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Introduction: The assessment of commercial silkworm hybrids based on cocoon characteristics will provide only
profit to the sericulturists. However, the profits of sericulturists and silk spinners can be guaranteed by paying more
attention to quality and quantity characteristics in both cocoons and fibers. In silkworms, the paternal and maternal
lines of commercial hybrids are crossed reciprocally. That is the reason that hybrids of silkworms raised by
sericulturists are not so identical. This genetic difference causes a difference in the final quantity and quality of the
productive cocoon and silk thread. This study aimed to compare commercial silkworm hybrids based on cocoons and
silk thread performance of Guilan sericulturists.

Materials and methods: In this study, the silk filament characteristics of 12 imported silkworm hybrids and two
domestic hybrids were compared in two regions of Guilan province. The weight, size, length, and strength (Tensile
strengths and Elongation percentage) of the silk filament in addition to the raw silk percentage were investigated. The
cocoon characters were the performance of each box, cocoon weight, cocoon shell weight, cocoon shell ratio, the
percentage of good cocoons, the number of cocoons per liter, pupal mortality, cocoon length, and cocoon width.
Statistical analysis was done using the GLM procedure of SAS software. The hybrids from reciprocal mating were
compared by t-test. To clustering, the WARD method was applied based on the deviation from the standardized
number (Z-score) using the SPSS software.

Results and discussion: Variance analysis of traits showed that geographical region has a significant effect on thread
diameter (P<0.05). The highest silk filament weight was related to hybrid 871x872, and two Iranian hybrids (154x153
and 104x103) with 5.01, 4.89, and 4.88 grams, respectively, and the lowest for BxQ hybrid with 3.57 grams. For
filament diameter, the Iranian hybrids (104x103 and 154x153) had the highest filament size with 69.63 and 61.05
deniers, respectively. Higher diameter in Iranian silk filament fits the silk thread consumption type in Iran. The silk
thread in Iran is used to produce silk carpets and rugs, therefore, it needs a larger thread diameter than when the goal
is to produce high-quality silk fabrics that require fine thread. The Iranian hybrid 154x153 was excellent in terms of
all the important features of the silk filaments, including strength, weight, diameter, and length. MxS, HBxJA, and
BxQ hybrids had the smallest thread diameter with 53.72, 54.60, and 54.76 deniers, respectively. Hybrid QxB was
superior to some hybrids but for reciprocal hybrid (BxQ), the overall performance was not favorable. This hybrid had
the lowest yield of silk filament weight, diameter, and length. A comparison of hybrids resulting from reciprocal
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crossing showed that the famous hybrids QxB and BxQ had the highest differences among six-pair imported hybrids.
The difference was observed between the two hybrids for six characteristics including cocoon shell weight, cocoon
weight, the number of cocoons per liter, the percentage of good cocoons, the weight and size of the silk filament, and
the raw silk percentage. It certainly affects the profits of both sericulturists and silk spinners. The classification of
hybrids based on the WARD method led to three groups and the Iranian hybrids were in one group. QxB and BxQ
hybrids and their rejuvenated hybrids (BBxQA and QAxBB) were in the third group. MxS and SxM along with
871x872 and 872x871 hybrids were in the same group. Therefore, if necessary replacing hybrids within the group
will be possible. The cocoon production of imported hybrids showed that there is a big difference between the
performance mentioned in the catalog and what was produced under the conditions of rural silkworm rearing in Guilan
province. Elongation percentage, raw silk percentage, filament length, cocoon width, pupal mortality, cocoon weight
based on total good cocoons, and number of cocoons per liter had no significant difference between domestic and
imported hybrids.

Conclusions: Due to the better performance of BBxQA and QAxBB, especially the similarity of reciprocal hybrids,
these rejuvenated hybrids can replace the old ones (QxB and BxQ). MxS and SxM hybrids, which had the advantage
of uniformity between direct and reverse hybrids, can be considered more due to more silk filament weight and raw
silk percentage. The results of this study showed that the most important factors in silkworm rearing are the
performance of the silkworm box and the raw silk percentage to be improved for Iranian hybrids.
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Table 1. Mean of silk thread characteristics in two regions of east and west of Guilan province

