomyiidae), females with respect to three different Lycium spp. host plants, and thereby clarify the effect of
semiochemicals on host selection. [Methods] Oviposition preferences for three host plants, L. barbarum, L. chinense and L.
ruthenicum, were determined in both choice and no-choice experiments. The preference of gravid females for specific volatiles
emitted from these three different host plant species was measured in a Y-tube olfactometer under laboratory conditions.
Dynamic headspace collection and gas chromatography-mass spectrometry were used to analyze differences in the
composition of volatiles emitted from the three different host plant species. [Results] L. barbarum was the preferred host
species with a significantly (P<0.05) higher oviposition selection rate and number of eggs laid on the young flower buds of
this species than on L. chinense or L. ruthenicum. The results of Y-tube olfactory experiments showed that females also

significantly (P<0.05) preferred volatiles from bud-bearing branches of L. barbarum to those of the other two species. There
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were significant differences in the volatiles emitted from healthy flower buds of the three Lycium species. Volatile components

of L. barbarum and L. chinense were relatively similar in that both contain a higher proportion of esters, whereas L.

ruthenicum volatiles were low in esters and high in ketones. [Conclusion] G lycantha significantly preferred ovipositing on

L. barbarum to L. chinense or L. ruthenicum. Differences in the volatiles emitted from flower buds of L. barbarum might be

responsible for this preference.

Key words Gephyraulus lycantha; Lycium barbarum; Lycium chinense; Lycium ruthenicum; plant volatiles; host selection
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( Karageorgi €t al., 2017; Silva-Soares €t al.,
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ANEIFIFE)E BF FAEY) Different host plants of Lycium

AEMAC)E & A4 Different host plants of Lycium

B 1 et 3 Mt fIE =
Fig. 1 Selective oviposition of different host plants by Gephyraulus lycantha

A, FFCLLIEION 3 FAC R BN A B. 3 MIRCAEET LR & o
A. Oviposition selection rate of different host plants of Lycium by G. lycantha.
B. Average number of eggs in different host plants of Lycium.

FEAR/NG FERRA BN 25 B (P<0.05, FHRRZ ). B2 .
Different letters above bars indicate significant differences (P<0.05, ;(2 test). The same as Fig.2.
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Fig. 2 Non-selective oviposition of different host plants by Gephyraulus lycantha
A, FACZLEON 3 R ATy B RE R B. 3 FACEET B P S o

A. Oviposition selection rate of different host plants of Lycium by G. lycantha.
B. Average number of eggs in different host plants of Lycium.
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B, MREREE. R N EESN U BN
S SN G E I BEES 84‘%’3%‘ (£1)

AR RC A TR SRARAC BT 19 4 2 ) 2H B 73 22 T
fAE—E2ES, kS, JLEEN 70 Fik

. P X Clocere
P bl Bl 6128 78%
il | gl s aas 75y
meﬁiﬁtﬁm Bfnfcngﬁol ¥ 8850  63%
L.ﬁ:agrlﬁfsm EP ﬁfeﬁ ** 8333 90%
Ll’;;%jglﬁm EF‘ iﬁfeﬁ%l ** 16409 75%

1 1
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Bl 3 #)AC LR A [ SRR B9 1T 28 I R
Fig. 3 Olfactory responses of Gephyraulus lycantha femalesto different odors
ns FARTWFHZES:; *FREFLE (P<0.05, RITKEIL); »FnZmtiil® (P<0.01, RITRLKL ).

ns indicates no significant difference; * indicates significant differences at
0.05 levels by 4 test; ** indicates significant differences at 0.01 levels by 4 test.

F1 3IMMRBELYHERRERNEE
Tablel Composition and relative contents of volatile compounds emitted from the branch with
flower buds of Lycium barbarum, Lycium chinense and Lycium ruthenicum

ke

FIXFE i (% ) Relative content (%)

