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Table 1 Parent materials and pedigree for this test

i FRRARR RIS e
Number Germplasm  Germplasm Genealogy
name type
1 # HI29A NGRS B35x# 1230B
2 # 1230A NEE (TX3197Bx/ 1B) < 30B
3 314A ENCES TX3197BxFEHILL
4 # 303A NGRS 97101Bx2055B
5 FH 115A ZNEE 1 15Bx2055B
6 63A AER £k 97101Bx41 5| 14kt
7 Y324A NEE B BxAG R
8 QL33A NEE BORFIE 5 3
9 H 64A ENCES 407Bx1243B
10 T 245A NEE ¥ 15Bx2055B
11 7 5522A ENCES MS22B%2055B
12  2055A NEE 314BxA2V4B
13 H 5535A NEE 406BxICS-34B
14 H 5575A NEE 2055Bx7050B
15 463A NEE 2055BxE K7 B
16 SX44A ENCES (V4BxF4B) xV4B
17 HLSx125x2999 1KkE % HLSZx (10125%2999)
18 HLS f W R a1 R
19 # R2115 VKR B 133x10125
20 5933 WE & 5903x =R =
21 10125 VKR B 133x75 R105x9060
22  R107 WE &R FIRERE 319-4x304-4
23 # R109 WE R HM6S (R S/=R=/k 409%
J\ 523 13 2) x1105B
24 # R117 WE & LR9198 KR4 Tk
25 H RI127 WE R # R117x7 R5062
26 133 VKR IR 52xVI494
27 B4 133x125 KE % 75 133x125
28 7 R2483 WE & T R107x2999
29 7 R4334 WE & (F R123xF 133) x9060
30 7 R4392 WE R #H R2115%x10125
31 FKI78IR  KER Y304x# R2115

1.2 R 7A5E

T 2022 4 7-8 H gk i, LLie ME
RNBER, 15 MKE R RIAER, AT
Z 1t (incomplete diallel cross, NC II) At 206
MM G, FRFFRLGEE , WOk Fr AR 7. 2023
5 H, BIGRI 31 ANSEAR K 206 MNEAZHAT
Fi AR 7 T 35 bR RO R B A 204 T 356
FHh (43.57°N, 126.28°E) , %5 Mg T Kbk
PR E, WRIEH TR, Ryt
IR FH BEALIX AT P, 47K 3 m, ATEE
65 cm, FEFE 20 cm, 3 REE . AR50 HE H [F 5
FH [) 5 38

1.3 WEMESRHZE

FE I M ot B s IR LY AR AR ) 1),
TR B, BN B R TR,
FERLE P, 312 MR A R 2 G, {8 2 IR
{83 e A, 83 AR 3 B 13 MR
14 BB

F FH Microsoft Excel 2016 AT £ % 8, =
FRFLZ RV ks R 4.3.1 i E— R AL & J1 Al
FERRIC & 71, FEXE 206 17 22 S8 4 & & R B ok
PR SR A AT 7. R (mid-parent
heterosis, %) =[Fi—(4+B)/21/(A+B)x100; FHiFH
(heterobeltiosis, %) =(Fi—Hp)/Hp>x100, H, F
NRAZGRIIE, A REEAFIME, B NRAF
Y, Hp NwEisElE.

2 HERESR

2.1 FEAMBEE O

2.1.1 FESH X206 A=A HAE FAR 13 4
PRI ZE T 3R (R 2) BoR, FratERAEX
HNBIRIL PG 2K, AR A ) 5k 20 2%
KT, Ut BA IR 22 S o B A 2 S Rk, AT
VAT & J1 000« AN B RAKE R SR 1077
EBNEBING R E KT, A8 RKE RS MRS
PREC A 11BN 7K 7, Ui B - MR K R B A2 n
PRSI E i 28 3L RIVE A, AT BAEAT GCA
1 SCA MBE M. Horr, ZACFPIEMRSR . B
FERAC . FERIER . (8] 2 e s, 812 mhBE. {33 0
e A8 3 KRR 3 i gE SR T 2 AN E R
RUFCMREER, FEREAA M AC B . TR E 0 = 2k
W S22 R EER B EOR, e 2 M KZAE
RAKE R E R B IL [F AR

