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Abstract:

Floods are among the most devastating natural disasters in the world, claiming more lives and causing more property
damages than any other natural phenomena. In recent times, the incidence of flooding across Nigeria has left both the
government and the governed devastated. It is no longer news that flooding and its attendant consequences are
injurious to man while the spatial dimensions are often not mapped. This study, therefore, Analysis of Physical and
Chemical Properties of Soils in flooded and Upland Forest areas of Yola-North. Flood analysis for low, medium and
high flow regimes showed that physical and chemical properties of soils are being affected. Longitudinal and cross
section profiles depict the trend in which sediment loads are transported by flood and presence of boulders along the
Benue channel. Sustainable measures such as review of Federal Environmental Protection Agency (FEPA) 1999 flood
combat measures, dredging of the Benue and relocation of people living near river banks were suggested for the
management of flooding in Adamawa State

Keywords: Flooding, Soil property

1. Introduction

Floods are among the most devastating natural disasters and cost many lives every year (Azuhan, 2015). Flooding
seriously affects people’s lives and property (Zhang et al., 2013). In a time period of 6 years (1989-1994), 80% of federal
declared disasters in the US were related to flooding; flood themselves around the world average four billion dollars
annually in property damage alone (Njoku and Okoro, 2015). The frequency with which they occur is on the increase in
many regions of the world (Drogue et al., 2014). Thus, considering their general makeup, settlements are of major concern
when discussing flood hazard. Going by number and economic losses, flood disasters account for about a third of all
natural disasters (Nwiloet al, 2012). Nigeria is no exception to countries that experienced flooding in recent time. Many
communities have suffered losses due to flood problem. Nigeria like many other coastal countries of the world is blessed
with a plethora of drainage systems of varied river morphometry (Daffi, 2013).

The dramatic river flooding in Adamawa State that destroyed farmlands and claimed lives and property has
affected various parts of the region. Sequel to the topography and sediment type of the study area, possibility of spread
exists. Some of the flood prone areas include Yola North and South, Numan Council areas, Loko, Dasin, Fufore areas and
Demsa. Galtima and Bashir (2002) recorded a very severe destruction in Fufore council to the extent that as many as 13
villages were submerged and hundreds of hectares of farmland washed away.

The need and means to protect the environment are of great concern to man. Flood Management is currently a key
focus of many national and international research programmes with flooding from rivers, estuaries and the sea posing a
serious threat to millions of people around the world during a period of extreme climate variability, [Flood Risk
Management Research Consortium (FRMRC), 2010]. Flood occurrences in Adamawa State floodplain are threats to lives
and properties and the frequency is increasing dramatically.

Floods in Adamawa state usually leave over 2,000 people displaced many of them with no access to clean drinking
water, leading to cholera outbreaks. According to the Nigeria Emergency Management Agency (NEMA), five districts,
namely, Fufore, Demsa, Yola North, Yola South and Numan were flooded in August and early September, 2010 when River
Lagdo burst its banks. Demsa and Fufore districts, along with nearby Maiha, were hit with cholera outbreak which left 70
people dead out of over 300 infected (Daily Trust, 2010).

Flooding generally affect the soil through its physical and chemical properties. Flood has been identified as a
serious environmental problem with a multiplicity of social and economic consequences. Flooding uses disastrous form of
land degradation whose effect is multi-dimensional. According to Ubuoh et al.,, (2016), flood affect the physical properties
of soil through lowering the nutrient level often associated with subsoil and hence provide less protection to the soil
Flooding leads to poorer structure and lower organic matter. Sediment can be deposited on down slope properties and can
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contribute to road impedance damage also leading to loss in revenue finances and impediment to urbanization (Ubuoh et
al.,, 2016).

According to Njoku et al. (2011), when a soil is flooded and not controlled, its oxygen supply decreases to zero in
less than a day. The rate of atmospheric oxygen diffusion is 10,000 times slower through water layers or water filled pores
than through air- or air-filled pores. Aerobic micro-organisms quickly consume the remaining oxygen and become
dormant or die. Anaerobes or facultative anaerobes multiply rapidly and take over the organic matter decomposition
process, using instead of oxygen, oxidized soil components as electron acceptors. These products are reduced in the
following thermodynamic sequence: nitrates, manganic compounds, ferric compounds, intermediate products of organic
matter decomposition, sulphates, and sulphites.

The result is to change the soil from the oxidized to the reduced state. The oxidation - reduction potential (Eh
values corrected to pH 7) is a useful parameter for measuring the intensity of soil reduction and for identifying the
predominant reactions taking place. Njoku et al. (2011), stated that, the chemical status of a flooded soil differs widely
from that of upland land. The former is characterized by a deficiency of oxygen and excess of carbon dioxide. The effect of
flooding is to initiate anaerobic decomposition of organic matter and increase in solubility of phosphates and silica. It also
results in the presence of sulphides and a large amount of reduced iron and magnesium, the absence of nitrate and an
increase in electrical conductivity.

In the humid tropics the rate of decomposition of soil minerals may be increased by 20 to 30 times. The soil in a
submerged paddy field consists of a thin surface oxidizing layer below which is a reducing layer. Much of the organic
nitrogen in the reducing layer is released as ammonia, which the paddy plant can fully utilize with the simultaneously
reduced phosphorus.

Njoku et al. (2011) concluded that flooded soils are low in pH, organic matter, and exchangeable cations. The Fe
oxide in these soils was assumed to have been in suspension of floodwater attached to clay particles, and subsequently
deposited. They are mainly found in concretions and as coatings.

1.1. Objectives of the Study
e To determine the effect of flooding on physical and chemical properties of soils.
e To determine the difference in soil nutrient status of the flood plains in relation to that of the upland areas adjacent
to the flood plains.

1.2. Hypothesis
e Hoi: There are no significant differences between the physical and chemical properties of soil in flooded and
upland forest areas of Yola North and South
e Hopz: The nutrient concentration of soil in the forest area is not significantly correlated with the nutrient
concentration of soils of the floodplains.
e Hos: The properties of soil in the forest areas are not significantly related to the properties of soil in floodplains.

2. Materials and Methods

Adamawa State is located at the North Eastern part of Nigeria. It lies between latitude 7° and 11° N of the equator
and between longitude 11° and 14° E of the Greenwich meridian E in the Upper Benue catchment. It shares boundary with
Taraba State in the South and West, Gombe State in its Northwest and Borno State to the North. Adamawa State has an
international boundary with the Cameroon Republic along its eastern boarder. The State covers a land area of about
38,741 km?. It is divided into 21 local Government Areas (Figure 1) is the map of Nigeria showing the study area in red
(Adebayo, 1999). It has a population of 3,168,101 (National Bureau for Statistics, 2007).
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Figure 1: Map of Nigeria Showing Adamawa State in Red
Analogue Map, Scanned and Modified By Authors)
Source: Adebayo (1999)
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Figure 2: Map of Adamawa State Showing the Study Sites.
Source: Adebayo (1999)
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2.1. Adamawa Flood Plains
Adamawa flood plains span two Nigeria agroecological zones. Dry sub-humid Chibok-Biu-Mubi-Song high plain
and Dry sub-humid Azare-Gombe-Yola plain (Nwilo et al., 2012).

