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Abstract. The aim of this paper was to study the influence of the degree of heterosis (compared to higher parent value- HP and mean parental values- MP) on 
the signs, survival and duration of development in F  hybrids of Bombyx mori L. from different geographical origin, fed by artificial diet. The study was conducted 1

at the Training Experimental Station of the Sericulture section of the Faculty of Agriculture at Trakia University. A total of 10 hybrids were tested featuring 6 
breeds from the genetic bank of Sericulture and Agriculture Experiment Station (SAES)-Vratsa. Silkworms were reared with artificial diet containing 15% 
powder of dried mulberry leaf produced at SAES-Vratsa and prepared by methods, developed by the manufacturer, whereby 250g of dry substance and 675ml 
of distilled water are homogenized using a mixer. The mixture is cured thermally in a microwave for 10min. at ~800W. The receptivity of specimens was 

-stdetermined based on the results from the survival and the duration in the I  age of the larval stage. In heterogeneous crossbreds higher survival rate in the first 
age is exhibited by hybrids in which a Japanese type breed was used as dam. Homogeneous crossbreds created with the participation of Japanese breeds 
excel in both analyzed traits those involving a Chinese type. For the survival trait heterosis manifestations to higher parent value (HP) and mean parental 
values (MP), were detected in the majority of hybrids (90.91%). Regarding the duration of development, heterosis effect to MP was observed in all F  hybrids, 1

while to HP heterosis is exhibited by 60% of the tested F  hybrids.1
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Introduction

The introduction of technologies for the use of artificial diet in 
Impactsericulture practice, the increase of efficiency of their 

implementation, testing breeds and creating highly productive 
hybrids suitable for rearing with artificial diets expands the range of 

and Kumardistribution and the opportunities for rearing and experimenting with 
Bombyx mori L. in laboratory conditions (Ito and Kobayashi, 1978; 
Horie, 1981). 

One of the limiting factors for growing artificial foods is the 
strong dependence of sericulture on the narrow food specialization 
of the mulberry silkworm. In order to adapt silkworms to switch from 
their natural food source (mulberry leaf) to the artificial diet and 
stabilizing yields it is necessary to create specialized hybrids with 
high degree of receptivity and productivity comparable to rearing et al. 
with mulberry leaf. According to Horie (1981) and Nair et al. (2004), 
not all breeds and hybrids are suitable for growing on artificial diet, 
which necessitates the creation of tailor-made mixes for them, on the forms in Bombyx mori L. have 
one hand, and testing and creating appropriate breeds for rearing on been intensified to such an extent that the entire production of 
artificial diet, on the other hand. Hybridization is one of the main industrial cocoons in the developed sericulture countries is based on 
methods for improving the productivity of silk butterflies. In this hybrids (Petkov, 1995). Industrial crossing between two or more 
regard, the use of the F  hybrids is a major component in the 1 lines with different geographical and genetic origin is one of the most 
technological complex of factors for intensification of sericulture. effective methods for creating and using in the production of high 

heterosis F  hybrids in Bombyx mori L. (Kremky, 1970). In this 1

regard, many scientists (Kremky and Szuba, 1977; Hirata, 1985; 
Brasla and Matei, 1992; Osawa and Harada, 1994, etc.) have found 
that while in interbreed crossing the increase in cocoon and raw silk 
yield in F  hybrids is within the range 5-10% compared to baseline 1

forms, in the interline F  hybrids it reaches 15-30%. 1

 

combinations of crossing is an essential prerequisite for identifying 
the variants that have a high degree of heterosis manifestation and is 
important in making a decision on the guidelines of future breeding 
programs (Kumar et al., 2011).  on the degree of heterosis 
manifestation has the creation system (di-, tri- and tetra-hybrid 
forms), and the results are different for the different traits (Tzenov, 
2008; Tzenov et al., 2010; Lakshmanan , 2012; Singh et 
al., 2012). According to Brasla et al. (1992) and Ozama et al. (1994), 
hybrid forms obtained by two-breed crossing exhibit higher heterosis 
effect in F  by three-breed and four-breed crosses. F  hybrids of the 1 1

silkworm have the strongest heterosis manifestation, after which the 
thhybrid power disappears till about the 14  generation (F ). 14

