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Intra- and Inter-specific Effects of the Brown Planthopper and White Backed
Planthopper on Their Population Performance

Jiaan Cheng*, Weichun Zhao, Yonggen Lou and Zhengrong Zhu

Institute of Applied Entomology, Zhejiang University, Hangzhou, China

Abstract Intra- and inters-specific effects of Nila-
parvata lugens (Stil) and Sogatella furcifera (Hor-
véth) (Homoptera: Delphacidae) on their population
performances on Indica Zhe 852, Japonica XiuShni
11 and Hybrid XY 9308 were studied in the labora-
tory. Intra-specific crowding did not influence the
performance of N, lugens except for emergence rate
on Z 852, but adversely affected the nymphal devel-
opment duration of §. furcifera on Xiushui 11 and
XY 9308, and emergence rates, adult longevity and
fecundity on Xiushui 11. The inter-specific interac-
tions between the nymphs of N. lugens and §. furci-
Jera provided positive effects for both the species,
but more benefits to S. furcifera. The nymphal devel-
opment duration, emergence rate and fecundity of S.
Jurcifera raised in mixed cuitures for all the three
varieties were often significantly shorter or higher
than those raised in pure cultures, but only the emer-
gence rate and fecundity of N. lugens raised in mixed
cultures on Zhe 852 and XY 9308 were higher than
those raised in pure culture. Both species suffered
little delayed negative intra-specific effects and gain-
ed dramatic delayed positive inter-specific effects
from another gpecies previously fed on the plants,
The nymphal development duration, adult emergence
rate, female longevity and fecundity of each species
were positively affected when reared on the plants
sucked by another species before. The change of
distribution pattern of S. furcifera reared on the
plants fed by BPH before revealed the positive
effects from inter-specific interaction.

Key Words Brown planthopper, inter-specific inter-
action, intra-specific interaction

Introduction

Intra- and inter-specific effects of phytophagous in-
sects are important ecological research focuses.
These effects were scored as direct effects, indirect
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effects, or for each pair-wise interaction (Denno et
al., 1994). Direct effects either from tactile stimula-
tion among individuals or from the production of
chemicals that deter or attract other individuals. In-
direct effects occur when individuals deprive or
improve others of the benefits to be gained from
those resources. Indirect effects may occur imme-
diately and affect the performance of other co-occur
individuals (immediate effects), or they may persist
and alter the fitness of other individuals in subse-
quent generations or seasons (delayed effects). Most
of the indirect effects are mediated through induced
changes in the morphological character, physiologi-
cal state, nutritional quality and secondary chernicals
of host plants (Denno et al., 1994; Lou and Cheng,
1997).

The Brown Planthopper (BPH), Nilaparvata Iu-
gens Stal and White Backed Planthopper (WBPH),
Sogotalla furcifera Horvath are known as the most
destructive pests of rice throughout Southeastern and
Eastern Asia. Both species often co-occur on the
same plant and feed on the phloem sap of rice. They
share the same habitats throughout most of the rice-
growing season (Zhao et al., 1991). Each species has
the traits of highly aggregated distribution and rapid
population growth (Denno et al., 1994). Consequ-
ently, intra- and inter-specific interactions between
these two species are possible. Although there were
studies on the consequences of the interactions of
these two species (Qin er al., 1992; Ma et al., 1996;
Wang et al., 1997), the impacts of varieties on the
interactions have not been elucidated. This paper
reported the lab results for impacts of varieties on
following aspects of intra- and inter-specific interac-
tions between the two species: 1) Direct intra-
specific effects; 2) Direct inter-specific effects; 3)
Indirect intra- and inter-specific effects.

Materials and Methods

Insects

The lab populations of brown planthopper and white
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Table 1. Resistant Jevel of Varieties used in the experiment

1 *
Variety Type w Reference
BPH WBPH
Zhe 852 Indica MR S Yu eral., 1991
Xiju Shui 11 Japonica 8 MR Tao et al., 1992
XY 9308 Hybrid MR MR Linetal., 1998

# 3: Susceptibe; MR: Moderately susceptible

backed planthopper were established by collecting
original planthoppers from paddy fields and rearing
on 45-60 day seedlings of rice plants (TN1) for more
than two generations.

