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PREFACE.

HIS Report contains results of experiments in continuation of
some of those inserted in the First Report (Puse Bulletin No.
48) a8 well as some new experin.lents which will throw some further
light on the behaviour of the various races of silkworms under Indian
Jimatic conditions. It is hoped that the results obtained may
perhaps be useful to those who are practically engaged in silkworm
rearing on a large scale.  We have succeeded in establishing multivol-
tine hybrid races whose yield of silk is better than that of pure
multivoltine races generally reated in Bengal; we are not yet quite
sue whether these races will not degenerate later on but up till now
they are giving satisfactory results. It must however he noted that
the yield of silk is inferior to that of univoltine races reared in some
foreign countries like Japan, China, Italy, France, etc.

T. BAINBRIGGE FLETCHER,

Imperial Entomoloyist.






Second Report on the Experiments carried

out at Pusa to improve the Mulberry Silk

Industry, compiled under the direction of the
Imperial Entomologist.

[ Recesved for publication on the 14th Maych, 1917.]

For the previous records of experiments with the hybrid races of the
following Table, Table I, Bulletin No. 48, should be consulted.

In this Table multivoltine races have been erossed with univoltine
races to see whether a multivoltine hybrid race which will yield better
cocoons than pure multivoltine races, can be established.



MULBERRY SILK INDUSTRY

9rer | OTGE I SIT 30
Aq91uey eJom $YIOT OJEWAY IT OWI IV | €BL golerg | WIOT | Arvnaqad vIg 11 og swodar | ieT L
. 5167 ST61 12q 3411 S i
*Aq3{Eay 2134 SYIOW STRMIS} g OWI UV | 56 Ioqueoa(] 18T | -WIAON PuUZ | 9% 9 * 1990320 U3 * oq
S16T GIATL 124 * mﬁ%ﬂxuua | o1 3
*AUT9ON] SIBA SO VI T OUITEY 06 1040300 WIFT | -wordag gicy ” 44 6 ~uagdog WILT 4 a oq
Al 9] IO 0e IVYIRG SIBT g S16T 8161 .
Uy paxoelte nwww?wm Bucﬂﬂm %ﬁsou DAIIAT, <8 ;Emanww wIg | 9s03uY Uit 31 T jsudny Wt °% o0
-£13Teey 0134 ¢ PUT S[ISRIEY ST6L . ST16T R .
L2 uﬁus.iﬁaeu sqiow oWl mod | 06 ymBny  pog | Amp  oaipl | 38 9 ! gr61 Ajurmo | & oq
<161 SI6T I gist . .
*A9[voY SIas SYIOW S[EWAT 5 SR IV | 06 sunf  wg | oung Ui W 14 < AW WeE | 44 oq
~Arjreay 0lom SI6T ST6T ST6T .
g3 puw pezjupaqad sea o p_ﬂm& oug | 0L A 0oz | dy ez | et g ady woez | *a oQ
I
~AyjIeoy olos 4891 oY} PUE JLATIE] fadils <I6T <161 LaT i
qys nmv—a«_u_ws_us WA GIOUWL JOGOUW JUQ eL dy UIOT | YOI WIST € nu “IIQR  UIBE °iq o
*Aygpeey
MWQLP BU}OTL JAWIOUE ©dI) WﬂWﬂa—ﬂﬁQ w.ﬂﬂ.—muauﬁw |
BTLIq3, 4] U0 PAYRIRY YIIUA 3
PI0d h%&%ﬁw& 9831 oY} PUE A[eINIvO 5161 S18 FI6T 299 ¥I6K 190 \ .
pogoyey sFuIAv] omos wody 8836 0g Ju0qV | OFL -nIqed  WIST | -Wasdd WisT  Iw st -mAAON 9813 | I o
FIG6T P61 P16T 129 .
“Aqjresy oIes SHIOW IYOW QY E.nm v o 1qURAOY UIT | 0q00 W a 91 -meydoy  yI9% 4 o
“ST8L THauy
YIPT WO 9831 93 PUE FIST MNINY yyog UO
payorey s232 ayy jo "qued ._wa. ¥ qnoqy .
"% "ON URIMY ‘Y OlqEL FIGTL I3q FI6T 3 PI6T s . . . o P gousyy
apia ‘e0u1 81} O SUOIYRIGURZ snotsoid Jog | 89 ~mojdeg I | ISNANY  ulpz - 1MW <ot JEnBny 9T 01088y X0 p Z.ivrz
e e | I :
ﬁESme i
ot X sHurAey sdurdug
orye pednd Fur ) d
unou Buyayey BUNJOA anyg uoyisodiroe
SEAVKEH wﬂwuw% 10 o1RQx 10 3980 u.wm_:ﬁ— .mc .ww >ﬁm NHQ 10 ByEQ TOIRIAUIS puv 00wy
Arduze Jo ; GUInX
PqunN * -
‘I HTIdVL



