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Abstract

The present investigation was carried out to evaluate thirty-one silkworm bivoltine hybrids including
control by involving full diallel set of six bivoltine breeds (ND2, ND3, NSP, U1, CSR2 and JDe) in a
complete randomized design (CRD) along with ruling bivoltine hybrid, CSR2 x CSRa. Thirty-one
treatments including control were replicated thrice with 200 worms per replicate post 111 moult.
Observations were made on fifteen economically important traits namely; fecundity, hatching percentage,
brushing percentage, weight of 10 mature larvae, larval survival, cocoon yield per 10,000 larvae (by
weight and by number), good cocoon, pupation, single cocoon weight, single shell weight, shell ratio,
total filament length, non-breakable filament length and filament size. Based on the cumulative E.I.
values for fifteen commercial characters, ranking of hybrids was conducted and eight hybrids viz. ND2 x
CSR2, ND2 x NSP, NDz x NSP, ND2 x NDs, ND3 x CSR2, NSP x JDs, ND3 x JD6 and NSP x CSR:
qualified E.l. value > 50. Three hybrids viz., ND2 x CSR2 ranked 1st (55.53) followed by ND3 x NSP
(55.33) and ND2 x NSP (53.93) are recommended as promising and heterotic hybrids to be exploited at
commercial level after multi location trials.

Keywords: Bombyx mori I., bi x bi hybrids, evaluation index

1. Introduction

Silk is the most elegant textile in the world with unparalleled grandeur, natural sheen and
inherent affinity for dyes, high absorbance, light weight, soft touch and high durability and
known as the “Queen of Textiles” the world over. Sericulture is rearing of silkworm for the
production of cocoons which is the raw material for the production of silk (Kamili et al., 2000)
1101, Sericulture industry provides employment to approximately 8 million persons in rural and
semi-urban areas in India (Masrat and Tripathi, 2017) [°1. The bivoltine cocoons are superior
in comparison to multivoltine with higher silk content, longer filament, higher neatness,
cleanness, low boil off loss ratio, higher tensile strength and less variation in evenness (Dandin
et al., 2003) ™. India is now on the threshold of further vitalizing the silk industry focusing
attention on to realize the dream of producing large quantity of bivoltine silk. Dandin et al.
(2006) @ emphasized the necessity of developing and popularizing the location specific
silkworm breeds/hybrids to suit to the varied agro-climatic conditions prevailing in India and
this could be accomplished by mobilization of genetic resources across the institutes and
through the combining ability studies of breeds evolved in different institutes.

The state of Jammu and Kashmir with diverse climatic conditions viz., sub-tropical in Jammu
plains, warm temperate in Jammu hills and temperate in Kashmir valley makes it ideally
suitable to rear bivoltine races for the production of quality bivoltine silk. From time to time,
various bivoltine silkworm hybrids evolved by the southern states of the country have been
recommended by ‘Central Silk Board’ for commercial exploitation (Rajalakshmi et al., 1998)
1231 and have been tried in J&K state also but the performance at state level has not yielded
much results. The required goal of increasing the bivoltine cocoon productivity in the quickest
possible time frame can be achieved through identification of heterotic season and region
specific bivoltine hybrids. The northern states of India, such as Jammu & Kashmir, Himachal
Pradesh, Uttra khand and some pockets of Punjab assumes special significance due to its
salubrious climate congenial for rearing of bivoltine silkworms and these states has observed
an increasing trend in cocoon production and has a high potential for bivoltine sericulture
activities (Datta et al., 2001) Bl The state produces quality bivoltine cocoons for the
production of silk yarn and has the potential to increase the raw silk provided locally
developed region and season specific hybrids are commercially exploited. Considering the
economic importance of silkworm rearing as an employment and income generating activity,
therefore, the present investigation was aimed to develop and evaluate indigenous silkworm
hybrids for springsea season that can results in better yield, adaptability and quality for

successful commercial exploitation of bivoltine crop.
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2. Methodology

