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More than 20 species of planthoppers are
found on rice worldwide (Table 1). They cause
hopperburn by their dircct feeding and as vectors,
transmil several viral diseases, indirectly. Only lour
species cause cconomic damage: the brown
planthopper, Nifaparvata lugens (Stal.), the small
brown planthopper, Laodelphax striatellus (Fallen),
the whitebacked planthopper, Sogatella furcifera
(Horvath) and the rice delphacid, Tagosodes
(=Sogatodes) orizicolus (Muir). The first of three
species occur in Asia and T. erizicolus occurs in the
southern USA and in the north central region of
South America,

These planthoppers are  members  of
Delphacidae, a family of Fulgoroidea whose
members possess spur in the hind tibia, Other rice
associated  planthoppers are found in the

Meenoplidae  (Nisia nervosa  (Motschulsky) in .

Africa and Asia) and the Lophopidae (Pyrilla
perpusilla (Walker), the sugarcane lealhopper

infesting rice in India) (Wilson and Claridge. 1991).

Nilaparvata lugens (Stal.)
Brown planthopper (BPH)
Asian rice brown planthopper
Delphacidac: Homoptera

Delphax Ingens Sial.

© Delphax sordescens Molschulsky
Nitaparvata greeni Distant
Kalpa aculeata Distant
Delphax ordovic Kirkaldy
Delphax parysatis Kirkaldy
Dicrronotropis anderida Kirkﬂdé’
Detphax oryzae Matsumura
Hikana frrmosana Matsumura

Synonyms

o
@ e

The outhreaks of N fugens on rice crop have
heen recorded in Korea since 18 AD (Okamolo,
19241 and in Japan since 697 AD (Sucnags and
Natkasuka. 1958), But it has become.a major pest
m many tropical counnies in the Oriental region

sinee

and some Pacific islands 1960s  only
(Mochida ef al., 1977). In the world 14 determined
and two undetermined species arc reporied as the
members of the genus Nilaparvata (Mochida and
Okada, 1979).

Nilaparvata is defined on the possession of
small spines on the first tarsal segment. lis species
are distributed in three groups in Asia and the
Pacific, in the Astrotropical region in South and
Central America. But only in Asia and in Africa,
species of Nilaparvata have been noted from rice,
Among the Asian species, only M. fiigens is known
as 4 rice pest, and in Africa, N, meander has been
found on rice. Other Asian species viz. N miiri
and N, beakeri arc [requently collected on rice but
their host plants are species of Leersia, a genus of
grasses related to Orvza (Wilson und Claridge.
1991).

In addition, N. albotristriata, N. myersi Muir.
N chaeremon Fennah and Nosemeling Melichar
have also been recorded in various countries.

Damage to rice by BPH is both by its direct
feeding and by transmission of Grassy stunt and
Ragged stunt viruses.

DISTRIBUTION

N, fugens is widely disiibuted throughout
Southeast Asin and parts of the Pacific and
Australio. It has been recorded from  Austradia,
Bangladesh, Bhutan, Burma, Camhodia, Caroline
and Mutine Istands, China. Fiji, India, Indonesia,
Tapan. Korea, Laos. Malaysia, Micronesin, Nepal,
New Caledonin, New Guinea, Pakistan, Papua New
Guinca, Philippines. Smrawak. Solomen Ishnds,
Soviel Maritime Territopy, S Lanka, Taiwan,
Thailand, and Vietnam (Maochida and Oakda, 1974
Wilson and Claridge, 199715
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Table 1. Planthoppers associated with rice (Wilson and Claridge 1991)

Scientific name Connnon nalne

Distribution

Veworol

DELPHACIDAL

Nifapurrat hirgens (Stal )* Brown planthvpper

N, bakeri (Muin)

N, muiri China
N, meander Fennh
Sugatella furvifera (Horvath)®  Whitebacked planthopper

S, aigertensis (Muie)

8. keduplom (Kirkaldy)

S, vibny (Haum)

Tugosodes pusanus {Distant)
T orizicoluy (Muir)® Rice delphacid
T, culanns (Crawtord)
Laudelpluty surtareling
(Fallen)*

Harmalio aoetcharsiz Fennah

Smaller brown planthopper

Unkanodes supperoing
(Matsumural
U. albifeeseiv (Matsimura)

Terthrmy afhovisianam
{Matsumura)

Evideflana celndon Fennah
Savdin rosirata Melichar
Opicansiva spp.

Coronacella sintudann
(Kirkaldy)
Tova propingu (Fieber)

MEENOPLIDAE

Nisia nervasa (Motsehulsky)
LOPHOPIDAE

Pyrilla perpnsifio (Walker)™

Southeast Asia and pans of
the Pacific anil Australia
Asii

China. Japan. South Korea, Taiwan
West Africa

“The eastern Palacarctic the Orienial
region. thewestern Pacific and Austalin

The Ethiopian iegion. the southwester
portion of Palacarctic region and
Muadagascar

Australia, the Oriental region, the
Pacific. the Ethiopian reginu, the
Atlantic 18 fands, the New Warld

and the eastern Palagarctic
The Palacarctic regton. the

Ethiopian region. Australia

and the weatern Pacilic

Asta

Southern USA, Mexico, South

amnd Central Amenea, Carihbean
South and Central America\Vest Afiica
The Palavarctic and the ropical

Se Lankn. Philippines Indonesia
Vietnim .

Indin, Korea, China, Taiwan,
Soviet Muri-time Termtory

The castern Palaeretic region

China, Tatwan, Jupan, Ko

Inalin, Sri Lanka, Philippines
Asii

Alrica. Ast, Avstralin and

the Pacific

Ari Lanka Totwan, Philippines,
Fiji, Micronesia Australin

The Nearctie and the Old
Workl retons

Africa, Asie and Australin

Asti

Rice wrassy stunt virus
Rice ragged swnt virms
Rice grassy stont vitus
Rice rugged stunt virus
Rice grassy Stint vis

Digrrrio strie virus

Maize romgh dwarf virys

Rice hoja blanci virus

Rice hope blancavirus
Rice hluck-streaked
dwart vous, Rice

Rice stripe vitus, Rice
black-stresked dwart vines
Rice stripe viras, Rige -
hlack-sheaked dward
virus, Nerthem cereal

CANOSIIC Vs

Rice stripe virms, Rice
black-sticaked dwarl’
it

Sugarcane feafhopper
® Major pest . ¥ Oceasional pest '

In India, BPH has been recorded in Andhra
Pradesh. Bihar, Haryana, Himachal pradesh.
Karnataka, Kerala, Madhya Pradesh. Maharashtra,
Orissa, Punjab, Tamil Nadu, Uttar Pradesh and
West Bengal (Ghose er al,, 1960: Chelliah and
Subramanian, 1972- '73; Kalode, 1974; Bhalla and
Pawar, 1975; Diwakar, 1975; Channa Basavanna er

al., 1976; Freeman, 1976: Nath and Sen. 1978:

Verma et al., 1979),

HOST PLANTS

Rice is by far the most important host plant of
the BPH (Dyck er al, 1979). However, a few
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alternate hosts have been noted in the literature:
Eleusine coracana (1..) Gaertn., Leersia hexandra
SW.. L. japonica Makino, Saccharum afficinaram
L.. Setaria italica Beauv., Triticim aestivim L.,
Zea mavs L.. Zizanta eaduciflora Hand. -Mazz.,
and" Z. longifolia (Nasu, 1967; Grist and Lever,
1969; Misra and Israel, 1970; Mochida and Okada,
1971). But several Oryza species have also been
reported Lo serve as host plants for BPH in tropical
Asia, Seven species, for example, are lound in
Indonesia. 0. granulara, 0. longiglhniis,
Q.meyeriana, O. minura, O.officinalis, O.ridlexi
and O.rufipogon (Mochida and Okada, 1979) in
addition 1o O.sativa. Other Oryza species such as
O.australiensis, O. barthii, O. brachyantha, O.
lutifolia, O. mivara and O. punctata may also
hecome potential host plants.

L. hexandra serves as a host for N.fugens in the
Philippines (Heinrichs and Medrano, 1984).
However, the population which occurs on L
hexandra is distinet from that on rice as it does not
survive on Lhexandra. In  addition, Leersia-
feeding population of BPH and rice-feeding BPH
were shown not 1o interbreed when given a choice,
primarily because of differences in the acoustic
sienals used during courtship. It was concluded thal
the Leersia-feeding population in the Philippines
represents a distinct sympatric sibling  species,
differing in host plant preferences and in behaviour
from the rice feeding populations (Wilson and
Claridge.  1991).  Similar  Leersia-feeding
populations of BPH have also heen recorded rom
Tndia, Sri Lanka, Indonesia and Auvstralia (Claridge
et al,, 1988). In all the regions, the sympatric rice
and Leersia- associated populations differ in
acoustic signals and do not interbreed in the field. 1t
is clear. therefore. that N {ugens should stll he
regarded as a very specific feeder, restricted only 10
rices, with a closely related species lTeeding and
reproducing only on Leersia (Wilson and Claridge.
1991). But the Leersia population is important in
the management of BPH on rice as it is attacked by
the same predators, parasites and pathogens as the
rice population (Heinrichs and Medrano, 1984),

SYMPTOMS OF DAMAGE

The damage w rice plants by BPH oceurs
directly by feeding of nymphs and adults and
indircetly by the transmission of diseases, It is a

typical vascular feeder primarily sucking the
phloem sap leading to hopperburn. Filith instar
nymphs can suck the sap more than adults and
adull females can suck more than adult males.
During sustaincd feeding, BPH cxcretes a large
amount of honey dew.

