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Mangroves play a crucial role in coastal ecosystems by providing essential nutrients for 

both animal and plant life. This study aims to compare the nutrient content in various 

parts (leaves, fruit, roots, and sediment) of natural and rehabilitated mangroves in 

Lampung, Indonesia. This research was conducted from November to December 2023 in 

Pesawaran (5.57185° N), for natural mangrove locations and South Lampung 

(105.24189° E) for rehabilitated mangrove locations in Lampung Province, Indonesia. 

Nutrient analyses including nitrogen, phosphorus, magnesium, iron and zinc contents in 

leaves, fruit, roots, and sediment were also conducted using a spectrophotometer. 

Statistical analysis using the Principal Component Analysis was carried out to determine 

the relationship between trace elements with part of mangrove in natural and rehabilitated 

mangroves. This research revealed that the Phosphorus (natural and rehabilitated 

mangrove) was found in leaves (0.018 - 0.029 mg kg-1), fruits (0 - 0.034 mg kg-1), roots 

(0.038 – 0.18 mg kg-1) and sediment (0.008 – 0.063 mg/kg). Natural mangroves had the 

highest nitrogen (N) content in leaves (Rhizophora stylosa > Rhizophora mucronata > 

Ceriop tagal). The highest magnesium (Mg) content in sediment was in Ceriop tagal in 

both natural (8.979 mg/kg) and rehabilitated (368.24 mg/kg) mangroves. The highest P 

content in natural mangroves was found in leaves (Rhizophora mucronata= Rhizophora 

stylosa > Ceriop tagal), fruits (Rhizophora stylosa > Rhizophora mucronata > Ceriop 

tagal), roots (Rhizophora mucronta > Rhizophora stylosa > Ceriop tagal), and sediment 

(Rhizophora mucronta > Rhizophora stylosa > Ceriop tagal). Trace element in leaves, 

fruits, and roots showed Magnesium > Zinc > Iron > Nitrogen > Phosphorus in natural 

mangrove and rehabilitated mangrove. Trace element in sediment showed Magnesium > 

Iron > Zinc > Nitrogen > Phosphorus in natural mangrove while Magnesium > Zinc > 

Iron > Nitrogen in rehabilitated mangrove. The bioaccumulation factor (BAF) results 

showed that leaves had a BAF value < 1 in Iron, Zinc, both in natural and rehabilitated 

mangroves. Natural mangroves contain a wider variety of trace elements than 

rehabilitated mangroves. 
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1. INTRODUCTION

The mangrove ecosystem is known as a productive 

ecosystem in storing and repairing carbon [1, 2]. Mangrove 

conditions often experience nutrient deficiencies caused by 

varying tidal cycles in the mangrove ecosystem. Therefore, 

mangroves have the ability to modify the environment from 

rising sea levels and changes in salinity. In these changes, 

mangroves are able to modify water absorption and the 

interaction between salt excretion and transpiration [3]. 

Therefore, the mangrove ecosystem is very dynamic in its 

physicochemical, hydrological, sedimentological, and 

geomorphological conditions [4]. Mangrove rehabilitation 

needs to enhance coastal community participation [5] and 

social capital empowerment [6]. 

Nutrients are stored in the form of macro (nitrogen, 

phosphorus, and potassium), meso (magnesium, calcium and 

sulfur), and micro (iron, manganese, zinc, boron, copper, 

molybdenum, and silicon) elements, which are found at the top 

and bottom of the mangrove. The upper part is found in the 

leaves, stems, and mangrove trees, while the lower part is 

stored in the roots and sediment. The influence of tidal 

movements and the amount of freshwater entering the 

mangrove ecosystem causes the circulation of nutrients, some 

of which are stored and maintains the stability of the 

ecosystem and the level of stress that occurs [7]. Prolonged 

waterlogging causes oxidative stress, stunted growth, and low 

survival rates [8]. Mangroves also have potential antibacterial 

[9] and antifungal [10] properties, contain crude protein,

carbohydrates, and tannins in the green leaves [11], and amino

acids [12], and function in carbon sequestration [13-15].

