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ABSTRACf Rice varieties were evaluated to determine the levelsof resistance to Sogatella
furcifera among those having the same major resistance genes Wbph 1 and Wbph 2. Tests
conducted were the seedbox screening of the varieties for plant damage, and S. furcifera
survival and population growth on the test varieties. Degree of variation in levels of resis-
tance among varieties with the same gene was very high, especially in the seedboxscreening
and population growth test. IR2035-117-3, the resistant check with both genes, Wbph 1 +
Wbph 2 and two Wbph 2 gene varieties, 'Chempan: and 'Cheriya Chittari: had the highest
levels of resistance as based on the survival and population growth tests. The difference in
levels of resistance among varieties having the same major gene indicates that minor genes
playa significant role in the expression of S. furcifera resistance in rice.

THE WHITEBACKEDPLANTHOPPER,Sogatella fur-
cifera, is an important pest of rice in south, south-
east, and east Asia. It damages the plant by re-
moving phloem sap, which with high populations
causes hopperburn. About 300 rice varieties with
resistance to S. furcifera have been identified
through the evaluation of the world collection of
rices at the International Rice Research Institute
(Heinrichs et aI. 1985). Genes from these sources
have been incorporated into breeding lines. Sev-
eral countries have breeding programs for S. fur-
cifem resistance and commercial varieties will soon
be released for cultivation by farmers.

Genetic analysis of resistant varieties has iden-
tified five genes for S. furcifera resistance: Whph
1, Whph 2, Whph 3, whph 4, and Whph 5 (Sidhu
et aI. 1979, Angeles et al. 1981, Hernandez and
Khush 1981, Nair et al. 1982, Saini et al. 1982, Wu
1983). Previously, we (Heinrichs and Rapusas 1983)
compared the levels of resistance to S. furcifera
among varieties having the various genes or com-
binations of the genes. Our study demonstrated
distinct differences in the level of resistance among
varieties possessing different genes, based on plant
damage ratings and the response of S. furcifera,
indicating that the various major genes differ
greatly in their levels or expression or that minor
genes greatly modify the expression of resistance.
We therefore conducted another study to deter-
mine the extent of variation in levels of resistance
among different varieties having the same major
gene. This paper reports on the level of S. furcif-
era resistance in varieties having either the Whph
1 or Whph 2 gene.
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Materials and Methods

The levels of resistance to S. furcifera among
varieties possessing the same major gene were
compared in separate tests for each gene. Level of
resistance was based on the response of the rice
plants to S. furcifera in the seedbox screening test
and the response of the insect on the varieties,
measured by survival and population growth.

Twenty-nine varieties with the Whph 1 gene
and six with Whph 2 gene were evaluated. IR2035-
117-3 served as the resistant and 'Taichung Native
l' (TN 1) as the susceptible check. All tests were
conducted in the greenhouse at the International
Research Institute in the Philippines at tempera-
tures ranging from 20 to 300C. The S. furcifera
population used in the tests was collected from rice
fields on Luzon Island, Philippines and maintained
on TNI for about 50 generations (5 years).

Seedbox Screening Test. Seed of the test vari-
eties was sown in wooden seedboxes measuring 60
by 40 by 10 cm and containing 3 em depth of soil.
Treatments (varieties) were arranged in a random-
ized complete block design and replicated three
times, each replication consisting of one seedbox
with 20 plants of each variety in a 10-cm row.
Seven days after sowing (DAS) the plants were
infested with second-instar S. furcifera nymphs at
a density of approximately eight nymphs per plant.

Each seedbox was covered with a fiberglass mesh
cage immediately after insect infestation. Seed-
boxes were maintained in a metal tray containing
water 3 ern deep. Plants were rated for insect dam-
age according to the I-to-9 scale described by
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Table l. Plant damage ratings and nymph survival and population growth of S, furcifera on rice varieties with the
Wbph I gene for resistance

IRRI Population
accession Variety Origin

Damage rating Survivalb growth
no. I Dra 90I 110I (%) (progeny per

five females)C

4819 'N22' India 3 (3-3) 6 (5-7) 6 (5-7) 83 ± lOed 247 ± 116def
3717 'N22' India 4 (3-5) 6 (5-7) 6 (5-7) 84 ± 7bed 350 ± 158bedef

