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INTRODUCTION

The brown planthopper Nilaparvata lugens Stal
(Homoptera, Delphacidae) forms the most serious rnsect
menace faced by rice farmers in Asia today. The insect

has a wide distribution, being reported from South,
Sonth-east and Fast Asia, the Pacific islands and Australia
{Dyek 1977). This ingaect has beer in the past, known as

a minor pest of rice ipn many of the tropical eountries.
Since ¥ he introduction of high yielding varieties of rice
and improved agronomic practices, some of the pests of
minor importance have becoma of major economic significance.
Among these, N. lugens ranks the foremost and from the
early 1970's epidemics of it have become fraguent in the

tropics.

Though much studies have been done elsewhere on the
drflerent phases of the problsms posed by the brown planthopper,
gtudlies on the pest undertaken in India are limited and much
remaing to be known about it under the Indian agro-ecosystems.
In India the i1ngect made its appearance as a major pest of
rice in South India, especially in the State of Kerals in 1972
(Das gt al. 1972). Rice production in the Kuttanad rice
tract was adversely affected during 1973 owing to severe

outbresks of brown planthopper and the grassy stunt virus.
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The high yielding Jaya and IR 8 varieties were the worst
affectad (Kulshreshtha gf gl. 1974). By 1973 the pest had
spread to the states of Orissa, Hariyana, Punjab, Uttar
Pradesh, Bihar znd Andhra Pradesh (Chatterjee 1975). Severe
outbreaks and hopperburn occurred in West Bengsl, Himachal
Pradesh and in Tamil Nadu during the years 1973 and 1974
(snon. 1975a, Bhalla and Pawar 1975, Veluswamy et al. 1975).
The peax population ofthe insect was associsted with g
maximun temperature ramge of 30 fo 32°C, z minimim temperature
range of 15.4 i:o 22,6°C znd a humidity range of 70 to 79 per
cent in Orissa (Misra and Israel 1967). Peak infestation
and widespread hopperburn occurred on the summer crop during
]\)eeember t0 January in Kerala (Abrahsm and Nair 1975). The
ingeet completed 4 to 5 generations during a cropping
season (Das gt al. 1972). Nalinakumeri (1973) studied the
morphology and biology of the insect in Kerala. The lady
bird beetle Cocecinella arcnata PF., the mirid bug Cyrtorhinus
lividipennis R. and forty species of spiders have been
obgerved predacious en N. lugeng in the different parts of
Tndia (Israel end Rao 1968, Abraham gf 21. 1973, Pawar 1975,
Semal and Migra 1975, Murthy et gl. 1976). There are many
rgports on the varietgl resistance of rice to N. lugens in
India, the prominent =mong them being those of Jayaray gi al.
(1974), Kulshreshtha ¢t z1. (1976), Thomas (1976) and Kalode
and Erishna (1977). Effect of the application of higher
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doses of potash on the incidence of %the hopper has also

been investigated by Indian workers (Vaithilingam 1975,
Subramanian and Balasubramanian 1976). Apart from thesa,
many field trials have been made on the ocontrol of brown
planthopper at the different rice resesrch oentres ofthe
country. But full lmowledge on respongs of the inseet to
the various stimuli (factors) of the agro~gcosystem is

5t11) lacking. Xnowledge on these insecet~environment
reactione is important in ultimately fixing criteria for

the management of the pest and the fact that the biotype

of brown planthopper occurring in Keralg is different from
g1l other lmown biotypes, renders added significance to it.
It was these considerafions which prompted the present
gtudies. 1In these studies the oviposition behaviour of

K. lugens and the effect of different oonstant temperatures
and congtant humidities and density of nymphal populasiion

on the biologiesl features of the inseet, have been studied
under laboratory conditions. The muoh neplected nutrition !/
¢colopy of the ingsect has been studied with reference to the
age and nutrition of the host rice plant. Suitability of
gome common wet land weeds as alternate hosts or as oviposition
hosts has alsc been examined. Tnfastation responses of

N. lugens on 56 cultivars of rice have been gtudied with
reference to drffering stager of growth. Attempis have been

made to deteet the possible correlations between planit
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characters and ingect orientation and domage on the varieties.
The effect of gilica znd protein contents of vlants on the
demage intensity of the plant has besn gtudied, Host-biology
relations of N. lugens on eight rice varietics have been worked

out.
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REVIEW OF LITERATURE

Iigtribution

The brown planthopper, Nilaparvata lugens Stil has
been reported as a major pest from most rice growing countriss.
The first published report on a widespread occurrence of this
insect is that by Hutson (1923) from Ceylon. ILater, Jardin
(1925), Hutson (1941) and Dyck (1974) have reporied its
aepidsmics in Ceylom (Sri Lanka). In India, Rao (1928) has
rgeorded 1t as a minor pest of rice. Serious outbresks have
then been reportsd from India by Chakrabarthi ef al. (1971),
Das et al. (1972), Koya (1974) and Kulshreshtha gt al.(1976).

Corbett (1935) and Singhel al.(1971) have recorded
it from Mslaysia. BEsaki and Mochizuki (1941), Ki simoto (1971),
Springett%,(%(L1973) and Hirao (1976) reported its havoe in
Japan, Lee and Wang (1958) recorded the pest from China.
Hinckley (1963) Tacorded its occurremes in Fiji. King (1968)
and Wongsiri (1974) observed the brown hopper incidence in
Thailand., Pathak (1968) reporied that it was a major pest in
Thilipplnes.

Sochardjan (1973) reperted it from Indonesia. It has
210 boen reported from Solomon Islands (4non. 1974, 1975 D).
Hale and Hale (1975) reported a severe incidence of the past
in New Guinea islands, Dyck (1977 states that the trown
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planthopper is found in South, South-east and East Asia,

the Pacific islands and Australia.

Biology and seology

Nilapexrvalg lugens was first deseribed by Stdl in 1854
as Delphex lugeng. ILater Distant (1906) erected the Genus

Nilaparvata based on Nilaparvals lugens.

Caresche (1933) was the first to work on the biology
and ecology of the brown planthopper)n:.n Indonesia. He
obgerved that the eggs 1laid in the leaf tigsue in bztches of
5 to 30, hatched in six days; development was completed in
fifteen days and the adultes lived for three weeks. Both
adults and nymphs remained on the lower parts of the plants
near the waler level sucking the sap and secreting honey dew;
they seldom lefit the plant until it was completely exhausted.
Kigimote (1956) studying the effect of crowding of nymphs
on the development of wing forms of the gdult hoppers found
that low density and optimum conditions of food supply during
larval development were necessary for the appearance of the
brachypterous females whereas optimum density under favourable
conditions of food supply produced brachypbterous males.
Overcrowding of the nymphs and wilting of the host plants
resulted in the production of maoropiercus forms and these

conditions prolonged the developmeniazl period of the nymphs.

Suenaga (1958) found that the adults lived for 10 %o
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20 days in summer and 30 to 50 days during autumn. Females

kept at 20°0 had an oviposition period of 21 days and it was
reduced 0 3 days when kept at 30°C.

Takezava (1961 a) studied the over wintering of the
brown planthopper eggs and found that they hibarnated quite
shecessfully in the laboratory under normal temperature
conditions. He (1961 b) further observed that in eggs laid
in late au}/:um, the number that hibernated increased with
lateness of oviposition. Hatching ability decreassed with
time after January and with the onset of spring temperaturae.
Miyake and Pujiwara (1962) studied the overwiniering and
diapause of N, lugens in Japan. According %o them, the eggs
destined o0 diapause, were laid by females bred on mature
rice plants and high nymphal densities, lower temperature

and short-day photoperiod.

Jhono (1963) found that short day length and high
temperatnre increased the percentage of brachypterous males
while the day length had no effect on development of winged

femal es.

Suenaga {1963) in his detailed study on the biology
and ecology of the pest with special reference to outbreaks
observed that a macropterous femsle laid about 300 %o 350
eggs and brachypterous femazlas 1laid more eggs. The f1ight

digpersal %took place during the preoviposifion period in the
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evenings of hot humid days. The adult hoppers remained
active in a wide range of temperature from 10° %o 32°C

and the maoropterous females were non tolerant of temperature
exiremes than the males. The insect overwintered either

as eggs or as Tifth instar nymphs, Hinckley (1963) observed
that factors like the zmount of vainfall, %typc of cultivation,
age of the rice crop, the spscies composition of the
populations and the abundance of the parasites wnflnenced

the outhreak of brown planthopper.

Mochida (1964 a) studyirg the relationghip between
climatic conditions and occurrence of planthopper pests in
Japan obssrved that N. lupens cansed sevaere damage in the
gouth west, but was nol gevere in cooler areas. ropulation
tended %o increase in autum and it increased with howrs of
sunshine. Tempsraturs in autum appeared {0 favour population
increase. DLatier, he (1964 b) fonnd that the temperature
affected the fecundity of N. lugens. There was no difference
in the nunbsr of eggs per group beiween macropterous and
brachypterous females or between groups maintained at different

temperatures.

Kisimoto (1965) studied polymorohism amd ifs role in
the population growth of the pest and found that the pre-
oviposition period was shorter for brachypterous than for the
macropierous females. Under favourable conditions the

brachypterous forme were adapted to rapid multiplication
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whereas the macrepterous forms were better adapted for
unfavonrabls conditions. Wetanebe (1967) agreed with these
findings regarding the develoyment of brachypterous forms.
Laboratory experiments at the International Rice Research
Institute (Anon., 1967) showed that temperatures over 25°C
were generally unfavourszble to the insect, and there was
reduction in the life span, fecundity and surw;ival percentage.
Alternating high ond low temperatures proved less unfavour-
able than constant high temperature. This observation led
them to believe that part of the population was likely to

survive in natursl conditions of hot days and cooler nighbs.

Misra and Israel (1968) observed that the brown
planthopper 1aid aggs in the mid ribs of both the leaf sheath
and leafblade, placing them in the air cavities of the wid

ribs.

Pathak (1968} found that the preoviposition period of
brachypierous forms were usually shortcr than that of
macropterons forms. The macropterous forms were adapied for
migration and they were formed under conditions of crowding
and shortage of hogli plants. More brachypterous forms developed
at low temperaiures.

Bae and Pathak (1969) observed that the brown plant-

hopper was abundant in the field towards the time of crop

maturity in contrast to Nephotetliix sp., and Sogatbells sp.,
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which were abundant during the early stages of plant growth.
Anon. (1969) reported the abundance of the inseet in irrigated

and waterlogged fields in Fiji.

Ho and Tiu (1969) stated that in Formosa the insect
overwintered in all stages in rice stubbles, wheat and other
Plants and that an outbreak could be expected if the cumulative
average temperature during the overwintering exceeded 2100°C.
Bag and Pathak (1970) observed that the optimum development
was at 259C to 29°C; 33°C wag detrimenial 0 gll stages of
the inseet. The detrimental effect was modified considerably
by rearing the insect at 12 hour alternations of high and low

temperatures.

Kuno and Hokyo (1970) worked out the doration of Life
of adult brachypterous females under naturasl conditions in
rice fields in Japan. They observed that the females lived
for about eight days as compared to twendy days in the
laboratory and that each laid about 400 eggs as compared to
800 in outdoor cages. Predation by spiders was thought to

be = pesgible reason for reduced life expectancy.
Asahina (1971) collected N. lugens on a weathership
about 800 kilometers south of mainland of Japan and reported

mags flights of the imsact.

Ohkubo aond Kisimoto (1971) in their studies on the

13 ght behaviour of the insect in Japan observed that the
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adults flew at sunrise and sunset. Activity was of a

bimodal crepusular type. The threshold temperature for
take off was 17°C. TFlight was suppressed by wingd speeds
in excessy of eleven kilometers per hour. The proportion

of females in flight varies from 20 to 60 per cent.

Hirao (1972) observed that N. lugensg under_went four
generations in a year. Brachypterous adult femaleg were
obzerved with the emergence of the bthird generation and

hopperburns first appeared at such sites.

Ohkubo's (1973) studies on the flight activity of
the insect showed that most 1ndividuszls were capabls of
continuous flight for severszl hours and could migrale for
long distances, The threshold temperature for flight was
abont 16.5°C, There exigted a negafive correlation bsiween
wind veloecity and flight duration, flight ceasing at
velocities gbove 5.5 miles per second. There was a positive
correlation between duratrion of flight and relative humidity.
A% 27.5°C, 60 per cent RH and a wird veloecity of 3 m/gmec.,
flight lasted for about 4 hours. He concluded that plant_hoppers
could migrste to long distences during the Tainy season when

the temperatnre was low and relatave humidiy ty high.

Tchikawa and Isohii (1974) observed that virgin Temales

vitrated their abdomen., The vibration was transmitted through

the substrate and males which came in contact with the plant
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responded to the vibraiion and approached the fewales.
Takeda (1974) made similar observatiocns and found that the
abdomingl vibration was in rasponse to a visual clug from
the male. Later, Ichikawa gt zl. (1975) confirmed that
female abdominel vibration was the only gtimnlus and that
no other stimnlus was involved. The substrate vibrations
ware elecileally detected znd recorded on sound taps.
Playback of these vilrations elicited the same response

in males a2s in the original.

MacQuillan (1975) observed that the flight activity
of vhe .nsect reached a peak around suuset. There was no
drfference belween mean monthly catches of adulbs in two
windy seasons. Wochida (1977) found that the duration
required for the completion of the embryonic and post
embryonic development was considerably dependant upon the
temperatures. Further the oviposition raie was higher as
the temperature became higher. Il was slso observed fthat
the pre~ocviposition period was shorfer for the brachtyperounz

females than for the macroptercus form.

811 stages of the insect, namely, egg, nymph and
adult are reported to be attacked by the naturgl ¢nemies in

the figld. These include parasites, predators, and pathogens.

Bsaki (1932) recorded FElenchus japonicus as a parasrtc

of the nymphs 2nd adults of ¥. lugens in Japan. Ofher specires

of Elenchug were reported from Fiji (Hinckley 1963) and
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Thailand (Kifune and Hirashima 1975). 4 few specigs of
parasites belonging to the family Dryinidae were reporied
from Japan and Solomon islands (Bsaki and Hashimoto, 1936,
lacQuillan 1974).

1 species of egg parasites belonging to the
Igmily kuiopnidae, Mymasridae and Trichogrsmmatidae were
observed on N. lugens ¢ggs by many workers. Of these,

Ootetrastichus beatug and Anagrus spp. were common and

effective (Fuknda 1934, Yasumatsu and Wetnabe 1965, Ofake
1970, Lin 1974).

The mirid bug Cyrtorhinus lividipennis was reported
as an efficient predator on the eggs and nymphs of N. lugens
from many countries (Suenaga 1963, Bae and Pathak 1966,
MacQuillan 1968, Wan 1972, IRRI 1973, Pawar 1975, Murthy et gl.
1976, Stapley 1976). Israel and Rao (1968) observed Coceingllsg
areugta as a predator on the trown planthopper. ILater it
was also reporied from kerala by Abraham et =21.(1973). Samsl
and Misra (1975) reccorded twenty specraes of spiders feeding
on N. lugensg in India. According to them salticids, lycosids

oxyopids were the most vomracious groups.

Most of the reports on microbial pathogeng affecting
the brown plamthopper relate %o that of entomogenous fungi
and nematodes. Bae (1966) reported a suspected field infection
of §. lugens by the fungus Entomophthora sp., Okada (1971)
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isolated an entomophthoraceous fungus Conidiobolus sp. from
the insect. 4 parasitic nematode Agamermig unks was recorded

on M. lugens by Kano and Hokyo (1970) from Japan.

Feeding and honeydew excretion

The feeding behaviour of the brown planthopper has
becn the subject of study of many workers since it causes
the charaeteristic hopperburn to rice plants. Sogawa (1971)
found that in the course of gtylet penetration the insect
ejected a coagulable salivary secretion which rapidly set to
z gel enclosing the protruded stylets and thus forming the
iStylet sheath® in the plant tissue. This secretion also
left a circular spot at the site of stylet insertion on the
plant surface. The 'Stylet sheath' showed a single or branched
tubular structure being 3.5 to 5.0 /i in diamefer amd sometimes
over 300 m in length., The siylet was malnly inserfed intra-
cellularly passing the parenchyma. The sheath was curved
towards the vascular bundles indicating that the insget fed
from the vessels. The sheath fterminated more fregquently in
the phloem than in zylem tissues. In the course of feeding
the hopper excrelied horneydew. The honeydew excretion by males
was only about one tenth of that of females. The hopperburn
was suggested to be due %0 the disturbance of protein metabolism
in the lesf blades as a resuly of drainage of the free amino

acids, passing throngh the vasoular tissues, by the insect.
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Mochida (1972) studied the rate of sap ingestion

14 labelled seedlings. There was no differencq in

wsing C
the guantity ingested by macropterous females during the
preoviposition and oviposition periods. The quantity

ingsoted bty adults was closely correlated to the body weight
and water contents, Fifth instar nymphs ingested the largest
quantity despite their lighter body weight. Cagampang gt azl.
(1974) studying the metabolic changes in the rice plant

during infestation by the brown planthopper found that the
leaves of infested plants declined in morsiure, chlorophyll,
soluble protein, and protease activity, but increaged in

free amino-I and amino acid. Heavy infestabions resnlted

in over 30-fold imcrease in the laevels of arginine, asparagine,
lysine, proline and tryptophan, with a sixfold increase in
free aminoacids of leaftlades. Severs demage was accompniad
by decline in the rate of leucine uptake by the plant. They
also contended that the feeding sheaths plugged the m=ylum

and phloem vessels of the plant. Such plugging might impair
the phants' water balance or its walter potential which

contributed to t he hopperburn sympton.

Xurata gt al. (1976) observed in laborafory biossay
that certain aromatie amines ware feeding inhibitors to the

inseet when added to the sucrose solution fed to 1it%.

Sgkal et gl. (1976) studied the effects of awkrient
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compounds on sucking responge of the brown planthopper and
found that the fluid intake was markedly enhancsd on 20
per cent suorose solution. The acceptability of sucrose
solution was further improved when sminocacids, vitamins and

minerals were incorporagted.

Selddo gk g1l. (1976) noted that salieylic acid was a
epecific probing stimulant for N. lugens. It was also proved
that more potential probing stimulants other than salicylie

aclid were present in the rice plant sap.

Sogawa and Chen {1977) reviewed the possilble causes
6f hopperburn damage aznd suggested as follows: "The drain
of phloem sap and the physiological disruption of active
transportation in the phloem by sustained feeding could
reduce the rate of translocation of photosynthatis to the
root system. That would disturb physioclogical activities of
the root system and then enhance leaf sengscence. The
proteolitio products such as aminoagoids and amides will be

accumulated in t he leaves'.

Hongydew excretion by %the hoppers is related to feeding.
Sogawa (1970 b) observed that freguency of honeydew exxetion
in the adult females varied from 7 to 40 droplets per hour.
The rate of excretion during feeding was 0.5 /ul to 5Al per
hour. The total zmount of daily excretion by one female
averaged 13 AL, The insect excreted considgrzble =amount of

sugarfree matter as well as matier contalnitg sugar, wvhich showed
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that the inseot ingested sap from both phloem and xylem,
The honeydew alss contained emino compounds. Noda g% al.
(1973) obgerved that the honeydew eXcreted by the hopper
contained 18 aminomcids. When the inseots were fed on
disvilled water alons only traces of amimoacids could be
deteoted in the honeydew and thus concluded that the free

aminoacids were derived from the ingested plant sap.

Alternate hosisg

The gporadie occurrence of the pest in rice pgrowing
areas have led many workersg 4o suspect the existénce of
alternate hogts for 4he brown planthopper, The avarlabiliitfy
of non~rice host planis is believed to have a positive effect
on the pest abundance (XKulshreshtha gt gl., 1974, Fernando,

1975, Varca and Feuer 1976).

I% was reported from Philippines (IRRI 1970, 1976)
that variowns weeds served as temporary food and even breeding
plants for the inseect. It was also noted that the insect

laid eggs on barnyard grass Echinoclos crusgalli. However,

Kim g% 2l. (1975) observed that in Japan, barnyard grass

showed no signg of being damaged in rice fields. Nymphs

conld notogrow on the grass and died in a few days. An extract
of barayard grass showed an antifecdant effect when added to
suecrosa solution. Mochida and Okada (1971) compiled 90 species

believed to be host and oviposiftion plants of N. luzens. But,

Mochida (1977) expressed the view that Oryza sativa was the
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main host plaut and some othcxr species of Oryza probably
became hogt plants In the open field. N. lugens may be unable
to repeal the generations on other plants under natural

conditions.
Damage

The studics undertaken at the IRRI (IRRI 1968) showed
that plants 25 days after planting could withstand infestation
of 100 nymphs or 8 adult per clump without any apparent dsmage.
But infestation with 200 nymphs or 16 adults severely reduced
tillering and killed some plants while that with 400 nymphs
per plant caused wilting ip two days. Older planits were less
easily killeds; 400 nymphs or 32 adults per plant, at 50 or
75 dayas after planting caused wilting in two wecks, but when
the insects were removed the plants recovered. Further
studies a% IRRI (IRRI., 1970) yieldeu quantitative data on
yield lossas caused by different levels of populasion of both
nymphe and adultc, feeding for varying periods on plants of
different age groups. When first ingtar nymphs were caged
for two days on planis 25 days after planting all plants
caged with 400 nymphs and 75 per cent of plante caged with
200 nymphs wilted completely:. Infestations with smaller
populations of 50 and 100 nymphs per plant for two days did no%
show wilting., Plants infested at 50 and 75 days alter planting
were more tolerant %o damage. Such plants caged with 400

nymphs started wilting two weeks after infestation, but
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b

recovered when the insects were removed. Infestation with

50 nymphs for two weeks, though did not show apparent symptoms,
produced high percentages of empty grains which was not
monifested on 25 days o0ld plants. High levels of ingect
populatlons on test plents of a1l age groups reduced the
number of tillers, number of paniclee and totzl grain weight

per plant.

Bae and Pathak (1970) found that higher papulations
caused hopperburn while lower levels of population raeduced
the number of panicles gnd %otal grain weight of the plants.
They further observed that unfilled graing rasulted from
infestationg during che reproductive growih stage of tha

plants but not from infestatrion dwing the vegetative stage.

Kalode (1971} found that hopperburn was population
dependent, The initiation of hopperburn was first manifested
within two days in plants infested with 320 insects. Complete
burn was observed within three to five days of initiation of
wilting.

investigations at IRRT (IRRI 1974) showed that the
brown plant hopper nymphs caused greater damage to planis
at 21 to 39 days affter seeding. For mos¥ of the growing
period the plants cowuld tolerate 5 or 10 nymphs per tiller
for two weeks. The economie injury was closely related to
erop age. Plants above 40 days after seeding could tolexate

lzrger densities for a short fime. Studires on hopperburn
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1pdicated that total aminocacids particularly preline level
wa® higher in leaf blades of infested plants aznd this
phsnomenan was attributed to water stress in leaves.
Sugeeptible varieties could tolerate a limited number of
insects for a limited tims without appreciable yield losses
(IBRI 1975). However, Kisimoto (1976) found that hoppcrburn
uswally occurred on rice plants nearing maturity. The
percentage of yield logs due to hopperburn varied grcatly
according to when the burn oceurreds 80 to 90 per cent losg
oceurred when the plants suffered burn within 30 days after

heading.,

Fernando (1975) observed that in tropical areas
whers rice «s grown throughoui the year hopperburr could
occur at any stage of growth., Park and Lee (1976) found that
hopperburn appeaved in the field 1pb 40~60 days afbter infesta-

tion and caused more than 60 per cent yield logses.

