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ABSTRACT 

The mangrove forests in Singapore are habitats to a wide diversity of Singapore's wild 
life. Apart from their natural role in the ecosystem, mangrove plants are becoming more 
widely used for land rehabilitation like in the case of Pulau Semakau (Tatani, Tanaka, 
Arita & Yauchi). Currently, little is known about how the soil conditions directly affect 
the survival of the mangrove plants in a local context.  This study aims to examine the 
relationship between the initial soil pH and the germination of Avicennia alba seedlings. 
The Avicennia sp. was chosen in this study as it is one of the most abundant mangrove 
plants in Singapore and is also widely used in mangrove rehabilitation and reforestation 
(Tatani, Tanaka, Arita & Yauchi). The study has concluded that the soil pH should be 
kept between 5.16 – 7.72 to ensure maximum growth rate of the seedling. It is 
postulated that at this pH, nutrient availability and beneficial microbial activity is 
optimal for Avicennia alba seedling germination.  (163 Words) 

 

INTRODUCTION 

Mangroves are important ecological players and bring about many benefits to the 
environment. They serve as breeding, nursery and feeding habitat for a large variety of 
living things of which some are endangered. In addition, they also serve as shoreline 
protection and reduce soil erosion with their extensive root structure. Mangroves store 
large amounts of carbon and according to Discover Magazine’s article on “Mangrove, 
the Tree That Captures Carbon, Filters Saltwater, and Stops Storms” by Amy Barth, the 
amount of carbon stored is equivalent to the annual carbon emissions of 25 million cars 
annually (Barth, 2011).  
 
Mangroves can also be used as indicators of global warming, climate change and 
pollution. Global warming and climate change may lead to a rise in sea levels and 
coastal change. Mangrove coastal ecosystems are highly specialized and minor changes 
in their hydrological or tidal regimes can cause noticeable mortality. Each species of 
mangrove only occurs in ecological conditions within its tolerance level. In addition, 
mangroves are very susceptible to pollution especially water pollution from herbicides. 
Oil spills also causes severe damage to mangroves by coating roots, limiting the 
transport of oxygen to underground roots and potentially leading to the death of the 
mangroves. Hence, a study on mortality rate of mangroves could be used as an indicator 
of global warming, climate change and pollution. Mangroves in Singapore are home to 
many organisms such as fiddler crabs, tree-climbing crabs, Pied fantail and Copper 
throated sunbirds.  
 

Mangrove soils are extremely dynamic and exert a large influence over the health and 
development of mangrove plants. Mangrove soils are seen to be mainly clay loam soil 
types. Moving further inland sees a decrease in amounts of silt and increase in the 
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amount of clay in the soil. This is attributed to the sediments being taken in by the tide 
and being deposited on the mangrove surface. The main soil nutrients observed are 
NH4

+, NO3
-, C, N, K2O and P2O3, much of it attributed to the decomposition of organic 

matter which releases these nutrients. Generally, the further inland it is, the less  organic 
matter found. This is due to tides not being able to move too far inland. Moving inland, 
there is an increase in the amount of soil nutrients present and this will decrease after 
moving too far inland. This is said to be caused by decomposing matter accumulating in 
the upper regions of the mangrove (Diagram 1.1). Soil pH decreases with increasing 
distance from the water edge. There is also a general increase in ammonium content 
observed (Sukardjo, 1982). The effect of the tide is pronounced in the mangrove forests 
as inundation of the mangrove area has been known to affect the decomposition rate by 
probably affecting cyanobacteria and decomposer growth. Fresh litter is known to be 
not as nutritionally profitable due to its poor nitrogen and high tannin contents and 
ageing of this litter is known not to affect the nutritional quality of the soil significantly. 
Thus the tide aids in improving the overall mangrove soil quality (Lee, 1999). Current 
studies do not provide sufficient evidence with a local context on how the soil pH in 
mangrove intertidal zones affects the growth of mangrove plant seedlings.  

 

 

 

 

 

 

 

 

 

 

 

Diagram 1. Deposition of Organic matter on mangrove soil 

This study aims to investigate the effect of the initial pH levels of the soil on mangrove 
seedling germination, initial stages of growth of the seedling of Avicennia alba, and 
determining the optimal pH for the germination of mangrove seedlings to be grown in. 
The samples were obtained from Sungei Tampines throughout the course of the study. 
With better knowledge of how soil pH affects the growth of mangroves, this study can 
help determine optimal conditions for mangrove replantation and rehabilitation. 

Shoreline 

Tide carries organic matter 
inland 

Organic matter is deposited inland 
and is not easily be carried away 
by subsequent tides. Organic 
matter accumulates. 

Inland 
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METHODOLOGY 

2.1  Chemicals Used 

 
Table 1: Chemicals Used  

 

2.2  Equipment Used 

The following equipment is required to replicate the set up of this experiment. 

