


pepufaion censss 5 yonde for the

toi generation aymphs ared adulis
spegering i late July to sady

Angust, then the forecasting of pw.k
generation density can be much
improved. These resalis bave served
for Yimely contrgh operations based
o oarly forecasting of BPH oncoe
renoe. {Hlee major studies so Far
made i fapan n rddation o BPH
.m,a.naﬂemtzm "-‘K’iudt‘ the following
cwing form deiermination,
effect of notuzdi eremies, conita
threshodd. stmulation models of
population growth and hopperburn

formation. yield ioss asaiveis, shift
in otypes und insecticide resist
BHCE

fon dynamncs. These stwdies made it clear that macropterous
adulis invade paddy fields mainly late in the rainy season, fol-
fowed by three reproductive generations during a crop seusou
(Fig. 45 Kune {19683 who condncied 3 6-veur field stody in
sorthern Kvushu revealed tha BRH population density
increases monotoncasty until harvesting time. despite o densi-
tv dependorg process operating on the popsiation growth rate.

One of the most oportant conclusions Kano {1968) drew
wis that the key factor respousible for the yearly fluctuations
i the density of BPH peak generation ts the density of the
urunigrating population: 69% of the vadance in the peak gen-
cration density is explained by the vanance in the tmmwrzm*
genertion density, Kuno (1968) alse poisted owd that it the

Forevastiog long-distance migra-
fios of BPH
A teng-lusted debate oo the
wrce of macroptercus adulis
invading paddy fickls shortly after
transplanting was tersdnaied by the
fate 1905, faltowing the z>b$cs'v::v
toe of massive BPH odieg oo s
weather ship stasiened os the
Pacific Qcean in 1987 as indis-
putable evidenaee of tunsoreanie
migration of BPH (Assbicg and
Tanreoka, 1U881 Kistmoto (1978
deracnstrated a close cosnection
betwees BPH wdval and the hare-
metriv depression that sedves east
wards from China (Fg. 33,

Seino ef ol (1987} paid atten-
fion, 3% the medium of BPH
migrasts fraveliog froor Ching to

Japan, 1o the beclovel jot sircam
shat develops in the souh of ciation-
ary front specificully o the rainy

seasos, They were :~uc.:<c:,\s'u§ 31
feveloping « mode! that accurately
forecusts BEH myvaxion. A& computer
program was then developed by
Watanshe and Seino {19917 10 yoon-
ftor the low-level et siream at 830
BPu Juyer in Pust A o foreenst
the time aved neca of BPH burciprs-
ton. Real-time graphical infommation on the deveiopment of
jow-fevel jet siremmt has been avatlable on JPE-NET (fapan
Plast Frotection general isformarios NETwork systens) bost-
ed by Japan Plant Protection Association stove 1997 (Fig, 83
A muek advaaced simulaton mode! of plasthopper aigmtion
has resently bean developed by Ousubz of of 38 presst. The
sew modef stmelates 3-dirpcosonast movement of planthop-
pery by incorporating thele detsiled behavioral properties to
attaen very high precwsion fevel of forecasting.

Direct and indirect interactions ameng planthoppers and
rice

In the }J28Us. it becarae increasingly evident ot the ;-
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hreak patierts of BPH are diffs

oult ke explain by waditonal
theones. A notable example is BPH ccourrence in 1987, The
oymgration of BPH was so heavy in tha vear that devasiat-
ing infestatioe was predicted. yet 8o serious autbreaks ook
place. It was apparent that this vwas out due o intersive cans
trot becasse BPH did not cause hopperbum even in those
Helds where no previrsive action was zken, An apalysis of
fight map data sccunmndated for 48 years in nodhem Kyushu
confirmed that the popudation growth patlers of BPH in
paddy fields « av onger simpte but vadable, partgendardy in
venrs of low Brpeigrant densitios (Watsanbe er af. 19943 This
Heding ndicatest that thorough understandiog of factors caus-
ing varistions in the populsion growth rage i wdispensable
for i:‘nw’ovim BPH forecasting wechaniogy,

Recent stuhies have revealed the rvolvement of

DD W

factors that groatly affect BPH population
dynaniies. Oue 15 the ovicidal esponse of
rice plants, which was discovered through
the study of WBPH-rice plant interaction
{Sogawsa, 19911 Soos atier WBPH females
lay thew eges in leaf sheaths of japonica rice
and mid ribs of their leaves, watery lesions
are {ormed on most of the eviposition sifes.
WBPH eges in the waiery oviposition
lesians are killed at the sarly stage of emnbyy-
anic dcv“‘opmem wite those in non-
watery ovipesition fesions develop sormally
(Suszuki e af.. 1996 (Fig. 7). A GC-MS
analysis revealed that benzyl benzoate is
produced 3 the watery fesioas, sod this
compound shows an ovictdal activiry at a
concentration of H.4 ppm or more (Seino gf
af., 19963 (Fig. §).

