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Population Dynamics of Leptocorisa
chinensis (Hemiptera: Alydidae) and Forecasting of
Damage Occurrence in Rice Fields

Hiroaki Takeuchi®
Summary

Rice bugs are considered to be important pests of rice in Japan. When rice bugs infest a spikelet, brown or
black marks appear on the grain. These stained grains are called pecky grain. Hulled rice grains that contain over
0.1% of pecky grains have reduced commercial value according to Japanese rice quality regulations. Leptocorisa
chinensis Dallas is a major rice bug species in central and western regions of Japan. Recently, the prevalence
occurrences and distribution area of this species have been increasing. Furthermore, there have been increases in
the number of areas where the severity of pecky grain contamination damage has intensified compared to previ-
ous records. In this study, to clarify the reasons for the recent high prevalence of L. chinensis and methods to
forecast pecky rice contamination damage, 1) Population dynamics and mortality factors of L. chinensis and 2)
Feeding characteristics of rice bugs and modeling of the relationship between the density of L. chinensis and the
probability of damage occurrence were investigated. The results obtained in each chapter are summarized as fol-
lows.

1. Population dynamics and mortality factors of L. chinensis

1) Overwintering adults of L. chinensis appeared in grass fields in southern Ibaraki Prefecture from late June to
early July. Their progeny appeared soon after, and the subsequent population fluctuation was bimodal. In con-
trast, overwintering adults of Cletus punctiger appeared much earlier, in early May, while the next-generation
nymphs were seldom observed until late June. Based on the immigration dates of overwintering adults and the
cumulative effective temperature for development and ovarian maturation, it was confirmed that L. chinensis is
bivoltine in the study area. Peak occurrence of L. chinensis adults in grass fields did not coincide with the head-
ing date of mid-season rice cultivated most widely in southern Ibaraki Prefecture. This reveals that current rice
cultivation practices in this area are suitable to prevent the massive invasion of L. chinensis.

2) Using cages set in rice fields, the relationship between the number of L. chinensis and the number of pecky
rice grains were investigated. Eggs of L. chinensis were released, in number ranging from 6 to 36, into 1.6X
1.6X1.5m cages at the milk ripening stage in a rice field. The number of pecky grains was highly correlated with
the number of hatched nymphs and the number of individuals (both of adults and nymphs) at harvest, but not
with the number of eggs released. Furthermore, the number of hatched nymphs was highly correlated with the
number of individuals at harvest, but not with the number of eggs released. The egg survival rate was bimodal,
with peaks at 0-20 or 80-100%, suggesting that predators caused an all-or-nothing type mortality to the eggs mass-
es. These results indicate that an estimation of the density of hatched nymphs is more important than those of
immigrant adults for obtaining a highly accurate estimation of pecky rice damage in rice fields.

3) To clarify factors causing mortality of L. chinensis eggs, sentinel egg masses were exposed at intervals of four
days in two gramineous weed areas, a rice field, and a soybean field, from July to September. Parasitized eggs
occurred in the retrieved sentinel egg masses in the four areas. The peak parasitized egg ratio was 30%, 70% in

the each of the two gramineous weed areas, respectively, 9% in the rice field, and 42% in the soybean field. Some

Received 12 June 2006; Accepted 6 December 2006

National Agricultural Research Center for kyushu Okinawa Region



Hiroaki Takeuchi : Leptocorisa chinensis [Hemiptera: Alydidae] 73

missing eggs also occurred in the four areas. The peak missing egg ratios were 56%, 73%, 50%, and 67%, respec-
tively. These findings indicate that Gryon japonicum and egg predators are major mortality factors of L. chinensis
eggs.

4) Trial sentinel eggs, application of insecticides, and field censuses were employed to clarify the species of L chi-
nensis egg predators in the two rice fields that had been transplanted on 23 April (Field B) and 10 May (Field A).
The average numbers of hatched and missing eggs did not differ significantly between the sprayed and control
plots in field A. In field B, however, the numbers were significantly different. The percentage of missing eggs in
damaged egg masses ranged from 80-100%. In the laboratory, we found that the feeding marks caused by the
meadow grasshopper, Conocephalus chinensis, have characteristics that are similar to those on the eggs exposed in
the rice fields. The density of C. chinensis was low in control plots of Field A. In contrast, the density was high in
those of Field B. These observations suggest that the density of egg predators, e.g. C. chinensis, was a mortality
factor of L. chinensis eggs in rice fields.

