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INTRODUCTION

The brcnm planthopper N ilaParvata lagans S ta l 

(Homoptera, D elphacidae) forms the most seriou s in s e c t  

menace faced  by r i c e  farm ers in  A sia  today. The in s e c t  

has a wide d is t r ib u t io n ; being rep orted  from South,

S ou th -east and East A sia , the P a c i f i c  is la n d s  and A u stra lia  

(Dyck 1977). This in s e c t  has been in  the past, known as 

a minor pest o f  r i c e  in  many o f  the t r o p ic a l  co u n tr ie s .

Since t he in trod u ction  o f  high y ie ld in g  v a r ie t ie s  o f  r i c e  

and improved agronomic p r a c t ic e s , some o f  the pests o f  

minor im portance have become o f  m ajor economic s ig n i f ic a n c e . 

Among th ese , N, lugens ranks the forem ost and from the 

ea r ly  1970’ s epidem ics o f  i t  have become frequent in  the 

t r o p i c s .

Though much s tu d ie s  have been done elsewhere on the 

d i f fe r e n t  phases o f  the problems posed by the brown planthopper, 

s tu d ie s  on the pest undertaken in  In d ia  are lim ited  and much 

remains to  be known about i t  under the Indian agro-ecosystem s.

In In d ia  the in s e c t  made i t s  appearance as a major p est o f  

r i c e  in  South In d ia , e s p e c ia lly  in  the State o f  Kerala in  1972 

(Das et gL. 1972). S ice  production  in  the Kuttanad r ic e  

t r a c t  was adversely  a ffe c te d  during 1973 owing to severe 

outbreaks o f  brown planthopper and the grassy stunt v iru s .
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The high y ie ld in g  Jaya and IB 8 v a r ie t ie s  were the worst 

a ffe cted  (Kulshreshtha at a l . 1974). By 1973 the pest had 

spread to the sta tes  o f  Orissa, Hariyana, Punjab, Uttar 

Pradesh, Bihar and Andhra Pradesh (O hatterjee 1975). Severe 

outbreaks and hopper hum occurred in West Bengal, Himachal 

Pradesh and in  Tamil Wadu during the years 1973 and 1974 

(Anon. 1975a, Bhalla and Pawar 1975, Y6luswamy at a l. 1975). 

The peak population ofthe in se c t  was associated  with a 

maximra temperature range o f  30 to 32°C, a minimum temperature 

range o f  15.4 to 22.6°C and a humidity range o f  70 to 79 per 

cent in Orissa (Misra and Is r a e l  1967). Peak in festa tion  

and widespread hopperhurn occurred on the summer crop during
V
December to January in Kerala (Abraham and Hair 1975). The 

in sect completed 4 to 5 generations during a cropping 

season (Das et a l. 1972). Nalinakumari (1973) studied the 

morphology and biology o f  the in sect in Ilerala. The lady 

bird beetle  C occinella  arcuata P ., the m irid bug Cvrtorhinus 

liv id ip en n is  R. and fo r ty  species  o f spiders have been 

observed predacious an g . lugens in  the d if fe r e n t  parts o f  

India (Is ra e l and Rao 1968, Abraham et. a l. 1973, Pawar 1975, 

Samal and M isra 1975, Murthy et a l . 1976). There are many 

reports on the v a r ie ta l res is ta n ce  o f  r ic e  to  H. lugens in 

In d ia , the prominent among them being those o f  Jayaraa et a l. 

(1974), Kulshreshtha et a l. (1976), Thomas (1976) and Kalode 

and Krishna (1977). E ffect o f  the application  o f  higher



closes o f  potash on the in cidence o f  the hopper has a lso  

been in vestiga ted  by Indian workers (Vaithilingam  1975, 

Subramanian and Balasubraaanian 1976). iipart from th ese , 

many f i e ld  t r ia l s  have been made on the oon tro l o f  brown 

planthopper at the d iffe re n t  r i c e  research  oentres o ftb e  

country . But f u l l  knowledge on response o f  the in s e c t  to 

the variou s stim uli ( fa c to r s )  o f  the agro-ecosystem  i s  

s t i l l  la ck in g . Knowledge on these inseot-environm ent 

re a c tio n s  i s  important in  Ultimately f ix in g  c r i t e r ia  fo r  

the management o f the pest and the fa c t  that the b iotype 

o f  brown planthopper occurring in Kerala i s  d if fe r e n t  from 

a l l  oth er known b io ty p es , renders added s ig n ifica n ce  to i t .

I t  was these con sid era tion s which prompted the present 

s tu d ie s . In these stu d ies  the o v ip o s it io n  behaviour o f  

S- lugens and the e f f e c t  o f  d if fe r e n t  oonstant tem peratures 

and constant hum idities and density o f  nymphal population  

on the b io lo g ic a l  fe a tu re s  o f  the in s e c t ,  have been studied 

under labora tory  co n d it io n s . The muoh neglected  n u tr it io n  1 

e co logy  o f  the in s e c t  has been studied with re feren ce  to  the 

age and n u trition  o f  the host r i c e  p la n t. S u ita b ility  o f  

some common wet land weeds as a ltern ate  hosts or as ov ip o s it io n  

hosts has also been examined. In fe s ta t io n  responses o f  

S ' lugens on 56 c u lt iv a r s  o f  r ic e  have bean studied with 

re fe ren ce  to  d if fe r in g  stages o f  growth. Attempts have been 

made to detect the p oss ib le  co rre la t io n s  between plant

-  3 -



ch a ra cters  and in s e c t  o r ie n ta t io n  and damage on the v a r ie t ie s .  

She e f f e c t  o f  s i l i c a  and prote in  con ten ts  o f  til ant a on the 

damage in te n s ity  o f  the p lan t has been stu d ied , H ost-b io logy  

r e la t io n s  o f  S . lugens on e igh t r ic e  v a r ie t ie s  have been worked 

ou t.
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distribution

The brown planthopper, Hllaparvata lugens Stal has 

been reported as a major pest from most rioe growing countries. 

The fir s t  published report on a widespread occurrence of this 

insect is  that by Hutson (1923) from Ceylon, la ter, Jardin 

(1925), Hutson (1941) and Dyck (1974) have reported its  

epidemics in Oeylon (Sri Lanka). In India, Rao (1928) has 

recorded i t  as a minor pest of rioe. Serious outbreaks have 

then been reported from India by Chakrabarthl et a l. (1971),

Das et; a l. (1972), Koya (1974) and Kulshreshtha et a l . (1976).

Corbett (1935) and S i n g h ^1. (1971) have recorded

it  from Malaysia. Esaki and Mochizuld. (1941), Kisimoto (1971),
■et*jL

Springettex(1973) and Hirao (1976) reported Its  havoc in 

Japan, lee and Wang (1958) recorded the pest from China. 

Hinckley (1963) recorded i t s  occurrence in F iji . King (1968) 

and Wongsiri (1974) observed the brown hopper incidence in 

Thailand. Pathak (1968) reported tbat i t  was a major pest in 

Philippines.

Soehardjan (1973) reported i t  from Indonesia. It  has 

also been reported from Solomon Islands (Anon. 1974, 1975 b). 

Hale and Hale (1975) reported a severe incidence of the pest 

in Hew Guinea islands. Dyck (1977 states that the brown
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planthopper i s  found in  South, South-east and East Asia, 

the P a c if ic  is lan ds and A ustra lia .

Biology and ecology

H ilaparvata lugens was f i r s t  described by Stal in 1854 

as DelPbax lugens. la t e r  Distant (1906) erected the Genus 

KilaParvata based on KilaParvata lugens.

Caresche (1933) was the f i r s t  to work on the b iology 

and ecology o f  the broxw planthopper in  Indonesia. He 

observed that the eggs la id  in  the le a f  tissu e  in  batches o f  

5 to 30, hatched in s ix  days? development was completed in 

f i fte e n  days and the adults liv e d  fo r  three weeks. Both 

adults and nymphs remained on th e  lower parts o f  the plants 

near the water le v e l  sucking the sap and secreting  honey dew; 

they seldom l e f t  the plant u n til i t  was com pletely exhausted. 

Eisimoto (1956) studying the e f fe c t  o f  cro\irding o f  nymphs 

on the development o f  wing forms o f  the adult hoppers found 

that low  density  and optimum conditions o f  food supply during 

la rva l development were necessary fo r  the appearance o f  the 

brachypterous fem ales whereas optimum density under favourable 

con d itions o f  food  supply produced brachypterous males. 

Overcrowding o f  the nymphs and w iltin g  o f the host plants 

resu lted  in the production o f maoropterous forms and these 

con d ition s  prolonged the developmental period o f  the nymphs.

Suenaga (1958) found that the adults liv ed  fo r  10 to



20 days in summer and 30 to 50 days during autumn. Females 

kept at 20°0 had an oviposition  period o f  21 days and i t  was 

reduced to 3 days when kept at 30°0.

Takezava (1961 a) studied the over wintering o f  the 

brown planthopper eggs and found that they hibernated quite 

successfully in the laboratory under normal temperature 

conditions. He (1961 b) further observed that in eggs la id  

in la te  autum, the number that hibernated increased withO
lateness o f  ov iposition . Hatching a b ility  decreased with 

time after January and with the onset o f spring temperature, 

Miyake and Fujiwara (1962) studied the overwintering and 

diapause o f  H. lugens in Japan. According to them, the eggs 

destined to diapause, were la id  by females bred on mature 

rioe  plants and high nymphal densities, lower temperature 

and shorti-day photoperiod.

Jhono (1963) found that short day length and high 

temperature increased the percentage o f  brachypterous males 

while the day length had no e ffe ct  on development o f winged 

females.

Suenaga (1963) in h is detailed study on the biology 

and ecology o f the pest with special reference to outbreaks 

observed that a macropterous female la id  about 300 to 350 

eggs and brachypterous females la id  mors eggs. The flig h t  
dispersal took plaee during the preoviposition period in the

-  7 -
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evenings o f  hot humid days. The adult hoppers remained 

active in  a wide range o f  temperature from 10° to 32°C 

and the maoropterous fem ales were non to le ra n t o f temperature 

extremes than the males. The in sect overwintered either 

as eggs o r  as f i f t h  in sta r  nymphs. H inckley (1963) observed 

that fa c to r s  lik e  the amount o f  r a in fa l l ,  typo o f  cu lt iv a tio n , 

age o f  the r i c e  crop, the species composition o f  the 

populations and the abundance o f  the parasites  influenced 

the outbreak o f  brown planthopper.

Mochida (1964 a) studying the re la t io n sh ip  bet\;een 

clim atic  conditions and occurrence o f planthopper pests in 

Japan observed that P. lugens caused severe damage in the 

south west, but was not severe in coo le r  areas. .Population 

tended to increase in autum and i t  increased with hours o f  

sunshine. Temperature in  autum appeared to  favour population 

in crea se . Later, he (1964 b) found that the temperature 

a ffeoted  the fecundity o f  P. lusens. There was no d iffe ren ce  

in the number o f  eggs per group between macropterous and 

brachypterous females or between groups maintained at d iffe re n t 

temperatures.

Klsimoto ( 1965) studied polymorphism aad i t s  rd le  in 

the population growth o f  the pest and found that the pre- 

ov ip os ition  period was shorter fo r  brachypterous than f o r  the 

maoropterous fem ales. Under favourable con d itions the 

brachypterous forms were adapted to rapid m u ltip lica tion



whereas the macropterous forms were better adapted fo r  

unfavourable conditions. Wetanebe (1967) agreed with these 

find ings regarding the development o f  brachypterous forms. 

Laboratory experiments at the International S ice  Researoh 

In stitu te  (Anon., 1967) showed that temperatures over 25°C 

wera generally unfavourable to the in sect, and there was 

reduction in the l i f e  span, fecundity and survival percentage. 

A lternating high and low temperatures proved le s s  unfavour

able than eonstant high temperature,. This observation led 

them to believe  that part o f  the population was lik e ly  to 

survive in natural conditions o f  hot days and co o le r  nights.

Misra and Isra e l (1968) observed that the brown 

planthopper la id  eggs in the mid r ib s  o f  both the le a f  sheath 

and lea fb lade , placing them in the a ir ca v it ie s  o f  the mid 

r i  bs.

Pathak (1968) found that the preoviposition  period o f  

brachypterous forms were usually shorter than that o f 

maoropterous forms. The maoropterous forms were adapted fo r  

migration and they were formed under conditions o f  crowding 

and shortage o f  host plants. More brachypterous forms developed 

at low temperatures.

Bae and Pathak (1969) observed that the brown plant

hopper was abundant in the f i e ld  towards the time o f  orop 
maturity in con trast to B’euhotettix sp ., and Soaatella sp .,
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which ware abundant during the early stages o f  plant growth. 

Anon. (1969) xeported the abundance o f  the in sect in irr ig a te d  

and waterlogged f i e ld s  in F i j i .

Ho and l i u  (1969) stated that in Formosa the in se c t  

overwintered in a l l  s tages in rtce  stubbles, wheat and other 

plants and that an outbreak could be expected i f  the cumulative 

average temperature during the overwintering exceeded 2100° 0. 

Bae and Pathak (1970) observed that the optimum development 

was at 25°0 to 29°0j 33°C was detrimental to e l l  stages o f  

the in s e c t . The detrim ental e ffe c t  was m odified considerably 

by rearing the in sect at 12 hour a lternation s o f  high and low 

temperatures.

Kuno and Eokyo (1970) worked out the duration o f  l i f e  

o f adult brachypterous females under natural conditions in  

r ic e  f i e ld s  in  Japan. They observed that the females liv e d  

fo r  about eight days as compared to twenty days in the 

laboratory  and that each la id  about 400 eggs as compared to  

800 in outdoor cages. Predation by sp iders was thought to  

be a p oss ib le  reason fo r  reduced l i f e  expectancy.

Asahina (1971) c o lle c te d  N. lugens on a weathersbip 

about 500 kilom eters south o f  mainland o f  Japan and reported 

mass f l ig h t s  o f  the in s e c t .

Ohkubo and Kisimoto (1971) in  th e ir  studies on the 

f l ig h t  behaviour o f  the in sect m  Japan observed that the
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adu lts fle w  at sunrise and su n set. A c t iv ity  was o f  a 

bimodal crepusular type . The threshold  tem perature f o r  

take o f f  was 17°C. ELlght was suppressed by winjsl speeds 

in  excess o f  eleven k ilom eters  per hour. The proportion  

o f  fem ales in  f l ig h t  v a r ie s  from 20 to  60 per cen t.

Hirao (1972) observed that R. lugens underw ent fo u r  

generations in  a year. Braohypterous adult fem ales were 

observed with the emergence o f  the th ird  generation  and 

hopperburns f i r s t  appeared at sueh s i t e s .

Ohkubo's (1973) stu d ies  on the f l ig h t  a c t iv ity  o f  

the in s e c t  showed that most in d iv id u a ls  were capable o f  

continuous f l i g h t  f o r  severa l hours and cou ld  m igrate fo r  

lon g  d is ta n ce s . The threshold  temperature f o r  f l i g h t  was 

about 16 .5°C . There ex isted  a negative c o r r e la t io n  between 

wind v e lo c i t y  and f l ig h t  du ration , f l ig h t  cea sin g  at 

v e lo c i t i e s  above 5 .5  m iles  per second. There was a p o s it iv e  

c o r re la t io n  between duration o f  f l ig h t  and r e la t iv e  humidity.

At 2 7 .5°C, 60 per cent RH and a wind v e lo c i ty  o f  3 m /se e ., 

f l i g h t  la s te d  f o r  about 4 hours. He concluded th at plant^hoppers 

could m igrate to  lon g  d istan ces  during the ra in y  season when 

the temperature was low  and r e la t iv e  humidity high.

Ichikawa and I s o h ii  (1974) observed that v irg in  fem ales 

v ibrated  th e ir  abdomen. The v ib ra t io n  was transm itted  through 

the substrate and males which came in  con ta ct vath the p lant



responded to the v ib ra tion  and approached the fem ales.

Takeda (1974) made sim ilar observations and found that the 

abdominal v ib ra t ion  was in  response to a v isu a l clue from 

the male. L ater, Ichikawa et a l .  (1975) eonflnned that 

female abdominal v ibration  was the only stim ulus and that 

no other stim ulus was in vo lved . The substrate v ib ra tion s  

were e le c t i c a l l y  detected and recorded on sound tape.

Playback o f  these v ib ra tion s  e l i c i t e d  the same response 

in  males as in  the o r ig in a l.

MaeQuillan (1975) observed that the f l ig h t  a c t iv ity  

o f  the in se c t  reached a peak around sunset. There was no 

d iffe ren ce  between mean monthly catches o f  adu lts in  two 

windy seasons. Mochida (1977) found that the duration 

required f o r  the completion o f  the embryonic and post 

embryonic development was con siderably  dependant upon the 

tem peratures. Further the ov ip o s it io n  rate was higher as 

the temperature became higher. I t  was a lso  observed that 

the p re -o v ip o s it io n  period was shorter fo r  the brachtyperous 

fem ales than fo r  the maoropterous form.

A ll stages o f  the in s e c t ,  namely, egg, nymph and 

adult are reported  to  be attacked by the natural enemies in 

the f i e ld .  These include p a ra s ite s , predators, and pathogens.

Esaki (1932) recorded ELenchus naoonicus as a parasite 
o f  the nymphs and adults o f  H. lusens in Japan. Other sp ecies  

o f  Elenchus were reported from F i j i  (Hinckley 1963) and
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Thailand (Kifune and Hirashima 1975). A few  species  o f 

Parasites belonging to the fam ily  Eryinidae were reported 

from Japan and Solomon islan ds (EsakL and Hashimoto, 1936, 

lacQuillan 1974).

1  species  o f  egg parasites  belonging to  the 

lam ny Jsiuophidae, Mymaridae and Triebogrammatidae were 

observed on g . lagans eggs by many workers. Of these, 

O otetrastichas beatus and Anasrus spp. were common and 

e f fe c t iv e  (Fukuda 1934, Yasumatsu and Wetnabe 1965, Otake 

1970, Lin 1974).

The mirid bug Ovrtorhinus liv id jp e n n is  was reported 

as an e f f ic ie n t  predator on the eggs and nymphs o f If. lugens 

from many countries (Suenaga 1963, Bae and Pathak 1966, 

MacQuillan 1968, Wan 1972, lERI 1975, Pawar 1975, Murthy et a l . 

1976, Stapley 1976). I s r a e l  and Rao (1968) observed C oeclnell a 

arc u at a as a predator on the brown planthopper. Later i t  

was a lso  reported from kerala by Abraham et a l. (1973). SamaL 

and Misra (1975) recorded twenty species o f  spiders feed ing 

on g . lugens in India. According to them s a lt ic id s , ly co s id s  

oxyopids were the most voracious groups.

Most o f  the rep orts  on m icrobial pathogens a ffe c t in g  

the brown planthopper re la te  to that o f  entomogenous fungi 

and nematodes. Bae (1966) reported a suspected f i e ld  in fe ct ion  

o f g .  luaens by the fungus Entomophthora s p ., Okada (1971)
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is o la te d  an entomophtboraceous fungus C onidjobolus sp. from 

the in s e c t .  A p a ra s it io  nematode iigamermis unka was recorded 

on b . la sen s by Kano and Ho Icy o (1970) from Japan.

Feeding and hone.vdew excretion

The feeding behaviour o f  the brown planthopper has 

been the su b ject o f  stady o f  many workers since i t  canses 

the ch a r a c te r is t ic  hopper born to r ic e  p la n ts . Sogawa (1971) 

fonnd that in  the coarse o f  s ty le t  penetration  the in se c t  

e je c te d  a coagolable sa liv a ry  secretion  which rap id ly  set to  

a ge l en closing  the protroded s ty le ts  and thns forming the 

'S ty le t  sheath ' in the plant t is s u e . This secretion  a lso  

l e f t  a c ir o a la r  spot at the s ite  o f  s ty le t  in sertion  on the 

p lant su rfa ce . The 'S t y le t  sheath' showed a sin g le  or branched 

tubular stru ctu re  being 3 .5  to  5 .0  /u in diam eter a®d sometimes 

over 300 /a in len g th . The s ty le t  was mainly in serted  in tra 

c e l lu la r ly  passing the parenchyma. The sheath was curved 

towards the vascu lar bundles in d ica t in g  that the in sect fed 

from the v e s s e ls . The sheath terminated more frequ en tly  in  

the phloem than in  xylem t is s u e s . In the course o f  feeding 

the hopper excreted  hoseydew. The honeydew excretion  by males 

was only about one tenth o f  that o f  fem ales. The hopperbarn 

was suggested to be due to the disturbance o f  p rote in  metabolism 

in  the le a f  b lades as a resu lt o f  drainage o f  the fr e e  amino 

a c id s , passing through the vasou lar t is su e s , by th e  in se c t .
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Mochida (1972) studied the rate o f  sap ingestion
14using 0 la b e lled  seedlings. There was no d ifferen oe  in 

the quantity ingested by maoropterous females during the 

preoviposition  and oviposition  periods. The quantity 

ingested by adults was c lo se ly  correlated  to the body weight 

and water contents. l i f th  in star nymphs ingested the largest 

quantity despite th e ir  lig h ter  body weight. Cagampang et aL.

(1974) studying the m etabolic changes in the r ic e  plant 

during in festation  by the brown planthopper found that the 

leaves o f  in fested plants declined in moisture, ch loroph yll, 

soluble protein, and protease a c t iv ity , but increased in 

free  amino-1 and amino acid. Heavy in festa tion s  resu lted  

in over 50-fold  increase in the le v e ls  o f arginine, asparagine, 

ly s in e , proline and tryptophan, with a s ix fo ld  increase in 

free  aminoacids o f  lea fb lades. Severe damage was accomj^nied 

by decline in the rate  o f leucine uptake by the plant. They 

also contended that the feeding sheaths plugged the sylum 

and phloem vessels o f  the plant. Such plugging might impair 

the p lan ts ' water balance or i t s  water potential which 

contributed to t he hopperburn symptom.

Kurata et a l .  (1976) observed in laboratory biossay 

that certain aromatic amines were feeding in h ib itors  to the 

in sect when added to the sucrose solution  fed to i t .

Sakai et a l . (1976) studied the e ffe c ts  o f  nutrient
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compounds on sucking response o f the brown planthopper and 

found that the flu id  intake was markedly enhanced on 20 

per cent suorose so lu tion . The accep tab ility  o f sucrose 

solution was further improved when aminoaoids, vitssnins and 

minerals were incorporated.

Sekido et a l. (1976) noted that s a lic y lic  acid was a 

s p e c if ic  probing stimulant fo r  S. lugens. It  was also proved 

that more potential probing stimulants other than s a l ic y l ic  

acid were present in the r ic e  plant sap.

Sogawa and Chen (1977) reviewed the possible causes 

b f hopperburn damage and suggested as fo llow s! "The drain 

o f  phloem sap and the physiological disruption o f  active 

transportation in the phloem by sustained feeding could 

reduce the rate o f translocation o f  photosynthatss to the 

roo t system. That would disturb physiological a c t iv it ie s  o f  

the root system and then enhance le a f  senescence. The 

p ro te o lit io  products such as aminoaoids and amides wiH be 

accumulated in t he leaves".

Honeydew excretion by the hoppers i s  related to feeding. 

Sogawa (1970 b) observed that frequency o f  honeydew excretion 

in the adult females varied from 7 to 40 droplets per hour.

The rate o f  excretion during feeding was 0.5 /ul to 5/Ul per 

hour. The to ta l amoUnt o f  da ily  excretion by one female 
averaged 13 f i l .  She insect excreted considerable amount o f 

sugarfree matter as well as matter containing sugar, which showed
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that the in seot in g ested  sap from both phloem and xylem .

She honeydew a lso  contained  amino compounds. Hoda .et a l .

(1973) observed that the honeydew excreted  by the hopper 

con ta ined  18 asninoaeids. When the m s e o t s  were fed  on 

d is v i l l e d  water alone only tra ces  o f  amisaoacids could be 

deteoted  in  the honeydew and thus concluded that the fr e e  

am inoaoids were derived  from th e  in g ested  plant sap.

a lte rn a te  hosts

The sporadic occurrence o f  the pest in  r i c e  growing 

areas have led  many workers to  suspect the ex isten ce  o f  

a lte rn a te  hosts f o r  the brown planthopper, The a v a ila b i l i t y  

o f  n on -r iea  host p la n ts  i s  be lieved  to have a p o s it iv e  e f f e c t  

on the p est abundance (Kulshreshtha et. a l . ,  1974, Fernando, 

1975, Varea and Feuer 1976).

I t  was rep orted  from P h ilip p in es  (IBB.I 1970, 1976) 

that variou s weeds served as temporary food  and even breeding 

p lan ts  f o r  the in s e o t .  I t  was a lso  noted that the in s e c t  

la id  eggs on barnyard grass E ch inocloa  c r u s g a l l i . However,

Elm £ t  a l .  (1975) observed that in  Japan, barnyard grass 

showed no s ign s o f  being damaged in  r i c e  f i e ld s .  Wymphs 

could  notsgrow on the grass and died  in  a few  days. An extract 

o f  barnyard grass showed an an tifeed a n t e f f e c t  when added to 

su crose  s o lu t io n . Mochida and Okada (1971) compiled 90 species  

b e liev ed  to be host and o v ip o s it io n  p lan ts  o f  H. lu g en s . But, 

Mochida (1977) expressed the view  that Oryza sa tiva  was the
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main host plant and some other species  o f  Oryaa probably 

became host plants in  the open f i e l d .  2 * lusens may be unable 

to repeat the generations on other plants under natural 

con d ition s .

Damage

The studies undertaken at the I RBI (IRRI 1968) showed 

that plants 25 days a ft e r  planting could withstand in fe sta tion  

o f  100 nymphs or 8 adult per clump without any apparent damage. 

But in fe sta tion  with 200 nymphs or 16 adults severely reduced 

t i l le r in g  and k il le d  some plants while that with 400 nymphs 

per p lant caused w ilt in g  in two days. Older plants were le s s  

e a s ily  k i l le d ; 400 nymphs or 32 adults per plant, at 50 or 

75 days a fter planting caused w iltin g  in two weeks, but when 

the in s e c ts  were removed the plants recovered. Further 

stu d ies at IRRI (JHRI., 1970) yielded quantitative data on 

y ie ld  lo s s e s  caused by d iffe ren t le v e ls  o f  population o f  both 

nymphs and adults, feed ing  fo r  varying periods on plants o f 

d if fe re n t  age groups. When f i r s t  in s ta r  nymphs were caged 

fo r  two days on plants 2 j  days a fte r  planting a l l  p lants 

caged with 400 nymphs and 75 per cent o f  plants caged with 

200 nymphs wilted com pletely. In festa tion s  with sm aller 

populations o f  50 and 100 nymphs per plant fo r  two days did not 

show w ilt in g . Plants in fested  at 50 and 75 days a fte r  planting 

were more to lerant to damage. Such plants caged with 400 

nymphs started w iltin g  two weeks a fte r  in fe s ta tio n , but
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recovered  when the in s e c ts  were removed. In festa tion  with 

50 nymphs f o r  two %j-eeks, though did n ot show apparent symptoms, 

produced high percentages o f  empty grains which was not 

m anifested on 25 days old p lants. High le v e ls  o f  in se c t  

populations on test p lan ts  o f a l l  age groups reduced the 

number o f  t i l l e r s ,  number o f  pan icles  and to ta l grain weight 

per p la n t.

Bae and Pathak (1970} found that higher papulations 

caused hopperburn while low er le v e ls  o f  population reduced 

the number o f  p an icles  and to ta l grain weight o f the p la n ts . 

They fu rth er  observed that u n fille d  gra ins resu lted  from 

in fe s ta t io n s  during che reproductive growth stage o f  the 

p lants but not from in fe s ta t io n  dring the vegetative stage.

Kalode (1971) found that hopperburn was population 

dependent. The in i t ia t io n  o f  hopperburn was f i r s t  m anifested 

within two days in  p lants in fested  with 320 in s e c ts . Complete 

burn was observed yjithin three to f i v e  days o f  in i t ia t io n  o f  

w ilt in g .