BPH eggs alse saffer from ovwidal
response of rice plants, though the mortaiity
is not so high as WBPH egps Q,szmmwx et

L. 1997 Kivoraga and Suzuki, (998) Egg
morfality of BPH coused by rice plant
sesponse highlty depends oo the plant growth
stage. Tt funther depends op rice vanety, and the difference
between japonica vanetiss and indica vanetics 15 most dis-
tinct. Geoetic basis of rice ovicidal response was Jovestigated
by Yamasaki er ¢, (1999} using 25t of 71 rice recombinant
inbrad lines derived from a cross of a japunica variery and an
wctica varlety. They showed that a total of 7 guantiiative foci
were associated with the vvicidal response, with as essential
focos on the chromosome 6.

Another findiag of primary fmpodance for BPH forscasi-
ing is the effects of WBPH on the wing form determiastion of
BPH. Miyvamoto et al. (1997} showed that the female wing
form does not depeast on the divect effect of crowding but on
fond conditions. Qn the other hand, Rubia er ¢fl {2003
revesled that physiologival condition and gmowth of rice
plants are more seriousty affected by WBPH thas by BPH.
sdespite the fact that the former sucks less amount of phloero
sap On these bases, Matsumura and Suzuk: (1999) confirmed
that, if the otal number of planthappers is the same, the pro-
partion of BPH macropterous females becomes highee an a
rvice plant attacked by a mixed population of BPH and WRPH
theare that attacked exchusively by BPH. A significantly negs-
Hve correlation between the density of imadgrant WBPH and

e population growth rae of BPH gives further evidence for
L‘h inter-specific interaction ope lo“)l" in the field.

Progress in chemical control

Chemical controf of migratory planthoppers hus made a
reartarkable progress in terms of safoty, effectiveness and ste-
bility stnce synthetic insecticides dominated in rce pest man-
agement falf o century ago. Orgasochlorides which were
hasned in 1970 dne to residue problems were replaced by
selective insecticides, followed by an SR, boprofezin, With
its dorabie, prominent effecis on leafs and planthoppers,
buprofezin contributed o0 halve the pesticide trewtments in
westermn Japanese paddy fields. A new era of chemical cootrol
af rice pests was wigpered by the registeation of 2 granule for
mulstion of imidzmiopmi. 2 neonicotinol fasecticide for
seedilog-boy treamment w1993, Neonicotinoids and fipronif,
with systemic action, show 3 broad spectrun: sgaamst fnsect
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pests. The scedhog-box tecatmest with these insecticides fras
heen swifily accepted by 3 large propostion of farmers. Now
various aptiens of chemical control are available for farmers.
Forraulation and application technologies have alse advanced
o meet farmers diverse needs and to reduce side effects on
ecnvironment. It should be mentioned, however, that we have
s be prepared for the develapment of insecticide resistasee as
before, unless resistance masagement is implemested in
THRIROL SOUICE ATens,

Making use of natural enemies

Although pesticides have been carefolly selected to mini-
mize adverse eflects on natural enenties, mtentional gugmen-
sation of natural encmies has been poorly practiced in
Japanese paddy fields. 1 is known that rice planthoppers were
not economic pests 38 tropical paddy coosystem before the
intensificatios program of rive praducton, which inclades
massive application of aos-selective insecticides, was imple-
memied. This provides evidence thut natural enemies have
potential ability to maintain the density of planthoppers below

the econosns fujury Jevel, Nanead
enenty faung Wy teruperate region is
gutte similar o that in the tropies. yet
Eust Asian countries inchuding Japan
bave suffered from serious outbreaks of
rice plonthoppers for reoee than a il
tennium. Why is the effectiveness of
satural enesmies unstable in temperate
paddy ficlds? Comparative studies on
the popdaiion dysamics of rice plan-
thoppers and theit major natual coc-
mies between the temperate and the
tropics have reveaied that the natural
soenies ave much less abundent in temy-
perate paddy fedds earty in the rice
growing seusot and thos they ofien fail
to suppress planthoppers. Some impor-
tant nawral enemies found in Japasese
puddy fickds we, ke BPH and WBPH,
feng-distam migratory species which
caxt ot Ibaynaie b1 tomperate 1gioos.
A mirdd bug Cyrrorhisey Heigipesnds i< one of such nutural
enemies (Fig, 93 This predator is quite abundant in tropical
paddy fields, while migrant geoceation adults arriving suc-
cessfolly 1o Japan together with raigratory plarghoppers s
too few to effectively control planthoppec. Aagueatative
refease of €. Iividipennix has recently been stiempted in
Kyushu 10 increase its degsity early in rice growing seasom,
The results showed that, if C. lividipeanis is released to attain
e ratio of C fvadipannis density to BPH density beconies
more than 111, den BPH owlyesk can be prevented. Another
attemnpl so fr made W inorease ataral cocmies Do yosag rice
plantx i3 aimed at conserving spiders and thelr alicroative
prey species {(Fig. 10). Augmentation of natural enemies may
contribute to stable rice production. provided that it is conie
bired with other rocthods reduciap the reproductive rate of
sice planthoppers such as the reduction of nitroges fortilizer
application. The importance of conserving natsral enernies is
well recogoized b the tropics where avoidance of carly treat-
ment of nsectivides is reconunended {Way and Heong,
1904).
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