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Table 1 Information of 61 japonica rice varieties
45 Number i Variety| |25 Number §h# Variety| |45 Number &hF Variety ||4w*5 Number i Variety| |25 Number fh#§ Variety
Y01 B 26 Y14 £FE 32 Y27 MH15 Y40 i 37 Y53 T
Y02 YEI 6730 Y15 AT 46 5 Y28 MFH GAI0 5 Y41 h 44 Y54 i 8
Y03 Je#E 3010 Y16 XA 15 Y29 PeH AR Y42 b 45 Y55 JeAE 31
Y04 AE 3013 Y17 HEEA 1 Y30 LA 1805 Y43 o 47 Y56 HFE 1S
Y05 FEK S 5 Y18 R 2 Y31 10 Y44 i 71 Y57 HFE 16
Y06 FENK 6 5 Y19 R 3 Y32 11 Y45 FE 1S Y58 HEFE 17
Y07 BE15 Y20 iR 4 Y33 15 Y46 i 84 Y59 HEFE 28
Y08 JeIRFE 3 5 Y21 HEEA S Y34 FE 105 Y47 9 Y60 & 4
Y09 FHE 10 5 Y22 B 6 Y35 FE 145 Y48 93 Y61 &7
Y10 o8 2021 Y23 iR 7 Y36 3 Y49 12
Y11 ZEFE 27 Y24 B 8 Y37 b 30 Y50 4
Y12 =65 Y25 B o Y38 i 34 Y51 HES
Y13 4% 18 Y26 HrEEA 10 Y39 PR 135 Y52 TE6
(BEREE 50 KD o A0 725 50 Bl 125l A J0 18 8 X(n)=1—~(X—Xmin)/(Xmax—Xmin) )

AR 9 cm FEFEILAT, BN S mL AbERR (25 A %R
IINZERZW A BT HEMEERAN, BREEN
16 h/8 h OLHR/ZERE) , JEFE 30 °C/25 °C (HR/K
) o 4 24 h B — AR

1.3 MEMESE®

P AR FE IR B R KB, IR ZFIA R R 1K
[P N R HERRUE, WaZE 4 K& SRR AT
RES, H7RABRFR. 7 RELFE S HE
10 R A — AT IR E R KR, REH
BUJTHUR IR 2R3 5, R 280K P id, WK 480 2%
ZARKENERE, WEHER, RFLaR
(105 °C) 20 min A5, 75 °CHE 218 & f5 Il &1
B, DX R ZEH . M 2R AT ZEEEE . AT
2R S Fr 7K RIAR R i) 2R A A i B 1 2R A VP
rigts.

RHEH (%) = (4d WRZFFFREY R 7
B x100; KIFEFR (%) = (7d WRFFFH/AR
40 x100; AHXTRZFS (%) = (ALBRK
XTHRRZE3A) %1005 X KRR (%) = HEK
ERSTIRZER) x100; HXFHEK (%) = (khH
FARMTH ) x100; AHXZFEEE (%) = (A3
R/ IR SRR ) x100; R EIKE (%) = (B
fof B2 T ) /EEEFE x100; AHXT SR S K E
(%) = CHZF LS 7KEST IR ZE S & 7KE) x100;
RAEAHR (%) = G AR ALEARK) /%] REAR
£:x100,

B EEE [X(m), X(n)] i+ 72

X(m)=(X—Xmin)/(Xmax—Xomin) (1)

A, X R IIIEE ;s X NI —TH
PRI B RAE s Xowin A —FR BRI 52 1E A B /1>
Ho HRE—Fabr SHUmPETE s 2 1EFDC, WA X(m)
HE, RZH Xn)itHE.

1.4 HIELTE

K H Excel 2016 #E47 H4 B 2 5 1H 5, SR
HE 2 AT AF SPSS 27 HEAT R A AT M R G R
FKoHr.

