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Abstract: The Sichuan wheat region is the most important early-maturing winter wheat production area in Southwest China,
where increasing the number of effective spikes per unit area (i.e., spike capacity or effective tillers per plant) is key to further
enhancing yield potential. The wheat landrace ‘Xiaoganmai’ from Dangyang, Hubei, exhibits stable resistance to stripe rust and
pre-harvest sprouting, along with desirable agronomic traits such as multiple effective tillers and fertile spikelets, making it a
promising genetic resource for wheat improvement and innovation in the Sichuan wheat region. Among yield components, the
number of effective spikes per unit area has become the primary limiting factor for the breeding line ‘Shumai 753°. To optimize
the yield structure of ‘Shumai 753’ by improving spike capacity through enhanced tillering, and to simultaneously improve yield,
disease resistance, and stress tolerance by pyramiding genes for stripe rust and pre-harvest sprouting resistance, this study used
progenies of ‘Xiaoganmai’—characterized by prolific tillering, strong resistance to pre-harvest sprouting, and adult-plant resis-
tance to stripe rust—as donors, and ‘Shumai 753’—which harbors all-stage stripe rust resistance genes and exhibits favorable
agronomic traits—as the recipient. Through hybridization, backcrossing, continuous multi-generational selfing, and a "segmented"
target-trait selection strategy, 178 stable advanced-generation lines from the Shumai 753 x Xiaoganmai cross were developed.
Phenotypic evaluations showed significant improvements in effective tiller number, grains per spike, and spikelets per spike in the
derived lines compared to ‘Shumai 753°. All advanced lines exhibited more effective tillers than the recipient parent, with only
four lines showing fewer spikelets, and the average grain number per spike exceeded 70. Correlation and path analysis of
yield-related traits revealed that effective tiller number had a direct and highly significant positive effect on yield, indicating that
using ‘Xiaoganmai’ to improve spike capacity is an effective strategy for enhancing the yield potential of ‘Shumai 753°. By inte-
grating phenotypic and genotypic data, two breakthrough lines with yield potential exceeding 8250 kg hm ™ were identified. Addi-
tionally, genotyping for resistance loci revealed one line carrying Yr!/8+Yr24/26+Yrl5, conferring broad-spectrum stripe rust re-
sistance, and nine lines harboring TaMyb10 alleles associated with strong pre-harvest sprouting resistance. These findings demon-
strate that utilizing the wheat landrace ‘Xiaoganmai’ in a segmented target-trait selection strategy provides a practical and effec-
tive approach for reconstructing the yield architecture of ‘Shumai 753” and achieving synergistic improvements in yield, disease
resistance, and stress tolerance in the Sichuan wheat region.
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2016 wheat growing season ~ Shumai 753 x Xiaoganmai

!

2017 wheat growing season F, x Shumai753
2018 wheat growing season BC/F,

! Breeding target traits focused in the low generations:
1I® —
1 early maturity, disease resistance, and plant height

i
i
i
i
i
i
v

3 v
2021 wheat growing season BCF, _J
; ! h
i 1
i i® Breeding target traits focused in the advanced generations:
é ' B yield-related traits (thousand-grain weight, grain number
v v per spike, effective tiller number, etc.)
2024 wheat growing season BC/F,
l®
2025 wheat growing season BC,F;

1 BE 153/ZBEFME AR KEE

Fig. 1 Construction of the breeding application population derived from Shumai 753 x Xiaoganmai

Xiaoganmai  XG9 XGl113 XG136 XG174  Shumai 753

2 EREZ. B IS REFE TSVEBZURFRBRARZHRRBELTE

Fig. 2 Phenotypic evaluation of agronomic traits in Xiaoganmai, Shumai 753, and their improved progeny lines derived from Shu-
mai 753 x Xiaoganmai

#RR A 20 cm, Scale bar: 20 cm.

Xiaoganmai  XG6 XGl1 XG82 Avocet S Shumai 753

B3 FEE. BX T3 REFE 13/FREURERBARKAZBFMNERELTE

Fig. 3 Phenotypic evaluation of adult-plant stripe rust resistance in Xiaoganmai, Shumai 753, and their improved progeny lines
derived from the Shumai 753 x Xiaoganmai cross

#RJ K 20 cm, Scale bar: 20 cm.
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Fig. 4 Phenotypic analysis of 178 BC,F; progeny lines derived from the Shumai 753 x Xiaoganmai cross
LR FIRF IR RAUE, BRRFIREHE 753 REUME.

