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I/K. HURKADLI 

TESTICULAR DEVELOPMENT AND SPERMATOGENESIS IN 
THE LARVA, PUPA AND ADULT ER! SILKWORM, PIULOSAMIA 

RICINI - A HISTOLOGICAL STUDY. 

H.K. HURKADLI*, M.A. IJOOLI and V.B. NADKARNI * Karnataka State Sericulture 
Development Institute, Thalaghattapura, Bangalore 560 062, India. Department of 

Zoology, Karnatak University, Dharwad 580 003, India. 

A pair of testes becomes visible on the first day offourth instar larva. The individuality of each 
testis is maintained through out life history. The testicular size gradually increases and reaches its 
maximum on the last day of pupation. Each testis is enclosed in peritoneal sheath. Beneath the 
peritoneal sheath there is an epithelial layer which divides the testis into four follicles hyforming the 
partitioning septa. Each follicle contains cells at different developmental stages ofspermatogenesis. 
Apical cells are not seen in the adult testis. The sperinatids and spermatozoan bundles appear in the 
testicular lutnen from fflh  day of pupation onwards. The adult testis contains both eupyrene and 
apyrene spermatozoan bundles. 

INTRODUCTION 

The structure of testis and the process of spermatogenesis have been reported in a number of 
species of insect. Callahan and Cascio (1963), Swart (1966), Joubert (1967) and Brits (1978) have 
described the morphology and histology of male reproductive organs in a few species of lepidoptera. 
The process of spermatogenesis has been described in the cynthia silkworm, Philosainia cynthia 
(Karnbvsel[js and Williams, 1971a, 1972), Bombyx mon (Mac Farlane and Tsao, 1974), Drosophila 
melanogastcr(Kuroda, 1974; Cross and Shellenherger, 1979), gypsy moth, Portheiria dispar(Salama, 
1976), Drosophila hydei (Rungger, 1976), Euproctis chrysorrhea (Leclercq-Smekens, 1 978a), 
i/eliot his virscens (Loch et al., 1985). In recent years some aspects of spermatogenesis in insects have 
been reviewed (Moses, 1970; Phillips, 1970; Blum, 1970; Adiyodi and Adiyodi, 1974 and Dumser, 
1980). The present investigation was undertaken to study the histological structure of the testis of 
Philoswnia ricini (luring larval, pupal and adult stages. 

IIATERIALS AND METHODS 

Eri silkworm, Philosamia ricini reared in the laboratory were used in the present work. For 
histological study the animals were killed, the testis from 1st day of 4th instar larva upto the last day 
of pupation (i.e. 17th (lay), on every alternate day and of adults before and after mating were fixed in 
Boom's fluid for 20-25 hours, embedded in paraffin wax and 4m sections were cut and stained with 
haematoxylin and cosin and mounted in U camparol. In the present study, the length and width of the 
testis and height of the follicle epitheliuin in m have been measured in ten specimens during 4th and 
5th larval, pupal and adult stages to find out the changes in size of the testis and height of the follicle 
epithelium. The average measurement of Len readings are given in Graph I. The development of 
different spermatogenic stages such as 1. spermatogonia, 2. primary spermatocytes, 3. secondary 
spermatocytes, 4. spermatids and 5. sperm bundles was also investigated microscopically to record 
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the number of these different spermatogenic stages present in each slide of testis in the larval, pupal 
and adult stages. The method followed in the present work is similar to that described by Salama 
(1976) for the testis of gypsy moth, P. dispar. The average number of these different spermatogenic 
stages calculated and the percentage of these stages is given in Graph 2. 

RESULTS AND DISCUSSION 

A pair of distinct testes embedded in the fat bodies, was located on either side along the 
anteroposteflor axis of the animal. 

Each testis consists of four follicles and is enclosed in a layer of connective tissue sheath or 
peritoneal sheath. The wall of the testis consists of outer peritoneal sheath and an inner epithelial 
sheath or follicle epithelium. Peritoncal sheath is composed of one or two layers of irregularly spaced 
small cells, with round or spherical nuclei each containing distinct nucleolus. It is the epithelial sheath 
which surrounds each follicle and also forms the partitioning sepia of the follicle (Fig. 1). All the four 
follicles are completely separated from each other by the sepia. An apical cells complex consisting 
of four to six large sized cells is seen close to the inner border of the epithelium in the follicles. Each 
cell contains a large volume of cytoplasm and a small round nucleus with a distinct nucleolus. Groups 
of spermatogonial cells surrounded by a cyst wall are seen at the border of the apical cells towards 
the lumen. Spermatogoncal cells are round/polygonal with dense cytoplasm. Some cysts contain a 
few small sized round cells, each with a small eccentrically placed nucleus and eosinophilic 
cytoplasm. These cells seem to be degenerating spermatogonial cells. The size of the testis continues 
to increase during 4th and 5th larval instar, during pupal period and reaches its maximum size on the 
last day of pupation. Similarly the height of the follicle epithelium continues to increase during 4th 
and 5th larval instars and reaches its maximum on the first day of pupation and from then onwards 
the height gradually decreases and reaches its minimum on the last day of pupation. The size of the 
testis in adults before mating is slightly decreased when compared to that of the last day pupa and the 
size is further decreased in the adults after mating (Graph 1). 

The apical region or the zone of germarium of the testis, follicles contains spermatogonial cysts 
and the next region, the zone of growth, contains spermatogonial cells undergoing mitotic division 
within the cysts. The spermatogonial cells in the cyst, in the next region begin to arrange on the cyst 
wall, as a result the space or atrium begins to appear in the centre of the cyst and thus spermatogonial 
cysts begin 10 form the primary sperinatocytcs in the testis of late 5th insuir larva (Fig. 2). 

The testicular componenis during first three days of pupation are similar to those of 5th instar 
larva excepting the difference in the percentage of spermatogonial cells, primary and secondar) 
spermatocytes. From the 5th day of pupation and onwards, the secondary spermatocytes begin tc 
transform into spermatids which transform into spermatozoan bundle (Fig. 3). The spermatids and 
spermatozoan bundles are enclosed in the cyst wall. During the pupal period the height of thc 
peritoneal sheath is decreased whereas that of the follicle epithelium is increased. The apical cclh 
complex is not seen in the adults. The partitioning sepia of the follicles do not rupture and persist ever 
in the adults and the individuality of each follicle maintained (Fig. 3). 

The percentage of spermatogonial cells, primary and secondary spermatocytes, spermatids and 
spermatozoan bundles in the testis during larval, pupal and adult stages is given in Graph 2. 

The testis in the adults contain large number of eupyrene and a few apyrene spermatozoan 
bundles and other spermatogenic components are few in numbers. The testis wall mainly consists o: 
fibrous connective tissue strands with flattened cells (Fig. 4). The testis of the adults after mating, 
contains mostly spermatozoan bundles and a few spermatids (Fig. 5). 

The identification of the testis during different larval instars differs in different species of 
lepidoptera (Leclercq-Siekens, 1978a; Brits, 1978). In the present investigation the testes in P. ricir.i 
were detected in the 4th instar larva. The testes of P. ricini do not fuse to form a single testis as in 
other lepidoptera and remain separated as paired structures as in satumiid moths (Shepherd, 1974. 
Each testis consists of four follicles and in this respect they are similar to the testis of the larvae of 
other lepidoptera. 

The increase in the size of the testes during larval instars has been reported in few species of 
lepidoptera (Alexander and Chippendale, 1973; Brits, 1978). The increase in the volume is correlated 
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with the rate of spermatogenesis. Salarna (1976) has reported that increase in the volume of the testis 
during larval and early pupal stage and then gradually decrease in old pupa followed by moth stage. 
He has correlated the decrease in the volume of the testis in the pupal stage to the migration of sperms 
into efferent ducts. Phillips (1970) has stated that the rapid increase in the testicular volume is due 
to the rapid growth rate of spermatogonia. The observation in the present investigation in P. ricini 
suggest that the size of the testis increases gradually and reaches its maximum only on the last day of 
pupation. This observation suggest that the spermatogonial products i.e. spermatozoan bundles are 
retained in the lumen of the testis and notyct released into vas deferens. The size of the testis decreases 
in the adult moths before mating. This observations may suggest that some of the spermatozoan 
bundles are transferred to the vas deferens and hence the decrease in the size of the testis. 

Salama (1976) has reported that the four follicles of each testis of?. dispar are covered by an 
outer membrana communis and innerepithelial sheath. The testicular wall is lined externally by tunica 
exierna and internally by tunica interna. The caprula lobuli is a layer of connective tissue, which 
along with tunica interna froms the fol]icular septa that divides testis into four follicles, similar to 
those of Bombyx priori (Omura, 1936). The testicular wall of P. ricini in general is similar to that 
described for P. dispar (Salama, 1976), P. operculella (Brits, 1978) and E. chrysorrhea 
(Leclercq-Smekens, 1978a). The peritoneal sheath of the testis of?. ricini corresponds to membrana 
communis of P. dispar. The testes of P. ricini are not fused to form a single testis in any of its 
development and the follicular sepia of testis are retained intact even in the adults. 

The testicular tubule in the apical region has an apical cell or versonia] cell at the apex of the 
germarium, spermatogonia in the germinal region and the cyst cells, enveloping the spermatogonial 
cells (Snodgross, 1935; Salama, 1976; Lecler(I-Smekens, 1978a; Hardy et al., 1979). In the present 
investigation the apical region of the testicular follicles of larva and pupa of P. ricini contained 
spermatogonial cyst enclosed in cyst cells and apical cells. The cyst containing small round cells with 
eccentrically placed solid nuclei and eosinophilic cytoplasm were observed in the growth zone. The 
cysts containing such cells probably represents the degenerating spermatogonial cells and disappears 
before they reach spermatid zone. The degenaration of germ cells has been reported in the testis of 
insects (Alexander and Chippendale, 1973; Dumser, 1980). Brits (1978) has reported that the 
testicular follicles of larva of P. operculella contain spermatogonia surrounded by the cyst cells. The 
apical cells in testis of P. ricini occur in groups as in P. dispar and E. chrysorrhea. 

Complete sperrnatogenesis takes place during larval and pupal life in insects having short life 
span (Sado, 1963; Tazima, 1964). The germ cells in the testicular follicles are in different stages of 
development in the larval, pupal and adult stages of the insects. Shen and Berryman (1967) have 
reported that the mature spermatozoan are found shortly after pupation in R. huoliana. Salama (1976) 
has reported that in the first larval instars of P. dispar, only the spermatogonial cells are found, the 
primary spermatocytes appear in the fourth larval instar and the spermatids and spermatozoa are 
formed during the fifth larval instar, prepupal and pupal stages. Leclercq-Smckens (1978a) has 
reported that in E. chrysorrhca spermatogenesis is completed before the adult stage is reached. Brits 
(1979) has shown that the testes of the larva of P. operculella contain spermatogonia,spermatocytes 
and spermatids in the first, second and third larval instar respectively. The testes of the fourth instar 
larva contain speratozoan bundles and other earlier spermatogenic stages. The testis of the pupa and 
adult contains mainly spermatids and sperms. In the present investigation in the testis of P. ricini the 
spermatogonial cells are found in the fourth instar larva, primary and secondary spermatocytes, 
spermatids and sperm bundle appear from the seventh day of pupation onwards till the last day of 
pupation and also found in the testis of adult. From the present study ii. is quite evident that the 
occurence of various spermatogenic stages differ from species to species and that the spennatogenesis 
is completed before the adult stage is reached since this adult moth is short lived and begins to mate 
soon after emergence. 

The production of eupyrene and apyrene spermatozoa has been reported in the lepidopteran 
species of insects (Salama, 1976; Katsuno, 1977). Holt and North (1970) have shown in cabbage 
looper, Trichoplusia ni that the apyrene spermatozoa are transferred to the female in the first mating 
during which the transfer of sperms may not be successful. This might mean that the eupyrene 
spermatozoa are not wasted in the first mating. This might be an adaptation to short lived adult life 
in lepidoptera. The present investigation shows that P. ricini produces both eupyrene and apyrene 
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Fig. 1. L.S. of late 5th instar larva of P. ricini, showing peritoneal sheath (PES), epi- 
thelium (E), germarium (G), spermatogoneal cysts (SPC), primary spermatocytes 

(PSC), secondary spermatocytes (SSC), and a partitioning septum (PS). 

Fig. 1. Microphotographie de la larve de P. ricini a lafin du Sème age montrant la 
game péritonéale (PES), l'épithélium (E), le germarium (G), les vésicules sperinatogo- 
niales (SPC), les spermatocytes primaires (PSC), les sperm atocytes secondaires (SSC), 

et un septum séparateur (PS). 

Fig. 2. L.S. of the testis of 5th day pupa of P. ricini showing spermatogoneal cysts 
(SPC), primary spermatocytes (PSC), secondary spermatocytes (SSC), spermatids 

(S), spermatozoan bundle (SB) 

Fig. 2. Micropholographie du testicule de la nymphe de P. ricini au Sème jour inon- 
trant les vésicules spermatogoniales (SPC), les spermatocytes primaires (PSC), les sper- 
inatocytes secondaires (SSC), les sperinatides (5), lesfaisceaux de sperm atozoides (SB). 

Fig.3. L.S. of the testis of 7th day pupa of P. ricini showing primary spermatocytes 
(PSC), secondary spermatocytes (SSC), secondary spermatocytes transforming into 

spermatids (arrow), and spermatozoan bundle (SB). 

Fig. 3. Microphotographie du testicule de la nymphe de P. ricini au 7ème jour mon- 
trant les sper!nalocytes primaires (PSC), les spermatocytes secondaires (SSC), les sper- 

matocytes secondaires en cours de transformation en sperm andes (flèche), et les 
faisceaux de spermatozoiIes (SB). 

Fig. 4. L.S. of the testis of adult P. ricini before mating, showing spermatogoneal 
cysts (SPC), degenerating spermatogoneal cysts (DSPC), spermatocytes (SC), sper- 

matids (S) and spermatozoan bundle (SB). 

Fig. 4. Microphotographie du testicule dupapillon de P. ricini avant l'accouplement 
montrant les vésicules sperinatogoniales (SPC), les vésicules spermatogon ia/es en dégé- 
nérescence (DSPC), les spermatocytes (Sc), les spermatides (S) et lesfaisceaux de sper- 

inatozoides (SB). 

Fig. 5. L.S. of the testis of adult P. ricini after mating, showing spermatids (S) and 
spermatozoan bundles (SB). 

Fig. 5. Microphotographie du testicule du papillon de P. ricini après l'accoupleinent 
montrant les spermatides (5) et lesfaisceaux de sperm atozo ides (SB). 

The scale lines in the photomicrophotographs indicate 40 km. I L'échelle sur les 
microphotograph ies indique 40 pm. 
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Graph 1. Average size of the testis and average height of the follicular epithelium in 
developmental stages of Phi losam ia ricini. 

Graphique 1. Taille inoyenne dii testicule et épaisseur moyenne de l'épithéliuinfollicu-
loire au cours des différents stades du développernent chez P/i ilosainia ricini. 
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Graph. 2. Percentage of spermatogenic stages in the testis of larva, pupa and adult 
Philosarnia ricini. 

Graph ique 2. Pourcentage des différents stades de la spermatogénèse chez le testicule 
de la larve, de la nymphe et de l'adulte de Philosamia ricini. 
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spermatozoan bundles. It has been observed that during !irst ejaculation apyrene spermatozoan 
bundles are tranferred to the female. Subsequently after twenty live minutes, in the second ejaculati ar 
the eupyrene spermatozoa are transferred to the female. Thus eupyrene spermatozoa without being 
wasted helps in fertilization of maximum number of eggs. 
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DEVELOPPEMENT DES TESTICULES ET SPERMATOGENESE 
CHEZ LA LARVE, LA CHRYSALIDE ET L'ADULTE DU VER A 

SOlE ERI PHILOSAMIA RICINI - ETUDE HISTOLOGIQUE 

H.K. HURKADLI*, M.A. HOOLI et V.B. NADKARNI 

* Kamataka State Sericulture Development Institute, Thalaghattapura, Bangalore 560 062, mdc. 
Department of Zoology, Karnataka University, Dharwad 580 003, mdc. 

Unc paire de testicules devient distinctement visible chez la larve au icr jour du 4ème ôge. 
L' individualité de chaque testicule se maintient pendant lowe la vie. La taille des testicules augrnente 
pro gressivement ci atteint son maximum le dernier jour de la nytnplwse. Chaque testicule est inclus 
dans une game pdritonéale. Sous cette game péritonéale, ily a une couche épithéliale qui divise Ic 
testicule en quatre follicules par Ia formation des sepia séparatcurs. Chaquefollicule contient des 
cellules a différents stades de Ia spermatogénêse. Les cellules apicales ne sont par visibles chez le 
testicule de l'adulte. Le.c spermatides ci lesfaisceaux de spermatozoides apparaissent dans le lumen 
du testicule a partir du 5ême jour de la nytnphose. Le lesticule de ladulte contieni a lafois des 
faisceaux de spermatozoIde.c apyrênes ci eupyrênes. 

INTRODUCTION 

La structure dii testicule ci Ic proccssus (IC sperrnatogénèse 0111 áté decriLs chez un grand nombre 
(I'eSpèces d'insectes. Callahan ct Cascio (1963), Swart (1966) Jouhert (1967) ci Brits (1978) ont 
dcrit la morphologic et l'histoiogic des organcs reproducteurs males chez plusicurs csces dc 
Lépidoptères. Le proccssus de sper1natognèse a óó décrit chez Philosamia cynthia (Kambyscilis ci 
Williams, 1971a, 1972), Bombyx mon (Mac Farlanc ci Tsao, 1974), Drosophila melanogaster 
(Kuroda, 1974; Cross ci Shcllcnberger, 1979), Porihetria dispar (Salarna, 1976), Drosophila hydei 
(Rungger, 1976),Euproctis chrysorrhca (Lecicrcq-Smekens, 1978a), Heliothis virscens (Locb etal., 
1985). Dcrnièrement, certains aspects de Ia spermatogënse chez les insectcs ont &é décrits (Moses, 
1970; Phillips, 1970; Blum, 1970; Adiyodi ciAdiyodi, 1974 ; Dumser, 1980). Le travail próscntë 
ici a W enirepris pour &udicr la structure histologiquc du tcsticulc de Philosamia ricini au cours des 
stades larvaire, nymphal et adulte. 

MATERIEL ET METHODES 

Nous avons utilisd comme materiel experimental le ver a soic Philosamia ricini ClevC dans Ic 
laboratoire. Pour l'eiude histologique les animaux ont CtC tuCs; les tcsticulcs, prClevCs bus les deux 
jours a partir du icr jour du SCme age jusqu'au dernier jour de la nymphose (c'est-à-dire Ic 17ème 
jour) ctchez les adulLes avantet aprCs accouplement, ont CiC plongCs dans dii milieu de Bouin pendant 
20 a 25 heures, enrobCs de paraffine ci des coupes de 4 in ont Ctd effectudes et colorCcs a 
i'hCinatoxyline et l'Cosine et moritCcs. Nous avons mesurC la longucur et la largeur du testicule ci 
l'Cpaisseur de I'Cpithdiium des follicules chez 10 specimens pendant les 4Cme ci SCme âgeslarvaires 
ci aux stades nyniphal et adulie afin d'cn connaItre les variations. Les valeurs moyennes de 10 
mesures sont donnCes dans Ic Graphi(Iue 1. Le dCveloppement des diffCrents stades 
spermatogCnCtiqucs icls quc 1) spermatogonics, 2) spermatocytes primaires, 3) spermatocytes 
secondaircs, 4) spermatides ci 5) faisccaux de sperinatozoidcs, ont dgalcment etC Ctudies au 
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microscope pour dénombrer ces différents stades sur chaque lame aux stades larvaire, nymphal at 
adulte. La méthode suivie est semblable a celle décrite par Salama (1976) pour les testicules du 
papilion zigzag P. dispar. Le noinbrc rnoyen de ces différents stades spermatogénétiques Ct le 
pourcentage de ces stades sont donnés sur Ic Graphique 2. 

RESULTATS ET DISCUSSION 

On a localise une paire de testicules distincts entourds do corps gras situds de chaque côtd Je 
l'axe longitudinal de l'anirnal Chaque testicule comprend 4 follicules et est entouré d'une game le 
tissus conjonctifs ou gainepáritonéale. L'envcloppc du testicule est constituéepar la game péritondale 
externe et une game péritonéale internc ou épithéliurn folliculaire. La game péritonéalc est composac 
d'une ou deux couches de petites cellules disposées irrégulièrement, avec des noyaux ronds u 
sphériques contenant chacun un nucléolc distinct. C'est la game épithéliale qui entoure chaque 
follicule ci les sépare (Fig. 1). Les quatre follicules sont complètement séparés les iins des autres par 
les septums. Un complexe do cellules apicaics formé do 4 a 6 cellules de grande taille est visible sur 
la limite externe do l'épithélium dans les follicules. Chaque cellule contient un volume important dc 
cytoplasme etun pctitnoyau rend avec un nucléole distinct. Des groupes do sperniatogoniesentourees 
par une membrane vésiculaire sont visibles sur Ic bord des cellules apicales on direction du 1umn. 
Les spermatogonies sont rondos ou on forme de polygonc avec un cytoplasme épais. Certaines 
vésicules contiennent quelques petites cellules rondes, ayant chacune un noyau excentré et Un 
cytoplasme éosinophi]e. Ces cellules semblent ftre des spermatogonies on dégénérescence. La ta:lle 
du testicule continue a augmenter pendant Ic 4me et Ic 5ème ages larvaires, pendant la nymphose et 
alicint sa taille maximale le dernier jour de Ia nymphoso. Dc la méme manière, l'ëpaisseur do 
l'épithélium des follicules continue a augmenter pendant Ic 4ème ci Ic 5ème ages larvaires ci attcint 
SOfl maximum Ic lerjour do la nymphose, ensuitel'épaisseur dirninue progressivenient pour atteinr 
son minimum Ic dormer jour de la nymphose. La taille du testicule chez les adultes avant 
l'accouplement est légèrementmoins grande que chez la nymphe au dernier,  jour, et diminuc encara 
chez les adultes après l'accouplement(Graphique 1). Dans la region apicale ou la zone du germarium 
du tcsticulo, les follicules conticnnentdcs vCsicules spermatogoniales et la region suivante, ou Z)flC 

de croissance, contient des cellules spermatogoniales qui se divisent par mitose a gion apicale des 
follicules testiculaires de la larve et de Ia region suivante commencent a se placer sur la membrane 
de la vCsicule, cc qui fait qu'un espace ou atrium commence a se former au centre do Ia vCsicula ci 
ainsi les vCsicules spermatogoniales commencent a former les spermatocytes primaires su la 
membrane vCsiculaire. Les spermatocytes secondaires sont observes dans la partie infCrieure des 
follicules, Ia zone des spermatocytes du testicule do Ia larve a Ia fin du 5ëme age (Fig. 2). Les 
coinposants du testicule pendant les trois premiers jours do Ia nymphose soni semblables a ceux do 
Ia larve du 5ènie age a l'cxception d'un changernent dans Ic pourcentage respectif des cclljlcs 
spermatogoniales etdcs spermatocytes primaires etsecondaires. A partir du 5Cnie jourde la nympLosc 
les spermatocytes secondaires coinmencenta se transformeren spermatides lesquelles se iransformeit 
en faisceaux do spermatozoides (Fig. 3). Les spermatides et les faisceaux doo spermatozoldes sent a 
I'intCrieur do la rnoinbranc vésiculaire. Pendant la nymphose, la hautcur do La game p6ritona1e 
diminue tandis quo cello del'CpithClium folliculaire augmente. Le complexe do cellules apicales r. 'est 
pus observe chez les adultes. Les septums sCparateurs des follicules no se rompent pus et persitCflt 
memo chez les adultes on maintenant I'individualitC do chaque follicule (Fig. 3). Les poumtentagas 
do cellules spermatogoniales, do spermatocytes primaires et secondaires, do spc.rmatides ci do 
faisceaux de spermnatozoIdes dans Ic testicule, au cours des stades larvaire, nymphal ci adulte, sont 
représentCs dans le Graphique 2. 

Le testicule chez l'adulte contient un grand nombre do faisceaux do spermatozoIdes eupyrnes 
ci quciquos uns apyrCnes ainsi quc d'autros composants spormatogCnCtiqucs en petit nombre. La 
membrane du testicule est principalementconstituCe do chaines de tissus conjonctifs fibreux avec des 
cellules aplaties (Fig. 4). Le testicule chez l'adulie aprés l'accouplenient contient principaIemcn des 
faisceaux de spermatozIdes ci quelqucs spermnatides (Fig. 5) L'identification du testicule au cours 
des différenis ages larvaires vane scion les espèccs de LCpidoptCres (Lcclorcq-Smekens, 978a; Brits, 
1978). Dans notre étude, les testicules ont etC dCtectCs chez Ia larve de Philosamia ricini au 4Cme age. 
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Les testicules de P. ricini ne fusionnent pas pour former un seul testicule comme chez d'autres 
Lépidoptères et restent sdparés on paire comme chez les Saturniides (Shepherd, 1974). Chaque 
testicule est constituó par qualre follicules et cet aspect se retrouve chez les testicules des larves 
d 'autres Ldpidoptères. 

L'augmentation de la tailledes testicules au cours des ages larvaires a étd observdc chez quelques 
espèccs de Lépidoptères (Alexander ci Chippendale, 1973 BriLs, 1978). L'augmentation de volume 
est liée au taux de spermatogénèse. Salama (1976) a observe cettc augmentation du volume du 
testicule pendant Ic stade larvaire et Ic dCbut de la nymphose et ensuite une diminution progressive 
chez la nymphe âgde, puis chez Ic papillon. Ii a fait la relation entre Ia diminution de volume du 
testicule pendant la nymphose ci la migration des spermatozoldes dans les canaux ddfdrents. Phillips 
(1970) a écrit que 1 'augmentation rapide du volume du testicule est due au taux de croissance rapide 
des spermatogonies. Nos observations chez P. ricini indiquent que la taille du testicule augmente 
progrcssivement et attcint son maximum au dernier jour de La nymphose seulement. Cette observation 
suggCre que les produits des spermatogonies, par exemple les faisceaux de spermatozoldes, sont 
retenus dans Ic lumen du testicule et pas encore Libdrés dans Ic vas deferens. La taille du testicule 
diminue chez l'adulte avant I'accouplement. Ces observations suggërent que ccrtains des faisceaux 
de spermatozoIdes sont pcut-être transfCrCs dans les vas deferens et que cola entraine la diminution 
de taille du testicule 

Salama (1976) a observe que les quatre follicules de chaque testicule de P. dispar sont recouverLs 
par une membrane externe commune et par la game CpithClialc interne. La membrane du testicule est 
dClimitéc a l'extCrieur par la tunica externa et a l'intCricur par la tunica interna. La capsula lohuli est 
une couche de tissu conjonctif qui forme avec la tunica interna les septums lolliculaires sCparant Ic 
testicule en quatre follicules, de la même maniCre que chez Bombyx nori (Omura, 1936). La 
membrane testiculaire de P. ricini est on gCnCral semblable a celle décrite pour P. dispar (Salama, 
1 976),P. operculella (Brits, 1978) et E. chrysorrhea (Leclercq-Smckens, I 978a). La game pdritondalc 
du testicule de P. ricini correspond a la membrane commune de P. dispar. Les testicules de P. ricini 
no sont pas fusionnCs pour former un seul testicule a aucun stade du dCveloppement et les septums 
folliculaires du testicule restent intacLs métne chez l'adulte. 

Le tube testiculaire de la region apicale possCde une cellule apicale ou cellule versoniale a I'apex 
du germarium, des spermatogonies dans la region germinale et los cellules vCsiculaires, enveloppant 
les spermatogonies (Snodgross, 1935; Salama, 1976; Lcclerc(I-Smekens, 1978a; Hardy etal., 1979). 
Dans l'Ctude prCsente, la region apicale des follicules testiculaires de la larve ci dc Ia nymphe dc P. 
ricini contiennent une vdsicule spermatogoniale incluse dans des cellules vdsiculaires et des cellules 
apicales. On observe dans la zone de croissance Ia vdsicule contenant dc petites cellules rondes avec 
un noyau plein excentrC et un cytoplasme Cosinophile. Les vdsicules contenant de telles cellules 
reprdsentent probablement les cellules spcnnatogoniales on ddgCnCrescence et disparaissant avant 
d'atteindre la zone des spertnatides. La dégCnCrescence des cellules gerrninales chez le testicule des 
insectes a etC prCcCdemment dCcrite (Alexander et Chippendale, 1973 ; Dumser, 1980). Brits (1978) 
a observe que les follicules testiculaires de la larve de P. operculella contient des spermatogonies 
entourécs par les cellules vCsiculaires. Les cellules apicaics chez Ic testicule de P. ricini apparaissent 
en groupes comme chez; P. dispar ci E. chrysorrhea. 

La spermatogCnCse complete a lieu au cours do la vie larvaire et nymphale chez les insectes qui 
ont un cycle de vie court (Sado, 1963 ; Tazima, 1964). Les cellules germinales dans les follicules 
tcsticulaires sont a diffCrcnLs stades de dCveloppcmcnt au cours des pCriodes larvaire, nymphale et 
adulte des insectes. Shen ci Berry man (1967) ont observe des spermatozoldes matures peu de temps 
aprés la nymphose chez R. buoliana. Salama (1976) ócrit que, au cours des premiers ages larvaires 
de P. dispar, on n'observe que des cellules spermatogoniales, les spermatocytes prinlaires 
apparaissant au 4ème age larvaire et les spermatides ci spermatozoldes formCs au cours du SCme age 
larvaire, des stades prC-nymphaL et nymphal. Leclercq.-Smekens (1978a) a observe que chez E. 
chry.corrhea, la spermatogCnCse est achevCe avant quo Ic stade adulte soit atteint. Brits (1979) amontrC 
que les testicules de larve de P. operculella contiennent respectivement des spermatogonies, des 
spermatocytes et des spermatidcs aux Icr, 2Cmc ci 3Cme ages larvaires. Les testicules de Ia larve au 
46me age contiennent des faisceaux de spermatozoides et d'autres stades spermatogCnCtiqucs moms 
avancés. Le testicule de la nymphe et de L'adulte contient principalement des spermatides ci des 
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spermatozoIdes. Dans noire étude sur Ic testicule de P. ricini, on observe les celluies spermatogoniales 
chez la larve au 4Cme age, ics spermatocytes primaires et secondaires, les spermatides ci les faisceaux 
de spermatozoIdes apparaissant a partir du 76me jour de la nyniphose jusqu'au dernier jour de la 
nymphose, ci Cgalemcnt presents chez l'adulie. Ii ressort bien évidcmment de notre étude que 
l'apparition des diffdrents stades spermatogénCtiques vane scion l'espèce ci que la spermatogCncse 
est achcvóc avant que le stade adul te ait etC atteint car cc papillon adui te vit peu de temps et commence 
a s'accoupicr pcu aprCs i'Cinergcncc. 

La production de spermatozoIdes eupyrènes ci apyrCnes a été obscrvCe chez des espèces de 
Lepidoptares (Salama, 1976 ; Katsuno, 1977). Holt et North (1970) ont montrC que chez I'arpnteuse 
du chou, Trichoplusia ni, les spermatozoIdcs apyrènes sont transfCrCs chez la femciic lors du prcmie 
accouplement au cours duquel le transfert du sperme peut no pas rCussir. Ccci signifie peut-être quc 
les spermatozoIdcs cupyrCnes no sont pas gaspillCs au cours du premier accouplement. C 'est peut-ê ire 
une adaptation a la courte durCc de vie de l'aduite chez les LCpidoptCrcs. Noire étude montre que P. 
ricini produit ala fois des faisceaux dupyrCnes ci apyrènes. Nous avons observe que durant Ia premicre 
ejaculation les faisceaux de spermatozoIdes apyrCnes sont transfdrds chez la femelie. Ensuite apës 
25 minutes, lors de la deuxième ejaculation cc sont les spermatozoIdcs eupyrCnes qui sont transf6r5s. 
Les spermatozoides eupyrCnes qui no sont pas gaspillCs aident done a la fCcondation d'un nombre 
d'oeufs maximal. 
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GENOTYPIC AND PHENOTYPIC VARIABILITY OF SOME 
QUANTITATIVE CHARACTERS IN ANTHERAEA MYLITTA D. 

A.A. SIDDIQU!, A.K. SENGUPTA, AJIT KUMAR and K. SENGUPTA, Breeding, and 
Genetics Laboratory, Central Tasar Research & Training Institute, Ranchi-S, India. 

Phenotvpic and genotypic variability were studied in the 6 parents and 15 Ft population of A. 
mylitfa D., which were crossed in one way diallelfashion, during seed crop 1984 at CTR&T!, Basic 
Seed Multiplication and Training Centre, Pali Dist., Bilapur (M.P.). A wide range of phenolypic 
variability was observed for fecundity larval weight, shell weight and silk yield. The character shell 
weight and shell ratio gave the highest estimate of genetic coefficient of variation, followed by 
effective rate of rearing and silk yield. heritability estimates were high for silk yield, shell ratio, shell 
weight and larval weight. Shell weight were found to have high genetic advance followed by shell 
ratio. Moderate genetic gain were found for effective rate of rearing. 

INTRODUCTION 

Environment has a great bearing upon many of the economically important characters which are 
quantitatively inherited. Thus, it becomes difficult to judge whether the observed variability is 
heritable or due to environmental effccLS, therefore, it is necessary to workout the quantum of heritable 
and non heritable components of the total variability of a population. The objective is toestimate the 
amount of heritable variability in a divergent group of 21 lines with the hope that the results may be 
put to use in future breeding programme of A. ,nylitta D. 