2.2. Soils of the Zone

The soils of the zone are varied and are greatly influenced by parent materials and topography. In general, the
soils of the area are largely suitable for crop production but the major soil management problems that were encountered
are coarse texture, low nutrient status and low retention of moisture on the sandy upland soils; and poor drainage, fine
texture or vatic properties and flooding hazards in the case of the very fertile soils of the extensive flood plains and clay
fats (Nwilo et al., 2012)

2.3. Site Selection

A reconnaissance survey of the flood plains was carried out since a lot of the lands have been converted to either
agricultural farmlands or settlement areas, two sites were therefore be purposively sampled in study area for data
collection Runde-Baru and Jambutu, in Yola North LGA having both the flooded and upland areas.

2.4. Data Collection

2.4.1. Collection of Soil Samples

Sample soils were randomly collected from five selected points in each of the flooded area (location A) and 200m
adjacent from the site i.e., at the upland area (location B). At each point one sample was taken at three depths. 0-30cm, 30-
60cm and 60-90cm using hand Auger. All of the samples were labeled appropriately in cellophane bags for onward
determination of soil physical and chemical properties in the laboratory.

Similarly, soil samples were also collected from upland areas of each location adjacent to the study sites for
purposes of comparison.

2.4.2. Determination of Physical and Chemical Properties in Soil Samples
The determination of physical and chemical properties in soil samples was carried out in the soil science

laboratory of ModibboAdama University of Technology Yola. The samples were first air-dried and later ground using
pestle and mortar. They were then sieved to pass through a < 2Zmm sieve.

2.4.3. Laboratory Analysis

The soil samples collected were air dried and crushed using a mortar and pestle to pass through a 2Zmm sieve. The
samples were well packaged in polythene bags and labeled accordingly. The samples were characterized for their physical
and chemical properties following standard laboratory procedures.

2.5. Soil Physical Analysis

2.5.1. Mechanical Analysis

Mechanical analyses of soils were determined using a Soil Hydrometer after dispersing the soil water solution
with Calgon (Sodium metahexaphosphate solution). The sand, silt and clay fractions were computed from hydrometer and
thermometer readings.

2.5.2. Soil Bulk Density

Soil bulk density was determined from soil cores taken from the field. The oven dry weight of the sample was
determined in laboratory and the bulk density was determined by dividing the weight of soil by volume of core sampler.

2.5.3. Porosity
Total porosity was calculated using the formular:

F =1-Db/Dp x 100
Where F = Total porosity
Db = Bulk density
Dp = particle density

2.5.4. Soil Chemical Analysis
)] Soil pH

Soil pH was determined in 1: 2 (Soil: Water) suspension using pH meter, value was adjusted at 20°C.
(i) Electrical Conductivity EC

The soil Electrical conductivity was determined in 1: 2 (soil: Water) suspension using electrical conductivity
meter.
(iii) Organic Carbon Determination (0C %)

Soil organic carbon was determined using the Wet Oxidation method of Walkley and Black, using Potassium
Dichromate and concentrated Sulphuric Acid. A blank experiment always runs without soil in order to know the un-used
potassium dichromate in soil sample experiments.
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(iv) Available Phosphorus (Av P)

Available phosphorus in soil was determined by extracting the soil with dilute HO (Bray-1) where pH of soil was
neutral or acidic. Sodium - bicarbonate (Olson’s method) extraction was used where soil pH was alkaline. The extract was
used for determination of available P calorimetrically developing blue color.

(V) Total Nitrogen (TN) in Soils

Total nitrogen content of the soil was determined by the Kjeldahls wet digestion method.
(vi) Exchangeable Cations in Soils

Exchangeable cations Calcium (Ca), Magnesium (Mg), Potassium (K) and Sodium (Na) were determined from the
extract of soil treated with neutral normal ammonium acetate (pH 7.0). Calcium and Magnesium were determined by
titration, whereas K and Na were determined using a flame photometer.

(vii) Total Exchangeable Acidity (TEA)

Exchangeable acidity (H + Al) of soil samples were determined by extraction from the soil samples with 1N, KCI
and the extract was titrated with 1N Sodium hydroxide. The exchangeable acidity was calculated from titre value.
(viii)  Total Exchangeable Bases (TEB)

Total Exchangeable bases of soil was determined by summing up the values of all the exchangeable cations (Ca,
Mg, K and Na).

(ix) Effective Cation Exchange Capacity (ECEC)

Effective Cation Exchange Capacity of soil was determined by summing up the values of all the exchangeable
cations (Ca, Mg, K, Na, Al and H)

(x) Base Saturation BS (%)

The percentage base saturation was calculated by dividing the value of Effective Cation Exchange Capacity by the
total value of exchangeable bases (Ca, Mg, K and Na plus exchangeable acidity) and multiplied by 100.

(xi) Sodium Absorption Ratio (SAR)
SAR was calculated using the formular:

Na
SAR = L8

Where: Na= Sodium, Ca = Calcium and Mg = Magnissium,

2.6. Sampling Design

The concentrations of physical and chemical properties in the soils of the flood plains were subjected to a Two-
Way Analysis of Variance (MANOVA) in Randomized Complete Block Design (RCBD); with model: Yj; = p + b; + fj+sk + (fx
s)ik + eijk

Where:

1 = the overall mean

pi= effect of the it block

5= effect of the jth physical and chemical properties

sk = effect of the kth soil

fx s = interaction effect of the jth and kt term

ejj = random error

The floodplains constitute the blocks while the physical and chemical properties of soil parameters are the
treatments respectively. Mean separation were done using Duncan Multiple Range Test.

3. Results and Discussion

3.1. Physical Contents of Flooded and Upland Soils in Yola North
The results of the physical contents of flooded and upland soilsin Yola-North are presented in Table 1.

3.2. Sand Contents of the Flooded and Upland Soils in Yola North LGA

In the flooded area of Yola-North LGA, the highest and the least sand contents of 47.00% and 30.67% were
recorded at the depths of 30 - 60 cm and 0 - 30 cm respectively. Location wise Jambutu (L1) and Runde-Baru (L2) and had
the least and the highest sand contents of 37.00% and 39.00% respectively (Table 1). Also, in the upland area of the same
LGA, the highest and the least sand contents of 67.00% and 50.50% were recorded at depths 0 - 30 cm and 30 - 60 cm
respectively and location wise, Jambutu (L1) had the highest sand contents of 70.00%, while the least sand contents of
58.67% was recorded at Runde-Baru (L2). The Analysis of variance of sand contents of flooded and upland areas showed
significant difference at p<0.05.

