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Analysis of saline-alkaline tolerance and determination of saline-alkaline tolerance
evaluation indicators in seedling stage of different mung bean genotypes

YU Song, LIANG Hai-yun, GUO Xiao-xiao, ZHANG Yi-fei, SHI Jing-jing, FU Luan-hong
(College of Agronomy, Heilongjiang Bayi Agricultural University/ Heilongjiang Provincial Key Laboratory of Modern Agricultural
Cultivation and Crop Germplasm Improvement, Daqing, Heilongjiang 163319, China)

Abstract: In order to clarify the saline - alkaline tolerance characteristics screen suitable evaluation indica-
tors, and establish reliable mathematical evaluation model for saline - alkaline tolerance of mung bean,, 30 varie-
ties were used as experimental materials in this study. the weight ratio of NaHCO; to growth medium which was
composed of 50% grass charcoal and 50% vermiculite was set to 0( CK) and 0.6% saline - alkaline stress at two
treatment levels. the 20 morphological and physiological and biochemical indicators of different genotypes of mung
bean seedlings under control and saline — alkaline stress treatments were determined. based on the saline — alka-
line tolerance coefficient ( SATC) of each individual indicator, different genotypes mung bean were evaluated by
principal components analysis, hierarchical cluster analysis and regression analysis. Though theprincipal component
analysis, 20 individual indicators were converted into 8 independent comprehensive components. Based on the com-
prehensive saline - alkaline tolerance value (D) of each variety obtained by the subordinate function method, 30
mung bean varieties were classified into 4 types by cluster analysis. Among them,Zhonglv 9, Lvfeng 2, Jilv 9 and
Taolv 3 were strongly saline — alkaline tolerant varieties. a mathematical evaluation model of saline - alkaline tol-
erance for mung bean was established by stepwise regression analysis. According to the model, 7 indicators closely
related to the saline - alkaline tolerance, including net photosynthetic ( Pn), relative electrical conductivity

(REC) , maximum photochemical efficiency of PSIT ( F,/F, ), soluble sugar content (SS), initial fluorescence
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(Fo), aboveground dry matter weight (DWG) , underground fresh weight ( FWUG) , can be used to quickly evalu-

ate and predict the saline - alkaline tolerance of different genotypes of mung bean.

Keywords: mung bean; saline - alkaline tolerance coefficient; principal components analysis; cluster analy-

sis; indentification indicators
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Table 1 Numbers, codes and origins of mung bean varieties in test
G i [z HRI G A (NG R
Number Varieties Code Origin Number Varieties Code Origin
| pE2% LF2 BRI 16 Phak s 5 TLS A
Lufeng 2 Heilongjiang Province Taolu 5 Jilin Province
5 BE3IS LF3 B 17 L85 LL8 L8
Lufeng 3 Heilongjiang Province Liaolu 8 Liaoning Province
3 BEs5 LFS LY RIRC) 18 410 % LL10 ST 2)
Lufeng 5 Heilongjiang Province Liaolu 10 Liaoning Province
4 ik 15 NL1 BT 19 KU R4 DYGL TRl
Nenlu 1 Heilongjiang Province Dayinggelu Hebei Province
5 N1 GLI1 ERINa) 20 thig 15 711 IOl
Gonglu 1 Jilin Province Zhonglu 1 Hebei Province
6 N 25 oL HARE 21 thig 4 5 714 Ol ey
Gonglu 2 7 Jilin Province Zhonglu 4 Hebei Province
k35 HARE gk 6 = Ol ey
i i
! Jilu 3 JL3 Jilin Province 2 Zhonglu 6 L6 Hebei Province
8 LSS JLS HHRE 23 gk 9 5 719 el
Jilu 5 Jilin Province Zhonglu 9 Hebei Province
s g B ARG w2y wALE
=] = B
? Jilu 6 ILs Jilin Province i Jilu 2 2 Hebei Province
gy B A g7 B TG
Fak T l‘l*/k‘é 7'334(7 7 (ﬂjt‘é
10 Jilu 7 JL7 Jilin Province 2 Jilu 7 JIL7 Hebei Province
4 g B s g 10 2 TG
FaK9 T iR 105 b
i Jilu 9 I Jilin Province 26 Jilu 10 JILIO Hebei Province
EE R GEEiNe) Vile3s2 i)
12 Bailu 1 BLI Jilin Province 2 Minglu MLD Shanxi Province
F&9 %5 ELi%e) HpRER L IR
13 Bailu 9 BLY Jilin Province 28 Yulinlu YLLD Shanxi Province
14 P14k 522 BLS22 EERSe) 29 PRG35 CL3 Wl AR
Bailu 522 Jilin Province Chilu 3 Neimonggol Autonomous Region
s wEsn ek w | s s X
Taolu 3 Jilin Province Xinglu 1 Neimonggol Autonomous Region
1.2 WEmMBS5AE 6 KHEHE,

