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Abstract In order to identify and screen the cold-resistant of rice germplasm resources at the seeding stage. principal
component analysis method combined with morphological and photosynthesis physiological indicators was used to
comprehensively evaluate the cold tolerance of 52 rice germplasm resources at seedling stage. The results show that.
According to the correlation analysis, there is a negative correlation between the 6 photosynthetic physiological
indicators and the yellow leaf rate of morphological indicators; The principal component analysis result converts 7
individual indicators into three independent comprehensive indicators with a cumulative contribution rate of 83.991% ;
According to the comprehensive cold tolerance evaluation value (D), the 52 rice varieties are divided into 5 categories
including extremely strong cold-resistant, strong cold-resistant, medium-resistant, weak-resistant and cold-sensitive.
Rice varieties ‘Donong 4, ‘Hejiang 4’ and ‘Jinyuan 85" with strong cold tolerance at seedling stage were identified.
The regression analysis results show that the equation can be used to predict the cold tolerance of the tested materials,
and the result is consistent with the result of D, indicating that the comprehensive evaluation method can be used in the
rice seeding stage screening and comprehensive appraisal of cold-tolerant germplasm resources.
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Table 1 Details of rice varieties used in this study
KRB T F M5 KRB DR M %
Rice material Subspecies Country Rice material Subspecies Country
IRIS 313-11859 I B | R a7 A 1
Nanjing 37
IRIS 313-11866 Al SRS RS 5 ik GRS
Yangdao 5
IRIS 313-11882 Hill e T HE 85 ik el
Jinyuan 85
IRIS 313-11884 A [ e 129 i i
Shennong 129
IRIS 313-11885 AR H e 1= AR el
Beidao 1
IRIS 313-11887 Hili 7 FERE | ER99 A ]
Fuhe 99
IRIS 313-11911 i H R 2 5 HEAR H
Kaijing 2
IRIS 313-11929 ki EEE 15 il ol
Kesha 1
IRIS 313-11951 billh3a SRS g Al 22 A I
Linxian 22
IRIS 313-11968 5 H Hr il 2035 K H
Teyou 2035
IRTS 313-11986 Hili e [ B 48 _
! g} HA 1
Yanjing 48
IRIS 313-12012 Al i Bl 9 % illE LRES
Yuxian 9
IRIS 313-12135 Hili A5 OV | Jod 65 i [
Yuanfeng 6
IRIS 313-12236 HFE T BGY0-2 Hll e CIEIE S
IRIS 313-12273 BillE 2 [ K45 ] [
Dongnong 4
IRIS 313-15901 Hili EERE | 13 Hli A5 H
Guangchang 13
P AN Al e LV | )% 3784 Al e i
Malaihong Guangchangai 3784
PAR 1S A H JEHE 14 BEAR T
L.uhongzao 1 Longjing 14
Al o Gillb3a i AL 2 5 il e S|
Xianxiaozhan Shengyou 2
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WAE 15 A [ =% 2 Hill e H
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ik 8 5 Y I AR 15 R s
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AiIL4%5 e A I g 25 R i
Hejiang 4 Zhendao 2
JiE A& 138 Y A I A 272 GillEE SRES|
Tengxi 138 Zhenxian 272
w21 B i A 96 Al s
Jingdao 21 Zhenxian 96
HAE 103 T A i AFFHE ] H A
Jinghua 103 Shishoubaimao
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Table 2 Correlation coefficient matrix of rice seedling indicators under low temperature stress

it AP RE B R
Index Fo Fo /s F/E SPAD PI Yellow leaf rate
F, 1. 000
F. 0.462" 1. 000
F,/F, 0. 044 0. 800 1. 000
F,/F. 0.215 0.823* 0.895" 1. 000
SPAD 0.285" 0.018 —0.078 —0.061 1. 000
Pl —0.154 0.443" 0.723% 0.498  —0.044 1. 000
w3 —0.319° —0.416"  —0.317" —0.205 —0.326" —0.241 1. 000

o FORM B F A (P<<0.01) , * FoR B FE MK (P<0.05),

Note: ** means extremely significant correlation (P<C0.01), * means significant correlation (P<C0. 05).

