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Abstract;In order to know the different genotypes performance of soybean germplasms at flowering-podding
stage and explore drought-resistant resource , we determined 18 morphological and biochemical indexes including
stem thickness , branch number and plant height in the pot experiment at flowering-podding stage with 22 soybean
varieties ( lines ) widely grown under artificial water stress condition. Drought resistances of varieties were scored
with drought coefficient method and principle component analysis and cluster under water stress. The result
showed that there were certain variations of drought coefficient of 18 morphological and biochemical indexes under
walter stress and variation coefficient was more than 10% . The accumulative contribution rate of 5 comprehensive
principle components was 84. 82% , which could stand for 84. 82% of primitive information of soybean drought re-
sistance. Using drought-resistant balancing D-value,22 different ecotype soybeans were divided into 3 types in-
cluding high tolerant, moderate tolerant and weaker tolerant. In 22 varieties ( lines) , we screened out the high
drought tolerant varieties consisting of Jinda78 , Jinda74 , Jinda70 , and Jinda73. The varieties ( lines) Jinda75 ,

Bianjing and Heizhenzhu had weaker drought resistance. The rest had medium drought resistance. We could
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avoidone-sidedness and instability by using principle component analysis and fuzzy cluster than single trait. The

comprehensive D-value was a method for soybean drought resistance comprehensive evaluation and drought-re-

sistant cultivars breeding, and could be used to identify soybean drought resistance.

Key words: soybean; water stress; drought resistance ; principle component analysis ; comprehensive evalua-

tion
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Table 1 Number and name of soybean varieties tested in
the study
EERes A P24 FK G5 mi A FR
No. Varieties name No. Varieties name
1 19 12 K 83
2 W24 13 HK 84
3 25 14 H K85
4 .26 15 BEA
5 W27 16 B2k
6 HKRT3 17 25T
7 R 74 18 SN420
8 HKT5 19 KA ] L
9 K78 20 MEKRE
10 &K 80 21 AERT
11 TR 82 22 HK70
1.2 REHF*E
1.2.1 iRi& K5 T 2009 AETE LG L0E KA

WAL BRI S AT, 7 55 % R I b R
T kg ke | 2oy e BRI S — SR+,
FH 0. 1%o (e 5 R PR 5 WM B 5 min, 28 18 /K vh 5k 3
W, ZEBKIZF 24 h,5 H 2 HER IR PR T
SRR A5 27 em, B O EHAA A 35 em, IKEBE AR
22 em, BRARRE A+ 10 ke, BEAR RE B S MR, A (I
KRR aE 2 AhAbEE 3 R E A, 36 132 2, Ak
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Table 2 Stress coefficient of physiological characters

Hi's AXTEOKE N T ADOHLSR ANEMERE AR WEARE  BAAYELE s Ra+b HOLEER

No. RWC MDA REC SS Pro POD SOD Chla+b Pn
1 0. 81 1. 46 1. 40 1.62 6.51 0. 60 0.51 0.54 0.52
2 0.64 1.43 1.90 1.55 3.43 0.58 0.41 0.50 0.54
3 0.70 1.14 1.26 1.36 6. 81 0. 60 0.67 0.64 0. 60
4 0. 61 1.65 1.76 1.73 3.25 0.52 0.40 0.49 0.49
5 0.88 1.12 1.10 1.35 7.24 0.76 0.69 0.69 0.59
6 0. 86 1.21 1.20 1.35 6.54 0.71 0. 65 0.65 0.59
7 0.95 1.16 1.02 1.28 7.50 0.82 0.65 0.71 0.69
8 0. 69 1.78 2.00 1.77 2.14 0.48 0.32 0.41 0. 40
9 0.87 1.35 1.14 1.32 3.69 0.73 0.71 0.65 0. 65
10 0.76 1.35 1.31 1. 46 3.55 0.59 0.54 0. 60 0.59
11 0.82 1.30 1.40 1.51 4.87 0. 64 0.52 0. 60 0.55
12 0.84 1. 60 1.31 1.41 6.67 0. 66 0.61 0.64 0. 61
13 0. 60 1.44 1. 86 1.68 3.15 0.50 0. 40 0.43 0.46
14 0. 80 1.41 1.42 1.58 6.13 0.62 0.49 0.57 0.50
15 0.70 1.65 1.57 1.81 2.99 0.53 0.43 0.49 0.52
16 0. 80 1.71 1.95 1.74 2.46 0.51 0.36 0.48 0. 46
17 0.68 1.69 1. 46 1.76 2.10 0. 46 0.32 0.42 0.43
18 0.65 1.72 1.50 1.65 3.54 0.58 0.36 0.50 0.55
19 0.71 1. 68 1. 50 1. 60 3.54 0.61 0.48 0.51 0.56
20 0.72 1.75 1.64 1.72 2.79 0.54 0.36 0.50 0.51
21 0.70 1.20 1.45 1. 60 5.14 0.58 0.48 0.53 0.59
22 0.95 1.06 1.09 1.29 8.50 0. 80 0. 64 0.68 0. 65
®3 EEERERY
Table 3 Stress coefficient of morphological characters
o Byl M e R EETH EEEFEH N E S8 BARRRLEL i8S VA
Spear Plant Height of Branch Nodes of Pots of Pots of Grains Grain yield

