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in iaparvata lURens (S t ^ )  and Nephotettlx glrescens 

(Horv ) are the two major r ic e  pest in  Bangladesh. Temperature 

response o f  these two species was stiuiied in  tte  laboratory.

The /avourable range o f  temperature fo r  p reoviposltion  

period was 30®C-^0®C fo r  both the species. The incubation 

and developmental period was found to be shortest a t ltO®C,

The maximum and minimum adult lon gev ity  were a t 25®C and 

ifO®C resp ec tive ly . The maxiraum hatchab ility  was observed 

a t 30®C and minimum a t 20®C in  both the species. The maximum 

su rv iva lity  from egg to adult stage was found in  30®C in  

2* lunens and 25®C in  vlrescens. The duration o f  the 

la r v a l periods were 30 days a t 20® C in  ]i, virescena and 3 I 

days in  Ji, lii;?ens a t the same temperature. The egg v ia b i l i t y  

was maxiraum in  25®C to  30®C and minimum at 20®C, The time 

required fo r  hatching o f  eggs o f  both the species was almost .V 

same. At 10 and V5®C the development o f  eggs and larvae did 

not occur. The time required fo r  development o f  eggs and 

larvae was more a t flu ctuating temperature than the constant 

temperature.

ABSTRACT

Dhaka University Institutional Repository



CHAPTSR -  I  

IMTROIXJCnON

Dhaka University Institutional Repository



DTTROIUCTION

1

V.

Insects l ik e  other poikilotherm ic animals respcjnd to 

change in  environmental temperature possively  ccnforming to 

the environment. Temperature influences the speed o f 

development, the duration o f  l i f e  and th e ir  behaviour 

(Andrewartha and Birch 195^)* Influence o f  temperature on 

insects has been studied ty  many workers, v iz *  Uvarov ( 19 3 I )  

reported that xjeather induced m orta lity  among insects has 

often been caused ty  excessive ly  high temperatures, Ludwig 

and Cable (1933) reported that a t lo\7 temperature p a r t ia l 

development may occur but due to incomplete development, 

the percentage o f  adult emergence in  melnnogaster v/as low. 

Jfelvin ( 193^ ) carried out experiment on the incubati<m period 

o f the eggs o f  Musca domestica and concluded that the peak 

tec^yjr'atiire fo r  egg development was 36* 0. Voute ( 1936 )  studied 

on the rate o f  development o f  the eggs o f  kuhnlelln. at 

constant temperature and found that a t 13«C the moths la id  

very few eggs and eggs were la id  a t lower temperatures, the

moths a lso la id  very few eggs a t 33®C and no eggs were la id
n

a t higher temperature. Davidson (19^2) worked on the 

re la tion sliip  between the temperature and si>eed o f development 

o f  i2. nielanoftaster a t COTistant temperatures and reported 

that the speed o f  development o f the eggs increases as the 

ten5>eratui^ r is e s , u n t i l l  about 3O0C is  readied. Above t l »
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temperature, the spsed. o f development decreases. Greentiank (195’6) 

reported that large nuralDers o f spruce budv/orm larvae died due to 

c lim atic  fac tors  and because o f th is the pest seldom reaches the 

epidemic le v e l ,  Fye and Bonham (19?9) shoi^d that the s o i l  

surface temperatures in cotton f ie ld s  are high enough to cause 

m orta lity  o f immature b o ll w eev ils , Anthonomus grandis Bonham,

Fye ( 1 9 7 1 ) reported that exposure to ^3*9*’ C, ^or 3 hours caused 

substantial m orta lity  o f mature pink b o ll worm Pectlno-phora 

gossvp ie lla  and 90% m orta lity  occurred iî hen th is exposure 

lasted  12 hours. The influence o f  temperature in  determining 

the emergence and development o f in sect populations is  w ell 

established Isy Sckenrode and Chapman (1972).

The brown plant hopper, Jlilaparvata lugens (S ta l) and 

Nenhotettix virescens are major pests o f r ic e  in  Asia* Both 

the larvae and adult o f these species cause d rastic  damage to 

r ic e  crop throughout Asia* Due to the attack o f  these pests 

the plant vigour is  destroyed, the ■ fille r  number is  lowered, 

percent o f u n filled  grain maximizes, vectors tlie v irus and the 

y ie ld  is  a ffected  (Miyaka and Fugivmra 19^2, Suenaga 19^3*

Nasu 196^? Kisimoto 19^5, and'Pathak 1968 ) .

In nature temperature is  not constant and as i t  is  an 

important variab le  i t  has been observed that there is  a great 

population fluctuation  o f N, lugens and IT. virescens in 

d if fe r e n t  times o f the year in Bangladesh. The population goes
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down in  w inter and build up during the summer. But to our 

kno\^ledge no systemiw study is  availab le adequately describing 

the temperature tolerance l im it  and other temperature influenced 

fa c to rs  on N. lugens and N, v irescens. Such information is  

essen tia l to formulate a b etter pest management system.

Therefore, the present work was undertaken to study the 

e f f e c t  o f constant and fluctuating temperatures 4n some b io lo g ic a l 

aspects o f N, lugens and N, virescens under laborato iy  condition.
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REVIEW OF LITERATURE

Literatures on the temperature e f f e c t  on Nila-narvata 

lumens and Nephotettix virescens are scarce. Therefore, a 

b r ie f  review  o f the re la ted  lite ra tu re  to  the present work 

ava ilab le  have been presented below*

Melvin (193^) observed that high temperatures actua lly  

prolonged the incubation period, e sp ec ia lly  in  the case o f 

L u c i l l ia  cuprina Wied. Time required fo r  hatching o f eggs 

were 1 5 . 06, 1 2 . 00, 9*8 1 , 8,if8 , ? .8o , 7«72 and 8,91 hours at 

7^> 79* 81f, 89, 9^, 99 and 10lf«F resp ec tive ly . The time 

required fo r  hatching o f eggs o f Musca dcmestlcn L. were 

3 3 . 28 , 2 3 . 08 , 1 7 . 1 6 , 1 3 . 50, 1 0 . 65 , 9, 00 , 8, 1 lf, 7 ,6 3  and 8,05 

hours in  59» 69, 7^, 79 , 81f, 89, 9^, 99 and 10 lf®F, none

o f the eggs o f any species hatched.

Voute ( 1936 )  did experiments on the rate o f  development 

o f  the eggs o f the moth Bphestia kuhniella a t constant 

temperatures. He found no egcs were la id  a t lower temperatures. 

At 13®C the moths la id  very few eggs. The moths a lso la id  

very few eggs a t 33*C, and no eggs were la id  a t higher 

temperatures. Although the lowest temperature a t which 

records are given fo r  hatching o f the eggs in  13*C, complete 

embryonic development to hatching occurred, in  a few instances, 

a t 10<»C, even a t 8»C,
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Ifevidson (19^42) worked on the rela tionsh ip  between 

the temperature and rate o f developiuent o f Drosophila 

melanogaster a t ccaistant temperatures. He pointed out that 

the speed o f development o f the eggs increased as the 

temperature r ises  u n t il about 3O0C is  reached. Above this 

temperature the speed decreased.

A  r v i n  0.TI m e * - ^

A Birch ( 195^) opined that in  nature temperature is  not 

constant. I t  influences the speed o f development, duration 

o f l i f e .  The range o f temperature favourable to  any particu lar 

species is  re la ted  to  the p reva ilin g  temperatures in  the 

places where the animal usually l iv e s .

EL-sawaf (1956) in  Egypt reported some factors 

a ffe c t in g  the lon gev ity , ov iposition  and rate  o f  development 

o f  the Southern Cowpea W eevil, Gallosobruchus maculntua F. 

and reared a t a constant r e la t iv e  humidity and temperature 

o f  75% and 25®C resp ec tive ly . The preoviposition  period was 

s ig n ific a n tly  increased to  0 ,38  and 1 ,0 7  days a t the 

temperature o f  I 8 days and 35®C resp ec tive ly . He observed 

the highest number o f eggs la id  per female was on the 

average 89,6 a t 25®C and ^0% R,H. He concluded that the 

hatching period was 3*68 to 20 .7 1 days a t d if fe r e n t  

temperatures, but at d if fe r e n t  r e la t iv e  humidity the 

incubatlcai period was lowered from 9.1if to  9,30  days. He 

pointed out that the duraticai o f  the larval-pupal period
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was a lso considerably reduced as the temperature was Increased. 

He noted that t l^  temperature and humidities had no e f f e c t  on 

the sex r a t io  in  the emerged ^ u l t  progeny. There was a s lig h t  

preponderence o f males, ?0 .3 3  to  $2,9Q% o f the progeny iDeing 

males. His experiment on lon gev ity  o f adult w eevils revealed 

that in  a l l  cases the females liv ed  longer than the males,

Hafez & Osman (19^6) studied the b io logy  o f  BrucMdius 

n l f ln h l i . Bruchidius t r i f o l i i  P ic , in  Egypt, Kiey recorded 

the lon gev ity , ov iposition  period o f these species. The males 

liv e d  longer than the females, the lo n gev it ie s  were 3,7 and 

8 ,7  days fo r  £, t r i f o l i i  females and males resp ec tive ly ,

drLiVk-nj,
Messenger (1959) d ea lt with environment and

■ A'
i t s  e f fe c ts  on insects . A fte r  experiment they found extreme 

constant temperatures invo lve sudden and possib3y traumatic 

changes in  thermal conditions, the e f fe c ts  o f which on 

insects are unknown. The data obtained under constant 

temperature, may t l^ re fo re , be markedly d if fe r e n t  fron  those 

obtained under fluctuating temperatures characteris tic  o f 

natural habitats,

Bonnemaison ( 196I )  studied on some factors  a ffe c t in g  

the fecundity and f e r t i l i t y  o f  cabbage amjy x̂ rorm Memestra 

•hrssslQae L, He suggested that since the la r v a l period is
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Miyake '  (19^2) worked on brown r ic e  p lant hopper
A

Nllaparvata lueens and noted that the maturation time o f 

N* lufrens is  Icaiger a t low temperature, the emergence and 

reproductive performance were accelerated ty  the high 

temperature*

Hinckley ( I 963) reported that in  F ig i,  the adult 

lon gev ity  o f N ilaparvata lumens was about 2 vreeks during 

the months o f January-April, V/ithin a temperature range o f 

20~30®C the preoviposition  pwerlod o f brown plant hopper was 

reported to range from 1 to 6 days by Mochida ( 196^)*

Suenaga (19^3) studied on the ecology o f N. lurens 

and Ji. virescens and reported that they cause ccsisiderable 

damage to growing r ice  plants throughout Asia* He reported 

that in  5^gi the adult Icm gevity was about 2 i-jeeks during 

the niOTth o f January-April* The number o f eggs la id  ty 

N. lumens fluctuates w idely amcng ind ividuals o f  the same 

generation in  the same or d if fe r e n t  years* He reported that 

the shortest nymphal period was a t 27°C* This period increased 

with the increasing or decreasing o f temperature.

longer at lower temperatures, the larvae consume more food

and thus become heavier.

Dhaka University Institutional Repository



s

M ochida^(l9^) w ithin a temperature range o f  20-30®C 

the pre-oviposltion  period o f  B.P.H* /̂as reported to range 

frcra 1 to  6 daj’-s*

Nasu ( 196 -̂) reported that the le a f  duration o f  Geocorls 

punctL-pes (Say) decreased as the temperature increased# 

Apparently 10®C is  "below the developmental threshold to 

eggs and l*OoC is  above the l im it  a t which hatching can 

occur. At 15®C cnly a few egg hatched and most nymphs liv ed  

less  than 1 day. Like the eggs stage, nymphal stage duraticti 

decreased as temperature increased. Although no egg hatched 

a t ? nymphs from eggs incuhated a t 35®C completed th e ir

development a t UO®C. Temperature o f  10«C were as le th a l to 

nymphs as to  eggsj though eggs hatched a t 1 ?®C, no nymphs 

developed in to  adults. At a given temperature, development 

o f  nymphs required ahout twice as much time as hatching o f 

eggs.

