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Ecology of Small Brown Planthopper, Laodelphax striatellus (Fallén),
and control of Rice Stripe Disease in Hokkaido.

Yoichi KAZINO

Hokkaido Prefectural Kamikawa Agricultural Experiment Station,
Asahikawa, Hokkaido, 079, Japan.

SUMMARY

The rice stripe disease trasmitted by the small brown planthopper, Laodelphax striatellus
(Fallén), is one and only the virus disease of rice plant in Hokkaido, northmost island of Japan.
Since first occurrence at 1968, this disease has widely distributed and became one of the most
important disease of rice plants in Hokkaido. In order to have ecological and control
information on the vector pest and disease in the colder regions of Japan, the life history of the
small brown planthopper, seasonal fluctuation of the rice stripe disease, infection period,
percentage of viruliforous insects and control methods of disease and so on, were carried out
from 1978 to 1983 in Kamikawa Aguricultural Experiment Station, Asahikawa, Hokkaido. The
results are summarized as follow:

1. Eight series of different day length were made, namely 8, 11, 12, 13, 14, 15, 16 and 24
hours of illumination per day at 20 C. 100 9 diapause was induced in a short day photoperiod
ranging from 8 to 12 hours. The incidence of diapause falled from a photoperiod of 13 hours,
and no diapause was found in long day length over 15 hours. The photoperiodic response curve
for diapause induction showed the typical long-days response within the range of photophase
which occurres naturally at Asahikawa city. The critical photophase time for diapause induction
was about 13.5, in Asahikawa popullation. This pattern was similar to the examples studied by
previous worker (Kisimoto, 1958; Miyake,1932; Noda, 1988). The photoperiodic sensitive stage
was from the Ist instar to the 3rd instar.The diapause stage was mainly the 4th instar, although
some individuals elongated the developmental period were found at the 3rd and the 5th instar.
Under field conditions, on the other hand, the some hatching larvae diapaused late August, and
all of the hatching one which were appeared after early September diapaused.

2. The diapause termination was activated by rearing under low temperature (3°C +2C) from
60th days to 80th days. In fields, the diapause terminatived larvae were found from early
December, but most of diapause larvae terminated at late January.

3. The hibernating sites and stages of the small brown planthopper were investigated in the
fields. The density of hibernating larvae on the grass border was higher than that on the wheat,
the grassland or the bank coverded with the gramineous weeds, and the tendency of the dencity
was unvariable from year to year. Therefore, it was considered that the major hibernating site
was the grass border of the paddy fields.The hibernating larvae density in the grass border
became a constant level at two weeks after harvest of the rice plants, because many hibernating
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larvae gradually migrated there from the rice fields, following harvest. The hibernating stages of
the larvae were from the 2nd instar to 4th instar,and the variations were found among years and
localities, but the main stage was the 4th instar.

4. Fifteen to 30% of the hibernating larvae survived in the field cage during the
overwintering period of 1980—1981. The poorest period for survival was during snow melting
from March till April when a 40—60 % mortality was noted. The mortality before snow
coverage in November and December was 13—19 %. Chances for survival were best during snow
coverage of January and February when the mortality was 0—13 %. The density of hibernating
larvae in the grass border of the paddy fields decreased sharply during the overwintering period.
However, the annual and local variations in larvae density before and after hibernation were
large, as well, and the average survival rate of larvae in fieldswas 10—~20 %.

5. Judging from the fact that the mortality of snow melting period was caused by
enviromental factors such as excessive moisture on the hibernating sites, it was considered that
the decreased survival rete during this period would be unvariable from year to year. Therefore,
it was inferred that enviromental factors such as mean temperature, number of days of rainfall
and snowfall before snow coverage influence the overall survival rate during the overwintering
period.

6. The developmental period from reactived diapausing larvae to adult emergence became
shorter when the temperature was increased from 13°C to 30°C. The developmental zero and the
effective accumulative temperature of hibernating larvae in 4th instar was 9.9 C, 149.0
day-degrees,. respectively, in Asahikawa population. The developmental period of these larvar
differed from that of the local population in Hokkaido, and also with respect to the stage of
hibernating larvae. Such local difference was also found in adult emergence of hibernating
generation in the outdoor nethouse.

7. In order to observe the larval mortality factors after hibernation, hibernating larvae
obtained from the fields after snow melting were reared in laboratory. The mortality factors
affecting these larvae were parasite by dryinid-wasp, Haplogonatopus —atratus (Esaki et
Hashimoto), disease by fungus and drowing just after moulting. However, the mortality caused
by parasite and disease was low, 1—6 %.

8. Different populations collected from several localities in Hokkaido were compared with
respect to wing-form patterns in the hibernating generation adult at 1981—1983. It was found
that wing-forms in the hibernating generation adult varied from year to year and with in the
local population. That is, the percentage of the brachypterous form in Ohno and Biratori
population was similar to the general trend found by various workers, but that in Iwamizawa
and Asahikawa population was lower, about 10 to 20%. It was considered that these local
difference of wing—form in the hibernating generation adult must be important to resolve the
epidemic mechanism of the rice stripe disease in Hokkaido.

