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INTRODUCTION 

In general, bio-desalination technology is a 
technology that utilizes bacteria to remove Na+ 
ions and Cl- ions in seawater. The application of 
phytotechnology concept for bio-desalination re-
actor is a new technology. The mangrove plants 
were chosen to be used in bio-desalination. Man-
groves plants are the characteristic littoral plant 
formation of tropical and subtropical sheltered 
coastlines (FAO, 1994). According to Pal et al. 
(2017), mangrove plants are on the land sea in-
terface, they are always associated with and sub-
jected to saline seawater. Before the mangrove 
plant were used in bio-desalination technology, 

it should be tested first to know the tolerance of 
the plant to the NaCl exposure in the preliminary 
phytotoxicity test. A phytotoxicity bioassay was 
used to select plant species in phytoremediation 
that were able to reduce the organic or inorgan-
ic pollutant in a contaminated site. The bioas-
say can potentially reduce the number or pot or 
greenhouse degradation studies that need to be 
conducted before plant species can be chosen for 
phytoremediation (Kirk et al., 2002). In this step, 
the preliminary screening is conducted to find the 
tolerance of plant species to an organic or inor-
ganic pollutant. Phytotoxicity is a term used to 
describe the toxic effect of a compound on plant 
growth. Such damage may be caused by a wide 
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ABSTRACT
The phytotechnology concept that is applied for a bio-desalination reactor become a new desalination technology. 
The desalination technology can be called as bio-desalination technology to remove ions of Na+ and Cl- in brackish 
or saline water using mangrove plant. Before the mangrove plants were used in bio-desalination technology, the 
preliminary phytotoxicity test was conducted. The purpose was to determine the salinity concentration at which 
the mangrove species of Rhizophora mucronata can survive. The preliminary phytotoxicty test was carried out 
using a plastic reactor that was designed as a reed bed system. The reactors filled with gravel, sand, and artificial 
saline water. The variation of the NaCl concentrations were 0 mg/L as control, 10,000; 20,000; 30,000; 40,000, and 
50,000 mg/L. The physical observation of the survival condition of Rhizophora mucronata was carried out during 
the preliminary test for 7 days. The analysis of Scanning Electron Microscopy (SEM) on Rhizophora mucronata 
was conducted at the end of exposure. The results showed that Rhizophora mucronata could not survive at the 
concentrations of 40,000 and 50,000 mg/L. Rhizophora mucronata changed the color of the leaves to brown and 
the stems become softer. Multiple cell damage and the decreasing trend of sodium and chloride amounts occured 
on roots and stems at the salinity concentration of 50,000 mg/L. In conclusion, the high of salinity concentration 
(> 30,000 mg/L) can be toxic to Rhizophora mucronata.
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variety of compounds, such as heavy metals. The 
toxicity result when the plant is incapable of se-
questering or removing excess concentrations of 
organic or inorganic polutant. Plants have evolved 
mechanisms to deliberately exclude, excrete or 
biologically transform these metals into less toxic 
forms (Duxbury, 2000). 

Mangrove plants belong to the plants that can 
survive at saline environment. Saline condition 
is not a prerequisite for their development, rather 
mangroves choose saline condition to avoid the 
competition with the more vigorous terrestrial 
plants (Pal et al., 2017). Mangroves are not halo-
philes, rather salt tolerant plants based on the 
physiological studies. However, the excessive sa-
line conditions retard seed germination, impede 
growth and development of mangroves. Accord-
ing to Scholander et al. (1962) in Suarez and Me-
dina (2008), some of mangrove can be tolerant to 
salinity because it can be an be released through 
a specific gland on the leaves. This mangrove that 
has salt gland was called secreter, i.e Avicennia 
spp., Aegiceras spp., dan Aegialitis spp.

The research was conducted as the first step 
to use Rhizophora mucronata in bio-desalinasi-
on reactor using reed bed system. The purpose 
of this research was to determine the maxi-
mum concentration of NaCl to survive of Rhi-
zophora mucronata. The results will be used for 
further investigation. 

MATERIALS AND METHODS

Preparation of mangrove

Rhizophora mucronata were collected from 
nursery of mangrove at Wonorejo, Surabaya. The 
age of plants were about 3 months. The mang-
ove species that was used in this research was 
Rhizophora mucronata. The reasons to use Rhi-
zophora mucronata were based on Saeni and Ta-
nasale (1999), Rhizophora apiculata, Rhizophora 
mucronata, and Xylocarpus granatum can reduce 
concentration of salt in water. According to Khan 
and Aziz (2001), the relative salt tolerance is ex-
hibited by Avicennia marina, Ceriops tagal and 
Rhizophora mucronata species. Our previous 
study showed that Avicennia marina can survive 
up to 30.000 mg/L of NaCl. After that Rhizopho-
ra mucronata were placed in a green house for 
1 week to conduct aclimatization.