The appearance of damage (o rice plants is
variable according 1o the population density and
stages ol BPH, duration of feeding. cultivars, stages
of rice plants and probably the presence or absence
of water in the rice lields. BPH prefers rainfed and
irrigated wetland fields to upland rice and direel
sown fields 10 transplanted fields. It infests the rice
crop at all stages of plant growth. At carly
infestation, round yellow paiches appear which
soon twm brownish due to the drying up of the
plants (hopperburn). The patches of infestation
then may spread and cover the entire field. Crop
loss is usually considerable and complete drying of
the crop oceurs in severe cases, Wilting symploms
differ from those of plants under drought stress in
which the leafl blades dry up with litlle loss of green
colour (Sogawa and Cheng, 1979). The rools of
allacked plants do not develop well and such plants
can be pulled up very easily. No ralovns come oul
in hopperburned rice ficlds. The lower parts of the
rice plants become hlackish due to the development
of Cladesporium spp. and Dentatinm spp.. more on
plants covered by honeydew excreted by Nlugens.
When the population of BPH is high. many
moulted exuviae are usually found on the lower
parts of rice plants and also on the surfice of
irrigation  water.  The  plant  tissue  wround
cge-groups laid does not chunge hom green (o
yellow in colour, dissimilarly to that of S.furcifera
(Mochida and Okada, 1979).

The more probable cause ol hopperbien
dumage is the reduction in the rate of translocation
ol photosynthates to the root system which results
from the drain of the phloem sap and b
physiological disruption of active trapspurtistion
the phloem by sustained [eeding. Disturbanee ol
the physiologieal activities of the ront sysiem
enhances leal senescence (Sogawa aml Cheng,
1979},

Hopperburn usually oceurs alter heading in

Japan (Suenaga and Nukutsuka, 19381 Koted
(Okamoto, 19245, China (Let and Waung, 1MS8L
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Taiwan (Fukuda, 1934) and India (Velusamy ¢f al.,
1975). In Indonesia, on the other hand, hopperburn
is found occasionally from scedlings in seedbed
through rice plants just belore harvest in lowland
and mountain arcas in both wet and dry seasons at
some outhreak areas in Java (Mochida ef al., 1977).

Besides. Mlugens is u vector ol the virus
discases: grassy stunt and ragged stunt (Hibino,
1979: Chen and Chiu, 1981). Sheath blight
incidence was high in BPH infested plans (Lee er
al.. 1985). Similarly, stem rot caused by Sclerotium
arvzae Tullis was more in BPH damaged plants
(Narayanasamy and Baskaran, 1979). In China,
BPH is reported 1o lransmit Helminthosporinm
sigmoidenm Car,, also. (Chiang, 1977},

LOSSES AND FACTORS RESPONSIBLE
FOR LOSSES

A BPH outhreak in 1733 was reported as one
of the most damaging insect outbreaks in the
history of rice production in Japan, Aboul 2.6
million persons were affected and 12,000 died from
hunger (Okutani, 1980). BPH rose [rom the status
of a sccondary pest to a major yield constraint
beginning in the 1960's (Heinrichs and Mochida,
1984). In India. losses in 1976-"77 were estimated
at 365,000 metric tons of milled rice; equivalent 1o
the annual consumption of 3 million people (Dyck
and Thomas, 19793,

BPH outhreak has been recorded in several
states of India (Gunathilagaraj and Ganesh Kumar,
1997a). BPH was first observed in West Bengal
only in 1968 and it occurred in outbreak
proportions in the Hoogly district during 1973,
1975, 1976 and 1977 (Nath and Scn, 1978). In all,
more than 6000 ha werc affccled. BFH was
abundant in arcas where the land was [ooded.
densely cropped and  sprayed with  contact
insecticides in the early vegetative phase. Al the
arain [illing stage, summer (bore) rice was more
prone fo BPH attack than winter (kharif) nce.

Chatterjee (1969) reported the serious outhreak of

BPH in two districts of West Bengal. Another
outhbreak in 1975 (Anon., 1975) has completely
destroyed the rice crop,

BPH epidemics occurred once every few years
in Tamil Nadu (Chelliah and Suhrmnaniuln,

1972-"73). The incidence. was especially high in
1969 and 1971 due to late rain and high level of
nitrogen lertilisers. Madurai district suffered heavy
infestation  during  1973-°74  (Natarjan  and
Palchamy, 1978). In Coimbatore district, about 200
ha of rice Nelds were severely hopperburned in
1975 wet season (Velusamy ef af, 1975). BPH
outhreak in 1983 in South Arcot district was
attributed to drought with fong spells of dry humid
westher and detayed monsoon showers (Baskaran
et al. 1983). Monsoon [ailure. application of
double the dose of N fertilisers amd quinalphos
might have caused the BPH outhreak in Thanjavur
district in 1987 (Natarajan er af., 1988). BPH us a
pest was [irst reported in May 975 only in
Karnataka and in the same year. extensive BPH
damage occurred  in 10 distnets during
July-October (Channa Basavanna ¢ al. 1976).
Hopperburn  was  noticed  in two  districts  of
Himachal Pradesh in 1973 and 1974 (Bhalla and
Pawar, 1975) and in 1973, several thousand ha-
were hadly damaged in Orissa (Dyck and Thomas,
1979). BPH caused 20- 25 per cent losses over
9000 ha in Andhra Pradesh in, October 1959
{Anon., 1959). In the 1976 dry season, in East
Godavari district, about 200 ha were hopperburned
and 3.250 ha were severely infested (Prakasa Rao
er al,, 1976) and indiscriminate and repeated
spraying of inscciicides beginning with the early
crop stage was responsible for the outhreak.

The most severe outbreak of the BPH in India
occurred in Kerala at the end ol 1973 and in early
1974 (Koya, 1974; Nalinakumari and Mammen,
1975). This was the first major outhreak of BPH in
Kerala, in the 'Kole® lands of Trichur district and
Kuttanad area in Kottayam and Alleppy districts.
Economic damage was realised in 50,000 ha of rice
ficlds (Freeman, 1976) and over RI00D ha of rice
crop was completely wiped out (Gopalan. 1974).
Moderate ramfall (160 mm) and a relative humidity
of 85 per cent and a wider atmospheric lemperalure
range of 20-33°C were thought to be responsible
for the multiplication of BPH in Trichur area, Most
crops  showing damage had - alrcady  headed
(Kulshreshtha, 1974), although crops sutfered some
damage at all growth stages (Mammen and Das.
1973}, In many lelds, the damage was so greal that
erowers abandoned the crop (Das er al., 1972). The
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loss' i grain vield ranged from 10 per cent in
moderately affecled fields to 70 per cent in those
severely affected (Kulshreshia er al, 1974), The
estimated -losses in Kerala from
1975-"76 total almost 12 million US dollars. The
estimated loss was 12,000 melric tonnes of rice in
1972-"73 and again in 1973-'74 in the district of
Ernakulam alone, 2 loss of 36,150 metric tonnes
was esumated (Mathur, 1978). Uttar Pradesh
experienced the BPH outbreak in kharif crops
during 1973 (Srivastava, 1976) and 1977 (Verma ¢/
al.. 1979) at the panicle initiation stage. More than
30,000 ha of rice crop in Bhojpur and Rohtas
districts of Bihar was hopperburned in 1990
(Upadhyay and Diwakar, 1992). The amount of

grain lost because of BPH infestation in the whole,

of India has never been estimated but it must be
worth at least 20 million US dollars. But, by using
Cramer’s (1967) calculation for vield loss, it was
estimated that 1.8 million tonnes of rice was lost
annually in only three states: Andhra Pradesh,
Tamil Nadu and Orissa. At 150 US dollars /1, that
would be worth more than 277 million US dollars
(Dyck and Thomas, 1979).

