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Salt and Alkaline Tolerance Screening and Comprehensive Identification of
Eighteen Soybean Varieties
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Abstract: Under hydroponic conditions, the seedlings of eighteen soybean varieties were treated with water containing 60
mmol L' mixed salt (NaHCO, and Na,CO, with the molar ratio of 9:1). To evaluate the saline-alkali tolerance of different
soybean varieties, conduct cluster analysis and provid theoretical basis for the utilization of soybean in saline-alkali land, the
indexes of plant height, stem diameter, leaf area, main root length, dry weight above ground, net photosynthetic rate (Pn) ,
intercellular CO, concentration( Ci) , transpiration rate ( 7r) and stomatal conductance ( Gs)were measured after 7 d stress
treatment, and the principal component analysis and membership function of fuzzy mathematics were conducted. The results
showed that the factor loadings of plant height, main root length and net photosynthetic rate (Pn) indexes were the largest by
principal component analysis, which could be used as the main identification indicators for the selection of salt and alkali toler-
ant soybean varieties. Varieties were sorted according to the membership function, Eighteen soybean varieties showed signifi-
cant differences in salt and alkali tolerance, and they could be divided into three categories. Among them, four soybean mate-
rials including hybrid soybean 5 were salt-alkali tolerant varieties, eleven varieties materials including Jiyu 611 and Jiyu 299
were medium saline-alkali tolerant varieties, and two materials, Jiyu 256 and Dongnong 63, were saline-alkali sensitive toler-
ant varieties.
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Table 1 Code and their origins of tested soybean cultivars
G i 3 s st FUE
Code Cultivar Origin Code Cultivar Origin
1 NMD1 & PSR R 10 e 62 LA H
NMD 1 Inner Mongolia University for Nationalities Tiedou 62 Shenyang Agricultural Market
2 NMD2 %= S R R 27 11 JFE 18 LIRA T T
NMD 2 Inner Mongolia University for Nationalities Kaidou 18 Shenyang Agricultural Market
3 NMD3 % A58 R R 2 12 A i AER 3]
NMD 3 Inner Mongolia University for Nationalities Yabuli Shenyang Agricultural Market
4 e 42 Rl R 13 KR35 WA T
Dongnong 42 Northeast Agricultural University Hefeng 35 Shenyang Agricultural Market
5 A4 60 At R 14 HH 256 A LA B
Dongnong 60 Northeast Agricultural University Jiyu 256 Jinlin Academy of Agricultural Sciences
6 A 63 Rzl R 15 O 257 A fOll B B
Dongnong 63 Northeast Agricultural University Jiyu 257 Jinlin Academy of Agricultural Sciences
7 A 64 gl R 16 HH 299 TR BB B
Dongnong 64 Northeast Agricultural University Jiyu 299 Jinlin Academy of Agricultural Sciences