FERE 26 10 K, IC A S FPAS [ AL 38R 49
BRI R (ER) = i EU # B 80x100% .

FEFPIG 5 28 K, R4S M FIASR A 3 R AR SR
PEAR BRI 2 — B & i f L1 6400XTR HUfE 45 X0
AL SERE LT - COR A #]) Ml 5E A3 # (Pn) |
Jfla] CO, ¥ B (Ci) | 25 3 % (Tr) MR AL i
(Gs) ,5E Bl 28 CO, M E N 400 wl - L7, %
SR Z) A 800 wmol - m™ - s~ JRE K 25+2°C, [FlH
i 0S — 30P & R ik b i il 226 43 A3 ( 55
Opti-Sciences 23 A ) A7 E , M R W5 3E IV 30 min
JE BRI 25 (Fy) RPN (F,,) 3 J6IE I 30
min JEME G N RSO (F) OGN T 1 K9E
JE(F ) JEER T /NGO (F ) IR R R R
HAFRF Fo/Fm=(F,~F,)/F, 5o
Doy =(F' —F)/F', o B E R L% HC
2, B 3 Wk, BOFSME, BT A S 808 ¥

RIS 30 d, SIS 4 30 Bk, AES
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FERTE S, LB K TR VEARER, oK 408 5%
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Table 2 Saline - alkaline tolerance coefficient of each individual indicator of different genotypes of mung bean

