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ABSTRACT

This study was carried out to evaluate the fertility status of soils in Ahiazu Mbaise, Imo State under
three land use types using nutrient index method and fertility rating. Soil samples were collected
from five sampling points each from three land use types at the depth of 0 20 cm. Samples were
prepared and analysed for physical properties such as particle size distribution, bulk density,
moisture content, total porosity and also soil chemical properties such as soil pH, organic carbon,
total nitrogen, available phosphorus, exchangeable bases and base saturation . Data generated
from laboratory analysis were subjected to statistical analysis. Results obtained showed that
irrespective of the land use, soils of the study area were moderately acidic with high sand fraction (>
70%) resulting to poor physical condition such as poor moisture retention and total porosity. The
chemical properties showed low organic matter content (15.8 29.1 g/kg), low total nitrogen (0.7 1.5
g/kg) and available phosphorus (3.1 5.6 mg/kg). The exchangeable bases were low and below the
critical limits with predominant exchangeable H and Al. Soil nutrient depletion followed this order:
fallow land > palm plantation > cassava cultivated land. Results also showed little variability in soil
physicochemical properties in the three land use types. Results of the nutrient index and fertility
rating also showed that soils of the study locations were extremely poor in fertility with a fertility rating
of 1 and nutrient index of 1 in the three land uses signifying poor fertility status when compared to
standard ratings. Therefore, to improve the quality and fertility level of soils in these locations, there
is urgent need to adopt strategic management measures and agronomic principles that will improve
the fertility levels.

Key words: Soil fertility, Nutrientindex, Organic matter, land use, Ultisol

INTRODUCTION

Food security has been a major challenge facing many developing countries at present. In
Southeastern Nigeria, people spend over 70% of their monthly income on food due to high cost of
food items (Senjobi, 2007). John et al. (2013) have reported that one of the greatest problems facing
most African countries is the inability to grow enough food for her increasing population. This
problem has resulted to malnutrition and poverty among the rural dwellers (Senjobi, 2007).
Investigations have shown that soil infertility due to land degradation has been a major constraint to
food production (Agbede and Adekiya, 2012; Eswaran et al., 2001).
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These problems have resulted into adoption of many strategies aimed at improving soil productivity
and crop yield. Among these strategies, was the use of agricultural and domestic solid wastes as soil
amendments (Tekwa and Bethel, 2008; Oladipo et al., 2010). Land use types as a result of cropping
system and anthropogenic activities have shown to alter soil properties over time together with high
precipitation and tillage practices. Understanding the distributions of soil properties at the field scale
is important for refining agricultural management practices and assessing the effects of agriculture
on environmental quality (Cambardella et al., 1994).

The fertility status of soils can be evaluated using nutrient index methods and fertility indicators.
Ravikumar and Somashekar (2013) evaluated the nutrient index of soil using organic carbon,
available P and available K concentrations as a measure of soil fertility in Varahi River basin, India.
Variability in the physico-chemical properties of soils in some land use types in Ahiazu Mbaise has
been evaluated in recent times (Onwudike et al., 2015). However, the fertility status of soils in
Mbaise has not been thoroughly studied to ascertain the present fertility conditions of the soil for
proper management and for efficient crop productivity using nutrient index method and fertility
ratings. In line with this, it therefore becomes pertinent to study the present fertility status of some of
these soils which has been subjected to different land uses. This study therefore aimed at evaluating
the fertility status of selected soils in three land use types in Mbaise, using fertility ratings and
nutrientindex and to determine the variability existing among soil physicochemical properties.

Materials and Methods.

The Study Area: This study was conducted at three villages in Mpam in Ahiazu Mbaise Local
Government Area of Imo State. The coordinates of the area were Okponkume Mpam (Longitude 7
43'E and latitude 7 62' N), Nnemere Mpam (Longitude 7 53' E and latitude 7~ 34' N) and Umuohuo
Mpam (Longitude 7 52' E and latitude 7 41' N). The area has an altitude of 140 m above sea level.
The area has annual rainfall range from 2500 mm to 3000 mm and an annual temperature range of
26- 32°C. The area falls within the tropical zone with climate characterized by rainy season
(February/March November) and dry season (November February/March). The soils of the area
are predominantly Ultisol derived from Coastal Plain sand (Benin formation) and are characterized
by low pH, low organic matter and exchangeable bases. Tropical crops such as palm trees, raffia
palms, and other cash crops dominated the area (Onwudike, 2010). Soil fertility restoration in the
area is through application of mineral fertilizers and organic manures. Farming and trading are the
major socio economic activities of people in the area (Onwudike et al., 2015, Onweremadu, 2007).

