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Abstract. Suaeda salsa (leaf succulence) and Limonium bicolor (secreting) are common halophytic species
grown in coastal saline soil area in China. They possess different physiological adaptations which help them to
avoid salt stress. Their mechanism of salt tolerance is varied and not properly understood. Therefore, the
proposed plan to grow them in highly saline conditions could be hampered. The present study was designed to
study the effect of salinity on growth and various solute compositions. Growth of S. salsa showed a 94% and
48% increases in comparison to control in 50 and 100 mM NaCl respectively in both shoot and root while at high
salinity (400 mM NaCl) shoot and root dry weight were not significantly different from control. However, in L.
bicolor root showed little promotion of shoot growth at 150 and 100 mM NaCl respectively and growth was
substantially inhibited at 400 mM NaCl. Suaeda salsa accumulated more Na“ and CI” ions in comparison to L.
bicolor. These ions accumulated more in shoots of S. salsa whereas distributions of ions were similar in both
shoots and roots of L. bicolor. Shoot soluble sugar decreased and proline increased with increase of external
salinities of both species but shoots of L. bicolor contained relatively higher amount of sugar and proline at high
salinity levels.

1. INTRODUCTION

Salinisation of soils and groundwater is a serious land-degradation problem in arid
and semi-arid areas, and is increasing steadily in many parts of the world due to
poor irrigation and drainage practices, which cause a great reduction for crop
productivity (Lambers, 2003). As an alternative method to restore saline land, the
utilization of halophytes attracted more attention due to their salt tolerance
characteristics and potential economic values (Flowers, 1977; Glenn et al., 1999;
Lieth, 1999; Barrett-Lennard, 2002; Zhao et al., 2002).
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The principal mechanism of halophytic adaptation may be the high Na" and CI’
absorption. The halophytes which are able to grow at high salinity can generate a
high turgor in their cells by the high internal Na" and CI” concentrations. They also
have some adaptive features like salt secretion (salt glands & bladders) or increase
succulence to deal with high concentration of ions in the cell (Greenway &
Munns, 1980). Difference of growth and physiological response between closed
related plants to salinity is particularly interesting and may result to the
identification of a number of factors that influence salt tolerance (Tester &
Davenport, 2003). These differences can be used for the management practices of
different halophytic species even for screen and selection of salt tolerant crops.

Suaeda salsa (Chenopodiaceae) a leaf succulent annual and L. bicolor
(Plumbaginaceae) a perennial secreting halophyte has been reported to be widely
distributed in saline areas of China. Both species could be used cash crops in high
saline soils of China. Young seedling of S. salsa can be used as vegetable and the
seeds contain approximately 25% of high quality oil. Limonium bicolor is a
traditional Chinese herb, which has a haemostatic function (Zhao & Li, 1999;
Zhao et al., 2002). The objective of this study was to compare the salt tolerance
and mechanism of osmoregulation of the halophytes with different physiological
adaptations.

2. MATERIALS AND METHOD

2.1. Plant materials and growth conditions

Seeds of S. salsa and L. bicolor were collected from coastal saline soils area in
Hebei Province, China and were sown in plastic containers filled with clean sands
and kept in a greenhouse at Nanpi Eco-Agricultural Experimental Station, Chinese
Academy of Sciences under an approximately 28°C maximum and 23°C minimum
temperature. After seed emergence the plants were irrigated daily with a half-
strength Hoagland solution (Hoagland & Arnon, 1950). One week later, seedlings
with a uniform size were selected and transferred to 8 L plastic tubs containing
aerated Hoagland solution. Five plants were transplanted in each tub. Salinity
treatments included 0 (CK), 50, 100, 200 and 500 mM NaCl. The NaCl
concentrations were gradually increased by 100 mM NacCl increments at one day
interval until to reach the maximum level of each treatment. For each treatment
there were 3 replications, and the solutions were changed weekly to avoid ion
accumulation. The duration of treatments was 30 days.

2.2. Growth measurements

At the end of experiments, plants of each tub were harvested and divided into
shoots and roots. The shoots and roots were washed with cold deionized water,
blotted dry, and fresh weights were measured. Then they were oven dried at 70°C
for 48 hours and the dry weights were measured.
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2.3. Chemical analysis

The dried shoot and root samples were ground separately and were wet ashed with
HNO; digestion. The Na", K", Ca*" and Mg2+ concentrations were analyzed by
Hitachi 170-10 Atomic Absorption Spectrophotometer. Shoot soluble sugar was
determined by the phenol-sulfuric acid method (Dubois et al., 1956) and proline
by the Ninhydrin method of Bates et al., 1973.