2 HERE5SR

2.1 ANEIZKIE IR R SRR AR M 53 4

B 2 WI A0, AN [E AR R R T Bl 4 48 A A7
2SR, 85 REHEF T 9k R 2 b 5 > AH %)
ZEA > AN B > A R 2 AR > R ) e >
FHXTH LR S K S Forp AR 28 0 B8 S R AU
K, N 37.51%, AZ0EN 20.29%~158.33%, X%
KA R REIRZ, HN33.18%, ARIEAN 19.39%~
94.75%, MG ML T REBD, TRN
64.72%~100.00%; FHXH 20 5 K & 1A 7 R B
%, AP 63.88%~105.85%. M/A6IX [ REE H,
ol Ak 6T 7K R AR AR 2 R 4 ) i, JHE A i
Fhep, AEOAE KRB T REEER .
2.2 AEIKIERMTEIEFRAEX S

B3 3 v, BRALIE T, AHXR SR SN K
ZER L M ZEEEE 4 ) BB AR E B, 5
AR 2R AN AR G ARG 2R 6 B 5 A X A 4R K
BRI RS X 2K SRS
S M HEFE bR A1 AEEAS [FIRR L A O, DAl
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Table 2 Descriptive analysis of alkali tolerance indicators

b i e TREH S
Index Mean (%) Standard deviation Coefficient of variation (%) Distribution interval (%)
AHXF & ZF % Relative germination vigor 89.54 18.38 20.52 36.92~125.76
AHXT K ZF 2 Relative germination rate 86.12 13.72 15.93 53.85~110.48
AHXT 2E K Relative bud length 57.05 18.93 33.18 19.39~94.75
AFNS 26 5 Relative bud fresh weight 69.82 26.19 37.51 20.29~158.33
AHXFZH L 555 7K & Relative total tissue water content 96.61 6.37 6.59 63.88~105.85
FR K412 Root length inhibition rate 93.06 8.95 9.62 64.72~100.00
*3 MHWMIEREX TS
Table 3 Correlation analysis of alkali tolerance indicators
HEX R ZF 34 MXEZFE HEXNFERK XSRS EKE
F84% Index Relative Relative Relative  Relative bud  Relative total tissue
germination vigor germinationrate bud length  fresh weight water content
AHXT K 2F % Relative germination rate 0.572*
AT ZE K Relative bud length -0.074 -0.130
AHXT 2 i Relative bud fresh weight 0.226 0.104 0.171
AHXT 4L 2R & 7K & Relative total tissue water content 0.196 0.174 -0.101 0.276
FRAE:AMHIZ Root length inhibition rate 0.038 0.198 -0.554™ -0.139 -0.096
*: P <0.05; **: P<0.01.
= 2.0
BRASFEFRFRAME B X S ES, KA E Ik
STl A VT 5 BT o 15l
2.3 7F [E7k FE iR R AR A E A 5 ST £
SRR RO AT, X ST B B AR bR =R
P = i
T EAE AR AEAL S, X B AT T IR A R A e
\ N i# 0.5
(KMO) 5 Bartlett EREZ A4, KMO {4 0.519, b
I H. Bartlett Bk FEAR 56 1) 35 £ K P<<0.001, Jit 0.0 . . . . . .
ULt Bardew SRITH S0 (B, 201 $8 41 Ch e b8
T?Eiﬁ(?%ffﬁﬁé ko B8RS RAR W AT RS & | KRR E R M ERE S E
TERD M. &K 1 3R 4 0] 5, BEHES R Fig.1 Gravel map of principal component
AANERSY, B TEE Ik 85.973%, 7T UL MLt eigenvalue of tested rice varieties
BRAEAR E)RER 7315 B BRA N 31.237%,  F A AR R 28 S5 RAH S 5 2 4

3 4 Al &0, PCl1 WRHE(EZ 1.874, T ZETT

ARG HOVIEE, R AR AR, R

x4 ERSERMEKEMNFHERE, BEFHEMNR TR

Table 4 Eigenvector, factor loading and cumulative contribution rate of principal components in each trait

T Bk e

Alkali resistance index

AHXT & 2% Relative germination vigor

FHXT R 2 # Relative germination rate

AH%T 2K Relative bud length

AHXT 2 i B Relative bud fresh weight

AEXT 2R 7 7K & Relative total tissue water content
R Z Root length inhibition rate

FF{iE{H Eigenvalue

TI#k3 Contribution rate (%)

F 7 PTHk 3 Cumulative contribution rate (%)

