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Table 1 Information of tested rice from China
4“5 Number 44 %} Material K5 Origin 4“5 Number  #4%} Material HKeVE Origin
1 T HE 860 A LR =BT J11 B 104 T ARMELE B AR AE VI AT
2 K 388 FH MRS YIRL 22 112 FafR 850 P JFRR & S KRBT 72 T BR A =]
13 ® ARG 1305 TP RWAARAF 713 FHHF 855 A R B
14 TR 24 HhE O B SRR R = TR 114 AL kg 255 TLBEAR YK 2
15 KEEAR 717 LT REEEMBIEA R A E] J15 HTE-10 B IR R H IR X AR 2 B
16 TLAE 523 TRBAAR Y K2 116 KIEARL 619 KRR BRI AR BR A F]
17 WFE 97 TRBEAR YK 117 BRHE 1913 BRI T RO R 2B
8 #H K978 MR R 2 b J18 BRHE 1947 BRI T RO R 2B
J9 2122 3L T4 A T R 719 A 1811 Bl T A B B
110 #FE 508 BRI T R ARTE KRB PR A H] 120 ERHE 1808 BRIG T AR R 2 5
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#:3% 1 Table 1 (continued)

%45 Number  #1%} Material SRR Origin Y55 Number  #1%} Material SRR Origin

121 BRH 96 BRIG T AR R 2 133 1EHE 97 3T T8 R B R A 9

122 A 1603 BRI TE RO R 2B 134 ARG 27 AR RTE A

123 BRAE 1743 BRI RO R 2B 135 w95 AR RTE A

124 HAE 1712 Bl T A B B 136 FH% 33 KAV R TR AR

125 JeiE 3-2 TR B AR MY A2 137 Ak 315 TR B AR MY A2

126 i a5 TRBRARME K 2 138 213 TR RF=BE

127 JukE K13 TRBRAR A2 139 EhHE 196 T4 SRR W

128 R 115 BRI T R R 22 B 140 Tk 518 TR AR A2

129 B35 BRIE T AR} 2 5 141 R 202 BRI AR AR T KA TR A

130 HEH9S KA BAYEFI A FRA 7] 142 KSEFE 821 TEBHATH R SR B AR 70T

131 W65 SRR RN 143 ITHRE 810 LR KRBT 7T BT

132 9= TR KR LT
1.2 X5t VIR=ARKxGI (5)

S8 SR DR vk, SRR 30 g AGD=X[ CHHKZFREZFERED 18K
AT BT 0.5% NaCIO HUIRBE I 0B 3FRI80 (6)
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W, WG E 2K TRIR AT 12 he B FPEIEIE 100 1.4 HIELTE
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FrML A 280K, B ACRE 3 RE .
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VIS) . #RiE /5% (vigor index of root, VIR) -
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100 (1)
GR (%) =il & H M & 2 Ho/ Al Fh 1 Ho<
100 (2
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VIS=%KxGI 4)

K:H Microsoft Excel 2016 47T 4 %34, 7| FH
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F SPSS 23 4T F By 434, FIH R 4.1.3 1] ggplot2
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T AL 3 4R AE/CK AL BEPEIRAE (8)
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REFFRE TR %. WRiE 485 PR R
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HRAE 77 48 BN K R B FEAR, BRI 4 i
39.47% . 1531%. 71.23%. 80.66% . 89.48% fll
71.43%, JLAAHRE AR E I BRIR RO, AR AR R

/e AN, CK AbEE 3P 53 REUTE 1.95%~
35.13%, T ACFRTE 23.57%~84.83%, 2 ANALFRINLE
ERKRZE, HIETHE A KRBT S22 01T .

®"2 OREMET 45 KFEM A & ARV R HE AR

Table 2 Trait indexes of 45 rice materials at germination stage under cold stress

hbF TiH REFH R KRR FEWEE MIEAERE CPHERERI RERN
Treatment Ttem GP (%) GR (%) GI (%) VIS VIR AGD (d) GC
T KA Max. 0.92 0.98 45.70 594.46 516.00 11.39 0.31
H/IME Min. 0.00 027 10.61 0.00 2.98 0.03
SE-H4{H Mean 0.46 0.83 19.55 226.52 177.64 6.27 0.16
FRiEZ SD 0.30 0.19 10.15 173.19 150.70 2.17 0.07
AR RECV (%) 65.90 23.57 51.94 76.45 84.83 34.59 48.17
CK KA Max. 1.00 1.00 95.65 2037.35 3118.19 3.49 0.92
5/ME Min. 0.16 0.93 32.58 485.47 729.83 1.09 027
“FH4{H Mean 0.76 0.98 67.96 1171.22 1688.77 1.96 0.56
Frifi2E SD 0.19 0.02 18.15 386.99 593.31 0.62 0.18
AR RECV (%) 25.03 1.95 26.71 33.04 35.13 31.83 32.17

