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ABSTRACT

Fertility status of soils within the south-south region of Nigeria
varies both inter and intra states. Therefore, the study investigated
the macronutrient status of some selected soils in Bayelsa State.
Two farm sites in Opume (OPF) and Amassoma (AMF) with
records of long term cultivation were randomly selected and soil
samples randomly collected from each locality for physico-
chemical analyses. Data collected were subjected to statistical
analysis of means and a post hoc regression analysis to determine
relationships between soils and analyzed parameters. Results
revealed that soils were loam to sandy clay loam and acidic with
low pH levels. Exchangeable bases (Ca?*, Mg?*, K*) were low in
AMEF soils compared to OPF soils except for Na*. Organic carbon
and organic matter were moderately low in both soils, however,
AMEF had lower contents. Total N were found to be critically low
(0.03%) in both soils. OPF had higher available phosphorus (5.09
mg/kg) while AMF had higher available Sulphur (6.55 mg/kg).
Base saturation was moderate in OPF (50.44 %), however, not
significantly different (p<<0.05) from AMF. Similarly, Effective
Cation Exchange Capacity (ECEC) was low in soils of both
localities. Regression analysis showed that pH had significant
positive relationships with sand, Org C, Org M, available P, TN, %
B.S and the basic cations (r=0.534%, 0.841%%*, 0.837++*, (.855%**
0.736*%*, 0.856**) with a negative relationship with Exchangeable
acidity and SO (r=-0.799** and -0.844*%*). Org C, Org M and
TN had significant negative relationships with silt at both localities
(=-0.592%*, -0.592** and -0.491*) respectively. These results
indicate clearly that the nutrient status of soils in the study areas are
mostly controlled by pH and the textural distribution. It also
indicates that improved soil management practices can improve the

macronutrient status for increased crop production.
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1 Introduction

Soil is the most valuable and vital natural resource to man which is not renewable over a short period of
time. It is the unconsolidated mineral on the surface of the earth which has been subjected to and shows
effects of genetic and environmental factors [6]. It is a medium through which plants derive their nutrients
for their growth and development which in turn serves as a means of providing the needs of humans for
food and clothing [25]. Soils must be able to supply considerable amounts of nutrient elements that are vital
for crop production. These nutrients are said to be essential due to their level of requirement by plants for
complete metabolic process. The primary nutrients which are Nitrogen (N), Phosphorus (P) and Potassium
(K) are required in relatively large quantities, while the secondary nutrients Calcium (Ca), Magnesium (Mg)
and Sulphur (S) are required in moderate amounts and are given secondary importance in their supply and
management [17].The fertility of soil is the ability of such soil to supply, in available forms, adequate plant
nutrients in considerable amounts required for growth and reproduction that is void of any form of toxicity
[13]. Therefore, the fertility of soils is one of the most important factor which controls the yield of crops
grown within such soil [§].

The exploitative nature of modern agticulture coupled with harsh climatic conditions, mostly within the
tropics, results in the degradation of soils that have contributed towards the accelerated depletion and
imbalances of these essential nutrients [14]. These deficiencies however, have become a major setback to
stability, productivity and sustainability of soils. Sustainability of these soils for crop production will
therefore require adequate soil management practices with the capacity to enhance nutrient availability for
plant utilization.

In Bayelsa State, soils are utilized mostly for agricultural activities that includes the cultivation of arable
crops mostly at subsistence level. Disadvantageously however, exposure to harsh climatic conditions with
little or no provisions for climate-smart practices facilitates land degradation and reduced crop yield. Hence,
the need for sufficient information about the nutrient status of the soil must be made readily available for
utilization in agricultural production; especially, fertilizer application for nutrient deficiencies in soils of
interest. Although there is relatively sufficient information on constant addition of organic matter into soils
through turnover of dead and decaying plant and animal biomass [20]; this however, does not meet plant
requirement for optimal use. Within temperate soils, such can be achieved but with a known setback of
high acidity resulting from high accumulation of soil organic matter with resultant slow decomposition,
mineralization and stabilization due to very low temperature and high moisture regimes [15; 19; 20].
Conversely, in humid tropical soils, various factors such as high temperatures, rapid weathering, fluctuating
O3 availability, Fe oxidation and reduction and mineralogy have been shown to expedite rate of organic
matter decomposition [23; 4; 9]. Also, is the fast decay of the non-labile fractions. This in turn gives room
for rapid depletion and making nutrients unavailable for crop utilization.

