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Study on Innovation and Application of Highly-Male-Sterile Line with
High Outcrossing Rate in Millet

WANG Yu-wen, LI Hui-xia, TIAN Gang, SHI Qin-xiang

(Millet Research Institute, Shanxi Academy of Agricultural Sciences, Changzhi 046011, Shanxi)

Abstract: [Objective] Elite cross combinations were bred using highly-male-sterile line with high outcrossing rate and
herbicide-resistant restorer line. By this, two-line system hybrid millet could be used in millet production. [Method] Improved
existing male sterile lines and restorer lines which suited breeding aim were bred by pedigree method. [Result] Four
highly-male-sterile-lines with high outcrossing rate and fine agronomic traits named Gaoll7,Ga0146,Gao229, and Gao236 were
selected. Herbicide-resistant restorer lines with high combining ability like K103, etc.were bred. A set of technical system of breeding
two-line system hybrid was found. The first millet hybrid named Changzagu No.2 with herbicide-resistance was bred which suits to
late maturing area in China. [Conclusion] The puzzle about high-yielding reproduction of male sterile lines and high-yielding seed
reproduction of hybrid were solved by having highly-male-sterile lines with high- outcrossing rate.
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h T EUR K 10A [ ag 45 5t fE, 2000 27 1
FESR AP R R R I AR “81-167 nf B K 10A
FAL, RUHEE RS A, AEIE — WAL MR . 2003
N FeARHIEE 4 N HIRARE 1 i A 4 S 1 4
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cm, BEMRIEZ, FrrEE, PUR. BB, KIER
(5 H 22 H)> 8 H 3 Hlifd,

@rm 236: ¥ 103.0 cm, FHiK: 24.8 cm, ik 2.36
cm. K¥GHFER (5 22 H) 8 7 1 Hihfd.

2.2 MBREFRERIEE

2.2.1 JURER “E#F FARTI LRI Y
) DSB553 Ak B Pl B ) 52 R AL T ik
fiie 1998 AL IA LS 53 43l 43 1 S PP e [ — Bk
FhdE, B (S Wi 12.5%01 “EHiET , 7
d e A AR O, 45 4 DSB553 A HIBLAE T 15 I »
HE 53 (a2, FEEIA 100%, FX)
DSB553 [ MR HEREAT A, 2500 #F



4 3

FRICAE: AT R A SHEEANE R AU KN 683

R A5 H 16 H, 5 H 25 HHW, 7 7 28 HilEL, 9
H 28 Hpc#, Jarhimg 22880 RS, b 91.3 cm,
FHK- Sk 20.1 cm, B A 2.92 cm, R, ANIE,
JERILERFASRE, AEEEH TRE R

222 MBREAKEZRNEET PRI R
DSB533 5 P44 i AP 4 21, 545 32, 54y 16
SRR IS, 2003 4E N 1473 4 Fs AR RE %85 !

F1 BAOMBRETIRE RAERETIR

FOE PR T AIAEL 266 4, Hp R SRR I LT
1) 14 3. 2003 FFEARAEIF i — W0 3% Hi 1) S A8 45 5K
H 1 AN T RN R IR (R BT BR S 0 e SE AR A T
%, F T N TR, 45 2004 4F42Fp—1%
MR, I THRA B = K103, K95, K161,
K163. K172 SEHiBRERIE R, BRI RAR 2%
Wi, prgdsg, Biahm (kD

Table 1 The performance of part Herbicide-resistant restorer lines (2004)

% WEFR FETE(g) R (g) P (cm) Fi-K:(cm) FHH (cm) K|
No. Restorer Spike weight Seed weight Plant height Spike length Spike thick Millet color level
25 K172 304 233 103.6 216 2.82 B

