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Comprehensive evaluated on heat tolerance at grain filling stage of different rice

varieties
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Abstract : The characters of plants behave variously when stressed by adversity, and the range of variation of some certain character
of different varieties under the stressed conditions is not completely identical . Consequently it is necessary to apply more than one
index to give a comprehensive evaluation on stress resistant. In this article, taking the heat tolerance of different rice species at
grain filling stage as an example, a comprehensive evaluation method that combines subordinative function method with principle
component analysis and uses hierachical cluster analysis to do an quantitative classification has been set up to study the plants’
stress resistant.

Principal component analysis can transfer many correlating indexes into several independent comprehensive indexes with little
original information lost. Based on the test results which show that significance of difference is above the significant point, five
correlated characters which have very close relationship with the effect of rice’ s heat tolerance at its filling stage are chosen. They
are grain plumpness, imperfect grains percentage, density of full-filled grains, chalky grains percentage, and degree of
chalkiness. By taking the heat tolerance coefficients of the five characters of evaluated varieties as the target and using principal
component analysis, the five correlated single indexes are transferred into two independent comprehensive indexes with contribution

ratio of accumulative total of more than 85% . Then according to heat tolerance coefficients and standardization eigenvector of five
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respective characters of each variety, two comprehensive indexes’ scores of every evaluated variety can be calculated accurately.
The D value, comprehensive evaluation value of each variety’s heat tolerance at its filling stage, can be deduced after calculating
the subordinative function values of the two comprehensive indexes scores and using the contribution ratio of the comprehensive
indexes to deduce the weight coefficient and then to weight sum. As the D value is a pure number between O to 1, the intensity
difference of the stress resistant in different species and stress resistant grades of different species can be distinguished by using
hierachical cluster analysis to do a quantitative classification and combining the produce requirement in reality .

The statistical test of the group of external independent sample and the result proved by practice show that the comprehensive
evaluation method set up by this study has an ideal effect. It can give an objective and precise evaluation on the comprehensive
heat tolerance at the grain filling stage of different varieties.

Key words: rice; heat tolerance at grain filling stage; comprehensive evaluation
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Table 1 Effects of high temperature stress at grain filling stage on grain yield traits and quality traits of rice

Pyl ¥R L E Rt s Tk % EHKE EHE
Treatment GP (%) 6P (%) DFG (g em™) CGP (%) DC (%)
R A HT 92.69 +5.38 22.79+5.31 1.05£0.03 47.82 1+ 26.21 7.32+5.92
HIRXT B NT 95.80 £ 2.37 12.76 £ 2.76 1.08 £ 0.03 32.18 + 18.06 4.02+3.75
#{& Difference -3.11** 10.03* * -0.03" 15.64" * 3.30%*

* ¢ x ZRFEMIL SBR 1% Bt KkF; TR The significance at 0.05 or 0.01 statistical level; HT = High temperature stress, NT = Normal
temperature contrast, GP = grain plumpness, IGP = imperfect grains percentage, DFG = density of ful-filled grains, CGP = chalkiness grains percentage, DC =

degree of chalkiness; the same below
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Table 2 ¢« value of every single characteristic’ s heat-tolerance coefficient

45 _ b MR FEELE bk HREE ERXRE S
Group Variety GP IGP DFG cGP DC

w14 Gl-1 0.9314 0.6451 0.9238 0.7311 0.5382
Group 1 Gl1-2 0.9730 0.5649 0.9665 0.7920 0.6904
G1-3 0.9419 0.3724 0.9764 0.6806 0.5674