The mangrove ecosystem continues to experience pressure 
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from destruction and degradation which results in disruption 

of mangrove health. Several factors that cause this are rising 

temperature conditions [16], rising sea levels [17], and 

microplastic pollution [18]. The availability of nutrients in 

mangrove ecosystems can be beneficial for marine biota as a 

food source for gastropods [19], support habitats and diversity 

of marine biota [20, 21], filter pollutants, and promote 

biogeochemical cycles of nutrients [22, 23]. Previous research 

also reported that with the presence of different types of 

mangroves, the survival level was different, for example, 

Rhizophora mucronata by 67% [24]. Sediment with its 

nutrient contents can function as a supplier of nutrients in 

sufficient quantities so as to optimize growth conditions and 

sustainability of mangroves [25]. Furthermore, mangroves 

experienced an increase in tree trunk height and diameter as 

well as tree density [26]. The ability of mangroves to grow 

well and survive is influenced by various factors, one of which 

is the availability of nutrients in the mangrove ecosystem. This 

study aims to compare the nutrient content in various parts 

(leaves, fruit, roots, and sediment) of natural and rehabilitated 

mangroves in Lampung, Indonesia. 

 

 

2. METHODOLOGY 
 

2.1 Research area 
 

This research was conducted from November to December 

2023 in Pesawaran (5.57185° N), for natural mangrove 

locations and South Lampung (105.24189° E) for rehabilitated 

mangrove locations in Lampung Province, Indonesia (Figure 

1). This research was divided based on the types of mangroves 

in the research locations, i.e., the mangrove Rhizophora 

mucronata Lamk (Rm), Rhizophora stylosa Griff, Ceriop 

tagal C.B. Rob both in natural and rehabilitated mangrove 

locations. 
 

 
 

Figure 1. Research locations in Pesawaran and South 

Lampung, Lampung Province, Indonesia 
 

2.2 Data colletion 
 

Sampling was based on the location of the mangrove type 

at the top and bottom of the mangrove organ. The upper parts 

of the mangrove organs were leaves and fruit, while the lower 

parts were mangrove roots and sediment. Sediment collection 

was carried out using a PVC pipe measuring 1.5 inches with a 

depth of 30 cm.  
 

2.3 Data analysis 
 

50 g of mangrove parts were collected in the form of leaves, 

fruit, and roots for the analyses in the laboratory. 

Measurements of elements (macro, micro, and meso) of leaf, 

fruit, and root samples as well as mangrove sediments 

including nitrogen, phosphorus, magnesium, iron, and zinc 

were conducted using a Spectrophotometer. 

The bioaccumulation factor (BAF) is a measurement of the 

ratio of elements present in the environment and parts of the 

mangrove (roots, bark, and leaves) [27]. Meanwhile, 

translocation is the ability of a plant to uptake and distribute 

the various elements across the plant body, and it is estimated 

by calculating the translocation factor (TF). Bioaccumulation 

factor (BAF) and translocation factor (TF) are useful as 

indicators of phyto-remediation [28]: 
 

BAF = concentration in tissues / concentration in 

rhizosphere sediment 
(1) 

 

TF = concentration in tissue (leaf; fruits) / 

concentration in root 
(2) 

 

where, BCF > 1 = Accumulator plant; BCF = 1 = Indicator 

plant; BCF < 1 = Excluder plant, phytoextraction (TF > 1) and 

phytostabilization (TF < 1) mechanisms. 

 

2.4 Statistical analysis 

 

The statistical analysis used was R studio 4.3.2 through 

Principal Component Analysis. It determine the relationship 

between nutrient in mangrove organs and sediments in natural 

mangrove and mangrove rehabilitation with consider factor 

loading value. The relationship between nutrients is also 

linked to each other so as to find out the strongest relationship 

between nutrients. 

