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Abstract.The growth of three mangrove species seedlings,Bruguiera gymnorrhiza, 
Rhizophora apiculataand Ceriops decandra in sediments contaminated by crude oil. 
Thisresearchwas designed to evaluate the acute effects of crude oil on the growth and 
survival performance of mangrove seedling in 4-week field experiment. Three 
treatments(sub plot) were compared with the control (no oil added) usingi.e. 100 ml, 120 ml 
and 140 ml crude oil applied once, in a split-plot design with nine replicates. The result 
showed the extent of survival has maximum for B. gymnorrhiza while it was minimum for 
C. decandra. The growth of mangrove seedlings was decrease with higher concentrations 
of crude oil. Stem height of B. gymnorrhiza seedling higher than R. apiculata and C. 
decandra.We observed, severe damage in the epidermis and the cortex at the root of all 
three types of mangrove seedlings when crude oil applied at 140 ml.  

 
 
1 Introduction 
 
The Segara Anakan Nature Reserve (SANR) is a mangrove fringed shallow coastal lagoon, and it is the largest 
still existing mangrovearea in Java, Indonesia [29]. The SANR is located along the southern coast of Java, 
Cilacap district, Indonesia, surrounded by an area of mangrove swamps, tributaries, and intertidal lands. Such an 
ecosystem serves a unique and a productive marine nursery and abundant aquatic ecosystem because the 
influence of the Indian Ocean may enter lagoon troughs in the western and eastern passages (Fig.1). Consisting 
of a mangrove fringed lagoon, SANR and its surrounding environment in the Cilacap coastal area are considered 
a unique ecological feature in Java, Indonesia. As an ecosystem, mangroves are important for overall ecological 
function as well as the economiesof populations living along the coast, where fisheries are a vital source of food 
and income [25]. 

Oil pollution poses a serious health risk to coastal ecosystems throughout the world. Many studies have 
investigated the effects of oil pollution on coastal marshes[15], [21] and mangroves [1], [7]. Crude oil is 
composed of up to 17,000 organic compounds, of which about 75% are hydrocarbons [11]. The light and 
medium compounds in oil remain at the surface and volatilize or degrade over time, while those with high 
molecular weight are deposited on sediments and retain toxic properties for years [22]. Despite their 
hydrophobic nature, polycyclic aromatic hydrocarbons (PAHs) can bio-concentrate and are toxic and mutagenic 
to organisms [7], [17]. 

Mangroves, which inhabit low wave energy, sheltered locations in intertidal zones of tropical and subtropical 
regions, are highly vulnerable to oil spills [17]. Oil can penetrate into soft sediments and coat aerial roots [11], 
[21], leading to oxygen deficiency, suffocation and growth irregularities in the shortterm and mortality in the 
long-term [31], [3]. Oil can persist in the mangrove environment under typical reduced conditions. Several 
studies have documented the effect of different types of crude oil on mangrove species under laboratory [27], 
[31] and field conditions [25][18]. 

Research on oil contamination have frequently concentrated on the mass mortality of plants after large-scale 
crude oil spills [11], [9]. Some studies focused on the effects of oil contamination on seedling establishment and 
growth under sub-lethal concentrations [21]. Responses of mangroves to oil treatment include reduction in 
foliage production and total plant biomass (Mille et al., 2006; Ke et al., 2011), reduction in the rate of 
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photosynthesis and respiration [22], [18], increased mutation [3], development of anomalous growth forms [23], 
damage to root cell membranes [27], [13], impairment of transpiration [27], and increased mortality (Tam et al., 
2005). In SANR area, oil pollution is one common pollution type that would cause a devastating impact on 
mangrove wetlands [24].SANR are vulnerable to contamination crude oil as an international marine are 
traversed carrier tankers and crude oil refineries from domestic crude oil industry.There is no available 
information by nowadays in SANR regarding to theeffects of crude oilexposure to mangrove system. Thus, our 
research aims to observe the possible effect of crude oil contaminationon survival rate, growth andanatomical 
structure of mangrove roots of Rhizophora apiculata,B. gymnorhiza and C. decandra.Sampling and preliminary 
treatment were carried out in September and  
October of 2017 in the SANR, Indonesia, and the analysis was conducted in the Fisheries and Marine Science 
Laboratory of Jenderal Soedirman University, Indonesia. 

