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ABSTRACT Various behavioral and physiological responses involved in establishment of
a planthopper, Sogatella furcifera (Horvath), on rice cultivars with diverse resistance genes
were investigated. The cultivars tested were resistant 'Muskhan 41' (Wbph 1), 'N22' (Wbph
1), 'N32' (Wbph 1), 'ARC 10239' (Wbph 2), 'ADR 52' (Wbph 3), 'Podiwi AS' (wbph 4),
'wc 1240' (Wbph 1 + 1 recessive ?), 'Colombo' (Wbph 2 + 1 recessive ?), 'IR2035-117-3'
(Wbph 1 + Wbph 2), and the susceptible 'Taichung Native l' (TN1) (no resistance gene).
In a free-choice test, the orientational responseof S. furcifera females due to visual attraction
was identical on resistant and susceptible cultivars, but after 8 h, significantly more individ-
uals settled on susceptible TNI plants than on resistant ones. The quantity of food ingested
and assimilated by S. furcifera on resistant cultivars was significantly lessthan on susceptible
TN!. The suitability of TNI plants for S. furcifera growth was highest among all test
cultivars. A significant reduction in adult survival and fecundity, egg hatchability, and
population increase was observed on resistant plants compared with susceptible TN1; how-
ever, oviposition was not affected. A comparison of the relative intensity of S. furcifera
responses toward different resistant cultivars revealed that 'IR2035-117-3' was least suitable
for the insect's establishment, whereas 'Podiwi AS' had the lowest level of resistance.

THE WHITEBACKEDPLANTHOPPER,Sogatella fur-
cifera (Horvath), is emerging as a serious pest of
rice in many Asian countries, particularly in areas
where cultivars resistant to the brown planthop-
per, Nilaparvata lugens (StiU), have been grown
successfully (Heinrichs and Rapusas 1983, Khan
and Saxena 1985). Generally, N. lugens maintains
a numerical superiority over S. furcifera, but on
cultivars resistant to N. lugens, S. furcifera tends
to multiply faster. It is believed that the ecological
niche vacated by N. lugens is gradually being in-
vaded by S. furcifera, as there is little competition
for food and shelter (Khan and Saxena 1985). Con-
tinuous cropping, reduced genetic variability of
short-statured, high-yielding cultivars, and appli-
cation of high levels of nitrogenous fertilizers have
further compounded the S. furcifera problem.
Outbreaks of the pest in the tropics have recently
been reported in Pakistan, India, Bangladesh, Ne-
pal, West Malaysia, Indonesia, and Vietnam (Fig.
I).'

Fortunately, unlike N. lugens, S. furcifera is not
known to transmit rice virus diseases. However,
under favorable conditions, the insect can cause
heavy damage or hopperburn in the rice crop (Pa-
thak 1968). Additionally, it produces several
generations annually. Both nymphs and adults suck

1Mochida,0., T. J. Perfect,V. A.Dyck,and M.M. Mahar.
1982.The whitebackedplanthopper,Sagatella furcifera (Hor-
vath)(Homoptera:Delphacidae)-ilspeststatusandecology(in
Asia).Paper presentedduringthe InternationalRiceResearch
Conference,19-23April1982,InternationalRiceResearchInsti-
tute,LosBanos,Laguna,Philippines(mimeo.).

the plant sap, which causes reduced vigor, stunt-
ing, yellowing of leaves, and delayed tillering and
grain formation. Gravid females cause additional
damage by making punctures for egg-laying in
leaf sheaths. Feeding punctures and wounds pro-
duced by the ovipositor predispose rice plants to
bacterial and fungal infections and copious excre-
tion of honeydew by the insect encourages sooty
molds.

Incorporation of resistance to S. furcifera is a
major objective of the rice improvement program
at the International Rice Research Institute (IRRI)
(Angeles et al. 1981). So far, >40,000 rice cultivars
from all over the world have been screened for
resistance to this pest and nearly 300 were found
to be resistant (Heinrichs and Rapusas 1983). Ge-
netic analysis of selected cultivars identified four
genes as producing resistance (Sidhu et al. 1979,
Angeles et al. 1981, Hernandez and Khush 1981).
Three of these are dominant and designated as
Wbph 1, Wbph 2, and Wbph 3; the fourth one is
recessive and designated as wbph 4.

