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ABSTRACT Rice varieties with different levels of resistance were evaluated in the green-
house and insectary to determine their effect on populations of brown planthoppers, Nila-
parvata lugens. In the absence of predators, N. lugens mortality was highest on the resistant
(R), intermediate on the moderately resistant (MR), and lowest on the susceptible (S) vari-
eties. When predators were added to the cages, N. lugens mortality increased on all varieties
but was highest on the R varieties. When the effect of varietal resistance on N. lugens
mortality was eliminated by using Abbott's formula, predation by the spider, Lycosa pseu-
doannulata, was highest on the R varieties at a ratio of 20 N. lugens per spider. In a field
study, N. lugens populations at 40 days after transplanting were lowest on the R varieties,
whereas predator populations were similar on all varieties irrespective of their level of N.
lugens resistance. The prey-predator ratio on the R varieties was, thus, most favorable for
effective biocontrol. The field test indicated that moderate levels of N. lugens resistance
were beneficial when combined with activity of natural enemies because N. lugens popu-
lations remained below the economic threshold in the R and MR varieties, whereas the
economic threshold was surpassed on the S varieties.

THE BROWN PLANTHOPPER, Nilaparvata lugens
(Stal), damages rice by removing phloem sap (So-
gawa 1982) and by transmitting virus diseases (Ling
et al. 1978). In the last decade, economic losses
caused by this pest have been severe throughout
tropical Asia (Dyck and Thomas 1979).

A major tactic for the control of N. lugens has
been the use of insecticides (Heinrichs 1979).
However, effective control with insecticides is dif-
ficult to achieve because much of the insecticide
does not penetrate the canopy to make contact
with the insect feeding at the base of the plant.
Insecticide-induced N. lugens resurgence has been
a problem and has been suggested as one of the
factors leading to outbreaks (Heinrichs et al. 1982).
In the early 1970s, resistant varieties were released
and provided dramatic control of N. lugens (Pa-
thak and Khush 1979).

Because resistant varieties need few, if any, in-
secticide applications, they are compatible with
natural enemies (Pathak 1977) which attack N.
lugens and other rice pests. The role of natural
enemies in the control of N. lugens is of extreme
importance. In addition to various pathogens, 79
natural enemies have been identified in Asia (Chiu
1979). Thus, the integration of biocontrol and va-
rietal resistance is of major research interest in the
development of management strategies for N. lu-
gens.

Because of the N. lugens biotype problem (Pa-
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thak and Heinrichs 1982), we are evaluating mod-
erately resistant (MR) varieties as a possible means
of slowing biotype selection. Varieties with mod-
erate levels of antibiosis or tolerance allow some
pests to remain on the crop at subeconomic levels
to serve as a source of food for the natural enemies
(Adkisson and Dyck 1980). In barley, parasites
prevented a buildup of greenbug Schizaphis gra-
minum (Rondani) on the resistant but not on the
susceptible varieties (Starks et al. 1972). Varietal
resistance integrated with the action of native and
introduced natural enemies reduced insecticides
for alfalfa insect control (Stern et al. 1959). Even
modest reductions in an insect population through
varietal resistance enhance the activity of natural
enemies and provide a more favorable ratio of pests
to natural enemies (Dahms 1972). It has been sug-
gested that resistant varieties reduce the pest's vig-
or, improving natural enemy efficiency (Maxwell
1972). Indeed, predators kill twice as many He-
liothis zea (Boddie) larvae on a resistant cotton
variety than on a susceptible variety (Lincoln et
al. 1971).

Much of the literature dealing with the integra-
tion of biocontrol and varietal resistance is theo-
retical. There have been few experimental analy-
ses of the interactions between these two control
tactics. This study was conducted to measure (1)
the combined effect of predation and different
levels of varietal resistance on N. lugens popula-
tions, and (2) the predation rate on N. lugens when
it is feeding on varieties having different levels of
resistance.
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Fig. 1. Damage ratings of rice varieties at indicated
days after infestation with N. lugens in the seedbox
screening test. Damage ratings are based on the stan-
dard evaluation system where: 0-3 = resistant, 4-6 =
moderately resistant, and 7-9 = susceptible.

Materials and Methods
Greenhouse, insectary, and field studies were

conducted from 1981 to 1982 at the International
Rice Research Institute in Los Banos, Laguna,
Philippines. A greenhouse culture of N. lugens
biotype 2 which had been maintained on the va-
riety 'Mudgo' for ca. 10 years was used as the test
insect for greenhouse and insectary studies. The
field population of N. lugens consisted predomi-
nantly of biotype 2, based on the reaction of dif-
ferential varieties.

