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Comprehensive evaluation of salt tolerance in 16 Maize Inbred Lines
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Abstract: In this study, 16 maize inbred lines were employed to determine growth parameters at germination and

seedling stage under stress. The results indicated that germination potential, germination rate, root length, shoot length,

root fresh weight, shoot fresh weight decreased at germination stage, and the relative conductivity, malondialdehyde

(MDA) increased, but relative water content decreased at seedling stage in different maize inbred lines under 180 mmol
-1 NaCl stress. Finally, we screened high salt-tolerant inbred line 87 — 1,8723 and 78599 — 1, medium salt-tolerant
lines 1.X9801, TS141, A413,137 and 81162, salt-tolerant inbred lines Langhuang, Chang7 — 2,478 and Cheng687,
salt-sensitive inbred line 9046 and 65232, and high salt-sensitive inbred line 543 and 136.

Keywords: maize inbred line; germination stage; seedlings stage; salt tolerance; comprehensive evaluation
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Table 1  Pedigrees of the 16 maize inbred lines used in the study

% HACHR RIEAR G SRR AR
Code Line Origin/Pedigree Code Line Origin/Pedigree
. k137 SREZZFI 6JK111 0 S141 A
Shen137 Recycled from hybrid 6JK11 Unclear
5 N&T -1 S Z 2 87001 0 i B JEIHF-% &
Recycled from hybrid 87001 Langhuang Derived from Tangsipingtou
i 502 x H21 U8112 x # 107
3 LX9801 Ye502xH21 = 8723 U8112 x YelO7
4 B7-2 (F# . 4 x # 95) x 901 . 136 SR ARl 78599
Chang7 -2 (Huangzao4xWei95 ) xS90 Shen136 Recycled from hybrid 78599
5 i 81162 525 x 4 107 3 9046 2k 7922 x I 503
Jis1162 525 x Yel07 Tie7922 x Shen503
6 78509 - 1 R SR 78599 1 1% 687 F 6l 45 87001
Recycled from hybrid 78599 Cheng687 Recycled from hybrid 87001
6237 x Ik 5003 U112 x Ik 503
! 65232 6237 x Shen5003 15 478 U8112 x Shen503
8 543 ATE Unclear 16 A413 ATE Unclear

L1 AE KA B 0,180 mmol- L™ 'Y NaCl I
% 100 mL 435115 500 g B K B 10 A B PR A i
JEEET 15 emx 13 em W FEER P 5 16 1) EK A A
F IR A8 P13 A 7 25 X I R R 1 0 g A
H RERR 30 KL, MEAT MO AC R, SE R 3 R . %
PG E T AN TR SRS 5%, B0 1 d #Min 13K 50
mL 1R B FIK, B 3 d #MIn— O R BE 19 NaCl
VW 50 mL, B AL BER 2 10 d J5 , FEXT BRI B A
B =i S THR AR I .

1.3 MEmMBEFE

1.3 1 R FFeAFM e REFFMEFR P+ K
F(%) = (KRR FRE AR TR D) x 1005
FhF &2 %) = (5 4 REZFFE AR 7R
) x 100,

JASAR AR R 2R 0 7« B 4 T RO 4% ok
28 22 (W R 25 4 R0 AR K, A it o 4 4 B 6 10
B H

JRAR e R0 A 25 ficf o 1) 00 S < K Ak LRI T R Y

TR K I 4 e S S IO A B 00 U 2 e o
AR i

e RIARI IR AR (D) it R 1
B= OO B 22 A — JBlr 30 000 5 ) /) B 5 (. x
100% ;A2 (2) T ER 5 20 = (JBfpam 0 2 (8 — X BE
FEMH) /%F BRI 2 1 x 100% ; LK% 3 &, B
HAFH1E
1.3.2 @HAm AR E A BALIERN
SEVJIAN A5 2 o EAE . S Bk 8 B Y s
I N R REDOS H S AR 5K =
1.4 it