23964 'Latighawar Pakistan 2 (1-3) 4 (3-5) 4 (3-5) 81 ± lOed 330 ± 128bedef
28285 'Sonpattar 45' Pakistan 2 (1-3) 3 (3-3) 5 (5-5) 86 ± 9bed 289 ± 95bedef
23813 'Bansphul' Nepal 2 (1-3) 4 (3-5) 5 (5-5) 84 ± 13bed 333 ± 95bedef
28098 'p 580' Pakistan 3 (3-3) 5 (5-5) 5 (5-5) 87 ± 9bed 313 ± 124bedef
15281 'Senawee Sri Lanka 4 (3-5) 4 (3-7) 5 (3-7) 88 ± 12bed 106 ± 54g
56996 'W128' India 2 (1-3) 5 (3-7) 6 (5-7) 88 ± lObed 387 ± 112abcdef
28266 'SM2-34' Pakistan 2 (1-3) 3 (3-5) 5 (5-5) 79 ± 19d 195 ± 46f
28298 'Sufaida 172' Pakistan 1 (1-1) 4 (3-5) 4 (3-5) 78 ± 11d 375 ± 128abcdef
28310 'Tirisurkh 251' Pakistan 3 (3-3) 5 (3-7) 6 (5-7) 94 ± 9abc 309 ± 17 bedef
23910 'Jhinuwa Nepal 2 (1-5) 5 (3-9) 6 (3-9) 84 ± 18bcd 340 ± 121bedef
28237 'Sathra 265' Pakistan 4 (1-5) 5 (3-7) 5 (3-7) 87 ± 14bcd 384 ± 112abcdef

59 'Sukhwel 20' India 4 (3-5) 7 (5-9) 7 (5-9) 80 ± 4d 316 ± 163bcdef
6828 'Muskhan Pakistan 1 (1-1) 2 (1-3) 2 (1-3) 88 ± 8bcd 261 ± l00cdef

28325 'Zirigowaian 245' Pakistan 2 (1-3) 4 (3-5) 6 (5-7) 80 ± 9d 284 ± 130bcdef
28265 'Siahnakidar 195' Pakistan 2 (1-3) 4 (3-5) 5 (5-5) 83± 6cd 246 ± 70def
3667 'CI6037-4' India 2 (1-3) 3 (3-3) 5 (5-5) 79 ± 18d 283 ± 101bcdef
6836 's 39JK-W' India 3 (1-5) 5 (3-7) 5 (3-7) 81 ± 7cd 353 ± 11labcdef
3700 'NP97' India 2 (1-3) 3(3-3) 3(3-3) 84 ± 7bed 335 ± 78bcdef

28399 '76 S' Pakistan 2 (1-3) 4 (3-5) 5 (5-5) 79 ± 13d 270 ± 95cdef
28348 '18' Pakistan 4 (3-5) 7 (7-7) 8 (7-9) 88 ± 9bed 285 ± 127edef
28377 '39' Pakistan 3(3-3) 5 (3-7) 5 (3-7) 95 ± 11ab 545 ± 201ab
28401 '78' Pakistan 4 (3-5) 6 (5-7) 6 (5-7) 87 ± 8bed 463 ± 117abcd
28358 '24 A' Pakistan 3 (1-5) 6 (3-7) 6 (3-7) 84 ± 11bcd 234 ± 133ef
28424 '180' Pakistan 4 (3-5) 6 (5-7) 6 (5-7) 89 ± 15abcd 457 ± 204abcd
28428 '213 B' Pakistan 2 (1-3) 4 (3-5) 4 (3-5) 88 ± lObed 435 ± 177abcde

284354 '267' Pakistan 2 (1-3) 4 (3-5) 4 (3-5) 86 ± 6bcd 489 ± 83abc
28442 '293' Pakistan 2 (1-3) 4 (3-5) 4 (3-5) 91 ± 7abcd 251 ± 115def

IR2035-117-3 Philippines 3 (3-3) 4 (3-5) 5 (5-5) 49 ± 6e 30 ± 33h
(resistant check)

'TN1' (susceptible Taiwan 8 (7-9) 9 (9-9) 9 (9-9) 100 ± Oa 629 ± 93a
check)

In a column, means followedby the same letter are not significantlydifferent (P < 0.05; Duncan's multiple range test).
a Days after infestation. Mean of three replications.Range is indicated in parentheses.
b Determined at 15 DI. Meansbased on five replications ± SD.
CCounted at 30 DI. Meansbased on five replications ± SD.

