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Serico1oaia, 2986, 26(4), P. 479-429. 

COMPARATIVE CONSUMPTION, UTILIZATION, % PUPATION AND SILK PRODUCTION 

IN SILKWORMS (BOMBYX MORI) FED ON VARIOUS VARIETIES OF MULBERRY 

EXISTING IN JAMMU DIVISION OF JAMMU & KASHMIR STATE 

BALDEV SHARMA, P. BADAN and J.S. TARA* 

De'.-;rtrnent of Biosciences, 
University of Jwnmu, 

Jammu 180 007, 
Indio. 

Despite 1 he great economic importance of siLkworms (Bo0ga mori) in sericulture 
industry not much work has been done in mdi a to invest i gate the comparative effect 
of various varieties of mulberry (the only food on which these insects feed) on the 
consumption and utilization by these insects except Kotil et at . (1979) who tried 3 
varieties of mulberry such as Goshoerami, local and Sulanpuri for comparing their 
performance with regard to parameters like increase in larval body weight, silk gland 
weight and silk production. Badau and Tara (1984) recorded the comparative weight 
gain in silkworms when fed on 5 varieties of mulberry (which also forms a part of 
the present work only). 

However, such studies on other lepidopterous moths with regard to various food 
plants are on record (lihat and Bhattacharya. 1978; Yadava St at ., 1978; Babuet at 
1979; Sharma et a(. , 1984; and Sliarma and Tarn, 1984). 

Thus in the present work the authors undertook to invest igate various parameters 
such as comparative weight gain, total larval period, 7, of pupation, weight of the 
cocoon formed, amounL of food utilized, consumption index, growth rate, approximate 
digestibility, efficiency of conversion of ingested and digested food, etc, in the 
case of silkworms led on different varieties of mulberry (such as Borhampuri, Sujan-
puri,KNG, Chackmajra and local wild) which have been maintained in various sericulture 
nurseries of Jammu division of Jammu & Kashmir Stale and which are used by the 
rearers during the rearing of silkworms in the region. These studies are aimed to 
pinpoint the most suitable varieties which give best performance for the purposes 

* Present adress: Serictilture Sertion, Regional Research laboratory, Jammu (J&K). 
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of silk yield. 

MATERIALS AND METHODS 

Immediately after hatching, an equal number (20 in each batch) of simultaneously 
hatched larvae of B. marl were reared under similar onditions till they pupated. 
on different varieties in petridishes which were disiiiIcted before use. 

Weighed amount of food of tender and fresh leaves of mulberry were provided to 
these larvae twice a day. Both weights of residual food and faeal matter were 
recorded daily till they pupated. 

Side by side another control set but without larvae was also maintained. Leaves 
kept in the control set were also weighed daily as in the experimental ones. 

The rate of growth in the live weights of the larvae during developmental stages 
was determined by weighing 5 randomly selected larvae on alternate days and then cal-
culating the mean weight of one larva. 

Percentage of larvae pupated (n) , average larval period (.iv) and growth index 
values (n/av) were calculated according to Paridey et ml. (11468). Other parameters 
like duration of larval period of each instar, average weight of one larva, fresh 
weight of leaves m onsumed by one larva, weight of faeces produced by one larva and 
weight gained by the larva during the feeding period were calculated separately fol-
lowing the methods suggested by Waldbauer (1968). 

Average weight of cocoon along with and without pupa was calculated after the 
cocoon formation for the larvae fed on each variety. 

RESULTS AND DISCUSSION 

The results obtained from the above studies have been rworded in Tables 1—VIl. 

Table I records the comparative survival percentage, range of larval period and 
average weight of cocoon in addi t i in to growth index when these worms were fed on 
different varieties of mulberry wider identical rearing conditions. 

A look at the referred table reveals that 1007 pupation has been observed in 
the silkworms which were fed on (NC and Chackmajra varieties while Berhampuri showed 
807, Sujanpuri showed 75 and local wild showed 607 ptmparin. Minimum larval period 
of 29-32/11 days has been observed in Berhamimpuri, (NC and Chackmajra varieties while 
the longest (11-17 days) larval period has been recorded in Lhe larvae which were 
fed on local variety. 

The growth index (Table I) calculated by dividing the percentage of larvae pupa-
ted by the average larval feeding period has been observed to he maximum in the case 
of Chackmajra (3.448) followed by KNC (1.13), Berhampuri (2.75), Su)anpuri (2.14) 
and local (1.76). 

Ma xi mum average cocoon weight ( 1 .376 g along w i ti p up a and 0. I 160 p w i t hon 
pupa) has been regi stered in the larvae fed on Berhanipori variety Followed by 
Chackmajra (1.197/0.0925), (MC (0.8120/0.0831), Smijimipuri (0.701/0.0675) and local 
wild (0.4940/0.0575). 
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Tab e I I records the observations On Lite max itsum and minimum weight gained by 
the larvae when fed on diflerent varieties Of mulberry observed on alternate days. 

It is evident from LIt is table that Lite first place on the 29th day when the larvae 

were fully mature has been occupied by the batrh of silkworms fed on Berhampuri 
variety by registering Lite highest weights (1.050 g. max. 2.150 g mitt.) followed by 

Chackmajra (2.600/2.224), KNG (2.280/2.100), Sujanpuri (1.605/0.765) and local 
(0.710/0.370). 

Tables Ill-Vil record parameters like average weight, weight of the fresh leaves 
consumed by one larva, weight of the faecal matter produced by one larva and weight 

gained by one larva during the entire feeding period in each instar and for each 
variety individually. 

From these data various indexes like consumption index ((:1), growth rate (CR), 

approximate digestibility (AD), efficiency of conversion of ingested food (Ed) and 
efficiency of conversion of digested food (ECD) have been calculated. 

From all the referred tables (Ill-VIl) it is evident that CT values are inverse-

ly related with the instar-wise growth pattern of the larva i.e. as the larva gnes 
on growing its Cl value goes on decreasing. CR values show similar relationship with 
the age and growth of the larvae in two varieties viz., Ilerhampuri and local while 
no such relationship appears to exist in the remaining varieties, as here the CR 
values have been recorded to be hephazard. 

While approximate digestibility (AD) values also show a decreasing trend in all 
the cases (Tables Ill-Vu) from the 1st instar to the 5th instar larvae, ECI attd ECD 

values show a positive relationship with the growing larvae as both parameters go 
on increasing with the age of larvae. Furthermore, this is also evident from all the 
tables under reference that uptill the 3rd instar. ECI and EGO values registered gra-

dun I and minimum increase in all the cases but with the coming of the 4th instar,  
these values shoot up all of a sudden. The maximum ECI and ECD values (57.19 and 
59.86) have been observed in the 5th instar in the case of the larvae fed on Berham-
puri variety. This is followed by Chackmajra (47.1)1 & 49.94), KNC (36.79 & 38.65), 
Sujanpuri (29.26 & 30.66) and the local with these values to be mere 11.67 and 11.91 
respectively. This sequence is exactly parallel with the sequence of weight gained 

by fully mature larvae (on 29th day) as is evident from Table II, suggesting thereby 
that the gain in weight is directly related with FCI and ECD. 

From all the foregoitig observations it is evident that the overall performance 
in ascending 	order of sequence of silkworms fed on tIme varieties under experiment 
is Berhampuri. Chackmajra, KNC, Sujanpuri , and local as far as silk yield is concer-
ned. The first three out of these appear to be most preferred by the silkworms as 

they help in their better growth. This differential performance between various 
varieties of mulberry should be due to the differential nutritive value of the leaves 

of these varieties, which, however, needs to be investigated. As far as mortality 
of the silkworms is concerned, in these three varieties, Ch;tckma (ra and ENd show 1007. 
pUpat ion (thus with no mortality) in the larvae fed on them but lIe rhampuri shows only 

80%. pupation (i.e., 20% mortality). The remaining two varieties viz., Sujanpuri and 
local have regi stered a far less pupation rate i.e.. 751 atmd 60%. thereby showing 
257, and 40% mortality respectively. 

Thus the Chackmajra and ENd varieties outdo the remaining as far as Lite economic 
point. of view is cotmcertied. Thouglt these two prodttcv sI ight I y lesser tmnount of ci 1k 

yield as compared to Ilerhampuri but the Inst tiamed has showtt more mortality (20%) 
in the silkworms fed on it.. Sharma and Tarn (1984a) while investigatittg the effect 
of insect pests on mulberry varieties planted in .lammu regiomt observed thatChackmajra 
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variety was most tolerant to the attack of various insect pests recorded in Jammu 
region. The studies undertaken by the present authors again support Chackmajra varie-
ty for its performances ;is far as silk yield is concerned. Thereby, suggesting that 
this is the most suitable variety of mulberry for Lhe area under investigation. 
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Average larval Growth Average weight Average weight 
Percentage of Range of larval feeding period/ index! of Cocoon/ of cocoon 	shell! 

Varieties/ larvae pupated! period 	(in 	days)! PVriode noyenne Indite 	de Poids woyen Poids mayen de 
Varits de nymphose Pkiode 	larvaire d'alimentation 	des 	larynx croissante du cocon la coque soyeuse 

(n) (en 	jours) (Va.) (n!Av.) (g) (g) 

Chackmajra 100 29-33 29 3.448 1.197 0.0925 

Sujanpuri 75 29-35 32 2.34 0.7991 0.0575 

Local 	wild 60 33-37 34 1.75 0.4940 0.0575 

655 100 29-33 30 3.33 0.8120 0.0833 

Berhampuri 80 29-32 29 2.75 1.376 0.1160 

Table I. The survival percentage, range of larval period, average weight of cocoon 

in relation to the type of food supplied. 

Tableau I. Taux de aurvie, dure de la période larvaire, poids moyen du cocon 

en fonction du type de nourriture. 



Oayf 

Jour 

Chuckcoajra 

Maximum 	Minimum 

Sujanpuri 

Maximum 	Minimum 

iNS 

Maximum Minimum 

Local 

Maximum Minimum 

8erhauipuri 

Maximum 	Minimum 

2nd .001 .0005 .002 .001 .002 .001 .001 .0005 .0015 .001 

6th .004 .003 0.003 .005 .003 .006 .003 0.004 

6th .008 .006 .008 .005 .017 .015 .013 .008 .0145 .011 

8th .021 .015 .021 .014 .0385 .0325 .0355 .024 .034 .0275 

10th .036 .021 .033 .019 .047 .038 .048 .029 .038 .035 

12th .058 .030 .036 .029 0.118 0.108 0.101 .053 0.106 .081 

14th 0.136 0.1084 .096 .050 0.201 0.165 0.142 .098 0.126 0.117 

17th 0.220 0.133 0.146 0.099 0.523 0.241 0.190 0.128 0.350 0.274 

19th 0.501 0.258 0.268 0.163 0.671 0.509 0.279 0.235 0.578 0.435 

21st 0.628 0.431 0.431 0.340 0.809 0.677 0.343 0.295 0.572 0.507 

23rd 0.966 0.533 0.564 0.432 1.000 0.873 0.423 0.275 1.000 0.720 

25th 1.340 0.780 1.000 0.578 1.550 1.300 0.429 0.316 1.550 1.300 

27th 2.100 1.010 1.590 0.580 2.065 1.610 0.529 0.362 2.170 2.040 

29th 2.600 2.220 1.605 0.755 2.280 2.100 0.700 0.370 3.050 2.350 

31st - - - 0.790 0.400 - 

Table II. The changeu in the larval uxeight of Bombyx mori fed on live different varieties 
of mulberry (in gm). 

Tableau II. Variations du poids des larves de Bornbyx mori nourrieu avec cinq varits 
de manor diffrentes (en g). 



Ouration of Fresh 	weight Weight of Weight 	gained 

Average feeding 	period of 	leaves faecal matter during 	feeding 

Instar-/ weight! (days)/ consumed/ produced! period! 

Age Poids OurAe de 	Ta Poids des Poids 	de 	Ta Prise de 	poids 

larvaire moyeo période feuilles mature 	fAcale pendant 	Ta A.D. 	- E.C.I. 	• E.C.D. 
da1imentation fratches produite pAriode C.I. 	- G.R. 	- F-H/F i/F 0/F-H 

(jours) consommdes d'alimentation F/TA 0/TA x 	100 x 	TOO a 	100 
(A) (1) (F) (H) (G) 

I 2.86 6 6295.2 1.51 6.1 366.85 0.3554 99.97 0.0968 0.0969 

II 19.9 5 3152.0 2.46 20.5 31.67 0.2070 99.92 0.6535 0.6540 

III 95.75 5 5182.0 10.86 99.8 12.14 0.2084 99.81 1.7171 1.720 

IV 272.31 8 1787.4 43.64 212.5 0.8205 0.0975 97.55 11.88 12.181 

V 537.66 10 3272.5 84.14 380.0 0.6086 0.0706 97.42 11.67 11.91 

Table 1.91. Consumption and utilization of local wiLd variety leaves per silkworm larva (mg). 

Tableau III. Consommation et utiLisation des feuiLLes de La vari4t:4 sauvage locale 

par larve de ver 	sole (mg). 



Duration of Fresh 	weight Weight 	of Weight gained 
Average feeding period of 	leaves faecai 	matter during 	feeding 

Instar/ weight! (days)/ consumedl produced! period/ 
Age Poids OurWe de 	Ia Poids 	des Poids 	de 	Ia Prise 	de poids 

laroaire aoyen piriode Feuilles matire 	ficale pendant 	Ia A.D. 	- E.C.I. 	• E.C.0. 	- 
dalimentation fratches produite piriode C.I. G.R. 	- F-H/F 0/F 0/F-H 

(juurs) consonmies dalimentatjon F/TA 0/TA 100 x 	100 100 
(A) (1) (F) (H) (6) 

I 1.98 6 5711,7 1.98 3.6 484.04 0.3030 99.96 0.0630 0.0630 

11 15.81 7 4166.1 6.20 26.6 37.56 0.2405 99.10 0.6384 0.6442 

III 70.1 6 5167.2 16.39 52.8 12.28 0.1255 98.41 1.0218 1.0382 

IV 266.6 6 1925.6 40.76 360.6 1.20 0.2254 97.88 18.72 19.13 

0 979.2 7 3183.0 146.0 931.4 0.4643 0.1356 95.41 29.26 30.66 

Table IV. Consumption and utilization of Sujanpuri variety leaves per silkworm larva (mg). 

Tableau IV. Consommation et utilisation des feuilles de Ia vari6t:6 Sujanpuri par larve de ver a sole (nig). 



Duration of Fresh 	aeight Weight of Weight gained 
Average feeding period of 	leaves faecal 	eatter during 	feeding 

tnstar/ eight/ (days)/ consu.ed/ prnduced/ period! 
Age Poids Dur0e de 	Ia Poids 	des Poids 	de 	Ia Prise 	de 	poids 

larvuire eoyen pdrisde Feuilles matière 	fdcale pendant Ia A.D. 	• E.C.I. 	- E.C.D. 	- 
d'alieentation fratches produite pAriode C.I. 	- G.R. 	• F-H/I G/l Gil-H 

(jvurs) conso,mées d'alieentation F/TA G/TA n 	100 n 	100 a 	100 
(A) (1) (F) (H) (0) 

1 2.2 5 6679.2 1.38 3 607.2 0.2727 99.97 0.0449 0.04499 

II 21.56 5 5585.2 3.83 30.7 51.81 0.2847 99.93 0.546 0.5500 

III 112.7 6 4858.6 17.98 150.0 7.18 0.2218 99.62 3.087 3.098 

10 463.4 6 1773.0 62.13 466.4 0.6377 0.1677 96.49 26.30 27.26 

V 1530.27 8 3935.7 189.24 1448.0 0.3214 0.1182 95.19 36.79 38.65 

Table V. Consumption and utilization of KNC variety leaves per silkworm larva (ing). 

Tableau V. Consommatdon et utilisation des feuilles de la varlété KNG par larve de ver 	soje (mg). 



Duration 	of Fresh 	weight Weight 	of Weight gained 

Average Feeding period of 	leaves Faecal matter during 	Feeding 

Instar/ weight! (days)/ nonsumed/ produced/ period! 

Age Poids OurAe de 	la Poids 	des Poids 	de 	la Prise 	de 	poids 
larvaire mofen pAriode feuilles matire 	FAcale pendant 	la 4.0. E.C.I. 	• E.C.D. 

daIimentation Fratchee produite priode C.I. 	• G.R. 	- F-f/F Gil Gil-H 
(jours) consommées d'alimentation F/TA G/TA a 	100 e 	100 x 	100 

(A) (T) (F) (H) (G) 

1 2.4 6 6158.8 1.15 4 427.69 0.2777 99.98 0.0649 0.0649 

II 16.28 5 5260.2 3.56 31 64.62 0.3808 99.93 0.5893 0.5697 

LII 72.2 5 4581.2 15.08 75.7 12.68 0.2096 99.67 1.6480 1.6572 

LV 387.26 6 1884.2 56.41 406.0 0.8110 0.1747 97.00 21.56 22.21 

V 1438.5 7 3897.28 227.31 1833.0 0.3870 0.1820 94.16 47.03 49.94 

Table VI. Consumption and utilization of Chackmajra variety leaves per silkworm larva (mg). 

Tableau VI. Consommation et utilisation des feut lies de la variété Chackmajra par larve de ver A soie (mg). 



Duration of Fresh 	weight Weight 	of Weight gained 

Average feeding period of leaves faecal 	matter during feeding 

Instar/ weight! (days)/ consumed/ produced! period! 

Age Poids Dune de la Poids 	des Poids de 	Is Prise de poids 

larvaire moyen piniode fnuilles matUre fAcale pendant la A.D. 	- E.C.I. 	- E.C.D. 	- 
d'alimentation fratches produite pOriode C.I. 	- G.R. 	- F-H/F 0/F 0/F-H 

(jours) consommOes da1imentation F/TA 0/TA a 	100 a 	100 a 	100 
(A) )T) (F) (H) (0) 

I 3.3 6 6071.2 1.40 6.8 306.62 0.3434 999; 0.1120 0.1120 

II 19.32 4 4418.0 4.82 20.7 57.16 0.2678 99•88 0.4685 0.4890 

III 83.82 6 4579.0 16.25 93.5 9.105 0.1859 99.64 2.041 2.049 

IV 445.47 6 1858.0 47.85 405.6 0.8343 0.1821 97.42 21.82 22.40 

V 1430.1 8 3659.4 160.45 2093.0 0.3198 0.1829 95.61 57.19 59.84 

Table VU. Consumption and utilization of Berhampuri variety leaves per silkworm larva (mg). 

Tableau VII. Conasommation et utilisation des feuilles de Ia vardété Berhampuri par larve de ver a soie (mg). 

NJ 
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ETUDE COMPARATIVE DE LA CONSOMMATION, L'UTILISATION, LE % DE NYMPHOSE 

El LA PRODUCTION DE SOlE CHEZ LES VERS A SOlE (BOMBYX MORI) 

NOURRIS DE DIFFERENTES VARIETES DE MURIER DANS LA REGION 

DE JAMMU (ETAT DE JAMMU & KASHM1R) 

BALDEV SIIARMA, P. BADAN et J.S. TARA* 

Department of Biosoienaas, 
(/rtiversity of Jammu, 

Jammu 180 001, 
lode. 

Eu d8pit de 1 importance 6conomique des very 7i sate (Boaiiyx mori) dans P indus—
Irie sricicoIe, peu d'6tudes comparatives ant 8t6 bites en lode sur Ins diverses 
varités de mricr (Iv seule nourriture occepte par ccv insectes) et leur influence 

sur lv consommatcon cc l'utiltsation per ccv insectes, en dehors de colte de Koul 
r'( al 	(1979) dans I aque I I e I Is rev Lent trois varii5r6s de rnur icr tel I cv qite Goshee r.1 
ml 	lv var i6té locale ci Sulanpuri 	ci comparent Icur perfornintice sur des p;trutmet rev 
tel s quiP 1 augment a t i on do pci dv larval re . to poi dv do I a g 1 code sr i c I gene or La 
product Ion de snie 	Badan et Tara (1984) ant meso r6 le raux de cruissance chez 1ev 
very a sole 000rris aver cinq vat'iétrs de murior (cc put représeno aussi one part ic 
de 	Iv prisente 6 tudi) 

Pourtunt d'autres etudes ont 6 tC [aLtos sur differentes plantes nourricières 
(lihat et Ilhattacharya, 1978 	Yodava et al. , 1978 	Babu et al. . 1979 ; Sharma et 
at., 1984 	Sharma et Tara, 1984). 

Nous avons donc entropris I'Ctude des di[tCrents parcmCtres tels que l'nugmenta—
tion de poids, lv pCriode larvaire Lotale, in pourcentago de rivmphose. Ic poids du 
cocon, Ia quantite de nourrirure utilisCe, lindie de coitsommation, Ic taux do 

croissance, left icaciu opproximative de digestibi I itC dans Ic ccv de very C soie 
nourris aver dtff8rcntes varietes de mricr (telles quc Berhampuri, Sulanpuri,  KNC, 
Chackma Ira et varik6 sauvage locale) qui soot maintonues dans renames pepittieres 

de Ia rCgion de Jammu. dans I [tat de Jammu & Kashmir et qul soot utilisCes pour 
l'Clcvage des vers C solc dans cette region. Ccv etudes ant pour but de s8lectionner 
les vaniétés put permetrront tin rendoment de soLe maximum. 

Seniculture Section, Regional Research Laboratory, Jammu (J&K). 
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MATERIEL El METFIODES 

Imrndiatoment aprs iclosion, on nombre 4gal (20 par lot) de larves de B. inorf 
de varits diffrentes, rclosos simultanément Soar prIeves et 6lev6es jusqu'2i 
la nymphose dans des condir ions similairos dans des hoites de Petri dsin1ect6es. 

Un poids donné de bullies de mrier tendres et fraichos lour est fourni detix 
fois par jour. Les poids de nourriture rsidueiIe ci de matires fcales sont 
mesurs chaque jour jusquS is nymphose. 

Un lot-timoin de feuilles (Sans larves) est maintenu paralllement. Les teuliles 
uti1ises dans le lot-témoin soft aussi peses chaque jour comme dans le lot expri_ 
meat a I. 

Le pourcentage daugmeritation du poids des larves au Coors du dvoioppeniont est 
d4termin4 on posant on jour stir deux cinq larves prises au hasard or en calculant 
ensulte to poids moyen dune larve. 

Le pourcenrage des larves nyniphosées (a), Ia durée moyenne de Is priode 

larvaire (av) et les valeurs de l'indice de croissance (n/av) soft calculs selon 
is mthodo de Pantley et al.(1968). fl'autres paramtros, teEs que la duréo de la 
pérlode de chaque 3ge larvaire, 	Ic poids moyen dune larve, le poids de feullies 
fratches consommées par larve, Is poids des matiros 1ca1es produites par larve et 
le poids gagn6 par larve pendant Is pride de nourrissage ont été calcults stpar-
meat selon les rnthodes suggries par Waldbaiier (1968), 

Le poids moyen du cocon avec ci sins Ia chrysauide est mesuré après la forma-
tion du cocon pour chaque larve noiirrie sur chaque varit. 

RESIJLTATS El DISCUSSION 

Les nisuitars ohtenis oat 6t4 ports sur Les tableaux I-Vu. 

Le tableau I duane le pourcentago comparatif de survio, les différontes prio-

des larvaires or Ic poids moyen du cocon, ainsi que I indico de croissance des vers 
nourris avec diffrentes v;iriitLs de mriers culiivees dans des conditions identi-
quos. 

On obtient 1007, de nymphose choz les vers nourris sur les varitês KNG et Chack-
majra, 807, sur Borhampuri , 757, stir Sujon1 uri ci 60% sur les variits sauvages 
locales. La priode larvaire minimum de 29-32/33 jours est obtenue avec les varirrés 
Borhampuri. KNG et Chackrn;ijra 	la priode larvaire la plus longue (33-37jours) chcz 
Les larves nourries sur les variits locales. 

L'indice de croissance (Tableau I) obtonu en divisant Ic pourcontage des larves 
nymphosos par la dure moyenne de la priode dalimentation larvaire, est maximum 
avec Chackmajra (3,448) suivi de KNG (1,33), Borhampuni (2,75), Sujanpuri (2,14) or 
la varik6 locale (1,76). 

to poids moyen maximum de cocon (1.376 g avec chrysa lids et 0,1160 g sans chry-
salido) esl obtonu chez Les larves i-iourries sur la varisté l3erhampuri, suivi de 
Chackmajra (1,197/0,0925), KNG (0,8120/0,0833), Sujanpuri (0,7991/0,0675) et la 
vari4t:4 sauvage locale (0,4940/0,0575). 
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Le tableau II. donne los poids maximum ct minimum gagns par los larves nourries 
sur différentes varitc)s do mrier, enregistrs Un jour sur deux. Ce tableau montre 
que La premiere pLace est occupe le 29ème jour, lorsque los larves sont complèroment 
matures, par un lot do vers nourris sur la varidt 	Borhampuri qul onregistre les 
poids maximum (3,050 g max., 2,350 g mm.) suivi do Chackmajra (2,600/2.224), KNC 
(2,280/2,100), Sujanpuri (1,605/0,765) et la vari6t6 locale (0,710/0,370). 

Los tableaux III a VII indiquent la valeur des paramCtres tels quo Ic poids 
moyen, to poids des feuilles fratches consommos par une larve, Ic poids de matiCre 
fcale produire par une larve et l'augmentation do poids par larve pendant La totali-
t6 do la priode d'alimontation, au coors do chaque 5ge larvaire et pour chaque 
varit. 

A partir do ces données, nous avons caIcuh les diflrents indices comme 
l'indice de corisommation, le taux do croissance (CR). Ii digestibilité approxLmativo 
(AD), Ic taux de conversion do la nourriture ingrée (ECI) et le taux do conversion 
do [a nourriture digre (ECD). 

bus ces tableaux (rh-Vu) montrent quo les valeurs CI soot on rapport inverse 
avec le schma do croissance larvaire, rest-a-dire quo les valeurs Cl diminuent au 
fur et A mosure do In croissance do la larve. Los valeurs CR donnent une relation 
identiue entre l'ge et la croissance des larves avec les deux variéts Rerhampuri 
et locale, alors quaucuno relation no somble exister pour les autros varitds oi 
les vaLours CR onrogistrios paraissont 	fortuites. 

Alors quo les valeurs approximativos do la digostLbiIit (AD) indiquont égaLo-
mont une tendance dcroissanto dans tons los cas (Tableaux IlL-Vu) du Icr au Sème 
go larvaire, les valeurs ECI et ECD montrent uno relation posiLivo avec Los larves 

on cours do croissance, puisquo les deux paramCtros augmentent rguIiCremcnt avec 
l'age des larves. Do plus, tous Los tableaux cits iTidiquoiit clairomont quo jusquan 
3eme ago, Los valours ELI ot ECD marquent uric augmentation graduello et minimum dans 
tous les cas, cos valeurs augmontant soudainomoet au dbut du ACme ago. Los valeurs 
ECI et ECD maximalos (57,19 et 59,84) sont enreiiatres au 5Cmo ago choz les larves 
nourrios avec la vari6t6 Fierhampuri. due 051 suivie par Chackmajra (47,03 et 
49,94), ENd (36,79 et 38,65), Sujaripuri (29,26 Ct 30,66), et la varicta locale (11,67 
et 11,91). Cetto sequence oat oxactemont paraliCle C la sCquence du gain do poids 
par los larves maturos (au 29Cme jour) comme It,  muictre le Tableau II, suggCrant ainsi 
quo le gain do poids ost directemont liC C ELI et ECD. 

La performance globa Lo concernant Ic rendemeict on soio donno to classoment sui- 
vant par ordre croissant 	Borhampuri, Chackmajra, ENd, Sujanpuri et locale. Los 
trois promiCres semblont Ctre les variCtCs prClCrCes des vers C solo, dans la mosuro 
o4 elba favorisent Leur croissance. CeLLo difI6renco occtro les diverses varietes 
do mrior pourrait Ctre duo C la difference do valour nutritive des Ieuilles do ces 
varietas, laquolle dovra atro etudieo plus avant. En co qui coucerno la mortalitC 
des vers C soie, on onregistro 100 T do nymphoso (dorcc pas do morlaliLé) chez Lea 
larves nourrjos sur Chackmajra et ENd, mais 80'!, do nymphccso (c'ost-C-dire une morta-
Litt do 20'!,) choz les larves nourrios sur Borhampuri. Los deux variCtCs rosLantes, 
Sujanpuri et Ia variCtC locale, donnent un taux do nymphose heaucoup plus laiblo, 
de 75 ct 60 IL, cost-a-dire nob mortalitC do 25 ci 40 IL. 

Ainsi los variCLCs Chackmajra et KNC surpassent los antros du point do vuo Cco-
nomique. Cea doux variCtCs produisent IégCrornecct moms de soio quo Berhanipuri, 
lnquel lo donne on rcv;tnche nice mortal i té plus importanto (20 '4). Sharma 01 Tara 
(1984ci) qni ont CtudiC les dUets des parasites sur les variCtes do mCriers plarctCs 
dans Ia rCgion do Jammu, ont observe quo La variCtC Chackmajra supporto mioUX 
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l'attaque des diffrents parasites de La region de Jammu. Nos rCsultats niontrent 
également que La variete Chackniajra donne les meilleures performances quant 	La pro- 
duction de soie, suggérant donc queue est La variété de mrier La plus appropriée 
dans cette region. 
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The protein P25 of Bombyx inori is a silk component of 25 kD which binds through 
disulfide bonds to the large 370 ki) fibroin (Couble et at., 1983). This protein is 
encoded by a 1100 nucleoridos long mRNA specifically transcribed by the posterior 

silkgland cells. The P25 mRNA and uibroin mRNA accumulate in the posterior silkgland 

cells in a very concerted manner, so that their cell molar concentration is identical 
all along the period of silk synthesis (Couble et at., 1983). This may result from 
the existence of similar prcmotor in their respective genes as suggested by the exis-

tence of highly homologous sequences in the 5' flanking DNA of these genes (Couble 

et a. , 1985). In this paper, we described the amiooacid sequence of the protein P25 
and present its putative conlormational characteristics predicted from programs of 

secondary structure of proteins. 

