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Table 1 Tested mung bean varieties and their origins
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Table 2 Saline-alkaline tolerance coefficient of each single indicator in different mung bean genotypes
fn GR GL RL FWG FWR DWG  DWR RSR RC GP GI VI
G2 0.700 0222 0422 0344  0.668 0389  0.505 1297 1622 0357  0.601  0.401
GG 0.222 0239 0530 0330  0.301 0.460 0246 0535 2356 0.083 0.153  0.046
GEFE5E 0.059 0.438  0.566  0.536  0.405 0.606 0480  0.792  1.868 0.000  0.039  0.016
WS 0.316 0529 0226 0595 0912 0.721  0.900 1.248 2509 0.167 0280  0.255
NG 0.059 0.135  0.618  0.545 1.343 0.590  0.851 1442 233 0.000  0.034  0.045
NGRS 0250  0.754 0499 0551  0.582 0.499  0.504 1.010  2.063 0.154 0301  0.175
‘HE3E 0.450 0742 0345 0469  0.599 0436 0.504 1.156  2.301 0.273 0.406  0.243
HGESH 0.789 0.446 0230  1.011 0.857 0876  0.682 0779  3.404 0.500  0.665  0.570
‘HG6 0.737 0295 0471 0975  0.596 0.733  0.747 1.019 2732 0.667  0.847  0.505
HETS 0.368 0.691 0524 0707  0.950 0.626  0.844 1.348 2982 0250 0571  0.543
‘HFH 0.333 0.118  0.196  0.168  0.337 0267  0.366 1367 2551 0.182 0299  0.101
HEE I8N 0.632 0415 0396 0222 0271 0257  0.293 1.140  1.684 0.455 0.474  0.128
NEECN 0250 0577 0219  0.822  0.898 0.867  0.657  0.758  2.024 0222 0366  0.328
4522 0.158 0.623  0.836  0.185  0.254 0242 0235 0972  3.237 0.091 0.091  0.023
P35 0200 0361 0322 0560  0.702 0.764  0.545 0.714  2.577 0.167  0.121  0.085
Pragsse 0350  0.082 0509 0296  0.291 0324  0.384 1.184  1.685 0.231 0241 0.070
PUE L Ec 0.500 0269 0544 0388  0.304 0384 0360 0938 2322 0.444 0494  0.150
STH109° 0.263 0.466  0.622  1.003  0.877 0.801 0740  0.924 2570 0.167  0.173  0.152
KBRS 0.556 0416 0314 0597 0415 0.549  0.597 1.087  3.526 0.714  0.601  0.249
hagls 0.737 0.491 0236 0391 0372 0366  0.438 1.199  2.098 0.600 0569  0.212
thigtag 0.421 0333 0331 0444 0385 0.423  0.365 0.864 2359 0.308 0.469  0.181
‘hgte’ 0200  0.090 0343 0422 0517 0.461  0.544 1.179  2.110 0.091 0.109  0.057
e 0.778 0410 0772 0999  0.939 0.801 1.093 1364  3.687 0462 0710  0.666
S 0250  0.786 0331 0786  1.111 0935 0930  0.995 1.803 0.167  0.119  0.132
T 0.105 0364 0245 0407 0367 0480 0369 0769  2.506 0.100  0.127  0.047
HLE05° 0.158 0.699 0715 0942  0.654 0.828  0.573 0.692  2.535 0.125 0252 0.165
i 0.500 0227 0702  0.812 0471 0.600 0432 0720  3.526 0.273 0341 0.161
Wbk 0.158 0312 0304 0.743 0563 0913  0.544 0.596  3.340 0.100 0.245  0.138
FREE3S 0.222 0.666 0582  0.767  0.788 0.579  0.731 1264 2296 0.182 0282  0.222
LS 0.278 0332 0232 0477 0951 0.495  0.692 1399 1.823 0250 0339  0.323

GR: K%, GL: N5 K RL: IR FWG: IRZFEF 8 FWR: IRARES 5 ; DWG: JRZET 5 DWR: JRFRF #; RSR: MR L, RC: AXS HL T
R GP: RS GL R EEFRE VI 3G 1485 T,

