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Saline-alkali Tolerance Evaluation of 48 Soybean Germplasm Resources
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Abstract: In order to explore the excellent saline-alkali tolerance resources within soybean germplasm, this study aims to
screen superior parental materials that can be utilized for the development of saline-alkali resistant varieties and to identify
relevant saline-alkali tolerance genes. A total of 48 soybean germplasm resources, including foreign collections and domestic
landraces and cultivated varieties, were subjected to saline-alkali stress treatment throughout their entire growth period,
specifically by applying a pH9. O saline-alkali treatment during the full growth cycle. Fourteen evaluation indicators were
investigated, including: seedling survival rate, number of seeds per plant, seed weight, and yield per plant; external
rectangle area, external circle area, convex hull area, and coverage rate measured by collecting RGB image data using a high-
throughput phenotypic platform; and initial fluorescence, maximum fluorescence, maximum photochemical efficiency,
chlorophyll index, anthocyanin index, and chlorophyll content measured by collecting photosynthetic characteristic indicators
using a photosynthetic phenotypic imaging unit. Comprehensive evaluations of salt tolerance during the entire growth period of
soybean were performed using correlation analysis, principal component analysis, fuzzy membership function analysis, and D-
value comprehensive assessment methods. The results showed that under saline-alkali stress treatment, the 14 evaluation
indicators of 48 soybean germplasm resources varied widely throughout the whole growth period, with the coefficient of
variation ranging from 4.96% to 40.89% . Compared to the control treatment, the coefficient of variation of multiple measured
indicators increased, and there were significant or highly significant correlations among the various indicators. Through

principal component analysis, 14 individual indicators were transformed into three composite indicators, namely photosynthetic
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indicators, morphological indicators, and yield indicators. Utilizing the D-value comprehensive evaluation method, four major

categories were identified: among them, Gongye 03-5570 was classified as a highly saline-alkali tolerant material, while 14

materials including Century Ix13 were categorized as saline-alkali tolerant materials, 26 materials such as 165-540 were

identified as intermediate materials, and 7 materials including Xiaobaiqi were classified as saline-alkali sensitive materials. No

saline-alkali sensitive materials were identified.

Keywords: soybean; saline-alkali stress; saline-alkaline tolerant germplasm resources; high-throughput phenotypic

identification; D-value comprehensive evaluation
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Table 1 The numbers, names, and types of tested soybean germplasm resources

JF5 AR el P 5 AFK eSS
No. Name Type No. Name Type
1 165-540 RSB IR 25 N BT
Xiaohuangdou
2 Century Ix13 ES P 26 Vil ;352 RFEF
Maoyandou
3 L7379 RSN BEIR 27 BRIE DL B BT
Tiejiasilihuang
4 HLTS = Sh IR 28 IRTZS BT
Yapoche
5 TI16H RSB IR 29 AT 03-5570 He B
Gongye 03-5570
6 Harosoy ESPA 30 iT 0913 R
Liao 0913
7 Hobbit87 RSB IR 31 Z13-631-2 S B
8 16ZF309-1 RSB IR 32 Fi25 = AT
Fengshou 25
9 NTO4 e 3 AR 26 FREEF
Suinong 26
10 1.85-144 [ESPZN A9 34 22K 18 B
Suinong 18
11 HE VX 35 4% 68 HHRh
Qingdou Suinong 68
12 JEPRE 2 ARG 36 R 39 e
Longgingdou 2 Heihe 39
13 EEE SR ) RAEFH 37 I 132413 K
Wangkuilianhuaheidou Ha 132413
14 TFA/INRLEL AT 38 I 124547 S B
Jilinxiaolidou Ha 124547
15 N=15 AT 39 R 24 ek
Xiaobaidou Heihe 24
16 ANEL: Ve 40 KA 17 A
Xiaobaiqi Changnong 17
17 B3 BT 41 AR 44 ek
Dalihuang Suinong 44
18 KA E Ve 42 gk 27 A
Fuyuduludou Suinong 27
19 RUFEET R Fh 43 A 50 5 poeatil
Nonganjiangsedou Heihe 50
20 KREAE RAEFH 44 o B 332 AR
Yongjizaodou Longken 332
21 IR R R 45 A 57 S B
Xiaolimoshidou Dongnong 57
2 SN RAEFH 46 i 732 A H
Jizaohuang Ke 732
23 FIRAE R PR 47 #M30 b
Baichengmoshidou Jilin 30
24 VUL BT 438 A 35 AR SRl
Silihuang Heinong 35
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Table 2 Variation statistics of various trait indicators under control and saline alkali treatment