Varietal resistance

Experiments at the IRRI (IRRI, 1969, 1970) showed
thet the variety Mudgo was resistant in that 1% ghowed the
least shrvival percentage and population build up. The inseet
lost weight on this variety. Pathak et al. (1969} also
observed that the vaviety Mudgo was highly resistant to the
pegt. The reduced feeding on this variely was attvributed to
the laok of a necesssry fecding stimulus or due o the presence

of g strong repellant. Bae and Pathak (1970) studied the
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guseeptibility of 20 selected rice varieties to N. lugens.
They observed that while fhere was some antibiosis effect,
tolerance to hopperburn was the mgjor factor in the drfference

in susceptirbility.

Sogawa znd Pathak (1970) investigated the mechanism
of resistance in Mudgo variety and suggesied that lower
agperagine contents wag a factor for its hopper resistance.
A% the IRRI (IRRI 1971) the nymphs of N, lugens suffered
high mortality and grew slowly on resisiant varieties.
Congequently the population build up was also low., Morpholo-
gical differences in varieties were not correlated with
differences in resistance. Chang and Chen (1971) evaluated
differcnt varieties for resighance to ¥. lugeng and observed
that strains H.105, Muthumanikem and IR4-60 were highly
resigtant while mogt local varieties were highly susceptible,
Genetic stiedies revealed that resistance was detexrmined by

a gingle recegsive gene.

Pathak (1971) found that resistance to N. lugens was
mainly due to non-preference by the i1nsect and was brochemicsl.
He confirmed the eariier finding that resistanece in Mudgo
was on account of lower asparagine contents. It was further
observed that population spfficient to kill seedlings of
sugceptible varieties caused little damage to those of resistant
varigties. Sogawa (1971) observed that one of the resistant

factorg of Mudgo was located in the chemical guality of the
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plant sap, probably lowered concentration of phagostimula-
tion aminoacids. It influenced the hopper feeding through
gustatory response and consequent reduction in food uptake.
The reduced ingestion was respongible for lowered fecundity
and subsequent failure of population build up. Pathak (1972)
observed that the insaeet exhibited distinet non-preference
t0 certain varigties. The occurrence of any mechanical

barrier was ruled out.

Parker ¢t al. (1973) repgorted that varieties ffudgo
and Mashuri were resistant to krown planthopper in Malaysia.
Jayaraj g% al. (1974) tested 31 rice varieties for resistance
to N. lugens in Coimbatore and observed that six varieties
escaped attack while others suffered medium to severe damage.
Gunaverdane gt gl. (1975) reported five varieties resistant
to the inseet in Sri Lanka. Wirao and Todoroki (1975) studied
the mechanism of resistance to the brown hopper and observed
that non preference was the mogt important factor followed
by tolerance and anitibiosis, Xulshreshtha et al. (1976)
reported that varieties Ratna and Shakti showed tolerance
under Trdian conditions., Thomas (1976) found that varieties
Ptb 19, Ptb 33 and ARC 6650 showed resigtance 1n sesedling tests
in Kerala, India. Most varieties recorded as resistant in
Philippines ware found to be susceptible in South Indra and
Sri Tanka due %o the existence of different brotypes.
Varieties Ptb 33 and ARC 6650 were found to resist all the
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three biotypes (IRRI 1976).

Sexena (1975) found in laboratory experiments that
the odour of susceptible variefigs like Taichung Native-1
and IRS strongly attrscted the hopper, while the odour of
resistant varieties Mudgo snd IR26 were unatiractivae.
Karim (1975} concluded that the principal mechanismg of
resistance to brown planthopper were non preference and
antibiosig. Soxena and Sogawa (1977) investigating on bthe
factors that govern the susceptibility and resistance of
riece varieties %o the brown planthopper, observed that although
all the tested varieties were equally suitable for oviposition,
significently lower nunber of gggs hatched on the resistant
varieties than on susesptible ones. ZFurther, the reduced
quantities of food ingested from resisgtant varieties and its
inefficient utilisation because of lower nutrition vslue of
the ingested sap lead to the poor growth of larvae snd reduced

longevity and egg production in adults,

Pathank and Kush (1977) observed that the insect
exhibited distinect gustatory non-preference for certain varieties
and no mechanicsl barrier to the ingects' feeding was apparent
in any of the resigtant varieties. They further stated that
severzl bioiypes of %the brown plant hopper existed. Accordiug
to them the brown plant hopper biotype in India and Sri Lanka
ig apparently different from =211 the thres biotypes

and is more prolifie.
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Effect of plant nuirients on owtbraks of N. lugens

Abraham (1957) was the firet to show that plant-
hoppers were dense on plants treated with a large amount of
nitrogen. Sogawa (1970 a) observed that nitrogen deficient
plante were less atiractive to the femals planthopper.

They fed less on such plants and their fecundity was reduced.
The lowsred fecding was attributed to lower concentration

of amino nitrogen and %the reduction in fecundity was
attributed to the failure of the hopper to take sufficient

g8ap rather than 4o any lack of nutrition value of the sap that

was ingested.

Cheng (1971) observed that nitrogen trestment resulied
in increased attractiveness of the plants to the pest, increased
gurvival rate and multiplication of the inseet on the one
hand and increased plant vigour and tolerance towards plani~
hopper attack on the other. In susceptible varieties a high
dose of nitrogen favoured the development of the insect. No
differences were obeerved in resigtant varieties treated with
different dosas of nitrogen. When plant damage was taken as
the criterion, the level of damage to resistant varieties wae
not affeected by the dose of nitrogen, but a local susceptible
voriety wes as rosistant as Mudgo in the absence of nitrogen,
but suffered moderate damage after nitrogen treatment.

Kalode (1971) also studied the effect of different levels of

nitrogen on the varietal ousceptrbility and survival of
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J. lugens. He observed thal in the susceptible variety
Taichung Native-1, there was a significant difference in ths
survivel among the diffevent levels of nitrogen treatment,
There was increased fertility of fomales reared on higher
nitrogen doses. The treatment had no effect on the hopper
sugeeptibility of Mudgo. A4dult survival was not affected

by the treatment., The favourable effeet of nitrogen on the
fecundlty of the insect was further elucidated by Cheng (1975).

dpart from these critical siudies, many workers have
attribuled the use of nitrogenous fertilisers as a probale
reason for hopper outbreaks in recent years (Israel and Rao,
1968, Sogswa and Pathak, 1970, Ngoan 1971, Das gt al. 1972,
Sochardjan 1973, Abraham end Nair 1975, Veluswamy et al. 1975,
Kulshreshtha g% gl.1976, Varea and Feuer 1976).

Dyck gk al. (1977) reviewing this aspect contended
that addition of nitrogenous firtiliser was a factor in
increasing planthopper abundance., According to them the
reason for this abundance had something %o do with the nuiri-
tional status of the plant and bthe insects' physiology rather

than the mere change in fthe microenviroment.

Effect of potash nutrition on brown hopper incidence
has bsen studied by relatively fow workers, Vaithilingam
(1975) studied the offecet of potash application on the

incidence of rice pests and observed that incidence of brown
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planthopper was least in plots whioh received hijher levels
of potash. The hoppers that fed on plants receiving higher
potash exereted less nimhydrin-pogitive compounds possibly
indicating its non preference for feeding. Similar resulis
on the lower incidence of the hopper in plots receiving
higher doses were reported by Subrsmanian and Balasnbramanian
(1976}
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Materials

Culture of N. lugaeng

Adults of fthe brown planthopper were collected
from Kole lands in Trichur District in February 1974.
Thege inseots were veared in the laboratory. A pair of
adults were isolated from thie colony and they were allowed
to multiply in rearing cages on potted planis. The progenies
of this pair were mgintained in pure culiure and they were

used for the experiments.

Aspirator
4 glass aspirator was used for collecting the hoppers
from the field and also for transferring the inseots in the

laboratory.

Fiegld cages

Ficld cages of the size 1.8n x 1.2m X 0.9m made of
wooden frsme and bottom and covered with fine nylon net on
all the sides and top were used for keeping the potted plants

40 rear the insect under figld conditions.



- 28 =

Laboratory rearing cages

Cylindrical rearing cages were made with polythene
sheets supported on iron frame¢s. The top ends of fhese
cages were covered with muslin cloth. Cages of the sigzes
40 cm digmeter x 65 em height, 30 cm x 50 cm and 20 cm X 45 cm
were used to suit the size of pots used for raising the

seedlings.,

Paper cups

Tcecream cups wers used for growing single ssedlings
for biology studies of the planthopper and also for planting
single plants for studying the egg laying of the insect on

different varieties ete.

Rice plands
For bulkresring and biology studies of the brown

planthoppsr, plants of the variety 'Jaya' were used.

Secds of the different varielies of rice used for
rearing and varietal screening stundies were obiained from
Rice Resaearch Station, Pattambi, Rice Research Station,

Monkompu and Model Agronomic Research Station, Xaramana.

Mgthods

Bulk rearing of N, lugeng

Adult hoppers selected from colonies raised from a
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single pair of adulis were liberated on 50 to 60 days old
potted paddy plants (Jaya), kept in laboratory cages.
After two days, the insects were collected back from the
plants. The plants in the capges were kept watered, clean
and free from predators in the insectary. When the plants
showed symptoms of drying due to feeding by the insect
colonies which had developed on the plants, the insects

were collected and liberzted on fresh plamis,

Collection of cgss gnd first instar nymphs

Fifty to sixty Gays old paddy vplamts grown in small
flower pots were used for this. The leaf blades of these
plants were trimmed off and the plants kept in laboratory
cages. Adult insects were released on thess plants. After
24 hours the insects were removed. The plante were kept
in the laboratory cages and examined daily. First instar
nymphs emerged after 7 to 8 daye and could be seen on the

leaf sheaths.

Studies on the biology of N. lugens

One month 0ld rice seedlings {variety, Jaya) planted
gingly in paper cups werg used for biclogy studiess of the
insect. The plant in ths paper cup was placed in a long
beaker, over which g hurricane glass chimney was placed and
the upper end of the chimney was closaed with muslin cloth.

A pair of freshly emerged adults were introduced into the
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the chimney. The insects oould be observed through the
begker. Observations were recorded on the mating, pre-
oviposition and oviphsition periods, fecundity, longevity ete.
For determination of fecundity and longevity, fresh plants
were introduced into the beaker daily, ta1ll the insectg died.
The expoged plants were taken out and examined under &

binoculay microscope to count the eggs.

To ascertain the mmber of moultings and nymphal
instars, freshly emerged first instar nymphs wers reared
out singly on one month old rice seedlings planted in paper
cups and enclosed in open specimen tubes (15 ca x 4 om).

Phe upper end of the tube was closed with muglin cloth.

To study the distribution of eggs on the drfferent
parts of the plants adult femsles were confined on 50-days
0ld potted plants placed in cages. The side tillers were
cut and removed, zllowing only the maim tiller to remain.
After 48 hours the insects were removed, the plants were
exzsmined under a binocular microscope and the eggs counted.

Bffget of temperature and humidity on the biclogy of
N. lugens

The various constant humidities reguired for the
experiment were obtained in dessicators of suitable size
with the help of appropriate concentration of potassium

hydroxide dissolved in distilled water according fo Buxgon(1931)
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The dessicators were placed inside #n incubator set at the
desired temperature. Cut bits of the basal portiom of the
stem of 50 to 55 days old plants were placed inside spetimen
tubeg and ten first ingtar nymphs were introduced into each
tube and closed with muslin cloth. The specimen tubes were
placed inside the dessicators. Fresh Lood was supplied

everyday. There were three rsplications,

Effect of crowding on the biology of N. lugensg

. Pirst instar nymphs of N. lugens im groups of 50,
100, 200 and 400 were put on 50~55 days 0ld Jaya phants in
laboratory cages. Three clumps were planfed 1n each pot
in the cages so as 40 ensure adeguate supply of food for
the nymphe. The plants were periodicslly examined. ‘hen
adults started emerging, they were removed dally, counted
and other features like sex ratio, number of brachyplierous

forms, weight of =adul® ete., noted.

Suitability of weeds as alternate hosts for . lusens

Weed plants were grown in separate flower pots and
five pairs of three days old adult hoppers were confined on
them in glasg hurricane chimneys. The upper ends of the
chimnays were c¢losaed with muslin cloth. After 24 hours the
exposed plants were examined for egg laying on them., Similar
gety of plants were kept in the insectary for observing the

emergence of nymphs. First instar nymphs were released on
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weed plants in glass chimneys in groups of ften and their
gurvival recorded at fixed inftervals. Freshly emcrged
adults were caged in groups of ten to observe the adult

survival on weed plants,

Effect of age of host plant on the biology of N, lupeng

Rice plants (variaety Jaya) of different age groups,
15 days, 45 days, 75 days and 105 days to represent the
seedling stage, maximum tillering stage, panicle initiation
stage and flowering stage respectively, were uprooted, out
and kept in moist glass bottles and first instar nymphe were
introduced on them. Fresh food was supplied on alternate
days. The duration of the nymphal period and percentage

survival of the nymphs were observed.

Effect of nitrogn ond potash nutrition of host plani
on the biology of N. lbocens

A pot experiment was conducted wibth varying doses of

nitrogen.
Design - Completetely randomised
Replicgtion - Three
Treatments -~ (Levels of nitrogen)
T, - No pitrogen (Control)
T, - 20 kg N/hectare
T, - 40 kg N/heotare
T3 - 60 kg N/hectare
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T4 - 80 kg H/hectare
T5 - 100 kg N/hectare
Tg - 120 kg N/hectare

Jaya rice seedlings were planted in pots st the rate
of four seedlings per pot. P and X were applied at the rate
of 50 kg per hectare as basal dressing in all the po%s. N
at the varied doses wags aprlied half as basal and half 15 days
after planting. The required guantities per vot were calcula-
ted, weighed and dissolved in water and then applied in the
pots. N, P and X were apvlied as smmonlum sulphate, super
phosphate and muriate of potash resvectively. Thirty days
after planting %ten pairs of adults were confined for egg
laying on each plant in muslin cages supported on iron frames,
These insects were removed after five days. On the eighteenth
day the plants were out at the base znd the nymphs developed

were killed in chloroform aznd their number recorded.

Tillers from %the plants were cubt and kept moist in
vide mouthed glass bottles and nymphs reared on them from
first instar to study the nymphal duration and survival,
sdults emerging from the different ireaiments were reared
uniformly on single potted plants to study the longevity and
fecundity. 4 similar experiment was{condueteﬂ with varying
doges of potash, keeping N and P constant at 80 kg and 50 kg

per hectare respectiively.
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Tevely of potash

T, - 0 (Control)

T1 - 25 kg Kéo/hactare
T, - 50 kg Kzo/heetare
T3 - 75 kg Kéo/hectare
T4 - 100 kg K2O/hectare
T5 - 125 kg Kéo/hectare

Screening of rice varietieg for resistance o brown
planthopper infestation

The screening of the rice varietieg for resistance
was conducted at two stages of growth, (i) at the seedling

stage and (ii) at the kllering stage.

For the screening at the sescdling stage, the seeds
were sown in 60 cm x 60 ¢m X 10 or wosden gecd boxes
containing garden coil to a depth of 5 em. Tach variety
waS sown in a row of 25 cm length. =Rach box contained 24
lines, 5 em apart as shown in Fig.(1). Of the 24 hines,
four lines were of the susceptible check variety ‘annapoorna'.
When the seedlings were 10 days old, they were thinned so
that there were only ten seedlings in 5 cow. The box was
rlaced 1a a galvanised iron tray (80 cm x 100 em x 10 cm)
ecntaining water to a depth of 5 om and placed inside a

field cage. A large number of second instar nymphs were



Pig. 1. Layout plan of
Sergening of rice
varietles at seedling
stage



LAY-OUT PLAN OF SCREENING AT SEEDLING STAGE

. . . . . ® . . . ° . o
. 3 0 - . [ ] . ° ° . . [ ]
. L] L] . . ® . . . . . @
° . . . . [ ] ° . . - . ®
° . 'Y [ J . . . . [}
. ° . [ . [} . . . . .
. . . . . ® . ° . . 0 o
. . . [ ] . ° . . ®

. ° . [ ] . . . . ° [}
. ° . . . ® . . ° . - )
[ ] . . . . . [ - P . . -
[ J . . . [ ] . e . . .
[} . . . . ° . 0 . . .
[ ] ) ° (] . ° . . .
[ ] . ° . . . (-] - . . .
® . . . . . [ . - . . °
[ J . . . . . [ ] ° . . .
® . . . ® . . - . .
° . . . . ® . . . -
L ] . . . - . [ ° - . -

WOODEN SEED BOxX

e « o TEST PLANTS

® o ¢ SUSCEPTIBLE CHEECK



- 35 =

seattered within the seed box in such a way thatevery plant
received an average of 10 to 12 nymphs., Water was kept in
the iron tray throughout the period %o irrigate the seedlings,
to keep high humidity end %o ward off ants. The demage on
the seedlings caused by the nymphs (Plake 1) was recorded
when moat of the susceptible cheok plants died which happened
on the £ifth day. The plant damage was graded on a zero fo
nine scale as suggested by Anon. (1975 e¢). The damage scores

and grades ares~

Damage score Plant damage

0 Mo visibvle damage

1 Yellowing of one or fwo leaves

3 Initiation of wilting of leaves

5 Pronounced yellowing and wilting
of gll leaves except the youngest ons

7 411 leaves wilted, but the stem
partly green

9 Plant wilted and dead

Domage grade

Score 0 to 3 Resistant (R)

3.1 %0 5 Moderately resistant (MR)
5.1 to 7 Susceptible (8)

7.1 t0 9 Highly susceptible (HS)

sereening was repcated four times.

Por screening at the tillering stage twenty days old
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seedlings of each variety were transplanted in separate
pots at two sesdlings per hill., The pots were manuced

at a uniform dose of 100 : 50 : 50 kg NPK per hectare
respectively. Twentyfive days after planting thepotted
plants were pruned to 8 to 10 healthy tillers in a pot and
placed ingide the field cages. One hundred second instar
nymphg were released on plants in each pot. There were
three 'replications. Obsexrvations on the plant damage were
recorded when the susceplible check variety Annapoorna
wilted. The datage was graded on a zero to nine scale
constructed for the purpose. The damage scores and grades

are as follows :-

Dsmage score Damage _symphom
0 No damage
3 Yellowing of leaves
6 Leaves wilted but stem is

fully or partially green
9 Plant dead

Damage grade

Score 0 ~ 3 Resistant (R)
o 34 - 5 Moderately resistant (MR)
" 5.1- T Moderately susceptible (MS)
" 7.1 t0 9 Highly susceptible (HS)

Determination of varietal prefcrence of N. lugens

for ovimisition
For this, 30 days old plants of drfferent varieties
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were planted singly in paper cups, srranged at random in
trays and placed in field cages. There were three planis
in each variety. Macropterous femsles were relsased inside
the cage at the rate of about ten inseclis per plant, After
48 hours the number of insects settled on each plant was
recorded. The plants were taken out znd exXsmined under a

binoeular microscope for counting the eggs.

Host=-hiology studies of N. lugens

Rice plants, 40 to 50 days old, were cut and kept
moist in wide mouthed glass jars and 25 first instar nymphs
were introduced into each Jjar and closed with musiin cloth.
Fresh plants were provided on aliecrnate days. The duration
and survival of the nymphs were noted. The emerging adults
wece kept in pairs in similar glass jars with 50 days old
"Jaya! rice plants for ege laying. The plante were chamnged

everyday and the number of eggs countad.

Study of plant characters

Thickness of the stem, leaf sheath and leaf blades
was measured by a 'Thiclmess digl gaugef. The anatomy of
the sheath and stem was observed by taking cross sections.
The sections wera stained with safranin znd observed under

the microscope.
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Analysis of chemieal components of plant fissueg

The nitrogen contents of the plant samples wers
estimated by the micro kjeldahl method (Poiduvin and
Robinson, 1965). The perceniage of nitrogen was multiplied
by the factor 6.25 to get the protein content of the
samples., The crude silica content of the plant samples
were determined by following the me thod of Yoshida gf sl.
(1971).



RESULTS



RESULTS
Biology of N. lugeng

Oviposition: Under laboratory conditions adults of ¥. lugeng
emerge at night or during early hours of the day. WMating
takag place soon after the emergence and aviposition starts

5 day hence. The femals pierces the leaf tissues with the
ovipogitor =nd deposits the eggs ingide the timues; the
operculum of the ggeg projecte out. The eggs are mostly

lard on the leaf sheaths of the plants; the mid ribs where
the tissues are thick are preferred for ege deposition than
the thinner wings of the sheaths. Eggs are laid within the
mid ribs of the leaf blades slsc, In Table 1 is given a
gummary of the observations made on the disf;ibution of egg~
laying by ten groups of five females sach in 24 hours on the
leaves and leaf sheaths (Original data presented in Apoendix I).
Tt will be observed that when the nimber of egg masses 1lald
on the leafl sheaths is on an average 6.0, it is only 3.4 on
the leaf blades. The size of the egg masses also varies on
these two locations. Thus the average number of eggs per
mags is 13.26 when laid on the leaf-sheaths, while it is only
7.52 when laid on the leaf blades. Further, it i1e also seen
that on g plant 77.59 per cent of the eggs are lald on the

leaf sheaths and 22,33 per cent on the leaf blades.
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Table-I. Nature and distribution of egg masses 1laid by N. lugens
on the leaf sheaths and leal blades of rice

e e e M oam e owme T e e e m ww e mm Me om = fP e e mm mm o mm me G e e e = aw mm ws aw e mm am k> om mm me wm me e e s e =

On leaf sheath On leaf blade Total Per cent number
REPLim  m = = = st = e m m e e m o m o e e e - - - . - - We.of _ of eggs _ __
cation Total Total Range of Mean No, %otal Total Range Mean eé’gih On leaf On leaf
Yo. No. of No. of eges per of eggs No. of No. of of eggs No. of OF S8€ cheath Tlade
ege eges masa per mass egg eggs per eggs pla
masses magsses mass pexr
mass
1 8 88 6 - 22 11,00 2 12 6 ~ 6.00 100 88.00 12
2 7 76 3 - 32 10.86 4 26 4 ~9 6.50 102 74.51 25,49
3 3 33 8 - 17 11.00 1 14 14 - 14.00 47 70.21 29,79
4 7 98 2 - 33 14.00 4 22 2 -13 5, 50 120 81.67 18.33
5 6 77 8 - 21 12.83 3 10 2 - 4 3.33 87 88.50  11.50
6 6 70 4 - 24 11.67 2 32 2 -3  16.00 102 68.63 31,37
7 8 100 2 -3 12.50 5 31 3 =13 6.20 1%1 76.34 23,66
8 5 61 4 - 20 12.20 6 27 3-9 4.50 88 69,32 30.68
9 6 101 2 - 3 16.83 4 22 2 -1 5. 50 123 81.30  17.89
10 4 79 10 - 27 19:75 3 23 3 12 7.67 102 77.45 22,55

- e me e g m M Mmoo um Ge mx R N G e G e MR G W MR ap M M R W OMED ma G W TE e D e W Ge em DR me M e th e we v M e mme
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Plate I - Screening of rice varieties
at sesdling stage

(a) Healthy and damaged
geedlings in geparate
'seged boxzes'

(b} Damage symptoms on
seedlings caused by the
infestation of N. lugens
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Table 2 summarrsgs the observations made on the
number of eggs laid and the duration of the egg-laying
periods of macropterous femsles of N. lugeng (See Appendix II
for the complete observations). It can be seen that the
number of eggs laid by a female ranges from 151 %o 308,
the mean being 228.3 ¢ggs. The peeoviposrtion period ranges
from 1 %0 3 days, the average being 2.3 days. The egg-laying
pcrind varies from 13 to 2b days, the average oviposition
period being 418.2 days. Dgg-laying is generslly continuous
ch g1l days once it is commenced, but ingtonces of days
when there is no egg laying also is observed (See Appendix I)
which may vary from 1 to 4 days during the oviposition
period of %the insect. The number of eggs laid by a female
per day varies from Obo 60, the average being 12.86 eggs,
Fipg. 2(a) represents the number of eggs laid dally during
the oviposition perrod. It is observed that the number of
eges laid per day increases rapidly during the first few days
reaching the peak by about the 9%th day. Thenceforth thers
is a reduciion in the number of eggs laid per day, the rate
of reduciion on successive days being less rapid than the
rate of increase seen in the beginning. Thus during an
ege-laying period of 28 days the peak perrod of egg-laying
is from 7th to the 13th day.

