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I. INTRODUCTION 

Sericulture, by virtue of its inherent potential, has been recognised 

as one of the foremost agro-bio based industries of the world. India now 

ranks second in mulberry silk production in world next only to China. With 

the advent of improved 'Package of Practices' befitting Indian climatic 

conditions production of mulberry silk has tuned up enormously and became 

a gainful avocation for the rural mass employing million of peoples 

(ChoWdharj:, 1992). For getting better yield of mulberry silk and fetching 

better worth of the product the production of quality silkworm seed has 

been considered to be of utmost importance. The quality silkworm seed 

(eggs) is considered as the 'sheet anchor of sericulture industry'. As the 

quality of silkworm eggs is determined through the expression of desired 

economic characters such as, cocoon weight cocoon-shell \veighL silk 

percent, leaf-cocoon ratio and fecundity of that particular silkworm race 

so also the expression of good economic characters largely depends on 

the environment of rearing and quality of mulberry leaves. Environment 

being an independent factor manipulation of the same is somewhat 

restricted. But the quality and quantity of food can easily be altered for 

getting effective result. As the adult of Bombyx mori is non-feeding 

the quality and quantity of food supplied during larval stages play a vital 

role in body growth and in reaching full potential for expression of desired 

characters since a high percentage of food energy stored during larval 

period is allocated for egg production by adult moth (Mutq~rishnan eta/.. 

1987). 

Silkworm seed production system in India is phased in three tiers 

(P3, P:! and P1) for multiplication of seed cocoons. The final multiplication 
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of seed cocoons for production of commercial eggs is done by 'selected 

sericulture farmers' (P 
1 

seed cocoon growers). So, the expression of 

desired characters of a particular race during commercial rearing totally 

depends on the quality and quantity of food provided by P 1 seed cocoon 

growers during seed crop rearing. 

In West Bengal, a state of India, due to varied climatic conditions 

four agro-seasons such as, dry part of summer, wet part of summer (rain), 

autumn and winter are experienced. During dry part of summer season 

(March to first week of June) the temperature remains high with fluctuation 

of humidity and mulberry leaf yield is low. During this season the silkworm 

seed rearers often face shortage of mulberry leaves. During wet part of 

summer season (middle of June to the first week of October) the leafyield 

is high but due to high temperature and high humidity this season is not 

conducive to better seed crop rearing (Paul eta/., 1992). During this season 

due to rain~mulberry leaves harvested for feeding of silk worm larvae carry,-: 

rain droplets which create outbreak of diseases (Krishnaswami, 1986). So. 

to manipulate the leaf short fall during the dry part of summer or to avoid 

feeding of wet leaves carrying water droplets during wet part of summer, 

seed rearers regulate feeding and abstain fifth instar silkworm larvae from 

feeding on any day (Samson et. a/., 1981 ). This feeding regulation or 

starvation stress on any day of the final instar definitely affects the desired 

economic characters of the seed cocoons as fifth instar larvae itself 

consume.·- 8 7. 6 7% of the total food required during the life of all the larval 

instars (Matsumura and Takeuchi, 1950). Again, the daily requirement of 

food of the fifth instar increases day by day, the highest being on the day 

before spinning (Horie and Watanabe, 1983 ). So, starvation on any day of 

fifth instar definitely affects the formation of silk protein and the storage 

of energy for allocation during egg production. 
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In West Bengal, the commercial sericultural farmers since long used 

to rear the low yielding multivoltine silkworm race 'Nistari' which is highly 

resistant to adverse climatic conditions. During recc11t years a hybrid of 

Nistari x bivoltine male of KPGB x P5 has been introduced for getting 

higher yield and better quality of yarn. This hybrid can easily be reared 

throughout the year (Rao, 1988 ). But production of this N istari x bivoltine 

hybrid eggs in 'seed production centres' got restricted due to non availability 

of bivoltine male component during wet part of the summer season as the 

fifth instar larvae of bivoltine are highly susceptible to viral and bacterial 

diseases during hot and humid weather. 

Origin of the Proposal : Keeping in view these two applied problems 

i.e.; a) Effect of any single day starvation during the fifth instar on the 

seed crop rearing, and b) Production of Nistari x bivoltine (KPGB x P5) 

hybrid eggs during wet part of summer for commercial use the investigation 

has been aimed at. 

The effect of any single day feeding regulation on economic and 

reproductive characters of the multivoltine race Nistari, pure bivoltine 

(KPGB) and a hybrid oftwo evolved lines ofbivoltine (KPGB x P5) were 

studied during both dry and wet part of the summer. It was also 

contemplated to understand upto what extent the starved larvae could 

compensate for the food quantity deprived on a particular day of 5th stage 

,, larval life after resumption of food. Juvenile hormone analogue (JHa), 

methoprene being a growth regulator acts as silk augmentor, was applied 

to 48-hr-old fifth instar larvae of all the three varieties and then subjected 

to day-wise feeding regulation to ascertain its effect on economic and 

reproductive characters and also the extent of compensation after feeding 

resumption. The objective of this investigation was to identify the particular 
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day or the days of the fifth instar larvae when food deprivation should 

never be practised. 

Bivoltine silkwonn rearing is quite difficult during the wet part of 

summer season as the fifth instar bivoltine larvae are very much susceptible 

to viral and bacterial diseases in hot and humid climate. But for the 

production of multi x bi hybrid eggs in commercial use by sericultural 

farmers rearing of bivoltine during wet part of summer season is very 

essential. Imidazole compounds like KK-42 (1-benzyl-5 imidazole), KK-

11 0( 1-neopentyl-5 imidazole), K.K.-22( 1-citronellyl-5 phenyl imidazole) are 

known to be potent inducer of precocious metamorphosis in Bombyx mori 

larvae with the formation of trimoulter miniature but viable adults (Staal, 

1986). References indicate that better management of rearing is possible 

through the application of imidazoles as these compounds shorten the larval 

duration inducing tetramoulter to become trimoulter with a very low incidence 

of diseases and better pupation rate. So, it was intended to select a suitable 

dosage of different imidazoles ( KK-42, KK-11 0, KK-22) to induce viable 

trimoulter bivoltine during the wet part of summer and also study the effect 

of the action of these imidazoles on economic and reproductive characters. 

It was also attempted to make use of these trimoulter male moths for the 

preparation of multi x bi hybrid eggs and use of these hybrid eggs in 

commercial rearing. 

In this dissertation an attempt has been made to investigate the 

following aspects : 

1 . Effect of any single day food deprivation during the fifth in star larval life 

of Bombyx mori, race Nistari ~ KPGB and KPGB X P
5 

both without and 

with the treatment of the JHa, methoprene during dry part of summer and 

wet part of summer on. 
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1.1 Consumption and utilization of food 

I .2 Efficiency of conversion of digested food 

1 . 3 Economic parameters 

1 .4 Reproductive parameters 

1.5 Utilization of leaf nitrogen. 

2. Use ofKK-42, KK-110 and KK-22 (imidazole compounds) for induction 

of trimoulters on larvae of KPG B X P 5 during wet part of summer. 

2. 1 Determination of effective dose for optimum induction of trimoulters 

2.2 Comparative performance ofKK-42, KK-110 and KK-22 with selected 

doses on: 

2.2.1 Food consumption and utilization 

2. 2. 2 Efficiency of conversion of digested food 

2.2.3 Rearing performance 

2. 2.4 Reproductive performance 

2.2.5 Use oftrimoulter bivoltine male for production of polyvoltine X 

bivoltine hybrid and its rearing performance. 

2. 2. 6 Rearing performance of trimoulter eggs during next generation. 

2. 2. 7 Utilization of leaf nitrogen. 



2. REVIEW OF LITERATURE 

2.1. Impact of Starvation on Economic and Reproductive 

Characters. 

2.1.1 Food Consumption and Utilization : The consumption of optimum 

amount of food and its utilization is essential for growth, development and 

reproduction in all insects as this efficiency in turn reflects on various 

performances such as growth rate, final body weight, developmental period, 

dispersal ability and probability of survival. Growth involves conversion of 

extraneous matter into live tissue through the process of ingestion, digestion, 

absorption, assimilation and synthesis. Growth in insects includes both 

somatic growth and reproductive growth. In Bombyx mori final growth 

attained by larvae at the termination of feeding and before undergoing 

pupation represent total growth as the species pass through a nonfeeding 

adult stage (Muthukrishnan and Pandian, 1987). So, accumulation of 

sufficient energy and nutrient is essential before undergoing final moult or 

metamorphosis in silkworms as this metamorphic efficiency solely depends 

on the proportion of energy content in initial pupae. Formation of an 

expensive pupal case and/or an increase in pupal metabolism caused due 

to rise to temperature or by extension of pupal period decreases 

metamorphic efficiency. So optimum food availability influences greatly in 

conversion of ingested food into body tissue of the larvae and transformation 

of pupal matter into adult tissue (Muthukrishnan and Pandian, 1987; 

Anantharaman et.al., 1993). 

Consumption of utilization of food by B. mori has been elaborately 

studied by Hiratsukn,( 1920); Matsumura and Takeuchi ( 1950); Matsumura 

et a/., (195 5) ; Takeuchi et a/., ( 1964 ); Ueda (1965) ; Ueda and Suzuki 

( 1967); Horie eta!., (1976); Slansky and Striber (1982); Horie and Watanabe 
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( 1983 ); Nagata and Kobayashi ( 1990). Work on this aspect of different 

Indian breeds of B. mori is scanty but some works on multivoltine, bivoltine 

and hybrid of multi X bivoltine have been carried out by Benchamin and 

Jolly ( 1984) ~ Peri swami eta/., ( 1984 )~Peri swami and Radhakrishnan ( 1985 )~ 

Naik and Del vi (1987); Haniffa et a/., ( 1988); Remadevi et a/., ( 1992 ); 

Anantharaman et a/., ( 1993 ). Apart from this, reports on relationship with 

nutrition and , silk protein (Fukuda, 1960); body weight gain ( Ueda and 

Suzuki, 1967); cocoon productivity (Takano and Arai, 1978); silk production 

(Muthukrishnan eta/., 1978); economic characters (S~mioka eta/., 1982); 

interstrain difference (Yamamato and Fujimaki, 1982); dry matter utilization 

(Horie and Watanabe, 1983 ); energy utilization (Horie and Watanabe, 1985) 

utilization of nitrogen (Horie and Watanabe, 1986); dietary level of protein 

and pyridoxin for growth (Hamano and Tashihiko, 1989); contribution of 

tissue protein for cocoon shell (Jadhav and Kallapur, 1989); leaf silk ratio 

(Ding Nong eta/., 1991 ); effect of high temperature (Upadhyay and Mishra, 

1991 ); effect of humidity (Mishra and Upadhyay, 1992); storage protein 

level in larval haemolymph (Nagata and Kobayashi, 1990) on B.mori are 

available. 

The quantity of food consumed influences the digestibility and 

conversion efficiency. It has been suggested that there exists a mutual 

relationship between food ingested, digested and assimilated in B. mori. A 

positive low correlation has been observed between ingestion, digestion 

and digestibility by Yamamato and Fujimaki ( 1982). Similar correlation 

has been corroborated by Remadevi eta/., ( 1993) in case of Indian silkworm 

breeds. However, the authors have opined that the characteristics vary from 

breed to breed and high consumption may not result in high assimilation. 

Higher efficiency of conversion of ingested food and digested food into 

body tissue in less fed batches of silkworm has been reported by Sumioka 

~· et a/., ( 1982). Some positive significant correlation between ingestion, 
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digestion and digestibility has been observed by Benchamin and Jolly ( 1984 ); 

Naik and Delvi (1987); Remadevi eta/ (1993); Anantharaman eta/., (1993). 

A lower value for efficiency in conversion of ingested food in 5th instar 

larvae of B.mori has been reported by Horie eta/. ,(197f1, Horie and Watanabe, 

(198~ Benchamin and Jolly,(1984) Anantharaman, Q 99~ It is suggested that 

the reduction in digestibility is due to high content·of crude fibre in food as 

stated by Waldbauer ( 1964 ). Waldbauer ( 1964) suggested that digestibility 

is affected by nutritional deficiency, high content of crude fibre and 

deficiency of water in food. In insects other than B. mori, consumption of 

food per larva per day in Dasychira mendosa (Lepidoptera, Lymantridae) 

has been worked out by Singh and Prasad (1990) and in Antheraea proylei 

by Yadava et a/., (1983). A consistent rate in egestion depending on the 

age of ins tar has been recorded for Dasychira mendosa (Singh and Prasad, 

1990), Protoparce sexta (Waldbauer, 1964 ). Low approximate digestibility 

during fifth larval instar has also been recorded in Antheraea proy/ei (Yadava 

el a/., 1983) andAntheraea a.ssama (Sarah eta/., 1989). Under starvation 

stress (rationing of food or deprivation) in B. mori, the efficiency of 

conversion of ingested food (ECI) and efficiency of conversion of digested 

food (ECD) were found to be changed. The values were found to be higher 

than those of control (Sumioka et a/., 1982; Nath et a/., 1990; Tzenov, 

1993). The values of ECI and ECD varied from race to race and mulberry 

varieties on which values were assayed (Horie and Watanabe, 1983; 

Periswami eta/., 1984; Remadevi eta/., 1992; Sarkar and Fujita, 1994). 

The digestibility in B. mori is affected due to starvation as it is a continuous 

feeder (Waldbauer, 1964 ). But this periodic food deprivation increases 

residence time of food in larval gut enhancing assimilation efficiency. Due 

to higher feeding rate in 5th stage larvae the ingested food has less time in 

gut for enzymetic activity and absorption hence, reducing the digestibility 

(Waldbaur, 1964 ). Starvation may also cause slow growth which increases 

maintenance cost. If this maintenance cost exceeds benefit level the 
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efficiency of digestion and assimilation are effectively lowered (Schroeder, 

1976). He also demonstrated that when larvae of cherry scallop moth, 

Caloca!pe undulata was deprived of food for a short period no significant 

effect was obtained on economy of food utilization. But when deprivation 

period was long, ingestion, faecal production and larval growth were 

decreased. Due to increase in respiration rate during starvation, attributed 

to increased relative maintenance cost, the efficiency of growth is depressed. 

The final instar larval period has been divided into two phases : an obligatory 

feeding period and a facultative feeding period as defined by Bounhiol ( 1938) 

and described in B.mori by Legay (1958). It is suggested that if larvae is 

stopped feeding during the first phase the growth is stopped, development 

terminates and larvae dies. But if starvation is imposed during second phase, 

development continues and moult occurs after a few days. This change in 

signals through food intake from one phase to the other are accompanied 

by important metabolic changes (Calvez and Fourche, 1980). Legay ( 1958) 

in H.mori and Nijhout (1975) in fi.fanduca sexta demonstrated that not only 

feeding period but attainment of critical weight by larvae is a must to undergo 

pupal moult. Bosquet ( 1979) differed in opinion from Bounhiol and Legay 

and opined that starvation during obligatory feeding period do not stop 

total physiology in larvae rather functions continue but slowly. Accelerated 

development rate was observed in Prothetria dispar, the gypsy moth, when 

feeding was resumed after starvation (Leonard, 1970). Thus, a question arises 

about the selective advantage of feeding tatics that involve long non feeding 

period. for lepidoteran larvae if they have some mechanism, to enhance the 

efficiency of food utilization, to compensate for the losses due to prolonged 

starvation, or any other selective advantages resulting from their activity 

pattern sufficient to compensate for a lower efficiency of growth (Schroeder, 

1976 ). Apart from these above mentioned physiological impairment, caused 

due to starvation, during 5th larval ins tar of B. mori, reports on other 

effects such as., reduction in survival percentage of larvae (Samson eta/., 
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1981; Haniffa et a!., 1988; Nath et a!., 1990; Himantharaj, 1994 ), 

prolongation of larval duration (Haniffa et a/., 1988), retention of excess 

water in larval body (Del vi et a/., 1988 }, susceptibility to viral diseases 

(Samson eta/., 1981) are available. 

2.1.2 Economic parameters : The growth rate in B. mori larvae has 

been found to be related to the capacity of food intake and growth rate of 

tropical silkworms has been found to be relatively slower than temperate 

silkworms (Mathur et a/., 1989). Variation in growth rate among different 

tropical multivoltine silkworm breeds has been observed, by Remadevi et 

a!., ( 1 991 ), which seemed to be dependent on larval duration and 

environmental conditions (mainly temperature and humidity) of rearing. It 

is suggested that maximum growth rate has been obtained for B.mori 

during 5th larval stage (Ueda, 1982; Yamamato and Fujimaki, 1982; Tzenov, 

1993 ). Higher growth rate during 5th larval stage in silkworm larvae other 

than B.mori has been reported, in Philoso.mia recini, Hutt. (Paonia, 1978), 

in Antheraea proylei Jolly. (Biren eta/., 1987). Due to feeding restriction 

growth rate was found to be reduced than that of control (Tzenov, 1993). 

Extension of larval period and a constant pupal period has been observed 

in the larvae of bivoltine race of B.mori subjected to feeding regulation 

(Mathavan and Muthukrishnan, 1976; Mathavan et a/., 1987; Haniffa et 

a/., 1988; Paul and Deb, 1993 ). Increase in mortality in larvae due to 

starvation during fifth instar (Samson eta/., 1981) was found to be reversed 

by increase in food quantities (Haniffa et a/., 1988). Low effective rearing 

rate has been recorded by Himantharaj ( 1994) in less fed batches of 

bivoltine. 

Yamamato and Gomo ( 1976) observed a positive significant 

correlation between ingesta and cocoon weight, shell weight and larval weight 

gain in B.mori. Fukuda (1963) using C
14

lebelled mulberry leaf infered that 
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leaves consumed from 3rd day of 5th instar till spinning were assimilated 

for production of first I 000 mts of silk filament. A significant positive 

correlation has been obtained between ingestion and cocoon, cocoon shell 

weight by Ding Nong et a/., ( 1991 ), Remadevi et a/., ( 1993 ). Efficient 

o utilization of dry matter of leaves by multi x bivoltine hybrid has been 

recorded by Anantharaman ( 1993). A significant decrease in cocoon shell 

weight depending on degree of starvation stress during the 5th larval instar 

of B. mori has been reported (Samson eta/., 1981 ~ Mathavan et a/., 1987; 

Haniffa et a/., 1988~ Nath et a/., 1990~ Basu et a/., 1992 ~ Tzenov, 1993; 

Janarthanan eta/., 1994 ). Kurata ( 1985) observed that starvation of B. mori 

larvae from 3rd day to 5th day of fifth in star slowed down the accumulation 

rate of RNA in silkgland. Recovery of RNA accumulation was delayed 

even when the larvae were refed. The percentage of crude fibroin and 

RNA content decreased to more than half of control level and never 

recovered in rest of the larval period. This action was more sensitive in 

batches starved on day 3 of the fifth larval instar thaP that of the batches 

starved on the day 5. Nagata and Kobayashi ( 1990) infered that starvation 

decreased storage protein level in haemolymph which again was increased 

when larvae were refed. Thus, it is evident that level of storage protein in 

larval haemolymph is related to the larval feeding activity. Starvation for 

shorter duration caused significantly less impairment of economic characters 

(Basu et a/., 1992). It is suggested that larvae starved 1 ~2 days before 

spining spun on same day with control. Same result with decrease in cocoon 

shell weight and prolongation of larval duration has been recorded in eri 

silkmoth Philosamia recini by Srivastava et a/., ( 1982). Howev.er, 

Himantharaj ( 1994) did not observe any significant effect on cocoon weight, 

shell weight in batches where feeding was rationed in early part of the 5th 

stage larvae and normal feeding supplied during later part of fifth stage in 

Indian bivoltines. 
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2.1.3. iii) Impact on reproductive performances : Food consumption 

and fecundity of insects vary with life style and feeding pattern. The species 

which feed during adult stage and maintain a smaller biomass, allocate a 

high percentage of ingested energy to egg production efficiency(e.g. 

Ory=aephilus surinamensis). Species which grow larger but feed at a 

lower rate and pass through extended adult life span t:isplay very low egg 

production efficiency (e.g. Poeciloccus pictus). But species which feed at 

a faster rate during larval life (e.g. B.mori) and have a short non-feeding 

adult phase, allocate fairly a high percentage of ingested energy to egg 

production (Muthukrishnan and Pandian, 1987). The source of energy for 

rapid developmental activity during the pupal life and subsequent production 

of eggs by adult female in B. mori high nutritional storage during larval life 

particularly 5th instar feeding period is of utmost importance. Fifth instar 

larvae itself consume. 87% of the total food (Matsumura and Takeuchi, 

1950) and length of the fifth ins tar larval period is more than twice of the 

preceeding in stars. The quantity of food consumption increases day by day 

the highest being on the day before spinning (Horie and Watanabe, 1983 ). 

So, underfeeding during fifth instar through fed rationing or starvation has 

definitely some bearing on pupal weight and decreased fecundity. Paul and 

Deb ( 1993) reported that weight of eggs laid by underfed moths were less 

than that of control. Fukuda ( 1963) concluded that the eggs laid by moth is 

formed from food consumed at early and middle stage of fifth larval span 

whole of 4th instar. Low fecundity (Haniffa eta!., 1988; Nath et al., 1990), 

reduction in number of mature eggs (Kawaguchi et a!., 1991) has been 

reported as an effect of food deprivation during final larval period. Feeding 

stress has a direct relation with the reproductive rate in insects. Reproductive 

rates are found to be decreased in all treatments where larvae have been 

starved for more than 6 hrs after normal moulting as demonstrated in B. mori 

by Benchamin et a!., ( 1992) and in oriental monarch butterfly, Dan us 

Ch1ysippus by Mathavan eta/., (1976). 
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Silkworm eggs being sheet anchor of sericulture industry, the 

production of silkworm eggs is directly related to quality of seed cocoons 

(Benchamin eta!., 1988, Narasimhanna, 1988). The heaviest cocoon results 

in highest fecundity ( Govindan et a/., 1991 ~ Singh eta/., 1994). A significant 

positive correlation between female pupal weight and fecundity in B.mori 

has been established when rearing conducted under optimum condition 

(Jayaswal eta/., 1991; Shaheen eta/., 1992). Reduction in pupal weight 

and size has been reported from larval batches starved from day 4th of the 

fifth in star in B. mori by Paul and Deb, (1992). In other silkmoths also, 

heavy pupae lead'~ to higher fecundity as has been observed in Antheraea 

my! !ita (Badheru, 1992), in Philosamia recini (Singh et a/., 1987). 

Himantharaj ( 1994) working with bivoltine (NB 18, NB 4 D 2 ) seed crop 

indicated that a low feeding in early fifth instar followed by optimum feeding 

in later part of fifth instar resulted in optimum pupation rate and optimum 

fecundity. 

2.1.4 Utilization of Nitrogen : B. mori can efficiently utilize nitrogen in 

food ingested for formation of silk protein during fifth larval stage (Horie 

and Watanabe, 1986). Review on utilization of nitrogen from food in 

silkworm has been done by Fukuda ( 1960), Florkin and Jeuniaux, 1964 ). 

Horie and Watenabe (1986) studied in detail the daily utilization of nitrogen 

in food by B. mori. They found that the silkglands increased markedly 

with the age of the 5th in star indicating higher accumulation of silk protein 

in latter half of 5th instar. In female larvae this increase of nitrogen amount 

was higher than male in early part of fifth instar. ECI and ECD for nitrogen 

were higher in females than males. However, Horie and Watanabe ( 1983) 

worked out that ECD values for cocoon shell were higher in males than 

females and ECD values for eggs were higher in female indicating nitrogen 

rich substances concentrated in eggs of B. mori. Schroeder ( 1976) indicated 

that starvation affects utilization ,e.fficiency of nitrogen in lepidopteran larvae. 

Assimilation of nitrogen has been reported to affect the growth rate. 
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2.2 Starvatioin and simultaneous application of juvenile hormone 

analogue- methoprene- its impact on economic and reproductive 

character. 

2.2.1 Food consumption and utilization: Nijhout (1981) demonstrated 

that attainment of critical weight is essential for underg0ing metamorphosis. 

Juvenile honnone analogue administered topically or orally (externally) exerts 

morphogenic effect along with other environmental stimuli by either 

inhibiting or accelerating moulting process through interference with the 
et.eo.l.· 

prothoracie glands and brain (Slam(l., 1971; Gilber~ 1980; Sehnal, 1988; 

Akai, 1988). Through ligation of silkworm larvae with a fine silk thread at 

the point between their thorax and abdomen Akai ( 1988) observed that 

pupal characters were induced in the head and thorax and not in the abdomen. 

Again in case where corpora allata were extirpated from early third instar 

larvae they became pupae directly without any larval moult. Thus he infered 

that growth of silkworm in larval stage is controlled mainly by ecdysone 

released from prothoracic gland and juvenile hormone (JH) released from 

neurosecretory cells of brain through corpora allata. Ecdysone induces 

moulting and JH helps in retaining juvenile characters in larval life. Thus, 

when ecdysone concentration increases in haemolymph pupation is induced 

and when JH concentration is high larval moulting takes place. Earlier 

during 1973, Akai et a/., working on influence of JH on growth and 

metamorphosis of B.mori larvae demonstrated that administration of JHa 

during fifth instar induces effect on growth and metamorphosis through 

prolongation of larval period, increase in silk production, induction of dauer 

larvae and supermoult larvae. It has also been observed that 0.001 -0.00 1~-tg 

doses of JHa were ineffective on silkworm larvae. A dose of 0.01-10 J,!g 

increased larval body weight. A dose from 10 J.!g - 1 OOJ.!g induced dauer 

larvae and same dose between 96-120th hr. induced supermoulted larvae. 

But administration after 144 hr. did not produce any effect on 
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metamorphosis. Application either topically or through injection after 24 

hrs. during fifth instar at a lower dose induced prolongation in larval 

duration by a day with increase of cocoon weight. Prolongation of larval 

duration after treatment with JHa during fifth ins tar in B. mori was found to 

be responsible for growth of silkgland (Prudhomme and Couble, 1979). 

Calvez ( 1981) reported that juvenile hormone action increases the obligatory 

feeding period time. Larvae when treated after 4th moult everyday ecdysed 

after 13 days. Treatment upto fifth day of fifth instar and then total starving 

resulted in 80-95°/o larval mortality. Thus he concluded that JHa treatment 

acts on both obligatory and facultative feeding period but do not control 

the transition from obligatory to the facultative feeding period. The transition 

from one feeding period to the other corresponds to the developmental 

commitment following an ali-or-none principle. 

Mulberry leaves ingested by the JHa treated larvae were found to be 

higher than that of control. But coefficient of utilization of ingested mulbery 

leaf into silk protein between treated and control larvae were virtually non

significant (Kurata, 1981 ). Coefficient of food utilization ( CFU) values 

have been found to vary from one larval instar to the other and also within 

a larval instar depending on the dose of JHa, methoprene (Gaaboub eta/., 

1985). This variation of CFU in same instar was found to be inconsistent. 

The digestibility pattern also appeared to be changed within a larval instar 

and it was found to vary depending on dose of methoprene. Application of 

methoprene did not enhance growth rate but larval feeding was found to 

be prolonged (Kurata, 1981 ~ Guizong Zheng et a/., 1993 ). 

2.2.2 Economic parameters : Review of literature indicate that most 

of the authorities have utilised methoprene, a JHa, as silk augmenter (Akai 

and Kobayashi, 1971; Kamada el a/., 1979; Kobari and Akai, 1978, '79; 

Kurata, 1981; Shibukawa and Akai, 1981 ~Prudhomme eta/., 1985). Kurata 

126671. 
' & 1\ tt\\6 ~, 
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( 1981) indicated that just on application of JHa the growth rate of silk 

gland is lowered slightly than that of control but it is soon resumed and 

finally the rate exceeded over control. Prudhomme eta/., ( 1985) reported 

that involvement of JHa in control and developmental activity of silkgland 

is obvious and it is the only factor capable of promoting a higher silk 

production than that of control. Kadono-Okuda · et a/., ( 1986) reported 

that spray application ofmethoprene on B.mori larvae mimics the action of 

insect specific juvenile hormone and delays larval maturation and increases 

the silk production by prolongation of larval duration. This prolongation of 

larval duration, on application of JHa, has been reported by other workers 

(Akai and Kobayashi, 1971 ~Chang eta/., 1972; Akai eta/., 1973; Kobari 

and Akai, 1978, '79; Kamada et a/., 1979; Kurata, 1981; Shibukawa and 

Akai, 1981; Guizhong-Zheng eta/., 1993 ). Akai et al., ( 1981) reported an 

increase upto 26 percent in cocoon shell in B. mori by repeated treatment 

of JHa and a 10 percent increase by single treatment. Sarangi ( 1988) reported 

that repeated dosage influence silk production in bivoltine but single dosage 

was enough for multivoltine. Aomori et a!., ( 1 977) suggested the repeated 

oral treatments of JHa @ 0. 5 )lg per larva for better cocoon shell weight. 

Akai ( 1988) infered that when JH is applied in appropriate quantity to larva 

in early fifth age (72 hrs.), the activity of RNA synthesis in the cells of the 

gland lasts longer than in the control group resulting in a longer period of 

silk protein synthesis. The total volume of silk protein synthesized is 

increased by JH. Effect of topical treatment of JH was higher in hybrid 

than pure lines. The juvenile hormone controls function of silk gland and 

prevents their degeneration and indirectly help in increase of silk production. 

During extended larval period the larva grow and synthesize silk so that 

they produce bigger cocoon (Horie and Watanabe, 1980, Akai et a/., 

1981; Gaaboub et a/., 1985) as the end of larval period of fifth ins tar is 

characterised by hypertropy of the silkgland and an increase rate of silk 

synthesis till cocooning (Prudhomme et a/., 1985 ). Work with the JHa, 
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methoprene on Indian silkworm breeds has been undertaken by Chaudhary 

et a/., ( 1986 ), Rao et. a/., ( 1988), Trivedi. et. a/., ( 1993). Rao et. a/., ( 1988) 

used 0. 3 12 5 Jlg/larva of JHa, methoprene for increase of silk filament 

under West Bengal climate. They reported an extension of feeding period 

by 24 hrs. in treated bivoltine larvae. Trived'i, et.al., (1993) infered that 

Indian bivoltine could not withstand a higher 'dosage of methoprene. 

Improvement of crop performance by 13-1 9% during summer season has 

also been recorded. 

2.2.3 Reproductive characters : JH is secreted from corpora allata 

( C A). This hormone exerts an inhibitory effect on spermatocyte 

development in B. mori while the prothoracic gland hormone, ecdysone, 

accelerates spermiogenesis (Takeuchi, 1969; Yagi and Fukushima, 1975). 

Development of testis was found to be accelerated in the absence of CA 

(Fukuda, 1 944 ), while testicular growth was retarded on implantation of 

additional CA in B.mori (Sehnal, 1968). This results were interpreted as 

being due to an equivalent depression of spermatogonial and spermatocytic 

divisions. A recovery of temperature induced male sterility during spinning 

in B.mori, following application of JHa, methoprene @ 0.5-1 !Jg per larva 

has been recorded (Dutta et.a/., 1982). 

Many authorities emphasized that a definite titre of JH was required 

in the haemolymph of many insects for growth and development of ovary 

(Englemann, 1970 ; Williams and Kafatos, 1971; Slama eta/., 1974; Sroka 

and Gilbert, 1974; Novak, 1975). Additional application of JH or its analogue 

to larvae and pupae caused severe ovarian abnormalities (Sehnal, 1968; 

Metwally eta/., 1974; Deb and Chakraborty, 1981 a). In case of treatment 

of larvae of Corcyra cepha/onica, rice moth with a JHa, hydroprene, Deb 

and Chakraborty ( 1981 a) noticed a potential increased number of eggs 
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while pupal treatment resulted in severe histomorphological abberations of 

ovary. In the same insect Deb and Chakraborty ( 1984) recorded severe 

derrangement in the ovarian morphogensis after application ofmethoprene 

to both larvae and pupae. The authors emphasized the action of JH as 

metabo.lic and not gonadotropic. Huang and Zhang ( 1991) reported that 

JHa on application to pupae of B. mori has a negative effect on the weight 

per hundred eggs. Number of ripening eggs were found to be decreased 

through application of a higher dosage of JHa. 

Pupal weight of B. mori has been found to be positively correlated 

with fecundity as energy for egg production is being stored during larval 

feeding period, Heavier pupa produced more eggs. Chang et a/., (1972) 

observed an increase of 20% pupal weight over control on treatment of 

JHa. Increase of larval and pupal weight through application of JHa, 

methoprene has been recorded by Chaudhary eta/., ( 1986); Kamada, ( 1992 ); 

Sharma eta/., ( 1993). Gaaboub eta/., (1985) reported increase or decrease 

of fecundity through application of different concentration of JHa, 

methoprene to fifth instar larvae. Kimura eta/., ( 1986) reported an increase 

of 80% in fecundity in batches of silkworm treated with JHa during fifth 

ins tar. The size of eggs were also found to be bigger than control. Increase 

in fecundity in JHa treated batches has been reported by Cho"Wdhary et 

a/., ( 1986 ). Zhang and Huang ( 1991) after application of a JHa (ZR515) to 

early fifth instar larvae observed that JHa significantly increased reproductive 

bioquality in B.mori. Both increase of female pupal weight and fecundity 

has been recorded. Effective increase in ovariole length, number of eggs 

in ovariole and fecundity were observed by Magadum et a/., ( 1990, 1993) 

when methoprene was applied to fifth instar larvae of B.mori. 
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2.3 Effects of imidazole compounds in Bombyx mori on the 

economic and reproductive characters and utilization in 

commercial seed production. 

Larval growth, moulting and metamorphosis in insects are generally 

known to be under the direct regulation of two 'hormones, juvenile and 

moulting hormone. A new group of chemicals called precocenes has been 

developed for use in insect pest control which showed antijuvenile hormone 

activity, and because of their actions were considered highly specific against 

pest species (Bower, 1982; Staal, 1982). Anti juvenile hormone action have 

been reported in some natural and synthetic compounds such as Kojic 

acid (Murakoshi, 1972), abietic acid derivatives (Murakoshi eta/., 1975). 

Apart from in insect pest management these compounds were also used in 

B. mort. Trimoulter larvae appeared after oral administration of these 

compounds. Recently a new class of compounds with antijuvenile hormone 

activity against the larvae of B. mori has been synthesized. These compounds 

are a group ofimidazoles. Effective induction of precocious metamorphosis 

in B. mori larvae has been reported after the use of these imidazole 

derivatives (Kuwano et a/., 1983, 1984, 1985; Akai et a/., 1984 ), with the 

formation of miniature but viable adults (Staal, 1986). Among the 

imidazoles reported to be useful in sericulture from the standpoint of 

producing fine cocoon filament in B.mori (Akai et al., 1984, 1986, Kanda 

et a/., 1985), increase in cocoon shell ratio by application during fifth 

instar in B.mori (Kiuchi and Akai, 1985; Kiuchi, 1996), increase in efficiency 

of egg production in B. mori (Kawaguchi et a/., 1993) for production ofF 
1 

hybrid in bivoltine silkworm (Xue eta/., 1994) in breeding programme of 

B. mort (He and He, 1994) and breaking of diapause in pharate first in star 

larvae of wild silkmoth Antheraea yammami (fan et a/., 1986; Suzuki et 

a/., 1989; Fujisawa et a/., 1992), KK-22, KK-42, KK-11 0, SSP-11 have 

been proved to be promising. 
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The ecdysteroid synthesized in prothoracie gland, ovary and testis 

control development and reproduction in insects (Rees~, 1985). The 

prothoracic gland is the central organ responsible for ecdysone secretion 

needced for regulation of moulting and metamorphosis. The secretory 

action of the gland is regulated by prothoraciocotropic hormone (PTTH) 

and juvenile hormone (Bollenbacher and Granger, 1985; Smith, 1985). 

Imidazoles inhibit ecdysone synthesis in prothoracic gland of silkworm 

without killing the cells (Kadono-Okuda et al., 1987, 1994; Yamashita et 

a/., 1987). Roussel et a/., ( 1987) reported depressed biosynthesis of 

ecdysone by the prothoracic gland by action of KK-42 in Locusta 

migratoria. Inhibitory action ofKK-42 on ecdysteroid level in B.mori have 

been reported by Gu eta/.,( 1988); Akai and Mauchamp ( 1989); Akai and 

Rembold (1989); Zhou eta!., (1991 ); Jin Mei Wu ( 1992). Juvenile hormone 

plays an important role not only in controlling cellular polymorphism 

(Riddiford, 1985) but also controls the larval-pupal changes of epidermal 

cells. When JH level declines to a sub threshold level the reprogramming of 

epidermal cells occurs (Sehnal, 1988). It is proposed that JH-III is 

biosynthesized through epoxidation of Methyl fernasoate (MFE), a 

cytochrome P-450 linked mono oxygenase, catalysing conversion of MFE 

to JH. The biosynthesis is inhibited by the action of imidazoles with 

antijuvenile hormone action (Wilkinson et al., 1972; Hammock and Mumby, 

1978; Darvas eta/., 1989). 

Apart from these inidazoles some other kind of imidazoles have also 

been developed which when administered with food to third or fourth instar 

early age larvae of B. mori effectively induced precocious metamorphosis 

with the production of superfine cocoon filament having high reelability. 

Notable among such types are SM-1, YA20, Jinlu, Kang 20, SDIII, Lin II, 

CA, CA2, CA3, CA4 (Xue and Li 1987; Zhuang Dahuan et a/., 1989; 

Shen et a/., 1990; Xue 1990, 1992; Haolin eta/., 1992; Zhuang et a/., 



21 

1992: Tan eta/., 1992~ Shen 1992; Miao eta!., 1996; Junliang eta!., 1996; 

Himantharaj et a/., 1996). Depressed secretion of juvenile hormone and 

ecdysone have been investigated by action of SM-1 (Shen, 1992): SD III 

(Tan et a/., 1992); YA20 (Zhuang eta/., 1989). 

As the present investigation has been carried out through the 

application of KK-22 KK-42 and KK 110 review of literature has been 

restricted mostly to these imidazole compounds. 

The effect of KK-22 (1-citronellyl -5-phenyl imidazole) has been 

suggested to be dose-dependent and is always accompanied by prolongation 

of larval period (Asano et a/., 1984a). The mode of action of KK-22 is yet 

to be resolved fully. However, the compound may inhibit JH biosynthesis in 

corpora allata (Asano eta/., 1984a, 1984b ). This compound induces a high 

rate of precocious pupation and the concerned dose has no effect on larval 

feeding and growth (Asano et a/., 1986). The percentage of precocious 

metamorphosis has been correlated well with the time and dose ofKK-22. 

Topical application of the compound to 0 hr. old third and fourth instar 

larvae at the rate of 1 Oj..tg/larva of B. mori has successfully induced 100% 

precocious metamorphosis without any lethal effect (Kuwano eta/., 1984 ). 

Asano eta/., ( 1986) suggested a dosage of 20-40 )lg/larva for administration 

to the 0 hr. of the fourth instar larvae for the induction of 100% pupation. It 

has also been reported that the larvae destined for precocious 

metamorphosis have extended their feeding period for 3-6 days beyond that 

of control and increased their body weight about 40% more in fourth instar 

itself, though the final mass at pupation has been smatler than that of non

precocious one. This increase in mass for precocious metamorphosis 

suggests some relationship between larval growth and incidence of 

precocious pupation i.e. the critical growth of the larvae which acts to 

switch on to metamorphosis. Prolongation oflarval periods with the increase 
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of larval body weights has also been noted by treatments with other 

imidazoles different from KK-22 (Kiuchi eta/., 1985 ~ Yamashita eta/., 

1987).Williams (1980) pointed out that insect larval growth is accompanied 

by not only saltatory growth in sclerotized organs but also non saltatory 

growth in body weight. So it is clear that in normal larval growth there is a 

close correlation betweena the larval body weiglit at moulting time and 

head capsule width at the next instar of B.mori. As KK-22 has strong 

influence on the growth profile it acts to disorder the relative growth ratio 

of head capsule size and gain in body weight. This disordered significant 

changes in head capsule size and body weight are observed only in larvae 

destined for precocious metamorphosis (Asano et a/., 1987). Similar 

phenomenon has been observed in Manduca sexta by Nijhout ( 1975) 

where individuals with wider head capsules than a defined threshold size 

have proceeded to pupation. 

KK-42 (1-benzle-5 [(E)]2, 6, dimethyl-1, 7 heptadienyl] imidazole) has 

been found to be most effective of imidazoles so far tested on B. mori 

(Kuwano et a/., 1992). Experimental evidences indicate that topical 

application of 1-4 1-!g/larva during 0 hr. of fourth instar can effectively induce 

precocious metamorphosis (Kuwano et a!., 1988). Topical application at 
the rate of 5 1-!g/larva effectively can induce 100% precocious pupation when 
applied to third and fourth instar 0 hr. old larvae (Akai and Mauchamp, 

1989~ Gu et a/., 1992). KK-42 potentially inhibits prothoracic glands for 

biosynthesis of ecdysone in B. mori acting directly on the prothoracic gland 

cells without killing the cells (Kadono. Okuda et a/., 1987; Yamashita et 

a/., 1987~ Darvas eta/., 1989; Oshiki eta/., 1990). KK-42 also depresses 

biosynthesis of ecdysone in prothoracic gland of Locusta m igratoria 

(Roussel et a/., 1987). Delayed toxicity after treatment with KK-42 has 

been observed in case of the Lygaeid Oncopeltus fasciatus nymphs 

(Kuwano eta/., 1992). 
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Juvenile hormone plays an important role not only in regulating insect 

growth and development but also controls cellular polymorphism 

(Riddiford, 1985; Sehnal, 1988). Corpora allata ceases to secrete juvenile 

hormone in larvae after attaining a critical body weight as in Manduca 

sexra (Nijhout and Williams, 1974) Gu eta/., ( 1992) determined this critical 

body weight of B. mori after treating the third instar.larvae When the weight 

exceeded 270 mg, there was simultaneous determination for moulting as 

well as for the commitment of characters of last instar in the following 

instar. A body weight lower than 210 mg led smoothly to the 5th instar. 

KK-42 decreases both MH (moulting hormone) and JH titres and induced 

precocious metamorphosis in B.mori (Akai and Mauchamp, 1989; Akai 

and Rembold, 1989; Gu eta/., 1988, 1992). Jin Mei Wu ( 1992) reported 

the target organ of KK-42 being corpora allata. So KK-42 also acts to 

cease the synthetic activity of corpora allata. Accordingly feed back 

received by brain also decreases secretion of PTTH thus MH titre in 

haemolymph is decreased. After 2-3 days (0 Shiki et a/., 1990) there 

develops a peak of MH. As a result of coaction of this delayd MH peak 

and low level of JH precocious metamorphosis is induced in B.mori. 

However, Kadono - Okuda et al., ( 1994) conclude that ecdysone synthesis 

was inhibited without any larger influence on the general sterol metabolism 

responsible for growth. The cocoons obtained by treatment of KK-42 were 

fairly small but shapes of the cocoons were uniform with high percent of 

reelable cocoons (Kanda eta/., 1986). Cocoon weights, shell weight were 

lower than those of tetramoulters. Efficiency of cocoon shell production 

were lower than in the control. The dry and wet strengths, knot strength 

and Young modules were high in silk filament of treated cocoons than 

control. Silk fabrics were soft with high crease recovery than control. A 

range of size of silk filament within the same silkworm race was obtained 

with different dose ofKK-42 treatment (Akai eta/., 1986). Egg production 

in treated batches of KK-42 has been investigated by Kawaguchi et a/., 
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(199 3). It is suggested that the fecundity of the moths did not vary with the 

dose ofKK-42 applied during treatment (5-30 J..Lg KK-42/larva). The females 

o laid only 40% eggs than their control counterparts. Higher dose resulted in 

small sized eggs without any qualitative change. Production of a little small 

sized eggs by trimoulter moths by treatment with imidazoles has been 

indicated by Xue et a!., (1994) but they suggested that the eggs were 

qualitatively better with almost 1 00% hatching. Like other holometabolous 

insects adult development in B. mori is also triggered by the ecdysteroids 

(Sakuria and Hasegawa, 1969~ Wigglesworth, 1985). In case of KK-42 

treatment during larval pupal metamorphosis stage ovarian development 

appeared to be affected but it showed no influence either on oviposition 

behaviour or fecundity (Kadano-Okuda et a/., 1994 ). KK-42 does not 

interfere oogenesis but only supresses accumulation of ecdysteroid in 

developing follicles of ovary. Supression of ovarian growth and retardation 

of pupal development by application ofKK-42 within 36 hrs. after pupation 

have been reported by Zhou et a!., ( 1991 ). Gu et a!., ( 1992) noticed that 

KK-42 treated larvae destined for precocious metamorphosis not only 

increased their body weight during penultimate stage but also their chitinous 

plates of spinning tube, the spinneretes and secretory activity of the 

prothoracic gland were committed to become the last instar type. 

KK-11 0 (1-neopentyl 5-imidazole), a newly synthesized imidazole 

has been found to be highly effective in producing precocious pupation in 

Bombyx mori. The introduction of an ethoxy substituent at the orthoposition 

on the benzene ring increased the activity of KK-11 0 (Kuwano eta/., 1990). 

It has been proposed that a low dose of KK-11 0 ( 1 -4 1-!g/larva) can 

effectively induced precocious metamorphosis (Kuwano et a!., 1988). 

Review ofthe literatures indicate that better action ofimidazoles can 

be obtained by treating the 3rd or the 4th instar larvae of B. mori immediately 
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after the moult either through topical application or by oral · ~inistration 
of the compounds alongwith mulberry leaves (Kiuchi et a/., 1985; Asano 

et a/., 1986, 1987~ Gu et a/., 1988, 1992~ Kubota et a/., 1988; Akai and 

Mauchamp, 1989~ Akai and Rembold, 1989; Oshiki eta/., 1990; Xue 1992: 

Tan eta/., 1992; Shen, 1992: Jin Mei Wu, 1992; Himantharaj eta/., 1996 ). 

Larvae when treated with appropriate dose of these compounds during 4th 

instar, could not enter 5th instar. Instead 4th instar duration was prolonged 

before spinning with an increase in body weight. When the 3rd instar larvae 

were treated they entered the 4th instar but spinned without entering the 

5th stage. In all cases induced trimoulters were obtained. Oshiki eta/., ( 1990) 

inferred that application of imidazoles to the 3rd instar larvae does not 

produce any two moulter because these imidazoles may act as antijuvenile 

and anti ecdysteroid agents for 2-3 days following the application, afterward 

endocrine system might have recovered from action of these compounds. 

Regarding conversion efficiency of ingested food (ECI) by trimoulters 

literature indicates that ECI for cocoon shell is low in trimoulters than 

tetramoulters ( Kiuchi eta/., 1986; Kanda eta/., 1986; Kubota eta!., 1988). . 

However, growth rate in trimoulters are higher than tetramoulters (Kiuchi, 

1986). Following imidazole application the values of important parameters 

such as cocoon weight, dry weights of food ingested and digested and dry 

weight of mature larvae were found to be in a constant ratio, 100 (control) 

: 70 (3rd instar treatment) : 40 (4th instar treatment ) as was evident in the 

results obtained by Kiuchi et a!., ( 1986 ). Efficiency of conversion of 

digested food to pupae oftrimoulters are higher than in case oftetramoulter. 

Considering the advantages of rearing B. mori larvae through 

application of imidazoles it appears that better rearing management is 

possible due to the following reasons : a) it shortens the duration of larval 

span by 4-5 days thus saving labour and leaf; b) due to the skipping off of 
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the 5th larval instar incidence of diseases are less resulting in better effective 

rate of rearing and good pupation rate, and c) moths of trimoulters are 

more active compared to those of tetramoulter witt less percentage of 

unfertilized eggs (Xue eta/., 1990, 1994; Xue 1992; He and He, 1994 ). 

Better performances in terms of oviposition rate, number of fertilized 

eggs and unlaid eggs, mating behaviour of moths, activeness of male moths 

were recorded from induced trimoulter batches during preparation of F 1 

hybrid eggs using trimoulters. The hatchability of eggs were almost 100 

percent. So production ofF 
1 

hubrid eggs utilizing induced trimoulters has 

been recommended (Xue 1992; Xue et a/., 1994). He and He ( 1 994) 

advocated the use of imidazole compounds for rearing of B. mori during 

unfavourable seasons both in commercial and laboratory level for better 

rearing results. The authors argued that due to the use of the imidazoles 

neither the genotype nor the combining ability of the silkworm races are 

affected. All induced trimoulters returned to tetramoulter if imidazoles are 

not used even after rearing as induced trimoulter upto F 
5 

generation. 

In the tropical plains, such as in West Bengal, the rearing of bivoltine 

races of B.mori is a serious constrain particularly during the rainy season. 

Most of the advanced stage of larvae are attacked by micropathogenic 

diseases. Bivoltine silkworm rearing is difficult during this adverse period. 

Hence rearing ofhybrid of multivoltine and bivoltine becomes imperative 

during this season in commercial sectors. To produce such multivoltine X 

bivoltine hybrid eggs the use of induced trimoulter bivoltine males may 

be promising. No information is available from Indian works for such an 

attempt. This justifies the present attempt of using imidazoles for the 

induction of trimoulters and to find out the impact of these compounds on 

economic and reproductive characters of B. mori for further utilization 

of these compounds in large scale. 



2.4 Three way polyvoltine X bivoltine hybrid eggs for commercial 

rearing. 

In India, specially West Bengal, due to high pathogen load in rearing 

house and low technical knowledge of farmers for rearing of bivoltine 

silkworm, rearing of bivoltine did not tunned upto expectation and 

programme of large scale rearing of bivoltine at commercial level almost 

failed (Rao et al., 1987). Proper regulation of temperature and humidity is 

the key demand for successful rearing of bivoltine (Bhat, 1989) which is 

not possible in West Bengal due to high temperature and high humidity 

during wet part of summer resulting in failure of crop at farmers' level 

(Paul eta/., 1992). In general bivoltine produces superior quality of cocoons 

and productivity is also high, but high productivity as is linked with low 

resistance in B. mori (Jayaswal et a/., 1990), bivoltine gets susceptible to 

diseases during adverse seasons. In order to increase silk production it 

has been proposed to introduce rearing of polyvoltine X bivoltine hybrid at 

commercial level. This introduction of polyvoltine X bivoltine hybrid eggs 

for rearing at commercial level have increased yield potential per 100 disease 

free layings as compared to indigenous multivoltine, race N istari, rearing 

(Dutta, 1988) and demand for such hyprid eggs have gone up due to its 

stability in rearing and also easy handling of silkworms. For meeting this 

higher demand an adequate quantity ofpolyvoltine X bivoltine hybrid eggs 

are procured from other states to the state of West Bengal (Saratchandra, 

1995). In West Bengal for preparation of polyvoltine X bivoltine hybrid, 

female moth ofNistari, a low yielding indigenous polyvoltine known for its 

high resistance, and good genetic compatibility with any improved race/ 

line (Jayaswal et a!., 1990), is crossed with bivoltine male. Rao and his 

collaborators (Rao, 1988, Rao et al., 1987) advocated the use ofthree way 

cross of polyvoltine X bivoltine hybrid (a hybrid of bivoltine is used as 

male component) using KPGB X P 5 hybrid as bivoltine male component. 
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Rearing ofbivoltine hybrid for use with polyvoltine has been recommended 

(Samson, 1995), as hybrids have shorter larval duration. The use of the 

hybrid male has also been recommended by Narashimhanna ( 1985) as the 

three way crosses have indicated good heritibility towards economic 

characters due to their short larval period (Rayer and Govindan 1990). 



3. MATERIALS AND METHODS 

Experimental insects: 

Following races/lines of Bombyx mori were considered in the 

experiment. 

i) Multivoltine- Race Nistari, indigenous to West Bengal. 

ii) Bivoltine -Pure line of KPGB and an evolved hybrid of KPGB 

X P s popular in West Bengal. 

Disease free layings were procured from the Central Sericultural 

Research and Training Institute, Berhampur, West Bengal. 

Selection of ins tar : 

For experiment on any single day food deprivation, during fifth instar, 

fifth instar larvae of different race/lines were considered. For treatment with 

imidazole compounds fourth instar larvae of KPGB X P s was considered. 

Seasons : 

Experiments on any single day food deprivation during fifth instar 

on race Nistari; KPGB and KPGB X Ps were undertaken during both dry 

part of summer (March to first week of June) and the wet part of summer 

(second week of June to first week of October). Experiment on the induction 

oftrimoulters in bivoltine silkworm larvae, using imidazoles were undertaken 

during the wet part of summer only (August-September) for utilization of 

bivoltine male components for the production of polyvoltine X bivoltine 

hybrid for commercial use. 
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Rearing Environments : 

Max Min 

Dry part of summer Temperature( 0°C) 32 25 

Humidity (o/o) 70 50 

Wet part of summer Temperature (°C) 33 24 

Humidity (%) 99 80 

Mulberry plants as food : 

All the experiments were carried out on the S 1 variety of mulberry. 

Design of the experiments : 

(a) Rearing of fifth instar larvae of Bombyx mori for any single 

day food deprivation with and without treatment of methoprene 

All rearings of silkworm were done following Krishnaswami 

(1986).Disease free layings were reared in mass upto fourth moult. After 

resumption from moult the newly ecdysed fifth instar larvae were carefully 

separated into batches of randomly selected 100 worms. Each of the 

batches were replicated suitably. Nistari being the well adopted race, it was 

replicated thrice. Pure bivoltine, KPGB, was replicated five times and 

bivoltine hubrid, KPGB X P 
5

, four times for their susceptibility to adverse 

climate. The larvae of the batches subjected to starvation were regarded as 

treatments. Because of variation in the life span of fifth stage the days of 

starvation (number of treatments) were different in multivoltine and bivoltine 

larvae and also in two different seasons of rearing. Each of the treatments 
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with replication were different in multivoltine and bivoltine larvae and also 

in two different seasons of rearing. Each of the treatments with replication 

were duplicated so that one of the batches can be treated with the JHa, 

methoprene. A control batch, each with and without methoprene treatment 

was maintained to compare with the results of the treatments. 

Each treatment with and without methoprene were subjected to 

daywise starvation. Except the day of food deprivation the larvae were 

allowed to take food ad libitum on other days of fifth in star life (Table-1 ). 

The larvae subjected to starvation without treatment of methoprene were 

marked with T and larvae subjected to starvation with treatment of 

methoprene were designated as TM. Control larvae of both the batches, 

with and without methoprene treatment, were allowed to feed ad libitum 

without starvation. On maturity larvae of all the treatment were transferred 

to bamboo made spinning tray for the purpose of spinning. On fifth day of 

spinning the cocoons were harvested, pupa sexed (by cutting the cocoon 

case with blade) and subjected to different assessments. 

(b )Dose of JHa 

The JHa, methoprene was obtained from Otsuka Chemical Co. , 

Tokyo, Japan for experimental use. 0.3125 J..lg of methoprene in 2 J .. d of 

acetone solution was applied topically to each larva of< 8-hrs-old fifth stage. 

This dose of 0.3125 J..lg per larva during fifth in star was found to be most 

effective for promoting silk production in West Bengal condition (Rao et 

a/., 1988). The age of the larvae for the treatment with JHa was selected 

through experimental trials. It was found that 48-hr-old fifth instar larvae 

have given the best performance during the seasons of rearing even afcter 

starvation on different days. 
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(c) Rearing of imidazole treated bivoltine 

Rearing of bivoltine hybrid, KPGB X P5 , was dose during the wet 

part of summer (September) only. Disease free layings of silkworm were 

reared in mass culture upto the third moult. Freshly moulted fourth instar 

larvae were separated in batches and subjected to following experiments. 

i) Determination of optimum doses of different imidazoles 

Larvae in batches of 20 each were replicated five times. Different 

dosages of KK-42, KK-11 0 and KK-22 were applied topically to the 0-hr

old fourth in star larvae with the help of a microliter-syringe. The compounds 

were diluated in acetone and 2 J.!l of acetone solution containing different 

concentrations of imidazoles for inducing precocious pupation were 

applied. A control batch treated with 2 ml of acetone/larva was also 

maintained for comparing the results. The experiment was conducted thrice 

to confirm the results and to determine the optimum dosage during the wet 

part of summer. 

ii) Rearing of bivoltine through use of imidazoles 

Larvae in batches of 1 00 each in four replications were topically 

treated in 2 J.!l acetone solution/larvae with different doses of different 

imidazole compounds to induce trimoulter. Rearing performances, 

consumption of food and its utilization and reproductive performances 

under different doses of the three imidazole compounds were assessed 

from the precocious cocoons. 

iii) Rearing of multi X bi hybrid eggs 

Rearing performances of different combinations of Nistari X KK-
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42-treated induced bivoltine males, Nistari X KK-11 0 treated induced 

males Nistari X KK-22 induced bivoltine males and Nistari X normal 
' 

tetramoulter bivoltine males (control) were assessed through rearing of20-

disease free layings in five replications for each of the combinations. 

Assessment of food consumption and utilization 

a) Any single day starvation during the life of fifth instar larvae 

treated with or without methoprene. 

For assessment of food consumption larvae were reared treatmentwise 

in batches of 25 larvae/batch. Each time measured food was provided to the 

larvae and uneaten leaves and litters were collected carefully during bed 

cleaning. The uneaten leaves and litters were dried at 60oC for 72 hrs. These 

dry products were then measured in high precision physical balance for 

assessment. Same procedure was followed for investigation in both the 

seasons. 

b) Treatment with imidazole compounds 

For assessment of food consumption by the imidazole treated bivoltine 

larvae of KPGB X P5 , 50 larvae were maintained in four replications for 

each of the treatments. Otherwise the same procedure as in case of the 

starved larvae was observed for the assessment of food consumption and 

utilisation. 

Maintenance of reserve pool 

A reserve pool was maintained for each of the treatments in different 

seasons. Unhealthy and sick worms from main experimental lots/replications 

were replaced from this pool during the experiments. However, utmost 



0 

34 

care was taken so that minimum replacement was required and accurate 

result could be obtained. 

Estimation of economic parameters 

Economic parameters such as, single mature larval weight single 

cocoon-shell weight, single pupal weight were taken on dry basis (drying 

the products at 60°C for 72 hrs. ). Silkworm larvae being continuous feeder 

there is every possibility of retention of leaf residue in gut resulting in error 

(~rbehenn and Keddie, 1992). To avoid such error larvae after attaining 

maturity were kept for sometimes away from leaf to allow gut purging 

(defecation of last litter along with urine) and then was put in deep freeze 

for sometime and then put in oven for drying at 60"C. After drying mature 

larvae, cocoon shells and pupae were weighed in an electrical balance 

(Dhona 1 00-OS having accuracy built in weights + 0. 0 1 mg and the weighing 

range of 100 mg). For single larval weight, single cocoon shell weight and 

single pupal weight 25 samples were dried and average weights were taken 

. from both males and females. 

Estimation of reproductive parameters 

Reproductive parameters considered were live female pupal weight, 

ovariole length, number of eggs in ovariole, fecundity, weight of eggs and 

hatching percentage. The observations were based on 20 individuals of 

each of the treatments, and then the average was calculated. After oviposition 

the bivoltine eggs were treated with hydrochloric acid (Sp. gr 1.0642 at 

46"C) for 4 minutes to assess the hatching percentage (Biram Saheb et a/., 

1990). The grainage procedure followed for both the experiments i.e, 

starvation on any single day of the fifth in star larvae and the larvae treated 

with imidazoles for the induction of trimoulter in tetramoulter bivoltine 

was that ofNarasimahanna (1988). 
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Estimation of total nitrogen 

Estimation oftotal nitrogen of leaves, litters, mature larvae, cocoon 

shells and female pupae was done by Kjheldhal method during both the 

seasons of investigation. 

Calculation of results 

Estimation of utilisation of food - Different authors have followed 

different methods for estimation of food utilized by silkworms. But most of 

the authors (Schroeder, 1976; Per~wamy eta!., 1985 ; Paul eta!., 1992; 

Anantharaman eta!., 1993; Remadevi eta!., 1993) have referred the method 

of Waldbauer ( 1968). However, Biren et a!., ( 1987) and Tzenov ( 1993) 

have referred the IBP formula of Petrusewiez and Mac Fadyen (1970). 

Here the nutrition (mass) budget have been calculated using formula of 

Waldbauer ( 1968), IBP formula after Petrusewiez and Mac Fad yen ( 1970), 

Muthukrishnan and Pan dian (1987) and Farrar eta!., ( 1989). 

The estimations and calculations of nutritional indices and budgets 

are done on a dry weight basis, Units used are, weight in mg or g, time in 

days and efficiency in percentage. 

Total consumption as represented by Petrusewiez and Mac Fadyen 

(1970) is F = P+R+F1 +U, where Pis production, R is energy lost as heat 

due to metabolism, F 
1 

is excreta and U is the nitrogenous excretory 

products. Due to very negligible quantity U has not been considered in 

estimation following Waldbauer (1968). 



36 

Hence, consumption has been calculated as Egestion(FU) + 

Production(P) + Respiration(R). 

C = FU + P + R 

Assimilation (A) = C - FU ~ Production (C)= Gain in weight 

Respiration (R) = A - P Maintenance Cost (MC) = R/P ~ 

Assimilation efficiency (AE) = AIC X 100 

(AD by Waldbauer) 

Absolute Consumption rate (ACR) =CIT ; 

T =Total feeding duration (days) ; 

Absolute Growth Rate (AGR) = P/T 

Efficiency conversion of digested food (ECD) = P/(C-FU) X 100 

P =Gain in larval weight, Cocoon shell weight, Pupal weight. 

Reference ratio (R) = C/(C-FU). 

Estimation of economic characters 

a) Average cocoon shell weight is expressd in mg or gram 

b) Average pupal weight is expressed in mg or gram 

c) Average filament length expressed in meters 

d) Average filament size expressed in denier. 

Estimation of Reproductive performance 

a) Average weight of eggs expressed in mg or gram 

b) Average fecundity expressed in number 

c) Average ovariole length expressed in centimeter 

d) Average hatching of eggs expressed in percentage. 
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Estimation of total Nitrogen (by Kjheldhal) 

Nitrogen estimated has been expressed in percent or mg. 

Utilization of imidazole treated bivoltine males of KPGB X P 5 

for preparation of Nistari X bivoltine hybrid eggs. 

Induced trimoulter male components produced by treatment of 

imidazole compounds of KK-42, KK-11 0 and KK-22 were allowed to 

cross with Nistari females for the production of three way cross of Nistari 

X (KPGB X P
5
). Rearing results were compared with those of control 

larvae for the following parameters: Fecundity, weight of 100 eggs, weight 

of 100 ants (newly hatched larvae), Hatching percentage, ERR percentage, 

single cocoon weight, single cocoon shell weight filament length. 
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Table 1 - Feeding deprivation scheme during fifth instar larval 

span. 

Batches of fifth instar Feeding deprivation Scheme Total larval 

No With during fifth instar larval span period in control 

Methoprene Methopren1 

Control Control No food deprivation 

IT lTM Starvation on day 1 only, and z ~ ~ 
feeding on rest days. '"0 '"0 a a 

2T 2TM Starvation on day 2 only, to to -feeding on rest days. r 
3T 3TM Starvation on day 3 only, :-o 

00 
feeding on rest days. Q.. 

4T 4TM Starvation on day 4 only, ~ 
Vl 

feeding on rest days. ~ 
5T Starvation on day 5 only, 

~ 
5 TM .... 

"0 
feeding on rest days. ~ 

::l 
6T 6 TM Starvation on day 6 only, 0 

""+) 

feeding on rest days. Vl 

3 7T 7 TM Starvation on day 7 only, 3 
feeding on rest days. 

~ .., -8T 8 TM Starvation on day 8 only, 

and feeding on rest days. 

L.P. - Larval period 

Both seasons - Dry part of summer and wet part of summer. 



0 

4. RESULTS 

4.1 Consumption and Utilization of Food by the Fifth Instar 

Larvae During the Dry Part of Summer 

4.1.1 Daily Consumption and Utilization 

4.1 .1 .1 Without treatment of methoprene(fig.l) 

Nistari : The quantity of food consumption increased day to day with the 

advancement of larval age during a span of 7 day and attained peak on day 

6 (Table 2). The total consumption of leaves was 1271 mg/larva. 

Assimilation of food also increased with the progress of age, the highest 

amount was on day 6. Both consumption and assimilation declined sharply 

on day 7. Total assimilation was 740 mg/larva. 

KPGB : A larva consumed 3856 mg of food during its span of 8 days. 