MULBERRY SILE INDUSTRY

R R T T
Gua poyawiir odom e
pazIungad Sdom SHIOW D{EUE

- Eag 0 poiug
-X9 QX0 Jery  SIIow VeI G1 ot 0V

Syuoy WIaam pauleme
-xo arem qUq) SO opewey £T OUL WV |

-Syypeny odos paurme |
-X0 0Ip@ UOIEM SWIOUE H{Etudl 9T oll) [V
-Sray
BI04 JF01 DY) PUE OLINPTY UM POXOEIIG
oIom  sqyowl o[EUS] o) 10 JU0 1od ¢.gn
Sgoreay |
Q04w 9307 A} PUE OLYOTH AN PR
-32€)38 QISM SIJOLU [EWEY 0Y) J0 Jund 10d (8 |

*pap103aI
40U sEs  SUjOW PISBLSID JO JAQUIDU oYY,

- SyJTHOY OIOM YOITM
POUIUMEXD 210 SUJOUT JOIOW OMF (I UL

- £yITeOY 020M 3501 DN PUT ANIIIOTY HIM
POYOBIIE 0I0a FJOUL [N BU3 FO juad Jod 9!

“Syppeaq
oJaa ‘peuIEXd  SYJOW IPWAY €T AR [V

~pozrupiqod
olom SUjoW STEUId) oy jo ~qued Iod g.p

SO RIS FmIpoodons Ul S¢ [[oaM §8
S7Y) U] PaILal 910M SPULLR] aumoAlnw L[4

-fujreay azom 60T |
pue pomulqad QJoM  SIOW GVWOF YHIT |

ol

091

23

3L

DEGY

9IGT vung 4)L1, Seie Vi

OTGT 4TI UIT

9T6T
eIy | puzm
e1at 1o
—weoad]  A5E
ST0T
1340120 4103
GIGT daig
swmaydoy UET

<161
sy g

€161
Amp pug

ST61
Le)y ieg

9161
wdy  wor

o161
Aaenagdg WL

3161 384
-m2s0N  PIE

PIOT 109
-ae3dog WIST

9161
wdy  Wes

oT6T

fmady Wt
9T6T SI0

ey WIEE
PoeTT 3

R
i ST6T

»AeRO  PUZ
<161

|
fasusny LS

aTet
Ampe Wz

<I6L0
oung Wit
crg1 AUIC Pag

S161
yorerg  43er

FI6T
15qWadT YIR

TICT
13q0R0  Uig

FIOL
ANy 4163

. 9T6T
Aerg ulLT
: 9161
L mady U9

983 Tt
o1 uu
iz
)
oF

1
|3
[
et
9 f19
i ot
)
e m
911 ]
1t oy

GI6T
3 Az ad

9161
udy O pug

. 9161

Arvnurp gy
<T6l

100030 ST

ST6T 10q
-woydsg HIEE

“161
SUENY WIGT

¢I6T
wst

o161
osunp g

SI6T
mdy 4

eTol L1
nageg  Wes

PI6T 101
~WAON G

FIGT 134
-wa3dag 9308

FT6T
4sn8ny 9515

96T AvIT W6

9161
DI UIBG

ey

d

e
% 9108AW XM

o

g

& 0108XIN X x

2 ( Puouaig
M [R5



MULBERRY SILK INDUSTRY

-SIrEaYy S10M
9921 ay] puv paziunigad SeM 1 ‘pPOUNIEX?
£j0W d[vWay g AYj IQ ‘Su0030d Jood
AIoa undz pue v3e)s Jv(idieyed 23 UL PIAP
Auvw pue el sjy] [vWICUGE sUA JURY DY L

AygIesy elam 9851 ou) pur aupad yna
PONDRYJE 0I0M Z POUNIEND SUOW OTEUIDY
g A} FO UOHTUILQIY JOJ STUI0LE DIOO
03 Juos alom  s3f2 oYy puUT UOHEIOWIT

STYj Ul Ppalsdl oM siZa aunoAran YL

~Suyjreaq
9394 1501 SUL PUB SLISYITP U4 PaRduLN

oA, OUO 'POUNITYR SYIOW LWL G U3 JO i
-AYHLOY 954 SYIOW [€WS) 9 OWI NIV | G2
*AY3[vay 8I0m 1801 61} PUE SIINPRY YILA
PONOBIGE QIOM g ‘PRUIWEXD SUQOUL [, 33 IO | €9
~AYaToy a1am syow
OJ¥TUOT 9 JU} IV "SHOLIOUNE FUWIPIIoIns .
U 88 [[94 ST 10} UL PIPICIVI OIT $IIBI ;
suoAl[LL Y} Ju Jupiead Jo gJMmEI YT, <8
[Euinig:Asg
0T Tad
arys rednd
SHUVRAY oA
HUDOIOD
Aqdwo jo
PRI

