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CER AR R R 2%, AEVIPTRECH M LR L, S RAGLEESERE, |7/ 510640

o

# E [H#) MHEAE Diaphorina citri 4% % ( Huanglongbing, HLB ) A9 [H G BN, 52
JiE /N Tamarixia radiate JE A% A BUA FEL A ME RS, b T WG REE AR BUR 15 B BE, AR SCFgE
T SElE R/ NG MG AR T A AR DHRE N . [ B TR | R A A B i s i B LS S B B
4t Menochilus sexmaculata XTHIEAR B PR FEICR . [ FiE] EENKMGT, U587 ke i f/ g
O L ROV AR A A L 4 08 55 5 84 B A7 2R T RE SN 5 AN [) 2% 8 7 Rl /DN e 1) - BRI 5 N T3 8 o 27 6
AN R RE T RORE IR o AL, I LA T SRR RN 55 N B T 4 A R BRI I XA A A L A s
BOR [ER ) 25 °CHZZHER/NE X AT 4 10 5 127 HUA T AR D BE RV 45 A Holling TTAL, B
Sk H FRE A 274 BRI 2 1 Ui e b, 439k 55.55 Al 90.91 k. YA MR/ INEE [ B SN, XPRT A
AR 41 H 5 I R H 2R K, M 25 °CH 39 °C, F& IR THE, ~EME RN o g AR EL H 127
A PR IG (Fa16=344, P<0.001; F316=295.07, P<0.001), 4iRJEik 39 °Chf, ZEMER/NERE 2 h N4
T, AN 0, TLREBE IR, MR NG | FSBEA B PR RS MG AR B B 25 L
2: 1 ARF, XPIFREA AR ER i, 315 93.24%, [ SR ] Sl fli/INige X AR AR EUA 4505
FoFstlae Sy, X5 A SR T 4 Wy, (I AT Z 86 122, SRR /NG | SBEA BA . HHEAR TR
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The potential of Tamarixia radiata to control Diaphorina citri,
including the potential for synergistic control by both
T. radiata and Menochilus sexmaculata
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XIE Yu-Xi HE Wan-Cai SANG Wen™*

(State Key Laboratory of Green Pesticide, Ministry of Education Guangzhou, Engineering Research Center of Biological Control,
College of Plant Protection, South China Agricultural University, Guangzhou 510640, China)

Abstract [Aim] To determine the potential of Tamarixia radiata to act as a biological control for Diaphorina citri, a vector
of Huanglongbing (HLB), and the potential for synergistic control in conjunction with Menochilus sexmaculata. [M ethods]
The parasitic functional response of adult female T. radiata towards 4th and 5th instar nymphs of D. citri was measured under
laboratory conditions. The effect of different densities of T. radiata on the parasitism rate was examined, along with the effect
of temperature. Furthermore, the benefit of releasing just T. radiata to control D. citri, or releasing this species together with
M. sexmaculata, was assessed. [Results] At 25 °C, the parasitic function response of T. radiata to 4th and 5th instar nymphs
followed the Holling I type pattern, with the theoretical maximum daily number of prey being 55.55 and 90.91, respectively.

* % B35 F Supported projects: 7R ARSI ST H (2023A1515030219); MM RHE HRITH (202206010042); -4 1"
J7RA AN RS G137+ K F B 1A (2023SDZG06)

** 3 —{E# First author, E-mail: xzel5007969290@stu.scau.edu.cn

*** 3@ il {3 Corresponding author, E-mail: sangwen@scau.edu.cn

W fe H 1 Received: 2024-06-05; 5% H 1 Accepted: 2024-08-10



+ 1038 -

M B H12%4k Chinese Journal of Applied Entomology 62 &

The daily parasitism rate decreased significantly when T. radiata density increased in relation to both instars. An increase in

temperature from 25 °C to 39 °C was followed by a significant decrease in the daily parasitism rate of D. citri nymphs

(F316=344, P<0.001; F316=295.07, P<0.001). A temperature of 39 °C was letha to T. radiata within 2 hours; no D. citri

nymphs were parasitized at this temperature. Field enclosure experiments demonstrated that releasing both T. radiata and

M. sexmaculata so that the ratio of these and adult D. citri was 2 : 1 : 4, reduced the D. citri population by 93 .24% after 3

weeks. [Conclusion] T. radiata is an effective parasite of 5th instar D. citri nymphs, but is less effectiveness against 4th

instar nymphs. It also has low tolerance to high temperatures. Best results were achieved by releasing T. radiata in

combination with M. sexmaculata so that the ratio of these species and adult D. citri was2 : 1 : 4.