In vestiga tion s  at IHRI (IRHI 1974) showed that the 

brown plant hopper nymphs caused greater damage to p lants 

at 21 to  39 days a fte r  seeding. For most o f  the growing 

period  the plants could to le ra te  5 or 10 nymphs per t i l l e r  

fo r  two weeks. The economic in ju ry  was c lo s e ly  re la ted  to 

crop  age. Plants above 40 days a fte r  seeding could to le ra te  

la r g e r  d en sities  fo r  a short tim e. Studies on hopperburn



ind icated  that to ta l aminoaoids p a rticu la r ly  proline  le v e l  

was higher in  l e a f  blades o f  in fe sted  p lants and th is

phenomenon was attribu ted  to  water stress  in  lea v es .
v i

Susceptib le v a r ie t ie s  could to le ra te  a lim ited  number o f 

in se c ts  f o r  a lim ited  time without appreciable y ie ld  lo s s e s  

(IRRI 1975). However, H sim oto (1976) found that hopperburn 

usually occurred on r i c e  p lants nearing m aturity . The 

percentage o f  y ie ld  lo s s  due to hopperburn varied grea tly  

according to  when the burn occurred} SO to 90 per cent lo s s  

occurred when the p lants su ffered  burn within 30 days a fte r  

heading,

Fernando (1975) observed that in  tr o p ic a l areas 

where r ic e  a s  grown throughout the year hopperburn could 

occur at any stage o f  growth. Park and le e  (1976) found that 

hopperburn appeared in  the f i e ld  in 40-60 days a fte r  in fe s t a 

tion and caused more than 60 per cent y ie ld  lo s s e s .

V arieta l res is ta n ce

Experiments at the IRRI (IBRI, 1969, 1970) showed 

that the v a rie ty  Hud go was resis tan t in  that i t  showed the 

le a s t  su rv iva l percentage and population bu ild  up. The in seo t 

lo s t  weight on th is  v a r ie ty . Pathak jet a l .  (i960 ) also 

observed that the variety  Mudgo was highly r e s is ta n t  to the 

p est. The reduced feed ing  on th is  v a rie ty  was a ttribu ted  to 

the laok  o f  a necessary feed in g  stimulus or due to the presence 

o f  a strong re p e lla n t . Bae and Pathak (1970) studied the
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s u s c e p t ib i li ty  o f  20 se lected  r ic e  v a r ie t ie s  to H. lugens.

They observed that while there was some a n t ib io s is  e f f e c t ,  

to lerance  to hopperburn was the major fa c t o r  in  the d if fe re n ce  

in  s u s c e p t ib i l i ty .

Sogawa and Pathak (1970) in vestiga ted  the mechanism 

o f  re s is ta n ce  in Mud go v a r ie ty  and suggested that lower 

asperagine contents was a fa c t o r  f o r  i t s  hopper re s is ta n ce , 

jit the IRRI (IRRI 1971) the nymphs o f  I „  lugens suffered 

high m o rta lity  and grew slow ly  on re s is ta n t  v a r ie t ie s . 

Consequently the population bu ild  up was a lso  low. Morpholo

g ica l d if fe re n ce s  in  v a r ie t ie s  were not corre la ted  with 

d iffe re n ce s  in  re s is ta n ce . Chang and Chen (1971) evaluated 

d if fe r e n t  v a r ie t ie s  f o r  resis tan ce  to  H. lugens and observed 

that stra in s  H. 105, Muthumanikggn and IR4-60 were h igh ly 

r e s is ta n t  while most lo c a l  v a r ie t ie s  were highly su scep tib le . 

G enetic studies revealed  that res is ta n ce  was determined by 

a s in g le  recess ive  gene.

Pathak (1971) found that re s is ta n ce  to N. lugens was 

mainly due to non-preference by the in seo t and was biochem ical. 

He confirm ed the e a r l ie r  fin d in g  that resis tan ce  in  Mudgo 

was on account o f  low er asparagine con ten ts. I t  was fu rth er 

observed that population  s u f f ic ie n t  to  k i l l  seed lings o f  

su scep tib le  v a r ie t ie s  caused l i t t l e  damage to those o f  re s is ta n t 

v a r ie t ie s . Sogawa (1971) observed that one o f  the resistan t 

fa c to r s  o f Mudgo was loca ted  in  the chemical q u a lity  o f  the
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plant saPs probably  lowered con cen tration  o f  phagostim ula- 

tion  am inoaoids. I t  in flu en ced  the hopper fe e d in g  through 

gustatory response and consequent reduction  in  food  uptake.

The reduced in g e stio n  was re sp o n s ib le  f o r  low ered fecu n d ity  

and subsequent fa i lu r e  o f  population  bu ild  up. Pathak (1972) 

observed that the in se c t  ex h ib ited  d is t in c t  n on -preference 

to  certa in  v a r ie t ie s .  The occurren ce  o f  any mechanical 

b a rr ie r  was ru led  ou t.

Parker e t a l .  (1973) rep orted  that v a r ie t ie s  Mudgo 

and MaShuri were r e s is ta n t  to brown planthopper in  M alaysia. 

J a ya ra j .et a l .  (1974) tested  31 r i c e  V a r ie t ie s  f o r  re s is ta n ce  

to N. lugens in Coimbatore and observed that s ix  v a r ie t ie s  

escaped a ttack  w hile oth ers su ffered  median to  severe damage. 

GunaVardane et a l ,  (1975) reported  f i v e  v a r ie t ie s  r e s is ta n t  

to  the in s e c t  in  Sri Lanka. Hirao and Todoroki (1975) studied

the mechanism o f  r e s is ta n ce  to the brown hopper and observed

th at non preferen ce  was the most im portant fa c t o r  fo llow ed  

by to le ra n ce  and a n t ib io s is .  Kulshreshtha at a l .  ( 19 7 6 ) 

rep orted  that v a r ie t ie s  Ratna and Shakti showed to le ra n ce  

under Indian c o n d it io n s . Thomas (1976) found that v a r ie t ie s  

Ptb 19, Ptb 33 and ARC 6650 showed re s is ta n ce  m  seed lin g  te s ts  

in  K erala, In d ia . Most v a r ie t ie s  recorded  as r e s is ta n t  in 

P h ilip p in es  were found to be su sce p tib le  in  South In d ia  and 

Sri Lanka due to the ex isten ce  o f  d i f fe r e n t  taotyp es.

V a r ie t ie s  Ptb 33 and ARC 6650 were found to r e s is t  a l l  the
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three b lotypes (IRRI 1976).

Saxena (1975) found in  laboratory  experiments that 

the odour o f  su scep tib le  v a r ie t ie s  lik e  Taichung Native- 1 

and IRS stron g ly  a ttracted  the hopper, while the odour o f 

res is ta n t v a r ie t ie s  Mudgo and IR26 were u nattractive .

Karim (1975) concluded that the p r in c ip a l mechanisms o f  

res is ta n ce  to brown planthopper were non preferen ce and 

a n t ib io s is . Saxena and Sogava (1977) in v e stig a tin g  on the 

fa c to r s  that govern the s u s c e p t ib i li ty  and res is ta n ce  o f  

r ic e  v a r ie t ie s  to  the brown planthopper, observed that although 

a l l  the tested  v a r ie t ie s  were equally  su itab le  f o r  o v ip o s it io n , 

s ig n if ic a n t ly  low er number o f  eggs hatched on the res is ta n t 

v a r ie t ie s  than on su scep tib le  ones. Further, the reduoed 

qu a n tities  o f  food  ingested  from res is ta n t v a r ie t ie s  and i t s  

in e f f ic ie n t  u t il is a t io n  because o f  lower n u tr itio n  value o f 

the ingested sap lead  to the poor growth o f  la rv a e  and reduoed 

lon g ev ity  and egg production in  adu lts.

Pat hank and ICush (1977) observed that the in sect 

exh ib ited  d is t in c t  gustatory non-preference fo r  certa in  v a r ie t ie s  

and no m echanical ba rr ier  to  the in s e c t s ' feed ing  was apparent 

in any o f  the res is ta n t v a r ie t ie s .  They fu rth er  stated that 

several b iotypes o f  the brown plant hopper ex isted . According 

to  them the brown plant hopper biotype in  India and Sri Lanka 

i s  apparently d iffe re n t from a l l  the three b iotypes 

and i s  more p r o l i f i c .



E ffe ct  o f  plant n utrien ts  on outbraks o f  N. lugens

Abrahsn (1957) was the f i r s t  to show that piant -  

hoppers ware dense on plants treated with a la rg e  amount o f 

n itrogen . Sogawa (1970 a) observed that nitrogen  d e fic ie n t  

p lants were le s s  a ttra c tiv e  to  the female planthopper.

They fed le s s  on such plants and t h e ir  fecu n d ity  was reduced.

The lowered feed ing  was a ttribu ted  to  lower concentration  

o f amino n itrogen  and the reduction  in  fecu n dity  was 

a ttribu ted  to the fa i lu r e  o f  the hopper to take s u ff ic ie n t  

sac rather than to any la ck  o f  n u tr ition  value o f  the sap that 

was ingested .

Cheng (1971) observed that n itrogen treatment resu lted  

in  increased a ttra ctiv en ess  o f  the plants to the p est, increased 

su rv iva l rate  and m u ltip lica tion  o f  the in se c t  on th e  one 

hand and increased plant v igou r and tolerance towards plant

hopper attack  on the other. In su scep tib le  v a r ie t ie s  a high 

dose o f  nitrogen favoured the development o f  the in s e c t .  No 

d iffe re n ce s  were observed in r e s is ta n t  v a r ie t ie s  treated  with 

d if fe r e n t  doses o f  n itrogen . When plant damage was taken as 

the c r it e r io n , the le v e l  o f  damage to re s is ta n t v a r ie t ie s  was 

not a ffe c ted  by the dose o f  n itrogen , but a lo c a l  susceptib le  

v a r ie ty  was as r e s is ta n t  as Mudgo in  the absence o f  n itrogen , 

but su ffered  moderate damage a fte r  nitrogen treatm ent.

Kalode ( 19 7 1 ) a lso  studied the e f f e c t  o f  d if fe re n t  le v e ls  o f  

n itrogen  on the v a r ie ta l s u s c e p t ib i l i ty  and su rv iva l o f
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N. lagans. He observed that in  the susceptib le va rie ty  

Taichung N ative-1, there was a s ig n if ic a n t  d iffe re n ce  in  the 

survival, among the d iffe re n t le v e ls  o f  nitrogen treatment. 

There was increased f e r t i l i t y  o f  females reared on higher 

nitrogen doses. The treatment had no e ffe c t  on the hopper 

su sce p tib ility  o f  Mudgo. Adult survival was not a ffected  

by the treatment. The favourable e f fe c t  o f  n itrogen on the 

fecund ity  o f  the in se c t  was fu rth er  elucidated by Oheng (1975).

Apart from these c r i t i c a l  stu d ies , many workers have 

a ttribu ted  the use o f  nitrogenous f e r t i l i z e r s  as a probale 

reason fo r  hopper outbreaks in  recen t years (Is ra e l and Rao, 

1968, Sogawa and Pathak, 1970, Ngoan 1971, Das .gt a l .  1972, 

Soehardjjan 1973, Abraham and Nair 1975, Veluswsmy et a l . 1975, 

Itulshreshtha _et a l. 1976, Varea and Peuer 1976).

Dyck jet a l .  (1977) reviewing th is  aspect contended 

that addition o f  nitrogenous f i r t i l i s e r  was a fa c t o r  in 

in creasing  planthopper abundance. According to them the 

reason fo r  th is  abundance had something to do with the n utri

t io n a l status o f  the plant and the in s e c ts ' physiology rather 

than the mere change in the microenvironment.

E ffect o f  potash n utrition  on brown hopper incidence 

has been studied by re la t iv e ly  few workers. Vaithilingam

(1975) studied the e ffe o t  o f  potash application  on the 

in cidence o f  r ic e  pests and observed that incidence o f  brown
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planthopper was least in plots wbioh received higher levels 
o f  potash, The hoppers that fed on plants receiving higher 
potash excreted le ss  ninhydrin-positive compounds possibly 
indicating it s  non preference fo r  feeding. Similar resalts 
on the lower incidence of the hopper in plots receiving 

higher doses were reported by Subramanian and Balasubramanian

(1976)
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MATERIALS AMD METHODS

M a teria ls

Culture o f  N. lugens

Adults o f  the brown planthopper were c o l le c t e d  

from Eole lands in  Triebur D is t r i c t  in  February 1974.

These in se o ts  were reared in  the la b o ra to ry . A p a ir  o f  

adu lts were is o la t e d  from th is  co lon y  and they were allowed 

to  m u ltip ly  in  rearin g  cagss on potted  p la n ts . The progenies 

o f  th is  p a ir  vrere maintained in  pure cu ltu re and they were 

used fo r  the experim ents.

A spirator

A g la ss  a sp ira to r  was used f o r  c o l le c t in g  the hoppers 

from tie f i e l d  and a lso  fo r  tra n s fe r r in g  the in s e o ts  in the 

la b o ra to ry .

F ie ld  cases

F ie ld  cages o f  the s iz e  1.8m x 1.2m x  0.9m made o f  

wooden frane and bottom and covered with f in e  nylon net on 

a l l  the s id e s  and top  were used f o r  keeping the potted plants 

to  rear the in s e c t  under f i e l d  co n d it io n s .
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Laboratory rea rin g  oases

C y lin d r ica l rearing cages were made with polythene 

sheets supported on iron  fram es. Ihe top ends o f  these 

cages were covered with muslin c lo t h . Cages o f  the s ize s  

40 cm diam eter x 65 cm h eigh t, 30 cm x 30 cm and 20 cm x  45 cm 

were used to  s u it  the s iz e  o f  pots used f o r  ra is in g  the 

seed lin g s .

Paper cups

Icecream  cups were used f o r  growing s in g le  seed lings 

f o r  b io lo g y  stu d ies  o f  the planthopper and a lso  f o r  p lanting 

s in g le  p la n ts  f o r  studying the egg la y in g  o f  the in s e c t  on 

d if fe r e n t  v a r ie t ie s  e tc .

R ice pi an its

Por bu lkrearing and b io lo g y  stu d ies  o f  the broym 

planthopper, p lants o f  the v a r ie ty  'Jaya ' were used.

Seeds o f  the d if fe r e n t  v a r ie t ie s  o f  r i c e  used f o r  

rearing  and v a r ie t a l  screen ing stu d ies  were obtained from 

R ice Research S ta tion , Pattam bi, R ice Research S ta tion , 

Monkompu and Model Agronomic Research S ta tio n , Karamana.

Methods

Bulk rearing  o f  H. lugens

Adult hoppers se le c te d  from co lo n ie s  ra ised  from a



sin g le  p a ir  o f  adults were l ib e r a te d  on 50 to  60 days old 

potted  paddy p lan ts  (J a y a ), kept in  la b ora tory  cages.

A fte r  two days, the in s e c ts  xvere c o lle c te d  back from the 

p la n ts . The p lan ts  in  the cages were kept watered, clean 

and fr e e  from predators in  the in s e c ta r y . When the p lants 

showed symptoms o f  drying due to feed in g  by the in s e c t  

c o lo n ie s  which had developed on the p la n ts , the in se c ts  

were c o l le c t e d  and lib e ra te d  on fresh  plarrts.

C o lle c t ion  o f  eggs and f i r s t  in s ta r  nymphs

l i f t y  to  s ix ty  days o ld  paddy p lan ts  grown in  small 

flow er p ots  were used f o r  t h is .  The l e a f  b lades o f  these 

p lan ts were trimmed o f f  and the p lants kept m  laboratory  

cages . Adult in s e c ts  were re lea sed  on these p la n ts . A fte r  

24 hours the in s e c ts  were removed. The p lan ts  were kept 

in the la b o ra to ry  cages and examined d a ily . F ir s t  in s ta r  

nymphs emrrged a ft e r  7 to 8 days and could be seen on the 

l e a f  sheaths.

Studies on the b io logy  o f  W. lugens

One month old  r ic e  seed lin g s  (v a r ie ty , Jaya) planted 

s in g ly  m  paper cups were used f o r  b io logy  s tu d ies  o f  the 

in s e c t .  The p lant in the paper oup was p laced  in  a long 

beaker, over which a hurricane g la ss  chimney was placed and 

the upper end o f the chimney was closed  with muslin c lo t h .

A pa ir o f  f r e s h ly  emerged adu lts  were in troduced  in to  the
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the chimney. The in s e c ts  oould be observed through the 

beaker. Observations were recorded on the mating, pre- 

o v ip o s it io n  and o v ip o s it io n  periods, fecu n d ity , lon gev ity  e tc . 

fo r  determination o f  fecundity  and lo n g e v ity , fresh  p lants 

were introduced in to  the beaker d a ily , t i l l  the in s e c ts  d ied .

The exposed plants were taken out and examined under a 

b in ocu la r  m icroscope to  count the eggs.

To ascertain  the cumber o f  m oultm gs and nymphal 

in s ta r s , fre sh ly  emerged f i r s t  in s ta r  nymphs were reared 

out s in g ly  on one month o ld  r ic e  seed lin gs  planted in  paper 

cups and enclosed in  open specimen tubes (15 cai x 4 om).

The upper end o f  the tube was closed  with muslin c lo th .

To study the d is tr ib u tion  o f  eggs on the d if fe r e n t  

parts  o f  the p lants adult females were confined on 50-days 

old potted  plants p laced in cages. The side t i l l e r s  were 

cu t and removed, allow ing only the main t i l l e r  to  remain.

.After 48 hours the in s e c ts  were removed, the p lants were 

examined under a b in ocu la r  m icroscope and the eggs counted.

S f fe c t  o f  temperature and humidity on the b io logy  o f
I .  lugens

The various constant hum idities required f o r  the 

experiment were obtained in d ess ica tors  o f  su itab le  s ia e  

w ith th e  help o f  appropriate concentration  o f  potassium 

hydroxide d issolved  in  d is t i l le d  water according to  Buxton(1931)
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Ihe d e s s ica to rs  were placed in s id e  in in cu bator  s e t  at the 

desired  tem perature. Cut b i t s  o f  the basal p ortion  o f  the 

stem o f  50 to 55 days old  p lan ts  were p laced in s id e  specimen 

tubes and ten f i r s t  in s ta r  nymphs were in trodu ced  in to  each 

tube and c lo se d  with muslin c lo t h .  The specimen tubes were 

p laced in s id e  the d e ss io a to rs . Fresh food  was supplied 

everyday. There were three r e p lic a t io n s .

E ffe c t  o f  crowding on the b io lo g y  o f  g .  lugens

k F ir s t  in s ta r  nymphs o f  £ .  lusens in  groups o f  50,

100, 200 and 400 were put on 50-55 days o ld  Jaya pfcants in  

labora tory  ca g es . Three clumps xvere planned in  each pot 

in  the cages so as to ensure adequate supply o f  food  f o r  

the nymphs. The p lants were p e r io d ic a lly  examined, ’ /hen 

adults s ta rted  emerging, they were removed d a ily , counted 

and other fe a tu re s  l ik e  sex r a t i o ,  number o f  brachypterous 

form s, weight o f  aduli® e t c . ,  n oted .

S u ita b i l it y  o f  weeds as a lte rn a te  hosts f o r  W. lugens

Weed p la n ts  were grown in  separate flo w e r  pots and 

f i v e  pa irs  o f  three days o ld  adult hoppers were con fined  on 

them in  g la ss  hurricane chimneys. The upper ends o f  the 

chimneys were c losed  with m uslin c lo t h . -After 24 hours the 

exposed p la n ts  were examined f o r  egg la y in g  on them. S im ilar 

sets  o f  p lants were kept in  the in seetary  fo r  observing the 

emergence o f  nymphs. KLrst in s ta r  nymphs were re leased  an
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weed plants in glass chimneys in groups o f  ten and their 

survival recorded at fixed  in te rv a ls . Freshly emerged 

adults were caged in groups o f  ten to observe the adtCLt 

survival on weed plants.

E ffect o f  age o f  host plant on the biology o f  H. ljj^jens

Rice plants (variety Jaya) o f d if fe re n t age groups, 

15 days, 45 days, 75 days and 105 days to represent the 

seedling stage, maximum t i l le r in g  stage, panicle in itia tion  

stage and flowering stage resp ective ly , were uprooted, out 

and kept in moist g lass bottles and f i r s t  instar nymphs were 

introduced on them. Fresh food was supplied on alternate 

days. She duration o f  the nymphal period and percentage 

survival o f the nymphs were observed.

E ffect o f  nltroen and potash nutrition  o f  host Plant 
on the b iology o f  g . lugens

A pot experiment was oonduoted with varying doses o f  

nitrogen .

Design -  Completetely randomised

Replication -  Three

Treatments -  (lev e ls  o f nitrogen)

Tq -  Ho nitrogen (Control)

S1 -  20 kg H/beetare
T2 -  40 kg N/heotare

T„ -  60 k H/hectare3 g
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-  80 kg H/hectare

Tg -  100 kg 0/h ectare

Tg -  120 kg H/hectare

Jaya r ic e  seedlings were planted in pots at the rate 

o f  four seedlings per pot. P and K were applied at the rata 

o f 50 kg per hectare as basal dressing in a ll  the pots. H 

at the varied doses was applied h a lf as basal and h a lf 15 days 

a fter  planting. The required quantities per pot were calcu la

ted , weighed and dissolved in water and then applied in the 

p ots . H, P and K were applied as ammonium sulphate, super 

phosphate and muriate o f  potash resp ective ly . Thirty days 

a fte r  planting ten pairs o f adults were confined fo r  egg 

lay ing  on each plant in muslin cages supported on iron frames. 

These insects were removed a fter  f iv e  days. On the eighteenth 

day the plants were out at the base and the nymphs developed 

were k illed  in chloroform and th e ir  number recorded.

T il le r s  from the plants were cut and kept m oist in 

wide mouthed g lass bottles  and nymphs reared on them from 

f i r s t  instar to study the nymphal duration and survival.

Adults emerging from the d iffe ren t treatments were reared 

uniformly on single  potted plants to study the longevity  and 

fecundity. & s im ilar  experiment wa^conducted with varying 

doses o f  potash, keeping H and P constant at 80 kg and 50 kg 

per hectare resp ective ly .
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lev e ls  o f  potash

o 0 (Control)
I

T.

'5
4

2

3

1 25 kg I^O/hectare 
50 kg KgO/hectare 

75 kg tgO/hectare 
100 kg KgO/hectare 
125 kg XjO/hectare

Screening o f rioe varletiea for resistance to brown 
planthopper infestation

The screening o f the rice varieties for resistance 
was conducted at two stages of growth, ( i )  at the seedling 
stage and ( i i )  at the tillerin g  stage.

for  the screening at the seedling stage, the seeds 
were sown in 60 cm x 60 cm x 10 om wooden seed boxes 
containing garden c o il  to a depth of 5 cm. 'Bach variety 
xfas sown in a row af 25 cm length. Sach box contained 24 
lin es, 5 cm apart as shown in P ig .(1). Of the 24 bines, 
four lines were o f  the susceptible check variety 'iSnnapoorna'. 
When the seedlings were 10 days old, they were thinned so 
that there were only ten seedlings in a row. The box was 
placed in a galvanised iron tray (80 am x 100 cm x 10 cm) 

containing water to a depth o f 5 om and placed inside a 
fie ld  cage. A large number of second in star  nymphs were



Jig. 1 . layout plan of
Screening o f rioe 
varieties at seedling 
stage



l a v - o u t  p l a n  o f  s c r i c n i n o  a t  S K c o u m e  s t a g e

W O O D E N  S E E D  BOX

. . . t e s t  P L A N T S

•  •  •  S u s c e p t i b l e  c h e c k
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aoattersd within tbs 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 to irrigate the seedlings, 
to keep high humidity and to ward o f f  ants. The damage on 
the seedlings caused by the nymphs (Plaje 1) was recorded 
when most of the susceptible cheok plants died which happened 
on the f i f th  day. The plant damage was graded on a aero to 
nine scale as suggested by Anon. (1975 c ) . The damage scores 
and grades ares-

Damage score Plant damage

0 No v isib le  damage
Yellowing o f one or Wo leaves 
Initiation o f  wilting of leaves

7

9

Damage
Score 0 to 3
3.1 to 5
5.1 to 7
7.1 to 9

Pronounced yellowing and wilting 
o f a ll leaves exoept the youngest one
All leaves wilted, but the stem 
partly green
Plant wilted and dead

Resistant (R)
Moderately resistant (MR)
Susceptible (S)
Highly susceptible (HS)

Screening was repeated four times.

For screening at the t i lle r in g  stage twenty days old
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seedlings o f  each variety were transplanted in separate 

pots at two seedlings per h i l l .  The pots were'manured 

at a uniform dose o f  100 : 50 : 50 leg HHC per hectare 

respectively . Twentyfive days a fter planting tbepotted 

plants were pruned to 8 to 10 healthy t i l l e r s  in a pot and 

placed inside the f ie ld  cages. One hundred second instar 

nymphs were released on plants in each pot, There were 
three rep lica tion s . Observations on the plant damage were 

recorded when the susceptible check variety Annapoorna 

wilted. The damage was graded on a zero to nine scale 

constructed fo r  the purpose. The damage scores and grades 

are as follow s

Damage score 

0 
3 
6

9

Damage grade 

Score 0 - 3  

" 3.1 -  5

" 5 .1- 7

" 7.1 to 9

Damage symptom 

No damage
Yellowing o f  leaves

leaves wilted but stem is  
fu lly  or partia lly  green

Plant dead

Resistant (R)

Moderately resistant (MR) 

Moderately susceptible (MS) 

Highly susceptible (HS)

Determination o f varietal preference o f N. lugens
for ov ip is ltion

Por th is , 30 days old plants o f d ifferen t varieties



were p lanted  s in g ly  In paper cups, arranged a t random in  

tra y s  and p la ced  in  f i e l d  ca g e s . There were three p lants 

in  each V a r ie ty . M acropterous fem ales were re lea sed  in s id e  

the cage at the ra te  o f  about ten in s e c t s  per  p la n t. A fte r  

48 hours the number o f  in s e c t s  s e t t le d  on each p lant was 

record ed . The p lants were taken out and examined under a 

b in o cu la r  m icroscop e  f o r  counting the eggs.

H o s t-b io lo g y  s tu d ie s  o f  B. lu gen s

R ice p la n ts , 40 to  50 days o ld , were cu t and kept 

m o is t  in  wide mouthed g la ss  ja r s  and 25 f i r s t  in s t a r  nyqaphs 

were in trodu ced  in to  each ja r  and c lo s e d  with m uslin c lo t h .  

Fresh p lan ts  were provided  on a lte rn a te  days. The duration 

and su rv iv a l o f  the nymphs were n o ted . The emerging adu lts 

were kept in  p a ir s  in  s im ila r  g la s s  ja r s  w ith  30 days old  

'J a y a ' r i c e  p la n ts  f o r  egg la y in g .  The p lan ts  were changed 

everyday and the number o f  eggs counted.

Study o f  p la n t ch a ra cters

T hickness o f  the stem, l e a f  sheath and l e a f  blades 

was measured by a 'T h ickness d ia l  gau ge '. The anatomy o f  

the sheath and stem was observed  by taking ic ro s s  s e c t io n s . 

The s e c t io n s  were sta ined  \vith sa fran in  and observed  under 

the m icroscop e .
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.Analysis o f chemieal components o f  plant tissues

The nitrogen contsnts o f  the plant samples were 

estimated by the micro kjeldahl method (Poidnvin and 

Robinson, 1965). The percentage o f  nitrogen was m ultiplied 

by the fa cto r  6 .2 5  to  get the protein content o f the 

samples. The crude s i l i c a  content o f the plant samples 

were determined by follow ing  the method o f Yoshida e_t a l . 

(1971).



RESULTS



RESUMS

B iology  o f  I .  lugens

O viposition s Under la b ora tory  con d ition s  a d u lts  o f  N. lugens 

emerge at n igh t or during early  hours o f  the day. Mating 

takes p lace soon a fte r  the emergence and o v ip o s it io n  s ta rts  

a day hence. The female p ie r ce s  the l e a f  t is s u e s  with the 

o v ip o s ito r  and d ep osits  the eggs in s id e  th e  td su es ; the 

operculum o f  the egg p r o je c t s  ou t. The eggs are m ostly

la id  on the l e a f  sheaths o f  the p la n ts ; the mid r ib s  where

the t is s u e s  are th ick  are p re fe rred  fo r  egg d ep os ition  than 

the th inner wings o f  the sheaths. Eggs are la id  within the

mid r ib s  o f  the l e a f  blades a ls o , In Table 1 i s  given a

summary o f  the observations made on the d is t r ib u t io n  o f  egg- 

la y in g  by ten groups o f  f iv e  fem ales each in  24 hours on the 

lea v es  and l e a f  sheaths (O rig in a l data presented in  Appendix I ) .  

I t  w i l l  be observed that when the number o f  egg masses la id  

on the l e a f  sheaths i s  on an average 6 . 0 , i t  i s  only 3 .4  on 

the l e a f  b la d es . The s iz e  o f  the egg masses a lso  v a rie s  on 

these two lo c a t io n s . Thus the average number o f  eggs per 

mass i s  13.26 when la id  on the le a f -s b e a th s , w h ile  i t  i s  only 

7 .52  when la id  on the l e a f  b la d es . Further, i t  i s  a lso  seen 

that on a P lant 77.59 per oent o f  the aggs are la id  on the 

l e a f  sheaths and 22.33 per oent on the l e a f  b la d es .



