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Abstract Experiments were conducted in laboratory to study the impacts of rice genotypes and nitrogen levels on 
the preference of the egg predator, CyTtorhinuc liuidipennk , for eggs of brown planthopper(BPH) , Nilaparvata lugem 
( SGl) , and their relation to the rice volatiles. In two-choice tests, the female predators showed daerent preference for 
BPH eggs on different rice genotypes, but not for BPH eggs on rice plants treated with different levels of nitrogen. The 
olfactory response test revealed that more predator oriented to the odour from healthy rice plants compared with the 
plain air (control) ;the predator preferred BPH nymph-damaged plants to healthy plants, and BPH female adult-dam- 
aged plants to BPH nymph-damaged plants. The comparative studies between rice genotypes and nitrogen levels indi- 
cated that there were obvious differences in attractiveness to the predator between rice genotypes, while there was no 
significant difference between rice plants treated with different levels of nitrogen . The results showed that rice volatiles 
played an important role in mediating the foraging behaviour of C . liwidipennis . Implications for augmenting the effec- 
tiveness of natural enemies by adjusting rice attributes and cultural practices are discussed. 
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1 INTRODUCTION 

The headspace volatiles from herbivore-infested plants are an important source of informa- 
tion for the herbivore' s natural enemies during their search for hosts or preys( Dicke and Sabelis 
1988, Dicke et al. 1990, Turlings et a1 , 1990, 1991, 1995, Dicke 1994, Lou and Cheng 
1996, 1997, Turlings and Benrey 1998) . These volatiles can vary substantially. Relevant fac- 
tors are plant species, plant cultivar, plant parts, leaf age, growing conditions of plant, time of 
the day, species and age of herbivores( Dicke et a1 . 1990, Tumlinson et a1 . 1992, McCall et 
al. 1993, Dicke 1994, Takabayashi et al. 1994, Loughrin et a1 . 1995, Takabayashi and 
Dicke 1996, Dicke 1999, Vet 1999) . Variation in headspace composition can have a great im- 
pact on behavioural responses of natural enemies (Takabayashi et a1 . 1991, Turlings et a1 . 
1993, Vet et al . 1998), and it can also affect the effectiveness of natural enemies in the field 
(Geervliet et a1 . 1997). Studies by Dicke et a1 . (1990), Turlings et a l .  (1993), Takaba- 
yashi et al.  ( 1991, 1994), Takabayashi and Dicke ( 1996), and Geervliet et a1 . ( 1997) 
showed that the plant was the most important factor in determining the headspace composition. 
Therefore, the effectiveness of natural enemies may be influenced by plant cultivars due to the 
variation of their headspace volatiles profiles. 
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The role of rice volatiles in mediating natural enemy behavior has been reported. Lou and 
Cheng ( 1996)found A m p  nilupurvatue Pang et Wang, egg parasitoid of the rice brown plan- 
thopper( BPH) , Nilapurvuta lugens (S&) , was significantly attracted by the volatile emitted 
from rice plants in response to BPH damage, and there was obvious difference in attractiveness 
of the volatiles to the parasitoid among rice varieties. Rapusas et a1 . ( 1996) showed that more 
female mind predators Cyrtorhinw lwidipnnis were attracted by the rice volatiles compared with 
plain air, and the predator could distingusih prey-infested plants with uninfected plants and pre- 
ferred plants with eggs to plants with nymphs. 

Cyrtorhinus lividipennis Reuter occurs on rice in Asia and the pacific islands( D6bel and 
Denno 1994), and mainly preys on eggs and young nymphs of the rice brown planthopper, rice 
white-backed planthopper, Sogutella jiucijku ( Horvath) , and rice green leafhopper, Nephotet- 
tiz virescens Distant. It has been reported that C . lividipnnis females could be attracted by rice 
volatiles( Rapusas et a1 . 1996) . However, there is no published report on the preference of the 
predator for BPH eggs on different rice varieties and rice plants treated with different levels of ni- 
trogen, and its relation to rice volatiles. In this study, we first describe the preference of the 
predator for such preys. Subsequently, we present results of olfactory response experiments that 
were carried out to elucidate the role of rice volatiles in the foraging behavior of the predator. 