Levels of N. lugens Resistance

Seedbox screening and N. lugens population
growth studies were conducted to confirm the levels
of resistance of the six varieties used in this study.
In previous studies, IR36 and IR42, having the
bph2 gene, had high levels of N. lugens resistance;
ASD7 with the bph2 gene and 'Triveni' both had
a combination of tolerance and antibiosis and were
MR; and TNI and IR8 were susceptible (Ho et al.
1982, Panda and Heinrichs 1983). In the seedbox
screening test, a modification of the seed-
ling bulk test described by Pathak and Heinrichs
(1982) was used which is more effective in detect-
ing resistance in MR varieties. The test was mod-
ified by decreasing N. lugens infestation rate and
using older rice seedlings so that the F, progeny
rather than the initial infestation caused most of
the plant damage. Two seedboxes (60 by 40 cm)
were each divided into three sections. Each section
contained one replication, for a total of six repli-
cations. Each variety was sown in an 18-cm row.
Ten days after sowing (DS), seedlings were
thinned to 10 per row; 10 days later (20 DS), a
mylar film wall was placed between replicates. The

entire seedbox was covered with a fiber glass screen
cage, and insects infested the plants. Damage rat-
ings were first recorded when the susceptible checks
were killed at 27 days after infestation (DI) and
at 29 and 31 DI.

In the population growth study, four 2-week-
old seedlings of the six test varieties were trans-
planted into soil in 15-cm-diameter clay pots. Each
variety was replicated five times, one pot serving
as a replicate. Transplanting was staggered at 30-
day intervals. Treatments consisting of varieties at
30, 60, and 90 DS were caged and simultaneously
infested with five pairs (<5 and 9) of 3-day-old adult
N. lugens per cage. The treatments were arranged
in a split-plot design, with the plant ages serving
as the main plot and varieties as the subplots. Prog-
eny resulting from the five pairs were counted at
28 DI except in the susceptible checks, which were
counted at time of wilting (24 DI).

Both the seedbox screening and population
growth tests confirmed the reports of Ho et al.
(1982) and Panda and Heinrichs (1983). IR36 and
IR42 were highly resistant, IR8 and TNI were
susceptible, and ASD7 and 'Triveni' were moder-
ately resistant.

Results of the population growth test were sim-
ilar to those of the seedbox screening test. Levels
of resistance within a variety were similar at the
three plant ages. Among varieties, IR36 and IR42
had the lowest N. lugens populations, indicating
the highest levels of antibiosis, whereas popula-
tions on susceptible IR8 and TNI were the highest
and those on ASD7 and 'Triveni' were interme-
diate.

N. lugens Mortality

The mortality of biotype 2 N. lugens caused by
the combined effect of varietal resistance and pre-
dation and by predation alone was determined in
greenhouse and insectary studies. Four predators
were tested: the spiders Lycosa pseudoannulata
(Boesenberg et Strand) and Callitrichia formo-
sana Oi; a mirid bug Cyrtorhinus lividipennis
Reuter; and a veliid bug Microvelia douglasi atro-
lineata (Bergroth). Spiders L. pseudoannulata and
C. formosana are the dominant species in irrigat-
ed lowland environments feeding on both N. lu-
gens nymphs and adults (Kenmore 1980). Of the
two species, L. pseudoannulata is the most effec-
tive predator of N. lugens. In cage studies, one L.
pseudoannulata killed an average of 24 N. lugens
nymphs per day (Anonymous 1975). C. lividipen-
nis is one of the most abundant predators in rice
fields in Asia. Nymphs and adults feed on N. lu-
gens eggs and young nymphs (Kiritani 1979). M.
douglasi atrolineata feeds on N. lugens nymphs
which fall on the water surface near the base of
the plant (Kenmore 1980). Often, several nymphs
and adults will simultaneously attack one N. lu-
gens.

