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duction in Ebonyi State of southeast Nigeria. Free survey was conducted after
three zones (Agbaja, Akaeze and Ikwo) in the state were purposely selected
for representation of the soil sampling. Two types of sampling were conducted;
Auger sampling at 0 - 20 and 20 - 40 cm depths and soil profile sampling.
Annual crop yield data on maize and cassava for the state from 1988 to 2017
were collected from Agriculture Development Program. Variations in prop-
erties among soil horizons were obtained using coefficient of variations while
soil parameters were regressed against crop yields to establish their relation-
ships. Results showed that fine sand, total sand, bulk density, total porosity,
soil pH, and available phosphorus significantly (p = 0.05) differ from 0 - 20
cm and 20 - 40 cm depths. Also, cassava yield correlated negatively with base
saturation, and organic matter at 0.05 probability level; with exchangeable Ca
and Na at 0.01 probabilities level but correlated positively with bulk density
and available water capacity at 0.01 and 0.05 probability levels, respectively.
Similarly, maize yield correlated negatively with available phosphorus and total
nitrogen at 0.05 probability level; and with total porosity and exchangeable
Ca at 0.01 probability level; and then correlated positively with available water
capacity, and bulk density, at 0.01 probability level; with coarse sand at 0.05
probability level. However, soils of Ebonyi State are fertile but some of the
chemical properties are still low, therefore, it is paramount to improve the qual-
ity of the soil to achieve improved food security in the state.

Keywords
Soil Parameters, Crop Yield, Relationships, Food Security, Ebonyi State,
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1. Introduction

According to [1], there are strong indications and evidences that the agricultural
and food system as well as the rural area across the world are experiencing major
climatic changes. They affirmed that the changes had drastically reduced soil
fertility and led to poor agricultural outputs particularly in sub-Saharan Africa.
Also [2] noted that the low-available water holding capacity of the soil result to
poor crop growth in the tropics. In another study, [3] submitted that tempera-
ture and precipitation have opposite effects on yield levels and variability of
crops because they influence soil moisture, which in turn could affect soil fertili-
ty. Supporting the above remark, [4] observed that the major agro-climatic con-
straints on agricultural production are related to insufficient, excessive or irre-
gular moisture supply, which in turn will affect the length of growing period
(LGP) of crops.

The recurrent food crisis in Nigeria is partly due to the high rate of population
growth over food production level and erratic amounts of food crops produced
from year to year. However, this can be attributed to high susceptibility of the
country to serious environmental hazards extreme climate events, poor soil quali-
ty, deforestation, continuous cropping and unhindered desert encroachment [5].
From the foregoing, it is clear that there are many factors that affect the growing
period of crops, which to a greater extent determine the crop growth cycle and
its yield.

Irrespectively, soil indicators present major determinant in the growth and
production of food crops. Soil properties therefore, are among major physical
environmental factors that can increase or decrease crop production. Plants grown
on land completely depend on soil on which they grow. Obviously, soil parame-
ters, which influence crop production, are also affected by both natural and hu-
man induced factors. Soil factors affecting crop production therefore, include
soil moisture (water), soil air, soil temperature, soil mineral matter, soil organic
matter, soil organisms and soil reaction, which is the pH (hydrogen ion concen-
tration) of the soil. In Ebonyi State of Nigeria, there is evidence of global food
security crises because food production has not over the years kept pace with
growing population in the area. The decrease in food crop production in the
state is therefore, attributed to low or poor quality of the soils among other fac-
tors. It is on this premise this research is based on the aim to analyze the rela-
tionships between physico-chemical soil properties and food crop production in
the state.

2. Description of the Study Area

Ebonyi State is one of the states in Southeast Nigeria as shown in Figure 1. The
state lies approximately within latitudes 5°40' and 6°45' north of the Equator and
longitudes 7°30" and 8°30' east of the Greenwich meridian. The prevailing climatic
condition in the area is characterized primarily by two major regimes which are the

rainy and dry seasons. The rainy season usually starts in April through October;
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Figure 1. Directional map showing Ebonyi State, Southeastern, Nigeria.

while the dry season starts from October to February, which is the same through-
out southeast Nigeria. The state experiences bimodal rainfall pattern with first
peak in July and the second in September, and annual rainfall is usually between
1613.8 mm to 2136.27 mm. Dry season begins in November, when the dry con-
tinental North-eastern wind blows from the Mediterranean Sea across the Sahara
desert and Samarian desert and down to the southern part of Nigeria. The state
is known for agriculture especially crop farming. Agriculture is a very significant
sector of the economy for the state and the sources of raw materials used in the
processing industries which serve as important area of employment and income
generation for the people.