The red line indicates the phenotypic value of Xiaoganmai; the green line indicates that of Shumai 753.
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Ui W TR E 5 22 40 22 S (/N AR RN BRURL £5) B [] e
RIFIEZ F . i oh, AHCHE BTt s fok 3 5 1
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B ARGE D, Wi & XG6, BT 14 cm, /Ml
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5 2RBE. BE I3 REFE 1S3EREUARFREZFRBEAFNERVLETE

Fig. 5 Phenotypic evaluation of grain pre-harvest sprouting resistance in Xiaoganmai, Shumai 753, and their improved progeny

lines derived from the Shumai 753 x Xiaoganmai cross.
##J] K 3 cm, Scale bar: 3 cm.

#1 BE153FRBEBCRURERBRAFESFEMXEKRMBXIES

Table 1
Xiaoganmai cross

Correlation analysis of yield and yield-related traits in improved BC,F; progeny lines derived from the Shumai 753 x

. PR AR BERL 5 INEEEL TR £ THi T =
JEN o MK , R
. Plant Effective . Number of  Grain number Thousand-grain .
Trait . . Spike length . . K Yield
height tiller number spikelets per spike weight
¥k Plant height 1.000
A 505y BEL Effective tiller number  0.440" 1.000
K Spike length -0.210" —0.041 1.000
/INEE Number of spikelets -0.377" -0.026 0.688" 1.000
H# K 50 Grain number per spike -0.392" -0.138" 0.681" 0.794" 1.000
T-ki F Thousand-grain weight 0.357" 0.232" -0.260" -0.514" —0.434" 1.000
7= Yield —-0.041 0.203" 0.101 0.142" 0.116 0.057 1.000

AR AE 0.05 F10.01 KA SEME B . T and 7 indicate significant correlations at the 0.05 and 0.01 levels, respectively.

R R R FH AR AP 22 I8 B B U /N2 B L
FrEg Az 753 AR B A DGR X 7 e R A] 4%
N, WEFT B % 753/22 )8 BC Fy i KJF 1L
il F A DGR A R AT T E AR T (R 2). H
PR REOT I8 R R, AR EE . N, T
Ry @ B YA EO Wi 3 s B ol 15 LA S B G VAR 1

A 353 8E(0.2370) >T-KL 5 (0.1380) >/ME$(0.1300)
>R %K(0.0670); 1M A% =5 (—0.1230) F1FE 4 (—0.0140)
XF 7 ) B RN R (B . LIRSS SRR, Xy a
WA KA R AR EE . TR E . R BRI
X PR ST A R — B MR R
MraR A, 7= A OGRS 7= a8 19 B] 4 FH R /N Bk
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P AR F], 247 B A IR B AR 82 R, A7 AE
AN TR R B A i A A AN . b, ki A O

BE T 77 o 7 A %) 1 ) () 422 500 i K (1) 422 3 7 AR B
5% 0.1043),

F2 BEISNEBREZBCRUARERBAFESFEHXMERBESR

Table 2 Path analysis of yield and yield-related traits in improved BC,F;s progeny lines derived from the Shumai 753 x Xiaoganmai

Cross

PEAR R SUEEEY [8] #3875 2250 Indirect path coefficient

Trait Direct path coefficient X, X, X, X, Xs X
X -0.1230 — 0.1043 0.0029 —-0.0490 —-0.0263 0.0493
X5 0.2370 —0.0541 — 0.0006 -0.0034 -0.0092 0.0320
X3 -0.0140 0.0258 —-0.0097 — 0.0894 0.0456 -0.0359
Xu 0.1300 0.0464 —-0.0062 —-0.0096 — 0.0532 -0.0709
Xs 0.0670 0.0482 —-0.0327 -0.0095 0.1032 — -0.0599
X 0.1380 —-0.0439 0.0550 0.0036 -0.0668 -0.0291 —