916T
e

ey

9I6T

mdy we

toGIel
0O YWIT

ST6T 20q
Auoydaeg g

16T
g

Ing

O16T
aung  pugg

mu«azsc:_
30 29RL

) t
i
i
' 9T61 97161
oung we| g [ Aeyg woe | L ‘oq
| 9161 9761
cmdy wieg |9 T wdy - wgT ‘0@
9161 ! ST6T
| wiv  Wg [ 6T ot § 190090 WG | °F ‘o
|
¢ sTeT asq STET 339
- -wadeg pugz | 9 1 -uojdag WieT oq
ST6T oT6T
sudny UL | 9 1 : Jsniny W | *a ‘oQ@
. SI6T I <161
Amp ot | 3 14 Ang vug | g o
A 3
ar N M esanedur-uvnmy x & pIeisty
) x
9161 o
16T ouUNL 38T | 3 g A SN e m £ 2108818 * 2 ,M SuBSIN % p gouolg
' s3urker V *
Baigagey QunRoA uorysodrao
30 08 npw o | -pamngo ! L0 o UONEINTAS puL DUy
. Touan N gy !

PPuoo—T TTIVL



MULBERRY SILK INDUSTRY

TS AT JO S120S
¢ powiEiqo A puny
GUIBY QY JA FIVOXOD
wegsy  jo  pUuBLL
omG  WOLL  SBAIAA

§u00000 Jo pumiu
WOy M5 M

ooumuy O SI

38 pedipo
semSIg v DLW
o1 onddns 210
ael Ioyjoun Jo s5B

SHEVHIL

*FU00.0D
30
A

| oy 207 aponsee
QBRIDAY CSOULWBLE
08'0¢ OUIYS Ay} JOT
AJruay  advioay

CT-gL=F£0212W 00
10 I109p afvzany

SUL

238mM puw
s aed 10 9T

* in s meL
i
4 s

‘ENORIRYD ¢ SIONS

v
| ! i
; . A
©unDaCD MBI ! |
wee="al T - . | w G0t o 4 ol
5100990 MTI '
oy T A . - L w2l * . . 'y oq
WO0I00 W81 :
ob="ar T ! o ne 091 m N - ! ‘oa
H
st100000 mus | ! i P Uiy
00E="91T | o | - [ b4 . : s .M %
ERURdge) o
, \
|
!
!
. | |
i
i
1
. ! M ; !
| *pereax
; 230M S€HWLIOM OU} TSN I69K
. AB9] i ! My gBY AJoA wea emjgesad
3O DIEEA ae i | ey g3 F¥ AI00VIENIEE 0T
“Iopleuca S| 313U} : a4 pooIq SI) JO SHNSRI AL
! olojoIal; pue BI3 amuonhuﬁ
-Jeal 01UI PIUANG “pomer !
(¢ ' me0q oaty wduL j0U  alem u._muemhﬂ
=1034 1) | reaoT "goARa] i €380 ay3 Uy %
$1938 0% | 4smq jo spUNBUI gg "Z0 T | 2% agT _ 272 M 2 YPUALE * & eIsN
. b ! i
i { '
| 0
SU00302 eRupley aBa1kef
w3023 | mwlﬁw.wswﬁcma.%& wwuamm nn.wwu | oupoaran | eTToARME e
30 IyEIa M 1 JonaBlem | I0EPMA L 3 JaqumN | g0 JeqUEDN

|

i

11 HT9V.L



6 MULBERRY BILE INDUSTRY

From the above table it will be seen that about 2 seers 9 chattacks

* of fine raw silk or 3 seers 12 chattacks of kkumroo (coarse) raw silk

were obtained from 40 seers of raw cocoons. The yield of cocoons
from 1 oz. of eggs was 40 seers.

Better cocoons have been obtained from the three hybrid races
than from the pure multivoltine races gencrally reared in Bengal, Assam
and Burma. DBut they have not yet turned purely multivoltine. It
appears that it will not be possible to get all the layings multivoltine
from a hybrid race ; a few layings at least will be univoltine in almost
all the generations but, taking the yield of silk into consideration, the
few univoltine layings can be discarded and multivoltine layings can
be reared profitably. It is hoped that these hybrid races will yield
more silk than pure multivoltine ones and perhaps the proper time has
now come to introduce them in the rearing districts of Bengal.