3.3. Silt Contents of the Flooded and Upland Soils in Yola North LGA

The results of silt contents for the flooded and upland areas in the Yola-North are presented in the Table 1. In the
flooded area of Yola-North LGA, the highest and the least silt contents of 19.50% and 15.00% were recorded at the depths
of 0 - 30 cm and 60 - 90 cm respectively. Location wise, Jambutu (L1) and Runde-Baru (L2) had the highest and the least
silt contents of 16.67% and 15.00% respectively. Also, in the upland area of the same LGA, the highest and the least silt
contents of 13.00% and 7.00% were recorded at depths 60 - 90 and 0 - 30 cm respectively and location wise, Runde-Baru
(L2) had the highest Silt contents of 12.00%, while the least silt contents of 11.33% was recorded at Jambutu (L1). The
analysis of variance of the silt contents of the flooded and upland area showed a significant difference at p<0.05.
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3.4. Clay Contents of the Flooded and Upland Soils in Yola North LGA

In the flooded area of Yola-North LGA, the highest and the least clay contents of 38.50% and 35.67% were
recorded at the depths of 60 - 90 cm and 0 - 30 cm respectively. Across the location, Jambutu (L1) and Runde-Baru (L2)
had the highest and the least clay contents of 46.00% and 35.67% respectively (Table 1). Also, in the upland area of the
same LGA, the highest and the least clay contents of 32.50% and 26.00% were recorded at depths 30 - 60 cm and 0 - 30
cm respectively and location wise, Runde-Baru (L2) had the highest clay contents of 29.33%, while the least clay contents
of 19.00% was recorded at Jambutu (L1). Analysis of variance of clay contents of flooded and upland areas showed
significant difference at p<0.05.

3.5. Texture Classes of the Flooded and Upland Soils in Yola North LGA
The results of the texture classes for the flooded and upland area in the Yola-North LGA showed that in all
locations and across depths, the sand texture classes were dominated by sandy clay, clay and loam respectively.

3.6. Bulk Density Contents of the Flooded and Upland Soils in Yola North LGA

In the flooded area of Yola-North LGA, the highest and the least bulk density contents of 1.34 gcm™ and 0.88 gcm3
were recorded at the depths of 30 - 60 cm and 0 - 30 cm respectively. Location wise, Runde-Baru (L2) and Jambutu (L1)
had the highest and the least bulk density contents of 1.29 gcm3 and 1.28 gcm respectively (Table 1). Also, in the upland
area of the same LGA, the highest and the least bulk density contents of 1.49 gcm-3 and 1.35 gcm3 were recorded at depths
0 - 30 cm and 30 - 60 cm respectively, while, Jambutu (L1) had the highest bulk density contents of 1.53 gcm-3 and the
least bulk density content of 1.39 gcm-3 was recorded at Runde-Baru (L2). Analysis of variance of bulk density contents of
flooded and upland areas showed no significant difference at p>0.05.

3.7. Porosity of the Flooded and Upland Soils in Yola North LGA

In the flooded area of Yola-North LGA, the highest and the least porosity of 53.22%and 49.59% were recorded at
the depths of 60 - 90 cm and 0 - 30 cm respectively. Location wise, Jambutu (L1) and Runde-Baru (L2) had the highest and
the least porosity of 51.67% and 49.36% respectively (Table 1).

Sample Sand (%) Silt (%) Clay (%) Textural Bulk Porosity
Classes Density (%)
(gem3)
Flood Area
Depths
0-30 30.67c 19.50a 35.67b Clay 0.88b 53.22a
30 - 60 42.00c 16.00b 38.50a Sandy clay 1.33a 50.34b
60 -90 47.00b 15.00a 38.00a Clay 1.34a 49.59b
S.E+ 6.112 1.453 3.885 0.153 5.379
CV% 24.779 19.868 20.155 22.297 21.184
Location
L1 37.00b 16.67a 46.00a Sandy, Loam 1.28a 51.67a
L2 39.00b 15.00a 35.67a Clay 1.29a 49.36a
S.E+ 10.833 2.333 8.333 0.057 2.152
CV% 32.029 23.022 31.288 5.995 6.145
Upland Area
Depths
0-30 67.00a 07.00b 26.00c Sandy, clay 1.49a 33.45c¢
30-60 50.50a 13.00a 32.50ab Sandy clay 1.35a 39.13a
60 - 90 54.50b 09.00a 31.00b Sandy clay 1.41a 36.90b
S.E+ 7.217 3.609 3.609 0.048 1.988
CV% 22.936 47.481 19.335 5.859 7.341
Location
L1 70.00a 11.33b 19.00b Clay 1.53a 37.12a
L2 58.67a 12.00b 29.33b Loamy Sand 1.39a 38.36a
S.E+ 15.500 1.833 13.333 0.122 4.773
CV% 40.221 19.692 58.318 12.217 14.395
P-value 0.041 0.032 0.025 0.611 0.015

Table 1: Physical Properties of the Flooded and Upland Area in Yola-North LGA
L1 &L2 at Yola-North Are Jambutuand Runde-BaruRespectively,
Source: Field Survey (2020)

Also, in the upland area of the same LGA, the highest and the least porosity of 39.13% and 33.45% were recorded
at depths 30 - 60 cm and 0 - 30 cm respectively, and location wise, Runde-Baru (L2) had the highest porosity of 38.36%,
while the least porosity content of 37.12%was recorded at Jambutu (L1). Analysis of variance of Porosity of flooded and
upland areas showed significant difference at p<0.05.
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3.8. Chemical Properties of Flooded and Upland Soils in Yola-North LGA
The results of the chemical contents of flooded and upland soilsin Yola North LGA are presented Tables 2

3.8.1. P of Sampled Soils from Flooded and Upland Areas of Yola North LGA
The results of pH level on Table 2, show that in flooded area of Yola-North LGA, the pH values ranged between

6.76 - 7.09, with the highest and the least values recorded at 30 - 60 cm and 0 - 30 cm respectively. Samples from Runde-
Baru (L2) had the highest pH value of 6.75 while the least pH value of 6.57 was recorded in the samples from Jambutu
(L1). The pH values of the upland areas in the same LGA, showed that the highest and the least pH values of 6.66 and 6.63
were recorded at 0 - 30 cm and 30 - 60 cm respectively, while the highest and least pH values of 6.65 and 6.64 were
recorded in samples from Runde-Baru (L2) and Jambutu (L2) respectively. Analysis of variance of pH contents of flooded
and upland area showed no significant difference at p>0.05

3.8.2. Ec Properties of Sampled Soils from Flooded and Upland Area in Yola North Lga
The results of EC of the sampled soils from flooded and upland area in Yola-North LGA are presented in Table 2. In

the flooded area, the highest and the least EC values of 1.02 ds/m and 1.11 ds/m were recorded at 0 - 30 cm and 30 - 60
cm respectively. The highest EC value of 1.09 ds/m was recorded at Jambutu (L1) and the least EC value of 1.07 ds/m was
recorded at Runde-Baru (L2).

In the upland area of the same LGA, the EC values ranged between 1.00 - 1.040 ds/m, and the highest and the least
values were recorded at 0 - 30 cm and 30 - 60 cm respectively. With regards to location, the EC value of 1.02 ds/m was
recorded at Jambutu (L1), while at Runde-Baru (L2) EC value of 1.01 dS/m was recorded. Analysis of variance of EC
contents of flooded and upland area showed no significant difference at p>0.05.

