AL 41(3), 154~166(1999)
Korean J. Seric. Sci.
<ig XL>

ol B3 rolLigel UL ASHY

U= - 2 - HAY - 88 - Sk BT - &80y
ST |EH ’é*)\h‘:ar, AABLEESHILT " SOIHS D HHX|RITEI S

General Characteristics and Life Span of Silkworm
Moth According to Varieties, Bombyx mori.

Pil Don Kang, Kang Sun Ryu, Kye Myeong Kim, Bong Hee Sohn,
Akio Murakami* and Hung Dae Sohn**
Department of Sericulture and Entomolgy NIASTRDA., Suwon 441-100, Korea
*National Instfitute of Genetics Mishima, Shizuoka-Ken, 411, Jopan
**College of Natural Resources and Life Science, Dong-A University, Pusan 604-714, Koreq

ABSTRACT

General characteristics and life span of silkwormm moth were investigated amongst 277 gene
resources preserved and maintained in Korea. Silkworm varieties were classified according to the
commercial characteristics and the viability of tested varieties. There were significant differences
among the eight different commercial characteristics of silkworm such as whole larval period, dura-
tion of 5th instar, pupal body weight, single cocoon weight, cocoon shell weight, cocoon shell ratio,
cocoon yield and longevity. Tropical race showed the longest life span among the other five geo-
graphical races, and followed by Japanese, European, Chinese and Korean race in order. In the lon-
gevity of each variety, Daizo(sdi) showed the shortest life span with 4.3 days, and J037 was the longest
as 16.0 days. Average longevity of female was 11.1 days as showed 3.0 days longer than that of male
which was 8.2 days. Total average longevity of the whole varieties was 9.7 days. In the correlation
between the longevity and commercial characteristics, there was a tendency that the commercial
characteristics became better when the life span was longer. According to the result of Complete
Linkage Cluster Analysis, the genetic resources of 277 silkworm varieties classified into 5 groups such
as “Group I” for short life span with low cocoon yielding, “Group II”” for middle life span with middle
cocoon yielding, “Group HI” for the shortest life span with low cocoon yielding, “Group IV> for high
pupation rate and the highest cocoon yielding with comparatively long life span, and “Group V” for
the longest life span with comparatively high cocoon yielding.
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Table 1. General characteristics of the variable

) Range
Variable Mean  Std"
Min Max
Total larval period(hours) 508 29.72 417 582
5th instar period(hours) 161 18.81 114 210

0.30 0.8 2.1
0.37 0.9 2.6

Pupal weight(g) 1.5
Single cocoon weight(g) 1.8

Cocoon shell weight(cg) 3330 9.90 7.50 53.00
Cocoon shell percentage 183 384 39 254
(%)

Pupation rate(%) 839 813 535 99.0
Cocoon yield(kg) 140 276 54 204
75% survival(days) 77 327 1.0  20.0
50% survival(days) 9.8 346 1.5 200
25% survival(days) 1.7 372 3.0 230
Average survival(days) 9.7 312 43 160

YStd ; Standard deviation, Min ; Minimum, Max : Maximum
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Table 2. General characteristics of the variable according fo the sex

. Mean Std" Min Max
Variable

F M F M F M F M
Total larval period(hours) 508 508 29.72 29.72 417 417 582 582
Sth instar period(hours) 161 161 18.81 18.81 114 114 210 210
Pupal weight(g) 1.7 1.3 0.24 0.18 0.9 0.6 24 1.8
Single cocoon weight(g) 2.1 1.6 0.31 0.26 1.0 0.7 29 2.3
Cocoon shell weight(cg) 34.80 32.00 10.20 9.40 8.00 7.00 57.00 50.00
Cocoon shell percentage(%) 16.7 19.9 3.27 371 79 9.3 239 28.2
Pupation rate(%) 83.9 83.9 8.14 8.14 535 535 99.0 99.0
Cocoon yield(kg) 14.0 14.0 2.76 276 54 54 204 20.4
75% survival(days) 9.0 6.4 3.28 2.71 2.0 1.0 20.0 16.5
50% survival(days) 114 8.3 3.18 2.98 3.0 1.5 20.0 18.5
25% survival(days) 11.4 10.0 3.36 328 3.0 30 23.0 19.0
Average survival(days) 111 8.2 2.94 2.58 29 29 19.6 16.5