It will be seen from the following table that if two pure multivel-
tine races are erossed, a few layings may become univoltine in some
later generations. The hybrid univoltine eggs exhibit the characteristics
of pure univoltine races but they hatch nniformly and regularly after
a few months even if they are not sent to cold storage for hibernation ;
the natural local temperature is quite sufficient to make them hatch
uniformly.

It has been seen that, by eliminating all the yellow cocoons from
each generation and keeping only the white ones for reproduction, it
is easy to get all white cocoons from a mongrel race ; but it is difficult
to get all yellow cocoons after many generations if white ones are eli-
minated in each generation and yellow ones are kept for reproduction.
The number of white and yellow cocoons in each generation of the
mongrel races are recorded in the remarks column. It will be scen
that mongrel races yield better silk than pure multiveltine races up
to some gencrations ; but that ultimately degeneration sets in and then
there is practically no difference between the mongrel races and the
pure races.

We have secrr that multiveltine Madagascar 1ace and its crosses with
the indigenous multivoltine races yield cocoons superior to those of the
best indigenous multivoltine races and their crosses.

When the Assam race (multivoltine) was crossed with the Chotopolu
race all the layings were multivoltine even up to the 8th generation.*
It should be noted that, if the moths of the same multivoltine races,
obtained from onc place or from different localities, are crossed, the
eggs remain multivoltine in all the generations. Hence it appeazs that
the Assam and the Chotopolu races are one and the same.

* The ** mongrel ”” race could net be continued after 8th generation on account of scarcity of ieaves.
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MULBERRY SILK INDUSTRY 1

Mr. Kawahito, the Director of Aichiken Sericulture Experimental
Station, Japan, has been reported to get an improvement in the cocoons
of univoltine races by immersing the eges in dilute hydrochlorie acid
The following experiment was carricd out here on a similar line wicl;
a multivoltine race and the result is shown below.

TABLE 1V,
Race Treatment of eggs TDate of Date of hatching ! Number o cocoons
oviposition per 10 grammes
Asaam ¢ o ‘V . | )
X Normal cggs . . 2gth Sgpriom- | 4th October 1015 13 raw, R pierced,
chotopotud J Iy er 1915 i 90 empty. ’
Do. Eegs dipped in diln- Do. Majority hatched o v, 8% i
o hydrochloric acid | ah Cltobor 1075 308 ey, TR
from 8-30 .M. of but a few on 5th ¥
3rd October 1015 i October 1915
to 6 AM. of 4th
October 1915 ]
‘ \
Do. Fggs dipped in dilu- Do. . Few ceps  hatched i
te hydrochloric acid I on ath Ortoln:r 130'3:,’,‘3" plerced,
from 8-30 PM, of | 1915 but the majo- :
3rd October 1915 rity hatched on 5th
to 3 aM. of 4th Oetober 1915
October 1915 :

Thus it is seen that better cocoons were not obtained by keeping
eggs of multivoltine races in dilute hydrochloric acid.

The following experiment was undertaken to see whether better
cocoons can be obtained by increasing the number of feedings, the
conditions of rearing remaining the same.

TABLE V.
' ‘ Numb \
i Date of i Dateof umber of | xyyer of coeoons por 10
Bace hatching mounting I;gfﬁ‘fyg grammes re
— e e —- - -
Ml‘l-'lti\'oltine hy- ; 10th July 1015 | 30th July 1915 12 10 raw, 63 picreed, 70 empty.
rid race | B |
Do. U 10th July 1915 | s Augnst 1915 9 !9 raw, 60 picreed, 70 cmpty.
Do. ; Do, | Do. 8 11 raw, 75 pierced, 80 empty.
Do. | No. Do. 0 12 raw, 70 picrced, 30 empty .
Do. i 9th July 1015 | 28th Tnly 1945 G 10 raw, 65 pierved, 75 empty.

Tt is scen that the yield of silk can be incrcased by increasing the
number of feedings but the advantage obtained is nob proportionate
to the extra trouble and cost required for the purpose.

The following experiment was undertaken to find out which variety
of mulberry gives the most satisfactory results in the yield and other
qualities of silk and the percentage of diseases in the mother moths.