GEESESES

A

Varieties ER  Pn Ci Tr Gs Fy F,/F, ®py; PLH RL FWG FWUG DWG DWUG PWC Chli MDA Pro SS REC
LF2  0.87 0.563 1.279 0.384 0.768 1.048 0.663 0.687 0.817 0.752 0.57 0.57 0.953 0.769 0.91 0.918 1.627 1.275 1.21 1.292
LF3  0.766 0.343 1.054 0.346 0.636 1.469 0.605 0.65 0.756 0.729 0.604 0.62 0.976 0.747 0.966 0.925 1.593 1.31 1.057 1.34
LF5 0.911 0.345 1.302 0.363 0.636 1.327 0.782 0.853 0.869 0.709 0.599 0.589 0.981 0.884 0.949 0.915 1.702 1.056 1.107 1.51
NL1  0.675 0.449 1.378 0.512 0.981 1.22 0.988 0.783 0.657 0.622 0.455 0.463 0.826 0.97 0.953 0.914 1.358 1.774 1.081 1.222
GL1  0.923 0.572 1.198 0.299 0.881 1.322 0.675 0.751 0.857 0.736 0.52 0.564 0.93 0.852 0.978 0.807 1.357 1.167 1.077 1.037
GL2  0.726 0.558 1.165 0.593 0.664 1.387 0.88 0.773 0.736 0.618 0.562 0.598 0.935 0.701 0.879 0.988 1.325 1.312 1.024 1.163
JL3  0.762 0.469 1.39 0.244 0.726 1.026 0.425 0.65 0.754 0.753 0.588 0.611 0.822 0.816 0.825 0.634 1.255 1.188 1.148 1.238
JLS  0.912 0.338 1.434 0.207 0.501 1.239 0.663 0.913 0.867 0.784 0.73 0.802 0.901 0.965 0.96 0.927 1.067 1.02 1.123 1.519
JL6 0.995 0.428 1.153 0.541 0.773 1.145 0.618 0.664 0.953 0.829 0.665 0.714 0.806 0.735 0.902 0.87 1.563 1.197 1.078 1.099
JL7  0.841 0.458 1.106 0.291 0.854 1.373 0.999 0.781 0.825 0.668 0.582 0.605 0.945 0.866 0.864 0.932 1.317 1.147 1.074 1.203
JL9  0.838 0.577 1.378 0.384 0.936 1.115 0.964 0.737 0.861 0.667 0.54 0.554 0.88 0.762 0.891 0.967 1.204 1.186 1.131 1.341
BL1  0.802 0.589 1.108 0.225 0.406 1.164 0.516 0.741 0.77 0.699 0.561 0.632 0.952 0.886 0.87 0.743 1.212 1.138 1.102 1.051
BL9  0.978 0.564 1.336 0.406 0.64 1.365 0.514 0.752 0.958 0.892 0.677 0.677 0.947 0.828 0.93 0.777 1.07 1.631 1.117 1.101
BL522 0.729 0.59 1.352 0.53 0.62 1.144 0.904 0.532 0.736 0.605 0.446 0.473 0.957 0.63 0.996 0.905 1.403 1.405 1.083 1.234
TL3  0.807 0.538 1.424 0.803 0.754 1.295 0.456 0.655 0.783 0.661 0.582 0.636 0.985 0.72 0.886 0.755 1.486 1.572 1.102 1.497
TL5  0.851 0.359 1.096 0.339 0.78 1.382 0.427 0.641 0.834 0.65 0.416 0.415 0.949 0.697 0.938 0.996 1.168 1.053 1.1 1.29
LL8  0.854 0.444 1.438 0.295 0.778 1.058 0.98 0.687 0.856 0.587 0.637 0.661 0.938 0.769 0.885 0.7 1.26 1.387 1.076 1.241
LL10  0.896 0.571 1.313 0.503 0.967 1.391 0.683 0.688 0.852 0.764 0.544 0.563 0.822 0.88 0.839 0.903 1.323 1.461 1.095 1.069
DYGL 0.884 0.44 1.256 0.419 0.797 1.318 0.459 0.608 0.837 0.733 0.559 0.561 0.869 0.649 0.804 0.956 1.002 1.27 1.104 1.112
ZL1  0.555 0.311 1.111 0.243 0.725 1.334 0.531 0.625 0.57 0.516 0.3 0.332 0.995 1.013 0.892 0.773 1.032 1.173 1.186 1.09
Z1A  0.85 0.442 1.349 0.29 0.913 1.434 0.5 0.551 0.827 0.57 0.582 0.605 0.851 0.687 0.933 0.771 1.127 1.357 1.204 1.068
ZL6  0.716 0.327 1.196 0.507 0.655 1.491 0.823 0.812 0.73 0.638 0.588 0.622 0.976 0.759 0.913 0.914 1.117 1.2 1.095 1.381
ZL9  0.959 0.455 1.431 0.23 0.936 1.164 0.757 0.795 0.883 0.826 0.789 0.854 0.897 0.917 0.852 0.685 1.194 1.149 1.135 1.339
JIL2  0.673 0.452 1.029 0.16 0.711 1.196 0.506 0.703 0.709 0.657 0.823 0.901 0.823 0.771 0.939 0.518 1.097 1.03 1.094 1.4
JIL7  0.925 0.452 1.34 0.285 0.801 1.091 0.758 0.864 0.911 0.82 0.447 0.622 0.848 0.952 0.883 0.71 1.299 1.261 1.09 1.156
JIL1I0  0.874 0.537 1.254 0.285 0.802 1.422 0.636 0.753 0.878 0.801 0.562 0.552 0.923 0.621 0.924 0.933 1.283 1.105 1.031 1.084
MLD 0.585 0.342 1.474 0.517 0.618 1.164 0.616 0.529 0.581 0.563 0.348 0.366 0.993 0.633 0.822 0.986 1.402 1.498 1.09 1.277
YLLD 0.777 0.341 1.21 0.305 0.671 1.476 0.693 0.718 0.83 0.749 0.614 0.681 0.905 0.825 0.941 0.686 1.488 1.123 1.079 1.427
CL3  0.869 0.327 1.326 0.246 0.76 1.176 0.578 0.924 0.829 0.811 0.615 0.643 0.983 0.808 0.89 0.717 1.268 1.451 1.143 1.043
XL1 0.784 0.342 1.408 0.246 0.844 1.118 0.766 0.669 0.75 0.512 0.55 0.578 0.911 0.894 0.982 0.89 1.127 1.297 1.062 1.327

