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Comprehensive evaluation of cold tolerance and selection of cold
tolerant evaluation indicators of rice at the germination stage
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Abstract In order to screen cold-tolerant indexes at the germination stage of rice and establish a reliable mathematical
evaluation model for the cold tolerance at the germination stage. 49 rice germplasm resources were selected in this
study, and 9 indicators including germination rate (GR) , germination potential (GP) . relative germination rate (RGR) ,
relative germination potential (RGP), germination index (G , promptness index (Pl), mean germination time (MGT) ,
germination coefficient (GC) and seedling rate (SR) were measured. The principal components and membership
functions were analyzed to comprehensively evaluate the cold tolerance of rice at the germination stage. The 49 rice
varieties were divided into 5 grades according to their comprehensive evaluation values (D) of cold tolerance at the
germination stage. Among them, the varieties with particularly strong cold tolerance (IRIS 313-11965, IRIS 313-8956
and IRIS 313-11038, D is ranged from 0.790 to 0.830) , strong cold tolerance (IRIS 313-11944 and other 17 varieties,
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D is range from 0.609 to 0.745), moderate cold-tolerant varieties (IRIS 313-11049 and other 7 varieties, D is ranged
from 0.503 to 0.576) , weak cold-tolerant varieties (IRIS 313-11986 and other 13 varieties, D is ranged from 0. 364 to
0.482) , varieties with particularly weak cold tolerance (IRIS 313-10891 and other 9 varieties, D is ranged from 0. 187

to 0.282). Stepwise regression analysis was used to obtain the optimal regression equation for cold tolerance during
the germination stage of rice: D =0.326+0.020GI+0.021SR—0.028MGT + 0.025PI+ 0.012GR + 0. 137RGP. A total

of 6 indicators were selected as follows: germination rate, relative germination potential, germination index,

promptness index, mean germination time and seedling rate. These 6 indicators displayed significant impact on the cold

tolerance of rice at the germination stage. In conclusion, under low temperature stress conditions, these 6 indicators

can be used to quickly and accurately identify and evaluate the cold tolerance of rice varieties at the germination stage.

Keywords rice; cold tolerance at the germination stage; principal component analysis; cluster analysis;

comprehensive evaluation
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Table 1 Names and origin of 49 rice germplasm resources
% — %5 . Fif ok 5 % — % . Fif P
Uniform number  Subspecie Origin Uniform number  Subspecie Origin
IRIS 313-7856 U % IRIS 313-11047 Hli ) EVAES]
IRIS 313-8655 Gillbia [ 4 IRIS 313-11048 Al Fe L E
IRIS 313-8956 Gillk VR JR 7Y W IRIS 313-11049 Al o i
IRIS 313-9137 Gillk BN IRIS 313-11056 Al i N ]
IRIS 313-9228 U B IRIS 313-11057 Hli i N
IRIS 313-9389 G FEHE IRIS 313-11058 Gl EylIIEAES|
IRIS 313-9405 ki Y J2 7 I IRIS 313-11059 HIAE ) | EALES|
IRIS 313-10071 ] H A IRIS 313-11061 Al i
IRIS 313-10605 Gillk oy IR A IRIS 313-11076 RIS it
IRIS 313-10731 Gillk JeIR IRIS 313-11154 Hli A5 i N
IRIS 313-10891 BillBE EI B2 IRIS 313-11164 il E g
IRIS 313-10930 Gk s IRIS 313-11170 Al N
IRIS 313-10932 Al i IRIS 313-11171 Al e BN
IRIS 313-10946 i HE [ EE JE P IRIS 313-11172 Al IEHES
IRIS 313-10963 Rl EAIlIEOAES] IRIS 313-11173 Hli BN
IRIS 313-10965 HIAE ERIIEAE IRIS 313-11458 ] EnpE
IRIS 313-11013 il EIETAE IRIS 313-11944 Al A JRTH R
IRIS 313-11014 Gillk o s IRIS 313-11949 Al o
IRIS 313-11016 GillE oy Ik A IRIS 313-11951 HIAS I
IRIS 313-11027 BillBa [ A 3y 30 IRIS 313-11952 il A5 [
IRIS 313-11029 Al Fe [ AL 3 IRIS 313-11965 Gillka i
IRIS 313-11031 Gillbia [ S 40 IRIS 313-11966 Al Fe i
IRIS 313-11037 Al AR IRIS 313-11968 Al e [
IRIS 313-11038 Billh3a I IRIS 313-11986 A [
IRIS 313-11039 billgiE i
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relative germination potential ). & # 18§ ¢ (GI,
germination index) , F i & 5 %4 (PI, promptness
index) . “F #) & #Z B} [A] (MGT, mean germination
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Table 2 Correlation coefficient of cold tolerance indexes in rice at the germination stage