2,12 —MECA N B, N 3UAREAR 13 M
I —MEBC A SNl (R 3) rbral s, Hhs—
R A S R NAE AR IR N -31.18~30.40, 67 ) B M AH
SRR T BF 0T o R 2% A8 b we RO R B S, 47 88 A
BAGH 3 NEANE 64A. 75 HI29A A 5522A.
T — MR A 1 8 BB AR R N -3.59~3.52, 1E[IRK
AE A AT 3N A A JE AR I i, BN B e 1)
3AEAN 63A. SX44A FITE 245A. FEMK —&
WA BN AR AR I8 9-3.64~3.92, BRI Ko &
SRR B BENT), B ) RN A R X 422 S5 AR 3
P R AR S, B RSB B R ) 3 AN SR AN
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Table 2 Variance analysis result of 13 traits

AR SRR X4 s N =] WE R —RIE T FAE M ERRIL A T
Sour.ce.s of Bl(;ck Con;bination Gf:r.leral combinipg Gf:peral combinin.g Special cgmbining al?ility
variation ability of sterile line ability of restorer line of hybrid combination
HHE df 2 205 15 14 205
¥kis PH 60.45 1886.82" 1065.97" 467.80" 47.52"
A PL 6.35 28.79* 13.86** 5.01* 0.35"
FUFK PSL 18.91 46.93" 13.52** 11.36™ 421"
FUF K FE PSE 25.85 52.66™ 8.94™ 17.94* 6.31"
FHE TGW 66.25 1102.20™ 355.04" 428.17" 303.22"
FERLE GWPP 14.90 53.63" 21.21* 8.76* 8.51*
FREY 3385813 8555216* 23.22* 17 859.80* 4965.10™
5] 2 924 I2LA 4.69 78.16™ 21.57" 5.56™ 7.00*
f8] 2 MK 2LL 26.61 6.92"* 10.67** 7.05* 12.16*
5] 2 M58 12LW 0.72 2.48" 0.76™ 0.40* 0.11*
f8] 3 M3 IBLA 0.99 47.68™ 14.39" 331" 249"
8] 3 K 13LL 7.91 100.41** 18.85 6.34** 6.16*
18] 3 9% I3LW 0.36 3.36% 1.01* 0.66™* 0.12*

“r REFAE P <001 KFZERMEZE . PH: B SL: B SSL: R SSE: BURMHKE; TGW: THE; GWPE: MUIE; Y:
FoE I2LA: fB] 2 MY I2LL: fB) 2 MG 12LWe 82 0H8E; IBLA: f8] 3 Wk IBLL: f8]3 MG T3LW: {813 M58, TR

“**” indicates extremely significant at P < 0.01 level. PH: plant height; PL: panicle length; PSL: panicle stem length; PSE: panicle stem extension
length; TGW: 1000-grain weigh; GWPP: grain weight per panicle; Y: yield; I2LA: inverted two leaf angle; I2LL: inverted two leaf length; I2LW:
inverted two leaf width; I3LA: inverted three leaf angle; I3LL: inverted three leaf length; T3LW: inverted three leaf width. The same below.
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Table 3  General combining ability effect values of main agronomic traits of parents

