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SUMMARY  

 

Agriculture has been known to be the backbone of countries worldwide, of which Ghana is no 

exception. Floodplain farming is of much importance to most Ghanaian farmers residing along 

major rivers in the country. Alluvial soils have been classified as having a nutrient composition 

in their right proportion to boost crop production along river floodplains. This study, therefore, 

assessed crop production and agricultural development along the Pra River floodplain. The 

specific objectives for the study were to analyse the growth potentials of crops within the 

floodplains under study and the assimilation of heavy metals by these crops. The study was 

conducted along the Pra River floodplain at the Daboase- Beposo stretch. Three crop samples 

(maize, okra, cowpea) were collected along the river at different intervals concerning the 

proximity to the river. A 14ft by 30ft land was acquired to cultivate crops to know their 

morphological trait in the floodplain. The study revealed that nutrient composition in the 

alluvial soil was low with high acidity content. Crops planted along the floodplain exhibited a 

low level of nutrient composition and high acidity level in the soil. 
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1.0.INTRODUCTION 

Anthropogenic activities such as mining and farming have led to the introduction of heavy 

metals (Arsenic, Lead, Cadmium and Mercury) in soils and water bodies. This has directly 

affected crops planted in such places. Kumar, Soo, Zhang, Fai and Kim (2019) commented that 

heavy metals have led to unanticipated toxins in crops which have also affected food security 

in several parts of the world.  This is because heavy metals affect the microbial component of 

soil. The presences of these toxic substances lead to the browning of root tips and reduced 

photosynthesis, nitrogen deficiency, necrosis, leaf roll and chlorosis in crops (Jamal, Khan, 

Munir and Anees, 2013; Ohanmu and Ikhajiagbe, 2018 ). Also, such polluted soil negatively 

affects plant growth, yield and performance (Chibuike and Obiora, 2014). 

 

According to Ohanmu and Ikhajiagbe (2018), heavy metals slow down plant metabolism. 

Heavy metals produce contaminated crops which is harmful to human health such as cancer 

(Ailenokhuoria and Omolekan, 2019). In soils, heavy metals are accumulated through various 

sources and practices such as using excessive agrochemicals, other chemicals for mining, 

untreated sewage, industrial effluents and geological cycle (Jamal et al., 2013). Again, the 

presence of heavy metals in plants is often regulated by factors such as plant species, soil 
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features, irrigation characteristics, fertilization and the relationship that exist among these 

factors (Lu, Yao, Shan, Jiang, Zhang and Yang, 2015). Nonetheless, the use of indigenous 

fertilizers such as sheep manure reduced the concentration of heavy metals in soil and crops 

(Ma, Chen, Antoniads, Wang, Huang and Tian, 2020). The degree of heavy metals varies 

among plants and at different parts of the plants (Ailenokhuoria and Omolekan, 2019). For this 

study, the assimilation of heavy metals on maize, cowpea and okra was considered.  

Floodplains are one of the important areas for farming due to the fertile alluvial soil provided 

by the rivers. Beilfuss (2002), who researched on the Zambezi River, found that in the wet 

season there are two cropping periods. During the rainy season, the fertile alluviums adjacent 

to the river channel are planted with crops of cereals, legumes, and gourds that are harvested 

just before the river’s expected annual flood. These crops use rainwater for their growth. 

Farmers plant a second crop on the alluvial soils after the floodwaters begin to recede, sowing 

seeds just behind the retreating water line and harvesting at the end of the dry season (Beilfuss, 

2002). The floods also recharge local aquifers that provide an essential source of groundwater 

during the dry season (Beilfuss, 2002). 

The rate of environmental pollution in Ghana has been on the ascendency over the years 

(Boateng et al, 2020; Anim-Gyampo, Kumi, & Zango, 2013; Nyarko, 2001). A major aspect of 

environmental pollution in Ghana is related to the activities of illegal mining in the country. As 

a result of mining activities in the country, water bodies are known to be the most affected in 

areas where illegal mining (Galamsey) are being practised (Duncan, 2020; Banchirigah, 2008). 

