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Abstract 

 

A study on the effects of crude oil on the growth and biomass of mangrove 

Bruguiera sexangula seedling was conducted in the intertidal area of  Dumai 

City, Sumatra Indonesia. This study was conducted by using completely 

randomized design in a 2 months field experiment. Single treatment with three 

rereplicates of control (no oil added) and four different crude oil 

concentrations (0.05, 0.1, 0.5 and 1.0 ml/cm2) were applied. The results 

showed that treatment with different concentrations of crude oil gave 

significant (p<0.05) impacts on the growth of width and the number of leaf as 

well as the stem height of mangrove seedling. Stem diameter and biomass of 

B. sexangula were not significantly (p>0.05) impacted by crude oil. Higher 

concentration of crude oil has caused decreasing growth and lowers biomass 

of mangrove B. sexangula seedling. Further study is needed to evaluate 

various environmental parameters that affect the growth of mangroves as well 

as the accumulation and distribution of oil in mangrove tissues in order to 

provide more complete informations on the effects of oil on the health of 

mangroves ecosystems. More efforts should be made to minimize the amount 

of oil that is allowed to enter coastal area of Dumai city without causing 

greater harm to mangrove and other living sources in the surrounding areas. 
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INTRODUCTION 

The relationships between the living organisms such as mangroves and the presence 

of pollutants such as crude oil in their habitat where they lived are very interesting 

from ecotoxicological point of view. Several studies on the effects of pollutants in 

Dumai coastal waters have been done (Amin and Nurrachmi, 1997; Amin, 2001; 

Nurrachmi and Amin, 2007; Amin et al., 2009a, b). Mangrove forest in Dumai city, 

Indonesia is likely be contaminated by not only sewage from anthropogenic activities 

in land since Dumai coastal zone is a densely populated area, but also from marine 

activities including oil spills from boats and tankers transporting crude oil in both 

Rupat Strait and Malacca Straits as an international waterway and known as one of 

the busiest shipping lanes in the world. Dumai is known as one of the main gateways 

for marine transportation in the Straits of Malacca to Sumatera. There are also many 

industrial, port and other shipping activities which could directly or indirectly disrupt 

and damage the mangroves because oil would be accumulated and settled in the 

sediment substrate. 

In general, mangroves have an adaptability to different environmental conditions such 

as soil conditions, salinity, rainfall, tides and resistance to pollution, especially 

pollution caused by crude oil. According to Mensah et al. (2013), Amin and 

Kamislina (2012), Chindah et al. (2007), Sukemi (2004), crude oil may affect 

mangrove growth and even mortality. The crude oil spilled into the mangrove 

environment through tidal influences that characterize the ecosystem provides for 

wider dispersal and distribution in the intertidal flat areas resulting in the deposition 

of crude oil on the aerial roots and sediment (Baker, 1981). Thus, crude oil covers the 

breathing roots and pores, thereby asphyxiating the sub-surface roots that depend on 

the pores for oxygen transfer (Odu et al., 1985). This in turn impairs the normal salt 

exclusion process resulting in accumulation of excess salt in the plant contributing to 

enhancing the stress condition of the plant and ultimately, to death, loss of mangrove 

plants, habitat destruction and degradation (Imevbore, 1979). This study aimed to 

assess the growth performance of mangrove B. sexangula seedling in the field where 

the growing media was contaminated by crude oil with different concentrations and to 

evaluate the impact of oil on the growth and biomass of mangrove B. sexangula 
seedling. This species are generally grow on the land that is not often flooded by sea 

water, but indirectly this type of mangrove are still associated with polluted coastal 

waters during high tide.   

 

MATERIALS AND METHODS 

This study was conducted in two phases, the acclimatization processes and data 

collection which were conducted in the intertidal area of Dumai city (Figure 1). The 

study area with 11.5 Ha of mangrove forest was about 3 km away from the city center 

and has been designated as a mangrove conservation area (PAB, 2011). Fourty eight 

seedlings of mengrove B. sexangula collected from the mangrove nursery in 

Pangkalan Sesai Dumai, Sumatera Light Crude Oil of Minas, NaCl, sulfuric acid, 

sulfanilic acid brusin-phosphate and distilled water, sediment sample, NH4F, HCl, 
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H2SO4, NH4 molybdate, ascorbic acid, potassium oksitartrat, antimony and distilled 

water were used in the present study. The instruments used were caliper, ruler, oven 

and spectrophotometer, whilst zinc plate cylinders with an area of 600 cm2 were used 

as experimental units. 