I a b l e - I .  Nature and d is tr ib u t io n  o f  egg masses la id  by H. luggna 
on the l e a f  sheaths and l e a f  blades o f r i c e

On l e a f sheath On l e a f blade T ota l Per cent n umbe:
R ep li Ho .o f ___  £ f_eggs _ .
cation Total T otal Range- Of Mean Ho. t o t a l Total Range Mean eggs 

on the 
plant

On l e a f On le i
Ho. Ho. o f

egg
masses

Ho. o f  
eggs

eggs
mass

per o f  eggs 
per mass

Ho. o f
egg
masses

Ho. o f  o f  eggs 
eggs per 

mass

Ho. o f  
eggs 
per 
mass

sheath blade

-- — ...... — — — — — -  -  — “  * “ -  - ”  — — -  -  -  - . —  _ — -  "  -  *- -  -  — — -  — — — -  -  -  -  - -  -  -

1 8 88 6 - 22 11 .0 0 2 12 6 - 6 .0 0 100 88.00 12

2 7 76 3 - 32 10 .8 6 4 26 4 - 9 6.50 102 74.51 25.49
3 3 33 8 - 17 11 .0 0 1 14 14 - 14.00 47 70.21 29 .79
4 7 98 2 - 33 14.00 4 22 2 -1 3 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 A - 24 11*67 2 32 2 -30 16.00 102 68.63 31.37
7 8 100 2 - 30 12.50 5 31 3 -13 6 .2 0 131 76 .34 2 3 .6 6

8 5 61 4 _ 20 12 .2 0 6 27 3 - 9 4.50 88 69.32 30.68
9 6 101 2 - 31 16.83 4 22 2 - 1 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

Average 6.0  78.3 13.26 3 .4  21 .9 7 .52 77.59 22.33



Plata I -  Screening o f rioe varieties 
at seedling stage
(a) Healthy ana damaged 

seedlings in separate 
'seed Poxes'

(b) Damage symptoms on 
seedlings caused by the 
infestation of N. lugens





Sable 2 summarises the observations made on the 

number o f  eggs la id  and the duration o f  the egg-laying 

periods o f  macropterous females o f  If. lusens (See Appendix II 

fo r  the complete observations). I t  can be seen that the 

number o f  eggs la id  by a female ranges from 151 to 308, 

the mean being 228.3 eggs. The preoviposition  period ranges 

from 1 to 3 days, the average being 2 .3  days. The egg-laying 

period varies from 13 to 2b days, the average ov iposition  

period being 18.2 days. Egg-laying i s  generally continuous 

on a ll  days once i t  i s  commenced, but instances o f days 

when there i s  no egg laying also i s  observed (See .Appendix I )  

which may vary from 1 to  4 days during the oviposition  

period o f the in se c t . The number o f  eggs la id  by a female 

per day varies from ojto 60, the average being 12.86  eggs.

Pig. 2 (a) represents the number o f eggs la id  daily  during 

the oviposition  period . I t  is  observed that the number o f  

eggs la id  per day increases rapidly during the f i r s t  few days 

reaching the peak by about the 9th day. Thenceforth there 

i s  a reduction in the number o f eggs la id  per' day, the rate 

o f reduction on successive days being le s s  rapid than the 

rata o f  increase seen in the beginning. Thus during an 

egg-laying period o f 28 days the peak period o f  egg-laying 

i s  from 7 th to the 13th day.

In Table 3 i s  given a summary o f  the observations 

made on the fecundity and egg-laying o f brachpterous females
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Pig. 2. (a) Daily egg laying in
macropterous females 
of JJ, lagans

(b) Daily egg laying in 
brachypterous females 
of H. lugens





Table-2. Fecundity and egglaylng o f  H. lugens (Kaeropterous)

-  -  —  -  —

rolica- 
.on Ho.

Pre-ovi-
position
period
(days)

Oviposition
period

(days)

Total 
number o f 
eggs la id

Range o f  
number o f  
eggs la id  
per day

Average 
number i 
eggs la: 
per day

1 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 11.94
7 1 21 212 2-55 10 .10
8 3 20 231 0-47 11.55
9 2 25 308 2-60 12,32

10 3 17 151 0-31 8.88

Average 2.3 15.2 228.3 12.86

Period o f study s 1-6-1975 to 30-7-1975
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la b le -3 . Fedundity and egglaying o f  If. lugens (Brachypterous)

P re-ov i- Ovi position Total Range o f Average
Replication position Period number o f number o f number o f

Ho. period eggs la id eggs la id eggs la id
(days) (Bays) per day per day

1 1 17 319 0-99 18.76
2 1 10 208 0-73 20.80
3 1 12 175 O-s-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 o f  study: 1-6-1975 to 30-7-1975



o f  H. lugens (See Appendix I I I  f o r  complete data ). The 

mean pre-ovipoaition  period i s  1 .2  days, the range being 

1 to 2 days. She egg-laying period extends from 10 to 17 

days the average being 13.7 days. The number o f  eggs la id  

per female varies  from 131 to 319, the average being 209.6 

eggs. She daily  egg-laym g varies from 8.73 to 22.92 with 

a mean o f 15.69 eggs. Etg. 2 (b) gives graphically the 

distribu tion  o f  daily  layings during the entire oviposition  

period. The i n i t ia l  daily increase in the number o f eggs 

la id  i s  rapid and reaches the peak on the 7th day. From 

the 7th to the 9th day there i s  a steep f a l l  in  the egg 

laying a fter which the f a l l  i s  gradual and slow. Thus, 

during an ov iposition  period o f  18 days the peak period o f 

egg-laying i s  from t he 5th to the 8th day.

Eggs The eggs are shaped and bunched lik e  banana fr u it s .

She egg is  creamy white when fre sh ly  la id  and turns yellow ish- 

brown during the course o f the development. She ey§s o f  the 

developing embryo are seen as two yellow  spots at the 

proximal end o f  the egg. For hatching, the nymph pushes 

open the operculum and emerges out, the egg sh e ll remaining 

within the plant t issu e . She inoubation period o f  the egg 

varies from 7 to 9 days xvith an average o f  8 days (Sable 4) •

I t  i s  also seen that the percentage hatohing is  very high, 
ranging between 80.00 and 89.61 per cent.

Hyipphs The eggs hatch normally during the early hours o f  the
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Table-4. Incubatiob period and percentage hatching o f eggs 
o f B. lagans

Bate o f Total Bate o f  Bo. o f Incubation Hatching
egg laying No. o f emergence nymphs period in <f„

eggs emerged days

1-8-75 124 10-8-75 110 9 88.70
2-8-75 118 10-8-75 95 8 80.50
3-8-75 120 11-8-75 9S 8 80.00
4-8-75 116 11-3-75 99 7 85.34
5-8-75 154 13-8-75 138 8 89.61

Mean S.O 84.83



day. But, on humid days hatching i s  observed to  take p lace  

throughout the day. In Table 5 i s  given  the re s u lts  o f  

ob serva tion s made on the duration o f  the d if fe r e n t  in s ta r s .

I t  may be seen that the average duration o f  the in s ta rs  

1 to  5 are 2 .7 , 2 .8 , 2 .6 ,  3 .1  and 2 .8  days r e s p e c t iv e ly .

The t o t a l  nymphal duration  i s  14.0 days. One c h a r a c te r is t ic  

fe a tu re  o f  the nymphs i s  the change o f  body co lou ra tion  

during the d i f fe r e n t  in s ta r s  and changes in  h ab its . Thus, 

the f i r s t  in s ta r  nymph i s  cottony w hite in  co lo u r  and moves 

on the p lant reaching the l e a f  t ip s  and gettin g  d is tr ib u te d  

t o  th e  adjacent p lan ts  on which they s e t t le  at the basa l 

p o r t io n s . Just b e fore  m oulting, the co lo u r  changes to  l ig h t  

brown. The second in s ta r  nymph i s  brownish b lack  in  co lo u r , 

remains on the basal part o f  the p lan t m  c lu s te r s  ju s t  above 

the water l e v e l .  The th ird  in s ta r  nymph has a l ig h t  fe l lo w  

body and brown head and thorax. ..'ins buds are seen developing 

at t h is  in s ta r . These nymphs remain c lu stered  at the base 

o f  the p lan ts . The fou rth  in s ta r  nymphs are yellowish brown 

m  co lo u r  with the ven tra l su rfa ce  creamy white and the wing 

pads are prominent. The f i f t h  in s ta r  nymph i s  brain  n . co lo u r . 

I t  moves about a c t iv e ly  roaming on the l e a f  blade's e sp e c ia lly  

during the morning hours. When the sun becomes hot i t  goes 

down and s e t t le s  at the base o f  the p lan t, (see P la ta  I I )

The second to  fourth  in s ta r  nymphs a»e a c t iv e  feed ers



Plate II -  Settling of nymphs anfl 
aflults of N. lttaens at 
the base o? the plant
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Tahle-S. Duration o f  nymphal In sta rs  o f  I .  lagans

R eplica tion Duration o f  in sta rs  in
Totalivo. I I I I I I  IV V

I 3 2 2 3 3 13
I I 3 3 3 4 2 15

I I I 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

VII 2 3 2 2 3 12

V III 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.C

Period o f studys 2- 8- 1975 to  30-9-1975



and they remain at the base o f  the p lants in  c o lo n ie s . But

when the plants s ta rt w ilt in g , they migrate to  other p lants.

The nymphs when d isturbed leap  and f a l l  in to  water; they can

scate on the water surface to  reach other p lants.

Just before the f in a l moulting the f i f t h  in s ta r  nymph 

turns deep brown, stops feed ing  and hold firm ly  to  the plant 

su rface . Adult w riggles out through a d orsa l s l i t  on the 

nymph at the an terior end and the exuvium remains attached 

to the p lan t.

Adults Immediately at emergence the adult i s  yellow ish  

white in  co lou r and gradually  turns brown, a n a l ly  i t  i s  

ochraceous brown d o rsa lly  and deep brown v e n tra lly . Two 

types o f  adu lts v iz , m acropterous and brachypterous forms are 

produced. Among the brachypterous forms females are more 

abundant than males which occur very r a r e ly . In the 

brachypterous forms the tegmina are transformed to small 

brownish sca le  lik e  lea th ery  structures covering only the 

an terior portion  o f  the abdomen.

L i fe - c y c le i  The to ta l duration o f  the l i f e - c y c l e  from egg 

to  adu lt ranges from 19 to 25 days, the average being 22.0 

days.

lo n g e v ity  o f  adultss The lon gev ity  o f  males and fem ales are 

shown in  Table 6 . Macropterous males l i v e  f o r  14 to  22 days, 

the mean lon gev ity  b iin g  18 days. The macropterous fem ales 

l iv e  lo n g e r  than the m ales, l iv in g  fo r  14 to  28 days with an
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TaM.e-6 . Longevity of adults o f N. lugens

Replication
Bo. of days lived

Macropterous males Hacroptenoas 
females

Brachypterous
females

I 15 18 12
II 19 26 14

III 14 25 13
I? 21 16 14
V 18 28 11

VI 16 15 12
VII 16 28 14

VIII 22 19 18
IX 19 27 11
X 20 14 17

Mean 18.0 21.4 13.8

Period o f study: 1-6-1975 to 30-7-1975
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average o f  2 1 .4  days. The brae hyp taro us females liv e  fo r  
11 no 18 Bays, th e ir  mean longevity  being 13.8 days.

E ffect o f Temperature and Humidity 
on the biology o f  H. lusens

E ffect o f d ifferen t constant temperatures and relative 

humidities on the d ifferent b io log ica l features o f If. luuens 

was ascertained in laboratory experiments. The b io log ica l 

features studied were survival o f  the nymphs, duration o f 
the nymphal period, sex ratio  o f  the emerging adults, proportion 

o f  brachypterous females, inoubation period and hatcbability 

of eggs. The resu lts are presented below:-

Survival o f  n.vmphs

The percentage survival o f the nymphs o f  H. lugens 

at d ifferent temperature -  humidity combinations is  given 

in Table 7 and represented in E ig .3(a) and (b ). S ta tistica l

analysis has shown that the survival o f  the nymphs with 

referenoe to temperature variations and humidity variations 

are s ign ifican t. The interaction between temperature and 

humidity also i s  sign ifican t.

E ig.3 (a) shows that at the four fixed graded tempera

tures the variations in humidity cause variation in the 

survival o f  the nymphs. The per cent survival varies from 
6.67 at 40?S RH and varying temperature, to 86.67 at 80% RH



mg. 3. Survival o f H. lugenB 
nymphs at different 
temperatures and relative 
humidities

(a) Per oent survival o f nymphs 
at each temperature grade 
when the humidity is  varied

(b) Per oent survival of nymphs 
at each eonstant humidity 
when the temperature is 
altered





T a b le -? . Per cent su rv iv a l o f  nymphs o f  H. lu sea s  at d i f fe r e n t  tem peratures and 
r e la t iv e  h um id ities and th e ir  an a lysis  o f  v a ria n ce .
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Temp, °C
R e la tiv e  humidity per cen t

40 50 60 70 80 90 100

Varying ( 1 1 ) 6 .67 53.33 50.00 76.67 66.67 20.00 23.33
(1 5 .0 0 ) (4 6 .8 9 ) (^ 5 . 00) (6 1 .1 4 )(5 4 .7 6  ) ( 2 6 . 5 6 ) (28 .86)

27 ( 1 2 ) 20.00 36.67 53.33 53.33 50.00 60.00 60.00
(2 6 .5 6 )(3 7 .2 9 )(4 6 .8 9 ) (4 6 .8 9 )(4 5 .0 0 ) ( 50 .77) (50 .77)

29 (13) 66.67 63 .33 6 6 .67 70.00 86.67 50.00 40.00
(5 4 .7 6 ) (5 2 .? 1 )(5 4 .7 6 ) (5 6 .7 9 )(6 8 .6 1 ) ( 45.00 (39 .23 )

31 (14) 40.00 6 0 .0 0 76.67 66.67 60.00 66.67 60.00
(3 9 .2 3 )(5 0 .7 7 )(6 1 .1 4 ) (5 4 .7 6 )(5 0 .7 7 ) (54 .76 ) (50 .77)

33 (15) 43.34 53.33 50.00 46.67 40.00 MB
(41 .15 ) (46 . 89) (45 .00 ) (4 3 .1 1 )(3 9 .2 3 ) “ -

35 (16) - - - - - - -

Mean 36.00 53.33 59.33 62.67 60.67 49.17 45.83

Mean

42.38
(39 .74 )

47.62
(43 .45 )

63.33 
(53 .13)

61.43
(51 .74)

33.33 
(30 .77)

(35 .34 ) ( 4 6 . 9 1 ) ( 50 . 56 ) (52 .54 ) (51 .67 ) (35 .92  ) (33 .93)

Values in  parentheses are angular transform ations

Contd. to  page 52



Table-7. -  Contfl.

Analysis o f  Variance Table

Source

Total 
Treatment 
Temperature 
Humi <51 ty
Temp, x humidity 
Error

Sum o f  Squares

29107.38
25173.69
7309.09
7004.84

10859.76
3933.69

Sign ificant at 1$ le v e l 
O.D. (0.05) fo r  temperature 
C.D. (0.05) fo r  humidity 
O.D. (0.05) fo r  interaction

<5. f .

104
34

24
70

Ranking Temperatures 
Humidity :

T3» S4,
H5,

T2.
H3»

= 4.63 
= 5.47 
= 12.24

T1 , T5 
H2, H6 , H1.

M.S.

1827.27
1167.47
452.49

56.19

32. 52
20.78**
8.05

H7



and 29°0 . At each o f  the tem peratures 27, 29 and 31 °C, 

smarting from 40$ RH the su rv iva l in c re a s e s , reaches a peak 

and then decreases as the humidity in cre a se s  to 100$. There 

i s  no su rv iva l at h um id ities below 40$. The highest su rv iv a ls  

o f  50.0  to  86.67 per cen t o f  the nymphs are seen to be 

between the hum idities 60 and 90$. I t  i s  a lso  seen that at 

low er tem peratures h igher hum idities are favourable  f o r  the 

su rv iv a l, while at the higher temperature a low  hUmidity i s  

fa v ou ra b le , Thus, at 27°C, the maximum su rv iva l o f  60$ i s  at 

90$ RH and at 29°C the maximum su rv iva l o f  86 .67$  i s  at 80$ RH, 

w hile at the h igh er temperature o f  31 °C the maximum su rv iva l 

o f  76.67$ i s  at 60$ RH. i t  33°C there i s  no s ig n i f ic a n t  

v a r ia t ion  in the su rv iva l at the d if fe r e n t  h um id ities .

4t vary in g  tem peratures the maximum su rv iv a l o f  76.67$ 

i s  obtained at 70$ RH.

P ig .3 (b ) shows that at constant hum idities the su rv iva l 

o f  the nymphs v a r ie s  at the d i f fe r e n t  temperatures. The 

general trend i s  that s ta rt in g  from 27°0 the su rv iv a l percentage 

(47.62/mean) in cre a se s  as the temperature in c r e a s e s , reaches 

a peak (63 .33$ mean), then f a l l s  as the tem perature r is e s  to  

35°C (33.33$ m ean). At a l l  the hum idities excep tin g  90 and 

100$ there i s  a s ig n if ic a n t  in crea se  in  the su rv iv a l percentage 

o f  nymphs as the temperature in cre a se s  from 2 7 °0  to  29°C. A 

s ig n if ic a n t  decrease in  the su rv iv a l i s  observed as the 

temperature in cre a se s  from 29°0 to  31°0 at a l l  the hum idities
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except 60$ RH (besides 90 and 100$ RH); at  33°0 there i s  

s t i l l  fu rth er reduction  in  the su rv iva l. The nymphs do not 

survive at 35°C. Thus 29°0 appears to  be the most favourable 

temperature f o r  the surviva l o f  the nymphs, the su rv iva ls 

varying from 40,0 to 86.67 per cent at d if fe re n t  hum idities 

the mean being 63.33 per cent.

The rankings given which in d ica te  the o v e r a ll  e f fe c t  

o f  the d if fe re n t  graded constant temperatures show that 

temperatures 29°C and 31 °C are s ig n if ic a n t ly  more favourable 

f o r  the su rv iva l o f  the nymphs than the other temperatures. 

S im ilarly  the o v e ra ll  analysis o f  the e f fe c t  o f  constant 

hum idities (See the ranking in  Table 7) shows that the humidity 

o f  7056 i s  the most favourable f o r  the survival o f  the nymphs 

fo llow ed  c lo s e ly  by 80$, 60$ and 50$, there being no s ig n ifica n t 

d iffe ren ce  between these fou r humidity le v e ls .

Juration o f  nymphal period

The nymphal durations o f  Iff. lugens observed at constant 

temperatures ~ humidity com binations are given in  Table 8 .

The same data are represented in  R ig ,4 (a ) and (b ) .  -Analysis 

o f  variance o f  the data presented shows that the v a ria tion s  

in  nymphal period s due to v a r ia t io n s  in  temperature and humidity 

are s ig n i f ic a n t . The in te ra ct io n  between temperature and 

humidity a lso  i s  s ig n i f ic a n t . The nymphal period v a n e s  from 

13.4 to  2 0 .5  days under the d if fe re n t  temperatures and
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Pig. 4. Nymphal duration of
N. lagans (in days) at 
liffe re n t temperatares 
and humidities

(a) Nymphal duration at each 
temperature grade whan 
the humidity is  varied

(b) Nymphal duration at each 
constant humidity vjhan
the temperatara is  altered





Tat>le-8 . Average du ration s o f  nymphal period  in  days o f  W. lusens 
at d if fe r e n t  temperatures and r e la t iv e  hum idities ana ' 
th e ir  a n a ly s is  o f  variance
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R e la tive  humidity per cent 
Temp. °C —   _ _ -------------------------- ---

40 50 60 70 80 90 100 Mean
(H1 ) (H2 ) (H3) (H4) (H5) (H6 ) (H7)

Varying ( H ) 13.00 17.38 16.40 15.43 15.00 15.83 15.86 16.49

27 (T2 ) 20.50 18.00 16.88 17.00 16.67 1 6 .6 1 16.44 17.44

29 (T3) 17.20 15.05 13.70 14.43 14.16 13.40 14.50 14.63

31 (14) 18.08 16.78 16.44 16.75 16.33 17.30 16.45 16.88

33 (T5) 18.46 16.64 16.54 16.79 16 .5 8 - - 17.00

35 (T6) - - - - - - _ -

Mean 18.44 16.77 15.99 16.08 15.75 15.79 15.81

»  _  — _

Contd. on page 56



Table-8 , Contd.

Analysis o f  Variance Table 

Source Sum o f  squares d .f .  M.S. F

Total 2197.94
Treatment 1797.04
Temperature 361.68
Humidity 414.34
Temperature x humidity 1021.02 
Error 400.90

S ign ifican t at 1# lev e l

C.D .(0.05) fo r  temperature 
O .B.(0 .05 ) f o r  humidity 
C.E. (o .05) fo r  in teraction

Han Ming Temperatures T3,
Humidity H5>

104
34
4 90.42 15.79
6 69.06 12 . 06**

24 42.59 7 .4 3 ^
70 5,727

=  1 .48  
= 1.65
= 3.91

T1, T4, T5, T2
H6 , H7, H3, H4, H2, H1



hum idities. J ig .4 (a )  shows the flu ctu a tion  o f  nymphal 

periods due to -variation in  humidity at the fou r constant 

tem peratures and under fluctuating temperature. I t  w il l  be 

observed that at the fo u r  constant tem peratures the nymphal 

duration i s  more at the low er r e la t iv e  hum idities o f  40 and 

50$. The on ly point at which s ig n ifica n t d iffe ren ce  in  the 

duration i s  seen i s  at the change from 40 to  50$ RH (from 

18.44 to  16.77 days mean). T hereafter, generally  the nymphal 

duration does not show any s ig n ifica n t  change due to changes 

in  humidity up to 100$. The ranting o f  the mean values a lso  

in d ica te s  the sgae re la t io n sh ip  between humidity v a r ia tion s  

and nymphal period .

In the case o f  response o f  nymphal period to  changes 

in  temperature as may be seen from J ig . 4 (b ) ,  in variab ly  the 

sh ortest nymphal duration under the d i f fe r e n t  hum idities 

i s  at 29°0 the mean being 14.65 days (range 15.4 to  17.2 days). 

Th6 duration in creases at temperatures on e ith e r  side  o f  th is  

p o in t. I t  i s  a lso seen that the chsnge from a longer 

(17.44 days mean) to  the shorter (14.63 days mean) nymphal 

duration i s  s ig n ifica n t  as the temperature i s  ra ised  from 

27 to 29QC. On the other hand a s ig n if ic a n t  increase in  the 

duration i s  evident ( 1 4 .6 3  to 16 .8 8  days mean) as the tempera

ture r is e s  from 29°C to  31 °0 . Ranking o f  the mean values o f  

the e f f e c t  o f  d if fe re n t  temperatures shows that at the constant 

temperature o f  29°C the mean nymphal duration i s  the le a s t
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(14 .63  days) while at 27°0 i t  i s  the highest ( 1 7 .4 4  days 

mean).

However, taking a ll  the com binations in to  

con sid era tion , the sh ortest nymphal duration o f  13.40 

days i s  at 90$ RH and at the temperature o f  29°C. The 

lo n g e st  duration o f  20.50 days i s  a t a temperature o f 

27°C and r e la t iv e  humidity o f  40$.

Growth index

The growth index value (Srivastava 1959) was 

ca lcu la ted  f o r  each temperature -  humidity combination 

and i s  presented in  Table 9. The same data are presented 

in  T ig .5 (a ) and 5 (b ) .  Analysis o f  variance o f  the data 

shows that the e f f e c t s  o f  temperature and humidity are 

s ig n ifica n t  and th e ir  in tera ction  not s ig n if ic a n t . The 

growth index v a r ie s  from 0.56 to 6 .1 2  under the d iffe re n t  

temperature -  humidity com binations. The h ighest value 

o f  6 .1 2  i s  at the temperature and r e la t iv e  humidity 

combination o f  29°0 and 80$ RH. The growth index value 

in crea ses , reach a peak and then f a l l  as the temperature 

in creases  from 27°C to  33°C at a l l  the hum idities, from 

the mean values i t  i s  seen that the maximum growth index 

o f  4 .35  i s  at 29°0 , the next being at 31°C. The mean 

value i s  low est ( 2 . 6 8 ) at the varying temperature.

The growth index values f o r  the constant temperatures 

alone excluding the varying temperature have been analysed

-  58 -



f i g .  5. Growth index o f  H. ltmena 
when the nymphs are reared 
at d iffe ren t temperatures and 
r e la t iv e  hum idities

(a) Growth index value at each 
constant humidity when the 
temperature i s  a ltered

(b ) Growth index value at eaoh 
temperature grade when 
the humidity i s  varied
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T a b le -9 . Growth index v a lu es  o f  N. lugens at d if fe r e n t  tem peratures 
and hum idities and t h e ir  a n a lysis  o f  varian oe.

R ela tive  humidity per cent
Temp.°C

40
(H1 )

50
(H2)

60
(H3)

70
(H4)

80
(H5)

1 
1

1 
1

o 
w

1 <71̂ 
1

s
1

100
(H7)

Mean

Varying (T1) 0 .56 3.0 0 3.05 4.97 4 .44 1.26 1 .49 2 .6 8

37 (T2 ) 0 .90 2 .04 3.16 3.14 3.00 3.61 3.65 2 .79

29 (T3) 3 .88 4.21 4.87 4.85 6 .1 2 3.73 2 .7 6 4.35

31 (T4) 2 .2 1 3 .58 4 .6 6 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 (T6 ) - - - - - - - -

Mean 1.98 3 .2 1 3.75 3.94 3 .93 3.11 2 .89 -

Contd. on page 60
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TaKLe-9. Contd.
Analysis o f variance Table

Source Sum o f squares d .f . M.S.

Total 423.9694 104
Treatment 205.6859 54
Tam par at urs 67.4574 4 16.864
•lucidity 68.4914 6 11.415
Temperature x humidity 69.7371 24 2.905
Error 217.2855 70 5.104

P.

5.453 '3BJ3.6775 
0 . 936NS

** Significant at 1$ level 
ES : Hot sign ificant 
C.D. (0,05) for temperature = 1.07
C.D. (0.05) fo r  humidity = 1.26
Ran king T3, T4, T2, 15, T1

H4, H5, H3, H2, H6 , H7, H1



separately . The e f fe c ts  o f  temperature, humidity and

th e ir  in te ra c t io n  are found s ig n if ic a n t . The quadratio

models f o r  expressing the growth index in  terms o f

temperature (humidity) were f i t t e d .  The model i s  
2Y = a x - i -b x  + c 

Temperature

Y = -0 .2039 x2 + 12.0855 x -  174.8921 

where, Y = Growth index value

x  = temperature c 

This i s  a good representation  as can be seen by 

the high c o e f f ic ie n t  o f  determ ination o f  0 .979 . Growth 

index i s  maximum when temperature i s  29.64°C. The model 

to express the e f f e c t  o f  temperature on> growth index i s  

graph ica lly  presented in  T ig .6 (a ) .

Humidity

Y = -0 .0015  x2 + 0.2150 x -  3.6900 

where, Y = growth index

x = r e la t iv e  humidity %

The c o e f f i c ie n t  o f  determ ination i s  0 .903 . Growth 

index i s  maximum when r e la t iv e  humidity i s  69 .53$. The 

model i s  g rap h ica lly  presented in  F ig .6 (b ) .

Sex r a t io  o f  adults

The percentage o f  males o f  H.lugens produced at the
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ELg. 6 . (a) Effect of constant temperature 
on growth index of B. lugens 
nympha. ~
Y = -0.2039 X2+ 12.0855 X -  174.8921

where,
Y = growth index
X = temperature °C

(b) Effect of relative humidity 
on growth index of B. laaena 
nymphs ~
Y = 0.0015 X2 + 0.2150 X -3.6900

where,
Y = growth index
X = relative humidity per cant





d ifferen t temperatures and hum idities i s  given in  Table 10 

together with th e ir  analysis o f  variance. Analysis shows 

that the v a ria tion s  in  the percentage o f  males produced are 

s ig n ifica n t at the varying temperatures and varying hum idities. 

There i s  however no sequential response to  the d ifferen t 

graded temperatures and hum idities. Comparison o f  the means 

also in d ica te  the same trend. Thus, fo r  the d iffe ren t 

temperatures, 29°C produces the le a s t  percentage o f  males 

(43 .57$), follow ed  close  by the flu ctuatin g  temperature 

(46 .18$). At a l l  the other temperatures the male production 

i s  s ig n ifica n tly  more than that at these temperatures. As 

regards humidity, the d if fe re n t  humidities do not cause 

s ig n ifica n t variation  in the percentage o f  malea produced.

