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The mangrove ecosystem is constantly threatened by the accumulation of pollutants along its shoreline. The 
presence of organic deposits from marine litter is not only a threat to marine ecosystems, but it also harms 
mangrove stands. This study investigated the chemical properties of the sediment in Tanjung Piai mangrove 
forest and the their effect on the growth of Rhizophora spp. Samples were collected from four separate locations, 
namely, T1: site without organic deposits, T2: site with new organic deposits, T3: site with decomposed organic 
deposits, and T4: site with decomposed organic deposits. After one year, the largest growth increment (19 
cm) of Rhizophora spp. was observed at the site with decomposed organic deposits (T4), compared with sites 
without organic deposits (T1). The highest levels of nitrogen (N), organic carbon (OC) and cation exchange 
capacity (CEC) were also found at T4. The growth of Rhizophora spp. and the physicochemical parameters 
have a positive association with the levels of N, OC, CEC and exchangeable magnesium and exchangeable 
potassium. This study revealed that OC, N, and CEC were released into the sediment at Tanjung Piai mangrove 
forest when organic deposits decomposed and were physically and chemically degraded. 
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INTRODUCTION 

Mangrove forests are important in coastal areas. 
Mangrove ecosystems are ecologically and 
economically important because they maintain 
critical ecosystem functions with high economic 
and biomass values such as supporting estuarine 
fisheries, nutrient filtering, and forming a 
protective barrier that reduces the chances of 
low-lying coastal land being damaged by storms 
and other natural disasters (Lee et al. 2014). 
Mangrove trees dominate the wetland ecosystems 
and the trees can physically modify environmental 
conditions to increase the availability of resources 
for the entire ecosystem (Wang & Gu 2021). 
Furthermore, mangrove forests act as coastal 
buffer zones to protect coastal habitats from 
natural disasters. Besides being habitats for 
terrestrial and marine species, mangroves also 
shape and maintain the intertidal zone, serve 
as renewable sources of wood and fuel, and 
act as key accumulation sites for sediments  
(Kumari et al. 2020). 

 Human activities produce a lot of waste, 
which frequently evades management plans 
and enters the environment through sewage, 
rainwater, wind and river systems, or may be 
dumped directly onto beaches and seas (Consoli 
et al. 2020). Human activities have threatened 
the mangrove ecosystems in the past century 
as mangroves are more susceptible to human-
induced disturbances than natural perturbations 
(Gorman 2018). Mangrove wetland systems 
have experienced environmental changes 
over the past few decades as a result of various 
pollutants from anthropogenic activities (Wang 
& Gu 2021). Human activities, e.g. fisheries, 
aquaculture, tourism and dumping, that 
produce impacts on the environment influence 
the distribution of marine debris. Not only is 
marine litter a serious threat to marine life and 
the environment, but it also harms economic 
sectors as well as human health in the long run 
(Hua et al. 2018).
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 Metal, wood, plastic, paper, rubber, and 
clothing are among the items that have been 
purposefully or unintentionally dumped into the 
sea (Galgani et al. 2015). These materials could 
possibly improve the transport of organic and 
inorganic contaminants which are known to be 
detrimental to both human health and aquatic 
life (Rochman et al. 2013). Natural debris (such 
as driftwood and drift seeds) has been identified 
as floating marine debris that is washed ashore 
and tends to accumulate along the coastlines 
(Bergmann et al. 2017). The magnitude of the 
problem related to accumulation of marine 
debris and its potential to harm biodiversity has 
not been widely studied (Holmes et al. 2014). 
However, in 2012, Tanjung Piai National Park was 
faced with oil spills and marine debris containing 
organic deposits which killed approximately 7000 
mangrove trees. The organic deposits formed 
toxic materials as they absorbed oil from the 
cleaning of ships. These organic deposits are not 
only acidic but also contain high levels of heavy 
metals, which cause the decay of mangrove roots 
and will eventually kill the tree (Wan-Rasidah et 
al. 2015). According to the authors, the death of 
the trees was due to high acidity and low level of 
conductivity of organic deposit in the root zone. 
 The survival of mangrove stands depends on 
the characteristics of sediments (Salmo et al. 
2019, Nguyen et al. 2020). Physical characteristics 
of mangroves such as sediment texture, salinity, 
and pH play a vital role in determining the health 
of the ecosystem (Banerjee et al. 2018). Sediments 
provide mangroves good sources of nutrients 
for growth and a sturdy physical structure for 
stability and anchorage (Gillis et al. 2019). 
The concentrations of nutrients in mangrove 
sediments and the growth of mangroves can also 
be impacted by anthropogenic activities such 
as sewage discharge or waste disposal (Wang 
& Gu 2021). Consequently, nutrient depletion 
threatens the ecological balance in mangrove 
ecosystems. However, research on the impacts 
of organic deposits on sediment characteristics 
and the growth of mangroves are still limited. 
Therefore, the objective of this research was to 
understand how organic deposits affected the 
growth and survival of Rhizophora spp. and the 
sediment chemical composition at Tanjung Piai 
mangrove forest in Johor. 

