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The effect of infochemicals on selection behavior of Wiebesia pumilae

( Hymenoptera: Chalcidoidea;: Agaonidae)
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College of Life Science, Fujian Normal University, Fuzhou 350108, China

Abstract: Ficus awkeotsang Makino and Ficus pumila L. are both Ficus (Moraceae) species. As an endemic plant and a
special fruit tree species of China, F. awkeotsang is cultivated in the south region of Yangtze River in China, whereas F.
pumila is widely used in vertical greening in the garden. F. awkeotsang and F. pumila are dioecious, both of which have
a stable mutualistic relationship with Wiebesia pumilae ( Hymenoptera: Chalcidoidea; Agaonidae). The maintenance of the
fig-fig wasp mutualism system is strongly dependent on the chemical orientation of pollinating fig wasps using fig volatiles.
The pollinating fig wasps trace the fig volatiles of their particular host and enter the figs at receptive phase (female flower
phase) only, where they oviposit for themselves and meanwhile causing the plants pollinated. Infochemicals play a decisive
role in maintaining the fig/pollinator mutualisms. Eight infochemicals including linalool, benzyl ethylene, benzyl alcohol,
geraniol , terpineol, farnesol, vanillin and methyl benzoate were chosen for tests based on the volatile components in the
recepetive phase syconia of F. awkeotsang, F. pumila and other figs. Two groups of Wiebesia pumilae from F. awkeotsang
and F. pumila were tested.

In this paper, the tropistic responses of two groups of Wiebesia pumilae from different sources to eight individual
infochemicals and a mixture of linalool, benzyl alcohol and terpineol were measured using a Y-tube olfactometer in the
laboratory. The responses of the two groups to the same infochemicals were compared. The differences in effects on the

selection behavior of Wiebesia pumilae to individual and mixed infochemicals were studied. The results showed that 3% and
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5% linalool, 5% benzyl ethylene, 7% benzyl alcohol, 5% and 7% terpineol, and 7% farnesol exhibited significant
attractive effect, whereas 7% methyl benzoate exhibited significant repellent effect, and vanillin exhibited little effect on
both of the groups of Wiebesia pumilae, indicating that the types and concentrations of infochemicals had significant effects
on the selection behavior of fig wasps, suggesting that the chemical compositions and concentrations of fig volatiles had
effects on the selection behavior of their pollinator fig wasps. The results of orthogonal experiment showed that the
synergistic and antagonistic effects on fig wasps were exhibited when the individual infochemicals were mixed. The mixture
of 5% linalool, 3% benzyl alcohol and 3% terpineol (i.e. optimum combination) exhibited extremely significant attraction
to both of the groups of Wiebesia pumilae, and the interaction between different infochemicals was very significant. This
further indicated that only certain compounds in a particular concentration could produce strong attractive effect on fig
wasps.

The similarities and differences between the responses of the two groups of Wiebesia pumilae to infochemicals suggest
that the two groups of Wiebesia pumilae have a close genetic relationship between them, but may be different in the signal
transduction of chemical communication between them and their hosts. The infochemicals (e. g. linalool) widely exist and
account for a large proportion of the volatile components in recepetive phase syconia, which might be related to the long-
range host-location of wasps. However, the short-range special host-location of wasps might be dependent on the chemical
spectrum consisting of various infochemicals according to certain concentrations and proportions strictly. The results of this
experiment will facilitate the theoretical study on the chemical ecology of the fig-wasp symbiosis and the high-yield

cultivation of F. awkeotsang.
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REZH A /N (MESE ) SR ER T REZ MEAE ARG R B L RAL TR € 1L (119°317E,26°04'N) FIFRAR LY
fil (119°29'E,26°15'N) o & ET1ok/ Mg (M) RET B ETHEEMELR, B X THARMA TRMEE S
B % E T AR (119°23'E,25°97'N) FIAEEEH H B RFE AT LA 2 7R (118°55'E,25°31'N) o %
RO H I HEE ARG, T 100 H2PMIARESR A [ SL i 2K B, H A AR e o BB H i TR 9
TR EL A S B ME AR /NG TS0 5
1.2 FELeY