MATERIALS AND METhODS 

The aminoac id sequence of the protein P25 was determi ned by conceptual transla-

tion of the exonic sequence of the P25 gene (Chevillard ci at., 1986). 

The liydrnnphohicity prof lie of the protein has been established according to the 

procedure ol Kyte and Dooiittle (1982) using a window width of nine aminoacids. 

Secondary structure predictions were performed according to the method of Chou and 

Fasman (1978) and that ol Gamier et at. (1978). These methods use known three dimen—
tional structure of proteins to measure the frequency of occurrence of aminoacid 

residues in helix, sheet and turn con1rmations. Refinements of the proposed struc-

ture were obtained by means of boundary analysis as recommended by Chou and Fasman 
(1978). 
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For the study of codon usage, the codon distribution from a compilation of 25 

Insect mRNA sequences was established using the data and programs of the ACNUC bank 
of the Institut d'Evolution flolêculaire (Lyon). 

RESULTS AND DISCUSSION 

Aminoacid sequence of the protein P25 

The gene of the silk protein P25 consists of a sequence of 3485 nucleotides, 

1173 of which are retained in the mature P25 mRNA after spl icing of five exoiric 

sequences (Figure 1). The nucleotide sequence of the exons has been deduced by com-
paring the sequence of the entire gene with that of the P25 cDNA (Couble et al . 1985; 
Chevillard et al., 1986). This allowed to predict the primary sequence of the P25 
protein presented 	on Figure 2. 	The whole protein comprises 220 aminoacids and 
has a molecular weight of 25179 daltons. 

The N-terminal portion of the protein that spans the 17 aminoacids encoded by 
the exon 1 has the characteristics of a peptide signal (Sabatini et al . , 1982): a 
charged aminoacid near the N-terminus (an arginine in position 4) followed by a 
stretch of hydrophobic residues (13 aminoacids with 9 valine or alanine). The exis-

tence of a peptide signal sequence was presumed since the protein P25 is exported 
after packaging in membranated cell compartments. The presence of an intervening 

sequence that interrupts the peptide signal is also a characteristic of the genes 
encoding fibroin (Tsujlmoto and Suzuki, 1979) and sericin (l)kamoto et at., 1982) and 
is a rather common feature of many genes encoding secreted proteins (Breathnach and 
Chambon, 1981). 

The composition of the presumed mature P25 protein (devoid of the N-terminal amino-
acids) is presented on Figure 3. We found it to be rather balanced with leucine as 

the most abundant residue at 9.45; this composition of P25 was compared with that 
of the major small molecular weight silk component determined by Shimura et at 
(1976) and Camo et at. (1977). As shown on Fig. 3 a and b, the compositions deduced 
from the gene sequence and from the extracted silk protein diverge in particular on 
the glycine, alanine and also phenylalanine and cysteine contents. This discrepancy 

may lie in the fact that the small molecular weight silk protein is heterogeneous 
and therefore contains, besides P25, other protein(s) of similar size, also possibly 
associated to fibroin. 

Codon usage of the P25 mRNA 

It is well documented that bias in codon usage occur for the major aminoacids 
encoded by fibroin mRNA. Thus, we search for putative similarities in codon differen-

tial usage between P25 and fibroin mRNA, since both mRNA are present in equimolar 
amounts in the posterior silkgland cells (Couble et aZ. , 1981). This was carried out 
for only the triplets encoding the amincmacids glycine, alanine and serine - the most 
abundant codons of fibroin  mRNA - for which codon pre ferences are known. I mideed. the 

analyses of the nucleotides resulting from RNAse digestion of the fibroin mRNA 
(Suzuki and Brown, 1972) and of the restriction enzyme pattern of its gene (Morrow 
et aZ., 1977; Manning and Cage. 1978) have evidenced that glycine codons are Ccli (275 

of total codons) and CCA (195), that most alanine codons are LCD (297,) and most 
serine codons are UCA (127.). These codon preferences in the fibroin mRNA contrast 

drastically with the codons used for these aminoacids in 1125 mRNA (see Figure 6a) 

in which the frequencies of the four triplets for glycine and for alanine are 
balanced, and for which the only serine codon avoided is actually IICA, Lite almost 
exclusive one in fibroin mRNA. This suggests that, with respect to these four amino- 
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acids of the core sequence of fibroin, the P25 mRNA coding strategy is poorly related 
to that of the fibroin mRNA, despite the fact that the two corresponding genes are 
highly expressed in the same cells. 

With the aim of comparing the codon usage of the P25 mRNA with that of other 
insect mRNA, we established the distribution of synonymous triplets from a compila-
tion of sequence data of 25 insect mRNA i.e. 7100 codons. The distribution of synony-
mous codons in the P25 mRNA reveals differential codon usage for certain aminoacids. 
Thus, the pattern of codon usage presented on Figure 4 shows a higher incidence of 
the codons CUG for leucine (9 out of 22), GAG for histidine (8/9), GAG for aspartic 
acid (10/14), UAC for tyrosine (8 / 10), UUC for phenylalanine (11/14) and AUG for iso-
leucine (9 / 14). The Figure 4a and b shows that for most of these aminoacids (Leu, 
Asn, Tyr, Phe and lIe), the distribution patLerns of the corresponding codons in the 
two populations are very similar. Though, a divergence in codon usage can be noted 
for what concerns arginine codons: I out 2 arginine in average is encoded by COG in 
the compiled insect data, while only I out of 13 is encc,ded by the same triplet in 
the P25 mRNA. 

These analyses suggest that the coding strategy of the P25 mRNA is closely related 
to that of an average insect mRNA sequence in contrast with fihrnin mRNA. 

Hydrophobicity and secondary structure predictions 

The putative hydrophobic and hydrophilic domains of the protein P25 were deduced 
from the variations, all along the protein, of the "hydropathy index' determined by 
the computer program of Kyte and Doolittle (1982). They are presented on the LOp of 
the Figure 5. A large peak of hydrophobicity is observed in the 1-17 aminoacid region 
of the protein regardless of the window chosen. This agrees with the presence of a 
peptide signal sequence at the amino terminal region of the protein. It is followed 
by a neutral sequence up to the amino acids 50-53. From there, down to the carboxy 
terminus, the protein is featured by a rather regular alternation of hydrophobic and 
hydrophilic regions. The possibility that this periodicity may reflect higher order 
structures of the protein is strengthened by the observation that large porLions of 
the hydrophobic domains match regions prelereiitially predicted to be ordered as f-
sheet. 

The determination of the highest probabilities of accessibility to the surface 
of the protein along the sequence of P25 according to Boyer et of. (1986) matches 
the localization of the hydrophilic volleys predicted by the program of KyLe and 
Doolittle (results not shown). Thus, the highest probability of interaction with the 
solvent falls at the aminoacids 80 to85, a high hydrophilic domain. 

The assignment of a folding type to the protein P25 was realized in locating 
the protein P25 in the "composition space" grouping 135 proteins of known class, 
built by Nakishima e t  ab• (1986). By this approach, P25 appears closely related to 
rho stib group of protein of cn I A typp.Inrorest inglv, such a proposit ion was rorro-
bmmmamed by the predictions of the secondary srrucit:res invest igared by both the pre - 
di ci mmmi schenie of Chin and Fasman ( 978) and the algori thin of Gamier 	a?. 	(1978) 
The conformational profile br helical, B-sheet and B-turn potentials of tetrapeptides 
is shown for the complete sequence on Figure 5. The first method indicated a relative 
composition of 25% a-helix, 34% B -sheet and 19% of B-turns. Gamier's method which 
gives similar predictions led to increase the ordered secondary structure of the 
pritoill with 42% of B-sheet and 27/, of n-helix and 22% of B-turns. 

Both analys is are in qui to good agreement for the distribution of domains of 
structure along the sequence of the protein. The main divergence on the predictions 
concerns the probable conformation of the 1-17 aminoaci d sequence. This region exhi- 
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bits almost identical high helix and sheet potentials wi'h he p-ogram of Chon and 

Fasman whereas that of Garnirr and collaborators predicted high helix potentials. 

Frow these analyses it comes out that the protein P25 is highly ordered with 

a predilection br B-sheer conformation versus a-helix and with noticeably frequent 

8-turns. A periodical structure arises from the repetition of 8-turn-Bsheet-B-turn 

stretches, and from the regular occurrence of short a-helix regions in the carboxy 

terminal port ion of the protein. The assignment of P25 to be of a+B type is consis 

tent with such a preponderance of a-helix in the half c.irboxy -terminal part of the 

mature protein. 

The establishment of covalent bonds between P25 and fibroln may occur very early 

during the biosynthesis of these proteins since this linkage seems to be required 

for the fibroin to be secreted into the lumen (Takei et a?., 1984). There are several 

cysteine residues in the protein P25 that may participate in inter-chain bonding. 

In view of it-, locar ion in the predicted secondary Structure of the protein, the cys-

teine residue in position 85 may be particularly exposed. it has the property of 

falling into the region of highest probability of surface accessibility, on the edge 

of a 8-turn -or possibly included in- at the interface of two regions predicted in 

8-sheet conformation. The cysreine residues in the fibroin sequence have not been 

localized except for the one in position 11 within the putative peptide signal (see 

Tsujimoto and Suzuki, 1979). Unfortunately, it is not known whether it is conserved 

or not in the mature protein. 

Notwithstanding the preliminary character of this study of the conformation of 

the protein P25, our results suggest that the protein has a highly ordered secondary 

strucrure and enrphazise the existence of a periodicity in the conformation which may 

be a clue in understanding the relationship between P25 and fibroin. 
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FIGURE 1. 

Organization of the gene of P25. Overlapping genomic insert of genomic clones 

carrying P25 gene sequence are shown on top of the figure. Exons and introns are 

represented as black and empty boxes respectively. Hatchr1 boxes represent the 

untranslated region of El at the 5' end and of E55 at the l'end of the gene. Restric-
tion map for the enzyme listed is shown on the bottom line. 

Organisatlon du gene de P25. Les clones gnomiques contenant le gene P25 sont 

indiqués sur le haut de Ia figure. Les exons et les introns sont représentés respec-

tivement par des rectangles pleins et vides. Les rectangles hachurés reprsentent 
les rgions non traduites de El a lextrémit 5 et de E5 	Vextrmité 3 1  du gene. 
La carte de "restriction" pour les enzymes indiquées est portée sur Ia ligne du bas. 
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FIGURE 2. 

Coding sequence of the P25 gene and conceptual amiIIoo id sequence oF the pro-
tein. Arrows Indicated the position of Intron insertion. 

S6quence codante du gene P25 et squence conceptuelle de Ia protlne. Les 

fleches indiquent Is position des insertions dintron. 
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net Lsa Ala Arg Cys Lea Ala Vat Ala Ala Vat Ala Ual Lou Ala S.,-  AlaGly Pro Pro See Pro 11. lye Arg Pro Cjs Tije Lou Asp 
AUG COO Gd CGG UGh CUR 5W CUA 0CC ICU GUG GCA GuU UuG OCU UCU ICR GOT, CCG CdT, AGU [CO ,iUC UAC 660 CCC UGC UAC UUG hAT 

	

6 12 	18 	24 	30 	36 	42 	46 	54 	60 	66 	72 	78 	64 	90 

Asp Ty,- Ly. Cys lie her Asp Hts Lea Ala AlaAsn See Lys Cys Ii. Pro Gly  6eg  Gly Gin Ii. Pro her Gin lye Glu II. Pro Vat 
GAG UACPAR UGC AUC 0CC GAC CAC CUG 6CC GCQ AAC UCG 666 LOU AUC CCI GOC AGA 000 CAG AUC CCC UCI CAG UAC GAG 6116 CCG GUI 

	

96 	102 	108 	114 	120 	126 	132 	138 	144 	150 	156 	162 	166 	174 	120 

Pie Gin Ph. Glu It. Pro lp-  Ph, As,-, Ala lie lye Vat Asp His Asn L.a Ii. The Arg Ron His Asp Gin Cys Arg Vat See Glu Ph. 
UUC CAG UUU GAA AUA CCA UAC GIld ARC 6CC 6CC UAC GUC GAC CRU PAIl CUT AUU 6CC CGU AAU CAC C-AG CAG UGC CCU GUC AGC OAR UUU 

	

186 	192 	196 	204 	210 	216 	222 	228 	234 	240 	246 	252 	256 	264 	270 

Tyr Asp A.n Vat Ar2 The Lou Lys The Va1 LQa The Vat Asp Cys Pro Tep Lea A.n Ph. Olu See Asn Ar2 The Lea Ala Gin HIS let 
UPU GACARU 606 606 ACU UGA RAA RCA C-UU 111)6 6CC GUI C-AC U0U CCG UGG dUG AAC UUUIRA 0CC ARC C G G 6CC UUG GCU CAG CAC AUS 

	

276 	282 	282 	294 	300 	306 	312 	318 	324 	330 	336 	342 	348 	354 	360 

See Ph. Lys Gtu Asp Vat Gal Lou See Ph, lye ItO Asn Gly See Ty leo Lou lie Arg LOU The The Gal Ph. Asp Lys 614 ROn ROn 
UCG UUC RAG 666 GAC CIJC GUC UUA AIC UUC UAC AUC AAU 606 UCU GAG CCU UlIG AUC ROT, CUR 6CC' 6CR GUI UUU C-AU RAG GOC ARC 6611 

	

366 	372 	378 	384 	390 	396 	402 	408 	414 	420 	426 	432 	438 	444 	450 

Ph.Asp Lou Cys See Ala Ph. The Ph. Ala Asp Lou Ala Giy Gly Lea Pro It. Ph. His Ii. Ron Pro A.n Asp Gin Arg hr Ala Gin 
UUC GAC UUG USU UCO CCU UUC ACS UUC 6CR GAC CUG 0CC 660 GGU TUG CCC AUC UUC CAC AUG AAC CCU #AU GAC CAA COT RCA GCG CAG 

	

456 	462 	468 	474 	460 	486 	492 	498 	504 	510 	516 	522 	528 	534 	540 

lep Lou See Lys Asp Lou The Lou Lou HIS It, lyr Glu Arg C-ia His lie Ph. Gly Lys Arg Asn Trp Lea Ala Arg See Ph. Il. Per 
UGG GUI UCU 666 GAU CUG 6CC CUG CUll CAC AUG UAC GAG 666 GAG CAC AUC UVC 066 RAG AGO ARC UGG CUG GCG AGO 11CC UUC AUC ROT 

	

546 	552 	553 	564 	570 	578 	582 	588 	594 	600 	606 	612 	618 	624 	630 

6r9 The Lea Cys Asp Ph, Gly Cys HIs HIS 
606 RCA CUC UGC GAC UUC GGU UGC CAC CAC 

	

636 	642 	648 	e54 	660 

FIGURE 2 
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FIGURE 3. 

Aminoacid composition of the protein P25 predicted from the gene coding sequen-

ce, expressed in percent of aminoacid residues. (a) and (b) correspond to the amino-

acid composition of the small molecular weight silk protein determined respectively 
by Shimura et al. (1976) and Camo et al. (1977). 

Composition en acides amins de Is protine P25 dduite de Ia sequence de Ia 

partie codante du gne, exprimee en pourcentage des acides aminés. (a) et (b) corres- 

pondent respectivement 	La composition de Ia protéine soyeuse de faible poids mole- 
culaire obtenue par Shimora et coIl. (1976) et Gamo et coil. (1977). 
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(N 

Leu 94 

Phe 74 

lie 69 

Asç 69 

sn 64 

Ser 64 

Arg 59 

Thr 59 

Pro 59 

Tgr 49 

Aio 44 

Gig 44 

v& 44 

His 4.4 

Cgs 39 

Lys 34 

Gin 34 

Giu 34 

Trp 15 

Met. 05 

717 70 

267 17 

725 64 

154 147 

793 109 

375 41 

253 34 

304 34 

342 31 

169 137 

100 114 

735 5,5 

164 22 

64 13 

151 22 

535 59 

ND ND 

035 03 

FIGURE 3 
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FIGURE 4. 

Codon usage of the P25 rnRNA (a) and distribution of the synonymous codons of 

25 compiled insect mI1NA coding sequences (b). 

Utilisatiun des codons dans LARNm de P25 (a) et distribution des codons 

synonymes dans los sequences codantos do 25 ARNm dinsectes (b). 
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1(°) 1(b) I 	I° 	(b) 

FlOG RCR 4 16 URL OUR 1 36 
AGO 4 16 GtJC 4 155 
CGR 0 28 G U G 5 240 
CGC 1 164 G U U 2 53 
COG 2 32 
CGU 2 66 LYS RAR 4 65 

RAG 3 356 
LEU CUR 2 31 

CUC 2 113 fiSH ARC 7 193 
COG 9 306 ARU 6 72 
CUU 0 45 
UUR 3 13 GUI CAR 1 50 
UUG 6 111 CR0 6 209 

SER AGC 3 82 H I S CRC 8 97 
AGU 1 41 CRU 1 50 
UCR 0 22 
IJCC 3 137 GUI OAR 4 57 
LICG 4 85 GAG 3 356 
UCU 3 49 

liSP GRC 10 240 
THR RCA 4 43 GAO 4 173 

ACC 5 225 
A C G 2 74 TYR URC 6 162 
ACLI I 53 IJALI 2 69 

PRO CCR 1 62 CYS UGC 5 85 
CCC 3 IS? LIGU 1 26 
CCG 6 52 
CCU 2 47 PHE LIUC 11 175 

IJLILI 4 62 
RIB OCR 3 91 

6CC 4 275 lIE RUR 2 25 
GCG 4 75 RIJC 9 271 
GCU 5 150 RUU 3 107 

61? GGA 2 182 flET AUG 2 136 
GGC 2 280 
GGG 3 23 TOP UGG 3 64 
GGU 2 205 

FIGURE 4 
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FIGURE 5. 

Ilydropathy index plot and secondary structure of the protein P25. 

The hydroparhy index displayed on top of the figure was determined using a span 
setting of nine aminoacids. 

Stippled boxes represent tile domains of the protein with o or B conformation 
predicted with the method of Chini and Fasman (1978). Black boxes correspond to the 
prediction of conformation using the algorithm of Gamier et al. (1978). Empty 
triangles represent the position of B-turns deduced from the Chou and Fasman's analy-
sis; the corresponding variations of the B-turns potentials with this method are 
shown at the bottom of the figure. Black triangles are centered on B-turn stretches 
predicted by Gamier and collaborators. Arrows indicated the positions of each of 
the nine cysteine residues of the protein. 

"Indice d'hydropathie" et structure secondaire de Ia prottne P25. 

L'indice port4 sur le haut de La figure a 6t6 dtermin en utilisant un pas 
d'analyse de netil acides aininis. 

Les rectangLes pointills reprsentenr lea domaines avec one conformation a ou 
B prédites i partir de Ia methodo de Chou et Fasman (1978). Les rectangles pleins 
correspondent aux predictions découlant de lalgorithme de Gamier et coIl. (1978). 
Les triangles vides donnent los positions des coudes determinees selon Chou or 

Fasman ; lea variat ions des potent fels de coude selon cette méfhode sont indiquées 

au baa de Ia figure. Les triangles noirs sont centres sur los motifs en coude prCdits 
a partir de Ia mCthode de Gamier or coil. Les flaches indiquent La position de din—
cune des neufs cyatCines de Ia protCine. 
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Traduct on 

SEQUENCE DACIDES AMINES El CARACTERISTIQUES STRUCTURALES 

DE LA PROTEINE DE LA SOlE DE 25KD CHEZ BOMBYX MORI 

Martine CHEVILLARD*, Gilbert DELEAGE* et Pierre COUBLE* 

U4 CNRS 92 (*) and UM CNRc 24 
Université Claude Bernard, 

43, boulevard du 11 Novembre 1918, 
69622 VILTSURB4NNE, 

Prance. 

La prot6ine P25 de Bombyx mori eat un cumposant de Ia sole de 25 Ri) I i6 par des 
ponra disulfure a Ia grande fibroTne de 370 RD (Couble et coIl., 1983). Cette pro-
tine cat cod8e par un long ARNm de 1100 nuciBotides traduit. par les celluies de Ia 
porno post8rieure de Ia glande s5ricigno (scrteur). L'ARNm de P25 et celul de 

Ia fibroTne saccumulent de monière conjotnto dans lea celluies du sêcréteur de telle 

sorte que ieur concentration motaire ear idontique tout au long de Ia p8riode de syn-
thse de Ia sole (Couble et coil., 1983). Ccci peut rsulter Be Ia prsenco de promo-
Leurs semblables dana les deux genes coarse le suggCre l'exiatence de srquences forte-
ment homologues entre lea regions flanquantes en 5' Be cos doox genes (Couble et 
coil., 1985). Dans cet article, nous dêcrivons Ia sequence de Ia prot8ine P25 et 
preaentons lea conformations possiblcs préditea par des programmes d'analyse des 
structures secondairos des protCines. 

MATERIELS El METHODES 

La sCquence d'acicles aminCs de Ia prorCine P25 a 6-t6 dCternrinCe par Ia traduc-

Lion theorique de Ia sequence exonique du gene de P25 (Chevil lard et coil., 1986). 

Le profil d'hydrophobiciri de Is protBlno a Ct8 CtabIi selon Ic procCdC de KyLe 

et Doolittle (1982) tn utilisant une "fentrc' de neuf acides aminBs. Les predictions 
de structure secondairc ont etC obtenues par Ia mCthode de Chou CL Fasman (1978) et 
celle de Cornier et coil. (1978). Ces mCthodes utilisont los structures tri-dimen-

slonnello' connues de protCinos variCEs pour calculer Ia frCquence et limportance 
des acids amitiCs dana los diffCrenrog conformations hClicoidaiea, en feuiliets et en 
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coudes. Des prêcisions dans la structure propnse ont etc apportoes par l'analyse 

des bornes scion les recommandat inns de Chnu et Fasmao (1978). 

Pour 1'tude de l'usage des codons, nous avons compile 25 sequences d'ARNm 

d'insectes en utilisant les donnCes et les programmes do la banque ACNIJC de 
l'Institut d'Evolution Moléculaire (Lyon). 

RESULTATS ST DISCUSSION 

Sequence d'acides aminés de la protéine P25 

Le gne de la protCine de la soie P25 est constituC dune sequence do 3485 
nucl.éotides, 1173 d'entre eux so retrouvant dans l'ARNm mature aprs Ipi.sage do 

cinq exons (Figure 1). La sequence des exons a été dCduite par comparaison de la 
sequence du gene entier avec ceile de I'ADN complCmentaire do mRNA P25 (Coublo et 
coil.. 1985 	Chcvillard et coil.. 1986). Ceci permet de prCdire la sequence primaire 
de la protCine P25 prCsentée sur la Figure 2. La prctéine complete est consrituée 
de 220 acides aminés et a un poids moléculaire de 25179 daltons. 

La partie N-termina!e de La protéine qui correspond aux 17 acides aminés codes 
par lexon 1 a les earactéristiques dun signal peptidique (Sabatini et coil., 1982): 
un acide amine chargé prCs de l'amine terminal (one arginine en position 4) suivi 
par one sCrie de rCsidus hydrophobes (13 acides aminCs dont 9 valine 00 alanine). 
L'existence dun signal poptidique était attendue puisque la protéine P25 Oct expor-
tee aprCs 1 emballage dans les compartiments mernbranaires de la cellule. La presence 
d'une sequence intronique qui interrompt le signal poptidique est CgaLement une 

caractéristique des gCnes codant pour la fibroine (Tsujimoto et Suzuki, 1979) et la 
séricine (Okemoto et coil., 1982) et est un trait ordinaire de nombreux genes codant 
pour des protCines sCcrétCps (Breathnach et Chambon, 1981). 

La composition stipposCc de Ia protéine P25 mature (en dehors des acides aminCs 
N-terminaux) est presentee cur la Figure 3. Silo est CquilibrCo eiioc la leucilie comnie 
acide amine prCpondCrant qui constitue 9,4 7, des rCsidus 	cette composition pout 
etre comparée i cello du compose majeur de In sole de faible poids moléculaire deter-
minée par Shimura et coIl. (1976) et Gamo et coil. (1977). Comme le montre la Figure 

35 et b, les compositions déduitt's de la sequence du gCno et de Is protéine extraito 
de la soie divergent principaloment pour In teneur en glycine, alanine, phCnylalanine 
et cystClne. Ceci peut signifier quo le compose 	taible poids moléculaire extrait 
de la soie est hCtCrogCne et contient en pius de P25 d'autres protCinos de tailie 
similaire qui pnurraienl aussi étre associCes h Ia fibrolno. 

Utilisation des codons dans L'ARNm de P25 

11 est bion connu que 1 'usage des codons est très désCqui 1 ibrC dans I 'ARN de 
La fibrolno, pour les acides aminés majeurs. Aussi, nous avons cherché Si 010 teile 
uttlisotion djlféroiitiollo des codons existe 	In lois pour I ARNis P25 et I ARNrn de 
is fibrolne, pul sque (es deux ARNm sont presents tn qilant it ês Cqiiimoia I res dens les 
cellules de la pertie postCricuro de la giande sCricigCne (Cotibic et coil.. 1983). 
Cette comparaisnn a Cté faite soulement pour les triplets correspondent t Is giycine. 
1' anal inc et la sen ne (les codons los plus abondants dans I 'ARNm de Ia f i broine) 
pour lesquels I'usage prClérentiol est connu. 1,es analyses des nucietides provenant 
de la digestion A Ia RNase de I'ARNm de Is fibroinc (Suzuki et Brown, 1972) et. cellos 

des profils de digestion par enzymes de restriction do gene lul-mérne (Morrow et coil., 
1977 	Manning et Gage, 1978) cnt montrC que les codons de la glscine sent CCU (27 '1, 
de i'ensemble des codons) et CCA (197,), que Los codons prCpondérants pour lalanine 
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sont GGU (29 7) et pour La sérine UCA (12 7,). Celte 'préfrence observre dans 1ARNm 

de la fibrotne contreste pour ces mmes acides amin6s avec ret le de I ARNm de P25 

(voir Figure 4a) dans lequel les frquencos des quatre codons de la glycine et de 

L'alani.ne sont voisines et o4 le seul codon absent pour la srine est UCA. celui-12i 

mme qui est presque exciusif dans IARNm de La tibroTno. Ceci suggère que, pour ce 

qui concerne ces quatro acides amints principaux de la fibroine, La stratgie de 

codage dans I'ARNm P25 a peu de rapport avec celle de LAI1Nm de fibroTne, malgr6 to 

fait que les deux gnes concerns soient fortemont exprimés dans les mmes cellules. 

Dens le but de comparer la frquence des codons de I'ARNm P25 et celle des ARNm 

d'autres insectes, nous evens 6tabli la distribution des triplets synonymes a partir 
des squences de 25 ARNm dinsectes, rest-a-dire 7100 codons. Lanalyse de La dis-

tribution descodons synonymes dans I'ARNm P25 indique un usage diffrentiel pour cer-

tains acides amins. Ainsi, les résultats de Ia Figure 4 montrent one frquence 
6lev4e des codons CUC pour La leucine (9 sur 22), CAC pour Ihistidine (8 sur 9), 

CAC pour lacide aspartique (10 sur 14), UAC pour La tyrosine (8 sur 10), liliC pour 
La phnylaIanine (11 sur 14) et AUC pour I' [soleucine (9 sur 14). La figure 4 (a et 
b) montre que pour la plupart de ces acides amities (Lou, Asn, Tyr, Phe et fle) la 
distribution des codons correspondents dans les deux populations est tras voisine. 
One divergence pout 	tro note0 concernant les codons de l'arginine : one arginine 

sur deux en moyenne est codCe par CCC dans les ARNm dinsectes pris globalement, 

alors que one sur 13 seulement est codte par le m&me tripLet dans I'ARNm P25. 

Ces anaLyses suggèrent que La strategie de codage de IARNm P25 est tras proche 

de celle de la sIquence moyenne des ARNm dinsecte contrairement A I'ARNm de 

libroTne. 

Hydrophobicit6 et structure secondatre putatives 

Los domaines hydrophobes et hydrophiles supposes de t,t protéino P25 not 

deduits des variations, tout le long de la protéine, de lindice d'hydropathie" 

determine par to programme de KyLe et Doolittle (1982). Elles sont prCsentées en haut 

de la Figure 5. Un pic important dhydrophobicitC est nbservC dans la rCginn des 

acides aminCs I 	17 queue que colt le 'fonCcre' choisie. Ccci est en eccord avec 

la presence du signal poptidiquo de la rCginn emino-rerminele de la proteine. Une 

sCquence neutre suit cette region jusqilaux acides amiriCs 50-51. A partir de ia et 

jusqua Ia partie carboxy-terminalo, la prntino est constituCe par uno aLternance 

presque reguliare de regions hydrophobos et hydrophilos. La possibilitC que cetto 

périodicité roflète des srructuros d'ordro supCrieur de la proteine est renforcéo 

par le felt que des rCgions importantes des domaines hydrophobes recouvrent des 

regions prCditos sous forme de feulilet B. 

La d4termination des probabilitCs les plus elevees da:cessibilite en surface 

le long de la sequence de Ia protéine P25 solon la méthodo de Boyer et coIl. (1986) 

recoupe la locelisation des vallCes hydrophiles determinees par le programme de Kyte 

et Doolittle (resultats non montrCs). Ainsi, la plus forte probabilitC dinteraction 

avec le solvant correspond atix acides eminCs 80 A 85, un domaine très hydrophile. 