fe ¥ Compound TEMI R S
L. barbarum L. chinense L. ruthenicum
2% Alcohols
1E ¥ 1-Heptanol - 0.25+0.02 Aa 0.20+0.03 Aa
1-2FH5-3-1 oct-1-en-3-ol - 0.60+0.07 -
2-Z.F-1-CL ¢ 2-ethyl-1-Hexanol 7.41£0.12 Aa  4.01%0.13 Aa 7.16+0.16 Aa
3-FRELFE-1-N [ 3-Cyclohexyl-1-propanol 0.62+0.23 - -
4- P HARH i p-Cymen-T7-ol 1.68£0.21 B¢ 7.62+0.94 Aa 3.78+0.34 Bb
o-FATHEE(S)-(-)-o-terpineol - 0.18+0.01 -
2-C 3:3E I 1-Decanol,2-hexyl 2.12+0.27 Aa 3.30+0.50 Aa -
fi£2% Aldehydes
ZKH % Benzaldehyde 1.01£0.33 Aa  0.42+0.06 Aa 1.09+0.30 Aa
il Heptanal 2.66+0.46 Aa  2.03+0.18 Aa 1.24+0.48 Ab
4-Z, I HIE 4-ethyl-Benzaldehyde - 0.34+0.02 Aa 0.85+0.09 Aa
T-fi% Nonanal 4.55+0.61 Aa  4.35+0.85 Aa 4.25+0.13 Aa
& Decanal 2.38+0.20 Aa 1.36+0.06 Bb 1.87+0.14 ABa
fiil2%% Ketones
7K 2 Acetophenone 1.16+0.04 Aa 0.83+0.04 Aa 0.91+0.03 Aa
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#E3 1 (Table 1 continued)

X (% ) Relative content (%)

fs#1 Compound TR g BT
L. barbarum L. chinense L. ruthenicum

HELPEIAT Sulcatone 0.75+0.11 Aa  0.94+£0.07 Aa  0.74+0.09 Aa

5~ M5 AL P L2 . _ 0.4820.03

2(3H)-Furanone, 5-ethenydihydro-5-methyl-

6-F #-2-PEff 6-methyl-2-Heptanone 1.19+0.33 Aa  0.79+0.12 Aa -

1,5,6,7-VU & -4H-"5|W&-4-Ffi 1,5,6,7-Tetrahydro-4H-Indol-4-One - - 6.17£0.67

1,13-=H FL3F 2 4l Lsophorone - - 0.82+0.04

Xt £, 37 £, T p-ethylacetophenone 3.56£0.18 Bb  6.49+0.93Bb  32.31+2.23 Aa
fig2& Esters

L 5 3Bk Tsoaml acetate - - 3.62+0.08

LRI Acetic acid, pentyl ester 0.78+0.10 Aa  0.58+0.22 Aa -

(Z)-C-2-Hihk £ BRI (Z)-2-hexen-1-ol acetate 0.57+0.09 Aa  1.93+0.09 Bb -

LR BERE(Z)-3-hexen-1-ol, acetate 27.70+5.64 Aa  17.10+0.88 Aa -

2-H L TR R Butanoic acid, 2-methyl-, propyl ester - - 1.27+0.41

TR EHE Acetic acid, Hexyl ester 7.03+0.49 Aa 5.994+0.66 Aa 0.45+0.15 Bb

1F & 2 .18 Hexanoic acid,ethyl ester - - 0.80+0.15

2-H EE TR T BE Butyl 2-methylbutanoate - - 0.33+0.07

T BR N lE Hexanoic acid, propyl ester - - 0.60+0.05

FEHE AR H i Hexadecanoic acid, methyl ester 0.37+0.03 Aa 0.39+0.01 Aa  0.26+0.03 Ab

Z82& — iR — T I Dibutyl phthalate 0.41£0.06 Bb  0.57+0.02Bb  0.70+0.05 Aa

%% —JR —THis Dibutyl ssebacate - - 0.43+0.08
32% Phenols

2,6- BT JE-4-H LK B) 4-methyl-2,6-di-tert-Butylphenol — 1.11£0.08 -
$Ee2e Alkanes

3-Z2.5E-2-H I B 3-ethyl-2-methyl-Heptane 0.59+0.09 Aa  0.33+0.04 Aa -

2445t Decane 0.43+0.07 - -

“+—%¢ Undecane 0.46+0.07 Aa  0.42+0.09 Aa -

2,2,4,6,6- 1. FLPFI5E 2,2,4,6,6-Pentamethylheptane - - 7.34+2.62

+ )¢t Dodecane 0.71£0.05 Aa 0.66+0.11 Aa 0.66+0.04 Aa

4-H F -+ —4%5¢ 4-methyl-Decane — - 1.65+0.12

+ =%t Tridecane 1.26+0.06 Bb 0.67+0.02 Cc 1.72+0.11 Aa

1Pt Tetradecane 2.374£0.14 Aa 1.86+0.08 Ab 2.22+0.04 Aab

2,6,10-=F £+ —J¢ 2,6,10-trimethyl-Dodecane - 0.46+0.01 -

T Tkt Pentadecane 3.78£0.23 Aa  2.97+0.12 Aa  2.06+0.07 Bb

+75%E Hexadecane 1.90+0.18 Bb 3.41+£0.13 Aa 2.23+0.27 Bb

2-H 5 75t 2-methyl-Hexadecane - 0.62+0.01 -
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#E3 1 (Table 1 continued)