CJhamplain and Sholdt ( 1967 )  shô -;ed that there i s  ho 

s ign ifica n t d ifferen ce  in  the rate o f development o f  Lvgus 

hespems eggs or nymphs between fluctuating or ccanstant 

temperatures.
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Misra and Is ra e l ( 1968) reported the incutaticai 

period o f N, lugens during December (13.5-27*1®C; R*H. 81-90^) 

in  India a t Cuttack to  be 12 days. The corresponding period 

o f  Sogata fa r c ife ra  was 6 days during September. Is ra e l a l .  

( 1968)  however, recorded that the maximum l i f e  spa\#n o f  the 

female o f  each o f N. lunens and N. species was around 2 months.

Pathak ( 1968 )  pointed out that 2?® to  30«C was 

considered by various workers as the optimum temperature 

range fo r  r ic e  le a f  hoppers and p lant hoppers. The adiilt 

o f  N, lufTens remain active  from 10 to 32®C. He stated usually 

the incubation period fo r  most o f  the species o f p lant and 

le a f  hoppers ranged between If and 8 days. The njcmphal period 

ranges between 2 and 3 weeks during summer. luf?ens usually 

l iv e  fo r  10 to 20 days in  summer. The females o f  !£. lugren9 

la y  on average 300-3^0 eggs. Nephotettir species lay  on 

average 200 to 3OO eggs. The oviposition  period a t 20®C 

fo r  ii* lugens was 30-50 days in autumn.

Cheng ( 1969)  frcmi h is work on Ne-nhotettiy imrtictieeps 

reported that in  general the duration o f  the l i f e  cyc le  is  

prolonged at a temperature below the optimum, while the 

reverse is  found a t a temperature optimum. He found the 

longev ity  o f female N. im picticops being about 26 days a t 20«C.
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jy e   ̂ ( 1969 ) studied the developmental periodsA
fo r  b o ll  w eevils  reared a t several constant and fluctuating 

temperatures. They found that developmental period ranged 

frcra 88 days a t 1?oC to 17 days a t ^®C, a tenjperature o f 

3^oC iJicreased the periods to 17*5̂  days. Developmental period 

o f  Anthonomv trrandis thurberiae P ie rce , ranged from 72.5’ 

days a t 1?®C to 17*5 days a t 30®C, a temperature o f 35®C 

prolonged the developmental period o f  a l l  s tra ins. They 

reported that the extended period fo r  development a t 3?®C 

indicated the slowing o f  undersigned physio log ica l reactiOTis 

ty  excessive heat. The extended dei’elopmental periods o f  b o ll 

^^eevils a t 35®^ ind icate greater vu ln era td lity  to higher 

temperatures and a probable lack o f intense se lection  fo r  

heat tolerance. Tliey a lso observed that the best rearing 

e ffic ie n c y  in  regard to surviva l was obtained a t 20®C.

However a t 2?®C the rearing period was ly  2 v;eeks, but 

higher m orta lity  occurred. Likev;ise, rearing time was 

shortened an additional if-period by using a temperature o f 

30®C, but m orta lily  increased. Thus “ e ff ic ie n c y "  is  r e la t iv e  

and can be geared to the requirements o f  the research o f  

the contro l prograjnme in progress.

Bae and S’athak (1970) observed that within a 

temperature range o f 2? to  33®G the lon gev ity  shortened with 

increasing temperature and that the females liv e d  longer
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Chen ( 1970 )  noted that the nymphal development o f 

Nenhotettix ylre^cena was slower a t lower temperatures and 

fa s te r  a t higher temperatures fo r  both male and female.

Raney gjfc ai# (1971) m^e laboratory studies o f 

Aphallnus asyclils (WalJcer) an imported in tern a l parasite 

o f  aphids, conducted a t 5-contro lled  temperatures. They 

found that the la ig e v ity  o f  the adult female decreased 

with increasing temperatures and tlie 21.1-32®C a lternating 

temperatures y ielded  an approximate midway response. The 

mean Icmgevity o f adults was approximately 18  days a t 23*9®C 

and 9 days a t  32*2®C. The highest ra t io  o f  females to  males 

occur a t tl:» low est temperature studied (23.9»C) with 

approximately 2,U0 to 1.00, which a t 32#2®C was about 1j1. 

The pai'asite took approximately 16 days to develop frcm 

egg to adult a t 23«9*C and 10 days a t 32.2®C. The 

devel(^Mnental time fo r  the flu ctuating  temperatures o f 

21.1-32®C was 1 2 . 5  days.

J- Pd4i< a\L
Cheng _  ; , .. (1971) reported that the rate o f nymphalA

growth o f ]J. vlrescens was very fa s t  a t 29» 33 and 35®C and 

the to ta l la rv a l period a t th is temjjerature averaged about 

16  days. At lower temperature the la rv a l develojanent was

than the maZe insects. The average longevity at 2̂ ®C was

3*^ and ^.1 day for male and female Insects respectively.

Dhaka University Institutional Repository



- I l ­

i a

Atwal and Singh (1972) studied csn the development o f 

EuprQC_tl5 lunata Walker they reported that laborato iy  studies 

on the development o f Buproctis lunata showed a t constant 

temperatures o f 20, 2? and 30®C, the duration o f  the egg stage 

lasted  1 1 , 26 , 7*23 and 6,00 d ^ s  and the v ia b i l i t y  was 78,00,

8if,1 and 88*1 percent resp ec tive ly . At variab le  temperatures 

o f  20 to 30®C the duraticoi o f the egg stage was 5*96 and i|-,87 

days resp ec tive ly . The females always liv e d  longer taian the males.

H iraro (1972) found that nymphal period varied  from lif.lf 

to  1?.3 days at 2^90 but a t 20®C i t  varied  from 25.^ to  27 days.

He observed that males liv e d  s lig h t ly  longer than females,

Stenseth (1972) investigated  on the e f fe c t  o f  temperature 

as a fa c to r  in  the ecology o f Thomasiniana theobaldl. He reported 

that development was completed a t a l l  temperatures between 12  and 

30®C on the basis o f the mean hatching o f the eggs, the incubation 

period ranged frcmi 10 days a t 12®C to  2 days a t 30® C and the timee 

o f  la rv a l developorant from Uo d ^ s  at 1 2 ®C to 8 days a t 2^ 0,

slow. The average nymphal period at 20® C and 2VC was about

37 and 28 days fo r  female and 3 -̂ and 2? days fo r the males.
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There was a ccaislderable variation or spread 'between the 

mininrdun and, maximum time required to canplete the la rva l 

development, especia lly  at the lower temperatures. On average, 

the time required fo r  the development frcmi oviposltion to 

fu l l  grov;n larvae varied frcei ^0  days at 12® C to 11 days at 

2^C . A fter th is, developmental period increased*

Hose (1973) studied the biology o f d iffe ren t species 

o f Gicadulina (Horn,, C icadellidae) to c o lle c t  sane informations 

with particular reference to the e f fe c t  o f temperature. The 

developmental period fo r  eggs at cCTistant temperatures o f 2 3 , 

25, and 30**C were Ilf.O, 9#^ and 7*2 days respectively. The 

time required fo r  the developmental periods from egg to adult 

was ^ . 8 , 29*0 and 2 1 . 2  days fo r  male and 39*0 , 2 8 .3  and 19*7 

days fo r  the females at the same temperatures respectively.

The develojMoental period decreased with the increase o f 

temperature. The optimum period fo r  development \;as 

observed at 30,1®C, Begarding sex ra t io , he reported that a 

preponderance o f males was noticed among eggs la id  by young 

females at 22 , 26 and 28ec and more even sex ratioes amongst 

eggs la id  ty  an cider females*

I'ftieller and Stem (1973) studied the reproductive 

poten tia l, survival rate, maturation and lon ged ty  o f  Lvgua 

hesperus Knight and Xt-* elisus Van Duzee a t 26,7 and 20®C
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and aJid 12*5 hcxzrs l ig h t  regimes resp ec tive ly . There was 

no s ign ific a n t d iffe ren ce  between the pre-oviposition  period 

o f  time required fo r  nymphal development in  e ith e r  species 

a t the same temperature#

Madubunyi and Koehler (197^) ccmducted experiments 

on the A lb iz ia  P d y llid , P sy lla  unc^atiodes (F err is  and Kljnrer) 

under constant temperatures (12®C) ranging fran 15 to 

At ^5®C, ov lposition  and embryCTiic development ^^ere inh ib ited  

and adults did not survive beycaid if days, Although 76, 9jS o f 

the eggs hatched a t 30® C a l l  tte  resu ltant nymplis died 

vrithout completing development and generation time v/ere 

in verse ly  re la ted  to temperature betv/een 15 to Egg

survived at a l l  temperatures in  which complete development 

occuri^3d.

Ash and Greenberg (1975) reported the influence o f  

temperature cn the developmental rates o f  eggs, la rra e , and 

pupae o f Phaenicia pallegcgns (Shannon) a t 19, 27 and 35oC. 

The median time frcan egg to adult fo r  SerlQg.ta was 53«9 days 

a t 19®C, 1 3 , 5  days a t 27®C and 11.3® days a t 19®C, 12.8 days 

a t 27®C and 10.if days at 3^®C. Tte t in » o f incubation fo r  

both the species increased with the decrease o f temperature.
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Tanigoshi a l,  (1975) studied the e f fe c t  o f  

constant temperatures csn the b io log ica l development o f the 

Me Daniel Spider Mite, Tetranychus medanleli Me Gregor,

2 * medanleli populations attained th e ir  ©ptiraura growth and 

reproductive rates a t 35®C.

Jacob a i  a l*(1977) worked on the l i f e  cycle o f 

gphestia Duhniella. He found that the incubaticn period o f 

the eggs o f £, Kuhniella depends upon temperature. The 

minimum incubaticn period was 3 days a t 31»C, This period rose 

to about 7 days a t 22®C, Ilf days a t 15*0 and 28 days a t 12®C.
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MATERIALS AUD METHODS

Temperature has a great influence on the l i f e  cyc le  o f 

insects* In the present slaidy attempts \7ere made to  determine 

the e f fe c t  o f temperatures on the various stages o f  l i f e  cycle 

o f  i:ephote t i l x  yirescens and N. lutrens in  laboratory conditions 

and fo llow ing  m aterials and methods \^re employed,

C o llectlc ft o f  in i t ia l  stock

The experiments were s e t up ty c o lle c t in g  adult green 

le a f  hoppers and brown plant hoppers from r ic e  f i e ld  sp ec ia lly  

from seed beds o f BRHI Farm a t Gazipur, The Insects were

co llec ted  frcwi the f i e ld  by a standard sweeping net and

separated from the net by a mouth asp irator. They were then

caged with myler film  (*f3«2 cm in  length and 7*6 cm in  diam eter).

Culture o f the inaeGta

For experiment tlie stock culture o f  in sect was se t up 

in  rearing cages. The cages measured 76,2 cm X 6I .0  cm X 80 cm 

made o f  nylon net and wooden frame. The two species were 

maintained in separate rearing cages.