Based on vegetation, Ebonyi is divided into two, the Southern forested Ebonyi
and the derived savanna of Ebonyi North. Yet, the vegetation as one transit from
the forested south is thicker than the northern part of Ebonyi State. Consequent
upon this, the state is divided into three zones for the purpose of soil sampling,
namely Ebonyi South, Ebonyi Central and Ebonyi North. The state capital is Ab-
akaliki and the state is known for its salt deposits, while other minal deposits

found in the state are zinc, lead, limestone, granite, refractory clay and gypsum.

3. Materials and Methods

The study involved both primary and secondary data sources and acquisitions.
Free survey was employed for the study after the three zones in the state was
purposely selected for representation of the soil sampling. The zones include
Agbaja in Izzi LGA (Ebonyi North), Akaeze in Ezza North LGA (Ebonyi Cen-
tral) and Ikwo in Ikwo LGA (Ebonyi South) (see Figure 1). The free survey was
guided by size and extent of farming activities in each zone. Two types of sam-

pling were conducted; Auger sampling was conducted at 0 - 20 and 20 - 40 cm
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depths for arable crop production purposes while soil profile sampling was done
for in-depth characterization and scientific classification of soils. Soil profile was
dug, described and sampled using standard procedures as recommended by [6].
Soil samples were collected based on horizon differentiation and sampling started
from the deepest horizon upwards in each soil profile. In each location, 10 auger
samples of the same depth were collected and bulked to form a composite sam-
ple for laboratory analyses.

The secondary data involved collection of annual crop yield data on maize
and cassava (in kilogrammes/hectare) for Ebonyi State over 30 years ranging
from 1988 to 2017. The crop yield data were obtained from Agriculture Devel-
opment Programme (ADP) headquarters in Abakaliki. The crop yield data are
presented in Table 1 and both edaphic data and crop yield data were analyzed
statistically to determine their relationships.

Table 1. Crop yield for Ebonyi State in metric tons (1988-2017).

Year Maize Cassava
1988 2.78 10.11
1989 2.50 9.00
1990 2.50 9.40
1991 3.70 12.05
1992 2.99 11.85
1993 3.06 12.56
1994 3.80 12.85
1995 3.88 12.88
1996 4.80 12.90
1997 3.80 11.59
1998 2.18 12.50
1999 2.18 15.75
2000 1.96 14.57
2001 2.03 15.52
2002 2.03 15.52
2003 2.01 15.85
2004 1.93 14.63
2005 2.01 14.20
2006 2.04 15.01
2007 2.04 15.01
2008 2.07 15.00
2009 2.11 15.18
2010 3.70 13.10
2011 3.85 12.80
2012 3.85 13.80
2013 4.50 13.20
2014 4.55 13.35
2015 5.50 13.25
2016 5.00 13.85
2017 4.85 13.75
TOTAL 94.20 401.03

Source: ADP, Abakaliki, Ebonyi State, Nigeria.
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3.1. Laboratory Studies

Soil samples were air-dried and sieved using 2-mm sieve and the particle size
distribution was determined by hydrometer method [7] while bulk density was
measured by core procedure [8]. Results from particle size analysis (sand, silt
and clay) values were used to obtained textural class using textural triangle. Bulk
density values were used to calculate total porosity of soils given a relationship
between bulk density and particle density [9].

BD 100

Total Porosity (TP) = o T

where BD = determined bulk density, PD = particle density assured to be 2.65
mg-m~ (2.65 g/cm™).

Gravitaional moisture content (6m) was measured using the procedure as out-
lined in Obi (1990).
_WsS-Ds N 100%

DS 1

where Om = gravitmetric moisture content; WS = weight of wet soil sample; DS
= weight of dry soil sample; AWC = FC - PWP.

Soil pH water and pH KCL were determined electronically in 1:2.5 soil solu-

Om

tions ratio according to [10].