 

 

3. RESULTS AND DISCUSSION 
 

3.1 Distribution of nutrient in the mangrove organs 
 

Table 1 shows the nitrogen (N) and phosphorus (P) contents 

in various types of mangroves in natural and rehabilitated 

mangroves. Natural mangroves had the highest N content in 

leaves (R. stylosa > R. mucronata > C. tagal), fruits (R. 

stylosa > C. tagal > R. mucronata), roots (R. mucronata > R. 

stylosa > C. tagal), and sediment (R. stylosa > R. mucronta > 

C. tagal). 

Meanwhile, the highest P content in natural mangroves was 

found in leaves (R. mucronata = R. stylosa > C. tagal), fruits 

(R. stylosa >Rm> C. tagal), roots (R. mucronata > R. stylosa > 

C. tagal), and sediment (R. mucronata > R. stylosa > C. tagal). 

Rehabilitated mangroves showed the highest N in leaves (R. 

stylosa > R. mucronata = C. tagal), fruit (the highest was R. 

stylosa, while R. mucronata and C. tagal were not in the 

fruiting season), roots (C. tagal > R. mucronata > R. stylosa). 

The P (natural and rehabilitated mangrove)was found in leaves 

(0.018 - 0.029 mg kg-1), fruits (0 - 0.034 mg kg-1), roots (0.038 

- 0.18 mg kg-1) and sediment (0.008 - 0.063 mg kg-1). 

The highest Mg contents were found in the leaves in both 

natural and rehabilitated mangroves (Table 1). Natural 

mangroves showed the highest Mg content in leaves (R. 

mucronata > R. stylosa > C. tagal), fruits (R. stylosa > C. 

tagal > R. mucronata), roots (R. stylosa > R. mucronata > C. 

tagal), and sediment (C. tagal > R. stylosa > R. mucronata). 

Meanwhile, rehabilitated mangroves had the highest Mg 

content in leaves (C. tagal > R. mucronata > R. stylosa), fruits 
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(the highest was R. stylosa), roots (C. tagal > R. stylosa > R. 

mucronata), and sediment (C. tagal > R. mucronata > R. 

stylosa). 

Comparison of the Mg concentration in both natural and 

rehabilitated mangroves in the upper and lower parts showed 

that the leaves were the highest in R. mucronta (872.21 mg kg-

1) and C. tagal (930.51 mg kg-1) in rehabilitated mangroves, 

the flowers were the highest in Rs in both natural and 

rehabilitated mangroves. The Mg content in the roots was 

highest in R. stylosa (505.02 mg kg-1) in natural mangroves 

and in C. tagal (277.12 mg kg-1) in rehabilitated mangroves. 

The highest Mg content in sediment was in C. tagal in both 

natural (897.49 mg kg-1) and rehabilitated (368.24 mg kg-1) 

mangroves.  

 

Table 1. Nutrient content (N, P and Mg) in various mangrove organs and sediments in various types of mangroves in natural and 

rehabilitated mangroves 

 
Type Mangrove N (mg kg-1) P (mg kg-1) Mg (mg kg-1)  

Leaves      

Natural R. mucronata 0.11 0.029 872.21 This study 

Natural R. stylosa 0.119 0.029 840.97 This study 

Natural C. tagal 0.053 0.018 839.5 This study 

Rehabilitated R. mucronata 0.056 0.026 881 This study 

Rehabilitated R. stylosa 0.076 0.032 800.79 This study 

Rehabilitated C. tagal 0.056 0.031 930.51 This study 

India A. marina   3117 [22] 

Brazil R. mangle 1.18-1.50 0.09-0.11 0.42-0.62 [29] 

