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Abstract

Ten silkworm hybrids SK6 X SK7 & B.Conl X B.Con4; CSR50 X CSR51, CSR16 X CSR17, GEN3 x
GENZ2, CSR2 X CSR4 & FC2 x FC1; Dun6 X Dun22; APS45 x APS12 & HTO5 x HTP5 were evaluated
in three crops (Aug-Sept 2018; Oct-Nov 2018; Feb-Mar 2019). The rearing and reeling performance was
documented for analysis and multiple trait evaluation index values were utilized to determine the best
performing hybrid. FC1 x FC2, HTO5 x HTP5, GEN3 x GEN2 and CSR50 x CSR51 generally
performed well in all the seasons in Odisha; while CSR16 x CSR17 also in October-November crop. FC1
x FC2 occupied the top position with an MEI of 61.66 followed by HTO5 x HTP5 (55.44), CSR50 x
CSR51 (50.78) and CSR16 x CSR17 (50.71). The result of the present study indicated that FC1 x FC2
has scored average El values >50 for the maximum of 9 individual traits viz., single cocoon weight,
single shell weight, shell ratio, cocoon yield by weight and number, average filament length, non
breakable filament length, reelability and average neatness particularly with respect to overall
performance irrespective of seasons. BConl x BCon4 and SK6 x SK7, the ruling foundation crosses
reared in Eastern & NE India recorded 16-17% shell ratio only with 85% survival and were placed right
at the bottom for their overall performance. Average and non-breakable filament lengths were >1050 in
HTO5 x HTP5 and FC1 x FC2. Non-significant differences between the hybrids were observed for
reelability and neatness. FC1 x FC2, bivoltine double hybrid which is quite popular in South/North India
stood first for its overall performance in Odisha conditions also.
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Introduction

Increasing demand for production of import substitute raw silk necessitated the importance of
bivoltine silkworm breed or hybrids in sericulture. Unfortunately, bivoltine silk production in
India could not reach to the most of the farmers despite best possible efforts made by
sericultural functionaries of the country. The major constraints for production and
popularization of bivoltine silkworm hybrids in India are their instability in cocoon yield and
non suitability for varied climatic conditions. Presently much emphasis is being given for
promotion of bivoltine sericulture to cater the need of quality silk matching international
standards. Systematic research efforts on silkworm breeding programmes in different countries
have resulted development of several robust and productive bivoltine hybrids (Mano et al.,
1991) [0 (Hong et al., 1992) [l Thiagarajan et al., 1993) [ (Datta et al., 2001) [ (Basavraja
et al., 2013) Bl Unfortunately, many of the breeds continues to suffer badly under adverse
environmental conditions coupled with poor rearing management practices of small and
marginal farmers; causing wide gap between realized cocoon yield in laboratory and field.
Therefore situation demands assessment, evaluation and identification of season/region
specific silkworm breeds/hybrids to mitigate variation in adaptability and quantitative
characters of the breeds under diverse environmental conditions.

Sericulture practicing areas of Odisha state experiences wide variation in temperature,
humidity and rainfall. But continuous efforts are in place to promote bivoltine sericulture in
the state, unfortunately none of the bivoltine breed or hybrid could become popular due to
fluctuating climatic conditions and fear of crop loss. Silkworm breeding programme in India
for last few decades have resulted in the development of many productive silkworm breeds
which have contributed significantly in increasing the silk production of the country. Therefore
knowing the importance of adaptability to the local environment for better productivity,
silkworm breeds have been evaluated in many occasions to find out region and season
specificities (Nguku et al., 2009) 21, Till date there is no such attempt to evaluate and identify
superior and productive bivoltine hybrids particularly with reference to Odisha.
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Hence, the present study was undertaken to evaluate the
performance of 9 bivoltine single and a double hybrids in
different seasons at RSRS, Koraput to screen out the best one
for the local conditions.