FRES e e mmk 00 Fem mmm oeg P20 B2 B2 EIEEI S
areneEE O PON RIS g TEOR RRLD TSN R MK R Jgm mK g
number PSE I2LA I2LL RLW IBLA IBLL BLW
1 —2847 -3.59 0.54 -1.49 -0.69 2346  -331 -2.29 -0.48 -0.60 -1.46 -1.62 -0.77
2 1223 -0.65 1.25 0.76 -2.06 -339  -131 -499 2.25 -0.31 —2.45 3.83 -0.76
3 1427 =211 -1.96 -2.87 2.81  -10.00  -2.25 5.24 -3.06 -0.32 5.88 -2.53 -0.72
4 945 -045 -0.22 -0.28 1.90 15.26 7.01 1.36 -0.45 0.25 1.30 -0.40 -0.12
5 -8.53  -0.40 1.00 177 0.72 10.40 1.38 1.96 -1.47 -0.10 0.93 -1.36 -0.25
6 -390 348 -3.62 -2.70 -1.41 12.05  -0.58 2.79 1.87 0.16 2.30 3.57 0.21
7 10.51 217  -1.48 -0.10 -4.18 502  -1.00 -0.81 -0.93 -0.29 -0.42 -1.51 0.59
8 -11.00  -0.19 1.74 1.36 —2.48 786  -1.16 0.30 -0.55 0.07 1.44 2.00 0.29
9 -31.18 -329 -1.18 -3.69 -3.53 -16.54 -2.04 -2.12 2.43 0.09 -1.72 1.62 0.16
10 —6.35 245 1.85 3.66 0.50 5.33 3.44 3.23 1.57 0.03 0.20 2.77 -0.10
11 -26.44 -0.83 044 -0.49 -3.92 497 4.58 0.44 -1.86 0.47 0.30 -3.05 0.35
12 11.13 -0.80 0.07 -0.10 1.41 -0.77  -0.06 -0.40 -0.47 0.15 -1.53 -1.42 0.31
13 9.99 1.54  -1.33 -0.58 3.82 515 220 1.51 1.20 0.09 0.87 0.07 0.25
14 1996 032 -045 0.15 1.89 390 -0.19 -0.39 -1.27 -0.26 -0.62 —2.63 0.16
15 2236 -1.17 0.77 0.56 3.55 -3.09 -1.05 -2.08 —2.21 0.04 —2.36 -2.90 0.03
16 3040  3.52 3.47 4.02 1.67 -12.70  -1.26 -3.75 3.42 0.53 —2.65 3.55 0.36
17 2336 -1.06 1.44 1.80 -243  -11.10 -53.40 -0.35 1.49 0.08 -0.78 2.18 -0.09
18 -23.27 -1.97 1.48 1.39 -3.01 527 1433 0.53 0.23 -0.58 1.37 -0.91 -0.63
19 -11.57 038 0.68 0.57 1.99 232 10.76 0.74 -0.16 0.24 1.69 0.42 0.28
20 17.13  -1.80 -0.62 -0.66 —2.11 6.60 6233 0.12 -0.48 -0.22 0.00 -0.03 -0.25
21 3.93 1.15 0.73 0.28 0.35 16.06 130.25 -1.01 0.10 -0.07 -0.60 0.60 -0.07
22 486 203 261 -1.16 -0.40 7.06 3541 -0.68 -1.61 -0.15 -1.63 -1.85 -0.06
23 -11.43  -0.98 3.92 3.00 -2.01 3.80  16.55 0.13 0.15 -0.89 -0.03 -1.10 -1.19
24 932 049 1.55 0.73 1.65 -21.45 -143.21 L77 0.92 0.50 0.38 0.40 0.62
25 4.53 0.71 0.06 -0.01 0.61 -1.61  -6.47 2.67 0.64 0.22 0.96 0.53 0.45
26 1042 -0.85 -1.98 -1.97 0.70 -0.70 —29.78 1.18 -0.76 -0.01 1.19 0.23 -0.06
27 576  -0.74 292 2.49 1.52 527 2938  -0.11 -0.38 0.16 -0.27 -0.13 0.12
28 299 213 322 —2.58 -0.83 927  63.50 -3.17 0.18 0.38 -1.95 —0.41 0.55
29 14.57 .30 -3.28 -2.59 0.40 -29.33 -173.58 -1.09 0.84 0.34 -0.77 0.83 0.44
30 127  -0.46 2.57 L.79 1.98 3.34 837 -0.75 -0.08 0.06 0.03 0.63 -0.01