RIGEHE K ] Excel 2007 1 SPSS 19. 0 {4k
(RN AR IRIE -~ i

2 AR5
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Table 2 The effect of NaCl stress on correlated indexes of 16 maize inbred lines at germinating stage

KRS % KEFHR % JRZEK /em JEAR K /em R 2F i E /o AR b /o

EEER Germination potential Germination rate Sprout length Radical length Sprout fresh weight ~ Radical fresh weight

Line 1E# 18 IE# 38 IEH JHa IEH 8 IEH 18 IE# Bt

Control NaCl stress  Control NaCl stress  Control NaCl stress  Control NaCl stress  Control NaCl stress  Control NaCl stress

137 51.67 36.00 90.32 68.67 3.35 1.52 8.52 1.60 0.156 0.012 0.068 0.042

N87 -1 65.00 43.33 65.00 50.65 3.54 2.96 4.45 3.61 0.213 0.188 0.348 0.223
1.X9801 70.33 58.00 88.40 78.33 1.42 0.80 3.12 2.20 0.03 0.03 0.038 0.034

£ 7-2 Chang7 -2 80.00 36.67 96.67 41.67 8.36 1.68 16.42 3.90 0.299 0.086 0.205 0.078
# 81162 Ji81162  80.00 60.00 85.00 66.67 4.12 2.60 2.55 1.80 0.241 0.181 0.349 0.233
78599 - 1 60.00 43.33 76.67 56.67 6.36 5.22 17.90 6.70 0.395 0.297 0.634 0.423
65232 88.33 20.00 92.65 20.00 7.35 2.00 20.30 2.84 0.319 0.083 0.302 0.142

543 32.00 5.00 38.33 5.00 3.64 0.30 5.36 0.12 0.115 0.092 0.113 0.033
TS141 100.00 90.00 100.00 95.00 11.00 5.30 31.00 20.65 0.439 0.272 0.462 0.261
JEE#% Langhuang  46.67 20.00 80.00 38.33 3.36 0.90 5.81 1.25 0.137 0.026 0.129 0.035
8723 100.00 96.67 100.00 100.00 5.53 2.62 8.40 2.95 0.369 0.227 0.286 0.153

7k 136 Shenl36  48.33 6.67 98.33 6.67 5.56 1.18 11.60 1.52 0.338 0.068 0.287 0.089
9046 70.13 23.33 78.33 25.00 14.20 3.40 26.60 3.75 0.358 0.103 0.222 0.135

¥, 687 Chengt87  66.67 38.33 88.33 50.00 7.28 1.56 6.56 0.65 0.255 0.058 0.331 0.124
478 56.67 5.00 65.00 31.67 8.44 4.85 10.66 3.21 0.365 0.098 0.226 0.085

A413 70.00 66.67 83.33 81.67 7.20 2.30 16.50 9.60 0.315 0.09%4 0.093 0.055

2.2 HMENMARERBXZRYEEEEUTE 2.3 SERHNFESH

=pp=A

%% 3 Al %0, 180 mmol + L™! NaCl 38 F , 16 4
TR A AR MDA FHXT 5 238 35945 Jir 1 7, i A
XFE K TR (AR R AR AR MR B AN R o %
FEALBRR , B oK E 38 & TS141 ., Jf 5 A1 78599 — 1 fY
MDA & 341K, 78599 — 1 &t fik. 180 mmol - 17!
NaCl 18 T, 4 E 38 & 1) MDA &8 5 FTF s, 1
178599 — 1 ) MDA & it b FHE S , Ifii TS141 F1
JES ¥ b A

W 3 frz, 180 mmol+ L' NaCl }48 F, 16 3
FKE LR TR E B BEH, AR
TS141.8723.,543 Fl A413 L FHECH RN, i A 22 &
478.9046 .136 H1L % [ FH4L R, 180 mmol-L~" NaCl
i STER A N R S S E B R PO R W/ G e R Rl N
e Hoh B 38 & 6523278599 — 1,1.X9801,81162,
478 TREIRIER KR ; H3C AR 87 — 1,A413.TS141,137,
8723 I NS . A413.TS141 EaA A T .