MATERIALS AND METHODS

Description of study area

Tanjung Piai mangrove forest is one of the Johor 
National Parks located in the district of Pontian 
(Figure 1). Tanjung Piai has been designated as 
a globally important wetland for conservation 
under the RAMSAR Convention in 2003 due 
to the value of the site as a wetland in Malaysia. 
Located strategically between Malaysia, Indonesia 
and Singapore, this national park sits at the 
southernmost tip of Mainland Asia. Its location 
has a significant geographical value that attracts 
both local and foreign visitors.

Treatment, growth and survival rate

Complete block design with three replications 
was used to set up the experiment comprising 
different statuses of organic deposits existing at 
the research sites in the Tanjung Piai mangrove 
forest (Table 1). The Rhizophora spp. were 
identified and tagged, and their growth was 
determined by measuring their heights every 
three months. Survival rates were calculated 
based on the percentage of tagged Rhizophora 
spp. that were surviving and growing at the 
time of the investigation. Data collection on the 
growth and survival rate of the trees were carried 
out for one year at intervals of three months.

Sediment sampling 

To determine nutrients in sediments, laboratory 
analyses were carried out on the sediment samples 
collected at each study plot at the Tanjung 
Piai mangrove forest. Sediment samples were 
collected from two layers of sediments, namely, 
0–10 and 10–30 cm in depth using stainless steel 
auger. These samples were air dried, ground 
and analysed for pH, organic carbon (OC), 
available phosphorous (P), total nitrogen (N), 
and cation exchange capacity (CEC). Using a 
pH meter, the sediment pH was measured in the 
supernatant of the mixed sample and distilled 
water at a ratio 1:2.5. The modified Kjeldahl 
method was used to calculate total N (Bremner & 
Mulvaney 1982). The OC was measured using the 
method by Walkley and Black (1934). Available 
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Figure 1 Study area and sample collection; T1 = site without organic deposits, T2 = site with fresh organic  
  deposits, T3 = site with decomposed organic deposits and T4 = site with decomposed organic deposits
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 Table 1 The description of each plot in Tanjung Piai, Johor

Plot Description

T1 Site without organic deposit material
• There is no organic material present at this plot
• 25 m from shoreline

T2 Site with new organic deposit material
• The presence of organic deposit on of the sediment
• 40 m from shoreline

T3 Site with decomposed organic deposit material
• The organic deposit material mixed in the sediment 
• 90 m from shoreline

T4 Site with decomposed organic deposit material
• The organic deposit material mixed in the sediment
• 150 m from shoreline

T1 T3 T3 T4
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P was determined using the Bray and Kurtz no.2 
extract test (Bray & Kurtz 1945) while sediment 
exchangeable bases (Ca2+, Mg2+ and K+) and CEC 
were determined following Thomas (1982). 

Statistical analysis

Statistical analyses were carried out using SPSS 
Version 24. Data were expressed as means ± 
standard deviation. The mean differences of 
the data between the variables were determined 
using one-way analysis of variance (ANOVA) 
and the Tukey test. Values were considered 
significantly different when p ≤ 0.05. For bivariate 
correlations, Pearson’s correlation coefficient 
was used to calculate a correlation between data.

RESULTS 

Growth performance

Figure 2 shows the total mean height increment 
for seedlings of Rhizophora spp. at the four 
study plots for one year. All three species at T1 
recorded the lowest increment in a range of 11 to 
13 cm. Rhizophora mucronata at T1 exhibited the 
lowest increment after one year of study with a 
mean increment of 11 cm. However, the highest 
mean height increment (17 cm) was recorded 
for R. mucronata at T3 and T4. Rhizophora stylosa 
recorded the highest mean of the increment 
(17 cm) at T2 while R. apiculata, at T2 and T3 
(15 cm).
 Figure 2 depicts the growth of Rhizophora 
spp. under different treatments from the 3rd to 
the 12th month. At T1, R. mucronata exhibited a 
slow growth during month 3 to month 6, while 
R. stylosa had slow growth from month 9 to 
month 12. Both species recorded the highest 
increments at T3 and T4. The highest increment 
for R. apiculata was recorded at T2 from month 
3 to month 6 but a slower growth was recorded 
thereafter, with increments only of 2 to 3 cm. 

