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Moanda region in Southeastern Gabon is rich in manganese (Mn) ores. This study aimed to determine 
the physico-chemical properties of cultivated and uncultivated soils and the metal content in edible 
parts of 9 plants cultivated in this area. The studied soils had a sandy loam clay texture. Cultural 
practices induced a significant acidification, decrease in fertility and loss of metals from soils. Mn 
contents in soils varied from 8,672 to 17,956 mg.kg-1, and were significantly higher in uncultivated than 
in cultivated soils. Concentration of metals in plants seemed to depend on the type of plant more than 
the concerned part. Except for Nkoumou (Gnetuma fricanum), Ca, Mg and K contents were in large 
amounts in all plants so they could be good sources of macronutrients for humans and animals. Mn 
levels in leaves of cassava and sorrel and Fe levels in the red sorrel leaves exceeded 1 g.kg-1. Sorrel 
and amaranth showed the highest daily intake of nutrients. 
 
Key words: Manganese-rich soil, metal nutrients, food plants, bioconcentration factor (BCF), daily nutrient 
intake. 

 

INTRODUCTION 
 
Metals naturally occur in the Earth's crust at variable 
concentrations and with few exceptions they undergo to 
biogeochemical cycles (Garrett, 2000). Among the most 
abundant elements, Al can be toxic to plants, animals and 
humans (Poschenrieder et al., 2008; Gonzalez-Muñoz et 
al., 2008), whereas others such as Mg and Zn are 
essential for growth and life of plants, animals and 
humans and insufficient level of essential elements cause 
serious  human,  animal  and plant  (Ebel   and   Gunther,  

1980; Galdes and Vallée, 1983; Young-Eun et al., 2007).  
In several world areas, metals accumulate to levels 

above levels of the Earth's crust and become mines 
exploited by men. Mining activities can lead to metal 
accumulation in biological tissues through inhalation, 
ingestion or absorption through the skin (De Miguel et al., 
2007; Ferreira-Baptista and De Miguel, 2005; Lu et al., 
2003). The populations in these regions sometimes 
practice agricultural activities for food. Leafy, 
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Figure 1. Map of Moanda city location. 
 
 
 
vegetables hold an important place in well-balanced 
diets, and increasing consumption of vegetable and fruits 
is advisable (Kawashima and Soares, 2003). Leafy 
vegetables represent an important source of proteins, 
vitamins and minerals for humans, and act as buffering 
agents for acidic products formed during the digestion 
process. However, vegetables may accumulate both 
essential and toxic elements (Akbar Jan et al., 2010) 
which may cause nutritional disorders and diseases, 
particularly in Africa (Odhav et al., 2007; Kwapata and 
Maliro, 1995) where approximately 300 million people go 
hungry and 31 million children less than 5 years are 
undernourished (Tchibambelela, 2009). Leafy vegetables 
are commonly edible as meals, mixed or not with fruiting 
vegetables and/or tubers (cassava, yam, and taro).  

There is little information currently on food composition 
in Gabon and on metals contents in cultivated soils and 
their transfer to crops. The present work aims to assess 
the accumulation of seven major nutritional metals (Ca, 
Mg, K, Na, Fe, Mn, and Zn) and the non-essential metal 
Al, in food plants by the determination of their content in 
manganese-rich soil of Moanda and in the edible parts of 
these plants. This is complemented by the study of the 
impact of agriculture on the soils characteristics, by the 
calculation of bioconcentration factor (BCF) of metals in 
plants, and by the calculation of the daily nutrient intake 
of major nutritional metals.  
 
 
MATERIALS AND METHODS 
 
Study area  
 
The study area is located in the areas of Moanda, Haut-Ogooué 
Province, South-east Gabon, 571 m [13°10' - 13°15' E, 1°25' - 1°35' 
S, (Figure 1)]. The area is covered by a mosaic of forest and 
secondary   grassland   savannah.   The    climate    is    transitional 
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equatorial with an annual rainfall of 1800 to 2000 mm and an 
average temperature of 23 to 24°C and a small dry season 
(December to February) and a large dry season (June to 
September) (Guichard and Tercinier, 1979). Moanda is one of the 
most important manganese mining towns in the World, with an 
estimated 230 million tons of Mn, 20% of the World's deposits. The 
total Mn and ferromanganese ore reserve exceeds 200 Gt. They 
are confined to the Lower Proterozoic Franceville Formation that 
fills the intracratonic Franceville basin. The Franceville formation is 
composed of the dominant marine terrigenous rocks and the 
subordinate carbonate varieties, volcanics, and jaspilites. The rocks 
are virtually undeformed, but divided by faults into blocks. The 
formation is approximately 4000 m thick and is divided into several 
lithostratigraphic units (Kuleshov, 2011; Vizier, 1971). 
 