Soil Sampling and Experimental Design: Areconnaissance visit was made to the study locations
to locate the sampling sites and to obtain information from the owners about the sites. Fallow land,
cassava cultivated land and palm plantation farm were studied. Samples were collected from three
villages out of five communities that made up Mpam in Ahiazu Mbaise, Imo State whose soils are of
the same parent material and exposed to the same climatic conditions. The communities were
Okponkume Mpam, Nnemere Mpam and Umuohuo Mpam. In each of the villages, five soil samples
were collected each from five fallow lands that are under fallow for three years, dominated by shrubs
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and grasses; five cassava cultivated lands with similar management practices and from five palm
plantation farms that are over ten years. Samples were collected at the root zone of 0 - 20 cm using
soil auger and core samplers for bulk density. The five sample points act as replications while the
three land use types act as treatments. The samples were collected in a randomized complete block
design. Apart from samples collected using core samplers for bulk density determination, other
samples were air-dried, sieved using 2mm sieve and then subjected to laboratory analysis using
standard methods.

Laboratory Analysis: Particle Size Analysis (PSA): This was determined using hydrometer
method with Sodium hexametaphosphate (Calgon) as dispersal agent according to Gee and Or
(2002) and the textural class determined using textural triangle.Bulk Density (BD) was determined
using the core method according to Grossman and Reinsch (2002) using the formula which is
calculated mathematically as follows:
Bulkdensity (BD) =V, /Vy.vvvviiieeiiiiiiiiiieeeeeciii equation 1.
where V,,=Mass of oven-dried soiland V,,=Volume of core sampler.
Total Porosity (P,). This was calculated from bulk density as
P, =1 (Bd/Pd)x 100.....ccccvvvvviiiiiiiernnnn. equation 2.
where Pd = particle density (2.65)
Moisture content was determined by the gravimetric method calculated mathematically as follows:
%M.C={(W, W,)/(W, W)}x100.................... equation 3.

where; W, = weight of the can, W, = weight of wet sample + can, W, = weight of oven-dried
sample +can.
Soil pH was determined in distilled water (at the ratio of 1:2:5) and in KCI solution according to
Mclean, (1982). Total Nitrogen was determined using the modified micro-kjedhal digestion method
of Bremner and Yeomans (1988). Organic Carbon was determined using the Walkley and Black wet
oxidation technique (Nelson and Sommers, 1982). Available P was extraction with Bray Il solution
according to Olsen and Summers (1982). Exchangeable Bases (Ca, Mg, Na and K) were extracted
using Ammonium acetate solution buffered at pH 7 (Thomas, 1982). The exchangeable Ca and Mg
were determined by EDTA complex metric titrations while the exchangeable Na and K was
determined using the flame photometer. Exchangeable Acidity (EA) was measured titrimetrically
using 1 N KCI against 0.05N Sodium hydroxide (McLean, 1982) Effective Cation Exchange
Capacity (ECEC) was determined by the summation of all exchangeable bases and exchangeable
acidity. Base saturation was obtained mathematically as follows:

% B.S=[TEB]/[ECEC X 100]
where; TEB = Total Exchangeable Bases (Ca, Mg, Naand K).

