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Abstract

Mangroves grow near the sea and inland. However, the mangroves that develop inland have a high and variable salinity. The salinity is a key factor in the anatomy
of mangrove wood, this work aimed to show the impact of salinity on the vessel density, and the infradensity of Avicennia germinans (A. germinans). To do this, the trees
of A. germinans were collected from the sites of Mamboumba (near the sea) and Oveng (inland), and analyses of vessel density and infradensity were performed in
the laboratory. The results obtained show that the density of the vessels and the infradensity of heartwood, for example of A. germinans collected at the Oveng site are
significantly higher with values of 38.11 + 5.99 mm? and 0.95 + 0.06 g/cm?® respectively compared to 28.75 + 8.19 mm?and 0.81 + 0.05 g/cm? for A. germinans collected
at the Mamboumba site. Also, we note that the vessels in Oveng wood are smaller than those in Mamboumba wood. This high salinity is responsible for the formation of
small vessels and consequently for the increase in the infradensity of the A. germinans wood from the Oveng site.

Introduction

Mangroves are plants that grow in saline environments
at the interface between land and sea in tropical climates.
Mangroves also develop inland, notably in lagoons, rivers, and
streams [1]. This interface position gives mangroves a very
important ecological role. Among other things, they stabilize

coasts against coastal erosion, they serve as nursery and
breeding grounds for many species of fish and crustaceans, and
they are the richest forests in terms of carbon, as mangrove
forests sequester 3 times more carbon dioxide than other
tropical forests [2,3]. However, mangroves growing inland
have a higher salinity than those growing near the sea.
Indeed, mangroves growing near the sea are inundated by
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seawater twice a day on average and have an almost constant
salinity, unlike those growing inland, which have a variable
salinity [4,5]. Salinity is a key factor in mangrove growth. Low
salinities are favorable to mangrove growth, but high salinities
compromise growth [6,7]. Also, salinity is a key factor for wood
anatomy [8], and wood anatomy predicts the physical and
mechanical properties of wood [9].

Gabon has six (6) species of mangroves: Rhizophora
harrisonii, Rhizophora racemosa, Rhizophora mangle, Avicennia
germinans, Cornocapus erectus, and Lagucularia racemosa. These
mangroves grow near the sea and inland. These mangroves
grow in different habitats, and therefore the conditions of the
environment are not the same.

Despite the work carried out by the above authors, no
studies have been carried out on the impact of salinity on the
infradensity of A. germinans wood growing in these different
habitats. This work aimed to show the impact of salinity on
vessel density and infradensity of A. germinans wood growing
near the sea and inland in Greater Libreville.

Material and methods
Experimental sites and sample harvesting

Avicennia germinans wood was collected from two
experimental sites in the Greater Libreville area. The site
of Oveng (00°28.8516'N; 009°30.9994'E) is located inland,
while the site of Mamboumba (0°38'24.04 N; 9°26'754 E) is
located near the sea in a protected area. At each site, 3 (three
replications) A. germinans trees of similar diameter (70 cm - 80
cm) were harvested (Figure 1a,b).

Salinity measurement

Salinity was measured in situ at 15 cm soil depth
using a multiparameter pH meter (portable 15-parameter
multiparameter).

Light microscopy

The episcopic microscope coupled to a camera allows
images to be obtained on wood samples (100 x to 700 x) using
normal reflected light. The light is directed onto the sample by
conical beams through the objective, providing an adjustable
image of the structural details. To determine vessel density,
twenty blocks of wood from each sapwood and heartwood
compartment (1 cm3) were prepared. To obtain good surface
quality, the transverse face of the sample was sanded with
4000 grit sandpaper (5 pm average grain size) and cleaned
with compressed air. The wood blocks were then placed under
a Leica DM2700M optical microscope equipped with a reflected
light source and a digital camera for acquisition. A script was
developed under FIJI software [10] for quantitative anatomy
analysis. Some twenty wood samples were analyzed for each
sample type.