RIEEE T B LR AR R B AT B AL A e ) 8 R R R
/N BERE B 5 | BUGEE A LIL & AE ARG BACE Y. (5 BA6E Pk (FriEdR ) ¥ T Sigma
NF) LR IRE 98% DL o DA BE( @i, T R E Tedia 24 7)) N EHEEMEYIAR. LK
B ZE PR/ R B AR AR Bk _E 23U AIA O. TmL A i A BV R — 8 Be v, AUl B A& (i)
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1.3 REZLHR/INEERTHE SO S ] B S

SR AATRATRIBEES Y BRI, K 20em, IAR Lem, BT £R 90° , K 15em, B4R _E B3 48 10em 4b
BEHA Sem KREBEUE . BAEHEH Teflon BJE R, 45 BCENHY FEMZE AFES. HEARER
{2 TSGR P IR G PR A8 TR /KO A e A R 28 <, B L s 2R, PR il U 2 150mL/
min, SCITESE R ENHELT DT 3 3L AOW SPATATE , F il 25—28°C, X E 70% —75% . SLH
i ) e 7E B L 758 Y 12:00 ZRif
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R, 8 FU/NERMIESE . R, TEBEAT “ REZ A /MR ME S BL I 8] (R 8 ™ SE S, e R B /M MR =
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1%,% ’ﬂﬁé% i m PR BLARBE ’ ﬁf’ﬁ%fﬁ%d\ﬁﬁ?{ﬁfi Fig.1 Reaction time curve of pollinating wasps of F. awkeotsang
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G ERE BB WTE 1% 3% 5% F1 7% WL T 51 ¥E 2B/ NER, 77 525 X IR ELE, X 2 (]
MZFAERTRYE (3R 1) G5 RR M T LR/ NERT 3% I5HEEE, 5% BT AERE K LM AR T BE , 7% FIRATHH
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Table 1 Trend response of pollinating wasps of F. pumila to single infochemcial in different concentrations

TRV W 5 | /)N B8 ) S S4B J% 22 57 8. M Average and difference significance

Odor sources 1% 3% 5% 7%

F5FEEE Linalool 16.67 +0.58 ¢ 20.00+1.00** b 22.00 £1.00** a 15.00 £1.00 ¢
7K Z. % Benzyl ethylene 15.67 £0.58 ¢ 17.67 £0.58 b 20.00 £1.00** a 15.00 £1.00 ¢
7K FI i Benzyl alcohol 14.67 +0.58 ¢ 15.67 £0.58 be 16.67 £0.58 b 18.33 £0.58* a
&M Geraniol 14.67 +0.58 b 16.33 +0.58 a 16.67 +0.58 a 17.67 £0.58 a
FATMEE Terpineol 15.67 +0.58 d 17.67 £0.58 ¢ 20.00 £1.00** b 21.67 £0.58** a
44 WK% Famesol 15.33 +0.58 ¢ 16.33 +0.58 ¢ 18.33 £0.58* b 19.67 £0.58** a
& 22 Vanillin 15.33 +0.58 b 15.67 +0.58 b 16.67 +0.58 b 18.00 +1.00 a
7K F R F i Methyl benzoate 17.67 £0.58 a 14.33 +0.58 b 14.25 +0.58 b 11.67 £0.58* ¢

T Flx o S3IF0R CKEKRZE 573K 0. 05 10,01 BEKF-o [T AR /NG TR W17 4 A0 BRIA] 22 573K 0. 05 57K

2.3 B5EME YN EETER/NEREST AR

SAGET R BB T 1% 3% 5% F1 7% WL T 5152 K% £ 118/ MESR I 52 B0 IR LR,
X P Z B MEFER TR, SR WK 2. WK 2 WTLUEH B ETRR/NEXT 1% F1 7% &6 W BE, 5% F5
PRBEFN 5% FATHEE , 7% % F AN 7 %0 Fr i M B A AR 38 Ol P S T 5 3 3% 5 MR 5 % 2K LM \5 % ZR B
7% FAMBERA B2 i R PR s X 2 B B A RO s X 7% R R R B R BE B, [ —
5 BACEWIEA IR B T X 2% £ 1k NERIR 5 I/E T B EE S E B R K 2,
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Table 2 Trend response of pollinating wasps of F. awkeotsang to single infochemcial in different concentrations
W 5 | 2N 5 ) P 41 B 25 57 i 3 Average and difference significance
BR¥E Odor sources
1% 3% 5% 7%