Highest consumption was recorded on day 7. The daily assimilation was 

also highest on day 7 and a total of 1654 mg of food was assimilated. 

(Table 2). 

KPGB x P 5 :This bivoltine hybrid has also a lifesp'~ of 8 days. The total 

consumption and assimilation per larva were 2858 and 1186 mg of leaves 

respectively (Table 2). 

4 .I .1 .2. With methoprene treatment (fig. 1) 

Nistari : Treatment of methoprene prolonged the larval period by one 

day. The total consumption was 1732 mg/larva. A decline in the rate of per 

day food consumption was recorded in JHa treated batches as compared 
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TABLE l: DAILY ~SUMPTION AND AISIMILATION or DRY MAnDl or IOOD(..g) 
BY 1'IIE nrTHINSTAR LARVA& Of B. lflflrl DURING DRY PART Of SUMM&R. 

I • ....;tUn I Wiii . ..-m 
Qay I Consu I AsiiMIIIItton -, I J 111111111t1on 

Nlltarl 
1 113 76 113 76 
2 134 80 134 80 
3 180 98 171 84 
4 237 125 210 108 
5 2n 159 223 136 
6 296 181 228 129 
7 54 23 394 259 
8 0 0 259 190 

Total 1271 7.40 1732 1082 
KPGB 

1 186 95 186 95 
2 349 135 349 135 
3 434 183 361 128 
4 514 189 403 169 
5 576 217 481 195 
6 629 281 654 264 
7 909 443 920 37S 
8 259 111 1116 481 
9 0 0 221 109 

Total 3856 1664 4691 1949 
KPGBXPI 

1 136 62 136 62 
2 153 76 153 76 
3 286 n 245 75 
4 329 78 266 81 
5 M6 185 445 179 
6 541 221 487 208 
7 618 293 618 288 
8 349 193 691 294 
9 0 0 275 108 

Total 2858 1186 3296 1371 
UT Un treated T- Treated -
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to that of the untreated control larvae. The consumption rate was the highest 

on day 7. The assimilation declined immediately after JHa application 

which afterward increased, the highest was on day 7. The decline on the 

day 8 was not so sharp as was in case of control larvae. Total food 

assimilation was 1062 mg/larva.(Table 2) 

b) KPG B : Larval duration was also prolonged by a day after treatment 

with methoprene. The rate of consumption slowed down immediately 

after treatment with JHa and then shoot up. Total consumption was 4691 

mg/larva. Assimilation rate also got decreased after treatment with 

methoprene which gradually increased in later part of fifth instar. Total 

assimilation was 1949 mg/larva.(Table 2) 

c) KPGB x P
5

: The larval duration was also extended by a day, showing 

the same trend of food utilization as in case ofNistari and KPGB. Total 

food consumption was 3296 mg/larva and the total assimilation was 13 71 

mg/larva.(Table 2) 

4.1.2 Consumption of Food Due to Starvation on Different Single 

Day 

a) Nistari- The quantity of food consumption by different batches 

of starved larvae was in the following decremental sequence 

control> 1 >3,5>6>4>2 in case of without methoprene, and, 2> 1 >4 control 

3 ,5>6 due to methoprene treatment. Consumption values differed 

significantly between these two treatments. Methoprene induced total food 

consumption. (Table 3) 

Regression equation (Table - 3) for food consumption (Y) against 

daywise starvation (X) indicated a negative trend in case of both JHa 

treated (Y=l.786-0.0l5X) and untreated larva (Y=I.23- O.OI5X). 



Dey of 
S1Brvatlon 

Control 

1 

2 

3 

4 

5 
6 

Control 

1 

2 
3 

4 

5 
6 

CDR 
Treatment 
Day 
Treat X Day 
Error 
T<*l 

TABLE 3: FOOD CONStJMPTION AND ASSIMILATION BY 
NJSTARIDURINGDRY PART OF SUMMER. 

Consumption M81mllatton ~eonsumr-
(Gill} lam} 

w 1.271 (1.230) 0. 7 47 (0. 750) 0.181 (0.170) I 
T 
H 

0 1.211 (1.215) 0. 711 (0. 723) 0.172 (0.172) 
v 1.141 (1.2) 0.692 (0.698) 0.162 (0.175) T 
M 

1.178 (1.185) 0. 701 (0.689) 0.167 (0.178) E 
T 

1.141 (1.170) o.6n (0.642) 0.163 (0.181) H 
0 1.181 (1.155) 0.611 (0 .• 15) 0.196 (0.184) p 
R 

1.152 (1.14) 0.562 (0.588) 0.191 (0.186) E 
N 
e 

w 
1.732 (1.788) 1.062 (1.045) 0.216 (0.217) I 

T 
H .. 1.781 (1.77) 1.023 (1.031) 0.222 (0.219) 
E 

1.802 (1.754) 1.022 (1.017) 0.225 (0.22) T 
H 

1.733 (1.738) 0.901 (1.003) 0.216 (0.221) 0 
p 

1.788 (1.723) 1.075 (0.990) 0.220 (0.222) R 
e 

1.733 (1.707) 1.041 (0.978) 0.216 (0.223) N 

E 1.829 (1.891) 0.902 {0.982) 0.232 (0.225) 

OF 
1 0.002 0.002 0.0004 
6 0.004 0.005 0.0007 
6 0.005 0.006 0.001 
28 
41 

F'~gt~res tn parentheses are predicated value. 

Consumption 
Assimilation 
ACR 

r 
-0.69 
-0.93 
0.44 
-0.11 

Y:: 1.788-0. 5 X 
Y = 1.045-0.014 X 
Y :: 0.217 • 0.001 X 
Y:: 0.028 • 0.0006 X 

A G R • Absolute growth nate 

G·---· Rllll. ) 

0.040 (0.032) 

0.029 (0.032) 

0.024 (0.032) 

0.028 (0.033) 

0.027 (0.033) 

0.032 (0.083) 

0.034 (0.034) 

0.037 (0.()28) 

0.026 (0.028) 

0.022 (0.029) 

0.025 (0.029) 

0.028 (0.03) 

0.029 (0.03) 
0.038 (0.03) 

CUl02 
0.004 
0.006 

r 
-0 . .,1 
-0.42 
0.43 
0.18 



TABLE 4 z COMP.INII\DON IN CONSUMPTI~ AITat RaUMPTION Of 
JaDING 8Y NISTARI DRY PARI OJ' IUMIIal 

Day of Actual aMOUnt atal COIIIpeniBlloft 1ft food 1MVal dill IliOn 
of In 

ControJ w Nil 1.271 NH 7.0 I 

' II 

1 
0 0.113 1.211 0.053 7.0 v 

2 ' 0.134 1.141 0.004 7.0 

3 " 0.160 1.178 0.067 7.0 t 

4 
T 

0.237 1.145 0.111 7.0 II 

5 0 
0.277 1.181 0.187 8.0 p 

8 " 0.298 1.152 0.177 8.0 I 

" ' 
Control Nil 1.732 NH 7.0 

w 
I 

1 ' 0.111 1.782 0.160 8.0 .. 
2 0.136 1.802 0.208 8.0 

3 " 0.171 1.733 0.172 8.0 I 

4 ' 0.210 1.788 0.244 8.0 " 5 
0 

0.223 1.733 0.224 8.0 ,. 
6 " 0.228 1.829 0.125 7.0 I 

" 
TABLE 5: COMPENSATION IN ASSIMILATION AnDl RI'.SUMYI'ION OJ' 

I'I!EDING BY NISTARI {DRY PART OJ' SUMMER> 
Day of Actual amount Of Total Compensation In 

starvation aulmllatlon aalmllatlon .. lmllallon (gm ) 
~vedll_ml laml 

Control w 
Nil 0.747 Nil I 

' " 1 0 
0.076 0.711 0.040 u 

2 ' 0.080 0.692 0.015 
3 M 

0.096 0.701 0.050 I 

4 ' 0.125 0.617 0.056 H 

5 0 
0.159 0.611 0.023 ,. 

6 " 0.181 0.562 ..0.004 I 

" I 

Controt w 
Nil 1.062 Nil I 

' H 

1 0.076 1.023 0.037 
2 0.080 1.022 0.040 
3 " 0.084 0.901 ..0.077 I 

4 ' 0.108 1.075 0.121 H 

5 0 
0.136 1.041 0.115 .. 

6 " 0.121 0.902 .().(Xi1 I 

" 1: 

(+) Gain CMM' actual deprMdlon 
(·) loa& from actual deprivation 
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Values of r (correlation co-efficient) in both the treatments were 

found to be negatively significant . 

The food consumption (Table 4) after restoration of feeding was 

regained in the sequence of day 5>6>3 ,4> 1 >2 in case of without 

methoprene and day 4>5>2>3> I >6 in methoprene- treated larvae. 

KPGB : (Table 6) The consumption of food by different batches of 

larvae was in the descending sequence of control >I >2, 7 ,6> 3,5 ,4 in case 

without methoprene and control> 1 ,6>7 ,2>5 ,3,4 with methoprene treatment. 

Treatment with methoprene significantly increased quar..tity of consumption. 

Regression equation (Table 6) showed negative trend in both 

methoprene (Y=4.220-0.068X) and without methoprene (Y=3.142 -.144X) 

treated larvae. Values of r showed a negative correlation. With respect to 

the compensation in the consumption offood (Table-7) none ofthe batches 

without methoprene could compensate the food deficiency due to starvation 

when feeding was restored. However, the deficiency was minimum for 

starvation on day 6 and 7. Treatment with methoprene helped in very 

marginal recovery of consumption losses due to daywise starvation. 

KPG B x P 
5 

: The descending amount of food consumption in different 

batches of larvae was in the sequence of 2> control> 1 >7>6>3,8>4>5 for 

without methoprene and control> 1 >7>8>6>2>3>5>4 in methoprene 

treatment. Treatment with methoprene significantly increased consumption 

of food (Table 9). 

Regression equation (Table 9) showed a negative trend in both 

methoprene (Y=2.883 -0.005X) and without methoprene (Y=2.803 -0.052X) 

batches. Value of r showed a negative significance only for the larvae of 

without methoprene treatment. 



Day of 
Starvation 

COntrol 

1 
2 

3 

4 

5 

6 

7 

Control 

1 
2 

3 

4 

5 

6 
7 

co~ 
TREATMENT 
DAY 
!TREAT X DAY 
ERROR 
!TOTAL 

TABLE 6: fOOD CONSUMPnON AND ASSIMILATION BY XPG8 
DtJRING DRY PART Of S1JMMD 

Consumption ASsimilation AbaolutJI ConsuntpiiOft 
faml (am} Ratl" .. ;. 

w 3.855 (3.142) 1.654 (1.266) 0.481 (0.383) I 
T 
H 
0 3.015 (2.888) 1.229 (1.1$7) 0.3S4 (0.347) 11 
T 2.654 (2.854) 0.904 (1.128) 0.294 (0.330) 

" 2.189 (2.710) 0.783 (1.059) 0.2-40 (0.314) I 
T 2.017 (2.565) 0.845 (0.991) 0.223 (0.297) H 
0 2.087 (2.421) 0.752 (0.922) 0.231 (0.281) ,. 
ft 2.659 (2.277) 1.023 (0.853) 0.312 (0.265) I 

" 2.644 (2.133) 1.010 (0.784) 0.330 (0.248) I 

w 4.668 {4.220) 1.947 (1.611) 0.520 (0.434) I 
r 

" 4.264 (4.151) 1.483 (1.804) 0.428 (0.428) 
3.885 (4.082) 1.514 (1.598) 0.388 (0.421) 

" 3.564 {4.013) 1.483 (1.S92) 0.358 (0.415) I 

' 3.564 (3.944) 1.418 (1.585) 0.356(0.0) " 0 3. n4 (3.875) 1.489(1.579) 0.371 (0.402) , 
" 4.118 (3.808) 1.732 (1.573) 0.433 (0.396) I 

" 4.023 (3.737) 1.704 (1.567) 0.447 (0.390) I 

OF 
1 0.127 0.002 0.002 
7 0.225 0.003 0.004 
7 0.285 0.004 0.005 
64 
79 

Figures in parenthesis are predicated valUe. 

R..,. -· I eQuation : Day of .t:arvadlon (X} VS 1)81"1 ........ (Y). 

Para....,. Without .... WHh 
e r ~.-~ 

Consumption Y= 3.142 -0.144X -0.59 v = 4.220. o.oeax 
Assimilation Y = 1.2e6 • 0.068X -0.56 Y = 1.611 • 0.006X 
ACR Y = 0.363 • 0.016X -0.47 v = o.434 - o.ooex 
AGR y = 0.085- 0.0018X -0.31 y = 0.070. 0.0025X 

Ablolutt GnMib 
Rata. .... 

0.091 (0.()85) 

0.060 (0.063) 
0.051 (0.081} 

0.048 (0.059) 

0.048 (0.058) 

0.050 (0.056) 

0.081 (0.054) 

0.085 (0.052) 

0.091 (0.070) 

0.083 (0.087) 
0.052 (0.086) 

0.051 (0.082) 

0.051 (0.059) 

0.054 (0.057) 

0.082 (0.054) 
0.081 (0.052) 

8.~ 
1.11..()3 
1.14..()3 

r 
.();44 

-0.06 
-0.27 
-O . ..S 

A C R • Absolute consumption A G R • Abeolute gfOWth rate 



TABLE 7: COMPENSAUON IN CONStJMPllON AnD U:SUMPTION Of 
I'UDING BY KPGB (DRY PART OJ' SUMMER} 

Day of Actual amount Tolal Compensation cl food Larval dUnlllon 
starvation Of deDI'IVaiiOn consu consu -~ t•l In Glh llnltar fCIIVsl 

Control w Nil 3.855 Nil 8.0 I 
J 
M 

1 
0 

0.186 3.015 -0.854 8.0 u 
2 ' 0.349 2.854 ..0.852 9.0 

3 
M 

0.434 2.169 -1.252 9.0 I 

4 ' 0.514 2.017 -1.324 9.0 M 

5 
0 0.576 2.087 -1.192 9.0 .. 

6 II 
0.629 2.659 .0.567 8.5 I 

7 " 0.909 2.644 .0.302 8.0 I 

Control w Nil 4.688 Ntl 9.0 • 
' M 

1 0.188 4.268 .0.234 10.0 
2 0.349 3.885 ..().454 10.0 

3 " 0.361 3.564 ..0.763 10.0 I 

4 
r 

0.~ 3.564 .0.721 10.0 " 5 
0 

0.481 3.724 .0.483 10.0 .. 
6 II 

0.654 4.118 + 0.084 9.5 I 

7 " 0.92 4.028 +0.26 8.0 I 

TABLE I: COMPDfSADON IN ASSIMILATION AJ'TU. RDUMPDON 01' REDING 
BY KPGB DRY PART OJ' SU 

Day of Actual amount cl Totat Compensation in 
Starvation assimilation assimilation assimilation 

riYed 
Control w 

Nil 1.654 Nil I ... ' H 

1 0 
0.095 1.229 ..().33 u 

2 f 0.136 0.904 .0.615 
3 " 0.183 0.783 .0.688 I 

4 T 
0.189 0.845 ..0.620 .. 

5 0 .. 0.217 0.752 ..0.685 
6 I 

0.281 1.023 .0.35 I 

7 " I 0.443 1.010 ..().210 

Control w 
Nil 1.947 Nil I 

' M 

1 0.095 1.463 .0.389 
2 0.135 1.514 .0.295 
3 " 0.128 1.463 [ ..0.356 
4 ' 0.189 1.418 .o.seo " 5 0 

0.195 1 . .489 .. ..0.283 
8 " 0.284 1.732 I +0.048 
7 It 0.373 1.704 +0.130 

(+) Gain GYer actual deprivation (-} loss ftom IIClUat depriwdjon 
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Compensation in food consumption(Table-1 0) indicated a better gain in 

sequence of 7>6>2>1 while day 3,4,5 could not compensate for the loss 

where methoprene was not applied. In case of methoprene treatment the 

starved larvae could compensate the deficiency only in the starvation days 

in the order of 8>7>6. Rest of the batches suffered from starvation loss. 

4.1.3 Assimilation of Food Due to Daywise Starvation 

Nistari - The better assimilation of food by different batches of 

larvae was in the sequence of control>1>3>2>4>5>6> (untreated), and 

4>control> 5 > 1 ,2>3 ,6 (methoprene-treated). Assimilation of food 

significantly increased in all the batches due to application of methoprene 

(Table 3). 

Regression equation (Table- 3) for assimilation (Y) against daywise 

starvation (X) revealed negative trend in both treated (Y = 1 . 045 - 0. 014 X) 

and untreated ( Y=0.75 - 0.027X) larvae. Values of r were negatively 

significant. The loss of assimilation due to daywise starvation was 

compensated after resumption of feeding in the order of day 4>3> 1 >5>2 

in case of untreated and day 4>5>2> 1 in case of treated larvae (Table 5). 

Starvation of untreated larvae on day 6 and treated larvae on day 3 and 6 

could not compensate for the loss in assimilation. 

KPG B : Better assimilation of food were found to be in the following 

sequence control > 1 >6>7>2>4>3>5 for the treated and, 

control>6>7>2>5> 1 ,3>4 in the untreated larvae (Table 6). Assimilation" 

of food increased significantly by treatment with methoprene. 

Regression equation (Table 6) indicated a negative trend due to 

daywise starvation ofboth treated (Y=1.611 - 0.006X) and untreated larvae 



TABLE 9: J'OOD CONSUMPTION AND ASSIMJLAnON 
BY KPGB X PS DURING DRY PART 01' SUMMER. 

Day of ~ 
Assimilation Abllolut1l COMUmptlon 

Starvation (am) Rate. .. ~ .. 
Control 

w 2.853 (2.803) 1.185 (1.088) 0.356 (0.320) I 

1 
T 2.837 (2.751) 1.163 (1.086) 0.314 (0.314) H 

2 
0 2.944 (2.898) 0.996 (1.044) 0.326 (0.308) u 

3 T 2.452(2.045) 0.883 (1.022) 0.272 (0.302) 

4 " 2.31J7 (2.592) 0.956 (1.000) 0.256 (0.295) I 

5 
T 2.290 (2.540) 0.822 (0.978) 0.254 (0.288) H 

8 
0 2.584 (2.487) 0.987 (0.956) 0.286 (0.283) p 

7 " 2.615 (2.434) 0.989 (0.934) 0.290 (0.277) I 

8 " 2.450 (2.382) 0.998 (0.912) 0.305 (0.270) I 

Control 
w 3.294 (2.883) 1.389 (1.141) 0.365 (0.308) I 

1 ' 3.150 (2.878) 1.306 (1.135) 0.314 (0.304) H 

2 2. 756 (2.873) 1.()58 (1.130) 0.275 (0.300) 
3 2. 705 (2.888) 1.023 (1.125) 0.270 (0.296) 

4 " 2.524 (2.864) 0.971 (1.120) 0.252 (0.292) I 

5 ' 2.649 (2.859} 0.908 (1.114) 0.264 (0.287) 
" 6 0 2.930 (2.854) 1.207 (1.111) 0.292 (0.283) p 

7 " 3.021 (2.849) 1.113 (1.104) 0.301 (0.279) I 

8 " 2.993 (2.844) 1.255 (1.099) 0.299 (0.275) I 

rotw. OF 
TREATMEN1 1 0.0075 0.0082 0.0008 
DAY 8 0.0101 0.011 0.0011 
TREATXOA 8 0.151 0.0165 0.0017 
ERROR 54 
TOTAL 71 
FiguiM '" parenthesis are predicated value. 

R , ecauatlon : D8Y o1 Mlll'vldion (Xl vs _ (Y). 

Para ....... WllloUt Will 
Eauation r Eaudori-

Consumption Y = 2.803- 0.052 X -0.59 Y = 2.883- 0.005 X 
Assimilation Y = 1.088-0.022 X -0.52 Y= 1.141-0.053X 
ACR Y = 0.320-0.008 X -0.50 Y = 0.308- 0.004 X 
AGR Y = 0.081 - 0.0008 X -0.31 Y = 0.058- 0.0008 X 
A C R - Absolute consumptiOn A G R - Absolute growth rate 

Ablalutll Growth 
Rafa•·-..a. ... 

0.089 ~.081) 
0.060 (0.060) 

0.058 (0.0598) 
0.055 (0.0582) 

0.054 (0.058) 

0.054 (0.0579) 

0.056 (0.0573) 

0.058 (0.0587) 

0.084 (0.0561) 

0.065 (0.056) 

0.056 (0.0569) 
0.050 (0.0552) 
0.049 (O.O!W8) 

0.051 (0.054) 

0.051 (0.0533) 
0.051 (0.0527) 
0.(6) (0.052) 

0.058 (0.051) 

0.0017 
0.0023 

NS 

r 
-0.04 
0.47 
-0.51 
-0.32 



TABLE 10: COMPENSATION OJ' J'OOD CONSUMPTION AFBR RJ:SUMmON OJ' 
rEEDING BY KPGB XP5 (DRY PART or SUMMER) 

Day of Aetull......t Totll ~-foed 

starvation "' •C•) tc.) .... 
Control 

.. Nil 2.853 Nil I 

1 ' 0.136 2.837 + 0.120 
" 2 
0 0.153 2.944 +0.244 u 

3 ' 0.288 2.452 -0.115 

4 " 0.329 2.307 -0.217 I 

5 ' 0.448 2.29 -0.117 
" 

6 0 0.541 2.584 +0.272 ,. 
7 

Ill 0.618 2.615 +0.380 I 

8 
II 0.349 2.45 -0.054 I 

Control 
.. Nil 3.294 Nil I 

1 ' 0.136 3.15 -0.008 " 2 0.153 2.756 -0.385 
3 0.245 2.705 ·0.344 

4 " 0.268 2.524 -0.504 
' 5 ' 0.445 2.649 -0.200 " 

6 0 0.467 2.93 + 0.103 , 
7 " 0.618 3.021 + 0.345 ' 8 II 0.691 2.993 +0.390 I 

Llml duniiiDn ................ , 
a:o 
9.0 

9.0 
9.0 

9.0 

9.0 

9.0 
9.0 

8.0 

9.0 

10.0 
10.0 
10.0 

10.0 

10.0 

10.0 

10.0 

9.0 

TABLE U : COMPJ:NSADON IN ASSIMILATION An'J:R RISUMPTION Or J'UDING 
BY KPGB X P5 (DRY PART OJ SUMMER) 

Day of ActUIIIIIMMIItrl Total c........-1on1n ........ ........ _, ,, .... ........... (ala) .. ••• &"ort 

Control w Nil 1.185 Nil I 

1 ' 0.062 1.163 +0.040 H 

2 0 0.076 0.996 • 0.113 u 
3 ' o.on 0.883 -0.225 

4 " 0.079 0.956 -0.150 I 

5 ' 0.185 0.822 -0.176 " 
6 0 

0.221 0.987 +0.023 .. 
7 Ill 0.293 0.989 + 0.097 I 

8 " 0.193 0.998 +0.006 E 

Control w Nil 1.369 Nil I 

1 ' 0.062 1.306 • 0.001 " 2 0.076 1.059 -0.234 
3 0.075 1.023 -0.271 
4 M 

0.081 0.971 I -0.317 
5 ' " 0.179 0.908 -0.282 
6 0 0.208 1.207 ,. +0.046 
7 " 0.288 1.113 I +0.032 
8 " 0.294 1.256 + 0.180 I 

(+) Gain over actual deprivation (·) Loss from actual deprivation 
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(Y=1.266 - 0.068X). Value of r was negatively significant in case of 

untreated larvae but was nonsignificant in methoprene treated 

larvae. Compensation of assimilatory (Table 8) loss after restoration of 

feeding showed a negative recovery in both treated and untreated batches, 

except for day 6 and 7 of the methoprene treated larvae where a marginal 

compensation was recorded. 

KPGB X P 
5 

: (Table 9) A better assimilation of food was recorded in 

the sequence of control >1>8,2,7,6>4>3>5 for the untreated and in the 

sequence of control> 1 >8>6>7>2>3>4>5 in case of methoprene treatment. 

Treatment with methoprene significantly increased the quantity of 

assimilation (Table 9). 

Regression equation (Table 9) showed a negative trend in both 

methoprene treated ( Y = 1.141- 0.053X) and untreated (Y = 1.088-

0.022X) batches. Values of r showed a negatively significant relation for 

the untreated batches but was non significant in methoprene treated 

batches. Compensation of assimilation (Table 11) was in the order of day 

7> 1 >6>8 for untreated and day 8>6>7 in methoprene treated batches. In 

rest of the starvation days the loss in assimilation could not be compensated. 

4.1.4 Absolute Consumption Rate(ACR) Due to Daywise Starvation. 

Nistari : The better ACR values were in the sequence of 

5>6>control> 1 >3>4>2 for the untreated and in the order of 

6>2> 1 >4>control, 3,5 in methoprene treatments. ACR values increased 

significantly by treatment with methoprene(Table 3). 

Regression equation (Table- 3) for ACR (Y) against day of starvation 

(X) indicated a negative trend in treated (Y=0.217- 0.001 X) and a positive 

trend in untreated (Y = 0.17 +0.003X) batches. Value of'r' in both treatments 

were positively significant. 
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KPG B The better values were m the sequence of 

control> 1, 7>6>2>3>5>4 in the untreated and in the sequence of 

control>7>6>1>2>5>3,4 in JHa treated larvae. ACR values increased 

significantly in all the methoprene treated batches (Table 6 ). 

Regression equation (Table 6) showed anegative trend in both JHa

treated (Y=0.434- 0.006X) and untreated (Y = 0.363- 0.016X) larvae. In 

both the cases the values of r were negatively significant . 

KPG B X P 
5 

: The ACR values differed significantly among and within 

treatments. Better ACR was observed in the orC:~r of control>2> 1 > 

8>7>6>3>4,5 in untreated and in the order ofcontrol>l>7>8>6>2>3>5>4 

in case of JHa - treated larvae. Treatment with methoprene could not improve 

the ACR values.(Table 9) 

Regression equation (Table 9) indicated a negative trend in both 

treated (Y=0.308 - 0.004X)and untreated (Y=0.320 - 0.006X) batches. 

Value of r showed a significant negative correlation among the characters. 

4.1.5 Absolute Growth Rate(AGR) Due to Daywise Starvation 

Nistari : The descending order of AGR was control>5,6> 1 ,34>2 

in case of untreated and control>6> 1 ,3,4,5>2 in case of treated batches. 

Application of methoprene did not increase AGR except for day 5 and 6 . 

However, the results differed significantly within the treatments except 

on the days 4 and 5 (Table 3). 

Regression equation (Table 3) showed a negative trend due to 

methoprene (Y=0.028- 0.0005X) and a positive trend in case of untreated 

larvae (Y = 0.319 + 0.0003X). Values ofr in both the treatments were non

significant. 
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KPGB: The AGR was in the descending order ofcontrol>7>6, 1>2,5>3,4 

for the untreated larvae and of control>1>6,7>5>2,3,4 for the JHa treated 

batches. The AGR was also increased due to methoprene (Table 6). 

Regression equation (Table 6) against starvation showed a negative 

trend in both methoprene (Y=0.07 - 0.0025X) and untreated ( Y=0.065 -

0.00 18X) batches. Values of r were non significant in both the cases. 

KPGB x P
5 

: Results (Table 9) indicate that the descending order of 

AGR was control>8>1>2,6,7>3,4,5 for the untreated larvae and of the 

order control>8>1>4,5,6>2,7,3 for the JHa- treated larvae. Treatment 

with methoprene could not improve the AGR in this hybrid. However, 

results differed significantly within the treatments. 

Regression equation (Table 9) showed a negative trend in both JHa

treated (Y=0.056 - 0.0006X) and untreated larvae (V=0.061-0.0006X) . 

The values of r showed nonsignificant correlation between the characters. 

4.1.6 Reference Ratio, Respiration and Maintenance Cost Due to 

Daywise Starvation 

4.1.6.1 Reference Ratio (Table 12) 

Nistari - Starvation on the later part of 5th instar days had been affected 

largely. However, significant difference has been observed on day 6 of 

both the treatments. 

KPG B : Results indicate that daywise starvation have disturbed the 

ratio in both the treatments. 



TAILI12: IEFERINCE RATIO,RE8PIMTION AND MAINTINMC& COST 
DUE TO DAY WISE STARVATION DURING DRY PART 0P 8UMMIIR. 

NISTARI 
llW Gf MllrYalon IWerenCe ratio ft..,..._. OOit 

Control 
w 2.42a 0.468 1.64 I 

' H 

1 0 2.41 a .503b 2.54a u 

2 ' 2.53b .514b 2.89a 

3 
H 2.46a .498b 2.488 I 

4 ' 2.44a .4nb 2.41 a II 

5 0 2.07a .4140 2.12a , 
6 " 1.94 .390c 2.!1 a I 

" I 

Control 
w 2.58b 0.763 2.55d I 

' " 1 2.S4d .807a 3.Nb 

2 H 2.37a .835a 4.50c E 

3 
T 

2.07c 0.891 3.29b H 

4 
0 2.54b .842a 3.63b , 

5 " 2.54b .798a 3.93c I 

8 " 2.23d 0.827 2.32d I 

CDS~~. 0.061 0.037 0.81 
SE 0.021 0.013 0.21 

Figure marked by same letter do not differ slgnfftcantly among each other. 

KPG8 
w 1.72a 0.920c 1.25b I 

' II 

1 0 1.88b 0.6760 1.22 b u 
2 r 1.510 0.446d 0.97& 
3 H 

1.56d 0.344e 0.780 I 

4 T 
1.72a 0.4090 0.93a H 

5 0 
1.56d 0.297e 0.850 p 

6 " 1.62c 0.500d 0.96a I 

7 " 1.69a 0.484d 0.92a 1£ 

Control w 
1.70a 1.118 a 1.35 I 

' H 

1 1.52e 0.8230 1.28b 
2 1.630 0.982b 1.85c 
3 H 

1.89a 0.945b 1.82c I 

4 ' 1.66b 0.801 c H 1.740 
5 0 

1.65b 0.919c , 1.670 
8 " I 1.68b 1.139 a 1.9l0 
7 " 1.73a 1.143 a 2.040 I 

CDS.. 0.04 0.057 0.05 
SE 0.01 0.021 0.02 

Figure marked by eame lealer do not differ significantly among each other. 
Contd .... next page 



Contd ... previous page 

KPGBXPt 

0av or slaMdiOn Ref'ei'Wa ratiO R GMt 

Control 
w 1.73a 0.847 1.07b I 

1 T 1.89d 0.619 1.13b H 

2 • 1.51 f .481 a 0.84a u 
3 T 1.58e 0.38 0.75d 

4 M 1.70a .459b 0.928 I 

5 ' 1.56e 0.329 0.67d 
" 6 0 1.61 b .474a 0.928 ,. 

7 II 1.60b .4798 0.848 I 

8 " 1.68d .491 a 0.978 I 

Control 
w 1.70a o.ns 1.29e I 

1 ' 1.70a 0.746 1.43c H 

2 1.62c 0.55 1.07b 
3 1.60b 0.520 1.03b 

4 
M 1.62c .453b 0.87a I 

5 ' 1.52f 0.392 0.76d " 6 0 1.65 c 0.688 1.32c .. 
7 II 1.58b O.Em 1.18e I 

8 " 1.72a 0.721 1.35c I 

co~ 0.03 0.02 0.13 
se 0,01 0.006 0.()4 

Figure marked by same letter do not differ significantly among each other. 
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KPG B x P 
5 

: Results indicate that the ratio have been affected by 

daywise starvation during 5th instar period. 

4.1.6.2 Respiration : 

Irrespective of the races studied, the metabolic loss due to respiration 

was more in the methoprene-treated daywise starved larvae than in the 

untreated one. Starvation during the early days of the 5th instar larvae in 

untreated batches suffered most (Table 12). 

4.1.6.3 Maintenance Cost (Table 12) 

Nistari- Maintenance cost was higher in methoprene treated daywise 

starved larvae as compared with that of untreated batches. However, 

increased maintenance cost was recorded in all the batches subjected to 

daywise starvation than that of the control. 

KPG B : Daywise starved larvae treated with methoprene showed higher 

maintenance cost than those without methoprene treatment . 

KPG B x P 5 : The result obtained were the same as in case of N istari and 

KPGB. Higher maintenance cost was recorded for the daywise starved 

batches that received methoprene than those of the untreated larvae. 

4.2 Efficiency of Conversion of Digested Food (ECD)Due to Daywise 

Starvation During Dry Part of Summer 

4.2.1 Larval body : 

Nistari : Better ECD values for larval body were obtained in the sequence 

• I 



TABLE Z4: EJTICIENCY OJ' CONVERSION OJ' DIGESTED fOOD~) BY NtiiUI 
DURING DRY PART OF SUMMER. 

Day of I Larval body I COcoon Shell 

starvation I Male I Female 

Control w 37.93 (31.86) 10.30 (12.07) 12.36 (12.84) 
I 

' " 
1 

0 29.00 (31.40) 13.18 (11.91) 13.30 (12.92) u 
2 ' 25.65 (30.95) 12.11 (11.76) 13.36 (13.00) 

3 
M 28.63 (30.50) 10.90 (11.61) 12.87 (13.09) 
E 

4 
T 29.40 (30.04) 11.50 (11.46) 13.11 (13.17) 
H 

5 
0 32.07 (29.59) 10.26 (11.31) 12.54 (13.26) .. 

6 
1'1 30.46 (29.14) 12.04 {11.16) 13.84 (13.34) I 

" I 

Control w 28.41 (21.93) 10.30 (10.24) 12.24 (11.86) I 

' H 

1 20.98 (22.47) 9.13 (10.04) 10.07 (11.75) 
2 16.97 (22.96) 10.45 (9.84) 13.10 (11.65) 

3 
H 23.27(23.56) 10.70 (9.64) 12.32 (11.54) I 

4 ' 21.59 (24.10) 8.82 (9.44) 10.50(11 ..... ) H 

5 
0 23.29 (24.64) 9.20 (9.24) 11.20 (11.33) ,. 

6 " 30.39 {25.18) 8.94 {9.04) 11.37 (11.23) I 

" I 

co~ Of 
h"reatment 1 1.93 0.70 0.66 
Day 6 3.61 0.79 0.75 
TreatXDay 6 5.11 1.10 1.15 
Error 28 
Total 41 
Ftgures tn parenthesis are predtcated value. 

r 
Larvat body .0.19 
Cocoon shell 
Male = 12.07-0.151 X -0.26 Y = 10.24- 0.199X 
female = 12.84 + 0.084 :X 0.21 Y= 11.86- 0.105X 
Pu female = 20.03 + 0.346 X -0.38 Y= 17.11 + 0.434X 

Mutual corvetatlon betWeen stressed aiSimllatlon and eco values. 
ECD values (without n.R:" -• 

IIVj 

Larval body Cocoon Shell 
Male Female 

Assimilation 0.14 0.11 ..0.28 

I Pupa 
I Female 

21.38 (20.03) 

19.79 (20.37) 
19.61 (20.72) 

20.32 (21.08) 

22.99 (21.41) 

20.51 (21.76) 

22.95 (22.10) 

18.52 (17.11) 

16.71 {17.54) 
13.78 (17.97) 

22.66 (18.41) 

18.58 (18.84) 

19.69 (19.28) 

18.98 (19.71) 

1.46 
1.66 
2.53 

r 
0.24 

-0.46 
-0.19 
0.31 

Pupa 
Female 
..0.28 
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of control> 1 ,3.4,5,6>2 in untreated and control6> 1 ,3,4,5>2 in methoprene

treated batches (Table 24). Except for the methoprene-treated larvae under 

starvation on day 6, the ECD values of the larvae starved on other days 

were lowered significantly as compared with the JHa-treated batches. 

Regression equation (Table 24) for ECD values for larval body (Y) 

against day of starvation (X) indicated a positive trend for the methoprene

treated larvae (Y=21.93 +0.541X) and a negative trend (Y=31.86- 0.453X) 

in untreated batches. Correlation co-efficient between ECD values for larval 

body and stressed assimilation showed a non significant relation. 

KPGB: Better ECD values for larval body were obtained in the sequence 

of starvation day 5>3>2,4,6, 7>control, 1 in case of untreated and control 

1>2,3,4,5,6>7 in methoprene treated batches (Table 25). Except for the 

JHa-treated starved larvae of days 1 and 2 the ECD values of the larvae 

starved on other days were lowered significantly as compared with the 

JHa-untreated batches. 

Regression equation (Table 25) for ECD values of larval body (Y) 

against the days of starvation (X) indicate a negative trend (Y = 41.65 -

1.255X) in JHa-treated and positive trend ( Y=46.84+ 1.29X) in untreated 

batches. Correlation coefficient (r) between ECD values and days of 

starvation was significant. Value ofr between ECD and stressed assimilation 

also was negatively significant. 

KPGB x P5 : Better ECD values for larval body were obtained the 

sequence of starvation day 2,3,5,6, 7 ,8> control, 1 in untreated larvae and 

in the sequence of starvation day 3 ,4,5>control, 1 ,2,6, 7,8 in methoprene

treated batches (Table 26). Methoprene significantly lowered the ECD for 

larval body after JHa application only in starvation day 3, 6 and 8 as 

compared with the JHa untreated batches. 



TABLE lS: EFFICIENCY OF CONVERSION OF DIGISTED FOOD(%) BY 
KPGB DURING DRY PART OF SUMMER. 

Day of I Larval body I Cocoon Shell 

starvation I Male I Female 

Control 
w 44.37 (46.84) 14.37 (20.34) 14.53 (18.52) I 

' H 

1 
0 44.94 (48.13) 16.98 (20.76) 17.95 (19.63) u 

2 T 50.58 (49.42) 23.00 (21.18)' 23.02 (20. 7 4) 

3 H 56.05 (50.71) 25.56 (21.60) 26.06 (21.85) 
' 

4 T 51.62 (52.00) 23.48 (22.03) 24.14 (22.96) H 

5 
0 60.48 (53.29) 28.37 (22.45) 28.62 (24.07) 
" 

6 " 51.03 (54.58) 21.54 (22.87) 22.31 (25.18) I 

7 " 52.01 (55.87) 21.65 (23.30) 22.67 (26.29) I 

Control w 42.54 (41.65) 12.98 (15.17) 13.07 (15.44) I 

T 

" 1 43.70 (40.39) 16.37 (14.97) 16.49 (15.26) 
2 35.07 (39.14) 14.75 (14.77) 15.42 (15.08) 

3 
H 35.37 (37.88) 15.08 (14.57) 15.30 (14.90) E 

4 T 36.47 (36.63) 15.82 (14.37) 16.33 (14.72) H 

5 0 37.79 (35.37) 15:16 (14.17) 15.68 (14.54) p 

6 
II 34.23 (34.12) 12.G6 (13.97) 13.27 (14.36) E 

7 " 33.20 (32.86) 12.72 (13.77) 12.93 (14.18) E 

CDS% OF 
Treatment 1 2.08 0.15 0.12 
Day 7 3.67 0.26 0.22 
Treat X Day 7 4.85 0.33 0.28 
Error · 84 
Tomf 79 
Ftgures en parenthesis are predicated value. 

uation r 
Larval bOdy Y = 46.84 + 1.29 X 0.59 
Cocoon shell 
Male = 20.34 + 0.432 X 0.23 Y = 15.17-0.199 X 
Female Y = 18.52 + 1.11 X 0.60 Y= 15.44- .18X 
Pu female = 22.85 + 0. 704 X 0.38 Y = 16.83 • 0.266 X 

Mutual corvelatlon between atresHd aseimilation and ECD values. 
ECD values (without 111 .C} 

Larval boU)' Cocoon Shell 
Male Female 

Assimilation -0.84 -0.94 -0.56 

I Pupa 
I Female 

17.49 (22.85) 

21.94(23.55) 
26.83 (24.25) 

30.31 (24.96) 

26.33 (25.66) 

31.34 (26.37) 

24.05 (27.07) 

24.26 (27.77) 

14.66 (16.83) 

18.14 (16.56) 
16.66 (16.29) 

16.17 (16.03) 

16.21 (15.76) 
16.73 (15.50) 

14.40 (15.23) 

14.14 (14.96) 

0.12 
0.22 
0.28 

r 
..o.n 
-0.34 
-0.29 
-0.46 

Pupa 
Female 
-0.94 



TABLE 16: EFFICIENCY OJ' CONVERSION OJi' DIGESTED FOOD(%) BY 
KPGBXP5 DURING DRY PARTOfSUMMER. 

Day of I Larval body I 
Starvation r 

Control 
w 46.51 (49.64) I 

1 
T 46.80 (50.20) M 

2 
0 51.62 (50.76) u 

3 T 56.96 (51.32) 

4 
M 51.98 (51.89) E 

5 
t 59.07 (52.45) H 

6 
0 51.93 (53.01) ,. 

7 
ft 51.47 (53.58) E 

8 " 50.78 (54.14) £ 

Control 
w 43.51 (47.08) I 

1 
T 42.86 (47.11) H 

2 48.09 (47.15) 
3 49.14 (47.18) 

4 
M 53.38(47.22) 1: 

5 
T 56.76 (47.25) " 

6 
0 42.94 (47.29) ,. 

7 " 45.78 (47.32) I 

8 " 42.52 (47.36) t 

CDS% OF 
Treatment 1 6.39 
Day 8 8.52 
Treat X Day 8 12.79 
Error 54 
Total 71 
F1gures m parenthesis are predicated value. 

Larval body 
Cocoon shell 
Male 
Female 
Pu female 

Y = 22.43 + 0.293 X 
Y = 21.08 + 0.276 X 
Y= 34.83+ 0.113X 

cocoon Shell 
Male 

20.65 (22.43) 

21.19 (22.72) 

23.55 (23.01) 
25.96 (23.30) 

23.93 (23.60) 

27.48 (23.89) 

23.30 (24.18) 

23.24 (24.48) 

23.22 (24.n) 

19.12 (21.25) 

19.58 (21.34) 
22.03 (21.44) 
22.62 (21.53) 

24.37 (21.63) 

26.53 (21. 72) 

20.14 (21.82) 

20.84 (21.91) 

19.55 (22.01) 

0.15 
0.21 
0.31 

r 
0.36 

0.37 
0.40 
0.10 

I Female 

19.47 (21.08) 

19.81 (21.35) 

22.71 (21.63) 
24.37 (21.90) 

22.58 (22.18) 

24.88 (22.46) 

21.37 (22. 73} 

22.23 (23.01) 

22.32 (23.28) 

18.43 (20.42) 

18.85 (20.426) 
21.17 (20.43} 
21.43 (20.438) 

22.96 (20.44) 

24.59 (20.45) 

18.64 (20.456) 

19.64 (20.46) 

18.39 (20.468) 

0.28 
0.37 
0.56 

Y = 21.25 + 0.095 X 
Y = 20.42 + 0.006X 
Y = 33.94 - 0.009 X 

Mutual corvelation between stressed assimilation and ECD values. 
ECD vatues (without methaprene) 

Larval body Cocoon Shell 
Makt Female 

AssimilatiOn ..0.93 .0.67 -0.92 

I 
I 

Pupa 
Female 

32.18 (34.83) 

a2.n (34.94) 

36.33 (35.05) 
38.54 (35.16) 

35.07 (35.28) 

40.91 (35.39} 

33.64 (35.50) 
33.74 (35.82) 

34.06 (35.73) 

30.78 (33.94) 

31.35 (33.93) 
34.93 (33.92) 
35.20 (33.91) 

38.08 (33.90) 

40.96 (33.89) 

30.98 (33.88) 

32.40 (33.87) 

30.63 (33.86) 

0.36 
0.48 
0.73 

r 
0.02 

0.10 
0.010 
..0.006 

Pupa 
Female 
.().55 
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Regression equation (Table 26) for ECD values (Y) against day of 

starvation (X) indicated a positive trend in both JHa-treated (Y = 4 7.08 + 

0.035X) and untreated (Y = 49.64 +0.563 X) batches. Correlation coefficient 

(r) between ECD values and stressed assimilation was negatively significant. 

4.2.2 Male Cocoon-Shell 

Nistari - The sequence of better ECD for male cocoon shell was in the 

order of starvation day 1>2,4,6>control, 3,5 in untreated and day control 

2,3> 1 ,4,5,6 in methoprene-treated batches (Table 24 ). Except for the 

control and starvation on day 3 rest of the methoprene-treated batches 

differed significantly with the untreated larvae. 

Regression equation (Table 24) indicated a negative trend of ECD 

for male cocoon shell (Y) against the day of starvation (X) in both 

methoprene treated (Y = 1 0.24-0.199X) and untreated (Y = 12.07-0.151X) 

batches. Correlation coefficient between stressed assimilation and ECD 

for male cocoon shell was found to be non significant. 

KPG B : Better ECD for male cocoon shell was obtained in the sequence 

of starvation day 5>3>4>2>6, 7> 1 >control in untreated and day 

1 >4>5>3>2>control, 6, 7 in methoprene-treated batches. Methoprene 

significantly, lowered the ECD values in treated batches as compared with 

the untreated batches.(Table 25) 

Regression equation (Table 25) indicated a negative trend for 

methoprene-treated batches (Y = 15. 17- 0. 199X) and a positive trend for 

untreated batches (Y = 20.34 + 0.432X). Correlation coeffieicnt (r) between 

ECD values and stressed assimilation was negatively significant. 
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KPG B x P 
5 

: The order of better ECD values for male cocoon shell 

recorded in the sequence of starvation day 5>3>4>2>6, 7 ,8> 1 >control in 

untreated and day 5>4>3>2>7>6> 1,8 control in methoprene-treated batches 

(Table 16 ). Methoprene lowered the ECD for male cocoon shell in treated 

batches as compared with untreated batches. 

Regression equation (Table 26) indicated a positive trend for both 

methoprene treated (Y = 21.25 + 0.095X) and un-treated batches (Y= 

22.43 + 0.293X). Correlation coefficient between ECD values and stressed 

assimilation was negatively significant. 

4.2.3 Female Cocoon Shell 

Nistari- The sequence ofbetter ECD for female cocoon shell was in the 

order of starvation day 1 ,2,4,6>control, 3,5 in untreated and day 2>control, 

3>5,6> 1,4 in the methoprene treated batches (Table 24 ). Treatment with 

methoprene significantly lowered the ECD values except for control 

starvation on day 2 and 3 as compared with the untreated batches. 

Regression equation (Table 24) showed a negative trend for 

methoprene-treatment (Y = 11.86- 0.1 05X) and a positive trend for untreated 

batches (Y = 12.84 + 0.084X). Non-significant correlation obtained between 

ECD for female cocoon shell and stressed assimilation. 

KPG B - The values of ECD for female cocoon shell were in the order of 

starvation day 5>3>4>2>7>6> 1 >control in untreated and day 

1 ,4>5>2,3>6>control > 7 in methoprene-treated batches (Table 25). 

Treatment with methoprene significantly lowered ECD values in all the 

batches as compared with the untreated ones. 
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Regression equation (Table 25) expressed a negative trend for 

methoprene-treated batches ( Y = 15 .44-0 .18X) and a positive trend for 

untreated batches (Y = 18.52 + 1.11 X). Positive significant correlation 

obtained between day of starvation and ECD values and negative significant 

relation between stressed assimilation and ECD values. 

KPG B x P 
5 

: Better ECD values for female cocoon shell were in the 

order of starvation 5>3>2,4>7 ,8>6>control, 1 in untreated and starvation 

day 5>4>3>2>7> 1 ,6>control, 8 in methoprene-treated batches (Table 26). 

Treatment with methoprene significantly lowered the ECD values in all 

batches except for the larvae of starvation days 4 and 5 as compared 

with the untreated batches. 

Regression equation (Table 26) indicated a positive trend in both 

methoprene-treated (Y = 20.42 + 0.006X) and untreated batches (Y = 

21.08 + 0.276X) . Negative significant correlation was obtained between 

the ECD values and stressed assimilation. 

4.2.4 Female Pupa 

Nistari- Better ECD values for female pupae obtained were in the order 

of starvation day control, 4,6> 1 ,2,3,5 in untreated and day 3>control,4,5,6> 

1>2 in methoprene-treated larvae (Table 24). Methoprene lowered the ECD 

values for female pupa in all the treated batches except for the starvation 

day 5 as compared with that of the control larvae. 

Regression equation (Table 24) indicated a positive trend for both 

methoprene-treated (Y = 17.11 + 0.434X) and untreated ( Y = 20.03 + 

0.346X) batches. Non-significant correlation was obtained between the 

ECD values and stressed assimilation. 
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KPG B : The values of ECD for female pupa obtained were in the order 

of starvation day 5>3>2>4>6, 7> 1 >control in untreated and day 

1 >2,5>3 ,4>control >6>7 in methoprene-treated batches (Table 25) 

Treatment with methoprene significantly lowered the ECD values for female 

pupa all the treatments as compared with the values of untreated ones. 

Regression equation (Table 25) expressed a negative trend for 

methoprene treatment (Y = 16.83 - 0.266X) and a positive trend for 

without methoprene treatment batch (22.85 + 0. 704X). Negative significant 

correlation was obtained between the ECD for female pupae and stressed 

assimilation. 

KPG B x P 
5 

: Better ECD values for female pupae was obtained in the 

order of starvation day 5>3>2>4>8>6>7>control, 1 in case of untreated 

and day 5>4>3>2>7>1,6>control, 8 in methoprene-treated batches (Table 

26). Methoprene significantly lowered the ECD values for female pupae 

except for the starvation day 5 as compared with the untreated batches. 

Regression equation (Table 26) exhibited a negative trend for 

methoprene treatment (Y=33.94- 0.009X) and a positive trend for untreated 

batches (Y = 34.83 + 0.113X). Negative significant correlation was 

obtained between the ECD for female pupae and stressed assimilation. 

4.3 Economic Characters Due to Day-wise Starvation During Dry · 

Part of Summer 

4.3.1 Effective Rate of Rearing (ERR) 

Nistari : The higher ERR values obtained were in the order of control 

starvation day 3,4,6>1 ,5>2 in untreated and control, starvation day, 

1 ,6>3,4,5>2 in case of methoprene-treated batches (Table 30). Except 
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TABLE 30: ECONOMIC CHARACTERS OFNlstari DURING DRY PART OF SUMMER (DRY BASIS IN GRAM.) 

Day of I E. R. R. (%) lftW.W:AL I GAIN IN LARVAL I wt. OF COCOON -LL I wt.OFPUPA 
Starvation WEIGHT I MALE I FEIMLE I FEMALE 

Control • 82.00 (74.64) 0.313 (0.271) 0.283 (0.241) 0.085 (0.091) 0.092 (0.097) 0.159 (0.152) 
I 

1 T 76.60 (74.79) 0.236 (0.259) 0.206 (0.229) 0.093 (0.086) 0.094 (0.094) 0.140 (0.148) 
H 

2 0 58.30 (74.94) 0.207 (0.247) 0.177 (0.217) 0.083 (0.082) 0.094 (0.091) 0.135 (0.145) u 
3 T 77.30 (75.09) 0.232 (0.235) 0.202 (0.205) 0.076 (0.078) 0.090 (0.088) 0.142 (0.141) 

4 " 76.30 (75.24) 0.229 {0.222) 0.199 (0.193) 0.077 (0.074) 0.088 (0.085) 0.155 (0.137) 
£ 

5. T 75.60 (75.39) 0.224 {0.210) 0.196 (0.181) 0.062 (0.069) 0.076 (0.082) 0.125 (0.134) 
H 

6 
0 77.30 (75.54) 0.201 (0.198) 0.171 (0.169) 0.067 (0.065) 0.077 (0.079) 0.129 (0.130) .. 
R 
I 

" I 

Control • 77.60 (74.62) 0.328 (0.263) 0.298 (0.233) 0.109 (0.106) 0.130 (0.124) 0.193 (0.176) 
I 

1 T 78.30 (74.20) 0.244 (0.262) 0.214 (0.232) 0.093 (0.103) 0.103 (0.121) -0.171 (0.174) 
H 

2 62.60 (73.78) 0.215 (0.261) 0.185 (0.231) 0.107 (0.100) 0.133 (0.118) 0.14 (0.172) 
3 63.60 (73.36) 0.239 (0.260) 0.209 (0.230) 0.096 (0.096) 0.111 (0.115) 0.204 {0.170) 

4 " 72.00 (72.94) 0.262 (0.259) 0.232 (0.229) 0.094 (0.093) 0.112 (0.112) 0.199 (0.168) 
£ 

5 T 72.00 (72.52) 0.272 (0.258) 0.242 (0.228) 0.095 (0.089) 0.116 (0.109) 0.205 (0.165) 
H 

6 0 78.00 (72.10) 0.303 (0.257) 0.274 (0.227) 0.08 (0.086) 0.102 (0.106) 0.171 (0.163) .. 
R 
I 

" £ 

CDS% DF 
Treatment 1 3.34 0.014 0.014 0.003 0.004 0.007 
Day 6 3.79 0.026 0.026 0.006 0.006 0.014 
Treat X Day 6 5.78 0.037 0.036 0.009 0.009 0.02 
Error 28 
Total 41 
Figures in parenthesis are predicated value. E. R. R. - Effective Rearing Rate 



TABLE 31 : ECONOMIC CIL\.JlA.C'I'ED OI'N..._. DURING 
DRY PART OF SUMMER (DitY BASIS) 

R : OilY of starvaaon fXl vs~ 1M 
parameters I 

Equation r 
E. R.R.(%) Y= 74.64+ 0.15X 0.39 
Final larVal weight y = 0.271 -0.012X -0.60 
Gain in larval wt. y = 0.241 • 0.012X ..0.80 
iCocoonlheU 
Male y = 0.098 ..().()()4X -0.78 
Female Y = 0.097- 0.003X Al.75 
Weight af Pupa 

~ 

·'' 
' 
Y = 0.152- 0.003X Female .o . ..e 

10.00 
80.00 
70.00 

';/1. 110.00 i 50.00 
40.00 
30.00 
20.00 
10.00 

lt.OO 
0 1 

WD 
Eauatlon 

y = 7-4.62 - 0.42X 
Y = 0.283 • 0.001X 
Y = 0.233 • 0.001X 

Y= 0.106 -O.OOSX 
v = o.124 -o.OISX 

," 

Y = 0.178 • O.oo2X 

5 8 

r 
..0.16 
0.05 
0.05 

-0.69 
-0.44 

0.18 

_,.._ E. . R. 
" (11.)-Uf 

......,_ E.R.R. 
<1')T 

&.R.R.% OF NISTARI DURtNG DRY PART OF IUMMER 
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0.05 
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Comparative performances of economic characters 

of Nistari during dry part of summer. 
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for the starvation day 2 and 6, ERR values differed significantly among the 

methoprene-treated and untreated batches.(fig. 3) 

Regression equation (Table 31) showed a negative trend in case of 

methoprene treatment (Y = 74.62-0.42X) and a positive trend in the larvae 

that did not receive methoprene (Y = 74.64 + 0.15X). The relation between 

the day of starvation and ERR was non-significant. 

KPG B : The better results of ERR were in the order of control>starvation 

day 1 >7>4,6>2,3,5 in case of larvae receiving no methoprene and in the 

order of control>starvation day>1>7>4,6>3,5>2 in case of methoprene

treated larvae (Table 32). Except for the starvation day 3,4 and 5, the 

values of ERR differed significantly among methoprene treated and non 

treated batches.(fig. 4) 

Regression equation expressed a negative trend (Table 33) in both 

methoprene treated ( Y=68.28- 0.5X)and untreated (Y= 69.51 - 0.73X) 

batches. Negative relation was observed between the day of starvation and 

ERR. 

KPG B x P 
5 

: The higher ERR values obtained were in the sequence 

of control>starvation day 1 >8>4,6, 7>2,3,5 in untreated and in order 

ofcontrol>starvation day 1>4,8>3,5,6,7>2 in the methoprene treated 

batches (Table 34). Except for the starvation day 1 and 6 the values 

of ERR differed significantly among the methoprene-treated and 

untreated batches (Fig.5). 

Regression equations (Table 3 5) exhibited a positive trend for both 

methoprene recipients (Y = 63.7 + 0.7X) and non-recipients ( Y=62.9 + 

0.66X) batches. Negative significant relation observed between the day of 

starvation and the ERR. 



Day of 
atarvatlon 

Control w 
I 

1 ' H 

2 0 
u 

3 ' 
4 " IE 

5 ' H 

6 • ~ 
7 " I 

8 " IE 

Control w 
I 

1 ' H 

2 
3 

4 " IE 

5 T 
H 

6 0 
It 

7 " I 

8 • I 

CDS% OF 
Treatment 1 
Day 7 
Treat X Day 7 
Error 64 
Tota~ 79 

TABLE 32: ECONOMIC OL\RACT£1t8 Of ICPGB DUlliNG 
D11YPARTOJSUMMD (DRYJWJISJN GRAM.) 

t E. R. R. (%) ~~AL tcw;::AL l Wt. OPCOCOON ..... 
I MM.& ....... 

74.80 (69.51) 0.823 (0.612) 0.734 (0.582) 0.237 (0.215) 0.240 

71.60 (88.78) 0.641 (0.663) 0.552 (0.583) 0.208 (0.215) 0.220 

63.40 (68.05) 0.548 (0.633) 0.457 (0.544) 0.208 (0.214) 0.208 
62.40 (67.32) 0.528 (0.814) 0.439 (0.524) 0.2 (0.213) 0.204 
64.60 (66.59) 0.528 (0.596) 0.436 (0.505) 0.198 (0.213) 0.204 

63.80 (65.86} 0.544 (0.576) 0.455 (0.486) 0.213 (0.212) 0.215 

65.60 (65.13) 0.611 (0.556) 0.522 (0.467) 0.22 (0.211) 0.228 

69.60 (64.40) 0.614 (0.537) 0.525 (0.447) 0.218 (0.210) 0.229 

73.00 (68.28) 0.917 (0.766) 0.828 (0.677) 0.253 (0.241) 0.254 
70.00 (67.78) 0.728 (0.742) 0.639 (0.653) 0.239 (0.238) 0.241 
62.00 (67.28) 0.82 (0.718) 0.531 (0.629) 0.223 (0.234) 0.233 
63.00 (66.78) o.eoe (0.894) 0.517 (0.804) 0.22 (0.230) 0.224 
65.20 (66.28) o.eoe (0.607) 0.517 (0.580) 0.224 (0.226) 0.231 

64.40 (65.78} 0.&44 (0.~ 0.549 (0.555) 0.222 (0.222) 0.230 

66.60 (65.28) 0.882 (0.621) 0.593 (0.531) 0.224 (0.219) 0.23 

88.00 (64.78) 0.65 (0.597) 0.561 (0.507) 0.216 (0.215) 0.22 

0.89 0.003 0.005 0.001 0.001 
1.58 0.007 0.007 0.002 0.001 
1.99 0.01 0.01 0.003 0.002 

Figures in parenthesis are predicated value. E. R. R. - Effective Rearing Rate 

I wt.Of,_..A 
I FIIMLE 

(0.219) 0.289 (0.267) 

(0.219) 0.269 (0.262) 

(0.219) 0.242 l\).256) 
(0.219) 0.237 (0.251) 
(0.218) Q.222 (0.245) 

(0.218) 0.235 (0.240) 

(0.218) 0.246 (0.234) 

(0.218) 0.245 (0.229) 

(0.2~ 0.285 (0.268) 

(0.242) 0.285 (0.263) 
(0.238) 0.252 (0.258) 
(0.235) 0.236 (0.253) 
(0.231) 0.23 (0.247) 

(0.228) 0.241 (0.242) 

(0.224) 0.24G (0.237) 

(0.221) 0.241 (0.232) 

I 

0.001 
0.002 
0.003 



TABLE 33: ECONOMIC CIL\RAC1'KRS OJ' JC.PGB DURING 
DRY PART Oli' SUMMER (DRY BASIS) 

Reareulon tiCiuation : l)ay_ of starvalon fXl YS. oara ...... (Y 

(parameters WithOut ....... 
Equation r 

E. R. R.(%) Y = 69.51 • 0.73X -0.38 
Final larval wight Y = 0.672- 0.019X -0.48 
Gain in larval wt. Y = 0.582- 0.019X -0.48 
COcoon shell 
Male Y = 0.215- 0.0007X -0.14 
Female y = 0.219- 0.0002X -0.04 
Weight of Pupa 
Fe118le Y = 0.267 -0.005X -0.63 

80.00 
70.00 -80.00 -- - -

tt. 50.00 

~ 40.00 
30.00 
20.00 
to.oo 
0.00 

0 1 2 3 4 5 

O.,oftUrYtlon 

With ....... 

fn•..tinr!o r 
y = 68.28 - o.sx -0.29 

Y = 0.788- 0.024X -0.57 
y = 0.677 - 0.024X -0.57 

y c 0.241 ~ 0.0038)( -0.76 
Y = 0.245- 0.0035X -0.79 

y = 0.268 - 0.005X -0.7 

-
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of KPGB during dry part of summer. 
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4.3.2 Final Larval Weight ~ 

Nistari: The decremental order of the final larval weight was control> 

starvation day 1 ,3,4,5>2,6 in the larvae without methoprene treatment and 

control>starvation day 5 ,6> 1 ,3 ,4>2 in case of methoprene-treated larvae 

(Table 30). Except for the starvation day 1 and 3 the final weight of other 

category of larvae differed significantly among the methoprene treated and 

untreated batches.(fig. 3) 

Regression equation (Table-31) reflected a negative trend in both 

methoprene treated (Y = 0.2635 - 0.001X) and untreated batches (Y = 

0.2713- 0.0121 X). A significant but negative relation was obtained between 

the final body weight and day of starvation. 

KPG B : The final larval weights in the descending order of control> 

starvation day 1 >6, 7>2,5>3,4 in untreated and control>starvation days 

1 >6>5, 7>2,3 in methoprene-treated larval batches were obtained (Table 

32). All the batches treated with methoprene has been found to differ 

significantly with larval batches receiving no methoprene.(fig. 4) 

Regression equation (Table-33) provided indication for a negative 

trend in both methoprene-treated (Y=O. 7669-0. 0242X) and untreated 

batches (Y=0.6725- 0.0193X). Negative correlation was recorded between 

the days of starvation and final larval weights. 

KPG B x P 5 : The final larval weights after daywise starvation were in the 

descending sequence of control>starvation day 1 >2,6, 7 ,8>3,4>5 in 

untreated and control> starvation day 1 >8>2,4,5,6, 7>3 in methoprene-treated 

batches (Table 34 ). Treatment with methoprene significantly changed the 

final larval weight except for the starvation days on 3, 5 and 6.(fig. 5) 
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iErTOr 54 
Total 71 

TABLE 34 ECONOMIC CHARACTERS OF KPGB X P1 DURING 
DRY PART OF SUMMER. (DRY BASIS IN GRAM.) 