UStd : Standard deviation, F :Female, M : Male
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Table 3. General characteristics of the variable according fo the geographical races

Variable Japanese Chinese European Tropical Korean Non-identified
Total larval period(hours) 509127 513129 499127 520%43 475139 502426
Sth instar period(hours) 162118 165t16 157417 1641£18 166126 156120
Pupal weight(g) 1.510.3 1.5%0.3 1.410.3 1.6+0.3 11204 1.510.3
Single cocoon weight(g) 1.810.4 19104 1.7£0.4 2.010.3 1.310.5 1.810.4
Cocoon shell weight(cg) 33.50£9.70  36.00£9.10 27401750 36.30£6.30 19.60+13.70  32.90£10.70
Cocoon shell percentage(%) 18.413.8 19.313.6 16.1£3.0 18.7+2.2 13.614.9 18.014.2
Pupation rate(%) 83.2148.2 85.318.5 83.618.4 82.316.7 86.115.7 83.017.5
Cocoon yield(kg) 13.9+2.8 14.742.9 13.112.1 14.8%1.6 10.742.3 13.612.7
75 survival(days) 7.8134 7.313.2 7.612.6 94125 6.612.5 8.113.6
50 survival(days) 9.813.4 9.4%35 9.813.0 11.713.1 8.1+2.5 10.4£3.8
25 survival(days) 11.6£3.5 11.313.7 11.743.4 13.9£3.8 9.413.1 12.314.1
Average survival(days) 9.713.1 9.313.1 9.612.6 11.312.9 8.012.2 10.11£3.4

Values : meantstandard deviation
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Table 4. General characteristics of the variable ac-
cording to the voltinisrm

Variable Monovoltine Bivoltine Multivoltine
Total larval 497431 510428 480427
period(hours)

h Inete

Sth instar 154420 162418 52493
period(hours)
Pupal weight(g) 14403 15103 12403
Single cocoon 17404 18104  15%03
weight(g)
Cocoon shell 27.20£7.90 34.40£9.70 21.70+6.90
weight(cg)

-oon sh
Cocoon shell 160132  18.6438 150130
percentage(%) : :
Pupation rate(%) 843180 839182 84.714.8
Cocoon yield(kg) 13.1123 14.242.8 11.0+2.6
75% survival(days)  7.31£2.9 7.813.3 7.313.7
50% survival(days) 9.20£3.1 99435  8.8%4.0
25% survival(days) 11.0£3.6  11.8437  9.8+4.]
Average survival 9.1429 98431 8738

(days)

Values : meantstandard deviation
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Table 5. Correlation coefficients among various variables

A7 s FAH d88de] s 953
FHE AEE JEe 5 7€y Fae} Zol
HaE ol 3dE AA HaAdHwer 444
EAe 22817 W&l Aoz AEy uokst W
Holl oJsf) AlH oz AFHojdol & HAo|th

5)Zt gA7Ze| ARIZHA|

7} FA7e] ABBAE B Table 59 72t} o5
Aot 5o AHE 717k wEieE - HEE - WE
B - e - Yok - SR - 25%, 50%, 75%6E
5 Ha AEA Y, EA5S
Ak - 5872 - 25%, 50%, T5%EE
AlFet, BGAZE ASS - ASYE - A% - 5%
7F - 25%, 50%, 3%/ EE - B ASAIe), 4%
2o AZW)E - £AF - 5HN7 - 25%, 50%, 5%
AEE - Ha AN}, A3 $49% - 5%7]
7vah, 3lan|8e FAB RS 58 - 25%,
50%, 1598 - Ha AEA ), 58717H 25%,
50%, T5%AFE& - A AEAFY, 50%FEES
T59REE - B AEANFS, 71598582 HF A
Aot 22 feldt Fof g Bk 53] 84
3 7+ AFES A Ha AEASTNN, daE 7}
AeEg 2 AFEA R M, AFE5H &S £ 7}
RAEA G A 212} Tk 2o A fold AP
Book e} AR #dANE S8818 25%-
50% - 5% AEE 2 HaE AEAGlE Fo