Fruits      

Natural R. stylosa 0.037 0.03 251.91 This study 

Natural R. mucronata 0.035 0.027 177.18 This study 

Natural C. tagal 0.052 0.023 214.54 This study 

Rehabilitated R. stylosa 0.046 0.034 308.27 This study 

Rehabilitated R. mucronata 0 0 0 This study 

Rehabilitated C. tagal 0 0 0 This study 

Roots      

Natural R. stylosa 0.022 0.032 505.02 This study 

Natural R. mucronata 0.019 0.027 415.04 This study 

Natural C. tagal 0.036 0.038 412.5 This study 

Rehabilitated R. stylosa 0.033 0.18 190.56 This study 

Rehabilitated R. mucronata 0.032 0.02 190.12 This study 

Rehabilitated C. tagal 0.02 0.012 613.07 This study 

Sediment      

Natural R. stylosa 0.022 0.052 857.11 This study 

Natural R. mucronata 0.016 0.063 849.11 This study 

Natural C. tagal 0.014 0.045 897.49 This study 

Rehabilitated R. stylosa 0.004 0.013 277.12 This study 

Rehabilitated R. mucronata 0.006 0.008 365.35 This study 

Rehabilitated C. tagal 0.009 0.018 368.24 This study 

Indonesia R. mucronata 0.24-1.18   [30] 

Indonesia R. stylosa 0.27-1.42   [30] 

 

Table 2. Nutrient content (Fe and Zn) in various mangrove organs and sediments in various types of mangroves in natural and 

rehabilitated (r) mangroves 

 
Type Mangrove Fe (mg kg-1) Zn (mg kg-1)  

Leaves     

Natural R. mucronata 0.27 5.85 This study 

Natural R. stylosa 0.10 3.54 This study 

Natural C. tagal 0.74 3.54 This study 

Rehabilitated R. mucronata 0.1 4.54 This study 

Rehabilitated R. stylosa 0.73 2.97 This study 

Rehabilitated C. tagal 0.27 7.2 This study 

Indonesia R. mucronata 16.83±9.65 11.75±7.06 [31] 

India Avicennia marina 137 10.50 [22] 

Brazil Rhizophora mangle 88  [29] 

Malaysia R. apiculata 9.23 1.14±0.34 [32] 

Fruits     

Natural R. stylosa 0.10 2.08 This study 

Natural R. mucronata 0.10 1.50 This study 

Natural C. tagal 0.10 2.8 This study 

Rehabilitated R. stylosa 0.74 4.19 This study 

Rehabilitated R. mucronata 0 0 This study 

Rehabilitated C. tagal 0 0 This study 

Indonesia Bruguiera gymnorrhiza 0.34 0.11±0.01 [33] 

Indonesia Xylocarpus granatum 0.38 0.52±0.18 [33] 
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Roots     

Natural R. stylosa 0.10 3.580 This study 

Natural R. mucronata 0.10 3.19 This study 

Natural C. tagal 0.10 5.78 This study 

Rehabilitated R. stylosa 0.10 3.66 This study 

Rehabilitated R. mucronata 0.720 5.41 This study 

Rehabilitated C. tagal 4.9 4.81 This study 

Malaysia R. apiculata 48.48±12.25 3.60±0.97 [32] 

Sediment     

Natural R. stylosa 619.88 31.34 This study 

Natural R. mucronata 520.52 34.34 This study 

Natural C. tagal 38.72 34.35 This study 

Rehabilitated R. stylosa 5.84 8.07 This study 

Rehabilitated R. mucronata 0.1 10.38 This study 

Rehabilitated C. tagal 2.13 20.44 This study 

India   23.01-82.21 [34] 

Southern Vietnam   25.7-108.1 [35] 

China   78.6-220 [36] 

 

The nutrients of Fe and Zn in natural and rehabilitated 

mangroves (Table 2). The highest Fe content was (C. tagal > 

R. mucronata > R. stylosa) in natural mangroves and (R. 

stylosa > C. tagal > R. mucronta) in rehabilitated mangroves 

in the leaves. The Fe content in natural mangroves was similar 

of 0.10 mg kg-1, while the Fe content in rehabilitated 

mangroves was 0.10 mg/kg in R. stylosa. The Fe content in 

roots in natural mangrove was found to be the same at 0.10 

mg/kg in the 3 types of mangroves (R. stylosa, R. mucronata, 

and C. tagal); while in rehabilitated mangroves, it was found 

to be the highest (C. tagal > R. mucronata > R. stylosa).  