2.2 ERSSH Fo sk R Sk 83. 991 %L, B T 4 KL HE B,

3 AT, EMsr 1.2.3 MR IE(E K IR PRI, A BIF 5% B8 BRURT 3 4> 3 &4 (CLL L CL Al CL)
3.338.1.602 fi1 0. 939,¥>>0. 90, HHl 3 M~ E M5  BEEWIN 7 NSRRI R 3 A HHXT A N7 2R 6 48
[ BTk 2R 43 B 47, 686 %0.22. 892 % Al 13. 412% , T Xof o A i ¥ 1 AT 2R AT A .

x3 ERGERHNSTERIHE

Table 3 Characteristic value and contribution rate of each comprehensive index

F g FHEE TR/ Y it Ttk R/
Principal component Eigen-value Contribution rate Accumulative contribution rate
CL 3.338 47. 686 47. 686
CL 1.602 22.892 70.579
Cl; 0. 939 13.412 83.991
CL, 0.596 8.510 92.501
CI; 0.363 5.191 97.692
Cl; 0.118 1. 689 99. 380
CI, 0. 043 0. 620 100. 000

324 AT A4 1(CLOH L F, W F/F, fl 0.940.F1 0. 899; F 4> 2(CL) W, F,.SPAD HIi%
F./Fo HEBERREF,ERF&E M558 0,917, MR FEEAE R, R 78 ar a5k 0. 743,

x4 BEREEMENETFRETER

Table 4 Factor loading matrix of each comprehensive index value

B2y . . o o AP RE H 2
F, F., F./F, F./F, SPAD
Principal component PI Yellow leaf rate
ClL, 0. 309 0.917 0. 940 0. 899 0. 045 0. 685 —0. 489
Cl, 0.743 0.128 —0.263 —0.151 0.720 —0.375 —0.533

Cl; 0.492 0. 255 —0.059 0.213 —0.477 —0.451 0.390
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Table 5 Comprehensive index value (CI) and its weight (W), membership function value (U), cold tolerance

evaluation (D) and ranking of 52 rice varieties under low temperature stress

TKFE ity Fof . . . HE¥
Rice variety ¢l cl: h o v v Rank

IRIS 313-11859 1.285 0. 142 0.903 0. 339 0.113 0.611 0.321 47
IRIS 313-11866 1.739 0.135 0. 892 0. 469 0.109 0. 601 0.392 43
IRIS 313-11882 1.637 0.823 1.054 0.439 0.523 0. 749 0.512 25
IRIS 313-11884 0.934 0.079 1. 037 0.239 0.075 0.733 0.273 48
IRIS 313-11885 1.230 0. 639 0.875 0.323 0.412 0.585 0. 390 44
IRIS 313-11887 1.217 0. 881 0. 847 0.319 0.558 0.559 0.423 41
IRIS 313-11911 1. 459 0. 451 0.955 0. 389 0.299 0. 658 0.408 42
IRIS 313-11929 1.571 0.479 1.105 0.421 0.316 0.796 0.452 32
IRIS 313-11951 1.658 0. 664 1.328 0.446 0.427 1. 000 0.530 23
IRIS 313-11968 1.318 0.831 1. 030 0. 348 0.528 0.727 0.458 31
IRIS 313-11986 1. 600 0. 550 1.064 0.429 0. 359 0.758 0.463 30
IRIS 313-12012 1.517 0.548 0.936 0.405 0.358 0. 640 0. 430 39
IRIS 313-12135 1.293 0. 949 0. 870 0.341 0.599 0. 580 0. 450 33
IRIS 313-12236 1. 760 0.937 0.785 0.475 0.592 0.502 0.512 26
IRIS 313-12273 1.681 0.723 0. 888 0.452 0.463 0.597 0.479 29
IRIS 313-15901 0.099 0. 300 0.663 0. 000 0.208 0. 390 0.119 51
=P 348 1.484 0. 691 0.785 0. 396 0.443 0.502 0.426 40
Malaihong