2 MATERIALS AND METHODS 

2.1 Insects. 
Cyrtorhinw lividipennis Reuter and Niluparoatu lugens ( S i l )  are reared together on TNl 

rice plants in a greenhouse. Old instar nymphs of C . lividipennis were captured from the green- 
house and caged TN1 rice plants with BPH gravid females. The newly emerged adults( males and 
fema1es)of C . lividipennis in the cages were transferred to a new potted TNl rice plant each day 
thereby separating the adults by age. All potted rice plants were maintained in a climate mom at 
(26*2)sC,  12hphotophase, and70%-80% R H .  

2.2 Plants. 
Rice genotypes evaluted included 9 varieties with different-level resistance to BPH : IR26, 

IR64 ( resistant) , Bing 96-42, Bing 97-34, Bing 97-59, Nabeshi ( moderately resistant) , and 
Xiushui 63, Zhe 852, TN1 (susceptible) . Nitrogen levels were set at 0 kg, 75 kg, 150 kg, 300 
kg and 450 kg urea per hectare (0,0.075, 0.15, 0.30, 0.45 g per pot (16 cm diameter x 14 
cm tall, 10 plants) ) using TNI rice plants. 

he-germinated seeds were shown in a greenhouse. Thirty days later, the plants were trans- 
planted in clay pots( 16 cm diameter x 14 cm tall, 10 plants) . The plants were watered daily, and 
urea was applied two times, 15 and 25 dyas after transplanting respectively. For varieties, the to- 
tal of urea was 0.30 g per pot. During 30 - 40 days after transplanting, plants were used for ex- 
periments. Plantings were staggered over several weeks to assure enough plants of desired age at 
assay time. 

2.3 Prey preference. 
Impacts of rice varieties and rice plants treatred with nitrogen on the preference of C . livi- 

dipennis for eggs of brown planthopper were evaluated through comparison in pairs. Each variety 
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except TN1 was compared with TN1( TN1 vs . Ping 96-42, TN1 vs . Ping 97-34, etc , ) , and 
each nitrogen level except 0 kg was compared with 0 kg nitrogen-level( 0 kg vs . 75 kg , 0 kg vs . 
150, etc . ) . The potted plants for each variety or nitrogen level were washed with running wa- 
ter, and trimmed to leave two plants for each pot. Then, Six BPH gravid females were transferred 
into each pot. After 24 hr , BPH females were removed and the two potted plants( with BPH eggs) 
in comparison were transplanted into a new pot, about 5 cm apart between them. The new potted 
rice plants were kept in an 11 cm diameter x 40 cm tall plastic cage with two ventilation holes(6 
cm diameter)of nylon mesh at its middle. In the plastic cage, two 4 day old female predators that 
had been starved for 12 hr were released. One day later, the plants were cut at soil level and dis- 
sected under a microscope to count the BPH eggs deposited and predated,and the predator eggs 
deposited on each plant. The experiment was conducted in a climate room at (26 i 2) T , 12 hr 
photophase and 70% - 80% RH . Each combination was relicated 8 times. 

The preference index( bi )of C . Zividipennis for each type of BPH eggs (the eggs on various 
varieties or rice plants with different levels of nitrogen) was calculated using the formula of Man- 
ly et aZ. (1972) : 

1: 

b, = In( Ri/Ai)/21n( & / A i ) ,  
i = l  

where Ai  is the total number of type i BPH 
egg, Ri is the number of unpredated type i 
BPH egg, k is the number of BPH egg 
types that were provided to the predator at 
the same time, and bi is the preference in- 
dex of C ,Ziuidipennis for type i BPH egg. 

To evaluate the preference of C .  hi- 
dipennis for BPH eggs on different rice vari- 
eties and rice plants treated with different 
levels of nitrogen t test was conducted. 