Nutrient Index Determination: The nutrient index was evaluated using the nutrient index specific
rating chart according to Ravikumar and Somashekar (2013). The nutrient index with respect to soil
pH, organic carbon, available P, and exchangeable k were used to evaluate the fertility status of the
soilin the three land uses. The rating chartis shown below;
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Table 1: Rating chart for nutrient index used in the study

Soil pH
Acidity Neutral Alkalinity
Range Below 6.0  6.0-8.0 Above 8.0
Soil Reaction Index 1 I 1
Soil Organic Carbon
Low Medium High
Range (%) Below5.0  5.0-7.50 Above 7.5
Soil Reation Index 1 Il 1
Available Phosphorus
Low Medium High
Range(mg/kg) Below 22 22-54 Above 54
Soil Reaction Index 1 Il 1
Exchangeable Potassium
Low Medium High
Range (Cmol/kg) Below 1.23  1.23-2.95 Above 2.95
Soil Reaction Index 1 Il 1

The nutrient index in soils were calculated using the method adopted by Ravikumar and
Somashekar (2013) as
NutrientIndex={(1xA) +(2XB)+(3XC)}/ TNS
where A=Number of samples inlow category; B = Number of sample in medium category;

C =Number of sample in High category, TNS = Total number of samples
The nutrient Index with range and remark according to Ravikumar and Somashekar (2013) used in
the study is presented below:

Nutrient Index Range Remark (for OC, Available P and Exchangeable K
I Below 1.67 Low
Il 1.67-2.33 Medium

Il Above 2.33 High
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Data collected were subjected to Analysis of Variance (ANOVA) using Genstat (Third Edition)
software. Significant means were separated using Least Significant Difference (LSD) at 0.05
probability level. Variability among soil physical and chemical properties were determined using
coefficient of variation and ranked according to Wilding et al., (1994) as %CV from 0 15 = low
variation, 15 35 =medium variation and above 35 = high variation.

Results and Discussions

The Physical Properties of Soils in the Study Area

Results of the physical properties of soil in the study locations are presented in Table 2. Results
showed that texturally, the soils ranged from sandy loam to sandy with sand fraction dominating the
particle size distribution. The sand, silt and clay fractions in the fallow land were 785.4 g/kg, 89 g/kg
and 125.6 g/kg respectively. In cassava farm, the sand, silt and clay fractions were 822.8 g/kg,
77.4g/kg and 117.6 g/kg respectively while in palm plantation, the sand, siltand clay were 789.6 g/kg,
74 and 139.4 g/kg respectively. The high sand fraction in the study locations could be attributed to
the parent material dominant in the area which is coastal plain sand since the texture of the soil is
highly influenced by the parent material over time (Oguike and Mbagwu, 2009). This result agreed
with Onweremadu (2007) who observed similar textural characteristics on coastal plain soils in
Owerri, Southeastern Nigeria. Also, the humid rainfall characteristics that promote illuviation or
leaching of silt and clay particles below the epipedon could contribute to the texture of soils in the
area.

The bulk density of the soils ranged from 1.018 to 1.104 g/cm’ with palm plantation recording the
lowest bulk density of 1.018 /cm® and the highest bulk density (1.104 g/cm’) was recorded in cassava
farm land. The high bulk density recorded in cassava land could be attributed to tillage activities.
Fallow land and palm plantation do not experience continuous cultivation unlike cassava farm and
therefore, tillage activities could reduce organic matter accumulation which reduces soil bulk density.
However, the values of bulk densities were below the critical limit of 1.3g/cm’ recommended for tuber
and cereal crops (Kayombo and Lal, 1984).

Soil total porosity ranged from 58.36 to 61.54 % with the highest 61.54 % in palm plantation and the
lowest of 58.36 % in cassava cultivated land. Increase in soil bulk density resulted to a decrease in
soil total porosity which could be attributed to compaction of soil macro and micro pore spaces
(Onweremadu, 2007). The highest moisture content was recorded in fallow land with 476.8 g/kg of
moisture retention; this was followed by palm plantation (421.0) and least by cassava cultivated land
(375.2 g/kg). The low moisture retention could be attributed to the high sand fraction and low porosity
which hinders moisture retention. Soils with this property lack absorption capacity for basic plant
nutrientand water retention (Oguike and Mbagwu, 2009).
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Table 2: Physical properties of the study locations

Land Use Depth Sand  Silt Clay TC BD TP MC
Cm g'kg g/kg g/kg glem3 % g/kg
Fallow Land 0-30 764 80 156 SL 1.02 61.5 437
Fallow Land 0-30 744 100 156 SL 0.94 64.5 395
Fallow Land 0-30 864 60 76 LS 1.23 53.6 411

