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ABSTRACT

Environ. Entomol. 12: 201-205 (1983)
Levels of resistance to the green leafhopper, Nephotettix virescens, a tungro virus vector in seven

rice varieties with different genes for resistance and in a resistant and susceptible check, were determined
by using greenhouse methods. The varieties differed significantly in relation to insect preference,
survival of N. virescens nymphs, survival of adults, and number of eggs laid and insect population
growth. There was no difference in percent egg hatch on the different varieties. Levels of resistance,
as based on the greenhouse studies, were related to the percentage of tungro virus-infected plants,
indicating the importance of N. virescens resistance in tungro virus control.

The green leatnopper, Nephotettix virescens (Dis-
tant), is an important pest of rice throughout South and
Southeast Asia (Heinrichs 1979). Although populations
of N. virescens seldom reach the level where plants are
directly damaged by the feeding of the insect, severe
damage is often inflicted by the tungro virus which N.
virescens transmits. Of the leatnopper species which
transmit tungro virus, N. virescens is the most efficient
(Rivera and Ou 1965). Yield losses may reach 100%
during severe tungro epidemics (Heinrichs 1979).

Control of tungro virus through the application of in-
secticides to kill the vector is often not effective (Hein-
richs 1979) and is costly. Thus, the International Rice
Research Institute (IRRI) has given major emphasis to
the identification and utilization of N. virescens-resistant
varieties. Of the 35,000 accessions in the IRRI germ
plasm collection which have been screened for resist-
ance, more than 1,100 have been selected by the seed-
ling screening method. Seven genes related to resistance
have been identified (Athwal and Pathak 1972, Siwi and
Khush 1977, Karim 1978). Varieties carrying these genes
have been used as donors in breeding programs through-
out Asia and several countries have released new rice
varieties incorporating these genes for resistance to N.
virescens.

Throughout South and Southeast Asia, seedbox
screening of seedlings is the method used to select N.
virescens-resistant varieties for use as donors in rice
breeding programs. Although this method provides a
rapid means of mass selection, other methods such as
preference, survival, and reproduction are used to more
accurately evaluate the level of resistance of rice vari-
eties to N. virescens. This study was conducted using
such methods to determine the effect of the varieties on
the insect and correlate the level of N. virescens resist-
ance with greenhouse and field resistance to tungro vi-
rus. Information on the levels of N. virescens resistance
in rice varieties is useful to plant breeders for the de-
velopment of breeding strategies.

Materials and Methods
Varieties with known genes for N. virescens resist-
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ance included in the study were: 'Pankhari 203' (Glhl),
'ASD7' (Glh2), 'IR8' (Glh3) , 'Ptb8' (glh4), 'ASD8'
(Glh5) , 'TAPL #976' (Glh6), and 'Moddai Karuppan'
(Glh7). 'IR29' and 'Taichung Native I' (TNI) served
as resistant and susceptible checks, respectively. Insects
were collected in the Ilocos region in the northern part
of Luzon Island, Philippines, and were reared on TN I
for five generations before being used in this study.

Seedling Preference

Seeds of the test varieties were sown in rows in seed-
boxes, with each seed box serving as a replication. Each
variety was replicated three times. Seven days after sow-
ing (DAS), the seedlings were infested with Ist- and
2nd-instar nymphs of N. virescens at a density of five
nymphs per seedling. Insects present on each variety
were counted I day after infestation (DAI), and percent
insects on each variety was computed.

Survival of Adults, Oviposition Rate, and
Egg Hatchability

Seedlings of the test varieties were transplanted at 7
DAS into clay pots with three to four seedlings per pot.
At 20 DAS, potted plants were arranged in a randomized
complete block design, and each pot was caged with
mylar film cages (10 cm in diameter by 90 cm high) to
prevent infestation with other rice pests, parasites, and
predators. Treatments were replicated five times, with
each pot serving as a replication.

Plants were infested with five pairs (males and fe-
males) of 3-day-old adult N. virescens per cage at 30
DAS. Insect mortality was recorded daily, starting at 1
DAI and continuing until 5 DAI. Sex of the dead insects
was noted at each observation. Percent survival of each
sex was computed.