Rice plants

Three varieties, Japonica rice XiuShui 11, Indica rice
Zhe 852 and Hybrid rice XY 9308 were selected as
host plants based on the levels of resistance to BPH
and WBPH as shown in Table 1. Seeds were sown in
a net-house and the seedlings were transplanted into
plastic cups (# 9 cm=10 cm), 4 seedlings in each cup.
The plants at the maximum tillering stage (about 55
days after sowing) were used for the experiments
after removing small tillers and yellow leaves. All
the rice plants at any stages of the experiment were
covered using plastic cages with the organdy gauze
to avoid infestation of planthoppers and kept under
natural temperature condition.

Direct intra-specific effects

Three levels of densities were set for each devel-
oping stage, 6, 12 and 24 per pot for nymphs and 2,
4 and 6 per pot for adults. Newly hatched 1% instar
nymphs or newly emerged adults were transferred
into the planted cups using an aspirator according to
the density levels and covered with a cage (33 cm in
length and 8 ¢m in diameter with two gauzing holes
for air circulation at middle) as showed in Fig. 1.
The rice plants were kept at 25+2°C until all the
nymphs developed into adults (for nymphal stage) or
all the adults died (for adult stage). All the treatments
were replaced 5 times. The development durations
for male and female nymphs, emergence rates, long-
evities of male and female adults and fecundity were
recorded and calculated,

Inter-specific effects

Three or two levels of two species combined den-
sities were set for nymph or adult stage, respectively.
Two experimental designs were used to study the
inter-specific effects between BPH and WBPH. The
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Fig, 1. Unit of indirect immediate effect of BPH to WBPH.
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Ist design is the total density (12 and 24 for nymphs,
and 6 for adults) was same for all the treatments, but
the density for each species is varied; the 2nd design
is the densities for one species (6 for nymphs and 4
for adults) is same for all the experiments, but the
densities of another species were varied. The pro-
cedures used for transferring and recording were
same as the procedures mentioned above. All the
treatments were replaced 5 times and carried out in
the laboratory at 25 +2°C.

Indirect intra-and inter-specific effects

Six first instar nymphs of BPH or WBPH were rear-
ed on the rice plants sucked by 18 old instar nymphs
of the same or another species for 5 days prior to the
experiment, using the healthy rice plants without any
feeding by planthoppers as control. The planthoppers
were allowed to develop into adults, which were
transferred to the same treated plants with the den-
sity of 3 females and 3 males per pot. The plants
were replaced using the plants from the same treat-
ments in every 5 days to gain the consecutive effects.
The vertical distribution, nymphal development
duration and emergence rate, adult longevity and
fecundity were recorded. Each treatment was replac-
ed 6 times and all the treatment cages were randomly
arranged in an incubator at 27.04+0.5°C and L12:
D12h photoperiod.

Results

Direct intra-specific effects

The intra-specific effects did not affect the devel-
opmental duration of BPH nymphs reared on all the
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Table 2. Tmpacts of direct intra-specific interaction on nymphal devecloprment durations and emergence rates of BPH and WBPH

Devclopment duration (Days)