3.8.3. OC Properties of Sampled Soils from Flooded and Upland Area in Yola North LGA
The results of Organic Carbon (OC) for sampled soils from flooded area in Yola-North LGA are presented in Table

3. In the flooded areas, the highest and the least OC values of 6.70 g/kg and 6.10 g/kg were recorded at 0 - 30 cm and 30 -
60 cm respectively. The highest and the least OC values of 6.52 g/kg and 6.20 g/kg were recorded at Runde-Baru (L2) and
Jambutu (L1) respectively. In the upland area of the same LGA, the highest and the least OC values of 7.85 g/kg and 7.20
g/kg were recorded at 30 - 60 cm and 0 - 30 cm respectively, while across the locations, the highest OC value of 7.63 g/kg
was recorded at Runde-Baru (L2) and the least OC value of 7.4 g/kg was recorded at Jambutu (L1). Analysis of variance of
0OC contents of flooded and upland area showed significant difference at p<0.05.

3.8.4. TN Properties of Sampled Soils from Flooded and Upland Area in Yola North LGA
In flooded area, the highest and the least TN values of 1.80 g/kg and 1.40 g/kg were recorded at 30 - 60 cm and 0

- 30 cm respectively, while the highest and the least TN values of 1.53 g/kg and 1.50 g/kg were recorded at Runde-Baru
(L2) and Jambutu (L1) respectively. In the upland area of the same LGA, the highest and the least TN values of 1.75 g/kg
and 1.40 g/kg were recorded at 30 - 60 cm and 60 - 90 cm respectively, while the highest TN value of 1.57 g/kg was
recorded at Runde-Baru (L2) and the least TN value of 1.53 g/kg was recorded at Jambutu (L1). Analysis of variance of TN
contents of flooded and upland area showed no significant difference at p>0.05.

3.8.5. Av-P in Sampled Soils from Flooded and Upland Area in Yola North LGA
Results of the available phosphorus (Av-P) in the sampled soils of flooded and upland area in Yola-North LGA are

presented in Table 3. In the flooded area, the highest and the least Av-P values of 8.22 mgkg! and 7.01 mgkg! were
recorded at 60 - 90 cm and 0 - 30 cm respectively. With regard to the location, the highest Av-P value of 8.23 mgkg'! was
recorded at Jambutu (L1), while the least Av-P value of 7.68 mgkg! was recorded at Runde-Baru (L2) respectively. In the
upland area of the same LGA, the highest and the least values of 9.90 mgkg! and 9.43 mgkg ! were recorded at 0 - 90 cm
and 30 - 60 cm respectively, while the highest Av-P value of 9.34 mgkg! was recorded at Jambutu (L1) and the least Av-P
value of 9.30 mgkg-! was recorded at Runde-Baru (L2) respectively. Analysis of variance of Available Phosphorus contents
of flooded and upland area showed significant difference at p<0.05.

3.8.6. Ca?* In Sampled Soils from Flooded and Upland Area in Yola North LGA
The results of CaZ* found in the sampled soil in flooded and upland area in Yola-North LGA, are presented in Table

3. In the flooded area, the highest and the least Ca2*values of 8.11 Cmolkg* and 4.33 Cmolkg! were recorded at 60 - 90 cm
and 0 - 30 cm respectively. In respect to location, Runde-Baru (L2) and Jambutu (L1) recorded the highest and least value
of Ca2+ of 7.46 Cmolkg! and 7.27 Cmolkg? respectively. In the upland area of the same LGA, the highest and the least
values of Ca%* were 12.07 Cmolkg?! and 11.67 Cmolkg! recorded at 60 - 90 cm and 0 - 30 cm respectively. While in
Jambutu (L1) recorded highest Ca2+ value of 12.00 Cmolkg! and Runde-Baru (L2) recorded the least Ca2* value of 11.65
Cmolkg!. Analysis of variance of CaZ* contents of flooded and upland area showed significant difference at p<0.05.

3.8.7. Mg2+In Sampled Soils from Flooded and Upland Area in Yola North LGA
The Mg2+level found in the soil sampled from flooded and upland area in Yola-North LGA are presented in Table 3.

In the upland area, the highest and the least Mg2+ values of 3.95 Cmolkg! and 2.25 Cmolkg! were recorded at 0 - 30 cm
and 30 - 60 cm respectively. Location wise, the highest Mg2+ value of 3.10 Cmolkg! was recorded at Jambutu (L1), while
the least Mg2+ value of 3.04 Cmolkg! was recorded at Runde-Baru (L2) respectively. In the upland area of the same LGA,
the Mg?* values across depths were generally less than that of flooded area, with the highest value of 2.06 recorded at 60 -
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90 cm, while the least Mg2+value of 1.97 was recorded at 0 - 30 cm respectively. Analysis of variance of Mg?+ contents of
flooded and upland area showed no significant difference at p>0.05.

3.8.8. Na*In Sampled Soils from Flooded and Upland Area inYola North LGA
Results of values of sodium (Na*) level in the sampled soils from flooded and upland area in Yola-North LGA are

presented in Table 3. In the flooded area, the highest and the least Na* values of 0.13 Cmolkg?! and 0.08 Cmolkg! were
recorded at 30 - 60 cm and 0 - 30 cm respectively. Location wise, the Na* value of 0.14 Cmolkg! was recorded at Jambutu
(L1), while the least Na* value of 0.11 Cmolkg! was recorded at Runde-Baru (L2). Likewise, in the upland area of the same
LGA, the values of Na* level in the sampled soils were generally higher than that of flooded area, with highest value of 0.57
Cmolkg! recorded at 0 - 39 cm depths, while least value of 0.13 Cmolkg! was recorded at 60 - 90 cm. In respect to
location, Runde-Baru (L2) had the highest Na* value of 0.39 Cmolkg!, while Jambutu (L1) had least value of 0.36 Cmolkg!
respectively. Analysis of variances of the Na+ contents of flooded and upland area showed no significant difference at
P>0.05

3.8.9. K* in Sampled Soils from Flooded and Upland Area in Yola North LGA
Results of values of K+ found in the sampled soils from flooded and upland area in Yola-North LGA are presented

in Table 3. In the flooded area of Yola-North LGA, the highest and the least K* values of 0.12 Cmolkg! and 0.08 Cmolkg'!
were recorded at 0 - 30 cm and 60 - 90 cm respectively. Location wise, Runde-Baru (L2) had the highest K* value of 0.11
Cmolkg?!, while Jambutu (L1) had least K* value of 0.09 Cmolkg. In the upland area of the same LGA, the values of K*
recorded across depths and location wise were generally higher than that of flooded area, with highest value of 0.67
cmolkg-1 recorded at 0 - 30cm, while least value 0.29cmlkg-1 was recorded at 30 - 60 cm respectively. Location wise,
Runde-Baru (L2) had the highest K* value of 0.51 Cmolkg, while Jambutu (L1) had least K* value of 0.48 Cmolkg-™.
Analysis of variance of K+ contents of flooded and upland area showed significant difference at p>0.05.