In all tests, total mortality was a combination of
that caused by the predator and the varietal resis-
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Table 1. N. lugens mortality due to varietal resistance, the combined effect of varietal resistance and predation, and
due to predation by the spider L. pseudoannulata at two prey-predator ratios, International Rice Research Institute
greenhouse, 1981

Variety

IR36 (R)
1R42 (R)
ASD7 (MR)
'Triveni' (MR)
IR8 (S)
TNI (S)

Varietal resistance

20 JV. lugens

70.8bc
48.3e
23.0h
27.5gh
14.5i
6.3i

40 N. lugens

63.8cd
53.8de
28.5gh
26.9gh
14.3i
14.8i

N. lugens mortality (%) due to:

Varietal resistance +
predation

20 N. lugens/
spider

83.8a
70.5bc
33.8gh
36.5fg
27.0gh
25.8gh

40 N. lugens/
spider

77.5ab
64.5cd
51.3e
46.6ef
30.4gh
36.0fg

Predation

20 N. lugens/ 40 N. lugens/
spider spider

42.6a
52.1a
16.5c
16.0c
22.8bc
23.3bc

40.8ab
27.4bc
30.2bc
26.1 be
17.8c
26.4bc

Analysis based on transformed arcsin V*/100. All means in the four columns under varietal resistance and varietal resis-
tance + predation and those means in the two columns under predation, followed by the same letter, are not significantly different
at the 5% level, by Duncan's multiple range test. Figures are based on an average of five observations taken at 2, 4, 6, 8, and 10 DI.
Means were adjusted with Abbott's formula to remove the effect of mortality caused by varietal resistance.

tance. To eliminate the effect of varietal resistance
on N. lugens and to determine the predation rate
of the spiders on N. lugens, percent mortality fig-
ures were adjusted, using Abbott's (1925) formula:

% N. lugens mortality = x - y x 100

where x = number of N. lugens alive in the treat-
ment, without the predator, and y = number of N.
lugens alive in the treatment, with the predator.

Spiders. Separate tests were conducted for L.
pseudoannulata and C. formosana. Four seed-
lings of the test varieties were transplanted into
10-cm-diameter clay pots at 7 DS and were cov-
ered with a cylindrical mylar film cage. At 30 DS,
newly emerged biotype 2 N. lugens adults were
placed in the cage. Treatments consisted of six rice
varieties, two N. lugens population levels (20 and
40 per cage for L. pseudoannulata and 10 and 20
per cage for C. formosana), and either 1 or 0
spider per cage. Adult spiders were starved 24 h
before the test. The design was a factorial, and the
24 treatments were replicated four times and were
arranged in a randomized complete block design
(RCBD). The L. pseudoannulata study was con-
ducted in the greenhouse at a temperature range
of 20 to 35°C, whereas the C. formosana study
was conducted in the insectary at a temperature
range of 27 ± 2°C.

N. lugens mortality was based on the number
missing from the cage and the number dead. Ob-
servations on mortality were made 2 days after the
insects were placed in the cage and repeated at
2-day intervals until 10 DI. At the time of obser-
vation, N. lugens mortality was recorded and dead
or preyed-upon N. lugens were replaced with live
hoppers reared on plants of the same age as the
test plants. To measure N. lugens mortality due to
environmental conditions, and the effect of va-
rietal resistance, the check consisted of N. lugens
caged on the test varieties in the absence of spi-
ders.

C. lividipennis. Two tests were conducted to
determine the predation rate of C. lividipennis.
Test 1 was conducted in the greenhouse. At 30 DS,
plants in each cage were infested with five 4th-
instar N. lugens nymphs and 10 C. lividipennis
adults. Plants of each variety infested only with
N. lugens served as checks. Because N. lugens had
sufficient time to reproduce during the test, C.
lividipennis were able to prey on both the N. lu-
gens eggs and nymphs. At 30 DI, the inner portion
of the cage was sprayed with 0.5% DDVP (di-
methyl dichlorovinyl phosphate) to kill the insects
and the number of N. lugens progeny was record-
ed.

Test 2 was conducted in the insectary and dif-
fered from test 1 in that 30 N. lugens per 5 C.
lividipennis were placed in the cage and N. lu-
gens lst-instar nymphs instead of adults were used.
Thus, no reproduction occurred during the test. At
10 DI, the plants in the cages were sprayed with
DDVP and the number of N. lugens was recorded.
In both tests, experimental conditions were similar
to those described for spiders.

Microvelia douglasi atrolineata. This study was
conducted in the insectary under controlled con-
ditions. Test plants were handled as described for
spiders. At 30 DS, plants of each cage were in-
fested with two gravid N. lugens which proceeded
to oviposit in the leaf sheaths. Five days later, the
N. lugens adults were removed and 20 M. d. atro-
lineata adults were placed in the cage. Eggs of N.
lugens began hatching about 7 days after adults
were caged on plants (37 DS), and the newly
emerged nymphs served as prey for the M. d.
atrolineata. Ten days after M. d. atrolineata were
introduced (45 DS), the cages were sprayed and
the number of surviving progeny was recorded.