Survival rate

More than 80% of the tagged Rhizophora spp. 
at T4 survived the investigation period of 12 
months (Figure 3). In the first three months of 
the study, all R. stylosa at T4 and R. mucronata at 
T3 survived. The second highest survival rate of 
the three species investigated was recorded at T3 
with 75 to 84% survival. Among the three species, 

R. mucronata showed the highest percentage of 
survival in all study plots. At T2, only 47% of R. 
stylosa survived after 12 months making it the 
lowest percentage of survival at the study sites. 
Survival of R. stylosa considerably decreased from 
100 to 77% in month 3 and continued to drop 
to 47% in month 12. The highest percentage of 
survival of R. stylosa was recorded at T1 and T4 
with 81 and 82% respectively.

Physiochemical properties and nutrient level 
of sediment

Table 2 shows the physicochemical and textural 
properties of sediments at the study plots in 
Tanjung Piai, Johor. The total OC and CEC of the 
sediments were high at T3 and T4 in both layers, 
compared with T1 and T2. The pH was slightly 
acidic at T3 and T4 (4.78 to 5.63). 
 T3 had the highest percentage of N (0.81%) at 
0–10 cm depth followed by T4 with 0.71% in the 
first month (Table 3a). The highest percentage 
of N at 10–30 cm depth was recorded at T3 
(0.77%) in the first month as shown in Table 3b. 
The percentage of N at T3 (10–30 cm depth) 
decreased until month 6, followed by an increase 
to 0.69% in month 9, and a decrease to 0.43% in 
month 12. The lowest percentage of N (0.09%) 
was recorded in month 3 and month 6 at T1 
and T2 respectively at the depth of 0–10 cm. At 
T2, the percentage of N decreased from 0.17 to 
0.09% in month 3 and increased until month 9 
before decreasing to 0.08% in month 12. 
 T2 had the most available P at both depths 
of 0–10 and 10–30 cm (Tables 3a and b). At the 
former, the highest concentration of available 
P (23.03 mg kg-1) was recorded in month 12, 
while the highest concentration at the latter was 
recorded in month 9 (22.53 mg kg-1). T3 has the 
least available P at both depths, with 3.47 mg 
kg-1 at the depth of 0–10 cm and 4.30 mg kg-1 at 
10–30 cm. The level of available P at T2 increased 
from month 1 to month 12 at both depths. 
When compared with the other three sites, the 
level of available P at T2 (10–30 cm) fluctuated 
with a slight increase and decrease over the 12 
months. For example, at the depth of 10–30 cm, 
the amount of available P increased from 17.59 
mg kg-1 at month 6 to 22.53 mg kg-1 at month 9 
and decreased to 20.68 mg kg-1 in month 12. 
 In month 1, T2 at both depths had the highest 
concentration of exchangeable calcium (Ca). The 
exchangeable Ca concentration was 27.36 cmol 
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Figure 2 Plant growth performance (mean plant 
height with standard error) of Rhizophora 
spp. for different treatment from month 
3 to month 12; T1 = site without organic 
deposit, T2 = site with fresh organic 
deposit, T3 = site with decomposed organic 
deposit, T4 = site with decomposed organic 
deposit

Figure 3 Percentage survival of Rhizophora spp. from 
month 3 to month 12; T1 = site without 
organic deposit, T2 = site with fresh 
organic deposit, T3 = site with decomposed 
organic deposit, T4 = site with decomposed 
organic deposit

Table 2 Sediment physicochemical properties in study plots at Tanjung Piai, Johor

Site Parameter

Depth 
(cm)

TOC  
(%)

CEC
(cmol kg-1)

