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ABSTRACT

The silkworm, Bombyx mori is a domesticated insegsitive to temperature challenges. In India, hgyghperature
prevails during summer season. Rearing silkwormsuah temperature leads to poor silk productivideveloping
a silkworm breed tolerant to high temperature i€ timost effective measure to perpetuate silk prodtyct
Choosing the right segregating population in whiohinitiate selection and successive crosses isajrtbe most
important steps for development of new breedshis $tudy, two multivoltine (Nistari and Cambodge)d a
bivoltine (CSR2) breed, thein$; F;s and backcross populations without reciprocal seswere reared at 25 and
36°C. Data on commercially important rearing traitgere collected. The rearing traits were signifitgn(P <
0.05) decreased in the breeds, hybridgs &Bnd backcross populations at 36°C. Backcross latipns performed
better than the }5 at 36°C. Higher cocoon shell percent was alsmréed with backcross populations with CSR2
as a female component. Similarly, the backcrossuladipns with Nistari or Cambodge as a female congm
showed higher survival. At 36°C, CSR2 x (NistalC®R2) was the better performer in terms of silkdyand
quality, whereas, Nistari x (Nistari x CSR2) wasrenstable with least percentage reduction over anh larval
weight, cocoon vyield / 10,000 larvae by number amdght and cocoon weight, and second lowest peagent
reduction in cocoon shell weight and cocoon shelicpnt. The information generated by this study ldvdae
valuable in selecting the cross to initiate breegiar increasing silk productivity at high tempareg conditions.
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INTRODUCTION

The silkworm is a poikilothermic insect whose grbveind development is affected by high temperatarglition.
Silkworm breeds are mainly categorised into uni-aimd multivoltine. Multivoltine breeds are haitaf tropical
regions and are hardy to high temperature, whiddyces low quality and quantity of silk. Bivoltileeeds are
habitant of temperate regions and are prone to tagiperature, which produces high quality and qtyaof silk
[1]. During the summer season, sericulturists opigal rural areas like India face unfavourableiemmental
conditions that directly affect the silk productiddf them, the main culprit in constraining silkwoigrowth and
silk productivity is high temperature. A negativ@ationship is found between high temperature dtdyseld.
Rearing thermotolerant silkworm breeds is one efeffective methods to increase silk productivitysummers.
Attempts of silkworm breeders to develop a therrewtmt breed that can be employed in the fieldsewest
successful [2], [3], [4], [5] because thermotolerarrait in silkworm is controlled by genetic anadvieonmental
factors and therefore it is difficult to developh&rmotolerant breed [3].

Selection is important for successful breedingt@sun change the gene frequencies within the ptpalaAnother
important criterion for successful breeding is cing right segregating population,(&d backcross). The chosen
segregating population should have an acceptabie var the targeted trait and adequate geneti@biity to
permit effective selection. The performance of #egregating population forms a base and providasabke
information for selecting the optimum type of sugsige cross in the process of breed development [6]
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Most of the studies report on the screening of peswolved silkworm breeds for thermotolerance aedring
performances of the hybriddgz, bi x bi and multi x bi [7], [8], [9], double hylus [3] at high temperature.
Furthermore, the influence of different environnamonditions on commercially important reeling graeters like
filament length, denier, renditta and raw silk getcin judging the quality of silk has been repdrf#0], [11]. The
aim of this study is to determine the better segtiag population to initiate breeding for thermetance in
silkworms by assessing the rearing traits gf &1d backcross populations without reciprocalseesat 25°C and
36°C.

MATERIALS AND METHODS

Silkworm rearing and segregating populations

Two multivoltine breeds, namely Nistari and Cambmdgnd one bivoltine breed, namely CSR2 were saleas
parents to raise the segregating populations. €Efemnances of Nistari, Cambodge and CSR2 brekds, ks, s
and backcross populations without reciprocal croggere analysed at 25 and 36°C.