N. lugens -Predator Ratios in the Field

The six rice varieties were examined for resis-
tance under field conditions. Urea at the rate of
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Table 2. N. lugens mortality due to varietal resistance, the combined effect of varietal resistance and predation and
due to predation by the spider C.fortnosana at two prey-predator ratios, International Rice Research Institute insectary,
1981

Variety

IR36 (R)
IR42 (R)
ASD7 (MR)
'Triveni' (MR)
IR8 (S)
TNI (S)

Varietal

10 N. lugens

37.0bc
22.0efg
14.0g
14.5g
5.0h
8.5h

resistance

20 N. lugens

37.0bc
22.8efg
14.0fg
13.3g
6.3h
6.8h

N. lugens mortality (%) due to:

Varietal resistance + predation

10 N. lugens/
spider

48.5a
32.0cd
18.5fg
20.0efg
15.0fg
21.5efg

20 N. lugens/
spider

42.8ab
28.5cde
20.3efg
15.5fg
16.8fg
19.8efg

Predation0

10 N. lugens/
spider

23.8a
14.6a
11.2a
12.9a
12.3a
15.1a

20 N. lugens/
spider

13.8a
12.0a
11.8a
8.8a

13.1a
15.5a

Analysis based on transformed arcsin V*/100. All means in the four columns under varietal resistance and varietal resis-
tance + predation and those means in the two columns under predation, followed by the same letter, are not significantly different
at the 5% level, by Duncan's multiple range test. Figures are based on an average of five observations taken at 2, 4, 6, 8, and 10 DI.

• Means were adjusted with Abbott's formula to remove the effect of mortality caused by varietal resistance.

60 kg of N/ha and carbofuran granules at the rate
of 1.5 kg (AI)/ha were soil incorporated during
the last harrowing. Carbofuran was applied to con-
trol green leaf hopper-vectored tungro virus, which
causes severe growth stunting of the susceptible
varieties used in this test but does not control N.
lugens on the International Rice Research Institute
Farm (Heinrichs et al. 1982). The six varieties were
replicated four times and arranged in an RCBD.
At 14 DS, seedlings were transplanted into plots
(6 by 10 m). Hills (two to three plants) were ar-
ranged in a grid (25 by 25 cm). Border rows of a
N. Zugens-susceptible variety were transplanted
around each plot. Weeds were removed by hand,
and the water level was maintained at a depth of
2 to 5 cm. At 21 DI, one mylar film cage was
placed over each of six hills selected at random in
each plot and N. lugens adults were released in
the cages at the rate of five male-female pairs per
hill and allowed to oviposit in the plants. Artificial
infestation was repeated on the same hills at 47
and 70 DI. Ten days after each infestation, the
cage was removed and any surviving adults and
newly emerged nymphs were allowed to transfer
to neighboring plants and predators allowed to
move onto the N. /ugens-infested hills. The six
artificially infested hills were samped at 40, 65,
and 90 DT by using a Farmcop suction machine
(Carino et al. 1979). Arthropod samples were
placed in glass vials containing alcohol and speci-
mens were counted in the laboratory under a bin-
ocular microscope. The number of N. lugens, L.
pseudoannulata, C. formosana, C. lividipennis,
and M. d. atrolineata per six hills was recorded,
and ratios of N. lugens to predators were calcu-
lated.

Results

N. lugens Mortality

Spiders. There were no differences in N. lugens
mortality between the two ratios of N. lugens to
L. pseudoannulata, 20:1 and 40:1 (Table 1). There

were significant differences among varieties in the
levels of N. lugens mortality. Mortality of N. lu-
gens was highest in the R, intermediate in the MR,
and lowest in the S varieties. When the effects of
varietal resistance and predation were combined
mortality was generally 10 to 20% higher, but the
trends among varieties were similar to trends for
mortality in the absence of spiders. When the ef-
fect of varietal resistance was eliminated by using
Abbott's formula, predation was highest on the R
varieties at the ratio of 20 N. lugens per spider,
but differences among varieties were not distinct
at the higher ratio.

Mortality of N. lugens in the C. formosana test
conducted in the insectary (Table 2) was generally
lower than in the L. pseudoannulata test con-
ducted in the greenhouse, probably due to differ-
ent environmental conditions. However, the trend
was similar to the L. pseudoannulata test, with
the mortality in the absence of the predator being
highest in the R varieties and intermediate in the
MR varieties. Mortality resulting from the com-
bined effect of resistance plus predation was only
about 5 to 10% higher than that of the resistance
alone, indicating the low predation rate of C. for-
mosana. Mortality due to varietal resistance +
predation on IR36 was twice that of the S varieties
at 10 and 20 N. lugens per spider.