Region Raw silk-2  Raw silk-1 Tensile Elongation = Weight Length Diameter
(%) (%) strength  percentage (g) (m) (denier)
(g/denier) (%)
Guilan-East 78.58+£0.79 39.21£0.35 3.23+0.03 16.88+0.24 4.42+£0.09 757.30£12.63 55.49+0.56
Guilan-West 78.65£0.77 39.53+0.41 3.28+0.03 16.93+0.28 4.59+0.10 760.72+15.57 57.29°+0.73
P-value 0.953 0.550 0.341 0.900 0.087 0.304 0.047
b Different superscripts in the same column represent a significant difference (P<0.05).
or D90 Sy 50 i pl & Slio ke Y Jgoo
Table 2. Mean of silk thread characteristics in the studied hybrids
Hybrids Raw silk-2 Raw silk-1 Tensile Elongation Weight Length Diameter
(%) (%) strength percentage(%) (2) (m) (denier)
(g/denier)
QxB 79.87%%°+£1.23  39.28%¢+(0.67 3.48°+0.14 16.963+£0.73 4.31%40.18 736>+£25.80 56.28°°+1.80
BxQ 74.70%£1.27  37.06°:0.55 3.45*+0.05 17.59%¢+£0.43 3.5740.10  641°¢16.96  54.76°+1.14
871x872 81.90%+1.77  41.95%1.44 3.35%+0.07 17.03%°+0.65 5.0140.24  855°4+28.99  55.08°+¢1.09
872x871 78.072%4£2 24 38.36+1.21 3.35%+0.05 16.10*+0.61 4.62°+0.22 788%+34.98  55.71°¢1.60
JxH 79.56+1.28  40.56"+0.88 3.30%+0.08 15.37°+0.46 4.55%+0.22  813%+26.20  54.90°+2.07
HxJ 83.22°+1.77 40.50%+0.49 3.29%+0.06 17.30%%+0.63 4.85°40.12  855°+26.77  54.90°t1.05
SxM 80.63%+1.58  40.80%*+0.66 3.11%+0.10 16.11%+0.78 4.75%+0.35 769%+43.38 55.29°+2 .51
MxS 77.78%%4£2 42 39.833+(0,79 3.15°+0.08 15.90°+0.61 4724028 816%+44.53  53.72°+1.15
BBxQA 76.00°4£1.91  37.96>+0.84 3.36%0+0.06 16.85%°+0.38 4.11%£0.23  715>+£3530 55.58°+0.96
QAxBB 79.14%%°£2.04  39.20%¢£0.59  3.30%+0.05 18.3020+0.70 4491021 744>+£25.79 58.50°+1.10
HBxJA 78.14%%42 74 38.32%+1.26 3.24%°+0.08 17.43%°+0.65 4.28%+0.30 7234451 54.60°+1.96
JAXHB 79.59%°+1.85  42.01%£0.87 3.3320+0.09 16.47%+0.86 4.37%+0.29 733*+£37.45 56.40°+1.02
103x104 72.2343.27 37.181.36 3.11°+0.07 16.38%£1.07 4.88°+0.35  743%+£33.37  63.69%+2.66
153x154 79.64%%°+1.67  38.82°+0.92 3.26+0.10 18.55%+0.76 4.89°£0.28  755+43.19 61.05%+1.81
CVe 10.08 9.23 9.37 15.33 19.74 10.72 11.44

a4 Different superscripts in the same column represent a significant difference (P<0.05). CVe: Coefficient of variation for
experimental error
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Table 3. Comparison between two hybrids obtained from reciprocal crosses for all cocoon and silk thread traits”

Hybrids Cocoon Cocoon Cocoon Cocoon Cocoon Pupal Good Cocoon  Performance Raw Raw Tensile  Elongation Filament Filament Filament
shell shell weight-  weight- number  mortality cocoons weight  of each box silk-2 silk-1  strength  percentage =~ Weight length size
percentage  weight 3 2 / liter percentage  percentage -1
gjg 0.254 0.041 0.053 0.029 0.050 0.305 0.026 0.054 0.063 0.007 0.014 0.882 0.463 0.001 0.003 0.462
gXI—JI 0.113 0.709 0.194 0.060 0.533 0.027 0.97 0.058 0.48 0.104 0.956 0.907 0.020 0.201 0.159 1
g;;ig;? 0.095 0956 0.316 0.671 0.482 0.030 0.331 0.475 0.097 0.206 0.066 0.921 0.309 0.148 0.065 0.763
ToO 0397 0755 0398 0521 0208 0063 0973 0745 0742 0.676 0.027 0452 1 0491 0596  0.448
i;i\g 0.535 0.822 0.963 0.833 0.744 0.499 0.108 0.765 0.769 0.326 0.355 0.767 0.838 0.931 0.378 0.578
gii%g 0.699 0.445 0.421 0.281 0.821 0.614 0.797 0.403 0.157 0.272 0.228 0.395 0.083 0.185 0.521 0.056