Lattribue ion dune structure typo 	la proteine P25 a etC rCalisCe en locali- 

sent In protCino P25 cIns 1 'espace de composition 	construit par Nakashima et coil. 

(1986), groupant 135 proteinos de classo connuo. Par cc procCdC, P25 apparait tras 

proche du sous-groupo des protCines de type o-B. II est. intCressant de constater que 

celLo proposition est corroborCe par les predictions de structures socondaires Ctab-

lies solon la mCthode de Chru et Fasrna (1978) et Ialgorithme de Gamier et colt.. 

(1978). Los profits de conformation prCdite en hClice, feuillet B et coude sont mdi-

quCs sur la Figure 5 pour la sequence complato. La oromi're mCthode donne one compo-

sit on relative de 25% cii hClice n, 34% on fotiilletg CL 19'/ en cnude. La niCthode dc 
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Gamier qui donne des prdictions similaires conduit a une augmeirtaLion des struc-

tures secondaires de Ia protéino avec 42% de feuilletB et 277 dhtlice at et 21% de 
coude. 

Les deux analyses sont assoz convergentes quant a Ia distribution des domaines 
structures tout au long de Ia sCquence de Ia protCine. Le principal desaccord entre 
ces predictions concerne In conformation de is sequence des acides aminCs 1 A 17. 

Cette region possède des potentiels prosque aussi importants pour Ia structure en 
hellce nu en feuillct scion Ic nrogramme 	de Choti et Fasman alors que Ia méthode de 
Gamier et coil. prCdit seulement une conformation en hélice. 

A partir de ces analyses, ii apparait que Ia protCine P25 est fortement ordonnee 
avec une predilection pour In conformation en feuillct B par rapport A l'helice a et 

uric frCquence notable de coudes. be structure periodique Cmcrge de is rtpCtition 
du motif coude-feuillet 8-coude" et de Is disposition meguliare de courtos rCgions 
en hCticea dans In partie carboxy_terminalo de Ia protCine. L'attrlbution dii type 
a 4 B  h  P25 est cohCrente avec tine tells' preponderance 	d'helices a dans Is moitiC 
carboxy-rerisinale de Ia prort.ne  mature. 

La misc en place de liaisons covalentes entre P25 Cr Ia libroTne pour intervenir 

très t6t lars de Ia biosynthèse de ces protCines puisque cette liaison somble nCces-

saire A Ia secrCtion de In IibroTne dans Ia lumière de In glande séricigène (Takei 

et coIl., 1984). 11 exisre plusiours résidus cystéino dans P25 qui peuvent intervenir 

dans Ia liaison inter-chainos. Du point de vuo de Ia structure secondaire, le résidu 

cystéine en position 85 pout Ctro particulièrement expose. 11 est dans Ia region de 

plus forte probsbilité d'accessibilitC de suriace, près dun coude - ou inclus dans 
celui-ci - a linrerfaco enLro deux rCgions ayant uric conformation supposée en 
feulllet 8. Los rCsidus cy:tCine dans Ia sCquonce de La fibroine nont pas ete loca-. 
lisCs sauf pour tin en position ii 	l'intCrieur du signal peptidique suppose (voir 
Tsujimoto et Stisuki, 1979). NCammnins, nous no savons pas si co résidu esr conserve 
dans Ia protéino mature. 

Maigre Is' caractre preliminaire de cette Ctudo de Ia conformation de Is proté-

me P25, nos rCsultats suggrent que Is proteine possède une structure secondaire 

lortement ordonnée et met I'accent sur l'existence dune pCriodicité conformation-

nelle, ce qui pout constituer urn indice dans Is comprChonsion des relations entre 
P25 et fibroTne. 
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GIANT COCOON FORMATION IN ROMBYX MORI L., TOPICALLY TREATED 

WITH JUVENILE HORMONE SJ-42-F 

S.K. CHOWIJIIARY, F. SEIINAL*,  S.K. RAJ, P.S. RAJIJ and SARITA MATHU 

Re.jional Research Laboratory (Branch), 
Sanat Nagar, Srinagar 190 005, 

Kashmir, 
India. 

The effect of the juvenile hormone SJ-42-P applied topically 
on the abdominal tergum of the silkworm, Bombx mori 4. , after 
the fourth ecdysis, has been studied. •9everal parameters such 
as the right time and dose of application of this ,jurenile hor-
mone were also determined. An increase in shELl weiaht and shell 
ratio, a decrease in pupal weight, and the prolongation of the 
feeding period were observed. 

INTROIJUCT ION 

Juvenile hormones are known to affect the larval period as evidenced by the work 

of Wigglesworth (1936). later, Williams (1959,61) revealed that JU prevented adult 
development of Saturniid pupae; similar observations have also been made by him on 

several metabolous species. The work on the application of JII for increasing silk 

production in B. maci, started with the findings of Akal and his associates (1971). 
they reported that an injection of Cecropia Jil brought an increase in the duration 
of feeding period and also in the fibroin synthesis of the fifth instar larva. A few 

reports have subsequently been published relating to the utilization of .JH analog 

for silkworm rearing (Chang et at . , 1972; Hurakoshi et at . , 1972 and Nihmura et at .,  

1972). Nihmura and his associates (1972) revealed that J11 analogs bearing an ethyl 

substituent on C-7 and in n-propyl substituent on C-Il possessed 40-80 times more 

activity as that of the natural C18 ill. Nihmura et at. (1974) also worked on a number 
of synthetic JH analogs and observed that most of the Ill analogs delay maturat ion 

of larvae, thereby prolonging the instar duration and increasing the cocoon silk. 

The present study was undertaken with the view of evaluating the effect of 

S.1-42-F Jli on the growth and silk product ion in the larvae of B. mori L. 

Department of Physiology, Institute of Entomology, Czechoslovak Academy of Sciences 

Prague, Czechoslovakia. 
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MATERIAL AND METIIOI)S 

Preparation of doses: 

The Juvenile hormone SJ-42-F (Structure I) was used in the present study 
(Fig. 1). 

This compound was supplied by one of the authors (F. Sehnal . Czechoslovak 
Academy of Sciences, Czechoslovakia). The compound was dissolved in acetone and three 
concentrations of 20pg/lOel, 21.igfloul and 0.2ligIlOel were prepared. 

Test animals and method of application: 

Fifth instar larvae of the silkworm, Bombyx mori L. , of Fl hybrid between 
Shunrie a Shogestu were used. The larvae were reared on mulberry leaves at 24°F; ± 
1°C and 701 relative humidity. Larvae of equal size and weight were selected after 
the fourth ecdysis. The selected larvae were divided into 12 batches consisting of 
3 replicates each. Each replicate had 20 animals. 0.2pg, 25g and 20pg of the test 
compound was dissolved in 101 of acetone, was topically applied on the abdominal 
tergum of the larva using a tOOpl microsyringe controlled by a micro-applicator. The 
applications on the first three batches were carried out 48 hours after the fourth 
ecdysis while the fourth, fifth and sixth batches were treated at 72 bra and the 
batches no.7. 8 and 9 were treated at 96 hrs after the fourth ecdysis. Along with 
each treatment, a control was run which was only treated with lOel of acetone. 

RESULTS AND DISCUSSION 

The findings presented in Table I, reveal that the shel I weight varied with the 
tirre and dose of application. The most suitable time of application was found to be 
48 and 72 hrs after the fourth ecdysis, with doses of 2g/larva and 20Iigf larva. The 
significant observation was the increase in silk weight, silk ratio, larval prolonga-
tion and decrease in pupal weight. 

Silk weight 

It was observed that the most suitable time (iF application is between 48 hrs 
and 72 bra, with a dose of 2ug/larva and 20g/larva to get the highest increase in 
silk content, i.e. 0.4 2g and 0.47g respectively; whereas the control has only 0.33g 
silk weight. 

Silk ratio 

As is evident from Table I. the most significant value of silk ratio was obser-
ved with the dose of 2.Otig/larva on the second and third day. The highest increase 
in shell ratio varied from 22.861 to 22.951. It is thus clear that this juvenile hor-
mone increases the silk contents and decreases the pupal weight, thereby increases 
the economic character of the cocoon. 

Length of development 

It is very important for any JH study to take into SccorIllt the larval develop-
merit i.e. prolongation of feeding period. In the present studies it has been observed 
that the application of 2 g/larva at 48 hours after the fourth ecdysis resulted in 
the minimum increase in feeding period, i.e. 26 hours (I day and 2 hours) and is 
significant. 
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Akai at a7. (1971) also reported similar results with one of the synthetic hor-
mone C18 JO which gave a 30% increase in silk layer over control. In the present stu-
dy, It is a 141.98 to 42.54% increase in shell ratio over the control. Chang at at. 
(1972) also observed a 20% increase in cocoon and pupa 1 weight with giant cocoon pro-
duction when the larvae were treated with the methylenedioxyphenyl derivatives. 

The application of JH after the third day prolonged the feeding period from 2 
to 5 days and no cocoon formation took place, instead malformation and death was 
observed. These findings are in accordance with Chang at at. (1972), who also found 
that the effect of JO on silkworm larvae prolonged the feeding period when applied 
after the 3rd day onwards. They also found that the highest increase in silk produc-
tion cakes place when the application is done on the 2nd and 3rd day. In the present 
studies it is also observed that the application of 20iig/larva at 72 hrs increases 
the silk contents upto 0.47g but is not significant as it increases the larval period 
by 67 hrs (2 days and 19 hrs). The increase in larval period i.e. feeding period is 
directly proportional to feed consumed and labour inputs. Thus the increase in larval 
period is only significant if the increase in silk content is the highest as is being 
observed with the treatment of 21jg/larva at 48 hrs. 

The fecundity of giant cocoon moths was also observed. It is found that the num-
ber of eggs per laying in the treated moths varied from 350 to 400, whereas in the 
control the number of eggs per laying varied from .100 to liD. The same finding was 
also recorded by Chang at at. (1972). 

It is evident from the above findings that the JIl along SJ-42-F is extremely 
effective in increasing the silk weight of cocoon with a slight increase in the feed-
ing period. Taking into account the silk increase, feed and labour input, the appli-
cation of SJ-42-F (JO analog) is signilirantly economical and the production of silk 
by its use can be increased by more than 21% over control. 
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Dose 

)Ag/larva)/ 

Dose 

(pg/laroe) 

Time 	of 

application 

(hrs)/ 

Moment du 

traitement 

(heures) 

Larval 

period 

(days-hrs)/ 

Période 

larvaire 

(jours-h) 

Larval 

prolongation 

(days-hrs)/ 

Prolongation 

larvaire 

(jours-h) 

Cocoon 

weight 

)gms)f 

Poids du 

cocon 

(g) 

Pupal 

weight 

(gns)/ 

Poido 	de 	la 

chrysalide 

)g) 

Shell 

weight 

(gms)/ 

Poido 	de 	la 

coque 

(g( 

Shell 

ratio 

5/ 

Richesse 

soyeuse 

Increase 	in 	shell 	ratio 

over control/ 

Augmentation 	richesse 

soyeuse par 	rapport 

au 	tdmoin 

0.2 28-21 1-19 1.97(0.014) 1.55(0.009) 0.42(0.012) 21.32 32.42 
2 2.0 	I 	A 48 28-04 1-02 1.83(0.012) 1.41(0.010) 0.1.2)0.008) 22.95 42.54 
3 20.0 28-21 1-19 1.94(0.013) 1.58(0.006) 0.36(0.10) 18.56 15.27 

0.2 	I 29-04 2-02 1.79(0.010) 1.55(0.009) 0,24(0.006) 13.41 15.70 
5 2.0 	8 72 29-03 2-01 1.40(0.012) 1.08)0.010) 0.32(0.007) 22.86 41.98 
5 20.0 	I 29-21 2-19 2.34)0.013) 1.87(0.007) 0.47(0.008) 20.09 24.78 

7 0.2 	I 32.02 5-0 - 	No cocoon Formation/ 	Pus de 	formation du 	cocos . 
5 LU I C 96 32.04 5-02 - 	do/idem 
9 20.0 	I 32.03 5-01 - 	do/idem 

10 CONTROL 27-02 - 2.05(0.008) 1.72(0.008) 0.33(0.008) 16.10 

The eoperinent was conducted in 3 replicutes/ Leopérience a etA effectude en 3 replicatus 

Tible 1. Effect of SJ-42-F(JH) on growth and siLk 	increase in Bombyx priori L. 

Tableau I. Effet de Si-42-F(JH) sur la croissance et ['augmentation de la production de soie chez Bombyx mon L 
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Traduct ion 

FORMATION DE COCONS GEANTS CHEZ LE VER A SOlE BOMBYX MORI L. 

TRAITE LOCALEMENT AVEC LI-IORMONE JUVENILE 51-42-F 

S.K. CHOWDHARY, F. SEHNAL*, S.K. RAJ, P.S. RAJU et SARITA MATHU 

Regional Research Laboratorg (Branch), 
Sanat Nagar, Orinagar 790 005, 

Kashmir, 
Inde. 

Noufl avons dtudid I 'effet de 1 'hormone juue'niLe SJ-42--P 
appliqude Localement sur le tergwn abdominal du ver a soje Bombpx 
mon L. , aprs La 4bine mue. PLusieurs paramBtrea tets quo to 
moment et La dose addquats de 1 'application de cette hormone 
juvenile ont aussi dtd déterminds. Nous avcns observe une augmen-
tation du poids de La coque soueuse et de La richesse soyeuse, 
une diminution du poids de La chrysalide et on allongement de 
La période d'aLimentation. 

INTROI7UCTION 

On sait quo los hormones juveniles affecient Ia piriodo larvaire comme l'a 
montrC le travail de Wigglesworth (1936). Plus tard, Williams (1959, 61) a montrC 
quo ihormone juvenile empeche le développement en adulte des chrysaLides de satur-
nudes. ii a également fait des observations similaires chez plusieurs autres espbces 
holomCtaboles. La recherche concernant lapplication de JH pour accroitre Ia produc- 
tion de sole chez 1. mc- 	, a debute avec los dCcouvertes de Akaj ci sos collabora- 
teurs (1971). 11 ont montrC qu'une injection dhormone juvenile de Cecropia avait 
comme consequences une augmentation de Ia periode dalirnontation ci de synthèse de 
Ia fibroTne chez los larves du 5mo age. Quclques rapports ont ensuite CtC publies 
au sujot de l'utilisation danalogues de l'hormone juvenile pour l'Clevage du ver 
h soic (Chang et at., 1972; Murakoshi et 0 7.., 1972 ci Mihmiira e' ci., 1972). Nihrnura 
et sos col lahorateurs (1972) ont montrC quo Ics analogues de I 'hormone juvenile corn-
portant Un substjtuant Ctliyl sur C-i et un substituant n-propyl sur C-li avaient une 
act[vite 40 a 80 lois plus importante quo Ihormone juvenile naturelle C18. Nihrnura 
e at. (1974) ont igolement travaillC sur un certain nombre danalogues synthetiques 

DCpartoment de Physiologic, lnstitut dEntomologic, AcadCmie des Sciences Tchécos-
lovaque, Prague, TchCcoslovaquie. 
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de P hormone juvenile et ont observe que la piupart des analogues de JH retardent 

la maturitC des larves prolengeant ainsi in durCc de I ge larvaire et augmentant 

la soie du cocon. 

La prCsente étude a été ontreprise pour évalucr les eflets de SJ-42-F sur la 

croissonce et la production de soie chez les larves de B. 'nori L. 

MATERIEL ET METHODES 

Preparation des doses 

L'hormone juvenile SJ-42-F (Structure I) a etC utilisCe pour cette étude 
(Fig. 1). 

Ce compose a etC fourni par lun des auteurs (F. Sebnal, AcadCrnie des Sciences 

TchCcoslovnque, TchCcosiovaquie). Le compose a etC dissous dons de l'acCtone et trois 

concentrations (20eg/10111, 25g/lOwl et 0,2iig/lOpl) ont CtC prCparCes. 

Animaux testes et mCthode dapplication 

Des larves au 5me Sge du ver 7i soie Bombyx Mori L. , de lhybride F de Shunrie 
x Shogestu, ont etC utilisCes. Les larves (ml CtC ClevCes sur Ieuilles de mOrier 4 

une temperature de 240C±IOC et une humiditC relative de 707,. Les larves de taille 

et de poids identiques ont CtC sClectionnCes aprs In ACme mile. Les larves choisies 

ont etC rCparties en douze lots comprenant chacun trois replicatas. Chaque replicata 

est compose de 20 individus. 0,2eg, 2sg et 20ug dii compose testC ont etC dissous dons 

lOpl d'acCtone et appliqués localement sur Ic tergum abdominal des larves avec one 

microsertngue de lOOijI contrBiCe par Un micro-applicateur. L'appiication a etC effec-

tuCe sur les trois premiers lots 48 ii aprCs la 4Cme mue tandis que les 6Cme, 56me 

et 6Cme lots ont etC traitCs 72 h nprCs in 6Cme mile, et que les lots 7, 8 et 9 Pont 

etC 96 h aprCs la 4Cme sue. Correspondant 4 chaque traitement, un lot tCmoin a etC 

formC, seulement traiC avec lOpi d'acCtone. 

RESULTATS El DISCUSSION 

Les rCsultats prdsuntCs dons le Tableau I montrent que le poids de In coque 

soyeuse vane scion le moment de l'application et la dose. be moment le plus favo-

rable 4 lapplication se trouve entre 48 Cl 72 heures aprCs la 4Cme moe, avec des 
doses de 2pg/larve et de 20eg/iarve. Les observations les plus significatives sont 

laugmentation du poids de la coque soyeuse, de Ia richesse soyeuse, la prolongation 

de la pCriode larvaire et in diminution du poids de la chrysnlide. 

Poids de la coque soyeuse 

Nous noons observe que Ic moment Ic plus oppropriC pour l'application se situe 

entre 48 et 72 heures avec une dose de 21.ig/lorve et (IC 20iig/larve pour obtenir I 'aug-

mentation maximum de sole, c'est-4-dire respectivement 0,62 g er 0,47 g, alors que 

Ic poids de Ia coque soyeuse chez Ic temoin est de 0,31 g seulement. 

Richesse soyeuse 

Comme Is montre Ic Tableau I, In vnieur In plus signilicative pour in richesse 
soyeuse a etC enregistrCe avec In dose de 2 ,011g/larve aU second et au lCme jour. 

Laugmentation maximale de Ia richesse soyeuse vane de 22,86 7, 4 22,95 7,. It est 
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dotic clair que cette hormone juvile accroit la production de soie et dirninue le 
poids de la chrysalide, amliorant ainsi los carac1res 4conomiques du cocon. 

Dure du dveioppement 

Dana toutes lea 6tudes cur I 'hormone juvenile, ii est trs important de tenir 
compte du dCvoloppement larvaire, c'est-5--dire de la prolongation de is pCriode 
d'alimentation. Au cours de I 'Ctude prCsente, ii a etC observC que I 'application de 
2iig/Iarve 68 heures apr's la 4me muo provoqualt l'augmentation minimale de In 
pCriode d'alimentation. c'est-6-dire 26 heures (I jour or 2 heures) et cela eat 
signi ficatil 

Akai et al. (1971) rapportent Cgalemont des rCsultats similnires avec l'hormone 
)uvCnilc synthCtique C18 qui provoque une augmentation de 30 7 de soie par rapport 
au tCmoin. Dana la prCsente Ctude, cost une augmentation de la richesse soyeuse de 
41,98 6 42,54 '5 par rapport au tCmoin. Changet aS. (1972) ont Cgalement observC une 
augmentation de 20 7, du poids du cocon et de Ia chryanlido avec la formation dun 
cocon gCant lorsque les larves Ctaient traiLCes avec des dCrivCs mCthylne-dioxy-
phCnyl. 

L'application de l'hormone juvenile apr6s to 3ème jour prolonge la pCriode 
d'alimentation de 2 6 5 jours, la formation du cocon na pas lieu et on observe une 
malformation et la mort. Des résultats s'accordent avec ceux do Chang et aS. (1972) 
qui ont Cgalemeni Irouvé que I'hormone luvCnile appliquee our les larves de ver 6 
sole avait pour effet de prolonger la pCriode d'alimentation Ioraqu'elle Ctalt admi-
nistrée 6 partir du 3'me jour 01 ensuite, Ils ont Cgalement dCcotivort que l'augmenta-
tion de la production de soie Ia plus importante a Iiu Iorsque l'application eat 
laite le 26me Cu le 36mo jour. Nous avons dgnlement observC au cours des prCsentes 
etudes que l'application de 20tig/larve 6 72 heures augmente Ic poids de In coque 
soyeuse jusqu'S 0,47 g, mais cela n'est pas significatif car in pCriode larvaire eat 
aussi augmentCe de 67 heures (2 jours et 19 heures). La prolongation de la périodo 
larvaire, c'est-6-dire de la pCriode d'alimentation, eat directement proportionnello 
6 la nourriture consommCe ci 6 la main-d'oeuvre utilisCe. i'aiiongement de in 
pCriode larvaire ost significatif seulement si i'augmentation de soie eat supérieuro 
comme on la observe bra du traitement 6 21J g/larve 6 48 heures. 

Notis avons Cgaiement Ctudié la féconditC des papi I Ions pr000nant des cocons 
gCants. he nombre d'oeufs par ponte vane de 350 6 600 chez Lea papillons ayant subi 
Ic traitement, tandis qu'il so situe entro 300 et 350 chez Ics tCmoins. Lea mCmes 
résultats ont Cgalement CtC obtenus par Chang et aS. (1972). 

Lea résuitats mentionnCs ci-dessus metlent en evidence que l'hormone juvCnile. 
de mCme que SJ-42-F, eat tres efficace pour accroTtre 1e poids de Ia roque soyeuse 
avec une lCgre augmentation de la période d'alimentation. Si I 'on proud en compte 
l'augmentation de aoie. Ia nourriture et la main-d'oeuvre nécessaires,I'apptication 
de SJ-42-F (analogue de I 'hormone juvCnile) eat intCressante du point de vue Ccono-
m[que et la production de soie pout alors Ctre atigmeniCe de 21 '5 par rapport au 
L ('Ifl() i Ti 
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MULBERRY DESCRIPTOR 

S.B. DANDIN and M.S. JOLLY 

Central Sericultural Research and Traininq Institute, 
Mysore .570 008, 

India. 

250 accessions belonging to 13 species of the genus Morus L. 
were taken for the present study. The material.,; studied were col-
lected from various states of India and other countries where 
sericulture is being practised. 138 characters of nine major 
groups were analysed for a period of three years. Classification 
of attributes was made based on the total ej'tent of variability 
found in each character. The influence of environment on phenoty-
pie empress ion was avoided by growing the material under uniform 
climatic/edaphic conditions. Major diseases and pests prevailing 
in other countries were also considered for the universal use 
of the descriptor. In addition, agronomical attributes - qualita-
tive and quantitative - were included to indicate the cultural 
requirements of each strain. 

INTRODUCTION 

The effective utilisition of germplesm depends on systematic characierisation 

and identification of genotypes with specific traits. Owing to the fast spread of 
sericutture to different Indian states and to tropical countries, the need for a mul-
berry genotype of specific characters is very much Iett. Though a large amount of 

variability is available in existing population and in the introduced material, sys-
tematic characterisar ion has not been made. This is mainly due to the lack of inter-

nationally accepted mulberry descriptor. Even in the most advanced sericultural coun-

tries no attempt has been made to suggest a model descriptor for describing the exis-
ting mulberry genotypes. As a result, the valuable genetic variability is not exploi-
ted. Considering this lacuna, an attempt has been made to formulate mulberry descrip-

tor according to llackett (1 79a) and accept able to liiternat i onal Compendium Programme 
and International Board of Plant Genetic Resources (LBPGR). This may serve as a model 
to describe different taxa. 
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MATERIAL AND METHODS 

250 accessions of both wild and cultivated forms belonging to 13 species of the 
genus Mot'us L. (Table 1) from 11 different countries were studied. from India, mate-

rial was collected from 10 different States and germplasm conserved at Central 

Sericultural Research and Training Institute, Berhampore; Regional Sericultural 

Research Station, Pampore; Regional Sericultural Research Station, Kalimpong and 

Univoltine Research Station. Majra (Table II). Both exotic and indigenous materials 

were planted in the mulberry gcrmplasm bank of Central Sericultural Research and 

Training Institute, Mysore under identical agro-climatic conditions. Uniform package 

of practices was followed with respect to spacing, planling method, manurial/fertili-

zer doses, intercultivation and harvesting. Studies included 12 observations for 

three years covering the major seasons of the year. Average values of the observa-

tions were taken. The descriptor includes nine major groups of characters covering 

phytogeography, gross morphology, reproductive biology, anatomy, cytology, growth/ 

yield attributes, quality parameters, response to different cultivation practices 

and resistance to pests and diseases. 118 characters contributing directly or indi-

rectly to the growth and yield were taken into consideration. Provision has been made 

to include all specific characters of the genotypes and group them into different 
clusters. 

RESULTS AND DISCUSSION 

The descriptor prepared based on 130 characters of 9 major groups is presented 

In Annex. I. The extent of variability observed in each character is taken as a base 

for describing the particular character. Morphological characters such as leaf loba-

tion, internodal distance, sex of the plant, nature of style and stigma were observed 

in detail and their possible utilization for classifying mulberry is suggested. 9 

Important growth/yield parameters as suggested by Das and Krishnaswami (1969); Dandiri 

of al' (1983), were considered for this study. The extent of variability and average 
value of these parameters are given in Table III. Responses of the genotypes for dif-

ferent agronomical practices are taken into consideration to suggest suitable package 

deal for each genotype. All the major diseases and pests prevalent in the impor-

tant sericultural countries of the world are included so that genotypes of diverse 

nature showing resi stance to any one of these pathogens can be chosen. 

The main objective of the present descriptor is to serve as a ready reckoner 

for morphological and agronomical description of the strain/variety. 	As provision 
is made for all the known characters which influence/contribute to the full growth 

and foliage production of the plant, it is hoped that this will serve as a model for 

quick review of the features of a genotype. Also it serves the purposes of Informa-

tion resource for genetic variability, growth requirements and special genes. 
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(Annex. 1) 

MULBERRY DESCRIPTOR 

I. PHYTOCEOGRAPHICAI. INFORMATION 

BotanIcal name 

Common/Varietal name 

Origin 

Wild or cultivated 

If cultivated 

Mode of origin 

Areas of cultivation  

lndigenous/Exotic(country/state/provjnce) 

Introduct ion/Select ion/Hybrid/Mutant/ 
Polyp bid 

Temperate/Tropical/Subtropical 

11. MORPHOLOGICAL CHARACTERS 

A. Vegetative 

Habit 

Branching nature 

Colour of the stem 

Lentjcels 

Presence 

Distribution 

5, Colour of the young shoot 

6. Leaf 

a. Internodal distance 

b. Phyllotaxy 
c. Rank 

d. Nature 

e. Stipules 
Presence 

Nature 

Duration 

f. Petiole length (cm) 
g. Lamina 

I. Lobation 

If lobed 
Shape 

Base 

Tip 
V. Margin 

Tree/Bush 

Erect/Spreading/Drooping 

Present/Absent 

Dense/Medium/Sparse 

Green/Purple/Dark purple 

lap (1-7 leaf) 

MIddle (8-15 leaf) 

Base (below 15th leaf) 

Alternate/Opposite 
1/2, 2/3, 2/5, 3/5 
lJniform/Ueterophyllus 

Present/Absent 
Simple/Foliaceous 

Dec iduous/Caditcous 

Lobed/Entire 

Regular/Irregular 
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Surface 

Texture 

Venation 

Average leaf size 	 Length/llrcadth (cm)/Area (sq.cm) 
Thickness () 

Hairiness 

III. REPRODUCTIVE STRUCTURES 

1. 	SexualIty : 	Male/Female/Monoecious/Bisexual/Mixed 

2. 	Flowering nature Regular/Occasional 

3. 	Frequency : 	Heavy/Shy 

4. 	Inflorescence 

Length (cm) 

Diameter (cm) 

Flower arrangement Loose/Thick 

5. 	Male 	flowers 

No. 	of 	stamens 

Nature 

6. 	Pollen grains 

Size 

Openings 

Fertility 	(7,) 
Viability 	(7) 

7. 	Female flowers 

Style 	length (mm) 

Stigma 
Length (mm) 
Hairiness Pappilose/Pubescence 
Nature : 	Bifid erect/Bifid diverjcate/Bjfjd 

spreading 

B. Fruit 
Size, length and diameter (cm) 

Colour 

Taste (ripe fruit) 	 Sweet/Salty/Sour 

9. Seed 

100 seed weight (mg) 

Germination (7) 
Viability 

IV. ANATOMICAL FEATURES 

1. Idioblasts 

Presence 

Frequency (No./sq.cm) 

Size (width) 

Shape 

Projection length (p) 

2. Stomata 

Distribution 
Type 

Present/Absent 

Abaxial/Adaxial 

469 



Position 	 : Sunken/Surface 

Frequency (per unit area) 

Size () 	 Length/Breadth 

1. Guard cell size () 	 Length/Breadth 

g. Stomatal chioroplast No. 

No. of palisade layers 

Ratio of palisade/spongy layer 

by thickness 

Thickness of cuticle () 

Special features, if any 

V. 	CYTOLOGiCAL DETAILS 

1. Somatic 

2n chromosome No. 