In Table 3 18 given a summary of the observations

made on the fecundity and egg-laying of brachpterous females



Fig. 2.

(a)

(1)

Daily egg laying in
macropterous femzles
of N, lugens

Daily egg laying in
brachypterous females

of N. lugens
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Table~2. Facundity end egglaying of N. lugens (Macropterous)
Pre-ovi- Oviposvtion Potal Range of Average
Redlica- position period number of number of number of
taon No. period egese laid epggs laid eges laid
(days) (days) per day per day
9 1 13 172 0-55 13.23
2 3 13 210 0,48 16.15
3 3 25 291 0-33 11.64
4 2 13 221 2-49 17.00
5 3 18 284 0.51 15.78
6 2 17 203 0..48 1.94
7 1 21 212 255 10.10
8 3 20 231 0-47 11.55
9 2 25 308 2-60 12.32
10 3 17 151 031 8.88
Average 2.3 18.2 228.% 12.86

Period of study ¢ 1=-6-1975 to 30-7-1975
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Table~3. Fedundity and egglaying of N. lugensg (Brachypterous)
Pre-ovi- Ovipositon Total Range of \verage
Replication pogition Period number of nwmber of number of
Wo. period eggs laid egge laid eggs laid
(days) (Days) per day per day
1 1 17 319 0-99 18.76
2 1 10 208 0-73 20.80
3 1 12 175 0=48 14.58
4 1 13 298 2.78 22,92
5 1 15 131 0-63 8.73
6 2 10 184 0-69 18. 40
7 1 13 199 2,98 15.31
8 1 16 205 0-47 12.81
9 2 14 189 2-41 13.50
10 1 17 158 0~-69 11.06
Average 1.2 13.7 209.6 - 15.69

Period of study: 1-6-1975 to 30-7-1975
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of W. lugeng (See Appendix ITI for complete data). The
mean pre-oviposition period is 1.2 days, the range being
1 to 2 days. The egg-laying period extends from 10 %o 17
days the average being 13.7 days. The number of eggs laid
per feamale varies from 131 to 319, the average being 209.6
eges. The darly egg-laying varies from 8,73 to 22.92 with
a mean of 15.69 eggs. TFig. 2(b) gives graphically the
digtribution of daily layings during the entive oviposition
period. The initial daily increase in the number of eggs
laid is rapid and reaches the peak on the 7th day. From
the 7Tth to the 9th day thers is a steep fall in the egg
laying after which the f211 is gradual and slow. Thus,
during an oviposition period of 18 days the peak period of

egg-laying is from the 5th to the 8th day.

Eges The eggs are shaped and bunched like banana fruwts.

The ege ie creamy white when freshly laid and turns yellowish-

@

brown during the course of ihe development. The eyes of the
developing embryo are seen as two yellow spots at the
proximal end of the egg. For hatching, the nymph pushes
open the operculum zné emerges oul, the egg shell remaining
within the plant %#issue. The incubation period of the egg
varies from 7 to 9 days with an average of B days (Table 4).
It is also seen that the percentags hatching is very high,

ranging between 80.00 and 89.61 per cent.

Nypph: The egge hatch normally during the early hours of the
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Table-4. Incnbatroh period and percentage hatching of eggs
of N. lugeng

Date of Total Date of No, of Incubation Hatching
egg laying No. of emergence nymphs peried in %
eogs emerged days
1=-8=75 124 10-8~75 110 9 88.70
2-8-75 118 10~8~T75 95 8 80. 50
3-8«75 120 11-8~T75 96 8 80.00
4-8-T75 116 11=8=75 99 i 85.34
S5 BT 5 154 13=-8=75 138 8 89.61
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day, But, on humid days hatching 1 observed %o take place
throughout the day. In Table 5 is given the results of
observations made on ihe duration of the different instars.
It may be seen ihat the average duration of the insiars

1 %o 5 are 2.7, 2.8, 2.6, 3.1 and 2.8 days respectively.

The total nymphal duration is 14,0 days. One characteristic
feature of the nymphs is the change of body colouration
during the different instars and changes in habits. Thus,
the first instar nymph is cotiony white in colour and moves
on the plant reaching the leaf tips and getting drstributed
to the adjacent plants on which they settle at the basal
portions. Just before moulting, she colour changes to light
trown., The sccond ingtar nympgh 18 browniesh black in colour,
remainsg on the basal part of the plant in clusters just above
the water leval. The third instar nymph has a light hellow
body and brown head znd thorsx, +ing buds are seen developing
at this instar. These nymphs remain clusiered at the base
of the plants. The fourih instar nymphs are yelowish brown
1n colour with the ventral surface cresmy white and the wing
pads are prominent. The fifth instar nymph is browr in colour.
It moves about actively rozming on the leafl blades especially
during the morning howrs, When the sun becomes hot 1t goes

down and settles at the base of the plant. (See Plajs IT)

The second to fourth i1nstar nymphs awe active feeders



Plate IT - Settling of nymphs and
adulte of N. lugeng at
the base of the plant
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Table-5. Duration of nymphal instars of N. lngeng
Replication Duration of instars in days _ otal
No. I I III v v
I 3 2 2 3 3 13
IT 3 3 3 4 2 15
III 3 3 4 3 2 15
Iv 3 4 3 3 3 16
v 3 3 2 2 3 13
VI 2 3 2 4 3 14
Vil 2 3 2 2 3 12
VIII 3 2 2 4 3 14
IX 2 3 3 3 3 14
X 3 2 3 3 3 14
Mean 2.7 2.8 2.6 3.1 2.8 14.0

Period of study: 2-8-1975 %o 30-9-1975
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and they remain at the base of the plants in colonies. But
when the plants start wilting, they migrake to other plants.
The nymphs when disturbed leap and fall into waters; they can

scate on the water surface to reach ofther planis.

Just before the final moulwing the fifith instar nymph
turng deep lwrown, stops fesding and hold firmly to the plant
surface. Adult wriggles out through a dorsal slit on the
nymph ot the anterior end and fthe exuvivm remains attacked

to the plani.

Adult: TImmediately at emergence the adult is yellowilsh

white in colour and gradually iturns brown, Finally it is
ochraceous brown dorsally and deep brown ventrally, Two
types of adults viz, macroplerous and brachypterous forms zre
produced, JAmong the brachypterous forms females are more
abundant than males which occur very rarely. 1In the
brachypterous forms the tegmina are transformed fo small
brownish scale like leathery structures covering only the

anterior portion of the abdomen.

Pife—cycle: The fotal duration of the 1life-ecycle from égg
to adult ranges from 19 to 25 days, the average being 22.0
days.

Tongevity of adults: The longevity of males and females are
shown in Tabbe 6. Macropterous males live for 14 to 22 days,
the mean longevity biing 18 days. The macropbterous females

1live longer than the males, living for 14 to 28 days with an
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Table-6. Longevity of adults of N. lugensg

Replication =« = = = = = =+ & - m = e e m e s e e e e m e - -
Macropterous males Macropleveas Brachypterous
famales females
I 15 18 12
IT 19 26 14
III 14 25 13
IV 21 16 14
v 18 28 11
vI 16 15 12
Vil 16 28 14
VIIT 22 19 18
IX 19 27 11
X 20 14 17
Mean 18.0 21.4 13.8

Period of study: 1-6-1975 to 30-7-1975
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average of 21,4 days. The brachyplerous females live for
11 wo 18 Bays, theirr mean longevity being 13.8 days.

Bffect of Temperatvre and Humidrty
on the biology of N. lugens

Effect of different constant temperaturss and relalive
humidities on the different biological features of N. lugens
was ascertained in laboratory experiments, The brological
features studied were gurvival of the nymphs, duration of
the nymphal period, sex ratio of the emerging adults, proporiion
of brachypterous females, wincubation period and hatchability

of eggs. The results are presented below:-

Survival of nymphs

The percentage survival of the nymphs of N. lugeng
at different temperature - humidity combinations is given
in Table 7 and representsd in Fig.3(a) and (b). Statistical
analysis has shown that the survivel of the nymphs with
reference to temperature variations znd humidity variations
are signficant. The intevaction between temperature and

humi dity alsd i1s srgnificant,

Fig.3(a) shous that at the four fixed graded tempera-
tures the variations in humidity cause variation in the
survaval of %the nymphs. The per cent survival varies from

6.67 at 40% RH and varying temperaturs, to 86.67 at 80% RH



Fig. 3.

(a)

(0}

Survival of N. lugens
nymphs a% diffeTrent
temparatures and relative
humidities

Par eent smrvival of nymphs
at cach temperature grads
when the humidity is varied

Per cent survival of nymphs
at each constant humidity
when the temperature is
altered
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Table=7. Per cent survivel of nymphs of N. lugeng at different temperatures and
relative humidities and their analysis of variancs.

e e tm me E Em T G ae M e wn e M M e Me mm e e Ge M = e em En ma er me oe W e e e e Mo e S ma e o we e e

TemP,®C - e m e e e e e e e e e s e s e e s e e e m e e e e e e m e e = = e
40 50 60 70 80 90 100 Mean
Varying (T1) 6.67 53.33 50.00 76,67 66,67 20,00 23,733 42,738
) (15.00)(46.89)(45.00) (61.14)(54.76 ) ( 26.56)  (28.86) (39.74)
27 (72) 20,00 36.67 53.33 53.33 50,00 60,00 60.00 47.62
(26.56) (37, 29)(46 89) (46. 89)(45 00) ( 50.77)  (50.77) (43.45)
29 (73) 66,67 63,33 66.67 86.6 50.00 40.00 63.33
(54.76)(52.71) (54, 76) (56 79)(68 61) ( 45.00 (32.23) (53.13)
39 (T4) 40.00 60.00 76,67 66.67 60,00 66.67 60.00 61.43
<39 23)(50.77)(61.14) (54.76)(50.77) (54.76 )  (50.77) (51.74)
33 (T5)  43.34 53.33 50,00 46.67  40.00 - - 33,33
(41.15)(46.89) (45.00) (43.11)(39.23) - - (30.97)
35 (T6) - - - - - - - -
Mean 36.00 53.33 59.3%3 62,67 60.67 49,17 45.83

(35.34)(46.91)(50.56) (52.54)(51.67) (35.92 ) (33.93)
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Contd. o page 52
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Table=~7. - Contd.

Anaglygie of Varignce Table

Source sum of Squares a.1f, M.S. T
Total 29107.38 104

Treatment 25173.69 34

Temperat ure 7309.09 4 1827.27 32, 52" *
Homi 81 ¢y 7004.84 6  1167.47 20.78™"
Pemp. x humidity 10859.76 24 452,49 8.05"
Ervor 3933.69 70 56.19

%% gignificant at 1% level

C.D. (0.05) for temperature = 4.63
C.D. (0.05) for humidity = 5,47
C.D. (0.05) For interaction = 12,24
Ranking Tecmperabture: 73, T4, T2, T1, 5

Humidity : H4, H5, H3, H2, H6, H1, H7
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and 29°C. At each of the temperatures 27, 29 and 31°C,
sharting from 40% RH the survival increases, reaches a peak
and then decreases as the humidity inereases to 100%. There
is no survival at humidities below 40%. The highest survivals
of 50.0 to 86.67 per cent of the uymphs are seen to be

between the humidities 60 and 90%. It e also seen that at
lower tTemperatures higher humidities ars favourable for the
gurvival, while at the higher femperature a low humidity is
favourable, Thus, at 27°C, the maximum suxrvival of 60% is at
90% RE and at 29°C the maximum survival of 86.67% is at 80% RH,
while at the higher tempsraturc of 31°C the maximmm survival
of 76.67% 1s at 60% RH., 4% 33°C there is no significant

variation in the survival at the different humidities,

4%t verying temperatures the maximum survival of 76.67%
ig obteined at 70% RH.

Fig.3(b) shows that at constant humidities the svrvival

of the nymphs varies at the different temperstures. The

generszl trend Le that starting from 27°C the survival percentage
(47.62/mean) increases as the temperature incresses, reaches

a peak (63.3%% mean), then falls as the temperature rises to
350¢ (33,33% mean). At sll the humidities excepting 90 and

100% there is a significant increase in the survival percentage
of nymphs as the temperature increases from 27°C to 29°C, A
gignificant decrease 1n the survival 1s cbgerved as the

temperature increases from 29°C to 31°C at all the humidities
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excapt 60% RH (besides 90 =nd 100% RH); at 33°C there is
still further reduction in the survival. The nymphs do not
survive at 35°C. Thus 29°C appears to be the most favourable
temparature for the survival of the nymphs, the survivals
varylng from 40,0 %o 86,67 per cent at different humiditres

the mean being 63.33 per cent.

The rankings given which indicate the overall effect
of the dnfferent graded congstant temperatures show that
temperatures 29°C and 31°C gre significantly more favourable
for the survival of the nymphs than the other temperatures.
Sinilarly the overall analysis of the effect of constant
humidities (See the ranking in Table 7) shows that the humidity
of 70% is the most favoursble for fthe survival of the nymphs
followed closely by 80%, 60% and 50%, there being no significant

Girfference between these four humidity levels.

Duration of nymphal period

The nymphal durations of N. lugeng observed at constant
temperatures - humidity combinations are given in Table 8.
The seme data are represented in Fig.4(a) =nd (b). 2Analysis
of varrance of the data presented shows that the variations
in nymphal periods due %o variations in temperature and humidity
ave significant. The interaction between temperature and
humidity also ig significant. The nymphal period varies from

13.4 to0 20,5 days under the different Yemperatures and



Fig. 4.

(a}

(v)

Nymphal duration of

I. lugeng (in days) at
different temperaturecs
and humidifies

Nyrnphal duration at each
temperature grade when
the homidity is varied

Nymphal duration at sach
constant humidity when
the tomperature is aliered
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their analysig of variance
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Pable~-8, Conid.

Anglysis of Variance Table

Source Sum of squares a.7. M.S. F
Total 2197.94 104

Treatment 1797.04 34

Temperature 361.68 4 90.42 15,79
Humidity 414.34 6 69.06 12.06';‘*;
Temveratvure x hwnrdity 1021.02 24 42,59 T.43
Brror 400.90 70 5.727

#4 Significant at 1% level

0.D.(0.05) for tempersinre = 1.48
C.5.{0.05) for humidity = 1.65
€.5.(0.05) for interaction = 3.91
Ranking Temperature:s T3, ©1, T4, T5, T2

Humidity H5, W6, H7, H3, H4, H2, H1
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humidities. Filg.4(a) shows the fluctuation of nymphal
periods due to variation in humidity at the four constant
temperatures and under fuctuating temperature. It will be
obgerved that at the four constant temperatures the nymphal
duration is more at the lower velative humidities of 40 and
50%. The only point at which significant difference in the
duration is seen is at the change from 40 to 50% RH (Lfrom
18.44 to 16,77 days mean). Thercafter, genecrazlly the nymphal
duration does not show any significant change due fo changes
in humidity up to 100%. The ranking of the mean values also
indicates the ssme rvelationship between humidity variations

and nymphal period.

In the case of rcsponse of nymphal perisd to changss
in temperature as may be seen from Fig.4(b), invariably the
shortest nymphal duration wnder the different humidities
ig at 29°C the mean being 14.63 daye (range 13.4 to 17.2 days).
Thé¢ duration increases at temperatures on either side of this
point. It 18 also seen that the chepge from a longer
(17.44 days mean) to the shorter (14.63 days mean) nymphal
duration is significant as the temperature is raised from
27 to 29°C, On the other hand a significant inerease in the
duration is evident (14.63 %o 16.88 daye mean) as the tempera-
ture rises from 29°C to 31°C. Ranking of fthe mean valunes of
the effect of drfferent temperatures shows that at the constant

temperature of 29°C the mean nymphal duration is the least
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(14.63 days) while at 27°C it is the highest (17.44 days

mean).

However, taking 211 the combinations into
conglderation, the shortest nymphal duration of 13.40
days is at 90% RH and at the temperature of 29°C. The
longest duration of 20.50 days is at a temperature of
27°C and relative humidity of 40%.

Growth index

The growth index value (Srivastava 1959) was
cglewlated for each temperature - humidity combination
and 18 vresentaed in Table 9. The same data are presented
in Fig.5(a) and 5(b). Alnalysis of variance of the data
shows that the effeets of tempsrature and humidity are
gignificant and their interaction not significant. The
growth index varies from 0.56 to 6.12 under the different
temperature - humidity combinzations. The highest value
of 6.12 is gt the temperature and relative humidity
combination of 29°C and 80% RH., The growth index value
inereases, reach a peak and then £all as the temperaivre
increases from 27°C to 3%3°C at all the hwnidities. TFrom
the mean values 1% is seen that the maximum growth index
of 4.35 1is gt 29°C, the next being at 31°C. The mean

value 13 lowest (2.68) at the verying temperature,

The growth index values for the constant temperatures

alone excluding the varying temperaliure have been analysed



Fig. 5.

(a)

(b)

Crowth index of N. lugeng
when the nymphs ave reared
at dlfferent temperatures and
relative himiditiss

Growth index value a® each
constant humidity when ths
tempersturs is altered

Growth index value gl eaoh
temperature grade when
the humidity is varied
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Table-9. Growth index values of N. lugens at different temperatures
and humidities =nd thelr analysis of variance.

Gz mm wm W e WM om oe WE v e My e T m m me wm oa me my G0 G me me Mn ow e e we wm wr Gw Ou Me um e e aew e wm

TP %C = = n e o m e e e e = m m o e o o = = m o= om wm om -
50 60 70 80 20 100 Mean
(a1) H2) (u3) (u4) (85) (u6) (u7)
Varying (T1) 0.5%6 2,00 3.05 4.97 4,44 1.26 1,49 2.68
7 (72) 0,90 2.04 3.16 3.14 3.00 3.61 3.65 2.79
29 (73) 3.88 4.21 4.87 4.85 6.12 3.73 2,76 4.35
1 (T4) 2.21 3.58 4.66 3.98 3.67 3.85 3.65 3.66
33 (T5) 2,35 3,20 3,02 2.78 2. 41 - - 2.75
35 (16) - - - - - - - -
Maan 1.98 3.21 3.75 3.94 3.93 3. 11 2,89 -

- e me W mMx M Em ma G W o e e RN mm om0 o W KR Er o e emce R Me G5 00 Wr am e e e G G0 e m wo MR o ww

Contd. on page 60
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Table=9., Contd.
Analysis of vaeriance Table

Source sum of squares d.f. M.S. P,
Total 423.9694 104

Treatment 205.6859 34 .
Demperattre 67.4574 4 16,864 5,433
Tumidity 68,4914 6 11,415 3.6775
Temperature ¥ humidity 69.73571 24 2,905 0.936"°
Error 217.2835 70 3.104

#% Significant at 1% level
NS : Wot gmignificant

GuDe (0,05 for temperature = 1,07
C.D. (0.05) for humidity = 1.26
Ranking T3, T4, T2, T5, T1

H4, H5, B3, H2, H6, HT, Hi
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separately. The effects of temperature, humidity and
their interaction are found mignificant. The quadratic
models for expregsing the growih index in terms of
temperature (humidity) were fitted. The model is

¥ =a x2 +bx +e¢
Temperature

Y =-0.2039 X° 4+ 12.0855 x - 174.8921
where, Y = Growth index value

X temperature ¢

il

Thig 18 a good representation as can be seen by
the high coefficient of determination of 0,979. Growkh
index ig maximum when temperatvre is 29.64°C, The model
to express the effect of temperature ob growth index is

graphiezlly presented in Fig.6(a).

Humi i ty

Y ==0.0015 %> + 0.2450 % - 3.6900

where, Y = growth index

x = relative humidity 9,
Tha coefficient of determination is 0.903., Growth
index igs maximem when relative humidity is 69.53%. The

model is graphically presented in Fig.6(D).

Sex rotio of adults

The percentage of males of N.lugens produced at the
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different temperatures and humidities is given in Table 10
together with their anglysis of variance. Analysis shows
that the varigtiong in the percentage of males produced are
significant at the varying temperatures and varying humidities.
There 1s however no segquential response to the different
braded temperatures and humidities. Comparison of fhe means
also inﬁicate the ssme trend. Thusg, for the different
tempcratures, 29°C produces the least percentage of males
(43.57%), followed close by the fluctuating temperature
(46.18%). At 21l the other temperatures the male produckion
is significantly more than fthat at these temperatures. 4s
regards humidity, the different humidities do not cause
gignificant vabkiastion in the perceniage of males produced.
The highest percentage of 69.18 males is seen with 40% RH,
followed in the descending order by 50%, 80%, 90%, 100%,

70% and 60%.

Proguction of brachypberous females

The effect of varratiaons in congtant tempesrature and
humidities on the production of braechypterous females in

§. lugeng is given in Table 11 and represented in Fig.7(a)

and (b). The variations are statisticslly significant. The
percentage of brachypterous females produced varies from
6.25 to 41.67 under different temperature - humidity
combinations. From Fig.7(a) it is seen that at all the



Fig. 7.

(a)

(1)

Emergence of brachypierous
females of N. lugens when
the nymphs are reared at
different temperaturesg and
humi di.ties

Per caent bmacnt¥parous femalesg
at each temperature grade
when the humidity is varied

Per cant brachtyperous females
at each constant humidity
whan the temperature is altered
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46.18
(42.80)

50 .67
(45.50)

43,57
(41.30)

53.73
(47.92)

49,91
(44.94)

Table-10, Percentage of emerging maleg at drfferent Temperatures and
humidities and their analysis of vaviance.
Relaotive humidiby per cent
3 e ¢ T T T T e
40 50 60 70 80 90 100
Varying 66,67 56.25 40,00 39,13 45,00  33.33 42.86
(54,76) (48.62) (39.23) (38 70)( 42.13) (35.24) (40.92)
27 66.67 54,55 37.50 43.75 46.67 66.67 38,89
(54,76) (47.64) (37.76) (41.44)( 43.11) (54.76) (38.59)
29 60.00 52.63 45.00 42,86 46.15 33,33 25,00
(50.77) (46.47) (42.13) (40.92)( 42.82) (35.24) (30.00)
31 83,33 50,00 26.09 50.00 50,00  50.00 66.67
(65.88) (45.00) (30.72) (45.00)( 45.0C) (45.00) (54.78)
33 69.23 56.25 46,67 35,71 41,67 - -
(56. 29) (48.62) (43.11) (36.69)( 40.22)
Maen 69.18 53,93 39.05 42.29 45.89 45,84 43,36

(56.29) (47.24) (38.70) (40.57) (42,65} (42.56) (41.21)

Values in parenthesis are angnlar transfommalons.

