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Abstract: - The best way to control the salination process and to maintain the sustainability of landscape is the 

use of environmentally safe and clean techniques. One of these new techniques is the use of salt removing 

species. In order to study the potential capacity to remove soil salts, several wild halophytic species were being 

studied. Two experiments with Tetragonia tetragonioides were carried out involving 1) the effects of salts, 2) 

and the combined effects of salts and calcium. It is shown that T. tetragonioides, besides its high salt removal 

potential, has other interests, as follows: 1) high biomass production potential; 2) several harvests during the 

year (summer and winter); 3) high content of minerals; 4) horticultural importance, as a leaf vegetable crop; 6) 

easy multiplication (seed propagation) and easy crop management; 7) tolerance to drought and hot conditions; 

8) soil erosion control due to its excellent soil covering. The obtained results suggest that plants supplemented 

with the high calcium level had longer internodes than plants in the low calcium level, at high salinity levels.  
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1 Introduction 
Conventional techniques to combat the 

wastewater salination process can be characterized 

by four generations: 1) Problem of root zone 

salination by soil leaching, where contamination can 

be observed [1]; 2) Use of subsurface trickle 

irrigation - economy of water, and therefore less 

additional salts; however the problem of 

groundwater contamination due to natural rain or 

artificial leaching can occur [2]; 3) Enhanced 

fertilization increases tolerance to salinity, but 

sensitivity increases also [3], but the contamination 

will be increased by other hazardous chemicals such 

as nitrate [4]; 4) Use of salt tolerant species - this 

technique will be very useful to the plants, but it 

does not solve the problem of soil or groundwater 

contamination [5].  

When using saline water in the Mediterranean 

areas, the only way to control the salination process 

and to maintain the sustainability of landscape and 

agricultural fields is to combat the salination 

problems by environmentally safe and clean 

techniques, as follows: 1) Use of salt (ions) 

removing species [6]; 2) Use of drought tolerant 

crops species, because less water is applied and, 

therefore, less salts are infiltrated [7]; 3) reduction of 

salt application by deficit irrigation [8]; 4) 

application of minimal levels of water enough to 

obtain a good visual appearance GVA of the 

landscape  [9].  

In order to evaluate the wild plants ability to 

remove salts from soil, several species from the 

Mediterranean coastal flora, living in saline 

environments were studied [10]. An exotic leaf 

vegetable crop, T. tetragonioides living at a wild 

status in the Mediterranean Basin sand dunes, was 

studied as a salt removal specie; T. tetragonioides 

was chosen during the project first phase among a 

set of 6 species (Beta maritima, Portulaca 

oleraceaa, Thymus mastichina, Lotus creticus and 

Limoniastrum monopetalum), as the best salt 

removing crop.  

The main reasons to chose this species were: 

Fast rate growth, higher biomass production (if 

properly managed), easy cropping (as winter or 

summer crop), and absence of diseases and pests of 

major importance, as well as good acceptance by 

local consumers as a leafy vegetable [11]. Moreover, 

it was demonstrated its capability as, beside other 

interests, as a high biomass horticultural leaf crop, 

producing plant dry weight 40,000-50,000 kg ha
-1
, if 

the plant population density is around 75,000 plants 

ha
-1
 [12]. In field conditions, some authors [13] 

found in Poland average productivity of New 
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Zealand spinach over 70t ha
-1
. In that experiment, 

with potted plants, the fresh biomass per plant 

changed from 700 to 900g.  

  

 

2 Material and methods  
 

2.1  Effect of salts (1st experiment)  
The experiment was conducted from September 

to November with potted plants. The species used 

were T. tetragonioides submitted to 5 salinity levels: 

0, 25, 50, 75, and 100 mM NaCl, respectively S0; 

S1; S2, S3 and S4.  The conductivity of the irrigation 

solution were of 0.9; 3.6; 6.0; 8.5 and 10,8 dS m
-1
, 

respectively. The number of plants per treatment was 

7. Six-leaves plants were transplanted to 5 litters 

randomized pots, in a 2:1 turf and vermiculite 

medium, in September 2000.  They were irrigated, 

each two days, with saline water from September to 

November.  

Plant growth was estimated by periodic 

determination of leaf number, stem length and by the 

plant dry weight at the end of the experiment. 

Minerals in leaves were analysed by the dry-ash 

method [14]. The extraction was made by treating 

the ash with 6 M HCl, except in the case of Cl
-
, in 

which the extraction was carried out with hot water. 

