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Drought resistance evaluation of rice at full heading period based on
nonlinear principal component analysis in cold region

LI Hongyu, ZHANG Gongliang, NIU Tongxu, LI Yi, LIU Menghong, ZHENG Guiping
(College of Agriculture, Heilongjiang Bayi Agricultural University, Heilongjiang Provincial Key Laboratory of Modern
Agricultural Cultivation and Crop Germplasm Improvement, Daging, Heilongjiang 163319, China)

Abstract; In order to identify the drought resistance of rice at full heading stage under the condition of drought
in the whole growth period in cold region and screen the suitable indexes for drought resistance identification, 17
characters at full heading stage, such as wound flow, dry matter quantity, and high efficiency leaf area, and so on,
were used as indexes to evaluate drought resistance of 12 rice germplasm resources in cold region by logarithmic
principal component analysis. The results showed that the drought resistance coefficients of 17 individual indexes
were transformed into 5 independent comprehensive indexes by logarithmic principal component analysis, and the
cumulative contribution rate reached 83.829%. According to the S; value of drought resistance comprehensive evalu-
ation, 12 materials were divided into three groups, the first group included Qijing 10, DPB120, and DPB15 with
the S; value ranging from 0.548 to 0.609, which belonged to drought sensitive type. The second group included
Kendao 24, DPB71, Suiyu 117463, Suiyu 118146, and Suijing 21 with the S, value between 0.660 and 0.764, be-
longing to moderate drought resistance type. The DPB70, Suidao 3, DPB112, and Yingdao 2 belonged to the third
group, with the S; value ranging from 0.859 to 0.872, which belonged to strong drought resistance type. Based on
the grey correlation coefficient and identification efficiency, the effective leaf area, high efficiency leaf area, dry
matter quantity, and the spikelet number of main spike were determined as the identification indexes of drought re-
sistance at full heading stage of cold rice under the condition of drought in the whole growth period.
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Table 1  Drought tolerant coefficient (DTC) of each single index

FRIEZE AL A v IME IR

.
FHR Index S, CV/% Min/% Max./%

Wt %

it WF 0.090* 0.166 185.183 0.008 0.601
F4)F i Biomass  0.585  0.072 12.265 0.492 0.716
EROH A HELA - 0.627  0.087  13.899 0.424 0.748
AR mA ELA 0.651  0.078  11.997 0.503 0.768

fﬁggﬁf&? 0.998* 0.278 27.883 0.731 1.624
FHFIEEL SNP 0.537  0.079 14.755 0.352 0.644
WiAE L SSR 1.919  0.557 29.032 1.233 3.096
AR Po 0.619* 0.181 29.296 0.382 0.999
FENB A Tr 0.562* 0.184 32.780 0.303 0.928
Ml CO, ¥EE €@ 0.877* 0.152 17359 0.586  1.096
SALFE Gs 0.239* 0.319 133.471 0.012 0.914
SPAD 0.988  0.135 13.637 0.845 1.369

AEMEEA SR SP 0913 0357 39.078 0.442  1.545

ALY EALEE SOD  0.753*  0.361  47.910 0.296 1.447
ALY POD 1.268* 0.524 41.339 0.577 2.349

WEIMER S Pro 1.106% 0.485 43.839 0.559 1.842
AV H

W4 i GSH 0.946" 0.206 21.758 0.668 1.394

T« FoRZ 57 W (P<0.05)

Note: * indicates significant difference ( P<0.05). WF: Wound
flow; HELA: High effective leaf area; ELA: Efficient leaf area; NSC:
Non-structural carbohydrate of the stem and sheath; SNP . Spikelet num-
bers per main panicle; SSR: Sugar-spikelet ratio; Pn: Photosynthetic
rate; Tr: Transpiration rate; Ci: Intercellular carbon dioxide concentra-
tion; Gs; Stomatal conductance; SP; Soluble protein; SOD: Superoxide

dismutase; POD: peroxidase; Pro: Proline; GSH: Reduced glutathione.