MATERIALS AND METhODS 

The material comprised 21 lines; 6 parents i.e. Daba, RFi, RF4, RF35, RS and Lana-S and 15 
crosses of these lines on the basis of one way cross. These lines were reared in randomized block 
design with three replications. Data were collected randomly on eight characters viz, fecundity, larval 
weight, effective rate of rearing, cocoon weight, pupal weight, shell weight, shell ratio and silk yield. 
The components of variance and coefficient of variation were caculated. As variance estimates are 
dependant on the scale of measurement used, it is not possible to have an idea of the relative magnitude 
of variance of different characters. For such a comparison, coefficients of genetic variation (Gcv) 
were computed by dividing the square root of the genotypic variance ((3g) by the population mean 
and multiplying it by 100,(Burton, 1952): 

o2g 
GCV= 

	

	xlOO 
population mean 

The data were further utilized to determine heritability in the broad sense (Lush, 1949, quoted 
by Al lard ,1960) were calculated by the following formula 
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where H = heritability, 
cr2 ph 

= gerotypic variance, cr2  ph = phe9otypi variaqce. 
cc ph 	=ü g + W c/N of replication, cr g = cr ph —oe IN of replication. 
cr e = error variance. 

Genetic advance were worked according to the method given by Allard (1960) 
G.A. = (k) (aA) X H 
Where = selection intensity 
crA = cr ph 
H = heritability. 

Characters 	Degree of 
freedom 

Caractères 	JJegré de 
liberté 

Treatments 
mean sum of squares 

Somme moyenne 
des carrés 

Error 

Ecart 
Ecart 

1.Silkyield 	 20 465.81*** 7.91 
Rendement sole 

2.Fecundity I 103.09"' 210.77 
Fécondité 

Larval weight 	" 23.87*** 3.30 
Poids larvaire 

Effective rate 
of rearing 	 ' 160.09*** 30.18 
Taux effectif 
d élevage 

Cocoon weight 	" 3.50*** 0.77 
Poids du cocon 

Pupal weight 	 ' 2.42*** 0.56 
Poids chrysalides 

Shell weight 	 " 1.08*** 0.10 
Poids de Ia coque 

Shell ratio 	 " 81.51*** 1.71 
Richesse soyeuse 

Table I. Analysis of variance for eight characters 

Tableau 1. Analyse de variance pour huit caractères. 
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Characters 

Caractères 

Range 

Amplitude 

Mean 

Moyenne 

S.E. 

S.E. 

C.D. at 
5% level 

C.D. a 5% 

S.D. 

S.D. 

L Silk yield (g) 90.58-165.82 122.88 ±5.18 6.71 23.74 
Rendernent soie(g) 

2.Fecundity(N.) 188.66-360.67 242.38 ±7.56 8.11 34.68 
Fécondité(N) 

Larval weight (g) 26.02-39.82 31.32 ±0.70 2.46 3,22 
Poids larvaire (g) 

Effective rate of 29.95-44.65 38.19 ±1.76 3.91 8.09 
rearing (%) 
Ta 	effeciif ux 
d' élevage 

Cocoon weight (g) 9.23-11.93 10.76 ±0.17 1.21 8.79 
Poids du cocon 

Pupal weight (g) 7.80-10.20 9.26 ±0.15 1.14 8.71 
Poids chrysalide 

Shell weight(g) 0.96-1.75 1.35 ±0.03 0.51 0.17 
Poids coque .coyeuse 

Shell ratio 11.14-17.75 13.14 ±0.31 1.64 1.44 
Richesse soyeuse 

Table II. Phenotypic variability in various characters in A. mylitta D. 

Tableau H. Variabilltéphénotypique pour les divers caractères chez A. inylitta. 

RESULTS AND DISCUSSION 

Analysis of variance indicated significant differences among the varieties in respect of all the 
characters under study,(Table I). The extent of variabilities present in various characters is shown in 
Table H. The maximum range of variation was exhibited by silk yield followed by fecundity and 
larval weight. The least variation was observed in cocoon weight and pupal weight. The varietal 
differences in respect of all characters were highly significant. The estimates of phenotypic, genotypic 
and environmental variance of different characters are given in Table III. A perusal of the estimates 
would indicate that these are markedly influenced by environments. The phenotypic and genetic 
variance in respect of silk yield, fecundity, larval weight and effective rate of rearing (ERR) is higher. 
A comparatively lower range of variability was observed in characters like cocoon weight, shell 
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Characters 	 Phenotypic Genetic Error 
variance variance variance 

Caractères 	 Variance Variance Variance 
phénotypique génotypique de l'écart 

Silk yield 157.91 152.63 2.64 
Rendernent soie 

Fecundity 437.95 297.44 70.26 
FEcondité 

Larval weight 9.06 6.86 1.10 
Poids larvaire 

Effective rate of rearing 63.42 42.30 10.06 
Taux effect if d' élevage 

Cocoon weight 1.42 0.91 0.26 
Poids des cocons 

Pupal weight 0.99 0.62 0.19 
Poids des chrysalides 

Shell weight 0.39 0.33 0.03 
Poids de coque 

Shell ratio 29.74 26.60 0.57 
Richesse soyeuse 

Table III. Estimates of phenotypic, genotypic and error variance for the eight cha- 
racters. 

Tableau III. Estimations des variances phénotypiques, génolypiques et de l'écart pour 
les huit caractères. 

weight, pupal weight and shell ratio. The coefficient of phenotypic, genotypic variations; heritability 
and genetic advance in percentage of mean are presented in Table IV. The phenotypic and genotypic 
coefficient of variation for different characters ranged from 8.63, 7.12 for fecundity to 46.26, 42.55 
for shell weight. The coefficients of variation (genotypic and phenotypic) was moderately high for 
shell weight and shell ratio while it was low for others. Siddiqui et at. (1983, 1985) earlier reported 
high coefficient for shell ratio. Estimates of heritability are useful to the breeder as it provides a basis 
for selection on phenotypic performance. In the present investigation, heritability values were 
obtained for characters like shell ratio, shell weight, larval weight, ERR%, fecundity and cocoor,  
weight. 
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Characters 

Caractères 

Phenotypic 
coefficient 

of variation 

Coefficient 
phénotypique 
de variation 

Genotypic 
coefficient 

of variation 

Coefficient 
génotypique 
de variation 

Heritability 
(%) 

Héritabilité 
(%) 

Genetic 
advance in 
percentage 

of mean 

Avance 
génétique en 

pourcentage de 
Ia moyenne 

Silk yield 10.22 10.05 96.66 20.06 
Rendernent de soie 

Fecundity 8.63 7,12 67.92 12.08 
Fécondité 

Larval weight 9.61 8.36 75.72 14.97 
Poids larvaire 

Effective rate 20.85 17.23 68.27 29.33 
of rearing 

Taux effectif 
d'élevage 

Cocoon weight 11.07 8.87 64.08 14.62 
Poids du cocon 

Pupal weight 10.75 8.07 62.63 13.86 
Poids chrysalide 

Shell weight 46.26 42.55 84;62 79.82 
Poids coque soye use 

Shell ratio 41.50 39.25 89.44 76.43 
Richesse soyeuse 

Table IV. Estimates of phenotypic, genotypic coefficients of variation, heritability 
and genetic advance expresse in percentage of mean. 

Tableau IV. Estimation des coefficients de variation phénotypique et genotypique, de 
i'héritabilité et de l'avance génézique expri,née en pourcentage de la moyenne. 

In the present investigation, heritability, values were high in shell ratio (89.44) shell weight 
(84.62), larval weight (75.72), E.R.R.% (68.27), fecundity (67.92) and cocoon weight (64.68). The 
present findings are in close agreement with the observations of Sen et at. (1976) for shell ratio (99.09), 
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cocoon weight (87.94), shell weight (85.89) and fecundity (78.20) and also with the observaLons 
made by Siddiqui et al. (1985), as cocoon weight (80.86), shell weight (78.13) silk ratio (74.60) k.rval 
weight (52.36) and fecundity (50.32). The differences in observations of these characters cai he 
attributed to the differences in material, places and years. 

The expected genetic advance in percentage of mean showed a wide range from 13,86 for 
pupal weight to 79.82% for shell weight. Johnson el al. (1955) reported that heritability estimates 
along with genetic gain were of greater value than the heritability alone, in predicting the effect of 
selection. High heritability does not necessarily mean that the character will show high genetic 
advance but whenever this association occurs, additive gene effects probably play the major and most 
important role (Panse, 1957). So, the greater advances are anticipated, through mass or any type of 
selection procedure to improve these characters. 

In the present study, high heritability was associated with high genetic gain in the case of shell 
weight, and shell ratio indicating that additive gene effects are important in determining these 
characters. Siddiqul et al. (1983,1985) earlier reported the same results. The high heritability with 
low genetic gain in other characters is possibly due to intra and inter-allelic interactions, recarrent 
selection may be helpful to improve these characters. 
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VARIABILITE GENOTYPIQUE ET PHENOTYPIQUE POUR 
QUELQUES CARACTERES QUANTITATIFS CHEZANTHERAEA 

MYLITTA D. 

A.A. SIDDIQUI, A.K. SENcJUPTA, AJIT KUMAR and K. SENGUPTA, Breeding and 
Genetics Laboratory, Central Tasar Research & Training Institute, Ranchi-5, Inde. 

Les variabilitCs phénotypiques et génotypiques ont été étudiCes chez les populations paren tales 
et 15 Fj de A. mylitta D. croisées pendant la récolte de graines de 1984 au CTR&T1, Basic Seed 
Multiplication and Training Centre, Pali Dist., Bilapur (M.P.). Un large Cventail de variabilité 
phCnotypique a Cié observe pour lafecondite, le poids larvaire, le poids de la coque et le rendement 
en soie, la richesse soyeuse, le poids de la coque et le poids larvaire. On a renarqué que le poids de 
la coque donne une forte avance génCtique, suivi par la richesse soyeuse. Une avance genétique 
additive modCrée a Cte notCe pour le taux effeczifd'Clevage. 

INTRODUCTION 

L'environnement a une grandc influence sur de nombreux caractërcs économiquement 
importants qui sont quantitalivement hérités. Ainsi, ii devient difficile de juger si la variabilité 
observéc est héréditaire ou due aux effets de l'environnemcnt, ii faw, done essayer de determiner la 
part des composants héréditaires etnon hCrCditaires de la variabilitC d'une population. L'objectifest 
donc I'estimation de la variahilitC gCnétiquc dans un groupe divergent de 21 lignCes, en espórantque 
les rCsultats puissent We mis en applicalLOn dans un futur programme d'CLevage de A. mylitta D. 

MATERIEL ET METHODES 

Le materiel comprend 21 lignCes, 6 parentales, a savoir Daba, RFi , RF35, RS et Laria-8, et 15 
croisements de ces lignCes sur Ia base d'un croisernent dans un seul sens. Ces lignées sont élevCes 
dans des blocs choisis au hasard ; trois replications sont effcctuCes pour chacune. Les donnCcs sont 
assernblées au hasard sur huit caractCres, a savoir la féconditC, Ic poids larvaire, le taux effectif 
d'Clevage, Ic poids do cocon, le poids de la chrysalide, le poids de la coque, la richesse soyeuse et Ic 
rendement en soie. Nous avons calculC les composants de Ia variance et Ic coefficient de variation. 
Comme les estimations de variance dependent de I'Cchelle de mesure utiliséc, ii n'est pas possible 
d'avoir une idéc de l'importance relative de variance des diffCrents caractéres. Pour effectuer une 
telle comparaison, les coefficients d variation gCnétique (Gcv) ont etC calculCs en divisant la racine 
carrCe de la variance gCnolypique ( g) par rapport a la moycnne de population et en mult.ipliant par 
100, Burton (1952): 

GCV= 	xlOO 
moyenne de population 

Les donnCes sont utilisCes ensu ite pour determiner 1' hCritabilitC dans son sens large (Lush, 1949) 
cite par Allard (1960) qui est calculC par la formule suivante: 
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o2g 

2 

H= 	oh H=hériiabilitá 
o2ph 

g = varance genotypique, o2ph = variaice phnotypque 
ph = g + cre / Nbr. de replications, g = ph —e / Nbr. de replications 
c = écart. 

La génétique additive a été calculéc scion La méthode donnée par AIlard (1960) 
G.A. = (K) (oA) x H 
oh K = Pression de selection 
cTA = ph 
H = hCritabilitC 

RESULTATS ET DISCUSSION 

L'analyse de variance indique des differences significatives scion les vari&és pour les divers 
caractéres Ctudiés (Tableau I), L' importance des variabilitCs consiatCes pour les divers caractéres est 
indiquée dans Ic Tableau II. L'amplitudc maximum de variation apparalt pour Ic rendement on soie, 
suivi par la fCconditC ci Ic poids larvaire. Les differences variCtales pour bus les caractres sont 
hautement significatives. Les estimations des variances phCnotypiqucs, gCnotypiques, et to 
l'environnement pour les diffCrents caractCres sont donnCcs dans Ic Tableau III. Unc lecture attentive 
des estimations indiqueni que celles-ci sour fortement influencCcs par l'environnemnent. La variance 
phCnotypique et gCnCtique pour le rendement en soic, la féconditd, Ic poids larvaire ci Ic taux effectif 
d'élevage (E.E.R.), est plus Clevóe. Une variation relativement plus hasse est observéc pour Ics 
caractéres, icis quc le poids du cocon, Ic poids (Ic la coque, Ic poids de la chrysalide et la richesse 
soyeuse. Le coefficient des variations phCnotypiques, gCnotypiques, l'hCritabilité ci l'avac 
gCnCtique on pourcentage de La moyenne sont prCsentCs dans Ic Tableau IV, Les coefficients 
phCnotypiques ci gCnotypiques de variation pour les divers caractéres vont de 8,63 a 7,12 pour la 
fCconditC, de 46,26 a 42,55 pour Ic poids de la coque. Le coefficient de variation (gCnotypiquc ci 
phenotypique) est modCremment ClevC pour Ic poids de la coque ci la richesse soycuse, alors qu'il 
est faible pour les autres. Siddiqui et at. (1983, 1985) ont observe précCdemment un fort coefficicur 
pour la richesse soyeuse. Les estimations d'hCritabilitC sont utiles pour L'Cleveur, dans Ia mesure Oh 
dIes permettent une selection hasóe sur la performance phCnotypique. Dans cette étude, des rCsultats 
ont etC obtenus pour les caractères tels que la richesse soyeuse, Ic poids de la coque, le poids larvaire, 
Ic taux effectifd'Clevage, la l'éconditC ci le poids du cocon. 

L'hCritabilitC est forte pour la richesse soyeuse (89,44), Ic poids de Ia coque (84,62), Ic poids 
larvaire (75,72), % E.R.R. (68,27), la fCconditC (67,92) ci Ic poids du cocon (64,68). Ces rCsultats 
concordent avec les observations de Sen es at . (1976) pour la richesse soyeuse (99,09), Ic poids Cu 
cocon (87,94), le poids de la coque (85,89) ci la fCconditC (78,20) et avec celles de Siddiqui et aL 
(1985), pour Ic poids du cocon (52,35) et la fCconditC (50,32). Les differences dans l'observation Ce 
ces caractCres peuvent We attribuécs aux differences de materiel, lieux et annCes. 

L'avance gCnCtique attendue en pourcentage de la moyennc donne un large Cventail allant de 
13,86 % pour Ic poids de la chrysalide a 79,82 % pour le poids de La coque. Johnson ci al. (1955) a 
Ccrit que les estimations d'hCritabilitC ainsi que Ic gain gCnCtique comptaicnt plus que l'hCritabilité 
seule pour prCdire l'cffet de la selection. Une forte hCritahilitC ne signifie pas nCcessairement que Ic 
caractère va presenter une forte avancc gdnCtique mais que là oh cette association Sc l)rdsente, les 
effets de gene additifjouent certainement Ic rOle Ic plus important (Panse, 1957), Aussi, la sClectior. 
de masse ou tout autre type de selection laisse supposcr les plus grands progrCs dans le domaine de 
l'amdlioration de ces caractères. 

Dans cette étude, a une forte hCritabilitC est associC un fort gain gCnCtiquc dans le cas du poids 
de la coque et de la richesse soyeuse, indiquant l'importance des effets des genes additifs dans la 
determination de ces caractCres. Siddiqui ci at., (1983, 1985) ont prCcCdemment rappportC des 
rCsultats identiques. Une forte hCritabilitC associCe a un gain gCnClique faible pour d'autres caractCrcs 
vient peut-être des actions inlra et inter-allCliques. Une selection récurrente peut We utile pour 
amCliorer ces caractères. 
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N. IBOTOM/JI 

PACHYTENE SYNAPTONEMAL COMPLEX ANALYSIS IN 
INDIAN ER! SILKWORM PHILOSAMIA CYNTHIA 

N. IBOTOMBL Th. BHAGIRATH and S.C. KUNDU ,Department of Life Sciences, Manipur 
University, Imphal 795 003, India. 

Pachytene synaptonemal complex karyotype of the wild eri silkworm Philosamia cynthia has 
been studied using swface spreading technique and light microscope. Fourteen synaptonemal 
complexes were observed in all the analyzable pachytene nuclei. The gradual decrease in lengthfrom 
chromosome no. I to chromosome no. 14, absence of recognizable centromere and other chromosome 
markers make a precise characterization of all the 14 synaptonemal complexes impossible. One 
nucleolar bivalent is present in a diploid complement. The Z and W chromosomes could not he 
distinguished from the autasomes as they have exactly the same length forming a complete 
synaptonemal complex from telomere to telomere and do not possess any distinguishing character. 
The synaptonemal complex karyotype of this species is similar to that of domesticated eri silkworm, 
P. ricini in several aspects. 

INTRODUCTION 

The genus Philosamia is interesting from cytogenetical point of view as the domesticated 
Philosamia ricini and the feral P. cynthia have the same chromosome number (see introduction: 
Narang and Gupta, 1979; discussion: Padhy and Nayak, 1984). Hybridization between the two species 
has been performed by several workers purely for cytotaxonomic considerations and for determining 
the extent of chromosome compatibility (Padhy and Nayak, 1984). In the course of an investigation 
on the mechanism of synaptic adjustment in the Fi progenies of the two species it was felt that some 
systematic pachytene karyotyping of the two species was required. In this paper we present the P. 
cynthia synaptonemal complex (SC) karyotype and its comparison with that of P. ricini. 

MATERIALS AND METhODS 

Philosamia cynthia females collected from the wild were used in the present study. 
Surface-spread preparation of the SCs from the ovaries and the measurement of relative lengths of 
the SCs have already been described (Bhagirath et al., 1988). 

RESULTS AND DISCUSSION 

Fourteen SCs were observed in all the analyzable pachytene nuclei (Fig. 1) indicating that its 
diploid chromosome number is 28. The SCs are long and normally coiled or curved or arranged in 
tandem making the identification of individual SCs difficult. The attachment plates are distinct as in 
the case of all the animals studied so far. Several bead-like structures are present along the SCs. At 
pachytene the nucleolus is normally absent and so do the nucleolar organizers also. Yet very 
occasionally a single spherical nucleolus is attached to a SC dividing the latter into two arms at a ratio 
of approximately 1:2 (inset). The Z W chromosomes have exactly the same length and form a complete 
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Figure 1. A complete set of 14 surface-spread and silver-stained pachytene synapto-
nemal complex complement of female Philosainia cynthia. 

Figure 1. Complexe synaptoné,nal complet au stade pachytène après étalement de sur-
face et coloration a l'argentpréparé a partir d'unefeinelle de Philosarnia cynthia. 

Note the attachment plaque (AP) and beads (B)J Noter les plaques d'attachement (AP), (Cs 
chapelets (B). 

Inset: a nucleolar bivalent with a nucleolus (N)JEncadré: un biwalent nucléolaire avec un 
nucléole (N). 

Bar = 5 micronJ Barre = 5 microns 
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Chromosome! 	Mean length! 	 Standard deviation 
Chromosome 	Longueur moyenne 	 Ecart-type 

1 10.1 0.2 

2 9.4 0.1 

3 9.3 0.1 

4 7.8 0.2 

5 7.5 0.3 

6 7.3 0.1 

7 7.2 0.1 

8 7.1 0.2 

9 6.9 0.1 

10 6.8 0.1 

11 6.6 0.1 

12 5.9 0,1 

13 4.5 0.1 

14 3.2 0.2 

Table I. Mean lengths of the synaptonemal complexes in female Philosamia cynthia 
calculated from 5 pachytene nuclei and given as percentage of the total complement 

length. 

Tableau I. Longueurs inoyennes des complexes synaptonémaux chez lesfenelies de 
Philosainia cynthia calculées a partirde 5 noyaux dupachytène et données en pourcen-

tage de la ion gueur totale du complement. 

SC from telomere to telomere. The sex chromosomes could not be identified as in the case of all the 
lepidopteran species studied so far. 

Table I shows the mean relative lengths of SCs calculated from 5 pachytene nuclei. There is a 
gradual decrease in length from SCs No. ito No. 14. Small standard deviations indicate that variation 
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in lengths among the SCs within a particular nucleus is small. These factors coupled with the absence 
of recognizable ccniromerc and other markers like knobs, etc., make the identification of medium 
length SCs impossible. 

The pachytene SC complement of female P. ricini (Bhagirath et al., 1988) is similar to that of 
P. cynthia in several aspects. In both the species the diploid chromosome number is 28, one nu.leolar 
bivalent is present in a diploid complement. The SC lengths of the two species agree very close to 
each other. The difference between the means of corresponding individual SCs is not sigEificant 
(P0.05). 

The pairing behaviour of the parental chromosomes in Fi gonads has revealed a high degree of 
genetic balance between the two species (submitted). Protein banding pattern and chromosome 
banding pattern will reveal the differences between the two genomes. 
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ANALYSE DU COMPLEXE SYNAPTONEMAL AU STADE 
PACHYTENE CHEZ LE VER A SOlE ER! PHILOSAMIA CYNTHIA 

N. IBOTOMBI, Th. BHAGIRATH et S.C. KUNDU, Department of Life Sciences, Manipur 
University, Imphal 795 003, Inde. 

Le caryotype du complexe synaptonémal au stade pachyiêne chez le ver a soie sauvage 
Philosamia cynthia a éie étudié en microscopie optique aprês étalenent de surface. 14 complexes 
synapionérnaux ont été observes chez tous les noyau.x du pachytène analysables. La diminution 
progressive de longueur entre les chromosomes ni et n14, l'absence de centroinêres et d'autres 
,narqueurs chromosoniques reconnaissables rendent impossible une caracrCrisarion precise des 14 
complexes synaptonCmaux. Un bivaleni nucléolaire est present dans un complement diploide. Les 
chromosomes Z et W ne peuvent Ctre distingués des autosomes car us ont exactemneni Ia mCmne 
longucurformant un complexe synaptonCmal complet de iélomnêre a tClomère ci ne possCdenr aucun 
trait caractCrislique. Le caryotype du complexe synaptonCmal de cette espéce est similaire a celui du 
ver a soie eri domestique P. ricini sous plusieurs aspects. 

INTRODUCTION 

Le genre Philosamia est intércssant du point de vue cytogCnétique car Ic ver a soic domestique 
Philosamia ricini et Ic vera soie sauvage Philosamia cynthia ont Ic même nombre de chromosomes 
(cf. introduction: Narang et Gupta, 1979 ; discussion : Padhy et Nayak, 1984). L'hybridation entre 
les deux espèccs a dtd rdaliséc par plusicurs chcrcheurs pour des considerations taxonomiques et pour 
determiner l'é.tcnduc de Ia compatibilitd chromosomique (Padhy et Nayak, 1984). Au cours d'une 
étude sur le mCcanisme d'ajustement synaptique chez les gCnérations Fi des deux espaces, Ic besoin 
s'est fait scntir de connaItre le caryotype au pachytCne chez les deux espèccs. Nous présentons ici Ic 
caryotype du complexe synaptonCrnal (CS) de P. cynthia et Ctablissons la comparaison avec celui 
de P. ricini. 

MATERIEL ET METHODES 

Nous avons utilisé des femelles de Philosamia cynthia rCcoltCcs a l'dtat sauvage. L'dtalement 
de surface des CS provenant des ovaires et Ia mesure de Ia Iongueur relative des CS ont été dCcrites 
antdrieurcment (Bhagirath ci al., 1988). 

RESULTATS ET DISCUSSION 

Nous avons observe 14 CS dans tous les noyaux du pachytCne analysables (Fig. 1) avec un 
nombre de chromosomes diploIdes de 28. Les CS sont longs et normalement recourbCs, incurvds ou 
en tandem ce qui rend difficile leur identification individucile. Les plaques d'attachement sont 
distinctes chez tous les animaux étudiCs jusqu'ici. Plusieurs structures en forme de chapelet sont 
prCsentes Ic long des CS. Au pachytCne le nuclCole est normalement absent ainsi que les organisateurs 
nuclColaires. Parfois un nuclCole sphérique unique est attaché a un CS le divisant en deux bras dans 
une proportion d'environ 1:2 (cf. encadré). Les chromosomes Z et W ont exactement Ia même 
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longueur et forment un CS complet de télomère a télomère. Les chromosomes sexuels n'ont Pu LC 
idcntifiás chez aucunc espèce de Lpidoptëres étudiéejusqu'ici. 

Le Tableau I présente la longueur relative moyenne des CS calculée a partir de cinq noyaux iu 
pachytène. On observe une variation continue de la longueur du chromosome (CS ni a cs n14). Les 
faibles écarts-type indiquent que Ia variation de la longueur enire les CS au scm d' un noyau particulir, 
est faible. Ces facteurs associés a i 'absence de centromères reconnaissables et d'autres marqueurs tels 
que les noeuds, etc, rendent impossible l'ident.ification des CS de longueur moyenne. 

Le complement du CS au pachytène chez la fenielle P. ricini (Bhagirath et al., 1988) est 
similaire a celui observe chez P. cynthia en cc qui concerne plusicurs aspects. Chez les deux espéces. 
Ic nombre de chromosomes diploldes est de 28, un bivalent nuciColaire est present dans un 
complement diploide. La longueur des CS est trés voisine pour les deux espéces. La difference enuc 
les rnoyennes des CS individuels correspondants n'est pas significative (P0,05). 

Le comportement d'appariement des chromosomes parentaux dans les gonades des Fi rCvéle un 
fort Cquilibre génCtique enise les deux espCccs (soumis pour publication). La profil des bandes 
protCiqucs et Ic profil des bandes chromosorniques rCvèleront des differences cnlse les deux gCnOms. 
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BACTERIA INDUCED PROTEIN SYNTHESIS IN THE 
HAEMOLYMPH OFBOMBYXMORI LARVAE 

MATHAVAN and A. VELPANDI School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021, India. 

Bacteria induced protein profile was observed by high resolution SDS-polyacrylamide gel 
electrophoresis and fluorograrn in the final instar larvae of the silkworm Bombyx mon. Fixed dose 
ofBacillussphaenicus was injected into the larvae and incubatedfor varying durations. Qualitative 
and quantitative changes were observed in the protein profile of the bacteria injected larva. In the 
haemolymph of the B. mori larvae, about 29 proteins were present. After the bacterial injection, 6 
of the existing proteins showed quantitative change andfive new proteins appeared with the molecular 
weight of 90, 60,50, 23.65 and 22 Kd during the experimental period of 9-24 hrs. The rate of protein 
synthesis was studied in Bacillus injected larvae using 14(C)-aminoacids. There was almost a steady 
increase in the rate of protein synthesis in the larvae upto 12 hrs and thereafter it declined. 

INTRODUCTION 

Differentiai synthesis of bacteria induced proteins in lepidopterous larvae have already been 
reported (Hoffman et al., 1981; Hughes et al. 1983), Several of these are lysozymes (Chadwick, 1970; 
Powning and Davidson, 1973 & 1976). Other types of proteins namely Cecropins and Attacins have 
also been isolated and characterised (Bornan et al.,1974; Faye et al., 1975; Steiner et al., 1981; 
Huitmark et al., 1980 & 1983; Hoffman et al., 1981). Faye et al. (1975) reported that injection of 
bacteria in saturniid pupae induced the synthesis of a set of new proteins and they appeared in the 
hacmolymph 6 hrs after injection. Hughes et al., (1983) showed the differences in the bacteria induced 
proteins in the larvae and pupae of Manduca sexta. The present paper aims to analyse the general 
protein profile as well as the proteins induced by the bacteria in the haemolymph of Bombyx mon 
larvae. In addition, rate of synthesis of new polypeptides in the bacteria injected larvae has also been 
studied using 14(C)-aminoacids. 

MATERIALS AND METHODS 

Fifth instar larvae of Bombyx mori (1W x NB4D2) were obtained from Sericulture Research 
Extension Centre, Madurai. Bacterial injections were made with Bacillus sphaericus strain 2362. 

Sample preparation: 
Healthy fifth instar larvae were identified and separated into three groups (each containing five 

larvae): i) control (no injection), saline injected and ii) bacteria injected. The larvae in all the three 
groups were immobilized by cooling them in ice for 3-5 minutes prior to injection. In both injected 
groups, either sterile physiological saline or 25sg bacterial protein dissolved in Spi of saline was 
injected with the help of microsyringe. Soon after the injection, the wound was sealed with a plug of 
beeswax-petroleum ether (1:4). The larvae were incubated for a period of 3,6, 9, 12, 18 and 24 hrs. 
At the end of the incubation period haemolymph was collected in an ice cold test tube containing few 
crystals of phenyithiourea and centrifuged at 10 000 rpm for 10 minutes and the clear supematant 
was drawn and used freshly. 
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In vivo labelling: 
Ten j.tCi of 14(C) Chlorella hydrolysate (obtained from BARC, Bombay) was injected into the 

haemolymph of the larvae. After the chosen incubation period of 3 hrs, haemolymph was collected 
from five individuals and pooled together. Radioactivity in the haemolymph was determined l'y 
precipitating 1fil of the haemolymph with TCA to the final concentration of 10% and was incubated 
for 30 minutes at 4C. Then the sample was passed through millipore filter disk under suction. To 
remove free Counts the filter was washed completely with 5% ice cold TCA and dried. Then the disks 
were placed in 5m1 of scintillation mixture and the counts were monitered in Packard counter. 

Electrophoresis: SDS-PAGE 
Elecirophoresis of the sample was carried out in 1.5 mm thick slabs of polyacrylamide gel 

containing 1% SDS (w/v). Each slab consisted of a stacking gel containing 3% acrylamide and a 
separating gel containing 5-18% acrylamide gradient. The buffers used were those described by 
Lacmmli (1970). Sample protein (150.tg) was loaded in each slab. After electrophoresis the slabs 
were fixed in 10% TCA (w/v) for one hour at 4C and stained for 3 hrs in 0.25% Coomassie blue in 
ethanol-acetic acid-water (50:7:43) and destained by the above solution without Coomassie blue. 

Fluorography: 
The stained polyacrylamide gel slabs in which polypeptides labelled with 14(C)-aminoacid 

mixture were impregnated with PPO and exposed at -70 C to an X-ray film (Bonner and Laskev, 
1974). After developing the film the fluorograms were photographed. 

Molecular weight determination: 
The molecular weights of the proteins were determined according to Weber and Osborn (1969). 

The molecular weight of marker proteins were plotted in log scale against the clectrophoretic 
mohilities of the proteins. The proteins interested were plotted on the same graph and the molecular 
weights were determined. The molecular weight markers used were: BSA (68 000), Ovalbumir. (45 
000), Lysozyme (14 500) and Cytochrome C (12 500). All chemicals were obtained from Sigraa 
Chemicals. 

Quantification of induced proteins: 
Quantification of induced proteins in fluorogram was done by scanning the negative Lsing 

ultrascaner. The peak height, area and relative area of the induced proteins were obtained from the 
ultrascaner. 

RESULTS 

The Figure 1 shows the protein profile of the haemolymph drawn from the control and bacteria 
injected larvae. A total of 29 bands are easily detected in the Coomassie blue stained get (not shown 
here) as well as in the fluorogram and their molecular weights range from 145 to 13 Kd. When the 
control and bacteria injected larval haemolymph are compared, several differences are clearly seen. 
Further analysis of the protein profile indicate that the changes may fall in either one of the wo 
categories i.e. qualitative or quantitative. Proteins with the molecular weight of 98, 47, 40, 37.51  28 
and 20.5 Kd were found in the control larval haemolymph and the induction/reduction of these 
proteins in the bacteria injected larvae refer to their change in quantity; whereas 90, 60, 50, 23.5 and 
22 kd proteins were present only in the bacteria treated individuals and these changes are qualitaive. 
Observations of induced proteins after different hours of treatment lead to infer that these are :ime 
specific in their appearance and/or disappearance as well as in their quantitative changes. Induction 
of most of these proteins except 40 and 20.5 Kd, could be clearly seen after 9 hrs and increased their 
intensity at 24th hr. 

Effect of bacteria on protein synthesis: 
Treatment of larvae with bacteria resulted in the stimulation of synthesis of new proteins. Rgurc 

2 shows the rate of protein synthesis in the control and treated larvae. Rate of protein s nthesis 
increased gradually and reached the maximum at 12th hr and thereafter it started dec1ining The 
maximum incorporation was six Limes more than the control. 

Figure 3 shows scanning of the protein profile of the fluorogram using an ultrascanner. The lanes 
taken for comparison are control, 9, 12, and 24 hrs after treatment. The peak height, total area and 
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Fig. 1. Fluorogram of 14(C)-aminoacid labelled haemolymph proteins. 

Fig. 1. Fluorogramme des protéines de l'hémolymphe marquees par les acides aminés 
14(C). 

Samples are from Control (lane C); Saline injected (lane S), 9. 12, and 24 hrs after bacterial 
injection (lanes 9, 12 and 24 respectively). The gel was 1.5 mm thick, 5-18% linear gradient slab. 
Bacteria induced proteins are indicated by their molecular weights. 

Les Echantillonsproviennent du lot témoin (C), du lot avec injection de sel (S), et des lots obtenus 
9, 12 et 24 h après l'injection bactérienne (colonizes 9. 12 et 24). Le geld' une épaisseur de 1,5mm 
est constItué d' un gradient linéaire (5-18 %) de polyacrylamide. Les protéines induites par les 
bactéries sont indiquEes par leur poids molEculaire. 
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relative area of all the induced proteins are shown in Table I. The induction/reduction of the proteins 
are clearly shown in all the parameters and the relative area of each band is expressed in jrcentage. 

