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ABSTRACT Eggs of two species of planthoppers, Nilaparvata lugens (ShU) and Sogatella
furcifera (Horvath), and a leafhopper, Nephotetttx virescens (Distant), were revealed in
situ in susceptible and resistant rice plants using a simple staining technique. Rice plants
containing insect eggs were bleached in boiling water for 5-7 min, kept in 95% ethyl alcohol
for 3 days, rinsed in water, and then immersed in 1% aqueous acid fuchsin solution for 2
days. Plants were then washed under running water until stained eggs were differentiated
from destained plant tissue. Eggs were counted using a 20 x binocular microscope. Results
indicated that indiscriminate egg laying by N. lugens, S. furcifera, and N. virescens females
rendered all test cultivars equally suitable for oviposition; however, significantly fewer eggs
hatched on resistant rice cultivars than on susceptible ones.

DIRECT MEASUREMENTof oviposition and deter-
mination of the site of egg deposition is difficult
in those insects that lay their eggs within plant
tissue. Generally, a count of the number of emerged
first-instar nymphs or larvae is considered ade-
quate to reflect the number of eggs laid (Monteith
and Hollowell 1929, Poos and Johnson 1936).
However, such indirect estimation of ovipositional
response can be misleading because hatchability
of insect eggs can differ on different host varieties
or plants (Rezaul Karim 1978, Saxena and Pathak
1979). For accurate data, the plant part exposed
to ovipositing females is dissected under the lens
of a binocular microscope and the eggs are then
counted (Rodriguez-Rivera 1972, Pablo 1977,
Heinrichs and Rapusas 1983, Abdur Razzaque
1984, Saxena et al. 1984). However, this method
is not always reliable because, occasionally, eggs
are inadvertently damaged during dissection and
detecting them, subsequently, becomes difficult.
Lactophenol has been used extensively as a stain-
ing technique for determining the number of eggs
laid by homopterans, such as the potato leafhop-
per, Empoasca fabae (Harris) (Carlson and Hibbs
1962); the southern garden leafhopper, Empoasca
solana Delong (Moffitt and Reynolds 1972); Am-
rasca devastens (Distant) (Saxena 1973), and Ni-
laparvata lugens (Stal) (Saxena and Pathak 1977).1
Everett and Trahan (1967) used a simpler tech-
nique for detecting the eggs of the rice water wee-
vil, Lissorhoptrus oryzophilus Kuschel, in which
the plants were bleached in a combination of hot
water and hot alcohol. This method also has cer-

I Saxena,R. G, andM.D. Pathak.1977.Factorsaffectingre-
sistanceof ricevarietiesto brownplanthopper,Nilaparvata lu-
gens (Stdl).In Proceedings,8th AnnualConferenceof the Pest
ControlCouncilof the Philippines,BacolodCity, 18-20May
1977(mimeo.).

tain limitations. Prolonged storage of the plant tis-
sue in alcohol caused tinting of eggs with chloro-
phyll, making their differentiation from the
surrounding plant tissue difficult (Gifford and Tra-
han 1969). A modified lactophenol method using
acid fuchsin for staining L. oryzophilus eggs with-
in the rice plant and 3% potassium hydroxide so-
lution for subsequently bleaching the plant tissue
was developed by Gifford and Trahan (1969).
However, the high cost of lactic acid and phenol,
their strong corrosive nature (Aldrich Chemical
1984), and the hazard of workers being exposed to
fumes of phenol (a nerve poison) (Prahl 1953), are
major drawbacks if a large number of plant sam-
ples are to be handled. We, therefore, developed
a simple, inexpensive, and safe method for locat-
ing eggs of the planthoppers N. lugens and 50-
gatella furcifera (Horvath) and a leafhopper, Ne-
photettix virescens (Distant), in plants of different
susceptible and resistant rice cuItivars.

Materials and Methods

Selected rice cultivars having diverse genes for
resistance to leafhoppers and planthoppers were
grown in an insect-proof screen house (Table 1).
Two planthoppers, N. lugens and S. furcifera, and
a leafhopper, N. virescens, reared for several gen-
erations on susceptible 'Taichung Native l' (TN1)
rice plants at the International Rice Research In-
stitute were used as test insects. The test was con-
ducted in an air-conditioned insectary at 27 ± 2°C
with 65-70% RH.
For each insect species, 30-day-old potted plants

of resistant and susceptible rice cultivars were ar-
ranged in a randomized complete block design in
a water-filled iron tray and were covered with my-
lar cages (90 cm high, 10 em diam). Each pot was
infested with five 7-day-old gravid females reared
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Table 1. Ovipositional response of N. lugens, S. fur-
cifera, and N. virescens, and hatchability of their eggs on
plants of susceptible and resistant rice cultivarsa

Eggs EggsResistance laidCullivar gene(s) (no.)b/ hatchedc

599/24 h (%)

N.lugens
'ASD7' bph2 138a 69c
'IR8' none 134a 88b
'IR20' none 1308 86b
'IR26' Bph 1 135a 72c
'Mudgo' Bph 1 142a 69c
'Rathu Heenat;' Bph 3 132a 74c
'TNI' (susceptible none 1408 96a
control)