The highest Fe content in natural mangroves showed (R. 

stylosa > R. mucronta > C. tagal); while in rehabilitated 

mangroves, it showed (R. stylosa > C. tagal > R. mucronata). 

Trace elements showed Zn > Fe in Leaves fruits, and roots 

showed in natural mangrove and rehabilitated mangrove. 

Sediment > leaves > roots > fruits in natural mangrove and 

rehablitated mangrove. 

Table 2 shows in the lower organ including roots and 

sediment, the highest nutrient content of Fe (0.720 mg kg-1) 

was found in rehabilitated mangroves, while the highest Zn 

(5.78 mg/kg) was found in C. tagal in natural mangroves. The 

highest Fe content in sediment was in R. stylosa (619.88 

mg/kg) in natural mangroves, while the highest Zn was in C. 

tagal (34.35 mg/kg) in natural mangroves. The comparison of 

roots with fruit and leaves shows that the leaves have a higher 

trace element content. The others research also showed that 

iron in leaves [37]. The roots of mangrove type C.tagal, R. 

mucronata, and R.stylosa showed the same effect. Sediment of 

C.tagal, R. mucronata, and R.stylosa also had the same effect. 

Sediment showed a negative effect on roots. Fruits had a 

significant effect on sediment. Litter that falls and experiences 

decomposition can control nutrients in the mangrove 

ecosystem [38].  

The highest Zn content in the leaves was (R. mucronata > 

R. stylosa = C. tagal) in natural mangroves and was (C. 

tagal >Rm> R. stylosa) in rehabilitated mangroves. The Zn 

content showed the highest (C. tagal > R. stylosa > R. 

mucronta) in natural mangroves and Rs in rehabilitated 

mangroves. In the roots, the highest Zn content was (C. tagal > 

R. stylosa >Rm) in natural mangroves and was (R. 

mucronata > C. tagal > R. stylosa) in rehabilitated mangroves. 

Meanwhile, the highest Zn content in sediment was (C. tagal > 

R. mucronata > R. stylosa) in natural mangroves and was (C. 

tagal > R. mucronata > R. stylosa) in rehabilitated mangroves. 

The highest nutrient content in the upper organ of leaves of Fe 

was found in C. tagal (0.74 mg kg-1) in natural mangroves, 

while the highest in fruits was in R. Stylosa (0.74 mg kg-1) in 

rehabilitated mangroves. The highest in roots of Fe was found 

in C. tagal (4.9 mg kg-1) in rehabilitated mangroves. 

 

3.2 BAF and TF in various types of mangroves in natural 

and rehabilitated mangroves 
 

 
 

Figure 2. BAF in various types of mangroves in natural and 

rehabilitated mangroves, Lampung 
 

The differences in BAF and TF values for various types of 

mangroves in natural and rehabilitated conditions (Figure 2 

and Figure 3). BAF showed that leaves had BAF values = 1 (R. 

mucronata) in rehabilitated mangrove. BAF showed that 

leaves had values >1 in Mg (R. mucronata) in natural 

mangrove) and R. mucronata, R. stylosa and C. tagal in 

rehabilitated mangrove. BAF showed that leaves had 

values >1 in N (R. mucronata, R. stylosa and C. tagal) in 

natural mangrove and R. stylosa in rehabilitated mangrove. 

BAF showed that leaves had values >1 in P (R. mucronata, R. 

stylosa and C. tagal) in rehabilitated mangrove and value < 1 

in natural mangrove. 

BAF showed that fruits had values >1 in Mg (R. stylosa) in 

rehabilitated mangrove, N (R. mucronata, R. stylosa and C. 

tagal) in natural mangrove and R. mucronata in rehablitated 

mangrove), and P (R. mucronata) in rehabilitated mangrove. 

