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ABSTRACT: Following massive crude oil exploitation in Bayelsa State, arable land is shrinking and a 

food crisis, looming. To stop this trend, information on soil fertility status and management strategies 

becomes important for policy development. This paper assesses fertility status of the Nun River floodplain 

soils in Bayelsa State using newly developed indices for sustainable agricultural productivity and food 

security. Nun River plain alluvial soils of different landforms were collected from the genetic horizons of 

nine profiles, and analysed for physicochemical characteristics and soil fertility assessed using soil fertility 

index. (SFI) and soil evaluation factor (SEF). ). Silt-sized particles dominated Odi (ODI), Koroama (KRM) 

and Niger Delta University (NDU 1) soils, except in NDU2 and NDU3, pH was moderate to slightly acidic 

(5.64–6.30), available P, low to high (0.6–22 mg/kg), organic C (0.31–5.35%), and total nitrogen (0.01–

0.45%) low to high while calcium dominated the exchange complex. Correlation between Organic matter 

and total N (r = 0.366, p ‹ 0.001) and available P (r = - 0.310, p ‹ 0.01) was highly positively, suggesting 

that organic matter dictates availability of N and P. The SFI values were higher (p ‹0.05) than SEF except 

in NUD2 and NDU3, pH, organic matter and available phosphorus contributing more. Of paramount 

importance is conservation of organic matter as the accumulation of biomass greatly improved physical 

properties and fertility of the soil. 

KEYWORDS: Soil fertility assessment, Soil evaluation factor, Soil fertility index, Nun River floodplain, 

Bayelsa State 

 

 

INTRODUCTION  

 

Tropical forests are one of the most productive of all terrestrial ecosystems and play a functional 

role in maintaining biodiversity, improving the global climate and conserving soil (ITTO, 2020). 

But, in the Niger Delta region of Nigeria, the amount of land available for agricultural production 

continue declining following the discovery and exploitation of crude oil (Dickson and Dadiovei, 

2010). With increasing oil revenues, little or no attention was paid to protecting land for 

agricultural production. Oil companies went about their business with little or no effort. Given the 

degradation of land for agricultural production, exploration and exploitation activities have neither 

taken this into account nor protected the limited well-drained land available for agriculture 

(UNDP, 2006). With the increasing loss of agricultural land to the oil industry, food crises have 
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become inevitable and worsened, recently. Therefore, information on the soils of this region, 

especially in terms of soil fertility, is needed to help policy makers, farmers and governments at 

various levels, understand the need to conserve agricultural resources and possible management 

strategies. And the soils in the Niger Delta region are classified as alluvial or wet soils. 

 

Adeniran and Babatunde (2010) describe wetlands as permanently or seasonally flooded lowlands 

along rivers or valley bottoms with high water tables. Wetlands are among the most important 

ecosystems (Ernest and Onweremadu, 2016). Important wetlands in Nigeria include Hideja and 

Kirikasamu, Lake Chad, Komduge, Yobe, Lake Kanji, Bathuria, Adiami-Nguru floodplains, 

Matgadra-Kabok floodplains, Niger Delta floodplains and coastal lagoons near Lagos and the delta 

o Cross River. Alluvial soils originate from alluvial deposits in the floodplains of large rivers. They 

are characterized by a light texture and an unstable water balance due to high levels of groundwater 

and precipitation. One of the characteristic features of alluvial soils is stratification, the alternation 

of soil layers and layers of new materials (Dengiz, 2010), which leads to changes in the properties 

of alluvial soils from one region to another or from "one place to another" (Dengiz, 2010)., 2006). 

Therefore, highly productive alluvial soils often show large differences in their properties over 

short distances. But, the agricultural productivity of soils depend on the fertility status and whether 

or not the crops grown can withstand the perceived limitations of the soil in that environment 

(Dixon, 2021). This highlights the need to understand soil properties through gathering scientific 

environmental data to ensure good soil health. This paper investigates soil fertility of the Nun 

River floodplain using SFI and SEF to maintain good soil health.  

