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INFORMATIONS SOlE ET SERICICULTURE 

XVème CONGRES SERICICOLE INTERNATIONAL 

2-6 MARS 1987 

PATTAYA, THAILANDE 

PROGRAMME 

Lundi 2 mars 

1Oh0O-12h00 	Ouverture du Congrs - Assemb1e GTIra[e (ouverte A Lous tee 
délgus, les dames et autres inviLs). 

13h30-l7hOO 	 Section MIJRIER - President : Jorge WATANABE (Brsii) 

Mardi 3 mars 

9h00-12h00 	 Section FILATURE ET ARTISANAT - L'rsident : Visith NOIPHAW 
(Thai Lande) 
Section BACOLOGIE - PrsidenL : Jean-Marie LEGAY (France) 

13h30-17h00 	 Section ECONOMIE - President : (Association Internationale de 
in Soie) 

llercredi 4 mars 

iOh0O-12h00 	 ConIrence de la Commission S6ricicole Internationale (réserve 
sue dLgations officielles des Etits Ntembres et des Etats 
Obs cc vat curs) 

13100-17h00 	 Section ROMBYX Hog! - President 	Satoru UEDA (Japon) 
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Jeudi 5 mars 

9h00-12h00 	 Section SERICICENES NON-MURIER - ['resident 	K. SENCUPTA (mdc) 

13h30-17h00 	Conclusion - Discussions finales - Rapport des diffCrentes 
sect ions. 

Vendredi 6 mars 

Excursion : visite d'artisanat (Province d'Ayuthaya) 

RAPPEL 

Les articles concernant lea communications au Congrès doivent parvenir au secre-
tariat de La C.S.I. (La MtiIatjre, France) avant le 31 octobre 1986. 

L'enregistrement et Ic paiement des droits d'inscription doivent parvenir au 
secretariat permanent du CongrCs (Bangkok, Thailande) avant Le 31 dCcembre 1986. 
(Me pas oublier de retourner In copie (feuille verte) du formulaire d'inscription 
au secretariat de [a C.S.I.) 

SECRETARIAT DE IA C.S.I. 	 SECRETARIAT PERMANENT Dli CONCRF.S 

25, quai J.J. Rousseau 	 Thailand Management Development 
69350 LA MULATIERE 	 and Productivity Center 

FRANCE 	 Ministry of Industry 
Rama VI Road 
BANKOK 10400 

THAILANDE 

ATEL TER 

Un ate1ir consacrC 5 [a "c,enetique du dCveloppement. biochimie et hiologie 
moleculaire du ver i sole" eat en prCparat ion pour Ic mois d'avri I 1987 on Crèce 
(Crete). 

Le Comite organisateur 

U.S.A. : M.R. GOlDSMITH, K SPRAGUE 
JAPAN : B. SAKAGUCIII, V. SUZUKI 
GREECE : F.C. KAFATOS 
FRANCE : J.C. PRIIDIIOMME 
CANADA K. IATROU 

diffusera les invitations auprès des scienl- iliques travaillant dans cc domainc. 
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UNE PUBLICATION BE GRANDE BRETAGNE 

THE WORLD HARKET OF SILK 

Peter Creenhald, 1986. Rapport do Tropical Development and Research Institute. C195, 

117 p. 

Tropical Development and Research institute, 127 Clerkenwell Road, LONDON ECIR 5DB. 

Le rapport intituié 'The World Market for Silk r6aliS6 par 

Peter Greenhaigh a été pubili en juin 1986 par Ic 'Tropical Development and Research 

I ii at i t Ut e" 

Cette etude trs compIte et trs prcise fait le point sur Ia situation 

en 1984 des productions et des échanges de sole dana Ic monde. La situation des pays 

producteurs, les tendances do march et levolution récente soot décritea dana le 

detail 	laide de nombreux tableaux qui donnent pays par pays les productions, 

consommations, exportations et importations de tous les prodults soyeux. 

L'accent est mis sur Ia dCpendance des pays consommateurs de sole vis 

via de Ia Chine et les difficultes des autres pays ou des nouveaux pays producteurs 

de sole grège a conquCrir une partie de cc marchC. 

Scion les conclusions du rapport, l'Cvolution ultCrieure de I'industrie 

mondiale de la sole dCpend essent iel lement des developpements ralisCs par La Chine, 

premier producteur et premier exportateur, et au Japon, premier consommateur et 

premier importateur et Cgalement producteur important. 

Un rapport extrCmement utile pour tous les sericiculteurs et les 

industriels. 
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SILK AND SERICULTURE INFORMATION 

XVth INTERNATIONAL SERICULTURAL CONGRESS 

2-6 March 1987 

PATTAYA, THAILAND 

PROGRAMME 

Monday 2nd March 

10.00-12.00 a.m. 	Openriing of the Congress - General Assembly (open to all the 
delegates, ladies and other guests) 

1.30-5.00 p.m. 	MULBERRY Section - Chairman: Jorge WATANABE (Brazil) 

Tuesday 3rd March 

9.00-12.00 a.m. 	SILK REELING AND HANDICRAFT Section - Chairman: Visith NOIPHAN 
(Thai land) 

BACOLOLY Section - Chairman: Jean-Marie LEGAY (France) 

1.30-5.00 p.m. 	ECONOMY Section - Chairman: (International Silk Association) 

Wednesday 4th March 

10.00-12.00 a.m. 	Conference 	of the International Sericultural Commission (open 
only to official delegates of Member States and Observer Stat.e) 

1.30-5.00 p.m. 	BOMBYX MONt Section - Chairman: Saturn UEI)A (Japan) 
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Thursday 5th March 

9.00-12.00 a.m. 	NON-MUlBERRY SILKWORMS Section - Chairman: K. SENGUPTA (India) 

1.30-5.00 p.m. 	Conclusion - Final round of discussion - Reports of the sections 

Friday 6th March 

Field visit to the Bangsei Ilandicralt and Cottage Industry under 
U.N. the Queens Projects (Ayuthaya Province) 

PLEASE KEEP IN MIND: 

The papers to be presented at the Congress must be forwarded to I.S.C. secreta-

riat (La Mulatire, France) before 31st October 1986. 

Your registration form along with the payment of the registration fees must 

reach the standing secretariat of the Congress (Bangkok, Thailand) before 31st 

December 1986. (Do not forget to send the other copy (green one) of the registration 
form to the I.S.C. secretariat.) 

SECRETARIAT OF THE I.S.C. 	 STANDING SECRETARIAT OF TILE CONGRESS 

25, qusi J.J. Rousseau 	 Thailand Management Development 
69350 LA MULATIERF. 	 and Prnductivity Center 

FRANCE 	 Ministry of Industry 
Rarna VT Road 

BANGKOK 10400 
THAILAND 

WORKSHOP 

A workshop devoted to 'Develnpmental genetics, biochemistry and molecular 
biology is in preparat ion 	for April 1987 in Greece (Crete). 

The organizing committee 

U.S.A. : M.R. GOLDSMITH, K SPRAGUE 
JAPAN 	B. SAKAGUCIII . Y SUZUKI 
GREECE 	F.C. KAFATOS 
FRANCE 	J.C. PRtIDIIOMME 

CANADA K. IATROIJ 

will send nut the invitations to scientists working in this field. 
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A PUBLICATION FROM GREAT BRITAIN 

THE WORLD MARKET OF SILK 

Peter Creenhald, 1986. Report of the Tropical Development and Research Institute, 
C195, 117 P. 

Tropical Development and Research Institute, 127 Clerkenwell Road, LONDON ECIR 5DB. 

The report entitled The World Market for Silk' written by Peter Creenhalgh 

has been published in June 1986 by the 'Tropical Development and Research Institute". 

This very thorough and precise study looks into the situation of the 

productions and exchanges of silk all over the world in 1984. The position of the 

producer countries, the trend in the market and the recent evolution are described 

in details and the numerous tables show the production, consumption, export and 
import of all the silk goods in each country. 

The emphasis is put on the dependence of the consumer countries towards 

China and on the difficulties encountered by the other producer countries for 
breaking into this market. 

According to the conclusions of this report, the future trends of the world 

silk industry is mainly dependent on the development in China, the major producer 

and exporter country, and in Japan, the major consumer and importer as well as main 
producer country. 

Avery valuable report for all sericulturisis and industrialists. 
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rericologia, 1986, 26(3), p. 275-280. 

EFFECTS OF VARIOUS CHEMICALS ON GERM CELLS OF 

ANTHERAEA MYLITTA DRURY (LEPIDOPTERA) THE WILD TASAR SILKWORM 

J.P. GAUR*  and P.R. MEIIROTRA 

Department of Zoology, 
University of Rancht, 

RANCh, 834007, 
India. 

As radiations are non-specific in their action on chromosomes and may produce 
breaks at random, resulting in random restitution and ultimately random recombina-
tions, biologists have used various chemicals as mutagens. while few chemicals inhi-
bit mitosis and meiosis others stimulate them. Effects of mitomycin-C and EMS have 
been studied in pre-meiotic germ cells of male silkworm Bornbyx mor( (Tazima et aZ.. 
1968). Various mutagens have been used in production of polyploid high yielding 
varieties in agricultural institutes in India and abroad. But in sericulture only 
few workers have studied (Dutta, 1978) sensitivicy of EMS, an alkylating agent, on 
premeiotic and post meiotic germ cells of Bombyx rsori. In view of above experiments, 
present studies to study effects of colchicinc, EMS, mitomycin-C, benolate and cyclo 
chioro hexane on mitotic, premeiotic and post meiotic germ cells of Antheraa mylitta 
have been conducted. Out of these live chemicals, benolate, a fungicide, and gamme-

xane, a pesticide, are of immense use to tasar culturists for protection of silkworm 
and food plants but have rarely been studied as chemicals affecting cytology of tasar 
silkworm species. 

All the treatniects made here, have revealed few common poisoning effects in 
cells i.e. breakage of spindle, blockage of mitosis, change in viscosity of cell, 
stickiness followed by breakage in chromosomes and interruption of DNA synthesis and 
denatutation of lipoproteins. 

* Present adrcss : Regional Sericultural Research Station, llajra (Dhradun) -248171, 
(UP), 10(1 in. 
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MATERIAL AND METHODS 

For all the treatments, viz. coichicine, ethyl methane suiphonare, mitomycine-C, 

gammexane and benolate, studies were conducted on similar lines. Only males of one 
race, l)aba (0Mg), of Antheraca mylitta have been used. Fourth and final instar lar-
vae, middle aged and just before emergence pupae were treated with each of the chemi-

cals in different concentrations. Slides were prepared as per the following tech-

nique. Gonads were dissected out in hypotonic solution (0.457) of sodium citrate and 
broken into line pieces with the help of all injection syringe (No. 20 needle). The 

suspension was centrifuged I or 10 mts. at 5000 rpm. The supernatant was di scarderl 
and the pellet was fixed in freshly prepared fixative (1 Pt. acetic acid, 3 pts. 

methanol) and kept for one hour. This suspension was dropped on cold slides. The 
fixat lye was allowed to evaporate and dried. The slides were stained in Ciemsa (stock 
solution diluted to 20 times at 7.2 p11) and washed in de-jorrized water and observed. 

I. EMS (Kodak) was dissolved in three different concentrations of 0.057, 0.17. 
and 0.5',', sodium chloride solution and 2ml and 5m1 of each strength was injected into 
freshly moult out Iourth and final instar larvae and 20 days old pupae from one sea-

son harvest and individuals were sacrificed for slide preparation after 18 hours of 
treatment. 

A colchirinc solution in 0.75% sodium chloride in concentrations of 0.017., 
0.057,, 0.17. and 0.5% was prepared and 2ml of each was administered to individuals 
of above mentioned age and after 18 hours, these were sacrificed for slide prepara-
tion. This experiment was modified for other replications of each concentration, in 
uhich dissected out gonads were kept for 100 minutes before fixation. 

£iitomycin-C (Sigma) was dissolved (2gm) into ID and 20m1 of 0.75% saline 
and 2ml of each was injected in different replications and fixation was carried 
out after 18 hours. 

Benolate (0.017., 0.057. and 0.17.) solution was prepared in distilled water 
and sprayed upon Teersinalia arjuna leaves before feeding. The larvae were fed on 
these leaves for 12 hours and fixation was done according to the usual technique. 

S. Gonads from freshly moult out final instar larvae were kept in 0.17., 0.57. 
and 1.0% solution of 507. gammaxene prepared in distilled water for 2hour- and one 
hour. 

RESULTS AND DISCUSSION 

As all the chemicals refered to earlier, except benolate, were applied on diffe-
rent cell stages of spermatogeulesis, the results have been divided in three parts 
viz, stage-wise sensitivity effects, effects on mitotic and meiotic stages. 

1. Stagewise sensitivity: 

All the chemicals have shown almost similar results on different stages of cell 
divisions. Post meirutic stages are most sensitive to EMS, celchicini and mitumycin-C 
treatments. Male larvae of 1th and final instar and old pupae with spernraiids were 
tested for dominant lethality calculated through hatching percentages. Post meiotic 
stages were most sensitive as the hatchabi lily was reduced to (8.1)07. and 21.57. at 
0.17. and 0.27. EMS treatment respectively against 76.8 in control, on the other hand 

the early stages of mitosis and meiosis, when treated and tested for dominant letha-
lity, revealed slightly higher hatchability i.e. 35.87. and 32.67.. 
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Gammexane and benolate had more serious effects as their higher dosage did not 

allow any laying to hatch and killed spermatids (as these male moths (lid not copulate 

with normal females). The latter two chemicals however, had less lethal effects as 

hatchability was in the range of 50 to 705, according to their dosage in early stages 

of meiosis. Early fourth instar larvae with mitotic stages were less sensitive as 
there was no marked decline in hatchability. The results (Table I) are quite diffe-
rent from irradiation effects where post meiotic cells had very little sensitivity. 

A lower dosage of benolate had no effect on meiosis but 0.55 of concentration 
resulted into lethal effects like hampering of synapsis and stickiness. Longer dura-
tion benolate had killed cells. 

RESULTS AND DISCUSSION 

An assessment of results of different treatments on various stages of cell divi-
sion, viz. mitotic, premeiotic and post meiotic, reveals some important clues in 

cytogenetic studies of Antheraea rnyistta . The most important of these effects is the 
variability in sensitivity at different cell stages, to these chemicals and particu-
larly post meiotic stages, where the dominant lethality was most prominent. The 
breaks caused many irreparable losses in chromosomes of Antheraea rnyiitta at sperma-

tid stage. These results support the theory of Tazima et aI. (1968). where it was 
postulated that the chemical mulagens caused breakages in one of the two helices of 

DNA. In these studies on post meiotic cells, due to non-synthesis of DNA, the losses 
remained unrepaired, while in mitotic and meiotic cells of larvae, broken strands 
of helices recovered losses in due course of time as a very low zygotic lethality 
was observed. The present observations in Antheraea myLitta are in confirmity to the 

observations made in Bomhgx mon by Murakami (1971) and Dutta (1978). 

The presence of survivality of breaks even after 8 days of treatment (EMS, col-
chicine and mitomycin-C) are similar to the results obtained in Drosophila (Fahmy. 

1957) and mice (Ehling, 1971). 

Effects on mitosis: 

The mitotic division is equally affected by all chemicals treated as they all 
act, as mitostatic, colchicine revealed more prominent swellings of chromosomes (at 

lower dosage of 0.055,) while higher doses (0.15. and 0.55,) gave metaphase chromosomes 

peculiar shapes of double chromosomes, stainability at anaphase was faint. Other 
effects were the inhibition of spindle formation and releasing metaphase chromosomes 
which appeared like bivaletits of meiotic metaphase I. The effects of mitomycin-C are 
a poor stainability and the thinning of chromosomes. In benolate treatment, the chro-
mosomes are clumped into one and two eases (Table II) with abnormal pycnosis. 

Meiotic effects: 

Colchicine and gammexane dispersed the synzetic knot at leptotene and higher 
closes at 0.55, had more severe effects on pairing and bivalents appeared like unpaired 
or sc'mipaircd structures. The chromosomes were fragnientccl and these fragments were 

present even alter 8 days of treatment, mitomycin-C affected the chromosomes in some 
different way from colclticine but had similarity with EMS as chiasma were increased 
from 148.8 per cell in controls in 52.3 in mitomycin treated cells and 51.7 in EMS 
treated cells.Aneuploidy, and pulverization Of chromosomes was also observe. 

lestilts like spindle inhibition and metaphase arrest indicate the possible role 

of cheniicil ;igcnts in the interruption of supply of essential amino acids for the 
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synthes is of spindle proteins. Coichic Inc and gammexane have been important factors 

in blocking the amino acid synthesis (Sharms & Sharma, 1960,61 and Sharma-Chaudhiiry. 
1965,67) in Al?.iunj sp. and the resulLs obtained in ,4. rnyl.i.tta are in confirmity. 

Ethyl methane sulphonatc and mitomycin reduce the number of dibolic cations from 

cytoplasm and thus affect l)NA synihesis, changing the chromat in structure and increa-
sing the chiasma frequency from 48.8 to 52.3 and 51.7 respect ively and thus enhancing 

the recombination indices. The results are opposite to X-ray treatments, where 
cations were increased resulting into formation of 11202. 

But the most common effect of the chemicals used in the cell treatments in A. 
myZitta have been on cell viscosity. The addition of these chemical solution to cell 
contents altered the viscosity and ultimately the spindle shape and even breakage 
of an earlier formed spindle. 

If the results were analysed in more detail, it could be lound that gammexane 
induced more chromosomal break due to the reduplication of histo-proteins at diffe-
rent led. The enhanced DNA synthesis resulted into variations in recombinations and 
ultimately the chiasma frequency of complement i.e. production of abnormal labile 
DNA by chemical reactions and incorporation of abnormal precursors. 
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Dose! 
Dose 

COICHICINE 	GAMNEXANE EMS 	MIT0MYCJN-C Contrail 
Tmoin 

Hatching percentage! Pourcentage d'éclosion 

0.01% 76.2 n.a. n.a. n.a. 

0.05% 73.4 n.a. 74.1 n.a. 

0.10% 66.4 64.6 69.8 69.6 
76.8 

0.20% - 62.3 n.a. 49.6 

0.50% 60.5 50.1 56.4 n.a. 

Table I. Zygotic Lethality due to treatments on meiotic germ cells 
of A. mylittcz D. (tested through hatching percentages). 

Tableau 1. L4taljt4 des oeufs due aux traitements chimiques sur les cellules 
germtnales miotlques de A. raylitta D. (mesurée sur les pourcentages d'cLos1on). 
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Dose! 
Dose 

COtCHICINE 	GAMMEXANE EMS 	MITOMYCIN—C 	Control/ 
T.njn 

Hatching percentage! Pourcentage d'closion 

0.01% 73.8 - - 

0.5% 70.1 - 73.9 	- 

0.10% 10.2 35.1 23.8 	32.9 	
76.8 

0.20% n.a. 9.3 - 	21.4 

0.50% 0.0 0.0 16.7 	- 

Table II. Zygolic lethality due to chemicals on post rneiotic germ cells 
OF  A. rnytitta D. (tested through hatching percentages). 

Tableau 11. Létalitê des oeuls due aux traitements chimiques our les cellules 
germinales post méiotiques de A. 'nylitta D. (mesure sur les pourcentages d'closion) 
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Trauction 

EFFETS DE DIVERS PRODUITS CHIMIQUES SUR LES CELLULES GERMINALES DE 

ANTIIERAEA MYLITTA DRURY (LEPIDOPTERA), LE VER A SOlE TIJSSAH SAUVAGE 

J.P. GtWR et P.N. MEBROTRA 

Department of Zoology, 
university of Ranchi, 

lode. 

Eton-t donn6 que les radiations n'ont pas une action specifiquc sur les chromo-

somes et peuvent produire des cassures nirnportc oi, te qui a comme résullat une 

restitution au hasard et pour finir, des recombinaisons au hasard, les biologistes 

ont utilisé divers produits chimiques comme mutagnes ; alors que quelques produits 

chimiques inhibent Ia mitose el la mciose, dautres agissent comme stimulants. Les 

eflets de Ia mitomycine-C et de léthyl methane suiphonate (EMS) ont Cté étudiés chez 

les cellules germinales prCmCiotiques du ver i soic Boinl-yx mori ni1e (Tazima et al-. 

1968). Divers mutagànes ont etC utilisCs pour produire des variCtCs polyploTdes 

haut rendement dans les instituts dagronomie en mdc et ailleurs. Mais en sCrici-

culture, seuls quelques chercheurs ont CtudiC Ia sensibilitC A I'EMS, un agent 

alkylant, sur Ii's cellules germinalesprC-mCiotiqucset post-niCioliques deBombysrnori. 

En tenant compte de ces recherches, Ia prCsente étude a etC conduite pour Ctudier 

les etfets de Ia coichicine, de lEMS, de Ia mitomyci ne-C, du bCnolate et du cyclo 

chioro hexauc sur les cellules germinales prC-rnCiotiques et post-melotiques de 

An/heraea mytitia. Parmi ces cinq prodults, le bCnolate, un fongicide, et Ic gum-

mexane, on pesticide, sint lrs utilisés par les sCriciculteurs de tussah pour 

protCger les vers A soie et irs plantes nourricires mais us ont raremeni CtC CtudiCs 

pour leur action sur Ia cytologie du ver A soie tussah. 

bus les traitements eflectuCs ici ont rCvClC quciques diets communs d'empoi-

sonnemc'nt chcz les cellules, c'est li dire Ii cassure du fuseau, Ic bloquage de La 

mitimse, on chnngement de vi scosi tC, des adhesions sui vies de cassures des chromo-

somes, et dune interrupt ton de Ia synthmse de I' AI)N et In dCnaturat ion des lipopro-

t C inc S 

Adresse act uel Ic 	Regional 5cr j cul oral Rosem rch Stat i ott. Mo ira (Deltradun) - 

248-171, (UP), mdc. 
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MATER I EL ET METIIODES 

Les 6Lude.q oat 6L6 conduitos dune manire simi laire pour tous las t raitelnants, 
a savoir 	cocliiciiie, 6LIlyl mthane suiphunote, mitomycirie-C, giimmoxane et bno1aie. 
Seuls des individus mIles dc Ia race I)aba (CMg) de Anthe-"aea ylsto oat 6L6, uti-
1iss. Des larves alt 4me et au Sème age, des chrysalides au milieu de Ia nymphose 
et juste avant I 'mergence, ont 6t6 traitées avec chacun des produits chimiques a 
plusieurs concentrations. Les preparations microscopiques oat et(' rCalisCes selon 

Ia technique sulvante. Les gonades sont dissCquCes dans une solution hypolonique 
(0,05 7,) de citrate de sodium at cassées en peLits morceaux 	laide d'une seringue 

injection (aiguille n0  20). La suspension est centrifugCe pendant 10 mu A 500 
tours/mn. Le surnag000t est ntis de c&tC et Ic culot est place dans un mélange [isa-
Leur fratchament prCporé (1 volume dacide acétique pour 3 volumes de methanol) 
pendant 1 heure. Cette suspension est versée stir des lamel es froides. On laisse le 

fixateur s'Cvaporer et Ia preparation sCcher. Les lamelles sont colorées aver du 
Glemsa (solution stock diluCe 20 fois ) p11 7,2), IavCes dans de l'eau dCionisCe puis 
observCes. 

LENS (Kodak) est dissout a 3 concentrations différentes (0,05 7., 0,1 7/. et 
0,5 7.) dans une solution de chiorure de sodium et 2m1 et 5m1 de chaque concentration 

sont injectCs chez les larvc's sortant de moe du Oame et du SCme age et chez des chry-
salides agees de 20 jours. Les individus sont sacrifiCs 18 heures aprs le rrai-
tement. 

La coichicine est dissoute dans une solution de chiorure de sodium 	0,75 
7., 0,05 '4, 0,1 7 et 0,5 7.. Deux ml do chaque concentration sont administrCs a des 
individus du mCme age quo cetix décrits pour le traitement prCcédent. Ceux-ci sont 
sacriliCs LB heures aprCs Ia traiterserit et prCparCs pour lobservation. Cette expC-
rience est modiliCe dans Ic COS des autres replicata de chaque concentration, dans 
lesquels les gonades dissCquCes Coat gardées pendant 100 minutes avant Ia lixat ion. 

La mitomycine-C (Sigma) est dissoute (2g) dans tO et 20 ml dune solution 
saline a 0.75 7. ci 2m] da chaque préparat ion sont injectCs 	divers individus et La 
fixation est elfeciuce aprCs 18 heures. 

Les solutions de bCnolate (0,01 7., 0,05 7. et 0,1 7.) sont prCparCes dans de 
l'eau distillCo et vaporisCcs sur les [cuilles de 'Perminata arjuna avant le nour-
rissage. Les lorves sont olimentCesavoc rca feuilles pendant 12 heures et Ia fixa-
tion est effectuée selon Ia mCthodo habituelle. 

Les gonades de larves du 5èrne age sortant de moo sont gardCes pendant 2 
heures et une heura dans des solutions 	0,1 7,, 0,5 7. et 1,0 7. dune solution 5 50 
7. de gammexane prCporée aver di' l'eau distillCe. 

RESULTATS El DISCUSSION 

Comme tolls ces prndoi ts chimi ques , 	1 'except ion dii bConlatc . oat etC appi iqites 
sur des rt'llules S difiCrents stades de Ia spermatogeneso. les rCsultats sont divisCs 
en trois parties 	sensibiiitC sCIon les stades, diets sur les stades lnitoliques, 
effets sur les stadesméiotiques. 

1. SensibilitC scIon les stades 

Tous les produits chimiques oat cii pratiquement les mCmc rCsultacs sur les dit-
férents stades de La division des celluics. Les stades post-mCiotiqut's aunt plus son- 
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sibles a i 'EMS, Ia coiihicine 01 Ia mitomycine-C. Les i.irves mies du 46mc et du Sème 

age, et Les chrysaildes 3g6es avec spermatidcs soft utiiises pour mesuror La léLa-

ii té donisnante a purtir des pourcentages d éciosion. Les stades post-meld iques stint 
plus sensi bios Ctant di,nnC que Ic pourcentugc• d 'Cd05 ion 051 ramenC respect ivement 

a 18,09 7,01 21,5 7 bra des trailements a 1'EMS 	0,1 7 ci 0,2 7, contre 76,8 'a chez 

Les temoins. Dun auire cC'té, lors des premiers siades de la mutose ci do Ia mCiose, 
Les pourcentages d'Cclosion sont 16gremenL plus ClevCs 	35,8 'i e t 32,6 7. 

Le gammexanc ci to bcnolate ont des effets pills importants car avec icur dosage 
Ic plus Clove, aucune polite na Cclos et ics spermatides ont CiC tuCos (ccc papillons 
males ne Se soni pas accouplCs avec des femi'lles norm;iies). Cependant ccc deux 
p;iduits ont moms ('effets lCtatix 	dans ies premiers stades de la rnCiose car ics 

pourcentages 	d'Cciosion so siiuent entre 50 et 70 2 scion icur dosage. Les larves 
du debut du Aème age sent moms sensibtes pour les stades mitotiques car it ny a 

pas de baisse remarquable do 1'Cciosion. L€s rCsuitats (Tableau 1) sc'nt tras dif-
lCrents de ceux observes lors du traitement aux radiations dans lequci on enregistre 
line très faible sensibiiitC des celluies post-mCioliques. 

La dose [a plus faibie do bCnolate na pas d'effei cur la mCiose, tnais La con-
centration A 0,5 'a a provoque des effets lCtaux tels que empachenient synaptique et 

augmentation de la viccositC. Le bCnoiate appliqué pendant plus iongtcrnps tue icc 
cel luies. 

La coinparaison des resuitats des di [[erenus traitemeilis cur divers stades de 
la division ceilulaire (mutorique, premelotique ci post-meiotiRue)  revale quelquec 

indices importants pour I 'Ctude cytogCnCti quo do ilnheroea tnyliYa. Le plus importuot 

do ccc effets est la v,iriabiiite do la sensibilité S dilfCrents stades cellulaires, 
envers ces produits chimiqiies et parricol icrci,jent 	IUX St 1015 I,tlSticli0tiqtitS, dans 

lesquels la iCtalitC dominante est trés iinportante. Les cassures causeni de norn-

breuses peries irrCparabies dans los chromosomes do Antheraea mylitta aU stade des 
spermatides. Ces résu!tats confirment la thCorie de Tazirna et al . ( 1968) qui Cmet 
I 'hypothèse quo Les mutagénes chiiniques causent des cassures dans L'une des deux 
hélices do l'ADN. Dans ces Ciudes cur Les celiules post -meiotiques, los pertes 
restont 1)01) rCparCes S cause de la non-synth'se de i'ADN, Landis que chez Les ccl-
ltiies mitotiques ci mCiotiques des l;irves, Les chanes cassées des hClicos ont etC 
rCparCes S temps car on a observe une très faibie létaiiiC chez los oeufs. Les obser-
vations prCsentes effe:tuCes chez ,lntheraea mplitta sont conformes aux observations 
faites chez Bombyx movi par Murakami (1971) et Dutla (1978). 

Le fait que Les cassures solent encore prCsentes memo aprbs 8 (ours de irai-
temeni (EMS, coichic me et mitomycine-U) est en accord avec in's rCsuitats obteitus 
par Fahmy (1957) chez Drosophila ci par EhI ing (1971) chez la courts. 

2. Effets sur is mitose 

La division mitotique esL affeciCe do la memo minibre par tolls It's procluits 
chimiques Ciant donnC qu'iis ont bus one action miiostlitique. La coichicine [au 
appiraitre des goof lernents plus importants des chromosomes (S la Concentration la 

plus faibie do 0,05 7) iandis quo des dosages plus forts doitnent acix chromosomes en 
metaphase, des formes particuiieres de chromosomes doubles. A I'unaphase, la colo-

ration est faibie. Les autres eftots soot I 'inhibition do Ia formation du fuseau ci 
ipp;lr it ion lie chromosomes en metapfitise qui senibient des bi vulents do li-i mCtaphase 

I meittiquis. Les effets do Ia mitomvcine-C 5,1111 los suivints : laibbe coloration, 

et llmindissement des chromosomes. Lors du (r;litemc'Ilt an benolate, los chromosomes 
soot groopCs en une ci dclix masses (Tableau I I ) avic une pycriosi' anorma le. 
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3. Elfets miotiques 

La colchicine et le gammexane disporsent lamas chromosomi que ait stade lepto-

tene et les concentrations les plus fortes (0,5 7.) out des dIets plus srieux sur 

l'apparieinent et ics bivalents apparaissent comme des structures non apparifes ou 

semi-appariies. Los chromosomes sont Iragmentés et ces fragments soft presents méme 

aprés 8 jours do traitement. La mitomycine-C n'affecte pas los chromosomes de is 

mme manière que Is coichicine, mais a des elfets Simi [aires a lEftS car la frCquence 
des chiasmas augmente do 48,8 par coltule chez los tCmoins 4 52,3 dans lee cellules 

traitCes 4 la mitomycino et 4 51,7 dane cellos traiées 4 I'EMS. On a Cgalement 

observe une onouploldie et une pulvérisation des chromosomes. 

flee rCsultats Lois que I inhibition du fusesu et larrCt do is métaphase 

indiquent Ic r6Ie possible des agents chimiques dans I'interruption de fourniture 

des acides amtnés pour la synth4se des protCines du fusosu. La coichicine et le gam-

mexane sont des facteurs importants pour le blocage de la synth4se des acides aminCs 

chez Alliurn sp. (Sharma et Sharma, 1960,61 ; Sharma et Chaudhury, 1965,67) et lee ré-
sultats obtenus chez A. tnyitia sont similaires. 