54 K103 38.6 312 128.0 27.0 4.70 B

66 K161 294 249 1325 243 3.45 B

84 K95 28.0 18.6 125.3 241 2.79 B

2.3 HRBBEERE

2004 fELAT 117 1 146, 1 253 A BEAS, LA 10
ANPUBR NI B A, $% 3X 1ONC 1T AZ AL B v
YRCEL 30 MG . R 2 4 10 MRALE 3 AMBEA FL
RITT 2200 AT G5 A, AT A8 bR I DR 24 ) 1) 2 S i
B, RUMFEI L 2 e, St & 7 %
ST, 3 AMATRIE CBEA) BRAEKC, B0 — AT
71 (GCAY NS, HARMRFENE S ==H ¢
MR BRI, TRim) — e s #IE A 2 K
ey NIRRT T X — 8. 10 ANAXAN ]
F MR — Ml & I #BIA R 35K, 4L IR ik
Bier s (SCAY TEAAHAR EBARIEM B K,
W REA —FBERC A 7ROV IR] QA — REETC A5 70 2% i)

FFRRIC G RN [R) S AE 7045 1t 2 R4 72 o

2.3.1 —fREE RN —ADSEARLEAR
FZAE G MR, & e —RaC A 8Ny
S PSRN AN ST PN 1 S R TN
SR AA AR KIFI MG . SEAR— A 10N K
HERBEENE 3, B —BEA SihbrdE
e, WAARE R BRE, TR, /=87,
SCARTEAN IR ], JE—FREIC A ) RN S FLSATAE 1 6
REARTE /N =8 b — e & 7 S IRk v 117€0.38),
SRR B — R A )R (0.13) iy 146 (/)X
FrE R G R, AR R TR b — AT
G X RE LR, 3 MREA—BELS 2R
B, (HERRK ., RO RS S, fERORIE b

F2 BFHNERHRENFERR
Table 2 ANOVA for combining ability of millet
AR KU DF P i (cm) K (cm) AL (cm) Flhr T (g) T-HiTE(g) 71 (Kg)
Source of variation Plant height Spike length Spike thick Seed weight Thousand kernel weight Yield

MS F MS F MS F MS F MS F MS F
EH Replication 1 1.70 0.09 0.04 0.47 0.003 0.09
Fo R 29 23329 198.42** 172156 1277.46** 0.43 9.24**  39.69 23.71**  0.030 17.85** 126 62.26**
F1 genotype
HESE — L& ) 2 56.78  50.46**  1.13 0.84 0.07 153 21.05 12.57%*  0.020 11.62** 3,60 177.64**
GCA
SR — MRS J) 9  626.25 556.52** 44.56 33.07**  1.08 23.40*%*  73.42 43.86**  0.080 47.73**  1.87 92.58**
GCA
RN 1 SCA 18 4030  35.82** 2751.22 2041.50** 0.14 3.02**  24.89 14.87**  0.006 3.61**  0.69 34.28**
IRz 29 1.13 1.35 0.05 1.67 0.002 0.02
Environment error
M3t Total 59  110.33 846.86 0.23 20.34 0.016 0.63

** KRk 0.01 BEKT, MS 4T, F OATJ5ZE, DF MHA M

** indicate significance at P=1% levels respectively. MS:Mean squares, F:Variance, DF:Degree of freedom
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Table 3 GCA effects of millet properties and their significance of difference

SRA Fi(em) ik (cm) FH (cm) HRLE (g) T-hi (g) 7 (kg)
Parent Plant height Spike length Spike thick Seed weight Thousand kernel weight Yield
i 117A -1.86¢ -0.02a 0.03a 0.13a -0.01b 0.38a
1 146A 0.45b -0.23a -0.07a 0.96a 0.04a 0.09b
f 253A 1.42a 0.25a 0.04a -1.08b -0.02b -0.46¢
& g(m) 0.24 0.26 0.05 0.29 0.01 0.03
& (gi-gj) 0.34 0.37 0.07 0.41 0.01 0.04
LSDo.05 0.69 0.75 0.14 0.84 0.03 0.09
K103 9.79¢ -1.59d 0.75a 4.91b 0.07b 0.59b
K161 -10.78g 1.43b -0.12cd -1.93ef 0.19a -0.63f
K95 -13.03h 1.73b -0.12cd -3.81g 0.01c -0.30e
K163 12.68b -1.91d -0.24d -2.58fg 0.16a -0.03d
K164 3.54d -2.03d 0.17b 7.18a -0.09ef 0.82a
K88 4.74d 1.56b -0.28d -1.34def -0.03cd -0.53f
K34 -10.04g -1.68d -0.57e -2.43efg -0.13fg 0.29¢
K37 -6.91f -3.41e -0.32de -0.08cd -0.04de -0.70f
K67 14.04a 5.89% 0.08bc -0.98de -0.169 -0.18de
K172 -4.04e 0.01c 0.65a 1.04c 0.01cd 0.66ab
Gaf) 0.43 0.47 0.09 0.53 0.02 0.06
& (gi-gj) 0.61 0.67 0.13 0.75 0.03 0.08
LSDo.05 1.26 1.37 0.26 1.53 0.05 0.17