Females which survived in the adult survival test were
allowed to oviposit for 5 days. Adults were then re-
moved from the cages. Counting of nymphs began when
eggs first started to hatch and was continued for 6 con-
secutive days, after which time no hatching occurred.
After counting, newly emerged nymphs were removed
from the cages. Plants were then dissected under a bi-
nocular microscope to count unhatched eggs. Total
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number of eggs laid in each cage was determined by
summing the number of hatched and unhatched eggs.
Percent egg hatchability was computed by: [(number of
hatched nymphs/number of eggs laid)] x 100.

Survival of Nymphs

Cylindrical mylar film cages (10 cm in diameter x
90 cm high) were placed at 30 DAS over potted plants
of the test varieties 10 days before infesting with N.
virescens. Varieties were replicated four times, each cage
serving as a replication. Just before insect infestation,
other rice pests, parasites, and predators were removed
from the cages. Ten Ist-instar N. virescens nymphs were
then introduced into each cage. Surviving insects were
counted at 15 DAI, and percent survival was computed.

Population Growth

Cages and the experimental design similar to that used
in the survival of nymphs test were used. Each cage was
infested with five pairs (males and females) of 3-day-
old N. virescens adults. Varieties were replicated four
times with each cage serving as a replicate. At 30 DAI
the progeny produced in each cage were counted and
expressed as progeny per female.

Tungro Infection

Greenhouse.-Seven DAS 20 seedlings of each test
variety were transplanted into each of three pots, each
pot serving as a re'plicate. One week later, pots of each
replicate were placed in a cage and infested with viru-
liferous N. virescens adults at the rate of five hoppers
per seedling. Five hours after infestation, the potted plants
were removed from the cages and placed in the green-
house. AT 21 DAI, the number of healthy and tungro
infected seedlings in each pot were counted and percent
tungro infection was computed.

Field.-At 14 DAS, seedlings of the test varieties
were transplanted at a distance of 20 by 20 em in field
plots 1.4 by 1.2 m.
A row of tungro-infected TN I seedlings was planted
around each plot to serve as a border and as a virus
source.

Immediately after transplanting, the plants were en-
closed with fiber glass mesh cages. Two types of cages
were used; one set consisting of a cage big enough to
cover a replication consisting of nine varieties and an-
other set in which each cage covered only one variety.
Five days after transplanting, 100 viruliferous N. vires-
cens adults were released at the center of each variety.
In the big cages, the insects had free access to all the
nine varieties, whereas in the small cages, the insects
were confined only on one variety and were forced to
feed on that variety to survive. The plots were arranged
in a split-plot design, with cage type as the main plot
and variety as the subplot. Each treatment was replicated
six times.

Cages were removed 30 days after release of the hop-
pers, and the plots sprayed with an insecticide to prevent
spread of the virus to surrounding experiments. Number

of tungro-infected hills per plot was counted, and per-
cent tungro infection was computed.

Data gathered in all the experiments were statistically
analyzed, and means were tested for significance by
Duncan's multiple range test (DMRT).

Results

Seedling Preference

There was a distinct difference in the preference by
N. virescens for the varieties at one OAI (Fig. I). TN I
and 'Moddai Karuppan' were highly preferred, whereas
'Pankhari 203,' 'ASD7,' 'ASD8,' and 'IR29' had few
insects. 'IR8,' 'Ptb8,' and 'TAPL #796' were inter-
mediate.

Survival of Adults

Female.-There were no significant differences among
varieties in the survival of females at I DAI (Fig. 2).
At 2 DAI, there was a decrease in survival, and at 2 to
5 DAI percent survival differed significantly among va-
rieties. At 5 DAI, survival was highest on Ptb8 (100%),
'Moddai Karuppan' (88%), 'TAPL #796' (72%), 'IR8'
(68%), and 'ASD8' (60%), all of which did not differ
significantly from the susceptible check, TNI (88%).
Only females on 'IR29' (24%), 'Pankhari 203' (28%),
and 'ASDT (40%) had significantly less survival than
on TNI at 5 DAI.