Preliminary phytotoxicity test

The preiminary phytotoxicity experiment was 
conducted based on the Organization for Econom-
ic Co-operation and Development (OECD) 208 
(1984) and ISO 11269–2 (1995). A preliminary 
phytotoxicity test was conducted using a plastic 
reactor with the diameter of 28 cm and height of 
32 cm. There were 2 layer of media. A layer of 
medium gravel (Ф in 20 mm) was placed at the 
bottom of the reactor with 5 cm of the depth, and 
another layer of sand was placed at the top with 
depth of 10 cm. After gravel and sand layers, the 
artificial of saline water was filled with high of 
5 cm. Figure 1 shows the design of reactor and 
Figure 2 depicts the running of preliminary phy-
totoxicity test. The preliminary phytotoxicity test 
was conducted for 7 days. Number of Rhizophora 
mucronata was 3 plants in 1 reactor. The range 
of NaCl concentrations was: 0 mg/L as control, 
10,000; 20,000; 30,000; 40,000, and 50,000 mg/L. 
The range of these concentrations was chosen 
due to all those salinity concentrations showed 
the low to high salinity. The solution of NaCl was 
prepared from NaCl pro analysis powder (Merck, 
USA). The nutrient addition was not carried out 
during the perliminary phytotoxicity test due to 
the applications of nutrient fertilizers that can al-
leviate the process of phytotoxicity (Cheng et al., 
2012). The physical observation on Rhizophora 
mucronata was carried during the preliminary 
phytotoxicity test. 

Fresh and dry weight determination

Determination of plants fresh weight (FW) and 
plants dry weight (DW) were carried out at the end 
of the preliminary phytotoxicity test. The growth 
of Rhizophora mucronata was monitored by de-
termining its wet weight measured immediately 
after harvest at the end of the test. Rhizophora mu-
cronata were separated into roots, stems, leaves. 
The roots of Rhizophora mucronata were washed 
to remove any sand and blotted gently with soft 
paper towel to remove any free surface moisture. 
All plants parts were dried in an oven Memmert 
(Germany) at 105°C for 24 h for dry weight mea-
surement (Mieszkalska and Lukaszewska, 2011).

Analysis of scanning electron microscopy

The purpose of scanning electron microscopy 
(SEM) analysis was to find the impact of NaCl on 
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tissues of roots, stems and leaves of Rhizophora 
mucronata. Scanning electron microscopy (SEM) 
analysis was conducted using SEM (Zeiss Model 
EVO MA10, Germany) at Laboratory of Energi, 
LPPM – ITS. The analysis of unsure in Rhizopho-
ra mucronata using scanning electron micros-
copy-energy dispersive X-ray (SEM-EDX) and 

mapping of unsure was conducted after 7 days of 
exposure at control and the higher concentration 
of salinity. The sample preparation was carried 
out using a method from Pathan et al. (2008). Af-
ter driying, all samples were cut into small pieces 
and coated with metal, Au (gold), using a coating 
machine (Emitec, Germany).

Figure 1. Design of reactor

Figure 2. The running of preliminary phytotoxicity test
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RESULTS AND DISCUSSION

Observation of physical on survival 
Rhizophora mucronata 

All Rhizophora mucronata were in good con-
dition at day 0 until day 2. The wilting of leaves 
began at Day 3 in the NaCl concentration of 
40,000 and 50,000 mg/L. According to Titah et 
al. (2013a), the wilting, especially of the leaves, 
was observed as an initial symptom of phytotox-
icity. However, the wilting leaves also occured at 
control and all salinity concentration at the end 
day of exposure (Day 7). Rhizophora mucronata 
changed the color of the leaves to brown; wilting 
of leaves, decreasing of number of leaves, soften-
ing of stems occurred at concentrations of 40,000 
and 50,000 mg/L for Day 7 of exposure. 

Figure 3 depicts the condition of the whole 
Rhizophora mucronata plant after the end of 
preliminary phytotoxicity test. On the basis of 
the picture in table, roots of Rhizophora mucro-
nata can grow well at control and the salinity of 
concentration up to 30,000 mg/L. However, the 
size of Rhizophora mucronata roots was smaller 
at the concentration of 40,000 and 50,000 mg/L 
compared with control and other concentrations. 
The stems became softer than control and other 
concentrations. The yellowing and wilting of 
leaves were greater than control and other con-
centrations. It showed that Rhizophora mucro-
nata could not survive at the concentrations of 
40,000 and 50,000 mg/L. The high salinity can 
cause osmotic stress and reduce the availability of 
water, resulting in stomatal closure and reduced 
supply of carbon dioxide (Tanaka et al., 1999; Li 
et al., 2008). According to Medina and Francisco 

(1997), the significant decreases in leaf number 
and area of Avicennia. germinans during increas-
ing of soil salinity. The accelerated leaf mortality 
rates of mangrove were often accompanied by de-
creases in leaf production rates, finally leading to 
the deaths of plants under extreme salinity stress 
(Ball and Pidsley, 1995).