 
2. Materials and methods 

2.1. Description of study area 
 

The study conducted at Segara Anakan Nature Reserve (SANR) Cilacap, Central Java and lies within  longitude 
108º46’-109º03’ and latitute 07º34’-07º47’ (Figure 1). The climate of the area is basically that of equatorial 
tropical rainfall occurring almost through the year except the mouths of December, January and February, which 
are not completely free from rainfall in some years. The annual rainfall of the area is about 3,444mm (11). 
Annual mean air temperature is 31.3 oC the highest monthly mean temperature was 29.7 oC (in August), and the 
lowest monthly mean temperature is 27.5 oC (in January). The surface seawater temperature values range 
between 25.9 oC and 30.6 oC, and the salinity of the seawater ranges between 8‰ and 20‰. The hydrology of 
the lagoon is governed by seasonally varying river runoff mainly of the Citanduy River in the west and tidal 
exchange with the Indian Ocean through two channels in the western (Plawangan) and eastern parts of the 
lagoon. The mixed and predominantly semidiurnal tide ranges between 0.4 m during neap tide and 1.9 m during 
spring tide [29].The Citanduy is the fifth largest river of Java in terms of discharge which is estimated to 227 m3 
s–1 (dry season 171 m3 s–1, rainy season 283 m3 s–1; or 195 m3 s–1 on an annual average [29]. 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Location of sampling sites in the Segara Anakan Nature Reserve. 

 
 

2.2. Nursery preparation andSeedling establishment  

The sampling sites were established in a relatively undisturbedtidallyinundatedmangrovewetlandCilacap. Surface 
soil form the study area was collected (0 - 20 cm depth) during tidal recession. The sediment surface samples (5 kg) 
were weighed and potted in polyethylene bags (40 x 60 cm), leaving 10 cm at the upper end for irrigation of water. 
Each bag was labeled. 

Propagules of B. Gymnorrhiza, R. apiculata, and C.  decandrawere planted in 17 cm diameter × 15 cm height, 
24 cm × 21  cm and 11 cm x 12 cm in plastic pots. All pots contained amixture of sand, potting soil and compost 
(1:2:1 volume based). Mangrove seedlings in good condition were carefully uprooted using hand trowel and 
transplanted into thepottedbags,ensuringthatthetherewasnorootdamage.Seedlings were grown for 2 months to 
eliminate effects of transplant shock. The seedlings were arranged in 
9rowsofparalleltriplicatesat1mintervalsforeachtreatment (0 ml, 100 ml, 120 ml and 140 ml) Plate1. 

 
 
2.3 Growth analysis 
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The stem height and leaf sizeof each mangrove seedlingswere monitored weekly for 4 weeks.The stem heights 
of R. apiculata,B. gymnorrhiza, and C. decandraseedlings were measured from the top of the seedlings where 
the stem emerged to the bottom of the mostdistal opened pairs of leaves, and the leaf area were measured 
individually using vernier calipers[4], [5]. 

 
24 Root structure 
 
Anatomical damage resulting from oil pollution of the roots of three species were determined on plants of all 
Treatments on 4 week. Typical transections of live mediate and fine roots were observed with an Microscope 
(Boeco, Germany). 
 
2.5 Treatments 
 
Treatment was by applying the crude oil that commenced at the end of 60 day acclimation period. The crude oil 
constitutes of n-alkane-containing oil such as saturates (56%), aromatics (31%), polars (11%), and asphaltenes 
(2%), it also has 35.3º API gravity and contains 0.1% sulphur content. The accute treatment, consisted of a 
one-time application of 120 mL crude oil add on the surface of the mud [4], [5]. Stem height at the first inter-
node and leaf area were monitored weekly for 4 weeks. Any yellowing of leaves and seedling survivalwere 
recorded. 
 
2.6 Data analyses 
 
Mean and standard deviation (S.D.) values of triplicates were calculated. Before subject to parametric statistical 
analyses, the data were tested for the assumptions of normality of distribution and homogeneity of variance. All 
tested data satisfied the assumptions and no data transformation was necessary. A parametric two-way analysis 
of variance (ANOVA) with repeated measures was used to compare the effects of oil dose and exposure time on 
plant growth, including the increment of stem height and change of leaf area. The effects of crude oil dose on 
mangrove plants were evaluated by one-way multivariate analysis of variance (MANOVA). If the statistical 
results are significant at p  ≤ 0.05, Tukey’smultiple comparisons as post-hoc tests were applied to locate the 
differences. All statistical analyses were performed using the software, Statistical Package for Social Sciences 
(SPSS) 11.0 for Windows, SPSS Inc. IL, USA 