 

 
Figure 1: Map of Bayelsa State showing the sampling locations (Source Dickson, et al., 2021) 

MATERIALS AND METHODS 

Description of the Study Areas, Soil Sampling, Analyses and Statistical Analyses 
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The study area lies between 05°22'03.9''N and 04°59'08.9''N and 006°30'21.1''E and 

006°06'54.1''E, located in Bayelsa state, Southern Nigeria which have been extensively reported 

by Dickson et al. (2021). The Soil Mapping Unit (SMU) designations were ODI1, ODI 2, ODI3 

for Odi, KRM1, KRM2, KRM3 for Koroama Soils and NDU1, NDU2, NDU3 for the Niger Delta 

University Teaching and Research Farm. Other details including soil sampling procedures and 

analytical methods and statistical analysis were as reported in Dickson et al. (2021).  

 

RESULTS AND DISCUSSIONS 

 

Physico-chemical properties of the Soils 

 

Physical Properties of the Soils 

In ODI and KRM soils, silt-sized particles dominated, followed by sand and then clay, while in 

NDU, silt-sized particles also dominated followed by clay and then sand (Figure 2). Silt was found 

to be high in the surface and subsurface layers of all pedons. Variations in soil texture have been 

attributed to differences in parent material and topography (Abua, 2012). The textural class 

distribution in Odi soils showed no significant differences, meaning that the chemical and physical 

properties of the parent materials were not significantly different (Dickson, et al., 2021). Silt was 

rated high in the surface and subsurface layers of all pedons, sand, low to moderate in the surface 

layers of KRM2 and KRM3, and clay low to moderate in the surface and subsurface layers of 

KRM2 and KRM3 based on Hazelton Murphy (2007) rating. Similarly, silt is classed high in all 

layers of all pedons, clay low to moderate in the upper and lower layers of NDU1 and NDU2 and 

low in NDU3. Sand is classified as low in all pedons. Since the mud concentration in the upper 

and lower soil layers of all pedons is greater than 50%, the soils may have strong surface cohesion 

and have properties that resist the risk of erosion (Dickson et al., 2021). Abua (2012) report 

indicated that soils with silt content above 15% in the topsoil and subsoil are indicative of soils 

with high surface consolidation and such soils may not be prone to erosion risk. Given the silt 

content of these soils, therefore, the studied soils (ODI, Koroama and Niger Delta University) have 

high surface consolidation and may not be prone to erosion risk. 

 

Figure 2: Percent sand, silt and clay in Odi, Koroama and Niger Delta University Soils 

(source: Dickson, 2018) 
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Chemical Properties of the Soils 

On Figures 3 4, and5 are presented the chemical properties of the soils. In the surface layers, pH 

value varied between 5.64 and 6.30 and between 5.99 and 6.30 in the subsurface layers. Available 

P (mg/kg) varied from 6 to 21 in ODI soils, 4 to 22 in KRM soils, and 0.6 to 11 in NDU soils 

(Figure 3). For organic C ODI soils, it was 0.11–5.26%, 0.31–1.84% in KRM soils, and 0.93–

2.81% in NDU soils while total N content was 0.03–0.45%, 0.02–0.11%, and 0.02–0.22%, 

respectively (Figure 4). 

 

The pH of the soils was within moderately acid to neutral classes (Figure 3) according to FPDD 

(2012) categorization. FPDD categorized Bayelsa State soils into the following pH classes: 

between 5.0 – 5.5 strongly acid, 5.6 -6.0, moderately acid, 6.0 – 6.5 slightly acid, 6.6-7.2 neutral 

and 7.3-7.8 slightly alkaline. Following the categorization, the topsoil layers of NDU3 (5.42) and 

the subsurface layers of KRM3 (5.48) were strongly acid while the remaining soils (surface layers 

of ODI1, ODI2, ODI3, KRM1, KRM2, KRM3, NDU1 and NDU2 as well as the subsurface layers 

of ODI1, ODI2, ODI3, KRM1, KRM2, NDU1, NDU2 and NDU3) were slightly acid to neutral. 

Since the preferred range by Brady and Weil (2007) for most crops is 5.5 to 7.0, as this pH range 

is optimal for the overall satisfactory availability of plant nutrients, the pH of the soils is suitable 

for most crops 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 3: pH and available P in Odi, Koroama and Niger Delta University Soils (source: 

Dickson, 2018) 

 

Also, available P concentration decreased with increased profile depth in the ODI and KRM which 

portrayed close relationship between organic matter and available P but in the case of NDU soils, 

it was different (Figure 3). Organic matter was identified as the principal source of soil P for many 

soils (McCauley et al., 2017). Available P level in NDU1, NDU2 and NDU3 was low which is 
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attributed to high exchangeable acidity in comparison to total exchangeable bases. Organic matter 

content was positively related to available P as both of them decreased with increasing depth, 

indicating that P decrease was due to decreasing concentration of organic matter with depth. FPDD 

