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Preliminary research on the mechanism underlying the increased
attraction of Diaphorina citri for Citrusreticulate Blanco. cv.
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Abstract [Aim] To determine whether infection of the ‘Shatangju’ variety of Citrus reticulate (Citrus x aurantium L.) with

the Asian form of huanglongbing (HLB), a serious disease of citrus associated with the phloem-limited bacterium ‘Candidatus
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Liberibacter asiaticus’ (CLas), increases the attractiveness of infected plants to the Asian citrus psyllid (ACP), Diaphorina citri
Kuwayama. [Methods] Responses of male and female ACP to volatiles (linalool, limonene, a-pinene, and y-terpinene)
emitted by infected, and pathogen-free, seedlings, indicate that those from infected seedlings were not significantly more
attractive to females. In a previous study, volatile compounds from young shoots of pathogen-free and ‘CLas’-infected
‘Shatangju’ mandarins were analyzed. In this study, the attractiveness of several chemical components that were elevated in
infected plants, and their mixtures, were tested in both the laboratory and the field. [Results] Males were not attracted to any
of the chemicals tested but females were significantly attracted to a-pinene (1 pL/mL), y-terpinene (0.01 pL/mL) and linalool
(0.1 pL/mL), but not to limonene at the concentrations tested. Females were also significantly attracted by 6 mixtures of the
above chemicals. Of these mixtures, y-terpinene (0.2 pL/mL) + a-pinene (0.8 puL/mL) + linalool (0.3 pL/mL) was the most
attractive. Males were not attracted to any of the individual chemicals tested, but were significantly attracted by 4 mixtures.
Compound monomers and their mixtures were placed in bottle traps in Murraya paniculata (L) Jack trees and the number of
insects caught by each lure was compared. The results indicate that 5 of the 15 mixtures were significantly more attractive to D.
citri adults than the others, whereas none of the single compounds was significantly more attractive. Three mixtures;
v-Terpinene (20 pL/mL) + o-Pinene (80 puL/mL) + Linalool (30 uL/mL), y-Terpinene (2 pL/mL) + o-Pinene (8 pL/mL) +
Linalool (3 pL/mL), and y-Terpinene (20 pL/mL) + Linalool (30 pL/mL), were then tested in a citrus orchard. After 10 days,
the average numbers of adults captured in traps using these mixtures was significantly higher than the number captured in
control traps. [Conclusion] These findings suggest that the attractiveness of CLas-infected mandarin trees to D. citri is, in

part, enhanced by the higher than normal levels of a-pinene and y-terpinene emitted by infected plants. It may, therefore, be

feasible to use these chemicals to trap the D. citri in orchards.

Key words Diaphorina citri Kuwayama; huanglongbing; Shatangju mandarin; host plant volatiles; attractants
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Table 1 Molecular formula, type, purity and source of volatile standard

aw ¥k CAS & 4L (%) K
Compound Molecular formula CAS no. Purity (%) Source
-1l i y-Terpinene CioHis 99-85-4 >95 TCI
a-JEH a-Pinene CioHys 80-56-8 97 ACROS
¥ s Limonene CioHys 138-86-3 >95 TCI
J7REIE Linalool C;oH;50 78-70-6 > 96 TCI
K12 H s Methyl salicylate C4H;0; 119-36-8 99.5 Dr. Ehrenstorfer Gmbh
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Table 2 Different concentration ratios of y-Terpinene, a-Pinene, linalool and methyl salicylate

REYHS y-i5WH (uL/mL)  o-JM (uL/mL)

JSRERE (uL/mL)

KGR HEE (uWL/mL) ARG (WL/mL)

Mixture no. y-Terpinene (WL/mL) o-Pinene (uL/mL) Linalool (uL/mL) Meﬂzﬁjﬂgy late LinJdLﬁia)fﬁn
1-1 20 80 30 20 850
1-2 2 8 3 2 935
1-3 0.2 0.8 0.3 0.2 998.5
2-1 20 80 30 — 870
2-2 2 8 3 — 987
2-3 0.2 0.8 0.3 — 998.7
3-1 2 8 — — 990
3-2 0.2 0.8 — — 999
3-3 0.02 0.08 — — 999.90
4-1 — 80 30 — 890
4-2 — 8 3 — 989
4-3 — 0.8 0.3 — 998.9
5-1 20 — 30 — 950
5-2 2 — 3 — 995
5-3 0.2 — 0.3 — 999.5
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HARKHO] IO A% ) <100,