The amounts of sodium, potassium, calcium, 

magnesium and ferrous cations were determined by 

atomic absorption spectrophotometry. Chloride 

anions were determined in the aqueous extract by 

titration with silver nitrate according to Piper [15]. 

Nitrogen was determined by the Kjeldahl method. 

Phosphorous was determined by colorimetry method 

according to the vanadate-molybdate method [14]. 

Stem growth and leaf number were measured 

periodically and the mineral composition determined 

at the end of the experiment in November The 

ability of these species to grow on saline conditions 

was compared by the relative reduction of growth 

due to the salinity. Nitrogen content was determined 

by the Kjeldahl method. Chloride ions were 

determined by titration with silver nitrate.  

Statistical analyses were made with an SPSS 

computer program. Two-way analyses of variance 

(ANOVA), least significant difference and Duncan’s 

multiple-range tests (P<0.05) for comparisons 

between treatments over time were conducted.   

 

2.2 Combined effects of Salts and Calcium 

(2nd experiment) 
The salt concentrations used were 0, 50, 100 

and 200 mM. For each salt concentration, two 

calcium concentrations were used: 2 (Ca1) and 10 

mL/L (Ca2) of CaCl2. Statistical analyses were made 

with an SPSS computer program. The experimental 

conditions were improved relatively to the mineral 

nutrient level (increase of 50%) and correction of pH 

values (near 6). The sowing date was 15 Apr., the 

planting was on the 12 May, and the treatments were 

applied from the 20 May to 30 June. Two-way 

analyses of variance (ANOVA), least significant 

difference and Duncan’s multiple-range tests 

(P<0.05) for comparisons between treatments over 

time were conducted.   

 

 

3 Results 
 

3.1 Effect of salts (1st experiment)  
T. tetragonioides produced significant amounts 

of dry matter, which ranged from 84 to 62 g/plant. 

The partition of the plant dry matter to plant organs 

was changed by the effect of the medium salt 

concentration (Figure 1). There was an increase of 

the percentage of dry matter of the leaves in saline 

conditions and a decrease of dry matter allocated to 

the seeds with the increasing of salinity.  

The percentage of dry matter of stems and roots 

were constant in all treatments. At the end of the 

experiment, it was observed a low reduction of the 

plant stems length and of the dry matter production, 

more pronounced with the increase of the salinity 

levels (less 27 % of the dry matter at 100 mM NaCl 

comparatively to the control treatment).  
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Figure 1 – Partition of dry matter among plant organs 

at different salinity levels. 

 

T. tetragonioides showed to be relatively 

tolerant to saline conditions. The stem growth were 

relatively unaffected by the saline stress, as shown 

by the little differences among the mean stem length 

at 3 dates during the experimental period (Figure 2).  

The first date was at the beginning of the sa-

line treatment, the second was at the onset of 

flowering stage, and the third was at onset of fruiting 

period. However, during the experimental period 
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there was a significant reduction of new leaves 

production due to salt treatment (Figure 3). This 

could explain the decrease of plant dry matter at 

harvest in the most saline treatments relatively to 

control.  

Despite the reduction of biomass production by 

the salinity, from a horticultural point of view, this 

could be counterbalanced by the relative increase of 

the marketable part of the crop (leaves). The 

reduction of the seeds production by plants in saline 

conditions showed that the reproductive system was 

more susceptible than the vegetative system to 

salinity. 

 

 
Figure 2 - Mean stem length of T. tetragonioides 

during the experimental period. The plants were 

submitted to 5 levels of salinity. 

 

The leaf mineral composition of T. 

tetragonioides (Table 1) shows a high ability to 

extract salts from soil. The effect of salinity on 

nitrogen concentration was not affected by the salt 

concentration. In relation to sodium, potassium and 

calcium content, there was an increase with the 

salinity. As the leaves are the eaten part of the crop, 

this could be a problem regarding the minerals like 

sodium and potassium, according to their anti-

nutritional effects. 

 

 
Figure 3 - Mean plant leaf number during the 

experimental period. 

 

3.2 Combined effects of Salts and 

Calcium (2nd experiment)  
There was a clear effect of salinity on growth, 

as observed by the reduction of the main stem length 

and leaf production (Figures 4 and 5, respectively). 

High calcium level improves the stem growth at high 

saline conditions (100 e 200 mM NaCl). However, 

the calcium effect was not apparent in relation with 

the leaf number that showed, as in the previous 

experiment, a pronounced reduction with the 

increase of the salinity level. 