The adult green le a f  hoppers and brown plant hoppers 

were released on 30-35 days old potted r ic e  p lants. The potted 

plants were kept inside the rearing cages to  fa c i l i t a t e  

ovipositicm  ty  experimental in sects . Before introducing the 

potted plants inside the rearing cages, the plants were 

cleaned and the outer le a f  sheaths were removed to destroy
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any possible ov ipos ition  tiy other insects* Necessary 

precautions were taken to keep the insects fre e  frcan 

predators, pathogenjjes and other unwanted species o f insects* 

The plants used fo r  rearing and breeding o f  the experimental 

insects were e a r l ie r  shown in  earthen pots* S ix pots were 

kept in  each cage* Thus a series  o f  stock culture \i;ere 

maintained to g e t a constant supply o f  insects during the 

experiment* The cages were kept in  the departmental lawn*

ExperlinantaJ^ procedure

a) a f fe c t  o f  constant temperature :

To study the e ffe c ts  o f  constant temperatures on some 

b io lo g ic a l aspects o f  the experimental in sects , the experiment 

was conducted in  an incubator a t constant temperatures o f  20 , 

2?, 30| ^  and The seedlings o f  two to  three weeks

old were placed in  the glass Jars (17*5 cn X 3 cm d ia * ) and 

few drops o f  water were added to avoid dehgrdration o f  seedlings. 

Adult males and females frcxn the stock culture were released on 

the seedlings in  the ja r  and were kept in  the incubator a t 

desired temperature to study the pre-oviposition  period 

incubation period, developmental period, fecundity, egg 

h a tch ab ility , Icmgevity and su rv iva lity *  The moutdi o f  the jars 

were covered with fin e  muslin cloths and secured with rubber 

bands to prevent the escape o f  experimental insects*
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In a l l  experiments, 75% r e la t iv e  humidity was maintained 

tiy using super saturated Kacl solution in  a glass tray a t the 

bottcan o f the incubator (B irch 195^)* R e la tive  humidity o f 

75% would probably be close to that to  which the insects are 

exposed in  the f i e ld  even under extreme high temperature,

Pre-oviposltlca i period :

I'Veshly emerged adults were co llec ted  from stock 

culture and placed in another rearing cage containing potted 

r ic e  seedlings to fa c i l i t a t e  mating. To ensure mating, a fte r  

two days the adults were removed frcffli the cage and introduced 

in to  the glass ja r  containing seedling and water and kept in 

the incubator a t desired temperatures. Everyday the seedlings 

\\rere checked to observe the f i r s t  egg lay ing and pre-oviposition  

period was recorded.

Incubation period i

To determine the incubation period o f  the egg the 

seedlings containing the egg masses ,̂rere taken out from the 

incubator«every day and checked whether eggs have hatched 

or not. The egg hatch was observed ty  examining the eggs 

under the binocular microscope and counting the 1 s t  instar

For each experimental temperature four replications

were considered and for each experiment one set o f control

was maintained at room temperature.
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H a M ia k lllix  :

The egg hatchab ility  in a particu lar temperature has 

been tested by counting the number o f eggs Incubated and the 

number o f 1 s t in sta r larvae hatched.

Develonmental period ;

Seedlings were checked d a ily  to record the durations 

o f  1st, 2nd, 3rd, ^th and ?th in sta r la rvae. The developmental 

period was recorded by counting the day from egg lay ing upto 

the day o f adult emergence.

Fecundity :

To observe the fecundity, every day the seedlings were 

checked to record the number o f eggs la id  by the female a t each 

temperature

Sunrivaliter :

S u i^ v a lity  was assessed by counting the number o f 

exuvae l e f t  a fte r  each ecdysis.

Longevity :

To find  out the influence o f  temperature on the 

lon gev ity , dead insects were taken out every day and recorded. 

The adult lon gev ity  was determined by counting the days from 

f in a l emergence to death.

larvae. The larvae aft^r hatching leave their original place

and move towards the tender leaves of* the seedlings for feeding,
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b) E ffec t o f fluctuating teraperataires :

In nature, temperature fluctuates more or less  

regu larly  with a 2*f hour p eriod ic ity *  Elxperiments with 

extreme constant temperatures invo lve sudden and possibly 

traumatic changes in  thermal conditions* The data obtained 

under constant temperature may, therefore, be markedly 

d if fe r e n t  from those obtained imder fluctuating temperatures 

ch aracteris tic  o f  natural habitats (Messenger & i-T.itters 

1959)« Ĵ or these reasons part o f the present experiment o f 

fluctuating temperatures were used. Varying temperature 

patterns were designed and programmed in to  the incubator 

fo r  6 , i 5 and 18  hours duration per day*

To determine the e f fe c ts  o f 6 , 15  and 18  hours exposure 

per day the experiment was designed on the two species o f 

insects in  the incubator* The incubation period, egg 

ha tch ab ility , developmental period and adult longev ity  o f 

the experimental insects were studied a t 20 , 2 5? 29> 32 and 

35® C.

The method was same as in  case o f  constant applicatiOTi 

o f  temperature excepting that the insects were treated in  the 

incubator fo r  the desired durations.
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E ffe c t  o f  constant and fluctuating temperatures cai some

aspects o f b io logy o f N llaparvata lugens and NenhotettiT viresnan.g

were studied and resu lts obtained are stated below.

Studies on the e f fe c t  o f constant tercperatures on K* lugens30
v/ere conducted a t 10, 20, 2^ , ^  and ^5®C, The e f fe c t  o f 

various temperatures was studied on the p re-oviposition  period, 

incubaticai period, egg ha tchab ility , developmental period (from 

egg to adu lt), adult lon gev ity , fecundity and su rv iva lity  o f  the 

insects.

E ffe c t  o f  constant temperatures on lugens

Pre«-oviposition period :

The p re-oviposition  period o f  N, lunens recorded during the 

course o f experiment - "  summarised in  Table 1, The e f fe c t  o f  

temperatures on the p re-oviposition  period was observed by exposing 

the mated females to various constant temperatures. The mean 

pre-oviposition  periods o f  IJ, lugens ranged from 12  to h days

over a range o f constant temperatures frcan 20®C to The

mean pre-oviposition  periods were 1 2 . 2 , 1 1 . 2 , 6. 9 , 5 .1  and ^ .1  days 

a t 20, 2 5 , 30* 35 and t̂Ô C respective ly  (Table 1 ). The maximum 

period required fo r  depositing the f i r s t  egg at 20oC . . (1 2 .2  days^.

The miniraum pre-oviposition  period was observed a t The

optimum temperatures fo r  ov i-pos ition  was 3^°C to UO®C. Above 

the optimum range o f  temperature the insects fa i le d  to ov ip os it.
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Table 1 . E ffect o f ccmstant temperatures on the

preOTTiposition period o f Nllaparvata lumens.

__________ Preovlposltlon period,J.n davs___________________  Control

Temperature8Rep.l5Rep,2j|Rep,35nep.ifil Average 5 28®C-32«C
in  t®C) 9 i! S 9 ( 5

20 1 2 .2 1 2 . 1 12 .0 12.3 1 2 .2 8

25 11.5 1 1 . 5 1 1 . 0 1 1 . 0 1 1 . 2 10

30 6 , 1 7.0 7.0 7.1 6.9 10

35 5.0 5-1 5.2 5.3 5.1 8 .1

l+o ^.3 if.O K O if. 1 if. 1 8

If? a l l  died without laying 7

Observed value o f F 9*58

Tatwlated value o f P at the le v e l o f 5̂ .29
3.2lf

Mean o f if replications

Dhaka University Institutional Repository



23

At extreme low (10®C) and extreme high (^5®C) temperatures the 

insects died without lay ing egg a fte r  ^ and 1 days resp ec tive ly . 

The s ta t is t ic a l  analysis o f  the variance o f  the e f fe c t  o f 

temperature on the pre-ovipositicm  period o f  N, lumens was 

h igh ly s ign ifica n t.

Incubation period :

The incubation period o f  N. lutrens under d if fe r e n t  

constant temperatures, is  presented in  Table 2p̂  The data on 

Table 2 shows that the incubation period was la rg e ly  dependent 

on the p reva ilin g  temperatures. Under d if fe r e n t  temperatures 

the mean incubation periods were 10 . 1 , 8. 9 , 6 . if, 2 .?  and 3 . 1  

days a t 20 , 2 ?i 30> 35  respective ly  but eggs did not

hatch a t two extreme experimental temperatures i . e .  10  and if5®C.

At lf5®C the eggs lo s t  th e ir  shape, became shrunken and 

blacken. The incubation period was Icmgest a t 20*C, i t  then 

decreased as the temperature was increased upto 35®C. Above 

35®C incubation period inci*eased again. The threshold 

temperature extrapolated from the observed incubation period 

was 19®G. The e f fe c t  o f  temperatures c»i the incubation period 

o f  N. lufrens was h igh ly s ign ifica n t.
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Table 2. E ffect o f constant temperatures on the incubation

period of liifrens.

Incubaticai period in  days
Control

Temperature 
( in  (®C)

Rep. 1 Itep# 2 Rep. 3 Rep. h Average 2?oc-33<>c

20 10 , 1 1 1 . 0 10 . 1 10 .2 1 0 . 1 10

25 8.? 8.5 9.7 9.0 8.9 a

30 ?.9 6.8 6.5 6.6 6.if 7

35 2.5 2.5 2.5 2.5 2.5 5

ko 3.0 3.0 3.1 3.2 3.1 5

a l l died

Observed value o f  P 17.1

Tabulated value o f  F a t the le v e l  o f  1 ^

5^
5.29
3*2lf

Average o f  If rep lica tions

Dhaka University Institutional Repository



50 r-

25

to
a

0
1  lUa.

<
CD

40 -

30 -

20  .

10

0

Regression line of Y on X  

Y=Q*bx 

Where 

a=43'2 

b=-2‘21 

x=30 

y=6
Threshold point s19

TEMPERATURE fC)

P±g« 1* E ffe c t  o f  constant temperature on the 
Incubaticn period o f  lurrena.

Dhaka University Institutional Repository



23

Bgf? hatchabillfcg

The resu lts  recorded in  Table 3 ind icate the percentage 

o f  egg hatching o f  N, liigens a t d if fe r e n t  constant temperatures. 

The to ta l percentage o f  egg hatch were M), 91» 100 80 and 83 at 

20, 25? 30 , 35 aiid UO®C resp ec tive ly . The percentage o f hatching 

was maximum a t 30eC. At the two extreme experimental temperatures 

(10 and ^5®G) the eggs did not hatch. The egg hatchab ility  was 

found to be temperature dependent i . e . ,  with the increase o f 

temperatures the percentage o f  egg hatching also increased. The 

low est percentage o f  hatching was observed a t 20®C.

>•

Larval period :

The data in  Table ^ represents the la r v a l period o f 

N. lut?ens a t d if fe re n t  constant temperatures. The mean duration 

o f  f iv e  la rv a l instars a t d if fe re n t  temperatures o f  20 , 2 ^, 30 ,

3? and UO®C were 32*6, 28 . 6 , 20.9* and 15*8 days respective ly .

The incubation period was longest a t low temperature ( 200C) and 

shortest a t U0®C, the resu lts  ind icate t'nat the temperature had 

a s ign ifica n t e f fe c t  on the to ta l la rva l period.

L ife  Ovcle {

Table 5 reveals that teraperatiires a ffec ted  the l i f e  cycle 

o f lutrens. I t  was found that the time required fo r  egg
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Table 3 , E ffect of constant temperatures on the

egg hatchability o f N, lugens.