The present investigation was conducted during spring 2018
at Division of Sericulture, Sher-e-Kashmir University of
Agricultural Sciences and Technology of Jammu with an
intention to develop, evaluate and identify new bivoltine
hybrid combinations suitable for rearing during spring season
in sub-tropical conditions of northern India. For this purpose,
six bivoltine silkworm breeds (ND,, ND3, NSP, U;, CSR; and
JD¢) evolved at Division of Sericulture, Sher-e-Kashmir
University of Agricultural Sciences and Technology of
Jammu were taken to prepare bivoltine hybrids by employing
full diallel method (Table 1) and studied along with ruling
bivoltine hybrid, CSR, x CSR4 in order to identify the
adaptable, high yielding bi x bivoltine silkworm hybrids.
These hybrids along with the control were reared in the
completely randomized block design (CRBD) with three
replications each. Standard rearing techniques as suggested by
Dandin et al. (2003) ™ were followed. Data was recorded
replication- wise for all the treatments viz., fecundity,
hatching percentage, brushing percentage, larval weight,
larval survival percentage, cocoon yield per 10,000 larvae (by
weight and by number), good cocoon percentage, pupation
percentage, single cocoon weight, single shell weight, shell
ratio, average filament length, non-breakable filament length
and filament size and the data was analyzed using multiple
trait index (Evaluation index) method. The Evaluation Index
method developed by Mano et al. (1993) 8 was found to be
very useful in selecting potential hybrids. Data on the
economically important traits was collected, pooled and
analyzed. The Evaluation Index (E.l.) was calculated as per
the procedure

E.I.:A—;Bxlo+50

Where, A = Value obtained for a particular trait of a particular
hybrid combination

B = Mean values of a particular trait of all the hybrid
combinations

C = Stand deviation of a particular trait of all the hybrid
combinations

10 = Standard Unit

50 = Fixed Value

The E.I. value fixed for the selection of hybrid is 50 or >50
for the traits. The hybrid which scored above the limit is
considered to possess greater economic value.

3. Results and Discussion

Selection, evaluation and synthesis of productive breeds is an
important component in the development of sericulture. The
main objective of any breeding programme is to develop new
breeds as well as to identify promising hybrids for
commercial exploitation with consistent performance with
desired environmental conditions (Hallauver, 1987) [,
Hybridization of silkworm hybrids with different genetic
constitutions can be made by crossing different breeds
depending upon the character that the breeders desire to
introduce for improvement of productivity (Mano et al., 1988)
(171, Malik et al. (2001 and 2002) ! and Ram et al. (2003) [?°]
suggested that the superiority and the potential of breeds and
hybrids among depends on the ranking and considering all the
major cocoon Yyield and silk contributing parameters. In
silkworm (Bombyx mori L.) even though the parental strains
are superior, they do not have much value if the same is not
refuted in the hybrids. The ultimate results in silk worm
breeding are judged by the Excellency of commercial traits

that appear in the hybrids (Reddy et al. 2012) 281, Therefore,
large number of hybrids are tested and promising ones are
selected based on the economic traits (Seshagri et al., 2009;
Kumar and Naik, 2011) [° i Evaluation of different
breed/hybrids is undoubtedly the most important method to
identify their superiority. This could be achieved precisely by
adopting a common index giving adequate weightage to all
the commercially important traits (Islam et al., 2005; Seidevi,
2010 and Reddy et al., 2012) [ 28],

In present study, an attempt has been made to evaluate
various bivoltine silkworm hybrids in order to identify their
superiority for commercial exploitation. The results show
high degree of variability by different hybrids with regard to
various economically important characters.

Fecundity is an important trait for variability of a commercial
grainage. Variation in fecundity was found in different breeds
and hybrids, which resulted in fluctuation of egg number per
brood. Among hybrids, maximum Evaluation Index value of
64.50 was recorded in hybrid combination ND3 x JDg and JDs
x NSP followed by ND; x JDg (64.22) whereas minimum E.I.
value was recorded for ND, x NDs (38.10). The control
hybrid recorded an E.l. value 53.38 (Table 2&3). Eleven
hybrids surpassed the E.l. value greater than control hybrid
CSR; x CSR4. According to Tazima (1957), fecundity mainly
depends upon genotype of mother moth and environmental
conditions at the time of oviposition. Higher fecundity
registered in F1 hybrids can be attributed to heterotic effect
prevailing in hybrids.