I E. R. R. (%) I~AL , ... =- I Wt. OF COCOOIIItliLL 

I MM.& I FlllW.E 
76.20 (62.90) 0.639 (0.615) 0.562 (0.521) 0.25 (0.248) 0.235 

72.50 (63.56) 0.62 (0.609) 0.544 (0.5't6) 0.246 (0.244) 0.23 

60.70 (64.22) 0.59 {0.603) 0.51-4 (0.510) 0.234 (0.241) 0.226 
61.70 (64.88) 0.579 (0.598) 0.502 (0.504) 0.229 (0.237} 0.215 
62.20 (65.54) 0.573 (0.592) 0.497 (0.499) 0.228 (0.234) 0.216 

62.00 (66.20) 0.589 (0.586) 0 . .493 (0.493) 0.~ (0.230) 0.204 

63.20 (66.86) 0.588 (0.580) 0.512 (0.487} 0.23 (0.227} 0.21 

63.50 (67.52) 0.585 (0.575) 0.509 (0.481) 0.23 (0.223) 0.22 

ei1.70 (68.18) 0.583 (0.569) 0.507 (0.476) 0.231 (0.220) 0.222 

75.20 (63.70) 0.671 (0.630) 0.595 (0.535) 0.262 (0.247} 0.252 

73.20 (64.40) 0.836 (0.624) 0.56 (0.529) 0.256 (0.2~) 0.246 
62.50 (85.10) 0.585 (0.618) 0.59 (0.523) 0.233 (0.244) 0.224 
63.50 (65.80) 0.579 (0.611) 0.503 (0.517} 0.231 {0.242) 0.219 
65.20 (86.50) 0.594 {0.605) 0.518 (0.511) 0.23e (0.240) 0.223 

64.50 (67.20) 0.591 (0.599) 0.515 (0.505) 0.241 (0.238) 0.223 

63.20 (67.90) 0.594 (0.593) 0.518 {0.499) 0.243 (0.237} 0.225 

64.50 (68.60) 0.586 (0.587) 0.51 (0.492) 0.232 (0.235) 0.218 

ee.so (69.30) 0.609 (0.581) 0.533 (0.486) 0.245 (0.233) 0.23 

0.91 0J)07 0.007 0.002 0.002 
1.22 0.009 0.009 0.002 0,003 
1.83 0.014 0.014 0.003 0.005 

--- ----~----------- ---- --- -· --- ---·-

Figures in parenthesis are predicated value. E. R. R. - Effective Rearing Rate 

I WLOFPUPA 
I FI.IIIW.I 

(0.228) 0.389 (0.317) 

(0.228) 0.381 (0.371) 

(0.224) 0.367 (0.364) 

(0.222) 0.34 (0.357} 
(0.220) 0.335 (0.353) 

(0.218) 0.336 (0.343) 

(0.216) 0.332 (0.337) 

{0.213) 0.383 (0.330) 

(0.211) 0.34 (0.323) 

(0.2-40) 0.421 (0.399} 

(0.238) 0.409 (0.394) 

{0.236) 0.37 (0.389) 
(0.234) 0.36 (0.384) 
(0.232) 0.37 (0.379) 

(0.231) 0.2372 (0.375) 

(0.229) 0.371 (0.370) 

(0.227) 0.36 (0.365) 

(0.225) 0.382 (0.360) 

0.003 
0.004 
0.006 



T.ABLE 35: ECONOMIC CHARACTERS OF KPGB X P5 DURING 
DRY PART OF SUMMER (DRY BASIS) 

Rearwsston equation starvation tXl vs. parameters (Y) 

paramet..rs Without methoorene 
EquatiOn r 

E. R. R. (%) v; 62.9 + o.eex 0.44 
Final larval weight Y = 0.615- 0.005X -0.62 
Gain In larval wt. Y; 0.521 - 0.205X -0.61 
Cocoon shell 
Male y ;:: 0.248 - 0.003X -0.69 
Female y = 0.228- 0.002X -0.54 
WeiGht of Pupa 
Female Y; 0.377 - 0.006X -0.82 

With 
Eauation r 

y;:: 83.7 + 0.7X -0.56 
y. 0.630. 0.006X -0.&4 
Y; 0.535 - 0.006X -0.54 

Y = 0.247 - 0.001X -0.45 
y = 0.248 - 0.002X -0.61 

Y = 0.39G - 0.004X -0.6 

~-OO·r~--------------------------------------~ 
70.00 

80.00 

'# 50.00 

~ 40.00 
IIi 30.00 

20.00 

10.00 

- - -

I::: E. R. R. f') ..urI 
_ E. R. R. ('J')T . 

0.00 +----+---+------r--+----+---+---+----1 
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Day of ltlnltlon 

E.R.R.% OF KPOB X Pel DURING DRY PART OF SUMMER 

_.,_FINAL LARVAL 
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-D-FitW. LARVAL 
WEIGHTT 

FINAL LARVAL WEIGHT OF KPGB X PO DURING DRY PART OF SUMMER 
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1 
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1 
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1 
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Regression equation (Table 35) indicated a negative trend for both 

methoprene treated (Y=0.6302 - 0.006X) and untreated ( Y = 0.6151 -

0.0057X) batches. A negative but significant relation was obtained between 

the day of starvation and final larval weight. 

4.3.3 Gain in Larval Weight 

Nistari: The descending order in the gam of larval weight was 

control> starvation day 1,3 ,4,5>2,6 in case of untreated and control, 

starvation days 6>5,4, 1>3,2 in methoprene-treated larval batches(Table 

30). Except for the starvation days 1,2 and 3 the gain in larval weights 

differed significantly within methoprene and no methoprene-treated larval 

batches.(fig. 3) 

Regression equation (Table 31) revealed a negative trend in both 

methoprene treated (Y = 0.2338 -0.001X) and untreated larval batches (Y 

= 0.2414- 0.012X). Nevative but significant relation was obtained between 

the gain in larval weight and day of starvation. 

KPGB : Better gain in larval weights was obtained in the descending 

order of control >starvation day 1 >6, 7>2,5>3 ,4 in the methoprene

nonrecipients and control>starvation day 1 >6>5, 7>2>3 ,4 in case of 

methoprene recipient batches(Table 32). Methoprene significantly 

increased larval weight gain in treated batches as compared with the 

untreated batches. 

Regression equation (Table 33) exhibited a negative trend for both 

methoprene (Y = 0.6778- 0.0244X) and without methoprene ( Y=0.5828 

- 0.0193X) batches. Negative correlation was obtained between the days 

of starvation and gain in larval weights. 
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KPG B x P 
5 

: The descending order of gain in larval weight was control > 

starvation day 1 >2,6, 7 ,8>3 ,4>5 in untreated and control> starvation day 

1 >8>2,4,5,6, 7>3 in methoprene-treated larval batches (Table 34 ). Gain in 

larval weight differed significantly between treated and untreated batches 

except for the starvation days 3,5 and 6.(fig. 5) 

Regression equation (Table 35) showed a negative trend in both 

methoprene-treated (Y = 0. 53 56 - 0. 0061 X) and untreated larvae ( Y = 

0.5218- 0.2059X). Negative significant relation was obtained between the 

days of starvation and gain in larval weights. 

4.3.4 Male Cocoon Shell Weight 

Nistari ~ The recorded descending order of male cocoon shell weight 

was the starvation day l>control, 2>3,4>5,6 in without methoprene and 

control, starvation 2> 1 ,3,4,5>6 in methoprene-treated batches (Table 30). 

Except for the starvation day I the male cocoon weights resulted from 

methoprene treatment differed significantly from those obtained from 

untreated larvae.( fig. 3) 

Regression equation (Table 3 1) expressed a negative trend in both 

treated (Y = 0.1069- 0.0034X) and untreated batches (Y = 0.0908 -

0.0042X). High negative but significant relation was obtained between the 

male cocoon shell weights and the days of starvation. 

KPG B : The male cocoon shell weights were obtained in the descending 

order ofcontrol>starvation days 6,7>5>1,2>3,4 from without methoprene 

and control>starvation day 1 >2,4,5,6>3 from methoprene-treated larval 

batches(Table 32). Methoprene treatment significantly increased the male 

cocoon shell weights as compared with the batches without the JHa 

treatment.(fig. 4) 
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Regression equation indicated a negative trend (Table 33) in both 

treated (Y = 0.2418- 0.0038X) and untreated batches (Y = 0.2158-

0.0007X). Negative significant relation was obtained between the days of 

starvation and male cocoon shell weights in case of methoprene-treated 

batches. 

KPGB x P : Results obtained are shown in the Table 34. In this bivoltine 
5 

hybrid the male cocoon shell weights were in the order of 

control>1>2>6,7,8>3,4>5 day of starvation in without methoprene and 

control>starvation day 1>8>4>5,6>2,3,7 in methoprene treated batches. 

Significant increase in male cocoon shell weights was recorded in all the. 

batches treated with methoprene as compared with the untreated batches 

except for the days 2 and 7 .(fig. 5) 

Regression equatioin (Table 35) revealed a negative trend in both 

treated ( Y= 0.2479- 0.0018X) and untreated (Y = 000.2506- 0.0035X) 

sets. Negative significant relation was obtained between the days of 

starvation and the male cocoon shell weights. 

4.3.5 Female Cocoon Shell Weight 

Nistari: Results are shown. in the Table 30. The descending order of 

female cocoon shell weights were control, starvation days 1 ,2,3,4>5, 6 in 

untreated and control, starvation day 2>3,4,5> 1,6 in methoprene-treated 

batches. Methoprene treated batches showed significantly different results 

as compared with the untreated batches.(fig. 3) 

Regression equation (Table 31) revealed a negative trend for both 

treated (Y =0.1241- 0.003X) and untreated batches ( Y = 0.0971-0.003X). 

A negative but significant relation was observed between the days of 

starvation and the female cocoon shell weights. 
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KPGB : Results are shown in the Table 32. The descending orders of z 

and control>starvation days 6, 7> 1 >5>2>3,4 in case of untreated and 

control >starvation day 1 >2,4>5 ,6>3, 7 in case of methoprene-treated 

batches. Significant increase in female cocoon shell weights were obtained 

in all the starved batches treated with methoprene, as compared with the 

untreated batches.(fig. 4) 

Regression equation (Table 33) revealed a negative trend in both JHa 

treatment ( Y=0.2457-0.0035X) and in without treatment ( Y = 0.2197 -

0.0002X). Negative significant correlation was obtained between the days· 

of starvation and female cocoon shell weights of methoprene treated batches 

only. 

KPGB x P
5 

: Results are provided in the Table 34. The female cocoon 

shell weights were in the descending order of control>starvation day 

1 >2> 7 ,8>3,4>6>5 for without JHa batches and control>starvation day 

1>8>2,4,5,6>3,7 for the methoprene-treated larval batches. Significant 

increase in female cocoon shell weights were resulted after the treatment 

with methoprene in all the batches except for the days 2 and 7.(fig.5) 

Regression equation (Table 35) exhibited a negative trend in both 

JHa-treated (Y= 0.2481 - 0.0027X) and untreated (Y = 0.2286- 0.0021 X) 

batches. Negative but significant relation was obtained between the female 

cocoon shell weights and the days of starvation. 

4.3.6 Female Pupal Weights 

Nistari! Results are furnished in the Table 30. The female pupal weights 

were in the descending order of control, starvation day 4> 1 ,2,3 ,6>5 in 

without methoprene and control, starvation day 3,4,5> 1 ,6>2 in 

methoprene-treated batches. Methoprene treatment increased female pupal 

weights except for the starvation day 2 as compared with JHa-less 

batches.(fig. 3) 
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Regression equation (Table 31) indicated a negative trend in both 

JHa-treated (Y=0.1769- 0.0022X) and untreated (Y = 0.1522- 0.0036X) 

batches. Negatively significant relation was obtained between the days of 

starvation and female pupal weights. 

KPGB : Results (Table 32) revealed that the female pupal weights were in 

the decremental order of control >starvation day 1 >6, 7>2> 3 ,5>4 in JHa

free batches and control> starvation day> 1 >2>6>5, 7>3>4 in methoprene

treated batches. Methoprene-treated batches differed significantly in female 

pupal weights from those of the JHa-free batches.(fig. 4) 

Regression equation (Table - 33) indicated a negative trend in both 

treated ( Y=0.2683-0.0051 X) and untreated (Y = 0.2679-0.0055X) batches. 

Negative but significant relation was recorded between the days of 

starvation and female pupal weights. 

KPGB x P 
5 

: Results are furnished in the Table 34. The female pupal 

weights were in the order of control>starvation day 1 >2>3,5,8>4,6, 7 in 

JHa-free and control>starvation day 1 >8>2,4,5,6>3, 7 in case of 

methoprene-treated batches. Significant increase in the female pupal weights 

was obtained in the methoprene-treated batches as compared with the JHa 

less batches.(fig. 5) 

Regression equation (Table 35) exhibited a negative trend in both 

treated (Y = 0.3991 - 0.0048X) and untreated ( Y = 0.3779- 0.0068X) 

batches. Negative but significant relation was recorded between the days 

of starvation and female pupal weights. 
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4.4 Reproductive Performances Due to Day-wise Starvation 

During Dry Part of Summer. 

4.4.1 Female Pupal Weight (Live) 

Nistari: The better female pupal weights were in' the sequence of control, 

starvation days 1 ,2,4>3>5,6 in JHa free batches and control, starvation 

day 1 ,2,3,4,5,6 in cases of methoprene treatments (Table 42). Significant 

increase in female pupal weights was observed in methoprene-treated batches 

as compared with the untreated sets. 

Regression equation (Table-42) showed a positive trend in 

methoprene-treated (Y = 0.859 + 0.0076X) and a negative trend in untreated 

batches ( Y = 0.764- 0.0135X). Negative but significant correlation was 

obtained between the female pupal weights and days of starvation. 

KPG B : The female pupal weights obtained were in the descending 

sequence of control>starvation days 1, 7>2,6> 3 ,5>4 in methoprene less 

and control >starvation day 1 >2,6>5, 7>3>4 in cases ofmethoprene treated 

batches(Table 43). The female pupal weight of treat:!d batches differed 

significantly from the untreated ones except the controls. 

Regression equation (Table 43) indicated a negative trend for both 

treated (Y=O. 7632- 0.0153X) and untreated (Y=O. 7727- 0.0 16X) batches. 

Significant negative correlations were obtained between the female pupal" 

weights and days of starvation. 

KPG B x P 5 : The better female pupal weights were in the sequence of 

control> starvation days 1, 7>5 ,6>2,3 ,8>4 in untreated and control>starvation 

day 1 >2,8>4,5,6>3, 7 in methoprene-treatment sets. Except for the starvation 

on day 7 in rest of the days there was significant increase in the female 



TABLE 41 : REPRODUCTIVE PERFORMANCE BY Nistarl DURING 
DRY PART OF SUMMER 

Day of t= female t Total ovariole t Total eggs in I Fecunclty lHMcHngof 
starvation wt. aiPuPa lenath em/moth ovariole no.lmonth (No.) fertilised eggs% 

Control 
w 0. 757 (0. 764) 14.50 (14.56) 342.2 (349.3) 332.0 (331.4) 93.15 (93.16) 
I 

1 
T 0.278 (0.751) 13.80 
H 

(13.74) 346.2 (335.8) 313.4 (318.3) 93.11 (91.45) 

2 
0 0.744 (0.737) 12.70 (12.93) 288.8 (322.3) 278.6 (305.2) 93.20 (89.73) 
u 

3 T 0.700 (0.723) 10.40 (12.11) 320.8 (308.8) 307.0 (292.1) 92.92 (88.02) 

4 
M 0.736 (0.710) 10.02 (11.30) 296.4 (295.4) 266.4 (278.9) 93.14 (86.31) 
I 

5 
T 0.642 (0.698) 10.50 
H 

(1048) 234.4 (281.9) 230.4 (265.8) 92.85 (84.59) 

6 
0 0.658 (0.683) 10.30 (9.66) 218.2 (266.4) 206.6 (252.6) 93.39 (82.88) .. 
" I 

H 
[ 

Control 
Ill 0.840 (0.859) 15.36 
I 

(16.18) 356.8 (364.05) 346.2 (354.1) 93.06 (92.83) 

1 
T 0.826 (0.866) 15.36 (15.97) 352.6 (359.2) 346.1 (348. 7) 92.50 (92.85) 
H 

2 0.968 (0.874) 16.58 (15.76) 354.0 (354.3) 348.6 (343.4) 92.98 (92.87) 

3 0.878 (0.881) 17.40 (15.54) 367.8 (349.4) 343.6 (338.1) 92.81 (92.88) 

4 
M 0.890 (0.889) 14.28 (15.33) 335.8 (344.5) 324.6 (332.7) 93.08 (92.90) 
E 

5 
T 0.911 (0.897) 13.50 (15.11) 314.2 (339.6) 304.0 (327.3) 92.95 (92.92) 
H 

6 
0 0.804 (0.904) 14.52 (14.90) 344.8 (334.8) 336.0 (322.0) 93.03 (92.94) p 

R 
[ 

" E 

CD5% OF 
Treatment 1 0.02 0.17 7.18 4.52 0.15 
Day 6 0.04 0.32 13.43 8.46 0.28 
Treat X Day 6 0.05 0.45 18.99 11.97 0.39 
Error 56 
Total 69 
Ftgures tn parenthests are predtcated value. 

Regression equation : Day of starvation (X) vs. J?.@_rametars (Y} 
Parameters Without methoprene With metho twene 

Eauation r Eouation r 
Pupal weight Female Y = 0.764- 0.0135X 0.53 Y = 0.859 + 0.007X 0.23 
Total ovariole length Y = 14.56- 0.816X -0.90 Y = 16.18- 0.21X -0.33 
No.of eggs in ovariole Y = 349.3 -13.47X -0.70 Y = 364.05- 4.87X 0.55 
Fecundity Y = 331.4 -13.13X -0.83 Y = 354.1 - 5.35X 0.73. 
Hatching percent y = 93.16- 1.7X -0.12 y = 92.83 + .02X 0.10 ' 
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pupal weights due to methoprene treatment(Table 44). 

Regression equation (Table 44) indicated a negative trend for both 

methoprene (1.351 - 0.0195X) and without methoprene treatments (Y = 

1.250- 0.0101X). Correlation between female pupal weights and days of 

starvation was non significant. 

4.4.2 Total Ovariole Length 

Nistari : The descending orders of ovariole length were 

control>starvation day 1 >2>3,4,5,6 in without methoprene and starvation 

day 3>2>control, 1>4,6>5 in methoprene treatments (Table 42).0variol 

length increased signficiantly due to methoprene treatments as compared 

with the untreated batches. 

Regression equation (Table 42) indicated a negative trend for both 

methoprene (Y = 16.18- 0.214X) and without methoprene (Y = 14.56-

0.8161 X) treatments. Negative but significant correlatioin was obtained 

between the ovariole lengths and days of starvation. 

KPG B : The descending orders of ovariole length were 

control>starvation day 1 >2>6, 7>3>4,5 in without methoprene and 

control>starvation day 1>5,6>2,7>3,4 in case of methoprene treatments 

(Table 43 ). Lengths of ovariole significantly increased and all the 

methoprene-treated batches in comparison with those of untreated ones. 

Regression equation (Table 43) showed a negative trend in both 

methoprene (Y = 18.97 - 0 .114X) and without methoprene (Y = 1 7. 89 -

0.629X) treatments. Significant negative correlations were obtained between 

the ovariole lengths and days of starvation. 



TABLE 43: REPRODUCTIVE PERFORMANCE BY KPGB DURING 
DRY PART OF SUMMER 

Day of ~~female t Total ovariole t Total eggs in I Feetl'1dlty tHitc:hlngof 
starvation wt. glpupa lenath c:mlmoth ov.-iole noJmonth (No.) fertilsed eaa• % 

Control 
w 0.825 (0. 763) 18.85 (17.89) 495.6 (471.98) 492.6 :466.18: 84.77 (84.78) 
I 

1 
T 0.768 (0.744) 17.98 
H 

(17.26) 476.4 (455.58) 475.4 :449.71: 84.68 (84.77) 

2 
0 0.691 (0.732) 17.57 (16.63) 465.4 (439.18) 458.0 :432.24: 84.94 (84.76) 
u 

3 T 0.677 (0.717) 13.99 (16.00) 369.2 (422.78) 349.8 ;416.77: 84.85 (84.75) 

4 
M 0.636 (0.702) 13.30 (15.37) 349.6 (406.38) 345.0 (400.3) 84.56 (84.75) 
I 

5 
T 0.673 (0.686) 13.40 (14.74) 352.8 (369.98) 350.6 :383.83: 84.59 (84.74) 
H 

6 
0 0.698 (0.671) 15.36 (14.11) 411.2 (373.58} 404.6 :367.36: 85.03 (84.73) 
p 

7 
1'1 0.704 (0.656) 15.05 (13.48) 396.2 (357.18) 392.2 :350.89: 84.61 (84.73) 
' H 
[ 

Control 
w 0.826 (0.772) 19.75 
I 

(18.97) 523.6 (500.88) 519.2 (493.0) 85.29 (85.19) 

1 
T 0.756 (0.756) 19.27 (18.85) 505.2 (500.53) 496.2 '489.59' 85.37 (85.09) 
H . . 

2 0.719 (0.740) 18.36 (18.74) 484.0 (500.18) 471.0 :488.18: 84.74 (85.00) 

3 0.671 (0.724) 17.52 (18.62) 463.0 (499.83) 457.6 :482.77. 84.63 (84.91) 

4 
M 0.652 (0.708) 17.43 (18.51) 456.6 (499.48) 453.2 :479.36: 85.07 (84.82) 
E 

5 
T 0.683 (0.692) 18.90 (18.40) 496.2 (499.13) 482.2 :475.95: 84.74 (84./3) 
H 

6 
0 0.713 (0.676) ·:.S.97 (18.28) 498.0 (498.78) 491.8 :472.54: 84.55 (84.64) p 

7 
fl 0.684 (0.660) 18.37 (18.17) 482.4 (498.43) 477.2 :469.13: 84.64 (84.55) 
E 

" [ 

CD5% OF 
Treatment 1 0.004 0.15 4.04 4.34 NS 

Day 7 0.008 0.29 8.08 8.68 NS 
Treat X Day 7 0.012 0.42 11.43 12.28 NS 
Error 64 
Total 79 
Ftgures tn parentheses are predrcted value 

Regression equation : Day of starvation (X) vs. parameters (Y) 
Parameters Without methoprene With metho !)rene 

Equation r Equation r 
Pupal weight Female Y = 0.763- 0.015X -0.62 Y = 0.772- 0.016X -0.69 
Total ovariole length Y = 17.89- 0.629X -0.69 Y = 18.97- 0.114X -0.75 
No.of eggs in ovarioles Y = 471.98 -16.40X -0.68 Y = 500.88- 0.35X -0.36 
Fecundity Y = 466.18 -16.47X -0.66 Y = 493.0- 3.41X -0.36 
Hatching percent Y = 84.78- 0.007X -0.05 Y- 85.19- 0.091X -0.15 



TABLE 44: REPRODUCTIVE PERFORMANCE BY KPGB X Ps DURING 
DRY PART OF SUMMER 

Day of 1: fern* 1=: ovariole t Total eggs in I Fecunclty I, Hatching of 
Stuvation .. wt. glpupa h em/moth ovMiole no./month fNo.) fertilised ... 'It 

Control 
w 1.387 (1.250) 25.27 (23.22) 740.7 (664.8) 681.0 :642.64: 85.10 (85.21) 
I 

1 
T 1.285 (1.239) 23.53 
H 

(22.96) 678.0 {655.9) 661.7 :636.47 84.12 {85.23) 

2 
0 1.174 (1.229) 22.25 (22.71) 629.0 (647.0) 620.2 (630.3} 85.30 (85.26) 
u 

3 ' 1.180 (1.219) 23.11 (22.46) 663.7 (638.08) 647.0 :624.13: 85.16 (85.29) 

4 
H 1.159 {1.209) 21.53 
E 

(22.20) 606.5 (629.16) 592.0 :611.00: 85.47 (85.32) 

5 
T 1.254 (1.199) 23.47 (21.95) 658.0 (620.24) 649.7 :611.79: 85.19 (85.35) 
M 

6 
0 1.264 (1.189) 23.34 (21.70) 666.5 (611.32} 647.5 :6o5.62: 85.32 (85.37) 
I' 

7 R 1.282 (1.179) 23.03 
[ 

(21.44) 649.5 (602.4) 634.2 :599.45: 85.17 (85.40) 

8 
H 1.174 (1.169) 21.21 
E 

(21.19) 610.5 (593.48) 594.7 593028 85.18 (85.43) 

Control 
w 1.486 (1.351) 26.00 (23.37) 751.7 (660.35) 712.2 :658.22: 85.10 (85.18) 
I 

1 T 1.441 (1.331) 24.88 
M 

(23.00) 721.5 (651 4) 703.5 :6so.s1: 85.22 (85.19) 

2 1.321 (1.312) 22.49 (22.63) 650.2 (642.4) 636.0 (643.0) 84.94 (85.20) 
3 1.260 (1.292) 22.00 (22.26) 633.7 (633.5) 621.0 :635.39: 85.20 (85.21) 

4 
H 1.288 (1.273) 22.40 
E 

(21.89) 649.7 (624.5) 632.7 (627.7) 85.43 (85.23) 

5 
T 1.299 (1.253) 22.51 (21.53) 654.0 (615.6) 640.0 :620.1 T 85.26 (85.24 
H 

6 0 1.296 (1.234) 22.36 (21.16) 652.5 (606.65) 638.7 :612.56: 85.22 (85.25) ... 

7 " 1.258 (1.214) 21.37 (20.79) 631.5 (597.7) 611.0 :604.95: 85.14 (85.27) 
E 

8 " 1.332 (1.195) 23.05 (20.42) 678.7 (588.75) 658.2 :597.34: 85.23 (85.28) 
E 

C05% DF 
Treatment 1 0.014 0.15 5.59 5.88 NS 
Day 8 0.019 0.19 7.46 7.85 NS 
Treat X Day 8 0.029 0.29 11.19 11.77 NS 
Error 54 
Total 71 

• Ftgures '" parenthests are predtcted value 

Regression eQuation : Da~ of starvation (X) vs. parameters (Y) 
Parameters Without rnethoorene With metho t»rene 

Eauation r Eauation r 
Pupal weight Female Y = 1.25 - 0.01 X -0.34 Y = 1.351 - 0.0195X -0.67 
Total ovariole length Y = 23.22 - 0.253X -0.55 Y = 23.37 - 0.368X -0.68 
No. of eggs in ovariole y = 664.84- 8.92X -0.60 Y = 660.35 - 8.95X -0.58 
Fecundity Y = 642.64- 6.17X -0.54 Y = 658.22- 7.61X -0.59 
Hatching percent Y = 85.21 + 0.028X 0.16 Y = 85.18 + 0.014X 0.13 
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KPG B x P 
5 

: The ovariole lengths were in the sequence of control> 

starvation day 1, 5 ,6>3, 7>2>4>8 in without methoprene and 

control>starvation day 1>8>2,4,5,6>3>7 in methoprene treatments (Table 

44 ). Ovariole lengths decreased even after methoprene treatment on the 

larvae starved on days 3, 5, 6 and 7 while the application of the JHa on 

days 1 ,2,4 and 8 increased the lengths significantly as compared with the 

untreated batches. 

Regression equation (Table 44) indicated a negative trend in both 

methoprene (Y = 23.37- 0.368X) and without meth0prene ( Y = 23.22-

0 .253X) treatments. A significant negative correlations were obtained 

between the ovariole lengths and days of starvation. 

4.4.3 Total Number of Eggs in Ovarioles 

Nistari: The total number of eggs recorded in ovarioles was in the 

descending order of control, starvation day 1 >3>2,4>5>6 in without 

methoprene and control, starvation days 2,3> 1 ,6>4>5 in methoprene treated 

batches (Table 42). Except for starvation day 1, methoprene treatment on 

the larvae of all other batches induced an increased number of total eggs 

as compared with the untreated sets. 

Regression equation (Table 42) indicated a negative trend in both 

methoprene ( Y = 364.05 - 4.87X) and without methoprene (Y = 349.31 -

13.4 7X) treatments. A negative but significant relation was observed 

between the days of starvation and the total number of eggs in ovariole. 

KPG B : The total number of eggs in ovariole were in the descending 

order of control> starvation day 1>2>6>7>3>4,5 in without methoprene 

and control>starvation day 1 >5,6>2, 7>3,4 in methoprene-treated batches 

(Table 43 ). Total number of eggs in ovarioles increased significantly in all 
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the treated batches as compared with the untreated ones. 

Regression equation (Table 43) indicated a negative trend in both 

untreated (Y = 500.88 - 0.35X) and in methoprene-treated (Y=471.98 -

16 .40X) batches. A significant negative relation was obtained between the 

total number of eggs in ovarioles and the days of starvation. 

KPG B x P 
5 

: The descending orders of the total number of eggs in ovarioles 

were control>starvation days 1>3,6>5>7>2>4,8 in without methoprene and 

control>starvation day I >8>2,4,5,6>3, 7 in methoprene treatments (Table 

44). Total number of eggs in ovarioles even after treatment with methoprene 

in starved batches of days 3,6 and 7 decreased whereas increase in number 

was obtained in the rest of the batches (except the starvation day 5 ). 

Regression equation (Table 44) expressed a negative trend in both 

methoprene (Y = 660.35- 8.95X) and without methoprene (Y = 664.84-

8. 92X) treatments. A significant negative relation was obtained between 

the total number of eggs in ovarioles and the days of starvation. 

4.4.4 Fecundity 

Nistari: The fecundity varied in the descending order of control>starvation 

days I ,3>2>4>5>6 in without methoprene and control, starvation days 

1 ,2,3>6>4>5 in methoprene-treated batches (Table 42). Treatments with 

methoprene in all the starved batches increased fecundity significantly. 

Regression equation (Table 42) indicated a negative trend for both 

methoprene (Y = 354.14- 5.35X) and without methoprene (Y = 33.147-

13 .13X) batches. A negative but significant correlation was obtained 

between fecundity and days of starvation. 
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KPGB : The fecundity was obtained m the descending order of 

control>starvation day 1>2>4>7>3,4,5 in without methoprene and control> 

starvation days 1 ,6>5>2, 7>3,4 in methoprene treated-batches (Table 43 ). 

Fecundity increased significantly by treatment with methoprene as compared 

with the untreated ones. 

Regression equation (Table 43) indicated a negative trend in both 

methoprene (Y = 493.0 - 3.41 X) and without methoprene (Y = 466.18 -

16.4 7X) batches. A negative but significant relation was observed between 

fecundity and days of starvation. 

KPG B x P 
5 

: The fecundity recorded was in the descending order of . 

control>starvation 1 >3 ,5 ,6>7>2>4,8 in without methoprene and 

control> 1 >8>2,4,5 ,6>3>7 in methoprene-treated batches (Table 44 ). 

Treatments with methoprene lowered significantly the fecundity in cases of 

starvation days 3, 5, 6, 7 and 8 while in rest of the days it was increased. 

Regression equation (Table 44) showed a negative trend in both 

methoprene ( Y = 642.64 - 6.17X) and without methoprene (Y = 658.22 -

7.61 X) batches. A negative but significant relation was noticed between 

the days of starvation and fecundity. 

4.4.5 Hatching percentage 

Nistari: The hatching performance was in the order of control, starvation 

days 1 ,2,4,6>3,5 in cases of without methoprene and control, starvation 

days 2,3,4,5,6>1 in methoprene-treated batches (Table 42). Except for the 

days 1 , 2 and 6 in rest of the days the hatching percentage did not differ 

significantly among each other. 
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Regression equation (Table 42) revealed a positive trend in batches 

treated with methoprene ( Y = 92.83 - .018X) and a negative trend in 

without methoprene batches ( Y = 93. 16 - 1 . 71 X) . A non-significant 

relation was observed between the hatching percentage and the days of 

starvation. 

KPG B : N on-singificant results were obtained among the batches 

irrespective of treatment with methoprene or not (Table 43 ). 

Regression equation (Table 43) revealed a negative trend in both 

methoprene (Y = 85.19 - 0 .09X) and without methoprene (Y = 84.78 -

0.007X) treatments. The relation between the parameters was independent. 

KPGB x P 
5

: Non significant results were obtained among batches either 

treated with methoprene and without treatment (Table - 44 ). 

Regression equation (Table 44) indicated a positive trend for both 

methoprene (Y = 85.18 + 0.0 14X) and without methoprene (Y = 

85.21 +0.028X) treatments. The hatching performance and the starvation 

days were independent of each other. 

4.5 Utilization of Leaf Nitrogen Due to Day-wise Starvation During 

Dry Part of Summer 

The amount of leaf nitrogen estimated during the season was 3.64%. 

The results regarding leaf nitrogen utilization are furnished in the tables 48, 

50 and 52. 



Day of 

Starvation 

Control 'Ill' 
I 

1 T 
H 

2 0 
u 

3 T 

4 M 
E: 

5 T 
H 

6 0 
p 

R 
£ 
l'i 
E 

Control 'Ill' 
I 

1 T 
H 

2 
3 

4 M 
E 

5 T 
H 

6 0 
p 

R 
E 
l'i 
£ 

C05% DF 
Treatment 1 
Day 6 
TreatXDa 6 
Error 28 
Total 41 

1271 

1211 

1141 
1178 
1145 

1181 

1152 

1732 

1781 
1802 
1733 
1766 

1733 

1629 

2.14 
4.01 
5.67 

TABLE 48 : U'IUJZATION OJ' NITROGEN IN FOODBYNIItm DlJIUNG 

DRYPARTOFSU~R 

excretion 

532 3.1 16 

44 500 4.56 23 

42 449 5.16 23 
43 447 4.85 22 
42 467 4.75 22 

43 569 4.04 23 

42 590 4.2 25 

...,. 
(() 
(I) 

63 668 3.81 25 

65 758 4.73 36 
66 780 5.13 40 
63 832 4.28 36 
64 691 4.72 33 

63 680 4.57 31 

59 727 3.5 25 

1.3 8.71 2.84 
1.48 9.88 3.22 
2.26 15.09 4.92 

Figures in parenthesis are predicated value. 

Digestibility 
% 

65.21 

711 21 47.72 

692 19 45.23 
701 21 48.83 
677 20 47.61 

611 20 46.51 

562 17 40.47 

1062 38 60.31 

1023 29 44.61 
1022 26 39.39 
901 27 42.85 

1075 31 48.43 

1041 32 50.79 

902 34 57.62 

2.46 0.64 1.22 
4.61 0.72 1.38 
6.52 1.1 2.12 



Day of 
Starvation 

Control 
Ill 
I 

1 T 
H 

2 
0 
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3 T 

4 11 
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T 
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6 
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1'1 
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Ill 
I 

1 
T 
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2 
3 

4 11 
E 

5 
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H 
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0 
p 

7 
A 
[ 

H 
E 

1

CD5% OF 
1Treatment 1 
Day 7 
TreatXDa 7 
Error 64 
Total 79 

TABLE SO: UTILIZATION OF NITROGEN JN FOOD BY KPGB DURING 
DRY PART OF SUMMER 

excretion 

3855 2201 2.45 54 

3015 110 1786 2.35 42 1229 

2654 97 1749 2.11 37 904 

2169 79 1386 1.73 24 783 
2017 73 1171 1.79 21 845 

2087 76 1334 1.79 24 752 

2659 97 1637 1.95 32 1023 

2644 96 1633 1.89 31 1010 

'¢ 
co 
M 

4688 171 2741 2.4 66 1947 

4264 155 2801 2.28 64 1463 

3885 141 2371 2.44 58 1514 
3564 130 2101 2.23 47 1463 
3564 130 2145 2.09 45 1418 

3724 135 2267 2.02 46 1469 

4118 149 2451 2.16 53 1732 

4028 146 2323 2.19 51 1704 

127 0.26 21.13 0.52 1.71 
225 0.46 37.36 0.92 3.03 
285 0.58 47.26 1.16 3.83 

Digestlbil ity 
o/o 

61.42 

68 61.81 

60 61.85 

55 69.62 

52 71.23 

52 68.42 

65 67.01 

65 67.70 

105 61.76 

91 58.69 

83 58.86 
83 63.84 

85 65.38 

89 65.92 

96 64.28 

95 65.06 

0.3 0.23 
0.53 0.34 
0.67 0.52 



TABLE 52 :UTILIZATION OF NITROGEN IN FOOD BY KPGB X Ps DURING 
DRY PART OF SUMMER 

Day of Ingestion (mg) Excretion mg) Digestion (mg) 
Starvation Food } Nz% I Nz ingested Total I ~% ~excreted Total Nz% 

consumed (mg) excretion (mg) digestion digested 

Control w 2853 104 1643 2.61 43 1185 61 I 
.4~ 

1 T 2837 103 1673 2.63 44 1163 59 H 

2 0 2944 107 1948 2.62 51 996 56 u 
3 T 2452 89 1569 2.16 34 883 55 

4 " 2&J7 84 1351 2.22 30 956 54 E 

5 
T 2290 83 1467 2.11 31 822 52 H 

6 
0 2584 94 1597 2.37 38 987 56 .. 

7 R 2615 95 1626 2.39 39 989 56 E 

8 " 2450 89 1451 2.34 34 998 55 £ 
~ 
(!) 

(") 

Control 
w 3294 119 1936 2.84 55 1369 64 I 

1 
T 3150 114 1844 2.87 53 1306 61 H 

2 2756 99 1696 2.53 43 1059 56 
3 2705 98 1681 2.55 43 1023 55 

4 " 2524 91 1552 2.19 34 971 57 E 

5 f 2649 96 1741 2.29 40 908 56 H 
0 2930 106 1722 2.84 48 1207 58 6 .. 

7 R 3021 110 1907 2.83 54 1113 56 E 

8 " 2993 ,, 108 1738 2.87 50 1255 58 E 

CDS% OF 
Treatment 1 7.62 0.37 284 0.35 8.32 5.31 
Day 8 10.16 0.49 379 0.46 11.11 7.08 
Treat X Da 8 15.25 0.74 567 0.69 16.65 10.63 
Error 54 
Total 71 

Digestibility 
% 
N, 

58.65 

57.28 

52.33 
61.79 
64.28 

62.65 

59.57 

58.94 

61.79 

53.78 

53.5 
56.56 
56.12 
62.63 

58.33 

54.71 
I 

50.9 

53.7 

1.87 
2.49 
3.74 
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4.5.1 Ingestion of Leaf Nitrogen 

Nistari : The amount of leaf nitrogen ingestion could be arranged in the 

descending order control>starvation days 1 ,3,5>2,4,6 in without JHa and 

days 1 ,2>control, 3,4,5>6 in methoprene-treated batches. Treatment with 

methoprene significantly increased the consumpti'on of leaf nitrogen in all 

the treatments. 

KPGB : The descending orders of consumption of leaf nitrogen were 

control>starvation day 1>2,6>7>3>5>4 in the untreated larvae - and 

control>starvation day 1 >6>7>2>5>3 ,4 in the JHa-treated batches. 

Treatment with methoprene significantly increased nitrogen consumption 

in all the batches. 

KPG B x P 
5 

: The descending orders of consumption were the starvation 

day 2>control> 1 >7>6>3,8>4,5 in untreated larvae- and control>starvation 

day 1>7>8>6>2>3>5>4 in methoprene-treated batches. Except for the day 

2 significant increase in nitrogen consumption was recorded when treated 

with methoprene. 

4.5.2 Excretion of Nitrogen 

Nistari : The descending orders of nitrogen excretion were fasting days 

1 ,2,3,4,5,6> control in untreated and day 2>1 ,3,4>5>control, 6 in 

methoprene-treated batches. There was significant increase in excretion of 

nitrogen in all the batches treated with methoprene. 

KPG B : The descending orders of nitrogen excretion were control> 

fasting day 1>2>6>7>3,5>4 in untreated larvae and control>starvation 

day 1 >2>6>7>3>5>4 in case of methoprene treatments. Excretion of 

nitrogen increased significantly when treated with methoprene. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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KPG B x P 
5 

: The amount of nitrogen excretion could be arranged in the 

order of day 2> 1 >control>7>6>3,8>5>4 in untreated and control> day 

7> 1 >8>6>2,3>5>4 in the methoprene treated larvae. Except for the day 2 

nitrogen excretion increased in all the batches treated with methoprene. 

4.5.3 Digestion of Leaf Nitrogen 

Nistari : The descending orders of nitrogen digestion were 

control>starvation day 1>4,5>2>6 in case of untreated larvae and control 

>starvation day 6>5>4> 1 >3>2 in methoprene treated batches. There was 

significant increase in the nitrogen digestion in all the larval batches following 

treatment with methoprene. 

KPGB : The orders of nitrogen digestion recorded were control 

>starvation day 1 >6, 7>3>4,5 in case of untreated larvae and control 

>starvation day 6>7>1>5>4>2,3 in methoprene treated larvae. The quantity 

of nitrogen digestion increased significantly in all the batches due to 

methoprene treatment. 

KPG B X P 5 : Descending orders of nitrogen digestion in this bivoltine 

hybrid were control, starvation days 1 ,2,3,46,7 ,8>5 in JHa-free and control 

starvation days 1 ,4,6,8>2,3,5, 7 in methoprene-treated larvae. Regarding 

the quantity of nitrogen digestion a non-significant result was obtained 

between the treated and untreated batches. 

4.5.4 Digestibility ( 0/o) of Leaf Nitrogen 

Nistari : The better digestibility percent of nitrogen was observed in the 

sequence control >starvation day 3> 1 ,4>2,5>6 in untreated larvae and 
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control >starvation days 6>5>4>1>3>2 in methoprene-treated larvae. The 

digestibility percent of nitrogen was significantly lower in all the JHa-treated 

larvae except on day 4 where the result was non significant. 

KPGB : The higher digestibility(%) was in the orders of starvation day 

4>3>5>6, 7>control, 1,2 in methopreneless larvae and day 

5>4>7>6>3>control> 1,2 in methoprene-treated batches. Significant 

decrease in digestibility(0/o) was recorded in the methoprene-treated larvae 

starved on all the days, but not in control larvae. 

KPG B x P 
5 

: The digestibility(%) was in the following descending 

orders of starvation days 3,4,5,8>control, 1 ,6,7>2 in untreated larvae and 

the day 4>2,3,5>control, 1,6,8>7 in methoprene-treated batches. 

Digestability(%) decreased significantly in the methoprene treated larvae 

except for the day 2 where it was improved. 

4.5.5 Accumulation of Nitrogen (in mg) in Larval Body 

Nistari : The higher amount of nitrogen in larval body was in the order of 

control> 1,3 ,4,5>2,6 in methoprene-free larvae and control> day 

6>4,5> 1 ,3>2 in methoprene-treated batches. In comparison to the untreated 

larvae there was a significantly higher accumulation of nitrogen in body of 

JHa-treated larvae. Nitrogen percent in larval body was found to be the 

highest in contro1larvae ofboth the sets. However, larval nitrogen percent 

was the same for the larvae of starvation days 1 and 3; 4 and 5 of the 

untreated batches. In rest of the treatments the percentage differed 

significantly. (Table 49) 

KPGB : The descending orders of nitrogen accumulation in larval body 

were control>day 1>6,7>2>5>3,4 in untreated larvae and control>day 
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1 >6, 7>5>2,3,4 in methoprene-treated batches. Treatment with methoprene 

significantly increased the amount of nitrogen in all the treatments. Except 

for the control, these was a significant increase in nitrogen percentage in 

larval body following methoprene application.(Table 51) 

KPG B x P : The recorded data on nitrogen accumulation in larval body 
5 

can be arranged in the sequence of control>day 1 > 2,6, 7>3,4,8> 5 in 

JHa-free larvae and control> day 1 > 8>2,4,5,6>3, 7 in methoprene-treated 

larvae. Treatment with methoprene significantly increased the nitrogen 

content in larval body of control batch and starvation on day 1 ,4,5 and 8 

only. 

4.5.6 Sharing of Larval Body Nitrogen by the Male Cocoon-shell 

Nistari: The share of nitrogen from larval body to male cocoon shell 

was in the order of control>day 1 ,3,4>2>5,6 in untreated and control 

>days 2,4,5> 1 ,6>3 in methoprene-treated batches. The flow increased 

due to treatment with methoprene. Nitrogen percent in cocoon shell also 

increased in methoprene-treated batches.(Table 49) 

KPGB : The descending orders were control>day6>5, 7> I ,2,4>3 in JHa

free and control>day 1 >5 ,6>2, 7>3, 4 in methoprene-treated batches. 

Significant increase in flow of nitrogen from larval body and nitrogen percent 

in cocoon shell were recorded in all the batches treated with methoprene. 

(Table 51) 

KPG B x P 5 : The observed descending sequence s of flow of larval 

body nitrogen to a male cocoon shell were control, days 1 >2>7 ,8>3,6>4,5 

in untreated and control >day 1 >5>4,6,8>2, 7>8 in JHa-treated batches. 

Methoprene significantly increased the share of nitrogen in all the starved 



Day of 

Starvation 

Control 

1 

2 
3 

4 

5 

6 

Control 

1 
2 
3 

4 

5 

6 

C05% 

Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 49: NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN Nistarl 
DURING DRY PART OF SUMMER 

Larval body Cocoon shell Male Cocoon shell female Female cupa 
Nz% I (:) ~% 

1 
Nz ~% I (:} N:z% I ,:a, Jlllg) 

\\I 9.71 30 13.14 11 12.98 12 7.09 11 I 
T 7.79 18 9.19 8 9.04 9 4.24 6 H 

0 7.14 15 8.32 7 7.35 7 3.85 5 u 
T 7.79 18 10.19 8 10.08 9 4.33 6 
M 7.47 17 9.76 8 9.65 8 3.86 6 E 
T 7.46 17 9.74 6 9.68 7 3.98 5 H 

0 6.61 13 8.45 6 8.32 6 3.10 4 .. 
R 
E 

"' E 

\\I 11.29 37 15.64 17 15.44 20 6.97 13 I 

T 9.38 23 12.75 12 12.54 13 4.70 8 H 

8.43 19 11.38 13 11.24 14 3.65 5 
8.94 21 11.82 11 11.56 13 3.96 8 

M 9.75 25 13.91 13 12.91 14 4.70 9 E 
T 9.91 27 13.25 13 12.94 15 5.09 10 H 

0 10.97 33 14.52 12 14.21 14 6.51 11 .. 
A 
E 

"' E 

OF 
1 0.13 1.82 0.18 0.77 0.17 0.59 0.59 0.63 
6 0.14 2.06 0.21 0.88 0.19 0.67 0.67 0.72 
6 0.2 3.15 0.32 1.34 0.3 1.03 1.03 1.09 
28 
41 

I 

-- ----- ---- ---·------~~ 



Day of 
starvation 

Control 

1 

2 
3 

4 

5 

6 

7 

Control 

1 
2 
3 

4 

5 

6 

7 

CD5% 

Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 51 :NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN KPGB 
DURING DRY PART OF SUMMER 

Larval body Cocoon shell Male cocoon shell female Female pupa 
N:.!% I (:) Nz% I Hz Nz% I ~) Nz% I (:} (mg) 

"' 9.46 78 14.78 35 14.21 34 7.66 22 I 

T 9.37 60 14.36 30 13.86 31 7.78 21 H 

0 9.47 52 14.41 30 13.92 29 8.28 20 u 
T 8.69 46 9.37 19 12.34 25 7.92 19 
11 8.74 46 14.9 30 9.59 20 8.53 19 [ 

T 8.88 48 15.26 33 11.6 25 8.30 20 H 

0 9.05 55 15.32 34 13.48 31 8.52 21 p 

R 8.90 55 15.16 33 12.91 30 8.55 21 [ 

H 
[ 

"' 9.88 91 15.72 40 15.15 39 7.66 22 I 

T 11.21 82 15.26 37 15.15 37 7.67 20 H 

11.11 69 15.20 34 13.17 31 7.92 20 
11.16 68 14.39 32 13.60 31 8.86 21 

11 11.36 69 14.06 32 13.95 32 8.42 19 E 

T 10.82 70 15.79 35 12.99 30 8.29 20 H 

0 11.72 80 15.48 35 15.21 35 8.45 21 p 

R 12.48 81 15.66 34 15.31 34 8.62 21 [ 

H 
[ 

OF 
1 0.66 0.59 0.11 0.32 0.09 0.27 0.36 1.33 
7 1.16 1.03 0.19 0.56 0.15 0.48 0.63 2.36 
7 1.47 1.31 0.24 0.71 0.20 0.61 0.79 2.98 

64 
79 



Day of 
Starvation 

Control 

1 

2 
3 

4 

5 

6 

7 

8 

Control 

1 
2 
3 

4 

5 

6 

7 

8 

CDS% 

Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 53: NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN KPGB X PS 
DURING DRY PART OF SUMMER 

Larval bodY Cocoon shell Male Cocoon shell female Female pupa 
Nz% I (:) ~"'o I Nz ~% I (~) Nz% I (!, (mg) 

w 8.75 56 13.01 32 12.96 31 5.27 21 
I 

T 8.43 52 12.97 32 12.68 29 5.16 20 H 
0 8.12 48 12.79 30 12.43 28 4.96 18 u 

' 7.96 46 12.00 28 11.82 25 4.6 16 
H 7.81 45 12.01 27 11.87 26 4.53 15 
' ' 7.81 44 11.96 27 11.24 24 4.55 16 
H 
0 7.96 47 12.01 28 11.59 25 4.49 15 .. 
R 7.96 47 12.43 29 12.10 27 4.51 15 
E 

" 7.96 46 12.30 29 12.24 28 4.59 16 
E 

w 9.21 62 14.01 37 13.88 35 5.28 22 
I 

T 8.75 56 13.96 36 13.54 34 5.1 21 H 

7.96 47 12.96 30 12.33 28 4.63 17 
7.96 46 12.66 29 12.05 27 4.51 16 

H 8.12 48 12.86 31 12.27 28 4.63 17 
E 

' 8.12 48 13.08 32 12.28 28 4.71 17 
H 
0 8.12 48 12.81 31 12.37 28 4.65 17 p 

R 7.96 46 12.99 30 12.02 26 4.52 16 
E 

" 8.28 51 12.40 31 12.06 28 4.78 18 E 

OF 
1 0.09 1.22 0.13 0.58 0.14 0.64 0.04 0.56 
8 0.12 1.62 0.17 0.77 0.19 0.85 0.05 0.75 
8 0.18 2.44 0.25 1.16 0.29 1.28 0.08 1.12 
54 
71 

------------------------------ -·- ---------·-------~----- -----
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batches except the day 2. Methoprene treatment significantly increased 

nitrogen percent in all the batches except day 8.(Table 53) 

4.5. 7 Sharing of Larval Body Nitrogen by the Female Cocoon shell 

t 

Nistari : The descending order of larval nitrogen sharing towards female 

cocoon shell were control>days 1 ,>4>2,5>6 in untreated and control>day 

5>2,4>6> 1,3 in methoprene treated batches. (Table 49) 

KPG B : The orders of larval nitrogen distribution to female cocoon 

shell were control>days 1 ,6>7>2>3,5>4 in JHa-free and control>day 

1>6>7>4>2,3>5 in treated batches. Except for the day 2 there was 

significant increase in nitrogen percent in cocoon shell due to methoprene 

application.(Table 51) 

KPG B x P 
5 

: The nitrogen content distribution was in the order of 

control>day 1 >2,8>7>4>3 ,6>5 in JHa-less and control>day 

1 >2,4,5,>6,8>3>7 in JHa-treated individuals. Except for the days 2, 7 and · 

8th flow of nitrogen increased in all the batches treated with methoprene. 

Nitrogen percentage was highest in the female cocoon shell of control 

batches. Treatment with methoprene significantly increased the nitrogen 

percentage in all the batches except in cases of starvation on 2,7 and 8. 

(Table 53) 

4.5.8 Sharing of Larval Nitrogen for Female Pupa 

Nistari - From the larval body to pupa the higher nitrogen content was 

distributed in the order of control>days 1 ,3,4>2,5>6 in JHa-free and 

control>day 6>5>4>1 ,3>2 in methoprene-treated individuals. Treatment 

with methoprene significantly increased the nitrogen flow in all the batches 

except the batch starved on day 2.(Table 49) 
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KPGB : The sequence of nitrogen flow from larval body was control,days 

1 ,2,5 ,6, 7>3,4 in untreated and control, days 1 ,2,3,4,5,6, 7 in methoprene

treated batches. Treatment with methoprene did not indicate any significant 

increase in the flow except for the day 3. Better nitrogen percentage was 

observed on days 2,4,5,6, 7 in without methoprene and day 3 ,4,5,6 and 7 

in cases of methoprene treatment.(Table 51) 

KPG B x P 
5 

: The descending orders of flow of nitrogen in pupa were 

control>days 1>2>3,5,8>4,6,7 in without methoprene and control>day 

1 >8>2,4,5,6>3, 7 in methoprene treated batches. Methoprene action 

effectively increased the flow of nitrogen in all the treatments except for 

the days 2 and 3. Nitrogen content of the female pupae of this hybrid was 

lower than that of pure KPGB.(Table 53) 

4.6. Consumption and Utilization of Food by 5th Instar Larvae 

During Wet Part of Summer 

4.6.1 Daily Consumption and Utilization 

4.6.1.1 Without Treatment with Methoprene (fig. 2) 

Nistari! The duration of fifth instar larval life of the Nistari race was 6 

days. The total consumption of leaf was 1935 mg, highest being on the 

day 5, a day before spinning. Total assimilation was 1122 mg highest being 

on the day 5 (Table 13 ). 

KPG B : The total amount of consumption of food was 3228 mg (Table 

13). Total larval duration was 9 days. Highest consumption was on the day 

8. Total assimilation was 1662 mg, highest being on the day 8. 
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TABLE 13: DAILY C(IUUMPTJON AND ASSIMILATION 01' DRY MATUR OJ' J'OOD (Ill) 
BY THE FIFTH INSTAR LARVAE DlJIUNG WET PART OF SUMMER 

Mltlrl 
I WlaloUt ~cun I With ~m 

Dav I r(ma) Asshnllltlon CMat I Consu liRNi\ Astllndlltlan IIIMil 
1 171 111 171 111 
2 204 116 205 115 
3 359 180 218 87 
4 404 218 267 113 
5 587 379 285 132 
8 210 118 290 172 
7 295 196 
8 329 225 
9 135 39 

Total 1935 1122 2195 1190 

KPGB 
1 155 92 155 G2 
2 290 132 290 132 
3 339 155 408 159 
4 371 187 484 180 
5 405 179 545 237 
6 441 232 847 262 
7 545 318 685 289 
8 588 334 718 389 
9 114 53 735 G 
10 209 94 

Total 3228 1662 4878 2253 

KPOBXI; 
1 193 81 193 81 
2 218 99 218 gg 
3 285 102 258 95 
4 285 105 278 104 
5 464 239 532 269 
8 517 285 575 308 
7 851 381 760 387 
8 456 285 930 562 
9 419 194 

Total 3049 1577 4182 2089 
liT Untreated - T-Trwated 



71 

KPG B x P 
5 

: Total consumption of food in this bivoltine hybrid was 

3049 mg (Table 13). Total larval duration was 8 days. Highest consumptioin 

was on the day 7. Total assimilation was 1577 mg, highest being on the day 

7. 

4.6.1.2 With Methoprene Treatment (fig.2) 

Nistari- Total food consumption was 2195 mg(Table 13 ). Larval duration 

was prolonged upto 9 days. Consumption rate decreased immediately after 

methoprene application, the rate increased at later part oflarvallife. Highest 

consumption was on the day 8, a day before spinning. Total assimilation 

was was 1190 mg. The assimilation rate was decreased on day 3. Daywise 

assimilation rate was found to be lower than the untreated batches. 

KPG B : Total food consumption was 4876 mg (Table 13 ). Larval duration 

was extended upto 1 0 day and the highest consumption was on the day 9. 

Total assimilation was 2253 mg of leaf, highest being on the day 9. 

KPG B x P 5 : Total consumption was 4162 mg (Table 13 ). Total larval 

duration was 9 days, one day more than the untreated larvae. Total 

assimilation was 2089 mg, highest being on the day 8. A slight decrease in 

the daily assimilation rate was observed on day 3 after treatment with 

methoprene. 

4.6.2 Consumption of Food Due to Starvation on different Single 

day 

Nistari : The quantitative consumption of mulberry leaves by untreated 

and JHa-treated larvae could be arranged in the descending order of 

control, day 1 >5>2,3,4,6 and in the order 2> l>control,3,4,5>6 respectively 



Day of 
Starvation 

Control 

1 
2 

3 

4 

5 
6 

Control 

1 
2 

3 
4 

5 
6 

C054Mt 
Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 14: J'OOD CONSUMPTION AND ASSIMJLAflON BY 
NISTARI DURING WET PART or SUMMER. 

consumption Assimilation Absolute Consumption 
CamJ Cam) R* .......... 

w 1.935 (1.894) 1.122 (1.121) 0.351 (0.338) 
I 

T 
H 
0 1.915 (1.869) 1.081 (1.086) 0.348 (0.331) u 

' 1.746 (1.844) 1.024 (1.051) 0.290 (0.325) 

" 1. 790 (1.890) 1.008 (1.011) 0.298 (0.319) 
' ' 1.758 (1.794) 1.032 (0.982) 0.319 (0.312) H 
0 1.839 (1.770} 1.006 (0.947) 0.333 (0.306) p 

" 1.752 (1.745) 0.844 (0.912) 0.291 (0.299) I 

" I 

w 2.195 (2.310) 1.190 (1.254) 0.258 (0.274) I 

' H 

2.285 (2.281) 1.362 (1.242) 0.268 (0.2731) 
2.421 (2.252) 1.310 (1.231) 0.302 (0.2735) 

" 2.186 (2.223) 1.221 (1.219) 0.272 (0.2733) E 

T 2.219 (2.194) 1.251 (1.201) 0.276 (0.2731) H 
0 2.228 (2.165) 1.243 (1.195) 0.278 (0.2729) p 

" 2.028 (2.136) 1.068 (1.183) 0.253 (0.2727) I 

" I 

OF 
1 0.023 0.042 0.003 
6 0.044 0.076 0.006 
6 0.082 0.107 0.009 
26 
41 . . 

Fegures 1n parenthesis are predicated value . 

ReaAISSJon eauatlon : Day of starvation (X) vs. D81'8mefei'S M 
Parameters Without ....... 1 Witlt ·--Eauation I r I Equation I 
Consumption Y = 1.894 • 0.0246 X -0.62 Y=2.31 • 0.029 X 
Assimilation Y= 1.121-0.0349X -0.73 Y=1.254 • 0.0119 X 
ACR Y = 0.338 • 0.0064 X -0.52 Y=0.027 4 • 0.0002 X 
AGR Y=0.04- 0.0014 X -0.54 Y=0.029 + 0.0002 X 
A C R • Absolute consumption A G R - Absolute growth rate 

Abtloluta Growth 
Ratll. .... .... 

0.044 (0.040) 

0.043 (0.039) 
0.028 (0.037) 

0.034 (0.036) 

0.086 (0.034} 

0.035 (0.033) 

0.033 (0.032) 

0.030 (0.029) 

0.028 (0.0292) 
0.030 (0.0294) 

0.032 (0.0296) 

0.028 (0.0298) 

0.030 ( 0.030) 

0.031 (0.0302) 

0.0008 
0.001 
0.002 

r 
-0.51 
-0.21 
-0.03 
0.29 



TABLE 15: COMPENSATION IN CONSUMPTION AlTER RESUMPTION OJ' 
FEEDING BYNWarl T PART OF SUMMER 

Day of Actual amount Total Compentation of food Latval duration 
Starvation ofd on consum consum in 5th lnslar da 

Control 
w NIL 1.935 NIL 5.5 I 
r 

" 
1 

0 0.171 1.915 0.151 5.5 u 
2 T 0.204 1.746 0.015 8.0 

3 
M 0.359 1.790 0.214 8.0 l 

4 
l 0.404 1.758 0.227 5.5 " 5 0 0.587 1.839 0.491 5.5 ,. 

6 " 0.210 1.752 0.027 6.0 E 

" £ 

Control w NIL 2.195 NIL 8.5 I 
T 
M 

1 0.171 2.285 0.281 8.5 

2 
M 

0.205 2.421 0.431 8.0 I 

3 ' 0.218 2.186 0.209 8.0 " 4 0 0.267 2.219 0.291 8.0 ,. 
5 " 0.285 2.228 0.381 8.0 I 

6 " 0.290 2.028 0.123 8.0 

TABLE l': COMPENSATION IN ASSIMILATION AFTER RESUMmON OF 
FEEDING BY N ...... (WI:T PART OF SUMMER) 

Day of Actull amcut of Total ~il 
Starvation aslimlltion (am) altimilation <am) ... llatlon (am) 

Control w NIL 1.122 NIL I 
r 

" 1 0 0.111 1.081 + 0.070 u 

2 T 0.116 1.024 + 0.018 
3 " 0.18 1.008 +0.086 I 

4 T 
0.218 1.032 + 0.128 " 5 0 0.379 1.006 +0.263 ,. 

6 " 0.118 0.844 NIL I 

" r 

Control 
w 

NIL 1.19 I NIL 
' " 1 0.111 1.362 +0.283 

2 " 0.115 1.31 +0.235 I 

3 T 
0.087 1.221 " + 0.118 

4 • 0.113 1.251 .. +0.174 
5 • I 0.132 1.243 + 0.185 
6 " 0.172 1.066 +0.048 • 
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(Table 14 ). Treatment with methoprene significantly increased the 

consumption of food in all the cases. 

Regression equation (Table 14) for consumption (Y) against day of 

starvation (X) indicated a negative trend in both JHa-treated ( Y = 2.31-

0.029X) and untreated (Y=1.894-0.0246X) larvae. Value of r provided a 

significant negative correlation between the two characters. The degree of 

compensation of consumption loss due to starvation (Table 15) after 

restoration of feeding was in the sequence of day 5>4>3> 1 >6>2 in untreated 

and of day 2>5>4> 1 >3>6 in methoprene-treated batches. 

KPG B : The differential consumption of food coul-:! be arranged in the 

order of control>day 1 >7>3>2>6,8,5>4 in JHa-free larvae and control>day 

1>2,3>5>7>6>4>8 in methoprene-treated batches (Table 17). Treatment 

with methoprene significantly increased food consumption in this bivoltine 

race. 

Regression equation (Table 17) for consumption (Y) against day of 

starvation (X) expressed a negative trend in both methoprene treated (Y = . 

4.475-0.0347X) and untreated (Y=2.974-0.0226X) batches. Values of r 

represented a significant but negative correlation. Compensation of the 

losses in consumption due to starvation (Table 18) after restoration of 

feeding was higher on day 7>8> 1 in methopreneless larvae. Rest of the 

untreated and methoprene-treated batches could not compensate for the 

losses in consumption after restoration of food. 

KPG B x P 5 : The better consumption of food was in the sequence of 

control>day 5>2>3> 1 >4>6, 7>8 in methoprene less, and control>day 

8>7>5>3>2>6>4> 1 in the methoprene-treated batches (Table 20). Treatment 

with methoprene significantly increased the amount of consumption in all 

the cases. 



TABLE 17: FOOD CONSUMPTION AND ASSIMILATION BY 
KPGB DURING WET PART or StJMMD. 

Day of Consumption Assimilation Absolute Consumption AbsoiUIII Grat.lth . 
SCaMition (am) (gm} Rate Camldavl Rate 

Control 
w 3.233 (2.974) 1.661 (1.491) 0.358 {0.302) 0.092 (0.058) 
I 
T 
M 

1 
0 3.118 (2.951) 1.613 (1.496) 0.311 (0.300) 0.073(0.0578) u 

2 T 2.807 (2.929) 1.311 (1.496) 0.280 (0.298) 0.063 (0.0572) 

3 H 2.886 (2.906) 1.408 (1.4955) 0.288 (0.291) 0.056 (0.0586) I 

4 T 2.683 (2.884) 1.440 (1.495} 0.267 (0.295) 0.052 (0.068) M 

5 
0 2.744 (2.861) 1.375 (1.4945) 0.274 (0.293) 0.057 (0.056) .. 

6 " 2.759 (2.838) 1.447 (1.494) 0.275 (0.291) 0.050 (0.0548) It 

1 " 2.966 (2.816) 1.656 (1.4935) 0.269 (0.290) 0.068 (0.0642) I 

8 2.757 (2. 793) 1.548 (1.493) 0.306 (0.288) 0.070 {0.053) 

Control w 4.864 (4.475) 2.251 (2.231) 0.486 (0.418) 0.083 (0.088) I 

T 

" 1 4.662 (4.441) 2.370 (2.222) 0.422 {0.414) 0.057 (0.087) 

2 4.388 (4.405) 2.065 (2.201) 0.398 (0.411) 0.049 (0.0883) 

3 H 4.384 (4.371) 2.069 (2.192) 0.396 (0.408) O.(Me (0.085) I 

4 ' 4.249 (4.335) 2.09 (2.178) 0.404 (0.404) 0.044 {0.0848) 
" 

5 0 4.315 (4.301) 2.113 (2.163) 0.391 (0.401) 0.048 {0.084) .. 
6 " 4.015 (4.266) 1.968 (2.148) 0.366 (0.398) 0.047 (0.083) I 

7 " 4.179 (4.231) 2.326 (2.134} 0.379 (0.394} 0.088 (0.082) I 

8 3.971 C4.1Q6\ 2.157 (2.119) 0.396 (0.391) o.082 ro.oe181 
CD SCJ6 OF 
Treatment 1 0.014 0.008 0.0007 0.0015 
Day 8 0.023 0.014 0.0012 0.0025 
!TreatXDay 8 0.031 0.019 0.0016 0.0034 
Error 72 
!Total 89 
F.gures 1n parenthesis are predicated value. 

R : Day of starvaUon fXl vs. D&ra...-... (Yl 
Parameters Without e I With ..... 