In an initial selection of parental forms for hybridization to 
achieve heterosis effect the level of difference between the parents 
is of crucial importance (Maqbool et al., 2015). Arunachalam 
(1984), reported that for heterosis manifestation in F  optimum level 1

of genetic divergence between the parental forms is needed. The 
efforts to create and use F  hybrid 1

The achievement of a high level of heterosis manifestation has been 
recognized as the most appropriate methodology for breeding 
silkworms to increase yields and improve the quality parameters. In 
this regard, the selection of suitable parents and assessment of the 
degree of heterosis is an important step (Ridey et al., 2003). 
Information on the extent of the hybrid power in the various 

* e-mail: r.guncheva@uni-sz.bg
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The aim of this paper was to investigate the influence of the where, V is survival of hibryds (%), N is number of viable silkworms in 
degree of heterosis (compared to higher parent value - HP and mean the relevant instar, n is total number of silkworms laid.
parental values - MP) on the signs, survival and duration of In silkworm rearing with artificial diet it is of great economic 
development in F  hybrids of Bombyx mori L. from different importance to trace the duration of larval development. Data 1

analysis has been conducted on the basis of the generally geographical origin, fed by artificial
established standards for the duration of the larvae development in 
hours, which is 96 h (incl. 24h sleep) first age. In order to establish 
the duration of larval development date and time for the beginning Material and methods
and end of the respective physiological states (instar and sleep) 
have been registered individually for each repetition.

The study was carried out in 2016 at the Training Experimental 
The heterosis effect has been calculated by the formula of 

Station of the Sericulture section of the Faculty of Agriculture, Trakia 
Kremky (1970), both by the mean parent value (MP) of the trait and 

University, Stara Zagora, Bulgaria. It was tested a total of 10 hybrids 
to the higher parent value (HP):

featuring 7 breeds from the genetic bank of Sericulture and 
· by MP:

Agriculture Experiment Station (SAES), Vratsa. Silkworms were 
reared with artificial diet containing 15% powder of dried mulberry 
leaf produced at SAES, Vratsa. In addition mulberry meal, consisting 
of artificial food included soybean meal, corn starch, citric acid, 

where, MP is mean parent value of the trait, F is trait value in the 1 askorbic acid, agar agar, trace elements and vitamins, sitosterol, 
hybridantibiotics and preservatives. The preparation of the diet to feed the 

· by HP:silkworms was done by methods developed by the manufacturer, 
whereby 250g dry substance and 675ml of distilled water are 
homogenized using a mixer. Placed in a box with a lid, the mixture is 
treated thermally in a microwave for 10min. at ~800W. The ready diet 

where, HP is the higher parent value, F is trait value in the hybrid.1 was stored in a refrigerator at temperature 2-5°C until using it for 
Data obtained were processed by using relevant modules in feeding.

STATISTICA software of StatSoft and Microsoft Excel 2010.Of all breeds and hybrids object of this study, it was formed 
groups in 3 reps of 50 normal silkworm eggs previously disinfected 
with a 2% formalin solution. Incubation of the silkworm eggs, rearing 
and feeding the silkworms was done in sterile petri dishes, in Results and discussion
thermostat with air temperature 29-30°C and air humidity 85%, as 

stthe requirements for I  instar. During the growing, food was served The classical form of hybridization in sericulture is crossing 
immediately after the mass hatching of larvae and on the third day of breeds of the Japanese type with breed of the Chinese type. For the 
the first age. purposes of selection other schemes of crossing can also be used. 