L'éthyl methane suiphonaLe et la mitomycine rCduisent Ic nombre do cations 

divalents provenant du cytoplasmo et affectent donc is synthèse de 1ADN en changeant 

la structure de Is chromatine et on augmentant la frCquence des chiasmas qui passe 

de 48,8 4 respectivement 52.3 et 51,7, et favorisent donc los recombinaisons. Los 

résultats sont contraires 4 ceux obtonus dans lee traitements aux rayons X, o6 los 

concentrations cations augmertent ce qui entraine la formation do 11202 

Cependani, ['effet le plus courant des agents chimiques utilisCs pour traiLer 
lee cetlules chez A. rcyirtta. s'exerce sur Ia viscositC do Ia cellule. Laddition 
de ces solut ions chimiques su contenu cellulaire altére la viscositC et en dernier 

lieu la force du iuseau Ct casse on fusesu force antCrieuremcnt. 

Si Los rCsultats sont analyses plus en detail, on trouve quo Ic gammexane induit 

plus do cassures do chromosomes en raison do La reduplication des histo-protCines 
4 diffCronts loci. 

La synthese accrue do 1ADN entratne des variations dans los recombinaisons et 

finalement dans la frCquence des chiasmas do complement, c'est-4-dire la production 

dun ADN labile anormal par des reactions chimiques et lincorporation do précursours 

anormaux. 
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SEX ASSOCIATION IN DOUBLED COCOON5 OF TASAR SiLK INSECT 

ANTHERAEA MYLJTTA DRURY (LEPIDOPTERA : SATURNIIDAE) 

B.K. NAYAK, A.K. DASH, P.K. DAS, A.K. SASMAL. and B.N. SATAPATHY* 

State Sericultural Research Station, 
Orissa, Baripada 757001, 

India. 

The occurrence of two pupae in a single cocoon is not unconunon 
in tasar silk insect though one pupa per cocoon is universal. 
The double cocoon is the close association of two individual 
cocoons with single pupa which can also be called jointed cocoon, 
combined cocoon or associated cocoon. But the doubled cocoon is 
an individual cocoon with two pupae which is formed by complete 
fusion of the cocoon shell of the two cocoons. The double cocoon 
can also he called fused cocoon or amalgamated cocoon. 

The occurrence of sex association in doubled cocoons of tasar 
silk insect Antheraea mylitta Drury reveals that the male-female 
association is more frequent than that of the same sex and the 
ratio being M-F:F--F:M-M = 45.5:29.5:25.0. The female-female asso-
ciation is more frequent than male-male association. The over 
all frequency of female is generally more important than that 
of the male in doubled cocoons but actually there is no signifi-
cant difference between the two (tr1.51). The formation of dou-
bled cocoon is probably induced by some sort of physiological, 
physical or ecoclimatic stress during the last phase of larval 
life. 

INTRODUCTION 

One pupa per cocoon is the regular phenomenon in silk insects. But the occur-
rence of two pupae in a single cocoon is not uncommon in tasar silk Insects as in 
Mulberry and En, where doubling of pupae occurs through joint spinning of a single 
cocoon by two age old larvae in association that pupate inside it. 

Directorate of Textfles, Orissa, Bhubaneswar-7, India. 
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Some works on the study of doubled cocoons have been done in Bontyx Ynori L. by 
H.A. Nagara]a Rao and L.S. Prahallad Rao (1961), S. Kuniararaj (1968), D.S. Tayade 
(1982-83) and H. Narsyan l'rakash et ul. (1984). Talukdar (1961) has also studied the 
sex association in doubled cocoons in Phi2losamja rjc!.nj II. and Antheraea assarna W. 
but no such literature is available on studies of doubled cocoons in the tasar silk 
insect Antheraea reylitta Drury except the work of Saxena and Bhide (1969). The pre-
sent investigation deals only with the nature of doubled cocoons and their sex asso-
ciation. 

MATERIALS AND HETIIODS 

Ten pans, comprising of 800 doubled cocoons of tasar silk insect were collected 

through Government Tasar Seed Station at Bangriposi of Hayurbhanj District in the 
Orissa Stale during the third crop harvest in the month of December 1984. All the 
doubled cocoons of tasar silk insect belong to the Sukinda ecorace of Antheraea mylit-
ta Drury. The cocoons were divided at random into ten samples consisting of 80 dou-

bled cocoons in each sample. Depending upon the sex association, each sample was 

again classilied into three different combinations such as male-male (M-H), female-
female (F-F) and male-female (ft-F). In M-H doubled cocoons both the pupae were males, 

in F-F doubted cocoons both the pupae were females and in H-F doubled cocoons one 
pupa is a male and another pupa is a femalc. The data were analysed according to 
Garrett's Studenis I-test (197:1). 

RESULTS 

The data in tabular form suggest that the occurrence of male-female (H-F) asso-
ciation is more frequeni than the female-female (F-F) and male-male (H-H) association 

and the ratio being 45.5:29.55:25. The data also indicate that, next to male-female 
association, the female-female association occurs more frequently than the male-male 
association. 

The occurrence of male-female association ranges between 22.5% to 557, and the 

average is 45.5%. Similarly the male-male association was between 10% to 36.25 7, with 

an average value of 25% and the female-female association was between 13.757. to 
48.75% with an average value of 29.5%. 

The occurrence of females was between 40% to 60.75% with an average value of 
52.257,. Similarly the male number in doubled cocoons was between 40% to 60% with an 
average value of 47.757,. It was also found out that there was no significant diffe-
rence between the percentage occurrence of female and male pupae in doubled cocoons 
(t-i .51). 

DISCUSSION 

Saxena and Bhjcle (1969) made also similar observations in A. mylitta and the 
value being H-F. 47.33%; F-F,31.33% and H-H, 21.337,. They showed that on the whole 
more females took part in doubled cocoon lmmrmation than males, their percentage being 
55 and 45 respectively. 

An investigation carried out by earlier workers in Bombyx rear!. I. showed that 
the mate-female (M-F) combination is more frequent than the male-male (H-H) and 

female-female (F-F) combinations (Rao & Rao, 1961; Kumar;mraj, 1968; Narayan Prakash 
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et at., 1984). Kuinararaj (1968) showed different combinations out of 1900 doubled 

cocoons as N-F.47.427.; F-F. 30.637. and H-N, 21 .947.. lIe a iso found out that the overall 
occurrence of females is generally more frequent than the males i.e. females: 54.61% 

and males: 45.67.. Tayade (1982-81) made a similar observation but he found out with 
contrary to Kumararaj (1968) and others that the over all occurrence of males is gene-
rally more frequent than females in doubled cocoons. 

Narayan Prakash et at. (1984) showed race variance in the percentages of doubled 
cocoons in two Strains of Bomby mori L. containing two males or two females or one 
sale and one female as 24:29:47 in KAxNB4D2 and 20:16:66 in Guangnong-3 (Gg3). 

However this showed that in both races the male-female association was more frequent 
which fully agrees with the earlier workers. 

The assumption of Narayan Prakash et at . ( 1984) that the percentage of male-
female association in double cocoons was higher due to some attractant released 

either by the male or by the female larvae during spinning and not due to random en-

counter of males and females, has yet to be established. By virtue of field experi-
ence, these authors assumed that the doubled cocoon formation may be due to random 

encounter of the larvae in which one or both the partners are under some sort of phy-
siological, physical or environmental stress For which they want to live in combina-

tion rather than to live in isolation and it is yet Lo be tested and established. 
The higher frequency of male-female association in doubled cocoons is obvious on the 

basis of universal attraction between opposite sexes. Further the assumption of 
Narayan Prakash et at. (1984) that the doubled cocoon formation is not to ensure suc-
cessful mating may be true, but the cause, as they found that the emergence of moths 
in doubled cocoons is almost nil, has to be further confirmed in other silk insects. 

In all the literatures under reference, the cocoon with two pupae is called 
DOUBLE cocoon which is a misnomer.These authors sLrongly propose that an individual 

cocoon with two pupae should be called DOUBLEt) cocoon in which doubling of pupae and 
cocoon shell is done by two final stage larvae in association, with complete fusion 
of the cocoon shell. But the double cocoon is the strong association or close contact 
of two individual cocoons, having one individual pupa in each cocoon. In other words 

the doubled cocoon can be called fused or •imalgamited cocoon where in the cocoon shell 
spun by two larvae is conplerely fused to form a single cocoon. Similarly the double 
cocoon can be called jointed cocoon, combined cocoon or associated cocoon wherein 

two cocoons are in close association rather than fusion. 

However the detailed bionomics related to the cause of the formation, moth emer-
gence, coupling, lecunding, hatching, rearing, genetics, commercial value and popula-

tion dynamics, etc, of the double and doubled cocoons should be explored further 
alongwith the study of other biophvsical characters. 
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Si. 	No. 	of 

sanples/ 

NI 	des 

échantillons 

No. 	of 	doubled 

cocoons/ 

Mb de cocons 

fusionnAs 

Male-Male 

association/ 

Association 

MOle-MOle 

No. 	 8 

Female-Female 

association/ 

Association 

Femelle-Femelle 

No. 	8 No. 

Male-Female 

association 

Association 

MNle-Femeile 

8 No. 

Only Male 

occurence/ 

Fcquence 

des mOles 

8 No. 

Only 	Female 

occurence/ 

FrAqsence 

des 	fenelles 

8 

1. 80 16 20.00 22 	27.50 42 52.50 74 46.25 86 53.75 

2. 80 20 25.00 30 	37.50 30 37.50 70 43.75 90 56.25 

3. 80 13 16.25 25 	31.25 42 52.50 66 42.50 92 57.50 

4. 80 26 32.50 17 	21.25 37 46.25 89 55.52 71 44.38 

5. 80 23 28.75 39 	48.75 18 22.50 64 40.00 96 60.00 

5. 80 29 36.25 27 	33.75 24 30.00 82 51.25 78 48.75 

 80 19 23.75 17 	21.25 64 55,00 82 51.25 78 48.75 

 80 8 10.00 23 	28.75 49 61.25 55 40.62 95 59.38 

9. 80 27 33.75 11 	13.75 62 51.50 96 60.00 64 40.00 

10. 80 19 23.75 25 	31.25 36 45.00 74 46.25 86 53.75 

Ictal 	ualae/ 800 200 25.00 236 	29.50 364 45.50 786 47.75 838 52.25 

Valour 	totale ±8.18 ±9,79 ±12,04 ±5.83 ±5.83 

Table I. Sex association in doubled cocoon of 4ntheraea my7itta Drury. 

Tableau I. Association des eexes dans les cocons fusionnés de Antloeraea .noylitta Drury. 
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Traduo 

ASSOCIATION DES SEXES DANS LES COCONS FUSIONNES CIIEZ LE VER A SOlE 

TUSSAH ANTHERAEA MYLITTA DRURY (LEPIDOPTERA 	SATURNITDAE) 

B.K. NAYAK, A.K. DASH, P.K. DAS, A.K. SASMAL et B.N. SATAPATHY* 

State Sericultural Research Station, 
Orissa, Baripada 7.57001, 

Inde. 

La presence de deux chrysalides dans an seul cocon n'est pas 
rare chez le ver B soie tussah bien que la re'gle soit d'une chry-
salide par cocon. Se cocon double est f'ormd de L'association 
dtroite de deux cocons contenant ohacun une chrysalide et peat 
dyalement, etre appe(d cocon combine ou cocon associd. Mais ie 
cocon fusionnd est formé d'un seul cocon avec deux chrysalides 
et La fusion compite des deux coques soyeuseo. Ce cocon est 
aussi appeld cocon amalgamd. 

L'association des sexes dans ies cocons fusionnCs du ver B 
soie tussah Antheraea mylitta Drury est teile que i'asoociation 
mâie-femelle est Ia plus frequents, avec lee pourcentages 
suivants 	M-F r  45,5, F-F = 29,5, M-M = 25,0. L'association 
femelle-femelle est plus frequents que i'association mBle-mâle. 
La frdquence globale des feme lies dans lee cocons fusionnCs est 
gdndralement supdreure B cells des males, mais it n'y a pas de 
diffe'rence eignificative entre lee deux (t = 1,51). La formation 
des cocons fusionnds est prohahiement induite par quelque stress 
physiologique, physique ou dcoclimatique pendant to derniBre 
phase de la vie larvaire. 

I NTRODUCTI ON 

Une chrysalide par cocon est La rbgle chez les insectes sBricigbnes. Mais lap-

pariiion de deux chrysalides dans un seul cocon nest pas rare chez le ver A soie 

tussah, comrne dies le ver S soie du miirier et le ver a soie eri chez lesquels ii ar-

rive que deux larves de mBme Sge filent leon cocon en common ci se transforment en 

chrysalides a I'intnieur de celui-ci. 

Directorate of Textiles,Orissa, Bhubaneswar-7, Tndc. 
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Des 6tudes out 6t6 fCltes stir les cocons fusionns chez 	Bornbyx mori L. par 
II.A. Nagarajri Rao et L.S. Prehallad Rao (1961), S. Kumararaj (1968); D.S. Tayede 
(1982-83) et R. Naravan Prakash et at . (1984). Talukdar (1961) a 6palement 6tudi 6  
lassociation des sexes dins las cocons fusionns chez Phitosamia nicini II. et 
Antheraea assama W., mais it nexiste pea de rapport détudes sur las cocons fusion-
nés chez to vcr S soic Antheraea mylitta Drury S lexcept ion des travaux de Saxena 
et Bhide (1969). La présente étude a pour sujet Ia nature des COCOnS fusionnés et 
lassociatiun des sexes. 

MATERIEL El METHODES 

800 cocons fusicotnés ant éti rassemblés par la Station de Gr,iinage Tussalt de 
[Etat d'Orisa;i S Bangriposi, dens le district de Mayurbhart, au cours de Ia troi-
siSme récolte en décembre 1984. Tous lea cocons fusionnés de ver S SOlE Tussab appar-
tiennent S lécurace  Sukinda de Antheraea rny1itta Drury. Lea cocons pris au hasard 
sont dévidés pour Irmer dix Its coiistitués chacun de 80 cocons fusionnés. Cheque 
lot eat divisé en trois categories selon 1 association 	des sexes : mSle-mSle (M-i), 
femelle-femelle (F-F) at mSIe-Iemelle (1-F). Dana las cocons fusionnCs N-H, lea dcix 
chrysalides sent des m4lea, dana las cocons F-F. lea deux chrysalides soot des famel-
les at dens las cocons fuaioiinCa N-F, lurie des chrysalides eat on aiSle et lautre, 
une lemelle. Lea données obtenues sent analysCes scion le tost-t de Student de 
Garret (1973). 

RESIJLTATS 

Las rSaultata prCsentCs sous forme de tableau montrent que lassociation 
mSle-fenielle (M-F) eat plus frCquente que lassociatlon F-F oti H-il, lea pourcentages 
respectils Ctant de 45,5, 29,55, 25,0. Lea rSsultats indiquent ;iusai que, aprSs Ues- 
sociation mSle-femelle, Passociation in plus frCquente enregiatrée eat 	femelle- 
feme lie. 

Le pourcentage dapparition de lassociation riiSle-femelle va de 22,5 3 55 7. aver 
ure moyenne de 45,4 7. Dc aCme, Ic pourcentage mSle-niSle va de 10 4 36,25 7. aver une 
moyenne de 25 7 Cl Ia pourcentage femelle-feinelle va de 13,75 3 48,75 7. aver une 
moyenne de 29,5 7. 

La pourcentage de femel lea ye de 40 5 60,75 7. aver one moyenne de 52,25 7.. Le 
pourcenlage de mSies clans Ic's cocons fusionnCs se 51 tile cntrC 40 at 60 7. aver une 
moyenne de 47,75 7.. On n' observe pea de di IfCrence import ante ent re Ia pourcentage 
de lemelles et de m4les dens l's cocons fusionnCs (t 	1,51). 

DISCUSSION 

Saxena et Bhide (1969) ont lait lea mesas observations rhez A. mnyLit6a aver lea 
chifires suivants 	H-F - 47,33 7, F-F = 31,33 7, et H-lI 	21,33 7.. Its montreni que 
globalement it y a plus de femelies que de niSles dana las cocons lusionnCs, Icurs 
pourcentages respectits Ctant de 55 et 457.. 

Las recherches menCca chezRonchyx mariL. nontrent que la combiilaisn mSla-Iemel-
Ic (ft-F) eat plus frCqucita qua lea c.ombinaisons aSIc-aSIc (M-M) ci 1iseile-femelle 
(F-F) (Rao et Rao, 1961. Kumararaj, 1968 et Narayen Prak;iah et al., 19)14). Kumararaj 
(1968) montre que lea di ffCrentes combioci soils dCnombrCes sur 900 cLots fusintiCs 
soot dana ret ordre : M-F 	47,42, F-F = 30.63 7. et H-H 	21,94 7,.  11 a Cgalemeiit 
observe que lea lemelles soot globalarnent plus ncmbreuses que las niSles (54,61 7, de 
(emelies et 45,6 7, de m4les). Tayade (1982-83) lait les mCnes observations m;lis it 
trouve un sex 	ratio global inverse, contra recent aux observations Iii Las par 
Kumararaj (1968) et dautres cherrheurs. 
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Narsyan Prakash et at 	(1984) constatent des variations selon les races chez 
les cocons fusionns de Rombyx mon ; les pourcentages mIe-mle, fcmellc-fcmelle et 

m51e-feme1le sent respectivement de 24, 29 et 47 chez KA x N84D2 et de 20,16 et 64 

chez Guangnong-3 (CN3). Cependant ces rsir1tats montrent que l'association male-

lemelle est la plus frquente chez les deux races, ce qui s'accorde parfaitement avec 

les rsultats obtenus par d'autres chercheurs. 

Lhypothse de Narayen Prakash et at . ( 1986) selon laquelle le pourcentage plus 

61ev6. de lassociation m11e-femel1e serait d 	des substances attractives 6mises 

par le male ou par Ia femelle au cours du lilage, et non ad seul hasard, nest 

toujours pas vérifiée. En nous basant cur is pratique, nous suggrons que la formation 

des cocons fusionnés peu étre due 	la rencontre fortuite des larves, et que lun 

des deux ou lee deux partenaires subissent uric espèce de stress, physiologique ou 

physique ou di a l'environnement faisant quits préIèrent vivre en association piut&t 
quisolés. Cette hypothèse doit aussi étre testée et démontrée. Le fait que las-

sociation m1e-feme11e, soit [a plus fréquente dans les cocons lusionnés est evident 

ci Ion tient comnpte de Is régle universella de lattirance entre sexes opposes. 

Narayan Prakash et at. ont suggCrC que Ia formation des cocons fusionnCs ne se fait 
pas dans le but de laccouplement car its ont observe que lémergence des papillons 

est pratiquement nuile chez les cocons fusionnCs mais ceci doit Cgalement étre con-

firmC chez les autres séricigènes. 

Dane tous les articles cites en référence, Is cocon avec deux chrysalides est 

appelC cocon double ce qui est une erreur. Nous proposons que Ic cocon individuel 

renfermant deux chrysalides soil appelé cocon fusionné car is formation de Ia coque 

soyeuse est effectuCe en commurm par deux larves au dernier stade larvaire avec une 

fusion totale de la coque soyeuse. Le cocon double est [ormC par limbricatlon 

Ciruite de deux cocons individuals contenant chacun unechrysalide. En d'autres termes 

le cocon fusionnC peut Ctre appelé cocon amaigamé dans lequel la coque soyeuse fllCe 

par deux larves est completement fusionnCc pour former un seul cocon. De is méme 

marrimre, le cocon double pcut étre dCsignC par cocon combine ou associé, car ii est 

formé de deux cocons imbriquCs plutCt que fusionnCs. 

Des etudes supplémentaires devraient Ctre faites sur la bionomie détaillée liée 

2m la formation des cocons doubles et fusionnés, cur lésrergence, laccouplement, la 

féconditC, l'éclosion, lClevage, la génécique, la valeur commerciale, la dynamique 

des populations, etc, chez les cocons doubles et les cocons fusionnCs ainsi que 

l'étude dautres caractres biophysiques. 
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Seric. 	9P3,2f.1 p. -302. 

PERFORMANCE OF SOME MULTIVOLTINE RACES OF BOMBYX MORI L. 

G.D. PERSHAD*, R.K. DATTA, H.V. VIJAYAKUMAR, 

S.K. BHARGAVA and M.S. JOLLY 

Silkworm Genetics Laboratory, 
Central Sericultural Research & Training Institute, 

Mysore-8, 
India. 

Nine indigenous, exotic and evolved multivoltine races main-
tained at this Institute were reared during four distinct rearing 
seasons at Mysore. Their performance for six independent charac-
ters, valuable to silkworm breeding, were statistically analysed. 
Mysore Princess was found superior for higher fecundity, cocoon 
yield, shell ratio and filament length whereas Diaso was superior 
for shorter larval duration and Nistari for pupation rate during 
all the rearing seasons. Analysis of variance indicated that 
races and seasons were significant for all characters, while 
interactions of races x seasons were significant for fecundity 
and pupation rate during all seasons. 

1 NTRODUCTION 

Evaluation of superior silkworm races presupposes recommendation on their 

release on the field. Multivoltine silkworm races deteriorate by continuous rearing 

and are to be ameliorated or replaced. Proper attention for biometrical evaluation 

of the races is required for future utilization in the breeding programme. Hurty 

(1979) has emphasized the importance of selection of parental material and evaluation 

procedures. Data on six independent characters, valuable to silkworm breeding, of 

multivoltine races from different geographical regions, were collected and statisti-

cally analysed with the object of selecting out the best races. 

* Present address: Regional Tasar Research Station, Imphal (Manipur), India. 
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MATERIALS AND METHODS 

Nine exotic, indigenous and evolved niultivoltine silkworm races of Southern, 
Eastern and North-Eastern India, maintained in the germplasni stock for several years 

at this Institute were utilised for the present study and are presented in Table 1. 

All the experimental races were reared under laboratory conditions of tempera-
ture (23-29°C) and humidity (60-85Z) at this Institute, with three replications of 
one laying each, in a completely randomised block design, during four seasons viz. 
June, August, October and December, 1983. 

Analysis of variance for seasons, races, season x races interactions, parti-
tioning of races and least significant difference (lsd) test were made according to 
Federer (1955) and ilie results were interpreted according to Lush (1954), Sprague 
(1955) and Kempthorne (1957). 

RESULTS AND DISCUSSION 

The average value of each character with confidence limits at 0.05 and the least 

significant difference (led) at 95 probability of nine experimental races for four 
rearing seasons is presented in Table II. Analysis of variance for races, seasons 
and season x races interacLions and partitioning of races is presented in Table lii. 

Lsd (0.05) values for the six independent characters during four rearing seasons 
in Table II reveal the following results: 

Higher fecundity: Mysore Princess and Rosa Mysore were superior during all seasons 

whereas Nistari and Diazo during June and October and Kollegal Jawan during August, 
October and December and NNSD during August and October rearings. 

Shorter larval duration: Diazo was found superior during all seasons whereas 

Mysore Princess and Kollegal Jawan during June and Nistari. NNbD and Sarupat during 
August only. 

Higher cocoon yield: Mysore Princess was seen superior during all seasons while 
Kollegal Jawan, Diazo and NNSD for three out of four different seasons and Rosa 
Mysore during June only. 

Higher pupation rate: Nistari and Sarupni were superior during all seasons whereas 

Mysore Princess in all seasons except October, Diazo except in June and Pure Mysore 
and Mona only in October rearings. 

Higher shell ratio: Mysore Princess was superior in all seasons, while Kollegal 
Jawan in all seasons except December, llosa Mysore in June and August and NNhD in 
August only. 

Higher filament length: Mysore Princess and Kollegal Jawan were superior during 
all seasons whereas Ilosa Mysore in all seasons except December. 

Analysis of variance for seasons, races, season x races interact ions and part i-
tioningof races in Table Ill reveals the following results: 

Season: Highly significant characters at 997 probability were larval duration, cocoon 
yield, pupation rate and ehell ratio and marginally significant at 95I probability 
were fecundity and filament length. 
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Races: All the races were highly significant at 997, probability for all characters. 

however, the partitioning of ANOVA for races reveals the following results: 

Fecundity: Highly significant values for fecundity are recovered for the races. 
Pure Mysore, Mysore Princess and Mona and marginally significant value for Hosa 

Mysore. 

Larval duration: Values are highly significant for all the races except Hosa 

Mysore which is marginally significant. 

Cocoon yield: Values are highly significant for Mysore Princess, Kollegal Jawan, 
Diazo, Sarupat and Mona while that in Pure Mysore, Nistari and NNBD are not signifi-

cant. 

Pupation rate: 	Values are highly significant for Ilosa Mysore and Nistari whereas 

that in Pure Mysore, Kollegal Jawan, Mysore Princess and NN61) are not significant. 

Shell ratio: In all the races except Diazo (marginal) and NN61) the values are 

highly significant. 

Filament length: Values are highly significant for Mysore Princess, Kollegal 

Jawan, Pure Mysore and Mona whereas those for five remaining races are not signifi-

cant. 

Season x race interaction: Highly significant interactions are for fecundity and 

pupation rate whereas the interactions for the remaining four characters are unsigni-

f icant. 

The results of lsd (.05) in Table II and analysis of variance in Table III do 
confirm that the races and the seasons are highly significant for most of the charac-
ters and season x race interactions for only fecundity and pupation rate. The races 
were not constant for their performance of superiority during all the four seasons. 
Mysore Princess assessed to be the most superior multivoltine race for almost all 
the characters except larval duration, followed by Kollegal Jawan and Hosa Mysore, 
during all seasons. Incidentally, the best races are all evolved by this Institute 
and are to be assessed further for their combining ability within and with other 
races that one being published elsewhere. The unique characteristics of Nistari and 

Diazo i.e., the highest pupation rate and shortest larval duration respectively, 
during all rearing seasons, promise their suitability in multivoltine breeding pro-

gramme as one of the parents. 
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Race/ 

Race 
Origin! 

Origine 

Larval 	marking! 

Marguage des 	larves 

Cocoon colour and shape! 

Coulear et forme do cocos 

 Pure Mysore Southern 	India! Plain! Light 	green, 	spindle 
lode 	do 	Sod Meant dert 	ciaLr, 	en 	fuseau 

 Ilosa 	Mysore Derived 	from/ 	d4riv8e 	de Plaint Greenish 	yellow, 	elonqated 	avail 
(A4e 	v 	Pure 	Mysore) NCant Jaune 	vert, 	ovale 	allongC 
CSRCII, 	Mysore 

 Kollegal 	Jawan Derived 	from/ 	drivCe 	de Plain! White, 	oval! 
(Pure 	Mysore 	x 	han-Nung6O) N8ant Blanc 	ovale 
a 	Shungetsu_Hosho 

CSRTI, 	Mysore 

 Mysore 	Princess do! Plain/ dot 
idem Meant idem  

 Nistari Eastern 	India! Marked! Golden 	yellow, 	spindle 
tot 	de 	linde MacquC Jaune 	d'or, 	en 	fuseau 

 Diazo China! Marked! Light 	green, 	seal! 
Chine MarqvC Vert 	clair, 	ovale 

 NN60 China! Plain! White. 	oval! 
Chine Meant Blanc, 	ovale 

 Sarupat North-Eastern 	India! Plain! Creamcolour, 	spindle! 
Nord-Est 	de 	l'Inde Meant Crhne, 	en 	Fuseau 

 Maria do/ Plain! Greenish 	yellow, 	spindle! 
idem NCant Jaune 	eert, 	en 	fuseau 

Table I. Salient features of nine multivoltine races (Hoinbyx mon L.) used In the study. 

Tableau I. Caractéristiques apparentes des neuf races polyvoltines de Bombyx mori L. utilisées pour cette etude. 



Race! 

Race 

Fecundity 

(No.)! 
Fécondit8 
(nbre) 

Larval 	duration 

(days)! 
POrjode 	larvaire 

(jours) 

Cocoon 	yield 

(kg/10 000 	larvae)/ 

Rendeent 	en 	cocons 
(kg/10 000 	lames) 

Pupation rate! 

Taun 	de pupai505 

(9) 

Shell 	ratio! 

Richesse 	soyeuse 

(9) 

Filament 	length! 

Longueur 

de 	Ia 	bave 

JUNE/JOIN 

Pure 	Mysore 345±93 24.3±0.5 9.444-1.20 83.3±7.9 13.5±0.3 333±49 

Hosa 	Mysore 485±27° 20.9±0.5 12.4330.11* 80.2±0.2 17.8±0.9** 599±103** 

Kollegal 	Jawan 410±62 20.410.6e 13.03±3.59n* 85.6±11.8° 16.5±1,1° 693±92°° 

Mysore 	Princess 498±89 20.730.3* 14.06±3.64°° 85.5±22.8° 16.1±0.5° 625±100* 

Nistari 501±37°° 20.530.0° 11.1130.32 95.6±1.2** 13.9±0.8 416±69 

Olazo 507±50* 19.8300 11.8030.79* 81930.4 15.0±1.1 546±63 

NN6D 407±104 21.0±0.0 12.25±1.50° 83.6±2.2 15.6±1.7 605±133* 

lsd/(005) 
83 0.94 2.48 10.09 0.93 108 

des 

860UST!AOUT 

Pure 	Mysore 504±20° 26.8±1.6 6.68 4-1.32 64.6±0.1 12.6±1.3 455±4 

Hosa 	Mysore 524±36°° 22730.8 10.1513.09 68.8±20.7 15.4±0.7°° 499±66° 

Koilegal 	Jawan 497±91* 22.8±0.2 9.70±3.36 66.6±27.4 15.7±1.4** 527±158° 

Mysore 	Princess 569±81°° 22.2±37.8 12.85±1.10°° 81.0±11.1** 16.4±1.2°° 598±48°° 

Nistari 451±94 20.9±0.3°° 9.80±2.30 91.4±3.4°° 13.1±0.7 426±45 

Diazo 455±48 21.030.5°' 10.50±1.50' 645±149°' 13.6±0.4 421±128 

NN6D 483±72 21.010.7°' 12.12±1.50°' 81.3±10.8°-' 15.6±0.7°' 447±69 

Sarupat 618±105 20. 3±0.8°' 10.0330.90 99.0±3. 7°' 12.9±0.6 462±62 

Mnria 446±55 26630.4 5.45±1.37 69.630.8* 11.1±0.2 333±50 

lsd/(005( 

des 
86 1.02 2.42 11.78 0.86 103 

significant at 5% and 1% respectively/ 

taua de signification de 5 et 1 6 respectivemenc 

Table II. hlean values of selected characters of multivoltine silksoorm races during four rearing seasons. 