Soil organic Carbon was measured by wet digestion using the procedure out-
lined in [11] while soil organic matter was calculated by multiplying organic car-
bon value by 1.724. Exchangeable basic cations were extracted using ammonium
acetate at pH, and therefore, exchangeable calcium and magnesium were deter-
mined using ethylene diamine-tetraascetic acid (EDTA) titration, and exchangea-
ble potassium and sodium were determined by flame photometry (Soil Survey
Staff, [11]. Exchangeable acidity (exchangeable hydrogen and aluminum) were
measured by apparent titration [12]. Cation exchange capacity (ACEC) was meas-
ured at pH of 7.0 (neutral) [11].

Total nitrogen (TN) was determined by micro-kjedahl apparatus [13]. Availa-
ble phosphorous was estimated by Bray 2 method according to procedure of
[14]. Base saturation was computed as a sum of exchangeable basic cations (Ca,
Mg, K, Na) divided by Cation Exchange Capacity, multiplied by 100% [11].

3.2. Date Analytical Techniques

Soil data from auger samples were subjected to analysis of variance (ANOVA).
Therefore, variation in properties among soil horizons were obtained using coef-
ficient of variation. Also, the correlation coefficient (r) and the coefficient of de-
termination for simple linear regression (r*) were calculated to determine the
degree of association or relationship among some physico-chemical properties
of the soils from selected profiles around the study area. Similarly, edaphic (soil)
parameters (independent variables) were regressed against crop yield (depen-
dent variables) to establish relationship existing among some soil properties and

the crops.

DOI: 10.4236/ajcc.2020.91004

38 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2020.91004

F. C. Okorie et al.

4. Results
4.1. Crop Yield for Ebonyi State

The yields for the arable crops in metric tons for the entire state are presented in
Table 1. Results show that maize yield in 1988 was 2.78 m/ton and cassava, 10.11
m/ton but in 1998 maize yield dropped to 2.18 m/ton and cassava increased to
12.50 m/ton, while in 2008 maize yield decreased further to 2.07 m/ton and cas-
sava increased to 15.00 m/ton, and in the last study year (2017) maize yield in-

creased to 4.85 m/ton and cassava decreased to 13.75 m/ton.

4.2. Soil Physical Properties in Ebonyi State

Soil physical properties in Ebonyi State are presented in Table 2. Results showed
that at 0 - 20 cm depth, CS, FS, TS and Si ranged from 100 - 150, 230 - 510, 330 -
660, and 220 - 500 g/kg respectively in the three studied location (Akaeze, Agba-
ja and Ikwo). The clay content ranged from 90 - 170 g/kg while bulk density
ranged from 1.22 - 1.30 g/cm’. Total porosity was within the range of 50.94% -
53.96% while moisture content ranged from 18.22% - 20.03%. FC, PWP and
AWC ranged from 0.23 - 0.25, 0.111 - 0.126, and 0.118 - 0.122 g/kg respectively.

Table 2. Physical properties of soils of Ebonyi State.

CS ES TS Si Cl BD TP ¢m FC PWP AWC
Location TC
g/kg glkg g/kg gl/kg glkg glem® % % gkg glkg glkg

Sampling depth (0 - 20 cm)

Akaeze 100.0 510.0 660.0 220.0 120.0 SL 1.29 51.32 19.08 0.25 0.126 0.120
Agbaja  150.0 250.0 400.0 510.0 90.0 SiL  1.30 50.94 1822 023 0.111 0.122
Tkwo 100.0 230.0 330.0 500.0 170.0 SiL  1.22 53.96 20.03 0.24 0.121 0.118
Mean 116.7 330.0 463.3 410.0 126.7 SL 1.27 52.07 19.11 0.24 0.119 0.120
CV (%) 2470 47.30 37.50 40.20 31.90 340 320 470 270 640 1.70
SE 289 156.2 173.9 164.6 404 0.04 1.65 091 0.01 0.008 0.020

Sampling depth (20 - 40 cm)

Akaeze 230 400 630 230 140 SL 1.43 46.03 1936 0.311 0.123 0.188
Agbaja 75 300 375 515 110 SiL  1.41 46.79 18.42 0.234 0.089 0.145