s R
FEPRYE A CK LA pHY. 0

S5
Full name of AR T AL ERARE EREE OTWME AL TREK

Indicator

indicators Range Mean SD CV/% Range Mean SD CV/ %
HMEAEIE HAR RA_RGB 12.99 ~21.05  16.95  2.51 14.80 8.08~19.95 15.71 2.49 15.90
Rectangle area /( x 10° m?)
A1 B T A CA_RGB 13.28 ~21.55 17.48 2.72 15.59 8.99 ~20.65 15.98 2.31 14.47
Circle area/ ( x 10° m?)
AL AR HA_RGB 9.06 ~15.55 11.98 1.88 15.71 5.63~14.19 11.08 2.05 18.55
Hull are/( x10° m?)
MR CR_RGB 0.202 ~0.401 0.313  0.047 14.89 0.136 ~0.378 0.243 0.059 24.37
Coverage rate/%
WHzOE F, 483 ~ 1050 728 110 15.13 449 ~1026 680 107 15.77
Original fluorescence
SN ) F, 2978 ~6722 4906 874 17.81 1712 ~5841 3585 863 24.06
Maximal fluorescence
A2 ERCR F./F, 0.728 ~0.877 0.842  0.029 3.46 0.698 ~0.851 0.789 0.039 4.96
Maximum quantum yield
for primary photochemistry
-4t Z 851 Chi-index 0.481 ~1.664 1.078  0.295 27.33  0.269 ~1.474 0.742 0.265 35.72
Chlorophyll index
i RIEH Ant-index 0.865 ~2.416  1.497  0.386 25.78 0.618 ~2.040 1.113 0.319 28.64
Anthocyanin index
LIEZ S 3 Chl 6252 ~13516 10134 1771 17.48 3794 ~11895 7490 1708 22.81
Chlorophyll
SN R SR 43.33 ~85.00 70.50 10.30 14.63  26.67 ~71.67 55.60 13.30 23.92
Seeding rate/ %
LRV R SNP 7.0 ~66.5 30.16 12.18 40.39 9.5~52.5 23.3 9.53 40.89
Seeds number per plant
Ty H i SW 0.100 ~0.305 0.171  0.039  22.96 0.059 ~0.276 0.178  0.045  25.43
Seeds weight/g
PRk SYP 0.731 ~9.423 4.974 1.831 36.81 0.715~6.366 3.899 1.202 30.82

Seeds yield per plant/g
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Table 3 Statistical analysis of the ratio of various indicators under saline-alkali stress
and control of soybean germplasm resources
PEAR IS PNI:E f/MHE B2z T4 brif 2 A5 R
Trait Maximum Minimum Range Mean Standard deviation CV/ %
RA_RGB 1.290 0.632 0.658 0.945 0.141 14.963
CA_RGB 1.418 0.682 0.736 0.948 0.159 16.722
HA_RGB 1.295 0.615 0. 680 0.942 0.144 15.262
CR_RGB 1.448 0.340 1.108 0.900 0.242 26.870
SR 1.000 0.486 0.514 0.779 0.107 13.701
F, 1.529 0.597 0.932 0.954 0.187 19.637
F, 1.053 0.419 0.634 0.741 0.160 21.651
F./F, 1.045 0.819 0.227 0.938 0.048 5.068
Chi-index 1.056 0.291 0.765 0.699 0.185 26.443
Ant-index 1.259 0.384 0.874 0.767 0.200 26.081
Chi 1.045 0.422 0.623 0.751 0.161 21.441
SNP 1.343 0.301 1.042 0.796 0.221 27.717
SYP 1.353 0.431 0.922 0.806 0.202 25.109
SW 1.389 0.456 0.932 1.003 0.177 17.602
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* indicates significant correlation (P <0.01), while
2