EQuation I r I EQuation I r 
Consumption Y = 2.97 4 - 0.0226 X -0.92 Y = 4.475 • 0.0347 X -0.92 
Assimilation Y = 1.497- 0.0005 X -0.03 Y = 2.237 • 0.0146 X -0.38 
ACR Y = 0.302 - 0.0016 X -0.45 Y = 0.418- 0.0033 X -0.74 
AGR Y = 0.058 - 0.0006 X -0.31 Y = 0.068 • 0.0007 X -0.43 
A C R - Absolute consumption A G R - Absolute growth rate 



TABLE tl: COMPENSATION IN FOOD CONSUMPTION An'ER RESUMPTION OF 
FEEDING BY KPGB (WET PART OF SUMMER} 

Day of Actual amount Total Compentation C'l food laMal duration 
Starvation 

of ... __ ..;._,.-n consumDlion consumption Cam\ in 5th instar (days) 

Control w NIL 3.233 NIL 9.00 I 

1 ' 0.155 3.118 0.040 10.0 
" 2 
0 0.290 2.807 ..0.136 10.0 u 

3 ' 0.399 2.886 ..0.008 10.0 

4 " 0.371 2.883 ..0.179 10.0 E 

5 ' 0.405 2.7-44 ..0.084 10.0 K 

6 
0 0.441 2.759 ..0.033 10.0 I' 

7 R 0.545 2.986 0.278 10.0 I 

8 " 0.568 2.757 0.092 9.00 I 

Control w NIL 4.864 NIL 10.0 t 

1 ' 0.155 4.662 ..0.050 11.0 K 

2 0.290 4.388 ..0.189 11.0 
3 0.408 4.384 .0.075 11.0 

4 " 0.484 4.249 ..0.134 10.5 I 

5 T 0.545 4.315 .0.007 11.0 H 

6 0 0.647 4.015 ..0.205 11.0 , 
7 R 0.685 4.179 -0.003 11.0 I 

8 H 0.718 3.971 • 0.178 10.0 I 

TABL:Ilt: COMPENSATION IN ASSIMILATION AFTER RUlJMPI'ION OF REDING 
BY XPGB (WET PART OF SUMMER) 

Day of Actual amount of Total Compensation in 
Starvation assimilation depriYed laml assimilation lam) assimilation Caml 

Control 
w NU 1.661 Nil I 

1 l 
0.092 1.613 +0.044 H 

2 0 
0.132 1.311 • 0.218 u 

3 l 0.156 1.408 -0.098 
4 " 0.167 1.440 -0.054 I 

5 f 0.179 1.375 • 0.107 H 

6 0 0.232 1.447 + 0.018 , 
7 

.. 
0.318 1.656 + 0.313 I 

8 " 0.334 1.548 + 0.221 I 

Control w Nil 2.251 NW I 

1 T 
0.092 2.370 + 0.211 K 

2 0.132 2.065 -0.054 
3 0.159 2.069 • 0.023 
4 " 0.160 2.090 . 0.001 E 

5 ' 0.237 2.113 +O.Qgg H 

6 0 
0.262 1.968 .. + 0.021 

7 " 0.289 2.326 I +0.364 
8 " 0.389 2.157 +0.295 r. 

(+) Ga1n over actual depnvation (-) Loss from actual deprivation 
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Regression equations (Table 20) for consumption ( Y) against day 

of starvation (X) indicated a negative trend in without methoprene (Y=2 .781-

0.069X) and a positive trend in methoprene-treated (Y=3.714 + 0.025X) 

batches. Values of r proved a significant with negative correlation only in 

untreated cases. Compnesation of loss of consumption (Table 21) after 

restoration of normal feeding showed a very marginal recovery for day 5 

starvation in JHa-free larvae and in the descending orders for day 8>7>5>6 

starvation in methoprene-treated starved larvae. In the remaining there was 

no recovery of consumption losses. 

4.6.3 Assimilation of Food Due to Day-wise Starvation 

Nistari - The differential ability of food assimilation could be arranged 

in the orders of control, day 1 >2,3,4,5>6 in without methoprene and days 

1 ,2>3,4,5>control>6 in methoprene treatments. Assimilation was increased 

significantly after the application of methoprene (Table 14 ). 

Regression equations (Table 14) showed a negative trend against 

day of starvation (X) with assimilation (Y) in both methoprene-treated 

(Y= 1 .254-0.0 119X) and untreated (Y= 1.121 - 0. 0349X) larvae. Values of 

'r' was significant but had negative correlation only in untreated 

batches. Compensation of assimilation loss (Table 16) was in the order of 

day 5>4> 1 >3>2>6 in without methoprene and da; 1 >2>5>4>3>6 in 

methoprene treated larvae. 

KPG B : The assimilation differed in the order of control>day 

7,1>8,6>4,3,5,2 in without methoprene and 1,7>control,8>5,2,3,4>6 in 

cases of methoprene treatments (Table 17). There was significant mcrease 

in assimilation following JHa application. 



Day of 
Starvation 

Controt 
1 

2 
3 

.4 

5 

6 

7 

8 

Control 
1 
2 
3 

4 

5 

6 
7 

8 

cos.. 
Treatment 

Day 
Treat X Day 

Error 
Total 

TABLE 20: J'OOD CONS1JMPTION AND ASSIMILATION BY 
KPGB X PS DURING WET PART OF SIJMMER. 

COnsumptiOn Assimilation AbsOlute COnsumption 
Cam) {gm} Rate lamldavl 

w 3.049 ( 2. 781 } 1.575 (1.347 ) 0.338 (0.289 ) I 

' 2.432 ( 2.712) 1.108 (1.301 ) 0.243 (0.280) H 
0 2.5n (2.643 > 1.217 (1.254) 0.256 {0.271 ) u 
f 2.535 (2.57.4} 1.211 (1.207 ) 0.253 (0.282 ) 

" 2.461 (2.505) 1.00.4 (1.160) 0.241 (0.253) l 
T 2.630 ( 2 . .436) 1.067 (1.114) 0.262 (0.244) H 
0 2.32.4 ( 2.367 ) 1.107 (1.067) 0.232 {0.238) ,. 
" 2.325 (2.298 ) 1.067 (1.cr.21) 0.232 C(>.Z27 ) 1: 

" 2.244 (2.229 ) 0.996 (0.973 ) 0.224 (0.218} I 

w 
4.158 ( 3.714) 2.088 (1.828} 0.384 (0.326 ) I 

t 3.548 (3. 739 ) 1.828 (1.859) 0.322 (0.3272) H 

3.617 ( 3.764) 1.817 (1.857) 0.300 (0.3278) 
3. 762 (3. 789) 1.8n (1.855 > 0.313 (0.328) 

" 3.559 (3.814) 1.826 (1.853} 0.296 (0.3284) I 

' 3.908 (3.839) 1.652 (1.851 ) 0.325 (0.3288) " 0 
3.599 (3.864) 1.707 (1.849) 0.299 (0.329) , 

" 4.073 (3.889 ) 1.997 (1.647 ) 0.339 (0.3298) I 
ll 4.115 ( 3.914) 2.040 (1.845) 0.375 (0.330) I 

OF 
1 0.007 0.008 0.002 
8 0.010 0.011 0.003 
8 0.015 0.016 0.004 
54 
71 

FtgUres In parenthests are predicated vaJue. 

COnsumption 
Assimilation 
ACR 

r 
..0.78 
-0.75 
-0.70 
..0.76 

Absolute GI'O\Nth 
Rate lamldavl 
0.075 (0.071 ) 

0.0$4 (0.068 ) 

0.055 (0.085) 
0.082 (0.062 ) 

0.068 (0.059) 

0.060 (0.056) 

0.057 (0.053 ) 

0.051 (0.050) 

0.042 (0.047 ) 

0.067 (0.0578) 

0.081 (0.0572) 
0.049 (0.0586) 
0.050 (O.OSEJ)) 

0.053 {0.0554) 

0.049 (0.0548) 

0.052 (0.0542) 

0.055 (0.0536) 

0.060 (0.053) 

0.005 
0.006 
0.009 

r 
0.27 
-0.38 
0.03 
..0.27 



TABLE ll : COMPENSATION IN CONSUMniON AFTER RESUMPTION OF 
:FEEDING BY KPGB X P5 (WET PART OJ' SUMMER) 

Day of Actual amount Total Compentation of food 
Starvation ot deprivation consumotion consumPtion lam) 

Control • NIL 3.049 NIL I 

1 ' 0.193 2.432 -0.424 " 
2 

0 0.218 2.572 -0.259 u 
3 ' 0.265 2.535 -0.249 

4 " 0.285 2.416 -0.348 I 

5 T 0.464 2.630 + 0.045 H 

6 0 0.517 2.324 -0.208 p 

7 • 0.651 2.325 -0.073 I 

8 " 0.456 2.244 -0.349 I 

Control 
., 

NIL 4.158 NIL I 

1 ' 0.193 3.548 -0.417 H 

2 0.218 3.617 -0.323 
3 0.256 3.762 -0.140 

4 " 0.279 3.559 -0.320 r 

5 ' 0.532 3.908 + 0.282 H 

6 
0 0.575 3.599 + 0.016 p 

7 • 0.760 4.073 +0.675 

8 " 0.930 4.115 + 0.887 I 

larval duration 
in 5th ins1ar ldavsl 

9 

10 

10 
10 

10 

10 

10 

10 

10 

11 

11 
12 
12 

12 

12 

12 
12 

11 

TABLE 22: COMPENSATION IN ASSIMILATION AFTER RESUMPTION OF FEEDING 
BY KPGB X PS {WET PART OF SUMMER) 

Day of Actual amount of Total Compensation in 
starvation assimilation deJ)rived Cam) assimilation Cam) assimilation 

Control 
., 

Nil 1.575 Nil I 

1 ' 0.081 1.108 -0.386 H 

2 0 0.009 1.217 -0.259 " 3 ' 0.102 1.211 -0.2e2 
4 " 0.105 1.094 -0.376 r 

5 ' 0.239 1.067 -0.269 H 

6 
0 

0.285 1.107 -0.183 p 

7 • 0.381 1.067 -0.127 r 

8 • 0.285 0.996 -0.294 I 

Control 
., 

Nit 2.088 Nil I 

1 ' 0.081 1.828 -0.179 " 2 0.099 1.817 -0.172 
3 0.095 1.8n -0.116 
4 " 0.104 1.826 -0.158 I 

5 ' 0.269 1.652 -0.167 H 

6 0 0.308 1.707 ..0.073 " 
7 • 0.387 1.997 I +0.296 
8 • 0.552 2.040 +0.504 I 

(+) Gain OYer actual deprivation (·) Lou from actual deprivation 
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Regression equation (Table 1 7) showed a negative trend against day 

of starvation (X) with assimilation (Y) in both the treated (Y=2 .23 7 -

0.0146X) and untreated (Y=1.497-0.0005X) batches. Values of r showed 

nonsignificant relation between the two characters.Compensation in 

assimilation loss (Table 19) after resumption of feeding was in the order of 

starvation day 7>8> 1 >6 in untreated larvae and day 7>8> 1 >5>6> in cases 

ofmethoprene-treatments. In rest of the batches starved larvae were unable 

to compensate the losses. 

KPGB x P
5 

: The food assimilation was in the descending sequence of 

control> day 2> 3> 1 ,6>4>5, 7>8 in cases of JHa free larvae and control 

day 8>7>3>1 ,4,2>6>5 in cases of methoprene treatments. (Table 20). 

Treatment with methoprene significantly increased assimilation in all the 

batches as compared to that of the untreated larvae. 

Regression equation showed a negative trend against day of starvation 

(X) with assimilation (Y) in both methoprene treated (Y = 1.862- 0.054X) 

and without methoprene (Y=1.347- 0.046X) batches. Value ofr indicated 

significant but negative corelation between the characters (Table 20).None 

of the batches of methoprene-free larvae could compensate the loss in 

assimilation caused by starvation (Table 22). However, the larvae of 

starvation, day 7 and 8 in methoprene treated batches could recover the 

loss. The higher degree of losses could be arranged in the sequence of 

day 1 >4>8>5>3>2>6>7 in untreated and day 1 >2>5>4>3>6 in cases of 

methoprene- treated larvae. 

4.6.4 Absolute Consumption Rate (ACR) Due to Day-wise Starvation 

Nistari - The order of better ACR was in the sequence of control, day 

1 >5>4>3>2,6 in without methoprene, and day 2> 1 ,3,4,5>control 6 in 
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methoprene treated larvae (Table 14). Application of methoprene could 

not increase ACR in any of the treatment except those of starvation on 

day 2. However, results differed significantly among day treatments. 

Regression equation (Table 14) showed a negative trend between the 

day of starvation (X) and ACR (Y) in both the meth.oprene treated (Y=0.274 

- 0.0002X) and untreated (Y=0.338 - 0.0064X) larvae. Values of r were 

significant but having negative correlation between starvation and ACR. 

KPG B : The differential ACRs in different batches was in the order of 

control>day 1>8>3>2>5,6>7,4 in without methoprene and control> day 

I >4>2>8,3>5>7>6 in methoprene treatments. Treatment with methoprene . . 
significantly increased the ACR in all the treated batches (Table 17). 

Regression equation (Table 17) indicated a negative trend between 

the days of starvation (X) and ACR (Y) in both the methoprene (Y=0.418 

- 0.0033X) and without methoprene (Y =0.302-0.0016X) treatments. Values 

of r were negatively significant. 

KPGB x P5 : The descending orders of the ACR were control>day 5>2,3> 

1,4>6,7>8 in without methoprene and control>days 8>7>5,1 >3>2,6,4 in 

cases of methoprene treatments (Table 20). Application of methoprene 

significantly increased ACR in all the treatments. 

Regression equation (Table 20) showed a negative trend between 

the days of starvation (X) and absolute consumption rate (Y) in untreated 

(Y=0.289- 0.008X) and a positive trend in methoprene-treated (Y=0.326 + 

0.0004X) larvae. Values of'r' were significant but negatively correlated in 

the untreated larvae. Values of 'r' were significant but negatively correlated 

in the untreated larvae. 
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4.6.5 Absolute Growth Rate (ACR) Due to Daywise Starvation 

Nistari- The descending orders of AGR were control>day 1 >4,5>3,6>2 

in untreated and day 1 ,2,3,5>6>control, 4 in methoprene-treated larvae 

(Table 14). Application ofmethoprene did not raise AGR except for the 

starvation day 2. However, results differed significantly within the days 

treatments. 

Regression equation (Table 14) showed a negative trend between 

the days of starvation (X) and AGRs (Y) in without methoprene (Y=0.04-

0.00 14X) and a positive trend in cases ofmethoprene- treatments (Y=0.029 

+ 0.0002X). The values ofr had a significant negative correlation in untreated 

batches. 

KPG B : The AGR varied in the descending ortders of control > day 1 > 

8, 7>2>5,3>4,6 in untreated and control>day 7>8> 1 >2,6>3,5,4 in 

methoprene-treated larvae. Application ofmethoprene could not raise AGR. 

However, results differed significantly within the, days of starvation and 

treatments except for the day 7 in which the values of treated and untreated 

larvae were the same. 

Regression equation (Table 17) showed a negative trend between 

the days of starvation (X) and AGR (Y) in both methoprene (Y=0.068 -

0.0007X) and without methoprene (Y =0.058 - 0.0006X) 

treatment. Values of r in both the categories proved significant and 

negative corelations. 

KPGB x P 5 : The values of AGR expressed in the orders of control>days 

4,1 ,3>5>6,2>7>8 in untreated and control, days 1 ,8>7,4,6,3,2,5 in 

methoprene-treated larvae (Table 20). Increased AGR after methoprene 

treatment recorded only for the starvation days 7 and 8. 
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Regression equation (Table 20) between the days of starvation (X) 

and AGR (Y) showed a negative trend in both treated (Y=0.057- 0.0006X) 

and untreated (Y = 0.071-0.003X) batches. Values ofr :xpressed significant 

but negative correlations only in the untreated larvae. 

4.6.6 Reference Ratio, Respiration and Maintenance Cost Due ' 

to Day-wise Starvation 

4.6.6.1 Reference Ratio (Table 23) 

Nistari - The ratio did not differ significantly among the control, days 

1 ,2,3,4 of untreated and days 1 ,3,4,5 of methoprene treated batches. 

Similarly no significant difference was recorded for the day 5 of untreated 

batch and, control, days 2 and 6 of methoprene-treated batches. However, 

the batches differed significantly within each other. Only the day 6 of no 

methoprene-treated larvae differed significantly with all the other treatments. 

KPGB : Results indicated that except for the days 4,5,6 in methoprene

treated batches rest of the treatments differed significantly with other days 

of starvation. 

KPG B x P 
5 

: Results indicated that except for the day 5 in untreated 

batch rest of the batches did not differ significantly. 

4.6.6.2 Respiration (Table 23) 

Nistari - Results indicated that the control, days 2,3 ,4 and 5 of 

methoprene-treated larvae did not differ among each other. Similarly, the 

control, days 1 ,2,3,4 and 5 of untreated batches did not differ among each 



TABLE l3: REFERENCE RATIO, RESPIRATION AND MAINTENANCE COST 
DUE TO DAY WISE STARVATION DURING WET PART 01' SUMMER. 

Nl8tal1 
Day of starvation Reference ratio R8SD1ratlon Mil~ COlt 

Control 
w 2.38a 0.879b 3.63b I 

' H 

1 
0 2.30a 0.859b 3.88b u 

2 T 2.41 a 0.840b 4.58a 

3 M 2.29a 0.803 b 3.93b t: 

4 
T 2.41 a 0.826b 4.03a H 

5 0 2.20b 0.811 b 4.13a 
" 

6 " 1.93 0.643 3.39b t: 

" I 

Control 
w 2.18b 0.927a 3.06c I 

T 
H 

1 2.47a 1.263 4.41 a 

2 
M 2.18b 1.067 a 4.408 ' 

3 T 2.27a 0.943a 3.88b H 

4 
0 2.29a 1.019 a 4.39a " 5 " 2.26a 0.997a 4.05a I 

6 : 2.10b 0.811 b 3.19c 
CD 511ft 0.23 0.173 0.59 

SE 0.08 0.059 0.2 

KPGB 
Dav of starvation Reference ratio R88Diratlon Malm.nance cost 

Control w 2.05b 0.904a 1.19b I 

1 
T 

2.07b 1.0370 1.81 b H 

2 0 1.87d 0.8080 1.63b u 
3 T 1.95c 0.939a 2.028 

4 " 2.150 0.990b 2.21 a I 

5 T 2.00e 0.904a 1.92a H 

6 0 2.100 0.964b 2.00a " 7 " 2.268 0.967 b 1.40c I 

8 " 2.28a 0.917 a 1.45c I 

Control w 2.01 e 1.517 e 1.82b I 

1 
T 

2.03b 1.554c 1.90a .. 
2 1.88d 1.3580 1.92a 
3 1.90d 1.454 d 2.30d 
4 " 1.96c 1.541 c 2.790 I 

5 
T 

1.95c 1.477e 2.28d " 6 0 
1.96c 1.410 d 2.520 ,. 

7 " 2.25a 1.563c 2.05a I 

8 ~ 2.180 1.446d 2.03a 
co~ 0.02 0.043 0.20 

SE 0.01 0.016 0.07 
Flgu~e marked by same letl8r do not differ significantly among each olher. 

Contd .... next page 



Contd .. previous page 

KPOBXPt 

DIY o1 starvation Rel'el'anee ratiO Reulralon ........... COlt 

Control 
w 2.06a 0.895 1.31 c I 
T 

" 
1 

0 1.83a 0.461 d 0.71 e u 
2 T 1.89a 0.663 1.20c 

3 M 1.91 a 0.582 0.93d I 

4 
T 1.82a 0.404 0.59e 
" 

5 
0 1.68 0.458d 0.76d , 

6 " 1.89a 0.530 0.92d I 

7 " 1.84a 0.546 1.05d I 

8 1.79a 0.562 1.32c 

Control 
w 2.00a 1.343a 1.80a I 
T 

" 1 2.06a 1.149 b 1.70a 
2 2.00a 1.222 b 2.06b 

3 M 1.99a 1.282a 2.16b I 

4 1 2.03a 1.179 b 1.82a " 5 0 1.73a 1.051 c 1.74a , 
6 II 1.90a 1.076c 1.70a I 

7 " 1.96a 1.328a 2.00b I 

8 1.96a 1.370a 2.04b 
C05116 0.34 0.05 0.2 

SE 0.12 0.02 0.07 . F1gure marked by same letter do not differ significantly among each other. 
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other. However, significant differences were obtained from rest of the 

treatments. Respiratory loss due to metabolism was higher in methoprene

treated batches. 

KPG B : Result showed that the rate of respiration was higher in 

methoprene-treated batches. Significant differenc·es among the treatments 

were recorded. 

KPG B x P 
5 

: The respiratory metabolism was higher in methoprene treated 

batches than the larvae without methoprene treatment . 

4.6.6.3 Maintenance Cost (Table 23) 

Nistari - The maintenance cost increased in larvae for the days 2,4 and 5 

in without methoprene, and days 1 ,2,4 and 5 in methoprene-treated larvae. 

Lowest maintenance cost was recorded for the control and day 6 larvae of 

methoprene-treated batches. 

KPG B : The methoprene-treated larvae suffered from high maintenance 

cost, the highest being on the day 4 and lowest for the control larvae not 

received methoprene. 

KPG B x P 5 : The maintenance cost was less in untreated batches than 

methoprene-treated batches. The results showed significant differences 

among the treatments. 
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4. 7 Efficiency of Conversion of Digested Food (ECD) Due to 

Daywise Starvation During Wet Part of Summer 

4. 7.1 Larval Body 

Nistari : The ECD differed in larvae of different days of starvation. 

The results were in the order of control, days 1 ,6>2,3,4,5 in untreated and 

control, day 6>3,5> 1 ,2,4 in methoprene-treated batches (Table 27). Except 

for the control and days 3,5 and 6, the ECD for larval body lowered 

significantly by methoprene as compared to the untreated batches. 

Regression equation (Table 27) indicated a positive trend for 

methoprene-treated batches (Y = 20.36 + 0.065X) and a negative trend 

for untreated batches (Y = 21 .3 7-0 .022X). Negatively significant correlation 

resulted between ECD for larval body and stressed assimilation of food. 

KPG B : The ECD for larval body was in the sequence of control>days 

7 ,8>2> I ,5>3,6>4 in untreated and control> days 1 ,2>7 ,8>3,5>6>4 in 

methoprene-treated larvae (Table 28). ECD values in the treated larvae was 

low and significantly different from untreated batches. 

Regression equation (Table 28) showed a negative trend for both 

treated (Y = 32.94- 0.252X) and untreated (Y = 37.72- 0.159X) larvae. 

Positively significant correlation was obtained between the ECD for larval 

body and stressed assimilatioin of food. 

KPG B x P 5 : The ECD for larval body obtained could be arranged in the 

descending order of day 4> 1 ,5>3,6>7>2> control, 8 in untreated and 

control, days 1 ,4,5,6>2,3, 7,8 in methoprene-treated individual (Table 29). 



TABLE 27 : EFFICIENCY OF CONVERSION OF DIGJ!:STED FOOD(%) BY 
Ntstari DURING WET PART OF SUMMER. 

Day of 1 Larval body I COcoon Shell I 
Starvation I Male I Femate I 

Control 
w 21.98 (21.37) 10.21 (9.54) 10.53 (10.88) I 

' H 

1 
0 22.15 (21.34) 10.51 (9.56) 10.55 (10.67) u 

2 ' 21.32 (21.32) 7.42 (9.59) 9.38 (10.46) 

3 
M 20.32 (21.30) 1014 (9.62) 10.59 (10.25) t: 

4 ' 19.67 (21.26) 9.41 (9.64) 10.46 (10.04) H 

5 
0 19.67 (21.26) 6.61 (9.67) 8.12 (9.83) p 

6 
fl 

23.92 (21.23) 11.08 (9.70) 12.15 (9.62) t: 

" t: 

Control 
w 22.09 (20.36) 11.32 (10.33) 11.01 (9.60) I 
T 
H 

1 18.03 (20.42) 8.72 (10.38) 9.45 (10.03) 
2 18.48 (20.49) 9.77 (10.44) 9.83 (10.26) 

3 
H 21.04 (20.55) 13.64 (10.50) 9.99 (10.49) t: 

4 
r 

18.31 (20.62) 8.68 (10.56) 10.43 (10.72) H 

5 
0 19.80 (20.68) 10.06 (10.62) 10.53 (10.96) ,. 

6 II 23.87 (20.75) 11.36 (10.68) 12.27 (11.19) I 

" r 

CD&Ws OF 
Treatment 1 1.04 0.71 1.00 
Day 6 1.95 0.81 1.13 
Treat X Day 6 2.75 1.24 1.73 
Error 28 
Total 41 
F1gures 1n parenthesis are predicated value. 

With metho 
r E uation 

Larval body 0.09 Y = 20.36 + 0.065 X 
Cocoon shell 
Male Y = 9.54 +0.027 X 0.10 Y = 10.33 + 0.059 X 
Female Y = 10.88 - 0.21 X -0.27 Y = 9.80 + 0.232 X 
Pu female Y = 16.63-0.101 X -0.09 Y = 18.59 + 0.037 X 

Mutual corvelatlon betWeen stressed assimilation and eco values. 
eco values1without IIICUR.IVIene) 

Larval body Cocoon Shell 
Male Female 

Assimilation -0.50 -0.40 -0.44 

Pupa 
Female 

16.55 (16.63) 

18.80 (16.52) 
14.22 (16.42) 

17.~ (16.32) 

14.60 (16.22) 

15.17 (16.12) 

17.90 (16.02) 

21.97 (18.59) 

16.23 (18.62) 
17.45 (18.66) 

17.90 (18.70) 

18.51 (18.73) 

18.31 (18.77) 

20.58 {18.81) 

1.01 
1.89 
2.68 

ne 
r 

0.05 

0.04 
0.43 
0.03 

Pupa 
Female 
-0.39 



TABLE 28: EFFICIENCY OF CONVERSION OF DIGESTED FOOD(%) BY 
KPGB DURING WET PART OF SUMMER 

Day of I Larval bOdy I cocoon Shell 
starvation I Male I Female 

Control w 45.56 (37.72) 15.14 (14.84) 16.42 (16.12) I 

1 
T 35.66 (37.56) 13.7Q (14.Q1) 14.gg (16.13) 
H 

2 
0 38.34 (37.40) 16.26 {14.99) 17.83 (16.14) u 

3 ' 33.24 (37.24) 15.50 (15.07) 15.95 {16.16) 

4 
M 

31.10 (37.08) 14.98 (15.15) 14.63 (16.17) [ 

5 
T 34.21 (36.92) 16.34 (15.23) 16.46 (16.19) H 

6 
0 33.35 (36.76) 15.73 (15.31) 15.84 (16.20) .. 

7 " 41.55 (36.60) 13.86 (15.39) 13.70 (16.21) E 

8 " 40.76 (36.44) 14.83 (15.47) 19.83 (''A.23) [ 

Control w 38.69 (32.94) 11.57 (11.49) 12.20 (11.65) I 

1 
T 

34.41 (32.68) 11.04 (11.52) 10.89 (11.66) H 

2 34.23 {32.43) 11.54 (11.56) 12.05 (11.68) 
3 30.25 (32.18) 11.25 (11.59) 11.41 (11.70) 

4 
M 26.40 (31.93) 11.42 (11.63) 11.26 (11.72) 
' 

5 
T 

30.08{31.68) 11.81 {11.66) 11.53 (11.74) H 

6 
0 28.36 (31.42) 12.80 (11.70) 12.63 (11.75) .. 

7 Ill 32.49 (31.17) 11.01 (11.73) 11.0Q (11.77) 
' 

8 " 32.53 (30.92) 12.29 (11.77) 12.44 (11.79) ' 
COS% DF 
Treatment 1 0.96 0.16 0.19 
Day 8 1.61 0.27 0.32 
Treat X Day 8 2.16 0.36 0.43 
Error 72 
Total 89 
F1gures m parenthesis are predicated value. 

With 
r 

Larval body ·0.23 
Cocoon shell 
Male Y = 11.84 + 0.079 X 0.56 Y = 11.49 + 0.035 X 

I 
I 

Female Y = 16.12 + 0.014 X 0.06 Y= 11.65+0.018X 
Pu female Y = 18.62 • 0.061 X -0.20 Y = 14.77 • 0.062 X 

Mutual corvetauon betWeen stressect assimilation and eco values. 
ECD valuestwithout methoprene) 

Larval body Cocoon Shell 
Male I Female 

Assimilation 0.57 -0.65 I .0.65 

Pupa 
Female 

22.29 (18.62} 

17.39 (18.55) 

19.53 (18.49) 
17.74 (18.43) 

15.05 (18.37) 

17.22 (18.31) 

16.39 {18.25) 

19.67 (18.19) 

19.70 (18.13) 

15.42 (14. 77) 

15.05 (14.70) 
16.17 (14.84) 
13.56 {14.58) 

13.70 (14.52) 

13.83 (14.46) 

14.88 (14.39) 

13.73 (14.33) 

14.36(14.27) 

0.32 
0.53 
0.71 

ne 
r 

.0.50 

0.41 
0.20 
-0.50 

Pupa 
Female 

0.48 



TABLE 19: EFFICIENCY OF CONVERSION OF DIGESTED FOOD(%) BY 
KPGB X PS DURING WET PART OF SUMMER 

Day of I Larval bOdy l 
Starvation I 

Control 
w 43.17 (52.27) I 

1 
T 58.39 (52.04) H 

2 
0 45.50 (51.82) u 

3 T 51.93 (51.60) 

4 
H 

63.09 (51.38) I 

5 
T 

57.07 (51.16) H 

6 
0 52.07 (50.93) ,. 

7 
A 48.76 (50. 71) E 

8 " 42.48 {50.49) E 

Control 
w 35.66(35.29) I 

1 
T 

37.08 (35.13) H 

2 32.70 (34.98) 
3 31.69 (34.82) 

4 
H 35.42 (34.67) ' 

5 
T 36.39 (34.51 ) H 

6 
0 36.95 (34.36) , 

7 " 33.32 (34.20) ' 
8 " 32.85 (34.05) E 

CD5% OF 
Treatment 1 1.69 
Day 8 2.25 
Treat X Day 8 3.38 
Error 54 
Total 71 
Ftgures '" parenthests are predicated value. 

Larval bOdy 
Cocoon shell 
Male 
Female 
Pu female 

Y = 20.46 + 0.063 X 
Y= 20.37 + 0.186X 
v = 26.n + o.298 x 

COcoon Shell 
Male 

16.93 (20.46) 

22.36 (20.52) 

22.47 (20.57) 
20.91 (20.64) 

21.65 (20.71) 

22.16 (20. 77) 

18.94 (20.83) 

19.88 (20.90) 

21.16 (20.96) 

14.99 {13.16) 

11.85 (13.19) 
11.76 (13.23) 
13.68 (13.27) 

11.82 (13.31) 

14.78 (13.35) 

15.22 (13.38) 

13.27 (13.42) 

12.48 (13.46) 

1.01 
1.35 
2.02 

r 
-0.08 

0.06 
0.16 
0.20 

I Female 

16.45 (20.37) 

21.97 (20.55) 

22.52 (20.74) 
20.17 (20.92) 

23.25 (21.11) 

25.57 (21.30) 

19.09 (21.48) 

19.88 (21.67) 

21.16 (21.85) 

14.99 (13.53) 

11.85 (13.32) 
11.76 {13.13) 
13.68 (12.93) 

11.82 (12.73) 

14.31 (12.54) 

13.64 (12.34) 

11.44 (12.14) 

11.19 (11.94) 

0.99 
1.31 
1.98 

Y = 13.16 +0.038X 
Y = 13.53 - 0.198 X 
Y = 18.86-0.460 X 

Mutual corvelatlon between stressed aSSimilation and ECD values. 
ECO values (without methoprene) 

Larval body Cocoon Shell 
Male I Female 

Assimilation -0.36 -0.47 I -0.53 

I 
l 

Pupa 
Female 

22.85 (26.77) 

30.13 (27.06) 

29.11 (27.36) 
25.35 (27.66) 

29.17 (27.96) 

33.01 (28.26) 

25.01 (28.55) 

27.93 (28.85) 

29.11 (29.15) 

21.19 (18.86) 

17.72 (18.40) 
17.05 (17.94) 
16.50 (17.48) 

13.44 (17.02) 

19.06 (16.56) 

18.34 (16.10) 

14.38 (15.64) 

15.54 (15.18) 

ne 

1.36 
1.81 
2.72 

r 
0.15 

0.13 
-0.34 
-0.50 

Pupa 
Female 
-0.54 
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Methoprene significantly lowered the ECD values in all the treatments as 

compared with that of untreated larvae. 

Regression equation (Table 29) indicated a negative trend for both 

methoprene (Y = 35.29- 0.155X) and without methnprene batches (Y = 

52.27- 0.222X) treatments. Low negative correlation was observed between 

the ECD for larval body and stressed assimilation of food. 

4. 7.2 Male Cocoon Shell 

Nistari - The ECD to male cocoon shell was in the order of days 

6,1 >control, 3,4>5>2 in untreated and day 3>6,control>5,2> 1,4 in 

methoprene-treated larvae (Table 27). Except for the day 6, the ECD 

values significantly differed among methoprene-treated and untreated 

batches. 

Regression equation (Table 27) indicated a positive trend both for 

methoprene ( Y = 10.33 + 0.059X) and without methoprene ( Y = 9.54 + 

0.027X) batches. Low negative correlation was obtained between the ECD 

to male cocoon shell and stressed as$imilation of food. 

KPGB : The orders of ECD to male cocoon shell the days 

2,5>3 ,6>0,4>8> 1, 7 in untreated larvae and day 6>8>0,2,5>3,4> 1, 7 in 

methoprene-treated batches (Table 28). The ECD values for male cocoon 

shell was lowered significatnly by action of methoprene as compared with 

the control larvae. 

Regression equation (Table28) expressed positive trend for both 

methoprene treatment (Y = 11.49 + 0.035X) and without methoprene 

treatments (Y = 11.84 + 0.079X). Significant negative correlation was 

obtained between the ECD to male cocoon shell and stressed assimilation 

of food. 
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KPG B x p 
5 

: The ECD to male cocoon shell was in the sequence days 

1 ,2,4,5 ,8>3, 7>6>control in untreated and control, days 3,5,6>7 ,8> 1 ,2,4 

in methoprene-treated batches. Treatment with methoprene significantly 

lowered the ECD values as compared with those of untreated larvae Table 

29). 

Regression equation (Table 29) showed a positive trend both for 

methoprene (Y = 13.I6 + 0.038X) and without methoprene ( Y = 20.46 

+0.063X) treatments. Low negative correlation was observed between the 

ECD to male cocoon shell and stressed assimilation of food. 

4.7.3 Female Cocoon Shell 

Nistari - The ECD to female cocoon shell was recorded in sequence of 

day 6>control, I ,3,4>2,5 in without methoprene and day 6>0,3 ,4,5> 1 ,2 in 

methoprene treated batches. Methoprene significantly lowered the ECD 

values in treated individuals (Table 27). 

Regression equation (Table 27) showed a positive trend in 

methoprene-treated larvae (Y = 9.80 + 0.232X) and a negative trend in 

untreated larvae ( Y= I 0.88 - 0.21 X). A low negative significant relation 

was recorded between the ECD to female cocoon shell and stressed 

assimilation of food. 

KPG B : The ECD to female cocoon shell were in the descending orders 

of day 8>2>control, 5>3 ,6> 1 >4>7 in untreated and control, days 

6,8>2>3,4,5> 1, 7 in methoprene treated batches (Table 28). Methoprene 

treatment significantly lowered the ECD values in all the treated larvae as 

compared with the values of untreated batches. 

Regression equation (Table 28) indicated a positive trend in both 

JHa treated ( Y = I1.65 + 0.0 18X) and untreated ( Y = 16.12 + 0.0 14X) 
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larvae. A negatively significant correlation occurred between the ECD to 

female cocoon shell and stressed assimilation of food. 

KPGB x P 
5 

: The ECD to female cocoon shell (Table 29) was obtained 

in the orders of day 5> 1 ,2,4>3, 7 ,8>6>control in untreated and control, 

days 3 ,5>6> 1 ,2,4, 7,8 in methoprene-treated· batches. Methoprene 

significantly lowered the ECD values as compared with the values of 

control in all the treated batches. 

Regression equation (Table 29) indicated a negative trend in 

methoprene (Y = 13.53- 0.198X) and a positive trend in without methoprene 

(Y = 20.37 + 0.186X) treatments. A significant negative relation occurred 

between the ECD to female cocoon shell and stressed assimilation of 

food. 

4.7.4 Female Pupa 

Nistari - The ECD for female pupa (Table 27) was obtained in the 

sequences of days 1 ,3,6>control, 5>2,4 in untreated larvae and control, 

days 6>2,3,4,5>1 in cases of methoprene treatments. The ECD values 

differed significantly among the treated batches except for the starvation 

day 3. 

Regression equation (Table 2 7) indicated a positive trend in 

methoprene (Y = 18.59 + 0.037X) and a negative trend in without 

methoprene ( Y=16.63- 0.101 X) batches. A non-significant negative relation 

was expressed between the ECD to female pupa and stressed assimilation 

of food. 

KPGB : The ECD for female pupa (Table 28) obtained could be 

arranged in the order of control>2, 7 ,8> 1 ,3 ,5>6>4 in methoprene free and 
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day 2>control, 1>6,8>3,4,5,7 in methoprene-treated larvae. Treatment with 

methoprene significantly lowered the ECD values in all the treatments as 

compared with the values of untreated larvae. 

Regression equation (Table 28) showed a negative trend for both 

methoprene (Y = 14.77 - 0.062X) and without methoprene ( Y = 18.62 -

0.061 X) individuals. Positive relation was obtained between the ECD values 

for female pupa and stressed assimilation of food. 

KPGB x P
5

: The ECD for female pupa (Table 29) was obtained in the 

descending orders of day 5> 1 >2,4, 7 ,8>3 ,6>control in JHa less and 

control>days 1 ,5,6>2,3,8>4, 7 in cases of JHa treatments. ECD values for 

female pupa were significantly lowered by treatment of methoprene as · 

compared with those of untreated batches. 

Regression equation (Table 29) indicated a negative trend in 

methoprene ( Y = 18.86- 0.46X) and a positive trend in without methoprene 

( Y =;.' 26.77 + 0.298X) treatments. A significant negative relation was 

observed between the ECD to female pupa and stressed assimilation of 

food. 

4.8 Economic Characters Due to Day-wise Starvation During Wet 

Part of Summer 

4.8.1 Effective Rate of Rearing (ERR) 

Nistari - Better ERR has been obtained in following sequence day 

control, days 3,4 ,6> 1 ,5>2 in cases of without methoprene and day 

control> days 4,5,6> 1 ,3>2 in cases of Methoprene treatments (Table 36 ). 

Except for control and day 6 treatment, the results obtained from both 

treated and untreated larvae differed significantly (fig. 6). 



TABLE 36 : ECONOMIC CHARACTERS OF Nlstarl DURING WET PART OF SUMMER (DRY BASIS IN GRAM.) 

Day of I E. R. R. (%) IFIW.~AL IGAIN=AL 1 WL OF COCOON...._ I Wt.OFP\FA 
Starvation I MALE I FDW.E I FEMM.E 

Control w 72.00 (68.87) 0.278 (0.261) 0.246 (0.240) 0.114 (0.107) 0.118 (0.114) 0.186 (0.183) 
I 
T 
H 

1 0 69.60 (69.04) 0.269 (0.255) 0.238 (0.232} 0.113 (0.104) 0.114 (0.110) 0.202 (0.178) u 
2 T 62.00 (69.21) 0.204 (0.248) 0.173 (0.224) 0.076 (0.101) 0.096 (0.106) 0.145 (0.171} 

3 H 71.00 (69.38) 0.236 (0.243) 0.204 (0.215} 0.102 (0.097) 0.106 (0.102) 0.172 (0.165} 
E 

4 T 71.00 (69.55) 0.234 (0.236) 0.203 (0.207) 0.097 (0.094) 0.107 (0.098) 0.150 (0.159) 
H 

5 0 69.00 (69.72) 0.228 (0.230) 0.197 (0.199} 0.086 (0.091) 0.082 {0.094) 0.152 (0.153} ,. 
6 " 71.00 (69.89) 0.233 (0.224} . 0.202 (0.191) 0.092 (0.087) 0.102 (0.090) 0.151 (0.147) E 

H 
E 

Control w 73.00 (67.93) 0.294 (0.283) 0.263 (0.252) 0.122 {0.128) 0.118 (0.123) 0.237 (0.228' 
I 

T 
H 

i 

1 68.00 (67.98) 0.276 (0.282) 0.245 (0.251) 0.118 (0.124) 0.128 (0.124) 0.221 (0.~ 
2 60.60 (68.03) 0.273 (0.281) 0.242 (0.249) 0.128 (0.121) 0.128 (0.125) 0.228 (0.22 

3 H 66.60 (68.08} 0.287 (0.279) 0.256 (0.248) 0.116 (0.118) 0.121 (0.126) 0.217 (0.~ E 
I 

T 4 H 69.60 (678.13) 0.260 (0.278} 0.229 (0.246) 0.108 (0.114} 0.130 (0.128) 0.231 (0.226) 
0 68.60 (68.18) 0.277 (0.277) 0.245 

i 

5 ,. (0.245) 0.125 (0.111) 0.13 (0.129) 0.226 (0.22~ 

6 " 70.00 (68.23) 0.286 (0.275) 0.254 (0.243) 0.121 (0.108) 0.131 (0.131) 0.226 (0.224) 
E 
H 
E 

CDS% OF 
Treatment 1 1.36 0.005 0.007 0.003 0.005 0.005 
Day 6 1.54 0.009 0.014 0.006 0.009 0.010 
TreatXDay 6 2.36 0.013 0'021 0.009 0.012 0.014 
Error 28 
Total 41 
Figures in parenthesis are predicated value. E. R. R. - Effective Rearing Rate 



TABLE 37: ECONOMIC CHARACTERS OF Nlstarl DURING 
WET PART OF SUMMER (DRY BASIS) 

E. R. R. (%) 
Final larval weight 
Gain in larval wt. 
Cocoon shell 
Male 
Female 
Weight of Pupa 
Female 

80.00 

70.00 

60.00 

lso.oo 
IIi 40.00 

~ 30.00 

20.00 

10.00 

0.00 

0.3 

0.25 

t 0.2 

1 0.15 

1 0.1 
i: 

0.05 

0 

..... 

0 

Y = 0.108-0.0034 X 
Y = 0.114-0.004 X 

Y = 0.183-0.006 X 

-~ ~ 
-,go 

-0.71 
-0.64 

-0.51 

-

Y= 0.128- 0.003X 
Y= 0.122+ 0.0014X 

Y = 0.228- 0.0006 X 

ne 
r 

0.02 
-0.22 
-0.22 

-0.04 
0.49 

-0.12 

-+- E. R. R. (~) -UT 

-II- E. R. R. (~)T 

2 3 4 5 6 7 

E.R.R. (%)OF ~~G WET PART OF SUMMER 

-+-FINAl LARVAL WEIGHT LIT 
-11- FINAL LARVAL WEIGHT T 

1 2 3 4 5 6 

Day of U'Yatlon 
FINAL LARVAL WEIGHT (OM) BY NISTARI DURING WET PART OF SUMMER 



i 0.3 _.... 
- 0.26 .... i 0.2 

- .... .... 

'11 0.15 

j 0.1 - - -- ~~GAIN IN LARVAL WEIGHT UT J 
·~ 0.05 

,.. 
-GAIN IN LARVAL WEIGHT T 

I o 
0 1 2 3 "' 5 8 

Day of st.-vlllon 

GAIN IN LARVAL WEIGHT (gm) BY NISTARI DURING WET PART OF 
SUMMER 

-+-Wt. OF COCOON SHELL Male UT 

0 2 3 4 5 6 

Day of st.-vatlon 

WEIGHT OF COCOON SHELL (MALE) (GM) BY NISTARI DURING WET PART 
OF SUMMER 

0.25 ~ -- ~ 

I 0.2 .:; --- -
li 

~ ..... 
u- 0.15 - -o-

i 1 0.1 -+-Wt. OF COCOON SHELL Female U1 

1!1::. 0.05 --Wt. OF COCOON SHELL Female T 

0 

0 1 2 3 4 5 6 
Da.y of -.,.n 

WEIGHT OF COCOON SHELL (FEMALE) BY NISTARI DURING WET PART 
OF SUMMER 

[Fig-6] 
Comperattve performances of economic characters 

of Nlstarl during w.t part of summer 
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Regression equation (Table 3 7) expressed a positive trend for 

both treated ( Y = 67.93 + 0.05X) and untreated categories (Y=68.87 + 

0.17X). Non-significant relation was obtained between the days of starvation 

and ERR. 

KPG B : The resultant ERR could be arranged in the sequences of 

control> days 1, 7>4,5 ,6>3, 8>2 in without methoprene and day 

control> 1 ,8>5>4,6, 7>2,3 in methoprene treatments (Table 38). The ERR 

was lowered significantly in all the methoprene-treated batches (fig. 7). 

Regression equation (Table 39) indicated a negative trend for both 

treated (Y=56.06- 0.316X) and untreated (Y= 59.93- 0.156X) treatments. 

Non significant relation was observed between the days of starvation and 

ERR. 

KPGB x P
5

: The descending orders of ERR were control day 5> 1 ,2,3,4,6, 

7,8 in JHa-less and control, day 1>2,3,7,8>4,5,6 in treated larvae (Table 

40). The ERR was lowered significantly due to methoprene in all the batches 

except in the days 1 ,2,3 and 8.(fig. 8) 

Regression equation (Table 41) showed a negative trend in both 

methoprene (Y=58.24- 0.34X) and without methoprene (Y=60.18-0.17X). 

treatments. Non-significant relation was obtained between the days of 

starvation and ERR. 

4.8.2 Final Larval Weight 

Nistari- The larval weights were in the order of control, day 1 >3,4,5,6>2 

in untreated and control, days 3,6> 1 ,2,5>4 in methoprene-treated batches 

(Table 36). Final larval weights were increased in all the batches significantly 

due to the JHa (fig. 6). 



Day of 
StarvatiOn 

Control w 
I 

1 T 
H 

2 0 
u 

3 T 

4 " t 

5 t 
H 

6 0 .. 
7 II 

t 

8 " It 

Control w 
I 

1 T 
H 

2 
3 

4 " t 

5 T 
H 

6 0 .. 
7 II 

t 

8 " [ 

COS% OF 
1
Treatment 1 
,Qay 8 
TreatXDay 8 
Error n 
Total 89 

TABLE 31: ECONOMIC CHARACTERS OF KPGB DURING 
WET PART OF SUMMER (DRY BASIS IN GRAM.) 

I E. R. R. (%) IFIW..:AL 1~AL I Wt. OF COCOON .. LL 

I MALE I FIMN.E 
62.00 (59.93) 0.852 (0.666) 0.757 (0.572) 0.252 (0.227) 0.273 

60.80 (59.77) 0.669 (0.663) 0.575 (0.568) 0.223 (0.227) 0.242 

56.60 (59.61) 0.597 (0.658) 0.502 (0.565) 0.213 (0.227) 0.233 
58.20 (59.46) 0.562 (0.654) 0.467 (0.561) 0.218 (0.226) 0.224 
59.00 (59.30) 0.544 (0.651) 0.449 (0.558) 0.215 (0.226) 0.211 

59.40 (59.15) 0.564 (0.646) 0.471 (0.555) 0.225 (0.225) 0.226 

59.00 (58.99) 0.557 (0.642) 0.482 (0.552) 0.227 (0.225) 0.229 

60.20 (58.83) 0.783 (0.638) 0.688 (0.548) 0.229 (0.225) 0.227 

58.60 (58.68) 0.725 (0.634) 0.631 (0.545) 0.231 (0.224) 0.227 

59.60 (56.06) 1.028 (0.885) 0.933 (0.790) 0.283 (0.256) 0.299 

57.80 (55.74) 0.91 (0.862) 0.815 {0.768) 0.261 (0.257) 0.258 
52.40 (55.42) 0.801 (0.839) 0.706 (0.745) 0.238 (0.258) 0.248 
52.20 (55.11) 0.725 (0.817) 0.63 (0.722) 0.234 (0.259) 0.238 
53.20 (54.79) 0.646 (0.794) 0.552 (0.700) 0.238 (0.259) 0.235 

54.20 (54.48) 0.730 co.n1) 0.635 (0.677) 0.249 (0.261) 0.243 

53.20 (54.16} 0.652 (0.749) 0.558 (0.654) 0.252 {0.261) 0.248 

53.20 (53.84) 0.85 (0.726) 0.756 (0.632) 0.256 (0.262) 0.258 

57.40 (53.53) 0.804 (0.703) 0.71 (0.609) 0.265 (0.263) 0.268 

0.37 0.012 0.012 0.002 0.002 
0.63 0.026 0.025 0.004 0.005 
0.84 0.036 0.035 0.006 0.007 

(0.248) 

(0.244) 

(0.241) 
(0.236) 
(0.233) 

(0.229) 

(0.225) 

(0.221) 

(0.217) 

(0.261) 

(0.259) 
(0.258) 
(0.256) 
(0.255} 

(0.253) 

(0.252) 

(0.251) 

(0.249) 

Figures in parentheses are predicted valw. E. R. R. ·Effective Rearing Rate 

I Wt.OFPUPA 
I FEMALE 

0.371 (0.289) 

0.281 {0.285) 

0.256 (0.282) 

0.250 (0.278) 
0.223 {0.274) 

0.236 (0.271) 

0.237 (0.266) 

0.307 (0.263) 

0.305 (0.259) 

0.378 (0.347) 

0.356 (0.339) 

0.333 (0.332) 
0.282 (0.324) 
0.286 (0.317) 

0.294- (0.309) 

0.293 {0.301 

0.319 (0.294) 

0.309 (0.286) 

0.005 
0.012 
0.017 



TABLE 39: ECONOMIC CHARACTERS OF KPGB DURING 
WET PART OF SUMMER (DRY BASIS) 

Rearesslon eauatlon : DaY of starvation (X) vs. parameters CYl I parameters I Wrthout methoprene Wrth methoprene 
Equation r Equation r 

E. R. R. (%) Y = 59.93- 0.156X -0.20 Y =56.06- 0.316X -0.27 
Final larval weight Y =0.666- 0.004X -0.09 Y = 0.885- 0.023X -0.49 
Gain in larval wt. Y = 0.571 - 0.003X -0.08 Y =0. 790 - 0.023X -0.49 
Cocoon shell 
Male Y = 0.227 - 0.0004X -0.08 Y = 0.256 + 0.0008X -0.13 
Female Y = 0.248 - 0.0038X -0.58 Y = 0.261 - 0.0051X -0.23 
Weight of Pupa 
Female Y = 0.289 - 0.0038X -0.21 Y = 0.347 - 0.0076X -0.62 

62.00 ~=----------------------.... 
60.00 

58.00 

i 56.00 

..: 54.00 
IIi 
IIi 52.00 

50.00 

48.00 
- E. R. R. (9r.) -UT 
-II- E. R. R. ('!f.) T 

46.00 +----t---+----t---t-----+---+----+-----1 

1.2 

1 

i 0.8 .. j 0.6 

J 0.4 
it 

0.2 

0 
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Regression equation (Table 3 7) showed a negative trend in both 

treated (Y=0.2834- 0.0013X) and untreated (Y=0.2605-0.006X) batches. 

Significant negative relation was noticed between the days of starvation 

and final larval weights. 

KPGB: The final larval weights obtained were in the sequence of 

control>day 7>8>1>2>3,4,5,6 in untreated and control>day 

, 1 >7>2,8>3,5>4,6 in methoprene-treated batches (Table- 38). Final larval 

weights increased significantly after the application of methoprene(fig. 7). 

Regression equation (Table 39) indicate a negative trend for both 

treated (Y=0.8853- 0.0227X) and untreated (Y=0.6666- 0.004X) categories. 

The relation between the days of starvation and final larval weights was 

non significant. 

KPG B x P 
5 

: The descending or den of final larval weights were control, 

days 1, 4>3,5>2,6>7>8 in JHa free and control> days 1 ,4, 7 ,8>5,6>2,3 in 

JHa-treated batches (Table 40). Except for the day 5, the larval weights in 

all other days of starvation differed significantly among the days after 

treating with the JHa (fig.8). From the regression equations (Table-41) a 

negative trend was expressed in both treated (Y=0.7326 - 0.004X) and 

untreated (0. 7 53 - 0 .0229X) larvae. Significant negative relation was 

observed between the days of starvation and final larval weights. 

4.8.3 Gain in Larval Weights 

Nistari - The gain in larval weights was in the order of control, day 1 > 

3,4,5,6>2 in untreated and control, day 3,6> 1 ,2,5>4 in methoprene-treated 

batches (Table 36). Except for the control and starvation day 1 the values 

increased significantly in case of treated larvae (fig. 6). 



TABLE 40: ECONOMIC CHARACTERS OF KPGB X P5 DURING 
WET PART OF SUMMER (DRY BASIS IN GRAM.) 

Day of E. R. R. (%) FltW. LARVAL OU.INLMVAL Wt. OF COCOON atELL WI. OF PUPA 
Starvation WEIGHT WEIGHT MALE F&MN.E FEMALE 

Control " 62.00 (60.18) 0.748 (0.753) 0.68 (0.615) 0.266 (0.266) 0.259 (0.268) 0.359 (0.355) I 

1 T 59.50 (60.01) 0.716 (0.730) 0.647 (0.592) 0.247 f'\260) 0.242 (0.261) 0.334 (0.353) 
" 

2 0 58.50 (59.84) 0.622 (0.707) 0.553 (0.569) 0.273 (0.254) 0.274 (0.255) 0.354 (0.351) u 
3 T 58.20 (59.67) 0.697 (0.684) 0.629 (0.546) 0.253 (0.248) 0.244 (0.249) 0.307 (0.350) 

4 " 59.50 (59.50) 0.759 (0.661) 0.69 (0.523) 0.237 (0.242} 0.254 (0.242) 0.326 (0.348) I 

5 T 60.70 (59.33) 0.678 (0.638) 0.609 (0.500) 0.236 (0.236) 0.273 (0.236) 0.357 (0.346) 
" 6 0 58.70 (59.16) 0.645 (0.615) 0.576 (0.477) 0.209 (0.230} 0.211 (0.230) 0.276 (0.344) .. 

7 II 59.70 (58.99) 0.589 (0.592) 0.52 (0.454) 0.218 (0.224) 0.212 (0.223) 0.298 (0.342) I 

8 II 58.50 (58.82) 0.492 (0.569) 0.423 (0.431} 0.234 (0.218) 0.21 (0.217) 0.290 (0.341) I 

Control " 59.20 (58.24) 0.813 (0.732) 0.744 (0.651) 0.303 (0.230) 0.313 (0.257) 0.442 (0.358) I 

1 ' 59.00 (57.90) 0.746 (0.728) 0.678 (0.647) 0.184 (0.233) 0.216 (0.253) 0.324 (0.348) H 

2 57.50 (57.56) 0.663 (0.724) 0.594 (0.643) 0.212 (0.236) 0.216 (0.248) 0.309 (0.338) 
3 57.50 (57.22) 0.663 (0.720) 0.595 (0.639) 0.204 (0.239) 0.256 (0.243) 0.31 (0.328) 

4 " 54.50 (56.88) 0.715 (0.716) 0.646 (0.635) 0.25 (0.242) 0.215 (0.238) 0.245 (0.318) 
I 

5 ' 54.50 (56.54) 0.669 (0.712) 0.601 (0.631) 0.245 (0.245) 0.236 (0.233) 0.314 (0.308) 
" 

6 0 54.50 (56.20) 0.699 (0.708) 0.63 (0.627) 0.26 (0.248) 0.233 (0.229) 0.313 (0.298) .. 
7 II 57.70 (55.86) 0.737 (0.704) 0.668 (0.623) 0.265 (0.251) 0.228 (0.224) 0.286 (0.288) I 

8 II 57.20 (55.52) 0.739 (0.700) 0.67 (0.619) 0.254 (0.2!.4) 0.228 (0.219) 0.317 (0.278) I 

CDS% DF 
Treatment 1 0.96 0.024 0.024 0.016 0.012 0.016 
Day 8 1.28 0.032 0.032 0.021 0.016 0.021 
Treat X Day 8 1.92 0.048 0.048 0.031 0.025 0.032 
Error 54 
Total 71 
Figures in parenthesis are predicated value. E. R. R. - Effective Rearing Rate 



TABLE .tt: ECONOMIC CHARACTERS OF KPGB X PS DURING 
WET PART OF SUMMER (DRY BASIS) 

Rearesslon_ equation : DaY of starvation fXl vs. oarameters (Y) 
1 parameters I Without matho rene With matho ~rene 

Equation r Eauation 
E. R. R. {~o) Y = 60.18- 0.17X -0.27 Y = 58.24 - 0.34X 
Final larval weight y = 0.753- 0.022X -0.70 Y = 0. 732 - 0.004X 
Gain in larval wt. Y = 0.615- 0.023X -0.70 Y = 0.651 - 0.004X 
Cocoon shell 
Male Y = 0.266 - 0.006X -0.58 Y = 0.23 + 0.003X 
Female Y = 0.268 - 0.0063X -0.54 Y = 0.257 - 0.0048X 
Weight of Pupa 
Female Y = 0.355- 0.0081X -0.54 Y = 0.358- 0.01X 
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Regression equation (Table 3 7) showed a negative trend in both 

treated (Y=0.2493- 0.0014X) and untreated (Y=0.2403- 0.008X) larvae. 

Significant negative relations were obtained between the days of starvation 

and gain in larval weight. 

KPG B : The gains were in the descending orders of control>starvation 

day 7>8>1>2>3,4,5,6 in without methoprene and control>day 

1 >7>2,8>3,5>4,6 in cases methoprene treatments (Table 38). The weights 

of treated larvae increased significantly as compared with the untreated larval 

weight gains (fig. 7). 

Regression equation (Table 39) exhibited a negative trend in both 

treated (Y=0.7909- 0.0227X) and untreated (Y= 0.5718- 0.0033X) larvae. 

The relations between gain in larval weights and the days of starvation 

were non significant. 

KPGB x P
5 

: The orders of gain in larval weights were in the sequence of 

control, starvation days 1 ,4>3,5>2,6>7>8 in untreated and control>days 

1 ,4, 7 ,8>5,6>2,3 in methoprene-treated batches (Table 40). Except for the 

day 5 treatments, with the JHa in other days of starvation the gains in 

weight differed significantly from the untreated larvae (fig. 8). 

Regression equation (Table 41) indicated a negative trend for both 

t'reated (Y= 0.6518- 0.004X) and untreated (Y= 0.6153- 0.023X) batches. 

Significant negative relation was obtained between the days of starvation 

and gains in larval weight. 

4.8.4 Male Cocoon Shell Weight 

Nistari - The values of male cocoon shell weight obtained could be 

arranged as control, day 1 >3,4>5 ,6>2 in untreated and control, days 
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1 ,2,3,5,6>4> methoprene-treated batches (Table 36 ). Except for the 

day 2, the values of rest of the days of treated larvae differed significantly 

from those of untreated larvae.(fig.6) 

Regression equation (Table 3 7) indicated a negative trend for both 

treated (Y= 0.1281- 0.0033X) and untreated (Y= 0.1077- 0.0034X) larvae. 

Significant negative relations were obtained between the days of starvation 

and male cocoon shell weights. 

KPG B : The male cocoon shell weights were m the sequence of 

control>days 6, 7 ,8> 1 ,5>3 ,4>2 in untreated and control>days 

1.8>6, 7>5>2,4>3 in methoprene-treated batches (Table 38). All the larvae 

treated with methoprene produced significantly increased cocoon shell 

weights in males.(fig. 7) 

Regression equation (Table 39) indicated a positive trend in 

methoprene (Y=0.2566 + 0.0008X) and a negative trend in without 

methoprene (Y= 0.2278 - 0.0004X) treatments. Non significant relation 

was obtained between the days of starvation and the male cocoon shell 

weights. 

KPGB x P
5 

: The sequences ofmale cocoon shell weights control days 

1 ,2,3>4,5, 7 ,8>6 in without methoprene and control>days 4,5,6, 7 ,8>2,3> 1 

in case of methoprene treatments (Table 40). Results obtained from treated, 

and untreated larvae differed significantly (fig. 8). 

Regression equation (Table 41) indicated a positive trend in · 

methoprene (0.230 + 0.003X) and a negative trend in methoprene less 

(0.2662-0.006X) larvae. Significant negative relations were obtained between 

the days of starvation and male cocoon shell weights. 
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4.8.5 Female cocoon shell weight 

Nistari - The female cocoon shell weights in feeding regulated batches 

were in the sequence of control, days 1>3,4,6>2>5 in untreated and days · 

1 ,2,4,5,6>control, 3 in methoprene-treated larvae (Table 36). Except for 

the control, the weights obtained from the methoprene-treated larvae 

differed significantly (fig.6). 

Regression equation (Table 37) revealed a positive trend for 

methoprene (0.1225 + 0.0014X) and a negative trend for without methoprene 

(Y=0.1142- 0.004X) treatments. Negative significant relation was observed 

between the days of starvation and female cocoon shell weights. 

KPG B : The weights of female cocoon shell were in the sequence of 

control>days 7 ,8>1 >2,3>5,6>4 in untreated and control>day 

8>1 ,7>2,6>3,5>4 in methoprene-treated batches (Table 38). Treatment 

with methoprene significantly increased the female cocoon shell weights 

in all the feeding regulated batches (tlg. 7). 

Regression equations (Table 39) indicate a negative trend for both 

methoprene (Y=0.2611 - 0.0051 X) and without methoprene (Y=0.2482 -

0.0038X) treatments. Significant negative relation was obtained between 

the days of starvation and the weights of female cocoon shell. 

KPG B x P 5 : The female cocoon shell weights were in the sequence of 

days 2,5>control, 1 ,3,4>6,7 ,8 in without methoprene and control>day 

3> 12 ,4,5 ,6, 7,8 in methoprene treatments (Table 40 ). Treatment with 

methoprene significantly lowered the female cocoon shell weights in the 

larvae of control, days 1 ,2,4 and 5 and increased in the larvae of day 6 

starvation. Rest of the feeding regulated larvae yielded a non significant 

result (fig.8). 
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Regression equation (Table 41) indicated a negative trend in both 

methoprene (Y=0.2578 - 0.0048X) and without methoprene batches 

(Y=0.268-0.0063X). A negative but significant relation was obtained between 

the days of starvation and female cocoon shell weights. 

4.8.6 Female Pupal Weight 

Nistari - The female pupal weights varied in the order of starvation day 

l>control>3>2,4,5,6 in JHa-free and control, days 2,t.t>l ,3,5,6 in the JHa

treated larvae (Table 36). Pupal weights were significantly higher in 

methoprene treated batches (fig.6). 

Regression equation (Table 3 7) indicated a negative trend in both 

methoprene-treated (Y=0.2285 - 0.0006X) and untreated (Y=O.l834 -· 

0.006X) larvae. The relation between the days of starvation and female 

pupal weights was negatively significant. 

KPG B : In this race, the female pupal weights differed in the order of 

control> days 1 >2,3>5,6>4 in JHa-free and control>day 1 >2>7 ,8>3,4,5,6 

in JHa-treated batches (Table 38). Treatment with methoprene significantly 

increased female pupal weights in all the cases (fig. 7). 

Regression equation (Table 39) indicated a negative trend for both 

methoprene-treated (Y=0.34 75- 0.0076X) and untreated batches (Y=0.2896 

-0.0038X). A non-significant relation occurred between the days of 

starvation and female pupal weights. 

KPG B x P 5 : The female pupal weights were in the descending order of 

control, days 2,5>1 ,4>3,7 ,8>6 in untreated and control>days 

1 ,2,3,5,6,8>7>4 in JHa-treated larvae (Table 40). Significant differences 

in pupal weights occurred after. the JHa application to control and the 
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larvae starved on days 2,4,5,6 and 8 (fig.8). 

Regression equation (Table 41) showed a negative trend for both 

treated (Y = 0.3584- 0.01X) and untreated (0.3555- 0.0081X) batches. A 

negative but significant relation occurred between the days of starvation 

and female pupal weights. 

4.9 Reproductive Performance Due to Day-wise Starvation During 

Wet Part of Summer 

4.9.1 Female Pupal Weight (Live) 

Nistari : The female pupal weights varied in the order of control, day 

1>2,3,4>5,6 in JHa-free and control, days 4,5>1 ,2,3,6 in JHa-treated 

batches (Table 45). The weights increased significantly due to methoprene. 