Tkwo 90 200 290 520 190 SiL  1.38 47.92 20.86 0.241 0.117 0.124

Mean  131.7 300.0 431.7 421.7 146.7 141 4691 1955 0.26 0.11 0.15
CV (%) 649 333 41 394 276 1.8 200 63 163 165 214
SE 855 100 1769 166 404 0.025 095 123 0.04 0.018 0.03
C::::: 124.2 315.0 447.5 415.8 136.7 1.34 4949 1933 0.25 0.115 0.136
CV (%) 514 41.6 392 395 122 27 267 56 122 121 17
SE 63.8 131.1 1754 165.3 0.03 0.04 134 1.08 0.03 0.01 0.02

SE = standard error, CV = Coefficient of variation. CV rating: 0 - 15 = low, 15 - 35 = medium, <35 = high.
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There was medium variation in the CS and Cl, content in the three locations and low
variations in Bulk density, total porosity, moisture content field capacity, perma-
nent wilting point and AWC while high variations were observed in FC, TS and Si.

At 20 - 40 cm depth, CS, FS, TS and Si ranged from 75 - 230, 200 - 400, 290
g/kg respectively. Clay content ranged from 110 - 190 g/kg while bulk density in
the three locations ranged within 1.38 - 1.43 g/cm’. Soil total porosity and mois-
ture content ranged from 46.03% - 47.92% and 18.42% - 20.86%, respectively.
Filed capacity, PWP and AWC ranged from 0.234 - 0.311, 0.089 - 0.123 and
0.124 - 0.188 g/kg respectively. There were low variations in bulk density, total
porosity, moisture content, FC and PWP while there were moderated variations
in FS, Cl, and AWC. High variations were observed in CS, TS, and Si. Compar-
ing the two sampling depth, there were low variability in the Cl, bulk density, total
porosity, moisture content, FC, and PWP while medium variability occurred in
AWC and high variability occurred in CS, FS, FS and Si. These variations in the
physical properties in the three locations could be attributed to parent materials,

climatic influences and land management.

4.3. Soil Chemical Properties in Ebonyi State

The chemical properties of soil in Akaeze, Agbaja and Ikwo in Ebonyi State are
presented in Table 3. Results showed that at 0 - 20 cm depth, the soils are acidic
with Ph in water ranging from 3.8 to 4.4 and 4.7 - 5.3 in KCI. Organic carbon
ranged from 9.20 - 26.6 g/kg while total nitrogen ranged from 1.1 - 2.5 g/kg. Ex-
changeable bases were low with total exchangeable bases ranging from 2.9 - 3.41
cmol/kg. Total exchangeable acidity in the three locations ranged from 2.14 -
6.66 cmol/kg while the effective cation exchange capacity was highest at Ikwo loca-
tion. ACEC ranged from 0 - 15.82 cmol/kg. Base saturation was had the highest
value at Akaeze location and ranged from 33.86% - 57.53%. Available phospho-
rus ranged from 3.2 - 16.3 mg/kg. At 20 - 40 cm sampling depth, there was a de-
crease in the value of soil pH when compared to 0 - 20 cm sampling depth. Or-
ganic carbon ranged from 8.80 - 14.8 g/kg. Total N was low and ranged from 0.6
- 0.9 g/kg. Exchangeable cations (Ca, Mg, K and Na) were low with the highest
total exchangeable bases found at Ikwo location. Total exchangeable acidity ranged
from 1.94 - 6.60 cmol/kg. Highest effective cation exchange capacity was found
at Tkwo location and ranged from 3.06 - 8.84 cmol/kg Akaeze had the highest
value of AECE (14.60 cmol/kg) base saturation (39.0%). Available P ranged from
1.2 - 12.8 mg/kg.

According to [15], at 0 - 20 cm depth, there were low variability in soil pH and
exchangeable H while there were medium variation in exchangeable Ca, and
base saturation. High variability occurred in OC, OM, total N, exchangeable Mg,
K, Na, TEA, TEB, ACEC, and available P. At 20 - 40 cm depth, low variations
occurred in soil pH, medium variability was observed in organic matter and or-
ganic carbon, total N, exchangeable Na, TEB, ACEC and base saturation while
other chemical properties exhibited high variability. As was noted in soil physical

properties, at 0 - 40 cm depth, there were variations in soil chemical properties.
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Table 3. Chemical properties of soils of Ebonyi State.

