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Abstract: Located at the interface between land and sea, mangroves develop both near the sea
and inland. However, mangroves that develop inland have to cope with variable, high salinity;
and urban pollution, as is the case with the mangroves of the Ambow¢ lagoon in Greater
Libreville. Salinity is an important parameter for mangrove growth. The aim of this work was;
yes itto show the impact of salinity on the density and mechanical strength of A. germinans
wood exposed to hydrocarbon pollution. To this end, wood samples taken from the polluted
Ambow¢ site were analyzed in the laboratory for wood and physical-mechanical properties.
The data obtained were compared with wood samples taken from the unpolluted Oveng site,
which has a higher salinity. The results show that for the polluted wood showed wider rings,
lower wood density and mechanical strength with values of 0.91 + 0.05 and 70.28 MPa,
respectively. Also, the rings and vessels of Oveng wood are narrower than those of Ambowé
wood. These differences are linked to salinity. Salinity therefore affects the density and
mechanical strength of 4. germinans wood exposed to hydrocarbon pollution.
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1. Introduction

Mangroves develop at the interface between land and sea, and inland. This
position gives mangroves an important ecological and socio-economic role.
Ecologically, they stabilize coastlines against coastal erosion, protecting coastal
populations from floods, tsunamis and storms; they also provide habitat for numerous
fishery resources, including fish, crabs and shrimps; and they act as carbon sinks [1],
sequestering 3 times more carbon dioxide than other types of tropical forest [2]. On a
socio-economic level, local populations practice artisanal fishing and crab trapping,
which are directly dependent on the resources sheltered by mangroves [3]. They feed
on these resources and sell them to meet their own needs.

However, mangroves that develop inland are under greater anthropogenic
pressure, notably from pollution and deforestation. A recent study by the [4] shows
that mangroves in Gabon have declined by 6.5%. Between 2000 and 2014 in the
Libreville region alone, losses were estimated at 86.01 km? [5]. In addition to this
factor, which is causing a decline in the number of mangrove trees, pollution is also
affecting the properties of mangrove wood. Multifactorial urban pollution (plastic
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waste, paint, motor oil, etc.) at the Ambowésite in Greater Libreville has altered the
anatomical and chemical properties of Avicennia germinans wood [6]., while open
dumping at the Alenakiri site has caused the death of standing mangrove trees [7].

Inland mangroves, on the other hand, face urban pollution and variable salinity.
Indeed, the fact that mangroves growing near the sea are flooded twice a day on
average by seawater, have an almost constant salinity [8], unlike those growing inland,
which have a variable salinity [9]. Salinity is a key factor in mangrove growth. Low
salinities are favorable to mangrove growth [10], but high salinities compromise
mangrove growth [11]. In areas of high salinity, there is an increase in vessel density
and a decrease in vessel diameter [12]. Urban pollution also compromises mangrove
growth, and can even lead to their destruction. Certain pollutants, such as heavy metals,
cannot be biologically or chemically degraded, and can therefore only accumulate in
the mud and wood tissues of mangroves [13], and their effects are very quickly
cumulative, and above certain threshold levels, mangroves begin to wither [14]. A case
in point is the pollution of the Alenakiri site, characterized by an open dump that
caused the death of standing Avicennia germinans trees [6]. Oil pollution also clogs
the lenticels in mangrove roots, virtually suffocating the mangroves and causing them
to die [15]. In addition to the impact of pollution at tree level, it also modifies the
properties of mangrove wood. Hydrocarbon pollution at the Ambowésite, for example,
altered the anatomical structure of Avicennia germinans wood at both macroscopic
and microscopic levels, and caused a sharp drop in the content of apolar extractables
[16].

Salinity is a key factor in mangrove growth. Low salinities are favorable to
mangrove growth, but high salinities compromise mangrove growth [9,11]. A
correlation has been established between salinity and the density of mangrove wood,
and in areas of low salinity, A. germinans wood has a low density [8]. Indeed, wood
density depends on the proportion of the number of fibers, but above all on the
thickness of the fiber walls [16], and in areas of low salinity, A. germinans has a low
fiber wall thickness [8]. Density also varies significantly between species, diameter
classes and environmental salinity [17].