Regression equations (Table 45) indicated a negative trend for both 

treated (Y=0.994 - 0.003X) and untreated (Y= 0.877- 0.0227X) larvae. 

Negative but significant correlation resulted between the days of starvation 

and females pupal weights. 

KPG B : The pupal weight differed in the descending order of control 

>day 7>8> 1 >2,3>5,6>4 in untreated and control>day 1 >2>7>8>5,6>3,4 

in methoprene-treated batches (Table 46). Except for the larvae of starvation 

day 7, the female pupal weights increased significantly. 

Regression equations (Table 46) exhibited a negative trend in both 

treated ( Y = 1.731- 0.0376X) and untreated ( Y= 1.415- 0.0114X) larvae. . 

Days of starvation and female pupal weights did not differ significantly. 

KPGB x P5 : The orders of female pupal weights were control>starvation 



TABLE 45: REPRODUCTIVE PERFORMANCE BY Nlmui DURING 
WET PART OF SUMMER 

Day of t Uve rem• 1.!.:. ovMiole I Total eggs In I Fecundity l Hatching of 

Starvation !PUPal wt. gfpupa em/moth ovariole no.lmonth (No.) fertilised ~% 

Control 
w 0.881 ( 0.887) 14.08 ( 13.94) 381.8 
I 

( 376.4) 369.2 : 356.0: 93.47 (93.77) 

1 
T 0.897 ( 0.864) 13.80 (13.79) 375.0 ( 370.3) 356.6 : ~t:i0.8: 94.22 ( 93.65) 
H 

2 
0 0.795 ( 0.841) 12.96 ( 13.64) 337.8 (364.19) 308.6 :354.7: 94.08 ( 93.53) 
u 

3 T 0.817 ( 0.818) 13.74 ( 13.49) 357.8 ( 358.0) 337.8 : 340.5: 92.44 ( 93.41) 

4 
M 
I 

0.830 ( 0.769) 14.00 ( 13.35) 380.4 ( 351.9) 360.6 : 335.4: 93.24 ( 93.29) 

5 
T 
H 

0.762 ( 0.773) 13.08 ( 13.20) 339.6 ( 345.8) 328.8 : 330.2: 93.03 (93.17) 

6 
0 0.747 ( 0.750) 12.84 ( 13.05) 334.2 ( 339.7) 322.4 : 325.1 : 93.44 ( 93.05) ,. 

7 
R 
E 

8 
H 
E 

Control 
111 
I 

1.044 ( 0.994) 14.46 ( 14.51) 387.2 ( 390.7) 375.4 : 384.1 : 93.37 ( 93.56) 

1 
T 0.933 ( 0.991) 14.22 ( 14.36) 385.6 ( 386.1) 380.0 : 378.1 : 93.68 ( 93.52) 
H 

2 0.991 ( 0.988) 14.42 ( 14.21 ) 386.0 ( 381.5) 380.6 : 372.2: 93.70 ( 93.47) 

3 0.921 ( 0.985) 14.46 ( 14.07) 387.6 (376.9) 377.2 : 366.3: 93.52 ( 93.43) 

4 
M 1.029 (0.982) 13.78 (13.92) 373.4 
[ 

( 372.3) 367.6 : 360.4: 93.26 ( 93.39) 

5 T 1.059 (0.979) 13.12 (13.77) 339.4 ( 367.7) 319.8 : 354.5: 92.99 ( 93.34) 
" 

6 
0 0.919 ( 0.975) 14.04 ( 13.63) 379.4 
p ( 363.1) 365.0 : 348.6: 93.55 { 93.30) 

7 
R 
E 

8 
tl 
E 

CD5% OF 
Treatment 1 0.02 0.06 1.48 2.17 0.28 
Day 6 0.04 0.12 2.77 4.06 0.52 
Treat X Day 6 0.05 0.16 3.92 5.75 0.75 
Error 56 
Total 69 
Ftgures m parenthesiS are predicated value. 

Regression equation : Day of starvation (X) vs. parameters (Y} 
Parameters Without methoPrene With methoprene 

Equation r Eauation r 
Pupal weight Female Y = 0.887 - 0.0227 X -0.74 Y = 0.994-0.003 X 0.09 
Total ovariole length Y= 13.49-0.147X -0.59 Y= 14.51 -0.146X -0.63 
No of eggs in ovariole Y = 376.4-6.107 X -0.62 Y = 390.7-4.585 X 0.57 
Fecundity Y = 356.0-5.143 X -0.49 Y=384.1-5.914X -0.59 
Hatching percent Y = 93.77 - 0.118 X -0.28 Y- 93.56 - 0.043 X -0.18 



TABLE 46: REPRODUCTIVE PERFORMANCE BY KPGB DURING 
WET PART OF SUMMER 

Day of Live female 
starvation wt. 

Control 
w 1.793 (1.415) 20.02 (18.39) 527.8 483.8 
I 

1 
T 1.400 ( 1.403) 18.61 ( 18.09} 
H 

487.6 476.1 483.2 ( 467.5; 84.55 ( 84.71 ) 

2 
0 1.279 ( 1.392) 16.78 ( 17.79) 444.8 468.3 438.8 ( 459.7; 85.01 ( 84.74) 
u 

3 T 1.249 ( 1.380) 16.66 ( 17.49) 439.8 :460.6 434.6 ( 451.9; 84.54 ( 84.77) 

4 
M 1.115 ( 1.369) 16.11 ( 17.19) 421.6 452.8 410.0 ( 444.2 ~ 84.67 ( 84.79) 
E 

5 
T 1.158 (1.358) 16.09 (16.90) 
" 

420.4 445.1 414.2 ( 463.4: 84.96 ( 84.82) 

6 
0 1.184 (1.346) 16.12 (16.60) p 423.0 437.3 414.8 ( 428.7; 85.06 ( 84.85) 

7 
Jll 1.623 (1.335) 17.78 (16.30) 
I 

471.4 429.6 452.8 ( 420.9; 84.97 ( 84.87) 

8 " 1.523 (1.323) 16.65 (16.00) 439.4 421.8 436.4 (413.1; 84.73 (84.90) 
E 

I 
Control 

w 1.886 ( 1.731) 20.88 ( 19.53) 553.4 514.7 547.8 ( 508.7; 84.54 ( 84.47) 
I 

1 
T 1.778 ( 1.693) 19.24 ( 19.23) 508.6 513.9 499.6 ( 500.6; 84.39 ( 84.50) 
H 

2 1.662 ( 1.655) 19.20 ( 18.94) 505.0 513.1 497.0 ( 492.4; 84.62 ( 84.53) 
3 1.409 ( 1.618) 18.02 ( 18.65) 473.0 512.4 464.4 ( 484.3; 84.64 ( 84.56) 

4 
M 1.430 ( 1.580) 17.02 ( 18.36) -448.4 511.6 435.6 < 476.2: 84.43 (84.60 >I 
[ 

5 
T 1.457 (1.543) 16.86 (18.07) 443.2 510.8 440.6 ( 468.1 ; 84.70 ( 84.63) 
H 

6 
0 1.462 (1.505) 17.26 (17.77) 448.0 510.1 449.2 ( 460.0; 84.63 ( 84.66) p 

7 
fl 1.594 ( 1.467) 18.46 ( 17.48) 489.4 : 509.3 486.2 ( 451.9 ; 84.69 ( 84.70) 
[ 

8 " 1.546 ( 1.430) 18.35 (17.19) 489.2 508.5 466.0 ( 443.8; 84.79 ( 84.73) 
E 

C05% DF 
Treatment 1 0.02 0.114 3.44 . 4.16 0.177 
Day 8 0.04 0.242 7.30 8.82 0.376 
Treat X Day 8 0.06 0.342 10.32 12.48 0.532 
Error 80 
Total 89 
Figures in parenthesis are predicated value. 

Regression equation : Day of starvation {X) vs. parameters {Y) 

Parameters WithOut methoprene With metho ~rene 
E_guation r Equation r 

Pupal weight Female Y -1.415-0.0114 X -0.13 Y = 1.731 -0.0376 X -0.61 
Total ovariole length Y = 18.39-0.298 X -0.59 Y = 19.53-0.292 X -0.62 
No of eggs in ovariole Y = 483.8- 7.750 X -0.57 Y = 514.7-0.763 X -0.56 
Fecundity Y = 475.2-7.760 X -0.59 Y = 508.7-8.113 X -0.60 
Hatching percent Y = 84.69 + 0.027 X 0.14 Y = 84.47 + 0.033 X 0.28 



TABLE 47: REPRODUCTIVE PERFORMANCE BY KPGB X P5 DURING 
WET PART OF SUMMER 

Day of lP!; female 1.::: ovariore ,, Total eggs in I Fecundity 1
1 

Hatching of 
starvation wt. a/pupa em/moth ovariole no./month (No.) fertilised eggs % 

Control 
w 1.291 ( 1.160) 22.47 ( 20.32) 
I 

649.5 (589.5) 639.7 ( 576.9) 84.71 ( 85.15) 

1 
T 1.084 (1.152) 19.22 (20.16) 554.5 ( 584.8) 544.7 ( 571.5) 84.61 (85.19) 
H 

2 
0 
u 1.034 (1.144) 18.80 (20.01) 544.0 ( 580.1) 526.5 { 566.1 ) 85.12 ( 85.23) 

3 T 1.086 (1.136) 18.51 (19.86) 547.0 ( 575.4) 526.5 ( 560.7 ) 85.23 ( 85.27) 

4 
M 1.129 (1.128) 19.60 (19.70) 566.7 ( 570.7) 553.7 ( 555.4) 84.84 ( 85.31) 
[ 

5 
T 1.183 (1.120) 19.84 (19.55) 571.5 ( 566.1) 554.7 ( 550.0) 85.18 ( 85.96) 
H 

6 
0 1.150 ( 1.112) 20.21 ( 19.40) 585.2 ( 561.4) 565.0 ( 554.6 ) 85.20 ( 85.40) 
P' 

7 
R 1.188 (1.104) 20.83 (19.24) 603.5 ( 556.7) 587.2 ( 539.3) 84.78 ( 85.44) 
[ 

8 " 1.007 (1.096) 17.92 (19.09) 515.7 ( 552.0) 501.0 ( 533.9) 85.19 ( 85.48) 
[ 

Control 
w 1.503 ( 1.261 ) 25.84 ( 21.89) 745.5 ( 629.2) 717.0 ( 608.2) 84.95 ( 85.03) 
I 

1 T 1.145 (1.229) 20.01 (21.36) 573.0 ( 614.6) 555.2 ( 594.9 ) 85.08 ( 85.02) 
H 

2 1.114 (1.197) 19.42 (20.84) 561.5 ( 600.0) 543.2 ( 580.9) 85.09 ( 85.02) 
3 1.102 (1.165) 19.33 (20.32) 555.5 ( 585.4) 540.5 ( 567.2 ) 84.76 ( 85.02) 

4 
M 1.018 (1.133) 17.43 (19.80) 505.5 ( 570.8) 496.5 (553.6)85.16 ( 85.01) 
E 

5 T 1.047 ( 1.101) 19.25 ( 19.28) 548.0 ( 556.2) 532.7 ( 540.0) 85.04 ( 85.01) 
H 

6 
0 1.107 ( 1.069) 19.53 ( 18.75) 562.2 ( 541.6) 542.5 ( 526.3: 85.25 ( 85.01) .. 

7 
II 1.013 ( 1.037) 17.60 ( 18.23) 514.7 ( 527.0) 497.5 ( 512.7 ) 85.09 ( 85.00) 
E 

8 H 1.135 (1.005) 19.77 (17.71) 571.7 ( 512.4) 558.0 ( 499.0) 84.74 ( 85.00) 
E 

CD5% DF 
Treatment 1 0.024 0.125 5.67 6.08 NS 
Day 8 0.032 0.167 7.56 8.11 NS 
Treat X Day 8 0.048 0.25 11.34 12.16 NS 
Error 54 
Total 71 
Ftgures 1n parenthesis are predtcated value. 

Regression equation : Day of starvation (X} vs. parameters jY) 
Parameters Without methoprene With methoPiene 

Eauation r Eauation r 
Pupal weight Female Y = 1.16- 0.008X -0.23 Y = 1.261 - 0.032 X -0.59 
Total ovariole length Y = 20.32-0.153 X -0.3 Y = 21.89-0.522 X -0.58 
No of eggs in ovariole Y = 589.5 - 4.68 X -0.32 Y = 629.2-14.59 X -0.56 
Fecundity Y = 576.9- 5.37 X -0.36 Y = 608.2-13.6 X -0.56 
Hatching percent Y = 85.15 + 0.042 X 0.3 Y = 85.03- 0.003 X -0.02 
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days 5,6, 7>4> 1 ,3>2>8 in JHa-free and control>days 1 ,8>2,3,6>4,5, 7 in 

treated batches (Table 47). Pupal weights were reduced by methoprene 

when applied to the larvae starved on days 4,5,6 and 7. Results were non, 

significant for the day 3. However, significant increase in pupal weights 

was recorded for the days 1 ,2,8. 

Regression equations (Table 4 7) revealed a negative trend in both 

treated (Y= 1.261 - 0.032X) and untreated (Y= 1.160- 0.008X) batches. 

Non significant relation was observed between the days of starvation and 

female pupal weights. 

4.9.2 Total Ovariole Length 

Nistari - The ovariole lengths were in the order of control, day 

4> 1 ,3>2,5>6 in untreated and control, day 3>2> 1 >6>4>5 in treated batches 

(Table 45). In case of treatment with methoprene on day 4 larvae the 

length was reduced. A non-significant value was recorded for the day 5. 

In rest of the days the ovariole length increased significantly due to 

methoprene. 

Regression equations (Table 45) revealed a negative trend for both 

treated (Y = 14.51- 0.146X) and JHa-free ( Y= 13.49- 0.147X) larvae. A 

negative but significant correlation was observed between the days of 

starvation and total ovariole length. 

KPG B : The descending orders of ovariole length were control>days 

1 >7>2,3,8>4,5,6 in JHa-free and control>days 1 ,2>7 ,8>3>6>4>5 in JHa

treated batches (Table 46). Significant increase in ovariole length resulted 

from the application of the JHa. 

Regression equations (Table 46) indicated a negative trend in both 
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treated ( Y = 19.53 - 0.292X) and without untreated (18.39- 0.298X) 

batches. Negative but significant relation was observed between the days 

of starvation and total ovariole length. 

KPG B x P 
5 

: The total ovariole length differed in the sequence of 

control> day 7>6>5>4> 1 >2>3>8 in JHa-fr.ee and control> day 

1>8>2,6>3,5>7>4 in the treated batches (Table 47). Significant reduction 

in total ovariole length resulted for the larvae of starvation days 4,5,6 and 7 

due to methoprene treatment. Rest of the methoprene-treated batches 

indicated higher ovariole length. 

Regression equations (Table 4 7) showed a negative trend for both 

treated ( Y= 21.89- 0.522X) and untreated ( Y = 20.32- 0.153X) batches. 

Non significant relation was observed between the days of starvation and 

total ovariole length. 

4.9.3 Total Eggs in Ovariole 

Nistari : The number of eggs varied in the descending orders of control, 

day 4> 1 >3>2,5>6 in JHa-less and control, days 1 ,2,3>6>4>5 in the treated 

batches (Table 45). Significant increase in the number of eggs occurred in 

methoprene-treated batches except for the starvation day 4 where the 

number was reduced. In the larvae of day 5, the result was non significant. 

Regression equations (Table 45) expressed a negative trend in both 

treated (390. 7 - 4.585X) and untreated ( Y = 376.4 - 6.1 07X) larvae. 

Significant negative correlation was obtained between the days of 

starvation and total ovariole length. 

KPGB The number of eggs was in the sequence of control>day 
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1 >7>2,3,8>4,5,6 in JHa-less and control >days 1 ,2>7.,8>3>4,5,6 in JHa -

treated batches (Table 46 ). There was a significant increase in total egg 

production following methoprene application. 

Regression equations (Table 46) revealed a negative trend for both 

treated (Y = 514.7- 0.763X) and untreated ( Y = 4~3.8- 7.75X) batches. A 

significant negative relation resulted between the days of starvation and 

total eggs in ovariole. 

KPG B x P 
5 

The total eggs in ovariole was obtained in the order of 

contro1>day 7>6>4,5> 1 ,3>2>8 in untreated and control>days 1 ,8>2,3,6>5> 

7>4 in methoprene-treated batches (Table 4 7). The number of eggs reduced 

significantly in methoprene-treated batches of day 4,5,6 and 7. In rest of 

the batches the increase was signficant. 

Regression equations (Table 4 7) revealed a negative trend in both 

treated (Y = 629.2 - 14.59X) and untreated (Y = 589.5 - 4.68X) larval 

batches. Non significant relation was observed between the days of 

starvation and total eggs in ovariole. 

4.9.4 Fecundity · 

Nistari - The differential fecundation could be arranged in the order of 

control>days 1 ,4>3>5>6>2 in JHa-less and days 1 ,2>control, 3>4,6>5 in 

JHa-treated batches (Table 45). Significant increase in fecundity due to 

methoprene application was obtained in all the batches except for the day 

5 where the value was lowered. 

Regression equations (Table 45) expressed a negative trend for · 

both methoprene (Y = 384.1- 5.914X) and without methoprene ( Y =356.0 

- 5 .143X) treatments. Negative but significant relation was observed 
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bet\veen the days of starvation and fecundity. 

KPGB: The orders offecundity were control>day 1>7>2,3,8>4,5,6 in 

untreated and control>days 1 ,2>7>3,8>6>4,5 in methoprene-treated 

batches (Table 46). Significant increase in fecundity resulted from the 

treatment with methoprene for all the days of starvation. 

Regression equations (Table 46) revealed a negative trend for both 

methoprene ( Y = 508.7- 8.113X) and without methoprene (Y = 475.2-

~ 7. 76X) treatments. A significant negative relation was obtained between 

the days of starvation and fecundity. 

KPG B x P 
5 

: The descending sequences of fecundity were control>day 

7>6>4 ,5 > 1 >2>3>8 in without methoprene and control>days 

1 ,8>2,3,6>5>4, 7 in methoprene -treated batches (Table 4 7). Significant 

reduction in fecundity resulted due to methoprene application for the days 

4,5,6 and 7. For rest of the starvation days the fecundity increased 

significantly. 

Regression equation (Table 4 7) expressed a negative trend for both 

methoprene (Y=608.2 - 13.64X) and without methoprene ( Y=576.9 -

5.3 7X treatments. Non significant relation was obtained between the days 

of starvation and fecundity. 

4.9.5 Hatching percent 

Nistari : The hatching percent in different larvae batches was in the 

order of days 1 ,2>control 3,4,5,6 in methopreneless and days I ,2,3,4,5,6 

in methoprene-treated batches (Table 45). Hatching percentage was 

lowered in the treated batches of days I and 2 and increased in days 3 
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and 5. For the larvae of other starvation days the result was non-significant. 

Regression equations (Table 45) indicated a negative trend for 

both treated (Y = 93.05 - 0.043X) and untreated (Y = 93.77 - O.ll8X) 

larval batches. The relation was non-significant between the days of 

starvation and precentage of hatching. 

KPG B : The descending sequence of hatching percentage was control, 

days 2,3,4,5 ,6, 7 ,8> I untreated and control, days 1 ,2,3,4,5 ,6, 7,8 in 

methoprene-treated batches (Table 46). Non significant result was obtained 

in methoprene-treated batches compared to that of the untreated larvae. 

Regression equations (Table 46) provided a positive trend in both 

treated (Y = 84.47 + 0.0332X) and untreated (Y = 84.69 + 0.027X) larval 

batches. Non significant relation was obtained between the days of starvation 

and hatching percent. 

KPG B x P 5 : The hatching performance was in the vrder of control days 

1 ,2,3,4,5,6, 7,8 in both treated and untreated larval batches (Table 4 7). All 

the results were non-significant. 

Regression equations (Table 47) exhibited a negative trend in treated 

(Y = 85.03 - 0.003X) and a positive trend in untreated (85.15 + 0.042x) 

batches. Non significant relation was obtained between the days of 

starvation and hatching. 

4.10 Utilization of Leaf Nitrogen Due to Day-wise Starvation During 

Wet Part of Summer 

The amount of leaf nitrogen estimated during the season was 2.66%. 

Observation on leaf nitrogen utilization are furnished in Tables 54, 56 & 

58. 



0 

96 

4.1 0.1 Ingestion of Leaf Nitrogen 

Nistari - The ingestion of leaf nitrogen recorded was in the sequence of . 

control, day 1>2,3,4,5,6 in JHa-untreated and day 2>control, 1 ,3,4,5>6 in 

methoprene-treated larval batches. Treatment with methoprene significantly 

increased nitrogen ingestion in all the batches. 

KPGB : Leaf nitrogen ingestion was in the descending order of 

control> day 1 >7>3>2>5,6,8>4 in methoprene-less and control>day 

1 >2>3>5>4>7>6>8 in methoprene-treated larvae. There was significant 

increase in the nitrogen ingestion due to methoprene application to the 

starved larvae. 

KPG B x P 
5 

: The nitrogen ingestion was in the descending order of day 

control>day 5>2>3> 1 >4>7>6>8 in without methoprene and control>day 

8>7>5>3>2>6>1,4 in methoprene treatments. Treatment with methoprene 

significantly increased the ingestion of nitrogen in all the feeding regulated 

batches. 

4.10.2 Excretion of Nitrogen 

Nistari - The quantity of nitrogen excreted was different in the larvae 

under different days of starvation. Based on the quantity of nitrogen 

excretion the larvae could be arranged in the descending order of control, 

days 1 ,5,6>3>2,4 in untreated and day 2>4,5> 1 ,3,6>control in methoprene 

- treated batches. Concommitant with the increased nitrogen ingestion by 

the methoprene-treated batches the excretion of nitrogen was also increased. 

KPGB : The order of nitrogen excretion ooserved were day 

3> 1 >6>2,5>4>control>8>7 in without methoprene and day 4>3>5>6>2> 1 > 

control>7>8 in cases ofmethoprene treatments. Application ofmethoprene 
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TABLE 54 : UTILIZATION OF NITROGEN IN FOOD BY Nistari DURING 
WET PART OF SUMMER 

Ingestion (mg) Excretion mal Digestion (mg) 

Food I ~% I Nz ingested Total 1 Hz% Nz excreted Total Hz% 
consumed rmal excretion (rna} digestion digested 

1935 51 813 2.39 19 1122 32 
.4 .. 

1915 51 834 2.47 20 1081 31 

1746 46 722 2.18 15 1024 31 

1790 47 782 2.19 17 1008 30 
1758 46 726 2.16 15 1032 31 

1839 48 833 2.37 19 1006 29 

1752 46 908 2.31 21 844 25 

<0 
<0 
N 

2195 58 1005 2.27 23 1190 35 

2285 60 923 2.93 27 1362 33 

2421 64 931 3.66 34 1310 30 
2188 58 965 2.93 28 1221 30 

2219 59 968 3.01 29 1251 30 

2228 59 985 3.06 30 1243 29 

2028 53 962 2.81 27 1066 26 

,, 
23.71 2.07 48.91 1.43 41.71 1.68 
44.36 2.35 55.46 1.62 76.17 1.91 
62.73 3.59 84.72 2.48 107.72 2.91 

• 

Dlgesti bllity 
% 
~ 

62.74 

60.78 

67.39 

63.82 
67.39 

60.41 

54.34 

60.34 

55.00 

46.87 
51.72 

50.84 

49.15 

49.05 

2.62 
2.97 
4.53 
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TABLE 56: UTILIZATION OF NITRCK;EN JN FOOD BY KPGB DURING 
WEI PARI OF SUMMER 

excretion 

3233 1571 1.14 18 

3118 83 1505 1.99 30 1613 

2807 75 1496 1.87 28 1311 
2886 77 1479 2.16 32 1408 
2683 71 1243 2.17 27 1440 

2744 73 1369 2.04 28 1375 

2759 73 1312 2.21 29 1447 

2966 79 1310 1.22 16 1656 

2757 73 1208 1.24 15 1548 

~ 
f'.i 

4864 129 2413 2.15 52 2451 

4662 123 2292 2.39 55 2370 
4388 117 2323 2.45 56 2065 
4384 116 2299 2.69 62 2069 
4249 113 2159 3.01 65 2090 

4315 115 2202 2.72 60 2113 

4015 107 2046 2.83 58 1968 

4179 111 1853 2.59 48 2326 

3971 106 1814 2.53 46 2157 

14.07 0.23 60.14 0.29 8.44 
23.45 0.38 100.24 0.48 14.07 
31.46 0.51 134.49 0.64 18.88 

~ 

Digestibility ' 

d" sted 

68 

53 63.85 

47 62.66 
45 58.44 
44 61.97 

45 61.64 

44 60.27 

63 79.74 

58 79.45 

77 59.68 

68 55.28 
61 52.13 
54 46.55 
48 42.47 

55 47.82 

49 45.79 

63 56.75 

60 56.60 

0.35 5.31 
0.58 8.84 
0.78 11.86 
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TABLE 58: UTILIZATION OF NITROGEN IN FOOD BY KPGB X P5 DURING 

WET PART OF SUMMER 

Day of Ingestion (rna) Excretion mal Digestion tmg) 
Starvation Food I Nz% I N2 ingested Total I Nz% Nz excreted Total Nz% 

consumed (mg) excretion (mg) digestion digested 

Control 
w 3049 81 1474 1.59 23 1575 58 I 

~~ 
1 

T 2432 65 1328 0.67 9 1108 56 
H 

2 
0 2572 68 1354 1.41 19 1217 49 u 

3 T 2535 67 1323 0.99 13 1211 54 

4 
H 2416 64 1321 0.38 5 1094 59 E 

5 
T 2630 70 1563 1.09 17 1067 53 
H 

6 
0 2324 61 1228 0.89 11 1107 50 p 

7 R 2325 62 1258 1.19 15 1067 47 
E 

8 " 2244 59 1247 1.53 19 996 40 
E 

(() 
([) 

<'i 

Control w 4158 111 2070 2.32 48 2088 63 
I 

1 T 3548 94 1720 2.10 36 1828 58 
H 

2 3617 96 1800 2.44 44 1817 52 
3 3762 100 1885 2.55 48 1877 52 

4 
H 3559 94 1733 2.19 38 1826 56 E 

5 
T 3908 104 2256 2.31 52 1652 52 
H 

6 
0 3599 95 1892 2.17 41 1707 54 p 

7 
R 4073 108 2075 2.46 51 1997 57 
E 

8 " 4115 ,, 109 2100 2.38 50 2040 59 E 

COS% OF 
Treatment 1 7.68 0.39 12.00 1.67 8.47 1.91 
Day 8 10.24 0.52 16.01 2.24 11.29 2.54 
Treat X Da 8 15.37 0.78 24.01 3.35 16.94 3.81 
Error 54 
Total 71 
1...,.~---- -~- -- ------- -- ---- -------------

Digestibility 
% 
N, 

71.60 

86.15 

72.05 

80.59 
92.18 

75.71 

81.96 

75.80 

67.75 

56.75 

61.70 

54.16 
52.00 
59.57 

50.00 

56.84 

52.77 

54.12 

8.66 
11.55 

I 17.33 I 

I 
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significantly increased the excretion ofnitrogen in all the batches. 

KPG B x P 
5

: The quantitative excretion of nitrogen could be arranged in 

the order of control>days 2 ,8,5>3, 7> 1 ,6>4 in untreated and days 

5, 7 ,8>control,3>2>6> 1 ,4 in methoprene -treated larvae. There was a 

significant increase in the nitrogen excretion by th.e JHa-treated larvae. 

4.1 0.3 Digestion of Nitrogen 

Nistari- The digestion of ingested nitrogen was recorded in the descending 

sequence of control, days 1 ,2 ,4>3 ,5>6 in untreated and 

control> I >2,3,4,5>6 in methoprene-treated larval batches. Significant 

increase in the digestion of nitrogen was observed in the control larvae the 

larvae of day 1 starvation after treatment with methoprene. In rest of the 

feeding regulated larvae the result was non significant. 

KPG B : The digestion of nitrogen by different batches were recorded 

for larvae in the order of control>days 6, 7>8> 1 >2>3,5>4 in methoprene

less and control>day 1>7>2>8>5>3>6>4 in methoprene-treated batches. 

Significant increase in digestion of nitrogen was observed in all the batches 

when treated with methoprene except for the starvation on day 7. 

KPG B x P 5 : The quantity of digestion of leaf nitrogen was observed in 

the descending sequence of day 4, control> 1 ,3>5>2,6>7>8 in without 

methoprene and control>days 1, 7 ,8>4,6>2,3 ,5 in the larvae treated with 

methoprene. Digestion of nitrogen was increased in all the batches except 

for the days 3, 4 and 5 when methoprene was applied. 
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4.1 0.4 Digestibility (0/o) of Nitrogen 

Nistari - The order of digestibility percent of leaf nitrogen was in the 

order of days 2,4>control, 3> 1 ,5>6 in untreated and control>day 

1 >3,4,5,6>2 in methoprene-treated larvae. Except in the control larvae a 

significant decrease in digestibility of nitrogen was observed in all the 

methoprene treated larval batches. 

KPG B : The recorded digestibility of nitrogen was in the descending 

order of control, days 7 ,8> 1 ,2,3 ,4,5 ,6 in methopreneless and control, days 

1 ,2, 7 ,8>3,4,5,6 in methoprene treated larvae. A significant decrease m 

digestibility was noted in all the batches treated with methoprene . 

KPGB X P
5

: The descending orders of leaf nitrogen were days 1,3,4,6> 

control, 2,5, 7>8 in without methoprene and control, I ,2,3,4,5,6,7 ,8>3 in 

case of methoprene treatments. Treatment with methoprene significantly 

decreased the digestibility in all the days of starvation including control 

larvae. 

4.1 0.5 : Accumulation of Nitrogen( in mg) in Larval Body 

Nistari - The quantitative accumulation of nitrogen in larval body was in 

the sequence of control>day 1>3,4,5>2,6 in untreated and control>days 

1 ,3>2,4,5>6 in methoprene-treated batches. A significant incease in 

accumulation of nitrogen was observed in all the batches treated with 

methoprene. Estimated nitrogen percent in larval body was also in the same 

sequence.(Table 55) 
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KPG B : The quantitative accumulation of nitrogen could be arranged in 

the sequence of control> day 7>8> 1 >2>3,4>5,6 in methoprene free 

larvae and control>day 1 >2, 7>8> 3>5>4,6 in methoprene-treated larvae. 

Except for the starvation days 4,6,7 and 8 there was a significant increase 

in accumulation of nitrogen in larval body due to treatment with methoprene. 

Estimated nitrogen percent in larval body showed the highest value in the 

larvae starved on day 4.(Table 57) 

KPG B x P 
5 

: The accumulation of nitrogen in larval body was in the 

sequence of day 4, control> 1 ,3>5>2,6>7 ,8 in untreated larvae and 

control>day 1 >7 ,8>2,3 ,4>5 ,6 in cases of methoprene treatments. Except 

for the days 3 and 5 there was significant increase in accumulation of 

nitrogen due to methoprene treatment. Estimated nitrogen percent in larval 

body indicated a non significant result in the larvae of all the days of 

starvation except for the days 6 and 7 in case of untreated and days 4,5 

and 6 in the JHa-treated larval batches.(Table 59) 

4.1 0.6 Sharing of Larval Body Nitrogen by the Male Cocoon Shell 

Nistari- The share of nitrogen from larval body to male cocoon shell was 

in the sequence of control, days 1 >3,4>2,5,6 in untreated larvae and day 

3>control>1 ,2,5>4,6 in methoprene-treated batches. Treatment with 

methoprene increased the nitrogen allocation in all the batches.(Table 55) 

KPGB : The result of nitrogen allocation could be arranged in the 

sequence of control>days 1, 7 ,8>5 ,6>2,3 ,4 in without methoprene and 

control>day 1>7>2,3,8>5>4,6 in cases of methoprene treatments. Except 

for the days 4, 6 and 8 there was higher flow of nitrogen from larval body 

to male cocoon shell due to methoprene application.(Table 57) 
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KPG B x P 
5 

: The sharing of larval body nitrogen was in the sequence of 

control>days 1,3>2,4,5>6,7,8 in untreated and control>days 

4,6. 7 .8>5>2> 1 ,3 in methoprene treated larval batches. Except for the 

days 1 ,2 and 3 in other days of starvation a significant increase in the flow 

of nitrogen to the male cocoon shell occurred due to treatment with 

methoprene.(Table 59) 

4.1 0. 7 : Sharing of Larval Body Nitrogen by the Female Cocoon 

Shell 

Nistari - The share of larval nitrogen for the female cocoon shell was m 

the sequence of control, day 1 >2,3 ,4>5 ,6 in untreated and control, days 

1 ,4>2,3,5,6 in methoprene-treated batches. Except for the day 3 the share 

of nitrogen increased significantly in all the methoprene-treated 

batches.(Table 55) 

KPG B : The flow of nitrogen to the female cocoon shell was in the order 

of control>day 7>1 ,8>2,3,5,6>4 in case of untreated and control>day 

1 >7 ,8>2,3>4,5,6 in methoprene-treated larval batches. Significant increase 

in the share of larval nitrogen occurred in all the batches treated with 

methoprene except for the starvation days 5, 6 and 7 .(Table 57) 

KPG B x P 5 : The share of larval nitrogen by the female cocoon shell was 

in the descending order of control, day 4> 1 ,3>2,5>6, 7>8 in untreated and 

control>days 2,3,4,7 ,8>5,6 in methoprene -treated larval batches. Eacept 

for the days 1 ,4 and 5 in other days of starvation there was a significant 

increase in the flow of nitrogen to the female cocoon shell following 

treatment with methoprene.(Table 59) 



Day of 

starvation 

Control 

1 

2 
3 

4 

5 

6 

Control 

1 
2 
3 

4 

5 

6 

CD5% 

Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 55 :NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN Nlstarl 
DURING WET PART OF SUMMER 

Larval bodY Cocoon shell Male Cocoon shell female Female puJ~a 
~% I (:) N.z% ~ ~ Hz% I (:) Nz% 

tma) 
w 10.35 29 41.01 16 13.85 16 5.63 I 

T 10.01 27 13.57 15 13.41 15 4.53 H 
0 9.39 20 13.52 10 13.40 13 3.28 u 
T 10.00 24 13.11 13 12.98 14 4.68 
M 10.00 23 13.55 13 13.42 14 4.65 E 

T 9.71 22 12.71 11 12.54 10 4.11 H 

0 8.09 19 10.99 10 10.78 11 3.27 p 

Fl 
E 

tl 
E 

w 11.33 33 15.33 19 15.11 18 4.13 
I 

T 10.68 29 14.45 17 14.25 18 4.55 H 

9.72 26 13.11 17 12.99 16 3.50 
9.71 28 13.12 22 12.98 15 4.68 

M 9.72 25 13.12 14 12.99 17 3.06 E 

T 9.38 26 12.72 16 12.52 16 3.63 H 
0 8.42 24 11.42 14 11.24 15 3.07 p 

Fl 
E 

tl 
E 

DF 
1 0.153 1.41 0.171 0.84 0.295 1.24 0.244 
6 0.174 1.60 0.194 0.96 0.335 1.41 0.276 
6 0.265 2.45 0.297 1.46 0.511 2.14 0.422 

28 
41 

---~------- -----~----------~-~-------- -~--------~-------

Nz 
(mg) 

10 

9 

6 
8 
7 

6 

5 

11 

10 
8 

10 
7 

8 

7 

0.66 
0.75 
1.15 



Day of 
Starvation 

Control 

1 

2 
3 

4 

5 

6 

7 

8 

Control 

1 
2 
3 

4 

5 

6 

7 

8 

CD5% 

!Treatment 
Day 
Treat X Day 
Error 
Total 

TABLE 57: NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN KPGB 
DURING WET PART OF SUMMER 

Larval body Cocoon shell Male Cocoon shell female Female pupa 
N.t% 1 (.:;) Nz% I ~ Nz% J .:)_ Nz% I (:, (mg) 

\'/ 7.70 66 14.61 37 12.45 34 5.65 21 
I 

T 7.14 48 13.46 30 11.64 28 6.47 18 H 

0 6.89 41 9.46 20 8.72 20 6.24 16 u 
T 7.07 40 9.16 20 8.90 20 7.19 18 
M 7.35 40 9.25 20 8.43 18 8.05 18 E 
T 6.89 39 9.31 21 8.82 20 5.90 14 H 

0 7.03 39 9.12 21 8.72 20 5.89 14 p 

Fl 7.24 57 13.05 30 12.76 29 6.40 21 E 

H 7.29 53 13.05 30 12.19 28 6.21 19 E 

w 6.95 72 14.01 40 12.60 38 6.55 25 
I 

T 6.91 63 14.12 37 13.46 35 6.71 24 H 

6.98 56 12.58 30 10.79 27 6.28 21 
6.53 48 12.86 30 11.24 27 6.78 19 

M 6.30 41 8.37 20 8.50 20 6.27 18 
[ 

T 6.16 45 8.80 22 8.19 20 5.80 17 
H 

0 6.12 40 7.93 20 4.03 20 5.52 16 p 

Fl 6.70 57 12.10 31 11.15 29 6.75 22 [ 

H 6.67 54 11.20 30 10.73 29 6.70 21 [ 

DF 
1 0.03 1.15 0.57 0.36 0.07 0.36 0.65 0.36 
8 0.05 1.91 0.95 0.6 0.11 0.56 1.09 0.59 
8 0.07 2.56 1.28 0.8 0.15 0.75 1.46 0.79 

72 
89 

I 
i 

I 
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TABLE 59 : NITROGEN PERCENT AND FLOW (mg) FROM LARVAL BODY IN KPGB X F 
DURING WET PART OF SUMMER 

Day of Larval body COcoon shell Male Cocoon shell female Female pupa 
starvation ~% I ,:) Nz% I Nz Nz% I (:) Nz% I (~, (mg) 

Control 
w 7.01 52 14.62 39 12.94 33 5.27 19 I 

1 T 6.70 48 13.58 34 12.44 30 4.89 16 H 

2 
0 6.62 41 11.31 31 9.69 26 3.38 12 u 

3 T 6.92 48 13.89 35 12.20 30 4.49 14 

4 " 7.11 54 12.99 31 12.60 32 5.01 16 
E 

5 T 6.64 45 12.95 31 10.01 27 4.75 17 H 

6 0 6.28 40 11.49 24 10.05 21 4.05 11 .. 
7 R 6.01 35 11.96 26 9.94 21 4.02 12 

E 

8 " 6.29 31 10.82 25 9.01 19 3.05 9 
E 

Control w 7.49 61 15.24 46 11.51 36 5.29 23 
I 

1 ' 7.42 55 12.99 24 11.71 25 5.86 19 
H 

2 7.39 49 13.58 28 13.40 29 5.48 17 
3 7.23 48 12.31 25 11.28 29 5.38 17 

4 " 7.12 51 13.78 34 12.96 28 7.73 19 
E 

5 T 6.17 45 12.71 31 11.24 26 5.08 16 H 

6 0 6.57 46 12.78 33 11.58 27 4.78 15 .. 
7 II 6.n 50 13.01 34 12.91 29 5.78 16 

E 

8 " 6.89 51 13.02 33 12.90 29 5.77 18 
E 

CDS% OF 
Treatment 1 0.613 1.71 0.139 2.08 0.195 1.48 0.127 0.818 
Day 8 0.817 2.28 0.186 2.77 0.259 1.97 0.170 1.090 
Treat X Day 8 1.226 3.42 0.279 4.16 0.389 2.96 0.255 1.635 
Error 54 
To~--- -

71 
-~ ----------- ---~-~------ ---- ------~ - -- -------------
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4.10.8 Share of Larval Nitrogen for Female Pupa 

Nistari- The quantitative share of nitrogen for the female pupa was in the 

descending order of control>day 1 >3>4>2,5>6 in JHa-less and 

control>days 1 ,3>2,5>4,6 in methoprene-treated batches. Except for the 

day 4 the flow of nitrogen to the female pupa increased in all the methoprene 

treated batches.(Table 55) 

KPG B : The descending sequence of nitrogen share in untreated batches 

were control, day 1, 7>8> 1 ,3 ,4>2>5 ,6 and control>day 1 >7>2, 

8>3>4>5>6 in methoprene-treated larvae. Except for the day 4 there was 

a significant increase in the flow of nitrogen in all the methoprene-treated 

batches.(Table 57) 

KPG B x P 5 : The share of nitroegen was in the descending orders of 

control>days 1 ,4,5>3>2,6, 7>8 in cases of untreated and control>days 

1 ,4,8>2 ,3 ,5, 7>6 in the JHa-treated larval batches. Treatment with 

methoprene significantly raised the nitrogen share in all the methoprene 

treated batches except when starved on day 5. (Table 59) 

4.11 Determination of Doses of KK-42, KK-22 and KK-11 0 for 

Induction of Trimoulters in KPGB x P
5 

Bivoltine During Wet 

Part of Summer 

4.11.1. Induction of Precocious Metamorphosis and Production of 

Trimoulter Cocoons 

In order to determination the most effective dose of each of the 

imidazoles, initial trial was given with three separate doses of each of the 
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compounds (Table 60). Subsequent experiments were restricted to only 

single most promising dose of each compound. 

In case of KK-42 it was noticed that any dose of 51Jg/larva and above 

caused larval mortality when applied topically to 0-hr-old 4th instar larvae. 

At a dose of lJ..lg/larvae only 70% precocious metamorphosis took place. 

However, at a dose of 3 or 4 J..lg/larva metamorphosis was induced upto 

92°/o. Upto a dose of 4J..lg/larva there was no mortality. As because the 

results were the same with the doses 3 and 4 J..lg, the lower dose of 3J..lg/ 

larva was chosen for the subsequent investigation. At a dose of 5 J..Lg/larva 

the mortality was upto 39% after 24 hrs. of treatment. Metamorphosis 

induction rate was 82% of the larva survived. I8o/o of the larvae neither 

entered the 5th stage nor spun cocoons. Pupation rate of the larvae that 

spun cocoons were on the average 94°/o in all the three doses, I ,3 and 5 J..lgl 

larva. 

KK-11 0 when treated at alower dose of 5J..lgllarva only 30% 

precocious metamorphosis was recorded. However, 93% metamorphosis 

was observed in the larvae treated with I OJ..Lg/larva. A dose of I5J..Lg/larva 

caused 9I% precocious metamorphosis. However, pupation rate was almost 

the same for all the treatments, 93.33%, 94.62% and 92.30% in cases of 

5, 1 0 and 15 J...tg doses respectively. Due to low inducation rate of 

precocious metamorphosis investigation with 5 J...tg/larva dose was 

abandoned. 

KK-22 caused a dose-dependent result when applied to the 4th instar 

larvae. A dose of 5J..Lg led to only 26% precocious metamorphosis whereas 

the results were 75% and 86% in case of 10 and 20J..Lg doses. Pupation 

rates were 84.69%, 80.68% and 90.10% respectively at 5, 10 and 20J..Lg 



.. 
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TABLE 60: DETERMINATION OF DOSES OF IMIDAZOLE COMPOUNDS FOR 
TOPICAL APPLICATION TO THE 4th INSTAR LARVA OF B.mori. 

DOSE MORTALITY PRECOCIOUS PUPATION RATE % 

MCILARVA AFTER 24hrs METAMORPHOSIS(%) 

KK-42 
1 0.00 70 + 7.07 94.28 + 5.8 
3 0.00 92 + 2.44 94.56 + 2.44 
5 39.00 82 + 5.09 93.90 + 5.09 

CD!>% --- 8.05 ---
SE --- 0.52 ---

KK -110 
!) 0.00 30 + 4.47 93.33 + 4.00 
10 0.00 93 + 2.44 a 94.62 + 2.44 
15 0.00 91 + 3.74 a 92.30 + 3.74 

CDS% --- 5.62 ---
SE --- 0.36 ---

KK-22 
5 0.00 26 + 5.83 84.69 + 6.00 
10 0.00 75 + 3.16 80.68 + 3.74 
20 0.00 86 + 3.74 90.10 + 5.09 

CD5% --- 6.77 ---
se --- 0.43 ---

a - no significant difference between the two doses 
=S.D. value of replications 

TABLE 61: FOOD CONSUMTION AND UTILIZATION BY KPGB x P5 LARVAE ON 
TREATMENT WITH IMIDAZOLE COMPOUNDS DURING WET PART OF SUMMER (DRY BASIS) 

DOSE CONSUMPTION ASSIMILATION ABSOLUTE ABSOLUTE ABSOLUTE GROWTH 
MG/LARVA MG/LARVA MG/LARVA CONSUMPTION GAIN IN LARVAL RATE pg/dayllarva 

RATE_tmJil dqllarva WEIGHT mgllarva 

CONTROL 
IV 437 ± 4.96 184 ± 3.20 76 ± 0.84 93 ± 0.82 16 ± 0.13 
v 3049 :t 8.45 1575 ± 5.24 406 :t 1.22 686 :t 6.64 91 :t 0.86 

IV+V 3486 ± 11.12 1759 ± 6.57 262 ± 1.11 779 ± 6.68 58± 0.49 
KK-42 

1 1495 :t 22.48 805 ± 15.25 161 ± 2.27 353 ± 12.07 38 ± 1.31 
3 1519:!: 9.52 848 :t 10.88 163:!: 1.11 367:!: 8.57 39:!: 0.89 
5 1528 ± 18.10 907 ± 14.73 164 ± 2.16 335 ± 16.20 36 ± 1.72 

CDS% 23.67 17.83 2.67 18.33 1.78 
SE 7.97 6.01 0.9 6.17 0.6 

KK -110 
10 1636 ± 12.61 951 ± 11.43 171 ± 1 08 409± 6.06 43 ± 0.64 
15 1499 ± 11.10 898 ± 21.60 153 ± 1.29 359 ± 11.80 37 ± 1.21 

CDS% 17.43 20.25 1.95 17.22 1.32 
SE 5.78 21.26 0.65 5.71 0.43 

KK-22 
10 1400 ± 12.81 696 :t 21.56 151 ±1.47 312 ± 11.93 33 ± 1.29 
20 1443 ± 18.20 730 ± 7.82 155 ± 2.06 303 ± 4.71 32 ± 0.51 

CDS% 20.8 19.13 2.42 12.4 1.34 
SE 6.9 6.35 08 4.11 0.44 

±S.D. values of rep_lication 
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doses. Due to low induction rate of precocious metamorphosis, investigation 

with 5 Jlgllarva dose was abandoned. 

4.11 2. Rearing Performance Due to Different Dose of Imidazoles 

Average Cocoon Weight : In control tetram'oulters average cocoon 

weights recorded for males and females were 13 73 mg and 13 79 mg 

respectively. (Table 65) 

In case of treatment with KK-42 the average cocoon weights recorded 

were 809 mg ( 1 J..Lg), 792mg (3 J..Lg), 640 mg ( 5 J..Lg) for males and 941 mg 

( 1 J.lg), 942 mg(3 J..lg), 801 mg(5 J.lg) for females. All the values differed 

significantly from the control values. Increase in dose ofKK-42 decreased 

the cocoon weights in both the sexes. But there was significant differences · 

only between the values obtained from 3 and 5 J..Lg KK-42. 

In case ofKK-110 treatments the cocoon weights were 735 mg (10J.!g), 

549 mg( 15 J.lg) in males and 932mg (1 OJ.! g), 736mg( 15 J.lg) in females 

respectively. Increase in dose decreased cocoon weights in the trimoulters .. 

Results were found to be significantly different both among the treatments 

and each of the treatments with the control. 

In KK-22 treatments the cocoon weights were 919 mg ( 1 OJ.! g), 818 

mg(20J..Lg) in males and 998mg ( 1 OJ.! g) and 972mg(20J..Lg) in females 

respectively. Increase of doses decreased cocoon weights in both males 

and females. Results were found to be significantly different both within 

the treatments and each of the treatments with the control tetramoiulters of 

only males. But the results in females were non significant within the 

treatments though there were significant differences with the control. 



TABLE 64: EFFICIENCY OF CONVERSION OF DIGESTED FOOD(%) BY K P G B x P5 
UNDER DIFFERENT DOSE TREATMENTS OF IMIDAZOLES DURING WET PART OF SUMMER 

DOSE OF ASSIMILATIO~ IE c D LARVA~ E c D COCIOON SHELl ECDPUPA 
IMIDAZOLES EFFICIENCY % BODY % MALE FEMALE MALE I FEMALE 

Jlg/ LARVA 

CONTROL 
IV 42.19 --- --- --- --- ---
v 51.65 43,56 --- --- --- ---

IV+V 50.46 44.29 16.06 13.63 15.99 19.44 

KK-42 
1 53.89 43.32 13.48 11.82 20.92 28.52 
3 55.81 43.28 11.99 11.49 20.69 28.44 
5 59.34 36.99 9.25 8.81 16.61 24.33 

CDS% 1.16 1.57 0.59 0.68 1.38 1.41 
SE 0.39 0.52 0.19 0.22 0.44 0.45 

KK -110 
10 58.16 43.03 9.71 9.19 22.64 27.86 
15 59.89 40.07 9.8 9.28 16.28 21.56 

C05% 1.09 2.24 0.22 0.89 0.87 1.93 
SE 0.36 0.72 0.19 0.28 0.27 0.6 

KK-22 
10 49.75 44.81 13.34 12.49 26.07 36.62 
20 50.57 41.57 13.9 12.66 22.62 35.33 

CDS% 1.92 1.79 0.58 0.91 2.03 2.45 
se 0.54 0.58 0.18 0.28 0.63 0.76 

TABLE 65: PERFORMANCE OF INDUCED TRIMOULTERS OF KPGB X PS l.JNDER 

DIFFERENT DOSE TREATMENT OF IMIDAZOLES. 
Dose/larva Cocoon weight (mg} Shell weight (mg} SR% Filament 

J.la Male Female Male Female tenath (mt.) 
Control 1373 ± 16.5 1379 ± 7.58 282 ± 3.76 240 ± 2.91 18.98 659.5 ± 27.61 

Teramoulter 
KK-42 

1 809 ± 42.34 941 ± 32.34 108 ± 4.38 95 ± 3.34 11.61 317.5 ± 10.73 
3 792 ± 15.44 942 ± 6.12 101 ± 1.92 97 ± 2.95 11.48 272.7 ± 18.92 
5 640 ± 24.72 801 ± 26.26 84 ±3.39 80 ± 1.58 11.38 248.0 ± 5.61 

CDS% 119.12 38.08 6.20 4.95 0.60 31.68 
SE 38.63 12.35 2.01 1.6 0.19 10.27 

KK-110 
10 735 ± 9.65 932 ± 4.58 92 ± 2.95 87 ± 4.38 10.79 294.5 ± 11.62 
15 549 .± 13.14 736 .± 47.65 88:1:2.54 83 ± 3.96 13.32 226.5 ± 17.24 

CDS% 24.71 51.63 5.78 7.12 0.55 36.83 
SE 7.73 16.15 1.81 2.22 0.17 11.52 

KK-22 
10 919 ± 54.05 998 ±52.32 93 ± 3.74 87 ±2.73 9.39 339.5 ± 9.31 
20 618 ± 16.5 972 + 10.71 101 ± 3.27 92 ± 4.71 10.82 335.5± 6.26 

CDS% 62.72 57.47 6.64 6.58 0.65 31.76 
SE 19.62 17.96 2.07 2.06 0.20 9.93 

± S.D values of replications. 

Denier 

2.01 ± 0.046 

1.71 ± 0.07 
1.57 ± 0.026 
1.66±0.108 

0.12 
0.04 

1.51 ± 0.096 
1.46 ± 0.068 

0.13 
0.04 

1.94 ± 0.012 
1.90± 0.056 

0.08 
0.02 
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Average Cocoon Shell Weights : In control tetramoulters the average 

cocoon shell weights obtained were 282 mg and 240mg for males and 

females respectively. 

In KK-42 treatment cocoon shell weights recorded were 1 08mg( 1Jlg), 

101mg(3Jlg) and 84mg(5J.Lg) in males and 95mg(1J.tg), 97 mg(3Jlg) and 

80mg( 5Jlg) in females. In males all the treatments were found to be 

significantly different within and with the control. In females the effect due 

to 1 and 3 J.Lg treatments did not differ significantly with other treatments 

and control. 

The results on the cocoon shell weights obtained due to KK-11 0 

treatments were 92 mg(l OJ.Lg) and 88mg(l5J.Lg) in males and 87mg( I OJ.! g) 

83mg (15J.Lg) in females. None of the treatments differed significantly within 

each other though the differences were significant with the control. 

KK-22 resulted in the cocoon shell weights of93mg( I OJ.! g) and I 0 I mg 

(20Jlg) in males and 87mg ( 1 OJ.! g) and 92mg (20J.Lg) in females, whereas 

increased doses ofKK-42 and KK-Il 0 decreased the cocoon shell weights, 

the higher dose of KK-22 produced higher cocoon sr~ll weights in males. 

In cases of KK-42 and KK-22 treatments male cocoon shell weights were 

significantly different within the treatments and with the control. But in 

none of the imidazole treatments female shell weights differed significantly 

within the treatments though differed significantly with the control. (Table 

65) 

Silk Ratio (SR 0/o) : In control tetramoulters the average SR% was 

18. 96. In KK-42 treatments SR% recorded were 11.61 (IJ.tg), 11.48mg(3Jlg) 

and 11.38mg(5Jlg) and were found to be non-significant within treatments. 

In KK-11 0 SR% were 10.79 ( 10 J.Lg) and 13 .32mg( 15Jlg) respectively. Values 

were found to be significant within the treatments. In case of KK-22 SR% 

values were 9.39 (1 OJ.Lg) and 1 0.82mg(20f..lg) respectively and differed 
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significantly. All the values differed significantly with the control values. 

(Table 65) 

Average Filament Length : Average filament length was 659.5 mts in 

control tetramoulter. (Table 65) 

In case of KK-42 treatments filament length recorded were 317.5 mt 

( 1 ~g), 272. 7mt(3J..lg) and 248 mt(5~g) indicating a gradual reduction in length 

with increased doses. The filament length obtained from 1 ~g dose was 

significantly higher than that obtained from the other two doses. 

The filament lengths due to treatment with KK-11 0 were 294.5 mt 

(1 O~g) and 226.5 mt (15J..lg). Results of the two treatments were significantly 

different. 

In case of KK-22 application of filament length did not differ 

significantly betweena the two doses but the values were significantly much 

lower than those of the control. 

Denier : Denier (size of filament) in control tetramoulter was on the 

average 2.01 .(Table 65) 

In case of KK-42 the change in denier were noticed with the increase 

in dose. Higher dose resulted in finer denier (1. 71 at 1 J..lg, 1.57 at 3J,.lg and 

1.66 at 5 J..lg dose). Results obtained from all the doses were significantly 

lower than the control value. 

With KK-11 0 the Denier values recorded were 1.51 ( 1 OJ..lg) and 1.46 

( 15J..lg). The results, too, were significantly different from only the control 

values. 

In case of KK-22 the denier values were I. 94 ( 1 OJ..lg) and I. 90(20J..lg). 

Only at 20J..lg dose the result differed significantly from the control values. 
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4.11.3 Food Consumption and Utilization Due to Different Doses of 

I midazoles (Table 61) 

Consumption: The control 4th instar larvae consumed only 14°/o (437 

mg) of the food as compared to the 5th instar larvae and underwent moult. 

But after treatment of 0-hr-old, 4th stage larvae with imidazole compounds 

the consumption of food reached upto 50% that of the 5th instar before 

undergoing precocious metamorphosis. 

Consumption of food due to KK-42 application did not vary 

significantly among the larvae treated with 3 ~g ( 1519mg) and 5~g( 1528mg). 

However, consumption due to 1 ~g dosage ( 1495 mg) differed significantly 

with other treatments. 

Consumption differences obtained from the 1 O~g ( 1636mg) and 

I 5 Jl g( 14 99mg) doses of the KK -11 0 was found to be significant. Increase 

in the dose of this imidazole decreased the amount of food consumption: 

Consumption after KK-22 application were 1400 mg ( 1 OJ.! g) and 

1443mg (20~g). Increase in dose increased the consumption in KK-22. All 

the results differed singnificantly from the control values. 

Assimilation : The amount of assimilation by control 4th instar was 

negligible (Table'' ) when compared with that of control 5th instar. But in 

the treated larvae assimilation was 50% that of the 5th instar. In KK-42 

and Kk-22 treated larvae the assimilation was increased with the increase of 

dose of imidazoles. But in case of KK-11 0 the trend was opposite. 

Assimilation of food due to KK-42 were 805 mg(l J..Lg), 848mg(3Jlg) 

and 907mg(5J..Lg) respectively as against 1575mg( only 5th instar) and 

17 59mg (4th and 5th instar together) in control. Values were significantly 

different with the control and within the treatments. 
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The values of assimilation due to KK-11 0 were 951 mg ( 1 OJ.! g) and 

730mg(J.!g) food. The values in both the cases were significantly different 

from the control and between the two doses. 

The KK.22 resulted in the assimilation of 696mg ( 10 Jig) and 730 mg 

(20 jlg) of food. The values in both the cases were significantly different 

from the control and between the two doses. 

Absolute Consumption Rate : Absolute consumption rate (mg/day) of 

the treated larvae were always higher than that of the control. But when 

compared with the 5th instar the rate was only 40%. This rate was 60% of 

the combined consumption rate of 4th and 5th stages. Irrespective of the 

doses the larval duration after KK-42 and KK-22 treatments was 9.25 days. 

But KK-110 induced a differential duration, 9.5 days due to 10 ~g and 9.75 

days in 15~g dose. In case of control 4th instar the duration was only 5.75 

days and in 5th instar it was 7.5 days. Thus, an extension of larval duration 

by 3-3.75 days over the duration of control 4th instar larvae was recorded. 

Absolute consumption rates were resulted from KK-42 treatments 

were 161 mg(l ~g), 163mg(3~g) and 164mg(5~g). The results due to KK-

11 0 the were 171 mg (1 0!-!g) and 153mg ( 15~g) respectively. KK-22 causeq 

the rate at 151 mg (1 O~g) and 155mg(20~g). All the values of treatments 

were significantly different from the control values. 

Absolute Gain in Larval Weights : Gain in larval weights in treated 

larvae was only 50% of the control 5th instar. But the gain was more than 

350% over the control 4th instar. The Gain differed depending. On the 

doses applied. Weight gains ofKK-42-treated larvae were 353 mg, 367mg 

and 335mg in cases of treatment with 1 !lg, 3~g and 5!-!g respectively. The . 

5 !lg dose significantly lowered the weight gain in comparison to the other 

two doses. 
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The larval weight gain due to KK.-11 0 were 409( 1 0!-!g) and 3 59mg( 15!-lg) 

and the results were significantly different. 

In case of KK-22, the gains were 312 mg( 1 O!lg) and 303mg(20!lg), 

the difference was non significant. All results due to treatment with the 3 

imidazole compounds were significantly different from that of the control. 

Absolute Growth Rate : Absolute growth rate increased initially in the 

imidazole treated larvae than the rate in control 4th stage larvae. It was 16 · 

mg in 4th instar control but more than two times in almost all the treated 

larvae. However, it was less than 50% of the 5th instar control larvae. 

In KK-42 treated larvae absolute growth rate recorded were 38 mg 

( 111g) , 39 mg(3!lg) and 36mg (5!lg). The rates due to KK-11 0 were 43 

mg(10!lg) and 37mg (15!lg).ln KK-22 the rates were 33 mg(IO!lg) and 

32mg(20!lg). Results were found to be significantly different from the control 

values. 

4.11.4.Efficiency of Conversion of Digested Food (ECD) by 

Trimoulters(Table 62 & 64 ) 

Assimilation Efficiency(AE) : Assimilation efficiency (approximate 

digestibility of Wald bauer) was found to be 42.19 for 4th, 51.65 for only 

5th and 50.46 for combined 4th and 5th instar larvae of control batches. 

The AE increased with the dose of the KK-42. It was 53.89 (l!lg), 

55.81(3!lg) and 59.34(5!lg). All categories of treated larvae showed 

significantly higher AE than any of the control batches. The differences 

within the doses were also significant. KK-11 0 also significantly increased 

the AE over that of the control larvae. A dose dependent increase in 

values was also recorded. Comparing the AE of 4th stage control larvae, 
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KK-22 could induce significantly higher level of AE. But there was no 

significant differences between the values of the treated larvae and control 

5th stage alone or of the combined values of 4th and 5th stages. 

Larval Body: In case of all the three imidazole treatments the weights of 

of mature larvae were much lower than those. of the 5th in star or the 

combined weights of 4th and 5th instars larvae. However, the weights 

attained by the trimoulters were significantly higher than the weights attained 

by the 4th instar larvae of control sets. ECD to larval body in tetramoulter 

control was 43.56 in 5th instar alone and 44.29 in combined 4th and 5th 

in star. 

In case of KK-42 treatments mature larval weights were about double 

the weight of the 4th instar control, 40o/o of the 5th instar control and 33% 

of the combined 4th and 5th instar. 1 and 3~g doses had no significantly 

different results though it differed from the weights at 5~g dose . But the 

ECD to larval body resulted from 1 and 3~g was almost at par with the 

5th instar control, whereas the efficiency was significantly declined due to 

5).l.g treatments. 

A gain of over 100% of 4th stage larval weight was attained when the 

larvae were treated with KK-11 0. But the weights were only 40% and 33% 

of the 5th and combined 4th and 5th instars respectively. All the treatments 

were significantly different. The ECD for larval body in KK-11 0 treated 

batches of 1 O~g dose had no effect different from the control. But the 

dose 15~g/larva significantly lowered the ECD values from both the control 

categories. 

KK-22 treatment resulted in lower larval body weights than those of 

KK-42 and KK-11 0. The results were only found to be significantly different 

from the control values. The ECD values for larval body declined due to 

increase in dose ofKK-22. Within the treatments results were significantly 
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different. Non significant values were recorded between 1 O~g KK-22 

treatment and control. 

Cocoon Shell : Irrespective of the sexes, the cocoon shell weights 

obtained from all the 3 imidazoles were significantly lower than the control" 

values. ECD to cocoon shells for control tetramoulters were 16.06 for 

males and 13.63 for females. 

Higher dose of KK-42 significantly lowered male cocoon shell weights 

but this was so in case of female shell weights beyond 3~g dose. For ECD 

to male cocoon shell the values declined with the increase of dose of KK-

42. Values obtained were 13.48 (lJ..lg), 11.99(3~g) and 9.25(5~g). All the 

values were significantly different within the treatments and with the 

tetramoulter control. In female cocoon shell the ECD values were same for 

1 and 3 ~g dose. These were 11.82 (1 ~g) and 11.49(3~g) and were non 

significantly different from each other, but the values were significantly 

different from 5~g treatment (8.81 ). 

In KK-11 0 treatment none of the sexes had shown any relationship 

with the dose of imidazoles. ECD values due to KK-11 0 were same in the 

two sexes. These were 9. 71 ( 1 OJ..lg) and 9. 80( 15!-lg) in male and 9. 1 9( 1 O~g) 

and 9,28(15~g) in female cocoon shell. Values differed significantly with 

the value of control. 

In case of treatment with KK-22, male cocoon shell weights significantly 

increased at higher doses. No dose dependent relationship was observed 

for female cocoon shell. ECD values for cocoon shell were 13 .34( 1 OJ..Lg) 

and 13.90(20~g) in males and 12.49(10~g) and 12.66(20~g) in females 

respectively, without showing any significant difference within the 

treatments. However, the values differed significantly from the control 

value. 
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Pupal Weights : Irrespective of the sexes and doses of the three 

imidazoles the pupal weight were significantly lower than that of control 

larvae. The ECD values for pupa in control tetramoulter were 15.99 and 

1 9.44 for males and females respectively. 

In case of KK-42 a dose of 31-!g/larva induc~d higher pupal weight. 

The ECD values obtained for male pupa were 20.92 (11-!g), 20.69(31-!g) and 

16.61 (51-!g) indicating values higher over control ( 15 .99). Except of a dose 

of 51-!g/larva the values within the treatments were non significant. However, 

all the treatments were significant when compared to the control. ECD 

values for female pupa were very high. It was 28.52 ( 11-!g), 28.44(31-!g) and 

24.33(51-!g) respectively. No significant differences were observed for 111g 

and 31-!g treatments. However, significant result was observed when 

compared with the control . 

In case of KK-11 0 no significant effect on pupal weights have been 

observed. However, ECD values for pupa showed a dose related significant 

differences among the treatments and with the control. 