Ry

=

= Z ., A=

$AE, ASF-F
Hi A=

LP PW SCW CSW  CSP PR coy FIP 25% 50% 75% AV
LP 1.00
PW 027" 1.00
SCW 038" 098™ 1.00
CSW 060" 058" 074" 1.00
CSP 051" -007 014" 076" 1.00
PR 0.01 -0.04  -0.02 0.05 0.07 1.00
COY 040" 0477 058" 0727 052" 0487 1.00
FIP 0717 026" 037" 057" 048" 002 038" 1.00
25% 0.2 0.39" 0377 0217 -0.06 007 0.6 0.3 1.00
50%  0.197 048 048" 0317 000 003 0227 0197 087 1.00
75% 0257 0517 0527 038" 007 002 026" 023" 0797 0927 1.00
AV 022" 050" 0507 0347 0.02 0.05 024 0217 090" 0977 095" 100

1) " : p<0.05, " : p<0.01
2) Abbriviations are as follow

LP : larval period, PW : pupal weight, SCW : single cocoon weight, CSW : cocoon shell weight, CSP: cocoon shell
percentage, PR : pupation rate, COY : cocoon yield, FIP : fifth instar period, 25% : survival rate up to twenty five(25)
percent, 50% : survival rate up to fifty(50) percent, 75% : survival rate up to seventy five(75) percent, AV : average

survival
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Table 6. Life span of sitkworm adult omong geographical races

S(e)oogfr izl:il;ailesraces Japanese Chinese European Tropical Korean ; de::i)i[':_e d Total
survival days B 93 33 9 4 55 277
within 5days 1(1.2) 4(4.3) - - - 1(1.8) 6(2.2)
5~10days 58(69.9) 61(65.6) 22(66.7) 4(45.0) 4 38(69.1) 187(67.5)
11~15days 24(28.9) 28(30.1) 11(33.3) 5(55.0) - 14(25.5) 82(29.6)
more than |5days - - - - - 2(3.6) 2(0.7)
Average survival days 9.7£3.1 9.3+3.1 9.612.6 11.3£2.9 8.0£2.2 10.1+3.4 9.743.2

Values : meantstandard deviation
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Table 7. ANOVA table of survival rate in geographical races

Geographical races

Average survival rate

survival rate

75 % 50% 25%
Japanese 9.73.1% 7.83.4% 9.83.4™ 11.63.5°
Chinese 9.33.1" 7.33.2° 9.43.5™ 11.33.7*
European 9.62.6™ 7.62.6" 9.83.0"™ 11.73.4
Tropical 11.32.9° 9.42.5 11.73.1* 13.93.8
Korean 8.02.2¢ 6.62.5 8.12.5° 9.43.1¢
Non-identified 10.13.4" 8.13.6* 10.43.8* 12.34.1°
F-value 2.64" 1.98 2.68" 3.08

1) Values : meantstandard deviation
2) Values with different superscripts are significantly different among group at the 0.05 level according to Duncan's multiple

range test,
" p<0.05
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Table 9. ANOVA fable of survival rate in volfinism

o Average survival rate
Voltinism .
survival rate 759, 50% 25%
Monovoltine  9.142.9*  7.3%£2.9* 92+3.1* 11.043.6®
Bivoltine 9.843.1*  7.843.3* 99+3.5" 11.8+3.7°
Multivoltine 8.7+3.8*  7.3#3.7° 8.844.0° 9.8+4.1"
F-value 1.60 0.80 1.81 2.94

1) Values : meantstandard deviation

2) Values with different superscripts are significantly
different among group at the 0.05 level according to
Duncan's multiple range test,

"1 p<0.05

Table 8. Life span of silkworm adulf in geographical races and voltinism

Geographical , . i . ) Non- )

races Japanese Chinese European Tropical Korean identified Total

Voltinism survivalratt Mo Bi Mu Mo Bi Mu Mo Bi Mu Mo Bi Mu Mo Bi Mu Mo Bi Mu Mo Bi Mu
within 5days - - 3 - - - - - - - - - - 1 - 2 4 -
5~10days I 56 1 5 5 1 12 10 - 4 - 1 3 - - 35 3 19163 5
[1~15days - 24 - r 27 - 7 4 - 4 1 - - - 14 - 8 73 1
more than 15days - - - - - - - - - - - - - - -2 - -2 -
Total 2 80 1 7 8 1 19 14 -8 1 1 3 - - 52 3 29242 6