Fresh and dry weight of Rhizophora 
mucronata

Figure 4 depicts the fresh-dry weight biomass 
of Rhizophora mucronata during the preliminary 
phytotoxicity test. The weight of dry biomass in 
roots, stems and leaves decreased similarly with 
the fresh weight. The FW and DW of roots, stems 
and leaves at control were 37.1; 22.4; 88.3; 82.9; 
11.1 and 6.4 g, respectively. The decreasing of 
FW and DW on stems of Rhizophora mucronata 
showed less reduction at control. 

Figure 5 shows the decreasing precentage 
of whole Rhizophora mucronata weight dur-
ing the preliminary phytotoxicity test. It was 
observed that the slightly decreasing occured 
at 10,000 mg/L (9.1%) compared with control 
(18.2%). According to Titah et al. (2013a), the de-
creasing of plant biomass in control after the end 
of exposure could be due to the decreasing nutrient 
since no additional nutrient was added.  The nutri-
ents were available in sand, but the concentration 
of those nutrients was limited. The sand contents 
of the macronutrients were 29.2 mg/kg N (nitrate), 
1.2 mg/kg K, 13.0 mg/kg SO4

2-, 86.5 mg/kg Ca, 
7.4 mg/kg Mg whereas the micronutrient contents 
were 6.4 mg/kg Cl-, 5.5 mg/kg1 Fe, 0.04 mg/kg 
Zn and 1.62 mg/kg Mn, and the trace elements 
were not detected by Titah et al. (2013b).

Figure 4. FW and DW of part of Rhizophora mucronata at the end of preliminary phytotoxicity test
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The decreasing precentage of whole Rhi-
zophora mucronata weight at all salinity con-
centrations were 9.3, 11.9, 16.8, 23.9 and 15.9% 
at the NaCl concentration of 10,000; 20,000; 
30,000; 40,000; and 50,000 mg/L, respectively. 
The highest decreasing precentage occured at at 
NaCl concentration of 40,000 mg/L. According 
to Rattanawat et al. (2011), the nominal change 
in dry biomass production indicated severe phy-
totoxicity of polutants in the contaminated en-
vironment. According to Saeni and Tanasale 
(1999), salinity treatment on mangrove can af-
fect the DW of mangrove. According to Khan 
and Aziz (2001), the mangrove biomass declined 
with a further increase in salinity. The growth 
of mangrove declined with an increase in salin-
ity (Ball, 1988). High media salinity affects the 
plant growth due to low water potentials, ion tox-
icities, nutrient deficiencies or a combination of 
all these factors (Khan et al., 2000). Growth and 
survival of halophytes are dependent on the high 

levels of ion accumulation in their tissue for the 
maintenance of turgor and osmotic adjustment 
(Flowers et al., 1977).

The cumulative effects such as withering, 
driying, and death of the plant as response versus 
salinity concentration are drawn using computer 
program, it was called the concentration-effects 
curve (Landis and Yu, 1995). The salinity con-
centration that results in 50% of the measure-
ment effects can be plotted on the graph. Figure 
7 showed the curve of the concentration – effects 
on Rhizophora mucronata at variable of salinity 
concentration. The EC50 value for single salinity 
phytotoxicity to Rhizophora mucronata was pre-
dicted between 30,000 and 40,000 mg/L. Accord-
ing to Khan and Aziz (2001), Avicennia marina, 
Ceriops tagal and Rhizophora mucronata showed 
optimal growth at 22,000 mg/L of salinity con-
centration. According to Chen and Ye (2014), 
old seedlings of mangrove species of Excoecaria 
agallocha grew best at the salinities below 5 ppt 

Figure 5. FW and DW of whole Avicennia marina at the end of preliminary phytotoxicity test

Figure 6. The reduction precentage of whole Rhizophora mucronata weight during the preliminary 
phytotoxicity test
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and they survived the whole cultivation at 25 ppt 
or 25,000 mg/L. However, mangroves could ac-
cumulate inorganic ions or compatible solutes 
like betaine, proline, or sugar alcohol as osmotica 
to counter the toxic effects of salinity when man-
grove grew in salt stressed habitat (Ye et al., 2005).