Hatching and brushing being two important seed parameters,
commercially show direct co-relation to number of worms
brushed and larval population reared that ultimately
contribute for cocoon yield. Out of thirty hybrids, E.l. value
was maximum in NSP x ND; (59.84) followed by ND, x
CSR; (59.04) (Table 2&3). Eighteen hybrids recorded an E.I.
value more than the check hybrid. High hatching percentage
observed in bivoltine breeds also reflects the high value for
number of eggs hatched, number of warms brushed and
brushing percentage which are important characters of quality
silkworm seed and breed. For brushing character, only six
hybrid combinations surpassed the E.l. value of 56.51
(control) for this character with ND3 % JDg (59.78) having the
maximum E.l. Among thirty hybrids, the average E.I. value
for three commercially important egg parameters ranged
between 35.46 (U; x NSP) to 60.82 (ND3; x JDg). Nineteen
hybrid combinations viz., NDs3 x JDg (60.82), NSP x
U1(58.86), ND, x JDs (58.68), ND, x NSP (58.45), ND3 x
ND; (56.84), ND; x Uy (56.49), JDg x NSP (54.72), ND3 x
CSR; (54.15), JDg x ND3 (54.04), ND3 x U; (53.86), JD6 x
U1(53.35), NSP x JDs (53.20), NSP x ND, (53.17), NSP x
NDj3 (52.92), NSP x CSR; (52.56), CSR, x U1(51.34), ND; x
CSR; (51.24), ND; x NSP(50.79) and CSR, x ND, (50.73)
scored E.I. value > 50 (Table 2&3).

Silkworms are voracious eaters of mulberry during its larval
stages and around 80 percent leaf is consumed in the last two
instars (Fukuda, 1960) I Highlighting the importance of
food intake, Horie et al. (1978) [ reported that for the
production of 1g larval dry weight, requirement of ingestion
and digestion of food is 4.2 mg and 1.8 mg respectively. The
intake of food during total larval life is also reflected by the
larval weight and is a cocoon and shell contributing
parameter. Among 30 hybrids, maximum E.I. value of 66.80
was achieved by NDs; x NSP and CSR2 x ND3 for weight of
10 mature larvae and a minimum value of 35.88 in hybrid
ND; x NSP, ND; x JDg and JDs x CSR; (Table 2 & 3). The
present study reveals that the bivoltine worms which
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consumed more mulberry leaves and attained robust growth at
larval stage resulted in the higher larval weight and ultimately
cocoon weight, shell weight and raw silk production. Present
finding is supported by Kumar et al. (2013) [ who found
similar results. Commercially larval survival constitutes an
important character for reader’s point of view that contributes
to produce a more number of cocoons for better crop
production. Hybrid ND, x ND3 scored maximum E.I. value of
64.25 for larval survival percentage followed by ND, x CSRy,
NSP x JDg (62.79) and minimum E.l. value of 31.96 was
recorded in U; x CSR,. The insignificant variation for larval
survival can be attributed to uniform rearing condition non-
occurrence of disease. Ohi et al. (1970) 2 worked out
multiple co-relations between yield components and found
larval survival directly co-related to number of cocoons
harvested. Among hybrids, the cumulative E.l. observation
made for weight of 10 mature larvae and larval survival
revealed that seventeen hybrid combinations viz. NDs x NSP
(63.32), ND, x CSR, (62.21), ND, x ND3 (57.79), ND3 x
CSR; and CSR; x ND; (57.07), ND3 x ND; (56.33), NSP x
NDs (55.96), ND3 x JDg (54.86), NSP x ND; (54.50), U; x
NSP (54.12), U1 x JDs (53.75), NSP x CSR; (53.39), CSR; x
NDs (53.05), CSRz x NSP (51.94), NSP x JDs (51.91), U; x
NDs (51.19) and ND; x U; (51.18) scored E.l. value > 50.
The control hybrid scored 42.74 only (Table 2&3).