TEER: R P OGS Ci 8] COLMREE ; Tr 2RI Gs . AL S Fy IR DENG; F,/F,, : PSIL I IOCA AR Dy : PSIT 5L
BROGALSER0%  PLH Bk 5 s RLARYS s FWG b 18 T FWUG - Wb R 8 55, DWG - b 1 T 5, DWUG : 3y F T 5 PWC AFRR B 7K & 5 Chl: M4 3 s MDA ;
P s Pro WE B IR 5 SS - AIVATENE ; REC ARXTHL %, FIA],

Note: ER, emergence rate; Pn, net photosynthetic rate; Ci, intercellular CO, concentration; Tr, transpiration rate; Gs, stomatal conductance; F,,
initial fluorescence; F,/F, , maximum photochemical efficiency of PSII; @, actual photochemical efficiency of PSII; PLH, plant height; RL, root
length; FWG, aboveground fresh weight; FWUG, underground fresh weight; DWG, aboveground dry matter weight; DWUG, underground dry matter
weight; PWC, plant water content; Chl, chlorophyll content; MDA, malondialdehyde content; Pro, free proline content; SS, soluble sugar content;

REC, relative electrical conductivity. The same below.
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Table 3 Correlation matrix of every individual indicator in mung bean seedlings under saline - alkaline condition
Ini?j::or ER Pn Ci Tr Gs Fy F,/F, ®py PLH RL FWG FWUG DWG DWUG PWC Chli MDA  Pro SS  REC
ER 1.00
Pn 027 1.00
G 016 006 1.00
Tr -011 028 018 100
Gs 021 016 021 005 100
Fy -005 -0.19 -045* 016 -003 100
F/F, -004 012 020 013 026 -013 100
Dy 0397 -012 002 -027 -005 001 03 100
PLH 097" 027 010 -011 018 000 000 039* 100
RL 074" 022 000 -012 -003 -001 -022 050" 0.74** 1.00
FWG  048™ 006 -001 -026 -006 -003 -0.05 038" 051" 049" 100
FWUG 046" 005 -002 -029 -010 -010 -004 044" 050" 05" 096** 1.00
DWG  -025 -020 -007 013 -046** 023 001 002 -027 -024 -029 -035 100
DWUG 006 -020 004 -041* 008 -015 0I8 054" 000 011 04 015 -0I13 100
pwc 001 -010 -014 -012 -011 019 018 009 005 -013 007 005 014 008 100
Chl -001 -001 000 043* 003 028 030 -010 -006 -0.18 -043*-054"* 026 -029 007 100
MDA 01 008 -003 039 -005 -004 020 -002 009 016 -005 -008 017 -014 017 018 10O
Pro -014 021 046" 057" 023 -007 012 -020 -019 -010 -025 -029 003 -008 -008 008 010 10O
SS 002 -007 019 -024 010 -024 -035 -011 -005 000 -003 -004 000 021 -016 -025 -018 -001 100
REC -014 -035 019 010 -023 -002 015 014 -010 -013 030 030 017 006 02 002 04 -023 -004 100

TE: # xSRI P<0.05 Fil P<0.01 19 B35 7KF,
Note: #and #* * significant level at P<0.05 and P<0.01.

