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Abstract: Lethal and antifeeding effects of carbofuran against the adult females of Sogatella
Sfurcifera were studied by measuring insect mortality and feeding reduction with leafsheath, topical
and root—zone applications. The LDy, values for leafsheath, topical and root—zone applications
were 0.51ug/ cm?, 0.86ug/ g, and 8.82umol /1, respectively. Among the application methods,
topical application of carbofuran was most effective against S. furcifera. Honeydew excretion re-
duced significantly when §. furcifera fed on the leafsheaths of susceptible TNI plants treated with
carbofuran in 0.016ug / cm” and in 0.1umol / 1 at root zone, and when insects were treated topicaily
at 0.002ng / female. Feeding behaviour of S. furcifera on TNI plants treated at the root zone was al-
so investigated using an electronic device. '
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The whitebacked planthopper, Sogatella ment of this pest.

is now emerging as a serious pest of

The use of insecticides is still
the most common method known to bring about

rice in several Asian countries, particularly in
areas where varieties resistant to the brown
planthopper, Nilaparvata lugens, have been
grown successfully Y13 Both nymphs and adults
attack rice plants directly by sucking the phloem
sap ‘¥ delayed til-

‘lering and reduction in grain formation. Various

resulting in slow grow,

control measures such as chemical, biological

and varietal resistance are applied in the manage-

immediate reduction in pest populations. The
heavy use of some insecticides, will

cause the resurgence of S. furcifera on the treat-
(4.5.6)

however,

ed plants and contaminate the environ-
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ment. Fujiwara (1971) reported that the insecti-
cide chlordimeform at sublethal levels exhibited
antifeeding activity to the phytophagous insects
Pryeria sinica and Calopilos miranda . Since
then, entomologists have paid more attention
to searching for insect antifeedants, chemicals
which reduce and prevent insect feeding. Several
insecticides at sublethal levels were reported to
possess antifeeding properties against insect
pests (3% Jeevaratnam (1984) demonstrated
that N. lugens fed significantly less on suscepti-
ble TNI treated with carbofuran at sublethal
doses ' .

The available information on the toxicity of
carbofuran to S. furcifera is limited. Few studies
have investigated antifeeding effect of carbofuran
at sublethal levels against S. furcifera. There-
fore, the work reported here w=2s designed to
study lethal and antiferdiag cffects of carbofuran
to S. furcifora with leattheath,
and electronic record-

topical and
root—zone appiications,
ing of the feeding behaviour of this pest on treat-
ed TNl plants.

Materials and Methods

Carbofuran (2,3—dihydro—2,2—dimethyl—
7—benzofuranyl-N-methyl—-carbamate) supplied
by Bayer Co. . Germany with the purity of
99.4% was used.
fresh TNI plants.
macropters (0~ 2 day old) of S. furcifera and
6—week—old TNI plants were used. All experi-
ments were conducted at 25% 2C with
dark / light period of 12/12 h;
given experiment were completely randomized.

Test insects were reared on
Unless otherwise stated,

replicates in

1. Mortality Response

Mortality was assessed by counting dead in-
sects at 24 h after treatment. The toxic effect of
carbofuran to S. furcifera was assessed based on
Finney’s (1971) probit analysis ©'*

Leafsheath Application

A solution (140 pl) of carbofuran in acetone
of appropriate strength was applied to a
7 cm’ surface area of a stem with a small
The final residues on each stem

0.885, 0.665, 0.443 and

paint brush.
were 1.106,

0.221 pg/cm®. Acetone only was used as & con-
trol. Test plants were left at least 10 min to en-
sure complete evaporation of the acetone. Fif-
teen females were introduced into a feeding cham-
ber “'* allowing exposure to the treated stems on-
ly.

Topical application

Carbofuran in acetone solution was applied
topically with an electronic microapplicator in
0.141 to the dorsal surface of a test female. The
final doses were 2.5, 1.7, 1.2, 0.8 and
0.2 ng/female. Acetone alone was applied to
the control. Ten treated insects were in'roduced
into a petri disi and fed by providing two pieces
of TNIstems.

Root--zone application:

The roots <1 each plant (no soil) were im-
mersed in approximately 250 ml of aqueous solu-
tions containing carbofuran at 16, 13, 10,
7 and 4 umol /1. The control was treated with
water alone. Ten females were released into each
feeding chamber allowing the access to the rice
stem and the number of dead insects was counted
at 48h after treatment.