2.2 45 BIKFEMRIEA & R 4RIRHIMS R E
MR 3 AN, AR v R EAL 5 R AL

22.99%~74.85%, HRIE 1148 EUPIN ¥ R HUE i
K, RIFRNMNA REEAD, RSB

T3 A5 BIKEEMRIER A B 1R AR ROMTIS R

Table 3  Cold tolerance coefficients of 45 rice materials at germination stage

TiH Item CRC, CRC, CRC;s CRC; CRCs CRCs CRC;
B KA Max. 0.99 0.99 0.56 0.42 0.26 5.62 0.50
H/IME Min. 0.00 0.27 0.06 0.02 0.00 1.66 0.07
“FEI{E Mean 0.55 0.84 0.28 0.18 0.10 3.28 0.28
brifEZ SD 0.33 0.19 0.11 0.11 0.07 0.90 0.10
55 R E CV (%) 60.16 22.99 38.98 63.80 74.85 27.40 37.24
NN . e . 1.0
PRI SR, MO AT A oo [ |
23 45 BIAKEEHPRITNS RERMESE M 5 47 @ - FHEE - B o

45 Wy K FE A ARL T 1 i VA JR B2 T AR AR A
FRERMEERR (B 1D« KEH. R¥ER. K
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A R [ RS TEA S, Hh 2 iR S
HRIE I 4R HL A RE AR RERIL 0.94. PR
FRIEG KRV A KA R AEG, Kb
REFEH REREL IS iR ARG IR ERR
FRBIIN A ZBERE N, 5RF R A
REOM R R HMERK (-0.73) o FH IR
EAFEARFIRRE A G, R EmAES, W
I, LR FH SR IR AR AN A6 5 R R A A 1
SEANATN, FFEHATZ 080 9.

2.4 45 MKFEM RIS RBER S P

Xt 45 By KRG B KA TR VA 2R BOHAT 32 AR
T, BIRA N T ARAREEAN 2 AMMSLIN SRS
EbR CIL AT CI2 (£ 4) o 2 N ERFIEE KT
1, Eit5TEkZE N 89.866%, LATTHRE 5 LA AL

L ad | [ |
/’/CRQ--- g.g
,’,ICRCS -- :0:4
‘ 0.02 ‘ “ CRC, - gz
,’I,,‘CRC’ -1:0

o ] onnr? pRIRIRAE P<0.01 F1 P <0.001 KRR
Mo

“#%7 and “***” indicate extremely significant correlations at the P <
0.01 and P < 0.001 levels, respectively.

1 45 KRR & AT S R BB o4
Fig.1 Correlation analysis of cold tolerance coefficients
of 45 rice materials at germination stage
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T4 45 IKRFEM RIS RBERK S SR
Table 4 Principal component analysis of cold
tolerance coefficients of 45 rice materials

T H Ttem CIl CcnR
CRC, 0.174 0.061
CRC, 0.135 0.605
CRC; 0.182  —0.063
CRC: 0.179 0.099
CRCs 0.173 0.108
CRCs -0.119 0.744
CRC; 0.179  —0.162
FFE{H Eigenvalue 5.266 1.024

TIHR Contribution rate (%) 75.233 14.633
ZIT DTk % Cumulative contribution rate (%) 75.233

J33

-

142

na

05

4 FhA, Hodh 23, 1164 J5. 1204 J35. 132, J41.
J21. 134, 129, J12. J22 F1 D27 A —2%, 4t 13
AR, ONRA R, J17. 18, J31. J40. J19. J33,
J15. J42 A1 J14 98 —328, 3o mptkl, A4
A. J4. J18. J45. J13. J11. J3. J37 A1 130 AN
—2, LR, RNABUREL, HAR15HhIEHN
—kK, NAEHURA.
2.6 BAAEAMDSMIFN BN HHTSTE

45 K FER RV R BA LR G A TEPEE D (1)
Sy AiE FE 7E 0.024~0.890, b 129 ok, FRIAILHT
RNV B s J30 dgevhs, SR B A S

Vel

gl

N :
f{)&o 2
~ 2 ¥ 3 0%
Nxﬁoo

B2 RMMET 45 M7k Fat AR & B 1 R 2R E

Fig.2 Clustering heat maps of cold tolerance of 45 rice accessions at germination stage under cold stress

e (R5) o RE—B ook KAV fe br
Hiif A2 IR, PAA RECVEL R DA
D9 PR AR AT B A A A, A e A D A O AR
Di=—0.104+0.178X1+0.292X>+1.034X5+0.552X7 (R*=
0.994, P<<0.05) , I\, Dy ANTA VT FIAE,