3 ERPIE ST T % S A AU B AR A 0% R R

Table 3 Correlation matrix of every single indicator during mung bean germination period under saline-alkaline stress

LD GR GL RL FWG FWR DWG  DWR RSR RC GP GI 144
GR 1.00

GL -0.09 1.00

RL —0.11 0.10 1.00

FWG 0.16 0.33 0.19 1.00

FWR -0.10 0.27 0.00 0.59" 1.00

DWG -0.08 0.32 -0.02 0.88" 0.65" 1.00

DWR 0.11 0.28 0.04 0.71" 0.88" 0.707  1.00

RSR, 0.25 -0.07 -0.04 -0.22 0.33 -0.35 0.39" 1.00

RC 0.22 0.02 0.27 0.45" 0.03 0.33 0.21 -0.20 1.00

GP 0.90" -0.03 -0.19 0.17 -0.16 -0.06 0.08 0.19 0.25 1.00

GI 0917 0.03 -0.12 0.28 -0.02 0.02 0.21 0.24 0.28 0.89"  1.00

VI 0.69” 0.20 -0.04 0.56" 0.42° 0.37 0.59" 0.30 0.36 0.59" 0837  1.00

H A3 2 P<0.05F1P<0.01 1) 535 /K -
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Table 4 Coefficients and contribution of comprehensive indicators
. . T R 7]
TS R TRk
HRAR/% GR GL RL FWG FWR DWG DWR RSR RC GP GI 7
CI, 4319 35988 35988 0.615 0.287 —0.001 0.780 0.576 0.615 0.769 0211 0.454 0.586 0.725 0.910
CI, 3.045 25378 61366 —0.733 0360 0219 0474 0.609 0.666 0464 -0.264 0.034 —0.728 —0.654 —0.218
CL 1.661 13.845  75.211 —0.057 -0.034 —0.300 —0.288  0.467 —0.229 0369 0.832 —-0.601 —0.114 —0.065 0.075
Cl, 1.102 9.181 84.392 -0.005 —0.079 0.867 —0.041 0.012 —0.288 0.082 0378 0.311 —-0.106 —0.030 0.031
CI; 0.881 7.346  91.737 0.017 0.861 0.152 -0.044 —0.114 -0.128 —0.107 -0.018 —0.252 0.061 0.075 0.035

