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Techniques to quantify the feeding activity of Nilaparvata lugens (Still) on rice varieties

as based on honeydew excretion are described and their potential as a b.ioassa¥for.bioty~e
identification are discussed. Honeydew, excreted on filter paper, was stamed Withnmhydnn
and quantified by measuring the area (mm2) or by weighing. Results were sati~fact<~ryb~t
the methods were extremely tedious. Volumetric measurement of honeydew with rrncropl-
pettes was less sensitive. .

The color intensity of one ILliter honeydew streaked on filter paper and treated With
0.001% ninhydrin was determined with a Fujiox™ Densitometer. The method was relatively
simple and rapid and was sufficiently precise for biotype identification as based on differen-
tial feeding activity.
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has been demonstrated that these differences in the
amount of excretion are related to differences in food
intake by the insects on resistant and nonresistant vari-
eties.

Reported here are several methods to assess honey-
dew excretion by N. lugens and their usefulness as a
bioassay for the identification of the different biotypes.

Materials and Methods
Filter Paper Method

Visual Estimates.-Honeydew excreted by N. lugens
was collected in a feeding chamber previously devel-
oped at IRRI (Sogawa and Pathak 1970). The feeding
chamber (Fig. I) consisted of an inverted transparent
plastic cup placed over a ftlter paper resting on a plastic
petri dish. Five 2-day-oldadult femalespreviously starved
for ca. 5 h were placed into the chamber through a hole
at the top of the cup. A colton wad was then placed in
the hole to prevent escape of the insects. The insects
were allowed to feed overnight and, in the morning, the
filter papers were collected and treated with 0.001% nin-
hydrin in acetone solution. After being oven-dried for 5
min at 100°C, the honeydew stains appeared as violet or
purple due to their amino acid content. The feeding
chambers were arranged in a randomized complete block
design, each cup serving as a replicate. Each treatment
was replicated 8 times.

Area of Honeydew Spot.-To obtain a more exact
value for the amount of N. lugens excretion, we meas-
ured the area of the ninhydrin-positive deposits. The
spots were traced on tracing paper and squares were
counted over a millimeter square graph paper. Experi-
mental design was identical to that described for visual
estimates.

In a separate experiment, known honeydew volumes
of 1, 2, 4, 8, 12, 14, and 18",liters were spotted on
fIlter papers, and the corresponding area was measured
to determine the linear correlation coefficient (r) and the
coefficient of determination (R2) of area (mm2) on vol·
ume (lLliters) through a simple linear regression analy-
sis.

Gravimetric Measurements.-Instead of counting the
squares occupied by the spot, a tedious procedure, the
area of honeydew was expressed gravimetrically. The
stained areas were cut out and then weighed in a mg
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Nilaparvata lugens (Still), commonly known as the
brown planthopper, is one of the most important insect
pests of rice and has had a distinct economic effect on
rice farmers in Asia (Dyck 1979). The hopper causes
direct damage by sucking plant sap, which often results
in hopperburn. It also transmits 2 virus diseases, namely,
grassy stunt (Ling et al. 1970) and ragged stunt (Ling et
al. 1978). Control ofN. lugens has been complicated as
some of the high yielding modem varieties that carry
genes for resistance have succumbed to strains or bio-
types of this species which have been selected for in the
field.

Studies on the genetics of resistance to N. lugens re-
veal that resistance in varieties 'Mudgo', C022, and
MTUI5 is governed by a single dominant gene desig-
nated as Bph I. Resistance of ASD7 was found to be
due to a single recessive gene, the bph 2 gene (Khush
1979). Biotype I, the original field population in the
Philippines can only destroy varieties having no gene for
resistance. Varieties with the Bph 1 gene for resistance
are susceptible to biotype 2, and varieties with resistant
bph 2 gene are susceptible to biotype 3 (Pathak and
Khush 1979). Biotype 2 has become abundant in the
Philippines and Indonesia where IR26 was widely grown.
Biotype 3 has been selected in the greenhouse but has
not yet become abundant in the field where bph 2 gene
varieties have been grown for ca. 2 years.