Fig.2 Correlation analysis of each

Note: *

FFORBEMIE(P<0.01), " TR AL (P <0.001)

ok %

indicates highly significant correlation (P <0.001).
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[ligSiiPu F2 3 o3 AT X 45 48 AR 2R AT 2 48 A 9 4 A Table 4 Analysis of eigenvalues and eigenvectors
, PERCEVFRAE(E R T 1 A9 R4t 3 4> ,F1 SHESS of principal components for soybean indicators
fIEfH 4.018 ,F2 MRFIE(E R 2. 669, F3 [HFIE(E R FEIR E WA T Comprehensive factors
2.043, HHoT ik R MK K K 28. 7% . 19. 06% FiI Trait Fl 2 F3
14.59% , 3T 5TRRRIA ] 62.36% , 1T LAMUSR 14 4 RA_RGB 0.495 ~0.715 0.057
BRI R B 45 O BRI R R CA_RGB 0. 464 0687 0.013
PRAR AT K DTiRF AN 3R 4 PR 38 F A Bk HA_RGB 0.478 ~0.803 0. 169
14 A I BT £ B BE ) 5 A7 b 3 Al ST 19 25 CR_RGE os o8 0.0
CASHR T2 VM 4 A 7 19K TR T w o oS 076
g, AEXRERBORRIE [ A L, R AR v o4 080 o ces
$8¥5r A F, . Chi, Chi-index , Ant-index Fll F /F A5 F, 0. 886 0.288 ~0.250
FEr 514 0. 886,0. 876,0.783,0. 672 F10. 660, F= FUF. 0.660 0.254 0,345
BT T KM L AR IR DL, 15 3 Chiindes 0,753 030 035
F2 H SRACBCR I 4R bR ) HA_RGB \RA_RGB,CA_ Antindex 0.672 0.288  0.462
RGB, R 5053710 0. 803,0. 715 1 0. 687, F % - 0.876 0.274  —0.275
Fee 7 i B RIE SRR RO, TE T F3 - 0.194 0248 —0.604
FHOC R BRI F, SNP Fl SYP, AH G &R £33l Syp 0113 013 —0.659
0.668,0.624 F10.659 , EE WL T 5 7= A KR Sw 0,089 0.265 0.071
ZARBRIRDL FRAEAE 4.018 2.669 2.043
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A, T 3 ARG TR AR ISR B oA BUE I X 25 A 48 Contribution rate/%
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Table 5 Principal component values, membership functions, and comprehensive evaluation D-value of soybean germplasms

Eigen value

E Weight/ % 0.46 0.306 0.234

i TR 25 514 Comprehensive evaluation of saline-alkali tolerance

45 E Y e TS O ERY RS
Name Principal component Membership function D Tolerance Tolerance
D-value
PCl PC2 PC3 Rl R2 R3 ranking grade

