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Study of identification, evaluation and prediction on the drought
resistance of new indicia hybrid rice combinations

ZHANG Hong''?, ZHU Cong-hua®, TAN Jie*, LI Xing-yue’, YANG Wen-yu', KANG Hai-qi’
(1. College agronomy of Sichuan Agricultural University , Chengdu , Sichuan 611130, China;
2. Institute of Plant Protection, Sichuan Academy of Agricultural Sciences/ Key Laboratory of Integrated Pest Management
on Crops in Southwest , Ministry of Agriculture, Chengdu, Sichuan 610066, China;
3. Crop Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu, Sichuan 610066, China)

Abstract: In order to explore the effective methods and indexes for identifying, evaluating and predicting the
drought resistance of new indicia hybrid rice combinations, eleven new indicia hybrid rice combinations (cultivars) were
selected as experiment material and were planted in the drought stress environment and alternating wet and dry environ-
ment, respectively, in our pot experiment. The yield and related traits of these new indicia hybrid rice combinations had
the different responses to drought stress environments. Drought resistance of materials above were identified and evaluated
comprehensively by using drought-resistant coefficient, fuzzy membership function method, and comprehensive D value of
each material” s index. Drought resistance indexes were screened accurately by the principal component analytical
method, correlation analysis method and stepwise regression method. The results showed that the tolerance to drought
stresses of eleven indicia hybrid rice combinations ( cultivars) were markedly different. By the results of cluster analysis
in comprehensive D value, Cg was classified as high drought-resistant strain; C;, C;, C;, Co and Cj as drought-resistant

strains; C3, C4 and Cs as intermediate types; Gangyou725 and Cg as weak drought-resistant type. The related agronomic
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characters of effective panicle, filled grain weight per panicle and seed setting rate were important drought resistance in-
dexes. The regression equation D = (245.231 + 1. 645X, + 2. 712X, + 6. 494X + 19.401X; - 2.791X,y) x 1073,

can be used to predict the drought-tolerance ability of new indicia hybrid rice combinations accurately and rapidly.

Keywords: indicia hybrid rice; drought resistance; evaluation; comprehensive evaluation D value; prediction
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Table 1 The code and name of materials

¥ S HEATR
Material code Cultivars (Strains) name
CK Xk 725
(o PR TA/ZAR(SH)
G PR TA/BK 177
G PR A/ 178
Gy PR TA/ R 31701
GCs PR TA/ R 31704
Cs PR TA/ R 31621
G PR TA/ R 30248
Gy PR TA/ L RK 30241
Gy PR TA/BFK 31708
Cio PR TA/BURK 30218

1.3 WEAE

B, B AL BEE I 6 MR MR (3 IR
S ) AT 5 00 S MR v A SR R B R BRI
AR SORIE S SO AR UL AR IORI
B SR T AN TORLE, 5 1S AT R A5
1.4 FRTTE
1.4.1 FTFEFA2% T525%FRE(Drought vari-
ability index) DI = | T~ 5638 LI b5 48 5 R4k - 1F
TR FEIEAR S S R A/ (T 5 38 HE I A s
FRE 0.5+ IEH K FIIEIRL 7 R A % 0.5)
x 100% , H v, 78 55 Z 4 ( Coefficient of variation) CV
= (FH R AL 31 FEIGTFE AR A A o O 22 (6L AH [ A 38
FIHR bR FII1H) x 100%

1.4.2 #FHFN T &

1) HURER I . A SO K PR
PETEAN AR N ?ff%%ﬁ([)rought resistance coefficient)
DC = JEAPRLT 5 a2 77 5 2R RHE B K 23
Yirea  Prede s Drought resistance index) DI = g
FRECx CEAPRHT BP0 - 24 7 /T R B A 2
B REP 2 ) 267
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JH Microsoft Office Excel 2013 £ DPS 14.50 #47
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Table 2 Variance analysis of plant height and yield-related traits of rice

