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Abstract: Stomatal behavior, growth performance and 
accumulation of polynuclear aromatic hydrocarbons 
(PAHs) were evaluated in seedlings of the mangrove 
Avicennia marina (Forssk.) Vierh, treated with the water­
soluble fraction (WSF) of Abu-Dhabi light Arabian crude 
oil through foliar spraying or soil application. Irregular 
stomatal behavior and weak stomatal control over 
transpiration were observed during the first 24 hours, 
where stomatal resistance of plants sprayed with 150 and 
300 (g PAHs plant-I was significantly lower than that of 
the control plants . After six weeks, all treated plants 
showed no significant difference in their relative growth 
rate (RGR) or in the net assimilation rate (NAR) 
compared with the control plants. Tri-aromatic 
hydrocarbons were the most accumulated in tissues of the 
treated plants. Penta- and hexa-aromatics. on the other 
hand. were undetectable in the WSF and consequently in 
the treated plants. A linear relationship was observed 
between the dose applied to plants and the amounts of 
tissue accumulated PAHs (r'=0.515 for soil application 
and r'=0.984 for foliar spray). In plants sprayed with 300 
(g PAH s plant-I. the total PAHs accumulated were more 
than that accumulated in plants treated through soil 
application. These findings suggest that: .. 
I . 	Aqueous extraction of crude oil tends to SlgOlfy the 

percentage of the low molecular weight PAHs, e.g. 
naphthalene to the total PAHs. 

2. 	 Disturbed stomatal behavior in the first day of the 
treatment may be due to the venti ng of the volatile low 
molecular weight aromatic hydrocarbons (e.g. 
benzene, toluene, and xylenes) through the stomata. 

3. 	 Uptake of water-soluble hydrocarbons by plants is 
equally possible through both the root system and the 
foliage. . . 

The ecological implications of these flOdlOgS are 
discussed in relation to oil pollution of mangrove stands 
under field conditions. 
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Introduction 

Mangrove is one of the most potentially 
vulnerable of the intertidal communities to oil 
pollution (den Hartog, 1984). In oil contaminated 
areas, mangrove seedlings, unlike the mature stand, 
may become fully submerged with the WSF of oil 
several hours a day during the tidal cycle. Thereby, 
they are likely to accumulate more PAHs than other 
age groups of heights above watertable. As 
mangrove is one of the most important primary 
producers in the coastal habitat, this particular age 
group of seedlings would participate more than the 
rest of the vegetation in introducing PAHs or their 
metabolic transformation products to marine food 
webs. 

Several authors have studied the effect of 
different types of crude oil on various mangrove 
species under field conditions e,g. (Getter et al. 
1985; Scherrer et al. 1989 and Klekowski et al. 1994 
a&b) and laboratory conditions (Getter et al. 1983; 
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Teas et al.1985; Knap, 1987; Grant et al. 1993; 
Proffitt et al.1995; Proffitt and Devlin, 1998 and 
Duke et 01.1998). Responses of mangroves to oil 
treatment vary depending on the type of the crude 
(Garrity et 01.1994), the degree of weathering (Duke 
et 01.1998), and many other environmental factors 
(Proffitt et 01. 1995). These responses were 
previously studied by (Snedaker et al. 1981, Getter 
et 01.1985, Page et 01. 1985, Boer 1993, KJekowski 
et 01. 1994 (a & b) and Duke et al.1998). 

Crude oil is a mixture of thousands of organic 
compounds, of which 75% (w/w) are hydrocarbons 
(Ralph and Burchett, 1998). Low molecular weight 
aromatic hydrocarbons (e.g. benzene, toluene, 
xylenes, etc.) are considered the initial source of 
biological toxicity caused by unweathered crudes 
(Grant et 01. 1993 and Ralph and Burchett, 1998). 
However, these compounds are extremely volatile 
and their effect may become negligible within a few 
hours (Durako et al.1993). Polynuclear aromatic 
hydrocarbons (PAHs), on the other hand, are 
another important group of hydrocarbons, known to 
be mutagenic to mangroves (Klekowski et 01. 1994 
a&b) and phytotoxic to other plants e.g. seagrasses 
(Durako et al. 1993 and Ralph and Burchett 1998). 