1) 4 flower pots with draining systems (draining holes) 
2) 4 30cm rulers  
3) 4 Vernier pH probes 
4) 1 Vernier Data Logger 
5) Distilled water 
6) Standard solutions (pH4 & pH7)  
 

 

2.3  Experimental Setup 

Four flower pots (Alpha, Beta, Gamma and Delta) of the same size were used in the 
experiment. Each flower pot will hold ~750 g of mangrove soil. The pH of the soil in 
three flower pots was adjusted in setups Beta, Gamma and Delta to pH levels 7.72, 8.15 
and 10.13 respectively and setup Alpha was left as the control setup. Four Avicennia 
alba seedlings of the same size, categorized in the same stages of growth were 
transplanted into the four setups and their growth is observed. Seedling development 
was measured by their growth in height, number of leaves and colour. 

 

Chemical Name Chemical Formula Purity Supplier 
Calcium Oxide CaO - Goodrich Chemical 

Enterprise 
Calcium Chloride 
2-Hydrate 

CaCl2 . 2H2O 99% GoodRich 
Chemical 
Enterprise 
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Figure 1. (a) Seedlings at beginning of experiment. (b) Seedling in beaker before 
root growth. 

 

 

 

 

Table 2: Stages of seedling growth 

 

Stage of seedling growth Appearance 
1 Seed coat still intact 
2 Seed coat split; no roots 
3 Seed coat split; growth of roots 
4 Seed grows shoots 
5 Stem appears woody 

a	  

b	  
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2.4  Procedure for growth of seedlings and monitoring 

3.2 kg of soil was collected from Sungei Tampines at low tide and was mixed before 
preparation. The soil was evenly distributed among the four set-ups by mass (~800 g per 
setup) and ~50 g of soil was removed and placed into a separate beaker for the initial 
determination of the amount of calcium oxide (CaO) that was to be added to alter the 
soil pH to the desired target pH. A standard solution of 0.1 mol dm-3 CaCl2 was 
prepared by dissolving 7.35 g of CaCl2.2H2O into 500 ml of deionised water in a 
standard flask. 100 ml 0.1 mol dm-3 CaCl2 is added to the ~50.00 g soil sample to 
increase the conductivity of the soil to allow the pH probes to function. The mass of 
CaO required to achieve a target pH per 50.00 g of soil was obtained by following an 
experimentally determined calibration curve. 

Target pH Mass of CaO / g (per 50.00 g of soil) 
8 ~0.03 
10 ~0.16 
12 ~0.50 

 
Table 3: Mass of CaO / g added per 50.00 g of soil against pH change  
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a	   b	  

c	   d	  

e	  
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Figure 2. Experiment set-ups. (a) – (d) Pots Alpha, Beta, Gamma and Delta 
respectively. (e) Inside the set-up (during flooding). (f) Draining system for each 
pot.  

 

Figure 3. Calibration curve of mass of CaO / g added per 50.00 g of soil against pH 
change 

The mass of CaO to be added was dissolved into 40.00 ml of water and poured into the 
soil. The CaO added was mixed thoroughly with the soil by hand. The soil was left for 
three days to settle and measurements were taken during this period of time to ensure 
the change in the soil pH after modification did not change. Before transplantation into 
the pots, the seedlings were submerged and monitored in three 150 ml beaker until they 

Mass CaO/g 

f	  
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formed roots firm enough to be potted as illustrated in Figure 1b. The seedlings were 
transplanted from the beakers into the setups (pots) after three days and the growth of 
the seedling was observed while change in soil pH was measured for a period of two 
weeks. Inundation was carried out with 100.00 ml of rainwater every six hours, twice a 
day to mimic the natural conditions in which the seedlings grow. All four setups were 
placed side by side in the same environment to ensure that other variables like 
temperature; amount of sunlight and humidity were kept constant as indicated in 
Figures 2a, 2b, 2c and 2d. The indicators considered for seedling health are its height 
(measured from the start of the roots to the highest leaf), number of leaves and colour 
(Green being an indicator of healthy growth and Yellow being an indicator of unhealthy 
growth).  

All pH measurements were done using pH probes and data loggers by Vernier. 

Figures 4a and 4b are illustrations of the experimental set-up. Figure 4a illustrates the 
point of insertions for the Vernier pH probes. Figure 4b illustrates the depth at which 
the pH probes were inserted.  
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Figure 4. (a) Data collection points. (b) Experimental set-up. 