The highest percentage o f 69.18 males i s  seen with 40$ RH, 

follow ed in  the descending order by 50$, 80$, 90$, 100$,

70$ and 60$.

Production o f  brachypterous females

The e f f e c t  o f  varia tion s in  constant temperature and 

hum idities on the production o f brachypterous females in 

If. lueens i s  given in Table 11 and represented in P ig .7 (a ) 

and (b ) . The varia tion s are s t a t is t i c a l ly  s ig n if ic a n t . The 

percentage o f  brachypterous fem ales produced v a ries  from 

6.25 to 4 1.6 7  under d iffe ren t temperature -  humidity 

combinations. Erom T ig .7 (a) i t  i s  seen that at a l l  the
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Jig. 7. Emergence o f fcraehypterons 
females of H. lueena when 
the nymphs are reared at 
different temperatures and 
humidities

(a) Ear oent ftrachtyperous females 
at eaoh temperature grade 
when the humidity is  varied

(h) Per oent taaohtyparoas females 
at eaoh constant humidity 
whan the temperature is  altered



/ n © \rp,0 \ PERCENT 8 R AC HY PTEROUS FEMALES AT 

7  )  DIFFERENT TEMPERATURES AND HUMIDITIES\ 7 )

RE I- ATI V E HUMI DITY PERCEKT T E M P E R A T U R E  °  C



T a b le -10. Percentage o f  emerging males at d if fe r e n t  tem peratures and 
hum idities and th e ir  a n a ly s is  o f  varian ce .

R e la tiv e  humidity per cent
Temp,° 0 — « o. — «. _ — _ _ _ _ _ o. -  «• _ _ .— _ _ _ _ _ _ _ _

40 50 SO 70 80 90 100 Mean

Varying 66.67 56.25 40.00 39.13 45.00 33.33 4 2 .8 6 4 6 .1 8
(5 4 .7 6 ) ( 48 . 6 2 ) (3 9 .2 3 ) (3 8 .7 0 )( 4 2 .1 3 ) (35 .24) (4 0 .9 2 ) (42 .80)

27 66.67 54.55 37.50 43.75 46 .67 66.67 38 .89 50.67
(5 4 .7 6 ) (47 .64) (3 7 .7 6 ) (41 .44) ( 43 ,11 ) (54 .76 ) (3 8 .5 9 ) (45 .50)

29 60.00 52.63 45.00 42.86 46.15 33.33 2 5 .0 0 43.57
(5 0 .7 7 ) (46 .47 ) (4 2 .1 3 ) (4 0 .9 2 )( 4 2 . 8 2 ) (35 .24) (3 0 .0 0 ) (41 .30 )

31 33.33 50.00 26 .09 50.00 50.00 50.00 66.67 53.73
( 6 5 . 8 8 ) (45 .00 ) (3 0 .7 2 ) (4 5 .0 0 )( 45 .00 ) (45 .00) (5 4 .7 6 ) (47 .12)

33 69 .23 56.25 46 .6? 35.71 41.67 49.91
(56 .29 ) ( 4 8 . 6 2 ) (43 .11) (3 6 .6 9 )( 40 .22) (44 .94 )

Maen 69.18 53.93 39.05 42.29 45.89 45.84 43.36
(56 .29 ) (4 7 .2 4 ) (38 .70 ) (4 0 .5 7 ) (42 .65 ) (42 .56 ) (41 .21 )

. — _ — » _  _  _ _ _ _ _ _ -  -  .. . - _ _ _ _ ,

Values in  p a ren th esis  are angular transform s!on  a.

Contd. on page 64



Table-IO. Contfi.
Analysis o f Variance Table

_ _ _ _ _ _ _ _  ___

Source Sum o f squares fi.f. M.S. P.

Total 38405.48 104
Treatment 18303.61 34
Temperature 4474.10 4 1118.525 3.89 **

Iiumifiity 5167.77 5 1027.961 3.58 *

Temperature x humifiity 7661.74 24 319.239 1 .1 1  HS
Error 20101.87 70 287.18

___ _ _ _ _ _ _ _____, _
Significant at 1$ level 

* Significant at 5  ̂ level 
HSslIot sign ificant
C.D. (0.05) fo r  temperature = 10.459
0,2 . (0.05) fo r  humifiity = 12.376



constant temperatures as well as under varying temperature, 

the number o f  brachypterous forms produced increased as the 

re la tive  humidity i s  increased and reaching a peak at 70$ 

or above. A comparison o f  the mean values shows that the 

d ifferen ces between 70, 80, 90 and 100$ RH are not s ta t ls - 

ea lly  s ig n ifica n t.

In the case o f temperature the percentage o f 

brachyP'csrous females under the d iffe ren t humidities 

increases as the temperature increases from 27°C and reaches 

a peak at 29°C and decreases therea fter as the temperature 

increases to 31°C or 33°C. The means also depict th is  

p icture clearly  and the percentage o f  brachypterous females 

formed is  s ig n ifica n tly  more at 29°C (31.27$) than at other 

temperatures. Thus a constant temperature o f 29°0 and a 

re la t iv e  humidity o f  90 to 100$ i s  most favourable fo r  the 

formation o f  brachypterous females. On the other extreme,

40$ RH i s  not favourable fo r  the formation o f  brachypterous 

females. At 40$ RH brachypterous females are not at a ll 

produced in any o f  the temperatures except 29°0. The high 

temperature o f  33°C and the low temperature o f  27°0 appear 

to be not favourable.

Tnoubation period o f eggs and percentage hatching 
o f  eggs

Data on the incubation period o f the eggs o f H.lugens

— 65 —
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Table-11. Percentage o f  brachypterous fem ales emerging at d if fe r e n t  
tem peratures and hum idities and i t s  analysis  o f  varian ce .

— — —  —  — — ............  ■■ ■■ — — —  -  — * ~  * *  — “  “  “  —

R ela tive humidi 6y per cent
Temp, °C _  _  _ ---------- ------- _  _ -  •—  - ----------------- _  _ .  _  --------------------------------_

40 50 60 70 80 90 100 Mean

Var$ng 0 6.25
(14 .54 )

20.00
( 26 . 56)

26.09
(3 0 .7 2 )

30.00 33.33 
(33 .21) (35 .24 )

28.57 20.61 
(32 .33) (26 . 99)

27 0 9.09
(17.56)

, 18.75 
(25 .70)

12.50
(20.70)

20.00 16.67 
( 2 6 . 56 ) ( 2 4 . 12 )

27.78 14.97 
(3 1 .8 2 )(2 2 .7 9 )

29 20.00
(26 .56)

21.05
(23.35)

35.00
(36.27)

3 8 .10
(38 .12)

2 3 .0 8  40.00 
(2 8 .7 3 )(3 9 .2 3 )

41.67 31.27 
(4 0 .2 2 )(3 4 .0 2 )

31 0 0 13.04
(21.13)

30.00
(33.21)

2 7 .7 8  20.00 
( 3 1 . 8 2 ) ( 2 6 , 56)

16.67 15.36 
( 2 4 . 1 2 ) (25 .03 )

33 0 12.50
(20 .70 )

6.67
(15.00)

28.57
(32 .33 )

25.00 -  
(30 .00 )

-  14.55 
(24 .46 )

Mean 4.00
(11.54)

9.78
(18 .24 )

18.70
( 2 5 . 6 2 )

27.05
(31.37)

25.17 27.50 
(3 0 .1 3 ) (31.63)

28.67
(32.39)

Values in  parentheses are angular transform ations.

Contd. on page 67



TaM.e-1 1 . Conta.

Analysis o f  Variance Table
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Source Sum of squares a . f . M.S. F

Total 32984.53 104

Treatment 15668.42 34

Temperature 3794.19 4 948.55 3.83
Humi di ty 6719,58 6 1119.93 4.53**

Temperature xhbmidity 5154.65 24 2 14 .78 0.87HS

Srror 17316.11 70 247.373

** S ign ificant at 1# lev e l 
IS : Hot s ig n ifica n t
C.D. (0.05) fo r  temperature = 9.513
C.D. (0 .05) fo r  humidity = 11.255
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at d iffe re n t temperatures and hum idities are given m 

Table 12.

Table-12. Incubation period (days) o f  eggs o f
M.lueens at d iffe re n t  temperatures and 
humidi t ie s .

Temp, °C
H elative humidi^ per can t

50 60 70 80 90 100 Mean

Varying 8 9 7 6 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 S 8 7.83

35 - 8 8 8 8 8 8.00

Mean 7.80 7 .83 7.67 7.33 7.50 8.00

S ta t is t ic a l analysis has shown that the v a ria ti ons in

incubation period due to changes in  temperature and 

humidity are not s ig n if ic a n t . The mean incubation periods 

over the d iffe ren t hum idities vary from 7 .33  days to 8.00 

days, ivfiile the mean periods over the d iffe re n t temperatures 

vary from 6.33 to 9.00 days.

The percentage hatching o f  eggs in the d if fe re n t  

temperature and humidity combinations are given in Table 13 

and represented in F ig .8 (a) and (b ) .  The data were 

s t a t is t i c a l ly  analysed by transforming to angles and



Jig . 8 . Hatching o f  eggs o f H. lugens 
when kept at different 
temperatures and rela tive  
humidities

(a) Per cent hatching o f eggs 
at each constant humidity
when the temperature i s  altered

(b) Per cent hatching o f  eggs
at each temperature grade when 
the humidity i s  varied
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Table-13. Percentage hatching o f eggs of N. lugens 
at different temperatures and humidities.

Relative humidity per cent 
Temp.°C ------   -  -  ■-------------------------- ------------

50 60 70 !30 90 100 Mean

Varying 53.57 47. 25 87..56 88,,83 39. 38 0 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 §8. 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 80..23 72. 35 56.31 64..33

35 22.99 67. 24 43.,87 60,,71 45. 42 52.68 A8.,75
Mean 47.69 62.,64 77.,47 72.,10 54. 35 48.35

performing the test based on the proportions of the angular 

values. The angular values are ranked in the descending 
order in Table 14 for temperature variation and in Table 15 

fo r  humidity variation.

The hatching percentage i s  definitely high at 29°c , 
and at 27°C than the rest o f the temperatures studied. The 

lowest hatching percentage i s  at 35°0 .

fa regards humidity, the percentage hatching is  
significantly more at humidities 70$, 80$, 60$ and 90$ RH 

in that descending order. Humidities 100$ and 50$ give 
significantly lower percentages o f  hatching.
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TattLe-14. Analysis of the effeot of  temperature on 
hatobing of eggs o f B. lagans.

Hanking Tempera Mean?S Angla Hifferenee C.D.
ture °a hatching (0.05)

of eggs

1 29 73.26 53.95 1.41 2.75
2 27 71.19 57.54 4.23 2.82
3 33 64.33 53.31 3.36 2.72
4 Varying 58.61 49.95 4.32 2.65
5 31 51.09 45.63
6 1.32 2.8535 48.75 44.31

Tahle-15. Analysis of the e ffeo i o f  humidity on 
hatching of eggs of N. lagans.

Ranking Relative Mean$ Angla Difference C.D.
humidity^ batching (0.05)

of eggs

1 70 77.47 61.68
3*50 2.78

2 80 72.10 58.18
5.88 2.87

3 60 62.64 52.30
4.78 2.59

4 90 54.35 47.52
3.44 2.85

5 100 48.35 44.08
0.40 3.02

6 50 47.69 43.68
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E ffect o f  Population Density on the Biology o f H. lagena

She data on the b io log ica l features o f  H. lagena 

as influenced by d ifferent densities o f  populations are 

given in Appendix 17 and summarised in Table 16, The 

resu lts on the d ifferen t features are given below :-

SurviVal o f  nymphd

The mean percentage survivals o f the nymphs are 

79,6, 67.4, 61.2 and 47.15 at the lev e ls  o f  crowding o f  50, 

100, 200 and 400 nymphs per clump respectively . I t  is  

thus clearly  seen that the survival percentage decreases as 

the lev e l o f  crowding increases (P ig .9a). The analysis o f 

the data presented in Table 17 shows that the e ffe c t  o f  

crowding on the survival o f the nymph is  s ign ifica n t.

Duration o f nymphal period

The average nymphal durations at the d ifferen t leve ls  

o f  crowding are as given below: -

Level o f  crowdlna Hymphal duration
in davs

50 nymphs per clump 16.10

100 " 15.64
200 " 16.52
400 " 16.54

S ta tis t ica l analysis o f the date shows that the 

variations are not s ign ifican t. Thus, the nymphal duration



Pig. 9

Y

where,
Y 
X

(a) Per oent survival of 
nymphs o f H. lagans at 
different leve ls  of 
crowding

(b) Effect o f  nymphal density 
on growth index

0.00563 X + 5.0 1 563

growth index
in it ia l number o f nymphs 
per clump o f rioe
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Table-16. Percent su rv iva l, duration and growth index o f  
nymphs and sex r a t io  and weight o f  adults o f  
!• lugens reared under d if fe re n t  le v e ls  o f  
crow d in g .*

Features I n i t ia l  number o f  nymphs per clump

50 100 200 400

Survival o f  nymphs ($) 79.60 67.40 61.20 47.15

Nymphal duration (days) 16 .10 15.64 16 .3 2 16.54

Growth index 4.94 4.31 3.75 2.85

Male s Female ra tio 1 s 1.62 1s 1.SS 1s 1.39 1 s 1 .5 6

Percent braohypterous 
females

53.76 54.90 25.32 11.77

Mean weight o f  adult 
male (mg)

1.67 1.2 0 1.20 1.3 6

Mean weight o f  
macropterous fem ales (mg)

2.70 2 .2 3 2.15 2.00

Mean vreight o f  
baachypterous female (mg)

2.90 2.95 2.90 2.55

*■ The values are the means o f  f iv e  r e p lic a t io n s .



Table-17. Analysis o f  varianoe o f the nymphal survival 
at d iffe ren t le v e ls  o f  crowding.
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Source S.S. d .f . M.S. p

Total 1688.707 19

Treatment 1113.275 3 371.092 10 . 316-

Error 575.433 16 35.965

** S ig n ifica n t at 1$ le v e l

Mean Table

Ranking Level o f  crowding 
(fiymphs per clump)

Mean nymphal 
surviva l i°

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 transform ation 

C.D. (0 .0 5 ) = 12.07
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does not appear to be influenced by crowding o f  the nymphs.

growth index

The growth index values computed were analysed 

a r t is t ic a l ly . The resu lts o f  the analysis are given in 

Table 18.

The growth index o f  the nymphs is  seen sign ifican tly  

affected by the variation in tie crowding le v e l . The growth 
index decreases as the crowding lev e l increases from 50 to 

400 nymphs per clump o f  r i c e .

The regression has been worked out using the formula

y -  y = JL, (x -  5) where, x and y are She lev e l o f

crowding and growth index values respective ly . The equation

fo r  regression is  Y = -0.00563 x + 5.01563. This is  a good
2

f i t  to the data as indicated by the value o f  r  = 0.961.

The regression line has been plotted and presented in J ig .9b .

Production o f  bractesterous females

The percentage o f braohypterous females o f N. luaens 

produced at the d ifferen t le v e ls  of crowding are summarised 

in Table 16. The percentage o f  braohypterous females i s  

high at the lower two le v e ls  o f crowding o f  50 and 100 nymphs 

per clump o f  r io e . As crowding increases above 100 nymphs 

per clump, the percentage o f braohypterous females decreases.
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Table-18. .Analysis o f  variance o f  the growth index
o f  nymphs o f  N. lugens at d if fe re n t  le v e ls  
o f  crowding.

Source S .S . d .f . M.S. P

Total 15.412 19

Treatment 11.816 3 3.939 17.507*

Error 3.595 16 0.225

** S ig n ifica n t at 1$ le v e l

Mean Table

Hanking Level o f  crowding Mean growth index

1 50 nymphs per clump 4.936

2 100 " 4.312

3 200 " 3.746

4 400 " 2.846

C.D. (0 .05) = 0.955



The data have been s t a t is t i c a l ly  analysed and the r e su lts  

are given in Table 19.

The e f fe c t  o f  va ria tion  in crowding o f  nymphs on the 

production  o f  braebypterous females i s  s ig n if ic a n t . Over

crowding o f  nymphs reduces the proportion  o f  'braohypterous 

fem ales in  the population .

Weight o f  adult in s e c ts

Weights o f  groups o f  fresh ly  emerged adults o f  

N. lugens were recorded a s ‘and when they emerged and the 

average weight per in se c t  ca lcu la te d . Results are given m  

Sable 16. The weight o f  the in s e c t  i s  not seen to  vary as 

a r e s u lt  o f  crowding.

Colour changes

A good number o f  the th ird  in s ta r  nymphs under the 

h igher two le v e ls  o f  crowding v i s .  200 and 400 nymphs per 

clump are black  in colour which i s  maintained t i l l  emergence 

o f  adu lts. The normal co lou r  o f  th ird  in s ta r  nymphs i s  lig h t 

y e llow  which turns to  yellow ish  brown and brown in  la t e r  

in s ta rs  before adult emergence. The adult males emerging 

froiii the overcrowded l o t s  (200 and 400 nymphs per clump) arc 

ash coloured while those emerging from the other l o t s  are 

brown which i s  the normal co lou r  o f  the adult in s e c t .
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Table-19. Analysis o f variance o f  the number o f 
brachypterous females o f  H. lu.seag as 
affected  by d iffe ren t leve ls  o f crowding.

Source S.S. d .f . M.S. P

Total 3729.469 19

Treatment 2925.353 3 975.115 19.403**

Error 804.117 16 50.257

** S ignificant at 1fa le v e l

Mean Table

Ranking Level o f crowding j£ brachypterous
females (average)

1 50 nymphs per clump 53.76  (46.974)

2 100 " 54.90 (47.746)
3 200 « 25.32 (27.790)

4 400 " 11.77 (19.878)

Values in parentheses are angular transformation 

C.D. (0 .05) = 14.267
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Effect o f Age o f Host plant on the 
Biology o f  N, lugens

Effect o f the age o f the host rioe plant on the 
biological features o f W. lagans feeding and breeding 
on the different stages o f growth was ascertained in 
laboratory experiments. The data are summarised in Table 20 

and represented in J ig .10. The results are given belows-

Survival o f nymphs
She mean percentages o f survival o f nymphs are 

57, 69, 79 and 72 when reared on seedling, t ille r in g , 
panicle in itia tion  and flowering stages of growth respec
tively . It is  thus seen that the survival o f  the nymphs is  
greater when reared on the two stages of the reproductive 

Ptase o f the orop. Analysis o f  variance presented in 
Taola 21 reveals that the treatment effeot i s  significant. 
The percentage survival o f  nymphs on seedlings is  s ig n ifi
cantly lower than that on the other stages. The survival 
percentages on the tille r in g  and flowering stages do not 
sign ificantly  d iffer from each other. Similarly, the 

difference in survival between flowering and panicle 
in itiation  stages i s  also not significant,

duration o f  nymphal period

The average duration of nymphal period varies from 
14.059 days to 16.352 days. The nymphal period is  completed



Per Cent su rv iv a l, 
duration  (days) and 
growth in dex  o f  
U‘ m ean s nymphs when 
reared  on d if fe r e n t  
growth stages o f  r i c e
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Table-20. E ffec t o f  age o f  the r ic e  crop on the b io lo g ica l features o f 
Nv lugaas •

/
Stage o f Replication Percent Average • Range o f Growth Longevity lo .  o f  eggs
plant Survival nvmph suL nymptaal index o f adult la id  by a

o f nymphs duration durations females female
(days) (days) * ■s-

Seedling I 52 16.231 13-17 3.204
II ' 60 . 16.000 15-17 3.750

III 60 46.667 16-18 3.600
I? 56f 1.6.429 14-18 3.409

Mean 57 16.352 3.490 20.20 194*60

T ille r in g I 68 14.176 ■13-17 4.797
II 72 14.278 15-17 5.043

III . 72 15.500 15-17 4v645
I? 64 14.875 14.16 4.303

Mean 69 14.707 4.692 19.80 221.00

Panicle I 76 13.947 15-17 5.449
in it ia tion II 88 14.182 134-16 6.205

III 80 14.050 13^16 5.694
17 72 14.056 13—16 5.122

Mean 79 14.059 5.619 20v60 236.00

Howring I 68 .15.000 13-17 4.533
II 76 14.789 15-17 5.139

III 64 14.500 14̂ -17 4.414
17 80 14.800 43-17 5.405

Mean 72 14.772 4.874 20.20 210.80

*  Mean o f  ten insects
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Tatfl.9- 2 1 . Analysis o f  varianoe o f  the surviva l o f
nymph o f  N. lugens on the d if fe r e n t  stages 
o f  r ioe  p lan t-

Source S.S. a. f . M.S. E

Total 704.239 15

Treatment 535.024 3 178.341 **12,64'

Error 169.215 12 14.101

** S ign ifica n t at 1$ le v e l

Mean Table

Ranking Stage o f  crop % Survival

1 Panicle in it ia t io n ( t3) 79 (62.72)

2 ELowering <ty 72 (58.05)

3 T ille r in g 69 (56.17)

4 Seedling 57 (49.02)

ligu res  in parentheses are angular transformation 
O.B. (0 .05 ) = 5.79
Ranking s T y  T^, Tg*



in the shortest duration of 14.059 flays when reared on 

plants in the panicle in itia tion  stage and in the longest 

duration o f  16.332 days when reared on the seedlings. 

■Analysis o f  variance o f the data presented in fable 22 

ebows that the nymphal duration i s  s ign ifican tly  influenced 
by the age o f  the crop, There i s  sign ifican t d ifference 

between the treatments. Hymphal duration at the panicle 

in it ia t io n  stage is  s ign ifican tly  shorter than the rest 

of the treatments. Similarly, nymphal duration in the 

seedling stage i s  s ign ifican tly  longer than the rest o f  the 

treatments. The nymphal duration at the t i lle r in g  and 

flowering stages are on par.

growth index

The growth index o f  the nymphs is  sign ifican tly  

a ffected  by the age o f  the host plant (Table 23). The 

maximum growth index value o f  5.619 i s  fo r  the nymphs reared 

on plants at the panicle in itia tion  stage and the lowest 

value (3.490) i s  fo r  the nymphs reared on seedlings. These 
two values s ig n ifica n tly  d if fe r  from the growth index values 

o f flowering and t i lle r in g  stages which are on par with 

each other.
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longevity  o f females

The mean longevity o f  ten female macropterous insects
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Tabls-22. Analysis o f  variance o f  the nymphal duration 
o f  N. lugens when reared on p lants o f 
d if fe re n t age.

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

Total 12.671 15

Treatment 11.141 3 3.714 **29.016

Error 1.530 12 0.128

**• S ign ifica n t at 1 $ le v e l

Mean Table

Ranking Stage o f  crop Mean nymphal 
duration •

1 Panicle in it ia t io n ( t3) 14.059

2 T ille r in g (t2) 14.707

3 Howe ring (V 14.772

4 Seedling (T.,) 16.332

C.D. (0 .05) = 0.551

Ranking s 5 j ,  T2» T^s T.j
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Table-23. A nalysis o f  varianoe o f  growth index o f
S ’ l ugsna when reared on plants o f  d iffe ren t 
ageT

Source S.S. d . f . M.S. P

Total 13.366 15

Treatment 11.576 3 3.859 **25.899

Error 1.790 12 0,149

** S ign ifican t at 1$ le v e l .

Mean Table

Ranking Stage o f  orop Growth index

1 Panicle in it ia t io n <*3) 5.619

2 Howering ( t4) 4.874

3 T ille r in g (t2) 4.692

4 Seedling (T^) 3.490

O .D .(o .05) = 0.597

Ran kin e t T y  T^, T2, T-p



emerging from each o f  the treatments are given in  Table 20. 

The lon g ev ity  o f  adu lts i s  low est (19 .8  days) in adu lts 

reared out on p lants o f  the t i l le r in g  stage and i s  h ighest 

(20 . 6 ) f o r  adults reared on the p a n icle  in it ia t io n  stage . 

A nalysis o f  Variance o f  the data shows that the treatment 

e f f e c t  i s  not s ig n i f ic a n t . Thus there i s  no s ig n if ic a n t  

d if fe re n ce  in the lon g ev ity  o f  adults reared on the d if fe r e n t  

stages o f  growth o f  the p lant.

Fecundi ty

The mean number o f  eggs la id  by ten macropterous 

fem ales reared on th e  d iffe re n t  stages o f  r io e  i s  presented 

in Table 20. A nalysis o f  variance o f  the data has shown 

that there i s  no s ig n if ic a n t  varia tion  in  the egg lay in g  

by the in s e c ts  reared on the d if fe r e n t  stages in d ica tin g  

that the fecundity  o f  the in sect i s  not in fluenced  by the 

nymphal feeding on d if fe r e n t  stages o f  growth o f  the crop .

Combined response o f  egg laying and nymph survival

Five pa irs o f  macropterous adults were con fined  on 

potted  p lants o f the d iffe re n t  stages o f  growths in  cages 

fo r  48 hours f o r  egg la y in g . The number o f  nymphs on each 

stage o f  the plant was counted, 17 days a fte r  exposure.

The re s u lts  ars presented in Table 2^. The mean number o f  

progenies i s  highest (6 7 ) on the p lants at the pan icle

-  84 -



-  85 -

in it ia t io n  stage and i s  loxirest (49) on seed lings. S ta t is t ic a l  

analysis o f  vhe data howaver, has shovn that the e f fe c t  o f  

the treatment, i s  not s ig n if ic a n t .

Table-24. Population (number o f  nymphs) o f  K. lugens
on plants at d iffe re n t  growth stages resu ltin g  
from eggs la id  in  48 hours by f iv e  pairs o f 
adults.

Sta.se o f  crop
R eplication Seedling T ille r in g Panicle

in it ia t io n
now ering

I 58 71 59 73

I I 43 65 94 39

I I I 26 81 67 54

rv 69 42 48 81

Ilean 49.00 64.75 67.00 61.75

■effect o f Host Plant Uutrition 
on the Biology o f  H, lugens

E ffect o f  Varying the nitrogen  and potash n utrition  

o f  r ic e  plant on the b io lo g ica l fea tures o f  ft. lugens when 

used as i t s  host was studied under laboratory  con d ition s . 

The features studied are nymphal duration and su rv iva l, 

growth index, adult lon gev ity , fecundity and ov ip osition  

and survival o f  nymphs.



E ffe c t  o f  Nitrogen Nutrition

The data on the b io lo g ic a l features o f  N. lugens 

as in fluenced by graded doses o f  nitrogen applied to the 

host plants are given in Appendix T and summarised in 

Table 25. The re su lts  on the d iffe re n t  features are given 

below s-

Rvmphal duration

The average nymphal duration under the d iffe re n t  

le v e ls  o f  nitrogen varies  from 14.02 days to  14.75 days.

The shortest duration o f  14.02 days i s  at the dose o f  

100 kg IT/ha and the longest duration o f  14.75 days i s  in  

the oon tro l, i . e .  at zero le v e l  n itrogen . Analysis o f  the 

data (Table 26) shows that the nymphal duration i s  s ig n i f i 

cantly  influenced by the addition o f  n itrogen. A ll the 

treatments give s in gn ifica n tly  shorter nymphal duration 

compared to  c o n tro l. Among the d if fe re n t  doses o f  nitrogen 

the variation in the nymphal duration i s  from 14.02 to  14.48 

days.

Survival o f  nymphs

The survival percentage o f  nymphs varies from 66.25 

to 75 .0 0  at the d if fe re n t le v e ls  o f  nitrogen and the survival 

in  the con trol i s  7 1 . 2 5  per cant. Analysis o f  variance has 
shoivn that the s f f e o t  o f  the treatment i s  not s ig n if ica n t . 

Thus, the survival o f the nymphs does not appear to be



P able-25 . B io lo g ic a l  fea tu res  o f  H. lugens as in flu e n ce d  by host p lant under 
d i f fe r e n t  le v e ls  o f  n itrogen  n u tr it io n .
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— — — _ — —
B io lo g ic a l  fea tu re Doses o f  n itrog en  (Eg /h a )

H0
0

W1
20 40

N3
60

**
80

H5
100

*6
120

** Mean nyqiphal duration 
(days)

14.75 14.40 14.48 14.32 14.06 14.02 14.28

»*  Percent su rv iva l o f  
nymphs

71.25 73 .75 68.75 75.00 66.25 71 .25 73.25

** Growth index 4.83 5.12 4.76 5 .23 4.71 5 .08 5.17

* Mean adult lon g ev ity  
(days)

19.10 19.50 20.80 18.00 18,20 19.70 19.50

* Fecundity (Ho. o f  eggs 
per fem ale)

182.8 187.6 207.3 180.7 189.7 206.2 203.4

© P opulation  bu ild  up 
(Ho. per p lo t )

910.3 735.5 1038.5 840.0 612.3 1111.5 991.0

** Mean o f  fou r r e p l i c a t io n s
*  Mean o f  ten in s e c ts
@ Mean o f  fou r r e p l i c a t io n s ,  each co n s is t in g  o f  fo u r  p lan ts
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'Sa1o'le-26. -AnaLysie o f  van ase  o f the nymphal duration 
o f  2 * lugens reared on host plant under 
d ifferen t le v e ls  o f nitrogen

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

Total 3.370 27

Treatment 1.489 6 0.248 *2.769

Error 1.882 21 0.090

^Significant at 5$ leve l

Mean Ta’ole

Ranking Treatment Mean nymphal 
duration

1 % 14.02

2 H4 14.06

3 Hg 14.28

4 S3 14.32

5 N, 14.40

6 H2
14.48

7 Ho (Control) 14.75

G.S. (0 .05) = 0.42



in flisnced toy ths addition  o f  n itrogen .

