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Abstract [Aim] To determine the effectiveness of using Orius strigicollis, in combination with Cheilomenes sexmaculata,
as biological controls for three important insect potato disease vectors, Frankliniella occidentalis, Myzus persicae and
Macrosiphum euphorbiae. [Methods] The functional response of O. strigicollis and C. sexmaculata was measured, as was
the predation rate of each species at different population densities. Finally, the effectiveness of releasing either O. strigicollis,
C. sexmaculata, or both species together, was determined in indoor experiments. [Results] The predatory functional
responses of both species to all three insect pests were consistent with the Holling Il functional response model. The predation

number of O. strigicollis to F. occidentalis, M. persicae and M. euphorbiae was 66.23, 36.90 and 49.26, respectively, whereas
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that of C. sexmaculata was 312.50, 153.85 and 263.16, respectively. Both O. strigicollis and C. sexmaculata had a greater

predatory capacity for nymphal instars of the three pest species than they did for adults of these species. The interference

coefficients of O. strigicollis with respect to F. occidentalis, M. persicae and M. euphorbiae were 0.25, 0.11 and 0.19,

respectively, whereas those of C. sexmaculata were 0.07, 0.06 and 0.05, respectively. Compared to the control (no natural

enemies), releasing either O. strigicollis, C. sexmaculata, or a combination of these species, effectively controlled all three

pests after 16 d. [Conclusion] Releasing both predator species may have been more effective for controlling thrips and

aphids. Releasing both O. strigicollis and C. sexmaculata has the potential to effectively control three species of insect potato

disease vectors.
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x1 BWAMBEEHNAEZEALEHD, AHNDREKEFERAMAHNEA#HRE
Tablel Daily predation number of Orius strigicollis female adult against nymph and adult of Frankliniella
occidentalis, Myzus persicae and Macrosiphum euphorbiae at different densities

B 29 Y E (3k) Density of prey (ind.)

Prey Insect stage 10 20 30 40 50
g 2 A 9.0+0.7 ¢ 16.6+2.9 b 21.842.6ab  27.0449a  28.2+45a
F. occidentalis 2nd instar nymph

R Adult 7.0£1.0 ¢ 12.0+2.3 b 15.842.9b 24.0£1.9a  25.0+56a
il 2 hA 8.8+1.3 ¢ 15.4+4.0 b 19.042.0ab  21.4£2.6a  23.0+23a
M. persicae 2nd instar nymph

AR Adult 7.240.8 ¢ 13.4+1.7b 15.62.9ab  16.6+4.2ab  18.8+4.9a
T A T 5 f 2 A 7.8+1.5¢ 15.0£2.1b 23.246.0 a 28.2+5.6a  29.0+4.4a
M. euphorbiae 2nd instar nymph

R Adult 8.0£1.6d 13.242.3 cd 18.4+3.9bc  22.0#4.5ab  24.0+4.2a

FrP R PSR, FIIT AR NE FRFRORE Tukey A R2ER B (P<0.05), T,

Data in the table are mean+SE, and different lowercase letters within the same row indicate significant differences by Tukey
test (P<0.05). The same below.

x2

AR ABER AN AR T EEEE D, HEMDRERETERMARNAHRE

Table2 Daily predation number of Cheilomenes sexmaculata female adult against nymph and adult of Frankliniella
occidentalis, Myzus persicae and Macrosiphum euphorbiae at different densities

K&y A Uof Hy 5 B /PG AP 8 T (k) Density of aphids/F. occidentalis (ind.)
Prey Insect stage 40/50 60/100 80/150 100/200 120/250
VAL i T 2 s 43.6+4.5d 77.8452¢  111.8+7.5b 128.049.4 a 133.2+12.1 a
F. occidentalis 2nd instar nymph
A Adult 41.6£2.1d 74.8+5.3 ¢ 103.6+£8.5b 121.248.0 a 126.4+6.9 a
KR g 2 W 39.0+3.3d 54.6£3.0 ¢ 67.6£4.4 b 75.0+4.7a 79.0+6.7 a
M. persicae 2nd instar nymph
A Adult 35.6£3.2d 51.843.1 ¢ 62.4£7.3 b 66.0£6.0 ab 73.6+8.1 a
KA ;ﬁfii aymph 39.045.1d  53.8+4.0 ¢ 71.6£5.3 b 86.2+8.8 a 90.8+6.1 a
M. euphorbiae B Adult 37.0433b  48.0+7.0b 71.048.6 a 76.449.5 a 82.0+11.6 a
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®3 EAHMBEARANAERRANELED, HFNDLEREFEREROBRINER LS E T
Table3 Parameter estimates of functional response of female adult of Orius strigicollis and Cheilomenes sexmaculata
to nymph and adult of Frankliniella occidentalis, Myzus persicae and Macrosiphum euphorbiae