The screening program for varietal resistance to N.
lugens at the International Rice Research Institute (IRRI)
has substantially increased due to the existence of the
biotypes. A simple, fast, and precise bioassay technique
is required for identification of resistant varieties and
isolation of the 3 biotypes,

Measurement of honeydew excretion as a tool in as-
sessing resistance and susceptibility of a variety was
demonstrated by Auclair (1958, 1959) with the pea
aphid, Acyrthosiphon pisum (Harris). ForN.lugens, low
honeydew excretion was related to the resistance of the
rice varieties Mudgo (Sogawa and Pathak 1970),
ARC5785, BKN6909-74-40, XB5, HRI2, and Ptb21
among many other tested materials (Karim 1975). It also
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FIG. l.-Feedingchamber forN./ugens (Sogawa and Pathak 1970).

balance. Results are expressed in mg of fJlter paper con-
taining honeydew deposits. Experimental design was the
same as that mentioned in the previous 2 experiments.

The weights of stained areas produced by known ho-
neydew volumes were obtained to determine r and R2

values through a simple linear regression analysis of
weight (mg) on volume (J.tliter) of honeydew as previ-
ously mentioned.

Volumetric Method.-A slight modification of the
feeding chamber as described under Filter Paper Method
as developed by Alam (1978) and Iman (1978) was uti-
lized to collect fresh honeydew. Parafilm MTM was
stretched over the base of the inverted cup, thus sealing
the chamber. Five previously starved 2-day-old N. lu-
gens females were placed in the chamber through a small
hole at the top of the cup. The hole was then sealed with
parafilm. The tight seal provided by the paraftlm mini-
mized evaporation of the honeydew droplets and made
quantification possible. Overnight feeding provided suf-
ficient honeydew droplets on the parafilm for measure-
ment. Calibrated micropipettes of various sizes (1-100
J.tliters) were used to measure the volume of honeydew
excreted. Each feeding chamber served as a replicate,
and feeding chambers were arranged in a completely
randomized design with 3 replications.

Color Intensity Measurement.-Two tests were con-
ducted, one with IR varieties and another with the resis-
tant sources, Mudgo and ASD7 _Experimental design in
the 1st test was identical to that in the volumetric method
except that there were 4 replicates in the 2nd test. The
feeding chamber was the same as previously described
except that it did not have to be tightly sealed. Thus,
discs cut from ordinary plastic sheets were substituted
for the parafilm. Ten J.tliters of distilled water were
added to dissolve the dried honeydew deposits. To de-
termine the concentration of amino acids, one J.tliter
sample of this solution was streaked on a Whatman No.
50 filter paper strip (2oox25 mm) as a 10 mm long line
across the center, with intervals of 10 mm between
streaks. Filter papers were air-dried and treated with
0.001% ninhydrin in acetone solution and oven-dried at
100°C for 5 min.

Another one-J.tliter sample of the same solution was
streaked on a separate filter paper strip, then treated with
2% aniline hydrochloride in ethyl alcohol and oven-
dried for 15-20 min at 100°C for determination of sugar
concentration.

Ninhydrin-treated f11ter papers gave dark to light vi-
olet stripes depending on the concentration of amino
acids in the honeydew. Aniline-treated papers gave dark
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to light brown stripes depending on the sugar concentra-
tion of the honeydew.

The stain intensity was measured through a Fujiox™
Densitometer FD-A IV with an opening slit of I x8 mm,
using a yellow fIlter of 350 .fi/-t wavelength. Optical
density was adjusted to the darkest color with a maxi-
mum light transmission of 80%. The ninhydrin and ani-
line hydrochloride papers were analyzed separately and
results expressed are the sum of the peak heights (mm)
produced by both.

To compare amino acid composition of honeydew
collected from susceptible and resistant varieties, a 3-
/-thter sample from the honeydew-water solution was
spotted on a Whatman No. I filter paper sheet (250 x 250
mm) and amino acids were separated through paper
chromatography by using the solvent system n-butanol-
acetic acid-water (3: 1: I). After drying, papers were
sprayed with 0.001% ninhydrin and placed at 100°C for
5 min. Qualitative analysis of the separated bands was
done by comparing Rr values with standard amino acids
in O.IN hydrochloric acid solution. An estimate of the
quantity in each band was made with the densitometer.