They usually practice open surface mining and use the water bodies as a medium to mine more 

minerals. In the process of mining in these areas, certain metals like mercury, lead, arsenic, 
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cadmium and so on are used. Unapproved mining practices in and along water bodies has 

caused the water bodies to be polluted by these heavy metals. 

In Ghana, most farmers have their farms along the floodplains of a major river in the country. 

The Pra River has been observed to be under threat due to inappropriate mining methods along 

the river (Dorleku, et al, 2018). As a result of this, the whole nature of the Pra River has been 

observed to be altered over the years. The presence of heavy metals in the Pra River is 

accumulated in the soils along the river. The presence of these metals in the soils is further 

assimilated by the crops being cultivated along the river floodplain. In the long run, human 

beings are exposed to these metals through the intake of these crops that are cultivated along 

the floodplain through the food chain. The Food and Agricultural Organization (FAO) and 

World Health Organization (WHO) (2011), as well as the United States Environmental 

Protection Agency (US EPA) (2007), have elucidated the harmful effects of these heavy metals 

on human health and threat to the whole ecosystem.  

Also, during the inappropriate mining methods used by companies along the Pra River, the river 

has been exposed to certain chemicals which in effect affect the quality of the soil and the crops 

at large. Despite the great potential of alluvial floodplains for agricultural activities coupled 

with the perennial flow of the Pra River, it appears the communities such as Beposo, Oda and 

Daboase located along it are underutilizing the floodplains. It is therefore against this 

background that this study sought to experiment with alluvial floodplains soil and its potential 

for agricultural development in Ghana focusing on the River Pra floodplain. The following 

research questions guided the study: What is the level of crop-growing potential of the alluvial 
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floodplains of River Pra? How many heavy metals have been assimilated by the crops cultivated 

in the area? 

 

2.0 MATERIALS AND METHODS 

 

2.1. Study area 

This study was carried out in the Pra River catchment which is located between latitudes 5º00’N 

and 7º15’N and longitudes 0º03’W and 2º80’W. It originates from Kwahu Plateau, near 

Mpraeso in the Eastern Region and flows southward over 230 kilometres through rich cocoa 

and farming and forest areas in the Akan lowlands and enters the Gulf of Guinea in Shama.  

 
Figure 1: Study area map 

Source: Author’s construct from ArcGis 10.1 (2019) 

The Pra is the largest of the four principal rivers that drain the area south of the Volta divide 

and enters the Gulf of Guinea east of Takoradi. Its main tributaries are the Ofin, Anum and 
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Birim rivers which drain from the Mampong-Kwahu Ranges. The drainage basin area is 23,188 

km2 with a mean annual discharge of 214 m3s-1 (Akrasi and Ansa-Asare, 2008). The landscape 

is generally flat characterized by undulating topography with an average elevation of about 450 

m above sea level. 

 

2.2. Crop sampling 

The crops used for the research were selected to suit the time frame of the study. Three varieties 

of crops were used for the study: Cereal (maize), vegetable (okra), and Legumes (cowpea). 

These crops were selected to be used for the study also because they are the crops mostly 

cultivated along the Pra River floodplain. Again, another major basis for these crop sampling 

was the maturity period of the crops. For the research, the crops must be cultivated and yield 

within a specified period. This was so since the results were used to analyze the data which 

were gathered in the process of the cultivation and maturity period.  

 

2.3. Cultivation of crops 

15 feet by 30 feet land was cleared for the cultivation of the crops. Stumps were removed after 

the clearing to make the land more bear. Lining and pegging were following to help cultivate 

the crops in a linear form (Figure 2). These activities were done for both Daboase and Beposo 

all along the floodplain of the Pra River. Planting of the crops (maize, cowpea, okra) followed. 

Planting was done on 22nd August 2019 at Daboase and 20th September 2019 at Beposo 

respectively. 
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Figure 2: Experimental Model for crops cultivation 

Source: Author’s construct, 2019 

2.4 Obtaining crop data 

The maize germinated on the fifth day after the planting while the okra and cowpea germinated 

on the fourth day after planting. In other to obtain the quantitative data on the crops, 

measurements were taken on the crops at a different point in time. The measurements were 

done on the first two weeks after germination, the fourth week, the sixth week, the eighth week, 

the tenth week and finally on the twelfth week. These measurements were only taken at Beposo 

since the crops at Daboase did not do well after germination. 

