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The Correlation of Drought-Resistance Evaluation between Agronomic Traits
and Physiological Indexes of Wild and Cultivated Soybean
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(1. Life Science and Technology College , Hebei Normal University of Science & Technology , Changli 066600 , China;2. Department of Physics, Hebei Nor-

mal University of Science & Technology, Qinhuangdao 066004 , China)

Abstract: Wild,semi-wild and cultivated soybeans were used as materials to study the evaluation system of drought resistance
identification of soybean. The drought stress treatment was conducted at seedling and flowering stage under pot experiment con-
dition. The method of subordinate function was used to comprehensive analyze the correlation of drought resistance and agro-
nomic traits and physiological indexes. The result showed that the reaction of different types of soybeans were the same no mat-
ter in seedling or flowering stage. The comprehensive membership function values of morphological indexes and physiological
indexes had significant positive correlation under the drought stress condition. The drought resistance results of soybeans were
highly consistent assessed by the two indicator systems. Morphological indexes for pods per plant, plant grains and plant grain
weight associated with drought resistance more closely among the agronomic traits. The physiological response of soybean to
drought stress was different in seedling stage and flowering phase. The physiological indexes closely associated with drought re-
sistance were the soluble sugar content and CAT activity in seedling stage , but it were the soluble sugar content and chlorophyll
content in flowering phase. Soluble sugar content is the reliable physiological index of drought resistance of soybean.
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Table 1 Membership function value of morphological indexes and comprehensive
drought resistance evaluation of different soybean materials at seedling/flowering stage
- - FHH
- i i o RO e me T
Materials PI-aHt Pods per Grains per weight  Branches dry Leaf Sfem Sessions Average Tnem— of drought
height plant plant . area width bership .
per plant weight . resistance
function
75 Yong 5 0.79/1.00 0.90/0.95  0.97/1.00  0.87/0.95  0.740.31  0.57/0.66  0.67/0.64  00.66/0.48  0.62/0.86  0.75/0.76 22
7K 26 Yong 26 1.00/0.98  1.00/1.00  1.00/0.85  1.00/1.00  0.90/0.76  0.95/0.89  0.49/0.39  0.52/0.80  0.73/0.75  0.84/0.82 1/1
7k 46 Yong 46 0.61/0.79  0.95/0.95  0.73/0.86  0.69/0.82  1.00/1.00  0.64/0.55 1.00/1.00 1.00/0.93  0.97/0.78 0.840.85 /1
7k 52 Yong 52 0.88/0.94  0.85/0.85  0.840.72  0.71/0.61 0.070.39 0.62/0.98  0.60/0.80  0.66/0.70  0.98/1.00  0.69/0.78 22
05 43 1 03bian 1 0.590.73  0.85/0.92  0.81/0.69  0.69/0.63  0.82/0.78  0.83/1.00  0.23/0.67  0.64/0.64 1.00/0.95  0.72/0.78 2/2
05 % 7 0hanye 7 0.36/0.82  0.78/0.86  0.78/0.62  0.61/0.53  0.58/0.54  0.61/0.95  0.53/0.76  0.58/0.77  0.76/0.73  0.62/0.73 22
05 5 35 03banye 35 0.140.32  0.70/0.70 ~ 0.82/0.70  0.57/0.49  0.61/0.58  0.48/0.66  0.34/0.59  0.45/0.79  0.57/0.66  0.52/0.61 32
/it 8 Pin 8 0.19/0.09  0.00/0.00  0.00/0.00  0.00/0.00  0.00/0.00  0.14/0.39  0.00/0.45  0.00/0.13 ~ 0.00/0.00  0.04/0.12 5/5
712 Jidou 12 0.00/0.00  0.30/0.29  0.47/0.41  0.14/0.12  0.71/0.40 ~ 0.28/0.19  0.21/0.65  0.42/0.49  0.17/0.43  0.30/0.33 4/4
15 13 Zhonghuang 13 0.54/0.57  0.03/0.03  0.23/0.20 ~ 0.01/0.00  0.09/0.37  0.300.42  0.17/0.78  0.41/0.56  0.40/0.11  0.24/0.34 4/4
ZE110 Qinhuang 10 0.290.17  0.59/0.59  0.5/0.47  0.320.28  0.64/0.72  0.06/0.53  0.39/0.84  0.71/0.81 0.55/0.46  0.46/0.54 33
%512 Qinhuang 12 0.55/0.35  0.86/0.95  0.85/0.73  0.730.69  0.56/0.67  0.60/0.61  0.21/0.73  0.52/0.70 ~ 0.49/0.37  0.60/0.64 3/2
%177 (inhuang 27 0.05/0.43  0.58/0.71  0.58/0.50  0.340.36  0.320.76  0.00/0.61  0.41/0.32  0.20/0.83  0.58/0.49  0.34/0.56 473
ZE29 (inhuang 29 0.38/0.69  0.67/0.67  0.60/0.75  0.40/0.50  0.82/0.52 1.00/0.51  0.16/0.93  0.29/0.77  0.120.52  0.49/0.65 32
737 Qinhuang 37 0.130.25  0.66/0.66  0.69/0.59  0.46/0.39  0.32/0.22  0.150.71  0.93/0.89  0.76/0.61 0.56/0.42  0.52/0.53 33
#5143 Qinhuang 43 0.17/0.18  0.62/0.64  0.60/0.51 0.37/0.33  0.14/0.63  0.01/0.00  0.69/0.45 ~ 0.37/0.00  0.67/0.33  0.40/0.34 4/4
HERE 0.71%/ 0.947%/ 0.91%/ 0.94"%/ 0.60 "/ 0.68*"/ 0.57%/ 0.77**/ 0.77%/
0.81" 0.91"* 0.90"" 0.90 " 0.5~ 0.75"" 0.32 0.72"" 0.89 "
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r; : Correlation coefficients between membership function value of morphological indexes and their average membership function at seedling/flowering