Silkworm larvae reared from hatching to till spingiat 25°C were considered as control. Treatecdéawere reared
at 25°C from hatching to"3day of " instar, which were shifted to a Sericatron chanfaeunit for maintaining
uniform temperature and humidity) for treatmenB&tC for 6 hours every day till spinning. Duringariag, the
silkworms were fed with sufficient mulberry leavaad the rearing trays were cleaned from time tcetifihe
ripened larvae were allowed to spin cocoons ontiplasountages. The experiment was performed in icafe.
Healthy cocoons were harvested and maintainedditision of moths. Male moths of CSR2 breed wertedhaith
the females of Nistari and Cambodge separatelys Tihe developed,Fhybrids were selfed to raise populations
and males of Fhybrids were crossed to females of either parepately to develop backcross populations.
Disease free eggs so developed were reared andreoegere harvested as aforesaid. The control aatkett larvae
of F, and backcross populations were also maintaineduplicates. Data on economically important rearing
parameters of control and treated silkworm larvaesvestimated as follows

Larval weight (g): It is the total weight of 10 Vae on final day of fifth instar.

Cocoon yield / 10,000 larvae by number: It is thiaftweight of live cocoons expressed in kilogramunit number
of larvae retained aftef@moult.

Actual no. of cocoons obtained

X 10000
Unit number of larvae retained aftérd moult (250)

Cocoon yield / 10,000 larvae by weight (kg): Ithe weight of cocoons with live pupae recoveredafuhe weight
of larvae retained after®amoult.

No. of good cocoons + (No. of double cocoons x 2)

1Q000
Larvae retained aftef®moult — Uzi infested coccons

Cocoon weight (g): The average weight of 10 malé &0 female cocoons taken randomly dhas 7" day after
onset of spinning.

Weight of 10 male (g) cocoon + WeighfLO female cocoon (g)
20

Cocoon shell weight (g): The average weight of 18lemand 10 female cocoon shells of same cocoorentak
randomly.

Weight of 10 male (g) cocoon shells + Weight offéfale cocoon shells (g)
20

Cocoon shell percent (%): It is the average rafid®cocoon shells each of male and female to dted tocoon
weight.
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Cocoon shell weight
X 100

Cocoon weight

Statistical analysis

The data on 6 rearing parametgiz, larval weight (g), cocoon yield / 10,000 larvag number, cocoon yield /
10,000 larvae by weight (kg), cocoon weight (g)camn shell weight (g) and cocoon shell percent ®é)e
collected by standard procedure. Significant differes between the means of the control and tréateae were
analysed by applying independent t test (two-sarfdst). Percentage change over control in thengé#raits was
calculated as follows [1].

Treated — Control
Percentage cjean X 100
Control

RESULTS

Morphological variations

Morphological traits of the breeds, theifsFand segregating populations were varying. Setjeggpattern of the
larval marking and cocoon colour were studied inaRd backcross populations. Nistari and Cambodge ar
multivoltines with slender body, which spun spindleped yellow cocoons and CSR2 is a bivoltineattarized

by bulky body, which spun oval shaped white cocodi¥istari is marked whereas Cambodge and CSR2laie p
larvae. All the larvae of Fhybrid were marked and spun yellow coloured cosodmval marking pattern and
cocoon colour followed phenotypic segregation ratfa3:1 in B populations and 1:1 in backcross populations
suggesting that they are inherited in a monogeashibn.

Performances of breeds at 36°C

Significant variations were found in 6 rearing tsabetween control and treated larvae of breedbrids and
segregating populations. Data collected on larveigitt, cocoon yield / 10,000 larvae by number aredgint,
cocoon weight, cocoon shell weight and cocoon gieitent of breeds, lhybrids, Bs and backcross populations at
25 and 36°C are presented in Table 1and 2. Amdigsds, higher larval weight was recorded with C&R279 g)
followed by Cambodge (23.56 g) and Nistari (20.8nh an average of 27.38 g. Highest cocoon yield,000
larvae by number was observed in Nistari (83%)ofed by Cambodge (79.39%) and CSR2 (31.5%) with an
average of 64.63%. Highest cocoon yield / 10,00k by weight was noted in Cambodge (8.664 kdyvad by
Nistari (6.8 kg) and CSR2 (6.416 kg) with an averaf 7.29 kg. Maximum cocoon weight (1.501 g), khaight
(0.28 g) and shell percent (18.64%) were recordid @SR2, minimum cocoon weight (0.535 g), shelighé
(0.128 g) and shell percent (13.39%) were recowdéd Nistari. The average cocoon weight, shell vaeignd shell
percent were 1.018 g, 0.182 g and 15.23%, respdg{iVable 1and 2).

Table 1: Rearing performances of breeds, hybrids, 5 and backcross populations at 25 and 36°C

Cocoon yield / 10000

. Larval wt. Cocoon yield / 10000
Breed/hybrid ) larvae by number Iarva(ig)y wit.