Several factors have been cited as contributing

to the outbreaks of BPH (Kenmore, 1980). The
major lactors are;

¢ widespread planting 7 modemn  varicties
(because they are short statured and high
tillering with a better. BPH micro habitat;
uniformly  susceptible as  compared 1o
previously resistant local varicties),

% increased use of nitrogen containing fertilisers
(because it increascs the nutritional value of
the rice crop for BPH to speed up its growth
and~fecundity; encourages vegetative growth
whick provides favourable microhabitat for
BPH)

= lI'Il..ﬂ:daL-d use of insecticides (because they
dircetly  destroy  natural  enemies  which
otherwise regulate the BPH population; destroy
the food source of natural encmies causing
further decline of natural enemy populations
and tendering ficlds vulnerable o reinvasion of
BPH: provide selection pressure {or BPH 1o
become resistant and cross resistant; stimulate

1973-'74 10

reproduction -il applied at sublethal doses:
increase feeding rates al sublethal doses:
accumulate in a resistant BPH and thus cause
mortality of natural enemies further)

#¢ rapid cxpansion of irrigation systems (because
they create a moist microclimate preferred by
BPH, allow more months ol the year 1o be
planted under rice- the sole lood source of
BPH, encouraging continuous  population
cxpansjon; shorten the dry season when BPH
population would be stressed by lack of food
and expected to collapse; create poorly drained
areas al the tail end ol systems where raloon

—.- and-volunteer rice persist in larger populations

than otherwise serving as hosts for BPH. and

Yc inadequate weed control (because they act as a
bridge between rig crops or preferred stages
of rice crops 1o sustain pest populations). But,
excepl for insecticides and nitrogenous
fertilisers, conclusive evidences are yet 1o be
shown:for the role of other factors that [avour
BPH outhreaks.

For H'T::xnmple'. dense  planting  increases
pupula’tinns ol BPH (Hho er al., 1970). The reason
given by most rescarchers is that high relative
humidity favours survival (Pillai er al, 1979).
However, phytotron  studies  show  that BPH
mortality increases at humidities over 60 per cent
perhaps because of increased pathogen ifection,
Two other explanations are: dense  plantings
provide more plam  surface  aea and  less
competition  [or oviposiion or leeding
(Kenmore er al., 1984) and denser canopics impede
egg purasitic wasps {Shq}:lr{j and Arida, 1986),

4iles

It is generally belicved, that temperiturcs
ranging from 28 1o 30°C seems 10 he suitable for
the_development A7 BPH in the femperaie zone
(Mochida, 1964). In the wopics. a low reluixe
humidity may be suitable for population growth
when there s adequate rrigation water, When
supplies of water are limited, & high relaive
humidity is lavourable, Very heavy ritn scems o
increase the morality of the fist and seeaml mst
avimphs, On the other hand, it s also believed tha
Fairly high wemperatures smd fow vintall condinons
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are related 1o outhreaks (Abraham and Nair, 1975
Kulshreshtha e al., 1974).

LIFE CYCLE

Adult emergence lakes place al the basal part
of the plant. Tt begins at dawn and continues for 4-3
h.

Adult

THe adult hopper is 4.5-5.0 mm long and has a
yellowish hrown to dark brown body. The wings
are subhyaline with a dull yellowish tint. Adult
BPH has two characteristic wing morphs:
macropterous (long-winged) and brachypterous
(shorl-winged). The long-winged macroplerous
adults (macropiers) can fly and arc responsible for
migratory movement and colonisation of new rice
fields. The short-winged, ightless, brachyplcrous
adults (brachypters) can only hop within the field.
The proportion of the two winged morphs within a
given population fluctuates from time to time.
However, the macropters dominaie in rice ficlds at
the time of colonisation, the subsequent two or
three generations are largely brachypters, while
towards crop maturity, the macroplers become
dominant again and disperse from the field. Wing
morphism is influenced by several factors.
Crowding during larval stage and reduction in the
quality and quantity of food (Kisimoto, 1965), short
daylength and low temperature (Johno, 1963)
favour macroplery. Saxena ef al (1981) have
shown a significant increase in macropterous forms
among progenies reared on  senescent  and
hopperburned rice plants,

Adult males are attracted 10 female hoppers
even [rom a distance of about 80 em in the form of
sexual communication by means of acoustic signals
ransmitted through the substrate (Ichikawa, 1976).
Males cannot mate within 24 h of emergence and
the ability to male increases up lo 5 days alier
emergence (Takeds, 1974). Courtship behaviour
may be initiated by either sex. Both virgin females
and mature males start emitting signals within a
few minutes of setling on a host plant, The female
call consists of simple intermittent pulses produced
hy the visible vibration ol the abdomen. On
receiving the signal, the male walks rapidly towards

the Temale. If the [emale stops signaling, the male.
stops walking and starts sending its own -signals
until reciprocated by the female. The male-call has
a more complicaled structure. Ti consists of
repeated  sections  which themselves  consist
typically of threc phases: (i) a series of 3-10
complex pulses, (i) a series of regularly and
rapidly repeated pulses and (iii) further complex
groups of pulses. Thus, an alternation of male. and
female calls eventually leads the” male 1o make
contact with the receptive female and mating may
take place (Claridge, 1983; Claridge ef al., 1983).
One male can mate with nine females in 24 h and a
[emale more than two times in her lifespan.

Ege

The eges are usually laid as cgg groups in the
leal sheaths near the plant base or in the ventral
midribs of the leafl blades. They arc whitish or
transparent, thrust in a straight line. They are
covered with a dome shaped egg plug scereted by
the female. Only the tips of the eggs protrude from
the plant surface. The number of eggs laid at a site
is varied: 2 1o 3 in Japan, 4 to 10 in the Philippines
and two to 12 in India, The average number of eggs
laid was 244/female with brachypterous females
laying 300-350 eggs and macroplerous lemales
laying less than that (Table 3) '

Egg siage lasts for 6 1o 9 days in the tropics.
Nymphal period usually ranges from 10 e 18 duys,
N. lugens has five nymphal instars and the imstars
are distinguished by the shape of meso- and
metanotum and body size (Mochids and Okada.
1979).

Tahle2,  Biology of N, legeas®

B s i . Y

Churacteristics Durameon tdiys

Lk f Hpachyprenis 1 maled
B b L roplerons by il
P30 Brachyprerons dernbe )
b A2 M bcroprengs Lenmle

Pre-uviposition period

Owiposition period

Ineubation period fa b
Mymphal instars b
Mymphal penod fri-0

1923

I4-21 tMale)

1430 Fepale)

ey Ao Brachyprerous lemale s

Toal life-cycle
Aduli fongevity

P When remed on suseeptibile plas
Adapted from several soanees



Review ; Rice PRnthoppers amd Their Meanagenient i

Nymph

. Freshly hatched nymph is cottony white, 0.6
mm long and it turns purple brown and 30 mm long
in the fifth instar.

~ Adult  longevity varies between  field
populations (9.0 days) and laboratory populations
of BPH (37 days). The pre-ovipositional period, on
an average, is three to four days for brachypterous
females and three o eight days for macropterous
females. At natural temperature {25-3{]°C1, total
lifecycle takes 19-23 days. Temperature plays a
major role in the lifecycle of BPH. The threshold
temperatures of embryonic and post- embryonic
development of the BPH are 108 and 9.8°C
respectively (Suenaga, 1963). Ege hatching and
survival is also more at 25°C. Eges arc highly
sensitive to desiccation and soon shrivel when the
host plant starts wilting (Kisimoto, 1977). Adult
longevity and rate of oviposition is also influenced
by the temperature conditions of nymphal stage
(Mochida, 1964). A temperature range of 28 lo
30°C during day time is ideal for the population
development of the BPH. In warm and humid
climates of the tropics, BPH remains active
throughout the year and the population fluctuates
according to the availability of host plants, activity
of natural enemies and other environmental lactors
prevailing in the locality. In India, the peak
population is observed during the late rainy season
from October 10 November. Another peak appears
during the dry season from April to May in regions
where double cropping is widely practiced. In
Japan and Korea. macropterous adults immigrale
into rice fields from late June to carly July every
year. Afterwards, BPH spends several generations
on rice and moves or dies at the end of the cropping
Sedson.

BPH spends several generations during the
cropping season on irrizated rice in the Asian
tropics depending on the duration of the crop. It
completes [ive generations on one rice crop in
southern Japan (Mochidi, 1964), 5 10 6 generations
in Central China (et and Wang, 1955) and 410 6
in Indonesin (Mochida e e, 1977) There are
usually three generations on the modern high
viglling varieties in the wopics (Heinrichs e al.,
19806).

BPH is known 10 make wind assisted
migritory (lights cach year to colonise the summer
rice growing areas of China, Japan and Korey
(Kisimoto, 1976) whether it migraies elsewhere is
less certain (Kisimoto and Dyck. 1976) but the
capture of the specimens over the seu between the
Philippine Islands- (Saxena and Justo, [1980)
supports (he hypothesis that it is a migrani
throughout its range (Rosenberg and  Magor,
1983a). Ficld and laboratory obscrvations suggesi
that BPH take-off" at dusk and that some continue
flying for up to 20-24 h if the temperature is more
than 17°C. Long distance migration can oceur in
surface winds when they are strong bhut long
distance migration is more likely at 1.5 km
(Rosenberg and Magor. 1983h).