 
 

Figure 1. Location of the study in Dumai city  

 

The experiment was done by using one factor (Crude Oil) completely randomized 

design (CRD) with 5 treatments and 3 replications each. The concentrations of crude 

oil applied were PO (0.00 ml/cm2), P1 (0.05 ml/cm2), P2 (0.1 ml/cm2), P3 (0.5 ml/cm2) 

and P4 (1.0 ml/cm2) following procedure by Hoi-Chaw et al. (1984). The variables 

measured in this study were the number of leaves, leaf width, plant height and stem 

diameter which were taken in every 10 days, while for biomass as well as nitrate and 

phosphate were measured 3 times during the periods of the study (at day 0, 20 and 

50). Environmental quality parameters namely temperature, acidity (pH) and salinity 

were also measured in this study.  

 

 

RESULTS AND DISCUSSION 

Leaf production of treated mangrove seedling showed great differences among the 

treatments. PO showed the highest additional leaf production (2.16 leaves) followed 

by P1 (0.50 leaves) and P2 (0.33 leaves) within 10 days observation. Meanwhile, P3 

and P4 did not show any additional leaf production. At the end of the study, as seen in 

Figure 2 the highest leaf production was found in PO with 13 leaves followed by P1 

with 4 leaves. P2, P3, and P4 did not show any leaf production during the observation, 

and in the contrary, the number of leaf was decreased. The changes in number and 

width of leaves as well as stem height and stem diameter of B. sexangula seedling 

during the course of experiment can be seen in Figure 2. 

RUPAT

DUMAI

Malaysia

Sumatera, 

Indonesia

= Dumai District

= Research

Location       
(Pangkalan Sesai)



402 Amin B., I. Nurrachmi and R. Rumiyatin 

 

Figure 2. Growth of mangrove seedlings in average number of leaves (A), leaf width 

(B), stem height (C) and stem diameter (D) seedling of B. Sexangula 

 

The average of stem height increment of B. sexangula for PO showed the highest 

growth of 0.59 cm/ten days while P4 was the lowest growth with 0.05 cm/10 days. 

The concentration of crude oil also affects the response of stem diameter increment of 

B. sexangula. Stem diameter tend to decline with increasing concentration of given 

crude oil where in the PO the average stem diameter increment was 0.014 cm/10 days 

while in P4 could only obtained 0.010 cm/10 days. The average growth of leaf width 

of B. sexangula seedlings was found to be highest in PO (0.21 cm/10 days). The 

average leaf width in P1 and P2 yielded only 0.18 cm/10 days and 0.15 cm/10 days 

respectively, whilst P3 showed 0.03 cm/10 days and P4 did not show significant 

change in the leaf width. 

 

In general, the development of leaf width tends to decrease with increasing 

concentration of a given crude oil. The effect of crude oil on the growth increment of 

mangrove B. sexangula seedlings during the study are presented in Table 1. 
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Table 1. Average growth increments of mangrove B. sexangula seedlings 

 

Variables  
Growth of Mangrove B. sexangula seedling 

P0 P1 P2 P3 P4 

Leaf number 2.16 0.50 0.33 0.0 0.0 

Leaf width (cm) 0.21 0.18 0.15 0.03 0.0 

Stem height (cm) 0.59 0.48 0.29 0.12 0.05 

Stem diameter (cm) 0.014 0.013 0.012 0.011 0.01 

 

 

Table 1 showed that treatment PO (0.00 ml/cm2) showed better growth performance in 

all variables measured, while the lowest growth was found in P4 (1.0 ml/cm2). Higher 

growth increment in PO was assumed to be caused by no direct effect from the crude 

oil. The presence of crude oil in the media could inhibit the intake of nutrients such as 

nitrate and phosphate which are very useful for seedling growth. The concentrations 

of nitrate and phosphate in P4 were lower than other treatments so that the seedlings 

were not able to grow well due to higher concentration of crude oil in the substrate. 