31 -5.16 -032 -3.64 -3.07 1.58 520  35.55 0.02 -1.11 -0.08 0.41 -1.39 -0.09
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e & R AE AR IE N -3.69~4.02, IERNAE R =
FIT WU E], RSB = ) 3 ANSEAN SX44A.
T 245A 5 R109. TR0 HE — B & 71 80N A8 AR
N-4.18~3.82, IE A RUNAR =y vt BFFRLECK, 08
AR 3 ASEAN T 5535A. 463A Fl1314A. 4
o HE — MR A 18 B AR MR N -29.33~16.06, 1EXL
N B ) 3 AN SE AR R4334. 7 2055A fil T
5575A . ;g — MG E 77 80N AR AR R N -173.58~
130.25,  1F [ 20087 A 88 vy e B o) 2% 52 40 6 15 =
()0 SR T BH R, SN e 1) 3 AN SR AN i R4334.
7 R107 F1# R2483. X THRAMF, N4 EE
BN R AERIRL, 256 HeEE 2 A
5 2 e 82 mRTEL 8] 3 A, {8 3 KRR
3 M EEEMEIR, SRARTTDLEFE T HI29A . Y324A.
463A. 10125. 7 R107 Fl R4392 41K,

213 HHEANZESH K206 MHA FiAR
RFEREL & N (R 4) W&, 78 134
AR R ER L A 77 1E 17 B 57 ) 25OSAR PR A
BOAHZEAKR, SBUSAE AR R B MK R r= & >
TR HE > A v > 5] 2 K > T 8 > {5 2 IR A >
A K > 151] 3 K > AR (1 HH A R > 181 3 1 e ffy >
FEAC >8] 2 58 >8] 3 158 o 7R & A SPEIR 1 RE
PRICA BNAER IR A AT, AERFEATE
NEEL 64A. SX44A. T 5535A FIT 5575A; KE %
T # A HLSx125%x2999 . HLS - 17 R4334, H
HLS*125%2999 7E{3] 3 I A (IRFERBC A 0 H IR
e R AR AL A, SO H a2 b 2L AT i ()
PREC A J13AN F 28 4G5 64Ax T K1781R (FH ik
2 8) . T 303AxT R4334 (FH 4 236) . 314Ax
(HLSx125x2999) F1 QL33Ax10125 £ ¥k i Fl 7= &
LS IBAMERPRIME, BAEG R .
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Table 4 Specific combing ability effect values of main traits of parents

AR Trait N A AR Effect value range i =124 Highest combination K20 A Lowest combination
ke PH -16.29~11.15 Y324Ax5933 H 64AXHLS F
K PL -0.92~2.23 SX44Ax 7 R2483 # 64AXHLS
A& PSL -3.29~4.79 # 245A%10125 H 64AXFE 133
T KB PSE -3.28~3.51 SX44Ax (HLSx125%2999) 63Ax7 R2483
FHE TGW -4.98~4.89 # 5535A%i R4392 T 5522AxHLS H
fitki FE GWPP -31.03~25.54 & 5575Ax3 R4334 & HI29AxE R109
=% -93.29~122.62 7 5575Ax7 R4334 7 HI129Ax7 R109
18 2 H-J& £ I2LA -4.30~4.59 314AxE R127 # HI29AXHLS H
{5l 2 & 2LL ~4.74~5.83 7 5535Ax (HLSx125%2999) 314AxHLS F
18] 2 9% 2LW -0.65~0.51 QL33AxFg 133x125 # HI29AXHLS H
f8] 3 M3 IBLA -2.17~3.31 314Ax (HLSx125%2999) # 1230Ax (HLSx125%2999)
5] 3 1 I3LL -2.98~4.26 463Ax7 R2115 314AxHLS F
{3 3 58 I3LW -0.66~0.46 63Ax7 R117 314Ax# R109