2.2 MEEMSHT

E R M Al e B B B AR T R
AP O D LR R R, DL 4 Bl | g AL 4
PR, SRANM IR AR PP DU L . 2o
K AR IV R AN R K a3 4 R R 2 Y
Ko BARE G IE B4R bR ACE 2 N R o B BE AT



210

T F XA 5T

o538 %

AWM ONEZ —, &858 A 7 BUAk
1T F Lo B W AR PERIEE KT 1 5
ERUT 22 simk R It 80% (B 85% ) 1 I #f 1E =
BATAE, XX EAA B S B (InX, ) #4732 A%
G350, BT 5 AS F RS IRREE I KT 1, STk E 40
Wk 28.905% . 21. 087% , 13. 811% . 11. 862% #i
8.164% , L R TTkk %52 83.829% , BT 5 ~AHH.
AT F R R T 17 3845 83.829% MY AL 15
B AR 2T (R 2)

BTN 13.811% , 1% F M43 LL SPAD 1] % P 2K
I i AT B A g | 3ok S Ak i | i S SR
SRR AT IR R, FRON AR B K T 48 DY 3 4 1Y BTk
A 11.862% , 1 it 12t 1 A7 e =5 (0.5040) , FR K5
T T 5 5 0 U BTl 8.164% , T
2T R (0.4408) L FRN T R R T

x2 WEESHFEREHE

Table 2  Eigenvalue and variance contribution rate

FHr 22 TR %

ﬁﬁ 5 /l\iﬁké}ﬂl‘.lﬁﬁ%ﬁﬁﬂu%% 3 F)]"% , %gi il #ﬁﬁﬁ b%ﬁfﬁ}(%i/% Cumulative variance 1:1? Vi
No. Eigenvalue Contribution rate - Weight
AT BTHRR N 28.905% , 12 2 W4 L) 78 1 18 R 3, contribution rate
B 2 R (~0.3363 ) L L4 % AL CO, 1 4.914 28.905 28.905 0.345
WAL - B b A R e L O Y Ho o2
A T« B — T A SRRy 21.087% 1% 3 2348 13.811 63.803 0.165
PR s — Sk ) 0, 4 2017 11.862 75.665 0.142
F R 43 DA &80 T AR (0. 4188 ) 1A &L A T AR 5 1388 8.164 83.829 0.097
(0.4344) 2 faf e (e, AT AR R RO AR RT3 25 = F2 B0
Fx3 ERSEEERE
Table 3  Load matrix of the principal component
. F 843 HF Principal component InX; AT (1) Weight of InX,
F8FR Index ij
PCl1 PC2 PC3 PC4 PC5 PCl1 PC2 PC3 PC4 PC5
Pttt WF(InX,) 0.1042  0.0162  0.0404  0.5040 -0.4374  0.0470  0.0086  0.0264  0.3549 -0.3713
TH i Biomass(InX,) -0.1619  0.2420 -0.1600  0.2375  0.4408 -0.0730  0.1278 -0.1044  0.1672  0.3742
B A HELA (InX;) -0.0177  0.4188  0.2571  0.1259 -0.2681 -0.0080  0.2212  0.1678  0.0887 -0.2276
AR A ELA(InX,) 0.0917  0.4344 -0.0196  0.1904 -0.2360  0.0414  0.2294 -0.0128  0.1341  -0.2003
iﬁgﬁ:@%ﬁﬁ 0.3259  0.2375  0.1465 -0.2468  0.0176  0.1470  0.1254  0.0956 -0.1738  0.0149
FAEFAEEL SNP (InX,) 0.2318 -0.1775 0.1673  0.3803  0.2765  0.1046 -0.0937  0.1092  0.2678  0.2347
WAL L SSR(InX,) 0.1378 03049  0.0309 -0.4683 -0.1764  0.0622  0.1610  0.0202 -0.3298 -0.1497
FOLA R Pn(InXy) -0.3081  0.0073  0.4533 -0.0745 -0.0323 -0.1390  0.0039  0.2958 =-0.0525 -0.0274
MR Tr(InX, ) -0.3363  0.0850  0.3021 -0.1967  0.1579 -0.1517  0.0449  0.1972 -0.1385  0.1340
JiaI B2 CO, ¥R E Ci(InX,q) -0.3179 -0.0061  0.3518  0.2400 -0.1140 -0.1434 -0.0032  0.2296  0.1690  —0.0968
AL Gs(InX ) -0.3280  0.2663  0.1912 -0.0094  0.1986 -0.1480  0.1406  0.1248 -0.0066  0.1686
SPAD(InX,) -0.0826  0.2564 -0.3274  0.0309  0.0328 -0.0373  0.1354 -0.2137  0.0218  0.0278
MR A S A SP(InX5) 0.3225 0.1142 03106  0.0229  0.2543  0.1455  0.0603  0.2027  0.0161  0.2159
B E AL AL SOD(InX ) 0.3111  0.0549  0.2081  0.0312  0.4234  0.1403  0.0290  0.1358  0.0220  0.3594
i ALY POD(InX 5) 0.2268  0.3664 -0.0531  0.0039  0.0339  0.1023  0.1935 -0.0347  0.0027  0.0288
UiE B Il 2R 5 1 Pro(InX ) 0.1612 -0.3077  0.2282 -0.2886 -0.2164  0.0727 -0.1625  0.1489 -0.2032 -0.1837
WA EH RS & GSH(InX ;) 02713 -0.0854  0.3115  0.1578  -0.0866  0.1224 -0.0451  0.2033  0.1111  -0.0735