Analysis of infradensity

Infradensity analysis was assessed according to Bakour
[11). Twenty-two 1 cm3 wood blocks from the Oveng and
Mamboumba wood samples were machined from each sapwood
and heartwood compartment., then oven-dried for 48 h at 103
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Figure 1: Location of the different sampling sites of the mangrove trees.

Mamboumba site (a). Oveng site (b).

°C. After vacuum saturation of the samples in a vacuum pump,
they were weighed on a balance (Denver Instrument, max =
400 g, d = 0.001 g) using Archimedes' buoyancy. There were
three replications for each compartment. Infradensity is the
ratio between the mass of wood in its anhydrous state and its
water-saturated volume or "green volume':

M0
p=—
Vs
Where:

p = is the infradensity in g/cm3
M, = oven-dry mass of the wood,
Vs = saturated volume.

Data analysis

All data were analyzed using Student's t-test at a
significance level ¢ = 0.05.

Results
Macroscopic and microscopic differences

The heartwood diameter of A. germinans from Mamboumba
was small compared with that from Oveng, and they have
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different colors. The heartwood of Oveng wood is dark grey,
whereas the heartwood of Mamboumba wood is dark yellow
Figure 2c,d. This difference can be explained by the difference
in habitats where these mangroves develop. Indeed, mangroves
growing near the sea do not grow under the same conditions as
those growing inland [5,12].

Figures 3A,B and 4C,D show the color differences in
the cross-sections and the condition of the sapwood and
heartwood vessels of A. germinans sampled from the various
sites mentioned above. In general, heartwood is darker than
sapwood. A comparison of the sapwood and heartwood of
the different sites reveals that there is a color difference. The
sapwood of the Oveng wood is dark brown, while the sapwood
of the Mamboumba wood is light brown.

Vessel density

Mangroves develop in saline environments. And salinity
varies from station to station. Salinity is a major factor in
mangrove wood anatomy [8]. The effects of salinity variations
were observed on Avicennia germinans wood from Mamboumba
and Oveng. These sites have salinities of 16.24 g/L and 35.36
g/L respectively. The results showed that vessel density and
sediment salinity were correlated. sapwood vessel density
of oven wood is significantly higher (p < 0.05) than that
Mamboumba sapwood with values of 48 + 11,52 mm~ and 31
+ 4,29 mm- respectively (Figure 5E). Similarly, the vessel
density of oveng heartwood is significantly higher (p < 0.05)
than that of Mamboumba heartwood with values of 38.11 + 5.99
mm- and 28.75 + 8.19 mm -2 respectively (Figure 5F).

Infradensity

On a microscopic scale, the void in the wood corresponds
to the lumen in the fibers and vessels, and this lumen has an
impact on the physicomechanical properties of mangroves.
Although sapwood samples from the Mamboumba site are
characterized by a lower infradensity (0.70 + 0.02 g/cm3) than
that of Oveng wood (0.69 + 0.003g/cm3), but the difference is
not significant (p > 0.05) (Figure 6). However, the infradensity
of heartwood from Mamboumba (0.81 + 0.05 g/cm3) is
significantly lower (p < 0.0001) than that of wood from Oveng
(0.95 + 0.06 g/cm3) (Figure 7).

Discussion
Differences observed on cross-sections

Mangroves thrive in different habitats. Figures 3,4 show

Figure 2: Cross sections of A. germinans trees harvested at Oveng (c) and
Mamboumba (d).
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Figure 3: Cross-section of A. germinans sapwood. A: Oveng site. B: Mamboumba
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Figure 4: Cross-section of the heartwood of A. germinans wood. C: Oveng site. D:
Mamboumba site.
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Figure 5: Impact of salinity on vessel density in A. germinans wood. E: Sapwood.

F: heartwood. Error bars represent 95% of the confidence interval. Different letters
showed groups that have significant differences (p < 0.05).

the difference in color of cross-sections of sapwood and
heartwood of A. germinans collected at the Mamboumba and
Oveng sites. This color difference can be explained by the
nature of the substrate, among other factors. The Mamboumba
site is close to the sea, while the Oveng site is inland, with
rocky soil and limestone deposited in blocks by erosion dating
from the Turanian (Upper Cretaceous). The total obstruction
of the vessels on the heartwood cross-sections by thylls is
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Figure 6: Impact of salinity on sapwood infradensity in A. germinans wood. The
same letters indicate that the groups show a non-significant difference (p > 0.05°).