MANAGEMENT
Mechanical/Physical

A traditional method 1o control BPH is to pour
30-40 | of kerosene per ha onto a Mooded hcld
(Suenaga, 1966). In a young crop, 1wo men can
drag a rope across the loliage bending it into the
kerosene [ilm on the water (Misra. 1919). Qlder
rice plants are beaten with bamboo poles or
branches or brushed with a rope soaked in kerosence
to dislodge insects into the oil, Most insects are
killed if the operation is done carly in the morning
when the insects arc lethargic alter raising the
waler level as high as possible. This technology
dates from the 1600s in Japan where whale oil was
used hefore kerosene became available, A Kerosene
film is made more 1oxic il mixed with pyrethrim.
Fields were drained after sin b 1o prevent
phytotoxicity. Oil films on the paddy water e
highly toxic 1o many predators and may have
caused resurgence of BPH (Kenmore of al.. 1984),

Sweeping rice plants with nets. bigs or baskets
coated with sticky materials (jack [ruit faex, castor
uil. grease) has been used 1o remove BPH in vlden
days (Miller and Pagden, 19300, Light waps are
said 1o control planthoppers, Greater numbers of
hoppers ure collected during 2 full moon. At peik
aduption of this methed in 19305, over pae mllon
traps were set out =15 m above the crop canopy in
China (one tap pee 2.3 had and w Lagan (20 waps
per b, As turther prood of the value of byl vaps,
pest outhrenks lave been reported oo mou
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cotmtry after power hlackouts because many insects
are normally killed v sweer lights (Tsracl and
Sheshagiri Ran, 1954), But the use of light traps (o
control insccts has been criticised for many repsons:
high cost, theft, ereatic atraction and killing of

benelicial insects (Litsinger. 1994),

Cultural

Dritining the fickd is o common praciice (o
contral the planthoppers including BPH (Das and
Thomas, 1977), Draining the field is reporied 1o
harden the plant tissue making the erop more
resistant to inseet [eeding, Caleium is readily tuken
up when the ficld is drained which may be an
explanation for this obscrvation (Litsinger, 1994),
BPH can also be controlled by alternate Nooding
and draining. Draining minimises BPH incidence if
carried out for 5-7 days but reflooding 15 necessary
to control weeds and prevent crop desiccation.
Frequency of the action is importint because
alternate Mooding and draining causes high losses
of nitrogen. The degree of control is enhanced by
ather management [actors acting at the same time.
BPH outhreaks are also frequently associaed with
certain cultural practices. such as freigation, mainly
by increasing hosi plamt availability through the
practice of double and triple cropping (Kenmore,
1080). Nawral enemies may be able 10 track
population increases associnted with some of these
practices but the extensive use of insecticides along
with these other practices precludes any conclusion
concerning their effect on the pest-natural enemy
interaclion  and ils  subscquent influence o
outbreak, Oka (1979) has proposed the use ol
synchronous culture of rice and o defined rice-free
period  within  regions und help reduce BPH
densities. This practice may also reduce the effect
ol specialist natural enemics, such as Anagriey spp.
without consideration of aliernate hosts during (he
rice-free perind, In addition, the use ol rice-lree
periods may interrupt the numerical response of
gencralist predators, such as, spiders. in response (o
BPH  densities  (Kenmore,  1980).  Currem

knowledee is insulficient to predict the outeome ol

mteraction  between  cultural  practices  and

biologteal control for BPH.

Planting rows oricated  north-south - lessens
interplant shading  and consequently is said (o
reduce BPH incidence (Oka, 1979). The trap-crop
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teehnique relies on the attraction of inseel-pesis o
p]ununp other than the main_ crop ilsley. 1951).
Timing ks imporkant in I.I'll]l'\ll'l'“ i Trilp Lrtrp as the
pest should not be allowed 1o rcpmluca. A frap
crop should not sacrifice the ficld area. A Tl
technique, only tested experimentally, 1s to plant

" 2.3 horder rows of o field shead of the main crop 1o

a highly susceptible cultivar to attract BPH (Saxena
and Justo, 1984). The border arcas are  then
sprayed, The problem with earlier plantings are that
more extended water delivery s reyuired. the
pest-fiee fallow period is reduced and synchronous
planting is less effective.

Split application of nitrogen, lirst with u hasal
soil application for slow relcase and using judicious
amounts 1o help meet the dual goals of high yields
and low pest incidence (Israel and Prakasa Rao,
1968) is also recommended Tor BPH management.
Because, the benelicial effect of nitrogen on plant
vields outweighs the pest controlling effeet of
entirely omitting its use (Oka. 1983). Potassium
suppresses  BPH  populations  through higher
protengenesis in plants, a physiologic phensmenon
correlated with the climinmion of amino acids and
reducing sugars in the sap and the  greater
praduction of allelochemics. thicker vell walls and
srcater silica uptake (Baskaran, [985).

Tillage soon after harvest prevents unwinted
crop growth (volunteer ratoon) which perpetuites
BPH (Sakanoshita and Koide, 1971).. Stubble burial
kills the rateon to stop pest eycles. particularly
monophagous  pest like BPH. f camed  owl
community  wide. Stubble  burial should  he
combined with  synchronous  planting  for best
results,

Host plant resistance

Distinet dilferences in levels ol resistance (0
the BPH under greenhouse conditions were st
observed at IRRI in 1963 (Pathak or al, 190W),
Hence. a systematic evaluation of the world
collection of O. yative began in 1967 and by 1986,
400 aceessions oul of SO000 aceessions sereencd
have heen identified as having resistince 1 N
Ingens (Rupusas and Heinrichs, 1987 Most ol the
resistunt accessions are from India and Sri Lanka.
I addition. 132 wild Orvzo spp, aceessions hive
heen ddentilied as resistant (Heinriehs,  TUSK).
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Breeding programmes (or BPH resistance have
been established in most of the Asiun countries and
numerous varieties have been released since that of
[R 26 in 1973 (Heinrichs, 1994). In India, many
BPH resisiant i.fﬂ:jir:tif:s. viz., Jyothi, Co 42, Parijal,
Bharti. Shakti, Sonasali, PY 3, Suraksha,
Sagar-Samba,  Chandan,  Vajram,  Prathiba,
Chaitanya, Krishaveni, Nandi, MTU 4870, Bhadra.
Asha, Pavizham, Karthika, Aruna, Makam, Remya,
Kanakam and Udaya have been released. Bul,
biotype selection in BPH has impeded the
development of resistant varielies in many areas.
Resistant rice sources identified in India have been
listed recently (Gunathilagaraj and Ganesh Kumar,
1997h).

Biological

The role of natural enemies in the management
of BPH and WBPH and the rescarch needs 1o
realise the full polential of biological control of
hoppers have been highlighted recently by
Guanthilagaraj and Ganesh Kumar (1997¢),

Chemical

Insecticides effective against BPH include
chlordimeform, isoprocarb (Velusamy et al., 1978),
carbofuran, quinalphos, phosphamidon,
chlorpyriphos. (Rao and Rao, 1979b), carbosulfan
(Pillai er al.. 1983) BPMC (Patnaik er al., 1956),
monocrotophos (Senguttuvan and Gopalan, 1990),
ethofenprox (Krishnaiah and Reddy, 1992), plant
extracts from the roots of Eclipta alba, leaves of
neem and Bacillus thuringicnsiy (Rao and Rao,
1979¢). neem oil and other neem based products
(Jena and Dani, 1994) and others. As insecticides
were reporied to cause resurgence of BPH, plani
products are now increasingly exploiied for BPH
management. Neem oil treatment distupted normal
courtship signal emission and the mating behaviour
of BPH females (Saxena er al., 1993). Neem oil and
o few of the neem products are phytotoxic to rice
plants ahove onc per cent concentration. Older
plants (above 6 days) could tolerate foliar sprays
up o two per cent concentration {Jena and Dani,
1994),

Success of insecticidal treatments is dependent
an several favtors. Praper placement ol foliar
spravs is important in obtaimng cffective contral.
BPH feeds primarily at the hase of rice plants and

el

hence insecticidal sprays applied above the canopy
often provide poor control of BPH. High
reproductive capacity and oviposition hehaviour
ienders the insecticidal control ol BPH very
difficult. As cges of BPH are inserted into the stem
lissues at the base of the rice plants. insccticides
with ovicidal action can be used to kill eggs. Rao
and Rao (1979a) reported that carboluran applied
on paddy water and BPMC. carbaryl and
isoprocarb applied to water or soil inhibited egy
hatching.

Careful and appropriate timing ol application

is the simplest way to enhance inseclicide
effectivencss.  Kirltani  (1972)  suggested  that
appropriate  timing  will achicve  insecticide

specificity. As eggs of BPH are dilficult o kil 10is
best 10 apply insecticides when the majority of the
nymphs are in the third or fourth insiar stages. In
the People’s Republic of China, three BPH
senerations occur on the first crop and damage is
caused by the third gencration. Most cflective
control was obwined by treating the sccond
generation (Anon., 1977).