 

1	  

2	  

 

* Flower pot, bird’s eye view 

Legend 

 

 

 

Subscript – Number of pH 
recordings per pot 

Point where pH 
probe is inserted Aviccenia 

alba 

* Cross section of pot 

pH
	  Probe	  

Legend 

 

 

 

* pH probe is inserted midway 
into the soil for standardized 
recording of pH 

Avicennia abla 

3 
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Figure 5. Final experimental set-ups. (From left to right: pot Alpha, Beta, Gamma 
and Delta) 

 

RESULTS 

3.1  pH of soil 

As illustrated in Figure 4a, the recorded pH values were taken with respect to their 
positions, X1, X2 and X3.  

 

Table 4: Initial pH of soil 

Date Xn, where 
n = 1, 2, 3 

Alpha 
(pH) 

Beta 
(pH) 

Delta 
(pH) 

Gamma 
(pH) 

Time (24 
hour) 

X1 5.19 7.75 10.02 8.17 

X2 5.03 7.71 10.30 8.14 
5th 

December 
2012 

X3 5.27 7.70 10.06 8.15 

1100  

Average pH 5.16 7.72 10.13 8.15 
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Table 5: Compilation of soil pH from 7th December 2012 to 19th December 2012  

 

3.2 Flooding Schedule 

To simulate the inundation in the mangrove environment, the four pots of Avicennia 
Alba were flooded every 6 hours with a standard amount of 150ml of rainwater. The 
seedlings were partially submerged in water. The first simulation of inundation was 
recorded at 0700 hours on 8th December 2012. The subsequent simulated inundation of 
the plants occurred at 6 hours intervals. The last recorded simulated inundation was 
recorded at 1910 hours on 19th December 2012.  

After flooding, the plants were left to drain via drainage holes that would open at the 
bottom of the pots. Excess water that did not drain after 3 hours (from flooding time) 
were removed via a scoop. As the pots did not drain at the same rate, excess water that 

Date 
Xn, 

where n 
= 1, 2, 3 

Alpha 
(pH) 

Beta 
(pH) 

Delta 
(pH) 

Gamma 
(pH) 

Time (24 
hour) 

X1 4.80 7.94 8.67 8.01 

X2 4.81 7.97 10.00 7.96 
7th 

December 
2012 

X3 4.85 8.11 9.05 7.91 

2208  

X1 5.97 7.78 9.15 7.74 

X2 5.62 7.81 9.54 7.97 
8th 

December 
2012 

X3 5.68 7.69 9.48 8.09 

2242  

X1 5.23 7.72 8.54 7.78 

X2 5.24 7.65 8.43 7.82 
10th 

December 
2012 

X3 5.39 7.53 8.44 7.80 

2130  

X1 4.98 7.54 7.98 7.64 

X2 5.12 7.49 7.32 7.56 
14th 

December 
2012 

X3 5.08 7.62 7.55 7.68 

1724  

X1 4.91 7.50 6.81 7.42 

X2 5.00 7.68 6.90 7.20 

 
19th  

December  
2012 

X3 4.82 7.89 7.02 7.61 

 

1845	  
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had not been drained out after 3 hours were removed via a beaker to ensure that the 
plants were in similar conditions before the subsequent flooding. 

 

3.3 Seedling Height 

The height of the seedling was measured via a deduction method. Firstly, a 30 cm ruler 
was placed directly into the soil as illustrated above in Figure 6. The initial height of the 
soil was thereafter measured and recorded, as shown below in Table 6. The combined 
height of the soil and the seedling were recorded in Table 6. The combined 
measurements of the final height of the seedling and soil were recorded in Table 7. 
Therefore to deduce the height of the seedling, the final height measurements in Table 7 
must be subtracted by the initial soil height taken shown below in Table 6.   

Initial soil height – Final height = Seedling height 

 

 

 

 

 

 

 

 

 

Figure 6. Cross section of experimental set-up 

 

Table 6: Initial soil height 

Pot Alpha Beta Delta Gamma 

Initial 
Height / 

cm 
3.5 3.5 3.0 4.4 

 

 

30	  cm
	  rule	  

Legend 

 

 

 

 

Avicennia alba 
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Table 7: Final height (Seedling and Soil) 

 

3.4 Seedling growth 

Potted plants in Alpha, Beta, Delta and Gamma showed no sign of leaf development 
from 7th – 14th December 2012. Potted plants in Delta did not bear any leaves 
throughout the duration of the experiment. From the 15th – 19th of December, potted 
plants in Alpha, Beta and Gamma developed leaves. Table 8 shows the development of 
leaves on Gamma, Alpha and Beta pots. 

 

Table 8: Leaf Development of Alpha, Beta and Gamma  

Leaf size Alpha / cm Beta / cm Gamma / cm 

15th December 0.2 0.2 0.3 
19th December 0.9 1.2 1.5 
 

 

 

 

 

 

Final Height / cm 
Date 

Alpha Beta 
 

Gamma Delta 

Remarks 

7th December 6.3 5.8 6.9 5.60  
8th December 6.8 6.7 7.1 5.8  
10th December 6.8 6.0 6.4 6.4  

12th December 7.5 6.2 7.0 - 
Delta 

seedling 
died. 