Ploidy level 

Karyotype formula 

Total chromatin length 

No. of Sat chromosomes 

No. of large chromosome pairs 

2. Meiotic 

Meiotic behaviour 	 Regular/Irregular 
Chromosome configuration 

Meiotic abnormalities 

Tetrad type 

3. Special features, if any 

VI. PROPAGATION 

I. Sprouting 

Quality Fast/Medium/Slow 
Percentage on 20th day 

2. 	Rooting 

Nature 	 : Fast/Medium/Slow 

Percentage 	(on 60th day) 

3. 	Root proliferation rate 

(on 90th day) 
Weight of dry roots 

Length of 	longest root 
Dry shoot/root 	ratio 
(by weight) 

4. 	Suitability as 	stock 	 : Good/Medium/Poor 

5. Cuttings standard for propagation 

Optimum age of shoot 
Optimum 	length of cuttings Buds 
Optimum girth of cuttings 

Length 
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VII. GROWTH AND YIELD ATTRIBUTES 

A. Quantitative 

1. Growth 

a. Nature 

b. Rate/90 days (cm) 

No. of primary branches 

Length of primary branches (cm): 

No. of secondary branches 
Length of secondary 

branches (cm) 

Total shoot length (cm) 

Leaf No./meter 

Wt. of 100 fresh leaves (gm) 
c. Lamina/Petiole ratio 

By length 

By weight 

d. Leaf-shoot ratio by weight 

e. Total leaf yield/plant/harvest 

f. Annual yield/plant 

g. Calculated yield/ha 

B. Qualitative 

I. Moisture 7. of leaves 

Top 	Middle 	Base 

	

(1-7) (8-15) 	(below 15) 
average 

2. Moisture retention capacity, 

average at 12th hour of harvest 

3. Chemical contents 

Non reducing sugars (7.) 
Reducing sugars (7.) 

Total sugars (7.) 

Crude protein (7.) 
V. Mineral (7.) 

vi. Fibre 

4. Palatability 

5. Moulting test (70% feed 

upto 2nd moult) 

6. Leaf cocoon ratio 

(by feeding trial) 

Slow/Medium/Fast 

VIII. RESPONSE TO DIFFERENT PHYSIOLOGICAL CONDITIONS 

Resistance to drought 

Resistance to salinity 

Response to winter 

Response to repeated prunning 

Resistant/Tolerant/Susceptible 

Resistant/Tolerant/Susceptible 

Good/Medium/Poor 

Good/Medium/Poor 
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IX. RESISTANCE TO DISEASE AND PESTS 

1. 	Diseases 

 Fungal 	leaf 	spot 
(Cercospora moricola Cooke) Resistant/Tolerant/Susceptible 

 Powdery mildews 

(Phyllactinia corylea (Pers) 
Karst : 	Resistant/Tolerant/Susceptible 

 Leaf 	rust 

(Cerotelium fici) Resistant/Tolerant/Susceptible 
 White root rot 

(Roselfinia necatrix Beriese) Resistant/Tolerant/Susceptible 
 Violet 	root 	rot 
(lieLicobasidiwn mompa Tanaka) Resistant/Tolerant/Susceptible 

 Bacterial 	leaf 	spot 

(Pseudomonaa rsor) Resistant/Tolerant/Susceptible 
 Any other disease 

(not covered above) 

2. 	Pests 

 Hairy caterpillar 

(Diacrisia obliqua Walk) Resistant/Tolerant/Susceptible 
 Jassids 

(Einpoasca flavescens Fb.) Resistant/Tolerant/Susceptible 
 Mealy bugs 

(Maconell.icoccua hirsutus) 	: Resistant/Tolerant/Susceptible 
 Red scale 

(Aonide1la aurantii Mask) 	: Resistant/Tolerant/Susceptible 
 Thrips 	(5 species) Resistant/Tolerant/Susceptible 
 Mites 

(Tetranychus spp) Resistant/Tolerant/Susceptible 
 Root knot nematode 

(Meloidoqyne incognita Kofoid) Resistant/Tolerant/Susceptible 
 Any other pests 

(not covered above) 

472 



Species/ (spIces 	
No. of accessions/ 

Nb d'eoeplaires 

18 

N. aostralis (N. acidosa) 

N. bombycis 	 5 

N. cathyana 	 1 

N. chinenois 	 2 

N.indoca 	 21 

N. laevigata 	 4 

N. latifolia (N. •ulticaulis) 	 24 

Nogra 	 2 

H. serrata 	 4 

H. tilaefolia 	 I 

Unidentified / Non identifiées 	 73 

Total 
	

158 

Table I. Specieswlse composition of mulberry strains maintained at 

Central Sericultural Research and Training Institute, Mysore. 

Tableau I. Rpartition par espèce des Iignées de rnIrier conservées au 

Central SericuIturi Research and Training Institute de !lysore. 
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 CSRTI, Mysore 38 

 CSRTI, Berhampore 12 

 RSRS, Kaliapong - 

t. RSRS, Ma3ra 20 

 RSRS, Papore 14 

 RSRS, Coonoor 2 

 BSI, Calcutta 2 

 Sericultural Departuent, 	J I K, 	Meergund 4 

 Other country 	(exotic)/ 

Autres pays 	(exotiques) 
66 

 Elite Fl 	hybrids/ Hybride5 Fl 	Elite 

CSRTI, Nyosre 
lot 

TOTAL 
	

259 

Table It. Mulberry geronpiasm included in the present study. 

Tableau II. Collection de mQriers utilisée dans cette étude. 
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Character/ 	 Maximum! 	 Minimum! 	 Average! 	 No. of accessions 

Caroctlre 	 Maximum 	 Minimum 	 Moyenne 	 exceeding the average! 

Nb dexemplaires 

au-dessus de la moyenne 

Plant 	height 	cm)/ 355.40(141) 100.30 227.85 37 

Hauteur 	do 	plant 	(cm) (Goshoerami) 

Internodal 	distance 	(cm)/ 7.38 2.55(102) 4.81 38 

Distance 	internodale 	(cm) (Mix 	x 8C-P 4 ) 

Weight 	of 100 	leaves 	(gm)! 1400 98.0(117) 430.52 73 

Poids 	de 	100 	feuilles 	(g) (Goahoerami) 

Leaf petiale ratio by weight! 92.98:7.02 64.5:35.5 78.74:21.26 129 

Rapport de poids 	feuile/p0tiole (132) (135) 

Sprouting percentage! 99.2(103) 1.36 40.6 110 

Pourcentage de dbourrenent (62 	o BC-P6) 

Rooting percentage! 100.0)117) 2.44 50.0 85 

Pourcentage 	denracinement (Local 	a 	Kooen)P3 

Moisture 	percentage! 78.7(115) 45.8 62.25 114 

Pourcentage 	dhumidité )W8 	a 	Kosen 	P1) 

Moisture 	retaining 	capacity! 76.80 41.26 59.03 137 

CapacitA 	de 	retention 	deau (Mix. 	o 	catt.P3) (W8 	a 	6osen 	P1) 

Leaf 	area/meter 	length 	of 	shoot! 7093.75(167) 1225.73(138) 4150.74 38 

Surface 	de 	la 	feuille/longueor 	en nOtres 

de 	la tige 

Table Ill. Range of variabiLity of the characters of the accessions studied. 

Tableau Ill. Etendue de La variabilité des caractres 6tudi4s aelon les exernpLaires. 



Traduct ion 

DESCRIPTEUR DU MURLER 

S.B. DANDIN et M.S. JOLLY 

Central Sericultural Research and Training Institute, 
M,ysore 570 008, 

Inde. 

250 exemplaires appartenant a 13 espbces du genre Morus I. 
ont dtd choisis pour cette étude. Les exemplaires utilisgs 
cette étude ont dtd collectds dans divers dtatc de 'Inde et dans 
d'autres pays sdricicoles. 738 caract8res classes en 9 groupes 
ont dtd analyses pendant trois ans. La classification des attri—
buts a dtd faite en se basant cur 1 'dtenduo totale de La variabi—
litd pour chaque caractdre. L'influence de l'environnement sur 
1 'expression du phenotype est éviide en faicant pousser le maté—
riel dans des conditions clirnatiaues/édaphiques uniformes. Les 
maladies et les nuisibles principaux rencontrds dans d'autres 
pays sont également pris en compte pour que le descripteur soit 
utilisable de rnaniCre universelle. De plus, Les attribute agrono—
rniques - qualitatifs et quantitatifs - cont inclus pour indiquer 
Les besoins culturaux de chaque sorche. 

INTRODUCTION 

Lutilisation effective dune banque de souches dhpend de Is caractérisatian 

systématique et de lidentification des gnotypes avec leurs traits spci1iques. A 
cause du rapide dveIoppement de Ia sriciculture dans les difIrents états de lInde 
et dans Les pays tropicaux, le bosom 	dun gnotype dii mbrier avec des caractres 
spci[iques se [sit fortement sentir. tHen quit existe line variabilit6 importante 
thee les populations existantes et chez le matriel introduit, une caractrisation 
syst8matique na pas 6t6 faite. Ceci eat dG principalement 	labsence dun descrip— 
teur du mirier reconnu internationalement. M8me dans Les pays séricicoles les plus 

avancs, aucune tentative n'a bt6 faite pour suggérer un descripteur modble pour 
décrire les gnotypes de mfiriers existants. Cela fait que Ia variabilit6 gintique 

nest pas exploite. Prenant en compte cette lacune, nous avons essay6 de mettre au 
point un descripteur du mrier en nous rfirant h hackett (1979a), qui soit accep-

table par le Programme du Compendium International et le Conseil International des 

Ressources Gntiques Vgtales (IBPCR). Celui—ci pourrait servir de modèle pour 
dcrire les iliIferentes appellations tax000miques. 
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MATERIEL ET METIIODES 

250 ('xemploires de lormas sanvages et cu1Lives appart.enant 	11 espces do 
genre Moms L. (Tableau I) provenant de ii pays dilférents ont été étudiés. En Tnde, 

le materiel a Cté col1cté dans 10 états diffCrents et In collection conservCe all 

Central Sericultural Research and Training Institute de Berhampore, 2i la Regional 

Sericultural Research Station de Pamporc, h la Regional Sericultural Research Station 

de Kalimpong et ii I Univolline Research Station de Majra (Tableau II). Les matCriaux 

exotiques et indigènes ont Cté plontés dans Ii collection de mriarc do Central 

Sericultural Research and Training Institute de Mysore dans des conditions agro—

climatiques identiques. tJoe metliode globale uniforme a CIC suivie en Ce qui concerne 

lespacenlent, la mCthode dc plantation, les doses de fumure/fertilisants, l'inter—

culture Ct Ia rCcolte. Les etudes englobent 12 observations sur trots innées couvrant 

Les principales saisous de l'annCe. Les valeurs moyennes des observations ont etC 

prises en compte. Le descripteur inclut neulgroupesprincipaux de caractères couvrant 

la phytogCographie, la morphologic gCnCrale, la biologic do la reproduction, lana—

tornie, la cytologic, les caractères ic la crotscance et de la productivitC, les para—

mtres qualitatifs, la rCponse aux diffCrentes tnCthodec colturales et la résistance 

aux maladies et aux nuisiblas. 118 caractres contribuant directement ou indirecte— 
ment a la croiscance et 	Ia productivite ont etC pris en compte. 11 a etC prCvu la 

poscibilitC dinclure tous les caractres spCriliques des gCnotypes et de les grouper 
dans diffCrentes rubriques. 

RESUI.TATS ET DISCUSSION 

Le descripteur prCparC basC sur 138 caractCres en 9 groupes principaux est pré—

sentC en Annexe 1. LCtendue de la variabilitC observCe pour chaque carOctère est 

price comma base pour dCcrire Ic caractére particulier. Les caractCres morphologiques 

tels que 'a lobation do La feuille, Ia distance internodale, Ic ccxc de la plante. 

la nature du style ct des cligmates, cont observes en detail et leur utilisation pour 

La classification do mrier, est suggCrCe. Neuf paramtres importants de crotssance/ 

productivitC ont etC pris en compte pour ratte étude en accord aver les suggestions 
de Das et Krishnaswami (199) 	Dandin et at. (1983). LCtendua de la variabilitC 
et la valeur moyenne de ccc param(tres soot donnCes dans Ia Tableau III. La rCponse 

des genotypes aux difiCrentes mCthodes culturales act price en compte pour proposer 
une technique adaptec 	chaquc genotype. Toutes les maladies importantes et les 

nuisiblec courants dans les principaux pays sCricicoles do monde soot inclus de 
maniCre 	cc que Les gCnotypas de nature diverse montrant one résistance It lun de 
ccc pathogènes puissetit Ctra sClectionnCs. 

L'objecti[ principal de cc descripteur est de servir de barCme pour la descrip-

tion morphologique at agronomique dune souche ou dune variCtC. Comme tous les 
caractItres connus qui influencent ou contribuent It La crotssance complete et It la 
production de feuilles (Ic la plante ont etC prCvus, nous espCrons que cc descripteur 

servira de modItle pour passer rapiclement en revue icc caractCristiques dun genotype. 

II peut Cgalement servir pour former des bases de donnCes cur la variabilitC gCné—

tique, les besoins do la plinte pour so croissance, ci certains genes particuliers. 

REMERCIEMENTS 

Les auteurs rentercient Ic Dr R. Kumar, 1e Dr S. Ravindran et Ia Dr A.K. Jain, 

Assistants de Recherche, pour laide apportCe It la preparation de cat article. 
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(Annea,e 1) 

DESCRIPTEUR Dli MURIER 

I. RENSEIGNEMENTS PHYTOCEOGRAPHIQUES 

Nom botanique 

Mom commun/Nom de Ia varit 

Origine 

Sauvage ou cultiv 

Si cultivé 
Mode dorigine 

Aire de culture 

11. CARACTERES MORPHOLOGIQUES 

A. Végétatils 

I. Fornie habituelle 

2. Nature des branches 

3. CouLeur du tronc 

4. Lenticelles 
Presence 
Distribution 

5. Couleur de la jeune tige 

6. Feuille 

Distance interriodale 

Phyllotaxie 
Position 
Nature 
Stipules 

Presence 
Nature 
DurCe 

I. Longueur du pCtiole (cm) 
g. Limbe 

Lobe 
Si découpé 
Forme 

Base 
Pointe 
Bord  

Indigène/Exotique(Pays/Etat/Province) 

Introduction/Sélectlon/Hybride/Mutant/ 
Polyploid 

Temp/rée/TropicaLe/Subrropicle 

Arbre/Buisson 

DressCes/Etal Ces/Retombantes 

Présentes/Absentes 
Dense/Moyenne/Clairsemée 

Verte/Violette/Violet foncé 

Au sommet (feuilles 1-7) 

Au milieu (feuilles 8-15) 
A Ia base (en dessous de Ia feuille 15) 

Alterne/OpposCe 

1/2, 2 / 3 , 2/5, 3/5 
Uniforme/IlétCrophyl Ic 

Présentes/Absentes 
Simples/FoliacCes 
Persi stantcs/Caduques 

DécoupC lEnt ier 
Régulier/Irrégulier 
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Surface 

Texture 

Nervures 

lx. Taille moyenne de Ia 

feui lie 

Epaisseur (ri) 
Piiosit 

III. STRUCTURES DE REPRODUCTION 

1. Sexua1it6 

2. Nature de la floraison 

3. Fréquence 

4. Inflorescence 

Longueur (cm) 

Dlamtre (cm) 

Disposition des feurs 

5. Fleurs mIes 

Nbre détamines 
Nature 

6. Grains de pollen 
Taille 

Ouvertures 

FertiIit (7.) 

Vlabilit (7.) 

7. Fieur femelle 

Longueur du style (mm) 
Stigmate 

Longueur (mm) 

Pilosit 

Nature  

Longueur/Largeur (cm)/Surface (cm') 

M31e/Femelie/MorioTque/Bisexuel/Mixte 

Rguiire/OccasionneIle 

Grande/Faible 

Lche/Serre 

Eriges/TncLuses 

Pap illeuse/Pubescente 

Erigêe bifide/Divariqué bifide/ 
Eta1e bifide 

8. Fruit 

Taille (longueur/diamètre, cm) 
Couleur 

C. Goat (fruit m6r) 	 Doux/SaI/Acjde 

9. Graine 

Poids de 100 graines (mg) 
Germination ('I,) 
Viabjljt 

IV. TRAITS ANATOMIQUES 

1. Idiobiastes 

Prsence 	 : Prsents/Absents 
Fréquence (Nb/cm2  
Taille (largeur) 
Forme 

Longueur de projection (ii) 
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2. Stomates 

Distribution 

Type 

Position 

Densit (par unit6 de surface) 
Taille (ii) 

Taille de lostiole (p) 

Nbre de chioroplastes 

3. Nbre de couches palissadiques 

4. Ratio des couches palissadiques/ 

couches spongieuses par 
paisseur () 

5. Epaisseur de la cuticule (p) 

6. Autres traits éventuels 

V. DETAILS CYTOLOGIQUES 

1. Traits somatiques 

Nbre de chromosomes 2n 
Ploldie 

Caryotype 

Longueur totale de la 
chromatine 

Nbre de chromosomes satellites 

Nbre de paires de chromosomes 
larges 

2. Traits méiotiques 
Comportement méiotique 

Configuration chromosomique 
C. Anomalies mélotiques 
d. Type du ttrade 

3. Traits particuliers éventuels 

Abaxiale/Adaxjale 

linmerg/En surface 

Longueur/Largeur 

Régul ier/Irrégulier 

VI. MULTIPLICATION 

1. Débourrement 

Qualité 

% to 20èm jour 

2. Enracipernent 

Nature 

% le 606me jour 

3. Taux dexubérance des racines 

(le 90ème jour) 

Poids des racines sèches 

Longucur de Is racine la 

plus tongue 

Ratio Poids racine sche/ 
Poids racine 

Rapide/Moyen/Lent 

Rapide/Moyen/Lent 
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Performances en tant que souche 	Bonnes/Moyennes/Faibles 

Critres de bouturage 

Age optimal de la tige 

Longueur optimale de la 

bouture 	 Bourgeons 	 Longueur 
CirconIrence optimale de 

la tige 

VII. CARACTERES DE CROISSANCE ET DE PRODIJCTIVITE 

A. Quantitatils 

1. Croissance 

a. Nature 	 : Lente/Moyenne/Rapide 
b. Taux/90 jours (cm) 

1. Nb. de branches primaires 

Long. des branches primaires 
(cm) 

Nb. de branches secondaires 
Long. des branches 

secondaires (cm) 

Longueur totale des tiges (cm) 

Nb. de feuilles/mtre 

Poids de 100 feuilles 

fratches (g) 

c. Rapport 1obe/ptiole 

En longueur 

En poids 

d. Rapport de pods 

feuilles/tiges 

e. Production totale de 

feuiIIe/p1ant/rcolte 

f. Productivitt annuelle/plant 

g. Rendenient calculé h I'ha 

B. Qualitatils 

1. 7. dhumidité des feuilles 

Sommet 	Milieu 	Base 
(1-7) 	(8-15) 	(au—dessous 

de 15) 
Moyenne 

2. Capacité do retention deau, 
moyenne 12 h après Ia recolte 

3. Composition chimique 

i. Sucres non rducteurs (7.) 
II. Sucres rducteurs (7,) 

Sucres totaux (7,,) 

Protines brutes (7,,) 

Minraux 

Fibres 

4. Sapidité 

5. Test de mue 

(70 7. de la nourriture nécessaire 

jusqu' la 2ème mue) 
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6. Rapport feuille/cocon 

(expérimenté par le nourrissage 

des vers ui soie) 

VIII. REPONSE AUX DIFFERENTES CONDITIONS PIIYSIOLOGIQUES 

Résistance A Ia sécheresse Elevée/Moyenne/Faible 

Résistance 1 Ia 	salinité Elevée/Moyenne/Faible 

Résistance 	i ihiver Elevée/Moyenne/Faible 

Réponse 	lors de 	Ia 	taille 	répétée Bonne/Moyenne/Faible 

IX. RESISTANCE AUX MALADIES ET AUX NUISIBLES 

1. Maladies 

a. Tache de Ia feuilLe 

(champ ignon) 

(Cercoapora morico?a Cooke) 	Elevée/Moyenne/Faible 
b, Mildlou poudreux 

(Phyltactinia corylea (Pars) 

Karst) 	 : Elevée/Moyenne/Faible 
Roullie de Ia feuille 

(Ceroteliwn fici) 	 : Elevée/Moyenne/Faible 

Pourriture blanche de Ia racine 
(Roallinia necatrix Berlese) : Elevée/Moyenne/Faible 
Pourriture violette de Ia 

rac I ne 

(Helicobasidium rnompa Tanaka) 	Elevée/Moyenne/Faible 
Tache de Ia feuille (bactérie) 	Elevée/Moyarine/Faible 

(Pseudornonas mori) 
Autres 

2. 	Nuisibles 

 Chenille poilue 

(Diacrisia obliqua 	Walk) Elevée/Moyenne/Faible 
 .lassidés 

(Ernpoaaca f7avescens 	Fb.) Elevée/Moyenne/Faible 
 Aleurode 	(cochenille) 

(Maconeilicoccus hir'sutus Elevée/Moyenne/Faible 
 Cochenille rouge 

(AonidelLa aurantfi 	Mask) Elevée/Moyenne/Faible 
 Thrips 	(5 espces) Elevée/MoyennefFaible 

I. Acariens 
(Tetranychua 	app) Elevée/Moyenne/Faiblo 

 Nématode do noeud de 	Ia 

rac i ne 
(Meloidogyne incognita Kofoid) 	: Elevée/Moyenne/Faible 

 Autres 
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Sericoloqla, 1986, 26(4), P. 485-488. 

LINKAGE MAPS OF BOMBYX MORI - REVISED IN 1986 

Hiroshi DOIRA 

Institute of Silkworm Genetics, Faculty of Agriculture, 
Kyushu University, Hakozaki, Higashi—ku, 

Fukuoka 812, 
Japan. 

Three years have passed since the author described "any changes on the (genetic) 

maps (of Bombyx marl) will be reported in future issues of this journal". During 
these years the Japanese Society of Sericulture has organized the Committee on 

Genetic Symbols of Bomhyx marl, Dr. M. Nakajima as the chairman, to formulate general 
principles of nomenclature and symbolism in this special insect of genetic interests. 

It was the opinion of the J.S.S. that adoption of common rules and standardization 

of symbols, if possible, are highly desirable to lessen confusion and to facilitate 

communication between specialists in differcnt areas of sericology and genetics. The 

Committee took as a basis of its work the "Recommended Rules for Symbolization" pre-

pared by the International Committee on Genetic Symbols and Nomenclature (Tanaka et 
ci.' 1957). 

Development of the system of nomenclature designating genetic variations of B. 
marl has been rather haphazard. Consequently, the system is not a logical structure 
but is plentiful of redundancies and inconsistencies. In historic terminology, a. 

allelic genes situating at a locus are designated by different names and symbols, 

while the other alleles at a particular genetic locus are designaled by the same sym-

bol and are differentiated by distinguishing superscripts. Symbol [—a, which implies 
"Inhibitor of ant (newly hatched larva) color", misleads to "Jnhibitor of a gene" 
under the light of International Recommended Rules. Revision into a consistent scheme 

is of the inevitable importance. It is of the very same importance to minimize indu-

cing the chaotic discontinuity in the literaLure. From this point of view, the 

Nakajima Committee Look a stand on the principle that well established names and sym-

bols should not be changed unless new results and rules make the current terms scien-

tifically meaningless or misleading. 

In this article the author describes: I) eight of newly discovered mutations; 

2) altered gene symbols and names after Nakajina Committee's report (1986); and the 
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latest linkage maps, presented as Figure I, involve 3) seven loci determined posi-

tions on previously known linkage groups; and 4) changes in map position followed 

by the alteration of the base-point, the gene at 0.0 position, of the linkage group. 

The author and his colleagues demonstrated that the newly discovered oj gene 
was located 16.2 units away to the left of T which had been mapped at 0.0 position 
on the linkage group 9. The base-point gene on the linkage group 19 has also been 
changed from nb to Gi, the  nb gene is presently mapped at 12.0. Their genetic ana-
lysis on the lid-i, which had previously been mapped at 0.0 on the linkage group 23, 
revealed that the Nd-i was not a mimic mutation to Nd (25-0.0) but was the real Nd 
gene; the chromosome 25 bearing the Nd gene was attached to the chromosome 23. The 
origin of the Nd-i was in a batch of Nd stock, and twenty-seven sets of metaphase 

chromosomes, less than normal by one, were counted in spermatogenic meiosis of larvae 
heterozygous for Nd-i. The reconstruction of the map of the linkage group 23 has been 
carried out. 

A catalogue of mutants discovered during 1983 to 1985 is given according to the 

format of previous report (Doira. 1983). The gene which symbol was altered is also 

listed, the old terminology indicated by an asterisk on the left, follows in 
parentheses. 

LINKAGE GROUP 1 

lit 	 (Beet feeder): X-ray induced; larvae unable to discriminate mulberry Leaves 

from others, selected by feeding on beet leaves; dominance incomplete, COy 
between od locus about 5'!,. 

L-ne 	(*lne) 

LINKAGE GROUP 3 

Pst 	(Storage protein 2): Spontaneous; SP-2, one of the two hemolymph proteins 

selectively incorporated into the Fat body during larval-pupal transforma-
t ii) fl 

LINKAGE GROUP 4 

nm-k 	(non-molting k): Spontaneous; homozygotes survive about one week as first 
instarlarvaewithout molting and then die. 

LINKAGE GROUP 6 

Tgn-1 	(Inhibited green 1) (*T_gn7,  Inhibitor of Green 1) 

LINKAGE GROUP 9 

oj 	(Japanese translucoot): Spontaneous; larval skin moderately translucent, 

accompanied with light egg color. 

Ia 	(*1_a) 
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LINKAGE GROUP 10 

Dp-2 	(Vp') 

LINKAGE GROUP 11 

(lethal 11): Spontaneous; homozygous lethal in embryo. 

Bo 	 (Bamboo): Spontaneous; abdomen of larva compact and hard, bulges appear 
at posterior margin of each segment; thorax stout; inhibits eye-spots and 
crescents; scales on the back of adult moth poor. 

LINKAGE GROUP 13 

bpw 	(black-striped pupal wing): Spontaneous; temperature sensitive, narrow 
black stripes appear on wings of pupa depending on temperature during two 

days prepupation stage, after the end of spinning to the completion of 
larval-pupal erdysis; becomes black-striped when kept under 20°C but mani-
fests normal amber color if kept at 23°C. 

mu-oal 	(mutator of oal) (j-oaI, inhibitor of oat) 

LINKAGE GROUP 23 

Pft 	(Larval lemale-protein): Spontaneous; a female-specific protein of larval 
hemolymph, FL-1, having storage rolls in larval-pupal metamorphosis; from 
this respect this protein component is designated also as SP-l. 

(/d-t) 	erased from the map of linkage group 23, as Nd-t" is a chromosomal aberra- 
tion of the type T(23;25)Nd and not a gene mutation on the chromosome 23. 

REFERENCES 

DOIRA H., (1983) linkage maps of Bombyx mor 	- Status quo in 1983. Sericologia, 23, 
245-269. 
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Fig. 	1. Linkage maps of Bombyx rriori. 	Females 	are XY and males are XX. The X chromosome 	is number I. 

Fig. 1. 	CarLe do 	liaisons 	des genes chez Bombyx mor-i 	Les 	ferne lies XY sour . et 	los males 	souL XX. 
Le chromosome X 	est 	nuinero 	I 
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CARIES DE LIAiSON CHEZ I3OMI3YX MORI - REVISEE EN 1986 

Iliroshi DOIRA 

Institute of Silkworm Genetics, Faculty of Aqriculture, 
Kyushu University, Hakozaki. Biqashi-ku, 

Fukuoka 812. 
Japan. 

11 	y a trois ans, I aureur a annoncé quo "toute modification de Is carte sera 
communiquée uiterieurement dans cc ournal'. Pendant cos trois années, is Japanese 
Society of Sericulture a organis6 to Comité des symboles gntiques chez Boothyx mon. 
avec Dr. M. Nakajima comme president, pour formuler les principes gnraux de nomen-
clature et de symbolisation de cot aspect particulier de La gntique. La J.S.S. 
estimo que ['adoption de rgIes communes et [a standardisation des symboles, sI elle 
est possible, serait tres suuhaitable et permettrait de diminuer les confusions et 

ainsi faciliter [a communication ontre sp8cialistes des diffrents domaines de Ia 
sériciculture et de Ia ghntique. Le Comite a adopt6 comme base de travail [Cs 

"Rhgles conseiIles pour Is symbolisation" étabIies par to ComiL6 International sur 
les symboles gn6t- iques et Ia Nomenclature (Tanaka et al. 1957). 

Le systi'me de nomenclature désignant lea variat ions gnt iques de B. mon S'eSt 
dvoloppé de manière aiatoire. En consiquence, to systime na pas de structure logi-
quo et contient de nombreuses redondancea et contradictions. Dana [a terminologie 
Iiistorique, par exemple, les genes alléliques situs sur un locus sont dsigns par 

diftrenta noms et symboles, alors quo lea autres alleles dun locus gni quo pare i-
culier soOt dsigns par to m8me symbole et sont diffrencia les uiuus des autres par 
des exposants. Le symholej-a  . qui signific 	"Inhibiteur de couleur chez la fourmi 
iarve nonate)' pour Ctre confoodu, si ion so réfère aux lli'gles iluternat ionales 

avec "Tnhibiteur du gene a". It est donc important et indispensable de rviser cc 
schema. 11 est tout ;uussi important de reduirc Ia confusion et to manque do rigueur 
dans lutilisation des termes. Do cc point de vue, Ic 	CorsitC 	Nakajima s'est pro- 
noncC sur Le principe suivant 	les noms et symboles bien etablis no doivent pas Ctre 
modifiCs saul dans le ins oij de nouveaux rCsultats ou regles rerident les termes 
actuellement employes scientifiquement denues de sons nu soot une source d'erreur. 
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IJans cet article, lauteur décrir 	1) huit mutations rcemment dcouvortes 
2) lea symboles eL g'nes modifies A Is suite du Rapport du 	ComitC 	Nakajima (1986); 
los dernires cartes do liaison, préscntCes sur Ia Figure 1, comprenant 3) sept posi- 
tions de loci, determinees sur Ivs groupes de linkage dCji connus 	et 4) lea change- 
ments do posilion sur Ia carte, suivies dune modification du point d'origine ; le 
gne A Is position 0,0 do groripe do linkage. 