 
3. Results 

 
3.1. Seedling Survival 
 
 

 
Fig. 2. Effects of oiling on seedling survival 
 
Among the three mangrove species, B. gymnorrhiza was the most 

tolerantspeciestospentlubricatingcrude oil,with100%, 88.89%, 77.78% and 77.78%survival 
oftheseedlingsinthetreatmentswith 0 ml, 100 ml, 120 ml and 120 ml, respectively R. apiculata ranked No. 2 in 
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oil tolerability, with 66.66 % seedlings survived at 140 ml oil. C. decandra the most vulnerable species to oil 
contaminationwith 100%, 55.56 %, 44.44% and 44.44 % survival of the seedling for all treatment. Most of the 
resident ground dwelling macrofauna were killed by oil. 
 
3.2. Growth response 

 
3.2.1. Stem growth  

 
Stem growth of three seedling mangrove was reduced by acute effect of crude oil (Fig. 3). For the always in 
field group, control plants displayed relatively linear growth over the study period. Growth rates of one-time oil 
treatments were less than that of the control.  

The growth of all mangrove species, even exposed to the lowest oil dose (100 ml),was reduced compared to 
that in the control.Crude oil dose effects on stem growth (expressed as stem height increment) of the three 
mangrove species were significant (F=0.657, p=0.005). R. apiculata, in which significant reduction in the 
degree of stem height increment was observed (F=4.344, p=0.005). 

 

 
Fig. 3.Effects of oiling on seedling height increment (final seedling height – initial) (*: P<0.05, **: 0.001). RA: 
Rhizophora apiculata, BG: Bruguiera gymnorrhiza, CD: Ceriops decandra. 
 
3.1.2 The leaf size 
 
Leaf size of three seedlings mangrove followed a pattern similar to that describe for stem growth (Fig. 4). For all 
weeks of the study, there was a significant effect of oil treatment, with tipically more leaves size by control 
plants. The leaf size of R. apiculata, B. Gymnorrhiza and C. Decandradecreased significantly with increasing 
oil doses.Acute exposure of the mangrove seedlings to the crude oil had significant effect on leaf size.  
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Fig. 4.Effects of oiling on plant leaf size (*:P<0.05). Bars with differentletters are significantly different at P ≤ 
0.05 using Tukey-Kramer multiple comparisonstest.  
 
3.1.3Root structure 
 
Damage by base-oiling was found to the roots of B.gymnorrhiza, R. apiculataand C. decandra (Fig.5). The 
worst damage occurred at a concentration of 140 ml, damage occurred in the epidermis and the cortex on the 
three types of mangrove seedling roots. The roots of oiledseedlings were black in colour in contrast to the 
brownish andwhitish root systems in unoiled seedlings of B.gymnorrhiza, R. apiculataand C. decandra, 
respectively, and a strong oily smell wasnoted. From microscope observation oftypical root transections, oiling 
crude oil resulted in damageto conducting tissues (epidermis and cortex) in fine roots but not in mediate roots. 
  

0
0,02
0,04
0,06
0,08

0,1
0,12
0,14
0,16

RA BG CD

Le
af

 si
ze

 (m
2 ) 

Treatment 

0 ppm

100 ml

120 ml

140 ml

* 



5

E3S Web of Conferences 47, 04005 (2018)	 https://doi.org/10.1051/e3sconf/20184704005
SCiFiMaS 2018

4 
 

oil tolerability, with 66.66 % seedlings survived at 140 ml oil. C. decandra the most vulnerable species to oil 
contaminationwith 100%, 55.56 %, 44.44% and 44.44 % survival of the seedling for all treatment. Most of the 
resident ground dwelling macrofauna were killed by oil. 
 
3.2. Growth response 

 
3.2.1. Stem growth  

 
Stem growth of three seedling mangrove was reduced by acute effect of crude oil (Fig. 3). For the always in 
field group, control plants displayed relatively linear growth over the study period. Growth rates of one-time oil 
treatments were less than that of the control.  

The growth of all mangrove species, even exposed to the lowest oil dose (100 ml),was reduced compared to 
that in the control.Crude oil dose effects on stem growth (expressed as stem height increment) of the three 
mangrove species were significant (F=0.657, p=0.005). R. apiculata, in which significant reduction in the 
degree of stem height increment was observed (F=4.344, p=0.005). 

