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Optimization of identification methods and mass screening for
pre—harvest sprouting resistance in rice

LI Jing"?, LI Yuxing™,ZHAO Jie'?,HUANG Yi'?,
LI Xia'***  XIE Yinfeng'', YANG Jie**

(1. College of Life Sciences, Nanjing Forestry University, Nanjing 210037, China; 2. Institute of Food
Crops, Jiangsu Academy of Agricultural Sciences, Zhongshan Laboratory for biological Breeding; Key
Laboratory of Germplasm Innovation in Downstream of Huaihe River (Nanjing) ; Ministry of Agriculture and
Rural Affairs of the People’ s Republic of China, Nanjing 210014, Chinaj; 3.College of Life Sciences, Nanjing
Agricultural University, Nanjing 210095, China; 4. Collaborative Innovation Center for Modern Production

Technology of Grain Crops of Jiangsu Province, Yangzhou University, Yangzhou, Jiangsu 225009, China)

Abstract: [ Objective | This study aims to establish a scientific and convenient evaluation system for
identifying pre—harvest sprouting (PHS ) resistance in rice and screening PHS—resistant germplasm resources,
thereby providing technical support for breeding PHS—resistant varieties. [ Method ] 16 rice experimental lines
were used as research material to optimize the evaluation methodology and sampling timing for PHS-resistance.
Subsequently, the optimized protocol was applied to conduct artificial panicle sprouting tests on 360 rice
accessions grown under normal seasonal conditions in Nanjing during 2023-2024. Cluster analysis was
performed to assess PHS resistance levels, followed by correlation analyses with heading date characteristics
and field sprouting performance. [ Result | The study demonstrated that: (1) Evaluation of 16 rice test lines
sampled at 20-50 days after flowering (DAF) revealed that panicles collected at 35 DAF exhibited stable
relative water content while maintaining consistent maturity, thereby better differentiating PHS-resistance
among materials. Compared with the grain germination method , the whole—panicle germination method reflected
more effectively varietal differences in PHS-resistance with improved labor efficiency and time efficiency.(2)
The average germination rates from whole—panicle sprouting tests of the 360 rice accessions followed a normal
distribution, showing similar variation trends between the two years. Significant differences (P<0.05) in pre—
harvest sprouting (PHS ) rates among varieties were observed on day 4, and the differences diminished after day
6.(3) The daily average germination rates from the artificial whole—panicle sprouting tests conducted in 2023
and 2024 were normalized separately and subsequently analyzed using K-means clustering. Based on this
analysis, the 360 tested rice accessions were classified into three pre—harvest sprouting (PHS) resistance
categories : highly PHS—resistant (Cluster 1) , moderately PHS-resistant (Cluster 1I) , and PHS-susceptible
(Cluster IIT).(4)Statistical analysis of the correlation between heading dates and PHS test results demonstrated
that rice accessions flowering from August 5 to 15 under conventional cultivation conditions in Nanjing
exhibited significantly elevated panicle sprouting rates (P<0.05) , suggesting their inherent susceptibility to
PSH.(5)By comparing the artificial PHS test results from 2023—-2024 with the actual field PHS performance in
the corresponding years, the following PHS resistance evaluation criteria was established as following: For the
high spike germination—resistant type, the germination rate was less than 15% on the 4th day and less than 25%
on the 6th day in the whole spike germination test; for the spike germination—prone type, the germination rate
was more than 20% on the 4th day and more than 50% on the 6th day in the whole spike germination test.
[ Conclusion ] For the whole panicles collected at 35 DAF, the artificial whole—panicle germination test can be
used to classify rice PHS resistance types based on the germination rates recorded on day 4 and day 6.This
method provides a technical reference for breeding PHS—resistant rice varieties.

Keywords :rice ; pre—harvest sprouting ; mass screening; cluster analysis ; resistance identification
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Tab.1 The weather conditions during July—October 2023—2024 in Nanjing,Jiangsu Province

Ay Aty T C TR/ C AP i /mm P K Hd
Year Month Average high temperature ~ Average low temperature Total rainfall Rainfall days
2023 7H 31.84 25.97 201.40 24
8 H 32.13 24.65 122.00 10
9H 28.03 21.67 95.50 13
104 23.61 14.55 56.00 3
2024 7H 33.35 27.13 166.40
8 H 35.58 27.74 66.70 4
9A 30.73 23.70 110.80 12
105 21.32 14.90 88.30 5

SR R AR A N H e TR RSP, SRR iR — A A e AR )P S (E
The average high temperature refers to the mean of daily maximum temperatures over a month , while the average low tempera-

ture refers to the mean of daily minimum temperatures over the same period.
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Tab.2 Experimental rice lines for optimizing sampling time for pre—harvesting sprouting test

