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INTRODUCTION

Imidacloprid, 1-[(6-chloro-3-pyridyl) methyl]-N-nitro-2-
imidazolidin-imine, is a new systemic insecticide suitable for
use in the form of granules.”® Owing to its high insecticidal
activity, selective toxicity and adequate stability in the envi-
ronment, imidacloprid was found to be able to reduce the
application rate and frequency.®~” On the other hands,
Nilaparvata lugens (STAL) (brown planthopper: BPH) is
known to immigrate annually into Japan during the rainy
season and often causes destructive damage for rice produc-
tion. Its density and period of migration fluctuate very much
depending on years and regions. Accordingly, the lasting
efficacy of insecticides applied at the time of transplanting has
been seldom studied under the natural conditions, and clear-
cut results are not available so far.

This experiment was carried out to estimate the lasting
efficacy of imidacloprid on BPH by the test method combined
with artificial insect inoculation and chemical residue analy-
sis. With the high selectivity and systemic property in com-
plex with modern formulation and application technology
such as nursery box and seed treatments, imidacloprid may
play an important role in the integrated pest management
(IPM) program in future.

MATERIALS AND METHODS

1. Chemicals and Application

On May 12, 1990 the granule formulation of imidacloprid
2% was treated to 2-3 leaf stage of rice seedlings of Japonica
rice variety “Nihonbare” which were raised in nursery boxes
(30X 60 % 3 cm) at rate of 50 g/box, 1 g a.i./box (correspond-
ing to 200 g active ingredient/ha in the field after transplant-
ing). Three days after treatment (DAT), those seedlings were
transplanted into the paddy field of Nihon Bayer Agrochem
Experimental Farm in Yuki, Ibaraki Japan, consisting with
100 m? per plot and three replicates. Samples of rice plants
for analysis were taken at 3 DAT, just before the transplant-
ing, and at a weekly interval for 3 months from the field.
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The whole plants were divided into root and aerial parts.
From 28 days after transplanting (DATP), the aerial parts
were subdivided into leaf, sheath and grain (at the harvest
time only). Residue analysis was made by HPLC method
described by Ishii et al.®

The alluvial soil at the experimental site was silty clay (clay
32.4%, silt 51.2%, fine sand 13.9% and coarse sand 2.5%).
Fertilizers, herbicides and fungicides were applied according
to the standard agricultural practice in Ibaraki, Japan.

2. Insect and Plant

For the biological evaluation, a part of plot holding six rice
hills were covered with a synthetic fiber (SARAN) net (60 X
60 < height 120 cm) and kept in that condition until harvest.
The insect tested is Nilaparvata lugens (BPH), collected in
Kagoshima, Japan, in 1982 and has been reared in Yuki
laboratory according to the method of Sugimoto giving
continuos chemical pressures of 250 ppm propoxur and 500
ppm malathion (LD, value of imidacloprid was 0.20 xg/g).?
Five male and ten female adults within 2 days after emergence
were released into one net and allowed for oviposition during
the period of 36 to 85 DATP. For the biological evaluation,
the number of insect were counted 12 times at 7 days interval.
In addition, at the time of harvest, the yield of 6 hills per plot
was also investigated. These data were subjected to Duncan’s
new multiple range analysis.

We report here the lasting efficacy of imidacloprid on BPH
in correlation with its chemical concentration in rice plants
when applied in the formulation of granule at the time of
transplanting (so-called nursery box application: NBA).

RESULTS AND DISCUSSION

The chemical residue values of imidacloprid are shown in
Table 1. The residue of imidacloprid in rice plant was the
highest at 3 DAT (93.9 mg/kg) and declined quickly (0.17,
0.011 and 0.004 mg/kg at 28, 63 and 91 DATP, respectively).
Also in the root, high residue of 65.7 mg/kg was found at 3
DAT. This indicates that imidacloprid was incorporated
into the rice plants rapidly from root during three days.
After the transplanting to the paddy field, the residues show a
tendency to decrease linearly. The residue in the root was
also declined to 0.152 mg/kg at 21 DATP.