Materials and methods

In the present study, nine bivoltine hybrids and a double
hybrid viz., BConlx BCon4, SK6 x SK7( procured from
CSRTI, Berhampore) APS45 x APS12, HTO5 x HTP5
(procured from APSSRDI, Hindupur),Dun6é x Dun22,
(Procured from RSRS, Sahaspur), CSR2 x CSR4, CSR16 X
CSR17, CSR50 x CSR51, GEN3 x GEN2 and FC1 x FC2
(Procured from CSRTI,Mysuru), were evaluated during 2018-
2019 in three different crop seasons namely February-
March(Spring), August-September crop (Monsoon) and
October — November (Autumn) crop. The rearing of all the
hybrids were carried out in a completely randomized design
(CRD) with three replications each consists of 300 larvae
maintained after third instar by following the standard rearing
techniques of ( Krishnaswami 1978) 1, During rearing, three
feeding with mature mulberry leaves were provided to the
worm till the onset of spinning. Plastic collapsible mountages
were used as substrate for cocooning of the ripened worms.
Cocoon harvesting was carried out on the 6"/7" day of
spinning. The hybrids were evaluated for different cocoons
and associated parameters viz; larval weight, cocoon yield by
number and by weight, single cocoon weight, single shell
weight, shell ratio% and post cocoon parameters like filament
length, non breakable filament length, reelability% and
neatness% etc. The data generated in respect of different traits
was pooled separately, analyzed statistically and subjected
further to multiple trait evaluation index using the following
formula (Mano et al., 1993) (1],

(A-B)

Evaluation Index (E. I.) = -------------- x 10 + 50
C

Where,
A = Value of a particular breed for particular trait,
B = Mean value for a particular trait of all the breeds,
C = Standard Deviation of a particular trait for all the breeds,
10 = Standard unit,
50 = Fixed value.
Minimum / average E.I. value fixed for selection of a breed is
>50.

Results and Discussions

9 (Nine) promising single hybrid and 1 (one) double were
evaluated at RSRS, Koraput, their comparative performances,
statistical analysis along with evaluation index for different
pre cocoon and post cocoon parameters are presented in
Table-1, 2, 3 and 4.

During Feb-Mar crop, performance of the hybrids revealed
that among 10 hybrids HTO5 x HTP5 scored highest values
for larval weight (40.51 g), filament length (1078 m) and non
breakable filament length (1078 m) where as GEN3 x GEN2
for ERR by number (8156), ERR by weight (15.11 Kg) and
single cocoon weight(1.684 g), FC1 x FC2 for highest single
shell weight (0.345 @), SR%(22.60), reelability (75%) and
neatness (81%). During Aug-Sep crop FC1 x FC2 registered
maximum values for ERR by number (8758), ERR by weight
(16.84 kg), single shell weight (0.395 g), SR% (21.24),
filament length (875 m) non breakable filament length (715
m), and neatness (81%) while GEN3 x GEN2 recorded
highest larval weight (42.48) and HTO5 x HTP5 for
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maximum reelability (76%) and single cocoon weight (1.934
g). Similarly in Oct-Nov crop FC1 x FC2 exhibited maximum
values for the characters ERR by number and weight (9694,
17.44), single shell weight and SR% (0.385g, 22.67), CSR50
x CSR51 for larval weight (37.61 g), single cocoon weight
(2.00 g) and neatness (75%), CSR16 x CSR17 for non
breakable filament length (715 m), reelability (78%) and
HTO5 x HTP5 for filament length (969 m). However with
respect to the mean performance of the breeds irrespective of
season FC1 x FC2 out performed most of the other breeds
with highest values for the traits ERR by number and weight
(8765, 15.92 kg), single cocoon weight (1.793 g), single shell
weight (0.395 g) SR% (22.08) and neatness (81.33%) while
HTO5 x HTP5 exhibited highest values for filament length
(993 m) non breakable filament length (792 m) reelability
(75.81%) and the hybrid CSR50 x CSR51 for larval weight
(39.37 9).