8 A4 69 At R 17 HH 611 EARAE AR BE
Dongnong 69 Northeast Agricultural University Jiyu 611 Jinlin Academy of Agricultural Sciences
9 PR 39 WA BE T 18 WRAETLS 5 A TR B
Tiedou 39 Shenyang Agricultural Market Zajiaodou 5 Jinlin Academy of Agricultural Sciences
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Table 2 Relative values of selected traits under mixed alkali stress (%)
s X, X, X, X, X, X¢ X, Xg X,
No.
1 85.65 + 4.68cd 87.90 £4.48cde 68.36 £5.67ij  75.26+ 5.88fg 84.15+ 1.71f 73.37 +£1.35¢ 118.43 +£5. 58bed 76.29 +£3. 62ef  80. 85 +4. 08e
2 103.68 £10.12b 107.33 £6.23ab  90.72 +1.71cd 109.47 £ 6. 18cd 115.91 + 4.08¢c 88.30 £2.08b 75.44 £5.16g 96.64 +1.86ab 97. 15 £1.49b
3 73.37+ 2.59f  83.82£3.77def 78.61 £2.47fg 102.45+ 4.98de 82.24 + 2.18f 72.01 +5.58¢ 121.00 7. 05be 74.18 +3. 84fg 83.97 +2.06de
4 110.62 £10.77b  108. 15 £6.30ab 86.96 £3.03de 132.28 +11.73a 126.19 +11.48ab 87.77 +8.03b 74.34 +5.37g 95.63 +4.41ab 95.61 £3.32b
5 86.14 + 6.48cd 93.88 £2.85¢  70.18 £5.50hij 104.53 + 4.02cde 83.56 + 2.34f 75.18 +1.33¢ 113.50 +2. 07cde 82.55 £1.37d  83.46 +1. 19de
6 75.81+ 2.7lef 76.33+6.91fg 38.70+2.45m  52.25+ 4.00h 61.39 £ 1.01ij 59.18 £4.96d 126.41 £5.85ab 70.41 +£3.94g  74.51 +6. 791fg
7  81.33+ 4.97def 73.59£5.71g 78.44£3.79fg 74.00+ 7.50fg 83.77+ 1.26f 98.16+2.99a 96.74 +1.14f 91.00 +3.09bc 73.38 £2.61fg
8  83.34+ 8.32cde 112.31 +4.74a  74.71 +1.66ghi 78.16 £ 6.09f 91.77 + 2.86e 74.92 £1.72¢ 109.18 £2.90e 83.65 +2.94d  79. 18 +2. 85¢f
9 72,43+ 3.91f 81.44 £6.58ef 83.94 £4.49¢f  34.57+ 3.291  83.01% 0.72f 74.30 £1.84¢ 122.13 +1.41b  83.17 +2.91d  88.80 4. 40cd
10 72.53+ 6.70f  77.58 £3.07fg 53.64 0. 761 68.51+ 5.64g 73.36 = 3.19gh 87.65 £2.72h 122.54 +7.69b  75.69 +6.41efg 68.84 +4.37gh
11 126.86+ 9.94a  93.82+8.55¢  72.54 +4.30ghij 81.28 + 7.21f 80.48 + 6.52fg 68.46 +4.48c 111.54 +£3.10de 81.16 +2. 18de 83.44 +3.52de
12 84.25+ 5.47cde 81.79 £2.12¢f  76.47 +1.79gh 105.87 £ 4.64cdel00.75 £ 1.49d 72.80 £4.10c 96.59 £1.34f  80.62 +2.04de 84.35 +0.85de
13 76.15+ 5.60ef  80.54 £4.88efg 62.06 £3.33k  99.10+ 5.75¢ 68.31 + 6.29hi 69.52 +£3.30¢ 122.52 +1.42b  85.89 +£3.40cd 105. 00 2. 48a
14 79.31+ 7.08def 79.33 +6.15fg 41.65+1.63m 39.92+ 3.32i 54.08+ 2.17] 59.23 £3.05d 124.70 +4.22ab 72.24 +2.27fg 63.91 £5.03h
15 102.71+ 6.76b 104.56 £9.49b  97.57 £6.07ab 129.52 + 8.07a 125.51 + 3.71b 85.52 £3.43b 73.32+3.10g 96.86 +3.69ab 98.63 0. 44b
16 91.22+ 6.69¢  94.76 £5.88¢ 103.31£5.02a  81.09% 6.97f 101.03 = 2.16d 61.84 +4.38d 131.56 +0.68a 80.39 +1.83de 83.75 0. 54de
17 87.77+ 1.96cd  89.58 +8.65cd 66.67 £1.68jk 110.63 + 5.94c  82.61 = 2.51f 74.33 £2.12¢ 113.95 +6.31cdel01.02 +1.41a  93.00 +3. 55he
18 108.28 £ 9.06b 111.62 £5.65ab  93.56 £1.78be 122.19+ 6.15b 133.53 + 7.93a 86.24 +1.60b 79.10 +6.00g 96.37 1. 84ab 97.99 +4. 68h