L'auteur Ct sos collaborateurs ont dêmontré quo le gne oj dCcouvert rCcemment, 
est situe 5 16,2 iinfrCs A gauche do I qui avait 6t6 p1ac6 i Ia position 0,0 do groupe 
de linkage 9. be gene du point dorigine du groupe do Linkage 19 a egalement ete 
modifid do nh 5 Gl, Le gCiienb Ctant actucllement posicionnC 	12,0. Lanalyso gCnC.- 
tique de Nd-t , qui Ctair prCcédemment A 0.0 sur Ic groupe do linkage 23 a montrC 
quo Nd-f n'Ctait pas uric mutation mirtiétique de Nd (25.00) mais itait Ic vCritabLe 

gene Nd ; It chromosome 25 portant lea gCnesATd etalt sttachC au chromosome 23. 

L'orlgine duNd-t Ctait one souche Nd , or on a pu denombrer vingt sept groupes do 
chromosomes en mCtaphase, In normale moms un lors do La mCiose spermatogenique des 

larves heterrizygotes pour Nd-f. i4ous avons établi is nouvelle carte do groupe do 
linkage 23. 

Noos donnons un catalogue des mutants dCcouverts entre 1983 Ct 1985, on suivane 
le memo schema que celui adopti dana le rapport précCdcrit (Doira, 1983). Le gene dont 
Jo symbole a ete modifiC ost égalemenl note, l'ancionne terminologie indiquCe par 
un astérisquo place C sa gaucho, suit le symbole entre parentheses. 

GROUPE DE LINKAGE 1 

Bt 	 (so nourrit do bettoraves) 	ohienu par irradiation aux rayons X. Larves 
incapables do sélecrionner los feuilles do mCrier des autres feuilles 

sClectionrrC par nourrissage s1ir bullies do betteraves : dominance incom-
plkto. COV ontre Ic locus od, environ 57,. 

1-ne 	(*tne ) 

GROUPE DE LINKAGE 3 

Pst 	 (F'rotCine 2 do stockoge) 	SpontanC ; SP-2, lone des deux protemnes do 
I'hCmolympho incorporio de maniCre sClectivo darrs le corps gras pendant 
Ia transformation larvo-nymphale. 

GROUPE DE LINKAGE 4 

nm-k 	(k sans mue) : SpontanC 	Los homozygotes surv i vent environ une sema i ire. 
mmmc los larves du premier Cgo 1arvair, sans moor, puis meureilt. 

GROUPE DE LINKAGE 6 

1qn-1 	(vert inhibe I) (I-gn7 , inhibiteur do vert I) 
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GROUPE DE LINKAGE 9 

oj 	(translucido, japonais) 	Spontan 	peau larvaire modrment translucide, 

couleur do l'oeul claire. 

GROUPE DE LINKAGE 10 

Dp-2 	(*Dpr) 

GROUPE DE LINKAGE II 

111 	0taI ii) 	Spontané z homozygote Iétal dans lembryon. 

Bo 	 (Bambou) : Spontan 	abdomen des larves compact et dur, des renflemonts 

apparaisserit sur le bard postérieur de chaque segment 	thorax fort 
inhibe les taches et les croissants 	faibles rayures sur le dos des papil- 

loris adultes. 

GROUPE DE LINKAGE 13 

bpw 	(ailes des chrysalides rayes flair) 	Spontan 	; sensibilit6 thermique, 

des bandes noires étroites apparaissent sur les silos de la chrysalide 

selon la temperature, pendant les deux jours precedant la nymphose, après 

la fin du filage jusqu 	1ach'vement do lecdysis larvo-nymphale ; devient 

rayé noir 	une temperature do 20°C mais est nnrmslemrnt do coulour ambree 

23°C. 

rnu-oal 	(mutateur de oat) (-oal, irihibiteur de oat). 

GROUPE DE LINKAGE 23 

Pfl 	(Proteinc femel It' larvaire) 	spontanC 	une proLCine spécifique de lhcmo- 

lymphe de la larve fenielle, FL-I, ayant des roulcaux do stockage dans 	la 
metamorphose Iarvn-nymphale 	do cc point de vue, cc compost' protéique est 

aussi appelC SF-I. 

(*Nd_t) 	61imin6 do is carte du groupe de linkage 23, en tant quo Nd-t', est une 
aberration chromosomique de Typo 1 (23 	25)lVd et nest pas une mutation 
do genes sur le chromosome 23. 
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Sericologia, 1986, 26(4), p. 493-498. 

EFFECT OF REFRIGERATION OF JUST HATCHED OUT MULTIVOLTINE 

SILKWORMS OF BOMYX MORI L. 

R. GOVIf4DAN and T.K. NARAYANA SWAM? 

Department of Sericulture, 
College of A7riculture, 

Dharwad 580 005, 
India. 

Refrigeration of just hatched out worms of Pure Mysore breed 
for 12 hrs to 9 days at 5°C resulted in a mortality of 0.00 to 
50.68% during refrigeration, maaiinum larval weight of 72.48 to 
18.51g for 20 worms, 20 cocoons weight of 7.74 to 10.38g. 10 
sheila weight of 0.85 to 1.29g, cocooning of 23.67 to 91.00%, 
moth emergence of 71.55 to 95. 58% and fecundity of 403.4 to 518.2 
eggs compared to 0.00%, 21.64g, 11.09q, 1.35g, 95.00%, 94.87% 
and 473.0 eggs respectively for control. 

I NTROOUCT ION 

Refrigeration Is a common means practised to postpone hatching of silkworm eggs. 

It may also be employed for safe preserving of early hatched out silkworms (ants) 

so as to synchronise brushing on a large scale. Survey of literature revealed scanty 

information on the effect of refrigeration of ants of silkworm, Bombyx Mori L. • on 

the performance of the refrigerated batch as well as with regard to the economic 

traits. As such, an experiment was conducted to find out the effect of refrigeration 

of just hatched out silkworms and the results are reported in this paper. 

MATERIALS AND METHODS 

Just hatched out silkworms of a well known multivoltine silkworm breed, Pure 

Mysore, were refrigerated at 5°C for durations of 0.5, 1, 2, 3, 4, 5, 6, 7 and 9 days 

with three replications of 100 worms each for every duration along with suitable 

unrefrigerated control. Extra batches of worms for different durations were refrige-

rated separately to make up the total number of worms constant by way of supplementing 
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during brushing. 

MortaliLy of worms during refrigeration was recorded after removal from the 

refrigerator. The worms were brushed and rea red as per the recommendations of 

Krishnaswami (1978). Observations were recorded on the mortality of the worms at the 

end of 3rd and 5th instars, maximum larval weight for 10 worms, weight of 10 cocoon,,;, 

weight of 10 cocoon shells, weight of 10 pupae, effective rale of rearing, successful 

moth emergence, fecundity per female and egg hatching. The data were analysed statis-

tically after transformations where ever necessary and inference drawn. 

RESULTS AND DISCUSSTON 

The results of the experiment are discussed below under pre-coc000, cocoon and 

post-cocoon parameters. 

Effect on pre-cocoon parameters 

The mortality of ants during refrigeration was significant. It ranged from 0.53 

at 1 day of refrigeration to 50.687. at 9 days of refrigeration while no mortality 

was observed with 0.5 day of refrigeration as well as in unrefrigerated control. The 

mortality at the end of 3rd instar was statistically similar (0.33 to 1.007.) with 

unrefrigerated control and 0.5 and I day of refrigeration. however, the mortality 

increased gradually with the increase in duration of refrigeration (Table 1). A more 

or less similar trend was observed in respect of mortality at the end of Iifth instar 

that ranged from 9.00 to 75.67% with refrigeration whereas in control it was 5.007.. 

The maximum larval weight in unrefrigerated control batch was 21.6354g for 10 

worms and it was 12.4841 to 18.7094g under various durations of refrigeration. The 

control batch of worms weighed significantly more compared to the worms in respect 

of 0.5, I and 2 days of refrigeration and the latter remained on par with each other 

(Table II). 

The effective rate of rearing varied between 23.67 to 91 .007., the maximum and 

minimum being with 0.5 and 9 days of refrigeration respectively. Nevertheless, con-

trol (95.007.) and 0.5 day of refrigeration had similar values (Table Ill). 

Effect on cocoon parameters 

The weight of 10 cocoons was 7.1371 to 10.3831g under different durations of 

refrigeration and a significant difference existed between control (11.0900g) and 

0.5 day of refrigeration. The weight of 10 cocoon shells fluctuated between 0.8487 

to 1.2884g under refrigeration treatment. however, 0.5 day refrigeration and unrefri-

gerated control (1.3510g) were the same (Table 10. In check the weight of 10 pupae 

was 9.6998g while it ranged between 6.2884 to 9.1089g under the influence of refrige-

ration for different durations. It has been observed in general that the cocoon para-

meters tended to reduce with the increase in the duration of refrigeration of just 

hatched out silkworms. 

Effect on post-cocoon parameters 

The successful moth emergence resulted under different refrigeration durations 

was 71.55 to 95.587., the lowest being at more duration and the highest with less 

duration of refrigeration. No statistical difference existed hetween control (94.877. 

and 0.5 and I day refrigerated batches. 
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With regard to the number of eggs laid by a female, the data tended to be incon-

sistant. however, control (471.01) eggs) did not differ from 0.5 day of refrigeration 

(451.40 eggs) though for the other durations the fecundity was 403.40 to 518.20 eggs. 

The percentage of hatching of eggs obtained from moths resulting from ants 

refrigerated for different durations varied between 89.43 to 97.01 while in control 

it was 96.43. Unrefrigerated check, 0.5, 1. 2 and 1 days refrigeration had the same 
effect. 

The post cocoon observations too generally tended to show lower values with more 
duration of refrigeration. 

In the light of the above observations, it may be concluded that the just 
hatched out worms of B. mori can be refrigerated for a period of 12 to 24 hours and 
not for a longer period. Krishnaswami et at. (1973) have also recommended refrigera-

tion of just hatched out mulberry silkworms at 10°C for a period of 24 hours. The 

deterioration in some of the economic traits to some extent may be ascribed to the 

refrigeration temperature of 50c experimented currently. 
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Larval nortalith/ 	 Duration of refrigeration (days)/ Durfe de Ia rifrigdration (jours) 	 Unrefriqerated 

Martalité larvaire 	 control! 

(p) 	
0.5 	1 	 2 	 3 	 4 	 5 	 6 	 7 	 9 	TOmoin non 

réfrigéré 

During refrigeration! 	 0.00 	0.53 	1.66 	2.98 	5.29 	12.57 	17.39 	23.46 	50.58 	 0.00 

Pendant Ia réfrigération 	 (0.00) 	(4.17) 	(7.42) 	(9.92) 	(14.50) 	(21.61) 	(25.37) 	(29.62) 	(45.94) 	(0.00) 

At the end of third instar/ 	 0.33 	1.00 	1.67 	1,33 	4.00 	4.67 	5.00 	7.33 	11.57 	 0.67 

A Ia fin du 3Ame Oge 	 (1.91) 	(4.52) 	(7.33) 	(5.24) 	(11.48) 	(12.46) 	(12.75) 	(15.57) 	(20.14) 	(3.83) 

At the end of fifth instar/ 	 9.00 	16.00 	21.67 	23.00 	31.67 	40.00 	48.67 	61.00 	75.67 	 5.00 

A Do fin du Sine ige 	 (17.50) 	(24.33) 	(28.07) 	(29.31) 	(34.79) 	(39.61) 	(44.81) 	(51.95) 	(61.12) 	(12,88) 

Mortality during refrigeration/ 	
S.En.± 	 C.D. at 5f C.D. 1 

	

0 17 	 0.49 
Mortalitf pendant la rOfrigdration 

Mortality at the end of 3rd instar/ 	
1.58 	 4.70 

MartalitO A Ia fin du 3ème Oge 

Mortality at the end of 5th instar/ 	
1.36 	 4.03 

HortalitA A la fin du SAme 9ge 

Figures in parentheses are the angular transformed values/ Len chiffres entre parentheses sont den oaleurs transfarméen angulaires 

Table I. Effect of refrigeration of just hatched out silkworms on the mortality during refrigeration 
and at the end of third and fifth instars. 

Tableau I. Effet de La réfrigération des larves neonates du ver a soie our Ia mortalité observée 
au cours de Ia réfrigération et a La fin du 36me et du 5ème ages. 



	

Duration of refrigeration (days)! Dune de lx réfrigration (jours) 	
IJnrefrigerated

control! Observations! 

Observations 	 0.5 	1 	 2 	 3 	 4 	 5 	 5 	 7 	 9 	
lOmoin non

rénigré 

Maximum larval weight of 

10 wO'55 	
18.5094 	17.3102 	17.1523 	16.6937 	15.2948 	16.5876 	14.2612 	14.0313 	12.4843 	21.6354 

Poids larvaire maximum 

pour 10 larves (g) 

Weight of 10 cocoons (g' 	 10.3831 	9.7545 	9.7427 	9.3191 	8.5813 	8.6263 	7.6958 	7.6674 	7.1371 	11.0900 
Poids de 10 cocons (9) 

Weight of 10 cocoon shells (g)/ 	
1.2864 	1.1739 	1.1645 	1.1047 	1.0029 	1.0291 	0.8677 	0.9098 	0.8487 	1.3510 

Poids de 10 coques soyeuseo g' 

Weight of 10 pupae (9)/ 	
9.1089 	8.5806 	6.5781 	8.2144 	7,6784 	7.5952 	5.8282 	6.7577 	6.2884 	9.6998 

Poids de 10 chrysalides (g) 

S.Em.± C.D. 	at 	5/ 	C.D. 	0 	59 

Maximum 	larval 	weight! 
0.4974 1.4779 

Poids 	larvaire 	maximum 

Cocoon 	weight! 

Poids 	lv 	r.ocan 
0.1959 0.5820 

Cocoon 	shell 	weight! 

Poids 	Ic 	Ia toque 	suyeuse 
0.0302 0.0897 

Pupal 	weight! 

Poids 	de 	Ia 	chrysalide 
0.1761 0.5234 

Table II. Effect of refrigeration of just hatched out silkworms on the maximum Larval weight, 

cocoon weight, cocoon shell weight and pupal weight. 

Tableau 11. Effet de la rfrigration des Larves neonates du ver 	aoie our le poids larvaire maximum, 
le poids du cocon, le poids de Ia coque soyeuse et Ic poids de Ia chrysaLide. 



Observatioss/ 	
Duration of refrigeration (days)! DurOe de la rOfrigération (jour's) 	 Unrefrigerated 

contrsl/ 

Observations 	 0.5 	1 	 2 	 3 	 4 	 5 	 6 	 7 	 9 	
TOmoin 

 
non rUfrigéré 

Effective 	rate 	of rearing 	(8)/ 91.00 84.00 91.57 77.00 55.00 50.00 51.33 39.00 23.57 95.00 
laux 	effectif 	d'élevage 	() (73.86)° (57.24) (65.62) (62.05) (54.35) (51.37) (46.34) (42.56) (29.70) (78.52) 

Successful 	roth 	emergence 	(8)! 95.50 96.03 89.05 86.90 86.55 86.19 84.75 75.65 71,55 94.87 
Emergence 	du 	papillon 	(8) (81.89) (79.73) (71.68) (69.58) (69.34) (69.06) (67.81) (61.79) (58.66) (78.36) 

Fecundity 	(No of eggs/Female) / 

FeconditO 	(oh 	Pneufo/Femelle) 
451.40 637.20 496.20 407.40 518.20 451.20 403.40 457.60 447.40 473.00 

E89 	hatching 	(8)/ 97.01 96.15 95.15 93.55 92.05 91.75 89.78 89.56 89.43 96,43 
8 d'éclosion (82.03) (80.62) (79.57) (77.21) (76.92) (74. .04) (72.73) (74.05) (73.00) (81.58) 

Effective 	rate 	of rearing! 
S,Em.± C.D. 	at 	58/ 	C.O. 	a 	5 	U 

Iauo 	effectif 	d'Olevage 
1.65 4.91 

Successful 	noth 	emergence! 

Emergence 	du papillon 
2.42 7.20 

Fecundity! 

FOconditU 
30.97 68.80 

Egg 	hatching! 

Ecission 
2.40 6.87  

° Figures in parentheses are the angular transformed values! Les chiFfres entre parentheses soot des valeurs transformUes angulaires 

Table Ill. Effect of refrigeration of just hatched out silkwormo on the effective rate of rearing, 

successful moth emergence, fecundity and egg hatching. 

Tableau Ill. El let de Ia réfrigération des larveo neonates du ver a sale our le taux effectif d'élevage, 
l'einergence reussie des papillons, Ia fécondité et Le pourcentage déclosion. 
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EFFET DE LA REFRIGERATION DES LARVES NEONATES DE VER A SOlE 

POLYVOLTIN BOMBYX MORI L. 

R. GOVINDAN et T.K. NARAYANA SWAMY 

Department of Sericuiture, 
College of Agrculture, 

Dharwad 580 005, 
mdc. 

La rdfrigdration des larves neonateS Cs souche Pure Mysore 
pendant 22 heures a 9 jours a .5 °C a donnd les rdsultats 
suivants 	une mortalitC de 0,00 d 50,68 % au cours de La rdfri- 
gCration, un poids larvaire maximum pour 70 larves de 22,48 a 
18,51 g, un poids pour 70 cocons de 7,14 a 70,38 a, un poids pour 
10 coques soyeuses de 0,85 a 1,20 g, un filage Cu cocon de 23,67 
a 91,00 %, une emergence des papillons de 77,55 a 95,58 % et une 
fdconditd de 403,4 a 528,2 oeufs. Ces valeurs dtaient respective-
ment les suivantes pour le lot tdmoin : 0,00 %, 21,64 g,  11,09 g, 
7,3.5 g, 95,00 %, 94,87 % cv 473,0 oeufs. 

INTRODUCTION 

La rfrigration est couraniment utiIise pour retarder l'closion des oeufs de 
ver S soie. EIle pent aussi Stre employee pour conserver sans risque lea larves nCo-
nates ([ourmis) attn de synchroniser Ia levCe sur une grande Cchel!e. La litterature 
no rCvSle que peu dinformations sur leffet de Ia rtfrigiration des 'founts de 
ver S soie Bombyx mori L. sur ls performances des lots r6Inig8r6s en cc qui concerne 
Les caracterCs ecorromiques. line experience a donc etc condujte pour determiner 
leffet de Ia réfrigCration des larves nconates, dont Les résultats sont rapportCs 
ici 

MATERIEL ET METIIODES 

Des larves neonates de Ia souclte polyvoltine bier, connue Pure Mysore sonL r6fri-
g6r6es 5 5°C pendant des durées de 0,5, 1, 2, 3, 4, 5, 6. 7 ci 9 jours avec trois 
replicatas de tOO larves chacun pour chaque durCe, ainsi qu'un lot temoin non- 
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r4frig6rii appropri. [)es lots supp1rnentairos de larves sont réfrigirs sparmcnt 
solon lea diu[rentes dures pour en ajouter mrs de In 1evo et avoir ainsi un 
nombre de larves constant 

La mortalit4 des Vera 4 soic nu coors de In réfrigration est enregistre après 
Ia sortie du n3frigrut.cur. Les larves, aunt levees et ClevCes aelon Ia mCthode de 
Krishnnswami (1978). La mortalitC des larves 4 in [in du 3èmo et du 56me 4go, le 
poids larvatre maximum pour 10 larves, le poids de 10 cocons, le poids de 10 coques 
soyeuses, le poids de 10 chrysalides, Ic taux effectif d'Cievage, l'mergence des 
papillons, in Iccondite par femeite ot ieclosion des oeufs ant CtC enregistrCs. Los 
donnees ant etc analvsces statistiquornent apr4s translormations lorsquelles Ctaient 
nécossairos, et les conclusions ant etc tirCos. 

RESULTATS ET DISCUSSION 

les resultats de iox1iCricnco soot discutes ci-aprs en prenant en compte les 
pararn4tres des stados pre-cocon, cocoa et post-cocon. 

Effets sur lea param4tres du stade prC-cocon 

La mortalitC des 	fourmis' au cours de Ia refrigeration est signilicativo. Ello 
va de 0,53 '1, Ic ler jour de refrigeration 4 50,68 7 Ic 9mo jour tandis quon 
nobserve pus de mortalltC pour 0,5 jour de refrigeration, iii dana le lot tCmoin non 
réfrigérC. La mnrtalitC 4 In fin du 3me Cge est similaire statistiquement (0.33 4 
1,00 '/,) chez los tiSmoins non-rCfrigCrCs et lea lots refrigeres pendant 0,5 et I jour. 
Cependant, Ia mortalité augmento progressivement aver in duree de refrigeration 
(Tableau I). One tendance plus on mains aimilaire est observCo en Ce qui concerne 
Ia mortalitC 4 Ia fin du 5'me 4go We 9,00 4 75,67 7 après refrigeration alors 
queUe est de 5,00 7, chez to lot tCmoin). 

Le poids larvalre maximum chez Ic lot tCmoin est de 21,6354 g  pour 10 larves 
et it est de 12.4843 4 18.5094 p selon lea differontes dureos de refrigeration. Los 
vers 4 soie du lot ttmoin p6sent plus hard qua coux qui ant subi 0,5. 1 et 2 jours 
de rCfrigCration 01 it ny a pus do diffCrcnces entre cos derniors (Tableau II). 

Le taux offectif d'Clevago vane de 23,67 4 91.00 5, le maximum et le minimum 
se trouvant respectivoment aver los lots rCfrigCrCs pendant 0,.5 et 9  jours. Cepan-
dant, In valour est In mCmc (95,00 7) pour Ia lot tCmoin et to lot réfrigCrC pendant 
0,5 jour (Tableau Ill). 

Effets sur les param4tres du stade du Cocoa 

Le poids de 10 COcons varic' de 7.1371 4 10,3831 g  scIon lea diIf4rentes durCes 
de rCfrigCration et it exist.c one difference significativo ontre Ic lot temoin 
(11,0900 g) et le lot refrigere pendant 0,5 jour. Le poids do 10 coques soyeusea 
fiuctue ontre 0,8487 et 1,2864 g  bra du traitoment. Cependant le lot tCmoin Ct le 
lot rCfri.gctrC pendant 0,5 jour donnert Ic mCme rCsuttat (1,3510 g) (Tableau IT). Chez 
le lot tencoin to poids de 10 chrysalidos est de 9,6998 p landis qu'il vane de 6,2884 
4 9,1089 g  sous l'cnfluenco du [raid pour lea difiCrentos durces. Nous avoccs c,lcaervc' 
en gsnCraI quo los valoura obtonues pour los param4tros du stade du cacao tondent 
4 diminuer aver laugmentation de In durCo de Ia rClnigCration des larves nCon;ctcs. 
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Effet sur les paramètres du stade post-cocon 

Le taux d'cmergence des papillons obtenu lors des dilfrentes dures de r6fri- 
g6ration va de 71,55 	95,58 7, le plus faible étant obtenu avec Ia r41rigration 
Ia plus longue, et to plus $levé avec Ia dure de r6frig4ration La plus courte. II 
nexiste pas de difference statistique entre le lot tCmoin (94,87 U et les lots 
refrigeres pendant 0,5 et I jour. 

En ce qui concerne to nombre doeufs pondus par femelle, les valeurs ne semblont 
pas avoir de. signification. Cependant, le lot tCnioin (471,00 oeufs) ne diffère pas 
du lot r6frig6ril,  pendant 0,5 jour (451,40 oeufs) alors quo pour les autres durees, 
La fecondite vane de 403,40 	518,20 oeufs. 

Le pourcentage d'éclosic,n des oeufs provenant des papiltons obtenus 	partir 
des fourmis" r6friger4es pendant difiCrentes durees, vane de 89,43 7i 97,01 tandis 
qu'it est de 96,43 chez le lot tCmoin. Le lot témoin, ainsi quo les lots refrigeres 
pendant 0,5, I, 2 et 3 jours donnent les m&mes rCsultats. 

Les observations sur le stade post-cocon Ont Cgalenient tendance i montrer des 
valeurs moms bonnes avec laugmentation de Ia dorée de Ia rfrigCration. 

A Ia lumière de ces observations, on petit conclure que les larves neonates de 
B. marl peuvent Ctre réfrigCrées pendant une pCniode de 12 A 24 heures et pas plus. 
Knishnaswami et al. (1973) not Cgalenient recommandé deffectuer one réfrigCration 

10°C des larves neonates pendant 24 heures. La dCtérioration des caractères écono-
miques pout étre attribuCe pour one partie S la temperature de rClrigération de 5°C 
utilisCe pour Ia prCsente exp4rience. 
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NON-SPINNING SYNDROME IN SILKWORM BOMBYX MORI L. 

0. JOY 
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Bangalore .560 009, 
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and K.B. SHYAMALA 

Department of Sericulture, 
University of Aqricultural Sciences, 
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Bangalore 560 024, 
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The incidence of the non spinning disease is sporadic in silk-
worm rearings in Karnataka. Recently crop losses ranging from 
20-50% were observed in different regions of Karnataka due to 
this syndrome. Silkworms apparently healthy at the time of mount-
ing did not spin cocoons or pupate. This was followed by death. 
Larval body looked swollen and stretched. 

ft was observed that these larvae did not excrete meconium. 
The Malpighian tubules showed degeneration and exfoliation of 
epithelium. Also rod shaped inclusions could be observed in the 
Malpighian tubules. The silkglands showed edema. Spinneret was 
devoid of .sclerotisat ion. 

Malfunctioning of excretory system and spinneret could be 
clearly observed in the non-spinning silkworm larvae. Experiments 
are being conducted to elucidate the causative organism of this 
syndrome. 

INTRODUCTION 

Sporadic appearance of non-spinning in siIkworms isa common occurence in silk-

worm rearings, and does not cause appreciable toss to the sericulturist. However, 

recently non-spinning syndrome was found to cause appreciable damage to silkworms 

in some areas of Karnataka. Hence, investigations were undertaken to assess the loss 

caused and also to understand the patho-fphysiology of the disease. Vago (1963) dis-

cussed the causes for the failure of mature silkworms to spin cocoons and expressed 
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the view that certain virus or protozorn infections could be responsible. The suspec-

ted cause was a metabolic imbalance resulting in pupation overtaking silk spinning 

which lead to silk relention in silkworms with pebrirre disease. Machida (1970), 

lijima (1972) reported two types of non-spinning in silkworms resulting in naked 
pupae - Nd 1  and Nd2 . The former was reported to possess a highly underdeveloped pos-
terior silkgland as compared to the latter which revealed well developed posterior 
silkglands. 

In the present investigations, the symptoms of the syndrome are describel and 
the loss due to this disease is assessed and reported. Some pathophysioloical 

changes in non-spinning silkworms collected from commercial and laboratory rea-ings 
are also reported. 

MATERIALS AND METHODS 

Collection of diseased silkworms: 

Healthy as well as diseased insects were collected from farmers' rearings and 
from mass rearings conducted in the laboratory. Mountages were examined for non-

spinning silkworms on the 2ndf3rd day of mounting. Only larvae which showed typical 

symptoms of non-spinning without any obvious symptoms of other diseases were :ol-
I ected. 

Assessment of loss due to non-spinning: 

The number of non—spinning larvae on mountages was counted on the 2nd! 3rd day 

of mounting. All the niountages in a rearer's house were examined for calculating the 
percent age incidence. Surveys were conducted in Arrekal . Nelamangala, Ram;inagar, 
Pet and Channrpatarra Taluks. 

Cross pathology: 

External examination of the larvae was made. Morphological changes in the spin-
neret as well as Malpighian tubes were observed under the stereo microscope. The 

dissected spinneret and Malpighian tubes were also observed under the research micro-
scope. Over 100 larvae each of healthy and diseased silkworms were examined. 

Pathophysiology: 

The length, weight, volume and moisture content of the silkglands were deter-
mined. The volume of the gland was estimated by water displacement. Moisture ccrnt+nt 
was determirred by drying the glands overnight at 80°C. 

live sets if experiments were conducted. In each set, five each from diseased 

and he.rl thy worms were used, r'sr imat ions bei rig conducted on i rrdivi dual worms. Stati s-
tical analysis has been presented for the pooled data of the live Sets. 

RESULTS 

1. Occurence of the disease: 

Normally the I nicidence of non-spinning disease is spnrr;idic. However, tire survey 
conducted shows that losses rangi rig from 10-507. were found in di fferent areas 
(Table I). 
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Symptoms and gross pathology: 

The mature,non-spinning worms apparently looked normal when they were left on 

the mountages but failed to spin even after 2 or 3 days and remained immobile in a 

stretched posit ion on the ridges of the mountages. In the later stages, the colour 
of the skin gradua ily turned paler and lacked the lustre of the healthy insect. Appa-

rently healthy looking silkworms could be ccillected from the mountages on the day 
of spinning. The worms died without pupating. 

Meconium excretion was not observed in non-spinning worms as a result of which 
the posterior region showed a darker colour. Dissection of the worms indicated the 
presence of food material in the posterior midgut and hindgut. 

Occasionally, a small percentage (about 157,) of the affected worms could be sti-
mulated to spin by exposure to sunlight. The cocoons were small and flimsy, the shell 
weight being much lower than in the healthy cocoon (TabLe TI). 

Morphological changes in the spinneret: 

Observation of the healthy, spinning silkworms and the non-spinning ones indi-
cated difference in the morphology of the spinneret. 

The spinneret is a retract ile . tubular, memhrapous structure conical in shape 

and bluntly pointed at the apex. The base of the spinneret is surrounded by a chiti-

nous ring present on the labrum. In the healthy insect, the spinneret did not show 
appreciable scierotized regions before spinning. However, rluring spinning it showed 
localized lntencelyscferi,tized bars, scierotization was exhibited in the form of ven-
tral bars - three in number - (Fig. la). The diseased silkworms collected on the 3rd 
day after mounting did not show this particular scierotizatin (Fig. Ib). 