101-!g/larva ofKK-22 caused significant higher male pupal weights. ECD . 

values for male pupae were 26 .. 07( 1 011g) and 22.62(201-!g) respectively and 

were found to be significant within the doses and with the control 

tetramoulter. Values for female pupae were 36.62( 1 011g) and 35 .33(201-!g) 

respectively. The values did not differ significantly within the treatments 

but differed significantly with the control ECD values. 

From the above results, it can be inferred that treatment of 0 hr. old 

4th ins tar bivoltine larvae with 3 J..lg dose of KK-42 or 10 J.Lg dose of KK-

11 0 or 20 J.Lg dose of KK.22 would result in optimum induction of 

precocious metamorphosis during wet part of summer. Hence further 

investigation has been done with these selected doses. 



TABLE 62: PRODUCTION BY DIFFERENT DOSE TREATMENT OF IMIDAZOLES IN KPGB x P5 

LARVAE DURING WET PART OF SUMMER (DRY BASIS). 

DOSES OF WEIGHT OF MATURE COCOON SHELL PUPAL WEIGHT (mg ) 

IMIOAZOLES LAR.VA{mg) WEIGHT (mg) 

MG/LARVA MALE I FEMALE MALE 
CONTROL 

IV 112 ± 0.83 --- --- ---
v 755 ± 6.64 --- -·- ---

IV+V 867 ± 6.68 --- --- ---
KK-42 

1 372 ± 12.07 108 ± 0.004 95 ± 0.003 168 ± 7.66 
3 386 ± 8.57 101 ± 0.002 97 ± 0.003 174 ± 3.2 
5 354 ± 16.20 84 ± 0.003 80 ± 0.002 150 ± 5.06 

CDS% 16.57 6.2 4.95 10.67 
SE 5.63 2.01 1.6 3.46 

KK -110 

10 428 ± 6.06 92 ± 0.003 87 ± 0.004 215 ±4.81 
15 378±11.8 88 ±0.002 83 ± 0.004 146± 3.69 

CDS% 12.61 5.78 7.12 9.88 
SE 4.21 1.81 .......... .., 

.r..L.~ 3.11 
KK- 22 

10 331 ± 11.93 93 ± 0.004 87 ± 0.002 177 ± 5.83 
20 322 ± 4.71 101 ± 0.003 92 ± 0.004 165 ±5.76 

CDS% 12.34 6.64 6.58 11.47 
SE 4.11 2.07 206 3.59 

:t S.D values of replication 

TABLE 63: PERCENT ALLOCATION OF BIOMASS (GREEN WEIGIIT BASIS) FROM 
TRIMOULTER COCOON TO PUPA AND COCOON SHELL 

TREATMENTS t MAL.E MALE FE. MAl-! FEMALE 
( mg} I PUPA COCOON SHEtL PUPA COCOON SHELL 

CONTROL 79.46 20.54 82.59 17.41 
KK-42 

1 86.65 l 13.35 89.90 10.10 
3 87.25 12.75 89.70 10.30 
5 86.87 13.13 90.00 10.00 

KK -110 
10 87.35 12.65 90.66 9.34 
15 83.97 16.03 88.72 11.28 

KK -22 
10 89.88 10.12 91.28 8.72 
20 87.65 12.35 90.53 9.47 

I FEMALE 

---
---
---

229 ± 6.05 
241 ± 1.47 
220 ± 5.71 

15.97 
5.18 

265 ± 6.01 1 
193 ± 9.39 I 

20.63 
6.45 

255 ± 18.89 
258± 2.23 

26.37 
8.25 
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4.12. Comparative Performance of Larvae Treated with Selected 

Doses of Imidazoles ( 3 J.lg of KK-42, 1 OJ.lg of KK-11 0 and 

20J.1g of KK-22) During Wet Part of Summer 

4.12.1. Food Consumption and Utilization (Table 66) 

Food Consumption : The quantities of ingestion of dry matter of leaves 

were 1519 mg, 1636 mg and 1443 mg in cases of the larvae treated with 

KK-42, KK-11 0 and KK-22 respectively as against the value of 3486 J,.lg by 

the 4th and 5th stages of control larvae. The quantity of ingestion was 

about 50% of control larval consumption. All the results differed 

significantly. 

Digestion and Assimilation Efficiency : KK-42 treated 4th stage larvae 

digested 848mg, K.K.-110 treated larvae 951mg and KK-22 treated larvae 

730mg of food as against 1759mg in tetramoulter (control) during the 

combined 4th and 5th stage larval duration. Results were found to be 

significantly different. Assimilation efficiency (ADo/o of Waldbauer) was 

higher in all the trimoulters. They were 5581 (KK-42), 58.61 (KK-11 0) and 

50.57(KK-22) against 50.46 (control). All results differed significantly. 

Gain in larval weight : Gain in larval weight were 367 mg (KK-42), 

409(KK-11 0), 303mg (KK-22) against 779 mg(control IV & V combined). 

The total gain were only half of the control but increase of weight in 

comparison to IV instar (93mg) alone were found to be very high. Results 

were significantly different among the treatments. 

4.12.2 Efficiency of Conversion of Digested Food (ECD 0/o )- Table-67 

Larval body : ECD%> to larval body were 42.28(KK-42), 43.03(KK-



TABLE 66 COMPARATIVE FOOD CONSUMPTION AND UTILIZATION OF DIFFERENT 

INDUCED TRIMOUL TERS (DRY BASIS) 

KK-42 {3) 1519 ± 9.52 848+10.88 55.88 

KK-i 10 (10) 16.36±12.61 951+11.44 58.16 

KK-22(20) 1443±18.20 730+7.82 50.57 

CONTROL 
IV 437+4.96 184+3.20 42.19 

v 3049+8.45 1575+5.24 51.65 

IV+V 3486+11.12 1759+6.57 50.46 

CDS% 30 14 0.84 
SE 10 5 0.28 

TABLE 67 COMPARATIVE EFFICIENCY OF CONVERSION OF DIGESTED FOOD 

OF DIFFERENT INDUCED TRIMOUL TERS (DRY BASIS) 

Dose Larval Body Cocoon Shell {%) Pupa % 
J.t.g/larva {%) Male Female Male 

KK-42 (3) 42.28 11.99 11.49 20.69 
KK-110(10) 43.03 9.71 9.19 22.64 
KK-22(20) 41.57 13.9 12.66 22.62 
CONTROL 

IV+V 44.29 16.06 13.63 15.99 
CDS% 1.49 0.65 0.78 0.97 
SE 0.51 0.21 0.25 0.31 

367+8.57 
409+6.06 
303+4.71 

93+0.83 
686+6.64 
779+6.68 

10 
4 

Female 
28.44 
27.86 
35.33 

19.44 
0.~5 
0.31 
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11 0), 41.57(KK-22) against 44.29 in control. 

Cocoon Shell : ECD0/o to cocoon shell for both males and females were 

very low. The values were 11.99(KK-42), 9.71(KK-110), 13.90(KK-22) and 

16.06(control) in males and 11.49(KK-42), 9.19(KK-110), 12.66(KK-22) 

and 13 .63( control) in females respectively. 

Pupa : ECD0/o to pupa for both males and females were higher than 

that of the tetramoulter control. The values were 20.69(KK-42), 22.64(KK-

11 0), 22.62(KK-22) and 15.99(control) in males and 28.44(KK-42), 

27 .86(KK-11 0), 35 .33(KK-22) and 19 .44( control) in females respectively. 

4.13 . Rearing Performance of Larvae Treated with the Selected 

Doses of Imidazoles (3J.lg of KK-42, lOJ.lg of KK-110 & 20J.lg 

of KK-22) During West Part of Summer. (Table 68) 

Effective Rate of Rearing (ERR 0/o) : ERR% in tetramoulter control · 

was only 62%. The results were 85%, 78°/o and 81 °/o after treatment with 

KK-42, KK-11 0 and KK-22 respectively. Results among the treatments 

differed non significantly though they were significantly different from the 

control. 

Total Larval Period : Total larval period for tetramoulter control was 

25.17 days. The durations were 20.2, 20.1 and 20.2 days following 

treatments with KK-42, KK-11 0 and Kk-22 respectively. The induced 

trimoulter larvae after treatment at 0 hr of IVth stage did not enter the fifth 

stage, instead the IVth instar period was prolonged and entered into 

precocious metamorphosis. 
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TABLE 68: REARJNG PERFORMANCE OF IMIDAZOLE 1REATED SILKWORM LARVA 

p.g DOSAGE OF IMIDAZOLE I LARVA 
PARAMETERS KK· 42 {3) KK -110 ( 10} KK-22{20} CONTROL CD5% SE 
ERR% 85 ± 5.91 78 ± 4.47 81 ± 7.14 62 ± 4.47 9.99 3.24 
TOTAL LARVAL 
PERIOD ( day ) 20.2 20.1 20.2 25.17 
COCOON WEIGHT ( gm ) 
MALE 0.792 ± 0.027 0.736 ± 0.021 0.821 ± 0.013 1.429 ± 0.009 0.031 0.01 
FEMALE 0.886 ± 0. 009 0.932 ± 0.026 0.975 ± 0.019 1.742 ± 0.037 0.045 0.014 
COCOON SHELL ( gm ) 
MALE 0.101 ± 0.002 0.092 ± 0.003 0.101 ± 0.003 0.282 ± 0.004 0.005 0.002 
FEMALE 0.097 ± 0.003 0.087 ± 0.004 0.092 ± 0.004 0.240 ± 0.003 0.032 0.01 
FILAMENT LENGTH (mt) 270.7 ± 20.3 294.5 ± 11.62 335.5 ± 6.26 659.5 ± 27.61 32.69 10.6 
DENIER 1.57± 0.026 1.51 ± 0.096 1.9 ± 0.056 2.01 ± 0.046 0.109 0.035 

± S.D values are among replications 

TABLE 69: REPRODUCTIVE PERFORMANCE OF INDUCED TRIMOULTERS 

p.g DOSAGE OF IMIDAZOLE I LARVA 
PARAMETERS KK- 42 {3) KK-110(10) KK-22{20} CONTROL CD5% SE 
PUPAL WEIGHT ( gm ) 
MALE 0.692 ± 0.015 0643± 0.008 0.717±0.017 1.086 ± 0.037 0.038 0.012 
FEMALE 0.793 ± 0.007 'J.844 ± 0.004 0.880 ± 0.013 1.130 ± 0.006 0.015 0.005 
EMERGENCE PERIOD 
OF MOTH ( days ) 
MALE 9.7 ± 0.17 9.4 ± 0.21 9.65 ±0.21 11.12 ± 0.13 0.29 0.09 
FEMALE 9.9 ±0.1 9.8 ± 0.14 9.70±0.14 11.45 ± 0.28 0.353 0.114 
FECUNDITY ( No) 363.2 ± 9.44 351.75 ± 6.49 324.5 ± 10.61 523.5 ± 18.72 21.7 7.4 
WEIGHT OF 100 
EGGS( gm) 0.048 ± 0.0004 0.048 ± 0.0004 0.043 ± 0.0008 0.048 ± 0.0008 NS 0.002 
WEIGHT OF 100 
ANTS { gm) 0.040 ± 0.005 0.040 ± 0.005 0.041 ± 0.0008 0.042 ± 0.0008 NS 0.003 

± S. D values are am ..>ng replications 
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Cocoon Weights : In control batch (tetramoulter) the average cocoon 

weights were 1.429gm and 1. 7 42gm for males and females respectively. In 

case of KK-42 treatment the cocoon weights were 0. 792 and 0.868gm for 

males and females respectively. The values after KK-11 0 treatment were 

0.736 and 0.932 gm for males and females respectively. Finally, KK.-22 

resulted in the cocoon weights of 0. 821 and . 0. 97 5 gm for males and 

females respectively. In all the treatments trimoulter cocoons were smaller 

and reduced weights than those of tetramoulter control . Results of male 

cocoon weights were significantly different between KK-42 and KK-11 0 

treatments but non significant with KK-22 treatments. All the treated results 

were signnificantly different from that of the control. The female cocoon 

weights differed significantly among the treatments and the treatments 

with the control. 

Cocoon Shell Weights : Cocoon shell weight in tetramoulter control 

were 0.282 and 0.240gm in males and females respectively. In case ofKK-

42 treatment cocoon shell weights were 0.101 and 0.097 gm for males and 

females. In KK-110 treatment the same were 0.092gm and 0.087gm for 

males and females and in KK-22 treatment 0.101 gm and 0 .092gm for males 

and females respectively. Results differed non-significantly between KK-

42 and KK-22 treatments for male cocoon shell weight only. Rest of the 

results differed significantly among the treatments and the treatments with 

the control. 

Filament Length : Filament length was reduced due to treatment with 

imidazoles, the induced trimoulters spun small cocoons. Filament lengths 

were 270.2 (KK.-42), 294.5(KK-11 0) and 335.5 mg(KK-22) for the treatments 

and 659.5 in tetramoulter (control). Results differed non significantly 

between KK.-42 and KK.-11 0 treatments. Rest of the results were significantly 

different. 
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Denier : Application of imidazoles decreased denier (size of filament) 

making it further fine. Deniers obtained were 1.57 (KK-42), 1.51 (KK-11 0), 

1. 9(KK-22) and 2.01 (tetramoulter control). The difference between the 

results obtained from KK-42 and KK-11 0 treatments was nonsignificant. 

However, the result obtained from KK-22 treatment differed significantly 

from the other two treatments, and all the treatments from the control. 

4.14. Reproductive Performance of Induced Trimoulters During Wet 

Part of Summer. (Table 69) 

Pupal Weight (Live) : In case of control tetramoulter the male and 

female pupal weights were 1.086 and 1.130gm respectively. In KK-42 

treatment the pupal weights were 0.692 and 0. 793gm for males and females 

respectively, which were around 65% of control. In case ofKK-110 treatment 

the pupal weights were 0.643 and 0.844 gm for males and females 

respectively which were 65% of control. In KK-22 treatment the pupal 

o weights were 0. 71 7 and 0. 880 gm for males and females respectively and 

were 70% of the control weights. Results differed significantly among the 

treatments and treatments with the control. 

Emergence Period of Moth (days): Times taken from cocoon formation 

to emergence of moth in control tetramoulter were 11 . 12 and 11 .45 days 

for males and females respectively. In KK-42 treatment emergence periods 

of moth were 9. 7 and 9. 9 days respectively for males and females which 

were on an average 36 hrs shorter than those of control. In case of KK-

11 0 treatment the emergence periods were 9.4 and 9. 8 days for males and 

females respectively which were on an average 40 hrs shorter than the 

control duration. In KK-22 treatment the emergence periods were 9.65 and 

9. 7 days for males and females and were found to be on an average 36 hrs 
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shorter than those of control. Results differed non significantly among the 

different treatments but all significantly different from the control. 

Fecundity : In tetramoulter control the fecundity recorded was 523.5. In 

KK-22 treatment fecundity was 363.2 (69.37°/o) of control. In KK-11 0 

fecundity was 351.75 (67.19%) of control and in'KK-22 treatment it was 

324.5, 61.98o/o of control value. There was no signifi"'ant difference in the 

results obtained due to KK-42 and Kk-11 0. But the difference was 

significant between KK-22 and two other treatments and all the treatments 

with the control. 

Weight of 100 eggs : Weight of 100 eggs for all the treatment including 

control was found to be 0.048gm except for KK-22 treatment where the 

result was 0.043gm. However, none of the results was significantly different 

from the other. 

Weight of 100 Ants (Newly Hatched Larvae) : Weight of 100 ants 

were 0.042 (control); 0.040 (KK-42), 0.040(KK-110) and 0.041 gm (KK-

22). The differences in the results were non-significant. 

4.15. Utilization of Nitrogen in Food by Induced Trimoulters of KPG B 

x P 
5 

During Wet Part of Summer 

4.15.1. Food Consumption and Utilization 

Ingestion : All the data are furnished in the table 71 . Total nitrogen in 

leaves estimated was 2.66 during this season. Ingestion ofleafnitrogen by 

induced trimoulters was less than half that of the control tetramoulters . 

Values obtained were 40 mg in KK-42, 43mg in KK-11 0 and 38mg in case 

of KK-22 treatments, and 93mg in control. Values were significantly 

different within the treatments and also with the control. 
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Excretion: Nitrogen percent in excreta differed within different imidazole 

treatments and also with the control. Values obtained were 1. 19 in KK-42, 

1.16 in KK-110, 1.26 in KK-22 treatments as against 1.59 in control. In 

terms of weight the values of nitrogen excreted 8mg in KK-42 and KK-11 0 

, 9mg in KK-22 and 28mg in control tetramoulter. Except the values 

obtained from KK-42 and KK-11 0 treatments the other values differed 

significantly between each other. (Table 71) 

Digestion: The quantity of leaf nitrogen digested by trimoulter was 32mg 

in KK-42, 35mg in K.K-11 0, 29mg in KK-22 treatments and 65mg by control 

tetramoulter. Values were found to differ significantly within treatments 

and the treatments with the control.(Table 71) 

Digestibility 0/o : Digestibility percent of nitrogen in food was higher in 

induced trimoulters than that of the control tetramoulter. The values were 

80.00 in KK-42, 81.39 in KK-110, 76.31 in KK-22 as against 69.89 percent 

in control. Except within KK-42 and KK-11 0 the other values were found 

to differ significantly with KK-22 and that of the cont-:-ol. 

4.15.2. Flow of Nitrogen From Larval Body (Table 72 & 73) 

Larval Body - Nitrogen percent in larval body of trimoulter was higher 

than that of control tetramoulters. The values were 8.09°/o in KK-42, 7.71 o/o 

in KK-110 and 8.40o/o in KK-22 treatments and 7.01% in control. In terms 

of weight the values were 31 mg in KK-42, 33mg in KK-11 0, 27mg in KK- · 

22 treatments and 60mg in control. Values have been found to differ 

significantly within treatments and the treatments with the control . 
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TABLE 71: UTILIZATION OF NITROGEN IN FOOD BY INDUCED TRIMOULTERS OF KPGB X P5 

-----

TREATMENT INGESTION( rna l EXCRETION (rna} DIGESTION fma ) DIGESTIBLITY 

JJ.g /larva Food consumed N2 o/t N2 inaested Excreted N2% N2e-xcreted Food assimilated N2 digested ( %) 

CONTROL 

4th & 5th instar 3486 2.66 93 1727 1.59 28 1759 65 69.89 
KK • 42 ( 3) 1519 2.66 40 671 1.19 8 848 32 80.00 

I KK ·110 ( 10) 1636 2.66 43 685 1.16 8 951 35 81.39 
KK- 22 ( 20) 1443 2.66 38 713 1.26 9 730 29 76.31 
CD 5% 29.7 -- 0.86 --- --- 0.59 13.84 0.77 1.55 
SE 10.0 -- 0.28 --- -- 0.19 4.66 0.25 0.37 

--~---------------· --
- ---

TABLE 72: ESTIMATED NITROGEN PERCENT lN INDUCED TRJMOULTERS OF KPGB x P5 

TREATMENT LARVAL BODY COCOON SHELL PUPA 
/LARVA MALE FEMALE MALE FEMALE 

CONTROL 

(4th & 5th inster) 7.01 14.81 13.75 6.5 7.75 
KK- 42 ( 3) 8.09 13.49 11.09 8.25 8.39 
KK -110 ( 10) 7.71 13.21 11.02 8.12 8.69 
KK -22 20 8.40 14.61 11.00 6.06 6.36 

TABLE 73: FLOW OF' NITROGEN (mg) li"'ROM LARVAL BODY IN INDUCED TRIMOULTERS OF K P G B x P5 

TREATMENT LARVAL BODY COCOON SHELL PU='A 
/LARVA MALE FEMALE MALE FEMALE 

CONTROL 

(4th & 5th inster) 60 42 33 18 26 
KK -42 ( 3) 31 13 11 14 20 

KK-110(10) 33 12 10 17 23 
KK-22 20 27 14 10 10 16 

CD5% 0.94 1.19 1.28 0.83 1.51 
SE 0.31 0.39 0.41 0.27 0.49 

--------------- ------------
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Cocoon Shell. 

Male- The share of larval body nitrogen to the male cocoon shells was 

lower in induced trimoulters than that of the control tetramoulter. Values 

were 13.49%inKK-42, 13.21%inKK-110, 14.61%inKK-22and 14.81% 

in control. In terms of weight the values were 13mg in KK-42, 12mg in 

KK-11 0, 14mg in KK-22 and 42mg in control. Except within KK-42 and 

KK-11 0 treatments, other values differed significantly with each other. 

Female - Larval nitrogen shared by female cocoon shell were 11.09% in 

KK-42, 11.02% in KK-110, 11.00% in KK-22 and 13.75% in control 

indicating that the shell nitrogen sharing in females is lower than in males. 

In terms of weight the quantities were 11mg in KK-42, 10mg in KK-110, 

1 Omg in KK-22, and 33mg in control tetramoulter None of the treatment 

values differed significantly among them but each one differed significantly 

with the control. 

Pupa 

Male- Male pupal share of larval nitrogen were higher in KK-42 (8.25o/o) 

and KK-11 0(8.12%) treatments in comparison with KK-22(6.06o/o) treatment 

and control tetramoulter (6.5%). In weight terms the values were 14mg in 

KK-42, 17mg in KK-11 0, 1 Omg in KK-22 treatments and 18mg in control 

tetramoulter. Values differed significantly within treatments and also each 

treatment with that of the control. 

Female - In female pupa the shares of larval nitrogen were 8.39 in KK-

42, 8.69 in KK-110, 6.36 in KK-22 treatments and 7.75 in tetramoulter 

control. Higher nitrogen flow from larval body to female pupa was observed 

in the individuals treated with imidazoles. In terms of weight nitrogen 

values were 20mg in KK-42, 23mg in KK-11 0, 16mg ill KK-22 and 26mg in 

the control tetramoulter. Values differed significantly within treatments and 
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the treatments with the control. 

4.16 Rearing Performance in the Next Generation of KPGB x P5 

Reared From the Eggs of Induced Trimoulters 

During Wet Part of Summer (unfavourable ·Season) : The eggs 

obtained from all the 3 imidazole induced trimoulters were reared. In 

comparison to the control trimoulter batch there was no impairment of 

rearing performance in the next generation with respect to economic 

characters (Table 70). 

During November-December (Favourable Season) : Results of both" 

control and treated batches reared from the eggs obtained from trimoulter 

moths by treatment with different imidazoles did not differ. Howeger, the 

favourable condition for rearing of bivoltine promoted better ERR, cocoon 

weight, cocoon shell weight and filament length than the results obtained 

during the unfavourable wet part of summer (Table 70). 

4.17 Rearing Performance of Polyvoltine (Nistari) Female X Induced 

Trimoulter Bivoltine Male (Table 74) 

Fecundity : Fecundity recorded in aU the crosses ofpolyvoltine x bivoltine 

male were as follows: 376. (Nistari x Control tetramoulter male); 359.2(Nistari 

X 3 J.lg KK-42 male); 380.0(Nistari X 1 OJ.lg KK-11 0 male); 372.8(Nistari X 

20J.lg KK-22 male). The difference in the results were non-significant 

Weight of 100 Eggs: Weight of 100 eggs in all the crosses were 0.046 

gm except for those obtained from Nistari X KK-22 induced males where it 

was 0.045 gm. There was no significant differences in the values. 
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TABLE 70: REARING PERFORMANCE OF NEXT GENERATION OF KPGB x P5 
FROM EGGS OF INDUCED TRIMOUL TERS ( Conrp(Q'ative Study ) 

I . DURING WET PA.RT OF SUMMER ( Unfavourable J 

TRIMOUL TERS INDUCED BY CONTROL 
• 

PARAMETERS KK-42 KK -110 KK-22 TETRAMOUL TERS CD5% SE 
{ 3 IJ.Q ) C 10 ua l { 20 J.LQ) 

ERR(%) 61.79 61.99 62.19 61.93 NS 0.25 
Larval period (days) 25 25 25 25 --- ..... _ .. 

Cocoon weight (mg) 1542 1543 1542 1546 NS 1.85 
Cocoon shell 
weight ( mg) 254 254 253 257 NS 1.78 
Filament length {mt ) 656 658 656 658 NS 1.61 
_Q~n_ier 2.01 2.01 2.01 2.01 ........... ----

~.~ ----- ~----· 

II . DURING NOVEMBER - DECEMBER ( Favourable J 

ERR(%) 81.86 81.32 81.39 81.86 NS 0.45 

I Larval period (days) 28 28 28 28 
_ .. __ ......... 

Cocoon weight (mg) 1713 1713 1715 1714 NS 3.26 
Cocoon shell 
weight (mg) 319 319 319 320 NS 0.86 
Filament length (mt) 975 978 976 977 NS 1.72 
Denier 2.1 ~ _ ______lj__~-~ -- 2.1 2.1 ........... ......... 
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P_,.TIRS 
FECUNDITY (No) 

WEIGHT Of 100 
EGGS(~) 

WEIGHT Of 100 
~(gm) 
HATCttNGOF 
EOOS( C!L) 

SINGLE COCOON 
WEIGHT ( 1Jr1 ) 
SINGLE SHELL 
WEIGHT ( SJn ) 
S.R. ( .. ) 

~ • 

TABLE 'H: REARING PERFORMANCE Of POLYVOLTINE (NJSTAJU) X 
INDUCED TIUMOULTER BIVOLTINE MALE 

COMBINATION OF NISTARI X BIVOL TINE MALE · 
NxKK-412 NxKK ·110 NxKK-22 CONTROL 

359.2 :f: 19.54 380.0 :f: 12.80 372.8 :f: 16.50 376.0±6.44 

0.046 :f: 0.0004 O.CM6 :t 0.0006 0.045 :f: 0.0004 0.046 :f: 0.0004 

0.035 :1: 0.0004 0.034 :t 0.0004 0.034 :t: 0.0004 0.035 :1: 0.0004 

90.94 88.15 86.37 88.01 

1.456±0.05 1.448 :t 0.038 1.435:1:0.066 1.471 :f: 0.057 

0.218 :f: 0.008 0.218 :t 0.008 0.219:1:0.004 0.219 :f: 0.006 
15.00 :f: 0.145 14.37 :t 0.686 14.63:1:0.695 14.89 :f: 0.299 

FILAMENT LENGTH ( n) 486.4 :1: 7.05 479.0 :t 13.00 473.0 ±7.72 491.2 :t 7.38 

·'¥. 

CDti% $E 

NS 7.71 

NS 3E-04 

NS 2.45 . 
NS 1.27 

NS 0.03 

NS 0.06 
NS 0.26 
NS 4.56 
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Weight of 100 Ants (Newly Hatched Worms) : Weight of 100 ants 

were 0.034 to 0.035gm in different crosses. The differences in the values 

were non significant. 

Hatching Percent of Eggs : Hatching percent were found to be at par 

with control cross and the differences were non s.ignificant. 

Single Cocoon Weight : Single cocoon weight were 1.4 71 (Control), 

1.456 (KK-42), 1.488(KK-11 0) and 1.435gm (KK-22) respectively and the 

differences were non significant. 

Single Cocoon Shell Weight : Single shell weight were 0.219 (control), 

0.218(KK-42), 0.218(KK-110) and 0.219gm (KK-22) respectively. Results 

differed non significantly. 

Silk Ratio Percent (SR0/o) : SR% were found to be ranging from 14.37' 

to 15.00% and the differences were non-significant. 

Filament Length: Filament length were 491.2(control), 486.4(KK-42), 

479.0 (KK-110) and473.0 metres (KK-22) respectively. The differences in 

the results were non-significant. 
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5. DISCUSSION 

5.1 . Consumption and Assimilation of Food During Dry Part of 

Summer Due to Starvation on Different Days 

- S.t.l.Consumption of "food : 

Nistari : Without methoprene administration : Analysis of the result 

indicates that food consumption varies significantly among the larvae 

subjected to starvation on different days. Lowest consumption value 

recorded is on day 2. Larval duration of the starved batches of 1-4 days 

has been at par with that of the control. The duration has been shortened, 

by a day in case of starvation on 5th and 6th day. This indicates that during 

the dry part of summer the obligatory feeding period for Nistari extends 

upto the 4th day of 5th larval instar. Since 5th and 6th day starvation were 

the facultative feeding period, the larvae entered into pupation. The results 

are in conformity with the obligatory and facultative feeding periods in 

lepidoteran larvae advocated by Bounhiol (1938), and extended in B.mori 

by Legay (1955). Calvez and Fourche (1980) proposed that this change 

of signal in larvae from one phase to the other is promoted through a 

change in food intake and metabolic process. Regression equation for 

consumption (Y) against the day of starvation (X) indicates a negative 

trend. The observed values of consumption are higher over the predicted 

values for the starvation days 5 and 6. Compensation of loss in 

consumption due to daywise starvation reveals that except in the larvae 

starved on day 2 only a small amount of loss has been compensated by 

the larvae of all other treatments. The highest amount of recovery has 

occurred among the larvae of starvation days 5 and 6. This corroborates 

the finding of Kogan (1972), Schroeder (1976) and Mathavan eta/., (1987) 

who demonstrated that insect compensate consumption loss due to 



0 

122 

restriction in feeding by increasing the consumption rate over the expected 

limits (predicted values). A similar observation has been reported by 

Muthukrishnan and Delvi (1974) in Poeci/ocerus pi9tus. However, the 

food deprivation on day 2 (within obligatory feeding period) has exerted 

some stress from which the larvae of N istari race could not compensate 

food consumption fully after restoration of feeding. 

With methoprene administration: Inspite of daywise starvation the 

JHa markedly increases food consumption in all the batches including 

the larvae of control batch. A higher amount of leaf consumption over 

that in control larvae has also been observed due to starvation on days 1 ,2 

and 4 accompanied with the JHa application. The larval duration of 

methoprene-treated control larvae is prolonged by one day beyond that of 

the control larvae without methoprene. However, the larval duration has 

been prolonged by one day due to JHa over. that the larvae without the 

JHa in cases of starvation on day 1 to day 5. Prolongation of larval duration 

during fifth instar of B.mori due to methoprene application is a well known 
ef-~ •' 

phenomenon (Akai and Kobayashi, 1971; Chang;- 1972; Zau, 1979; 

Kamada et a/., 1979; Kobari and Akai 1978, 1979; Kurata 1981; 

Shibukawa and Akai, 1981; Chowdhuri et a!. 1986; Rao et a/ 1988; 

Trivedy et a/, 1993 ). Prolongation of larval duration by one day due to 

treatment with 0.3125 f..lg/larva, methoprene to 48 hrs old fifth instar 

larvae has been reported in case of Indian bivoltine race of B. mori (Rao 

et al. 1988). Methoprene is known to exert some morphogenetic effect 

along with the environmental factors thus inhibiting early metamorphosis 
~._, 

in insects (Slamo. 1971; Gilberg 1980; Sehnal, 1983). This also holds 

good for B. mori. Thus, the fifth stage larval period is extended resulting 

in increased food consumption. Regression equation indicates a significant 

but negative trend for consumption (Y) against day of starvation (X). 
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This suggests that daywise starvation followed by treatment with 

methoprene cannot rescue the nutritional impairment. Predicted values 

show a good fit with the observed values except for the day 2 starvation 

where consumption value is hig~er than the predicted value. This indicates 

that the loss in consumption due to starvation has been rescued by 

methoprene. Most of the treatments compensated consumption loss after 

methoprene treatment. Lowest amount of food consumption was on day 

6. The obligatory feeding period has been prolonged due to methoprene. 

This corroborates a similar observation by Calvez ( 1981) who concluded 

that methoprene though acted on both obligatory and facultative feeding 

periods but did not have a control in the transition. 

KPGB : Without methoprene application : Bivoltine races consume 

more food than the multivoltine races. Control larval duration has been 8 

days. The rate of food consumption increases at higher temperature(Legay, 

1958; Waldbauer, 1968; Upadhyay and Mishra, 1991 ). The increased 

consumption of food helps insects to meet increased maintenance cost ( 

Muthukrishnan and Pandian, 1987). Results indicate that the best 

consumption has been recorded for the starvation day 1 and lowest on the 

days 3,4 and 5. Larval period has been extended by one day over control 

in case of starvation day 1 and 5, and by half a day in case of day 6. This 

implies that the obligatory feeding period of this bivoltine race continues 

upto day 4 or 5 of fifth stage larval life during the dry part of summer. 

Starvation during facultative feeding period results ir release of signal in 

larvae to undergo pupation. Hence, there is no prolongation of larval life 

in cases of starvation on day 6 and 7. Paul and Deb ( 1993) however, 

obtained obligatory feeding period of KPGB race upto the first three days 

of the life span of 7 days of fifth instar during spring season (best season 

for bivoltine). Regression equation indicates a negative trend suggesting 

an impairment in food consumption caused by starvation stress. The 
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predicted values were less than observed values for the days 6 and 7 and 

higher for 3, 4 and 5. This indicates that the loss in consumption can not 

be compensated even when full feeding is restored in cases of days 3, 4 

and 5. This may be due to starvation imposed on obligatory period 

( J anarthan et a/., 1 994) and also due to low energy reserve in larva to 

overcome the stress (Calvez, 1981 ). 

KPGB : With methoprene administration : Irrespective of the day of 

starvation the total food consumption has been increased upto 4.688 gm/ 

larva by the action of the JHa and there is prolongation of larval life as 

has been recorded by Rao et a/. (1988). The highest consumption was 

recorded on day 1 and the lowest on the day 4. Regression equation shows 

negative trend confirming that methoprene too could not rescue 

o impairment of consumption due to starvation. Compensation in 

consumption loss indicates that except for the days 6 and 7 none of the 

other starvation days could recover the loss. This supports the view of 

Calvez (1981) that impairment caused due to restriction of food cannot be 

repaired by treatment with JHa. 

KPGB x P 5 : without methoprene administration : The total food 

consumption in KPGB x P5 has been 2.853 gm/larva in control. The least 

impairment of food consumption has been recorded in the larvae of day 2 

starvation and the highest in day 5. Food consumption of KPGB x P 
5 

during dry part of summer is lower than that of KPGB alone. Larval 

duration in all the starvation levels has been prolonged for a day over that 

of control larvae except for the day 8. Regression equation expresses a 

negative trend like Nistari and KPGB. The observed consumption values 

are higher in days 1, 2, 6, 7 and 8 but lower in days 3, 4, and 5 as computed 

against the predicted values. This confirms recovery of the loss in food 

consumption. for the larvae of days 1, 2, 6, 7 and 8 but not for the days 3, 
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4 and 5. The highest suffered cases are the days 3, 4 and 5 possibly because 

of starvation on the days of obligatory feeding period when recovery is 

not possible. Basu et a/. (1992) have observed that hybrids of NB7 X 

KPGB fed for 5 days and starved afterward spun cocoons with good 

pupation rate. In the present finding the feeding regulation on the days 1 

and 2 though involves obligatory feeding period the recovery of earlier 

consumption loss has occurred because the single cross hybrid are 

vigourous (Narasimhanna, 1985) and stronger than the pure lines. Further, 

the higher hybrid vigour helped the larvae to overco.ne starvation stress 

during early larval life, which has not been possible for pure lines during 

the season. 

KPGB x P 
5 

: with methoprene administration : Methoprene has induced. 

a significant increase in food consumption, and has prolonged larval 

period by one day. The total consumption has been 3.294 gm/larva in 

control. The highest consumption has been on day 1 and the lowest on the 

day 5. No significant recovery of consumption loss has been observed on 

days 2, 3, 4 and 5 which fall within the obligatory feeding period. This is 

justified by the negative trend of regression equation. 

5.1.2 Assimilation 

Nistari : without methoprene administration - The total assimilation 

of food in control larva has been recorded to be 0. 7 4 7 gm . Analysis of the 

result reveals that assimilation of food differs significantly due to daywise 

feeding regulation. The lowest quantity of assimilation has been on day 6 

starvation. Some amount of loss in assimilation has been compensated in 

all the treatments except for the day 6. This compensation has been the 

highest on the day 4 starvation. Waldbauer (1964) has argued that due to 

o rapid rate of feeding by the fifth instar larvae of B.mori, ingested food 
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has very less time for enzymatic activity, thus affecting proper absorption 

of digested food in the gut. Apart from this, the higher content of crude 

fibre in food is also responsible for reduced digestibility (Waldbauer, 1964~ 

Horie et a/., 1976~ Ito and Kobayashi, 1978~ Horie and Watanabe, 1983 ~ 

Benchamin and Jolly, 1984~ Anantharaman et a/., 1993 ). Regression 

equation for assimilation of food (Y) against. day of starvation (X) 

expresses a negative trend . The observed values have a good fit against 

the predicted values except for the starvation on days 3 and 4 where a 

higher quantity of assimilation may have occurred in the starved larvae 

after resumption of feeding. Impairment in assimilation of food have been 

recorded in all the treatments as compared to that of control. Mathavan et 

a/., (1987) have reported a decrease in assimilation due to starvation. 

Yamamato and Fujimaki (1982) in Japanese breeds and Remadevi eta/., 

( 199 3) in Indian breeds observed a positive correlation between, 

consumption and assimilation of food. They are of the opinion that inspite 

of positive correlation higher consumption may not result in higher 

assimilation as this is a strain specific characrter of B. mori. A similar 

observation has also been reported by Horie and Watanabe (1983), 
~ 

PerjSwami et a/. (1984), Sumioka et a/. (1982), Benchamin and Jolly 

(1984), Naik and Delvi (1987), Anantharaman eta/. (1993) in B.mori 

and by Singh and Prasad (1990) in Dasychria mendosa (Lepidoptera, 

Lymantriidae). Assimilation in fifth instar larvae in general is affected by 

nutritional deficiency caused by high content of crude fibre and deficiency 

of water in food (Waldbauer 1964 ). But results indicate a higher 

assimilation in some daywise feeding regulated batches as compared to 

predicted values suggesting compensation of assimilation loss. This may 

be due to a cumq)ative effect of increased residence time of food in gut 

(Schroeder, 1976) and accumulation ofwater in body due to feeding stress 

(Del vi et a/., 1988). But when compared with assimilation of food during 
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wet part of summer it is found that assimilation is lower during dry part 

of summer. This is probably due to low water content in mulberry leaves 

during dry part of summer. Legay (1958) indicated that low water content 

in mulberry leaves hampered digestion in B. mori and high water level 

. accelerated the process. 

Nistari : with methoprene administration : The assimilation of food 

markedly increased in all categories of starved larvae after treatment with 

the JHa. As obligatory feeding period was prolonged by methoprene 

(Calvez, 1981 ), the consumption of food was also increased resulting in 

higher accumulation of food than in the JHa-untreated control larvae. 

Treatment with methoprene however, lowered the rate of daily assimilation 

of food. Regression equation shows a negative trend in assimilation, the 

observed values show a good fit with the predicted values indicating 

impairment caused has not been compensated except for the days 4 and 5 

where assimilation has been almost similar to the control values. 

KPG B : without methoprene administration : The total assimilation of 

food by a control larvae is 1.654gm. Likewise in Nistari, the impairment 

in assimilation has also been recorded in the starved larvae of KPGB. 

Inspite of higher consumption by KPGB, as compared with that of Nistari, 

the assimilation rate has been lower. This corroborates the findings of 

Yamamato and Fujirnaki (1982), Horie and Watanabe (1983 ), Peri swami 

et a/. ( 1984 ), Remadevi et a/. (1993 ), the assimilation is totally a strain 

specific character and not dependent on quantity of consumption. 

Regression equation expresses a negative relation suggesting an 

impairment of assimilation caused by starvation. During dry part of 

summer the assimilation rate is lower than that in wet part of summer. 

This may be due to low water content in the mulberry leaves (Legay, 1957), 
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high content of crude fibre (Waldbauer, 1964) and dry matters 

(Anantharaman et a/. 1993). Due to low rate of assi~ilation the starved 

larvae were unable to compensate the assimilation loss. Except for the 

starvation days 1, 6 and 7 the predicted values in case of other days have 

been higher indicating impairment of assimilation. 

KPGB : with methoprene administration : The total assimilation of 

food in control larvae was 1. 94 7 gm/larva during dry part of summer. 

Prolongation of obligatory feeding period· (Calvez, 1981) resulted in 
• compensation of assimilation loss in case of days 6 and 7. Regression 

equation indicates a negative trend suggesting that impairment of 

assimilation could not be compensated. 

KPGB x P
5 

: without methoprene administration : The assimilation of 

food in control larvae has been 1.185 gm/larva. The assimilation rate is 

higher than that in KPGB. Regression equation shows a negative relation. 

Comparison of observed and predicted values indicates a compensation 

of assimilation loss on starvation days 1, 6, 7 and 8. The assimilation of 

food is lower during dry part of summer than during wet part of summer 

as in cases ofNistari and KPGB. Higher quantity of assimilation of food 

in KPGB x Ps as compared with that ofKPGB pure is due to strain-specific 

difference. 

KPGB x P 5 : with methoprene administration : The total consumption 

in methoprene treated control has been 1.369 gm/larva. Methoprene 

effectively increased assimilation rate but in a slow pace. Compensation 

of assimilation loss has been recorded in cases of days 6, 7 and 8. This 

justifies that methoprene when applied to the starved larvae prolongs 

facultative feeding period too. Regression equation indicates that 

impairment of assimilation could not be recorded by methoprene. However, 
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overall assimilation of food has been higher than that of the pure KPG B. 

5.1.3 Absolute consumption rate 

Nistari : without methoprene administration :The highest absolute 

consumption rate (ACR) has been obtained for starvation on day 5 followed 

by days 6 and lowest on day 2 followed by days 4 ·and 3 during dry part of 

summer. It is evident from the result that the highest compensation in 

consumption loss of food due to daywise starvation has been on day 5 

followed by day 6. These batches have increased their feeding rate after 

starvation, which is in support of the finding of Kogan ( 1972), Schroeder 

(1976) , Mathavan eta/. (1987). Again regulation of feeding during day 5 

and 6 (considered as facultative feeding period) has no impact on 

physiological stress for respiration. This may be due to gain in energy 

from food during obligatory feeding period (upto 3rd or 4th day of fifth 

instar). Similarly, starvation on day 2 has shown the lowest ACR followed 

by day 4 and 3. This also has happened due to feeding regulation during 

obligatory feeding period. J anarthan et a!. ( 1994) have observed that 

starvation during obligatory feeding period lowers consumption rate even 

after the resumption of feeding. Furthermore, the starvation during early 

part of fifth instar exerts stress causing imbalance in the rate of 

. consumption though the larval duration has been found to be prolonged, 

(Calvez, 1981 ). 

Nistari: with methoprene administration : The absolute consumption 

rate has been increased significantly due to methoprene. The highest rate 

has been obtained in the larvae of starvation day 6 and the lowest rate on 

day 5. But overall result is very much similar in all the days except for 

the days 3 and 5. Due to prolongation of obligatory feeding period by 

methoprene treatment, the absolute consumption rate has been increased 
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and the loss of consumption due to starvation has been recovered to a 

great extent. 

KPG B : without methoprene administration : The highest ACR has 

been recorded for the days 1 and 7 followed by the day 6 and the lowest 

on day 4 followed by days 5 and 3. This low ACR on days 4, 5 and 3 of 

starvation may be due to non recovery during obligatory feeding period 

(Janarthan eta!. 1994) and low level of stored energy in larvae to overcome 

such stress (Calvez, 1981 ). These batches have faced a higher amount of 

loss in food consumption which they could not recover when feeding was 

resumed. But for the days 1 and 7 the consumption loss has been recovered 

when feeding was resumed. 

KPGB : with methoprene administration : The highest ACR has been 

recorded in cases of day 7 followed by day 6 and the lowest in days 3 and 

4 of methoprene-treated larval batches. Treatment with methoprene 

enhanced the ACR in days 7 and 6 of the facultative feeding period. But 

methoprene could not increase the ACR of day 3 and 4 of the obligatory 

feeding period. This might have resulted due to transition from obligatory 

to facultative feeding period, controlled by 'All or None' principle, and 

overcoming from starvation stress is dependent on the energy reserve by 

larvae before undergoing such stress (Calvez, 1981 ). 

KPGB x P 5 : without methoprene administration : The highest ACR 

has been recorded for the day 2 followed by 1 and the lowest for the days 

4 and 5. Compensation of consumption loss due to starvation during 

obligatory feeding period has been higher in KPGB x P
5 

possibly because 

of hybrid vigour (Narasimhanna, 1985) and energy reserve in early part 

of the fifth stage larval life (Calvez, 1981 ). The ACR of the larvae starved 

on days 7 and 8 has been recorded to be higher over predicted values 
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which indicates a higher compensation of consumption loss after 

restoration of feeding. 

KPGB x P 
5

: with methoprene administration :Methoprene has no 

influence on the boosting up of ACR when the larvae are starved during 

obligatory feeding period. This is why the oblig~tory feeding period has 

been prolonged. Extension of facultative feeding period resulted in 

compensation of consumption loss for starvation on days 6, 7 and 8, 

showing an increase in absolute consumption rate. 

Hence, it is evident from the results that starvation during obligatory 

feeding period impairs the ACR. 

5.1.4 Absolute growth rate 

Nistari: without methoprene administration: The AGR has been the 

highest for days 5 and 6 and lowest for the day 2. Assimilation of food by 

larvae is known to be directly related to the tissue growth (Barah et a!. 

1989). Thus, the starvation on day 2 (obligatory feeding period) resulted 

in a low assimilation of food due to low growth rate. Starvation on days 

5 and 6 (during facultative feeding period) the ACR has been higher 

resulting in better growth rate. Growth of larvae is directly influenced by 

percentage of assimilated food in body (Yamamato and Garno, 1976 

Remadevi eta!. 1993). Starvation on day 2 though have caused a higher 

ACR, but the· growth rate (0.024 gm/day) is slower, the benefit has turned, 

negative due to increase in respiratory rate and increased maintenance 

cost. Comparatively, a lower ACR on days 2, 5 and 6 indicates a higher 

growth rate due to low respiratory loss and maintenance cost. This is in 

support of the finding of Schroeder (1976) who argued that a slow growth 

rate enhances respiration rate and thus increases the relative maintenance 
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cost. Starvation during obligatory feeding period has reduced absolute 

growth rate due to low ability in compensating the consumption loss by 

the larvae after resumption of feeding. But starvation during the facultative 

feeding period does not impose such stress and larvae are able to 

compensate the consumption loss to a greater extent. Hence, the growth 

is enhanced. This is in support of the findings of Muthukrishnan and 

Delvi (1974), Mathavan and Muthukrishnan (1976); Muthukrishnan et 

a/. (1978), Grabstein and Scriber (1982, Muthukrishnan and Pandian 

( 1984 ). The authors are of the opinion that increased consumption rate 

by starved larvae after restoration of feeding enhances growth rate. 

Nistari : with methoprene administration : The highest growth rate has 

been attained on day 6 and the lowest in day 2. Treatment with methoprene 

could not enhance the growth rate. Tropical silkworms in general have a 

slow growth rate (Mathur et a/. 1989) and this rate varies according to 

silkworm strain (Yamamato and Fujimaki, 1982). Methoprene can only 

prolong the feeding duration but has no influence on the acceleration of 

assimilation and hence, the growth rate is retarded (Kurata, 1981 ). 

Methoprene prolongs the obligatory feeding period so growth rate has 

been slower in during the obligatory feeding period due to increase in 

respiration and maintenance cost. Both respiration and maintenance cost 

are found to be higher in case of day 2 starvation. 

KPGB : without methoprene administration :Absolute growth rate has 

been the highest for day 7 and the lowest for day 4 followed by day 3. 

KPGB exhibits the trend of growth similar to that of Nistari. Growth rate 

has been impaired due to starvation during obligatory feeding period as 

these batches could not recover the consumption loss after restoration of 

feeding. However, respiration and maintenance costs are not so high as 
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compared to those of day 7, but low absolute consumption rate on day 2 

has retarded the absolute growth rate. 

KPGB: with methoprene adminisrtration: Treatment with methoprene 

has no accelerating influence on absolute growth rate in batches starved 

during obligatory feeding period. This indicates that transition from 

obligatory feeding period to facultative feeding period has not been altered 

by the action of methoprene as indicated by Calvez ( 1981). The lowest 

growth rate has been recorded for the days 3 and 4. This may be due to a 

high loss caused by respiration and increased maintenance cost. 

KPGB x P5 : without methoprene administration ::'he highest absolute 

growth rate has been found in the larvae starved on day 8 and the lowest 

in day 3. Results indicate that though this hybrid shows a higher vigour 

than the pure line, still starvation during obligatory feeding period affects 

the growth rate due to low absolute consumption rate. Higher absolute .. 

consumption rate for starvation on day 8 resulted in higher absolute growth 

rate. 

KPGB x P 5 : with methoprene administration : Results imply that 

application of methoprene has no impact on growth rate. The highest 

growth rate has been recorded for days 8 and the lowest for day 3. 

Starvation on any day during obligatory feeding period has reduced the 

absolute growth rate in this hybrid. 

5.2 Efficiency of Conversion of Digested Food (ECD) During Dry 

Part of Summer Due to Starvation on Different Days 

5.2.1. Larval Body 
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Nistari: without methoprene administration : The ECD to larval body 

has been better for the starvation days 5 and 6 followed by 1, 3 and 4, 

o and the lowest for the day 2. However, in all the day the ECD values are 

lower than that of the control larvae. This is in support of the finding of 

Mathavan eta/. (1987). The recorded ECD values for the days 5 and 6 are 

higher than the predicted values. This signifies that the larvae of B.mori 

can compensate the food deficiency due to starvation to some extent by 

elevating the ECD as reported earlier by Mathavan eta!. ( 1987). A similar 

increase in ECD under restricted feeding has also been observed in 

Poecilocerus pictus by Muthukrishnan and Delvi ( 197 4 ). In general, the 

ECD values are low in the fifth ins tar larvae of B. mori (Anantharaman et 

a/. 1993) due to reduced digestibility (Waldbauer, 1964). But in the starved 

larvae due to longer residence time of food in gut, the ECD values have 

been increased (Waldbauer, 1964). Such an increase has also been noticed 

bySumioka eta/. (1982). Nathetal. (1990)andTzenov(1993) explained 

this phenomenon as physiological adaptation for starvation stress. Thus, 

the ECD of larvae starved on days 5 and 6 has been increased than the 

predicted values. This also supports the earlier observation of Yamamato 

· and Gomo (1976) and Remadevi et a!. (1992, 1993) who indicated that' 

ECD for larval body was not dependent on the consumption of food, rather 

this was due to the efficiency of assimilation. 

But starvation during the obligatory feeding (days 1 ,2,3) period 

decreased the ECD values, the highest effect was on the starvation day 2. 

This justifies that though there is an increase in assimilation rate than the 

days 5 and 6, this has been of no benefit for the larvae. The lower ECD 

values have resulted from the increased respiratory and maintenance cost 

as reported earlier by Schroeder (1976) in Calocalpa undulata. 

Furthermore, during dry part of summer the increased ambient temperature 

reduces the ECD values. At higher temperature more energy is lost in 
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metabolism as emphasised by Scriber (1977), Reese and Beck (1978) 

and Muthukrishnan and Pandian ( 1987). Waldbauer ( 1968) ascribed that 

at low humid condition food is digested using metabolic water hence 

ECD is lowered. Starvation on day 4 which is the juncture of obligatory 

and facultative feeding periods, showed almost the same value as predicted. 

Thus, feeding regulation on any day during obligatory feeding period 

impairs the ECD in larval body. 

Nistari : with methoprene administration: Methoprene has prolonged 

the obligatory feeding period in B. mori. Better ECD for larval body has 

been observed in the larvae starved on day 6 followed by 3 and the lowest 

value for day 2. ECD has been effectively lowered in methoprene treated 

larvae than that in the untreated larvae of both control and starved batches. 

This may be due to low digestibility of methoprene treated larvae as 

emphasised by Gaaboub eta/. (1985). Prolongation oflarval feeding period 

together with increased respiration rate and maintenance cost due to 

daywise feeding regulation resulted in low ECD values. Starvation on 

day 6 has caused ECD value higher than prediction. This is perhaps due 

to the JHa application during fecultative feeding period. Wigglesworth 

( 1 934 ), Friends et a/. (1965) have indicated that a critical minimum ration 

is essential to trigger the secretion of moulting hormone. Thus, day 6 

larvae pupated without much increase of maintenance cost. But in early 

part of fifth instar (upto day 4th) the ECD has decreased due to relatively 

high maintenance cost caused by high temperature and low humidity 

during rearing season. High temperature accelerated metabolism for 

meeting the energy demand (Muthukrishnan and Pandian, 1987) whereas 

low water content in food substantially decreased the ECD values as 

water deficiency for digestion of food is met through metabolic water 

(Waldbauer, 1968). Thus, methoprene could not repair the starvation 

impairment caused during obligatory feeding period. 
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KPGB : without methoprene administration :Higher ECD has been 

obtained from starvation day 5 followed by 3, and the lowest on day 1. 

In contrast to lower ECD values of Nistari, in bivoltine KPGB race the 

. values have been higher that of control.Such higher ECD values due to, 

restricted feeding has also been reported by Muthukrishnan and Delvi 

(1974) in Poecilocerus pictus and by Sumioka eta/. (1982.), Nath eta/. 

(1990) and Tzenov (1993) in B.mori. Tzenov '(1993) explained this 

phenomenon as physiological adaptation by larva against starvation stress. 

Increase in ECD values in starved batches is perhaps due to higher 

assimilation of food as indicated earlier by Yamamato and Garno C 197 6). 

Except for starvation on day 1 in other days of obligatory feeding period 

larvae compensated the loss by increasing their assimilation efficiency. 

Day 1 starved larvae could not do so because of low energy reserve (Calvez, 

1981 ). Thus, the high assimilation of food had no positive role on ECD. 

The observed ECD values have been lower than the predicted values for 

day 4 , 6 and 7. This may be due to low assimilation and high metabolic 

loss due to respiration and maintenance cost. This supports the finding of 

Schroeder (1976). Such metabolic loss has been very low in day 5 starved 

larvae. Thus, the ECD values have been lowered in case of days 1, 4, 6 

and 7. 

KPGB: with methoprene administration : The ECD values are 

better for the larvae starved on day 1 and the lowest on days 6 and 7. The 

observed values are lower in case of days 2 and 3 than the predicted values 

though the assimilation efficiency is higher than that of days 6 and 7. This 

may be due to low reserve of energy to withstand starvation during 

obligatory finding period (days 2 and 3). The ECD values are the same in 

both methoprene treated and untreated control batches. This supports the 

earlier finding by Gaaboub et a/.(1985). 
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KPGB x P
5 

: without methoprene administration - The ECD values 

have been better in all the starvation days except in day 1 . The observed 

values have been higher for days 2, 3, 4 and 5 than the predicted values. 

The absolute growth rate in KPGB x P5 is higher than in pure KPGB and 

assimilation efficiency is also higher. Low metabolic loss due to respiration 

and maintenance cost has been recorded in batches starved during 

obligatory feeding period . This is the reason for higher ECD value for 

the days 2, 3, 4 and 5. The better performance ofKPGB x P5 may be due 

to more resistance of bivoltine hybrids than the pure races against any 

stress (Narasimahanna, 1985). 

KPGB x P
5 

: with methoprene administration : Among the starvation 

days the ECD to larval body has be~n higher for the days 3, 4 and 5 and 

lower for the days 6, 7 and 8 . On the whole, the ECD values of 

methoprene-treated and untreated larvae have been lower than that of the 

control larvae. This result agrees with the similar observation of Gaaboub 

(1985). The hybrid (KPGB x P5) has a superiority to KPGB in respect of 

the ECD value of JHa-treated larval body. 

5.2.2. Male Cocoon shell : 

Nistari : without methoprene administration : The ECD for male 

cocoon shell has been relatively better for the day I followed by 2, 4 and 

6 and lower for the days 5 and 3. According to Horie and Watanabe 

(1985) 25°/o of the absorbed energy is allocated for cocoon shell by the 

larvae. Excepting for the days 3 and 5 the observed values of ECD have 

been higher than the predicted values in all other starvation days. 

Nistari: with methoprene administration : The ECD to male cocoon 

shell has been higher in the larvae starved on days 2 and 3 than on other 

days. The ECD values declined significantly in all the methoprene treated 
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starved batches except in cases of control and day 3, which have maintained 

almost a similar value. This corroborates Kurata ( I98I) that the coefficient 

of utilization of ingested food into silk protein is nearly the same in JHa 

treated and untreated controls. The starvation stress accompanied with 

JHa treatment during the obligatory feeding period has no significant 

negative effect on ECD. But there has been a reduction in the ECD values 

to male cocoon shells when starvations stress' was applied during the 

facultative feeding period. Even the JHa could not induce the ECD. 

KPGB: without methoprene administration: The ECD to male cocoon 

shell has been better for the day 5 followed by days 3 and 4 and lower on 

day 1 followed by 6 and 7. On the whole, a better ECD to cocoon shell 

has been observed for the days 5, 3 and 4. Where assimilation is also 

high because of reduced respiratory and maintenance costs. But starvation 

on days I, 6 and 7 has increased metabolic loss thus decreasing the ECD. 

Again, formation of silk protein in larva is dependent on the quantity of 

food consumed in later half of the fifth stage larvae (Fukuda et at. 1963). 

Hence, starvation during later part, on days 6 and 7 comparatively reduced 

the synthesis of silk protein by lowering the ECD values. 

KPG B : with methoprene administration : The ECD for male cocoon 

shell has been better on starvation day I followed by 4 and 5 and lower' 

in days 6 and 7. Action of JHa prolonged the obligatory feeding period 

in starved larvae on days 2 and 3 but the ECD values have been decreased 

due to metabolic loss. Akai eta!. (1973) and Akai (1988) have implicated 

that the application of the JHa to early fifth instar helps in the synthesis 

of RNA in silk gland for a longer period, thus, the total volume of silk is 

increased. This has helped to show better performance after starvation on 

days 4 and 5. But starvation during the late facultative period caused 

adverse effect. 
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KPGB x P
5 

: without methoprene administration : A better ECD for 

male cocoon shell has been obtained for the day 5 followed by 3 and 4 

and lower on day 1 followed by 6, 7 and 8. The ECD values have been 

reduced due to starvation on days 1 and 4, and on the days 6, 7 and 8 

because of higher respiratory and maintenance costs. 

KPG B x P 
5 

:with methoprene administration:· A better ECD for male 

cocoon shells has been resulted in the larvae of day 5 followed by 4, 

and the lower values for the day 8 followed by 1. Treatment with 

methoprene significantly lowered the ECD values in all the batches as 

compared to that of the control. Observed values for the days 2, 3, 4 and 

5 are higher than the predicted ones. This justifies that the consumption 

of food in later part of the fifth in star is utilized for synthesis of silk protein 

(Akai, 1988). Starvation during later part has impaired the ECD due to 

metabolic loss. 

5.2.3 : Female Cocoon shell 

Nistari : without methoprene administration : The ECD to female 

cocoon shell has been better for the days 1 ,2,4 and 6 but low for the days 

3 and 5. In most of the starved larval batches and the control, the ECD 

values for female cocoon shell have been higher than the ECD to male 

cocoon shell. Impairement in ECD to cocoon shell has occurred for the 

days 3 and 5. 

Nistari : with methoprene administration : The ECD to female cocoon 

shell in methoprene treated batches has been relatively better for the 

days 2 followed by 3, but the lowest has been for the days 1 and 4. Low 

ECD values obtained in methoprene treated batches as compared to those 

of the untreated larvae of all the days except 2 and 3. Methoprene has 
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prolonged the obligatory feeding period and is able to rescue the 

impairement due to starvation on day 2 and 3. In both methoprene treated 

and untreated control larvae the ECD has been almost the same as reported 

earlier by Kurata (1981 ). 

KPG B : without methoprene administration : Horie and Watanabe 

( 1985) emphasized that ECD values are higher in female larvae as they 

allocate energy both for cocoon shell and egg production. Thus, the starved 

female larvae are more sensitive than starved male larvae (Kadono Okuda 

et a/. 1986; Tzenov and Petkov, 1993). Hence starvation in early part of 

fifth instar and also during the days 6 and 7 (facultative period) has reduced 

the ECD values due to metabolic loss. But starvation on the days 3, 4 and 

5 has resulted in relatively better values due to higher synthesis of silk 

during part when feeding was continued. 

KPGB: with methoprene administration: The results are found to be 

the same as the ECD to male cocoon shell. Methoprene has induced in 

synthesis of silk protein inspite of lower ECD values compared with the 

untreated batches. 

KPGB x P 
5 

: without methoprene administration : The ECD to female 

cocoon shell is better for the larvae starved on day 5 followed by day 3. 

The lower values obtained has been on day 1 followed by the days 6, 7 

and 8. As the female larvae allocate energy for silk production towards 

the later half oflife, the better efficiency for cocoon shell has been obtained 

for days 2, 3 , 4 and to some extent for 5. The result resembles that of the 

KPGB. 

KPG B x P 5 : with methoprene administration : A better ECD for female 

cocoon shell after treatment with methoprene has been obtained from the 
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larvae starved on day 5 followed by 4 and lower values for day 8. 

Methoprene effectively lowered the ECD values in all the treatments as 

compared to that of untreated. 

5.2.4. Female Pupa 

Nistari : without methoprene administration The female larvae of 

B.mori utilize energy for egg production from food assimilated during 

early part of the fifth instar and whole of the fourth instar (Fukuda et al., 

1963). Hence, starvation on days 4 and 6 did not cause much impairment 

in gaining female pupal weight. But starvation during the obligatory 

feeding period reduced this efficiency. The conversion of dry matter of 

food for pupal body has been found to be more in case of female larvae 

(Horie and Watanabe, 1983~ Periswamy and Radhakrishnan, 1985). 

Nistari : with methoprene administration : The ECD to female pupa 

is quite better for the day 3 and low for the day 2. Better ECD has also 

been obtained for the days 4, 5 and 6 as compared with the predicted 

values. Prolongation of obligatory period due to methoprene helps the 

larvae batches starved on early days to store more energy for pupa after 

restoration of feeding. But starvation on day 2 resulted in more metabolic 

loss thus reducing the ECD value. This supports the finding of 

Muthukrishnan and Pandian (1987). 

KPGB : without methoprene administration : Higher values of ECD 

to female pupa has been obtained for day 5 followed by 3 and lower . 

values for day followed by 7. Observed values are higher than the predicted 

values for the days 2, 3, 4 and 5. The result justifies that irrespective of 

the day of starvation during obligatory feeding period, the female larvae 
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first allocate dietary resource for egg production . Hence, starvation during 

the facultative feeding period significantly reduced the ECD values (days 

6 and 7). These results are quite different from that of Nistari. This may 

be due to high temperature during rearing period which has caused much 

metabolic loss to late age fifth instar larvae. But Nistari being well 

acclimatized to such adverse climate could have withstood the temperature. 

This is in support of the finding of Anantharaman et a/. (1993) who 

opined that dry matter production per unit food intake is dependent on 

acclimatization ability of the race of B.mori. 

KPGB : with methoprene administration : Higher ECD for female 

pupa has been recorded for day 1 followed by 2 and 5 and lower values 

for the days 6 and 7. Methoprene significantly lowered the ECD for female 

pupa in all the starved batches as compared to the untreated control. 

Further, in all the treatments from the day 1 to 5 the observed values are 

higher than the predicted values, justifying that food assimilated during 

facultative feeding period has also been allocated to enhanced ECD to 

female pupa. Methoprene treatment could not recover the loss due to 

starvation on the days 5 and 6. 

KPG B x P 5 : without methoprene administration : The result obtained 

is more or less similar to that of pure KPGB. However, due to increased 

vigour in hybrid the ECD values are higher. 

KPG B x P 5 : with methoprene administration : Higher ECD to female 

pupa has been obtained for the day 5 followed by 4 and 3, and lower for 

the day 8 followed by 6. Prolongation of obligatory feeding period by 

the action of methoprene and higher assimilation of food for pupal body 
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has been recorded in the hybrid. Thus, ECD values has become higher 

than that of pure KPGB. Loss of metabolism due to starvation on later 

part of fifth larval life (days 6, 7 and 8) could not be compensated. 

5.3 Economic Characters of B.mori caused Duet" Daywise 

Starvation During Dry Part of Summer 

5.3.1 Nistari : without methoprene administration : The ERR in case 

ofNistari, being highly acclimatized to adverse conditions of West Bengal 

, has exhibited better .performance after starvation on day 1 resulting in 

higher ERR. This supports the observation of Benchamin et a/. (1992). 