Tableau II. Valeurs moyennes des caraccères Studies des races polyvotines de ver a sole au cours de 
quatre saisons d41evage. 

To be continued/suite page suivante... 



0 
0 

Race! 
Race 

Fecundity 
(No.)! 

Fcondité 
(nbre) 

Larval 	duration 
(days)! 

Plriode 	larvajre 
(jours) 

Cocoon 	yield 
(kg!10 000 	larvae)/ 
Rendenent en cocoon 
(kg/ID 	000 	larues) 

Pupation 	rate! 
lace 	de 	pupaison 

%) 

Shell 	ratio/ 
Richesse 	soyeuse 

(0) 

Filament 	lengtls/ 
Longueur 

de 	Ia bave 
(m) 

OCT0BER/OCI0BRE 

Pure Mysore 373±66 28.7±0.3 8.87±0.65 92.8±3.4 11.1±1.3 280±42 
Nova Mysore 516±29° 25.8±0.7 9.25±2.89 76.3±24.5 12.5±2.0 472±22° 
Kollegal 	Jawan 525±120' 26.2±0.6 10.82±0.79' 75.5±11.6 13.9±0.5" 519±49°' 
Mysore 	Princess 598±191°' 26.2±0.7 11.55±1.20" 63.5±19.7 13.0±0.4° 515±122" 
Nistani 492±61' 24.5±0.8 9.53±0.90 94.1±5.8" 14.87b0,7 381±91 
Diane 592±173" 22.7±1.0" 10.69±2.50°' 93.7±4.0°' 11.4±1,4 410±98 
8660 573±51' 25.9±0.2 7.31±1.48 77.3±12.5 12.2±0.4 410±36 
Sarupat 4 73±3 2 23.5±0.8" 8.20±1.50 84.5±5.9° 10.6±0.1 426±32 
Maria 254±55 28.4±0.9 8.98±0.55 92.4±2.8" 10.3±0.4 337±57 
lsd/(005) 

121 0.86 1.93 11.25 1.09 74 dms 

Pure 	Mysore 372±16 30.2±0.2 6.45±0.63 78.0±6.8 12.6±0.8 274±8 
Hosu Mysore 477±12° 26.7±0.8 8.17±1.28 54.5±12.2 14.7±0.4 451±118 
collegal 	Jawan 559±76" 25.2±0.1 12.75±2.37° 88.3±10.9' 15.5±1.2 762±1** 
Mysore 	Princess 535±33°' 25.4±0.2 13.21±0.80" 92.6±3.3°' 17.1±1.4°' 773±59" 
Nistari 349±56 25.9±0.1 10.78±0.77 95.9±7.1°' 11.6±0.8 549±8 
Divas 442±178 23.7±0.3" 11.70±1.60 92.2±12.6°' 13.5±1.7 527±42 
8860 36 7±1 06 25.9±0.1 11.28±4.51° 82.4±13.2 15.3±0.7 529±42 
Sarupat 418±67 24.9±0.4 3.50±0.85 93.8±8.4" 12.1±1.9 411±71 
Mona 425±126 31.5±1.0 5.76±0.64 64.2±9.5 12.9±1.0 328±33 
lcd!)005) 

115 0.53 2.24 10.98 1.14 63 des 

significant at 	50 and 	10 respectively/ 
tave 	de 	signification 	de 	5 	et 1 	% respectjoement 

Table II. (continued). 

Tableau II. (Suite). 



Source! 

Origine 

df/ 

dl 

Fecundity! 

FAcondité 

(l0°) 

Larval 	duration! 

Période 	laruaire 

SUM OF MEAN SQUARES/ 

	

Cocoon 	yieldf 

	

Rendement 	en 	cocons 

SOMME DES CARIES 

Pupation 	rate! 

lava 	de 	pupaison 

MOYENS 

Shell 	ratio! 

Richesse 	soyeuse 

Filament 	length! 

Longueur 	de 	la 	base 
(j3) 

Season/saloon 3 15.6° 155.31  26.70* 1910* 38.8** 88.1° 

Race/race 8 33.5°° 66.6°° 41.30* 3730* 15.9°° 121.0 

Pure Mysore 1 61.7°° 162.50* 79.9° 78 16.00* 314.00* 

I4osa 	Mysore 1 16.5° 1.0° 0.3 7280* 23.00* 25.1 

Kollegal 	Jawan 1 14.1 5.10* 343*0 97 20.50* 268.9*0 

Nistari 1 4.2 24.2°° 0.4 1 622** 12.50* 27.1 

Mysore 	Princess I 96.5°° 6.1° 104.70* 18 33.6*0 269.0°° 

Diazo 1 15.1 91.4** 18.2 281° 1.8° 2.5 

1N60 1 1.0 93** 3.3 48 0.0 2.1 

Sarupat 1 8.5 21.2° 15.10* 246° 18.200 37.3 

Mona I 83.5*0 273.9** 114.5°° 251* 12.4*0 699.0° 

Race 	o 	season! 
24 11.9° 0.1 3.7 120° 1.4 13.1 

Race 	a 	saison 

0 , 	*0 significant 	at 5 	and 1% 	respectively/ 

tuax 	de 	signification de S et 	1 	6 respectioement 

dF - degree of freedom! dl - degrd 	de 	libertd 

Table III. Analysis of variance for nine roultivoltine silkworm races. 

Tableau III. Analyse de variance pour neuf races polyvoltines de ver a sole. 



Traduct ion 

PERFORMANCES DE QUELQIJES RACES POLYVOLTINES Dii BOMBYX MORI L. 

C.D. PERSHAD*, R.K. OATTA, Il.V. VIJAYAKUMAR, 
S.K. BIIARCAVA et M.S. JOLLY 

SiLkworm Genetics Laboratory, 
Central Sericultural Research & Training Institute, 

Mysore-8, 
Inde. 

Neuf races polyvoltines indigénes, exotiques et améliordes, 
conservdes a i'Institut, ant dtd dlevées pendant 4 saisons d'die-
wage distinctes a Mysore. teurs performances pour six caractares 
inddpendants, intdressants pour L'dlevage de selection, ont etC 
analysCes statistiquement. La race Mysore Princess s'est reve'ide 
la meilleure en ce qui concerns La fdconditd, le rendement en 
c000ns, La richesse soyeuse et La longueur de La bave, tandis 
que La race Diazo est La meilleure pour La courts durde de La 
pdriode Larvaire et La race Nitari, pour le taux de pupaison 
pendant toutes lee saisons d'dlevage. L'analyse de variance 
indique que les races et les saisons sont ddterminantes pour cha-
que caractére tandis que I 'interaction race/saison est ddtermi-
nante pour La fdconditd et is taux de pupaison. 

NTRODIJCT ION 

LvaIuation de races supérleures de ver 	sole demande que ion prenne en 
compte leurs performances cur le terrain. Los races polyvoltines de ver 	soie se 
ditriorent au COUrS do llevage en conhinu ci doivent kre arneliorees ou rem-
plactes. L'attention dolt kre porto sur I'valuation biométrique des races dane 
Ic but de Ics utilisor dans un programme de selection. Murty (1979) insistait cur 
limpertance do Ia slection du materiel parental et des méthodes devaluation. Nous 
avons rassemblC et analyse statistiquement des donnCes sur six ccractres indé-
pendants, intCrossants pour Ia selection, chez des races polyvoltines provenant de 
diflCrentes regions silo de selectionner los moilleures d'cntre cues. 

Regional Tasar Research Station, Iinphal (Manipur), mdc. 
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MATERIELS El HETIIODES 

Neul races polyvoltinos de ver i soic, exotiques, indigènes et ameliorces pro-
venant du Sud, de 1 'Est or do Nord-est do I Inde et conservces pendant piusteurs an-
nes dans to stock des souches do notre Inst [tot, Oct 6L6 utilises darts cette 6Lude 
Ct SOrit pr4c'ntes dans Ic Tableau 1 

Toutes It's souches ont etc elr'vees en laboratol re a unu tempr;lt ore de. 73_790 
et urn humidjt 	do 60-80 7, 5 I'instltut. Trois replicata dune poole chacun, choisic 
completement au hasard, onE eté êlevs pendant quatre saisons, on join, aot, octobre 
et dtcembre 1983. 

Lanalyse do variance scion les saisons, les races, les interactions saison X 

race, Ia repartition des races et Ic test de difference Ia moms significative ont 

tC effectu6s Solon In mCthode Federer (1955) et les résultats interpretes scion Lush 
(1954), Sprague (1955) et Kempthorne (1957). 

RESULTATS ET DISCUSSION 

La valour moyonne de chique caractCro aver la I imi te de confiance 5 0,05 et itt 
difuirettco Ia mains signil icative it 95 7 do probabilite Oct presentee pour [ci nouf 
races expCrimentales pour los qoatre saisons délevage dans Ic Tableau Ii. L'analyse 
de variance selon [vs races, los saisons or tes interactions saison-race, ainsi 
que Ia repartition des races. cii présentéc dans Ic Tableau Ill. 

Les vaieurs de difference Ia moms significative (dms) (0.05) pour les six 
caractares indCpendants pendant los qunire saisons d'élevage du Tableau 11 montrent 
les résul tat s suiv,int S 

Fécondité plus élevée: los races Mysore Princess et Ho-,a Mysore ont de trCs boris 
rCsultats pendant toute los sai sons • Nistari et Diazo en jui it et octobre ; Kol legal 
Jawan en aot , octi,bre or dCcembre et NN6[) en ao4t or octbro. 

Période larvaire plus courte: Diazo montre de bins rCsultats pour titus les he- 
vages ; Mysore Princess or Koliegal Jawan, en join 	or Nisrari , NN61) et Sarupat, 
en aot soulomoni 

Meilleur rendement en cocons: Mysore Princess osi superioure on toutes saisons, 
tandis quo l<ol legig Jawan. Diazo et i4N61) Ic mont 3 saisons stir 4 or Ilosa Mysore on 
juin settlement. 

Taux de pupaison plus Clevri: Nistani et Sarupat sont suprrioures on lotites saisons 

tand is quo Mysre Pri cress I 'est on toutes saisons saul octobre, Diazo en toutes 
saisons saul julri CL lure Mysore et Mona seulement en octobro 

Richesse soyeuse plus CievCe: Mysore Princess est supt.rioure cii toutessaisous, 
Kollegal Jawan lest en toutes saisuns saul dCcembro, llosa Mysore 'est en juiii et 
ao5t , et NN6D en aoCt sell lenient. 

La plus grande Iongueur de Ia bave: Mysore Princess or Kol legal Jawan sent supe-
rieures en toutes saisons landis qite Flosa Mysore 1 cit cii Lutes saisons saul 
décembre. 

L'anaiyse de variance qeInn les saisons, les races, les intcraeiionns race x cii—

son et Ia répart I tion des races (Tableau I 11) rCvCle les rihul tat s sui vanits 

304 



Saison: Lea caractères montrant des dillreiicos significatives  a 99 7 de proba-
bilit6 sont Ia dure de Is priode larvaire, to reiidement on cocons, Ic taux de 
pupaison et I a r ichesse soyeuse. La lecund i t eL Is longueur de Is bave donnent des 
di[lirences margi na lenient signilicaiives 5955 de prohabilile. 

Races: Los differences entre toutes les races sont hautement significatives 5 99 7 
de probabi Ii Ic pour tous les caractS res. Cependant Ic c Ioi sonnement de I 'analyse de 
variance pour les races donno les r4sultats suivants 

F6condit4: Los valours hautemont significatives sont enregisLroes pour les races 
Pure Mysore, Mysore Princess ot Mona et une valour marginalement a ignil icat I so pour 
llosa Mysore. 

Periode larvaire: Lea valeurs sont hautement significatives pour toutes les races 
S l'exception de 1-losa Mysore qui oat significative marginalemont. 

Rendement en cocons: Les valeurs sont hautement significaLivos pour Mysore 
Princess, Koliegal Jawan, Piazo, Sarupat et Mona tindis qu'olles no sont pas signi-
ficatives pour Pure Mysore, Nistari et NN6D. 

Taux de pupaison: los valeurs sont hautement significatives pour Floss Mysore et 
Nistari tandis qu'ellos ne sont pas significatives pour Pure Mysore, Kollegal Jawan, 
Mysore Princess et NN61). 

Richesse soyouse: Lea valeurs sont hautement significaiivos pour mutes les races 
sauf Diazo (marginales) ci NN61). 

Longueur de Ia bave: Los valeurs sont hautornent significatives pour Mysore 
Princess, Koliogal Jawan, Pure Mysore et Mona tandis qu'elles no sont pas signifi-
catives pour les 5 soIree races. 

interaction saison x race: Lea interactions hautement significatives soni observCes 
pour is [CconditC et to laux de pupaison, tandis quo pour les autres caract5res, les 
interactions no sont pas significatives. 

Los resultats de diffCrence significalive is plus f.aible (0,05) du Tableau II 
t I 'analyse de variance du Tableau Ill confi ruieni quo les races ci les saisons sont 

hautement significatives pour la piupart des aract5ros 01 quo I'Lnteraction Saison 
x race no lost quo pour is fecondite et Ic Laux de pupaison. Los performances des 
races no sont pas constantes pendant les quilt rc saisons d' C lovage. Mysore Princess 
so rCvCLe etro Is race pulyvoitine Ia meilleure pour prosque bus les caractSros saul 
Is durce de Is periode larvaire, ensuito vionnent Koliegal Jawan ci Ilosa Mysore, pen-
dant loutoS los saisons d'Clevago. II so trouve que les races les meilleuros sont 
ClevCes dana noire Institut. lilies devront Sire CiudiCos pour leurs ca pacitets de Corn-
binsison entre cites et avon d'autres races. inc Studes doit Stre publiCeS cc sujet. 
Lea caracLCristiqueS uniquos de Nistari 01 l)iizo, a sivoir respect ivernent le taos 
de pupaison le plus elovo CL Ia pCriode larvaire is plus courte, pour toutes les sai-
sons d'Clevage, font quil sets int6reasant de les uti liser dans le programme de 
selection coinmo Ion des parents. 
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COMBINING ABILITY ANALYSIS IN MIJLTIVOLTINE RACES 

OF BOMBYX MORI L. 

C.D. PERSHAD, R.K. DATTA, S.K. BHARCAVA, 

H.V. VIJAYAKUMAR and M.S. JOLLY 

Silkworm Genetics Laboratory, 
Central Sericultural Research & Tramming Institute, 

Mysore, 
India. 

The combining ability effects of nine 'nultivoltine races of 
Bombyx mon 6_ were analysed in a 9x9 diallel for cocoon yield, 
fecundity, shorter larval duration, pupation rate, shell ratio 
and filament length for three seasons. The quantities for both 
general (GCA) and specific (ScA) combining ability were signifi-
cant for all the traits. However, the ratio of 2 °/(2 o + 
ranged from 0.91 to 0.97 except for fecundity (0.26) indicating 
that there is sufficient GCA in these races to make successful 
selection for cocoon yield and higher survival. General combining 
ability (GCA) quantities exceeded specific combining ability 
(S('.4) for all traits as determined from 2o /(20 +c ) ratios. 
The GCA quantities indicated that Mysore Princess followed by 
Kollegal Jawan are good general combiners. Most of the combina-
tions of Hosa Mysore with indigenous and erotic multivoltine 
races proved good specific combiners. The positive reciprocal 
effects in Hosa Mysore hybrids indicate the accwnulation of cyto-
plasmic genes. The selective utilisation of these races in future 
breeding programme has been discussed. 

INTRODUCTION 

The multivoltine races of bombyx marl: L. are of immense importance to tropical 
sericulture. Yet, improvement of economic traits by breeding hs been mostly limited 

to examination of racial differences and selection from induced variability with very 

few genetic investigations. Combining ability studies are useful in assessing the 

Present adress: Regional Tsar Research Station. Imphal (Manipur), India. 
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nicking ability of parents that aids in selecting the parents which, when crossed, 

would give rise to more desirable segregants. It is one of the powerFul technique 
available which helps in selecting desirable parents and hybrids for further exploi-

tation and has necessitated synthesis of new breeds to replace the poor yielding 

local races being extensively used for multivoltine x bivoltine hybrid seed (Sengupta 
and D;itta, 1975; Datta ct a. , 1981; Jolly, 1983; Dat(a, 1984). Though combining abi-
lity had been extensively used in crop breeding, the same was not elfectively utili-

zed for silkworm improvement. This, in turn helps in choosing the parents to be 
included in hybridizat ion (Ilirobe, 1968). The present investigation was conducted 

to obtain inlormarion on the nature of combining ability operations in the inheri-
tance of few meaningful basic traits and to identify the superior breeds/crosses for 
exploitation in the silkworm breeding programme. 

MATERIALS AND METHODS 

Nine multiveltitie silkworm (Borrthyx morr. L.) races, indigenous, exotic and evol-
ved races as described in Table 1, maintained at this Institute, were crossed in a 
9x9 complete diallel and raised under laboratory conditions of temperature (23-29°C) 
and humidity (60-855). Three replications of one laying each of hybrids and parental 

races were reared in a rompletely randomized block design during three seasons (Au-
gust, October, and December. 1983). 

Analysis ol variance was done according to Snedecor (1967) assuming that races 

were choosen and cannot be regarded as random. The analysis for general and specific 
combining ability and for reciprocal differences for cocoon yield, fecundity, larval 

duration, pupation rate, shell ratio and filament length was made according to 
Griffing's (1956) Model II and by Stangland et al. (1983). The analysis model used 
was: 

X iikl 	:g 	1 g. 	5.. 	r.. t i/bk bk + I/bk t (by). ik  . I/bc tk tl CilkI 

where 

g.and g . are OCA quantity of the i tli female parent and lth male parent respec-
tively. 

Si and r. are the SC/i quantity for the cross (lxi) and reciprocal effects res-
petively. 3  

For each cross (ixj), the quantity(g 	* g 	s.. ) was computed and the null 
hypothesis was tested from zero value, assumng r?& genomypic differences among 

RESULTS 

Quantities for general and specific combining ability and reciprocal differences 
for 	six basic traits for the iii me mu It i vol title races per se are presented in Tibl e 
Ti. The hybrids were highly significant for all trails except pupation rate. However, 
both general and specific combining ability for all the traits except SC/i for shell 
ratio showed hi gim ly sign iii cant differences. Bakers rat i 0 of 2 o /( 2 o. c2 

ranged from 0.90 to 0.97 except br fecundity (0.25). The lit los were for cocoon 
yield (0.97), shorter larval duration (0.96), shell ratio (0.96), filament length 
(0.96) and pupation rate (0.90). Similarly, reciprocal differences were highly signi- 
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licant for all characters except shell ratio. Interestingly, though the mean sum of 

squares of the hybrids for pupation rate were not significant, both GCA and SCA as 

well as its reciprocal dillerence were highly significant. 

General combining ability (CCA) effects: 

General combining ability quantities br the nine multivoltine races for six 
basic traits, as (letailed in Table [IT, which measures the comparative performance 

of the parents, shows that neither all traits nor all seasons were significant. CCA 

quantities in Mysore Princess were found significant for fecundity, cocoon yield, 

shell ratio and filameL length in all the seasons but for shorter larval duration 
and pupation rate in l7ccemhe r only. Among other races, the lid igennus race Nista r i 

is a good general combiner for shorter larval duration and the evolved race Kollegal 

Jawan for filament length during all seasons. Other races were restrictive good gene-
ral combiner for few meaningful characters in few selective seasons only (Table Ill). 

The overall GCA quantities confirm that Mysore Princess is the best general combiner 
followed by Kollegal Jawan with respect to independent basic traits. 

Specific combining ability (SCA) effects: 

Specific combining ability quantities for multivoltine hybrids in Table IV show 
high SCA for fecundity in Pure Mysore, Hosa Mysore and Mysore Princess; for cocoon 
yield in Pure Mysore, Hosa Mysore, Kollegal Jawan and Mysore Princess; for shorter 

larval duration and pupation rate in Ilosa Mysore: for shell ratio in Hosa Mysore and 
Mysore Princess; and for filament length in Ilosa Mysore, Kollegal Jawan and Mysore 
Princess. The hybrids of Ilosa Mysore exhibited maximum SCA for most of the basic cbs—
rae 1cr s. 

Reciprocal effects: 

Reciprocal differences in 36 hybrids reared during three s'asons for six basic 
traits in Table V show that the combinations of Mysore PrincesS lollowed by Kollegal 
Jawan and Ilosa Mysore as a female parent with other races, are highly significant 

for cocoon yield and other traits. The reciprocal diflerences for fecundity and shor-
ter larval duration are significant for Mysore Princess hybrids indicating the supe-

riority of Mysore Princess as a female parent. 

DISCUSSION 

Among the nine multivoltine silkworm races, the indigenous races, Pure Mysore, 

Nistiri, Scrupat and Mona are poor yielders for both quality and quantiLy of silk 

(Porshad pt a?..,  1985). The positive CCA and SCA quantities for almost all the traits 

in the parents per cc have provided clues for improving the indigenous races which 

are used extensively in corimiercial exploitation in India. by selecting superior 
parents for having large and diverse gene pool. highly significant quantities of 
general and specific combining ability indicate that both additive and non—additive 
types of gene act ions are playing an irflportaiit role in the i nlceri Lance of cocc,00 

yield and other i ndependeiit basic traits in molt i volt inc si lkworm races. The ratio 

of 	2o9 /( 2 a 9 1 a ) ibta i nod by using Baker's (1978) formula was found very high for 

all the traits (Table I I ) indicating Lherehy adehi Live gene effects. The ratio reveals 
that the select ion based in the performance el individual I inc's should be effective 

in improving cocoon yield and pupation ratO. However, quantities for Lhe hybrids 

per edo not show significant estimates Ncr characters inlli.ienced by higher environ-

mental interact i on,., The is becomes I urthe r cvi dent f rem CCA and SCA quantities in di f—
be rent se;csons (Table Ill and IV). 
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Mysore Princess and Kol legal Jawan have high GCA for cocoon yield. SUit effects 

were significant in lhree combinations, each involving Mysore Princess and Kollegal 

Jawan. The superi on tv if Mysore Princess and Kollegal Jawan may be due to the pre-
sence of domiii;iiit or epistatic genes. The indigenous breed Nistari have significant 

CCA quantities for shorter larval duration and pupation rate in all seasons but its 

SCA quantities were not significant which indicates that the superiority of Nistari 

for specific traits may be due to the genes with additive effects. Additive gene 
action is conlirmed in Mysore Princess, Kollegal Jawan and floss Mysore where ('CA 

effects were very high hr many traits in all seasons (Table Ill). Mysore Princess 
has now been proved i superior combiner for COCOOn yield as well as other basic 
traits (Table lit & IV). Since both additive and non-additive gene effects are impor-

tant for evolving superior breeds, it is expected that the crosses involving Mysore 

Princess, Kollegal Javin and Nistari may result in some traiisgressive segregants use-
ful for application for directional selection towards fixation of a breed with shor-

ter larval duration, higher pupation rate and cocoon yield. Since SCA quantities of 
Mysore Princess crosses with Mona and Pure Mysore were highly significant for almost 
all the characters in one season or the other, it may be presumed that both additive 

and non-additive genes are icCLAMOIaLOCI in this race and vi 11 be useful for designing 
future breeding programme. 

High reciprocal differences in the crosses of Mysore Princess and Kollegal Jawan 
with other races for cocoon yield and Hosa Mysore with Kollegal Jawan, Mysore 

Princess, Diazo, Mona and NN6D for many other traits confirm the positive role of 
cytoplasmic inheritance. Since cocoon yield is dependent on fecundity, the female 
component of Mvsore Princess and Koflegal Jawan holds a better prospect in breeding 

programme. The overall picture emanated is that the Mysore Princess may be included 
in the future multivoltilie breeding programme as either male or female parent since 
GCA and SCA quantities are high in most of the combinations. 
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Parent! 	 Origin/ 	 Egg diapause/ 	 Cocoon colour and floss! 

Parent 	 Origine 	 Diapause 	 Couleur do cocon et blaze 

Pure Mysore Southern 	India! Absent/ tight green. 	flossy/ 

Sud de 	l'Inde Absente Pert 	clair, blaze 	importante 

Hosa Mysore CSRTI 	(Mysore) Absent/ Greenish yellow, 	flossy/ 

India/Inde Absente Jaune oert, 	blaze 	importante 

Kollegal 	Jawan CSRTI 	(Mysore) Partial! White, less 	flossy/ 

India/Inde Partielle Blanc, blaze 	moins 	importante 

Mysore 	Princess CSRTI 	(Myosre) Absent! White, less 	flossy/ 

India/Inde Absente Blanc, blaze 	aoins 	importante 

Nistari Eastern 	India! Absent! Golden yellow, 	flossy/ 

Lot 	de 	lInde Absente Jaune dor, 	blaze 	i.portante 

Diazo China/ Partial/ Light green, 	flossy/ 

Chine Partielle Pert 	clair, blaze 	importante 

MN6D China! Partial! White, less 	flossy/ 

Chine Partielle Blanc, blaze 	uoins 	importante 

Sarupat North-Eastern 	India! Absent! White, flossy/ 

Nord-est de 	1Inde Absente Blanc, blaze 	importante 

Maria North-Eastern 	India! Absent! White, flossy/ 

Nord-est 	de 	linde Absente Blanc, blaze 	importante 

Table 1. Multivoltine breeds used as parents. 

Tableau I. Souches polyvoltines utilisóes cornme parents. 
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Characters! 

CaractAres Hybrids! 

I4ybrides 

	

MEAN 	SQUARES! 	CARRES 

	

Combining 	ability! 	Liaison 

	

General! 	Specific! 

	

GQnrale 	Spicifique 

MEYERS 

Reciprocal 

difference/ 

Diffireece 

réciproque 

Error! 

Erreur 

20 2 1(20 2 +0 2 ) 

Fecundity! 	FUconditA 38 920.30 3.03 18,03 0.0l 0.001 0.25 

Shorter 	larval 	duration/ 

PQriode 	larvaire 	riduite 
10.09 l6.78 1.27° l.11 0.46 0.96 

Cocoon 	yield! 

Rendenent en cocons 
10•29,m 8093mm 4.98 -  17.41 0.55 097 

Pupation 	rate! 

Taux 	de 	pupaison 
47.30 78 	135.00 17 	425.00' 30.00** 9.50 0.90 

Shell 	ratio! 

flichesse 	soyeuse 
4.91mm 9.84 0.79 0.63 0.42 0.96 

Filament 	length! 

Longueur 	de 	la bane 
25 260.00.  42 	227.00 3 	199.00m 3 704.00 1 	367.00 0.96 

significant 	at 	510 	and 1% 	level 	respectively/ 

taux 	de 	signification de 	S et 	I 	% respectivement 

Table 11. Analysis of variance for general and specific combining ability and reciprocal difference 

for nine multivoltine races. 

Tableau II. Analyse de la variance des Liaisons générale et spécifique et de la difference réciproque 

pour neuf races potyvoltines. 
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Shorter 	larval Cocoon Pupation Shell Filament 

Races! 	 Fecundity/ 	duration/ yield/ rate/ ratio! length! 

Races 	 Fdcondité 	Piriode 	laroaire Rendement Iauo de Richesoe Longueur 

riduite en 	cocons pupaison soyeuse de 	Ia bave 

Pure 	Mysore 00 

Hosa Mysore 	 aD A 

Kollegal 	Jawan 	 od o oD Ad 	 aDD 

Mysore Princess 	 ADD d ADD 	 d aoD 	 Aod 

Nistari ADD 0 

Diazo AD AD 

NN6D Ad a A 

Sarupat 00 

Mona d 

A, 0, D and a, o, d, are high and low quantities during August, October and December respectively! 

A, 0, 0 et a, 0, A reprsentent respectivement les quantitds les plus éleoies et les quantitis les 

plus Faibles en 000t, octobre et ddcembre 

Table Ill. General combining abiLity quantities for nine muLtivoltine races during 

three rearing seasons for six independent characters. 

Tableau III. Liaisons quantitatives générales pour neuf races polyvoltines au cours de 

trois saisons d'levage pour six caractères indpendants. 



Races! 

Races 

Shorter 	larval 	Cocoon 	Pupation 
Fecundity/ 	duration/ 	yield/ 	rate/ 
Fgcondit6 	PAriode 	larvaire 	Rendement 	Taau de 

rduite 	en cocons 	pupaison 

Shell 	Filauent 

ratio! 	length! 

Richesse 	longueur 

soyeuse 	de 	Ia have 

I.PHxHH a 	 A 	 Ad A 
2.PHxKJ od 
3. 	PH 	n 	HP 0 	 ad 0 
4.PKuN a 	 a 

PH 	u Qiao u 
PH 	e 	111160 0 	 d a 
PH 	e 	S a 	 a 

B. 	PH 	a 	H 00 

MM 	u 	KJ d 	 AD 

RH 	a 	HP a 	 A 

ll.HMuN A 	 0 	 A 0 a 
RH 	o 	Diazo A 	 aO 	 o nd aD 
RH 	x 	111160 0 	 R 	 d 	 A d 
RH 	o 	S 0 	 d o 

IS. 	RH 	u 	H d a 
KJ 	n HP a 0 

KJ 	u 	N aA 	 a o 
KJ 	e 	Diazo A 	 a ad a 
Ii u 	NN6D a d 
KJ u 	S od 

21.KJuM od 	 0 	 a o A 
HP 	x 	N Od 	 aD a 
HP x Diazo d 

HP 	u 	NN60,  a Rod 
HP 	a 	5 0 vO 
HP 	a 	H a o 
N 	n Diazo a d 
11 	a 	NN60 

N 	a 	S 

N 	a 	H 

Diazo 	o 	11660 Ad a 
Diazo 	u 	5 0 
Diazo 	a 	H A 

111160 	a 	S 

NN5DoH od 
36. 	5 o H 00 	 o 

PH: 	Pure Mysure; AM: 	Rosa 	Mysore; 	KJ: 	Kullegal 	Jawan; 	HP: 	Hysore 	Princess: 	N: Photon; 	5: 	Sarupat; 
H: 	Mona 

8.0,0 	and a,o,d are high 	and 	low quantities 	during August, 	October and Decenber respectively! 
8.0.0 et 	a.o,d 	reprAsentent respectionment 	len 	quantitAs 	ten 	plus 	Oleves 	et len 	quantitAs 	len 
plus 	Faibles 	en ao0t, 	octobre 	et 	décembre 

Table 	IV. Specific 	combining ability 	quantities 	of 	mulLivollinc hybrids 
for six 	independent 	characters. 