fb R RSB REEA ST sy AL RS il sk TR
Treat ’ " Plant Effective RIEL REL o b VAN LT S Seed setting  1000-grain
reatments height  panicles GNP FGNP UGNP TGWP FGWP UGWP rate weight
IKEE - ‘o ‘o .
koA 893.63" " 43.01" " 96.36"° 529.26" ° 153.52" " 1095.54" " 1292.34" " 27.97" " 884.64" " 97.427 "
Water management
KFEAE o . .
k*ﬁﬂu A .47 5.0 0.84 1.92 2.09" 6.39" " 6.77° " 1.28 1.96 1.70
Hybrid rice combinations
KO EIE x KFEH A . x . x s
KIPEI OKRRALA 3.84° " 0.71™ 491" 1.89 2.11° 7.86" " 0.58 1.4477 2.447 1.76

Water x Hybrid

1 : GNP—ERFE SURL AN, FONP—EA IR £Y , UGNP— LR 2S 524, TOWP— A SURL B, FOWP— AR S b, UGWP— SRS 0 d, « il »

SRAIERRTE 0.05 #10.01 KV 2R BE, T,

Note: GNP is grain number per panicle, FGNP is filled grain number per panicle, UGNP is unfilled grain number per panicle, TGWP is total grain weight

per panicle, FGWP is filled grain weight per panicle, UGWP is unfilled grain weight per panicle, * ,

bility levels, respectively. The same below.
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A A BRA REEO N, HARASAR IR A7 A
FE5t o MR AR AR R AR SOR R
RS e PARE R RSO B A e T (4
SR TORLEE (1 A R A A B 20 D 52.51% ~

* % mean significantly different at 0.05 and 0.01 proba-

72.80% .53.94% ~ 86.49% . 17.49% ~ 94.12% .
0.23% ~ 33.38% .212.34% ~ 1300.56% .3.41% ~
23.00% .0.15% ~ 19.96% . 125.22% ~ 639.08% .
0.49% ~34.29% .54.56% ~90.73% . % FJTR, #
TSR E B SIORL | 45 S0 38 | LR 45 0 R L
23 SO T S B URK, T 208 )5 4G (R AR
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Table 3 The yield, drought resistant coefficient

and drought resistance index of rice

A MR AT BRERE PURER

Combination Cn.ntrol Dr(.)ught leoughl Dlﬁought
code yield yield resistance resistance

/(geplant=") /(g plant=')  coefficient  index( x 10?)

CK 19.96ab 0.02d 0.001 0.002
G 21.98a 2.04ab 0.096 16.871
(o 17.28b 1.83b 0.111 15.815
Gy 17.00b 0.60cd 0.037 2.225
Cy 18.37ab 0.48cd 0.027 1.122
Cs 17.78ab 0.64cd 0.031 1.939
(0% 18.85ab 0.22d 0.013 0.223
G 21.52a 1.05bed 0.049 4.202
Cg 19.70ab 3.11a 0.158 49.033
Cy 20.90ab 1.85b 0.088 15.256
Cio 19.92ab 1.42bc 0.071 12.084

Fijzfa{ies 0.66"™ 3.06” 2.777" 2.582°

TE : A FV B G A RNE PR R 22 57k 5% B KF, R 1AL
Note: Values followed by different small letters in the same column are

significantly at the 5% level, the same below.
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Table 4  The related agronomic characters of comparative value under drought stress