Species Varity Density Emergence rate (%)
Female Male
BPH Zhe 852 6B#* 13.54+022a 13.35£0.36a 7500£5.202A
12B 13.784£00%a 13.63£0.18a 66.67+0.00 abA
24B 141540224 1361x0.12a 38.89+631bA
XiuShui 11 6B 13.87+0.08 a [3.08+025a 9167340
12B 13.79+£0.07 a 1306£0.16a 8542+18la
24B 13.59£003 2 132520002 875042952
XY 9308 6B 13580222 13.29+0.18 2 79441767 a
12B 14.03+£0.05a 13.20+0.08 a 7833£558a
24B 13.63+047a 13.10+0.22 2 6800573 a
WBPH Zhe 852 oW 12484074 a 118240262 68.33+740a
12W 13.50£0.77 a 1256048 a 79.17+11.22a
24W 12.88+0.16 2 1243+0.13 a 8359£487a
XiuShni 11 6W 13.81£0.17 bA 13.10£0.26 bA 83.171£0.68 aA
12W 14.16+0.36 abA 13.68 £0.26 abA 73491705 abA
24w 14.83£0.12 2A 1406£0.18 aA 60.98 +5.38 bA
XY 9308 oW 1275030 a 12.16£0.22bB 66.67+943a
17w 1324403642 1249+0.21 bAB 61561193 a
24W 1392+£0.59a 13.64+£0.47 aA 47.92+13.26a
#B:BPH +*W: WBPH
Table 3. Tmpacts of Intra-specific interaction on adult longevity and fecundity of BPH and WBPH
Longevity (days) )
Species Varity Density — Fecundity (Eggs/day)
Femule Male
BPH Zhe 852 2B* 27.60£4.84 2 1860£2.11a 2028+164a
4B 25.86+205a 1533+0.83a 16.64x+1.30a
6B 22.65+1.08 a 17.02+2.12a 1580x1.17a
XiuShui 11 2B 2455£222a 1990+2.44a 2456+1.27a
4B 2243+152a 2190+296a 2334+16%a
6B 22.17+2222 15.70+143 2 23.68+076a
XY 9308 2B 28.83+3.39a 14.70%2.89a 19.604+2.69 a
4B 26483x2.26a 209x2353a 2086+1.36a
6B 2327+340a 18.67+224a 1872+1.17a
WBPH Zhe 852 Wk 2420+558a 14.50+205a 1388+1.79a
4w 20.681+325a 1730+3388a 11361542
6W 1880+1.99a 1437+£203 2 10474062 a
XiuShui 11 2w 2725%2.87a 2055£296 aA 1021 4£0.62 aA
4w 2350+130a 18.1£229bA 8.76 £0.58 abAB
6w 2002+351a 20.17£1.12bA 6.88-£042bB
XY 9308 2W 2670327 a 1940+125a 749+126a
4w 19.03+£185a 1785158 440+£101a
oW 21.20£222a 14.13+084a 390+£08la

*B: BPH *¥W; WBPH

three rice varieties, but affected emergence rates of
BPH reared on the Indica variety Zhe 852, The
emergence rate of BPH declined as the increase of
the density only on this variety. In comparison with
BPH, intra-specific effects affected both develop-
ment duration and emergence rate of WBPH, especi-
ally for the Japonica variety Xiushul 11. The devel-
opment duration at lower densities for Xiushui 11
and XY 9308 were significantly shorter than those at
higher densities. The fecundity at lower density for

Xiusui 11 was significantly higher than those at
higher density (Table 2).

The intra-specific effects at adult stage seem to be
less important compared with that at nymphal stage.
The results showed that the density, 6 per pot, did
not affect adult longevity and fecundity of BPH.
However, the intra-specific effect did affect longevity
of male adults and fecundity of WBPH reared on
Xiushui 11, the longevity and fecundity declined as
the increase of density as showed in Table 3.



88 J. Asia—Pacific Entomol. Vol. 4 (2001)

Table 4. Impacts of inter-specific interaction under same total den-sity condition on nymphal development durations and emergence
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rates of BPH
. . Development duration (days) Emergence
Vaity Density Female Male rate (%)
Zhe 6B6W 13.63+0.11a 1356020 a 05.83+3.6]1 aA
852 12B* 13784009 a 13.63+0.18 a 66.6710.00 bB
6B 18W* 13464031 a 1346+0.20a 95.83+£3.61 aA
183B6W 1380017 a 1346£007a 8555+5.11aA
24B 14.15+022a 1361+0.12a 38.89+£6.31 bB
XKinshui 6BO6W 13.83+0.07a 13.13+022a 90.00£596 a
11 12B 13.7940.07 a 1306%£0.16 a 8542+181a
6B18W 1398+£030a 13.60£0.26 a 89.00+5584a
18B6W 13.71+005a 1325+004 a 88.89+693a
24B 13.59+003 a 132540002 8750£295a
XY 6BoW 13.68+0.18 a 13.25+0.23a 100.00£0.00 aA
9308 12B 1403£005a 1320008 a 78.33+5.58 bB
6B18W 13484+040a 13.254+031a 100.00+0.00 aA
18B6W 13.56+021a 13.17+007a 65054747 bB
24B 13.63+047 a 13.10£0.22a 68.00+5.73 bB