To establish the receptivity of specimens from the analyzed According to Singh et al. (2012) the length of the larval development 
breeds and hybrids to artificial food with reduced content of dried and the survival rate are among the traits characterized by a high 
mulberry leaf it was identified their survival and duration of degree of heterosis manifestation. 

st
-stdevelopment in the I  instar of the larval stage. Data on the average survival rates of specimens in I  instar at 

Taking into account the receptivity of silkworms to artificial diet, crossbreds of the type: Japanese x Japanese; Chinese x Chinese; 
one of the main signs is considered to be the number of normally Japanese x Chinese, the reciprocal Chinese x Japanese and their 
developing specimens, calculated as percentage of survival. Data parental forms are presented in Table 2. The baseline breeds are 
analysis has been performed on the basis of the criteria set out in characterized by vitality of specimens above the accepted lower limit 
Table 1, defining the degree of receptivity of larvae to artificial diet. of survival when reared with artificial diet - 70%. The results of this 

study confirmed the high survival rate (over 70%), established by 
Guncheva (2016) when rearing the breeds with artificial diet with 
reduced content (15%) of mulberry flour.

The predominant part of hybrids (90%) demonstrate very high 
receptivity (over 90%) and superiority over the baseline breeds. 
Superiority of the hybrid forms over the parental ones in terms of 
receptivity is reported by Nair et al. (2011) and Saviane et al. (2013). 
Rather high, but less than 90% and lower receptivity than the parents 
has hybrid "Nig 2 x Merefa 6" (88.37% ± 4.00).

The comparative analysis of the data in Table 2 shows that 
heterogeneous by geographical origin hybrid forms are 
characterized by higher average survival rate (95.76%) to artificial 
diets by the homogenous ones (93.13%). Homogeneous To determine the survival rate it was recorded the number of 
crossbreds created with the participation of Japanese type breeds hatched viable specimens and the number of silkworms after mass 
(94.02% mean survival rate) outperform those with the participation awakening from the first sleep calculated in percentages according 
of Chinese ones (92.25%). Results obtained are unidirectional with to the following formula:
the higher receptivity established by Azizov and Gulamova (1982) 
and Kouno and Ohdachi (1985), of the breeds of Japanese origin 
compared to those of Chinese origin. In the heterogeneous variants 

 diet. 

Table 1. Criteria for assessing the degree of receptivity of 
silkworms to artificial diet

Degree of receptivity

Very high

High

Normal

Low

Very low

Survival (%)

Over 90

85 - 90

70 - 85

60 - 70

Under 60

V(%) =         x 100, 
N
n

MP(%) =                 x 100, 
F1 - MP

MP

HP(%) =                 x 100, 
F1 - HP

HP
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higher survival rate is typical of hybrids in which the maternal breed results obtained with regard to the duration of the first age. In 
used is of Japanese type and the paternal one is of Chinese type heterogeneous hybrid forms better results are obtained when the 
(straight form). maternal breed used is of Chinese type and the paternal one is of 

From the data presented in Table 3, it is evident that the duration Japanese type (reciprocal form). Higher values on some traits in the 
of the development in the first instar in all studied hybrids is shorter or reciprocal variants are reported by Kumar et al. (2011).
equal to the generally established 96 hours. The shortest first age Results for heterosis manifestations in F  hybrids by the traits 1

(79h) is typical of the hybrid "Vratsa 55 x Merefa 6" followed by survival rate and duration of larval development in the first instar are 
hybrids "Line 22 x Vratsa 63"; "Vratsa 63 x Line 22" and "VBAS x Nig given in Table 4. The highest heterosis effect in the survival rate by to 
2", which have duration of the first age 81 hours. The most extended, the higher parent value (HP) and to the mean parental value (MP) 
but not more than the generally established is the development in was observed in the Japanese type hybrid "Line 22 x Vratsa 63", 
specimens of the hybrid forms "Nig 2 x Merefa 6" and "Line 22 x Nig exceeding by 8.02% the better parent (HP) and by 15.01% the mean 
2" (96 h). The analysis of the data for development duration shows parental value (MP), followed regarding HP's heterogeneous 
that 70% of the hybrids have shorter larval development than the straight form "VBAS x Nig 2" (6.28 % for survival and -13.83% at 
baseline breeds. The superiority of the Japanese type crossbreds instar development). By the survival rate trait the majority of the 
over those of Chinese origin established by Azizov and Gulamova analyzed hybrids exhibit high heterosis, both as to the mean parental 
(1982) and Kouno and Ohdachi (1985) and confirmed in the present values (MP), and to the higher parent value (HP). An exception is the 
study concerning the survival rate of specimens is identical to the hybrid form "Nig 2 x Merefa 6", in which heterosis manifestations are 