Timing of insecticide application should take
into consideration the natural enemy population in
the field. As most of the insecticides eliminated
natural enemies, Hienrichs ef al., (1981) suggested
that, based on light trap caiches and licld surveys.
the best time to spray for BPH is abont two weeks
after peak trap catches. provided the cconomic
threshold has been reached. Use ol appropriale
insecticide at the cconomic threshold level (ETL)
places BPH control on a sound cconommic hasis witl
minimum  ccosysiem  distuption.  In - difTerent
countries, various [ETLs have heen  reported.
Sellammal  Murugesan  and  Chelliah - (1982h)
reported that an average of 2.5 inseets per tiller
resulted i severe  economic  damage  mo
susceeptible variety TN 1, while even o mean of 2.0
inseetsftiller did not cause cconomic dimage in
moderately resistant variety Co 42, They further
reported that the damage in the resistant varety
ASD 11 was low at the above population levels.
Thus, it is necessany W develop ETLs depending on
the level of resistance in a variety. Sellammal
Murugesun and Chellinh (1982a) Tunher obwenved
that in moderately. resistimt varichies, Co 42 ol
Triveni, o the same level of BPH population, the
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yield was relatively lower in 60-day old plants than
that of 45-day old plams, Thus, it 1s suggested that
the ETL should be assessed taking also into
consideration the level of resistance of the variety,
stage of the crop, the natural enemy population and
the climatic conditions that prevail in the region
(Chelliah and Bharathi, 1994).

Additional factors that complicate the use of
insecticides in the control of BPH are (Chelliah and
Bharathi, 1994):

vt the BPH is a phloem feeder and sysiemic
insecticides move primarily through the xylem.
Insecticide accumulates in the leafl tips and
little of it accumulates in the leafl sheath area
where BPH feeds.

P it is extremely difficult 1o conmrol adults
migraling from adjacent outbreak areas. Even
when fields are sprayed, the insects ave capable
of laying eggs before they are killed. Many
insecticides do not kill the eggs and when they
hatch, the residual activity of the insecticide is
not sulficient to kill the hatching nymphs and,
thus additional applications are required,

% because of the high reproductive rate, BPH
rapidly develops resistance to insecticides.

% many inscclicides applied at sublethal rates
cause BPH resurgence. Because many fanners
use sublethal rates, these insccticides have
caused serious problems.

w physiologically differemt BPH populations or
biotypes have differential susceptibility to the
commonly used insecticides such as
carboluran, metalkamate, diazinon and methyl
parathion in contact loxicity tests.

Insecticide-induced resurgence of BPH was
common in the 1970s and 1980s with reports from
every rice producing country in tropical Asia
{Heinrichs et al, 1982; Shepard er al., 1990), The
degree of resurgence is dependent on an interaction
of factors consisting of the insecticide and its effect
on the rice plant, the BPH populations and the
natural enemies of BPH (Heinrichs and Machida,
1984). Almoslt all groups of insecticides can cause

resurgence. Insecticide type and rate, liming of
application and the number and method of

insecticide application. all influence the dcgrm, ol
BPH resurgence. Factors contributing ' BPH
resurgence  consists  of  direc|, effects. of” the

insccticides on the BPH pnpulmmn and the indircct
cffects on the BPH population via (he host plant
and natural enemies (Chelliah and Heinrichs, 1980:
Chelliah et al, 1980; Kenmore ef al. 1984:
Heinrichs, 1994). Chronic outbreak of BPH in
Indonesia in the mid 1980s was attributed to the
excessive use of insecticides in nice fields, The
result was the Presidential decrce in 1986 banning
use in rice cnvironment of more than 57
insccticides (England, 1987).

Integrated Pest Management

Pesticide management to enhance natural pest
control by rice field predators and parasites,
cultural control practices, the planting of resistant
cultivars and non-chemical control measures form
the IPM technology for BPH (Maueson er al.
1994), IPM technologies have been developed in
different countries. All such programmes show that
almost  every decision aboul  growing rice
influences the crop’s susceptibility to BPH (Table
3.

A typical IPM technology developed al the
Tamil Nadu Agricultural University, Cotmbatore
(Regupathy er al., 1994) is as follows:

Tahle 3. Drown planthopper control recomnmencdations

{Mattesom ef af,, 1994)

1 Grroww o inone Hian 1w fice crops per yer

3. Choose early maturing planthopper resistan vice cultivars

3. Plant neighbouring fields within three weeks of each uther
4. Contral weeds and do net exeeed recommiended rice plam
density

3. Apply nitrogen feriliser judicionsly, with spli applications
three thmes during crop growih

B, Wisil the fields weekly Nom seedbod 1o dough grn stape
ceunting the pests and their natoral enemies sind taking control
action when the brown planthopper populntion renches the
cconumic threshold

7. Econome threshold for brewen planthopper, Mewver Evija.
Philippines, 1986 @ one maure nymph per Bl subreacting five
planthoppers for each predotr encountens

8. To reduce planthopper populators, deain the paddy Tor diree
o fosnr doys

Y0 drainiog the paddy s not feasible, apply an elfective
insecticide (one that docs not conse resurzence) ot the bage of
the rice plants only in the infested portions ol the fields of the
suseeptible cultivars

). Plough down volunteer ratoon after harvest,

{Adapred from Reissig er ol (1985 and Smith e al, 11989)
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7¢  avoid use of excess nitrogen

* | use resistant varicties like PY3, Co 42 and
moderately resistant varieties like ADT 36

v¢ Provide rogue spacing at cvery iwo m 10
facilitate insecticide application

Tt control irrigation by intermittent draining

ve sel up light traps to monitor population and
control BPH

ve avoid the wuse of insecticides causing
resurgence such as. synthetic pyrethroids,
methy! parathion, fenthion and quinalphos

w  pre-flowering stage: Phosphamidon 85 WSC
500 ml. monocrotophos 36 WSC 1250 ml,
phosalone 35 EC 1500 ml, chlorpyriphos 20
EC 1250 ml. carbofuran 3G 17.5 kg per ha

2t post-flowering stage: Carbaryl 10 D 25 kg/ha.
Drain water before use of insecticides. Direct
spray/dust towards the base of the plant.

Under Special Food Production Programme,
the task force of the Directorate of Rice Research
(DRR) recommends the growing of resistant variety
Sonasali for BPH endemic areas in different stages.
In addition, its recommendation includes
application of insecticides based on the economic
threshold levels.

Sogatella furcifera (Horvath)
Whitcbacked planthopper (WBPH or WPH)
(Delphacidac : Hemiplera)

Synonyms : Delphax furcifera Horvath
Sngata distincta Distant
Sopata pallescens Distant
Sogata kyusynensis Matsumara and’
Ishihara
Sogata wandojamensis Qadri and Mirza

The whitcbacked planthopper  (WBPH),
Sagatella furcifera has had a long history as a pest
of rice, lts damage to the crop was experienced as
carly as AD 697 in Japan (Suenaga and Nakisuka,
1958). However, it was in 1899 that Horvath first
erected the species furcifera under Delphax on the
hasis of & male specimen collected from Japan. The
genus was subsequently changed (o Sogatellu in
1463 (Fennah, 1963).

Sogarella belongs 1o a group ol genera that
have a slender body shape, narrow vertex and frons
and a white pale yellow longitudinal stripe from the
head across the pro- und mesonotuni. This group
containg Latistria, Matutinus,  Sogatella,
Sogatellana and Tagesodes gen.n. Recently Asche
and Wilson (1990) have reviewed the genus
Sogatella and related groups. According (o them.
Sogatella  species are  found throughout  the
subtropical and tropical regions of the world. They
are concenbrated in Africa (13 species), Nearclic
and Neotropical regions (2 species) ind Asia, the
Pacific and Australasia (3 species).

8. furcifera is second only to N. lugens as a
rice pest in Asia and other species such as S.
nigeriensis and 8. vibix, though frequently found on
rice (Amar, 1977 Amar et al, 1980) are not
considered to be important pests at present. S, vibix
is the vector of maize rough dwarf virus in the
middle east (Harpaz, 1966) and  (as
S.longifurcifera) is reported as a vector ol Maize
Sterile  Stunt in  Australia (Greber, [982).
S.kalophen is the vector of Digitaria siritate virus
in Australia (Greber, 1979) and dry bud rot of
coconut in West Africa (Julia and Manau, 1982).

DISTRIBUTION

S.furcifera is widely distributed in the eastern
Palacarctic, the Oriental region, the Western
Pacific and Australia (Wilson and Claridge. 1991).
It has been recorded in Australia. Bangladesh,
Burma, China, Cambodia, Fiji. Hawaii, Hong
Kong, India. Indonesia, Japan, Korea, Malaysia,
Manchuria, Micronesia, Mongolia, Nepal, Pakistan,
the Philippines, Ryukyu Islands, Saudi Arabia, Sri
Lanka. Solomon Islands, Taiwan, Thailand. the
USSR, Vanumtu and Viewmam (Gunathilagaraj,
1983).