3.8.10. TEB in Sampled Soils from Flooded and Upland Area in Yola North LGA
The results of total exchangeable base (TEB) found in the sampled soils from flooded and upland areas of Yola-

North LGA are presented in Table 3. In the flooded area, the highest and the least TEB values of 6.60 Cmolkg! and 5.10
Cmolkg1 were recorded at 60 — 90 cm and 0 - 30 cm respectively. With regard to location, the highest TEB value of 6.44
Cmolkg! was recorded at Runde-Baru (L2), while the least TEB value of 5.13 Cmolkg?! was recorded at Jambutu (L1). In
the upland area of the same LGA, the TEB values recorded were generally higher across depths than that of flooded area,
ranged between 8.01 - 8.08Cmolkg!. Likewise, across location, the highest and least TEB value of 8.01 Cmolkg! and 7.93
Cmolkg!were recorded at Runde-Baru (L2) and Jambutu (L1) respectively. Analysis of variance of TEB contents of flooded
and upland area showed significant difference at p<0.05

3.8.11. TEA in Sampled Soils from Flooded and Upland Area in Yola North LGA
Results of total exchangeable acidity (TEA) found in the sampled soils from flooded and upland areas in Yola-

North LGA are presented in Table 3. In the flooded area, the highest and the least TEA values of 2.18 Cmolkg?! and 1.67
Cmolkg!were recorded at 30 - 60 cm and 60 - 90 cm respectively, while across the location wise, the highest TEA value of
2.23 Cmolkg! was recorded at Jambutu (L1) and the least TEA value of 1.28 Cmolkg! was recorded at Runde-Baru (L2). In
the upland area of the same LGA, the highest and the least TEA values of 2.07 Cmolkg! and 1.62 Cmolkg!were recorded at
60 - 90 cm and 0 - 30 cm respectively. The highest TEA value of 2.00 Cmolkg! was recorded at Runde-Baru (L2), while the
least TEA value of 1.80 Cmolkg! was recorded at Jambutu (L1). Analysis of variance of TEA contents of flooded and upland
area showed no significant difference at p>0.05.

3.8.12. ECEC in Sampled Soils from Flooded and Upland Area in Yola North LGA
The Results of ECEC found in the sampled soils from flooded and upland areas in Yola-North LGA are presented in

Table 3. In the flooded area of Yola-North LGA, the highest and the least ECEC values of 14.07 Cmolkg! and 9.91 Cmolkg-1
were recorded at 60 - 90 cm and 0 - 30 cm respectively. Location wise, the highest ECEC value of 13.08 Cmolkg! was
recorded at Runde-Baru (L2), while the least ECEC value of 10.46 Cmolkg! was recorded at Jambutu (L1). In the upland
area of the same LGA, the highest and the least ECEC values of 18.78 Cmolkg! and 14.74 Cmolkg! were recorded at 0 - 30
cm and 60 - 90 cm respectively. Likewise, across location, the highest ECEC value of 18.34 Cmolkg! was recorded at
Runde-Baru (L2), while the least ECEC value of 17.94 Cmolkg!was recorded at Jambutu (L1). Analysis of variance of ECEC
contents of flooded and upland area showed no significant difference at p>0.05.

3.8.13. PBS in Sampled Soils from Flooded and Upland Area in Yola North LGA
Results of PBS found in the sampled soils from flooded and upland areas in Yola-North LGA are presented in Table

3. In the flooded area, the highest and the least PBS values of 75.06% and 70.03% were recorded at 60 - 90 cm and 0 - 30
cm respectively. Location wise, the highest PBS value of 73.29 % was recorded at Runde-Baru (L2), while the least PBS
value of 72.70% was recorded at Jambutu (L1). In the upland area of the same LGA, the highest and the least PBS values of
79.55% and 75.89% were recorded at 0 - 30 cm and 60 - 90 cm respectively. Likewise, the highest PBS value of 79.33%
was recorded at Runde-Baru (L2), while the least PBS value of 74.94% was recorded at Jambutu (L1). Analysis of variance
of PBS contents of flooded and upland area showed significant difference at p<0.05.
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Table 2: Chemical Properties of the Flooded and Upland Area in Yola-North LGA
L1 &L2 at Yola-North Are Jambutuand Runde-BaruRespectively
Source: Field Survey (2020)

3.9. Correlational Analysis of Physical and Chemical Properties of Flooded and Upland Soils in Yola-North Local Government
Area

3.9.1. Correlational Analysis of Physical Properties of Flooded and Upland Soil in Yola-North LGA
The results on relational analysis of physical properties of flooded and upland area in Yola-North LGA are

presented in the Tables 3 and 4 respectively. The results in Table 3 shows that Clay property inversely related with Sand (r
=-0.79) but, related strongly with Silt (r = 0.75). Also, the bulk density related strongly with Sand (r = 0.88) and related
strongly but negatively with silt (r = -0.61) and Clay (r = -0.92) respectively. Porosity related strongly but inversely with
Sand (r = -0.88) and Bulk Density (r = -0.94), but related strongly with Silt (r = 0.59) and Clay (r = 0.97).
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The results in Table 4 reveal the correlational analysis among the physical properties of upland soil samples from
Yola-North LGA. The results established a significant but inversely relation between silt and sand (r = -0.91). Likewise, Clay
properties inversely related with Sand (r = -0.93). The relationship among bulk density and other properties showed that
bulk density related strongly with sand (r = 0.95), but related negatively with Silt (r = -0.79) and with Clay (r = -0.94). The
Soil porosity for the upland soil sample in Yola-North, related inversely with Sand (r = -0.91) and Bulk Density (r = -0.92).
However, the porosity properties showed similar increased trend with Silt (r = 0.78) and Clay (r = 0.51) respectively.

Properties Sand Silt Clay Bd Porosity
Sand 1
Silt -0.28 1
Clay -0.79" 0.75" 1
Bd 0.88" -0.61" -0.92" 1
Porosity -0.88" 0.59" 097" -0.94" 1

Table 3: Correlational Analysis of Physical Properties of Flooded Area in Yola-North
* Correlation is significant at the 0.05 level (2-tailed).
Source: Field Survey, 2020

Sand Silt Clay Bd Porosity
Sand 1
Silt -0.91" 1
Clay -0.93" 0.02 1
Bd 0.95 -0.79" -0.94" 1
Porosity -0.91" 0.78" 0.51" -0.92" 1

Table 4: Correlational Analysis of Physical Properties of Upland Area in Yola-North
* Correlation Is Significant at the 0.05 Level (2-Tailed).
Source: Field Survey, 2020

3.9.2. Correlational Analysis of Chemical Properties of Flooded and Upland Soil in Yola-North LGA
The results of correlation analysis among the chemical properties of flooded and upland soil samples from Yola-