The present research findings based on evaluation index (E.I)
revealed that five hybrids viz., FC1 x FC2 (58.08), GEN3 x
GEN2 (55.63), HTO5 x HTP5 (53.47), CSR16 x CSR17
(52.13), and CSR50 x CSR51 (50.08) were performed well
during Feb-Mar crop. During Aug-Sep crop only three
hybrids were found to be good performer namely FC1 x FC2
(60.15), HTO5 x HTP5 (54.98), and GEN3 x GEN2 (50.66)
while during Oct-November crop four hybrids namely CSR50
x CSR51 (56.39), FC1 X FC2 (55.83), CSR16 x CSR17
(53.61) and HTO5 x HTP5 (50.29) were found promising
scoring El value more than fifty. As far as overall
performance is concerned 4 hybrids only out of 10 scored
average El value >50 with FC1 x FC2 (61.66) occupied the
top position followed by HTO5 x HTP5 (55.44), CSR50 x
CSR51 (50.78) and CSR16 x CSR17 (50.71).

Multiple traits evaluation index method enables identification
of superior breed or hybrid from an array of breeds, while
considering cumulative effect of most of the yield and
associated attributes. The method have been used extensively
by the silkworm breeder in many studies ((Naseema Begum
2000) 231 (Quadir et al., 2000) 81, (Suresh Kumar et al.,
2006) %1 (Nazia Choudhary et al., 2006) !4, (Ganaie et al.,
2012) B, (Nisar et al., 2013) 6], and (Nooruldin et al., 2014)
(171, Multiple trait evaluation index improves the precision
selection of silkworm breed from a collection of breeds
providing due considerations to all the yield contributing
attributes (Bhargava et al., 1994) [2. The stability of a breed or
hybrid is highly influenced by the genotype and environment
interaction which is very well documented both for plant and
animal species (Griffing and Zsiros 1971) . Therefore,
selection of a hybrid requires due considerations both for
genotype and its performance under diverse agroclimatic
conditions (Rahman and Ahmed 1988) [°l In the present
study different hybrids from different regions of the country
were selected and evaluated with respect to different seasons
under Odisha condition. The bivoltine single and double
hybrids used in this experiment exhibited considerable degree
of variability in their expression in Odisha. The result of the
present study indicated that FC1 x FC2 has scored average El
values >50 for the maximum of 9 individual traits viz., single
cocoon weight, single shell weight, shell ratio, cocoon yield
by weight and number, average filament length, non
breakable filament length, reelability and average neatness
particularly with respect to overall performance irrespective
of seasons. The better performance of FC1 x FC2 in several
economic characters may be attributed to its capacity to
overcome deleterious environmental effect in widely varying
agro climatic conditions and stable polygenic expression than
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single crossed hybrid. The argument is well documented by FC2, HTO5 x HTP5, CSR50 x CSR51, CSR16 x CSR17 and
(Raje Urs et al., 2009) 2% (Virk et al., 2011) 2! Lakshmanan GEN3 x GEN2 generally performed well in different seasons

et al., 2012) ! (Seshagiri et al., 2016) 2 (Ramprakash et al., in Odisha. FC1 x FC2, bivoltine double hybrid which is quite
2017) 2 and (Ashraf et al., 2019) (11, popular in South/North India ranked first for its overall
Finally from the above study it can be concluded that FC1 x performance in Odisha conditions also.

Table 1: Mean performance of the hybrids during Feb-Mar crop (Data pooled over same seasons of 2018 and 2019):