22 AEEEB LGS SR ERNER S

7T

FIHT SPSS 21.0 B AFXF 20 A~ BLIGUHE A7 1 i 45
R BT o o B (3R 4) LR 8 INERE IR R
b B o1 Bk R 43 00 A 21.96% ., 13.13% . 11. 51%
9.52% 7.74% .6.42% .5.04% Fl 4.82% (3 4) , Bit
TURRAIE 80.14% , HAR v ZMg AT, X AEE IR Y
20 A FA AH B IOCHR IY B8 bR L 45 8 ST AH
H A7 25 A #5858 ( Comprehensive index, CI) , 435
SN L(CT) B4 8( Cly) E sy, A 20 4
AT bR A 266 RER o015 B g BT A R 255 4R
PR &R & AT LVE H CL Y FWUG FWG 1 3
B CL P Tr B R BER; CL ' SS (MDA 1)

BB CLP F /F, (Ci W RBUEEK; L REC
DWUG W 258K €I DWG . SS W BB K ; I,
I Gs . Pn 2K CLo T Fy Pro W9 R B8R,
LEA Y M R g5 R FWUG PSS F,/F,  REC,
DWG Gs F, P {E R G SRt 1 25 5 S8 e 16 %

2.3 ARERFZEMERFEENEEITEN

231 FE M RIEAX(2) A F R
GG A LR G AR R R EUE U(X,) . R 5 7T
LIE 0 TR G 165 = an C1, e 3L 5sbh 0
AN, ZLL 1 U(X,) fe/N, WG SRR LE CI
FIW S Xk R B 3 o R BURR T JIL2 1Y U (X,) B
K, RS ATEIZ LA G b F R I i FE T R0



228 T b KA B

o536 4

232 REHZ  MESLE AR TR R/, F
AKX HHHE AR AR REE W, &1t
L8 NEE AR IRIIAE 43512 0.274 .0.164 ,0.144
0.119 ,0.097 .0.080 ,0.063 F10.060( 3£ 5) .
233 &AEAFENASsE NMAAK(4)IHTEAR
Ivi) 35 PR A8 2 S T R 2 A PEANE D (8L, I3 D (H
X ER R BE S AT HEE (R 5) . Hd ZL9 W D
E K, F AL ER Bl AE 71 F5c3 s MLD 19 D {EL /]S,
FU L1t £ B R ) 55 o

SR FHAH ]34 B2 HE B I D Hilt T R
Br, EEST T REBLRE (B 1) 8 30 A [R] 5 P 7Y
RN 425,719 LF2 JL9 FI TL3 NS 125, )8
T BE i £R RS A 5 JIL2 JL7 . BL9 | JLS Al LL8 % 13
i B R 55 10 26, J8 T b B R B S A BLL
JIL10 NL1 JIL7 11 LF3 % 10 #y 5 R0 R4 111 26 )R
TER AU s TLS (ZL1 Fl MLD 56 1V 25, & Tk
i e AR
234 WPEAEREIRLERIAGE NS

A MR B A B A T8 bR 5 2 B2 i ol i o ]
Y ZR 18 P 55 1 T 1 65 5 8 b, #R0 AT
T2 P I R AR AN A B A AN [R]
RYE BRI I T SR 0 2 45 (SATC) /R A 48 &, ifit
ERIIVELR B VRO A (D (8 1R R A2 8 R A7 3% 4 [ol
IH53HT , g7 e L 1 H 5 72 . D = - 1.860+0.592Pn +
0.190REC + 0. 240F /F, + 0. 865SS + 0. 150F, +
0.283DWG+0.455FWUG , J5 FE U2 R 5L R* = 0.9856,
P=0.0001, FHAFERTAL20 PATEAR AT 7 48
FXol & 52 v 0 R e 1R A S S, 4 02 P
REC .F,/F, SS.F,.DWG 1 FWUG, X}[nlIHJ5 £ 1
TR BEFEAT IR (3R 6) , 45 R A BRAS [m] ik PR 28 &
GAG RS BE A TE 94.385% L) b, LI A )7 FE R 1 18
Bl gt 2 B ST £ B 1 52 e BH I W LR R 1t
ERBRPEIEAY , B AEAR [F) 45 0 5 W00 At 5 A 4 w21
IR 7 AR IR Eh R L R 2O
T U AE 7 5 Ao 1 5 2