D/\é = ) L\”‘/ D/\é =} ) A%/
AR A B Il R A il
Rice strain ) ) . Initial heading || Rice strain . . ) Initial heading
Rice strain name/Subspecies Rice strain name/Subspecies
number stage number stage
1 R 505 CHE A ) 8HO9H 9 HN1447 () 8 H28H
2 A 9108 (Al ) 8H13H 10 IRARE 2 5 CRE) 8H30H
3 R S7I8CHEAY) 8H 14 H 11 Kasalath CHII %Y ) 8H3H
4 9108//HfE SP/NJ4SHR(FO) CHERL) 8 H 16 H 12 9311 CHlI%EY) 8H11H
5 JRE 118 Cf A ) 8H17H 13 Basmati—1 CHlI %) 8H 14 H
6 ERT 5 o CHERY) 8H18H 14 K 559 Cli Y ) 8H 16 H
7 R 5055 (i) 8H21H 15 AR 145 Chil 784 8H 16 H
8 5 33CHARY) 8H23H 16 R903 (Hili% ) 8 H24H

AR 2024 AR B BERE — A BRI AE H Y.

The heading date is based on the flowering date of the first main stem panicle for each material in 2024.
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25 "C/8 h/3RIE ,95% W) K577 5 do DIZKAEFH 7 AR BV 25 8% > 1 mm Jy & 2 THEOhR e, &5 H iC s & 28 b
T BB A TR . 1153 K 2F % (germination percentage ) =& ZEFI 40/ S AT R £x100% .
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BTSRRI B, BERR 2 KD SRR AR EU BRI, D S B AR 8 K, IR AR IR,
55 0 RANERS 8 AN HAAL FRAEAE , i SRR AR B R B 4D B . ST R s T R
AR (DAL ZFHEE(2) 1T -

% 27 % (germination percentage , GP)=( & ZF WA FRL B/ 6 K AL EL ) x100% (1)

Zi%i"ﬁ‘%&(germination index,Gl)=> (%)XIOO%O (2)



55 3 3] AT KRR R A 2P M T i A B O - 573 -

F(2) 1 g S5 ¢ K K ZFAN 285 d 2 AN 1Y) 4 28 R4
1.7 KHBEEZZFIER

TEKFEA RS (FFAE ST 50 d) , H WSS [R] A4 ) (%) B 2 3R B, T ) s 28 1 10 s A v A TG
(0%) A (>0~50% ) FIEE 2 (>50% ) 5N
1.8 EEHEESKENE

BEAABH BT 815 em 2057 IR FIOR S 2840 3 R0 , 7 BRIV Il 38 N RSP PR SR e B, B J 1
TR ARG 7K h 2 ME R, PR U AR e B, 2 S R MR B A AR 2 L G LA L 105 °CA/ T 30 min, P
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KRB~ B 5 ) PR % 2 A DG A R 3R A U8 e B 16 IR R AT R, 23 B E AL 20,25,
30,35,40,45,50 d Wi 32 2508, R SS A 248 B R A TR . B/ BoR, BRI ER
30 d, 76N TARFRERS 8 K& 2R ATSRARAG , A B S AP I 25 57 0 WAL 35 d, il p e 24 S B [ A i
(R 2E RN, BARTE SR ) 22 53 (32 3) , M JFAE )5 40 d, AN [EIA R Z 18] & 4 R 22 S i/, Sk 28/ E
T 100%. FH L, FFAEIE 35 d BURE ST REAREEAS [R] K R A LA & ZE R e 0 i fp 25 57 ARG S LR B e
35 dAEM e St K 25 0 O A [R]
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IKAT R K SR & e RIS, FFAEIS 30 d, RHBA SRR 0 A B B/ N Ak, BRIRE
B, 2 LA B B R ZF B B R B S oK R TR AL A S B bR, B 2 WoR | B A AR S B ) 3
in, A A e R AR X5 KB S T Bk B, 5 HORE IR ] 52 I 25 A G , r=—0.838# (P<0.05) , Akl iy
-0.871%(P<0.05) , FEHI A —-0.860%(P<0.05) . 45434, FFAEIG 35 d B2 5 KR 27.2% , 45300 KRG AFRL
W &G B {H (25%~28% ) , WE BBk G A KL 1) 1 2 A0 (DAF<30 B 5 7K 5>30% ) , AT By 1k 3k B i
TKFE IR IR R AL (DAF>40 B 75 7K 1 <26% ) K 43 B6 BEE WA L, FFAE 35 d DUJS , Bk it i 28 5 R G 0.3,
J52 B i o 1) 7K e 2 S T 0 25 A A I A R 0 T 2R R I, ZE T AR 35 d BURE (A 1 A X
TR AR G2, Bl A B H I A, S KRR R 25 0 07 328 5 3 8 BB B[]
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TR R ZRIL R 2RIk 4 SR A B R 25 5 1 P s, AR e ase B 5 A (kb ), itk — 28437
TEFFAESG 35 d, B B R ZF3R I, R 3 ] WL NI R AR & 2Rk b R e R 2Rk R 2R e P (65 35 d
IURERS S 0 2 5 T ELBA B SALL 5 AEXT F38 A R 28 (38 4 RITFE L ZE5%0 0.18 1) FFRI R 2R (B2 K
(-4 & 253 8 0.182) I BAS B L | HL & 25 3R 0 iy, HE00 mT Rk ] B8 B4R, T T Rl — s %) A= 2
R KA R EORPRL K TR, B & 5 Rl i, Bk 25 1) & 25 SRR A LU AT R R 28 1 R 25 3
%, HAR S 200 K, Be i KA B P ) BB R 2R st % 25 55 (3R 5) , 45 5 R R 2R ik Ty ( HURE , PRt AR
TR0 U R IBOR R Ay Ji5 252 1) il & 2R o 07 16
22 AREHBAIEEZFRENIEFIE
2.2.1 T H kAR AR R F R L