stage.
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Table 2 Comparison of grades of drought-resistance between seedling stage and
flowering stage according to the membership function value of morphological indexes
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Membership function value

EnRs il

Grades of drought-resistance

R

Materials i pial Y T iz SEHE
Seedling stage  Flowering stage Average Seedling stage  Flowering stage Average

7k 5 Yong 5 0.74 0.74 0.74 2 2 2

7k 26 Yong 26 0.82 0.80 0.81 1 1 1

7Kk 46 Yong 46 0.86 0.86 0.86 1 1 1

7K 52 Yong 52 0.69 0.80 0.75 2 2 2

05 4 1 O5bian 1 0.72 0.80 0.76 2 2 2

05 28 7 05banye 7 0.62 0.76 0.69 2 2 2

05 5 35 05banye 35 0.51 0.63 0.57 3 2 3

it 8 Pin 8 0.04 0.13 0.09 5 5 5

FLT7 12 Jidou 12 0.32 0.36 0.34 4 4 4

Hr 3 13 Zhonghuang 13 0.27 0.38 0.33 4 4 4

Z& % 10 Qinhuang 10 0.47 0.57 0.52 3 3 3

FE 12 Qinhuang 12 0.58 0.64 0.61 3 2 2

Z% 5 27 Qinhuang 27 0.34 0.58 0.46 4 3 3

Z& B2 29 Qinhuang 29 0.50 0.67 0.59 3 2 3

Z& B 37 Qinhuang 37 0.53 0.54 0.54 3 3 3

ZZE 43 Qinhuang 43 0.40 0.34 0.37 4 4 4
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Table 3 Comprehensive evaluation of drought resistance of different soybeans according
to membership function value of physiological indexes at seedling state/flowering stage

PR R s T ek o T ORE )
Lk el R wR g, AR Tt SOD CAT  Average  Crdesof
Materials MDA Relative Pro Chlorophyll POD o o . drought
content  conductance  content suger content activity activity activity membe'rshlp resistance
content function
75 Yong 5 0.73/0.90 0.80/0.43 0.99/1.00 0.85/0.93 0.84/0.91 0.81/1.00 0.83/0.87 0.90/0.73 0.84/0.85 /1
726 Yong 26 1.00/1.00 1.00/0.83 1.00/0.78 0.97/1.00 1.00/1.00 0.76/0.92 0.84/0.96 1.00/1.00 0.95/0.94 1/1
7k 46 Yong 46 0.98/0.9 0.91/0.88 0.75/0.51 1.00/0.96 0.78/0.84 0.82/0.84 1.00/1.00 0.93/0.94 0.89/0.87 1/1
7K 52 Yong 52 0.77/0.88 0.71/0.79 0.29/0.42 0.77/1.00 0.89/0.79 0.75/0.79 0.98/0.85 0.92/0.77 0.76/0.79 22
05 % 1 03bian 1 0.83/0.95 0.60/0.72 0.34/0.29 0.82/0.80 0.66/0.71 1.00/0.71 0.65/0.79 0.71/0.84 0.70/0.73 )
05 %5 7 05hanye 7 0.93/0.93 0.62/0.51 0.28/0.43 0.51/0.71 0.51/0.54 0.75/0.94 0.31/0.00 0.44/0.67 0.54/0.59 33
05 24 35 0hanye 35 0.73/0.85 0.66/0.66 0.15/0.05 0.52/0.67 0.47/0.53 0.72/0.94 0.45/0.01 0.62/0.13 0.54/0.48 3/3
8 Pin8 0.36/0.67 0.00/0.03 0.00/0.03 0.00/0.00 0.22/0.00 0.0070.00 0.00/0.01 0.00/0.00 0.07/0.09 5/5
B 12 Jidou 12 0.79/0.37 0.61/0.08 0.28/0.00 0.49/0.49 0.00/0.13 0.34/0.31 0.39/0.25 0.24/0.68 0.39/0.29 474
1% 13 Zhonghuang 13 0.00/0.22 0.03/0.00 0.13/0.23 0.13/0.18 0.72/0.01 0.07/0.19 0.34/0.65 0.07/0.07 0.19/0.19 5/5
#1510 Qinhuang 10 0.33/0.00 0.69/1.00 0.35/0.10 0.62/0.68 0.38/0.53 0.69/0.65 0.17/0.67 0.43/0.92 0.46/0.57 3/3
#1512 (inhuang 12 0.38/0.39 0.72/0.81 0.53/0.21 0.72/0.79 0.39/0.46 0.69/0.61 0.82/0.75 0.54/0.51 0.60/0.57 23
%527 Qinhuang 27 0.46/0.08 0.76/0.74 0.53/0.33 0.61/0.77 0.32/0.28 0.78/0.79 0.410.77 0.80/0.46 0.58/0.53 3/3
%529 Qinhuang 29 0.76/0.72 0.77/0.65 0.39/0.30 0.82/0.9 0.40/0.43 0.75/0.84 0.30/0.69 0.45/0.54 0.58/0. 64 3/2
%1 37 (inhuang 37 0.67/0.11 0.69/0.71 0.49/0.33 0.55/0.85 0.61/0.40 0.80/0.88 0.19/0.71 0.65/0.37 0.58/0.55 3/3
Z 4 43 (inhuang 43 0.38/0.38 0.75/0.75 0.46/0.33 0.71/0.91 0.36/0.31 0.81/0.96 0.80/0.45 0.67/0.62 0.62/0.59 23
I 0.69 "/ 0.89 %/ 0.8/ 0.95%/ 0.65/ 0.84%/ 0.80 "%/ 0.95*/
0.51" 0.74"* 0.76 ** 0.92** 0.95 " 0.81 " 0.67** 0.80** )
I 0.71*/ 0.75*%/ 0.64 %/ 0.86 "/ 0.72%/ 0.7/ 0.68 "/ 0.81*%/ 0.90 "/
0.59* 0.66 0.66 ** 0.81** 0.93 0.73 " 0.58" 0.72** 0.93 "

