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Introduction: Numerous studies have been conducted to compare the productivity of different silkworm
hybrids in Iran, primarily based on the evaluation of cocoon traits such as cocoon weight, cocoon shell weight,
cocoon shell percentage, and pupation rate. In the present study, aiming to obtain information on the quality
characteristics of silk thread in Iranian silkworm hybrids, 80 Iranian silkworm hybrids were examined for their
silk thread characteristics.

Materials and Methods: 72 of the new silkworm hybrids in addition to 8 current commercial hybrids were
evaluated for the six silk thread characteristics including yarn size (YS), yarn length (YL), yarn tensile strength
(YTS), elongation percentage (EP), yarn weight (YW) and raw silk percentage (RSP) based on dry weight. 200
good cocoons from each hybrid were sampled at the Iran Silk Research Center and sent to the Fiber Physics
Laboratory of the University of Guilan. After re-evaluating the individual cocoons based on form and size of
them, 3 repetitions of 21 cocoons (based on the capacity of the spinning machine) were spun and dried.
According to reciprocal crosses in this research, the data were analyzed using a completely randomized design
(CRD) with two sources of variation (40 hybrids and two types of crosses) by the GLM procedure of SAS
software version 4.9.

Results and Discussion: Mean comparison of the studied traits based on the combined reciprocal data (40
hybrids) showed that the highest average of the FS trait (73.3 deniers) was for the hybrid IRA3xIRAL0 and the
lowest average (58.2 deniers) for the commercial hybrid 153 x154. The highest YL trait (771.4 m) was for
hybrid IRAS5XIRA8 and the lowest (441.18 m) for the commercial hybrid IRA2xIRA3. The highest average of
the YTS (3.47 g/denier) was for commercial hybrid 104x103 and the lowest average (2.9 g/denier) was for
hybrid IRA2xIRA3. The highest average for the EP trait (17.6%) was reported for the commercial hybrid
154x151 and the lowest average (12.83) was related to the hybrid IRA2xIRA3. The highest average for YW
(5.59 grams) belonged to the IRA5xIRA8 hybrid and the lowest average (3.34 grams) belonged to the
IRA2xIRA3 hybrid. Also, for the RSP trait (the most critical trait of silk characteristics), The IRA5xIRA8
hybrid had the highest average (41.4%) and the IRA2xXIRA3 hybrid had the lowest average (25.86%).
IRA5xIRAS8 hybrid had superior performance than all commercial hybrids. The RSP of the IRA8xIRA9 hybrid
was 39.47%, which was superior to the three commercial hybrids. The hybrids that were excellent in at least
three of the six characteristics were: all commercial hybrids and three new hybrids including IRA5XIRAS,
IRA11xIRA12 and IRA8xIRA9. Analysis of the variance of the traits showed that the reciprocal-cross effect
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was not significant for the YS and YTS traits (P>0.05). Despite the close competition of new hybrids with
current commercial hybrids, many characteristics of commercial hybrids were significantly higher than new
hybrids. However, the new hybrids including IRA2xIRA9, IRA2xIRA1l, IRA3xIRA4, and IRA4XIRALL,
which have shown superiority in terms of cocoon traits, also performed favorably in terms of all yarn
characteristics. However, two hybrids were among the superior hybrids in terms of cocoon production and
cocoon traits, but the results of the present research showed that they are not superior in terms of yarn
characteristics and raw silk yield and productivity, including IRA2xIRA3 and IRA4xIRA7. The IRA2xIRA3
hybrid has an unfavorable performance in terms of weight, strength, and raw silk percentage and cannot provide
the interests of silk spinners.

Conclusion: In the final selection of new hybrids based on the performance of both cocoons and silk thread,
it is necessary to pay attention to the strength and weakness of the silk yarn obtained from the cocoons of each
hybrid. But it will not be the case that hybrids with better cocoon performance are necessarily among the best in
terms of all silk yarn traits or even some of them. For example, hybrids IRA2xIRA9, IRA2xIRA1L,
IRA3xIRA4, and IRA4xIRA11 had better cocoon performance, but they had a middle performance for yarn
characteristics. In other words, if they are not among the weaker group, they can be considered. Generally, it is
necessary to decide about new hybrids after rearing them in rural conditions and evaluating the produced
cocoons and yarns.

Keywords: Raw silk percentage, Yarn length, Superior silkworm hybrid, Tensile strength test,Yarn size



olnl ools pole Gledwgsy 4y
Homepage: http://ijasr.um.ac.ir

»..Cz"b;u’,cz»
YOA-YVF . o NF ¥ Ol oF o)led N F W
. & - 1 & LaRd . /:. .
Slal e gl S slaadusl 5 ody pl & &S Gl S5y 2L
oJié}é’Uﬂ b‘,ﬁ‘s “"J-\,ﬁ wb L*YJ\C.\}.«! ‘-;'-.\.—-u’ &:—.«} Ju:-.d
VYO 3 G
VY0 1 S5k gy
VEY/PIYE s
25