Ne- thickness height pod set number main stem main stem branches per plant per plant
1 0.56 0.42 0.50 0. 64 0.55 0.49 0.59 0.61 0. 46
2 0.78 0.46 0.70 0.59 0.62 0.48 0. 45 0.59 0.15
3 0.77 0.62 0.69 0.68 0. 61 0.67 0.67 0.71 0.68
4 0.58 0.72 0.20 0.50 0.41 0.59 0. 68 0.51 0.58
5 0. 64 0.46 0.23 0.78 0.69 0.25 0.77 0.81 0. 61
6 0. 80 0.90 0.13 0.97 0.61 0.59 0.82 0.71 0. 69
7 0.76 0.76 0.77 0.84 0.67 0.88 0. 80 0.93 0.42
8 0.67 0.29 0.76 0.54 0.44 0.49 0.41 0.46 0.59
9 0.67 0. 69 0.65 0. 80 0.84 0.78 0.32 0.97 0.63
10 0.78 0.76 0. 60 0.92 0.68 0.59 0.51 0.56 0.37
11 0.70 0.77 0.59 0. 66 0.54 0.57 0.59 0.63 0. 66
12 0.48 0.62 0.57 0.61 0. 80 0. 66 0.16 0.39 0.23
13 0.57 0.41 0.62 0.49 0.28 0. 40 0.33 0.39 0.21
14 0.56 0.70 0.13 0.74 0.49 0.69 0.76 0.76 0. 80
15 0.45 0.28 0.53 0.58 0.74 0.52 0. 44 0.18 0.21
16 0. 66 0.59 0.11 0.67 0.53 0.51 0.67 0.51 0.37
17 0.71 0. 66 0.30 0.52 0.49 0.41 0.57 0.48 0.12
18 0.62 0.50 0.63 0.61 0.90 0.74 0.65 0.50 0.44
19 0.70 0.49 0.44 0. 66 0.95 0. 65 0.78 0.73 0.43
20 0.68 0. 60 0.37 0.57 0.48 0.50 0. 66 0.65 0. 61
21 0.71 0.65 0.77 0.77 0.78 0.55 0.58 0.43 0.64
22 0.57 0. 81 0.42 0.86 0.69 0. 86 0.79 0.83 0.38
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Table 4 Variation drought-stress coefficient of physiological and ecological traits
PR T Frif 2 2% I/ME SN A AR
Traits Mean SD Variance Min. Max cv
AEXTE K (% ) RWC 0.76 0.10 0.01 0. 60 0.95 0.14
T4 "% (mmol/g - FW ) MDA 1.45 0.23 0. 06 1.06 1.78 0.16
AHXHAL 52 (% ) REC 1.47 0.29 0.08 1.02 2.00 0.20
AR (mg/g - FW)SS 1.55 0.17 0.03 1.28 1.81 0.11
I %M (ng/g - FW) Pro 4. 66 1.98 3.91 2.10 8. 50 0.42
S E Y (/g - FW/min) POD 0. 61 0.10 0.01 0.46 0.82 0.16
ALY L (U/g - FW/h)SOD 0.50 0.13 0.02 0.32 0.71 0.26
M43 (mg/g - FW)Chl a+b 0.56 0.09 0.01 0. 41 0.71 0.16
HOEA AR (pumolCO,/m? + s) Pn 0.55 0. 07 0.01 0. 40 0.69 0.13
ZEM (em) Spear thickness 0. 66 0.10 0.01 0.45 0. 80 0.15
#K75 (em) Plant height 0. 60 0.17 0.03 0.28 0.90 0.28
453E75 (om) Height of pod set 0.49 0.22 0. 05 0.11 0.77 0.45
S HEHL Branch number 0. 68 0.14 0.02 0. 49 0.97 0.20
FZE95 5L Nodes of main stem 0.63 0.17 0.03 0.28 0.95 0.27
FZEIEHL Pots of main stem 0.59 0.15 0. 02 0.25 0. 88 0.26
I3 RIEHL Pots of branches 0.59 0.18 0.03 0.16 0. 82 0.30
FRRKI L Grains per plant 0.61 0.19 0.04 0.18 0.97 0.32
HiRK T (g) Grain yield per plant 0.47 0.20 0. 04 0.12 0. 80 0.42
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Table 5 Planning feature vector and the percentage of the factors cumulative contribution