25°C 36°C 25°C 36°C 25°C 36°C
CSR2 41.6% 37.79% 9313 31500 17.6200  6.410
Nistari 2325 208 95.60"  83.00*  11.360 6.800
Cambodge 265 2357  93.40 79.40° 11.641 8.664
Nistari x CSR2-F 46.40° 37.35° 93.14° 87.76* 16.593° 14.813*“
Cambodge x CSR2;F 4460 3442 9345 83,00 15.153 13.486"
Nistari x CSR2-F 31.80  27.93 92.23 64.04° 9.484%  7.253%
Cambodge x CSR2 ;F 3132 26.26 81.27 75.15 8.918"  8.433*“
Nistari x (Nistari x CSR2) 3484 3086 91.70* 86.00% 11.750* 11.309*
Cambodge x (Cambodge x CSR2)  29.36 25.41  91.20%  83.51% 10.660* 10.222*
CSR2 x (Nistari x CSR2) 3758 3270 9053 8255  10.785 9.359
CSR2 x (Cambodge x CSR2) 3771 3125 90.35% 8225  10.326 8.705

*  Significant difference at P < 0.05
** Significant difference at P < 0.01
NSNo significant difference

Performances of i hybrids at 36°C

Among hybrids, Nistari x CSR2 showed highest lamvaight (37.35 g), cocoon yield / 10,000 larvaenoynber
(87.79%) and weight (14.81 kg), cocoon weight (5.49, cocoon shell weight (0.274 g) and cocoonl giecent
(18.32%). Average larval weight, cocoon yield /00 larvae by number and weight, cocoon weightponcshell
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weight and cocoon shell percent for hybrids were8883, 85.38%, 14.15 kg, 1.418 g, 0.258 g and 28,24
respectively (Table 1and 2).

Table 2: Cocoon trait performances of breeds, hybds, ks and backcross populations at 25 and 36°C

Breed/hybrid Cocoon wt. (g) Cocoon shell wt. (g)  Gmon shell percent (%)
25°C 36°C 25°C 36°C 25°C 36°C

CSR2 1.793 1502 0.403 0.280° 22.48 18.65
Nistari 1.20%¢ 0.538< 0.168° 0.128° 13.70° 13.39¢
Cambodge 1.2  1.019° 0.173 0.139 14.23% 13.68*
Nistari x CSR2-E 1.610* 1.498° 0.319° 0.274° 19.82¢ 18.33¢
Cambodge x CSR2:F 1551  1.342° 0.297 0.244 19.12¢ 18.18°
Nistari x CSR2-F 1.224* 1201 0.215 0.200 17.57 16.66
Cambodge x CSR2 ;F 1.148° 1.130° 0.198° 0.179° 17.07 15.28
Nistari x (Nistari x CSR2) 1306 1.282° 0241 0.224° 18.50°¢ 17.44%
Cambodge x (Cambodge x CSR2) 1460 1.346  0.249°  0.214°  17.08% 15.87%
CSR2 x (Nistari x CSR2) 1.7¥3 1548 0.342° 0.287 19.97 18.24
CSR2 x (Cambodge x CSR2) 1.483 1.333¢ 0.281 0.237 19.64" 17.78°

*  Significant difference at P < 0.05
** Significant difference at P < 0.01
NSNo significant difference

Performances of ks and backcross populationat 36°C

The larval weight was ranging between 25.41 g famBodge x (Cambodge x CSR2) and 32.695 g for CSR2 x
(Nistari x CSR2) with an average of 29.06 g. Higheocoon yield / 10,000 larvae by number (86%) ariyht
(11.309 kg) were recorded in Nistari x (Nistari 6R2) and lowest cocoon yield / 10,000 larvae by lmem
(64.04%) and weight (7.253 kg) were recorded intdMisx CSR2-E. Backcross population CSR2 x (Nistari x
CSR2) showed highest cocoon weight (1.546 g), cochell weight (0.282 g), cocoon shell percentZ4%6) and
Cambodge x CSR2 ,Bhowed lowest cocoon weight (1.13 g), cocoon sheight (0.179 g) and cocoon shell
percent (15.28%) with an average of 1.306 g, 0ga8d 16.87%, respectively (Table 1and 2).