) pH pH oC OM TN Ca Mg K Na TEB H Al TEA ECEC ACEC Bsat Av.P
Location
(KCD)  (H,0) g/kg g/kg gl/kg Cmol/kg % Mglkg
Sampling depth (0 - 20 cm)

Akaeze 4.4 5.3 173 2982 1.3 1.1 1.2 0.4 0.22 29 1.02 118 214 504 1582 5753 3.2
Agbaja 4 4.9 266 4585 25 1.4 0.6 0.5 0.52 3.02 1.41 221 362 6.64 0 4548 8.6
Tkwo 3.8 4.7 9.2 1586 1.1 1.6 1.4 0.21 02 341 272 394 6.66 10.07 1478 33.86 16.3
Mean 4.07 497 17.70 30,51 1.63 137 1.07 037 031 311 172 244 414 7.25 1020 4562 9.37
CV (%) 7.50 6.20 49.20 4920 46.40 18.40 39.00 38.80 57.20 55.70 8.60 51.90 57.10 35.30 86.80 25.90 70.30
SE 0.31 0.33 8.71 1501 0.76 025 942 0.15 0.18 230 027 089 139 257 885 11.84 6.58

Sampling depth (20 - 40 cm)

Akaeze 4 5 148 2551 0.8 0.6 0.8 029 0.19 188 124 1.7 294 482 146 39 1.2
Agbaja 4.1 5.1 9.4 16.2 0.9 0.4 0.2 0.4 0.12 1.12 0.61 133 194 3.06 10.12 36.6 6.3
Tkwo 3.7 4.8 8.8 15.17 0.6 1.2 0.8 0.13 0.11 224 2.7 3.9 6.6 8.84 1436 2533 128
Mean 3.93 4.97 11.00 1896 0.77 0.73 060 027 014 175 1.52 231 3.83 557 13.03 33.64 6.77
CV (%) 5.3 3.1 30 30 199 56.8 577 49.7 311 327 70.7 601 641 532 193 217 869
SE 0.21 0.52 3.3 5.7 0.15 042 035 0.13 0.04 057 1.7 139 245 29 2.52 7.3 5.81
Grand mean  4.00 4.97 1435 2474 120 1.05 083 032 023 243 162 238 398 641 11.61 39.63 8.07

CV (%) 6.5 4.9 45.9 459 455 328 4.6 44 576 184 61 58,6 59.7 433 56 24.8 77
SE 0.26 0.24 6.59 1136 0.55 034 038 0.14 0.13 044 099 139 238 277 651 983 6.21

4.4. Soil Physical Properties of Akaeze in Ebonyi State

The physical properties of soil in Akaeze are presented in Table 4. Results showed
that there is an increase in the coarse sand (CS), fine sand (FS), total sand (FS)
and clay (CL) content down the pit. The mean value of CS, FS, TS and CI were
168, 225, 393, and 350 g/kg respectively. The textural class of the soil from A to
Bt2 horizon was clay loam. There was a decrease in the bulk density and an in-
crease in soil total porosity down the epipedon. Moisture content (@m), field ca-
pacity (FC), permanent wilting point (PWP) and AWC did not follow a particular
sequence. There were low variations on soil bulk density, total porosity, mois-
ture content, filed capacity and PWP within the horizon. Medium variations
were observed in total sand (TS) and AWC while high variations occurred in the

coarse sand, fine sand and silt fraction.

4.5. Soil Chemical Properties of Akaeze in Ebonyi State

The chemical properties of Akaeze soil in Ebonyi State are presented in Table 5.
The soil was moderately acidic with low variability. High variations were ob-
served in the organic carbon, organic matter and total nitrogen content within
the horizons. The mean values of organic carbon, organic matter and total ni-

trogen were 11.68, 20.12 and 0.83 g/kg respectively. According to [6] rating,
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Table 4. Soil physical properties of Akaeze soils in Ebonyi State.