B A R W) T T B %o R AR AR LAY ) 3
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F1 0.2 uL/mL y-ififi fh 4+ 0.8 uL/mL o-JRME+
0.3 uL/mL 5HEEE+ 0.2 uL/mL KBRS (1 =
6.533, P=0.011<0.05) ¥ HA WE W IEEE, X
381 2 FEAINTC i 2 s AU 0.2 uL/mL y-
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Table 3 Taxis response of Diaphorina citri adults to different concentrations of y-Terpinene

i &t Female JifE 1 Male
) T
W (WUmL) WS RRiR R ‘“if;ﬁ RHE
Concentrations N 0 0 0 0
(uL/mL) G~ (@ (A])~ P Number of (A])~ (A))- ’ P
H Number of test Reaction Selection . Reaction Selection
insects (ind.) rate (%)  rate (%) tesz_m;e)"ts rate (%) rate (%)
ind.
0.001 32 93.75 56.67 0.533  0.465 36 83.33 50.00  0.000 1.000
0.01 33 90.91 70.00 4.800 0.028* 42 71.43 63.33 2.133 0.144
0.1 30 100.00 63.33 2.133  0.144 38 78.95 43.33  0.533 0.465
1 35 85.71 50.00 0.000  1.000 32 93.75 63.33 2.133 0.144
10 31 96.77 46.67 0.133  0.715 31 96.77 5333  0.133 0.715
100 34 88.24 56.67 0.533  0.465 37 81.08 60.00 1.200 0.273

P AR IR =R 03 IR OR 2 0 a5, b3 5% BRAE 0.05 ZKFH1 0.01 /K- R 5 . FERM.,
The numbers in column P followed by * and ** indicate that there is significant difference between the treatment and the
control at the level of 0.05 and 0.01 by x test, respectively. The same below.
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Table 4 Taxis response of Diaphorina citri adults to different concentrations of a-Pinene
It i, Female T . Male
e iE W H KR . WA e .
Wl (uUmt) W R R o RIE R
ConciI}trz}jlons (%) (%) ) p ) (%) (%) 5 »
(uL/mL) Number of Reaction Selection Number of Reaction  Selection
test.lnsects rate (%) rate (%) test'lnsects rate (%)  rate (%)
(ind.) (ind.)
0.001 33 90.91 60.00 1.200 0.273 35 85.71 63.33 2.133  0.144
0.01 37 81.08 53.33 0.133  0.715 30 100.00 56.67 0.533  0.465
0.1 30 100.00 43.33 0.533 0.465 36 83.33 33.33 3.333  0.068
1 31 96.77 70.00 4.800 0.028* 34 88.24 36.67 2.133  0.144
10 34 88.24 50.00 0.000  1.000 33 90.91 50.00 0.000 1.000
100 38 78.95 53.33 0.133  0.715 32 93.75 53.33 0.133 0.715
x5 HBARERRBRIAREIRESEERRE RN
Table 5 Taxis response of Diaphorina citri adults to different concentrations of linalool
Iiff Bt Female Tt Male
e i W AR . R WEEg '
R (nL/mL) T [FAvE = R e o,
Concentrations x) (%) (%) , » k) %) LR (%) , »
i X
(uL/mL) Nurqber of Reaction Selection Number of Reaction Srzizc;‘:/() ;1
test.lnsects rate (%) rate (%) test.lnsects rate (%) o
(ind.) (ind.)
0.001 34 88.24 53.33 0.133 0.715 32 93.75 53.33 0.133 0.715
0.01 37 81.08 60.00 1.200 0.273 38 78.95 50.00 0.000 1.000
0.1 31 96.77 73.33 6.533 0.011*% 35 85.71 53.33 0.133 0.715
1 35 85.71 56.67 0.533  0.465 32 93.75 46.67 0.133 0.715
10 33 90.91 50.00 0.000 1.000 31 96.77 46.67 0.133 0.715
100 30 100.00 46.67 0.133 0.715 39 76.92 46.67 0.000 1.000
Fz 6 BB BRI AR EIREFRGRE YR N
Table 6 Taxis response of Diaphorina citri adults to different concentrations of limonene
I B Female B Male
3 e . IR Wz R5'e
WEC (WLmL) gt ey RME \ [FinE S
i €5 HFER (%)
Concentrations o, Y o,
(uL/mL) Number of ) () ? P (%) Selection e P
H test insects Reaction  Selection Number of Reaction rate (%)
(ind.) rate (%)  rate (%) testinsects  are (%) o
(ind.)
0.001 35 85.71 53.33 0.133  0.715 33 90.91 50.00 0.000 1.000
0.01 33 90.91 63.33 1.200 0.273 37 81.08 43.33 0.533  0.465
0.1 37 81.08 46.67 0.133 0.715 32 93.75 46.67 0.133 0.715
1 30 100.00 46.67 0.133 0.715 31 96.77 53.33 0.133 0.715
10 30 100.00 60.00 1.200 0.273 43 69.77 63.33 2.133 0.144
100 35 85.71 60.00 1.200 0.273 35 85.71 53.33 0.133 0.715
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Table 7 Taxis response of Diaphorina citri adults to y-terpinene, a-pinene, linalool and methyl salicylate mixture