Currently, there are research evidences showing various sustainable means of improving fertility status. One
of which is through natural attenuation by constant addition of organic matter to soils through dead and
decaying planting roots [20]. This study therefore aims at assessing and quantifying the nutrient status of
selected soils in southern Nigeria to help in providing hands-on information to farmers for improved
agronomic practices, appropriate fertilizer types and application mode for deficient nutrient elements to

improve productivity.
2 Materials and Methods

The study area is located in Bayelsa State, south-south of Nigeria which covers the selected sites for the
assessment. The study sites are Opume, in Ogbia Local Government Area, and Amassoma in Southern
Ijaw local Government Area which lies between Latitudes 4°57 58 'N, Longitude 6°07 28 E, and Latitude
4°38°38'N, Longitude 6°21°41 E respectively. The mean annual rainfall ranges from 2000 — 4000 mm per
annum that spreads over 8-10 months of the year between the months of April and November which

coincides with the wet season having a mean rainfall of 2500 mm per annum coupled with a fairly constant
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temperature of 30°C. The State is bounded by Delta State on the North, Rivers State on the East and the
Atlantic Ocean on the western and southern parts. The vegetation of the state is mainly freshwater swamp
forests. These vegetation types are associated with the distinct soil units in the area and they constitute part
of the complex Niger Delta ecosystem.

Soil samples were collected from three cultivated farms in each of the study sites. Within each unit, ten (10)
surface soil core samples (0-15 cm) were collected randomly and bulked using a soil auger, bagged and well
labeled, giving a total of six (6) composite samples. The bulk composite soil samples were air-dried, and
gently crushed to pass through a 2mm sieve, bagged, re-labeled, stored and was later subjected to analysis
for the physico-chemical properties of soil using standard methods.

Particle size was determined by Bouyoucos hydrometer method as described by Estefan [7], soil pH was
determined in water suspension at soil-water ratio of 1:2 (w/2) and in 0.01M CaCl; salt solution at ratio of
1:2 (w/v) with the aid of glass electrode pH meter. Organic carbon was determined by dichromate wet
oxidation method of Walkley and Black. Organic matter was calculated by multiplying percentage organic
carbon (van Bemmelen factor) by 1.724 [17]. Total Nitrogen was determined by macro kjeldahl method.
Available phosphorus was determined by Bray P-1 method of Bray and Kurtz [3]. Exchangeable bases were
extracted using 1N NH;OAc, Ca** and Mgt* were analyzed using PGI 990 Atomic Absorption
Spectrophotometer (PG Instruments Ltd., UK), while K+ and Na* were determined using ATS 200S Flame
Photometer (ATS-Technology, Cyprus). The exchangeable acidity (EA) was determined by leaching the
soil using 1IN KCI and the extract titrated with 0.01N NaOH. Cation exchange capacity was determined
using the 1N NH4OAc method, effective cation exchange capacity (ECEC) was evaluated by summing up
the exchangeable bases and the exchange acidity. The means and standard deviation were used, simple
correlation of coefficients was also used to show the relationship between the soil chemical and physical

properties.
3  Results and Discussion
3.1 Particle size distribution

Results from laboratory analysis showed that the texture of the soils varied from loam to silty clay loam in
Amassoma and sandy loam to sandy clay loam in Opume. The silt fraction of the soil ranged from 30 —
67.5% across both study sites. However, the silt fraction was highest at OPF 250£4.96%. The sand fraction
ranged from 10 — 40% with mean of 28.7214.16% at Amassoma and 12.5 — 62.5 with mean of 39.2+21.79%
at Opume. Clay fraction of the soil was low at both study sites and ranged from 7.5 — 22.5% with mean of
25%16.35% at Opume and 15 — 33.5% with a mean of 21.249.43% at Amassoma. The variability in particle
size fractions of soils in Amassoma was higher than that of Opume soils. The variance of the particle size
fractions for sand, silt and clay were 633.3, 468.8, and 356.3 respectively. There was no distinct variation in

moisture content between Opume soils and Amassoma soils as reported in Table 1.