The western limits of the disinbution of
WEBPH are still unclear (Asche and Wilson, 1990).
Species recorded from Africi, Europe or the New
World as 8. fureiferst proved 1o he other species.
Similarly, those recorded from Eorope, North
Africa” amd wopical  Africa concern cither S
nigeriensiy or Sovibix, Records of Sforeifera from
the New World countries in most ases conueetn
Smoling  or 8 Lolophon. The  western-miost
populatons of true 8, fiovifera examined by Asche



and Wilsan (1990) were [rom Pakistan and Saudi
Avabr, Ity closest relative Snigeriensiy s widely
distributed in Alvies and oceurs sympatrically with
Sfureifera in Saudi Arabia. However, no transition
sone (hvbrid hell or cline) between these wo
species has heen found (Wilson and  Claridge.
1991 ).

In India, WBPH anack on paddy was reported
first from Surar, Pusa. Poona and Nagpur as carly
as 1903 (Lefroy, 1903-04). Subsequently, il was
chserved in Bihar and Bengal (Fletcher, 1916,
1917, 1919), Jabalpur and other neighbouring
districes in Madhya Pradesh (Berg, 1960), WBPH
appeared  for the fiest time in 1966 in Punjab
(Jaswant Singh er af, 1986) and in Rajasthan in
P96 ( Tripathi and Pandya. 1987). 11 is a major pest
of rice in the illy tracts of Unar Pradesh (Sachan
and Garg. 1992) and in Haryana afier rice root
weevil (Kushwalua er e, 1982). It attained higher
level of incidence in Gujarat, Haryana. Rajasthan.
Maharashira. Madhya Pradesh and Punjub during
mid-tillering  phase  in - Seprember/October.
However. it was of no signilicance U1 carly 1980s
{Upadhyay and Diwakar, 1992), It has also heen
recorded in Andhra Pradesh. Assam. Bihar, Delhi.

k2 il begearny sl CGanweshy K

Haryana, Himaehal Pradesh, Karnatika,: Madhya
Pradesh. Maharashua, Manipur. Onssa, - Punjab:

Rajasthan, Tamil Nudu. Unar Pradesh-and” West

Bengal (Chelliah and Gunathitagaraj.. 1990y In*
general, it is reported 1o he more severe in arcas
where resistant varieties ol BPH have been grown.

HOST PLANTS

As compared 1o the BPH, S fiocifera has a
wide range of host plants (Table 4). For example. it
grows on Eclinochloq glabrescens as- well as
Orvze sativa. 1t was observed 1o repeal some
generitions  on graminacenus  urasses: L
wlabreseens. Cenodon ductvlon. Leersia faponica,
Zizeniat  eaduciflora and  Glveerin  acuriflore
(Sucnaga, 1956). In India. it has heen uhserved on
rice, linger millet, sorghum, wheat. jungle rice and
Leersio hexandra. The barnyard grass, £ crus-galli
var., ervzicofa does not have antifeedant ellect on
WBPH which grows 10 become normal adults on
arasses as on rice unlike BPH for which 1t is an

antifeedant.  Recently, the WBPH  has * heen
observed 1o breed on Bergie  capensis L
(Elatinaceae)  at Madurai.  Tamil Nadu

(Guanthilagaraj. unpublished),

Tabled,  Host plants of Sagatelle fureifera

Seientifie name Comnman name Reference o
Alaprei s negualis Sobol shint awn Fetnil Nasu 0] 967)

Cvnndden dercivdion (1) Pers Star gruss Sueame:id 1936)

igitarm adscendens (HB. & K. Henr, Finger grass Musy (196T)

B elecnminens Stem,
Eefimimelilo eodonmp (1.0 Link
E vrmer=gtl L) Beze.

. venspalli var aryzieali

i philwescens
Eleasine coracinra (L) Gaenner
E dneffea (L) Gaerimer
Crlveevin aeeniffora
Herdesm vielpare 1
Leersio hexindradd X,
I jopnmivea akino

Fhrvrn saifve 1.
Plraelioris ariodivngeea L
Fentatneeene L.,

Panznls griss
Jungle rige
Bamymd griss

Finger millel
Frwlfvol grass

Barley
Rive orss

Reed Comry 2ray
DwanT imeadow gross

aerce e officisinrum L Sugnreang

Setierfo el (L) Beany, Walinn miller
Sl volgoire Pers, Serghinn
Spatarlvatliey edem gerin R, Australion smul priss
Frivie i arestivnin 1., Whent

eai tiverva 1 [ PRI

Azt e ceelieeiflana Americon wild rice

HanMary,

Creeping Mannn grass

Bisessar i 1966}

Mise el Bsrel (19708
st (14T )

Bim et el 1 1975)
Suendg (1956)
dseand Damel {19703
Masu{lvaT)

Suenaga (Y56

Masu {1967

Wasroamed Tsaned (19N
Svenayga (1956)

Musn { 1967

Masa ¢ 1UGT

Musu [ 1967 )

Nusu [ 196T)

Musa [ 1967

s and Isrel {1970
Mo 1967

Mt amd Larae] (19700
Musu [ 1967)

Niusu (1967




Review : Rive Planthoppees and Their Management ui

SYMPTOMS OF DAMAGE

The WBPH is usually more abundant during
the early stage ol the growth of the rice crop,
especially in the nurseries. [t attacks plants of less
than four month old in the fields with standing
water and shows a marked increase with the age of
the crop. Rice is more sensitive to the attack at
tillering phase than at the boot and heading stages.
Damages cavsed by the immigrants oceur soon
after their landing through feeding and egg laying.
Under favourable conditions, WBPH produces
several generations and can cause "hopperburn” in
the rice crop. Both nymphs and adults suck the
phloem sap (Auclair and Baldos. 1982) causing
reduced vigour, stunting, yellowing of leaves and
delayed tillering and grain formation. Rice crop
fails frequently to produce complete grains
(seedless glumes) and a condition known as "red
disease” in Malaysia. It is seldom that rice plants
are killed by WBPH except early stages. However,
vellowing of grownup rice plants has been reported.
When the hoppers are present in large numbers late
in the crop growth stage. they are seen infesting the
flag leaves and panicles, Gravid females cause
additional damage by making ovipositional
punctures in the leaf sheaths. Feeding punctures
and lacerations caused by the ovipositor predispose
rice plants to pathogenic organisms and honeydew
excretion encourages the growth of sooly mold
such as Cladosporinm spp. and Demarium spp. bul
ot o thundantly as in BPH (Mochida, 1964)

Symptoms ol rice plant attacked hy WBPH are
variahle according o population density. duration
of leeding, rice cultivars and stages of the plant.
Damage in the form of hopperburn frequently
appears in large areas of a region compuratively
uniformly in a rice field whereas it appears as
circular patches in the case of BPH (Table 5). The
sequence of development of sympltoms by the
feeding ol WBPH is documented by Mochida
(1982). Fortunately, unlike BPH, S.firrcifera is not
a vector of any rice virus discase but was reporied
to be'a vector ol virus discase ol Pangola grass,
Digitaria deciembens (Bisessar, 1966)

LOSSES AND FACTORS RESPONSIBLE
FOR LOSSES

Quthreaks of WBPH have been recorded in
recent times from several states in  India
(Gunathilagaraj and Ganesh Kumar. 1997a), Over
1000 ha of rice were hopperburned in Punjah
during September 1983 (Saini, 1984) and around
8000 ha in Cachar and Karimgan) districts of Barak
valley in Assam during May-June 1985, This
outbreak was favoured by high rainfall in early
April followed by prolonged dry period with high
temperature and humidity in May (Saha. [986),
Damage (o early rice during 1983 m Manipur was
attributed to the unusually heavy rains and Tonding
in the Imphal valley at that time (Barwal, 1984), In
Karnataka, WBPH outbreak was reported during
1986 kharif in the Viseswaraya conal tract of
Mandya, Higher N fertilismtion (130 kgfha) with

Table 3, Comparison hetween WBIPH and BI'H {Maodilied from Mochida, 19K2Z)

l'r;:-:r:u:mns:n.'s WRPH

iy i B

T e R ———— - mr————

BrH

it

Aq_]n-r; 3.4 mun long distinguished by the absence 3 mm long. light ar ahark besswen i eolour

il i pncdion ransvierse ndyue o verles with theee Tongiudinal stripas an the
firane

Eoe perind {days) f 5 1.4

Nvimphal Period (days) 124 [4.2

Auddult longevity tdays) 156 176

Macrpieroes lenale )

Lale-cyele {days) 143 . REN

Fecundity tegesfemale! aatomanad 30000-1172s 2URAHIN- 1474

Migeation Iongeer distanee long dictiunce

Hupperburm uniformly over large areis m cirenlar pranchies

Vieenr of
Distrsbalion within the plan

ol thie mymphs fosnd ot the bave
amitd the adults invariahly sty Bt the

Gy st Ragrged st
bthy oyamphis and sehadis Fonod b the Base
ol rice plants

upper portion of rice plant

Cyopaiiunal ijug v

plant tissue around egge proupes hanges
fronn green (o yellow volour,

e e Chanye
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frequent heavy rains might have luvourcd WBPH
oulbreak (Gubbiah er al,, 1987). More than 80 per
cent damage 1o rice is commaon in West Bengal in
arcas of water stagnation, Aclificial infestation
studies (Khatri ef al., 1983) revealed that the grain
loss varied from 11 10 39 per cent when 15 insects
per hill was released at varying stages ol plant
growth. Yet precise cstimales on the damage
caused by WBPH and the resultant losses are yet 1o
be quantified in the field.