As crude oil loses most of its toxic components 
by evaporation and dissolution in water during the 
weathering process, studies on the phytoxicity of the 
water-soluble fraction (WSF) of crude oil is 
warranted. None of the available reports, however, 
considered the physiological responses of 
mangroves to the phytotoxic effects mediated by 
WSF of oil without plants being in physical contact 
with the crude. 

Despite the hydrophobic nature of PAHs, they 
are considered the major component causing most 
of the biological damaging effects after any spill 
(Lee and Page, 1997). On the other hand, A vicennia 
marina is one of the most sensitive mangrove 
species to oil, particularly light crude (Getter et al. 
1985, Duke et al. 1998). The present paper 
investigates the physiological responses of 
Avicennia marina seedlings to the water extract of 
light Arabian crude oil and the differential affinities 
of its toxic PAH component to accumulate within 
the seedling tissues. 

Materials and methods 

A total of 250 viviparous propagules of the 
mangrove Avicennia marina (Forsk.) Vierh., were 
collected from healthy trees on the Abu-Dhabi coast 
(54 ° 50' E and 24° 50' N). Propagules of similar 
dimensions were rai sed as descri bed i n (Youssef 

and Saenger, 1998). After 4 weeks successfully 
raised seedlings were subsequently transfelTed 
individually to suitable sized pots containing the 
same type of substrate saturated with 25% seawater. 
Seedlings were then left to grow for another four 
weeks under glasshouse conditions at an average 
temperature of 30±2°C, relative humidity of 40±5%, 
and photosynthetic active radiance (PAR) > 600 
/lmol m l S-I. 

Approximately 6.6 I of Abu Dhabi light Arabian 
crude oil (ADCO-UAE) was used in the present 
study. The protocol adopted for oil extraction is 
modified from that described in Ralph and Burchett 
(1998). Oil/seawater mixtures (1: 1)(v/v) were left 
on a shaker for 24 hours to ensure maximum 
solubility into the aqueous phase. Mixtures were 
then allowed to settle for I h before removing the oil 
layer by filtration through cotton wool. Aqueous 
extracts were then added together to form the stock 
solution of WSF. Both crude oil and the water 
extract (WSF) were analyzed for PAHs. 

One hundred and fifteen seedlings of similar 
dimensions were selected for the current 
experiment. Ten seedlings were harvested at the 
beginning of the experiment to estimate the initial 
average dry weight and average leaf area. The 
remaining seedlings were randomly assigned for the 
following treatments (7 treatments each containing 

15 seedlings); control - 0 /lg PAHs planr', 75 /lg 
PAHs plant-I supplied to plants through soil 

application , 75 /lg PAHs plant l supplied through 
foliar spraying, 150 /lg PAHs planr'-soil 
application, 150 /lg PAHs plant-I -foliar spray, 300 
/lg PAHs plant-I -soil application, and 300 J,lg PAHs 
planr'-foliar spray. Equivalent volumes to the above 
concentration were calculated from Table 1 as 
shown in Table 2. 

Plants were treated only once with WSF in the 
first day of the experiment (at midnight local time) 
and left overnight. Differences in transpiration rate 
(mmol m-2 S-I), stomatal resistance (s cm') were 
measured on 10 seedlings per treatment in the early 
morning of the following day and continued for 48 
hours (after this period all readings appeared 
insignificantly different, data not shown). 
Measurements were made at fixed times of the day 
(6:00, 12:00, 15:00, 18:00 local time) using a steady 
state Porometer (LI-COR 1600, NE -USA). 
Environmental parameters (quantum flux density, 
air temperature, and relative humidity) were 
recorded over the 48 hours. After 48 hours only 5 
seedlings were harvested for latter chemical analysis 
for PAHs. 
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Table 1. Concentration of parent PAH compounds ranging from di- to hexa- aromatic hydrocarbons in Abu­
Dhabi light Arabian crude oil (LAC) and its aqueous extract (WSF) after a 24h-extraction period. The 
percentage extractable from crude oil into the aqueous phase is calculated as a ratio of the original 
concentrations of each compound in the crude. Total PAHs is the sum of all listed compounds. ND = not 
detectable. 