(2012) rating for available P (Bray-1-P) for Bayelsa soils was ‹3-very low, 3-7 low, 7-20 moderate 

and ›20 high. Based on the FPDD ratings, available P level in the ODI and KRM generally, was 

moderate while NDU was low. Distribution of P showed no regular pattern which corroborated 

Nuga et al. (2006) and which was attributed to P fixing capacity and slow release resulting from 

the relatively high level of iron and aluminium oxides in the soils. Low P availability in tropical 

soils attributed to the nature of the chemical forms of soil P and the high content of oxides of Fe 

and Al which are associated with high P fixation (Dickson et al., 2021). Consequently, P is likely 

to be one of the most limiting nutrients for crop production in the soils 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4: Total organic carbon, nitrogen and C/N ratio in Odi, Koroama and Niger Delta 

University soil (source: Dickson, 2018) 

 

The organic C in the surface 40 cm of the soil forming units was 0.95% in ODI1, 0.46 to 1.58% in 

ODI2, 0.38 to 5.25% in ODI3, 1.76 to 1.84% in KRM1, 0.43 to 1.30% in KRM2, 0.31 to 1.29% 

in KRM3, 1.48 to 1.51% in NDU1, 0.93 to 2.06% in NDU2 and 1.23 to 2.81% in NDU3. Organic 

carbon concentration in the soils decreased irregularly with increase in soil depth which agreed 

with the findings of Dickson et al. (2021), Atofarati et al (2012) and Idoga and Azagaku (2005) in 

Nigeria. High soil organic matter concentration in surface horizons decreasing with increasing soil 

depth could be ascribed to low biomass return to the soil, especially during the short fallow periods 

coupled with bush burning, a cultural practice that destroy organic materials that should return to 

the soil. Like organic C, total N concentration in the profiles decreased with increase in depth 

(Figure 4) revealing that organic matter is the main source of total N as earlier established by 

Adeyanju  (bush burning 2005). The highest total N content (0.45%) value was recorded in the 
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surface layer of ODI3 designated ‘Ah’, which recorded the highest organic C content (5.25%). 

Total N content in all locations were higher in the surface soil layers than the underlying layers, 

which was attributed to surface higher organic C content. The higher total N content in the layer 

underlying the surface layer of ODN2 may be attributed to frequent burning of crop residues 

coupled with long-term cultivation which accelerated the rapid turnover rates of organic materials.  

 

Exchangeable bases (Ca, Mg, K and Na) as presented in figure 5 indicated that Ca++ dominated 

the exchange complex. On the basis of FAO (2006) ratings for Ca++ and Mg++, surface 40 cm and 

subsurface exchangeable Ca++ was very low while exchangeable Mg++ contents were low to 

medium. Low exchangeable bases in soils have been attributed to acidifying properties of organic 

matter, high aluminium concentration and leaching loss of exchangeable bases (Tisdale et al., 

2008). In these soils, low exchangeable Ca and Mg was attributed to lack of ferromagnesian 

minerals, low nutrient retentive capacity, high exchangeable Al and Fe as well as leaching loss of 

the nutrients owing to excessive rainfall. The X-ray diffraction results reported by Dickson (2018) 

on these soils indicated that these soils were low in ferromagnesian minerals. Biotite and 

vermiculite were the only ferromagnesian minerals and their concentrations were low. Biotite was 

found in low concentrations in KRM1 only while vermiculite was detected in all the samples 

though in small concentrations. The near absence or low concentration of the ferromagnesian 

group of minerals which are known to supply Ca and Mg to soils probably was the main reason 

for the low levels of these nutrients.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Exchangeable Ca2+, Mg2+, K+, and Na+ in Odi, Koroama and Niger Delta University 

Figure 5: Ca2+, Mg2+, K+ and Na+ in Odi, Koroama and Niger Delta University Soils 

 

Exchangeable K (Figure 5) unlike exchangeable Ca and Mg varied from low to very high (FAO, 
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Horizon