Minagava and Otsuka (1975) [ have reported inter
relationship between multiple characters in silkworm.
Silkworm cocoon is important commercial and economic
product of rearing. Malik et al. (2006) [*®1 suggested that
cocoon yield/10,000 larvae by weight and by number, good
cocoon percentage, pupation percentage, single cocoon
weight, shell weight and shell ratio percentage are important
parameter for quality cocoon crop as well as potential hybrid.
In the present study, a great deal of variability was observed
in the expression of cocoon yield (by weight and by number).
Out of 30 hybrid combinations, ND, x NDj3 achieved highest
E.l. value of (68.20) while as the control hybrid CSR; x CSR,4
depicted E.I. value of (39.12). Cocoon yield by number is an
important parameter for contributing viability. Maximum E.I.
value for cocoon yield per 10,000 larvae (by number) was
recorded in hybrid ND, x NDj3 (63.20) while as hybrid JDg x
ND3 scored lowest E.I. value of 35.60 (Table 2&3). Eighteen
hybrids recorded greater E.l. value than check hybrid.
Saratchandra et al. (2002) reported mulberry varietal effect on
cocoon yield by weight and number.

For good cocoon percentage, maximum E.l. value of 66.13
was observed in hybrids ND, x ND3; and a minimum E.I.
value of 32.36 was observed in ND; x JDs. The control hybrid
recorded E.l. value of 37.76 (Table 2&3). For good cocoon,
sixteen hybrid combinations exhibited > 50 E.I. value than
control. Good cocoon and pupation percentage is a positive
sign for cocoon reeling performance as well as seed
production. These are generally influenced by rearing
environment and other abiotic factors. Pupation rate is one of
the important economic characters to determine the variability
of a breed/hybrid. The genetic and environment interaction
gets more reflected in this character. Among hybrids,
maximum E.I. value of 63.70 was recorded by ND, x ND3
followed by ND; x CSR, with E.I. value 62.10. Hybrid CSR;
x JDg recorded lowest E.l. value of 34.17 for pupation
character. The control hybrid had E.l. value of 38.16 for
pupation percentage (Table 2&3). Sixteen hybrids recorded
higher pupation E.I. in comparison to control. Major factors
among these include spacing, hygiene, seriposition material
and appropriate time for picking of mature larvae for

seriposition. The observations are in accordance with the
findings at Kato et al. (1989) [ and Gowda et al. (2013) €],
The cocoon weight, shell weight and shell ratio are important
commercial parameters of cocoon for yield and silk reeling
performance. The cocoon weight has a negative correlation
with shell ratio but positive correlation with shell weight
whereas, shell weight has positive correlation with shell ratio.
Seventeen hybrids including control recorded E.I. value > 50.
Maximum E.I. value of 64.46 was observed in ND3 x CSR;
followed by ND, x NSP with the E.I. value of (63.53)
whereas lowest E.l. value of (36.31) was observed in hybrid
ND, x CSR,. The control hybrid had E.I. value of 50.76 for
single cocoon weight (Table 2&3).

Shell weight has a positive co-relation with cocoon shell ratio.
It contributes to the silk content. Maximum E.l. value of
85.00 was displayed by the combination ND, x NSP followed
by ND; x JDg (77.00) whereas the control hybrid scored E.I.
value of 52.00. Similar trend with respect to shell weight was
observed by Magbool et al. (2008) 9. Shell ratio is an
important parameter of quality depicting actual silk content of
a cocoon. Hybrid NSP x ND; scored maximum E.I. value of
71.60 followed by ND; x CSR; with the value of 67.15
whereas the hybrid U; x NSP scored minimum E.I. value of
(32.93). The control hybrid remained at E.I. value of 49.44
(Table 2&3). Fifteen hybrids scored E.l. value greater than
50. The average cumulative E.l. values for the cocoon
parameters recorded for 30 silkworm hybrids ranged between
42. 07 to 59. 90. Fifteen hybrids viz., ND, x CSR; (59.90),
ND; x NSP (57.86), ND2 x ND3 (54.84), ND3 x NSP (54.39),
NSP x NDj3 (54.00), ND3 x ND> (53.59), NSP x ND; (53.07),
NSP x JD6 (53.03), NSP x CSR; (52.42), CSR; x ND;
(52.70), ND3 x JDs (52.22), ND3 x CSR; (51.30), CSR; x
ND; (51.09), JDs x ND, (50.43) andU; x JDs (50.01). The
control hybrid CSR, x CSR,4 remained at E.I. value of 48.78
only (Table 2&3).

