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Abstract: The sea rice varieties ‘FL478” *JX99 ‘Pokkali’ and salt-sensitive variety ‘IR29’ were used to determine malondialdehyde
content, cell membrane permeability, soluble sugar and proline in rice leaf. We also investigated the activities of
Al-pyrroline-5-carboxylic acid synthetase (P5CS), ornithine-6-aminotransferase (3-OAT) and superoxide dismutase (SOD) under 0
gk, 1gkeg™, 2 gkg™, 3 gkg™, 4 gkg™ and 5 g'kg™' of soil salt treatments at booting stage of potted rice under rainproof green-
house conditions. This aim of the study was to investigate the relationship between osmotic regulators, stress resistance enzymes and
salt tolerance of sea rice under salinity stress. The study also provided theoretical basis for the exploration of salt tolerance genes and
breeding sea rice varieties with salt tolerance. The results were as follows: 1) salinity stress inhibited the synthesis and accumulation
of chlorophyll in rice. Then chlorophyll content in rice leaf decreased with increasing salt stress concentration, and was significantly
higher than that of salt-sensitive rice. 2) The response of soluble sugars of sea rice and salt-sensitive rice to salinity stress had sig-
nificantly differences. The rise in soluble sugars of sea rice was less than that of salt-sensitive rice under 0-3 g-kg™' soil salt content,
but the content of soluble sugars of sea rice was significantly higher than that of salt-sensitive rice under 4-5 g-kg™' soil salt content.
3) Malondialdehyde contents of sea rice and salt-sensitive varieties increased with increasing salt stress, resulting in increased cell
membrane permeability. However, malondialdehyde content of sea rice was significantly lower than that of salt-sensitive rice. This
implied that leaf membrane damage of sea rice was significantly less than that of salt-sensitive rice. 4) Proline content and P5CS,
8-OAT and SOD activities of rice leaf increased initially and then decreased with increasing salt stress. Proline content and P5CS,
8-OAT and SOD activities of sea rice and salt-sensitive rice were maximum under 3 g-kg™' and 2 g-kg™ salt content, respectively.
However, proline content and P5CS, 8-OAT and SOD activities of sea rice were significantly higher than those of salt-sensitive rice.
5) Simple and partial correlations of soluble sugar, proline and PSCS were significantly positive under salinity stress. Salt tolerance
characteristics of sea rice were considered as physiological salt tolerance. Proline synthetase PSCS and 3-OAT of sea rice were both
activated by salinity stress. The activity of two pathways of proline synthesis (ornithine synthase and glutamate synthase pathways)
were simultaneously increased, which promoted rapid and high accumulation of free proline in sea rice. Rapid accumulation of free
proline also activated SOD activity, which effectively destroyed the accumulation of intracellular reactive oxygen species. Soluble
sugar and proline synergistically alleviated osmotic stress and sea rice showed a strong salt tolerance.

Keywords: Sea rice; Salt stress; Anti-stress physiology; Osmotic regulation; Resistance enzyme activity
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Table 1  Salt contents of topsoil (0—20 cm) of rice cultivation in pot experiment under different treatments

Treatment CK T1 T2 T3 T4 TS
Na* Na' content (%) 0.027+0.003 0.107:£0.003 0.162£0.026  0.251+0.022  0.360+0.017  0.427+0.024
Electrical conductance (uS-cm™) 566+82 2 4834249 3798+171 4 883+351 7 474+49 9 283+603
CK T1 T2 T3 T4 T5 0gkeg! 1gkg' 2gkg" 3gke’ 4gkg' S5gkg’ NaCl Intreatments CK,

T1, T2, T3, T4, and T5, 0 g'kg™', 1 g-kg™!, 2 g'kg™', 3 g'kg™, 4 g'kg™' and 5 g-kg™' NaCl are added to base soil, respectively.
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Fig. 1 Contents of chlorophyll and soluble sugar of sea-rice under different salt stresses

‘FL478” ‘JX99° ‘Pokkali’ ; ‘IR29” s CK Tl T2 T3 T4 T5
0gkg' 1gkg' 2gkg’ 3gkg' 4gkg' 5gkg’ NaCl
(Duncan , P<0.05); (Duncan , P<0.05) ‘FL478” ‘JX99’ and ‘Pokkali’ are

sea-rice cultivars, ‘IR29’ is salt-sensitive rice cultivar. In treatments CK, T1, T2, T3, T4, and T5, 0 g-kg™', 1 g'kg™, 2 g'kg™, 3 g'kg™', 4 g'kg™
and 5 g-kg™' NaCl are added to base soil, respectively. Different capital letters indicate significant differences among different salt contents
for the same rice cultivar (Duncan method, P < 0.05). Different lowercase letters indicate significant differences among rice cultivars at the