S o sl Sl ()15 e Sl oMoy 1 Ly VY ¢l sl 25 (sloaiiel 85 oS SleMbl 4 olitod Ban L 3l imgy )

ado sue Voo us b (RSP) pls waiy pl duoyd 9 (YW) (459 {EP) Jsbo sbsjl dopd (YTS) S plowial (YL) Jobo (YS) ylad Jolis wuis ol 55
e s ol b a5 0315k 5 S colmaly 31 o3litsl b (gl YV 1,55 ds 15 Jlaoy) oSislof] & 5 (6513085905 4y b oS (sloily o ]
o5 ey 33y IRAZXIRAS sl (5 545 YAYD) a5 103KL04 o sl sl (5 5245 TIFY) 88 i plnil (50 e
el 4 Lo 5 010%) 5 i ottt 3t IRAZXIRAB 4 Ly (WIFFA) 3120 5 151X154 (5 o5 el (5 (109 WIF) & b s
&l 9 (203 FV/F) oyt IRABXIRAS aseusl pls oo pl duo > paimads sl 3lai IRA2ZXIRAS & ()5 Y/55) (ko o yieS 5 IRASXIRAS
g5 b gre (S plSovinl g 4ad Claw (gly (rECIProcal) 4 bogy BM5 5148 sy olis Glaw wib,lg 4555 3gs (o> YOIAP) (508 IRA2XIRAS
loa el 4 Cuns (5B dne gl ()l sl 15 & Sl S I Gl (S Sl b s laassl S35 <o) o) e (P>0.05)
JoB s Shes 5 sla Sig plos Lo 5l IRAAXIRALL § IRA3XIRA4 ARA2XIRALL dRA2XIRAI ,li laaiseel 5y grg ol b aizily was

sl Joaud

& kb (S plSotal (ygoil oyl £S5 i diesl 5 Jgho pl ity ol oy 1508 G031y

SO ey (29 3l g (Sanid Vb LS plocul Judoay
Db Cald) o) e 9o guine (2l Cunio D S &
39 8 p Oied Jle bS5y I wis pl (o giae SUI
Giacomin et ) cuwl 63505 bats cuaS L g B Sligy Wy o,
(al., 2017
B OLeg 58 Mg SIS calo (laygdS ) 0jg
laaises] oY (B0 g oolp eMol slaasly gl bl
g g aly ae iulidl Caaa b &S wileuds sbool alisee (g)lbo
Ban b &S oy pl 25 ()5 Slads pun Wg )3 A5b oo ol il
Py OB BIGhye 0 Ll 09 oo Syl (o pl & Mg
el @l sl p3Y 5 0395 3 et ke | o
B35 )18 5l e f Sl pl BB g (o yE slaoliws
o g e ol5ysliS” (6l ((Khordadi et al., 2023)
sl e 059 (59)Y 093 Jo-bo (> 9 0,0k 9 9)Y (Sloods;
ol U plaaly cois ] coails )5 ol )5 lolo (S
o ) S (Sl g g Vb pb it ol o> Yl S

-

Ao

ke o i L3 )3 s pl 00505 (sly9dS (ke

Ol g Jlas 0,8 ey bl pliyg el cdin <
3 Lol 13 L3> o oyl BUI 51 oy A0 ) bl o
a2 b ol g g LSyl in b b yglS Sy g 0l
aloals ials 8l ez JoB jladea 1y 393 i)y (sl Jlo
v »l .(International Sericultural Commission, 2023)

iy (S ol iild ¢(65y9litS pate 0uSily ¢ sold pole 09,5 ¢ )luutily )

oyl

Ol ey (S oSl (5,9l pole oSl i ol (g 09,5 =¥

@9 9 Shjgmel «lisiog Glojlus 9 oy pl liig 3550 bkl Y

Ol oS w9l

Ol ey (S olSily o 8 008l ¢ alus wine 09,5 stpe —F

Rl ey (S oSl (5,9l pole 0ASUls il ol (olingl 09,5 —0

(Email: hosseini@guilan.ac.ir 2 o 0 g3 — )
http://doi.org/10.22067/ijasr.2023.83618.1165


http://ijasr.um.ac.ir/
http://doi.org/10.22067/ijasr.2023.83618.1165

VPe¥ Lol ¥ ooyloid IF ol (4l oold pole cletpgy & pits  YAY

3 blite b I il qouts pl 8 sla Sig s 5l Sl o

W yg; 9 dlge

el g L oo pl )87 ot 4l Y5 (g 0l 5
5 stlail Lagl | Jols iy ol & sl Shag &l Sl )
Ly JSS als copsle g 30 51 ol assepel ¥ 35 duglie
ol ogSae (B 1 Jools aseal ¥o g S5 i (y Wy
oo 3 9 S35 o Wy 9 S G s ple Wl (m
Lol ) g )3 805 (25 5 s LSS A 5 aieel A
Jels (5,18 aieel Jlag sl o1 Bl oy 2 3)90 (sladises]
VOPXVOY VoYXV ¥ FIXYY) s ol opole Wiy (slaaiscu]
XYXYY) S s g dle aly (slaa sl o (VOIXVOY 4
Ldg (YOFXVOY 4 VAFXNAY () +Fx) ¥