Temperature 
in  (°C )

No. o f egg 
incubated

No. o f  egg 
hatched

% o f 
hatching

C<Mitrol
280C-3 I 0C

20 20 8 M3 60%

25 33 30 91 66%

30 29 29 100 1%

35 30 2h 80

iK) 2h 19 83 66^

Average o f if rep lica tions
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TEMPERATURE (Y )

F lg « 2 * BfTect o f  constant te s^ ra tu re  on the 
h a t< ^ t i l l l t7  o f  liigeng^
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Table 5. E ffect o f constant temperatures on the l i f e  cycle

of lu/tens.

j

Temperature 
( in  oc)

Pre-oviposi tion 
period in  days

Incubaticm 
on period 
(in  d ^ s )

Developmental 
period (in  
days)

Total
duration o f 
l i f e  cycle 
(in  days)

20 12 .2 10 . 1 32.6 5V.9

25 1 1 . 2 8.9 28.6 lf8.7

30 6.9 6.lf 20.9 3^.2

35 5.1 2.5 1 5 . 6 23 .2

ko »f. 1 3.1 1 5 .8 23.0
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development ranged from 10.1 days at 20®C to  3 . I  days a t Uo®C,

The mean time fo r  the egg incubation were 10.1, 8. 9 , 6,Jf, 2 .^ and 

3 , 1  days at 20, 25» 30, 35 and resp ec tive ly . The to ta l

duration required fo r  la rva l development \fere found to be as 

32 . 6 , 28. 6 , 20*9* 15*6 and 15*9 days respective ly* Hence, the 

totEil duration i*equired to complete the l i f e  cy le  were 5^*3 , V8. 7 , 

3lf.2, 23*2 and 23*0 a t the temperatures nienticmed above. So, the 

shortest period required to complete a l i f e  cycle was 2^«1 days 

a t 35“ C.

S u rv iva lltv  :

The percentage o f  emergence o f g . lunena a t d if fe r e n t  

constant temperatures is  presented in  Table e 'b ? e  mean 

percentage o f  emergence ranged from 20 to 37 over a range o f 

constant temperatures from 20 to 1+OoC, The mean su rv iva lity  

ra te from egg to adull^J^^re 20 , 60, 80, 50 and 37 percent a t 

20, 25s 30» 35 «T3id î OoQ resp ec tive ly . The maximum number o f 

adult emerged a t 30®C \d.th the le a s t  number o f  immature 

m orta lity  ind icating the most su itable temperature fo r  

survivorship (P ig , 3 ) .

I t  was observed that when the temperature was raised 

from 20 to 30®C the percentage o f emergence increased accordingly. 

Again the percentage o f emergence decreased as the temperature 

was increased above 30®C ind icating the p os itiv e  re la tion  o f
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At 25°C the percentage o f  su rv iva lity  was 70 and 8? a t 

1 s t  and 2nd in sta r respective ly  and cent percent su rv iva lity  

\\?as observed a t 3i^> ^th and f in a l  in star.

A t 30®C 100 percent su rv iva lity  was observed a t a ll 

/ la r v a l instars except the 1 s t and 2nd instars-where the

su rv iva lity  rate was 70 percent and 9h»"\ percent respective ly .

At 35®C the percentage o f  su rv iva lity  was 88 and 7^ at 

1st anĉ  2nd la r v a l in sta r respective ly . In 3rd , ifth and 5th Instars 

the su rv iva lity  was 100 percent.

At the su rv iva lity  rate was 83 percent and 88,8

percent a t 1st and 2nd la rv a l in sta r resp ec tive ly . In 3rd, k th , 

and 5th instars the su rv iva lity  was 100 percent.

V'

Sex ra t io  :

The Fiean percentage o f  males was 60,0, 58*3, 50, M .O , 

and 37*5 a t 20 , 25* 30 * 35 and resp ec tive ly . The mean 

percentage o f females was M .6 , 50, 58.3  and 3 7 ,5  a t the 

temperatures o f  20, 25j 30, 35 and M)®C respective ly . Males 

predominated the females a t the lower temperatures. The number 

o f  males were in verse ly  and that o f  females were d ire c t ly  

re la ted  to the temperature upto 35®C Table 6,

3 :
i

immature mortality. At 20<>C the percentage of survlvality was

66,6 and 83,3  at 1 st and 3rd instar respectively and in a l l

other stages cent percent survival!ly was observed (Table 6) ,
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TEMPERATURE f c  )

W.g« 3 . E ffect o f constant temperature on the 
survival rata o f lusena.
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Fecundity :

The feciindity rate o f N. lugens is  recorded in  Table 7, 

The fecundity was found to lDe highly influenced tor the 

temperatures. At extreme low and high temperatures i . e . ,  10 and 

a l l  the insects died without lay ing eggs. The optiraom range 

o f  temperature fo r  egg lay ing ranged from 30 to 35®C (Table 7 ), 

The maximum number o f  eggs la id  per female vms a t 30«C, At 

20 and 2^®C the females la id  11 and I 3  eggs respective ly .

>

Longevity :

The lon gev ity  o f  the male and female lugens recorded 

during the study is  shown in  Table 8, When the insects v/ere 

confined a t the desired temperature, the mean lon gev ity  o f 

males were 6, 16 .J , 10, 8 ,^, 6, 2 .5  and 2 days a t 10, 20,

25» 30> 3? ^  respective ly .

Tiae mean longev ity  o f  females were 12, 10, 7.1, ^-.2,

2 and 1 d ^  a t 10, 20 , 25» 3^i 35 * ^  respoctive ly*

In a l l  the cases the males liv e d  longer than the females. At 

10®C both the males and females remained in  motionless condition. 

Table 8 ind icates the lon gev ity  o f  adult males and females 

N* lugens decrease as the temperature was increased within a 

range o f  20 to
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SPPECTS OF mCTOATINa TEMPERATURB 

ON SOI-IB ASPBCTS OF BIOLOGZ OP 
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The temperature does not reaain constant v it iiin  2h hours 

o f  the day. Therefore, the experiment was designed to expose the 

experimental insects to desired temperature fo r  6 , and 18

hours per day in  the incubator* Rest o f  the period o f  the day 

they were kept a t rooa temperature*

S ffe c t  o f flu ctuating temperature cm g , liigens

The incubatiOTJ period o f  lugens was studied a t 

temperatures ranging from 20®C-35®C is  shown in  TatxLe 9* The 

mean Incubation period was 12«1y 9*3» 6 ,0 , and 6.2 days 

a t 20 , 2 ?, 29 » 32 and 35®C when the eggs were exposed fo r  6 

hours per day (Table 9 )* At 15 hours exposure per day, the 

mean period fo r  incubation was found as 1 1 . 2 , 8. 0 , 6 , 1 , lf.2  

and 5.3 days a t 20, 25, 29> 32 and 35®C respective ly  (Table 9)< 

At 18 hours e:q>osure per day, the mean incubati<»i period

10 , 2 , 8, 0 , 5*3 i and 6 , i  days a t the temperatures mentioned 

above. The incubati<m period gradually decreased as the 

duration o f  exposure to temperature increased upto 32®C, But 

a t 35®C the incubation period increased again. The s ta t is t ic a l  

analysis o f  variance on egg incubation period a t d if fe r e n t  

temperatures when exposed a t 6 , 1 5 , and 18  hours per day was 

s ign ifican t*
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Tafele 9* Incubation period (days) o f  eggs o f  |T, lugens 

e-xposed fo r  various periods per day to 

d if fe r e n t  temperatures*

>'

Temperature 
(in  oC)

Exposed fo r  
6 hrs./day

E^osed fo r  
15 hra,/day

Exposed fo r  
18 hrs./day

20 12.1 11.2 10.2

25 9.3 8.0 8.0

29 6.0 6.1 5.3

32 lf. 1 h»2 ^.2

35 6.2 5.3 6.1

Observed value o f F 11

Tabulated value o f  P a t the le v e l  o f  7.^9
5% if.o i

Average o f  U- rep lica tions
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E ffe c t  o f  ^u ctu a tln g  temperatures cn lUgena t

Egg hatchab lllty  t

At 25®C the mean percentage o f egg hatching was found to 

"be 5 l» 56,8  and 6 1 , 3  a t 6 , 1 5  and 18  hours o f  exposure per day 

resp ec tive ly  (T a tle  10).

Table 11 shows the percentage o f egg hatching a t d if fe r e n t  

temperatures during the experiment# The mean percentage o f 

hatching was 51.6, 60,7 and 53«^ a t 29®C when the duration o f 

exposure time was 6 , 1 5  and I 8 hours per day respectively#

‘33i® mean percentage o f egg hatching was ?3*9» 6?,8  and

71 a t  32®C when exposed fo r  6 , 1 5  and 18 hours per day (Table 12).

The mean percentage o f egg hatching was found to be 6l#2|

71#^ and 76 a t  35«C when exposed fo r  6 , 1 5  and I 8 hours per day

respective ly  (Table 1 3 ) .

The egg hatchab ility  is  d ire c t ly  re la ted  to  the duratiCTi 

o f  exposure o f  the eggs per day to 6 , 1^ and I 8 hours# With the 

increase o f  diirati.on o f  exposure the hatchab ility  rate increased.

Develo-pmental neriod j

The e f fe c t  o f  temperatures on the developmental period 

a fte r  exposure to 6 , 1 5  and I 8 hours per day was recorded in  

TableslV, 15» and 16, The mean developmental period •_ 22#2,
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19*2 and 17*1 days a t  29, 32 and 35«C when exposed fo r  6 hours 

per day* The mean period required fo r  development a t 29, 32 and 

35®C v ^ 19 *3 » 19*2  and 15 *2  days resp ec tive ly  when exposed fo r  

15 hours per d ^  (Table I ? ) ,  The mean time required fo r  

development was 19.1, 19*1 and 1 6 , 1  d ^ s  a t 29 , 32 and 35*C 

respective ly  when exposed fo r  18 hours per day. The develojanental 

period was found to  be influenced by the fluctuating temperatures. 

The developmental period o f  fi, lugens was in verse ly  proportional 

to the exposure period a t d if fe r e n t  temperatureso Analysis o f  

variance o f  the mean developmental period was h igh ly s ign ific a n t 

when exposed fo r  6 , 1 5  and 18  hours per day to each o f  the 

selected temperatures.

Longevity t

From the present observations i t  was found that the 

va r ia l^ e  temperatures when applied to the adult in sects , showed 

marked e f f e c t  on th e ir  Icmgevity (Table 17). The mean lon gev ity  

o f  adult female lu<?ens under d if fe r e n t  temperatures o f  20 ,

25, 29, 32 and 35®G “̂ ^ 7 .1 ,  5.1, 5.0, 5.0 and 5.1 days 

respective ly  when tlte duraticai o f exposure was 6 hours per day.

But when tlM adults were exposed fo r  15 hours per day a t 20, 25,

2 9 , 32 and the lon gev ity  ' ’  6, 1 , 6 . 2 , 6, 0 , 5*2 and 5 days
-  (O C J'J-

resp ec tive ly . Again a t 18 hours exposal i>er day the lon gev ity  ,

8.2, ^-.3, 3.1» ^.0 and ^.2 days a t 20 , 25, 29 , 32 and 35°C 

respective ly .
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Table 10, E ffe c t  o f  temperature (25®C) on the egg 

ha tch ab iliiy  o f  N* liigens.