pH
Coarse 
sand

Fine 
sand

Silt Clay
Textural  

class

TI 0–10 1.76 ± 0.13 c 11.65 ± 0.13 c 7.78 ± 0.13 a 2 46 28 27 Sandy clay loam

10–30 1.86 ± 0.04 c 11.65 ± 0.04 c 7.82 ± 0.04 a 1 51 27 24 Sandy clay loam

T2 0–10 3.80 ± 0.46 b 12.73 ± 0.46 c 7.72 ± 0.46 a 15 54 8 24 Sandy clay loam

10–30 3.60 ± 0.08 b 12.73 ± 0.08 c 7.66 ± 0.08 a 14 52 10 25 Sandy clay loam

T3 0–10 16.52 ± 0.16 a 40.63 ± 0.16 a 4.78 ± 0.16 b 19 10 21 50 Clay

10–30 17.98 ± 0.26 a 40.63 ± 0.26 a 5.12 ± 0.26 b 17 12 24 48 Clay

T4 0–10 16.77 ± 0.48 a 30.20 ± 0.48 b 5.19 ± 0.48 b 23 9 21 47 Clay

10–30 18.70 ± 0.08 a 30.20 ± 0.08 b 5.63 ± 0.08 b 19 10 24 48 Clay

Means ± standard error of mean value followed by different letters in column are significantly different using repeated 
measures ANOVA at p < 0.05; TOC = total organic carbon, CEC = cation exchange capacity; T1 = site without organic deposit, 
T2 = site with fresh organic deposit, T3 = site with decomposed organic deposit, T4 = site with decomposed organic deposit
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kg-1 at 0–10 cm and 27.70 cmol kg-1 at 10–30 cm. 
The value of exchangeable Ca in T2 decreased 
with time over 12 months at the depth of 0–10 
cm, and only slightly decreased at the depth of 
10–30 cm, from 27.70 to 26.75 cmol kg-1. The 
second highest concentration of exchangeable 
Ca was recorded at T1, with the values from 9.49 
to 16.62 cmol kg-1 at the depth of 0–10 cm and 
10.42 to 18.27 cmol kg-1 at 10–30 cm. T3 had the 
lowest concentrations of exchangeable Ca, and 
the lowest were recorded in month 3 at 0–10 and 
10–30 cm depths with values of 5.76 and 5.49 
cmol kg-1 respectively. The highest (9.02 and 
8.70 cmol kg-1) values were recorded in the 9th 
month at 0–10 cm and 10–30 cm respectively. The 
concentration of exchangeable Ca at T4 was the 
same at both depths, with the value decreasing 
from the first to the 6th month, followed by an 
increase in month 9, and decreasing thereafter. 
The maximum concentration at T4 was 8.50 cmol 

kg-1 at the depth of 0–10 cm and 11.94 cmol kg-1 
at 10–30 cm.
 The highest concentration of exchangeable 
magnesium (Mg) was discovered at T4 and the 
lowest at T2. At 0–10 cm, the concentration 
of exchangeable Mg at T4 increased from  
22.34 cmol kg-1 in month 1 to 30.30 cmol 
kg-1 in month 9, followed by a decrease to  
28.90 cmol kg-1 in month 12. The concentration 
at T4 increased from month 1 to month 9 at 
the depth of 10–30 cm, followed by a decrease 
in month 12. T3 had the second highest 
exchangeable Mg concentration ranging from 
15.61 to 27.88 cmol kg-1 at the depth of 0–10 cm 
and 18.46 to 29.22 cmol kg-1 at 10–30 cm. At T2, 
the concentration of exchangeable Mg decreased 
from month 1 to month 12 at the depth of  
0–10 cm and increased from month 1 to month 12 
at 10–30 cm. The concentration of exchangeable 
Mg at T1 was nearly the same as from month 1 to 

Table 3a Nitrogen content and exchangeable cations of the sediments in the 0–10 cm sediment depth 

Site Parameter Month 1 Month 3 Month 6 Month 9 Month 12

Sediment depth(0–10 cm)

TI Nitrogen (%) 0.18 ± 0.13 b 0.16 ± 0.14 c 0.09 ± 0.15 c 0.17 ± 0.02 c 0.19 ± 0.04b

Avail. P. (mg kg-1) 7.19 ± 0.47 b 4.11 ± 0.28 c 6.55 ± 0.35 c 9.77 ± 0.88 b 9.45 ± 0.32c

Exch. Ca. (cmol kg-1) 13.96 ± 0.53 b 12.61 ± 0.43 b 12.54 ± 0.27 b 16.62 ± 0.52 b 9.49 ± 0.28b

Exch. Mg. (cmol kg-1) 16.89 ± 0.61 c 16.38 ± 0.14 b 15.45 ± 0.32 c 16.72 ± 0.20 c 13.46 ± 0.30d

Exch. K (cmol  kg-1) 1.98 ± 0.04 a 2.64 ± 0.12 a 3.19 ± 0.03 ab 2.94 ± 0.06 a 2.89 ± 0.38a

T2 Nitrogen (%) 0.17 ± 0.46 b 0.09 ± 0.46c 0.12 ± 0.21b 0.14 ± 0.02 c 0.08 ± 0.07b

