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Evaluation of Waterlogged Seedling Characteristics and
Screening of Elite Rice Germplasm Resources
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Improvement/Key Laboratory of Crop Molecular Breeding, Ministry of Agriculture and Rural Affairs, Wuhan 430064 )

Abstract: Rice direct seeding under waterlogging conditions can not only eliminate the labor cost
associating with raising seedlings, transplanting, and drainage, but also effectively prevent the weeds, birds and
rats, therefore holding broad application prospects. However, because of the low germination rate under
waterlogged conditions, most rice cultivars are unsuitable for direct seeding in flooded fields. Lack of variety
seriously limits the development and popularization of waterlogging direct seeding technology. Identifying and
screening rice germplasm resources with robust waterlogged seedling characteristics is a crucial foundation for
breeding new varieties adapted to waterlogging direct seeding rice. This study utilized rice germplasm materials
from domestic and international sources preserved in the Mid-term Crop Germplasm Resource Bank of Hubei
province. We measured indicators such as waterlogged seedling rate, germinative force, low-oxygen germination
rate, low-oxygen relative germination rate, coleoptile length, low-oxygen coleoptile length, and low-oxygen
relative coleoptile length. Seventeen rice germplasm with waterlogged seedling rates exceeding 50% were
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identified. Correlation analysis revealed significant positive correlations between the waterlogged seedling rate
and several indicators, including germinative force, low-oxygen germination rate, coleoptile length, low-
oxygen coleoptile length, and low-oxygen relative coleoptile length, with the strongest being between
waterlogged seedling rate and low-oxygen coleoptile length was the highest. Thus, the low-oxygen coleoptile
length could serve as a vital index for identifying and evaluating the waterlogged seedlings characteristics. By
detecting and analyzing the haplotype attribute of OsGFI4h, an important regulatory gene for waterlogged
seedling characteristics, in 254 rice germplasm resources, 8 germplasm resources with high waterlogged
seedling rate (>30%) while OsGF14h gene of non-functional-derived haplotype were identified, corresponding
clues for the mining of new genes related to waterlogged seedling characteristics were provided. This study offers
valuable insights for improving the efficiency of screening and identification waterlogging tolerant rice

germplasm resources, exploring the regulatory genes of waterlogged seedling characteristics, and developing

new varieties of waterlogging-tolerant rice suitable for direct seeding.
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Table 1 The number and proportion of germplasms with good waterlogged seedling characteristics in preliminary screening

5553 B2 BEN/ig
Number Germplasm category Total number
1 LA 7 KR b 3086

2 (E2EA TN 212

3 HME KRR 330

4 BIFF R 341

5 IKFEEE 79

6 J=San 4048

i 1t A £ RIS e (%)
The number of screened germplasms Percentage in the same category

122 3.95

18 8.49

13 3.94

6 4.05

5 6.33
164 4.05




2

K RIUAE « KR BT I A B AR P S IS b B 1

253

22 TFEALMERSWH

ST W &R 56 2 TR 55 41K 4R A P R 1 A G
Pk, BEE 643 (/K FE Al ot (G045 479 43K A = N AR
IKFEAZ ST 00 A5 21 A 164 0 RIS ) , R & 2F
P RA LR AREAXT LR RS R E R
SR ZE B R B AV SR X IR 25 8 < B v K T %
EFRARIGINSE , 7E 643 1 /K FE A 5 45 e MR B
PO AT an & 1 R . Hedr, 87.40% (A BT bR &
ZETE 80%~100% Z [7] , 2 B 4 1 B A Jo 4
SRR BT R 15 7o 42.99% BYFP TR R
SRR B 8 < 1, HR 2R 3R A7 BIMIR AR SR A 52 i T
TR 35.61% AN BT BHMIR AR BT & 3 = 1, HR
TFRANZARA SR R D E R 5T (21.34%) 7

A 600 8740 B 450 64.70% C 3
400
500 350
5 400 z 300 5
%5 55 250 55
g 300 Kz 200 -
=200 =150 £
100
100 50 p.95%2.33%
SIS TN e S
\Q‘ QQ“ \.\’Q‘ \k}Q’ \%Q \Q‘ Q’Q \,fb“ \@' \%Q
L (%) KRR (%)
Germination potential Low oxygen germination rate
E 140 20.37% F 250
120
100 200
=2 80 £ 150
Z 60 K E
£ =% 100
40 =
50
20 1:40% 479,
0= 0
D PD 2D DD LD S >
Q" e Ol “° NN o NN “° " “° ° . N
R NN R I <R S @

SRSV ZFRIIE (em)