 

 
Fig. 3.Effects of oiling on seedling height increment (final seedling height – initial) (*: P<0.05, **: 0.001). RA: 
Rhizophora apiculata, BG: Bruguiera gymnorrhiza, CD: Ceriops decandra. 
 
3.1.2 The leaf size 
 
Leaf size of three seedlings mangrove followed a pattern similar to that describe for stem growth (Fig. 4). For all 
weeks of the study, there was a significant effect of oil treatment, with tipically more leaves size by control 
plants. The leaf size of R. apiculata, B. Gymnorrhiza and C. Decandradecreased significantly with increasing 
oil doses.Acute exposure of the mangrove seedlings to the crude oil had significant effect on leaf size.  

 
 
 

      a       a 
      a 

     b 
       b 

    b        c 

    c 

     c 
      d 

      d 

        d 

0

0,5

1

1,5

RA BG CD

Pl
an

t h
ei

gh
t i

nc
re

m
en

t (
cm

)  

Treatment  

0 ml
100 ml
120 ml
140 ml

* 

* * 

5 
 

 
 

 
Fig. 4.Effects of oiling on plant leaf size (*:P<0.05). Bars with differentletters are significantly different at P ≤ 
0.05 using Tukey-Kramer multiple comparisonstest.  
 
3.1.3Root structure 
 
Damage by base-oiling was found to the roots of B.gymnorrhiza, R. apiculataand C. decandra (Fig.5). The 
worst damage occurred at a concentration of 140 ml, damage occurred in the epidermis and the cortex on the 
three types of mangrove seedling roots. The roots of oiledseedlings were black in colour in contrast to the 
brownish andwhitish root systems in unoiled seedlings of B.gymnorrhiza, R. apiculataand C. decandra, 
respectively, and a strong oily smell wasnoted. From microscope observation oftypical root transections, oiling 
crude oil resulted in damageto conducting tissues (epidermis and cortex) in fine roots but not in mediate roots. 
  

0
0,02
0,04
0,06
0,08

0,1
0,12
0,14
0,16

RA BG CD

Le
af

 si
ze

 (m
2 ) 

Treatment 

0 ppm

100 ml

120 ml

140 ml

* 



6

E3S Web of Conferences 47, 04005 (2018)	 https://doi.org/10.1051/e3sconf/20184704005
SCiFiMaS 2018

6 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 5. Effects of oiling seedling on typical transections of fine roots (Scale: 1:40).  
 

4. Discussion 
 
Oil dose is one of the most important variables that determine the degree of damage to seedlings mangroves.A 
one-time addition of 120 mL oil, an acute oiling with sediment saturation, reduced the survival and growth of 
red mangrove seedlings more significantly than those received weekly chronic oiling (weekly addition of 15 mL 
oil for 8 weeks) even though the accumulative amount of oil given to plants in the weekly treatment was 
equivalent to the quantity given in the one-time treatment [21]. 

This research has clearly demonstrated that seedling mangroves are extremely sensitive 
andvulnerabletooilcontamination,as reported alsoinseveralothersstudies[7], [11], [25]. Oileffectsonseedling 
mangrovesare complex becauseofthelong-livednatureofthetreesandtheir tendency 
toexhibitshorttermeffects,aswellassub-lethal responses, whichmaypersistfordecades.Shorttermadverse effects 
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suchassenescence, leafwilting,anddefoliation,reported in previousstudies[7], [4], were also 
observedinoilcontaminatedtrees of R. apiculataB. gymnorrhizaand C. decandrain thisresearch. 

Our field research on the effects of crude oil exposed to different treatments (acute) indicated considerable 
variation in seedling reaction ranging from survival, growth response and root histology. In this field research 
we have shown that a form of crude oil, can adversely affect seedlings mangrovesurvival, growth, and root 
histology. It is clear from our experiment that C. Decandra  are more sensitive to lubricating oil than are 
seedlings of B.gymnorrhizaandR.apiculata. This research has demonstrated that trees and seedlings of B. 
gymnorrhiza, but not of R. Apiculata and C. Decandra, have the ability to initiateadventitious roots following 
oiling of stem sand the root system.In A. marina and Aegiceras corniculatum, lubricatingcrude 
oilwasshowntodamage the xylemvesselsoffineroot [4]. The primary effect of toxic hydrocarbons works probably 
via disruption of membranes in the conducting tissue [12], [30]. 