The following varieties of mulberry were used in this experiment :—

1. Morus sndica, male. 4, Philippine variety.
9. Morus indica, female. 5. Japanese variety.
3. Bengal bush. 6. ltalian variety.
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MULBERRY SILK INDUSTRY 13

Taking the yield of sin? an.d other things into consideration Japanese
mulberry stands first, Philippine variety and Morus indica, female. stand
second ; Bengal bush and Morus indica, male, stand third and [talian
vatiety stands last. It should be noted that a crop of leaf can he obtained
from Japanese and Philippine varieties earlier in the spring, so that
the spinning of cocoons may begin before the advent of the hot season,
The Japanese variety yields many fruits but the Philippine variety
yields very few, about 90 per cent. of the flowers being males. There
is practically no difference betwcen the leaves of male and female
varieties of Morus indica though the latter gave a little better result
than the former ; the female variety yields many fruits but the male
one does not hear a single fruit, all the flowers being males. The
leaves of the Italian variety are very big and hard and not suitable for
feeding the worms. The Bengal bush variety docs not hear fruits as
it is not allowed to grow more than 4 or 5 feet high. This variety
would no doubt yield better results if it is allowed to grow into a bi:«;
tree.

The leaves of the six varieties of mulberry were analysed in the
Chemical Laboratory of Pusa with the following results :—

TABLE VIIL

Morus Morus Morus

: indicq, indiea, alba var. alﬁ""f:\’; Morus Morus
Coamale D female’  dndion, Wt i v, alba of
. medium @ medium - Bengal 17)’[1 Fupanion Itay
tree Tee trush :
' Percent. | Dercent.  Percemt.  Peroent. . Percent. . Prr cent.
Meisture . 6882 6930 6569 o662 64746 6002
Dry matter . . 4118 i iites] 34381 3397 4554 3(r98
! Pereent,” Percent. Porcent. DPercent, Percent.  Tercont.
ondry on dry on dry ondry on dry on dry
matter matter matter matter  { matter matter
Orpanic matter 8639 8383 8419 ag-57 B6B6 Do
Fut, resinous substances, etc, R i3 404 345 506 440
Pure protein . 2440 } 2393 2604 1781 2049 16:08
Crude protein Poo2r0s } 25-8% 2882 19-68 2188 140
XNitrogenous  mon-albuminous 285 183 228 187 144 081
substance i L . ,
Solublc carbohydrate ‘ 5041 5063 46-30 56-54 SL-96 6228
Woody fibre . . N . 1 T2 T4 732 879 ERE] 873
4sh .. Coamel | 1407 1591 1543 1334 950
i

One of the dangerous diseases of silkwoims is pebrine which is heredi-
tary and contagious. It is essential that the eggs, laid by a mother moth
c
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which is attacked with pebrine, should be destroyed and only those
laid by healthy moths should be used for reproductive purposes. The
contagious and hereditary nature of the disease is apparent from the
following experiments carried out at Pusain August 1911. All the
worms used in the experiment were kept in the same room and the
conditions of rearing were the same as are generally followed by the
cultivators. The average temperature and moisture-content of the
room from the date of hatching to that of maturity were as under.

Average dry  |Average humidity

Date temperature of | of the air of the
the rearing room |  rearing room

°F. Per cent.

15th August 1911 . . . . . . 825 880
16th ” . . . . . . 82 815
17th » . . . . . . 845 855
18th ,, ” . . . . . . 825 895
19th , e 815 905
20t , P, 808 935
20t ,, . . . . . . 810 930
22nd ,, ” . . . . . . 80-5 910
28d ., Le 795 915
24th ., . . . . . 815 91-5
25th ,, . . . . . . 825 875
26th » . . . . . . 82-5 880
27th » . . . . . . 815 93-0
8th ., P 825 885
Wb, L. 835 835
30th ,, » - . . . . 825 865
st e $2:5 885
1st September 1911 . . . . . 845 850
nd » e 845 835
3d N L. 830 855
ath . I 835 850
5th ” ” . . . . . 83-5 865
6th » . . . . . 830 880
7th o, . L 815 915
th ” e 95 925
oth o, " e 82:5 865

In this experiment (1) 10 healthy and 2 pebrinized layings, (2) 10
healthy and 3 pebrinized Jayings, (3) 10 healthy and 71 pebrinized layings,
(4) 10 healthy and 5 pebrinized layings, (5) 10 healthy and 10 pebri-
nized layings, (6) 10 healthy layings, (7) 10 healthy and 2} peb-
rinized layings, (8) 10 healthy and one pebrinized layings, (9) 10 healthy
and 4 pebrinized layings, (10) 4 pebrinized layings and 10 healthy ones
and (11) 10 pebrinized layings were reared separately in the same room
in 11 consignments and their results are recorded in Table VIIL,
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16 MULBERRY SILK INDUSTRY