AGRI 530 7 2023 4F R 2024 4F , FE R N T 5544 R AF5E T 360 (3 /K AT BT LS 35 d SR RE Y & 2F
FIL(FR6) , L5 F WoRALEb e} 2 4F (1) 727 e 25 32 B AL, BP Bl AL B R B A 3G I, -2 R 2R 1
RS, A RSB B . AT 2023 4F, 2024 4F (R & 2R R I K B N T AR FRAT 4 d 28 57 &
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Rice lines number

1 BE 505 CRERY ) 52 FRE 9108 (KAL) 5 3 WM 5718 CKEAY ) 54: 9108/ 5 PR/NJ4SHR (F9) CRERL) 55 75 B 118 ORI 5
6:MEFE 55 CHIRL) 5 7. p A 5055 CRETY ) 58+ 5 33CHETY ) 59+ % N 1447 CKEARY) 510 3 F Bl 245 (RETY ) ; 11 : Kasalath CHIEY ) 512
9311 (HIZY) 513 : Basmati—1 CHIEY) 5 14 3K SSOCRIZL) 515 AR 155 CHIZL) 516: ROO3CHIEL) o A~G /R IUREIS W] - T4
J5 20~50 d.,

1: Nanjing 505 (Japonica) ; 2: Nanjing 9108 ( Japonica) ; 3 : Nanjing 5718 ( Japonica)4:9108//Huai5 Kuai/NJ45SHR (F9) (Ja-
ponica) ;5: Suken 118 (Japonica) ;6: Huaidao 5 (Japonica) ; 7: Nanjing 5055 (Japonica) ; 8: Jia 33 (Japonica) ;9 : Chang N1447
(Japonica) ;10 : Suxiangjing2 ( Japonica) ; 11: Kasalath (Indica) ;12:9311(Indica) ;13 : Basmati—1 (Indica) ;14 : Yanhui 559 (Indi-
ca) ;15:Neixianghui 1(Indica) ;16:R903(Indica).A-G represents sampling time : 20-50 days after flowering.

B JTAE)E AR BB R AR Y N TR 2R

Fig.1 Artificial germination performance of whole spike samples collected at different days after flowering
R T 100% , 156 B A4 G R (] 058 & 28 30 B HORE BE 0K, 22 57 K T b B3R 6 R FNAR 2R 8 KF-34 & 2F
AR REE/INT 100% , B R EE RN, o] U, Bl A B [E) 4 Rl 2R AR A T AR , Rl i) 22
SEI/N . E4A (2023 4F ) FTE 4H (2024 4F ) 7R U R 2 AR 3R Y e 25 36 B 7 S 1 LE S 0 A1 s N ToAb
PN AR H AR 25 R R IUIF IR K 2 AR /D | A B R] SE K | % 28 AR i, LS Fh 22 53, % 25
BAU R 4B (2023 4F ) 5 (K1 41(2024 4F) | 555 4 R WY R R0 0 A A $87R 55 4 R0 & 23] )
A,
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Tab.3 Comparative analysis of artificial germination in whole panicles sampled at different days after flowering(DAF)