North LGAs are presented in the Tables 5 and 6 respectively. The results in Table 5 established that EC related strongly
with pH (r = 0.86), while TN (total Nitrogen) had negative relation with pH (r = -0.65). The Av-P related strongly with pH
(r = 0.50). The Mg?* related strongly with pH (r = 0.69), 0.C (r = 0.63) and Ca?* (r = 0.77). More so, Na* showed strong but
inverse relationship with Ca?* (r = -0.55). K* related strongly with O.C (r = 0.58) and Ca* (r = 0.57) but weakly related with
Na* (r = 0.46). TEB related strongly with pH (r = 0.57), EC (r = 0.70) and Mg?* (r = 0.95) but inversely related with Ca%* (r =
-0.55). TEA inversely related with O.C (r = -0.74) but strongly related with CA2* (r = 0.83). The ECEC related strongly with
pH (r = 0.60), EC (r = 0.73), Mg?* (r = 0.86) and TEB (r = 0.89). The PBS related strongly with 0.C (r = 0.60), Mg?* (r = 0.53)
and TEB (r = 0.59), whereas, the relationship that exist between PBS and TEA was inversely significant (r =-0.91).

The results of correlation analysis among chemical properties of samples soils from upland area in Yola-North
LGA are presented in Table 6. The results established weak and inversely relationship between 0.C and EC (r = -0.44). The
TN related strongly but negatively with pH (r = -0. 51) and related positively but weakly with EC. Av-P related weakly with
pH (r = 0.40). It also related weakly but inversely with TN (r = -0.49). The relationship between Mg2* and other soil
chemical properties showed that Mg2+ related strongly with pH (r = 0.62) but related inversely with Ca%* (r = -0.67). The
TEB related strongly with pH (r = 0.61), Ca2* (r = 0.87) and Mg?* (r = 0.86). The TEA related weakly with pH (r = 0.40) and
strongly related with Av-P (r = 0.56). The ECEC related strongly with pH (r = 0.72), Ca2+ (r = 0.71), Mg?* (r = 0.84) and TEB
(r=0.91). PBS related strongly with Ca%* (r = 0.65), TEB (r = 0.57) and inversely with TEA (r = -0.80).
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Table 5: Correlation Analysis of Chemical Properties of Flooded Area in Yola-North
* Correlation Is Significant at the 0.05 Level (2-Tailed)
Source: Field Survey, 2020
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Table 6: Correlation Analysis of Chemical Properties of Upland Area in Yola-North
* Correlation Is Significant at the 0.05 Level (2-Tailed)
Source: Field Survey, 2020

4. Discussion

4.1. Physical Properties of Flooded and Upland Soils in Yola-North LGAs

The results of sand contents showed that in Yola-North Local Government Area, the upland area recorded more
sand contents, which significantly differed with sand contents in the flooded area (p<0.05). This may be attributed to the
high volume of flood water that eroded away some sand properties of the soil in both locations. This showed that there
was high percolation rates and low capillary action at upland area as a result of minimal impact of running water at
upland. This result agrees with the findings made by Ubuoh et al. (2016) that at flooded area there is always low
percolation rate and high capillary action as a result of low sand property. Also, the current results are in accordance with
that made by Kalshetty et al. (2012) that flooded area recorded significantly lower sand contents (P<0.05) compared to
upland area.

Also, the overall results of silt contents in the flooded and upland area in Yola-North Local Government Area
showed that the flooded area recorded more silt contents which is significantly higher than upland area at P < 0.05. This
result agrees with that of Njoku and Okoro (2015) that silt contents was significantly higher in flooded area than upland
areas.

The overall observation of the results showed that in Yola-North LGAs, the flooded area recorded more clay
contents than upland area which is significant at P<0.05. This could be as a result of the effect of flooded water that had
washed away the sand property leaving behind more clay in the flood soils. This agrees with the conclusion drawn by
Madueke et al. (2012) that in comparison, the flooded plain significantly had more clay than upland area. The results agree
with respective findings made from studies by Daffi (2013) and Ekwue and Bartholomew (2010), which showed more clay
at flooded area than upland area.

The results of the texture classes for the flooded and upland area in the Yola-North Local Government Area
showed that in all locations and across depths, the sand texture classes were dominated by sandy clay, clay and loam
respectively. The result is in line with the observation by Njoku and Okoro (2015),who stated that texture was a
permanent component of the soil and did not change as much withtime.

The overall results of the bulk density contents of the flooded and upland area in the Yola North local government
area showed that the bulk density contents generally lower across the depths in flooded area than upland area. However,
the analysis of variance showed no significant difference at p>0.05. This agreed with the conclusion made by Dezzeo et al.
(2010) that soil properties such as bulk density had a large influence on denitrification activities of flooded soils.

The Porosity in both the flooded area is higher significantly at P<0.05 than in the upland for respective Yola-North
LGAs s. This showed that the rate of infiltration and the water-holding capacity is higher at flood plains and lowest
atupland area. This agreed with the findings made by Ubuoh et al. (2016) that soil physical properties such as porosity
were poor during flooding and increase denitrification activities of the soil.

4.2. Chemical Properties of Flooded and Upland Soils in Yola-North LGA

The overall results of pH values in the flooded and upland soils from both Yola-North LGA, showed that pH values
at flooded area were in the range (6.68 - 6.84) which was slightly higher than range of values recorded at upland area,
though, not significantly different at p>0.05. This conforms with the results obtained by Oviasogie and Omoruyi (2010)
and Osman (2013). However, the pH values recorded at flooded area in this study were generally lower than that of
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Gebrelibanos and Assen (2013) and Daffi (2013), who recorded pH values that ranged between (6.9 - 75) for flood
affected farmlands. The higher value of pH observed at flooding area in this study may not be unconnected with the effects
of flooding waters which makes the pH value to approach neutrality. This agreed with the submission made by Daffi
(2013) that after a soil is flooded regardless of its original pH before flooding, the pH would approach neutrality (6.5 to
7.5). The high pH value could also influence micronutrients, which thrived at expenses of soil wetness. This concurred with
the conclusion drawn by Yakubu and Oganuya (2009) that soluble manganese (Mn) concentrations may "explode" in
flooded soils, interfering with iron (Fe) nutrition and causing iron chlorosis, especially in flax. More so, Wall (2012)
reported that the flooding of alkaline (high pH or high lime) soils causes a buildup of bicarbonate, which interferes with
iron uptake and causes iron deficiency and chlorosis.

The results of the electrical conductivity (EC) in Yola-North LGA showed that the electrical conductivity of the
flooded soils was slightly higher than that of upland soils, though, the result of analysis of variance indicated no significant
difference (p>0.05). Thus, the slight rise in the electrical conductivity of the soils could be attributed to the presence of
flooding water. The increment in the EC of the flooded soils could be as a result of more moisture contents than upland
soils. This agrees with the observation made by Njoku and Okoro (2015) that the moisture content of soils is significantly
related to electrical conductivity. Likewise, studies by Timbal et al. (2011), Drogue et al. (2014) and Zhang et al. (2013)
reported significant relationship between soil moisture contents and Electrical Conductivity (EC) in the soils.