Fallow Land 0-30 755 105 140 SL 0.87 67.2 543
Fallow Land 0-30 800 100 100 SL 1.1 58.1 598

Mean 785.4 89 125.6 1.034 60.98 476.8
Cassava Farm 0-30 844 40 116 LS 1.13 574 453
Cassava Farm 0-30 824 60 116 LS 1.15 56.6 422
Cassava Farm 0-30 804 80 116 LS 1.11 58.1 314
Cassava Farm 0-30 827 92 140 S 1.04 60.8 322
Cassava Farm 0-30 815 115 100 S 1.09 58.9 365
Mean 822.8 77.4 117.6 1.104 58.36 375.2
Palm Plantation  0-30 744 100 156 SL 0.89 66.4 532
Palm Plantation  0-30 844 40 116 SL 1.12 57.7 315
Palm Plantation  0-30 764 60 176 SL 0.98 63 476
Palm Plantation  0-30 842 100 73 S 1.11 58.1 317
Palm Plantation  0-30 754 70 176 SL 0.99 62.6 465
Mean 789.6 74 139.4 1.018 61.56 421.0
LSD(0.05) NS NS NS NS NS NS

SL = Sandy Loam, LS = Loamy sand, S = Sandy, TC = Textural Class, BD = Bulk density, TP =
Total Porosity, MC = Moisture Content. NS = not significant at 5%

Soil Chemical Properties of the Study Locations

The soil chemical properties of the study locations are presented in Table 3. Result showed that the
soils were moderately acidic with pH of 5.92 in fallow land, 5.3 in cassava cultivated land and 5.86 in
palm plantation. This conformed to the works of Onwudike et al. (2015) and Mbah (2006) who got
similar results in the region. The highest soil pH in fallow land could be attributed to litter falls which
after decomposition increases soil organic matter and exchangeable bases thereby reducing the
accumulation of Hand Alions on soil exchange complex (Onwudike, 2010).

Soil organic carbon ranged from 9.1 to 16.8 g/kg. Onwudike et al. (2015) recorded the range of 5.4
13.2 g/kg in selected land use types around the region. The highest soil organic carbon was
recorded in the fallow land (16. 8 g/kg) followed by palm plantation (14.4 g/kg) and the least was 9.1
g/kg in cassava cultivated land. The highest organic carbon in the fallow land could be due to litter
fall and expected increase in soil biodiversity (Miller and Gardiner, 2001). Woldeamlak and
Stroosnijder (2003) have observed thatconversion of forest vegetation to agricultural land results in
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a decline of the soil organic carbon content. This could be the reason for the low organic carbon
recorded in cassava cultivated land.

The same trend above was observed in soil total nitrogen with the highest value of 1.5 g/kg in forest
land, 1.2 g/kg in palm plantation and the least of 0.7 g/kg in cassava cultivated land. Similarly, fallow
land recorded the highest available phosphorus of 5.6 mg/kg and the least (3.1 mg/kg) was in
cassava cultivated land. High total nitrogen and available phosphorus recorded in fallow land could
be due to litter fall and higher soil organisms that help in organic matter decomposition since there is
a positive correlation between organic matter and total nitrogen (Onwudike, 2010). High available
phosphorus in the fallow land could be due to high soil pH values and soil organic carbon that
reduce phosphorus fixation in the soil (Mbah, 2006).

The exchangeable cations were low in the three land types with the highest values recorded in
fallow lands. Exchangeable Ca, Mg, K and Na in fallow land were 2.2, 1.51, 0.19 and 0.33 cmol/kg
respectively. In cassava cultivated land the values were 2.14, 1.3, 0.11 and 0.15 cmol/kg
respectively while in palm plantation the values were 2.1, 1.26, 0.19 and 0.34 cmol/kg respectively.
The low exchangeable bases using fertility indices in these locations could be due to high rainfall
which accelerates runoff and leaching down the subsoil. Higher exchangeable bases in the fallow
land could be due to the macro and micro climate that hinders the impact of rain drops on soil (Brady
and Weil, 2002).