*B:BPH **W:WBPH

Table 5. Impacts of inter-specific interaction under same total density condition on nymphal devclopment duration and émergence race

of WBPH
) . Development duration (days) Emergence
Varity Deusity Female Male Rate (%)
Zhe 6W6B* 12.00+£0.00 a 12.08+0.07 a 93.33+596 2
852 12w 13.50+0.77 a 12.56+048 a 79.17+1122a
6W18B 12.10+0.09 bA 1207£020a 96.67+298 aA
18W6RB 12671022 aA 1217+024 a 83334196 bA
24W 12.88+0.16 aA 12434013 2 83.59+4.37 bA
Xiushui 6W6B 1360028 a 13.2040.13 a 96.004+3.58 aA
11 12w 14.16+036a 13.68+026a 73.49+7.05 bA
6W13B 13.44+0.28 bB 13.16+£0.20 bB 91.67+4.17 aA
18W6B 139510.20 bAB 13.19+£0.14bB 91.114+3.37 aA
24W 14.83+0.12aA 14.06+0.18 aA 60.98+5.38 bB
XY 6W6B 1231+0.16 bA 1241 +0.23 a 87.50+t361a
9308 12w 13.24+0.36 aA 12494021 a 61.56+11.93 a
6WI13B 12.174+0.14 bA 12.00+0.00 bA Q4 44 +4.54 aA
18W6B 13.27+0.24 abA 12.91+£0.37 abA 82.68+8.32aA
24W 1392+£0.59 aA 13.641£0.47 aA 479241326 bB

*RB:BPH **W: WBPH

Direct inter-specific effects
Same total density at nymphal stage

The levels of density were set at 12 and 24 per pot in
total and the number of each species was varied to
match the levels as showed in Table 4 and 5. The
results indicated that the inter-specific effects at the
experimental density range did not affect the nymph-
al development duration of BPH, but did affect
WBPH. The developmental durations of WBPH
reared in mixed culture with BPH were significantly
shorter than those reared in pure culture with WBPH
only, especially for the higher density (24) treat-
ments. However, the inter-specific effects affected
the emergence rates of both of the species, except for

BPH reared on Xiushui 11. The emergence rates of
planthoppers reared with another species were signi-
ficantly higher than those reared with the same spec-
ies only, and inter-specific effects were more obvious
at higher density treatments (Table 4 and 5).

Same total density at adult stage

The level of total density was set at 6 adults and the
dengities for other species were 0, 2 and 4 per pot.
The results revealed that there were no significantly
different on adult longevity for both BPH and WB-
PH, but there were significantly different on adult
longevity of WBPH among these treatments. The
fecundities of WBPH reared with BPH were signi-
ficantly higher than those reared with the same spec-
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Table 6. Impacts of Inter-specific interaction at adult stage under same total density condition on adult longevity and fecundity of BPH

Intra- and Inter-specific Interaction of BPH and WBPH 89

and WBPH
. . Longevity (days)
Species Varity Density Fecundity (Eggs/day)
Female Male
BPH Zhe 852 2B4W 2200x197a 19004047 a 18.79£1.59a
4B2W 23.56+1.33a 18.18+£192a 20.16x1.13a
6B* 2265+£108a 1702+2.12a 1580+1.17 a
XiuShui 11 2B4W** 23601042 2190+296a 22154022 a
4B2W 28.38+1.84a 27.13£246a 23.13£086a
6B 2217£222a 15701143 a 2368+0.76a
XY 9308 2BAW 2793x518a 1890+1.19a 18214+086a
4B2W 22775+1.72a 18.00+£2.32a 19.12+1.18 a
6B 2327+£340a 18.67+224a 1872+1.17a
WBPH Zhe 852 2W4B 2283+£098a 189012172 21.69+1.76 aA
4W2B 18.67x1.21a 1508+1.29a 1608 £045 bB
oW 18.80+199a 1437+£2.03a 10.47 £0.62 cC
XiuShui 11 2W4B 24.334+4.60 a 2363+£050a 17.81£1.06 aA.
4W2B 24604+2.37a 20701052 15.094-1.00 aA
6W 2002+351a 2017£1.12a 6.88+042bB
XY 9308 2W4B 2050x122a 2245+251a 8.87£0091 aA
4W2B 2450+302a 16.50+1.87a 8.68+121aA
6W 21.20£222a 14,13:+0.84 a 390+0.81 bA