A
p A

B
1

B
2

B
3

C
1

C
2

C
3

A
p A

B
1

B
2

B
3 C

A
h

A
p
1

A
p
2

B
1

B
2

B
3

C
1

C
2

c
m

o
l 
k
g
-1

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

ODI 1 ODI 2 ODI 3

Horizon

A
p

B
1

B
2

B
3

C
1

C
2

A
p

A
p
2

B
1

B
2

B
3 C

A
1

A
2

A
B

B
1

B
2 C

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

Ca2+ 

Mg2+ 

K+ 

Na+ 

NDU 1 NDU 2 NDU 3

Horizon

A
1

A
2

B
1

B
2

B
C C

A
p

A
p
2

B
1

B
2

B
3

C
1

C
2

A
p

A
p
2

B
1

B
2

B
3 C

-0.5

0.0

0.5

1.0

1.5

2.0 KRM 1 KRM 2 KRM 3



Global Journal of Agricultural Research, 12, (1), 1-15, 2024 

                                                      Print ISSN: 2053-5805(Print),  

                                                                                  Online ISSN: 2053-5813(Online) 

Website: https://www.eajournals.org/ 

             Publication of the European Centre for Research Training and Development -UK 

7 
 

flakes observed during field sampling. Based on FAO (2006), rating for exchangeable K, soils 

with exchangeable K greater than 1.2 is very high, 1.2 - 0.6 high, 0.6 – 0.3 medium, 0.3 - 0.2 low 

and less than 0.2 very low.  

 

The K concentrations in most of the KRM and NDU soils further away from the Niger River were 

low to medium while ODI soils closer to the Niger River were medium to high. This development 

is difficult to explain as mica flakes presence was recorded in all the profile pits. This development 

might be attributed to lack of ferromagnesian minerals in the soils. The low to moderate K in KRM 

and NDU soils night be due to the presence of muscovite as dominant clay mineral over biotite in 

the soils. However, some level of variation in the distribution of basic cations down the profiles 

was observed which is attributed to differences in the source of the alluvial materials that formed 

the horizons rather than movement of nutrients from the top to the lower horizons since these soils 

were young and no marked clay illuviation. 

 

Relationship between some of the soil properties 

The fact that weathering of the silt fraction contributes to the clay fraction is indicated by the 

positive relationship between silt and clay while the sand fraction contributed nothing. This 

relationship also suggests that both soil textural classes were influenced by similar climatic, 

pedogenetic and biotic factors while the reverse sand. Furthermore, since clay is negatively 

charged, clay contributed positively to exchangeable acidity, Al and ECEC, hence the significant 

positive correlation between clay and these properties (r = 0.332, p < 0.01; r = 0.246, p < 0.01; 

r=0.359, p<0.1 respectively). Earlier, Angélica et al. (2012) reported that negatively charged sites 

of clay bonded Al cations which helps to reduce exchangeable Al cations saturation. Clay had 

inverse significant negative relationship available P (r = -0.216, p ‹0.05), indicating that clay 

contributed negatively to P availability. It is possible that aluminum and Fe, which are part of the 

clay structure fix the P in these soils. Correlation between organic matter and total nitrogen had 

highly significant positive relationship (r = 0.366, p ‹ 0.001), indicating that the total soil N was a 

function of the amount of organic matter present. Deekor et al. (2012) recorded similar results for 

Odukpani soils in Cross River State, southern Nigeria. According to Dickson et al. (2021), the 

higher the organic matter, the greater the chance of nitrogen entering the soil as organic matter and 

total nitrogen mainly come from the accumulation of biomass in soil. Organic matter correlation 

with available P was positive and highly significant (r = -0.310, p ‹ 0.01), suggesting that organic 

matter contributed positively to P accumulation and availability (Dickson et al., 2021). 
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Table 1: Pearson’s Correlation matrix of soil properties (source: Dickson, 2018) 
 pH-H20   ECe T-N Org. C Org. M    P   Ca   Mg   K   Na  TEB  Acidity    Al ECEC Al sat    BS Sand   Silt Clay 

pH-H20 1.000                   

ECe  1.000                   

T-N -0.224* 0.325** 1.000                 

Org. C -0.307** 0.366*** 0.924*** 1.000                

Org. M -0.307** 0.366*** 0.924***  1.000               

P   0.326** 0.310** 0.310** 1.000              

Ca       1.000             

Mg       0.223* 1.000            

K         1.000           

Na       0.506*** 0.219* 0.248** 1.000          

TEB       0.579*** 0.650*** 0.644*** 0.523*** 1.000         

 Acidity            1.000        

Al            0.927*** 1.000       

ECEC       0.250** 0.416***  0.322**  0.518*** 0.812*** 0.757*** 1.000      

Al salt       -0.278** -0.264** -0.335** -0.307** 
-

0.482*** 
0.651*** 0.809*** 0.267** 1.000    

 