Results and Discussion
Filter Paper Method

Visual Estimates.-Fig. 2 shows an example of treated
filter papers collected from feeding chambers containing
different IR varieties with and without known genes for
N. lugens resistance (IR8, IR20, IR22, and IR24 with
no resistance gene; IR26, IR28, IR29, IR30, and IR34
with resistant Bph 1 gene; IR32, IR36, IR38, IR40, and
IR42 with resistant bph 2 gene). As indicated for Bio-
type 1, the size of the standard honeydew area shows
clearly that the feeding rate, which is related to honey-
dew excretion, is greater on susceptible varieties with no
resistance genes than on resistant varieties with Bph 1
and bph 2 genes as indicated by the negligible ninhydrin-
positive honeydew deposits. For Biotype 2, honeydew
excretion is greater on susceptible varieties with no re-
sistance genes or with the Bph I gene varieties whereas
Biotype 2 shows less feeding on the resistant bph 2 gene
varieties. Biotype 3 females excreted more honeydew on
susceptible varieties with no resistance genes or with the
bph 2 varieties than they did on the resistant Bph I gene
varieties.

Area of Honeydew Spots.-Table I shows the area
(mm2) of honeydew excreted on filter paper by 5 female
adults of Biotypes 1, 2, and 3 when feeding on 30-day
old rice seedlings ofTNI, Mudgo, and ASD7. The area
of honeydew excreted by Biotype I on susceptible TN I,
which does not carry any gene for resistance, is statisti-
cally greater than on resistant varieties Mudgo and ASD7,
containing, respectively, Bph land bph 2 genes. Ho-
neydew excretion of Biotype 2 is relatively more on sus-
ceptible varieties TNl and Mudgo than on resistant
ASD7. Furthermore, a bigger area of Biotype 3 honey-
dew deposit is obtained on susceptible varieties TN land
ASD7 than on the resistant Mudgo.

A simple linear resression analysis of area (mm2, X)
on volume (ILliter , '9) of honeydew was made and the
following equation was obtained: ~ = 0.476 + 0.176X.
Results showed a positive correlation where the r value
was 0.998 and R2 value obtained was 0.998.

Gravimetric Measurements.-Results for weight of
honeydew (mg) shown in Table I indicate the same
trends as for area (mm2). The weight of filter paper con-
taining honeydew stains of Biotype 1 is greater on TN 1

Honeydew excretion of Biotype I

Honeydew excretion of BIOtype 2

Honeydew el<Cretion of Biolype 3

FIG. 2.-Visual demonstration of honeydew excreted on fil-
ter paper by 5 N. Lugens Biotypes I, 2, and 3 female adults on
30-day-old IR variety rice seedlings, IRRI, 1978.
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Table I.-Area (mm2) of ninhydrin positive honeydew and weight (mg) of mter paper containing honeydew excreted by
N. lugens Blotypes 1, 2, and 3 on rice varieties&, IRRI, 1978.

Resistance
Biotype I Biotype 2 Biotype 3

Variety genes mm2 mg mm2 mg mm2 mg

TNI none 668 a 68 a 838 a 85 a 929 a 90a
Mudgo Bph I 83 b 9b 504 a 50 b 74 b II b
ASD7 bph 2 68 b 7 b 228 b 25 c 625 a 62 a

.• In a coJumn, means followed by a common letter are not significantly different at the 5% level by Duncan's multiple range test.

than on varieties Mudgo and ASD7. Values for Biotype
2 are relatively higher on susceptible varieties TN} and
Mudgo than on resistant ASD7. Biotype 3 values are
high on TN I and ASD7 but low on the resistant variety
Mudgo.

Similarly, a simple linear regression analysis of weight
(mg, X) on volume (JLliter, ~) of honeydew was made
and the following equation was obtained: '2' = 0.754 +
0.}59X. The r value obtained was 0.997 and R2, 0.996.