A 

2.4 Olfactory response 
Responses of C .  Zividipennis females 

to volatiles emitted from differernt odour 
sources were measured in a two-choice H- 
shaped olfactometer ( Fig. 1 ) , which is sim- 
ilar to the method Of Khan and Saxena 
(1986) . Odour sources were caged in the 
two arms of H-shaped olfactometer, two 
glass tubes (12 cm diameter x 30 cm tall) 
each with nylon mesh at its top end and a 
hole (6 cm diameter) at its center. Through the holes at their centers, two glass tubes were 
connected by another small glass tube (6 cm diameter x 15 cm long) with nylon mesh at its two 
ends and a small hole (1 cm diameter) at its center for release of the predator. 

Using the olfactometer, six varieties, TNl , Ping 97-34, Ping 97-59, IR64, IR26, and 

Fig.1 Setup of the H-shaped olfactorneter. A: Arm of 
the olfactorneter; B :  Potted rice plants or a pot of soil 
(dour source) ; c :  Srnd glass tube, connecting the 

two arms of the olfactorneter; D:Release hole. 
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Zhe852, in which three varieties were preferred by the predator to TNl and two were not (Table 
1 ) , and three nitrogen level plants, 0 ,  300, 450 kg per hectare, were chosen to test. The fol- 
lowing odour sources were tested: 1)  blank (BK) , a pot of soil (no plant) ( 16 cm diameter x 14 
cm tall) ; 2 )  healthy plants (HP) , one potted undamaged plants (10 rice plants) ; 3 )  plants 
plus nymphs (PN) ,one potted plants ( 10 plants) infested by 100 fifth instar BPH nymphs for 3 
hr before the assay; 4 )  plants plus gravid females (PF) , one potted plants ( 10 plants) infested 
by 100 gravid BPH females for 3 hr before the assay. The combinations tested were as follows : 
1 ) for each variety, blank vs . healthy plants, healthy plants vs . plants plus nymphs, and pla- 
nts plus nymphs vs . plants plus gravid femates ; 2)  the healthy plants, and plants plus gravid 
females of four rice varieties Ping 97 - 34, Ping 97 - 59, IR64, and IR26, vs . the correspond- 
ing plants of TN1 respectively; 3)  the healthy plants, and plants plus gravid females of two ni- 
trogen levels, 300 and 450 kg per hectare, vs . the corresponding plants of 0 kg per hectare re- 
spectively. 

In all bioassays, 15 4-day-old female predators that had been starved for 12 hours were in- 
troduced into the small glass tube through its middle hole, and then filled the middle small hole 
with cotton. Three hours later, the number of the predator in each half of small glass tube were 
recorded. The experiment was conducted between 09:00 and 17:OO in a dark climate room at 
(26 * 2)  “c and 70% - 80% RH . Each combination was replicated eight times. The choice of 
the female for two odours was analyzed using t test. 

3 RESULTS 

3.1 
In all combinations, there was no significant difference in the number of BPH eggs except 

the combination of Nabeshi and TN1, in which the number of BPH eggs on Nabeshi was signifi- 
cantly higher than that on TNl(Tab1e 1 ) .  The preference indexes of the predator for BPH eggs 
on Ping 96 - 42, Ping 97 - 34, IR64 and IR26 were significantly higher than those on TN1. The 
remaining varieties showed no more attraction to the predator than TNl(Tab1e 1)  . No difference 
was found in the number of C .  lividipennis eggs on rice plants in all combinations except the 
case of Zhe852 and TNl , in which more eggs of the predator were laid on Zhe852 than on TNl 
(Table 1 ) . These results indicated that the host plants affected the preference, but there was no 
correlation between the prey preference and oviposition preference of the predator, and the pref- 
erence of the predator for BPH eggs on various varieties was not related to the egg density on 
these varieties. 

Preference of C . lividipennis for BPH eggs on different rice varieties 

3.2 Preference of C . Zividipennis for BPH eggs on Merent nitrogen-level rice plants 
No significant difference was found in the number of BPH eggs in all combinations(Tab1e 

2) . C . Zivdipennis showed neither foraging preference for BPH eggs on rice plants treated with 
different levels of nitrogen nor oviposition preference for rice plants with different levels of nitro- 
gen (Table 2 ) .  