PCl PC2 PC3 PC4
FHERE A RHMERE e FHMERE ey RHMERE 36T
Eigenvector Loading Eigenvector Loading Eigenvector Loading Eigenvector Loading
0.768 0.564 0.269 0.210 0.355 0.361 -0.045 -0.053
0.798 0.586 0.069 0.054 0.389 0.396 -0.107 -0.126
-0.437 -0.321 0.697 0.545 0.361 0.367 0.035 0.041
0.290 0.213 0.617 0.482 -0.318 -0.323 0.333 0.391
0.439 0.322 0.371 0.290 -0.670  —0.681 -0.423 -0.497
0.400 0.294 -0.746  -0.583 -0.096  —0.098 0.648 0.761
1.874 1.632 0.960 0.692
31.237 27.197 16.002 11.537
31.237 58.434 74.436 85.973
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PC2 HIHFAEME N 1.632, 5 ZTTHRAR N 27.197%,
ForAERT A A A B RN X A 2 B K E A
BRR#E T HoAIEE, R =FAFEIEMHIE, PC2
F2 B MR 25K B K 4 S 4R AR s PC3 IRIHFAE
fH4 0.960, 77 ZTTHRFE N 16.002%, FLrAEX K
RN BN PC4 FUSAEME N 0.692, 1%
DUHR N 11.537%, FH AR K & B 5 K #
fof, EE AR KA
24 AREKERMEZEMBISIREE TN

B 5 Bl R & E o o 22 sT ek 1
e, tHE R A S (DD HiATHE
J¥, 61 4y KT P i Bide b 25 5 15 0 10 5 % K0
AL Y26 CGHTEER 10) . Y61 (FEF7) + Y1 (B
FE26) . Y48 (51 93) Al Y28 (%FH GAI0 5) .
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Table 5 Evaluation results of main alkaline
tolerance indicators of tested rice varieties

%43 5 Table 5 (continued)

2 ZRETEPRME Comprehensive index value  p i HEF
Number  pC1 PC2 PC3 PC4 D-value Rank

Y1 1.3095 0.9880  0.0992 0.0147  0.801 3
Y2 0.7301 0.5952 -0.2614 -0.1588 0.378 55
Y3 1.0606  0.6835 -0.0155 -0.3222 0.547 26
Y4 1.0535  0.6771 0.0657 -0.3762 0.550 25
Y5 1.0440 0.8247  0.1342 -0.2721 0.621 15
Y6 1.0077 0.9568  0.0553 -0.1179  0.656 10
Y7 1.0752  0.7868 -0.0535 -0.3640 0.572 20
Y8 0.6565 0.8063 -0.2462 -0.3458 0395 51
Y9 1.1165 0.7814  0.2247 -0.1787  0.663 9
Y10 0.7733  0.6454 -0.3188 -0.2705 0.383 53
Y11 0.9664 0.8361 0.1125  -0.1339  0.612 18
Y12 1.0367 0.7829  0.0442 -0.2725  0.588 19
Y13 09679 0.7263  0.1646 -0.2587 0.570 21

e ZRGTRPAMA Comprehensive index value  p g HiF
Number  pC1 PC2 PC3 Pc4  D-value Rank
Y30 0.8791 0.8479 -0.1639 -0.0307 0.547 27
Y31 0.7159  0.7310 -0.4276 0.6580 0499 34
Y32 0.9042  0.8984 0.0069 0.1170  0.625 13
Y33 09122 0.4321 -0.1359 0.0537 0445 44
Y34 1.0880  1.0043 -0.0941 -0.0151  0.687 8
Y35 0.6228 0.6575 -0.2335 -0.0453  0.381 54
Y36 0.4251 0.6677 -0.3687 -0.1463 0274 58
Y37 09152  1.0543 0.0740 -0.2860 0.634 12
Y38 0.5457  0.6433 -0.2467 -0.2675 0315 57
Y39 0.3910  0.6005 -0.1962 -0.2275 0.261 60
Y40 -0.1785  0.3603 0.2624 0.0201 0.102 61
Y41 1.0415  0.9956 0.0973  -0.0771  0.694 7
Y42 0.6819 09028 -0.1523 -0.1335 0482 39
Y43 0.7453  0.8903 -0.1326 -0.1201 0.506 32
Y44 07591 07469  -0.1420 -0.2763 0442 46
Y45 0.5768  0.8423  -0.0331 -0.1649 0443 45
Y46  0.6153 0.7422 -0.0452 -0.1629 0423 48
Y47  0.8533  0.8907 03174 -0.0200 0.643 11
Y48 1.1864  1.1423  -0.1570 0.2551  0.792 4
Y49 05973 09923  -0.1853 0.1144 0508 31
Y50  0.6660 0.8466 —0.4248 -0.0588 0418 50
Y51 0.7911  0.6883 0.0670 -0.0724  0.503 33
Y52  0.8260 0.6556 0.1841 -0.1967 0.509 29
Y53 0.7847  0.5390 0.1568 0.0118 0482 40
Y54  0.6992  0.6962 0.1643 -0.2215 0470 42
Y55 0.8363  0.6728 0.1428 -0.2864 0498 36
Y56  0.7302  0.5908 0.0856 -0.3041 0421 49
Y57 05344  0.6683 -0.1236  -0.2091 0.350 56
Y58 0.5761  0.8243 -0.1276  -0.1350 0424 47
Y59  0.7595  0.6419 0.0887 -0.1889 0.465 43
Y60  0.7832  0.7499  -0.0726 -0.0299 0499 35
Y61 12975 09674 0.1747 0.0093  0.804 2