Contd.

on page 64
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Table-10. Contd.
dpglysig of Variance Table

Sourece Sum of gquares d.%. M.S. F,
Total 38405.48 104
Treatment 18303.61 34
Tempcrature 4474. 10 4 1118.525 3.89 %
Humidity 6167.77 6 1027.961 3.58 *
Temperature X humidity T7661.74 24 319,239 1.1 NS
Error 20101.87 70 287.18

% Sygnificant at 1% level
* Significant at 5% level
NS:Notv significant

0.459
2,376

-

C.De (0.05% for temperature
C.,D. (0.05) for humidity
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constant temperatures ag well as under varying temperature,
the number of brachypterous forms produced increased as the
relative humidity is increased and reaching a peak at 70%
or gbove. 4 comparison of the mean values shows that the
differences between 70, 80, 90 and 100% RH ars not statis-
cally significant.

In the case of temperature the percentage of
brachypuerous females under the different humidiiies
increases as the temperaiture increases from 27°C and reaches
a peak at 29°C and decrcases thergafier ag the temperatureg
increasas to 31°C or 33°C. The means also depict this
pieture clearly and the percentage of brachypterous females
formed 18 significantly more at 29°C (31.27%) than at other
temperatures. Thus a constant temperature of 29°C and a
relative himidity of 90 to 100% is most favourable for the
formation of brachygerous females. On theosther extreme,
40% RH is not favourable for the formation of brachypterous
females. At 40% RH brachypterous females are not at all
produced in any of the temperatures except 29°0. The high
temperature of 33°C and the low temperature of 27°C appear

$0 be not favouragble.

Incubation period of epes and percentage hatching

of eggs

Data on the incubation period of the eggs of N.lugeng
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Table-11. Percentage of brachypterons femgles emerging at different
temperat ures ard humidities and its anglysis of variance.

@ em e WR em me ww W ey OB ke o s G2 K3 Dm mn An M mm me me E e G e G M e We mm ke R v A e mm B e

Tempe ®°C = = = o m o e o m oma o mm m o om e o o e e o m o o on o e o e e e e e o e
40 50 60 70 80 90 100  Mean
Vargmg 0 6.25 20,00 26.09 30.00 33,33 28,57 20.61
(14.54) (26.56) (30.72) (33.21)(35.24) (32.33)(26.99)
27 0 9.09 18.75 12.50 20,00 16,67 27.78 14.97
(17.56) (25.70) (20.70) (26.56)(24.12) (31.82)(22. 79)
29 20,00 21.05 35,00 %8.90 23,08 40.00 41,67 31.27
(26.56)  (28.35) (76.27) (38.12) (28.73)(39.23) (40.22)(34.02)
39 0 0 13.04 30.00 7.78 20.00 16,67 15.36
(21.13) (33.21) (31 82)(26.56) (24.12)(25.03)
33 0 12,%0 6.67 28.57 25.00 - - 14.55
(20.70) (15.00) (32.33) (30.00) (24.46)
Mean 4.00 9.78 18.70 27.05 25.17 27.50 28.6

(14.54)  (18.24) (25.62) (31.37) (30.13)(31.63) (32, 39)

o O e m e 5w e ER s M e pm W e e e G e e e e um M me S wo ce e e e e e e o we e me ks G

Values in parentheses are angular transformations.

Contd. on page 67
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Table-11. Contd.

Analyseis of Vsriasnce Table

Souree Sum of sguares d. £, M.S. T
Total 32984.53 104

Treatment 15668, 42 34

Tempera ture 5794.19 4 948.55  3.85
Humi @i by 6719,58 6 1119.93 4,55%+
Temperature xhhmidity 5154.65 24 214.78 O.87NS
Error 17316. 11 70 247.313

m mv mE o e e WE tm mm em e e Gt e Er M e m A e @ e me m am % A T o e W e e o e o wu mw w

** Significant at 1% level
W8s Not significant

G.D. (0.05) for temperature
C.D. (0.05) for hbmidity

oK
O
.
U1
-
W
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at different temperatures and humidities are given in

Table 12.

Pable-12. Tncubation period (days) of eggs of
W.lugens at different tempsratures and
nueidi fies.

Relative humidity per cant

TERPY OC @ = e e m e = e e = m e e e e e e = e o =
50 60 T0 80 20 100 Mean

Varying 8 9 7 6 [ - 7.20

27 9 9 9 9 9 9 9.00

29 6 6 7 6 6 7 6.33

31 8 7 7 8 8 8 7.67

33 8 8 8 7 8 8 7.83

35 - 8 8 8 8 8 8.00

Mean 7.80 7.83 7.67 7.33 7.50 8,00

Statistical analysis has shown that the variations in
incubation period due to changes in temperature and
humidity ace not significant. The mear incubation periods
over the different humidities vary from 7.33 days to 8.00
days, whle the mean periods over the different temperatures

vary from 6.33 to 9.00 days.

The percentage hatching of eggs in the different
temperatvre snd humidity combinations ave given in Table 13
and represented in Fig.8(a) and (b). The data were

gtatretically analysed by transforming to angles and



Fig. 8.

(a)

(v)

Hatehing of eggs of ¥. lugens
when kept at different
tempergiures and relative
homidities

Per cent hatching of eggs
gt each constant humidity
when the femperaiture is altered

Per cant halbching of eggs
at each temperature grade when
the humidity is varied
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Table~13., Perceniaoge hatching of egge of N. lugens
at diffevent temperatures and humidities.

TEMPe®C | = = = mm e m e e e e e e e e e = - -

50 60 70 20 90 100 Mean
Varying 53,57 47.25 87.56 88.83% 39.38 o 58,61
27 37.70 82,26 79.41 65.25 70.69 84,09 71.19
29 76,03 73.38 85.39 89.47 58.33 50.47 73.26
31 35.71 39.80 78.98 38.18 49.33 48.46 51,09
33 47.25 58,39 70.94 8¢.23 72,35 56.31 64.33
35 22.99 67.24 43.87 60,71 45.42 52.68 48,75
¥ean 47.69 62.64 77.47 72.10 54,35 48.35

performing the test based on the provortions of the angular
valugs, The angular values are ranked in the descending
order in Table 14 for temperature variation and in Table 15
for humidity variation,

The hateching percentage is definitely high at 29°C,
and at 27°C than the vest of the temperatures sindied. The

loweat hatching psrcentage 1s ax 35°C.

As regavrds humidity, thc percentage hatching is
significantly more at humadities 70%, 80%, 60% and 90% RH
in that descending order. Humidities 100% and 50% give

significantly lower percentages of hatehing.
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Table=14. Analysis of the affeot of temperature on
hatching of eggs of N. lugens.

Ranking Tempeca- Maan® Angle Difference C.D.
%ure °C  hatching (0.05)
of @ges
1 29 73.26 53.95 1,419 2,75
2 27 71.19 57.54 4.2% 2,82
3 33 64.33 53.31 5.36 2.72
4 Varying 58.61 49,95 452 2.65
5 31 51.09 45.63 7,32 2.85
6 35 4875 4431 3 :

Table-15. Analysis of the effeet of humidity on
hatehing of eggs of N. lugens.

Ranking Relative Mean% angle Difference C.D.
humidity® haiching (0.05)
of sggs

1 70 T7.47 61,68
3¢50 2,78

2 80 72.10 58,18
5.88 2.87

% 60 62,64 52.%0
4,78 2.59

4 %0 54,35  47.52
3.44 2.85

5 100 48,35 44,08
0.40 3.02

5 50 47.69 43.68
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Effect of Population Density on the Biology of N. lugens

The data on the biological features of N. lugens
ag influenced by different densitiss of populaiions are
given in Appendix IV gnd summarised in Table 16. The

rgsultg on the different features are given below:-

Survival of nymphéd

The mean percentage survivals of the nymphs are
79,6, 67.4, 61.2 and 47.15 at the levels of crowding of 50,
100, 200 and 400 nymphs per clump respectively. It is
thug clearly seen that the survival percentage decrsases as
the level of crowding increases (Fig.%9a). The analysis of
the date presented in Table 17 shows that the effect of

erowding on the survival of the nymph ig significant.

Durgtion of nymphal pericd

The average nymphal durations at the different levels

of erowding are as given below:~

Level of crowding Nymphal duration
in_days

50 nymphs per clump 16. 10

100 " 15.64

200 " 16.32

400 " 16.54

Statistical analysis of the date shows that the

vorigtions are not significan¥. Thus, the nymphal duratyon



Pig. 9. (a) Per oent ouzvival of
nymphg of ¥, lugeng ot
different levels of

crowding

(b) Effect of nvyaphsl density
on growth index

Y = 0.00%63 X + 5.01563

Y = growth index

X = initial number of nymphs
per clwmmp of ries
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Table~16., Percent survival, duration and growth index of
nymphs and gex ratio and weight of adults of
N. lugens reagred under different levels of
erowding. ¥

s e mm m G m M BT e e e M e mm e M e RS W e e e e e m A = e e

Feglures Initial number of nymphs per clump
50 00 200 200

survival of aymphs (%) 79.60 67.40 61.20 47.15

Nymphal duration (days) 16.10 15.64 16,32 16.54

Growth index 4.94 4.31 3.75 2.85

Male : Female ratio s 1.62  1: 1.86  1: 1.39 1: 1.56

Percent brachypterous 53.76 54.90 25,32 11.77

females

Mean weight of adult 1.67 1.20 1.20 1.36

male (mg)

Mean weight of 2,70 2,23 2,15 2,00

macroptercus females (mg)

Mean weight of 2,90 2.95 2.9 2.55

buachypterous femals (mg)

¥ The values are the means of five replications.
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Table=-17. Analysis of variance of the nymphal survival
at different levels of crowding.

Source S.S. a,f. M.S3. P

Total 1688, 707 19

Treatmen t 1113.275 3 371.092  40.316%%
Error 575.433 16 35,965

- oow e o e e M Em o S UM s me W o wm T e Ee G e M e e S M m me ae ow

#% Gignificant at 1% level

Mean Tgble

Ranking Level of crowding Megan nymphal
(Nymphs per clump) survival %

1 50 79.6 (64.11)

2 100 67.4 (55.34)

3 200 61.2 (51.50)

4 400 47.15(43.35)

Values in parentheses are angular transformation

C.B. (0.05) = 12.07
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does not appear to be influenced by crowding of the nymphs.

Growkih index

The growth index values computed were analysed
shtistieally. The results of the analysis are given in

Table 18.

The growth index of the nymphs is seen significently
affceted by the variation in the crowding level. The growth
index decreases as the crowding level increases from 50 to

400 nymphg per clump of rica.

The regression has beea worked out using vhe formula

y -3 = .;.2;_(_5’_. (x ~ %) where, x and y are the level of

crowding and growth index values respectively. The equation
foc regression is ¥ = -0,00563 x + 5.01563. This is a good

2

fit to the data as indicated by the value of r" = 0,961,

The regression line has been plotted and presenied in Fig.9b.

Produe taon of brachgpterous femsles

The percentage of brachyplerous females of N. lugensg
produced at the different levels of crowding are summarised
in Table 16, The percentage of wrachyplisrous females is
high at the lower two levels of crowding of 50 and 100 nymphs
per clump of rice. As erowding increages above 100 nymphs

per clump, the percentags of brachypterous females decreases.
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Table-18. Analysis of variance of the growth index
of nymphs of N. lugens at different levels
of crowding.

Source SeS. d.f. M.S. F

Total 15,412 19

Treatment 11.816 3 3.939  17.507%%
Ervor 3.595 16 0.225

## Significant at 1% level

Mean Table
Ranking Level of crowding Mean growth index
1 50 nymphs per clump 4.93%6
2 100 " 4,312
3 200 " 3.746
4 400 " 2.846

- mm e e we e e e M e mm e e we W mR e e o W mo W e w = e =
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The data have been statistically analysed and the resul ts
are given in Table 19.
The effect of variation in crowding of nymphs on the
production of brachypierous females is significant. Over-

Sroyding of nymphs reduces the proporiion of brachyptcrous

females in the population.

Weight of adult ingects

Weights of grownpa of freshly emerged adults of
¥. lugens were recorded asand when they emerged and the
average weight per insect calculated. Resulls are given in
Table 16. The weight of the insect is not seen 40 vary as

a result of crowding.

Colour changes

A4 good number of the third instar nymphs under the
higher two levels of crowding viz. 200 and 400 nymphs per
clump are black in colour which is maintained till emergence
of adults. The normal colour of third instar nymphs is light
yellow which turns vo yellowish brown and brown in later
instars before adult emergence. The adull males emerging
froir the overcrowded lots {200 and 400 nymphs per clump) arc
ash coloured while <those emerging from the other lots ave

brown which is the normgl colour of the adult i1nsect.
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Analysig of variance of the number of
brachypterons females of N. lusens as
affected vy different levels of crowding.

- m e M o e tm e m e e . w0 m e e e me e e S e e e e

Total
Treatment

Error

8.5, da.f.
3729.469 19
2925. 353 3

804. 117 16

975. 118  19.403%%
50.257

- s am wm me M e o e mm e T o me M e e e m Aw e e Em m e e mm e Om

% Significant at 1% level

Mean Table

% brachy?terous
females (averaga)

- W E m ma o me o e we M ke o ex Ms me b tm W M Er e W w e e e e R

53.76 (46.974)
54.90 (47.746)
25,32 (27.790)
11.77 (19.878)

Values in parentheses are anghlar transformation

¢.D. (0.05) =

14..267
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Effect of Age of Host plant on %he
Biology of X. lugens

Effect of the age of the host rice plant on the
biological features of N, lugens feeding and breeding
on the different stages of growih was ascertained in
laboratory experiments. The data are summarised in Table 20

and represented in Flg.10. The results are given below:~

Survivsl of nymphs

The mean percentages of survival of nymphs are
57, 69, 79 and 72 when reared op seedling, tillering,
papicle initiation end flowering stages of growth respec-
tavely. It 18 thug seen that the survival of the nymphs is
greater when reared on fhe two stages of the reproductive
Piise of the orop. Anaglysis of variance presented in
Taole 21 reveals that the treatment effcot is significant.
The percentage survival of nymphs on seedlings is signifi-
cantly lower than that on the other stages. The survival
percentages on the tillering and flowering stages do not
significantly differ Ffrom each other., Similarly, the
difference in survival betwsen flowering and panicle

initiation stages Ls also not significant.

Duration of nymphal period

The average duration of nymphal period varies from

14,059 days to 16.332 days. The nymphal period is completed



Fig, 10. Per cent survivsl,
duration {days) and
ﬁrow‘th index o;f; "
N. lugeng nymphs when
reared on different
growkth stages of rice
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Table~=20. Effect of age of the rice crop on the bieloﬂlcal features of .
: - N« lugens
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# Mean of ten insecis

Stage of Replication _Perceﬂt» Average. . Range of . Growth Longevity No., of €ggs
plant , Survival nymphal nymphal index of adult laid by a
of nymphs duration durations females female
‘(dayS> (days) ' ®* : %
Seedling : T . 52 $16,231 1317 3.204
o IT 60 . 16 .000 15=47 3,750
ITT - 60 46.667 16-18 3,600
v 56° 16,429 14-18 3. 409 ' ' ,
. Mean 57 16,332 3.490 © 20,20 194.60
Tillering I 68 14,176 CA3=17 . 4,797
IT 72 14.278 13=17 5.043
III 72 15.500 15=17 4,645
Iv 64 14,875 14,16 4.303 '
Mean 69 14.707 , 4.692 19.80 221.00
Panicle I 76 13, 947 1317 5.449
initiagtion 1T 88 14.182 13,16 6.205"
IIT 80 14.050 13,16 5.694
IV 72 14,056 13.-16 5.122
Mean 79 14.059 ’ 5.619 20460 236,00 »
o . .
Elowrlng I 68 .15.000 1317 4,533
IV 80 144800 1317 5.405
Mean -T2 14.772 4.874.  20.20 210.80
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178. 341

#12,647

Table~21. Analysis of variance of the survival of
nymph of N. lugens on the different stages
of rioce plant.

Source S.8. d.f.

Total T04.239 15

Treatment 535,024 3

Error 169.215 12

*% Significant at 1% level
Meann Table

e e ww s BB e Em e em ew e e e R m e wr MR W Gy we M e we am e = W

M e me R m w m me M ww e mw e me s e e M e e AR v se e e me e

Panicle initiation ( TB)

Flowering (T4)
Tillering (T,)
Seedling (T,])

79 (62.72)
72 (58.05)
69 (56.17)
57 (49.02)

- e m T mm e W e o e B ma e M M M me TR me me R WM ne TR W e we e A

Figures in parentheses are angular transformation
0.D. (0.

Ranking

05) = 5,79
1Ty Ty, Tpy T



- 81 =~

in the ghortest duration of 14.059 days when rcared on
plamts in the paniecle initiation siage and in the longest
duration of 16.33%2 days when reared on the seedlings.
dnglysis of varignce of the data presented in Table 22
chows that the nymphs)l duration ig significantly influenced
by the age of the erop, Theve is significant difflerchee
between the treatments. Nymphal duration at the panicle
initiation stage is significantly shorfer than the rest

af the treatments. Similarly, nymphal duration in the
seedling sbtage is significantly longer than the rest of the
treatments. The nymphal dvration at the tilleving and

flowsring stages are on par.

Growih index

The growth index of the nymphs is significantly
affgeted by the age of the host plant (Table 23). The
maximum growth index value of 5.619 is for the nymphs reared
on plants at the panicle initiation stage and the lowest
value (3.490) is for the nymphs reared on seedlings. These
two values significantly differ from the growth index values
of flowering and tillering stages which are on par with

each other.

Longevity of femaleg

The meah longavity of ten female macropterous insecets
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Table-22. dalysig of variance of the nymphal duration
of ¥. lugens when reared on plants of
different age.

Sourece S.5. d.f. M.S. B

Total 12,671 15

Treatment 11.141 3 3,714  #%29.016
Error 1.530 12 0.128

e e W M e ww mm G e e W e o e e e e o e me W me e = e e e e

*#\ Significant at 1% level

Mean Table
Ranking Stage of ecrop Mean nymphal
duration °

1 Panicle initiation (TB) 14.059

2 Tillering (T,) 14.707

3 Flowering (T4) 14.772

4 Seedling (T1) 16.332
¢.D. (0,05) = 0.551
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Table~23, Analysig of varianoe of growth index of
N. lugens when reared on plants of different
age.
Source S.8. d.f. M.5. F
Total 13. 366 15
Treatment 11.576 3 3,859 *#25,.899
Frror 1. 790 12 0,149

*% Sionificant at 1% level.

Mean Tgble
Ranking Stage of oxop Growth index
1 Panicle initigtion (TB) 5.619
2 FlLowering (T4) 4.874
3 TM1lering (T2) 4,692
4 Seedling (1) 3.4%0
C.D.(0.05) = 0.597

Ranking: TB’ T4, T2, T1.
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emerging from each of the treatments are given in Table 20.
The longevity of adults ig lowest (19.8 days) in adulits
reared out on plants of the tillering stage and is highest
(20.6) for adults reared on the panicle initiavion stage.
dnalysig of variance of the data shows that the treatment
gffect ig not significant. Thus there is no significont
difference in the longevity of adullis reared on the different

stages of growth of the plant.

Fecundity

The mean number of egge laid by tsn macropierous
females reared on the different stages of rice is presented
in Table 20. Analysis of variance of the dgta has shown
that there is no sugnificant varigtion in the egg laying
by the insects reared on the different stages indicating
that the feecundity of the iunsect is not influenced by the
nymphal feeding on different stages of growth of the crop.

Combined response of egg laying and nymph survival

Five palrs of macropterous adulis were confined on
potted plants of the different stages of growbth, in cages
for A8 howre for egz laying. The number of nymphs on each
gtage of the plant was counted, 17 days afbter exposurs.
The results arr presented in Table 24. The mearn number of

progenies is highest (67) on the plants at the panicle
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initiation stage and ig lowest (49) on seediings. Statistical
analysis of the data howaever, has shoun that the effaeet of

the treaitment, is not significant.

Table-24, Topulation (number of nymphs) of N. lugens
on plants at different growth stages cesuliting
from eggs 1lald in 48 hoursg by five pairs of

adults.
_____________ gﬁ;ag ;f—c;o; TooTEmT T
Replieation Sgedling Tillering Panicle Tlowering
1nitiation
I 58 71 59 73
II 43 65 94 39
1IL 26 81 67 54
IV 69 42 48 81
ean 49.00 64,75 67.00 61.75

e e TR o ve e mm e e e e em e me Sm e mm e mm e M o e W mm e o me a  www

Fffeet of Host Plant Nubtrition
on the Biology of N, lugens
BEffeet of varying the nifrogen and potash nutrition
of rice plant on the biological features of N. lugeng when
used gs its host was studied under lgboratory conditions,
The features studred are nymphal duration and survival,
erowkh 1ndex, adult longevity, fecundity and oviposition

and survival of nymvphs.
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Effect of Nitrogen Nutrition

The data on the biological features of N. lugens
as influenced by graded doses of nitrogen gpplied %o %he
hogt plants are given in Appendix V and stmmarised in
Table 25. The vesults on the different feabures are given

below:=~

Nymphal duration

The average nymphal duration under the different
levels of nitrogen vavies from 14.02 days to 14.75 days.
The shortest duration of 14.02 days is at the dose of
100 kg N/ha and the longest duration of 14.75 days is in
the control, i.e. at zZero level nitrogan. 4nalysis of the
data (TPable 26) chows that the nymphal duration r1s gignifi-
cantly influwenced by the addition of nitrogen. 411 the
treatments give singnificantly shorier nymphal duration
compared %o control. Among the different doses of nitrogen
the variaiion ir the nymphsl duration is from 14.02 to 14.48

days.

Survival of nymphs

The survival percentage of nymphs varies from 66.25
t0 75.00 at the different levels of nitrogen and the survival
in the control is 71.25 per cent. 4Analysis of variance has
ghown that the effect of the treatment is pot signaificant.

Thug, the survival of %hs nymphs does not appear to be
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Table~25, Biological features of N. lugens as influenced by host plant under
different levels of nitTogen nutrition.

v e M PR N e M WM AY e e wr my RS me M we e om BN me mm we G e 3 e e mi om xR mm e e e am me W e e

Biologicel featuwre Doses of nitrogen (KgN/ha)
NO 'N,‘ N2 N3 I\T4 N5 I\T6
0 20 40 &0 80 100 120
*% Mean nymphal duration 14.75 14.40 14.48 14.32 14.06  14.02 14.28
(days)
** Percgnt survivel of 71.25 73.75 68.75 75.00 66.25 71.25 T73.25
nymphs
*% Growth index 4,85 5.12 4,76 5.23 4.71 5.08 5.17
* Mean adult 1on%evit 19.10 19.50 20.80 18.00 18,20 19.70 19.50
days
% Pacundity (No. of eggs 182.8 187.6 207.3 180.7 189.7 206.2 203.4
per femgle)
@ Population build up 910.%5 735.5 1038.5 840.0 612.3 1111.5 9921.0

(¥o. per plot)

cn wm rw wm Bm me e xe mm wm um e mm em em me He e e e G s TR Gp e e e A3 e mv Ml mm e em e mm e tm e e e

*% Mgan of four replications
% Mean of ten insects
@ MYMeagn of four replications, each congisting of four plants
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Table=26. Anglysis of variace of the nymphal duration
of . lugens reared on host plant under
difrerent levels of nifrogen

Source S.5. d.f. M.S. P
Total 3.370 27

Tregbment 1.489 6 0.248 *2.769
Error 1.882 21 0.0%0

*3ignificant at 5% level

Mean Table
Ranking Treatment Mean nymphal
durgtion
1 Ns 14.02
J .06
2 14 14.0
.28
3 Ns 14

14.32

4 N3 4.3
5 "y 14.40
6 N2 14.48
7 ¥o (Control) 14.75

- - e e am M o e e m w we e e e W
- W o e vm e W o = - -

¢.2.(0.05) = 0.42
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inflenced by the addition of nitrogaen.

