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Construction and Application of a Screening System for
Salt-Tolerant Maize Inbred Lines

SHANG Tong-wen, ZHANG Xiao-mei, LI Yuan, TIAN Lu, BAN Fei,
ZHANG lJia-xue, ZHAO Ya-ran-xuan, YU Shao-wei, ZHAO Ya-jie, ZHOU Chao

College of Life Science/Shandong Agricultural University, Taian 271018, China

Abstract: This study simulates the groundwater composition of the Yellow River Delta using a mixed-salt system solution,
replicating the “chloride-sulfate type” salinity characteristics of local groundwater. A mixed salt solution with a total
concentration of 150 mM and a NaCl-to-Na>SO4 molar ratio of 9:1 is used. At the maize seedling stage, measurements are
taken for plant height, root length, fresh weight, dry weight, and moisture content. These results show that salt stress inhibits
the growth of all tested maize inbred germplasm accessions, specifically suppressing increases in plant height and root
length, as well as reducing the accumulation of fresh and dry biomass. Meanwhile, distinct differences in salt tolerance are
detected among different maize inbred lines. By using principal component analysis (PCA) and cluster analysis, 193 maize
inbred germplasm accessions are classified into three groups: salt-resistant, salt-tolerant, and salt-sensitive. Among them,
salt-tolerant representatives such as CIMBL23 and CIMBLI127 maintain relatively robust plant height, root length and
biomass accumulation compared to the control group under salt stress. The findings of this study provide an important
scientific basis for screening salt-tolerant maize inbred germplasm resources, and upgrading the maize industry and
improving varieties in the saline-alkali soils of the Yellow River Delta, with significant implications for enhancing the yield
and quality of maize production in saline-alkali land.

Keywords: Maize; inbred lines; seedling stage; comprehensive salt tolerance index; salt tolerance
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Table 1 Physicochemical properties of different solutions
o Hy 55 o
ST R PC (ms/om) HUBHAR/(Q*em) AR IEREAR/ (/L) ERHE/%
ms/cm
Solution type Temperature o Resistivity Total dissolved solids Salinity P
Conductivity
AREHTI KA
25°C 47.61 21.2 23.53 2.85 7.03
Dongying Groundwater A
AREHTI KB
25°C 48.42 20.6 24.22 298 6.98
Dongying Groundwater B
R KHRRE 2 2 AT AR
25°C 27.44 36.5 13.69 1.62  7.28
Groundwater diluted to twice the initial volume
R KHRRE 2 3 AT AR
25°C 19.01 533 9.38 1.08 7.52
Groundwater diluted to Three the initial volume
R KRR 445 ARFN
25°C 14.89 70.5 7.26 0.82 7.35
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R KRR S AT AR
25°C 12.65 83.4 6.09 0.68 7.24
Groundwater diluted to Five the initial volume
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100 mM Na,SO, 25°C 14.4 69.4 7.19 0.82  6.99
150 mM NacCl 25°C 14.69 68.1 7.34 0.81 6.98
150 mM Na,SO, 25°C 21.6 46.4 10.79 123 6.99
150 mMol NaCl+Na,SO, FE/R [£=9:1 25°C 16.78 64.7 7.83 0.87 743
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Fig. 1 Comparison of plant height and root length between control and treatment groups of 193 germplasm resources
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Fig. 2 Comparison of fresh and dry weight between control and treated groups of 193 germplasm resources
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CIMBLI156 CML422

CML69 L3180

SHENS5003 GEMSI10 GEMS33 MAG65 ZHENG30 CIMBLA45 CML114
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Fig. 3 Phenotypes of maize seedlings under control and salt treatment after 14 days (Bar=2 cm)
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Table 2 Statistical analysis of salt-tolerance indexes of maize inbred lines under different treatments

, i R4 b » . » Bt 22 . R E )
s H/IMi T ONI ! {0 i % o
Salt-tolerance . ) Standard Coefficient of
Treatment . Minimum Maximum Average L Variance .
index deviation variation
PARRRRE em 12.250 44.630 25.180 6.417 41.181 25.49
AR em 10.653 40.070 22.433 5.269 27.761 23.49
X HR )
Control PR /g 0.648 3.888 1.727 0.635 0.404 36.78
ontro .
MR /g 0.086 0.462 0.213 0.067 0.004 31.44
EIKE Y% 67.171 93.056 87.159 0.030 0.001 3.47
B Rkbk i /em 3.250 23.520 11.562 4.806 23.102 41.57
FLPRAR K /em 1.024 27.990 11.555 4.966 24.662 42.98
150 mM NaCl+Na,SO, N .
R =9 1 PARRAE T/ g 0.395 2.609 1.010 0.418 0.175 41.36
=/ =9
o TR T /g 0.076 0.303 0.178 0.045 0.002 25.35

FIR % 62.982 91.649 80.783 0.052 0.003 6.47
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Fig. 4 Correlation statistics of plant height, root length, fresh weight, dry weight and moisture content
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Fig. 5 Phenotypes of CIMBL23 and CIMBL127 under control and salt treatments after 14 d (Bar=2 cm)
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Fig. 6 Statistical analysis of seedling phenotypes of CIMBL23 under control and salt treatments after 14 d
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Fig. 7 Statistical analysis of seedling phenotypes of CIMBL127 under control and salt treatments after 14 d
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Fig. 8 Phenotypes of CIMBL28 and CIMBLS59 under control and salt treatments after 14 d (Bar=2 cm)
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Fig. 9 Statistical analysis of seedling phenotypes of CIMBL28 under control and salt treatments after 14 d
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Fig. 10 Statistical analysis of seedling phenotypes of CIMBLS9 under control and salt treatments after 14 d
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Table 3 Eigenvectors and contribution rates of
principal components of each index
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Principal component
Salt-tolerance index
1 2 3
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0325 0.037 0.033
Relative plant height
AHXAR
0.284 -0.109 1.136
Relative root length
AR ff 7
0.280 0.401 -0.436
Relative fresh weight
ARX T8
. . -0.035 0.706 0.217
Relative dry weight
AR F kR
-0.313 -0.220 -0.653
Relative moisture content
FENELE
) 2.748 1.387 0.512
Eigenvalue
TR/ %

54.959 82.707 92.940
Contribution rate
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Fig. 11 Cluster analysis of salt tolerance at the seedling stage for 193 maize germplasm accessions
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Fig. 12 Correlation analysis of relative values of salt

tolerance at seedling stage for 193 germplasm
resources
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Table 4 Analysis of salt tolerance in 193 maize inbred lines

i L2 B Dff HH i /%
Salt-tolerance type Number D-value Average Proportion

Pidhdl

. 30 0.542 0-0.799 5 0.6107 0.155 4

Highly salt tolerance type

ifif£h2H

23 0.469 1-0.540 7 0.496 9 0.119 1

Moderately salt tolerance type

BeheA

140 0.1559-0.461 1 0.344 6 0.7253

Salt sensitive type
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Fig. 13 D-value for comprehensive salt tolerance evaluation of 193 germplasm resources
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Fig. 15 Histogram of prediction accuracy distribution of 100 germplasm resources based on RR-BLUP model
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Fig. 16 Box-and-whisker plot for comparing prediction accuracies of 100 germplasm resources based on RR-BLUP model
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Fig. 17 Trend of the effect of iteration number on genomic selection prediction accuracy in 100 germplasm accessions

based on RR-BLUP model
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