Post cocoon characters have greater significance not only
from reeler’s point of view but also from industrial point of
view. Three post-cocoon parameter viz. total filament length,
non-breakable filament length and filament size mainly
contribute for silk, the end product. Maximum E.I. value for
total filament length was achieved in hybrid U; x JDg (66.47)
followed by NSP x U; (66.03) and minimum value was
recorded in hybrid U; x ND; (30.53). The control hybrid
recorded an E.l. value of 45.22 for total filament length
(Table 2&3). Out of thirty hybrids, sixteen hybrids recorded
E.l. value >50 than the check hybrid. Rajalakshmi et al.
(2000) 24 opines that the quality of a good hybrid is to have
minimum or no breaks during reeling. Fifteen hybrids
recorded >50 E.I. value than control for non-breakable
filament length (Table 2&3). Filament size denotes
thinness/thickness of the filament and an E.I. value of 69.16
in combination JDs x ND3 followed by CSR, x ND; (65.00)
and minimum in ND; x ND3 (30.00). The filament size of
control hybrid calculated was 58.33 (Table 2&3). Among
hybrids, the average cumulative E.I. value for post cocoon
parameters ranged from 34.07 to 63.74. Twelve hybrids
scored E.l. value > 50. These hybrids include Ui x JDs
(63.74), CSR, x ND; (61.91),U; x CSR; (61.70), NSP x
Uiand CSR; x U; (61.00), JD6 x NSP (59.19), NSP x CSR;
(57.65), NSP x NDj3 (56.30), ND, x CSR; (54.09), ND3 xJDs
(53.60), ND, x NSP (53.00), CSR, x NDj (52.80), and.
Control hybrid attained the E.l. value of (51.47) only (Table
5). The results are in accordance with the findings of
Dayananda et al. (2011) ™. Among hybrids, the overall
average E.l. value for fifteen quantitative and qualitative traits
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ranged between 39.77(CSR; % JDg) to 57.59 (ND, x NSP)
(Table 2) and from 43.80 (Uy x ND,) to 55.53 (NSP x ND3)
(Table 3). In case of genuine cross, ten hybrids surpassed E.I.
values >50. These include, ND; x NSP (57.59), ND, x CSR;
(55.46), ND3 x JDg (55.26), ND3 x NSP (55.13), NSP x CSR;
(54.83), NSP x U; (53.26), NSP x JDs (53.15) ND, x ND3
(51.78), U1 x JDs (52.37) and ND3 x CSR; (52.14) while in
reciprocal cross, six hybrids scored E.l. values of >50. The
hybrids are CSR, x ND; (55.61), NSP x ND3 (55.53), ND3 x

ND; (53.90), CSR; x U; (50.86), JDs x NSP (50.69) and NSP
x ND; (50.27) (Table 2 and 3).

On the basis of cumulative E.I. value of fifteen commercial
characters, ranking of hybrids was done and three hybrids viz.,
hybrids ND; x CSR,, ND3 x NSP and ND, x NSP scored E.I.
Value 55.53, 55.33 and 53.93 respectively are identified as
promising hybrids for further rearing trials at field level
(Table 4).