It has been seen that the best results were obtained from 10 healthy
layings and the worst from the 10 layings laid by diseased moths.
From the 10 bealthy layings 921 cocoons were obtained, whereas, from
the 10 discased layings only 35 cocoons were obtained and from the
consignment in which 10 healthy and 10 diseased layings were reared
only 507 cocoons were obtained. The greater the number of diseased
layings reared with the 10 hcalthy lavings, the less were the number of
cocoons obtained and the percentage of diseased moths in each eonsign-
ment was more or less in proportion to the number of diseased layings
reared with the 10 healthy layings. It should be noted in this con-
nection that all the eggs laid by a pebrinized moth do net eontain
pebrine germs. Pebrine spores can be seen in some of the eggs and
these multiply with the growth of the embryos but the majority of the
eggs are quite healthy. Pebrine spores cannot be seen in the egys
laid by a moth whose generative organ is not attacked with pebrine ;
if the moth Is attacked with pebrine in other parts the germs of the
disease may be visible on the cgg-shells but these can be washed oft
with water. Good cocoons and disease-free moths can be obtained
from a pebrinized laying if the worms are reared separately and if special
care is taken. On the other hand, bad eocoons and discased moths
are obtained from a healthy laying if the worms are not properly
attended to and if the temperature and moisture-content in the air
are high.

A rearing of the above race was commenced at the same time with
healthy Jayings in a separate room on a large scale. The erop was a
successful one ; about 94 per cent. of the hatched worms spun cocoons
and only 4 per cent. of the female moths were pebrinized.

Tt has been shown in the First Report that univoltine races are
more susceptible to the disease than multivoltine races in a climate
like that, of Pusa.

In Assam where mulberry silkworm is reared only on a small scale
and in the households of cultivators, diseased eggs are not eliminated
by the microscopical examination of the moths and the percentage
of this disease in moths is about 3 to 4. The room in which the worms
are reared is kept very neat and clean and a fire is moreover kept in
the rearing room. On account of the cleanliness and the smoke of
the fire the germs of the pebrine are kept in check. In Bengal about
50 per cent. pebrine is seen in moths of those localities where microsco-
pical examination is not practised and the worms of many rearers perish
on account of this disease. In Japan and Europe where microscopical
examination of the moths is undertaken pebrine is present in abouf
4 to 5 per cent. of the moths.

It has been noticed that the disease is more prevalent during the
mouths of May to October than from November to April. Moisture
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and heat appear to help the rapid multiplication of pebrine. A high
temperature and moisture-content in the air are not suitable for the
healthy development of the worms especially when they are meant
to be used for reproductive purposes though these conditions cause
a tapid growth of the worms. Pebrine spores may enter into the
system of the worms with the leaves eaten by them. \Worms may
also contract the discase through wounds on their bodies.

It 13 advisable to keep the mother moths in a box for about four
hours only, isolated in paper bags on the second day after oviposition, the
temperature of which should be about 180°F, and crush them well in
separate pestles and mortars on the 6th or 7Tth day after oviposition
for the Pasteur system of examimation. The bags containing the moths
can also be dried by exposing them in the sun. The number of the bag
containing a moth should correspond with the number of the laying
oviposited by it so that the egys laid by each moth can be ascertained
and those laid by discased moths can be destroyed after examination.

There is another disease of silkworms called flacherie which, aceord-
ing to some, is heredilary but according to others not so. During the
rains when the temperature is high and the air is wet many moths are
attacked with flacherie though they oviposit the normal number of
eges. The following experiment was undertaken to find out whether
good crops could he obtained from eggs laid by moths attacked with
Hacherie and the results are compared with the cocoons obtained from
eggs laid by healthy moths of the same races. All the worms were
reared in the same room and under similar conditions.
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Hence we can conclude that the eggs, laid by moths which were
attacked with flacherie, can be safely kept for industrial purposes
though in some cases the cocoons are a little inferior to those obtained
from the eggs laid by healthy moths.

In the First Report it has been shown that the temperature suitable
for the uniform hatehing of univoltine eggs is about 30°-40°F. and
that it is quite possible to preserve the eggs in Hill Stations such as
Shillong, Simla, Naini Tal, Darjeeling, ete., where the natural tempe-
rature in winter (from October to Fcbruary) varies from 60°-30° F.
and that the duration of cold storage should be about four months
(vide Bulletin No. 48, pages 1, 2 and 23).

The following experiment was undertaken to find out whether it
is possible to shorten the duration of cold storage by increasing the
intensity of cold and to study the effect of intense cold on the embryos.
We are indebted to the Director of the King Institute of Preventive
Medicine, Guindy, Madras, for keeping the eggs in his cool rooms.*

# For temperaturc of cool and cooler rooms, see Table XIL
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Some of the cggs of the above races were kept in a dark room of
the Pusa Silk house from October to March 1915 and they began to hatch
non-uniformly from 26th January 1916.