HENRT E A R L L Lo Lo iR THE
Combination ~ Plant Effective BRI SR sk BB ORI ZE5EH  Seed setting  1000-grain
code height panicles GNP FGNP TGWP FGWP uGwp rate weight
CK 72.80a 75.31a 46.6le 0.23d  440.0lbc  7.22cd 0.15d  282.08cd  0.4% 63.90bc
ol 66.35abc  81.7la 63.34bcde  15.23bc  498.05hc  17.90abc  11.17abc  309.92bed  24.27hc  74.69abe
(o 73.79 78.31a 81.72ab  17.34bc  566.48bc  23.00ab 13.93ab  394.50bcd  21.10bed  80.39%ab
o 52.51f 53.94a 76.94abc  10.29bed  522.09bc  16.46abc  6.9lbed  386.6lbed  15.63cde  66.70bc
(o 60.55cde  86.73a 69.70abcde  5.1led  421.21bc  12.1lbed  3.33cd  272.9led  7.39de  65.90bc
Cs 58.37def  56.72a 51.90de  7.59bed  675.15bhc  17.94abc  5.80bed  593.28abc  13.6lcde  90.73a
G 53.54ef  81.30a 17.49¢ 1754 212.34c 3.41d 1.16d  125.22d  10.40cde  65.97hc
G 70.6lab  58.44a 94.12a  16.25bc  867.90ab  24.44a 8.30bed  639.08ab  17.0led  55.19c
Cs 64.55bed  75.21a 81.1labc  33.38a  542.53bc  25.43a 19.96a  256.14cd  41.56a 54.56¢
(o8 61.20cd  67.0la 56.32cde  20.39ab  339.04c  18.78ab 13.74ab  230.72d  34.29ab  67.12hc
Cio 63.66bcd  86.49a 75.52abed  12.38bed  1300.56a  14.73abed  7.20bed  853.36a 17.68cd  60.00c
p-fi 7.9 0.99" 6.36" " 4.48"" 2.93 3.167 37377 3.18 47477 2427

F — Values
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Table 5 Eigenvectors and percentages o { accumulated contribution of principal components
| FHE A B Eigenvector
Ttem 1 2 3 4 5 6 7 8 9 10
Bk Plant height 0.180  0.179 0.401 0.649 -0.397 -0.416 0.096  0.093 0.056  0.037
H AR Effective panicles -0.090 -0.043 0.713 0.172 0.529 0.348 -0.217 0.039 -0.045 0.023
R SR GNP 0.388 0.239 0.024 -0.004 -0.292 0.720  0.329 0.190  0.151 0.142
BARESTRIEL FGNP 0.441  -0.228 0.051 -0.079 0.091 -0.116 -0.124 -0.534 0.413 0.502
HEZSSEE0 UGNP 0.207 0.560  0.063 -0.16l 0.315 -0.170 0.214 -0.246  0.319 -0.527
PARE AL T TGWP 0.452  0.002 -0.188 0.153  -0.115 0.148 -0.740  0.013 -0.109 -0.378
HFESOR E FGWP 0.427 -0.267 0.003 0.087 0.173 -0.023 0.415 -0.261 -0.668 —-0.146
HREAs5EE UGWP 0.162  0.597 -0.135 -0.082 0.263 -0.177 -0.170  0.208 -0.374  0.529
L5923 Seed selting rate 0.382 -0.339 -0.013 -0.131 0.285 -0.258 0.113 0.704  0.251 -0.050
THIF 1000-grain weight -0.110 -0.013 -0.519 0.680 0.420  0.158  0.116 -0.027 0.195 0.051
FHF{E Figenvectors 4.421 2.224 1.366  0.957 0.727 0.272  0.021 0.010  0.002  0.001
J7 ZE BTk Proportion 44.207 22238 13.664 9.572 7.268 2.716  0.211 0.104 0.017 0.005
ZI 5Tk Cumulative 44.207  66.445  80.109  89.68l 96.948  99.664 99.875  99.979  99.996  100.000
F o6 KBEHBHREMENRERERHE
Table 6 The subordinate function values of each index relative value of rice
2ﬂ%1§% WS ﬁmﬁiﬂt SR $i§ iﬁ ‘if% il $j% é%;@% %*ﬁi TEE
Combinati Pl.ant Effective S IR iﬂéﬁ( 250 éﬂzﬁ i’ﬁﬁ ZFH Seed setting 1000-grain Average Ondination
oncode  height  panicles GNP FGNP UGNP TGWP  FGWP  UGWP rate weight
CK 0.953 0.652  0.38  0.000  0.209 0.173 0.000  0.785 0.000  0.742  0.389 9
(o 0.651 0.847 0.598 0.452  0.263 0.658 0.556 0.746 0.579 0.444  0.579 4
G 1.000  0.743 0.838 0.516  0.325 0.890  0.696 0.630  0.502  0.286  0.643 2
G 0.000  0.000  0.776 0.304  0.285 0.593 0.341 0.641 0.369 0.664  0.397 8
Cy 0.378 1.000  0.681 0.147 0.192  0.395 0.161 0.797 0.168 0.687 0.461 7
Cs 0.275 0.085 0.449 0.222  0.425 0.660  0.285 0.357 0.319 0.000  0.308 10
o 0.049 0.8  0.000 0.046  0.000  0.000  0.051 1.000  0.241 0.685 0.291 11
G 0.851 0.137 1.000  0.483 0.602  0.955 0.412 0.294  0.402  0.983 0.612 3
o 0.566  0.649  0.830 1.000  0.303 1.000 1.000  0.820 1.000 1.000  0.817 1
Co 0.409  0.399  0.507 0.608 0.116  0.698 0.686 0.855 0.823 0.653 0.575 6
Cio 0.524  0.993 0.757 0.367 1.000  0.514  0.356 0.000  0.419 0.850  0.578 5
2.6 SRMBZIMBERNREZRB NEZ6  TAIRE,
WO D BERIEITEM 2.7 TRIEMBHEETEIER
MR T ATAR, A HORAR R E AR 25 REUH —  2.7.1  %4A3F0 DAL &R ISAFA0 AL 69 A8 £ 1