Horizon

AB

Bt1

Bt2

Depth
(cm)

40 - 60
60+
Mean
CV (%)

SE

cs

g/kg
100
150

200

220
168

32.1

53.8

FS TS Si Cl BD TP Pm FC PWP AWC
g/kg g/kg g/kg g/kg Te g/cm® % % g/kg g/kg g/kg
200 300 400 300 CL 1.27 52.07  20.28 0.258 0.118 0.14
250 400 200 400 CL 1.39 47.54  22.54 0.332 0.121 0.211
230 430 200 370 CL 1.48 44.15 21.82 0.263 0.119 0.144
220 440 200 360 CL 0.0 0.0 23.1 0.0 0.0 0.0
225 393 250 358 1.04 3594 2194 0.21 0.09 0.12

93 16.3 40 11.7 7.6 8.3 5.6 14.5 1.3 24.2
20.8 64 100 41.9 0.11 3.97 1.22 0.04 0.001 0.04

SE = standard error, CV = coefficient of variation.

Table 5. Soil chemical properties of Akaeze soils in Ebonyi State.

Horizon Depth pH pH OC OM TN Ca Mg K Na TEB H Al TEA ECEC ACEC Bsat Av.P
(em) (KCD) (H;0) g/kg g/kg glkg Cmol/kg % Mgl/kg
A 0-13 4.5 5.4 19.2 331 1.6 1.2 16 043 027 35 0.85 1.1 195 545 16.76 6422 3.8
AB 13-40 4.2 5.1 16 27.58 0.9 0.8 1.1 033 021 244 122 1,55 277 521 1632 4683 1.7
Btl 40-60 4.6 5.6 83 143 0.6 1.4 14 046 031 357 1.08 1.13 221 578 17.2  61.76 3.7
Bt2 60+ 5 5.9 32 551 0.2 0.4 0.8 052 025 197 096 127 223 4.2 12.88 46.9 0
Mean  4.58 550 11.68 20.12 083 095 123 044 026 287 1.03 126 229 516 1579 5493 2.30
CV (%) 8.7 7.3 552 552 426 53 245 223 194 287 127 169 139 155 145 157 805
SE 0.4 0.4 6.44 11.11 035 0.5 0.3 0.1 005 082 013 021 032 038 2.28 86 185

SE = standard error, CV = coefficient of variation.

exchangeable Ca, Mg, K and Na were very low with moderate variability. Total
exchangeable acidity increased with increase in depth while effective cation ex-
change capacity was very low according to [6] rating. However, base saturation
was moderate and available phosphorus was low. The morphological characteris-
tics of the soil as shown in Table 5 showed a dark brown colour on A horizon,
yellowish brown to light gray colour at the AB and Btl horizon while at BT 2,
the colour is ponded. The structures consisted of coarse sub angular block with

firm consistency. The boundary was gradual and smooth.

4.6. Soil Physical Properties of Agbaja Soils in Izzi LGA
in Ebonyi State

The physical properties of Agbaja soils in Ebonyi State are presented in Table 6.
Results showed that the mean value of CS, FS, TS, Si and Cl were 112, 130, 242,
583 and 192 g/kg respectively. The textural classes of the soil from A to Bt4
horizons were silt loam and clay. Unlike in Akaeze soil, there was an increase

in the bulk density and a decrease in soil total porosity from A to Bt4 horizons.
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Table 6. Soil physical properties of Agbaja soils in Izzi LGA in Ebonyi State.

Horizon

A

AB

Btl1

Bt2

Bt3

Bt4

Depth
(cm)

0-14

14 - 37

37 -60

60 - 108
108 - 130
130 - 190
Mean

CV (%)

SE

CS FS TS Si Cl BD TP Om FC PWP AWC
gl/kg gl/kg glkg glkg glkg te g/cm? % % gl/kg glkg gl/kg
130 130 260 700 40 SiL 1.29 51.32 18.68 0.231 0.123 0.108
80 120 200 720 80 SiL 1.39 47.54 18.8 0.233 0.121 0.112
100 200 300 620 80 SiL 1.41 46.79 19.2 0.221 0.119 0.102
100 100 200 450 350 Cl 1.48 44.15 23 0.235 0.123 0.112
130 100 230 650 220 SiL 1.59 40 21.22 0.232 0.121 0.111
130 130 260 360 380 Cl 1.63 38.49 22.18 0.236 0.125 0.111
112 130 242 583 192 1.47 44.72 20.51 0.23 0.12 0.11
19.1 28.4 16.2 24.9 77.1 8.8 10.8 9.1 2.3 1.70 3.6
21.37 36.9 39.2 145.4 147.8 0.128 4.84 1.87 0.005 0.002 0.004

SE = standard error, CV = coefficient of variation.