1) Mo : Monovoltine, Bi : Bivoltine, Mu : Multivoltine
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Table 10. ANOVA table of survival rate in geographical races and sex

survival rate

Sex Geographical races Average survival rate
75 % 50% 25%
Japanese 11.1£2.9 9.3+3.3 11.4+3.0 13,1431
Chinese 10.7£3.0 8.513.3 11.0+3.3 13.0+£3.4
European 11.042.3 8.8£2.6 11.1£2.7 13.2+2.7
Female Tropical 12.6£2.8 10.042.7 13.442.8 16.143.7
Korean 9.1+2.2 8.0£2.9 9.1+2.3 10.5+2.1
Non-identified 11.7£3.2 9.443.6 12.1£3.5 14.243.8
Japanese 9.3+2.6 6.3+2.7 8.31£3.0 10.1£3.3
Chinese 7.8+2.5 6.112.7 7.842.8 9.613.2
Male European 8.34+2.3 6.412.1 8.5+£2.7 10.243.3
Tropical 9.9+2.3 87123 9.9+2.4 11.8£2.6
Korean 6.912.0 5.340.5 7.0+2.5 8.3+3.9
Non-identified 8.6+2.9 6.8%3.1 8.8+34 10.4£3.5
Geographical races 335" 2.30° 3367 3.86"
F-value Sex 152.92™ 102.81™ 145.26™ 142.83”
Sex"Geo 0.12 0.36 0.17 0.40
1) Values : meantstandard deviation
2) Values with different superscripts are significantly different among group at the 0.05 level according to Duncan's multiple
range test,
T p<0.05, 7 p<0.01

Table 11. ANOVA tfable of survival rate in voltinism and sex

survival rate

Sex Voltinism Average survival rate
75% 50% 25%
Monovoltine 10429 8.5£3.0 10.3£3.0 122434
Female Bivoltine 11.2429 9.143.3 11.5£3.2 13.58£3.3
Multivoltine 11.14£3.6 9.5+3.8 11.4£3.7 12.5£3.7
Monovoltine 7.9£2.5 6.01£2.2 8.1£2.9 9.843.5
Male Bivoltine 8.3£2.6 6.5+2.8 8.41£3.0 10.1£3.3
Multivoltine 6.212.1 5.0+1.8 6.112.3 7.0£2.2
Voltinism 2.10 0.95 2.29 3.70
F-value Sex 15151 102.04” 144,117 141.40™
Sex*Vol 0.98 0.63 1.32 1.14
1) Values : meantstandard deviation
2) Values with different superscripts are significantly different among group at the 0.05 level according to Duncan's multiple
range test,
"1 p<0.05, 7" : p<0.01
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Table 12. Sitkkworm variety grouped into relation and linkage distance

[e]

e .