*B:BPH #*W: WBPH

Table 7. Impacts of inter-specific interaction under same density for one species at nymph stage on nymphal development duration and

emergence rate of BPH and WBPH

Development duration (Days)

Species Varity Density Emergence rate (%)
Female Male
BPH Zhe 852 oB* 13544022 a 1335036 a 75004520 bA
6BEWE* 13.63£0.11a 1356+0.20 a 05.83+3.61 aA
6B18W 13464031 a 1346020 4a 95.83+3.61 aA
XiuShui 11 6B 13.874£008 a 13.08+0.25a 91.67+340a
6B6W 13.83£007a 13.13£022a 90.00+3.96 a
6B18W 13.98+0.304a 13.60+0.26a 89.00£558a
XY 9308 0B 13.58+0.22a 13.20+0.18 a 7944 +7.67 bA
6B6W 13.68%0.18a 13254£0.23a 100.00+0.00 aA
6B18W 13.48+040a 1325+0.31 a 100.00+0.00 aA
WBPH Zhe 852 oW 124830742 1182026 a 68.33+740bB
6W6ERB 12.00+0.00 a 12.08£007 a 93334596 aAB
6W18B 12.10+0.09 a 1207+0.20 a 96.67+2.98 aA
XiuShui 11 6w 1381+0.17a 13100264 83.17+£0.68 bA
6W6B 13.60+0.28a 1320+0.13 a 96.00£3.58 aA
6W18B 1344+0.28a 13.16+0.20 a 91.67+£4.17 abA
XY 9308 oW 127754030 a 1206+022 a 6667943 bA
6W6B 12.31£0.16a 12414+023a 87.50+3.61 abA
6WI18B 12.17+0.14 a 1200000 a 94 44-+4.54 aA

*B:BPH #+W: WBPH

ies only (Table 6). nymphal development duration for the two species,
but affected the emergence rates. All the emergence
rates of WBPH reared on the three varieties with
BPH were higher than those reared with the same
The density of one species was set to 6 per pot, but species only. However, this phenomenon only
0, 6 or 18 nymphs of other species were added to appeared in Zhe 852 and XY 9308 for BPH (Table
each pot to create various density levels. The inter- 7).

specific effects under these levels did not affect the

Same density for one species at nymphal stage
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Table 8. Impacts of inter-specific interaction under the same density for one species at adult stage on longevity and fecundity of BPH

and WBPH
. ) . Longevity (days)
Species Varity Density Fecundity (Eggs/day)
Female Male
BPH Zhe 852 4B* 258612054 1533£0.83a 16.64+130a
4B2ZW** 23.56+1.33a 18.18+1.922a 20.16%+1.13a
XiuShui 11 4B 2243+£1.52a 21.90+296a 23344+16%a
4B2W 2838+1.84a 27.13x2464a 23.13+0.86a
XY 9308 4B 2648+226a 209+2533a 20860+136a
4B2W 2275172 a 18.00£2.32a 19.124+1.18a
WEFPH Zhe 852 4w 2068+£325a 1730388 a 11364154 bA
4W2B 18671121 a 1508+1.2%a 16.08£0.45 aA
KiuShui 11 4w 2350+130a 18.14+£229a 8.76£0.58 bB
4W2B 24.60+2.37a 20.70+£1.05a 15.0941.00 aA
XY 9308 4w 1903+185a 1785+158a 440+1.01 bA
4W2B 2450+£3.02a 1650+ 1.87a 8.684121aA
*B:BPH  +*W; WBPH ‘
Table 9. Impacts of indirect inter-specific interaction on population biological parameters of BPH and WBPH
Nymphal development . .
Species Treatment duration (days) Emergence Female longevity Fecundity
rate (%) (days) (Eggs/Female)
Female Male
BFH Sucked by WBPH 12.4220.17bA 11.9540.23a 8333%14.7]a 3025 £ [.24aA 958.00£48.89aA
Sucked by BPH 12.68+0.16abA 12570452  73.33£894a 22.75+£096bA 587.42 £ 13.84bB
Control 13.08+0.07aA 1220+0.11a 7000+ 6.56a 2533+£329abA  772.11+£76.11bAB
WBPH  Sucked by WBPH 12.47+0.20aA 11.78+046a  7222+393abAB  21.17+0.95bA 353.00+17.00bB
Sucked by BPH 11.21+0.11bB 1090£0.26a 91.67F£4.17aA 25.561+0.72aA 550.44 +6.40aA
Control 12.224+0.14aA  11.72%032a  58.33+9.43bB 21.50+=1.27bA 394 .38 +36.89bB