165-540 0.091  0.298  0.693  0.575  0.501  0.660 0.572 20 i
Century 1x13 3.007 -1.346  0.308  0.892  0.298  0.614 0.645 11 I
L73-79 2.360 -2.408  0.416  0.822  0.167  0.627 0.576 19 I
HLTS -1.593  1.301  0.534  0.392  0.625  0.641 0.521 27 I
T116H ~1.58 -0.782 -0.058  0.393  0.368  0.569 0.426 37 1
Harosoy -0.110  0.730  3.280  0.553  0.554  0.974 0.652 10 Il
Hobbit87 1,152 3.269  0.554  0.690  0.868  0.643 0.734 3 |
16ZF309-1 -0.423  0.598 -0.875  0.519  0.538  0.470 0.513 29 1
NTO4 4.000 -0.165  0.772  1.000  0.444  0.670 0.753 2 I
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it R B3 A PP Comprehensive evaluation of saline-alkali tolerance
K B %) SR PREL PR (g1
Name Principal component Membership function D Tolerance Tolerance
D-value
PCl PC2 PC3 RI R2 R3 ranking grade
185-144 2.052  0.451 0.197  0.788  0.520  0.600  0.662 9 I
75 Qingdou 1.482  0.772  0.951 0.726  0.560  0.692  0.667 7 I
JeKH 2 Longgingdou 2 2.178 -0.150 -0.158  0.802  0.446  0.557  0.636 12 I
B2 AL T Wangkuilianhuaheidou 3.182  0.397  -1.629  0.911 0.513  0.379  0.665 8 I
MV E. Jilinxiaolidou -2.146 -1.691 ~-1.016 0.332 0.255 0.453 0.337 46 v
/NEE. Xiaobaidou 2.526 -0.029 -1.907  0.840  0.461 0.345  0.608 13 II
/NEE Xiaobaigi -1.267 -3.210 -0.271 0.427  0.068  0.543  0.344 45 v
K Hi# Dalihuang -2.844 —1.145 2.466 0.256 0.323 0.875 0.421 38 I
FRAWENE & Fuyuduludou 0.183 -1.456 —0.830 0.585 0.284 0.476 0.467 36 |
A % ¥ (4 5. Nonganjiangsedou -1.275 -0.827 -0.759 0.426 0.362 0.484 0.420 39 i}
K FHHE Yongjizaodou -1.124  -0.202  0.810  0.443  0.439  0.674  0.496 31 i}
/INRIFRE . Xiaolimoshidou 1.422 0.166 -4.754 0.720 0.485 0.000 0.479 35 |
e # Jizaohuang -2.158 -0.277 -1.438  0.330  0.430  0.402  0.378 43 v
P19 FK & & Baichengmoshidou -4.520 -0.603 -0.359  0.073  0.390  0.533  0.278 48 v
UKL EE Silihuang -1.033  -1.280 -0.660  0.453  0.306  0.496  0.418 40 iif
/N E. Xiaohuangdou 0.017 -0.872 -0.768  0.567  0.356  0.483  0.483 34 |
JHiR 5. Maoyandou 2.591 -3.757  0.839  0.847  0.000  0.678  0.548 24 m
BRIEPURLEE Tiejiasilihuang 2.501 2.089 -0.301 0.837  0.722  0.540  0.732 4 1
JERE 4. Yapoche -0.885  0.749  0.868  0.469  0.557  0.681 0.545 25 |
AT 03-5570 Gongye 03-5570 1.780  2.919  2.252  0.759  0.825  0.849  0.800 1 I
i1 0913 Liao 0913 1.159  0.393 -0.221 0.691 0.513  0.549  0.603 14 II
7136312 1.554  3.640 -1.005  0.734  0.914  0.454  0.724 5 I
F:ik 25 5 Fengshou 25 -0.115 -1.072 1.467  0.553  0.332  0.754  0.532 26 I
44% 26 Suinong 26 0.739 -0.257  0.748  0.645  0.432  0.667  0.585 17 m
24% 18 Suinong 18 0.459  0.676  0.534  0.615 0.548  0.641 0. 600 15 I
44% 68 Suinong 68 0.080 -0.881 -0.757  0.574  0.355  0.484  0.486 33 |
BT 39 Heihe 39 -2.270 -0.490 -0.677  0.318  0.404  0.494  0.386 42 v
Iy 13-2413 Ha 132413 -5.196 1.779  -1.715  0.000  0.684  0.368  0.295 47 v
Iy 124547 Ha 124547 -2.046 -0.639 -2.033  0.343  0.385  0.330  0.353 44 v
S 24 Heihe 24 -0.735 -0.321 2.171 0.485  0.424  0.839  0.549 23 I
K4 17 Changnong 17 0.739 1.273  -1.232  0.645 0.621 0.427  0.587 16 il
4% 44 Suinong 44 -1.534  -1.094  3.496  0.398  0.329 1.000  0.518 28 |
224% 27 Suinong 27 -2.407  2.225 -0.205  0.303  0.739  0.551 0.495 32 m
B 50 5 Heihe 50 -0.026  0.245 1.106  0.562  0.494  0.710  0.576 18 ilf
Je B 332 Longken 332 -1.302 -1.454 -0.586  0.424  0.285  0.505  0.400 41 m
Z 4% 57 Dongnong 57 -1.478 1.134  0.004  0.404  0.604  0.577  0.506 30 I
72 732 Ke 732 2.484 -2.093 -1.013  0.835  0.206  0.453  0.553 22 iif
4K 30 Jilin 30 -0.697  4.338  0.068  0.489 1.000  0.585  0.668 6 I
B4 35 Heinong 35 1.028 -0.944  0.693  0.677  0.348  0.660  0.572 21 m
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