Heinrichs and Rapusas (1983) (1, very slight dam-
age; 9, all plants dead). Plant damage ratings be-
gan 7 days after insect infestation when the sus-
ceptible check, TNl, had an average rating of 8
(more than half of the plants dead) and continued
at 9 and 11 days after infestation.

Survival of Nymphs. Seven-day-old plants of the
test varieties were transplanted in 10-cm-diameter
clay pots, one plant per pot. Each pot represented
one replication and treatments were replicated five
times. Treatments were arranged in a randomized
complete block design in a metal tray containing
water.

At 20 DAS plants were individually covered with
10-cm-diameter-by-90-cm-high mylar film cages.
At 30 DAS the plants in each cage were inspected,
insects and spiders were manually removed, and
10 first-instar S. furcifera nymphs placed on the
plant in each cage, At 15 DI, when the nymphs
on TNI had become adults, the surviving insects
in each cage were counted and percentage surviv-
ing computed.

Population Growth. The procedure used in the
population growth study was the same as that de-

scribed for survival of nymphs except for the fol-
lowing. Four 7-day-old plants of the test varieties
were transplanted in each pot. The plants in each
pot were covered with a mylar film cage and five
pairs (male and female) of 3-day-old adult S. fur-
cifera were placed in the cage. At 30 days after
infestation the progeny resulting from the five pairs
in each cage was counted.

Results

Wbph 1 Gene Varieties. All test varieties exhib-
ited resistant reactions at 7 days after infestation
with a mean damage rating ranging from 1 to 4,
while the susceptible check had a rating of 8 (Ta-
ble 1). At 9 days after infestation ratings of test
varieties ranged from 2 to 7. At 11 days variety
'18' had a rating of 8 while 'Muskhan' had a rating
of 2. 'Muskhan' and 'NP97' had lower damage
ratings than the resistant check, IR2035-117 -3. The
other varieties had ratings of 4 to 6.

Although there were significant differences
among test varieties, survival was high on all,
ranging from 79 to 95% (Table 1). Survival on the
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Table 2. Plant damage ratings and nymph survival and population growth of S. furcifera on rice varieties with the
Wbph 2 gene for resistance

IRRI Damage rating
Population

accession Variety Origin Survivalb growth

no. 701a 901 1101 (%) (progeny per
five females)C

20803 'ARC 10239' India 3 (1-5) 4 (3-5) 6 (5-7) 73 ± 13cd 480 ± 89a
53424 'Cheriya Chittar;' India I (I-I) 2 (1-3) 4 (3-5) 30 ± 9f 41 ± 31c
53421 'Chempan' India 1 (1-1) 1 (I-I) 3 (1-5) 41 ± 18f 47 ± 31c
15292 'Sinnanayam Sri Lanka 4 (1-5) 5 (5-5) 7 (7-7) 89 ± 8b 760 ± 247a
6367 'MGL I' India 2 (1-3) 6 (5-7) 6(5-7) 86 ± IIbc 463 ± 128a
5893 'Bam 3' India 6 (5-7) 6 (5-7) 7 (5-9) 61 ± IIde 201 ± 47b

IR2035- II 7-3 Philippines 1 (1-1) 2 (1-3) 3 (3-3) 47 ± 4ef 32 ± 21c
(resistant check)

'TN1' (susceptible Taiwan 8 (7-9) 9 (9-9) 9(9-9) 100 ± Oa 630 ± 41a
check)

In a column. means followed by the same letter are not significantly different (P < 0.05; Duncan's multiple range test).
a Days after infestation. Mean of three replications. Range is indicated in parentheses.
b Determined at 15 Dr. Means based on five replications ± SO.
C Means based on five replications ± SO.

resistant check (49%) was significantly lower than
on any of the test varieties, Survival on several
varieties was not significantly less than on the sus-
ceptible check (100%),

The number of progeny produced by five fe-
males differed greatly among varieties ranging
from a mean of 30 in the resistant to 629 in the
susceptible check (Table 1). Twenty varieties had
significantly lower populations than the suscepti-
ble check. None had low populations equal to that
of the resistant check. However, among the test
varieties, 'Senawee' had the lowest S, furcifera
population, with a mean of 106 per replicate.

Wbph 2 Gene Varieties. All test varieties except
'BAM 3' gave resistant reactions 7 days after in-
festation, with damage ratings from 1 to 4 (Table
2). At 9 days, ratings among test varieties ranged
from 1 to 6, and at 11 days from 3 to 7. 'Chempan'
had the lowest damage rating of 3 at 11 days,
while 'Sinnanayam' and 'Bam 3' had a rating of 7.