Tableau IV. 	Liaisons 	quantitatives 	spcifiques 	d'hyhnides polyvoltns 
pour 	six ca rac tres 	i ndpendarit a. 

314 



Hybrids! 

Hybrides 

Fecundity/ 

Ficondilé 

Shorter 	larval 

duration/ 

PAriode 	larvaire 

rAduite 

Cocoon 

yield/ 

tendement 

en 	cocons 

Pupation 

rate/ 

laua 	de 

pupainon 

Shell 

ratio! 

Richesse 

soyeuse 

Fila.ent 

length! 

Longueur 

de Ia bane 

l.PMaHN nO Od aD 0 d 

PM a 	NJ a auD Ad 0 

PM a MP 0 alt od d an 

PM a 	N aD d o 0 

PM x Diazo d 00 

PM x N660 0 

7.PMxS o d o 

8.PMnM D D 

HM 	a 	NJ d And Od Ad 

HM a 	MP 0 03 AD aDD 

HM 	a 	N o AD 

HM 	a 	Diazo d a) 0 

HM a 	NN60 0 ad 0 a 0 A 

HM 	a 	S 0 

HM 	a 	M Od a 0 aD 

NJ u MP 00 a d a 

11. 	NJ 	x 	N a d AD a A 0 

18. 	NJ 	a 	Diazo a d D a o 0 

19 	KJ a NN6D a a aDd a oD 

NJ 	a 	S D 0 

NJ 	a 	N 00 0 0 

22, 	MP 	x N an D And ad 

MP 	a Diazo 00 oD 

MP x NN6D Ad 0 Au a 0 0 

MP a 	S D 0 

MP a 	M Od aD D 0 

N 	e Diazo d 0 

N a P0160 a AD d a 

N 	a 	S A 

30.PlaM 0 0 

Diazo 	a 	NN6D a 

Diazo 	a 	S o od 

Diazo 	a 	H o 0 

P0160 	e 	S 0 00 0 

NN6D xM a D a 

S 	u 	H 0 Od ad 

PM: Pure Mysore; HM: Anna Mysore; NJ: Nollegal Jawaci; MP: Mysore Princess: N: Nistari; 5: Sarupat; 

H: Maria 

A.0.D and a.a,d are high and low quantities during August October and December respectively/ 

A.D,0 et a.u,d représentent respectivement len quantitAn Ins p1us AlevAes et Ins quantitAs len 

plus faibles en aolt, nctohre et dAcembre 

Table V. Reciprocal difference among 36 multivoltine hybrids for six independent 

characters. 

Tableau V. Diffrence rnciproque chez 36 hybrides polyvoltinu pour six caractères 

I ndépendants. 
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Traduct ion 

ANALYSE DES POSSIBILITES DE COMBINAISONS CHEZ LES RACES POLYVOLTINES 

DE BOMBYX MORI L. 

G.D. PERSHAD*, R.K. DATTA, S.K. BHARGAVA, 
H.V. VIJAYAKUMAR et M.S. JOLLY 

Silkworm Genetics Laboratory, 
CentraL Sericultural Research & Training Institute, 

Mysore, 
Inde. 

tee effete des possibilitós de combinaisons de neuf races 
polyvoltines de Bombyx mori L. sont analyses par croisement dial-
llique 9x9 pour Le rendersent en cocons, La fdcondite, La re'duc-
tion de La periode larvaire, Le taux de pupaison, La richesse 
soyeuse et La longueur de La bare au cours de trois saisons 
d'elevage. Lee liaisons quantitatives gdndrales (GCA) et spéci-
fiques (SCA) sont significatires pour tous les caractRres dtu-
dids. te rapport 2o/(2o'i- a) se situe entre 0,91 et 0,97 sauf 
pour La fdconditd (0,26) et indique que lee GCA sont suffisantes 
ches ces races pour pouroir rCuseir une selection sur le rende-
ment en cocons et un taux de survie plus dierd. Lee liaisons 
quantitatives gdndrales sont supdricures aux liaisons quantita-
tives spécifiques pour tous iss caractbres comme 1 'indiquent lee 
rapports 2ci/(2o+ O)•  Lee liaisons GCA indiquent que La race 
Mysore Princess swine de Kollegal ,Jawan, donne de bonnes combi-
naisons gdnCra lee. La plupart des croisements de Rosa Mysore avec 
des races polyvoltines indigRnes et exotiques cc rduRlent de 
bonnes combinaisons spdcifiques. Lee effete rdciproques posit ifs 
ches lee hybrides de Rosa Mysore indiquent l'accumulation des 
genes cytoplosmiques. t'utilisation selective de ces races dane 
un futur programme de selection est discutCe. 

Adresse actuetle 	RegionaL laser Research Station, Imphal (Manipur), ]nde. 
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1NTROI)UCTION 

Los races polyvoltines de Bcnhyx niori L. out une importance énormc dans La séri-
ciculture tropicale. Jusqoici l'amliuration des caractères économiques s'est limi- 
te h lexamen des diftireiices solon les races et 	Ia selection A partir do Ia 
variibilitC induite sans beaucoup de recherches gCnCtiques. Los etudes sur les quail-
tCs combinatuiros sont uliles car elles pormettont dCva l uer  laptitudo au croisemont 
des parents cc gui aide li choisir les parents gui donneront, par croisemont, de moil-
leures races. Cost lone des techniques ics pills au point que Ion connaisse, gui 
permet de sClectionnor les parents et les hybrides adequats pour une exploitation 
future et on it besoin do melt re au point de nouveaux croisemorits pour remplacor les 
races locales 5 laible rundomont gui sont utilisCes de isaniCre extensive pour Ic 
grainage dhybrides bivolt ins x polyvoltins (Sengupta et Datta, 1975 Datta et at., 
1981; Jolly, 1983; Datta, 1984). Bien que los qualit6s combinatoires alent CtC utili-
sees extonsivomont pour La sClection dans le doinaine des productions vCgCtales, olles 
n'ont pas ité utilisCes o[ficacoment pour ameliorer le ver 	soie. Ccci nous aide 
cependant 	choisir les parents destinCs 	l'hybridation (ilirobe, 1968). La presente 
recherche a CtC entroprise pour connattre Ia nature des possibilitis combinatoires 
gui lCguent les quelquos caractères do base signilicatils et pour identifier les 
meilleurs croisements destinCs 	&tre exploitCs dans un programme de selection dii 
ver é soLe. 

MATERIEL El METHODES 

Neuf races polyvoltines do ver a soLe (Bombyx ntori C.), races indigénes, exo-
tiques et amCliorCes décrites dans to Tableau I, conservCes dans cot Institut, sont 
croisCcs dans on systéme diallClique complot 9x9 et dlevdes on laboratoire a une tem-
perature de 23-29°C Ct line liumidité do 6O-857. Trois replicata pris complètcment au 
hasard d 'line ponte chacun, do chacun des hybridos et des races parentalos. sont Cle-
yes pendant trois saisons (;iot, octobre et ddcembre 1983). 

Lanalyse do variance a été faite selon Is mCthodo de Snedecor (1967) en convo-
nant que les races ont etC choisies et nont pas etC prisos au hasard. Lanalyse des 
liaisons gCnCrales et spoiifiquos et des differences rCciproques pour to rendement 
en cocons, Ia fCconditC. Ia durCe de la pCriode larvaire, le taux de pupaison, Is 
richesse soyeuso et Is longuour do La bave, est offoctuCe scion Ic ModCle II do 
Criffing (1956) et scion Stangland et at. (1983). Lo modCle danatyse utilisC est 
le suivalit 

X..kl = g.1 * 
g.

3 
- s 1.

3 	I 
r. ] - 	1/bk bk + I/bk 	1 bv). 3k 	1/bc 1k II 

oJ 

gi ci p  sont respect i cement les I ia i Sons quan i tat ices gCnCra los du i emo parent 
femel le ot do jZmc Iparilit mIe 
sij  ci nj soOt rispectivemont los liaisns quantititivec spCciliqiies do cr1150-
mOnt (ix)) et des ci his reciproques. 
Pour chaque croisement (ix)), Is valour (g1  • 	) oct cilculCo it I livpo- 
thlso nulle est tostCe a panic Be Ia valour zero, on slIppos-ilid qu' II ny a pas 
do differences gCiiotypiqnes entre les F1 . 
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RESULTATS 

Lea liaisons qu;InLii:Itives gnêralos et spéciliques ot los diflrerices réci-
proquos pour los six car,tctres do base chez les neui races polyvoltines per so, sent 
prsentes dana Ic Tableau II. Lea hybrides Cot des valeurs trs significaiivos pour 
toils les caractres saul lo LaUX do pupaison. les liaisons g6nr;t1es ci spciliques 
pour tous los caracieres (saul pour la richosse su)'euse) 51001 rent des dii 1rences 
signilicatives importanLes. l• rapport do Baker 	2521(212 	,) va do 0,90 	0,97 
saul pour la fécondité (0,25). Les rapports soul les sRuivan:lLs 	rendement en cocons 
0,97, plriode larvaire rduite 	0,96, richesse soyeuse 	0,96, Iongueur do la bave 
0,96 ci taux do pupaison 	0,90. LIe la mmc manire, les, dilflrences rciproques sont 
trs aigni I bat laos pour toes los caract'res 5 1 exception do Ii richesse soycuse. 
11 oat i ntressant do noter quo, bien quo la somme soy0000 des carris des hybrides 
pour ic taux do pupaison no soil pas significative, lea liaisons gnraIes ci spci-
(iques ainsi que leur di!frenco r6ciproquo soul Inautenlienni siginificatives. 

Elfets des liaisons gnraIes 

Pour les neuf races polyvoltines. les liaisons gnéralos quantitaiivos pour los 
six caractSres do base, dtaillos dana Ic Tableau III qui mesure les performances 
des parents, tflOfltreflt que ni los caractSres, ni les 5;llsonS ninduisent do dilf-
rences signilicatives. Lea quantitts conncernaini lea GCA chez Mysore Princess soot 
signilicaLives pour la lcondité. Ic rendemeni on cocons. Is richesse soycuse et la 
longuour do la bave pour toutes los saisorns, mais on d6cn'mbre sculemerit pour la 
période larvaire rduite et Ic taux de pupaison. Parnii les autros races. la race 
indigne Nistari a do bonnes qualii6s do combinninison pour Ia priode larvaire et Ia 
race am1 iorle Kollegal Jawan, pour In longucur do Is bave, on mutes 55 sons. Les 
autres races Cot 6gaLemeTIL do bonnes qua lii os ma is so redu isannt in quo 1 ques ca rac Lè tea 
signilicatils et S quelqucs saisons uniquoment (Tableau III). los liaisons quantita-
lives gnérales glob;nles connfirment quo Mysore Princess ('St IC moillour parent suivi 
do Kol legal Jawan , pour cc qui concerile les caracti'res do base indepenclarits. 

Elfets des liaisons spciliques 

Pour les hybrides polyvoltins. les liaisons quanhitativos spéciliqucs (Tableau 
IV) soul CIev6es pour la f6conditil,  chez I'ure Mysore, Ilosa Mysore CL Mysore Princess, 
pour Ic rendomont en cocons chez Pure Mysore, liosa Mysore, Ko I legal Jawan ci Mysore 
Princess, pour la priode larvaire rlduitu ci le Laux do pupaison chez Ilosa Mysore, 
pour is richesse soyeuse , chez host Mysore et Mysore Princoss. 01 pour la longuour 
do la bave, chez llosa Mysore, Kol legal JaWan Cl Mysore Princess. Los hybrides do Ilosa 
Mysore monntreni les valeurs los meil leures pour is plupiri des caraciSres do base. 

El lets rciproquos 

Los dii flrences rlt iproques chez 36 hybrides 61ev6s pendant Lrois sn isons , pour 
les 	six caract'res do base (Tableau V) montrent quo In's combi naisonns do Mysore 
Pri nncess (suivie do Kollegi I Jaw.nni et Ilosa Mysore) comme parent Iomel lo avec d'aut res 
races tlonnnenit des di fflroiicos signil icativn's ponu lo rondernonni on cocons CL d'autres 
caroteres. Lea dillronces réciproques pour la lcunditl et In priodo larvaire 
rn'duite 5001 signif icaiivos pour lea hybrides do Mysore Princess cc qui insdique la 
suprioriLê do Mysore Princess on tant quo parent iomoile. 
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DISCUSSION 

Parmi ls neul races polyvolt ines do vor A sole, les races indignes (Pure 
Mysore, Ni Stan 	So rilpat Ct Nor i a ) soot pou producti yes 	La lois pour Ia quail 
et Ia qilantite do sine (Porshad et aZ.. 1985). Les liaisons quantitatives gnrales 
et sptc i liqucs positives pour presque tous los caractères chez len parents per so 
indiquent quil fout amliorer Ion races indigines qui soot utilisies extensivement 
dans les oxploitotiotis cominorciales en lode, on slect ionnaTlt des parents suprieurs 

pour obtenir on pool gentiquo large et diversili. Les valeurs quantitatives 6lev6es 
des liaisons génr.ules ii spcci[iques montreni quo les deux types dactions des 
genes, additive e t non-odd it i ye 	jouont Un rie import ant pour Ia I ransmi ssion d • un 
caractCro i ndépeiidant comme Ic rendenient en cocoon ou d aut ros choz les races poly- 
voltines do ver i sole. Lo rapport 2012/(202  i 	) obtenu en utilisant In formule do 
Baker (1978) est rs 61OV6 pour bus los caracteres (Tableau 11), indiquant les 
effets addi tim 	des g 'nos. I.e rapport indique que Ia slect ion boson sur los perfor- 
mances itidividuellos des lignOes devroit Otre efficace pour amOliorer In rondoment 
en cocons et in taos do pupa isoi. Cepondant los valeurs obtenucs pour los hybrides 
per se no soot pos signilicatives pour ins caractCres et inlluencOes par les interac-
tions importantos avoc I 'envi rorlilement . Cec i dovient encore plus Ovident en Otudiant 
les vinurs des liaisons quantittives gOnOrales (CC/i) ci spOcifiques (SC/i) au cours 
des djllOroiites s;iinoris (Tableaux III et IV). 

Mysoro Princess et Kol legal Jawan ont des valeurs OCA 61ev6os pour Ic rondenient 
en cocons. Len duiets des SC/i soot signhficatifs dons trois conibinaisons, impliquant 
chacunc Mysore Princess et K,l legal Jawan. La supOrioritO do Mysore Princess et 
Kollegal Jawan peut tre due 	La prOsence do genes dominants ou Opistatiques. La 
souche indtgCne Nistari a des valeurs CC/i significatives pour Ia periode larvaire 

rOduite et ie tituS do pupa mon dans toutes los sainons ma is les valeurs SC/i ne sent 

pas sigitificatives cc gut indique quo to supOrioritO de Nistani pour los c:aractCres 
spOciuiques petit Ctro due ii des genes ayant des effets additils. L'act ion des genes 
additils ent conE irniCo chez Mysore Princess, Kollegal Jawan et Hoso Mysore pour les-

quelles les valeurs CC/i slolt OlevOes pour beaucoup do c,iroctCres dans toutes les nai-
sons (Tableau ITT). On it mailuteitant Otabli quo Mysore Princess est Ia moilleure race 
parenta Ic pour Ic rondemeiit en cocoon Ct pour d ' autros carac tC ron de base (Tableaux 

III et IV). Commo les elEcts des genes additlis et non-additifs Soot importantn pour 
mettre au point do bonn i roi someni s, on s'attend 	to quo les croisoments impi iquant 
Mysore Princess, 	(el leg I Jawan ci N is tori iii ent comes 	rOsu I tat I • obtent ion de 
quelques sOgrOgants ut ilos pour appliquer ulie selection oyallt pour but do fixer one 
IignOe avec one pOriodo Inrv;ire rOdulte, on taux do pupaison plus OlevO ci on meil-
leur rendement on cocons. (tout dontiO quo los valours SC/i des croiselsents do Mysore 

Princess avec Mona it Pure Mysore Soot trCs signi licot ifs pour prosque tous les 
caractères dans one saisoji ou one outre, on pout ponsor quo los g'nes additils comae 
les gCnos tioti-addi ills so soot accumulOs dans cotto race et seront Ut iles pour mottro 
au point Un futur programme do nOlection. 

Los dii fOronces rOc ipriques OlevOos chee len croi scmenLs do Mysore Princess et 

Kollegal Jawan avec dOlt ron races • pour te rendement en coolls . et do lena Mysore 
croi sOn avec Kollegal iowan. Mysorc Pr I non 55. Di are. Nor il or NN6I> pour hoaucllup 
d 'out ros 	ca root C ros • co, I I riselit 	Ii r ie 	s it If do 	I ' hO r t tb I I it 0 c yt pl ;ismi quo. 
Comme to rondomont en cocoon depend do In fOcondi I 0, Ic coat ngcnt I ome I lo do Mysore 
Princess et Kollogal Jawan a on mel I tour avoni r dans lo programme dt,  sOlict ion. On 
peut observer dune maniCre giobalo quo Mysore Princess put Ci ro 	ucluse dans lo 
programme do sOloction LAIM111C parent mIlo on femoi lo Otailt dinnO quo Is vii ours CC/i 
et SCA soot OloyCes dans Ia plupart de sos combinaisons. 
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i7erlcoioglct, 1966, 26(3), p. 327-335. 

CONTRIBUTION A L'ETUDE DES MECANISMES DE REGULATION 

DE LA METAMORPHOSE CHEZ BOMBYX MORI L. 

C. REALI 

let ituto fperlrnentalo per la Zoo?oqla ,leraria, 
Sec iorte speclalizzata per ta Bachicoltura, 

VIa del Colti, 28 
Padova, 
Ital-le. 

A l;i suite d'une srie d'expriences concornant los mcenisnios hormonaux rigu-

lent Ia mue 01 Ia metamorphose chez Borebyx rcori L. , Ftikuda (1941. 1944) Lut to pre-

mier it altribuer une fonction endocrine it Ia glande protlioraciquc, d6couverte par 
Lyonet en 1762 et decrite en premier lieu par Tovoma en 1902 sous to nom de glande 

hypostigmat ique. 

Lenalyse des résultats obtenus avec des larvea de ver it soio ligaturCes en dif-

Ihrentes positions Ic long du corps - avec ou sans transplantation de t i ssus ou 

d'orgnnes, ou translusion dhimo1ymphe - avait conduit aux conclusions suivantes 

- le cervoau no produit pes d'hormones susceptiblos dinduire Ta pupaison ott 
La mCtamorphosc imagiriale 

- Ia mue larvaire eat r8gu16e par 1' interaction dc deux hormones, l'une (Mu) 

dent produite par Ic ganglion prothoracique. l'autre (JIl) par los corpora allata 

- Ia pupaisoll et Ia di 1[Creticietion imaginalo soot Iieos it I act ion de Ia seule 

MIt, dool tact ivitC so menifoste brusquement it one Ctape phvsiotogiqtie dtterminCe 

("periode critique") do La vie post-embryonniire, en absence no it des niveaux feibles 

d act i vi t C entagon isto de I a JH. 

Pour sea experiences, Fukuda ave it uti I i aC des couches do Borebyx rrtori it quatre 

muos larva i res 	un hybr ide de races japue ises, cur lequel lea 1 igatUres et los 

transplantations soot offectuCos cu 5itme ige larveire enr.re  Ia dernihre mue et La 

montCo des vera 	et one race pure chitioi so, cur laquel Ic lea essais soot effectuhs 

a1,rs La mirltoe, pendant to I i age. 
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Len conclusions do 1 alit cur vi ennent des observations su iv;int en 

- 	ablation du uerveiu oti Ia ddcapitation des larves do 5me Age n'ompechent 

pan In pupa i son. la priport ion do larves qui donicertt unc chrysal ide augiciente on lonc—
finn do I 'ipoque do I' intorvoilt ion, pour atteindre plus do 80 '1, pour los larves op-
res t in vet lIt' do in monLcc. Quelques larves dcr€brecs torminoict Ia metamorphose 
en donnant on pet it adulte dpoorvu do cerveau mais avec des gonades développes 

- En sparnnL It,  corps do In larve du ième 3ge en deox tronciins par one ligature 
mtdiartc' effectoeo 	di Ilereiits niveacix, ii ny a pan de pupaison lorsquo Ia ligature 
est ef1octioe avant quo Ia larvo soil mire. Si In larve cnt m6ro, on observe une 
metamorphose dans I a part it,  ant Cr cure, go i cont ient in glande priithcrac I que , or null 
dans Ia part it,  postCriouro 

- Lornquc IC corps des larves prisos aprrs In niontCe est ligatut-6 Oil tiflO I igne 
mCdiane 2 dilfCrcntn nivonux, scule Ia partie qul conLieni les glaiides prirthoraciques 
so translorme en chrvsalido alors quo lautre part ie no so translorme pan. Ceci Si 

I'opCration a lieu dans los 24 lioures gui solvent 	Ic dCbut do HInge 	In transfer- 
mat ion do Ii part ie post Crieuro est part icflc si len larves sont opCrCes dans los 
12 lteures siiivantes ot 	mplctc ci l'opCrntion a lieu 16 heures ou plus apr6s le 
debut do Ii lago. 

La confirmation des rCsultais obtenus par Fukuda nor Ion larves opCrCes avant 
maturitC est ioornio par nos propres observations effectiiCos (I y a plusieurs annees 
(Reali , 1951 ). lit iii sant un polyhybride 2 cocon blanc dorigine ririentile, nous 
n'avons pin obtenu do pitpaisou choz don larves I igati.irCes mrs du 52me jour du der-
ni or 2ge larva ire au iii n'e.co d 'tin i ntersogmcnt thnrac ique Cu abdominal mais seulement 
uric survie important 	(642 hitirts dans ott (- an) do La part ie postCrieure do corps. 

Les rCsultai s do Fuktida no cont pan en accord complet avec los observations prC-
cCdentes do Sacchi (1926) concernaiit one Ctude nor in sorvie des larves de ver 2 sole 

sousti so 2 clortipi tat, in ou ligature, pendant le 52me 6ge larvaire lusqu 2 Ia fin du 
filago dii cocun. 

Les rdsol rats oxperinitntaux do oct10 recherche , real i sCe avec uric souche mdi-
gene 2 quatre muon er, thus si,uchos croisdes colorCes (indigCnes ou orientales 2), 

coIncident esseilt iellement aver ceux do Fukuda dans Ic cas do dCcapi tation des larves 
(suit matures, soit a in fin do lunge do cocon), mais divergent sensiblement dans 
le cas des larves I igaturCos no niveau do thorax et de 1 'abdomen. 

Len propirrt ions do pupa i sort obte.noe par los dccix noteurs sont indiquees thins 
le tableau I. Dii ciinstnt e qu' 11 oxiste des analogies CI des contradictions ciii re ccx 
r4su[LatS oxper i merit atix a ins i qit ' avcc ceux quo noon obtcritns i ci 

Pour analyser los divergeni.- i's ent rc ten rCstiltatn dos nuteurs cites, llritls appor-
toils ici los premiers ritsijltats il'unc Crude encore on coors, afin do fouritir one 
contribution 2 In cniprCliens i ott des mecnn i smes comp I ('505 (ILIi rCgti lent La mittamorphnse 
chez Bornht1ix moo. 

MATERIEL ET TIETHODES 

Le matCriel experimental ut i I inC est le stiivant 

- un polyhybr ide 2 cocon blanc. obtenti par c mu semttut d on livbri do F do ileux 
souches japona i sos a cocon c lit rC avit Un hybr i do Ft do dotix sit tithes itt i nt i sos 2 
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cocon sphrique, norma lemeiir Ut i Ii sé en I tat iv pour 1 ' i lev;ige 

- une race pure clii noise i cocon blanc splir I qee. 

Dans les deux cas, La duri$e du 5'me 2ge eat dc hu i I jours, de la fin dc La der—

nii5rc moe i la monte des vera. pour tine temperature de 21 ii 24°C, Ic filage du cocon 

SC terminant dans los 70 heures suivantes. 

La ligature cot effectue dans le aillon intersegmentaire avec on fit de coton 
fin et rósistanf serré par un nocud coulant assurc par un novud simple supplmen—

ta i r c. 

La larve non encore mature est opre h la premh5re heure ic maIm, 10 heures 

aprs to dernior repas do jour pricderit 	pour oprer les larves matures oil attend 

qu'elles se solent 'purgées' après l'arrêt de l'alimcntation 	h's inLerventions aprs 

la Ii lature du cocon sont ef[ectues sur des larve extraitea des coccUs deux joora 

aprs [a muntc et maintenues on observation pendauL quelqucs heures pour kre oGr 
de l'miaaion totaLe de La aoie. 

Lea essais out 6L6 riptts dc nombreuses 1oi, avec du materiel provenant d'Cle— 

vages differents effectciCs 	diffCrentes atinCes CL tliIfCrentes dpoques tie l'annCe. 

RESULTATS 

1. Larves du 56me 5ge op3r4es avant La montCe 

1.1. 24 heures .ipr's la dernh're moe 

La rCaction a la ligature effectuCe clans diIfCrents sillons intersegmentaires 

du 	thorax CL de 1 'abdomen se carac tCr i sc par des mouvi'mcnt a brcisques des Ia rves 
accompagnCs quelquefois de regurgitation puis cItes s'immobilisent rapidement et rCa— 
giasent aculement 2i une stimulation mCcanique 	quelquea larvcs ligaturCes au niveau 
;ibdomina I mangent a nouveau une petite quani I IC do (ecu lie. 

Aucune larve ne prCaellte de a igiies de mCtarnurplioae : pour les deux troncons du 
corps, on Commt'ticant par In partie antCrieure, lea rCactions acts stimuli externes 

diminuent plus ceSsent completement entre les 6me ci 7&me jours, puts ic's tissus 
se nCcrosent progressivement en conservant Loutes les caractCrisLiques larvaires 

les LISSUS de la partie antCrleure dCgCnirent les premiers avant ceux de la partic 

posLCrieure, saul dans le cas des ligatures appliquCea clans les Sèmc et 6ème sillons 
abdominaux ou la nCcrose des tissus eat simultanCe clans Leo deux troncons. 

1.2. Apris les iours 5, 6, et 7 dc la derniere mue (ci. Planche, I) 

Lea ligatures sont ellectuCes dans trois groupes distincus d'animaux, aprs 120. 

[14 et 168 heures suivant La derniare moe. clans to sillon cCpha[o—thoracique. dans 
le sillunthoraco—abd(imin,il et dans divers sillons abdominaux. 

Dana cc cas egalooic'ot nil ic constato aucun signe de pupil son quel que soil le 
roncon du corps, douuu lea u i ssus se nCc rosent de In mCme (aeon que dans to cas prC—

cc'dçnt . avec pc rip di' vital I tC atix a lent ours des tme et lOCioe jours 

1.3 Larves matures (ci. Planche, 2) 

A [a fin dc [a pCriode d'alimentation, l,i "purge" ayauut CliminC tous lea ru$sidus 
alimeittaires contenus dons It' tube digesLif, la larve clevient translucide et 
s'apprCtent a i i hr son cocon 	cette phase dCI mit la larve mere. 

loss les rissltats sont grolipis doss le tableau 11. 	 323 



Lee ligatures, cIfectues dans les sillons de divers rntamres, entratnent la 
mort des larves 13 (ours au p1us eprès lintervention, sans signe do mtamorphose 
dans Ins deux ironçons (exceplc dans 4 cas cur 311). 

La ;cécrose des tissue interviont dabord dans la portion cphalique puis dans 
la partie caudale, gui regit encore aux stimuli externee alore que la partie antt-
rieure cci complètemeuit dgcnre. Les battements du vaiseeau dorsal, devenus subite-
mont ;irythmiquee eprs 1iiutervention, cessent rapidement dans la partie antrieure 
après avoir inversc It,  sons do t'onde prista1tique. 

Quciques larves ligaturéee dans les deuux derniers sillons abdominaux ont )mis 
une quantit(l,  notable do solo et construit on cocon de forme irr6gu1i're. 

Pour troie larves Iigatures au niveau du 7'me sillon abdominal et trois larves 
ligaturées au niveau do Remo sillon abdominal, on a constat6 one mtamorphose dans 
le trocon antérieur, so m;inilostant par on détachement do la cuticule Larvaire, 
l'éfilomenl des 1rach6es u travors les stigmates, la formation do tgument nymphaL 
et In rejel do l'oxuvio larveiro. 

2. Larves opres après la montée 

2.1. Larvee opres 24 h. aprs le debut du filage du cocon (of. Planche. 3) 

intorveuit ion a lieu sur des larves extraites du cocon Ic jour suivant Ic debut 
du filage 	la lig;uture pratiquCe sur des sillons abdominaux nempeche pas l'Cmission 
do la sole qui conduit 	Ia formation de cocons rudimentaires do taible coneistance 
et de forme irrCgul iu're. 

Saul dans un (- as, il's parties antCrfeures des larves ligaturCos no prCsentent 
pas de signes do mCtamorphose Ct les tissus se necrosent en consorvant les caractC-
ristiquos i,irv,iires. Pour In cas unique dune larve ligatur(',c au niveau do Sème cii-
Ion abdominal, Li cart ft antCrieure du corps a subi In metamorphose complete, donnant 
une chrysalide puis on adulte no possCdant pas Ic dernier somito mais apparemmont 
parfaitoment forme. 

Au contrairc', la partie postéricuro des diverses larves ligaturées au niveau 
du sillon céph;ilo-.thoracique, du sillon thoraco-abdominal et du 26mo silton abdomi-
nal est Ic siege dull debut de nyuicphose, earquC par In décoiloreent de lexuvie lar-
vaire et Id ilenlont des trachces )i travers ic's stigmates. ia nymphose nest pas com-
piCte et no va pas jusqua Ia metamorphose imaginale. et  to tronçon perd toute 
vitalite aprCs on tomps prolongé (20 (ours). 