ERPPIE A E (uL/mL) 3 T
s Volatile species and concentration (uL/mL) k) }iM$. (%) TR . (%) ) .
B e A s 7 et
y-Terpinene a-Pinene  Linalool salicylate (ind.)
0.02 0.08 0.03 0.02 37 81.08 70.00 4.800 0.028*
ik ot 0.2 0.8 0.3 0.2 35 85.71 73.33 6.533 0.011*
Female 2 8 3 2 41 73.17 36.67 2.133 0.144
20 80 30 20 36 83.33 53.33 0.133 0.715
0.02 0.08 0.03 0.02 36 83.33 60.00 1.200 0.273
T 0.2 0.8 0.3 0.2 37 81.08 73.33 6.533 0.011*
Male 2 8 3 2 38 78.95 70.00 4.800 0.028*
20 80 30 20 32 93.75 46.67 0.133 0.715
WEYCR, 15 MREYTHA 5 MAERI AR

22 ERERWEER S R RS HE
AREHFEHR

22,1 MABREELHBARRNFERR

(1) PRSI A HEROER

E 1R, 10 d)E, R GRS IR
by . e R RT3 AR YRR
25 W BEAE UL Ay 5 4 30 00 R mU s U 8K R G
FxR (P>0.05), U0 E FEMIBEICR.
15 NMEEWTA 5 MBEBIAREEE B E
= X (P<0.05 ), Hirr 2-1 i/ (20 pL/mL y-
ki + 80 uL/mL a-JEMs + 30 pL/mL J5H4RE ) 7%
SERNBORIRZ N 14 S/ HUCR 1-1020 pL/mL
y-iE s + 80 uL/mL o-JEM + 30 pL/mL 54
BE +20 uL/mL KA R ). 1-2 (2 uL/mL y-
i i+ 8 uL/mL o-JE M + 3 pL/mL J5REREE +
2 uL/mL KBRS ). 2-2( 2 uL/mL y-i§ &k +
8 uL/mL o-JRHMy + 3 pL/mL J7FaREE ), FHEFIY
B 10.2-11.6 3/ 5-1 Bty (20 pL/mL y-
lidtdd + 30 pL/mL SRR E S BIBE N 7.4
S Mie HARBRIBER AR BEBELIAE 4.8 3/
MLLF, S5X (0.4 /) ZRARE (P >
0.05 ),

(2) BRI MIEFE R

FE B ORGSO R B0 45 R 5 RS RO
— 3o 3 TP Ay AR A v B X R AL T Bk 2 Y

BB 3 = T AR (P<0.05 ). Hip 2-1 i
HBERINEERZ, N 29.6 kA, S5XTEEA
ik 2= S EAKF; 1-1, 12, 2-2 B4
FRCR BT, N 22.2-24 LA 5-1 BT A4
FNECE R 15.2 S0, HARERIBE R
BIHE 9.6 SkARUATR, SXHR (0.6 /) ZR3AN
BE (P>0.05) (K1),

[ AP FRIAR L, 2 CRs RO 75 21 A9 AR B
¥IZF AR
222 WHEEHBARNFESR HE 2 7
A, TEMHER, 2-1. 2-2. 5-1 X 3 FhAFIE S
FE 1 EE R IS FN B €2 K5 s ik 75 4 2] i R LB
B EE TR (P<0.05), HOKBORIESE
PR N 2.25-3.38 Sk, B ORI
2.75-3.88 k/fi. [FIAMAFIAYE RS BORAR LE
2-1. 2-2 B 7 Rl IS = T RGO, 1
5-1 DU CooRt O AR T 1 EURG IO, (H 2257
AR (P>0.05),