Mangroves are very vulnerable to oil pollution because oil will accumulate and 

covered the substrate which finally could disrupt and damage the mangroves. This 

study showed that higher concentrations of crude oil given to the substrate had 

lowered the growth of mangrove seedlings B. sexangula. According to Clark (1986), 

crude oil will impede the process of mangrove seedlings because the fraction of crude 

oil will penetrate the substrate, trapped and settled in mangrove sediments and coated 

the mangrove seeds and then finally damage the germination process. 

The crude oil level may have also altered the sediment quality by reducing sediment 

porosity and gaseous exchange that in turn may have a negative effect on the 

physiological function of the plant (Amadi et al. 1997; IPS 1989). Also other possible 

effect may be hinged on one of the characteristics of soils polluted by crude oil 

(petroleum hydrocarbons) contributing to their low mineral-nitrogen content. This is 

based on the fact that in the immobilisation of mineral-nitrogen by soil micro-

organisms during the process of degrading the polluting crude oil. Reduction in 

mineral-nitrogen contents after oil pollution as a result of microbial immobilisation 

has been reported (Odu, 1972). Oil pollution adversely affects the availability of 

mineral nitrogen by encouraging the rapid growth of soil micro-organisms which 

immobilise soil mineral nitrogen and this may be responsible for the yellowing of 

leaves observed. 

 

The biomass of mangrove leaf, stem and root of B. sexangula seedlings during the 

observations is presented in Figure 3. The highest stem biomass was found in PO and 

the lowest stem biomass found in P4. Higher concentration of the crude oil given to 
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the media caused lower number of the biomasses. This can be seen in P4 that has the 

highest concentration of crude oil indicating greater reduction in leaf, stem and root 

biomass when compared to other treatments. 

 

Figure 3. Mean of leaf (A), stem (B) and root (C) biomass of B. sexangula seedling 
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Generally, the higher the concentration of crude oil, the lower the amount of biomass 

of mangrove B. sexangula seedlings. According to Sukemi (2004), total dry weight of 

the mangroves were reduced with increasing concentrations of crude oil because 

crude oil was accumulated into the leaf and root tissues so that the process of nutrient 

uptake and photosynthesis processes in the plants being disturbed. 

The water quality parameters measured in the surrounding area of study showed that 

temperature, pH and salinity were still in the range of tolerable level for the mangrove 

ecosystem. The low biomass of leaf, stem and root of mangrove B. Sexangula 

seedlings in P4 was assumed to be caused by the reduced concentrations of nitrate and 

phosphate in the media that will affect the growth of the plants. Higher growth of the 

plants is followed by higher amount of biomass and vice versa. The same results of 

study were reported by Siahaan (1998) and Chindah et al. (2007). They stated that the 

concentration of crude oil gave potential effects on growth, number of leaves, root 

shoot ratio and total dry weight of Rhizophora mucronata and Avicenia marina 

seedlings. 

 

Other studies on crop plants also indicated similar negative growth pattern on plant 

survival and biomass production. Merkl et al. (2005) observed death of leguminous 

plants and reduced biomass production of grasses exposed to oil contaminated soil. 

Adoki and Orugbani (2007) observed that non-nutrient supplemented oil polluted soil 

recorded low percentage germination; contrary to contaminated soil treated with 

fertilizer supplement that demonstrated enhanced percent germination. Similarly, 

reduction in crop yield, declined land productivity and depressed farm income in oil 

spill farmland in Delta State of Nigeria had been observed (Inoni et al., 2006). 

 

CONCLUSION 

The present study indicated that Sumatera Light Crude Oil of Minas could affect the 

growth rate of mangrove B. Sexangula seedling. Higher concentration of crude oil 

given to the substrate has caused the decrease in growth rate, the amount of biomass 

of mangrove seedling as well as the nitrate and phosphate concentrations in the 

substrate. Further studies are needed on the accumulation and distribution of oil in 

mangrove tissues as well as on which environmrntal parameters that mostly affect the 

growth of mangrove seedling in order to provide more complete informations 

regarding the effect of crude oil on mangrove ecosystems.  
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