RFVEC AR R R B R EF AL E . TR
Values followed by same letter in a column mean not significant at P=0.05(LSD-test). The same as below

117 /5 146 L5 253 — e & ) 2 ¢ i 3 . 3L K103
K163, K172 fE/hX =i E—&li & 13 m, 430
4059, 0.82. 0.66, [FlffIX 3 MNAXATERRIE ., Rk
A s, AR ORI RS )
AR

2.3.2 FHREE BN R 4 HEHEDXFE
ERMTER, £S5 NS TEIRERRRAC A k0w & 2
SR, AN ETESER RS ROV 5
FIES. YT 146 X K103 /NX =8 2.93 kg,

Fz4 BFIXINCIEITHNXFERFZEE

/N X RT3 78 (2.18 kg) 15 0.75 kg, %41 & (e
D FRRRAC S s, AR TRIE ., REORIE R
BeA iR s, o= Js R — 7 TR BT R0R = ek
RIGEIN Ry 146 F1 K103 10— EC A 8N4 5D
TR A TXCRRRAC A IRON, BT LA A d
G . Hom 117X K163 /N FE) =5 2.88 kg,
/N RT3 7 s 0.7 kg, ZALS R R ki
MIIEAE, o= RN =2k | T R85 = SR ) &
(i 117 F K163 7o/ X =i b — & 1.

Table 4 Two directions table of total yield in 3x10NC II design of millet

K103 K161 K95 K163 K164 K88 K34 K37 K67 K172 Tt Vs
" 117A 4.80 4.55 4.35 4.10 5.75 5.55 4.65 3.80 5.05 47.20 2.36
15 146A 5.85 3.85 4.15 4.70 5.05 4.85 3.25 4.70 4.70 44.30 2.22
15 253A 4.15 2.65 3.65 4.15 4.70 3.50 3.05 4.00 5.25 38.35 1.95
Tm 14.80 11.15 12.15 12.95 15.50 13.90 10.95 12.50 15.00 130.35 y=2.18
Ym 2.47 1.86 2.025 2.16 2.60 1.91 2.32 1.83 2.09 2.50

To - FEAKME B AL, yr W FATIE: To A OABLEEA, Yo F—OATIH

T¢ is the sum of the same female, yr is the average of the same female; Ty, is the sum of the same male, yy, is the average of the same male
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Table 5 SCA effects of millet's properties and their significance of difference

ARACA L B (cm) i (cm) FH (cm) kL (g) TR (g) =i (kg)
Cross Plant height Spike length Spike thick Seed weight Thousand kernel weight Yield
i 117xK103 6.61ab -0.90efghi 0.10abcde 2.01bcdef -0.020cdefgh -0.51nopq
1 117xK161 0.68fghij -0.37cdefghi -0.22cde -0.26fghijk -0.005bcdefgh 0.46bcde
i 117xK95 0.08ghijk 0.69bcdefg -0.26de 1.62cdefgh 0.027abcdefg -0.08ijkl
i 117xK163 6.98a 0.37bcdefghi -0.17cde 0.89defgh 0.031abcdef -0.59nopqr
5 117xK164 -4.94qr -0.52defghi 0.22abc 0.04efghijk -0.070h 0.21efgh
i 117xK88 -1.04jkIm -1.65ghij 0.12abcde 0.31defghi 0.014abcdefgh 0.41cdef
i 117xK34 -0.20hijk 1.24bcde -0.21cde -2.51KI 0.014abcdefgh 0.54bcd
i 117xK37 -2.54Imn0 1.92bc -0.20cde -6.61m -0.020cdefgh 0.63abc
i 117xK67 -1.89kImno 0.12bcdefghi 0.41a 1.89cdefg -0.053fgh -0.74qr
i 117xK172 -3.750pqr -0.90efghi 0.23abc 2.62bcde 0.081ab -0.33Imno
i 146xK103 -5.50r 1.17bcde -0.13bcde 3.88bc 0.066abc 0.83a