Hybrids Larval wt ERR ERR SCW SSW SR% FL AVg. R'eel Avg Neat| Avg
(9) by NO | by Wt (kg) (9) (9) (m) NBFL (m) |ability %| ness% | EI#
FC1xFC2 (ig:g?) (3?225%) 12.70 (53.23) (é.;Si) ((7)'032?) (g:gg) (ég.sag) (ég.g%) (577.%3) (6??.}31) 58.08
Gen3 x Gen2 ég:gg) (gzli’g) 15.11 (66.15) (%gf%‘) (g'ffgi) ég:gg) 954 (57.21)|668 (49.74) (4g%9) (4&22) 55.63
HTOS x HTPS (gg:g(l)) (Z?.Eég) 12 (49.44) (fl{zégé) (géz.gg) (ggéi) (é?%i) (ge%%) (4;23) (4(%2) 53.47
CSR16 x CSR17 ég:gi’) (gg'%%) 14.33 (61.98) (‘11'22.28) (2'02.1573) é%gg) 820 (49.98)|410 (39.46) (4;‘:39) (5;3.%3) 52.13
CSR50 x CSR51 (gg:gé) (gll_‘é‘;) 13.78 (58.99) (ifég) (gfgj) (égég’) 593 (37.73)|425 (40.06) (2;227) (5?%3) 50.08
APS45 x APS12 ég:gg) (57:.%72) 12.11 (50.04) (i%é) (2'52.22) (}13:82) 747 (46.04)|534 (44.40) (6&%7) (4(%2) 49,51
Duné x Dun22 (23:213%) (Zg'%(i) 10.67 (42.28) (é.gzgg) (g'fgg) (411;:82) 890 (53.76)|875 (57.98) (6;%1) (517%6) 47,52
CSR2 x CSR4 ég:ﬁ) (5755?2) 10.00 (38.70) (ifgg) (2'222(15) ég:gi’) 864 (52.35)695 (50.81) (4;‘;3) (457.889) 45,64
SK6 x Sk7 (gg:gg) (111.272) 10.11 (39.30) (‘11'33%;) (gfgg) ég:g% 689 (42.91)|589 (46.59) (4;‘;9) (63.%1) 44.66
Bcont x Beon 4 ég:gg) (ggg%) 10.22 (39.89) éfg% (2'72;2) ég:gg) 519 (33.73)|422 (39.94) (51.570) (4&22) 43.28
CD @5% 341 | 696.94 134 0.105 | 0039 2.2 1074 | 3191 | NS | NS
CV% 521 5.4 6.48 439 8.32 6.61 7,69 278 | 353 | 284

Data in parentheses are evaluation Indices for traits; # indicates average evaluation indices

Table 2: Mean performance of the hybrids during Aug-Sep crop (Data pooled over same seasons of 2018 and 2019):

Hvbrids larval ERR ERR SCW SSW SR% Avg F.L. Avg Reel |Avg Neat| Avg

y wt (g) by No |by Wt (Kg) (9) (9 ° (m) NB F.L.(m) |ability%| ness% | El#
37.02 8758 16.84 1866 | 0395 | 21.24 75 81

FCLXFC2 | 5108y | (s951) | (63.85) | (58.82) | (63.34) | (61.42) B7°(6137) 715(62.04) | 5g o1y | (51.15) [FO-15
36.45 8337 13.39 1934 | 0376 | 19.45 76 77

HTOSXHTPS | 16'6) | (51.63) | (48.32) | (65.60) | (58.77) | (52.22) [P0 (O5-57) T11(6165) | g3 60y | (a577) [P+98
42.48 8304 14.31 1812 | 0363 | 20.06 70 75

Gen3XGen2 | gy71) | (5271) | (52.45) | (5345) | (55.80) | (55.37) |/ 20 (®105) 568(47.47) | 35 46y | (38.08) [P-69
4162 7822 14.30 1631 | 0335 | 20.62 71 75

CSRZXCSRA | 6o1ay | (a201) | (5242) | (3545) | (49.08) | (58.24) P74 (61:25) 674(57.98) | 1 15) | (35.08) [*68
34.16 8502 15.29 1891 | 0339 | 17.95 71 78

Dun6 xDun22 | - a9'ga) | (56.41) | (56.84) | (61.31) | (50.06) | (4451) |/°° (45:89) 539(4460) | 115y | (a9.62) [*89)
41.00 7348 10.87 1773 | 0355 | 20.06 72 78

CSRSOXCSRSY 609y | (33.14) | (36.98) | (49.62) | (53.89) | (55.34) [P24(54.84) 588(49.45) | 1y gay | (a9.62) | 488
34.31 8543 10.45 1742 | 0319 | 18.29 76 75