Table 1: Physical properties of the studied soils

Location Moist. C Clay Silt Sand Textural
Class

OPF 1 37.4 7.5 30.1 62.5 SL
OPF 2 67.6 450 67.5 12,5 SCL
OPF 3 39.5 22.5 30.3 42.5 SCL

Mean+SD 42.89+14.37 25.00+16.35 43.50+6.81 39.17+21.79

AMF 1 40.7 15.1 45.2 40.1 L
AMF 2 51.2 33.8 56.2 10.1 SCL
AMF 3 35.4 15.2 48.8 36.2 L

Mean+SD 42.37+6.87 21.2749.43 50.00+4.96 28.73+14.16

OPF = Opume Farm; AMF = Amassoma Farm; L = Loamy; SCL = Sandy Clay Loam; SL = Sandy Loam
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Although OPF2 recorded highest moisture value of 67.6% as against 51.2% in AMF2, It shows that these
soils are mostly flooded and may pose a threat to crop production. This is an indication that both localities
have similar moisture regimes within soils and will therefore require similar managerial practices for
improved crop performance.

3.2 Soil reaction and Exchange acidity

Soil reaction in distilled water and CaClz indicated that the soils ranged from strongly acidic to moderately
acidic (Table 2). Soil pH (H20) at Opume ranged from 3.00-6.10 with mean of 5.60%0.49 while that of
Amassoma ranged from 5.10 — 5.50 with a mean value of 5.17£0.26. The pH values of the soils in CaCl,
was found to be lower than that of pH (H20). Soil pH in CaCl, ranged from 4.40-5.20 with mean of
4.73%0.37 at Opume and 4.08 — 4.50 with a mean of 4.23+0.23. The overall results clearly indicate that the
soils are acidic. The low pH levels of the soils can be attributed to leaching of soluble bases as a result of
long-term average annual rainfall ranging from 2000 — 4000 mm per annum coupled with continuous
farming without fertilization, a similar trend was observed by Attoe [2] for soils in Etung local government
Exchangeable acidity (H*, Al’*) was found to be <2 cmol./kg but varied from low to medium at both
locations (Opume and Amassoma) when compared to critical values given by [1]. Mean values of
exchangeable acidity at Opume (1.70£0.52 cmol./kg) and Amassoma (1.90£0.34 cmol./kg) represents
increased acidity which in turn causes adverse effect on plants. The adverse effect of both acid cations may
include Manganese and Boron toxicity, decreased microbial activities and nutrient deficiency which in turn
affects plant root development. However, soil pH can influence availability of most essential nutrient

elements required by crops as CEC and base saturation are also pH dependent.
3.3 Organic carbon, Total Nitrogen, Available Phosphorus and Sulphur

Organic carbon content of soils from both study sites varied between low to high with the highest value
recorded at OPF1 (1.86%). Organic carbon ranged from 0.85-1.86% and 0.92-1.55% with a mean value of
1.25£0.46% and 1.14+0.31% for both locations (Opume and Amassoma). These values translate to organic
matter content of 1.45-3.21% and 1.60-2.68% with mean values of 2.16£0.80% and 1.97£0.53% for both
locations respectively. The mean values indicate that the soils had moderate to high organic carbon and
organic matter content suitable for arable crop production. This result corroborates Roy et al [22] who also
reported low organic matter in soils under cassava cultivation in Iwo and Oshogbo zones in south western
Nigeria. The soils in the study area is marked with high rainfall and an iso-hyperthermic temperature regime
[5] which favors the high rate of organic matter decomposition.

