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Abstract

Plants react differently to pollutant levels in their substratum, and pollutant levels either positively or negatively
influence their distribution. In this study, soil levels of Cr, Ni, Cd, Pb and Zn on the distribution of Rhizophora
racemosa and Nypa fruticans was investigated. Soil samples were collected randomly closer to the roots at
growth sites and the non-growth sites of the study plants at four selected stations in the study area and analyzed
using standard laboratory methods. Findings showed that N. fruticans grew well in soils with high levels of soil
Cr, Pb and Zn over R. racemosa whose growth was associated with soils with lower levels of the referenced
metals and the above metals influence their distribution. The above observation was attributed to the high
tolerance level of N. fruticans to Cr, Pb and Zn toxicity above R. racemosa. It is thus concluded that R. racemosa
and N. fruticans distribution are influenced by the levels of soil heavy metals.
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Introduction

Nigerian mangrove forest is classified as the largest in Africa and by extension, the third largest globally,
covering an area of 105,000 hectares of land (Anon, 1997; Ndukwu and Edwin-Wosu, 2007). The largest
proportion of the Nigerian mangrove forest is located in the Niger Delta, situated between longitude 50” E to 80°
E and latitude 40° N to 60° N (Opufusu, 2007). This forest is viewed as the most exploited in the world (FAO,
1997).

The Niger Delta mangrove ecosystem consists of three main types of endemic mangroves occupying
6,000Km?” of land mass (Maffat and Linden, 1995), with three species of Rhizophora (Rhizophora racemosa,
Rhizophora mangle and Rhizophora harrisoni) dominating the region. Among these species, Rhizophora
racemosa occupies 90% of the total area. The three endemic mangrove species of the region are distributed with
Rhizophora species fringing the water fronts, while Avicennia germinans occupy slightly higher elevations.
Laguncularia racemosa has no specific geographic restriction in the ecosystem (Ohimain, 2006b). In a bid to
control coastal erosion in the coastal shores of Calabar and Oron in the eastern flank of Niger Delta, Nypa
fruticans an alien mangrove species, a native of South East Asia was introduced from Singapore in 1966. This
species after establishment has spread west ward across the region to Ondo State, invading expands of land, with
the displacement of the valuable endemic mangrove species. The trend of displacement cuts across the Niger
Delta of Nigeria and Cameroon forming mono specific stands, competing against the native mangrove species
(Saenger, et al., 1995).