®4 BREER G NRERTHE

Table 4  Coefficients and proportion of comprehensive indicators ( CI,)

i H Ttems cr, cr, cr, ci, cI, cI, cr, Cly

FHAEAR Figen value 4.392 2.625 2.301 1.904 1.549 1.284 1.009 0.964
FEHkF Contribution rate/%  21.962 13.125 11.505 9.519 7.745 6.422 5.043 4.818
Acumiiffﬁizn e 21962 35.088 46.593 56.112 63.857 70.279 75.322 80.140
$EAE 7] 5k Eigenvector ER 0769 0.429 0.150 -0.138 -0.117 0.254 0.204 -0.098
Pn 0.131 0.634 -0.088 -0.183 0.053 -0.188 -0.380 -0.271

ci  0.028 0.414 -0.273 0.591 0.298 0.249 0.217 0.123

Tr -0.439 0.605 0.323 0.009 0.321 -0.009 -0.029 0.277

Gs  0.062 0.485 -0.325 0.188 -0.411 -0.287 0.420 0.054

Fy,  -0.148 -0.148 0.476 -0.450 -0.288 -0.064 0.226 0.486
F,/F, -0.076 0.248 0.324 0.666 -0.343 -0.259 -0.136 -0.116

Dy 0.597 -0.143 0.278 0.360 -0.340 0.261 -0.252 0.235
PLH  0.785 0.399 0.206 -0.167 -0.106 0.159 0.193 -0.100

RL  0.765 0.264 0.123 -0.238 0.011 0.320 -0.135 0.086

FWG  0.811 -0.112 0.141 0.023 0.334 -0.278 0.042 0.158

FWUG  0.849 -0.165 0.086 0.070 0.313 -0.284 -0.056 0.148

DWG  -0.422 -0.263 0.405 -0.015 0.113 0.529 -0.151 0.018

DWUG  0.304 -0.322 -0.218 0.504 -0.433 0.215 -0.198 0.094

PWC  0.012 -0.228 0.465 0.184 -0.134 -0.153 0.194 -0.287
Chl  -0.461 0.319 0.483 -0.035 -0.287 0.177 0.262 -0.036

