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The effect of Nesidiocoristenuis (Hemiptera: Miridae) on the
parasitism of Encarsia formosa (Hymenoptera: Aphelinidae)
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Abstract [Aim] The aim of this study is to investigate the interspecific interactions between the predator Nesidiocoris
tenuis and the parasitoid Encarsia formosa, with the goal to optimize the combined use of these two natural enemies in
controlling the whitefly Bemisia tabaci. [Methods] Through different release methods of natural enemies and two host density
experimental design, tests were conducted to quantify the predation and preference of N. tenuis on unparasitized whitefly
nymphs and parasitized whitefly nymphs at different developmental stages. Experimental populations were then observed to
evaluate the effects of predation on the parasitism rate and control efficacy of E. formosa. [Results] Compared with
unparasitized whitefly nymphs, N. tenuis displayed a preference for predating parasitized whitefly nymphs when the parasitoids
inside the hosts were at the egg and larval stages. However, the predation rate decreased significantly from 85% to 11% once
the parasitoids reached the pupal stage. When comparing the two whitefly population densities, the parasitism rate and control
efficacy of E. formosa was not significantly affected by N. tenuis when E. formosa and N. tenuis were released simultaneously
or when E. formosa was released 10 d in advance. However, there was a significant decrease in the parasitism rate and control

efficacy of E. formosa when E. formosa was released only 3 d before N. tenuis. [Conclusion] The predation of N. tenuis on
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E. formosa varies depending on the developmental stage of the parasitoid. When attempting to use E. formosa and N. tenuis in

combination for whitefly control, it should be avoided the release of N. tenuis 3 d after E. formosa, to reduce the predation of N.

tenuis on E. formosa, and in turn enhance their joint control efficacy on the whitefly.

Key words Nesidiocoris tenuis; Encarsia formosa; Bemisia tabaci; interspecific interaction; intraguild predation
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Tablel Description of treatmentson predation of Encarsia formosa by Nesidiocoris tenuis

Ab AR VOBLIAERS1BYN A
Code Description of treatments Number of repeats

CK IR B R, BT REEA 6
Only nymphs of B. tabaci, natural enemies were not introduced

N AR T SR i i o 9
Only 1 female adult of N. tenuis was introduced

F BN T K /)N e pi e 13
Only 7 adults of E. formosa were introduced

F1+N M/ AE SR R B T d A 1 Sk il o 19
B. tabaci nymphs were parasitized and 1 d later a female N. tenuis was introduced

F6+N M /N T A ST R B 6 d A 1 Sk s 20
B. tabaci nymphs were parasitized and 6 d later a female N. tenuis was introduced

F8+N A /NG TSGR 8 d HEA 1 K i M A 1 15
B. tabaci nymphs were parasitized and 8 d later a female N. tenuis was introduced

F12+N AR /NI 2 AL T AT 12 d A 1 S I M A 16

B. tabaci nymphs were parasitized and 12 d later a female N. tenuis was introduced
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Table2 Experimental design for testing the feeding preference of Nesidiocoris tenuis effected by Encarsia formosa

s AP AR HER
Code Treatment Number of repeats
Fovs F1  Wiaf bR ke 6 d BB RS vs. B3 A4S A 1 d MR U 1 14

B. tabaci nymphs developing for 6 d after parasitism vs. B. tabaci nymphs developing for

1 d after parasitism

Fovs. B BarAJa Kk E 6 d RUMIUBY EUE HL vs. R AR O M Ry U 1R 14
B. tabaci nymphs developing for 6 d after parasitism vs. unparasitized B. tabaci nymphs
Flvs B #arAJa k& 1 d MRy EUE R vs. AR AE A IR B 15

B. tabaci nymphs developing for 1 d after parasitism vs. unparasitized B. tabaci nymphs
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Table3 Description of treatmentson parasitim rate and control effect of Encarsia formosa
influenced by different releasing methods of Nesidiocoris tenuis

