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Physiological responses and tolerance of three maize
inbred lines to salt stress

WANG Jing-ze, GAO Shu-ren, SUN Li-fang, WANG Xia, WANG Jing, HU Kai-feng, DENG Jie
( College of Agronomy , Heilongjiang Bayi Agricultural University , Daqing , Heilongjiang 163319, China)

Abstract: Using three maize inbred lines (including M — 2 introgression line, Hr30 introgression line, and Mol7
introgression line) as test materials, an experiment was conducted to investigate the effects of different concentrations of
NaCl(0 mmol+L~", 100 mmol-L~", 150 mmol+L~", 200 mmol+L~", and 250 mmol+L~")on physiological parameters
such as superoxide dismutase (SOD) activity, peroxidase (POD) activity and malondialdehyde (MDA) content in maize
seedlings. Furthermore, the salt tolerance of these three inbred lines was comprehensively evaluated by the methods of
principal components analysis and fuzzy subordinate function, so as to lay foundation of identifying salt tolerance and se-
lecting salt — tolerant cultivars of maize. The results showed that, with the increase of salt concentration, the plant
height, biomass, chlorophyll content, net photosynthetic rate ( Pn) and soluble protein content in all three inbred lines
tended to decrease, while the root length, relative conductivity, MDA content, SOD activity, POD activity and root/
shoot ratio were increased at first and decreased subsequently. According to the results of principal components analysis,
9 parameters (including plant height, Pn, MDA content, SOD activity and so on) were closely related to salt tolerance.
Through the analysis of fuzzy subordinate function, the salt-resistant capability of tested inbred lines was ranked as: M —
2 introgression line > Hr30 introgression line > Mo17 introgression line.

Keywords: maize; salt; subordinate function
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Fig.2  Chlorophyll content (a+ b) and net photosynthetic rate in different inbred lines under salt stress
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Table 1 Relative conductivity, MDA content, soluble protein and antioxidant enzyme activity in maize seedlings under salt stress

H A& Jb e B LIERURERG (S 3og AR R POD i SOD {1
Inbred Salt concentration ~ Relative conductivity MDA content Soluble protein content POD activity SOD activity
line /(mmol-L~1) /(mg-g™1) /(pmol-g=1) /(mg-g™") /(Urmg™") /(U-mg™")
0 0.153 +0.006e 3.78 £0.10e 12.02+0.15a 116.21 £5.28d 3.28 £ 0.06e
100 0.195+0.007d 4.50+0.10d 11.37+0.24b 176.13 £ 6.05¢ 4.19+0.10d
5.1;4/_\/2% 150 0.216 +0.007¢ 6.49+0.22¢ 9.81+0.19¢ 241.50 £ 8.24b 5.46+0.03¢
200 0.278 +0.007a 8.14+0.18a 8.61+£0.12d 317.29 +4.76a 6.66+0.10a
250 0.230 +0.005b 7.23+0.22b 7.21+0.14e 246.66 +5.14b 5.85+0.08b
0 0.167 +0.007d 3.45+0.24e 10.61+0.11b 91.82+8.0le 2.01£0.08e
100 0.213+0.007¢ 4.62+0.23d 12.17+0.17a 144.13 £4.53d 2.31+0.05d
%‘H;f(/)% 150 0.268 +0.008b 6.52+£0.24c 9.07+0.24c 198.40 + 8.07b 4.09+0.04c
200 0.318 +0.009a 8.45+0.24a 6.66+0.16d 301.94+5.88a 6.01 £0.09a
250 0.209 +0.009¢ 7.69+0.21b 5.31£0.19% 175.39 £5.01c 4.88+0.09
0 0.151+£0.009e 3.68 +0.20d 9.89+0.20a 112.57 £ 5.46d 1.90 £ 0.06d
100 0.259 +0.006¢ 4.59+0.12¢ 7.99+0.18b 183.19+5.12¢ 3.87+0.09¢
JIEJ% 150 0.284 +0.007b 7.29+0.22b 6.52+0.24c 346.55+9.58a 5.38+0.09a
200 0.333+0.005a 9.42+0.17a 5.88+0.11d 205.33 +4.42b 4.31+0.02b
250 0.197+0.007d 7.46+0.12b 3.97+0.08e 194.13 £7.93bc 3.86+0.06c

T : ISR TR R R B B2 5 (P < 0.05),

Note: Different small letters in same columns indicate significant difference( P <0.05) .
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F147.1% 5 SOD W3 P 43 ) He kot B3N 1 103 9% il
199% , 53 5] LU [RIHe R 8 Mol 7 155 54.5% F139.4%
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Table 2 Correlations among different indexes of salt resistance in maize
g X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
Index
X1 1 0.908" " -0.644"" 0.890"" -0.920"" -0.594"" 0.826"" -0.663"" -0.758"" 0.895"" -0.371"
X2 1 -0.342" 0.887"" -0.790"" -0.411"" 0.889"" -0.419"" -0.489"" 0.757"" -0.034
X3 1 -0.412"" 0.648" " 0.525" " -0.322" 0.827" " 0.935" " -0.636" " 0.873" "
X4 1 -0.856"" -0.627"" 0.920"" -0.550"" -0.548"" 0.913"" -0.110
X5 1 0.774" " -0.769" " 0.731" " 0.760" * -0.848" " 0.425""
X6 1 -0.492 0.730" " 0.625" " -0.674" " 0.448" "
X7 1 -0.480" " -0.473"" 0.737"" -0.017
X8 1 0.885" " -0.686" " 0.794" "
X9 1 -0.722"" 0.846" "
X10 1 ~0.394" "
X11 1

Tz Al x S3HIZIRTE 0.05 F10.01 M HKF o X1 bk 5 X2: AW s X3 ARG LL 5 Xd - 100t 485 X5 9 % ; X6 AU L §2 X7 1]
VAR T 5 X8 3 AL 5 XO - 8 AL ISR s X10: AR X1 AR K

Note: * and * * indicate significance at 0.05 and 0.01 probability levels, respectively. X1: plant height; X2: biomass; X3: shoot/root ratio; X4: Pn;
X5: MDA; X6: relative conductivity; X7: soluble protein content; X8: POD; X9: SOD; X10: chl (a+b); X11: Plant root.