Although there are no records of occurrence of
biotypes, Heinrichs and Rapusas (1983) reported
that biotype selection may also occur in S. furcif-
era populations exposed to resistant cultivars for
several generations. Therefore, the possibility of
biotype development cannot be excluded if S, fur-
cifera-resistant cultivars are planted intensively.
In such an eventuality, the present strategy of the
sequential release of resistant cultivars with vary-
ing genetic background will have to be relied upon.

Relative susceptibility or resistance of plants to
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Fig. 1. Distribution and recent outbreaks of S. furcifera.

insects is determined by factors that influence in-
sect establishment on plants (Saxena 1969). The
extent of insect establishment depends on an in-
teraction between insect responses to various plant
characteristics. Six main categories of insect be-
havioral and physiological responses have been
considered important during insect establishment
on plants: 1) orientation and settling, 2) feeding,
3) metabolism of ingested food, 4) growth, 5) sur-
vival of adults and egg production, and 6) ovipo-
sition (Saxena 1969, Saxena et al. 1974). Saxena
and Pathak2 identified egg hatchability as another
important factor during establishment of insects,
particularly for those that deposit their eggs inside
the plant tissue. Interruption of anyone or more
of these insect responses due to unfavorable plant
characters would render the plant resistant. In the
present study, we have investigated how rice cul-

'Saxt'na, R. G, and M. D. Pathak. 1977. Factors affecting re-
sistanct' of rict' varietit's to the brown plant hopper, Nilaparvata
lugl'lIs. 111 Proct't'dings, 8th Annual Conference of the Pest Con-
trol Council of tht' Philippi nt's, Bacolod City, 18--20 May 1977
(mimt'o.).

tivars with diverse resistance genes influenced the
establishment of S, furcifera during the aforemen-
tioned seven stages.

Materials and Methods

Thirty-day-old plants of 10 genetically diverse
rice cultivars grown in an insect-proof screen house
were used. The cultivars tested were the resistant
'Muskhan 41' (Wbph 1), 'N22' (Wbph 1), 'N32'
(Wbph 1), 'ARC 10239' (Wbph 2), 'ADR 52' (Wbph
3), 'Podiwi A8' (wbph 4), 'WC 1240' (Wbph 1 +
1 recessive ?), 'Colombo' (Wbph 2 + 1 recessive
?), '1R2035-117-3' (Wbph 1 + Wbph 2), and sus-
ceptible 'Taichung Native l' (TN1) (no resistance
gene). S. furcifera reared on TNI plants for sev-
eral generations in a greenhouse was used as test
insect. All tests were carried out in an air-condi-
tioned insectary at 27 ± 2°C with 65-70% RH and
12:12 (L:D) photoperiod.

Orientational and Settling Responses, S. fur-
cifera was provided a choice of plants that had
been randomly but equidistantly planted at 8 cm
distance from the center of a circular plastic tray
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In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).

a Average of five replications; each replication had 100 newly
emerged females. Percentage calculated on total number of in-
sects released in the cage; remaining insects on the soil, below
plants.

In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).
Average of five replications; each replication had ten newly
emerged nymphs caged on 30-day-old plants.

a Growth index, percent nymphs becoming adults divided by
mean development period.

Table 2. Quantity of food ingested and assimilated by
S. furcifera females on plants of resistant and suseeptible
rice cultivars

In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).
Average of five replications; each replication had five individual
insects caged singly in a para film sachet on each plant.

(20 cm diam), The tray was covered with a snug-
fitting cylindrical mylar cage (40 cm high, 20 cm
diam) having a nylon mesh top with a median hole
through which 100 brachypterous females (l and
2 days old) were introduced. The number of fe-
males that settled on different cultivars was re-
corded 1, 4, 8, 24, and 48 h after release. The
experiment was replicated five times and percent-
ages of females settling at different time intervals
on resistant and susceptible plants were calculated.