Figure 4 shows the change in peak height of 98, 90, 50, 47 and 20.5 Kd proteins after differen: 
hours of bacterial injection. Among the newly synthesised proteins, 90 and 50 Kd proteins show a 
gradual increase from control and reaches the maximum at 24th hr, whereas the 20.5 Kd protein shows 
a maximum at 9th hr and subsequently it starts declining. 
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Fig. 2. Incorporation of 14(C)-aminoacids in the acid precipitable larval haemo-
lymph proteins during different hours of bacterial injection. 

Fig. 2. Incorporation des acides aminés 14(C) dans les proteines précipitables a l'acide 
de l'hémolymphe larvaire au cours des différentes heures suivant l'injection bacté- 

rienne. 
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BACTERIA INDUCED PROTEIN SYNThESiS 

0 	l Z 	lb 	Id 	64 	Zb 

HOURS AFTER TREATMENT 

Fig. 4. Changes in peak height of the bacteria induced proteins after different hours 
of treatment. The data for the graph were obtained from the ultrascan of the lanes 

in the fluorograrn shown in Fig. 3 and from Table I. 

Fig. 4. Variations de Ia hauteur inaxitnale dii pic d'induction des protéines bacté-
riennes. Les i'aleurs utiiisées ont été obtenues par balayage densitométrique dufluoro-

graninie de la Figure 3 eta partir dii Tableau I. 
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Mol. w Peak height (AU) Area (AU x mm) Relative area (%) 
Pds mo! Ifauleurdu pic('AU) Surface (AU x mm) Surface relative (%) 

Kd C 9 	12 24 C 9 12 24 C 9 	12 	24 

98 0.78 0.81 	1.47 1.88 1.21 2.28 2.68 3.83 1.0 3.3 	2.7 	3.1 
90 - 0.11 	0.21 0.67 - 0.18 0.37 1.87 - 0.3 	0.4 	1.5 
60 - 0.39 	0.97 0.97 - 0.61 1.43 1.72 - 0.9 	1.4 	1.4 
50 - 0.44 	0.81 1.68 - 0.86 1.40 3.33 - 1.2 	1.4 	2.7 
47 0.93 0.52 	1.25 1.57 4.52 0.84 2.42 3.55 3.7 1.2 	2.4 	2.8 
40 0.91 0.63 	0.57 0.86 3.70 1.67 0.72 1.73 3.0 2.4 	0.7 	1.4 

37.5 0.65 0.47 	0.68 1.27 2.76 0.88 1.26 2.41 2.3 1.3 	1.2 	1.9 
28 1.22 0.78 	0.88 1.56 2.42 1.95 2.61 2.62 2.0 2.8 	2.6 	2.1 

23.5 - - 	- 0.47 - - - 1.09 - - 	- 	0.9 
22 - - 	- 0.35 - - - 0.47 - - 	- 	0.4 

20.5 0.77 1.02 	0.70 0.40 2.17 2.90 1.67 0.65 1,8 4.2 	1.7 	0.5 

Table I. Summary of the ultrascan data for the bacteria induced proteins in the haemolymph of B. mori larvae. 

Tableau I. Recapitulation des valeurs obtenues par den sitométrie a balayage pour les protéines de l'héinolymphe des larves de 
B. mart induites par des bactéries. 
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DISCUSSION 

Insects are known to elicit humoral as well as cellular responses to encounter microbial 
injections. The humoral factors present in the hacmolymph are atiributed as lysozymal function to 
bacterial substances (Powning and Davidson, 1973 & 1976). The appearance of new proteins in the 
haemolymph of bacteria injected larvae may have been the result of protein synthesis which give:; 
rise to antibacterial activity. Differential synthesis of inducible proteins in the larvae and pupae oiM 
sexta, Ilyalophora cecropia and Sarnia cynthia were reported earlier (Fayeei al., 1975; Hultmark e. 
al., 1980; Rupp and Spence, 1985). 

Among the induced proteins 50,47, and 37.5 Kd proteins showed the maximum synthesis in thc 
bacteria injected larvae of B. mori at 24th hr after bacterial injection. Rasinuson and Boman (1979 
reported that a single 48 Kd polypeptide was synthesised maximum in II. cecropia when 
administering the viable cells of Enterobacier cloace. Similarly, Hughes ci al. (1983) showed a 
maximum induction of 53 Kd protein in the bacteria injected M. sexta. 

It may be true that, the proteins with the molecular weight of 45-53 Kd are synthesised to act 
against bacterial activity. Differentially induced synthesis of new proteins appear to resemble 
Cecropin like proteins and the lysozyme group. Information about the synthesis of Cecropin likc 
proteins in M. sexta has been reported earlier (Hoffmann et al., 1981). A second group of six 
antibacterial proteins, termed "attacins have also been characterized mU. cecropia (Lee etal., 1983; 
Huitmark ct al., 1983). These proteins ranged in size from 20-23 Kd and a similar five proteins of 
MI 8 group having molecular weights of approx 20 Kd was observed in M. sexta larvae (Huribert ci 
al., 1985). The amount of newly synthesised protein increases for a time and subsequently declines. 
Time taken for maximum synthesis of induced proteins vary from species to species (Gotz and Boman, 
1985). In the present study the larvae of B. "zori required a maximum of 12 hrs of incubation period 
to show maximum protein synthesis. In the case of silk moths/I. cecropia and Antheraeapernyi the 
peak time was 7-8 days, while it was 4 days in S. cynthia. In all the cases activity gradually declined 
after the display of maximum level. 

Administration of B. sphaericus spores to the larvae of B. mori resulted in the qualitative and 
quantitative changes in the hacmolymph proteins. About 11 bacteria induced proteins have been 
detected in the larvae. The induced humoral antibacterial defense in B. mori larvae is a 
inulticomponent response which appears similar to that described in II. cecropia and M. sexta 
(Hulimark ci al., 1983; Spies ci al., 1986). Fat body has been established as the site of synthesis of 
several bacteria induced proteins in/I. cecropia (Faye and Wyatt, 1980). This may be true in the case 
of larvae of B. mon also. Experiments are being carried Out 10 trace the site of synthesis of the induced 
proteins. 
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SYNTHESE DE PROTEINES INDUITE PAR UNE BACTERIE 
DANS L'HEMOLYMPHE DE LA LARVE CHEZ BOMBYX MORI 

S. MATHAVAN et A. VELPANDI, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021, Inde. 

Le profil des proiéines induites par des bactéries a été observe par électrophorêse sur gel de 
polyacrylamide-SDS a haute resolution ci jluorographie chez les larves de Bombyx mori au 5ême 
age. Une dose déerminée de Bacillus sphaenicus esi injectée aux larves avec diffCrentes durées 
dincuhation. Les changenen1s qualitat ifs et quanhitalifc du profil prolCique sont observes chez des 
larves auxquelles a ete injectee Ia bactCrie. 29 protéines environ sont présentes dans l'hé'nolymphe 
des larves de B. mon. Aprês l'injection bactCrienne, six protéines existantes pnontrent Un 
changement quantitatifet cinq nouvelles proieines apparaisseni, d' un poids molCculaire de 90, 60, 
50, 23,5 ci 22 Kd au cours de la durée de l'expérience (de 9 a 24 h). Le taux de syntht?se proteique 
est CtudiC chez les larves ayant subi 1 injection de Bacillus au moyen dacides aminés 14 (C). On 
observe une augtnentaüon presque rCguliêre du taux de synth!se protéique chez les larves pendant 
12 heures suivie dune di,ninuiion. 

INTRODUCTION 

La synihése différentielle de protéines induites par des bactCries chez les larves de Lépidoptëres 
a déjà été décrite (Hoffman ci al., 1981; Hughes ci al., 1983). Plusieurs d'entre elles sont des 
lysozymcs (Chadwick, 1970; Powning et Davidson, 1973 & 1976). D'autres types de protéines, les 
Cécropines et es Attacines, ontaussi ét& isolés et caractérisés (Boman ci al., 1974; Faye ci at, 1975; 
Steiner ci al., 1981; Hulimark et al., 1980 & 1983; Hoffman et al., 1981). Faye et al. (1975) ont 
observe quo 1' injection bactCricnne chez les chrysalides do Saturniidcs induit Ia synthëse d' un groupe 
de nouvelles proteines qui apparaissent dans I'hCmolymphe 6 heures après l'injection. Hughes ci al. 
(1983) ont observe des differences dans les protCines induites par bactérie chez les larves et les 
chrysalides de Manduca sexta. La prCsente étude a pour but l'analyse du profil protCique gCnCral 
ainsi que des protCines induites par bactCrie dans 1' hCmolymphe des larves de Bombyx mon. De plus, 
le taux de synthese des nouveaux polypeptides chez les larves soumises a l'injection bactCrienne a 
etC CtudiC au moyen d'acides aminCs radioactifs 14(C.) 

MATERIEL ET METHODES 

Nous avons obtenu des larves au 5ëme age de Bombyx mon (TW x NB4D2) du Sericulture 
Research Extension Centre, Madurai. Les injections bactCriennes ont etC faites avec Ia souche 2362 
de Bacillus sphaericus. 

Preparation des échantillons: 
Les larves du SCmc age saines ontCtC ideni.ifiCes et divisécs en trois groupes (chacun de 5 larves): 

lot tCmoin (pas d'injection), lot avec injection saline et lot avec injection bactCrienne. Les larves des 
trois groupes ont etC immobilisCes en les plaçant dans de Ia glace pendant 3 a 5 minutes avant 
l'injection. Dans les deux lots injectCs, l'injection d'une solution saline physiologique sterile ou de 
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25 jig de protéincs bactériennes dissoutes dans 5 p1 de solution saline est réalisée avec un 
microseringue. Peu après l'injection, la biessure est cicatrisáe avec un morceau de cire d'abeilie-éLhcr 
de pétrole (1:4), Les larves sont placées en incubation pendant des périodes de 3,6, 9, 12, 18 et 24 
heures. A la fin de la période d'incubation, I'hémolymphc est coI1ec1ie dans un tube a essai glacé 
contenant quelques cristaux de phënylthiourée ; aprs centrifugation a 10 000 tours par mn pendant 
10 minutes, le surnageant clair est récolté et utilisé rapidement. 

Marquage in vivo: 
10 pCi d'hydrolysat de chlorelic 14(C) (provenant du BARC, Bombay) sont injectés dans 

l'héino]ymphe des larves. Après la période d'incubation choisie de 3 heures, l'hémolymphe da 5 
individus est collectée et rassemblée. La radioactivité de I'hémolymphe est déterminée en précipitart 
10 p1 d'hémolymphe avec de l'acide trichloacátique (concentration finale 10 %) et incubation pendant 
30 mn a 4°C. L'échantillon est ensuite passé a travers un filtre millipore par aspiration. Pour élimincr 
les erreurs de comptage, Ic filtre est lavé complétement avec dcl' ATC aS % glacé, puis séché. Ensuita 
les disques sont places dans 5 ml d'un mélange pour scintillation et les comptages de radioacti"itC 
sont effectuCs par un compteur Packard. 

Electrophorèse: SDS-PACJE 
L'ClectrophorCse des échantillons est effectuCe sur des plaques Cpaisscs de 1,5 mm de gel da 

polyacrylamide contenant 1 % de SDS (poids/volume). Chaque plaque comprend un gel concentraur 
contenant 3 % d'acrylamide et un gel sCparateur contenant un gradient de 5-18 % d'acrylamide. Les 
tampons utilisCs sont ceux décrits par Laemli (1970). Les protCines dchantillonnécs (150 jig) sant 
placées sur chaque ligne. AprCs i'ClectrophorCse les plaques sont fixées dans de l'ATC a 10 To 
(poids/volume) pendant une hew-c a 4C et colorécs pendant 3 heures dans une solution eau-acide 
acCtique-Cthanol (43:7:50) contenant 0,25 % de bleu de Coomassie et dCcolorCcs avec la mêm 
solution sans bleu de Coomassie. 

Fluorographie 
Les plaques de gel de polyacrylamide colorées dans lesquelies les polypeptides sont marqés 

avec des acides aminCs 14(C), sont iniprdgnCes avec du PPO etradiographiées a -70C a l'aide dun 
film sensible aux rayons X (Bonner et Laskcy, 1974). AprCs dCveloppement du film, les 
fluorogrammes sont photographiCs. 

Determination du poids moléculaire 
Le poids moléculaire des protCines est dCterminC scion la mCthode de Weber et Osborn (199). 

Le poids moléculaire des protCines marqueurs est positionnC sur un graphique dtalon sur une échelle 
logarithmique par rapport a leur mobilitC électrophorCtique. Les protCincs concernCes sont 
positionnécs sur Ic méme graphique et leur poids molCculaire est dCterminé. Les marqueurs de poids 
molCculaire utilisCs sont: BSA (68 000), Ovalbumine (45 000), Lyzosyme (14 500) Ct Cytochrorne 
C (12 500). Tous les composants chimiques utilisés ont Cté foumis par Sigma Chemicals. 

Quantification des protéines induites 
La quantification des protCines induites est effectuée par balayage du nCgatifdu fluorogramme 

en utilisant un ultrascanncr. La hauteur des pies, la surface et la surface relative des pics des protCines 
induites sont obtenues par ultrascanner. 

RESULTATS 

La figure 1 montre Ic profil protCique de l'hCmolymphe chez Ic lot tCmoin et les larves soumies 
a injection bactérienne. Au total, 29 bandes sont facilement dCtectabics par la coloration obtenue au 
bleu de Coomassie (non reprCsentCe ici) et sur le fluorogramme. Leurs poids moléculaires varient de 
145 A 13 Kd. Lorqu'on compare l'hémolymphe du lot tCmoin avec celle du lot injectC, plusieurs 
differences apparaissent clairement. L'analyse du profil protCique montre que les changemeus 
peuvent être soit qualitatifs, soit quantitatifs. Les protCines de poids moléculaire 98,47,40, 37,5, 28 
et 20,5 Kd prCsentes dans I'hémolymphe du lot tCmoin sont soit augmentées, soit réduites dans 
l'hémolymphe des larves avec injection bactCrienne, alors que les protCincs avec un poids molCculaire 
de 90, 60, 50, 23,5 et 22 Kd sont prCsentes uniquement chez les individus traitCs par injection 
bactCrienne. L'observation des protéines induites a dilfCrents moments après Ic traitement suggCre 
que leur apparition et/ou disparition se faiten fonction du temps, comme les changements quantitatifs. 
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L 'induction de Ia plupart de ces proidines, a l'exception de cellos do 40 ci 20,5 Kd, apparait clairement 
après 9 heuros ci augmente d'intensitó a la 24ème heure. 

Effet des bactéries sur la synthèse protéique 
Le traitement des larves par injection bactérienne entraInc la stimulation de la synthèse de 

nouvelles protéines. La figure 2 montre le taux de synthèse protéique chez les larves témoins et 
traitécs. Le taux de synthèse protéique augmente progressivement pour atteindre son maximum a la 
12ème heure et commence a diminuer ensuite. L'incorporation maximum est six fois plus importante 
que chez le lot tdmoin. 

La figure 3 montre le profil protéique du fluorogramme obtenu par balayage dcnsitomdtrique. 
Les bandes considdrées pour comparaison sont cellos du lot témoin, de 9, 12 ci 24 h aprés le traitement. 
La hauteur maximale, la surface totale ci la surface relative du pie des protéines induites sont 
reprósentées dans Ic Tableau I. L 'induction ou la reduction des protCines apparaissent clairement pour 
tous les paramCtres et la surface relative de chaque bande est exprimCe en pourcentage. 

La figure 4 montre Ic changement de la hauteur du pie des protCines de 98, 90, 50,47 et 20,5 Kd 
a diffCrentes heures aprés I'injection bactCrienne. Parmi les nouvelles protCines synthCtisdes, les 
protCincs de 90 et 50 Kd augmentent progressivement par rapport aux témoins et atteignent leur 
maximum a La 24me heure alors que la protCine de 20,5 Kd atteint son maximum a la 9ème heure 
ci commence ensuite a diminuer. 

DISCUSSION 

On sait que les injections microbiennes provoquent chez les insectes des rdponses humorales et 
cellulaires. Los facteurs humoraux presents dans l'hCmolymphe sont considCrCs comme ayant une 
fonction lysozymale pour les substances bactCrionnes (Powning ci Davidson, 1973 & 1976). 
L'apparition de nouvelles protéines dans l'hCmolymphe des larves soumises àl'injection bactérionne 
est pcut-être Ic résultat de Ia synihCse protCique qui donne Lieu a une activité antibactdrienno. La 
synihCse diffdrentielle des protCines induites chez les larves et les chrysalides de M. sexta, 
Ilyalophora cecropia ci Samia cynthia a etC dCcrite prdcCdemment (Faye et at., 1975; Hultmark 
ci at., 1980; Rupp ci Spence, 1985). 

Parmi les protCines induites, les protCines de 50, 47 et 37,5 Kd donnent la synthCse maximale a 
la 24Cme heure aprCs injection bactCrienne chez les larves de B. ,nori. Rasmuson et Boman (1979) 
ont observe qu'un polypoptide unique de 48 Kd est synthdtisC chez Ii. cecropia aprCs administration 
de ccllulcs viables de Enterobacter cloace. Dc la memo manière, Hughes et at. (1983) ont ddcrit 
l'induction maximale d'une protCine de 53 Kd chez M. sexta soumis a injection bactCrienne. 

Host pcut-être vrai que les protCines ayant un poids moldculaire de 45 a 53 Kd soient synthCtisCes 
pour agir contre l'activitC bactCrienno. Cepondant la synthèse des nouvelles protéines induites paraIt 
semblable colic des protCinos du typo CCcropine et du groupe lysozyme. Des informations ont etC 
donnCcs sur la synthCso des protéines de type Cécropine chez M. sexta (Hoffman ci at., 1981). Un 
second groupe de six proteines antibactCrionnes, dCnommées 'attacines' a égalcment etC caractérisC 
chez H. cecropia (Lee ci at.., 1983; Hultmark et at. 1983). Ces protCines varient de 20 a 23 Kd 
ci cinq protCincs similaires du groupe M18 ayant des poids molCculairos d'environ 20 Kd ont etC 
observCcs chez les larves de M. sexta (Huribert ci at., 1985). La quantitC de protCines nouvelloment 
synthCtisCcs augmente pendant un moment et diminue ensuite. Le temps ndcessaire a la synthèse 
maximum des protCines induites vane solon les espèces (Gotz ci Boman, 1985). Dans notre Ctude, il 
a fallu 12 h d'incubation aux larves de B. i7wri pour donner une synthèse protCique maximum. Dans 
le cas des vers a soie H. cecropia ci Antheraeapernyi, Ic pie d'induction se situc au 76me-86me 
jour, ci au 46me jour chez S. cynthia. Dans tous les cas I'activitC diminue progressivement après 
avoir atteint son niveau maximum. 

L'administraiion de spores de B. sphaericu.s aux larves de B. mori entraine des changements 
qualitat.ifs ci quantitatifs chez les protCines de I'hCmolymphe. Environ 11 protCines induites par la 
bactCrie ont etC observCes chez les larves. Le système humoral de defense antibactCrienne induite 
chez les larves de B. nwri est une rCponse a plusieurs composantes qui semblent Ctre similaircs a 
cellesdécriteschez H.cecropia et M. sexta (Hultmark etal., 1983; Spies etal., 1986). OnaCtabli 
que le corps adipeux est Ic site de la synthCse de plusieurs protCines induites par bactCrie chez H. 
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cecropia (Faye et Wyatt, 1980). C'est peut-être également vrai dans le cas des larves de B. mon. 
Des exp&iences sont en cours pour d&erminer le site de Ia synthèse des protines induites. 
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A. BARAH.,. 

VARIATION IN COCOON CHARACTERS OFANTHERAEA 
ASSAMA Ww DURING DIFFERENT SEASONS 

A. BARAH, S.N. PHUKAN, and M.V. SAMSON,Regional Muga Research Station, Central 
Silk Board ; Govt. of India, MIRZA 781125, ASSAM, India. 

Golden yellow coloured muga cocoons are produced in North East India only. The muga 
silkworm, Antlzeraea assama Ww. is multivoltine in nature. Five to six cocoon crops are generally 
raised in a year. The cocoon produced in different seasons are not uniform in their commercial 
characters. The cocoon weight varies from 2.6-8.6 gm., shell weight from 0.20-0.76 gm., silk ratio 
percentfrom 4.7-10.5, the reelable single cocoon filament len gth from 221-556 metres and the sericin 
content rangesfrom 18-22% during different seasons. However, there is no marked difference in size 
of the silk bave. 

Key words:Antheraea assama muga silkworm, sericin,fibroin, reelables silk filament, denier. 

INTRODUCTION 

Muga silkworm Antheraea assama Ww.( Lepidoptera Saturniidae) is a unique species of 
sericigenous insect secreting an unusual golden-yellow coloured lustrous silk. The local term "muga" 
is derived from the colour of the cocoon and silk yam. The silkworm is endemic to North East India. 
Muga silkworm is polyphagous and multivoltine in nature, having 5-6 generations in a year, viz. 
December-February; March-April; May-June; June-July; August-September and October-November 
or,Jarua, Chotua, Jethua, Ahcrua, Bhodia and Kotia respectively as Assamese calender in India 
(Chaudhury, 1981). 

Muga cocoon is single shelled, oblong in shape, closed and reelable (Jolly M.S. et al., 1979). 
Size of the cocoon ranges between 4.5-6 cm in length and 2.5-3 cm in diameter with a rudimentary 
peduncle and weighs 2.6-8.6 gm with 4.7-10.5% shell ratio. The cocoon characters vary extensively 
in different seasons (Thangavelu K. and A.K. Chakraborty, 1985). Hence, the reelable filament length 
of the cocoons varies also. The value of silk ratio percent gives a fair indication of the quantum of 
raw silk that can he reeled from cocoons. So far, there is no record of reelable single cocoon filament 
length and silk ratio percent values of muga cocoons produced in different seasons. Hence in the 
present study, these factors were investigated. 

The natural silk fibre is composed of two brins of fibroin delivered from two silk glands of 
silkworm which are stuck together and covered by silk gum known as sericin. The amount of sericin 
varies in silk from 22-30% according to varieties of breeds of cocoons. Outer sericin layer of cocoon 
fibre is easily dissolved in hot water in case of mulberry cocoons (Krishnaswamy et al., 1972). Sericin 
is soluble in weak alkali solution and in hot water. Fibroin is insoluble in hot water or, dilute alkali 
or acid. Fibroin can be heated up to 170° C for four hours without any change in its characters 
(Maxwell-Lefroy H., 1909). 

In order to reel the cocoons for obtaining silk yam, it is essential to remove certain amount of 
sericin and to soften the cocoon. The softened sericin makes the silk bayes adhere together while 
under reeling. In case of mulberry cocoons, cooking the cocoons in hot water is sufficient to achieve 
the above requirement. Cooking muga cocoons in hot water will not soften the cocoons and hence it 
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is difficult to reel muga cocoons by this process. Generally, muga cocoons are cooked in dilute alkali 
solutions (Chaudhury, 1981). The amount of sericin loss in this process is not yet studied and ience 
the data is not available. In order to estimate the above, it is essential to know the total sericin conLent 
of muga cocoons. Data on sericin content is a primary requisite. As the quality of muga cocoons va:ies 
in different seasons, it is desirable to estimate the sericin content of muga cocoons of different seasons. 
Hence the present study was undertaken. 

MATERIAL AND METHOD 

Cocoons ofmuga silkworm reared on MachilusBornbycina King. were collected from two places 
of Upper Assam (Borahibari and Dhakuakhana) and two places of Lower Assam (Mirza & Boko) 
(luring different seasons. Hundred of cocoons from each locality during each season were consi lered 
for the experiments and cocoon weight, shell weight and silk ratio percent were determined as 
described by Krishnaswamyeza/(1972). Another set of 100 cocoons collected from each season and 
each locality were stifled and stored for 10 days. For determining the reclable single cocoons filament 
length, the cocoons were boiled in 0.1 % Sodium Carbonate at 90°C for 15 minutes as recommended 
by RM1RS Reeling section. After cooking the cocoons, the floss was removed by hand and redable 
filament end was picked. These cocoons were reeled individually in hot water on a hand operatc.I reel 
of one metre diameter and the length of the cocoon filament was calculated. 

For estimation of sericin content in muga cocoons, muga cocoon shell of different seasons were 
dried in hot air oven at 70°C and cooled in dessicator. Heating and cooling was repeated until the 
shell weight becomes constant. For each replication, 50 gm. cocoon shell were weighed quickly and 
transferred into a clean cooking vessel. There were five replications for each brood. One litre cf 0.3 
% sodium carbonate solution was added and boiled for 45 minutes. The cocoon shell were squeezed 
and boiled again in same amount of 0.1% sodium carbonate solution for 20 minutes. After squeczilg, 
the shells were boiled in distilled water for 20 minutes. By this process sericin is completely removed. 
The cooked cocoon shell were washed in distilled water, squeezed and dried in hot air oven at CCC 
for 12 hours. After cooling in a dessicator, constant weight was recorded, which indicate the fiDroin 
content. The difference between shell weight and fibroin weight is the weight of sericin. 11% 
sulphuric acid is used to know the complete dissolution of sericin, where scricin show dark brown 
colour and fibroin become yellow in colour. Single colour indicate dissolution of sericin (Troatman, 
1975). 

RESULTS AND DISCUSSION 

The data presented in Table 1 indicates that the weight of muga cocoons produced during Kctia 
(October-November) is significantly higher than the cocoons produced in other seasons. Low shell 
weight was recorded in Jarua (January-February) and Bhodia (August-September) when compared 
to other seasons. The higest shell weight was obtained during Kotia (October-November) and i: was 
significantly higher than other seasons studied. Silk ratio percent obtained for commercial crop of 
Kotia and Jethua are superior to rest of the seed crops. For the various economic characters c f the 
cocoon, commercial crop is superior to seed crop. This can be attributed to the favourable climatic 
condition and nutritive quality of leaves. The superiority of commercial crops over seed crops is well 
known (Chaudhury S.N., 1981; Thangavelu K.& S.N. Phukan, 1985). 

Irrespective of the season denier did not show any variation. Sericin content of muga cocoon 
show distinct variation between seasons. Muga cocoons harvested during chotua season possess 
highest percentage of sericin (21.22%), whereas cocoons produced in Kotia exhibit lowest scricin 
content (18.24%). 

The percentage of sericin and the weight of the cocoon are not significantly correlated. There is 
definite fluctuation in sericin content between different seasons. This variation will have direct 
influence on various reeling qualities of the cocoon produced in different seasons. Fibroin content is 
high in cocoon produced in Kotia when compared to other seasons. An increase in fibroin content is 
inversely proportional to the sericin content in a given season. 
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Season Cocoon wt. Shell wt. Silk ratio Reelable single Denier Sericin Fibroin 
(gm) (gm) per cent COCOOfl filament percent percent 

length (mtr.) 
Saison Poids de cocon Poids de Ia Ion gueur de Denier Sericine fibroine 

(g) coque(g) bavefilable % % 
(m) 

Jethua 6.55 0.56 8.5 440.0 5.6 19.52 80.48 
(May-June) (-0.6507NS) 

Aherua 4.87 0.35 7.1 366.4 5.6 19.30 80.70 
(June-July) (-0.1766NS) 

Bhodia 4.17 0.30 7.2 385.3 5.4 20.30 79.70 
(Aug.-Sept.) (-0.72 I8NS) 

Kotia 7.5 0.65 8.8 494.85 5.4 18.24 81.76 
(Oct.-Nov.) (0.5582NS) 

Jarua 4.04 0.29 7.05 330.6 5.4 18.72 81.28 
(Dec.-Feb.) (0.6418NS) 

Chotua 5.9 0.45 7.7 387.4 5.5 621.22 78.78 
(Mar.-Apr.) (0.2376NS) 

C.D. 5(%) 0.55 0.04 0.47 29.07 - 0.57 0.57 

(Figures in the parenthesis are the correlation values (r) between cocoon weight and sericin content). 
(Les chiffres entre parentheses sont les valeurs de correlation (r) entre le poids du cocon et le contenu en séricine). 

Table I. Cocoon character of muga silkworm, Antheraea assama Ww. during different seasons. 

Tableau I. Caracières des cocons du vera soie muga, Antheraea assama Ww., au cours des différentes saisons. 
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A. IJARA!! 

VARIATIONS DES CARACTERES DU COCON AU COURS DES 
DIFFERENTES SAISONS CHEZANTHERAEA ASSAMA Ww 

A. BARAH, S.N. NIUKAN et N1.V. SAMSON, Regional Muga Research Station, Central 
Silk Board, Govt. of India, MIRZA 781 125, ASSAM, mdc. 

Les cocons muga jaune d' or sont produits seulement dans lest de linde. Le ver a sole mu go, 
Ant/ieraea assama Ww est c/c nature polyvolune. Cinq d six récolte.c sont généraicineni effectuées 
chaque onnée. Les coconsproduus aux diffdrentes  saisons ne sont pas uniforines au niveau c/c leurs 
caracldres commcrciaux. Le poids du cocon vane de 2,6 - 8,6g, Ic poids de Ia coque c/c 0,20 - 0,76g, 
Ic pourcentage de sole de 4,7 - 10,5, Ia longueur defil ddvidable par cocon de 221 - 556 mctres ci Ic 
contenu en sénicine c/c 18 - 22 % pendant las différenies saisons. Pourtan!, it ny a pas de difference 
marquee quant a l'épaisseur de Ia bave c/c soie. 

INTRODUCTION 

La ver i sole Antheraea assama \Vw (Lepidopera: Saturniidae) est unc espèce unique d'insecte 
sricLg'nc. sccrdiani une soie inhahitucile de cou!curjaune dorC. Le tcrrnc local "mop" estddrivd 
cia Ia couleur du cocon ci du fit de sole. Le var a sole muga est polyphage ci polyvoltin; it a cinq ou 
six gnérations par anndc, El savoirdcceinhrc-fevrier, mars-avril, mai-juin,juin-juillct, aoQt-septernhre 
ct octobrc-novemhrc, soil Jarua, Chotua, Jethua, Aherua, Bhodia, Kotia respectivemcnt, suivant Ic 
calendricr d'Assarn en mdc (Chaudhury, 1981). 

La COCOH muga est fail d'unc seule coque, de forme ohiongue, fermd ci. clóvidah]c (Jolly M.S. 
et(i!., 1979). La taille du cocon vane cia 4,5 à6 cm on longucur aide 2,5 Ei 3 cm on diamèirc; it possècie 
un pécloncule ruclinientaire ct se de 2,6 - 8,6 g Ia richessc sovcuse va dc 4,7 - 10,5 %. Les caractërcs 
do cocon variant cnormcmcnt d'une saison a l'autre (Than(avelu K. at A.K. Chakraborly, 1985). Dc 
cc fait, Ia longueur defil vane ágalemenl. La richesse soycusc donna une indication justede Ia quantitd 
de soie grègc qul paul else obienue. Jusqu'Ei maintanant, aucune dtude n'a did faitc sur Ia variation de 
longucur tic fll ddvidahlc par cocon at sur to pourccntage de sole des cocons muga aux diffdrentes 
saisons. Aussi, ces facteurs sont dtudiés dans cctte diude. 

La 111 naturel est compc)sd de dcux brins de fihroIne dmis par las detix glandes sdricigdnes du var 
Ei sole; its sont collds entre etix ci couvcrLs cl'une gomrnrnc appeide sdricine. La quantitd de sdricine 
contenue dans Ia sole vane de 22-30 % scion las vanidtds cia cocons. La couchc extdricure dc sdricine 
des cocons de miricr est facilement clissoute dans de l'eau chaude (Krishnaswainy etal.., 1972). La 
sdricine est soluble clans une solution alcaline faihie ci dans i'cau chaude. La fihroIne est insoluble 
dans i'eau chaude ou dans l'acidc ou l'alcali dilud. La fibrolna paul étre chauffde jusqu'à 170°C 
pendant quatre heures sans qu'il y alt changcrnent de ses caractdres (Maxwell - Lcfroy H., 1909). 

Pour ddvider ct ohtcnir to fil de sole, it est essentiel d'dlimincr une certaine quantitd de sdnicine 
ci d'amollir to cocon. La sdricine anioflie panel aux bayes de sole d'adhdrcr entre alias pendant Ia 
ddvidage. Dans Ic cas de cocons du mCnicr, cc rdsultat est obienu simplement par cuisson des cocons 
dans dci'cau trés chaude. Cette cuisson dans de l'eau trés chaude no permct pas t'amollisscmcnt des 
cocons muga, aussi, it est difficile d'utiliscr cc proc&Id. En gdndral, les cocons niuga sont cuits dans 
des solutions alcalinc diludcs (Chaudhury, 1981). La quantutd dc sdricine perclua par cc procddd n'a 
pas encore etC dtudide ; nous no disposons clone d'aucun rdsultat. Pour en faire une estimation, it faut 
connautre Ic contanu total on sdricine d'un cocon muga. La inesurc du contcnu on sdricine est clone to 
premier inipdralif. Comma Ia quailtd des cocons vane suivant ics saisons, ii serait souhaitabic 
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d'évaluer Ic contenu on séricinc des cocons muga aux différcntcs saisons. C'cst pourquoi, nous avois 
entrepris cctic etude. 

MATERIEL ET METHODE 

Los cocons muga des vers a soic élevés sur Mac hilus Bombycina King sont récoltés dans dcux 
regions du Bas Assam (Mirza ci Boko) pendant les diflCrentes saisons. Nous avons étudiC cent cocons 
provenant do chaquc region, pris aux diffCrentes saisons ci nous avons dvalué Ic poids du cocon, Ic 
poids do La coque soyeuse ei La richesse soycuse, suivant La méthode de Krishnaswainy et al. (1972). 
D'autres lots de 100 cocons rCcoltCs chaquc saison dans chaque region oni etC CtouffCs ci conserves 
pendant lOjours. Pour diSterminer Ia longueur dii fil do bavc d'un cocon, les cocons sont culLs dans 
du Carbonate de sodium a 1% a 90C pendant 15 minutes comme il est recommandC par Ia RvRS 
Reeling Section. Après Ia cuisson, La blaze estretirCc manuellementet l'extrCmité du fil do sole sasio. 
Ces cocons sont dCvidCs individuellement dans de L'cau chaude sur une machine a dCvider mant:elle 
de un metre de diamCtre et Ia longeur du hi dCvidC est mesurCc. 