2.5. Determination of heavy metals in crops 

The crop samples were air-dried, crushed and sieved through a 2 mm mesh. The sieved crops 

were stored in polythene bags for laboratory analyses.  

Weigh 0.5g of sample and add15ml of concentrated nitric acid. 
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Boil to almost dryness and cool. 

Add 1ml of hydrofluoric acid and boil. 

Filter and top to 20ml with distilled water 

Estimate the concentration of heavy metals with Atomic Absorption Spectrophotometer after 

calibrating with specific standards. 

 

2.6. Statistical analysis 

Data obtained were entered using Microsoft Excel 2016. The data was further organized and 

analyzed with the Statistical Package for Social Sciences (SPSS) version 25.0. Descriptive 

statistics and frequency tables and figures were designed based on the specific objectives. All 

statistical tests were tested at a 95% significance level and results were represented in Tables 

and Figures. 

3.0  RESULTS  

 

3.1: Morphological Trait of Maize 
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Figure 3: Maize 

Source: Field data, 2019 

Inline to achieve the objective of the crop-growing potential of the Pra River floodplain, similar 

measurements were also done on maize. Measurements were done on the crop height, the 

number of leaves and the leaf length, six consecutive times with an interval of two weeks. From 

Figure 3, the height of the sample of maize kept a progressive increment from the 2nd week to 

the 12th week with values from 28cm to 86cm. It was observed that the number of leaves on the 

crop kept increasing from the 2nd week to the 8th week until it remained stable to the 12th week. 

This can be attributed to the crop maintaining its number of leaves after the 8th week with 10 

leaves. The leaf length also increased from the 2nd week to the 6th week and became stable till 

maturity in the 12th week.  

This increment was seen at the 6th and 8th week also. On the contrary, the 10th and 12th weeks 

both had equal figures for crop height (90cm), the number of leaves (9) and the leaf length 

(62cm).  

The reduction in the leaf length could be attributed to the older leaves falling off to make way 

for the new ones.  

From Figure 4, the height of the cowpea plant was measured together with the number of leaves 

and leaf length over six (6) consecutive times with a space of two (2) weeks each. From the 

measurements above, there is a progressive increase in the plant height, leaf number and leaf 

length. For instance, the height recorded after two weeks of planting was 20cm. At this height, 

the total number of leaves of the sampled plant was 8 with an average leaf length of 6cm. After 

two weeks, the measurement of the same traits was done.  
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3.2: Morphological Trait of Cowpea 

 

Figure 4: Cowpea 

Source: Field data, 2019 

It was observed that; the plant height has increased more than 50% whiles the number of leaves 

doubles. The leaf length also doubled over the two weeks from 6cm to 12cm. 

This implies that; the floodplains of the Pra River provided the plant with the requisite 

nutritional environment for growth. 

This may be attributed to the fact that individual plants may have their peculiar growth patterns 

though within the same land area. Thus, the number of leaves is likely to be independent of the 

crop height. This may be attributed to the leaf length of the cowpea sample which was 9cm, 

longer than both leaf lengths of cowpea samples 1 and 2. Several environmental factors may 

have accounted for this as they grow to maturity. These have been characteristics of most of the 
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samples taken. It can be concluded that as the plant grows, it tends to increase in its leaves and 

in the process of maturing, sheds those leaves.  

3.3: Morphological Trait of Maize 

 

Figure 5: Maize 

Source: Field data, 2019 

Inline to achieve the objective of the crop-growing potential of the Pra River floodplain, similar 

measurements were also done on maize. Measurements were done on the crop height, the 

number of leaves and the leaf length, six consecutive times with an interval of two weeks. From 

Figure 5, the height of the sample of maize kept a progressive increment from the 2nd week to 

the 12th week with values from 28cm to 86cm. It was observed that the number of leaves on the 

crop kept increasing from the 2nd week to the 8th week until it remained stable to the 12th week. 

