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ABSTRACT

Levels of genetic diversity in the silkworm popul ations affect with the yield of economic traitsand its stability.SIkworm breeders
across the country contributed significantly to the devel opment of many bivoltine breeds not only with improved economic merit
but also suitable for variable climatic conditions so as to make sericulture a sustainable avocation. The study was carried out
to evaluate genetic potential of the ten silkwormgenotypes (CSR2, CSR4, SH6, NB4D2, PAM101, PAM111, PAM114, PAM115,
PAM117 and CS6) for various traits during spring season (May-June) from2014 to 2018 at Central Sericultural Research and
Training Institute, Central Slk Board, Pampore, Kashmir. On the basis of the evaluation index values ranking PAM 117 (58.20),
H6 (53.46), PAM114 (52.03), PAM115 (51.88) and CSR2 (51.85) were identified as good performing genotypes for various
economically important traitsand are recommended for hybridization and other breeding programmes under temperate climatic
conditions.
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For many years, therearing of silkwormsasthe most
economically important insectsthroughout theworld is
being practised for silk production. It was one of the
most important industriesin more than thirty countries,
especially in China, Japan, Korea, Thailand, India,
France, Italy, Russia, Rumania and Bulgaria
(Hirobe,1968 and Hong et al., 1992). Silkworm breeding
approacheswere re-oriented aimed at sustainability and
increased qualitative silk production. In this direction,
unstinted and coordinated efforts have been made by
various silkworm breedersin the country (Datta, 1984,
Basavaraja et al., 1995 and Ramesh Babu et al.,
2002)which resulted in the development of many
bivoltine silkworm breeds and hybrids over thelast few
decades. Taking cue of exploiting the heterosis, various
silkworm-breeding efforts have significantly transformed
the sericulture scenario by increased qualitative and
quantitative production. In fact, silkworm is the only
animal where hybrids are used compulsorily on the
commercialscale. Systematic breeding approaches
adapted by various silkworm breeders in different
sericulturally advanced countries (Hirobe, 1968;
Krisnaswamy and Tikoo, 1971;Heyi, 1991, Mano et al .,
1991, Hong et al., 1992; Thiagargjan et al., 1993 and

Datta et al., 2001) have contributed to synthesize
silkworm (Bombyx mori L) genotypes of desirable
constitution and improvement of several quantitative and
qualitative traits of economic value. The silk yield is
contributed by more than 21 traits (Thiagarajan et al.,
1993) of which mgjor traits are to be considered for its
yield improvement. . The most useful evaluation index
method proposed by Mano et al. (1993) was utilized in
the present study for evaluating the potential of ten
genotypes of the silkworm.

MATERIALSAND METHODS

Ten silkworm genotypes (CSR2, CSR4, SH6,
NB4D2, PAM101, PAM111, PAM114, PAM115,
PAM 117 and CS6) were selected from the Germplasm
Bank maintained at Central Sericultural Research and
Training Institute, Central Silk Board, Pampore, Kashmir
based ontheir phenotypic differencesand dataof various
economically important parameters like cocoon yield
10000 larvae, single cocoon weight and single shell
weight. The rearings have been conducted at Pampore
representing the temperate climatic conditions of
Kashmir. The characteristics of the selected genotypes
are presented in thetable 1 and fig. 1.