5l acsuel y o Cg s an claals ol dbo sae Yoo ol
ol oty pl (tipg s 09,5 sl 59l et ] Clisios S 5
oS islojl g o pl p 8 otslojl 3 Jolyo 4y g Jluoyl (S
ol b po 5 i plos] S o8l L alus 09,8 LI (s 38
45 alaaly a8 pbl aiged o sbhaly SS9 b b))
ady Lo Shy 9039 o o ad ojluil g (g pall S5 )L
Al VY 1S a byl g 5l g Wl astidie wisiilis 1) oge 4ol
53 b QBl (Bolad jgbdy (o s oBwd Cudibs bl )
o3l ol b a8l &jgods ), o (gladly aun)y &0 pgd dls o
sz (Khordadi et al., 2023) ol ylojl (a6 o505 |
Job (YS) g kb Jols gy 3)90 Slio pges >0 53 .05
(EP) & sk 2bsjl o) YTS) & (ot plsowal (Y1) &
(RSP) (2338 dmop3 Ly LS it pl do 3 5 (YW) &5 (g
A 5 ySojlul

A SIS B 0y peed Jl Pl wiopl 203 b (23 A0
aly oglate cnl D9 e drwlne Vo v D s Sis aly s
Gl S Gdedy pogasie saisysi )3 (34 TY) LSS o o
s Seis alBliolesl el S50 3,5 ol a3 e sled
S0l A g3 Ve oy joShe (slod lad jd S F 59
Sl 0= plosl Jleomd (65l b i )5 Sid I ey
& ewSyd j1 oS n 5l (Lee, 2011) 56 b o Jobo (£ pSojl
(Shirly(TC48)- England) zu_cdMS oS b g5 20 B+ ,lado
g0 0dPxiw y3 oly (Slive o g0 0p0i b jla8 S (pjei g b
S5l Car onlpls sl p)F cus U e Jl5e &5 (g oS
903 650l ) eonto 2l JB (13 5 Jsbo ol p3Y 0y

Aoy sodn pl U ol g al 333 (g Cute (Stsen il
Ao)> 5 (NEANESS) (s5e3 9 aly ;25 (159 U Jobo g 4l 528
o 5l &5 Uk g &5 el (e (Stuen 5 & JhE L (20
; Singh et al., 2011) 4554 ()55 cpiizes &S Cunl (63))50
ol cpenl talg, x> (Talebi and Subramanya, 2010
S o G 93 |y el 0l 8 b Shg 65

oo 55 Cnglin p o> coylie ay b BUI SOl ol
ogate el & 9 S (olps (S 5l 03y slg
gl a8 ol (olKin 55 dnyb g 55 b Caaglio il plSoxiul
48 55 g5 jlab g o) b Wigd 0l 105 ol oo jpoe
e ool b Bl sas sl 35 390 85 €S o8 S
SpSoilil @iy Jgame cdll 5 25 O e plSocil
2 il 7 sdds p> (Hosseini Moghaddam, 2013) 54 0
Y B bawgio &5 icisslo g 03 WA cipbs &5 Jolid jlad ol
Shams-Natery, ) s il o Jeos g 550 V¥ puseid & cpuid
(2005

Sy Olg alie aie) 3 L) sla gy (98T
= e 45 Cowl oas Lol o pl p,8 Calisee (slaaisel
ly 5 00y ety 335 559 by (539 5 Ay lio 5553l
Sl 039 (o348 5 e Sy iy ady 155 (5 ik Aoy
; Nematollahina et al., 2016; Mirhoseini et al., 2008)
Biabani et al., 2021; Khordadi et al., 2021; Mirhoseini
Slaly L oy o a8 Jlo Lz b o edleay (et al., 2022
ool (ul @i 9 iz mied £S5 )8 il I (55
)@ 3ySos 5l (Ld)b ey Sams B Jdsa 58
ol 42315 olyanay |y g )5 SIS g bolS 1S Lausgs

Jdan ( I)ly L (S sy yon <o) Cucal 4 x5 L
9 Sl e b &0 Gla Sy L)) b dlas
o by gl Shy ol 2 o) izl L o] auglio
Sl ol ady 5Sdas pogde b edg: BUI CudsS 5 ()&
Blis ol ady (BuSaly gl eudio & ey 055 4
092 25 B e de o (BBl (e g & Sy
5 e oo ly | Jlite (sl B Juols oy 1l S (slasisieal
D550 Mgh Al 93 s pl p)5 6 F Al 3 il (NI
S 5 (P 5 g x (l§ ole ) waitane (S Jolis
Syt £55 93 Ol (l5 5 Wy x e o3l lg) ol gSas
2 93980 &85 3 QLIS O g 0ad W plojen jobay
Iy azsel 93 =l oy olsal g legl w50 saiS' il ) ¢ Jos
oty g (6)b0 (sladisuel duslio (o (owyp cpl ) 2,00

1- Reciprocal



YEY Gl mb il o5 soaisiwl 50 il pl 86 (S LS 19 (2U5)) 0y Kod g (o>

r2 oy 3 Sl ol oS slaaeal alol =) Jgsa
Table 1- Names of Iranian silkworm hybrids in the present study
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Hybrid with Chinese maternal parent
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Hybrid with Japanese maternal parent