 
Sampling and sample preparation 
 
Soil and plants analyzed in this study were collected in the forest 
(control soil) and plantations located 15 km from Moanda. The soil 
was black, a characteristic of manganese-rich soil. The crops were 
grown in a deforested area in the following sequence: clearing, 
burning, cleaning and planting.  

Samples of surface soil (0 to 10 cm) were collected in five 
different points, according to a cross pattern, in cultivated (soil in 
the root zone) and uncultivated parcels. They were air-dried. The 
aggregates were crushed and soils were sieved to 2 mm mesh and 
stored in polythene bags. A part of this fraction was crushed with a 
tungsten-carbide blade grinder and subsequently sieved with a 0.2 
mm titanium mesh.  

2 to 5 kg of the edible parts of each plant species were randomly 
selected and collected. All collected plant samples had reached the 
same degree of maturation. Samples were washed 3 times with 
distilled water first, and with de-ionized water thereafter. They were 
dried in a stove at 70°C until constant weight. Samples were finely 
ground (0.2 mm) and kept in polyethylene bags. The selected 
plants are listed in Table 1. 
 
 
Physico-chemical characterization of the soils  
 
Soil properties were assessed according to the Open Systems 
Interconnection (ISO) protocols (AFNOR, 1994). They included:  
particle size (3 fractions), pHwater, pHKCl, total organic carbon (TOC), 
total Kjeldahl nitrogen (TKN), available phosphorus (Pass.), cation 
exchange capacity (CEC), and exchangeable bases (Caexch, Mgexch, 
Kexch, and Naexch). Considering that the average content of carbon in 
soil organic matter (OM) is equal to 58%, the conversion factor 
1.724 was used to calculate the percentage of OM from the content 
of organic carbon (Abollino et al., 2002). The sum of exchangeable 
bases S was calculated. 
 
 
Total metals concentrations in soils  
 
Soil samples were mineralized in aqua regia (1/3 HNO3 + 2/3 HCl) 
according the AFNOR NF X31 - 151 (AFNOR, 1994) standard using 
a microwave mineralizer. The mineralization products were filtered 
with a 0.45 μm mesh and the mineral concentrations determined by 
the Inductively coupled plasma atomic emission spectroscopy (ICP-
AES) method (JobinYvon, Spectra 2000). Accuracy of the method 
was tested by analysing two reference soils (SCP-Science SS-2, 
Canada and SRM-2586, USA). Precision of results ranged from 3.9 
to 7.6%. 
 
 
Metals in plants  
 
Plant  samples  were  digested  at  150°C  for  1 h  in  a  microwave 
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Table 1. Studied plants and consumed parts. 
 

Usual name of plant Part consumed Scientific name of plant 

Pimento Fruits Capsicum frutescens 
Nkoumou Leaves Gnetum africanum 
Okra Fruits Abelmoschus calei 
Eggplant Fruits Solanum melongena 
Lemon grass Leaves Cymbopognon citratus 
Yam Tubers Dioscorea spp 
   

Cassava 
Leaves 

Manihot esculenta Crantz 
Tubers 

   
Amaranth Leaves Amaranthus cruentus L. 
Sorrel with small red leaves Leaves Hibiscus sabdariffa 
Sorrel with large green leaves Leaves H. sabdariffa 

 
 
 
mineralizer using a mixture of nitric acid, hydrogen peroxide and 
ultra-pure water with a volume proportion ratio 2:1:1 (Nardi et al., 
2009). The resulting solution was filtered with a 0.45 µm mesh and 
stored at 4°C before ICP-AES analysis for determination of metal 
concentrations. 
 
 
Bioconcentration factor (BCF)  
 
The capacity of plants to accumulate metals present in soils was 
assessed using BCF, defined as the ratio of their concentrations 
measured in plant tissues and soils, in dry weight (Komarek et al., 
2007). 
 
 

 
 
 
Daily intake of metals (DIM) 
 
The DIM was calculated by the following equation: 
 

 
W

IKM
DIM


 

 
Where [M] represents heavy metal concentrations in plants (mg.kg-

1); K is conversion factor used to convert fresh part consumed of 
plant weight to dry weight, estimated to 0.085; I is daily intake of 
consumed plants (kg); W is average body weight. 