Examination of the spinneret in the diseased silkworms which were able to spin 
cocoons after exposure to sunlight indicated partial tanning. Sclerotization of the 
spinnerel region appears to be an iteral step in the overall spinning process. 
In fact, the observation of more than 200 silkworms indicated that the extent of 
sclerotizaiion can serve as a useful guide in identifying the non-spinning silkworms. 

Ii. Pathophysiological changes in the silkgland: 

The silkglands of non-spinning worms registered an increase in size over that 

of healthy worms. Although no significant differences were evident in the wet weight 
or length. Statistically significant difference was seen in the moisture content. 
Thus, the swollen state of the silkglands in the non-spinning worms is revealed 
(Table Ill). 

5. Pathophyslology of Malpighian tubes: 

The Malpighian tubes in the healthir insect show a deep yellow colour. In the 
non-spinning insect they were almost colour less. In all advanced stage of the disease, 
epithelial degeneration was evient even on gross examination. Localized eXiohiatiOn 

of the epithehium was observed especially in the anterior region of the Ilalpighian 
tubes. The disintegrated epithehial fragments could be seen within the lumen (Fig. 

2). Examination of the contents of the lumen indicated the presence of numerous rod-
like inclusions 4 to 8 pm in length (Fig. 3). In the healthy insecrs, such forms were 

found in very small numbers. Examination of intestines and also body fluid did not 

show the presence of polyhedra or pebrine spores. Since the inclusions in Malpighian 
tubes are not commonly seen in healthy insects, these niighc be causing the degenera- 
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tion of the epithelium as well as the blocking. The nature of the inclusions needs 
to be elucidated. 

DISCUSSJON 

The non-spinning syndrome is normally sporadic. Ilowever, the incidence was faund 
to increase substantially during the period August to November and also in October. 
in few areas the farmer lost his crop completely. A detailed study is needed t elu-
cidate the specific environmental or other factors which lead to such outbreaks. 

The present investigations on the pathology have indicated a mal-Iunct.oning 
of the silkgland and Malpighian tubes. Non-spinning is found to be associatec with 
the conspicuous absence of morphological changes on the spinneret which appears to 
be a normal feature in spinning silkworms. The absence of sclerotization of the spin-
neret in fifth instar larvae before spinning indicates the hardening of the spinneret 
as a requisite for normal spinning. Scierotization is perhaps necessary to give the 
spinning apparatus the required mechanical rigidity for the forcible ejection of silk 
through the fine orifice. Supporting evidence for increased sclerotization djring 
spinning is available from Kawase (1960) who reported an increase in the tyrs[ne 
oxidase in integument in the mature silkworms. The activity gradually decreased and 
reached the lowest values before pupation. The close association between silk spin-
ning and hardening of the spinneret is in conformity with the established role of 
hormones, notably ecdysone, in silk spinning which has been described by Akal (11-70 
In view of the role of bursicon as the hormone which regulates tanning in a variety 
of insert species, it would be interesting to investigate its role in silk spirning 
(Wills, 1979; Post, 1972). 

The changes in the silkgland are more deepseated than those involved in tanning 
and hardening and are evident from the edemaof the gland as a whole and the decresed 
silk protein synthesis as evidenced by the reduced silk spinning in non-spinning 
silkworms subjected to at iinulation by sunlight. 

The fai lure of non-spinning worms to cxc rete nieconi urn and the retetit ion of L.rge 
quantity of food material in the gut, especially the hind gut and the degeneraticn 
of the epithelium of the Malpighian tubes indicate an upset in the excretory merlin-
nism. The situation is reminiscent of the mechanical blockage seen in infection of 
Apis rn.Tlifera with  t°aipighamoeba me7lifecoe, locusts with Maia,noebo Locustac and 
Nosmo rnuaculars in Pi othctria dispar . The derangement in excretion could be an 
ample reason for fluid accumulation because of the impairment of water and osmoti: 
regulation (Benz, 1963; Hart ignoni . 1966). The large numhe r of inc I us i otis in :he 
Malpighian tubes of non-spinning silkworms may be responsible for a mechanical bi ic-
kage . Further i west igat ions are, however, needed not only to clue ida te the flat ire 
of 	inc lus ions but also to reveal the exact role of these inc Ins i (ins in the incidence 
of disease. 
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Percentage of 	incidence/ Pourcentage dincidenre 

Moontages tugust 	to Noaember to February 	to May 	to 
Taluks/ countedf October! January! Opril/ July' 

Elevages tiombre auSt 	'a novembre 	'a Fyricr 	'a mai 

d'encabanages uctobre janvier auril juillet 

Anekal 400 51.0 33.0 13.0 20,0 

Channapatana 200 40.9 25.8 20.1 22.0 

K.R. 	Pet 420 35.8 76.0 33.5 22.1 

Nelamangala 50 33.2 21.2 21.5 11.8 

Ramanagaram 400 10.0 5.0 12.0 8.9 

University 	laboratory! 

laboratoire 	de 	l'Universite 
10 17.0 12.0 9.0 12.5 

Table 1. Incidence of non-spinning syndrome in some L1uks of Karnataka. 

(expressed in percentage) 

Tableau 1. Incidence du syndrome non-fileur dons quelques 6levages du Karnataka. 

(exprlmée en pourcentages) 

Spinning silkworms 

Particulars/ Non•-spinns 	worms! (control)! 

Caractires hers 	non-fileurs hers 	'a 	sole 	fileurs P 

(tmo ins) 

Cocoon weight! 
0.9,58±0.0673 1.2736±0.0554 0.005 

Poids du cocsn 

Pupal weight! nnt 	significant! 
Poids de 	Ia 	chrysalide 

0.9105±0.0466 1.0653± 0.0136 
sans 	signification 

Shell weight/ less 	than 	zero! 

Poids de 	Ia 	coque 	soyeuse 
0.1425±0.0065 0.2161± 0.0063 

intUricur 	'a 	zero 

Table II. Cocoon we ight and shell weight in non-spi tilling 51 lkworriis exposed to 

sunlight. (expressed in gms!individual) 

Tableau 11. Poids du cocon cc de Ia rogue soyecise chez les vers 	sole 
non-fileurs exposcs 	to 1umire du jour. (exprims en g/individu) 
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Particulars/ 

CaractOres 

Non-spinning worms/ 

vers non-fileurs 

Spinning uorms 

(control)/ 

Vers 	0 sole 	fileurs 

(tVmoins) 

P 

Length of 	silkglaod 	(cm)/ 

Longueur 	de 	la glande 21.3±0.4683 3L.6±0.3265 
not 	sgnificant/ 

séricigOne 	(cm) Sans 	signification 

Weight 	of 	silkgland 	(gns)/ 

Poids de 	la glande 1.0697±0.0402 1.1656±0.0319 
not significant/ 

séricigOne 	() 
sans 	signification 

Volume 	of 	silkglaod 	(CC)/ 

Volume de la glande 1.366±0.0202 1.0506±0.0107 
less than 0.01/ 

séricigne 	(cc) infirieur 	0.01 

of moisture 	in the 	silkgland/ 

d'humiditl 	duos 	la glande 65.8016±0.5965 40.2801±1.2038 
less 	than 0.01/ 

siricigIne infOrinur 1 	0.01 

Table ITT. Weight, volume and moisture determination in the silkglands of 

non-spinning and spinning silkworms. 

Tableau ill. lDtermination do poids, du volume et de l'humidité de [a glande 

séricigène des vers A soie non-fileurs et fileurs. 
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Fig. Ia 	 Fig. lb 

Fig. Ia 	Spinnerci of spinning silkworm, ventral view (s200). 

Iiliredunvcr 	sore fileur, laceventrale (x200). 

SF: Spi nneret / Ff1 ire 
S13: Sclerotized bar! Barro selérotique 
511: Sclerotized raphael Raphac sc1rotique 
SD: Silkgland duct / Tube Ii lelir 

Fig. lb 	Spinlieret of noii-spiririing silkworm ventral view (x200). 
Sote the sp i lucre! wi hoot sc I erot i zed bars and the swo I len nature of the 
si 1kg lain! duct.  

FiIi re  d un  verb soieicocc-filecir, Ilic' ventr;cic (x200). 
Remarquer que In Iii ire nt comporte Ills de barres scIrotiques et Ic goll-
flemcnt du tube fileur. 
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Fig. 2 	Ma ipigh ian LubUIC of non—api nni rig sit kworrn ( x200) 

Tube de Matpighi dun ver 	snie non—f ileur (x200). 

DE: Degeneraled cpitheliuin/ Epithéliurn dégnéré 
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Fig. 3 	Inclusions inside the M1ligliie1% tubule of norI-sIinrlinF si Ikw,rm (x20U0). 

Inc Itisioiis a i iT)Isr our dii tube do M Ipif'Ili rI uii vor 	l silic null-f i kur 
x2000) 

IN: Rid- I Ike i tic lus ion! Inc his ion cii I lirme do batonitet 
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Traduct ion 

LE SYNDROME DABSENCE DE FILAGE DU COCON CHEZ LE VER A SOLE 

SOMBYX MORL L. 

0. JOY 

Department of Sericulture, 
Bangalore University, 
Bangalore 560 009, 

Inde. 

et M. B. SHYAMALA 

Department of Sericulture, 
University of Agricultural Sciences, 

G.K.V.K. Campus, 
Bangalore 560 024, 

Inde. 

La maladie du non-f ilage apparat sporadiquement dans Les die-
vages de vers d soie du Karnataka. Rdcemrnent, des pertes infli-
gdes aux rdcoltes de 1 'ordre de 10 a is % ont dtd ohservdes dans 
diffdrentes reqions du Karnataka, dues a ce syndrome. Les vers 
a soie apparemment en bonne santo au moment de la montde ne 
filent pas leur cocon, ni ne se tranforment en chrysalides. Ce 
phOnomêne est suivi par Ia mort. be corps des larves est gonf 10 
et Otird. 

On a observe que ces larves n'excrdtent pas de mdconiwn. Les 
tubes de Malpighi montrent une ddgdnCrescence et une exfoliation 
de l'OpithOtium. On a Ogalement Pu observer des inclusions en 
forme de bdtonnets dans Les tubes de Malpighi. La glande sCrici-
pane a des oeddmes. La filidre n'est pas sclCrosOe. 

te mauvais fonctionnement du syste'me excrCteur et de ia 
filidre a pu atre clairement observe chen Les larves de vers a 
soie non fileurs. Des recherches sont en coups pour découvrir 
quel est l'organisme a l'origine de ce syndrome. 

513 



INTRODUCTION 

Lapparitiori sporadique do labscence do lilage do cocon choz loz vera 	sole 
eat assez courante dans los magnane r los et no cause gas do dêgts consi drables pour 

Ic sricicu1teur. Cependant, rcemment, Ce syndrome do non-Hlago a eccasionne des 

pertes importan(es dans 1s 6levages de quelques regions du Karnritaka. Des recherches 
ont donc 6t6 entreprises pour evaluer les pertes causées et aussi pour comprendre 

Ia physlo-pathologie do Ia maladie. Vago (1963) a recherctu pour queues raisons les 

larves matures ne filaient pas de cocnns et a suggérC que ce pourrait crre le fait 
dinfections virales ou protozoalres. La COUSO sIpposée etant un dcscquilibre mctabo-
lique entrainant une predominance do Is nymphose stir le filago qul conduit A une 
retention de Is sole chez les larves accompagnCe de pCbrine. Machida (1970), Ijima 
(1972) dCcrivent doux exemples dabsence do filage chez  Iez Vera ri snie donnant des 
chrysalides "flues", Nd, et Nd,. Le premier do cos deux types avait Ia partie postC-

rieure do Ia glande sCricigène très pou dcveloppee comparativement au deuxime qui 
avait une glande sericig'ne normalement dCveloppée dans as partie postCriouro. 

Dana l'etude prCsonte, les symptmos dt syndrome soft dCcrita 01 les peru's dues 
Certo maladie soot Cvaluées. Certaines variations physiopathologiquos oborvCes 

chez les vera 	sole non-[ileurs collectCs dans des Clevages commercisux et do labo- 
raroire, sont cgalement dCcrits. 

MATERIEL ET METIIODES 

I. Collection des vers A sole malades 

Des insectes sains et malades ont Ct colLectCs dans des Clevages de Iermiers 
et dans des Clevges de masse conduits dans to laborstoire. Lea encabannages ont CtC 

examines pour dCtecter los vera A sole non-lilorirs, le 2e et Ic le jour de la montCe. 
Chaque larvo qul montrait les symptmes typiquos do non-filago sans aucun symptmo 
Cvidenr dune autre maladie aete co1lectco. 

Evaluation des pertes dues au non-filage 

Le nombre do larvs non-fijoicr-; a .tC clispro sur les encabannages Ic 2e ou le 
3e jour do Ia mnntee. Thus les encabannages (lune magnanerie ont 6t6 examines pour 

calculer le pourcentage dincidence. Cette onquCte a Ctr5 conduire dans lea "taluks 
do Anekal, Nolamangala, R;imanagar, K.R. Per. et Channapataiia. 

Pathologie globale 

Los larves ont k6 oxaminees de façon oxtorne. Lea changoments morphologiqrres 
do Is filiro comrse des tubes do Malpighl ont CrC observCs au microscope. Plus do 
100 larves samba or Pills do 100 larves malades nor CrC examiners. 

Physiopathologie 

La longueur, Ic poids, Ic volume et Ia tenour on oau des pHi-ides sCriclgènes 
not etC determines. Le vtume do Ia glande sCricig'ne a CtC calculC par dCplacoment 
d 'oau. La tonour err Pau a CtC dCtermtnCe on sCchani icr glandes une nih t ent ièro a 
30CC. 

LexpCrience a CtC rCpCtCe pour cinq lots. Dans clisque lot. 5 vera 	solo mala- 
des et 5 vera A sole sarns ont etc utitisCs. les evaluations ayant etC faitos mdlvi- 
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dueHement pour chaque ver a sole. Lanalyse statistique est prsentée pour les 
valeurs groupies oil cinq lots. 

RESULTATS 

Apparition de In maladje 

En temps normal, Ia maladie do non-filage a une incidence spuradique. Cependant, 

lenqute nienée montre que des pertes de Iordre do 10 i 50 7/ ont 6t6 trouves dans 
dii 1rentes rgions (Tableau I). 

Symptmes et pathologie globale 

Les vers a sole natures non-fileurs out uriC apparenco normale loraquils soot 
Ialsss sur les encabanages mais no filent pas, mme au bout do deux nu trois jours 

et restent immobiles dans one position at longo stir les artes des encabanages. Dana 
les derniers stades, In couleur de Ia penu p3lit progressivement et perd Ic lustre 

de l'insecte en boone sant€. Les vers ii soie paraissant en bonne santd ont pu tre 
co1lects sur les encabanages to jour du filage. Les vers a sole meurent sans nympho-
Se r. 

On n'a pan observ d'excrétion do mconium chez les vers 	sole non-lileurs et 
11 en rsulte que Ia partie postérieure do In larve a one couleur plus foncée. La 

dissection des larves a montr6 Ia presence do nourriture dans La partie postCrieure 
de l'appareil digestil et dans liritestin. 

Parlois, on fa[ble pourcentage (environ 15 '7) des vers affectés a pu atre stimu-
16 pour filer par l'expositioii A la lumière do jour. Les cocons obtenus soot petits 
et faibles, le poids do In coqtie etant bien infCrieur 	celui d'un cocon sam 
(Tableau II). 

Changements morphologiques de Ia filire 

L'observatioii do Ia filiare chez les vers a soie sains filant leur cocon, et 
les vers a sole non-fileurs indique one diffCrence morphologique. 

La filiare eat une serutture retractile, tubulaire, membraneuso. do forme 
conique et modCrCment pointue S son somniet. La base de In filiare oat entourée par 
un annenu chit ineux present nor le labre. (;hez 1 insecte en boone sante, Ia fi I ière 
lie montre pas do rCgions sciCrotiques importantos avant le [ilage. Copendant, pendant 
le filage, die montre des barres iritennCmont sciCrotiques localisCes, In sclCrotisa-

tlon apparaissanL noun In forrne do barren ventrales (au nombre de trois) (Fig. Ia). 
Les vers 	sole malades collectCn le lSme jour aprSa Ia montCe no montrent pan cette 
sciCrotisation particulière (Fig. Ib). 

L'examen de Ia uilire chez les vers S soio malades qul parviennont a filer leur 
cocon après exposition a Ia lumièro do jour, mndiquo une coloration partielle. l.a 
scierotisation do Ia region do Ia Filiàre apparatt comme on pan important dans le 
procensus do filage. En Fail, lobservatioii de plus de 200 vers S sole a itidique quo 

lirnportance do Ia scldrotisatioji pout sorvir do repèro pour identifier Ion vers a 
sojo non-f ileurs. 
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Changements physiopathologiques dans La glande stricIgène 

La glande sëricigène des vers Ii soie non-Ifleurs augmente en toille par rapport 
,iux vers sailis. Bion quon tenrogistre pas de differonce significalive dans Ic pciid 

[role ou Ia longucur, ii existe one dilidrence statistiquement significative dans 
La teneur en eau. Cela explique Ic gonliement do Ia glande sricigèno chez Les vere 

sole ion-lifters (Tableau Ill). 

Physiopathologie des tubes de Malpighi 

Les tubes do Malpighi sont de couleur jaune  vii chez linsecte sam. Chez le 
ver A solo non-fiftur, us sont presque incolores. A un dade avancé de Ia maladie, 
Ia dégnrescence do lipithdlium apparait ividente 2i lexameo gtural. Lexioliation 

Inialisee de l'pithlium est observe en particulier dans La rdgion antrieure des 
tubes de Malpighi. Les fragments d'épithliuni dsmntégri pouvent tre observs 

l'intrieur du lumen (Fig. 2). Lexamen do contouiu du lumen montre La prsence de 
nombreuses inclusions en forme de btoniiet do 4 	8 pm de long (Fig. 3). Chez 
linsecte sam, on trouvo ces formes on tout petit nombre. I,'exanen des intestins 
et aussi de l'hmolymphe no fait pas apparaTtre Ia prsence de polydres ou do spores 
do pbrine. 

Ces inclusions qui no Se voiont pas couramment dans los tubes de Malpighi chez 

linsecto sam, pourralent etre Ia cause de In dogenerescence do l'pithélium et du 
blocage. La nature de cos inclusions dolt kre recherche. 

DISCUSSION 

Hahituellement, Ic syndrome do non-filage est sporodique. Cependant, L'incidence 
de In maladie augmente d'aoGt 	novembre et aussi en octobro. Dons quelquos rgions, 
Les formiers ont compfttenient perthi lour rcolte. line 6tude dtailfte dolt tre 

entreprise pour trouver quels sont los facteurs do lenvironnernent ou autres qul 
entratnent de Idles perces do Is maladie. 

Les prsentes recherchos pathologiques i ndi quent uii mauvai s fonctionnemont de 

Ia glande sricigno et des tubes do Malpighi. I.e non-filage parait associ 
I'absence de changements morphologiques dans Ia fllire qili semblont tre norinoux 
chez le vor A sole. L'absonco de sclèrotisat ion de Ia filftre chez los larves du 56me 

ge avant Ic filage indique que Ic durcissetnent do Ia filire est nicess.iire pour 
filer Ic cocon. La sclrotisation est peut-tre ncessaire pour donner i lapporeil 
srlcigène La rigidité requiso rncaniquemoI1t pour 6 jecLer Ia sole 	travors le minus- 
cule orifice, line prouve do lauginetitation do Is sc t4 rot i sat ion in cours du filage 
a 6t6 apporfte par Kawzise (1960) qui a observ6 une augmentation de Ia tyrosine 
oxydaso dans le tgumeit chez Les larves matures. L'activit6 diminue progressivement 
et atteint Les valeurs lee plus foibles avant Ia nymphoso. 	association itroite 
entre Ic Ii ago de In sole et ft durcissement do Ia 1 ilire est cnforrne an role eta-

bI i des hormones, notumment I ecdysone, dans Ic filage do Ia solo, qui a CtC d6crit 
par Akai (1970). 11 serait iiitCrossant de rechercher quel est le r1e du bursicon 
- qui est I'horrnone rgnIant La coloration chez divorces ospeces d'insoctos - dans 
Ic filago do Ia sole (Wi I Is, 	979; Post, 1P72). 

Les 	cllangemoilt 5 1 ntervenaiit dans In glande ssr i ci gnc soOt plus profunds que 
ceux irripliquds dans Ia coloration et le durcissomeiit, 01 sont mis en evidence globa-
lement par I 'oodmo tie Ia glande Ct Ia ditninut ion do la synthso des prolCines do 
Ia soio cosmic Ic montre Ia diminut ion du Ii logo do Ia soio chez Les vers a sole ion- 
Ii letirs si imules par I 'exposition 	In lumièro du lour. 
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Le lait que lea vera A soie non-fileurs na puissent excrter de mconium, la 

rtention dune grande quantit6 de nourriture dans Uappareil digestif, particullre-

ment dans lintestin, et la dtgtnrescence de 1'pith1ium des tubes de Malpighi 

indiquent que le mécanisme dexcrétion ne fonctionne plus normalement. La Situation 

rappelle le blocage mcanique observe dans 1 infection de Apis msLlifera par 
Maipighamo&'a melUfecae, des criquets par Ma7amoeba Locustaa et deFrothetriadispar 
par Noserna muscu1aris . Le dereglement de [excretion peut kre une raison suffisante 
expliquant ['accumulation de fluide 5 cause de laltCration de la regulation 

osmotique (Benz, 1963 ; Martignoni, 1964). Le grand nombre d'inclusions dans lea 

tubes de Malpighi des vera A soje non-fileurs peut etre responsable d'un blocage 

mecanique. Des recherches approfondies sont cependant necessaires pour determiner 

la nature des inclusions et Ic r&le exact de ces inclusions dans ['incidence de la 
ma lad i e. 
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THE EFFECTS OF THE NIJMBER OF MAGGOTS PER HOST 

ON THE DEVELOPMENTAL STAGES OF TRICHOLYGA BOMBYCIS BECK., 

AN ENDOPARASITE OF BOMBYX MORI L. 

PR/tDlP KIJMAR, M.S. JOLLY and V. VEKATA REDDY 

Central Sericultural Research & Training institute, 
Mysore .570 008, 

India. 

Sig-nificant decrease in the length of maggot development 
period, maggot recovery percentage, pupal weight, pupal size, 
emergence percentage and fecundity of Tricholyga bcnihycis Beck. 
(Diptera : Tachinidae) was recorded as the host Bombyx m ri L. 
(Lepidoptera : Bomhycidae) became more heavily parasit iced. 

As the density of maggots per host increased, the percentage 
of males 7ncreased and the percentage of females decreased signi-
ficantly. No sign if (cant effect was recorded on the pupal period 
and the longevity of male and female fly parasite. The probable 
cause for the biological adaptations by uzi fly for limited ovi-
position per host in the field crops is also discussed. 

INTRODUCTION 

Tricholyga b-is commonly known as uzi fly quickly built its population and 
caused considerable loss to silkworm crops in Karnataka and bordering states viz., 

Andhra Pradesh and Tamil Nadu in a short span of time (Jolly and Kumar, 1985). 

In the field usually uzi fly infests each silkworm larva with 2-3 eggs (Jolly, 

1981). The authors during survey of uzi fly inlestation at the farmers level have 

rarely observed a silkworm with more than five eggs/scars. 

In the present study an attempt has been made to determine the cause for biolo-

gical adaptation by the uzi fly to lay few eggs per host in the field crops by deter-

fining the effect of number of maggots of the parasite per host on length of maggot 

development, maggot recovery percentage, pupal size, weight and period, emergence 

percentage, sex ratio, longevity and fecundity. 
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MATERiAL AND METHODS 

Silkworm larvae (NB7 race) were reared in the laboratory (Krishnaswami, 1978). 

Fifth stadium silkworms from this popul.ition were used in this experiment. 

Adults of T. bombycis used were from the laboratory culture maintained in netted 
cages (45 x 45 x 45 cm). These flies were fed with a 107 glucose solution soaked in 
the sterilized cotton (Srihran et aL., 1980). Five days old female flies were used 
from this culture. 

1500 silkworm larvae were exposed for infestation to 100 female flies for 30 

minutes in netted cage (90 x 90 x 90 cm). The infested silkworms were reared. On 

hatching of uzi fly eggs, the silkworm larvae with different numbers of scars were 

screened. Ten groups of silkworms each with an equal number of scars varying from 

1-10 were separated. Three replications each with 25 larvae bearing an equal number 

of scars were reared in individual groups in small plastic trays (35 x 25 cm) for 

further observations. Data towards length of maggot development, maggot recovery per-

centage, pupal weight, size and period, emergence percentage, longevity, fecundity 
and sex ratio were recorded. 

The maggots were allowed to pupate in cardboard boxes (20 x 20 x 12 cm) contain-

ing 10 cms. thick layer of sterilized soil. 24 hours after pupation the size and 

weight of each pupa were recorded. Subsequently each pupa was kept in a separate 

glass tube covered with muslin cloth to record pupal period, emergence percentage 

and sex ratio. On emergence, flies of each group were transferred into netted cages 

(45 x 45 x 45 cm). Silkworm larvae (5th instar) were provided daily to these flies 

till they were alive for oviposition to record fecundity. The data obtained were sta-

tistically analysed (Fisher and Yates, 1982). 

The experiment was carried out at average temperature of 25°C and relative humi-
dity of 655,. 

RESULTS AND DISCUSSION 

The results obtained are presented in Thle 1. 

Length of maggot development: 

The density of maggots per host was inversely proportional to the developmental 

time. The maximum developmental time averaged 170 hr. when only one maggot developed 

from the host whereas the minimum developmental time recorded was 121 hr. when ten 

maggots developed per host (Figure I). The maggot development period significantly 

decreased with the increase in the number of maggots per host. However, the develop-

mental period was non—significant when one or two, four or five, five, six or seven 

maggots developed per host (Table 1). 

A tachinid. Cixophaga diatraeae (Townsend) also developed more rapidly within 

its host, Diatraca saceharalis (F) as the density of parasite per host increased 
(King et  a7, ., 1976). This finding is also in agreement with the observations that 

developmental time for Eucel.atoria sps. (Tachinidae) in the host Heliothisvirescens 
decreased as tile number of pliparia per host increased (Stephen et al . . 1977; Brewer 
and King, 1980). 
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Maggot recovery percentage: 

When 1-4 maggots developed per host the recovery percentage remained unchanged. 

At densities of -10 there was a significant decrease in the maggot recovery percent-

age compared to the percentage of recovery of 1-4 maggots per host. However, no 

significant difference was observed when the density of maggots per host was five 

or six, six or seven and eight or nine. The minimum recovery percentage obtained 

averaged 78.66 when 10 maggots developed per host compared to 100 per cenL recovery 
when 1-4 maggots developed per IlosL. 

Pupal size and weight: 

Pupae of a particular group were nearly equal in size and weight. The average 

pupal weight (single) decreased significantly as the number of pupae per host 

increased ranging from 0.085 gm when one parasite developed to 0.025 gm when 10 

maggots developed per host (Figure 2). However, the pupal weight did not decrease 

significantly when the number of maggots per host increased from 1 to 2 and from 3 

to 4. Accordingly the size of the pupae ranged from 0.944 (L) x 0.427 (W) cm when 

the density of maggot per host was one to 0.622 (L) x 0.277 (W) cm when the density 
of maggot per host was ten. 

The pupal weight of Lixophaga diatraeaa (Townsend) also decreased as the density 
of maggots per host increased (King at al. , 1976). DeLoach and Rabb (1971) reported 
that the mean weight of puparia of a tachinid Winthernia manducae decreased as the 
number of full grown larvae per host increased. In case of another tachinid Eucelato-
rio sps. the results are in complete agreement with the present finding (Stephen 
at aL. , 1977). 

Pupal period: 

The pupal period decreased as the host became heavily parasitized ranging from 

13 days when 1-2 parasites developed per host to 11 days when 5-10 parasites deve-

loped per host (Table I). The difference in the pupal period with the increase in 

the number of maggots per host was non-significant. 

Stephen at at. (1977) reported in case of Eucelatoria sps. that the pupal period 
decreased as the density of maggots per host increased. 

Emergence percentage: 

The results obtained towards emergence percentage indicate that uzi fly survival 

from pupation to adult emergence was not affected when 1-4 maggots developed per 

host. Percentage of viable adults decreased significantly from 98.33 to 77.07 when 

the silkworms were parasitized by 4-1() maggots per host (Figure 3). 

Sex ratio: 

There was a significant increase in the percentage of male flies and simultane-

ously a significant decrease in the percentage of female flies obtained as tile number 

of maggots per host increased beyond 8 (Table I). The present finding is in full 

agreement with the results obtained by Stephen at ci. (1977). Contrary to this, Adam 
and Watson (1971) reported that males of tachinid Exorista meflaWalker had no coinpe-
titive advantage over females during larval development as the density of maggots 

per host increased. The sex ratio of another tachinid Diatracophaga ater'iatali 
(Townsend) remained unchanged as the density of maggots per host increased (Etienne, 

1969). Patel and Singh (1972) reported the similar results with the tachinid 
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Goniophthalnius halli flesnil. 

Longevity: 

The number of maggots per host had no significant eflect on the longevits-  of 
male flies which varied from 15-17 days. Similarly the longevity o female flies was 
also not significantly (17-20 days) affected by the number of maggots per host (Tabie 
1). 

Fecundity: 

The fecundity reduced significantly when 9-10 maggots developed per host compa-
red to 1-8 maggots per host (Figure 4). 