Oiling crude oil resulted in damageto conducting tissues (epidermis and cortex) in fine roots but not in 
mediate roots.The greatest damageat a concentration of 140 ml. Destruction of conducting tissues in fine roots 
will undoubtedly have resulted in the reduction of transpiration, a frequently reported effect of oils on 
mangroves [11], 27]. 

In addition to physiological and morphological effects on mangrove seedling, oil also alters the chemical and 
physical characteristics of the sediments [10], including decreases in dissolved oxygen concentrations, pH, 
salinity, redox and potentials of the interstitial water [23]. The highly reducing soil redox potentials increase 
oxygen stress in roots [6], [19], reduce root respiration, water relations and disrupt ion and subsequently growth 
[12]. 

 
 

5. Conclusions  
 
B. gymnorrhiza was the mosttolerantspeciesto crude oil in accute effect softthereductionin 
andmortality,followedby R. Apiculata were themostvulnerablespeciestooiltoxicity and C. Decandra  are more 
sensitive to lubricating crude oil in accute effect. 
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Fig. 5. Effects of oiling seedling on typical transections of fine roots (Scale: 1:40).  
 

4. Discussion 
 
Oil dose is one of the most important variables that determine the degree of damage to seedlings mangroves.A 
one-time addition of 120 mL oil, an acute oiling with sediment saturation, reduced the survival and growth of 
red mangrove seedlings more significantly than those received weekly chronic oiling (weekly addition of 15 mL 
oil for 8 weeks) even though the accumulative amount of oil given to plants in the weekly treatment was 
equivalent to the quantity given in the one-time treatment [21]. 

This research has clearly demonstrated that seedling mangroves are extremely sensitive 
andvulnerabletooilcontamination,as reported alsoinseveralothersstudies[7], [11], [25]. Oileffectsonseedling 
mangrovesare complex becauseofthelong-livednatureofthetreesandtheir tendency 
toexhibitshorttermeffects,aswellassub-lethal responses, whichmaypersistfordecades.Shorttermadverse effects 

B.gimnorrhizaunoiled R. apiculutaunoiled C. decandra unoiled 

B.gimnorrhiza, 100 mloiled R. apiculuta100 mloiled C. decandra 100 mloiled 

B.gimnorrhiza 120 mloiled R. apiculuta 120 mloiled C. decandra 120 mloiled 

B.gimnorrhiza  140 mloiled R. apiculuta 140 mloiled C. decandra 140 mloiled 

7 
 

suchassenescence, leafwilting,anddefoliation,reported in previousstudies[7], [4], were also 
observedinoilcontaminatedtrees of R. apiculataB. gymnorrhizaand C. decandrain thisresearch. 

Our field research on the effects of crude oil exposed to different treatments (acute) indicated considerable 
variation in seedling reaction ranging from survival, growth response and root histology. In this field research 
we have shown that a form of crude oil, can adversely affect seedlings mangrovesurvival, growth, and root 
histology. It is clear from our experiment that C. Decandra  are more sensitive to lubricating oil than are 
seedlings of B.gymnorrhizaandR.apiculata. This research has demonstrated that trees and seedlings of B. 
gymnorrhiza, but not of R. Apiculata and C. Decandra, have the ability to initiateadventitious roots following 
oiling of stem sand the root system.In A. marina and Aegiceras corniculatum, lubricatingcrude 
oilwasshowntodamage the xylemvesselsoffineroot [4]. The primary effect of toxic hydrocarbons works probably 
via disruption of membranes in the conducting tissue [12], [30]. 

Oiling crude oil resulted in damageto conducting tissues (epidermis and cortex) in fine roots but not in 
mediate roots.The greatest damageat a concentration of 140 ml. Destruction of conducting tissues in fine roots 
will undoubtedly have resulted in the reduction of transpiration, a frequently reported effect of oils on 
mangroves [11], 27]. 

In addition to physiological and morphological effects on mangrove seedling, oil also alters the chemical and 
physical characteristics of the sediments [10], including decreases in dissolved oxygen concentrations, pH, 
salinity, redox and potentials of the interstitial water [23]. The highly reducing soil redox potentials increase 
oxygen stress in roots [6], [19], reduce root respiration, water relations and disrupt ion and subsequently growth 
[12]. 

 
 

5. Conclusions  
 
B. gymnorrhiza was the mosttolerantspeciesto crude oil in accute effect softthereductionin 
andmortality,followedby R. Apiculata were themostvulnerablespeciestooiltoxicity and C. Decandra  are more 
sensitive to lubricating crude oil in accute effect. 
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