bR RIZFR O MIXERZER RHH

X RZEH P THRAER KR

S RZER B B R AR R

Index GR RGR GP RGP PI Gl MGT GC SR
GR 1. 000

RGR 0.996" 1. 000

GP 0.352" 0.351" 1. 000

RGP 0.351" 0.352" 0.999™ 1. 000

PI 0.913™ 0.911™ 0.595™ 0.595™ 1. 000

GI 0.9547 0.9507 0.539™ 0.538"™ 0.969™ 1. 000

MGT —0.865" —0.868" —0.603"™ —0.606" —0.941" —0.924™ 1. 000

GC 0.998" 0.994™ 0.400™ 0.399" 0.937" 0.968" —0.891" 1.000

SR —0. 240 —0. 204 0.008 0.016 —0.227 —0. 244 0.255 —0.242 1.000

TE % % 43 B RIRAE 0. 05 F1 0. 01 /KA G .35 Fib 3%

Note: * and ** represent significant differences at 0. 05 and 0. 01, respectively.
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MEHE BT LA 1 7K R Bl J5 9% U5 1 2 H0 it 2 M 2
FabR P . ER 1 R KB R K AR R
(GDO0. 390, i F # & 4 %L (PD 0. 388, B & & %
(GC)0. 380, - & ZE it ] (MGT) — 0. 379, & 2
F(GR)0. 373 FAHXT & 2F % (RGR) 0. 372, R
# XHE >0, 35 F A 2 R BUR KB o M &
ZFHE(RGP)0. 612, HFE 3 AIHE 2 LG5I
14 XoF 1o 72 BN

Fa 4> 1: CI, = 0. 373GR + 0. 248GP +
0. 388PI-+ 0. 390GI — 0. 379MGT + 0. 380GC —
0. 099SR+0. 372RGR+0. 248RGP

F W 2. CL, = — 0. 233GR + 0. 610GP —
0.008PI — 0. 073GI — 0. 017MGT — 0. 196GC +
0.322SR—0. 226RGR+0. 612RGP

R3 ERSRHERFMAE@E

Table 3 Principal component contribution ratio and eigenvector

A LN E %! FE A 2
Item Index CIl, CL
THRR/ Y% 70. 782 17.310
Contributive ratio
Bitmimk R/ % 70. 782 88.092
Cumulative contributive ratio
R AIE AR 6.370 1.558
Eigenvalues
I 0. 803 0.197
Weight
KEHER GR 0.373 —0.233
KR GP 0.248 0.610
MXT & ZEHR RGR 0.372 —0.226
XS & 2E # RGP 0. 248 0.612
FRAE 1]
. 5 R FE L P1 0. 388 —0.008
Eigenvector
KR G1 0. 390 —0.073
S L ZERNE] MGT  —0.379 —0.017
W& RZH GC 0. 380 —0.196