Univoltine eggs of 9 different varieties were divided in five parts
and kept in five bags. Each of these bags was treated in cold storage
in the following way :—

No. 1 bag kept in the cooler room for one month.

No. 2 bag kept in the cooler room for two months.

No. 3 bag kept in the cool room for 15 days, shilted to the cooler
room and kept there for 15 days and shifted hack to cool
room and kept there for 15 days and then taken out for
incubating.

No. 4 bag kept in the cool room for 15 days, shifted to the cooler
room and kept there for 32 days and shifted hack to cool
room and kept there for 15 days and then taken out for
incubating.

No. 5 bag kept in the cool room for 3 months.

The results are recorded in the following Table :—
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Thus it has heen seen that the period of cold storage can be shortened
if the cold is more intense in the hibernating room but many of the
embryos are injured and the hatching isnon-uniform and quite unsatis-
factory.  When the egus were taken out from the intense cold they
seemed to be in good condition but after two to three months slight
depressions were visible on the eggs, which later on dried up. The
hatching of the eggs, stored in the cool room (where the temperature
varied from 30° to 60°F.), was more uniform than in the case of the
cygs kept in the cooler room (where the temperature varied from 11°
to 30° K.). Kgus properly kept in cold storage should hatch uniformly
in a climate like that of Pusa on the 12th or 13th day after taking out
of cold storage (vide Bulletin No. 48) ; but some of the eggs, sent to the
cooler room, hatehed irregularly two to three months after taking out
of the cold storage and the rest dried up.

The cggs of Boropolu and Japanese races and their hybrids with
muitivoltine races hatch more uniformly than the eggs laid by other
univoltine races under the same conditions. It has been seen further
that the air of hibernating room should be pure and dry. Moist air
prevents the exhalation of water vapour from the embryos and thus
mjures them ; very dry air also is injurious to the embryos.

The results also prove that Eri eggs (it should be noted that Eri
stlkworm s multivoltine) cannot stand a very low temperature and
they fail to hatch if they are kept in cold.

Variations of temperature in hibernating rooms weaken the embryos
and the worms which come out are feeble. In the worst cases they
fail to hatch and die inside the eggs. :

It should be noted that the eggs of multivoltine races are not sent
for cold storage as they hatch naturally on the 10th to 15th day after
oviposition. The hatching may be deferred by keeping them in a low
temperature for a few weeks. (Vide First Report, page 19.)

Kggs of the above nine univoltine races (not Eri eggs) were also sent
to Shillong and Muktesar where they were kept at a temperature varying
from 50° to 30° F.  These were sent in October and taken out in Febru-
ary for incubating ; almost all the eggs hatched uniformly and regularly
in four days on the 12th or 13th day after taking out of the cold storage ;
few embryos were injured and the hatching was quite satisfactory. It
has been shown in the First Report that the eggs sent for cold storage
to an ice factory, where the temperature varied from 35° to 45° F.,
hatched satisfactorily in three or four days.

In the silk-rearing districts of Japan, there arc peculiar contrivances
erected on the Hills known as Fu-Ketsu (wind-holes). A small cave i3
excavated on a hill on a side opposite to that from which wind blows ;
the walls and the ceiling of the cave are filled up with saw dust or other
non-conductors of heat. In these caves the temperature is always
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about 35° to 45° F. when the outside temperature in summer and autumn
varies from 45° to 95° F. Eggs are kept in such cold caves for hiberna-
tion and taken out in summer and autumn for incubating so that uni-
voltine races can be reared any number of times in a year simply by
deferring the hatching. The prosperity of the silk industry in Japan
is primarily due to the use of such cold caves. Such caves may perhaps
be construeted in the Hills of Upper Shillong and Naini Tal. Suitable
cold rooms can also be made in those places where there are ice factorics.

TABLE XIIL

Mazimum and mindmum temperatures of the cool and cooler rooms.