FXT (% ) Relative content (%)

#es#) Compound T g BT
L. barbarum L. chinense L. ruthenicum
+-E %% Heptadecane 1.23+0.11 Aab  1.55+0.20 Aa 0.94+0.01 Ab
+/\%t Octadecane 1.14£0.27 Aa 0.87+0.06 Aab 0.53+0.08 Ab
+JUkE Nonadecane - 0.50+0.04 -
2,6,10,14-PU B K+ 758b¢ 2,6,10,14-tetramethyl-Hexadecane 1.3340.08 Aa 1.11£0.07 ABa  0.73+0.09 Bb
.+ —%¢ Heneicosane 0.80+0.02 - -
J#2J% Alkenes
M Styrene 1.33£0.31 Ab  1.02+0.36 Ab 2.59+0.30 Aa
B M Camphene 0.28+0.06 Aa 0.29+0.01 Aa -
15 4% Sabinene - - 0.15+0.03
o-JR M a-Pinene 2.18+0.33 Aa 1.96+0.33 Aa 0.77+£0.26 Ab
D-#7 8 D-Limonene 0.57+0.11 Bb - 1.62+0.11 Aa
B-JEH B-Pinene 0.46£0.05 Aa  0.55£0.04 Aa  0.14+0.03 Bb
(R)-5E L5 K Limonene 1,2-epoxide - - 0.41+0.07
1-- =% 1-Tridecene 0.72+0.03 Aa 0.58+0.06 Aa -
(E)-2-1 DU (E)-2-tetradecene - 0.67+0.04 -
(-)-0-EE T i l1# (-)-0-Cubeben - 0.57+0.03 -
B-F 474 B-Caryophyllene - 1.20+0.15 -
RIS (+)-Valencene - - 0.37+0.01
1--Fi% 1-Pentadecene - 1.48+0.07 -
72 Benzenoids
Xt —H 2K p-Xylene 1.17+0.03 Aa 1.1940.09 Aa 1.75+0.53 Aa
3-ZFH 7K 3-Ethyltoluene 0.69+0.20 Aa 0.67+0.08 Aa -
Y= H 2K Mesitylene 0.48+0.04 Bb 1.98+0.22 Aa 0.24+0.03 Cc
2-Z FEHI 7K 2-Ethyltoluene 0.49+0.04 - -
Ik =H2£ 1,2,3-Trimethylbenzene - 0.47+0.02 -
4-FHFH K 4-Isopropyltoluene 0.74+0.07 - -
1,3- .2 %7K 1,3-diethyl Benzene 8.36+£0.32 Aa 9.76+£0.48 Aa 1.51+0.13 Bb
1-HJE-3-F N FEOK 1-methyl-3-Isopropylbenzene 0.58+0.09 Aa 0.93+0.09 Aa -

R AR ;. R R — AT 8RS A S R RS R 3R 22 5 .35 (P<0.01, BN R D7 220 #), ARVNE 5

B RRZE B B E(P<0.05, HEEF LS.

—indicates nonexistent. Data with different capital letters in the same row indicate significant differences at 0.01 levels by
LSD; while with different lowercase letters indicate significant differences at 0.05 levels by LSD.

T RAACTE S SR IBCE RE Y 43 Rl
w1 (& 1), DB S YR & s,
2y SR YRR Y 36.86%; H Ik
R BERMBEESY), HARX & =R T

10%; s d AR A0 A 90 AR & eIk, A
FERWIBETURIRY 5.54% (K 4: A), S kekz .
RIS NI T B AMAC R A 5, (R AR X
FEBET 1% (£ 1),
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AL R IR i 2, O 50 B (3R
1), DB AP BAExT & Efem, AhERY)
FERUS Y 26.56%; HIKCHBES | brle FIoRZ
bW, FORH R B Y IR HE R W R R 1Y)
15%; HAth—2efb A W2 BE e b A i & P h
) AE X o AR A, BN T AR R YRR Y
10%, JLH LA 2R i A & e de b, A 1%
FYRERUERR) 1.11%, (HHIE R AEMFCIE &)
HETREA Y (B 4: B),