The average adult and child body weights were considered to be 
55.9 and 32.7 kg, respectively, while average daily vegetable 
intakes for adults and children were considered to be 0.345 and 
0.232 kg/person/day, respectively (Arora et al., 2008; Wang et al., 
2005).  
 
 
Statistical analysis  
 
The means and standard deviations were calculated for all data. 
The influence of agriculture on soil fertility parameters were 
analyzed through analysis of variance (ANOVA) statistical tests. 
Statistical significance was set at 95% (p = 0.05).  

 
RESULTS AND DISCUSSION  
 
Soil characteristics  
 
The physico-chemical characteristics of the soils are 
reported in Table 2. The loam content is significantly 
higher in the control soil (uncultivated) than in cultivated 
soil (p = 0.025 and F = 12.3 - with F: variance). 
Furthermore, the sand concentration is significantly 
higher in the cultivated soil than in the control soil (p = 
0.035 and F = 9.8). The cultivation increased the sand 
content by 41% and decreased the silt content by 24%. 
The loss in silt content and the gain in sand content were 
probably due to agricultural practices, erosion and 
illuviation (Igué, 2007). Several authors have also found 
that tillage of land affects positively or negatively the 
particle size of soil by ameliorating or reducing root 
growth, nutrient interception by roots, and soil aeration or 
compaction (Agoumé and Birang, 2009; Béliveau et al., 
2009; Korkanc et al., 2008). 

The uncultivated soil was slightly alkaline and its pH 
significantly higher compared with the cultivated soil pH. 
Soil acidification in cropping systems in the tropics is 
mainly due to depletion of soil base cations by leaching 
due related to the impact of rainfall (Khresat et al., 2008; 
Sa et al., 2009; Haynes et al., 2003) or due to through 
use of chemical fertilizers. The decrease in pH in the 
surface layer also may be associated with changes in 
particle size and with a relative loss of soil OM. The 
pHwater value was always higher than pHKCl, indicating that 
the soil minerals were negatively charged and could 
retain the free cations in soil solution. 

The TOC and available P contents in the cultivated soil 
decreased both by about 50% mainly due to the 
increased OM mineralization and leaching rates (Table 
2). 

Available P is influenced by the mineralogy and soil 
texture and is concentrated in the organic fraction of most  

soilin ion concentrat Metal
plant ofpart  consumedin ion concentrat MetalBCF
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Table 2. Physico-chemical characteristics of soils. 
 

Characteristics of soils Uncultivated soil Cultivated soil 

Particle size 
Clay (mg.g-1) 275.1 ± 12.9a 234.3 ± 61.0a 
Loam (mg.g-1) 332.3 ± 24.5a 252.7 ± 16.5b 
Sand (mg.g-1) 361.1 ± 43.4a 511.3 ± 47.1b 

    

pH 

pH-water 7.4 ± 0.8a 4.8 ± 0.3b 
pH-KCl 6.3 ± 0.8a 3.7 ± 0.1b 

pH 1.1 ± 0.5a 1.1 ± 0.1a 

    

Organic matter 

TOC (mg.g-1) 39.9 ± 5.8a 24.7 ± 1.3b 
OM (mg.g-1) 69.0 ± 9.2a 42.7 ± 1.4b 
TKN (mg.g-1) 2.9 ± 0.7a 2.6 ± 0.2a 
TOC/TKN 13.8 ± 0.3a 10.7 ± 1.2b 

    
Phosphorus Pass. (mg.kg-1) 26.3 ± 0.6a 13.6 ± 0.1b 
    

Basic exchangeable cations 

Ca (mg.kg-1) 4601 ± 837a 64.1 ± 12.6b 
Mg (mg.kg-1) 460.9 ± 48.5a 18.2 ± 11.0b 
K (mg.kg-1) 318.2 ± 41.4a 3.9 ± 1.4b 
Na (mg.kg-1) 9.0 ± 1.5a 2.3 ± 0.6b 

    
Cation exchange capacity CEC (meq/100 g) 25.1 ± 2.9a 13.1 ± 2.9b 
Sum of exchangeable basic cations S (meq/100 g) 27.2 ± 2.6a 4.9 ± 0.7b 

 

a, b: Means (±standard deviation) followed by different letters in a same line are significantly different at the 0.05 level. 
 