But starvation on other days of the obligatory feeding period such as on 

day 2 caused high mortality hence the reduced ERR (Janarthan et a/. 

1994). The ERR has been somewhat consistent when starved on other 

days, which supports the finding of Anantharaman et a/. (1993) who 

observed that the survival of silkworm race under stress feeding depended 

on its acclimatization power to a particular environment. Compared with 

the values of control sets a reduction in ERR has been observed for all the 

starved batches supporting the eralier observatioin of Kurisu et a/. 

(1975), Nath eta!. (19f0), Samson eta/. (1981), Hidesh et al. (1982), 

Sumioka et al. (1982), Sukumar and Ramalingam (1986), Haniffa et a/. 

(1988), Tzenov and Petkov (1993) and Himantharaj (1994). 

The final larval weights have been relatively less impaired on 

starvation days 4,5,6 in comparison to that of other days of starvation 

indicating that the larvae were able to compensate a good quantity of 

food deficiency after the resumption of feeding during facultative feeding 

period. The result is in support of the finding of Mathavan eta/. (1987). 

But larvae starved during obligatory feeding period (days 1 ,2,3) have not 

been able to compensate the loss under physiological stress due to 

increased cost of respiration and maintenance (Schroeder, 197 6; 
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Muthukrishnan and Pandian 1987) though assimilation of food has been 

higher. Low water content in food during this period is compensated by 

the utilization ofmetabolic water, which otherwise would have increased 

larval body weight (Waldbauer, 1968). 

Higher impairment of male cocoon shell due to starvation during 

facultative feeding period (days 5 and 6) supports the observation of 

Fukuda et a!. (1963). Horie and Watanabe (1985) have argued that food 

consumed by fifth instar larvae during facultative feeding period is utilized 

for synthesis of silk. Kurata (1985) has observed that accumulation of 

RNA in cells of silk gland is reduced when starvation is imposed from 

day 3 onward of the fifth instar larvae and recovery from this effect has 

been delayed even if the larvae were refed. Decrease of cocoon shell 

weight due to starvation has also been reported earlier by Samson et a/. 

(1981), Mathavan eta/. (1987), Haniffa eta/. (1988), Nath eta/. (1990), 

Tzenov (1993) and Janarthan et a/. (1994). The female cocoon shell 

weights have also impaired in batches starved during facultative feeding 

period where food resources are largely allocated for silk gland growth 

. as suggested by lnagaki and Yamashita (1986). 

Daywise starvation has reduced the female pupal weight on days 5 

and 6. Muthukrishnan and Pandian (1987) are of the opinion that food 

quality and availability together with ambient rearing conditions influence 

largely the female pupal weight in B.mori. Dry matter utilization is high 

in female larvae (Horie and Watanabe, 1983) as a high amount of energy 

is converted towards egg production (Yamamato and Garno, 1976~ 

Dingnong eta!., 1991, Anantharaman eta!., 1993; Remadevi eta/., 

1993 ). 

With methoprene administration : The ERR o/o has been found to be 

somewhat better after application of methoprene only for the days 1 and 
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6. ERR0/o due to starvation on days 3, 4 and 5 has been reduced after 

administration of methoprene. Trivedy eta/. (1993) have argued that the 

prolongation of larval period after methoprene administration reduces the 

ERR during dry part of summer. Methoprene administration. simply 

prolongs the obligatory feeding period (Calvez, 1981). Thus, the larval 

batches under different days of starvation with sufficient energy reserve 

can exhibit better ERR as in case of starvation day 1 . Hence, methoprene 

cannot promote better ERR% in starved batches. 

Methoprene has no significant role in the improvement of the 

starvation related impairment of final larval weight suggesting that 

methoprene is ineffective particularly during the obligatory feeding period 

(days 1 ,2,3 ). 

Methoprene administration has induced higher rate of silk synthesis 

on all the starvation days except for the day 1. This increase in silk synthesis 

supports the observations of Akai et al. (1973) and Akai (1988). The 

authors argue that the methoprene helps in retaining the activity of RNA 

in cells of silkgland much longer than untreated larvae, thus in increasing 

the volume of silk. But under starved condition perhaps the reserve protein 

synthesis for cocoon shell gets interlocked due to low food consumption 

_ and the JHa caused low digestibility that results in low cocoon shell. 

weight as also recorded by Tojo eta/. (1981 ). However, increase of cocoon 

shell weights in methoprene treated batches has been observed in all the 

treatments as compared with that of untreated control in all the batches in 

females and excepting for the starvation days 1 and 6 in the males . 
• 

In all the cases methoprene administration resulted in higher pupal 

weights even in case of starvation days 3, 4, 5 and 6. This suggests that 

Nistari larvae can be starved during dry part of summer on day 4 and 5 

and economic loss can well be compensated by application ofmethoprene. 
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5.3.2 KPGB : without methoprene administration : The ERRo/o m 

KPGB has been quite good when the larvae were starved on days 1, 6 

and 7. The values for rest of the days of starvation have been reduced by 

increase in mortality. Such observation conforms to the earlier record of 

Janarthan et al. (1994). Paul et al. (1993) have identified obligatory 

feeding stage of KPGB upto the day 3 during favourable season. A better 

ERR in larval batches starved during the facultative feeding period may 

be due to the initiation of neurohormonal signal for pupal metamorphosis 

after the attainment of critical minimum weight as has been interpreted by 

Wigglesworth (1939) and Friends et a/. (1965). Increase in mortality in 

starved batches has earlier been observed by Muthukrishnan and Delvi 

(1974), Mathavan and Muthukrishnan (1976) and Muthukrishnan et a/. 

(1978). Upadhyay and Mishra (1991) also held the idea that though food 

consumption rate in the bivoltine race is higher at a temperature 30°C and 

above the ERR is reduced due to higher mortality. A positive relationship 

between mortality and day of starvation had been drawn by Hidesh et al. 

(1982), Sumioka et al. (1982), Nath et al. (1990) and Tzenov and Petkov 

(1993). 

Daywise starvation during the obligatory feeding period (days 2 

and 3) and also during early facultative feeding period (days 4 and 5) 

have exhibited higher rate of impairment of larval weight. Reduction of 

larval weight due to starvatioin in bivoltine silkworm of B. mori has also 

been reported by Yamamato and Gomo (1976), Muthukrishnan et a/. 

(1978), Sumioka eta!. (1982), Radhakrishnan et al. (1985), Mathavan et 

a!. ( 1987) Radhakrishnan and Del vi (1987), Haniffa et a!. ( 1988), Nath 

eta/. (1990) and in Antheraea assama by Bardoloi and Hazarika (I 992). 

Starvation during obligatory feeding period (days 1 ,2,3) and early 

facultative period (day 4) indicate harmful effect on cocoon shell weights 

as compared with that of the other days. This can be attributed to the 
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high metabolic loss at higher ambient temperature by the larvae 

(Muthukrishnan et a/., 1976). It is reported that JH secretion is hindred 

due to starvation during obligatory feeding period resulting in low cocoon 

shell quantity ( Tojo et a!. , 1981; Tzenov and Petkov, 1993 ), and lower 

synthesis of silk in silkgland when starved on days 3, 4 and such 

impairment is not recovered even when larvae are refed (Kurata, 1985). 

Paul and Deb (1993) also have observed less impairment of cocoon shell 

weight in batches starved after day 3. Female cocoon shell weights also 

are decreased due to starvation. 

Relatively less impairment of female pupal weig:tt has occured when 

the larvae were starved on days I, 2, 6 and 7. The result indicates that 

starvation during the days of late obligatory and early facultative feeding 

periods (days 3, 4 and 5) has suffered the most due to disturbances in 

energy allocation for female pupal biomass and cocoon shell production. 

With methoprene administration : The ERR% in the starved batches 

after administration of methoprene has not been found to be improved. 

This result corroborates the finding of Calvez ( 1981) and Trivedy et a!. 

(1993 ). 

Methoprene has no impact on the recovery of loss in final larval 

weight due to starvation. Janarthan et a!. (1994) are of the opinion that 

proper care in feeding during obligatory feeding period only results in 

successful bivoltine crop. Results obtained, also indicate that starvation 

during fecultative feeding period has lesser impact on larval weight when 

compared with that of obligatory period except for the day I . 

There has been an increase in male cocoon shell weight in all the 

batches except in the larvae starved on the days 6 and 7. Such a result has 

earlier been observed by Magadum et a!. (1990) in other bivoltine 
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silkworm. Prolongation of larval life and increase in food intake have 

helped the larvae for additional growth of silkgland caused by the action 
et;~·, 

of JHa (Prudhomme and Couble, 1979); Prudhomm~ 1985), Akai and 
e-t;; D'L ..... 

Kabayashi (1971), Chang,L(1972), Kamada et al. (1979), Zan (1979), 

Kobari and Akai (1978, 1979), Kurata (1981 ), Shibukawa and Akai (1981 ), 

Chovdhary et al. (1986), Kadono- Okuda et a/.(1986), Rao et al. (1988), 

Trived,t. et al. (1993) have applied methoprene to'the fifth instar larvae of 

B. mori for increasing the production of silk. But the results indicate that 

application of methoprene followed by starvation during facultative 

feeding period (days 6, 7) can not improve silk production in both males 

and females. 

Methoprene has no influence on the larvae for increasing female 

pupal weights. Therefore, starvation accompanied with methoprene 

application is of no use for compensating the loss in female pupal weight 

caused due to starvation. 

5.3.3 KPGB x P
5

: without methoprene administration : The ERR% 

has been reduced in all the starved batches except in day I which is 

mainly due to mortality in dry part of summer. The result corroborates the 

observation of upadhyay and Mishra ( 1991) indicating higher 

susceptibility of this hybrid to temperature along with starvation. 

Final larval weight has been impaired in all the days of starvation. 

Slight improvement, though much lower than the control value, has been 

observed on the starvation days 6, 7 and 8 due to higher consumption of 

food by way of prolongation of larval period. Prolonged larval period 

and low final larval weight in starved batches has also been observed by 

Basu et al. (1992) in bivoltine hybrid NB7 x KPGB. 

In the present experimental hybrid starvation from the days 2 and 5 

has affected most the male cocoon shell weights. Possibly starvation has 
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affected silk synthesis during obligatory feeding period (Dingnong et 

a/., 1991) by way of reduction in RNA synthesis (Kurata, 1985). But 

starvation on any day from 3 to 6 has affected the cocoon shell weight in 

females. Because, starvation affects the female larvae to a greater extent 

than the male larvae (Watanabe, 1985). 

Starvation during the obligatory feeding p~riod (days 3 and 4) has 

impaired the female pupal weight as the greater part of the food energy 

obtained during early part of fifth instar might have been utilized for the 

egg production. Relatively less affected periods are days 1, 2, 7 and 8. 

~· With metboprene administration : Reduction of ERR% in methoprene 

administered starved batches compared to those of JH-free batches justifies 

the inability of methoprene during dry part of summer in the bivoltine 

hybrid of KPGB x P5• 

Maximum impairment in final larval weight has occurred in case of 

starvation on the obligatory feeding days 2, 3 and 4. On other days, the 

loss is relatively less as appeared from the predicted values. Exogenous 

JHa even has no impact in the recovery of larval weight. It has been 

argued that JHa can prolong the obligatory feeding period but has no control 

on the transition from obligatory to the facultative feeding period (Calvez, 

1981 ). But in this case possibly there has been no prolongation of obligatory 

feeding period because of exogenous JHa and hence, recovery of larval 

weight could not be possible.· 

Treatment with methoprene has recovered the starvation-loss only 

on day 1 for male cocoon shell weight. In general, the JHa has the ability 

to improve the male cocoon shell weights over the JHa-free starved batches 

except for the day 2. This may be due to inhibition of JHa secretion in 

larvae when starved during. obligatory feeding period as has been argued · 
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earlier by Hwang Hs~1979). Except for the starvation days 2 and 7 in 

rest of the days, the female cocoon shell weights are higher than in JHa

free starved batches. Among the methoprene treated starved larvae only 

the day 1 batch is able· to recover the loss as compared with the untreated 

control. 

No impact of the JHa has been observed OJ). the starved batches for 

improvement of pupal weights. But in starvation d'lys 5? 6 and 8 this 

character has shown better result as compared with that of JHa-free 

batches during dry part of summer. This suggests that in KPGB x P5 feeding 

can be withdrawn on these days but the larvae should be treated with 

methoprene. 

5.4 Reproductive Characters of B.mori Caused Due to Daywise 

Starvation During Dry Part of Summer 

5.4.1. Nistari : without methoprene administration : The reproductive 

characters such as live weight of female pupae, total ovariole length, 

number of eggs in ovariole and fecundity are very much inter-related. 

Effect on any one of these characters is reflected on the other. Daywise 

starvation results in a progressive impairment of these characters with 

the advanced days of starvation of the larvae. Nistari being well 

acclimatized to the environment of the plains of West Bengal is able to 

compensate for the loss caused due to starvation on early days 1, 2, 3 

and 4. Number of eggs in ovariole and fecundity has appeared to be well 

related with female pupal weights. This result supports the earlier 

observations of Mizuta et al. (1969), Govindan et al. ( 1991 ), Shaheen et 

al. (1992). Daywise starvation has reduced the fecundity in all the batches 

as compared with that of the control, corroborates the opinions of 

Engelmann (1970), Samson et al. (198~ ), Sumioka et al. (1982), Haniffa 

et al. (1988) Nath et a/.(1990), Kawaguchi et al. ( 1991) Benchamin et 
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a/. (1992) and Tzenov and Petkov (1993). 

Nistari : with methoprene administration : Application of methoprene 

highly improved the concerned reproductive character in the daywise 

starved batches of Nistari when compared to that of JH-free control. 

Prolongation of obligatory feeding period due to methoprene has resulted 

in higher female pupal weight which in tum has increased the fecundity 

in comparison to JH-free batches except for the starvation days 4 and 5. 

Parlak et a/. (1992) have recorded that the growth of ovary commences 

on day 4 of fifth instar. Hence, it can be assumed tb~t the starvation on 

days 4 and 5 might have affected normal ovarian growth as has also been 

emphasized earlier by Englemann (1970), Slansky (1980,.,, ·. 1982). 

Higher fecundity, increased ovariole length and higher number of eggs in 

ovariole have earlier been observed in methoprene-treated batches by 

Magadum eta/. (1990), Yun and Quan (1991). 

Thus, it transpires that the farmers cannot be recommended to starve 

the fifth instar larvae of Nistari during the dry part of summer. In case of 

exingiency of food shortage starvation can be practised along with 

methoprene but not for the days 4 and 5. 

5.4.2 KPGB : without methoprene administration : Starvation· on 

days 3, 4 and 5 affects badly the female pupal weights to a higher 

extent though all the days under starvation have affected as compared to 

the control values. Direct adverse impact of food deprivation on days 3, 

4, 5 on development of the ovary (Parlak et a/. 1992) resulted in low 

fecundity of this bivoltine breed during dry summer. This may be due to 

low accumulation of sufficient nutrient and allocation of substantial 

nutrient energy for egg production as a result of starvation (Engelmann, 

1970; Slansky 1980 a, b; 1982). 
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With methoprene administration: The result indicates that methoprene 

during this season has no impact on the recovery or improvement of 

characters impaired due to starvation. However, methoprene has been able 

to raise the weight of female pupae and other reproductive characters 

including fecundity on days 3, 4, 5 though the increase is not significant 

as compared with the JH-free control. This implies that dry part of summer 

is a constraint for the action of methoprene as a growth promoter in 

bivoltine. 

Thus, starvation in bivoltine during dry part of summer cannot be 

recommended particularly during the facultative feeding period of 

prospective seed crop rearing. 

5.4.3 KPGB x P
5

: without methoprene administration: In this hybrid 

significantly less impairment has occurred on the starvation days 5,6,7 

(facultative feeding period). This implies that feeding should never be 

discontinued during the obligatory feeding period and also on day 4, the 

first day of facultative feeding period. The weights of female pupae are 

positively correlated with the fecundity. This hybrid has produced greater 

number of eggs as compared with that of KPGB in all the days of 

starvation. Such a superiority of the hybrid for egg production compared 

with that of pure bivoltine races has earlier been recorded by Gupta et 

a/., (1991). 

With methoprene administration : Application of methoprene coupled 

with starvation on different days do not show any impact on the 

compensation of impairment over JH-free control. However, significant 

improvement over JH-free treatments on the starvation days 2,3,4 has 

been recorded. This suggests that the prolongation of obligatory feeding 

period might be the reason for the improvement. To a small extent there 
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ts an improvement of the fecundity by methoprene action for the starvation, 

day 4 which has suffered the most. However, the overall result suggests 

that during the dry part of summer methoprene can improve the situation 

very poorly in case of bivoltine silkworms. 

On the whole, if food availability demands, starvation to the larvae 

may be imposed only during any of the later daY,s of facultative feeding 

period such as on days, 5, 6 and 7. 

5.4.4 Hatching percent : Hatching percent has been found to be 

independent of the days of starvation. Starvation has no impact on hatching 

of eggs in all the races and hybrid. The earlier observation by Paul and 

Deb ( 1993) indicates that imposed nutritional stress by way of feeding 

regulation in parental generation can not alter the original genetically 

determined character in subsequent generation. Even if the larvae are 

maintained at low ration level for five consecutive generations can not 

alter the genetically determined trait such as the hatching percent (Pillai, 

1989). Irrespective ofthe quantity of food supplied pupal-imaginal period 

of metamorphosis has not been altered (Muthukrishnan and Pandian, 1987). 

Thus, it can be inferred that hatching percent is dependent on other micro 

and macro environmental factors and is not affected by regulated starvation 

or food rationing. This is further evident from the histological observation 

on spermatogenesis and oogenesis which have been normal in the present 

observation. Egg vigour has also remained unaffected though Band ( 1973) 

is of the opinion that starvation has impact on egg weight as it decreases 

starch content in egg. Methoprene when applied to the starved larvae has 

no impact on oogenesis and spermatogenesis as studied in the histological 

preparations. Magadum and Magadum (1993) are of the opinion that 

methoprene has no adverse effect on the quality of eggs of B. mori. Thus, 

it can be inferred that hatching is an independent genetic trait, controlled 

by embryological process combined with environment. 
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5.5 Utilization of Nitrogen by the Fifth Ins tar Larvae Due to Daywise 

Starvation During Dry Part of Summer. 

5.5.1. Ingestion 

Nistari : Ingestion of nitrogen during dry part of summer has been lower 

than in wet part of summer due to low quantity· of food consumption 

though the quantity of leaf nitrogen has been higher (3. 64 o/o). The low 

level of water in mulbery leaves during dry season affects nutritional 

efficiency and growth of larvae (Scriber, 1977; Reese and Beck, 1978). 

The ingestion of nitrogen has been almost the same in all the starvation 

days except the day 1. This implies that the nitrogen ingestion is not 

impaired considerably due to starvation. Treatment with methoprene has 

improved consumption of food significantly in all the starvation days thus, 

the consumption of nitrogen has also been improved considerably. 

KPGB : Nitrogen ingestion has been lowered in all the starvation days 

· very significantly. The impairment has been maximum in the starvation 

days 3, 4 and 5. Thus, the starvation stress affects nitrogen ingestion 

worst during both obligatory and fecultative feeding days. This result 

is quite consistent with the earlier observation of Janarthan eta!. (1994). 

Treatment with methoprene in starved batches has no good impact on the 

rescue of the impairments in any of the starved days. However, due to 

increased food consumption relatively higher amount of nitrogen has 

been consumed. the total quantity of nitrogen consumed has been higher 

in dry season when compared with that of wet part of summer. 

KPGB x P 5 : Except for the starvatioin days 1 and 2 the consumption of 

nitrogen has been remarkably imapired. The hybrid has consumed a higher 

quantity of nitrogen inspite of low water levels in the leaves. Treatment 
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with methoprene though improved the nitrogen ingestion than in the control 

in all the starved days the improvement has been very high in days 1, 6, 7 

and 8. 

o 5.5.2. Excretion : 

Nistari: A higher quantity of nitrogen has been eliminated through excreta 

during the dry part of summer. Because water imposed a limitation in 

nitrogen digestion and utilization. Starvation together with low water level 

of the leaves have reduced the efficiency of conversion of ingested 

nitrogen to body tissue (Schroeder, 1986). Parallely with the higher 

quantity of leaf consumption following methoprene application, much 

higher quantity of nitrogen has been eliminated in all the starved batches. 

KPG B : In general, the starvation reduces the excretion of nitrogen, 

particularly in case of days 3 to 5. This is also true in terms of percentage 

of nitrogen excretion. It appears that under moisture stressed condition 

lower level of food consumption due to starvation is compensated by 

restricting nitrogen elimination. Thus, bivoltine race expresses superiority 

to the polyvoltine in the utilization of dietary nitrogen. Treatment with 

methoprene though has increased the quantity of nitrogen excretion except 

in the days 3 to 4 percentage of nitrogen elimination is significantly lower 

except for the starvation day 2. In spite of low leaf water during dry part · 

of summer and starvation stress the bivoltine race is genetically competent 

for nitrogen utilization. 

KPG B x P 5 : In this hybrid of bivoltine there is a tendency to restrict 

nitrogen elimination in all the starvation days except in the days I and 2 

where nitrogen elimination is higher than the control values. But following 

methoprene application the elimination of nitrogen has been reduced in 
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all the starvatioin days. This reveals that this hybrid has the property of 

higher level of nitrogen utilization even under stressed condition. 

5.5.3. Digestion and digestibility percentage : 

Nistari : Digestion of nitrogen requires high level of dietary water. The 

starvation has been found to impair the digestibility percent, in all the 

batches, due to low water level in the mulberry leaves as emphasized by 

Scriber (1977) and Reese and Beck (1978). The worst affected day in this 

respect is the starvation day 6. Methoprene has no ability to improve the 

digestibility of nitrogen in starved batches. However, during the 

facultative feeding period the digestibility is relatively better. 

KPGB: Better digestion of nitrogen has been observed when the 

larvae were starved during the late obligatory and the entire facultative 

feeding periods. The values are relatively poor for the starvation days 1 

and 2 indicating that the starvation during the early obligatory feeding 

period restricts nitrogen digestibility. Digestibility percent has been 

decreased significantly when the starved batches were treated with 

methoprene. 

KPGB x P 5 : The result indicates that the starvation initially reduces 

nitrogen digestion on days 1 and 2 followed by significantly higher rates 

on the days 3, 4 and 5. Again, the rate has been declined on days 6 and 7. 

Thus, starvation stress has no impact on the nitrogen digestibility on days 

1, 2, 6 and 7, i.e. during early obligatory and late facultative feeding 

periods. In comparison to untreated control, methoprene reduces the 

nitrogen digestibility. However, the values are higher on starvation days 

4 and 5. 
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5.5.4. Distribution of nitrogen 

5.5.4.1 Larval body : 

Nistari : Due to low water level in food the expenditure of energy for 

nutritional efficiency and growth is affected in silkworm (Scriber, 1977~ 

Reese and Beck, 1978). Again, low water also reduces nitrogen, 

assimilation. Thus, during dry part of summer only 30 mg of nitrogen has 

been accumulated in larval body. Schroeder (1986) has emphasized that 

the efficiency of conversion of digested nitrogen to larval tissue is reduced 

by starvation. In case of Nistari the food deprivation on early two days of 

obligatory feeding period and on days 5 or 6 of facultative feeding period 

has reduced the flow of nitrogen to larval body. Methoprene though has 

improved the nitrogen content of larval body, it has no ability to restore 

the level of nitrogen contents of control larvae. 

KPGB : The nitrogen content in the body of control larvae has been 78 

mg. Food deprivation during the days 3, 4 and 5 has lowered the nitrogen 

contents of the larval body. This may be due to high metabolic loss caused 

by temperature and low water level in food. Treatment with methoprene 

has been ineffective to recover from impairment but the accumulation of 

nitrogen has increased as compared with that of the untreated batch. 

o KPGB x P 5 : The nitrogen content of larval body is about 56 mg. Food 

deprivation during the late obligatory and early facultative feeding days 

has reduced the nitrogen content. Treatment with methoprene has improved 

the body nitrogen in the larvae on days 1 and 8. But the improved value 

is still lower than the nitrogen content of control larvae. In case of other 

starvation days there is no significant improvement. 
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5.5.4.2. Male Cocoon shell : 

Nistari : Food deprivation during intermediate days of larval life has 

resulted in better nitrogen share for male cocoon shell. This indicates 

better utilization of nitrogen for male cocoon shell from the food 

consumed during early part of obligatory and later part of facultative 

feeding periods.Compared with the nitrogen contents of untreated control 

males methoprene has been able to improve the nitrogen levels in the 

shells resulted from the starved larvae of later days of facultative feeding 

period. In rest of the starvation days the values also have improved but 

could not cross the control value. 

KPG B x P 5 : The share of nitrogen for male cocoon shell has been 

lowered in the batches starved during the days covering late obligatory 

and early facultative feeding periods. In case of other days the share is 

also low but of little difference from the value of control. Methoprene 

could recover the affected batches from impairment. Even in no cases 

the share has exceeded the value of untreated control individuals. 

5.5.4.3. Female Cocoon shell 

Nistari : Starvation on any day has reduced variably the share of nitrogen 

for the female cocoon shells. The lower range of variability in the share 

on different days of starvation may be due to differential but rational. 

allocation of larval nitrogen for reproduction and cocoon shell. Treatment 

with methoprene has rescued the female's share for cocoon shell in all the 

days of facultative feeding period. This might have happened due to 

prolongation of feeding period by the action of methoprene. 

KPG B Starvation has lowered the share of nitrogen for female cocoon 
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shell significantly in all the days with much intense effect on the days 3, 

4 and 5 which cover both obligatory and facultative feeding periods. 

This supports partly the finding of J anarthan et a/. ( 1994) who regard 

that the obligatory feeding period is very crucial in the fifth instar stage 

of bivoltine silkworm. In case of the worst affected days 3, 4 and 5 even 

the methoprene has no good contribution to the recovery of female shell 

share. In all other days of starvation , methoprene has been able to raise 

the share of nitrogen in the female cocoon shell as compared with the 

share for untreated control. 

KPGB x P 5 : Food deprivation during the days of obligatory and 

facultative feeding has resulted in lowering of nitrogen content in the 

female shell, particularly in cases of the days 3-6. Treatment with 

methoprene has no impact on the recovery of nitrogen share when 

compared with the result of JHa-free control. 

5.5.4.4. Female pupa : 

Nistari - Starvation in general has reduced the nitrogen content in female 

pupal body almost to a half in most of the cases or even of much lower 

share. This indicates that due to division in the allocation of nitrogen for 

shell and pupal body the share for the pupa has been reduced considerably. 

Treatment with methoprene though has increased the share of nitrogen 

for pupa, the recovery to the level of untreated control has been possible 

only in case of the starvation days 5 and 6. 

KPG B : Starvation has restricted the pupal share of nitrogen only for the 

days 3 and 4 which constitute later half of obligatory feeding period. Proper 

feeding is essential up to the day 4 of the fifth stage larvae of B. mori for . 

the optimum growth oflarvae (Parlak, 1992). Deficiency during this period 
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certainly affects the biochemical profile of pupal body. This may explain 

the lower nitrogen share for pupal body from the larvae. Methroprene 

has no noticeable impact in raising the pupal share of nitrogen over the 

control value. 

KPGB x P
5 

: Food deprivation on all the days has impaired the proper 

flow of nitrogen from larval body to female pupa in this hybrid. Even 

methoprene has not been able to bring up the nitrogen content to the level 

of untreated control individuals. This implies that this bivoltine hybrid is 

too much sensitive to starvation for nitrogen utilization and sharing. 

5.6 Consumption and Assimilation of Food During Wet Part of 

Summer Due to Starvation on Different Days 

5.6.1 Consumption 

Nistari without methoprene administration : During the wet part of 

summer both temperature and the humidity remain high. The consumption 

of food by the control larvae is quite high (1.935 g/larva), much higher 

than during the dry part ( 1.271 g/larva). The higher quantity of leaf 

consumption by the fifth ins tar larvae of B. mori at high temperature and 

high humidity has also been reported by Mishra and Upadhyay (1992) 

and Paul et al. (1992). The larval duration is also shortened, the life 

span is only 5.5 days. Paul et al. (1992) reported an accelerated larval 

growth due to high dietary water. In the present result a prolongation of 

larval duration by about half a day over that of control larvae has been 

recorded for the starvation days 2, 3 and 6. In the remaining days of 

starvation the duration has been at par with the control larval duration. 

Extension of larval period due to starvation on days 2 and 3, being the 

crucial obligatory feeding days, is a physiological adaptation for food 
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compensation. But the extension due to starvation on day 6, the later 

facultative feeding day, is due to a little delay in releasing the signal 

from the neuro endocrine system for pupation. Benchamin et a/. ( 1992) 

have opined that the multivoltine larvae are more resistant to first day 

starvation after moult. The wet part of summer being the most adverse 

season for silkworm rearing (Paul eta/. 1992) the larvae were affected by 

o daywise starvation as is revealed from the regression equation. Likewise 

in dry part of summer the predicted values indicate that the worst affected 

batch is the day 2. 

With methoprene administration : Treatment with methoprene has 

increased significantly the consumption of food in all the batches including 

the control. However, starvation on days 2-6 has reduced larval duration 

by about half a day. JH-free larvae starved on day 2 has suffered most in 

food utilization. When treated with methoprene, the larvae have consumed 

the maximum quantity of food due to prolongation of obligatory feeding 

period (Calvez, 1981 ), thus have compensated the consumption loss to a 

maximum extent. The lowest consumption has been recorded for the day 

6. Regression equation reveals a negative trend of food consumption (Y) 

against the days of starvation (X) suggesting that the impairment caused 

by starvation could not be recovered by the action of methoprene. 

Predicted values show a good fit except for the day 2 where observed 

values are higher. 

KPG B : without methoprene administration: The consumption of · 

food has been less than that in the dry part of summer. Inspite of longer 

larval life of bivoltine, higher quantity of consumption under high 

temperature and high humidity (Mishra and Upadhyay, 1 992) and excess 

leaf moisture promoting larval growth during wet part of summer (Paul 

et al., 1992), the rearing performance of the bivoltines is very poor because 
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of larval diseases. The food consumption in silkworms is a strain-specific 

character and it totally depends on ambient environmental factor (Horie 

and Watanabe, 1982~ Periswami eta/. 1984~ Vijay, 1985~ Remadevi et 

a/. 1991 ). Furthermore, both edibility and assimilability of leaves m 

silkworm is affected by high water content. Regression equation indicates 

a negative trend towards consumption against the days of starvation 

suggesting an impairment caused by starvation. Predicted values are 

better than the observed values for the days 2-6. This indicates that the 

consumption due to starvation cannot be compensated after restoration 

of feeding. 

With methoprene administration : Food consumption in methoprene 

treated control larvae has been increased by more than 1 . 5 g/larva and the 

fifth larval duration has been extended by 1 day. Such an extension is in 

agreement with the observation of Rao et a/. (1988). Methoprene has no 

significant influence on the compensation of consumption loss due to 

starvation. 

KPGB x P
5 

:without methoprene administration : Though it is a 

bivoltine hybrid, the total consumption per control larva is only 3.049 gm 

which is much lower than that of KPGB. However, the larval duration is 

the same i.e. 9 days in control. Starvation has prolonged this duration by 

one day only except for the day 8. In all the starvation days the food 

consumption is less than the control value. Regression equation demands 

for a negative trend for food consumption. But from the predicted values 

it can be inferred that larvae of the days I ,2,3, 4 and 6 could not 

compensate for the consumption loss. But the larvae of other days of 

starvation could compensate the loss partially. 

With methoprene administration : Here too, the consumption of food 
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has been increased following methoprene administration. Regression 

equation expresses a slight positive trend proving some improvement 

over impairment caused in consumption. The highest level of recovery of 

consumption loss was on the day 8. Larval duration in KPGB x P5 has 

been prolonged by 2 days over the control, as against only one day in 

case of KPGB. Long larval period at an environment of high temperature 

and high humidity is not desirable for the rearing of this bivoltine hybrid 

too, as the crop suffers badly from the diseases particularly at the fifth 

larval stage. 

5.6.2 Assimilation 

Nistari : without metboprene administration : The total assimilation 

of food in every control larva has been 1.122 gm. Assimilation of food 

has been found to vary significantly among the starvation days, the lowest 

being on day 6. The compensation in the loss of assimilation has occurred 

for all the starvation days except for the day 6. The maximum level of 

compensation has been achieved for day 5 followed by 4. Higher water 

content in food has facilitated a better digestion of crude fibre and dry 

matters during the season resulting in assimilation of food higher than 

that of the dry part of summer. Legay (1957) demonstrated that high 

dietary water together with high ambient temperature and humidity 

increased assimilation of food. This is also true for Nistari during wet 

part of summer (Paul et al., 1992). Regression equation indicates a 

negative trend between assimilation (Y) and the day of starvation (X). A 

comparison of observed and predicted values justifies an impairment of 

food assimilation due to starvation except for the days 4 and 5. The result 

corroborates the earlier observation of Mathavan et a/. ( 1987). 
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With methoprene administration : The total assimilation in methoprene 

treated control has been higher than that of untreated control. As a 

consequence, a higher quantity of assimilatory loss has been compensated 

in all the starved but methoprene-treated batches except for the day 6. 

This compensation during wet part of summer may be due to an increase 

in consumption rate after restoration of feeding with leaves having higher 

moisture content (Paul eta/., 1992). High temperature and high humidity 

have also facilitated better digestibility of food in the larvae of starvation 

days 1 to 5. But starvation on day 6, the later part of facultative feeding 

period, perhaps has switched in the larvae a signal to enter into 

metamorphosis resulting in low level of assimilation. 

KPGB: without methoprene administration : Likewise in Nistari, the 

impairment of assimilation has also occurred in KPGB in all the starved' 

batches. The regression equation indicates a very little negative trend. A 

non-significant correlation has resulted between the days of starvation 

·and assimilation . Recovery from assimilation loss has taken place for the 

starvation days 1, 6, 7 and 8. Though during the dry part of summer 

assimilation loss could not be compensated, during the wet part of summer 

compensation of loss has occurred in some of the starvation days. The 

higher water content in the mulberry leaves might have facilitated higher 

digestibility as the low dietary water is a constraint for digestibility 

(Waldbauer, 1964). Furthermore, the high ambient temperature and 

humidity also help in higher consumption and assimilation of food in the 

bivoltine race (Legay, 1958~ Mishra and Upadhyay, 1992). 

With methoprene administration : The JHa has been able to 

compensate the assimilatory loss for the starvation day 1 by way of 

prolongation of obligatory feeding period (Calvez, 1981 ). However, 

recovery from assimilatory loss has also occurred to some extent in cases 
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of the starvation days 5, 6, 7 and 8 which suggests that this JHa can also 

influence during facultative feeding period. 

KPGB x P
5 

:without methoprene administration: Hybrids ofbivoltine 

generally perform better than pure bivoltine (Hamano and Toshihiko, 

1989). But compared with the performance of KPGB, the KPGB x P5 

hybrid has performed poor after daywise starvation, the assimilation of 

food has been lower during wet part of summer. Regression equation shows 

a negative trend. The observed values provide a good fit against the 

predicted values, suggesting an impairment in assimilation of food. In 

none of the cases the loss due to starvation could be recovered. 

With methoprene administration : The result reveals that except for 

the starvation days 7 and 8 none of the other batches has been able to 

compensate for the loss in assimilation. Regression equation shows a 

negative trend. The observed values provide a good fit against the predicted 

values, suggesting that the assimilation loss could not be rescued even 

after the treatment with methoprene except for the days 7 and 8 which 

span the extended facultative feeding period. 

5.6.3 Absolute consumption rate 

Nistari : without methoprene administration : The result reveals 

that the highest absolute consumption rate (ACR) has been obtained for 

starvation day 5 and the lowest for the day 2. The ACR is quite high in 

this season than the dry part of summer. Except for the days 4 and 5, in 

case of other starvation days the observed values ·are lower than the 

predicted values, revealing an impairment of ACR caused due to 

starvation. 
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With methoprene administration : The JHa when applied to the larvae . 

of starvation days 6 though induced the prolongation of facultative feeding 

period, there has been no recovery of consumption loss. Because of 

attainment of critical weight at this age of larvae pupal programming has 

been signaled ( Calvez, 1981, Sakurai, 1984) This has caused the lowering 

of ACR. Except for the treatment of the JHa on day 2, the observed 

values are at par or les than that of the predicted values. This confirms 

the finding of Paul et a!. (1992) who held that a high water content in 

food does not favour higher food consumption as the ambient condition 

is not cunducive to silkworm rearing. 

KPGB : without metboprene administration : The ACR has been the 

highest for the starvation day 1 followed by 8 and is the lowest on the 

day 4. Except for the day 8 the observed values are lower than the 

predicted values. This confirms that wet part of summer is not conducive 

to the rearing of bivoltine silkworms. 

o With metboprene administration : The ACR is the highest for the 

starvation day 1 followed by the day 4 and is the lowest for the day 6. The 

JHa when applied to the larvae of starvation day 4, has helped in the 

recovery of the loss of ACR which has suffered the most without the 

JHa. Such recovery has been possible due to prolongation of obligatory 

feeding period. 

KPG B x P 5 : without methoprene administration : Except for the 

starvation day 5, the larvae of other starvation days were not able to 

compensate the loss of ACR. This reveals that, irrespective of obligatory 

and facultative feeding periods, starvation has caused impairment of ACR 

in this bivoltine hybrid during the wet part of summer. 
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With methoprene administration : The ACR has suffered the most even 

after the administration of the juvenoid on the day 4 larvae followed by 

o day 2. In none of the cases the loss in ACR has been recovered. On the 

other hand, the loss during the facultative feeding period, days 7 and 8, 

has been recovered by way of prolongation of the facultative feeding period 

following the methoprene application. This result is in conformity to the 

finding of Janarthan et a/. (1994). 

5.6.4 Absolute growth rate 

Nistari : without methoprene administration : The absolute growth 

rate (AGR) has been always lower in all the starved batches than that of 

the control larvae. However, in case of days 1 the rate has been almost at 

par with the control because of almost no impairment of food consumption. 

The highly resistant multivoltine Nistari race suits better to overcome 

starvation on first day (Benchamin et a/., 1992). High dietary water of 

about 76.6%, together with high ambient temperature and relative humidity 

during this season might also have favoured the growth (Paul eta/., 1992) 

which has led to less impairment of AGR inspite of starvation stress. This 

is why the starvation on days 4 and 5 (during facultative feeding period) 

has exhibited better recovery in the AGR. This result supports the · 

arguments of Muthukrishnan and Del vi ( 197 4 ), Mathavan and 

Muthukrishnan (1976), Muthukrishnan et a/. ( 1978), Grab stein and 

Scriber (1982) and Muthukrishnan and Pandian (1984) who are of the 

opinion that the increased feeding rate on restoralism of food by larvae 

starved during facultative feeding period is followed by higher growth 

rate. 

With metboprene administration : Methoprene has lowered the AGR 

in all the batches inclusive of the control though the food consumption 
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and ACR have been increased significantly. However, in comparison to 

the control values the AGR has been increased significantly in case of the 

days 3 and 6, the values have been at par with the control AGR and finally 

in case of days 1 and 4 the AGR has been lowered from the control value. 

The lowering of the AGR due to methoprene has also been recorded by 

Kurata ( 1981 ). The lowering of AGR than the methoprene-treated control 

for the starvation days 1 and 4 is associated with ·high metabolic loss due 

to respiration and high maintenance cost. 

KPG B : without methoprene administration : In this bivoltine 

silkworms the AGR has been lowered considerably in all the days of 

starvation. A comparison of the observed and predicted values reveals 

that except for the day 4, the observed values are higher. This indicates 

that in spite of starvation stress the AGR is quite good during the wet part 

of summer. However, in comparison to the control value the low AGR in 

all the batches, particularly in case of the days 4 and 6, has been due to 

high maintenance cost (Schroeder, 1976). 

With methoprene administration : Likewise in the multivoltine race, 

the AGR has been lowered by methoprene in all the batches inclusive of 

the control. The worst affected batches are of the starvation days 3 to 6. In 

all the days the observed values have been lower than the predicted values, 

indicating an impairment of AGR due to methoprene. The result suggests 

that the food utilization efficiencies of different races of silkworm and 

their genetic property determine the AGR (Yamamato and Fujimaki, 

1982). The ambient conditions are also added factors (Remadevi et a/., 

1991 ). On the whole, the loss in AGR due to starvation cannot be recovered 

by methoprene administration. 

KPGB x P5 : without methoprene administration : The starvation of 
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larvae of this bivoltine hybrid on all the days has impaired the AGR 

considerably. Except for the days 2, 3 and 8, the observed values are 

either higher or at par with the predicted values. Though there is no 

recovery of the loss in AGR due to starvation, a better AGR has been 

expressed in the starvation days 1, 3 and 4. This is perhaps due to hybrid 

vigour of KPG B x P 
5

. Among all the treatments the larvae of only the day 

5 have been able to recover a very low amount of consumption loss and 

hence, the AGR. These results are quite an exceptional from the results' 

obtained for Nistari and pure KPGB. The better growth rate in KPGB x P5 

may also be due to excess dietary water in food. But starvation during · 

facultative feeding period has retarded the AGR of the hybrid because 

the larvae could not recover from the heavy consumption loss, as the 

highest quantity of food was consumed by the control larvae on day 7 . 

Starvation during late facultative feeding period has induced the 

neurohormonal signal for pupation resulting in low consumption of food 

and hence, the low AGR. Maintenance costs has been recorded to be 

lower in treatments on days 1, 3 and 4 than that of the days 7 and 8 which 

also resulted in better AGR in batches starved during obligatary feeding 

period. 

With methoprene administration : In general, the juvenoid has lowered 

the AGR of this bivoltine hybrid. The observed values have been lower 

than the predicted values in case of starvation days 2 to 6 indicating no 

recovery of the impairment in AGR. This has occurred due to higher 

maintenance cost during these days of larvae. On the whole, this juvenoid 

has been able to improve the AGR in case of the days 7 and 8 only. 
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5. 7 Efficiency of Conversion of Digested Food (ECD) During Wet Part 

of Summer Due to Starvation on Different days. 

5. 7.1 Larval body 

Nistari :without methoprene administration: The ECD to larval body 

has been higher than the control in case of starvation day 6. In case of day 

2 the value has been almost at par with the control. For the remaining 

days the ECD values have been lowered. The differences in the ECD values 

are related to the extent of compensation of assimilation loss due to 

starvation. During wet part of summer the high rearing room temperature 

and relative humidity favour better growth of larvae. Furthermore, the 

high water content in leaves increases consumptioin and assimilation rate 

due to better digestion (Paul et a!., 1992) Energy in larvae is perhaps 

saved by the reduction of metabolic loss due to non conversion of reserve 

carbohydrate for the production of metabolic water as has been observed 

during dry part of summer (Waldbauer, 1968). Nistari, being very much 

acclimatized to this adverse summer in West Bengal, has a very short 

larval duration which is one of the characters of acclimatization of race 

(Anantharaman et a!., 1993 ). So, starvation stress on any day during 

facultative period releases pupation signal. Because, during this feeding 

period food is consumed to the ration level for only maintenance. The 

net result is low ECD value for larval body. A critical ration level of food 

is essential for maintenance in insects for triggering the secretion of 

moulting hormone (Wigglesworth, 1939~ Friend et a!., 1965). However, 

Kadono-Okuda eta!. (1986) are of the opinion that the endocrine system 

directing pupal metamorphosis is determined prior to last larval ecdysis 

in B.mori. 
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With methoprene administration : Except for the larvae of starvation 

days 4 and 6, this juvenoid has lowered the ECD to larval biomass in all 

other days. Except for the day 6 the observed values are always lower 

than the predicted values showing a greater impairment due to the action 

of the juvenoid. This conforms to the observation of Gaaboub eta/. ( 1985). 

0 A reduced digestibility of food has resulted in lower ECD values 

(Remadevi et a/., 1992). Thus, the result suggests that this juvenoid has 

no significant role in the improvement of ECD values impaired as a result 

of starvation. 

KPG B : Without methoprene administration : This bivoltine race is 

very much sensitive to starvation stress. The ECD value to larval body 

has been lowered considerably in all the starvation days. The worst effect 

has occured on all the days of obligatory and early half of the facultative 

feeding period. The observed values have been much lower than the 

predicted values in all the starvatioin days except the days 2, 7 and 8. 

Due to adverse climatic condition for bivoltine rearing during this period 

the starved larvae have suffered from high metabolic loss due to respiration 

and maintenance cost. The assimilation of food after restoration of feeding 

in these batches could not be improved due to high maintenance cost 

specially in larvae starved on days 3 to 6. Starvation on day 1 has resulted 

in higher metabolic loss due to less energy reserve by larvae required to 

withstand the feeding stress. But on day 2 the larvae could have 

accumulated energy on day 1, could withstand the starvation stress a 

little more and have performed a better ECD for larval body. The result 

also reveals that starvation even during facultative feeding period lowers 

the ECD values considerably. The ECD values of starved larvae during 

wet part of summer are always much lower than those of during the dry 

part. This indicates that the efficiency of conversion of digested food to 

larval biomass is affected much during this adverse season. 



.. ~ 

0 

172 
With methoprene : The ECD values to larval body has been lowered 

further than those during dry part of summer. On the whole, this juvenoid 

deteriorates the ECD from the values obtained simply after starvation . 

Thus, methoprene has no use for improvement of loss due to starvation. 

KPGB x P
5 

: without methoprene administration : With reference to 

the control the ECD values are much higher in all the batches except in 

the larvae starved on day 8. The observed values for the days 1, 3, 4, 5 

and 6 are higher than the predicted values. Performance of KPGB x P5 

has been found to be comparatively better than pure KPGB during this 

season. This is perhaps due to hybrid vigour inn KPGB x P 5 

(Narasimahanna, 1985). Hamano and Toshihiko (1989) have recorded 

that the larvae of hybrid races grow well than pure lines. The present 

results reveals significantly high ECD values in feeding regulated batches 

as compared to the control. Increased ECD in feeding regulated larvae of 

B.mori has also been reported by Sumioka et al. (1982), Nath et al. 

(1990) and Tzenov (1993). The authors have explained this phenomenon 

as a physiological adaptation under stress feeding condition. Furthermore, 

the high water content in food during this period has promoted larval 

growth (Paul et a!., 1992) than during the dry part of summer. Because 

high dietary water facilitates digestion (Waldbauer, 1968). Thus, the hybrid 

of KPGB x P5 has effectively assimilated food without much metabolic 

loss due to respiration and maintenance cost except for the starvation 

days 2, 7 and 8, and this hybrid has shown better ECD than pure KPGB 

during the season. 

With methoprene administration: Methoprene has lowered the values 

ofECD to larval body considerably even than the untreated control larvae. 

Thus, methoprene has no importance in the improvement of loss due to 

starvation. 
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5.7.2. Male Cocoon shell 

Nistari :without methoprene administration: The impairment of ECD 

to male cocoon shell has been lowered significantly in cases of star

vation days 2, 4 and 5, the lowest being on day 2. Significantly the value 

has been raised over the control in starvation day 6, even higher than the 

predicted value. As a high percentage of food ene.rgy has been utilized by 

B.mori larvae for the cocoon shell, the rate of assimilation of food plays 

an important role. The ECD values has also been higher on days 1 and 3 

than the predicted values. In contrast to the observation of Fukuda (I 963), 

even in the facultative feeding days (except the day 6) starvation has 

reduced the ECD to male cocoon shell. Due to shorter duration of fifth 

larval life span during wet part of summer than dur;~g the dry part, the 

larvae starved on day 5 has been deprived of maximum quantity of food 

ingestion and assimilation which perhaps has resulted in the low ECD of 

cocoon shell. Food consumed during the latter days of fifth instar is 

utilised effectively by B. mori larvae for the production of silk protein 

(Fukuda et a/., 1963). 

With methoprene administration: A higher ECD to male cocoon 

shell has been recorded in the larvae of starvation day 3, the ECD has 

been lowered greatly on the days 1 and 4. In all other days, there is no 

significant difference of the ECD values from the control. Thus, the 

juvenoid has improved the impairment of ECD to male cocoon shell 

selectively for some of the days of starvation. 

KPGB :without methoprene administration : The ECD values have 

been higher than control in the larvae starved on days 2 and 5 but lower 

than the control on days 1 and 7. The observed values have been higher 

than the predicted values on days 1, 3, 5 and 6. Starvation on day 1 makes 

the larvae too much exhaustive of reserve resources after a moult (Calvez, 
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1981) that results in lower ECD to male cocoon shell. Again, starvation 

on day 6 and 7 impairs silk protein synthesis to the highest extent. Hence, 

the ECD on these two days are very poor (Fukuda et a/., 1963 ). The 

bivoltine silkworms are more susceptible to starvation stress than the 

multivoltines( Benchamin et al., 1992). Starvation on day 4, the beginning 

of facultative period, has caused a lower synthesis of silk protein due to 

high metabolic loss and slow rate of accumulation of RNA in silkgland 

(Kurata, 1985). 

With methoprene administration: In comparison to the values of 

untreated control the ECD to male cocoon shells has been reduced by 

methoprene in all the starved batches and control larvae. Methoprene when 

applied to the larva starved on different days has maintained the ECD 

values to cocoon shell in most the cases at par with the JHa-treated control 

batch. In case of the days 6 and 8 the values have been much higher than 

that of the control. The lowering of ECD values due to methoprene 

supports the record of Gaaboub et a!. ( 1985). The notable point is that 

inspite of low ECD to larval body during the days of facultative feeding 

period, the ECD values for male cocoon shell are quite good, particularly 

in the larvae starved on the days 6 and 8. 

KPGB x P5 : without methoprene administration: In this bivoltine 

hybrid the starvation has promoted the ECD to male cocoon shell to a 

considerable extent in all the feeding days particularly during the 

obligatory feeding days. The positive response of this hybrid to the 

starvation stress appears to be a genetic quality. Even, having a low ECD 

to larval body in batch starved on day 2 the ECD to male cocoon shell has 

increased. 

With methoprene administration: In contrast to the JHa-free result, 

methoprene has reduced the ECD to male cocoon shell except in cases of 
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the larvae starved on the days 4 and 5. This negative effect is more during 

the obligatory feeding days. The methoprene-induced prolongation of 

larval duration during obligatory period, impairs the ECD to male cocoon 

shell by increasing respiratory and maintenance costs. Furthermore, during 

the adverse rearing season the JHa decreases ECD to cocoon shell (Kurata, 

1981 ). Compared to the pure KPGB race superiority of the hybrid has. 

also been recorded by Horie et a/. (1976). However, the JHa is to be 

avoided for the bivoltines. 

5.7.3 Female Cocoon shell 

Nistari: without methoprene administration: The basic pattern of the 

impact of starvation on the ECD to female cocoon shell is similar to that 

of the male cocoon shell. With respect to the individual starvation days 

the result shows only minor differences. 

With methoprene administration : The starvation combined with the 

JHa has no considerable differences in the results of ECD to cocoon 

shells between the two sexes. The ECD is only slightly improved in cases 

of the starvation days during the facultative feeding period. 

KPGB : without methoprene : The ECD to cocoon shell shows sexual 

dimorphism, it is higher in the females. The impact of starvation is 

somewhat similar in the two sexes. Interestingly, the ECD to female cocoon 

shell is significantly higher in the starvation batches of days 2 and 8. In 

cases of other days (except day 5) the values are lower. Except for the 

days 2, 4 and 7 skipping of feeding for a day may be recommended if 

exigency demands, but at a little sacrifice of shell value. 

With methoprene administration :The pattern of action of the JHa on 
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the ECD to female cocoon shell is almost similar to that in case of male. 

Except for the days 2, 6 and 7 the JHa lowers the ECD values from the 

control. However, in none of the days the application of JHa is suitable. 

KPGB x P 
5 

: without methoprene administration: There is no sex

specific differences in the pattern of ECD values for 'cocoon shell under 

day-wise starvation stress. Even the values are not higher in the females 

than in the males as in the case of pure KPGB. Interestingly, the value has 

been boosted up to a very high level in the batch starved on days 4 and 5, 

especially on day 5. 

With methoprene administration : The impact of methoprene is the 

same as in the male batches. The poor result due to the JHa negates its 

application to the starved larvae during the wet part of summer. 

5. 7.4 Female Pupa 

Nistari :without methoprene administration: Compared with that of 

the control, higher ECD values for female pupal body has been obtained 

in cases of the starvation days 1, 3 and 6. The values has been significantly 

lower in the starvation days 2, 4 and 5 than that of the control. The female 

larval dietary energy is used for both egg and silk productions. The 

differential ECD values on different days of starvation have resulted from 

differential effect of starvation for the allocation of food for different 

purposes. 

With methoprene administration : The ECD to female pupal body has 

always been boosted up due to the JHa. But in all the days of starvation 

the values are significantly lower than that of the control. Except for the 

day 1, in all other days the results are higher than the untreated control. 
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However, the observed values are lower than the predicted values except 

in case of day 6, indicating that inspite of prolongation of larval duration 

due to the JHa, the ECD has been lowered. 

KPGB : without methoprene administration: In all the starvation 

days the ECD to female pupal body has been lower than the control. The 

observed values have been higher than the predicted values. In general, 

ECD to female pupal body has been better than the ECD values for female 

cocoon shell. This is in conformity to the opinioin of Horie and Watanabe 

( 1980) that the dry matter utilization for egg production than silk gland is 

more in female larvae of B. mori . The high metabolic loss due to respiration 

and maintenance cost on days I, 3 and 4 may be the reason for lowering 

the ECD values for female pupa. 

With methoprene administration : The ECD to female pupal body in 

this bivoltine race has a set back due to JHa during the adverse wet part 

of summer (Paul et al., 1992). However, in all the starvation days the 

observed values are higher than the predicted values. 

KPGB x P 5 : without methoprene administration : In all the days of 

starvation the ECD to female pupal body has always been higher than in 

the control. This implies that starvation stress has boosted up this allocation 

of food energy in this bivoltine hybrid, possibly for higher allocation for 

egg production. Interestingly, the highest ECD value has been recorded 

on the starvation day 5. 

With methoprene administration: In this bivoltine hybrid the JHa 

has lowered the ECD to female pupal body only slightly than in case of 

untreated control batch. But in all the starvation days the values have 

been considerably lower than the control and much lower than the 
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untreated starved batches. Thus, this juvenoid is of no use in boosting up 

the starvation loss, rather this has a detrimental effect in this bivoltine 

hybrid. 

5.8 Economic Characters of B.mori Caused Due to Daywise Starvation 

During Wet Part of Summer. 

5.8.1 Nistari : without methoprene administration : The ERR% has 

been relatively lower during wet part of summer than in the dry part of 

summer in all the daywise starved batches including control. This reveals 

that mortality percent in fifth instar is higher during this season. Paul et 

a/. (1992) have opined that high water level in leaf is one of the reasons 

for such mortality in all the races of B.mori. Kirusu et a/. (1975) have 

observed multiplication of enterococcus in midgut lumen during this 

season acquired along with mulberry leaves into the body of larvae. They 

are also of the opinion that such multiplication is more in starved larvae 

than in the healthier one. Sukumar and Ramalingam (1986) have observed 

high bacterial population on healthy mulberry leaves during wet part of 

summer. Thus, inspite of well-acclimatization in this environment, Nistari 

has suffered from impairment of ERR o/o in all the days of starvation except 

for the days 3, 4 and 6. This result suggests that optimum feeding during 

obligatory period may help to develop resistance against the bacterial 

diseases. 

The final larval weight has been impaired in all the starvation days 

except the days 1 and 6 indicating less assimilation of food on other days 

of starvation. Inspite of high water level in leaves the assimilation rate in 

the body of silkworm has been reduced due to starvr.~ion during the short 

lifespan of larvae. However, the gain in larval weight does not differ much 

with that in the dry part of summer in all the batches of starvation. 
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Cocoon weights are higher during the wet part of summer than 

during the dry part indicating better utilization of assimilated food under 

high water level. But starvation has impaired this character on all the days 

except for starvation days 1 and 3 in males and days 1, 3 and 4 in 

females. This reveals that food consumed during the facultative period 

has largely been utilized for silk synthesis (Fukuda, 1963 ). However, the 

result obtained has been significantly lower on all the starvation days 

when compared with that of the control batch. 

Starvation during facultative feeding period has highly impaired 

the female pupal weight in all the starved batches likewise during dry part 

of summer. This indicates that energy conserved by female is 

proportionately distributed both for cocoon shell anrl pupal biomass for 

egg production. 

Thus, starvation during the days 4-6 has higher negative effect for 

economic parameters in Nistari. Hence, if required, feeding may be 

avoided on day 3 only during this season. 

With metboprene administration : Except for the starvation days 2 . 

and 3 in rest of the days starvation followed by treatment with methoprene, 

the ERR % has not been significantly impaired when compared to those 

of JH-free starved days. However, methoprene can not improve the ERR 

% when compared to those with JH-free control batch. This is due to 

JHa-induced prolongation of larval period. Furthermore, prolongation of 

larval obligatory feeding period followed by low digestibility perhaps 

have increased mortality and reduced ERR% on days 2 and 3. 

The final larval weight has been significantly increased over the 

JH-free control batch on the starvation days 3 and 6. This is perhaps due 

to better compensation of assimilatory loss during the prolonged feeding 
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period by the action of methoprene. But on other starvation days due to 

increased maintenance cost the larval weight has been decreased as has 

been observed by Gaaboub eta!. ( 1985). Calvez ( 1981) and Trivedy ( 1993) 

have argued that starvation during obligatory feeding period results in 

low larval weight. A similar effect is apparent in the methoprene-treated 

starved batches during the dry part of summer. 

Except for the day 4 in male in all other starvation days larvae of 

both the sexes with methoprene have been able to improve the cocoon 

shell weights than JHa-free control. This reveals that the JHa has the ability 

to increase silk synthesis in starved batches also by inducing better 

assimilating of food. But the day 4 male larvae might have been affected 

by starvation and synthesized silk at low level (Kurata, 1985) or have 

increased maintenance cost due to prolongation of feeding period and 

thereby decreasing the silk-yield (Muthukrishnan et a!., 1978). 

Female pupal weights have been improved significanlty over the 

control (untreated) value in all the starved batches. This supports the 

observation of Yun and Quan ( 1991) who have argued that JHa 

significantly increases reproductive bio quality in B. mori when applied 

to the fifth ins tar larvae. 

Thus, the results suggest that if required, starvation combined with 

the JHa application may be imposed during the facultative feeding period 

except on day 4. 

5.8.2 KPGB : without methoprene administration : The ERR% has 

been significantly reduced during the wet part of summer than during the 

dry part of summer in both control and starved batches. Starvation on 

days 1 and 7 has produced somewhat better result, though lower than 

control, indicating that the season is not conducive to bivoltine rearing. 
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Mortality is higher when the larvae have been starved during early part of 

the fifth ins tar. The result corroborates the observation by Rao ( 1988), 

Paul et a/. (1992). Mishra and upadhyay (1992) have argued that higher 

relative humidity during the season facilitates higher consumption of food 

but high temperature induces mortality in bivoltine. 

Starvation has reduced the final larval w.eight in all the batches 

when compared with the control. However, the effect has been least on 

starvation day 7. Final larval weight has been higher during wet part of 

summer than in the dry part. Extension of larval duration due to starvation 

during obligatory feeding period has resulted in reduced final larval . 

weight on account of increased metabolic cost (Schroeder, 1976). 

Starvation on days 7 and 8 in case of male and day 1 in case of 

female has resulted in relatively better cocoon shell weights though the 

weights are significantly much lower than that of the control. Thus, the 

result suggests that feeding during obligatory period plays an important 

role for synthesis of silk which corroborates the opinions of Fukuda et 

a/. ( 1963), Kurata (1985), Tojo eta/. (1981 ), Dingnong et a/. (1991 ). The 

female larvae are required to share the food energy for the formation of 

both cocoon shell and eggs. This is why the female larvae are more sensitive 

to starvation than the males (Kadono - Okuda et a/., 1986; Tzenov and 

Petkov, 1993). The lowering of cocoon shell weights due to starvation in 

females may be related to this reason. 

Among the starvation days the female pupal weights have been 

relatively better on days 7 and 8, though the weights are much lower 

than the control pupae. This indicates that the allocation of energy for 

reproduction gets impaired if the larvae are starved during obligatory and 

early facultative feeding days. 
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With methoprene administration : Likewise in dry part of summer, 

during the wet part of summer too, methoprene has reduced the ERR o/o 

in all the starved batches as well as in the control. This suggests that 

methoprene administration is not at all helpful during this adverse season 

of rearing. 

Impairment of final larval weight caused due to daywise starvation 

during obligatory feeding period has not been recovered after treatment 

. with methoprene. This suggests that the prolongation of larval duration·· 

by the action of methoprene does not help the larvae to compensate for 

the consumption and assimilation loss and promote growth at par with 

the JH-free control. However, larvae of starvation day 1 and to some 

extent of day 7 have attained the weight of JH-free control. This result 

suggests that feeding during obligatory feeding period and early part of 

facultative feeding period play important role for the larval weight gain. 

Only in case of starvation days 1 and 8 in males and in none of the 

days in female, the application ofmethoprene has been able to compensate 

the impairment of cocoon shell weights. This suggests that food consumed 

during obligatory feeding period and also early part of facultative feeding 

period in the males and during the entire fifth instar larval life in the 

females the food energy is distributed for both cocoon shell and 

reproduction. Therefore, the larvae should not be deprived of food for 

better cocoon shell. 

Likewise in dry part of summer, methoprene has been found to be 

ineffective during wet part of summer also in recovering the impairment 

of female pupal weights due to starvation. 

Thus, the result suggests that starvation on any day during wet part 

of summer is not at all advisable. However, if required food deprivation 

may be done during extreme later part (days 7, 8) of fifth ins tar. 
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5.8.3 KPGB x P
5 

: without methoprene administration : The ERR% 

has been significantly reduced in this hybrid during wet part of summer 

when compared with that of dry part of summer. Such an effect has also 

been observed in KPGB. This suggests that wet part of summer is not 

conducive for rearing of bivoltine. 

The larval weights have shown non-significant difference from the 

control larval weight when starved on day 4. In rest of the days the 

weight gain has been significantly lower than the control. Maximum loss 

has been recorded from starvation during facultative feeding period. 

Muthukrishnan and Pandian ( 1987) have argued that when metabolic loss 

due to high temperature and high humidity under starvation stress is low 

the larvae attain good larval weight. Larvae starved on day 4 have suffered 

least metabolic loss due to respiration and maintenance cost . Starvation 

on days 7 and 8 resulted in the lowest larval weight. This may perhaps be 

due to consumption of critical minimum ration by larvae before the 

starvation stress have been imposed and hence, entered metamorphosis 

during this adverse season. Such an argument has also been provided by 

Wigglesworth (1934) and Friends et a/. (1965). 

For male cocoon shell weights, starvation on days I, 2 and 3 have 

no significantly different result from the control and within the starvation 

days, suggesting that feeding during facultative feeding period is largely 

responsible for male cocoon shell weight. A similar result has been found 

for the female cocoon shell under starvation on any day from 1 to 5. But 

starvation on any day from 6 to 8 has resulted in very low cocoon shell 

weight. Thus, in can be assumed that this hybrid has some vigour to 

withstand starvation stress during the early part of fifth instar. 

Starvation on days I, 2 and 5 has no gross effect on the female 

pupal weights. The differences in the weights from the control value 
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have no significance. In rest of the days of starvation the values have 

been impaired. the result is almost similar to the one obtained during dry 

part of summer. 

With methoprene administration : The ERR 0/o has not been improved 

by the application of methoprene. Such a result has also been obtained 

for Nistari and KPGB during this season. 

Significant improvement in larval weights over the JH free control 

value has been observed in starvation days 1, 7 and 8. This suggests that 

compensation in food assimilation has been increased by the action of 

methoprene. Thus, exogenous methoprene has been able to overcome the 

starvation stress and in recovering from the impairment of larval weight. 

Improvement in cocoon shell weights in starvation days 4,5 ,6, 7,8 

in males and only in day 4 in female over that of JH-free control individuals 

indicates that the females are more susceptible to starvation as they are 

required to allocate energy for both cocoon shell and egg production 

(Kadono-Okuda et a/., 1986~ Tzenov and Petkov, 1993 ). 