2.4. Statistical analysis

Data were analyzed by using the SPSS 11.0 software and means were tested using
Duncan’s multiple range tests (p < 0.05).

3. RESULTS

3.1. Growth

Shoot and root dry weight of S. salsa was highest in 50 mM NaCl, and no
significant growth inhibition was recorded at highest salinity treatments (Figure
1). There was small but significant root growth promotion with increase in salinity
but root growth at highest salinity was not significantly different from control.
Shoot growth in L. bicolor showed a little promotion at low salinities (Figure 1)
and some inhibition at higher salinities. There was no effect of salinity on the roots
growth of L. bicolor except at higher concentrations.
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Figure 1. Effect of salinity on shoot and root dry weight of two plant species. Same letters within
each species indicate no significant difference (p < 0.05) according to Duncan’s multiple range tests.
Bars indicate s.e. of means (n=3)
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3.2. lons

Sodium content of Suaeda salsa shoot increased rapidly with the increase in
salinity reaching to about 19000 umol.g.dw' (Table 1). However, in comparison
root ion concentration could only reach about 2000 pmol.g.dw™”. While Na
concentration in Limonium bicolor was even less than 1500 pmol.g.dw™ and there
was not significant difference between root and shoot. Potassium concentration
decreased with increase in salinity (Table 1). The decrease was more pronounced
in the leaf of both plants particularly in the case of S. salsa (Table 1). Calcium
concentration decreased with the increase in salinity and the decrease was higher
in the roots of both plants in comparison to shoots (Table 1). Magnesium
concentration of shoots of S. salsa decreased substantially with increase in salinity
while small reduction is recorded in Suaeda salsa roots and for L. bicolor for both
roots and shoots (Table 1).

Table 1. Effect of salinity on Cl, Na, K, Ca, and Mg (umol/g DW) accumulation in the shoots and
roots of S. salsa and L. bicolor.

NaCl concentration, mM

0 50 100 200 400
Shoot 1939.4a* 28583b  3120.7b  3608.4c  5798.5d
o s salsa Root 2293a  1524.1b  1538.1b  2039.1c  3192.4d
, Shoot 970.4a  1651.0b  2263.4c  2334.4c  2703.9d
L-bicolor — piot 36792 6304b  1281.0c  17303d  3334.7e
Shoot 383.6a  35582b  9139.9c  17638.7d 19315.7¢
S. salsa Root 347.3a  12672b  1444.6b  1730.0b  2740.4c
Na Shoot  27.4a 698.9b  1010.4c  13742d  2170.4e
L. bicolor
Root 103.9a  501.4b  1107.4c  1455.1d  1504.8d
Shoot 2180.9a  1652.1a  719.1b  603.7b  320.4c
S. salsa Root 1286.6a 1103.3a  920.8ab  887.3ab  797.2b
K . Shoot 585.8a  581.1a  496.6a  3389b  3553b
L-bicolor g0t 361a 3414a 29022  249.6ab  103.9b
Shoot 46.7a 26.6b 21.3¢ 14.7d 12¢
S. salsa
Root 53.1a 46.6a 35.2ab 25.8ab 14.4b
Ca Shoot  38.1a 34.5a 21.1b 16.3b 11.7b
L-bicolor g0t 26.2a 21.8a 20.1a 19.7a 16.7a
Shoot 273.4a  2209a  138.1b  82.9b 56.2b
S. salsa Root 160.5a  149.9a  143.6a 13382  88.7a
Mg Shoot 140.0a  103.7b 10196  84.9bc  78.2¢
L. bicolor