Low oxygen coleoptile length

TRAESAE T R 2258 (IREAE X B & %>1) . ik
ZER R B AR B ARSI R BB Z i #E (1.5,
2.0] eon JEIEI P, AH LU IE 8 450 (2R K 2.0 em
IR R} 33.59%) ARG N IR 2RI K I8 5] 2.0
em DL B MR E £ (5 50.09%) , H K £ %
(64.85% ) B AHIK S AH X IR 25 85 K B2 35 %1 1.0 em LA
b FOSTA A R 2R B A B2 AR AR AR R
1M 38 I . 643 iy Bl BT v, W UK BT K 24K
(68.74%) ANt 10% , AUA DEFR I RAFHEK
BB REE , LMK B %>30% MMM 590y, o
9.18% ; 15 7K L 1 K >40% B M RIAT 32453, 1 4.98%
WK 26>50% IR BE 17 403, o5 2.49% 5 HE 7K K,
I RIEF] 60% LA AR 343 o

D 200
180
160
140
120

100

U

Frequency

17.60%

\
3

O SO Y

&
BRZEWI S (em)
Coleoptile length

& S

N
ARSI %%

Low oxygen relative germination rate

Q

Frequency

13.22% g 469,

50 4.20% 2.49% 2.02% 0.47%
0
S 9 D 9 S o
N T AN PR I S T M M
\\.Q \\% QS Qﬁ Q.Q &° \.,% N S RS &
ISR IR 2 1 WEARIHTR (%)

Low oxygen relative coleoptile length Waterlogged seedling rate

RS RINED) ¢ e vV NEIESEE G ERETES
The percentage above the histogram showed the frequency distribution of each phenotypic value range
E1 e43kiEMEMFHAERKIHERE

Fig. 1 Frequency distribution histogram of seed germination traits of 643 rice germplasm resources
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Table 2  Statistical analysis of germination related traits
. o brifE2: 5 R %)
31N /M N Pl Rl ' R
. . Standard Variable
Traits Min. Max. Average Standard error L .
deviation coefficient
RHH(%) 222 100 90.35 0.52 13.22 14.63
Germination potential
R4 & % (%) 0 100 84.90 0.84 21.27 25.06

Low oxygen germination rate
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Waterlogged seedling rate
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Fig.2 Correlation analysis among phenotypic characters
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Table 3 Germplasm resources with a waterlogged seedling rate more than 30%

FHECA AR | 2 B A o, Lo B o ) il R
BB . TR TR K 10 em 2540 T #EF0 7 dJs
BN 3

OsGF14h OsGF14h

) R A B AR R (%) FRAFRIZER ) . WM (%) FRIR

Number Germplasm name Water.logged Ha;.)lotype Number Germplasm name Water.logged HaPlotype

seedling rate attribute of seedling rate attribute of

OsGF14h OsGF14h

1 HSTH 72.22 N 31 T H 4222 F

2 T H 67.78 F 32 61728 41.11 F

3 WL IR R 65.56 F 33 61607 40.00 -

4 JEReAH 60.00 N 34 FHAFH 38.89 -

5 IF0018-3 60.00 F 35 RN 38.89 -

6 Y&k 56.67 F 36 61846 38.89 -

7 08-489 56.67 F 37 Feb-36 38.89 -

8 BCHE-2 56.67 N 38 Ik 37.78 -

9 08-477 55.56 F 39 08-340 37.78 -

10 BIKA 53.33 F 40 62113-2 37.78 -

11 =ER 53.33 F 41 08-576 37.78 -

12 P KA 52.22 N 42 17-1555 34.44 -

13 08-449 5222 N 43 08-544 34.44 -

14 08-371 5222 N 44 I B 34.44 N

15 gl 5222 F 45 08-574 33.33

16 08-396 51.11 F 46 62013 33.33 -

17 USSR SPNESY) 50.00 F 47 BKAR 33.33 -

18 B15 48.89 F 48 IF0025 33.33 -

19 B28 47.78 F 49 FINRRA 33.33 -

20 KAk B 46.67 N 50 FEAE 33.33 -

21 BIKAS-2 45.56 F 51 HAKE 8 5 33.33 -

22 61701 45.56 F 52 LN 32.22 -

23 PNL DN 45.56 F 53 Kas 32.22 -

24 B BB 44.44 F 54 PRI 1 32.22 F

25 PRI 44.44 F 55 a1 Dk 31.11 -

26 YhERLTIESF 4333 F 56 BRI 31.11 F

27 08-586 4333 F 57 P-729 3111 -

28 Tk 4333 F 58 KIRA R 31.11 -

29 61833 4333 F 59 08-588 3111 -

30 TR K AL 42.22 F

- FORBTRIZEARURINE ; F 3R AR, DI RETY ; N 37K BRI R T 1 RE A

— indicates that the haplotype attribute has not been determined; F indicates that the haplotype attribute is “Functional” ; N indicates

haplotype attribute is “Non-Functional”

that the
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