The nymphal survival test indicated clear dif-
ferences among test varieties (Table 2). Survival
on 'Cheriya Chittari' and 'Chempan' was 30% and
41%, respectively, not being significantly different
from that on the resistant check. Survival on the
other varieties was 61 to 89%, all significantly less
than on the susceptible check on which 100% sur-
vived.

Numbers of S, furcifera produced on the test
varieties differed greatly. The lowest mean popu-
lations of 42 and 47 occurred on 'Cheriya Chittari'
and 'Chempan,' respectively; neither was signifi-
cantly different from the resistant check (32),
'ARC10239,' 'Sinnanayam' and 'MGL l' had the
highest populations of 482, 760, and 463, respec-
tively; they were not significantly different from
the susceptible check (630).

Discussion

The results of the seedbox screening, survival,
and population growth tests indicate distinct dif-

ferences in the levels of resistance among varieties
possessing the same major resistance genes. The
seedbox test demonstrated different levels of resis-
tance at 7 days after infestation, the day when thf)
susceptible check plants were killed. Some variet-
ies maintained a high level of resistance until 11
days, while others had moderately susceptible re-
actions.

Differences in the survival test were not distinct
among Wbph 1 gene varieties. However, differ-
ences in survival among Wbph 2 gene varieties
were greater and the survival of S. furcifera on
several varieties was considerably lower than that
on the Wbph 1 gene varieties.

The population growth data provides a good in-
dication of the expected response of insects on a
variety under field conditions. Population growth
of S. furcifera on the Wbph 1 gene varieties was
lowest on 'Senawee' (106) although it was still sig-
nificantly higher than that on the resistant check
(49). Population growth on Wbph 2 gene varieties,
'Cheriya Chittari' and 'Chempan,' was low, being
similar to that on the resistant check which carries
both the Wbph 1 and Wbph 2 gene.

Although this study demonstrated distinct dif-
ferences in levels of resistance among varieties
having the same major gene, the results of this
study do not necessarily conflict with that of the
genetic analysis tests where the major genes were
identified. The criterion used in the genetic studies
was the reaction of individual plants. The reaction
was recorded on the day that 90 to 100% of the
susceptible check plants were killed. In the current
study the susceptible check plants were killed after
7 days, and although there were differences in level,
all of the varieties except 'BAM 3' exhibited resis-
tant reactions, with ratings of 1 to 4.

The differences in levels of resistance among
varieties in the seedbox test can be attributed to
minor genes that modify the expression of major
genes. The accessions tested are traditional vari-
eties, having been selected by farmers in various
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locations over many years. Thus, they have differ-
ent backgrounds and can be expected to be ge-
netically diverse in spite of possessing a common
gene for S. furcifera resistance. Our study suggests
that the minor genes apparently playa significant
role in the level of S. furcifera resistance expressed
in rice varieties. It is likely that different minor
genes are involved in the expression of resistance
in the seed box compared to those expressing resis-
tance in the survival and population growth tests.

It is interesting to note that of the varieties in-
cluded in this study, only a few have been iden-
tified as having resistance to the planthopper, Ni-
laparvata lugens, and the leafhopper, Nephotettix
virescens, both important rice pests in south and
southeast Asia. Of the varieties with the Wbph 1
gene, 'N22' is moderately resistant to N. virescens;
and 'Senawee' highly resistant to N. virescens and
N. lugens biotypes 1 and 3 and moderately resis-
tant to biotype 2. 'Chempan,' with the Wbph 2
gene, is highly resistant and 'Bam 3' is moderately
resistant to N. virescens. 'Senawee' has the wbph
4 gene for resistance to N. lugens. Genetic analysis
for resistance to N. lugens and N. virescens have
not been conducted on the other varieties, so it is
not known whether the same or different genes
are involved in resistance to the three hopper
species.

Most of the varieties evaluated in this study
originate in India or Pakistan. IR2035-117 -3, the
resistant check, is a breeding line developed at the
International Rice Research Institute. The donor
parents of IR2035-117-3, which are resistant to S.
furcifera, are also from India. S. furcifera is en-
demic in India and Pakistan and in recent years,
S. furcifera outbreaks have been reported from
these two countries (Heinrichs and Rapusas 1983).
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