Groiyth index

The growth index values vary from 4.71 to 5 .23 

under the d iffe re n t  le v e ls  o f  n itrog en . A nalysis o f  

variance shows th at the v a ria tion s  in  the values are not 

s t a t is t i c a l ly  s ig n if ic a n t .

L ongevity o f adu lts

Longevity o f  the adults that emerged from nymphs 

reared under d if fe r e n t  le v e ls  o f  n itrogen  are given in  

Appendix VI and summarised in  Tatole 25. There i s  very 

l i t t l e  varia tion  m  the lon gev ity  o f  adults as in flu enced  

toy varying nitrogen  n u tr ition . The re su lts  o f  the analysis 

revea lthat the treatment e f f e c t  i s  not s ig n if ic a n t .

Fecundity

Data on the numtoer o f  eggs la id  toy ten fem ales 

emerging from rearin g  under d if fe r e n t  nitrogen doses are 

given in Appenxix VII and summarised in Tatole 25. A nalysis 

o f  the data have shown that the v a ria tion  in  fe cu n d ity  i s  

not s t a t is t i c a l ly  s ig n if ic a n t .

O viposition  and nymphal survival

The tomld up o f  population o f  H.lugens on p lants 

under the d if fe r e n t  le v e ls  o f  n itrogen  n u trition  has toeen
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studied. Ten pa irs  o f adu lts were con fined on each plant 

f o r  f iv e  days f o r  egg la y in g . The number o f  nymphs were 

counted a ft e r  17 days and the data are given in  Appendix V 

and summarised in  Table 25. Analysis o f  variance o f  the 

data shows that the v a r ia t io n s  in  the number o f  in se cts  

are not s tat le t re a lly  s ig n i f ic a n t . Thus, v a r ia tion s  in 

nitrogen f e r t i l i t y  le v e ls  do not in flu en ce  the number o f  

eggs la id  and nymphal su rv iv a l.

E ffe ct  o f  Potash H u tn tlon

Bata on the b io lo g ic a l  fea tures o f  IT. lugens as 

in flu enced  by the v a r ia t ion s  in  the potash n utrition  o f  

host p lants are given in  Appenxix VIII and summarised in  

Table 27. The re su lts  are presented below s-

Wvmphal duration

The mean duration o f  the nymphal period  varies 

from 14.95 days to  1 5 .40 days in the d i f fe r e n t  le v e ls  o f  

potash n u tr it io n . These v a r ia t ion s  are not s t a t is t i c a l ly  

s ig n if ic a n t . I t  i s  however, observed th at at the three 

higher le v e ls  o f  potash, 7 5 , 100 and 125 kg KgO per hectare 

there i s  a prolongation in  the nymphal duration to the 

extent o f  1 .79 , 1.65 and 1 .3 2 .per cent over con tro l 

re s p e c t iv e ly .

Survival o f  nymphs

The mean percentage surviva l o f  nymphs v ar i 6s from
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T ab le-27 . B io lo g ic a l fea tures o f  H. lugens as in flu en ces  
by host plant under d if fe r e n t  le v e ls  o f  potash 
n u tr ition

B io lo g ic a l fea tures Boses o f  K„0 in  Kg/ha
studied

25 50 75 100 125
K1 K2 K3 E4 K

a Mean nymphal 15.13 15.19 14.95 15.40 15.38 15.33
duration (days)

a Per cent survival 95.0 95.0 77.0 92.0 76.0 64,0

a Growth index 6 .28 6.26 5.13 5.97 4.95 4.17

b Mean adult 
lon g ev ity  (days)

17.90 17.70 18.90 17.50 19.00 17.70

b Mean fecund ity 159.1 152.5 1 6 7 .6 145.1 183.3 159.3

O viposition  and 65.50 85.00 166.50 63.25 54.00 61.50
nymphal survival 
(Mo. o f  in sects  
per p lant)

0

a Mean o f  fou r re p lica t io n s  

^ Mean o f  ten  in se cts
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64 to  95. The low est survival o f  64$ i s  observed at the 

highest potash dose o f  125 kg lO /'/h ectare  an<3 h ighest 

su rv iva l o f  95$ i s  observed at the low est dose o f  zero 

le v e l  o f  KgO.

The re su lts  o f  the s t a t is t i c a l  analysis o f the data 

(Table 28) show that the varia tion  in  the survival i s  

s ig n i f ic a n t . The su rv iva l i s  s ig n if ic a n t ly  reduced (to  64$) 

at the dosage o f  125 kg K^O/heetare as compared to c o n tro l 

and the other doses o f  potash (76 to  95$), they being on 

Par among them selves.

Growth index

The growth index values o f  the nymphs computed f o r  

the d if fe re n t  treatm ents was analysed and the re s u lts  are 

given in  Table 29. There i s  s ig n if ic a n t  varia tion  In the 

growth index values between the treatm ents. The index i s  

h ighest in the co n tro l (6 .28 ) c lo s e ly  follow ed  by the 

low est le v e l  o f  Kg0 (6 .2 6 ) . The growth index decreases as the 

KgO le v e l  in creases and the low est growth index value o f  

4 .17 i s  seen at the highest le v e l  o f  K^O. i (jrovth index 

va lues at the highest two le v e ls  o f  iC>0 v iz . 100 and 125  kg/ 

hectare are s ig n if ic a n t ly  d iffe re n t  (low er) from those m  

the co n tro l and oth er potash doses. 

id u lt  lon gev ity

Data on the lon g ev ity  o f  the macropterous fem ales
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Table-28. Analysis o f  vaisanee o f the survival
percentage of M. lugens nymphs when reared 
on r ic e  grown at d ifferen t potash f e r t i l i t y  
le v e ls

Source s .s . a . f . M.S. S

Total 4399.160 23
Treatment 2162.770 5 432.553 *3.482

Error 22 36 . 390 18 124.244

♦Significant at 5$ lev e l

Mean Table

Ranking Treatment Mean survival

1 *0
95(77.08)

2 K1
95(77.08)

3 K3 92(73.57)

4 h 77(61.34)

5 h 76(60.67)

6 h 64(53.13)

ligures in parenthesis are angular transformations 
C.D. (0.05) = 16.56
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T a b le -2 9 . A nalysis o f  varianoe o f  the growth Index 
o f  H. lugens nymphs reared on r ic e  grown 
und"er d i f f e r e n t  le v e ls  o f  potash

Source S .S . a . f .  M.S.

T ota l 26.474 23

Treatment 14.375 5

E rror 12.099 18

** S ig n if ic a n t  at 1$ le v e l

Mean Table

Ranking Treatment Growth index

1 *0
6.28

2 K1
6.26

3 K3 5.97

4 K2 5.13

5 K4 4.95

6 K5 4.17

C.D. (0 .05 ) 1 .22

4W
2.875 4.277

0.672
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emerging from each o f  the treatm ent i s  given in  Appendix IX. 

The mean lo n g e v ity  ranges from 17.7 days to  19.0 days. 

S t a t is t i c a l  a n a ly sis  o f  the data re v e a ls  that the v a ria tion  

in  lon gev ity  due to  the treatments i s  not s ig n if ic a n t .

Ihns, i t  appears th a t adult lo n g e v ity  i s  not s ig n if ic a n t ly  

a ffe c te d  by the nymphal feeding on p lants at d f fe r e n t  potash 

f e r t i l i t y  le v e ls .

Fecundity

Number o f  eggs la id  by ten macropterous fem ales 

reared out at the d if fe re n t  potash doses i s  given in 

Appendix X. The number o f  eggs la id  per female ranges 

from 145.1 to  167 .6 . S t a t is t ic a l  analysis o f  th6 data 

shows tnat the v a r ia tion  in  fecu n d ity  i s  not s ig n if ic a n t .  

Thus, nymphal feed in g  at d if fe r e n t  le v e ls  o f  potash n u trition  

does not seem to  a f f e c t  the fe cu n d ity  s ig n i f ic a n t ly .

O vip osition  and nymphal surv iva l

This was studied by con fin in g  f iv e  p a irs  o f  adults 

on each plant f o r  f iv e  days and counting th6 number o f  

nymphs on thell^day . The re s u lts  o f  th6 s t a t i s t i c a l  analysis 

o f  the data are presented in  Table 30. There i s  s ig n ific a n t  

v a r ia t io n  in  th6 number o f  in s e c ts .  The h ighest three 

l e v e l s  o f  potash, v i s .  75,100 and 125 kg KgO/hectara have 

recorded s ig n if ic a n t ly  low er number o f  nymphs.
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Tabls-30„ .Analysis o f  variance o f  the population 
bu ild  up o f  £ . lagena on plants grown 
under d if fe r e n t  le v e ls  o f  potash.

Souree s . s .  a . f . M.S. F

T ota l 27212.63 23

Treatment 12454,87 5 2490.98 *3.04

Error 14757.76 18 819.88

■^Significant at 5% le v e l

Mean Table

Ranking Treatment Mean Ho. o f  
in sects

1 K2 106.50

2 K1
85.00

3 *0
65.50

4 K3 63.25

5 K5 61.50

6 K4 54.50

0.33.(0 .05) = 42.53
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In festation  Responses o f  laeens 
to R ice V arieties

Studies have been undertaken to ascertain the 

re la t iv e  su scep tib ility  o f  d iffe ren t strains o f  paddy to 

in festa tion  by the native biotype o f  S . lugens with 

reference to d ifferen t features o f  the in seot on the one 

hand and o f  the r io e  stra ins on the other. The features 

o f the in seot studied are orientation , egg-laying, survival 

and duration o f  nymphs, adult longevity , growth index and 

fecundity. The features o f  the r io e  v a r ie t ie s  studied 

are height o f  plants, width o f  leaves, thickness o f stem 

and thiekness o f  le a f  blades. The su sce p tib ility  studies 

have been made at two stages o f  growth o f  the plants v iz . 

the seedling stage and t i l le r in g  stage. R esults o f  

studies made on these two stages are presented below.

Seedling Stage

Varietal su soep tib ility  to in festa tion  by j?. lugens

& to ta l number o f  56 v a r ie t ie s  including two 

cultures were screened fo r  th e ir  su scep tib ility /re s is ta n ce  

reaction to W. lugens nymphs at th e ir  seedling and t i l le r in g  

phases. The variety Annapoorna was the susceptib le check. 

The mean su sce p tib ility  (damage) soores o f these v a r ie t ie s



are presented in  Table 31. The mean damage score  ranges 

from 3.0 to  9 .0  on a zero t o  nine s ca le . At the seedling 

stage Ptb 33 i s  seen to  be the only variety  res is ta n t to 

damage by the planthopper with a score o f  3 .0 . The three 

v a r ie t ie s  Ptb 12, Ptb 21 and Culture 57-5-1 are moderately 

res is ta n t with damage sco res  o f  3.4 to  4 .5* Eleven v a r ie t ie s  

namely Ptb 4, Ptb 18, Ptb 19, Ptb 31, Bharathi, Ratna, 

Mashuri, IR 5, I® 20, IS  26 and IE 30 are moderately 

su sce p tib le , tb6 damage scores varying from 5 .2  to  7 .0 .

The remaining fortyon e  v a r ie t ie s  are highly su scep tib le  

with damage scores ranging from 7 .1  to  9 .0 .

E ffe c t  o f  in sect o r ien ta tion  and plant characters 
on damage scores

The re su lts  are presented in  Table 32. The average 

number o f  nymphs o f  H. lugens s e t t l in g  on the p lants o f  

d i f fe r e n t  V a r ie tie s  ranges from 4 .0  to  13 .6 . The mean 

height o f  the seed lin gs studied v a r ie s  from 7 .7  to  21 .9  cm. 

The width and thickness o f  the l e a f  in  the d iffe re n t  v a r ie t ie s  

vary from 0 .29 to 0 .53  cm and 0 .013 to  @.033 cm re s p e c t iv e ly . 

The th ickness o f  the stem ranges from 0 .094 to 0 .144 cm.

The in flu en ce  o f  the d if fe re n t  plant characters v ia . height, 

width o f  l e a f ,  stem th ickness and le a f  th ickness on the 

damage score and on the number o f  in se c ts  s e t t l in g  on th e  

plant was studied by taking the m u ltip le  regress ion  models.
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T ab le-31 . Damage caused by H. lugens to  d iffe re n t  v a r ie t ie s  
o f  r ic e  at th e  seedling and t i l l e r i n g  s ta g es . 

(Screened on a 0 t o  9 s ca le )

V ariety 
o f  r ic e

Seedling Stage T il le r in g S t a g e ..........
Mean damage Damage 
sco re  grade

Mean damage 
score

Damage
grade

(1 ) (2 ) (3 ) (4 ) (5) _

Ptb 1 8 .2 HS 9 HS
" 2 7 .9 HS 9 HS

" 4 5 .9 MS 9 HS
" 5 7 .2 HS 9 HS
" 8 7.1 HS 9 HS
»i g 7 .5 HS 9 HS
" 10 7 .2 HS 9 HS
n 12 4 .5 MR 9 HS

" 15 9 .0 HS 9 HS
" 16 9 .0 HS 9 HS
" 18 6 .5 MS 9 HS

" 19 5 .2 MS 9 HS

" 20 8 .8 HS 8 HS
" 21 4 .4 MR 9 HS
" 22 8 .1 HS 9 HS
n 23 7 .9 HS 9 HS

" 26 9 .0 HS 9 HS
n 27 8 .9 HS 9 HS
!> 28 9 .0 HS 9 HS

" 29 9 .0 HS 9 HS
ti 30 9 .0 HS 9 HS

" 31 6 .6 MS 9 HS
ti 32 7 .9 HS 9 HS
n 33 3 .0 R 3 R

Annapoorna 9 .0 HS 9 HS

Rohini 7 .4 HS 9 HS
Asvathy 8 .9 HS 9 HS

Thriveni 8 . 1 HS 9 HS

Contd. on page 100



Eable-31 ConS. -  100 -

( 1) (2 ) (3) (4) (5)

Jyothi 7.5 HS 6 MS
Sabari 9.® HS 8 HS
Bharathi 6,0 MS 7 MS
Bala 9.0 HS 9 HS
Cavery 8.8 HS 9 HS
Jagannatb 8.7 HS 9 HS
Kanchi 8.8 HS 9 HS
Pacta a 8.0 HS 9 HS
Ratna 6.0 MS 9 HS
Supriya 7.7 HS 8 HS
Mashnri 5.9 MS 8 HS

H4 8.6 HS 8 HS

EM- 1 8.6 HS 9 HS
Mudgo 7.3 HS 9 HS
Jaya 8.2 HS 9 HS
IR 5 6 .6 MS 7 MS
IR 8 7.5 HS 9 HS
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
IR 30 6 .4 MS 9 HS
IR 32 8.1 HS 9 HS
IR 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 9 HS

R = res is ta n t; MR = moderately res is ta n t;
MS = Moderately susceptib le ; HS = highly susceptible
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I t  i s  found that these regression s are not s ig n if ic a n t .

The estim ated regression  models and the corresponding 

c o e f f i c ie n t s  o f  determ ination are given below.

Y1 = 9.914 -  0 z 1 + 0.841 xg -  101.758 x ? -  119.210 x^

(R2 = 0 .0761)

Y„ = 10.183 -  0.047 x .  + 0.296 x~ -  29.658 x ,  -  238.725 x . d 1 d $ q.
(R2 = 0 .0389)

Y 1 = damage score

Y2
= number o f  in s e c ts  that s e tt le d  on the plant

X1
= height o f  the plant

x 2 * width o f  le a f

x 3 = thickness o f  stem

x 4 = thickness o f  l e a f

R2 3 c o e f f ic ie n t  o f  determination

The simple c o rre la t io n  c o e f f ic ie n t s  between the 

biom etric characters and the damage score  and number o f  

in se c ts  have been worked ou t. There i s  a s ig n ifica n t 

p o s it iv e  co rre la tion  between the damage score  and the 

number o f  in se c ts  s e tt le d  on the p lan t. The other 

co rre la t io n  c o e f f ic ie n t s  are not s ig n i f ic a n t . The 

co rre la t io n  c o e f f ic ie n t s  obtained ar6 given below.
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^  i ^29 ^ 1 9 ^2* 4

Y1 *0.4611 -0 .1067  -0.0041 -0 .2057  -0.0987

Y2 -0 .1704  -0 .1213  -0 .1456  -0.1840

* S ig n if ica n t  at 1# le v e l  
T i l le r in g  Stage
V arieta l su scepti 13111 ty to in fe s ta tio n  by If. lugens

At the t i l le r in g  phase a lso  Ptb 33 i s  seen to  be 

re s is ta n t to brown planthopper damage with a score o f  3 . 0 . 

Culture 57-5-1 i s  the only stra in  which i s  moderately 

re s is ta n t with a score o f  5 .0 . The v a r ie t ie s  J y o t i, 

Bbarauhl and IE 5 show moderate s u s c e p t ib i li ty  with scores  

varying from 6 .0  to 7 .0 . 411 the remaining 51 v a r ie t ie s

are h igh ly  su scep tib le  to  in fe s ta tio n  and damage by 

I -  31 ). ( s ee P late I I I  f o r  hopperburn damage)

E ffect o f  adult o r ien ta tion  and plant ch aracters on 
damage scores

These were studied on 40 se lected  v a r ie t ie s , the 

re su lts  o f  which are given in  Table 33. The mean number 

o f adults which se tt le d  per plant ranges from 3.0  (on the 

v a rie ty  Cavery) to 12.3 (on cu lture 2 6 -4 -2 ) . The mean 

number o f  eggs deposited on d iffe re n t v a r ie t ie s  ranges 

from 42 per plant (on Ptb 31) to  520 per plant (on TR 34 ) .



ELata II I  -  Manifestation o f  hoppsrbarn 
symptoms on Jaya plants
( i )  k healthy plant and a 

wilted plant
(11) Stages o f the development 

o f hopperburn

JS -  Healthy plant
B -  Yellowing o f

leaves and wilting 
of lower leaves

C -  leaves wilted, but 
the stem is  partly 
green

B -  Plant completely 
wilted.





bet
3}able-32. Relation^dsmage s co re  and nymphal settlem ent o f  H. lu gen s and some p lant 

ch a ra cters  In d i f fe r e n t  v a r ie t ie s  o f  r i c e  at seed lin g  stage

R ice
v a r ie t ie s

Damge
score

Mean No, o f  
nymphs per 
seed ling

Mean height 
o f  seed ling  

(cm)

Width o f  
l e a f  

(cm)

Tiiekness 
o f  stem 

(cm)

Thickness 
o f  l e a f  blade 

(cm)

( 1 ) ( 2 ) (5 ) (4) (5 ) ( 6 ) (7 )

Ptb 2 7 .9 6 .4 11.293 0 .3 16 0 .1 0 8 0 .014
n 4 5 .9 6 .6 12.680 0 .3 08 0 . 1 2 1 0 .017
" 5 7 .2 6 .0 13.333 o 2 Geo/ 0 .114 0.017
" 8 7.1 7.0 14.573 0 .3 68 0 .1 0 0 0 .0 2 0

" 9 7 .5 5.6 13.213 0 .3 10 0 .109 0 .0 1 8
" 10 7 .2 8 .2 13.427 0 .3 04 0.107 0 .016
" 12 4 .5 4.2 18.340 0 .4 00 0.140 0 .030
" 15 9 .0 6 . 2 12.013 0 . 2 90 0 .103 0 .017
“ 16 9 .0 6 .0 13.013 0 .3 30 0.096 0 .0 2 0

" 18 6 .5 9 .2 11.627 0 .3 00 0 .113 0 .0 1 8
<i 19 5 .2 9.0 12.800 0 .3 46 0 . 1 1 1 0 .019
» 21 4 .4 4.0 10.107 0 .3 00 0.106 0 .0 1 5
" 22 8 . 1 7 .2 15.440 0 .3 54 0 . 1 0 1 0 .0 2 0
tt 23 7 .9 10 .2 17.360 0 .3 50 0 .114 0.017

Con td .onpage 104



CD ( 2 ) (3) ( 4 )

Ptb 26 9,0 , 4,4 . , 11.440 ’

" 2? 8.9  . „ 6.0  ' . 13.773
15 28 9.0 ’ . 12.0 8*200

■ ", 29 9.0 . 5.8 ' ’ , 1 1 *640"'

«  30 9,0 ' „ 10 i 4 '■ 8 ;. 6 40
o 51 6.6  , " 6.4 , 2 0 .41‘3
n '32 7 .9  . 1 1 . 2 ’ ■ 44.907
«  '33 3.0 5.2  ■ •' : , 1 2 . 200,'

Mnapoorna 9.0 , ■ 1 1 .8  „ ' , 10.215
Robitil ■ 7 .4 '  " 10.4 13.137
Aswathy 8.9, ' , 6 .8  ' . . 12.815
Ihxiverii ■6 . 4 " • 6 .8 8., 473
'Jyoti 7 .5 - 6 .8 12 .7 2 0
Safeari 9.0 6 .4  . 10 .187
Bharathi 6 .0 " 4. 4 , 17.8#0
Cavery . . 8 .8  ./ 1 1 . 2 '' 11.330

SaprjLya. • 7.7 '- 1 1 . 2 8.227

Mashffit ■ 5.9 - 5.2 ^ 15 .5 4 7

(5 ) C6) (7)

04 3 14 . 0 . 1 1f 0.017
0 .3 76 : 0 .1 1 9 , 0.021
0 .5 06 „ 0* 102 , '0.O I6
0 .3 69 0.100 ( . 0.017
0 .3 95 . • ,0.094 ■ \  0.018 ‘
0 .4 76; ‘ ■ 0.138' ' ; ; 0 .028 , '
0*3 10 0.111 - 0*016 ,
0 .5 14- , 0*120 . 0*019
0 .3 26 . ’ 0.115 ■ . 0 .018.
0 .5 34 , 0.115, , 0 .0 1 7  ,
0.4 .16 ' ,0.150, 0*025.
0 .3 46 0,113 0.015
0 .3 92 ' . 0.125. „,'0*022,

0 .3 04 0.112, 0.014
0 .5 34" 0.144'. ' 0.028.

0 .3 '24 0.104. , ,,'0..018..

0 .3 06 0.:, 102 . 0.017
0 .3 66: ■ 0 . 1 1 3 . • . 0.018/

.Cootd. cm page 105
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( 1 ) ( 2 ) (3 ) (4) (5 ) ( 6 ) (7 )

H4 8 . 6 8 . 6 21.973 0 .4 70 0 . 1 3 8 0 .0 3 3

TH- 1 8 . 6 1 1 . 2 9.520 0 .4 0 6 0 . 1 2 1 0.017
Jaya 8 . 2 1 1 . 2 1 1 .560 0 .4 04 0 .134 0 .019
IR 5 6 . 6 5.6 1 1 .2 0 0 0 .4 18 0 .1 2 8 0 .0 20

IR8 7 .5 5.0 1 2 . 22? 0 .4 12 0 .1 3 5 0 .0 2 1

IR 20 6 . 0 6 . 8 11.240 0 .3 96 0 .108 0 .0 2 1

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 .1 1 4 0 .015
|R 30 8 . 1 7 .0 8 .213 0 .3 70 0 . 1 1 0 0.017
IR 32 8 . 1 8 . 8 9.493 0 .3 04 0 .1 2 0 0.017
IR 34 7 .5 5 .8 11.840 0 .4 04 0 .115 0 .0 2 1

IR 68 8 . 1 9 .0 8.733 0 .4 25 0 .113 0 .023
C u lt .57 -5 -1 3 .4 4 .0 7.707 0 .3 22 0 .107 0 .013
C u lt .26 -4 -2 8 .6 13.6 10.653 0 .3 48 0 . 1 2 2 0.017



Ia b le -3 3 . R ela tion s between damage s co re , egg la y in g  and adult settlem ent o f  
If. lu gen s and some p lan t ch aracters  o f  d i f fe r e n t  r i c e  v a r ie t ie s  at 
the t i l l e r i n g  stage.

R ice
v a r ie ty

Mean
damage
score

Mean No, o f  
adu lts  s e tt le d  
per plant

Mean No. 
o f  eggs/ 
plant

Thickness 
o f  stem 

(cm )

Thickness 
o f  sheath 

(cm)

Thi ckness 
o f  culm 

(cm)

( 1 ) (2 ) (3 ) (3 ) (5 ) ( 6 ) (7)

Ptb 1 9 10 .0 127 0 .914 0.191 0.432
" 2 9 7 .0 107 0.876 0 .2 0 3 0.396
« 4 9 9.0 172 0 .914 0.191 0.417
<* 10 9 9 .6 79 0.610 0 .1 3 2 0.241
» 12 9 7 .3 109 0 .7 9 5 0 .165 0.384
n 15 9 4.0 86 0.991 0 .203 0.391
n 21 9 8 .6 167 0 .902 0.191 0 .3 8 1

n 22 9 8 .3 218 0 .940 0.191 0.254
" 23 9 7 .6 69 0.762 0 .152 0.328
« 26 9 5.7 132 0 .945 0.191 0.417
11 27 9 8.7 107 0 .9 1 4 0 .178 0.394
" 28 9 8 .6 131 0 .7 6 2 0 .152 0.284
" 29 9 8 .7 11 2 0 .4 8 3 0 . 1 0 2 0.287
" 31 9 4.7 42 0.851 0 .160 0.442
" 32 9 8 .7 137 0 .635 0 .152 0.216
" 33 3 3.7 52 0 .9 7 8 0 .2 0 3 0 .373

Annapoorna 9 5 .3 164 0 .940 0 . 1 2 2 0.356
Ro hini 9 8 .3 164 0 .559 0 .1 4 0 0.330

Gontd. on page



( 1 ) ( 2 ) (3 ) (4) (5) (6 ) (7)

Jyottai 6 9.6 171 0 .7 6 2 0.191 0.409
S a tari 8 5.3 148 0 .813 0.140 0.508
Bharat hi 7 7 .3 92 0.841 0.147 0.452
Caver y 9 3.0 240 0.775 0.104 0.241
Pactaa 9 1 1 .0 418 0 .7 6 2 0 . 1 7 8 0.3 6 8

Masburi 8 9.6 102 0.978 0.229 0.445

H4 8 9 .3 97 0.787 0.150 0.432

TB- 1 9 11.3 432 0.564 0.152 0.330
Mud go 9 6 .7 60 0.584 0.127 0 .3 8 1

Jaya 9 7.0 170 0 .7 6 2 0 .1 2 2 0.559
IR 5 7 5.0 114 0 .7 6 2 0 .1 5 2 0 . 6 10 ;
IR 8 9 7 .3 380 0.881 0 .14 0 0.457
IR 20 8 7 .3 176 0.635 0.114 0.419
IR 22 9 10.3 496 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 .3 6 8

IR 30 9 7 .0 168 0.660 0.114 0.356
IR 32 9 5 .0 108 0.792 0 .1 2 2 0.533
IR 34 9 1 2 .0 520 0.864 0.140 0 .483
IR 68 9 8 .0 112 0.503 0 .1 4 0 0.351
C a lt .57-5-1 5 6 .0 108 0.737 0.173 0.376
Cult. 26-4-2 9 12.3 423 0 .7 6 2 0.191 0236



The in flu en ce  o f  stem th ickness (0 .4 8 3  to 0 .9 9 1 ), 

sheath th ick n ess  (0 .084 to 0 .229 ) and culm th ickness 

(0 .216 to 0 . 6 1 0 ) on the damage sco re , number o f  adults 

s e t t l in g  and number o f  eggs la id  was stud ied  by taking 

the m u ltip le  regression  m odels. I t  i s  found that the 

r e la t io n s h ip  between the number o f  in s e c ts  on the on6

hand and stgm th ick n ess, sheath th ickn ess and culm

th ickn ess on the other alone i s  s ig n i f ic a n t .  The in flu en ce  

o f  the above fa c t o r s  on the damage score  and the number o f  

eggs la id  are not s ig n i f ic a n t . The estimated reg ress ion  

m odels and the corresponding c o e f f i c i e n t s  o f  determ ination 

are given below .