Coor. ROOM : COOLER ROOM
Date — — e .
Maximum | Minimum  Maximum | Minimum
°F. °T. . °F.! .
20th Decemuer 1815 . . 59 48 30 H?
st ” L. 53 49 28 13
emd “ .. 53 49 27 1L
23rd . 54 47 2 12
24th w . 54 19 2 12
23th ; . . .. .. .
h . . 58 4 al 14
27th " L 57 45 28 15
28th s R . .. Lo
29th . 60 43 30 15
30th . . . .. ..
sl . . - G0 i5 30 I3
1st January 1916 ..
ond i ” 54 30 13
3d s . 30 2% 12
4th " . ! 48 27 i
Sth ,, PR 48 ;.:z_; 12
6th » P 48 % 1:3
Tth o, ” . ' 52 26 12
8th » . 43 27 14
oth . .. .
weh . 60 | 47 30 ]
th M 52 45 27 15
12th » 52 43 2 13
13th " 52 45 25 14
lith . » . . 52 43 2% 1t
1sth ., - . 52 45 24 13
16th " . . .. s - .
e, " L 56 43 30 15
18th » A .. ..
th Lo 56 4 B 13
20th . R 56 44 ;f 1
21st » .o 54 42 % 12
22nd " . . 52 45 25
23rd ., " . . .. o . .
oth Lo 56 45 28 i%
25th 0 . . 52 47 56 ]‘1
26th  , M, . 60 50 i
37th »” L 54 45 ‘3)? ; 5
28th  ,, " .. 52 43 G
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TABLE XIT—concld.

Cool. roOM ¢ COOLER KOOM
Date —

Maximum |  Minimum Maximum Minimum

°F °F. °F. °F

29th January 1916 .. 52 43 26 13
30th ,, 2 .o . . ..
3t ,, " 46 30 15
st February 1916 45 37 14
ond  , " 45 27 13
3rd N 43 25 11
4th  ,, - L 45 27 13
Sth, " N 42 26 12
6th » e 54 26 24
Tth ” . ; 45 28 15
8th  ,, N 45 27 17
9th - L 45 27 13
0th " L 45 27 14
1th » L 45 25 14
12th W . J 45 27 13
13th ,, . 52 28 24
Mth L, . L 45 30 15
15th  ,, » A 45 28 16
i6th e o 43 27 13
wth o, " N 45 | 27 13
18th . . 45 i 27 14
19th " . 45 | 27 13
20th ” . 19 ‘\ 26 24

Conclusions.

1. Success has been attained in establishing multivoltine hybrid
races which will yield better cocoons than the pure multivoltine races
generally reared in Bengal, Assam and Mysore. A few eggs from each
laying turn univoltine but they should be destroyed and multivoltine
eggs should be reared.  The loss of these eggs can be ignored consider-
ing the advantages gained. About 700, 800, 900, 1,050, 1,100, 1,300,
1,350 and 1,900 raw cocoons of univoltine race, Pusa hybrid No. 1,
Pusa bybrid No. 2, Mysore race, Boropolu, Nistari, Chotopolu and
Assam race, respectively, weigh 2lb. We recommend to rear Pusa
hybrid Nos. 1 and 2 (Multivoltine varieties) in preference to any other
varietics from October to April and from May to September respec-
tively. Small quantities of these eggs will be available for distribution
from the Imperial Entomologist, Pusa, Bihar if they can be spared
when requisition is made for them,

2. All 1aces yield more silk if fed with suitable tree mulberry leaves
than when fed with bush leaves. Tree mulberry -hould be introduced
in all localities in addition to bush.

3. Of all the indigenous races, the Mysore race is the best as far
as the yield of silk is concerned. The Nistari race should he reared in
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April or May, the Mysore race and hybrid races from July to October
and univoltine races from October to March.

4. Of all the univoltine races, Chinese and Japanesc races thrive
best in a climate like that of Pusa but their yield of silk is inferior to
those of TFrance and Ttaly. The eross-breds between Boropolu and
foreign univoltine races should be reared in those places where imported
foreign races do not thrive well.

5. Univoltine eggs should be hibernated for about 4 or 5 months
at about 35° to 45° F.  The duration of cold storage can be shortened
by the action of intense cold but the hatching of the eggs is quite
unsatisfactory.

§. Eggs laid by moths which are attacked with flacherie can be used
for industrial purposes.

7. Univoltine races are more suseeptible to pebrine than multivol-
tine ones in a climate like that of Pusa. Pebrine appears more in May
to October than in September to April. The more pebrinized layings
are Tearcd with healthy layings the less the number of cocoons are ob-
tained from a rearing. The percentage of diseased moths is more or
less in proportion o the pebrinized layings reared with healthy layings.
Good crops and healthy layings can be abtained from & pebrinized laying
if the worms are carefully attended to and if the temperature and
moisbure-content in the air are suitable for the healthy growth of the
worms. Dad crops and pebrinized layings are obtained from a healthy
Jaying if the temperature and moisture-content are high and if the wormns
are not properly looked after.

2 Multivoltine races cannot be improved by dipping the eggs in
dilute hydrochloric acid.

9. Morus alba var. japanics and Morus alba var. philippinensis arc
the best foodstuffs for both univoltine and multivoltine races. There
is practically no difference between the male and female varieties of
mulberry which have been enltivated at Pusa.
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