3 4 PRI 22 W 85 R, 9 AR, B
TIRARA N MDA 5 5 St P R] 19 22 52 A8 58235 LA,
Hofth 7 A HERFR IR B T W 2 K-, U6 BA 7E 1E 7 B
A ZME T AR AT MDA 55 878 S Ff e i 28 1k
AR AR A3 . 9 A PRIRAE AL 3R]
22 AR BN TR KT, BoR oKX s H Al
TG 9 AR AE S Bl 5 Ak B ] 7 52 B AR F Ik
IR BB [R] [ 58 2 06 SR e ) U B AN ]

2.4 EXREXRRZENERTERIEE

RIS R IR IR R IR ZE 6 & IR
FRAE T RN 0 A X 25 7K e 5 2 R 7 R O
Mt FE BT A (1) o — 2 5 FE A ke f MDA
Bt R L SRR ARG O, W R 20 M RS ) S
PE B RE T BEAR, 5 36 5 B R IE A DG, AR AL iR
FE R B2 A AR, W AR R B A (2) . 3k
5 ATEN, [A]— 46 AR 0 AS [ A4 ek ) 280 47 A6 B I 25 =
K B AL F TS141.,8723  A413 137 7E4 N8 T Y
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Table 3 The effect of NaCl stress on growth parameters of 16 maize inbred lines at seedling stage

H%5 % MDA & MDA content/(nmol-g~") HHXTHL 3 Relative conductivity/ % HIX] {5 7K it Relative water content/ %

Line 1E% Control JiiA NaCl stress IEH Control JiHiA NaCl stress IEH Control Ji3iA NaCl stress
137 2.46+0.04 2.51£0.06 21.85£0.47 25.06+1.03 94.34+1.02 94.55+2.45
N8§7 -1 0.70+0.03 0.80+0.01 25.1420.20 29.92+0.55 94.30£0.24 94.09+0.89
LX9801 1.17£0.06 1.26+0.04 21.85+0.67 32.7920.56 92.82+0.66 89.89+2.19
£7-2Chang7-2  8.05x0.01 9.35+0.01 20.33£1.99 25.15+1.01 93.85+0.55 90.04 £ 1.09
35 81162 Jis1162 0.74+0.08 0.90+0.03 21.85£0.32 25.88+0.16 96.61£0.41 90.60 + 0.86
78599 - 1 0.56+0.01 0.55+0.04 21.85+0.66 25.87+3.26 90.26+0.11 89.48+0.73
65232 0.81+0.01 1.20+0.07 28.34£0.40 38.36+0.79 95.82+0.59 93.21£0.27
543 2.61£0.02 3.35+0.01 21.85+0.79 22.81+0.46 91.64+0.66 86.61 +0.96
TS141 0.73+0.08 1.40+0.1 22.14£0.57 24.13+0.09 92.10+1.18 92.06+0.25
JEE#E Langhuang 0.86+0.04 1.30£0.04 26.04£0.35 32.79+0.25 94.21+0.13 93.38+0.64
8723 2.59+0.08 2.65+0.04 21.85+1.37 23.95+0.84 96.90 +0.30 96.85+0.58
Tk 136 Shen136 1.08+0.01 1.36+0.02 23.64£0.79 35.63+1.01 94.89+0.23 94.78£0.26
9046 0.79£0.03 1.1520.05 17.24£0.45 27.59+0.21 95.93+0.13 90.23+0.52
Ji%, 687 Cheng687 1.82+0.02 2.75+0.04 19.8+0.87 25.87+1.17 94.71£0.20 93.56+0.96
478 9.5+0.01 10.3£0.05 21.85+0.68 37.47+1.06 94.13£1.54 92.06+1.79
A413 1.06+0.01 1.43£0.08 16.68+2.19 18.91+1.28 94.09+0.28 94.06+0.34

