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Effects of salt stress on the contents of mineral elements and
antioxidant substances in rice

XU Jianghuan, YANG Shan, WANG Panpan, GUO Haifeng, ZHOU Hongkai"
(College of Coastal Agricultural Sciences, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract In order to investigate the variability of antioxidant substances and mineral elements in brown rice under salt
stress, six genotypes of rice, ‘Haihong 117, ‘Haihong 127, ‘Jianxin 99’, °Yangshanxiangdao’, ‘Xiangzhan 3’ and
‘Taixiangzhan’, were taken as materials. Nine soil treatments with different NaCl content (0., 0.5, 1.0, 1.5, 2.0,
2.5,3.0, 3.5 and 4. 0 g/kg). were used to determine antioxidant substances (ascorbic acid, phytic acid,
anthocyanin and total flavonoids) and mineral elements (P, Fe, Zn, Mg, Se and Mn) in rice. Canonical correlation and

canonical redundancy analysis were performed. The results showed that: 1) The accumulation of anthocyanin content in
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rice was affected by the independent interaction between genotype and NaCl treatment, while the contents of P, Zn, Fe
and Se were significantly correlated with each other. 2) The phytic acid content of ‘Jianxin 99 rice was the lowest
among the different NaCl concentrations except for 1.5 g/kg NaCl treatment, which was 72% to 92% lower than that of
the genotypes with the highest content in the eight treatments, respectively. Except for the NaCl treatment of 0.5,1.0
and 3.5 g/kg, the content of ascorbic acid in ‘Haihong 12’ rice was the highest, which was 105% to 566% higher
than that of the genotype rice with the lowest content in the six treatments. 3) The canonical correlation and canonical
redundancy analysis were carried out for mineral elements and antioxidant substances in rice. The results of canonical
correlation analysis showed that the correlation coefficient of the first pair of canonical variables (U, V) was 0.546
(P<C0.01), and of this pair of typical variables, with the decrease of Zn and Se content and the increase of Fe
content, the contents of ascorbic acid and phytic acid in rice tended to increase. The results of canonical redundancy
analysis displayed that the first pair of canonical variables explained 39. 1% of the variation of antioxidant indexes and
20.2% of the variation of mineral elements, while antioxidant indexes explained 11.7% of the total variation of mineral
elements and mineral elements explained 6. 0% of the total variation of antioxidant indexes. In conclusion, under
different NaCl treatment, the contents of ascorbic acid and phytic acid were significantly different among different
genotypes of rice; except Mg, the accumulation of other mineral elements was significantly different between
treatments with different NaCl. Under the interaction of genotypes and different NaCl treatments, Fe content was

significantly positively correlated with ascorbic acid and phytic acid contents, while Zn and Se contents were

significantly negatively correlated with ascorbic acid and phytic acid contents, respectively.
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Table 3 Simple effects of antioxidant substances in rice under NaCl stress
PR MLER Ascorbic acid t4 2 Phytic acid BB Total flavonoids
T
Effect of variable e F B F e F
Mean square Mean square Mean square

GWT0) 57.27 450,04 6.21 74.20" 40. 97 157.88™
GWT(0.5) 126.71 995. 62" 5.25 62.76" 44,03 169.67
GWT(1.0) 180. 85 1421.08" 6.98 83.38" 55.43 213.60"
GWT(1.5) 240. 82 1892.30" 3.54 42.32" 60. 20 231.98"
GWT(2.0) 31.04 243. 88" 6. 36 76.00" 71.92 277,127
GWT(2.5) 26. 80 210.59™ 6.55 78.22" 79.12 304. 88"
GWT(3.0) 45.52 357.66" 5.19 61.95" 81.45 313.84™
GWT(3.5) 38.18 299.96" 4,33 51.67" 93.91 361.86"
GWT(4.0) 76.57 601.69"™ 2.33 27.86" 93.95 362.03"
TWG(HH11D) 28.23 221.79" 1.03 12.33" 6.63 25.56"
TWG(HH12) 90. 78 713.31" 2.55 30.50™ 4. 65 17.90™
TWGX99) 24.00 188.62" 0.67 7.98" 6.55 25.23"
TWG(YSXD) 20.77 163.20™ 7.15 85.46" 0.41 1.59
TWG(TXZ) 12.03 94.54" 3.57 42. 64" 0.16 0.61
TWG(XZ3) 128. 80 1012.08™ 3.85 46.04™ 0.13 0.52
H:GWT %R L3 NaCl & it s TWG FORFEREF AL, FIA .

Note: GWT indicates NaCl content in soil; TWG indicates rice genotype. The same below.
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F6 NaClBpBETHRAMEALYRNT RATEREIHHNEZERR

Table 6 Significance test of antioxidant substances and mineral elements contents in rice under NaCl stress
4 X B R A B 1Y) G 5
. . HLRUAH SC R (D FEAEAE Wilks G5 B
Four pairs of canonical
Correlations eigenvalue Wilk’ s Significance
variable numbers
1 0. 546 0.426 0.555 1. 906 0.008
It 0. 360 0.149 0.791 1.174 0. 294
il 0. 265 0.076 0. 909 0. 891 0.526
N 0. 149 0.023 0.978 0. 560 0.643
F7 NaClrE THRAMEUYRENT EALEZLSENHRB TN
Table 7 Canonical redundancy analysis of antioxidant substances and
mineral elements contents in rice under NaCl stress
Bt AL W RIGER
Vil =i = . . .
4 o TS B 1) i Antioxidant substances Mineral elements
Four pairs of canonical
AN 2 [ N ZH 1]

variable numbers
Within groups

Between groups

Within groups Between groups

1 0. 391
I 0.221
I 0. 200
v 0.188

0.