The results of Organic Carbon (OC) in Yola-North LGA, showed that the Organic Carbon in the flooded area are
generally lesser than that found in the upland area and showed significant difference at P<0.05. The reduction in Organic
Carbon in the flooded area could be as a result of bacterial decomposition or ration that took place after flooding effects in
the study area. This concurs with the results of Steven and Cole (2011) that among the aftermath effects of the flood is
bacterial decomposition which usually leads to reduction of Organic Carbon in flood affect area. Likewise, Fan, Hao and
Malhi (2010) reported that there is always a slight reduction in total Organic Carbon observed in the flood affected
farmlands, whichcould be due to the effect of flooding; as most soil organic content such as organic acids andhumus which
are the sole source of Organic Carbon could have been leached out by the impact ofthe flood. In a nutshell, the decreased
Organic Carbon content of soil could adversely affect soil quality and fertilitysince Organic Carbon is required to stimulate
microbial respiration and activities. However, the reducedOrganic Carbon content in the flood affected area as found in
this study is at variance with the findings of Kalshetty et al. (2012) whereincreased Organic Carbon content was observed
in flood affected cultivated area in India.

The results of total nitrogen (TN) in Yola-North LGA, showed that the nitrogen values in both flooded and upland
area ranged from (1.35 - 1.80) g/kg and (1.40 - 1.75) g/kg respectively which are not significantly different (P>0.05).
However, this result is at variance with that of Njoku et al. (2011) where flooded area recorded significantly (p<0.05)
higher nitrogen value than upland, which was reported to have accounted for rapid fruiting and ripening of fruiting as well
as increased resistance in grains. The variant between current results of nitrogen value and that found by Njoku et al.
(2011) may not be unconnected with variation in duration of flooding and flood water level in both studies.

The results of available phosphorus (Av-P) in Yola-North LGAs, showed that the value of available phosphorus in
the flooded area were less than that of upland area which is significantly different at P<0.05. The decrease in the values of
available phosphorus in the flooded soils could be attributed to the effect of flood water as a result of leaching of available
phosphorus as phosphate in the soil, since in water columns, anaerobic conditions render it soluble. However, the
phosphorus reduction in the flood affected area is in strong contrast with the findings of Osakwe et al. (2014) where
increased phosphorus levels were seen in flood affected cultivated soils in India. Likewise, the current finding of lower
value of available phosphorus differed with that of Jeb and Aggarwal (2011) that observed increased available
phosphorous in flooding area. Likewise, Obermann et al. (2009) observed gradual increases in the available phosphorus of
the flooded soil and this increment was attributed to either the reduction or dissolution of iron and calcium phosphates,
respectively. However, the study by Ruiz-Sinoga (2012) reported that increased available phosphorus will not necessarily
lead to increased crop productivity after flooding because oxidation processes will return the phosphates to their original
associations.

The results of the calcium (Ca?*) value in Yola-North LGA showed that in the flooded area, the calcium reduced
significantly at P<0.05, than values of calcium found in upland area. This result agrees with the observation made by
Clilverd et al. (2013) that flood affected soil properties, which includes exchangeable cations like calcium, the calcium
content of soil reduces as the moisture content increase during flooding. This result is consistent with findings from
previous studies (Amarawansha et al., 2015; Dezze et al. 2010).

The results of the magnesium (Mg2*) values in the Yola-North LGA showed that the flooded area had less
magnesium than in the upland area. Though, the results of analysis of variance indicated no significant difference p>0.05.
However, the slight rise in the value of Magnesium can be attributed to the effect of flooding water. The increase in the
value of magnesium as a result of flooding showed that flooding plays a part in healthy development since magnesium is
among the essential micronutrientsrequired in the soil for improved soil productivity. The increased level of magnesium
as reported in the study is in accordance with that reported by Shao (2010) where increasedlevels were seen in flood
affected soils in India.

The results of the level of sodium (Na*) in the Yola-North LGA, showed that the flooded area had lesser sodium
value than those found in the upland area, though not significantly different (P>0.05). This result agrees with that of Shao
(2010) that observed a low Ca, Mg, K and Na during high flood in his study which was attributed to leaching and dilution.
Likewise, the study by Amarawansha et al. (2015) found decreased sodium level and argued that flooding increased the
solubility of mineral nutrients which increased their chances of being reduced through leaching. It could be expected that
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during a high flood more soil nutrients dissolve in water and are lost through leaching as water infiltrates the soil. It could
also be expected that because clay is negatively charged cations would bond to the soil particles, thus reducing leaching.

The results from this study showed that the level of potassium (K*) found in the flooded area of both the Yola-
North and South are significantly different (p<0.05) with those found in the upland area respectively. Generally, the
potassium levels were lower in the flooded area when compare with those in the upland. Thus, the reduction in the value
of potassium could be attributed to effect of flooding water. A high flood is expected to lead to anoxic conditions because of
increased water depths and prolonged waterlogging, which leads to mobilization of Potassium and results in its increase.
This agreed with the conclusion made by Diane et al (2016), that under aerobic conditions, Potassium binds to iron oxides
and due to prolonged anaerobic conditions imposed by flooding, Fe bound to P is reduced fromFe (III) to Fe (1I), releasing
Potassium from iron-phosphate complexes 6,8, 54. Likewise, Connelly et al. (2015) expressed that it is expected that
during low flooding conditions, Potassium reacts with Ca, Al and Fe oxy-hydroxides as a result of aerobic conditions,
consequently reducing its available content in the soil. However, potassium is among the macronutrient that is notonly
required for healthy plant growth in the soil, but also for proper microbial functioning, therefore a reduction in potassium
levels in the flood affected soils is a negative impact on soilquality.

The results on Total Exchangeable Base (TEB) found in Yola-North LGA, showed that in the flooded area, TEB
values were generally lesser than those found in the upland area, with significance difference at P<0.05. This result is in
conformity with that of Rasmussen et al. (2010) that observed decreased value of TEB in the flooded plain along Niagara
Falls in Canada. Likewise, the study by Bechtold and Naiman (2009) and Gervais-Beaulac (2013) indicated that the TEB
reduces as flooding persists for longer periods.

However, the slightly higher values of TEA established that there was high rate of acidity in flood area compared
to that in the upland area. This means that there is high rate of negative changes on organic matter in flooded soils. This
finding agrees with that of Connelly et al. (2015) that observed that flooding affects the exchangeable acidity of soil due to
its intensity. Also, studies by Bechtold and Naiman (2009) and Gervais-Beaulac (2013) indicated that there were
significantly higher values of TEA in most sampled floodplains.

The results on Total Exchangeable Acidity (TEA) found in Yola-North LGA, showed that in the flooded area, TEA
values were generally higher than those found in the upland area, though, the analysis of variance showed no significant
difference p>0.05. However, the slightly higher values of TEA established that there is high rate of acidity in flood area
compared to that in the upland area. This means that there is high rate of negative changes on organic matter in flooded
soils. This finding agreed with that of Medeiros et al (2018) that observed that flooding affects the exchangeable acidity of
soil due to its intensity. Also, studies by Shamshuddin et al. (2016) and Azuhan (2015) reported that there were significant
higher values of TEA in most sampled floodplains.