Avail. P (mg kg-1) 15.39 ± 0.30 a 15.57 ± 0.30a 16.51 ± 0.17a 21.00 ± 0.88 a 23.03 ± 0.33a

Exch. Ca (cmol kg-1) 27.36 ± 0.58 a 25.22 ± 0.24 a 23.44 ± 0.48 a 18.74 ± 0.73 a 12.02 ± 0.41 a

Exch. Mg (cmol kg-1) 18.58 ± 0.20 b 14.51 ± 0.13 d 16.36 ± 0.38 b 12.76 ± 0.20 d 10.70 ± 0.28 e

Exch. K (cmol kg-1) 1.75 ± 0.01 b 1.53 ± 0.06 c 1.42 ± 0.20 d 1.22 ± 0.11 c 1.24 ± 0.42 b

T3 Nitrogen (%) 0.81 ± 0.16 a 0.81 ± 0.35 a 0.67 ± 0.06 a 0.78 ± 016 a 0.48 ± 0.27 a

Avail. P (mg kg-1) 3.62 ± 1.06 c 3.51 ± 0.31 c 3.47 ± 0.25 d 4.42 ± 0.46 c 4.44 ± 0.28 d

Exch. Ca (cmol kg-1) 6.38 ± 0.44 d 5.76 ± 0.11 d 7.43 ± 0.45 c 9.02 ± 0.43 d 8.69 ± 0.22 bc

Exch. Mg (cmol kg-1) 16.42 ± 0.37 c 15.61 ± 0.23 c 15.58 ± 0.34 bc 23.74 ± 0.23 b 27.88 ± 0.03 b

Exch. K (cmol kg-1) 0.96 ± 0.03 c 1.29 ± 0.06 d 2.55 ± 0.66 bc 2.20 ± 0.15 b 2.28 ± 0.19 a

T4 Nitrogen (%) 0.71 ± 0.48 a 0.66 ± 1.05 b 0.66 ± 0.47 a 0.70 ± 0.51 b 0.46 ± 0.32 b

Avail. P (mg kg-1) 7.87 ± 0.51 b 8.21 ± 0.65 b 7.13 ± 0.13 bc 5.19 ± 0.18 c 11.84 ± 0.75 b

Exch. Ca (cmol kg-1) 8.25 ± 0.12 c 8.43 ± 0.19 c 7.01 ± 0.81 c 8.50 ± 0.31 d 7.92 ± 0.82 c

Exch. Mg (cmol kg-1) 22.34 ± 0.30 a 21.47 ± 0.11 a 22.48 ± 0.18 a 30.30 ± 0.20 a 28.90 ± 0.08 a

Exch. K (cmol kg-1) 1.94 ± 0.05 a 1.84 ± 0.05 b 2.42 ± 0.32 c 2.58 ± 0.36a b 2.29 ± 0.05a

Samples were collected at the end of the experiment; means ± standard error of mean value followed by different letters 
in column are significantly different using repeated measures ANOVA at p < 0.05; Avail. P = Available P, Exch. Ca, Mg 
and K = exchangeable Ca, Mg and K; T1 = site without organic deposit, T2 = site with fresh organic deposit, T3 = site with 
decomposed organic deposit, T4 = site with decomposed organic deposit
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Table 3b Nutrient content of the sediments in the 10–30 cm sediment depth 

Site Parameter Month 1 Month 3 Month 6 Month 9 Month 12

Sediment depth(10–30 cm)

T1 Nitrogen (%) 0.18 ± 0.04 c 0.17 ± 0.06 c 0.11 ± 0.10 b 0.18 ± 0.02 b 0.19 ± 0.01 b

Avail. P (mg kg-1) 6.23 ± 1.02 c 3.56 ± 0.32 d 8.47 ± 0.38 c 7.41 ± 0.13 c 8.49 ± 0.37 c

Exch. Ca (cmol kg-1) 12.85 ± 0.44 c 12.26 ± 0.15 c 10.42 ± 0.19 b 18.27 ± 0.20 b 13.11 ± 0.64 c

Exch. Mg (cmol kg-1) 16.59 ± 0.61 c 16.53 ± 0.05 d 16.71 ± 0.24 c 16.58 ± 0.23 e 16.25 ± 0.35 e

Exch. K (cmol kg-1) 1.91 ± 0.08 b 2.86 ± 0.11 a 3.31 ± 0.18 a 2.94 ± 0.37 ab 2.85 ± 0.13 a