Impairment in female pupal weights has not been recovered by the 

action of methoprene suggesting its ineffectiveness for this character on 

this bivoltine hybrid during wet part of summer. The ov~rall result 

indicates that in the bivoltine hybrid of KPGB x P 
5 

starvation is not 

advisable on any day of the fifth in star. But in case of exigency starvation 

may be imposed on the days 5, 6 and 8 of facultative feeding period and 

along with methoprene. 

5.9 Reproductive Characters of B.mori Caused Due to Daywise 

Starvation During Wet Part of Summer 

5.9.1 Nistari : without methoprene administration : During the wet 
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part of summer the female pupal weight has been higher in the batches 

starved on days I, 3 and 4. Inspite of the low ECD to female pupa in 

batches starved on day 4, the live female pupal weight has been higher 

than of the control. This is evidently due to accumulation of excess water 

in pupal body during this season. Such accumulation of excess body water 

by starved larval batches has been observed by Delvi et a/. (1981) and 

Paul et at. (1992). Again, the low female pupal weight on starvation days 

5 and 6 has resulted from food deprivation after consumption of critical 

minimum ration. required by the larvae undergoing pupal moult. 

Kawaguchi et a/. (1991) have also argued that larval maturity to spin 

cocoons and undergoing metamorphosis in B. mori depend on the critical 

minimum ration. The total ovariole length, total number of eggs in ovariole 

and fecundity have been directly related to pupal weight as has been evident 

during the dry part of summer. Likewise in dry part, during the wet part 

of summer too, the reproductive characters are impaired when starvation 

o is imposed on days 5 and 6, the late of facultative feeding period 

(Himantharaj, 1994; Kawaguchi eta/., 1991). 

With methoprene administration : As in the dry part of summer the 

reproductive characters in the JH treated batches of Nistari have shown a 

significant improvement than the JH free starved batches. Impairment of 

pupal weights have been recovered in all the starvation days following 

methoprene application. Ovariole length has also been increased than in 

the JH-free control individuals on starvation days 1 ,2, 3 and 7. Days 4 

and 5 have suffered much from the starvation stress because the growth of 

ovary has been affected (Parlak et at., 1992). Number of eggs in the 

ovarioles and fecudntity have also been reduced in these days of starvation. 

Thus, it can be suggested that during wet part of summer starvation 

can be imposed on Nistari on any day of the fifth larval instar except on 
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days 4 and 5. However, starvation is to be accompanied with the JHa 

application. 

5.9.2. KPGB : without methoprene administration Impairment 

caused due to daywise starvation has been the least on days 7 and 8 though 

the effect was significant when compared with that of control during the 

wet part of summer. The larval performance for all the reproductive 

characters has been relatively improved in this season than in the dry part 

of summer. High water content in mulberry leaves has faciliated better 

conversion of digested food to pupal mass. But due to disturbances in the 

development of ovary when starved on days 4, 5, 6 , the fecundity has 

been reduced than in other days of starvation (Parlak et a/., 1992). 

With methoprene administration : Recovery of impairment over the 

values in JH-free control batch has not been observed in any of the JH

treated daywise starved batches. This indicates that methoprene is. 

inefficient to improve the losses caused by starvation during wet part of 

summer. This is mainly due to lowering of digestibility of food and 

prolongation of the larval duration during this adverse season. The wet 

part of summer though facilitates high consumption due to more water in 

leaves but pupal weight is comparatively reduced due to increase in 

maintenance cost (Paul et a/., 1992). 

Thus, it can be suggested that, if required, starvation may be 

imposed during later part of facultative feeding period of the fifth larval 

instar but application of methoprene is to be avoided. 

5.9.3. KPGB x P5 : without methoprene administration : In com 

parison to the dry part of summer the hybrid KPGB x P
5 

has suffered 

more for the reproductive characters during the wet part of summer. The 
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female pupal weight and and other correlated characters have been 

reduced. Least impairment has been recorded on starvation day 7 indicating 

that the later part of fecultative feeding period can be recommended as 

an ideal time for starvation of fifth instar larvae if required. 

With methoprene administration : Prolongation of larval duration 

with the application of methoprene in daywise ·starved batches has no 

promoting effect during the wet part of summer as in case of pure bivoltine 

KPGB. 

Hence, it can be inferred that the application of methoprene should 

be avoided and if required starvation may be imposed on day 7 only. 

Hatching percent : Hatching percent of the fertilized eggs during wet 

part of summer in all the three experimental breeds Nistari, KPGB and 

hybrid of KPGB x P 5 has been found to be an independent trait without 

having any relation with starvation and starvation accompanied with the 

JHa application. In this respect there is no differences in the results 

obtained in these two seasons. 

5.10 Utilization of Nitrogen by the Fifth Instar Larvae Due to 

Daywise Starvation During Wet Part of Summer 

5.1 0.1 Ingestion : 

Nistari : There has been no significant differences in the quantity of 

leaf nitrogen ingested by the larvae of different starvation days except for 

the day 1 . Because of higher adaptability to adverse climate of wet part of 

summer in West Bengal starvation has no negative effect on nitrogen 

ingestion. Inspite of low level of leaf nitrogen during this season (2.66%) 
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there is no impairment in the consumption of nitrogen. Even this has 

been higher than in the dry part of summer. The low nitrogen content of 

the leaves has been made up by higher quantity of leaf consumption which 

supports a similar observation ofSlansky and Fenny (1977) in Pieris rapae. 

Again, the higher food consumptioin has been possible due to high water 

content of mulberry leaves during this season which has facilitated better 

nitrogen intake (Muthukrishnan and Pandian, 1983~ Pandian eta!. 1978). 

Treatment with methoprene has further increased the consumption of 

food in all the treated batches thus, the ingestion of higher quantity of 

Nitrogen. 

KPG B : The wet part of summer is known as the adverse season for 

bivoltine rearings in West Bengal ( Rao et a!., 1988~ Paul et a!., 1992). 

The amount of nitrogen ingestion has been lowered except for the starvation 

day 7. Starvation on day 4 which falls in between obligatory and day 4 

facultative feeding periods has suffered from maximum impairment. 

Treatment with methoprene has increased the consumption of leaf due to 

prolongation of larval span thus, more nitrogen has been ingested. 

KPG B x P 5 : This bivoltine hybrid has also suffered from impairment 

o in nitrogen ingestion due to starvation and the impairment could not be 

recovered by the JHa. 

5.1 0.2 • Excretion : 

Nistari : The quantity of nitrogen excretion has been significantly 

increased only in the starvation day 6. Except for the days 1 and 5 in all 

other days the excretion of nitrogen has been lowered than in the control 

larvae. Treatment with methoprene has further increased the nitrogen 

loss in the excreta than in the control indicating a reductioin in the 
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digestibility of nitrogen during this season. 

KPGB : The percentage of nitrogen excretion is quite high in all the 

days of starvation but the difference is very little in the starvation days 7 

and 8. In terms of total quantity, the nitrogen excretion has been very 

o high in all the starvation days except 7 and 8 than in case of control. 

Treatment with methoprene also has resulted in a similar effect with 

respect of dietary nitrogen excretion. 

KPGB x P 
5 

: Both in terms of percentage and quantity the nitrogen 

excreted in the faeces has been always significantly lower in the starved 

larvae of all the batches than in the control larvae. This implies a higher 

efficiency of nitrogen utilization in this bivoltine hybrid. Treatment with 

methoprene has increased the percentage of nitrogen excretion only in the 

starvation days 2, 3, 7 and 8 and that is again of lower magnitude. 

5.10.3 Digestion and digestibility percentage 

Nistari : There is a little impairment of nitrogen digestion in the starvation 

days 3, 5 and 6. This is in term of quantity of nitrogen digested. But in 

term of percentage that is the digestibility has no significant lowering 

from the control values. Rather the digestibility has been significantly 

increased in the days 2 and 4. Thus, the starvation has no detrimental 

effect in Nistari on nitrogen digestibility.Treatment with methoprene . 

however, has reduced the digestion and digestibility of nitrogen during 

this season. 

KPG B : Due to less intake of food the digestion has also been less 

during this adverse rearing season. Except for the days 7 and 8 the 
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digestibility of nitrogen has been affected, may be due to high water 

level in the leaves (Parpie.; 1968) though Legay ( 195i) suggested that 

high relative humidity increases digestibility of nitrogen in B. mori which 

may be upto 100%. But in the control batch the value is only 79.06°/o. 

Treatment with methoprene has further reduced the digestibility of nitrogen 

may be due to higher metabllic loss caused by starvation and high 

temperature. 

KPG B x P 
5 

: This hybrid has shown a better nitrogen digestion as 

compared with the pure KPGB. Impairment of nitrogen digestion has 

been observed due to food deprivation on all the days except the day 4. 

Digestibility of nitrogen has been remarkably better in most of the 

starvation days except the day 8. Treatment with methoprene significantly 

decreased the digestibility of nitrogen suggesting that methoprene reduces 

nitrogen digestibility during this adverse season. 

5.1 0.4. Distribution of nitrogen 

5.1 0.4.1. Larval body 

Nistari : There has been a reduction in the efficiency of nitrogen 

assimilation in larval body on account of starvation on different days. 

Thus, starvation affects nitrogen utilization by the larval body (Schroeder, 

1976). Treatment with methoprene significantly increases the flow of 

nitrogen in all the starved batches. 

KPGB : The quantity of dietary nitrogen utilized in the larval body in 

the control batch is much lower than the result obtained of Horie and 

Watanabe {1986). This difference may be due to difference in race of 

silkworm, season of rearing and nitrogen percent in mulberry leaves. The 
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flow of nitrogen in general has been affected in all the starved batches 

with maximum detrimental effect on the late obligatory and early 

facultative feeding days. The treatment with JHa has no noticeably better 

effect on the flow of dietary nitrogen to larval body. 

KPGB x P
5 

: Food deprivation on any day of the larvae has reduced the 

flow of dietary nitrogen to the larval body. Methoprene even could not 

improve the situation, though the total quantity of nitrogen has been largely 

increased than the JHa-free larval batches. 

5.1 0.4.2. Male cocoon shell 

Nistari : Among the starved larvae relatively better flow of nitrogen 

from larval body to the male cocoon shell has occurred in batches fed 

during early part of obligatory feeding period. Nagata and Kobayashi 

(1990) have also observed that storage protein in haemolymph is related 

to the quantity of food and activity of feeding. They have emphasized 

that starvation reduces the level of storage protein which again increases 

when feeding is restored and is related to the nitrogen level in food. 

Treatment with methoprene only has increased level of nitrogen in cocoon 

shell but cannot recover in any of the batches from impairment. 

KPGB: Starvation during obligatory and early facultative feeding periods 

has reduced the nitrogen flow to male cocoon shell. This result suggests 

that feeding during obligatory feeding period is essential in bivoltine as 

has been suggested by Janarthan et a/., ( 1994 ). Treatment with 

o methoprene has recovered the impairment in the days 2 and 3 but not in 

other days. 

KPG B x P 5 : Starvation during facultative feeding period (days 6, 7 ,8) 
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has reduced flow of nitrogen towards male cocoon shell very prominently. 

This is because food consumed during later part of fifth instar is effectively 

utilized for cocoon shell production. Methoprene has been able to improve 

situation in days 6, 7, 8 through the prolongation of larval period. 

5.1 0.4.3. Female cocoon shell 

Nistari : Among the starved batches relatively better flow of nitrogen 

has been observed during obligatory feeding perioP. This suggests that 

food nitrogen consumed during facultative feeding period has been utilized 

for cocoon shell production. Treatment with methoprene has only 

increased the flow of nitrogen but there has been improvement over the 

control values due to reduction in digestibility of nitrogen. 

KPGB : Starvation has seriously lowered the flow of nitrogen to female 

cocoon shell on days 2 to 6 covering both obligatory and facultative 

feeding periods. The day 4 has suffered the most. This is perhaps because 

of the sharing of nitrogen for cocoon shell and female pupal biomass as 

ovary development also commences from this day. Treatment with 

methoprene has only increased flow of nitrogen in all the batches but 

impairment caused could not be recovered. 

KPG B x P 5 : The flow of nitrogen has been severely reduced in the 

days of facultative feeding period. This suggests that nitrogen consumed 

during fecultative feeding period is effectively utilized for cocoon shell 

in the bivoltine hybrid. Treatments with methoprene has only increased 

the flow of nitrogen in cocoon shell but a recovery to the level of control 

value has not been possible. 
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Nistari : Food deprivation has lowered the flow of nitrogen in all the 

batches with a greater effect during the later part of facultative feeding 

period. The relatively less affected days are 1, 4 and 5. 34.48% of 

digested nitrogen has been utilized for female pupa in control batches. 

Except for the starvation days 5 and 6 more than 30°/o of the larval 

nitrogen has been utilized for female pupa. Methoprene has been able to 

o increase the flow of nitrogen from larval body to female pupal body. But 

the values could not cross that of the JHa-free control batch except for 

the days, 1 and 3. Therefore, starvation accompanied with methoprene 

application is quite suggestive for these two days only during wet part of 

summer and for this character. 

KPG B : Except the starvation day 7 the flow has been reduced. But the 

situation is not alarming in the days 1, 3, 4 and 8. Therefore, in case of 

exigency starvation can be imposed with a little sacrifice for this character. 

Except for the days 2 to 4, in all other days the JHa has been able to boost 

up the nitrogen level upto the JHa-free control value or even higher than 

that in days 1 and 7. In the days 2 to 4 the flow has been improved much 

over the JHa-free starved batches of corresponding days. 

KPG B x P s : Starvation during the obligatory feeding days has affected 

less than in the facultative feeding days when total flow of nitrogen is 

considered. But in term of percentage of nitrogen flow the situation is 

relatively better in the starvation days 1, 3, 4 and 5. During wet part of 

summer starvation if required may be imposed on days 1 and 4. The 

starvation days in which the flow was lowered to a greater extent has been 

improved considerably by action of methoprene. Compared with the value 

of JHa-free control batch, starvation along with JHa-application can be 

recommended for this character during wet part summer on the days 1 and 

4 without any impairment and with little impairment on the days 2,3 and 

8. 
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5.11 Determination of Doses of the lmidazoles KK-42, KK-22 and 

KK-110 for the Induction of Trimoulters in the bivoltine hybrid of 

KPGB x P
5 

During Wet Part of Summer 

5.11.1 Induction of Preccocious Metamorphosis and Formation of 

Trimoulter Cocoons Due to Different Doses of Imidazoles 

Induction of precocious metamorphosis by the use of imidazoles 

are known to be dependent on dose and time of application (Kuwano et 

a!., 1984; Asano et al., 1986). The present result of precocious moulting 

with the imidazoles when applied to 0-hr-old 4th stag~ larvae corroborates 

almost the similar observation of Asano eta!., (1986). Result indicates 

that the highest rate of precocious metamorphosis is induced by topical 

application of only 3 J.Lg KK-42/larva which resulted in a 92°/o cocoon 

formation and out of this 92% pupation has been successfully taken place 

at 94.56°/o. A lower dose of 1 J.Lg/larva of KK-42 causes only 70% 

precocious metamorphosis with 94.28% pupation. Higher dose of 5 J.Lg of 

KK-42 causes 39% larval mortality, only 82% precocious metamorphosis • 

and 93. 90%) pupation. But Kawaguchi et a!. ( 1993) have reported no 

larval mortality even at a dose of 30 J.Lg/larva. 5 J.Lg/larva of KK-42 have 

been considered as a standard dose by many authors (Akai and Mauchamp, 

1989 ~ Gu et a/., 1992) for the induction of 100% precocious 

metamorphosis. It has also been suggested that among the imidazoles 

known so far, KK-42 is found to be the most potent compound which can 

induce precocious metamorphosis at a relatively low dose of 1 - 4 J.Lg/ 

larva (Kuwano eta!., 198i). Yamoshita eta/. (1987) have observed that 

a dose of 30 J..Lg KK-42 causes 100% precocious metamorphosis. It is 

suggested that KK-42 acts directly on the prothoracic gland cells without 

killing the cells in B. mori larvae (Kadono-Okuda et a/., 1987; Yamashita 

eta!., 1987; Darvas et a/., 1989; Oshiki eta!., 1990). But no information 
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is available on the spectrum of effect of KK-42 under high temperature 

and high humidity environment. It seems that due to smaller size of Indian 

bivoltine silkworms than their Japanese and Chinese counterparts, the 

freshly ecdysed fourth instar larvae of present investigation cannot 

withstand higher dose of KK-42 may be due to sudden decrease of 

ecdysteroid level in haemolymph (Reese, 1985) or may be due to some 

delayed cytotoxicity promoted under high temperature and high humidity 

leading to larval death. Delayed toxicity with KK-42 treatments have 

also been reported in Oncopeltus fasciatus nymph by Kuwano et a/. 

(1992). 

K.K.-11 0 has been reported to act at a lower dose of 1 - 4 J..Lg/ 

larva and is known to be less sensitive than KK-42 (Kuwano et al., 

1988). But in this finding a dose of 5 J..Lg/larva cannot induce expected 

precocious metamorphosis in KPGB x P5 larvae. A dose of 10 J..Lg/larva 

has been found to be the best to induce 93%, precocious metamorphosis 

with 94.62% pupation. A higher dose of 15 J..Lg/larva induces 91% 

precocious metamorphosis with 92.30% pupation. 

KK-22 appears to be ineffective at a lower dose of 5 J.lg/larva 

which resulted in only 26°/o precocious metamorphosis and 84.69% 

pupation. But a dose of 10 J.Lgllarva induces 75% precocious 

metamorphosis and 80.68% pupation. Whereas 20 J,tg/larva results in 

86% precocious metamorphosis and 90. 1 Oo/o pupation. The results agree 

with the finding of Asano et al. (1986, 1987) who have recorded that 

KK-22 at a dose from 20 to 40 J.Lg/larva gives the highest percentage of 

precocious cocoons. 

5.11.2 Rearing Performance of KPGB x P5 Due to Different Doses 

of Imidazoles. 

Average cocoon weight : The size of the cocoons produced are smaller 
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than that of the control in all the treatments with different doses of the 

three in{idazole compounds applied. A similar observation has been made 

earlier by Kanda et al. (1986) and Himantharaj eta!. (1996) who also 

recorded lower cocoon weights after treating the B. mori larvae with 

different kinds of imidazoles. In all the treatments the cocoon size has 

also varied in both the sexes according to the doses applied, a decrease in 

size with the increase of the doses of the imidazoles. The present finding 

corroborates this observation, the cocoon weights have also been reduced 

with the increase in dose of all the three imidazole compounds (Kawaguchi 

eta/., 1993). In B.mori the accumulated food in larval body is converted 

to the cocoon shell and pupal biomass. Again, larval body weight is related 

to food intake (Ding Nong eta!., 1991) and finally to storage protein 

concentration in larval haemolymph. This is also influenced by nutrition 

(Nagata and Kobayashi, 1990). An overall lower food consumption by 

induced trimoulters due to skipping off of the usual physical fifth stage 

causes a reduced cocoon weight. The fifth larval instar alone consumes 

about 87%> of the food required by all the larval instars of B.mori 

(Matsumura and Takeuchi, 1950). Though the imidazoles prolong the 

duration of 4th instar larvae by 3-6 days over the duration of control 

larvae, the total food consumption is much less than the tetramoulter 

larvae. Hence, imidazole compounds certainly put a stress on normal 

development of larvae forcing them to the neurohormonal response 

leading to precocious pupation, provided the larva has attained the critical 

weight. Ecdysteroid (MH) in haemolymph responsible for moulting and 

metamorphosis (Reese, 1985) and the juvenile hormone responsible for 

the control of cellular polymorphism and growth (Riddiford, 1985) are 

effectively lowered by the treatment with imidazoles. According to 
0~1 

WtfQ_:!93) corpora allata are metabolically inhibited by the imidazole 

compounds to synthesize JH. MH level is also lowered for several days 

following KK-42 application. The low level of JH later acts on the brain 
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neuro-secretory cells to release PTTH and thereby increases MH. This 

late MH peak under low titre of JH leads to precocious pupation. Although 

the attainment of larval critical weight is a prerequisite for the induction 

of trimoulter (Asano et a!., 1987), allocation of low amount of larval 

nutrients for cocoon shell certainly lead to reduce cocoon shell weight 

which has been impaired proportionately much than for the pupal biomass 

allocation. This justifies the higher impairment of shell weights than 

those of the pupal weights as compared with these weights of the control 

tetramoulter. 

Cocoon shell weights Reduced cocoon shell weights have been 

observed in imidazole treated batches. Increase of shell weights is directly 

related to the amount of food intake, its allocation and conversion 

efficiency for shell by the fifth ins tar larvae (Dingnong et a!., 1991 ). 

Cocoon shell formation is affected by a change in the profile of storage 

protein in haemolymph due to the impact of imidazole. A faster rate of 

development of the posterior silk gland in trimoulters (Zhou Yuan Shen, 

1992~ Hao Lin et a!., 1992) demands for a higher quantity of storage 

protein within a short time (Nagata and Kobayashi, 1990). Compared with 

the control values the male and female cocoon shell weights have been on 

the average 34.6o/o and 37.7o/o after KK-42, 31.9°/o and 35.4°/o after KK-

11 0 and 34.3o/o and 37.2% after KK-22 treatment respectively. He and He 

(1994) have obtained a shell weight of 35o/o of the control value from the 

trimoulters. Kiuchi et a!. (I 985) has described these low cocoon shell 

weights as one third that of the control. The present result corroborates 

these previous observations. The lowering of the cocoon shell weights at 

higher dose of KK-42 also supports the earlier observation of Kanda et 

a!. (986). A similar result has been obtained with KK-11 0 treatments. 

However, treatment with KK-22 at 20 J..lg/larva resulted in heavier cocoon 

shell weights in both males and females though the difference in the 
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results obtained from 10 and 20 f.!g doses has been non significant in case 

of female shell weight. 

Silk ratio (SR 0/o) : SR% is calculated from cocoon and cocoon shell 

weights. It is obvious that when cocoon shell weights are lower as in case 

of induced trimoulters the values of SR% recorded are also lower when 

compared with the shell weights of control tetramoulters. 

Filament length : Reduced filament length has been obtained for all 

the treated batches. As cocoon shell weights are very low, the filament 

lengths have been reduced correspondingly. Though the cocoon shell 

weights are on an average 30-3 5% that of control, compared with the 

control values the average filament length has been 42.3o/o in case of KK-

42, 39.4% in case ofKK-110 and 51.1% in case o!'KK-22 treatments. 

This indicates that the cocoon filaments are of fine denier but having a 

high reelability. This qualitative superiority of filaments supports the 

finding of Kanda et al. (1986), He and He (1994), Xue (1992), Tan eta/. 

(1992) and Himantharaj eta/. (1996). 

Demier : The size of cocoon filament can easily be regulated within the 

same silkworm race by the application of different doses of imidazole • 

compounds (Akai et al., 1986). This also holds good for the Indian 

bivoltine KPGB x P5 . In this race the demier ranges from 1.57-1.71 for 

KK-42 (1- 5 f.!g/larva), 1.46-1.51 for KK-110(10-15 f,!g/larva) and 1.9-

1.94 for KK-22 (10-20 f.!g/larva) against the value of 2.01 in case of 

control tetramoulters. 

5.11.3. Food Consumption and Assimilation by the Larvae of KPGB x 

P 5 Due to Different Doses of the Imidazoles 

Food consumption : The results reveal that depending on the dose of 
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different imidazoles different quantities of food have been consumed by 

the trimoulter destined larvae. The quantities were less than 50°/o (dry 

basis) of the consumption by the control tetramoulter larvae during 4th 

and 5th stages taken together. But Xue eta/. (1990) have reported that 

the food consumption by all the larval stages of trimoulter-destined 

generation induced by imidazole is 30% less than all the larval states of 

control tetramoulter. The consumption has been lowest in KK-22 treated 

trimoulters. There is a saving of about 50% of leaves (dry basis) due to 

treatment with imidazoles. Prolongation of fourth larval duration by 3-6 

days in induced trimoulters beyond the control fourth stage larvae has 

been reported earlier by Kuwano et a/. (1984), Kiuchi et a/. (1985), 

Asano et a/. (1986, 1987) and Yamashita et a/. (1987). In the present 

experiment this prolongation ranges from 3 to 3. 7 5 days. This low limit 

of extended duration iri this investigation may be due to a combined effect 

of differences in silkworm race, mulberry cultivars, dose of imidazoles 

and rearing environment. 

Assimilation : Assimilation has been increased with the increase of 

dosages of KK-42 and KK-22. But in case of KK-110, treatment with 

lower dosages have shown higher assimilation values. Assimilation in 

treated larvae is higher than that of control fourth stage larvae alone. 

This is essential for attaining the critical weight to undergo precocious, 

pupation. 

Absolute consumption rate : Absolute consumption rate is well related 

to the total consumption and larval duration. When compared with the 

combined rate of control fourth and fifth stage larvae, the absolute 

consumption rate are 62.0, 61.8 and 55.0% in case of treatments with 

KK-42, KK-11 0 and KK-22 respectively. This increased rate justifies the 

resource storage for silk gland and reproductive energy allocation of the 

trimoulters within the reduced period of larval life. 
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Absolute gain in larval weight: Gain in larval weight in comparison to 

the control larvae, has been 45o/o in KK.-42 treatments~ 49.3% in KK-110 

treatments and 39.4% in KK-22 treatments. However, gain in larval weight 

by the treated larvae is many times over that of control 4th stage for 

attaining the critical weight for pupation (Aanso et a/., 1987 ~ Gu et a/., 

1992). A constant of 100:40 in gain in larval weight between control 

tetramoulter and induced trimoulter has been established by Kiuchi et a/. 

( 1986 ). The present finding corroborates this result though the experiment 

has been carried out in tropical humid condition. 

Absolute growth rate : Absolute growth rate of induced trimoulters 

has been more than double that of the control fourth stage larvae. But 

compared with the growth rate of tetramoulter control fourth and fifth 

stages taken together, the growth rate of trimoulters have been 64.9o/o, 

68.9% and 56% following the treatments with KK-42, KK-11 0 and KK-

22 respectively. Prolongation of larval period accompanied with increased 

body weight is indispensible for indication of precocious metamorphosis 

(Asano et a/., 1987) through inhibition of ecdysteroid synthesis without 

any large influence on the general sterol metabolism for growth (Kadono

Okuda et al., 1994). 

5.11.4 Efficiency of Conversion of Digested Food (ECD) Due to 

Different Doses of the Imidazoles. 

Assimilation efficiency : On an average the assimilation efficiency has 

been 56.3% , 59.02% and 50.16% after treatment with KK-42, KK-110 

and KK-22 respectively as against the 50.46% in control larvae. This 

reveals an increase in 6.3% assimilation efficiency due to KK-42 and 9.02% 

due to KK -11 0. An increase in 4-9% dietary efficiency has been recorded 

over the control by Zhuang et a/. (1992). With the exception of KK-22 

the results obtained from other two imidazoles are in agreement with 
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those of Zhuang et a!. ( 1 992) . On the whole, higher assimilation 

efficiency in larvae due to imidazole treatments is a physiological 

compensation within the shortened feeding regime of one generation. 

Larval body : With comparison to the control values of 5th stage larvae 

the averages mature weights attained by induced trimoulters have been 

32.7%, 33.2% following the treatments with KK-"42, KK-110 and KK-22 

respectively. However, the weights have been double that of the fourth 

instar control larvae. The growth in the trimoulter is influenced by general 

sterol metabolism in larvae independent of the impact of imidazole 

compounds (Kadono-Okuda et al., 1994). Asano et a/., (1987) have 

recorded in the induced trimoulters an increase in body weight by 1.6 

times that of the 4th stage. The present result shows an increase of 1. 9 

times due to KK-42 and KK-110 and 1.75 times due to KK-22. These 

differences might be attributed to the racial difference. Asano et al. (1987) 

also have reported an increase in 40% larval body weight in trimoulters 

due to KK-22. But in the present study the increase has gone upto 7 5% of 

the fourth instar control larval weights. A prolongation of larval life 

including the phagoperiod beyond the span of control fourth instar larvae 

causes such increase. This is evident from the observation of Asano eta!. 

( 1987) who claims that the increase of body weights of trimoulters is at 

par with the control larvae upto 72 hrs of feeding and thereafter, the induced 

trimoulter larvae start gaining further weights by increasing consumption 

of food during the extended larval duration. A notable observation in this 

experiment is that lower doses of imidazoles have resulted in higher larval 

weights except in case of 1 j..lg KK 42/larva. This may imply that the 

different doses of imidazoles have an impact on the initiation of the 

programme of precocious pupation, accordingly the weights vary. ECD to 

larval body on an average are 41. 19% , 41.5 5% and 4 3. 19% in cases of 

treatments with K-42, KK-110 and KK-22 respectively as against 44.29°/0 
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in case of control larvae. This implies that the imidazoles have no impact 

on the ECD to larval body. There is no significant difference among the 

values. 

Cocoon shell : In comparison to the tetramoulter control individuals 

the cocoon shell weights have been lower in all the induced trimoulters 

due to less intake of food. Correspondingly the BCD to cocoon shells are 

relatively lower in the induced trimoulters. On an average the values 

attained are 11.57% and 10.70°/o due to KK-42, 9.75°/o and 9.23o/o due to 

KK-110 and 13.62o/o and 12.57% due to KK-22 in cases of males and 

females respectively. Due to low allocation of food resources for cocoon 

shell, the ECD values in induced trimoulters have been significantly 

lowered from the control values. This result corroborates the finding of 

Kubota et al. (1988) and Kiuchi et al. (1986) who also have recorded a 

lower ECD for cocoon shell in trimoulters induced by imidazole 

compounds. 

Pupa : With comparison to the control tetramoulter, the average pupal 

o weights have been 58.3% and 67.2% in case of treatments with KK-42, 

64.2o/o and 66.9o/o in KK-110 and 60.85% and 75% in KK-22 treatments 

for males and females respectively. Treated larvae consumed less than 

50o/o of food consumed by the tetramoulter. But the loss of weight is not 

more than 40% particularly in case of female pupa. Slansky and Scriber 

(1985) have advocated that under stressed condition larvae are forced to 

act on the neurohormonal response, attain critical weights soon and 

pupation results. Maximum energy from food is allocated to the pupae for 

maintaining reproductive vitality and perpetuation of the race. Kiuchi 

(1996) has proposed that due to short larval period than control and also 

due to overall less consumption of food a greater part of resources are 

allocated to pupa of induced trimoulters. Concurrently, the shell weights 

have been proportionately impaired. With reference to the control values 
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the ECD to pupa on an average are 19 .40o/o and 27.09% for KK-42, 19 .46°/o 

and 24.71°/o for KK.-110 and 24.34% and 35.97°/o for KK-22 applications 

in cases of males and females respectively. Reproductive allocation for 

the treated female pupae is always higher than in the treated male pupae 

and in control tetramoulter pupae (Kiuchi et a/., 1986, 1996) for the 

production of miniature but viable reproducing adults (Staal, 1986). Present 

finding corroborates the finding of Kiuchi et a!.,' (1986). 

From the overall analysis of the results it transpires that the doses 

of 3 J.lg of KK-42/larva, 10 J.lg of KK-11 0/larva and 20 J.lg of KK-22/ 

larva are the most suitable and effective doses for the induction of 

trimoulter in KPGB x P s bivoltine hybrid of B. mori during the 

unfavourable wet part of summer of tropical humid regions such as in 

West Bengal. 

5.12 Comparative Nutritional Efficiencies of Larvae Due to Selected 

doses of the Iniidazoles 

5.12.1 Food consumption : Food consumption by induced trimoulters 

after treatment with different imidazoles has been less than 50% of control 

(Fourth and fifth larval instars taken together). However, there has been 

significant differences in the amount of consumption due to the three 

compounds indicating a differential action of the imidazoles. Xue et a/. 

(1994) have reported a 30% less leaf consumption by induced trimoulters 

but the authors did not refer to the season of the experiment. As the 

present experiment has been conducted during the wet part of summer 

when both temperature and humidity are high, the consumption ratio is 

low, and hence, a 50% decrease of food consumption by the larvae. 

However, the total leaf consumption by the apparent fourth instar larvae 

alone after treatment with the imidazoles are considerably higher due to 
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prolongation of the fourth instar larval period. This is inevitable for 

precocious metamorphosis by trimoulters (Kuwano et a/., 1984 ; Kiuchi 

et a!., 1985; Yamashita et a!., 1987; Asano et a!., 1986, 1987). 

5.12.2. Digestion and assimilation : Except for KK-22 the other two 

compounds have raised the assimilation rate upto 8o/o than the control 

(combined 4th and 5th stage). An increase of 4-9% assimilation efficiency 

over the control have been recorded by Zhuang et a!. ( 1992) which 

supports this finding. Digestion and assimilation efficiencies are found 

to be different and significant among the treatments except in case of KK-

22 (20 J..tg) where the efficiency is almost the same as in the control larvae. 

5.12.3 Gain in larval weight : Gain in larval weight is related to food 

intake and assimilation by the larvae. Growth of induced trimoulter larvae 

is influenced by general sterol metabolism which is not affected by the 

action ofimidazoles (Kadono Okuda eta!. 1994). Gains in larval weights 

and growth as indicated by Asano et a!. ( 1987) have been at par with 

those of control larvae upto 72 hrs of age. Thereafter the rate has been 

accelerated for attaining larval weight to the critica~ level required for 

pupation after a little prolongation of larval period, thus gained a higher 

weight over the control. However, the larval weights in the trimoulters 

have always been lower than the values of control tetramoulters. The 

significant differences in the results obtained from different imidazoles 

indicate a differential impact of the compounds. 

5.12.4 Effeiciency of conversion of digested food (ECD 0/o ): 

ECD 0/o to larval body : ECD to larval body has been almost the same 

in the larvae treated with different imidazoles but the efficiencies has 

been slightly lower than that of control tetramoulters. The highest value 
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has been obtained in case of KK -11 0 ( 1 0 J...Lg) treated larvae. The result 

indicates that the imidazoles have very little effect in lowering the ECD 

to larval body. 

ECD 0/o to cocoon-shell : ECD% to cocoon shell in trimoulters has been 

found to be greatly reduced. This may be due to more allocation of food 

towards pupal biomass , Kiuchi et at. (1985), Kobota. et al. ( 1988) and 

Himantharaj et al. (1996) also have recorded lower cocoon shell 

percentage in the imidazole induced trimoulter cocoons. ECD to male 

cocoon shell are relatively higher than the values of female cocoon shells 

in the present result. The difference in the values resulted from three 

imidazoles indicate a differential action of the compounds used. 

ECD0/o to pupal biomass : Compared with the control values and 

irrespective of the sexes the ECD to pupal biomass of induced trimoulters 

has been higher than that of tetramoulter control individuals. It appears 

that the imidazole compounds induce the conversion of greater share of 

digested food to pupal body than to the cocoon shell, so that the viability 

of the resultant adults is not impaired to a grec:t.ter extent. Almost a similar 
e.-!-.~-_, AAcL k,~" 

result was obtained by KiuchQ(1986}j_d 996). The values due to KK-22 

(20 J...Lg/larva) shows a difference with the results obtained from the other 

imidazoles. 

5.13 Comparative Effect of the Imidazoles on Rearing Performance 

5.13.1 Effective Rate of Rearing (ERR 0/o) : The ERR% has been 

increased after the treatment with different selected doses of imidazoles 

in the hybrid of KPGB x P5 . From 62% in case of control the ERR has 

been increased to 85% due to KK-42 (3 J...Lg), 78% due to KK-110 (10J...Lg) 

and 81 o/o due to KK -22 (20 J...Lg). He and He ( 1994) have argued that the 
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physique of the induced trimoulters are stronger than the control 

tetramoulters. Treatment with imidazoles during adverse rainy season re

duces the larval mortality. This is one of the reasons for better ERR. 

This supports the observation of Xue and Li (1987), Xue (1990, 1992, 

1994) who recorded a lower incidence of disease and hence a reduced 

mortality in induced trimoulter. They have argued that induced trimoulters 

are less susceptible to diseases due to non entranc·e into the disease prone 

fifth larval instar. The authors recorded a better rearing performance of 

induced trimoulters during adverse seasons like summer and autumn. 

However, in the present result the ERR values obtained from the three 

imidazoles show no significant difference in Indian bivoltine during wet 

part of summer. 

5.13.2 Total Larval Period : Total larval duration has been shortened 

by about 5 days in comparison with the tetramoulter control larval life 

span. Kiuchi et al. (1985, 1986) in their experiment have recorded a 

shortening of larval duration in treated trimoulters by 4 days than that of 

the tetramoulters. However, the authors used a different imidazole, the 

SSP-11. A 3.50 to 3.75 days longer larval duration beyond the duration 

of control larva (5.75 days) in the treated 4th stage larvae, supports the 

results obtained by other authors (Kiuchi eta/., 1985~ Akai eta/., 1986~ 

Asano eta/., 1986, 1987). 

5.13.3 Cocoon weights : Cocoon weights have been reduced by about 

50% ofthe cocoon weights oftetramoulter control insects. This is obvious 

due to less food intake during short larval duration of trimoulters following 

imidazole treatments. Imidazole induced reduction of cocoon weight 

corroborates the earlier finding of Staal (1985), Kanda et al. (1985), 

Akai eta/. (1986), Kiuchi eta/. (1986), He and He (1994) and Himantharaj 
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et a/. ( 1996) . However, the cocoon weights obtained due to KK-22 are 

higher than those obtained due to other two imidazoles. 

5.13.4. Cocoon shell weight : Cocoon shell weights have been 35% of 

control weights. Lower cocoon shell weights due to imidazoles have also 

been reported by Kanda et al. (1985), Kiuchi eta/. (1986) and Himantharaj 

et a/. (1996). Compared with the 50% reduction of cocoon weights the 

impairment of shell weights alone due to the imidazoles used is less. 

Furthermore, there is no significant difference in shell weights obtained 

due to optimum doses of the three imidazoles. 

5.13.5. Filament Length : Filament lengths obtained from the trimoulter 

cocoon shell are about 50% that of control. Inspite of the reduced shell 

weights the fineness and higher reelability of the trimoulter cocoons are 

important aspects in practical sericulture. The fineness has also contributed 

to the less impairment of filament length. Production of fine filament 

accompanied by high reelability in case of trimoulters have also been 

reported by Akai eta!. (1986), Xue (1992), Tan eta/. (1992), He and He 

o ( 1994) and Himantharaj et a/. (1996). 

5.13.6. Denier : Denier of filaments obtained from trimoulters is finer 

than that obtained from the control tetramoulters. Variation of denier size 

due to application of imidazoles has been reported by Akai et a/. (1986), 

Tan eta/. (1992) and Xue (1992). 

5.14 Reproductive Performance of Induced Trimoulters of KPGB x 

P 5 with Selected Dosage of Imidazoles During Wet Part of Summer 

Pupal Weight (Live) : Pupal weight, particularly that of female pupa, 

has a bearing on the fecundity (Mizuta et a/., 1969: Kotikal et a/., 1989 ~ 
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J ayaswal et a!., 1991). Metamorphic efficiency for adult development is. 

directly related to the efficiency of conversion of digested food into 

larval body and then to pupal body (Muthukrishnan and Pandian, 1987). 

Again, during stressed feeding condition larvae after attainment of critical 

weight, neurohormonal changes lead to pupation (Nijhout, 1975). the 

resultant small pupae produce adults that make some contribution for the 

perpetuation of generations (Slansky and Scriber, 1985~ Staal, 1986). In 

the present result the pupal weights recorded after treatments with different 

imidazoles have been 65-70% that of control. This supports the finding 

of Staal ( 1986) who has recorded the emergence of small viable and 

reproductive adults by treatment with imidazoles. Pupal weights have 

been significantly different for different imidazoles indicating again the 

differential action of the imidazoles applied. 

Emergence Period : Metamorphic effieincy of pupa to adult depends 

on the quality of food storage during larval period for viable adult 

emergence (Muthukrishnan and Pandian 1987). The efficiency is 

accelerated or modified by the effect of temperature. As the ambient 

temperature and humidity were on higher side during the time of 

experiment the tetramoulter (control) moth emergence occurred between 

11.12 and 11.45 days. Emergence of moth in imidazole treated batches 

has been preponed by about 1.5 days. This may be due to less amount 

of food reserves in the smaller pupae. The moth emegence period is 

important from hybridization point of view, so as to synchronise the larval 

duration with emergence of two different races. No significant differences 

in emergence period have been observed in different imidazole treated 

batches indicating that the imidazoles have no impact on the moth 

emergency period. 

Fecundity : The efficiency of egg production in induced trimoulters is 

more than in tetramoulters (Kiuchi, 1996). Xue eta/. (1994) have observed 
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a better egg recovery percent with low unfertilized egg rate in trimoulters. 

Results in this study indicate that fecundity ratios of control and imidazole 

treated batches have been 100 (control): 69.37 (KK-42, 3 ).lg), 67.19 

(KK-110, 10).lg ), 61.98 (KK-22, 20).lg ) Kawaguchi eta/. (1993) have 

reported a 40% egg laying by induced trimoulters. In this finding, the 

increase in egg laying efficiency by trimoulters may be due to lower 

fecundity in tetramoulter during adverse rearing season for bivoltine. 

However, this observation of greater agility of trimoulter moth 

corroborates the finding of Xue et a/. ( 1994) who have emphasized that 

the trimoulter moths are more active than the tetramoulters. 

Weight of 100 eggs : Kawaguchi et a/. (1993) have reported that the 

size and weight of eggs are reduced by the application of 5 - 20 j..lg /larva 

of KK-42. As the lower effective dose has been applied in this study, the 

weight of 100 eggs shows no significant difference from that of 

tetramoulter control except in case of KK-22 treated batch. Reduction of 

weight of eggs has also been recorded by Xue et a/. ( 1994 ). 

Weight of 100 ants (newly hatched larvae) : Weight of 100 ants has no 

significant difference from that of control. This indicate fertilization, 

mating and oviposition are almost the same as that of control tetramoulter. 

5.15. Utilization of Nitrogen in Food by Induced Trimoulters of the 

Hybrid ofKPGB x P
5 

5.1 5.1 : Ingestion : Silkworms can utilize nitrogen in food very efficiently 

for the synthesis of silk protein during its fifth larval stage (Horie and 

Watanabe, 1986). Leaf nitrogen during the season under study has been 

only 2.66o/o. This low level may be due to high rainfall during this season. 

As more than 90o/o of the total larval food requirement is consumed by 

silkworms during the fourth and fifth stage, the utilization of nitrogen in 
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food during these two stages can be considered as almost the total amount 

of nitrogen consumed by the larvae in life time. Horie and Watanabe 

(1986) observed an ingestion of 231 mg of nitrogen during the 4th and 

5th stages. But in this present study the nitrogen ingestion is only 93 mg 

by the control larvae. This may be due to variation in rearing condition 

and also lower quantity of nitrogen in the leaves. Imidazole treated 

trimoulter-destined larvae have consumed almo'st 50°/o or a little less 

amount of nitrogen in food as compared to that of control tetramoulter 

during the 4th and 5th stages taken together. 

5.15.2. Excretion : Excretion of nitrogen through faecal matters by 

trimoulter-destined larvae as compared to that of the control is less. This 

implies that nitrogen in food has been efficiently utilized by the imidazole 

treated larvae destined for precocious pupation, for both growth of body 

tissues and formation of silk protein in silk gland. Horie and 

Watanabe( 1986) have claimed that during early part of the fifth stage the 

ingested nitrogen from food is utilized by larvae for the formation of body 

tissue and during later half of fifth instar for the formation of silk protein 

in silk gland. 

5.15.3 Digestion and digestibility percentage : The digestibility is 

quite high during the wet part of summer. This may be due to high water 

content in the leaves promoting higher nitrogen utilization (Mishra and 

Upadhyay, 1992). Horie and Watanabe recorded 65.1 °/o nitrogen 

digestibility which has gone up to 69.89% in this finding. Induced 

trimoulter-destined larvae have higher digestibility over the control · 

tetramoulter. The reason may be the precocious programming in 

trimoulters for the formation of cocoon shell and pupa within a shorter 

larval life span. 
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5.15.4 . Distribution of nitrogen from larval body to cocoon shell and 

pupa 

Larval body: Compared with the results obtained by Horie and Watanabe 

( 1986) the nitrogen assimilation by the larvae in the present investigation 

is much less. This difference may be due to difference in silkworm hybrid 

reared, season of rearing, total nitrogen in the leav.es and larval conversion 

efficiency. Efficiency of conversion of digested nitrogen in larval body 

has been recorded to be 92.30% in control tetramoulter 96.98% in KK-

42, 94.28°/o in KK-110 and 93.10% in KK-22. These values indicate that 

ECD (nitrogen) is quite high in the induced trimoulter larvae leading to 

higher nitrogen percent in larval body. The values are 7. 01 °/o in control, 

8.09% in KK-42, 7.71% in KK-110 and 8.40%) in KK-22 treated larval 

body. 

Male Cocoon shell : 70o/o of the larval nitrogen has been utilized by 

control tetramoulters for male cocoon shell. In the induced trimoulter the 

values are 41.93% in KK-42, 36.36% in KK-11 0 and 51.85°/o in KK-22 

treated individuals . Horie and Watanabe (1986) have recorded a 75.5°/o 

conversion of larval nitrogen for male cocoon shell. The lower value 

obtained in the present experiment can be attributed to the completely 

different hybrid silkworm, mulberry cultivar and rearing environment. 

Female cocoon shell : 55% of the larval nitrogen has been utilised for 

the female cocoon shell in control tetramoulters, whereas the 3 5.48% in 

KK-42, 30.30% in KK-110 and 37.03% in KK-22 treated individuals. 

Utilization of nitrogen for female cocoon shells is always lower than in 

the males. Horie and Watanabe (1986) have recorded this conversion 

value as high as 64.5%. 

Male Pupa : A 30%> of the larval nitrogen has been utilized for male 

pupal biomass of control tetramoulters. The values are 45. 16% in KK-
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42, 51.51°/o in KK-110 and 37.03% in KK-22 treated individuals. This 

indicates a higher allocation of nitrogen towards pupal growth in 

trimoulters than in case of tetramoulters. 

Female Pupa : A 43.33% of the larval nitrogen has been utilized for 

female pupal biomass of control tetramoulter. The values are 64.51% in 

KK-42, 69.69% in KK-11 0 and 59.25% in KK-:22 treated larvae. This 

implies that the induced trimoulter larvae are more programmed for 

utilization of nitrogen in food for the production of yolk protein of eggs 

rather than for cocoon shell. Horie and Watanabe (1986) have recorded 

utilization of 34.88% of larval nitrogen for female pupa in tetramoulters. 

In this experiment the value ( 43.33%) in the tetramoulters has been 

recorded to be higher than the reported value. This perhaps due to, 

unfavourable wet part of summer when nitrogen percentage in the leaves 

is low. A physiological compensation has been developed by way of 

boosting up of the efficiency of utilization. 

5.16 Rearing Performance at the Next Generation of Induced 

Trimoulters of KPG B x P 
5 

During wet part of summer( unfavourable) : The tetramoulters obtained 

in the next generation have maintained the general qualitative and 

morphological traits. Thus, the return to the usual tetramoulter 

development from the induced trimoulter in this experiment supports the 

finding of He and He (1994). The authors are of the opinion that the 

qualitative characters and morphological characters of B. mori when reared 

with imidazole treatments for continuous and alternate generations, show 

normal performance at par with the control tetramoulters when reared 

without imidazole treatment. Neither the genotype nor the other 

efficiencies of the race are found to be affected due to the imidazoles 

used. 
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During November-December (favourable) : From the result it is evident 

that the qualitative characters of B. mori have not been influenced at the .. 

followings generation in which no imidazole has been applied. 

Wigglesworth (1972) suggested that in lepidopteran larvae the number of 

larval instars and their morphological characters are genetically fixed. 

These can only be modified by alteration of external factors. the imidazoles 

have altered the larval development programme with the formation of 

precocious cocoons. The action of imidazole compounds is anti juvenile 

in nature and this action can be rescued by application of juvenile hormone 

analogue, such as methoprene as have been argued by Asano et a/. ( 1986) 

and Darvas et a/. (1989). He and He (1994) have advocated for the use 

of imidazoles during unfavourable rearing season for the production of 

eggs from trimoulter moths and use of this eggs for rearing during 

favourable season. This result justifies the use of imidazole compounds 

during unfavourable season for the production of bivoltine eggs which 

can be reared during the following favourable season without further 

application of imidazoles for achieving desired yield in tropical plains 

such as in West Bengal. 

5.17. Rearing Performance of the Hybrids of Three-way Crosses of 

Polyvoltine (Nistari) X Induced Trimoulter Bivoltine Male 

(KPGB X P
5

) 

Fecundity: Successful mating is one of the important factors for fecundity 

of female silk moths ( Askari et a/., 1984 ). The oviposition stimulating 

substance and transfer of sperm into female genital tract induce 

ovoposition (Yamaoka and Hirao 1981 ). Virgin females and the females 

mated with sterile males show low level of fecundity (Fugo and Arisawa, 

1 992 ~ Danthanarayana and Gu, 1991) and sterility in males may be caused 

by exposure of male silkworm larvae to high temperature during spinning 
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(Sugai and Hanaoka, 1972; Sugai and Takahashi, 1981; Dutta eta/.,, 

1982). But in the present result the fecundity in all the three way crosses 

of Nistari X induced trimoulter bivoltine males treated with 3 J..Lg of KK-

42, 10 J..Lg ofKK-110, or 20 J..Lg ofKK-22 has been almost the same as in 

the case of control (Nistari X tetramoulter bivoltine male). The Nistari ( a 

polyvoltine race) though having a low yielding trait, is very resistant to 

the adverse climate of West Bengal and has a very high combining ability 

with any improved race/line showing positive heterosis (Jayaswal et a/., 
.et-~·, 

1990). Xue1(1994) after using induced trimoulters for the preparation of 

F 
1 

commercial hybrid eggs has obtained the result at par with that of 

control. His conclusion is that the health of the induced trimoulter male 

moths is not impaired at all. The present result also substantiates this 

conclusion. 

Weight of 100 eggs and weight of 100 ants (newly hatched larvae) : 

Weight of 100 eggs has no significant difference either within the 

treatments or with the control. So, hybridization with induced trimoulter 

male has no adverse effect on the egg vigour. Hence the newly hatched 

out larval weight has not been affected. 

Hatching percent : The nonsignificant difference in the percentage of 

hatching of eggs obtained from imidazole-treated and control females 

implies that these compounds have no sterilizing effect on the males of 

B.mori. 

Single cocoon and single shell weights : Single cocoon and single shell 

weights of treated individuals are almost at par with those of control in 

all the treatments. This indicates that the hybrid vigour and combining 

ability of Polyvoltine with trimoulter bivoltine for economic traits are 

not affected by the imidazoles. This finding is in support of He and He 

( 1994) who have observed that neither the genotype nor the combining 
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ability are affected by the use of imidazoles for the production of 

trimoulters. 

SR 0/o (Silk ratio) and filament length : Both the economic traits 

have not been affected by the imidazoles applied. These are almost at par 

with the control values. 

From the analysis of all the observations it is imperative that during 

the wet part of summer in West Bengal imidazoles can be used for the 

production of trimoulter males of bivoltine races. The F 
1 

hybrid eggs can 

also be effectively raised as seed during this season by crossing polyvoltine 

with the resultant trimoulter bivoltine males. The suitable doses of the 

compounds are 3 J.Lg of KK-42, 10 J.Lg of KK-11 0 and 20 J..Lg of KK-22. 
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6.SUMMARY 

An investigation was carried out on the mulberry silkworm Bombyx mori L. 

(Lepidoptera : Bombicidae) in its two breeds, multivoltine Nistari, bivoltine 

KPGB and in a bivoltine hybrid (KPGB x P5) during both dry and wet part of 

summer in the subtropical plains of West Bengal, India. The effect of starvation 

on dTly single day of the fifth instar larvae and such. starvation accompanied 

with the juvenile hormone analogue, methoprene (0.3125 j...tg/larvae) was 

assessed on the reproductive and economic (cocoon) characters. The object 

was to identify the day/days of fifth larval life when starvation will cause the 

least impairment of those characters. Furthermore, the JJ-la was used to explore 

the possibility of recovering the impairment due to starvation. 

An additional experiment was conducted for an understanding of the effect 

of the imidazole derivatives KK-42, KK-11 0 and KK-22 for raising the trimoulter 

male moths of the bivoltine hybrid ( KPGB x P 5) so that polyvoltine X 

bivoltine hybrids eggs can be produced and reared commercially during the 

adverse wet part of s1:1mmer in the subtropical plains of West Bengal. 

Effect of Starvation on Any Single Day and Starvation accompanied 

with the JHa Administration 

Consumption and assimilation of food : Both consumption and assimila

tion of food by the larvae of all the three breeds were higher during wet part 

than during the dry part of summer. The result obtained after treatment with 

methoprene was also of identical nature. 

The effects of starvation on consumption were least on the days 3 and 5 in 

Nistari, days 2, 6 and 7 in KPGB and days 2 and 7 in the hybrid KPGB x P
5 

during the dry part of summer. Such least affected days during wet part of 

summer were day 5 in Nistari and KPGB x P
5 

and day 7 in KPGB. The 

application of methoprene through increased the food consumption, the JHa 
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could not recover the larvae from the impairment of loss of consumption in 

KPGB and KPGB x P
5 

which was rescued in case ofNistari. 

0 The assimilation was least affected due to starvation on days 2 and 3 in 

Nistari, days 6 and 7 in KPGB and days 7 and 8 in the hybrid during dry part of 

summer. During the wet part of summer the least affected days were 2 in 

Nistari, 7 in KPGB and 2 and 3 in hybrid. Applicati~n of methoprene could not 

recover the loss in assimilation due to starvation except in the larvae of the 

hybrid starved on day 8 and only during wet part of summer. In these larvae 

there was some recovery of the loss in assimilation. 

Efficiency of conversion of digested food : The values of ECD on larval 

body was least affected due to starvation on days 3 and 4 in Nistari, 5 in KPGB 

and 2 and 3 in the hybrid during dry part of summer. During wet part of summer 

such days were 6 in Nistari, 7 in KPGB and 4 in this hybrid. The JHa reduced 

the ECD values irrespective of the seasons. 

The ECD for male cocoon shell was least affected by starvation on the days 

2 and 4 in Nistari, 5 in KPGB and 5 in the hybrid during dry part of summer. 

During wet part of summer the least affected days were 6, 2 and 2 in case of 

Nistari, KPGB and the hybrid respectively. The ECD values for the female 

cocoon shells were lowered least because of starvation on the days 2 and 4 in. 

Nistari, 5 in KPGB and the hybrid during dry part of summer. The least af

fected days during wet part of summer were 6 in Nistari, 2 and 8 in KPGB and 

5 in the hybrid. Irrespective of seasons and sexes the JHa application reduced 

ECD value in all the starvation days. 

The ECD for pupal biomass has been least affected by starvation during dry 

part of summer on the days 4 in Nistari and 5 in KPGB and the hybrid. During 

wet part of summer such days were 3 in Nistari, 2 and 7 in KPGB and 5 in the 

hybrid. The JHa reduced the ECD values for pupal biomass. 
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Economic Characters : The starvation-induced impairment of the ERR 

values were least on the days 3 in Nistari, 7 in KPGB and 8 in the hybrid during 

dry part of summer. During wet part of summer such days were 3 in Nistari, 7 

in KPGB and 5 in the hybrid. Methoprene had no capacity to improve the itn-

pairment. 

The least affected days for the final larval weight'due to starvation were 3 in 

Nistari, 6 in KPGB and 2 in the hybrid during dry part of summer. Similarly the 

least impairment on the final larval weight occured on the starvation days 3 in 

Nistari, 8 in KPGB and 4 in the hybrid during wet part of summer. Methoprene 

though improved the larval weight, it could not recover the impairment totally. 

During dry part of summer the weight of cocoon in both the sexes were 

least impaired by starvation on day 2 in Nistari and 6 in KPGB. the ]east 

impaired days for the hybrid were 2 in male and 7 in female. For the wet part of 

summer such least affected values were obtained on days 3 in Nistari, 6, 7 and 8 

in KPGB and 2 in bivoltine hybrid. Methoprene was able to recover the impair

ment in all the days except day 4 in Nistari and on days 4,5,6,7,8 in males of 

KPGB x P
5 

during wet part of summer. In rest of the days the action was below 

the control value. During dry part of summer rescue from impairment was 

better for Nistari in both the sexes, but in KPGB and also in KPGB x P5 due to 

cummulative action of starvation and low digestibility, caused by the action of 

JHa, the impairment towards the cocoon characters was not re~overed. 

Reproductive Characters : For practical reason the study was restricted to 

the females only. There is a good correlation between the pupal biomass and 

reproductive performance of the females. The characters considered in this re

gard were live pupal weight, total ovariole length, number of eggs in ovariole 

and fecundity. Least impairment on the reproductive characters due to starva

tion was obtained on day 2 in Nistari, 7 in KPGB and 2 in the hybrid during 

dry part of summer. During wet part of summer results obtained were same for 

Nistari and KPGB, but in KPGB x P5 least effect was on day 5. The action of 
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methoprene increased the fecundity in all the breeds. The values were higher 

than JHa free control larvae in all the days except 4 and 5 during dry part of 

summer and except for days 4, 5 and 6 during wet part of summer in Nistari 

only. The impairment was not rescued in KPGB and the hybrid during any of 

the seasons. 

Utilization of leaf nitrogen : The starved larvae efficiently utilized high 

amount of leaf nitrogen during the wet part of summer as compared to that with 

the dry part due to high water level in the leaves. Better nitrogen digestion has 

been observed for starvation days 4 and 5 in Nistari, 6 and 7 in KPGB and in all' 

the days except 5 in hybrid during the dry part of summer. During wet part of 

summer starvation on the days 2 and 4 in Nistari, 6 and 7 in KPGB and 4 in 

KPGB x P 
5 

exhibited better result. Treatment with methoprene increased nitrogen 

accumulation in larval body but digestibility got reduced. Higher flow of 

nitrogen towards both male and female cocoon shell was observed for starvation 

days 3 and 4 in Nistari, 6 in KPGB and 2 in KPGB x P5 during dry part of 

summer. During the wet part better result was observed for the days 3 and 4 in 

Nistari, 7 and 8 in KPGB and 3 in KPGB x P
5 

for both males and females. 

From the results it can be inferred that any single day food deprivation 

directly affects the economic and the reproductive characters. However, if needed, 

be during dry part of summer starvation may be imposed on day 3 in Nistari, 6 

in KPGB and day 2 in the hybrid. During wet part of summer the safe days for 

starvation are day 3 in Nistari, 6, 7 and 8 in KPGB and 2 in the hybrid. Simultaneous 

application of methoprene after 48 hrs in fifth instar would help in increasing 

fecundity in all the breeds in both the seasons as compared to that with JHa free 

starved batches. 

Effect of the Imidazole Derivatives for producing Trimoulter males of 

KPGB x P
5 

The imidazoles, KK-42, KK-11 0 and KK-22 were applied topically on the 
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fourth ins tar larvae of the hybrid KPGB x P 5 of B. mori during wet part of 

summer for the production of trimoulters. 

Determination of Effective Dose : A dose of 3 J.Lg/larva of KK-42 induced 

92% precocious cocoon formation and 94.56% pupation, 1 )lg/larva induced 

only 70% pupation whereas, a higher dose of above 4 )lg/larva caused larval 

death. Treatment with 10 J.Lg/larva of KK-110 induced 93% pupation, and a 

dose of 5 J.Lg/larva resulted in only 30%, precocious pupation, a higher dose of 

15 J.Lg/larva utterly reduced pupation. KK-22 at a dose of 5 J.Lg/larva caused 

26% precocious metamorphosis and 84.69°/o pupation, 10 J.Lg/larva caused 75°/o 

precocious metamorphosis and 80.69°/o pupation and at 20 )lg/larva there 

occurred 86% precocious metamorphosis and 90.1% pupation. 

Thus, a dose of 3)lg ofKK-42, 10 )lg ofKK-110 and 20 J.Lg ofKK-22 per 

larva were considered the effective doses for the induction oftrimoulter during 

wet part of summer in West Bengal. 

Performance of the Larvae Treated with the Effective Doses of the 

lmidazoles 

Nutritional efficiencies : The consumption of mulberry leaves, assimilation, 

absolute consumption, absolute gain in larval weight and absolute growth rate 

were much higher in the larvae treated with the effective doses of the imidazoles 

than in the control fourth instar larvae. But the values were much lower than 

those of control fifth instar larvae or the combined values of fourth and fifth 

instar larvae. On the whole, the values of the trimoulter-destined larvae treated 

with the effective doses of all the three imidazoles were close to each other. The 

ECD0/o to pupal biomass in both the sexes was increased to higher levels by all 

the three imidazoles with concomitant decrease in values of ECD% for cocoon 

shell. The trimoulter larvae consumed 50% of the total nitrogen consumed by 

the control tetramoulters. But the digestibility was higher than in the control 

larvae with correspondingly low level of excretion. The efficiency of conversion 
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of digested nitrogen to larval body was 100%, 94.28°/o and 96.55% in cases 

of KK-42, KK-11 0 and KK-22 treatments respectively as against the 92.3% in 

control larvae. The result reveals a higher efficiency of nitrogen utilization by 

the trimoulter-destined larvae. The sharing of larval body nitrogen for cocoon 

shells was lower in the imidazole-treated individuals than in the control. 

Concomitantly the pupal share of nitrogen was higher in the trimoulters than in 

the control. The result justifies that induced trimo~lters of B. mori are more 

programmed towards the perpetuation of race than to contribute to the protective 

shell. 

Rearing performance: The effective rate of rearing (ERR%) was improved 

considerably. The values were 85% in KK-42, 78°/o in KK-11 0 and 81 °/o in 

KK-22 as against only 62% in case of control tetramoulters. Compared with 

the control fourth instar larvae the larval duration of treated trimoulter-destined 

larvae was extended from 3.0 to 3.7 days. Relative to the control values the 

average weights of male and female cocoons were 54 and 64% in KK-42, 46.7 

and 60.4o/o in KK-110 and 63.25 and 71.4o/o in KK-22 respectively. The 

corresponding shell weights were 34.6 and 37% in KK-42, 31.9 and 35.4°/o in 

KK-110 and 34.3 and 37.2% in KK-22.The silk filament length were less than 

50°/o of the control value in cases ofKK-42 and KK-11 0 administration whereas 

it was a little above 50o/o in case of KK-22 treatment. The denier (size of silk 

filament) also decreased in the trimoulters resulted from the imidazoles, the 

average values being 1.57, 1.51 and 1.90 as against the control value of2.01. 

Reproductive Performance : The female pupae contribute largely to egg 

production. Therefore, the female pupal weights obtained from the trimoulters 

were not so much reduced. With comparison to the control values the weights 

were 65% in KK-42 and KK-11 0 and 70% in case of KK-22. 

The moth emergence time i.e., pupal duration were reduced in the trimoulters 

by one day than in the control tetramoulters. 

The fecundity was reduced than in the control. In comparison to the control 

values the fecundity was 69.37% in case ofKK-42, 67.19% in KK-110 and 
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61.98 in case of KK-22. Interestingly the egg vigour and the weights of newly 

hatched larvae did not differ between the tri - and tetramoulters. 

Rearing Performance in the Next Generation Obtained from the Cross 

Between Polyvoltine Nistari Females and Bivoltine Trimoulter Males 

The fecundity of the resultant moths was at par with the values obtained 

from the hybrid ofNistari females and tetramoulter bivoltine males. Even there 

was no adv erse effect on spermiogenesis. This was evident from the hatching 

percentage which was at par with the control value. This implies that the 

reproductive potency of the trimoulter males is not impaired by the imidazoles. 

The egg vigour and newly hatched larval vigours were not reduced as evident 

from the weights of 100 eggs and 100 newly hatched larvae. 

Similarly the cocoon weights, cocoon shell weights, SR% and filament length. 

were at par with the results oftetramoulter control. Thus, the rearing performance 

and economic (cocoon) characters are maintained in the next generation. 

Rearing Performance of the Eggs Obtained from the trimoulter bivoltine 

females 

The rearing performance in the next generation in respect of economic and 

reproductive characters was at par with the control results of both favourable 

and unfavourable seasons. The trimoulters retained their tetramoulter quality. 

Thus, the trimoulter eggs may be of commercial value in the sub-tropical humid 

plains such as in West Bengal. 

The overall result suggests that the imidazoles in effective doses are very 

useful for bivoltine silkworm rearing during wet part of summer. Furthermore, 

these can be used for the production of polyvoltine X bivoltine hybrid eggs for 

rearing of commercial crop during this adverse season. 
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