3.3 
In all tested rice varieties, C . Zividipennis preferred the odour of healthy plants to the 

clean air without plants, preferred plants with BPH nymphs to healthy plants, and preferred 

Response of C . lividipennis to volatiles emitted from differently treated rice plants 
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plants with BPH gravid females to the plants with BPH nymphs in almost all the tested varieties. 
However, there was no significant difference between plants with BPH nymphs and plants with 
BPH gravid females for IR26 and Ping 97 - 59 (Fig.2) . 
Table 1 Preference of C . liuidipennis for eggs of brown planthopper on different rice varieties. 

No. of N . 1ugen.s eggs Index of preference 
(No. /pot) B (No./pot) 

No. of C . lividipennis eggs 
Rice variety 

Bing 96 - 42 144 .OO f 23.13 0.63 i 0.09 3 .00i  1.79 
TN1 95.83 f 18.12 0.37 i~ 0.09 2 .83i  1.14 

* n.8. n.s. 

Nabeshi 203.17 f 23.77 0.55 i0 .16  4.00 f 2.53 
TNl 120.00 i 15.62 0.45 i 0.16 2.17 f 1.17 

* n.s.  n. s. 

Bing 97 - 34 67.00 f 9.17 0.75 i 0.08 4.50 f 1.82 
TN1 73.33 i 9.79 0.25 i 0.08 3.17f 1.70 

n.s. * *  n.a 

Shiushui 63 68.22 i 8.00 0.57 i 0.10 2.33 i 1.85 
TN 1 56.78 f 9.12 0.43 i 0.10 3.22 i 1.36 

n.s. n.s. n.8. 

Bing 97 - 59 61 .SO f 14.66 0.53f0.13 2.63 f 1.05 
TN1 66.25 f 12.58 0.47 f0.13 3.50i1.51 

n.8. n . s .  n.s. 

Zhe852 99.40i26.01 0.51 f 0.11 9.80f3.48 
TNl 97 .00 f 5.00 0.49 f 0.11 2.40 i 0.75 

n.8. n.s. * 
IR64 121.33 f 28.78 0.73 i 0.09 8.33 i 2.44 
TN1 103.67 i24.01 0.27 f 0.09 6.78 f 1.69 

n.s. * *  n.s. 

IR26 145.08 i 30.03 0.77 i 0.07 9.14 i 5.69 
TN1 119.08 f 28.94 0.23 i0.07 2.31 f 1.04 

n.s. * *  n.s. 

a .  * significant at P=O.O5, * * significant at P = O . O l , n . s .  not significant at P=0.05( t test). 

3.4 
The results demonstrated that the predator preferred volatiles emitted from IR64 healthy 

plants to that from TN1 healthy plants, and TN1 healthy plants to Ping 97 - 59 healthy plants, 
while in other two combinations, healthy plants of Ping 97 - 34 and IR26 vs . the corresponding 
plants of TNl , no difference was found (Fig.3) . When rice plants were damaged by BPH grav- 
id femeales , some changes were found in attractiveness of volatiles emitted from rice plants to the 
predator (Fig. 3 ) .  Odours from plants with BPH gravid females of Ping 97 - 34, IR26 and 
IR64 showed stronger attractiveness to the predator than those from corresponding plants of TN1, 
while the predator preferred odours emitted from BPH gravid female damaged plants of TN1 to 
that from BPH gravid female damaged plants of Ping 97 - 59. 

Response of C . ZivtXpennis to volatiles emitted from different rice varieties 
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Fig.2 Responses of C . lividipennis females to volatiles emitted from differently-treated rice plants of six 
varieties, TNl , Ping 97 - 34, IR64,  IW6, Ping 97 - 59 and Zhe852. 

BK, HP, PN and PF denote blank, healthy plants, nymph-damaged plants, and gravid female-damaged plants re- 
spectively. * , * * , and n . s . show the difference between two treatments is significance ( P < 0.05) , highly 

significance ( P < 0.01), and not significance ( P > 0.05) ( t test), respectively. 