Hes i1y FERR fE3H{E Estimated value WEThfE R N2 M
Pre(;ator Prey Prey sta/ge P P P Type of functienal
0 1 2 response
FIJT/NMER iy AT #i I Nymph 3.211 -0.120 0.002 Holling II
O. strigicollis F. occidentalis L Adult 2.383 -0212  0.007 Holling 1T
A doF #7 H Nymph 2.992 - 0.109 0.001 Holling II
M. persicae JHE, Adult 4.011 - 0.470 0.0197 Holling 11
TR KA I #¢H Nymph 1.651 - 0.064 0.003 Holling 1I
M. euphorbiae R Adult 2715 -0.176 0.005 Holling II
INBEA B PG AL #i i, Nymph 2.930 - 0.027 110" Holling 11
C.sexmaculata F occidentalis A Adult 2.360 -0.019  8x10° Holling IT
Wi #:1 Nymph 9.039 -0.200 0.002 Holling 11
M. persicae JHE, Adult 7.141 -0.147 0.001 Holling 1T
TR KA I #¢H Nymph 13.520 - 0.412 0.005 Holling 1I
M. euphorbiae R Adult 8.476 - 0.260 0.003 Holling II
401 Al 35rA2 r A3
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g Br g 30r g 35}
~ =307 ~5 251 ~E 301
%é 25k ;K.g 20 2 25t
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Fig. 1 Functional responses of female adult of Orius strigicollis and Cheilomenes sexmaculata

o the nymph and adult of Frankliniella occidentalis, Myzus persicae and Macrosiphum euphorbiae
1-A3. 1577 /NESEHE R RO AR (P AEET B | A D8 S A I ) o B & D RE SO 5
1-B3. B J5/INESE ME RS A R RS (DU AR | JHSE R BB AT F ) i Bl £ D RE S 5
1-C3. ZSBEH BLHUOME R B[S 4 (PUAEET D | ARASE 0 B % KA ) 2 A B D RE SN 5
1-D3. ZSBEH B G RO AN RIS 4 (VU AEET B | I A D B A ) 1 A AR T RE SN

A1-A3. The functional response of O. strigicollis female adult to different nymph preys (F. occidentalis,

M.

persicae and M. euphorbiae); B1-B3. The functional response of O. strigicollis female adult to different
adult preys (F. occidentalis, M. persicae and M. euphorbiae); C1-C3. The functional response of

C. sexmaculata female adult to different nymph preys (F. occidentalis, M. persicae and M. euphorbiae);

D1-D3. The functional response of C. sexmaculata female adult to different adult preys
(F. occidentalis, M. persicae and M. euphorbiae).
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x4 WAMEBEMABATRBEARNERED, EFNDREREYE RN RNBERIESH
Table4 Functional responses of female adult of Orius strigicollis and Cheilomenes sexmaculata to the nymph
and adult of Frankliniella occidentalis, Myzus persicae and Macrosiphum euphorbiae

H K&
A DT RE R ERE B e R ALFEEIE] B (L)
K ki ke Predation functional AT R a T (d) The
Enemy Prey Prey stage . Predation Instantaneous Handling maximum
response equation capacity attack rate  time (d)  predation
(ind.)
T /N EE PEAEH] 2 N,=1.037Ny/(1+0.014N,) 74.63  0.998 1.037 0.014 71.94
O. dtrigicallis  F. occidentalis Nymph
A N=0.772Np/(1+0.012Ng)  51.14  0.990 0.772 0.015 66.23
Adult
] g Fim N=1.124Ny/(1+0.027Ny) 46.85 0.996 1.102 0.022 41.67
M. persicae Nymph
A Na=0.914Ny/(1+0.027Ny) 36.56  0.986 0914 0.027 36.90
Adult
s s Fed N=1.171Ny/(1+0.020Np)  69.29  0.976 1.171 0.017 59.17
M. euphorbiae Nymph
o N,=0.947Ny/(1+0.019Ny) 46.67  0.997 0.947 0.020 49.26
Adult
FSEEH Bk PEiEH] Zim N=1.005Ny/(1+0.003Ny) 346.49 0.995 1.005 0.002 344.83
C. sexmaculata F. occidentalis Nymph
aH N,=0.966Ny/(1+0.003Ny) 301.76  0.997 0.966 0.003 312.50
Adult
HJH] # o N,=0.789Ny/(1+0.003Ny) 225.42 0.945 0.789 0.003 285.71
M. persicae Nymph
R N=1.122Np/(1+0.007Ny) 187.92  0.986 1.157 0.006 153.85
Adult
s s Fi N=1.099Ny/(1+0.003Ny) 366.46 0.995 1.099 0.003 333.33
M. euphorbiae Nymph
R N=1.065Ny/(1+0.004N,) 280.25 0.973 1.065 0.004 263.16