Ti 2o BT R R W (3% 3), 11 R AR 1E 3 K
K B SR IRI AT AN R £ 7 S5 ] 12 4 35 i e 2
ZeSto 3 MAB A RHRIAFAE K 35 22 57 A ] BEAT AR
G353, PRIHAS IR 1Y 11 T Eh P AR ] DAE 3 g
I3HT.

x3 3TERBIRMEMKE 11 MER
FESTR FERRE
Table 3 Variance analysis and F test of 11 indexes

of 3 maize inbred lines

. F 2 2R ] 22 57 TR ] 22 5
AV . .
Difference among Difference among

Index . . :

inbred lines concentrations
X1 102.438"° * 105.159" "
X2 7.977" " 42,1327
X3 22.962" " 2871177
X4 94.041" " 261.755" "
X5 7.504" 7 336.131" "
X6 8.587" " 67.583" "
X7 78.524" " 108.217" "
X8 3.478" 27.420" "
X9 21.639" " 45.183" "
X10 9.69" " 477.1257 7
X11 45.369" * 25.885" "

T PSR, * FORZESFBE (P <0.05); * * FoRZERMWEH
(P<0.01),
Note: F test; * and * * indicate significant difference at 0.05 and

0.01 level, respectively.
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FEFRIEAT FRAT T (R 4) o I = A Ao L
DIRRRRIRF] 93.959% , K WIHT 3 D E B C&xt 3
MEKHZ RN ERAEPREL TR0 i8S . Hik
4.5 ALAN, B — AT B RRIEE R 7. 570, DTERE A
68.815% , H: i #k = . MDA, Chl(a + b) . Pn, SOD #lI
POD A 28 X HE AR 4553 228, BBk . Pn Al Chl(a
+b) RS AR IE AR, 55— F U EER
Wty b FR AR AN AR FUR B0 5 56 — 32 A YRR N
2.185, BTHkR N 19.864% , HH MR e L AR AL D)
A AONHE AR A5 2280, Yo T 1) As A, AR A4
A Y B R IR 70 BB 58 — U ST A
Yy P DA OG5 28 = U R FRE(E M 0. 581,
DURREA 5.280% , Horp B S 57 4 6 (1 5K I A5
O3 FB = R R WS A AR DG R

R4 THRISRHEER SO
Table 4  Principal component analysis for screening

of salt resistance indexes

TG REE HARRE  TURE/ % RSk %
Principle Eigen fi245%  Contribution Cumulative
component value Difference rate contribution rate
1 7.570 5.385 68.815 68.815
2 2.185 1.604 19.864 88.679
3 0.581 0.581 5.280 93.959
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Table 5 Score coefficients of principle components

FEHR Indexes X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
H5—F 4> Component 1 -0.343 -0.284 0.281 -0.315 0.344 0.276  -0.284 0.306 0.318 -0.334 0.203
25 K4 Component 2 0.146 0.363 0.372 0.311 -0.079 0.075 0.360 0.281 0.289 0.100 0.545
5 = 14> Component 3 0.229 0.292 -0.278 -0.072 0.140 0.823 0.070 0.148 -0.197 -0.018 -0.133

2.6 RESIESH

FI o BT A RRAE 1] 2 R A5 FR AR AR 45
B HEBRTTERIG KN FRAE 1] 5 5 KN Sl 40 Tid 6 1
TEMFEAR e BRI T 2RI . 55— RO RIS — 3R
4y BRI Ry 84.349% , F BT 2 4> 35 40 S5 ik
T 3ANF KA RMERAE T 84.349% W5 B . 2
— G HRRIE ) AOR A PR S MDA L POD

SOD.Chl(a + b) . Pn M5 b AR FIAE Py 8 9 145
b, SR 5 R A 9 SRR TSR 8 pR T, 3K
SEEHEFFPEN 3 DOk A R EYE, RAERE
PR IIME I R/ 3 A4 oK [ 38 R T R 8 7 1F
TTHEF (35 6),3 4Tk B A8 & KN EhAE 77 B 9 3]
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Table 6  Values subordinate function of maize under salt treatment

R fE

lnﬁfis X1 X2 X3 X4 X5 X8 X9 X10 X11 Subordinate ﬂﬁ
value
M-2FAR 4.000 3.000 4.000 4.000 4.000 3.109  4.000  4.000  4.000 3.790 1
Hi30 AR 1.667 1.810 0.383 1.691 1.721  0.865 1.236  0.99  0.778 1.239 2
Mol7 § A% 0.200 0.429  0.239  0.000 0.750 2.263 1.772  0.636  0.866 0.795 3
o WAL, ERMA S R SRR O R RGZ,

3 ghgSitie
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HOTE 4 D EEIA T 3 AR R ZE R B EH,
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