Xoo BRE Xor ABOTEERG X BEKC Xo ANEEAK Xs: BERLEL Xo: TRIEE.
X: plant height; X;: effective tiller number; Xj: spike length; X4: number of spikelets; X5: grain number per spike; Xs: thousand-grain weight.
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TRV R, NE RPN Yrls5 IREUR YrlS
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Fig. 6 Molecular detection of Yr18, Yr15, Yr24/26, and TaMyb10-A-III*** in selected improved BC,Fs progeny lines derived from the
Shumai 753 x Xiaoganmai cross

A: B F 753/ E R B IGIER R Yrl5 5y TR o M: Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97; 5: XG98; 6: XG99; 7: XG100; 8:
XG101; 9: AvSYrl5 NIL; 10: Avocet S; 47l 73Tt R n 45 5w BbR & . B: W& 753/ RAEZ M RGN &R Yr24/26 53 7K. M:
Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97; 5: XG98; 6: XG99; 7: XG100; 8: XG101; 9: AvSYr24/26 NIL; 10: Avocet S; £/ T
AR EbR A . C B A 753/Z A M R R AUIR i R YrI8 43 T . M: Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97; 5: XG98; 6:
XG99; 7: XG100; 8: XG101; 9: AvSYrI8 NIL; 10: Avocet S; 47l F HF/RFES BARSH . D: B 753/Z B F U RFIAHS MR
TaMyb10-A-III"°" 43 FH5 . M: Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97; 5: XG98; 6: XG99; 7: XG100; 8: XG101; 9: ZJFH; 10:
B 753, Ao TR R B AR AR

A: molecular detection of Y15 in partial improved progeny lines of Shumai 753/Xiaoganmai. M: Marker; 1: XG94; 2: XG95; 3: XG96; 4:
XG97: 5: XG98: 6: XG99; 7: XG100; 8: XG101; 9: AvSYri5 NIL; 10: Avocet S; the molecular weight on the right indicates the specific
target band of Yr/5. B: molecular detection of Yr24/26 in partial improved progeny lines of Shumai 753/Xiaoganmai. M: Marker; 1: XG94; 2:
XGI95; 3: XG96; 4: XG97: 5: XG98: 6: XG99; 7: XG100; 8: XG101; 9: AvSYr24/26 NIL; 10: Avocet S; the molecular weight on the right
indicates the specific target band of Yr24/26. C: molecular detection of Yr/8 in partial improved progeny lines of Shumai 753/Xiaoganmai. M:
Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97: 5: XG98: 6: XG99; 7: XG100; 8: XG101; 9: AvSYri8 NIL; 10: Avocet S; the molecular
weight on the right indicates the specific target band of Yr/8. D: molecular detection of TaMyb10-A-III’** in partial improved progeny lines
of Shumai 753/Xiaoganmai. M: Marker; 1: XG94; 2: XG95; 3: XG96; 4: XG97: 5: XG98: 6: XG99; 7: XG100; 8: XG101; 9: Xiaoganmai; 10:
Shumai 753; the molecular weight on the right indicates the specific target band of TaMyb10-A-II1"".
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Fig. 7 Seedling-stage resistance evaluation of line XG9, derived from the Shumai 753 x Xiaoganmai cross, against multiple races of
Puccinia striiformis f. sp. tritici (stripe rust).
A BT IRER B 169; B: i &R XG9. A: susceptible control Mingxian 169; B: line XG9.

®3 BETS3. ZRERFEISVEBREZBCRARERAMEFREAFTE. FHERSERTRIERE
Table 3 Phenotypic evaluation of yield, stripe rust resistance, and pre-harvest sprouting resistance in Shumai 753, Xiaoganmai, and
elite improved BC,F; progeny lines derived from the Shumai 753 x Xiaoganmai cross