Onthe exchangeable Al and H, fallow lands recorded the lowest values of exchangeable A |
and H with values 0.3 and 0.22 Cmol/kg respectively. This was followed by palm plantation with
values 0.4 and 0.26 Cmol/kg respectively and the highest values were on cassava cultivated land
with values 0.44 and 0.28 Cmol/kg respectively. Lower values of exchangeable Al and H in fallow
land could be attributed to high soil pH, high organic carbon and vegetation cover that reduces run
off of plant nutrients thereby reducing accumulation of Al and H ions on exchange complex (Brady
and Weil, 2002).The above trend was not observed on ECEC and percentage base saturation.
Fallow land recorded the highest ECEC and base saturation of 4.75 Cmol/kg and 84.9%
respectively. This was followed by palm plantation with values 4.59 Cmol/kg and 83.7% respectively
and the lowest was on cassava cultivated land with values 4.42 Cmol/kg and 82.4% respectively.
High ECEC and base saturation in fallow land could be attributed to increase in exchangeable
bases and organic carbon obtained from mineralization of litter falls in fallow land.

85



Onwudike, Uzoho, Them, Ahukaemere, Nkwopara, Irokwe & Echeanyanwu

Table 3: The chemical properties of the studied soils

Avail. < Exch >

LandUse Depth PH OC OM TN P Ca Mg K Na Al H ECEC BS

Cm (H20) glkg glkg glkg Mglkg < cmolkg——> %
Falowland 0-30 594 150 274 13 486 22 16 021 009 03 02 46 891
Falowland 0-30 609 264 452 22 122 28 12 027 042 04 02 499 88
Fallowland 0-30 567 112 193 09 23 2 16 014 023 04 03 467 85
Fallowland 0-30 61 165 284 2 5 21 15 021 01 02 03 441 703
Falowland 0-30 582 145 25 13 35 18 165 043 112 03 04 51 921
Mean 502 168 294 15 56 22 151 049 033 03 022 475 849
Cassava
Farm 0-30 536 109 188 09 636 2 12 015 017 05 03 432 815
Cassava 6.13 85.3
Farm 0-30 521 69 121 06 261 34 16 007 016 07 02 © :
Cassava 369 81
Farm 0-30 518 89 155 07 239 16 1 026 013 03 04 o
Cassava
Farm 0-30 55 103 178 07 15 201 115 012 013 035 03 <+06 839
Cassava 391 87
Farm 0-30 52 85 147 05 25 17 14 009 015 037 02 °
Mean 53 91 158 07 31 244 13 044 045 044 028 442 837
Palm
Plantation ~ 0-30 587 185 32 16 491 16 12 027 019 04 02 386 845
Palm 421 834
Plantation  0-30 639 155 269 13 562 20 12 014 047 04 03 4 :
Palm 585 88
Plantation ~ 0-30 575 103 179 05 312 32 16 022 043 03 04 >
Palm
Plantation  0-30 555 122 21 13 450 15 116 02 020 04 0o 266 836
Palm
Plantation  0-30 577 156 269 11 300 23 143 011 115 05 02 939 727
Mean 586 144 249 12 423 214 126 019 037 04 026 459 824
LSD(0.05) 032 541 937 050 NS NS NS NS 037 013 008 NS NS

TN = Total Nitrogen, OM = Organic matter, NS = not significant at 5%

Variability among Soil Physicochemical Properties in the Study locations

Results of the relationship among soil physical properties are shown in Table 4. Results showed
that there was no variation on sand fraction in the three locations. On silt fraction, no variation
existed between cassava cultivated land and palm plantation but variation existed between the two
and fallow land. There were variations on the clay fractions in the three locations while no variations
existed on soil bulk density, total porosity and moisture content. The parent material dominantin the
locations could be responsible for no variations in the sand fraction.