x4 oNMERRMESAELENTESN

Table 4  Variance analysis of 9 indexes among different varieties and treatments

5 5 V& KA E 23S iNiESIS RZEfEE O MRARGEE MDA S MXTHLRER X EKE
ST Germination ~ Germination Sprout Radical Sprout fresh  Radical fresh MDA Relative Relative
Variance source . . . .
potential rate length length weight weight content conductivity ~ water content
S FRE] Variety 3.18" " 2.98"" 4.517° 1.67 4917 3.977 " 1.97 5.56" " 3.17°7
AL FE[E] Treatment 7.59°" 39.17° 7 24.87"" 2.78" 16.137 7 10.04™~ 9.63" " 6.78" " 17.457 7
i b A . . - , . v - ‘
i B AL AT 3.25" 3.67°7  5.46"" 2.79° 6.5  5.38"" 2.98" 49777 5127

Variety x Treatment

. % * IR P<0.01, * F/R P<0.05. Note: * * or * is P<0.0l or P<0.03.

2.5 HRHAMMEHAmE SRR

PR ZFHCOR R R AR IR
JEAREE F MDA 75 5 X H SR A K 9 F
BRI 5 45 R EA T 43 AT AR 1, RT3 4 A 48 4 1 it
ERFRH AR A A T8 bR £ 5 B RN BT 16
Py FoK A 58 ZR AT & AN v A SR P 2R R ) SR 2
30T AR A K 2 R R REE R IR
JVR 2t i R PR ff ) R AR BRI A i 4 R A
1,16 1 EK AZE R 3 J A FI B PRAL, A 43 9 W4~
20 A1 FTA2,A1 AT AT AL - 1 F AL -2, Hir
Al - 1845 1378 7-2 B # % 687, J& T R,
Al -2 AU 45 65232.136.9046 .478, J& THUK &R, A2 £

1 543, J& TRAR s B 43530 B1 A B2 PIANEAL,
Bl fi§ TS141,8723 ., A413, J& T it +h &, B2 035 87
—1.1.X9801.81162,78599 — 1, Nt h £ o

H MDA &5t AHXS HL S8 AR K R SR
ERBOR LA AN 2 iR, 16 0 EK AL R
30 AR BN, A G140 AT AT A2 BANIEAL,
HoHr A1 AU4E 65232 JBF . 9046 A%, 687, J& T i Uk
F,A2(TS141) , J& TR R ;B 41500 B1 Fil B2 P
AN, Horp B1 434 B -1 #1 B1 -2,B1 - 1 f4%
543 A413, At Eh & ,B1 -2 £ 45 137.87 - 1. 8 7 -
2.81162, 78599 — 1. 8723, 4 & it b % ; B2 £ 4%
1.X9801 136,478, 25t £ 2 .
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Table 5 Salt-tolerant index of each indicator in 16 maize inbred lines