Volumetric Method.-Table 2 shows the volume of
honeydew (~liter) excreted by 5 females of Biotype },
2, or 3, which fed overnight on 30-day-old seedlings of
various IR varieties. The volume of honeydew excreted
on susceptible varieties is greater than that on the resis-
tant varieties. For example, the volume excreted by Bio-
type } is relatively more on the varieties with no resis-
tance gene than on the Bph } or bph 2 gene varieties
except for 1R34 and IR40, where the volume is less but
not statistically different from some of the susceptible
varieties, These results are similar to those from green-
house or field varietal screening against Biotype 1 where
IR40 sometimes rates as 7 on a 1-9 scale (where I =
resistant and 9 = susceptible). Honeydew volume of
Biotype 2 on the same varieties was generally greater on
varieties with no resistance gene or with the Bph I gene
varieties than on those with the bph 2 gene. However,
volume of honeydew collected from IR38 and IR40, 2
resistant varieties, was not statistically different from the
amount obtained from some susceptible varieties. Bio-
type 3 honeydew volume was greater on the varieties

with no resistance gene, but there were no clear differ-
ences between the Bph } gene and the bph 2 gene vari-
eties, which are respectively, resistant and susceptible to
this Biotype.

Color Intensity Measurements.-Table 3 gives the to-
tal color intensity of honeydew treated with ninhydrin
and aniline, expressed in densitometer peak heights, of
Biotypes I, 2, or 3 feeding on several IR varieties (Test
I) and the differential varieties (Test 2), Peak heights
produced by sugars as indicated by the aniline treated
papers were low and thus the amino acid constituents
mostly contributed to the peak heights indicated in Table
3, Large quantities of honeydew, as indicated by high
color intensity, were excreted by Biotype 1 only on va-
rieties with no resistance genes and by Biotype 2 on va-
rieties with no resistance gene or those which carry the
Bph 1 gene. Large amounts of honeydew were excreted
by Biotype 3 on varieties with no resistance gene and on
those carrying the bph 2 gene. Auclair (1959) reported
that A, pisum feeding on susceptible pea varieties gen-
erally excreted honeydew containing a higher concentra-
tion of free amino acids and amides than when feeding
on resistant varieties.

One-dimensional paper chromatography of 3 ~liters
of fresh honeydew excreted by 5 Biotype I female adults
fed on different IR varieties resulted in the separation of
8 amino acid bands of high color intensity on all suscep-
tible varieties (Fig. 3). High densitometer measurements
were obtained particularly on 3 bands, corresponding to
the aspartic acid, the glycine-glutamic acid-serine band,

Table 2.-Volume (p,liter) of honeydew excreted by N. lugens Biotypes 1, 2, and 3 feeding on different IR varieties,·
1RRI,1978.

Resistance
Varieties genes Biotype 1 Biotype 2 Biotype 3

IR8 None 132 ab 114 ab 112 ab
IR20 None 89 abc 98 ab 68 bc
IR22 None 150 a 137 a 149 a
IR24 None 154 a 99 ab 109 ab
IR26 Bph I 27 de 63 abc 15 ef
IR28 Bph 1 20 e 67 abc 7g
IR29 Bph I 4f 47 abed 14 ef
IR30 Bph I 22 e 90 ab 23 d
IR32 bph 2 7f 19 cde 17 ef
IR34 Bph 1 48 cd 84 abc l3fg
IR36 bph 2 22 e 21 cde 32 d
IR38 bph 2 24 de 26 bede 21 def
IR40 bph 2 69 bc 29 bcde 44 cd
IR42 bph 2 18 e 15 de 14 ef

• In a column. means followed by a cnmmon leller are nOl significantly different .t the S% level by Duncan's multiple range lest.
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Table 3.-Color intensity expressed as the sums of the peak belghts (rom) of nlnbydrin and aniline treated boneydew
excreted by N. lugens Blotypes 1,2, and 3 feeding on different IR varieties,· IRRI, 1978.