Ingestion and Assimilation 01 Food. To deter-
mine the quantity of food ingested and assimilat-
ed, newly emerged, 2-h-starved but water-satiated
brachypterous females were used. Females were
weighed individually on a microbalance and en-
closed singly in air-tight parafilm sachets (5 by 5
em), through each of which passed the leaf sheath

Cultivar

'ADR 52'
'ARC 10239'
'Colombo'
'IR2035-117-3'
'Muskhan 41'
'N22'
'N32'
'Podiwi A8'
'wc 1240'
TN 1 (susceptible

control)

Food ingested per
2per24h

(mg)

2.99c
1.37de
1.41de
0.93e
1.93cde
5.01b
2.67cd
5.55b
1.91cde

8.43a

Food assimilated
per 2 per 24 h

(mg)

0.16d
0.08d
0.14d
0.07d
0.12d
0.27c
0.08d
0.36b
0.15d

0.50a

of a resistant or a susceptible plant. After 24 h, the
weight of each female and its excreta was record-
ed separately. To assess the loss in insect body
weight due to katabolism, a control was similarly
established, in which the insect was given access
to a moist cottonswab to prevent desiccation. The
amount of food ingested and assimilated by the
insect was calculated as follows (Saxena and Pa-
thak2, Khan and Saxena 1984):

Food = WI x (_C_l_-_C_2) + W2 - WI
assimilated Cl

where WI = initial weight of insect, W2 = final
weight of insect, Cl = initial weight of control
insect, C2 = final weight of control insect. Food
ingested = food assimilated + weight of excreta.
There were five replications for each cultivar in-
cluding control; each replicate comprised five fe-
males caged individually in parafilm sachets on
five different plants.

Growth. Potted plants covered with mylar cages
(90 cm high, 10 em diam) were arranged in a
randomized complete block design in a water-filled
iron tray and infested with first-instar nymphs in
batches of 10 each. There were five replications
for each treatment. Growth was measured by the
number of nymphs that became adults and the
time taken to reach the adult stage. The insect's
growth index on resistant and susceptible cultivars
was calculated as the ratio of percentage of nymphs
developing into adults to the mean growth period
in days (Saxena et al. 1974), The higher the growth
index, the more suitable was the cultivar for S.
furcifera growth.

Adult Longevity. The longevity of newly
emerged males and brachypterous females was de-
termined on resistant and susceptible rice plants,
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Table 4. Longevity and fecundity of S. fardfera adults Table 5. Ovipositional response and hatchability of S,
on plants of resistant and susceptible rice cultivars fordfera eggs on plants of resistant and susceptible rice

cuhivars

Longevity (days)"
Fecundityb

Cultivar (no. of eggs Eggs laid by Hatchability"
d 2 laid by Cultivar 522 in 24 ho

(%)322) (no.)

'ADR 52' 6.8cde 5.3ef 72d 'ADR 52' 94a 38.0cd
'ARC 10239' 6.4de 5.3ef 82cd 'ARC 10239' 1l0a 32.9d
'Colombo 6.4de 5.0f 81cd 'Colombo' 94a 30.4d
'IR2035-117-3' 6.Oe 5.4ef 42e 'IR2035-117-3' l00a 33,3d
'Muskhan 41' 8.1bc 6,sd 108bc 'Muskhan 41' 113a 33.&1
'N22' 7.9bcd 7.Sc 99cd 'N22' l00a 48.1c
'N32' 6.2e 6.lde 91cd 'N32' 103a 37.5cd
'Podiwi AS' 9.4b 9.9b 145b 'Podiwi AS' 113a 63.7b
'we 1240' 6.9cde 5.2ef 78d 'WC 1240' l05a 37.3cd
TN I (susceptible TNI (susceptible

l'Ontrol) 14.2a 26.2a 296a control) 113a 91.3a

In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).

" Average of Bve replications; each rcplication had ten newly
emerged males and females caged on 30-da y-old plants.

I,Av••rage of Bve replications, in each replication three males
und thr ••e femules, ull newly emerged, were caged on 30-day-old
plants,

which were infested at a rate of 10 pairs of males
and females per pot. There were five replications
for each treatment; each pot represented a repli-
cate, Survival of males and females was recorded
daily up to 30 days after infestation.