* The items that showed a significant difference (P<0.05) are in bold.
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Fig. 1. Grouping of silkworm hybrids based on cluster analysis by WARD method
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Table 4. Classification of hybrids and the mean of all studied characters in each group

Groups Hybrids Traits Unit Mean Z-score
1 103x104 Performance of each box kg 25.01 -1.385
153*154 Cocoon weight - 1 g 1.47 0.943
Good cocoons percentage % 80.29 0.109
Pupal mortality percentage % 122.68 -0.703
Cocoon number per liter numeral 1.49 1.167
Cocoon weight -2 g 1.51 1.281
Individual cocoon weight g 0.33 1.545
Individual cocoon shell weight g 22.01 1.478
Cocoon shell percentage % 7.32 0.024
Cocoon length mm 32.87 2.058
Cocoon width mm 17.14 -0.059
Elongation percentage % 17.46 0.640
Tensile strengths g/denier 3.18 -0.969
Filament size denier 62.37 2.121
Filament length m 761.47 -0.232
Filament weight g 4.89 0.928
Raw silk percentage-1 % 38.00 -0.887
Raw silk percentage-2 % 75.93 -0.940
2 871*872 Performance of each box kg 29.22 0.806
872%871 Cocoon weight - 1 g 1.45 0.674
H*J Good cocoons percentage % 80.17 0.070
M*S Pupal mortality percentage % 122.20 -0.760
S*M Cocoon number per liter numeral 1.45 0.602
Cocoon weight -2 g 1.45 0.546
Individual cocoon weight g 0.31 0.421
Individual cocoon shell weight g 21.05 0.138
Cocoon shell percentage % 7.94 0.241
Cocoon length mm 31.01 -0.087
Cocoon width mm 17.74 1.078
Elongation percentage % 16.49 -0.433
Tensile strengths g/denier 3.25 -0.363
Filament size denier 54.94 -0.546
Filament length m 841.26 0.969
Filament weight g 4.79 0.680
Raw silk percentage-1 % 40.29 0.545
Raw silk percentage-2 % 80.32 0.603
3 B*Q Performance of each box kg 27.32 -0.180
BB*QA Cocoon weight - 1 g 1.35 -0.751
HB*JA Good cocoons percentage % 79.69 -0.082
J*H Pupal mortality percentage % 134.97 0.744
JA*HB Cocoon number per liter numeral 1.34 -0.763
Q*B Cocoon weight -2 g 1.35 -0.756
QA*BB Individual cocoon weight g 0.28 -0.742
Individual cocoon shell weight g 20.57 -0.521
Cocoon shell percentage % 6.74 -0.179
Cocoon length mm 30.63 -0.526
Cocoon width mm 16.78 -0.753
Elongation percentage % 17.00 0.127
Tensile strengths g/denier 3.35 0.536
Filament size denier 55.86 -0.216
Filament length m 735.25 -0.626
Filament weight g 4.24 -0.751
Raw silk percentage-1 % 39.20 -0.136

Raw silk percentage-2 % 78.14 -0.162
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Table 5. Comparison of traits or characteristics of imported and internal silkworm hybrids in Guilan

Trait/Character Unit Imported Internal Std. Error P-value
Difference
Performance of each silkworm 28.071 24.957 1.158 0.008
kg

box

Cocoon weight — 1 g 1.391 1.469 0.042 0.065
Good cocoons percentage % 79.847 80.556 2.125 0.741
Pupal mortality percentage % 7.173 7.263 1.810 0.960
Cocoon number per liter numeral 129.754 122.720 4.729 0.138
Cocoon weight -2 g 1.386 1.490 0.040 0.011
Individual cocoon weight g 1.393 1.510 0.042 0.006
Individual cocoon shell weight g 0.289 0.334 0.011 0.000
Cocoon shell percentage % 20.732 22.069 0.337 0.000
Cocoon length mm 30.784 32.887 0.302 0.000
Cocoon width mm 17.154 17.153 0.2184 0.998
Elongation percentage % 16.841 17.370 0.576 0.359
Tensile strengths g/denier 3315 3.182 0.068 0.050
Filament size denier 55.512 62.424 1.347 0.000
Filament length m 775.973 760.752 30.514 0.618
Filament weight g 4.449 4.885 0.193 0.025
Raw silk percentage-1 % 39.531 37.969 0.828 0.061
Raw silk percentage-2 % 78.983 75.783 1.721 0.064
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