J . = 10.829 2.250 x . -  32 .150*- 7.133 x_I 1 2. 2
(R2 = 0.113712)

Y2 = 9.331 -  23 .259 x 1 + 94.090 Xg -  1.572 x ?

(R2 = 0 .247245)*
Y3 = 139.661 -  83.586 x 1 -  85.531 Xg + 93-352 x 3

O
(R = 0.001828)

• S ig n ifica n t at the 0 .05  le v e l  o f  s ig n i f ic a n c e . 

Where, 7^ = damage soore

Yg = number o f  in se c ts  th a t s e tt le d  per p lant

7 „  = number o f  esgs la id  per plant5
x.j = th ick n ess  o f  stem

Xg = th ick n ess  o f  l e a f  sheath

x^ = th ick n ess  o f  culm
O

R = C o e ff ic ie n t  o f determ ination
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The simple c o r r e la t io n  c o e f f i c i e n t s  between the 

b iom etric  ch aracters  o f  the p lant and the damage sco re , 

number o f  in s e c ts  s e t t l in g  and the number o f eggs la id  

have been worked ou t. She co rre la t io n  c o e f f i c i e n t  between 

the number o f  in s e c ts  s e t t l in g  and the number o f  eggs la id  

alone i s  found to  be s ig n i f ic a n t .  The co r re la t io n  

c o e f f i c i e n t s  obtained are as given below

y . Y„

Y1

2

0.262

Y.

Y,2

3

X2 X3

0 .283 -0 ,1 6 9

0 .229 -0 .189

0 .300 0.015

3 1

0 .245  - 0 .1 6 6  

0,581* 0.222 

-0 .0 3 3

^ s ig n if ic a n t  at 5 per cen t le v e l

Anatomical stu d ies  o f  l e a f  sheaths have shown that 

in  Ptb 33 p la n ts , there i s  more o f  sclerenchyma in  the 

peripheral re g io n , the parenchymatous c e l l s  being  more 

s i l i c i f i e d  and devoid o f  ch lo r o p la s ts . On the other hand 

in  Annapoorna the sclerenchym atous c e l l s  are f av -j^e 

periph era l re g io n ; the parenchyma c e l l s  are n ot s i l i c i f i e d ,  

but succu lent with ch lo ro p la s ts  present in  abundance 

(P late  XV).

Hast -  b io lo g y  r e la t io n s  o f  If. lugens

These stu d ies  were made with eight s e le c te d  v a r ie t ie s  

o f  r i c e  possessing  graded degrees o f  r e s is ta n c e  to in fe s t a t io n



Plate IV -  oross seotlon o f  the stem 
o f  r ioe  plant showing the 
anatomies! diffidences in 
the le a f  sheaths o f  Ptb 33 
and Annapoorna

iS -  Variety Ptb 33

B -  Variety Annapooma
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and damage by H. lugens. The plants used were o f  the 

t i l le r in g  stage. The v a r ie t ie s  o f  r ic e  and the degree o f  

res is ta n ce  o f  each are as unders

Jayas TK-1 , Annapoorna s Highly susceptib le

Individual p lants were exposed to adiiLt hoppers 

and the number se tt lin g  on each plant 48 hours a fte r  the 

re lease  o f  the in se c ts  were counted. There iirere f iv e  

r e p lica t io n s . R esults are presented in Table 34.

O rientation o f  adults on v a r ie t ie s

The mean number o f  adults s e tt lin g  on th e  in d iv idua l 

p lants varies from 7 .87 to 9 .73. .Analysis shows that these 

va r ia tion s  are not s ig n ifica n t in d ica tin g  that the adults 

o f  H. lugens do not exh ibit any s ig n ifica n t  preference or 

non-preference to the v a r ie t ie s  studied .

Duration o f  nymphal period

The mean nymphal duration va ries  from 14.8 days 

(on Annapoorna and TE-1) to 18.2 days (on Ptb 33). Analysis 

o f  the date. (Table 35) reveals that th e  varia tion s in the 
duration are highly s ig n ifica n t. She eight v a r ie t ie s  a p p e a r  

to f a l l  under three w ell defined groups with re feren ce  to

Ptb 33

Culture 57-5-1

IR 5, Bharathi, Jyothi

Moderately resis tan t 

Moderately su scep tib le

Resistant
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T a t ie -34. Settlement o f  adult hoppers o f  H. luaens on d if fe r e n t  r ic e
v a r ie t ie s  and th e ir  b io lo g ic a l  fea tu res , when reared on 
the d if fe re n t v a r ie t ie s

Rice Mean Mean Average Growt h Average Mean
V ariety adult

settlem ent 
per plant

Hymphal
su rv iva l

nymphal
duration

(days)

index lon gev ity  
o f  adults 

(days)

Ho. o f  
eggs per 
female

Ptb 33 8 .13 23.0 18.2 1.30 5.2 6 .0

Culture 57-5-1 9.73 73.0 16.0 4.57 21.4 132.4

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

Jyoth i 8 .33 70.0 15.8 4 .43 2 1 .0 208.0

Jaya 9.60 84.0 15.1 5.59 24.0 237.0

TH- 1 8 .93 8 3 .0 14.8 5.60 24.6 2 1 1 . 2

Annapoorna 8 .33 84.0 14.8 5 .6 6 23.4 1 7 8 .8
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Table-35- .Analysis o f  variance o f  the duration o f
N. lugens nymphs when reared on se lected  r ic e
v a r ie t ie s .

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

Total 37.794? 31

Treatment 33.9072 7 4.8439 **29.91

E rror 3.8875 24 0,1620

** S ig n ifica n t at 1$ le v e l  o f s ig n ifica n ce  

Mean Table

Hanking V ariety Mean nymphal 
duration (days)

1 ( ® M (V?) 14-83
( Annapoorna (78) 14.83

2 Jaya (76) 15.03

3 IR 5 (73) 15.50

4 Bharathi (V 4) 15.63

5 Jyothi (75) 15.80

6 Culture 57-5-1 (72) 16.00

7 Ptb 33 (71) 18.20

C .B .(0 .05 ) = 0 .59
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th e ir  nymphal duration. She varia tion s In the nymphal 

duration between these groups are s ig n ifica n t  a lso .

Thus Jaya,4nnapoorna and TN-1  belong to one group with the 

sh ortest nymphd. duration (14.83 to 15.03 days) there 

being no s ig n ifica n t d iffe ren ce  between them. The next 

group which shows a medium nymphal duration comprises 

o f  the v a r ie t ie s  IS 5, Bharat h i, Jyothi and Culture 57-5-1 

with a duration range o f  15.5 to 16.o days. There i s  no 

s ig n ifica n t d ifferen ce  between these v a r ie t ie s  in nymphal 

duration. The third group whioh shows the longest duration 

o f 13.2 days i s  represented by Ptb 33 (H g . 11b).

Survival o f  nymphs

Survival o f  the nymphs i s  the loiirest on Ptb 33(23$) 

and h ighest on Jaya and 4nnapoorna (84$). Analysis o f  

variance presented in Table 36 shows that the v a r ie t ie s  

Jaya, JSnnapoorna and TN-1 are on par and shows s ig n ifica n tly  

higher survival than the rest o f  the v a r ie t ie s .  The 

v a r ie t ie s  cu lture 57-5-1, IE 5 and Jyothi show no s ign ifica n t 

d ifferen ce  among themselves, but are s ig n if ica n t ly  lower in 

nymphal survival than the former group. The v a rie ty  Ptb 33 

records a s ig n ifica n tly  loiirer survival percentage than the 

re s t  o f  the v a r ie t ie s . (H-g. 1 1 a)
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T able-36. Analysis o f  variance o f  per cen t survival
o f  E. lugens nymphs when reared on se lected
rice V a r ie t ie s .

Source s .s . a . f . M.S. F

Total 5339.15 31

Treatment 4508.52 7 644.08 **18.61

E rror 830.63 24 34.61

**  S ig n ifica n t at 1?5 le v e l

Mean Table

Ranking V ariety Mean survival

1 (Jaya (76) 84 (6 6 . 4 2 )
(iSnnapoorna (78) 84 (6 6 . 4 2 )

2 TE- 1 (77) 83 (65 .65 )

3 Bharathi (74) 79 (62 .72)

4 Culture 57-5-1 (72) 73 (58 .69)

5 IR 5 (73) 71 (57 .42)

6 Jyothi (75) 70 (5^ .79)

7 Ptb 33 (71) 23 (28.66)

Figures in parentheses are angular transform ations 
C.B. (0 .05) = 8.55
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Growth index

The mean growth index i s  lowest on Ptb 33 (1 .30) 

and i s  h igh est on Annapoorna ( 5 . 6 6 ) .  A nalysis o f  variance 

presented in  Table 37 re v e a ls  that growth index on Ptb 33 

i s  s ig n i f ic a n t ly  lower than the index va lues on the other 

v a r ie t ie s . Growth index values on Annapoorna, TN- 1  and 

Jaya are higher (5 .59  to 5 . 66)  than the o th ers . The 

v a r ie t ie s  Bharat h i, IS  5, Culture 57-5-1 and Jyothi occupy 

an interm ediate p osition  with growth index varying from 

4.43 to 5.06 (P ig . 11 c ) .

Longevity o f  adults

The mean lon gev ity  o f  adults emerging from nymphs 

reared out on the d if fe r e n t  v a r ie t ie s  v a r ie s  from 5 .2  days 

(Ptb 33) to  24.6 days (TN -1). Results o f  the S t a t is t ic a l  

an a lysis  (Table 38) shows that the v a r ia t ion  i s  s ig n if ic a n t  

only in  the ease o f  Ptb 33. A ll the other v a r ie t ie s  are 

on par (P ig . 11 d ).

The mean number o f  eggs la id  per female reared out 

on tie se le c te d  v a r ie t ie s  together with the an a lysis”o f  

variance i s  given in  Table 39. I t  i s  seen that the adult 

reared out on the v a r ie ty  Jaya lays the highest number o f  

237 eggs fo llow ed  by that on IR 5 (215 .0 ) and TN- 1  (2 1 1 .2 ).
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Table-37. Analysis o f  variance o f  growth index o f
2 - Ingens when reared on se lected  rioe
v a r ie t ie s .

Source S.S. d .f . M.S. P

Total 65.587 31

Treatment 58.180 7 8.31 ’**26.93

Error 7.407 24 0.31

** S ig n ifica n t at le v e l

Mean Table

Ranking V ariety Growth index

1 Annapoorna (V8) 5.66

2 TN- 1  (V7) 5.60

3 Jaya (V6 ) 5.59

4 Bharathi (?4 ) 5.06

5 IR 5 (V3) 4.58

6 Culture 57-5-1 (V2) 4.57

7 Jyothi (V5) 4.43

8 Ptb 33 (V1) 1.30

C.D. (d .05) = 0.82
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131)1 6 - 38. ilaalysis o f  variance o f  longevity  o f  
N. lHsens macropterous femalea reared 
out from selected r ioe  variation .

— -  — —

Source S.S. a . f . M.S. E

Total 2106.975 39

Treatment 1537,375 7 219.625 **12 .34

Error

**

569.600

S ign ificant at 1% leve l 

Mean TaBLe

32 17.80

Ranking Variety Mean lon gevity  
(daya)

1 M M  (V7) 24.06
2 Jaya (V6) 24.0

3 Annapoorna (V8) 23.4
4 culture 57-5-1 (V2) 21.4
5 Jyothi (V5) 21.0

6 Bharathi (V4) 20.2

7 IR 5 (V3) 19.6
8 Ptb 33 (71) 5.2

C.D. (0 .05) 5.23



The low est number o f  6 .0  egga i s  la id  by the adult reared 

on Ptb 33 i s  s ig n if ic a n t ly  low er than a l l  other v a r ie t ie s .  

There i s  no s ig n if ic a n t  d iffe ren ce  between the other 

v a r ie t ie s  in fecund ity  though the fecu n d ity  varies from 

1 7 8 .8  to  237 eggs per fem ale (ELg. H e ) .

E ffe c t  o f  s i l ic a /p r o t e in  contents o f  r ic a  plants 
on damage caused by jr. lugens

R esults o f  the chemical analyses o f  twenty v a r ie t ie s  

o f  r i c e  at the t i l l e r i n g  stage are presented in Table 40.

The crude s i l i c a  contents o f  the v a r ie t ie s  under study 

range from 8*0 to 10 .3  per cen t. The corre la tion  between 

the s u s c e p t ib i l i ty  score  and the s i l i c a  contents has bean 

determined s t a t is t i c a l ly  and the c o r re la t io n  c o e f f ic ie n t  

r  = -  0 .1599 which i s  not s ig n i f ic a n t . The trend i s  o f  a 

negative co rre la t io n . I t  thus shows that the s u s c e p t ib i l i t y  

o f  the p lants to brown planthopper in fe s ta t io n  i s  not re la ted  

to  the s i l i c a  con tents in  the plant.

The to ta l p rote in  contents in the v a r ie t ie s  vary from 

4 .13 to  4.56 per cen t. The co rre la t io n  between the protein  

con tents and the damage score i s  p o s it iv e , the co rre la t io n  

c o e f f i c ie n t  r  => 0.1097 which i s  not s ig n if ic a n t . I t  shows 

that the s u s c e p t ib i l i ty  i s  not re la ted  to  the protein  contents 

in the p lant.
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Pig. 11, Biological features of 
IT. lugens reared on 
selected rioe varieties
(a) Hymphal survival ($)
(b) Hymphal duration (days)
(c) Growth index
(d) ddult longevity (days)
(e) Fecundity (Ho. of eggs 

laid per female)
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Table-39. Analysis o f  variance o f  the average number
o f  eggs la id  by macropterous female H. lugens 
reared out from selected  r ic e  v a t ie t ie s .
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Source S .S . a . f . M.S. E

Total 257830.38 39
Treatment 1 8 1 1 1 6 . 3 8 7 25873.77 **10.79
Error 76714.00 32 2397.31

** S ig n if ica n t  at le v e l

Mean Table

Ranking Variety Mean Ho, o f  eggs 
la id  per female

1 Jaya (V6 ) 237.0
2 IR 5 (V3) 215.0
3 IK- 1 (V7) 2 1 1 . 2

4 Jyoth i (V5) 208.0
5 Bharatbi (V4) 197.6
6 Oulture 57-5-1 (V2) 192.4
7 iinnapoorna (V8 ) 1 7 8 .8

8 Ptb 33 (V1) 6 .0

0.33. (0 .0 5 ) 60.7
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Table-40. Crude s i l i c a  and protein contents o f  
selected  r ic e  v a r ie t ie s .

Variety Damage Crude Total
score S ilica  Protein
(0-9 sca le ) # $

Ptb 10 9 9.2 4-06

Ptb 33 3 9 .3 4.13
Annapoorna 9 8.4 4.50
Sabari 8 8.8 4.50
Jyothi 6 9.3 4.38
Bharat hi 7 9.1 4.56
Mud go 9 9.1 4.13
Jaya 9 3.1 4.56
EB- 1 9 10.0 4.31
Caveri 9 9.2 4.38
i s  5 7 10.3 4.25
IK 8 9 9.8 4.50
IK 20 8 8.4 4-56
IR 22 9 8.0 4.38
IR 26 9 8.2 4.50
IR 30 8 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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S u ita b i l it y  o f  Some Weeds as Alternate Hosts 
fo r  H. lugens

Ten species  o f  weeds commonly seen in  the r i c e  f i e ld s  

were tested fo r  th e ir  s u it a b i l i t y  as a lternate host plants 

in  terras o f  e g g - la y in g ,  nymphal su rv iva l and adult su rv iva l.

E gg-laving

The number o f  eggs la id  by macropterous fem ales in 

a period  o f  24 hours i s  given in  Table 41 and represented in 

F ig . 12. I t  i s  seen that the in s e c t  lays  eggs on most o f  

the weeds tested  except on Kallynga bulbosa (nut grass) and 

Cvanodon dactylon (h arya li g ra ss ). The mean number o f  eggs 

la id  per female on d if fe r e n t  weed hosts ranges from 3 .8  to  

10 .27 . The low est number o f  3 .8  eggs per female i s  on 

Braeharia ramosa and the highest number o f  10.27 eggs per 

fem ale on Monochoria v a g in a lis . This i s  c lo s e ly  fo llow ed  by 

E lio e a r is  atropurpureo (9 .9 3 ), RLrabrlstylls m iliaeeae  (9 .53) 

and Panieum interruptum (9 .0 7 ). The mean number o f  eggs 

la id  on these fou r species  o f  p lan ts  i s  almostjthe same as 

that la id  on r i c e  plant (9 .13 ) which i s  the p r in c ip a l host 

o f  the in se c t .

The a n a lysis  o f  variance o f  the data shows that there 

i s  s ig n ifica n t d if fe re n ce s  between the host p lan ts f o r
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T able-41. lumber o f  eggs la id  by f i v e  m acropterous fem ales 
o f  H. lusens in  24 hours on d i f f e r e n t  weeds

SI
Kn• Fame o f  weed Ho. o f  eggs la id Mean Mean

Rep I Rep I I Rep I I I Ho. o f  
eggs pi 
fem ale

1 Monoeboria v a s m a lis  P. 
(Pontederiaeeae)

58 31 65 51.33 10.27

2 Qyperus im b rica tes  Retz 
(Cyperaceae;

18 29 37 28.00 5.60

3 B lio c a r is  atropurpurea K. 
(■“‘l io c a r ia e e a e )

44 76 29 49.67 9.93

4 B chinochloa c r u s s a l l i  L. 
(Gramineae)

26 37 14 25-67 5.13

5 Braeharia ramosa S ta p t f . 
(Gramineae)

27 11 19 19.00 3.80

6 B im b ris tv lis  m ilia cea e  T. 
(C yperaceae)

61 47 35 47.67 9.53

7 Pamcum interruptum W. 
(Gramineae)

49 36 51 45.33 9.07

8 Paspalum Ion s i fo liu m  Roxb. 
(Gramineae)

38 47 41 42.00 8.40

9 K allvnsa bulbosa Retz 
(Cyperaceae)

0 0 0 0 0

10 Cyanodon daetylon P. 
(Gramineae)

0 0 0 0 0

11 R ice (c o n tr o l )

C.B. (0 .0 5 )

47 51 39 45.67

24.14

9.13

A nalysis cf Vari ance Table

Source S.B . a . f . M.S. P

T ota l 6356.296 26
Treatment 3596.296 8 424.500 *2.581
i r r o r  2960.000 18 164.444

^ S ig n ifica n t at 5$ le v e l  
R a n k i n g : 1 ,  3 ,  6 ,  1 1 ,  7 ,  S ,  2 ,  4 ,  5



F ig . 12. Mean num'ber o f  eggs 
la id  per fem ale 
JT, lugena on d iffe re n t 
weed p la n ts  and on 
r is e  in  24  hours
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o v ip o s it io n  by the in s e c t .  Comparison o f  the means revea ls  

that the number o f  eggs la id  on Bchinochloa c r a s s a l l l  and 

Braoharia ramosa are s ig n if ic a n t ly  low er than those la id  

on other host p la n ts .

The hatching o f  the egg has been noted on a l l  the 

sp ec ie s  o f  plants an which eggs have been la id . The 

incubation  period o f  the egg on the d if fe re n t  host p lants 

do not vary, the period  being 7 to  8 days.

Survival o f  lymphs

The percentage su rv iva l o f  f i r s t  in sta r  nymphs on 

the above tea weeds and on r io e  p lant fo r  four days are 

given in  Table 42 and represented in  B ig . 13 (a ). I t  i s  

seen th at the nymphs do not survive f o r  more than three 

days on the weeds except on Paspalum 1 ongifolium . The 

nymphs reared on t h is  plant reaches adult stage in  15 to 

16 days, the average surviva l percentage being 68 per cent 

as aga in st 84 per cen t on r i c e .  The adu lts that emerge 

from th is  host are normal in  co lou r  and la y  f e r t i l e  eggs.

S urviva l o f  adult hoppers on weeds

The surviva l o f  adults o f  H. lugens when fed  on 

d if fe r e n t  plants are summarised in Table 43 and represents 

in  B ig. 13 (b ) . I t  i s  seen that the adult hoppers survive 

On most o f  the p lan ts  f o r  one or two days. 4 t 24 h rs . a fter
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Pable-42. Per cent survival o f  nymphs o f  H. lnggas 
at d if fe re n t  in te r v a ls  on d if fe r e n t  weeds.

Survival percentage at
Hsme o f plant

24 hrs. 48 hrs 72  hrs. 96 hrs.

M. V aginalis 80.00 46.00 0 0

0 . im bricatus 84.00 54.00 12.00 0

1 - atropurpnrea 70.00 42.00 0 0

B, e ru sg a lli 78.00 70.00 30.00 0

B, ramosa 24.00 0 0 0

1 ' m illaeeae 92.00 60.00 58.00 0

P. in terru p t urn 20.00 0 0 0

P. Ion « i  folium 92.00 80.00 80.00 80 68$
reached

K. bulbs sa 0 0 0 0 adult
stage

0. dactvlon 16.00 0 0 0

Rica 90.00 86.00 86.00 84 84$
reached
adult
stage



f i g .  13. Per oent su rv iva l o f nymphs 
and adults o f  N.lugens 
on d if fe r e n t  weed plants 
and on r i c e

(a) S urvival o f  nymphs
(b) Survival o f  adults
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T able-43 . Per cent su rv iva l o f  adult H. lugens on 
d if fe re n t  weeds. “

o f  p lant Ho. o f  Survi v al percentage at_
in se c ts  
in tr o 
duced

24 48 72 96
h rs . hrs. hrs. h rs .

M. v a s in a lis 50 56.00 20.00 0 0

0. im bricatus 30 100.00 53.33 20.00 0

S. atropurpurea 40 62.50 22.50 0 0

E. c r n s s a l l i 30 86.67 75.67 10.00 0

B. ramosa 50 60.00 0 0 0

P. m ilia ceae 30 100.00 46.47 0 0

P. interruptum 30 40.00 0 0 0

P. Ion g i f o i l  urn 50 88.00 72.00 60.00 6 0 . i

K. bulbosa 50 72.00 0 0 0

C. daotvlon 40 45.00 7.50 0 0

Rice 30 86.67 86.67 83.33 83.:



r e le a s e  the su rv iv a l ranges from 40 to  100 per o en t. At 

48 hours the s u rv iv a l ranges from 0 to  76 .67  par c e n t . But 

at 7 2  h rs . the in s e c t  su rv iv es  on ly on three out o f  the ten 

sp e c ie s  o f  weeds te s te d . On the fou rth  day (96 h r s .)  the 

in s e c t  su rv iv es  on ly on Paspalum lo n s i fo l lu m .

-  126 -



DISCUSSION



DISCOS SION

Biology o f  I .  In pen a

The eggs o f  B. lugens are la id  within the a ir  

spaces in  the t is su e s  o f  the r i c e  p lan t. A ir spaces are 

a v a ila b le  more in  the th ick e r  succulent parts o f  the 

p la n ts , and m idribs o f  the l e a f  sheaths and the leaves 

are two reg ion s where the s i r  spaces are concentrated. 

Between these two reg ion s , the maximum number o f  a ir  spaces 

are lo ca te d  in the l e a f  sheaths. The present observations 

have shown that the fem ales p re fer  the l e a f  sheaths to  the 

lea v es  f o r  egg -layin g . The data presented show that the 

to ta l number o f  eggs la id ,  the to ta l number o f  egg masses 

deposited  and the number o f  eggs per egg mass are much more 

on the l e a f  sheaths than on the lea v es ; these numbers are 

78 .3 . 6 .0  and 13.26 re sp e c t iv e ly  on l e a f  sheaths and 21 .9 ,

3.4 and 7 .52  re sp e c tiv e ly  on the l e a f  b lades. Of the t o t a l  

number o f  eggs la id  77.59$ arc la id  on the le a f  sheaths 

(Table 1 ) .  These fin d in g s  disagree itfith those o f  Moehida 

(1964 b) who observed that the number o f  eggs was more on 

the l e a f  blade than on l e a f  sheath. Kalin akumari (1973) on 

the other hand could not fin d  eggs on l e a f  blade at a l l .

The preference o f  H. lugens to the l 6a f  sheaths over l e a f  

blades f o r  egg lay ing  have been reported a lso  by, Misra and



Is ra e l (1968), Pat hale (1968) and Bae and Pathak (1970).

Though there i s  no s ign ifican t d ifference in the 

fecundity o f  the macropterous and braohypterous forms 

(228,3 and 209.6 eggs per female) there are d ifferen ces 

in the egg laying behaviour o f  the two forms, Thus, whan 

the oviposition  period in the macropterous form i s  18,2 days 

i t  i s  13.7 days m  the brachypterous form. The range o f  

da ily  laying o f eggs i s  zero to 60 in the former while i t  is  

zero to 99 in the la t t e r .  The average number o f  eggs la id  

per day by a macropterous female i s  12.86 as against 15.69 

eggs la id  by a brachypterous female. The mean maximum 

number o f 21.08 eggs la id  per day is  reached on the 9th 

day in the macropterous form and the mean maximum number 

o f  43.9 eggs i s  reached on the 7th day in the brachypterous 

fem ale, vrtiile the number o f  eggs la id  per day by the 

macropterous female i s  very small in the beginning ( i t  i s  

3.5  to 10.2  during the f i r s t  four days) that la id  by the 

brachyptenus female i s  substantially high (14.8 dggs) even 

on the f i r s t  day o f  egg laying (Table 44). The e a r lie r  

records o f  fecundity o f  I .  lugens o f  325 eggs by Suenaga 

(1963), o f  244.2 eggs by Bae and Pathak (1970) and o f

232.4 eggs by Kalinakumari and Mammen (1975) approximate 

with the findings o f  the present studies.

The shorter pre-ov iposition  and oviposition  periods
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Table-44. Comparison o f  some b io lo g ic a l  fea tu res  o f  
the m acropterous ana braohypterous femalas 
o f  I .  lugens

Features Macropterous Braohypterous 
' females

Fecundity (B o .o f  eggs/fem ale)

Bangs 151 -  398

Mean 223.3

Bo. o f  eggs la id  p er day/female
Rang® 0 - 6 0

Mean 12.86

P re .o v ip o s it io n  period

Mean (days) 2 .3

O viposition  period
Mean (days) 18.2

lon g ev ity  o f  adu lt females
Mean (days) 21 .4

131 -  319

209.6

0 - 9 9

15.69

1.2

13.7

13.8



noted in the brachypterous females in comparison to the 
macropterous females also have been observed by Kisimoto 
(1965) and Pathak (1968). Halinakumari and Mammen (1975) 
also found that the fecundity and pre-oviposition period 
o f braCfypterous females are muohjlower than those o f 

macropterous females. Confcgjy to these findings Suenaga 
(1963) observedthat the brachypterous females la id  more 
eggs than macropterous females. The present studies 
indicate that though the pre-oviposition and oviposition 
periods o f  the brachypterous females are lower than those 
o f macropterous forms, the fecundity i s  not substantially 
affected (209.6 as against 228.3). This Is  in agreement 

with the findings o f  Hirao ( 1972) that no significant 
difference exists in the fecundity o f the tvro forms.

The batehability o f eggs o f 84.83 per cent i s  high 
and helping a rapid build-up of the population. This and 
the average incubation period o f 8 days .are lower than those 

reported by Suenaga (1963) in Japan. But these are nearer 
to those reported by Bae and Pathak (1970) and Kalinakumari 

and Mamman (1975). The difference in the incubation period 
and batehability may bejdue to the variations in the clim atic 

features.

The average nymphal duration o f 14.0 days of the 
present f in d in g s  agrees v i th the duration  rep orted  by previous
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workers (Suenaga 1963, Moehida 1964b, Salinakumari and 

Mammen 1975), The nymphal duration observed by Bae and 

Pathak (1970) i s  s lig h t ly  longer (14.6 days) and that 

reported by Moehida i s  shorter (12.6  days). But a l l  these 

observations are within the range o f  the nymphal duration 

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

The feed ing habits o f  the nymphs and adults as well 

as the co lou r o f  the nymphs in the d if fe re n t in s ta rs  observed 

are in  conformity with the observations o f  previous workers. 

(Oresche 1933* Pathak 1968, Halinakumari 1973). However, 

the migration o f  the nymphs to l e a f  t ip s  and to other plants 

i s  not see® recorded by previous workers.

The to ta l l i f e - o y c l e  o f  the in sect from egg to adult 

ranges from 19 to  25 days, average being 22 days. This 

observation agrees with the fin d in g s  o f  Halmakumari and 

Mammen (1975).

lon gev ity  o f  adult macropterous males and females 

averages 18 and 21.4 days re sp e c t iv e ly . The brachypterous 

fem ales are s h o r t -l iv e d , th eir  average lon gevity  being 13.8 

days. Similar observations were reported by Bae and Pathak 

(1970) and Nalmakuaari and Mammen (1975). But KLslmoto 

(1956) observed lon ger periods, the lon gevity  o f  macropterous 
males, females and feraehypteroue fem ales feeing 36.6  , 30.7 ana
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25.1 days respective ly . The extended longevity may be due 

to the d ifference in temperature and humidity conditions.

