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Functional and numerical responses of the predacious plant bug on the rice brown

planthopper egg
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Abstract: The rice brown planthopper Nilaparvata lugens Stdl ( Hemiptera; Delphacidae) is an important pest of rice in
China. Chemicals application for controlling the planthopper in practice has caused serious problems, such as resistance
and resurgence of the pest, and environmental pollution as well. The predacious plant bug Cyrtorhinus lividipennis Reuter
(Hemiptera; Miridae) is a common and important natural enemy in paddy fields, feeding on eggs and nymphs of
planthoppers , leafhoppers and other insects. In order to evaluate the potential control capability, functional and numerical
responses of C. lividipennis (nymph and adult) on N. lugens (egg) were respectively carried out in laboratory.

The results showed that the functional response belonged to Holling Type II equation, but nymph of the bug had
stronger predation ability than adult when both were feeding on eggs of the planthopper. The strongest predation ability was
demonstrated by the 4th instar nymph, with estimated maximum predation as more as 104. 2 eggs of the prey in a day.
Result of the numerical response test showed that the predator’s growth, development and reproduction were significantly
influenced by the prey’s densities. The nymphal developmental rate, female fecundity, hatching rate and female ratio of the
predator increased with an increase of the prey’s density, while adult longevity decreased. The minimum prey densities for
nymphal survival, adult emergence and population maintenance with low fecundity of C. lividipennis were 1, 3 and 5 egg
(s) per day, respectively. It would be concluded from the above results that the plant bug has a potential value to be
considered as a biocontrol agent of the brown planthopper.

Both functional response and functional response are using as necessary study methods to evaluate the capability of
natural enemies, but the functional response emphasis the predation of predator, while numerical response emphasis the

dependence of prey density to the natural enemies population, and what impact that will happen to the predator population
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when prey density changes. As a research method, the combination study of functional response and numerical response can
more detailed evaluate the predation of predator and the continuous ability to control pest. That is more meaningful than an

unilateral study in the natural enemies use.

Key Words: Cyrtorhinus lividipennis Reuter; Nilaparvata lugens Stal; functional response; numerical response;

biological control
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Table 1 Density setting of N. lugens eggs as the food for C. lividipennis in functional response

B9 BE (BRRIE) 1 2 & 3 k¢ 4 1% 5 & e i SHE ot

Prey density ( number of prey eggs) First instar  Second instar Third instar Fourth instar  Fifth instar ~ Adult male Adult female
AP 1 Treatment 1 2 5 10 15 20 20 30
Kb Ff 2 Treatment 2 5 10 20 25 30 30 40
Kb P 3 Treatment 3 10 20 30 40 40 40 50
AP 4 Treatment 4 20 40 50 60 60 60 70
Kb 5 Treatment 5 30 60 70 80 80 80 90
b3 6 Treatment 6 60
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BURL 24h WIRIFSREE | 055 HUE T, BRI 5R TIREA AR LR GRR TEIRE P (HA2 Lem K
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*2 ERAEBESHERMAHNECANBRNGERESHRBFER
Table 2 Functional response parameters and mathematical models of C. lividipennis nymphaes and imagines to pray N. lugens eggs

v , H R it
AT ‘ R .
A S BEr 2 BRI T . Na g,
. . . R . Regression Th a
Stages of Simulation equations Model checking . Maximum daily
L . coefficient test
C. lividipennis number of preyed eggs
18 B 1. 0263 x N, F =3683.11 T =60. 69
Istinstar @1 +1.0263 x0. 0107N, 0.9989 P <0. 0001 P <0. 0001 9.5 0.0107 1.0208
2 i 1.0726 x N, F =1529.77 T=39.11
Na = X . X .
2nd instar 4 =1+1.0726 x0. 0125N,, 0. 9980 P <0.0001 P <0. 0001 80.0 0. 0125 1. 0726
3 _ 1. 0951 x N, F =143.06 T=11.96
3rd instar Na “1+1.0951 x0.0123N,, 0.9795 P =0.0013 P=0.0013 81.3 0.0123  1.0951
4 % 1. 1550 x N, F =92.61 T=9.62
Na = X . X .
4th instar %=1 +1. 1550 x0. 0096N 0. 9686 P =0.0024 P =0.0024 104.2 0-00% 1. 1550
5 1.5376 x N, F=35.28 T'=5.94
Na = X . X .
5th instar 4 =1+1.5376 xO0. 0223N,, 0.9216 P =0. 0095 P =0. 0095 44.8 0.0223 1. 5376
0. 09002 x N,, F =20.02 T=4.47
& male  Ne =1 500002 x0.0205N, 87 p_o.0208 P =0.0208 4.8 00205 0.9002
2.0317 x N, F=7.44 T=2.73
Q female Na—1 72,0317 0. 0239N,, 0. 7126 P=0.0721 P =0.0721 41.8 0.0239  2.0317

W :Na,, * =1/Th

*3 TEBCEANBETHRRREBRERLFTEESH
Table 3 Growth and reproduction Parameters of C. lividipennis at different N. lugens eggs’ densities