T2 Nitrogen (%) 0.14 ± 0.08 c 0.14 ± 0.53 c 0.13 ± 0.12 b 0.18 ± 0.25 b 0.15 ± 0.17 bc

Avail. P (mg kg-1) 19.57 ± 0.19 a 18.83 ± 0.13 a 17.59 ± 0.25 a 22.53 ± 0.36 a 20.68 ± 0.40 a

Exch. Ca (cmol kg-1) 27.70 ± 0.14 a 27.27 ± 0.27 a 26.89 ± 0.48 a 25.57 ± 0.53 a 26.75 ± 0.40 a

Exch. Mg (cmol kg-1) 17.61 ± b0.24 c 17.64 ± 0.22 c 17.72 ± 0.02 c 18.70 ± 0.18 c 24.63 ± 0.29 c

Exch. K (cmol kg-1) 1.56 ± 0.03 c 1.51 ± 0.06 c 1.55 ± 0.22 c 2.08 ± 0.32 c 1.41 ± 0.54 c

T3 Nitrogen (%) 0.77 ± 0.26 a 0.64 ± 0.21 a 0.56 ± 0.29a 0.69 ± 0.22a 0.43 ± 0.17a

Avail. P (mg kg-1) 5.53 ± 0.35 c 5.26 ± 0.88 c 6.23 ± 0.20 d 6.75 ± 0.57cd 4.30 ± 0.40d

Exch. Ca (cmol kg-1) 6.27 ± 0.31 e 5.49 ± 0.15 e 7.49 ± 0.10 d 8.70 ± 0.24 e 7.37 ± 0.19e

Exch. Mg (cmol kg-1) 18.46 ± 0.42 b 19.65 ± 0.20 b 21.5 ± 0.53 b 29.22 ± 0.20 b 27.72 ± 0.31 b

Exch. K (cmol kg-1) 1.25 ± 0.04 c 1.64 ± 0.05 c 2.53 ± 0.17 b 2.58 ± 0.28 bc 2.38 ± 0.69 b

T4 Nitrogen (%) 0.55 ± 0.08 b 0.43 ± 0.29 b 0.54 ± 0.34 b 0.61 ± 0.63 a 0.39 ± 0.20 a

Avail. P (mg kg-1) 8.71 ± 0.37 b 8.86 ± 0.59 b 9.89 ± 0.10 b 5.62 ± 0.52 d 13.63 ± 0.70 b

Exch. Ca (cmol kg-1) 10.06 ± 0.53 d 9.66 ± 0.35 d 8.78 ± 0.32 c 11.94 ± 0.56 d 10.24 ± 0.20 d

Exch. Mg (cmol kg-1) 23.11 ± 0.60 a 23.59 ± 0.06 a 23.19 ± 0.76 a 34.74 ± 0.40 a 32.38 ± 0.09 a

Exch. K (cmol kg-1) 2.76 ± 0.27 a 2.54 ± 0.05 b 3.39 ± 0.29 a 2.93 ± 0.05 ab 2.96 ± 0.65 a

Samples were collected at the end of the experiment; means ± standard error of mean value followed by different letters 
in column are significantly different using repeated measures ANOVA at p < 0.05; Avail. P = Available P, Exch. Ca, Mg 
and K = exchangeable Ca, Mg and K; T1 = site without organic deposit, T2 = site with fresh organic deposit, T3 = site with 
decomposed organic deposit, T4 = site with decomposed organic deposit

month 12 at the sediment depth of 0–10 cm, with 
slightly different values recorded at 10–30 cm.
 For the exchangeable potassium (K), the 
recorded concentrations were generally lower 
than that of exchangeable Ca and Mg. The 
concentration of exchangeable K at both depths, 
ranged from 0.96 to 3.46 cmol kg-1. The highest 
concentration of exchangeable K is at T2 at both 
sediment depths. At T2, the concentration at the 
depth of 0–10 cm decreased from month 1 to 
month 12, with only minor differences between 
readings. The highest concentration recorded 
at the depth of 10–30 cm was 2.08 cmol kg-1 in 
month 9, which dropped to 1.41 cmol kg-1 in 
month 12. The concentration of exchangeable 
K at T3 was from 0.96 to 2.55 cmol kg-1 at 0–10 
cm in depth and 1.25 to 2.58 cmol kg-1 at 10–30 
cm. At T4, the concentration ranged from 1.84 
to 2.58 cmol kg-1 at 0–10 cm in depth and 2.54 
to 3.39 cmol kg-1 at 10–30 cm.