Factors recognised to favour outbreak in
different countries were degree of humidity (Miller
and Pagden, 1930), low rainfall (Murata and
Hirano, 1932), absence of ryphoons during summer
(Yashiro, 1939), above average iemperature and
less rainfall (Kuwayama, 1940), increased sunshine in
April- June (Mochida, 1964), transoceanic migration
(Kisimoto, 1971), prolonged monsoon  with
intermittent rain and use of heavy doses of nitrogen
(Majid er al., 1979), Weckly avernges of 28.59"C,
69.55 per ceni relative humidity, 8.18 h of sunshine
and 0-71.7 mm of rain were reported to lavour
WEPH outbreak in Delhi (Garg and Sethi, 1980).

LIFE CYCLE

The life-cycle of WBPH has been studied by
several workers (Atwal er al, 1967; Misra and
Israel, 1968, Kittur, 1969; Vaidya and Kalode.
1981; Gupathilagaraj, 1983; Nalini, 1990), The
description of the different growth stages of WBPH
has been given by Atwal ef al. (1967). The adult
hopper can lolerate a wide range (8-36°C) of
temperature and remain active, The macropterous
females are more tolerant 10 wmperature ¢xtremes
than the males. '

Adult

The adult hopper is 3.5-4.0 mm long and has a
distinctive Jong narrow face. The forewings are
uniformly. hyaline with dark veins, There is a
conspicuous black dot about the middle of the
posterior edge of each forewing which meets when
the forewings come together. The pronotum is pale
yellow, the body is black dorsally and creamy
white clsewhere. There is a prominent white band
hetween the junctures of the wings.

Macropterous  males  and  females  and
brachypterous females are commonly found in the

ficld, whereas hrachypterous males lpve oot been
reported  yet  (Kisimoto, < 1963), T!u:' cous’ are
commonly laid as ceg-groups in sheaths ' when the
rice plant is small but in the upper paft of the rice
plant when the plant is large. The mumber of egy
masses laid by the WBPH is 85 per female and
cach egzg mass contains 6 1o 8 eggs, The eggs ina
eroup are not sealed Logether by material scereted
by the WBPH [emale. dissimilar to the BPH. The

brachypterous  females  produced  more  cags
(300-350) than the macroplerous  females

( 164-300),

Eggs

Eggs are cylindrical in shape. laid on the plants
with the micropylar end protruding from the tissue.
The operculum is long and narrow (Nasu, 1967).

The incubation period varied considerably. Tt
was 3.4 10 14 days in different countries. Nymphal
period usually ranges from 8 to 28 duys and (here
are live nymphal instars, The five different instars
took 2-3. 2-3, 3-4, 3-4 and 2-3 days respectively o
complete their development (Vaidya and Kalode.
198 1: Gunathilagaraj. 1983).

Nymphs

Pale 1o light hrown in colour and range in size
from (L6 mm when young and newly hatched 1o 2.0
mm alter 11-12 days, Fifth instar aymph has
narrow head and white or creamy white body.
Dorsal surface ol the thorax and shdomen marked
with various amounts ol grey and white markings.

The longevity ol adult also varied from place
W place (Table 6). Tt was 1Y w0 318 ﬂn}fs‘ lor
macropterous  male. 2.0 to 410 davs  for
macroplerous female and 5 1o 21 days for
brachyplerous female.

The average life-cyele in India was 23 davs
Cuttack (Misra and Israel, 1968), 11 10 56 davs in
the field and 24 1o 34 days in the faboratory in
Madhya Pradesh (Kittur, 1969) and 12,3 (0 17.7
days in Punjab (Atwal er afl.. 1967). The generation
time was prolonged from 20 to 91 davs in
Ludhianu. Punjab during winter (Shukla and Gupta.
19800, Temperature has a pronounced effect on the
pre-ovipusition period, duration of different stages
and life-cycle.
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Tahle 6. - Binlogy ol ¥, fuwreifere

Characieristics Duration
Pre-oviposition peviod 29 (Macropterons femabe)
. ' 23a2m
Oviposition period 312
Incubsnion period v T ()
Wymphal instars 5
Mymphat period 12-17114)
| instar |
1 hnvstar 2-3
11 mnstar ded
IV instar 34
W instar 23
Total life-cyele 1824 (21)
Adull longevity' 1.91-31 .80 {Macroplerous niale)
2004110 Macrppterons Temale)
02100 {Brachyplermis
female)
Fecundity 242500020
MANAGEMENT
Mechanical

In olden days, WBPH was destroyed 1o a large
extent by the use of ficld bags. by squirling
kerosene in the infested fields and drawing a rope
across the fields so as to gel the nymphs as well as
the adults in kerosene on the water. The cultivators
also bageed their fields with dhioties umed into
temporary hags. previously moistened with a linle
kerosene (Misra, 1921). Sweeping rice planis with
nets, bags or baskets: some coated with sticky
materials (jack fruit latex. castor oil, grease) wis
also used 1o remove WBPH in Malaysia (Miller and
Pagden. 1930).

Cultural

Draining of water from the field for about fouwr
l six days was found effective in controlling the
build up of population of WBPH by manipulating
humidity (Patel. 1971), WBPH incidence was low
when rice was intercropped with either soybean,
pigeon pea or groundnul (Gangwar ¢f ol 1494y,
Dryland rice intercropped with colton or pigeonpii
had alse low WBPH population (Satpathy e al.,
1977).

Chemical
Insecticides elfeclive against WBPH are:

Carbaryl WP 0.5 kg a.i./ha
Endosulfan EC 0.35 kg a.i/ha

Diseinon G 1.25 kg widha
Phorate G 100 ke aiutha
Carboluran G 0.5 kg w.i/ha

Carboluran and triazophos are also reported 1o
be effective ovicides. The DRR recommends
sprayine of quinalphos. lenthion. chlorpyriphos,
carbaryl, moenocrotophos @ 0.5 ke aafha or
hroadeasting of carbofuran 3G @ 0.75 kg a.i./ha or
phorate 10G 1.25 kg ad/ha, depending upon the
stage of the rice crop. The insecticide application is
recommended only when the population of WBPH
exceeds the economic threshold level (10/hill
during planting to mid- tillering stage: 5-1/nll
during flowering and aller). Pesticide application
can be timed e coincide with (he incipient
outbreak of WBPH. In China. an cxpert sysiem
HOPPER {or lorceasting the outbreak of WBPH in
the [lirst crop season has been developed and
HOPPER was able to make a reasonahle prediction
ol WBPH attack in 1991 season (Tany er al.. 1994),

As WBPH is not reported as a constant threat
to rice production in India. effective 1°M sirategies
are yet 1o be worked out. Under the Special Fond
Production Programme. the task force of DRR has
implemenied the 1PM programme i |3 states and
the measures recommended Tor uther pests were
found equally elTective for WBPH also,

Other planthoppers attacking rice in India are:

Nilaparvata bakeri (Muir)
( Delphacidac : Hemiptera

sviomy iz Delphacodes bakeri Mui

N, hukerd is slightly larger and darker than A,
litgens., 1is widely distributed in Asin and has been
recorded from Indin, South Africa. Sonth China, Sri
Lanks, Taiwan. Indonesin, Korea, Thailand and the
Philippines (Wilson and Claridge. 1991). Though
found in rice fields. it has been repored 1o Teed and
reproduce on Leersia Dexenelra and other species ol
Leersi iMochida and Okacda, 1979,

Sugatella kolophon (Kirkaldy)
( Delphacidae : Hemiptera

Synonymes : Delphax kelophon Kirkaldy
Sagarella kolophon atlanrica Feanih
Opicensiva insularis Distant
Soweter mevidiane Beame
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Sugartella chenfien Kuoh
Opiconsiva derelicta Distant
Delphacodey elegantissima lshihara
Sogatella nebris Fennah

S. kelophon is the most widely distributed of
all Sapatella species (Asche and Wilson, 1990) and
is known from Australia, the Oricnial region, the
Pacific, the Ethiopian region, the Atlantic islands,
the New World and the castern Palaearctic. It is
most commonly found in the tropics,

S. kalophon is small, slender, light yellow 1o
straw coloured planthopper with hyaline forewings
having grey or light brown markings in the apical
half (Asche and Wilson, 1990). Its pest status on
rice is yet 1o be established even though it has been
lrequently recorded on grasses. It is also reported as
a vector of Digitaria striale virus in Australia
{Gerher, 1979, -

Sogatella vibix (Haupt)
{Delphacidac : Hemiptera)

Synonyms : Liburnia vibix Haupt
Sogatella catoprron Fennah
Sogatella diachenhea Kuoh
Delphacades dogensis 1shihara
Delphacodes longifurcifera Esaki and
Ishihara
Lifirnia matsumurana Metcall
Delphacodes punicicola 1shihara
Sogatella parakolophon Linnavuori

S. vibix is widely distributed in the Palacarciic
region, the Ethiopian region, the Oriental region,
Australia and the Weslern Pacific. It is absent in the
New World (Asche and Wilson, 1990). Tt has been
recorded as a pest of rice in Egypt (Ammar, 1977,
S.vibix 1s the vector of maize rough dwarf virus-in

the Middle East (Harpoz, 1972) and as
Slongifurcifera has  been implicated  in  the

transmission of rhabdovirus of Eleusine coracana
in India (Yaraguntaiah and Keshavamurthy, 1964).