BAF showed that fruits had values < 1 in Fe, Zn in natural 

mangrove and rehabilitated mangrove), Mg in natural 

mangrove and P in natural mangrove (R. muconata, R. stylosa 

and C. tagal). The TF value of leaves and fruits > 1 in Fe ( R. 

mucronata, R. Stylosa and C. tagal) in natural mangrove while 

rehabilitated mangrove in leaves and fruits (R. stylosa). The 

TF value of leaves > 1 in Zn (R. mucronata) in natural 

mangrove and C. tagal in rehabilitated mangrove. The TF 

0

1

2

3

4

5

6

7

8

Rm Rs Ct Rm Rs Ct

Leaves Fruits

m
g
 k

g
-1

BAF

Fe (n) Fe (r) Zn (n)

Zn (r) Mg(n) Mg(r)

N (n) N (r) P (n)

P (r)

2174



 

value of leaves > 1 in Mg (R. mucronata, R. Stylosa and C. 

tagal) in natural mangrove and R. Stylosa and C. tagal in 

rehabilitated mangrove. The TF value > 1 presented in N ( R. 

mucronata, R. Stylosa and C. tagal) in natural mangrove while 

R. stylosa in rehabilitated mangrove in fruits. R. mucronata 

revealed the TF value (>1) in fruits and R. Stylosa and C. tagal 

showed TF values < 1 in P (natural mangrove and rehabilitated 

mangrove). 

 

 
 

Figure 3. TF in various types of mangroves in natural and 

rehabilitated mangroves, Lampung 

 

In mangrove R. stylosa, the Fe (rehabilitated) had TF>1, 

while the Fe (natural), Zn (natural) and Zn (rehabilitated) 

showed TF<1. Mangrove C. tagal was found to have TF >1 in 

Fe (natural) and Zn (rehabilitated). The TF value in fruits with 

TF > 1 was found in Rs in the Fe (natural). R.stylosa, R. 

mucronata and C. tagal in the Fe (natural mangrove). BAF and 

TF had the best function for mangrove ecosystem as 

phytoremediation. This research found that in natural and 

rehabilitated mangroves, Zn of 34.34 and 10.38 were higher 

than Fe 1.75–61.67 mg kg-1 in India in the same type of 

mangrove [39]. A BAF value <1 indicated that mangrove 

types R. mucronata, R. stylosa, and C. tagal in natural and 

rehabilitated mangroves function well in plant metabolism in 

terms of nutrient requirements for growth and survival. It was 

also reported that BAF values below BAF (BAF < 1) can be 

used as an indication that mangroves are quickly utilizing the 

nutrients [40]. Mangrove R. mucronata had BAF and TF <1 

for essential and >1 for non-essential elements [41]. BAF and 

TF can indicate as phytoremediation.  

 

3.3 The principal component analysis to determine trace 

element in natural and rehabilitated mangrove 

 

The results of processing using the PCA method show the 

percentage of variance explained in each PCA with PC1 (42%), 

PC2 (29.2%), PC3 (19%), PC4 (7.1%) and PC5 (2.7%). 

Cumulatively, PC1 and PC2 contributed 71.1% of the data 

variability. Next, the nutrients that represent the PC can be 

seen based on the Loading Factor in the table. Based on the 

loading factor, it can be seen that PC1 destroys negatives with 

most nutrients except N, where the nutrient that has the largest 

correlation is Zn. The opposite is shown by PC2 where most 

show a positive correlation except Fe and Zn with the largest 

correlation shown by N. 

Figure 4 showed the highest P content in rehabilitated 

mangroves was found in leaves (R. stylosa> C. tagal > R. 

mucronata), fruits (the highest was Rs, while Rm and C. tagal 

were not in the fruiting season), roots (R mucronata > R. 

stylosa > C. tagal), and sediment (R. mucronata > R. stylosa > 

R mucronata).  