Table 2. Mean values of the survival (%) in F  hybrids and the baseline breeds P  and P1 21

No.

1

2

3

4

5

6

7

8

9

10

Line 22 х Vratsa 63 

Vratsa 63 х Line 22

 

Merefa 6 х Nig 2

Nig 2 х Merefa 6

 

Vratsa 63 х Merefa 6 

Merefa 6 х Vratsa 63 

Line 22 х Nig 2 

Nig 2 х Line 22

VBAS х Nig 2 

Vratsa 55 х Merefa 6 

89.75 ± 3.52

78.84 ± 3.27

94.44 ± 3.40

90.82 ± 3.13

78.84 ± 3.27

94.44 ± 3.40

89.75 ± 3.52

90.82 ± 3.13

91.89 ± 3.69

83.08 ± 3.94

78.84 ± 3.27

89.75 ± 3.52

90.82 ± 3.13

94.44 ± 3.40

94.44 ± 3.40

78.84 ± 3.27

90.82 ± 3.13

89.75 ± 3.52

90.82 ± 3.13

94.44 ± 3.40

96.94 ± 2.49

91.09 ± 2.28

96.12 ± 3.47

88.37 ± 4.00

97.36 ± 1.74

95.80 ± 1.15

95.47 ± 1.39

92.13 ± 3.34

97.66 ± 0.13

96.12 ± 1.35

Hybrids
P1

Mean ± SE Mean ± SE Mean ± SE

P2 F1

Homogenous crossbreds type "Japanese x Japanese"

Homogenous crossbreds type "Chinese x Chinese"

Heterogeneous crossbreds type  "Japanese х Chinese" and "Chinese x Japanese"

Table 3. Average values of the trait of development duration (h) in F  hybrids and the baseline breeds P  and P21 1

No.

1

2

3

4

5

6

7

8

9

10

Line 22 х Vratsa 63 

Vratsa 63 х Line 22 

Merefa 6 х Nig 2

Nig 2 х Merefa 6 

Vratsa 63 х Merefa 6 

Merefa 6 х Vratsa 63 

Line 22 х Nig 2 

Nig 2 х Line 22

VBAS х Nig 2 

Vratsa 55 х Merefa 6 

98 ± 0.50

93 ± 1.00

119 ± 10.20

94 ± 0.50

93 ± 1.00

119 ± 10.20

98 ± 0.50

94 ± 0.50

96 ± 0.71

92 ± 0.00

93 ± 1.00

98 ± 0.50

94 ± 0.50

119 ± 10.20

119 ± 10.20

93 ± 1.00

94 ± 0.50

98 ± 0.50

94 ± 0.50

119 ± 10.20

81 ± 6.17

81 ± 4.67

92 ± 7.09

96 ± 0.88

94 ± 2.08

82 ± 6.00

96 ± 12.20

94 ± 0.88

81 ± 4.00

79 ± 7.42

Hybrids
P1

Mean ± SE Mean ± SE Mean ± SE

P2 F1

Homogenous crossbreds type "Japanese x Japanese"

Homogenous crossbreds type "Chinese x Chinese"

Heterogeneous crossbreds type  "Japanese х Chinese" and "Chinese x Japanese"
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negative (-4.60% compared to MP and -6.43% compared to HP). (MP), which gives reason to believe that higher heterosis effect for 
The data analysis shows that both by HP and MP, the majority of the duration of development occurs, when for the maternal form 
hybrids (90%) in F  exhibit heterosis effect. In the heterogeneous used a Chinese type, and the paternal is of a Japanese type.1