2. Antifeeding Response

Honeydew Excretion

The methods of treating test insects were the
same as described above. The final doses or con-
centrations of carbofuran directly / indirectly
used to treat test insects were 0.159,0.079
and  0.016pg/ cm’(leafsheath  application),
0.1, 0.02, 0.01 and 0.002ng/ female (topical
application), and 2, 1.5 1, 0.5 and
0.1 umol /l(root—zone application).Three to
5 treated insects were released into a feeding
which

Honeydew excretion was collected after 24 h and
C14)

chamber represented a  replicate.

measured colorimetrically Reductions in
honeydew excreted by treated insects were deter-
mined by the differences between honeydew ex-

creted by untreated and treated insects, meas-
uring as antifeeding response.
Antifeeding response(%) = B ; A x 100

where, A =quantity of honeydew excreted by

carbofuran—treated S. furcifera and B = quanti-
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ty of honeydew excreted by untreated S.
SJurcifera.

Antifeeding response of S. furcifera on
carbofuran was assumed to be the response of a
S. furcifera population and probit analysis was
therefore applied to calculate the median antifeed-
ing dose / concentration (MAD,, / MAC,,) . To
compare the 50% responses of S. furcifera to
carbofuran, the term “ efficiency index” was
used and calculated as follows:

LDso(LCso)

Efficiency index = MADx(MACx)

where the slopes of the log dose—probit lines com-
pared are not similar then this index is not con-
stant, and the comparison is not statistically val-
id. However, it indicates a level of dosage ciit-
ferences for the two different responses

Electronic Recording of Feeding Activiiy

TNI zlints were treated with caroofuran in
2umol /! at root zone.  The electronic recording
procedure followed by Khan & Saxena ¢'¥
and the feeding activities of S. furcifera were re-
corded for 180 min as a replicate, using differ-

ent plants and insects. Reduction in phloem

ingestion was calculated similarly with antifeed-

ing response.

Results

1. Toxic and Antifeeding Response

The mortality and antifeeding probit
regression equations together with the calculated
LD;y(LCs) and MAD,(MAC,) values are given

Sfurcifera made more pcobes,

in Table 1. Compared with antifeeding, the in-
sect’s mortality increased drastically with the in-
creasing dose (concentration) used. Among 3 ap-
plication methods, topical application had high-
est efficiency index, indicating that it was most
effective against S. furcifera. The insect ex-
creted significantly (P<0.05) less honeydew
when carbofuran was applied on leafsheath at
0.016ug / cm®, topically treated at 0.002ng / fe-
male and applied at root zone in 0.1umol /| (Ta-
ble 2).
2. Electronic Recording of Feedirg Activity
During the 180min feeding period, S.

and had longer
salivation and shorter phloer» ingestion periods
on freaied TNi than on untreated (Table 3).
The frequency of phloem ingestion durations
falling in the range of 20~ 130 min was much
lower on treated TN1 than on untreated TNI
(Fig.1) . Moreover, there were more than 60%
of short (<10 min/ probe) phloem ingestion
durations on treated TNI in a contrast of less
than 40% on untreated TNI.

Discussion

The results reported here illustrate that

carbofuran was most toxic against S.

Sfurcifera. in topical application. Compared with

0.46 and 0.32ug/ g,
of carbofuran against S. furcifera reported
respectively by Heinrichs er al. ¢'® and Fabellar
and Heinrichs ¢ ' , the topical LDy, value
study was

(0.86 ug/g) in

the topical LDy, values

the present

Table 1. Calculated probit regressions, LD (LCy,) and MAD(MACj,) values for responses of S. Surcifera’’ treated

with carbofuran

Regression LDy, or Fiducial Efficiency
Treatment Response ) - .
equation MAD,, limits index
Leaf sheath (ug/ cm?) Mortality y=2.81+3.11x 0.51 0.44-0.58
Antifeeding y=4.38+0.60x 0.11 0.05-0.23 438
Topicz;l (ug/ g) Mortality y=1.96+2.86x 0.86 0.65-1.13
Antifeeding y=4.17+0.85x 6.72 4.48-9.70 128.9
Root zone (pmol /1) Mortality y=2.19+2.97x 8.82 7.45-10.45
Antifeeding y=3.99+1.05x 0.90 0.64—1.27 9.8

Note: 1) Mean female body weight=1.34mg. 2) y indicates probit and x log dose (concentration); units are

pg / cm? in leafsheath, ug / g in topical and umol / 1 in root zone.
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Table 2. Antifeeding effect of carbofuran against S. furcifera’’