Same density for one species at adult stage

The density level of one species was set to 4 per pot,
but 0 or 2 adults of other species were added to each
pot. The results showed that the inter-specific effect
at the experimental density range did not affect the
adult longevity and fecundity of BPH, but affected
the fecundity of WBPH. The fecundities of WBPH
reared with BPH together were significantly higher
than those reared with WBPH only, even though the
total density in the mixture culture was higher than
that in pure culture (Table 8).

Indirect intra- and inter-specific effects
On biological parameters at nymphal and adult stage

The rice plants after feeding for 5 days by old nym-
phs of one of the species were used to rear nymphs
and adults, using healthy plants as control. The nym-
phal development duration, emergence rate, adult
longevity and fecundity were measured and the resu-
Its indicated that both of the two species got benefits
from feeding the plants sucked by other species

60 ( anl <0039 P=0.0085 P=0.024
S aA ah JUpper
5 SO B Middle
a Ml Lower
2 40} a
E a
&30t
. bB
5
g 20 ’- bB
4
£ 10f
0 \ \
Sucked by WBPH Sucked by BPH CK

Different reatments of plants

Fig, 2. Diversities of the vertical distribution of WBPH in differ-
ently treated plants™*, Diversities among the percentage of
WBPH in different sites of the same treated rice were compared
by Friedman Rank Sums (FRS) (Danniel, 1983). Means in the
same site of different treatments followed by the same small
(capital) letter are not significantly different at P=0.05 (P =
0.01) by Duncan’s ultimate comparison.

before. The development durations of female nym-
phs of both species feeding on the rice plants sucked
by other species were significantly shorter; their
longevities of adults were longer and emergence
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rates and fecundities were higher than those feeding
on the healthy plants or the plants sucked by the
same species before (Table 9).

On distribution

The rice plants were divided into three parts, top (16
c¢m above), middle and low (below 8 ¢m from
ground) part and the number of planthoppers in each
part was recorded at 2 days after releasing. The re-
sults showed that more BPH stayed in the low parts
of the plants sucked by WBPH before, but the chan-
ge did not affect the distribution pattern of BPH.
However, the corumon distribution pattern of WBPH
was completely changed on the plants sucked by
BPH before, more WBPH was moved to low part
from top part as showed in figs. 2 and 3.
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P<0.039 P20 0085 g
D Upper
B Midale
- Lower
. bB . A
EY
, .

Sucked by BPH CK

100
90
80
70
60
50
40
30
20
10

— T F T T—T T T T 1

Percentage ol planthopper
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Fig. 3. Diversities of vertical distribution of BPH in differently
treated plants. Diversities among the percetage of WBPH in
different sites of the same treated rice were compared by Fried-
man Rank Sums (FRS) (Danniel, 1983). Means in the same site
of different treatments followed by the same small (capital) let-
ter are not significantly different at P =0.05 (P=0.01) by Dun-
can’s ultimale comparison.

Discussion

Our study demonstrated that BPH endured weak
direct intra-specific effects. No components of fitne-
ss for BPH were affected as a result of intra-specific
crowding in the experimental condition except for
the emergence rate of BPH reared on Zhe 852. WB-
PH suffered adverse direct intra-specific effects and
all the biological parameters tested in this experi-
ment, including nymphal development duration,
emergence rate, adult longevity and fecundity, were
negatively affected by the density. These results
indicated that BPH was more tolerant to crowding
compared with WBPH. The results also revealed that
intra-specific effects were closely related to the food
condition (or resistant level), the lower the resistant
level of variety, the less the intra-specific effects.
Among the three varieties, Zhe 852 is more suitable
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for WBPH (relative shorter nymphal development
duration and higher fecundity), relative less negative
effects for WBPH were observed in the experiment.