Data about the heterosis manifestations by HP and MP in F  crossbreds higher heterosis manifestations are typical for the 1

hybrids in which the maternal breed used is of Japanese type and hybrids by the survival rate of specimens, grouped by type of 
the paternal one is of Chinese type. The shorter larval development crossing are graphically presented in Figure 1. The figure shows that 
is economically more profitable. Therefore, the negative sign of the with the exception of hybrids of the type "Chinese x Chinese", in all 
data obtained in this case reflects a desired effect of hybridization other groups heterosis effect is manifested both as to the mean 
(Table 4). parental values (MP) and as to the higher parent value (HP). The 

The data presented in Table 4 shows that by MP all F  hybrids highest heterosis both compared to MP and to HP is observed in 1

crossbreds of the type "Japanese x Japanese".exhibit heterosis effect in terms of duration of development ranging 
Graphical information about the heterosis manifestations by from -0.35% to -24.80%. Heterosis effect by HP is observed in 60% 

MP and HP in F  hybrids, the groups by type of crossbred by the of the tested F  hybrids. The straight heterogeneous hybrid forms 11

duration of larvae development is given in Figure 2."Vratsa 63 x Merefa 6" and "Line 22 x Nig 2" compared with their 
In general, from the data presented in the Figure 2, it is evident reciprocal crossbreds have weaker heterosis manifestations, both 

that by larval development duratio, crossbreds type "Japanese x as to the higher parent value (HP), as and to the mean parent value 

Table 4. Heterosis manifestations (%) compared to HP and MP on signs survival and larval development duration in F  1

hybrids

*HP - higher parent value; MP - mean parental values

No.

1

2

3

4

5

6

7

8

9

10

Line 22 х Vratsa 63 

Vratsa 63 х Line 22 

Merefa 6 х Nig 2

Nig 2 х Merefa 6 

Vratsa 63 х Merefa 6 

Merefa 6 х Vratsa 63 

Line 22 х Nig 2 

Nig 2 х Line 22

VBAS х Nig 2 

Vratsa 55 х Merefa 6 

8.02

1.50

1.78

-6.43

3.09

1.43

5.12

1.44

6.28

1.77

15.01

8.06

3.77

-4.60

12.38

10.57

5.74

2.04

6.90

8.29

-13.26

-13.26

-2.13

2.48

1.08

-11.83

1.77

0.35

-13.83

-13.77

-15.53

-15.53

-13.62

-9.55

-11.32

-22.64

-0.35

-1.74

-14.74

-24.80

Hybrids
Survival

HP, % HP, %MP, % MP, %

Duration 

Homogenous crossbreds type "Japanese x Japanese"

Homogenous crossbreds type "Chinese x Chinese"

Heterogeneous crossbreds type  "Japanese х Chinese" and "Chinese x Japanese"

12

10

8

6

4

4.76

11.54

8.33

6.31

4.07

1.44

-0.42

-2.33

HP MP

“Japanese x Japanese" Japanese х Chinese" 

“Chinese x Chinese" “Chinese x Japanese" 

2

0

-2

-4

Figure 1. Heterosis manifestations by survival rate of F  1

hybrids of different type

2%

0%

-2%

-4%

-6%

-8%

-10%

-12%

-14%

-16%

-13.26

-15.53

0.18

-12.80 -12.19

-6.19
-5.74

-11.58

HP MP

“Japanese x Japanese" Japanese х Chinese" 

“Chinese x Chinese" “Chinese x Japanese" 

Figure 2. Heterosis manifestations by development 
duration in F hybrids of different type1 
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Japanese" have the highest heterosis manifestations, both Bombyx mori L. to Artificial Diet low in Mulberry Powder. 
compered to MP and HP. Analysis of the results of the studies show International Journal of Current Microbiology and Applied Sciences, 
that compered to MP, F  crossbreds in all groups by type exhibit high 5, 10-18. doi: http://dx.doi.org/10.20546/ijcmas.2016.505.0021