0.

0.

0.

117 0.202 0. 060
029 0.215 0.028
014 0. 150 0.011
004 0.144 0. 003

kAo, AsA 0 BRI R A K K B
GLDH RHBEEEHR R GO-2" L T W H R < GI-2’
B TR A 50 A AL a 58 7 N BT T TR AsA
At oK A fkae 1. ALK L 9 A
NaCl 4B, F oK b AsA & 78 6 4S5 K RLK A5
R B 2R, EERINEL A NaCl 4
Bp, CHH 12789 AsA & & R — b BT &5 & i
%) 5 PR R0 R K 43 0 v 115 % .219%.206 % . 566 % .
105% .158%.310% .75 % F1 260% , fif LA “HH 127
AR IEE 5 AsA BT RER,

1P6 HA MR P Efbae hmE A, |
WA B 58 R BT AR BT A A K P 5 R RIS ) 2 1E A
XKL GRS ICH O RDY . ROk b 1P6 K B
MNIBEVEUE T X REK T Zn Fe 550 T HR
B B R WA AR 7 A SUTED S N, TP6 e Y A
KT K W& R N BE ™= A RIEILER 19 B2
P ARG L AE 9 A NaCl # AL, JX 997
FEk v 1P6 % 4 43 31 e ] — NaCl kbR

ISIA
2

P = = Ny

B B 1A

B 3 AR KK 80%0. 77% . 86% . 59% . 92% .
85% .84 % .85 % F1 72 %, T LAFEIE FH K IP6 & 1 1Y
ol B WA < T X997 A Xof T At i PR B K R B A

PN SRR A SR R WA AR A
K EBTE AR AR A B LT BR AR ) S A @ R
JEHER B R 2 [E) 35 S A AR DG ELAT R Y
BB %, HpT A R R . A58 b, CHH 117,
‘HH 127 f1“JX 9973 MEEFE ALk TF & &2 1 3%
T A 3 A FORFE P AELRIAS . <JX 997 ROk o
AnC F B2 NaCl 4b B3R FE (1 38 i i 3 i, 48 Xt
FCHH 11 M HH 12° % HA it NaCl B 45 F

BV RE .
3.2 NaClBpBE THEABMELYWRATRTES
ENETWL

LAY BRI B0 3R Z A7 RS 25 52 0 1 %
Bk, AR, SR P AL BE AT RE XS 7K A5 B
FRAY Zn Fe 5557 Ji JC 3% (1 % iz F1 R BRA — & 12 1
SR T SVANESS i a5 N LAt 1]
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AT ROPE BT R, B A R v A O B B
gLl Twal FU MR RWEKEM T LE W
AR WSS B i ok i P & Bl 1P6
JE AR AR R R 2 A BRI Zn 5 IP6 B A A
B 20 M EEW M ZEZENEFL . Persson 555 i@
T SE KA KR Y Fe,Zn P Fl S BB 25, 42 1
In FEEZKEES .M Fe EE Y5 1P6 454, 75
STV 25 R B R AR AnC 9 RRUE M R
WK, — & Fe' S 5E XXM REGY. —
EE SR AsA &% Fe' A4k e A H, O, M i
W AnC R EME ., £ LMK P OLT P gl 748
FRXF Se (M, i 16 P 4cFF L P A2 BERLBR X Se
A, Pu SN R R BN TR 280 (R .
A /N TG 0 T 85 B SR AE N L A L )
—FEY 0 65 A A S Y Se Al AnC & &Y R
PR i R s S i Y Se AR W AR AnC,
H Se & H1Y BF 2 W G 1E W B B G 6.3F A0
VRN . ARTFFE L5 R A — T [N, Bl R
K Zn Al Se & & M BEAK, Fe & &M LT, Fiok
AsA FI IP6 & i 2 B H . X — %5 3 ] g8 &
R TE NaCl e T, 7K R e K g2 i 2 A e, TR
iR PR AL 1P6 . 15 TP6 & &4 i, [\ B
M F Fe & ®AEROK P8, — & 4> Fe &9k 1P6
A B —EBr Fe ™ 278 3 Wi o o 7= A 10 3 43
T4 (ROS)Y A AL AL Fe! 00 I Rk vh s & =i
AsA 2k Fe' ' B bR H O, S5 7= 1) 783
B Fe'™ A4 A B AR ER T &Kk T AnC B9 52
SETEGREIR , F 3 AnC SR TR, NMi51E T/
Kb Se & B YRR, R K Zn % 509 R B AT BE
JEZ ) P BT RBON

4 & it

fE 9 MAIAE] NaCl 4 #(0,0.5.1.0,1.5.2. 0,
2.5.3.0.3.5 F1 4.0 g/kg) T .6 4~ 3k K R Fg K h 48
RIS 2PN R NaCl b P [a] 4 5 b 57 4R
FH B 52 ] 5 470 R I R R TR 7 e AE AN [) 3 PR AR R oK
225 B %P Zn Fe f1 Se 19 8 A BAERON E 1y
RE 2R AR T Mg A B AR 3 R R
M NaCl 4b B8] ¥ 76 2 3% 8w, BR Mg #b. P Zn,
Fe.Se 1 Mn 09 & £ A 6] NaCl ¥ i 4b # [[] 15 22
SR, 7EEE AR [E] NaCl &b B (0% B AR 500
T REKH Fe B9 & &40 51 5 B IR i R FiAR B2 % &
B FEIEM S, Zn A Se 198 20 9 5 PR 1M iR

FIAR IR & B 5 0 35 MG,
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