Al () AFW FREE B AR BERK FEK /NEEEL FERLEL TR

Variety (line) GP (d) GC PH (cm) ETN SL (cm) NS GNS TGW (g)
& Xiaoganmai 197b [ White 168.70 a 16.20 a 11.20 ab 21.40 abc 64.20 abc 34.78 f
%7 753 Shumai 753 186a 21 Red 85.30 1 4.30d 11.90 ab 19.80 be 41.80d 41.66 ¢
JIl4¢ 32 Chuannong 32 185a 1 White 90.50 hi 6.40 cd 9.60 b 18.40 ¢ 55.20 cbd 45.58 cd
XG12* 184a 1 White 96.80 fjh 14.20 ab 11.20 ab 24.60 ab 79.40 ab 40.64 ¢
XGl11+*® 184a 1 White 100.30 dfg 11.00 abc 12.10 ab 2520 a 75.60 abc 40.14 ¢
XG95* 186a 21 Red 91.94 ghi 9.20 bed 11.38 ab 23.60 ab 70.80 abc 41.10 e
XG139* 187a 21 Red 109.40 bed 10.40 abe 12.62 a 22.80 abc 68.40 abc 49.58 ab
XG9°® 187a 1 White 102.80 abc 9.60 bed 11.70 ab 2520 a 75.60 abc 45.66 cd
XGl164° 188a 21 Red 113.30 b 9.08 bed 10.42 ab 20.20 abc 60.60 bed 45.39d
XG52°¢ 184a 21 Red 105.46 bede 12.00 abc 12.20 ab 23.00 abc 82.80 a 47.50 bed
XGl151° 187a 21 Red 103.42 cdef 9.00 bed 11.56 ab 24.20 ab 72.60 abc 47.61 bed
XG142 ¢ 185a 21 Red 106.06 bede 11.80 abc 11.00 ab 24.40 ab 73.20 abce 50.15 ab
XGl154° 186a 21 Red 105.40 bede 10.20 be 9.32b 19.60 ac 58.80 bed 48.74 abc
XG35°¢ 184a 21 Red 101.00 def 6.60 cd 11.00 ab 21.60 abc 64.80 abc 50.89 a
XG147° 188a 21 Red 103.74 cdef 10.20 be 10.88 ab 23.40 abc 70.20 abce 50.51 ab
XG157°¢ 184a 21 Red 110.20 be 10.60 abc 9.80 ab 22.00 abc 70.80 abc 49.64 ab
XGl141°© 185a 21 Red 103.74 cdef 10.20 be 9.36b 22.00 abe 66.00 abc 51.52a

(R PR R MR BUPEIE Resistance genes
Variety (line) Yleld,z it i Yris Yr24/26 Yris TaMyb10-A-111""
(kg hm™?) APR RSGI

F & Xiaoganmai 1576.05 1 0.09 ¢ + - +
%7 753 Shumai 753 5111.70 0 0.84 be - + -
JII£% 32 Chuannong 32 5236.65 2 0.96 ab / / /
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(B%k 3)
mA(R) Jt% EEH&%%% *Equ*%%,jﬁﬁ PrPESLA Resistance genes
Variety (line) Yleldz LT . Yris8 Yr24/26 Yris TaMyb10-A-1I1""
(kg hm?) APR RSGI y
XG12* 8805.75 0 0.99a + - + -
XGl11*® 8380.35 0 0.99a + - + -
XG5 * 5423.25 0 1.00 a + - + -
XG139° 5127.30 0 0.68 ¢ - - + -
XG9*® 3444.00 0 1.00 a + + + -
XG164 ¢ 3760.20 0 0.33d + - + +
XG52 ¢ 4770.90 0 034 d - - + +
XGl151 ¢ 2685.30 0 0.35d - - + +
XG142 ¢ 3925.65 0 035 d - - + +
XG154 ¢ 3995.10 0 0.37d + - + +
XG35 ¢ 3865.80 0 0.37d - - + +
XG147 ¢ 3325.65 0 0.38d + - + +
XG157 ¢ 1995.75 0 039 d - - + +
XG141 ¢ 3664.05 0 0.3 9d + +

ORISR Y PURERILSR R  PURUR RS R FRR R I, RN RS I B R 5 A kR T E

B 5 AN ) - B R G AN ER R R TE P < 0.05 KT 25 B .

*: high-yielding elite line; °: stripe rust resistant elite line; °: pre-harvest sprouting resistant elite line. GP: growth period; GC: grain color; PH:

plant height; ETN: effective tiller number; SL: spike length; NS: number of spikelets; GNS: grain number per spike; TGW: thousand-grain

weight. APR: adult-plant resistance; RSGI: relative seed germination index. “+” represents the existence of corresponded gene; “—” represents

the absence of corresponded gene. Data are means of five plants. Different letters indicate significance at P < 0.05 among tested cultivars or

elite lines.
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S0 A A0 001 2 KNG PR T R
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B, TERKIE & TG R, BTk E R AR P2
TRiE N 34 g Z2A47) o I, Anfar £ & Rl e ORI
“HE IR (A 1L S R T R X B 3 1 BRI R R
“RAE.