R A - 88 - HEE W - S50

Gp |Origin Strain Gp | Origin Strain Gp | Origin Strain Gp | Origin Strain
Jap N6 Jap J137 Jap Hinode " SK-2
" N12 Eur I Chi Cc17 " IIPE
Eur B-1 Chi Hongbak " C46 Chi C10
Chi Yunil Jap SK-1 " Urokbakran Tro SAS
Jap N19 " P50 " UR i Not TBO
Chi Y4 Kor Hansammyun I " Chungl7 Jap 111
Jap N59 Jap Jangsajang " Hansang4ho Chi GalH
Chi C48 Not Jap N18 Not SA105
Jap Hwangyu " Heukho " Usunghukei Eur Z3
Eur Kul7ho Eur PK Chi SC Jap N15
Jap | Hansang3ho Jap 11119 Jap N44 Chi Crimson
" N74 " Y54Yu Chi C45 Jap Chuhwa
" Myun49 Chi Sammyunhong " Jam104 Not Abenarig
Chi Kumkang Jap 1183ho Not Y3 Chi Galwon
" Hoknuwe Eur I-BAGDAT Jap Mudung ! LY
Jap N30 Jap Woosuk " J95 Jap 4051
" Bibakjam Eur Hansunghojam Not H Not Mimi
Not BY Chi Cs1 Kor | Sammyunhong Chi 141
hoibak
Jap Wil2 Kor Sammyunjam Not ODEujam Chungl4
Chi TukC60 Chi Chung27 " JamsangZho Kor Sun3ho
Tro SA6 Chi Soyang Eur Rok1042 Not SC19
Jap N26 " Yonggakjam Chi Jam112 Chi | Nakdongchung
" | Usungjukrokei Not G7ho Jap N24 Not 123E
" Usungjukei Jap GC Chi HansangZho Jap No64
" BN Chi C70 " C42 Eur Shansurian
[ | Chi | Chungong | | | Not H28 " ZO I | Eur Ku27ho
Jap N69 Jap N9 Jap JIN Jap DY
" MD " E9 Chi Cl11 " 1
" Moran Not Damhukjam Not 124F Not Pnd™
Not L862 Jap KichoN27 Chi RWang Chi Nakdong
Chi Daedong Not L864 Eur Hojam Eur CHINESE-2
. Woongjinhi Chi C18 T Tro SA7 Chi | Chungchun
Eur Romogua Not K3 Chi C76 Not Cre
Chi Cd4 Chi Chung?7 Jap Hansang 1ho Chi Chung22
Eur | Youlkukjam Jap w109 Chi 26 Jap Jam101
Not SJ21 Not Jamsanglho " Jam116 " Jaml15
Eur I-NOVI Jap Jam103 Jap N32 Chi C108
Jap | Kumkwangju " Jam107 Not Oktaksoran " Chunmun
Eur LT Eur E58 Chi Sinchung102 " Daizo
Jap BakaPEB.K Not Combodge Not Sl " Hangang
awainggi
Chi Jam110 Chi C57 ! Y™pere Jap Qoichuk
" Kwasulpung Jap Suwonl0ho Jap N76 Not PR
Not 09C Chi C78 Not T(Y")pe* Jap N13
Eur Bagdad Jap N28 Chi C66 ! N27
Chi C12 Chi C79 Eur ES6 Eur AP
Tro SA8 Jap N20 Chi C60 Cji | Usungrokgyun
Chi Cl6 Chi Suwonjam102 Not NCBakran " Jam108
Not L378 " C25 Chi | Hansungbanmun | |, Jap N80
Chi Jam106 Jap Jam105 "Not Yang2 Chi C7
" C53 " N63 " Kyungchu Not Y7
Tro SA2 Chi 27 Jap Bibakjam?2 Jap 34
Eur Kyunsakjuk Eur Woobak Not 08N Eur Heuka
Chi CSugang Not 7C3 Eut Se215 Chi Sinchung103
Eur CHINESE Chi Cl4 " AKT Not Pnd™
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Table 12. Confinued

Gp | Origin Strain Gp | Origin Strain Gp | Origin Strain Gp | Origin Strain
Jap N29 Chi C68 IV | Eur Ntiope Tro HM
Chi NB7 Not Turkish " Pedts Chi 4056
Eur Thenalig Jap N71 Jap Jam117 Chi Jam134
Chi | Hansunghukran Not R89 Chi CH3 Eur Rok517
Jap Suwonjam101 Chi KH Chi CHibakran Jap S8Re
Jap N50 " Co61 Not St Not 380

v " F9 Not b Chi QHibakran Tro SA10
Chi C3 v | Jap Bakdu Not 1037 v | Jap Sulak
Eur Rok191 Chi CH2 v " 09Q " JF
Jap JP1 " Jam118 Tro SAL7 Not Jelbakran
Chi C5 Tro SAl6 Not Y " YW
Jap N39 Not Abenarihyung Jap NBI18 Chi CH4
Chi Chungl12 Chi CHI Not NT2 Not Espanol

" Kumho Not Sangga " NTZN " Espanol2

Jap Jam109 Jap 11%ho Jap NHibakran Jap Jangmyung

Jap : Japanese, Chi : Chinese, Eur : European, Tro : Tropical, Kor : Korean,

Not : Non-identified, Gp : Group

AL, AT 14g GEF 1.7g, AFYE 164%,
B80S 822%, FAFE 123kg. HETFHo] 659
B2Al 3R] Aol 7MY WA BAFEE M R/
& EEIoldnh

IVEE 41 FF02 973F 20g AF¥E
199%, 38918 85.6%, +AHF 153ke, Hoad
11.8YEA 3H8BIEE =3, IX| AEE Zon
HrHe HlwA 71 S5l dd. v 30 &
08 9AF 20g, AFF 365cg 2AEM
18.7%, B4 131924 2z AYako] &3
ol 7HE 11 FETeliTh

o] 7l FEEE FAAIT 48 71F0E o
groupingdl] BRI TA] Vi) FFRFEoE YES

ol to o

A=dl Al 1groupe AEFHHo] EX) Eelw HgS
o] #e dv F5290d vs)] Al 2groupe A&
FH-o] 4313 Harye 71 A TEFo B
< YERIckFig. 1).