1 IRA2xIRA1
2 IRA4xIRAL
3 IRAG6XIRAL
4 IRA8xIRA1
5 IRA10xIRAL
6 IRA12xIRAL
7 IRA2xIRA3
8 IRA4xIRA3
9 IRA6XIRA3
10 IRA8xIRA3
11 IRA10xIRA3
12 IRA12xIRA3
13 IRA2xIRA5
14 IRA4xIRAS
15 IRA6XIRAS
16 IRA8xIRAS
17 IRA10xIRAS
18 IRA12xIRA5
19 IRA2xIRA7
20 IRA4XIRAT7
21 IRAGXIRA7
22 IRA8XIRA7
23 IRAL10xIRA7
24 IRA12xIRA7
25 IRA2xIRA9
26 IRA4xIRA9
27 IRA6XIRA9
28 IRA8XIRA9
29 IRA10xIRA9
30 IRA12xIRA9
31 IRA2xIRA11
32 IRA4xIRALL
33 IRA6XIRALL
34 IRA8xIRA11
35 IRA10xIRA11
36 IRA12xIRA11
37 154x151
38 154x153
39 104x103
40 32x31

IRA1XIRA2
IRALXIRA4
IRALXIRAG
IRA1xIRA8
IRA1XIRA10
IRA1XIRA12
IRA3XIRA2
IRA3XIRA4
IRA3XIRA6
IRA3xIRA8
IRA3XIRA10
IRA3%XIRA12
IRAS5XIRA2
IRASXIRA4
IRASXIRA6
IRA5xIRA8
IRASXIRA10
IRA5XIRA12
IRA7XIRA2
IRA7XIRA4
IRA7XIRAG
IRA7xIRA8
IRA7XIRA10
IRA7XIRA12
IRA9XIRA2
IRA9XIRA4
IRA9XIRA6
IRA9XIRA8
IRA9%IRA10
IRA9%XIRA12
IRA11xIRA2
IRAL1XIRA4
IRAL11XIRAG
IRA11xIRA8
IRA11xIRA10
IRA11xIRA12
151x154
153x154
103x104
31x32
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Table 2- Analysis of variance for the silk yarn characters in the studied silkworm hybrids
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Percentage
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Table 3- Mean comparison of the silk yarn characters based on an average of the reciprocal data