However, the results from our experiment showed
that inter-specific interactions between BPH and
WBPH provided positive effects for the two species.
The nymphal development duration, emergence rate,
adult longevity and fecundity of the two species
reared in mixed culture with other species were
usually shorter or higher than those reared in pure
culture. But the positive effects were also related to
the species and the variety, WBPH received more
positive effects under the mixed culture condition
compared with BPH. Among the three varieties,
Xiushiu 11 is more suitable for BPH, there were
almost no positive effects for BPH reared on this
variety under the experimental condition.

No components of fitness for BPH or WBPH were
dramatically different between the population reared
on un-sucked plants and the plants previously sucked
by the same species on rice variety XiuShui 11, whi-
ch indicated that the previous feeding at the experi-
ment condition did not cause serious reduction of
nutrition. But the nymphal development duration,
adult emergence rate, female longevity and fecundity
of the two species were positively affected by feed-
ing plants sucked by another species before. It was
concluded that the subsequent population of each
species suffered feeble indirect delayed intra-specific
effects transmitted by the host plants from the earlier
population, but gained significant positive indirect
delayed inter-specific effects from the earlier -popu-
lation of another species previously fed on the
plants. The vertical distributions of WBPH changed
when rice plants were sucked by BPH and more
WBPH moved to low part where BPH usually stay.

Host plant nitrogen has been called on to explain
the host plant-insect interactions and population
biology of planthoppers (Fukumorita and Chino,
1982; Cook and Denno, 1994), However, the Intra-
and inter-specific effects of BPH and WBPH may be
mediated primarily through induced changes in mor-
phological character, physiological state, and second
chemicals of rice plants (Seino er al., 1996). Those
induced changes may occur on the feeding sites only
and do not or rarely transmit to other sites of plants,
just as the ovicidal substance ?benzyl benzoate ?was
produced exclusively in the watery oviposition lesion
irrespective of the species of rice planthoppers
(Seino er al., 1996). On the other hand, saliva of the
planthoppers was injected into the rice tissue during
the precession of the feeding performance of plan-
thoppers (Sogawa, 1982; Li er al., 1996). The com-
positions of the saliva of different planthoppers may
differ from each other (Sogawa, 1982; Li et al.,
1996). If the saliva were ingested by another species,
they may directly affect the performance and devel-
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opment of this species. The compositions of saliva
may also take chemical reaction with the composi-
tions of the phloem sap of rice. As the result, the
compositions and contents of phloem sap of rice
were changed. Inter-specific effects between WBPH
and BPH may be achieved by these indirect ways.
Furthermore, the protainase and other effective com-
positions of saliva may concentrated on the sites pre-
viously fed on by planthoppers, and only changed
the microenvironment of nearby sites. This may ex-
plain why the inter-specific effects of BPH on WB-
PH were not systematic but partial and WBPH mov-
ed to the low part of rice plants where BPH stayed
before. Further research in this area will be useful for
understanding the mechanisms of these inter-specific
effects.

Variety resistance is an effective means of control-
ling the brown planthopper and the white-back
planthopper, but the resistant extent of rice varieties
may change in the field. Many studies showed that
induced insect resistance occurred in some plants or
varieties after being fed on by phytophagous insects
(Lou and Cheng, 1997). In contrast, the changes of
plants or varieties induced by phytophagous insects
might reduce the resistant extent of some plants or
varieties (Kidd er al., 1985; Lou and Cheng, 1997).
Qur laboratory experiments showed the develop-
ment, survival, and fecundity of BPH and WPBH
could be positively affected by the feeding perfor-
mance of another species on rice variety. These
results indicated that the BPH and WBPH resistant
degrees were significantly reduced when the rice
plants were previously fed on by another species.
This revealed that the development of varieties with
both internal and external resistance should be a new
area for rice variety breeding.
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