Cyrtorhinus lividipennis. In test 1, the R va-
rieties had the lowest N. lugens population (Table
3). The number of N. lugens in cages without the
predator was 10.5 on IR36 and 189 on IR8. The
presence of the predator caused ca. 80% reduction
in N. lugens. With C. lividipennis there were only
three N. lugens on IR36 and 35 on IR8.

In test 2 mortality of the lst-instar N. lugens
due to the varietal effect alone (without C. livi-
dipennis) was highest on IR36 and lowest on IR8
and TNI (Table 3). IR42, ASD7, and 'Triveni' were
intermediate. The combined effect of varietal re-
sistance + predation (with C. lividipennis) result-
ed in a 15 to 25% increase in mortality over that
of varietal resistance alone in the R and MR va-
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Table 3. N. lugens mortality and populations as affected
by levels of varietal resistance and combinations of varietal
resistance plus C. lividipennis predation

Variety

Test 1:
Progeny from 4th-in-

star N. lugens
(N. lugens/cage)

Test 2:
lst-instar N. lugens

(% N. lugens mortali-
ty)

Without With
C. lividi- C. lividi-
pennis pennis

Without With
C. lividi- C. lividi-
pennis pennis

IR36 (R)
IR42 (R)
ASD7 (MR)
'Triveni' (MR)
IR8 (S)
TNI (S)

10.5c 3.3d
53.0b 13.5c

148.8a 22.3b
166.0a 27.5b
188.8a 35.0b
171.0a 65.5a

28.4b
11.7c
24.2bc
8.3c
1.7d
O.Od

49.9a
36.7ab
40.8ab
34.2ab
9.2c

10.0c

In the columns under each test, means followed by the same
letter are not significantly different at the 5% level, by Duncan's
multiple range test.

rieties and a 10% increase in the S varieties. Al-
though numerically higher in the R and MR va-
rieties, there was no significant difference among
varieties when the mortality due to the predator
alone was determined.

M. d. atrolineata. Because of the short duration
that N. lugens were exposed to the plants, the ef-
fect of varietal resistance on N. lugens populations
was not as distinct as in the other tests. In the
absence of the predator, IR36 had one-third the
population of the S varieties, but there were no
significant differences among the other varieties
including IR42 (Table 4). In the presence of the
predator, IR36, ASD7, and 'Triveni' had signifi-
cantly fewer N. lugens than the S varieties. The
N. lugens populations on the MR varieties ASD7
and 'Triveni' were intermediate. Within a variety
there was a significant difference between N. lu-
gens populations in cages with and without M. d.
atrolineata only in IR36 and ASD7. There was an
80% reduction in N. lugens due to the predator
on IR36 and 25% on the varieties IR8 and TNI.

N. /ugens-Predator Ratios in the Field

Field populations of N. lugens and its predators
on the different varieties are given in Table 5.
Because of low N. lugens populations and lack of
significant differences among varieties, data from
the 65-DT sampling were not included in the ta-
ble. The N. lugens populations were highest at 40
DT, but the effect of varietal resistance, among
varieties, was distinct at 90 DT when populations
were lowest on the R, intermediate on the MR,
and highest on the S varieties. Predator popula-
tions were low at 40 DT but increased by 90 DT.

Populations of L. pseudoannulata of about two
per six hills at 40 DT were similar on all varieties
in spite of differences in N. lugens populations
(Table 5). However, by 90 DT the populations in-
creased, being highest in varieties having the most
N. lugens. There were 44 L. pseudoannulata per

N.

Without M.

lugens/cage

d. With M. d.
atrolineata atrolineata

97cd
222ab
219ab
171abc
338a
279a

20e
145bcd
84d
91cd

232ab
199ab

Table 4. Populations of N. lugens as affected by levels
of varietal resistance and combinations of varietal resis-
tance plus M. d. atrolineata predation, International Rice
Research Institute insectary, 1981

Variety

IR36 (R)
IR42 (R)
ASD7 (MR)
'Triveni' (MR)
IR8 (S)
TNI (S)

Means followed by the same letter are not significantly different
at the 5% level, by Duncan's multiple range test.

six hills on TNI and 17 on IR36. The prey-pred-
ator ratios were lowest on the R and MR varieties
and highest on the S varieties. Because of the de-
crease in N. lugens and an increase in the L. pseu-
doannulata populations, the ratio at 90 DT was
lower than at 40 DT, being most favorable for
biocontrol on the R varieties.