22 ZXREE FIKHRMER S

XF 206 4 R AZH A FirARK 13 A EER 2R
FAR AT b, AR GRS IR, HIEIRY
AELEAN AR FE () AR SR L A AR SR e 3, H BLAEAN ]
PEREAA BRI AZE S BRBEAA (A P A1
FoAd AR -3 o AR 355 D TR, U0H 2 2R
VIRFPR BRI IE RS . Fra R, ARl
HAFER IR [F) 28 MR A IROR, h 483.32%, A&
b Y0 I 7E-5529.85%~8204.68%, 15t W R {1 L K
IARARTE BB O, 76 & P s e o B ROE T 4 A C
g ] 2 S P B R A R R . ok, PR E AR
or 1) 1F () A2 R AR A E B R, 40 AN 63.84%
A 52.17%, HAERKIBI MR AIERLS, T

KA NP B RE R, 2% RN EE BN
TRk, TR E AR I 28 PR BE RS, 70l A
11.71%H1 11.59%, HWA R H A E, ki
KSR N 38.14%, FK A& AR
RIAEN 27.39%, i E I SR AR T LI =i 2
AR BRI & VIR 1R 5 0 35t 3 A AH
[, AR AR 8] 2 rHHCFE] 3 e M o
L, HARMR N IE RS, Horh A
FERESRIR A IR . Tk, 5] 2 KA 3 AR
(P B SR A B o U, BT IE ) SR A A
A E. GREY, SR EMERMR R
A BE LR HAIE S, B AHE AR
SEF R SERARNE RN AZE B R,
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Table 5 Analysis of yield related heterosis in F; generation

%

FRSEDL A Mid-parent heterosis

HB2EL A Heterobeltiosis

YN . NAEE S . NAEES

T wi i TIALER g wig i TIAEE gy

Range Mean combination rate P051.tlve Range Mean combination rate P051.tlve

heterosis mean heterosis mean

ke PH -13.81~61.68 1591 89.32 18.34 -36.16~113.34  17.17 73.30 27.97
K PL -5.28~2739  11.02 96.12 11.59 -19.32~45.02 14.52 83.01 18.88
FEREK PSL -336~32.18  13.27 98.54 13.49 -11.15~57.54 19.57 91.75 21.67
R HY K PSE —5529.85~8204.68 —0.87 46.60 483.32 -2668.13~1256.39 —84.54 47.57 211.75
THE TGW -11.39~38.14 9.73 86.89 11.71 -30.40~59.76 10.67 73.79 18.31
fRE GWPP -17.51~128.94 51.57 99.03 52.17 -50.49~256.41  71.68 94.17 76.99
FEY 2.50~187.77 63.84 100.00 63.84 -27.12~287.81  87.97 97.09 90.83
5] 2 924 I2LA -8.20~36.69  10.19 89.32 11.70 -17.32~71.18 14.62 82.04 19.18
{5l 2 & 2LL -11.90~14.94 1.28 58.25 4.69 -23.85~24.97 -1.98 4223 7.10
5] 2 M58 2LW -8.63~20.19 6.78 91.75 7.79 -28.86~34.89 5.84 70.87 11.95
5] 3 M-/ BLA -12.41~32.07 1.71 57.77 621 -33.67~46.97 -2.88 37.86 11.11
18] 3 MK 13LL -10.22~14.43 2.67 70.39 5.10 -21.77~25.19 1.33 59.71 7.68
{3 3 58 IBLW -12.32~18.84 6.15 87.38 7.70 129.90~30.08 436 68.45 10.76