MDA -0.075 0.293 0.516 0.140 0.252 0.155 -0.086 -0.369

Pro —0.353 0.577 -0.172 0.242 0.151 0.073 -0.160 0.412

SS 0.066 -0.158 ~0.600 0.015 0.144 0.451 0.320 -0.140

REC ~ 0.055 -0.351 0.419 0.482 0.476 -0.053 0.319 0.022
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Table 5 The comprehensive indicator values, index weight, U(X;), D values and comprehensive
evaluation of saline-alkaline tolerance for each variety
. D LA
W e, oy a, g o cL Gl UK U,) UCXS) UCX,) U(Xs) U(Xe) U(Xy) U(Xy) Comprehensive
Varieties D value
evaluation
=LA TN
LF2 0057 0.660 -0.219 0213 0.954 1.503 0302 -2.263 0417 0902 1.000 0415 0529 0.776 0.630 0.047 0.611  High saline -
alkaline tolerance
LF3 -0.463 —0.834 1.851 -0.814 0.338 -0.183 0.083 0.078 0.506 0.113 0.178 0.313 0.629 0.900 0400 0.953 0435 UK Sensitive
EREATENT
LF5 0406 -0.659 1.946 1.035 0.138 1.500 0.718 -0.863 0451 0.120 0.445 0.622 0982 0.925 0400 0.648 0.514 Moderate saline -
alkaline tolerance
NL1 -1.098 1.033 —0.391 2.354 -1.321 -0.990 -0.447 1.114 0.229 0.495 0.308 0.981 0.384 0.102 1.000 0.419 0.438 UK Sensitive
rh TR EL
GL1 0380 0451 0.316 -0.576 -1.512 -0.117 -0.409 -1.122 0407 0.935 0.285 0436 0.000 0.657 0.825 0.637 0.500 Moderate saline -
alkaline tolerance
rPEETHEL
GL2  -0.829 0.599 1319 -0.340 -0.257 -1.166 —1.659 0.810 0.467 0.882 0.000 0.794 0262 0.683 0.449 0.777 0.522 Moderate saline -
alkaline tolerance
JL3 0434 -0.267 -2.126 -0.115 1.263 —0.003 -0.350 —0.589 0.490 0.565 0.669 0.000 0418 0.082 0.556 0.000 0.405 UK Sensitive
GREATENT
JLS 1.554 -1517 0744 1234 0240 1.044 0803 0.515 0.826 0.096 0.533 0415 1.000 0502 0.165 0.459 0.543 Moderate saline -
alkaline tolerance
JL6 1.068 1.234 0.507 —0.998 0.357 -0.558 0.257 -0.900 0.672 0.419 0.287 0.336 0.129 0.000 0.637 0.256 0.402 IR Sensitive
EREATENT
JL7 0.090 -0.065 0.729 0.146 -1.639 —0.483 -0.411 0.011 0480 0.525 0270 1.000 0.345 0.736 0.779 0.746 0.561 Moderate saline -
alkaline tolerance
A TEN
JL9 0.040 1.026 -0.286 1.011 -0.506 -0.415 0.865 -1.149 0.389 0.954 0.577 0940 0.631 0.391 0922 0.192 0.619  High saline -
alkaline tolerance
BL1 0.240 -0.934 -0.505 -1.166 0.119 0.595 -2.924 -0.941 0.527 0.995 0.420 0.158 0.031 0.770 0.000 0.299 0.469 UK Sensitive
EREATENT
BL9 1.112 0.943 -0.051 -0.908 0.269 1.218 -0.722 1.604 0.606 0.904 0498 0.155 0.133 0.743 0.408 0.730 0.546 Moderate saline -
alkaline tolerance
rhEETHEL
BL522  -1470 0.854 0.637 0.305 0.940 —0.651 -0.573 -1.884 0.247 1.000 0.318 0.835 0410 0.796 0.373 0255 0.519 Moderate saline -
alkaline tolerance
e ETER B
TL3 -0.607 1.067 0.526 0.248 2.668 0401 0.081 1.397 0535 0.811 0421 0.054 0953 0.948 0.605 0.580 0.587 High saline -
alkaline tolerance
1o EE UK
TL5 -0.782 -0.611 0.516 —1.562 —-0.837 0.512 1.837 -0.649 0.146 0.169 0.410 0.003 0.526 0.753 0.651 0.766 0.325 High saline -
alkaline tolerance
rPRE TR R
LL8 0211 0.383 -0414 1.360 0.525 -0.700 -0.416 —0.421 0.577 0475 0278 0.967 0424 0.697 0.646 0.071 0.533 Moderate saline -
alkaline tolerance
EREATENT
LLIO 0175 1.787 -0.610 -0.406 —0.991 —0.353 0.046 1.083 0406 0.930 0.383 0.450 0.068 0.081 0975 0.787 0494 Moderate saline -
alkaline tolerance
DYGL -0.129 0.716 -0.859 —-1.779 0.044 -0.062 0.948 1.066 0.403 0.459 0427 0.059 0.157 0333 0.680 0.630 0.376 HUER Sensitive
o JEE fUR
711 -2.012 -2.237 -1.800 —-0.271 -1.497 1.076 -0.311 0.085 0.000 0.000 0.871 0.185 0.111 1.000 0.554 0.664 0.313 High saline -
alkaline tolerance
rh TR EL
7214 -0.186 0.186 -1.566 -1.017 0.037 -0.587 2.477 0.154 0.480 0466 0965 0.131 0.065 0.234 0.882 0.879 0496 Moderate saline -