Through PCA, the distribution of samples in natural and 

rehabilitated mangroves can be observed. The graph shows 

that natural mangroves display a much more random 

distribution compared to rehabilitated mangroves. This 

suggests that natural mangroves possess more diverse nutrient 

values compared to rehabilitated mangroves. 

The relationship trace element in natural mangrove and 

rehablitated mangrove in Figure 5. A quite significant 

relationship was shown by Zn and Fe and the lowest was 

shown by Mg and P. Correlation results for other nutrients 

showed a correlation of 0.5. In general, most nutrients are 

positively correlated except N with Fe and Zn. 

 

 
 

Figure 4. Relationship the trace element in natural and rehabilitated mangrove with PCA 
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Figure 5. Headmap of the trace element in natural and 

rehabilitated mangrove 

 

This research revealed that the N content was higher in the 

leaves, fruit, roots, and sediment (Figure 5). This is in 

agreement with N that the highest content was in the leaves 

[22]. Overall, green leaves showed a higher content of 

microelements than yellow leaves [31]. The presence of 

nitrogen has an important role in enriching sediment [42] and 

is influenced by various factors including tides, vegetation and 

season [43].  

Figure 5 shows the relationship between leaves, fruit, roots, 

and sediment in rehabilitated mangroves. The roots of 

mangrove type C. tagal, R. mucronata and > R. stylosa showed 

the same effect. Sediment of C. tagal, R mucronata, and > R. 

stylosa also had the same effect. This had no significant effect, 

and the effect was very weak. Rooting was more influenced by 

leaves. Fruit had a significant effect on sediment, while leaves 

had a negative effect on sediment. 

Nutrients that can be used for healthy mangrove growth and 

development are N and P [44]. Other research reported that P, 

Mg, Fe, and Zn can function as elements required for growth 

and survival. The roots have a function of accumulating and 

excreting metals [45]. The process of leaf aging is an important 

nutrient mechanism for N and P [46]. High levels of nutrients 

(P, Mg) in sediments have an important role in supporting the 

above ground biomass [47]. Fe and N cycle can modulate 

nitrification rates [48], denitrification activity is closely linked 

to the total ambient Fe concentrations in mangrove sediments 

[49], and Nitrogen loss through anaerobic ammonium 

oxidation with iron [50].  

 

 

4. CONCLUSIONS 

 

The highest Zn content in the leaves was (R. mucronata > 

R. stylosa = C. tagal) in natural mangroves and was (C. 

tagal >Rm> R. stylosa) in rehabilitated mangroves. The Zn 

content showed the highest (C. tagal > R. stylosa >Rm) in 

natural mangroves and Rs in rehabilitated mangroves. 

Indirectly, natural mangroves show more diverse nutrient 

values compared to rehabilitated mangroves. Trace element in 

leaves, fruits, and roots showed Magnesium > Zinc > Iron > 

Nitrogen > Phosphorus in natural mangrove and rehabilitated 

mangrove. Trace element in sediment showed Magnesium > 

Iron > Zinc > Nitrogen > Phosphorus in natural mangrove 

while Magnesium > Zinc > Iron > Nitrogen in rehabilitated 

mangrove. In this study, a BAF value of <1 indicated that 

mangrove type R. mucronata, R. stylosa, and C. tagal in 

natural and rehabilitated mangroves function well in plant 

metabolism in terms of nutrient requirements for growth and 

survival. BAF showed that fruits had values >1 in Mg (R. 

stylosa) in rehabilitated mangrove, N (R. mucronata, R. 

stylosa and C. tagal) in natural mangrove and R. mucronata in 

rehablitated mangrove), and P (R. mucronata) in rehabilitated 

mangrove. BAF showed that fruits had values < 1 in Fe, Zn in 

natural mangrove and rehabilitated mangrove), Mg in natural 

mangrove and P in natural mangrove (R. muconata, R. stylosa 

and C. tagal). 
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