Laodelphax striatellus (Fallen)
Smaller brown planthopper
(Delphacidac : Hemiptera)

Synonyms : Delphax striarella Fallen
Delphax notula Stal
Libuirnia devastans Matsumura

Libuernies haupti Lindherg
Libtirnia nipponica M;ll:ﬂ'mn_h_*a )
Libtrnia minonensis Mitsumura
Liburnia giffuensis Matsumura
Libuernia abashiensis Matsumura
Libtirnia maidoensis Matsumura

L. striatellus, a severe pest of nee in Japan,
China, Korea and southern Euwrope has heen
recorded in India also (Shukla. 1979, [Uis vector of
black-streaked dwarl virus and stiipe virus in
maize. It s widely distributed in the Palaearctic,
from the UK where il is rare to Jupan {and Soviel
Maritime Territory). In tropical Asa (Northern
Philippmes, North Sumatra), it is a pest on upland
rice at higher altitudes (Wilson and Claridge,
1991).

Unkanodes sapporonus (Matsumura)
(Delphacidac : Hemipterat

Synonym :  Unkana sapporona Matsumura

/. sapporonus has been recorded from Korea,
Japan, China, Taiwan. Indin and the Soviet
Maritime Territory.

Adults of U, sapporonus are 3.5 1o 4.5 mm
long, pale yellow in colour with characteristic pale
white stripe on the vertex and pronotum (Wilson
and Claridge, 1991). It is a minor rice pest in Japan
(Mochida and Okadn, 19713 and is a veéctor of
black-streaked dwarf and stripe viruses, Bul, it
usually lives on maize, wheat and barley and is
therefore, not important in the disease cycle on rice.
[t was recarded in India during December 1967 w
March 1968 on rice under non-irrigiied condition
m the ficlds ol Central Rice Research Institute,
Cuttack in’ association with WBPH. I auacked the
lower leaves which beeame greenish  yellow,
yellowish and then dried up completely (Misra and
[sracl, 1968: Misra. 1975).

Tagosodes pusanus (Distant)
(Delphacidae : Hemiplera)

Synonyms : Sogata pusana Distani

' Kelisia fieberes Muir
Unkana formosella Matsumura
Sogara striains Quadn & Mirza
Himeuna chibana Tian & Kuoh
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'T. pusanus is a minor pest of rice in Asia and is
known from India, Sri Lanka, Philippines, Taiwan,
China, Indonesia, Malaysia and Pakistan (Wilson
and Claridge, 1991).. It resembles the WBPH but
for the pattern of dark markings of the forewings.

Euidellana celadon Fennah
(Delphacidae : Hemiptera)

E.celadon resembles the BPH in external
appearance and size but for the dark brown veins
on the forewings which are pale in BPH. It is rarely
found in the rice fields of the Philippines, Sri Lanka
and India (Wilson and Claridge, 1991).

Nisia nervosa (Motschulsky)
White striated planthopper (WSPH)
(Meznoplidae : Hemiptera)

Synonyms : Livilla nervosa Motschulsky
Nisia atrovenosa (Lethierry)

N. nervosa is a minor pest of rice in Africa,
Asia and Australia (Grist and Lever, 1969). It has
heen found attacking sugarcane in China (Bangkan
Huang and Oi Shcheng, 1981). Adults of M.nervosa
are 2.7 1o 43 mm long, grey coloured " with
characteristic granulate veins in the forewing clavus
and the tent-like forewings when folded over the
body. Nymphs are rounded in appearance with
head, thoracic plates and abdominal tergites light to
dark grey. The mirid, C. fividipennis is an effective
predator of N. nervosa and in Tamil Nadu; an
unidentificd nematode attacks N. wervosa during
winter at Annamalainagar (Jayanthi ef al., 1987).

Pyrilla perpusilla (Walker)
i Sugarcane leafhopper
(Lophopidac : Hemiptera)

Synonym : Pyrops perpusilla Walker

P. perpusilla, a major pest of sugarcane in
India, occasionally attacks rice lields situated near
sugarcane fields, probably transferring 1o rice when
sugarcane was harvested (Wilson and Claridge,
1991). It was found attacking rice in Karnal and
Sonapet  districts  of  Haryana durﬁlg
August-October 1978-"79 (Garg and Sethi, 1983a),

elhi during kharif 1976 and 1978 (Garg and Sethi,
1982) and Gurdaspur district in Punjab during
August-September 1980, Heavy parasitisation of
cawe (75- 95%) by Terrastichus pyrillae Crawford

(Eulophidae : Hymenoptera) and nymphs and
adults (20-60%) by Epiricania melanolenca
(Fletcher) (Epipyropidae : Lepidoptera) was
observed in Haryana.

The egg and live cocoons of Emelanolenca
can be released in hopper infested rice felds @
40,000-50,000 eggs/ha and 4000-5000) cocoons/ha
respectively when the Pyrilla population averages
3.5 individuals/leal same as that of suparcane
Ilhrcshuld (Pawar, 1981).
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EFFECT OF PREMONSOON DRYSEEDING EMPLOYING RAINFALL
PREDICTION IN VERTISOLS OF ARUPPUKKOTTAI TALUK

T.SENTHILVEL and N. GOPALASWAMY
Department of Azronomy
Agriculiur! College and Research Institule

Tamil Nadu Agdcultural University
Mudurai 625 14

ABSTRACT

Thirty ane years of rainfall datn of Aruppukottal in Viredhunagar district were analysed
for variability indicated the “Uni® model distribution patern, Weekly minfall prediction wene mide
for dry seeding on venisols. Thrity seventh STI week (Sep 10-16) had the probability of 73 per cem

" for 20 mm rainfall. The probability for 10 wm of minfall in the subsequent weeks remained mone
than 6 per cent. Dry sceding possibility in sorghum and cotton during 35 and 36th week has heen
indicated. A model with minimum assurcd minfall at 50 per cent probahility in conjunciton with
ineisture avatlability index was developed and validaed through on-farm irials i the Farmers
holdings. The yield increase in sorghum was 36 per cent over the mansoon crops. This technique was
useful For ather verisol aneas with uni model minfall pattern with primary peak in the month o

Oeiober.
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In drylands, crop production is hampered by
many constraints of which the rainfall is the major
one as it forms the only source for soil moisture.
Rainfall in the semi-arid tropics is not only low in
quantity but also ematic and undependable in
distribution. The length of growing season depends
on date of receipt of rains for sowing and cessation
of the same. Virmani and Piarasingh (1986) defined
the onset of sowing rain as that a rainfed crop could
he sown during a week which received-20 mm of
rain in one or two consceutive days provided the
following week received 10 mm rainfall at 70 per
cent probability. The end of rainy season could be
idemtified as the week, provided the weekly rainfall
af subsequent week fell below 0.25 times of PET
conlinuously (Ramana Rao, 1988). The technique
for dry seeding which involves the sowing of seeds
in dry soil especially for vertisols has been
developed to make use of the pre-monsoon showers
received. Pothira) (1982) reported that pre-monsoon
dry seeding of rainfed cotton at 38th standard week
at Coimbatore was optimum for higher yield.
Keeping this in view. the rainfall data of
Arupukottai taluk in Virodhunagar disinet were

Rainfall prediction, dry sceding, vertisols

analysed lo determine the optimum week [or dry
seeding in vertisols,

MATERIALS AND METHODS
The historical ramnfall data for 31 years
(1959-89) were collected (rom the Revenue

Department. The- data were analysed for annual,
seasonal, monthly and weekly variability through a
computer programme (Chinnamuthu er al. 1991),
Conditional probability for specific quantity of
rainfall} was worked out by adopting the method
developed by Gopalaswamy et al. (1988). The
resultant quotient was referred 10 "Z" table Tor
finding the prohability. The initial probability
(quantity of rainfall for fixed probability) was
worked out for weekly data. The moisiure
availability index (MAD  was  workedout  as
suggesied by Hargreaves (1974).

The PET data worked out by Subramanian and
Kulandaivelu (1986) were utilised. A model has
been developed bhased on the minimum assured
rainfall at 50 per cent probability for surghum crop
and validated in the farmers holdings in the talud o