Under the condition mentioned above, the rice plants in the
two plots among the untreated three were heavily damaged by
so-called hopper-burn just before heading stage. The lowest
effective concentration of imidacloprid on BPH was estimated
to be as low as 0.01 mg/kg in the aerial whole and 0.008 mg/
kg in sheath respectively (Table I, Fig. 1). The concentra-
tion of 0.01 mg/kg was still active to inhibit growth of BPH
at 8 weeks after transplanting, although sufficient mortality
against adult could not be expected at 0.064 mg/kg as early as
5 weeks after transplanting (Tables 1 and 2). The chemical
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Table 1 Residue behavior of imidacloprid in rice plant.
Aerial part (mg/kg) Root A. parts
DATP® :
Whole L. blades Sheath (mg/kg) weight
0™ 93.9(91.6-96.2) 65.7(62.1-69.2) 0.24
7 10.9(10.3-11.5) 7.51(7.27-7.74) 0.42
14 2.22(2.18-2.25) 0.95(0.927-0.973) 0.85
21 0.326(0.302-0.349) 0.152(0.136-0.168) 3.89
28 0.170 0.364(0.351-0.378) 0.044(0.043-0.046) 0.077(0.076-0.078) 9.43
35 0.064 0.126(0.124-0.129) 0.025(0.024-0.026) 0.060(0.059-0.062) 25
42 0.028 0.054(0.054-0.055) 0.013(0.013-0.013) 58
50 0.017(0.017-0.018) 0.007 (0.007-0.007) 70
63 0.011 0.018(0.017-0.020) 0.008 (0.008-0.008) 121
77 0.008 0.015(0.014-0.016) 0.004 (0.003-0.006) 161
91 0.004 0.007 (0.006-0.009) 0.002 (0.002-0.002) 257
120 0.002 (0.002-0.002) (g/hill)
®Days after transplanting. ®3 days after treatment. ©Residue in grain.
3 350 Table 2 Efficacy of imidacloprid on BPH by N.B. applica-
[ \ 200g ai/ha ton.
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Fig. 1. Chemical residue and effect of imidacloprid 200 g/
ha on BPH.

concentration of sheaths, the parts where BPH preferably
make oviposition and infests, will be more important for BPH
control than that of leaf blades. Even though the concentra-
tion in the sheaths were one eighth to half of those of leaf
blades. The final crop residue in grain was 0.002 mg/kg, 1/
100 of Japanese MRL 0.2 mg/kg, and as low as the minimum
detectable concentration.

On the other hand, the efficacy of NBA with imidacloprid
granules against BPH lasted 3 months at the application rate
of 200 g a.i./ha and exceeded 100 days at 300 g (Table 2). In
the plots treated with 200 g imidacloprid/ha, a reinfestation
with BPH was observed in mid August at 91 DATP, it was
proved that the crop had suffered scarcely from hopper dam-
age until the harvest as shown in yield assessment (Table 3).

Table 3 Yield assessment.

Imidacloprid a.i./ha

Untreat.
300 g 200 g
Unposished (1) 19.7 19.0 1.1
rice 2) 19.9 20.9 24
3) 18.7 18.5 5.0
Mean 19.4** 19.5* 2.8
Unhulled 0] 24.2 23.1 1.5
rice 2) 24.3 25.7 3.1
3) 23.6 22.5 6.2
Mean 24.0** 23.8* 3.6
(ton/ha) 4.8 4.76 0.72
** Figures indicate significant difference from

untreatment with 99% confidence limits.
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From the result of the crop damage in response to the concen-
tration of imidacloprid, a single application of 200 g imida-
cloprid/ha was sufficient in practice to keep the BPH popula-
tion at an economically negligible level for the entire season.
The effect of season-long control which has been observed in
the practical fields was confirmed in this test.

CONCLUSION

This experiment showed a possibility of season-long con-
trol of BPH by one-shot application of imidacloprid into
nursery boxes at corresponding rate of 200 g a.i./ha. The
chemical residue effective for BPH is as low as 0.01 mg/kg
and the final crop residue in rice grain was only 0.002 mg/kg.
These data suggest that the high susceptibility of BPH to
imidacloprid is a key factor contributing for the lasting
efficacy rather than the chemical persistence in plant itself.
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