2 WD/ d
kb P 5 B Duration of C. lividipennis stages
Treatment No* 1% 2 3 & 4 ¥ 5 i AR
1st instar 2ed instar 3rd instar 4th instar Sth instar Adult
1 1 2.5 3 4 - - -
2 3 3.4 2 2.1 2.4 3.8 3
3 5 3.4 1.8 1.9 2.5 3.3 6.5
4 8 2.8 1.7 2 2.2 3.3 14.9
5 12 3.6 1.9 2.1 2 3.3 13.2
6 15 2.7 1.9 1.9 2.2 3.3 14.7
7 30 2.8 1.9 1.9 2.2 3 13.8
Pl
? fir/d 5 fin/d i S
g3 BEWA EEESE% S T (RH/S)  FRIFR/%
; . Female average Male average . . .
Treatment Duration Female ratio . . Egg laying amount hatching ratio
period Period
(egg number/head)
1 9.5 - - - - -
2 16.7 0.00 - 3 - -
3 19.4 30.00 8.7 5.6 23.3 41.57
4 26.9 44.44 18.8 11.8 81.5 21.81
5 26.1 40.00 13.5 13 65 33.72
6 26.7 66.67 16.2 11.7 79.2 47.98
7 25.6 717.78 14.4 11.5 79.4 60.92

HH 3R 5 B LSD, s 22 AT T A, 038 1 5 HAA M FEEREA B EE R0, A0 2 f13 54038 4—T7 Mk
B EREERE, MEYEESHHMRRAITHEEGWE 9, &k N Y, =1/(0.039539 +
0. 351627 x exp( —No) ) ,R* =0. 9323 (F =82.6224,P =0.0001 ) , o1 V, 9 S8 5 43 B i % B AR 530, No s
W, HERH, BEREEN LT A Y% R KM K, W TRE.
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F4 BEFEBXTEE CAPEENLKFERE Beddingtom HEINE
Table 4 Beddington model fitting of C. lividipennis development rate at the different N. lugens eggs’ densities
[ R
EE?& TU\Aﬁﬁg ﬁgﬂﬁyﬁ liejeﬁit??ﬁ
Stages of N « K R? Model checking .
. . Fitting model coefficient test
C. lividipennis
F P F P
1% _ -0.0038 x 1. 0263 x No
st instar = -0.3389 x (1 71,0263 x0.0107 x No 0. 9744) -0.3389 -0.0038 0.0065 0.03 0.8636 0.18 0.8636
2 i _ 0.0186 x 1. 0726 x No
Ded instar = —0.4845 x (1 +1.0726 x0.0125 x No 0. 9323) -0.4845 -0.0186 0.2211 1.42  0.2870 1.19 0.2870
3 i 0.0236 x 1. 0951 x No
3rd instar = -0.4240 x (1 71,0951 x0.0123 x No -0. 9132) -0.4240 -0.0236 0.3540 2.74 0.1588 1.66 0.1588
4 i _ -0.0071 x 1. 1550 x No
4th instar = -0.4761 x ( 1+ 1550 x0. 0096 x No -0. 8658) -0.4761 -0.0071 0.3539 2.19 0.2129 1.48 0.2129
5% —0. 0080 x 1. 5376 x No
Sth instar = -0.4135 x ( 1715376 x 0. 0223 x No -0. 6503) -0.4135 -0.0080 0.6447 7.26  0.0544 2.69 0.0544
0. 0739 x0. 9002 x No
& male = -0.2828 x ( +0.9002 x0. 0205 x No 1. 1109) -0.2828 0.0739 0. 6587 7.72  0.0499 -2.78 0.0499
0.0123 x2. 0317 x No
Q female V= -0.2060 x ( 1520317 x0.0239 x No -0. 4922) -0.2060 0.0123 0.2474 0.99 0.3939 -0.9 0.3939

2.2.2 YT A E SR Y

%5 AL TR B S A LSD, o5 SVHT , S5 5 R o ADTE 3—5 22 A B P77 B R A 3
5 (APIH AN 6—7 A B E 2 B, XUASYIRT L M R e R AT A I 10,744 S
AL, ISR Y, =1/(0.012900 +3.8159 x exp( —No) ) ,R* =0.9703(F =196.1974 ,P =0.0001) , Y. N
W7 B R, No SRS . o TP 7 — S G T P 1 , S 5 W M 5 L S 0
KA, BRI BIRE (. SRS R R P R T A B 2 b, ) 11 Al R 0, 7 — 2
YR P, 951 5 L W A 4 9 B KT K, 0 TR Y, = 1. 0194 x No/(No + 19. 9175) , R® =
0. 8167(F =26.7284,P =0.0021) , 3£ ¥,y FRIMELR . R, S84 e B 0 0 2 5 A
s, A 12 77 7 — 7 o B 20 40 9 K TG, 004 78 7, = 1. 4439 x No/( No +
23.5037) ,R* =0.9120( F =62. 1563 ,P =0. 0002) , H Y, MR, BT, AR E RSN EESE
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Table 5 Variance analysis for durationg.egg laying amount and hatching rate of C. lividipennis in the numerical response test

B/ 7B (R k) SR
T R/ . . .
kb y Duration Egg laying amount Hatching rate
Treatment (5 ﬁﬁl/d )
Prey density HE S BEE WE ZESBEN HiE ZE5 W E M
Mean Significant difference Mean Significant difference Mean Significant difference

1 1 9.5 a - - - -
2 3 16.7 b - - - -
3 5 19.4 b 23.3 a 41.57%
4 8 26.9 c 81.5 ab 21.81% b
5 12 26.1 c 65.0 ab 33.72% ab
6 15 26.7 c 79.2 b 47.98% ac
7 30 25.6 c 79.4 b 60.92% c
T RN RIS P B R FRERRTE LSDy o5 K L ER AR
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