Male.-The trend of decrease in survival of males
over the 5-day period was generally similar to that of
females (Fig. 2). In addition to 'IR29,' 'Pankhari 203'
and 'ASDT survival of males on 'IR8' was also signif-
icantly less than on TN I. In comparing survival of the
two sexes, survival on 'Pankhari 203' was significantly
higher, and on 'IR8' it was lower, in the males than in
thefemales. Mortality on 'ASD7,' 'IR29,' 'TAPL #796,'
'Moddai Karuppan,' and TNI was similar for both sexes.

Oviposition Rate and Egg Hatchability

All varieties had significantly fewer eggs than TN 1
(Table 1). Among the test varieties, 'Pankhari 203' and
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FIG. I.-Preference of 2nd-instar N. virescens nymphs for
rice varieties having different genes for resistance at I day after
infestation as indicated by the percentage of insects on each
variety.
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Survival of Nymphs and Population Growth

Survival of nymphs on all test varieties was signifi-
cantly less than on TNI (Table 2). Survival ranged from

Days after infestation

FIG. 2.-Survival of N. virescells adult females (upper) and
males (lower) on rice varieties having different genes for re-
sistance.

Discussion
The relationship between levels of resistance to the

vector and degree of tungro infection is of major interest
in N. virescens management. There was generally a close
relationship between the level of resistance to N. vires-
cens as indicated in the various greenhouse tests and
degree of tungro infection in greenhouse and field stud-
ies.

Degree of tungro infection in the free-choice and no-
choice experiments was essentially the same, indicating
that under similar N. virescens populations, the varieties
could be expected to perform equally well, whether they
were planted in large plots where N. virescens essen-
tially had no alternative varieties on which to feed or in
small plots consisting of several varieties of varying re-
sistance levels. Relative levels of tungro infection in the
greenhouse and field were generally similar and were
highly correlated (r = 0.95; P L 0.01).

Of the various tests conducted, seedling preference
was most closely related to tungro infection both in the
greenhouse and field (Table 3). 'TAPL #796,' however,
was an exception being similar to 'IR8' in preference
but having a much lower degree of tungro infcction.
'TAPL #796' was similar to IR29 in degree of tungro
infection in the field but was more highly preferred.

Adult female survival (Table 3) was also closely re-
lated to tungro infection, except for 'TAPL #796,' which
allowed a high survival but had low tungro infection. It
appears that the low level of tungro infection on 'T APL
#796' is due to resistance to the tungro virus in addition
to resistance to the vector. Egg production by N. vires-
cens (Table I) was primarily a function of adult female
survival, except on 'Moddai Karuppan,' where N. vi-
rescens survival was the same as on the susceptible check,
TN I (Fig. 2), but egg production was one-third of that
on TN I. The high percentage of egg hatching in all
varieties contradicts that reported by Karim (1978), where
N. virescens hatching was significantly less on resistant
than on susceptible varieties.

0% on ASD7 to 67% on 'Moddai Karuppan.' There was
a distinct effect of the varieties on population growth of
N. virescens. The progeny produced per female on
'Moddai Karuppan' was high, not differing significantly
from that on TN 1. 'Ptb8' also had a relatively high
population. Progeny per female on the other varieties
were low, ranging from 0 to 17.4.

Tungro Infection

Greenhouse.-Percent tungro infection (Fig. 3) was
high (79 to 100%) in 'IR8,' 'Ptb8,' 'Moddai Karuppan,'
and 'TN I'; intermediate (28 to 54%) in 'Pankhari 203,'
'ASD7,' 'ASD8,' and 'TAPL #796'; and low (15%) in
'IR2~.' •

Fie/d.-Percent lungro infection in the free-choice and
no-choice plOISwas almost identical and similar to that
obtained in the greenhouse test (Fig. 4). Percent tungro
infection was 100% in TN I and was also extemely high
(80 to 99%) in 'Moddai Karuppan,' 'Ptb 8,' and 'IR8';
intermediate (25 to 55%) in 'ASD7,' 'ASD8,' 'TAPL
#796,' and 'IR29'; and low (14%) in 'Pankhari 203.'
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'ASD7' had the least N. virescens eggs, about 10% of
those on TNI. Other resistant varieties differed little,
being about 30% of those on TN I.