BS    -0.198* -0.198*  0.399*** 0.316** 0.341** 0.397*** 0.565*** 
-

0.775*** 

-

0.689*** 
-0.343** 

-

0.731*** 
1.000   

 

Sand  -0.179*          -0.178*    0.191* 1.000   

Silt  0.208*               
-

0.942*** 
1.000 

 

Clay      
-

0.216* 
     0.332** 0.246** 0.350*** 0.073 

-

0.263** 

-

0.675*** 
0.396*** 

1.000 

*. Correlation significant at 5% level, **. Correlation significant at 1% level, *** Correlation significant at 0.1% level 
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Fertility status of the soils using SFI and SEF 
On Figures 6 through 8 is a graphical representation of the comparison between SFI and SEF of 

the soil mapping units. When compared with Turkish t-test, the mean SFI values were higher 

significantly (p‹0.05) than SEF values in the pedons except NUD2 and NDU3 (Table 2). The ODI3 

surface layer recorded the highest SFI value (35.56) while the bottom layer of NDU2 recorded the 

lowest value (7.66). Similarly, the highest SEF value (15.50) occurred in the surface layer of ODI3 

while the lowest (5.07) was in the subsurface layer of ODI3. When t-test for the paired samples of 

SFI and SEF were compared for ODI1, ODI2, ODI3, KRM1, KRM2, KRM3, and NDU1. They 

were significant at the 5% probability level while NDU2 and NDU3 were not significant. 

 

Table2: t-test statistic for paired sample for SFI and SEF (source: Dickson, 2018) 

Soil Mapping Unit Mean SFI Mean SEF t-statistic 

ODI1 19.03 6.17 8.43* 

ODI2 19.64 6.16 7.55* 

ODI3 16.60 15.50 5.10* 

KRM1 21.89 7.76 5.57* 

KRM2 21.89 7.76 5.57* 

KRM3 20.71 6.17 7.25* 

NDU1 11.53 7.58 3.67* 

NDU2 9.17 7.01 5.35ns 

NDU3 11.65 7.48 8.10ns 

* t-test significant at 5% level, ns not significant(source: Dickson, 2018) 

 

 

     
Figure 6: Comparison of SFI and SEF with Depth in Odi Soils (source: Dickson, 2018) 
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Figure 7: Comparison of SFI and SEF with Depth in Koroama Soils (source: Dickson, 2018) . 

      
Figure 8: Comparison of SFI and SEF with Depth in Niger Delta University Soils (source: 

Dickson, 2018) 
 
The SFI values in the soil were higher than the SEF values, mainly based on pH, organic matter 

and phosphorus. Apart from ODI1 that recorded higher SFI values in the lower layers, SFI values 

decreased with increasing depth in all map units. The higher SFI values in the lower layers of 

ODI1 was due to the higher P content and relatively high organic matter content. Similarly, SEF 

values decreased with increasing soil depth map units, attributed to higher soil nutrient content. 

The SFI values reported by Akbar et al. (2010) and Aiza et al. (2013) in Malaysia were higher. 

Akbar et al. (2010) attributed the higher SEF values to the high organic matter and nutrient content 

of the "Resam" vegetation covering the surface. Aïza et al. (2013) recorded the highest SEF value 

in soil with high organic matter and low exchangeable Al content. Also recorded was SEF values 

of less than 5 in restored forests and secondary forests which Lu et al. (2002) considered very poor 

in terms of soil fertility. All horizons in this study recorded SEF values greater than 5 (Figures 6-
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8) and using the standard of Lu et al. (2002), the soils were considered fertile. This is 

understandable because all profile pits were situated in fallow areas 

 

CONCLUSION 

 

SFI values in the Nun River floodplain were significantly higher than SEF values for all pedons 

except NUD2 and NDU3 (p ‹ 0.05). SFI and SEF values in all map units decreased with increasing 

soil depth, except in ODI 1 where soil layers recorded higher SFI values. The higher SFI values in 

the lower layers were due to the higher P content and relatively high organic matter content. 

Correlation results between organic matter and total nitrogen content and available P showed that 

organic matter had a positive effect on nitrogen and P accumulation and availability. The 

accumulation of biomass contributes to improving soil fertility and the physical structure of the 

soil. Therefore, soil organic matter must be conserved to maintain sustainable soil health. 
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