Table 1: Full Diallel crossing chart of six parental breeds

Breeds ND> ND3 NSP U1 CSR»> JDs
ND2 ND2 x ND2 ND2xND3 ND2 x NSP ND2 x Uy ND2 x CSR2 ND2 x JDs
ND3 ND3 x ND2 ND3 x ND3 ND3 x NSP ND3 x U1 ND3 x CSR2 ND3 x JDs
NSP NSP x ND2 NSP x ND3 NSP x NSP NSP x Uy NSP x CSR2 NSP x JDs

U U1 x ND2 Ui x ND3 U1 x NSP Ui x U Ui x CSR2 U1xJDs
CSR> CSR 2x ND2 CSR2 xND3 CSR2xNSP CSR2 x Uz CSR2 x CSR» CSR2 x JDe
JDe JDs x ND2 JDs x ND3 JDs x NSP JDs x U1 JDs x CSR> JDs % JDs

Control: CSR2 x CSR4 Dialled formula = n (n-1); where n = no. of parents = 6(6-1) = 6(5) = 30

Table 2: Evaluation Index values of bivoltine silkworm hybrids for commercial traits (Genuine cross)

ND, | ND2z [ NDz [ NDz [ NDz [ NDs [ NDs [ oy | ND3 [ NSP [NSP [NSP [ Ui [ [CSR:[CSR:
Parameters X ND X X X X X X CSR X X X X X JD X X
3 NSP | U |CSR.| JD6 | NSP | Us 2| JDs | U1 |CSR2| JDs |CSR2| *7° | JDs |CSR4"
Fecundity 38.10 | 61.44 | 56.99 | 45.88 | 64.22 | 48.94 | 45.33 | 49.50 | 64.50 | 63.94 | 41.71 | 45.05 | 56.16 | 44.21 | 44.77 | 53.38
Hatching 55.02 | 57.61 | 53.68 | 59.04 | 55.23 | 55.55 | 57.41 | 57.50 | 58.18 | 59.75 | 57.77 | 55.76 | 29.17 | 41.18 | 46.28 | 50.54
Brushing 47.66 | 56.30 | 58.80 | 48.82 | 56.61 | 47.90 | 58.84 | 55.46 | 59.78 | 52.91 | 58.22 | 58.80 | 39.27 | 48.60 | 28.28 | 56.61
Wt Ofa%\?ar:at“re 51.34 | 35.88 | 41.04 | 61.64 | 35.88 | 66.80 | 46.19 | 61.64 |51.34 | 51.34 | 51.34 | 41.04 | 46.19 | 46.19 | 41.04 | 46.19
Larval Survival | 64.25 | 58.38 | 61.32 | 62.79 | 36.36 | 59.85 | 49.58 | 52.51 | 58.38 | 48.11 | 55.44 | 62.79 | 31.96 | 61.32 | 33.43 | 39.30
Cocoon 3{ 68.20 | 62.75 | 47.61 | 57.00 | 33.37 | 54.57 | 43.07 | 54.88 | 60.02 | 55.79 | 61.24 | 57.60 | 45.80 | 35.19 | 39.12 | 29.43
yield/10,000 P
larvae Eg 63.20 | 58.26 | 59.91 | 61.56 | 36.01 | 59.49 | 48.37 | 51.67 | 57.85 | 47.56 | 54.97 | 61.15 | 34.36 | 60.73 | 39.72 | 36.01
Good cocoon | 66.13 | 58.02 | 59.37 | 63.43 | 32.36 | 62.08 | 49.92 | 51.26 | 58.02 | 45.87 | 55.32 | 64.78 | 35.06 | 59.37 | 36.41 | 37.76
Pupation 63.70 | 58.51 | 59.31 | 62.10 | 36.16 | 60.10 | 49.33 | 51.32 | 58.11 | 47.35 | 55.31 | 61.71 | 35.37 | 60.91 | 34.17 | 38.16
S'”%\',eei‘;‘;]‘;oo” 44.00 | 63.53 | 36.77 | 36.31 | 56.92 | 54.30 | 38.70 | 64.46 | 49.39 | 54.30 | 47.54 | 47.62 | 58.76 | 51.38 | 40.54 | 50.76
Single shell weight | 53.00 | 85.00 | 10.00 | 44.00 | 77.00 | 63.00 | 35.00 | 57.00 | 45.00 | 47.00 | 55.00 | 47.00 | 54.00 | 42.00 | 38.00 | 52.00
Shell ratio 59.90 | 49.25 | 46.23 | 67.16 | 53.96 | 50.28 | 57.92 | 34.53 | 47.65 | 42.08 | 55.66 | 51.22 | 39.91 | 43.31 | 56.79 | 49.44