o 0d 2d 4d 6d 8d
HUrE el /d o R EL — N = o AR EL s e 7R EL > o =
amplin
.P 8 Germination %% Germination ~Z%{ Germination H#( Germination ZH%{ Germination ZR%
time
rate CV rate CV rate CV rate CV rate CV
20 0.000 0.000 0.000 0.000 0.000 0.000 0.001 4.000 0.002 2.935
25 0.000 0.000 0.008 3.669 0.029 2.672 0.0589 1.641 0.136 1.603
30 0.006 2.621 0.027 1.820 0.074 1.420 0.176 1.297 0.279 1.046
35 0.000 2.667 0.037 1.226 0.191 1.306 0.337 0.933 0.525 0.591
40 0.010 1.328 0.095 1.396 0.269 0.964 0.517 0.587 0.645 0.467
45 0.007 1.395 0.177 1.187 0.353 0.751 0.583 0.521 0.710 0.400
50 0.012 1.255 0.198 0.778 0.520 0.511 0.751 0.369 0.810 0.320
- 2 - 7 A= 10 % 9 —A— 13
06 - 6 - 3 & 8 - 12 - 4
- 1 - 11 - 14 - 5 - 15 16
05 |
%
B2 o4
%3
4 5
TS 03|
o z
WS o2
o
~
0.1 |
0-0 1 1 1 1 1 1 1

ca) ;15: Neixianghui 1(Indica) ;16:R903 (Indica ).

20

25
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1 B R 505 CREARY) ;2 B RE 9108 CREARY ) 5 3 R ST18 (R ) 54: 9108/ 5 PR/NJASHR (F9) CREAY ) 5 5: 95 B2 118 CEAY ) 5
6: MER 55 CRERL) 5 7 FRE S055 CRERY ) 5 8- 5% 33 CREAL) 598 N1447 OREEL) 5 10 5K 25 ORIAL) 5 11 : Kasalath CRIEY ) 512
9311 CHIZ) 513 : Basmati—1 CHIZY) 5 14 K SSOCHIEL) 5 15 : K 15 CRIEY) 516: ROO3 CHIIFEL)

1: Nanjing 505 (Japonica ) ;2 : Nanjing 9108 (Japonica) ; 3 : Nanjing 5718 (Japonica)4:9108//Huai5 Kuai/NJ45HR (F9) (Ja-
ponica) ; 5: Suken 118 (Japonica) ; 6: Huaidao 5(Japonica) ; 7: Nanjing 5055 (Japonica) ;8 : Jia 33 (Japonica) ;9: Chang N1447
(Japonica) ;10: Suxiangjing2 (Japonica) ;11 : Kasalath (Indica) ;12:9311(Indica) ;13 : Basmati—1 (Indica) ; 14 : Yanhui 559 (Indi-

K2 SRR RE AR T AL IS AN [R) R EOPRE B REAR X 5 7K A 22 4k
Fig.2 Changes in relative water content of whole spike samples from different rice materials at various days after flowering
x4 FAUERAEREMEZFENIKEREFESR
Tab.4 Comparative analysis of relative water content in whole panicles sampled
at different days after flowering(DAF)

HiH JHER20d  JFENR25d JFAEJR30d JFAEJE35d JFE/E40d JFER45d  JFE)R S0 d
Items 20 DAF 25 DAF 30 DAF 35 DAF 40 DAF 45 DAF 50 DAF
AR
0.376 0.333 0.303 0.272 0.261 0.242 0.272
Average water content
FrifE2E SD 0.109 0.061 0.063 0.082 0.078 0.088 0.088
A RELCV 0.288 0.184 0.208 0.301 0.298 0.364 0.323
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3 KPRLR SRR TR Y UL
Fig.3 Comparison between grain germination and whole spike germination tests

RS MHREAFEEBAFRENBEZRIER

Tab.5 Comparative analysis of grain germination vs.whole panicle germination tests

KT R KA e "
! F-HIMH Average FrifE2E SD SR E OV
Germination method Germination days
FPRLEE R 1d 0.015 0.036 2.449
Grain germination 2d 0.182 0.244 1.338
3d 0.355 0.364 1.024
4d 0.462 0.433 0.939
5d 0.532 0.427 0.802
IR EFIL 0d 0.004 0.009 2.449
Whole spike germination 24 0.041 0.084 2027
4d 0.181 0.304 1.676
6d 0.231 0.308 1.331
8d 0.378 0.373 0.987

Fxo 2FEEBBLAFRRETHEATFRN

Tab.6 Germination performance of whole spike under 2—-year germination test

AR TR 2% EHIPN Ho2K H4R oK H8K 1
Experimental year SGP Day0 Day2 Day4 Day6 Day8 Average
2023 4F Fen el 0~0.157 0~0.538 0~0.851 0~0.940 0-0.978 0~0.693
75 5 A Yo 316.39 165.47 101.69 79.32 68.27 85.01
2024 4 I 0~0.725 0~0.788  0.001~0.924 0.003~0.937  0.11~0.970 0.003~0.869
5 R % 688.23 215.99 115.53 87.00 64.05 89.70