Fecundity and Hatchability. In this test, the
conditions were the same as in the previous test.
There were five replications per cultivar; each pot
with three pairs of newly emerged brachypterous
males and females represented a replication. The
total number of nymphs emerged on plants rep-
resented the number of viable eggs produced by
the females during their lives. At the end of nymph
emergence, unhatched eggs were counted by dis-
secting leaf sheaths under a 20 x binocular micro-
scope.

Ovipositional Response. The test plants in each
pot were infested with five gravid brachypterous
females reared on TN 1 plants, The females were
allowed to oviposit for 24 h, after which the plants
were removed and dissected under a binocular mi-
croscope to record the number of eggs laid. The
experiment was replicated five times.

Population Increase. Potted plants were infest-
ed at a rate of four pairs of newly emerged bra-
chypterous males and females per pot. There were
five replications per cultivar; each pot represented
a replication. Nymphs and adults were counted at
30 and 60 days after infestation. They were trans-
ferred to fresh plants of identical age if infested
plants started showing symptoms of hopperburn.
Individuals that fell off the plants onto the soil and
died were counted every week and pooled with
tht' surviving progeny.

Data for all tests were subjected to analysis of
variance and the means were compared using
Duncan's (1951) multiple range test at the P >
0,05 level.

In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).
o Average of Bve replications; in each replication Bve gravid fe-
males were caged on 30-day-old plants.

" Average of Bve replications.

Results

Orientational and Settling Responses. In the
free-choice test, the settling response of S, furcif-
era females initially was uniform on different re-
sistant and susceptible rice cultivars (Table 1).
However, after 8 h, significantly higher percent-
ages of individuals settled on the susceptible TNI
cuItivar.

Ingestion and Assimilation of Food. The quan-
tity of food ingested and assimilated by S. furcif-
era females was significantly higher on susceptible
TNI rice plants (Table 2). Among the resistant
cultivars, ingestion and assimilation of food was
higher on 'N22' and 'Podiwi AB'.

Growth. The percentage of nymphs becoming
adults was significantly more on TNI rice plants
(Table 3). The growth period was prolonged sig-
nificantly on all resistant cultivars. Because of the
prolonged developmental period and reduced adult
emergence, the growth index on all the resistant
cultivars was significantly lower. Thus, the suit-
ability of TNI plants for S, furcifera growth was
highest among all the test cultivars. However,
among resistant cultivars, 'Podiwi A8' was most
suitable for S. furcifera growth and development.

Adult Longevity, Fecundity, and Egg Hatch-
ability. Male and female survival, fecundity, and
egg hatchability were all significantly higher on
susceptible TNI plants (Tables 4 and 5). Among
the resistant cultivars, male and female longevity,
fecundity, and egg hatchability were highest on
'Podiwi A8' followed by 'Muskhan 41' and 'N22'
cultivars.

Ovipositional Response. An almost equal num-
ber of eggs was deposited by females on plants
representing all cultivars (Table 5), indicating that
both resistant and susceptible cultivars were equal-
ly suitable for S. furcifera oviposition.
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Table 6. Population increase of S. furdfera on plants
of resistant and susceptible rice cultivars after 30 and 60
days of infestation

Cultivar
Insects recovered (no.)a

30 days 60 days

'ADR 52' 50c 187d
'ARC 10239' 70cde 172d
'Colombo' 58e 156<1
'IR2035-117-3' 35f 68e
'Muskhan 41' 91c 247c
'N22' 82cd 313bc
'N32' 63de 143d
'Podiwi AS' 143b 368b
'we 1240' 65de 148d
TN 1 (susceptible

control) 262a 968a

In a column, means followed by the same letter are not signif-
icantly different (P > 0.05; Duncan's [1951] multiple range test).

a Average of five replications; in each replication four pairs of
newly emerged males and females were caged on 3O-day-old
plants.

Population Increase. On all resistant cultivars,
increase in population after 30 and 60 days of
infestation was significantly lower than that on sus-
ceptible TNI (Table 6). Among the resistant cul-
tivars, population increase was least on 'IR2035-
117-3' and highest on 'Podiwi A8' and 'N22'.