Table1: Characteristic feature of the 10 bivoltine genotypes studied

Sl. | Genotypes Larval Cocoon  Cocoon Sl. | Genotypes Larval Cocoon  Cocoon
No. Marking Colour  Shape No. Marking Colour Shape
1 CSR2 Plain White Oval 6 | PAM 111 Plain White  Constricted
2 CSR4 Plain White Constricted | 7 | PAM 114 Plain White  Ova
3 SH6 Marked White Ova 8 | PAM 115 Pan White  Constricted
4 NB4D2 Plain White Constricted | 9 | PAM 117 Plain White  Constricted
5 PAM 101  Plain Greenish Constricted | 10| CS6 Plain White  Ova
White
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The selected genotypeswerereared during the spring
season (May-June) every year from 2014 to 2018. The
standard rearing techniques (K rishnaswamy, 1978) were
followed. The important quantitative and qualitative
traits viz., fecundity, hatching percentage, yield
10,000 larvae by weight, single cocoon weight, single
shell weight, shell ratio, pupation rateand filament length
wererecorded during spring season every year from 2014
to 2018.The rearing was conducted in 3 x 2ft plastic
traysand three trays were maintained in each genotype.
All the genotypes were reared following completely
randomized design with threereplications each and 250
larvae were maintained in each replication after 3 moult.
At theend of 5" ingtar, the spinning larvae were collected
manually and mounted in plastic collapsible mountages.
The evaluation index value was calculated for all the
eight traits studied. The evaluation index (El) was
calcuated as per the below-mentioned procedure
outlined by Mano et al. (1993).

Evaluation Index = AEB x 10 + 50

Where A =Value obtained for atrait in abreed
B = Mean value of atrait of all the breed
C = Standard deviation of atrait of all the breeds
10 = Standard unit
50 = Fixed value
The index value obtained for all the traits was
combined and the average El valueswere obtained. The
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El value fixed for the selection of aline is 50 or >50.
The genotype, which scored above the limit, is
considered to possess greater economic value.

RESULTSAND DISCUSSION

Silkworm breed is the most influential factor in the
development of sericulture. In the long history of
sericulture, many silkworm races have been recognizedas
valuable for commercia use and the same has been
preserved. Accordingly, the ten silkworm genotypes
selected for the present study were studied during the
spring season (May-June) every year from 2014 to 2018.
The important quantitative and qualitative traits viz,
fecundity, hatching percentage, yield 10,000 larvae by
weight, single cocoon weight, single shell weight, shell
ratio, pupation rate and filament length were recorded.
The data of five years is presented in the
table 2.

The data of five spring seasons (2014 to 2018) was
pooled and the average pooled datais presented in the
table 3. Perusal of the datareveal sthat fecundity ranged
from 485 (PAM101) to 545 (SH6). Hatching was
recorded above 96% in the 10 lines studied and ranged
from 96.50% (PAM 117) to 97.46% (SH6). Cocoonyield
100001 larvae ranged from 15.01 Kg (CSR2) to 15.91
(PAM117). Pupation rate was highest in (94.40%) and
lowest 92.00% (CSR4). Single cocoon weight was
recorded in the range of 1.602g (NB4D2) to 1.691g

Table 2: Comparativerearing performances of the silkworm genotypes during the years 2014 to 2018

Genotypes Season Fecundity Hatching Yield Pupation Single Single Shel Filament
and year (%) 10,000 larvae  rate cocoon  shell ratio length
by weight (%) weight weight (%) (m)
(kg) 9 (9)
CSR2 Spring 2014 574 96.17 15.00 94.00 1612 0358 2221 935
Spring 2015 536 96.33 14.30 91.00 1.732 0381 2198 933
Spring 2016 505 98.24 15.26 92.00 1.604 0.319 19.89 862
Spring 2017 502 98.01 15.48 91.00 1618 0349 2157 889
Spring 2018 475 94.25 15.20 94.00 1.713 0378 22.08 950
Average 518 96.60 15.05 92.40 1656 0357 2156 914
CSR4 Spring 2014 537 95.39 14.96 93.00 1603 0331 20.64 890
Spring 2015 550 96.14 14.55 93.00 1647 0342 20.78 901
Spring 2016 499 97.44 14.78 91.00 1595 0356 22.32 845
Spring 2017 513 98.13 15.63 91.00 1603 0353 22.02 854
Spring 2018 469 95.12 15.12 92.00 1630 0350 2147 925
Average 514 96.44 15.01 92.00 1616 0346 2141 883
SH6 Spring 2014 547 96.89 16.01 95.00 1639 0334 2041 750
Spring 2015 583 97.30 15.85 91.00 1.724 0.337 19.53 755
Spring 2016 496 97.76 14.80 91.00 1612 0340 21.09 773
Spring 2017 517 97.10 15.14 93.00 1613 0311 19.28 750
Spring 2018 580 98.27 16.10 98.00 1.832 0.338 1845 811
Average 545 97.46 15.58 93.60 1684 0332 1971 768
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Contd. table 2
Genotypes  Season Fecundity Hatching Yield Pupation Single Single Shell Filament
and year (%) 10,000 larvae  rate  cocoon  shell ratio length
by weight (%) weight weight (%) (m)
(kg) (9) (9)