Temperature 
in  «»c

Exposure 
time in  
hrs,/day

No, o f
egg
used

No, o f
egg
hatched

^ o f 
hatching

Control 
No, o f  % o f 
egg egg 
used hatching

6 ^9 25 51 IV 85.7

25 15 Mf 25 56.8 10 100

18 kh 27 6 1 . 3 11 8 1 . 9

>■
Average o f  If rep lica tions
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Table 11. E ffe c t  o f  temperature (29®0 on the egg 

hatchab ility  o f  Ji, lugena.

Temperature 
in  eC

Rxposure 
time in 
hrs./day

No. o f
egg
used

No, o f 
egg
hatched

% o f No, o f  
hatching egg 

used

% o f egg 
hatching

6 h? 2h ?1 . 6 21 95-lf

29 15 31 60.7 7 7 lA

18 ?3 31 53A 12 100

Average o f  if rep lica tions
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Table 12, E ffec t ibf temperature (32®C) on the egg 

hatchatiility o f N, lugens.

Temperature 
In oc

Exposure 
time In 
hrs./day

No. o f
egg
used

No. o f
egg
hatched

%  o f 
hatching

Control 
No, o f % o f 
egg egg 
used hatched

6 39 21 53.9 7 100

32 15 31 65.8 1 1 72.7

18 32 71 16 56-2

Average o f !*■ replications
>
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Table 13, E ffe c t  o f  temperature (35®C) on the egg 

hatchab ility  o f  N* luieens.

gOQtr_Ql
Temperature Exposure No* o f No, o f  % o f No, o f % o f  egg
in  ec time in  egg egg hatching egg hatched

hrs,/day used hatched used

35

6 ^9 30 6 1 . 2 8 75

15 30 7l-*f 16 75

18 k6 35 76 12 75

Average o f if rep lica tions
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BPFSCTS OP CONSTANT TEl-JPERATURES ON 

SOME ASPECTS OF BIOLOOy OF 7IRSSC;.5NS
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Bxperimonts on the e f fe c t  o f  constant temperatures on 

Nephotettix virescens were conducted a t 10,20, 2?, 30, 3?> ^  

and lf5®C. The e f fe c ts  o f  Tarious temperatures were studied cm 

the pre-o\rlposition period, incubation period, egg h a tch ab ility , 

developmental period frcm egg to adult, adult lon gev ity , 

fecim dity and su rv iva lity  o f  the insects*

E ffe c t  o f  ccaistant temperatures on N* virescens t 

P re-ov iposltion  period :

p re-oviposition  period o f  viresGena recorded during 

the course o f  experiment is  presented in  Table 18, The e f f e c t  

o f temperatures on the pre-oviposition  period was observed by- 

exposing the mated females to various constant temperatureso 

The mean pre-oviposition  period ranged from 12,2 to V*2 d ^ s  

over a range o f ccaistant temperatures from 20 -  The

mean pre-oviposition  period were 12.2, 8*lf, 6 ,if, 5*3 and ^.2 

a t 20, 25» 30, 3^ and l+0«0 resp ec tive ly . The maximum period 

required fo r  depositing the f i r s t  egg a t 20»C was 12*2 days*

The minimum pre-oviposition  period was observed a t The

optimum temperature fo r  ov ipos ition  was 35 -  Above tlie

optimum range o f  temperature, the insects fa i le d  to  o v ip os it.

At extreme low (10®G) and extreme high (^5®C) temperatures the 

insects died without laying egg a fte r  3 days in  both the cases* 

The e f fe c t  o f  temperature on the p re-ov iposition  period o f 

virescens was s t a t i s t i c a l^  s ign ifica n t.

Dhaka University Institutional Repository



o

u I
-P o
g o  

CO o  CM

0bO
C 3
U

I

t>
H

P i

H
H

A

OS

H
H

•
P.

§ i

W

Pi

(D

<1}
U® o
PiO
E
,® C EĤ
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The Incubation period o f vlresoena in  response to 

d if fe r e n t  ccaistant temperatures is  shown in  Table 19^ The 

incubaticMi period was la rg e ly  dependent on the p reva ilin g  

temperatures. Under d if fe r e n t  temperatures the iMan incubation 

periods were 10,2, 8,1 ^,8, 3.V and 3,2 days a t 20, 2 5 , 30 , 35 

and itO®C resp ec tive ly , but no egg hatched a t tvo extreme 

experimental temperatures i . e .  10°C and 1+0®C.

At ^5^0 the eggs lo s t  th e ir  shape, became shrunken and 

blacken. The incubation period was longest a t 20^0, i t  then 

decreased as the temperature was increased upto M)«C. The 

threshold temperature extrapolated frcOT the observed incubation 

periods was a t 18«C. The e f fe c t  o f  temperatui*e was highly 

s ign ific a n t on the incubaticm period o f  H. vlregQena^

Incubation period s

Bgg hatchab ility  t

The resu lts  recorded in  Table 20̂  ind icate the percentage 

o f  egg ha tchab ility  a t d if fe r e n t  ccaistant temperature. The 

to ta l percentage o f egg hatch were M), 100, 100, 75 and 72 at 

20 , 25* 30 , 35 and resp ec tive ly . The percentage o f 

hatching was maximum a t the range o f  25 -  30»C. At the two 

extreme experimental temperatures (10 and ^-5°C) the eggs did

Dhaka University Institutional Repository
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Table 20, S ffe c t  o f  constant temperatures on

the egg hatchab ility  o f  N, v iresoens.

Temperature 
in  »C

No, o f  egg 
incubated

No, o f egg 
hatched

% o f
hatching

Control
28®G-31®C

20 50 20 1*0

2? h7 V7 100 75%

30 V? 100 92%

3? Uo 7? 62%

1+0 1 6 . 1 12 72 66%

'I Average o f ^ rep lica tions
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TEMPERATURE (“C )

Fig* 5* S ffe o t  o f  constant teoqperature <xi tiie 
ha tehaU U ty o f  fi. vlraaoanfl.
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5/

not hatch* The egg hatchab illty  was found to be temperature 

dependent l * e « ,  w ith the increase o f  temperature the percentage 

o f hatching also increased. The low est percentage o f  hatching 

was observed a t 20®C.

Larval period s

The data in  Table 21 represents the la r v a l period o f  

£• virescens a t d if fe re n t  constant temperatures. The mean 

durations o f  f iv e  la rva l instars a t d if fe r e n t  tenqjeratures o f 

20, 25, 30 , 35 and UO«C were 3 1 . 6 , 2?.2, 1 8 .? ,  15,9 and 1lf,7 

d ^ s  resp ec tive ly . The egg incubation period was longest at 

low temperature (20®C) and shortest a t (UO®G), the resu lts 

Ind icate that the temperature had a s ign ific a n t e f fe c t  on the 

to ta l la rva l period,

Llfe_e.Y_Gls t

The e f f e c t  o f  temperature on the to ta l l i f e  cyc le  o f 

li. virescens i *  presented in  Table 22* I t  was found that the 

time required fo r  egg development ranged frcxn 10 days a t 20*0 

to 3 days a t The mean time fo r  the egg incubation were

10, 8, 5-8, 3 A  and 3 days a t 20, 2?, 30, 35 and M)®C 

resp ec tive ly . The to ta l duration required fo r  la rva l 

development were found to  be as 3 1 *6 » 25*2, 18.5, 15*9 and

Dhaka University Institutional Repository
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Table 22# E ffect o f constant temperatures on the

l i f e  cycle o f JI. virescens.

Temperature 
(in  «G)

Pre -ovlposi ticm 
period Tin days)

Incubation 
I>er3od in 
(days)

Developmental 
period o f 
larvae ( in 
days)

L ife
cycle
(in
days)

20 12.2 10.2 31.6 5^.0

2? 8,lf 8 25.2 lf1.6

30 6.lf ?.8 18.5 30.7

3? ?.3 3.1+ 15.9 2lf.6

ho h .2 3.2 1lf.7 22.1
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and 1lf,7 days a t 20, 25i 30» 35 and M)®C resp ec tive ly . Hence, 

the to ta l duration required to complete the l i f e  cycle were 

M .6 , 30.7, 2h,6  and 22,1 days a t 20, 2?, 30, 3? and 

resp ec tive ly . So, the shortest period required to ccmplete a l i f e  

cyc le  was 22,1 days a t M}«C temperature.

Survilvality i

The percentage o f  emergence o f N, vlrescens a t 

d if fe r e n t  temperatures is  l is te d  in Table The mean 

percentage o f emergence ranged frcMn 22 to  2? over a range o f 

constant temperatures from 20 to M)®C. The mean su rv iva lity  

rate from egg to adult was 22, 72, 73, 60 and 2? a t 20, 25,

30, 35 and M)®C respective ly . The maximum number o f  adult 

emerged a t 30®C with the le a s t  number o f immature m orta lity  

ind icating the most suitable temperature fo r  survivorship. I t  

was observed that when the temperature was raised from 20 to 

30®C, the percentage o f emergence increased accordingly. Again 

the percentage o f emergence decreased as the temperature was 

increased above 30«>C ind icating the p os itive  re la tion  o f  

immature m orta lity . At 20®C the percentage o f su rv iva lity  

was 75 a t f i r s t  in star and in  a l l  other stages cent percent 

su rv iva lity  was obseirved.

At 25®C the percentage o f su rv iva lity  was 80 a t 1st 

in sta r and in  a l l  other stages cent percent su rv iva lity  was 

observed.

Dhaka University Institutional Repository



iv>o•V30 
I 3 U> «+
o O 

O H

-r CO

pjoqn
o*-4

a

H-
O
Pc+

CO

00 -va
vn vji

ro lu

00 \o U) o

00

T * CO 
O  00o •• 

00 u»

u» o

ro ro-r o

V3

00

oo

ruo

- i  00 o u» o

ro o

CO
CO o

ro

oo

rv)

oo

oo oo

00

tV)
vn

roo

oo

o ro

oo

ro

oo

o

roo

tV)
•r

r o  ro  
ro  ro  CO o  o  v o

u»-v3
VJX

\0

o o o o o oo o o o  o o

fO O  O ' -v3 Ox

o\O'
O'

ON

—V _k 'sj \0 CO -X
O O vjv -r vj\ Oo o • o—1

lU

o sc ro O' ro vn

00u»
•u>u>

oo

u»

U» ^  00 VJI lU

O' roo o

H* d
3  3
o a
O 4

P

H.® 12! 
3  Otj o  O TO •

OO'p
p.
!3'a> ^ poxi o

S' a  
p *

Otj c+ O0 3*1
ip.-^ ^

HH*roSS 
P  3  3  O  4 CQ 0*« c+

P  3

CO S*o

o

g *

1-3

O '

H*
2*

o
H(d
O

3̂
(D
3(»
•

(0
oc+
O•-t)
o

COCfa
3

g-

<0

P

?

s
m

S

i
10
P

<P
u

s-
pi
to

°
p>H*
S '

3
3e+
CO

(W
®
CO

OJ

Dhaka University Institutional Repository



B2
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6, E ffe c t o f constant temperature on the 

• la r lv a i  i*ate o f  Tlreaeena
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At 3O0G 100 percent su rv iva lity  was observed a t a l l  

la r v a l instars except the 1st in sta r, where the su rv iva lity  

rate was 78 percent^

At 3?®C the su rv iva lity  rate was cent per cent in  a l l

la r v a l instars except the 1st in sta r la rva  wl^re i t  was 87̂ ,

At 1̂ 0®C the percentage o f su rv iva lity  was 90 and hh at

1st and 3rd in sta r la rva  and in  a l l  other la rv a l instars cent

percent su rv iva lity  was observed.