Los tissue des par't lee postc'riouros do toutes les autres larves no présontont 
aucune modification ot so oecrosent C 1'ctet larvaire. 

2.2 A la fin du filage du cocon (cl. Plancho, 4 	Figures I, 2, 3) 

Lee 	1 igatures out W C eflectucCo.s (talus tons les sillons i ntersegmenl a i roe, sur 
des larves extrailes des Colons 72 hecires après la montee et gui ont complCtemeuit 
terminC In filage do la soft. 

Scion la position do la ligature, lissue de Iintorveiution a des caractCris-
tiques bien dCfinies. 

a) Chez les larves ligaturCes dans les sillons thoraciques, dans le sillon 
thoraco-abdominal ou les Icr, 2ème, 3Cme 01 4Cmo sillons abdominaux, to troncon aniC-
rieur conserve toutes les caractCristiques larvaires et mete vivarut quelquc's jours, 
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I a tin desque is I I perd I a capac i tl de rag i r ;iux at tao I i puts so nc rosent rap ide-
mOnt. Au contraire, Ic tronccn postercour prcsente line nymphose normale aver nofor-
mOtion du tegumont 0Vfl1Ii5l CL dtachement de 1 exuvie larvai re, se mitintenant long- 
(claps en vie et demourant mobile 	pour une moitid (21 sur 39) des larves ligaturécs 
so niveau du sillon céphalo-thoraciquc, on obticnL aussi is metamorphose imaginale. 
aver rojet de lexuvie nymphale, doniiant des adultes sans téte mats ayant toutes lea 
caractCristiques imaginali's ; nous navons pas obtonu daccouplomont ou de pontes. 

Les larves ligaturCos dans Ic 5me et ic bème sillon abdominal ne prCsentent 
aucun signe de nymphose (saul dans on cas) dans les deux troncons, perdecit leur vita-
litC et se nécrosent dans les 6 a 7 jours, gardant un tCgumont larvaire. 

Chez les larves iigaturCes all niveau des 7èmo et 8ème sillons abdominaux 
Ic troncon antCrieur se nymphose entièrement, se iranslormzcnt en chrysalido 	de 
teiles chrysalides donnant des papilions adulLes. bien quo privds do dernier somite 
comme dans le cas de larves ligaturCes so niveau du 8ame sillon, ont pu Ctro 
accoupiCes et les femelles ont pondu des oeufs fécondCs et vivants 	les chrysalides 
une lois transforaCes en adultes se sont libéréos sans difficultC de lexuvie. Le 
petit troncon postCrieur, constitue des dorniers somites abdominaux, s'est rapidement 
dessCché en rejetant lexuvie larvaire sans manifester It,  moindro 51gm' de nymphose. 

03 SC USS I ON 

La constance des rCsciltats, confirmCs par des rCpCeit ions S des années divorses 
et S diffCrentes Cpoques dune memo annCc CL ii grandi uniformitC des comportoments 
des larves des diffCrents lots expCrimentaux. indCpendemnncenl do lorigine gCndm ique, 
constituen: Fin smcurité pour lormuler des hypotheses. 

1. Laction des mécanismes hornionaux qui rCgulent Ia nymphose et Ia metamorphose 
ne se martifeste pas avant que commence to filage de Ia sole. 

Aucune souche de Bombyx rnorC S qual re ames na mcllLrC de nsdil icat ions morpholo- 
gi ques alt ribuables all phenomene de IiUI1ImuOe ritz los larves npCrCes avcr 	Ic debut 
de lemission de ante. 

IJes 579 sujets opCrCs au coors du 5ncc Sgc. cotre to jour suivant Ia dernibre 
mue ci Ia montée, 575 sont restCs S léta L larvairc et soot morts so bout dun Leaps 
pills 00 mu ills long, sans qu appara i sac un S igne de nymphose dans les deux parties 
separCcs par Is ligature. 

Lea quatre larves mtiros I igimurees so niveau des deux derniers si I Ions abdoisi-
nacix mint entamé is nymphose dans la porte inter ieuro , ins is i I lout cons idérer quo 
Ia ligature appliquêe S l'extrmile condole ci's pas empecho lemission dune quantiLC 
notable de ante, Ct mSme Ict formation dun cocun mSnce irrCgul icr. 

Los rCsultats ne concordent pas aver cccix des acltellrs precedents qui ont signalé 
chez les larves mGresivitot Ic debut du 1 I lage des cas de nymphoses dans des propor- 

I 	us carl ib lea st I on les sOur hos de Bormmbyx 'sort tit i I I sees 

- du tronçon postCriour. chez les larves ligaturéesau niveau du sillon cCphalo-
tlioraciqtie 

- du troncon antér lout seul ( Fukcida ) OU do t rcinicn pustéri our seu 1 (Sacchi 
chez les larves ligaturées an niveau du sillon thor;ico-abdominal. 
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Des résuitats idenliqucs out été obtenus aussi chez ins larves npéres 24 heures 
après [a monlee. 

La mojeure porno des larves (160 sur 195) est mirrO sans montrer in moindre 
signe de nymphose et UflO seule larve (sur 24) 1igature lu niveau du 8me inter-
segment abdominal a donn une mrtamorphose imaginale pour In portion ontcrieure du 
corps, alors quo 34 larves (sur 77) ligatures dons lee siiiorrs cphalo-thoracique, 
thoraco-abdominal et 2me abdominal ont donn6 lieu a des modifications morphologiques 
do dbiir do nymphose dons In pan ft prrsNrieure du corps soulemont 

Le cas do In I:irve qui sect metamorphosce entièremont pout tro assimiltI. par 
analogie des ciconstonces dons lr'squelies ce phénomne sect vrrifié, aux quanre cas 
des larves mires do In prcderiie scrip dessais dare quo pour los 34 autres mdi-
vidus. [a nvmphoso 1 pu inrervrnir car los larves, au moment do i'opration, avaient 
déjS émis do [a sole cii 900111 it6 notable. 

Los jl6ments prove000t do In secondv srie d'ossais no concordent pos non plus 
complètement aver los observations do Fukuda, lequel avait not6. [a nymphose complLe 
do In porno contonant In prothorax et In nymphose partiello do ['autre parnie du 
corps. 

L'opratirrn intorvenant après 1'6mission complete do [a sole donne do maniCre 
const ante une nymphose c0000rnaiir 

- In porno postrrieure des 269 larves ligaturees jusquau niveau du 46me inter-
segment abdominal 

- Ia partie intriouro des 30 larves (Cur 38) iigaturCos dons in 7Cme sillon 
or des 34 larves (sur 36) iigaturées daiis It,  8Cme sillon abdominal. 

A I exception dune bryn (sur 39) Iigaturée dons Ic 66me silbon abdominal, oi 
In porno ontrrieure a nymphoso (cc qui dolt atre consid6r6 commo une mauvaise mani-
pulation due A In difficulf6 do situor exactomont In position (un intorsegment 
lorsque le corps ('St lortr'mcnt contraint et In peau ratatine aprCs In vidango des 
rservoi rs do snie) . nous n 'avons coristat6 aucune nymphose dons los deux tronçons 
du corps des ;IrIIrcs 74 larves 1igatures dons fec 5ème et 6'me sillons abdominaux. 

Enfin, une partio des animoux a donna tine mtomorphnse imaginale de Ia portion 
du corps prcdemment nymphosto 	21 larves (sur 39) I igatrires au niveau du silion 
cCplraIo-nhorociqrie, 18 larves (sur 30) et 27 larves (sur 34) iigatures dons les 7eme 
et Rème sillons obdominarix. 

los rsuItats que nous avr,ns obtenus concordent pour I ' ossont ml avoc coux do 
Sacchi Ct divergent de ceux do Fukuda qui, dons In totalitr des cas, ovait obtenu 
une nymphose des deux parties do corps des larves iigatures S Ia fin do I ilogo. 

Dc fours analyses, on pout dduiro quo In "priode urilique" intervient au 
moment or In bryn m(ire commence S filer [a soie et quo Ic mciuuisme phvsirulogique 
de Ia mitamorplroso ci' ralise entiSrement soulemont aprCs le vidago compien do 
i'appareil sricigSne. 

2. La fonction des tubes do Malpighi apparait déterminante dons Ic rnCcanisme 
de metamorphose. 

L'essai effectuC sur des larves S Ia fin du filoge total do Ii soic,  a mis on 
evidence un comportement constant 	poe do nymphose Iorsque In I igrit nrc osi prat i qrie 
dans lee Seme et ôSnie si lions abdominaux ; S ('inverse. In nymphose cancorno In 
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part Ic du corps qui comprend la rigion ana1omqIIo o4 cat iocaiisd Ic confluent entre 

los vaisseaux de flnlpighi Ct Ic tube digest ii. a In hauterir du p1 lore. 

Ce territoire coincide avec le bème somitc abdominal 01 In ligature pratiquee 

proximitd interromptividemment in communication entre Ic système d'excretion et 

le tube digesti if, entrainani I 'arrt de P 6coulement des oxcrdtas conteniis dans les 

tubes de Malpighi, pnrnii lesquels serait c:omprjs - scion l'hypolhese {ormuie par 
Bounhiol (1944) et que los resultats des travaux prscnts confirment - Ia Jil (ou de 

sea mitahnliies). 

La 	ci rcu lat ion perrranente Iorcde de I hormone ovin i le i'mpecho Ic pro I ongement 

des ef lets au deià de In "pdriodc critique" normale. et in consdqricricc, Ia nymphose 

nintervient pas dans in partie du corps dans inqiiclle i'hormono nest pas dlimindo, 

cest--dire 

- Ia partie cêphalique, pour los larves 1ignluros a Un quelconque siLlon ante-

rieur au Sime abdominal, 

- Ia portion caudale. dans Ic ens des larves iigaturies ii oil slilon postdrieur 

au hème abdominal, 

- dans les deux portions, lorsque in ligature cst clfectueo au 56me ou ôème 

sillon abdominal. 

IL eat intressant de noter que chez Ies larvos opiros avant datteindre La 
maturité, lee deux tronçons du corps ont ia memo survie lorsque lee ligatures soot 

pratiquCes A proximit6 du bCme somite abdominal alors que, dans le ens contraire, 

le tronçonposterieur survit pius Iongtemps que l'autro. 

los indications qui decoulent des experiences thtcrites ci -dessus. qui concordetit 
seulement partiellement avec lea rCsultats obtenus par los autres auteurs, permettent 
quelques cool rontat ions avec Ce que 1 on conna it de I a mcan I quo dii phdnomène de 

metamorphose chez Boinbys rnort. 

L hypothCse lit plus admi se aujourd 'fin i cons i dCre l;i nymphose (phase i nit i ale 
de Ia metamorphose imaginale) comme In consequence du rapport quantitatif entre lit 

JH et Ia MM, rapport qui eat en faveur de In NIl S In Fin do Sèmc Sge : soit par uric 

rCduction de lactivitii sCcrétrico des corpora allata (selon Fukuda), 5011 par l'aog-

meotation progressive de In sdcrétion du ganglion prothoracique (scion Bodenstoin, 

1953). 

Le comportement des larves oprrCes aprCs In montde rio permer pas de Invoriser 

uric ou I • ant re des deux hypcthèses. 

La 	prdserice ii imit I tande de 	deux hormones impl i quios dans Ic processris (10 Ia 

metamorphose (quo1 que sit leur rapport quar:t I tar if) dolt produi ro le mème eliot 
sur les deux tronçons du corps, indrperidommcnt de In posit ion de Ia ligature. Ccci 
Ii'est conslate que dans le ens des ligaLures pratiquecs dans lea SSmc et terse sillons 
abdimi naux • pour lesquel los aucun des deux t ronciins ne sub it do mod I I cat ions morpho-
log qiies • ma is dans nucuir lot re ens ccci n 'est yen ii C, no des tronçoiis ccinservant 
lea earner Cr I at i quis I irva i rcs,i' nutre prdsontaiit si multnnemerrt uric nymphose.  

Ccci laisse supposer quo l'aetiou de in 111 oat iniribitnice (plutCt quanta-
goniste) do colic de in 1411 (cc qui coitfirme I 'hypoLhCso de Bouiihiol, 1937) et que, 
par coosCqoent , La iiynipliose no pout so dCc lencher que Iorsque in ill est totalement 
nbsento, soit parce qu'ello nest plus prodciite par los corpora allata , soit parce 

qu ' e lIe pat dl i m I tiC c en persia nene o de I a c I rc ul at i in hCmo I ymphn r i quo. 
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En accord avec Bodenstein. I'arrèt impromptu de I 'act I vi t4 des corpora allata 
tant pen probable, et devarit exciure (an vu do I' absence do Is nvmphose dii tronçori 

antdricur des larves 1igaturees jusqu'au bème sillon abdominal) is rsnrption do is 

Jil par los mèmes organes qui Pont produite (contrairement aux insoctes hcmimtaboies 
solon Wigglesworlh), on doit rotenir que lorsqu'on attoint is p7riodo critique', 
Ihormone juvenile est 61imin6e par un appareil oxcrCteur actif, c'est-è-dire le 
système malpighion. 

CONCLUSIONS 

Los ClCments dCvaluation sCrs et rep€titifs, confirmes par los rCsuItats expC-
rimentaux pc'rmottent d'es1irinier quelques opinions qui intègrent los connaissanccs 
actuelics sur le mecnnisnic do regulation de la metamorphose chez Boinhyx mon. 

I. La 'pCriodc critique' sernble coTncidor avec le dCbut du filage dies la Larve 
mere, avant mCmo quo Ihormono de Is mCtamorphose manifesto son prapro eflet. 

I'actiori do I,i 311, antagoniste do celle do La MU dns Ia phase iriitiale de 
nymphose, devient inhibitrice an moment de Is mCtamorphoso imaginale qul so rcaliso 

en absence blab e do Ihormuno juvCnile. Cc's conditions sembIont vcrifiCes h Is fin 
du filago do Is snie. 

La rCduc Li on graduc' I to Pu I 5 1 C I imi us lion tots to do is JI> ne semblent pas 
dues a l'arrCt do tact ivitC sCcrCtrice des corpora all_aLa, 	ni it une rCabsorption 
de Ihormone (on do sos dCrivCs) par los memos organes qui Pont produite, mais liCe 

Is function excrdlrice active do lappareil malpighien. 
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Ligature 	dunn le 	sillon/ Ligature 	in the groove 

cOphalo-thoraciquef cephalo-thorac ic thoraco-abdominal/ thoraco-abdaainul 

larves matures/ a 	la Fin 	du Filage/ larves maturesf 'a 	lv 	fin du Filage/ 

eature 	larvae at 	the 	end 	SF spinning mature larvae at 	the end of spinning 

ant. 	pvst. ant, post, ant, post, ant, post. 

Sacchi, 1926 	a - 	 5.7 - 83.3 0 61.1 0 100.- 

Sacchi, 1926 	b - 	57.5 - 100.- 0 100.- 0 87.5 

Sacchi, 1926 	c - 	80.- - 80.- 0 25.- 0 66.6 

Fukuda, 1944 - 	82.- - 100 80.- 0 100.- 100.- 

Reali. 1986 - 	 0 - 100 0 0 0 100.- 

Tableau I. Pourcentages de pupaison obrenus par Lea différents auteurs 

chez leo larves de Be.iii'ys mori ligaturées. 

Table 1. Pupation rate (%) obtained by different authors with ligated larvae of Bornbyx mon. 



Larves/ 	 Pspaison/ Metamorphose! 

Epoque 	do 	lopiration/ Ligature 	au 	sillon! Larvae Pupation Metamorphosis 

Pime 	OF 	ligature Groove 
operles/ eortes/ 

operated 
ant, 	post, 

dead 
ant, 	post. 

26 	heures 	aprOn ciphalo-thoracique/ 	cephalo-thoracic 20 20 	 - - 
Ia 	demure 	cue! 10 	thnracique/ 	1st 	thoracic 18 18 	 - 	 - - 	- 
24 hours 	after 2 0 	thoracique/ 	2nd 	thoracic 19 19 	 - 	 - - 	- 
the 	last 	moult thoraco-abdominal/ 	thoraco-abdominal II 16 	 - 	 - - 	- 

jO 	abdominal! 	1st 	abdominal 20 20 	 - 	 - - 	- 
2 0 	abdominal! 	2nd 	abdominal 18 18 	 - 	- - 	- 

120 	heures 	apris ciphalo-thoraciquej 	cephalo-thoracic 24 26 	 - 	 - - 	- 
Ia 	derniOre 	macf thoraco-abdominal/ 	thoraco-abdominal 24 24 	 - 	 - - 	- 
120 	hours 	after 2° 	abdominal! 	2nd abdominal 23 23 	 - - 	- 
the 	last 	moult 50 	abdominal! 	5th 	abdominal 10 10 	 - 	 - - 

44 	heures 	aprOn cdphalo-thoracique! 	cephalo-thoracic 10 10 	 - 	 - - 
aprOn 	Ia demn lOre 	macf thoraco-abdominal/ 	thoraco-abdominal 10 10 	 - 	 - - 	- 
144 hours 	after 2 0 	abdominal! 	2nd 	abdominal 8 8 	 - 	 - - 	- 
the 	last 	moult 3 0 	abdominal! 	3rd 	abdominal 7 7 	 - 	 - - 	- 

5 0 	abdominal/ 5th 	abdominal 9 9 	 - 	 - - 	- 

168 	heures 	apr'es ciphalo-thoraciquef cephalo-thoracic 8 8 	 - 	 - - 	- 
la 	demure 	mae/ thoraco-abdominal/ 	thoraco-abdominal 8 8 	 - 	 - - 	- 
158 	hours 	after 3 0 	abdominal! 	3rd abdominal 8 8 	 - 	 - - 	- 
the 	last 	moult 5° 	abdominal! 	5th 	abdominal 8 8 	 - 	 - - 	- 

laraes 	matures/ ciphalo-thoracique! 	cephalo-thoracic 28 28 	 - 	 - - 	- 
oaur-e 	larvae 1 0 	thoracique/ 	1st 	thoracic 28 28 	 - 	 - - 	- 

2 0 	thoraciqae/ 	2nd 	thoracic 27 27 	 - 	 - - 	- 
thoraco-abdominal/ 	thoraco-abdominal 30 30 	 - 	 - - 	- 
2 0 	abdominal! 	2nd abdominal 30 30 	 - 	 - - 	- 
30 	abdominal/ 	3rd 	abdominal 29 29 	 - 	 - - 	- 
40 	abdominal/ 	4th 	abdominal 25 25 	 - 	 - - 	- 
50 	abdominal! 	5th 	abdominal 29 29 	 - 	 - - 	- 
6 3 	abdominal/ 	6th 	abdominal 27 27 	 - 	 - - 	- 
7 0 	abdominal! 	7th 	abdominal 28 27 	 1 	 - - 	- 
80 	abdominal/ 	8th 	abdominal 30 27 	 3 	 - - 	- 



24 heures 	après céphalo-thoraciguef 	cephalo 	thoracic 27 12 	 - 15 	 - 	 - 
le 	debut 	do 	Filage/ thoraco-abdominaif 	thoraco-abdominal 25 13 	 - 12 	 - 	 - 
26 	hours 	aFter 	the 2 1 	abdominal! 2nd abdominal 25 18 	 - 7 	 - 	 - 
beginning 	of 	spinning 40 	abdominal/ 4th 	abdominal 8 8 	 - - 	- 	- 

5° 	abdominal! 	5th 	abdominal 28 28 	 - - 	- 	- 
60 	abdominal! 	5th 	abdominal 30 30 	 - - 	- 	- 
7 0 	abdominal! 	7th 	abdominal 28 28 	 - - 	- 	- 
80 	abdominal! 	8th abdominal 24 23 	 1 - 	1 	 - 

'a 	Ia 	Fin 	du 	Fiiage/ céphalo-thoracique/ 	cephalo-thoracic 39 0 	 - 39 	 - 	 21 
at 	the 	end 	of 	spinning 10 	thoracique/ 	lot 	thoracic 37 0 	 - 37 	 - 	 - 

2 0 	thoraciguef 	2nd 	thoracic 38 0 	 - 38 	 - 	 - 
thoraco-abdominal! 	thoraco-abdominal 37 0 	 - 37 	 - 	 - 
1 0 	abdominal! 	1st 	abdominal 37 0 	 - 37 	 - 	 - 
21 	abdominal/ 	2nd 	abdominal 24 0 	 - 24 	 - 	 - 
30 	abdominal! 	3rd abdominal 28 0 	 - 28 	 - 	 - 
4 0 	abdominal! 4th 	abdominal 29 0 	 - 29 	 - 	 - 
50 	abdominal! 	5th 	abdominal 36 36 	 - - 	- 	- 
6 0 	abdominal! 	5th 	abdominal 39 38 	 1 - 	- 	- 
7 0 	abdominal! 	7th 	abdominal 38 8 	30 - 	18 	 - 
80 	abdominal! 	8th 	abdominal 36 2 	34 - 	27 	 - 

Tableau II. Résultats obtenus dana lea essais de ligature chez leo larves de Bornbys mori. 

Table II. Results obtained with ligated Bombyx eoori larvae. 



Fig. I 	hniI les dc Boinby.r mori a li f iii du lilage du c:mcuII, I ig.ttIrres In Icr 

omi sbcImmin1 (i). Six jours apr's (b), Ic tromiçmmn alit crielir garde corn-

pItcnmmtit les caractrlstiques arvairus, tandis quo to trolicon postriomlr 

prsente unc rivmnphasc norma Ic. 

Fig. 1. 	Bomnhix mori larvae at the end of maroon spinning, ligated on the Ist ibdo- 

miii na I groove ( a ) . .5 i x days I at or ( h ) . the interior part keeps coup I etc I mr 

Va I characters, whereas the paste ri or pm rt shows norinal pupat jail. 
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a) 

Fig. 2. 	Chenilles de Bombya rnor 	Ia fin du fitage du cocon, ligatures su 5ème 

sitton abdominal (a). Six jours après (b), los tronçons gardent tous les 

detix lea caractéristiquos larvaires. 

Fig. 2. 	Rorahx morl larvae at the end of cocoon spinning, ligated on the 5th abdo- 

minal groove (a). Six days later (b), both anterior and posterior parts 

show larval characters. 
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i  ;e 

 

Innnb<.Imii,,I (<I. Sin nur< -Iprn- (bI, In nntII LrT<<<n I<INrin<lr <I 

accompi i Ia nyrnpticn. [<<IS Ii meta;<iorphosn (c ) 	dc'nnaiit de 	.l(IUII(S filuL i ins 

des derniers sonujIns. 

Fig. 3. 	Bo'byx mnrt. larvae at the end of cocoon sp I nii lug, I I gated n the 701 ;ibd<- 

minal groove (a). Six days later (h) the <Interior part only uiidergns 

pupaL ion then metamorphosis (n), giving adults alt hoot the last somi Los. 
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Planche. Comportement des larves de Bombyx mori ligaturées S différents niveaux et 
a diffrentes priodes du 5Sme age. 

6 jours après l'opration, effectuée 144 heures après Ia dernière moe. 

3 jours (en haut) et 6 jours (en bas) apras 1opration, effectuée sur des 
larves matures. 

6 jours apras l'opration. effectue 24 heures apras le dbut du filage 

du cocon. 

6 jours (en haut) et 15 jours (en bas) apras lopératlon, effectuée S la 
fin du filage du cocon. 

Plate. 	Bombyx morl Larvae ligated at different levels and at different periods 
of the 5th instar. 

6 days after ligature, performed 144 hours after the last moult. 

3 days (top) and 6 days (bottom) after ligature, performed on mature lar-
vae. 

6 days after ligature, performed 24 hours after the beginning of cocoon 

spinning. 

6 days (top) and 15 days (bottom) after ligature, performed at the end of 
cocoon spinning. 
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Trans laiion 

CONTRIBUTION TO THE STUDY OF THE METAMORPHOSIS 

REGULATION MECHANISM IN BOMBYX MORI L. 

C. REALI 

Istituto sperimentale per la Zooioia Agraria, 
Sesione specialissata per in Bac'hicoitura, 

Via del Coil -i, 28 
Padova, 
Ita 1 Ic. 

Following a series of experiences concerning the hormonal mechanisms regu-

lating moult and metamorphosis in the silkworm Bombyx tnori L., Fukuda (1941, 1944) 

was the first to attribute an endocrine function to the prothoracic gland, discovered 

by Lyonet in 1762 and previously described by Toyama in 1902 as the hypostigmatic 

gland. 

The analysis of the results from silkworm larvae ligated it different 

places along the body - with or without any transplanting I issue or organ or hoemo-

lymph tranfosion - led to the following conclusions 

- the brain does not produce any hormone susceptible to induce imaginal 
metamorphosis 

- the larval moult is regulated by the interact ion between two hormones, 

one (MU) being produced by the prothoracic gland, the other (Jil) by the corpora 
aliata 

- pupation and imaginal differentiation are linked to the action of MU 

only, whose activity is revealed suddenly at a fixed physiological period (called 

critical period") of the post-embryonic life, without or with a low antagonist 

activity. 

To achieve his experiences, Fukuda used tetramoulter Bombyx mori strains 
a Japanese hybrid on which ligature and transplanting were done at the I ifth instar, 

between the last moult and mounting ; and a pure Chinese race, on which tests were 

made alter mounting, during spinning. 

337 



The author's conclusions proceed from the following 

- the brain ab1t ion or the decapitat ion of the 5th instar larvae do not 

prevent pupat ion. The proport ion of larvae yielding pupae inc reases according to the 

period of intervention, to reach more than 807 with larvae operated the day before 

mounting.A hew of the dauer larvae complete their metamorphosis by giving a small 

dauer adult with deve lopped gonads 

- when dividing the body of the 5th instar larvae into two sect ions with 

a median ligature at dilferent levels, no pupation occurs when the ligature is 

carried out before the larva is mature. On a mature larva, metamorphosis can be 

observed in its fore part, which contains the prothoracic gland, and none in its 
posterior part. 

- When the larvae taken after mounting are ligated on median line at 

different levels, only the prothoracic glands containing part pupates, whereas the 

other part does not get transformed. This is true when ligature is done within 24 

hours following the beginning of spinning 	the transformation of the posterior part 

is partial if the larvae are operated within the next 12 hours and is complete if 

the operation takes place 36 hours or more after the spinning begins. 

Our previous observations confirm the results obtained by Ftikuda on the 

non mature operated larvae (Reali, 1951).The experiments were carried out on a white 

cocoon polyhybrid of oriental origin 	no pupation occured withlarvae ligated on the 

5th day of the last instar at a thoracic or abdominal intersegment level, an impor-

tant survival of the posterior part of the body only was observed (642 hours in one 
case). 

tukuda's results do not totally agree with previous observations from 
Sacchi (1926) on the survival of silkworm larvae beheaded or ligated during the 5th 
instar up to the end of the cocoon spinning. 

The experimental results obtained in this work on a four moulting indige-

nous strain and two coloured crossed strains (indigenous or oriental ?) agree with 

Fukuda's results in the case of the beheading of larvae (either mature, either at 

the end of the cocoon spinning), but considerably differ in the case of larvae liga-

ted at a thoracic or abdominal level. 

Pupation rates ac hieved by the authors are indicated in Table I. Evidence 

is produced of the analogies and contradictions existing between those experimental 

results and these obtained here. 

In view  of analysing differences between the results of the above listed 

authors, we bring on the first results of a study still in progress, in order to 

contribute to the understanding of the complex mechanisms regulating metamorphosis 
in Bombys mon. 

MATERIAL AND METHODS 

The experimental material was the following 

- a white cocoon polyhybrid, 	obtained by crossing F1hybrid from two 

Japanese spindle cocoon strains with a FI hybrid from two speric:al cocoon Chinese 
strains, normally used for rearing in Italy. 

- a pure Chinese race with spherical white cocoons. 
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In both cases, the 5th instar was eight days long, from the end of last 

moult to mounting, at a temperature of 230  to 24°C, the spinning of the cocoon ending 

within the next 70 hours. 

The ligature was done in the intersegmental groove with thin and strong 

Cotton thread tied in a slipknot secured by an additional simple knot. 

The non mature larva was operated in the early morning, ten hours after 

the last feeding of the previous day 	operation of the mature larvae had to be done 

after the purging' following the feeding stop. In order to ensure the complete 

secretion of silk, operations following the spinning of the cocoon were carried out 

on larvae extracted from the cocoons two days after the mounting and kept under 

observation for a few hours. 

The tests were repeated many times, with silkworm from different rearings 

carried out in different years and different periods of the year. 

RESULTS 

1. Fifth iristar larvae operated before mounting 

1 24 hours after the last moult 

The reaction to the ligature made in different intersegmental grooves of 

the thorax and the abdomen is characterized by curt movements of the larvae, with 

regurgitation occtiring sometimes, then they are rapidly brought to a standstill and 

only react to mechanical stimulation 	some of the larvae ligated on the abdomen eat 

another small quantity of leaves. 

The larva did not show any metamorphosis sympton 	in the two sections of 

the body, starting with the anterior part, the reaction to the external stimuli 

decreases then completely stops between the 6th and 7th days z the tissues then 

gradually necrose, keeping their larval features; the anterior part tissues degene-

rate first, before those of the posterior part except in case of ligatures applied 

in the 5th and 6th abdominal groove where necrosis occurs simultaneously in 	1)0111 

sect ions. 

1.2. Alter the days 5.6 and 7 of the last moult (Plate, I) 

The ligatures are made in three separate groups of animals, 120, 166 and 

168 hours after the last moult in the cephalo-thoracic groove, in the thoraco-abdo-

minal groove and in different abdominal grooves. 

In this case too, no sign of pupa! ion can be observed, whatever the Section 

of the body, whose tissues necrose in the same way as in the preceding case, with a 

loss of vitality around the 9th and 10th days. 

1.3. Mature larvae 

At 	the end of the feeding per i od, after eli a i nat iou, of all the I nod 

residues contained in the midgut, the larva becomes translucent and is ready for 

spinning : this state defines the mature larva. 

Ligatures made in the different metameres lines, provoke the larvae death 

13 days at the most after the intervention, without any sign of metamorphosis in 

the two sect ions (except in fcur cases out of 311). 

* All results are shown or, Table II. 	 339 



Necrosis of the tissue occurs primarily in the cephalic part, then in 

the caudal part which still reacts to the external stimuli while the anterior part 

is completely degenerated. The beats of the dorsal canal, having become suddenly 

arythmic after the intervention, soon stop in the anterior part after having reversed 

the direction of the peristatic waves. 