2. Feeding characteristics of rice bugs and modeling of the relationship between the density of L. chinensis and
the probability of damage occurrence.

1) Feeding marks on grains were investigated to clarify species specific characters. The feeding marks caused by
L. chinensis and Lagynotomus elongatus were mostly found on the grain surface along the hooking portion and the
basal part of the grain, respectively, while those caused by C. punctiger were found everywhere under lemma and
palea. The position of the feeding marks on rice grains was species-specific, and independent of the ripening stage
of the rice and the developmental stage of rice bugs. These results provide useful information for specifying the
major species causing the pecky rice.

2) To clarify the ripening stages of spikelets preferentially attacked by L. chinensis, L. elongatus, C. punctiger, and
Stenotus rubrovittatus in paddy fields, rice bugs were individually released for three days onto a rice panicle at
various stages of maturation (7, 14, 21 and 28 days after heading, DAH). The spikelets were classified into three
groups, Group A (early flowering), Group B (mid-flowering), and Group C (late flowering), according to the posi-
tion in a panicle, which is closely related to the flowering order. The bugs chose to feed on the spikelets in Group
A and Group B on 7 DAH. At 14 and 21 DAH, however, bugs preferred the spikelets in Group C to those in the
other two groups. In L. chinensis, L. elongatus, and S. rubrovittatus, the total number of damaged spikelets
decreased with maturation of the panicle, whereas there was no remarkable change in the number of spikelets
damaged by C. punctiger. These results suggest that all species of rice bugs except C. punctiger selectively damage
spikelets of ovaries are developing with lengthwise to sidewise elongation, whereas C. punctiger mainly attacks
spikelets of ovaries developing with lengthwise to thickness elongation.

3) To clarify the relationship between the occurrence patterns of L. chinensis, L. elongatus and S. rubrovittatus
and the developmental stage of panicles in rice fields, we observed the development of spikelets in three paddy
fields. Spikelets were classified into three stages based on ovarian development: Stage I (initial), Stage II (mid-
dle), and Stage III (fullness). Variations in the average number of each stage of spikelet development among the
three plots expressed in cumulative degree-days were smaller than those expressed in days after the initial head-
ing stage. The peaks of adult incidence were near the peak of Stage I at 50-150 degree-days. The incidence of
nymphs began to increase near the peak of Stage IT at 200-250 degree-days. The occurrence patterns of all the
three rice bug species were found to be closely related to the abundance of the three stages of spikelets.
Cumulative degree-days can be used to uniformly express the changes in the incidence of rice bugs among differ-
ent rice varieties, seasons, and fields.

4) In order to clarify the effect of splithull paddy on the ratio of pecky rice grains caused by L. chinensis, we car-

ried out an experiment using cages set in rice fields where two rice varieties, 'Akitakomachi' or 'Hitomebore' were
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transplanted. The ratio of split-hull paddy was about 5% in Akitakomachi and 1% in Hitomebore. The numbers of
pecky grains per 1000 hulled grains did not differ significantly between the two varieties. These results indicate
that the split-hull paddies tend to be infested by L. chinensis. However, when the split-hull ratio is less than 5%,
the ratio of pecky rice grains does not show a remarkable increase.

5) To estimate the occurrence of pecky grain damage caused by L. chinensis in rice fields, I constructed 30 logis-
tic regression models using the data obtained from field censuses. The explanatory variables of each model were:
different combinations of rice variety, date of initial heading stage, number of adults at early ripening stage, and
numbers of adults, nymphs and their total at the mid-ripening stage. Akaike's information criteria indicated that
a model whose explanatory variable was the number of nymphs at the mid-ripening stage was statistically better
than the other models. These results suggest that a census of nymphs at the mid-ripening stage, which is 200-300

day-degrees from the initial heading stage, is an appropriate way to estimate the occurrence of pecky grains
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