Populations of C. formosana were similar to
those of L. pseudoannulata, being only slightly
higher. The prey-predator ratios were lowest on
the R and MR varieties and highest on the S va-
rieties, the differences being most distinct at 40
DT. At 40 DT the ratio was 23.5 on IR36 but
decreased to 0.9 at 90 DT, there being equal num-
bers of C. formosana and N. lugens.

Of the four predator species, C. lividipennis had
the greatest increase in populations from 40 to 90
DT. Although populations were similar on all va-
rieties early in the crop season at 40 DT, there
were distinct differences among varieties at 90 DT
when populations were extremely high on the S
varieties which also had the highest N. lugens pop-
ulations. The prey-predator ratios at 40 DT were
lowest in the R varieties IR36 and IR42 and in the
MR variety ASD7. By 90 DT, ratios were about
1:1 on all varieties. Of the four predator species,
C. lividipennis was the most density dependent.
The correlation between N. lugens and C. lividi-
pennis was r = 0.97 df 4 (P = 0.01) at 90 DT,
whereas in the other species the correlation coef-
ficients were r = 0.68 df 4 to r = 0.81 df 4 and
were nonsignificant. However, the C. lividipennis
population increase often conies too late because
they follow prey fluctuations rather than coincide
with them (Anonymous 1975).

M. d. atrolineata populations were the highest
of the four predators at 40 DT, with populations
being similar on all varieties. At 90 DT, M. d.
atrolineata populations were about equal to those
of the spider species. The prey-predator ratio at
40 DT was most favorable in IR36 and least fa-
vorable in the S varieties IR8 and TNI. The ratios
on the MR varieties ASD7 and 'Triveni' were in-
termediate. By 90 DT the ratio had decreased on
all varieties.
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Discussion

Results of this study document the effectiveness
of biocontrol plus varietal resistance in the regu-
lation of N. lugens populations. In all tests the
combined effect of predation and varietal resis-
tance significantly reduced N. lugens populations
more than either predators or varietal resistance
alone. Although not always statistically significant,
there was a general trend in most of the tests for
the predation rate to be highest on the R and MR
varieties. When the effect of varietal resistance on
N. lugens was eliminated by use of Abbott's for-
mula, the predation rate was highest on the R va-
rieties at 20 N. lugens per spider (twice that of
the susceptible varieties). The increased predation
rate on the R varieties may have been due to the
greater movement of N. lugens in search of a suit-
able feeding site, whereas in the S varieties they
remain feeding in one location longer. A study to
determine the number of N. lugens feeding probes
indicated twice as many on the R as on the S va-
riety (Kartohardjono and Heinrichs, unpublished
data). Because L. pseudoannulata (Anonymous
1976) and possibly the other predators only attack
moving prey, the predation rate would be expect-
ed to be higher on the R than on the S varieties.
The lack of significance among the varieties at the
ratio of 40 N. lugens per spider may have been
because N. lugens was sufficiently abundant and
easier for L. pseudoannulata to locate, and thus
prey movement may have been of less importance.

In the field, predator populations were similar
on all varieties during the first sampling at 40 DT.
The R varieties are not immune and maintain some
N. lugens. These N. lugens, plus the other insects
(such as the whitebacked planthopper Sogatella
furcifera) to which all these varieties are S, serve
as a source of food to maintain predator popula-
tions (Anonymous 1979, 1982). By 90 DT there
was a considerable increase in the predator pop-
ulations on all varieties, whereas the N. lugens
population was much lower in the R varieties as
compared with 40 DT. Thus, the prey-predator
ratio was generally lowest and most favorable for
effective biocontrol in the R varieties.

Moderate levels of resistance are of value in the
control of N. lugens, and when combined with
predation in the field, N. lugens populations re-
mained at or below the threshold level of 20 per
hill, whereas the threshold was surpassed on the S
varieties. The threshold of 20 N. lugens per hill
was developed on S varieties and would be ex-
pected to be considerably lower on 'Triveni' which
has tolerance. As Kogan (1976) has suggested, an
improved ratio of pests to natural enemies is most
useful if the crop can tolerate some damage. Thus,
an MR variety such as 'Triveni' which has a fa-
vorable ratio of N. lugens to natural enemies and
is tolerant to N. lugens is of interest in the devel-
opment of varieties because it would be expected
to exert less pressure for biotype selection and in-
crease yield stability.
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