The decrease in the pupal weight of T. hombgcis corresponded with the shorter 
maggot development period as the number of parasites increased per host. 

As the density of maggots per host increases, the availability of host tissue 
as food for the development of maggot reduced porportionally. This caused the 
decrease in the recovery of viable maggot which in turn reflected on the rural 

weight. The significanL reduction in the emergence percentage when the number of 
maggots per host increased beyond 5 may be due to the reduction in the pup; rial 
weight. 

The results (Table 1) indicate that T. bombycia is not able to survive well when 
the number of maggots per host increases. The present finding also agrees with Highes 
(1975) and King et at. (1976). the fewer the maggots in the host, the greater the 
percentage of hosts producing adult flies. Besides emergence percentage, the miggat 

recovery percentage, pupal weight and fecundity of uzi fly decreased significantly 
when the density of maggots per host increased beyond five, which may he the proDale 

cause for biological adaptation by the uzi fly to lay few eggs per host in the field 
condition. 
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No. 	of 
maggots 
per host 

Length 	of 
maggot 

development 
(hours) 

Maggot 
recovery 

(8) 

Puparium 
weight 
(gii) 

Pupal 	size 
(length 	a 	width) 

(cm) 

Pupal 
period 
(days) 

Emergence 
(8) 

Sexwise emergence 
(8) 

Male 	Female 

Longevity 
(days) 

Male 	Female 

Fecundicy 
(Plo.) 

170 100.00 0.085 0.944 	x 0.427 13 98.88 65.30 34.69 16 19 757 
(90.00)m (87.95) (54.10) (35.89) 

2 100 10000 0.084 0.900 	x 0.383 13 98.33 65.20 34.79 16 18 753 
(90.00) (85.69) (53.90) (36.09) 

3 159 100.00 0.080 0.869 	e 0.361 12 98.14 63.40 36.58 17 II 755 
(90.00) (85.49) (52.82) (37.14) 

4 149 100.00 0.079 0.844 	a 0.358 12 98.33 66.66 33.33 17 20 750 
(90.00) (85.79) (54.78) (35.20) 

5 148 94.56 0.062 0.797 0.336 11 88.61 63.58 36.41 17 18 707 
(77.93) (70.27) (52.88) (37.06) 

5 166 93.88 0.045 0.738 	x 0.366 ii 86.81 66.58 33.42 16 19 650 
(76.24) (58.07) (50.68) (35.25) 

7 146 92.37 0.038 0.713 	x 0.325 11 82.55 66.45 33.54 17 18 669 
(74.30) (65.35) (54.64) (35.30) 

8 137 87.22 0.035 0.705 	a 0.327 11 80.80 65.12 34.86 16 18 642 
(69.13) (64.01) (53.80) (36.14) 

9 130 85.92 0.031 0.694 	v 0.304 11 80.89 72.87 28.00 16 19 637 
(67.97) (64.09) (58.16) (31.77) 

10 121 78.55 0.025 0.622 	m 0.277 ii 77.97 77.94 22.08 15 17 568 
(52.58) (62.04) (52.28) (27.67) 

CO at 5% 3 3.09 0.002 0.0285 IS 5.81 3.73 3.73 65 MS 91 

Data in parenthesis represent angularly transformed values. 

MS - non significant 

Thle I. Pelitic'nnhlp between, the density f mclggots per host 

and certain developmental stagee of uzi fly. 
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Nbre d'asticots par h6te 

Figure 1. The relationship between the number of maggots per host and the maggot 
development period. 

Figure I. Relation entre le nombre d'asticots par h6te St La durée 
du dve1oppement de l'asticot. 

525 



No. of maggots per host! 

!4bre d'asticots par h&te 

Figure 2. The relationship between the number of maggots per host 

and pupal weight. 

Figure 2. Relation entre le nombre d'asticots par hate 

et le poids de La chrysalide. 
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No. of maggots per host! 

Nbre d'asticots par hate 

—. 	Maggot recovery percentage/ 	d'asticots rcuprcs 

o—o 	Adult emergence percentage/ 	d'5mergence des adultes 

Figure 3. Figure showing the relationship between the number of maggots 

per host, their recovery and adult emergence. 

Figure 3. Relation entre Ic nombre d'asticots par h6te, le pourcentage d'asticots 
rcuprs Ct le pourcentage d'mergence des adultes. 
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Figure 4. The relationship between the number of maggots per host and fecundity. 

Figure 4. Relation entre le nombre d'asticots par h8te St Ia fécondtt. 
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Trad act ion 

1NFLUNCE DU NOMBRE DASTICOTS PAR HOTE 5UR LES 

STADES DU DEVELOPPEMENT DE TRICHOLYGA BOMBYCIS BECK., 

UN ENDOPARASITE DE BOMBYX MORI L. 

PRADIP KUMAR, H.S. JOLLY et V. VENTAKA REDDY 

Central ,cericultural Research & Traininq Institute. 
Mt,tsore 570 008 

Inde. 

Nous avons observe one dIminution siqnificative de to longuear 
de to période de dCveloppement de l'asticot, du pourcentage d'as-
ticots rdcupdrds, du poids larvaire, de La taille des chrysali-
des, du pourcentage d'Cmergenc, et de to fdcondité chez Tricho-
Zyga Bombycis Beck (Diptera Tachinidae), lorsque l'hBte Bombyx 
mori L. (Lepldortera 	Bonbycidac) devient parasite de manière 
important e. 

T,orsque to densitd d'asticots par hBte augmente, le pourcen-
tape de m8les augments et is pourcentage de femeiles dirninue de 
naniBre sipn'fi'cative. Aucun effet rernarqwsbie n'a été observe 
sur to per lode nymphale et to Longdvité de to mouche parasite 
male ou femeile. La cause probable de 1 'adaptation biologique 
de to mouche ousi pour Limiter L'ovipositlon par bBte dans les 
dlevaqes, esf. Cgalernent discotée. 

TNTRODUCTION 

Tnicholyga bombycis, door le nom courant 051 Is mouche ouzi, a rapidemonL fo'm 
uno population irsportante et caus6 des dgts consIdrables dans los 6levages de vor 
h soie du Karnataka et des êtnts limitrophos, h savoir, Andhra Pradesh et Tamil Nadu, 
et cela on très peu de ternps (Jolly ci Kumar, 1985). 

Sur le terrain, La mouche ouzi infeste dhabiiude chaque larvo de ver a sole 
avec doux ou trois oeufs (Jolly, 1981). Nous avons raremont observ, lors de noire 
onqute sur le terrain, on vor h solo avec plus de cinq oeuls ou cicatricos. 

Dans Ia pr8sonte dtude, nous avons essayé de determiner Is cause de l'adaptari'n 
blologique de Ia mouche ouzi qui ne pond que peu d'oeufs par hate dans los Clevages. 
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en dterminant queue est 1 influence du nombre dasticiiFs par hrit e sur Ia liingueur 

du developpement do last cot, Ic pourcentage dast icots r6cuprs, Ia ml lie or Ic 

poids do Ia chrysalide, Ia priode iiympliale. Ic pourcentage d'émergence, le Se, 
ratio. In Iongivitot Ia uicondit. 

MATERIEL ET METHODES 

Les larves de vers 7i snio(race N87) out ctt ili'vies en laboratoire (Krishnaswams. 

1978). Des vers 7i sole do cinquième 3go do cette populat ion ont 6t6 utiliss pour 
1exprienco. 

Les adultes do 7. bombycis uti1is5 provientient dun ilevage en laboratoire dan 

des cages grillagées (45 a 45 x 45 cm). Ces mouches out it6 nourries ovec une solu- 
tion de glucose a ios pr*sentie sur du comon strilisi imbib 	(Shriharait et al. 

1980). Des mouches femelles ages de cinq jotirs ont k6 ut!Iises pour l'exprience. 

1500 larves do vers A sole ont 	exposes 	h linfestation par 100 mouches 
femelles pendant 20 minutes dans une cage grillagée (90 x 90 x 90 cm). Les vers 

sole infestiLi ont k6 flovs. Lors de 1'closion des oeufs ouzi, los larves de vers 
sole comporrant wi nombre di[icrent do cicatrices ont 6t6 comptabilisées. Dix 

groupes do vers S solo porrant 1€ mme nombre de cicatrices ont k6 forms. Trots 
lots, do 25 	larves portant le même nombre de cicatrices ont tLt ilevs siparmment 
stir des pemites dales on plastique (35 x 25 cm) pour Stre observts ensuite. Les 
valeurs concernaur. Ia longuour du développement de lasticot, le pourcentage dast!-

cots rcuprés, le poids or (a taille do In chrysalide, Ia période nyrnphale, le pour-
centage démergence, Ia longvite. Ia féconditi or le sex ratio, ont k6 enregistrées. 

Pour effectuer Ia nymphose, lee asticots ont ctC placCa dans des boiLes en car-

tOn (20 x 20 a 20 cm) contenant une couche do 10 cm dCpaisscur do so! sterilise. 
24 heures aprbs Ia nymphose, Ic poids et Ia Laille de chaque clirysalide ont itC mesu-
rCa. Chaque chrysal ide a CtC gardie S port dans tine Cprouverto recoiiverte dune 
gaze, pour mesurer Ia pCriode nymphalo, le pourcentage dCmergonce et le sex ratio. 

Lors do l'Cmergence, los mouches de chaque groupe ont etC transfCrCes dans des cages 
grillagies (45 x 45 a 45 cm). Des larves do ver S sole (50  Sge) ont CtC fournios S 
tee mouches chaque jour jusquS tour mart pour permettre lovipisit ion et mesurer 

La fCconditC. Les donnies obtenues ont CrC arialysCes statisriquemont (Fisher and 
Yates, 1982). 

l.'expCrience a CLC conduite S tine temperature moyenne de 25°C et UflQ humiditC 
relative do 657. 

RESULTATS ET DISCUSSION 

Los r6sukats obtentis 50111 prCsentCs dans It Tableau I. 

Loiigueur du dCvoloppoment de lasticot 

La durte du dCveloppeinent esi inversc'ment proportionnelie S La densitC dash-
cot a. La durCe de dCve loppement max i mole est en moyinne de 170 heures Iorsqu un soul 
oat icot so dCveloppe stir I hSte taiidis qtie to durCe Ia plus courte onregistrCe est 
do 	121 hetires lorsque to act i cots so dCvelippenr sur 1 hCo e (Figure 1). La pCr i ode 

do d6veloppement do lasticot dimiiiue do maniSre signhlicative avec i'augmentation 
dii nombre d'asticots par h6te. Cependanr. la  periode do dCveLoppoment n'est pas Si-
gnhficiitivoment dhffCrente dans le cas de tin ou detix, quatre ou cinq, cinq, six ou 
sept aCt icots par hSte (Tableau I). 
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Le tachid , T(ophaqa diatraeae (Townsend) se dveIoppo ausal pIUS rapidemeiir 
4 I interieur de son hIre, Diatrae saccharalia (F). lorsque Ia densiré do parasites 
par hi,to augmonre (Kinget at. , 1974). CeUe dcouverte est 6galement en accord avec 
les 	observa) ions 	faites 	sur 	In 	dure 	du dve1oppement d" Euceia(ora 	sps 
(Tachlnidae) chez I hote i1eUoths virescens qui diminue Iorsqiie le nombre do pupa- 
rims par hiSte auginente (Stephen et al. 	1977. Brewer or King. (980). 

Pourcentage d'asticots r4cuprs 

Lorsque 1 4 4 as) icots so diSveloppenr par hiSte. to Pourcentage dasticors rcu-
prs no change pas. lorsque la densité est de 5 4 tO. on observe one diminution 
signhficiitive du pourcenrage d'asticots rcupérs par rapport su pourcentogo obtenu 
avec une densitiS do I 44 asticots ...ependant, on n'observc pas de diIléronces romar-
quables ontre Los densitiSs 5 ou 6. 6 ou 7 Ct 8 on Q. Le pourcentage to plus [aible 
obteiiu so situo ;lutour do 78.66 Lorsqno 10 asricots se dévoloppent par hiStO alors 
qu' it est do 100'!, dans to cas tIe I 4 4 ast icots par hôte. 

Taille et poids do Is chrysalide 

Les chrysal)des dun rn6me groupe ont sonsibloment Ia m4me taille et le inmo 
poids. Le poids moyon dune chrysalide diminue de maniiSre remarquable lorsque to 
nombre do chrysalides par hate atigmente, variant do 0,085g dans Ic cas dun nsticcit 

par h6te 4 0.025g dans Ic cas de 10 sat icots par IliSte (Fig. 2). Cependsnr le poids 
nymphal no diminue pas de mani4re signif)carive Iorsqi!e to nombre d'asticotsaugmcnte 
do 	1 4 2 or do 3 4 4. Do La rnmv maniro. Is taille do La chrysalide vane do 0,944 
(L) x 0,427 ( I ) cm lorsque La densit 	d'asticots est do 1 par hiSte 4 0,622 (L) x 
0.277 (I) cm lorsque is donsit d'asticots est do 10. 

Lo poids do Ia chrysalide do Lixophaga diatraeae (Townsend) diminue aussi lors-
que La donsitiS d'asricors par hiSte augmente (King et al.,I976).De loach et Rabb ( 1971 ) 
ropporlent quo Ic poids moyen du puparium de tachiiii(16 Winternii'a manducae diminue 
quand to nombre do larvos matures par h6te augmento. Dons le cas du tachinidé 
Pncelatoria spa, los riSsultars sont on accord total avec I 'etude présente (Stephen 

et at., 1977). 

Pniode nymphale 

La p4riodo 	nyinphalo 	diminue 	lorsque 	l'hiSl:e 	doviont 	fortemont 	parasite, 

passant do 13 jours dans le cas de 1-2 parasites par h4te 4 ii jours dans to cas do 
5-10 parasites par hiSte (Tableau I). La difference observée dans Ia durCe do La 
pCriode larvaire avec laugmolitariori du nombre d'asricots par hiSte nest pas signifi-
cat ive. 

Stephen et aI.,(1977) rapportont quo La péniode nyrnphalo do Fucelatoria spa. 
diminue lorsque is donsit6 dasticots par h6to augmonte. 

Pourcentage d'émergence 

Los r4sultats obrenus en ce qui concerne le pourcentoge d'Cmorgence montnint 
quo 	La survie de Is mouche ouzi entre la nymphose et I Cmergence de I adu lie ncsi 
pas affectCo lorsque I 4 4 asticotn so dêveloppont dans I 'hiSfe. Le pourcontage 

dadulies viables diminue de façon significalive, passani do 98,31 4 77.07 dans to 
ens do I 4 4 parasites par hiSte (Figure 3). 

Sex ratio 
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On observe une augmentation importante du pourcentage de mouches mates et simul-

tanament one diminution importante du pourcentage de mouches fernelles obtenues lors- 

que Ic riombre dasticots par li6te eat suprieur i 8 (Tableau I). Ce rsuliat eat 	on 
parfait accord avec ceux obtenus par Stephen et at 	(1977). Au contraire, Adam et 
Watson ( 1971 ) rapportent que lea males du tachinid6 Esorista metla Walker ne soot 
pas avantagas par rapport aux femelles all cours du développement larvaire lorsque 
Ia densit dasticots par hate augmente. I.e sex ratio dun autre tachinid 
Diatracophaga steriatalie (Townsend) reste inchanga lorsque Ia densit.6 dasticots 
par hate augmente (Etienne, 1969). Patel et Singh (1972) rapportent des rasultats 
similaires chez Ic tachinid6 Goniophihairnus haiti Nesnil. 

I.ongévit 

Le nombre d'asticcts par hhte naffecte pas demanière significative Ia long6vi-
t6 des mooches males qui vane de 15 A 17 jours. Dr Ia mame maniare. Ia 1ong6vit 

des mouches femelles nest pas rellement affecte (17 h 20ours) par le nombre 
dasticots par hate (Tableau 1). 

Fcondit 

La f6condit6 esi considérablement rduite dana le cas de 9 h 10 asticots par 
hate comparativement 	La densit6 de I a 8 asticots par hate (Figure 4). 

La diminution du poids de [a chrysalide de T. hornbyciscorrespond h la diminution 
de la priode de dveloppement de l'asiicot lorsque to nombre de parasites par hate 
augmente. 

Lorsque Ia denaiti d'astfcots par hate augmente, Ia quantit6 de tissus hates 

disponible coinme nourriture pour le developpement de l'asticot eat rduite en propor-
tion. Ceci provoque Ia diminution du pourcentage dasticots viables ce qui se riper- 

cute sur le poids de Ia chrysalide. La diminution importante do pourcentage démer-

gence lorsque le nombre d'asticots oat supérieur h 5 peut kre due ;i Ia diminution 
du poids du puparium. 

Lea rêsultats (Tableau I) indiquenl que 7'. hombycine peut pas bien survivre 
lorsque le nombre dsticots par hhte augmente. Ces risiiitats soot igalcment en 
accord avec ceux de hughes (1975) et King et at. (1976) selon lesquels moms lea 
asticots sont nombreux et plus le pourcentage d'hates produisant des mooches adultes 

devient important. i.e pourcentage dmergence, le pourcentage dasticots viahies, 
le poids de La chrysalide et Ia faconditi de Ia mouche ouzi diminient de maniare 

importante lorsque Ia densita dasticots par hate dépasse 5, cc qui est probablement 
Ia cause de ladaptation bilogique de La mouche ouzi 	or pondre quun petit nombre 
doeufs par hate dons Ia nature. 
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Nombre Dur6e du Poids 	du Taille 	de 	Ia Ourde d8mergence Longvitl 

dasticots développement dasticots puparium chrysalide de 	Ia Ecergence selon le 	sexe (jours) Féconait' 

par hOte de 	l'asticot récup8rs (g) (longueur 	a nymphose (6) (no) 

(heures) largeur) 	(cm) (jours) MOle Femelle MOle 	Femelle 

1 170 100.00 0.085 0.946 	x 	0.427 13 98.88 55.30 34.59 16 19 757 
(90.00) (87.95) (54.10) (35.89) 

2 109 100.00 0.084 0.900 	x 0.383 13 98.33 55.20 34.79 16 18 753 
(90.00) (85.69) (53.90) (36.09) 

3 159 100.00 0.080 0.869 	0.361 12 98.14 53.40 36.58 17 18 755 
(90.00) (85.49) (52.82) (37.14) 

149 100.00 0.019 0.844 	0.358 98.33 56.66 33.33 17 20 759 

(90.00) (85.79) (54.78) (35.20) 

5 168 96.66 0.062 0.797 	0.336 11 88.61 53.58 36.41 17 18 707 

(7793) (70.27) (52.88) (37.06) 

146 93.88 0.045 0.738 	x 0.366 11 86.81 66.58 33.42 16 19 650 
(75.26) (68.07) (50.68) (35.25) 

7 145 92.37 0.038 0.713 	x 	0.325 11 82.55 66.45 33.54 17 18 649 

(74.30) (65.35) (54.64) (35.30) 

8 137 87.22 0.035 0.705 	a 	0,327 11 80.80 65.12 34.86 16 18 642 

(59.13) (64.01) (53.80) (36.16) 

9 130 85.92 0.031 0.694 	x 0.304 11 80.89 72.87 28.00 16 19 637 
(5797) (64.09) (58.14) (31.77) 

10 121 78.55 0.025 0.522 	x 0.277 11 77.97 77.94 22.08 15 17 568 
(62.58) (62.04) (62.28) (27.67) 

CD at 5% 3 3.09 0.002 0.0285 NS 5.81 3.73 3.73 95 MS 91 

Len Jonn6es entre parentheses soot des valeurs angulaires transformées. 

MS - sans signification 

Tat1eau 1. ReLation entre la densit dasticots par ver a ooie h6te et certains stadea du dve1oppement 
,0 	 de Ia nouche ouzi. 
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STUDIES ON THE PHYLLOPLANE MICROFLORA OF MULBERRY 

I. BACTERIAL POPULATIONS ON HEALTHY LEAVES 

J. SOKIJMAR* and A. RAMALINCAN 

Sep zrtment of Post-Graduate Studies and Research in Botany, 
University of Mysore, 

Manasagangotri, Mysore .570 006, 
rndia. 

Healthy mulberry leaves analyzed by serial dilution method 
for a period of two years yielded five types of bacteria. An 
enormous increase in their population was noticed with the 
increase in the leaf age and senescent leaves barboured the 
highest concentration of bacteria. They exhibited a seasonal peak 
during the rainy months of September and October, with lowest 
numbers in the hot months of March and April. Rainfall and height 
of the leaves above ground level had an increasing as well as 
decreasing influence on bacterial populations. 

INTRODUCTION 

The surfaces of plant leaves called the 'phyl loplane 	support a variety of 
micro—organisms. These microbes are known to interact with plant pathogens and in 

a number of cases are shown to reduce the disease severity (Fokkema, 1978). There 

is also evidence to show that the leaf surface saprophyles accelerate leaf senescence 

and reduce grain yield (Dickinson and Walpole. 1975). The qualitative and quantita-

tive aspects of microbial colonization of leaf surfaces have been extensively 

reviewed by Preece and Dickinson (1971), Dickinson and Preece (1976) and Blakcman 

(1981). However, information on the influence of these microbes on the animals which 

consume them along with the leaves is scanty. Sukumar (1983) and Sukumar and 

Ramalingam (1986) have shown the yield reducing and disease causing abilities of mul-

berry phytloplane microbes on silkworms. A detailed investigation on the phylloplane 

microbes of mulberry was undertaken by us in 1978 with a view to provide basic data 

* Karnataka State Sericulture Development Institute, Thalaghattapura, Bangalore 560 
062, India. 
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for further research on their influence on silkworms. The present paper reports the 

bacterial flora of healthy mulberry leaves, their seasonal variations, effect of 

pl nOt, growth and went her. 

MATERIAL AND METHODS 

Mulberry leaves of the variety 85 of 110mB indzca L. were used for the study. 

The plants were raised at 2' x 2' spacing in Manasagangc'tri the Post-Graduate campus 

of the university of Mysore in half an acre area. The leaves numbering 1-10 from the 

tip of randomly chosen branches were collected in separate polythene bags at fort-

nightly intervals. Twenty-four leaf discs, 2.1 cm in diameter were cut immediately 

after collection and placed in 100 ml sterilized distilled water with a drop of 

Twecn-80 and agitated [or thirty minutes on a magnetic stirrer. Three suitable dilu-

tions were prepared from the leaf washings and used for plating. One ml of each dilu-

tion was placed in sterile Petri dishes using sterile pipettes and molten beef pep-

tone agar medium approximately at 35°C was poured into each plate. The plates were 

swirled to distribute the solution and agar was allowed to solidify. Triplicates were 

maintained for each dilution. The Petri dishes were incubated at room temperature 

(24-281C). The colony counts were made on the third day of incubation and the concen-

tralion of bacteria was estimated per unit area of the leaf surlace sampled. The wea-

ther conditions were monItored using standard meteorological instruments installed 

in the field. The studies were carried out for a period of two years during 1978 and 

1979. 

RESULTS 

Five types of bacteria, Erwinia herhicola, Corynebacterium sp., Pseudomonas 
maltophla Staphylococcus sp. , and Serratia marcecens were isolated from the leaves. 
In general, the populations of bacteria outnumbered those of yeasts and uilamentous 

fungi. Erwinia herbicola contributed a major share of bacterial counts and was fol-
lowed by Corynshacterium sp., Pseudornonas maltophila and  StaphyLococcus sp. Serratia 
marcecens, a pink bacterium, was isolated only Lucre times and the rest were isolated 
consistantly throughout the sampling period. 

Seasonal variations: 

Distinct seasonal paLtern was recorded for the phylloplane bacteria. The figures 

I 	and 2 depict the seasonal Vari,1L ions in the populations of bacteria on leaves. In 

general, most bacteria enumerated were less in number during hot dry months of March 

and Apri I , gradually increasing from the mouth of May with peak concentrations during 

September and October. 

Effect of leaf age: 

The variations in the populations of phylloplane bacteria on leaves 1-10 through 

different months of 1978 and 1979 in figures 1 and 2 clearly reveal the influence 

of leaf age. The freshly unfolded leaf supported a low concentraLion of bacteria. 

With the passage of time a gradual increase in the populations per unit area was 

noticed and the leaf number 10 recorded a round 100 Limes great or number of bacteria 

than that of the first leaf. 

In order to present a 	lenr picture on the inlltience of leaf age on the populations 

of bacteria, the mean daLa for leaf I, 5 and II) based on the results of 48 tests were 

taken and plotted in figure 3 along with the mciii data based on 8 experiments for 

aged and senescent leaves. The aged leaves were 75-80 days and the senescent leaves 
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more than 85 days old at the time of sampling. Predominant dilferences were noticed 

in the rate of increase in the populations of different bacteria. A greatest increase 

in the population with senescence was noticed in Pseudonionas maltophi7a (142,860 
fold) followed by Staphylococcus sp. (26,224 fold), Corynebacteriunt sp. (13,079 fold) 
and ErWinia herbicola (7,028 fold) compared to that on the first leaf. 

Combined effect of plant height and rainfall on phylloplane bacteria: 

An experiment was conducted on 19th September 1980, a rainless day, followed 

by four rainy days with a total rainfall of 76mm. Leaves were sampled again on 24th 

September 1980. The data for the alternate leaves 1, 3, 5 and 7 situated at different 

heights above the ground level are given in Table I. In general, the populations of 

bacteria were 1.5 times more after the receipt of rain. Leaf number 7 recorded the 

highest concentration as compared to leaf number 1 both before and after rain. 

However, individual differences were noticed with reference to their concentration 
after rain. The populations of 8pWjnja herbicola and Pseudotnonas maltophila declined 
on leaves I, 3 and 5 while it was the highest on leaf 7, whereas Corynebacteriurn sp. 
got reduced after rain on all the leaves and Staphylococcus sp. showed no significant 
difference. 

DISCUSSION 

The surfaces of mulberry leaves support a large number of bacteria, fungi and 

yeasts (Sukumar, 1983) which are obviously consumed by silkworms. Sukumar and 

Ramalingam (1986) have also showed that Aspergillus flavus and A. niger, two common 
phylloplane fungi of mulberry, increase enormously under prolonged storage and cause 
aspergillosis in silkworms.. Sukumar (1983) has also showed that high concentrations 
of Sporobolomyces roseus and Cryptococcus laurentii on leaves respectively had an 
enhancing and reducing effect on cocoon yield. 

In the present study five types of bacteria were isolated from mulberry leaves 
of which SrWinja herbicola was the most predominant as reported for many gramina000us 
and leguminous plants by Dye (1969). Corynebacterium sp. which occupied the second 
place on mulberry was the most dominant constituent on sorghum leaves (Appaji Gowda, 
1982). The genus Staphylococcus, hitherto unrecorded on leaves was isolated for the 

first time by us and its role in silkworm health needs detailed investigation. 

Pseudorncnas rnaltophila most generally considered as a casual epiphyte, occurred as 
a resident on mulberry leaves. 

Mulberry leaves that have just differentiated from buds supported a very low 

population of bacteria which attained maximum levels on senescent leaves. Similar 

results have been reported by Last and Daighton (1965). The gradual increase in the 

number of micro-organtsms with time is attributed to the increased deposition of 

microbes from air-spora during prolonged exposures (Kerling, 1964), multiplication 

of microbes on leaf surfaces (Stout, 1960) aided by the excretion of nutrients on 

leaf surfaces (Dickinson, 1967). Senescing leaves were stated to lose their ability 

to produce toxins and phytoalexins (Bailey, 1971; Baddeley, 197:) and become better 

substrates for colonization and reproduction. The mulberry leaf takes 2-3 days to 

completely unfold from the bud and may remain on the branch in a physiologically 

active state upto 80 days. The 1, 10, 27 and the senescent leaves investigated for 

a comparative study respectively would be 3, 30, 81 and 85 days old. If the total 

microflora of the first leaf is taken as the deposit of air-spora over 3 days dura-

tion, that of leaf 10 should be 10 times and the senescent leaves 28 times. Depletion 

due to wash off by rain might result in a decrease in the population and multiplica-

tion of propagules due to growth and reproduction will result in in increase. 
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The seasonal I lurtuations of bacteria seem to be due to the combined effect of 

temperature and relative humidity. The reduction of their populations In hot weather 

might be due to non-availability of free moisture on leaf surface as stated by Leben 

and Daft (1967) and peak concentration during the rainy season was due to the high 

relative humidity and relatively constant temperature. 

The direct and immediate effect of rainfall varied with the height at which the 

leaves are situated above ground and also the type of bacteria involved. The record-
ings of high concentration of Erwinia herhicola and  Pseudomonaa inaftophila on the 
Lowermost leaves was due to the splash-borne deposition of bacteria residing on 

debris in the soil and their reduction on leaves above was due to the wash off by 

rain. Since silkworms are susceptible to infection by a number of bacteria, detailed 
studies on the influence of phylloplane bacteria on them are underway. 
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4.-
C 

Period/ 	 Before rain! 	 Ifter rajn( 
19 Sep. 1990 	 24 Sep. 1980 

Pfriode 	 Avant la pluie 	 Après la pluie 

Leaf ouber/ Suméro de la feulIle 	1 	 3 	 5 	 7 	 1 	 3 	 5 	 7 

Leaf 	height 	(cm) 

hauteur 	de 	la 	Peachy 	(cm) 
45 38 20 15 45 38 20 15 

Ervjnia 	herbicoha 300 634 1 	900 8 450 110 160 919 17 300 

50/ Ecart 	type 6.00 3.60 2.60 9.30 10.84 11.78 2.99 10.53 

Corynebacterium 	op. 126 18' 1 	658 6 580 78 102 782 2 375 

50/ 	Ecart type 4.00 6.00 2.50 3.00 12.76 4.00 1.73 5.00 

Pseudomonas 	maltophila - 12 - 14 - 10 7 74 

50/ 	Ecart 	type 1.00 2.64 1.73 2.00 5.56 

Staphylococcas 	op. - - 12 12 - - - 11 

SQl Ecart 	type 1,50 1.00 1.73 

Other bacterial 	Autres 	bactiries 461 830 3 	961 17 065 205 329 2 	708 29 803 

SD! Ecart 	type 3.90 5.00 5.57 2.00 11.37 1.22 2.38 4.00 

above ground level/ au-dessus du niveau du sol 

TabLe I. Combined effect of rain and leaf height on the micro! Iota of mulberry leaves. 
Data are number of coLonies/cm 2  Leaf area sampled. 