Table 3: Percentage reduction in rearing traits obreeds, hybrids, s and backcross populations in treated larvae overontrol

Breed / hvbrid Larval Cocoon yield / 10,000 Cocoon yield / 10,000 Cocoon Cocoon Cocoon shell
Y wt. (9) larvae by number larvae by wt. (kg) wt. (9) shell wt. (g) percent (%)

CSR2 -9.20 -66.17 -63.59 -16.23 -30.52 -17.06

Nistari -10.56 -13.18 -40.14 -55.62 -22.42 -2.25

Cambodge -11.11 -14.99 -25.57 -16.21 -19.65 -4.10

Nistari x CSR2-Ir -19.51 -5.78 -10.73 -7.11 -14.11 -7.54

Elamb"dge XCSR2- 5783 11.18 -11.00 13,51 -17.88 5.07

Nistari x CSR2-F -12.19 -30.57 -23.52 -1.92 -6.98 -5.16

cambodge x CSR2 - 16,17 7.47 5.44 153 8.21 -10.52

2

Nistari x (Nistari x

CSR?2) -11.43 -6.22 -3.75 -1.42 -7.07 -5.76

Cambodge x

(Cambodge x CSR2) -13.46 -9.81 -4.10 -7.84 -14.26 -6.95

CSR2 x (Nistari x

CSR2) -12.82 -8.82 -13.22 -9.72 -17.54 -8.67

CSR2 x (Cambodge } ) R ) )

x CSR?) 17.14 7.58 15.70 7.03 15.98 9.61

Percentage change in treated larvae over control dfreeds

The negative sign in the percent change in trlatede indicates a reduction over control and tiee/ near to zero
suggests a better performance of the breed / hyDfithe breeds, the highest reduction in larvalgiewas found
in Cambodge (-11.11%) followed by Nistari (-10.56%#)d CSR2 (-9.2%). Highest reduction in cocoondyiel
10,000 larvae by number was demonstrated in CS&21(%) followed by Cambodge (-14.99%) and Nisari
13.18%). Highest reduction in cocoon yield / 10,0@@ae by weight was found in CSR2 (-63.59%) fokad by
Nistari (-40.14%) and Cambodge (-25.57%). Highest lawest reduction in cocoon weight was found ist&fi (-
55.65%) and Cambodge (-16.21%), respectively. CS&R2ved highest reduction in cocoon shell weighd.63%)
and cocoon shell percent (-17.06%). Lowest redastia cocoon shell weight and cocoon shell peroént9.65%
and -2.25% were found in Cambodge and Nistari,aetbgely (Table 3).
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Percentage change in treated larvae over control ¢f; hybrids

Treated larvae of Nistari x CSR2 hybrid showed Istweduction over control in larval weight (-19.51%ocoon
yield / 10,000 larvae by number (-5.78%) and wei{gh®.73%), cocoon weight (-7.11%) and cocoon shelbht (-
14.11%). Lowest reduction in cocoon shell percenO{ %) was found in Cambodge x CSR2 hybrid (T&ble

Percentage change in treated larvae over control ¢f, and backcross populations

Lowest reductions of -11.43%, -6.22%, -3.75% and2% were observed in larval weight, cocoon yield/000
larvae by number and cocoon vyield / 10,000 larwaevbight and cocoon weight of Nistari x (NistariCSR2),
respectively. Highest reduction in larval weightlamocoon weight was observed in CSR2 x (Cambodg8R2) (-
17.17%) and CSR2 x (Nistari x CSR2) (-9.72%), refigely. Highest reduction in cocoon yield / 10,0@évae by
number (-30.57%) and weight (-23.52%) was fountlistari x CSR2-k. Highest and lowest reduction in cocoon
shell weight was found in CSR2 x (Nistari x CSR2)7(54%) and Nistari x CSR2,K-6.98%). In cocoon shell
percent, highest (-10.52%) and lowest (-5.16%) cédas were found in Cambodge x CSR2 dnd Nistari x
CSR2-k, respectively (Table 3).

DISCUSSION

Sericulture in India is predominantly practisedhit tropical regions; rearing of silkworms undeclsuonditions
will adversely affect rearing traits. Thereforegtlsuccess and spread of silkworm rearing is mosbgirly
dependent on,Fhybrids developed by crossing females of nativétinaltine with males of exotic bivoltine breeds
as they are likely to be more tolerant to high terafure than either of the parent. Rearing of tHedwids is
disadvantageous has they spun inferior quality cns¢2]. Moreover, preparation of layings of crbsseds in each
rearing involves an additional cost of rearing bite parents for hybrid preparation, labour andeetge. Hence,
development of new silkworm breeds tolerant to hignperature like multivoltine and productive liBoltine is
of vital importance. In order to do so it is impaTt to assess the rearing traits in populatiors, @ind backcross at
high temperature conditions to initiate and selleetbreeding process.