Niger Delta is noted for the production of light crude with associated adverse negative impacts on
mangrove forest (Duke, et al., 2000). Due to processes involved in exploration and exploitation of crude oil, the
region is exposed to incessant oil spillages that have caused widespread deforestation and environmental
degradation (Idoniboye and Odu, 1981; Nwangwu and Okoye 1981; Odu, 1982; Baker, 1982). The United
Nations Environmental Programme report on Ogoni environment showed that oil impacted on mangrove
vegetation causing disastrous effects which varied from extreme stress to total destruction of leaves and stems,
leaving roots that are completely coated with oil up to lcm or more thick layers of bituminous substances
(UNEP, 2011). Oil spillage in mangrove ecosystem has been reported to causes adverse effects (Marmiroli, ef al.,
2006), and these effects are based on the types of oil, level of spill, the area covered, oil composition and the
season of occurrence (Pezeshki, ef al., 2000). In some cases, it can result to changes in the colour of foliage, low
quality in canopy formation, low productivity and mortality of plants (Akwiwu, et al., 2002, Nkwocha and Duru,
2010). In other cases, germination, growth and development of plants are inhibited (Ekundaro 2007, Ekpo et al.,
2012, Eze et al., 2013). Other reports has indicated negative effects such as germination inhibition, poor growth
in stem diameter and height, reduction in the rate of photosynthesis and death of plants (Pezeshki, 2000, Tanee
and Anyanwu, 2007, Anyanwu and Tanee, 2008). Heavy metals constitute a major threat to mangrove forest
(Wong and Tam, 1997; Agoramoorthy et al., 2008,). The understanding of varying concentrations of heavy
metals, the nature of their distribution coupled with their relative toxicity and persistence in the environment has
bestowed it as a priority pollutant for environmental management globally (Don- Pedro ef al., 2001). Mangrove
forest is known for predisposition to frequent flooding, especially during raining seasons when heavy metals
from various sources get into the forest. Upon deposition, sediments and soil act as a sink for pollutants which
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persists in the environment (Maria-Santos et al., 2012). The concern for heavy metal pollution had been
attributed to its characteristics non- biodegradability, accumulation capability as well as the toxicity to life forms
(Henry, 2000; Ghosh and Singh, 2005, Neff et al., 2006, Erakhrumen, 2012 & 2014). All heavy metals have
been shown to cause strong toxic effects at high concentrations and are therefore regarded as environmental
pollutants (Chehregani et al., 2004, Yousefi et al., 2011; Mohsenzadeh et al., 2011). However, metals with very
high bioavailability and low concentration do not constitute serious risk rather it is those with lower
bioavailability fractions and high concentration that cause significant environmental risk (Liu et al., 2009). In
respond to the toxicity of pollutants, plants exhibits tolerance mechanism in order to overcome them. Subodh
and Abhiroop, (2013) in their study reported the dominance of Avicinnia marina growth in patches which they
attributed to pollution and the tolerance of the mangrove species. Some other plants have shown the capacity for
tolerating Ni, Pb, and Zn toxicity by accumulating higher concentrations in their tissues (Frietas et al., 2004).

Previous studies have investigated the effect of pollutants on mangrove plants. However, studies on the
relationship of heavy metal levels on the distribution of mangrove species especially Nypa fruticans and
Rhizophora racemosa has not been established. In this study heavy metal levels at the growth and non-growth
soils of Nypa fruticans and Rhizophora racemosa was investigated in Khana and Gokana Local Government
Area of Ogoniland with respect to their distribution.

2. Materials and methods

2.1. Study area

The study area stretches from Bomu located at longitude 7.37 and latitude 4.58 to Kono, located at longitude
7.514 and latitude 4.591. Landsat 2013 imagery was acquired over the study area. The image was geo-posed and
geo-processed for further analysis. Supervised classification was used to delineate area of species location in line
with information derived using Geosat Position System (GPS) device. The coordinate of different species
location was used to conduct supervised classification of the area, ensuring appropriate representation of species
in accordance to information received on ground. The sampling stations stretches across two local government
area of Rivers state, namely Khana and Gokana local government area of Ogoni (Fig 1).
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Figure 1: Map showing study area

2.2. Sampling

Field samples were collected during wet and dry seasons. The wet season samples were collected in the months
of July and August 2015 while dry season samples was collected in the months of January and February, 2016.
Samples were collected by the completely randomized block design method. Various soil samples of top soils
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were collected randomly at 0 - 30 cm closer to the roots of Rhizophora racemosa and Nypa fruticans at their
respective growth sites, and the non-growth sites of both plant species in three

replications each from the two established stations in the study area, using soil auger. Soil samples were stored in
clean cellophane bags, tied and labelled using masking tape and marker pen. Samples were preserved in plastic
cooler and transported to the laboratory for heavy metals analyses. Samples for deferred analysis were stored in
the refrigerator and regulated at 4°C.

2.2.1. Sample Preparation

Soil samples were oven dried in the hot air oven model T 5028 at 100° C and pulverized using mortar and pestle.
Pulverized samples were sieved using skitter and stored in cellophane bags, labelled according to sample identity.
2.2.1.2 Digestion of Samples

The pulverized soil samples were weighed at 1g each and digested using 5 ml HNO; (70% v/v), 5 ml HCLO4 (70%
v/v) and 10 ml HF (48% v/v) and heated using mantle (model MY 6403) until dryness. The residue was allowed
to cool and re-dissolved in 5 ml HCL (36% v/v) and 20 ml distilled water filtered and washed using cotton wool
into different pre-labelled 100 ml volumetric flask and made up to 100 ml (Eduardo et al., 2005).