No. of Rings 

2 

3 

3 

3 

3 

3 

4 

4 

4 

4 

5 

5 

5 

5 

6 

6 


Compound 

Naphthalene 
Acenaphthalene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
FJuoroanthene 
Pyrene 
Benzo(a) anthracene 
Chrysene 
Benzo(b) fluoranthene 
Benzo(k) fluoranthene 
Benzopyrene 
Oibenzo (a-h) anthraceneNO 
Indeno (l,2,3 cd) pyrene 
Benzo(ghi) pyrelene 

Total PAHs 

LAC (Jlg mI·') 

132 
550 
592 

5707 
5881 
5880 
2127 
2127 
432 
NO 
294 
NO 
NO 
NO 
NO 
311 

24033 

WSF (Jlg ml') Extractable % 

0.8 1 0.6136 
0.17 0.0309 
0.24 0.0405 
0.04 0.0007 
0.45 0.0077 
0.45 0.0077 
0.47 0.0221 
0.47 0.0221 
0.35 0.0810 
NO NO 
NO 0.0000 
NO NO 
NO NO 
NO 
NO NO 
NO 0.0000 

3.45 0.0144 

Table 2. Relative mixing volumes of the water-soluble fraction of crude oil (WSF) and 25% seawater in 
preparation of volumes equivalent to different PAH doses applied to Avicennia marina seedlings as foliar 
spray (FS) or through soil application (SA). 

Treatment 

Control SA 

FS 

WSF* (ml plant·') 
SA 

0.00 

0.00 

FS 

0.003 

0.00 

25% Seawater (ml plant·') 
SA FS 

00.00 0.00 

0.000 300.00 

75llg/plant SA 

FS 

21.74 

0.00 

0.00 

21.74 

278.26 

0.00 

0.00 

278.26 

15Ollg/plant SA 

FS 

43.48 

0.00 

0.00 

43.48 

256.52 

0.00 

0.00 

256.52 

3OOllg/piant SA 

FS 

86.96 

0.00 

0.00 

86.96 

213.04 

0.00 

0.00 

213.04 

The remalOlOg seedlings (10 plants per 
treatment) were left to grow for 6 weeks before 
being harvested (at age 14 weeks old) for 
determining their relative growth rate and net 
assimilation rate . Leaf areas for all harvested plants 
were recorded. Materials were then oven-dried at 
80°C for constant dry weights. Relative growth rates 
were calculated as described in (Ball and Pidsley, 
1995). Crude oil and its water extract were analyzed 
for PAHs. Water samples were extracted as 

described in the (US-EPA,1986). Aliquots of ll.d 
extract were injected into a GC (HP5890, Series II, 
Hewlet Pakard, USA) fitted with PTE 5, 30 m long 
x 0.32 mm ID x 0.25 (m film thickness, capillary 
column (Supelco, USA) with 5% diphenyl!95 % 
dimethyl siloxane bonded phase. The GC was fitted 
with a flame ionization detector (FID). The GC 
temperature program was: from 35°C (4min) to 
310°C (5 min) at 1°C min·' . The injector was 
maintained at 250°C. Helium was used as carrier 
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gas at a constant flow rate of I ml min-I. The FlD was 
operating at 350°C with hydrogen as a fuel gas (30 
ml min-I) , air as oxidizing gas (250 ml min-I) and 
nitrogen as make-up gas (30ml min-I). 

Similarly, 0.2 /Jl aliquots of the crude were 
injected into a GC fitted with a Petrocol DR 50.2, 50 

m long x 0.20 mm ID x 0.50 /Jm film thickness, 
narrow bore fused silica capillary column (Supelco, 
USA) with polydimethylsiloxane as bonded phase. 
The GC was fitted with FID. All test conditions 
were similar to that of water samples as described 
above. 

Plant materials (5 plants per treatment) were 
harvested into proper glass containers and kept 
frozen till laboratory analysis. Percent dry weight 
was measured from separate samples. Fresh weights 
of plant tissue samples were mixed with the equal 
weights of anhydrous Na2S04 and extracted in a 
Soxhlet extractor apparatus for 24 hours using 300 
ml of acetone/hexane (1: 1) (V IV), as extraction 
solvent (US-EPA 1996). Extracts were concentrated 
to I ml using a rotary evaporator. Aliquots of 1O/J1 
extract were injected into a GC fitted with PTE 5, 30 
m long x 0.32 mm ID x 0.25 /Jm film thickness, 
capillary column with 5 % diphenyl/ 95 % dimethyl 
siloxane bonded phase. The GC was fitted with a 
flame ionization detector (FID).The run conditions 
were similar to that described above. 