TOU’}L:;‘;]"EM 30.80 | 53.54 | 38.86 | 50.47 | 53.54 | 43.03 | 39.96 | 55.07 | 48.07 | 66.03 | 62.97 | 50.25 | 64.28 | 66.47 | 43.47 | 45.22
f'\lllgrrl]s;ﬁ'gﬁg:ﬁ 41.4356.32 | 46.73 | 54.31 | 35.41 | 49.45 | 47.44 | 36.27 | 52.74 | 64.49 | 62.48 | 54.17 | 63.34 | 64.77 | 49.74 | 50.87
Filamentsize | 30.00 | 49.16 | 56.66 | 57.50 | 59.16 | 51.66 | 45.83 | 49.16 | 60.00 | 52.50 | 47.50 | 38.33 | 57.50 | 60.00 | 38.33 | 58.33
Total 776.73|863.95|733.28(832.01|722.19]827.00712.89| 782.23 |829.03|799.02822.47|797.27691.13(785.63|596.69|707.40
AV.E.l 51.78 | 57.59 | 48.88 | 55.46 | 48.14 | 55.13 | 47.52 | 52.14 | 55.26 | 53.26 | 54.83 | 53.15 | 46.07 | 52.37 | 39.77 | 47.16
*Control
Table 3: Evaluation Index values of bivoltine silkworm hybrids for commercial traits (Reciprocal cross)
Darametere N>|(33 NSP x| NSP x| Uy L)J(l L)J(l CSXRZ CiRz CSXRZ CiRz J)[()e JEB JEB J)l?e J)l?e CSR; %
ND, | NP2 | NDs [xND2 | Nsp | ND, | NDs | NSP | Us | ND. | NDs | NSP | U | csRr. | SR
Fecundity | 57.27 | 58.38 | 50.88 | 40.04 | 48.94 | 38.65 | 48.94 | 41.98 | 42.55 | 49.22 | 54.21 | 52.82 | 64.50 | 56.16 | 49.22 | 53.38
Hatching 56.98 | 49.24 | 59.84 | 41.76 | 30.00 | 33.08 | 51.27 | 50.50 | 43.03 | 52.58 | 39.97 | 55.75 | 54.56 | 49.65 | 44.88 | 50.54
Brushing 56.29 | 51.89 | 48.04 | 42.73 | 37.49 | 34.65 | 52.00 | 48.27 | 40.19 | 52.22 | 43.80 | 53.55 | 45.12 | 54.85 | 48.94 | 56.61
Wt. OT;Sa':at“re 51.34 | 56.49 | 56.49 | 51.34 | 51.34 | 51.34 | 61.64 | 66.80 | 61.64 | 41.04 | 46.19 | 51.34 | 51.34 | 41.04 | 35.88 | 46.19
Larval Survival | 61.32 | 52.51 | 55.44 | 39.30 | 51.04 | 56.91 | 52.51 | 39.30 | 42.24 | 42.24 | 42.24 | 33.43 | 40.77 | 52.51 | 49.58 | 39.30
Cocoon f\%’ 53.36 | 49.43 | 54.27 | 50.33 | 53.36 | 53.06 | 64.27 | 50.02 | 57.00 | 50.33 | 58.20 | 28.52 | 42.16 | 38.82 | 41.25 | 39.12
yield/10,000 o=
larvae r'?g’ 59.91 | 51.67 | 55.78 | 40.55 | 51.67 | 56.20 | 53.31 | 40.14 | 43.43 | 44.26 | 44.66 | 35.60 | 41.38 | 51.67 | 50.02 | 39.72
Good cocoon | 60.72 | 48.57 | 56.67 | 41.82 | 53.97 | 55.32 | 53.97 | 39.11 | 40.46 | 43.17 | 43.17 | 35.06 | 41.82 | 52.62 | 48.57 | 37.76
Pupation 59.71 | 47.35 | 56.51 | 40.95 | 52.52 | 56.51 | 52.13 | 40.16 | 43.35 | 44.95 | 45.35 | 36.96 | 42.56 | 52.13 | 49.74 | 38.16
S'”%\',iicg%‘;oon 40.62 | 38.54 | 48.39 | 55.38 | 55.23 | 53.30 | 54.76 | 53.38 | 60.00 | 47.00 | 57.69 | 44.00 | 54.15 | 50.84 | 37.24 | 50.76
Single shell weight| 54.00 | 58.00 | 63.00 | 46.00 | 52.00 | 27.00 | 57.00 | 64.00 | 47.00 | 56.00 | 58.00 | 48.00 | 57.00 | 31.00 | 29.00 | 52.00
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Shell ratio 65.84 | 71.60 | 58.77 | 40.10 | 43.40 | 32.93 | 46.61