RS AFREEEMLEEIRME. BE. UX). DERGE

Table 5 The comprehensive indicator values, indicator weight, U(X)), D value and

comprehensive evaluation of different mung bean genotypes

i cr, cr cr, c,  C UX) UX) UX)  UX) UX) DI AR

RS EVASH 0.219 —1.403 1.261 0.132 —0.149 0.593 0.878 0.840 0.353 0.200 0.654 g
LRFE3E —1.424 0.002 —1.265 —0.103 —0.395 0.046 0.224 0.000 0.522 0.223 0.150 D]
o ESEN -1.199 0.962 —0.354 0.016 0.380 0.000 0.000 0.283 0.578 0.506 0.141 D]
sk 5 0.501 0.721 1.196 —0.651 —0.180 0.368 0.352 0.787 0.047 0.635 0.416 2t
NGRS -0.321 1.503 1914 1.609 -1.906 0.045 0.000 1.000 0.659 0.075 0.241 D]
NGRS —0.349 0.356 0.150 0.054 1.900 0.245 0.262 0.523 0.473 0.955 0.371 2t
HEE3 e 0.003 —0.361 0.479 -0.277 1.742 0.350 0.535 0.685 0.233 0.937 0.487 2t
CHEESS 1.969 -0.379 —1.094 -1.307 -0.617 0.852 1.000 0.269 0.054 0.517 0.698 g
‘EHER6S’ 1.803 —1.083 —0.621 —0.137 —-0.499 0.753 0.928 0.533 0.430 0.303 0.700 g
CEHERTS 1.314 0.291 0.739 0.989 0914 0.810 0.424 0.896 0.512 0.865 0.691 g
L9 5 -1.079 —1.080 0.893 —0.069 —1.246 0.131 0.376 0918 0.000 0.052 0.298 2t
‘HZE1S —0.681 —1.703 0.414 —0.206 1.06 0.173 0.784 0.667 0.312 0.473 0.455 2t
‘HEE9 5 0.546 0.896 0.029 -1.901 0.376 0.481 0.262 0.246 0.036 0.703 0.358 2t
‘HEZES522 —1.457 -0.014 —1.105 2.372 1.439 0.011 0.136 0.482 1.000 0.768 0.276 2t
‘PkLr3se —0.436 0.821 -0.527 -1.034  —0.717 0.106 0.193 0.197 0.197 0.396 0.176 D]
‘Pkegs s -1.193 —0.823 0.591 0.534 —0.755 0.083 0.399 0.716 0.489 0.000 0.300 2t
L8 E —0.428 -1.215 —0.564 0.372 0.038 0.207 0.604 0.444 0.544 0.266 0.391 2t
GLE105° 0.381 1.352 —0.381 0.466  —0.208 0.209 0.280 0.429 0.665 0.546 0.334 2t
CRESEFSR 0.806 —1.254 —0.795 —0.193 —0.245 0.359 0.680 0.609 0.184 0.475 0.477 2t
gkl 5 0.139 -1.770 0.424 —0.832 0.947 0.301 0.928 0.732 0.063 0.581 0.538 2t
‘g s —0.436 —0.831 —0.428 -0.624  —0.010 0.253 0.496 0.362 0.212 0.357 0.341 2t
‘HhEt6se -1.011 0.096 0.793 —0.028 -1.512 0.063 0.193 0.710 0.229 0.012 0.209 D]
‘RS 2.553 —0.137 —0.080 2.223 —0.645 1.000 0.984 0914 0.899 0.467 0.930 g
CBLEE 0.493 1.767 0971 —1.234 1.108 0.179 0.262 0.507 0.211 1.000 0.320 2t
CBELRTS —1.194 0.218 —0.492 —0.993 -0.304 0.047 0.064 0.257 0.076 0.401 0.115 D]
‘L1075 0.120 1.399 -1.269 0.389 1.222 0.229 0.136 0.173 0.810 0.877 0.305 2t
WES IS 0.087 —0.062 -1.969 1.161 —1.046 0.223 0.604 0.204 0.791 0.206 0.381 2t
Famkeg e —0.086 0.995 —1.535 -1.079 -1.369 0.188 0.136 0.067 0.170 0.327 0.164 D]
TREE3E 0.248 0.774 0.670 0.839 1.119 0.317 0.224 0.804 0.602 0.830 0.434 2t
g5 0.116 —0.035 1.955 —-0.490 —0.444 0.472 0.300 0.953 0.057 0.356 0.446 2t
AE 0.392 0.277 0.151 0.100 0.080

B, AL T RRBPAREL, K30 ARG R SRR, SR SRR 16.67%; TR E
N3N IEAE. RO RS, EHAR6S . fhepagls . HH35 . CKREIART . AR
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Fig.1 The dendrogram of clusters for 30 mung bean varieties
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Fig.2 Comparison of germination among representative mung bean varieties in different types of saline-alkaline tolerance
FhORAL B 50 mmol- L.