S. furdfera
'ADR52' Wbph 3 lila 39d
'ARC 10239' Wbph 2 l09a 35de
'IR2035-117-3' Wbph 1 + liSa 31e

Wbph 2
'N22' Wbph I 117a 52c
'Podiwi AS' wbph4 125a 74b
'TNl' (susceptible none 120a 94a
control)

N. virescens
'ASD7' Glh2 97a 65de
'ASD8' Glh5 84a 7400
'IRS' Glh3 85a 70cde
'IR36' Glh 6 80a 7lcd
'Moddai Karuppan' Glh 7 99a 78b
'Pankhari 203' Glh 1 87a 64e
'Ptb8' glh 4 82a SOb
'TNl' (susceptible none 92a 95a
control)

Results of analysis of variance, N. lugens, F = 32.4 (df = 6,24),
P < 0.01; S. furdfera, F = 138.3 (df = 5,20), P < 0.01; N.
virescens, F = 21.9 (df = 7,28), P < 0.01.
For each insect, in a column, means followed by the same letter

are not significantly different (P < 0.05; Duncan's [1951] multiple
range test).
a Average of five replications; in each replication five gravid

females were caged on 30-day-old plants.
b Number of eggs determined by adding the number of nymphs

emerged plus the number of unhatched eggs in plant tissue.
C Determined by counting the emerged nymphs.

on TNI plants. The females were allowed to ovi-
posit for 24 h, after which the insects were re-
moved. The plants were left covered with mylar
cages for 15 days, which was longer than the in-
sects' normal incubation period. The total number
of nymphs that emerged on the test plants was
recorded. At the end of nymph emergence, the
plants were boiled in water for 5-7 min. Boiling
helped to coagulate the yolk of unhatched eggs
and also partially bleached the plant. For further
bleaching, boiled plants were kept in 95% ethyl
alcohol for 3 days. They were then rinsed in water
and immersed in 1% aqueous acid fuchsin 0. T.
Baker Chemical, Phillipsburg, N. J.) solution. Af-
ter 2 days, the plants were washed under running
water until stained planthopper or leafhopper eggs
were differentiated from the destained plant tissue
(Fig. 1). Unhatched eggs were then counted under
a 20 x binocular microscope.

Fig. 1. Acid fuchsin-stained eggs of (a) N. lugens,
(b) S. furcifera, and (c) N. virescens.

The plant samples could be stored in glycerine
for an indefinite period without affecting the color
of the stained eggs. Alcohol used for bleaching rice
plants was filtered through decolorizing carbon
(Norit 211, J. T. Baker Chemical, Phillipsburg, N.
J.) and saved for reuse.

Data on number of eggs laid and hatched on
susceptible and resistant rice cultivars were ana-
lyzed separately for each insect species by analysis
of variance and means were compared using Dun-
can's (1951) multiple range test (P < 0.05).

Results and Discussion

The ovipositional responses of N. lugens, S, fur-
cifera, and N. virescens were identical for suscep-
tible and resistant rice cultivars (Table 1). Also,
Saxena and Pathak (1979) reported that both sus-
ceptible and resistant rice cultivars were equally
suitable for N. lugens oviposition. Those authors
reported that the'insect laid eggs even on the non-
host barnyard grass, Echinochloa crusgalli L., but
such eggs were significantly fewer than those laid
on rice cultivars. Similarly, Pablo (1977) reported
that, in an ovipositional preference test, out of 25
resistant and susceptible cultivars, 20 received al-
most equal numbers of S. furcifera eggs.
In spite of indiscriminate egg laying by N. lu-

gens, S. furcifera, and N. virescens females on
resistant and susceptible cultivars, hatchability of
eggs was significantly reduced on resistant culti-
vars (Table 1). Adverse effects of resistant cultivars
on hatchability of planthopper (Rodriguez-Rivera
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1972, Saxena and Pathak 1979) and leafhopper
eggs have been previously reported (Rezaul Karim
1978). Additionally, Saxena and Pathak (1977)'
have recognized egg hatchability as an important
factor during establishment of N. lugens on rice
cultivars. Saxena and Puma (1979)2 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
barnyard grass. Probably, the chemical environ-
ment of the resistant host plant affected the per-
meability of chorion and vitelline membranes of
the passively embedded eggs inside plant tissue,
or rendered these membranes permeable to some
substances harmful to the developing embryos, af-
fecting their ability to hatch from eggs (Saxena
and Pathak 1977).1

The ovipositional response of planthoppers and
leafhoppers and hatchability of their eggs on dif-
ferent host plants has also been considered to re-
flect to some extent the level of resistance against
these pests (Pablo 1977, Saxena and Pathak 1979).
Measurement of egg deposition and egg hatch-
ability is, therefore, necessary for critical evalua-
tion of complementary resistance factors in the
host plant. However, cheaper and safer techniques
are needed for detecting insect eggs in a large
number of plant samples. The present technique
obviates the use of harmful and costly chemicals,
such as lactic acid ($24.00 per kg, Aldrich Chem-
ical 1984) and phenol ($64.80 per kg, Aldrich
Chemical 1984) and will be particularly useful in
laboratories lacking fume hood facilities. The
method can also be used for studying ovipositional
behavior of other crop pests that deposit their eggs
inside soft plant tissues.
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