AR Z(3) T InX AL 1,(3R 3) , FIHIZA
2 (4) 133 5 A F R

P, = 0. 0470InX, - 0. 0730InX, — 0. 0080InX, +
0.04141InX, + 0. 1470InX, + 0. 1046InX, + 0. 0622InX, —
0.1390InX,—0.1517InX, - 0. 1434InX,, - 0. 1480InX , -
0.0373InX,,+0.1455InX ;+0.1403InX , +0.1023InX ;+
0.0727InX +0.1224InX ,

P, = 0. 0086InX, + 0. 1278InX, + 0. 2212InX, +
0.22941nX, + 0. 1254InX, - 0.0937InX, + 0. 1610InX, +
0.00391nX,+0.0449InX, - 0.0032InX,, +0. 1406InX , +

0.13541nX,,+0.06031nX ;+0.0290InX,, +0.1935InX,, -
0.1625InX,,—-0.0451InX ,

P, = 0.0264InX, - 0. 1044InX, + 0. 1678InX, -
0.01281nX, +0.0956InX, + 0. 1092InX, +0.0202InX, +
0.29581nX,+0. 1972InX, +0.2296InX,, +0. 1248InX,, -
0.2137InX,,+0.2027InX ;;+0.1358InX,,~0.0347InX,, +
0.14891nX,,+0.2033InX ,

P, = 0. 3549InX, + 0. 1672InX, + 0. 0887InX, +
0.13411nX, - 0. 1738InX, +0.2678InX, - 0. 3298InX, -
0.0525InX,-0. 1385InX, +0. 1690InX,, —0.00661nX,, +
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0.0218InX ,+0.01611nX,,+0.0220InX , +0.00271nX ,, —
0.2032InX,,+ 0.1111InX

Py=— 0.3713InX, +0.3742InX, - 0. 2276InX, —
0.2003InX, +0.0149InX, + 0. 2347InX, - 0. 1497InX, -
0.0274InX,+0.1340InX, —0.0968InX , +0.1686InX , +
0.02781nX,,+0.2159InX ;+0.35941nX , +0.02881InX s~
0.1837InX ,—0.0735InX,,

RIS 3 B T R AEAE KN, R AR (5) 3t
A FE R O RUEE 43 551 R 0.345,0.252.0.165 .
0.142.0.097, MMAZ(7) X InX, BYFLE 1, A1 K
SIACE (W) AR RIBT RLR B INE S,

n kyy
> Wil _
— Wili _ 1/0.037 30.050 0.071 0.069 -0.075 -~ 0.091
s =[1x = Y0037 Y 0,050 Y 0.071 y0.069 x 0.075 y ~0091 o
i=1

LD A R i G G e Rl

XM X X"

4 GRS AE R 0.706, 534
X [A]7E 0.548 ~0.872,95% B A5 4 0.077, ZiEP
5 SAEHES T =07 A RE 530 R 5 KR 10(0.872) |
DPB15(0.859) .DPB120(0.859) ., Z&Hi 5 SAHHE
HJ5 =0 B MR 2 1l 2 A 2(0.548) . DPBI12
(0.549) \ZZF% 3 5(0.570) ,
23 BRES