Key words Diaphorina citri; Tamarixia radiata; Menochilus sexmaculata; functional response; synergistic control

1% A E Diaphorina citri &M & 5 3 il |
SO IR R R AT B
LS FRE AR B R e R T i
MAHAE I HG ( Huanglongbing, HLB ) #7 kit
HPOPR IO AR TR, T o P U T A A fiE
FRAERE, BUTAME “RiE” 78 B R & E , %
R 7l 1) % S 163 K ( Antolinez et al., 2021,
Sétamou et al., 2023; Wang et al., 2023 ), A,
B 16 FH v AR U A 28 AT A 8 e e ™ )
kit — (Liuand Tsai, 2000 ), H A4 Ex}
FHAG AT B 16 2R D76, B i T
AT, S EONAE AR T ICER 3 b X 377 A
TORRIRREE 2Tk, SRR, AR AR
Bi 45 07 V5 R B G M AR A BLEL A 2258 L (Kruse
etal., 2017; R3C5%, 2018, 2022 ),

A=Wy BTG A& A E AR R FO6Hie HL 3 AT
Tl —Rh 7, REREEACE . RRgetEag . N HTET
572 (Chen et al., 2018 ), HHEA B KEER
WAFRHEEMAFAEEWZE, Hidr, SE RN
Tamarixia radiate J&—Ff &1 %R A% A LA 327
MR, BA L —WRBRER . aFERe RS
R TEVF 2 E R R IX O AT & B G A EURY 3=
TGRS, BA T Z N T (Etienne
et al., 2001; Chirinos et al., 2021; Stenberg et al.,
2021; fa[J7 04, 2023 ). 3 FEl R A A A 7 M fdh
% B INAR B [ G VS X 5 |3 T 52 I Rl
W F B S M % AR EUFP A (Michaud et al.,
2002 ), CAWITERI, Selfflvege 3 2oy A
AT 3-5 27 e, Horhxt 5 i e fiw -1k Fe i
e B — A AT 24 i 500 Sk HHE A EL( Etienne
et al., 2001; fUI¥Z%F, 2014; Liu et al., 2019,

2024; Chirinos et al., 2021 ).

fo, 20 9 . Propylea japonica ., 5 {6 5[ it
Harmonia axyridis. 7~ 3 A Bl #  Menochilus
sexmacul ata S5 B 1 KA e A AR AR I
FERESE, 2020; 3045, 2023), HrsBEH K
BT ER T, BT BEK, Rl
TG A BN A REFH 200 B | JF R 55 2R AR E
11 ( Gandarilla-Pacheco et al., 2013), A WIS
WY, ZSBEA B4y R R O AT AR AR B A
BUORSRER R, HAiEsEcoR, Hrhoxst 45l
WA WSS IR R TSR, XA AR BRI
W i R H SR A 43 o 500,
200 A1 200 3k ({70445, 2023 ).

SN Rl N R A7 AR A A R B R i L, T
XA HOR R TE I R AR BB Rl
B 7 4 1) B ) 7 1B AR A, A e & R S B
PO AR BT ST, A 4
Fr R FO AT AR B 45 FE BT o B PR R EOR 27
EPERBERG I FE MR A HE, R H A
71 4 E( Ht Serangium japonicum I Fi 1 /)N #
Encarsia formosa Ik & 45 il {iF7 5l Bemisia tabaci ,
] B AR RO R A B A i S AR RO L Ay
SR ARG ( E A %, 2018 ),

SEIE RN A AR B L PR T A 0, B
BRI IE 1o 164 R 1k, EN AN R
/NEEPEFEIR e PEAG AN 2, B S EMEXR
L 7S B ) S A A AR LAY B [ 4 T RICR
K WARTE o Ry it — 2 W A R /)N 06 ) A o
J1, ARWFRXTHIIGER N . A S5 E TR
T 25 A BR T R e S HE S 7S 5 B
MG A ELR P R 45 35 O AT T R, DU
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FERME G- T HAR SRR (25£1) °C,
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1.2 EBF*