222 AIMFIHRARLFHRESH

E— 22K 360 U K AR R TR & 258086 T 0~8 d Y IR AL 25 R b T R G M K- B K
3 M R B AR E y 2 e iR 5 ), LI 10 SREHRUE ¥ A i R AL 70 328 (K 1-3,K7)
2023 4F A 1A 15807 (15 43.9%) , K2 A 11843 (14 33.05%) , IS 3 A 8343 (1 23.05%) ;2024 4F K
VA 17903 (5 49.72%) , K224 12147 (15 33.61%) , RIE3H 6017 (15 16.67%) s WA 1 KRB}, F2 A
R 8 RIT- 1 R ZF AL 50% , Rl 43 Ry im B A A 2R 258, SR8 3 AU AT RIS 8 R WP 34k 25 4
1t 70% , %0153 Jy Dy BB ZF AL RIS 2 AU AT BHEE R ZF R T RIS LRI 3 Z 0], Wl 43y vh ek 2F
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Fig.4  Distribution of average germination rates from artificial screening experiments in 2023 and 2024

RAL . AT ICTE RS, PIAR ][] — TPk S B A B 28 S VS I AZ A S oL, BRI &, 2024 4F Y BE K
2R R L SR IR RIS (18] 5)afE— 25 s, 2024 470 0 4 (0 e B & 2804 L0 22 Tl ) R R 261
DD, N T AR 8 K, AR REZ ] B BE e 25 R R 22 53 fi o W i, LA ULIET 60 AN TRIZRZR 9P 2 %
ZFARINA ZF B AR L P (1 7) T L, 3 A4S BY R A 25 A R K 24 ) 0 A BN AR , iR 20 i 3R
RER 0~8 d Y 27 AR, ELA AR/ B AT SR v BRI JEE /0 5 By REUAC 2 S Ui 4 SR A A 2 30 92
SRR, TEIHE 6 TN 8 KIS, B derh o N THiFRSE 4 KLU A RIS R I] Rl A 2 332048 70 Hi, T
X T R KRR $ R IR 19 5 2R3 A M T DX A AN R B e 2368 0 Pe R A 2 A 8

(¥ 5 22— 244N, 5 ) B PR AN e, T4 6 RATIAR 555 4 RIGEML, LR S B —2m by k4%
W £ b BB R U 0k A 2R IR 2 R R B 4 K HUA R T X Hh B R 2R 2R AR BEER 6 KA

AT X R A 2R
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Tab.7 Germination performance of different clusters under 2—year whole spike germination tests

T —
if‘;r Wﬁiﬁ’ %;iitfg/f SGPO  SGP2 SGP4 SGP6 SGP8 Gl Rei[ﬁi e
1 20234 43.90 SEHE 0.001 0.01 0.041 0.094 0.141 0.048
JEFE 0-0.026 0~0.072  0-~0.158 0~0.244 0~0.336 0~0.143
TREH 3418 1.521 0.927 0.722 0.655 0.712 B g A
2024 4F 49.72 ERME 0.001 0.013 0.058 0.106 0.192 0.063 ey
JEFE 0-0.031 0~0.129 0.01~0.261 0.003~0.295 0.011~0.456 0.005~0.22
TRAK 3.224 1.442 0.868 0.585 0.535 0.604
2 20234F 33.05 SEEE 0.003 0.035 0.171 0.344 0.454 0.175
JEFE 0~0.046 0-~0.184 0.003~0.406 0.143~0.602 0.284~0.728 0.092~0.33
TREH 2548 1.211 0.517 0.288 0.221 0.298 e Yo
2024 4F- 33.61 T 0.004 0.025 0.144 0.316 0.627 0.18 E3i]
JEFE 0-0.054 0~0.227 0.012~0.343 0.063~0.65 0.368~0.919 0.085~0.313
WREAK 2225 1.306 0.575 0.416 0.214 0.277
3 2023 4F 23.05 S 0017 0.154 0.432 0.676 0.764 0.393
Jifl 0~0.157 0~0.538 0.188~0.851 0.34~0.939 0.557~0.978 0.243~0.726
TIRRE 1838 0.772 0.347 0.187 0.129 0.265 Sy
2024 4F 16.67 PEE 0024 0.098 0.452 0.737 0.841 0.39 KA
JiFl 0~0.725 0~0.788 0.094~0.924 0.52~0.937 0.633~0.97  0.249~0.9
AREK 4.205 1.404 0.49 0.148 0.103 0.31

BRI AR ZIXBAF G TR BRI B 43 1 s SCR FRFEA 2 %, SGRO~8 F/R B R XI5 0~8 K
PR K 27 385 G R AR 2 06 ) K 2P 15 58

Cluster percentage : the percentage of the cluster in the overall experimental material for that year; SGR: Spike Germination
Rate; SGRO-8: the spike germination rate from 0 to 8 day of the whole spike germination test; GI: the germination index of the

whole ear germination test.