Results of the variation among soil chemical properties are presented in Table 5. Results showed
thatamong the three locations, there were no variations on soil pH and organic carbon content of the
soil while
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Table 4: Variability among Soil Physical Properties

Sand Silt Clay BD TP MC

Fallow Land

%CV 7.6 21.2 28.6 13.7 8.8 18.7

Ranking Low Medium  Medium  Low Low Medium
Cassava Farm

%CV 1.8 37.3 12.2 3.8 28 16.3

Ranking Low High Low Low Low Medium
Palm Plantation

%CV 6.2 35.2 31.9 9.5 5.6 23.6

Ranking Low High Medium  Low Low Medium

there was variation in the total nitrogen, available phosphorus and exchangeable bases. Variation
also occurred in ECEC and exchangeable acidity. These little variations could be due to different
management practices existing in these three land use types such as tillage practices that alter the
chemical equilibrium of the soil.

Table 5: Variability among Soil Chemical Properties

Avail.
pH(H0) OC oM N P Ca Mg K Na Al H TEA ECEC BS

Fallow Land

%CV 31 3.1 33 351 69.2 173 12 30 937 24 36.1 252 6 5.1

Ranking Low Medium  Medium  High High Medium  Low Medium High Medium High Medium  Low Low
Cassava Farm

%CV 26 173 16.8 216 61.5 339 184 541 121 363 354 26.6 135 29

Ranking Low Medium ~ Medium  Medium High Medium  Medium  High Low High High Medium  Low Low
Palm Plantation

%CV 54 222 222 363 2 322 154 339 9.1 217 27 2.7 206 74

Ranking Low Medium ~ Medium  High Medium ~ Medium  Medium Medium High Medium Medium Medium Medium  Low

Avail. P = Available Phosphorus, TEA = Total exchangeable acidity,
Table 6: The Rating of Soils in the three Locations

Land Use Soil Organic Available Phosphorus ~ Exchangeable
Carbon Potassium
pH
Fallow Land [* I [ |
Cassava Cultivated Land [* I [ |
Palm Plantation [* I [ |
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The Fertility Rating and Nutrient Index of Soil in the Study Locations Using Soil pH, Organic
Carbon, Available P and Exchangeable K

Results of the fertility rating of soils in the study locations are presented in Table 6. Results showed
that the pH of soils in the three locations were acidic (below 6.0). Soil organic carbon was low (below
5.0 g/kg), available phosphorus was low (below 22 mg/kg) while exchangeable potassium was also
low (below 1.23 Cmol/kg). This finding showed that the fertility status of soil in these three locations
were low and therefore demand appropriate management practices that will boost the fertility status.
These findings are in concord with Onweremadu, (2007) and Mbah (2006) that soils in Southeastern
Nigeria are low in fertility level. This poor fertility status could be due to high rainfall in the area which
increases soil erosion and leaching of plant nutrient elements. Also, the dominant sand fraction of
soil due to parent material (coastal plain sand) could contribute to soil acidity and low nutrient
elements in the soil. Results of the nutrient index of soils in the study locations as presented in Table
7 showed that the soil organic carbon, available phosphorus and exchangeable potassium had low
nutrientindex confirming low fertility level of soils in the study locations.

Table 7: Nutrient Index Values of Soils in the Study Locations

Land Use Soil Properties Nutrient Index Remark

Fallow Land Organic Carbon 1.00 Low

Cassava Cultivated Land Available P 1.00 Low

Palm Plantation Exchangeable K 1.00 Low
Conclusion

This investigation has shown that the fertility status of soils in this part of Imo State, Southeastern
Nigeria is poor according to the rating index used in this work. Due to high acidity of soils in the area
together with high rainfall that facilitates leaching and runoff of plant nutrients, farmers should adopt
organic farming and application of lime. Animal droppings, kitchen wastes and biodegradable
materials that will after decomposition add humus to the soil should be applied. Farmers should be
discouraged from applying chemical fertilizers that will worsen the situation as this will cause
nutrient imbalance, low nutrient availability due to low soil pH and low soil biodiversity. Mulching of
soils after tillage in cassava cultivated land and even other crops should be encouraged. This will
reduce the impact of raindrops on soil; improve soil condition and growth of soil microbes. Duration
of fallow land should be increased in areas where land fragmentation is not a problem. Allowing
longer fallow period will increase litter fall and organic matter turnover.This method of soil fertility
evaluation should be used to evaluate the fertility status of soils in other agro-ecological zone
because the methods are reliable.
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