F5 R Linalool 16.67 +1.16 b 18.33 +0.58 * ab 20.00+1.00** a 12.33 +1.16 ¢
7K 2K Benzyl ethylene 16.67 +0.58 b 17.00 £1.00 b 18.67 £0.58* a 14.00 £1.00 ¢
7K FI i Benzyl alcohol 15.67 £0.58 ¢ 17.33 +0.58 b 18.67 £0.58* a 19.67 £0.58 ** a
Z&1EE Geraniol 15.67 £0.58 b 16.67 +1.16 b 17.33 +0.58 b 20.67 £2.08** a
#A A% Terpineol 16.00 +0.00 b 17.00 +£1.00 ab 19.33 +0.58** a 18.67 £2.31* a
44 WK Famesol 19.33 +0.58** a 16.00 +0.58 b 17.33 £0.58 b 19.67 £0.58 ** a
& 2% Vanillin 18.00 £1.00 a 16.00 £1.00 b 18.00 £1.00 a 16.33 +0.58 ab
25 HI iR 1 Jig Methyl benzoate 16.00 £1.00 a 14.67 £0.58 ab 14.00 £1.00 b 11.33 £0.58* ¢

2.4 RERBACE VxRS SR/ NEERAT KRN

M —(5 BACE YRS RS B /NG AT S0 B0 SE U 45 SR F 30 H AR /N AT 0 R 2 Y 3 b
R RS (MATHEE JFRREAR F ) MR, B AHE R 3 AKF (F B E WM B2 1% 3% Fi
5% ) HH Ly (3*) IS B HEATIR A 5 BAL A W /N BRAT I I A I e S 3, 25 R K 3. K3 1
FZEIH R A TSR R ATH,3 A E RN R b /M EAT AU YR : AB > C > A > B,
BIAA T B A5 MR B XSS ELAR P > TR B > FATHEE > J5AERE , & R T i K F A G 2 A, B C, , BIXTREZS 580
NSRRI T AL 2 3% TR 5% JHEEE RN 3% KR BEIR G F RS . &K T & A B L E A
T REMWARL, SR AR 4, R X R Ok NMERFAT NI Atk B2, A B XEAEMKBE, H A,
B XEAEHIEEERT A #1 B,

®3 RAGELAVSIFESENMNENBHER] FRRIT19(3%)]
Table 3 Difference in numbers of pollinating wasps of F. pumila attracted by mixed infochemcial [ orthogonal test 19(3*) ]

AxB
yt A B AT 5 ¢ s
FAHEE Terpineol F5REREE Linalool A ZK F % Benzyl alcohol  Attracted wasps number
Treatment Interactive column (Y 5D)
+
KF WREE KF W K K WREE
1 1 1% 1 1% 1 1 1% 13.00 +0.58
2 1 1% 2 3% 2 2 3% 12.00 +1. 16
3 1 1% 3 5% 3 3 5% 13.33 +1.00
4 2 3% 1 1% 2 3 5% 12.00 +0. 00
5 2 3% 2 3% 3 1 1% 13.00 £1.00
6 2 3% 3 5% 1 2 3% 27.00 £0.58 **
7 3 5% 1 1% 3 2 3% 16.67 £2.08
8 3 5% 2 3% 1 3 5% 18.00 £1.00
9 3 5% 3 5% 2 1 1% 13.00 £0.58
AxB
SRR A b i ¢
Treatment FA{HEE Terpineol F5REEE Linalool A K H i Benzyl alcohol
Interactive column

1j 12.78 13.89 19.33 13.00
Ij 17.33 14.33 12.33 18.55
Im; 15.89 17.78 14.33 14.44
R 4.55 3.89 7.00 5.55