It was observed that both study sites had similar total nitrogen content ranging from 0.02-0.04% with mean
0f 0.03£0.01% (Table 2). Based on these values, total N was low, deficient and below critical level. The low
total nitrogen values could be attributed to high C:N ratio (42:1) which affects the rate of organic matter
decomposition. Since microorganisms require nitrogen for rapid multiplication and accelerated activity, they
tend to utilize available native nitrogen which translates to lower amounts of total nitrogen in the soil. Soil
organic matter content can however be used as an index of N availability because the N content in soil
organic matter is relatively constant. Therefore, low organic matter content with a reciprocating high
mineralization rate within the soils coupled with leaching due to high amount of precipitation could also be
attributes to soil nitrogen content. Intense crop cultivation, low plant residue incorporation and low pH
level of the soils are factors responsible for the low total N content of the soil. These finding are in
agreement with result reported by Ramana et al [18] who observed low N content in cultivated soils in Sri
Ganganagar India.
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Available phosphorus was generally low and below critical level of <20 mg/kg [11] at both study areas with
a mean value of 5.08£0.5% and 4.62%0.64% which could be as a result of excessive leaching. According to
ratings by [11] it was noted that the acidic nature of the soils as a result of low pH, ECEC, and organic
matter content of the soils contributed greatly to low P-availability. These soils will however, require
application of phosphorus fertilizer to enhance phosphorus level in the soil. Available sulphur ranged from
4.50-6.30 mg/kg and 5.69-7.54 mg/kg with a mean value of 6.520.81 mg/kg and 5.43%0.78 mg/kg at
Amassoma and Opume respectively. These soils were sulphur deficient (<10 mg/kg) according to [10].
Sulphur reduction in the study area could be due to the lack of Sulphur addition to the soil and continous
removal by crops. Titirmare et al [24] observed similar trend in sulphut reduction in soils by crop uptake.

3.4 Exchangeable Bases

The soils exchangeable calcium content of the soils was low (<2 cmolc/kg) [12] and had values that ranged
from 0.50-0.63 cmol./kg and 0.45-0.60 cmol./kg with mean values of 0.58+0.06 cmol./kg and 0.51+0.07
cmolc/kg, Mg** concentration in soil was moderate with mean values of 0.63£0.13 cmolc/kg and 0.37£0.02
cmolc/kg. Exchangeable Na* content was low (<0.10 cmolc/kg). The low Na* values ate clear indications
that the soils have good soil aggregation coupled with good pores distribution. Exchangeable potassium
values indicated that K* concentration varied from medium to high and was above critical range (<0.2
cmolc/kg) with the highest value of K+ concentrations at OPF1 (0.60 cmolc/kg) and AMF2 (0.60 cmol./kg).
The potassium content of these soils can be attributed to the presence of easily weatherable rich in K
mineral. This was in line with findings by [5] for Oruma soils in Bayelsa state. Pulakehi et al [16] also
observed similar results from soils in North Karnataka stating that the high K content in the soils indicates
the presence of micaceous patent material. The soils had mean K* values of 0.4710.13 cmol./kg and
0.44£0.12 cmol./kg. The basic cations decreased in the order K+*>Mg**>Na*>Ca** at Opume and
Amassoma respectively. The ECEC of the soils were generally low, base saturation ranged from 45 — 65%
and 37 — 38% with mean values of 50.44% and 42.33%. This could be as a result of the low exchangeable

bases.
4  Coefficient of Correlation

A Spearman rho correlation () for both soils is shown in Table 3. Soil pH (H2O) and (CaCl,) were both
found to correlate positively and significantly with Organic C (0.841*%**), Organic M (0.837***), available P
(0.855%%*), Total N (0.736***), Mg** (0.782%**) Ca** (0.734**), %B.S (0.856***) and K (0.594*%).
However, it was negatively and significantly correlated with EA (-0.799%*%) and SO42 (-0.844**F) at p<0.05,
0.01, and 0.001 respectively. The result is an indicator that the pH of both soils of the study sites strongly
influenced fertility status considering its relationship to the physico-chemical properties of the soils. It could
be inferred that among all soil properties, pH is most influential and should be given priority attention if
improvement is required, especially for soils within the Niger Delta belt. Furthermore, such relationship
can be attributed to the high rainfall level within the region which can last from April to November annually
at estimated 2,500 mm per annum. Organic C correlated positively and significantly with Total N, Organic
M, available P, K, and %B.S. with (t) values of 0.916*%%* 0.999%%* 0.764*%** 0.861%%*, 0.787+%* (.78 7***
respectively. This indicates that higher Organic C content can give rise to organic matter thatis a storehouse
for most plant required nutrients. Ramana et al [18] also reported similar relationship. Conversely, Organic
Showed a negative and very weak correlation with silt (-0.592*%*) which few studies have shown such
relationships between C and soil texture. Organic M is a storehouse for essential mineral elements, which
is released during process of mineralization. Therefore, the positive and strong correlation between Organic
matter, available P (0.853%F*), Total N (0.915%%), K (0.865***) and % B.S. (0.785***) was anticipated
following results obtained from Organic C. This further shows that soils of Amassoma and Opume have
moderate amounts of plant essential nutrients. However, adopted management practices could determine,