Pour effectuer L'estimation du contenu on sCricine des COCOflS muga, los C(X1UCS  soycuses muga 
prises aux diffCronics saisons sOnLSCchCeS dans un four chauciC 70°C et refroidics dans un dessicacur. 
Elles sont chauffCes puis refroidicsjusqu'i cc quo Ic poids de Ia COUC devienne constant. Pour chique 
replication, 50 g de coque soycuse sont pesCcs rapide.mcnt ci iransfCrCcs dans un plat propre. Cinq 
replications sont effectuCes pour chaquc elevage. On y ajoute une solution de carbonate de sodium C 
0,3% eton laisse houil]ir pendant 45 minutes. La coque soycuse est ensuite pressCe ci misc C bc.uillir 
encore une fois dans une mCme quantitC d'une solution de carbonate de sodium a 0,1% pendant 20 
minutes. AprCs avoir CtC pressCcs, les coques sont mises C bouillir dans de l'eau clistiilCe pendant 20 
minutes. Grace a cc procédC, Ia sCricinc esi totalemeni CliminCe. Lcs coques cuites sont lavCcs dans 
do l'cau distillCc, pressCes ci séchCcs C l'air chaud dans un four C 90°C pendant 12 heures. Après 
refroitlissement clans un clessicateur, nous avons enregisirC tin poids constant, qui donne Ic crntnu 
on fibroIne. La difference colic Ic poids do La coque cue poids tie fibroIne indique Ic poids do sCricinc. 
On utilise 0,1% d'acidc suifuriquc pour repCrer Ia dissolution totale de Ia sCricine, celle-ci dvicnt 
alors brun foncC et Ia fihroInc jaunc. Unc seule couleur indique Ia dissolution totale de Ia scricine 
(Troatman, 1975) 

RESULTATS ET DISCUSSION 

Lcs rCsu]tats prCsentCs dans Ic tableau I indiquent que. Ic poids des cocons niuga CievCs çcrciant 
Kotia (octobre-novembre) est significativemenu plus Clove ciue Ic poids des cocons produiLs a d'autrcs 
saisons. Le poids de la coque enregistrC on Jarua (janvier-fevrier ci Bhodia (aoflt-septernbrc) est ulus 
faible que ccliii do Kotia (octobre-novernhre) ciii estsignificativemcnu plus Clove quo celui do; autres 
saisons CtudiCcs. Le pourcentage do SOio obtenu pour les rCcoltes commerciales do Kotia etJe:hua esi 
supdrieur C celui des autrcs rCcoltes. En cc qui concerne les divers caractCres Cconmiqucs dr cocon, 
Ia rCcolte commercialc est supCrieurc C Ia rCco]ue do grainage. On peut l'cxpliquer par des condition; 
cliinatiqucs favorables ct La boone qualitC nutritive des feuilLcs. La supCrioritC des rCcolte; 
commerciales par rapport aux rCcoltes tic graines est bien connue (Chaudhury S .N., 1981; Thangavelu 
K. cc S.N., Ophukan, 1985). 

Le denier est indifferent aux saisons ci ne donne aucune variation. Le contcnu on sCricne clii 
cocon muga est soumis C des variations marquees suivant les saisons. Los cocons muga rCcoltCs 
pendant La saison Chotua possèdent un pourcentage plus Clove en sCricine (21,22 %), alor; cue les 
cocons produits en Kotia ont Ic contenu on sCricine Ic plus pauvre (18,24 

Le pourcentage on sCricine ci Ic poids du cocon no sont pas significativement corrClCs. I v a une 
fluctuation certaino dans Ic contenu on sCricine ernie les cliffCrcntcs saisons. Cctte variaLi )n inliuc 
directcmcnt sur les différcntes qualitCs do dCvidage du cocon produit aux diffCrenucs sasons. Le 
contenu on fihroIne est Ic plus ClcvC chcz les cocons produits on Kotia. l'augmentaiion or. fihroIne 
est inverscmont proportionnelle au contenu on sCricine pour une saison donnée. 
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INFLUENCE OF CONDENSED TANNINS ON COCOON YIELD IN 
OAK TASAR SILKWORM REARING ON QUERCUS INGA NA 

ROXB. 

R.K. BAHL and R.K. PANDEY Central Tasar Research and Training Institute, Research 
Extension Centre, Bir 176 077, Ilimachal Pradesh, India. 

In view of proposed introduction in western himalaya of the interspecific hybrid Antheraca 
proyleiJolly, the larvae of which feed on different oak species and produce tasar silk of good quality, 
observations on its survival were taken on the leaves of Quercus incana Roxb. The level of condensed 
tannins increascdfrorn about 0.2% dry wt. in 5-7 day old leaves to about 2.6% dry wt. in 35-37 day 
old leaves Simultaneously, survival of A. proylei larvae was adversely affected. Rearing results of 
1981 to 1984 also revealed that the worms which were brushed in synchronization with sprouting in 
previously defoliated trees, provided tnaximum yield of cocoons. It appears, therefore, that due to 13 
times increase in condensed tannins within 35 days of growth of leaves, it would be impossible to 
obtain successfulA. pro.vlei cocoon crop on Q. incana, unless the rearings are preponed. 

I NTRODUC TI ON 

Commencing with Fecny's classic investigation of the inhibiting effects of oak leaf tannins on 
laR'aI growth (Fecnv, 1968; 1970), a series of papers (Chan et al., 1978; Bernays ci al., 1981; Martin 
and Martin, 1982; Martin ec al., 1985) has appeared shaping contemporary views concerning the 
signiflcance of these substances in plant-herbivore interactions. In this study we have pointed 0111 the 
inhibitory influence of condensed tannins in oak silkworm rearing on Quercus incana Roxb. 

MATERIAL AND METHODS 

Quercu.s incana Roxb. (which has been classified as Q. leuchotrichophora A. Camus by the 
criteria of Bahadur, 1975) is the commonest evergreen oak in the hills of western Himalaya. This oak 
usually grows gregariously, sometimes forming pure forests of considerable extent. This work was 
carried out at Shahpur (823 ASL), where young shoots appear in Q. incana from the middle of March 
and the time of sprouting varies from year to year owing to climatic causes. However, manual 
defoliation of shoots during preceding winter leads to early sprouting at the end of February. This 
defoliation technique was resorted to see the effect of preponemeni of oak tasar silkworm rearing. 
Freshly prepared disease free layings of Aniheraea proylei (Jolly etal., 1969) were reared in two 
batches. The first batch of larvae was brushed soon after sprouting in defoliated trees. Another batch 
was released after some days, when natural sprouting occurred in the forest. The rearing jriomiance 
of both batches was compared. The worms were reared domestically on cut shoots as already mported 
(Bald etal., 1985). 

Tannins were estimated in the leaves collected from a marked tree over a period of 35 days after 
sprouting. One batch of worms was simultaneously reared on the leaves of the same tree. After 
plucking, the leaves were immediately dried at SOC in hot air oven and were ground into fine powder. 
Each sample of 60 mg milled leaves was extracted as described by Martin and Martin (1982),These 
extracts were analyzed for condensed tannins using vanillin assay (Deshpande and Cheryan, 1985). 
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Leaf age Condensed tannins Larval 
(days)! (rng catechin equivalent survival 

per g dry leaf)! 

Age de Ia Tannins condenses Taux de 
feui!Ie (mg de catéchine parg sun'ie 
(jours) de pds sec de lafeuille) lan'aire (%) 

5-7 	 2.44 	 100 

15-17 8.93 80.0 

25-27 13.79 30.0 

35-37 26.61 05.0 

Table I. Time course of condensed tannins synthesis and effect on larval survival. 

Tableau 1. Synthèse des tannins coizdensés et effet stir Ia survie des lanes 

RESULTS 

Influence of condensed tannins: 
Quercus incana leaves collected after sprouting at different days of growth showed rcmarkabc 

increase in condensed tannins (Table D. Initially, when the leaves were 5-7 day old, the amount of 
condensed tannins was only 0.2% (2.44 mg catechin equivalentlg dry leaf) and the worms brushed 
were feeding without any mortality. However, after 25-27 days of leaf growth, the condensed tannir.s 
increased upto 1.37% and considerable number of worms died during this period. The mortality of 
worms was proportional with the increase in the content of condensed tannins. Thus, increased 
concentration of condensed tannins beyond 2.44 mg catechin cquivalcnt/g dry leaf appeared to te 
toxic for oak tasar silkworm, A. proylel. 

Effect of preponement of rearing 
Leaf sprouting in Q. incana trees, which were manually defoliated during winter occurred 

nearly a fortnight earl icr than natural sprouting in the Shahpur range. Thus, brushings were undertaken 
on newly sprouted leaves in two batches within a period of 15 to 6 days during 1981-1984. 

It can be seen from Table 11 that preponed brushings provided best effective rate of rearing an.! 
maximum yield of cocoons. The second batches almost always showed poor yield of cocoons. 
Inhibition of growth by condensed tannins may thus be one of the factors causing mortality of A. 
proylci larvae as shown in Table I 
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Year/ 	Date of No of Hatching No of worms No of cocoons E.R.R. 	Yield per 
brushing! DflsI 	%/ 	brushed/ harvested! laying! 

Année 	I)ale de Nbre de 	% 	Nbre larves Nbre cocons Taux effectif Rendement 
Ia le vée ponies ecloston 	le vées récoltés d 'éle vage 	par pon te 

1981 

I Fcb.23-25 190 79.5 10121 8506 84.4 45 

II Mar.08-11 15 67.66 680 510 75.0 34 

1982 

I Mar.13-15 405 74(X) 24019 12610 52.50 31 

II Mar. 25-27 309 61.04 15203 906 5.95 03 

1983 

I Mar. 11-13 50 29.3 1 285 925 74.29 18 

II Mar. 17-19 745 35.0 21572 7 255 33.63 09 

1984 

I Mar. 04-06 100 52.8 5 500 5400 98.1 54 

II Mar. 10-12 3023 37.7 127 594 61 236 47.99 20 

Table II. Year wise rearing performance ofAntlzeraeaproylei on Quercus incana at 
Shah pur (823 rn ASL). 

Tableau H. Performance d'élevage de Antheraea proylei stir Quercus incana a Shah-
pur (823 in d'altitude) par an née. 

DISCUSSION 

In view of the polyphenolic nature of condensed lannins (Haslam, 1966) and the acknowledged 
ability of many phenols to form complexes with proteins and to inhibit the action of enzymes 
(Pridham, 1963), it seems that the most likely explanation for the inhibition of A. proylei growth by 
condensed tannins may involve interference with the ability of the larvae to digest leaf protein. The 
ingestion of tannins has been shown to interfere with normal growth and development in many foliage 
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feeding insects (Bcrnays, 1981). Thcir allelochemic activity is considered to arise primarily from the 
formation of insoluble tannin-protein complexes during the mastication of leaves, thus dcr.ying 
substrate to protcolytic enzymes in the gut (Feeny, 1969). 

Conversely, it has also been proposed that in some insects the allelochernic effects of tmnn ins 
could be moderated by the high pH of the midgut and surfactants (Martin et al., 1985). Ho'e\cr, 
basic biochemical evidence is lacking to support the hypothesis thathigh midgutpH can beof adaptive 
significance to overcome the deleterious effects of tannins in oak feeding insects. 

Results of the present work are in conformity with Fceny's observations on Quercus rolur L. 
where tannin content has been reported to increase from 0.5% of leaf dry wt. in April to nearly 5.361(.; 
of leaf dry WI. in September (Feeny and Bostock, 1968). Thus, preponernent ofA. proylei Raring 
on Q. incana as shown in this work is found useful in achieving maximum yield of cocoons. This 
would make possible the commercialization of oak tasar culture in north-west India. 
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INFLUENCE DES TANNINS CONDENSES SUR LE RENDEMENT 
EN COCONS DU VER A SOlE DU CHENE ELEVE SUR QUERCUS 

INCA NA ROXB. 

R.K. BAHL et R.K. PANDEY Central Tasar Research and Training Institute, Research 
Extension Centre, l3ir 176 077, Himachal Pradesh, Inde. 

.4fin de développer dons Ia panic occideniale de l'iiirnalaya l'élevage de l'hyhride 
intcrspécij7que Antlieraea proylei Jolly dont les larves so nourrissent de différentes c'ariétés de chênc 
ci produisent une soie iussah de bonne qua lité, nou.c avons observe (cur faux de survie sur lesfeuilles 
do Quercus incana Rcxb. Le taux de tannins condenses passe de 0,2 % dupoidssec chez lesfeuilles 
d.gées de 5-7jours a environ 2,6 % dupoids sec chez lesfeuilles ágCes de 35-37jours. Parallélement 
(a survie des larves de A. proylci cci affeciée. Les rCsultais d'Clevages de /981 o  1984 montrent 
que los versa soie, dont Ia levee a etC synchronisCe avec le dCbourre,nent chez des arbres ayant subi 
une defoliation aniérieureinent, donnent un rende,neni en cocons maximum. II apparalt donc que, en 
raison de ('augmentation des tannins condenses qui sont multiplies par 13 en 35 jours de croissance 
desfcuilles, ii sorait impossible d'obtenir une bonne récolte de COCOfl5 A. proylei sur Q. incana, ii 
moms que Ion avance Ia date d'élcvage. 

INTRODUCTION 

A Ia suite de l'Ctude de Feeny sur los effets inhihiteurs des tannins de Ia feuille de chCrne stir hi 
croissance larvairo(Feeny, 1968; 1970), une sCrie (l'articles estapparuc sur Ic rOle do ces substances 
danS los interactions plante-herbivore (Chan et al., 1978; Bernays ox al., 1981; Martin et Martin, 
1982; Martin et al., 19$5).Nous avons Ctudië l'influcnc inhibitrice des tannins condenses lors de 
I'Clovage du ver a soie du chne sur Quercus incana Roxh. 

MATERIEL ET METHODES 

Quercus incana Roxb. (classifiC Q. leuchotrichophora A. Camus par los critCros de Bahadur, 
1975) est to chêne vort to plus conimun dans Ia panic oucstdel'Himalaya. Co chOne pousse de facon 
gregaire, formajit parfois des forêts (l'cssence unique iiflpOrtantOs. Notre etude a OtC faite 0 Shahpur 
(823 m d'altitude). Los jeunes pousses de Q. incana apparaissentà partir de ]a mi-mars etla date de 
dChourreineni vane d'une annCe a l'autre a cause du climat. Cependant Ia d'fo1ia6on manuelle des 
rameaux au cours de l'hiver prCcOdcnt provoque un dObourrement précoce 0 la fin fCvricr. Cettc 
mOthode do defoliation a &C suivie pour Ctudior los effets de I'C]evage prCcoce du verO soie du chêne. 
Des pontes saines de vorO soie Antheraea proylci (Jolly ci al., 1969) sontelevecs en deux lots. La 
levee du premier lot de larves est effectuCe aussitOt aprOs le debourrement des arbrcs dCfoliCs. La 
levCe de l'autre lot est effectuCe quelques jours aprCs, lors du dCbourrernent naturel en forCt. Los 
performances d'Olevagc des lots sorn. comparSes. Los vers a soie sont Cloves sur des rameaux coupCs 
coinme dScrit antCrieurement (BahI ci al., 1985). 

Los tannins sontCvaluCs stir los feuilles d'un arbro donnC pcndant35 jours aprSs ledCbourrement. 
Un lot de vers 0 soio est Clove simultanCment avec los fcuilles du mOme arbre. AprCs Ia rCcolte, los 
feuilles sont immCdialcment sCchCcs 0 50°C dans un four a air chaud et sont rCduites en poudre fine. 

Sericologia 28(2) 225-226 	 225 



TAJV4VINS CONDENSES 

Chaquc échantillon de 60 mg de feui lies en poudre est extraitavcc de l'acátonc a 80 % pendant 20h. 
Le solvant est rempiacO trois fois pendant l'extraction. Les exiraits d'acétone combins son: 
concentrés par evaporation sous vide. Le rcsidu est filtrC a chaud et diluC dans 100 ml d'eau. Lc 
tannins sont doses dans ces extraits bruts par Ia mCthode ala vanillinc (Deshpande et Cheryan, 1985. 

RESULTATS 

Influence des tannins condenses Les feuillcs de Quercu.s incona r6coli5es après Ic 
dCbourrernent a diffCrents stades de croissance montrent unc augmentation notable on umnnias 
condenses (Tableau I). Au debut, quand les feuilles sont igCes de 5-7 jours, Ia quanlitC de tannins 
condenses est (Ic 0,2 % (equivalent a 2,44 mg (IC catéchine par g de poids Sec de feuille), et or 
n'observe pas de mortalitC chez les vers nCo-nates nourris avec ces feuilles. Cependant aprs 25-2 
jours de croissance de Ia feuille, les tannins condenses s'ClCventà 1,37 % etbeaucoup (IC vers meurnt 
pendant cette pCriode. La mortalitC des vers est proportionneile a l'augmentation des tanrins 
condenses. La concentration de tannins condensis sup&rieure par equivalence ii 2,44 mg de 
catéchine/g de poids sec de feuiile est toxique pour IC ver a soie do ehnc A. pro vi ci . EfTetde 1'61e age 
précoce: LedCbourremeni des feuilies chcz les arhres Q. incwia qui ontsubi one defoliation mant.ellc 
pendant l'hivcrsurvient 15j0ursplus LCA qiie dans les conditions naturelles dans hi region de ShaIpur. 
La levee de deux lots de vers a soic a etC eliectuCe sur des fcuilles nouvelles dans uric periode (IC 15 
à6joursde 1981 a 1984. 

Le Tableau II montre que (Cs levees prCcoces donnent Ic meilleur taux effectif (i'elevagc ci Ic 
rcndemcnt en cocons maximal. Les seconds loLs donnent presque too jours un foible rendement en 
cocons. L'inhihition de Ia croissance due aux tannins condenses est peut-ei.re  l'un des factetrs .le 
morialitC des larves de A. proyic'i comme Ic montre Ic Tableau 1. 

DISCUSSION 

La nature polvphCnolique ties tannins condenses (1-laslain. 1966) et La capacitC recon-itic,  de 

nombreux phenols a tormer des complexes protCiques et a inhiher ('action des enzymes (PrldhLun, 
1963) font presumer que I'inhihition (IC Ia croissance tie A.proyiei par les tannins condenses inipiique 
aussi ]a capacite de digestion de proiCines de Ia feuille par les lanes. On a montrC que l'ingestioa d. 
tannins a une action sur Ia croissance et Ic dCveloppement de beaucoup d'insectcs phytophages 
(Bernays, 1981). Leur activitC ailClochimique provient (IC. Ia tormation de coir.pexes 
tannins-protCines insolubies pendant Ia niastication des fcuillcs, empCchani I 'action des en.ymcs 
protColytiques dans Ic tube digestif (Feeny, 1969). 

On a aussi Cmis ('hypothCse que chez certains insectes les effeLs allClochimiques des tannins 
soient inodCrCs par to pH élevC du tube (ligestif ci des surfactants (Martin ci al., 1985). Cependa:it, 
aucune preuve fondamentale n'a CiC donnée sur I'hypothCse scion laquelie to p11 CIevC de i'aparcil 
digestifsoit le rCsuitat d'une adaptation xrnr contrer les effets nCfastes des tannins chez le' irisectes 
se nourrissant de chCne Nos rCsuliats concordent avec les observations de Feeny sur Quer..u.v rolur 
L. scion iesquelies Ic contenu on tannins passe (Ic 0,5 % du poids sec en avril a presquc 5.0 - on 
septembre (Feeny et Bosick, 1968). Ii a CIC suggCrC quc i'augmcntation (les quantitCs de tarnins dans 
les feuilies de chCne an fur cia inesure quc Ia saison avance, soit un facteur influençar:t Ic choix 
d'avanccr Ia période d'aliinentaiion sur les fcuilics de chCne (Feeny, 1968). Done l'CIevagc prCcocc 
de A. proyiei sur Q. incana tel quc nous to prCconisons ici permet d'obienir un rendeinent en cocons 
maximum. Ccci rendrait possible l'Clevage commercial du ver a soie tussah dans Ic nord-cuest de 
1' mdc. 
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RECORD OF A NEW HYPERPARASITE,EXORJSTOBIA 
PHILIPPINENSIS ASHMEAD (HYMENOPTERA ENCYRTIDAE) 
OF TRICHOLYGA BOMB YCIS BECK (DIPTERA : TACHINIDAE), 

A LARVAL PARASITE OFBOMBYXMORI L. 

G. VEERANNA, M.R. NIRMALA AND D. MAHADEVAP[A, Karnataka State Sericulture 
Development Institute, Thalaghattaputa, BANGALORE 560 062, INDIA. 

insect para.citzsrn is a highly evolved behaviour. It is mainly restricted to three orders, the 
ilymenoptera, Diptera and Coleoptera, ilyperparasitism involves the developtnent of a secondary 
para.sitoid, or a hvperparasitoid, at the expense of primary parasitoid, hence, an insect parasitoid 
attacks another insect which is itself parasitic on a host insect (Daniel J., Sullivan, 1987). In this 
report, we record a new hvperparasite, Exoristohiaplzilippinensis ,forthefirst time, of Tricholyga 
hombvcis which is a serious pest of silkworm, Bombyx mon , causing damage to an extent of 15 -20 
% to Scriculiure industry (Mukherjee, 1919, Gosh, 1949, Jolly, 1981, Kasturi Bai et at, 1986). 
Nesolvnx Ihymus and Trichopria sp. have been reported as /zvperparasitcs of uzifly, T. hombycis 
(Pradip Kumar etal. , 1986, Veeranna el al. 1987). 

The uzifly pupae were collected from silkworm rearings of Karnataka State Sericulture 
Development Institute, Bangalore (Karnataka) (luring January, 197 and were kept in 250 ml glass 
beakers, covered with muslin cloth for emergence. The flies of E. Philippinensis emerged from those 
pupae instead of uziflies. The flies thus emerged were collected in a 250 nil glass beaker, covered 
with muslin cloth and were fed on hone),  soaked on sterilised cotton pads put on top of the covered 
beaker. Subsequently, these flies were cultured at room temperature in the laboratory for further 
studies. The temperature and humidity recorded in the laboratory ranged from 20° to 30°C and 33 to 
77 percent respectively. 

Preliminary observations made in the laboratory on E. Philippinensis revealed that they are 
poor fliers and are actually hoppers. Female flies are slightly bigger than males (Fig. 1). The females 
mate with the males more than once. However, single pairing is sufficient to fertilise the eggs. It was 
observed that the female fly alight on the uzifly pupa, slightly bends her abdomen and then inserts 
her ovipositor through the pupal case at the intersegmental region and deposits the eggs. The female 
fly lays about 220 eggs in her life time, and can infest a uzifly pupa more than once. On infestation, 
the larva of E. philippinensis feed voraciously within the host and develop to attain full growth. the 
duration of egg stage ranged form 3105 days and larval and pupal stage ranged from 3 to 6 days and 
6 to 7 days respectively. The total life span of the adult ranged from 15 to 20 days. The flies of E. 
philippinensis emerge from uzifly pupae by making 1 to 6 circular holes (Fig. 2). The flies of 
hyperparasite were provided with maggots and pupae of uzifly and larvae of different instars and 
pupae of B. mori for infestation. The flies of E. philippinensis emerged only from uzifly pupae. 
Investigations on various aspects of E. philippinensis are in progress, to exploit it as a tool of 
biocontrol agent, to minimise the uzifly population 
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Fig. 1. Adult fly of Exoristobia philippinensis. 

Mouche adulte de Exoristobiaa ph ilippinensis. 

I 

Fig 2.. Damaged uzifity pupa with holes 

Pupe de mouche uzi endoinmagée, avec des trous. 
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ETUDE D'UN NOUVEL HYPERPARASITE, EXORISTOBIA 
PIJILIPPINENSIS ASHMEAD (HYMENOPTERA:ENCYRTIDAE) 
DU TRICHOLYGA BOMBYCIS BECK (DIPTERA : TACHINIDAE), 

UN PARASITE LARVAIRE DE BOMBYX MORI L. 

G. VEERANNA, M.R. NIRMALA et D. MAHADEVAPPA, Karnataka State Sericulture 
Development Institute, Thalaghattaputa, BANGALORE 560 062, INDE. 

Le parasitismc chcz l'inscctc est un coniportement hautement évoluá. II se rcncontrc 
principalement thins trois families, Hymènopteres, Diptères ci Colóoptèrcs. L'hyper-parasitismc 
suppose le développement d'un parasite secondaire on d'un hyperparasite, aux dépens du parasite 
primaire. En consequence, no insecte parasite ailaque un autre inscctcqtii parasite iui-mmc un insecte 
hOte (Daniel J. Sullivan, 1987). Dans cc travail, nous étudions pour Ia premiCre fois un nouvel 
hyperparasitc du Tricholyga hombycis, Exoristobia philippinensis, qui est un parasite sCricux du ver 
t soic Bombvx tnori , endomniagc2mntjusqu'à 15-20% les rCcoltes sCricicoics inclustrielics (Mukcrjcc, 
1919, Gosh, 1949, Jolly, 1981, Kasturo Bai ci coil., 1986). Nesolvnx ihyrnus ci Trichopria sp. ont 
CtC classes comme hyperparasites de Ia mouche uzi, T. hornhycis (Pradip Kumar ci coil., 1986, 
Vecranna ci coiL, 1987. 

Les pupes de Ia mouche uzi ont été rCcoltdes sur des Cievages de vers a soie du Karnataka State 
Scriculture Development Institute, Bangalorc, (Karnataka) pendant Ic mois de janvier 1987, et oft 
Cid conservées dans des bechers de verre de 250 ml, rccouvcrts de mousseline pour l'Cmcrgence. Des 
mouches E. Philippinensis ont dmergC de ces chrysalides au lieu des mouches uzi. Ces mouches ont 
etC rCcupCrCcs dans un bccher de vcrre de 250 ml couvert de mousseline CL Oft etC nourricS de mid 
dCtrcmpC sur un tampon de coton placC par dessus Ic becher couvert. Ensuitc, ces mouches ont etC 
mcs en Clevagc a temperature ambiante dans Ic lahoratoire pour effectuer de plus anlples recherches. 
La temperature ci l'humiditC enrcgistrCes dans Ic laboratoire ailaicnt de 20 a 30C ci 33 et 77% 
respectivement. 

Les premieres observations effeciuCes au laboratoire sur E. Philippinensis ont montrC qu'ils 
volent rnal cc sont en rCalitC des sauteurs. Les mouches femelles sontlCgCrement plus grosses que les 
males (Fig. 1). Les femelles s'accouplent au male plusieurs fois. Pourtant, it suftit d'un accouplernent 
pour fertiliser les oeufs. La mouche fcmclle vole et se pose sur Ia pupe de Ia mouche uzi, penche 
lCgCrement son abdomen cc insCre ensuite son ovipositor dans i'intersegmcnt de Ia pupe et y depose 
ses oeufs. La mouche femelle pond environ 200 oeufs au cours de sa vie, et die peut infester une pupe 
de mouche uzi plusicurs fois. Pendant l'infcstation, les larves de E. Philippinensis se nourrisseni avec 
voracitC de leur hOte cc se dCveloppentjusqu'à Ia taille aduite. La durCe du stade de l'ocuf va de 3 a 
4 jours cc les stades larvaire et pupal vont de 5 a 6 jours respectivement. L'espCrance de vie totale de 
i'adulte va de 15 a 20 jours. Les mouches E. philippinensis emergent de Ia pupe uzi en faisant de I 
a 6 trous circulaires (Fig, 2). Pour permetcre l'infestation, on a fournj aux mouches de l'hyperparasitc 
des mouches et pupes de Ia mouche uzi, des larves aux diffCrents ages ci des chrysalides de Bombyx 
mon. Les mouches de E. philippinensis n'ont Cmergd qu'à partir des pupes de Ia mouche uzi. 

Des recherches sur les diffCrentes caractCristiqucs de E. philippinensis sont en cours, pour 
l'utiliscr commc agent de contrOle biologiquc afin de diminuer Ia population de Ia mouche uzi. 
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SELECTION IN MULBERRY 
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Present addresses: * Intensive Sericulture Development Project in West Bengal, Central Silk 
Board, Krishnagar 741 101, India. " Food and Agricultural Organization of the United Nations, 
Hanoi, Vietnam. 

Mulberry is a perennial plant and its leaf constitutes the only food for the silkworm, Bornbyx 
mori L. The yield trial experiment is conducted for several years before recommending promising 
strains for inclusion in a multilocational trial. This is because of the fact that the crop performance 
depends on the genotype, the environment in which the crops are grown, and the interaction between 
the genotype and the environment. The G x E interaction plays a major role in ascertaining whether 
the performance of genotypes is due to genetic factors or due to non-genetic (i.e. controllable and 
non-controllable environmental) factors. Much of the analis of 0 x E effect in this direction is 
concerned with the estimation of stabilities of the genotypes ' . A stable genotype/trait is one which 
shows relatively no or less response to the environmental change; as such these are not influenced by 
the environmental differences. For some reasons these stable traits reveal the high heritability 
estimates if tested over a series of differing environments. However, the plant breeder's major interest 
is not statistical 0 x E interaction but changes in the rank of experimental lines in different 
environments. High and low yielding environments which rank cultivars identically are more similar 
in selection sense than two environments of similar yield which rank cultivars differently. This paper 
reports the method of identification of high yielding strains which are equally responsive to high and 
low yielding environments. 

The data were taken from a yield trial with 100 strains of mulberry conducted in the farm of 
Central Sericultural Research & Training Institute, Berhampore, from 1978 to 1981 in randomised 
block design with four replications under 90cm x 90cm spacing. For each environment, the lines were 
ranked on the basis of their mean yield in that environment. Rank sum was made by adding all the 
rank values of a line in different years. Rank sum value indicates the average performance of a 
genotype and its minimum value is indicative of high yield. Relat.jve performance (ranking) of a line 
in different environments was judged by rank change measure . The rank value of a line in one 
environment was substracted from the rank of the same line in other environments to give the rank 
change. This was repeated for all possible comparisons and differences summed, ignoring signs, 
giving a measure of the overall rank change of a line in four years (environments). Value closer to 
zero indicates high response to all environments. 

Algebraically, the performance of a line with regard to the rank sum and change may be 
calculated as: 

Rank sum =Xl+X2+X3+ .......... +Xnand 
Rank change = [(Xl—X2)+ (Xl— X3)+ ..... +(Xl—Xn)1 + [(X—X3)+ (X2—Xn)] + .... + [(Xn-2 

—Xn-l) + (Xn-2---Xn)1 + [(Xn-1 —Xn)] 
Where Xl, X2, X3......Xn are the rank positions of the line in El, E2, E3 ... En environments. 
Twenty strains with consecutively minimum rank sum values were primarily selected from the 

entire population as high yielding strains (Table I). As selection for yield is effected through the 
retaining top ranking portion of lines, the requisite number of strains may then be selected by 
compromising the rank sum and overall rank change. The selected strains should have the 
characteristics of showing both the rank sum and rank change values below their respective averages. 
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From the Table the number of high yielding strains seems to be ii, when only the rank sum is 
considered. However, if these selections are rigidly made further on the basis of their minimum rank 
change values, only seven strains could safely be selected; viz., strain Ace. nos. 18, 37, 52, 72, 74, 
76, and 79, which have also their mean yield above the overall mean yield of 20 initially selected 
strains. 

Although these measures i.e, rank sum and rank change take no account of the facts that 
consecutively ranked lines may differ by either a large or small amount, we find these measures as 
satisfactory estimates for selection of strains. 

This method may easily be adopted to other agricultural crops grown in different environments 
especially in perennial plants where yield in successive years is considered for selection. 

Strain Rank Overall Average leaf 
accession sum/ rank yieldlyear 
number! change! (kg/plant)! 

Souche Somme Variation Rendement moyen 
des rangs globale enfeuille/an 

de rang (kg/plant) 

17 79.0 27.0 1.467 
18 25.5 11.5 1.849 
37 4.0 0 2.458 
48 97.0 63.0 1.362 
49 63.0 19.0 1.544 
52 28.5 12.5 1.766 
56 50.0 12.0 1.620 
63 65.0 25.0 1.530 
64 57.5 36.5 1.615 
66 89.5 33.5 1.417 
70 46.0 34.0 1.686 
71 51.5 38.5 1.576 
72 36.0 16.0 1.742 
73 32.0 50.0 1.807 
74 24.5 24.5 1.827 
76 10,0 4.0 2.014 
77 33.0 37.0 1.838 
79 21.5 16.5 1.867 
88 38.0 56.0 1.777 
100 98.0 90.0 1.422 

Averag 	 47.48 	 30.33 	 1.710 
Mo yen n e 

Table I. Rank sum, overall rank change and average leaf yield in 20 selected strains 
of mulberry from a population of 100 lines 

Tableau I. Soinme des rangs, variations globales de rang et rendement enfeuilles chez 
20 souches de rnflrier sélectionnées a partir d'une population de 100 lignées. 
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A. SAKKAR... 

UNE METHODE SIMPLE ET SURE POUR LA SELECTION DE 
SOUCHES DE MURIER 

A. SARKAR*, K.K. CIIATTERJEE et B.C. DAS**,  Central Sericultural Research and 
Training Institute, l3erhampore 742 101, \Vest Bengal, mdc. 

Adresses actuelles : * Intensive Sericulture Development Project in West Bengal, Central Silk 
Board, Krishnagar 741 101, mdc. ** Food and Agricultural Organization of the United Nations, 
Hanoi, Vietnam. 