II
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A+ 2023 4 360 173 K R A ek 14 8 A 28 B M 0 1 1 0 SRS AR 5 B 2 2024 4 360 173 /K A A A B A ZF BT 7 16 16 SR 2 4
5 AL 7R R (R 2R 20 ) I(RER ZF P P A2 ) (I 5y R R 220 ) s A1 SO 3R K A i Rl 44
P GBI SRR R R B B L6, R AR,

A shows the clustering heatmap in 2023, B shows the clustering heatmap in 2024 ;1: High resistance to pre—harvest sprouting
type, I1: Moderate resistance to pre—harvest sprouting type, IIl: Easy pre—harvest sprouting type ; The outer text indicates the name
of rice variety ; The color bar represents germination rate , blue to red, germination rate increased.

K5 360 5 /KAEMRHIRE K 25 R0 Hr

Fig.5 The clustering analysis of spike sprouting test on 360 rice materials

HBE9108 YIN1%5 A 153
2_02355r 0od 2023£F 8d

2024£F 0d 20245F 8d

B b &
| i .

20244F 0d
i f

% s
FAE 9108 : FPURE A ZERAY YINT 5 B A ZEPUME h S5 20 S 0AG 158 . By Rl R 2257,

Nanjing 9108 : High resistance to pre—harvest sprouting type ; YJN1: Moderate resistance to pre=harvest sprouting type ;

Sidao158:susceptible to pre=harvest sprouting type.
El6  NIFEE A& Stk K R 2 B BT 14 & 2 38

Fig.6  Germination phenotype images of different spike germination resistance rice types before and after treatment
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R 2HEEHRFHARERSAEREAT —HHRR
Tab.9 Lines with consistent spike germination results between 2—-year whole spike
germination tests and field conditions

*@Ziﬁ?ﬂ’@%ﬂ B4 i K ZE#R % Sprout germination rate
Types of resistance ) 4K EA PN
Rice name
to sprouting 2023 4F 2024 4% 2023 4F 2024 4%
PR 2RI IX14-4 0.00 0.00 0.00 2.10
Highly PHS-resis- R HE 8891 0.00 0.33 0.33 232
tant style oK 0.00 0.00 0.00 6.16
FA236 0.00 1.54 1.54 9.68
G 125 0.00 0.00 0.00 15.75
HFE 9108 0.23 0.93 0.93 3.36
85 0.29 1.09 1.09 2.52
JYJ-1 0.33 0.33 0.33 1.56
B4 3017 0.35 1.75 1.75 2.84
G135 0.37 0.55 0.55 10.17
FAKE 46 0.65 10.58 10.58 15.00
W069 0.79 6.31 6.31 16.60
7% 58 0.92 2.32 2.32 5.77
W2-JS85 1.08 1.78 1.78 3.23
HE 175 1.26 7.63 7.63 13.45
JYJ-2 1.52 3.04 3.04 4.63
202152-14 1.75 2.50 2.50 2.04
FiifE 1903 1.94 21.28 21.28 1.37
ks A 2.08 5.00 5.00 9.06
KA 184 4.10 8.05 8.05 8.98
75111/75108(F11)® 4.43 11.77 11.77 5.16
FE M 46 1% 4.93 12.04 12.04 5.34
TAKES 5 5.09 24.38 2438 18.20
SCQ 5.44 18.62 18.62 17.74
199 6.01 7.17 7.17 19.93
i 9.41 13.85 13.85 10.94
Y# 7035 12.69 21.49 21.49 5.20
1921820 13.15 17.14 17.14 12.66
H VA 65 15.02 21.40 21.40 13.13
FeN il 0.00~15.00 0.00~24.38
T 3.21 8.00
50 % TR 703108 29.23 55.67 39.88 69.94
PHS—susceptible ﬁ&fﬁ 16 27.96 54.85 79.80 89.80
ayle s 34.98 64.85 45.20 54.88
o WEREHG 145 37.20 60.22 19.40 72.99
07GY32 42.93 62.52 54.63 89.05
TR 118 28.45 66.04 19.41 64.89
775105 43.06 76.46 19.99 68.63
ik 134 69.10 79.97 40.77 65.31
Lemont 65.53 84.83 76.60 87.51
R6547 85.09 87.75 57.45 88.94
Wbk 115 66.88 81.73 27.45 71.66
=104 64.42 67.50 51.26 85.90
Pie il 19.40~85.08 54.85~84.80
EHIE 46.94 73.00