Growkh index

The growth index values vary from 4.71 to 5,23
under the different levels of nitrogen. Analysie of
variance shows that the variationg in the values are not

statistically significant,

Longevity of adults

Longevity of the adullts that emerged from nymphs
regred under different levels of nitrogen are given in
Appendix VI znd summarised in Table 25. There ias very
little varigtion in the longevity of adwlis as influenced
by varying nitrogen nutrition, The resulis of the esnalysis

revealthat the treatment effect is not sigmificent.

Fecundity

Data on the number of eggs laid by ten females
emerging from rearing under different nitrogen doses are
given in Appenxix VII gnd summazrised in Table 25. 4Analysis
of the data have shown that the variation in fecundity is

not statlstically sagnificant.

Ovipogition and nymphal survival

The burld up of poplabion of N.lugens on plants

under the different levels of nitrogen nutrition has been
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gtudied. Ten pairs of adults were confined on each plant
for five days for egg leying. The number of nymphe were
counted after 17 days and the data are given in fppendix V
and summarised in Table 25. 4nalysis of variance of the
data shows that the variations in the number of insecects
are not shatispicalay sirgnificant. Thus, variafions in
nitrogan fertility levels do not influence the nmmber of

cggs lald and nyaphal survival.

Affeet of Potash Nutyy tlion

Data on the biological features of ¥. lugeng as
influenced by the variations in the potash nutrition of
host plante ars given in Appenxix VII1 ond summarised in

Table 27. The results are presenied belows-

Nymphal duration

The mean durstion of the nymphal period varies
from 14.95 days %0 15.40 days in the different levels of
potash nutrition. These variations are not statistiecally
significant. It is however, observed that at the three
higher levels of potash, 75, 100 and 325 kg K20 per hectare
there is a prolongation in the nymphsl duration to the
extant of 1.79, 1.65 ang 1.32.per cent over conirol

respeetively.

Survival of nymphs

The mean percentage survaval of nymphe varies from



- 91 =

Table~-27. Biological features of H. lugeng as influenced
by host plant under difTerent levels of potash

natrition
Biological features Dosen of Kéo in Eg/ha
studied  _ _ _ _ _ Lo oo e e oo
2 25 50 75 100 125
0 K1 K2 K3 K4
2 Mean nynphal 15.13 15.19 14.95 15.40 15.38 15.33

dnration (days)
2 per cent survival 95.0 95.0 77.0 92.0 76.0 64,0
2 growth index 6.28 6.26 5.13 5.97 4.95 4,17

P Mean agult 17.90 17.70 18,90  17.50 19.00  17.70
longevity (days)

Mean fecundity 15%9.1 152.5 167.6 145.1 183.3 159.3
(eggs/g)

8 Oviposition and 65.50 85.00 186.50 63.25 54,00 61,50
nymphal survival
(No., of insects
per plant)

- e ma mm km e BA s fe e s me we SR we e me Em om SR ma W W Mx DM WS WE am e meme

& Maan of four repiications

b Mean of ten insgets
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64 to 95. The lowest survival of 64% is observed at the
highest potash dose of 125 kg KéO/hectare and the highest
survival of 95% is observed at the lowest dose of zero

level of K20.

The results of the statistlesl analysis of the data
(Table 28) show that the variation in the survival is
gigaificant. The surV1valuis significantly reduced (to 64%)
at the dosage of 125 kg Kéo/hectare as compared to control
and the nther doses of potash (76 %o 95%), they being on

par zmong themselves.

CGrowth index

The growhh index values of the nymphe computsd for
the different treatments was analysed and the results are
given in Table 29, There is significant variation in the
growth index values between the itreatments. The index is
highest in the control (6.28) closely followsd by the
lowest lcvel of K0 (6.26). The growhh index decreases as the
KQO level increases and the lowest growth index value of
£.17 1ie seen at the highest level of KQOQ igrovih index
values at the highest two levels of K,0 viz. 100 ard 125 kg/
heetare are significantly different (lLower) from those in

the control and other potash doses.

Adult longevity

Data on the longevity of the macropterous females
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Total
Treatment

Erroxr
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Analysis of vatlance of the survival
percentage of N. lugens nymphs when reared
on rice grown at di?ferent potash fertility
levels

e rE e me e  m e e mm e o e m MmO e we e om

e e m e e me e omr e Ge W E W e oae M M M e = e um

4399.160 23
2162, 770 5 432,553  *#3,482
2236,390 18 124.244

#Significant af 5% level

—na e e e e

Mean Table
Tregtment Mean survival %

Ky 95(77.08)
K, 95(77.08)
Ky 92(73.57)
K, 77(61.34)
K4 76(60.67)
Ks 64(53%.13)

Fipgures in parenthesis are anghlar transformations

C.D.(0.05)

= 16.56
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Table-29. Analysis of variance of the growth index
of W. lugens nymphs reared on rice grown
under different levels of potash

Sourece s.5. d.fe M.S.

Total 26.474 23

Treatment 14.375 5 2.875 ¥ 4.277
Error 12.099 18 0.672

#% Significant at 1% level

Mean Table
Ranking Treatment Growth index

1 Ko 6.28
2 K1 6.26
5 1{3 5.97
4 K2 5.13

.9
5 K4 4.95

.1
6 K,5 4.17
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emerging from each of the treatment is given in Appendix IX,
The mean longevity ranges from 17.7 days to 19.0 days.
Statistical snalysis of the dats reveals that the variation
in longevity due to the trecalments is not significant,

Thus, it appears that adult longevity is not significantly
affected by the nymphal feeding on plants at dfferent potash
Ffertility levels.

Feeundity

Number of eggs laid by ten macropterous females
reared out at the different potash doses is given in
Appendix X, The number of eggs laid per female ranges
from 145.1 to 167.6., Statistical analysis of the data
shows that the variation in fecundity is nmot significant.
Thus, nymphal feeding at different levels of potash nutrition
does not seem to affect the fecundity significantly.

Oviposition and nymphal suxvival

This was studied by confining five pairs of adults
on gach plant for five days and counting the number of
nymphs on the1§hday . The resnlts of the statistical analysis
of the data are presented in Table 30. There is significant
variation in the number of insects. The highest three
levels of potash, viz. 75,100 and 125 kg X,0/hectare have

recorded significantly lower number of nymphs.
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Table-30, Mnalysis of varisnce of fthe population
build up of N. lngens on planis grown
under different levels of potash.

Sonreea 8.5, d.f. M,S. F
Total 27212.63 23

Treatment 12454,87 5 2490.98  *3,04
Error 14757.76 18 819,88

#Significant at 5% level

Mean Table
Rauking Treatment Mean No, of
ingects
1 K2 106 .50
2 K1 85,00
3 KO 65.%50
4 K3 63%.25
5 K5 61.50
6 K4 54.50

C.D.(0.0S) = 42-53



- 97 -

Infestation Responsgs of N. lugeng
to Rice Varieties

Studies have been undertaken to zscertain fhe
relative susceptibility of different strains of paddy fo
infestation by the native biotype of N. lugensg with
reference to different features of the inseot on the one
hand and of the rice strains on the other. The features
of the inseot studied are orientation, egg-laying, survival
and duration of nymphs, adult longevity, growth index amd
fecundity., The features of the rice varieties studied
are height of plants, width of leaves, thiclness of siem
and thiekngss of leaf tlades. The sugceptibility studies
have baen made at two stages of growth of the planis viz.
the sesdling stage and tillering stage. Resuliés of

gtudies made on these two stages are presented below.

Secdling Stage
Varietal susceptibility to infestation by N. lugens

A total number of 56 varieties including two
cultures were screenad for their susceptibility/resm stance
reaction to §. lugens nymphs at their seedling and tillering
phages. The variety Annapoorna was the susceptible check,

The mean susceptibility (damage) soores of these varieties
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are presented in Table 31. The mean damage score ranges

from 3.0 to 9.0 on g zero to nine seslg. At the seedling
stage Ptb 33 is sesn to0 be the only variely resistant to
dsmage by the planthopper with a seore of 3.0. The three
varieties Ptb 12, Ptb 21 and Culiure 57-5-1 sre moderataly
registant with damage scores of 3.4 to 4.5. Eleven variglies
nemely Ptb 4, Ptb 18, Ptb 19, Ptb 31, Bharathi, Ratna,
Mashuri, IR 5, IR 20, IR 26 and IR 30 are moderately
susceptible, the damage scores varying from 5.2 fo 7.0.

The remaining fortyone varielies are highly susceptible

with dzmage scores ranging from 7.1 to 9.0.

Effect of insect orientabion and plant characters
on damage scores

The results ave presented in Table 32. The average
number of nymphs of N. lugens settling on the plants of
different varieties ranges from 4.0 to 13.6. The mean
height of the seedlings studied varies from 7.7 to 21.9 em.
The width and thikness of the leaf in the different varieties
vary from 0.29 to 0,53 em and 0.013 to ©.033 cm respectively.
The thicknesg of the stem vanges from 0.094 fo 0.144 cm.

The influence of tha different plant characters viz. height,
width of leaf, stem thickness and leaf thickness on the
damage gcore and on the number of insects setiling on the

plant was studied by taking the multiple regression models.
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Table-~31., Damage caused by N. lugens to drfferent varieties
of rice at the seedling and tillering stages.
(Sereened on a 0 to 9 scaleg

Vari oty I?Ieedling Stage Tillering Stage
of rice cah damage Damage Mean damage Damage
seore grade score grads
) RN ¢ N &) R ) SUR () B
Ptb 1 8.2 HS 9 HS
n 2 7.9 HS 9 HS
" 4 5.9 us 9 S
" 5 7.2 HS 9 HS
" 8 741 HS 9 Hs
" 9 7.5 HS 9 HS
w 10 7.2 HS 9 HS
" 12 4.5 MR 9 HS
"5 9.0 HS 9 HS
v 16 9.0 HS 9 HS
n 48 6.5 MS 9 HS
" 19 5.2 MS 9 HS
v 2 8.8 HS 8 HS
L4 4.4 MB 9 HS
w22 8.1 HS 9 HS
* 23 7.9 s 9 HS
v 26 9.0 HS 9 "S
w27 8.9 HS 9 HS
w28 9.0 HS 9 Hs
w29 9.0 HS 9 HS
[ 30 9.0 HS 9 Hs
" 34 6.6 MS 9 HS
" 32 T.9 HS 9 HS
n 33 3.0 R 3 R
Anngpoorha 9.0 HS 9 HS
Rohini T.4 HS 9 HS
Asuathy 8.9 HS 9 HS
Thriveni 8.1 us 9 HS

Contd. on page 100
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Table~31 Cond.
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(1) (2) (3) (4) (5)
Jyothi 7.5 HS 6 Ms
Sabari 9.G HS 8 HS
Bharathi 6.0 MS 7 M3
Bala 9.0 us ] HS
Cavery 8.8 HS 9 HS
Jagannath 8.7 HS 9 HS
Kanehi 8.8 HS 9 S
Padmn 8.0 HS 9 HS
Ratna 6.0 MS 9 HS
Supriya 7.7 HS 8 HS
Mashvrl 5.9 MS 8 HS
H4 8.6 HS 8 HS
TN-14 8.6 HsS 9 HS
Mudge 7.3 HS 9 Hs
Jaya 8.2 HS 9 HS
IR 5 6.6 M3 7 MS
IR 8 7.5 HS 9 s
IR 20 6.0 MS 8 HS
IR 22 8.5 HS 9 HS
IR 25 8.0 HS 9 HS
IR 26 6.9 MS 9 HS
IR 28 7.9 HS 9 Hs
R 30 6.4 Ms 9 HS
IR 32 8.1 HS 9 HS
TR 34 7.5 HS 9 HS
IR 68 8.1 HS 9 HS
Culture 57~5-1 3.4 MR 5 MR
Culture 26~4-2 8.6 HS g HS

— e wm vm mm m me ae ma oh S e W W W m we e wm W e M e e M e w m e e W e e

R = resistant; MR = moderately resistant; .
MS = Moderately susceptibles HS = highly suscepiible
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It is found that these regressions are not significant.
The eatimated regression models and the corresponding

cogfficients of determination are given below.

Y, = 9,914 -0 x, + 0.841 x, - 101.758 xg = 119.210 X,
&% = 0.0761)
Y2 = 10.183 - 0.047 X, 0+ 0.296 X, - 29,658 x3 - 238.725 x4
(82 = 0.0389)
Where Y1 = damage score

yz = pumber of insects that settled on the plant

Xy = height of the plant

X, = width of leaf

g = thickngss of stem

X, = thickness of leaf

R2 = coefficient of determination

The simple correlation coefflcients between the
biometric characters and the damage score and number of
insects have been worked out., There is a significant
posi tive correlation between fthe damage score and the
number of insects settled on the plant. The other
correlation coefficients are not significant. The

correlation cogfficlents obtained are given below.
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Ty Lo X0 Xps s 4
*

T, 0.4611  =0.1067  =0.0041  =0.2057 =0.0987

Y, -0.1704  =0.1213  -0.1456 =0.1840

* Significant at 1% level
Tillering Stage
Varietal susceptibility %o infestafion by K, lugens

A% the Willering phase also Ptb 33 is seen to be
resistant to brown planthopper damage with a score of 3.0,
Culfure 57-5-1 is the only strain which is moderately
resi1stant with a score of 5.,0. The varieties Jyoti,
Bharashi and IR 5 show moderate susceptibility with scores
varying from 6,0 to 7.0. 411 the remaining 51 varieties

are highly susceptible to infestation and damage by

H. lugeng (Table 31). (gge Plate ITT for hopperburn damage)

Effecti of advltf orientstion and plant characiers on

damage scoras

These were studied on 40 selected varreties, the
results of which are given in Table 33. The mean number
of adnlts which settled per plant ranges from 3.0 (on the
varlety qéyery) to 12.3% (on culture 26-4~-2). The mean
number of gggs deposited on different varieties ranges

from 42 per plant (om Ptb 31) fo 520 per plant (on IR 34).



Plate IIT - Manifestation of hoppesrburn
sympioms on Jaya plante

(1) A healthy plant and a
wilted plant

(11) Stazes of the development
of hopperburn

. A = Healthy plant

B « Yellowing of
leaves and wilting
of lower leaves

¢ - Leaves wilted, but
the stem is partly
green

D ~ TFlant completely
wilted.
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Table-32. Relation, damage score and nymphal settlement of N. lugens and some plant
characters in different varieties of rice at seedling stage

Rice Damze Mean No, of Mean height Width of Thickness Thickness
varieties score nymphs per of geedling leaf of stem of leaf blade
seedling (cm) (cm) (em) (em)
(1) (2) (3) ) (5) (8) (7)
Ptb 2 7.9 6.4 11,293 0.3 16 0.108 0.014
"4 5.9 6.6 12.680 0.3 08 0.121 0.017
"5 7.2 6.0 13.333 0% g0 0.114 0.017
" 8 Te1 7.0 14.573 0.3 68 0.100 0.020
"9 7.5 5.6 13.213 0.3 10 0.109 0.018
" 10 7.2 8.2 13.427 0.3 04 0. 107 0.016
" 42 4.5 4.2 18.340 0.4 00 0.140 0.030
"5 2.0 6.2 12.013 6.2 9% 0.103 0.017
v 16 9.0 6.0 13.013 0.3 320 0,096 0.020
" 18 6.5 2.2 11.627 0.3 00 0.113 0.018
" 19 5.2 9.0 12.800 0.3 46 0.1 0.019
" 21 4.4 4.0 10. 107 0.3 00 0. 106 0.015
" 22 8.1 7.2 15.440 0.3 54 0.101 0.020
" 23 7.9 10.2 17. 360 0.3 50 0.114 0.017

Contd.onpage 104



N
{1) (2) {3) (4) (5) (6) (1
Ptb 26 9.0 o4 11.440 0.3 4d 0.11% 0.017
w27 8.9 6.0 . 13,773 0.3 76 0.119 0.021
" 28 9.0 12.0 8.200 0.3 06 0.102 0.015
" 29 9.0 5.8 11,640 0.3 69 0.100 0.017
" 30 9.0 . 0.4 8.640 0.3 95 0.094 0.018
L3 6.6 6.4 . 20,413 0.4 T6 0.138" 0.028
noB2 7.9 . 1.2 14,907 . 0.3 10 0.111 0.016
w33 3.0 5.2 . . 42,200 . 0.3 44 . 0.120. - 0.019
tfnepoorna 9.0 . 1.8, . 10.243 . 0.3 26 . 0,115 . 0.018 .
Rohifiy. 7.4. . 10,4 . 13.187 0.3 34 . 0.415. 0,017,
Aswathy 8.9. . 6.8 . . 12.893. 0.4 16 0.130. . 0.023
Thriveni 6.4 . 6.8 .  B.173 . 0.3 46 0.113. 0,015
Jyoti 7.5 6.8 . 12.720- . 0.3 92 0.125 . 10.022
Sabari 9.0 6.4 10. 187 0.3 04 0.112. 0.014
Bhavathi 6.0 4.4 17.880 0.5 34 - 0.144. 0,028
Cavery . 8.8 .  11.2 11.%%0 . 0.3 24  _0.104. . . .0.018..
Supriya - 7.7 . -1h.2  B.227 0.3 06 0.902. 0.017
0.3

Mashuri - 5.9 - 5.2 - 15,347

Contd. on page 105
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(1) (2) (3 (4) (5) (6) {7)
0y 8.6 8.6 21.973 0.4 70 0.138 0.033
=1 8.6 11.2 9.520 0.4 06 0.121 6.017
Jaya 8.2 11.2 11.560 0.4 04 0.134 0.019
IR 5 6.6 5.6 11.200 0.4 18 0,128 0.020
IR8 7.5 5.0 12,227 0.4 12 0.135 0.021
IR 20 6.0 6.8 11.240 0.3 96 0.108 0.021
IR 22 8.5 6.4 9.760 0.3 36 0.116 0.017
IR 26 6.9 5.4 7.987 0.3 28 0.114 0.015
IR z0 8.1 7.0 8.213 0.3 170 0.110 0.017
IR 32 8.1 8.8 9.493 0.3 04 0.120 0.017
IR 34 7.5 5.8 11.840 0.4 04 0.115 0.021
IR 68 8.1 9.0 8.733 0.4 25 0.113 0,023
Cult, 57=5=1 3.4 4.0 7.707 0.3 22 0.107 0.013
Cult.26-4-2 8.6 13.6 10.653 0.3 48 0,122 0.017

A s RE mm e em e we M B om e s e e KR e e me e M Gm e @ ae WS WO Me e ME Dm Ow e TGN W e N Co R M Do o m acue



Table-33. Relationsg between damage score, egg laying and adult settlement of
N. lugens and some plant characters of difrferent rice varieties at
the tillexring slage.

Rice Maan Mgan No, of Mean No. Thickness Thickness  Thickness
veriety damage adnlts settled of eggs/ of gtem of sheagth of culm
score per vbani plant (cm) (cm) (em)
SN ) -2 S ) 520 @_ ..M.
Ptb 1 9 10.0 127 0.914 0.191 0.432
" 2 g 7.0 107 0.876 0.203 0.39
" 4 9 9.0 172 0.914 0.191 0. 417
® 10 9 9.6 79 0.610 0.132 0.241
w42 9 7.3 109 0.795 0.165 0.384
L 9 4.0 86 0.991 0.203 0.391
w21 9 8.6 167 0.902 0.191 0.381
w22 9 8.3 218 0.940 0.191 0.254
no23 9 7.6 69 0,762 0.152 0.328
26 9 5.7 132 0.945 0.191 G417
w27 9 8.7 107 0.914 0,178 0.394
no28 9 8.6 131 0.762 0.152 0.284
w29 9 8.7 112 0.483 0.102 0.287
*o39 ] 4.7 42 0.851 0.160 0.442
"o32 9 8.7 137 0.635 0.152 0.216
"33 3 3.7 52 0.978 0.203 0.313
Annapoorna 9 5.3 164 0.940 0.122 0.356
Rohini 9 8.3 164 0.559 0.140 0.330

Contd. on page 107
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Jyothi 6 9.6 17 0.762 0.191 0.409
Sabari 8 5.3 148 0.813 0.140 0.508
Bharathi 7 7.3 92 0.841 0,147 0.452
Cavery 9 3.0 240 0.775 0.104 0.241
Padua 9 11.0 418 0.762 0.178 0.368
Mashuri 8 9.6 102 0,978 0.229 0.445
5, 8 9.3 97 0.787 0.150 0.432
TN-1 9 11.3 432 0.564 0,152 0.330
Mud gb 9 6.7 60 0.584 0.127 0.381
Jaya 9 7.0 170 0.762 0.122 0.559
IR 5 7 5.0 114 0,762 0,152 0.610
IR 8 9 7.3 380 0.881 0.140 0.457
IR 20 8 7.3 176 0.635 0.114 0.419
IR 22 9 10.3 49 0.787 0.140 0.508
IR 26 9 4.0 82 0.792 0.084 0.394
IR 28 9 8.0 128 0.709 0.114 0.268
IR 30 9 7.0 168 0.660 0.114 0.356
IR 32 9 5.0 108 0.792 0.122 0.533
IR 34 9 12.0 520 0.864 0.140 0.483
IR 68 9 8.0 112 0.503 0.140 0.351
Cult. 5751 5 6.0 108 0.737 0.173 0.376
Cult.26-4-2 9 12,3 423 0.762 0.191 0236

- he o wm me Em I P o om e e B e we e Me G e ma e 6 me G W W e m DM Me em m S TR M e an R e e e
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The influence of stem thickness (0.483 to 0.991),
cheath thickness (0.084 to 0.229) and culm thicknaess
(0.216 %o 0.610) on the damage seorg, number of adults
seftling and nvmber of eggs laid was studied by taking
the multiple regression models., It is found that the
relationship between the number of ingects on the one
hand and stém thickness, sheath fthickness and culm
thickness on the other alona is significant. The influence
of the above factors on the damage score and the number of
¢ges laid are not significant. The estimated regression
models and the corresponding cosfficients of determination

are given below.

Y1 = 10.829 + 2,230 - 52, 150x~ T.133 xq
2

(R2 = 0.113712)

¥, = 9.331 - 23.259 X, + 94.090 x, - 1.572 X3

2 X
(R = 0.247245)
Y, = 199.661 - 83.586 x, - 85.531 X, + 93.362 x;
(R = 0.001828)

#5ignificant at the 0.05 level of significance.
Where, ¥, = dalage score
YE = number of insects that saettled per plant
Y. = number of eggs laid per plani
x, = thickness of stem
%, = thickness of leaf sheath
= thickness of culm

R® = Coefficient of determination
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The simple correlaiion coefficients between the
biometrie characters of the plant and the damage score,
number of insgects settling and the number of eggs laid
have been worked out. The coxrelation coeffieient betweesn
the number of ingects settling and the number of eggs laid
alone ie found to be significant. The corrglation

coeffieients obtained are as given below

¥ Y ¥ x

i 2 3 1 2 3
Y1 0.262 0,245 -0.,166 -~0.283 -0,169
¥, 0,581% 0.222 0.229 -0.189

-0.033 0.3%00 0.015
*glgnificant at 5 per cent level

Angtomical studies of leaf sheaths have shown that
in Ptb 33 plants, there is more of sclerenchyma in the
peripheral rggion, the parenchymatous cells being more
gilicified and devsid of chloroplasts. On the other hand
in Annapoorna the scherenchymatous cells are fggy in the
peripheral region; the parenchyma cells are not silicified,
but succulent with chloroplasts present in abundance

(Plate IV).