_ LS plSol L
s () & i () & s ( N o e I o L e e
Hybrids YS (d) YL (m) e ’ YW (g) RSP (%)
YTS (g/d) EP (%)
1 IRALXIRAZ  71.550 ABC 505.73 UK 3.1367 ABCDEF 14.6100 °%F  4.0033 COFF 29,135 Fr6
2 IRALXIRA4 61.650 'K 64313 ABCDEFGH 3 7G5() ABCDEF 143467 BC0E 44517 coee - 34210
3 IRAIXIRAB 57050 563.80 FGHIKL 3.3950 ABC 15.1167 BOPE  4,1950 BCDEF 33 148 BCDEFG
4 IRAIXIRA8  65.700 DEFGHI 11 5] CDEFGHI 3.1050 BCDEF 142100 8c0e 44433 8c0er 34180
5 IRAILXIRAL0 7245048 519.10 HIKL 3.2567 ABCDEF 14.7533 BCDE 41583 BCDEF 32 75 CDEFG
6 IRALXIRAL2 68.400ABCDEFG 579 G5 EFGHIK 33367 ABCDE  15(0833BCDE 44067 BcoEF 53647
7 IRA2xIRA3  67.050 ABCDEFG 44118 2.975 FF 13.4683 € 3.4600 F 25.860 ©
8  IRA2xIRA5  71.1004BCD 52355 GHIKL 3.3417 ABCD 16.3433 A8 4.1233 BCOEF 31 9g() CDEFG
67.050 33.880
9 IRA2xIRAT o 563.36 FGHIKL 3.1617 ABCDEF 15.2450 BPE 42033 BCOEF 33569
10 IRA2xIRA9  68.580ABCDEFG 579 g7 EFGHIK 3.1483 ABCDEF 15,8717 ABCD 44967 BCOEF 32 643 CDEFG
11  IRA2xIRALl  66.150 CPEFGHI  5gg 05 FGHIKL 3.2300 ABCDEF 157150 ABCDE 41717 BCDEF 31 3gp DEFG
12 IRA3xIRA4 72.900 A 523.99 GHIKL 3.2400 ABCDEF 158217 ABCD 4 245( BCDEF 31 368 DEFG
13 IRA3xIRA6  69.300 ABCDEFG 558 57 FGHIKL 3.3567 ABCD 14.8200 BPE 42883 BCDEF 33 5 BCDEFG
14 IRA3XIRA8  T7155048C 4316 ABCDEFGH 3.1033 BCDEF 14.6983BCCE 51000 A8 36,772 ABCDE
15  IRA3xIRAL0 73.350 A 461.29 < 3.1450 ABCDEF 158333 ABCD 37633 EF 28.737 F6
16 IRA3XIRA12  70.200ABCDE 5,67 ABCDEFGH 3.1117 BCDEF 13.9200CPE 5086748 37.583 ABCD
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17 IRA4XIRA5S 61650 655,82 ABCDEF 3,0733 COEF 13685006 4.4g33Bc0er 34428
18 IRA4xIRA7 65700 EFCHU 4398 ABCDEFGH 2.9983 DEF 14.23678c0e 45800 3/ 605 Ascoer
19 IRA4XIRA9 64350 FCHU 17,51 BCDEFGHU 2.9350 F 15,4717 ABCDE 4 4183 BCDEF 3 718 CDEFG
20 IRA4xIRALL 7245048  5g552DEFGHIK  394g3ABcDEF  jgggggasc  ATLLT a3 pggmcoers
21 IRASXIRA6  66.150 CDEFGHIl 590 g4 DEFGHIK 3667 ABCDEF 140050 BCOE  4,3317 BCDEF 35243 ABCDEF
22 IRASXIRA8 62550 HIK 771.39 A 3.3783 ABC 143850 BCOE 55000 A 41.445 A
23 IRASXIRAL0  69.300 ABCDEFG  5gg6Q FGHIKL 3,0450 COEF 14,1500 BCoE 43733 Bc0er 34543
24 IRASXIRAL2  67.050 BCDEFGH  g52,67 ABCDEFGH 3 295Q ABCDEF 140583 BCDE  4,183ABC 3,765 ABCDE
25 IRAGXIRA7 57050 550.23 FGHIKL 32333 ABCDEF 143100 BCDE 4,550 BCDEF 33 953 BCDEFG
26 IRAGXIRA9 69750 ABCDEF 491,81 K 31867 ABCDEF 1309200 CPE  38133DEF 31317 DEFG
27 IRAGXIRALL  70.650ABCD 5978 GHUKL 3.3800 AEC 14,6400 BC0E  414g3 Bcoer 34390
28 IRA7XIRA8 65700 EFern 63954 3.0467 COEF 148983 6coe 46583 34097
20 IRATXIRAL0 65700 DEFGHI  5gg7QDEFGHI 31467 ABCDEF 15150 BCDE  43pggBover S50
30 IRA7xIRAL2  71100ABCD 60,04 DEFGHY 33217ABCOE 149867 BCDE 48033 ABCD 37,330 ABCD
31 IRASXIRA9  63900CH! 70824 ABCDE 32750 ABCDEF  [45117BCDE 5041748 39470 AEC
32 IRABXIRALL  70.200ABCDE 59729 DEFGHIK 32000 ABCDEF  14pgi7ecoe 48633 o5 500 ancoer
33 IRAOXIRALO  70.200ABCDE 27,6 BCOEFGHI 32300 ABCDEF 149367 ECDE  4g933ABC 37,902 ABCD
34 IRAOXIRAL2  69.300 ABCDEFG 1449 CDEFGHI 3.3583 ABCD 140083c0e 47350 o gng ancoE
35 IRALOXIRALL 69750 ABCDEF 56408 FGHUKL 32183 ABCDEF 143267 BCDE 43333 BCDEF 33 447 BCDEFG
36 IRALIXIRAL2  71550A8C  §37,05 BCOEFGH 3.3950 ABC 144800 BCOE 505178 37818 ABCD
37 151154 61.800 1K 716.78 ABCD 3.4033 ABC 176150~ 49367 A8C  37.615ABCD
38 153154 58.200 750.29 A8 3.4450 A8 15.7700 ABCOE 48167 ABCD 40,658 AB
39 31x32 62.100 1K 746.48 AEC 3.3867 AEC 153000 ABCOE 51450 AB  37.763 AECD
40 103x104 61.200 685,32 ABCDEF 3.4750 A 155767 Aecoe 46467 38.467 ABCD
ok 67.54 602.48 3.228 14.855 4501 34.589
Mean
o Sk o il gl

1.001 24.279 0.064 0.412 0.182 1.398
SEM
Ssire sl
e <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

D)5 RS b 4y sine Sl (g o 50 Ao By b (sl (:S0Le

Means with the same letter in each column are not significantly different.

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, EP: Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk
Percentage

g 5L g8 b i 5l e s claaseel g il (5
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A Camd S youd 2oy YUFY L 35 ¥ asewel g 3,5 (6 5YL
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2185 ghasituel L aus gladisuol dulis

Slico gl ()5 g bt Glaasiuel 3 Slee bawgio d gt
g1 Yo sime Slao plad (gl (ke glas .ol o &) Caliseo
) el (ke (JS awglio b & b 4] (P<0.05)
b Lgl.md._b':.ﬁ.o] as J2d o s ol fuols s dl.a:d.b':.:.o] L
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Table 4- The numbers and value (in parenthesis) of 10 superior silkworm hybrids and 10 inferior silkworm hybrids for the examined