E ffect o f Temperature and Humidity 
on the Biology o f if. lagans

Survival potential o f  the larva and i t s  speed of 

development are two important fa cto rs  which govern the 

population build-up o f insects and both these are s tr ic t ly  

controlled by the environmental fa ctors , especia lly  

temperature and humidity. The resu lts of the studies 

presented show that the survival and speed o f development 

o f nymphs in H. lusens are influenced by Variations in 

temperature and humidity. In the case o f survival o f  the 

nymphs the most favourable re la tiv e  humidity is  seen to be 

70 per cent with a mean survival o f  62.67 per cent. Increase 

or decrease from th is humidity a ffe c ts  the survival o f  the 

nymphs adversely, i s  regards temperature, 29°C i s  the 

most favourable temperature fo r  the nymphel survival with 

an average survival o f 63.53 per cent. Temperatures below 

and above th is  decrease the survival o f  the nymphs. In 

general, temperatures around 29°C and re la tiv e  humidities 

around 70 per cent are seen to favour the survival o f the 

nymphs to the maximum (Table 7 ).
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As regards speed o f  development o f  nymphs the most 

su itable temperature i s  29°0 giving a nymphal period o f

14-63 days. The most su itab le  re la t iv e  humidity fo r  the 

development i s  80 per cent with a nymphal duration o f  15.75 

days. Thus temperature around 29°0 and r e la t iv e  hum idities 

around 80 per cent o f fe r  favourable con d itions f o r  the 

development o f  nymphs. Apart from drawing circum stantial 

con clu sion s, c r i t i c a l  stu d ies on the re la t io n  between high 

hum idities and the pest in cidence have not been made m  

th is country. Eulshreshtba et _gl. (1974) concluded that a 

re la t iv e  humidity range o f  70 to 85 per cent i s  optimal 

fo r  the development o f  the in sect which agrees with the 

present r e s u lts . Experiments at P hilippines have shown 

that constant humidities o f  50 to 60 per cent are optimal 

fo r  population growth (IhSI 1976). The present resu lts  

do not conform to these fin d in g s .

The general conclusions made by previous workers 

regarding the e ffe c t  o f  temperature on development o f  

if. luaens are that, atmospheric temperatures between 25 

and 30°G are optimal (Pathak 1968, Bae and Pathak 1970, 

Kulshreshtha et a l . 1974, Kalode 1976). Temperatures over 

30°C i s  thought to be unfavourable fo r  the development 

o f  the in se cts  (Ho and Iau 1969, Bae and Pathak 1970).
These find ings in  general =gree -with toe present re su lts .



But the observation o f Moehida (1977) that the nymphal 

survival i s  highest around 25°C and nymphal duration 

is  shortest at 27°C do not agree with the present find ings. 

The resu lts  reportgd from IBM also show that temperature 

around 29°C i s  favourable fo r  nymphal survival and 

development. The d ifference between the temperature 

preferundum reported by Moehida (1977) and that observed 

in the present studies may be due to the interaction o f 

varying humidities and temperatures or due to the difference 

in the biotype or raea o f the in sect. The interaction o f 

temperature and humidity on nymphal survival and duration 

has been found to be s ta t is t ic a lly  s ign ifican t in the 

present studies.

E ffect o f  humidity and temperature on the growth

in dex o f  H. lu g en s  has been stu d ied  f o r  the f i r s t  tim e .

The growth index re fle c ts  the combined a ffe c ts  o f speed

of development and survival of the nymphs. This, in fact

gives a more precise picture o f the survival potential

o f the in sect as influenced by temperature and humidity

than what i s  given by the two factors separately. The

maximum growth index o f  4.35 i s  at 29°C. The quadratic

model fo r  expressing the growth index (Y) in terms of
2

tem perature (x )  i s  found to  be Y = -0 .2 0 3 9  x  + 12.0855x 

-  174 .8921 . Erom th is  m odel i t  i s  ob served  th at growth 

in dex  is  maximum when th e  tem perature i s  2 9 .6 4 °0 .
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S im ilarly  the quadratic modal fo r  expressing growth index 

(X) on humidity ( l )  i s  found to be Y = -0.0015 x 2 + 0.2150 x 

-  3.6900. The most favourable r e la t iv e  humidity i s  69.53 

per cen t.

Another feature which governs the population dynamics 

o f in se c ts  i s  the proportion o f  males and females. While 

a 50 i 50 ra tio  i s  optim al, deviations on either side are 

unfavourable. In the case o f H. luaena in  which a female 

gets mated once or tw ice only and the male mates repeatedly, 

a preponderance o f fem ales td .ll be more advantageous in 

population build-up. In the present stu d ies the low est 

percentage o f  43.57 males i s  associated with a temperature 

o f  29°C and the lowest percentage o f  39.05 males associated 

with a r e la t iv e  humidity o f  60 per cen t. 4t 70 per cent 

r e la t iv e  humidity a lso  i t  i s  s ig n ifica n t ly  low ,being 

/>2.29 per cen t. Ihese observations are made fo r  the f i r s t  

time.

The in fluenoe o f  c lim atic  fa c to rs  on t he wing forms 

has not bee® studied e a r lie r  o b je c t iv e ly -  Johno (1963) 

observed that high temperatures increased the percentage 

o f  brachypterous forms. Kalode (1976) stated that 

bachypterous forms develop under an optimal temperature 

regime. From the re su lts  o f  the present studies i t  i s  

observed that at a l l  the temperatures the percentage o f
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braohypterous form increases with the increase in re la tive  

humidity and i t  reaches a high value (mean 27.05$) at 70 

per cent re la tive  humidity. The change thereafter i s  not 

appreciable. In the case o f  temperature, a constant 

temperature o f  29°C gives the maximum percentage o f  

baacfRPterous females. Thus a temperature o f  29°C and a 

rela tive  humidity o f  70 to 100 per cent appear most favourable 

fo r  the formation o f toachypterous femd.es (Table 11).

The incubation period o f  the eggs i s  not seen 

markedly influenced by the d ifferen t temperatures and 

humidities studied. The mean incubation period over the 

different humidities varies from 7.33 to 8.00 days, while 

that over the d ifferen t temperatures varies from 6.33 to 

9.00 days. These d ifferences are not s ta t is t ic a lly  s ig n if i 

cant. However, the shortest mean incubation period is  seen 

at 29°0 and at 80 per cent re la tive  humidity (Table 12).

Though the nymphs develop at a low humidity o f  40 per cent, 

the eggs do not seem to tolerate  such a low humidity. On 

the other hand while the nymphs do not complete the develop

ment at 35°C, th6 eggs complete the development when kept 

at this temperature thus showing greater tolerance o f eggs 

to higher temperature. The mean percentage o f  hatching o f 

eggs i s  highest at 29°0 than at 27°0, there being no 
sign ificant d ifference between the two. Hatcbabilxty i s  

s ign ifican tly  low at 35°0. As regards humidity the range
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o f 70 to 80 percent is  favourable fo r  hatching o^ ggs.

On the whole i t  appears that a temperature o f  29°C and 

rela tive  humidity 70 to 80 per cent are the most favourable 

fo r  the incubation and hatching o f eggs in N. lusens 

(Tables 13 and 14).

Suenaga (1963) has reported similar resu lts  on 

incubation and per cent hatching. He observed tnat the 

duration o f the egg stage i s  shortest at 28°C and the 

percentage hatching highest around 25°C. Bae and Pathak

(1970) also have reported the favourable e ffe c t  o f  the 

temperature range o f  25 to 29“ C for the hatching o f  eggs. 

They further observed that the eggs have greater tolerance 

to high temperatures than nymphs as reported in the present 

investigations.

In Table 45 i s  compiled the information on the 

optimal temperatures and re la t iv e  humidities indicated in 

the present studies as favouring the d ifferen t b iolog ica l 

processes which govern the population build-up o f H. lugens. 

Higher le v e ls  of nymphal survival, growth index, percentage 

o f  females and hatching per cent and lower le v e ls  o f nymphal 

duration, percentage of male and incubation period are the 

favourable features fo r  rapid build-up o f the population.
The most favourable temperature fo r  a ll these features is  
seen to be 29°0. The favourable relative humidity varies 

from 60 to 100 per cent.

-  137 -



138 -

IatJLe-45. Optimal temperature ana relative humidity 
fo r  different b io log ica l processes of
H. lusena.

Biological Optimal Optimal
features temperature relative

(°C) humidity
w

lymph su rv iva l (H) 29 70

Hymphal duration (li) 29 80-90

Growth Index (H) 29 70-80

Male $ (1 ) 29 60-100

Braohypterous 
fem ale (H) 29 90-100

In cubation  period  (days) (1) 29 80

Hatching percent o f  eggs (H) 29 70

H = Higher values favourable 
1 = lower values favourable
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Effect o f Population Density on the Biology 
o f I .  lugens

Density o f population i s  recognised as an important 
phenomenon in in se ct 's  ecology. I t  a ffects  the ecology, 
physiology and behaviour o f insects as exemplified in 
locusts . Fluctuation in population i s  to a great extent 
governed and patterned by the influence o f crowding. In 
the present studies e ffects  of crowding on such biological 

features of H. lugens as the survival and duration of nymphs, 
growth index, sex ra tio  and the weight o f the adults have 
been studied fo r  the f ir s t  time. The mean nymphal survival 
varies from 47.15 to 79.60 per cent under the different 
graded crowding leve ls  o f  50 to 400 nymphs per clump.
There appears to be an inverse relationship between the 
density of nymphs and their survival. The lower two levels  of 
croxvding namely 50 and 100 nymphs per clump give significantly 
higher survival rates. The nymphal duration is  not seen 
substancially influenced by the degree o f crowding. The 
growth index value vrhich re flects  the combined e ffect of 
survival and speed o f development o f the nymphs is  s ig n ii i -  
cantly|affected by the level o f crowding and an inverse 

relationship is  evident between growth index and leve l of 
crowding. The regression model for growth index (T) on



crowding (2) is  represented as T = -  0.0056 X + 5.0156.

The adalt males and females emerging from the low 
density populations have comparatively more body weight 
than those emerging from high density populations. There 
is  a significantly larger proportion o f brachypterous 
females, about 54 per cent o f the tota ls, in the low density 
population of 50 and 100 nymphs per clump, i t  the two 
high density levels of 200 and 400 nymphs per clump the 
population of bcaohypterous females is  markedly low, the 
percentages being 25.32 and 11.77 respectively. The results 
presented clearly show that bracbypterous females dominate 
in populations of low density and macropterous forms dominate 
in populations o f high density.

Similar relations between the wing forms o f H. lugens 
and population density have been reported by previous workers 
(Miyake et al. 1951, Klsimoto 1956, Jchno 1963, Ho&biu 1969, 
Kulsbreshtha et a l. 1974). Ihe formation of the braohypterous 
forms is  attributed to the quality and quantity o f food by 
Kisimoto (1956). He observed a shortening o f nymphal period 
at lower densities. However, tn the present investigations, 
a significant change in nymphal duration is  not registered.

Colour cnaogos in  nymphs and adults o f  I ,  la.gens 

have a lso  been seen a ssoc ia ted  with the changes m  the
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population density. Thus a good proportion o f nymphs in 
the third, fourth and f i f th  instars at the higher density 
levels of 200 and 400 nymphs per clump of r ic e , are black 
in colour while those at ihe lower levels o f crowding are 
yellow or brown. Similarly, the adult males emerging from 
the high density populations are ash coloured as against 

the normal brown colour. Mammon (1971) and Ualinakumari
(1973) also have noted the occurrence o f d ifferently  coloured 
males. The changes in the colour observed may be due to a 
group -  e ffect during the nymphal stage as suggested by 
Miyake et, al.(l951) for the appearance of brachypterous forms.

E ffe c t  o f  Age o f  Host plant on the 
B iology o f  H. lugens

Though a ll stages of rice  are susceptible to 

infestation by If. lugens only the late vegetative phase 
and the booting phase suffer greatly from the bopperburn 
damages. This is  evidently due to the larger build-up o f 
the population o f the hopper on the late stages. According 
to the opinion of the previous workers the size o f the 

population is  due to the cumulative effect of the successive 
generations from the early infestations. (Bae and Pathak 
1969, Ho and Diu 1969, IBRI 1969, 1971, Pathak and Dyck 197 3, 
Soehardjjan 1973, Kisxmoto 1976). But the results of the
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present studies have shown fo r  the f ir s t  time that the 

age or stage o f  growth o f the rioe  plant can influence 

the various b io log ica l a c t iv it ie s  o f  the in se ct . She 

survival o f  the nymphs, fo r  example, i s  sign ifican tly  

influenced by the age of the orop. She highest survival 

i s  observed on plants o f  the panicle in itia tion  stage 

follow ed by the flow ering, t i l le r in g  and seedling stages 

in that descending order. She reproductive phase appears 

to be better suited fo r  the survival of the nymphs than the 

vegetative phases. A more or le s s  sim ilar trend is  seen 

in tie case o f speed o f  nymphal development also. Thus 

the nymphal duration i s  shortest (14.059 days) on plants 

o f the panicle in it ia t io n  stage follow ed by t i l le r in g , 

flow ering and seedling stages in that ascending order. In 

e ffe c t  i t  is  observed that the speed o f  development o f the 

nymphs i s  s ign ifica n tly  faster on the plants at the panicle 

in it ia t io n  stage than on plants o f  the other stages. On 

the other extreme, the speed o f development o f the nymphs 

i s  s ign ifican tly  slower on the seedling stage o f  the plant 

than on the other stages (Table 20).

The response o f  growth index which re fle c ts  the 

combined response o f  survival and speed o f  development to 

age variations o f  the plant shows th a t  i t  i s  s ig n ifica n tly  
higher (5 .6 1 9 ) a t the panicle in it ia t io n  stage, than at the
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other stages and sign ificantly  lower (3.490) at the seedling 
stage than at the other stages. The other two stages show 

intermediate e ffe cts . The rapid build-up o f the hopper 
population at the b oot-lea f stage is  thus due to the 

su itability  o f the panicle in itiation  stage fct the survival 
and development o f the nymphs (Table 20).

The features like longevity o f adult females and 
their fecufldityjare not significantly affected by the age 
o f the orop. There is ,  however, a tendency for the females 

reared on r ios  plants o f panicle in itiation  stage to lay 
more eggs (236 per female) ana those reared on the seedlings 
to lay the least number o f eggs (194.06 per female). This 
evidently indicates that the panicle in itiation  stage 
offers a better nutrition to the developing nymphs than 
the other stages (Table 20).

& comparison of the combined responses o f egg laying, 

hatching and nymph survival to different growth stages as 
indicated by the resulting nymphal population of one generation 

has indicated (even though not significantly) that the panicle 

in itiation  stage f a c i l i t i e s  the emergence of the largest 
population and the seedling stage the smallest population 
(Table 24). Even though the magnitude o f the difference in 
the f i r s t  generation not sign ificant, the cumulative
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e f fe c t  in successive generations may bring about sign ificant 

e ffe c ts  on the s ize  o f  the poptfLation ultimately.

I t  has been reported from IRRI (IRRI 1974) nbat 

70 to 90-day-old plants show a c lear benefit in population 

build-up ivhen continuously reared on them fo r  three successive 

generations. The 70 to 90-day-old plants also are in the 

reproductive phase and is  comparable to the panicle in itia tion  

stage in the present studies.

These studies have thus established that the age 

o f the crop has governing influence on the l i f e  and a c tiv it ie s  

of H. luaens. The panicle in it ia t io n  stage appears to be 

highly favourable f o r  the m ultip lication  and buiia-up o f  
the population o f  R. luaens and the seedling stage the most 

unfavourable; the other stages occupy intermediate positions.

E ffect o f  Host plant nutrition  on the 
Biology o f  N. lugens

There have been many statements that higher 

populations o f H. luaens are associated with application 

o f higher doses o f  nitrogen in the f ie ld  (Abraham 1957,

Sogawa and Pathak 1970, Hgoan 1971, Bas et aL. 1972,

Abraham and Hair 1975, Varoa and Feuer 1976). These 
authors thought that the e ffect o f  nitrogen may be due to
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i t s  in d ire ct  a ffe c t  on the plant and the consequent changes 

in th e  micro environment. The re su lts  o f  the present studies 

have shown that the only one l i f e  process o f  the in s e c t  which 

i s  favourably a ffe cted  at increased doses o f  n itrogen i s  

the speed o f  development o f  the nymphs. ThG nymphal duration 

gets reduced by 4 .7 , 4 .9  and 3.1 per cent over no n itrogen , 

at 80, 100 and 120 kg ll/hs re sp ectiv e ly  and these are s ig n i f i 

cant a lso . Hone o f  the other l i f e  processes in clud ing the 

growth index which contributes to the population build-up 

i s  in fluenced by the varia tion s m  the nitrogen n utrition  

o f  the host p lan ts. So as suggested by the e a r lie r  workers 

(see above) the e f f e c t  o f  the higher dose o f  nitrogen may 

be one o f  creating favourable micro environment su ita b le  fo r  

the m u ltip lica tion  o f  the in sect by providing th ick  and 

canopied growth o f  the plants.

Reports from IRBI (1972) and those o f  kalode (1971) 

show that survival o f  the nymph i s  not a ffected  by variations 

in n itrogen dosage. But Gheng (1975) has observed better  

survival o f  nymphs on nitrogen treated plants. A ll these 

workers have recorded higher fecundity  fo r  adults reared on 

p lants under high nitrogen le v e ls  while the present find ings 

do not support them. The nitrogen le v e ls  used by them are 

150, 200 ana 320 kg/hectare while in the present stu d ies  the 

maximum le v e l i s  only 120 kg and th is  may explain the
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d ifferen ces  in  the d iffe re n t fin d in g s . But under the 

usual p ractice  o f  fe r t i l i z a t io n  such high doses o f  nitrogen 

are not Hised at a l l .

The e f f e c t  o f  potash n u trition  o f  the plant has, 

however, some e f fe c t  on the population-governing fa cto rs  o f  

the in se ct. Thus the survival o f  the nymph i s  reduced by

32.6 per cent over con trol (zero potash) at 125 leg KgO 

which i s  s ig n if ic a n t . The lower doses also reduce the 

survival but not to any s ig n ific a n t  le v e l . The growth 

index a lso  shows a suppression at higher le v e ls  o f  K and 

the suppressions to  the extent o f  33.6 and 24.2 per cent 

over con trol a t 120 and -jOO kg KgO/heetare resp ectiv e ly  are 

s ig n ifica n t a ls o . But since the doses at which sign ifican t 

depressing e f f e c t s  on the population-build ing fa c to r s  are 

seen are much higher than the recommended doses o f KgO, 

these find ings may not have any immediate a p p lica tion . 

Vaithilingam (1975) and Subramanian and Balasubramanian(l976) 

have recorded thatbrown plant hopper incidence i s  low in 

p lo ts  treated with high doses o f  potash.

In festa tion  Responses o f N. lugens 
to Rice v a r ie t ie s

Based on a z e r o  to  nine s c o r in g  w ith  r e f e r e n c e  to  

s u s c e p t i b i l i t y  t o  damage by N. lu g e n s  th §  d i f f e r e n t  v a r i e t i e s



have been classified  as resistant’ (R), moderately 
resistant (MR), moderately snseeptible (MS) and highly 
susceptible (HS), The scoring for resistance has been 
done at the seedling stage (10-12 days old) and at the 
tille r in g  stage (40-45 days old ). The distribution of 
the different varieties within the four categories based 
on the scoring at seedling stage is  2, 5, 20 and 73 per 
cent respectively. Ptb 33 i s  the only variety with high 
resistance. Fortyone Varieties constituting 73 per cent 
o f the total are highly susoeptiKLe and others of intermediate 
ranges o f  resistance. At the tillerin g  stage evaluation 
also Ptb 33 i s  resistant (H ats 'V I). The distribution 
o f rice varieties under the different categories based on 
susceptibility scoring at the tillering  phase is  2, 2, 6 
and 90 per cent for R, MR, MS, and HS varieties. Thus at 
the tille r in g  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 seedling stage show high suscepti
b ility  at the tillerin g  stage. The one exception of a variety 
showing le ss  susceptibility at the tille r in g  stage than at the 
seedling stage is  Jyothi whioh has a high susceptibility at the 
seedling stage and only a moderate susceptibility at the
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Plate V -  Symptoms o f plant damage 
by K. lugens on resistant 
and"auseeptible varieties 
(Ptb 33 and Annapoorna)



PLATE _ V



t i l le r in g  stage . V arieties  whioh maintain the d iffe ren t 

degrees o f  resistan ce  to the in sect at both the stages o f  

growth are the resis tan t Ptb 33, the moderately resis tan t 

culture 57 and the moderately susceptib le Bharat hi and 

IK-5. Even in  these cases excepting Ptb 33 %?hich maintains 

a low  score o f  3 at both the stages the others show a 

tendenoy to be more susceptib le at the t i l le r in g  phase.

Thus the score o f  Culture 57 in creases  from 3.4 to  5 and 

those o f  Bharathi and IR5 from 6 to 7 and 6 .6  to  6 

re sp e c tiv e ly . In the case o f  highly susceptib le v a r ie t ie s  

also an examination o f  the re la t iv e  damage scores w i ll  show 

-tat in  general the t i l le r in g  phase records higher scores 

than the seedling phase. Examples o f  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 re sp e ctiv e ly . These re su lts  in d icate on the one 

hand that the t i l l e r in g  stage o f  the plant i s  more 

susceptib le  to  damage by the brown planthopper than the 

seed ling  stage and on the other that evaluation o f  resistance 

ex clu sive ly  at the seedling stage may not give the correct 

p ictu re  about the r e la t iv e  resistan ce  o f  the d if fe r e n t  

v a r ie t ie s  to  in fe s ta tio n  and damage by the brown planthopper 

(Table 31).

An analysis o f  the e f fe c t  o f  d if fe re n t plant 

characters on in sect orientation  and plant damage by them
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was made by taking the m ultiple regression  models. I t  i s  

observed that such plant eharaoters as height, stem 

ch icknass, l e a f  width and l e a f  th ick n ess do not have any 

s ig n if ic a n t  in flu en ce  on the in s e c t  orien ta tion  and plant 

damage at both the stages o f  the p la n t. But at the 

t i l l e r i n g  stage the co rre la t ion  between the number o f  

in s e c ts  s e tt lin g  on the p lants and the number o f  eggs la id  

i s  s ig n ifica n t  (r  = 0 .5 8 1 ). More the number o f  in s e c ts  

s e t t l in g  on the p lan ts  more i s  the number o f  eggs la id  on 

them, There i s  a lso  substantia l p o s it iv e  co rre la tion  

between the number o f  eggs la id  and th ickn ess o f the l e a f  

sheath (r  = 0 .3 0 0 ). This i s  also expected as the main s i t e  

o f  egg lay in g  i s  the l e a f  sheath and a th icker sheath w i l l  

f a c i l i t a t e  b e tte r  egg la y in g  on i t .  The s u s c e p t ib i l i t y /  

re s is ta n ce  reaction  o f  d if fe re n t  v a r ie t ie s  has been studied 

By many workers and there i s  no general agreement o f  re su lts  

due t o  the ex istence o f  blotypes (Varea and Feur 1976).

At seed lin g  te s ts  Mashuri and Ptb 19 have been reported 

r e s is ta n t  by Barker at a l . (1973) and Thomas (1976), But in 

the present stu d ies these v a r ie t ie s  are moderately su sce p tib le . 

Mudgo and IS 26 reported  to  be re s is ta n t at P h ilipp in es are 

seen h igh ly  su scep tib le  here. S im ilar observations on the 

s u s c e p t ib i li ty  o f  these v a r ie t ie s  have been reported by other 

workers a lso  (IRRI 1976, Varca and Feuer 1976, Fathak and 

Kush 1977). Ptb 33 observed res is ta n t in  the present stu d ies
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have been reported  already as r e s is ta n t  to  the three known 

b iotypes o f  H. lu gen s. (Varea and Feuer 1976, Pathak and 

Kush 1977). The v a r ia t ion  m  the r e la t iv e  s u s c e p t ib i l i ty  

o f  r i c e  to H. lugens at d iffe re n t  stages o f  growth as seen 

in  the present fin d in g s  has been recorded by Iernando _et a l. 

(1977) in  Sri lanka. They also have recorded sim ilar  

observations in the carry over o f  re s is ta n ce  in Ptb 53 and 

lo s s  o f  res is ta n ce  in  some other v a r ie t ie s  at the d if fe r e n t  

growth stages.

E a rlier  stu d ies  at IRBI (1969) a lso  have in d ica ted  

that p lant characters are not co rre la ted  to res is ta n ce  o f 

v a r ie t ie s  to W. lugens as i s  seen in  th e  present in v e s tig a 

t io n s .

Even though h igher s i l i c a  con tents m  r ic e  are 

p o s it iv e ly  corre la ted  to  resis tan ce  to  stem borer and l e a f  

r o l l e r  p ests  (Pathak _et a l . 1971) no d e f in ite  inform ation 

i s  a v a ila b le  on W. lu gen s. Crude s i l i c a  contents o f  the 

p lants are seen in  the present stu d ies  not corre la ted  with 

th e ir  re s is ta n ce  re a c t io n s . Anatomy o f  the le a f  sheath o f  

Ptb 33 shows the presence o f  scLerenohyma c e l ls  in the 

p eriph era l region and s i l i c i f i o a t i o n  and absence o f  c h lo r o -  

p la s ts  in  the parenchyma. Wan (1972) observed a s ig n if ic a n t  

c o rre la t io n  between t o t a l  protein  n itrogen  o f  p lants and 

hopper in cidence in  the f i e l d .  But present studies do not
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in d ic a te  each a r e la t io n s h ip  in  the s u s c e p t ib i l i t y  o f  

v a r ie t ie s .

The s u s o e p t ib il it y  o f  a p lan t to  in se c t  in fe s t a t io n  

w il l  depend upon v a riou s  fa c t o r s ,  o f  which those r e la t in g  

to  t e  in s e c t  are the o r ie n ta t io n  o f  the in s e c t  to  the 

plant f o r  o v ip o s it io n  o r  feed in g , fe e d in g , development 

and s u rv iv a l o f  the nymphs, lo n g e v ity  and fecu n d ity  o f  the 

a d u lts . Whether a V ariety  i s  s u s ce p tib le  or r e s is ta n t  w i l l  

depend upon how fa r  th ese  b io lo g ic a l  p rocesses  are f a c i l i t a t e d  

by the v a r ie ty . I f  the v a r ie ty  p rov id es  con d it ion s  favou rin g  

these p rocesses  then th ere  w il l  be a rap id  bu ild -u p  o f  the 

pop u lation  o f  the p e s t on the plant and suoh v a r ie t ie s  are 

sa id  t o  be h ighly s u s c e p t ib le . I f ,  on the other hand, the 

v a r ie ty  does not p rov id e  co n d it ion s  fav ou rin g  the d i f f e r e n t  

b io lo g i c a l  p rocesses  the in s e c t  i s  not ab le  t o  bu ild  up i t s  

p op u lation  on the h ost p la n ts  and such v a r ie t ie s  are r e s is ta n t .

The eight r i o e  v a r ie t ie s  stu d ied  in  the present 

in sta n ce  have graded s u s c e p t ib i l i t i e s  to damage by 2 -  lugens 

ranging from r e s is ta n t  to  h ighly s u s ce p t ib le  resp on ses. There 

does not appear to  be any preferen ce in  the in s e c t  f o r  

s e t t l in g  (o r ie n ta t io n )  on any one o r  s e le c te d  ones o f  these 

d i f f e r e n t  v a r ie t ie s .  The speed o f  developm ent o f  the nymph 

i s  seen to be h ighest in  the s u sce p tib le  v a r ie t ie s  l ik e  TH-1
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and Annapooma in which the nymphaL development is  

completed in 14.83 days. In the resistant variety Ptb 33 

the speed o f  development is  slow taking 18.20 days fo r  

the completion o f  the nymphal period. Further, the 

survival o f  the nymph i s  to  the extent of 84 per cent 

in the susceptible v a r ie t ies  (Jaya and ^aaapoarna) as 

against 23 per cent in the resistant Ptb 33. She growth 

index whioh combines the e ffects  o f  survival and speed o f 

development i s  the low est (1 .3) in the resistant Ptb 33 

and highest (5.66) in  the susceptible Annapoorna. She 
adult i s  able to l iv e  fo r  a much longer period (24.06 days) 

about 5 times more on the susceptible variety TH„1 than on 

the resistant variety Ptb 33 (5.2 days). She adult females 

bred on susceptible r ic e  varieties  (Jaya, I&5) lay forty  

times more eggs than those bred on the resistant variety 

Ptb 33.