Some of the larvae ligated in the last abdominal grooves secrete a fairly 

important quantity of silk and build an irregular shaped cocoon. 

For one larva ligated at the seventh abdominal groove and three ligated 

at the eighth abdominal groove, a metamorphosis in the anterior part can be observed, 

showed by the detachment of the larval cut ide, tapering of the trachea through the 

spiracies, formation of the pupal regument and larval exuvia rejection. 

2. larvae operated after mounting. 

2.1. Larvae operated 24h. after the beginning of cocoon spinning (Plate,3) 

The operation is performed on larvae extracted from the cocoon, the day 

following the beginning of the spinning 	the ligature made on the abdominal grooves 

does not prevent the secretion of silk leading to the building up of irregular flimsy 
cocoons. 

Except for one case, the anterior part of the ligated larva does not show 

any sign of metamorphosis and the tissues necrose and keep their larval features. 

For the only case of a larva ligated at the eight abdominal groove, the 

anterior part of the body undergoes a complete metamorphosis, yielding the pupa then 

an adult without its last somite, but apparently perfectly devetopped. 

On the contrary, the posterior part of the different larvae ligated at the 

cephalo-thoracic level, thoraco-abdominal groove and the second abdominal groove is 

the center of the first steps of pupation, marked by 	separation of the larval 

exuvia and tapering of the trachea through the spiracles. Pupation is not complete 

and does not reach imaginal metamorphosis. and the sections loose vitality after a 

prolonged period (20 days). 

The posterior part tissues of all the other larvae do not show any change 

and necrose at the larval state. 

2.2. At the end of cocoon spinning (Plate, 4 	Figures 1, 2, 3) 

The ligatures are made in all the intersegmental grooves, on cocoon extrac-

ted larvae 72 hours after the mounting, which have completed silk spinning. 

The effect of the intervention are depending on the tying posit intl. 

a) On the larvae ligated at the thoracic grooves, at the thoraco-abdomirtaf 

groove or at the 1st 2nd. 317d nd 4th abdominal grooves, the anterior section keeps 

all its larval features and remains alive for a few days at the end of which they 

loose their ability to react to the stimuli then rapidly necroses. On the contrary, 

the posterior sect ion shows a normal pupat ion with a neoformat ioo of the pupal tegu- 

ment and severance of the larval exuvia. 	'maining alive for long, and moving, for 

hafi of the ligated larvae (21 out of 39) at the cephalo-thoracic groove 	imaginal 

metamorphosis is also reached with the rejection of the pupil exuvia, giving beheaded 

adults but having all the imaginal features 	We get no mating nor laying. 

340 



The ligated larvae in the 5th and 6th abdominal groove show no sign of 

pupation in the two sections, except in one case, they loose their vitality and 
necrose within 6 or 7 days, keeping their larval tegument. 

On the larvae ligated in the 7th and 8th abdominal grooves, the anterior 
section completely piipstos;stich pupae giving adult moths, although deprived of the 
last somite, as is the case with the 8th groove ligated larvae, could be mated and 
the females lay fertilized and living eggs 	when changed into adult moths, pupae 
liberate easily from exuvia. The little posterior section made of the last abdominal 
somites. rapidly dries, rejecting the larval exuvia without showing any pupal sign. 

DISCUSSION 

The recurring results, borne out, by replicates done in different years and 
at different periods of the same year, and the great steadiness of the larvae beha-
viours of the different experimental batches, independently from their genetic origin 

are a security which enables the assumption of the following hypothesis 

1. There is no sign of the action of the hormonal factors regulating 
pupation and metamorphosis before the beginning of silk spinning. 

No strain of four moultBombyx raorf showed any morphological changes ascri-
bable to the pupation phenomenon with larvae operated before the beginning of silk 
sp i nn i ng. 

Out of the 579 operated cases during 5th instar, between the day lollowing 
the last moult and mounting, 575 stayed at a larval state and died after a more or 
less long period, without showing any pupation sign in the two parts separated by 
the ligature. 

The four mature larvae ligated at the last two abdominal grooves started 

pupation in the anterior part, but it must be noted that the ligature applied at the 
caudal end did not prevent secret ion of a fairly important quantity of silk, and even 
of the building of a cocoon, even though irregular. 

Those results do not agree with those of the preceding authors who noted, 

on the mature larvae before the beginning of the spinning, cases of nymphosis in 
various proportions according to the Borzbyx mori strains used. 

- in the posterior purr of the cephalo-thorac ic groove I iui ed larvae, 

- in the anterior section alone (Fukuda) or the posterior section alone 
(Sacchi) on the thoraco-abdominal groove ligated larvae. 

Similar results have been obtained on larvae operated 24 hours after 
mount i ng. 

The main part of the larvae (160 nut of 195) died wiLhout showing the least 
sign of pupation and only one larva (out of 24) ligated at the 8th abdominal segment 
Led to imaginal metamorphosis in the anterior section of the body, whereas '34 larvae 
(out of 77) ligated in the ceplialo-thoracic, ceplialo-abdominal and 2nd abdominal 

grooves showed morphological changes and began to pupate in the posterior section 
of the body only. 
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The 	case of t he who I I y trinsformed larva can be compared, because of 

simi lar circomstances in which this phenomenon can be observed, to the four cases 

of mature larvae of the previous series of test, whereas pupation could happen in 

the 34 other individuals, because the larvae had already yielded a fairly good 

quantity of silk at the time of the operation. 

The elements coming from the second series of tests do not entirely agree 

with Fukuda's results which showed complete pupation of the prothorax containing sec-

tion and partial pupation of the other sect ion of the body. 

The operation carried out after a complete yielding of silk gives constant 

pupation concerning 

the posterior sect ion of the 269 larvae ligated up to the 4th abdominal 

segment 

- the anterior part of the 30 larvae (out of 38) ligated at the 7th groove 

and of the 34 larvae (out of 36) ligated at the 8th abdominal groove. 

Except for one larva (out of 39) ligated at the 6th abdominal groove, where 
the anterior part pupated (this has to be considered as an improper manipulat ion due 
to the difficulty to precisely locate the position of an intersegruent when the body 
is highly shrivelled and the skin shrunk after pumping of the silk reservoirs), 

no pupation could be observed in the two sections of the other 74 larvae ligated in 
the 5th and 6th abdominal grooves. 

Finally, part of the animals gave a metamorphosis of the previously pupated 

Section of the body 	21 larvae (out of 39) ligated at the 7th and 8th abdominal 
groove. 

Our results agree for the most part with Sacchi 's and diverge from Fukudas 

who had in all cases a pupation of both sections of the body of 	larvae ligated 

at the end of spinning. 

From their analysis, it can be infered that the critical period comes 

when the spinning of the nature larva begins,  when the physiological mechani sm of the 

metamorphosis is only completed after the complete emptying of the silkgland. 

2. Malpighi tube role appears as decisive in the metamorphosis mechanism. 

The test performed on  larvae at the end of silk spinning 	showed out a 

constant behaviour 	no pupation occured when I igatire was done on the Silt and 6th 

abdominal groove, 	on the contrary pupal ion allected the part of the body which 

includes the confluent of Malpighitin canals with midgut. 

This area coincides with the 6th abdominal somite and the ligature made 

close by, obviously interrupt the connection between excreting system and midgut, 

bringing about a stop in the flow of excretns contained in the Mtilpighian pipes - 

among which would be Found Ill (or its met;ihol ire) - ate ording to Boundliol hypothesis 

(1944) borne our by the current work results. 

The 	forced coot. i nuots ci rcu fat ion of juven lie hormone prevented Lhe effect 

to extend beyond the normal critical period" and consequently, pupation did not 

occur in the part of the body in which the hormone is not eliminated, viz 

- the cephalic section, for larvae ligated at. any of the anterior fifth 

abdominal groove. 
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- the caudal section for larvae ligated at the groove posterior to the 

abdominal sixth. 

- in both sections, when 	ligature is made on the 5th or 6th abdominal 
section. 

It is interesting to note that on larvae operated before maturation, both 
sectionsof the body showed a similar survival when ligatures were made next to the 

6th abdominal Semite, whereas in the opposite case, the posterior section survived 
longer than the other. 

The information derived from the above described experiences, which only 
partially agrees with the results from the other authors, enables a comparison with 
what is known of the Bombys morf metamorphosis phenomenoT1 

The best accepted hypothesis nowadays takes into account pupation (initial 
phase of imaginal metamorphosis) as well as the consequence of the quantitative ratio 
between iii and fill, which favours MU at the end of 5th instar 	either by a reducted 
secreting activity of the corpora al(ata (according to Fukuda), either by a progres-
sive increase of the prothoracic gland secretion (according to llodenstein, 1953). 

The behaviour of larvae operated after mounting did not permit to favour 
any of those two hypothesis. 

The simultaneous presence of both hormones implied in the metamorphosis 
process (whatever their quantitative ratio is) must have the same consequence on the 

section of the body, wherever the ligature is. This observation can only be made with 
ligatures in the 5th and 6th abdominal grooves, for which none of the two sections 
undergo any morphological change, but this was observed in no other case, one of the 
section keeping its larval characteristics, the other presenting pupation as well. 

This allows to assume that Al action is inhibiting (rather than antago-
nistic) of Mli's (which corroborates Bounhiols assumption, 1937) and consequently 
that pupation can start when iii is totally absent, either because it is no longer 
produced by the corpora a1laa , either because it is constantly eliminated by hemo—
lymphatic circulation. 

In accordance with Bodenstein, the impromptu stop of the corpora aliata 
activity being unlikely, and (seing the lack of the anterior section pupation of the 

ligated larvae up to the 6th abdominal groove) having to exclude lii resorption by 
the sameorgons which produced it (contrary to the hemimptabole insects, according to 
Wigglesworth), it must be noted that when the "critical period" is reached, the juve-
nile hormone is ehiminatd by an active excretory system, viz, the Malpighiati system. 

CONCLUS I ONS 

The reliable and repetitive elements, corroborated by the experimental 
results permit to convey some opinions which integrate the current knowledge on the 
mechanism of metamorphosis in Bombyx mnori. 

The "critical pi'riod'seems to coIncide with the beginning of the spinning 
of the mature larva, even before the metamorphosis hormone shows its effect. 

The JH action, antagonist of the MU in its terminal pupation phase, 
becomes inhibiting at the imaginai metamorphosis, which is performed without the 
juvenile hormone. These conditions seem to be confirmed at the end of the spinning. 



3. 	The progressive reducL 3 oii then Lota 1 ci i ml n;lt I on of .JlI do not seem 10 

be 	due to the sec ret ory act lvi ty SLOP of the corpora a? Lafa nor to the hormone ( o r 

in s der I vat ice) reabcorpn ion by the Same organs thai produced it 	but I inked to the 

active secretary tunct ion of the Maipighiani part. 
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ECONOMiC ANALYSIS OF SILKWORM REARING IN BURSA PROVINCE OF TURKEY 

E. REHBER 

Departetent of Aqricul6ural Econom(cs, 
11(lr?oultural FacuLty, 
hniverstty of (Jiudag, 

Bursa, 
Turkey. 

and V. AKSOY 

Ser'iculture Research Inst 'tute, 
Bursa, 
Turkey. 

INTRODUCTION 

Turkey has a mug history for about 1 500 years in sericulture. There is not 

more knowledge about sericulture up to the 19th century. Production of fresh cocoons 

had reached i t s highest level of 18 000 tons at the beginning of the 20th century. 

From this date, the level of production fluctuated due to several reasons. But in 

the last decade, production of fresh cocoons has been increased by nearly 207, and 

reached 1 811.4 tons in 1985. Raw silk production amounted to nearly 330 tons in 

1982. The fresh cocoons are reeled in mills equipped with Outomatic and manual sys-

tems or by hand. Most of raw silk is used for weaving carpets to export (Aksoy, 1985, 

Kara, 1980). 

According to the 1985 statistics, 46 642 small farms deal with sericulture in 

41 provinces out of 67 in Turkey. Sericulture is mainly located in Marmara Region. 

In spite of studies to extend sericulture to the other suitable regions, Marmara 

Region is still leading, having the 707, share of the total fresh cocoons production 

of Turkey. One of the important provinces in this region is Bursa having 50'Y, share 

of the region total production and 357,  of the total production of Turkey (Aksoy. 

1985). 
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In I Iii s study, the invest igal ion of general features of ser Cu] I ure and analysis 
of 	resource use and e t 1 i c Ic flC y in si I kwo rm rear ing in Bursa were a i med. 

DATA AND METHODS 

The data used in this research were collected from the 62 sample farms during 
spring rearing period in 1985. The number if sample arms represents about 0,5 5. of 
all the sericultural farms in Bursa province. 

In the economic analysis, Cobb-Douglas type production lunctions were used 

(Ail and Rehber, 1979; Heady and Dillon, 1957; Rehber, 1978; Snedecor and Cochran, 
1976). Using production function analysis, production elasticities, marginal produc-

tivity and efficiency coefficients of production factors used in silkworm rearing 
were estimated. 

It is evident that the quality and quantity of fresh cocoons production is 
affected by too many factors such as quality of mulberry leaves, environmental condi-
tions, disinfection, methods of hatching, rearing and harvesting, silkworm variety, 
etc. In this study, the variable production costs, Labour, and the space in the rear-

ing rooms are considered as important production factors. Besides, the analysis 
related to these quantitative production factors, effect.s of the location of [arm 
and the way of egg hatching were investigated by using dummy variables in two 
different models. 

GENERAL STRUCTURE OF SERICULT!JRE IN BURSA 

Bursa has rather favourable conditions for sericulture. About 14 000 farms deaf 
with silkworm rearing in 460 villages (Aksoy, 1985). But silkworm rearing is not the 

main activity in these farms. It is realized as a supplementary activity to revalue 
waste time of family labour and to get money in cash. 

Only mulberry leaves are used for feeding silkworms. There are suitable ecologi-

cal conditions for mulberry cultivation but it can not he said that the quality of 
mulberry leaves is good. Also, the cultivation and mulberry leaves harvesting methods 
are not well-developed. Most of the mulberries are of domestic varieties and planted 
mixed with other kind of trees or near by the toads in the farm. 

Si lkworm rearing can be condor ted in two seasons in Bursa, but at present mostly 

spring rearing is being done and autumn rearing level is very low. in the recent 
years, some studies were carried out to promote autumn rearing. The share of the pro-
ducers who make autumn rearing reached 125, of the total producers in 1984. 

The supply of high yielding silkworm eggs is provided by the Soriculture 
Research Institute, the Union of Cocoon Cooperatives and the G6r6kle Silkworm Egg 
Product ion Cooperative which are located in Bursa. The Serirtrltrrre Research Institute 
also provides the producers with extension services. 

Generally, there are not separate silkworm rearing rooms in the farms, the far-
rrrers use their horse as a rearing house during the rearing period. Only 115, of the 
total farms have an Own Separate rearing house in llrrrsa Provi rice (Aksoy,  , IONS). 

On the other hand, the level of knowledge of the farmers about rearing tech-
ni9rles is rather primitive. 
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Bursa has a special place in the marketing of fresh cocoons. More than one third 

of the total production of Turkey is marketed in Ilursa. In marketing of the fresh 

cocoons, a price support system is applied by the Union of Cocoon Cooperatives. 

TUE EMPIRTCAL RESULTS 

The average farm size is 4.66 ha in the farms studied. 8% of the annual total 

gross value of products comes from sericulture. An average of 2,5 boxes of eggs is 

hatched per farm. While the average fresh cocoon production is 69 kg per farm, the 

amount of production per box hatched is 26.8 kg. 

Three production factors tier determined as important factors, variable costs 

(Turkish Liras, TO, labour (man days. MD) and space of rearing rooms (square meters. 

SM). The level of those factors in terms of geometric means were 7 211.10 TL, 32.94 

MD and 47.02 SI! per farm respectively. 

In order to analyse the resource elficiency, a Cobb-Douglas production [unction 

was estimated as follows: 

0.2992 11.6236 0.2962 
Y 	0.1323 X 1 	X 2 	X 3  

- 0.905 (P<o.01) 

Where Y is the amount of fresh cocoons (kg). X 1 , the variable cost (TL). X 2 , 

labour (MD) and X, is the capacity of the rearing room (SN). 

The sum of the production elasticities was 1.219 indicating nearly constant 

return to scale. As it can be seen above, the multiple regression coefficient 

(R 2 	= 0.905) was found stat ist ica II y significant at 17, probability level. This can 

be interpreted as a good estimation was done (Klein. 1962). Further, the production 

elasticities of each lactor were significant at the 57. and 1% level of probability. 

Labour was found the most imporrai'r factor with a 0.6236 production elasticity. 

Interpreting the value of marginal product and the efficiency coefficients of 

each factor (Table I), it can be said that labour was used efficientl.y while the X 1  

and X were used under the optimal level. 

Increasing the variable costs and the capacity of the rearing room will provide 

for an increase in the fresh cocooi production. 

These economic interpretations of estimated production functions seems reason-

able if we take into consideration the technical conditions of silkworm rearing of 

the farms studied. 

From the technical point of view, co-operative hatching and the location of 

farms are also mentioned as important factors in silkworm rearing. In order to ana-

lyse the importance of these two factors, two models were estimated including dummy 

variables for location of farms (Di) and co-operative hatching (l)) as follows: 

Y - 0.1440 D 1 0'0317 X 1 0'3143X 2 0550 X,03105  

R 2=  0.91137 	(P<0.01) 
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Where Y, X 1  , X2  , X , are the sime as in the I irst model. D 	is the dummy 

variable which represents farm location (is equal to zero for the farms in plain and 

1 for the farms in mountains). Production elasticity ol D, was found statistically 

significant at the 17, probability level. Accepting D has no effect on the production 

elasticity of other factors, when it is equal to I, it has a negative effect on pro-

duction which is decreasing by 0.0246 kg in lerms of geometric mean. 

In the third model 1)2  was included while the others are the same as in the 
second model. D2  is equal to zero for the farms which have made the hatching their 
own way, and is equal to I for the farms which have used cooperative hatching. 

(3) V S  0.2059 D 1 0'0831U 200381X 10241X 2 05794X 3 0'3282  

R 2 = 0.9148 (P<O.Ol) 

Production elasticity of DL  could not be found statistically significant, but 
when 02  is equal to 1, it has a positive effect on the production which is increasing 
by 0.0198 kg in terms of geometric mean. 

CONCLUSIONS 

It seems possible to enlarge the production of fresh cocoons when we take into 
consideration the technical and ecological production factors of Bursa province, by 

developing the production techniques and increasing the number of producers who deal 
with serjcufture. 

According to the economic analysis of resource use and efficiency, labour is 
the most important factor and almost used at the optimal level in the farms studied. 

Increasing variable costs and enlarging the space of rearing room will increase pro-

duction when the other factors are of constant level. 

On the other hand, when enlarging silkworm rearing, it will be better to give 
incentives to the farms located in plain. Promoting and extending cooperative hatch-
ing will have positive effects on the amount of production. 
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1 (IL) 	82 (MD) 	03 (SM) 	V (kg) 

Geometric 	meanS! 

Moyennos géométriques 
7 	211.10 32.94 47.02 	52.27 

Marginal 	product 	(kg)! 

Produit 	marginal 	(kg) 
0.0022 0.9895 0.3292 

Value 	of marginal 	product 	(IL)! 

Valeur 	du 	praduit 	marginal 	(IL) 
3498 1 	573.30 523.60 

Factor 	prices 	(IL)! 1.3900 XX 
Facteurs 	priu 	(Ti) 

I 	500.00 
250.00XX 

Marginal 	efficiency 	coefficients/ 

coefficients 	defficacité 	marginale 
2.5851 1.048 2.004 

IL 	Turkish Lira/ Liure torque 	MD 	man day/ journie de travail 
SN 	Square meters/ metres carris 

One IL. plus interest rate! Use hare turque, plus taun d'intérPt 

XX - Wage of one productive man day! Salaire dune juureCe de travail 

XXX 	Fiued, plus eariable costs related to I SM of rearing room! 

Frais fixeu • coOts variables pour 1 m2 de locaoo dileuage 

Table 1. Geometric means of production and production factors, physical amount 

and value of marginal products, factor prices and efficiency coefficients. 

Tableau I. tloyenneo gomtriques de production et des facteurs de production, 

quantité et valeur des produits marginaux, facteurs prix et coefficients 

d'efficacit. 
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Traducton 

ANALYSE ECONOMIQUE DE LELEVAGE DU VER A SOLE 

DANS LA PROVINCE DE BURSA EN TURQIJIE 

E. REHBER 

Department of Agricultural Econorscs, 
Agricultural Pacultg, 
University of Uludag, 

Bursa, 
Turquie. 

et V. AKSOY 

Sericul,ture Research Institute, 
Bursa, 

Turquie. 

INTRODUCTiON 

Lhistolre sericicole de Ia Turquie remonte a environ 1 500 dos. Ce n'est quau 
I9ame siacle quo les connaissances en sricicu1ture so soot ameliorees. La 
production de cocons Irais a attOint son maximum avec 13 000 torines au dbut du 

20ème sic1e. A partir do cette epoque, Ic nivcau de production a vari6 pour dii-
férentes raisons. Mis pendant les dix dernires annéos, Ia production do COCOTiS 

frais a augment6 de près do 20 7. et a atteint 1 811,4 tonnos en 1985. La production 
de soLe grhge sest 61ev6e ii près de 330 tonnes en 1984. Los cocons frais soot iiIs 
a Ia main ou dans des Itlatures équipées de syst4mes automat iqucs ou manuels. La plus 
grande partie do La sole grhge est uti1isc pour la lilsiure de tapis destirnis 
l'exportation (Aksoy, 1985 z Kara, 1980). 

Selon les statistiquesde 1989,46 642 petites fermes socuponl do striciculiure 
en Turquie dans 41 provinces cur 67. La sériciculture est sltuée prim i1ja1emeni dana 
La region de Marmara. En dCpit des etudes faites pour essayer dCtondre In sCrici- 
culture 	d'autres regions propices, Ia region do Marmara est toujours en teto, avec 
70 7. de La production totale do cocons Irais do Turquie. Lone des provinces les plus 
importantes de cette region est Ic Bursa avec 90 7. do Is production iota Ic de Ia 
region et 35 7. de La production totalo do Turquie (Aksoy, 1985). 
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Cei.te étude est centréc autour des c;lrlctéristiques génériles de La send-

culture, de lanatyse de lutilisation des ressources et do l'ellicacitC de léLevage 
du ver a soie au Bursa. 

DONNEES ET METLIODES 

Los donnCes utilisCes pour cette étude out etC coLlectCes dans 62 fermes-tCmoins 
pendant l'Clevage de pnintemps de 1985. Ce nombi-e do fermes-tCmoins reprCsente 
environ 0,5 7. de toutes les fermes sCricicoles de Ia province do Bursa. 

Pans cette analyse economique, nous avons utilisC les functions de production 
type de Cobb-Douglas (Açil et Rehber, 1979 	Ileidy et Drillon, 1957 ; Rehber, 
1978 	Snedecor et Codrau, 1976). L'analysc des lonctions de production a permis 
destimer l'ClasticitC de Ia production, Ia prodoctivitd marginale et les coef-

ficients d'efficacitC des lacteurs de production utilisCs dans I'Clevage des vers 
a 

11 est evident quo Ia qualitC et la quantitC do Ia production de coccus frais 
dependent dun trop grand nombre de facteurs tots quo Ia qualitC des bullIes de 
mGniers, les conditions denvironnement, La dCsinlection, les mCthodes d'CcLosion, 
dClevage et de rCcoltes, les vaniCtCs de vers 	soie. Dane cette étude nous avons 
accordC de 1 'importance aux facteurs do production tels que les couts de production 
variables, La main d'oeuvre et La grandeur des b3timents d'Clevage. D'autre part, 
l'analyse de ces facteurs do production quantitatifs, les diets du lieu dimplin-

tation des fermes et les mCthodes d'CcLosion ont etC examines on utilisant des 
variables factices dans deux exemples dilfCrents. 

STRUCTURE GENERALE DE LA SERICICULTURE A BURSA 

Bursa jonit do conditions assez favorables a Ia sCriciculturc. Environ 14 000 
fermes dans 460 villages pratiquent lClevage du ver i soie (Aksoy, 1985). Mais 
l'Clevage du ver a soie n'est pas La soule activitC de cos ferines. Ce nest quone 

activitC coinplCmontairo tour permettant do revairiser Ia main d'oeuvre familiate 
inoccupCe et d'apporter (IC targent liquido. 

Seules les feuilles do mGrier sont utilisdes pour nourrir les vers a soic. Lee 
conditions ecologiques pour Ia culture du mCrier sont convenables, mais on no pout 
pas dire quo La qualitC (les bcuilles do mGrior soit bonne. D'autre part, tes mCthodes 
de culture et de recolte des feuillcs de mrier no sont pas tras dCveloppCes. La 

plupart des m(Iriors sont des variCtCs domestiques et emit plantCes au milieu dautres 
sortes d'arbres ou dans les fermes on bordures des routes. 

LClevage des vers it soie peut Ctre conduit deux saisons par an a Bursa mais 
actuellement, lClevage de printemps est to plus pratiquC, lClevage dautomne Ctant 
71 on nivesu tres bas. Derniarement, des etudes ont Cté laites pour encourager 
ldtevage dautomne. 127. do In totalitC des producteurs ont pratiquC l'élevage 
d atltomio eli 1984. 

La 	burnt Lure d'oeufs de vers a soie 7i haut rendemont est assurCe par Ic 
Sc r i cu I t ii ri. Re sea rch Inst i ti te , I 'Ii n ion of Cocoon Coupe rat i yes et La Gi. riik Jo Si L kwo rm 
Egg Prodution Cooperative qui sont situds a Bursa. I.e Sericulture Research Institute 

met cgalement h Ia di sposit inn des producteurs Un service do Inrmit ion. 

t:ri general, les fermes no possèdent pas do magnaneries indCpendantes. Les 

fermiers Ut it i sont tours habitations commo beaux d Clevagcn. Pans Ia province do 
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Bursa, 13 7. des fermes seulemont possèdent leurs locaux d1evage ind4pendants (Aksoy 
1985). D'iiutre part, Ic nivenu des connaissances techniques d'tevngc eat asses bas. 
Bursa OCCUC unc place parlicul iitrc dana Ia coitmercial isat ion a Buena. Un sysL'nie 
de soutien des prix OSL organi s6 par 1'Llrtion of Cocoon Cooperatives. 

RESIJLTATS EMPIRIQUES 

La mule moyenne des lermes 6tudi6es cat de 4,46 ha. lluit 7, de La valeur brute 
annuelle totale des produits provient de La siSricictilture. En moyenne, 2,5 bottes 

d'oeufs iSclosetit chaque annhle. Alors que La production moyennc do cocons [rain est 
de 69 kg par ferme, Is production ost de 26,8 kg par belie. 

On a delini triiis lacteurs de production importants, len coGts variables 

(Turkish Liras, IL). In main d'oeuvre (journées de travail MU). La grandeur des 
salles d'iSlevage (mittres carriSs, SM). Le niveau de ces facteurs exprimiSs en rnoyenne 
giSomiStrique étalt par ferme de 	7 211.10 TL, 32,94 MD Ct 47,02 SM. 

La [onction do production do Cobb-Douglas a 6t6 diSfinic de Is mtitiitre suivante, 
aim d'analyser L'effiincitiS des ressources 

(i) 5' 	0,1323 X,0'2992 	
0,6216 

x 
0,2962 

R'r 0,905 (P<0,01) 

5' rcprsente La quantité de cocons frais (kg), X ,Ic coiSt variable (IL), X, 
La main d'oeuvre (MD) ci X, Is cepacitiS des locaux d'élevage (SM). 

La somme des iSlastit itiSs do production cst do 1,219, ittdiquant un retour presque 
Constant au nivenu. Comme nous pouvons Ic voir plus haul, Ic coefficient do 
riSgression multiple (8' - 0,905) a 6t6 défini comme statistiquemont significatil it 
un scuil de prohabi lité ci' 17,. Cette intcrpriStation pout itire Unite griIce it de bonnes 
iSvaluations (Klein. 1962). Dc plus, los iSlasticitiSs do production de chaque facteur 
iStaient significatives au scull do probabilité 5'/,ot 1%. I.e fatteur Ic plus important 
s'est aviSriS &tre la main d'oeuvre, avec one iSlasticitiS do production do 0,6216. 

Aprits examen de Ia valour do produit marginal et des coefficients d'efficacitiS 
do cbaque facteur (Tableau 1), on pent dire que Ta main d'oeuvre a té utilisiSe 
efficacement, alors que X 1  ci X 3  ont 6L6 sous-utilises. 

L'augntentation des coüts variables ci Is capacitiS des locaux d'iSlevnge 
entralnent one augmentation do Is production de cocons Irais. 

Ces interpriSiatiuns iSconomiqoes des lonctions de production estimiSes semblent 

raisonnables si Ion considitre len conditions techniques de l'êlevage do vers it sole 
des lermes iStudiiSes. 

Du point de vito te(hutique, I iScIi.sion en cooperatives ci I 'emplacement des 
fermes soot aussi cons i diSriSs comme important s. Four ann tyser I ' importance do con deux 

facteurs , noun avons liii Los est imimt ions sui vantes, stir doux miid' es , comprenani 
des variables fact ices corrcspondant it I 'emplacement des fonts's (1),) et it I 'iSclos ion 
em cooperatives (D,) 

(2) 5' = 0,1440 D U,oR17 X 0' 3 1 43x 2 
0, 

S)0S 
 03l5 

R'= 0,91137 	(P<0101) 



Alors que Y, X L , X 2 , X, soot les mmes que dana Lu premicr exemple, D, est Ia 
variable factice qui reprsente lemplacement des lermes (ga1 i zero pour les lermes 

situecs on plume, CgaI S on pour celles situCes en monlugne). Lelasticite de 
production de D 	eat statistiquement significutive. S on seuil de probabilitC de 17. 
Si 	Ion accepte que D I  n'a aucon eliot sur 161asticitC de Ia production dL autrcs  

facteurs lorsquil est Cgal 5 1, ii a un eliot nCgatil sur Ia production qui diminue 
de 0,0246 kg en terme de rnoyenne géomCtrique. 

Daris Ic Se exemple, nous avons inclus D 2  tandis que les autres facteurs soot 
les m8mes que dans le second modle. D 2  est Cgal S zCro pour les ferries qui se aunt 
occupiSes elles-mCmesdc l'Cclosion, el ii est CgaL S I pour Ics fermes qui oni utilise 
l'iclosion en coopCratives 

(3) Y = 0,2059 

R 5r 0,9148 (1<0,01) 

Lelasticite de production de D nest  pas statistiquement significative, mais 
Lorsque 02 est CgaI 5 1, leffet sur la production est positif 	celle-ci augmente 
de 0,0198 kg en Lerme de moyenne gComCtrique. 