%z Ab B N A

T E % Number of repeats

Code Description of treatments R e
Low density  High density
F HAEEA 10 SLENEF/NE 2 d 7 9
Only 10 E. formosa were introduced for 2 d
FN AT /N 10 SLAHH S 1 ME | HERITEA 2 d 7 9
10 E. formosa adults and 1 male and 1 female adult of N. tenuis were introduced
at the same time for 2 d
N EEE/NEE 10 KA 2 d EEBR, 3 d TR E I L OME 1 PR 24 8 9
10 E. formosa adults were introduced for 2 d and 1 male and 1 female adult of N.
tenuis were introduced 3 d later for 2 days
F+N W/ 10 Sk A 2 d JERBRR, 10 d RN E 5 1 0 1 EfREE 2 d 8 8

10 E. formosa adults were introduced for 2 d and 1 male and 1 female adult of N.

tenuis were introduced 10 d later for 2 days

#Z43H1 ( One-way ANOVA ) Ff- 1] LSD K56 Hu 45
AN T A L R] (1) 25 57 308 35 5 X AN [ R Ry R A
JEE T T 0 /N 2 A R AN O AR S T SR AR 4,
Levene J7 2557 PR 565 A TS AR AS ¢ R4 5 X
2 FRAS TR A mUR R 285 5 45 A PR BORS T 5 1Y
A BUR A5 R A T BN t R

XF 1.4 75 R AT A S AR AR AR AR
M EE R WA LRI Cain $8E0ET T
M (T, 1994 ), Cain $8503 8 7K. C=
(Np1xN2) / ( Np2xN1), HrH C AP set:
F5%0 (HD Cain $5%0), Npl. Np2 7505
1 FEY) 2 BIRiEE s N1 N2 O 2 Pt
Wy B I LR, AESE TR s KRR mUA H AR
AL ORI IR . SIS 1 B, e
T 1 A E R Y C=1 B, Joik
PRt 24 0<C<1 B, WIEAXTREY 2 BAT W
I

DL A £ 5Bk Excel 2016 il SPSS
20.0 B, FEEISRH Excel 2016 #1474

2 ZER59H
21 EEENWE/MEMHEETA

XHHR CK H ARy BUORE R A 95%, AL
HRRy B HURE IE % & B Pk o AL PR F i i /)N g
X 3 WA mCE L E A R R 13 Sk, X F

A IR 1 R Ry B\ 25 A 2R R 85% o R L A
HoAth 5 23 A E b B, 37 AR R A AE
85% e AT, A NH it BT ) AR Ry B H R
Iy REC TR R  IRIG LSRR, N X
T AR A AL B FF A S AR TR R AR Ry LA
BERERDE (F=126.15, df=4,78, P<0.05)
(B 1) o o, JHE R 2528 i H R mU
H(AEEE N ) R R, RFE 90%. X T4
AAEERKE 1 d R EA R (A3 FI+N, I
B R /N b T B ) ECESR R 85%, XA
Bl 75 A MR B B (AR P N ) AYERCE R 2
5% (P>0.05) . Mif5, X THFLEELF 6.
8 Fll 12 d MMk ElA . (4bFE F6+N ., F8+N Fl
FI24N) , FUEHRH FREZE 78% . 27%H1 11%.
(HAA MR, WEBX THFERELAT 64K
HARy AT L (S A /)N e A i gl Ul )
5%t AR A AR AR R R E 1 d AR R
HOAH G, BT B B KO, (B AR
X TR A A G & F 8 Al 12 d MR B s
FI I 5 /)N e 3 S0 A U S0 RT3 ), BCER RN
M BE T R o LB, 05 s B e 0 Lk A B
Ji , WAR D T A /N A A I HLR R S
AR BT (AbFE F12+N) , (FJR M A 2%
BICEAT R, AT Ry o) e i s g 3 177 AN g P Ak
S, SRR AR G TR A T E
IEEE L
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Fig. 1 Feeding rate of Nesidiocoristenuis on parasitized
Bemisia tabaci at different developmental stages

Pl b Bl Ry - bR R . AR EARA AN R T RERR
A E2 5 (P<0.05, LSD £ &4 ), 5 MEHIN,

FI+N, F6+N, F8+N I FI2+N iy EARP 4 [F % 1,

Data in the figure are mean+SE. Different letters above
bars indicate significant difference (P<0.05, LSD multiple

test). For details of the 5 treatments: N, F1+N, F6+N,
F8+N and F12+N, see Table 1.