to a large extent, its availability for crop utilization.
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As these soils are predominantly high in organic matter, fertilizer requirement is rather low and
advantageous for environmental friendliness. Conversely, it was a negative and weak correlation observed
with EA, Aluminum saturation, %Al, SO4* and Silt at (r) values -0.847%%*, -0.588**, -0.702**, -0.695%, -
0.592* respectively. Although studies have shown relationships between Organic M and soil acidity, this
further gives an insight to the type of relationship as Aluminum based acidity is mostly due to the oxidation
of the Alumino complex. This further relates to the significant and positive correlation between Moisture
content and %Al saturation, which indicates hydrolysis of Al’* leading to the release of H* ions hence, a
decrease in soil pH as recorded in the soils in the study area. There was also, a positive and significant
correlation between Total N and Mg*+, K and %B.S. However, this relationship was observed to be weak.
Total N correlated positively and significantly with Mg (0.527%*), Potassium (0.877*%*), %B.S. (0.727+**)
but negatively with EA, Aluminum saturation, SO4% and silt with (r) values of -0.750%%*, -0.482*, -0.605%,
-0.491* respectively. Exchangeable acidity comprises of exchangeable H* and APP*. Exchangeable acidity
correlated with ECEC (0.612*%*), Aluminum saturation (0.747%%¥), %Al (0.768***), SO4* (0.803***) but
negatively with %B.S. (-0.863***) as shown in Table 3. The positive correlations depict that an increase in
a soil property will result in an increase in the other soil property, while a negative correlation implies that

115 ‘I Il I“
1%

Q){?. \'Z>A § f—)'bo

an increase in one soil property will lead to a decrease in the other.

0 | H ;} " “{.l%

11 LJ_
<
‘2"1’ (”b <°0'® & & & TS
o SR S S S

B Opume M Amassoma

Fig. 1: Comparative analysis of physico-chemical properties of Opume and Amassoma soils

A comparison between Opume and Amassoma soils as shown in Figure 1 indicates that within all
parameters analyzed, only %B.S. and Sand content were significantly different (p<<0.05). All other
parameters were not significantly different from each other as it translates to both soils having similar
fertility levels.

5 Conclusions

Optimum production of a cropping system depends on an adequate supply of plant nutrients. The soil
macronutrients are responsible for the growth and development of any crop and a deficiency in any of
these nutrients in the soil will reflect its deficiency on the crop. On the basis of field and analytical findings,
it can be concluded that the soils in the study areas are characterized by low soil pH levels, low organic
matter content which might be due to rapid mineralization of organic matter and low ECEC accompanied
with high amount of rainfall and low to medium base saturation, which affects the availability of these
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macronutrients. Therefore, in order to boost soil productivity and enhance agricultural transformation in
the study area, it is recommended that the soils be limed so as to increase the pH of the soil, which will
result in increased microbial activity and subsequently undergo fertilization with organic and mineral
fertilizers so as to curtail the effects of soil acidity as a result of the use of acidifying inorganic fertilizers.
Agronomic practices such as fallowing, shifting cultivation can also be employed so as to curtail nutrient
losses from the soil due to plant uptake, as well as adopting new innovations on climate-smart agricultural

practices.
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