 
 
tropical soils (McAlister et al., 1998; Kamprath and 
Watson, 1980). The predominant form of phosphorus in 
soils that contain clay minerals of type 1/1 and Fe- and 
Al-rich soils as soils of Moanda, is Al-phosphate which is 
transformed over time in Fe-phosphate (Sanchez, 1976) 
and reduces the availability of P by adsorption of this 
element on the large area of Fe-Al-(hydro) oxides 
(McAlister et al., 1998).  

Exchangeable Ca, Mg, K and Na concentrations which 
also significantly decreased is higher as a result of 
agricultural practices. Indeed, there is a decreased by 74 
to 98% in the cropped soils (Table 2). Base cation 
depletion of soils was related to acidification leading to a 
reduced availability of these essential nutrients for plant 
growth. In acid soils, most of the Ca2+ present would exist 
in soluble form, but both soluble and exchangeable Ca 
decreases with decreasing soil pH (Haynes and Ludecke, 
1981). Furthermore, at low pH, the availability of Ca is 
further hampered in the presence of high Al 
concentrations (Bolan et al., 2003). Upon soil 
acidification, decreasing amounts of Mg remain in 
exchangeable form due to reduction in variable charge, 
and more is present in solution, liable to leaching losses. 
Also, since Mg is a poor competitor with Al and Ca for the 
exchange sites, it tends to accumulate in the solution 
phase and is therefore prone to leaching (Myers et al., 
1988; Edmeades et al., 1985). The sum of  exchangeable 

bases was low in cultivated soils compared to control 
soils (Table 2).  

The CEC also significantly decreased in the cultivated 
soil (Table 2). The soil CEC is contributed by the SOM 
and clay minerals (Bewket and Stroosnijder, 2003), and 
therefore, soil acidification and SOM losses reduce the 
soil CEC. 
 
 
Total metal concentration in soils 
 
Concentrations of metals in soils are presented in Table 
3. Concentrations of the measured metals were 
significantly higher in the uncultivated than in cultivated 
soil, except for Al and Fe. The Mn concentration in the 
uncultivated soil was larger than that of the cultivated 
soils. The Mn and Al concentrations along with the acidic 
pH value in cultivated soil could pose risks of toxicity of 
soil for plants (Kabata-Pendias and Mukherjee, 2007). In 
fact, at acidic pH free Al and Mn may be the predominant 
forms in soil solution, which could be readily available for 
plants (Gauthier, 2002; Pedro, 2007). Renella et al. 
(2005) reported that in Mn and Zn polluted soils, the Mn 
and Zn solubility was significantly higher in the presence 
of organic acids typically released by the plant roots than 
in water, thus suggesting that plants can mobilize trace 
elements by their root exudates. 
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Table 3. Total metals Concentrations in soils. 
 

Metal (mg.kg-1) Uncultivated soil Cultivated soil 

Ca 36.823 ± 3.847a 178.6 ± 24.8b 
Mg  4.380 ± 694a 1.037 ± 430b 
K  14.940 ± 1.464a 8.796 ± 785b 
Na  1.323 ± 319a 891.1 ± 247.2a 
Al  14.823 ± 1.673a 36.529 ± 3.508b 
Fe  15.210 ± 1.498a 20.869 ± 1.124b 
Mn 15.725 ± 2.231a 10.070 ± 1.398b 
Zn  463.3 ± 53.2a 248.3 ± 37.9b 

 

a, b: Means (±standard deviation) followed by different letters in a same line are significantly 
different at the 0.05 level. 

 
 
 
Fertility parameters of soils  
 
Based on the classification of Landon (1991) of different 
parameters of agricultural tropical soils, levels of TOC 
and TKN in cultivated soils are still significant for a good 
agricultural performance (23 to 58 and 2 to 5 g/kg, 
respectively. However, all parameters indicated that 
cropping was not environmentally sustainable, leading to 
the lowering of important indicators of fertility such as 
TOC, OM, TKN, Pass., exchangeable base cations. This 
observation was also made by Guichard (1975) who 
analyzed soil samples from gardens in this study area. 
Fertilizers applied to soils are almost exclusively 
minerals, mainly urea and NPK. EdouEdou (2006) 
observed also that the organic fertility of cultivated land 
was renewed through an annual or temporary 
abandonment of cultivated area. This practice only 
occurred after the observation of infertility signs, including 
the decline in yield. The levels of OM and nutrients then 
could decrease greatly depending on the duration of the 
operation of the cultivated plot.  