The mangroves of Libreville, Gabon’s political capital, precisely those at the
Ambowelagoon site, are subject to hydrocarbon pollution, but also to high salinity,
especially in the dry season. Previous studies indicate that wood can manifest changes
in chemical and mechanical properties through cambium dysfunction in response to
environmental stresses [18]. However, since there are two factors that can affect the
quality of mangrove wood, it is important to decouple salinity from pollution in order
to identify the factor responsible for the quality of A. germinans wood. Despite the
work carried out by the aforementioned authors, no studies showing the impact of
salinity on the physicomechanical properties of mangrove wood exposed to
hydrocarbon pollution have been published in the past.

Thus, the aim of this work was to show the impact of salinity on the internal
structure, density and mechanical strength of A. germinans wood exposed to
hydrocarbon pollution.
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2. Material and methods

2.1. Study sites and sampling

Avicennia germinans trees were collected from two different sites in the
Libreville area. The Ambowé polluted site (0°27'663" N; 9°26'1485" E) with a soil
salinity of 29.3 g/l is located in the middle of an urban area. This site is subject to
intense human activity, which discharges fishing and motor oils, plastic and other
domestic waste. On the other hand, the unpolluted oveng site (028'5169” N;
930'9994" E), with a salinity of 35.36 g/l, is not located in an urban area (Figure 1).
On each site, three vigorous A. germinans trees of similar diameter (70-80 cm) were
harvested. Five centimeters thickness trunk discs were cut at 1.3 m above the ground.

Avicennia germinans sampling site ‘ ‘ Avicennia germinans sampling site |

AMBOWE | o=7"C

(@ (b)

Figure 1. The various study sites. (a) Amboweépolluted site; (b) Oveng unpolluted site.

2.2. X-ray tomography

To determine whether the pollution had altered the internal structure of the
material, X-ray tomography analyses were carried out on 1cm?® wood blocks using a
39-watt X-ray tomograph (RX solutions, France). The acquisition parameters used
were a voltage of 107 kW and a current of 74 pA at the anode. Voxel size was 12.8

pm.

2.3. Wood density analysis

The dimensions of the wood specimens were chosen in accordance with NF 1SO
13061-17 (16 June 2018). Twenty-two heartwood samples measuring 30 mm <20 mm
%20 mm in longitudinal, radial and tangential directions respectively were stabilized
at 20% relative humidity in a laboratory (12 %2 °C and 65 + 5% relative humidity) for
constant mass sample conditioning for 2 weeks. The 6 faces were then measured with
a caliper to obtain precise measurements. These specimens were then weighed using
a balance (Sartorius model SIWSBBP-1-06-H), precision +0.001 g, to obtain the mass
of the specimen in the anhydrous state. The density of each specimen was measured
as the ratio between the anhydrous mass and the volume of wood in each specimen at
12% moisture content, according to the following formula:
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where,
Mo = oven-dry mass of the wood;
V = specimen volume.

2.4. Axial compression force

The same specimens used to calculate density were used for axial compression
testing. The test consists in subjecting a specimen in the shape of a square prism,
placed between two press platens, to two opposing axial forces until the specimen
breaks Testing began as soon as the top plate came into contact with the specimen.
The test starts as soon as the top plate comes into contact with the sample

The specimens (30 mm > 20 mm >20 mm) were subjected to a load of 20 KN
and a feed rate of 0.05 under progressively increasing force until the specimens broke.

The curve of applied force F versus displacement Al of the force cell was obtained
using the test machine’s acquisition program (Figures 2 and 3)
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Figure 2. Force vs. displacement curve for Avicennia germinans wood collected at
the polluted Ambowésite (Fc,0 = 70.28 Mpa).
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Figure 3. Force vs. displacement curve for Avicennia germinans wood collected at
the unpolluted Oveng site (Fc,0 = 78.28 Mpa).
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The compressive failure stress ¢ corresponds to the maximum stress reached
(Figures 2 and 3). The ultimate compressive stress parallel to the grain of each
specimen was calculated in N/mm? (MPa) using the formula:

Fmax
axb

oe,0,c =

where
Fmax = maximum load in KN;
a et b are the cross-sectional dimensions of the specimen, in mm.