Table 2 Preference of C . liudipennis for eggs of brown planthopper on different nitrogen level rice plants. 

Nitrogen level No. of N .  lugens eggs Index of preference No. of C .  lividipennis eggs 
( Kgl ha. ) (No. Ipot) b (No.  Ipot) 

450 
0 

50.50i16.86 0.52 i 0.18 3.17i0.92 
52.33 i 7.22 0.48 i 0.18 5.67 i 3.37 

n.s .  n.s .  n . s .  
300 49.55 i 7.41 0.44 * 0.10 2.89 i 1.22 
0 65.82 i 12.41 0.56*0.10 2.67 i0.80 

150 59.50* 12.97 0.60i0.23 2.17i0.75 
0 73.50 i 23.05 0.40 * 0.23 3 .00i  1.75 

n . s .  n . s .  n . s .  

n .8 .  n . s .  n . s .  

75 
0 

57.83 i5 .71  0.51 i 0.16 2.67 i 0.92 
63.33i6.10 0.49 f 0.16 2.33 i0 .95  

n. s. n.8 .  n . 6 .  

a .  n . s .  not signifcant at ~ = 0 . 0 5  ( t  test) 



246 ENTOMOMGLA SINICA Vol. 8 ,  No. 3 ,  September 2001 

3.5 Response of C . lividipennt to volatiles emitted from rice plants with different levels 
of nitrogen 

C . lividipennis did not differentiate volatiles from rice plants treated with different levels of 
nitrogen( Fig .4 )  . Predator responses did not deviate significantly( P > 0.05) from the expected 
response in any of the six combinations. 

Healthy Plants 

TN1 I ns.  

TNl 

Bing97-34 

I ++ b IR64 

TNI I n.s. IR26 

TNI CI I I+ Bing97-59 

15 10 5 0 5 10 
No. of the predator attracted by odours 

15 

Female Damaged Plants 

TNl d 1 + I+ Bing97-34 

TNI +I I ** IR64 

T N l  4 I +* b IR26 

TNI .I I ** Bing97-59 

15 10 5 0 5 10 15 
No. of the predator attracted by odours 

Fig.3 Hesponses of C . hidipemis to volatiles emitted from various rice varieties. 

* , * * , and n .  s .  show the difference between two treatments is significance ( P < 0.05). highly significance 
( P < O . O l ) ,  andnotsignacance ( P  > 0 . 0 5 )  ( 1  test), respectively. 
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Healthy Plants 

0 kglha. .I I n.s. b 300kgha. 

0 kglha. .1 I n.s. P 400 kglha. 

Female Damaged Plants 

0 kgha. I n.s. 300 kgha. 

0 kgfha. I -b n.s. 400 kgha. 

15 10 5 0 5 10 I5 

Fig .4 Responses of C . liuidipennis to volatiles emitted from rice plants with different-level nitrogen. 
n . s . show the difference between two treatments is not significance ( P > 0.05) ( t test) . 

4 DISCUSSION 

Our results clearly showed that C .  Zivdipennis had a different preference for brown plan- 
thopper eggs on different rice varieties, and the preference of the predator for BPH eggs on vari- 
ous rice varieties was not related to BPH egg density on these rice varieties(Tab1e 1)  . This sug- 
gests that rice varieties influenced the foraging behaviour of C . Zividipennis . Olfactory response 
test indicated that C . ~ ~ v ~ ~ e n n ~  had an obvious behavioural response to rice volatiles, and 
preferred BPH nymph-damaged plants to healthy plants, BPH female adult-damaged plants to 
BPH nymph-damaged plants ( Fig. 2) . Moreover, there were significant differences in attractive- 
ness to C . Zividipennis between rice varieties ( Fig. 3) . These demonstrated that the volatiles of 
rice plants played an important role in mediating the prey-searching behaviour of C . Zividipennis 
and they can be affected by rice variety, and BPH feeding and / or oviposition . The difference 
in attractiveness between BPH nymph damaged plants and female adult damaged plants may re- 
sult from BPH eggs or plant-BPH oviposition interactions. The reasons need to be elucidated. 