Hygt ~ bology relations of N. lugeng

These studies were made with eight selected varieties

of rice possessing graded degrees of resistance %o infestation



Plate IV -~ Cross seotion of the sten
of riece plant showing the
anatomical diffrences in
the leafsheatha of Ptb 33
and Annapoorna

F ) ~ Variety Ptb 33

B - Variely Annapoorna
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and damage by N. lugens. The plants used were of the
tillering stage. The varieties of rice and the degree of

resistance of each are as under:

Ptb 33 Resistant

0

Cul ture 57~5-1 Maderately resistant

IR 5, Bharathi, Jyothi ¢ Modarately susceptible

Jaya, TN-1, Annapoorna ¢ Highly suscepiible

Individuagl plants were exposed to adult hoppers
and the number settling on each plan% 48 hours after the
releass of the insects were counted, There were five

replications. Results are presented in Talle 34.

Origntation of adulis on varietigs

The mean number of adults setitling on the individual
plante varies from 7.87 %o 9.73. 4nalysis shows that these
variations are not significant indicating that the adults
of N. luggns do not exhibit any significant preference or

non-preference to the varieties siudled.

Duration of nymphal period

The mean nymphsl duration varies from 14.8 days
(on Annapoorna and TN-1) to 18.2 days (on Ptb 33). Analysis
of the date (Table 35) reveals that the variations in the
duration are highly sigmfrcant. The cight varieties appear

to Ffall under thres well defined groups with reference to
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Table=~34. Settlement of adult hoppers of N. lugeng on different rice
varieties and their bioclogical featurss, when reared on
the different varieties

- s e n we W G e We e me wx mm mm W e e Ee Wy O T R kN me mm R mE R M W W me e TH Ma Me W o e

Rice Mean Mean Averags Growth Average Mean
Variety adult Nymphal nymphal index longevity NWo. of
gsettlement survival duyation of adults eggs per
per plant % (days) (aays) female
Ptb 33 8.13 23.0 18.2 1.30 5.2 6.0
Culiura 57-5-1 9.73 73.0 16.0 4.57 21.4 182.4
IR 5 7.87 71.0 15.5 4.58 19.6 215.0
Bharathi 8.93 79.0 15.6 5,06 20.2 197.6
Jyothi 8.33 70.0 15.8 4.43 21.0 208.0
Jaya 9.60 84.0 15. 1 5.59 24.0 237.0
TN 1 8.93 83.0 14.8 5.60 24,6 211.2

Annapoorna 8.33 84.0 14.8 5.66 23.4 178.8



- 112 -

Table~35. Anzlysis of variance of the duration of
N. lugens nymphs when reared on selected rice

varieties.
Sourece 5.8, d.f. M.S. F
Total 37.7947 31
Treatment 33,9072 T 4,8439 #%29,91
Ercor 3.8875 24 0.1620

#*% Gipnificant al 1% level of gignificance

Mean Table
Ranking Variety ?Siiﬁfﬁﬁp?ﬁﬁys)
! { Mipooma (8 1483
2 Jaya (Vé6) 15.0%
3 IR 5 (V3) 15.50
4 Bharathi (v4) 15.63
5 Jyothi (v5) 15.80
6 Culture 57-5-1 (v2) 16,00
7 Ptb 33 (v1) 18.20
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their nymphal duration., The variztions in the nymphal
duration between these groups are significant Zlso.

Thug Jaya,Annapoorna and TN-1 belong to one group with the
ghorfest nymphal duration (14.83% to 15.03 days) there
being no significani ﬂifferénce between them., The next
group which shows a medium nymphal duration comprises

of the veristies IR 5, Bharathi, Jyothi and Culture 57-5-1
with a duration range of 15.5 %o 16,0 days. There is no
gignificant difference beftween these varieties in nymphal
duration. The third group which shows the longest duration

of 18.2 days is represented by Ptb 33 (Fig. 11k).

Survival of nymphs

survival of %the nymphs ig the lowest on Ptb 33(23%)
and highest on Jaya and Annapoorna (84%). Analysis of
variance presented in Table 36 shows that the varieties
Jaya, Annagpoorna and TN-4 are on par and shows significanily
higher survival than the rest of the varieties. The
verieties culture 57~5-1, IR 5 and Jyothi show no significant
difference among themselves, but are significantly lower in
nymphsl survival +than the former groun., TPhe variety Ptb 33
racords a significantly lower survival percentage than %he

rest of the varievies., (Fig. 11 a)
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Table=36. dnalysis of variance of per cent survival
of ¥. lugens nymphs vhen reared on seleeted
rice varieties.

Gm e Em A wm e B Y ms % ER M e mv e vw T e AN e G W me W B ne  em O

Souree 5.8, d.f. M.S. F

To tal 5339.15 31

Treatment 4508, 52 7 644,08  ®%18,61
Error 830.63 24 34.61

- me wm W M e e e e we Em MR e me o wn MM ma e m me Gw WM ke EE e e W e

*% Significant at 1% leval

Mean Table
Ranking Variety Mean % survival
T ioma  (v8) o (eei3)
2 TN-1 1) 83  (65.65)
3 Bharathi (v4) 79 (62.72)
4 Colture 57-5-1 (v2) 73  (58.69)
5 IR 5 (Vv3) 71 (57.42)
6 Jyothi (vsy 70 (56.79)
7 Ptb 33 (v1) 23 (28.66)

Fignres in parentheses are angular transformations
C.D. (0.05) = B8.65
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Crowth index

The mean growth index is lowest on Ptb 3% (1.30)
and is highest on Annapoorns (5.66). Analysis of variance
presented in Table 37 veveals that growth index on Pitb 33
is significantly lower than the index values on the other
varieties. Growth index values on Annapoorna, TN-1 and
Jsya are higher (5,59 to 5.66) than the others. The
varieties Bharathi, IR 5, Oulturs 57~5-1 and Jyothi occupy
an intermediate position with growth index varying from

4,43 o 5.06 (Fig.11 c).

Longeviby of adulig

The mean longevity of adults emerging from nymphs
reared ont on the different varieties varies from 5.2 days
(Ptb 33) to 24.6 days (TWN-1). Results of the Statistical
analysis (Table 38) shows that the variation is significant
only in the case of Ptb 33. 411 the other varieties are
on par (Fig. 11 4).

Fecundit

The mean number of eggs laid per female reared out
on the selected varieties bozether with the analysis®of
variance is given in Table 39, It is seem thot the adult

reared oul on the variety Jaya lays the highest number of
237 gggs followed by that on IR 5 (215.0) and TN-1 (211.2).



Table=37.
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Anglysis of variance of growth index of
N. lugens when reared on selected rice

e e em e em we o6 e M e e s e A = e em e Sw m3 o s e M e =

M s wm mm owm s A e W o me M e Bn e me me e e wm e wr e e aw e o

Treatment

Eryor

Ve e e e s S mn em B omm omm M TR e w e wm em wR me ws W Me e & e wome

% Significant at 1% level

- e me M e we e e M W w R W e ee WM e e e S o v G oM am W e

e o m wm w em M T e em W wm e e mm e WM Ee e ow e = W W amom

C.D. ($.05) =

varietrea.
s.S.
65.587
58,180
T.407
Mean Table
Varisty
Annaposorna (v8)
TN-1 (v7)
Jaya {v6)
Bharathi {va)
IR 5 (v3)
cul ture 57-5-1(V2)
Jyothi (v5)
Ptb 33 {v1)

0.82
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Table-38. Apglysig of variance of longevity of
N. lvugens macropberouns females reared
ount from selected rice varieties,

M e we w we W W w W wm Me me we e M I AR e YN TR W E we e ke e em oW e

Source S.5. d.f. M.S. F
Total 2106.975 39

Tregtment 1537,375 7  219.625 #%12,34
Error 569,600 32 17.80

** Significant at 1% level

Mean Talle
Ranking Variety Mean longevity

(days)

1 TN-1 (v7) 24.06

2 Jaya (vé} 24,0

3 Annapoorna (vay 23.4

4 Culture 57-5-1 (V2) 21.4

5 Jyothi (vs5) 21.0

6 Bharathi (va4y 20.2

7 IR 5 (v3) 19.6

8 Ptb 33 (v1) 5.2

- . mr e e s e s WM % e e ma M oW e e =

¢.D. (0.05) = 5.23
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The Lowest number of 6.0 epgs is laid by the adult reared
on Pth 33 is significantly lower than all obher variefies,
There is no significaznt difference between the other
varieties in fecundity though the fecundity varies from

178.8 to 237 eggs per female (Fig. 11 e).

Effect of silica/protein confents of rice plants
on damage caused by ¥. lugens

Results of the chemical analyses of twanty varisties
of rice at the ¥illering stage are presented in Table 40,
The crude silica contents of the varieties under study
range from 8,0 to 10.3 per cent. The correlation between
the susceptibility score and the silics conlents has been
determined statistically and the correlation coefficient
T == 0.1599 which ig not significant. The trend is of a
negative corvelation. It thus shows that fthe sueceptibility
of the plante to brown planthopper infestation is not relghed

4o the swlica contentsg in the plant.

The total protein contents in the varieties vary from
4.13 to 4.56 per cent. The correlation between the protein
contents and the damage score is positive, the correlaticn
coefficiant r = 0.1097 which is not significant, It shows
that the susceptibility is not related to the protein contents
in the plant.



Fig. 11. Biologicgl featurss of
K. lngens reared on
selected rioe varietias
(a) Nymphal survival (%)
(b} Nymphal duration {(days)
{¢) Growth index
(@) 4dult longevity (days)

(e) Pecundity (No, of eggs
laid per female)
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Table~39. Mnalysis of variance of the average number
of eggs laid by macropterous female N. lugens
reared ont from selected rice vairteties.

Source S.S. d.%. MaS. F
Total 257830, 38 39

Treatment 181116, 38 7 25873.77 #¥10,.79
Brror T76714.00 32 2397.31

#t Significant at 3% level

Mean Table

Ranking Variety Mean No, of eggs
laid per female

1 Jaya (V6) 237.0
2 IR 5 (V3) 215,0
3 TH-4 id) 211.2
4 Jyothi (v5) 208.0
5 Bharathi (va) 197.6
6 Culture 57-5-1 (v2) 192.4
7 Annaypoorng (vs) 178.8
8 Ptb 33 (v1) 6.0

- e m W W R W I e ve mm e e e e e b W we M e me W s mm m e wm o E e
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Table-40, Crude eilics and protein contents of
gelected rice varieties.

- e e e o we o m E em me W mi M e e e e e me e o e m o b

Varigty Damage Crude Total
seore Silica Proteln
(0~9 scale) % %
Ptb 10 9 9.2 4.06
Ptb 33 3 9.3 4.13
Anhapoornga 9 8.4 4.50
Sabari 8 8.8 4.50
Jyothi 6 9.3 4.38
Bharathi 7 9.1 4.56
Mudgo 9 9.1 4.13
Jaya 9 8.1 4.56
PN g 10.0 4.31
Caveri 9 9.2 4.38
IR 5 7 10.3 4.25
IR 8 9 9.8 4.50
IR 20 8 8.4 4.56
IR 22 9 8.0 4.38
iR 26 9 3,2 4.50
IR 30 38 8.4 4.50
IR 32 9 9.0 4.38
IR 28 9 9.6 4,56
IR 68 9 8.2 4.50
Culture 57 5 8.6 4.56
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Suitability of Some Weeds as Alternate Hoasts
for N. lugens

Ten species of weeds commonly seen in the rice fields
were tested for their suitability as alternate host plants

in terms of egg- laying, nymphsl survival and adult survival.

Egg-laying

The number of eggs laid by macroplerous females in
a period of 24 hours is given in Table 41 and reprssented in
Fig., 12. It 1s seen that the insect 1zys eggs on most of
the weeds tested except on Kallynga bulbosa (nut grass) and
Cyanodon dactylon (harysli grass). The mean number of eggs
laid per female on different weed hosts ranges from 3.8 to
10.27. The lowest number of 3.8 eggs per femsle is on

Bracharia ramoga and the highest number of 10.27 eggs per

female on Monochoria vaginglis. This is closely followed by
FEliocaris giropurpuren (9.93), Fimbristylis miliacegag (9.53)
and Panicum interrupium (9.07). The mean numbsr of eggs
laid on these four species of plants is almostfthe Same as
that 1aid on rice plant (9.13) which is the principal host
of the insect.

The analysig of variance of the data shows that there

is significant differences between the host plants for
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Pable-41. Number of eggs laid by five mascropterous females

of N. lugens in 24 hours on different weeds

f,{:é' Name of weed Wo. of eges 1laid Mean Wean

. No. of
Rep I Rep II Rep III cogs per

______________________________ female

1 Monochoria vaginslig P. 58 31 65 51.33 10.27
(Pontederiaceas)

2 %yperus imbricatus Retz 18 29 37 28,00 5.60

Cyperacesze)

3 Eliocaris atropurpurca X. 44 76 29 49,67 9.93
(EIiocariaceae)

4 FEchinocchlos erusgalli L. 26 57 14 25.67 5.13

Gramineas

5 DBrapchsris ramogsg Staptf. 27 11 19 19.00 3.80
zGramineaes

6 PFimbrigtylis milisceag V. 61 47 35 47.67  9.53
Z Cyperaceas 5

7 Pgnicum interruptum W. 49 26 51 45,33  9.07
(Gramincas)

8 Pasgpalum Longifoliwm Roxb., 38 AT 41 42.00 8.40
{CGramineas)

9 Kallyngs bulbosa Retz 0 0 0 0 0
ZCyperaceae5

10 Cyanodon dgetylon P. 0 0 0 0 0
(Gramineas)

11 Rice (conirol) 47 51 39 45.67 9.13

C.D.(0.05) 24,14
Analysis of Variance Table

Source S.D. d.f. M.S. F

Total 6356,296 26

Tre gtment 3396.296 8 424.500 +#2.581

brror 2960 .000 18 164.444

- o e e aw wen e W e e e e e tm o me o AR MA e e e e e e

*Slonificant at 5% level
Ranking: 1, 3, 6, 11, 7, 8, 2, 4, 5



Fig. 12. Mean number of eggs
1zid per fomale
N. lugens on different
weed plants and on
ricg in 24 hours
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oviposition by the insect. Comparison of the means reveals
that the number of eggs 1szid on Echinochlos cr@izealli and
Brachsrig raomoss are significantly lower than those 1sld

onn ofher host plants.

The hateching of the egg has been noted on =211 the
species of plants on which eggs have besn laid. The
incubation peried of the egg on the different host planis
do not vary, the period being 7 to 8 days.

Survival of Nymphg

The percentage survival of first instar nymphs on
the above ten weeds and on rice plant Tor four days are
given in Tatle 42 and represented in Fig. 13(a). It is
seen that the nymphs de not survive for more than three
days on the weeds except on Pagpalim longifolium. The
nymphs reared on this plant reeches adult stazge in 15 to
16 days, the average survival psrcentage being 68 per ceni
ag against 84 per cent on rice. The adults that emerge

from this host are normal in colour and lay fertile eggs.

Survival of adult hoppers on weeds

The survival of adults of N. lugemg when fed on
different plants are summarised in Table 43 and representd
in Fig. 13 (b). It is seen that the adult hoppers survive

pn most of the plants for on¢ or two days. At 24 hrs. after
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Table-42, Per cent survivel of nymphs of N. lugeng
at different intervals on different wecds.

Name of plant === 0 = = o o ;¢ o = o o o - .
24 hrs. 4B bhrs. 72 hrs. 96 hrs.
M. Yaginglis 80,00 46,00 0 0
8. imbricatus 84,00 54.00 12.00 Q
B. ptropurpures 70.00 42.00 0 0
B, CEruagalld 78.00 70 .00 30.00 v
B. rzmosg 24.00 0 0 0
F. miliaceag 92,00 50.00 58.00 0
P, interruplium 20,00 0 0 0
P. longifolium 92.00 80.00 80.00 80 68%
reachad
K. bulbosa ¢ 0 0 0 adult
agtage
C. dactylon 16.00 0 o]
Rice 90.00 86,00 86,00 84 84%
reached
adull

e e W W e au e TN MY mm Me e VR a0 mm e MG we M M e M me W e @ wm me e W



Pig. 13.

Per cent survival of nymphs
and adults of N.lugensg

on different weed plants
and on riee

(a) survival of nymphs
(by survival of adults
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Table-43. Per cent survival of adult Y. lugens on
different weeds.

- wr e Gk w3 e e

M. vaginslis

C. imbricatius
E. atropurpurea
E. crusgalld
B. remosg

P. miliaceag

E. interruptum
P. longifolivm

E, bulbosga

G. deotylon

@ s me wm e e e o e e

No., of Survival percentage at

insects 24 48 72 9%

gggg" hrs. hrs.  hrs. hrs.

e T T O S e

40 62.50 22,50 0 0

30 86.67 76.67 10.00 0

50 60.00 0 0 0
30 100.00 46.47 0 0
30 40.00 O 0 0

50 88.00 72.00 60,00 60.00

50 72.00 0 0 0

30 86.67 86,67 83.33 83.33

e me e am e W e am e e me Gm A e R G WR e W W
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release the survival ranges from 40 to 100 per cent. A%
48 hours the survival ramges from 0 to 76.67 per cent. Bui
at 72 hrs. the insect survives only on threec out of the ten
species of weeds tested., On the fourth day (96 hrs.) the

insect survives only ok Paspalunm longifoliwm.




DISCUSSION



DISCUSSION

Biology of N. lugeng

The eggs of ¥. lugeng are laid within the air
spaces in ‘the tissnes of the rice plant. Air spaces are
available more in the thicker succulent parts of the
plants, and midribs of the leaf sheaths and the leavaes
sre two regions where the sir spaces are concentrated.
Between these fwo regions, the maximuwm number of alr speces
are located in the leaf shezths. The present obsexvations
have shown that the females prefer the leaf sheaths tothe
leaves for egg-laying., The dala presented show that the
total number of eggs laid, the total number of egg masses
deposited and the number of eggs pver egg massg are much more
on the lszaf sheaths than on the leaves; +these numbers ars
78,3, 6.0 and 13.26 respectively on leaf gheaths and 21.9,
3.4 and T.52 respectively on the leaf blades. Of the total
numbcr of eggs laid 77.59% arc laid on the leaf sheaths
(Table 1). These findings disagres with those of Mochida
{1964 b} who observed that the number of eggs was more on
the leaf blade than on leaf sheath. WNalinakumari (1973) on
the other hand could not find eggs on leaf blade at all.
The prefercnce of N. lugens to the leaf sheaths over leafl

blades for egs laying have been reported also by, Misra and
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Israel (1968), Pathak (1968) and Bas and Pathak (1970).

Though there is no significant difference in the
fecundity of the macropterous apd brachypterous forms
(228.3 and 209.6 eggs per female) there are differences
in the egg laying behaviour of the two foxms, Thus, when
the oviposition period in the macropterous form 1s 18,2 days
it is 13.7 days in the brachypterons form. The range of
daily laying of eggs is zero %o 60 in the former while it is
zero to 99 in the latter. The average number of eggs laid
per day 1y a macraopterous female 18 12.86 as against 15.69
eggs laid by a brachyptecous female. The mean maximum
pumber of 21.08 gggs laid per day is resched on t he 9tn
day in the macroplerous form and the mean maximum number
of 4%.9 eggs is reached on the 7ih day 1n the brachypierous
female. while the number of eggs laid per day by the
maeropterous female is Vvery small in the beginning (it as
3.5 t0 10.2 during the first four days) that laid by the
brachyptepns female is substantislly high (14.8 dggs) even
on the first day of egg laying (Table 44). The sarlier
records of fecundity of N. lugens of 325 eggs by Suenaga
(1963), of 244.2 sgge by Bae and Pathak (4970) and of
232.4 eggs by Nalinakumari and Vammen (1975) approximats

with the findings of the present studies.

The shorter pre~oviposition and oviposition periods
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Tablg=44. Comparison of some biological features of
the macropterous and brachypterous females
of N, lhgens

Featvres Macropberous Braohypterous
females females

Fecundity (No.of eggs/female)

Range 151 - 308 131 - 319

Mean 228.3 209.6
No. of eggs laid per day/famsle

Rangs 0 -~ 60 0~ 99

Mean 12.86 15.69

Pre.ovipogition period
Mean (days) 2.3 1.2
Qviposition period

Mean (days) 18.2 13.7

Longevity of adult females
Mean (days) 21.4 13.8
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noted in the brachypierous females in comparison to the
macropterous females also have been observed by Xisimato
(1965 and Pathak (1968). Nalinakumari and Mammen (1975)
algo found fthat the fecundity and pre-oviposition perioed
of bradypterous famsles are muoh]lower then those of
macropbterous females. Contayy to these findings Suenaga
(1967%) observedthat the brachypterous females laid more
epgs than macropierous females. The present studies
indicate thal though The pre-oviposition and ovipogition
periods of the brachypterous females are lower than those
of macropteroung formg, the fecundity is not subgiantially
affectad (209.6 as ggainst 228.3)., This is in agreement
with the findings of Hirao (1972) that no significant

difference exists in the fecundity of the two forms.

The hatehability of egzs of B4.83 per cent is high
and helping a rapid build-up of the population. This and
the average incubation period of 8 days are lower than those
reporfad by Suenaga (1963) in Japan. But these ave nearer
to those reported by Bac and Pathak (1970) and Nalinakumari
and Memman (1975). The difference in the incubation pericd
and hatchability may bepue to the Variations in the climatiec

features.

The average nymphal duration of 14.0 days of the

present findings agrecs with the duration reported by previous
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workers (Suenaga 1963, Mochida 1964b, Nzlinakumari and
Mammen 1975). The nymphal duration obmerved by Bae and
Pathak (1970) is slightly longe» (14.6 days) and that
reported by Mochida is shorter (12.6 days). But all these
observations are within the range of the nymphsl duratfion

(12 to 16 days) observed in the present studies.

The fecding habits of the nymphs and adults as well
ag the colonr of the aymphs in the different ingbars observed
are in conformity with the observalions of previous workers.
(Cresche 1933, Pathak 1968, Nalinakwmari 1973). However,
the migration of the nymphs io0 leaf tips and %o other plants

is not ssem recorded by previous workers.

The total life-cyclg of the inseet from egg ito aduld
ranges from 19 %o 25 days, average being 22 days. This
obzervation agrees with the findings of Nalinakimari ard
Mammen (1975).

Longevity of adult macropterous males and females
averages 18 and 21.4 days respectively. The brachypterous
females are shorti-lived, their average longevity being 13.8
days. Similar observations were reported by Bae and Pathsk
(1970} end Walinakmmari and Mammen (1975). Bui Kisimoto
(1956) observed longer periods, the longevity of macropterons

maleg, femsles and brachypterous females being 36.6, 30.7 and
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26.1 days regpectively, The extended longevity may be due

to the difference in temperasture and hmmidity conditions.

Effgct of Temperature znd Humidity
on the Biology of N. lugens

survival potential of the larva =pd ifs speed oI
development ace two rmportant Tactoxrs which govern the
population build~up of ingects and both these are stricily
controlled by the environmental factors, gspecially
temperature and humidity. The results of the studies
presented show that the survival and speed of development
of nymphs 1n N. lugeng are influenced by varigtions in
temperature and humidity. In the case of gurvival of %he
nymphs the most favourable relative humidity is seen %o be
70 per cent with a mean survival of 62,67 per cent. Increase
or decraease from this humidily affects the survival of ths
nymphs adversely. Ag regards temperature, 29°C is the
most favourable temperature for the nymphal survival with
an average survival of 63.53 per cent. Temperatures below
and above this decresse the survival of the nymphs. In
generszl, tempcratures around 29°C and relative humidities
around 70 per cent are seen %o favour the survival of the

nymphs to the maximum (Table 7).
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As regards speed of development of nymphs the mos%
suiteble temperature is 29°0 giving a nymphal period of
14.63 days. The most snitable relative humidity Tor %he
development is 80 per cent with a nymphal duration of 15.75
days. Thug temperature around 29°C and relative humidities
avound 80 per cent offer favourasble conditions for the
development of nymphs. Apart from drawing circumstantial
conclusions, critical studiss on the relation between high
aumidities and the pest incidence have not been made 1m
this country. Kulshreshtha g zl. (1974) concluded that a
relative humidity range of 70 to 85 per ceat is oplimal
for the development of the ingect which agrees with the
present results. IExperiments at rhilippines have shown
thet constant humidities of 50 to 60 per cent are opiimal
for population growth (IXRI 1976). The present resulis

do not conform to thege finmdings.