22 WFMEFEFIENHERRTERD

RIGLE AR 4 PR, 5 AR5 AL AR EL
A HURH LG, 0 s O 2 B i /N e 27 A )5
B L6 drEsEAH (Cain F8%1<1), HIHK
YT I 4 544, 04 0 /)N 27
AJERE 1R 6 d M EE -, HEHBITIRE
ks ( Cain $8%U=1 ), AP AT A M XA BT 1
AHLL, R /)N AT B0 25 40 O A ol 2 A 0 R A
AT HUE R U S0 G A 9, AN /)
WERI BRI

23 HEBNTE/METEERIZERRIIFN

RIGZE R, 76 2 By BURDRE R AR
[ RO 0T, Wi /N ) 2 A R 22 7 i
Z (B 2. ARBEE: F=124.18, df=3,29, P<0.001;
K 2. B m®E: F=16.06, df=3,34, P<0.001 ) , 2
il R R R Tis (AL FN ) 2% i o /)N i i 2
AR A R, 7 2 Fhar N H AR
WAV T SRS TS o /N e A B (KREEEF ) o
Hrp, [RFETF, 2 MEBANFERERAR
FE(E2:A); BEET, Z27E% (K2:B),
FENN /NG 2 B 2 4 AU B RO i (b3
N ), 7E 2 FlRy mURRRE S T /N AR
R B EAR T R R /N (AbBE F ) A
A (F2: A, B) o TEIF/NE KT 200 01
RO B W5 AL B (LbFE FAN) |, 7E 2 FRARA
BEF 3225 B W /)N 0 2 A AR B WIS T Bk A
WARAE /N B (AP F) o Hrh, REET,
2 MEHEAERZ RESFREE (K 2: A) ;
EEET, HERRXBEKFE (K 2: B) .
XEZE SRR, YERMR S RIS T, $arEAA
1) KR A H 2 A 0 2 22 9 B DT A1
TSR /N0 F 2 AR ORI R A /N % 7 AR
F R TBCIR U AN 2 X T /)N e ) 2 A A5CR 7 A
HH S AR5 )

HE A R — R BRI T, /N X AN [+]
WK B AT AR R 25 S B, A5 R R
N, BRI /N (F ALBE . t=10.28, df=14,
P<0.001 ). [FIBFREik 2 A REL( FN AbEE : t=12.51,

R4 WEBEMEFESARFENEREE RNHBRRET

Table4 Feeding preference of Nesidiocoris tenuisto parasitized and unpar asitized Bemisia tabaci nymphs

¥ 1 Prey 1

59 2 Prey 2

mgE R wkadcE (k) galaE (k) BEER wkaBdE (k) gdia (k) Cain %‘ET%W

B. tabaci Initial number of  Number of prey B. tabaci Initial number of ~Number of prey ~Cain index
nymphs prey (ind.) consumed (ind.) nymphs prey (ind.) consumed (ind.)

F N 42 9.4+0.8 Wik 1d 43 32.1%1.5 0.299 8

Unparasitized Parasitized 1 d

RPEATF A 42 5.3+0.6 era 6d 42 24.0+1.1 0.220 8

Unparasitized Parasitized 6 d

WA 6d 42 16.3%1.1 P 1d 41 17.5£2.0 0.909 2

Parasitized 6 d

Parasitized 1 d
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5%“ S -
% &1 3 § 401 % § 40f NS
‘Bﬂq;.g 20l ;ﬂg sl ﬁ;g 20l i
~ 0 ~ 0 ~ 0
FN f+tN F+N FN f+N F+N F FN f+N  F+N
AbFH Treatment AbFE Treatment AbFE Treatment
Bl 2 7S[E)HE ) BT B o B A 1 T M S i kN A R RS
Fig. 2 The effectson parasitism rate of Encarsia formosa by Nesidiocoris tenuis under
different population densities of Bemisia tabaci
A, BB R EEMEE; B MRS BERNRE s C. AHRVREBUSET ,  JAby EUIR 25 B 0 e 5 P A 2 b R AR