Discussion

The present study provides a basis for consid-
ering the significant role of various behavioral and
physiological responses of S. furcifera in deter-
mining susceptibility or resistance of different rice
cultivars, We found that orientational and ovipo-
sitional responses of S. furcifera were identical for
both susceptible and resistant cultivars. Other
workers have also made similar observations on
orientational responses of S, furcifera adults (Ro-
driguez-Rivera 1972, Pablo 1977) and nymphs
(Saxena and Khan 1984) to different resistant and
susceptible rice cultivars, From a free-choice ovi-
positional study, Pablo (1977) reported that out of
25 resistant and susceptible cultivars tested, 20 re-
ceived almost equal numbers of S. furcifera eggs.
Saxena and Pathak2 also demonstrated that differ-
ent resistant and susceptible rice cultivars were
equally suitable for oviposition by another plant-
hopper, N. lugens.

With resistant cultivars, other S. furcifera re-
sponses were inhibited such as settling, food in-
take, metabolism of ingested food, growth, adult
longevity and fecundity, and egg hatchability. A
greater preference for settling on susceptible cul-
tivars has been reported for S. furcifera adults
(Rodriguez-Rivera 1972, Pablo 1977) and nymphs
(Saxena and Khan 1984). Using an electronic de-
vice for monitoring S. furcifera feeding (Khan and
Saxena 1984) and a technique for staining hon-
eydew (Heinrichs and Rapusas 1983), it has been
shown that insect feeding was significantly re-

duced on resistant cultivars. Using the parafilm
sachet technique for quantitative determination of
food intake and utilization of ingested food, we
found that on the resistant cultivars not only was
feeding low, but also assimilation of ingested food
was reduced. Greater nymph growth, better adult
survival, and higher egg production of S. furcifera
occurred on the susceptible TNI cultivar, which
could, therefore, be attributed to a greater quan-
tity of food ingested from, and higher nutritive
value of the susceptible over resistant cultivars.
However, our results for nymph growth, showing
a significant difference between resistant and sus-
ceptible cultivars, do not conform to those report-
ed by Heinrichs and Rapusas (1983). According to
those authors, nymph survival and growth index
were identical for resistant 'N22', 'Podiwi A8', and
the susceptible TN!.

In spite of indiscriminate egg-laying by S. fur-
cifera females on both resistant and susceptible
cultivars, significantly fewer eggs hatched on re-
sistant cultivars. Adverse effects of resistant culti-
vars on hatchability of S. furcifera eggs were also
reported by Rodriguez-Rivera (1972). Saxena and
Pathak2 recognized egg hatchability as an impor-
tant factor in establishment of N. lugens on rice
cultivars. Heinrichs and Rapusas (1983), however,
indicated that resistant cultivars did not affect
hatchability of S. furcifera eggs. Nonetheless, ac-
cording to Wigglesworth (1972), proper water bal-
ance and gas exchange, which are important for
the developing embryo, take place through the
chorion and vitelline membranes of the egg. Any
change from the normal physical and chemical
environment of S. furcifera eggs, which passively
remain embedded in the plant tissues during in-
cubation, would certainly influence egg hatchabil-
ity. Probably, the chemical environment of resis-
tant hosts affects the permeability of chorion and
vitelline membranes, or renders these membranes
permeable to some substances harmful to the de-
veloping embryos, thereby affecting their ability
to survive. Permeability of chorion and vitelline
membranes to certain water-soluble chemicals such
as monosaccharides, amino acids, and phorate has
been reported by Kirollos and Hibbs (1971) and
raises the question of the chemical effect of the
fluid components from ruptured cells of resistant
plants, Saxena and PumaS demonstrated that
hatchability of N. lugens eggs was greatly reduced
when incubated for 3 days in 0.5% trans-aconitic
acid, an allelochemic factor present in the barn-
yard grass Echinochloa crusgalli L.

The interaction of the various behavioral and
physiological responses of S. furcifera would,
therefore, be important in determining the overall

3 Saxena, R. G, and B. G Puma. 1979. Effect of trans-aconitic
acid, a barnyard grass allelochemic, on hatching of eggs of brown
planthopper and green leafhopper. In Proceedings, 10th Annual
Conference of the Pest Control Council of the Philippines, Ma-
nila, 2-5 May 1979 (mimeo.).