Table 6 Analysis of evaluation accuracy of equation

RpE JFARE A ZE A%
GgEF2e 0.654 0.654 0.001 99.903
GFEF3E 0.150 0.150 0.000 99.904
GFFSg 0.141 0.141 0.000 99.873
kg 0.416 0.416 0.000 99.926
NGRS 0.241 0.241 0.000 99.875
NGRS 0.371 0.371 0.000 99.983
HE3E 0.487 0.487 0.000 99.980
S 0.699 0.698 0.001 99.923
‘HE6s” 0.701 0.700 0.001 99.913
HETS 0.691 0.691 0.001 99.912
HEG” 0.299 0.298 0.000 99.871
M= IREN 0.455 0.455 0.000 99.979
‘F495° 0.358 0.358 0.000 99.948
4522 0.276 0.276 0.000 99.910
W3 g 0.176 0.176 0.000 99.970
PegEsge 0.300 0.300 0.000 99.920
S48 0.391 0.391 0.000 99.970
L1005 0.334 0.334 0.000 99.995
R EFSR D 0.478 0.477 0.000 99.946
chggtl g 0.539 0.538 0.000 99.963
rhgga g 0.341 0.341 0.000 99.962
‘hgtes” 0.209 0.209 0.000 99.878
rhgto g 0.931 0.930 0.001 99.907
RN 0.320 0.320 0.000 99.962
TS 0.115 0.115 0.000 99.945
HLE0T° 0.305 0.305 0.000 99.935
N EGN 0.381 0.381 0.000 99.989
RipSa N 0.164 0.164 0.000 99.997
TREE3S” 0.434 0.434 0.000 99.965
ML 0.447 0.446 0.001 99.870
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Analysis of saline-alkaline tolerance and screening of identification indicators

at the germination stage among different mung bean genotypes

YU Song, GUO Xiao-Xiao, LIANG Hai-Yun, FU Luan-Hong, SHI Jing-Jing, ZHANG Yi-Fei’, CHUANG Lei
College of Agriculture, Heilongjiang Bayi Agricultural University, Heilongjiang Provincial Key Laboratory of Modern Agricul-
tural Cultivation and Crop Germplasm Improvement, Daqing, Heilongjiang 163319, China

Abstract: The purpose of this paper was to investigate the characteristics of saline-alkaline tolerance during
germination stage among different mung bean (Vigna radiata) genotypes, screen suitable identification indica-
tors, and establish reliable mathematical model for saline-alkaline tolerance evaluation, which would provide
scientific basis for cultivation practices of stress-resistance, breeding and spreading of new mung bean varieties
with saline-alkaline tolerance, and identification and evaluation experiments of saline-alkaline tolerance ability
for a large number of mung bean germplasm resources. Thirty varieties were selected as experimental materials
which were cultured in petri dishes in artificial climate system. 50 mmol-L" mixed saline-alkaline solution
(NaHCO;:Na,CO, with the mole ratio of 9:1) was used to simulate the typical saline-alkaline stress of the Song-
nen Plain, and distilled water treatments were set as control in this study. Twelve growth indicators, including
germination rate (GR), germ length (GL), radicle length (RL), fresh weight of germ (FWG), fresh weight of rad-
icle (FWR), dry weight of germ (DWG), dry weight of radicle (DWR), root shoot ratio (RSR), relative conduc-
tivity (RC), germination potential (GP), germination index (GI) and vigor index (V1) of different mung bean
genotypes under control and saline-alkaline stress treatments were determined. And then based on the saline-al-
kaline tolerance coefficient (S47C) of single indicator in every mung bean variety as basic data, principal com-
ponents analysis, hierarchical cluster analysis and regression analysis were performed to comprehensively eval-
uate the saline-alkaline tolerance of different mung bean varieties. The results showed that by principal
component analysis, twelve single indicators could be converted into five independent comprehensive compo-
nents, which represent 91.74% information on the raw data of the traits related to saline-alkaline tolerance. In
addition, the membership function method was employed to calculate comprehensive saline-alkaline tolerance
value (D), and 30 mung bean varieties were divided into three types by carrying out cluster analysis based on D
value. At last, a mathematical evaluation model for mung bean saline-alkaline tolerance during germination
stage was established by stepwise regression analysis, D=—0.161+0.604V1+0.379GR+0.167RSR+0.156RL+
0.113GL (R*=0.999). According to the model, five indicators closely related to the saline-alkaline tolerance, in-
cluding VI, GR, RSR, RL and GL, by which we could rapidly identify and predict saline-alkaline tolerance of
other mung bean varieties under the same stress condition during germination stage.

Key words: mung bean; germination stage; saline-alkaline tolerance coefficient; multivariate analysis; identifi-
cation indicators
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