CONCLUS IONS 

II semble possible d'amCliorur La production de cucons frais Si I on  tient comp-
te des facteurs de production techniques St Ccolugiques de Ia province de Bursa, en 
développant les techniques de production CL en augmentant le nombre des producteurs 
en séricicultur-e. 

D'aprSs lanalyse économique de lutilisation des ressources et de son effica-

cite, Ia main d'oeuvre est Ic facteur Ic plus important. II a etC utiLisC presque 

S son niveau optimal dana les lermes CtudiCes. Laugmeritation des costs variables 

et laggrandissement de l'espace des locaux dClevage entruncra une augmentation 

de Ia production alors que les autres facteurs restent S on niveau constant. 

Dautre part, Si I on Ctend IClevage des vera S sole, ii faudra stimuler les 
ferries instaliCes en plume. La promotion et lextension de ICclosion en coopC-
ratives aura des efiets positils sur Ia production. 
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STUDIES ON THE INCIDENCE, BIOLOGY AND CONTROL OF FLY-PEST 

OF OAK-TASAR SILKWORM, ANTHERAEA PROYLEI J. (LEPIDOPTERA : SATURNIIDAE) 

P.N. SINGH* and B. PRASAD 

Department of Life Sciences, 
Manipur tinivers ity, 
Canchipur, Manipur, 

India. 

Parasarcophaga knahi (Parker) is a fly-pest of oak-tasar silk-
worm, Antheraea proylei J. Its incidence was found to be more 
serious in the autumn rearing than in the spring rearing of the 
worm. ileavy infestation starts in 4th instar and reaches its peak 
in .5th instar larvae killing them at a rate of 30% to 407 before 
and after spinning cocoon. As such, the parasite causes damage 
in production of seed cocoon as well as reeling cocoon which are 
the main raw materials for the industry. The fly-pest has been 
reared under laboratory conditions for the first time on 10% 
honey solution and fish refuses for adult and maggots respecti-
vely. The pest completes its life cycle in 24 to 33 days depen-
ding upon the climatic conditions. The fly seems to exhibit mul-
tivoltine behaviour and finds an alternate host on dead-animal 
matters or faecal matters when the tasar worms are not in the 
field. Minimisat ion of the pest incidence has been obtained by 
strict sanitary cares in the rearing field and neighbouring 
areas. Effective control measure of the fly has been achieved 
by using cheap nets of desirable sise to cover the worms on the 
oak-bushes at the time of rearing which keeps total separation 
of the worms from the fly-pest. 

* Sericulture Training Centre, Kwakta, Bishrupur District, Msnipur, India. 
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INTROIMJCT TON 

Parasarcophaqa knahi (Parker) commonly known as fly-pest is the most serious 
pest of oak-tesar silkworm. Antheraea proylei J. in fianipnir. The pest brings about 
30 to 40% loss in the tasar production per crop. A tairly good amount of reports on 
un-fly pests on different silkworms are known by various workers (Das Gupta, 1962; 
Krishnaswami cit al., 1968; Ruth, 1966; llharali. 1968; Jolly. 1981; Singh & Prasad, 
1981), but no information is on record regarding the incidence, extent of damage, 
biology and control of fly-pest infestation on the indigenous A. proylei in Manipur. 
An attempt is, therefore, made to sLudy the incidence, mode of infestation and biolo-
gy of the parasite for further studies in order to find out effective control measures. 

MATERIALS AND METHODS 

The fly pupae were collected from Govt. Tasar Seed Farms (1SF), viz., Bungmual, 
l'houl jung, Khoi rentak and Thumkhonglok at the time of t ass r cocoon harvest ing during 
the months of May-June and October-November, 1982 to 1984. The pupae were kept in 
closed petri dishes at room temperature. The newly emerged flies were transferredto 
wire-meshed cages (6"xô'xô") feeding on 10% solution of honey and water. Two petri 
dishes, one with cotton soaked honey and the other with water only were kept in a cage 
containing 10 pairs of flies. Spraying water on the cages 3 to 5 times a day was 
administered in order to increase humidity. Alive 5th instar worms or lean fish-heads 
or cut fish-pieces were supplied and were subjected to infestation. The infested 
host-larvae were reared in wire-meshed cages (3x2'x3') feeding on q,ercus serrata 
twigs fitted in bottles filled with water. Whereas, the fly-infested fish-heads and 
cut-fishes were kept in petri dishes inside the cages (6x6x6)  at room temperature 
and at about 70% relative humidity. 

OBSERVATIONS 

Inc idence: 

The fly-pest is extensively met with oak-tasar worms both in spring (April to 
May) and autumn (August to October) crops. But it is more serious in the latter crop. 
As the fly is attracted low;irds human or animal Iaecals, its incidence is higher in 
those places or rearing sites which are closer to villages (Table I & 11). The dead 
silkworms and faecal matters lying in the roaring site welcome the fly-pest thereby 
enhancing the incidence to a considerable degree. Therefore, it has been observed 
that the sanitary cares alone can lower the incidence of the fly. 

Mode of infestation: 

The female-fly lays eggs preferably in the segmental grooves of the.ikworm 
body usually on the dorsal or lateral sides. It used to lay eggs in 6th and 5th ins-
tar worms when they were still icient ly big to allow the fly to slight on them. It laid 
eggs singly at a time within a few seconds. It has also been observed that it laid 
a I imi ted number of eggs on a worm. On an average 1-5 eggs were found on a worm. But 
severe infestation may he caused by several flies on a worm upto a range of 55 eggs. 
The maggot after hatching out the egg bores its way into the integument of the worm. 
The affected area turns black, forming a round sc- ar by which it is very easy to iden-
iiy the infestation. Alter a period of about 15 days feeding inside the body con-

I ent sn I the worm, the f1 I grown maggots c nnme out k i 11 i ng the worm or pupa by pier-
cilig the cocoon shell it the worm has already spinni the cocoon. If the deposition of 
the eggs by the female fly  occurs at the early 3rd or 401 age worms, the full grown 
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maggot will come out in the 5th instar after killing the host. If it is in the latter 

stages of 5th instar, the maggot may come out from the spun cocoon. As fly-pest 
infestation is high in late instar worms the loss has been observed more iii cocoon 
stage to an extent of 15.464 in spring crop and 21.497, in autumn crop (Table I). 
Whereas, the infestation in worm stage, 8.22% has been observed in spring crop and 
11.077. in autumn crop (Table II). 

Biology: 

As in other dipterans this fly  has four distinct stages viz., egg, maggot, pupa 
andadult fly. The adult flies (Fig.l, C) look alike common house fly in appearance 
but bigger in size. the 	male fly is nearly 15 mm in length with wing expanse of 
20mm, while the female is IS mm, in length with wing-expanse of 18 mm. They are greyish 
black in colour wiLh 5-black striped thorax and s i x prominent longitudinal rows of 
bristles by the stripes. the 4 segments of abdomen are clearly seen with black white 

cheques. Bristles on the body are black, long, conspicuous and are more prominent 
in males. 

Al though mat i ng in cages or in captive conditions have been found to be di f f i - 
cult, successful mating could he observed by keeping together 2 days old males and 
females in cage (6"x6'x6") near the tasar rearing field or keeping the cage close 

to fish-refuses. They mate 3-5 times a day each for a duration of a half to one hour. 

The temale lays individual egg on the host body and usually glued oil the cuticle 
(Fig.l, A-x). (in an average 2-15 eggs are laid per worm. A female fly lays 250 to 300 

eggs within a week and its lift ranges from II to 13 days. Maximum of eggs are laid 
between tIre 6th to Sth day alter emergence and continueS till death. 

The egg (Fig.l . B) is yellowish in colour and oval in shape. It measures about 
1 mm in length and 0.5 mm in breadth. It hatches into maggot within 2-3 days. The 
empty egg-shell remains attached to the host skin. This helps in easy counting of 
penetrated maggots inside the host. 

The maggot (Fig.l , C) is solt. with pointed head and truncated posterior-end. A 
pair of prominent mouth-hooks is present in the head and poslerrorly a pair of spi-
racles on deep pit. The newly hatched maggot(Fig.l.C)is transparent-white in colour 
It pierces the skin of the worm with the help of mouth-hooks, leaving 	a 	minute 
black spot near the hatched egg-shell. Tile 5Ot afterwards enlarges to form a rnrrnded 
black scar (Fig.l, A-y). The maggot undergoes three insl.ars inside the host body in 
about 10 to 15 days. The first and second instar maggots generally remain near the 

scar port ion. The body segment it ions are not di St inc t in these two stages of the 
parasite. In the 1st instar the mouth-hook is a simple median hook. But in 2nd and 
3rd, a pair of prominent hooks is developed. The 2nd instar maggots are creamy-white 

in colour and measure 12 mm in length and 4 mm in width. The body segmentation and 
spiracles are well developed. It can move freely inside the host-body actively feed-
ing on fat-birdies and body tissues excluding the silk-glands. The mature maggot wrig-

gles out by piercing the hosts larval or pupal body with its pharyngeal hooks and 
finally kills the host. Tire maggots use to come out in the morning hours. They crawl 
in search of suitable places (crakes and crevices) for pupation in soil. If the nag-

got fails to find such a place, it tends to pupate in dark places. It takes 24 to 
35 hours for pupation. 

The pupae (Fig. 1 , F) are oval in shape and reddish-brown in colour. The newly 
pupated ones are re.drhish and afterwarrls i hey turn reddish brown in colour. It mea-

sures 8 mm in length and 4 mm in width. The pirparirim is Iormed by hardening of the 

last larval skin. The two lateral sides are clearly marked by means of ridges. The 
pupal period lasts for 12-15 days. The dark-brown pupal colour to sI ight blacki sir 
Indicates the emergence of the adult. 
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The adult fly escapes out through the puparium by forcing off a cap-shaped pt i-

linum and works its way Lhrough the soil beneath which it had heen pupating. It moves 
freely and within 1 hour stretches its wing in yen ical posture. The ptilinum de-
creases in size and the adult can fly in I hour. The life cycle of the fly is comple-
ted in 24 to 33 days. 

Control measures: 

Total eradication of the fly  is not possible as the tasar worms are reared out-
doors unlike eri and mulberry silkworms. The use of pesticides gives a serious harm-
ful effect to the silkworm, but pesticides mixed with fish-refuses can attract the 

flies and give partial control to the pest-population. Sterilization by using chemo-
sterilauts maybe used as a means under laboratory conditions. 

Effective separation between the parasite and the host is attained by using 
desirable sizes of cheap nets for covering the worms along with the oak-bushes. For 

this mode of control, an economic plantation with well pruned bushes is recommended. 
The net checks not only the fly infestation but also easily avoids other pest mci-
deuces. From these control measures, we can get sure seed-cocoons and reeling-cocoons 
for the next rearing and tasar-silk production. 

DISCUSSION 

The incidence of the fly-pest is more serious in the autumn crop than in the 
spring crop, this view is in conformity with the works of Krishnaswami et al 	(1963). 
Its incidence is higher in the tasar rearing sites which are closer to villages as 

the pest is attracted towards dead animals and faecal matters (Nandi, 1978). 

The fly-pest oviposites eggs on the 3rd, 4th and 5th instar tasar worms, but 

the oviposition is more important in late stages like 4th and 5th instars when they 
are sufficiently big to allow the fly to alight on them. As such the infestation is 
high in late instar worms which is in conformity with Sriharan et a. (1971). The 
pest usually lays on an average 1-5 eggs on a worm. But in cases of severe infesta-
tion even nearly 55 eggs were recorded in a single worm which becomes a case of 
super-parasitization as mentioned by Andrewartlia et of. (1954). The rate of parasiti-

sation (1-5) maggots per host-worm gives no effect on the parasites' population as 
regards its survival. However, a high degree of super-parasitization (6-20 parasitic 

larvae per host) reduces the parasite survival tremendously. Such observations are 
in conformity with Shah jahan(l968). 

The 1st and 2nd instar maggots feed on the fit-bodies and body tissues of the 
larva near the penet rat ion made by them. They keep their sp i nc Ic upwards and head 

downwards for easy respiration but in 3rd instar the maggots move freely inside the 
host and take ii I the body cont ents except si lkglands. Similar condition has been 
noted by Rahiman (1970) on uzi fly, 6'soriata flavioeps. 

The maggots bore into the body of the host-worm and complete their larval period 
inside the host causing serious damage to green-cocoon crop by ki 1 11 ng the silkworm 
larvae and pupae on cut i ng the cocoon. Thus, the pest resul ts into serious damage 
as regards the seed-cocoon product ion and reeling-cocoon product icin which are the 
main theme in tasar-culturm. Ii is in conformity with Knislmuaswami et al. (1968). 

Mating in capt ive tondition has been found di fficult but it has been overcome 
by keeping the pairs near rearing spots or close to fish-refuses. This may be due 
to the stimulation given by the host-materials. A similar observation was made by 
Shah lahari (I 9h8 ) ilso. 
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The use of attractonts as a control measure enhances the pest infestation ins-
tead of pest minimisation. This is due to the stimulating action raised by the 

attractants on the parasites in soLing and oviposition. This view is in conformity 
with Shah3ahan (1968). But Ran (1972) and Calvin et at. (1970) are of different opi-
nion. Likewise, repellants like phenyl and its derivatives also arc not found effec-

tive against the pest. However, a little reduction of the population has been attain-
ed in the present finding which is in conformity with those of Bishop et at. (1923) 
arid Parman ci at. (1928). 

Mechanical control measures like quick scraping of deposited eggs of the pest 
before penetration in the host body and other measures of killing maggots and pupae, 

may be taken up in the grainage centres and factory levels in order to minimise the 
pest incidence. A similar conclusion was also advocated by Path (1982). 

An effective control measure may be obtained with a least investment by purchas-
ing a desirable size of cheap net to envelop the oak bushes with tasar worms and 

enabling absolute separation of the pest and host and also from other pests. This 
control is in use in case of A. 	assama 	(Bharoli, 1968). 
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Name 	of 	faris/ 

Noes des 	fermes 

sTricicoles 

?ear/ 

Annee 

Crop! 

Elevage 

Grainage 

	

No. 	of 	cocoons 	harvested! 

lb. 	de 	cocans 	r8colt8s 

	

Seed! 	Inferior! 	Total/ 
, 	. 

Infenteur 	Total 

_____________________________________________  

% of 	inferior 

cocoons/ 

8 de cocons de 

	

qualite 	inferoeare 

Fl9 	infestation 	(7)! 

d 	infestation 

Inferior 	cocoons! 	Total 	of 	cocoons! 

Cocons 	inferieurs 	Total 	des 	cocoon 

Phouljang 1982 S 80 190 	 270 10.3 50.50±0.09 16,10±0.05 

)4ltd. 	: 	150 	mtrs) 1982 A 10 15 	 26 61.5 46.08±0.06 22.94±0.08 

1983 S 5 15 	 20 75.0 54.09±0.08 15.88±0.11 

1983 1 585 720 	 1237 56.8 41.35±0.12 20.30±0.10 

1984 S 4558 3839 	 8397 45.7 31.60±0.06 16.88±0.06 

1964 5 681 5224 	 5905 08.5 54.90±0,15 30.10±0.05 

Mean )spring 	crnps)! Moyenne )ileaages 	de 	printemps) 63.7 45.39 18.22 

Mean (autumn 	crops)! Moyenne )ilnvages 	d'autonne) 68.9 47,44 .4.44 

Khoirentak 1982 S 1583 562 	 2145 26.2 19.56±0.10 10.32±0.07 

(Altd. 	900 	mtrs) 1982 4 600 725 	 1325 54.7 36.59±0.06 20.08±0.09 

1983 S 1034 685 	 1520 31.9 27.05±0,05 12.92±0.12 

1983 A 26 94 	 120 78.3 50.98±0.09 20.99±0.01 
1984 S 3951 2149 	 6100 35.2 30.05±0,06 13.63±0.11 

1984 A 5220 2333 	 7553 30.8 20.62±0.11 12,08±0.16 
Mean (inning 	crops)! Moyenne (Olevages 	de printemps) 31.1 25.55 12.29 
Mean (autumn 	crops)! Moyenne (Olevages 	dautomne) 54.6 36.06 17.71 

Thumkhonglok 1982 S 5875 4151 	 9026 45.9 31.52±0.12 16.97±0.09 
)Altd. 	850 	atm) 1982 4 100 352 	 452 77.8 55.02±0.08 26.96±0.10 

1983 S 159 344 	 503 66.3 61.52±0.06 23.66±0.13 
1983 A 270 150 	 420 35.7 30.05±0.10 13.66±0.14 
1984 S 4565 2070 	 6635 31.1 26.59±0.09 12.83±0.09 
1984 5 942 2227 	 3069 72.5 51.20±0.05 26.34±0.15 
Mean )spring 	crops)! Moyenne (Olevages 	de 	printemps) 48.4 32.57 17.62 
Mean (autumn 	crops)/ Moyenne )Olevages 	d'aotomne) 62.0 45.42 22.32 

Total 	sean 	(sning crops)! 	Moyenne 	globalo )dleuagen de 	printemps) 36.50 15.66 
Total 	neao 	(autumn crops)! Moyenne globale 	(êlevages d'autanne) 42.97 21.49 

* 	S 	- 	spring 	crop 	(May-July)! 8levage 	de 	printemps 	)mai-juiliet) 	A 	- 	autumn 	crop 	)Sep-Nou)/ 	eleuage d'autamne 	)sept-nou). 

Toble 	C. The race of 	fly-pest infestation on the cocoons of Antheraea proylei during the year 1982-1984 
in three tasar seed farms of Churachandpur District (Manipur). 

Tableau 	1. Taux 	d'infestation par 	la mouche parasite our leo cocoris de 4ntheraea proyLei 	de 1982 a 	1984 
dano 	trois fermen de grainage sricico1es du District de Churachandpur (Manipur). 



Name 0F fares! 

Nos des fernes 

sOricicoles 

7 of Fly-pest infestation in different instars/ 

S dinfestation aux diffArents Ages larvaires 

Year/ 	Crop/ 

Ann0e 	Eleoage 	1st instar/ 	2nd instar/ 	3rd instar/ 	4th instar/ 	5th instar/ 
icr Age 	20cc Age 	30cc Age 	4Ome Age 	SOme Age 

lotal infestation 8/ 

S total dinfestat ion 

1st to 5th instar/ 

du icr au Sème Age 

Phouljang 1982 S - - 	1.17±0.04 3.351:0.10 5.51±0.15 

(Alci. 	750 ntrs) 1982 A - - 	1.91±0.06 3.82±0.13 5.73±0.08 

1983 S - - 	1.24±0.03 3.48±0.09 5.72±0.06 

1983 A - - 	1.69±0.08 3.38±0.05 5.07±0.10 

1984 S - - 	1.40±0.12 2.81±0.11 4.20±0.20 

1984 A - - 	2.50±0.05 5.01±0.21 7.50±0.13 

Mean (5)! Moyenne (S) 1,27 3.21 5,14 

Mean )A)/ Moyenne (A) 2.03 4,07 6.10 

Khoirentak 1982 S - - 	0.86±0.08 1.72±0.15 2.58±0.13 

(Altd. 	: 	900 etro) 1982 8 - - 	1.67±0.05 3,36±0.12 5.01±0.09 

1983 S - - 	1.07±0.09 2.15±0.06 3.21±0.10 

1983 A - - 	2.25±0.07 4.69±0.09 6.77±0.13 

1984 S - - 	1.13±0.06 2.27±0.13 3.39±0.09 

1984 A - - 	1.00±0.09 2.01±0.15 3.00±0.14 

Mean )S)/ Moyenne )S) 1.02 2.04 3.06 

Mean )8)/ Moyenne (A) 1.64 3.28 4.92 

Thumkhonylok 1982 S - - 	1.41±0.13 2.82±0.10 4.23±0.15 

(PAId. 	: 	850 mtrs) 1982 A - - 	2.25±0.08 4.69±0.10 6.75±0,08 

1983 S - - 	1.97±0.06 3.96±0.21 5.91±0,11 

1983 A - - 	1.14±0.07 2.28±0.16 3.62±0.10 

1986 S - - 	1.06±0.09 2.13±0.09 3.18±0.12 

1984 A - - 	2.19±0.11 4.39±0.15 5.57±0.13 

Mean )S)I Moyenne (5) 1.48 2.96 4.64 

Mean (A)! Moyenne (A) 1.86 3.72 5.58 

lotal 	Mean! Moyenne globale (5) 

Iotal 	Mean! Moyenne globale (A) 

13.05±0.29 

11.6 7±0.28 

13.44±0.18 

10.15±0.2 3 

8.64±0.4 3 

15.05±0.39 

9.62 

12.22 

5.16±0.36 

10.04±0.26 

5.46±0.25 

13.4g±o.2g 
6.81±0. 28 

6.04±0.38 

5.14 

9.85 

8.48±0.38 

13.48±0.26 
11.83±0.17 

5.8 3±0.33 
6.4 1±0.30 

13.71±0.30 

8.90 

11.16 

8.22 

11.07 

* S - spring crop (March-May)/élevage de printemps (Mars-Nai) 	A - autumn crop (Aug-Oct)! Aleoage d'automne (PoOt-Oct. 

Table II, The rate of fly-pest infestation on the larvae of Antheraea praylei during the year 1982-1984 
in three tasar seed farms of Churachandpur District (Manipur). 

Tableau II. Taux dinfestation par Ia niouche parasite our les larves de .4ntheraea proyLeii de 1982 a 1984 
dana trois fermes de grainage séricicoles du District de Churachandpur (Manipur). 
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Figure 1. Life cycle of fly pest (Parasarcophaga knabi Parker). 

Figure 1. Cycle de Ia mouche parasite Parasarcophaga knabi Parker. 

A 	Silkworm of oak-tasar (Antheraea proylei J.) 
Ver a sole du chne (Antheraea proylai J.) 

A-x Egg of fly-pest (P. knabi Parker) on the skin of the silkworm. 
Oeuf de Ia mouche parasite sur Ia peau du ver 1 sole. 

A-y Infestation scar mark on the skin of silkworm. 
Cicatrice sur la peau du ver 	sole révlant l'infestation. 

B 	Egg of the fly-pest. 

Oeuf de Ia mouche parasite. 

C 	First instar maggot of the fly-pest. 

Larve de Ia mouche parasite au ler age. 

D 	Second instar maggot of the fly-pest. 

Larve de Is mouche parasite au 2ame age. 

E 	Third instar maggot of the fly-pest. 

Larve de Ia mouche parasite au 3ème age. 

F 	Cocoon of the fly-pest. 

Cocon de Ia mouche parasite. 

C Adult fly-pest. 

Mouche adulte. 
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ETUDES SUR LLNCIDENCE, LA BIOLOGIE El LELIMINATION DE LA MOUCHE 

PARASITE DU VER A SOlE DU CHENE, ANTHERAEA PROYLEL J. 

(LEPIDOPTERA : SATURNIIDAE) 

P.N. S1NC11* and B. PRASAD 

Department of Life Sciences, 
Manipur University, 
Canchipur, Manipur, 

Inde. 

Parasarcophada Knabi Parker est une mouche parasite du ver 
a soie tussah du chbne Antheraea proylei J. Son incidence sur 
Les elevages de ver a soie est plus grave en automne qu'au prin-
temps. L'infestation commence a itre importante au 4ame age et 
culmine au bPme age en tuant 30 a 40 % des larves avant et aprês 
Is filage du cocon. Ce parasite accasionne des ddgâts dans La 
product ion des cocons destine's au grainage comme des cocons pour 
la filature qui sont les deux principaux produits commercialise's. 
La mouche parasite a eta' dlevde en laboratoire pour La premiCre 
fois avec une solution de miel d 10 % pour Las adultes et des 
ddchets de Poisson pour Las larves. La cycle du parasite dure 
de 24 a 33 jours selon Las conditions climatiques. La mouche 
semble atre polyvoltine et trouve comma hSte de remplacament, 
Las cadavres d'animaux ou les rsatiares fdcales en dehors des 
périodes d'dlevage des vers a soie tussah. line forte diminution 
du pares itisme est obtenue en observant des conditions sanitaires 
strictes sur Is terrain de l'dlevaga et aus alentours. be 
contrSla de La mouche a etC obtenu de maniara effective par 
l'utilisatiori de filets de taille adequate pour couvrir Las huis-
sons de chane portant les vers 3 soie au moment de l'Clevaga, 
et sdparer ainsi totalement les vers 3 soie de La mouche 
parasite. 

* Sericulture Training Centre, Kwakta, Bishrupur District, Manipur, India. 
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INTRODIJCT iON 

Paraaarcophaga knabf (l'arker), appolie conununment mouche parasite, esi le para-
site le plus important du ver A soie tussah du chne An2heraea proyiei J. , dans le 
Manipur. Co parasite entrarie 30 	40 2 de pertes dans Ia production tussah 	chaque 
slevage. Beaucoup dartictes ont été dcrits sur Ia mouche ouzi par divers chercheurs 
tels quo this Gupta (1962). Krishnnswami et at. (1968). Rath (1966), Bharali (1968), 
Jolly (1981). Singh & I'rasad (1981), mais on no dispose pas d'intormations sur i'm—
cidence, I'impurtance des dgts occasionns, Ia biologic CL Ic coiiirole do la mouche 
parasite sur to ver i soie indigène A• proytei dans Ic Manipur. Noun avons donc 
entrepris d'étudier I'incidence, Le mode dintestation et la biologic du parasite 
pour metire au point des mithodes do contrle elf icaces. 

MATER IELS El METIIODES 

Les chrysalides do La mouche parasite ont 	rculLdes dans les fermes séri- 
cicoles de grainage gouvernemeniales do Bungmual, Phouljang, Khoircntak ci 
Thumkhonglok au moment do La rcolte des cocons tussah, pendani les mois do Mai-Juin 
et Octobre-Novembre, de 1982 a 1984. Les chrysalidos ont 6t6 gardes a temp6rature 
ambiante dans des bottes do Pétri termées. Les mouches nouvellement émergéos ont éié 
translérées dans des cages grillagéen de (6"x6"x6")et ont été nourries avec une 
solution de miel i 10 2. Deux bottes de Pétri, l'une avec du coton imbibe do mid, 
et lautre avec du coton imbibe simpLenieni d'eau soot placCes dans une cage contenant 
dix couples de mouches. Une vaporisation d'eau eat efleciuée :3 A 5 lois par jour sur 
les cages aNn d'accrottre l'humiditC. Des yore A soie vivants do 5ème age larvaire 
ou des ties de poisson ou du poisson coupé on. mi,rceaux soot introdui is dans les 
cages pour aire soumis 	linlestation. Les larves-höies parasitCcs sont Clevées dans 
des cages grillagCcs (3'x2'x3') et nourries cur des rameaux do QuercUs serrata 

disposes dans des bouteilles remplies d'eau. Les tCtes do poisson ou morceaux de 
poisson infestCs soft conserves dans des bottes de Pétri a l'intCrieur do cages 
(6"x6"x6") i temperature ambianic ci i on taux d'humiditC relative de 70 2 environ. 

OBSERVATIONS 

Incidence: 

La mouche parasite esi prCseitte dans les élevages do vors i soie tussah au prin-
temps (tivril é Mai) et ii l'automne (Auit a Octobre), mais ses ravages soot plus 
imporiants en auti'mne. La mouche est attirCe par Ii's matiéros fdcales liumaines ou 
animales. ci son incidence eat donc plus grande dans les endroits et terrains dub-
vage qui aont proches des villages (Tableau I et 11). Les cadavres de ver it soie 01 

les matiéres fécales so trouvant sur le lieu do l'élevage attirent la mouche parasite 
ci favoriseot considCrablement son incidence. II a donc etC observe quo des 
conditions sanilaires strictos peuvent it dIes seules faire diminuer l' inc idonce do 
ba mouche. 

Mode d'infeatation: 

La mouche IvnieLle pond sos oeuls di' prClererii.e dans Icc repi is des segments, 
sur Ic dos ci les cCtés do corps du ver a soie. Elle pond sos ueufe sur les larves 
do 46ne et du 5me ige lorcqu'ils aunt asset gros pour quo La mouche puisse so poser 
sur eux. Elle pond sos c,euls on it on en lespace do quolquea secondes. On observe 
Cgabement qu'ellc pond out nombre d'oeufs limitC par ver 	soie : en rnoy000e, 5 it 6 
ooufs. Ma is uno i rifesisti on imporiante pout étre occaa ionnCo par plus ieura mouches 
sur on ver it soie, iusqu'it 55 ocufs. Aprés l'eclosion, I 'asticot so fraie on chemin 
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it travers to tegurneoc LeoCrc 	aflecté 	 tu!rli.inL one cLcaLrice made 

grace a laquelle on pout facilement détecter l'infestation. Après une période de 

15 jours environ durant laquelle lasticot s'est nourri avoc Ic cuntenu do corps du 

ver a soie, it ressorl a l'cxtérieur en tuant Ia larve cii La chrysalide et en perçant 
Ic COCOfl Si Ic ver 4 soie a d6j4 file son cocon. Si Les oeufs out etC pondus par La 

mouche temelle sur des vers 4 soie au 34me ou au debut du 4ème 4ge, lasticot mature 

ressortira au 5ème 4ge du ver 4 soie après avoir tue son héte. 

Si Les oeufs ont CrC pondus 4 La fin du 54me 4ge, I'asticot sortira do cocon 

file. Cormee L'infestation est plus importanto chez Les vers 4 soie du Sèmo 4ge, on 

observe une plus grande porte au stade des cocons, iusqu'4 15,46 T pour icc Clevages 

de printemps et 21,49 ' pour les Clevages d'automne (Tableau TI). En cc qui concerne 

I infestation au stade larvaire, on a observe des pertes de 8,22 7, pour Les Clevages 

do printemps et 11,07 7 pour los Clevages dautomne (Tableau II). 

Biologie: 

Comme Les autres dipiares, cette mouche passe par quatre stades distirrcts: cool, 

larve, pupe et mouche adulti'. La mouche adulte (Fig.1), ressemble 4 Ia mouche commune 

mais est do plus grande t;illle. I.e m4lo mesure près do 15 mm do long, avec une cover—

gure daile do 20 mm, tandis qire Ia fernelle mesure 13 mm de long et a une enver—

gure de 18 mm. La mouche est grin fence avec 5 rayures noires cur to thorax et six 

rangs de soies proCminents et longitudinaux le long des rayures. Les quatres segments 

do Labdomen se voient bien gr4ce aux dessins blancs et noirs. Stir le corps, Les 

soies sont noires, longuos, trés visibli's et plus proCminontes chez los m4les. 