Le müricrest une plante vivace dontla fcuille constitue Ia nourriture unique du vera soic Bornbyt 
Mri L. L'expórinicntation sur to terrain est nSalisëe sur plusieurs annães avant do sélectionner des 
souches promeucuses pour les inclure dans un cssai a localisation multiple. Ccci du fait que les 
pertormances d'unc culture dependent du gnotypo, do l'cnvironncment dans, lequel s'effcctue la 
culture, et do l'intcraction entro l'onvironnement et Ic genotype. L'intcraction G x E joue un role 
majeur Pour savoir si la performance des genotypes est due a des facteurs gCndtiquos ou 
non-génCLiques (c'est-à-dire environncrncntaux contrOlahics et non-contrOlahlcs). L'analyse do 
l'olfct G x F concerne principaloment l'Cvaluation de La stahilitC des genotypes (Finlay et Wilkinson, 
1963 Eherhart et Russel. 1966). Un gCnotype/caractCro stable montre pou ou pas do rCponse a un 
changemont onvironncmental et n'cst done pas influence par les variations d'cnvironnomont. Pour 
plusicurs raisons cos caractéres stables montrent tine grando hCritabilité si on les soumet 0 diffCrcnts 
environnemonts. Copendant I'intCrt majeur du sClectionricur no reside pas dans les statistiqtics do 
l'intcraction 0 x F mais dans les variations obtcnues dans los rangs des lignCes expCrimeniales sous 
(lilferents environncmcnts. Los onvironnements 0 haute et faible prodtictivitC qui produisont des 
cultivars idontiques sont plus similaires au sons do La selection que deux environnoments do 
productivitC siniilaire qui produisent des cultivars differonts. Cet article dccrit uno méthode 
d'idcmification des souches a haute productivitC qui montrent unc r5ponse Cgale dans los 
cnvironncmenLs 0 haute eta basso productivitC. 

Los donnCes proviennent d'un essai stir to terrain do 100 souches do mOrier, effectuC ati Central 
Scricultural Research & Training Institute do Berhamporo, do 1978 0 1981 avoc qtiatre replications 
au hasard, en plantation espacCc do 90 cm x 90 cm. Pour chaque onvironnement, les lignCcs sont 
classCcs sur Ia base do leur productivite moycnne dims cot environnement. La somme des rangs est 
calculéc on additionnant toutcs los valeurs des rangs d'une lignCc au cours des diffCrcntos annéos. La 
somme des rangs indiquc la performance moyennc d'un genotype et sa valetir minimum inclique un 
haut rendement. La performance relative (rang) d'tine lignéc dans diffCrenLs environnoments est 
ostimCe par la mesure do variation du rang (Fox et Rathjan, 1981). La valour do rang d'une lignde 
thins tin environnement est soustraite du rang do La memo lignCc dans d'autres environneinents pour 
obtonir In variation do rang. Ccci est rCpCtd pour toutes les comparaisons possibles et differences 
additionndes, en ignorant les siiznes, Pour (fanner la mosure do la variation glohalo do rang d'une 
LignCc en quatre ,its (environnoinents). Une valour procho do zero indique une rCponso OlovOc a tous 
les onvironncmonLs. AlgCbriquemont, la performance d'unc IignOo on cc qui conccrne Ia somme des 
rangs et los variations pout Otre calculCe ainsi 

Sommo des rangs=X1+X2+X3. .......... +Xnct 
Variation de rang = [(Xl 0 X2) + (X 10 X3) + .... + (Xl c Xn)I + [(X2 0 X3) +(X2 0 Xn)1 + 

+ [(Xn-2 Xn-1) + (Xn-2 c Xn)] + [(Xn-1 Xn)] 
00 Xl, X2, X3 ... Xn sontles positions do rang do la IignCo dans les onvironnemonts El, E2, E3 

En. Au depart, vingt souches avec des valeurs do soininos do rang les plus faibles, ont etC 
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sélcctionnées sur la totalite de la population, comnie souches a haut rendement (Tableau 1). Comme 
la slcction sur la productivité est effectuóc on retenant la meilicure panic des lignécs, Ic nombre. Je 
souches requis pcut OlrC enSuite selectionné en prenant en compLe la somme des rangs et la variati in 
globale dc rang. Les souches sélcctionnócs devrontavoir pour caractéristique de montrcr a la Ibis une 
soniine de rang et unc variation de rang inféricures a leur moyenne respective. Le Tableau I concene 
11 souches a haut rendement lorsqu'on considére uniquement la somme des rangs. Cependant, 51 C CS 

selections sont poussCcs plus avant de manière rigide sur Ia base de leurs valeurs minimum pour la 
variation de rang, seulcs 7 souches peuvcntët.re  sirCmcnt sClcctionnées: les souches Acc. n 18, 7, 
52, 72, 74, 76 et 79, lesquclles ont aussi un rendement moyen sup6ricur  au rendement moyen glol- al 
des vingt souches sClectionnCcs initialement. Bien que ces mesures (som me des rangs et variation Je 
rang) ne prennent pas on compte Ic fait que des lignCcs de rangs consCcutifs peuvent diffCrcr .le 
maniCre plus ou moms importante, nous les considCrons connie des estimations satislaisantes pcur 
la selection des souches. 

Cette mCthode peut We adoptéc facilernent pour d'autres cultures vdgCtales poussant dans 
(lii fcrents environnements on particulier chcz les plantes vivaces pour lesquclles Ic rendement sur 
plusieurs anndcs est pris on consideration. 
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CORRELATION AND PATH ANALYSIS IN MULBERRY UNDER 
STRESS AND NON-STRESS CONDITIONS 

.N. SUSHEELAMMA M.S. JOLLY, KSIIAMA GIRIDHAR, N.K. D\VIVEDI and N. 
SURYANARAYANA. Central Sericultural Research and Training Institute, Mysore 570008 

INDIA. 

Correlation and path analysis were worked out in 64 genotypes of mulberry obtained from open 
pollinated hybrid populations from diverse sources under stress*  and non-stress" conditions to 
determine the true components of complex character like leaf yield. It revealed that average number 
ofm priary branches per plant showed high signficant correlation and positive direct effect with leaf 
yield in 1)0th conditions, while the number of secondary branches per plant indicated high significant 
correlation and positive direct effect with leaf yield in stress condition only. The number of leaves 
per meter length of the shoot and leaf moisture percentage showed positive correlation and positive 
direct effect  with leaf yield under stress condition. Under non-stress condition, the number and weight 
of leaves per meter length, number of secondary branches per plant and the length of the shoot showd 
positive correlation and direct association. Weight of /00 leaves showed positive correlation and 
negative direct effect and negative correlation and negative direct effect wit/i leaf yield under 
non-stress and stress conditions respectively. Weight of leaves per meter length oft/ic shoot showed 
positive correlation and negative direct effect with leaf yield whereas, the average length of the shoot 
revealed negative correlation and positive direct effect  with leaf yield under stress conditions. 1 he 
importance of yield components for the e lection of high yielding genotypes in mulberry under stress 
and nonn-stress conditions has been discussed. 
*Stress means natural rainfed condition ** Non -stress means irrigation condition where irrigation 
is provided once in /5 days. 

TNT ROD UCTIO N 

Breeding high yielding varieties of crops requires information on the nature and niagnitude of 
variation in the available materials, association of characters with yield and among themselves and 
the extent of environmental influence on these characters (Singh, 1980). Path coefficient analysis 
measures the direct influence of one variable upon another and permits the separation of the 
correlation coefficient into components ofdirct and indirect effects (Dewey and Lu, 1959). Leaf yield 
is a complex entity and is observed to be associated with number of component traits. Hamada (1956) 
reported that leaf yield in mulberry depends upon the total length of the shoots and leaf weight in unit 
length of shoots under non-stress conditions. Average plant height and average number of branches 
per plant were considered superior characters in the selection of mulberry genotypes under irrigated 
conditions by Das and Krishnaswami (1969). 

In order to arrest the declining trend of yield in mulberry, high yielding genotypes with stable 
productivity are required. As more variables are induced in correlation studies indirect association 
becomes complex. Path coefficient analysis permits the separation of direct effects from the indirect 
effects through other related characters by partitioning the correlation coefficients. It furnishes a 
knowledge of the paths through which the component characters influence the expression of economic 
character like leaf yield. Since infonnation on these aspects in mulberry is not available under stress 
conditions, following investigations werecarried outto determine the correlation of the (Iii fereniyield 
components with leaf yield in mulberry and to study the direct and indirect effects of these yield 
components on leaf yield through path coefficient analysis under stress and non-stress conditions. 
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MATERIAL AND METhODS 

Sixtyfour genotypes emanating from open pollinated populations of mulberry were evaluated in 
a partially balanced 8 x 8 lattice design with two replications under two treatments, viz., low fertilizer 
level without irrigation (rainfed or stress) and high fertilizer level with irrigation once in 15 days 
(non-stress) atCSR&TI, Mysore 1983-86. There were 64 micro-plots in each replication and 12 plants 
were considered in each micro-plot. To eliminate the border effect, each replication had the border 
plants. 90 x90 cm spacing between plants was maintained under stress and non-stress conditions. 
Same genotypes were planted under both the treatments. Data were recorded on length of the shoct 
by measuring it from pruned level to the top. Shoot length of all the shoots present in 12 plants was 
recorded and mean shoot length is detennined. The data of average number of primary and secondary 
branches plant, average number and weight of leaves per meter length of the shoot, weight of 100 
leaves (exactly harvesting 1(X) leaves from each plant), moisture percentage and leaf yield under stress 
and non-stress were recorded from 12 plants in each replication excluding border plants. Patim 
coefficients were obtained by inverting the correlation matrix. Direct and indirect effects wer 
calculated according to the formula suggested by Dewey and Lu (1959). 

RESULT AND DISCUSSION 

Path coefficient analysis of yield and yield components (Table 1) revealed that number cf 
secondary branches per plant had strongest significant positive direct effect on leaf yield followed by 
number of primary branches per plant under stress conditions, whereas in non-stress condition the 
number of primary branches per plant had the strongest significant positive direct effect on leaf yield 
followed by the rest of the characters like number of leaves per meter length of the shoot, number of 
secondary branches per plant and weight of leaves per meter length of the shoot.The length of the 
shoots also showed positive correlation and direct association with leaf yield under non-stress 
condition. Number of branches were positively correlated with leaf yield in mulberry under stress 
and non-stress treatments. Yadav and Srivasiava (1976) and Nandan and Pandya (1980) have mace. 
similar studies that number of tillers/branches were positively correlated with yield under non-stress 
conditions in Panicum miliare and lentil respectively. 

The number of leaves per meter length of the shoot and moisture percentage of leaf had positi e 
correlation with leaf yield while average length of the shoot and weight of 100 leaves showed negative 
correlation with leaf yield under stress condition (Table I). 

The weight of leaves per meter length of the shoot showed positive correlation with yield, but 
the direct effect was negative under stress condition (Table I). Hence, the indirect effect seems to be 
the cause of correlation. This component had indirect effect on leaf yield via length of the shoot atd 
moisture percentage. The length of the shoot showed negative correlation with yield buta direct effect. 
Therefore, this character has indirectefkcton yield via number of leaves per meter length of the shoot 
under stress condition. 

The weightof 100 leaves had negative correlation and negative direct effect with leaf yield under 
stress conditions (Table I) while under non-stress condition, the component showed positi\ e 
correlation and negative direct effect (Table II). 1-lence, this character should not he considered as a 
selection criterion under stress condition. 

The moisture percentage showed low positive correlation and low positive direct effect with leaf 
yield understresscondition (Table I). In contrast, the component had negative correlationand negative 
direct effect on leaf yield under non-stress condition (table II). Hence this component need not he 
taken as the selection criterion under non-stress condition. 

Considering the overall direct and indirect effects of various plant characters on leaf yield :n 
mulberry, the four characters, namely, number of primary and secondary branches per plant, number 
of leaves per meter length and moisture percentage -moisture content) of the leaves under stress 
condition and the five characters like number of primary and secondary branches per plant, number 
and weight of leaves per meter length and length of the shoots under non-stress condition appear :o 
he the most valuable characters of mulberry for the selection. 
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SJ Characters 	Avcrae length 
ofhoot 

No.primary No. secondarv No.leaves Wt of leaves 
/wet 

Wt. of 100 
leaves 

Moisture 
percent- 

Correlation 
with yield branches branc 

per pant 
ete  r 

length of shoot lengtho
g
shoot 

 
age perpant 

Caractères Lon5'ueur Nbr. bra rches Nbr. branches NbrJuilles Podsfuis 
re 

Pui1 de 
1 

Pourcen- 
t a 

Correlation 
vec IC 

humoité 

 
r o m

e
nne 

dtge 
primaires 

plante 
secondaires 

plante 
metre 

de tig e d 	tige feuilles rcndement 

1. Average lengjh of 
çhc shoot/ 

+0.0839 -0.1526 -0.0304 +0,0779 -0.0116 -0.0405 .0.0013 -0.0196 

Longueur 
de Ia tige 

2 
No of primary 
branches pe( 

-0.0438 +0.2923 +0.2221 -0.0536 +0.0140 +0.0965 +0.0061 +0.4632** 

Nhr. Jnches 
prima ire/p!arile 

 Noseçondary -0.0049 +0.1239 +0.5239 -00179 +0.0420 +0.1704 +0.0021 +0.5074* 
branches per 

Nbr. d'e' nches 
secondaires/pi. 

 No of leaves! -0,0306 +0,0734 +0.0440 +0.2134 -0.0154 +0.0852 +0.0036 =0.0038 
length a tçr 

thg shOot 
r.Je 	dI.v/ 

ttge metre ae 

S. Wt. of leaves! +0.0099 -0.0418 -0.2248 -0.0335 -0.0980 -2231 +0.0047 +0.0415 
meter of shoot 

Pofriv fe.uilles/ 
metre ae lige 

 Wt. of l0Qfeuiflgs 
Pords de ivufeutlies 

+0.0106 -0.0877 -0.2777 +0.0566 -0.0680 -0.3215 +0.00 18 0.0.567 

 Mojtujç per.cc.nlage  
Yo a- /iwntdtte 

-0.0029 +0.0474 +0.0299 -0.0205 -0.0 123 -0.0 154 +0.0376 +0.0329 

Underlinedd figures denote directe effect with leaf yield! 
Les chiffres soulignes indiquen: un effet direct sur Ic rendement defeuilles 
Residual effects/Lffets rdsiduels - + 0.4472 	 P>0.05 **P>0401 

Table I. Path analysis showing the direct and indirect effects of seven characters on leaf yield in mulberry under stress condition 
Tableau I. Analyse nontrant les effets directs et indirects de sept caraclères sur Ic rendement defeuilles du mz2rier, dans des conditions 

de stress. 



Sj Characters 	Averg.e length No. of primary No. of Secofl(larY No. of leaves 
ot 

	
out !riirter 

%Vt of leaves 
imetçr 

%Vt. of 100 
leaves 

Moisture Correl4tion 
with vieW hrahches branches 

length shout of the shoot 
percent. 

age per plant per plant 

Len gueur Nb. braqches Nb. branches Nh.fcuiiles I'oidsfeuill.es !'oids de !'ourcen- Correlation 
0 mQs'inne 

ae tige 
ppmaires 
iplanses 

seconda,re.r 
plantes 

/ne(re 
de age 

fpu9re 
de age feutlies 

t.age,. 
humidite 

avçc I.e 
rendernent 

 Avçragc Icntth +0.0736 -0.1313 -0.1516 +0.0156 -0.1132 -0.1(X)2 -0.1205 i-0.01S7 
01 the shoot 
Long us' ur 
movenne 
de Ia age 

 NO of pri,rtary 
hpipctes /pii1t 

-0.0536 + 0.5273 +0.1513 -0.0132 -0.0053 -0.2032 60.1053 =0.3876* 

IVh. .. tsranches 
prtsnaires 

/ p/ante 

 Noof itc secondary 
bra 	hes / 

+0.01)32 +0.1352 +0.1375 -0.1316 - -0.0153 -0.0053 -0.1356 +0.1536 

plant 
j\b. branches 
.vcordaires 

/paJnte 

 No. ofjciivqs/ +0.1053 +0.1356 +0.0053 +0.3514 -0.0535 =0.0013 +0.0135 +0.1092 
u)cLc.rlcngUi 
A'b. /eulles 
paP metre 

 Wt. of leaves +0.0053 -0.0132 -0.01315 -0.1353 +0.1514 -0.1523 +0.0516 +0.2177 
pc_f in

!s 
 içr lec_ th 

1 oJfwttPs 
/ metre 

 \Vt. of jl 	Ieayçs +0.0016 -0.0816 -0.2787 +0.1567 60.1056 -0.1053 +0.1532 +0.0776 
Pds. ic 11)0 Icuilles 

 \4oiswrc 0.0018 +0.0154 *0.1132 -0.0201 -0.0113 -0.0154 -0.3316 -0.0314 
.perccntage 

1 q,t4rceJtpg.e 
(1 hLPPZL8iti 

Underlined figures denote direct effect with leaf yieldf L.ea' chiffre.w soulignés indiqueni un effet direct suite rendement enfeuilles 
Residual effects /Effets résiduels: - + 0.3102 	*P>O.O ; 	P>O.O1 

Table II. Path analysis showing the direct and md irect effects of seven characters on leafyield in mulberry under non-stress condition. 

Tableau H. A nafyse mont rant les effeis directs ci indirects de sept caractêres sue Ic rendernent enfeuilles de mz2rier, datis des conditions 
de non-stress. 



B.N. SUS/FEELAMMA 

SUMMARY 

It can therefore be concluded that the number of secondary and primary branches per plant, 
number of leaves per meter length of the shoot and moisture percentage are the important traits 
contributing to yield under stress condition. Also the number of secondary and primary branches per 
plant, number of leaves per meter length of the shoot, weight of leaves per meter length and length 
of the shoot are found to be important traits contributing to yield under non-stress conditions. 
Therefore, it is necessary that due emphasis should be given to these traits while selecting for higher 
leaf yield in mulberry under stress and non-stress conditions. 
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CORRELATION ET ANALYSE DE VARIANCE CHEZ LE 
MURIER DANS DES CONDITIONS DE STRESS ET DE NON 

STRESS 

B.N. SUSHEELAMMA, M.S. JOLLY KSHAMA GIRIDHAR, N.K. DWTVEDI etN. 
SURYANARAYANA. Central Sericultural Research and Training Institute, Mysore 570 008 

INDE. 

L' étude de la correlation ci l'analyse de variance oft etC effeciuées sur 64 genotypes de marier 
obtenus par pollinisation libre de populations hybrides de sources diverses, dans des conditions de 
stress et de non-stress, afin de determiner les composants vCritables des caractCres complexes tels 
que Ic rendement enfeuilles. La moyenne du nombre de branches primaires par plante estfortement 
corrClCe et prCsente un effet direct positif avec Ic rendement enfeuilles, dans les deux conditions, 
alors que Ic nombre de branches secondaires par plante donne une correlation hauteinent 
signficative ci un effect direct positfavec Ic rendement enfeuilles, en condition de stress seulement. 
Le nombre de feuilles par metre de tige e! Ic pourcentage d'humiditC de Ia feuille donnent une 
correlation significative ci un effet direct positfavec le rendernentenfeuilles dans des conditions de 
stress. Dons les conditions de non-stress, Ic nombre ci lepoids desfeuilles par ,nCtre de tige, Ic nombre 
de branches secondaires par plante ci la Ion gueur de la lige sonifortement corrélés et en association 
djrecte. Le poids de 100 feuilles donne une correlation positive ci un effet direct negatif, une 
correlation negative ci un effet direct negatif avec le rendement enfeuilles dans les conditions de 
non-stress ci de stress respectivement. Le poids de feuilles par ion gueur de tige indique une 
corrélat ion positive ci un effet direct nCgauf sur Ic rendement en feuilles, alors que la ion gueur 
moyenne de La tige indique une correlation negative ci un effet positif direct sur Ic rendement en 
feuilles dans les conditions de stress. Nous avons discuté de l'iinportance des composants du 
rendement pour La selection de genotypes de marier, dans les conditions de stress ci de non-stress. 

INTRO UCTION 

La multiplication de varidtds a haut rendement suppose de connaItre la nature et l'amplitude des 
variations chez le materiel (lisponihic, l'association des caractères avec le rendement et enire eux, et 
I importance (IC l'influencc de I'environnement sur ces caractCres (Singh, 1980). Les analyses du 
coefficient permettent de mesurer l'influcnce direcie d'une variable sur une autre et la separation du 
coefficient de corrC]ation on composes a effct direct et indirect (Dewey et Lu, 1959). Le rendement 
on fcuilles est uneentitC complexe etd'aprCs les observations, ii semble Cire associé a un grand nombre 
de caractéristiques des composes. Hamada (1956) a Ccrit quc le rendement on feuilles du mOrier 
depend (IC La longueur totale des tiges et du poids de feuille par unite de longueur des tiges en condition 
de non-stress. Das et Krishnaswami (1956) considérent que la hauteur moyenne de la plante et Ic 
nombre moyen de branches par plante sont des caractères supdrieurs en vue de Ia selection de 
genotypes du mürier obtenus en condition d'irrigation. 

Pour stopper le dCclin de productivitC du mCirier, ii faut obtenir des genotypes a haul rendement 
avec une productivitC stable. Comme un plus grand nombre de variables est impliquC dans les etudes 
(IC correlation, l'association indirccte devient complexe. L'analysc du coefficient permet de sCparer 
les diets directs des cffets indirects a travers d'autres caractères proches on rCpartissant La valeur des 
coefficients de correlation. Cela apporte des informations sur la maniCrc dont les divers caractCres 
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influent stir l'expression des caractèrcs économiqucs tels que Ic rendementen feuilles. Puisquc nous 
no possédons pus d'inlormation sur ces aspects concernani Ic mQrier on condition de stress, nous 
avons poursuivi tins recherches olin dc determiner Ia corr6lation entre les diffCrents composes (IC 
rendement ci le rendement en feuilles, ci d'étudier les effets directs et indirecis de Ces COfllpOSCS stir 
Ic rendernent on feuilles, a laide de l'analyse du coefficient on condition de stress et (IC non-stress. 

1\iIATERIELS ET METIIODES 

Des mesures ontCtC effectuCes sursoixante-quatre gCnot),pes provenantde populations de mcirier 
pollinisCes librement Sc trouvant dans tine structure de 8 x 8, avec deux replications pour chaque 
traitement, cad, on utilisani un foible niveau de fertilisant, sans irrigation (cau de pluic ou stress) ci 
un haut nivcau de fertilisant avec irrigation bus les 15 jours (non-stress) an CSR&TI, Mysorc, (IC 
1983 1 1986. II y a 64 micro-plantations dans chaque rCplication ci les plantes ont CiC obscrvCes dans 
chaque micro-plantation. Afin d'Climiner l'cffet de bordure, chaque replication possède des plantes 
on bordure. Un espace de 90 x 90 cm entre chaque plante est maintcnu dans des conditions de stress 
et de non-stress. Les rnCmcs gnotypes sont ClC p!aniCs ci ont subi les deux traitemenLs. Les nombreS 
moyens dc plantes a branches primaires ci secondaires, Ic nombre moyen et Ic poids de feuilles par 
longucur (IC tige, Ic poids de 100 feuil]es (tine reco]te de 1(X) feuilles exactement a CiC faite stir chaque. 
plante), Ic pourcentage d'humiditC et Ic rendcment on feuilles dans les deux conditions, oni &C 
mesurCs stir 12 plantes par replication, en cxcluant les plantes des hordures. Les coefficients ontCtC 
obtenus on inversant Ia matrice de correlation. Les effets directs et indirects ont CiC calculCs suivant 
]a formule proposce par Dewey et Lu (1959). 

RESULTATS ET DISCUSSION 

L'analyse des coefficients dc rendement ci des composants du rendement (Tableau I) montrc 
quc Ic nombre dc branches secondaires par plante a l'eflet direct positif to plus signulicatif stir to 
rendement on feuilles, montrant quc to nombre de tidIes I branches est corrClS positivement avec Ic 
rendement en condition (IC stress chez I'anicum rniliarc et Ia lentille respectivement. 

Le nombre dc feuilles par mCtre de tige et to pourccntugc d'humiditC (IC Ia feuille donnent une 
corrClation positive avec Ic rendement on feuille, alors que Ia longucur de Ia tige ci Ic poids (IC 100 
feuilles donncnt une correlation nCgative avec to rendementen feuilles en condition de stress (Tableau 
1). 

Le poids des feuilles par metre dc tige est corrClC positivement avec to rendement, mais I'effei 
direct est nCgatif on condition de stress (Tableau 1). Aussi, 1'efkt indirect semble Cire Ia cause de Ia 
correlation. Ce composant a tin effet indirect stir le rendement en feuilles par l'intermCdiaire de Ia 
longtieur de La tige et le pourcentage d'humidiiC. La longucur (IC Ia tige est corrClC nCgaiivement avec 
Ic rendcincnt, mais donne tin effet positif direct. C'cst pourquoi, cc caractère a tin effet indirect stir 
Ic rendement, par l'iniermédiaire du nombre de feuilles par metre de tige en condition de stress. 

Le poids de 100 feuilles donne tine correlation nCgative ci tin effet nCgaiif par rapport au 
rendement en feuilles on condition de stress (Tableau I), alors qu'cn condition de non-stress, to 
composantestcorré]C positivenicnteidonne tin effet direct nCgaiif(Tableau II). Dccc fait, cc caractCre 
no dcvrait pus Ctre considcrc comme tin critCre de sClection on condition de stress. 

Le pourcentage (l'humiditC indique une correlation positive peu OlevCe ci tin effet direct positif 
peu ClevC stir to rendement on feuilles (Fans les conditions de non-stress (Tableau I). Par contre, to 
composant donne tine corrClation negative et un effet direct stir to rendement on feuilles en condition 
dc non-stress (Tableau II). Dc cc fait, cc composant no doit pas ôtre pris commc critCre de selection 
on condition de non-stress. 

Si l'on considCre I'ensemble des effets directs et indirccts des divers caractCres des plantes stir 
to rendement on feuilles du miider, les quatre caractCres, cad. le nombre de branches primaires ci 
secondaires par plante, to nombre de feuilles par longucur ci le potirceniage d'htimiditC (contenu en 
eau)des feuilles sotis condition de stress ci les cinq caractCrcs tels qtie le nornbre de branches primaires 
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et secondaires par plante, Ic nombre et Ic poids des feuilles par metre et la Iongueur des tiges en 
condition de stress semblent être les caractCres les plus valables pour la sólcction chez le mirier. 

CONCLUSIONS 

On peut donc conclure que Ic nombre de branches secondaires CL primaires par plante, Ic nombre 
de feuilles par metre de tige et le pourcentage d'humiditd semblent être les caractCres importants 
contribuant au rendemcnt dans des conditions de non-stress. Aussi, ii est ndcessaire de mettre 1' accent 
sur ces caractCrcs lorsque la sdlcction est faite en vue d'un rendemenc de feuilles supCrieur chez Ic 
mQrier en condition de stress et de non-stress. 
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J. SUKI]MAR. 

INHIBITION OF CONIDIAL GERMINATION OF CERCOSPORA 
MORICOLA BY MULBERRY LEAF LEACI-IATES 

J. SUKUMAR, Mulberry Protection Section, Karnataka State Sericulture Development 
Institute, Thalaghattapura, BANGA LORE 560 062, India 

Inhibition of conidial germination of Cercospora moricola on mulberry leaf surfaces and in leaf 
leachates was studied. The top four leaves did not show any significant inhibition. A gradual increa.ce 
in the degree of inhibition was observed from fifth leaf onwards. Leaves 18 and 20 showed total 
inhibition respectively on their surfaces and in leachates. The possible occurence of antifungal 
compounds in the leaf leachates and their role in resistance to C. moricola infection are discussed. 

Key words: Cercospora moricola, Leaf leachates, mulberry. 

INTRODUCTION 

Leaf leachates contain a large number of amino acids, organic acids, carbohydrates and 
antifungal compounds (Morgan & Tukey, 1964). They are known to enhance/inhibit conidial 
germination of many foliar pathogenic fungi and determine susceptibility or resistance to diseases 
(Deverall & Wood, 1961 ; Beute, 1973 ; Schneider & Sinclair, 1975). Cercospora moricola Cooke, 
causes severe leaf spot disease of mulberry. The pathogen infects only the young leaves but not mature 
ones (Sukumar & Ramalingam, 1981). The preseni study reports the inhibitory effects of mulberry 
leaf Icachates on conidial germination of C. moricola and their possible role in disease resistance is 
discussed. 

MATERIALS AND METhODS 

Leaves of the variety MS of Morus indica L. were numbered by counting the topmost unfurling 
leaf as I and the rest of the leaves below as 2, 3, 4 and so on. Conidial suspension of the pathogen 
was prepared either in deionized water (non-amended) or in 0.1 % Difco nutrient broth (amended), 
from a 10-day old culture grown on potato dextrose agar medium. Two sets of leaves were 
spray-inoculated with amended or non-amended conidial suspension of the pathogen. After 24 hours 
of incubation under high humidity, the leaves were cleared in choral hydrate and examined under a 
microscope for conidial germination. Another set of leaves was leached separately by shaking in 
250m1 deionized water in one litre flasks for 30 minutes. The leachates were reduced in vacuo (<450 

C) to half the volume required to wet the leaves to run off. Equal volumes of either amended or 
non-amended conidial suspension and the leaf leachates were placed on sterile glass slides and mixed 
with a sterile needle. Conidial suspension mixed with equal volumes of deionized water or nutrient 
broth served as control. For each treatment triplicates were maintained. Data on conidial germination 
were gathered by scanning 100 conidia per replicate after 24 hours of incubation. 

RESULTS 

The results of spore germination tests are presented in tables 1 and 2. The degree of inhibition 
of spore germination ranged from nil to one hundred percent on both the leaf surfaces and in leaf 
leachates. The cleared leaves showed that the proportion of conidial germination, germ tube number 
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and the germ tube length were more on the first four leaves but declined on mature ones. (Table 1). 
Total inhibition was observed on leaf number 18 and onwards. There were no differences in conidial 
germination on the leaves receiving amended and non-amended conidial suspension. 

highest number ofconidia germinated in leachates from the topmost four leaves with or without 
nutrient broth (Table 2). A gradual increase in inhibitory activity of the leachates was observed with 
maturity of the leaves. Total inhibition of conidial germination was noticed in both amended and 
non-amended leachates from leaf number 20 and onwards. Significant reduction in germ tube number 
and germ tube length was recorded in leachates from mature leaves as compared with those from 
young leaves and controls. 

Leaf No. 

N de la 
fcuille 

% conidial 
germination 

% de germination 

No. of germ tubes 
per 100 conidia 

Nbre de tubes gerrninaux 

Length of the 
germ tube (pm) 

Longueur du tube 

A 	NA A NA A 	NA 
1 96 	96 139 131 51 	53 
2 98 	96 121 117 48 	48 
3 96 	93 126 112 43 	40 
4 94 	95 116 117 39 	41 
5 89 	91 100 93 33 	32 
6 74 	83 88 87 35 	30 
7 77 	71 83 77 27 	25 
8 59 	63 63 65 27 	22 
9 55 	54 55 57 20 	15 
10 31 	27 31 27 18 	18 
11 27 	20 27 21 11 	8 
12 19 	18 19 18 9 	4 
13 14 	14 14 16 7 	3 
14 8 	6 9 8 3 	2 
15 5 	3 5 3 3 	4 
16 3 	3 3 3 3 	3 
17 2 	1 2 2 3 	3 
18 (1 	0 0 0 0 	0 
19 0 	0 0 0 0 	0 

Table 1. Inhibition of conidial germination of C. moricola on leaf surfaces sprayed 
with amended (A) an(l non-amended (NA) conidial suspensions. 

Tableau 1. Inhibition de la germination conidiale de C. inoricola a la surface des 
feuilles raporisées ai'ec une suspension con idiale amendée (A) ou non-amendée (NA). 

DISCUSSION 

Performed fungal toxicants have been implicated in resistance to Cercospora beticola on sugar 
beet (Harrison ci al.. 1961). The present study shows that mature leaves of mulberry produce. 
antifungal chemicals which inhibit C. inoricola conidial germination. The inhibitory activity of the 
leaf leachates was not reduced even after the addition of nutrients. Hence it may be concluded that 
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the resistance of mature leaves to C. moricola is due to the presence of preformed antifungal 
compounds and not due to the absence of nutrients on their surfaces. C. moricola infects the host 
only through stomata. The increased inhibition of con idial germination and germ tube growth by leaf 
Icachates may be directly related to the resistance of mature mulberry leaves to C. moricola and leaf 
spot development. 

Leaf No. 

NO  de la 
feuille 

% conidial 
germination 

% de 
germination 

No. of germ tubes 
per 100 conidia 

Nbre de tubes de 
germ.100 conidia 

Length of the 
germ tube (jim) 

Longueur du tube 
de germ. / tube (Wn) 

A NA A 	NA A 	NA 
97 96 141 	139 65 	63 

2 97 97 135 	129 62 	57 
3 96 93 120 	125 51 	49 
4 94 95 110 	103 45 	49 
5 85 87 117 	90 43 	39 
6 80 81 91 	92 37 	34 
7 79 75 87 	99 31 	27 
8 66 59 70 	63 27 	23 
9 53 47 53 	51 18 	18 
10 41 37 57 	39 17 	13 
11 31 25 40 	37 15 	9 
12 17 13 33 	25 10 	4 
13 8 9 11 	10 6 	4 
14 6 7 9 	7 3 	2 
15 7 7 7 	7 3 	2 
16 5 5 5 	5 2 	2 
17 3 3 3 	3 2 	1 
18 3 4 3 	4 1 	1 
19 2 2 2 	2 1 	1 
20 0 0 0 	0 0 	0 
21 0 0 0 	0 0 	0 
Control (water)! 96 139 67 
Témoin (eat,) 

Control (nutrient broth)! 97 143 69 
Té,nojn (Milieu izutritif) 

Table II. Inhibition of C. moricola condidial germination in amended (A) and non-
amended (NA) leaf leachates of mulberry. 

Tableau ii. Inhibition de la germination conidiale de C. moricola dans les solutions de 
Tin cage defeuilles de ml? rier amendées (A) et non amendées. (B). 
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J. SUKU1AR. 