Ca mobility is more elevated than Mg mobility in 
cultivated soil. Exchangeable Ca and Mg represent about 
36 and 2%, respectively of the total concentration of 
these elements in the cultivated soil. This is consistent 
with the results of Guichard and Tercinier (1979) and 
Guichard (1975), which showed that the proportion of 
illitic clays, manganese, calcium and magnesium 
carbonate complexes was important in these soils. In 
these complexes, Ca is relatively mobile, while Mg is 
poorly soluble (Legros, 2007). 
 
 
Metal concentrations in plants  
 
The concentrations of metals in edible parts of plants are 
shown in Figure 2. The ranking order of the measured 
metals in plants was: Ca > K > Mg > Mn > Na > Fe > Al > 
Zn. These concentrations seem to depend on the type of 
plants more than the edible part concerned. All plants 
accumulate significant amounts of Ca, Mg and K. Only 

Nkoumou accumulated small concentrations of metals, 
and had a very poor nutritive intake. The plants studied in 
the region of Moanda could be an important source for 
the intake dietary of these nutrients for humans and 
animals. Bartlett (1999) described Mn as a "key of life" 
because of its importance in photosynthesis, the vital link 
in a large amount of processes occurring in human or 
animal organism. The Mn levels in several parts of plants 
(Okra fruits, Cassava leaves, Amaranth leaves and Sorrel 
leaves) are higher than plant toxic level of 500 mg/kg 
proposed by Kabata-Pendias and Mukherjee (2007). 
Here, cassava and sorrel leaves accumulate values 
above 1000 mg.kg-1 of Mn. Ascher et al. (2009) reported 
that Ca, P, Fe, Mn and Zn concentrations in the edible 
parts of lettuce grown on polluted soils depended on the 
pollution level and that soil remediation reduced the 
potentially toxic Mn and Zn concentrations in the edible 
parts of lettuce. 
 
 
Bioconcentration factor (BCF)  
 
The rate of elements absorption by the plant depends on 
the plant cultivated and soil properties such as pH, cation 
exchange capacity and distribution of metals in different 
soil fractions (Kos et al., 2003; Cui et al., 2004). The 
metal BCF in plants is used to describe the extent of the 
accumulation of a compound in a biological system 
identified. Table 4 presents the BCF values of metals in 
consumed parts of studied plants. Al and Fe are less 
accumulated than other elements. Their BCF ranged from 
0.0003 to 0.0265 for Al and from 0.0010 to 0.0519 for Fe. 
Zn is more accumulated than other metals. Values of Zn 
BCF are in the ranges from 0.0306 to 0.6033. Nkoumou 
is the leafy vegetable that accumulates the least amount 
of metal. However, this traditional leafy vegetable is the 
most popular and most consumed by people in the 
Moanda region. The best accumulators are sorrel with 
small red leaves for Al, Fe and Mn, and sorrel with large 
green leaves for Zn. Ondo (2011) indicated that sorrel or 
Hibiscus sabdariffa, was a plant that preferentially
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Figure 2. Metal concentrations in consumed parts of dry plants (mg.kg-1). PFr, Pimento fruits; NFe, Nkoumou leaves; GFr, okra fruits; 
AFr, eggplant fruits; CFe, lemon grass fruits; IT, yam tubers; MFe, cassava leaves; MT, cassava tubers; AFe, Amaranth leaves; 
OFeR, Sorrel red leaves; OFeV, Sorrel green leaves. 

 
 
 

Table 4. Bioconcentration factor of metal in consumed parts of plants. 
 

Usual name of plant Al Mn Fe Zn 

Pimento 0.0025 0.0220 0.0058 0.0306 
Nkoumou 0.0009 0.0211 0.0093 0.0616 
Okra 0.0062 0.0777 0.0116 0.1442 
Eggplant 0.0003 0.0308 0.001 0.0322 
Lemon grass leave 0.0042 0.0298 0.0093 0.0636 
Yam 0.0042 0.0149 0.0086 0.5373 
Cassava leave 0.0012 0.1265 0.0031 0.2872 
Cassava tuber 0.0013 0.005 0.0024 0.0818 
Amaranth 0.0039 0.0991 0.0066 0.1518 
Sorrel with small red leaves 0.0265 0.1673 0.0519 0.0761 
Sorrel with large green leaves ND 0.1379 0.0081 0.6033 

 

ND: Not determined. 
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Table 5. Estimated daily intake of nutritional metals. 
 