2) EEERL XN EFe| A

Complete Linkage Cluster Analysisi©2 Fig. 1
I e FEERO AFE R 7 xEE 2
E7te] #A1E AW B Table 149 2T} Table 14
oA ML FHo] 7H & dEEFogx &
F 1355(394%), EF 9F5(27.3%)°) S
3, Ve o] 7l AYERTOZM YEF §F
T, T TES, YT 3EE, 9uUE 3EE ¢
71ERE 11380 22t ThHe] 9n},

Table 13. The commercial characteristics according fo the life span group

CSP PR COoY 25% 50% 75% AV

Gp Nv LP FIP PW SCW CSW

I 15 5045+ 1607t 1.5t 1.9% 32.6x
315 19.0 0.2 03 9.7

0 se S512.4% 160.8+ 1.5t 1.9+ 353+

239 21.3 0.2 0.2 7.8
5002 1547+ 144 1.7+ 27.8%

33 22.3 19.1 0.3 0.4 10.2

v 4l 519.1+ 1706 1.6+ 2.0% 382+
25.7 13.8 0.2 0.3 8.2

v 3 5184f 1645+ 1.6+ 2.0t 36.5%
325 219 0.2 03 9.6

18.1  83.7+ 138+ 6.1+ 85+ 107 8.5&
3.7 8.5 2.8 1.9 2.1 22 1.7
192+ 834+ 149+ 85+ 11.0t 79+ 106t

29 8.7 6.6 2.3 1.9 2.0 1.5
164+ 822+ 123+ 49+ 64+ 7.8+ 6.5t
3.4 8.9 2.7 1.6 1.9 23 1.7

199t 856+ 153+ 10.1+ 121+ 13.8%t 11.8%
2.6 6.8 29 2.0 1.9 2.0 1.5
187+ 856+ 153+ 113+ 135t 156t 13.1%
3.6 73 20 2.5 22 22 1.8

1) Abbriviations are the same as table 5.
2) Gp : group, Nv : Number of varieties
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Fig. 1. Life spun dendrogram of silkworm adult by complete linkage cluster analysis
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Table 15. The relationships between volfinism and vari-
ety group

3ol AFA ZAE AAE] FE= Aozt sHAv) Voltinism Monovoltine Bivoltine Multivoltine  Total
L (1983) HEBFO) N5o] o3t EBR I B(L3) 1008700 217 115(100)
= 11 5(8.9) 510911 - 56(100)
2ol A 2 o]REY o) grFe] Lo
FolA T’j— ) Eé_L s ) 42% ) E:H 014 . i 5(152)  26(788)  26.0)  33(100)
Aol ol B3] fEL 9AF ¥ SAFE v 373)  37(90.3) 124 41(100)
EAYA G Atk A& Aol HolslleH, v v 2(6.3) 30(93.7) - 32(100)
o] X HoE £o)7o] ah= TZzolg} x| Total 28(10.1)  244(88.1) 5(1.8) 277(100)
Table 14. The relafionships befween geographical races and variety group
Geog.raphlcal race Japanese Chinese European Tropical Korean Non-identified
Variety groups
1 41(49.4) 39(41.9) 15(45.5) 3(33.3) 2(50.0) 15(27.3)
I 12(14.5) 18(19.4) 8(24.2) 2(22.2) 1(25.5) 15(27.3)
111 9(10.8) 13(14.0) 309.D) - 1(25.5) 7(12.7)
v 13(15.7) 16(17.2) 412.1) 1(11.1) - 7012.7)
\Y 8(9.6) 7(7.5) 309.D) 3(33.3) - 11(20.0)
Total 83(100) 93(100) 33(100) 9(100) 4(100) 55(100)
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