121 Z=RER/NEXTHBARRE RAEF ETheE
RE TEIEBELAR M 90 mm. &5 3 mm ks 55
MAEAKE N 5 cm IV FRIS, KindEss
TR IR AR PR . 4 A AR L 4 1% 5 5 1
#AH 3, 6,9, 12, 15, 18 fil 21 Lpfh = JLH
FhiZ L, BERERILRA 13Kk 5d HE AR
B)as e M /N i . 24 h )5, 7EIR U
( Stemi305, f#[E Zeiss) F4it#h 4k noHH
KGR, SOFEE 5K BT HRET
FIREIR AT 0, DA LTG0 27 A T fE s 1 H 1
A EITRIE

122 ZEM/NMNENBESZEXNFEMHBAR
FHRMTHBE JUESFBLAHE 121, U
HEEARS F G AR B 485 5 S A
50 3k, BifiJe BEA IR L 542 AP AE 5 d B 38 HE
FISEiE Rl N 1, 2, 3. 4F153%, 24h 5%
T A AR AR BT B, S0 5K,
123 ARBETEER/NMNEIHBAEEH
MEEE JUHEEFREBAHE 121, FEILEE
B2k LA MR AG A EL 5 W dL 25 3k, AL
A 13RIk 5 d B AL B 52 IRt/ e i i it
Ja4r e FIRE A 25, 29, 34 fil 39 °CHIIEIE
KoM (RXZ-436E, 7L ) o 24 h 54
THRar A A AR B i i, &P 5K,
124 ZREM/MNESABKAIHTHBFARER
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(2) #EA 10 XMl B S8 Rl (10T );
(3) A 5 XRBEAEE (5M); (4) JefEA
5 X PE A SR Rl /N, 1 S PR B XN
BEH B (5T+5M ); (5) 4ed A 10 X4 s Y
SEHE RN /NI, 1 FJE HAHEA 5 X NEEH BUR
(10T+5M ); (6 ) X BRZLASBE AT AT K8 ( CK ).
ME R ARELR BB, T 3 JBE Stk
JURA A AR B B g, THE LB TARAL
B, BAHES 3K,

1.3 HESWT

S 1 il /)N 0 oA AR R LAY AT AE T RE R N 3K
I 25 R Holling [ 5 7 #2ETH14 (Holling
et al., 1959), [A# K BREFHEALN . N=aNT/
(1+aTuN), Hr N AP, Na 83 A 55
B, TR TarAE# R, A5 rh
T=1d, a AP IRCE, T hFE 1 Y
Fras Bt a/Ty Mardife sy, UTh W HEKR
A,

WK FU A ) i B I A5 B0 T 5 I il /) e
XA AR BRI S R00, 8 TR TR R S=
al (1+aTyN), Hrfr a Jl 240, T WALSETE],
N AW R (58 1SS, 2023 ),

SENE R /NI ) B O A AR A AR R ELA T
PR rl 1A E=NJ/Np 5 E=QP™, Q Ni¥
FHEE, mA TR, RS RA 1=(E-Ep)/
Ei, N Bl 1Sk EMME A AR, Eph
P A AR e A 25 2E % (Holling et al., 1959 ),

SN Rl /Nt 55 7S B A TN X A7 A L B
HERACR AT PHARCR=
@_N%B%ﬁﬁﬁ%xﬁﬁ&ﬁﬁﬁﬁ%

X HE DX JE AR > A B X TR

fii ] Excel 2010, GraphPad Prism 8.0.2 Fll
SPSS 21 AT EAE A TG . At SER, fif
FHEAN K 7 24656 HSD 1% 85t kA 7 40 1a] 2% 5
PERG I o AR RS A AT S LA (2 A
fETEZESE
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21 H=ER/MEXHEGAREROFEIRE
=312