Root  139.2a 131.7a 102.6b 100.4b 87.4b

* Means in a row followed by the same letter are not significantly different (p<0.05).
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The shoots of S. salsa accumulated higher Na" than that of roots which was
increased with the increase in NaCl concentrations until 200 mM then decreased
(Figure 2). In L. bicolor, shoots Na™ and roots Na" was almost at the same level.
Shoots K of S. salsa were higher than that of roots K™ in 0 and 50 mM NaCl and
lower in the higher NaCl concentrations. However in L. bicolor shoots K™ were
higher than roots K in all the treatments. S. salsa shoots accumulated lower Ca**
than that of roots in all treatments, and L. bicolor shoots accumulated lower Ca*
only in higher concentrations. With the present of 100 mM and 50 mM or more
NaCl, shoot Mg** was lower than roots Mg®".
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Figure 2. Comparison of salinity effect on relative shoot and root dry weight of
S. salsa and L. bicolor

3.3. Soluble sugar and Proline

In both species, shoot soluble sugar contents were decreased with the increase of
NaCl concentrations (Figure 3).
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Figure 3. Effect of salinity on leaf soluble sugar content of S. salsa and L. bicolor.
Bars indicate s.e. of means (n=3).
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The shoot soluble sugar declined in 400 mM NaCl to 39% and 78% in
comparison to control in S. salsa and L. bicolor respectively. The total shoot
soluble sugar contents of S. salsa were lower than that of L. bicolor under saline
conditions. Shoot proline contents were increased with the increase in NaCl
concentrations in both species, and the increase of proline in L. bicolor was greater
at higher salinity levels (Figure 4).
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Figure 4. Effect of salinity on leaf proline content of S. salsa and L. bicolor.
Bars indicate s.e. of means (n=3).

The proline content of S. salsa and L. bicolor shoots grown in 400 mM was
increased 1-fold and 9-fold respectively.

4. DISCUSSION

Suaeda salsa showed optimal growth at 100 mol m> NaCl. Comparative results
have been reported for S. depressa (Williams & Ungar, 1972), S. maritima var.
flexils and var. marcrocarpa (Boucaud & Ungar, 1976), S. australis (Robinson &
Downtown, 1985), S. maritima (Yeo & Flowers, 1980), S. ussuriensis (Kef-Fu et
al., 1986), S. salsa (Ke-Fu et al., 1995). In fact, many dicotyledonous halophytes
show optimal growth in the presence of salt (Naidoo & Raghunan, 1990; Khan et
al., 2001). Secreting halophyte, L. bicolor, shoot growth was significantly
inhibited above 100 mol m™ NaCl but leaf succulent, S. salsa, showed no effect of
salinity. Though the lower concentration of NaCl increased root growth in S. salsa,
however, in comparison root growth of L. bicolor showed some inhibition at 400
mM NaCl. At moderate NaCl concentrations, the increase in weight was greater in
S. salsa in comparison to L. bicolor. This may be due to the rise in inorganic ion
content in S. salsa (Flowers et al., 1977) to absorb more water to maintain high
succulence. It was considered that the increase in growth was the possible
compensatory mechanisms for regulating salt concentration (Albert, 1975).

Suaeda salsa and L. bicolor, as most of halophytes can accumulate higher Na"
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and the accumulation was increased with the increase of NaCl levels. However
comparing the two species, there are some differences in the ion accumulation and
partitioning. The Na" accumulation in S. salsa plant was higher than that of L.
bicolor. Suaeda salsa, as leaf succulent halophyte, accumulated most of Na' in
shoots which was ranged from 74% to 94% of total Na" through all NaCl
treatments, similar to the result that more than 90% of Na” in halophytes is in the
shoot (Flowers, 1975). However L. bicolor as halophyte with salt glands, Na"
accumulations was almost similar between shoots and roots. The difference
between two species in the internal ion regulation may be due to the different
mechanisms of salt tolerance, especially with the leaf succulence and salt glands.
Though both species had the highest shoot water content in 100 mM NacCl (for S.
salsa 93%, for L. bicolor 87.5%), S. salsa maintained the higher water content
(>92%) in all the NaCl concentrations and the water content in shoots of L.
bicolor varied greatly (from 87.5% in 100 mM NaCl to 81% in 400 mM NaCl)
(Figure 5).
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Figure 5. Effect of salinity on shoot water content of S. salsa and L. bicolor.
Bars indicate s.e. of means (n=3).

The higher shoot water content avoids the higher ion accumulation in S. salsa.
Nevertheless, in L. bicolor, salt glands removed salt from leaf surface that has
reached to the shoot, so salt content in shoots and roots was similar, and also the
glands remove water from leaf which results in lower shoot water content (Tester
& Davenport, 2003).