This can be attributed to the crop maintaining its number of leaves after the 8th week with 10 

leaves. The leaf length also increased from the 2nd week to the 6th week and became stable till 

maturity in the 12th week.  
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This increment was seen at the 6th and 8th week also. On the contrary, the 10th and 12th weeks 

both had equal figures for crop height (90cm), the number of leaves (9) and the leaf length 

(62cm).  

The reduction in the leaf length could be attributed to the older leaves falling off to make way 

for the new ones.  

3.4: Morphological Trait of Okra 

 

Figure 5: Okra 

Source: Field data, 2019 

A third crop, okra, was among the crops cultivated along the Pra River floodplain for the 

research. Measurements were equally taken on sampled crops to help discuss the morphological 

traits of okra. In the 2nd week, okra sample 1 had a crop height of 6cm with 5 leaves and a leaf 

length of 8cm. The crop height increased to 8cm with 6 leaves and a leaf length of 8cm during 

the 4th week. The 6th week had a crop height of 14cm with 7 leaves and 6cm for leaf length. The 

8th and 10th weeks recorded an equal crop height of 17cm with the 8th week recording 8 leaves 

and a leaf length of 8cm while the 10th week recorded 6 leaves with leaf length at 5cm. During 

the 12th week, the crop height increased to 22cm with 6 leaves and a leaf length of 6cm. 
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Regarding the other sampled crops, it can be observed that okra developed very weak 

morphological traits during its cultivation in the floodplain. The results from the measurements 

could be attributed to the low nutrient composition available to these crops. 

 

3.4. Heavy Metal Assimilation by crops 

Table 1: Assimilation of Heavy Metals in the Crops of Bepose measured at 14m from the 

River 

Label Assimilation of Heavy Metals by crops 

Pb mg/kg Cd mg/kg As mg/kg Hg ppb 

M 14m 0.07 0.003 4.36 0.3 

C2 14m 0.04 0.004 3.79 0.3 

O1 14m 0.045 0.007 4.96 0.21 

C: Cowpea, O: Okra, M: Maize, Pb: Lead, Cd: Cadmium, As Arsenic, Hg: Mercury 

Source: Field data, 2020 
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Figure 6: Assimilation of Heavy Metals in the Crops of Bepose measured at 14m from the 

River 

Source: Field data, 2020 

Arsenic, lead, cadmium and mercury were tested in three different crops cultivated along the 

Pra River floodplain. From the results, it was observed that the crops had assimilated a certain 

amount of these heavy metals in their edible parts with arsenic having the highest in terms of 

value. These metals were earlier tested for in the soil and were noted to be concentrated in the 

soil. It was found out that, the crops had assimilated the metals from the concentration available 

to them in the soil. These four heavy metals (As, Pb, Cd, and Hg) have also been regarded as 

the most toxic metals by the Agency for Toxic Substances and Disease Registry (ATSDR 2003) 

based on their toxicity, frequency of occurrence, and human exposure potential. 

3.5: Correlational analysis of the relation between leaf length and crop height for maize. 

From table 2, it can be observed that leaf length for maize was found to be positively correlated 

(Spearman correlation= 0.955) with crop height for maize. This relationship however was found 

to be statistically significant (p-value= 0.003). 

Table 2: Correlational analysis of the relation between leaf length and crop height for 

maize. 

Spearman’s rho                                                                Crop Height(maize) 

                                                                                          Rs           N              p-value 

Leaf Length (Maize)                                                    0.955         6                0.003 
**. Correlation is significant at the 0.01 level (2-tailed). 

 

 

4. DISCUSSION 

Morphological traits analysis of plants including plant height, leaf number, and leaf height 

enables monitoring changes in a plant in response to factors such as light availability, soil 
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compaction, and organic matter removal (Abrams & Kubiske, 1990).  In this study, the 

morphological traits of cowpea, maize and okra (plant height, leaf height and leaf number) were 

measured to help understand the environmental conditions of the floodplains of River Pra along 

the Daboase-Beposo stretch. These morphological traits were manually measured at different 

stages during the life cycle of the plant. A two-week interval was used for taking those 

measurements. The results of measurement helped to monitor the growth of the crops over the 

period. At certain stages, it was observed that the general structure of the crops had changed. 