AN /NG FREFR RN RS0 B R R A B 22 5 (P<0.05) o A~C 7R 2023 4E R i fll & 28 i &= iR & 2
B\ BERZF 3R D~F 7R 2024 4F i PURE A ZE i 28 P UURER 28 R BEOR 2 &R 5 1AL B SGRO~SGRS8 (Spike Germi-
nation Rate,SGR) /R 0~8 d IEFR & 2%, GI TR RN K 264K

Distinct lowercase letters denote significant differences (P<0.05)among populations across various experimental lime points.
A-C represent high, medium, and susceptible spike germination lines in the year 2023 ; D-F represent to high, medium, and sus-
ceptible spike germination lines in the year 2024.The abscissa, ranging from SGRO to SGR8, represents the whole spi—ke germina-
tion rate over a period of 0 to 8 days, and Gl stands for the overall germination index.
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Fig.7 Boxplot of spike germination rate and germination index for different spike germination resistance classes

23 FREEXNARERKBELFRIENIT

O A T 5% 3¢ B R 200 T AR 45 1 R K R A 2 A s B R ) AR g itk — 25 43 B 7 12 44 sk
() FF AL ] 5 N TR A 2 ZEHTME S0 45 R ¢ 22, 2 IR A VL3 K e 20 0% 301l 2374 s 2 1Rk
FFAE AWM 8 A S HETF AL (RRE2EAL) 8 Ho HE8 A 15 HIFfE(Hh#sil) 8 H 16 HE 8 A 25 HIF
A6 GRE A DL S 8 H 26 H Z J5 HH b (R A A ) S5 42680 . AR 8 o] UL FFAER A Y LR
T e bR K ZE PR AU ) 6 R, R AUAE 2023 4F S Bl A 2R 2 b b e ek, Ho O B R 2 AR
1M 2024 4738 B AR 2 AU 7 be i K, R O IR A 5 2023 4R S Pk 2RSS AL LA R S R AR &2 T
2024 AF NN BH B . 255 2 4R A TR 45 0%, TRV IR RS st ML X 8 H 25 H Z R FF AL /K RE A 2 e A
KM 8 H 25 H ZJG ALK FEA KA by K AR AR 2 . R 8 1l UL, AH L T H e U], 2023 4 i
AU K & 25 e dre , HZAR S RECRAR, 17 2024 4F rh R UFE S 6 R INAER 28 de iy, 21156 8 KT, IR 24
R RN LA R S AU (1) R 2F R S ey 5 IR A PR B LA R 2 R K RS T R R R AR, R TR R

W 38251 Cluster 1 [ Z82K2 Cluster 2 [ 8243 Cluster 3
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0.70
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0.30

AEFFERR T MRS
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L] R BRePR BB B i) BEePR BB
Early rice Mid-ripe  Late-maturing Early—maturing| Early rice Mid-ripe Late-maturing Early-maturing
late rice late rice
20234F 20244
FFAEmHE R

Type of resistance to sprouting
R R KRR SR 28 2 P U R AR AR B 28 3 N By R AR AR R
Cluster 1:rice varieties with high resistance to PHS; Cluster 2 :rice varieties with moderate resistance to PHS ; Cluster 3 :rice vari-
eties susceptible to PHS.
8 AN[RITFALI 21 v 7R R R Al 2 243t SR 48 SR 1 43 A1 15