APSASXAPSIZI - 1057) | (5550) | (35.08) | (46.50) | (45.33) | (a6.25) P08 (52:47) 705 (8L.05) | g3 60y | (3508 [84]
39.17 7437 12.10 1728 | 0349 | 202 73 80

CSRI6XCSRI7|  5/'ay) | (3480) | (4252) | (45.00) | (52.40) | (56.06) | 2% (50-92) 496 (40.34) | 4q'5 | (57.30) [*B-38
34.48 8891 16.85 1755 | 0315 | 177 74 80

BConlxBCond| 4579y | (62.00) | (63.89) | (47.82) | (a451) | (a3.25) P42 (B131) 459 (36.67) | 5y 50y | (57.30) [B18
34.02 8371 13.24 1.640 14.61 73 82

SKoXSKT | Soudy | camky | oot | (aoas |024(@68D| 575 B73(331) 480 38.75) | 1o | srag) (184
CD @ 5% 159 | 70946 | 159 0.11 0023 | 165 | 882 1107 | 309 | 361
CV% 2.49 5.05 6.79 3635 | 4075 | 509 | 065 1.09 248 | 271

Data in parentheses are evaluation Indices for traits; # indicates average evaluation indices
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Table 3: Mean performance of the hybrids during Oct-Nov crop (Data pooled over same seasons of 2018 and 2019):