DAHTR LAV SAE AR , >R FH K [G B 25 0
KR BEXT 12 DS R T RIS T, S K BE 2
KT 0.104 B 4328 3 2 i b A pyr R A+ 5

x4 BUMAEMEESTMNER

Table 4 Comprehensive evaluation result of rice varieties on drought resistance

i Variety S, HEf7 Rank] i Variety S, HEf7 Rank] i Variety S, HEf7 Rank
DPB120 0.859 3 DPB70 0.609 9 22F 3 %5 Suidao 3 0.570 10
B 24 Kendao 24 0.660 DPB15 0.859 2 £ F8 2 Yingdao 2 0.548 12
DPB71 0.739 6 34 10 Qijing 10 0.872 1 247 118146 Suiyu 118146  0.694 7
DPB112 0.549 11 2% 117463 Suiyu 117463 0.745 5 20 21 Suijing 21 0.764 4
U (1), 2 1 2535558 10, DPB120 F1
= N Sor N _ D01
DPBIS, & 41 7 2610, 55 11 284K 2% & 117463, pos ]
DPB71 %M 10 2% F 118146 FIRTE 24, J& i F 333:]
K45 M2 DPBT0 2245 3 5 \DPB112 FIZEAF 2 Dos
S, 3 T ROl K ] 45 SR AR P R B g?ﬁ —
LR AHCR AT I 2 5007 , B 7 2R 0 T v 4 i g
1 .S0D 1 POD Srhfii R 2 AR E | 524 D09 i
D05 a

SR 22 S W 2 el 8 5 R BT R  I PL R R A
I B2 v TR P 2R Y R PR T B
THREUESRTI (% 5),

013 019 026 032
B1 S {EHRESN

System clustering of S; value

o
<
=3
=N

Fig.1

£S5 ARANEXBABHNERYRAERESITNENTEZSN
Table 5 Variance analysis of DTC and S, of different drought tolerant type

RSl e o .. N ZEWARGEH e . A
PR gimse g TR adobm o Aorm SRR pmees e doco
. g WA S, WF Biomass P HELA BLELA pupitiel SNP SSR Pn
resistance type Y& NSC
MEPLEA SDT  0.863aA 0.246aA 0.634aA 0.687aA 0.707aA 1.093aA 0.591aA 1.833aA 0.672aA
iy FEAE MDT  0.720bB 0.050aA 0.548aA 0.645aA 0.654aA 1.113aA 0.531aA 2.159aA 0.516aA
AR WDT  0.569¢C 0.022aA 0.593aA 0.561aA 0.603aA 0.781aA 0.505aA 1.683aA 0.707aA
T s v ~ RS I 3 JE IR 25 I
*I]L)?;:‘ht LR CO, SALSE SPAD AR BAeYE dRbRE  EEE RS
roue Tr W Ci Gs &SP {LEE SOD POD Fadrk Pro JkariE GSH
resistance type
FRPTEA SDT  0.536aA 0.941aA 0.351aA 0.942aA 1.263aA 1.043aA 1.620aA 0.977aA 1.128aA
P REA MDT  0.523aA 0.803aA 0.139aA 1.030aA 0.959abAB  0.789abA 1.417abA 1.128aA 0.912aA
EAUZ WDT  0.629aA 0.923aA 0.280aA 0.970aA 0.593bB 0.491bA 0.817bA 1.176aA 0.851aA

T : SV B E A RIS /NG S BE0351 3 Ab B 22 1) 19 22 57 3 2B 2. 2% (P<0.01) (R 7KF-(P<0.05) , Tl

Note; After the same column, values followed by different capital letters and lowercase letters are significant difference between different treatments at

the P<0.01 and P<0.05 probability levels, respectively, the same below. SDT: Strong drought tolerance type; MDT: Moderate drought tolerance type;

WDT: Weak drought tolerance type.
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Table 6  Grey correlation coefficient of DTC and S;

A+ Factor KRB CC [K-F Factor RIEZRH CC [K-F Factor KRB CC
FHRO AR ELA 0.724 SPAD 0.638 KR Tr 0.562
R A HELA 0.706 A E A SP 0.636 ALY L EE SOD 0.553
T 5t Biomass 0.705 ME R CO, He B Ci 0.622 W B I =R & i Pro 0.466
FREFIAEEL SNP 0.686 AR Po 0.583 Biifi i WF 0.394
AR ORI AP & NSC - 0.680 WL L SSR 0.583 SALFE Gs 0.291
SRR B H K& GSH 0.652 &AL POD 0.582

Note: CC: Correlation coefficient.
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