Y14 1.2887 0.5524 -0.0399 -0.4498 0565 22
Y15 0.8973  0.5146 -0.2916 -0.3216 0.384 52
Y16 1.1284 0.7320  0.1286 -0.2883  0.618 17
Y17 0.8857 0.4204  0.1741 0.0173 0485 38
Y18 0.9688 0.6595 -0.3712 -0.0938 0472 41
Y19 1.1134 05926 -0.0497 -0.3606  0.526 28
Y20 1.0968 0.4992 -0.0381 -0.3433 0495 37
Y21 1.2350 0.7169 -0.1532 -0.1368  0.620 16
Y22 0.6111 0.5080 -0.4483 -0.1822 0.270 59
Y23 1.1741 0.5925 -0.0511 -0.2837 0.558 23
Y24 1.2840 0.7279 -0.1857 -0.2285 0.623 14
Y25 0.9696  1.0801 0.0444 0.0042  0.697 6
Y26 1.1158  1.2147  0.3441 0.0455  0.853 1
Y27 0.9843 0.7559  0.0537 -0.3090 0.558 24
Y28 1.2941 09382  0.1218 -0.2648  0.745 5
Y29 0.8153 0.7256  0.1417 -0.2773  0.508 30

KA BRI ER 5 MG 130T R4
RRamr (B2, fERAEESE 54, ATk 61
Bk FE AR S RS, A EE 1 SN R A
Kl 365 40, 25008 Y26, Y61, Y1, Y48 Al Y28,
fibE 8.20%; 2B 2 KNI R, 338 4y, L
62.30%; %3 KATEmAEL, F 134, HE
21.31%:; 3 4 FKNBUBMEL, H 440 55 AW
BUEAEL, 1.

3 g
B L9 1 35 22 DL Na,COs Al NaHCO3 N,

(Y2 B TR A B pH U H4f% . A B e
S I 30— O T A BB B B, A9 T R
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Fig.2 Cluster diagram of comprehensive
scores of rice varieties tested
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Alkali Tolerance of Cold-Region Japonica Rice at the Bud Stage

Yu Han'2, Hu Bo"?, Cao Zhengnan'?, Zhao Zhendong'-?, Zhao Zeqiang'?,

Ning Xiaohai'?, Chen Dequan?, Guo Yuzhu?, Cao Liyong'?
("China National Rice Research Institute, Hangzhou 310006, Zhejiang, China;
2Baoging Northern Rice Research Center, Baoging 155600, Heilongjiang, China;
3853 Branch, Heilongjiang Beidahuang Agriculture Co., Ltd., Baoging 155600, Heilongjiang, China)
Abstract To screen cold-region japonica rice germplasm resources suitable for planting in saline-alkali soil, 61
cold-region japonica rice germplasms were treated with 40 mmol/L mixed alkali (Na;CO3 and NaHCO3), and
physiological indicators such as germination potential, germination rate, bud length were observed. The
single-item alkaline tolerance coefficient was used as the screening criterion, and principal component analysis
was applied to calculate the comprehensive score for each variety. The screened varieties were classified using
cluster analysis. The results showed that alkali stress inhibited root length and bud length in all varieties. In
contrast, in terms of germination rate, some varieties exhibited a promoting effect under alkali stress. Principal
component analysis (PCA) revealed that the first four principal components accounted for a cumulative
contribution rate of 85.973%, which could effectively cover the core information of the alkali-tolerance indices.
Cluster analysis results showed that the 61 materials were divided into five categories. The first category
included five highly alkali-tolerant materials, the second category included 38 alkali-tolerant materials, the third
category included 13 moderately alkali-tolerant materials, the fourth category included four sensitive materials,
and the fifth category included one extremely sensitive material.
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