INHIBITION DE LA GERMINATION CONIDIALE DE 
CERCOSPORA MORICOLA PAR DES SOLUTIONS DE RINCAGE 

DE LA FEUILLE DE MURIER 

J. SUKUMAR Mulberry Protection Section, Karnataka State Sericulture Development 
Institute. Thalaghattapura, Bangalore 560 062, mdc. 

Nous avons étudié 1 inhibition de Ia germination conidiale de Cercospora moricola a Ia surface 
de lafeuille de marier ci dans des solutions de nfl cage desfeuliles. Les quatrefeuilles supérieures 
ne donneni aucune inhibition particulic?re. On observe une augmentation regulire du degré 
d'inlubition a partir de Ia 5ê,nefeuille. On constate une inhibition totale pour Iesfeuilles 18 ci 20 
aussi bien a leur surface que dans les solutions de rinçage. La presence possible de composants 
antifongiques dans La solution de rinçage desfeuilles ainsi que Lear role dans Ia résistance a C. 
,noricola, sont disc utCs. 

IN TROD UCTI ON 

Les solutions de rinçage des feuilles contiennent une quantité importante d'acides aminCs, 
d'acides organiqucs, d'hydratcs de carbone et de composants antifongiques (Morgan etTukcy, 1961). 
Elles sont connucs pour favoriser ou iithibcr Ia germination conidiale de nombreux champignons 
pathogénes des feuilles et pour determiner Ia sensihilitC ou Ia résistance aux maladies (Dcverall et 
Wood 1961; Beute, 1973; Schneider ci Sinclair, 1975). CercosporamoricolaCookcprovoqueune 
grave maladic deja tachede Ia feuille de mtirier. Cc pathogëne contarninc seulement les jeunes feuilles 
etnon celles qui sontarrivécs a maturitC (Sukumar etRamalingain, 1981). Noire étude dCcrit ics effcts 
inhihiteurs des solutions de rinçagc de Ia feuille de miricr sur Ia germination conidiale de C. nori cola 
et Ic rOle queues peuvcnt jo'er dans Ia résistance aux maladies. 

MATERIEL ET METILODES 

Les feuilles de La variCtC M5 de Morus indica L. sont numCrotés en prenant Ia feuillc Ia plus 
Clevéc en train dc se dCplier comme nI et les autres feuilles en-dessous comme n 2, 3, 4 et ainsi de 
suite. Unc suspension conidiale du pathogCnc est prCparCc sUit dans de l'eau dO-ionisOe 
(non-amendéc) soil dans un milieu nutritif Difco ii 0,1 % (amendéc), 0 partir d'une culture de lOjours 
stir milieu gClosC de dextrose de pomme de terre. Les suspensions conidialcs du pathogéne amendCe 
et non-amendee sont vaporisCcs sur deux lots de feuilles. Après 24 h d'incuhation avec un taux 
d'humiditC Clevé, les feuilles sont IavCes 0 l'acide chlorhydrique et Ia germination conidiale est 
exarninee au microscope. Un atitre lot de feuilles est rincC sCparCmenl par agitation dans 250 ml d'eau 
dCionisée dans des flacons d'un litre pendant 30 minutes. Les solutions de rinçage sont concentrécs 
sous vide (-C) a Ia moitiC du volume nCcessaire pour humidifier les feuilles. Des volumes égaux de 
suspension conidiale amendCe ou non-amcndCe ctde solutions de rinçage des feuilles sontplacCs sur 
des lamclles on verre stCriles et mClanges avec unc aiguille sterile. La suspension conidiale melangCc 
avec un volume Cgal d'eau dCionisCe ou de milieu nutritif est prise comme Cchantillon tCmoin. Pour 
chaquc traitement, trois replications soft laites. Les donnécs obtenues sur Ia germination conidiale 
sont rassemblécs après examen de 100 conidies par replication après 24 h d'incubation. 
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RESULTATS 

Les résultats des tests de germination des spores soni présentds dans les tableaux I et II. Le degré 
d'inhibition de la germination conidiale vane de 0 a 100 % a la fois stir la surface foliaire et dans la 
solution de rinçage. Sur les feuilles rincdcs on constate que la proportion de germination conidiale, 
ic nombre de tubes germinaux et la longueur des tubes germinaux sont plus importanLs chez les cinq 
premieres feuilles ci diminuent chez les feuilles matures (Tableau I). On observe une inhibition totale 
a partir de la feuille n 18. On n'observe pas de differences en cc qui conceme la germination conidiale 
enire les feuilles vaporisCes avec la suspension conidiale amendéc ci celles vaporisCes avec la 
suspension non-amendCe. La germination conidiale la plus importanic est observéc dans les solutions 
de rincage des cinq premiCres feuilles du haut avec ou sans milieu nutritif (Tableau II). On observe 
une augmentation progressive de l'activitC inhibiice des solutions de rinçage avec la maturitC des 
feuilles. L'inhibiiion totale de la germination conidiale esi observCc a la fois dans les solutions de 
rinçagc amendCes et non-amendécs, a partir de la feuille n 20. On enregisue une diminution 
significative du nombre de tubes germinaux et de la Iongueur des tubes germinaux dans les solutions 
provenant de feuilles matures par rapport a celles provenant des feuilles jeunes et aux solutions 
tCmo ins. 

DISCUSSION 

Des substances antifongiques prdsentes dans la betterave a sucrejouent un role dans Ia résistance 
a Cercospora abeticola (Harrison et al. 1961). Notre étude montre que les feuilles matures du mCirier 
produisent des substances antifongiques qui inhibeni la germination conidiale de C. moricola. 
L'activitC inhihitrice des solutions de rinçage des feuilles n'est pas rCduite par I'addition de substances 
nutritives. On petit done conclure que Ia résistance des feuilles matures a C. mon cola est due a la 
presence de substances antifongiques ci non a ]'ahsence de substances nutritives a leur surface. C. 
,nonicola contamine son hôtc par les stomates uniquement. L'inhihiuon accrue de la germination 
conidiale et de la croissance des tubes germinaux dans les solutions de rincagc des feuilles peutCtrc 
directementlide ala résistance des feuilles de miirier matures envers C. moricola et e développement 
de la tache de Ia feuille. 
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MULBERRY BUDS IN BANGLADESH 

THE STUDY OF MULBERRY WINTER BUDS IN BANGLADESH 

M.A. BAR! and M. ISLAM, Bangladesh Sericulture Research and Training Institute, 
Rajshahi, Bangladesh. 

During winter season in Bangladesh, vegetative growth of the mulberry plants becomes slower 
and stunted. They shed off their leaves leaving only a bunch with closed terminal buds at the tips of 
their branches. The defoliated portion of the branch hear only nacked buds on leaf scars. The bud 
growing at the leaf axil becomes the main bud. Sometimes, the main bud is accompanied by an 
accessory bud at one side or two accessory buds at both side. The one-side and two-side accessory 
buds act on important role for sprouting new shootlets when the main buds are injured. In some 
varieties during flowering season, all the winter buds, including both one-side accessory buds, initiate 
sprouting together producing more flowers and giving more seeds. To ascertain the kind, 
characteristics and morphological structure of the buds is of great significance to the cultivation, 
selection and breeding olmulberry varieties (Anonymous, 1975). Winterbuds start sprouting in early 
January and continue till mid-February (Ban, 1986). Mulberry bud scales have also been studied in 
West Java (Katsumata, 1972) and a few research works have been reported on budding in mulberry 
(Gururajan, 1962 and Iwata, 1971). 

The study was carried Out on mulberry trees planted in the Germplasm Bank of Sericulture 
Research and Training Institute, Rajshahi, Bangladesh. These mulberry trees were raised on low-cut 
form with row-to-row and plant-to-plant spacing of 152.5 cm and 122 cm respectively. The 
observation was made on thirty one mulberry varieties, of which twenty four were indigenous and 
seven exotic ones (5 Indian and 2 Chinese). Mulberry trees growing in the germplasm Bank were 
pruned once a year in the month of April after harvesting the fruits. There were three rep] ications with 
randomized block design and ten planLs were taken in each replication. Bud structures were studied 
in December when most of the leaves had shed off leaving the auxiliary winter buds oil scars. 
Moreover, in December, the buds attain their full size and starts vigorous sprouting in the following 
month of January. Matured winterbuds were collected randomly to study theirstructures undersimple 
microscope (lOx). 

Average bud length (cm), breath (cm), weight (g), number of scales, accessory bud on one side, 
accessory bud on both sides and budding date were studied and are given in Table I. 

The results showed that the structure of the buds varied greatly in different varieties. Longest 
winter bud was noticed in an indigenous variety BSRM 29 (0.82 cm), followed by Lup 40 (0.74 cm), 
a Chinese variety. The length of the bud in BSRM 29 was found to be 110% longer than that of 
smallest bud noticed in an indigenous race BSRM-3. Regarding bud-weight, highest value was 
recorded in Lup 40 which was 900% heavier than that of BSRM-3. Number of bud scales also showed 
a significant variation from 5.2 in BSRM-3 to 9.5 in Lup 40. With respect to one side accessory bud, 
highest value was observed in 'Gagra', followed by BSRM-12. On the contrary, the variety 
BSSRM-29 had no accessory buds at all. Lup4O showed the highest value in having accessory bud 
in both sides. Budding time also showed a wide range of variations. Varieties BSRM-1 I and Lup 40 
start sprouting in early January (4-1-87) where BSRM-7 and Telia began budding in mid-February 
(16-2-87). 

On the basis of budding behaviour the varieties BSRM-11, Lup 40, Kanva-2, S-799, S-1 and 
BSRM-3 I may be denoted as the early sprouting mulberry germplasms in Bangladesh, condition. 
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Length 	Breadth 
(cm) 	(cm) 

Longueur Largeur 
(cm) 	(cm) 

Weight 
(g) 

Poids 
(g) 

Number 
of 

scales 
Nombre 

inter- 
noeuds 

One-side 	Two-side 
access- 	access- 
ory bud 	ory bud (%) 

Bourgeons Bourgeons 
accessoires accessoires 
sur I cöté 	sur2 côtés 

Budding 
date 

Date du 
bourgeon- 

nement 

INDIGENOUS 
INDIGENES 
BSRM-1 0.60 0.49 0,02 7.20 3.93 0.84 9-1-87 
BSRM-2 0.45 0.40 0.01 6.90 7.02 0.14 18-1-87 
BSRM-3 0.39 0.30 0.008 5.20 2.32 - No budding 
BSRM-4 0.47 0.37 0.01 6.95 3.32 9.06 12-1-87 
BSRM-5 0.47 0.36 0.01 6.95 4.98 1.17 25-1-87 
BSRM-6 0.49 0.35 0.01 7.00 16.93 3.83 13-1-87 
BSRM-7 0.41 0.36 0.01 7.00 12.92 .2.53 12-2-87 
BSRM-10 0.58 0.39 0.01 7.80 10.79 3.10 9-2-87 
BSRM-11 0.48 0.40 0.01 7.00 14.16 4.32 4-1-87 
BSRM-12 0.47 0.30 0.01 7.95 18.()6 3.67 12-2-87 
BSRM-16 0.46 0.36 0.01 7.60 3.19 0.15 27-1-87 
BSRM-23 0.50 0.37 0.02 6.95 10.81- - 12-1-87 
BSRM-24 0.40 0.30 0 01 7.35 6.26 - 6-2-87 
BSRM 25 0.57 0.40 0.02 7.65 5.80 - 17-1-87 
BSRM-25 0.48 0.35 0.01 6.95 16.66 4.24 14-1-87 
BSRM-27 0.50 0.38 0.02 8.65 15.19 4.82 12-1-87 
BSRM-28 0.43 0.31 0.01 6.70 6.49 - 13.1.87 
BSRM-29 0.82 0.45 0.04 7.15 - - 31.1.87 
BSRM-30 0.50 0.35 0.02 7.30 3.54 - 27.1.87 
BSRM-31 0.54 0.31 0.01 6.95 1.71 - 10-1-87 
Telia 0.51 0.30 0.01 7.15 7.06 1.61 16-2-87 
Gagra 0;49 0.33 0.01 8.25 22.16 4.49 8-2-87 
Lalbornbai 0.53 0.38 0.02 7.4 1.81 - 26-1-87 
Shada 0.44 0.32 0.01 6.95 8.60 1.47 20-1-87 
bombai 
INDIAN 
IND lENS 
Kanva-2 0.46 0.30 0.01 7.4 1.25 0.48 6-1-87 
s-1 0.50 0.40 0.02 7.9 9.17 1.05 10-1-87 
S-799 0.47 0.30 0.01 8.85 16.41 8.51 8-1-87 
C-776 0.52 0.40 0.02 7.2 6.68 1.0 28-1-87 
S-54 0.41 0.39 0.01 7.7 4.30 1.77 28-1-87 
CHINESE 
CIJINOIS 
Jing 0.60 0.40 0.03 8.1 3.61 7.46 14-1-87 
Lup-40 0.74 0.54 0.08 9.5 15.95 10.42 4-1-87 
LSD at 5% 0.05 0.05 0.01 0.73 0.20 0.33 

Table I. Mean value of bud characters in different mulberry varieties. 
Tableau I. Valeur moyenne des caractères du bourgeon dans les diverses variétés de 
,nflrier. 
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BOURGEOONS DE MURIER AU BANGLADESH 

ETUDE DES BOURGEONS HIVERNAUX DE MURIER AU 
BANGLADESH 

M.A. BAR! et M. ISLAM Bangladesh Sericulture Research and Training Institute, 
Rajshahi, Bangladesh. 

Pendant l'hiver, au Bangladesh, la croissance des mCiriers devient plus lente et les plants se 
rabougrissent. us perdent leurs feuilles et ne gardent qu'un bouquet au bout de leurs branches avec 
des bourgeons terminaux fermés. La partie défoliée de la branche porte seulement des bourgeons a 
l'emplacement des empreinics laissdes par la feuille. Le bourgeon poussant a I'aissclle de la fcuille 
devient le bourgeon terminal. Parfois, Ic bourgeon principal est accompagné par un bourgeon 
auxiliaire sur un côté ou deux bourgeons auxiliaires sur deux cOtés. Ces bourgeons auxiliairesjouent 
un role important et permettent l'apparition de nouvelles pousses Iorsque les bourgeons principaux 
sont en mauvais Otat. Chez certaines espëces, pendant Ia floraison, tous les bourgeons hivemaux, y 
compris les bourgeons auxiliaires se mettent a pousser ensemble, produisant plus de fleurs et donnant 
plus de graines. Pour maintenir l'espce, la connaissance des caractéristiques et de Ia structure 
morphologique est trés importante pour la culture, la selection et la multiplication des variCtCs de 
mOrier (Anonyme, 1975), Les bourgeons hivernaux commencenià pousser déhutjanvicr Cl continuent 
jusqu'à la mi-février(Bari, 1986). Les inter-nocuds de inOriers ont dgalementCtC CtudiCs àJava-Ouest 
(Kaisurnata, 1972) et quelqucs articles sont parus sur Ic hourgeonnement du mOrier (Gururajan, 1962 
etlwata, 1971). 

L'Ctude a etC conduite sur des mOriers plantCs dans la Germplasm Bank of Sericulture Research 
and Training Institute, Rajshahi, Bangladesh. Ccs mOriers ont etC ClevCs on taille basse, les rangCcs 
espacCes de 152,5 cm et les plants de 122 cm. Les observations ont Cté mendes sur 31 varidtés (IC 

mOrier, dont 24 Ctaient indigènes et 7 exotiques (cinq indiennes et deux chinoises). Les mciriers qui 
pousscnt dans la Germplasm Bank sont taillCs une fois par an au mois d'avril, aprCs la rCcolte des 
fruits. L'&ude a etC conduite en trois replications et dix plarnes ont dIe prises au hasard pour chaque 
replication. La structure des bourgeons a &d CtudiCe on dCcembre, lorsquc hi plupart des feuilles sont 
tombdes, laissant les bourgeons hivernaux auxiliaires sur les cicatrices. Dc plus, en ddcembre, les 
bourgeons aueignent leur taille maximum et se mettent a bourgeonner vigoureusement Ic mois 
suivant, en janvier. Les bourgeons hivernaux arrives a maturitd sont rdcoltds au hasard afin d'dtudier 
leurs structures sous microscope optique (x 10). 

La longueur moyenne des bourgeons (cm), la largeur (cm), Ic poids (g), Ic nombre 
d'intcr-noeuds, les bourgeons accessoires sur un cOtd, sur deux côtCs et la date de bourgeonnement 
ont etC étudiCs et sont donnCs dans le Tableau I. 

Les rCsultats montrent que la structure des bourgeons vane considCrahlement dans les diffCrentes 
variCtés. Les bourgeons hivernaux les plus longs apparaissent sur une variCté indigéne BSRM 29 
(0,82 cm), suivi par Lup 40 (0,74cm), une variCté chinoise. La longucur du bourgeon chez BSRM 29 
se rCvClc ëtre 110 % plus longuc et que cclle du plus petit bourgeon observe dans la race indigCnc 
BSRM-3. En cc qui concerne Ic poids du bourgeon, les valcurs les plus fortes sont enregistrCes chez 
Lup-40 oO elles sont 900 % plus Clcvées que chez BS RM-3. Le nombre d ' inter-noeuds vane Cgalement 
de maniCre sigriificative cntre 5,2 chez BSRM-3 et 95 chez Lup 40. En ce qui concerne les bourgeons 
auxiliaires apparaissant d'un seul cOtC, la valeur la plus Clevdc se trouve chez "Gagra', suivi par 
BSRM- 12. Au contraire, la vaniCtC BSRM-29 n'a pas de bourgeon auxiliaire du tout. Lup 40 prCsente 
la valeur la plus Clcvde, en ayant des bourgeons auxiliaires des deux côtCs. L'époque du 
bourgeonnement vane Cgalement beaucoup. Le bourgeonnemeni commence debut janvier (4-1-87) 
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chez les variétés BSRM-1 1 et Lup 40, alors qu'il commence mi-février (16-2-87) chez BSRM-87 et 
Telia. 

Si I'on se réfere au bourgeonnement, les varidtés BSRM-1 1, Lup-40, Kanva-2 S-799, S-i et 
BSRM-3 1 peuvent We consiedrécs corn me mfiriers précoces dans les conditions climatiques du 
Bangladesh. 
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CULTURAL CONTROL OF THE COLLAR-ROT DISEASE OF 
MULBERRY (MORUSALBA L.) 

B.R. DAYAKAR YADAV and A.R. KASTURI BAI Moriculture Division, Karnataka State 
Sericulture Development Institute, Thalagattapura, Bangalore 560 062, India. 

The paper reports with illustrations the cultural control methods adopted to control the collar-rot 
disease incited by the fungus Scierotium rolfsii Sacc. on Morus alba L. var. kanva-2 which forms a 
majorfoodfor silkworms (Bombyx mon 1.). aspects ofsymptomatology, aetiology and pat hogenicity 
of the fungus are studied. the experimental results show that by adopting the new prunning methods 
viz., semi-low cut (at 30 cm), ,niddle cut (at 50cm) and high cut (at 80 cm), the mulberry plants were 
free from the fungal attack. This method of controlling the disease was found to be economical and 
effective. Improvement in mulberry yield was also recorded. 

INTRODUCTION 

The mulberry (Morus alba L.), a large shrub, distributed both in tropics and temperate regions 
of the world, can attain a height of 5 meters or more under favourable environmental conditions. This 
is the sole food material for silkworms (Bombyx mon L.). The Karnataka state produces three-fourths 
of the total silk production of India, and the sericulwre is dependent on the commercial cultivation 
of mulberry variety kanva-2, an open pollinated hybrid selection from a population of Morus alba L. 

During the early and late monsoon periods (August to November), a collar-rot disease incited 
by a soil-borne fungal pathogen Scierotiurn rolfsii Sacc. was noticed in mulberry plantation and 
continued to thrive in soil throughout in irrigated plantations. The disease attracted special attention 
in view of the severity and its economic importance in sericulture industry. A reference to the literature 
indicated that the disease was a new outbreak from India (Anonymous, 1960; 1980; Mac Farlane, 
1968; 1982). The early symptom of the disease is the appearance of dark brown to black watery soaked 
outer soft cortex tissue of the stem near the shoot-soil zone, which rapidly encircles the whole stem 
and eventually moving both upward and downward region of the stem; on the affected part whitish 
mycelial structures with pinkish initially to dark brownish sclerotial bodies appear over the dead 
tissue. Once the stem base is affected the entire shoot drops down (Fig. 1). 

In Karnataka stale, row system of mulberry plantation is more prevalent. The grown plants are 
prunned at base 2 to 5 times a year in irrigated plantation and in others annual base prunning is done, 
which coincides with the factors favourable for the fungus. There are three factors favourable for the 
disease development: first, the basal prunned once are more prone to this fungal pathogen, than those 
cut at 30 cm and above from ground level; second, in the row system plantation, mounds are built 
around the stem base/stumps to facilitate irrigation, due to this, there is the formation of a favourable 
microclimate around stem base for the pathogen to make its entry inside the soft tissue of stem base; 
third, the spread of disease to the whole plantation will take place through irrigation, as it is already 
reported that the inycelial fragments and sclerotial structures of the fungus are uniformly distributed 
in the top 20-25 cm of soil (Adam, 1981). 

In the present study, the principle involved in the cultural control is to protect the soft outercortex 
tissue of the stem base coming directly in contact with the soil, by prunning the stem at 30 cm and 
above the ground level in pathogen infested fields. 
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MATERIALS AND METHODS 

The experiment was conducted in the field under irrigated condition. Plot size of 0.12 ha was 
marked for four treatments (each 30.18 m x 20.12 m, or 0.03 ha), in all cases three replicates within 
treatments (each 10.61 m x 10.61 m) were dispersed randomly in complete block design. 

Isolation: 
Isolation of the fungus was made from infected tissue which constanily yielded S. rolfsii and 

when inoculated onto healthy mulberry plants in the laboratory; produced a rapidly developing 
collar-rot identical to the one formed in the field. The same fungus was re-isolated and again produced 
the same symptoms upon inoculation of additional healthy plants. The reisolated fungus was usei as 
inoculum for further studies. 

Inoculum: 
Inoculum was aseptically mass produced by transfering the fungus from one week old cul:ure 

on PDA (Potato Dextrose Agar medium) to moist crushed cotton seeds in one litre conical flasks and 
2-3 week incubation period for the pathogen. After incubation, cultures were air dried in open paper 
trays at room temperature (28C), ground to powder and stored in paper bags, which was used as dry 
ground inoculum. The amount of inoculum in dry ground inoculuin was approximately 54 g. per 
replication. During the experiment the scicrotia from the soil sample was placed on moist filter paper 
in peiri dishes, and incubated at 30C for 72 hours and percentage ofgcrminaiion recorded every mcnth 
over a period of five months. The matured scierotia remained viable all along. 

Field inoculations: 
Four year old ptantation with 16 rows of 90 ± 2 plants for each replication, spacing at 70cm x 

70 cm apart and without paths inbetween treatments were made. The cultural practices for mulberry 
plants were done as usual. Each treatment viz., basecut (To), semi-low cut (30 cm, Ti), middle cut 
(50 cm, T2) and high cut (80 cm, T3) above ground level was done (Fig. 5). 

Before inoculation, the inoculum was allowed to warm at room temperature for 24 hours, ta 
prevent caking and later mixed with air-dried sand in the ratio of 1:1 to facilitate equal distribution 
of inoculum while broadcasting into field, furrows and mounds were built around stem manually after 
broadcasting. Broadcasting was done during the early hours and followed by irrigation upto 2 inches 
and thereafter as needed. 

Disease evolution: 
Generally, all three replications of each treatment were evaluated, stand counts in cica 

replication were made shortly before inoculation (late August), 60 days after growth and inoculation, 
estimates were made for disease incidence and severity in each replication, sui'iving plants A er 
counted of above ground symptoms and expressed in percent infection. 

RESULTS 

The pathogenicity of the fungus was confirmed by inoculating the healthy mulberry planL in 
laboratory, isolation made from infected tissue on PDA medium consistani.ly  yielded S. rolfsii, and 
when inoculated onto healthy plants in the pots, produced a rapidly developing collar-mt identica: to 
that found in the field. The same was reisolated and again produced the same symptoms upon 
inoculation of additional healthy plants. 

The experimental results from field inoculation studies (Table I) showed that, when plants are 
pruflfle(l at different levels and inoculated they showed different responses to the pathogen after 60 
days. The statistical analysis (Table II) shows that the treatments Ti, T2 and T3 are significant over 
the treatment To (which is taken as control in the experiment). Further, the rate of infection in the 
fungal inoculated plots under different treatments show varied degree of infection i.e., To showing 
93% infection (Fig. I &2), Ti showing 4.4% infection (Fig. 3), T2 showing 0.7% infection (Fig. 4 
and T3 having none. Apart from the control of the disease, the production of mulberry under differenE 
treatments were also taken into account in the experiment. The mean of three harvests made during 
the three years period revealed that no significant difference (Table I) in production between To anc 
Ti. But the mulberry production in treatment T2 and T3 is significant over the others. 
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Treatment Pi-unning No of plants No of affected Infection No of shoots 	Leaf yield 
type! 	for 0.03 hal 	plants 	%/ 	per plant per plant 

(mean)! (mean)(g)! 

Traitement 	Type de 	Nbre de plants Nbre de plants 	% 	Nbre de tiges Rendement 
taille 	pour 0,03 ha 	infectés 	d'infection 	Iplant feuillelr plant 

(moyenne) (moyenne)(g) 

T-0 Base cut! 272 254 93.0 	13.37 544 
Taille basse 

T-1 Semi-low cut 272 12 4.4 	13.25 540 
(30 cm) 

Taille semi -basse 

T-2 Middle cut 272 2 0.7 	14.28 630 
(50 cm) 

Taille moyenne 

T-3 High cut 272 0 0.0 	- 662 
(80 cm) 

Taille haute 

Table I. Percentage of infection and productivity of mulberry under different prun.. 
fling systems. 

Tableau I. Pourcentage d'infection etproductivitédu !fll2rier selon Ia ,nélhode de taille 

DISCUSSION 

Garret (1970) broadly classified primitive and advanced pathogens in root infecting fungi. The 
genus Scierotiumis to be considered as primitive pathogen as it destroys the host plants during the 
immature stages and is restricted by the matured host tissue. 

The collar-rot of mulberry is attributed to Scierotium rolfsii, primarily caused due to the contact 
of pathogen infested soil with the soft cortex tissue of the stem base. The pathogen continues to attack 
mulberry stems; though antifungal substances are laiown to occur endogeneously in thin layers of 
epidermal tissue of shoot cortex and in the xylem, like Moracin A-Z, produced on infection by fungi 
as reported by Takahashi and Shirata (1982) in mulberry. 

Several other workers have used antagonistic organisms and mycoparasites against S. rolfcii 
(Ayers and Adams, 1981; Mahmoud ci at., 1980; Tokeshi ci al., 1980). Punja et al. (1982) have shown 
that with individual fungicides and other chemicals, S. rolfsii can be controlled. Application of 
fungicides or fumigants to control the pathogen in the field is not economical, since the mulberry 
plantation occupies a large area and also because of the cost of fungicides. 
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Fig. 1. Post-infection stage showing shoot fall. Arrow shows the pathogen S. rolfsll. 

Fig.]. Stade post-i nfec!ion montrant la chute des tiges. La flèche indique lepathogène 
S. rolfsii. 

Fig. 2. Base prunned plants mith mound around stem base. 

Fig. 2. Plants tallies a la base avec butée. 

Fig. 3 & 4. Disease culturally controlled (semi-low cut and middle cut plants respecti- 
vely). 

Fig. 3 & 4. Maladie contrOlée par des méthodes de culture (tailles semi-basse et 
moyenne) 
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Fig. S. Figure showing different prunning methods adopted in mulberry plants. 

Fig. 5. Différentes métizodes de taille des plants de marier. 

266 	 Sericologia28(2) 261-268 



BR. DAYAKAR YADAV 

Treatment Affected Healthy Mean standard Coefficient 
plants plants variation of variation 
(mean) (mean) (variance) (%) 

Traitement Plants Plants Ecart -type Coefficient 
infectés sains moyen de variation 

(moyenne) (moyenne) (variance) (%) 

T-0 23.6 - 2.25 6.47 

T-1 - 23.90 1.29 4.75 

1-2 - 24.81 0,16 1.63 

T-3 - 25.00 0.00 0.00 

Note: The mean standard deviation and coefficient of variation (%) were calculated for affected 
plants in T-0 (base cut), and for healthy plants in other treatments. 

Note L'écart-type noyen ci Ic coefficient de variation (%) ont éé calculés pour les plants 
infectés dans Ic cas de 7-0 (tailIe basse) ci dans les autres cas pour les plants sains. 

Table II. Control of the disease under various prunning systems. 

Tableau If. Con trôle de Ia inaladie scion les différentes inéthodes de taille. 

CONCLUSION 

The pathogenicity test has confirmed that the fungus Sclerotium rolfsii Sacc. is a pathogen of 
mulberry plants causing collar-rot disease. The field experiments have shown that by prunning the 
stern at 30 cm and above the ground level in pathogen infested fields, the disease can be effectively 
controlled. The hard cortex tissue around the developed stem prevents the entry of the pathogen due 
to the nutrients deprivation and failure to penetrate inside the hard cortex tissue. Further, improvement 
in the mulberry yield was observed. 
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LUTTE CONTRE LA MA LADlE DU POURRISSEMENT DU 
COLLET DU MURIER (MORUSALBA L.) PAR LES PRATIQUES 

CULTURALES 

B.R. DAYAKAR YADAV et A.R. KASTURI BAT Moriculture Division, Karnataka State 
Sericulture Development Institute, Thalagattapura, Bangalore 560 062, Inde. 

Cci article présenie avec des illustrations les méthodes culiurales adoptées pour lutter con Ire la 
maladie du pourrissement du collei provoquée par Ic champignon Scierotium ro!fsii SOCC. chez 
Morus elba car. Kanva-2 , qui représente la plan Ic nourriciêre majeure des vers a .coie Bombyx mon 
L. Nous a cons étudié Ia sympiomatologie, l'éiiologie ci lapaihogenicitd du champignon. Les résuliats 
de 1 experience montreni que les plants de mirier ne sent plus aitaquév par le champignon lorsqu 'on 
adopie les nouvelles méthodes de taille a .cavoir: la taille semi-basse ((1 30 cm), la taille moyenne (a 
50 cm) et la taille haute (a 80 cm). Cetie mCthode scsi avCrCe la plus économique ci efficace. On a 
égalcment observe une amelioration de la produclicitC du mirier. 

INTRODUCTION 

Le inürior (Morus aTha L.), quo l'on trouve a la Lois dans les regions tropicales et ternpCrCes du 
globe, est un arbre qui peut atteindro 5 m de haut ou plus dans des conditions favorabics 
d'cnvironncmcnt. II reprCsento la nourriture exclusive des vers a soie Bombyx mori L. L'Etat du 
Karnataka fournit les trois quarts de la producTion inclienne de soic et la sCriciculturo depend dc Ia 
culture de Ia variCiC Kanva-2 du mciricr, sClectionnCo après hybridation pollinisCe ouverte it partir 
d'uno population do Morus alba L. 

Au debut ci it la fin de la inousson d'aocit it novembre), nous avons observe ic pourrissemenidu 
collot provoqud par un champignon du sal, Scierotium rolfsii Sacc., qui a conlinuC it so dSvolopper 
dans Ic sot des plantations de mcirier irriguCos. Cotte maladie a spècialemcnt retenti noire attention a 
cause de sa gravitè et de son importance dconomique pour l'industric sCricicole. La littèraturo montrC 
quo ceuo maladie cst apparue en premier en mdc (Anonymo, 1960, 1980 Mac Farlane, 1968, 1982). 
Los premiers syinptômes de la maladie sont l'apparition d'une zone de tissus spongieux brun foncC 
it flair stir l'Ccorce du tronc prCs du sol qui ontoure rapidemcnt Ic tronc et Cvcntucttement s'élargit 
vers Ic haut et vers Ic bas ; sur la panic infectde des structures mycCliennes blanches avec des corps 
scicrotiques rosittres puis bnin foncC apparaissent sur les tissus morts. Unc Lois quo la base du tronc 
esi iniectCc, lo plant enhier s'affaisse sur lo sot (Fig. 1). 

Dims l'Etat du Karnataka, Ic système de plantation en rang ost to plus utilisC dans les mflraies. 
Los plants adultos sour taillCs it la base deux it cinq Lois par an dans les plantations irriguáos et une 
Lois par an dans les autres plantations, cc qui coincide avec les conditions favorables au champignon. 
Ity atrois facicurs favorablos au dciveloppcmentdc la maladie: 1)les plants taillCs ala base sont plus 
sensihies au pathogène quo ceux qui sont taillCs a 30 cm ci plus au dessus du sot, 2) dans to système 
de plantation en rang, des hutéos sont formóos it la base des plants pour faciliter l'irrigation, ccci 
favorise la formation d'un micro-climat autourde La base du tronc qui permctau paihogènede pCnCtrer 
it l'intCriour des tissus souplos de la souche, 3) l'exicnsion de la maladie a toute la plantation a lieu 
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grace al irrigation, puisqu'iI a ëtë observe (Adams, 1981)que les fragments mycCliens et les structurs 
sclérotiques (lu champignon sont rCpartis de man iCre uniforme dans les 20-25 cm supCrieurs du sd. 

Le principe qui sous-tend noise étude est de protCger les tissus externes souples du Cortex situs 
it la base du tronc on contact direct avec Ic sol, en taillant Ic tronc 30 cm ci plus au-dessus du niveau 
du sol dans les plantations infectCcs. 

MATERIEL ET METILODES 

L'cxpCrience a etC rCalisCe dans unc plantation irriguCe. Des parcelles de 0,12 ha ont etC (Iivises 
on 4 lots avec 4 Iraitements (Chaque lot de 30,18 in x 20,12 in ou 0,03 ha) dans tous les cas Ic 
trailemenLs, trois replicatas ont etC laits (chacun dc 10,61 m x 10,61 m) ci rCpartis au hasard. 