13th December 7.7 6.6 7.2 -  
14th December 8.2 7.2 7.5 -  
15th December 8.7 8.0 7.7 -  
16th December 9.2 8.3 7.8 -  
17th December 9.7 9.0 8.1 -  
18th December 10.1 9.5 8.3 -  
19th December 10.5 10.0 8.4 -  
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DISCUSSION 

From the above results, the seedlings in pots Alpha and Beta experienced the most 
growth (4.2 cm) followed by the seedling in pot Gamma with a growth of 3.5 cm. In pot 
Delta, however, the seedling died within the first 4 days. From this experiment, we 
could deduce that the optimal pH for the initial stages of growth of Avicennia alba is 
between 5.16 – 7.72.  

It should be noted that CaO was not added in pot Alpha and CaO might have other 
impacts on the soil other than resulting in an increase in pH that may affect the growth 
of the seedling.  

Calcium oxide (CaO), commonly known as quicklime or burnt lime, is derived by the 
heating of limestone. CaO reacts with water to produce calcium hydroxide (Ca(OH)2) 
otherwise known as slaked lime. Ca(OH)2 then increases the pH of the soil through the 
reaction of CO3

2− with H+ to produce CO2 and H2O. The pH increased as the H+ 
concentration had been reduced. 

The addition of CaO to soil can affect biological, chemical, and physical properties of 
the soils. The increase in soil pH provides a more favorable environment for soil 
microbiological activity hence increasing the rate of release of plant nutrients. In 
addition, it also increases the availability of several other nutrients such as phosphorus, 
potassium, calcium and magnesium. The application of CaO can also improve the 
physical properties of some soils by reducing soil crusting. 

It is vital to obtain the optimal pH to maximize the growth rate, as overly acidic soil 
would result in aluminum and manganese toxicity to the plant, calcium and magnesium 
deficiency and poor bacterial growth. However, if the soil is too alkaline, it would result 
in problems such as iron and zinc deficiency. 

Many natural habitats of mangroves have low soil nutrient availability. However, many 
mangrove species have specific adaptation to help them cope with such harsh 
conditions. Such adaptions include slow growth rates, sclerophyllous leaves and high 
root/shoot biomass ratios (Komiyama et al. 2008). However, mangroves especially in 
the germination stage cannot tolerate extreme pH conditions. 

The seedling in pot Delta might have died as pH affected plant growth and nutrient 
availability. For example, pH values above 7.5 cause iron, manganese, copper, zinc and 
boron ions to be less available to plants. Extremes in pH can result in precipitation of 
certain nutrients that might be essential for the plant possibly in the form of insoluble 
hydroxides. Nutrients become inaccessible to the plants as the roots can only absorb 
dissolved nutrients. The extremely alkaline condition of the soil in pot delta with pH 
10.13 may have caused most of the nutrients to be inaccessible to the seedling hence 
leading to the death of the seedling. 

It should also be noted that the rate of growth of Avicennia alba recorded in this 
experiment might not be an accurate representation of the rate of growth of this species 
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in the wild or when artificially planted due to the experiment introducing stress to the 
plant as it was extracted from its natural environment and grown in conditions stipulated 
for the purpose of this experiment. In addition, there were limitations in recreating the 
natural environment such as space and other biotic factors hence conditions that the 
experimental seedlings grow in differ slightly from their natural environment. 
Variations in conditions such as amount of sunlight, space and temperature of the 
environment that the mangrove grow in affected the rate of growth therefore, the rate of 
growth in this experiment might not be representative of all Avicennia alba plants. 
However, the stress factor and the environment in which the seedlings grew in can be 
eliminated from our experiment as an inconsistency as the conditions that the seedlings 
grew in were kept constant for each pot in the set-up. 

Another point to note would be the duration of the experiment. The duration of about 13 
days for this experiment was relatively short. This short duration limited the amount of 
data collected and reduced the reliability of the results as there might be a sudden 
growth spurt in the future that would not be recorded in this report. 

Possible sources of experimental errors include parallax error in reading the height of 
the seedling, inaccurate calibration of the data logger and random error. 

In conclusion, pH is an important factor of growth in plants and from our experiment, it 
is deduced that the initial soil pH range of 5.16 – 7.72 is the most optimal for the 
germination of Avicennia alba seedlings. Hence, for mangrove replantation or 
rehabilitation, the pH of should be kept within the range of 5.16 – 7.72 to ensure 
maximum growth rate of the seedling. 

Future studies could look into the effect of soil pH on the later stages of the mangrove 
plant Avicennia alba and also replicate this study for other mangrove plant species like 
the highly abundant Rhizophora sp. 
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