traits”
45y (e Gap I ) stans (oS os (o) ha e
Rank  YS() YL (m) W) EP (%) YW (g) RSP (%)
1 15(73.35) 22(771.39) 40(3.47) 37(17.61) 22(5.590)  22(41.445)
2 12(72.90)  38(750.29) 38(3.44) 8(16.34) 39(5.145)  38(40.658)
3 5(72.45)  39(746.48) 37(3.40) 20( 16.00) 14(5.100)  31(39.470)
4 20(72.45) 37(716.78) 3(3.39) 10(15.87) 16(5.087)  40( 38.467)
5 1(71.55)  31(708.24) 36(3.39) 15(15.83) 36(5.052)  33(37.902)
6  14(7155) 40(685.32) 39(3.39) 12(15.82) 31(5.042)  36(37.718)
7 36(7155) 17(655.82) 27(3.39) 38(15.77) 37(4.937)  39(37.763)
8 8(71.1)  24(652.67) 22(3.38) 11(15.71) 24(4.918)  37(37.615)
9 30(71.1) 16(652.67) 34(3.36) 40(15.58) 33(4.893)  16(37.583)
10 27(70.65) 18(643.98) 13(3.36) 19(15.47) 38(4.817)  30(37.330)
31 29(65.7)  25(559.23) 1(3.14) 18( 14.23) 3(4195)  19(32.718)
32 19(64.35) 13(558.57) 16(3.12) 4(14.21) 11(4.172) 5(34.180)
33 31(63.9) 27(529.78) 4(3.10) 23(14.15) 5(4.158)  10(32.643)
34 22(6255) 12(523.99) 14(3.10) 21(14.09) 25(4.155) 8(31.980)
35 39(62.1)  8(523.55) 17(3.07) 24(14.06) 27(4.148)  11(31.382)
36 37(61.8)  5(519.10) 28( 3.05) 34(14.01) 8(4.123)  12(31.368)
37 2(61.65)  1(505.73) 23(3.04) 16(13.92) 1(4.003)  26(31.317)
38 17(61.65) 26(491.81) 18(3.00) 26(13.92) 26(3.813) 1(29.135)
39 40(612)  15(461.29) 7(2.97) 17(13.65) 15(3.763)  15(28.737)
40  38(582)  7(441.18) 19(2.93) 7(13.47) 7(3.460) 7(25.860)

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, FEP: Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk

Percentage

Sl )8 g R e pl 2 sloaiesl oty pl 88 Sliio (1 Sole dglic =0 Jga
Table 5- Mean comparison of the silk yarn characters in new and commercial Iranian silkworm hybrids

sl (o) @ kb (o) & Jsb (wdlp)S) ot plocial  (a03) Jsbo objlacys (p)5) & 0y (301) (23 2o
Hybrids YS (d) YL (m) YTS (g/d) EP (%) YW (9) RSP (%)
e St 68.320~  588.82° 32078 14738 4.461° 34178
New hybrid
() ol ren  gogone 724724 3.427A 16.08 A 4.886 A 38.62A
Commercial (old) hybrid
e 67.57 602.40 3.229 14.87 4.504 34.61
Mean
o onSbie 3)lslinl sl 0.33 7.04 0.014 0.087 0.046 0.355
SEM
. .4
Ls)llju; »e e <0.0001  <0.0001 <0.0001 <0.0001 <0.0062 <0.0001
valu

FS: Yarn Size, FL: Yarn Length, FTS: Yarn Tensile Strength, FEP: Yarn Elongation Percentage, YW: Yarn Weight, RSP: Raw Silk

Percentage



VFY Lol ¥ ooyleds NF ol oyl (0ls pole gltun gl 4y pis

YFA

oo

Hybrid

IRA3*IRA10
IRA3*IRA4
IRA4*IRA11
IRAT1*IRA10
IRA11*IRA12
IRA3*IRA8
IRA1*IRA2
IRA7*IRA12
IRA2*IRAS
IRA6*IRA11
IRA9*IRA10
IRA8*IRA11
IRA3*IRA12
IRA10*IRA11
IRAG*IRA9
IRA9*IRA12
IRAS*IRA10
IRA3*IRA6
IRA2*IRA9
IRAT*IRA12
IRAS*IRA12
IRAG* IRA7
IRA2*IRA7
IRA2*IRA3
IRA1*IRA6
IRA5*IRA6
IRA2¥IRA11
IRA7*IRA10
IRA7*IRA8
IRA4* IRA7
IRA1*IRA8
IRA4*IRA9
IRA8*IRA9
IRA5*IRA8
31%32
151*154
IRA4*IRAS
IRA1*IRA4
103*104
153*154

(2) & s
YS (d)

I —— 73.35
. /2.9
I — 72 A5
I — 72 A5
I — 71.55
I — 71.55
I ———— 71.55
I ———— 711
I ———— 711
I —— 7065
I ——— 70.2
I —— 70.2
I —— 70.2
I —  69.75
I —  69.75
. 69.3
. 69.3
. 69.3
I 68.58
I 68.4
I ——— 67 .95
I ——— 67 .05
I ——— 67 .05
I ——— 67 .05
I ——— 67 .05
I ——— 66.15
I ——— 66.15
I — 65.7
I — 65.7
I — 65.7
I — 65.7
I 6435
I — 63.9
I — 6255
I — 621
I 61.8
I —— 61.65
I —— 61.65
I —— 1.2
. 58.2