Isolement 
L'isolementdu champignon a été effectuC a partir de tissus infectCs qui produiscnt S. rolfsii on 

permanence ctqui, lorsqu'ils sont inoculCs des plants de mciricr sains dans lelaboratoire, produiscnt 
rapidement un pourrissement du collet identiquc a celul rencontrC dans les plantations. Le mCme 
champignon a etC isolC de nouveau eta encore produit les mCmes syrnptOmes lors de son inoculatijn 
chex d'autrcs plants sains. Le champignon re-isolC a etC utilisC comme inoculum pour de nouveLes 
etudes. 

Inoculum 
L'inoculuin est produit en masse de façon aseptique en transfCrant Ic champignon (l'tlne culture 

d'unc sernaine sur PDA (milieu gClosé de dextrose de pomme de terre) a des graines de colon pilées 
dans des flacons coniques d'un litre pendant une pCriode (Ic 2 ii 3 sernaine.s d'incuhation. Ap-C'.11  
[incubation, les cultures soniséchCes àI'air sur des claies on papier àteinpCrawre amhiante(2$C), 
reduites on poudre et conservCcs dans des sacs on papier. Le tout Ctant utilisC comme inoculum ec 
en poudre. La quantitC d'inoculum on poudre est d'environ 54 g par replication. ALL cours de 
[experience, la scierotia provenant (IC ]'Cchantillon de sol estplacCe sur du papier fi!trc huinide dLns 
des boites de PCtri et incuhCc a 30C pendant 72 h, Ic pourcentage de germination enregistrC chacue 
mois pendant 5 mois et la scierotia mature reste viable tout du long. 

Inoculations sur le terrain 
Une plantation dc 4 ans avec 16 rangs de 90±2 plants a été Iiitc pour chaque replicata, avec un 

cspacement de 70 cm x 70 cm sans passage ernie les lots avec lsaitements diflCrent.s. Les mCthodes 
culturales sontccllcs ulilisécs habituellement. Chaque traiternent: taille hasse (To). taille senii-basc 
(30 cm, Ti), taille moycnne (50 cm, T2) et taille haute (80 cm, T3) est rCalisC (Fig. 5). 

Avant 1' inoculation, l'inoculum est mis a tiCdir it temperature ambiante pendant 24 h, pour Cv:ter 
l'agglutination, puis mélange avec du sable sCché a [air dans la proportion de 1:1 pour laciliter la 
repartition de l'inoculuni lors de l'Cpandage dans Ic terrain. Des sillons et des butCcs sont faits autt)ur 
des souches aprCs l'Cpandage. L'Cpandage est effectuC tOt Ic matin et est suivi par une irrigation do 2 
pouccs maximum et ensuite scion les besoins. 

Evolution de Ia maladie 
En gCnCral, nous avons CvaluC chacunc des irois replications (IC chaquc traitement ; les 

dCnombrements sont faiLs pour chaque replication juste avant l'inoculation (fin aoOt), 60 jours arrés 
la croissance etl'inoculation des estimations dc la frCquencc etdc Ia gravitC de la maladic sont fates 
pour chaque replication, sur les plants ayant survCcu les effets (IC la maladie apparaissant au-dessus 
dii sol sont observes et exprimCs on pourcentage d'infection. 

RES ULTATS 

La pathogCnicitC du champignon est confirmCc par l'inoculation des plants (IC mQricr sains au 
Iaboratoirc. L'isolat de tissus infectCs sur milieu gClosC de dextrose de pomme de terre a produit des 
quantites iniportantcs de S. rolfsii eta rapidement donnC lieu lors de l'inoculation sur des plants sains 
a un pourrissementdu collet identique it celui observe sur le terrain. Nous avons isolC de nouveau ces 
tissus infectCs ci avons observe les mCmes symptOmes après inoculation sur de nouveaux plants sains 
.Lcs rCsultats des experiences d' inoculation sur Ic terrain (Tableau I) montrent quc les plants rCponden 
de maniCre diflCrentc a l'attaque du pathogCnc aprCs 60jours scion la taille qu'ils oft subie. L'anaJyse 
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statistique (Tableau TI) montre que les ixaitements Ti , T2 et T3 donnent des rdsultats 
significativcmcnt diffdrents au traiternent To (qui est pris comme tdrnoin dans l'expdrience). Dc plus, 
letaux d'infection vane scion les diffdrents lots inoculds ci scion les traitemenis effectuds : To donnc 
93 % d'infection (Fig. I ci 2); Ti donne 4,4 % d'infection (Fig. 3); T2 , 0,7 % d'infection (Fig. 4) 
et T3, 0 %. Outre la lutte comic la maladie, nous avons aussi dtudióla production du mürier scion les 
traitements. La moyenne de trois r&oltes faites au cours des trois annécs de I'dtude n'cst pas diffdrente 
signiflcativcincntentre To ci Ti (Tableau I) mais la production du mQricr soumis aux traitements T2 
et T3 est signit'icativement di1Irente par rapport aux autres trailements. 

DISCUSSION 

Garret (1970) a classd les champignons infectant les racines en palhogènes primitifs et dvoluds. 
Le genre Scierotium est considdré comme un pathogènc primitif car it détruit la plante hôte au cours 
des suides iinrnatures et est limitd par les tissus matures de l'hôte. Le pourrissement du collet chez Ic 
niQrier est aitrihud a Scierotium rolfsii, ci est cause au depart par Ic contact du sol infectC avec les 
lissus souples du cortex de la base du ironc. Le pathogène continue a atiaquer les ironcs de mcirier, 
bien que des substances antifongiques cndogCnes apparaissent en fines couches sur les tissus 
dpidermiques du cortex de Ia tige ci (lans Ic xylCme, comme les Moracines A-Z, produites iors 
d'infections fongiques (Takahashi et Shirata, 1982). 

Plusicurs autres chercheurs urn utilisd des organismes antagonistes et des mycoparasites contre 
S.rolf.vii (Ayers ci Adams, 1981; Mahmoud etal., 1980;Tokeshi etal., 1980). Punja etal. (1982) 
ont niontrd que les fongicides individuels associCs a d'autrcs produiLs chimiqucs peuvent lutter contre 
S.. ro!fsii. L'utilisation (Ic fongicides ou fumigations pour lutter comic Ic pathogCne sur le terrain 
n'estpas Cconomiquc carla plantation de mürier occupe beaucoup de surface ctaussi ii cause du coüt 
des fongicides. 

C ON CLUS ION 

Le test dc pathogCnicitd confirme que Ic champignon Sclerotium rolfsii Sacc. est un pathogCne 
des plants de rnirier responsable du pourrissemeni du colict. Les exjrienccs sur Ic terrain montrent 
que l'on peut vaincre la maladie en taillant la souche a 30 cm et plus au dessus du niveau du sol dans 
les plantations infectCcs. Les tissus durs du cortex aulour (IC Ia souche dCvelope empêchent la percde 
du pathogCne qui est privd de ses ClCments nutritifs ci ne peut pdnCtrcr a I'intCrieur des tissus durs du 
cortex. De plus, nous avons observe une amelioration de Ia productivitC du miricr. 
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MORPHOLOGICAL, ECOLOGICAL AND MEIOTIC STUDIES IN 
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The present work deals with detailed exotnorphic features, distribution and mciotic behaviour in 
.vix species of Terminalia which are found to occur in the forests of Karnataka (South India). Among 
them, the taxa T. lomentosa,W. & A. T. Arjuna, W .& A., T. paniculata Roth, and T. catappa, Linn., 
are closely related in having the diploid chromosome number n=12. On the other hand.T. chebukz, 
Reiz., and T. bellerica Roxb....how close affinity between each other with regard to the chromosome 
number (n=24) both being tetraploids. They are all tree forms although they dffer in other 
exomorphic features. The differences between these species lie essentially in the fruit character. 
Ecologically also these taxa are found in different cli,natic conditions. The normal meiotic behaviour 
in all of them suggests their good fertility. Their occurrence under different climatic conditions are 
indicative of their potentiality of ecological adaptations in different habitats. 

INTRODUCTION 

Tasa.r silk is considered as one of the important minor forest products. It is secreted mosdy by 
the tropical tasar silkworm Antheraea mlitta D. This Wild silkworm' is polyphagous in nature and 
mainly Iceds on the leaves of Terminalia, Shorea, Anogeissus and Zizyphus. In recent years, this 
iion-mulberry silk industry is attracting more attention as it provides job opportunities especially to 
the tribal folk. 

Although there has been scientific curiosity in the non-mulberry silk production for the last 
several decades, attempts have been negligible regarding the selection and the improvement of host 
plants. The identificiation and classification of Terminalia species have become difficult because of 
the occurence of numerous transitional forms which are supposed to have arisen by hybridization. 
Further, there is considerable difference of opinion among taxonomists with regard to the number of 
species and varieties. For instance, Hooker (1885) has recorded three different varieties under T. 
tomentosa based on morphological characters. Hence, biosystematie studies are wanting to evaluate 
their taxonomic status. The present paper deals with detailed exomorphic features, distribution and 
meiouc behaviour in six species of Terminalia which are collected from different localities of 
Karnataka (South India). 

MATERIALS AND METHODS 

Taxa investigated in the present study were collected from populations growing wild in the 
forests of Karnataka State (India). The taxonomic characters of the plants were recorded in their 
habitat. They were later checked with the descriptions in the regional flora and provisional 
identifications were made. The identifications were gotconlirmed by the Regional Botanist, Botanical 
Survey of India, Coimbatore, Tarnil Nadu. Herbaria were prepared from suitable twigs in ilowering 
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Taxa 	Locality and habitat 	 Salient morphological characters 

T. romentosa 	Bannerghatta, Agumbe A large tree with spreading branches: 
(Vernacular 	and Sagar: Scrubby, bark black with deep, longitudinal 

name: Karimathi 	deciduous and ever- fissures and transverse cracks; 
green forests. leaves ovate-elliptic with 1-2 glands 

near the base: flowers dull yellow, 
polygamous; fruit ovoid, 5-winged, wir.g 
membranous and veined. 

T. arjuna Bannerghatrn, Agumbe A large tree with spreading crown 
(Bilimathi or and Devarayanadurga: and drooping branches; bark whitish. 
Thoremathi common along rivers, smooth, exfoliating in large, thin, 

streams, ravines and irregular sheets; leaves oblong or 
dry water-courses; elliptic with a pair of glands at 
often planted for shade the top of the petioles; flowers small, 
in avenues, bisexual, often polygamous; fruit 

ovoid-oblong, 5 hard winged angles 
present 

T. paniculata Bannerghana and Tree; bark (lark brown; leaves oblong, 
(Huluve) Sakaleshpur: Scrubby, coriaceous; flowers small, bisexual: 

deciduous and ever- fruit 1.0-2.0cm long, brown, 
green forests. 3-winged, with one very broad and 

two narrow wings. 

T. carappa Bangalore (Lalbaugh Tree, bark grey, smooth; leaves 
(Indian Almond Botanical Gardens): obovate, large, usually crowded at 

tree) Cultivated, often the ends; flowers white, small, 
plarned along road polygamous; fruit ellipsoidal, 
side as shady tree. compressed, wings absent, yellowish 

or brownish 

T. chebula Savandurga and Tree with a cylindrical Lx)le and 
(Halale) Dcvarayanadurga: spreading branches; bark dark brown, 

Scrubby and deciduous often longitudinally cracked; 
forests (common on leaves ovate-lanceolate with a pair 
rocky areas) .of glands at the top of the petiole; 

fruit ellipsoidal, wings absent, 
often ribbed, yellowish. 

7'. bellerica Sringcri, Agumbe.; A moderate sued tree; bark grey; 
(Thare) Chickmagalur, Madakeri leaves broadly elliptic; clustered 

andBannerghatta: at the ends; flowers polygamous, 
Evergreen and deciduous small and yellow: fruit globular, 
forests, often culti- smooth, wings absent, ash coloured. 
vated in coffee plantation 
as a shady tree. 

Table I. Habitat and salient morphological characters of the species of Terininalia 
Linn. 
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condition and the herbarium sheets of all the collections are deposited in the Sericulture 
Department, Bangalore University, Bangalore. 

For meiotic studies, young inliorescence were fixed in acetic-alcohol (1:3) for about 24 to 48 
hours. This was followed by 1 or 2 changes in !'resh fixatives. Micro-preparations were made using 
the simple aceto-carmine (1.5%) smear technique. PMC's which would reveal clear cytological 
details were selected for observations and desired stages were photographed. 

RESULTS AND DISCUSSION 

All species of i'errninalia Linn., (Combretaceae) are important timber yielding plants distributed 
in the warm and humid climates of the world, especially in the tropical parts. This genus consists of 
about 120 species of which about 16 species occur in India (Airy Shaw 1973; Anonymous 1976). The 
genus is of importance in India for timber. The timber is employed for carts, agricultural implements, 
electric poles, boat building and for other domestic purposes. The leafy branches, bark and fniit are 
also valuable. The branches are lopped for leaf manure. Bark and the fruit contain tannin and are used 
for dyeing and tanning. The kernels of some species are edible. Besides, the leaves of 7'. tomentosa 

and T. arjuna serves as a chief feed for tropical ta.sar silkworm A. rnvliva D. (Jolly etal. 1974, 1975). 
Of twelve species occuring in South India (Beddome 1978, Gambel 1935), six have been 

collected from different localilies in the present work. Among them, the taxa T. tomentosa, 7'. arjuna, 
7'. paniculata and 7'. catappa are closely related in having the diploid number n=12. They are all tree 
forms although they differ in other exoinorphic features. The differences between these species lie 
essentially in the fruit character. In case of T. tomentosa, fruit is ovoid, 5-winged drupe; wings are 
comparatively broad, membranous and horizontally veined (Fig.9), whereas in T. arjuna, fruit is 
5-winged but wings are narrow, hard and blunt (Fig. 10).!'. paniculata differs from the above two 
species in possessing 3-winged fruit. Out of three wings, one is long and the other two are short (Fig. 
11). 7'. catappa deviates from other diploid species in several aspects. The leaves are relatively large; 
fruit oblong, compressed and devoid of wings (Fig. 13). Ecologically, these taxa are also found in 
different climatic conditions (See Table 1). 

On the other hand, T. chebula and 7'. bc'llerica show close affinity between each other with 
regards to the chromosome number (n=24) both being tctraploids. However, they differ in exomorphic 
features. Thus, T. chebula possesses ovatc-lanceolatc leaves, fruit oblong-ovoid, wings are absent, 
yellowish, often ridged (Fig. 12). In 7. hellerica, leaves are broad; fruit round, smooth, wings arc 
absent, ash coloured (Fig. 14). Further, these two taxa appear to adapt to dif ferentclimatic conditions. 
T. chebula is found growing on rocky areas in scrubby and deceduous forests with moderate rainfall 
and hot climate, whereas T. hellerica occurs abundantly in evergreen forest where cooler climate is 
encountered. Thus, the different taxa under the same base number show marked morphological 
diversity and occur under different habitats. 

Meiotic study shows the presence of twelve bivalents at diakinesis in 7'. tomentosa, 7'. arjuna, 
T. paniculata and 7'. catappa, while T. chebula and T. bellirica revealed the presence of twenty four 
bivalents at diakinesis. In general, majority of the bivalents are closed type having terminal chiasmata 
in mostofthe bivalents. Pairing regions are very lightly stained. Usually, two bivalents are associated 
with the nucleolus. In all the taxa, the behaviour of chromosomes at late anaphase-I is also normal 
showing perfect disjunction and the distribution of equal number of chromosomes to the poles. Second 
meiotic divisions are also normal. The normal meiotic behaviour in all of them suggests their good 
fertility and stabilized condition. Obviously, all the six taxa behave as good species. 

The foregoing observations reveal that the six species studied here show the diploid (n=12) and 
tetraploid (n=24) chromosome numbers (Figs. I to 8). These results clearly exhibit that the genus 
Terminalia enjoys the base number x=12. Polyploids have been found in T. chebula and T. bellerica. 
These tei.raploid species show closed bivalents having terminal and interstitial chiasmata at diakinesis 
and do not show any meiotic irregularities. These features are indicative of good pairing. Thus, 
allopolyploidy might have played a dominant role in speciation. However, the role of chromosome 
repatterning in their evolutionary history cannot be ruled out. Further, cytologically all the six species 
resemble one another in the gross karyomorphological features. Yet, they differ in absolute length of 
chromosomes, relative arm length and position of centromere (Munirajappa and Jayaramaiah, 1985). 
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Figure 1: Diakinesis showing 12 bivalents (T. tomentosa) 

Diakinèse montrant 12 bivalents (T. tomentosa). 

Figure 2: Metaphase-I showing 12 bivalents (T. arjuna) 

Métaphase-I montrant 12 bivalents (T arjuna). 

Figure 3: Diakinesis showing 12 bivalents (T. paniculata) 

Diakinèse montrant 12 biralents (T. paniculata). 

Figures 4 & 5 : Metaphase-I showing 12 bivalents and Anaphase-1 showing equal 
distribution of chromosomes respectively (T. catappa). 

Métaphase-! montrant 12 bivalents etAnaphase-I montrant respecti'einenr in distribu- 
tion égale des chromosomes (T. catappa). 

Figure 6: Late diakinesis showing 24 bivalents (T. chebula) 

Diakinèse lardive montrant 24 bivalents (7'. chebu1a). 

Figures 7 & 8: Metaphase-I showing 24 bivalents and Anaphasc-I showing equal dis- 
tribution of chromosomes respectively (T. bellerica). 

Métaphase-! montrant 24 bh'alents etA naphase-! montrant respectivemnent la distribu- 
tion des chromosomes (T. hellerica). 
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Figures 9, 10, 11, 12, 13, 14: 

Fruit ofT. tomentosa, T. arfuna, T. paniculata, T. chebula, T. catappa and T. bellerica 
respectively 

Fruits de T. tomentosa, T. arjuna, T. paniculata, T. chebula, T. catappa et T. bellerica 
respectivement. 
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Different species seem to have arisen through hybridization and doubling of chromosomes from 
an unknown ancestor. Probably they have monophyletic origin. Their occurence under different 
climatic conditions are indicative of their potentiality of ecological adaptations in different habitaLs 
However, large number of species are yet to be investigated for a precise cytotaxonomic assessment 
of the genus as a whole. 
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Le present travail traite des caractCres morphologiques, de la distribution et du comporternent 
mCiotique chez six espCces de Terminalia se trouvant dans lesforets du Karnataka (Sud de linde). 
Parmi eux, les taxa T. tomentosa, W & A, T. arjuna, W & A, T. paniculata, Roth et T. catappa, 
Linn., sont étroitement his en raison du nombre diplolde de chromosomes n=12. D'autre part, T. 
chebula, Retz, et T. hellerica , Roxh., prCsentent une Ctroire affinite lun avec l'autre, en raison du 
nombre de chromosomes (n=24), tous deux Ctanl tCtraploides. us sont tou.c arborescents bien quits 
different par d'autres traits morphologiques. Les differences entre ces espCces sont sensibles surtout 
pour les caractdres dufruit. Dun point de vue ecologique, ilfaut signaler que ces taxa se trouvent 
dans dfférentes conditions climatiques. Leur co,nportement méiotique normal laisse supposer une 
bonnefertilite. Leurprésence sour diffCrents climats indique leurpotentiel d'adaptation écologiquc 
dans différents habitats. 

INTRODUCTION 

La soic Tasar e.st considCrCc comme un important produit secondaire de la forCt. Elle est secrCtCe 
principalement par le ver a soic tropical tasar Antheraca mylitta D. Ce "ver a soic sauvage" est de 
nature polyphage et se nourrit surtout de icuilics (IC Terminalia, Shorea, Anageissus, et Zizyphus. 
Ces dcrniCres annCcs, cette industric de la soic sauvage a attire de plus en plus l'attention car die est 
une source d'emploi surtout dans les sociCtCs tribaics. 

En dCpit d'une curiositC scientifiquc pour la production de soic sauvage qui s'est fait scoUr ces 
demiCres annCes, les essais de selection et d'amélioration des plantcs-hôte ont etC nCgligeables. 
L'identification et la classification des espèccs Terminalia est devenuc difficile en raison de la 
presence de nombreuses formes de transition qui ont dQ se produire par hybridation. Dc plus, ii existe 
des differences considCrables parmi les taxonomistes, en cc qui concerne Ic nombre des espéces ci 
des vari&és. Par exemple, Hooker (1985) a enregistrC trois variCtCs diffCrentes de T. toinentosa, a 
partir de tours caractCres morphologiques. C'cst pourquoi des etudes biosystCmatiques tentent de 
determiner Icur statuttaxonomiquc. Le present article traite des caractCres morphologiqucs prCcis, de 
la distribution et du comportement mCiotique chcz six espCces de Terminalia qui ont etC rCcoltCcs 
dans diverses localitCs du Karnataka (Sud de 1'Inde). 

MATERIELS ET METHODES 

Les taxa CtudiCcs dans cette étude ont etC rdcoltécs parmi les populations sauvages des forCts de 
l'Etat du Karnataka (mdc). Les caractères taxonomiqucs des plantes ont die enregistrds dans leur 
habitat. Des verifications ont did faites ensuite it partir des descriptions des flores regionales ci des 
identifications provisoires ont etC effectudes. Ces identifications ont etC confirmdes par Ic Regional 
Botanist, Botanical Survey of India, Coimbatore, Tamil Nadu. Des herbiers ont did prCparCs avec des 
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branches on fleur et les fcuilles de cet herbier ont étó déposáes au Department of Sericulture, B angalore 
University, Bangalore. 

Pour effectucr les etudes mCiotiques, les jeunes inflorescences sont fixécs dans l'alcool-acide 
acCtique (1:3) pendant 24 a 48 hcures. On les passe ensuite dans un ou deux lixateurs irais. Des 
micro-preparations sont effectuCes parla mCthode du frottis carminacCtique simple. Les preparations 
qui permettent de rCvCler des details cytologiques nets sont sCieclionnCs pour l'ohservation et des 
photos sont prises aux divers stadcs voulus. 

RESULTATS ET DISCUSSION 

Toutes les espéces de Ter,ninalla Linn. (Combretaceae) sont des plantes donnani beaucoup de 
bois, dissCrninCes sous les climaLs chauds et humides du monde, particulibrement dans les zones 
tropicaics. Ce genre comprend environ 120 espèccs dont 16 se trouvent en mdc (Airy Shaw, 
1973;Anonyrne, 1976). Cc genre est important on mdc pour son bois. Le bois estemployC pour les 
charrcues, ic materiel agricole, les poteaux Clectriques, La construction des bateaux et pour d'autres 
usages domestiques. Les branches en fcuiLles, l'écorce ct les fruits sont Cgalcment prCcieux. Les 
branches feuillucs sont ClaguCcs pour faire de l'engrais. L'écorce ci les fruiLs contiennent du tannin 
ci sont utilisCs pourla teinlure et Ic tannage. Les graines de ccruiines esjces sontcomcstibLes. A part 
cela, les fcuilles de T. torneniosa et de T. arjuna sont les principales planies nourriciCres du ver a 
soie tasar tropical A. rnyliva D. (Jolly ci al. , 1974, 1975). 

Parmi les douze espCces se irouvant en Inde du Sud (Beddome 1978, Gamble 1935) nous en 
avons récoltC six pour ceuc Ctude. Parmi dies, T. torneniosa, T. arjuna, T. paniculata et T. catappa 
sont trés proches car efles ont Ic même nombre diploide de chromosomes n=12. Elles sont toutes 
arborescentes tout on diff&ant par d'autres caractéres morphologiqucs. Les differences entre ces 
C5Cdd5 Sc situeni essenticilement dans les caractéristiques du fruit. Dans Ic cas du 7'. tornentosa , Ic 
fruit est ovoide, drupe a cinq ailes, les ailes sont comparativement larges, membrancuses ci veinCcs 
horizontalernent (Fig. 9),tandis que Ic fruitde 7. arjuna possèdc cinq ailes, mais celics-ci soniCiroites 
(lures di pointues (Fig. 10). T. paniculata se distingue des deux espéces citóes ci-dessus par UI) fruit 
a trois ailes. L'une esi longue et les deux autres sont courics (Fig. 11). 7. catappa Sc diffCrencie des 
autres espéces diploldes de plusieurs maniCres. Les feuilles sont relativemeni grandcs, to fruit est 
oblong, comprimC ci dCpourvu d'ailes (Fig. 13). Ecologiquement, ces espCces se trouvCnt sous 
differentes conditions climatiques (cf. Tableau I.) 

D'autre part, T. chebula ci T. bellerica prCsentent une affiniiC &roite, on cc qui concerne Ic 
nombre chromosomique (a = 24), les deux Ctant tCiraploIdes. Pourtani leur traits morphologiqucs 
different. Ainsi, T. chebula possCde des feuilles ovalcs-iancColécs, un fruit oblong-ovoide, sans aile, 
jauniuire, souveni. striC (Fig. 12). Les fcuilles de 7'. bellerica sont larges ; Ic fruit est rond lisse, sans 
aile, de couleur cendre (Fig. 14). Dc plus, ces deux espéces s'adaptent a diffCrcntes conditions 
climatiques. T. chebula pousse dans les zones rocailleuses, dans les broussailles et les forCLs fcuillues 
avec des chutes de pluie moderecs, un climat chaud, alors que T. bellerica Sc irouve en abondance 
dans les forCts a fcuillage persistant, sous un clirnat plus frais. Ainsi, les diffCrcntes espCccs ayant Ic 
niême nombre chroinosomiquc de base, prCsentent une diversiiC morphologique et se renconirent 
dans diffCrents habitats. 

L'Ctude mCioiique monire La presence de douze bivalenis a Ia diakinCse chez T. tomentosa, 1'. 
arjuna, T. paniculata ci 7'. catappa , alors que chez T. chebula ci 7'. bellerica , 24 bivalents sont 
presents. En gCnCral, Ics hivalents sont en majoritCdc type voisin, en raison (IC leurchiasmaterminaux. 
Les zones d'appariemcnt sont légCrement iciniécs. Habituellement, deux bivalcnts sont associCs au 
nuclCole. Chez tous Les taxa, lecomporternent des chromosomes ala fin de I'anaphasc - lestCgalement 
normal et montre une disjonciion parfaiie ci une distribution Cgale des chromosomes aux poles. Les 
divisions mCiotiques secondaires sont aussi normales. Le comportement mCiotique normal chez tous 
laisse supposer une bonne fertilitC ci des conditions stabilisCes. II est evident que les six especes sc 
comportent normalcment. Ces observations montrent que les six espéces CtudiCcs ici our Ic mCme 
nombre de chromosomes diploIdes (n= 12) et tCiraploIdës (n=24) (Fig. 1 a 8). Ces rCsultats indiquent 
clairement que le genre Terminalia posséde un nombre chromosomiquc debase n=12. 

282 	 Sericologia 28(2) 281-283 



MUNIRitJAPPA 

Les polyploides se trouvent chez T. chebula et T. bellerica. Ces espèces tdtraploIdes prdsentent 
des bivalents ferméscar it existe des chiasma terminaux et intcrstitiaux ala diakinése; its ne présentent 
pas d'irrégularitds meiotiques. Ces caractéristiques indiquent un bon appariement. Ainsi, 
l'allopolyploidie peut avoir joué un role dominant dans la spdciation. Pourtant Ic rOle des 
chromosomes se restructurant au cours de leur evolution ne peut pas Otre OcartC. Dc plus, les six 
espCces se ressemblent cytologiqement pour cc qui concerne les caractCristiqucs morphologiqucs 
generates du caryotype. Elles different cependarn en ce qui concerne Ia longueur absolue des 
chromosomes, Ia position et Ia longueur relative des bras des centromèrcs (Munirahappa et 
Jayaramaiah, 1985). Les diffCrentes esces semblent We nCes de l'hybridation et du doublement 
des chromosomes, a partir d'un ancOtre inconnu. Elles seinbient être d'origine monophyldtique. Lcur 
presence sous diffCrents climats indique leur potentialitC d'adaptation Ocologique dans diffCrents 
habitats. Pourtant, un grand nombre d'espèces restent encore a else dtudiécs pour une evaluation 
cytotaxonomique du genre dans son ensemble. 
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SERICIGENES NON-MURIEl? 

Séricigènes non-mürier: élevage, nutrition, pathologie 

Non-mulberry silkworms: rearing, feeding, pathology 

Induction of garnma-glutamyltranspeptidase and glutathione by 20-h droxyecdysone in Philo-
samia cynthia ricini. 
Induction (IC gamma-glutamyltranspepiLdase Ci de glutathion par la 2C)-hydroxyccdysonc. chez Philo-
samia cynthia ricini. 
LIN H., CHEN D., YIN M., ZIIU X. 
1986 Kunc/wngxue Yanjiu Jikan, 6, 77-86. (C) 

Kinetic properties of a sex pheromone-degrading enzyme: the sensillar esterase of Antheraca 
p ol' ph em us. 
Propriélés cinctiques d'unc enzyme dégradant Ia pheromone sexuelle : I'estérase du sensille de An-
theraca polyphemus. 
VOGT RG., RIDDIFORD L.M., PRESTWICI I G.D. 
1985 PrOC. NOt. Acad. Sci. USA, 82(24), 8827-8831. (E) 

Effect of microsporidia on activities of two enzymes and haemolymph proteins in eri-silkworm, 
Philosamia cynthia ricini D. 
Efttdcs microsporidies sur l'activitó de deux enzymes ci les protéines de ]'hCmolymphc chez Ic ver 
a soie cri Philosamia cynthia ricini D. 
XIE W. 
1988 Canye Kexue, 14(1), 44-46. (C,e) 

Pathogenicity of non-occluded viruses on oak silkworm. 
PathogdniciLé de virus non occius envcrs Ic vera soie du chCne. 
YOU X., ci al. 
1987 Canye Kexue, 13(4), 234. (C,e) 

A study on indoor breeding of young spring tussah silkworm in plastic bag. 
Etude surl'ólevagc en iniérieur dejeunes vers a soie tussah au pnintemps sur sacs en plastique. 
ZHANG X., etal. 
1988 Canye Kexue, 14(1), 30-34. (C) 

Some aspects of nucleic acid metabolism of Philosamia cynthia ricini and effects ofjuvenile hor-
mone analog. 
Aspects du m&abolisme des acides nucláiques chez Philosamia cynthia ricini eteffeLs d'un analogue 
de l'hormonejuvónile. 
ZOU B., LIN H., WANG X., XU T. 
1986 Kunchongxue Yanjiu Jikan, 6, 95-102. (C) 
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GENETIQUE 

Vers a sole: génétique 

Silkworms: genetics 

Genetical identification of mutant characters in the silkworm stocks. 5. Yellow inhibitor gene 
in the European white COCOOfl strains. 
Idenulication des caractères génétiqucs mutants chcz Ia population dc vers soic. 5. Gene inhibiteur 
de Ia couleurjaune chez ics souches europccnnes C COCOI blanc. 
FUJIMORI ft. SIIIMIZU K. 
1988 Acta Sericologica, 140, 53. (7) 

Foundation of gene pool ofdensonucleosis virus (Zhen.iiang strain) of Bombyx mon. 
Lc pool (IC gCnes du virus (IC Ia dcnsonuclosc (souche de Zhenjiang) (Ic Bombyx mon. 
GAO Q.,ctal. 
1987 Canyc Kexue, 13(4), 227. (C,e) 

Maintenance of local and exotic strains of mulberry silkworm and their COSS breeding to de- 
velop improved strains/races. 
Conservation desouches locales et exotiques (IC vcr C SOle (lu mQrier etcroiscmcnts de slcction pour 
obtenir des souches ou races amCliores. 
JIOSSAIN M. 
Bangladesh Agricultural Univ., Mymensingh, BANGLADESH. 
1987 Proc. Workshop on Ban glades/i Agric. Unh. Res. Progress, 4-5 Oct 1986, 294-317. 

Genetic engineering in silkworm. 
Gnie gën&iquc chez to vera soic. 
INOUE H. 
S.E.S., Yatabe, Ibaraki,JAPAN. 
1987 Research J. of Food and Agriculture, 10(4), 33-38. (7) 

Stability of double COSS hybrid combined with current silkworm varieties for spring and ear-
ly autumn under the normal rearing condition. 
SinbilitC d'un hybride obtcnu par double croisement combine avec des variCiCs couranics de ver a 
soic pour l'Clevagc de pnintenips et d'autornne dans des conditions normales. 
LI Y., et al. 
1988 Canye Kexue, 14(1), 42-43. (C) 

Revision of the genetic map of the linkage group 23 in Bombyx mon. 
Misc C jour de Ia carte gCnCtique du groupe de linkage 23 chez Bombyx mon. 
NAKAYAMA M., DOIRA H., BANNO Y. 
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GENETiCS 

Koran Women's Junior College, Fukuoka 816, JAPAN. 
1988 J. Seric. Sci. Jpn., 57(1), 53-56. (J,e). 

Breakage by gamma-rays of the +i-lem locus on the translocated 2-nd chromosome in the sex- 
limited yellow COCOOfl silkworm. 
Coupure par rayons gamma du locus +i-lem sur Ic chromosome 2-nd ayant suhit one translocation 
chez le ver a soic a cocon jaune ha au sexe. 
NIINO T., EGUTI R., SHIMAZAKI A., SHIBUKAWA A. 
Sericuhtural Experiment Station, Tsukuha, Ibaraki 305, JAPAN. 
1988 J. Seric. Sci. Jpn., 57(1), 75-76. (E) 

Characters of translucent silkworm in N145 x NOl hybrid. 
Caractères du vera soie translucidc chez l'hybride N 145 x NOl. 
OIITSUKI Y., HIGASHI Y. 
S.E.S., Yatabe, Iharaki, JAPAN. 
1986 Acta sericologica, 138, 11-16. (J) 

The use of modelling in silkworm I)reeding. 
L'utilisation de modèles pour Ia selection du ver a soic. 
SHCHUKIN A.R., AKIMENKO L.M., BRESLAVSKJJ ME., STOTSKJJ MI. 
1986 In: Genetic basis of animal breeding, ch. 5., Kiev (USSR), P. 127. (1?) 