Hvbrids Larval ERR ERR SCW SSW SR% Avg Avg Reel | Avg Neat | Avg.
y Wt (g) By No [by Wt (Kg.) (9) (9) 0 F.L.(m)| NB F.L.(m) |ability%| Ness% | E.I#
3761 | 8933 1644 | 2000 | 0382 | 2131 | 893 76
CSRSOXCSRSY 5790y | (56.06) | (6222) | (68.21) | (55.66) | (55.06) | (52.29) | 20T ®0-82) | 468y | 75 (58:57) | 5g 39
3631 | 9694 1744 | 1852 | 0421 | 2267 | 885 76
FCLXFC2 | uoaay | (6345) | (69.97) | (55.32) | (63.09) | (61.31) | (51.68)| **3 (4572 | (4g.gay | 70 (38:57) | 5563
3578 | 8511 1483 | 1843 | 0385 | 2085 | 774 78
CSRI6XCSRIT 3611y | (51.06) | (49.73) | (54.55) | (56.17) | (52.90) | (39.00)| '7#(7482) | (57,99 | 73(52:92) | 53 61
37.14 | 8506 1494 | 1789 | 0361 | 2033 | 969 76
HTOSXHTPS | or98) | (51.90) | (50.59) | (49.88) | (51.44) | (50.33) |(61.27)| #8* (4932) | (4g.8ay | B8 (3879) |50 59
3691 | 8422 1467 | 1788 | 0362 | 2025 | 944 75
Dun6xDun22 | 1961y | (51.10) | (48.44) | (49.77) | (51.86) | (50.16) | (58.41) | 472 4827) | (36 30) | 74 (5480) | 4g g7
3683 | 6844 1439 | L1711 | 0317 | 2232 | 908 77
CSRZXCSR4 | ue61y | (35.77) | (46.29) | (43.09) | (43.14) | (59.71) | (54.30) | *°* (46:69) | (57.3g) | 70 (3857) | 4935
3808 | 7461 1389 | 1851 | 0363 | 1957 | 865 75
APSASXAPSI2l 6350y | (a176) | (4242) | (55.27) | (52.02) | (46.98) |(49.39)| 96 ®565) | 3630y | 70(4444) | g 47
3634 | 6556 1278 | 1828 | 0398 | 2179 | 960 76
Cen3xGen2 | ogs) | (3206) | (33.81) | (53.28) | (58.81) | (57.27) |(60.24) | “BOWBIN) | g gay | 7O (4444 [ 47 o5
3617 | 9083 1493 | 1633 | 0278 | 1694 | 8l0 77
SKEXSKT | 4071y | (57.52) | (50.48) | (36.32) | (3555) | (34.82) |(43.12)| 20° (4238) | (57.3g) | 7O (9857) | 45 68
3830 | 9083 1436 | 1610 | 0261 | 1617 | 695 77
BConlxBCOM|  sc10y | (5752) | (46.06) | (34.32) | (32.24) | (31.26) | (29.99) | 348 (B7:37) | (57 3g) | 65(30.32) | 4 o5
CD@5% NS | 1079.21 | 195 008 | 0014 | 097 | 1809 | 5885 NS 3.66
CV% 256 763 771 260 | 237 28 | 122 7.02 203 | 299
Data in parentheses are evaluation Indices for traits; # indicates average evaluation indices
Table 4: Overall performance of the hybrids (Data pooled for all the crop seasons of 2018 and 2019):
Hvbrids larval ERR |ERR byWt| SCW SSW SR Avg Avg Reel | AvgNeat| Avg.
y wt(g) By No (Kg) (9 (9) ° F.L.(m) |[NB F.L.(m)|ability%]| ness% E.l#
3737 | 8765 | 1592 | 1793 | 0395 | 2208 | 936 7472 | 8133
FCLXFC2 | 4g05) | (66.99) | (71.74) | (63.93) | (65.05) | (62.08) | (61.46) | 0 ®130)| 5107) | (63.92) | 61.66
3754 | 828 | 1373 | 1775 | 0352 | 1993 | 993 75.81
HTOSXHTPS | 5040y | (51.02) | (48.90) | (61.16) | (54.33) | (51.60) | (67.04) | 7226633 G417y |77 3947 55 44
3937 | 8141 | 1368 | 1691 | 0353 | 2097 | 770 7338 | 79.67
CSRSOXCSRSL 6188y | (a8.45) | (48.35) | (48.18) | (54.69) | (56.67) | (44.85) |8%° 0222 | 3501y | (5a51) | 9078
3787 | 7999 | 1364 | 1687 | 0349 | 2069 | 79 7498 | 8033
CSRI6XCSRI7 5305 | (aa.22) | (a7.92) | (@761) | (5354) | (55.28) | (47.43) |*60 (4598 | 5a30) | (58.28) | 072
3929 | 7611 | 1386 | 1749 | 0365 | 2087 | 903 73.36
Gen3xGen2 | 5199y | (32.69) | (50.18) | (57.19) | (57.61) | (56.19) | (58.08) |26 (4512 | 3474y |77 3947 4956
3565 | 8305 | 1411 | 1734 | 0327 | 1885 | 624 7423 | 79.33
Duné xDun22 | o5's7) | (53.34) | (52.88) | (54.77) | (48.19) | 46.31) | (5022) |07 )| a523) | (52:63) | 48.63
3823 | 7953 | 1348 | 1594 | 0339 | 2123 | 815 7443 | 78.33
CSRZXCSR4 | w5'a0) | (42.86) | (46.20) | (33.21) | (51.22) | (57.94) | (49.32) |BO8 97| (u76m) | (46.99) | 48.11
3695 | 7955 | 1216 | 1711 | 0325 | 1896 | 802 7557 | 77.33
APSISXAPSIZ 4577) | (4292) | (3237) | (51.34) | (47.72) | (4683) | (a8.10) | 0L B | (g130) | (ar35) | 4758
3673 | 8560 | 1453 | 1683 | 0284 | 1675 | 653 75.29
BConlxBCOM| 1401y | (60.92) | (57.22) | (4691) | (37.61) | (36.06) | (33.24) |*10(B200) | (5g10q) |77 (39:47)| 44.54
3587 | 8415 | 1329 | 1610 | 0254 | 1572 | 724 7451 | 8133
SKEXSKT | (3718) | (56.59) | (a4.24) | (35.70) | (30.03) | (31.03) | (40.27) |°2°(4233)| ugsay | (63.92) | 428
CD @5% 123 | 41892 | 103 006 | 001 | 087 | 10284 | 7151 NS NS
CV% 193 3 438 2.15 23 26 735 6.88 297 | 9.76

Data in parentheses are evaluation Indices for traits; # indicates average evaluation indices
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