5 146xK161 -0.73ijkl -0.26¢defghi -0.07bcde 0.16¢fghij -0.054fgh 0.15fghi
5 146xK95 1.27fghi -1.26fghi 0.06abcde -1.86ijkl -0.012cdefgh 0.02ghijk
i 146xK163 -3.13mnopq 1.48bcd 0.15abcde 0.91defgh -0.019cdefgh 0.30defg
4 146xK164 2.10efg 0.50bcdefghi -0.13bcde 2.91bcd 0.031abcdef -0.20KkIm
i 146xK88 5.80abc 0.96bcdef 0.12abcde -0.77higkl 0.014abcdefgh -0.80r

i 146xK34 -3.41nopqr -1.71hij 0.01abcde -2.14ijkl 0.014abcdefgh 0.13fghij
i 146xK37 -2.55Imno -3.87jk 0.41a -0.04fghijk 0.031abcdef -0.49nopq
i 146xK67 4.50bcd 4.33a -0.10bcde -2.395kl -0.052efgh 0.45bcde
i 146xK172 1.64efgh -1.34fghi -0.30e -0.66ghijkl -0.019cdefgh -0.39mnop
1 253xK103 -1.12jkIm -0.26¢defghi 0.03abcde -5.88m -0.047efgh -0.32Imn
1 253xK161 0.05ghijk 0.62bcdefgh 0.30ab 0.10efghijk 0.059abcd -0.61opgr
i 253xK95 -1.35jkImn 0.57bcdefgh 0.20abcd 0.23efghij -0.015cdefgh 0.06ghijk
1 253xK 163 -3.850pqr -1.85ij 0.02abcde -1.80ijkl -0.012cdefgh 0.29defg
i 253xK 164 2.83def 0.02bcdefghi -0.09bcde -2.951 0.039abcde -0.01hijk
i 253xK88 -4.77pqr 0.69bcdefg -0.24de 0.47defghi -0.028defgh 0.39cdef
i 253xK34 3.62cde 0.47bcdefghi 0.20abcd 4.65ab -0.028defgh -0.67par
i 253xK37 5.08abc 1.95bc -0.20cde 6.65a -0.012cdefgh -0.14jkIm
i 253xK67 -2.62Imnop -4.45k -0.30e 0.50defghi 0.105a 0.29defg
1 253xK172 2.12efg 2.24ab 0.08abcde -1.97ijkl -0.062gh 0.71ab
gs 0.75 0.82 0.1581 0.91 0.03 0.10

& (sij-skl) 1.06 1.16 0.22 1.29 0.04 0.14
LSDo.05 2.17 2.38 0.46 2.64 0.09 0.29

2006—2007 “EK A4 2 5 (f1 146 XK103) 2N
T PG X A A AC P IR . IE AR X
R R, RIEEF P KR 25 (R 6) , 2006
ST R A W & 3 757.5 kg, “FIYLLXT IS4 34
SHERE 17.7%, RSB E 0, 6 MR

DLRar=, ARk 100%; 2007 4P Ao b
5 499.0 kg, “PIJLLX A 34 547 15.6%, 5
IRAASFPER A7, 6 DRl 5 AN RIS, HE
RN 83.3%; AR IR AL 5 4 628.25
kg, “FHYLLXTIE A 34 51477 16.5%. 2008 4 4 H
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Table 6 Regional experiment result of Changzagu 2 during 2006-2007

R 74+ Yield per hectare (kg-hm™) et 4% 7 Increasing yield to control (%) {77% Rank
Testing field 2006 2007 2006 2007 2006 2007
235 Xiangyuan 3315.0 5685.0 228 19.4 1 1
iz ¢ Huguan 3649.5 62325 18.5 18.4 1 1
KX Yuci 4725.0 4804.5 15.4 234 2 1
)1 Zezhou 4221.0 5445.0 285 20.4 1 1
Ak Liulin 3840.0 16.4 1