Food habit and its inheritance in silkworm stocks in relation to the use of fresh leaves of seve-
ral non-mulberry plants as food. 
Habitudes alimentaires et leur transmission hCrCditaire chez les populations de vers a soie - utilisa-
tion comme nourriture de feuilles fraichcs de plantes autres que Ic miirier. 
TAMURA T. 
1988 Technical Bull. S.E.S.'Japan), 131, 79-94. (J,e) 

Studies on the principles of combining double cross hybrid of the mulberry silkworm with the 
spring and the summer-autumn varieties. 
Etu(les sur les principcs de combinaison des hybrides doubles du ver a soie du mürier avec des vari-
tCs du printemps et d'CtC-automne. 
XUW., etal. 
1987 Canye Kexue, 13(4), 217. (C,e) 

Racial specificity of several quantitative characters in the silkworm stocks. 4. Interstrain diffe- 
rence in the susceptibility of the larvae to the fungicide "Manebtt. 
Specificite racialc de plusicurs caraciCres quaniitatifs chez lever a soie. 4. Difference scion Ia souche 
de Ia sensibilitC des larves envers Ic fongicide "Maneb". 
YAMAMOTO T., FUJIMORI H. 
S.E.S., Yatahe, lbaraki, JAPAN. 
1986 Technical Bull, of S.E.S.apan), 129, 35-42. (J) 

Path analysis of some quantitative characters in silkworm, Bombvx mon. 
Analyse de l'hCrCdiiC dc quelqucs caractCres quantitatifs chez he ver a soie Bomhyx mon. 
YANX.,etal. 
1988 Canye Kexue, 14(1), 2 1-24. (C) 

A network of genetic path of some quantitative characters in the silkworm, Bombyx mon. 
Un rCseau de chcmins gCnCtiques pour ccrtains caractCres quantitatifs chez. to vera soie Bombyx mo-
ri. 
YANG vI., et al. 
1987 Canye Kexue, 13(4), 213. (C,e) 
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PIfl'SJOLOGJE, Bioc:II1MIE 

Vers a soie: physiologie, biochimie 

Silkworms: physiology, biochemistry 

Insect cell lines promoting the encystation of Leptomonus sp., a trypanosomatid flagellate pa- 
thogenic to the silkworm, Bombyx rnori L. 
Lignes cellulaires d' insectes cntrainantl'enkyslernent de Leptomonus sp., un flagellé trypanosomien 
pathogéne pour Ic ver a soic Bombyx mori L. 
ABE Y. 
Tropical Agriculiure Research Center, Tsukuba, Ibaraki 305, JAPAN. 
1988 J. Seric. Sci. Jpn., 5 7(1), 79-80. (E) 

The study of effect of biostimulators on silkworm biologic characteristics. 
Etude de l'cffet de biostimulateurs sur les caractéres hiologiqucs do ver a soic. 
AKHMEDOV N.A. 
1986 Nauch. trudy - TashkentskU Sel'skokhozyajstvennyj Inst. (USSR), 122, 41-45. (R) 

A new strategy for the synthesis of the pheromones of Lohesia botrana and Bombyx mon. 
Une nouvel]e strategic pour synthetiser les pheromones de Lobesia botrana ci Bombyx mon. 
ALEXAKIS A., JACHIET D. 
1988 Tetrahedron Letters, 29,217. 

Biosynthetic pathway of bombykol, the sex pheromone of the female silkworm moth. 
Voic de hiosynihCse dii bombykol, Ia pheromone sexuelle du papillon femcllc du ver a soic. 
ANDO T., HASE T., ARIMA R., UCHIYAMA M. 
1988 Agr. Biol. Chem., 52, 473. 

Technique for silkworm spermium storage. 
Technique de conservation du spermc de ver a SOIC 

BEG MA L.A., BEG MA A.A., ZLOTIN A.Z., KIRICHENKO V.N. 
1986 Shelkovodstvo (USSR), 16,27-28. (R) 

The site-specific ribosomal insertion element type II of Bombyx mon (11213m) contains the co- 
ding sequence for a reverse transcriptase-like enzyme. 
L'élCn-icnt d' insertion de type II a spCcificitC nihosomique chcz Bombyx mon (R2Bm) contient Ia sC- 
quence codant pour unc enzyme de type transcriptase inverse. 
BURKE W.D., CALALANG C.C., EICKBUSH T.H. 
Dpt of Biol., River Campus, Univ. of Rochester, Rochester, New York 14627, USA. 
1987 Molecular and Cellular Biology, 7(6), 222 1-2230. (li) 
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PhYSIOLOGY. I3IOCIJLMISJRY 

Thyroxine induced alterations in hemolyni ph plasma protein content during developmental 
stages of female silkworms Bombyx mon. 
Alterations induites par Ia thyroxine dans to contenu on protCincs du plasma dc l'hdmolymphc au 
cours des diffdrents stades du dCveloppernent chcz les vers a soic femelles de Bombyx mon. 
CHAUDHURI A., DAS S., MEDDA A.K. 
1987 Environ. Ecol., 5(2), 328-332. (E) 

Thyroxine induced alterations in protein and nucleic acid contenis of fat body of female silk-
worms during different developmental stages. 
Alterations induites par la thyroxine clans to contcnu on protClnes ci en acides nuclCiqucs du corps 
adipeux chez les vers a soie femelles an cours des diffCrents stades du dCvcloppcment. 
CHAUD HURT A., MEDDA A.K. 
1987 Insect Sci. Its App!., 8(1), 43-48. (F) 

Molecular mechanisms of adaptation to hyperthermia in higher organisms. 1. Synthesis of 
heatshock proteins in cell cultures of different species of silkworm and in caterpillar. 
MCcanismes moléculaires d'aclaptation a l'hyperthermie chcz les organismes Cvolués. 1. Synthé 
des protthnes de choc thermique chez des cultures cellulaires de diffCrentes espCccs de vera sole ci 
chez les chenilles. 
EVGEN'EV MB.. etal. 
1987 Molecular Rio!. (Moscow), 21, 410. (F) 

Occurrence of retinal and hydroxyretinal in a possible photoreceptor of the silkworm brain in-
volved in photoperiodism. 
Presence de rétinine et d'hydroxyrétinine (kills un photor5ccpicur probable du cerveau du vera scie 
joannE un rOle dans Ic photop&iodisme. 
RASEGAWA K., SHIMIZU I. 
1988 Experienria, 44, 74-76. 

In viv() and in vitro photoperiodic induction of diapause using isolated brain-suboesophageal 
ganglion complexes of the silkworm Bombyx mon. 
Induction photopCriodique de Ia diapause in vivo ci in vitro on utllisant des complexes cerveau- gin-
g]ion suboesophagien du ver a sole Bombyx iion. 
HASEGAWA K., SHIMIZU I. 
1988 J. Insect Physiol., 33, 959. 

Studies on cytochrome oxidase isoenzvnie in Morus with the disc electrophoresis. 
Etudes sur I'isozyine de Ia cytochrome-oxidase chcz Mows par ClcctrophorCsc on clisqucs. 
l-{ED.,etal. 
1988 Canye Kexue, 14(1), 1-5. (C) 

Delaying effect on eclosion by preservation of silkworm pupae at low temperature or low leni- 
perature after chilling. 
Efict de retard sur l'Crncrgcnce par (a conservation de chrysalides de vcr i sole a hasse tcmpCrMt1re 
ou a basse temperature après rdfrigCration. 
HEOKIY.,NAGAIKEY. 
S.E.S., Yatabe, Tbaraki, JAPAN. 
1986 Acta Sericologica, 138, 17-24. (J) 

GTP induces knotting catenation, and relaxation of DA by stoichiometric amounts of DNA 
topoisomerase II from Bombyx mori and HeLa cells. 
Le GTP induit Ic nouage etla relaxation de I'ADN par des quantitCs stoIchiomCtriques d'ADN topai-
somCrase II provenani de Bombyx mori ci de cellules HeLa. 
HIROSE S., TABUCHI H., YOSHINAGA K. 
1988J. Biol. Chem.,263,3805. (E) 
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PIIYSIOLOGIE. BI0Cl//M1E 

Coupled transcription-translation of silkworm cytoplasmic polvhedrosts virus injected into oo-
cvtes of the frog. Xenopus Iaevis. 
Transcripiion-traduction couphe du virus de Ia poly&Irose cytoplasmique do ver il soie injecté thus 
Ics ovocytes de Ia grenoullle Xenopus laevis. 
IKEGAMI S., ci al. 
1988J. Biocliem., 103, 19. 

Cloning of mRNA sequence coding for sex-specilic storage protein of Bombyx mon. 
Clonage de La sáquence d'ARNm codani pour Ia protine. (IC stockage 1ie au SCXC (IC Bombyx mon. 
IZUMI S., et al. 
Dpi of Biology, Tokyo Metropolitan Univ., 2-1-I Fukazawa, Setagaya-ku, Tokyo 158, JAPAN. 
1988 Biochirn. Biophys. .4cm, 9.19, 181-188. (E) 

Identification and properties of lipophorin of the silkworm BOfllb)X mon. 
Identilicauon et proprités de la lipophorinc clu ver a soie Boinbyx mon. 
MIURA K., SHIMIZU I. 
1988 Comp. Biochem., Physiol., 89, 95. 

Structures and expression of niRNAs coding for major plasma proteins. 
Structure et expression d'ARN messagers cod:ini pour Ics protcines majeures do plasma. 
SAKAI N .,e i al. 
Dpi of Biology, Tokyo Metropolitan Univ., 2-1-1 Fukuzawa, Sciaaya-ku, Tokyo 158, JAPAN. 
1988 Biochem. Biophvs. Ada, 949, 224-232. (E) 

Structure-activity relationship of lepidopteran. a self defence peptide of Bombyx mon. 
Relation entre Ia structure et l'activitr do Ipidoptran, un pcpiidc d'auto-dfcnse (IC Bombyx mon. 
SHIBA T., TESHIMA T., NAKAI T., KITAZAWA M. 
1988 Tetrahedron, 44, 787. 

Expression of the E2 open reading frame of papillomaviruses BPV1 and IIPV6b in silkworm 
by a baculovirus vector. 
Expression dela phase (IC leciure ouvente (IC 1'exon2 despapillomavirus BPVI ctllPV6b chcz Ic yen 
a soie a I'aide d'un baculovirus comme vecteur. 
TADA A., et al. 
1988 Virus Res., 9, 357. 

Gypsy moth protlioracic gland: response to it synthetic peptide analog. 
Gland proihoracique do papillon zig-zag : rtponse a un analogue peptidique synth&ique. 
YIN CM., YT S .X., NORDIN J .H. 
1986 In: InseciNeurochem. Neurophystol. 2nd, 323-326, Borkorec A.B. ed., Hurnana Pub. 

The site-specific rihosomal DNA insertion element RlBm belongs to a class otnon-long-termi- 
nal-repeat retrOtraflSpOsofls. 
L'ólórneni d'inscrtion RIBni spëcifique de I'ADN ribosomiquc appartiCnt a une classe de r&rotrans- 
posons a ni.pétiUon ierniinalc couric. 
YUEX.,EICKI3USHT.H. 
Dpi of Biology, River Campus, Univ. of Rochester, Rochester, New York 14627, USA. 
1988 Molecularand Cellular Biology, 8(1), 114-123. 

Effect of "Kang-20", an inducer of trimolting silkworm, on silk quality. 
Effet de "Kang-20", on inducteur de vers a soie trimuanis. sur Ia qualite de La soie. 
ZHUANG D., et al. 
1988 Canye Kexue, 14(1), 37-38. (C) 
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GLUES. E'.IBRYGLOG!E 

Vers a soie: oeufs, enibryologie 

Silkworiris: eggs, embryology 

Glycogen level and glycogen phosphorylase activity in the eggs of silkworm Bombyx mon. 
Taux (IC glycogène ct activité g1ycogne. phosphorylase chez les oculs du 'cr sole Bombyx mon. 
CHANDRASHEKAR P.M., BALI G. 
1987 Proc. Indian Aced. Sci., Anim. Sci., 96(1), 49-54. (E) 

Comparative changes of ecd steroid content in Bombyx mori eggs in diapausing and non-din- 
pausing development. 
Comparaison des variations du contenu en ecdystcroidos au cours (Ia développement chez los ocuis 
do Bombyx morl diapausants ci non-diapausanis. 
COULON M. 
Lab. Biologic cellulaire, Univ. C. Bernard, 69622 Villcurhanne, FRANCE. 
1988 Comp. Biochem. Physiol., 89A(3), 503-509. (E) 

Regulation of gene expression in prediapausing embryos of the silkworm, Bonibvx mori: pat- 
tern of protein synthesis. 
Regulation do l'exprcssion gCn&ique chez los embryons en prC-diapause du ver i SOiC Bombyx mo- 
ri : prolil do synthCse protCique. 
DOREL C., COULON M. 
Lab. Biologic Cellulaire, Univ. C. Bernard, 69622 Villeurhanne, FRANCE. 
1988 Cell INfferentiation, 23, 87-92. (E 

Organization and expression ol three genes from the silkmoth early chorion locus. 
OrganisaUon ci expression de trois genes provcnant du locus du chorion chez Ic papillon du von a 
SO IC. 
HIBNER B.L., et al. 
1988 Develop. Biology, 125, 423. 

A unique protease responsible for selective degradation of a yolk protein in Bombyx mon. 
Unc seulc protCase est responsablc do La degradation selective d'une proiCine du vitellus chez Born-
byx mon. 
INDRASITH L.S., SASAKI T., YAMASHITA 0. 
Lab. Scniculiural Science, Fac. of Agric,, Nagoya Univ., Chikusa, Nagoya 4, JAPAN. 
1988 J. Biological Chemistry, 263(2), 1 045-1 051. (E) 
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IJOGS, EtIRRYOLOGY 

Changes of radio sensitivity during oocyte development in the silkworm, Bombyx mori L. 
ChangemcnLs dans Ia scnsihilii a Ia radioactivitá au coors du (leveloppement de l'ovocyte chez Ic 
ver i soie Bombyx rnori L. 
KIM S.E., LEE S.M., LEE Y.I. 
Rural Development Adminisisation, Suwon, SOUTH KOREA. 
1986 Korean J. of Breeding, 18(3), 249-253. (K,e) 

Striated ribrils in the cells of the 10 day old embryos of the silkworm. Bombyx mon. 
Fibrilles stniáes dans les cellules d'crnbryons do vera sole Bombyx niori ags de 10 jours. 
KOMAROV S.A. 
1988 Tsitologiya, 30, 211. (R) 

Changes in alkaline phosphatase activity during enibrogenesis of Bombyx mon. 
ChangcmenLs de I'activitó phosphatase alcaline au cours (IC l'emhryogénèse de Bombyx mon. 
MIHARA Y., SAITO A., KOGA K., SAKAGUCHI B. 
Lab of Sericulture, Fac of Agriculture, Kyushu University, Fukuoka 812, JAPAN. 
1988 J.S eric. Sci. Jpn., 57(1), 62-67. (E) 

Investigations on the egg laying and conditions of the artilciaI hatching treatment in the silk-
worm races, NO2 and CO2. 
Etudes sur Ia ponte Ct les conditions d'c1osion artificiclie chez les races de yen a sole NO2 ci CO2. 
NAKAJIMA H., NOJIRI K., HIRATA Y. 
1988 Acta Sericologicam, 140, 1. (1) 

Biological effect of oak silkworm eggs irradiated with short pulse laser. 
Effet biologique de l'inradiation par hrvcs squcnces au laser sur les ocufs de ver a sole (lu ehLne. 
SHEN X., etal. 
1987 Canve Kexue, 13(4), 242. (C) 

Variability in silkworm parthenoclones. 
\'ariabilit chez les clones panthenognétqucs do yen i sole. 
STEPANOVA N.L., GUBANOV E.A. 
1986 SovietGe,:etics (USA) (trans.from Ge,:efika), 21(12), 1594-1598. (ER) 

Effect of high temperature exposure before the acid-treatment after short period of chilling of 
the eggs obtained from silkworm reared on the artificial diet. 
Effet. de !'exposiiion a des hautes tcmp&atures avant Lraitement t I'acidc ci après une courte périodc 
de réfrigration des oeufs obienus a partir de vers a sole élcvés sur aIlment arulicie]. 
WADA T. 
1988 Ada Sericologica, 140, 35. (J) 

The destin of inter-familiar eupvrene sperm in the silkworm eggs. 
La destlnëe de sperinatozoIdes cupyrônes inter-familIes chez les ocufs (IC ver it soie. 
ZHANG G. 
1987 Canye Kexue, 13(4), 221. (C) 

A study on correlation between the activity of ALKP in egg stage and quantitative charactes 
of F1 hybrid of Bombyx mon. 
Etude sur lacorrélation ernie l'activitóALKP au stndc de l'oeuf ci les caractères quantitatils die I'h 
bride Fl (IC Bombyx mon. 
ZIJONG B. 
1988 Canye Kexue, 14(1), 17-20. (C,e) 
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Vers a soie: glandes séricigènes 

Silkworms: silkglands 

Viscosity of IThroin spinning solutions. 
Viscosit. des solutions de filage de la fibroIne. 
BABADZUANOV K., GELLER B.E.. KAMILOVA S.D. 
1987 Fibre Chemistry, 18(3), 184-186. (E,R) 

Strategies of fibroin production. 
Stratgics pour la production de fibrolne. 
CANDELAS G.C., etal. 
1987 In: Translation regulation of gene expression, J. han ed., I'lenu,n Pub., 209-228 

Regulation of hbroin gene expression and secretion ot tibroin in the silkgland. 
Regulation de l'cxprcssion du gene de la fibroIne et de la sCcrCtion (IC tihroInc dans la glande sCrici- 
gC ne. 
N4IZUNO S. 
1987 Seikagaku, 59, 1308-1320. (J) 

Genetic studies on GPT activity in the posterior silkgland of silkworm, Bornbyx mon. 
Etudes gCndliques stir I'activitC OPT dans la panic postericure de la glande sCricigCnc du ver soic 
Boinbyx mon. 
WANG Z. 
1987 Canye Kexue, 13'4), 247. (C) 

Transcriptional properties of Bm X, a moderately repetitive silkworm gene that is an RNA po-
lymerase III template. 
PropriCtCs de transcription de Bm X, un gene mod&CmcnL rCpCtitif du ver a soie qui est un modeic 
pour l'ARN-polymdrase III. 
WILSON E.T., CONDLIFFE D.P., SPRAGUE K. 
1988 Mo!. Ce!! Biol., 8, 624-631. (E) 
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S oi e 

Silk 

Relationship between separating dropped end cocoons and quantity of water under reeling test. 
Relation exisrnnt entre Ic purgeage des cocons et la quantité d'eau utilisdc pour Ic dévidage. 
AKAT-IANE 1. 
1988 Ada Sericologica, 140, 57. (J) 

N'IR of silk fibroin. 8) Carbon 13 NMR analysis of the conformation and the coriformational 
transition of Philosamia cynthia ricini silk fibroin protein on the basis of Bixon-Scheraga-Lil-
son theory. 
N vfR de la fibroIne. 8) Analyse clu NMR par carhone 13 
ASAKURA T., KASHIBA H., YOSHIMIZU H. 
1988 Macromolecules, 21, 644-648. (E) 

Dyeing of silk with reactive disperse dyes. 
Teinture de la soie avec des colorants réactifs disperses. 
DOHMYO M., INOUE Y., SHIMIZU Y, KIMURA M. 
Shiga Prefectural Junior College, Hikone 522, JAPAN. 
1988 J. Seric. Sci. Jpn., 57(1), 38-42. (J,e) 

Reaction of free radicals in polyalanine and silk fibroin after mechanical destruction at 77 K. 
Reaction des radicaux libres chez la polyalanine ci la fibroIne après destruction mdcanique a 77 K. 
GASYMOV OK.. L'VOV K.M. 
1988 BioJlzika,  33, 46. (R) 

Correlation analysis of some characters between cocoon quality and silk quality. 
Analyse de correlation entre certains caractCres de la qualilC du cocon et la qualitC de la soie; 
GE H., et al. 
1988 Canye Kexue, 14(1), 47-49. (C) 

Effect of scanning angle on fabric structure data by reflected light measuring technique. 
Effet dc l'angle de balayage sur les donndes concernant la structure des tissus obtenues par la techni-
que de mesure on Iumière reflCchie. 
H[ROTA K., NIS HIDE T., OHURA M. 
1988 Acta Sericologica, 140, 71. (J) 

SOlE 
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SILK 

Water-ethanol separation by pervaporation through silk fibroin membranes. 
Sparaiion eau-óthanol par pervaporation a Iravers des membranes de fibroInc. 
IIIROTSUT., etal. 
1988 Sen'i Gakkaishi, 44(2), 72-77. (E) 

Value of flat silk spun by silkworm and its productive process. 
Valeur de Ia soic filéc ii plat par Ic ver a sole et son processus de production. 
FIUANO R., etal. 
1987 Canye Kexue, 13(4), 252. (C) 

Effect of chitosan treatment on physical properties of silk fabric and on color fastnesses of acid 
and reactive dyes. 
Effct (lu traitemeni chitosien sur les propriëtés physiques des tissus de SOiC et sur Ia vitCsse (IC teil- 
lure des colorants acides ct réactifs. 
KAKO T., KATAYAMA A. 
Himeji Junior College, Hirneji 670, JAPAN. 
1988]. Seric. Sci. Jpn., 57(1), 31-37. (J,e) 

Studies on natural silks of insects. 
Etudes sur les soies naturelles produiies par Ics insectes. 
N4AZZONE H.M., DOUGLAS S.M. 
1986 Proc. meeting Electron Microscopy Society ofAmerica, 44, 802-803. (E) 

Acid dyeing of silk in the presence of sodium n-alkvlsulfates. 
Coloration acidc de la soic on presence de sodium n-alkylsulfates. 
MITSUISHI M., YAGI T., ISHI\VATARI T. 
Fac of Textile Science & Technology, Shinshu Univ, Ucda, Nagano 386, JAPAN, 
1988]. Seric. Sci. Jpn., 57(1), 68-73. (J,e) 

Dyeing properties of the exposed silk to the sunshine. 
PropriCtCs tinctoriales de In sole exposCe au soleil. 
NAKAJIMA T., SHIMIZU Y., SHIKATA M., KIMURA M. 
Koka Women's Junior College, Ukyo-ku, Kyoto 615, JAPAN. 
1988 J. Seric. Sci. Jpn., 57(1), 49-52. (J,e) 

Analysis of Silk I structure by X-ray,  and electron diffraction methods. 
Analyse (IC in structure de Soie I par les mCthodes de diffraction Clectronique et aux rayons X. 
OKUYAMA K., et ci. 
Fac of Technology, Tokyo Univ. of Agriculture & Technology, Koganei, Tokyo 184, JAPAN. 
1988]. Seric. Sci. Jpn., 57(1), 23-30. (J,e) 

Threads of spiders. 2. 
Soics d'araignCes. 2. 
OSAKI S. 
1987 Kogaku to Seibutsu, 25(11), 750-753. J) 

Statistical control of the evenness properties of the raw silk. 
ContiOle statistiquc de in rCgularitC (IC Ia soie grège. 
SHIMAZAKI A., MIURA M., NISHIOKA T., MINAMISAWA K. 
Fac of Textile Science & Technology, Shinshu University, Ueda 386, JAPAN. 
1988J. Seric. Sci. Jpn., 57(1), 17-22. (J,e) 
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SOlE 

Relationship between rearing conditions in the period of grown larva and COCOOfl qualities in 
the silkworm strains having characteristics in size of COCOOfl filament. 
Relation enire los conditions d'élcvage pendant la përiode de croissance larvaire et les qualitós du co-
con chez los souches do vers i soie caractórisács par la taille du fil. 
WAKABAYASHI M., MIZUSAWA H. 
1988 Technical Bull. S.E.S.(Japan), 65-78. (J) 

Relationship between cocoon quality and the mounting environment. 
Relation enire la qualité du cocon et l'environnerncnt d'encabanage. 
YU B., et al. 
1988 Canye Kexue, 14(1), 50. (C) 
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INSTRUCTIONS AUX AUTEURS 

I) Les articles présentés doivent concerner soil des travaux originaux soil des syntheses. Ils 
doivent Clre r&ligCs en français ou en anglais. 1k doivent avoir trait b Ia sCriciculture qui inclut les 
vcrs a soie, les planics nourriciCrcs, Ia lilature de Ia soie queue que soil Ia nature des rechcrches 
(fondarnentales ou appliquées) ci des sujcLs (biochimie, ecologic, economic, virologie, gCnCli(luc, 
etc.). 

Les articles doivent Ctre soumis a : Dr. C. CHAVANCY. Les articles soumis au RCdacteur 
doivent Cisc in&Iits et nedoivent pas Cue pré.scntCs pourpublication chez un aul.re  Cditcur. Les articles 
acceptCs pour publication clans SERICOLOGIA ne pourront Cire publiCs ailleurs sous Ia mCmc forme 
sans Ic consentement Cent de l'Cditcur. 

Les manuscriLs et illustrations doivent Cisc sounds en double excmplairc, l'autcur conscrvant 
une copie. Dons Ic cas d'une co-r&laciion, les autcurs doivent indiquer Ic nom de ceiui qui rccevra 
les Cprcuvcs. 

Les manuscriLs doivent Ctre dactylographiCs avec un double interligne et des margcs 
importantes. Les autcurs sont priCs de rCdiger des communications aussi concises que possible. Les 
renvois de has de page sont a évitcr Cl les caractéres en itaiique ne doivent pas Cisc utilisCs pour Ia 

misc en relief. 
L'ari.icic (hut Cisc prCsentC de Ia facon suivante: 

- Le litre suivi du nom de I'auteur ci de son adresse complete. 
- Le rCsumC qui cloit indiquer Ic conlenu et les conclusions de i'article et doit faire rCfCrence a 

des informations nuuvclles. Le résumé ne doit pas excCdcr200 mots et pout Cue divisC en paragraphes 
nurnCrotCs. 

- Les mots des. Une polite liste de mots des permettant une rapideanalyse du contenu de l'ariicic 
ct utilisable pour Ia compilation de l'indcx. 

- Les articles doivent CtrcdivisCs en: Introduction, Materiel et MCthodcs, RCsultatset Discussion. 
Pour les articles de synthCse, les autcurs pcuvcnt choisir Ia presentation qui Icur convicnt. 

- Rcrncrcicmcnts. 
- RCfCrences. Les autcurs doivent suivre Ic "liarward system". Les rCfCrcnccs doivent Cisc 

donnCcs dans l'ordre suivant: nom tIc l'auteurctses initiales, date (cntreparenihCscs), tiircdcl'articic, 
nom du journal tel qu'il esi abregC dans hi lisle mondiale des tériodiques scientifiques (4énie edit. 
1963), Ic volume ct les premiere et cleniiCrcs pages de l'article. 

Pour Ics Iivres, il est néccssairc d'indiqucr Ic nom dc l'autciir et ses initiales, Ia (kite tIC 

publication, Ic litre, l'Cdition, Ic nombre de pages, Ic nom de l'Cditeur ci Ic lieu d'Cdition. 
Dans Ic texte, les rCfCrences doivent Ctre indiquees sous Ia formne suivante : Dupont. (1964) ou 

(Dupont, 1904). Lorsque Ia rCfCrence comprcnd plus de dcux auteurs, par cxcmplc Dupont, Durand 
Ct Martin, I'article doit We cite comme Dupont et coil. sauf si cela pout prCter a confusion. Si I'on 
cite des articles dun mCnie aulcur publiCs Ia mCme annCc, us doivent CIre distinguCs par les letires a, 
h, cli:. 

La rCfCrcncc a un article sous pressc doit signifier que l'article a etC acceptC pour publication et 
dIe dod s'Ccrirc de Ia façon suivante 

SETOYAMA K. (1962) Effect of water on molecular motion of silk fibroin. J. Seric. Sci. Jpn. 
Sous presse. 

illustrations. Le manuscrit scra accompagnC de tomes les illustrations nCcessaires ulais 
celles-ci ne doivent pas Cisc insCrCcs dans Ic texte. Toutes les photographics, graphiques et 
diagrammcs doivent Ctre numCrotCs consécutivement en chiffres arabes, dans l'ordrc de citation du 
texte. 

Les photographies stir papier hrillant, ou les Cprcuves positives (pas de nCgatifs nit de 
duiposiuves) doivent Ctre cnvoyCcs si possible sans montage et en nombre limitC. 

Les cartes, graphiques on diagramme.s doivent Cise dcssinCs nettement a l'encre noire stir Ic 
papier ou du carton blanc de bonne qualitd. Les inscriptions apparaissant sur les illustrations doivent 
Cire complCtes et de taille suffisante pour permetire une reduction importante si nCcessaire. 

Les illustrations ne doivent pas dCpasser Ic format 14 x 19 cm. Au dos de chaque illustration 
doivent Cisc indi(juCs Ic nom de l'auteur, Ic n° (Ic Ia figure (en chiffres arabcs) et l'orientation de 
I'illustration si nécessaire. 

Les lCgendes des figures doivent Cisc dactylographiCcs sur une feuille separee et non pas au dos 
de l'original et cItes doivent Cisc suffisamment explicites pour Cviter que l'on se reporte au texte. 

Tableaux. Ils doivent Ctsc numCrotés en chiffres romains ci daetylographies sur des feuilles 
sCparées. Les titmes doivent Ctre suffisamment claims sans qu'il soil nCeessaire de se reporter an texte. 
Tous les tableaux ci figures doivent Ctre cites dans Ic texte. 

Seules les abrCviations normalisées sont autorisCes. Lorsque des abrCviations partieuliCres 
sont utilisCcs, Ic nom dcvra d'abord We donnC en entier suivi de l'abméviation entre parentheses. 

Le nom latin de toutes les espéces CtudiCes doit Cise in(fiquC. 
Les corrections des Cpreuves doivent se limiter aux fautes de frappe. Tomes modifications 

importantes de l'article seront facturCcs a t'auteur. 
Un bon de commande de tirés-à-part est fourni en mCme temps que les Cprcuves. Les autcurs 

peuvent ainsi commander des tires-a-part en renvoyant les Cpreuves. II est a noter que 50 tires-a-part 
sont envoyCs gratuitement par I'Cditeur. 
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INFORMATION FOR CONTRIBUTORS 

I) Papers should be in French or in English and be original contributions or reviews in the field 
of sericulture including silkworm, host plant, silk reeling, whatever the nature of studies (basic or 
applied) and topics (biochemistry, ecology, economy, virology, genetics, etc.). 

Papers should be submitted to: Dr. G. CHAVANCY. Submission of a paper to the Editor 
implies that it has not previously been published, that it is not under consideration for publication 
elsewhere and that, if accepted in SERICOLOGIA, it will not be published elsewhere in the same 
form without the written consent of the Editor. 

Manuscripts and illustrations should be submitted in duplicate and the author should retain 
one copy. In the case of multiple ownership, the authors indicate who is to receive the proofs. 

Manuscripts should be typewritten with double spacing and wide margin. Authors are 
requested to keep their communication as concise as possible. Footnotes should be avoided and italics 
should not be used for emphasis. 

The typescript should contain the following features: 
- Title followed by the author's name and full address. 
- Abstract which should be a brief summary of the contents and conclusions of the paper and 

should refer to any new information. It should not exceed 200 words and may be divided into 
numbered sections. 

- Key-words. A short list of keywords provided for rapid scanning of the contents of the paper 
and used for compiling the index. 

- Introduction, Materials and Methods, ResulLs and Discussion should be given for papers 
presenting original results. For review, authors may choose the convenient presentation. 

- Acknowledgemenis. 
- References. The 'lIarvard system' is to be followed. References should be detailed in the 

following order: author's names and initials, date (in parentheses), the title of the article, the name of 
the journal as abbreviated in the World List of Scientific Periodicals (4th edit., 1963 ), the volume 
and the first and last pages of the article. 

For hooks, the author's names, date of publication, title, edition, number of pages, reference, 
publisher's name and the place of publication should be given. 

In the text, references should be given as Dupont (1964) or (Dupont, 19(4). When a citation 
includes more than two authors, e. g. Dupont. Durand and Martin, the paper should be cited in the 
text as Dupont ci a! ., provided this is not ambiguous. If papers by the same author(s) in the same 
year are cited they should be distinguished by the letters a, b, dc. 

References to a paper "In press" means that it has been accepted for publication and given as 
follows: 

SETOYAMA K. (1982) Effect ofwatcron molecular motion of silk fibroin. J. Scric. Sci. Jpn. 
In press. 

Illustrations. All necessary illustrations should accompany the manuscript but should not be 
inserted in the text. All photographs, graphs and diagrams should be numbered consecutively in arabic 
numerals in the order in which they are referred to in the text. 

Glossy photographs or positive prinLs (not X-ray, negatives or slides) should be sent, unmounted 
wherever possible, and should be restricted to the minimum necessary. 

Charts, graphs or diagrams should be drawn boldly in black ink on good quality white paper or 
card. Lettering to appear on the illustration should be given in full and should be of sufficient size to 
allow for considerable reduction where necessary. 

Illustrations should not be larger than 14 x 19 cm. On the back of cacti illustration should be 
indicated the author's name, the figure number (in arabic numerals) and the top of illustration, when 
it is not clear. 

Legends to figures should be typed on a separate sheet and not on the back of the original, and 
should give sufficient data to make the illustration comprehensible without reference to the text. 

Tables. They should be numbered in roman numerals, typed on separate sheets and should 
have a title which will make the meaning clear without reference to the text. All tables and figures 
should be referred to in the text. 

Only standard abbreviations should be used. Where specialized abbreviations are used, the 
name should firstly be given in full with the abbreviation indicated in parentheses. 

The L.atin names should be given for all species used in investigation. 
Corrections to proofs should be restricted to printer's errors only. Other than these, 

substantial alterations will be charged to the author. 
A reprint order form will be supplied with the proofs, and authors may order such reprints 

as they require when the proofs are returned. Please note that 50 free reprints are sent by the Editor. 

Directeur Górant: Dr H. BOUVIER 	 * * 	 Dëpât Legal: 2c trimestre 1988 
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