a2 XA TGS, e FE i a il (2
HEERE . TRk A0 A 53088, /N E B
AN A = 0 1 22 TR BT R A < P — i A K
MAEBRHAE, BB EI . Bl . W5 )
Ko RPN A RORT R B ARRAE AR DU 1] /N2 Fe R
ZAELS, Kb, BTRE, HABSEAR. N
Z 55 H BRI R AR B BREIE F, Sh P 2 IR 45
8, (AR DU /N 8 5 R AT A L ks
Kt i HLSERE, AR AL . A (S R
B T AR A BR PO, BT P 5 N i A T A T
UE 20 AR U1 /INZZ R st AL 2 R ORI,
NG i ol RO RN Tk B LT A AR Ak, LR
ORI TR0 ) 548 2000 4F Z A K A, F£BE
20 AR U1 /N2 X6l R B5OR T F i S 0F AR,
s R e RAMEREAR Ko L, e 8 S
) 7 4t R A X T D 1] 22 X3 7 v 7 /N Y
FE 7 U FEORRE Y /TP R R EOR Tk
AKAF- b, BB AR A IR SRR A L A AR R
B TR R A2 DU 1 22 X /N2 7 O i — p 2
WA et . FAE 20 4D 90 4EAR, 1)1l K2/
FWFSE BT C T IE T I B T RO = e N AN
il 5 0 FAAF 5, 1) SR 2 AR L IR it 47 22 /N A R
T e 7 /N2 BT R IR R A RIS, b X
BB 43 BE . R R A R I R AR S
87-429 MHATIBAL LR, MIIEE B & = /N EE
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B R EG A 753 i oIk B2 O R A Y G
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A B/ INFP B R o2 S i 2R XG9O BB T R AR
GG ORI A B BT B ] Y18 K H &)
7 753 EFHIRSHRPUEILRE Yr15 Al Yr24/26,

FIH 30 285 o AR B/NRh BB 2R 6% 5 R EATHT
PEYE R, XGY X BT A 4% 55 B A B/ D i v
RYRI AR R PR, RVIRE T 24
IR BRI 45 B g Hi v 3 R Y X GO X 45w B A
JURESOME, R ] R — 2B PR E R R AR
RAMIER 1. K 7). AR A 2016 A£G, &+
4£(2016—2025 4F), 4258 A Rk 2 2 H A8
AR AR B ETEAR, REITRE
TRFEFh AN R\ 7537 /540
I P B R R, IR 178 AR R,
FEXRPICHEAT T 7= 4 . B BT 3h Pk 4 25 e BTN A
BN AT . A I BE A R S E —NNE R
FEARHA 1, AR G FR AV B WOR [W—h R& R —
PRI 5 A FbRIE A LA BEE T C B 25, KW
ARG AL AR R 1845 L ELAT R B A R MR — 3K
P, FrARAR A R AVEE 2T R, BA T EE . T
— L FRATTRE A A 003 ) 22 IR R R RGN
IE45 G il i T AR D H R R < A
7537 = ARERE i R AL Bk A AR AL S A
BB A RN, SRy /N2 A G Tl 1) v 25508 ol R T 4 At
BN IR IE o N O

4 ZEig

KRR UNEA ZHEE . 22 IR B
AR I R R ZE BT I R I /N2 e R« 22 Ik 2>
FER . BARSRE AL 753 MK, @it grag . [l
38 MG 2R H AT E5 G F R H R R < B ik
HHEAR, Mok & 753 W RIS T
W SPURHE MRS R, EE W 2 i
8250 kg hm > B METEHT o &R . 1 M5 Yr18+Yr24/
26+Yrls HXT SR EA ) Gy 9 (i
TaMyb10 SRR ZFE T B R LiREsE &M,
W F R EH bR R B O F B AR RN R
A E R 753 PR st . SO S PUR T
P I e R AR T

M& F LM% iR: 1) A F M 35 http:/zwxb.
chinacrops.org/; 2) ¥ B %2 M http://www.cnki.net/;
3) % 7 # # http://c.wanfangdata.com.cn/Periodical-

zuowxb.aspX.
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