9.The small brown planthopper produced three generations during a year in Hokkaido.
From survey results with light trap, sweeping and yellow-water-pan in the paddy filds, it was
estimated that occurrence peaks of the each genration adults were following; the hibernating
generation appeared early to mid Jun, the lst generation appeared early August and the 2nd
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genaration appeared late August to early September. The paddy field population was established
by the adult immigrants of the 'hibernating generation in late May which was the time soon
after rice—planting, and was maintained throughout the whole season of rice—growing by their
progenies in the following generation. Although population dennsity was variable from year to
year, the adult population of the hibernating generation immigrating in the paddy fields was the
lowest during a year. However, this adults was considered to have an important role in the
seasonal cycle of the rice stripe virus transmissions. From the viewpoint of forecasting, the
correlation analysis indicated that the density of initial immigrant population and the weather
factors after immigrant were of mejor importance to influence on the occurrence of the rice
stripe disease.

10. The occurrence of the rice stripe disease and the viruliferous insects were distributed on
the major rice cultivating regions in Hokkaido. Seasonal disease occurrence was as follows. The
disease was not recognized in nursery. After transplanting of rice to the paddy fields, the disease
appeared first at mid to late Jun, and the maximum occurrence came at mid July. Disease
occurrence gradually increased till mid August, but the disease hills of later stages were a few.
From the disease occurrence in fields, it was considered that the major infectious period was
from after transplanting to mid July, and the hibernating generation adults and the Ist
generation larvae played the important role to the prevalence of the disease.

11. The multiplication of the rice stripe virus among rice plants varied according to the
varieties, and also the same difference was ricognized in the occurrence in the fields. Infection
was proved by inoculation on wheat plants until late September. The virus multiplied among
wheat plants at next spring, but the infected plants did not show clearly symptoms.

12. The rate of transovarian infection of viruliferous insect was from 80 to 1009 in
Asahikawa population, and this rate was similar to previous reports. However, there were some
cases where all of progenies produced by viruliferous female were non-viruliferous insects. From
this facts, it was suggested that the lower strain of transovarian infectious rate existed among
the Hokkaido population.

13.  Although the viruliferous rate of hibernating generation larvae varied from year to year
and with in each field population, in a local sense, the variation was rather slight and agreed
well with epidemic process of the rice stripe disease. The viruliferous rate tended to become
higher with the rise of diseased plants. On the other hand, the viruliferous rate decreased under
low diseased plants, but the decreasing degree was rather slight.

14. The viruliferous insect density was more important factor from viewpoint of disease
occurrence than the viruliferous rate. The correlation was observed between the viruliferous
insect density of hibernating generation and the percentage of disease hills.

15. Based on the results of previous reports, the tolerable injury level was estimated to be
about 1095 of diseased hill and about 5% of diseased panicle. The number of viruliferous insect
which corresponded to the 109 of diseased hill was estimated to be 0.02 per hill at late Jun and
0.115 per hill at mid July.

16. Insecticide susceptibility of the small brown planthopper has been surveyed by the rice
seedling-dipping method. Susceptibility of the planthopper to fenitrothion was different with
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generations and stages. Especially, susceptibility of larvae before hibernation was lower than that
of other generations. The LC; values of the 4th instar larvae for fenitrothion trended to decrease
since 1983, and then the variation of LC; of different populations had been larger. This facts
indicated the possibility of development of insecticide resistance.

17. The larvae density of hibernating generation decreased with incineration of the grass
bouder in early spring, but survival larvae from 20 to 60% was found, because such a degree of
the incineration was variable with weeds speciesor growing condition of weeds.

18. The method applicating insecticide on the grass border namely border control, was
carried out in paddy fields. From the results in spring, it was shown that larvae density of
hibernating generasion in the grass border decreased about 1./10 by border control, and inhibited
on occurrence of the small brown planthopper and the rice stripe disease in paddy fields.
Applicating period of border control in spring was from early to mid May, and applicating
amount was 4—6Kg calculated in terms of 10a. This control was more effective method, because
the amount of application was smaller than general control in paddy fields and stable effect was
obtained in a case of higher larvae density. On the other hand, border control in autum was also
successful for decrease of larvae density before hibernation, but it was considered that the
practical effective border control is more in spring than in autumn, because insecticide
susceptibility of hibernating larvae before overwinter was unstable.

19. The effect of insecticide of the seedling box application in the nursery beds was found
clearly in short time after application, and the effective period was during about 10 days with
50g per box. When density of the small brown planthopper was lower, the effect of this control
was higher and inhibited on disease occurrence below ahout 172 to 173 of the untreated filds.
This method was effective in adults of the hibernaiting generation immigratting from the grass
borders.

20. The more were the spraying time, the more effective was the foliage application of
insecticide in the paddy fields. The disease occurrence was inhibited low about 1.5 of the
untreated fields with spraying in six times from 7 days after transplantation. It was consider
that foliage application was more effective in the Ist generation larvae which related with field
transmission of rice stripe virus.

21. The stable effects were established by using the combination with three control methods
shown above. This systematic control inhibited occurrence of the rice stripe disease below
tolerable injury level, even if population desity of the small brown planthopper was higher.

22. From the results above shown, it was considered that, the first, control of the rice stripe
disease should be based on border control in epidemic regions, and, the next, one or two of the
following methodds should be used, coping with the severity of the rice stripe disease forecasting
with population density of the small brown planthopper and percentage of the viruliferous
insects.

Rep. Hokkaido Prefect. Agric. Exp. Stn. No77, 1—63. (1992).