S T il 7N 0 6 A A T L 1) B A B
AP R R (1 A, B), AR$EI
DNECESCE | 52 M6 Rl NG 27 A AN TR 3 B 1 4 % 1
5 5k BB 144 Holling T ALTRE
IR | 514 B4y 5 0.930 5 0.981 ( F=66.29,
P=0.000 1; F=260.95, P=0.000 1), =& fili/]\ige %
MREARTE 4 §5 5 W BU BRI Bt 25358
0.705 7 Fil 0.664 0, Figtx K H FA =40
55.55 1 90.91 3k (& 1), & Rrkus, sclEfh
NSRRI 4 WA 15 5 A
S35 1.750 55 9.257, P< P 00s,6=12.59, FH
SERE Rl NG AL 4185 5% HL A AR R
(AL 5 B ) & B

2.2 HER/NERF BN
1E 25 °CH}, 2 Rh/ING 27 A G AR B R
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1
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P48 3280 35 Bt A 8 0 5 T A B T S e, X 4
LCE S B SV VAL NGt e SR VA il Y
/N X RHAR AR L 4 i 7 LA 1% SR R T S %
Al (E2),

23 REM/NMNEBSFEEXNFEHBARTR
AT B

FEH £ 25 (8] — 5 FIAH A A mU# L% B
MITEOLT , Bk Se i R/ N ) 75 2E BB B 5%
MR INTREAS (£ 2). B eI M/INE [ 5%
JE R, XA AL 5 I dL Y B ok sk
e 10.8 LB E 7.3 3 X 4 B U H i
KL i 9.2 L[5 6.1k,

2.4 AR B 5 RE Al /N i A B S YR

B Rl /N 0 X A ARG R B U H Y R A
Bt & P4 5% IR T R AR ((Fa 16=344,
P<0.001; F316=295.07, P<0.001 ), =i fili/]\ i %)
MG 4 25 Ui H ¥ 25 B 7E 25 °Cliem
16.6 3k, 34 °Cl 10.6 3k (K 3: A)., 2R/

B
D 20 [ SBRMH Actual value
39 -= H{${H Theoretical value {
o8 16
3 8
ﬁ%u— $
I 8
Es 8T
Hy
’d@?—g 4r
=
Z 1 1 | | 1 1 1 1
0 3 6 9 12 15 18 21 24

FEYERE (/L)
Prey density (ind./vessel)

B1 SEMMENHEEAR 4 (A) M5 (B) FHMNBAHFES

Fig. 1 Averagedaily parasitic number of Tamarixia radiata on 4th (A) and 5th (B) instar of Diaphorina citri nymphs

x1 ZEMNMNEXNHBAREHNTENERNAERESH
Tablel The parasitic functional response equation and its parameters of Tamarixia radiata
on Diaphorina citri nymphs

HEATURS SHRER IR A () BURKK HACRZ AR () AEME (Tyd) BHMIGEE (a)
Instar of Functional Goodness of Model Maximum daily Processing |nstantaneous
D. citri response equation fit (R?) checking parasitism (ind.) times (Ty/d) attack rate
4 4% N=0.705 7N/ 0.930 F=66.29 55.55 0.018 0.7057
4th instar (1+0.012 7N) P=0.000 1
5% N=0.664 ON/ 0.981 F=260.95 66.66 0.015 0.664 0
5th instar (1+0.010 ON) P=0.000 1
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A 0.8 - B 0.8
8 8
o7t & 07}
()
5 <=
g &
R 0.6 2 0.6
0.5+ R 0.5
g P
i
0'4 1 1 | | 1 1 | | 0‘4 1 1 | | 1 1 | 1
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
e E (SK/IL) Prey density (ind./vessel) B EE (SK/IL) Prey density (ind./vessel)

B2 SRER/MNEXHEAR 45 (A) MS5E (B) HBROEINN
Fig. 2 The search effects of Tamarixia radiata on 4th (A) and 5th (B) instar of Diaphorina citri nymphs

®2 REM/NMNEESEENHBAESLRFEN TR

Table2 Theinterference effect of the density of Tamarixia radiata on the parasitism of Diaphorina citri nymphs

AR 2R s HAm e DIER A Rdek SRSERIRE L

> . ZHom
D.citri  (ind/vessel)  (ind/vessel) P ST T et o equation erierence
4.4 1 50 9.2 0.18 0 E=0.185p 0% 0.261
Ath instar 2 50 76 0.15 01739
3 50 7.5 0.15 0.1885
4 50 6.2 0.12 0.3315
5 50 6.1 0.12 03391
5 i 1 50 10.8 0.22 0 E=0.203p 022 0.232
Sthinstar 2 50 7.8 0.16 0.2777
3 50 8.4 0.16 0.2222
4 50 75 0.15 0.3055
5 50 7.3 0.15 0.3259
A _ 20 _ B _ 20