Bien quo l'acccuplemertt dans Les cages ou dans des conditions do captivitC ait 

Cté difficile 4 réaliser, it a pu Ctre rCussi en laissant ensemble des lemelles et 

des m4los 4g6s do 2 jours dans des cages (6"x6"x6) placées prés do champ de léle—

vage ou prCs des dCchets de poisson. Les mouches s'accouplent I 4 5 lois par jour, 

pendant une durCe do 1/2 heure 4 I heure. La femelle pond sos oeufs Ufl 4 un sum to 

corps de I hCle, collCs sum La cuticule (Fig.1 A—x). Elle pond en moyerrne 2 4 15 oeufs 

par ver 4 soie. One mouche tome tIe pond do 250 4 300 ou[s on 1 espace d' uric coma inc 

et vit de 11 4 13 jours. Elle pond on maximun doeufs entro le ôème et Ic 8éme jour 

et Continue jucqu'4 55 mort. 

Loeul (Fig.l,B) est de couteur jaun4tre et do formc ovalo. Ii mesure environ 

1 mm do long et 0,5 mm do Large. II Cclot on 2 4 3 jours. Le chorion vide reste at-

taché 4 La peau do lhCte.  Ccci aide a compter le rrombre dasticots qui sont entrCs 
4 l'inrtérieur do Ihéte. 

La larve (Fig.I,C) est molle, avec une téte allongCc' Ct La partie postCrieure 

du corps divisée en tronçons. On observe une paire do pinces bucalec proCminentes 

et une paire do stigniates 4 larriére  dans un creux profcnd. La larve nConate 

(Fig. 1,C) Oct do couleur blanche translucide, die perco is peau do ver 4 soie a 

['aide des pinces bucales, on laissant un minuscule point noir prés du chorion vide. 

Ce point s'aggmandit ensuite pour former uric cicatrico rondo et noire (Fig.1,A—Y). 

La larve passe par trois 3ges 4 1' intCriour du corps do I hCte pendant erivi ron 10 

4 15 jours. Les larves du icr et du 26me 4go re-stont gCnCralemenit prés do lendroit 

par Lequel etles sont entrées. Les segmentations du corps no cmi pas distinctes 

pendant ces deux 4ges larvaires do parasite. Au icr ego, 1st pinco bucale est un 

simple crochet median. Maic au 2ème ego et au Iémc age so dCvelippe nor' paire do cr0—
chets proCminents. Los larves du 2éme Cge mesurent environ 5 mm do long. Les larves 

du 36mo age ou demnier ego sont do couleur blanc crème et mesurent 12 mm do long et 

4 mm do Large. La segmentation du corps et Les stigmates sont bien developpos. La 
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larve se mOOt aisément dans le corps de 1h6te ci so nourrit du corps gras et des 

autres tissus 6 lexception de Ia glande sricig4ne. La larve mature sort en perçant 

Ic corps du ver 	soie ou de Ia chrysalide avec sos pieces bucales et eriE in tue son 

h&te. Les larves sortont en gnral to maim. Ellis rampent a Ia recherche dun 

endroit adéquat (creux ou crevasses dans le so!) pour sy transformer en chrysalides. 
Si in larve narrive pas 	Irouver un tel endroit, cite etfectue sa pupaison dans 

on endroit sombre. La pupaison seflectue en 25 5 35 heures. 

Les popes (Fig.l,F) soot de forme ovale et de couleur brun-rougetre. Les pupes 

qui viennent do so transformer soot rougetreact deviennent onsuite de couleur brun-

rougeatre. Elles mesurent 8 mm de long or 4 mm do large. Le puparium est formé gr5ce 

au durcissement de La derniSre peau tarvaire. Les deux c&tés latéraux soot clairement 

visibles gr5ce aux stries. Le stade dune do 12 ii 15 jours. Lorsque Ia couteur de Ia 

chrysalide passe du brim [once an gris-noir, cest que t'éniergencc de i'adutte vs 

interveni r. 

La mouche adu!te fraie son chemin S travers to puparium en poussant un prilinum 

en [orate de capsule qui laide aussi S traverser le sol au-dessous duquel cite a 

effectuC sa pupaison. Elle so dCplace librement et en Uespace dune heure déplie 

sea ailes S Ia verticale. La taitle do prilinum diminue et Ia mouche pout voter au 

bout dune heure. La vie do la mouche adutte so termine 26 5 33 jours après 

I 'emergence. 

Mesures de prevention: 

LCtimination radicale de Is mouche nest pas possible car lélevage do ver S 

soie tussab so pratique en plein air, au contraire des vers a soie eri et du mrier. 
Lutilisation de pesticides est trSs nCfaste pour les vers S soie, reals les pesti-

cides utilisCs associés S des déchSts de poisson peuveirt attirer les mouches ci Ion 

obtient ainsi lélimination dune partie do Ia population do parasites. La stéri-

lisation au moyen do stérilisants chimiques copout &trc utilisCo quen laboratoire. 

La separation effective do thCie  et du parasite est obtenue en utilisant des 

fUels boo marchC do taille adequate pour en recouvrir les vers S soie et les buts-

sons do chCno. Pour cette méthode de prevention, it est recommandC do planter serrC 

ci davoir des buissons bion taillés. Le filet empCche Ic parasitisme de Ia mouche, 

reals Cgalement lincidence dautres parasites. Cette mCthode permet dobtenir des 

cocons liabies pour Ic grainage et La filature. 

IJ1SCUSS ION 

incidence do Ia mouche parasite est plus sCriouse pendant les Clevages 

d'automno que pendant les Clevages do printemps, cette remarque est en accord avec 

les rechorchos do Krishnwasmi ci, aL (1963). Son incidence est plus treportante dans 
les Clevages sitoCs prSs des villages car Is mouche est attirCe par les cadavres 

danimaux et les matUres lécales (Nandi , 1978). 

La mouche pond sea oeufs sur les vers S soie du 3ème, du 4Sme ci du 5Sme Sge, 

mats loviposition eat Is plus importante dans les derniers Sges lorsque les vers 

S soie sont suffisamment gros pour que La mouche puisse so poser. Sniharan et a7 
(1971) ont Unit Is méme observation. La mouche pond en moyeine i 5 5 oeufs par ver 

S soie. Mais it a CU observe jusquS prSs de 55 oeufs sur un seut ver S soie, dans 

des cas d infestation importante, cc qui dovient Un ces do supor-parasitisme corume 

I ont dCcrit Andrewartha et at. (1954). Le taux do parasit isme do 1 5 5 larves par 
ver a soie/h5ry na pas defEct sur to Laux de survie do In population parasite. 

Cependant, tin taux do parasitismo ClevC (de 6 5 20 larves parasites par hSte) rCduit 

lortenent Ic L;iux do survie du parasite. Les observat ions aunt en accord avec ccl los 

368 



de Shah jahaii (1968). 

Les larves parasites du ler et du 2me Age so nourrisCent du corps gras ci des 
tissus corporels du ver a soie opras tour pêntration h I'iiitérieur de l'hite. Elles 
maintiennont leurs stigmates cii bout ci Is ite en bas pour respirer facilement, mais 

partir du 3me age, les larves parasites Ce dplacent librement a l'intrieur de 
l'hôte et vident le corps do son contenu 	lexception de Ia glande sericigene. Des 
observations somblables oni 6t6 faites par Rohaman (1970) sur la mouche ouzi xorieta 
flw.iiceps. 

Los larves parasites rentrent dans Ic corps do 1'hte et passent Ia poriode 
lorvaire a 1'intrieur do celui-ci provoquant ainsi des dgts imporronts sur la 
rcoIte de cocons frais on tuani. les larves ou les chrysalides des vers i soie et 
en percant les cocons. Ce parasite entraine donc des peries 61ev6cs dans la 
production de cocons pour Ic grainage ci pour la ft lature qui soot les deux dbouchés 
de lasériciculturetussah. Cs observations soot conformes i cellos de Krishnaswami 
et of. (1968). 

L'accouplemeiit des parasites en captivit6 a ét difficile a raliser, mais on 
a surmoilii la dit[iculti en plaçant les couples de reouches pras du lieu de llevage 
ou pras de dchets de poisson. Ccci est pout tre dG .1 la stimulation excerce par 
la proximité des matriels hates. Des observations similaires ont été laitos éga-
lement par Shahjalian (1968). 

Lutitisation d'aetractils comme mesure do prevention lavorise le parasitisme 
au lieu de Ic minimiser. Ccci cit dCi 7i l'actjon stimulanto des atiractils sur les 
parasites en cc qui concerne l'accouplement et la ponte. Cette remarque est conformo 
a cellos do Shajahan (1968). Mais Rao (1972) ci Calvin et of. (1970) oft un avis 
different. Des rCpulsits tots quo le phenol et SOS d6rivr5s ne soot pas efficaces non 
plus conire Ic parasite. Cependant, nous avons obienu one petite diminution de la 
population parasite, cc qui est conlorme aux résultats do 8ishop et al. (1923) et 
Parman et of.  (1928). 

Les mCthodes mecaiiiques do contr6he comme le grattage des oouls parasites avant 
la pénCtration dans Ic corps do I'hte, ou comme d'autres mCthodes pour tuer les 
larves et les chrysalides parasites, peuvent étre employees dans les centres de grai-
nage et les fabriquos pour réduire lincidence du parasite, tine idle conclusion a 
également CiC soutenuo par Roth (1982). 

tin contrCle eflicace pout Ctre obtenu avec on investissement minimal par tachat 
de filets de taille adequate pour envelopper les buissons do chéne supportant les 
vers a soie tussah, ci permeitre ;iinsi to separation absolue do lhate ci du para-
site, et également d'autnes parasites. Cette mCthodc est déjà employee dans les cas 
de A. 	assoina 	par Bharoli (1968). 
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CHANGES IN THE MICROBIAL POPULATION ON MULBERRY LEAVES 

UNDER PROLONGED STORAGE 

J. SUKIJ14AR* and A. RAMALINCAII 

Post -Graduate Department of Botany, 
University of Mysore, 

Manacagangotri, 
Mysore 570 006, 

India. 

Preserved mulberry leaves were sampled for three days at 24 
hours intervals during summer, winter and rainy seasons to esti-
mate the changes in the concentration of microflora. Prolonged 
storage registered a many-fold increase in the populations of 
bacteria and fungi. ,lspergillus flavus and A. 	two patho- 
genic fungi on silkworms and Staphylococcus, a well known human 
and animal pathogenic bacterium were isolated in increased nwn-
hers in addition to many non-pathogenic forms. 

INTRODUCTION 

freshly harvested mulberry leaves are highly palatable and nutritious to silk-
worms (Rangaswamy et ci., 1976). They have been shown to harbour it large number of 
bacteria and fungi on their surlace (Sukuntar, 1981). tinder village conditions, the 
harvested mulberry leaves are preserved by covering them with a wet gunny cloth. Much 
studies have been carried out on the effect of long period of storage on nutritional 
changes in the leaves. However, information on the qualitative and quantitative 
changes in the microflora of such leaves is lacking. The present study reports the 
changes in the concentration of microorganisms and their probable role on silkworm 
health is discussed. 

* Karnataka State Sericulture Development Institute. Thalaghattapura, Bangalore 560 
062, India. 
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MATERIALS AND METHODS 

Mulberry leaves of the variety MS of Mor'us /ndica L. were harvested, wrapped 

in a sterilized wet gunny cloth and stored in a cool place. The leaves were sampled 

at 24 hours intervals for three days by dilution plate technique using Czepek Dox 

yeast extract agar with 25 ppm chioramphenicol and Beef peptone agar to isolate fungi 

and bacteria respectively (Tuite, 1969). Using a sterile cork borer, leaf discs, 

2.1 cm diameter were cut from the leaves selected at random. Twenty-four such leaf 

discs were placed in 100 ml sterilized distilled water with a drop of Tween-80, Con-

tained in 250 ml Erlenmeyer's flask. The leaf discs were agitated for 30 minutes on 

a magnetic stirrer to bring the microorganisms into suspension. Three suitable serial 

dilutions were prepared from the leaf washings and used for plating. One ml of each 

dilution was placed in sterile Petri dishes using sterile pipettes and the plates 

were poured with molten agar medium, approximately at 35°C. The Petri dishes were 

swirled to distribute the solution and the agar was allowed to solidify. Triplicates 

were maintained for each dilution. The Petri dishes were incubated at room tempera-

ture (24-280C). The colony counts of filamentous fungi were taken on the third and 

sixth day, and those of yeasts on second and third day of incubation. For the enume-

ration of bacteria, higher dilutions of leaf washings were plated and counts were 

made on the third day of incubation. The concentration of microorganisms was estima-

ted per unit area of the leaf surface sampled. To test the pathogenicity of fungi 

to silkworms, spore suspension (10 spores/mi) prepared from 10 day old culture of 

the test fungi was sprayed on the 3rd instar larvae and the percentage of infection 

was scored. The experiments were conducted during summer, winter and rainy seasons. 

The data presented are the averages of all the seasons. 

RESULTS 

A total of 15 types of filamentous fungi, 4 bacteria and 4 yeasts were isolated 

from the leaves. The concentration of microorganisms which were consistantly isolated 

are given in the Table I. The sterile forms and those isolated sporadically were 

grouped as other bacteria, yeasts and fungi. A tremendous increase in the concentra-

tion of microbes was noticed with increased period of preservation. Bacteria in gene-

ral outnumbered the fungi. Cl.adospor/uin cladosporloides was the dominant constituent 
among filamentous fungi followed by Phoma morph/na, Nigrospora cphaer/ca, Curvularia 
lunata, Aspergillus niqer,  , A. nidulan, A. flames, sphaeropsidales, Drechslera sora-
kiniana and D. b/color. Among yeasts, Cryptococcus laurent/i was the most predominant 
type and Sporobolornyces romeus occupied the second position. The majority of the bac-
terial population was represented by Erwin/a herb/cola followed by Corynebacteriwn 
sp. , Staphylococcus sp. and Pset4dorsonas maltophila. 	The highest concentration of 
microorganisms was recorded during rainy season (Table II) which decreased in summer. 

Yeasts in general were more during winter months. The microorganisms reached peak 

concentration on the third day of preservation. The bacteria/fungi ratio was more 

on the first day and gradually dec reased towards the third day due to the fast mul-

tiplication of the fungi. Among the fungi tested [or pathogenicity, three isolates 

each of Asperq/llus fiavum and A. n/per caused aspergillosis in 4.3 and 6.17 of the 
larvae treated and the others were non-pathogenic. 

DISCUSS ION 

l'rolonged storage of mulberry leaves in addition to reducing the nutritive qua-
lity (Rangaswamy et al., 1976), increases the microbial population on their surfaces 

(present study). Under village conditions the leaves are preserved in a wet gunny 
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cloth. During summer a fine spray of water is also given by some farmers to the har-
vested leaves before preservation. This method provides enough relative humidity for 
the maximum multiplication of microorganisms present on the leaves. Though prolonged 
preservation is not a common practice. among farmers, very often the excess leaves 
left-over under such condir ions are generally fed to the worms. ihis provides oppor-
tunity for the pathogenic forms to induce disease in silkworms. 

Most of the microorganisms isolated are either residents or casuals in the phyl-
loplane of mulberry (Sukumar, 1983) and their concentration is influenced by leaf 
age, season and plant height. It is possible that the phylloplane microorganisms of 
mulberry bring about early senescence of leaves under storage by degrading proteins 
into amino acids and carbohydrates into simple sugars. These breakdown products serve 
as nutrients for the enhanced multiplication of microbes. Dickinson (1965, 1967) and 
Hudson (1962) have also shown that senescing plant parts support a large number of 
microorganisms. The majority of the fungi isolated in the present study except a few 
isolates of Aspergil.lua flavuo and A. niger are non-pathogenic. Sukumar (1983) has 
shown that high concentration of Crypi-oeoecus laureniii on leaves can reduce the 
cocoon yield by 1.07 times while SporoboZomyces roseus on the other hand increased 
the yield by 1.20 times compared to the control. Aspergillus 	flavus 	and 
A. niger causing aspergi Ilosis of silkworms showed 10 and 24 fold Increase respect —
vely on the third day of incubalion. The isolation of Staphylococcur sp. , a well 
known animal and human pathogenic genus, and other bacteria from mulberry leaves 
warrant a critical study on their role in silkworm health. Detailed investigations 
have been carried out on the occurrence of these microorganisms in the phylloplane 
of mulberry and its concentration on different leaves through seasons. The data will 
be published elsewhere. The present study indicates that, prolonged preservation of 
mulberry leaves results in malnutrition, predisposing the silkworms for attack by 
pathogenic forms, which enormously multiply on leaves during preservation. 

AcKNOWLED(;EMENT 

We sincerely thank the Ilniversi ty of f'tysore for fac i lit ies and CSIR, New Delhi 
for financial assistance. 

REFERENCES 

DTCKINSON C.H., (1965), the mycoflora associated with Uaiimic'ne portulacoides 	Ill. 
Fungi on green and moribund leaves. Trans. Br. Mycol. Soc., 48, 603-610. 

DiCKINSON C.H., (1967), Fungal colonization on Pistijit leaves, Can. J. Bot ., 45. 915-
927. 

HUDSON H.J., (1362), Succession of fungi on ageing leaves of •'acchartijn officinarum 
Trans. Br. Mycol. Soc., 45, 395-423. 

RANGASWAMY C., NARASIMFIANNA M.N., KASIITVISWANATIIAN K., SASTRY C.R., (1976). Sericul-
turn manual. 1. Mulberry cultivation, FAO Agric. 5cr. Bull., FAD, Rome, ISO p. 

SUKUMAR J. , (1983), Studies on the phylloplane micruflnra of mulberry (Morus incica 
L.), Ph.D. thesis, Univ. Mysore, flysore, India, 233 p. 

TUITE 3., (1969), Plant pathological methods. Fungi and bacLerin. Burgess Pnbl. Co., 
Minn., 239 p. 

371 



Days of preservation! Jaurs de stockage 

Microorganisms! 
	

0 	 1 	 2 	 3 

Microorganismes 	
No. of colonies/cm2  leaf surface! 

Nb de colonies/cm2  de surface de feuille 

Bacteria/ 	Bactiries 

I. 	[rwinia 	herbicola 301 1 	512 5 664 13 	296 

2. 	Coryrrebacterium 	op. 153 1 	399 2 	347 7 524 

3. 	Staphylococcus 	op. 2 29 109 142 

4. 	Pseudomonas 	maltophila 5 30 60 75 

5. 	Other bacteria/ Autres bactéries 78 600 1 	060 4 070 

Total 	bacteria/ 	Total 	des bactdries 539 3 678 9 240 25 	107 

Yeasts! 	Levures 

1. 	Cryptococcus 	laurentii 6 40 60 200 

2. 	Sporobolomyces 	roseus 3 15 77 130 

3. 	Other 	yeasts! Autres 	levures 5 27 16 24 

Total 	yeusts/ 	Total 	des 	levures 14 82 103 354 

IiIa.entou5 	fungi/ Champigoons 	filameeteuo 

Cladosporium cladosporioides 14 29 216 760 

Phoma sorghina 12 19 41 125 

Nigrospora 	sphaerica 10 19 91 125 

Curvularia 	lurrata 3 5 2 19 

Aspergillus 	niger 2 5 7 48 

Aspergillus 	nidulans 2 2 5 10 

Sphaeropsidales 2 2 5 10 

B. 	Alternuria 	spp. 1 2 7 19 

9. 	Aspergillus 	flavus 1 2 5 10 

10. 	Curvularia 	lunatu 1 2 5 10 

11. 	Drechslera 	sorokiniana I 2 6 10 

12. 	Drechslera 	bicolor 1 2 5 10 

13. 	Other 	fungi/ Autres 	champignons 7 14 31 202 

Total 	fila.errtous 	fungi/ 

Total 	des 	champignons 	folamenteuo 
57 105 426 1 358 

Total microorganisms! 	
610 	3 766 	9 769 	26 819 

Total des microorgaeismes 

Bacteria/fungi ratio! 	
7.50 	18.13 	13.68 	14.66 

Ratio bactOries/champignons 

Table 1. Concentrations of microorganisms isolated from mulberry leaves 

during different periods of preservation. 

Tableau I. Concentrations des microorganisr005 isols . parr ir de feuilles 

de mrier aux differents suedes do stockage. 
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Days of preservation! Jours de stockage 

Microorganism! Season/ 
0 1 2 3 

Microorganisme Saison 
No. of colonies/cu 	leaf surface/ 

Nb. 	de colonies/cu 2 	de surface de 	feuille 

Bacterial Summer 279 1 	767 4 640 12 501 

Bactéries Rainy 801 5 389 13 800 37 714 

Winter 539 3 578 8 280 25 	107 

Yeasts/ Summer 3 39 52 160 

teoures Rainy 14 72 87 360 

Winter 85 140 171 542 

Fila.entoss 	fungi! Summer 21 53 209 629 
Champignons 	filamenteux Rainy 94 146 634 2 037 

Winter 57 117 643 I 	408 

Table II. Seasonal variations in the populations of bacteria, yeasts and 

filamentous fungi on preserved mulberry leaves. 

Tableau II. Variations salsonnires chez los populations de bactries, Levures et 

champignons filamenteux our los feullies de mrier conservées en stockage. 
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Traduct ion 

VARIATIONS DANS LA POPULATION MICROBIENNE DES FEUhLLES DE MURIER 

AU COURS DE CONSERVATION PROLONGEE 

J SUKUMAR* et A. RANALTNGAI4 

Past-Graduate Department of Botany, 
University of Mysore, 

Manasagangotr i, 
Mysore 570 006, 

Inde. 

See feI4ilLes de mOrier stockdes ont dtd prdlevées pendant 
trois jour's, d 34 heures d'intervalle pendant 1'4td, l'biver et 
Ia saison des pluies, afn d'dvaluer Las changements de concen-
tration de La rnicrof lore. On stockage prolongd a permis d'enre-
gistrer uno augmentation i'nportante des hactdries et des cham-
pignons. Aspergillus flavus et A. niger, deux champgnons 
pathogénes du ver a soie et Staphylococcus, une bacteria hien 
aonnue pathogOne envers l'homme et lee anmaux ant dtd isolés 
en nombre croissant, ainsi qua de norebreuses formes non patho-
genes. 

INTRODUCTION 

Les Icuilles de rnQrier fraichement ramassées sent extrinemcnt sapides et 

nutritives pour les vers h soie (Rangaswamy at al. 1976). II a été démontrC qu'elles 
abritent A leur surface un grand nombre de bactCries et de champignons (Sukumar, 

1983). flns les villages, les feui.11es de mGrier récolties soi,1 proLégées par une 
couverture en toile de jute humide. I'lusieurs etudes oCt eLC mites sur les varia-

tions nutritionnelles des bullies dans le cas de stockage prolongi. Pourtant nous 

manquons d'informatiuns sur les variations qualitatives et quantitatives de Ia micro—

flore de ces levities. Cette étude rend compte des variations 

'

de concentration des 

microorganismes et de tour consequences probables sur Is s;intC du ver ii soic. 

Karnataka State Sericulture Development Institute, ThalaghatLipurs, Bangalore 560 

1162, Inde. 
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MATERIEL ET METIIODES 

Les leullles do muirier de la variétd MS do ftforus indca L. ,out rocultees, 

enveloppées dana uric Lii Ic do iute humidc 	sLdri Ii se . puis conservdes dana on 
eridruit Irais. Les feuilles sont aiia1ysos ii 24 heurcs d'iiiLrrvalle, sur trois jours, 
par La technique de dilution sur plaque en utilisant de l'extrait do levure Czepek 
Pox g6los6 avec 	25 ppm do chloramphdnicol et de Ia gdlose de peptone de boeul pour 
isoler les champignons et les bactdries (Tuite, 1969). Des disques de 2,1 cm de dia-
ni4tre suni dcoupda dana des feuilles prises sri hasard, 4 laide dun emporte-pièce 

sterile. 24 de ces disques sont placCa dana 100 ml deau distilide sterilisee avec 
one goutte de Tween-80 dana on Erlenmeyer do 250 iii. Les disques sont agitds pendant 
30 minutes a laide d'un agitateur magndtiquc aim damonor les microorganismes en 

suspension. Trois dilutions appropriCes sont prCparées 4 partir do Lavage des 
feuilles et ulilisCes pour la prIparation des plaques. 1 ml de chaque dilution est 
place dana des buttes do PCtri stCriles 4 l'aide de pipettes stCriles et les plaques 

soot couverlos de geloac molle et mises 4 35°C environ. Les boites de Petri sont 
brassCes pour rCpartir La solution et amener la gélose 4 se solidilier. Chaque dilu-
tion eat rCpCtCe trois Lois. On laisse incuber les boites de P4tri 4 temperature 
ambiante (24-28 0C). La nunidration (ou dCnombreniont) des champignons filamonteux 
a Ct4 faite les 3èine et 64me jours, celle des Levures, les 2me et 34me jours dincu- 
bation. Des dilutiona plus fortes du 	lavage des 	feuilles sont placCes sur plaques 
pour la numeration des bacteries qui est offectuee le 34me jour do l'incubation. La 
concentration des microorganismes est estisiee par unite de surface de feuille. Pour 
tester la pathogénicité des champignons erivers Les vera 4 sole, on vaporise sur les 
vera 4 soie du 3ème ige larvairo one suspension de spores (10 spores/nil) preparee 
4 partir done culture de champignons-echant I I loris. datant de dix jours ot on core-
gistre le pourcentago dinfection. Les expCriencos ont Ctd menees pendant lete, 

lhiver et la saison des pluies. Les chiffres prCsentds sont la moyenne de toutes 
les sa i suns 

RESULTATS 

ALL total, 15 champignons filamenteux, 4 bactiiries et 4 levures out 6L6 isolés 

4 partir des feuilles. La concentration des microorganismes isolds de maniCre perma-
nente eat donnCe dana Ic Tableau 1. Les lormes stdriles et cellos qul out 6L6 isol4es 

sporadiquement sont groupCes dana la rubrique 'autros bactdries, levures et champi-
gnons'. One augmentation tr4s forte de la concentration des microbes a etc notCe 
lorsque la pdriode de atockagc so prolonge. En gCnCral, Ic nombre des bacteries 
ddpasse celui des champignons. Cladosporiurn cladosporioides est Ic constituarit domi-

nant parmi les champignons filamenteux, suivi de !'horna sorghina. Nigrospora ophacri-
ca, Curvularia lunata, A.aperqitlus niger, A . ndulans, A. flavus . sphaeropsidales, 

Drechstera sorokiniana et D. Hoolor. Parmi les levures, le type predominant est 
Cryptococcus laurentii, suivi de Sporoholornycea roseus. La majoritC do la population 
bactCrienne est reprdseiitCe par Erwinia herb/cola, suivi de Corynehacterium ap.. 
Ctaphylococcus sp. et  F'sudornonae maltophila. La concentration La plus forte en 

micruurgaliisines est enregistrce pendant Is saison des pluies (Tableau II). Elle dimi-
nue pendant I dtC. Les levures aunt en gCnCral plus importantes pendant les mois 
d'hiver. Les microorganismesatteignent leur concentration maximum le 34me jour do 
conservation. La proportion de bacteries/champignons, plus importante le ler jour, 
diminue gCniralement jusqu'au 3bme jour, on raison de la multiplication rapide des 
champigirris. larmi les champignons testCs pour lour pathogCnicitC, trois isolats de 

Asperqillus flavur CL A. n/per provoquent l'aspergillac sur 4,3 et 6,1 7 des larvea 
trai tCcs . les autres etint non-paihog4nes. 
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DISCUSSION 

Le dockage prolengd des feuilles de mfirier diminue leur qualité nutritive 
(Rangaswamy et at., 1976) et accroTt Ia population microbieiine h Ia surface (présente 
étude). Dane les villages, icc feuilles sont conservées dans one toile de jute. i'en-
dant lété, certains fermiers vaporisent ldgèrcrncnt les feuilles denu, avant La con-
servation. Cette méthode assure one humidité relative suffisanto pour permettre one 
multiplication maximum des microorganismes presents sur les feuilles. Bien que Ic 
stockage prolongé ne coLt pas one pratique courante chez les fermiers, lexcCdent 
de leuiiles est trés souvent donné en nourriture aux vers a soie sous cotte forme. 
Les formes pathogénes provoqoent alitsi des maladies chez Ic ver 	soie. 

La plupart des microorganismes isolés soot presents sur in surface loliaire du 
mrier de maniére perisanente ou occasionuelle, et leur concentration depend de l'Cge 
de La feuille. Ia saison et Ia hauteur de Ia plante. II est possible que pendant le 
stockage, les microorganismes de Is surface folinire du mQrier entraittent Ia sénes-
cence des feuilles par degradation des protClnes en acides aminCs et des hydrates 
de carbone en sucres simples. Ccc produits décomposCs soOt des substances notritives 
qui accelerent Ia multiplication des microbes. Dickinson (1965, 1967) et Hudson 
(1962) ont également montrC que les parties sCnescentes des plantes portent on grand 
nombre de microorganismes. La majoritC des champignons isolCs dans cette étude, 
exception mite de quelques isolats de Aspergil1us flavus et de A. niger ne sont pas 
pathogénes. Sukumar (1983) a montrC qu'une forte concentration de Cryptococcus 7au-
rentii sur les feuilles peut rCduire Ic reodemeot en cocon de 1,07 lois alors que 
SroroboloYflyces roseus amCliore Ic rendement en cocon de 1,2 lois par rapport a 
1 'échant i lion tCmoin. Aspergillus flavus et A . niger provoquant I 'aspergi llose du 
ver é soie nogisentent de 10 et 24 lois respectivement, au 3éme jour de 1' incubation. 
Lisolement ii partir des feuilles de mOrier de Staphylococcus sp., pathogène humain 
bien connu, et dautres bactCries, justiuie one étude critique de leur rCle curia 
sante du ver h soie. Des recherches détaillées ant Cté faites sur Ia presence de ces 
microorganismes 7i Ia surface follairo do mOrier et sur leur concentration sur les 
différentos leuilles pendant les diverses saisons. Les résultats seront publiCs ultC-
rieurement. Cette étude indique que le stockage prolongé des feuilles de mrier pro-
voque une malnutrition cc predispose Icc vers é soie h I 'attaque des formes patho-
genes qui se multiplient sur les feuilles pendant le stockage. 
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REVUE SIGNALETIQUE 

BIBLIOGRAPHY 
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