On thermal treatment, all the quantitative traitsitkworms showed a decline in all the tested pafons. This
result is in accordant with [8]. Insects reactdmperature challenges by altering their variousbetural activities,
physiological responses and biochemical mechanisvhgh requires an additional energy to accomptisse
activities [12]. One such important mechanism téfdruthe stress comprises the expression of heatksproteins
(HSPs) as an immediate response enhancing suruivéér heat stress [13]. Therefore, under unconifteta
temperatures the insect will be deprived of enesgyrces to perform normal biological functioningtbé cells.
Furthermore, heat stress affects biologically ingear molecules like DNA, RNA, lipids and halts tmechanism of
normal protein synthesis and even causes unfoldiirthe typical folded functional cellular proteinsaking them
non-functional [14], [15]. These all tend to incseahe vulnerability to other biological processesulting in the
decline in the performance of the silkworm.

Decline in the rearing traits like larval weighgooon weight, cocoon shell weight, cocoon yiel® /000 larvae by
number and weight of the breeds / hybrids at 3636 wbserved. This is probably due to the low fegedictivity of
the silkworm during high temperature as a fact thatease in temperature reduces the moisture bimntéehe leaf
through evaporation thereby drying the leaf soonaking difficult to feed by silkworms [16]. The miag traits like
larval weight (32.69 g), cocoon weight (1.546 g)c@on shell weight (0.282 g) and cocoon shell per¢E8.24%)
were highest in CSR2 x (Nistari x CSR2) indicatbwajter silk yield. Therefore, CSR2 x (Nistari x CHRs a better
performer in terms of silk yield at 36°C. But, amiethe target of the silkworm breeders is to ditket farmer with a
breed that performs with less variations at diffitrenvironments. In this study the percentage changreated
larvae over control of different breeds, hybridg aegregating populations was determined. Thetrigglitates that
the backcross population Nistari x (Nistari x CSRR@¥sessed less variations or least percentageti@uover their
control in larval weight (-11.43%), cocoon yieldl®,000 larvae by number (-6.22%) and weight (-3.y%¥td
cocoon weight (-1.45%), and second lowest percentaduction in all other studied trait., cocoon shell weight
(-7.07%) and cocoon shell percent (-5.76%). Theesfmackcross population Nistari x (Nistari x CSR2n be
suggested as more stable than others.

Cocoon shell percent is considered to be most itapbrearing trait to gauge silk productivity. Geally, among
segregating populations, backcross populationsopegd better than ;5 with regard to cocoon shell percent.
Highest cocoon shell percent was recorded with ¢trasls populations developed by using CSR2 as female
component indicating the efficiency of the breeadamversion of leaf to silk compared to the femai&slistari or
Cambodge. Similarly, the backcross populations ldgesl by using Nistari or Cambodge as female corepbn
showed higher survival (cocoon yield / 10,000 larvay number) compared with the backcross population
developed by using CSR2 as females. One of th@meas also that the characters like cocoon shetignt and
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thermotolerance (cocoon yield / 10,000 larvae byniber) are highly heritable [17], [18], [19]. Moreay
thermotolerance trait in silkworm is believed to mmaternally inherited [9] and hence the backcragsufations
developed with thermotolerant multivoltines (Nistand Cambodge) as females are more tolerant thakchoss
populations developed with the bivoltine (CSR2jaamnales.

CONCLUSION

In conclusion, backcross populations performedebdtian the §5 but Nistari x CSR2-Fwas stable in terms of
cocoon shell weight (-6.98%) and cocoon shell par¢es.16) with less reduction in treated larvaerogontrol.
Therefore, current study neither corroborates nisprdves that inter-mating results in poor perfano@ Overall,
Nistari and CSR2 combinations were proven to belgmaformers at 36°C. Nistari is an indigeneoustradapted
to tropical conditions and CSR2 is a productiveedreof Japanese origin and most of the traits studie
guantitative and genetically inherited. Therefotke generation backcrossed with CSR2 performed wwell
productive traits and the generation backcrossed Mistari performed well in survivability. Thisugty enhances
the knowledge on selecting the segregating pojpulsatin high temperature breeding of silkworm.
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