Resistance
Varieties genes Biotype 1 Biotype 2 Biotype 3

Test 1
IR8 None 92 a 51 a 51 ab
IR20 None 83 a 42 a 51 ab
IR22 None 99 a 58 a 52 ab
IR24 None 104 a 46 a 52 ab
IR26 Bph 1 4c 41 a 3e
IR28 Bph 1 Od 41 a 2 e
IR29 Bph I Od 31 ab 17 c
IR30 Bph I 4c 48 a 13d
IR32 bph 2 2c Oe 41 abc
IR34 Bph I c 56 a Of
IR36 bph 2 3c 3e 27 bcd
IR38 bph 2 Od 6 cd 37 abc
IR40 bph 2 2 c 15 bc 61 a
IR42 bph 2 9b 2 de 21 cd

Test 2
TNI None 59 a 48 a 44a

Mudgo Bph 1 7 b 18 ab 3 c
ASD7 bph 2 lOb 9c 46 a

• In • column. means followed by • common lellet are not significandy different .t the 5% level by Duncan's multiple range test.

and the alanine band on IR8, IR20, IR22, and IR24.
However, on resistant varieties IR28, IR32, and IR40,
a maximum of only 3 bands were separated, the color
intensity of which were very low. Similar results were
obtained from Biotype 2 feeding on susceptible varieties
IR8, IR26, IR28, and IR34 and on resistant varieties
IR38 and IR42. Likewise, high color intensities on dif-
ferent amino acid bands separated from Biotype 3 ho-
neydew collected from susceptible varieties such as IR8,
IR20, and IR40 were observed while honeydew from
resistant variety IR26 showed only 2 amino acid bands
of low color intensities.

The fewer amino acid bands detected by paper chro-
matography of honeydew from hoppers feeding on resis-
tant varieties may be due to the low amino acid concen-
tration in the honeydew excreted. It has previously been
demonstrated that the N. lugens Biotypes 1, 2, and 3
suck much smaller quantities of plant sap from resistant
than susceptible varieties (Karim 1975, Alam 1978, and
Iman 1978). It may be that the insect absorbs most of
the amino acids present in the small quantities of plant
sap ingested when feeding on resistant varieties. An-
other reason for the few amino acid bands on resistant
varieties may be due to the dilution effect of the water
on the small amount of honeydew excreted by the insect,
the result of which was below the sensitivity of the tech-
nique used in this experiment.

The results suggest that brown planthopper honeydew
excretion may also be assessed by measuring the color
intensity or concentration of its amino acid constituents.
Such a study would be relatively simple and may pro-
vide basic information on the relationship between feed-
ing activities and the degree of resistance or susceptibil-
ity of rice varieties.

Honeydew excretion, although an indirect measure of
the feeding rate of brown planthopper, provided a simple
yet precise bioassay for studies related to brown plant-

hopper feeding activity. Auclair (1959) found that ex-
cretion rates of the pea aphid were highest on susceptible
pea plants and concluded that relative aphid feeding can
be indirectly estimated by excretion rates. Similar results
have been obtained for various rice hoppers, Nephotettix
virescens Ishihara (Cheng 1969), Sogatella furcifera
(Horvath) (Rodriguez-Rivera 1972), and Recilia dor-
salis (Motschulsky) (Pongprasert 1974). Measurements
of area or weight of honeydew on filter papers gave sat-
isfactory results although the procedure was extremely
tedious. Volumetric measurements, however, were less
sensitive as it was difficult to differentiate honeydew
droplets from other deposits present on the parafilm,
possibly products of plant or insect respiration. Because
the concentration of amino acids and sugars in the ho-
neydew of brown planthoppers was related to the degree
of feeding, measuring total color intensity of honeydew
was the most precise method. However, measuring area
of honeydew on filter papers could be satisfactorily used
by less equipped laboratories.

Since a differential reaction of brown planthopper
Biotypes I, 2, or 3 on check varieties TN1, Mudgo, and
ASD 7 as well as on IR varieties was obtained, honey-
dew excretion, using any of the aforementioned proce-
dures, provides a suitable bioassay for biotype identifi-
cation. These described methods can substitute for the
time consuming nymphal survival and population devel-
opment tests traditionally used in biotype identification,
and they are useful in the final screening for resistant
and moderately resistant rice varieties.
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FIG. 3.-Densitometer readings of separated amino acid
bands from honeydew excreted by N. lugens Biotype I, 2, and
3 feeding on IR rice varieties, IRRI, 1978.
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