Leaves on the crops changed from green to yellowish which can be attributed to low soil organic 

matter and nitrogen as well as phosphorous. These nutrients facilitate crops development. 

Hence, a low rate or lack of them causes sluggish growth of crops and further affects the level 

of crop yield potential. 

 

The result shows some heavy metals assimilation of the crops. However, a small amount of 

these heavy metals in the edible parts of crops can be detrimental to human health. Singh et al. 

(2010 a) reported toxic effects of Zn and Cd due to consumption of vegetables cultivated in 

heavy metal polluted soil in India.  

Similarly, Bigdeli and Seilsepour (2008) forecast an expected hazard in Iran due to the daily 

intake of Cd, Zn, and Pb from heavy metal contaminated sites. Reduced crop productivity is 

also a consequence of soil heavy metal contamination. Excessive heavy metal accumulation in 

plant tissue impairs either directly or indirectly several biochemical, physiological, and 

morphological functions in plants and turns interferes with crop productivity. Heavy metals 

reduce crop productivity by inducing deleterious effects to various physiological processes in 
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plants including seed germination, accumulation and remobilization of seed reserves during 

germination, plant growth, and photosynthesis. 

Leaf structure and physiology are changed along with the reduction in photosynthesis and 

respiration. As a result of these changes, metabolism is affected and energy production is 

reduced. Therefore, various developmental processes including flowering, embryogenesis and 

seed formation are affected due to changes in the functioning of the root and leaf. The greatest 

risk of food chain contamination is in leafy vegetables like lettuce or spinach. Kumar et al, 

(2019) commented that heavy metals have led to unanticipated toxins in crops which have also 

affected food security in several parts of the world.  This is because heavy metals affect the 

microbial component of soil.  

 

Among various heavy metals, cadmium (Cd) is considered very toxic for plants (Waalkes 

2000), inhibiting photosynthesis (Qian et al. 2009) and reducing root and shoot growth. Soils 

that are acidified enhance the cadmium uptake by plants. Cadmium, a nonessential element for 

plant growth, is taken up by the roots and translocated to the vegetative parts of the plant, which 

degrades the quality as well as the yield of crops (Hassan et al.2005).  A study in China showed 

that sewage on maize crops intensify heavy metals content yet do not affect maize growth and 

the dryness of the crop tissues (Bai, et al., 2016). Also, heavy metals in wastewater irrigation 

on maize crops end up in the crops assimilating more of Cr, Pb, Ni, and Zn (Lu et al., 2015). 

They also confirmed that the intake of heavy metals in maize crop is less than that of the soil 

on which it is planted after the application of fertilizers. 
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Plate 1: Experimental Model 

Source: Field data, 2019 

 

5. CONCLUSIONS  

The growing pace and potential level of the crops cultivated along the Pra River floodplain 

exhibited fewer amount nutrients in the alluvial soil with the morphological trait of the crops 

varying from weeks to weeks. Some of their leaves turned yellowish in the course of their 

growth process exhibiting a major deficiency in macronutrients in the soil especially 

phosphorus which was observed from the result to be in less proportion as required by the crops 

cultivated along the floodplain. The crops also exhibited some level of heavy metal 

assimilation. 
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6.  RECOMMENDATIONS 

1. For the identification of suitable remedial options, relevant information of the sources, 

chemistry, and associated dangers of harmful pollutants in contaminated soils is necessary.  For 

the identification of suitable remedial options, relevant information of the sources, chemistry, 

and associated dangers of harmful pollutants in contaminated soils is necessary. It is 

recommended that, to reduce the acidity level in the alluvial soil, the soil should be limed 

continuously. Crops that do well in acidic soils such as potato, should be cultivated within the 

Pra River floodplain. 

2. Also, to increase soil nutrient for abundant productivity, the Ministry of Food and Agriculture 

(MOFA) should support farmers with organic fertilizers, manure as well as nitrogen-fixing 

seeds to help them improve the richness level of the soil to enhance productivity food security 

and sustainability. 
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