HirattaY, 1985. Economical characters in the double crosses of the heterosis. Compered to HP, heterosis manifestations are also 
silk worm, Bombyx mori L. Acta Sericologia, 133, 41-50.observed, though less pronounced. Exceptions are crossbreds of 
Horie Y, 1981. Development of artificial diet for the silkworm, the type "Chinese x Chinese" in which the higher parent value (HP) 
Bombyx mori, and its practical application. Plant Protect, 35, 14-21. excels the hybrid forms. The highest heterosis manifestations both 
Ito T and Kobayashi M, 1978. Rearing of the silkworm on artificial by MP and HP are typical of the crossbreds of the "Japanese x 
diets. The silkworm an important laboratory tool. Kodansha Ltd., Japanese" type.
Tokyo, 88-93, 121-153.Data analysis of the obtained results from this investigation 
Kremky J, 1970. Heterosys in Mullbery silkworm, Bombyx mori L. revealed that the predominant part of the tested hybrids have 
hybrids obtained on random mating of bio- types. Genetika Polonika, heterosis manifestation compered to MP and HP. The superiority of 
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Kouno Y and Ohdachi Y, 1985. An example of comparison of practical use of heterosis as well as for identifying the most highly 
quantitative cocoon characters in the two silkworm strains, selected productive parental combinations.
by the rearing of artificial diet or mulberry leaf. Acta Sericologica, 
134, 99-108.
Kumari SS, Subbarao SV, Misra S and Murty US, 2011. Screening Conclusion
strains of the mulberry silkworm, Bombyx mori, for thermotolerance. 
Journal of Insect Science ,  11:116 avai lable onl ine: 

It was found that: the majority of hybrids Bombyx mori L. (90%) 
insectscience.org/11.116

fed with artificial diet with a reduced content of the dried mulberry leaf 
Lakshmanan V and Kumar SN, 2012. Analysis of heterosis in new (15%) demonstrated a very high survival (> 90%) and outperform 
double hybrid combinations in bivoltine silkworm, Bombyx mori L. their parents; all hybrids are shorter or equal to the generally 
International Journal of Science and Nature, 3, 197-204.stestablished for the I  age larval development (96 hours), while 70% 
Maqbool A, Dar1 HU, Ahmad M, Malik1 GN, Zaffar G and Mir SA, 

of them are shorter than the development of their parental forms; 
2015. Genetic divergence in some bivoltine silkworm (Bombyx mori 

90% of survived F  hybrids exhibit heterosis; heterogeneous 1 L.) breeds. Scientific Research and Essays, 10, 381-385.
geographical origin hybrid forms are characterized by higher 

Nair J and Kumar S, 2004. Artificial diet for silkworm, Bombyx mori 
average susceptibility (95.76%) compared to artificial diets 

L.- A retrospection throught the decades. Indian Journal of 
homogeneous (93.13%); with higher survival rate and higher 

Sericulture, 43, 1-17.
heterosis in the first instar are characterized hybrids with mother 

Nair J and Kumar S, 2011. Development of bivoltine pure strains of 
Japanese breed type and duration of larval development when the 

silkworm, Bombyx mori L. to rear exclusively on Artificial diet during 
mother is a from of Chinese type; by homogeneous hybrids, created 

young instar. Journal of Biological Sciences, 11, 423-427.
featuring breeds of Japanese type superior in both analyzed 

Osawa K and Harada C, 1994. Studies on the F hibrids of the 1 attributes those involving breeds of Chinese type; highest heterosis 
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
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full research paper ( including abstract 
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keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
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Names and affiliation of authors
The names of the authors should be 
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research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
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Material and methods: The objects of 
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possible for others to repeat the experi-
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statistical parameters needed for the 
evaluation. Data from tables and figures 
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contrast and rendition. Graphic materials 
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appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
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text.  
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the study. By comparing the results and 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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