vy < P/ AEIIAS A B A AR R 2 SR s e RS B A PR A R b S e B [ A A 58 R K5 vy < WU/ AE I S IR b 5 6 SRR e (LS
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r; : Correlation coefficients between membership function value of physiological indexes and their average membership function at seedling state/flow-

ering stage,,

1, : Correlation coefficients between comprehensive membership function value of morphology indexes and membership function value of physiological

indexes at seedling state/flowering stage.
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Table 4 Comprehensive evaluation results of drought-resistance on the average membership

function value of physiological indexes at seedling and flowering stages

V-5 e A E i F41
e Average membership function Grades of drought-resistance
Materials
H iz ] F-HMH Hi T T {H
Seedling stage  Flowering stage Average Seedling stage  Flowering stage Average
7 5 Yong 5 0.84 0.85 0.85 1 1 1
7K 26 Yong 26 0.95 0.94 0.95 1 1 1
7k 46 Yong 46 0.89 0.87 0.88 1 1 1
7K 52 Yong 52 0.76 0.79 0.78 2 2 2
05 % 1 05bian 1 0.70 0.73 0.72 2 2 2
05 1§ 7 05banye 7 0.54 0.59 0.57 3 3 3
05 B} 35 05banye 35 0.54 0.48 0.51 3 3 3
/4 8 Pin 8 0.07 0.09 0.08 5 5 5
12 Jidou 12 0.39 0.29 0.34 4 4 4
t1# 13 Zhonghuang 13 0.19 0.19 0.19 5 5 5
# £ 10 Qinhuang 10 0.46 0.57 0.52 3 3 3
# £ 12 Qinhuang 12 0.60 0.57 0.59 2 3 3
Z& 2 27 Qinhuang 27 0.58 0.53 0.56 3 3 3
# £ 29 Qinhuang 29 0.58 0.64 0.61 3 2 2
% 5 37 Qinhuang 37 0.58 0.55 0.57 3 3 3
73 2 43 Qinhuang 43 0.62 0.59 0.61 2 3 2
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Table 5 Comparison of drought-resistance grades between the results on morphological

indexes and physiological indexes at seedling and flowering stages

BT A BHR bR R SU0 TSR0
Grades of drought resistance Grades of drought-resistance
ZERR A on physiological indexes on morphological indexes
Materials
Hiil £ Hi ] £
Seedling stages Flowering stages Seedling stages Flowering stages
7k 5 Yong 5 1 1 2 2
7Kk 26 Yong 26 1 1 1 2
7k 46 Yong 46 1 1 1 1
7K 52 Yong 52 2 2 2 2
05 % 1 O5bian 1 2 2 2 2
05 -8 7 05banye 7 3 3 2 2
05 5 35 05banye 35 3 3 3 2
fih 8 Pin 8 5 5 5 5
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Grades of drought resistance Grades of drought-resistance
RS on physiological indexes on morphological indexes

Materials
Hil 1 HilY 1E3]
Seedling stages Flowering stages Seedling stages Flowering stages

#1712 Jidou 12 4 4 4 4
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Zz 5 27 Qinhuang 27 3 3 4 3
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ZZE 43 Qinhuang 43 2 3 3 4
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