The results of prey preference of the predator for BPH eggs on various rice varieties were 
almost consistent with those of olfactory response of the predator to the volatiles of rice plants ex- 
cept the case of TN1 and Ping 97 - 59. In the case of TN1 and Ping 97 - 59, the predator 
showed no preference for BPH eggs on both varieties, but it was more attracted by the volatiles 
from TN1 (Table 1 , Fig. 3 ) . This suggests that the volatile of rice plants was an important fac- 
tor, but not the only factor that influences the foraging behaviour of the predator. It is likely that 
the predator relied on several cues, such as chemical (volatile and contact chemicals) and phys- 
ical cues (plant texture, plant shape etc . ) , through employing several sensory modalities which 
are usually used in combination ( Wticker and Lewis 1994) , to decide where to search for suit- 
able preys. In fact, the role of physical and contact chemical cues in the foraging behaviour of 
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natural enemies has been well documented (Vinson and Iwantsch 1980, Meyhofer and Dom 
1994, Wacker and Lewis 1994) . However, the physical and contact chemical cues that influ- 
ence the foraging behaviour of C . Zividipennis remained unknown. 

Unlike BPH and other rice insect pests that respond differently to rice plants treated with 
different levels of nitrogen (Cheng and He 1996) , C . livdipennis apparently does not discrimi- 
nate between them (Table 2 ,  Fig.4). It seems that nitrogen levels do not influence the produc- 
tion of predator-attracting volatiles by rice. The chemical composition of the volatiles emitted 
from the evaluated genotypes and nitrogen levels is not known. 

The result that there was no correlation between the prey preference and oviposition prefer- 
ence of C . Zividipennis suggests that the mechanisms of prey searching behaviour and oviposition 
behaviour of C . Zividipennis may be different. It is likely that C . Zividipennis use different cues 
from plants to decide where to feed and where to oviposit in order to satisfy different demands for 
themselves and their offspring. However, nothing is known about this aspect. The difference be- 
tween feeding behaviour and oviposition behaviour also has been found in some herbivores. For 
example, the female Trichoplusia ni moths prefer to feed the cotton plants damaged by conspe- 
cifics , but prefer to oviposit on undamaged plants( Landolt 1993) . This maybe demonstrates that 
insects might adopt different survival strategies during their different life stages in order for them 
to get the biggest reproductive success. The results also show that the physiological state of C . 
lividipennis coluld influence its behavioural response to rice plants, like many other natural ene- 
mies (Lewis and Martin 1990, Lewis et aZ. 1997, Tumlinson et aZ. 1992, Vet and Dicke 
1992, Dicke et aZ . 1998) . 

A potential strategy for improving the control of insect pests is combining the beneficial ef- 
fects of host plant resistance and natural enemies by breeding plants that resist specific petsts 
and simultaneously encourage specific natural enemies ( Rapusas et al . 1996, Lewis et al . 
1997, Bottrell et al . 1998 ) . Our data show this approach may be useful in controlling the 
brown planthopper. For example, IR26, IR64 and Ping 97 - 34 are resistant to the brown plan- 
thopper and they also have a strong attractiveness to C . Zividipennis . However, field experim- 
ents are needed to measure the real role of rice volatiles in augmenting the effectiveness of C . 
lividipennis . Moreover, it is necessary to understand the effects of rice varieties on performance 
of C . lividipennis . A variety may be not useful or even harmful if it has a negative effect on the 
development of natural enemies, although it has strong natural enemy-attracting volatiles . It 
maybe causes two negative effects : decrease of the volatiles ’ attractiveness to natural enemies 
and decrease of the number of natural enemies. So we need consider the effects of these two as- 
pects of plants on natural enemies when we hope to breed varieties for enhancing the effective- 
ness of natural enemies. Another strategy for improving pest control is adjusting the total ecosys- 
tem to enhance the number and effectiveness of natural enemies and decrease the harmful effects 
of pests (Lewis et a1 .1997) . In fact, these two strategies are complementary. So the integration 
of these two strategies is necessary for the best long-term results. 
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