NB4D2 Spring 2014 547 95.69 15.12 95.00 1567 0291 18.56 782
Spring 2015 578 93.24 15.16 92.00 1569 0286 18.21 777
Spring 2016 511 98.14 14.56 94.00 1569 0327 2084 802
Spring 2017 514 97.89 15.03 93.00 1565 0315 20.13 790
Spring 2018 550 97.00 15.42 96.00 1740 0336 19.31 825
Average 540 96.39 15.06 94.00 1602 0311 1941 795
PAM 101  Spring 2014 446 96.84 15.48 91.00 1622 0314 19.36 790
Spring 2015 495 96.47 14.95 91.00 1598 0.319 19.97 800
Spring 2016 490 98.06 15.00 93.00 1619 0315 19.46 825
Spring 2017 517 97.52 15.46 92.00 1603 0320 19.96 808
Spring 2018 475 96.89 16.02 94.00 1.820 0.358 19.67 845
Average 485 97.16 15.38 92.20 1652 0325 19.67 814
PAM 111  Spring 2014 597 96.89 15.04 96.00 1575 0304 19.16 810
Spring 2015 491 95.52 15.42 94.00 1617 0369 2283 845
Spring 2016 506 97.62 15.04 95.00 1610 0.309 19.19 830
Spring 2017 500 96.82 15.04 91.00 1618 0315 1947 818
Spring 2018 522 97.12 15.75 96.00 1786 0.342 19.15 832
Average 523 96.79 15.26 94.40 1641 0328 19.99 827
PAM 114  Spring 2014 570 96.28 15.81 93.00 1615 0319 19.77 825
Spring 2015 535 95.35 16.63 94.00 1709 0351 2054 851
Spring 2016 500 97.35 15.31 93.00 1647 0330 20.03 840
Spring 2017 499 97.55 15.05 91.00 1627 0335 20.59 828
Spring 2018 543 96.53 15.95 94.00 1742 0.358 20.57 910
Average 529 96.61 15.75 93.00 1668 0.339 20.32 851
PAM 115 Spring 2014 550 96.95 15.64 97.00 159% 0312 19.76 828
Spring 2015 499 94.82 16.47 95.00 1724 0369 2143 880
Spring 2016 512 97.71 15.28 93.00 1622 0327 20.16 815
Spring 2017 511 97.43 15.05 91.00 1623 0330 20.33 833
Spring 2018 490 96.28 15.68 94.00 1734 0362 20.88 925
Average 512 96.64 15.62 94.00 1.66 0.34 2048 856
PAM 117  Spring 2014 505 96.20 15.43 97.00 1625 0347 21.37 907
Spring 2015 502 93.95 17.66 94.00 1.830 0.407 2222 895
Spring 2016 509 97.26 14.86 92.00 1617 0353 21.83 872
Spring 2017 501 97.25 15.79 92.00 1625 0.339 20.86 844
Spring 2018 552 97.83 15.80 96.00 1760 0370 21.02 930
Average 514 96.50 15.91 94.20 1.69 036 2147 890
CS6 Spring 2014 532 95.67 14.99 96.00 1587 0320 20.17 885
Spring 2015 510 95.00 16.38 95.00 1689 0.354 20.98 833
Spring 2016 511 97.65 14.64 92.00 1.603 0.320 19.96 820
Spring 2017 501 97.70 15.18 92.00 1603 0.328 20.46 832
Spring 2018 510 96.52 15.50 94.00 1720 0.346 20.12 890
Average 513 96.51 15.34 93.80 1640 033 2037 852
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(PAM117) while as the highest shell of 0.363g was
recorded in PAM117 and lowest in NB4D2 (0.311g).
The highest shell was recoded in CSR2 (21.56%) and
lowest of 19.41% in NB4D2. CSR2 recorded highest
filament length (914m) while as SH6 recorded lowest
(768m).