AR SR —0.099 0.322
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2 4 Al A, F M4 1 L IRIS 313-11965 AR
JE PR B E i K, 1,000, B IRIS 313-11965 7£
AL 1 2 B JE M R 5 i IRIS 313-10930 1Y
8 REUE B/, 0,000, W IRIS 313-10930 7E
FRAr 1 2E Y 9 P B 59 32 LA 2 L IRIS
313-10946 1) ¢ J& R A(E 5 K, 1. 000, & W IRIS
313-10946 7EF RS 2 vf (1 25 T i J€ 14 e 5 L 1T RIS
313-10963 1) 5 J& oR i & /N, 24 0. 000, 3 B IRIS

313-10963 7E F M5 2 H Y 2F W T FE 1 A 55

WRAE A 2 LD AR 2 3 43 40 BT 0 32 11 1Y 2
NG AR, E R 1 BALE S 0. 803, F
A 2 BALEE S 0. 197, #E 49 A K FE S A, IRIS
313-11965,IRIS 313-8956 M1 IRIS 313-11038 ¥ D
E %5 (0. 790~0. 830) , PEAY by 27 B i FE 68 1 3% .
IRIS 313-10891, IRIS 313-9405 F1 IRIS 313-10071
45 9 AR D EFAK (0. 187~0. 282) , PF-Hr Ky 2
W FERE S ES WL 4,