TabLeau I. Effet conjugu6 de La pluie et de la position de la feuille en hauteur sur la micro! lore 

des feuilles de mrier. 

Les donnes reprserctent Is nombre de colonies par cm' de surface de feuilLe. 
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Traduct ion 

ETUDES SUR LA FLORE MICROBIENNE DE LA SURFACE FOLIAIRE DU MURIER. 

I. POPULATIONS BACTERIENNES DES FEUILLES SAINES 

J. SUKUMAR* et A. RAMALINGAM 

Department of Poet-Graduate Studies and Research in Botany, 
University of Mysore, 

Manasagangotri, Mysore .570 006, 
Tnde. 

L'analyse pendant dewr ans par La mdthode des dilutions en 
eerie de feuilles do ?nt2rier saines, a permis d'ohtenir 5 types 
de bactdrie. On a observe une auqmentat ion dnorme do lour popula-
tion avec le vieilliseernent de La feuille et Los feuilles sdnes-
cnte abritent La concentration do bactdries La plus dlevCe. 
On oboerve un pie saisonnier pendant los mois pluv-ieux (septembre 
et octobre), et un creux pendant Les mois chauds do mars et 
avril. La pluviomdtrie et la situation de La feuille en hauteur 
par rapport au niveau du sal ont une influence sur L'augrierztation 
et La diminution des popuLations bactdriennes. 

INTRODUCTION 

La surface des Ieuilles des vgitaux, appeIe 'phylioplane", comporte divers 

micro-organismes. On salt quo ces microbes interagissent avec les psthogbnes do la 

piante et rduisent la gravitc do Is maladie dans un certain nombre de cas (Fokkcma, 

1978). Ii a ga1ometit 	ti proivê quo Les saprophytes de Is surface folisire accé- 
irent Is senescence loliacre et rCduisent Is production do graines (Dickinson et 

Walpole, 1975). les aspects qunlitatifs et quantitatifs do Is colonisatiun micro-

bienne h Ia surface des feuitles ant Cté dCcrits de manibre extensive par Preece et 

Dickinson (1971), Dickinson et Preece (1976) et Nlakoman (1981). Cependant, on no 

dispose quo de peu d'informations sur L'influcnce de ces microbes sur les animaux 

qui los ingrent on mCme temps quo los teuilles. Sukumar (1983) et Sukumar et 

Ramalingam (1986) ant montrC quo Los microbes de In phylloplane do mLrier sont Ia 

cause dune baisse de Is productiviti et dapparitions do maladies chcz lee vers Li 

soie. Nous avons entrepris on 1978 tine Ctude dCtaillCe sur los microbes de is phyilo-
plane do mOrier attn de fournir les premieres donnhes qui permettront de poursuivre 

los recherches sur leur influence envers les vers 	sole. Le present article traite 
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do is flore bactrionne des feuilles do tiiCrior sainos, do sos variations s;iisornires 
Ct de l'effet de Ia croissance de Ia plante et do Is moitorologie. 

MATERIEL ET METHODES 

On a util i s6 pour cotte ttude des bullies do mlirier do la vsrité MS de;4o'5 
indica I. Les mfiriers ont 6t6 plants 	one distance de 2' x 2' 	Manasagangotri, 
sur le campus do Mniversit4 de Mysore, sur uiio surface dun denli-acre. Les feuilles 
nhimrottos do 1 A 10 en partant du bout des branches chol sies su hasird, out 	c)l- 
Iectdos dans des sacs on poly&hylhne diffrents, taus les 15 jours. Tmmdiatomerit 
aprs chaque cueillette, on dcoupe 24 disques do 2.1 cm do diamtro dans les 
feuilles et oil les plunge dans 100 ml dean distiIIe strilisée avec une goutte de 
Tweon-80, et on agite le tout pendant 30 minutes avec on agitateur magiitiquo. 3rcis 
dilutions adquates not. 6L6 prcpares S partir du lavage do Ia feutlie, et utilises 
pour 1'oxprionce. I ml do chaque dilution est vers6 dans une boite de Ptitri stri10 
au moyen do pipottes stiriles, et on ajouto dans chaque bote oTT milieu gilosi de 
pepLone do boeuf, foiidu S environ 35° C. Les boites sont agit.es  pour quo Ia soluioi 
puisse so rpartir et on laisse in gélose so solidifier. Pour chaque dilution, trots 
replicatas sont effectués. Les boites do Pétri sont laissées on incubation S tempira-
ture ambiante (24-28°C). Les dénornbrements des colonies sont baits To Shme jour do 
1' incubation et Is concentration de bactéries esi évaluée par unite do surface 
foliairo échantillonnCc. Les conditions climatiques sont surveillêes en utilisant 
du materiel métêorologique standard installé stir Ic terrain. Les etudes ont été cn-
duites sur une période do deux ans on 1978 et 1979. 

RESULTATS 

Cinq typos do bactéries (Frwinia herbicola , Corynehacterium sp., Pseudornoncs 
rnaitophita , Staphylococcus sp. 	et Serratia rnarcecens ) out etC isolés S partir des 
feuilles. En gCnCral, les populations bactCrleinios surpassent on nombro cellos dos 
lovures et des champignons. Erjnja herhicola est Ui plus importante, etsot suive 
do Corynebacterium sP.  Pseudornonas maltophtlaet Staphylococcus sp. Serratia marco- 

.me bacterie rose, a CtC ismilCo soulement trnis lois, tandis que Les autres 
bactCrios ont CtC isolCes en grand nombre pendant touto la pCriode dmichantillonnage. 

Variations saisonnihres 
tin profil smisonnior distinct a etC oorogisirC pour los bactCries de In phyllo-

plane. Les figures 1 et 2 montroot les variations saisonnieres des populations bactC-
riennes sur Les bullies. En gCnCral, les bactCrics dCnombrCes sont moirms norabreuses 
pendant les mois chauds et secs do mars et avri I, or auglsentent progressivemont a 
partir du mois de mat avec des concentrations maxim;iles pendant soptembre et octobre. 

Effet de l'Sge des feuilles 
Les variations do populations bactCrienoes do In phvlloplauie sur les feuilles 

I it 10, ;in cours des diflCronts mois do 1978 et 1979, roprCsontCes dans les figures 
I 	et 2 • mont ro nt net tement I i uI I uence do I Sge de I a foui I le. La I eui 1 1 e qu i v ient 
juste do so dCplier comporto une faible concentration do bactCries. Aver le vieillis-
semont, on romarquo une auglsoiltation progressive des populations par unite do surface 
01 le noombre do bacterios enrogistrC sur Is foul lie n° TO ost 100 lois plus grand 
quo sur Is bouille n° 1. 

ANn do prCsooLer une image claire do I influence do I 'age do Ia feuille sur 
los populations bactCriennes, Les valeurs moyonilos pour les feuilles 1. 5 et 10, 
obtonuos d 'aprhs les mCsuLtaLs de 68 tests, sont roprCsootCes sur Ia figure 3, ai nsi 

546 



que les valeurs moyennes obtenues mrs de huit expriences [altec stir des feuilles 
gées et senescentes. Les feuilles ig6es ont de 75 	80 jours et les feuilles sncs- 

centes ont plus de 85 jours au moment de I'ichantillonnage. Des diffrences tres 
importantes sont observes dans Ic taux d'augmentation des populations des diff-
rentos bactéries. Avec a snescence de la feuille, on observe Laccrotssemont de 
population le plus important chez Pscudomonas rnaltopila (x 142 860) suivi de 
9taphyloc3'7iin sp. (x 26 224), Coryoehacteriuin sp. (x13 079) et Erwinia herbicola 
(x 7 028) a partir de la feuillo n° 1 

Effet conjugie de I-i hauteur de la plante et de la pluviombtrie sur les bactries 
de la pitylioplane 

One exprience a etc condutte Ic 19 septembre 1980, un jour sans pluie, suivi 
de quatre jours piuvioux avec une pluviomitrio totale de 76 mm. Des feuilles ont 
encore 6L6 6chantillonn6es Ic 24 soptenibre 1980. Les données obtenues pour les 
feuilles alternes 1, 3, 5 et 7 situes 	des hauteurs différentes au-dessus du niveau 
du sol, sont donnbes dans Ic tableau 1. En gbnéral, les populations de bactirics sont 
multipliées par 1,5 aprbs la pluie. On a enregistr4 la concentration la plus éIeve 
sur la leutile n° 7 	In lois avant et aprbs la pluie. Cependant des diffrences 
Individuelles ont 6t6 romarques en cc qui concerne les concentrations aprbs la 
pluie. Les populations de E'rwinia herbicola et Pseudornonas maltophila diminuent sur 
les feuilles 1, 3 et 5 tandis quelles sont les plus élevbes sur la feuille n° 7, 
alors que Corynebacteriuin sp. diminue apras la pluie stir toutes les feuilles et que 
Staphylococcus sp. no montre pas de diffirence rcmarquable. 

DISCUSSION 

Les surfaces des [euilles de mrier supportent un grand nombre de bactries, 
champignons et levuros (Sukumar, 1983) qui sont évidemrnent ingrês par les vers a 
soie. Sukumar et Ramalingam (1986) ont gi1ement montré que Aspergill_us flavus et 
A. niqer,  , deux champignons courants de la phylloplane du mirior, se dveloppent nor-
mment lors du stockago prolong6 et provoquent l'aspergillose chez les vers A sole. 
Sukumar (1983) a 6ga1ement montr6 que des fortes concentrations de Sporoholomyces 
roseus et de Cryptococous laurentii sur les feuilles ont respectivement un effet 
favorable et dfavorabIe stir Ic rendement en cocon. 

Dons In prsente etude, cinq types de bactries ont iti isols A partir des 
feuilles de mrier, parmi cellos-cl Erwinia herbtcola est la plus importante comme 
dans Ic ccc de nombreuses gramines et lgumiiieuses dcrit par Dye (1969). Corynebac-
terium sp., qui vient en seconde place chez Ic mGrier, est Ic constituant principal 
chez les feuilles de sorgho (Appaji Gowda, 1982). Nous avons isoI6 pour la premiere 
lois le genre Staphylococcus, qui n'avait jamois 6L6 observe sur des [cuilles 
jusqu'ici , et son rhle dans La pathologic des yore h soie doit 6tre étudié plus en 
dtail. Pueudomonas maltophila, consid6r6 Ic plus souvent contain un 6piphyte occasion-
nd, s'est r 6 v6 16 resider stir les feuiltes de m3rier. 

Les bullIes de mCrier qui viennent juste de se diffire,icier des bourgeons 
n'abritent quune trbs faible population de bacteries qui nt.toint son apogCe stir les 
(euliles senescentes. Des rCsultats similaires ont CtC dCcrits par Last et Deighton 
(1965). L'augmontation progressive du nombre de micro-organismosavec Ic temps est 
attribuCe a la deposition de microbes par les spores arriennes pendant les exposi-
tions prolongCes (Kerling, 1964), la multiplication des microbes sur ice surfaces 
(Stout, 1960) 6tant favorisee par l'excrêtion d'ClCments nutritifs sur les surfaces 
des feuilles (Dickinson, 1967). Les feuilles uleillissantos perdent leur capacitb 
de produire des toxinos et des phytoalexines (Bailey, 1971 ; Baddeley, 1971) et 
deviennent de meiiieurs substrats pour In colonisation et la reproduction. II [cut 
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deux 8 trois jours pcur quo Ia feuille de reOrier so dp1ie compl8tement hors du bour-

geon, elle pour roster sur la braiiche dane un 6Lit physiologique actil usquà 80 

jours. Lee feuilles n° 1, 10, 27 et los leul lies snescenres 6tudi6es pour une etude 

comparative seraient reepectivement 5g6es de 3. 30, 81 et 85 jours. Si Ion consid8re 

Is 	L oL a 1 i t6 de la microflore de Is premi8re feullle cornice le dpiL des spores 

ariennes pendant trois jours, cello do la feuille no io devrait 8tre dix lois plus 

importante, et colic des feuilles snescentos. 28 lois. Le dpeup1ement dO au lessi-

vage par Is pluie devrait entrainer une diminution de la population et la multiplica-

tion des germes par la croissance et la reproduct ion aura comrne rsu1tat une augmeri-
tat ion. 

Les variations saisonnières des bactries somblent Otre dues 8 l'effet conjugu 

de is temperature et do l'humidit6 relative. La diminution des populations bacté-

riennes par temps chaud est peut-Otre due 8 l'absence Whumidit6 libre sur Ia surface 

de Ia feuille comme Pont écrit Leben et Daft (1967) et to. pic pendant la saison 

des pluies serait dO 8 lhumidité relative 6lev6e et 8 La temperature relativement 

Constant e. 

L'offet immediat ci direct de la plule vane selon is hauteur 8 laquelle sont 

situées les feuilles et aussi scIon le type de bactCries concernCes. La concentration 

elevee de Erwinia herbicola et Pseudoinonas maltophila enregistrCe sur les feuilles 

les plus basses est due au depOt do bactCries so trouvant cur des debris dane to sol, 

grOce aux Cclaboussures. et la diminution observCe sur les feuilles plus hautes est 

due au lessivage de la plule. Comme les vers 8 sole sont sensibles 8 1 infection pro-

voquêe par un certain nombre de bactCries, nous sommes en train de mener des Otudes 

dOtailICes sur l'influence des bacteries do la phylloplane. 
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EPIDEMIOLOGY OF CERCOSPORA LEAF SPOT DISEASE OF MULBERRY 

I. STAGES OF INFECTION SPOTS AND CONIDIAL PRODUCTION 

J. SUKIJ}4AR*  and A. RAMALINGAM 

Department of Post-Graduate Studies and Research in Botany, 
University of Mysore, 

Manasagangotri, 
Mysore 570 006, 

India. 

Pour stages in the development of Cercospora leaf spot were 
identified. Conidial production on different stages was estima-
ted for ten days from the date of appearance of the leaf spots. 
Production of conidia corraenced on the third day when the spots 
were in the second stage of development. The maximum number of 
conidia was produced on the fifth day from stage-3 spot which 
was recognized as epidemiologically the most acute stage. The 
number of conidia produced on the upper surfaces of the leaves 
Was tWice as great as those produced on the lower surfaces. 

INTRODUCTION 

Mulberry, the basic source of food for silkworms (Bombys marl L.) suffers from 
many diseases of various etiological nature. The leaf spot disease caused by Cercos-
pora moricola Cooke is one of the major constraints in the leaf production. The 

disease occurs in alarming proportions during the monsoon season with peak develop-

ment in September and October months. The pathogen produces slimy spores which are 

disseminated by rain splash (Sukumar & Ramalingam, 1981a). Many studies have been 

carried out on the sporulation of Cercospora species in culture. But the literature 
on the conidial production from different stages of infection spots on the leaf sur-

faces is scanty. The number of conidia produced on different surfaces of leaves 

appears to have a direct relationship with the spore presentation mechanism for libe-

ration and dissemination by splash-borne pathogens. The present investigations were 

carried out to find out the epidemiologically significant stage in the development 

* Karnataka State Sericulture Development Institute, Thalaghattapura, Bangalore 560 
062, india. 
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of the leaf spot where the maximum number of COflLdia is produced. The results are 

discussed in relation to the cultural methods of controlling the disease. 

MATERIALS AND METHODS 

The studies were conducted on the mulberry variety MS of Moron fndica L. raised 
in earthen pots. The third leaf at the tip of the branches was inoculated with the 
washed conidial suspension of Cercopora rnoricola (10 conidia/ml), prepared from 
a 10 day old culture grown on potato dextrose spar medium. The inoculated plants were 

incubated under high humidity overnight and later removed to an isolated place for 

disease expression. The infection spots were classified into four stages based on 

the colour and morphology. The conidial production was estimated for a period of 10 

days from the date of appearance of the lesions. For this, fifty infected leaf bits 

were placed in 100 ml distilled water with a drop of Tween-80 and agitated for 30 

minutes on a magnetic stirrer. The conidial concentration was estimated using a hae—

mocytomeler. The area of Leaf spots was determined by tracing them on to a transpa-

rent graph paper and the production of conidia per mm 2  of the infection spot was cal-
culated. Conidial production on the upper and lower surfaces of the leaves was esti-

mated by wash off technique (Fig. 1). A leaf hearing a well sporulated lesion which 
was in the third stage of development was trimmed to form a pointed tip at one end. 
It was mounted with the chosen surface in an inclined position (450 ) on a similarly 
trimmed aluminium foil, from the arm of an iron stand. Water drops of 4-5 mm in dia-
meter were allowed to flow over the infected spot and the run off water was collected 

in a measuring cylinder until the last flowing drops, when examined under a micro-
scope revealed the absence of conidia. 

RESULTS 

Stages of infection spots 

Four stages were recognized in the development of infection spots caused by C. 
rnorcoLa. The leaf spots in the first stage of development were minute, light brown 
specks distinct from healthy areas and seen clearly against light. In the second 

stage, the spots turned dark brown, nearly circular and produced sporodochia in cir—

clets or in scattered groups. The spots in the third stage were irregular and pro-

duced whitish masses of conidia held together in slimy matrix. In the fourth stage 

they enlarged irregularly and the infected portion often showed a split in the 
middle. 

Conidial production 

The data obtained on the production of conidia from different stages of infec-

tion spots are presented in Table I. Co,,idia were not produced on the first and 

second day after the appearance of symptoms when the spots were in the first stage 

of development. Sporulation commenced on the third day when the spots were in the-

seund stage of development. Peak production of conidia was observed on the fifth 

day when the spots were in third stage. The estimates of conidia per unit area of 

the leaf spot decreased w th passage of time and increase in the size of the leaf 

spot. Conidial production was observed on both the surfaces of the leaves. Their ,Ium—

ber was approxiisately twice as great on the upper surface as those produced on the 
lower surface of the leaves (Table II). 
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DISCUSSION 

Four stages in the development of the infection spots were recognized and the 

most significant stage in the disease cycle was idnti1ied. C moricola is amphige-

nous producing conidia on both the surfaces of the leaves. They are embedded in a 

slimy matrix (Sukumar & Ramalingam, 1981a) unlike other Cercospora species which pos-
sess dry spores. The infection spot in the third stage of development is the most 

acute stage since it produces a large number of conidia for further spread and 

disease outbreak. The reduction in the number of conidia with the passage of time 

may be due to the increase in the area of the leaf spot without corresponding 

increase in the production of conidia and also by the activities of the mites and 

thrips which were found crawling over the surface of the infected spot. C. moricola 
solely depends on rain splash for the dissemination of its conidia (Sukumar & 

Ramalingam, 1981a). The production of a large number of conidia on the upper surface 

of leaves is an adaptation by the pathogen for effectively presenting its conidia 

for liberation and dissemination by rain splash. The mulberry leaves are hypostoma-

tous and successful infection can take place only when the conidia are deposited on 

lower surfaces of the leaves (Sukumar & Ramalingam, 1981b). The conidia produced on 

the upper surfaces of the leaves are directly carried to the undersurfaces of the 

leaves above by the rain splash bringing about an effective deposition of the conidia 

and infection by the pathogen. Disease control through cultural or biological methods 

has many advantages in mulberry cultivation since the application of chemicals has 

deleterious effects on silkworms which feed on them. Leaf spot disease can easily 

be controlled by cultural method if the infected leaves are manually removed before 

the commencement of sporulatiin, within two days after the appearance of the lesions, 

prior to the receipt of rainfall. 
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Days after appearance 	 Stage of 

	

of infection spots/ 	 infection spot! 	No. of conidia/m °/ 

Nb de jours après Papparition 	Stade des 	 Nb de conidies/u.°  

	

des taches d'infection 	taches dinfection 

I 	 1 0 

2 	 1 0 

3 	 2 7 290 

4 	 2 16 	844 

5 	 3 18 520 

6 	 3 15 740 

7 	 3 15370 

8 	 4 14 	910 

9 	 4 10560 

10 	 4 6670 

Table I. (:onidial production of Cercospora moricola from different stages of 
infection spots from the date of appearance of the symptoms. 

Data are the averages of 3 experiments. 

	

Tableau I. Production de conidies de Cercospora morieol,a 	partir de différents 
stades des taches dinlection 5 compter de Ia date dapparition des symptmes. 

Les doanées représentent Ia moyenne de 3 experiences. 

Adaxial surface/ 	 Abaxial surface! 

Surface adaoiale 	 Surface abaoiale 

12 580 
	

5 880 

Table II. Spore production (no.1mm 2 ) by Cercospora moricola on the adaxial and 
abaxial surfaces of mulberry leaves. 

Data are the averages of 3 experiments. 

Tableau 11. Product ion de spores (nb/mm°) par Cercospora moricolaa 
our les surfaces adaxiale et abaxiale des Ieuilles de mrier. 

Les donnCes représentent Ia moyenne de 3 experiences, 
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Fig. 1. Device used to wash conidia from leaf spots. 

Fig. I. Appareil utilis6 pour enlever les conidies des taches de La feuille. 

AF: aluminium foil/ feuille daluminium 

F : 	Iunnel/ entonnoir 

IS: 	infection spot/ tache dinfection 

LB: 	leaf bit/ morceau de feuille 

MC: measuring cylinder/ 6prouvette gradue 

PT: 	pointed tube/ tube pointli 

RI: rubber tube/ tube en caoutchouc 

S : stand! statif 

SC: screw clip/ système a vis 
W : water! eau 
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EPIDEMIOLOGIE DE LA MALADIE DE LA TACHE DII MURIER DUE A CERCOSPORA 

I. STADES DINFECTION El PRODUCTION DE CONIDIES 
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Manasagangotri, 
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rode. 

Nous avons ideotifid quatre stades dans Is développernent de 
la tache d'infection de Cercospora.  ba production de conidies 
aux diffdrents stades a dté mesurde pendant dix jours a partir 
de la date de l'apparition des taches. La production de conidies 
thibute le 3ènie jour torsque les taches soot au 2Bme stade de leur 
ddveloppement. Le nombre maximal de conidies est produit le Shme 
jour, a partir de taches au 3hine stade, lequel a dtd reconnu 
comine le stade le plus critique. Le nombre de conidies produites 
cur les surfaces supdrieures des feuilles est deux fois plus 
grand que celui produit cur les surfaces inférieures. 

INTRODUCTION 

Le mLrier, base de lalimentation des vera 	sole (Bombyx mon L.) souffre de 
nombreuses maladies de nature étiologique diverse. La maladie de la tache de la 
feuille cause par Cercospora moricola Cooke est une gne lrès importante pour Is 
production de [collies. La maladie appareit dana des proportions alarmantes pendant 
la mousson avec on dveloppement maximal pendant lea mois de seprernbre et octobre. 
Le pathogne produil des spores gluantes qui sont 6parpill6es par la piuie (Sukumar 
et Ramaiingam, 1981a). Beaucoup dtudes ont 4 t6 [aires cur La sporulation de 
Cercospora en culture. Mais on trouve peu dinformations en ce qul concerne la pro-
duction de conidies lots des diffrrenis stades des taches dinfection cur la surface 
des feuilles. Le nombre de conidies produites cur lea différentes surfaces des 
feuilles apparait 	tre directement 1i6 au mcanisme de prsentat ion de spores pour 
Is libtratjon et la dissemination des pathognes par 1s Cclaboussurea. Les prCsentes 

* Karnataka State Sericulture Development institute, Thalaghattapura, Bangalore. 
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r,'ciieiches ant 4t6 effectttées pour connatire Ic stade significatif au point de vue 

cpidmiologique, dans to dveloppement do Ia tactic' do Ia Ioui lIe, pendant lequel est 

proditiL le plus grand itombre de conidies. Los rtsttI tats sont discuLts en comparant 
les m&hodes culturales pour luttor centre is sialadie. 

MATERIEL ET MET000ES 

Los 6tudes ont 6L6 eIit'ctues sur Ia varik6 '15 do mricr Mona; indica L. 
cultivte dans des pots de lerre. La 36me feuillo au bout des branches est inoculée 
avoc une suspension do conidies de Gorcoapooa tsoricol,a (108 conidies/mi), prparée 
i partir dune culture de dix jours sur milieu gciosé do dextrose do pomme do terre. 
Los plants inocnls sont places en incubation sons one humidltC elevde pendant une 

nuit et sont ensuite placCs dans un lieu isoiC afiD de laisser Ia maladie se develup-

per. Los taches dinfection sont classCes en qustre stades basCs sur [a couleur et 
is morphologie. La production do conidies est mesurCe pendant one période de dix 
jours a partir do Ia date dapparition des Icsions. Pour cola. cinquanto morceaux 

de feuilles infectees sont places dans 100 ml d'eau distillCe aver une goutte de 
Tween-80 et agites pendant 30 minutes sur on agitateur magnCtique. la concentration 
de conidies est evaiuee an moyen dun hCmaiocrite. La surface des taches Ioliaires 

est dCterminCe en les ret raçant sur on papier calque. La production do conidies sur 

les surfaces superieure CL infCrieure de La feuille est estimCe par Ia technique de 
lessivage (Fig. 1). line leuille portant one lCsion bieti sporulde, au 3'eme stade do 

dCveloppement, est decoupee de façon A former un bout pointu. Elle est placee aver 
[a surface choisie dans une position inclinée (550)  sur one leuille daluminium, 
tenue par le bras dun staLif en for. Des gouttes d'eau do 6-5 mm do ctiamètre coulent 
sur Ic point inioctC CL leau 051 ensuito c011ect6e dans une Cprouvette graduCe, 
jusqtt't cc quon no trouve plus de conidies dans les dernièrcs gouttes examinCes an 
microscope. 

RES1ILTATS 

Stades des taches dinfection 

On distingite quatre stades dans lo développement des taches dinfection causCes 
par C. moricola. Les taches foli;tires, all icr stade do diveloppetsent. sont minus-
cu les , constituies par des points marron clair distincs des surfaces saines et quo 
1 'on volt cia i remetiL a cant re-jour. Act 26me st ado. les taches devienitent marron 
lonce, presque ci rculaires et produi sent des sporodochia on c.ercles on en groupes 
ipars. All tme stade, les taches sont irrigulires cc prodcisenr des masses blan-

chatres de conidit's rassemhlies dans one matrico gluante. An Sme stado, cUes 
s 'aggruticli ssent do manire i rrégulière Ct Ia part ie infectie inontre snvent one 
cassure cit son m i I ieu. 

Production de conidies 

Los 	dotinnios obtenuos sur Ia production de conidies au coors des di Ifirents 

stades scot prisentees dans to lahleau I. los conidies no sont pus produ i tes pendant 
le icr ot le 2me jour apr's I ' apparition des synpi ices, lorsque les taches cont au 

icr stade de diveloppement . In sporul;t i ii commence Ic 3sto jour lorsque les taches 

sont all 2rse stade do diveloppement . La production nitaxi sale de conidies est observie 

le Sème jour lorsque les taches sont au 3me stade. los evaluat jolts do conidies par 

uniti do surface do Ia tacho diminuent aver Ic tensps ot laugmontalion tie In taille 

do Ia Lache. Los conidies sont produi tos sur les cloux surfaces des lent lies. i,eur 
nombre est approximat I vement deux lois pics grand sur la surface supiriouro que sur 
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la surface infrieure (Tableau II). 

DISCUSSION 

Quatre stades sont dèterniinds dans le dveloppemont des taches dinfcction et 
le stade le plus signiuicatif dans Ic cycle de la maladie a k6 idcntifié. C. 
moricola est Un ampliigène produisant des conidies sur los deux surfaces des feuilles. 
Elies sont enve1opp6os dans one matrice gluante (Sukumar et Ramalingam, 1981a), 
contrairoment aux autres espces de Cercospora qui possdent des spores sèches. Le 
3ème stade de dveloppement de Ia Lache est Le plus critique car cest 	ce moment 
quest produit le plus grand nombre de conidies qui propagent ensuite la maladie. 
La diminution du nombre de conidies ;lvec Ic tempo pout kre due a laugmentation de 
la surface de La tache sans augmentation correspondante de La production des conidies 
et égalemont aux activits des acarions et des thrips qui not 6t4 Lrouvs rampant 

la surface de la tache. La dissmination des conidies de C. moricola dpend unique-
mont des 6claboussures de la pluie (Sukumar et Ramalingam, I981a). La production de 
nombreuses conidies sur la surface supérieure des feuilles roprsente une adaptation 
du pathogène pour quo sos conidies soient efficacernent libréos et dissmines par 
leo 6claboussures de la pluie. Los feuilles de mflrior .sont hypostornateuses et la 
rrlssito de la contamination peuL seulement avoir lieu Iorsquo los conidies sont dis-
poses sur leo surfaces inférieures des feuilles (Sukumar et Ramalingam, 1981b). Los 
conidies produites sur les surfaces suprieures des feuilles sont directement trans-
portes sur los surfaces infrieures des feuilles sup6rieures par len éclaboussures 
de la pluie qui dcIenchent ainsi La dposition efficaco des conidies et l'infection 
par le pathogne. Le corrtr6le de la maladie au travers de mthodes culturaLos ou bin-
logiques a beaucoup d'avantages en moriculture car lutilisation de produits 
chimiques nuit aux vors i scie qui son nourri550nt. La maladie de La tache de la 
feuilLe pout atre aisnlent contrôle par une mthode culturale si los feuilles conta-
mines sont onleves manuellement avant Ic debut de la sporulation, dans Los deux 
jours qui suivent lapparition des lCsions, et avant Ui pluie. 
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