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Abstract: Soil salinization and alkalization reduce the usability of arable land and impair crop production.
Identifying and selecting maize germplasm showing salt-tolerant is of significant importance in the reclamation
and utilization of saline-alkali land. To determine the optimal NaCl concentration for screening salt tolerance in
maize seedlings, 16 representative inbred lines were treated with 0 (control), 100, 150, 200, 250, and 300 mmol/L
NaCl solutions for seven days. Six indicators, including shoot height, root length, shoot fresh weight, root fresh
weight, shoot dry weight and root dry weight, were measured, along with recording the seedling conditions. The
results showed that after seven days of salt treatment, significant differences were observed in all indices under
150 mmol/L compared with the control, and the coefficient of variation was greater than at other salt
concentrations. Therefore, 150 mmol/L was identified as the optimal concentration for salt tolerance

identification in maize inbred lines, and a salt tolerance identification technology was developed. Using this
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technology, 76 maize inbred lines were analyzed, and a comprehensive salt tolerance evaluation index (D) was

calculated using the weighted subordinate function method and cluster analysis. The 76 lines were categorized

into four groups: high salt tolerance, salt tolerance, salt sensitivity, and high salt susceptibility. Among them,

the inbred lines Ming71, Zhongl06, Si-287, and 8112 showed the strongest salt tolerance, serving as valuable

resources for salt tolerance maize breeding. The salt tolerance coefficient of the fresh weight of the above-ground

tissues showed the highest correction with the D value and could be used as the primary indicator for evaluating

salt tolerance in maize inbred lines during the seedling stage.
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Grade 1: The tip of the inverted two leaves is yellow, the other leaves are normal green; Grade 2:1/2 to 2/3 of the leaves in the first and second

leaves are yellow; Grade 3: The whole leaf is yellow and wilting; Grade 4: Curl of new leaves, wilting of other leaves, including death
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Fig.1 The growth of maize inbred lines at different seedling condition levels
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Columns 3 to 10 from left to right are inbred line materials, with two materials per column and four plants per material
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Fig.2 Growth of maize inbred lines on the third day treated with different salt concentrations
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Table 1 Seedling condition of 16 maize inbred lines under different salt concentrations

e A A ¥R % (mmol/L) Salt concentration

Serial number Inbred lines 0 100 150 200 250 300
1 319 1 2 2 3 4 4
2 1478 1 2 3 3 / /
3 #3189 1 2 2 3 4 4
4 7 846 1 1 2 4 4 4
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F1(4)

5 ERpvER Ehuk ¥ (mmol/L) Salt concentration

Serial number Inbred lines 0 100 150 200 250 300
5 TRFZ 53 1 1 2 3 3 4
6 X178 1 1 1 3 4 4
7 R 58 1 1 2 4 4 4
8 872 1 2 2 4 4 4
9 7724 1 3 2 2 4 4
10 92 1 2 2 4 4 4
11 PH6WC 1 2 2 2 4 4
12 PH4CV 1 2 3 4 4 4
13 PHPRS 1 4 4 4 4 4
14 K10 1 2 2 1 2 2
15 Mol7 1 1 2 3 4 /
16 B73 1 2 3 2 4 4

JFTRRRIN A R TR
/ indicates that the data is missing due to abnormal growth
TEMF R (F2), S5XAMEL, 6 N8R
EARFEEERE T EZS B, TS50, 2%
FLie R (£ 3), SXT ML, 16 £k AR
1 100~200 mmol/L NaCl F k& M | #b b 30 g
MR AR b AT E A T T E AN
[FRE R TR, SXTREAR L, SRV H 100 mmol/L
N R S v 1l A 3 (1 S WY LB F = T o =
S, Eh R FE 150 mmol/L 1 200 mmol/L i 4% 45 b

R2 AREBREMETEXREHIERTEDT

¥ 5 E AL . 5 100 mmol/L AH Lt , 150 mmol/L
NaCl FARKAZZ 5, Hg 5 R IR B E R
200 mmol/LNaCI'F 6 P4 tn ¥ B E M. 5
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Table 2 Analysis of variance of maize seedling indicators under different salt concentration stresses