MBS MRS & Y R B E 43 Rk
Y (R 1), DEZMEEY 54X R, A
X oA SR YRS R 41.47%, JLHLL
Xof £ BE IR 2T AE BB SR AL R & 0 v i AR
ek 2 T T B AR AR AL (P<0.01 ); Hk
BRI YT, HARR & =535 20.08%
L 11.14%; REABWRAX & ERD, U
FER DR R Y 3.50% ; T BE 254 o 7 S8 SR A
T & b A RR R B T M AT R AR AR
R, LB ERET) 8.46% (F 4. C).

24 3WMHRBERMPRERES T

T BR B 12— 2H [] 34 306 1k g 42
1T AR | AR RS RN SRR A AR R i AT R
GERIT. W S5 P, 1ERRECHTE 0-5 il
KA R 2 NEERE: A 4, BT EMIALCAL)
FirpAektl (A2), XA &Y B2 [FRHE 2
I E A L BIEREY L, TR MR R

(Al) & A HFlE S ot Bl ((Z2)-3-
hexen-1-ol,acetate ) Fl1 Z R C\ fig ( Acetic acid,
Hexyl ester ); HEitdig iy (A2) &4 )
B 2,6- AT H-4-H I IK W (4-methyl-2,
6-di-tert-Butylphenol ), H &/ 4&kAc Brkef 1k
G, BARMACIE YRRy B 4, X4
R YR S e & A m B ER2E Y B,
1,5,6,7- 10 & -4H- "5 W -4- B (1,5,6,7-
Tetrahydro-4H-Indol-4-One ) F1 X £, 3£ 7K 2, il

( p-ethylacetophenone ), H:H1, 1,5,6,7-VU5(-4H-
g -4 -1 >y RA AL I RE B AL B o

3 H#Hik5iTig
ARG, IR SE 1 i P T R

55, MRS LT 2 O e B T B AT L AR R AL
LRI G AL TE 70 P IR e b, HUR
BT AR B AR AR 25 57 o X 5 SOk oM A 21 i
ARG T T EAIAL, 107 LA FE AR M AT A 2R SR A
o ARG ERRGE—E (TREH %, 2014;
SKAE, 2015; A%, 2017), MEA W, % 3 Ffh
ML FP TGS AR XIS R &, 82 L —F il
SCE IR A, Y94 52 B AC LT B T 1 XU
P, TEIMPLEMR.,

I =2
Benzenoids A Alcohols
12.51% 11.83%
Jox Al
enes ehyaes
5.54% A/ 10.60%
[IEES
g — Ketones
Alkanes 6.66%
16.00%
[l
Esters
36.86%
K
Benzenoids B Aﬁ;i%%ils
15.00% 15.96%
oy
enes [
8.32% Aldehydes
< 8.50%
‘ , F%
e —~— Ketones
Alkanes 9.05%
15.50%
Wk iz
Phenols — " Esters
1.11% 26.56%
e =S
Benzenoids C Alcohols
3.50% 11.14%
Alkenes BEK
6.05% Aldehyde
0,
ok $9.30%
Alkanes
20.08%
a2k — [iEES
Esters Ketones
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B4 TEMIRE (A), himic (B) MBRMERE (C)
BEROPELBUSYNENESEESR
Fig. 4 Thedifference of relative contents of different
groupsin volatiles of Lycium barbarum (A),
Lycium chinense (B) and Lycium ruthenicum (C)
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Fig. 5 Phylogenetic tree of the volatile compounds emitted from Lycium barbarum,
Lycium chinense and Lycium ruthenicum

P B LAY 2 O SRFE A A TR
i B LS AR R, R AR AP
PR — N EESE bR, AR, TinsE A HiEs
WA PRIRIS , AAT 2T 82 I 2 B B A X S A
el B 7 BR E B5 HE RAE AR RS (07 D i 34 R
AU, T B AAC M A 2T B e M 1 A
PR, P2 o AR £ SR A A A
FERAC I 7= B B R4S HART TP O
THEMAURRZ , H PR T Z WAL 2 25 7
P o WFFE S5 it — 20 2 B AL R A X M At 21
PSR PTPE SR TRAFR T E R A AR T (8 B
B, ARk B A AT 2T B R I SR 59