Sex ra t io  :

The mean percentage o f males were 25» ^3*7> ?0, JO 

and 50 a t 20, 2 j,  30 , 35 and MD®C resp ec tive ly . The mean 

percentage o f  females were 75j 5^ ,2 , JO, 35*8 and 25 a t the 

temperatures o f  20, 25* 30, 35 and UO«C* Males predominated 

the females a t the higher temperatures. The number o f  males 

were d ire c t ly  and that o f females were in verse ly  re la ted  to 

the temperature upto 35®C Table 2^.

Fecundity; :

The fecundity rate o f  N. virescens is  recorded in  

Table 2 3 . The fecundity was found to be liigh ly influenced 

by the teraperaturesj^ At extreme low and high temperatures

Dhaka University Institutional Repository
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i , e *  IQoC and a l l  the insects died without lay ing eggs.

The optimum range o f  temperature fo r  egg l ^ in g  was 30 to 35 •

The maxitmim numlDer o f  eggs la id  tiy per female was a t 3?®C.

Longevlte  :

The lon gev ity  o f  the male and female virescens 

is  shown in  Table 25- When the insects were confined a t the

desired temperatures, the mean lon gev ity  o f  males were ?#1, 1^,

10,2, 9 .2 , 7-1, 3 A  and 2 days a t 10, 20, 25, 30, 3?, ^  and 

IfJoC respectively* The mean lon gev ity  o f  females \^re h ,7 t 10, 

9 .8 , 8 .5 ,6 , 2.2 and 1 day a t 10, 20, 2?, 30 , 35, ^  and lf5®C 

respective ly .

In a l l  the cases the males liv ed  longer than the 

females. At IQoc both the males and females remained in

motionless condition. The lon gev ity  o f adult males and

females N. virescens decreased as the temperature increased 

within a range o f  20 to if5®C*
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The temperature does not remain constant within 2h hours 

o f the day. Therefore, experimental insects^to desired temperature 

fo r  6, 1 5  and 18  hours per day in  the incubation. Rest o f the 

period o f  the day they were kept a t room temperature.

Incubation period :

The incubation period o f  K. vireacens was studied a t 

temperatures ranging frcm 20-35®C and is  ^own in  Table 26 .

The mean incubaticm period was 12.2, 9 .1 1 6.2, ^f.3 and 6.2 

when the eggs a t 20 , 25j 29» 32 and 35®C respective ly  when 

the eggs vrere exposed fo r  6 hours per d ^ .  At 15 hours 

exposure per day, the mean period fo r  incubation was found 

as 11.^, 8. 5 , 6, If, lf,5 and 5.5 days a t 20, 25* 29, 32 and 

35®C resp ec tive ly . At 18 hours exposure per day, the mean 

incubation period was 10 . 8 , 8. 1 , 5« 2 , and 6 .3  days a t 

20, 25» 29 , 32 and 35®C resp ec tive ly . The incubaticn period 

grsidually decreased as the duration o f  exposure to temperature 

increased upto 32®G. But a t 35®C the incubation period 

increased again. The s ta t is t ic a l  analysis o f  egg incubaticn 

periods a t d if fe r e n t  temperatures was s ign ifica n t.

BPg hatchab ility  :

Table 27 shows the porcentage o f  egg hatching at 

d if fe r e n t  temperatures during the experiment. The mean

E ffect o f fluctuating temperatures can li, vlrescens

Dhaka University Institutional Repository
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Table 26, Incubation period (d ^ s )  o f  eggs o f  virescans 

exposed fo r  various periods per day to d if fe r e n t  

temperatures.

Temperature 
in  oc

Exposed fo r  
6 hrs./day

E^osed fo r  
15 h rs ./d ^

Exposed fo r  
18  hrs./day

20 . 1 2 . 2 l l . l f 10 . 3

2 ? 9.1 8.? 8 .1

29 6,2 6,lf 5.2

32 ^•3 If. 5 If. If

35 6.2 5.5 6.3

Observed value o f F

Tabulated value o f  F at the le v e l  o f  1 ^ 7«59

5% ^.07

Average o f rep lica tions
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percentage o f hatching was 53 , and 60 a t  25 when the 

duration o f  exposure time was 6, 1 5  and l 8 hours per day 

respective ly .

The mean percentage o f hatching .. 51, 5lf and 5h a t
c»JeJu-

29®C when the duration o f  exposure 6 , 1 5  and 18  hours 

per day resp ec tive ly  (Table 28 ) ,

The mean percentj^e o f egg hatching - 55i 60 and

76 a t  32®C when exposed fo r  6 , 1 5  and 18  hours per day 

respective ly  (Table 29)*
wenjL

The ^ean percentage o f egg hatching found to be 

6 1 , 65 and 73  a t  35®C ’^ n  exposed fo r  6 , 1 5  and 18  hours 

per day respective ly  (Table 30 ) .

The egg hatchab ility  is  d ire c t ly  re la ted  to  the 

duration o f  exposure o f the eggs per day to 6 , 1 5  and 18  hours, 

With tlie increase o f  duration o f  exposure the hatchab ility  

rate was a lso increased.

Developmental period ;

The developmental period o f  the experimental insects 

exposed 6, 1 5  and I 8 hours per day to d if fe r e n t  temperatures 

were recorded in Table 3 I , 32 and 33, The mean developmental 

periods were 23,2, 19.2 and 18 ,9  days a t 29, 32 and 350C 

respective ly  when exposed fo r  6 hours per day (Table 3 1 ) .

The mean duration required fo r  development a t 29, 32 and 

35®C were 22 . 6 , 18,2 and 17.7 days respective ly  when exposed
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Table 27» E ffec t o f temperature (2^®C) on the egg hatchability

o f N« vlrescens exposed fo r  various periods/day.

Temi>erature 
( in  oc)

Exposure 
time In 
hrs./day

No. o f 
egg
used

No, o f
egg
hatched

% o f 
hatching

Control
No, o f  No. o f 
egg egg 
used hatching

6 U-9 26 ?3 12 66.6

2? 15 Mf 2? 56 18 77.7

18 k6 28 6o Ilf 100

Average o f  if rep lica tions
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Table 28, E ffec t o f temperature (29®C) on the egg hatchability

o f N, vlrescens exposed fo r various periods/day*

Control
( in  ®C) in  time 

hrs./day
egg
used

®gg
hatched

hatching No. o f
egg
used

% o f  egg 
hatching

6 79 51 10 100

29 15 79 12 91.6

18 55 30 5»f 8 100

Average o f  h rep lica tions

Dhaka University Institutional Repository
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Table 29* E ffec t o f temperature <32®C) on the egg hatchatdlity

■ o f N* Tirescens exposed fo r  various periods/day.

Temperature 
( in  ®C)

Exposure 
time in 
hrs*/day

No. o f
egg
used

No, o f 
egg
hatched

% o f 
hatching

Control

No, o f % o f egg 
egg hatching 
used

6 ?7 33 5? 15 80

32 1? 7h 6o 10 81

18 82 63 76 11 9

Average o f  if rep lica tion s
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Table 30, E ffec t o f temperature (35®C) an the egg hatchability

o f  li. vlreaoens exposed fo r various periods/day.

Temperature 
( in  ©C)

Exposure 
in  time 
hrs*/day

No, o f
egg
used

No, o f 
egg
hatched

% o f 
hatching No,

egg
used

Ccsi t r o l
o f  % o f  egg 

hatching

6 3^ 2h 61 22 100

3? 1 ? lf1 27 6? 19 69.8

18 36 73 8 87.5

Average o f rep lica tions

Dhaka University Institutional Repository



o
Ti
o
•H

0)
P .

■p
c
<1>
sPi
o

CD 
>
Q) vD

•O
u
CD
P .

§
cS
u

g
Si

(3) h
s : o  ■p ^

•cJ 
a> 
n
0Pi 
M 
0
C

1
K 
C 
a 
c 
u 
a•p t- O *r

CD t=

«M •
K1 21

ro
0>H

■§E-t

§
n
Q>
u
3
a
<D

§■

o

u
&

C

g

dj

a

CI}
^  w

Fi
(d
+3
to
C

£
m

[3■p
ra
5

S
J -

•p
CO
e:
•H

t
rn
u
cS■p
m

•d

?3
+9
(0
c
•H

+»
(0

§

O n} 

§ 0  0)

CO XJ (h U)
a

0)
Fh

<A
U
© O
P<oS
p  cE-î H
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fo r  1 5  hours per day (Table 32). The mean time required fo r  

development were 19*1» 17-7 and l6 ,6  days a t 29, 32 and 35®C 

respective ly  when eirposed fo r  I 8 hours per day (Table 3 3 ) .

The developmental period was found to be influenced by the 

exposure duration to temperatures* The developmental period 

o f virescens was inverse ly  proportional to the fluctuating 

temperature. Analysis o f  variance o f the mean developmental 

period a t fluctuating temperature was h igh ly s ign ifica n t,

Lonnevlty :

From the present observation i t  v;as found that the 

flu ctuating  temperatures when applied to  the adult insects 

sho\,fed marked e f fe c t  on th e ir  lon gev ity  (Table 3lf)* The 

mean lon gev ity  o f adult female N. virescens under d if fe re n t  

temperatures o f  20 , 25> 29, 32 and 35®C were 8 ,2 , 5,2, 5,0,

6,0 and lf,0  d ^ s  respective ly  when the duration o f exposure 

was 6 hours/d^, V/hen the adults were exposed fo r  1 5  hours 

per day the lon gev ity  \/ere 8, 1 , 5 , 2 , 5* 1 » 6 , 1  and 3 .0  days 

a t 20, 2 5 , 29* 32 and 35®C resp ec tive ly . Again a t 18  hours 

exposure per day the longev ity  were 8, 2 , lf , 1 , 3 , 0 , if,0 and 

3*0 days a t 20 , 25» 29j 32 and 35^0 respective ly .

The mean longevity  o f males wei*e 10,5* 9«1» 7.0, 6,1 

and 5*2 days a t 20, 25, 29, 32 and 35®C resp ec tive ly  when 

exposed fo r  6 hours per day. The mean Icmgevity were 9 ,^ , 9,0,
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7 .2 , 5,0 and ^.0 days a t 20, 25» 29» 32 and 35’®C respective ly  

when exposed fo r  1? hours per day* At 18 hours exposure per 

day the niean lon gev ity  o f  male adult Ji, vireseens were 9f 7* 

6,1, Jf.O and ^,0 days a t 20, 2?, 29* 32 and 35®C resp ec tive ly .
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DlSOJaSIOW

The lite ra tu re  on the e f fe c t  o f temperature on the 

b io lo g ic a l aspect on N, lugens and N, virescens is  very 

scanty. Therefore, the re la ted  works on other insects is  

discussed in  this chapter. The present study v;as carried 

out in the laboratory and aimed at c la r ify in g  the 

rela tionsh ip  between combinations o f temperatures and some 

b io lo g ic a l aspects o f the two spooies. The experiment was 

conducted at 1 0 , 20 , 25, 2 9 » 3 0 , 3 2 , 3 5 » Ml) and

Preoviposition  period

Preoviposition  periods o f N, luaens and N, virescens 

were observed a t d if fe r e n t  constant temperatures ranging 

from 20 to MD®C, I t  v;as found that th is period lasted  from 

if to 1 2  days in both the species depending on the temperature. 

IM s  period was shortest At extreme low temperature

(10®C) the adult insects died a fte r  ^th day o f treatment 

without la;5’'ing eggs. At extreme high temperature both

the species died a fte r  2nd day o f treatment without lay ing 

eggs. The pre-oviposition  period a t 2?®C was found to  be as 

11.2 days in N. lumens and 8, If days in  N, v irescens. This 

resu lts  ind icates that the pre-oviposition  period is  shorter 

in  N. virescens and longer in  N. lugens in  this temperature. 