alkaline tolerance
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e b AT
e a Cly,  Cl, CL  Cly UX,)U(X,) UXy) UCX,) U(X5) U(Xy) UCXy) U(Xy) Comprehensive
Varieties D value .
evaluation
PR TR LR B
716 —0.572-1.040 1.195 0.175 —0.130 —0.157 0.284 1.815 0.509 0.056 0381 0.693 0714 0.897 0433 1.000 0.514 Moderate saline -
alkaline tolerance
TR BE TR
719 1929 0.039 -0.804 099 0346 —-0.029 0.555 0.543 0918 0.514 05% 0579 0.626 0479 0920 0298 0.665 High saline -
alkaline tolerance
e TR R B
JI2  1.087 -2.130 -0.713 0452 1.292 -3.080 —0.577 —0.125 1.000 0.504 0375 0.141 0.752 0086 0.529 0366 0.562 Moderate saline -
alkaline tolerance
JIL7  1.032 0490 —0.680 0.781 —1.104 0.719 —0.952-0.390 0.509 0.503 0352 0580 0.247 0219 0.687 0.140 0435  fUF Sensitive
JILIO 0259 0.649 0955 —1.463 -0.918 -0.371 0.000 —0.291 0.386 0.807 0.039 0.368 0.098 0.616 0.688 0.852 0441  fHUHK Sensitive
TR AR
MLD  -2.616 0.159 -0431 0282 1576 0874 -0.175 0372 0.058 0.109 0352 0334 0499 0989 0369 0298 0293  High saline -
alkaline tolerance
rP RETR R B
YLLD 0440 -1.089 1.041 —0.032 0384 -0.484 0361 0305 0.614 0.106 0298 0467 0.809 0522 0460 0968 0491 Moderate saline -
alkaline tolerance
CI3 0750 —0.262-0.58 0.177 -0.240 1.867 —0.736 1.046 0.546 0.055 0.642 0266 0013 0937 0615 0323 0417  fHJEK Sensitive
XL1  -0.502 -0.633 -0.236 1.583 —0.537 -0.919 1.047 -0.410 0432 0.109 0206 0.594 0.602 0552 0.761 0.199 0398  fHU sensitive
FE Weight 0274 0.164 0.144 0.119 0.097 0080 0.063 0.060
Fzo HAFEMMEITREESH
Table 6  Analysis of evaluation accuracy of equation
WK IG 2 Euclidean distance S Jﬁl‘ﬁéﬁ @Uﬂﬁ 1Y 1’!?“%&;/%
0 ,5 l, 5 2, 0 %5 Varieties Primitive Regression Difference Estimated
LF3 value value accuracy
oy :I LF2 0.611 0.611 -0.000 99.975
NL1 LF3 0.435 0.436 0.000 99.886
JIL10 j LF5 0.514 0.521 0.007 98.682
]J-"LL; ] NLI 0.438 0.438 ~0.000 99.906
L6 i GLI 0.500 0.487 -0.013 97.350
XL1 GL2 0.522 0.533 0.011 97.909
CL3 T JL3 0.405 0.412 0.007 98.125
]TJESG L 8 v JL5 0.543 0.565 0.022 96.086
7z [ JL6 0.402 0.408 0.006 98.541
MLD JL7 0.561 0.557 -0.004 99.274
;ILL72 JL9 0.619 0.614 -0.005 99.247
LS BLI 0.469 0.497 0.028 94.385
BL9 1 BL9 0.546 0.553 0.007 98.645
;ilo BL522 0.519 0.535 0.016 96.912
YIlD TL3 0.587 0.568 -0.019 96.586
GL1 TLS 0.325 0.316 -0.009 97.142
LF5 LL8 0.533 0.529 -0.004 99.414
ZL6 LL10 0.494 0.490 -0.004 99.181
gﬁzz DYGL 0.376 0.376 -0.000 99.808
L2 7L1 0.313 0.317 0.004 98.575
TL9 I 714 0.496 0.497 0.001 99.649
§1L93 3_’7 716 0.514 0.524 0.010 98.208
719 0.665 0.644 -0.021 96.856
— . JIL2 0.562 0.564 0.002 99.738
B 30 MREEFERIBIKE JIL7 0.435 0.439 0.004 99.059
Table 1 The dendrogram of clusters for JIL10 0.441 0.434 —~0.007 98.393
30 mung bean varieties MLD 0.293 0.298 0.005 98.253
YLLD 0.491 0.500 0.009 98.204
CL3 0.417 0.406 -0.011 97.400
XL1 0.398 0.386 -0.012 96.675
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