Gl-4 0.9402 0.3859 0.9291 0.4950 0.3471

G1-5 0.9586 0.5626 0.9496 0.7650 0.6882

Gl1-6 0.9788 0.7795 0.9856 0.6513 0.5259

G1-7 0.9696 0.2717 0.9797 0.5950 0.3829

G1-8 0.9837 0.7903 0.9748 0.5331 0.5249

G1-9 0.9777 0.9334 0.9782 0.8060 0.7466

G1-10 0.9856 0.8821 0.9862 0.8337 0.7643

Gl-11 0.9348 0.1642 0.9425 0.5619 0.2945

®od G2-1 0.9855 0.6289 0.9842 0.4641 0.4341
Group 2 G2-2 0.9395 0.3871 0.9440 0.4152 0.2362
G2-3 0.9392 0.3264 0.9528 0.6473 0.4323

G24 0.9656 0.6287 0.9626 0.9700 0.7837

G2-5 0.9734 0.3372 0.9388 0.6331 0.5551

G2-6 0.9342 0.4795 0.9512 0.8777 0.6213

G2-7 0.9814 0.9336 0.9775 0.9989 0.7212

23 SRR 2/ RSEFENSELRENR HER.ARERDRITEWE
Table 3 Standardization eigenvector of every varieties’ comprehensive index( C7), eigenvalue, contribution ratio( CR) and contribution ratio of
accumulative total(CRAT)

5 ECE MREZE | Rt b EEXE EHE FEE ARE RitmmE
Group Index GP IGP DFG CGP DC Eigenvalue CR (%) CRAT(%)
14 ci(1) 0.4538 0.4676 0.3905 0.4175 0.4986 3.3019 66.0379 66.0379
Group 1 cI(2) 0.4835 0.0776 0.5765 - 0.5440 -0.3632 1.0912 21.8250 87.8629
- ¥ | ci(1) 0.3901 0.5256 0.4321 0.4141 0.4619 3.1032 62.0635 62.0635
Group 2 cI(2) 0.4614 0.1470 0.4581 - 0.5876 - 0.4587 1.3314 26.6274 88.6909

2.3.2 REERPENTE HBRBREENTETZE™ . BE-RBH 2AMEERFEINRBREEERLAR
(%) = (X, - Xy )/ (X = Xoi) (j = 1,2,,0) WE, AP X, RRFj MEAEE, X BAE | M54
BB /DME, X, BRH j MEEENNERE, TEERIITE 4.
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2.3.4 SZAFHETE BERBEREMNENTESER  HAUTLAAREBAE - HHREEHHAEE

MRS, (D = Zn][;z(X) s W, 1.5 = 1,2,0,0)  BBISH, D A& G ROW T B I S5 B PR HE

2.3.5 AFRGHERPHAMBRFNGEETEH MNDEEREHTUEFEE, F140 N MaRHEERXY
it IR B IR FE N G1-10> G1-9 > G1-6 > G1-8 > G1-2 > G1-7 > G1-5 > G1-3 > G1-1 > G1-4 > G1-11, FiEFH
Xt D EHITREMN, RS ELRNER, L DE > 0.8 AEH,DE <0.2 HBUE, #4564 L
REFRER 3R, BRAFE G1-10.61-9, P EH#HH G1-6.G1-8.G1-2.G1-7.G1-5.G1-3.G1-1, B G FHE
G1-4.G1-11, '

52 4HH 7T AR SRR EERMG A ERFHIRFN G2-7 > G2-1> G2-4 > G2-5 > G2-6 > G2-3 > G2-2, 11
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W —HHENER 3R, BREMHE G2-7, PEHMA G2-1.62-4,G2-5.G2-6.G2-3, BURMFAH G2-2,

#4 ERIMESEEBI(Sc) EMBYME(L(y)) BWE.Y(y) . D EEERAERRANME
Table4 Score of comprehensive index ( SC/), subordinative function value( . (x;)), weight coefficient ( WC), weight value( Y(x;)), D-value,
evaluation of heat tolerance( EHT) and forecast value( FV) of every varieties