Fig.8 Distribution of cluster results from whole spike germination tests with different flowering period types
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Tab.8 Comparative analysis of flowering time and and sprouting performance
in test of different materials during 2 years
AR TEAEI 1) 25 1Y FOKR ENES EXDS EAPN H8R
Year  Type of flowering period Day0 Day?2 Day4 Day6 Day8
2023 Y XA 0.007 0.055 0.184 0.264 0.349
L H 0~0.126 0~0.384  0.002~0.851  0.009~0.899  0.009~0.903
5 R AL 3.043 1.727 1.114 0.966 0.839
rhak FHIE 0.007 0.069 0.215 0.360 0.432
10, il 0~0.157 0~0.538 0-0.837 0~0.929 0~0.978
5 5 R AL 2.652 1.406 0.856 0.687 0.610
IR FHE 0.001 0.022 0.112 0.271 0.360
U Hl 0~0.035 0~0.184 0~0.631 0.003~0.939  0.007~0.939
5 R 3.869 1.752 1.110 0.794 0.638
LA R A 0.001 0.006 0.020 0.047 0.091
Ll 0~0.004 0~0.023 0~0.053 0~0.143 0~0.508
A5 R 3.742 1.700 1.408 1.418 1.587
2024 A FHE 0.019 0.067 0.279 0.399 0.512
10, 0~0.725 0~0.788 0~0.924 0~0.937 0~0.958
5 R AL 5.670 1.810 0.944 0.755 0.601
ik EEH 0.003 0.032 0.129 0.274 0.407
U Hil 0~0.041 0~0.470  0.001~0.798  0.002~0.898  0.01~0.953
5 R 2.854 1.767 1.134 0.862 0.702
IR I 0.006 0.019 0.146 0.251 0.467
L 0~0.317 0~0.510  0.002~0.770  0.013~0.826  0.016~0.969
LUET N 4.610 2.739 1.096 0.894 0.601
T R TFHIE 0.000 0.020 0.094 0.266 0.471
10, il 0~0.001 0~0.125  0.006~0.513  0.058~0.901  0.165~0.929
5 R AL 4.899 1.445 1.253 0.888 0.522

24 NIBAFHERESKHEFRBELFRANLEE

R T iR AR SCHE B O K R AR A ZE TP SE SR B A R, K 2 4 N T B 0 A 45 2R 5 HE ()
RIAEAT LR (E9) , A BHE KR R A AR R R 2R kA . 5 2, AR SO e 48 58 ) s i &
ZEISTUAE T [R] & 25 58I, 1 2 Rk 25 28 W) B 25 5 o T ) R AR A R 28, v 2023 48 K H 2% 44 I L2 5
T ZE MR A 188 47y, 117 HE 52.22%, 1if 2024 4F- 4 228 177, 1% HE 63.33%, 2023 4F- K H A AN B AR 2810
F 17245, 5 47.78% , 2024 4K 132453, i 1 36.67% , dr i 2 8 i il b L 2 A AL s i B R, | I, K
FEAT LA H )RR 28 e A AR #5220, AN B DL S A BIIR S SR IR 34 6 AME IR 1 22 Sl
SRR KRR o

R TR RE AEAR SCN TR AR A R 2RI 0 5 () ], i — 20 43 2 4 v N T B i 58 1) 45 H )
FE 2R R B — S0 41 0y M4 BH(29 13 v HURE & 25 IR0 12 40y 5 Rl ke 28 28 ) 1R N Tt i 0 114 & 25
(K 9), N 24 Ay BBl e ZR IR0 505 4 KA 6 R~V BE K 2R KRG | M DU R ZFMBHE 4 ROV R ZF R
YI1<15% , 56 6 K1) & 2RI <25% , 1 5 Tl o ZE2R I 4 T34 >30% , 45 6 K H4>50% , AT VE R A T 7K
FEBE R 2R PO S 00 e 0 2 I B o 255 360 13 /K A B B & ZE B0k i vE R 45 R R BLS LU
S 1) S A U A VG IC B = 3K 85% VA L, PRI Itk — 2D Ak 7 A A 2 2 e o i 2 077 328 1 0 S Al A oA
(£ 10), AT LB EEE B AR X 50 AN [RUKAE OB B & 2Bk
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High resistance Moderate resistance Susceptible High resistance Moderate resistance Susceptible
to PHS to PHS to PHS to PHS to PHS to PHS
20234F e 20244F
BR IR

Type of resistance to sprouting

ARFIR K HAE R IO T IR R FE RN 0% ; “ A " Fon R G UER N 0~50%; “ 27 RN B R ST
DR KT 50%

Superscripts denote the sprouting status of panicles under field conditions: “None” indicates 0% probability of sprouting;
“Some” indicates a sprouting probability between 0% and 50% ;and “Frequent” indicates a sprouting probability exceeding 50%.

CENWNEELY & & S7RST Y & PNIR/RiL 3 SS2E Jaati
Fig.9 Comparison of sprouting performance in field and sprouting resistance identification results in test
F10 RUBHKBHELFIMEERE

Tab.10 Optimized evaluation criteria for pre—harvest sprouting resistance in rice

N IR 2%
TR ZE PRy o .
T e ) Average germination rate of spikes
ypes of resistance to sprouting . e
e YU R SR Dy R A
IR AT 4 R
<15 >20
Day 4 of experiment
IR ZFIRI 6 K
<25 >50
Day 4 of experiment
2023 4E P /%
98.10 87.96
Matching Percentage in 2023
2024 4 DL FCEE 1%
92.74 100

Matching Percentage in 2024

3 WiEE]R

LRI AL B KRS N T A SEFG SR A 1 SO R R 5 (9 i & e TR N T e 4
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