HEZ B2 %o g%#ge MR/ % AR/ % gﬁf gﬁf nmAﬁ%mzAigi ;ﬁg@

Line Germination - Germination  Sprout Radical = fresh  Radical MDA Relative  Relative water
potential rate length length weight fresh weight content conductivity content
137 30.33 23.97 54.63 81.22 92.31 38.24 2.03 14.70 -0.22
N87 -1 33.34 22.08 16.38 18.88 11.74 35.92 14.29 19.03 0.22
1.X9801 17.53 11.39 43.66 29.49 0.00 10.53 7.69 50.07 3.16
£ 7 -2 Chang7 -2 54.16 56.89 79.90 76.25 71.24 61.95 16.15 23.71 4.06
7 81162 Ji81162 25.00 21.56 36.89 29.41 24.90 33.24 21.62 18.44 6.22
78599 -1 27.78 26.09 17.92 62.57 24.81 33.28 -1.79 18.40 0.86
65232 77.36 78.41 72.79 86.01 73.98 52.98 48.15 35.35 2.72
543 84.38 86.96 91.76 97.76 20.00 70.80 28.35 4.39 5.49
TS141 10.00 5.00 51.82 33.39 38.04 43.51 91.78 8.99 0.04
JEEHE Langhuang 57.15 52.09 73.21 78.49 81.02 72.87 51.16 25.91 0.88
8723 3.33 0.00 52.62 64.88 38.48 46.50 2.32 9.61 0.05
7k 136 Shenl36 86.20 93.22 78.78 86.90 79.88 68.99 25.93 50.72 0.12
9046 66.73 68.08 76.06 85.90 71.23 39.19 45.57 60.03 5.94
¥, 687 Cheng687 42.51 43.39 78.57 90.09 77.25 62.54 51.10 30.66 1.21
478 91.18 51.28 42.54 69.89 73.15 62.39 8.42 71.49 2.20
A413 4.76 1.99 68.06 41.82 70.16 40.86 34.91 13.37 0.03
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AT AR o . 25 B PN S R R (3R 6), E KX
e o SR, g AN E I E IS B h 1.8
2 4.2, O 16 4 Bk B 28 R ARV B 9 20 55 40
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LI Na* HLHIN S0 AR, 16 B ER A
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Table 6  Comprehensive evaluation of salt tolerance for the 16 inbred lines
g s e L REE AR f KR s
e BEW RE FRk pemk PAEECBOREE o pimgs MMEARS maien
EEES o o . X Sprout Radical . Relative SEI{E .
f Germination Germination Sprout  Radical MDA Relative Comprehensive
Line . fresh fresh .. water Means .
potential rate length  length . . content  conductivity evaluation
weight weight content
it
137 2 2 1 1 2 2 2 2 2 1.8 High tolerance
i
N87 -1 1 1 3 3 3 3 1 1 1 1.9 High tolerance
(=]
1.X9801 2 2 1 3 2 2 1 2 3 2 High tolerance
=1
=7-2 ehifit
Chang7 -2 ! ! 2 4 ! ! ! 4 4 21 Medium tolerance
-t
7 81162 e it
Jig1162 ! ! 3 2 3 2 3 ! ! 21 Mmedium tolerance
78599 - 1 1 1 4 2 4 2 3 2 1 2.2 . i
Medium tolerance
65232 2 2 3 3 5 2 1 2 1 2.3 . i
Medium tolerance
543 2 2 2 2 2 2 3 2 5 2.4 . i
Medium tolerance
TS141 3 3 4 4 5 5 1 3 3 3.4 fif Tolerance
i 3 3 4 4 4 4 2 3 4 3.4 ifif Tolerance
Langhuang
8723 5 3 2 3 4 4 1 5 4 3.4 i Tolerance
136 3 3 4 5 5 4 1 3 3 3.4 fif Tolerance
9046 4 4 4 5 4 2 1 4 5 3.7 BUR Sensitive
B, 687 ek
Cheng687 4 4 4 3 4 3 4 3 4 3.9 Sensitive
478 5 5 5 5 2 5 3 1 5 4 B Sensitive
A413 5 5 4 5 5 5 3 4 2 4.2 i

High sensitive

a3 R 9 2 5 AR AR 2R B 2o e AR O
b PR X A AR B TR A G2 B &
P, 100 ~ 120 mmol - L™ "% NaCl ¥ & J& T A i 5 M i
TR AL R B, 200 ~ 220 mmol -+ L™ "2 A i £5 14
15 1 A e St L B . AN TR AR RO 98 TAE R &
LT B 58 R FER BUS H 28 R 7E NaCl ¥k B2 140
mmol* L™" DL R B 52 5 B R A B B, 1 £k ¥k B 220
mmol- L', R UK A 22 R 2 #h F U, 4k A 3¢
REPAR I BT SR PE . R, A SR E 180
mmol* L™ ' NaCl ¥% & 4 X 43 £ A 28 R A1 8= A
LR B BRI .

RIEF R ISR AR IR 2 b E R
MR AT LA DAAS [F) 9 3 S e~ i & ST i e A 1 i
55010 MDA B i AR X L S A FIA S 5 K i AT LA
PR BT SR PE R R 55 202t TR S AR A —
FE R TE M, B DA K 2 I R 0 A A R AR AR M
T2 SR SR PR B SR 552 L Eh o Bk A K R
BRI IR 22, R — 480 E M K AL &R
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