AT U X T A /) B A A AR B LU PR RO S D S bR DR o TR ARIIA] B R B R [l R R 22 5

B (P<0.05, LSD ZHE K ), B CHESHER/MEEER (P<0.001,
N I F+N i EA N AR 3. B 3 [,

BEZEF (P>0.05), 4 ML F, FN,

PSTAEA t K25 ), NS FRA

A. B. tabaci with low population density; B. B. tabaci with high population density; C. The effects of N. tenuis on parasitism
rate of E. formosa at low or high density of B. tabaci with the same method of introduction of natural enemy. Data in the
figure are mean+SE. Different letters above bars indicate significant difference (P<0.05, LSD multiple test); Asterisks
indicate statistically significant difference (***P<0.001, independent sample t- test) and NS indicates no significant
difference (P > 0.05). For details of the 4 treatments: F, FN, f+N, and F+N, see Table 3. The same for Fig. 3.

df=14, P<0.001 ) DI K ZF A= i el e & 8 21
PR E % (PN AL FE . t=9.60, df=14,
P<0.001 ), i 45 /)N e XoP PR 25 B AR R R R ) 27 2
BRI b 2 1 TR v 4 B AR VR (18] 2: C )
1M & B 240 O RO B s b B (FN b
BE), 2 PR EURME T A /N Y B AR R

TREER (=139, df=15, P>0.05), X,
A TR Before releasing
m BEiS After releasing
= 150 okk kK sk
3 1 ok —
gg I I I
%%wo
S
%%50 I
) B
oL
F f+N F+N
};ﬁ Treatment

TE AR EVARR S BERR AR K-, A i 0] i 070
AR B AN TR

TR T RIT i My TR ) Ao R A 2 Al 4 3
(A, B) Fw, 1eMity R ERER 4 Ak
Hrp, BHCRES , AR BRI RO A B T

B 7y

[ (F 4b3. t=17.74, df=6, P<0.001; FN AbJ .
t=16.20, df=6, P<0.001; f+N Z:¥. t=6.69, df=7,
FEHHT Before releasing
B m BlS After releasing
folol *oxk ok k Hkk
450 I 1 z "
S
e
q 300
E
g 8
= 150
=
i I
+N
ijﬁ Treatment

B3 AEEMEMBEZERGT, FTRRFEEMEIES R FHENZM

Fig. 3 The effects on whitefly population by different release methods of natural enemies
under different population density of Bemisia tabaci
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P<0.001; F+N kb3 . t=22.87, df=7, P<0.001 ), {H
ALFE] T R A IR A B AR TR], R R R B R R
J& F FlFN AbER (A mURPRE T R3 IR B2 2438
85% ), HKJEALI F+N, FREIREAN 75%,
T BRI e/ N SR AL EE N, AU 40% (#] 3.
A

TEAR Ry B 5 B 125 AR B R R BT
JEEmE B E R AR EES (F AR,
t=14.79, df=8, P<0.001; FN 4bJH . t=14.62, df=8,
P<0.001; f+N 4b3 . t=7.38, df=8, P<0.001; F+N
REFE . t=12.37, df=7, P<0.001 ), {EAR¥ B SR
TREIREA WML B, =& Em 4 absirp
(E3: B), Mk EVF SR T BRI B /N 2
AbFR FHN, SR 28%; AbPE F+N. F HI FN 4R
VPR B IR B 55128 63% . 56%F11 55%.

3 itig

LA N E (Intraguild predation ) J&—FiEs
R 2R AR B R SO B RN T A 1 E) G
% (Polis et al., 1989), HimER/NLXRE
KRR B ECE S A VBT FE A
Y B R AR P A E B (L A,
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iof /Nt R AR NS, AR EUOR AR AN, ik
URAE IR R, M0 T DU R e /N e 2 A )
A B HL 5 S0 A /N A R L) 2 A B )
RERAR, R B R SIE R TR (K 1-
Bl 3 ), HH T 8 XTI AF /)N 04 (%) A A1) 52 i 5 5 /)
B TE ARy LA N A R B B B O o TE TN A /N 1Y)
g2t i1 TG PAN iR R ) e 0 B W 2
B R, ZRNRARFISZ N BE 5, (A I
/NI R B RIS, A R AR SRR AT
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5 TR M /N e e 7 8 ) g 2 2 T AR A L
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G AE HAD R EORPE] ¢ 22 A $itiE ( Lucas et al.,
1998; Mohammadpour et al., 2019 ) . Itoh, A
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% (2017) £, 590/ % Aphelinus asychis
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