AR 15 0.376 0.593 0.410 0.079 0.385 0.159 0.175 50
Luhongzao 1

Rl 0.415 0. 803 0. 265 0. 090 0.511 0. 026 0.195 49
Xianxiaozhan

B 11 1.778 0.312 0.918 0. 480 0.215 0. 624 0.431 38
Zhenzhuai 11

WA 15 2.186 0.726 0.863 0.596 0. 464 0.574 0.557 20
Shuanggui 1

e 8 = 1. 037 1. 305 0.333 0.268 0.813 0.088 0. 388 45
Zhonghua 8

B A5 2.233 1.523 1.094 0.610 0. 944 0.786 0. 730 3

Hejiang 4
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IR AG i A . . . Hery
Cl, ClL Cl; U, U, U,

Rice variety Rank
BEFR 138 1.913 1. 606 0.967 0.518 0.994 0.669 .673 7
Tengxi 138
TR 21 1.973 1.396 0. 850 0.535 0. 868 0.562 .631 11
Jingdao 21
BAE 103 2.106 1.477 0.550 0.573 0.917 0.287 . 622 16
Jinghua 103
FEHE 37 2.143 1.125 0.701 0.584 0. 704 0.426 592 18
Nanjing 37
W5 5 1. 858 0.958 0. 804 0.503 0. 604 0.520 534 22
Yangdao 5
H R 85 2.875 1.471 0.595 0.793 0.913 0.328 752 2
Jinyuan 85
e 129 2.682 1.119 0.565 0.738 0.701 0. 301 . 659 9
Shennong 129
R 2.025 1.616 0.513 0. 550 1. 000 0.253 . 626 15
Beidao 1
AR 99 2. 646 0. 848 0.623 0.728 0.538 0. 354 . 617 17
Fuhe 99
JEE 2 5 2. 361 1.076 0.933 0. 646 0.675 0. 638 . 654 10
Kaijing 2
B 15 2. 260 —0.046 0.861 0.617 0. 000 0.572 . 442 34
Kesha 1
Il 22 1. 688 0.027 0. 655 0. 454 0. 044 0. 383 . 331 16
Linxian 22
A 2035 1.502 0.477 1.111 0.401 0.315 0. 801 442 35
Teyou 2035
EhKE 48 2.030 0. 401 0. 864 0.552 0. 269 0.575 479 28
Yanjing 18
BH 9 = 2.178 0. 440 1.118 0.594 0. 292 0. 808 547 21
Yuxian 9
JTF 6= 2.783 1.217 0.588 0.767 0. 760 0.322 . 695 5
Yuanfeng 6

1.574 0.722 0.697 0.422 0.462 0.422 . 433 37
BG90-2
A 45 3.598 1.021 0. 490 1. 000 0.642 0. 232 . 780 1

Dongnong 4
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IR AG i A . . . Hery
Cl, ClL, Cl; U, U, U, D
Rice variety Rank
I~ 13 2.365 0.569 0.545 0. 648 0. 370 0.282 0.514 24
Guangchang 13
I35 3784 1.722 0.534 0.793 0. 464 0.349 0.509 0. 440 36
Guangchangai 3784
Tk 14 2.708 1. 151 0.761 0.746 0.720 0. 480 0.697 4
Longjing 14
ML 2 = 2. 208 1.184 0.797 0.603 0. 740 0.514 0.627 13
Shengyou 2
EaLl 2.220 1.547 0. 375 0. 606 0.958 0.126 0.626 14
Teqing
=% 2 1. 777 1.262 0.946 0. 480 0.787 0. 650 0.591 19
Tesanai 2
ARG 15 2.514 1. 496 0.414 0. 690 0.928 0.162 0.671 8
Wuyoudao 1
g 2 5 2.609 1.098 0.456 0.717 0.688 0.200 0.627 12
Zhendao 2
HHHI 272 0.297 0.198 0.527 0.057 0.147 0.266 0.115 52
Zhenxian 272
R 96 1. 899 0.582 0. 843 0.515 0.378 0.555 0. 484 27
Zhenxian 96
AFHE 2.829 1.443 0. 237 0. 780 0.896 0. 000 0. 688 6
Shishoubaimao
AN E 0.568 0.273 0.160 — — — — —
Weight
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257 W A 26 AR, 43 B CRUEE 15
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IV, moderate cold tolerance; V . cold sensitivity. The dotted line represents Euclidean distance 2. 5.
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Cluster analysis of cold tolerance of 52 rice germplasm resources based on D value

Fig. 1
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