EiEt 255K SR H ¥y FE M
Index Sources of differences Sum of squares Degree of freedom Mean square F value Significance
Wi £ 1] 2719.92 3 906.64 65.82 0
SH 4y 826.53 60 13.78

st 3546.45 63
itSIS 2] ) 1076.40 3 358.80 9.48 0
RL 2 227129 60 37.85

B 3347.70 63
Hby T ZH R 23.04 3 7.68 84.70 0
SEW 41 5.44 60 0.09

Bt 28.48 63
Hb b e 4[] 2.92 3 0.97 10.55 0
RSW 2y 5.53 60 0.09

Bt 8.45 63
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®2 (%)

s 225 R 5 A HHZ ¥r Fd e
Index Sources of differences Sum of squares Degree of freedom Mean square F value Significance
Mo b AT 4l 0.07 3 0.02 25.17 0
SDW 4 0.06 60 0

878 0.13 63
H T E i) 0.02 3 0.01 14.30 0
RDW 4 0.02 60 0

At 0.04 63

SH: Shoot height; RL: Root length; SFW: Shoot fresh weight; REW: Root fresh weight; SDW: Shoot dry weight; RDW: Root dry weight; The

same as below
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Table 3 Multiple comparisons of maize seedling indicators under different salt stresses

VK B (mmol /L) P (em) K (em) R (g) M REGEEE(g) ML EETE(e)  MUFETE(g)
Salt concentration SH RL SFW RFW SDW RDW

0 33.89+1.13a 35.93+£2.15a 1.88+0.11a 1.224+0.09a 0.14+0.00a 0.07+0.00a
100 24.28+1.04b 31.68+1.45ab 1.19+0.07b 1.07+0.07a 0.12+0.01a 0.07+0.00a
150 19.37+0.80¢ 29.34+1.09b 0.64+0.06¢ 0.80+0.07b 0.07+0.00b 0.06+0.00b
200 16.84+0.63¢ 24.58+1.22¢ 0.29+0.02d 0.68+0.05b 0.06+0.00b 0.03+0.00¢

B A A EAARE R 22 , RS AR NG 5B 0R B35 22 5% (P<0.05)

The data in the table are the average + standard deviation, and different lowercase letters in the same column indicate significant differences

(P<0.05)
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Tl i e S AR )N, oA 4 AR S R A O
150 mmol/L NaCl AR A% 5 2 H0si/ )N, HiAth 51~ 45
FRAR S R B0 ;200 mmol/L NaCl FAR K #h T #8
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ficf T R4 VT AR S AR O, HA 3 T AR
SRB K. 5 100 mmol/L #1200 mmol/L A L,
150 mmol/L NaCl T Z MR8 55 Z2E0E K. Dk
ZE L] 150 mmol/L NaCl T H 3¢ A& [a] i HiFgbr 22
Sedpc R, BRI Hh FOK B A8 &R BT I Eh Pk %
()38 F R B VR I

Table 4 Coefficients of variation of maize seedling indicators under different salt concentration stresses

e )% ( mmol /L)

AR5 Z 80 (% ) Coefficient of variation

Salt concentration Bk SH MK RL Mo R SFW LR VRGE R RFW Mo 7T & SDW i R & RDW
0 13.45 23.95 23.54 30.51 24.47 26.19
100 17.24 18.35 26.17 28.34 32.76 32,91
150 16.62 14.99 38.02 38.45 36.24 37.50
200 15.05 20.00 30.25 29.22 24.86 21.92

2.2 EXEHEATERLEERARIEMN
KX BE T 150 mmol/L NaCl AR T £ oK | 38
ZHWERR, X 16 1y B 38 R BRI 725 5 0F

fro AR 160 1K A SR Wb A iR 2% 3
B 254 o 11 SR 5 [0 s ) T o 22 12 AL
PR AR DI 0 LB D (- B 2%
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Table S Comprehensive evaluation of salt tolerance of 16 representative maize inbred lines at seedling stage

A2 HZHR e M b RFREETE MR EEEE M EECTE M NESTE D i £k 552 it
Serial Inbred  TMERZREL MHERREC  WEFRE  WERRZ  WEERE mHERRE D value Salt tolerance Seedling
number lines SHR RLR SFWR RFWR SDWR RDWR grade condition
11 PH6WC  0.66 0.82 0.42 0.99 0.55 1.06 0.68 [EN 2