4t Yushe 3000.0 111 1

J5 1l Fangshan 5859.0 -2.0 3
HFH Xiyang 4966.5 20.4 2
V¥4 Average 37575 5499.0 17.7 15.6 1 1
2 4EF-¥4 Average of two years 4628.25 16.5 1

10 HZ VG4 ARAEY) i Bl i e 22 Dy 43 W e il
2.4 BEHEMETEREMIRE

KA TR 175, 1A E RN
SR, 2005 AP MEVEAS T R R 146A 200 m?,
o —2R47 (100 m?) JEAT AN THIBhEERS, hAS
FHAEnT &4 60 £, E/EIHRER. |- 8: 00—9: 00 #1
851 U FR0 R4 B B AT R R, 9 — 47 (100
m?) RS IFERT LS 60 B, KT A ThHiBh#
B, BRUE R A LA SRR E R, RIS LR
7, RENTHIBF A /MR 78R 4.49 kg, &N T

F 1 2005 £ ATHBNEMHAIGER
Table 7 The result of supplementary pollination in 2005

HEEFR (1) /N5 S AR Ky, 7B N 8.22 kg,
R A EIEAE &R 822.0 kg, RS N THRHE
B R (488.95 kg-hm™) #i7 T 83%.
2.5 MBAEHIH MR

2004 FEAAEHFRE — N TR B /N R R RR 7 A4
o ArJE: 117 X K88, 1 117X K163, f 146 X
K103, #1229 X K172, # 117XK161. & 117 X K164
Fifmr 236 X K95, 2005 AEARAE = W ik 7 ANl Fh4l
B EAT T I R R S e L AT R (3R 8)
i 146 X K103 NALIAAHIE AN G, SRAZ 455348, R

17 146 filiBh R (T 127) KA BIEA (CF1)

Gaol46 Supplemental pollination Non-supplemental pollination
FASFHLE 5% % Selt-setting rate in bag 25.6 8.8

[ H A 45 52 % Selt-setting rate freely 17.4 9.5

Y44 il Seed reproduction per hectare (kg-hm?) 822.00 488.95
8 ZTHI#e 7 MAEERZTEEHLTE
Table 8 Outcrossing rate of the seven combinations reproduced in Sanya
iy I I SR FLARAT A (%)
Cross ) R SAAEE ) ) RICY AR Average

Living Total Outcrossing rate Living Total Outcrossing rate

f 117xK164 17 37 459 18 36 50.0 48.0
i 117xK88 3 20 15.0 14 26 53.8 344
i 117xK163 14 32 438 8 34 19 30.4
i 236xXK95 12 37 324 8 26 30.8 31.6
1 146xK103 8 50 16.0 5 48 10.4 13.2
T 229xK172 19 31 61.3 11 29 37.9 49.6
f 117xK161 16 32 50.0 10 30 333 41.7




BT A SR YR 7 2R IR B 687

13.2%, &5 idE % 2005 ARl = i LRGN, H
T¥) B T A A2 1E 5 55 B 1R 50%, 3 i (k= 0.31%),
R 6 MIENRAZLEIHFILKT 30%, Hmlis
49.6%. FEXIZLACPHIEH i (15 kg-hm™) FEFf 11
BT 5 B S B 270 R DA A Tl 5 J) AN 5 3 F e 1

2005 SELEDTHTHIF 4 N, QREAELE N
2: 2, =B a R AT 45502 WK 9. 5y 146 X K103

£9 2005 FHMFBERMARLE LA
Table 9 Hybrid seed reproduction and outcrossing rate in 2005

BT AR A K EE, b= K.