2.3. Heavy Metal Analysis

Heavy metal content of soil was determined using the Perkin Elmer Analysist 200 and Buck 210 Atomic
Absorption Spectrophotometer (AAS). Chromium, Nickel, Cadmium, Lead and zinc were determined based on
their respective wave lengths

2.4. Statistical Analysis

The data obtained from laboratory analysis of field samples were subjected to the general linear model analysis
of variance (ANOVA) to test subject effects at (p = 0.05), while the post hoc test of least significant differences
was applied for separation of significant means at (p = 0.05), using the SPSS statistical package. Descriptive
statistics was also used to illustrate the distribution of field data. Result were presented in bar charts of Mean =
SEM.

3. Results

3.1. Soil Chromium Content

There was presence of Chromium in the two stations at both wet and dry seasons. Cr peaked at non-growth site
at the dry season and at N. fruticans growth site (dry season) at station 1 and 2 respectively. The highest
concentration of Cr was recorded at station 2 (dry season at N. fruticans growth site) while the least was
recorded at station 1 (wet season R. racemosa growth site) (Fig. 2).
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Figure 2: Soil Chromium distribution at the different sites. WS= Wet Season, DS= Dry season

3.2. Soil Nickel Content

Nickel was present in the study stations at both wet and dry seasons, with peak levels at dry season R. racemosa
growth site and N. fruticans growth soils in station 2 respectively. The highest Ni levels were observed at station
2 dry season R. racemosa and Non-growth sites, while the lowest level was recorded at wet season R. racemosa
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growth site (Fig. 3). At the wet season, result showed significant differences at station 1 between N fruticans and
R. racemosa and between non-growth and R. racemosa, while dry season showed significant difference at station
1 between R. racemosa and N. fruticans growth soils at p = 0.05.
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Figure 3: Soil Nickel distribution at the different sites. WS= Wet Season, DS= Dry season

3.3 Soil Cadmium distribution

Low levels of Cadmium were recorded at wet and dry seasons in the study stations. The result showed highest
level of Cd in soil at N. fruticans growth sites (dry season) in both study stations, while the least Cd levels were
recorded R. racemosa wet season in both study stations (Fig 4). There was no significant difference at wet and
dry season Cd for each growth site.
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Figure 4: Soil Cadmium distribution at the different sites. WS= Wet Season, DS= Dry season

3.4 Soil Zinc distribution
Zinc was present at the two study stations at both wet and dry seasons. The highest peak level of Zn was
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recorded in N. fruticans growth sites at both wet and dry seasons of the two study stations. The lowest level of
Zn was recorded at station 2 in R. racemosa growth site for both wet and dry seasons (Fig. 4). Zn levels
interaction with plants at wet season showed significant differences at station 1 between N. fruticans and R.
racemosa; N. fruticans and non-growth growth sites. Station 2 showed significant differences between N.
fruticans and R. racemosa, between N. fruticans and non-growth sites
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Figure 5: Soil Zinc distribution at the different site. WS= Wet Season, DS= Dry season

3.5 Soil Lead distribution

The Pb contents of the soil at the various growth sites were generally low. However, station 2 recorded higher (p
= 0.05) level of Pb than station 1. At both stations, the highest Pb level was recorded at N. fruticans growth site
during the dry season (fig 6). The highest concentration of Pb was recorded at N. fruticans growth site (station 2
dry season) followed by N. fruticans growth site (station 2 wet season). The least Pb concentration was recorded
in station 1 R. racemosa (wet season) growth site.
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Figure 6: Soil Lead distribution at the different sites. WS= Wet Season, DS= Dry season