3 #3189  0.72 0.72 0.44 0.80 0.68 1.01 0.66 [HECN 2

5 JKRERS53 0.62 0.81 0.47 0.73 0.68 0.91 0.62 [EN 2

8 E7-2 0.68 0.89 0.36 0.73 0.61 0.90 0.59 [EN 2

6 X178 0.59 0.82 0.47 0.71 0.65 0.80 0.57 [EN 1

1 3319 0.59 0.73 0.41 0.79 0.58 0.92 0.52 [GERN 2

7 #5558 0.57 0.72 0.37 0.73 0.54 0.92 0.45 [EN 2

9 724 0.66 0.82 0.30 0.60 0.53 0.92 0.45 [EN 2

2 #i478 0.54 1.34 0.24 0.48 0.40 0.63 0.40 (g 3

4 846 0.58 0.93 0.37 0.62 0.44 0.69 0.40 [EERN 2

14 K10 0.56 0.83 0.33 0.66 0.46 0.79 0.38 [EN 2

15 Mol7 0.55 1.04 0.28 0.56 0.45 0.68 0.37 [EN 2

10 792 0.54 0.84 0.35 0.56 0.45 0.83 0.35 [EN 2

12 PH4CV  0.49 0.68 0.27 0.50 0.64 0.51 0.25 ENEN 3

16 B73 0.47 0.75 0.23 0.67 0.37 0.73 0.21 ENGEN 3

13 PHPRS 0.39 0.80 0.17 0.45 0.40 0.66 0.10 NN 4
Frelakl

The serial numbers is the same as Table 1; SHR: The ratio of shoot height; RLR: The ratio of root length; SFWR: The ratio of shoot fresh weight;
RFWR: The ratio of root fresh weight; SDWR: The ratio of shoot dry weight; RDWR: The ratio of root dry weight; The same as below

2.3 76 EXKB L REIETRSH

FIF EIR K I E IR S e FAR X 76 /7
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T A FR 5 b 0 e E Ik R EIORH T T S R
800510 0.73 ,0.58 F10.69 , i B 55 % BEAH HE , £
360 5 Mol b b R AR AR B R T H N R . A5 4R bR
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Table 6 Analysis of morphological indicators of 76 maize inbred lines at seedling stage
s Ab3 HRE IR/ME FHME Pt 22 5 R AL
Index Treatment Max. Min. Mean SD cv
P (em) payiist 52.89 25.90 41.82 5.32 0.13
s b 23.78 11.40 16.57%* 239 0.14
A (em) XfHE 46.76 24.59 35.87 5.09 0.14
RE Ehabu 35.46 17.64 26.06** 4.42 0.17
M FHBEETE (g) SFW payiist 5.34 1.08 3.04 0.87 0.29
Ehabr 1.37 0.14 0.44%* 0.20 0.50
Hb FFBTH (g) SDW oyt 0.34 0.10 0.20 0.06 0.27
Ehaba 0.12 0.03 0.06** 0.02 0.28
Hu R (g ) RFW XF e 224 0.46 1.22 0.39 0.32
Ehabye 1.28 0.35 0.68%* 0.19 0.28
iR HE (g)RDW payiist 0.12 0.04 0.07 0.02 0.25
EhabFn 0.09 0.02 0.05%* 0.01 0.29
* IR BT (P<0.05) 5% FORRL 22 5 (P<0.01) 5 T I+
*. Represent a significant difference(P<0.05) ; **:Represent a very significant difference(P<0.01) ; The same as below
R7T 16 EXRB X REHHA ISR R REST
Table 7 Analysis of salt tolerance coefficient of each index in seeding stage of 76 maize inbred lines
CUANTEDENAE R ME o/ ME P it 22 A5 RAL
Indicator salt tolerance coefficient Max. Min. Mean SD cv
Wi EE 724 SHR 0.63 0.28 0.40 0.06 0.15
KK AR 2% RLR 0.98 0.47 0.73 0.11 0.15
Hby s fef i ER SR A SFWR 0.41 0.04 0.15 0.08 0.52
M AT R R ECSDWR 0.57 0.14 0.33 0.09 0.29
Hb T R i AR R A RFWR 0.94 0.21 0.58 0.15 0.25
R T H L R A RDWR 1.36 0.32 0.69 0.20 0.28

HRHE oK B 28 R A Fe 0 1 i 5k R 50, R
PR 2= A 5 DI . A8 PR ACE R 2/
NS /A i i R 1 = 7
AR > T E B 0.228>0.174>0.169>0.161>
0.137>0.131. H11& 3 AIH1, 6 AR bRifi £k 2R B H] 35 2
W B3 IE AR, 3F B DE AR B 3 IEAH
Z, Horp b ek R R AR A DE A o6 R B
5, 0 0.91, MUK i R 805 DA OC R EURAR,
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