The accumulations of K, Ca®" and Mg®" in shoots and roots of both species
were decreased with the increase of NaCl in solutions. Similar results have been
reported for Salvadora persica (Maggio et al., 2000) and Atriplex canescens
(Richardson & McKell, 1980). However, if comparing the species, K*, Ca’" and
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Mg** in L. bicolor was more stable than in S. salsa, this may be due to removal of
salt through salt glands to keep the ion balance between shoots and roots. Suaeda
salsa accumulated more K in roots than in shoots under higher salinity levels. The
higher K" in roots may continuously transport K to shoots to avoid K" deficiency
in shoots (Zhang, 2002).

Sugars, proline and other organic solutes are considered to improve salt
tolerance by contributing to osmotic balance and preserving enzyme activity in the
presence of toxin ions (Shannon, 1997; Greenway & Munns, 1980). In this study it
was shown that in both species the shoot soluble sugar content was declined and
shoot proline content was increased with the increase of NaCl concentration.
However comparing the two species, the shoots of L. bicolor contained relatively
higher soluble sugar and proline than that of S. salsa especially at higher salinity
levels. Rathert (1984) reported that salinity causes greater sucrose increases in
salt-sensitive species than in tolerant species. Greenway and Munns (1980)
indicated that adaptive role of proline is related to survival rather than to
maintenance of growth. Based on these reports, it is assumed that the higher
soluble sugar and proline contents in shoots of L. bicolor than that of S. salsa
indicate that S. salsa is more salt tolerance than L. bicolor.

The results of present study indicated that leaf succulent halophyte S. salsa,
and secreting halophyte L. bicolor, showed increase in growth at moderate
salinities. The higher salinity inhibited the growth of L. bicolor more than S. salsa.
The ion accumulations and partitioning were different. Suaeda salsa accumulated
a large amount of ions than L. bicolor and most of the ions were in the shoots, but
for L. bicolor the ions in shoots and roots were approximately similar. Under
higher salinity conditions, the shoot soluble sugar was decreased and proline
increased. The shoot of L. bicolor contained relatively higher soluble sugar and
proline than that of S. salsa especially at higher salinity levels. Based on the
context, it was considered that S. salsa was more salt tolerant than L. bicolor. The
abovementioned observations suggest that S. salsa is more salt tolerant, however,
exact mechanism of other salt tolerance needs to studied.

5. ACKNOWLEDGEMENT

This work was carried out under the JSPS Research Fellowship granted to
Xiaojing Liu, and was supported in part by China-Pakistan Joint Research Project
(16-413), Innovation Project of Chinese Academy of Science (KWCX-SW-317-
02) and Hebei “10™ 5-year” Research Project (03220169D).

6. REFERENCES

Albert, R. 1975 Salt regulation in halophytes. Oecologia 21: 57-71

Barrett-Lennard, E.G. 2002 Restoration of saline land through revegetation. Agri. Water Management 53: 213-
226

Bates, L.S., Waldren, R.P. & Teare, J.D. 1973. Rapid determination of free proline for water stress studies. Plant
Soil 39: 205-207

Boucaud, J. & Ungar, .A. 1976. Influence of hormonal treatments on the growth of two halophytic species of



RESPONSES OF GROWTH AND SOLUTE COMPOSITION IN HALOPHYTES 143

Suaeda. American Journal of Botany 63: 694-699.

Dubois, M., Guilles, K.A., Hamilton, J.K., Rebers, P.A. & Smith, F. 1956. Colorimetric method for determination
of sugars and related substances. Annals of Chemistry 28: 350-356

Flowers, T.J. 1975. Halophytes. In Ion Transport in Plant Cells and Tissues. D.A. Baker & J.L. Hall. (Eds.),
Amsterdam: North Holland. 309-334 pp.