Correlation analysis

The correlation analysis (Table 4) shows that the 
growth of R. apiculata was positively correlated 
with the concentration of available P but 
negatively correlated with CEC. There was no 
significant correlation between the growth of R. 
stylosa and all parameters representing sediment 
fertility investigated in this study. In addition, the 
growth of R. mucronata had positive correlation 
with CEC, C and N but was negatively correlated 
with the pH of sediment.

DISCUSSION

The decomposition of organic compounds in the 
soil layers at T3 and T4 have led to an increase 
in nutrient availability thus enhancing sediment 
fertility. In this study, the highest mean height 
increment of Rhizophora seedlings was 17 cm, 
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Table 4 Correlation between Rhizophora spp. growth and sediment fertility

pH Avail. P N C CEC Exch. K Exch. Ca Exch. Mg

R. stylosa ns ns ns ns ns ns ns ns

R. apiculata ns 0.573** ns ns -0.215* ns ns ns

R. mucronata -0.702** ns 0.793* 0.567** 0.735** ns ns ns

Correlation is significant at the 0.05 level (2-tailed), **correlation is significant at the 0.01 level (2-tailed); ns = not significant; 
*Avail. P = available P, Exch. Ca, Mg and K = exchangeable Ca, Mg and K, CEC = cation exchange capacity

although Wechakit (1990) reported an annual 
increment of 45 cm for one-year-old stands. The 
height of R. apiculata normally exceeds 100 cm 
two years after propagules are seeded (Matsui et 
al. 2008). The relatively low tree height might 
be due to the inadequate growth of the plants. 
Mangrove species have certain attributes to 
adapt to the highly dynamic and harsh coastal 
wetland environment. The poor growth of 
Rhizophora spp. had most likely led to the low 
average tree height. The highest growth was 
recorded from month 1 to month 3 (Figure 3), 
with less rain recorded from June (month 1) to 
September (month 3) compared to month 6 to 
month 9, which was rainy season in Malaysia, i.e. 
from December (month 6) to March (month 
9). Topographic factors such as duration and 
frequency of tidal inundation affect oxidation 
states, sediment nutrient availability, and salinity, 
resulting in complex patterns in nutrient supply 
and demand, which contribute to the variation 
in the structure of mangrove forests (Reef et al. 
2010).  The pattern of mangrove seedlings may 
be explained by the seasonal variation in light 
availability, which favours maximal growth rates 
near the end of the dry season when rainfall is 
low and solar radiation is probably high (Padilla 
et al. 2004).
 T3 and T4 are located more landward than T1, 
which is in the seaward zone (Table 1). Physical 
conditions are critical for mangrove survival and 
growth. According to Basyuni et al. (2018), R. 
mucronata growing in the landward zone has a 96% 
growth rate compared with that of the seaward and 
middle zones. High mortality of Rhizophora spp. 
seedling at T2 was most probably due to physical 
damage caused by fallen trees and driftwood 
around the plot as a result of the big tidal before 
collecting data in month 6. This has caused survival 
to drop from 93 to 74%. Massive structure (low 
permeability) of the top sediment was one of the 