2.5. Data analysis
All the data were analyzed using Student’s t-test at a significance level o = 0.05.

3. Results and discussion

3.1. Wood anatomy

Wood is a material with an internal structure comprising a number of tissues,
including vessels, parenchyma and growth rings. Figure 4 shows the internal structure
of wood from the unpolluted Oveng and polluted Ambowésites. This figure shows
that for unpolluted wood from Oveng, the width of the rings between two parenchyma
bands (or rings) is narrow, in contrast to polluted wood from Ambowé& which has
wider growth rings. Detienne et al. [19] suggested that these parenchyma bands could
be growth ring boundaries, and Nazim et al. confirmed this by showing the irregularity
of growth rings in areas of high salinity. Also, the vessel diameter of unpolluted wood
from Oveng appears smaller than that of polluted wood from Ambowé Salinity is a
key factor in mangrove wood anatomy [20]. Although both sites have high salinities,
the salinity of the unpolluted Oveng site is higher than that of the polluted Ambowé
site, so the diameter of the vessels of the unpolluted Oveng wood appears narrower
than that of the vessels of the polluted Ambowéwood. These results corroborate the
work of Schmitz et al. [21], which indicates that low-salinity conditions present wider

vessels.
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Figure 4. Analysis of A. germinans wood samples using x-ray tomography. (A) and (B) Ring width and vessel
diameter wider for polluted Ambowéwood; (C) and (D) Ring width and narrow vessel diameter for unpolluted Oveng

wood.

3.2. Density wood

The density of polluted Amboweé wood (0.91 =+ 0.05) is significantly lower
(Student’s test, P < 0.05)_than that of unpolluted Oveng wood (1.12 +0.04) (Figure
5). The reduced density of polluted wood could be explained by the larger vessel size
and wider tree rings. Indeed, high salinity reduces vessel size [22] and increases fiber
wall thickness, thus increasing wood density. Y&®z Espinosa et al. [8] reported that
in areas of low salinity, A. germinans has a low fiber thickness. Avicennia germinans
wood collected from sites with different salinities, 30.09 g/L and 12.57 g/L, exhibited
fiber wall thicknesses that were around 4.8 um (with a vessel lumen diameter of 3.2um)
and 3.8 um (with a vessel lumen diameter of 5.5 um) respectively [8]. Previous studies
by some authors on a range of species have shown that increasing wood density
correlates with decreasing vessel lumen [23]. High wood density is a function of fiber
wall thickness in A. marina [24].

Nazim et al. [20] have shown that irregular ring formation occurs in areas of high
salinity (Figure 6), and this is the case of the cross-section of unpolluted wood from
oveng with higher soil salinity, which shows irregular growth rings (Figure 4C,D).
Trouy [16] indicates that fast-growing softwoods (with wide rings) are therefore less
dense than slow-growing softwoods (with narrow rings). Ring formation in mangrove
wood depends on salinity, which in turn depends on the season. During the dry season,
when salinity is high, R. mucronata forms bands of light wood, and during the rainy
season, when salinity is low, it forms dark wood [25]. This suggests that high salinity
generates narrow rings in mangrove wood, and consequently contributes to increasing
the density of A. germinans wood.
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Figure 5. Effect of salinity on the density of A. germinans wood samples exposed to hydrocarbon pollution. In red, the
polluted Ambowésite. In green, the unpolluted site (green). Different letters showed groups that are significant
difference (test de student; p < 0.05).

Figure 6. Cross-section showing irregular growth rings in A. marina wood [20].

3.3. Mechanical resistance wood

Figure 7 shows the axial compressive strength of A. germinans wood taken from
the polluted Ambowésite and the unpolluted Oveng site. This figure shows that the
axial compressive strength of unpolluted wood from Oveng (78.28 MPa) is
significantly higher (Student’s test; p < 0.05) than that of polluted wood from Ambowé
(70.28 MPa). These results correlate with wood density (Figure 5). Wood density is
important in defining the mechanical properties of wood and the strength of their
performance [26]. In fact, the density of wood depends on the proportion between the
number of fibers and the thickness of their walls, and it is these tissues that give wood
its mechanical strength [16]. in view of the above, this suggests that it is salinity that
is responsible for wood quality, and thus salinity takes precedence over hydrocarbon
pollution in conferring mechanical strength to A. germinans wood.
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Figure 7. Effect of salinity on the mechanical strength of A. germinans wood. Different letters showed groups that are
significant difference (test de student, p < 0. 05).

References

1.

4. Conclusion

The aim of this work was to demonstrate the impact of salinity on the density and
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