feAb R4S B AR TR MR R 51 D
= D&IRPRRB M < AE, S MBS E DA
HEF R Cg>Co>Cr>Ci>Cr>Cp>C>C>Cs >
CK > Cq, Cg IEZRBTEM D (HHRK, RV H BT F 68
I8 ; Co MZEATENY D (/D , B HPT R A8 )1 i
%X 538 R E TN 25 R A B,

R BRI B0 D (AT R84 (I
B D), AR SRR 53R 4 25 G J8 TomPbi 77 ;
C1Cy Gy Co Fl Cop H—3K, B THIRAL; G5 . Cy FTCs
N2, BT AL X 725 Oof BE G FRD F Co TR

73 1
JHEgIT

M 8 A HE, LB VPN D (E 5 AR SR AR
SRR R SOR H 25 SR S R SRR AR X {EL
EE R PSS NI RS €S VN R s N e
7 B AN TR AR X ELAR Sk AN S 25, T 51
BT AR ORAR AR 5 K R T 52 1 A DG R AR
YN FAREEVRC . > FARRIORIRN > FARESORI L > 4551
> PREERIE > RS e R > A TETE > bR
> TORIEL > A RRE A A SRS b 2 8] A7 £E
RS, P 45 50 R 5 BB SORI AL AR SR H A
PRI, PR SOR G B RE BRI SRR SRR
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AR K R 2H G A R R SIORE R vy, SRRSO B B
BEFAR AR SRR AR SOR ORI AR SR AR
FARE SRR AR R AR SR SORL R, R A
SYERIE R TR LR (5 BT FE R I B G, HAS 45 b

TR SR B S B 4 P A A TR . A3 9 WI A%,
LRV DAE S PUR RBP4 B AR G Pk ik
PR K IR ZR G VA D (EXS 24T /K AR
PURRE PN S Al &g, n] WL, SAIBTSR AR VS K R Y
MR AR AFAE R R, 8 4% 55 P PR AH G U Y
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Table 7 The standard deviation coefficient, index weight and D value of each material’s comprehensive index