The general conclusions made by previons workers
regarding the effect of temperature on development of
. lugens are thal, atmospheric vemperaturcs betwesn 25
and 30°C sreoptimzl (Pathak 1968, Bae and Pathak 1970,
Kulshreshtha ot zl. 1974, Kalode 1976 Tempcratures over
30°C is thought to be unfavourable for the development
of the insects (Ho and Tnu 1969, Bae and Pathal 1970)

These findinge in general -gree wibh e present resulis.
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But the observation of Mochida (1977) that the nymphal
survival is highest around 25°C and nymphal duration

ig shortest at 27°C do not agree with the present findings,
The results reportsd from IRRI also show that temperature
around 29°C is favourable for nymphal survival and
development. The difference beiween the temperature
preferundum reported by Mochida (1977) and that observed
in the present studies may be due %o the interaction of
varying huvmidities and temperatures or due to the difference
in the biotype or raca of the insect. The interaction of
temperature and humidity on nymphal survival and duration
has been found %o be gtatistically significant in the

pragent studies.

Effect of humidity and temperature on the growth
index of §. lugeng has been studied for the first time.
The growth index reflects the combined sffects of speed
of development and suwrvival of the nymphs. This, infact
gives a moré precise picture of the survivel potential
of the insect as influenced by tempcraiure =nd humidity
than what is given by the two factors separaiely. The
meximum growth index of 4.35 is at 29°C. The quadratic
model for expressing the growth index (Y) in ferms of
temperature (x) 1s found to be Y = -0,2039 X° + 12.0855%
- 174.8921. From this model it is obgerved that growth

index is maximum when the temperature is 29.64°C.
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Similarly bthe quadratic model for expressing growbth index
(Y) on humidity (%) is found to be ¥ = -0,0015 x° 4+ 0.2150 x
- 3.6900. The most favourable relative humidity is 69.53

per cent.

Another feature which governs the population dynamics
of insecls is the proportion of males and females. While
a 50 : 50 ratio is optimal, deviations on either side are
unfavourable. In the case of M. lugens in which a female
gets mated once or twice only and the magle mates repeatedly,
a preponderence of females will be more advantageous in
population build-up. In the present studies the lowest®
percentage of 43.57 males is associated with a temparature
of 29°C and the lowest percentage of 39.05 malss assopiated
wuth a relative humidity of 60 per cen%. A% 70 per cent
relative humidity also 1t is significantly low, being
12,29 per cent. These observationg are made for the first

time.

The influence of elimatic factors on the wing forms
has not beem studied earlier objectively. Johno (1963)
observed that high temperatures increased the percentage
of brachypterous formg., Kalode (1976) stated that
buchypterons forms develop under an opiimal temperature
regime. From the resulis of the present studies it s

observed that at all the temperatures the percentage of
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brachypterous form increases with the i1nersase in relative
humidity and 1% reaches a high value (mean 27.05%) at 70

per cent relative humidity. The changs thereafter is not
appreciable. In the case of temperature, a constant
temperature of 29°C gives the maximum percantage of
bnaclyrterons females. Thus a temperature of 29°C and a
relative humidity of 70 to 100 per ceni appear mosgt fgvourable

for the formation of brachypterous femsles (Table 11).

The incubation period of the eggs is nol seen
mgrkedly influenced by the different temperatures angd
humidities stndied. The mean incubgbion period over the
different humidities varies from 7.33 %o 8.00 days, while
that over the different temperztures varies from 6,33 to
9.00 days. Thaese differencegs are not statistidally sigrifi-
cant. However, the shortest mean incubation period is seen
at 29°C and at 80 per cent relative humidity (Table 12).
Though the nymphs develop at a low humidity of 40 per cent,
the eges do not seem %o %tolerate such a low humidity. On
the other hand while the nymphs do not complete the develop~
ment at 35°C, the eggs complete the development when kept
at this temperature thus chowlng greater tolerance of eggs
%0 higher temperature. The mean percentage of hatching of
eges is highest at 29°C than at 27°C, there being no
significant difference between the two. Hatchability as

significantly low at 35°C. As regards hvmidity the range
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of 70 to 80 percent is favourable for hatching ogéggs.
On the whole it appears that a temperature of 29°C and
relative humidity 70 %o 80 per cent are the most favourable
for the incubation apnd hatehing of egge in X.

(Tables 13 and 14).

lugens

Suenaga (1963) has reported similzr results on
incubstion and per cent hatehing. He observed tnat the
duration of the age stage is showxtest at 28°C and the
percentage hatching highest around 25°C, Bae and Pathak
(1970) slso have reported the favourable effect of the
temperature range of 25 to 29°C for the hatching of eggs.
They further obgserved that the eggs have greater tolerance
to high temperatures than nymphs as reported in the present

investigations.

In Table 45 ig compiled %he informatlon on the
optimal temperaiﬁre;‘and relative hunldities indicated in
the present studies as favouring the different biological
processes which govern the population build-up of ¥. lugens.
Higher levels of nymphal survival, growth index, percentage
of females and hatching per cant and lowsr levels of nymphal
dvration, percentage of mele and incubation period ave the
favourable featvres for ropid build-up of the population.
The most favourable temperature for all these feabures is
gaeen to be 29°C., The favourable relative humrdity varics

from 60 to 100 per cent.
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Tatle~45, Optimal tempersture and relative humidity
for different biological processes of
N. ingens.

Biological Optimal Optimal
features temperature relative
(ec) humi 34 by
(%)
Nymph survival (H) 29 70
Wymphal duration(L) 29 80-90
Growth Index (:) 29 T0=-80
Male % (L) 29 60=100
Brachypierous
female % (m) 29 90~ 100
Incubation peried (days) (L) 29 80
Hatehing percent of eggs (H) 29 70

Higher values favourable

i

Lower values favourable
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Effect of Population Density on the Biology

of N. lugensg

Dengity of population ig recognised as an important
phenomenon in ingect's ecology. It affectg the ecology,
physiology and behaviour of inseets szs exemplified in
loceusts. Fluetuation in pophlation is to a great extent
governed and patterned by the influence of erowding. In
the praesent studies effects of crowding on such biological
featuree of N. lugens as the survivsl and duration of nymphs,
growth index, sex ratie and the weight of the agults have
been sfudied for the first time., The mean nymphal survaval
varies from 47.15 to 79.60 per cent under the different
graded crowding levels of 50 to 400 nymphs per clump.

There appsars to be an inverse relationship between % he
density of nymphs and bheir survival, The lower wwo levels of
crowding namely 50 and 100 nymphs per clump give significantly
higher survival rates. The nymphal ducation 1s noy seen
gubstanciglly influenced by the degree of erowding. The
growth index value which reflects +he combined effect of
survival and speed of development of fhe nymphs 1s signifi-
cantlmbffected by the level of crowding and an inverse
relationship is evident between growth index and level of

crowding. The regression medel for growth index (Y) on
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crowding (X) is reprascnted as ¥ = - 0.0056 X + 5.0156.

The adult males and females emerging from the low
density populations have comparatively more body welght
than those emsrging from high density populations. There
is a significantly larger proporiion of brachypterous
females, about 54 per cent of the totals, in the low dengity
population of 50 and 100 nymphs per clump. A&t the two
high density levels of 200 znd 400 nymphs per clump the
population of brachypterous females i1s markedly low, the
percentages being 25,32 and 11.77 respeciively., The results
presented clearly show fhat brachypterous females dominate
in populations of low density and macropterous forms dominate

1n populations of high dengity.

Similar relatioms between the wing forms of N. lugens
and population density have been reporied by previous workers
(T1yake g% gl. 1951, Kisimoto 1956, Jchno 1963, Hoxliu 1969,
Kulchresihtha gt al. 1974). The formation of the brachyplerous
formg ig attributed to the quality and quantity of food by
Kisimoto (19%6). He observed a shortening of nymphsl period
at lower densities. However, in the present investigations.

a pignificant change in nymphal duration 1s not regliotered.

Colour changcs in nymphs and adults of N, lusens

havVe =150 been seen associated with the changes i1n the
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population density. Thus a good proporiion of nymphs in

the third, fourth and fifth inetars at the higher density
levels of 200 and 400 nymphs per clump of rice, are black

in colour while those at the lower levels of crowding are
yellow or brown. Similgrly, the adult males emerging from
the high density populations are ash coloured as against

the nommal brown colonr., Mammen (1971) and Nalinakumari
(1973} also have noted the occurrence of differently coloured
males. ‘he changes in the colour observed may be dug to a
gronp -~ effect during the nymphal stage as suggested by
Miyake gt g}_.(1951) for the appearance of brachypterous forms.

Effect of hge of Host plant on the
Biology of N. lugens

Though all stages of rice are suscaptible to
infestation by N. lugens only the late vegetative phase
and the booting phase suffer greatly from the hopperburn
dawages. This is evidently due to the larger build-up of
the population of the hopper on the late stages. According
40 the opinion of the previous workers the size of the
population ig due to the cumulative effcet of the auccessive
generations from the early infestations. (Bae and Pathak
1969, Ho aznd Liu 1969, IRRI 1969, 1971, Pathak and Dyek 1973,
Soehardjan 1973, Kismmoto 1976). But the results of the
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pregent studies have shown for the first time %hat the

age or stage of growth of the rice plant can influance

the various biologieal activities of the insect, The
survival of the nymphs, for examplas, ig gignifieantly
influenced by the aga of the ocrop. The highest survival
is observed on plants of the panicle initiation stage
followed by the flowering, tillering and seedling stages
in %that descending order. The reproductive phase appears
to be better suited for the survival of the nymphs than the
vegetative phases. 4 more or less similar trend is seen

in the case of speed of nymphal development slso. Thus

the nymphal duration is shortest (14.059 days) on plants
of the panicle initiation stage followed by tillering,
flowering and seedling stages in that ascending order. 1In
affect it is observed that the speed of development of the
nymphs is significanitly fasier on the plants at the panicle
initiation stage than on plants of the other stages. On
the other extremae, the speed vf development of the cymphs
ig significently <lower on the seedling stage of the plant

than on the other stages (Table 20).

The response of growth index which reflects the
combined response of survivsl and speed of development %o
age variations of the plant shows that it is significantly

higher (5.619) at fhe panicle initiation stage, than at the
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other stages and signifiocantly lower (3.490) at the seedling
gtage than =% the other stages. The other two stages show
intermediate effects. The rapid build-np of the hopper
population at the boot-leaf stage is thus dus to the
suitability of the panicle initiation stage fo? the survivsal
and development of the nymphs (Table 20}.

The features like longevity of adylt females and
their feeuﬁdity#re not significantly affected by the age
of the crop. There is, however, a tendency for the females
roered on rice planis of panicle initiztion stage %o lay
nore eggs (236 per femaley and those reared on the seecdlings
to lay the least number of eggs (194.06 per femgle). This
evidently indicates that the panicle initiation stage
of fers a better nutrition to the¢ developing nymphs than
the other stages (Table 20}.

A comparison of the combined responses of egg laying,
hatching and nymph survival to different growth stages as
1ndicated by the resuliing nymphal population of one generation
has indicated {even though not significantly) thal the panicle
initiation stage facilataics the emergence of the largest
population and the seedling stage the smzllest population
(Table 24). ZEven though the magnitude of the drfference in

the firet genarction L. not significant, the cumulafive
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effect in successive gencrations may bring about significant

effects on the size of the population ultimately.

It has been reported from IRRI (IRRI 1974) vhat
70 to 90-day-o0ld plants show a e¢lear benefit in population
build-up when continuorly reared on them for three successive
generations. The 70 to 90-day~0ld plants also are in the
reproductive phase and is comparsble to the panicle initiation

stage in the present gtudies.

These siudies have thus established that the age
of the crop has governing influence on the life and activiiies
of N. lugens. The panicle initiation stage appears to be
highly favourable for the multiplication and build-up of
the population of N, lugens and the seedling stage the most

unfavourable; the other stages occupy intermediate positions.

Effect of Host plant Wutritlon on the
Biology of N. lugsng

There have been many statements that higher
populations of N. lugens are associated with appliecation
of higher doses of nitrogen in the field (Abrahem 1957,
Sogawa and Pathak 1970, Ngoan 1971, Das gt gl. 1972,
Abtraham and Nair 1975, Vavea and Feuer 1976). These
authors thought that the effect of nitrogen may be due to
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its indirect affect on the plant end the consequent changes
in the micro environment. The results of the present studies
have shown that the only one life process of the insect which
19 favourably affected at increased doses of nitrogen is

the speed of development of ¥he nymphs. The nymphal duration
gets reduced by 4.7, 4.9 and 3.1 per cent over no nitrogen,
at 80, 100 and 120 kg W/he respectively and these are signifi-
cant =lso. None of the other 1ife processes including the
growth index which contributes to the population build-up

is influenced by the variations in the nitrogen nutrition

of the host plants. 8o as suggested by the ezrlier workers
(see above) the effect of the higher dose of nitrogen may

be one of creating {avourable micro environment suitable for
the multiplication of the inseet by providing thick and

canopied growth of fthe plants.

Reports from IRRI (1972) and those of Kalode (1971)
show that survival of the nymph is not affected by variations
1n nitrogen dosage. But Cheng (1975) has observed batter
survival of nymphs on nitrogen treated plants. A1l these
workers have recorded higher fecundify for adults reared on
plants under high nitrogen levels while the present findings
do not support them. The niftrogen levels used by them are
150, 200 and 320 kg/hectare while in the ‘present studies the
maximum level is ondy 120 kg and this may explain the
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differences in the different findings. But under the
usnal practice of fertilizaltion such high doses of nitrogaen

are not ‘used at all.

The gffect of potash nutrition of the plant has,
however, some effect on tha population-governing factors of
the insect. Thus the swrvival of the nymph is reduced by
32.6 por ceny over control (zero potash) at 125 kg K20
which is significant. The lower doses also rednce the
survival but not to any significant level. The growth
index also shows a suppression at higher levels of K and
the suppressions to the extent of 33.6 and 24.2 per cent
over control at 120 and 100 kg Kgo/hectare respectively are
pignificant slso. But since the doses at which significant
deprepsing effeots on the population~-building factors are
gmeen are much higher than the recommended doses of K20,
these findings may not have sny immediate application.
Vatthilingam (1975) and Subramanian snd Balasubramanian(1976)
have recorded thatbrown plant hopper incidence is low in

ploks freated with high doses of potash.

Infestation Responses of N, lugens
t0 Rice ®arieties

Based on a 2@re to nine scoring with reference to

susceptibility to damage by N. lugens th& different varieties
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have been classified as resigtent’ (R), moderately

resistant (MR), moderately susceptible (MS) and highly
susceptible (HS), The scoring for resistance has been

done at the seedling stage (10~12 days 0ld) and at the
tillering stage (40-45 days 0ld). The distribution of

the different varieties within the four categories based

on the seoring at seedling stage is 2, 5, 20 and 73 per

cgnt respectively. Ptb 35 ig the only variety with high
resistance. Fortyone varlieties constituting 73 per cent

of the total are highly susceptitle and others of intermediate
ranges of registance, At the tillering stage evsluation

also Ptb 33 is resistant (Plate i), The distribution

of rice varieties umder the different categories based on
susceptibility scoring at the tillering phase 15 2, 2, 6

and 90 per cent for R, MR, MS, and HS varieties. Thus at

the #illering stage evaluation, more number of varieties

are seen to be highly susceptible than at the seedling stage
evaluation. Varieties like Ptb 12 and Ptb 21 whioh are
moderately resistant at secdling stage show high suscepti-
w1ty at the tillering stage. The one exception of a variety
showing less susceptibility at the tillering stage than at the
seedling stage 1s Jyothi which has a high susceptibility at the
seedling stage and only a moderate susceptibllity at the



Plate V - Symptoms of plant damage
by ¥. lugens on resistant
and puscapéible varieties
(Ptb 33 and Annapoorna)
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$illering stage. Varigties which maintain the different
degrees of resistance to the insect at both the stages of
growtkh are the resigtant Ptb 33, the moderately resistantk
eniture 57 and the moderaztely suscepliible Bharathi and

IR5, Even in these cases excepbing Ptb 33 which maintains

a low score of 3 at both the stages the obthers show a
tendenoy to be more susceptible at the tillering phase.

Thus the score of Culture 57 increases from 3.4 to 5 and
those of Bharathi and IRS from 6 to 7 and 6.6 to 6
rggpectively. In the case of highly susceptible varieties
also an examination of the relative damage scores will show
H#iat in general the tillering phase records higher scores
than the seedling phase. Exgmples of some values at the two
stages are 7.1 and 9, 7.2 and 9, 7.4 and 9, 8.1 and 9 and
8.2 and 9 respsctively., These results indicate on the one
hand that the tillering stage of the plent is more
susceptitle to damage by the brown planthopper than the
geedling stage and on the other that evaluation of resistance
exclusively at the seedling stage may not give the correct
pieture zsbout Ythe relative resistance of the different
varieties to infestation and damage by the brown planthopper

(Table 31).

An analysis of the effect of different plant

characters on inseet orientation and plant dazmage by them
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wae made by taking the multiple regression models., It is
observed that such plant characters as height, stem
chicknase, leaf width and leaf thickness do not have any
significant influence on the insect orientation and plant
damage at both the stages of the plant. But at the
tillering stage the correlation between the number of
insects settling on the plants and the number of eggs laid
is significant (v = 0.581). More the number of insectg
settling on the plants more ig the number of eggs laid on
them. There ig also substantial positive correlation
vetween the number of eggs laid and thickness of the leaf
sheath (r = 0.300)., This is glso expected as the main site
of egg laying is the leaf sheath and a thicker sheath will
facilitate better egg laying on it. The suscepiibility/
resigtance reaction of different varietles has been studied
ty many workers and there ig no general agreement of results
due to the existence of biotypes (Varca and Feur 1976).

At seedling tests Mashuri and Pitb 19 have been reported
resistant by Parker gt zi. (1973) and Thomas (1976). But in
the present siudies these varieties are moderabely smsceptitle.
Mudgo and IR 26 rgported %o be resigtant at Philippines are
seen highly suscepiible here. Similar observations on the
suscepiibility of these varietises have been reported by other
workers also (IRRI 1976, Varca and Feuer 1976, Pathak and

Kush 1977). Ptb 35 observed resistant in the present studies
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have been reported already as resistant to the three known
biotypes of N. lugens. (Varea and Feuer 1976, Pathak and
Kush 1977). The variation in the relative suseeptibility
of rice %o N. lugens ot different stages of growth as seen
in the present findings has been recorded by lernando gi al.
(1977) in Sri Danks. They also have recorded similar
observations in the carry over of resistance in Ptb 33 and
loss of recistance in some other varietles al the different

growth sitages.

Earlier studies at IRRI (1969) also have indicated
that plant chsracters are not correlated to resisglance of
varieties to N. lugens as is sean in the present investiga-

tiong.

Even though highser gilica contents in rice ave
pogitively correlated %o resistance to stem borer and leaf
roller pests (Pathak gt gl. 1971) an definite information
ig available on ¥. lugeng. Crude silica contenis of the
plants are seen in the present studies not correlated with
their resigtance reactions. 4natomy of the leaf sheath of
Ptb 3% shows the presence of sclerenchyma cells in the
peripheral region and silicification and absence of chloro-
plas$s in the parenchyma. Wan (1972) observed a srgnificant
correlation between voital protexn nitrogen of plants and

hopper incidence in the field. But present studies do not
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indicate such a relationship in the suscepbibility of

varieties.

The susceptibility of a plant %o insect infestation
will depend upon various factors, of which those relating
o the insect are the orientation of the insect to the
plant for oviposition or fecding, feeding, development
and survival of the nymphs, longevity and fecundidy of the
adults. Whevther a variety is suscepliible or resistant will
depend upon how far these biological processes sre facilitated
by the variety. If the variely provides eonditions favouring
these processes then there will be a rapid bulld-up of the
population of the pest on the plant and swch varieciies are
gald to be highly susceptible., If, on the other hand, the
variety dea@s not provide conditiong favouring the drfferent
ological processes the insect is not able to build up its

population on the host plants and such varieties ars resigtant.

The eight rice varieties studied in the present
ingvance have graded susceptibilities todamag: by N. lugens
ranging from resistant to highly susceptible responses. There
does not appear to be any preference in the insect for
settling (orientation) on any one or selected ones of these
different varicties. The speed of development of the nymph

ie sean to be highest in the susceptible varieties like TN-19
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and Anngpoorna in which the nymphal develomment is
completed in 14.83 days. In the resistant variety Ptb 33
the speed of development g slow taking 18.20 days for

the completion of the nymphal period. Further, fhe
survival of the nymph is 1o the extent of 84 per cent

in the susceptible varieties (Jaya and fnagpoorna) as
against 23 per ¢ent in the resistant Ptb 33, The growth
index whioh combings thse affeclis of survivel and speed of
development is the lowest (1.3) in the resistant Ptb 33
and highest (5.66) in the susceptible 4nnapoorna. The
adult is able to 1live for a much longer period (24.06 days)
about 5 times more on the susceptible varrnety -1 than on
the resigtant variety Ptb 33 (5.2 days). The adult females
bred on susceptible rice varieties (Jaya, IR5) lay forty
times more eggs than those bred on the resistant varrety

Ptb 33.

The resistant variety of rice is thus seen t0 suppress
to spacd of developmen$ of the nymph, cause mortality among
the nymphs, reduce the 1ife span of the adult and suppress
the ege laying capacity of the females. Ptb 33 thus exhibits
clear indications of antibiosis to N. lugens.

Previoug workers also have shown that on the resistant
variefy Mudgo the insect shows high mortality, slow growkh

rate, small body size and low fecundiky. The resulting insects
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will be undersized and their ovaries contain few mature
egge (Sogawa and Pathak 1970, IBRI 4974, 1976, Pathak
and Kush 1977).

Sultability of Weeds as Alternate Hust
plants for N. lugens

Alternate hosts play an important role in the
ecoiogy of phytophagous insects. 4 full knowledge of this
will be helpful in fixing criteria for pest management.

For the brown planthopper N. lugens the weeds of the rice
fields may serve as alternate hosts, The part played by
the weeds on the ecology of N. lugens was ascertained in
terms of %the suitability of the wet land weeds for
oviposition, for feeding of nymphs and for fesding of

the adulis. Under obligatory conditions, the female lays
eggs on eight of the ten species of weeds wnder study. The
number of eges laid on different weeds varies indicaling
the relative preference of the insect for egg laying. The
eges 1aid on these hosts hatch normally. These are highly
significant findings. As regards the feeding of the nymph
none of the weeds sZcepting Paspalum longifolivm has been
found to be suwitasble for the feeding and growkh of the first
instar nymph., The nymph dies on these weeds by the third
day, indicating that it does not feed on them, The adults
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do not seem to feed on t he weeds except on P.longifoldum,
The fact that even under forced conditions the nymphs and
adud¥s do not feed on the weeds proves that these weeds

do not serve as zZlternate hosts for the insect at sll.

it is, however, interesting to note that all these weeds
gerve as oviposition hosts of the hopper. Mogt of these
weeds grow together with the rice plant in the field., A¢

a stage when population of the hopper goes high there will be
keen competition among the females for egg-laying on iis
genuine hoet, rice., This problem is solved by the insect

by ovipogiting on weeds., These eggs are not wasted becanse
they will hateh. Once they hatch, then the nymphs can

move on to the rice plants. Thus the rice plants will be
getting not only the nymphs hatching out of {he eggs laid

on them, but also the nymphs hatching out of the eggs laid
on the weeds. The colonisation on the rice plants thus

gete built up rapidly, thereby coniridbuting 4o the population

explosione and hopperdurns.