—
[o)}
—_
[o)}

—
N
—
N

AELE (k)
Number of parasites (ind./d)
oo

LR (k)
Number of parasites (ind./d)

4 4
0 0
25 29 34 42 25 29 34 42
IR (°C) IR (°C)
Environmental temperature (°C) Environmental temperature (°C)

3 ARBETREM/MNEXHBEAR 418 (A) M5 (B) HFRANFER

Fig. 3 Parasitic number of Diaphorina citri 4th (A) and 5th (B) instar nymphs by Tamarixia radiata at different

temperatures
HEARVNG TR 2257 3% (P<0.05, AR T 22704 ).
Different lowercase letters above bars indicate significant difference (P<0.05, One-way ANOVA) .
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XA AL 5 A7 U H ¥ 2 4 A 25 °CHi
N 1743k, 34 °CH 11.83k ([ 3: B), H4f
BRI EIRE] 39 °CHY, SelERl/NETE 2 h N4
Fer, AFAEEN O,

25 AWAMARESZERM/NER SRR HE
REKZESER

IR, (RS BT iR 5 ARG AR EL
FRE A5 i S 2 0 T T By Y6 it A A A7 A U R
B (df=5, F=228.872, P<0.001) (& 4). 5%}
SENE Rl N B iR SO e 2E . A 55.91%; 10
XTEE R NE S 5 X SEEA BURECA PR RUR
A, h 93.24%, 10 XtAEfERh/INEE . 5 X NBE
HBUE 5 XF 2Rl /INE 5 5 XS BEH Bl G
BiGRCRBEE (df=2, F=1.188, P=0.869), /)%
}y 78.03%. 85.11%71 84.46%.

(9,1

(=]

(=]
1

100

AR R R (k)
Population of adult D. citri (ind.)

Il e

CK 5T 10T 5M 5T+5M 10T+5M
A IR F A

Different ratios of natural enemy combinations

(=]

Ab3
Treatment CK 5T 10T
BIIARER (%)
Control
effect (%)

5SM 5T+5M 10T+5M

— 5595 77.96 85.16 84.41 93.27

B4 ARXEHERASIHBARAZEH R
Fig. 4 Effectiveness of different combinations of
natural enemy insectsin controlling Diaphorina citri

5T: 5XJ5elfli/Nee; 10T: 10 Xf5e IRl /N ;
5M: 5Xf/NBEA BH; 5T+5M: 5 XF 32 [ i/ 5
SXNBEH BH; 10T+5M: 10 X% I Fl /)i 5
SXIANEHEA BAL; CK: JoRE R4
5T: 5 pairs of T. radiata; 10T: 10 pairs of T.
radiata; 5M: 5 pairs of M. sexmaculata; 5T+5M:
5 pairsof T. radiata + 5 pairs of M. sexmaculata;

10T+5M: 10 pairs of T. radiata + 5 pairs of M.
sexmaculata; CK: No natural enemy control group.

3 itig

SEIE Rl NV ARG AR B3 Ar A 0, Al
T AR B ) BRAR R BORE R, FLX AR AR AR L 4-5
W27 A B 4 HIRCR (Liuet al., 2019; XI5
M4, 2021; Liu et al., 2024 ), ZHAER N ZEIEH K
B M B YA AR e SR 5 Y s, BRSNS [R)A
Y BT S R B S XS A B e 2
X Z ( Farrokhi etal., 2010), A#F5EH, 2218
Tl /N B S HEOU A AR A RN 402 5 S B 2R A= )
e NI HLA Holling 1T BRI S5 2, AEFHF
B IR B — BRI, SEER /N H 954
T, X 5 i A < /)N % Pachycrepoideus
vindemmiae X 1% /NSZiliE Bactrocera dorsalis, %
W W /N 1% Aphelinus asychis Fl 1 /2 Bf /)N #
Aphelinus albipodus X Hk#F Myzus persicae 1 2f
2B Ty fie SN DA K 7S BE B HO6 5 K s
Megalurothrips usitatus 1 &% i % & Thrips
hawaiiensis [ & T i S5 W AR LI B4 i JHE 45
2014, FEENSF, 2016, 235005, 2020, ZEHr4F,
2022; AHEWNSE, 2022 ),