3 g
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AT HIAR 5 FEAS B T 28 AR SR B 4
W, MHRTRC A TR RIS, GCA 2R T s
FEMEIR ) BNRN T, SCA N TESEFR & Fh
MR E H AR — MR BRI, B AR A
ER, # B T 8GN R A8 H A M EH EZ iR
2 — 20210 S S R RA ZKORE 3R b AR R S
VIRt Fi R, oA IR RN RO R AR, A
R FSEAS FEA BRRC ) H 1 B A58, e Fh L am )
HEHICEA—EHA R =T GCA, F, EA
S A LA 1 BT 48 28 AR AR S A8
Fic i A2 A B BB o AR AR — AR A
TSN, A AR5 B3 1 GCA 7%,
JEHRE . B, R, ARIEE . R 2 MK, 3
2 MR, 8] 3 YA ) 3 rHCRNE 3 TR 9 AN
IR 52 KU B R0 2 i . A4S LA (1 SCA 7
13 MEIRFIFEREER, 24 GCA WP E R
M2 A P 4B 24 2 H & 1) SCA ZUNAE F- A —
= SRR A i m A A AR — IR A S RN
EHEI TR A, R —RIEC & I AR & 71 B
BRI, X 5 P RS AT 7 4 S — 5
Har, FE S E R IEA L & AT 2 08 B ALK
WCEI A TR R BB BEB), MR 1.3~1.5 m N
, AWK 2 0 R 28 58 4B R T 5522A%
R4334 (130.14 cm) F1 QL33Ax%5933 (149.97 cm) ,

2 MNIRACH A SCA 43 lE-1.61 F1-8.77, HIEA
GCA 73 7l72-26.44 (5522A) . 15.07 (5 R4334) .
-11.00 (QL33A) F117.13 (5933) . FE&t %I kk ks
BRAZME, ANE R LLES GCA 7£-11.00~
-26.44 WML, K R AT LLIE £ GCA 7£ 15.07~
1713 AF KL, RE S AR E RIIER. 1A,
PR AL A e QL33AX (7 133x125)
T 5522A%5933 Fi 5535Ax7 R4392, {H EiAEA
(1) GCA HAR#R R W& 17 2 R R LA A
HAZIKE R K. B v e EMR s A%
BL R A%, 7= A 22 5 1) Ji DR A R b B 2%
AP RHS AL TS SR RO, P2 MR DL TR
SEVEARTE ) 52 B A 55 R0 R 85 2% A 1 5 g 129-301 =
. PR K H AT GCA K SCA, RNt
BEPR E F A, I HASEAR B 5 AR 18 4% B,
AN S0 1 7 5 A A A e 3R o i R, Ak
i, FEEEA R GCA 2 5 R 5 G135 1 e,
1E= GCA Ml b, EF = SCA MR HAHE,
AT e S B K R
32 SR FRPEMEE

R P A MR — B2 2 E Fh 10 o
X1 BH S 32058 1o %) i v SR AR 2R A A AR 35 AT A
R IE = e R Fo AR B AR 2R 3 38 A7 7 5 1)
SRS, AR, X— SEARKE 1S
FESE . AIEXT 31 47 5 SRR AR H LI 206 2%
ZHAE FARFE LRI MR B SR, S0
A A FEAR AR HAC BE B AR A AR IR AR o B T
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Abstract

maturing regions were studied to provide theoretical basis for the parent selection of sorghum hybrid

The combining ability and heterosis of sorghum sterile line and restorer line in spring-sown early

combinations in the future. Using 31 sorghum as parent materials, 206 hybrid combinations were prepared by
incomplete diallel cross design, and 13 main traits including plant height, panicle length and combining ability
and heterosis of parents and their hybrid F; were analyzed. The results showed that there were significant
differences in various traits between the sterile and restorer lines of sorghum, and the combining ability of
different materials was significantly different. Among the 31 materials, Ji 64A, SX44A, Ji 5535A, Ji 5575A,
HLSx125%2999, HLS Zao and Ji R4334 had more advantages in plant height, panicle length, grain weight per
panicle, yield, penultimate leaf angle, penultimate width, and antepenultimate leaf angle, etc. The general
combining ability of other traits was also excellent, so the six materials were ideal parents. There was a large
heterosis utilization potential in the hybrid combination, but the mid-parent heterosis was not prominent.
Meanwhile, the yield of the hybrid combination was affected by both additive and non-additive effects. To select
excellent parents attention should be paid to the comprehensive traits and general combining ability of the
parents, as well as the special combining ability and the complementary effect of the parents.

Key words Sorghum; Agronomic traits; General combining ability; Special combining ability
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