FEfIE 7] & Eigenvector

I H Ttems
1 2 3

FHXT K RWC

P MDA -0.2622 -0.0287 -0.0474 0.
AT HL 2% REC -0.2875 0.0728  0.0917 0.
ATV SS -0.3038 0.0641 -0.0795 O.
%R Pro 0.2668 —0.0390 —0.2480 0.
i ALY POD 0.3035 -0.0722  —0.0998 0.
ALY B AL SOD 0.0958 —0.1952  —0.0481 -0.
M4¢2 Chl a+b -0.0424 0.2997 -0.0793 0.
HOLE A Pn -0.2145 0.3888  0.1104 0.
254 Spear thickness 0.0878 0.1153  0.0637 0.
PR Plant height 0.2713 0.1031  0.6163 0.
45347 Height of pod set 0.0087 —-0.2377  0.5385 —0.
J3Fi% Branch number 0.0715 0.2024  0.2821 0.
FZET7#L Nodes of main stem 0.1402 -0. 1409  0.1490 0.
F25I%U Pots of main stem 0.3804 -0.1599  0.1286 0.
I3 BIERL Pots of branches 0.1266 0.2038 -0.1149 0.
FBRRI L Grains per plant 0

PRALT Grain yield 0

HRF(E Eigenvalue

Nel

. 7609  2.1829 1. 4651

-0.0078 0.3622 -0.2662 0.0141 -0.0029 0.0615

3198  -0.0730 0.0341
1627 0.3054 -0.0011
2112 0.2564 0.0647
4143 0.0819 0.0581
3117 0.0568 0.0797

0916 0.0133 0.0518

5 6 7 8 9 10
—-0.1405 0.4648 0.4965 -0.3290
3963 0.1004 0.2452 -0.2089 0.2238 -0.0367 -0.2127

0.1100 0.1696  0.2188 0. 6838
0.0619 -0.1042  0.2087 -0.1898
0.3214 -0.2973  0.1077  -0.0612
0.1091 0.2136  0.0095 0.0574
-0.1699 -0.0474 -0.1937 0.1789
-0.0877 -0.0247 -0.0572  -0.0063

0938 0. 0257 —-0. 0450 0.0089 -0.1053 -0.1655 0.1376
0431 0.0379 -0.3708 -0.0403 0.1992 -0.0558 -0.1374
0692 0.0361 -0.2971 -0.2622 -0.0196 0. 5644 0.2983
1980 -0.0901 0.0765 0.3188 0.0025 0.2548  -0.3068
1322 0.2403 0.6767 -0.1863 -0.3254 0.2120 -0.0112
1557 0. 1408 -0.0961 -0.2247 -0.1874 -0.0534 0. 0425
2469 -0.1428 0.2961 0.2722 -0.0448  0.1309 0. 1795
2034 0.2058 -0. 2246 0.5538 -0.1733  0.0493  -0.0980
. 3469 0.2182 0.1097 0.0681 0.1103 0.2685 0.1955 0.5352 -0.3236 0. 0906
.4049  0.2558 0.0489 0.2199 -0.1817 -0.0856 -0.3045 -0.2161 -0.1488  -0.1757