52.07 | 33.68 | 56.98 | 43.31 | 57.07 | 47.46 | 38.12 | 56.79 | 49.44

TOIG}L:;TEM 45.87 | 32.73 | 59.02 | 30.53 | 52.66 | 55.29 | 60.12

47.63 | 42.15| 60.99 | 46.97 | 47.63 | 62.75 | 39.74 | 53.98 | 45.22

Non-breakable | 3 55| 415 71 | 59.90 | 41.28 | 55.75 | 36.41 | 60.62
filament length

52.45 | 48.88 | 61.19 | 52.02 | 32.25| 62.34 | 47.30 | 35.69 | 50.87

Filament size 54.16 | 45.00 | 50.00 | 55.00 | 22.50 | 35.00 | 65.00

58.33 | 46.66 | 60.83 | 45.00 | 69.16 | 52.50 | 40.83 | 60.00 | 58.33

Total 808.64|754.11| 833.00 |657.11|711.87|675.65|834.15

744.141692.26(763.00|720.87|681.14|760.41|697.28/690.78| 707.40

Average E.I. 53.90 | 50.27 | 55.53 | 43.80 | 47.45 | 45.04 | 55.61

49.60 | 46.15 | 50.86 | 48.05 | 45.40 | 50.69 | 46.48 | 46.05 | 47.16

*Control

Table 4: Ranking of hybrids as per E.I. values.

Hybrids Genuine cross (A) | Reciprocal cross (B) E.l. Value (A+B/2) RANKING
ND; x CSR2 55.46 55.61 111.07/2=55.53 01
NDs x NSP 55.13 55.53 110.66/2=55.33 02
ND2 x NSP 57.59 50.27 107.86/2 =53.93 03
ND2 x ND3 51.78 53.90 105.68/2=52.84 04
NSP x JDg 53.15 50.69 103.84/2=51.92 05
ND3 x CSR2 52.14 49.60 101.74/2 =51.28 06

ND3 xJDs 55.26 45.40 99.92/2 = 50.87 07
NSP x CSR2 54.83 46.15 100.98/2 =50.49 08

Cumulative E.I. score for control CSR2 x CSR4 = 47.16

4. Conclusion

Thus based on the investigation, it can be concluded that
hybrid, ND; x CSR; (55.53), ND3 x NSP (55.33), ND, x NSP
(53.93), ND2 x ND3 (52.84), NSP x JDs (51.92), ND3 x CSR;
(51.28), ND3 xJDs (50.87) and NSP x CSR; (50.49) surpassed
the E.l. bench mark value >50. Hence, based on the
Evaluation Index values for qualitative and quantitative three
hybrids viz. hybrids ND; x CSR,, ND3 x NSP and ND; x NSP
scored E.l. Value 55.53, 55.33 and 53.93 and were identified
as potential hybrids both by evaluation and ranking through
E.l. values respectively. These hybrids can be commercially
exploited for sub-tropics for spring season after multi
locational trials.
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