RRNG FHREFR 0.05 K F2EFBFE, TR,

Xy Bk Xo s ZERL X MPEARG X s ARG X o il BRI X BB A X, O E] CO2 YRR ; X : ZRIB I X RAL BB, S

X, :Plant height; X, :Stem diameter; X; : Leaf area; X, : Main root length; X; :Dry weight; X¢ : Net photosynthetic rate; X, : Intercellular CO, ; Con-

centration; Xg : Transpiration rate; X : Stomatal conductance. Different lowercase in the same column represent significant difference at 0. 05 level. The

same below.
x3 EEHBEMETAEZRERSHENEXRE
Table 3 Correlation coefficients of parameters under mixed alkali stress
BH
X, X, X, X, X X, X, Xq X,
Parameter
X, 1
X, 0.680 " * 1
X, 0.486° 0.622** 1
X4 0.537" 0.616" " 0.555" 1
Xs 0.628 " " 0.791** 0.841* " 0.750 * * 1
Xs 0.237 0.291 0. 439 0. 459 0.571°* 1
X5 -0.627" " -0.649" " -0.560 " -0.714% " -0.847" " -0.719* " 1
Xs 0.516" 0.584 " 0.595"* 0.692 " * 0.706 * * 0.643** -0.754* " 1
X 0. 420 0.526 " 0.588 " 0.712** 0.624* * 0. 256 -0.524* 0.714* " 1

TR S IFRARAE 0. 05 F10. 01 KT [ WA,

*and * "

indicates there is significant correlation at 0. 05 and 0. 01 probability levels, respectively.



348

X =

B

344

2.3 3INERDBFMEERTEHE
SRR TR MEAL AL BRS ,  T BETY R AR A
() T FEAE 1) 22 S5 1 50 40 436 i DU 15 8L, HLRE D
B HEAR T N s R R O A B
18 AN K2 5 e 00 2 1) e o L 25 L v o TR
(Pn) FIjIE] CO, ¥ B 45 4L 9 AN 48R HEAT I L5 57
Bro IR 4 mIE0, 1T 3 A 32 5 4 otk % 45 i oy
64.905% .10.774% i1 8.017% , H: B it 57k R H
83.696% , A TTHRRE /N, vl 2 AT, 8 T £
BLAT PRHIEAR N, =5. 841, TTHREy 64. 905% , Xt )i
RRAE ] 2 o, B30 K A R O ok v RN ZE ML A O
ZE R 0. 616 Fl 0. 466, = B 7 e i K T M [
WA RAR O, AR HO L AR R, 5 T &
x4

BT BYRHIERR N, =0. 970, TTRRER A 10. 774% %
FRIEmIE S B T o P RDE G 7 Ah, B K
KIS FARK MR E K 0. 337, FEEHAYE K
AR A RS, v AR H AR E A KT, 3
TR AEAR N, =0. 722, 5l R K 8. 017% , %t
L ARAE [ H B A R A A e R T 2 3k
KOMSERB I 0. 727 F10. 193, A 58 e
MR REEAEREST, il FRHA R A& T

RN, RT3 A B R T R 9 A
Fahr 83. 696% K {5 1B, , Xt K B £k B M ) 52 i)
K, AT DU RR B RgG A R 3 e bR
g K Tt R BB B T B R

HEEME TR EMBE KBRS SBHER S ST R &BE FHEERE

Table 4 Principal component analysis and load matrix of growth index and photosynthetic

parameters of soybean materials under saline-alkaline stress

‘ ik
F FHEMR  DTERE .
Accumulative
Principal X, X, X3 Xy X5 X X5 Xy Xy Eigen  Contribution
contribution
component value rate/ %
rate/ %
1 0.616 0. 466 0. 095 -0.074 0.197 -0.217 -0.130 -0.185 -0.286 5.841 64. 905 64. 905
I -0.301 -0.102 0. 156 0.337 -0.007 -0.216 0.171 0.27 0.741  0.970 10. 774 75. 679
Il| -0.152 -0.173 -0.032 -0.025 0.086 0.727 -0.342 0.193 -0.275 0.722 8.017 83. 696
2.4 REZXWEMETAEMMNEMREERS  wHMHRBEMEHT (£5), HBRBS5IKIKN : 24380
it £k L4 S A 5 R 42 F 7 257 NMD2 B H 611 H H

R BRI H5 2 SR pR B0 X K TR A R
AT A2 MEHET TR A VR, X RS S A A S R AR Y
B BRI 8, SRR (8 8K, Tif 5 o P
SR SE I AR 18 AN K L R B SR A, B K

x5

299 JFE 18 A 69 Ak 60 K 35 HEA S AR
& 64 NMD3 5 NMD1 5 Bk 39 25 62 Ak 63
MR 256,

BAWEME TAESERSHAXNENREE

Table 5 Subordinate value of relative values of indicator parameters of soybean under mixed alkali stress