1. 1065 0.7518 0.7238 0.5905 0.4753  0.2999 0. 1982

7725 H 43 Proportion 0.5423 0.1212 0.0814 0.0615 0.0417 0. 0400 0.0320 0.0260 0.0170 0.0110

TR Cumulative contribution

0.5423 0.6635 0.7449 0. 8064 0.8482 0.8884

0.9212 0.9476  0.9643 0.9753
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Table 6 Comprehensive evaluation on soybean drought-resistant and p.( x) value,D value of varieties comprehensive index

LEATERRIN (x) fH

5 . L D {4 [R/
w(x) value of varieties comprehensive index
No. D value Order
p(xl) p(x2) p(x3) p(x4) r(x5)
1 0. 698 0.814 0.299 0. 458 0.351 0.571 6
2 0 0. 401 0.812 0.536 0. 745 0. 520 15
3 0. 352 0. 908 0.751 0.735 0. 461 0. 565 7
4 0 0. 554 0.412 0.535 0. 889 0. 507 19
5 0. 761 0. 605 0. 501 0.523 0 0.574 5
6 0.611 0. 844 0. 941 0.799 0. 597 0.702 4
7 0.901 0.412 1. 000 0. 605 0.571 0.776 2
8 0 0. 402 0. 832 0. 521 0.753 0. 358 21
9 0. 645 1. 000 0. 634 0. 889 0. 636 0.779 1
10 0. 588 0. 952 0.222 0 0. 589 0. 567 8
11 0. 091 0. 547 0.752 0. 698 0.377 0. 509 18
12 0. 666 0. 884 0. 598 0. 044 0 0. 543 9
13 0.213 0.387 0. 455 0 0. 448 0.514 17
14 0. 301 0. 545 0. 608 0.771 0. 462 0. 537 11
15 0. 467 0.512 0 0.536 0. 601 0. 531 13
16 0. 088 0.138 0. 754 0. 554 0.769 0. 387 20
17 0. 442 0.216 0. 168 0.208 0. 098 0. 309 22
18 0. 635 0. 567 0 0. 495 0. 568 0. 540 10
19 0. 546 0 0. 098 0. 631 0. 551 0.535 12
20 0.221 0.718 0.479 0.338 0 0.517 16
21 0.514 0.411 0.231 0. 600 0.574 0.528 14
22 1. 000 0.237 0. 944 0. 601 0.551 0.712 3
FUIE R B Weight coefficient 0.431 0.219 0. 154 0. 106 0. 087
JolE AR A BH S (R i 7, T L SRR R R 22 5, AT
19 o s N —
s B T W R SR BB, Sy S5 B 4
s BET R IERL . BRI R I
HR80 " “ S - e
oy H2E AESSE PR R IR AN 221 T1EY
/Jiii ﬂ I U PESE W AR A AR R A, R s R G R 2R
=] N N\ _— w
26 L GBI (HH TR R R 2 2 3L R i A i
i S, A > — e
e PR, 1R L P IIUE 25 S BB P £ HC
SN0 } L LA — 00 R T, AR A AR AT
K85 N \ NS N o
i EVPHY. AR R BT R A
E%iig L FEI 18 AFEARIPR A B A AL AR 25 A il S 45
= 'Z_{ Na% N N (A%
ﬂgjwsj_‘ %%o $H§¥($H§*i§\£é£ﬁ\$ﬂi*ﬂ.
oo e B0 A VERIF T (Pn RWC Chl a +b) , BRI T
BT (B3 538 5P RS0 | IBER S 5 (POD MDA,
I Vo o e
Y ! REC.SOD) , B 47 SM T (SS Pro SMEH0)
W — | By Ay K L G TR
0 0.28 0.56 0.74 0.85 1.13 1.41 A [15] BE 22 (25 ] gl o .
JJ7HE S Chi-square distance Af‘: ‘:J:L““Hi£ IO R AR ﬁlo
— e B o NNGEE TR
E1 AEASSMEERE A 1 X 22 AN [R] AR A R K G AP AR

Fig.1 Clustering diagram of different soybean cultivars
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