Xiv Xov Xs B X7 73 BUONREES . REFFRL WRiET)
T8 HONURZFE A B v A %, n] BLERE Dy (E
99.4%, Ui BT RE Al T WA I AP vE . T
RS THR RE G, RIAZIA R A5 5 D 48, 7T
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Table 5 Estimation accuracy of regression analysis equation for cold tolerance evaluation at germination stage

w5, ) HiE 45 N HiE W5, o HiE
Number Accuracy (%) Number Accuracy (%) Number Accuracy (%)
J1 0.384  0.387 99.174 J16 0.668  0.657 98.367 J31 0.529  0.534 98.923
12 0.481  0.484 99.154 17 0.583  0.601 97.027 132 0.802  0.824 97.274
13 0.094  0.101 92.947 J18 0233 0.233 99.989 133 0.480 0473 98.567
J4 0251  0.239 95.434 J19 0.542 0534 98.123 134 0.714  0.721 99.136
J5 0.711  0.681 95.834 120 0.675  0.681 99.014 135 0.676  0.711 95.137
J6 0.430  0.441 97.413 121 0.754  0.723 95.906 136 0352 0.349 98.978
17 0229  0.223 97.389 122 0.797  0.811 98.264 137 0.065  0.068 95.174
J8 0.593  0.618 95.981 123 0.689  0.722 95.467 J38 0402  0.401 99.751
J9 0.581  0.596 97.442 124 0.584  0.552 94.586 139 0415 0411 98.933
J10 0310  0.311 99.528 125 0.499 0513 97.244 J40 0.519  0.519 99.923
I 0.155  0.166 93.599 126 0.427 0438 97.484 J41 0.777  0.724 93.275
J12 0.851  0.828 97.190 127 0.761  0.746 97.864 J42 0.558  0.554 99.273
J13 0.173  0.180 95.908 128 0.440 0444 99.196 J43 0.397  0.400 99.238
J14 0377  0.386 97.729 129 0.890  0.891 99.917 J44 0.258  0.258 99.964
J15 0.641  0.666 96.304 130 0.024  0.025 94.756 J45 0364  0.336 92.264
3 i ANV UK 4 FhIEAL, AT RO 8 W AR TR e

AR, RN RAEYIAE P2 BOR & 22 4= A
T Z R, M RIEAEERK KGR
R EERAT, e m A A RE R, HEY
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E RUFHEARR B RN 5 3 1AM, e 5 A
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T & e br a2 7 B3, N E U2 IA
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MREE B — 4R bR 00 T ¥2 28 HioHE DA 4 T 13 R i 4 52
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FRAY AR, BRI 7 AN AR AR AL A 2 A
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B R AR 415 B o I T B4R A 38 B AUE IR 45
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Identification, Evaluation and Screening of Cold Tolerance in
Japonica Rice at Germination Stage in Northern China

Jiang Kunwei, Sun Guocai, Wang Jian, Wang Guiyan, Cui Yuefeng

(Tieling Academy of Agricultural Sciences, Tieling 112616, Liaoning, China)

Abstract Northern Japonica rice region is susceptible to cold damage, and breeding cold-tolerant rice varieties
is the most direct and effective means to address this issue. In this study, 45 accessions of northern Japonica rice
were used as experimental materials. Under 14 °C cold stress, seven indicators including germination potential,
germination rate, germination index, vigor index of shoot, vigor index of root, average germination days, and
germination coefficient were measured. Multivariate statistical methods such as correlation analysis, principal
component analysis (PCA), membership function comprehensive analysis, and cluster analysis, were employed
to evaluate cold tolerance. The results showed that all germination indicators exhibited varying degrees of
decline under cold stress, with the vigor index of root showing the most obvious decrease. By calculating the
membership function values of each indicator, the seven indicators were transformed into two comprehensive
indicators through PCA. Cluster analysis was then used to categorize the 45 accessions into four groups,
successfully screening 13 cold-tolerant materials. Furthermore, a regression equation was established, which
identified that germination potential, germination rate, vigor index of root, and germination coefficient are the
key indicators for evaluating cold tolerance in northern Japonica rice at the germination stage.

Key words Japonica rice; Germination stage; Cold stress; Comprehensive evaluation
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