and comprehensive evaluation on rice drought-resistance

HBfs e

AR A R Ll LIl

HRE R FECR THE  ZWEITEN

Combinati ~ Plant  FEffective  SURIEC  SORIEL 255% BORIE SORIE ZS5THE Seed setting 1000-grain - D {H Oriiim
on code height panicles GNP FGNP UGNP TGWP FGWP UGwWP rate weight CED
CK 0.025 0.025 0.029 0.000 0.024 0.017 (0.000) 0.099 0.000 0.027 0.246 10
Cy 0.017 0.032 0.045 0.078 0.031 0.064 0.092 0.094 0.085 0.016 0.554 4
G 0.026 0.028 0.063 0.089 0.038 0.086 0.115 0.079 0.073 0.010 0.609 3
(03 0.000 0.000 0.059 0.052 0.033 0.057 0.057 0.081 0.054 0.024 0.417 7
Cy 0.010 0.038 0.052 0.025 0.022 0.038 0.027 0.101 0.025 0.025 0.362 8
Cs 0.007 0.003 0.034 0.038 0.050 0.064 0.047 0.045 0.047 0.000 0.335 9
(0% 0.001 0.032 0.000 0.008 (0.000) 0.000 0.008 0.126 0.035 0.025 0.236 11
Cy 0.022 0.005 0.076 0.083 0.070 0.092 0.068 0.037 0.059 0.036 0.549 5
Cs 0.015 0.025 0.063 0.172 0.035 0.097 0.166 0.103 0.146 0.037 0.858 1
(0 0.011 0.015 0.038 0.104 0.014 0.067 0.114 0.108 0.120 0.024 0.616 2
Cio 0.014 0.038 0.057 0.063 0.117 0.050 0.059 0.000 0.061 0.031 0.490 6
SDC 0.357 0.519 1.033 2.348 1.598 1.320 2.267 1.723 2.001 0.501 — —
w 0.026 0.038 0.076 0.172 0.117 0.097 0.166 0.126 0.146 0.037 — —
1 : CED /R LEA TN D B, SDC FRnbrh 22 REL, IW RRALE
Note: CED is D value of each material s comprehensive index, SDC is standard deviation coefficient, IW is index weight.
R ZATM D ESEMAREMKHBEXRY
Table 8  Correlation coefficient matrix between related agronomic characters, drought coefficient,
drought index and comprehensive value D
FEFR Indexes X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 D
X1 1.00 - - - - - - - - - -
X2 0.2 1.00 — — — — — — — — —
X3 0.2  -0.20 1.00 — — — — — — — —
X4 0.2  -0.09 0.5°  1.00 — — — — — — —
X5 0.25 0.00 0.56 0.16 1.00 — — — — — —
X6 0.37 -0.36 0.82"" 0.85"" 0.34 1.00 — — — — —
X7 0.24 -0.06 0.55 0.98"" 0.09 0.84" " 1.00 — — — —
X8 0.19 -0.18 0.50 0.03 0.96" " 0.32 -0.02 1.00 — — —
X9 0.03 -0.07 0.37 0.95"" 0.02 0.71" " 0.95"" -0.10 1.00 — —
X10 -0.09 -0.17 -0.27 -0.27 -0.18 -0.02 -0.09 0.02 -0.18 1.00 —
D 0.31 -0.01 0.65" 0.99" " 0.19 0.85"" 0.97"" 0.05 0.92"* -0.28 1.00

T X1~ X10 2353 Ak o AT RO KR RS i SRRSO S PR s e B BRSO RE OB T PR s PO T B SR TR A AR X
{8, “D" R ER AT D H; * FORTE 0.05 K EREMIK, * * FIRTE 0.01 KF bR R EHR

Note: X1 ~ X10 were the related agronomic characters plant height, effective panicles, grain number per panicle, filled grain number per panicle, empty
grain number per panicle, grain weight per panicle, filled grain weight per panicle, empty grain weight per panicle, seed setting rate and 1000-grain weight, re-

spectively, D — Comprehensive value D; * shows correlation is significant at the 0.05 level, * * shows correlation is significant at the 0.01 level.
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Table 9 The correlation coefficient of subordinate function values, D value of comprehensive evaluation and drought coefficient

sk SR pR R A

Subordinate

LA D E
D value of each material’s

TR

Drought resistance

LR AL

Drought resistance

Indexes function values comprehensive index coefficient index
sk & BRELMH Subordinate function values 1.00 — — _
422 AT
/l;\ ;ldlliﬁ(i\f gdiﬁ material”s comprehensive index 0.957" 1.00 - -
P A B Drought resistance coefficient 0.90" " 0.96" " 1.00 _
HiFHEEL Drought resistance index 0.85"" 0.90" " 0.93"" 1.00