Quantity of amino acids Antifeeding
Treatment method Concentration in honeydew?(ug dry response
weight / female per 24h) (%)
Leafsheath(ug / cm?) 0.159 28.6a 55.2
0.079 33.7a 473
0.016 438 b 31.5
0.0 639 ¢
Topical(ng / female) 0.1 23.3a 77.9
0.02 34.5a 67.3
0.01 54.1 b 48.8
0.002 779 ¢ 26.2
0.0 1056 d
Root zone(umol / 1) 2.0 18.5a 67.4
1.5 230 b 5.5
1.0 w3 ¢ 45.6
. 0.5 3062 d 36.3
a1 459 ¢ ' 17.4
0.0 56.8 f

Note,

DWithin a treaiment metaod, means followed by the same letters are-not significantly different at

P=0.05 by Duncen’s (19351) multiple range testtDMRT). No mortality was observed with any concentration (i.e.,

less than 5% mortality). 2) Average of 3 replicates; Quantity of amino acids in honeydew measured colormetrically

using glutamic acid as standard.

Table 3. The electronically—recorded events in 180 min feeding of S. furcifera on TNI plants treated with aqueous

carbofuran solution of 2umol / | at root zone

Electronically recorded events"

Treatment
Probes Salivation Phloem ingestion Non—feeding
(no) (min) (min) (min)
Treated TNI 11.0 a 29.6 a 84.3 a 66.1 a
TNI1 64 b 11.1 b 151.7 b 172 b

Note:1) Average of 7 replicate, each replicate using a new plant and new insect. In a column, means followed by

the same letters are not significantly different at P=0.05 by DMRT.

{182 and

obviously high. Similarly,Nagata
Fabellar and Heinrichs ¢ ' obtained different
topical LD;, values of 0.32 and 0.76ug/ g for
and 0.55 1.04ug /g for
carbaryl, respectively. This kind of phenome-

non could be due to the variations in insect

propoxur, and

body weight and age of test insects or
possibly droplet size of test solution. So far,

there are few reports on the LDy (LC,,) values of
carbofuran against S. furcifera with leafsheath

morphs,

and root—zone applications. In leafsheath appli-
it is probable that the mortality of S.
caused by the presence of

cation,

Surcifera
carbofuran which permeated into the vascular
bundles of rice plants. More than 80% mortali-
ty was recorded after a day when S. furcifera in-
fested on TNI plants sprayed with carbofuran
12F at 0.25kg (a.i.) per hectare '* . The mortali-
ty on treated TNl plants resulted from the
and

was

translocation persistence  in  the
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Frequency distribution of 88 individual phloem ingestion durations (57 for treate” TN and 31 for unt-eated

TNI in seven replicates) of S. furcifera in 180 min feeding or TN! piasts immerssd into aqueous carbofuran

solution of 2 umol / 1

treated plants. Siddaramappz et ol demcn
strated that most of tlie carbofurar absorbed by
rice was accam.lated in the leaves and in the
stem region " .

An insect’s teeding can be inhibited even on
most preferred host plants containing an optimal
combination of feeding stimuli when applied with
effective feeding deterrents © >, The present
investigation shows that  carbofuran,
an insecticide widely used in the paddy field,
also depresses feeding of S. Surcifera
at sublethal levels. The insect fed significantly
less on susceptible TN! plants treated with
carbofuran in all three application methods.
The finding was supported by electronic record-
ing of the feeding behaviour of .
furcifera  treated indirectly with carbofuran.
The insect became restless,
had shorter phloem ingestion periods
(< 80min / probe) on the treated TNI1 plants

than on the untreated ones.

probed more and

The preliminary
tests indicated that reductions in honeydew excre-
tion were caused by treating with carbofuran at
sublethal levels rather than other factors such as
CO, anaecsthetization of, and acetone applied
on, test insects ¢ ¥ . Also, Jeevaratnam
(1984) reported that honeydew production by
N. lugens reduced significantly on TNI plants

painted with carbofuran solution in acetone at

0.07umol / cm® and applied at 0.005% at the

an Meisner et al. dem-

root zone Moreover,
onstrated that larval weight gain of the Egyptian
cotton leafworm, Spodoptera littoralis, was
significantly lower on alfalfa—~treated with 0.3,
0.2, and 0.1% (a. i. ) of pronamide ¢*

it could be concluded that S.
furcifera  feeding was inhibited by carbofuran

which was translocated into rice phloem and de-

Therefore,

pressed feeding of the pest. However, effective
delivery systems and appropriate field testing are
required to evaluate any potential of carbofuran
as an antifeedant in an IPM approach to S.

Jurcifera control.
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