In other temperatures duration o f p re-oviposition  period was 

more or less  same fo r  both the species.

80
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Muller and Stern (1973) otserved that the pre-oviposition 

period o f Lvgus hesperus was 9*8 days at 26 , 70c which increased 

to 21.1 days at 20®C, This period decreased xirith the increase 

o f temperature*

Mochida ( 19 ^^) worked on the pre-oviposition  period o f 

brown plant hopper and foimd that the p re-ov iposition  period 

ranged from 1 to 6 days within a range o f temperature 20- 30®C,

In the present experiment th is range was 8-10 days a t 20-30®C.

The present observation on the p re-ov iposition  period 

is  p a r t ia lly  in  compliance v;ith Ifu ller and Stem  (1973)*

Incubation period

In the present experiment the Incubation period o f 

two species o f insects ranged from 3 to 10  days a t the 

temperature ranging from 20 to UÔ G. The optimum temperature 

fo r  hatching was 35® C in  case o f lugens above or belo;-; 

th is temperature, incubation period increased (Table 2 )* In

li. virescens the optimum temperature fo r  egg hatching was 

Above th is temperature eggs could not hatch, they 

became dry and blackened. Below th is temperature prolonged 

the Incubation period. So i t  was found that II, vlrescens 

eggs.-^^'^more to leran t to heat when compared to that o f 

N, lupens.
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Melvin (193^) reported that high temperature actua lly  

prolonged the incubation period o f L u c il l ia  cuprina. TSl-savraf 

( 19 56 ) concluded that the hatching period decreased as the 

temperature v/as increased from I 8 to 35® G in  case o f 

HpI 1 nsn'bruchus maculatus. Hafez and Osman ( 1 9 ?6 ) reported that 

the duration o f egg stage depends grea tly  on temperature. I t  

was shorter a t high temperature (32®C) and increased with the 

decrease o f temperature. At 16»C the eggs fa i le d  to develop, 

Hov/e and Currie ( 196^) recorded that the mean egg period o f 

Ac an thos ce lid e  s obtectus decreased as the temperature increased 

from 1 5 ®G to 32.5® C but above tliis  temperature the incubation 

period increased a t 35®G, Atwal and ^ingh (1972) showed that 

a t constant temperature o f 20, 25  and 30*0  the duration o f 

egg stage o f gphestia lunata lasted  1 1 , 2 6 , 7 .26  and. 6 days 

resp ec tive ly , Hose ( l 973 ) foimd that the developmental periods 

o f  the eggs o f C i G ? i d \ i l i n a  a t constant temperatures o f 23» 25 

and 30»C v/ere IU.O, 9.^ and 7*2 days resp ec tive ly , Jacob and 

Cox ( 19 7 7 )  foimd that the incubation period o f the egg o f 

S-nhestia k u h n i e l l a  depends u p o n  temperatures. The m i n i m u m  

incubation period was 3 days at 31®C* This period rose to 

about 7 days at 22®C, 1^ days at 15®C and 28 days at 12®C to 

2 days at 30®C, Champlain and ^holdt (19^7) recorded that 

constant temperature o f M)®C v;as le th a l to eggs o f Geocoris 

nunctines (Say)# 3ggs did not hatch a t 10®C. Ash and
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Green'berg ( 19 7 5 )  worked on the developmental rate o f 

Ph,q.enlGla - n a l l e s Q e n s  egg a n d  reported that the time o f 

incubation fo r  the species increased with the decrease o f 

temperature, Pathak (19^8) stated that usually the 

incubation period fo r  most o f  the species o f  p lant and le a f  

hoppers ranged betiyeen If and 8 days a t the range 2? to  30® C*

In  the present experiment th is range o f  period is  6 to 8

d ^ s  a t 25 to 30®C. Stenseth (1972) reported that the 

incubation period o f t h e o b a l d l  ranged from 10  days a t 1 2 ®C 

to 2 days a t 30®G. The incixbation period in  the present 

observations fo r  H. lutiens and virescens eggs a t d if fe r e n t  

constant temperature was in  agreement with the find ings o f 

the above mentioned authors.

H atchability

The egg hatchab ility  o f N, lu>?ens and N, virescens 

a t d if fe r e n t  constant temperatures were measured in  the 

present study. The percentage o f ecg hatching was highest 

a t 30®C in  N. lugens (Table 3, I-Ug. 3) but in  N. virescens

the highest percentage o f egg hatching v;as obtained at the

range o f 25 to 39*0 (Table 20, J ig . Belov; or above th is 

range o f  temperature the rate o f hatcliing decreased. Egg did 

not hatch a t 10 oC,
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Champlain and Sholdt ( I 967 ) recorded that ccxnstant 

temperature o f was le th a l to eggs o f G_e^coris punctipes

(Say). This rela tionsh ip  between egg hatching and constant 

temperatures found in  the present observation was in 

agreement with the resu lt o f Champlain and Sholdt (19^7)*

•Pevelonmen ta l period

The developmental period from egg to adult stage o f 

li* l^p-Qns and •virescerts was observed and found to  vary at 

d if fe r e n t  constant temperatures. The to ta l developmental 

period from egg to adult stage ranged from k2,7 days to 1 9 , 3  

days at the range o f temperature 20 -  in case o f

N* lu{?ens> In N, virescens the developmental period from egg 

to adult stage ranged from to 17*9 days a t the range o f

temperature 20-V?®C, The developmental period decreased as 

the temperature was increased. Above th is ra n ^  o f temperature 

eggs could not develop, though the larvae survived fo r  few 

days; perhaps due to some undetermined p l^ s io lo g ic a l reactions 

at high temperature. The to lerab le  range o f heat required fo r  

development was more or less  same in both the species, Suenaga

( 19 6 3 )  reported that the shortest nymphal period o f IT. virescens

was a t 27®C, In the present study the shortest nymphal period

o f  N. virescens was at 3 ?®C.
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yJl-sawaf ( 19 56 ) recorded that the developmental period 

decreased as the temperature was increased,

MaduUmyi and Koehler (^^7h) studied the development 

o f Hvpera brunneipennis (Bohemajin) a t 5 evenly spaced constant 

temperatures ranging from 15 to 35®^, They observed tliat the 

developmental time v;as in verse ly  re la ted  to the temperature* 

They also mentioned that the optimum temperature range fo r  

development was 1 5  to 25®C, Atx̂ ral and ^ingh ( 19 7 2 )  reported 

that the period o f  development o f  ICuproctis lunata decreased 

with the increase o f temperature. Rose (1973) recorded the 

negative rela tionsh ip  o f developmental period o f CiGadulina 

vdth temperature, Raney ^  (1971) found that Aphellnus

asychis took approximately l 6 days, to  develop from egg to 

ad^jlt a t 23.9°C and 10 days a t 32 . 20G. ?ye ^  2! -  (19&9) 

studied the developmental periods o f 5 strains o f  Anthonomus 

fiirandis Boheman from cu ltivated  cotton. The period ranged 

from 88 days a t 15*G to 17 days at 30® C, a t temperature o f 

extended the developmental periods o f  w eevils to 1 8 . 5 » 

Ash and Greenberg (1975) found that the median time from egg 

to adult fo r  Phaenicae serica ta  v/as 53.9 days a t 19 0C; fo r  

£• pallescence i t  was 3 0 ,3  days a t 19®G, 12,8 days a t 27®G 

and 10 days at 35®C, .Tacob and Cox (1977) found that the egg 

developmental period from egg to adult was dependent on 

temperature, Stenseth ( 19 7 2 ) concluded that the complete

z/
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development from egg to adult o f Thornasiniana theobaldi 

depended on the mode o f development in  successive stages.

As the la rv a l and pupal development ^vere in verse ly  re la ted  

w ith temperature, i t  was foi^nd that, the to ta l time from 

egg to adult development was shortened as the temperature 

was Increased. Voute (193^) did experiments on the rate o f 

development o f  the eggs o f the moth 'jh^hestia. kuhniella at 

constant temperatures and found that eggs can not develop at 

lower temperatures except in  a few cases at 10°C, Davidson 

( 19 ^2 ) worked on Drosophila melanogaster and pointed out that 

the speed o f development o f  the eggs increased as the 

temperature r ises  u n til about 30®C is  reached. Above tills  

temperature the speed decreased, Chen (1970) noted tliat the 

nyrophal development o f Hephotettix virescens was slower at 

lower and fa s te r  at higher temperature fo r  both male and 

female, Cheng ^  (1971) reported that the rate o f

nyrnphal growth o f  N, virescens was very fa s t  a t 29» 33 

35"® C and the to ta l la rv a l period at th is  temperature averaged 

about 16  days. The average nymphal period a t 20«C and 2J+«C 

was about 37  and 28 days resp ec tive ly , liira ro  ( 19 7 2 ) found 

that nymphal period o f r ic e  and le a f  hoppers varied  from 

1^,^ to 1?,3 days at 2?®C tout at 20»C i t  varied  from 25*V to 

27  days.

y
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The present findings on the e f fe c t  o f constant 

temperatures on developmental period o f N. lutrens aiid 

N, virescens agreed with the resu lts o f  El-Sawajf (19^6), 

Davidson (19^2), pye ej  ̂ a l ,  ( I 969) ,  Chen (197C), Voute 

( 19 36 ) ,  Haney e t  j l ,  (1971), /i;Jbwal and Singh (1972), Cheng 

( 1 9 7 1 ) ,  Stenseth (1972), Rose (1973)» Ash and GreenlDerg 

( 19 7 ?) but not in  compliance with Hiraro ( 19 7 2 ) ,

Fecundity

The e f fe c t  o f temperatures on the fecundity o f 

N, lufTens and N, virescens were determined. The highest 

mean number o f eggs obtained per female per day v/as 20 ,^  

at SÔ C in  N, lu^tens. Belov; or above th is temperature the 

fecundity decreased. The females layed most eggs at the 

range o f 30-35®C, In IT, virescens the highest mean number 

o f eggs recorded per female per day 18,2 at 3^°C» Below or 

above th is temperature the fecundity decreased. The mean 

number o f eggs obtained per female o f N, virescens per day 

was s l ig h t ly  more than that in  N, lugens. The fecundity rate 

generally  increased with increasing temperature,

Howe and Currie (19^^) reported that the highest mean 

number o f eggs la id  Tjy a female o f C, analis was 76.6  a t 35^C. 

They recorded a range o f 22#5 to 35®C fo r  l ^ in g  most eggs 

'by Bruchid females, tiafez and Osman (195^) reported that the
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Giaximum to ta l numlDer o f eggs per female o f B, t r l f o l l l  was 

about 5'2.5' a t 28®G and 90^ R.H. Atij'al and Singh (1972) 

reported that the fecim ditj’- increased with the increase o f 

temperature and the M ghest fecundity was obtained at 30®C. 

Tanigoshi ^  (197?) studied with Heta^ciulus OQGldent. l̂l<=!

and commented that with the increase o f temperature upto a 

certa in  range fecundity rate increased, Bonnemaison ( I 96I )  

studied on the fecim dity o f Heinestra brassicae L* He suggested 

that since the la rva l period is  longer at lower temperature 

the larvae consume more food and produce more eggs.