4. Discussion

This study on the relationship between pollutant levels and the distribution of Rhizophora racemosa and Nypa
fruticans compared the soil pollutant levels at of R. racemosa and N. fruticans substratum as well as those of the
Non-growth soils.
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Findings in this study showed that the concentration chromium in soil was in the order N. fruticans growth
soil >R. Racemosa growth soil > non-growth soil, which showed that chromium levels in the soil influences the
distribution of R. racemosa and N. fruticans, as

N. fruticans is observed to be more tolerant and grows in soils with high levels of Cr than R. racemosa. The
above finding is consistent with the finding of Subodh and Adhiroop (2013), which observed the dominance of
Avicinnia marina in different mangrove patches and attributed it to pollution and the tolerance of mangrove
species. Chromium does not play any role in plant metabolism rather than being toxic (Dixit et al, 2002).
Chromium had also been shown as be phytotoxic either at low concentration or when the concentration is above
certain threshold levels (Nieboer and Richardson 1980). The presence of chromium at N. fruticans and R.
racemosa growth stations is therefore attributable to the tolerance levels of both plant species.

Result of soil Nickel and Pb content in this study showed variation at R. racemosa, N. fruticans and Non-
growth soils at the respective stations with no significant differences. This shows that these metals do not play
any role in the distribution of the study plants. This is an indication that Ni is not a major pollutant of this area.
This is justified since the major anthropogenic pollution activity in Ogoni area is crude oil with no industrial
chemical activities. Ni as an essential micro- nutrient of plants, its presence in the sites may have contributed to
the growth of mangroves.

Soil Cadmium (Cd) levels at N. fruticans, R. racemosa and Non-growth soils were not statistically
significant. Cadmium had earlier been observed as a metal of primary importance in the environment when
considering metal toxicity (Ghnaya et al, 2007), and Cd toxicity effects can be observed in plants at low
concentration (Barcelo and Pochenrieder, 1997). Contrary to the above finding, the low levels of Cd in this study
did not show significant difference at the respective study stations. Consequently, the distribution of N. fruticans
and R. racemosa were not influenced by soil cadmium levels.

The concentration of soil zinc in the study showed the trend of N. fruticans growth site >R. racemosa
growth site > Non-growth site, with significant differences. The findings clearly showed that zinc levels in the
soil environment significantly influenced the growth and distribution of study plants, especially N. fruticans
where Zn concentration peaked. It is thus inferred that N. fruticans was more tolerant to high levels of Zn than R.
racemosa. The above finding corroborate the earlier observation by Subodh and Abhiroop, (2013) who reported
the dominance of Avicinnia marina in different mangrove patches, and attributed it to tolerance of the mangrove
species. Earlier Freitas et al., (2004) reported that some plant species possessed the capacity of tolerating the
toxicity of Ni, Pb and Zn by accumulating higher concentrations of these metals in their tissues. Also Shen et a/;
(1997) reported that Thlasp caerulescens tolerated 0.5mg of zinc in solution without noticeable reduction in its
growth, or toxicity symptoms at Img zinc level. The findings of Bert et al., 2003, Radwan and Salama, (2006)
showed that at higher concentration, plant shows zinc toxicity symptoms such as inhibition of root growth. The
potential for zinc tolerance in N. fruticans than R. racemosa, may have inferred a competitive advantage on N.
fruticans leading to the displacement of R. racemosa by N. fruticans.

5. Conclusion

R. racemosa and N. fruticans in this study reacted differently to pollutant levels in their growth substratum,
which consequently positively or negatively influenced their distribution. The study have shown that high levels
of soil Cr and Zn positively influenced the distribution of N. fruticans over R. racemosa, as N. fruticans was
observed to grows in soils with high levels of Cr and Zn. This finding shows that N. fruticans possessed high
tolerance for Cr and Zn toxicity than R. racemosa. The non-growth of both study plants at some stations may be
attributed to Cr and Zn toxicity. The study also showed that soil levels of Ni, Cd and Pb did not influence the
growth and distribution of the study plants. Therefore, soil pollutant levels of the area should be monitored to
reduce the displacement of R. racemosa by N. fruticans.
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