2008 “EAEAS T BT 4k AT 2 A8 Al IRl R, il
PG (R 100 , BEAgE 117, 146, AR
K103, S REACLL 4% 2 - 4 Bk, QA K103 ALK,
ek ok, fEWIAHE L, WA= =8, 2500
1 670.25 kg-hm?2, 1 968.75 kg-hm?, ki Z %A 150
£, IAE) T ALK

ikey YRR U f& High ' Middle % Low (kg) T

Cross Hybrid seed reproduction Pl i P e Pl e Average
per hectare (kg) Outcrossing  Reproduction Outcrossing Reproduction Outcrossing  Reproduction (%)

rate (%) (kg) rate (%) (kg) rate (%) (kg)

1 117xK164 633.75 83.3 2.50 59.2 2.25 19.1 2.00 56.24

i 117xK163 754.50 82.2 1.15 51.1 3.90 43.2 3.00 52.70

i 117xK161 633.00 62.5 2.70 111 3.00 6.8 1.05 30.99

1 146xK103 396.00 75.6 0.65 421 2.85 4.9 0.70 41.08

F 10 2008 FH|Fhr=E

Table 10 Hybrid seed reproduction in 2008

iRy AT HR 4328 Outcrossing rate (Kg) i 54 Hr AR 28 B o = i

Cross 5 high 1 middle 1% low Hybrid seed reproduction (kg)  Hybrid seed reproduction per hectare (kg)

fm1 117xK103 14.05 5.43 1.90 21.38 1670.25

i 146xK103 13.35 8.30 1.45 23.10 1968.75

3 itig
3.1 BFHRHINEXREFRREIFAERNXE
BTN, HERD, BFAE RERZ
ANIGAENT s IR A SR 52 6K A RO AR A M
Tekn St/ B LA A2 52 A I 75 2 . 228K FE 5
KERARY, FAC 4y s kE Sk oh e R 2 Pl i 4
FHEE (800!, WK B i 5748 45 9236 (R 4 B0 W
PE R BEAHE LA 28 TR 25 L B S 18 0 SQ AT ey 1L 5 AT
ZHR, BATE RIS el PR i Sl sk T
WEW], B Ik ANER LIS 5 AT 4 50 R 0 2 1IEAH
KPR TFAET RET RS, A HLEK
B, REARHTTONAE RV RS L SRR, AR TR
TAE REF A B> E HYE. AT,
K 10A MR SO R R AN, LR BEARII RS, 5
ACHANA 5%, AR IX—PRRIEA T Rk 1w 117
i 146+ 1m1 229, 1 236 i JEMEMEAN T R L AR iR
U, ACES S F] 40%—50%.

3.2 BTFERRXGXRTERENMAPEEL PR

IR B (8] F1

FEVR ZATE 7 11 24 A FBLA 1R — AL (K
AR, BIOCH PR R AR 538, JREiE H 3
IR R . BEE TR TR, AATRINK g
JRE SRR o 437 A5 AR 7 Wb Bl LK
B, ASRAEAR KRR LI A0 22 S T IR
WA G EMAT R E RIETE T, R
JRIESR, A R AR B T 37 [ 25K, BE 2wy
FESCEARR, SR RIRON o HTRG Ea H
N PR ERBATE LED T, EFRmA s, R
KHEFRH T4 534k, BERREEITFOKREAN F R AL
AP R AEARINT 95 Bk e i 22 555 N AE DR 3R e
bb, GBI BEI M, A BRI IRk
SRERIF AT RAh, BRI Mk Sk Ah R K2
PPN, A AL I RO B R A S A, D

ZRAC Bl o
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B HETEAT RPACEE LHAL,  HIM = 2L
A T 2228 P AR = I LR R, ARTFIE B
HT R SRR TR ST R, P00
TRENBRTEAE “ R MIMHEFHAKRR,
B R S — AN P I AR 2 ORI (R B SR B A
TFRATKILAY 2 45, LD T REA IR = 2]
15 1968.75 kg, ZERREOAE] 150 £, AF| TR ML
AFEELR, AE REAWER " E WA 822 kg, ER
REL 73.07 % B RINHIBRE I ARl 74y
TR S B DL, AR A AR G AR
B ) AR s B 9t

Bt o B R AR Su A TR AT ERF T
AARRRAET SR LA A, LB R LA Z RS TR
Pk & Akt b S ESTAREE T T 4 S 485 Ao B 8h, 45 &
!
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