3 g
ATFGE L5 W, VR RO B e o
BRI o TEH | - S 2 R XA A

BUHE B R E RS VR, Ui X Le ) o 5 e
TR IR X A T PRI IR 5 | A P 5 A 5 o (LR HOxh sk
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Fig.1 Trapping effect of Shatangju mandarin volatile monomers and their
mixtures on Diaphorina citri adults

K ERTRING E RN R RO L 0 AR U R B 25 53 3, R R RS R 7R o R IR0 ) A R R B0 25 5
.2 (P<0.05, Duncan’s #:4 ), H 1-1 (20 pL/mL y-#§ 54 + 80 pL/mL o-JE4 + 30 pL/mL J58EEE + 20 pL/mL
KGR ). 1-2 (2 pL/mL - 57+ 8 pL/mL o-J84M + 3 pL/mL F548EE + 2 uL/mL 7KAZER B E ). 1-3 (0.2 pL/mL y-
i+ 0.8 pL/mL o-38%4 + 0.3 pL/mL J5REEE + 0.2 pL/mL KBRS ). 2-1 (20 pL/mLy-i§ 5% + 80 pL/mL o-J§
&% + 30 pL/mL F5REEE ), 2-2 (2 uL/mL y-if 5% + 8 pL/mL o984 + 3 pL/mL F58E0E ). 2-3 (0.2 pL/mL y-§ i +
0.8 pL/mL a-JE4 + 0.3 pL/mL F5#8FE ), 3-1 (2 pL/mL y-f 54 + 8 uL/mL o-38%45 ). 3-2 (0.2 uL/mL y-i§ &4
+0.8 pL/mL o-JEHKS ). 3-3 (0.02 pL/mL y-ii 4 +0.08 pL/mL a-JE%4 ). 4-1 (80 pL/mL o-JE4 + 30 pL/mL F5 A% ).
4-2 (8 pL/mL o-JE4 + 3 pL/mL F54%8 ), 4-3 (0.8 pL/mL o-JEM + 0.3 pL/mL 5888 ), 5-1 (20 pL/mL y-ii 5
+30 pL/mL F548REE ), 5-2 (2 pL/mL y-i§ 5 + 3 pL/mL F5RiEE ). 5-3 (0.2 pL/mL y-1k &4
+0.3 uL/mL F5HEEE ), & 2 [Al.

The different lowercase letters above the bars indicate that the number of D. citri adults on the white viscose bottle is
significant difference; while different capital letters indicate that the number of D. citri adults on the yellow viscose bottle is

significant difference (P < 0.05, Duncan’s test). 1-1 represents (20 pL/mL y-Terpinene + 80 pL/mL a-Pinene + 30 pL/mL
Linalool + 20 pL/mL Methyl salicylate), 1-2 (2 uL/mL y-Terpinene + 8 pL/mL a-Pinene + 3 uL/mL Linalool + 2 pL/mL
Methyl salicylate). 1-3 (0.2 pL/mL y-Terpinene + 0.8 pL/mL o-Pinene + 0.3 uL/mL Linalool + 0.2 pL/mL Methyl
salicylate), 2-1 (20 uL/mL y-Terpinene + 80 pL/mL a-Pinene + 30 uL/mL Linalool), 2-2 (2 uL/mL y-Terpinene + 8 pL/mL
o-Pinene + 3 pL/mL Linalool), 2-3 (0.2 uL/mL y-Terpinene + 0.8 uL/mL a-Pinene + 0.3 pL/mL Linalool), 3-1 (2 uL/mL
y-Terpinene + 8 uL/mL a-Pinene). 3-2 (0.2 pL/mL y-Terpinene + 0.8 pL/mL a-Pinene). 3-3 (0.02 uL/mL y-Terpinene +
0.08 uL/mL a-Pinene), 4-1 (80 pL/mL a-Pinene + 30 pL/mL Linalool), 4-2 (8 pL/mL a-Pinene + 3 pL/mL Linalool).
4-3 (0.8 uL/mL o-Pinene + 0.3 uL/mL Linalool), 5-1 (20 uL/mL y-Terpinene + 30 uL/mL Linalool), 5-2 (2 uL/mL
y-Terpinene + 3 pL/mL Linalool), 5-3 (0.2 uL/mL y-Terpinene + 0.3 pL/mL Linalool). The same for Fig.2.
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Fig. 2 Trapping effect Shatangju mandarin volatile
chemical mixture on Diaphorina citri in a
Shatangju orchard