Flowers, T.J. 1977. The mechanisms of salt tolerance in halophytes. Annual Review of Plant Physiology 28: 89-
121

Glenn, E.P., Brown, J.J. & Blumwald, E. 1999. Salt tolerance and crop potential of halophytes. Critical Review of
Plant Science 18: 227-255

Greenway, H. & Munns, R. 1980. Mechanisms of salt tolerance in nonhalophytes. Annual Review of Plant
Physiology 31: 149-190

Hoagland, D.R. & Amon, D.I. 1950. The water-culture method for growing plants without soil. California
Agriculture Experimental.Station Circular No. 347

Jennings, D.H. 1976. The effect of sodium chloride on higher plants. Biological Review 51: 453-486

Lambers, H. 2003. Dry land salinity: A key environmental issue in southern Australia. Plant Soil 257: [J-[]

Lieth, H. 1999. Development of crops and other useful plants from halophytes. In: Halophyte Uses In Different
Climates [. H. Lieth et al., (Ed.), Backhus Publishers, Leiden. 1-17 pp.

Maggio, A., Reddy, M.P. & Joly, R.J. 2000 Leaf gas exchange and solute accumulation in the halophyte
Salvadora persica grown at moderate salinity. Environtment Expexperimental Botany 44: 31-38

Naidoo, G..R. & Rughunanan, R. 1990. Salt tolerance in the succulent halophyte, Sarcocornia natalensis. Journal
of Experimental Botany 41: 497-502.

Rathert, G. 1984 Sucrose and starch content of plant parts as possible indicator for salt tolerance of crops.
Australian Journal of Plant Physiology 11: 491-495

Richardson, S.G. & McKell, C.M. 1980 Water relations of Atriplex canescens as affected by the salinity and
moisture percentage of processed oil shale. Agronomy Journal 72: 946-950

Robinson, S.P. & Downtown, J.S. 1980. Potassium, sodium and chloride ion concentrations in leaves and isolated
chloroplasts of the halophyte Suaeda australis R. Br. Australian Journal of Plant Physiology 12: 471-479.

Shannon, M.C. 1997. Adaptation of plants to salinity. Advance Agronomy 60: 76-120.

SPSS Inc 2002 SPSS: SPSS 11.0. SPSS Inc. USA.

Tester, M. & Davenport, R. 2003 Na" tolerance and Na" transport in high plants. Annals of Botany 91: 503-527.

Williams, M.D. & Ungar, I.A. 1972. The effect of environmental parameters on the germination, growth, and
development of Suaeda depressa (Pursh) Wats. American Journal of Botany 59: 912-918.

Yeo, A.R. & Flowers, T. J. 1980. Salt tolerance in the halophyte Suaeda maritima L. Dum.: Evaluation of the
effect of salinity upon growth. Journal of Experimental Botany 31: 1171-1183.

Zhang, H. 2002. A study on the characters of content of inorganic ions in salt-stressed Suaeda salsa. Acta Bot.
Boreal.-Occident. Sin. 22: 129-135.

Zhao, K.F & Li, F.Z 1999. Halophytes in China. Science Press, Beijing.

Zhao, K.F., Li, Ming-liang. & Jia-yao, L. 1986. Reduction by GA; of NaCl-induced inhibition of growth and
development in Suaeda ussuriensis. Australian Journal of Plant Physiology 13: 547-551.

Zhao, K.F., Hai, F., & Harris, P.J.C. 1995. The physiological basis of growth inhibition of halophytes by
potassium. In: Biology of Salt Tolerant Plants. M.A. Khan and I.A. Ungar (Eds.), Department of Botany,
University of Karachi, Pakistan. 221-227 pp.

Zhao, K.F., Fan, H. & Ungar, I.A. 2002. Survey of halophyte species in China. Plant Science 163: 491-498.

Zhao, K.F., Fan, H., Z, San. & S, Jie. 2003. Study on the salt and drought tolerance of Suaeda salsa and
Kalanchoe claigremontiana under iso-osmotic salt



	CHAPTER 9
	1Research Center for Agricultural Resources, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, 286 Huaizhong Road, Shijiazhuang, Hebei 050021, P. R. China. 2Faculty of Applied Biology, Tokyo University of Agriculture, 1-1-1 Sa
	3.1. Growth

	Shoot and root dry weight of S. salsa was highest in 50 mM NaCl, and no significant growth inhibition was recorded at highest salinity treatments (Figure 1). There was small but significant root growth promotion with increase in salinity but root growt
	S. salsa
	3.3. Soluble sugar and Proline
	In both species, shoot soluble sugar contents were decreased with the increase of NaCl concentrations (Figure 3).
	The proline content of S. salsa and L. bicolor shoots grown in 400 mM was increased 1-fold and 9-fold respectively.