HH Group & B Variety  SCI(1) SCI(2) #(1) #(2) ¥(1) Y(2) D EHT FV
#14 G1-10 2.8281 ~0.1455 1.0000 0.5257 0.7553 0.1287 0.8839 B HR 0.8731
Group 1 G1-9 2.4438 -0.3941 0.9344 0.4562 0.7058 0.1116 0.8174 B¥ HR 0.8102

Gl1-6 1.0165 1.1480 0.6909 0.8874 0.5218 0.2172 0.7390 % ML 0.7652
G1-8 0.5139 1.5506 0.6052 1.0000 0.4571 0.2447 0.7018 % ML 0.7237
Gl1-2 1.1839 -0.5021 0.7195 0.4260 0.5434 0.1043 0.6477 % ML 0.5729
G1-7 -0.9484 1.5381 0.3557 0.9965 0.2686 0.2439 0.5125 % ML 0.4760
G1-5 0.4375 ~-1.1672 0.5921 0.2400 0.4472 0.0587 0.5060 &ML 0.4125
G1-3 -0.5337 -0.1093 0.4264 0.5358 0.3221 0.1311 0.4532 4% ML 0.4049
Gl-1 ~1.1062 ~2.0256 0.3288 0.0000 0.2483 0.0000 0.2483 1% ML 0.1603
Gl-4 -2.8021 0.0056 0.0394 0.5680 0.0298 0.1390 0.1688 S  0.0968
Gl-11 -3.0331 0.1016 0.0000 0.5948 0.0000 0.1456 0.1456 HES  0.0602

WE wC 0.7553 0.2447
#o4 G2-7 2.9972 0.1016 1.0000 0.4143 0.6998 0.1244 0.8242 P HR 0.8536
Group 2 G2-1 0.6974 2.3556 0.5852 1.0000 0.4095 0.3002 0.7097 &ML 0.6792

G24 1.5953 - 1.0046 0.7472 0.1268 0.5228 0.0381 0.5609 % ML 0.6619

G2-5 -0.9102 -0.2311 0.2953 0.3278 0.2066 0.0984 0.3051 4% ML 0.4254

G2-6 -0.3197 ~1.4927 0.4018 0.0000 0.2812 0.0000 0.2812 f14% ML 0.3800

G2:3 -1.5127 -0.3298 0.1866 0.3022 0.1306 0.0907 0.2213 % ML 0.2931

G2-2 ~2.5474 0.6009 0.0000 0.5440 0.0000 0.1633 0.1633 HES 0.1871
WE WC 0.6998 0.3002

HR :Highly Resistant; ML; Moderately level;S: Susceptible
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i) ZHERZMEAHKIRFRZE BN, BEBEMX(r =0.9797), FXFIRBERIT KT, XEFES
HEREEFERESRITFBEAS - SHNEXNSESHASEESESRATERTREBRZRINER LR,
R, A 2H T RO RBEOTELHMYREEIETR, SR HK: D = - 9.4395 + 3.9659X1 +
0.3917X2 + 5.8138X3 + 0.0393X4 + 0.1431X5,5 M EEBMWIREER B S ERBEER T AL, FBRHERE
AR =099 RAZEFAFRME 1 H I NRHNEEWAERETRN(RS) , MWESEEHEH
RMGEATHHE(D H) AEHMBRINAPIRKFURETE—HE, BHELEEMERX(r = 0.9948), FHBESL
WAKE, B THZF BOURRFBEAE S HRERHSEWAERESHESLTHER TR ERZ K HE
REFR,
2.4.2 ZRBIF SMAESEME TERERBREERENE=HEE, B4 7 5B Xd K F5 5 R 5% 80w
HRRAEER, i, #ITTHEASHOERIMATESIFAE(DE) SEAKRTBEWM MR ENHE XS
M EITHUNRHRERNRASESTFHESE RN ERTBEMARBIEEMX(r = 0.9302), 3
FMBEZIKE;E2HTANRM, FHELEEMER(r = 0.9821), BRBEGITKFE., TRBIEH—FF
B, AR M T A S S FA TR A A AN R,
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URERRRENEBEEERPWNE  NTIBE T ANRENEN WY, TEEY T ER LSS IFH
BRME 2ENEGR  FEMNEFRGMEREENZRERF T HE,