Statistical Analysis 

Stomatal behavior and growth characteristics 
data were subject to two-way analysis of variance 
ANOVA, using the statistical software Systat 5.2 
(SYSTAT, Inc., Evanston, IL). Regression analysis 
of PAR dose-accumulation relationships were 
graphically approached using CA-cricket graph III 
software (Computer Association Corporation). 

Results 

The light crude oil content of PARs is generally 
high. In the present case the PAR content reached a 
total of 24033 /Jg mtl. Tri-aromatics were the most 
dominant fractions (See Table 1) representing 77.4% 
of the total PAR content in the crude (Fig. 1). 

The percentage extractable in aqueous media of 
these hydrocarbons varies considerably depending 
on the degree of aromaticity . Naphthalene, the 
smallest of the PARs, reached 0.6136 % of the total 
naphthalene content of the crude oil. On the other 
hand, benzo(ghi)pyrelene, a hexa-aromatic, was 
undetectable in the WSF (see, Table 1, Fig. 1). 
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Figure 1. Relative concentrations of different 
groups of PARs (Di-, tri-, tetra-, penta-, and hexa­
aromatic hydrocarbons) in light Arabian crude and 
its water extract (WSF). The relative concentration 
of every aromatic group is given as a percentage of 

the total PARs. (D) water extract (.) crude light oil. 

Transpiration rate and stomatal resistance were 
recorded for all plants nearly 6 hours after the 
treatment started. Figure (2) shows the 
environmental conditions under which these 
measurements were made. 
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Figure 2. Environmental parameters (Quantum flux 
density, Air temperature, and Relative humidity) 
under which stomatal resistance and transpiration 
rate were measured during the first 48 hours of the 
experiment. Values are mean ± SE, n =70. 
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There were no clear differences in both 
transpiration rate and stomatal resistance between 

the control plants and plants treated with 7S Ilg 
PAHs plane' either by soil application or foliar 
spray . Data presented in Figure 3 and 4 have been 
restricted to compare plants treated with ISO, and 

300 Ilg PAHs plane' foliar spray with the control 
over 48 hours.The rate of transpiration of the control 
plants was significantly higher (9.19S± 0.833 mmol 
m2 s", P<O.OS) than the treated plants throughout the 
first 24 hours except at sunset. At mid-day of the 
first 24 hours (temperature 32±1.4 DC), the 
transpiration rate of plants treated with 300 (g PAHs 
plant' (2.01± 0.7 mmol m·2 s") was significantly 
lower (P<O.OS) than that of plants treated with the 

ISO Ilg PAHs plane' (Fig. 3A). During the second 
day, an overall reduction in transpiration rate was 
observed, with no significant differences between 
treatments (Fig. 3B). 
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Figure 3. Transpiration rate of A vicennia marina 
seedl ings treated with the WSF of light crude oil 

over 48 hours. (D); control plants, (.6); Plants 
sprayed with volumes of WSF equivalent tolS0 (g 

PAHs plane', and (O);Plants sprayed with volumes 
of WSF equivalent to 300 Ilg PAHs plant ' (A); 
measurements made during day 1, (B) ; 
measurements made during day 2. Values are 
mean±SE, n= 1 O. 
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Stomatal resistance and transpiration showed 
opposite trends during the measurement period (48 
hours). Plants treated with PAHs decreased their 
stomatal resistance sharply during the early hours of 
the first day. No significant differences were 
observed between the two treatments during this 
particular period. While following a similar overall 
trend as for the treated plants (Figure 4A), control 
plants showed significantly higher values (P<O.OS) 
of stomatal resistance from dawn to mid-day (l .S6± 
0.08 & 0.42±0.062 s em" respectively) . No 
significant difference was observed between the 
control and the treated plants in the second 24 hours 
(Fig.4B). 

Relative growth rate (RGR: mgDwr g' d") of all 
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Figure 4. The stomatal resistance response curve of 
Avice/mia marina seedlings treated with the WSF of 

light crude oil over 48 hours. (D); control plants, 
(.6) ; plants treated with volumes ofWSF equivalent 
tolS0(g PAHs planr', and (O);Plants treated with 
volumes of WSF equivalent to 300 Ilg PAHs plant­
1 (A); measurements during day 1, (B); 
measurements during day 2. Values are mean ± SE, 
n =10. 