factors affecting Rhizophora spp. seedling survival 
during the big tidal. Some of the Rhizophora spp. 
seedlings did not survive, which could be due to 
poor growth caused by sediment properties at the 
study sites. Some seedlings died naturally due to 
changes in nutrient availability and salinity spikes, 
which are often attributed to natural runoffs and 
leaf loss, whereby the remaining leaves may not be 
able to photosynthesise at a level to support the 
tree (Sippo et al. 2018).
 The mechanical disturbance associated with 
wave exposure at T1 and T2 in this study might be 
one of the causes for the higher mean mortality 
rate, as it caused a lower percentage of silt in the 
sediments compared with other soil structure 
as in Table 2 (Thampanya et al. 2002, Padilla 
et al. 2004). Table 2 shows that the silt at T2 is 
the lowest at both sediment depths compared 
with the rest of the study sites. By addressing the 
geomorphic site, ecological condition, salinity 
concentration and recommended species, 
successful tree restoration and survival can be 
increased (Basyuni et al. 2018).
 The total OC in the sediments in Tanjung 
Piai was high at T3 and T4 at both depths, 
contributing to the growth of Rhizophora spp. 
Carbon is the key component of healthy 
sediment conditions and sediment productivity 
(Schlesinger & Andrews 2000). The presence of 
organic matter in the sediment increases its level 
of total OC (Havlin et al. 2016). Carbon sources 
in mangrove forests include pure mangrove litter, 
organic materials carried in by tides or rivers 
and deposited alongside mangrove detritus, 
decomposed materials, etc. (Kristensen et al. 
2008). Quantifying C accumulation in sediments 
is a useful technique for estimating C storage in 
mangrove ecosystems. T1 and T4 had different 
densities of mangrove species, which could 
translate into different vegetation growth within 
the ecosystem. 
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 Total OC content of the sediments was high 
at T3 and T4 at both depths, contributing to the 
growth of the Rhizophora spp. there. Mangrove 
ecosystems are significant natural C sinks, which 
accumulate and store large amounts of OC, 
especially in sediments. As stored C in sediment 
increases, the risk of other nutrients being 
lost due to erosion and leaching decreases, 
resulting in increased agricultural productivity 
(Schlesinger & Andrews 2000). In comparison to 
plots T1 and T2, the amounts of CEC in T3 and 
T4 were the highest, as shown in Table 3. The 
majority of the nutrients in the nutrient pool of 
the mangrove forest are stored in the sediment 
rather than in the trees (Alongi 2014). A high 
CEC reduces the mobility and availability of metal 
cations in the sediment as more nutrients are 
attached to soil particles (Del Refugio Cabañas-
Mendoza et al. 2020). 
 The exchangeable Ca, K and Mg are typically 
referred to as major ions linked to CEC in soils 
(Rayment & Higginson 1992). The primary 
core of the chlorophyll molecule in plant tissue 
is Mg. As a result, if Mg is inadequate, the lack 
of chlorophyll causes poor and stunted plant 
growth. Magnesium also assists in the activation 
of particular enzyme systems in plant (Wang & Gu 
2021). Potassium is classified as a macronutrient 
because it is an essential nutrient for plant growth 
and plants take up a significant amount of K 
during their life cycle (Alongi 2014). Calcium 
in plants is essential for signalling the activation 
of specific enzymes for the establishment of a 
proper root system in plants (Mitsui et al. 2008). 
Besides that, Ca also provides the best soil 
structure which influences plant growth by extent 
of root distribution and how water percolates and 
infiltrates through the soil (Havlin et al. 2016) 
 Decomposition of organic matter improves 
nutrient availability and is a major source of 
nutrients in the mangrove ecosystem (Milne et 
al. 2015). Organic matter is likely to play a key 
role in promoting tree growth by improving 
sediment properties, which include improving 
sediment structure and facilitating root growth, 
while organic matter decomposition provides 
nutrients to trees (Matsui et al. 2008). The 
decomposition of organic deposits in sediment at 
T3 and T4 has liberated N as ammonia, which is 
then converted into nitrate or soluble form that 
is readily available and usable by plants (Kida & 
Fujitake 2020). More study is required for better 
understand the N cycle in organic sediment in 
mangrove ecosystems. 

 To determine the pair wise association, 
Pearson’s correlation matrix was used between 
sediment nutrient content and development of 
mangrove species. Plant growth and development 
in natural conditions are influenced by 
various factors including the availability of 
micronutrients and macronutrients in the soil 
(Rahman et al. 2019, 2021). Subtle changes in 
the growth factor of the mangrove will have 
an impact on the overall mangrove density. 
Thus, nutrient status should be investigated 
not by determining the impacts of shortage 
of a single nutrient on the physiological 
condition of the plant, but by examining the 
consequences of several nutrients in a particular 
environment (Kalaji et al. 2018). Differences 
in nutrient contents have a substantial 
impact on the photochemical process such as 
photosynthesis, which is important for plant 
growth and development. Nutrient deficiency 
stunts plant growth, and causes plant tissue 
death, or yellowing of leaves due to decreased 
production of chlorophyll, which is required for 
photosynthesis. Besides the status of nutrients 
in the sediments, tidal cycles and seasonality 
associated with the geographical location are 
also linked to the mangrove vegetation and 
overall productivity of the ecosystem (Taillardat 
et al. 2019). Mangrove species such as Rhizophora 
spp. grow well near wide river mouth, muck and 
sand-rich streams (Hossain & Nuruddin 2016). 
Therefore, future studies that investigate the 
link between the factors that are present in 
different mangrove locations and the nutrient 
status of sediments there will provide a thorough 
understanding of the development of site-
specific species.

CONCLUSION

The growth of Rhizophora spp. in Tanjung Piai is 
the highest at the study sites rich in decomposed 
organic deposits (T3 and T4), which reflects the 
vast nutrient availability and enhanced sediment 
fertility that support the development of the 
plant. The percentages of N and C are also higher 
in the study plots having decomposed organic 
deposit (T3 and T4).
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