Egg hatchability was high on all varieties, being 95
to 100%. .

SurvilJol (%)
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Table I.-Number of eggs laid and percent egg batchability of N. virescens on varieties with genes for resistance; IRRI, 1980

Varietiesa
No. of eggs

laid·
% Egg

hatchability·

'Pankhari 203'
'ASD7'
'IR8'
'Ptb8'
'ASD8'
'TAPL #796'
'Moddai Karuppan'
'IR29'
TNI

28.Oe
35.2de
89.2bc

102.0b
136.0b
118.2b
I 33.4b
52.2cd

321.8a

95.7a
97.2a
98.4a
97.2a
96.2a
99.5a
99.la
95.0a
96.4a

'30-day-old plants were used.
bAverage of five replications with five adults per replication. Means in a column followed by the same lener are not significanlly different at

the 5% level, by DMRT.

Table 2.-Nymphai survival (%)' and reproduction· of N. vires-
cens on varieties with genes for resistance; IRRI, 1980

'Average of four replications, 10 Ist-instar nymphs were used for
infestation per replication. Data taken 15 days after infestation.

·Mean of four replications.
'30-Day-old plants were used.
"Means followed by the same letter are not significantly different at

the 5% level, by DMRT.

Survival of nymphs and population growth (Table 2)
were low on 'ASD7' and 'IR8,' but tungro infection
was high, N. virescens will feed on and inoculate tungro
virus when the varieties are subjected to extreme insect
pressure as in this study. This indicates that if virulifer-
ous N. virescens migrate into fields of 'ASD7' or 'IR8,'
percent tungro-infected plants may be high. However,
when these varieties are planted over large areas, the
adverse effect of antibiosis of these varieties on the sur-
vival and subsequent population growth of N. virescens
will result in a low population and subsequent low virus
infection. This has been the experience in the Philip-
pines, where tungro was only an occasional problem on
'IR8' which was formerly planted over 80% of the rice
growing area. 'IR29,' however, is a variety that is non-
preferred and on which N. virescens cannot survive and
reproduce. The combination of high levels of nonpre-
ference and antibiosis contributed to a low degree of
tungro infection in 'IR29' even when it was artificially
infested with a high population of viruliferous N. vires-
cens.

This study indicated that the seven sources of resistant
genes differ greatly in their response to the IRRI N.
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FIG. 3.-Percentage of tungro virus-infected plants in a
greenhousestudy of rice varietieshavingdifferent genes forN.
virescens resistance. Five hoppers having previously fed on
virus infected plants were placed on each of 20 14-day-old
seedlingsper pol. Percentvirus-infectedseedlingswas recorded
at 21 days after infestationwith insects.

virescens culture. This information is of major signifi-
cance in the development of breeding strategies. When
the relationship between the level of resistance and rate
of biotype selection is understood, this type of infor-
mation could be used to develop breeding strategies which
might slow the process of biotype selection and increase
the level of stability for resistance to the N. virescens-
vectored tungro virus.
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Table 3.--Correlation between tungro virus infection and insect
resistance.

0.807**
0.644
0.645
0.566
0.786*
0.717*

0.799**
0.601
0.664
0.680*
0.864**
0.702*

Correlation coefficient"
Tungro Tungro
infection infection

in greenhouse in field
Insect

resistance

"Significance at the 0.05 level (*) = 0.666, and significance at the
om level (**) = 0.798.

Seedling preference
Oviposition rate
Survival of nymphs
Survival of adults (0)
Survival of adults ('i')
Population growth
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FIG. 4.-Percentage of tungro virus-infected plants in field
tests of rice varieties having different genes for N. virescens
resistance. In the free-choice treatments, viruliferous hoppers
were placed in fiber glass screen cages containing one plot of
each variety. In the no-choice treatments, each plot of a variety
was caged singly. One hundred hoppers having previously fed
on virus-infected plants were released in the center of each plot
at 5 DT. Percent virus-infected plants was recorded at 30 DT.
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