The present observations are sim ilar to that o f 

Tanigoshi g i  d9 75 )j Atv/al and ^ingh (1972), Howe and

Currie ( 196^)*

S u rv iva litv

The highest percentage o f  su rv iva lity  o f N, lugena 

and N. virescens and N* virescens occurred a t 30®C ind icating 

the optimum temperature fo r  population increase. P ig , 5 and 6 

ind icates that 2nd, 3rd and ifth instar larvae o f IT, lugens 

and N, virescens were susceptible to the experimental constant 

temperatures. The percentage o f su rv iva lity  o f 5th instar 

larvae was 100 at a l l  experimental temperatures except 

in  case o f lumens. But in  N. virescens the percentage o f 

su rv iva lity  o f 5th instar larvae was 100 a t a l l  experimental
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temperatures. The exact nature o f phys io log ica l process that 

leads to mortality’’ o f insects a t extreme high or low temperature 

are not \^oll understood, M orta lity  may be due to heat 

naturization  o f one or more c r i t ic a l  enzymes or to d issociation  

o f e p ic u t ic le , monomoleoular wax layer and subsiquent 

desiccation (Beament 19 58 )*

Fye ( 1969 ) v/orked on b a ll w eevils  jinthotiomus

grandis and observed that the best rearing e ff ic ie n c y  in 

regard to surviva l was obtained a t 20®C. At 2^®C the rearing 

period shortened but higher m ortality  occurred, Likev/ise at 

30®G the rearing period shortened more but m orta lity  increased, 

Madubunyi and Koehler (197^) concluded experiments on the 

A lb iz ia  p s y llid  P sv lla  uncutiodes. He found at lf5®C constant 

temperature adults did not survive beyond if days.

The present work is  in  agreement with Madubunyi and 

Koehler (197^) and not in  agreement with 'Pye ^  j i ,  ( 1969 ) ,

.\dult l.oijRe_vlty

The lon gev ity  o f the males and females o f N, lumens 

and N, virescens was detenained a t d if fe r e n t  constant 

temperatures. Longevity decreased v/ith the increase o f 

temperature. The highest lon gev ity  fo r  both male and female 

o f both species was observed at 20*C, In a l l  cases males 

liv ed  longer than the females (Tables 8 smd 2^), The lon gev ity
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o f  adults decreased as the temperature range increased from 

20 to Kehat a n d  V/yndham (1972) recorded an Increase

rela tionsh ip  betiveen lon gev ity  o f F, v in lto r  and temperature. 

Hafez and Osman (1956) reported that males o f  Bruchldius 

t r i f o l l i  and Bruchidius n l f i e r i i  were longer liv e d  than 

females in  a l l  temperatures, El-Sawaf’ s (1956) experiment 

on longevity  o f adult w eevils maculn.tus revealed that in  

a l l  cases o f temperatures, females were longer liv e d  than 

tho males, Atwal and Singh (1972) found that the females o f 

:i?unrootis lunata liv ed  longer than the males, Hinckley ( 19^3 ) 

reported that in  F i j i j  the adult lon gev ity  o f N, lugens was 

a 'D o u t  2 vreeks during the months o f January-April, Misra & 

Is ra e l ( 1968 ) reported that the maximum l i f e  spawn o f the 

female o f  each o f K, l u g e n s  was around 2 months,

Bae and i'athak (1970) observed that the average 

lon gev ity  at 25®G was 3,9 aî d ^-,1 days fo r  male and female 

insects resp ec tive ly , Raney e t  a i ,  (1971) studied on A^helinus 

asvchis and found that the longev ity  o f adult female decreased 

with increasing temperatures. The mean longeY ity o f adults v;as 

approximately 18  days a t 23,9®C and 9 days at 32,2®G, In  the 

present study the female adult longevity  was 8 days at 25®C 

and 11 days at 30®G temperature, Cheng (19^9) frcm his work 

on IJephotettix imnictice-ns reported that the lon gev ity  o f 

female being 26 days a t 20oC,
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The present resu lts on lon gev ity  o f N, lugens and 

N. vlrescens at d if fe re n t  constant temperatures \ êre in  

agreement with Hafez and Osman (19^6), Misra & Is ra e l (1958)> 

Kehat and V/yndham (1972) but not in  agreement with El-Sawaf 

(19^6) and Bae & Pathak (1970).

F luctuating temperature

The reports on the e f fe c ts  o f flu ctuating  temperatures 

on the l i f e  cycle o f !£• lugens and N* virescens are not 

ava ilab le . In the present experiment both the species v;ere 

subjected to temperatures 2 0 , 25, 29, 32 and 35*0 fo r  6 , 1  ̂

and 18  hours duration / day.

Incubation neriod

I t  was observed that the incubation period decreased 

as the duration o f exposure per day increased in  a l l  the 

temperatures fo r  both the species (FigSo 1 and 2)* The 

incubation period o f N, lugens was 8,9 days a t 25®C constant 

temperature, "but in  a fluctuating condition o f  25®C the 

incubation period was 9 » 3 > 8 and 8 days when exposed fo r  

6 , 15 and l 8 hours / d ^  resp ec tive ly , 30®C COTistant 

temperature, the incubation period o f the same species was 

6, If days but in  a fluctuating condition o f 29®C the incubation 

period was 6 , 6 , 1  and 5*3 at the exposure o f 6 , 15 and
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18 hours duration/day. At constant teniperatiii*e the

incubation period was 2 . 5’ days v;here in  flu ctuating  condition 

the incubation period was 6, 2 , 6 , 1  days at the

exposure of* 6 , 15 and 18 hours duration/day resp ec tive ly . In 

N, vlrescens the incubation period was 8 , 1  days at 25®G 

constant temperature. At fluctuating condition the incubation 

period was 9*1 > 8 ,5  and 8 , 1  daj'’s when exposed fo r  6 , 1 5  and 

18 hours duration/day resp ec tive ly , At SÔ G constant temperature 

the incubation period was 5*8 days; at flu ctuating condition 

o f 29®C the incubation period v;as 6,2, 6,1+ and 5*2 days a t the 

exposure o f 6 , 15 and l 8 hours duration/day resp ec tive ly . At 

35®G constant temperature the incubation period o f N, virescens 

was 3,^ days but in  fluctuating conditicai o f 35®C the 

incubation period was 6 , 2 , 5*5  and 6 days resp ec tive ly .

So, i t  was observed that in  most cases the constant 

temperature treat2nent shortens the incubation period,

Ila tchab ility

The duration o f heating per day influences the 

p robab ility  o f hatching the egg. The percentage o f 

hatching increased as the duration o f heating per day 

increased. I t  has been found from the Tables 3 and 10 that 

the hatchab ility  rate was found maximum when the insects 

v/ere kept in  constant temperature rather than fluctuating
-•r
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temperature* The percentage o f egg hatching o f  lueens 

a t 2^*C was 91 and i t  v;as ?1, 56,8 and 6 1 , 3  a t  6 , and I 8 

hours exposure/day resp ec tive ly . In  JJ, virescens the 

percentage o f egg hatching a t 25®C waS 100 "but in  fluctuating 

temperature the percentage was 53 j 5^ and 60 when exposed 

fo r  6 , and I 8 hours/day resp ec tive ly . So i t  is  found that 

ra te o f  hatching was maximum a t constant temperature than
t

the flu ctuating  temperature.

3 8 4 b 0 6

Developmental period

The developmental period frcan egg to adult stage has 

been found to be a ffected  ty  the duration o f  heating per day. 

At fluctuating temperatures the developmental period decreased 

as the duration o f  exposure per day increased Tables 1^, 1^, 

1 6 , 3 1 » 3 2 , and 33).

The developmental period from egg to adult stage o f 

S* lugens a t 3?®C ccaistant temperature was 18,1 days. At 

flu ctuating  conditicai th is  period was 17*1, 15«2 and 1 6 , 1  

days a t 6 , 1 5  and I 8 hours/day respective3y. The developmental 

period a t 35®C constant temperature o f i^reseens was 2 0 ,2  

d ^ s  which was 1 8 ,V, 17.7 and 1 6 , 6  days when exposed fo r  6 ,

1 5  and 18  hours/day respective ly .

In  both the species i t  required shorter time to 

^ cCTiplete development frcxn egg to  adult a t fluctuating

condition than the constant temperature condition, j
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The fluctuating temperature in fluences the adult 

lon gev ity  o f both the species found in  the present experiiaent. 

With the increase o f  exposing duration the lon gev ity  has been 

found to  decrease. Adult lon gev ity  has been found to  be 

shorter a t flu ctuating condition when treated fo r  1? and 18 

hours/day in  a particu lar temperature ct»npared with tJie 

constant treatment in  both the species(r'aM j-
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SUMM-APg M D  CONCLUSION

Laboratory cultures o f Nlla-narvata lup:ens (S ta l) and 

Nephotettlx vlrsscens (Tlorv ) deri'^’ed from r ic e  f i e ld  at 

Joydevpur, Gazipur, during J'uly, 1983 to Octo'ber, 198lf were 

maintained on caged pots o f r ice  seedlings. At d if fe re n t  

constant and fluctuating temperatures, some b io lo g ic a l 

aspects o f the experimental insects were determined.

The preoviposition  period ranged from 12.2 to if days 

a t the temperatures ranging from 20®C to 140®C in  both the 

species. The le a s t  time fo r  preoviposition  was recorded

II* lURens and 3 ?®C in  n, v irescens. At hi^^her temperatures 

the insects become stimulated to lay  egg within a short period. 

This shortening o f ov iposition  period was re la ted  with 

decreasing o f the longev ity  o f female a t higher temperature.

The post ov iposition  period was shortest at l+0«C in  N, lugens 

and a t in  N. virescens. The su itable range o f temperature

fo r  hatcning was about 30®C to 3^®C fo r  N. lugens and 2? to 

30®C fo r  N. v irescens.

The incubation period was shortest a t 35®C in  N, lugens 

and at in  N. v irescens. Any change o f temperature above or

b e l0T.vT th is , increased the incubation period. At 10 and ^®C 

embryonic development did not occur. The threshold temperature 

extrapolated from the observed incubation period was 19  in 

N. lurcens and I 8 in  N. v irescens.
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-:-2 The to ta l time required fo r  development from  egg to 

adult stage was maxifflum a t 20®C and minimum a t This

period was h2»7 days and 18.3 days in  N, lugens and lf1.8 

days and 17*9 days in  vlrescans at 20^0 and M)®C 

respective ly*

Î5ie h ighest percentage o f adult emergence ( 80)  was 

recorded a t 30® C in  lugens and in  S, v irescens> The adult 

emergence was 73 percent a t the same temperature. Bie 

su itab le range o f  temperature fo r  emergence o f adult 

S. lugens and Ji. vlrescens was 25® C to  30® C. The temperatures 

above th is  range were not su itab le fo r  the ccmpletion o f 

development which was indicated ty  the increasing m orta lity  

o f  liie inmature stages. The males ou tlived  the females.

To ccxnplete the l i f e  cycle the majdraum duration at 

20®C (5^.9 days) and the le a s t  period (23.2 days) a t 3?®C 

in  case o f  Ji. lugens. The maximum duration (Jlf days) required 

a t 20®C to  complete the l i f e  cyc le , and tJie minimum duration 

( 2^.6  days) at 3?®C in  case o f  li. v lrescens.

The fecundity was maximum a t 30®C in  lugens and 

a t 35*C in  case o f  N. y irescens. Ihe adid.t lon gev ity  was 

Icttigest a t 20®C in  both the species. In a l l  cases males 

ou tlived  the females.

/
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In the laboratory condition i t  has been observed 

that the insects complete th e ir  l i f e  cycle e a r l ie r ,  .

maximum hatchability, and fecundity, and adult emergence and 

lived longer in  the constant temperature than the fluctuating 

temperature, 30-35®G temperature has been found to be more 

suitable fo r  accelerating the l i f e  processes.
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