same salt content (Duncan method, P < 0.05).
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Fig. 2 Content of proline and activities of key enzymes (del-
ta-1-pyrroline-5-carboxylate synthase, PSCS; ornithine
-d-aminotransferase, -OAT) involved in proline metabolism of
sea-rice under different salt stresses
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cultivar. In treatments CK, T1, T2, T3, T4, and T5, 0 g~kg", 1
gkg™, 2 gkg™, 3 gkg™', 4 gkg! and 5 g'kg™! NaCl are added to
base soil, respectively. Different capital letters indicate significant
differences among different salt contents for the same rice cultivar
(Duncan method, P < 0.05). Different lowercase letters indicate

significant differences among rice cultivars at the same salt content
(Duncan method, P < 0.05).
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Fig. 3 Content of malondialdehyde (MDA) and cell membrane permeability of sea-rice under different salt stresses

‘FL478" JX99° ‘Pokkali’ ; ‘IR29°
0gkg' 1gkg' 2gkg' 3gkg’ 4gkg’ 5gkg’
(Duncan , P<0.05);

CK TI T2 T3 T4 TS5

>

NaCl

(Duncan , P<0.05) ‘FL478” ‘JX99’ and ‘Pokkali’ are

sea-rice cultivars, ‘IR29’ is salt-sensitive rice cultivar. In treatments CK, T1, T2, T3, T4, and T5, 0 g-kg™', 1 g'kg™, 2 g'kg™, 3 g'kg™', 4 g'kg™
and 5 g-kg™' NaCl are added to base soil, respectively. Different capital letters indicate significant differences among different salt contents
for the same rice cultivar (Duncan method, P < 0.05). Different lowercase letters indicate significant differences among rice cultivars at the

same salt content (Duncan method, P < 0.05).
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Fig. 4 Effect of salt stress on superoxide dismutase (SOD)
activity of sea-rice

‘FL478” ‘JX99° ‘Pokkali’ ; ‘IR29’
, CK TI T2 T3 T4 T5
0gkg' 1gkg' 2gkg’ 3gkg' 4gkg'
5gkg?  NaCl
(Duncan , P<0.05);
(Duncan , P<0.05) ‘FL478 ‘JX99’

and ‘Pokkali’ are sea-rice cultivars, ‘IR29’ is salt-sensitive rice
cultivar. In treatments CK, T1, T2, T3, T4, and T5, 0 gkg™', 1
gkg™, 2 gkg™, 3 gkg™, 4 gkg! and 5 g'kg! NaCl are added to
base soil, respectively. Different capital letters indicate significant
differences among different salt contents for the same rice cultivar
(Duncan method, P < 0.05). Different lowercase letters indicate
significant differences among rice cultivars at the same salt content
(Duncan method, P < 0.05).
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Table 2 Correlation matrix among physiology indexes of stress resistance of sea-rice under salt stress
Chl Pro SS MDA CMP P5CS 5-OAT SOD

Chl 1.000 -0.010 ~0.199 —0.408" -0.313 0.084 ~0.039 -0.193

Pro -0.870" 1.000 0.626" 0.294" 0.415" 0.888" 0.109 -0.373"

SS -0.478"" 0.547" 1.000 0.125 0.176 0.054 -0.173 -0.191
MDA -0.793" -0.178 0.529" 1.000 0.385" -0.239 -0.409" 0.388"
CMP -0.732" ~0.109 0.350" 0.697" 1.000 0.271 0.173 -0.115
P5CS 0.009 0.815" 0.162 ~0.061 -0.103 1.000 0.009 0.479"

3-OAT 0.155 -0.205 —0.495"" -0.308" —0.098 0.353" 1.000 0.561""
SOD -0.321" 0.065 -0.179 0.257 0.280° 0.415" 0.625" 1.000
Chl: ; Pro: ; SS: ; MDA: ; CMP: s P5CS: A'- -5- ; 0-OAT:
-5- ; SOD: ok 0.0  0.05 ( ) ,

Chl: chlorophyll content; Pro: proline content; SS: soluble sugar content; MDA: malondialdehyde content; CMP: cell

membrane permeability; PSCS: delta-1-pyrroline-5-carboxylate synthase activity; 3-OAT: ornithine-3-aminotransferase activity; SOD: superoxide
dismutase activity. ** and * indicate significant correlations at P < 0.01 and P < 0.05 (Two-sided test), respectively. The lower left area is a simple
correlation analysis. The upper right area is a partial correlation analysis.
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