0 10 20 30 40 50 60 70 80

s D390 Aeal Fe )3 65 b o 5 pe slaSile Y JSud
Figure 1- Sorted averages of YS in the 40 studied hybrids
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IRASXIRAS
153x154
31x32
151x154
IRABXIRA9
103x104
IRA4XIRAS
IRASxIRA12
IRA3xIRA12
IRA4XIRA7
IRA3XIRA8
IRAIXIRA4
IRA7xIRA8
IRA11xIRA12
IRA9XIRAL0
IRA4xIRA9
IRA9XIRA12
IRA1XIRA8
IRA7xIRA12
IRA7xIRAL10
IRA8xIRALL
IRASXIRAG
IRA4xIRALL
IRA2XIRA9
IRAIXIRAL12
IRA2xIRAL1
IRASXIRAL0
IRA10xIRA1L
IRA1XIRAG
IRA2XIRA7
IRABXIRA7
IRA3XIRAG
IRAGXIRALL
IRA3XIRA4
IRA2XIRAS
IRAIXIRAL0
IRAIXIRAZ
IRABXIRA9
IRA3XIRAL0
IRA2XIRA3

Hybrid

() & Job
YL (m)

I —— ] 71.39
I ——— ]50.29
I —— ] 16.48
I —— ] 16.78
I —— ] 08.24
I ——— 685.32
I ———— 55,82
I ——— 52 .67
I ——— 52 .67
I mmmmmmmmm—— 543.98
I mmmmmmm——  543.16
I mmmmmmm—— 543.13
I mmmmmm——  539.54
I mm——  537.05
I mm—— 527 .96
I m—— 517.51
I mmmmmmm—— 514.49
I mmmm—— 511.51
I mmmm——  506.04
I mm——  598.7

I —— 5,97 .29
I mmm—— 590.84
I m— &85, 57

I —— -79.67
I m—  579.65

I —— 568.05

I ——— 5666
— 6498
I —  563.8

I — 563.36

I —— 559,23

I — 558 57
——— 7978

I —— 573,99

I — 5,73 55

I —— 5191
I—— 505.73
I—— 191.81
—— 161.29
— 011.18

0 100 200 300 400 500 600 700 800

o Sy &5l ¥ )3 55 Job oad (e slanSike - SO

Figure 2- Sorted averages of YL in the 40 studied hybrids
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Yv.

103*104
153*154
151*154
IRA11*IRA12
IRA1*IRA6
31%32
IRA6*IRA11
IRA5*IRA8
IRA9*IRA12
IRA3*IRA6
IRA2*IRAS
IRAT*IRA12
IRA7*IRA12
IRA8*IRA9
IRA5*IRA6
IRA1*IRA4
IRAT1*IRA10
IRA4*IRA11
IRA3*IRA4
IRAG* IRA7
IRA9*IRA10
IRA2¥IRA11
IRAS*IRA12
IRA10*IRA11
IRA8*IRA11
IRAG*IRA9
IRA2*IRA7
IRA2*IRA9
IRA7*IRA10
IRA3*IRA10
IRA1*IRA2
IRA3*IRA12
IRA1*IRA8
IRA3*IRA8
IRA4*IRAS
IRA7*IRA8
IRAS*IRA10
IRA4* IRA7
IRA4*IRA9
IRA2*IRA3

M i
Hybrid

2.6

(/2 5) (oS oS!
YTS (gr/d)

3.475
I mmmmmmmmmmmmm———————  3.445
I mmmm——  3.4033
I mmmm—— 3,395,
I mmmm—— 3,395,
I ——— 33867
I ———— .38
I ——— 3,37 83
I ———  3.3583
I ——— 3 .3567
I mmm——  3.3417
I mm— 3.3367
I mm— 33217
I —— 3,275

I ———— 3.2 667

I ———— 3.7 65
I mm——  3.2567
I mmmmmm—— 3.2483
I — 3.2 4

I mm—  3.2333
I m—— 3,23

I ——— 3.2 3
—— 3.2 25
——— 3.2 183

I mmm— 3.2

I ——— 3.1867

I — 31617

I —— 31483
— 31467
——— 3,145
———— 31367
—— 1117
— 3.105
—— 3.1033
—— 3.0733
— 3.0467
— 3.045
I 79983

I ) 935

I ) 905

2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 3.6

o D90 4Beal ¥o )3 65 S plSoetil 005 oy (gla o Sibe <Y S
Figure 3- Sorted averages of YTS in the 40 studied hybrids
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M i
Hybrid

(2 y3) Job sUajl oy
EP (%)

151*154 I 17.615
IRA2¥RAS I 16.3433
IRA4¥RAL11l I 15,9983
IRA2¥RAS I 15.8717
IRA3¥RAL0 I 15,8333
IRA3*RA4 I 15,8217
153*154 I 15.77
IRA2¥RAL1]l I 15.715
103*104 I 15.5767
IRA4¥*RA9 I 15.4717
31732 . 15.39
IRAZ¥IRA7 I 15.245
IRA7*IRALD I 15.215
IRAT*IRAG I 15.1167
IRAT*IRAL2 I 15.0833
IRA7FIRAL2 s 149867
IRAS*IRALD I 14.9367
IRA7*IRAS I 14,8983
IRA3*IRAG I 14,82
IRAT*IRALID I 14.7533
IRA3*RAS I 14.6983
IRA6¥RAL]l I 14,64
IRAT*RA2 I 14.61
IRAS*IRA9 I 14.5117
IRA11*IRAL12 I 14.48
IRAS*RAS I 14.385
IRAT*RA4 I 143467
IRAI0*IRAL11 I 14.3267
IRAG*IRA7 I — 14,31
IRA8*IRA11 I 14.2817
IRA4*RA7 I —— 142367
IRAT*RAS I 14,21
IRAS¥*IRAL0 I 14.15
IRAS*RA6 I 14.095
IRAS¥*IRAL2 I 14.0583
IRA9¥RAL2 I —— 14,0083
IRAG*IRAS I 13.92
IRA3¥RAL2 I 13.92
IRA4*RAS I 13.685
IRA2¥RAS I 12.83