December 1985 KHAN AND SAXENA: RESISTANT RICE CULTIVARS VS S. furcifera 1285

Table 7. Relative intensity of various responses of S. furdfera to resistant and susceptible rice cultivarsa

Stagesin establishment

Clillivar
Orienta- Settling Growth Eggtion (1 h (48 h Food Food Survival Fecun- Oviposi-(growth hatch-after after re- intake utilization index) <3 9 dity tion abilityrelease) lease)

'ADR 52' 1.2 0.2 0.4 0.3 0.5 0.5 0.2 0.2 0.8 0.4
'ARC 10239' 0.9 0.2 0.2 0.2 0.4 0.5 0.2 0.3 1.0 0.4
'Colombo' 0.9 0.2 0.2 0.3 0.3 0.5 0.2 0.3 0.8 0.3
'1R2035-117-3' 0.9 0.1 0.1 0.1 0.2 0.4 0.2 0.1 0.9 0.4
'MlIskhan41' 1.0 0.2 0.3 0.2 0.4 0.6 0.3 0.4 1.0 0.4
'N22' 1.1 0.2 0.6 0.5 0.4 0.6 0.3 0.3 0.9 0.5
'N32' 1.0 0.2 0.3 0.2 0.2 0.4 0.2 0.3 0.9 0.4
'Podiwi A8' 1.1 0.3 0.7 0.7 0.6 0.7 0.4 0.5 1.0 0.7
'we 1240' 1.0 0.2 0.2 0.3 0.5 0.5 0.2 0.3 0.9 0.4
TN1 (susceptible

control) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

• Calculated as the ratio between each type of responseof S. furcifera to a test plant and that to the susceptiblecontrol TN1.

susceptibility or resistance of the test plants. A
comparison of the relative intensity of various re-
sponses of S. furcifera towards resistant and sus-
ceptible cultivars (ratios of each type of response
to the test plant and that to the susceptible TN1
cultivar), revealed that among the resistant culti-
vars, 'IR2035-117-3' (Wbph 1 + Wbph 2) was least
suitable for S. furcifera establishment, whereas
'Podiwi A8' (wbph 4) was least resistant (Table 7).
A similar trend in relative susceptibility or resis-
tance was also reflected in the insect's population
increase at 30 and 60 days after infestation.

Population increase was also considered as an
important criterion for assessing the level of resis-
tance in rice cultivars by Heinrichs and Rapusas
(1983), since it represented the combined effect of
feeding rates, nutritional value of food, oviposi-
tional rate, and adult survival. However, some of
our data do not concur with those of Heinrichs
and Rapusas (1983). For example, according to
them, the S. furcifera feeding rate on resistant
varieties was nearly 30 times less than on suscep-
tible TN!. But, in spite of these extremely low
feeding rates, nymph survival and adult emer-
gence on resistant 'N22', 'Podiwi AB', 'wc 1240',
and 'Colombo' were identical to those on suscep-
tible TN!. Also, the length of nymph period on
resistant 'N22', 'ARC 10239', 'ADR 52', and 'Po-
diwi A8' was almost the same as that on TN!. The
growth index on resistant 'N22' and 'Podiwi AB'
was also reported to be similar to that on TN!.
Heinrichs and Rapusas (19B3) attributed these re-
sults to possible differences in the nutritive value
of the plant sap ingested. However, these results,
based solely on measurements of fecal-spot areas
rather than fecal weights for food intake deter-
minations, are questionable because of the possi-
bility of overlapping deposits. Also, according to
these authors, despite significantly higher adult
mortality and lower ovipositional rate on resistant
'N22' and 'Podiwi AB' than on susceptible TN1, a
high population growth on the two resistant cul-

tivars was recorded that was comparable with the
population increase on TN!.

Thus, for a realistic determination of the sus-
ceptibility or resistance of a rice cultivar to S. fur-
cifera, it is desirable to delineate the insect's var-
ious behavioral and physiological responses during
the different phases of establishment on the plant.
The interaction of all these responses determines
the overall susceptibility or resistance of the test
plants to S. furcifera.
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