Theevaluationindex values of pooled dataof al the
traitsare presented in thetable 4. Based onthemean El
value, PAM117 (58.20), SH6 (53.46), PAM 114 (52.03),
PAM115 (51.88) and CSR2 (51.85) were identified as
good performing genotypes for various economically
important traits and are recommended for hybridization
and other breeding programmes under temperate climatic
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conditions. Similar studies based on evaluation index
valueshad al so been conducted by Begum, 2000; Quadir
et al., 2000; Babu et al., 2002; Kumar et al., 2001 ,
2002, 2003a, 2003b and 2006; Choudhary and Singh,
2006 ; Ganaie et al., 2012; Nisar et al., 2005, 2008a,
2008b and 2013 and Nooruldin et al., 2014.

PAM 117 and CSR2 genotypes have emerged as best
breedsintermsof silk content while as SH6 hasemerged
as the best breed in terms of survival, fecundity and
hatchability. PAM 114 and PAM 115 have beenidentified
as breeds having moderate silk content combined with
good survival. The identified parental breeds can be
utilized for further breeding programmes.

Table 3: Averagerearing performances of 10 silkworm genotypes
Genotypes Fecundity  Hatching Yield 10000  Pupation Single Single Shell Filament

(No.) (%) larvae by rate cocoon  shell ratio  length

weight (%) weight weight (%) (m)
(kg) (9) (9)
CSR2 518 96.60 15.05 92.40 1656 0357 2156 914
CSR4 514 96.44 15.01 92.00 1616 0346 2141 883
SH6 545 97.46 15.58 93.60 1684 0332 19.71 768
NB4D2 540 96.39 15.06 94.00 1602 0311 1941 795
PAM 101 485 97.16 15.38 92.20 1652 0325 19.67 814
PAM 111 523 96.79 15.26 94.40 1641 0328 19.99 827
PAM 114 529 96.61 15.75 93.00 1668 0.339 20.32 851
PAM 115 512 96.64 15.62 94.00 1660 0.340 2048 856
PAM 117 514 96.50 15.91 94.20 1691 0363 2147 890
CS6 513 96.51 15.34 93.80 1640 0334 20.37 852
Mean 519 96.71 15.40 93.36 1.65 0.334 2044 845
SD 16.75 0.34 0.31 0.89 0.03 0.02 0.79 44.91
Table 4: Evaluation index values of selected traits
Genotypes Fecundity Hatching Yield 10000* Pupation Single Single Shell Filament Average Rank
(No.) (%) larvae by rate cocoon shell ratio length evaluation
weight (%) weight weight (%) (m) index
(kg) (9 (9
CSR2 49.40 46.76 38.71 39.21 5167 5950 64.18 65.36 51.85 \%
CSR4 47.01 42.06 37.42 3472 3833 5400 6228 5846 46.79  VIII
SH6 65.52 72.06 55.81 5270 61.00 47.00 40.76 32.85 53.46 I
NB4D2 62.54 40.59 39.03 5719 3367 3650 36.96 38.87 43.17 X
PAM 101 29.70 63.24 49.35 36.97 5033 4350 4025 43.10 44.56 IX
PAM 111 52.39 52.35 45.48 61.69 46.67 45.00 44.30 45.99 49.23 VI
PAM 114 55.97 47.06 61.29 4596 5567 5050 4848 51.34 52.03 Il
PAM 115 45.82 47.94 57.10 5719 5300 5100 5051 5245 51.88 v
PAM 117 47.01 43.82 66.45 59.44 63.33 6250 63.04 60.02 58.20 I
CS6 46.42 44.12 48.06 5494 46.33 48.00 49.11 5156 4857  VII
91
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PAN 114 Larvae PAM 114 Cocoons

PAMI17 Cocoons

PAM 117 Larvae

C%6 Cocoons

CS 6Larvae

Fig. 1: Larval and cocoon photographs of the 10 silkworm genotypes studied
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