T x o« F05 X KRB 0.01 BEKF
2.5 ATEELA YN E T8 T
B L (3%) BT IR A 8 B A DT T (b N T 0 U 500, SR I 50
%5 MORIEHS MR T SRERKF AT ,3 A FEX T T T b N FET T U2 AB >
C>B > A, VR MMAS A AC TLAEF > 1B > S5 R > AW, 46 B R OLK T 414 B2 A,B,C,
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BIX 2 E 7 mn /Mg R 5| BB 2 3% FATHRE 5% FHEREAN 3% KR BHMREGFEEAEY. NEHRT K
A B ZHAE AT REVER S, 2R IR 6, RUIE T 7 XTREG M2k NEEFAT 0 B ik .35 A (B X EAE
It A B REAEA I BETERT A F B,

F4 EXFER(RI)MHESTER
Table 4 Variance analysis of table 3 of orthogonal test

FEKW GOCERR Al 577 i B h h
Source SS Df Mf Significance ' ’
A 97.56 2 48.78 40.38 ® % 3.63 6.23
B 81.56 2 40.78 33.75 ® % 3.63 6.23
AxB 234 4 58.50 48.42 * s 3.01 4.77
C 149.56 2 74.78 61.90 ® % 3.63 6.23
e 19.33 16 1.21

T+« RREFIK0.01 BEAKF

*5 REREULAVSIEEETFHEHINERENER
Table 5 Difference in numbers of pollinating wasps of F. awkeotsang attracted by mixed infochemcial
AxB

A B c W% 5 | /N
4 2 ]
Ab PR AT Terpineol SRR Linalool B;Eﬁ J ZK F % Benzyl alcohol  Atiracted wasps number
Treatment Interactive column (Y £SD)
+
KF WEE 7K WRE 7K IKF- WEE
1 1 1% 1 1% 1 1 1% 15.00 £1.00
2 1 1% 2 3% 2 2 3% 12.00 £2.00
3 1 1% 3 5% 3 3 5% 13.67 £1.16
4 2 3% 1 1% 2 3 5% 10.00 +1.16 **
5 2 3% 2 3% 3 1 1% 15.00 £1.00
6 2 3% 3 5% 1 2 3% 24.00 £1.00**
7 3 5% 1 1% 3 2 3% 17.00 £0.00
8 3 5% 2 3% 1 3 5% 18.00 £1.00
9 3 5% 3 5% 2 1 1% 13.00 +1.00
AP A B %\;gu ¢
Treatment FA{HEE Terpineol F5REEE Linalool X K H i Benzyl alcohol
Interactive column

Ij 13.56 14.00 19.00 14.33
1§} 16.33 15.00 11.67 17.67
11§} 16.00 16.89 15.22 13.89
R 2.77 2.89 7.33 3.78

W x o+ FUR X KBS 0. 01 BEKF

F6 EXIZW(RS)MHESTE
Table 6 Variance analysis of table 5 of orthogonal test

Tr 2R (VR Rl 2]ic)s 3 W7 BEMN

Source SS Df Mf F Significance Fo.os Foo
A 41.41 2 20.71 12.42 ® % 3.63 6.23
B 38.74 2 19.37 11.62 ® % 3.63 6.23

AxB 242.08 4 60.52 36.31 ® % 3.01 4.77
C 76.74 2 38.37 23.02 ® % 3.63 6.23
e 26.67 16 1.67