x4 BRMHELSEREEHE.SSIEMNED)FHNE

Table 4 Principal component value, membership function value, comprehensive

evaluation value and predicted value of each variety

SR R (E
TS EBI 1 EMIr 2 Membership function value B iy
Uniform number CL, CL Predicted value Order
w(Xy) u(X,)
IRIS 313-7856 15. 056 —1.477 0. 345 0.661 0.407 0.401 38
IRIS 313-8655 —3.036 —0.852 0.069 0.876 0.228 0.223 46
IRIS 313-8956 57.244 —2.990 0.987 0.141 0.821 0.814 2
IRIS 313-9137 27.796 —2.133 0.539 0.436 0.519 0.513 25
IRIS 313-9228 20. 405 —1.742 0.426 0.570 0. 454 0. 449 33
IRIS 313-9389 14. 006 —1.449 0.329 0.671 0.396 0.390 39
IRIS 313-9405 —0.862 —0.685 0.102 0.933 0. 265 0. 260 42
IRIS 313-10071 —2.274 —0.596 0.081 0.964 0.254 0.249 43
IRIS 313-10605 12.002 —1.553 0.298 0.635 0.364 0.359 40
IRIS 313-10731 49.639 —3.191 0.872 0.072 0.714 0.708 6
IRIS 313-10891 3.507 —1.226 0.169 0. 747 0.282 0.277 41
IRIS 313-10930 —7.567 —0.630 0. 000 0.952 0.187 0.182 49
IRIS 313-10932 33.755 —2.625 0. 630 0. 267 0.558 0.553 22
IRIS 313-10946 —4.422 —0.491 0.048 1. 000 0.235 0.231 45
IRIS 313-10963 50. 603 —3.400 0. 886 0. 000 0.712 0.706 7
IRIS 313-10965 40.178 —2.896 0.727 0.174 0.619 0.613 18
IRIS 313-11013 42.643 —3.085 0.765 0.109 0.636 0.630 15
IRIS 313-11014 49. 481 —3.301 0. 869 0.034 0.705 0.699 8
IRIS 313-11016 51.697 —3.391 0.903 0.003 0.726 0.720 5
IRIS 313-11027 40. 711 —2.914 0.736 0.167 0.624 0.618 16
IRIS 313-11029 20. 057 —1.856 0.421 0.531 0.442 0.437 34
IRIS 313-11031 25.108 —2.266 0.498 0.390 0.477 0.471 29
IRIS 313-11037 43.883 —2.681 0.784 0. 247 0.678 0.672 11
IRIS 313-11038 55.062 —3.050 0. 954 0.120 0.790 0.784 3
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S 6 A
— % FEAsr 1 Fisr 2 Membership function value D AU Iy
Uniform number CI, CL Predicted value Order
u(X) u(X,)
IRIS 313-11039 42.707 —2.978 0.766 0.145 0. 644 0.638 14
IRIS 313-11047 —0. 860 —1.021 0.102 0. 818 0.243 0.238 44
IRIS 313-11048 33.616 —2.661 0.627 0. 254 0. 554 0. 548 23
IRIS 313-11049 36.472 —2.851 0.671 0. 189 0.576 0.571 21
IRIS 313-11056 17.068 —1.776 0. 375 0.558 0.411 0. 406 37
IRIS 313-11057 30. 785 —2.565 0.584 0. 287 0.526 0.520 24
IRIS 313-11058 41.185 —3.035 0.743 0.125 0.621 0.616 17
IRIS 313-11059 21.756 —1.967 0. 447 0.493 0. 456 0. 450 32
IRIS 313-11061 39. 358 —2.884 0.715 0.177 0.609 0. 604 20
IRIS 313-11076 47.548 —3.049 0. 840 0.121 0.698 0.692 9
IRIS 313-11154 23.095 —1.989 0.467 0.485 0.471 0.465 30
IRIS 313-11164 —6.151 —0.637 0.022 0.950 0.204 0.199 47
IRIS 313-11170 20. 370 —2.077 0.426 0.455 0.431 0.426 36
IRIS 313-11171 28. 183 —2.253 0. 545 0.394 0.515 0. 509 26
IRIS 313-11172 45.578 —2.776 0. 810 0.215 0.693 0. 687 10
IRIS 313-11173 40. 611 —3.014 0.734 0.133 0.616 0.610 19
IRIS 313-11458 45. 399 —3.158 0. 807 0.083 0.665 0.659 12
IRIS 313-11944 52.712 —3.294 0.918 0.037 0. 745 0.739 4
IRIS 313-11949 20. 699 —2.018 0.431 0.475 0.439 0.434 35
IRIS 313-11951 —6.054 —0. 780 0.023 0.901 0.196 0.191 48
IRIS 313-11952 27.469 —2.307 0.534 0.376 0.503 0.497 27
IRIS 313-11965 58.071 —3.006 1. 000 0.136 0. 830 0. 824 1
IRIS 313-11966 21.609 —1.927 0. 444 0.506 0. 457 0.452 31
IRIS 313-11968 43.121 —2.882 0.772 0.178 0. 656 0. 650 13
IRIS 313-11986 24.728 —2.114 0.492 0. 442 0.482 0.477 28
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¥ D VR AE G, 9 A TS AR AR S B 7 hE E
173825 1 3 43 Br s S A A 7 &2 . D=0. 326+
0. 020GI 4 0. 021SR — 0. 028MGT + 0. 025P1 +
0.012GR+0.137RGP, PLE ZH R*=1.000,P=
0.000,6 > {8 JL-F- W] i€ D By 20728 5, 43 5
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(MGT) \Fh T &5 5 (PD | & 28R (GR) UM ¥ %
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FIH D, % FH 20 [8) Bk 422 3 K LG IR B8 17 SR 26
SAHT TERR IR BE B 8. 0 4b4% 49 iy s Fh 2y 5 A4~
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FEPE P A5 4 S BEAL 4G RIS 313-11965,IRIS 313- A IRIS 313-10731 &F 17 A~ 5L Fb, i F€ P o 5 26 V 2K
8956 A1 IRIS 313-11038 3 3 AN/K s fib Bl , i I8 P AR PEALFE IRIS 313-10891.IRIS 313-9405 A1 IRIS 313-
o s 50 IV 2R B R IRIS 313-11944 ,IRIS 313-11016 10071 25 9 /KRS &h b, TR FE AR 55 .

IRIS 313-11059
IRIS 313-11966
IRIS 313-9228 — |
IRIS 313-11029
IRIS 313-11949
IRIS 313-11170 —
IRIS 313-11031 [
IRIS 313-11986
IRIS 313-11154 —
IRIS 313-7856
IRIS 313-11056
IRIS 313-9389  —
IRIS 313-10605
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Fig. 1 Cluster analysis results of 49 rice germplasm resources based on 9 cold tolerance indexes at the germination stage
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