plants after six weeks showed no significant 
difference between the control and PAH treated 
plants either through foliar spray or soil application. 
Figure (S) shows the RGR of plants only sprayed 

with ISO and 300 Ilg PAHs plant-l. Both treatments 
allowed plants to accumulate 1.20±0.023 & 
1.196±0.031 mgDwT g" d" respectively, similar to the 
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control plants (1.193 ± 0.023 mgDwT g.1 d-I). Net 

assimilation rate (NAR: gDwT m- l d-I) is a major 

factor controlling changes in the RGR. 
Results presented in figure (5) show no 

significant difference in NAR between plants 

sprayed with 150 and 300 jJg PAHs plant-I (5.506± 
1.1 and 6.716± 1.3 gDWTm 1 d-I) respecti vely, and the 

control 	plants (6.394± 0 .7 gDwl m-l d-I). 

None of the five classes of PAHs was naturally 

1.510 
NAR 	 RGR 

7 _5 
T T 
~ T 1 

5 1 
0.5 


2_5 


00 
0 150 300 0 150 300 

Figure 5. Relative growth (RGR: mg DwT g-Id-I) rate 

m 2and net assimilation rate (NAR: gDwT d-I) of 

Avicennia marina seedlings sprayed with volumes of 
the WSF of crude oil equivalent to 0 (control), 150, 

and 300 jJg PAHs plant I. Values are mean± SE, n =5 . 

detectable in the control plants; therefore, any value 
recorded in the treated plants is generally higher. 
Data shown in Figure 6, therefore, represent 

percentages of different classes of PAHs in the 
treated plants. 

Naphthalene was undetectable in plants treated 
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Figure 6. Relative concentrations of different 
groups of PAHs (Di-, tri-, tetra-, penta-, and hex a­
aromatic hydrocarbons) accumulated in Avicennia 
marina seedlings treated with different volumes of 
the WSF of light crude oil equivalent to 3 doses of 
PAHs through soil application (SA) or foliar spray 
(FS). The relative concentration of every aromatic 
group is gi ven as a percentage of the total PAHs. 
Values are mean± SE, n =5. 

with 75 pg PAHs plant l through the soil. The same 
dose delivered to the plant through foliar spray 

increased the accumulated naphthalene to 14% of 
the total PAHs accumulated in the plants. Similarly, 

the spraying method increased the percentage of 
accumulated naphthalene in all higher doses (see, 
Fig. 6). Tri-aromatics represented the highest 
percentage of PAHs of the total. However, there was 
no clear pattern in the percentage accumulated of 
PAHs with change in the doses applied to plants 
(see , Fig . 6). Tetra aromatics also followed no 
particular order. They were higher in plants treated 

with 75 jJg PAHs plant I through application. On the 

other hand, the higher dose ( 300 jJg PAHs plant l
) 

accumulated a higher percentage of this particular 
class of PAHs through foliar spray (see, Fig. 6). 
Penta- and hexa-aromatics were expectedly 
undetectable in all treatments, as they were 
undetectable in WSF (see, Table I, Fig. 1 & 6). 

Discussion 

Light crudes generally have a high content of 
PAHs and low viscosity. These characteristics make 
them more toxic than heavier crudes. Under 
laboratory conditions,( Duke et 01. 1998) observed a 
30% morality in Avicennia marina seedlings treated 
with weathered Arabian light crude, whereas 
weathered Bunker C (heavy crude) caused on ly 3% 
seedling mortality. Similar observations were 
reported earlier by (Getter et al. 1985). 

Tri-aromatics are the most dominant fraction in 
both crude oil and aqueous extract. The differential 
hydrophobic nature of PAHs is evident in the 
relative K,,,, values (octanol-water partItIon 

coefficient), where solubility in water increases as 
Kow value decreases. Tri- and hex a- aromatic PAHs, 

for example, have Kow values of 4.5 and 7.1 

respectively (Karcher, 1988; Baumard et 01.1998 ; 
Kim et al. 1999). As solubility of PAHs in water 
decreases by increasi ng molecular weight, 
bioavailability of these compounds is expected to 
decrease in the aqueous fraction in the order from di 