H:ox o« FREFIE0.01 BEKF

3 itig
B —f5 B YR B R R IR RE S AR /NS AT R RS B SE B 45 SR R B AR R 5 B AL & WX eS8 /) i
AT NN R ERNZR, 8 FE BLEYT, BR—EWE TR K K B W HEEME A
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SRS PR R R A b /NS B S 28 RS IV, i 22 B WO Rl R U 9 R R /N e B B 3 TR 5 1 A
FH 5T 7% B R R PR 1 X AR TR R RE 2 A /N B 3 B E T . RIS, [R)— (8 AL & W E A IRk BE 2%
T YRR/ NEE BTN R E AR B/ N AR S W m e R B 2 5, —ERE ER
BR AR /NS R R I RRS2 B S, SR AR P8 P 42 1 0 L 2 SRR T R B 3 R A%
Br/NERAT RN . IEACSEI AR R, 3R/ NE R BRI ER I B — L & WiR G5 , BEAT BE
RIEBANE L, AT RER I HEHUE L, Bt — PR R R E e & WTERFE IR BET A REXS /I e 7= A 5 2 Y
WHIWEM . TERERMAERAE - L IR A5 BB TR 4% b, 1 R W] BR R E 5 K 1) I S BRI 22 R RR R 1
R I 45— RE MR L AL AR ISR | AR/, TR /NI TE R 32 T AR ST 2 W 19 2 o
FFRE LU TR BRI AL~ 155, AT S BUX 3 3 DR T v (9 52 8 XY WR TA% (F. semicordata ) 8 13 B OB —
BIASH DL R AL A ) (4-F 28 B, 4-methylanisole) , KB X H A /N e ) S MR 5 ), T RE LR FE AL
UESSII

Fr WM 2 5T MRS B 12 A ME HE B P45 A W) LA TR SR B (7 B AR X 5 B oy R 30% —
60% ) , ELAE/NEFEATEFF k3 (B0 01 J5 I5 B A A X &5 B (4% —20% ) RIEBEW s #1 %, B £ T HZ
WE HEAE PP ¥ 0 B3 0 2 R P IR AR 5 R (4% —4. 5% ) TE/NEBE A B 7 18P Ak (B B1) J& 7+
% 10% —11% (B B2 IR I T4 2 W0 B b AL B P R R ) 1), T S A G e U A e
ZhR/ N ELA 3 B | VR, 2R R R BT P A R YR B R AR /N B B3 (R AR T, R P 5
BAEWER T T B S HAR/ MER L5 BE R B P HEEEMA G,

TE% F T HIRES MAEF R T B ARAC I BIZE 2 M (% PP WA b R 4 A B (EL 2615
B Py Xd PIRR R IR A REZ M /MR B B 28 W5 | i, SR AR 7 BT 45 2 My Sl ot vl R HLAS A
/N TR A B B VR R XIS R AR RO BT STt A AR [R] i 45 2R, BRI 1A 4 2 A6 17 78 e ) e o
AEA SRR (EAG R AR /N ( Ceratosolen gravelyi Grandi) X§ 55 B BAT .35 s 1) VB o Grison-
Pige S NHIBTFELE SRR, FEA LI P X PIAPSR IR A REZS 15 /N BL B 28 W 5 /R RO A6 5 1 (S5 A 2 FP e
PATHEE 5 WKBE ) TERR ST 2 W B LR RAR R I, R R 7 A M R R B, S5 7E B 20T 19 27 e
JRAEYIMEAERIIE T HE R P b B 18 Yk, AR FR B B 11 3, T EL AR B E e 2% 5 2 A A
REFE RO 2 SR LB RE BACE Y, 7T BE S /Nt 7 2 A A2 E LA 5% , T il B 25 A9
B AA R T A5 B AL S W45 — WK BE | LU A A2 PR 3
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Sp. C EBAMATFALT M SUGFHEE , [RIo FERG FRR B A R o ASTRBILLR LRI COT A Cyth  BobE A
28S Jo R o AN ] R R BT RE5 A /NI B8R 1 SRR AT AT B G SRR I, TR JR ORI IR i SR A% 2 R
HBH T RN 2SRRI B K, R, 2 T8 /N G TR B 2 £ A /N e 30—50d Z2
A, B, e LR/ NG AN 2 7 Fe ks /N e mT REJE R AR /N IR AF A Sp. B A Sp. Co I, PIAFAS [RISR IR
AR AR /N (5 B AL B 0 B SR 22 31, 7T B IR B s S (R 5 2 0 W00 S o 2 53 R 2 B 5 T A o A T
SRR AIREZS HE /N (5 B A B 0 SR R R BERR DL , SUAR Ter SR PR BR A7 b Z B AP FE B VIR R R o
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