The results of the Effective Cation Exchange Capacity (ECEC) from both Yola-North LGA showed that ECEC values
from flooded and upland area were not significantly different. However, the ECEC in the flooded area was generally less
than that of upland area and this could be as a result of reduction in the organic matter, usually experiences in the flood
affected soil. This finding concurred with that made by Nurul-Akma et al. (2015) that lower ECEC indicated that there is
high presence of negative charges on soil clays and organic matter in the flooded soil. Likewise, the finding by Connelly et
al. (2015) attributed low ECEC to effect of reduced organic matter in the flood affected soils, which could also account for
the reduction in cation exchange capacity, since organic matter contributes to the cation exchange capacity of the soil by
increasing adsorption sites for cations. However, Panhwar et al. (2015) also found the reduction of ECEC in flooded
farmlands, though they cautioned that reduced cation exchange capacity is not favorable for agricultural soil because it
limits the availability of essential positively charged macro and micro nutrients to be absorbed on soil particles, since few
negatively charged sites will be available to attract them. The fact that reduction in cation exchange capacity levels on the
flood is likely to affect farmlands is similar to the findings of Shehu (2015) where reduced levels were also observed on
flooding of cultivated area of Sudan Savanah region.

The results of the Percentage Base Saturation (PBS) found in Yola-North and LGA from flooded areas were
generally less than that in the upland soils. However, the difference was not significant (p>0.05). This result showed that
there was loss in percentage base saturation during flooding. This agrees with the findings made by Shehu et al. (2015)
that during flooding percentage base saturation decreases as water level increases and flooding takes longer period than
usual. Likewise, Njoku et al. (2011) reported that percentage base saturation decreased as a result of flooding in Ebonyi
River Basin, Nigeria.

4.3. Correlational Analysis of Physical and Chemical Properties of Sampled Flooded and Upland Soils from Yola-North LGA,
Adamawa State

4.3.1. Correlational Analysis among Physical Properties
In overall, the correlation among the physical properties of soils in both flooded and upland area in Yola-North

LGAs, showed that in the flood’s samples, the clay properties indicate strong and significant relationship (p<0.05),
alongside with porosity, while in upland area, sand contents were found significantly related with bulk density. However,
it was observed from flooded area that Sand and Silt did not show signification relation. This showed the impact of
flooding effects on physical properties of sampled soils that tend to increase some properties than others across the study
area. This agrees with findings made by Kefas et al. (2016) that as results of flood, some physical properties of soils tend to
disproportionally increase than others. Likewise, the study by Weil and Brady (2016) indicated that there are high chances
that flooding alter the physical properties of soils, where some will sharply rise above others.
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4.3.2. Correlational Analysis among Chemical Properties
The correlation among the chemical properties of flooded soils in the Yola-North LGAs revealed that chemical

properties such as pH, Ca2+, Mg2+, TN, TEB and EC show strong relationship at p<0.05. Whereas, TEB, 0.C, Na, TEA, AV-P
and ECEC are strong but inversely related. However, these results differed with correlatonal analysis in the chemical
properties of upland area in both Yola-North and South Local Government Area, where TEA and pH show strong
relationship. Likewise, ECEC related strongly with Ca2+, K+ and TEB and the rest pH and PBS, as well as PBS and TEA
related inversely at p<0.05. These results show sharp reduction in some proportion of chemical properties found in the
flooded area, which could not be unconnected with the effect of flooded water, that likely to have resulted in the unusual
increment of some chemical properties such as ECEC TEA, EC, while other like Na, Ca2+, Mg2+, TN, are reducing. This
finding agreed with that made by Brady and Weil (2010) that due to presence of flood water of the period of time, some
chemical properties such as AV-P, Na, and Ca2+ tend reduced drastically as a result of leaching effect. Likewise, study by
Tian (2011) found the reduction in the level of Mg2+, Ca2+ and Na in flood affected area than control (upland) area which
was attributed to the effect of leaching and dilution. Tian et al. (2017) argued that reduction found some level of chemical
properties of flooded soil is more of dilution effect than leaching, due to the fact that flooding increases the solubilityof
mineral nutrients. A similar argument was put forth by Kolahchi and Jalali(2013) that during a high flood, more soil
nutrients dissolvein water and are lost through leaching as water infiltrates the soil.

The research assessed physical and chemical properties of forested upland and flooded soils in Yola North LGA,
Adamawa State. Soil samples were collected from the upland and flooded areas in two locations within each of the Local
Government Areas. These were Jambutu and Runde-Baru in Yola North LGA a.

Evaluation of the physical properties revealed that all but bulk Density showed significant difference of P< 0.05
between upland soils and flooded soils. Soil textural classes appeared similar in all locations and across depths assessment
of chemical properties of the soil samples showed significant difference in OC, AV-P, Ca, K+ and TEB while the others were
not significantly different at P< 0.05. Results further showed that there was high percolation rate and low capillary action
of the upland areas.

From the finding of this study, it can be concluded that while some nutrient levels in both the upland and flooded
forest soils of the study areas are significantly different some are not inferring that some nutrients are depleted during
flooding, some are added through deposits from rivers and streams, while some are unaffected. The level of depletion and
addition of such soil properties may perhaps be connected to the level and duration of flooding and the slope of the
affected areas. This makes the effect of flood on forest soils and indeed any other soil unpredictable.

5.Recommendations
e Since flooded areas do not normally support arable farming, but support free growth to some expert, some forms
of agroforestry systems could be developed by government where the upland areas are put to arable farming
while the flood areas are connected to forest plantations in noting trees that show flood tolerance.
e  With respect to the above recommendation further research could be geared towards identifying flood tolerant
tree species for cultivation in these flood area as. This will go a living way in enhancing the forest conservation
efforts of government.
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Appendix
Low Medium High Unit Source
pH <4.0 4.5-5.5 >6.5 (H20) e
EC <0.1 1.0-2.5 >2.5 mmbhos/cm e
OrgC <10 10-15 >15-20 gkgl b
Total N <1.5 1.5-2.0 >2.0 gkgt b
Avail-P <8.0 8-20 >20 mgkg1 b
Exch. Ca <5.0 5-10 >10 Cmol/kg c
Exch. Mg <1.0 1-3 >3.0 Cmol/kg c
Exch. Na <01.6 0.16-0.50 >0.50 Cmol/kg c
Exch. K <0.3 0.3-0.6 >0.6 Cmol/kg c
ECEC <12.0 12-25 >25 Cmol/kg d
BD <1.3 1.3-1.6 >1.6-1.9gcm?3 a

Table 7: Rating of Soil Interpretation
Source: A. Harte (Per.Com), B. AduayiEt Al (2005), C. Usman, B.H (2005).
D.Http://Www.Environment.Nsw.Gov.Au/P4.E.Hart Et Al, 1997
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