T % FIRTE 0.01 AKCF BRI EAHE,
Note: * * shows correlation is significant at the 0.01 level.
CK

Co6
C3

]7
|y
e
}__

Cl
C7
C10
C2
Cc9
C8

0.00 0.12 0.25 0.37 0.50 0.62

B1 ARKBASGHREE

Fig.1 Clustering diagram of different rice combinations

2.7.2 HEMBERBAFNEF LA T FE

Fed RS RO S R S R A {28
MAFR 10 A] UL, %t A i B AR AR Y T 58 S R A AT
AYMTASH 5 IR H K oAb A g, AS R 24 SRR B
WA Gead T 530 J5 25 8 AR 2 2 80 38 R AR Ak
K AT R ARG X Fh 22 A8 4L, IR T R4
SR T 100% 036 bR E R XF 52 Bpae U
HIFE AR, Bk th AT 3 AT U IR AR AR
Sh LA AR SR H AR SRR, X A T R AR

EX R 150.16% . 114.84% F11 111.42%

R10 SHEMBETERHNER R TEEREN

Table 10 Coefficient of variation and drought variability index of tested varieties

X HEALH Control treatment

ek JipiE 4b PE Drought treatment J s S ek
g " # Drought
Tested S A5 5 R AL T BTN e
indicators ;Fﬂ]{ﬁ Coefficient of i:ﬂ]{ﬁ Coefficient of \‘/anabll(lyty
verage variation/ % verage variation/ % index/ %
PR Plant Height 100.00 7.70 63.24 12.40 46.77
A 3RS Effective panicles 21.30 19.69 15.42 30.53 43.17
p
FATE BRI EL GNP 119.60 18.90 74.02 30.56 47.15
FAFESORIEL FGNP 103.88 23.96 12.17 84.24 111.42
FAFHZS 5540 UGNP 15.72 64.37 61.85 33.58 62.87
PARE BRI TGWP 2.98 22.78 0.47 52.72 79.31
HFEITRI E FGWP 2.90 23.44 0.23 86.66 114.84
HfHZS 55 UGWP 0.08 55.44 0.24 66.98 18.85
LS # Seed setting rate 86.47 10.61 15.90 74 .54 150.16
TR E 1000-grain weight 28.52 20.59 18.55 7.04 98.08
gr

2.8 KTEBMEBETMINREIEIRIFIE
ZRAMBHEZ B T 2 W08 5 , 5 TS bR i AR X
HFMEE SR AR A2, REZES
BUE 8T, BT LR G PR D (B AE B AR i, 45 S0
BN ARG EAE B AR &, S R ME R D =
(245.231 + 1. 645X, + 2. 712X, + 6. 494X + 19.401
X7-2.791X0) x 1073, Y REL R? =0.9993, F =
1401.71, %EIH R, Xy Xy Xg X7 HI Xloﬁj\%ﬂ
KRS TR W38 A O B SR R R

L FARRSOR A TORCEE AR 11 K4S
BT RLEA PR D (S BUNEAR 2% IEAC (r =
0.9998) , & W filt FHT kg 77 7 Tt /K e 47057 BE 0 ) HEAfg
PARR . TR AT, Bk 5 PR s TRk
3R « SRRSO FARR SR T A TR E . 25 L]
P TEAHIRI S PE R 70 % K R AT RHI T RE L 58
WE Lk 5 DM EAR, FIHZ T BT LG PR D
{6, T 7] 5 PR O AL A RE T
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ST — B WK RE R R, X 2 B — KR A1 R
PEATHL ST I v R 10— 173234 oK R
FRE B Z N T R A E R EZ AR Y
M, JIN =2 AN TR 1 2% 52 Rl RS 3 21 6 10 B T 8 AR 7E A
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PR XL P s 1 22 2R B0 — fb A B AT 21 AL
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PATE R E | PARE SR T | 45 SR A 5 45 A Y AR X
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