Daily intake of nutritional metals Pimento Nkoumou Okra Eggplant Lemon grass Yam Cassava leaves Cassava tuber Amaranth 
Sorrel with small 

red leaves 
Sorrel with large 

green leaves 

Mn (mg.day-1) Children 0.114 0.109 0.402 0.159 0.154 0.077 0.654 0.026 0.512 0.865 0.713 
Adult 0.095 0.091 0.335 0.133 0.128 0.064 0.545 0.021 0.427 0.721 0.594 

             

Fe (mg.day-1) Children 0.077 0.122 0.152 0.013 0.123 0.112 0.041 0.031 0.086 0.682 0.107 
Adult 0.064 0.101 0.127 0.01 0.102 0.094 0.034 0.026 0.072 0.568 0.089 

             

Zn (mg.day-1) Children 0.005 0.01 0.023 0.005 0.01 0.084 0.045 0.013 0.024 0.012 0.094 
Adult 0.004 0.008 0.019 0.004 0.008 0.07 0.037 0.011 0.02 0.01 0.079 

             

Mg (mg.day-1) Children 1.052 0 3.225 0.795 0.352 0.39 1.399 0.241 2.568 1.405 3.363 
Adult 0.877 0 2.69 0.663 0.293 0.325 1.166 0.201 2.142 1.172 2.804 

             

Ca (mg.day-1) Children 1.895 ND 1.465 9.404 3.404 2.506 1.445 1.931 13.363 1.904 20.447 
Adult 1.58 ND 1.222 7.843 2.838 2.09 1.205 1.611 11.144 1.587 17.052 

             

K (mg.day-1) Children 7.526 0.106 5.141 2.755 4.206 2.034 5.042 3.419 6.493 5.018 4.452 
Adult 6.277 0.089 4.287 2.297 3.508 1.696 4.205 2.851 5.415 4.185 3.713 

             

Na (mg.day-1) Children 0.333 0.059 0.286 0.159 0.271 0.249 0.273 0.301 0.295 0.285 4.673 
Adult 0.278 0.049 0.239 0.133 0.226 0.208 0.228 0.251 0.246 0.238 3.897 

 

ND: Not determined. 
 
 
 
concentrated metals in its leaves, the consumable 
part of the plant.  
 
 
Daily intake of physiologically active metals 
 
The daily intake of physiologically active was 
estimated (Table 5) and was compared with the 
recommended daily intakes (World Health 
Organization, 1996; Institute of Medicine from 
United States, 2007). Comparisons with the 
recommended daily intakes present results  in  the 

range of 0.53 to 21.62% for Mn, 0.06 to 3.41% for 
Fe and less than 2% for other nutritional metals. 
The highest contributions come from the sorrel 
and amaranth. The high potassium values for 
pimento were not significant because this fruit-
vegetable is used only in very small quantities 
because of his prickly flavor. In general, these 
values are higher than those found by Arora et al. 
(2008). The results of this study suggest that daily 
intakes of physiologically active from plants 
cultivated in manganese-rich soils of Moanda are 
high,  and  could  be  free   of   risk   because   the 

recommended daily intakes were much higher: 
270 to 1200 mg/day for Ca, 10 to 30 mg/day for 
Fe, 75 to 420 mg/day for Mg, 1 to 6 mg/day for 
Mn, 700 to 2000 mg/day for K, 200 to 500 mg/day 
for Na, 5 to 19 mg/day for Zn (World Health 
Organization, 1996; Institute of Medicine from 
United States, 2007). 
 
 
Conclusion 
 
The agricultural practices on manganese-rich  soil 



 
 
 
 
of Moanda significantly led to a strong acidification, a 
reduction of fertility index and a loss of metals in soil. Mn 
concentrations in several consumed parts of plants are 
higher than toxic  level for plants (500 mg.kg-1). The 
increasing consumption of vegetables in the region of 
Moanda could be a significant source of essential metals 
for animals and humans. But dietary intake of food results 
in long-term low level body accumulation of heavy metals 
and the detrimental impact becomes apparent only after 
several years of exposure. The determination of more 
toxic metals in agricultural soils, like Pb or Cd, and their 
transfer in consumed plants, is thus necessary. Regular 
monitoring of these toxic metals in soils, plants and 
human or animal bodies are essential to prevent their 
excessive build-up in the food chain. Other studies, such 
as education on food requirements, tillage, and new 
methods of conservation and preservation of agricultural 
soils, are of prime importance to improve crop yields. 
Laboratory studies and experiments carried out in 
cultivated field would be necessary to determine the 
capacity accumulate toxic metals such as Pb or Cd of 
sorrel, the best accumulator plant in this study and 
because of his importance in the alimentation in West 
Africa. 
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