The resistant variety o f r ic e  i s  thus seen t0 suppress 

to speed o f development o f  the nymph, cause mortality among 

the nymphs, reduce the l i f e  span o f the adult and suppress 

the egg laying capacity o f  the females. Ptb 33 thus exh ibits 

clear indications o f  a n tib ios is  to H. lugens.

Previous workers also have shown that on the resistan t 

variety Mudgo the insect shows high m ortality, slow growth 
rate, small body size and low feoundity. The resulting insects
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w i ll  be undersized and th e ir  ovaries contain  few mature 

eggs (Sogawa and Pathak 1970, IHRI 1971, 1976, Pathak 

and Kush 1977).

S u ita b ility  o f  Weeds as A lternate Host 
p lan ts  f o r  H. lugens

A lternate hosts play an important ro le  in the 

eco logy  o f phytophagous in s e c ts . A f u l l  knowledge o f  th is  

w i l l  be h elp fu l m  f ix in g  c r i t e r ia  fo r  pest management.

For the brown planthopper H. lugens the weeds o f  the r i c e  

f i e ld s  may serve as a ltern a te  hosts. The part played by 

the weeds on the ecology  o f  I .  lugens was ascertained in  

terms o f  the s u it a b i l i t y  o f  the wet land weeds fo r  

o v ip o s it io n , fo r  feed in g  o f  nymphs and f o r  feeding o f  

the a d u lts . Under o b lig a to ry  con d ition s , the female la y s  

eggs on eight o f  the ten species  o f  weeds under study. The 

number o f  eggs la id  on d if fe re n t  weeds v a r ie s  in d ica tin g  

the r e la t iv e  preference o f  the in s e c t  f o r  egg la y in g . The 

eggs la id  on these hosts hatch norm ally. These are h ighly 

s ig n if ic a n t  fin d in g s . As regards the feed ing  o f  the nymph 

none of the weeds excepting Pascalum 1 onaifolium  has been 

found to be su itab le  f o r  the feed ing  and growth o f  the f i r s t  

in s ta r  nymph. The nymph d ies  on these weeds by the th ird  

day, in d ica t in g  that i t  does not feed  on them. The adu lts



do not seem to feed oo t he weeds except on ? .Ioneifolium.
The fact that even under forced conditions the nymphs and 
adults do not feed on the weeds proves that these weeds 
do not serve as alternate hosts for the insect at e l l .
Xt is ,  however, interesting to note that a ll these weeds 
serve as oviposition hosts o f the hopper. Most of these 
weeds grow together with the rice plant in the fie ld . At 
a stage when population o f the hopper goes high there w ill be 
keen competition among the females for egg-laying on it s  
genuine host, r ice . This problem is  solved by the insect 
by ovipositing on weeds. These eggs are not wasted because 
they w ill hatch. Once they hatch, then the nymphs can 
move on to the rice plants. Thus the r ice  plants w ill be 
getting not only the nymphs hatching out o f  the eggs laid  
on them, but also the nymphs hatching out o f  the eggs la id  
on the weeds. The colonisation on the r ice  plants thus 
gets built up rapidly, thereby contributing to the population 
explosions and hopperburns.

One weed, Pasualum lonalfoliun commonly found in the 

rice fie ld s  under waterlogged conditions, has been seen to 
be abundantly suited fo r  the feeding and breeding o f H.lugens. 
This i s  the fir s t  time that this weed is  recorded as an 
alternate host o f  the insect. This is  a weed which grows on 
the fie ld  bunds and along the fringes o f  the rice fie ld s  and 
can hence serve to sustain the hopper population during the
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o ff -s e a s o n  p e r io d s . Moehida and Okada (1971) l i s t e d  

90 plant sp e c ie s  as hosts o r  o v ip o s it io n  p lants f o r  N. lu gen s. 

but doubted whether a l l  these are r e a l hosts  f o r  the in s e c t . 

Moehida (1977) con sid ers  Oryza sa tiva  alone as the main 

host p lant and some other sp e o ie s  o f  Oryza and Eehinochloa 

as a ltern a te  h osts . He has recorded  Monocboria v a g in a lis  

as an o v ip o s it io n  host o f  the hopper as has been seen in  the 

present s tu d ies  a ls o .

E ohinochloa c r u s g a ll i  has been l i s t e d  as an a lternate  

host by Moehida and Okada (1971) and as an egg la y in g  host 

o1'  1 '  lugens by IRRI (1976). Kim _et a l .  (1975) however, 

reported  th a t the nymphs cannot survive on th is  grass even 

f o r  a few days and the planus do not s u ffe r  any damage.

The present r e s u lt s  show that the in se c t  la y s  eggs on th is 

weed, but the nymphs and a d u lts  cannot survive on the plant 

f o r  more than three days. Oyanodon dael.vlon has been l i s t e d  

as an a ltern a te  host by Moehida and Okada (1 9 7 1 ). But the 

present r e s u lts  show that th e  in s e c t  n eith er la y s  eggs on 

the plant nor i s  i t  su ita b le  f o r  feed ing  o f  the nymphs or 

a d u lts . The v a r ia t io n  in  the response o f  N. lugens to d if fe r e n t  

weeds may be a ttr ib u ta b le  to the ex istence  o f  d i f fe r e n t  b io ty p e s .

Many workers have observed higher popu lation  density 

o f  H. lugens towards the la t e  stages o f  the crop  in  p lo ts  

where weed growth i s  dense and have a ttr ib u ted  t h is  to the 

eongeniallmicro clim ate  created  as a r e s u lt  o f  the weed growth
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(IRRX 19 74 , Kulshreshtha e t a l . 1974, Fernando 1975, Tarca 

and Feuer 1976). The re su lts  discussed thus in d ica te  that 

the weeds c o n s t itu te  an im portant fa c to r  in  the ecology  o f  

the brown planthopper. The importance o f  removal o f  weeds 

as a con tro l measure i s  thus h igh lighted .
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SUMMARY



SUMMARY

The female o f  the brown planthopper, Kilaparvata 

laaenB Stal preferred le a f  sheaths to leaves o f r ioe  fo r  

egg-laying. Of the to ta l, 77.59 par cent of the eggs and

60.6 per cent o f the egg masses were deposited on le a f  

sheaths. Average number o f eggs per mass was 13,26 on 

le a f  sheath and 7.52 on le a f  blade.

The maoropterous female had a pre-oviposition  period 

o f  1 to 3 days (average 2.3 days) and an oviposition  period 

o f  13 to 25 days (average 18.2 days). I t  la id  a to ta l o f 

151 to 308 eggs (average 228.3 eggs). The dally rate o f 
egg laying was 0 to 60 (average 12.86). The maximum mean 

number o f  eggs la id  per day was 21.08 la id  onthe 9th day 

o f ov iposition .

The brachypterous female had a pre-oviposition  period 
of 1 to 2 days (average 1 .2 ), ov iposition  period of 10 to 17 

days (average 13.7), fecundity o f  131 to 319 eggs (average 

209.6) and daily egg-laying o f  0 to 99 eggs (average 15.69). 

The maximum number o f eggs la id  per day was 43.9 la id  on the 

7th day o f  ov iposition .

Incubation period o f eggs ranged from 7 to 9 days 

(average 8 days) and per cent hatching o f  eggs from 80.00 to 
89.61 (average 84 .83). The average durations o f  the 1st to



5th nymphal instars wars 2.7, 2 .8, 2.6, 3.1 and 2.8 days 
respectively, tota l nymphal duration being 14.0 days 

(range 12 to 16 days). Total l i f  e-cycle from egg to adult 
Varied from 19 to 25 days average being 22 days.

Longevity o f  macropterous male, macropterous female 
and braohypterous female was on an average 18.0, 21.4 and 
13-8 days respectively.

Maximum survival of nymphs o f H. lugens was at the 
temperature of 29°0 and relative humidity o f  70 per cent, 
being 63.33 and 62.67 per cent respectively. The lowest 
nymphal durations o f 14.63 and 17.75 days were at the 
temperature o f 29°C and relative humidity o f  80 per cent 
respectively. The growth index was highest at the temperature 
of 29°0 (4.35) and relative humidity o f 70 per oent (3.94).
The percentage of male emergence was lowest at the temperature 
o f  29°0 (43.57 per oent) and at relative humidities of 60 
and 70 per oent (39.05 and 42.29 per cent). Formation o f 
braohypterous females was highest at a temperature o f 29°C 
(31.27 per oent) and at a relative humidity o f 70 per oent 
and above (25.17 to 28.67 per oent). Incubation o f  eggs was 
not affected by temperature and humidity variations. Percentage 
hatching o f  the eggs ivas sign ificantly  higher at 27 and 29°0 
(71.19 and 73.26 per cent) and at humidities o f 70 and 80 
per cent (77.47 and 72.10 per cen t). I t  appeared that a
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temperature of 29°C and relative humidities above 70 per 

cent were optimal for the different b iologica l processes of 
F. lugens.

Survival o f nymphs o f I .  lugens was inversely 
proportional to their population densities, being 79.6,

67.4, 61.2 and 47.15 per cent at population densities o f 
50, 100, 200 and 400 nymphs per rice clump respectively, 
lymphal duration was not affected by density variations.
Growth index Values were inversely related to the graded 
densities, being 4.94, 4.31, 3.75 and 2.85 respectively.
The production of the braohypterous females at these 
densities,also was inversely related, being 53.76, 54.90,
25.32 and 11.77 per cent respectively. Weight o f the adult 
was more at lower densities though not sign ificantly . The 
3rd instar nymphs under higher densities were mostly black 
in colour against the normal yellow colour. Adults of high 
density lo t s  were ash-coloured against the normal brown colour.

Survival percentages of the nymphs wsze 57, 69, 79 
and 72 when reared on seedling, t ille r in g , pamcl6 in itia tion  

and flowering stages o f r ioe  respectively. The average nymphal 
durations whre 16.332, 14.707, 14.059 and 14.772 days respec
tively  when reared on the four stages o f growth. The growth 
index values o f the nymph were 3.490 , 4.692 , 5.619 and 4.874 
respectively when reared on tie four stages. The adult lived 
for 20.20, 19.80, 20.60 and 20.20 days respectively when reared



on the four growth stages o f  r ic e . Fecundity o f  the females 

was not a ffected  by rearing on d iffe ren t stages o f the plant.

In general the panicle in it ia t io n  stage was the most suited 

stage fo r  the build-up o f  the population o f  the in sect and 

the seedling stage the le a s t  suited, the other two stages came 

in between.

Jfymphal duration was decreased s ig n ifica n tly  to the 

extent o f  1 .8  to 4*9 Per cent when reared on r ic e  receiv ing 

20 to  120 kg N/ha. Survival o f  nymphs, growth index, longevity 

o f  adu lts, fecundity and population build-up were not a ffected

by varia tion s in the nitrogen nutrition  o f  the host p lants.
o f

There was prolongation/nympbal duration to  the extent o f  1.79, 

1.65 and 1.32 per cent at K̂ O nutrition  le v e ls  o f 75, 100 and 

125 kg/ha. Survival o f nymphs was s ig n ifica n tly  reduced 

(by 32.6 per oent) at 125 kg KgO/ha nutrition  o f  the host 

plant. Growth index was s in g ifiea n tly  reduced at 100 and 

125 kg KgO/ha, to the extent o f  21.2 ana 33.6 per oent. 

Longevity o f  adult and feoundity were not a ffected  s ig n i f i 

cantly by variation  in potash n u tr ition . Potash at 75, 100 

and 125 kg KgO/ha le v e ls  suppressed the population buiia-up 

o f the in sect by 3. 4 , 17.6 and 6 .1  per oent respective ly .

Of the 56 v a r ie t ie s  o f r ice  tested  fo r  the degree o f  

resistance to damage by K, lusens at the seedling and t i l le r in g  

stages, 2 per cent were res is tan t, 5 per cent moderately
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res is tan t, 20 per cant moderately susceptible and 73 per 

cent highly susceptib le at the seedling stage and 2 per cent 

res is tan t, 2 per cent moderately resistan t, 6 per cent 

moderately susceptib le and 90 per cent highly susceptible 

at the t i lle r in g  stage. The v a r ie t ie s  were more sasceptible 

at the t i l le r in g  phase than at the seedling phase. Ptb 33 

was the only va riety  resistant to  the hopper damage.

Variations in the plant characters lik e  plant height, le a f  

width, le a f  th ickness and stem thickness o f  the r ic e  va rieties  

at th e ir  seedling stage had no e ffe c t  on the se tt lin g  o f 

adults o f  J[. lugens on them and on tie damage caused by the 

hopper to  the p lants. At the t i l le r in g  stage there was 

positive  corre la tion  between number o f  adults se tt lin g  on 

the plants and number o f eggs la id . The thickness o f le a f  

sheath and number o f  eggs la id  were p ositive ly  correlated 

though not s ig n ifica n tly , le a f  sheaths o f  the resistant 

Ptb 33 had more sclerenchymatous o e l l s  in the peripheral 

region and the parenchymatous c e l l s  were s i l i e i f i e d  and 

devoid o f ch lorop lasts , while in  the le a f  sheaths o f  the 

susceptible Annapoorna Share were fewer sclerenchymatous c e l ls ,  

le s s  a i l io l f ic a t io n  and abundance o f ch loroplasts xn parenchyma. 

Crude s i l ic a  and to ta l protein contents o f the v a r ie t ie s  were 

not correlated with resistance to H. lugens.

Adults o f H. lusens did not show any d istin ction  

between resistan t and susceptible v a rie ties  o f r ic e  fo r
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se tt lin g . Duration o f  nymph was longest in the resistan t 

Ptb 33 (18,20 days) and shortest in the highly susceptible 

EM-1 and Annapoorna (14.83 days), the duration varied from 

15.03 to 16.00 days in the other v a r ie t ie s . Survival o f  the 

nymph was lowest in the resistan t Ptb 33 (23 per cen t), 

highest in Jaya and Annapoorna (84 per oent) and 70 to 83 
per oent in the other v a r ie t ie s . Growth index o f  the nymph 

was low est (1.30) in  Ptb 33 and highest (5.66) in Annapoorna 

and 4.43 to 5.6 in  the other v a r ie t ie s . Longevity of the 

adult was s ig n ifica n tly  lower (5 .2  days) in Ptb 33 than in 

the other v a r ie t ie s  (19.6 to 24.06 days). The fecundity o f  

adults reared on Ptb 33 was s ig n ifica n tly  le s s  (6 .0  eggs 

per female) than o f  those reared on other v a r ie t ie s  (178.8 

to 237.0 eggs per fem ale). Thus Ptb 33 manifested an tib iosis  

to N. lugens.

I .  lugens la id  eggs on 8 o f  the 10 wet land weeds 

studied . Eggs la id  on weeds hatched, but the nymphs fa ile d  

to develop on them fo r  more than 3 days excepting on Paspalum 

1 oneifolium . On P. Iongifolium  which was recorded f o r  the 

f i r s t  time as an alternate host o f  M. lugens .60 per cent o f  

the nymphs reached adulthood.
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APPENDIX-i. The s iz e  and number o f  egg masses la id  by H. lugens 
on l e a f  sheaths and b la d es  o f  ten p la n ts

SI. On l e a f  sheath On l e a f  blade Grand
Ho. — _  —. _ — —  — — — — — »  _ — t o t a l

Ho. o f  eggs in each mass Ho .o f  
egg
masses

T ota l 
Ho. o f
eggs

Ho,. o f  e.ggs in each mass Ho. o f  T ota l 
egg H o .o f 
masses eggs

2gg
mas
ses

Ho.
o f
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 11 102

3. 8, 8, 1? 3 33 14 1 14 4 47

4 . 10, 33, 5, 2 , 4 , 26, 18 7 98 2, 5, 2, 1 3 4 22 11 120

5. 11, 16, 17, 4 , 8, 21 6 77 4, 2, 4 3 10 9 87

6 . 7 , 4, 11, 24, 5, 19 6 70 _ 2, 30 2 32 8 102

7 . 12, 2, 15, 3 0 ,1 8 ,7 ,3 ,1 3 8 100 4, 3, 8, 13, 3 5 31 13 121

8. 20, 8, 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 T ota l 34 219 94 1002
Mean 13.05 Mean 6.15

O vera ll mean: 10.66
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Total
eggs

319
208

175
298
131
184
199

205
189

188

209.6

4P̂ BI3KX_IXX, Bomber o f eggs laid  by brachypterous females o f B. lagans 
on successive days ~

Bo . of eggs laid  on each day
1 st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13 14 15 16

0 19 63 0 0 99 21 12 7 39 16 12 8 0 8 3
0 13 0 73 61 8 49 00 0 2 2

0 48 0 0 21 9 39 47 0 0 0 0 11

0 8 11 14 32 28 47 78 5 26 4 17 26 2

0 4 0 0 12 0 63 0 34 0 0 0 8 6 2 2

0 0 39 16 9 21 69 0 9 12 5 4
0 39 0 0 98 12 13 4 6 8 5 3 2 9
0 11 13 8 0 47 28 22 31 0 28 7 0 0 2 6

0 0 18 2 11 7 41 21 18 3 27 13 6 12 2 8

0 6 13 0 0 59 69 14 4 2 2 4 8 3 0 2

I-!.=>14.8 15.7 11-3,24.4 29.0 433 19,3 11.4 9.2 8.9 6.0 6.9 3.2 1.4 2.1 1.10.5

Egg laying period _ 11 to 18 days
Hean -  14 .9  days
3\>, o f laid  per female -  209.6
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4ppendix-V. B io log ica l features o f N. lugens as influenced 
hy host plants grown under different le v e ls  
o f  Nitrogen -  Full data

le v e ls  o f  nitrogen KgN/ha)

0 20 40 60 80 100 120
Ho *1 H2 B3 ®4 5 K6

Nymphal duration (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
III 14.79 14.38 14.83 14.65 13.67 13.83 14.13

IV 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 70.00 80.00 75.00
II 80.00 90.00 70.00 70.00 70.00 75.00 70,00

III 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 71.25 73.75
Growth index

I 4.40 4.98 5.07 4.62 5.05 5.66 5.31
II 5.49 6,21 5.00 4.85 4.76 5.23 4.80

I I I 4.73 4.52 4.05 5.80 4.39 4.34 5.66
IV 4.71 4.78 4.90 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
II 620 703 971 1400 351 991 1290

III 1160 732 1067 966 613 931 1169
IV 881 695 809 752 577 1104 928

Mean 910.25 735.50 1038.5 840.00 612.25 1111.5 991.00



4ppendix-VI, Longevity o f  adult macro ptero us fem ales o f
N. lugens emerging from nymphs reared on r ic e  
grown under d iffe re n t le v e ls  o f  nitrogen -  
f u l l  data

L evels o f  Hitrogen Kgl/h a

R e ct if ica t io n
0 20 40 60 80 T_0 126

Hi K2 >3 E4 *5 H6

I 12 21 18 13 22 18 11

I I 16 20 19 21 12 14 24

I I I 17 13 18 14 18 29 16

I ? 27 11 12 11 26 25 14

v 24 29 21 25 24 12 18

VI 19 22 27 26 17 22 26

VII 13 18 16 18 13 20 25

VIII 26 18 29 17 10 17 25

IX 18 27 28 16 16 16 17

X 19 16 20 19 24 24 19

Mean 19.10 19.50 20.80 18.00 18.20 19.70 19.50



Appendix-VII . Kumber o f eggs laid  by macro ptsrous
females o f  N. lugens emerging from 
nymphs reared on rioe grown at different 
nitrogen leve l -  Pall data

leve ls  o f  nitrogen kgN/ha
Replication ------ ------- ------------ ------- ----------- ---- -----------

0 20 40 60 80 100 120
Ho £I1 U2 R3 *4 K5 %

I 131 208 176 151 239 171 88

XI 179 191 196 224 140 134 249
I I I 185 147 151 131 176 285 171
IV 260 88 128 126 269 271 153

V 206 249 280 225 199 139 207
VI 178 209 260 281 201 197 244

VII 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

Mean 182.80 187.60 207.30 180.70 189.70 206. 20 203.40



Appendix-V III. B io lo g ic a l fe a tu re s  o f  H. lagan s as in flu enced  
toy host p lants grown under d i f fe r e n t  le v e ls  
o f  potash -  l u l l  data

L evels  o f  potash (kg K ^ /h a )

1 1 
o

i

25
K1

50
K2

75
K3

100
K4

125
K*

Nymphal duration 
(in  4 y s ) I 15.04 15.21 14.69 15.32 15.57 15.53

I I 15.27 15.28 15.39 15.58 15.43 15.24
I I I 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 cen t su rv iv a l |
I 96.00 96.00 52.00 88.00 56.00 60,00

I I 38.00 100.00 92.00 96.00 92.00 68,00
I I I 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 in dex  I 6 .38 6.31 3.54 5.74 3.60 3.85
I I 5.76 6 .54 5.98 6 .16 5.96 4.46

I I I 6.37 6.37 4.37 6 .28 6.08 4 .45
IV 6.61 5.80 6 ,33 5.71 4.16 3.93

Mean 6.28 6 .26 5.13 5.97 4.95 4.17

Population touild 
up per clump -j- 77 119 130 65 50 56

I I 91 118 112 49 93 39
I I I 59 37 105 86 42 64

IV 35 66 79 53 51 8?

Mean 65.50 85.00 106.5Ci 63 .25 54.00 61.50



Jippendix-IX. Longevity o f adult macropterous females 
I ” lugens emerging from nymphs reared 

on r ioe  grown under d iffe ren t lev e ls  o f  
potash -  Fall data

Levels o f  potash (kg Ko0/ha)
Replication -   ------   -

0 25
*0 K1

I 21 27

II 22 16

II I 18 14

I? 10 14

¥ 19 19

¥1 12 23

¥11 14 12

¥111 19 12

IX 26 14

X 18 26

Mean 17.9 17.7

50 75
K_5

100
K4

125
K5

11 21 15 18

18 17 22 16

18 16 19 2 i

21 12 27 19

26 13 10 12

24 27 18 20

16 14 16 18

15 19 24 17

20 18 18 16

22 18 21 1A

16.9 17.5 19.0 17.7



4ppendix-X. Humber o f eggs la id  by macropterous 
females o f H. lugens emerging from 
nymphs reared on r ic e  grown at d iffe ren t 
lev e ls  o f polish Pall data

le v e ls  o f potash (kg KgO/ha)
i p lications

0
Ko

i
CM M 

1
ii

50
E2

75
K,3

100
K4

125
K5

I 209 198 94 197 131 163
II 177 203 126 188 208 159

I I I 160 161 179 120 187 220
IV 123 127 243 94 134 118

V 186 185 187 116 127 96

VI 131 124 231 218 133 195

VII 110 136 192 93 145 203

VIII 168 122 95 161 206 192

IX 235 109 119 109 173 148

X 92 220 210 155 219 97

Hean 159.1 152.5 167.6 145.1 166.3 159.3
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abstract

The brown planthopper H ilaParvata lugens S ta l i s  

considered as the most serious pest o f  r ic e  in A sia  today. 

In In d ia  though the in se c t  i s  known to  occur in  almost 

a l l  the r ic e  growing t r a c ts , i t s  ravages are heavy in  the 

South. In Kerala severe outbreaks o f  th is  pest are 

experienced from 1972 onwards and the in se c t  has gained 

con siderab le  economic s ig n ifica n ce  in  r ic e  c u lt iv a t io n . 

Though much work has been done elsew here, knowledge on 

the b asic  fea tu res , such as b io lo g y , ecology and host plant 

re la tion sh ip s  o f  the native b iotype o f  the in se c t  i s  

la ck in g . With a view  to con tribute to the f i l l i n g  o f  th is  

lacuna in  our knowledge the present stu d ies were taken up.

The studies were made in  the labora tory  and in  

f i e l d  cages. Potted p lants were used fo r  the bulk rearing  

o f  the in s e c t . Temperature v a ria tion s  required in  the 

sfcdies were maintained in an incubator and humidity 

v a r ia t io n s  in  d es ica to rs  using appropriate so lu tion s . 

R ela tive  s u s c e p t ib i l i ty  o f r i c e  v a r ie t ie s  to damage by 

N. lugens was assessed in terms o f  a scorin g  on a aero to  

nine sca le  as p erfected  at the In tern ation a l Rice Research 

I n s t i tu te .



B iological studies have shown that the hopper 

lays eggs in the leafsheaths and in the midribs o f  

lea fb lades, the former being preferred fo r  egglaying.

Eggs hatch in a mean period o f 8 days? the nymph 

undergoes fiv e  in stars taking on an average 14 days.

The l i fe -c y c le  i s  completed in 22 days on an average.

The macropterous male, female and the brachypterous female 

liv e  fo r  18, 21.4 and 13.8 days respective ly . The 

brachypterous female, though sh ort-lived , lays on an 

average 209.6 eggs as against 228.3 eggs la id  by the 

macropterous female during the l i f e  time.

The survival, speed o f development and growth 

index o f nymphs are s ign ifican tly  influenced by temperature 

and humidity. Changes in temperature s ign ifican tly  in flu 

ence the sex-ratlo and changes in humidity s ign ifica n tly  

in fluence the emergence o f  brachypterous females. The 

eggs can tolerate higher temperatures o f  33°0 to 35°0 while 

the nymphs cannot. The overall e ffe c t  i s  that temperatures 

around 29°0 and relative humidities o f  70 per cent and 

above are optimal fo r  the l i f e  processes o f the in sect.

The influence o f  d iffe ren t densities o f  nymphal 

population on the b io log ica l features o f  the insect has 

been studied fo r  the f i r s t  time. The speed o f  development 
o f the nymph is  not s ign ifica n tly  influenced by the degree 
of crowding. There exists an inverse relationsh ip  between

i i



i l l

the survival o f  the nymph ana the le v e l o f  crowding.

Low nymphal den sities favour the emergenoe o f  braohypterous 

females and high nymphal d en s itie s  favour the formation 

o f  macropterous adults and a lso  causes co lou r changes in 

the nymphs and adults.

She age o f  the host r ic e  plant has governing 

in fluence on the l i f e  processes o f  the hopper. The panicle 

in it ia t io n  stage appears to  he highly favourable fo r  the 

survival, m u ltip lica tion  and population build-up o f  the 

in sect and the seedling stage the le a s t  favourable; the 

other stages occupy interm ediate p o s it io n s . The addition 

o f  higher doses o f  nitrogen s ig n ifica n tly  shortens the 

nymphal duration, but the other features l ik e  survival o f  

nymphs and the lon gev ity  and fecundity o f  adults are not 

affecte3 by i t .  Addition o f  higher doses o f  potash reduces 

the survival percentage o f nymphs while the other features 

are not s ig n ifica n tly  in flu enced .

Of the 56 r iee  v a r ie t ie s  studied, only one variety  

Ptb 33 i s  re s is ta n t to dsmage by the hopper. MaDority o f 

the others are highly su scep tib le . The plants are more 

susceptib le  at the t i l le r in g  stage than at the seedling 

stage. V ariations in plant characters l ik e  height, thickness 

o f "’st'sm and sheath, and width and thickness o f  le a f  in the 

d ifferen t r io e  v a r ie t ie s  are not correlated  with su sce p t ib ility
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o f  v a r ie t ie s  to  damage by the in s e c t . H ost-biology 

re la t ion  studies on S. lugens have shown that the 

susceptib le  v a r ie t ie s  exert marked favourable e f fe c t s  on 

the survival, speed o f  development and growth index o f  

nymphs and on lon gev ity  and fecundity  o f  adults. The 

res is ta n t va riety  Ptb 33 suppresses the speed o f  

development o f the nymphs, causes m orta lity  among vhem 

and reduces the l i f e  span and fecu n dity  o f the adults 

and thus oxh ib its  c lea r  in d ica tion  o f  a n tib io s is .

The weed Pascalum lon g jfo llu m  has been recorded 

f o r  the f i r s t  time as an alternate host fo r  I .  lu gen s. 

Bight species o f  weeds serve as ov ip osition  hosts f o r  the 

in s e c t . Eggs la id  on non-host weeds hatoh su ccess fu lly  

but, the nymphs do not survive on them fo r  more than 

three days.

The o r ig in a l contributions in  the present studies 

re la te  to ov ip osition  behaviour o f  H. lugens. e f f e c t  o f 

the fa c to rs  o f temperature, humidity, population density , 

nitrogen and potash nutrition  o f  the host plant and 

d if fe re n t  r ic e  v a r ie t ie s  on the b io logy  o f  H. lugens, 

fa c to r s  a ffe c tin g  formation o f  the wing forms and r o le  o f  

weeds on the ecology o f  the in s e c t .

The world lite ra tu re  on the d ifferen t aspects o f  

the brown planthopper has been reviewed.