WAL, 25 AR WA 2 AR S R v Y R 4 B TS
TETHAEY) , A gy /048 SAE M) AL R st ]
A AR [ B REEA DGR (BRAIMAE, 2013 ), A
R EERE, fE—EWBEN, HY%EsE,
SEIE R/ INIE A R W A6 O A ] D, 48 3500
AL, AR, X5 UK ®8UBk ) g
Psyllagphagus arenarius Xt K@\ Paratrioza
sinica % RN A 5T 25 RIS ( AK S F 4
2017 ).

AT P TER S [ AN AE HA G AR B
FREEE T OLT , se M Rh /NG (1) F- 15 2 A 1 [l
9% B B I B KA, B S Rt/ N 7 2
A A A BT U AR (B AR AR BT RISE
X 57K AT i Lysiphlebus testaceipes 77
A= E 755 Aphis craccivora BT HEN 2L (X1
T PEAE, 2012 ). 456 e /N X AT G AR EL Y
AL DIRE SN | A TR0 DL RCHE B B TR
RN ZE S RTH, BF A 0 ) 2 A AR S A
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H B3 IR OG . R, SIS R) R ik 5 M R
IINBERRE I R AR A RS, 5 S B A A AR LR A
B ARG OL, PARYE SERR G O R T 2R
T Rl /NI (kDN BRI AR R 5 A
Yy [BIE LA, sl e R BT PR TR 9%

MHGE7E R ZE o B, BASH & R A
VPRI R 2L (Guo et al., 2021; Wang
etal., 2023 ), AMHFREE R F, SENE Rl N (1) 2F
A= e 07 B Ul BE T e TR, R B 34 °CHY,
HXTHIE AT 414 5 5 dUy H ¥ 235 A 5 AUCh
10.6 5 11.8 3k ; 4R EIL 39 °CHT, SEiE R/ Mg
HGHFET:, Lh 2023 4F 6-8 H 11 H i i o 1l
KEREATM, BT M. EESNA 26,
29, 39 i1 29 d it 35 °C, ILHAE M AR
i Rl /N R B ARG, B AR T R & TR &
B, PR MR T [ 16 R b X 5 2 e TR s R
W [APRS ik s Rl /N ek B YR A AR AR EL

ARG, FESEHE Rl /N 5 7S B S0 B
BRI TEOLT , 5 X7 BE A T Rz A w45
TSR ZAR T 5 %Fse Rl N, AT RESE i T2
Fili/ e U EERE AT AR, 0TS BEH TR ME AR E
AR, HHMEREK, 53755 H Bk
5 5 XS MR/ NEL A L Bl B XS BE T BRI
10 *tse Rl /N 4R IR T 22 5, AT REE S
HE R/ INEAE T AR B , o AR BB AL RT S 7S
BEH SR, BV S 7548 sl il & HbrA?
HES, FEEHEFEMPNASERZET AR, K52
HERh /N L ASEEH SR ARG A B CRE LE N 1
1:4H12: 1 4nF, HUHHARE A B A4 R
I BRI —Fh KB B A, HARFE L 2
1:44EF1:1:4 , Wik, WEtEKEomat
PER BB R 45 35 0T DLE AR RS A 25 3, Al
X — R R B F RO , PhIA 45 F n &%
RETLT,

AW FEAE AT I T 58 0 Rl gk
MG A B & BRI A AEVER , 2B W5 A
i ELAG AR (U RE , [R]ISHRIE S T 5 R Rl /)N
o R AT 3240 o FELER B iGN, B A RCR
S BB | AR A0S L A B R LSO

U2, Sk LB K] e 2 S BT IR/ NE BT IA
RORPEAR . I, FERE s Rl /e 2 AR A
TN 75 AR A R A A T 0 e 25 S Y A I 1)
RAERE AL Besh, A5 RN 5755 A B
HU AR FLTREI, A T 5 e R B AR A
BB
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