0s

ni-adensity(gloma)

0e
1

T
Mamboumba Oveng

Study sites

Figure 7: Impact of salinity on heartwood infradensity in A. germinans wood.

Different letters showed groups that had significant differences (p < 0.0001).

because during duraminization, parenchyma cells elaborate
thylls among others, and these thylls obstruct the vessels and
prevent the circulation of water and mineral salts. This is why
heartwood is referred to as dead wood. However, the formation
of thylls does not necessarily accompany duramnization; it
can occur long before, hence the observation of thylls in the
sapwood. (Figure 2A,B) [9,13].

Vessel density

Soil salinity at Oveng is higher than at the Mamboumba site.
This difference in salinity with its corollary on vessel density.
Robert, et al. [12] indicated that vessel density in mangrove
woodland increased under high salinity conditions. This is why
the vessel density of the sapwood and heartwood of Oveng wood
is significantly higher than that of the sapwood and heartwood
of Mamboumba wood (Figure 4). This can be explained by the
nature of the substrate. Mangroves growing near the sea have
a lower salinity than those growing inland, due to the amount
of salt stored in the soil, which varies according to soil type,
being low for sandy soils and high for clay soils. In sandy soils,
water quickly seeps through to the surface water table because
the pores are too large, whereas clay soils, with their small
pore size, absorb a lot of water [12,14]. In addition, the vessels
of Oveng wood appear smaller than those of Mamboumba
wood. In high-salinity zones, there is an increase in vessel
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density and a decrease in vessel diameter for Avicennia marina,
Rhizophora. mucronata and Laguncularia racemosa, whereas in
low-salinity conditions, mangroves have low vessel density
and larger vessels [15,16].

Infradensity

Unlike Figure 6, which shows that the infradensity of A.
germinans sapwood from the Oveng site is not significantly
different from that of sapwood from the Mamboumba site (p
> 0.05), Figure7 shows that there is a significant difference
between A. germinans duramen from the different sites (p
< 0.0001). This non-significant difference for sapwood
can be explained by the fact that sapwood is the living part
of the wood, facilitating the circulation of raw sap to the
leaves through certain vessels unobstructed by thylls, which
increases the percentage of void in the wood [9]. On the other
hand, the decrease in heartwood infradensity at Mamboumba
could be explained by the increase in wood void space, which
is closely linked to environmental conditions such as salinity.
The Avicennia genus is a diffusely pored wood for its lumen
occupies the entire vessel’s wall. The vessels’ diameter of
the wood from the Mamboumba site appears larger than the
Oveng ones. This difference in vessels’ diameters may explain
the significant decrease in infradensity of the wood-from the
Oveng site, for the vessels’ diameter is linked to soil salinity.
High salinity provokes narrow vessels’ diameter [15]). Salinity
also influences the mangrove’s wood density which is linked
to the fibers’ wall thickness and the reduction of the vessels’
lumen diameter; both depend on the salinity content. Yanez
— Espinoza, et al. [4](2009) reported that in the areas of low
salinity, A. germinans has a low fibers’ thickness, its wood
collected from sites of 30.09%o and 12.57 %o salinity exhibited
fibers’ wall thicknesses around 4.8 pm (with a vessel lumen
diameter of 3.2um) and 3.8 pm (with a vessel lumen diameter
of 5.5 pm), respectively

Conclusion

The objective of this work was to show the impact of
salinity on the density of the vessels and the infradensity of the
wood of A. germinans which develops near the sea and inland. In
short, salinity varies according to habitat. Mangroves growing
inland have a higher soil salinity than those growing near
the sea. This higher salinity results in greater vessel density,
narrower vessel diameter, and higher infradensity. We also
found that sapwood cross-sections were partially obstructed
by thylls, while heartwood cross-sections were obstructed by
thylls, making the heartwood the dead wood.
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