to hexa-aromatic hydrocarbons (Porte and Albaiges, 
1993; Djomo et 01.1996; Baumard et 01.1998). 
Changes in the bioavailability are clearly evident in 
the case of naphthalene, whose percentage to the 
total PAHs increased from 0.055 % in the crude to 
28.98 % in the WSF. 
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Transpiration rate and stomatal resistance 
showed typical trends during the measurement 
period (48 hours), where transpiration rate 
decreased as stomatal resistance increased 
regardless of the treatments. However, plants 
sprayed with WSF showed a very weak stomatal 
control over transpiration rates duri ng the first 24 
hours. Stomatal control over transpiration is 
normally reflected by the degree of correlation 
between stomatal resistance and rate of transpiration 
(Youssef and Saenger, 1998). This irregular 
stomatal behavior may be explained by the possible 
venting of low molecular weight aromatic 
hydrocarbons (e.g. benzene, toluene, and xylenes) 
through the stomata. A similar explanation for the 
reduced stomatal resistance in the mangrove 
Avicennia marina was suggested earlier by (Getter 
et al.,1985 and Youssef and Ghanem, 2002). A 
reduction in stomatal resistance was also observed 
in other non-mangrove plants fumigated with 
vehicle exhaust gases (Schenone et a1. 1994; Maier­
Maercker and Koch 1995; Robinson et al. 1998 and 
(Viskari et al. 2000). (Viskari et al., 2000) showed 
that exhaust gases containing methyl-ethylbenzene, 
xylenes and toluene cause the stomata to lose their 
regulating capability at night. 

In the present study , no significant difference in 
RGR was observed between the control and all PAH 
treatments in either way of application. The 
insignificant difference in RGR is further explained 
by the insignificant difference in the net assimilation 
(NAR) between treatments and the control (Ball and 
Pidsley, 1995; Ball et al. 1997). (Proffitt and Devlin, 
1998) reported similar results for Rhizophom 
mangle treated with crude oil under field conditions. 
Furthermore, (Durako et al ., 1993) demonstrated 
that an unweathered 1 % (w/v) Kuwait crude oil 
WSF had no detrimental effect on the metabolic 
oxygen production, respiration or photosynthesis­
irradiance curve characteristics of Halophila ovalis 
seagrasses. 

In general, total PAHs accumulated in plant 
tissues increased with increasing PAH doses applied 
(Fig. 7). 
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Figure 7. Correlation between the application 
method and amounts of total PAHs accumulated in 
Avicennia marina seedlings treated with volumes of 

WSF equivalent to 75, 150, and 300 J.Ig PAHs 
plant", through foliar spray (0) (Y=0.014x + 7.280, 
r2=0.984) or soil application (D) (Y=0.0084x + 
7.720, r2=0.515). (*); significantly different at 
P>0.05. Values are mean±SE, n =5. 

The spraying technique appears to allow more 
PAHs to be accumulated in plant tissues than does 
the soil application, particularly in the highest dose 

applied (9.7± 0.67 ~tg g-'DwT and 11.43± 0.31 J.Ig g­
'DWl" P>0.05) (see, Fig. 7). A linear relationship was 

observed between the PAH doses applied to plants 
and the amounts accumulated (correlation 
coefficient, r'=0.515 for soil application and 
r2=0.0.984 for foliar spray) (see, Fig. 7). 
Furthermore, in the higher doses, the total PAHs 
accumulated in sprayed plant tissues were 
significantly higher than those accumulated in 
plants treated by soil application. 

Getter et al. (1985) suggested that the root 
system is the main entry for oil hydrocarbons to the 
plants where it can be translocated to the shoot by 
the transpiration stream. The present data 
demonstrated that the uptake of water-soluble 
hydrocarbons is equally possible through the 
foliage, perhaps through stomatal openings or 
dissolution in the waxy cuticle. In addition, it 
appears that the entry through the foliage 
accumulates more hydrocarbons than does root 
absorption (see, Fig. 7). (Zhou et al., 1998) found 
that soil organic matter can play an important role in 
determining the transformation of PAHs from the 
dissolved phase to the particulate phase and 
consequently becoming unavailable to plants . These 
findings may explain the difference in the 
physiological responses of seedlings treated with 
foliar and soil application. The interaction between 
soil organic matter and PAHs in the WSF may also 
account for the low value of the regression 
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coefficient (r2=0.515) for soil application compared 
with that of foliar spray application (r2=0.984). 
(Getter et al.,1983 and Duke et al., 1998) indicated 
that the nature of the substrate seems to have a role 
in the toxic effect of oil on mangrove seedlings. 
They found that mortality of A vicennia marina 
seedlings in response to oil treatment was more on 
sandy soil than in muddy substrate. 
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