The mineral composition was consistent with 

the previous results. Mineral composition showed 

that the influence of combined effects of salts and 

calcium was only relatively strong on the calcium 

concentration of the plant leaves, increasing its value 

enhancing the calcium concentration of the nutrient 

solution. On the other hand, the effects of calcium 

had a very low influence on the mineral 

concentration of the other studied ions (nitrogen, 

sodium, chloride, iron, phosphate, chloride and 

magnesium). The decrease of calcium content from 

the 50 mM NaCl to the 200 mM NaCl treatment 

level (Fig. 6) is in accordance with the expected 

effect of the Na
+
/Ca

+
 ratio increase of nutrient 

solution. 
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Figure 5 – Mean number of plant leaves at the end 

of the experiment for the different salt treatments 

and the two calcium levels (2 and 10 mM CaCl2). 
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Figure 6 – Calcium leaf concentration (mol. kg
-1
 

plant dry weight). 
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4 Conclusions 
T. tetragonioides showed to be a valuable salt 

(ions) removal species. In both experiments, T. 

tetragonioides produced significant amounts of dry 

matter. The reasons were: Fast rate growth, higher 

biomass production (if properly managed), easy 

cropping (as winter or summer crop), and absence of 

diseases and pests of major importance, as well as 

good acceptance by local consumers as a leafy 

vegetable. The obtained results suggest that plants 

supplemented with the high calcium level had longer 

internodes than plants in the low calcium level, at 

high salinity levels.  

It was shown that this new technique to control 

salinity is a powerful and environmental clean tool 

to maintain the sustainability of the agricultural 

areas and landscape; however, additional research is 

needed. Taken into account the values of sodium and 

chloride content observed in T. tetragonioides, it 

could be extrapolated potential soil removal of these 

mineral elements by the species on different saline 

conditions. From the data presented, it could be 

expected that in very saline soils, that species could 

extract just to 700 kg ha
-1
 of sodium and 490 kg ha

-1
 

of chloride.  

T. tetragonioides partition among plant organs 

was affected by the medium salt concentration. 

There was an increase of the percentage of dry 

matter of the leaves in saline conditions and a 

decrease in seeds. The percentage of dry matter of 

stems and roots were constant in all treatments. 

The reduction of biomass production by the 

salinity, from a horticultural point of view, could be 

counterbalanced by the relative increase of the 

marketable part of the crop (leaves). The reduction 

of the seeds production by plants in saline conditions 

showed that the reproductive system was more 

susceptible than the vegetative system to salinity.  

The effect of salinity on nitrogen composition 

was affected by the salt concentration. In relation to 

sodium content, there was an increase with the 

salinity. The potassium concentration was higher in 

the control than in the saline treatments.  

The excellent growth and development of T. 

tetragonioides in saline conditions in comparison 

with other species make desirable to study that 

species more deeply, to provide a well 

characterisation of their agronomic behaviour. New 

experiments were carried out, increasing the level of 

salinity and studying the effect calcium medium 

concentration on production, mineral composition 

and nutritional factors.  

As concluding remarks, it can be suggested that 

that T. tetragonioides is very interesting species 

because:  

- The higher biomass production potential: apart the 

growth rate, this species can produce several yields 

during the year (summer and winter). 

- High content of minerals.  

- Horticultural importance as a leafy vegetable for 

human consumption. 

- Easy multiplication (seed propagation) and easy 

crop management. 

- Species tolerant to drought and hot conditions. 

- Absence of diseases and pests of major importance.  

- Protection from soil erosion due excel-lent soil 

covering. 
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Table 1 – Mineral and nitrogen composition of the T. tetragonioides leaves, according to the salt treatment 

Salt  Nitrogen Sodium Potassium Calcium Iron Magnesium Chloride Phosporous 

S0 1.78 1.33 0.76 0.26 2.28 10
-3
 0.24 0.08 0.18 

S1 1.78 1.49 0.83 0.30 2.39 10
-3
 0.24 0.08 0.17 

S2 1.77 1.66 0.91 0.35 2.49 10
-3
 0.24 0.09 0.15 

S3 1.77 1.83 0.98 0.40 2.59 10
-3
 0.24 0.10 0.14 

S4 1.76 2.00 1.06 0.45 2.69 10
-3
 0.23 0.11 0.13 

 

 

 
Figure 4 - Plant growth for each salt concentration during a four weeks period, according to the CaCl2 

concentration (grams of fresh weight per plant). 
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