ERA—RGEH¥E T, RS RERZHATERPRROBGESHER, TAFZBHARERS BiF
B R, TEABR S, RS R T B IR SRR, T A AR M R A O R
TERNEEEREERAE  BETRRE-BN; MR RMNELEERHFHUAER ZEAKR EHELH
m, i AERGRK R M ERAR EaXKE ZOEMMEAEERK, WEFMEERK . MENEERHE
PR AL AL IR — J7 1, JU) R BB I B 3tb3z A R R SR T B B AT W S TR . Sk, 658 X R R
AT . BRSNS A BRI RE R 1(%) = PrHEgEERE / X B
RAE x 100 THE H R K o , X ST AT mAHR KRN A R BRI, = /(BB RE /5t
FRAMCRAE) SR BT P R E o, MT 380 1 S 1 Tt 80 2R 250 BB 608 VA 0 3 I W0 45 B0 T 5 % T % 14 9 TRk
BRI KRS B R R T A &5 B TR B T T 8,

FAFTEELGHERET PE BREEY RN FENL R 2 MEE S RS, 553755
Fro ¥ 1A 11 MR MMLEETEAE (DE) EREE, ENSFRATHROHARE ( H) AT E
RAZLEEAFBREY TRAEERAF R, RAZT BN E2HIMRMHHE S HMEEHTHN, NESS
2HF BB HRHGEFAE(D H) BEEEMENADMFREZE—BN, BWEZRMWHEXRECIE EH
R, BRERBERTKF R, PRS2 A8 MR EIAGE, XS 1 4 11 5S4 g7
W, FUES DEEKEBMEH K DKFEEZTLE BN, HEZIRWHXREBIEERX, FXIRE
EFHRIKF SRS MOER AT RAESEESFAE(DHE) SHEGKTFENT R REHTHEI TR
BiF# - RA  FHAMBLH WA ESTFAFTERFBENR R WRELE - KRG TRHERERHY
ERSMERF R R RIETHRRY, AN HERHPEREHAEARBEL TN, RE, E7RA
X BT HE YT S S A,

FHRRGERERY, ARIKERAHEHRENHERBRAR —#, KRB AR MR, H, f A
THTENEPREREATESFHREXLETTURELE - RS- TS HEFBENEHERESH
W E R AT X, SR T DUAR 38 A [ 5 R A 18 401 LR UM L I 3 P T B 4 o b 42 1 I RIS A
p EHGEBRERSE R, B 0AE R EEE W B 3 — 5 5 5 5 R R T S, AT (A T R AR
BREAERKE M EME R,

3.2 X TAKEERBTREGIFHA B

S EAL" AHR AU ALTERBEAARSHELPERBDAESFERRTLREKEK,
HTOKBHEYRREZFRNIBRE, ORERZRENNILEAREYERFEER N, OEFLEMNE
EZRBHAECREES™ SRR AARUR, BT R X E R ER I8 2 005 WAL BRI/ 50 URDR
EXFAZEAN(E A FHREANMN T ERERAGT - ERBRWAEATHRERNEE ., SHRUE
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BARNESHENEZHAENFREALENEREREFESST ER4/MER, MACERERNRN S L
B MNP NERR T AN KRALNRE, LWEXT 1.0 RPN ERRT RLHRE, R
EZHURBHNELFRLBETRBERALROLE, DUSFHOHAESSIPHE(D E) FRER, S8
HEROWARR ( E) FEHERBYNSREAFTET HREALE  BEEEERNOREARE. B, %
TRRE 85 P B ST A At ) T 5T PP T ML T S B B 48 R U4 S — T S BB M O FE AT
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