P R OGS (] 77 B 25 F2 A ) 1) e B
T Z RN, G TR YL
FREAE B TS B IR T AR R
AR EEE (Jallow and Zalucki, 1996; Zfk4E
2022 ), AWtgErh, TEMR . hAERAL AR R
FIFCHE & 4 (R Fh 2 TR & A7 A i 5 AN, OF
HA—E MR, AR 218 i 2 B i %t 3
Pk AC 2 A W) TR AFAE A IR ) o) P

T AR R S % i T 418 i A B i iy L
AEGRIR G 1. TiesE 525 PO ARG, 02
5597 AW LA, MOAC AT RIS e B S A ) T
SRR, TR rh A AL AR AR R )
T BB REAT N o L HEWT, T BRI &
Yy PR RE WS R AC 2T B A R S AL B
X L8 Ak G W) IR B PR O IR 4 7R AUBR ( Beyaert
etal, 2010; Siderhurst and Jang, 2010), #$H)
ZR e B SO E N A . AR R, TE

Mt R P I ER Y S R, RTH R
Y E Ay, AR rh AR AT A R SR A A
M E ARz, PRI A &%, —
FROR R 5 B S G BT, AT LA |5 B L DR
Bl (BEEGAAE, 2021), L, XUbfe &t
MRS oA AT R 77 B A A I 5 AR A £1 e
PR IR BERR R S R R AR, 2 B B B A
RO E IR 5 o PP ABA A CHGE , AnZr s
il 45 1. Anomala rufocuprea i 415 28 5L 2 FH ik Y i
HARBMEFAIEH (Maekawa et al, 1999 );
WA E Taraxacum mongolicum FE3% % 1) IR
S3-CRIE SRR . R H R AR TR T el % 5 00 4
Anomala octiescostata A #2115 [17E/EH ( Leal
etal., 1994 ); 5-55 M2 N IERAEAE I 5| MH&T 5 Thrips
tabaci MEH (2SS, 2022); TR THE. &
R BERR A B % Agrotis segetum HERG AT
BEMLIHEER (285, 2020 ),

T A A 45 ) KT A AT 2T B 2 O e L
A —EFERAE R o rh el S T =AML P &
YIS AR, AR B A 5 LU B R S )
BT, ARRE & — AR —— R A
FLAHXT & e /b , (A HE rh AR AL & b T e
AR, UCHERT, SRR 15 258 B A AT
AE 2 AT 2T ™ DR S R e ML B
DAY/ DA AT 2T B0 H 1 2 7 ) o AR R )
w18 i 240 B4 SRy A sk B 53 A AHDCHRGE , Ani
# Populus yunnanensis HI4E &Y T & B 1 — &
Jo e e 91 ] PN G B SEE 2R Bk Phthorimaea
operculella ;= IIAT IR EEASCR , 12 mg/L B 9,751
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HGHER A 62.1% ( DRy A%, 2016 ); & TH
T MR T R B R E A, A
L PRy 2 X R T M R R K AR ) 4
Wi (ZERATAE, 2022),

FESR A RO 5 R o) A A 21 B e A O e [
FEEATHEREE o SRR AL R WA 5 T E
Fe RN rh AR ACAE LA S R R] , B2 BAE R R
AL R r fr AR E D, (RERZE 0T i
151, 1K AT RESE M AT 2T B b R B A AR
YRR, KRR EAHRE, W 1% (viv) #
FEMZSEIRE— AR Bl iR R K2 Locusta
migratoria #RIETT A (EME, 2019); ULE
Vigna unguiculata BRI 2-F BE-3- 32 -4t
Wi T 3738 /i 5 Megalurothrips usitatus EA
P 2 IS M (B, 2016 ); AR L ERXTPY
HRAA K/ NaE: Dendroctonus brevicomis 4 i fit 5K i
YE ( Erbilgin et al., 2007 ),

T AT 2T B IS A A ) 1 o R ]2 —
IR BRI R, DHSS AR R YTEA R R
WA FkPErh Y EEAEN], W o E R BE R EOR
W PR AR R, TR A ST LA AS [ A A 4
Wy v XA A £ A W 5 | S R A A 9 P
4, WEASIEYE R AR . U B i A SR
BAERCE , DUYIF & M A 218 e A P U8 5 135
FI B EER , it — 20 R A A R AR
MOAC LB A AT Ry FIRRRE 2% B, Ay S A A 219
o € o 2 B AR AR
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