One weed, Paspalum longifolium commonly found 1n the
rice fields under waterlogged conditions, has been seen to
be abundantly suited for the fecding and breeding of N.lugens.
This is the first time that this weed ia recordsd am an
alternate host of the insect. This is a weed which grows on
the field bunds and zlong the fringes of the rice fieglds and

can hence serve to sustain the hopper population during the



- 155 -

off-geason periods. Mochida and Okada (1971) listed

90 plant speciss as hesis or ovipesition plants for N. lugens,
but doubted whether 311 these are real hosig for the inseet.
Mochida (1977) considers Oryza gativa alone as the main

hogt plan¥ and some other species of Oryzs and Echinochloa

as alternate hosts. He has recorded Monochoria vaginglis

as an oviposition hosgt of the hopper as has been geen in the

present studies also.

Bohinochloa crusgalli has been listed as an zlternate

host by Mochida and Okada (1971) and as an egg laying host
of N. lugens by IRRI (1976). Kim et gl. (1975) however,
reported that the nymphs cannot survive on this grase even
for a few days and the plants do not suffer any dsmage.

The present results show that the insect lays eggs on this
weed, but the nymphs snd adults cannoct survive on the plant

for more than three days. Cyanodon daciylon has been listed

as an alternate host by Mochida and Okada (1971). But the
present resulis show that The insect neither lays eggs on

the plant nor 1s 1% suitvable for feeding of the nymphs ox
adults. The variation in the response of N. lugensg o different

weeds may be attributable to the existence of different biotypes.

Many workers have observed higher population density
of N. lugeng towards the late stages of the crop in plofs
where weed growhh is dense and have attributed this to the

congenia#micro climate created as a result of the waed growhh
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(IRRT 1974, Kulshreshtha gt al. 1974, Pernande 1975, Varca
and Feuer 1976). The results discussed thas indicate that
the weeds conatitute an important factor in the ecology of
the brown planthepper. The importance of removal of weeds

as a control megsure 1s thus highlighted.



SUMMARY



SUMMARY

The femzle of the wown planthopper, Nilaparvaia
lugens Stal preferred leaf sheaths to leaves of rice for
egg-laying. Of the total, 77.59 per cent of fthe eggs and
60.6 per cent of the egg masses were deposited on leaf
sheaths. Average number of eggs per mass was 13.26 on

leaf sheath and 7.52 on leaf blade.

The macropterous female had a pre-oviposition period
of 1 to 3 days (average 2.3 days) and an oviposition period
of 13 to 25 days (average 18.2 days). I% laid z total of
151 %o 308 eggs (average 228.3 epggs). The dally rate of
egg laying was O to 60 (average 12.86). The maximum maean
number of eggs laid per day was 21.08 laid onthe 9th day

of oviposition.

The brachypterous female had a pre-oviposition period
of 1 %o 2 days (average 1.2), oviposition period of 10 %o 17
days (average 13.7), fecundity of 131 %o 319 eggs (average
209.6) and daily egg-laying of O %o 99 eges (average 15.69).
The maximum number of eggs laid per day was 43.9 laid on the
Tth day of oviposition.

Incubation period of eggs ranged from 7 to 9 days
(average 8 days) and per cent hatching of eggs from 80.00 to
89.61 (average 84.83%), The average durations of the 1st to
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5th nymphal instars were 2.7, 2.8, 2.6, 3.1 and 2.8 days
respectively, total nymphsl duration being 14.0 days
(range 12 to 16 days). Total life-cycle from egg to adult
varied from 19 to 25 days average bsing 22 days.

liongevity of macroplerous male, macropterous female
and brachypterons female was on an average 18.0, 21.4 and

13.8 days respectively.

Moximum survival of nymphs of N. lugens was at fhe
temperature of 29°0 and relative humidity of 70 per cent,
being 63.33 and 62.67 per cent respectively. The lowest
nymphazl durations of 14.63 and 17.75 days were at the
temperature of 29°C and relative humidity of 80 per cent
respectively. The growth index was highest at the tmperature
of 29°0 (4.35) and relative humidlty of 70 per cent (3.94).
The percentage of male emergence was lowest at the temperature
of 29°C¢ (43.57 per cent) and at relative humidlties of 60
and 70 per cent (39.05 and 42.29 per cent). TFormation of
brachypterous females was uighest at a temperature of 29°C
(31.27 per oent) and at a relative humidity of 70 per oent
and above (25.17 %o 28.67 par cent), Incubation of eggs was
not affected by temperature and humidity variations. Percentage
hatehing of the eggs was significantly higher at 27 and 29°C
(71.19 and 73.26 per cent) and ab humiditres of 70 and 80
per cent (77.47 and 72,10 per cent). It appeared that a
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temperature of 29°C and relahve humidities above 70 per
cent were opiimal for the different biological procesges of

N. lugens.

Survival of nymphg of N. lugens was inversely
proportional to their population densities, being 79.6,
67.4, 61.2 and 47.15 per cent at population densities of
50, 100, 200 and 400 nymphs per rice clump regpectively.
Nymphal duration was not affected by density variatioms.
Growth index valnes were inversely re¢lated to the graded
dengi vies, being 4.94, 4.31, 3,75 and 2.85 respectively.
The production of the brachypterous fesmales at these
dengities,zlso was inversely related, being 53.76, 54.90,
25,32 and 11.77 per cent regpectively. Weight of the adult
was more at lower densities though_ﬂgﬁ significanily., The
3rd instar nymphs wndexr higher densities were mostly black
in colour against the normal yellow colour. Adults of high

dengity lols were ash-coloursd ageinst the nommal brows colour,

Survival percentages of the nymphs were 57, 69, 79
and 72 when reared on secdling, tillering, paricle initiation
and flowering stages of rice respectively. The average nymphal
durations ware 16.332, 14.707, 14.059 and 14.772 days respec-
tively when reared on the four stages of growth. The growkh
1ndex values of the nymph were 3.490, 4.692, 5.619 and 4.874
respectively when reared on te four stages. The adult lived

for 20.20, 19.80, 20.60 znd 20.20 days respectively when rezred
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on the four growth stages of rice. Fecundity of the females
was not affected by rearing on different stages of the pkant.
In general the panicle initiation stage was the most suited
stage for the build-up of tha popuwlation of the inssct and
the seedling stage the least suited, the other two stages came

18 between.

Nymphal duration was decreased gignificantly to the
extent of 1.8 to 4.9 per cent when reared on rice receiving
20 to 120 kg N/ha. Survival of nymphs, growth index, longevity
of adults, fecundity and population build=-up were not affected
by variaiions in the nitrogen nutrition of the host plants.
There was prolongatmn/nymphal duration to the extent of 1.79,
1.65 and 1.32 per cent at KZO nutrition levels of 75, 100 and
125 kg/ha. Survival of nymphs was significantly reduced
(by 32.6 per cent) at 125 kg K20/ba putrition of the host
plant. Growth index was singificantly reduced at 100 and
125 kg Kgo/ha, to the extent of 21.2 and 33.6 per oent.
Longevity of adult and feoundity were not affected signifi~
cantly by variation in potash nutrition. DPotash at 75, 100
and 125 kg K20/ha levels suppressed the population build-up
of the insect by 3.4, 17.6 ond 6.1 per oent respectively.

0f the 56 varieties of rice tested for the degree of
resistance to demage by N. lugens at the seedling and tillering

stages, 2 per eent were vesistant, 5 per cent moderately
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resistant, 20 per cent moderately susceptible and 73 per

cent highly suscepiible at the seedling stage and 2 per cent
resistant, 2 per cent moderately resistant, 6 per cent
moderately susceptible and 90 per cent highly susceptible

at the tillering stage. The varieties were more spscephible
at the tillering phase than at the seedling phase. Pitb 33
wae the only variely resistant to the hopper damage.

Variatiors in the plant characters like plant height, leaf
width, leaf thiclness and stem thiclmess of the rice varieties
a% their seedling stage had no gffect on the gettling of
adulis of N. lugens on them and on the damage caused by the
hopper to the plants. 4% the tillering stage there was

posi tive correlalion between numbser of adults seftling on

the plants and number of eggs laid. The thickness of leafl
sheath and number of eggs laid were positively correlated
though not significantly. Leaf sheaths of the resistant

Ptb 33 had more sclerenchymatouns cells in the peripheral

region and the pavenchymatons cells were silicified and

dewoid of chloroplasts, while 1n the leaf sheaths of the
susceptible Annapoorna there were fewer sclerenchymatous cells,
less s1licification and abundance of chloroplaste in parvenchyma.
Orude silica and to%zl protein contents of the varietlies were

not correlated with resistance to X. lugens.

Adults of N. Lugens did not show any distincfion

between resLstant and susceptible variefies of rice for
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settling. Durgtion of nymph was longest in the resistant
Ptb 33 (18.20 days) and shortest in the highly susceptible
TN-1 and Annapoorna (14.83 days), the duration varied from
15.03 to 16.00 days in the other varieties. Survival of the
nymph was lowest in the resigtant Ptb 33 (23 per cent),
highest in Jaya and Annapoorna (84 per oent) and 70 %o 83
per oent in the other varieties. Growhh index of the nymph
was lowest (1.30) in Ptb 33 and highest (5.66) in Annapoorna
and 4.43 to 5.6 in the other varieties. Tongevity of the
adult was significantly lower (5.2 days) in Ptb 33 than in
the other varietlies (19.6 to 24.06 days). The facundity of
adults veared on Pt¥b 33 was significantly less (6.0 epgs
per female) than of those reared onr other varieties (178.8
t0 237.0 eggs per female). Thus Ptb 33 manifested antibiosis

to N. lugens.

N. lugens laid egge on 8 of the 10 wet land weeds
studied. Hggs laid on weeds hatched, but the nymphs failed
to develop on them for more than 3 days excepiing on Pagpslum
lopgifoliwm. On P. longifolium which was recorded for the

first time as an alternate host of N. 1ugan5160 per cent of

the nymphs reached adulthood.
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APPENDIX-~I, The size aond number of e¢gg masses laid by §. lugens
on leaf sheaths and blades of ten plantg

S8i. On leaf sheagth On leaf biade Grand

0w = wmmmoe mm = om — - ——— e e e o e o momom m m omom om = BOYAL
Vo, of eggs in each mass No.of Total ¥o, of eggs in each mass No. of Total ﬁg‘g'"ﬁ;“
egg Wo.of agg Wo,of nas- of.
masses eggs masses agges sg eggs
1. 12,21,6, 22, 8, 4, 8, 7 8 88 6, 6 2 12 10 100
2,6, 7, 11, 3, 12, 32, 5 7 76 9 4, 5, 8 4 26 1M 102
3. 8 8, 17 3 33 14 1 14 4 47
4. 10, 33, 5, 2, 4, 26, 18 7 28 2, 5 2, 13 4 22 1 120
5, 11, 16, 17, 4, 8, 21 6 7 4, 2, 4 3 10 9 87
6. 7, 4, 11, 24, 5, 19 6 70 . 2, 3 2 32 8 102
7. 12, 2, 15, 30,18,7,3,13 8 100 4, 3, 8, 13, 3 5 31 13 121
8. 20, B, 23, 6 5 61 5, 4, 3, 9, 4, 2 6 27 11 88
9. 16, 9, 2, 17, 26, 31 6 101 2, 5, 4, 11 4 22 10 123
10. 10, 18, 27, 24 4 79 8, 12, 3 3 23 7 102
Total 60 783 Total 34 219 94 1002

Mean 13.05 Mean 6.15

Overall meainis 10.66
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APFENDIX~ITI. Number of eggs laid by brachypterous females of J. lugeng
on successive days

For Wo. of eges latd on each day
1st  2nd 3]’.‘6 4'l:h 5th 6th 7Tth 8th 9th 10th 11th 12th 13 14 15 16 17 18
’ I ¢} 19 63 0 4] 99 21 12 17 39 16 12 8 0 8 3 9 3 319
II ) o} 13 o 73 61 8 49 00 © 2 2 208
I1T 0 48 o] 0o 21 39 47 0 0 4] o M 175
v (¢} 8 11 14 32 28 41 18 5 26 4 17 26 2 298
v o 0 o 12 0 63 0 34 0 0 (o] 8 6 2 2 13
VI 0 o 39 16 9 21 69 0 9 12 5 4 184
ViI o 39 0 0 98 12 13 4 6 8 5 3 2 9 199
VIIX o M 13 8 0 47 28 22 3 0 28 T 00 2 6 2 205
IX (4] o 18 2 11 7 41 21 18 3 13 612 2 8 189
X 4] 6 13 0 0 59 69 14 4 2 2 4 8 3 0 2 0 2 188

R T T T I e e e e T T T I

™ e oy wm e e we ME e e M A e e we b N W e m mm we de wm e e

Egg laying period - 11 to 18 days

Maan - 14.9 days
Ju, nf 6527 laid per femsale - 209.6
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Appendix-V. DPiological features of N. lugens as influenced
by host plants grown under different levels
of Nitrogen - Full data

e e e mw E TR e we M N ey e e e e s em MR M W W e ke me e W M e we

Vymphal duratiion (in days)
I 14.77 14.07 14.80 14.08 13.85 14.13 14.13
II 14.56 14.50 14.00 14.43 14.71 14.33 14.57
Iz 14,79 14.38 14.83 14.65 13.67 13.83 14.13
v 14.86 14.64 14.29 14.13  14.00 13.79 14.29
Mean 14.75 14.40 14.48 14.32 14.06 14.02 14.28

Per cent survival

I 65.00 70,00 75.00 65.00 7T0.00 80.00 75.00
II 80,00 90.00 70.00 70.00 70.00 75.00 70,00
ITI 70.00 65.00 60.00 85.00 60.00 60.00 80,00
IV 70,00 70.00 70,00 80.00 65.00 70.00 70.00
Mean 71.25 73.75 68,75 75.00 66.25 T1.25 73.75
Growth index

I 4.40 4,98 5,07 4.62 5.05 5.66 5.31

IT 5.49 6,21 5.00 4.85 4,76 5.2% 4.80
IIT 4.73 4.52 4.05 5.80 4.39 4,34 5.66
IV 471 4.718 4.9 5.66 4.64 5.08 4.90
Mean 4.83 5.12 4.76 5.23 4.71 5.08 5.17

Oviposition and nymphal survival

I 980 812 1307 244 908 1420 577
I 620 703 971 1400 351 991 1290
IIT 1160 732 1067 966 613 931 1169
v 881 695 809 752 577 1104 928

Mean 910.25 735.50 1038.5 840.00 612.25 1111.5 991.00



Appendix-VI, Longevity of adult macropterous females of
N. lugeng emerging from nymphs reared on rice
grown under different levels of nitrogen =
Full data

Rectificatiop — ~ —~ " " T T U M U T e T - - o = - - o -
0 20 40 60 80 L0 126

NO N1 N, NB N4 NB NG

1 2 2 18 13 22 18 1

II 16 20 19 21 12 14 24
ITT 17 13 18 14 18 29 16
Iv 27 M 12 14 26 o5 14
v 24 29 21 25 24 12 18

vt 19 22 27 26 17 22 26
Vil 13 18 16 18 13 20 25
VIII 26 18 29 17 10 17 25
X 18 27 28 16 16 16 17
b 19 16 20 19 24 24 19

Mean 19.10 19.50 20.80 18.00 18.20 19.70 19.%50
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Appendix-VII , Wumber of eggs laid by macropterous
females of N, 1lugens emerging from
nymphe reared on rice grown at different
nitrogen level - Pull data

Replicatlon = = - o o = = m m e e e e e o e e
[} 20 40 60 80 100 120

No H1 N2 N3 N4 NB Nﬁ

I 131 208 176 151 239 171 88

Iz 179 191 19 224 140 134 249
IIT i85 147 151 131 176 285 171
v 260 88 128 126 269 27 153
v 206 249 280 225 199 139 207

VI 178 209 260 281 201 197 244
Vi1 132 168 157 189 139 203 220
VIII 224 187 284 181 118 197 271
IX 181 259 254 146 185 166 199
X 152 170 187 153 231 291 232



Appendix-VIII. Biological features of N. lugeng as influenced
by hoet plants grown under difrerent icvels
of potash - Full data
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Nymphal duration
(ia ays) I 15.04 15.21 14.69 15.32 15.57 15.53

IT 15.27 15.28 15.39 15.58 15.43 15.24
III 15.08 15.08 14.63 15.29 15.13 15.29
iV 15.12 15,18 15.08 15.41 15.38 15.27
Mean 15.13 15.19 14.95 15.40 15.38 15,33

Per cent survival

I 9.00 96.00 52.00 88.00 56.00 60,00

IT 88.00 100,00 92,00 96.00 92,00 68,00

ITT 96.00 96.00 64.00 96.00  92.00 68.00

IV 100.00 88,00 100.00 88.00 64.00 60.00

Mean 95.00 95.00 77.00 92.00 76.00 64.00

Growth index I 6.38 6.31 3.54 5.74  3.60 3.85

I 5.76 6.54 5.98 6.16 5.9 4.46

ITT  6.37 6.37 457 6.28  6.08 4.45

IV 6.61 5.80 6,35 5.71  4.16 3.93

Mean  6.28 6,26 5.13 5.97  4.95 4.47
Population buwild

up ver elumP 77 499 1% 65 50 56

I1 N 118 112 4% 93 39

IIT 59 31 105 86 42 64

IV 35 66 79 53 31 87

Mean 65.50 85.00 106.50 63.25 54.00 61.50
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Appendix-IX., TLongevity of adwlt macropterous females
of ¥. lugens emerging from nymphs rearcd
on rice grown under different levels of
petash - Full dala
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Replicatiofl - = = = v o = ;- - - -~ e e e o

0 25 50 75 100 125

% 1 L %y &5
I 21 27 11 21 15 18
1T 22 16 18 17 22 6
IIT 18 14 18 16 19 27
Iv 10 14 21 12 27 19
ki 19 19 26 13 10 12
VI 12 23 24 27 18 20
VI 14 12 16 14 16 18
VILI 19 12 13 19 24 17
IX 26 14 20 18 18 16
X 18 26 22 18 21 14
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Appendix-X, Humber of epgs laid hy macropterous
females of W, lugens emerging from
nymphs reared on rice grown at drfferent
levels of poksh - Full data

o T W MG e w0 M mr Gn G bm M e om WO MR e e ws M o mw W e wa W o

Roplications ~ = = = o = . o o oo . o e

0 25 50 75 100 125

X, K, £, Ky K, K
I 208 198 %4 197 131 163
IT 177 203 126 188 208 159
IIT 160 161 179 120 187 220
Iv 123 127 243 94 134 118
v 186 185 187 116 127 %
VI 134 124 231 218 133 195
VII 110 136 192 93 145 203
VIII 168 i22 95 161 206 192
IX 235 109 119 109 173 148
X 92 220 210 155 219 97

Mean 159.1 152.5 167.6  145.1 166,3  159.3
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ABSTRACT

The brown planthopper Nilaparveia lugens Stal is
congldered as the most serious pest of rice in Asiz %oday.
In Indlia though the insect is known %o occur in almost
all the rice growing tracts, its ravages arec heavy in the
South. In Kerala severe outbreaks of this pest are
experienced from 1972 onwards and the ingect has gained
considerable economic significance in rice cultivation.
Though much work has been done elsewhere, knowledge on
the basic features, such =5 biology, ecology and host plant
relationships of the native biotype of the insect is
lacking. With a view to coniribute to the filling of %his

lacuna in our knowledge the present studies were taken up.

The studies were made in the laboratory and in
field cages. Potted planis wers used for the bulk rearing
of the ingect. Temperagture varigtions required in the
ghdies were maintained in an incubator and humidity
variations in desicators using appropriate solutions.
Relative susceptibility of rice varisties to dsmage by
N. lugens was assessed in terms of a scoring on a zero to

nine scale as perfected at the International Rice Research

Institute.
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Biologieagl studies have shown that the hopper
lays eggs in the laafsheaths and in the midribs of
leafblades, the former being preferred for egglaying.

Bggs hateh in a mean period of 8 days; the nymph
undergoes five instars taking on an average 14 days,

The life-cycle is completed in 22 days on an average.

The macrepterous male, female and the brachypterous femala
live for 18, 21.4 and 13.8 days regpectively. The
brachypterous female, though short-lived, lays on an
averages 209.6 eggs as against 228.3 egge laid by the

macropterons female during the life %ime,

The survival, speed of development and growth

index of nymphs ave significantly influenced by temperature
and humidity. Changes in temperature significantly influ-
ence the sex~ratio and changes in humidity significantly
influence the emergence of hrachypterous females. The
eggs can tolerate higher temperatures of 33°C 40 35°C while
the nymphe cannoct. The overall effect 18 thav temperatures
around 29°C and relative humidities of 70 per cent and

above are optimal for the lufe processss of the insect.

The influence of different densities of nymphal
population on the biological fealures of the insect has
been studied for the first time. The epeed of development
of the nymph is not significantly influenced by the degree

of crowding. There exists an inverge relationship betwasn
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the survival of the nymph and the level of crowding.

Low nymphal dengities favour the emergence of brachypterons
females and high nymphal densities favour the formation

of macropterous adults and also causes colour changes in

the nymphs and adults,

The age of the host rice plant has governing
influence on the life processes of the hopper. The panicle
initiation stage appears to be highly favourgble for the
survival, multiplication and population build-up of the
inseet and the seedling stage the least favourable; the
other stages occupy intermediate positions. The addition
of higher doses of nitrogen significantly shortens the
nymphal duration, but the other features like survival of
nymphs and the longevity and fecundlty of adulte arec not
affected by it. Addition of higher doses of potash reduces
the sarvival percentage of nymphs while the other featurss

are not s.gnificantly influenced.

0f the 56 rice varieties studied, only one variety
Ptb 3% is resistant to damage by the hopper. Majorify of
the others are highly susceptible. The plants are more
suscepiible at the tillering stage than at the sesdling
gtage. Variations in plant characiers like height, thickness
of stem and sheath, and width and thickness of leaf in the

drfferent rioe varieties are not correlated with susceptibrlity
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of varleties to damage by the inssct. FHosti-brology
relation gtndies on N. lugens have shown that the
susceptible varieties exert marked favourable effects on
the survival, gpecd of development and growth index of
nymphs and on longeviiy and fecundity of adults. The
registont variety Ptb 33 suppresees the speed of
development of the nymphs, causes mortality szmong wvhem
and reduces the life span and fecurdity of the adults

and thus oxhibits clear indication of antibioslse.

The weed Paspalum longifolium has been recorded
for the Ffirst time as an sliernate host for N. lugens.
Eight species of weeds serve as oviposition hosis for the
insect. Eggs laid on non-host weeds hatch successfully
but, the nymphs do not swrvive on them for more than

three days.

The original contributions in the present studies
relate to oviposition Dbehaviour of N. lugens, effect of
the factors of temperature, humidity, population density,
nitrogen and potash nuirition of the host plant and
different rice varieties on the brology of N. lugens,
factors affecting formation of the wing forms and xole of

weads on the ecology of the insect.

The world literatnure on the different aspecis of

the brown planthopper has been reviewed.