0 5 10 15

oy Dy90 diual Fo 0 55 Jobo 3b33l o o e (sla puSibe —€ JSWS
Figure 4- Sorted averages of EP trait in the 40 studied hybrids
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Yvy

Hybrid

e

IRA5*IRA8
31%32
IRA3*IRA8
IRA3*IRA12
IRA11*IRA12
IRA8*IRA9
151*154
IRAS*IRA12
IRA9*IRA10
153*154
IRA7*IRA12
IRA9*IRA12
IRA4*IRA11
IRA8*IRA11
IRA7*IRA8
103*104
IRA4* IRA7
IRA4*IRAS
IRA1*IRA4
IRA1*IRA8
IRA2*IRA9
IRAT*IRA12
IRA4*IRA9
IRAS*IRA10
IRA7*IRA10
IRA10*IRA11
IRA5*IRA6
IRA3*IRA6
IRA3*IRA4
IRA2*IRA7
IRA1*IRA6
IRA2¥IRA11
IRAT1*IRA10
IRAG* IRA7
IRA6*IRA11
IRA2*IRAS
IRA1*IRA2
IRAG*IRA9
IRA3*IRA10
IRA2*IRA3

(0 5) & ojs
YW (gr)

I —— .59
I mEmmmmmmm———  5.145
I mm——— 5.1
I mmmm——  5.0867
I mmmm—— 5.0517
I m——  5.0417
I mm——  1.9367
I mmm—— 19183
I mmm— 1.8933
I ——— 1 8167
I m— 18033
I ——— 1735
I 1. 7117
I ——— 16633
I —— 1.6583
I ——— 16467
I mmmmmmmmmmmm—— 458
I mmmmmmmm——— 4.4833
I m———  .A4517
I mm— 11433
I mm—— 4.40267
I mm—— 4.40267
I mmm— 1 2183
I ——— 13733
I —— 1 3683
I ——— 13333
I —— 13317
I ——— 1.2883
I —— 1245
I ——— 1.2033
I mmmmmmm—— 4,195
I mmmmmm—— 841717
I mmmm—— 4.1583
I mm—— 1155
I mm—  1.1483
I m— 4.1233
I mmm—— 10033
I mmm—— 38133

I —— 3.7633
—— 3.3367

0 1 2 3 - 5 6

ot 20 el B )3 3 (g 0 5 pe sl peSike =0 JSW

Figure 5- Sorted averages of YW in the 40 studied hybrids
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IRA5*IRA8
153*154
IRA8*IRA9
103*104
IRA9*IRA10
IRA11*IRA12
31%32
151*154
IRA3*IRA12
IRA7*IRA12
IRA9*IRA12
IRA3*IRA8
IRAS*IRA12
IRA5*IRA6
IRA8*IRA11
IRA4* IRA7
IRAS*IRA10
IRA4*IRAS
IRA6*IRA11
IRA1*IRA4
IRA1*IRA8
IRA7*IRA8
IRA2*IRA7
IRA7*IRA10
IRAT*IRA12
IRA4*IRA11
IRA3*IRA6
IRA10*IRA11
IRAG* IRA7
IRA1*IRA6
IRA4*IRA9
IRAT1*IRA10
IRA2*IRA9
IRA2*IRAS
IRA2¥IRA11
IRA3*IRA4
IRAG*IRA9
IRA1*IRA2
IRA3*IRA10
IRA2*IRA3

M i
Hybrid

(e y3) 23 & oy
RSP (%)

I —— 11.445
I —— 10.658
I — 39,47
I —— 38.467
I ——— 377.902
I m—— 5] 818
I ——— 5] .763
I —— 3] 615
I mmm——— 37.583
I mm——— 37 .33
I mmmmm—  36.808
I m—  36.772
I mm——  36.765
I mm—— 35,243
I mm—— 35,223
I mmmm———  34.805
I mmmEmmmmmmmmmmmmmm——— 38.543
I mmmmmmmmmmmmm—— 34,428
I —— 34139
I —— 3421
I —— 3118
I ——— 34097
I —— 33,88
I ———— 33,75
I ——— 33,647
I ———— 33568
I —— 33,572
I ———— 33447
I —— 33.253
I mmm—— 33.148
I mmm— 32.718
I mm—— 32 .675
I mmm— 37 643
I mm——  31.98
I mmm——  31.382
I mm——  31.368
I mmmmm—  31.317
I mmm— 79.135

I mmm—— 28.737
—— ) 586

0 5 10 15 20 25 30 35 40 45

o Sy dBuel ¥ )3 (BES Ao )3 00 (O pe s eSile =1 S5

Figure 6- Sorted averages of RSP in the 40 studied hybrids
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