553 A

X, X, X, X, X Xe X, X X SV SO
No. Variety
NMDI &
1 0.24 0.37 0.46 0.42 0.38 0.36 0.77 0.19 0.41 0.40 14
NMD 1
NMD2 &
2 0.57 0.87 0. 81 0.77 0.78 0.75 0. 04 0. 86 0. 81 0. 69 4
NMD 2
NMD3 =5
3 0.02 0.26 0.62 0. 69 0.35 0.33 0.82 0.12 0.49 0.41 13
NMD 3
A 42
4 0.70 0. 89 0.75 1. 00 0.91 0.73 0.02 0.82 0.77 0.73 2
Dongnong 42
ARk 60
5 0.25 0.52 0.49 0.72 0.37 0.41 0. 69 0.40 0.48 0.48 9
Dongnong 60
KAk 63
6 0. 06 0.07 0.00 0.18 0. 09 0. 00 0.91 0.00 0.26 0.18 17

Dongnong 63
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gRS
2] =
R A X, X, X, X, X; X, X, Xy X, SV SO
No. Variety
KAk 64
7 0.16 0. 00 0.62 0.40 0.37 1. 00 0. 40 0.67 0.23 0.43 12
Dongnong 64
FAk 69
8 0.20 1.00 0.56 0.45 0.47 0. 40 0. 62 0.43 0.37 0. 50 8
Dongnong 69
B39
9 0. 00 0.20 0.70 0.00 0.36 0.39 0.84 0.42 0.61 0.39 15
Tiedou 39
Bkig 62
10 0. 00 0.10 0.23 0.35 0.24 0.73 0. 85 0.17 0.12 0.31 16
Tiedou 62
J2 18
11 1. 00 0.52 0.52 0.48 0.33 0.24 0. 66 0.35 0.48 0.51 7
Kaidou 18
AT )
12 0.22 0.21 0.58 0.73 0.59 0.35 0. 40 0.33 0.50 0.43 11
Yabuli
AR 35
13 0.07 0.18 0.36 0. 66 0.18 0.27 0. 84 0.51 .00 0.45 10
Hefeng 35
THHE 256
14 0.13 0.15 0. 05 0.05 0. 00 0. 00 0. 88 0. 06 0.00 0.15 18
Jiyu 256
HH 257
15 0.56 0. 80 0.91 0.97 0.90 0. 68 0. 00 0. 86 0.85 0.72 3
Jiyu 257
HEH 299
16 0.35 0.55 1.00 0.48 0.59 0.07 1.00 0.33 0.48 0.54 6
Jiyu 299
HH 611
17 0.28 0.41 0.43 0.78 0.36 0.39 0.70 1.00 0.71 0.56 5
Jiyu611
LS5
18 0. 66 0.98 0.85 0.90 .00 0. 69 0.10 0.85 0. 83 0.76 1
Zajiaodou 5
SV SR J& pRAL(E ; SO : it ER G50 o
SV Subordinate function; SO Salt-alkaline tolerance order.
0 5 10 15 20 25
2.5 18 R EMERER LS lg :|
W R ST 34 5 R pR B (28 K IR B 2 o 5
. N LN . — Al AY A 2
BIEREIATRE M (K1) o R HE R —Fh 61
TG o, B AR B
TR AR E B S5 WeaRH 13
N N 17
T R BRI AR BR L B2 > 5 ATy 3 AN 2ERE . 4 1
1R IR0 5 5 AR 42 5 F 257 I NMD2 5, N
ZEREAE B3R 7 By vh A5 80, 2% T0H8 Bn AH B = 12
N . 8
J& T R, 5 2 SR BT 62 AR A 63 T 16
7256, R AR (80 R T ARG 0
AR, 55 3 R ARk 60 R Ak 69 FF I 18 HEA 7

J1 T 299 A 1L AN ELRR, 5 BEARRY 61, 11% o
IRRHEA TS ARARO (B LU B o T T v S5 T 6
TS

B 1

of 18 soybean varieties

18 /™K & fn i sl ik i 3R 26 53 1T B

Fig. 1 Dendrogram on alkali tolerance
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