BEE R VEAL S W) B BR AR i AT R RE 2 R R LA
R, AT AR KO M R RS IE
A EAEY A TR AR A AFZAT, 1A 2F A8
Y45 A AR G WA e B R e ) 5 U
( Aluja and Prokopy, 1992) . Lapis fil Borden
(1993 ) il Soroker 45 (2004 ) 4»5IHiH, 4RE
A E Heteropsylla cubana W% A & J& )
Cacopsylla bidens 1JHfE H 37 3|27 3480 1) IR K
g1, TR A A2 B, YR A AR
SRR A EURFME B BA SR A I | ) o R RO
a-JRM .y A DS BRI KA IR T R 4 FhAR
RER A ) AR 2 VA B R A L4811 1 8 ) 2 4%
KB K, BEHEA TR Y BT R R
YU BE N A RE A HEVE T o MR K VAR BAL B
MYLRL . Ll WREE | PR RS o i v R
AT 32 ] 2 A AR S e, B HEOREAS [ A A 1) v
e, R A K E S5 R, WY i
A [F] e 2 XA e B 1 B M AN [] ) A 3
(BEESE, 2004) .
FNMEINKEARL, 3 FfEE NIE R
IR L S R | AR 4 e ) FRACAE = AP R R T
ORISR S X R TC R 2% 5, ATRe Sk
ST A B RS AR G (B ) B Y
15 MR BCH A 5 Bl B iR ERCR, K,

2-2 5-1

y-iE i (20 pL/mL ) +a-JE4 (80 pL/mL ) +75
fEEE (30 pL/mL) IBFEFIM AR ®ikZE, D%
2 T HAMIEF) , BRI 5 K M) o A o3 1
RA b2 m B At 2 N 1, R
18, A FAEY BTN Z M ) B AR
L BE A R E R S A PR R R (AR5,
2004 ) . RIS (2019) WikiE, JLEFTWH
HERMEYIR B-AVTH . D-Frehs F 5 A BE XA
AR A WERGIESCR, 303 1IRAIM
FIFEAIL 88.89%, M) & (iR 15d )5,
BRI AREL D E S TR, BELE

(2021) #eifi, MG AR BT 8 FAE 5 & W) WL
YA —gmians, KX 10 pb/mL 19
(-)-B- A1 Fr i Rl DAy RO e 3 73301 R 73.20%
1 71.88%, XTHREER 1 pL/mL D5 FEEE A EERER
M 79.19%. Pifiero Al Dorn (2007 ) %3, He#
BRORS b RETIOY 3 Fhagk 4 2 W) 2 Fp o5 B Ak &
WIRGE, WHR—YmEn s 3 NE.0 M Cydia

( Grapholita ) molesta ( Busck ) Bk BAE 7=
B o A 280 B 4 5 FFE R ( Thysanoptera:
Thripidae ) fif BIAEY S0 F-4R2F E00Red:, Fam
B, £, T T R A R P 5 E — R 1) A7 0N 7E H [
i, RetEHERA BN AL & 5 Frankliniella intonsa
Trybom [ %A K Ry ], AT AR A,
HEfFES R 2 iSRG G IRTERIK
LA BT 6 KW 6 08 46 8] 5 Frankliniella
occidentalis (Pergande)tL A R 4FAIRLE ( Teulon
et al., 1993). AWFFH, 2 AEIMALRYIR
T HEFEERREIH, OIS B AR BT
BIZTHaE, DUl AR R R B A
e, fEHE, A E S WS I HE AL,
B I ) A AR ) R TR 2 A O A A R
A — & W5 ) FfilEAE - ( Zhong er al.,
2019 ).

P , B R4 4 8 H ( Odorant binding
proteins, OBPs ) XAt A mLAY 5 J52 i H ke )
HEPVER, S EORET R 22 LR SR
AYHBUEE ( Wang et al., 2020; Liu et al., 2021 ),
VD WA B B e 5 ) B B 7 A R ek
A5 ARFAL T T Horh 22 58 K0 3 Mk &4
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