RESULTS OF SEM 

Figure 8 depicts the SEM results of Rhiz-
ophora mucronata. On the basis of the Figure 
8a and 8d with 51X of magnification, the cell of 
root at control showed no damage, but the cell of 
the root at salinity concentration of 50,000 mg/L 
showed many damage. This similar condition 
was shown on stem of salinity concentration of 
50,000 mg/L (Figure 8b and 8d) with the mag-
nification of 1,000X . However, SEM on leaves 
did not show the difference (Figure 8b and 8d) 
with 2,000 X magnification. On the basis of the 
results of SEM on leaves, stomatal closure was 

similar at control and salinity concentration of 
50,000 mg/L. Although, stomatal closure at high 
salinities minimizes water loss through transpira-
tion, which is however, accompanied by reduced 
carbon gain, leading to the suppression of photo-
synthesis (Nandy et al., 2007).

Figure 9 depicted the summary of EDX on 
roots, stems and leaves of Rhizophora mucro-
nata at control and concentration salinity of 
50,000 mg/L. The sodium and chloride were ob-
served on roots, stems and leaves of Rhizophora 
mucronata at control. The sodium weight concen-
tration at control were 2.36; 0.57 and 1.78 (%) in 
root, shoot and leaves, respectively. The chloride 
weight at control were 3.35; 1.13 and 1.88 (%) in 
root, shoot and leaves, respectively. The chloride 
amounts at salinity concentration of 50,000 mg/L 
were 1.05; 1.03 and 1.41 (%) in root, shoot and 
leaves, respectively. The sodium amounts at the 
salinity concentration of 50,000 mg/L were 0.68; 
0.48 and 0.82 (%) in root, shoot and leaves, re-
spectively. Rhizophora mucronata can take 

Figure 3. Summary physical condition of whole plants of Rhizophora mucronata for 7 days of exposure at (a) 
control (b) 10,000 (c) 20,000 (d) 30,000 (e) 40,000 (f) 50,000 mg/L

Figure 7. The concentration – effects curve on Rhizophora mucronata at variable salinity concentration
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up sodium and chloride, and then, sodium and 
chloride are translocated to aerial part, stems 
and leaves, of the mangrove. According to Popp 
(1994), mangroves accumulate high concentra-
tions of inorganic ions like most other salt-tol-
erant plants that function in the osmoregulation 
of leaves and other tissues. Avicennia marina 
accumulated the highest concentrations of ions 
followed by Rhizophora mucronata (Khan and 
Aziz, 2001), it meaning that the ability of Rhi-
zophora mucronata to accumulate inorganic ions 
was lower compared with Avicennia marina. Our 
previous study also showed that Avicennia ma-
rina can accumulate high of sodium and chloride 

at their tissue. Avicennia marina has the ability 
to regulate salt content by secreting it through 
the glands (Hegemayer, 1997). Rhizophora mu-
cronata have the ability to exclude salts via root 
ultrafiltration but do not have the ability to secrete 
salt through leaves (Hegemayer, 1997). The man-
grove can decrease salinity, chiorinity, and con-
ductivity of water, except for water which did not 
contain sea water. The increasing of chloride ion 
in the tissues was influenced by the increase of 
chloride ion in root tissues (Saeni and Tanasale 
1999). However, the condition for Rhizophora 
mucronata did not occur at the salinity concen-
tration of 50,000 mg/L. The decreasing trend of 

Figure 8. SEM results of Rhizophora mucronata at the end of preliminary phytotoxicity test (a) root (b) stem (c) 
leaves at control, (d) root (e) stem (f) leaves at salinity concentration of 50,000 mg/L

Figure 9. EDX results on roots, stems and leaves of Rhizophora mucronata at the end of preliminary phytotoxic-
ity test at control and salinity concentration of 50,000 mg/L.
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sodium and chloride amounts occured on roots, 
stems and leaves of Rhizophora mucronata at the 
salinity concentration of 50,000 mg/L.

CONCLUSIONS

On the basis of the physical observation dur-
ing the prelimary phytotoxicity test for 1 week, 
Rhizophora mucronata could not survive at the 
concentrations of 40,000 and 50,000 mg/L. Rhi-
zophora mucronata changed the color of the 
leaves to brown, the stems become softer and 
declined of FW-DW. Rhizophora mucronata can 
survive up to 30,000 mg/L although the wilting 
leaves occured at this concentration. The results 
of SEM showed extensive cell damage and the 
decreasing trend of sodium and chloride amounts 
occured on roots and stems at the salinity con-
centration of 50,000 mg/L. In conclusion, the 
high concentration of salinity can be toxic to 
Rhizophora mucronata.
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