Adult

N, R A EE, Ny ZaRsEW B . N, means number of preys predated, Ny means prey density.
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Fig. 2 The searching efficiency of Orius strigicollis and Cheilomenes sexmaculata female adultsto the nymph and
adult of Frankliniella occidentalis, Myzus persicae and Macrosiphum euphorbiae
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A. The searching efficiency of O. strigicollis to the nymph of F. occidentalis, M. persicae and M. euphorbiae; B. The
searching efficiency of O. strigicollis to the adult of F. occidentalis, M. persicae and M. euphorbiae; C. The searching
efficiency of C. sexmaculata to the nymph of F. occidentalis, M. persicae and M. euphorbiae; D. The searching efficiency of
C. sexmaculata to the adult of F. occidentalis, M. persicae and M. euphorbiae.
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x5 WANMBMAHANAEEHEBSAREETHEARNBYHN TREEHFEERSH
Table5 Themathematical model and parameter of Orius strigicollis and Cheilomenes sexmaculata female adult
under own different densities to different prey speciesunder their intraspecific interference

PN T HRFHQ T4k R m Watt 78 HIE 2
Enemy Prey Seek coefficient Interfere coefficient Watt equation R
R J1 /NS 7 A3 1767 0.25 E=1.767P% 0.995
O. dtrigicollis F. occidentalis
JHYF M. persicae 1.334 0.11 E=1.334p! 0.928
p
D KA 1.575 0.19 E=1.575P"" 0.990
M. euphorbiae
ASEEA Bk iR 1.374 0.07 E=1.374P"" 0.884
C. sexmaculata F occidentalis
HH%% M. persicae 1.295 0.06 E=1.295P "% 0.830
p
CRAE AN 1.326 0.05 E=1.326P "% 0.960
M. euphorbiae

i H# Control
AP A C. sexmaculata

BAA/NERE O. strigicollis
v NPEH LR +E T/ NEYE C sexmaculata + O. strigicollis
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Fig. 3 Thenumber of Frankliniella occidentalis, Myzus persicae and Macrosiphum euphorbiae under
all predator combinations and in single predator release
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A/ NG FhEFRIRE: Tukey PG40 AN 6] FBe A 31 H] H P Es 22 5 W2 (P<0.05 ).
A. The number of F. occidentalis; B. The number of M. persicae; C. The number of M. euphorbiae. Data are mean+SE,

and different small letters indicate significant differences among the number of thrips and aphids under.
different enemy treatment by Tukey test (P<0.05).
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FIABFERE ST, 2 a BN KR He i SR
B o A D RE SN VAN R B R O H AR IR BT

FERE S RS Mk (B ARAE, 2021 ), A<
WHFE B B D RE SO I e 25 R R W, m /MBI
57X T BN P A By | AR R % A A
Ml D RE S 4454 Holling T4, X 57g
Ji/NERS I GRF (BRI, 2011), KRt
I Tetranychus urticae ( £%{~3%%, 2016 ) Flfk
#j 5 Frankliniella intonsa ( K& R4, 2008 );

FSBEH B & # R ET 5 Thrips hawaiiensis ( 2%
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FNEE, 2020 ), HHEAE Diaphorina citri (&
ZEWESE, 2020) FI4E/NMKAEEE Macrosiphoniella
sanborni ( B4 ERIKIEZS, 2004 ) By E Dk
WSR3, 2 PPl vk R AT 3 A ) A
BHEAFARE SR A SRR NME, B ] hE
T A B EERYBRASFS I ( F AR,
1990; M2 F4, 2018 ), AHFSE & BRI 5 /IME
57N BEA AR 3 S AT R
RFHL, X5 R J5 /NEIE X B 6 5 Thrips
flavus ( PNEEAE, 2021 ), 7SHBEH B8 A i
 Megalurothrips usitatus ( 2545, 2022 ) f)
R EER TR —8 XTReEH T
A RPN | TGS RE 1885, REER du
o THiE.

TR AE 0 Vo 48 TR0 Bl 2 4 0 2 B )
TG RREAR , 380 TR P bR 4 R AP i 7 0 ey
o FEAAEM, X5 & i Aphidoletes
aphidimyza 3 ¥4 HHiE 1-5 B EREY
Uroleucon formosanum ( 255755, 2024 ), /N &
B[ i Oenopia formosana 1-4 #4441 5 g i £
MR 5 W d (PRIGES, 2024 ), Mk
Andrallus spinidens 3-5 #$7 dL 5 pl HL i & 3 i 5
M7 7% ik Spodoptera frugiperda ( B2 VT 45 ,
2023 ) FlEHE Arma custos i 3 IR ARZ M
Helicoverpa armigera g 1 ( #hifhE4E,  2021)
ARV R AR R A AHFSE T,
B /NEIE 55 7S B BT P AR S T 48 S0
T L XA RN = T . BB R
B BT, IR R 4 R A
A A B AR o KGR HU e A
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2005 ).
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