Moisture content (@m) increased down the depth. The mean values of FC, PWP
and AWE were 0.23, 0.12 and 0.11 g/kg respectively. There was low variability in
soil bulk density, total porosity, moisture content, PWP and AWC while me-
dium variation existed in coarse sand, total sand and silt and high variations ex-

isted in clay.

4.7. Soil Chemical Properties of Agbaja Soils in Izzi LGA
in Ebonyi State

The chemical properties of Agbaja soil in Izzi local Government Area, Ebonyi
State are presented in Table 7. Like in Akaeze, the soil was strongly acidic ac-
cording to [16] rating with low variation. There was a decrease in the concentra-
tion of organic carbon, organic matter and total nitrogen from epipedon down
the subsoil. This could be attributed to litter falls that after decomposition, in-
creases the organic matter in the soil. Low variations also were observed in these
properties from A to Bt4 horizon. However, organic matter and total nitrogen
were low according to [16] rating. Exchangeable Ca was moderate while exchan-
geable Mg, K and Na were low based on [6] rating. There were high variation in
exchangeable Ca, Mg and K while Na was medium in variation from A to Bt4
horizons. Effective cation exchange capacity was low while base saturation was
medium. The concentration of available phosphorus was low according to criti-
cal limits for interpreting soil fertility levels [6]. Available phosphorus was also
low with high variability. Low concentrations of exchangeable bases and effec-
tive cation exchange capacity could be attributed to low organic matter content
since organic matter acts as a reservoir for storing nutrient elements. Also, the
acidity of the soil from A to Bt4 horizon could have influenced the concentration
of exchangeable nutrients since soil pH influences the availability of plant nu-

trient elements.
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Table 7. Soil chemical properties of Agbaja soils in Izzi LGA in Ebonyi State.

D OC OM TN Ca Mg K Na TEB H Al TEA ECEC ACEC Bsat Av.P
Horizon epth pH  pH
(cm) — (KCD (H0) glkg glkg glkg Cmol/kg % Mg/kg
A 0-14 4.1 5 29 499 28 18 08 08 02 36 1.3 19 32 6.8 17.24 529 8.1
AB 14 - 37 4.2 52 10 1724 11 08 03 02 016 146 0.5 1.04 1.54 3 10 48.66 7.7
Btl 37 -60 4.3 5.3 6 1034 0.8 1.1 04 044 0.22 217 0.8 113 193 4.1 1043 5292 1.69
Bt2 60 - 108 4.5 5.6 3 517 05 14 04 046 0.18 241 1 131 231 472 10.72  51.05 4.36
Bt3 108 -130 4.3 5.3 2 344 03 1 03 042 0.16 1.88 0.74 1 1.74  3.62 9.88 5193 522
Bt4 130-190 4.2 5.1 1 1.72 01 06 02 038 0.12 13 0.82 054 136 2.66 6.38 4897 1.7
Mean 427 525 850 14.65 093 1.12 040 045 0.17 214 0.86 1.15 2.01 4.15 10.78 51.07 4.80
CV (%) 3.2 3.9 1242 1243 105.1 386 524 434 202 398 313 38.7 332 36 32.8 3.7 58.2
SE 0.14 021 1056 182 098 043 0.21 0.195 0.04 0.83 0.27 044 0.66 1.49 3.54 1.88 2.79

SE = standard error, CV = coefficient of variation.

4.8. Soil Physical Properties of Ikwo LGA in Ebonyi State

The physical properties of soil of Ikwo Local Government Area in Ebonyi State
are presented in Table 8. Results showed that the mean value of CS, FS, TS, Si
and CI were 43, 182, 225, 380 and 395 g/kg respectively. There were variations in
the textural classes of the soil from A to Bt3 horizons. The bulk density, moisture
content, PWP and AWC increased from A to Bt3 horizon. Similar trend was
observed in Izzi, Agbaja soil. There were low variability in soil bulk density, total
porosity, moisture content and PWPW and medium variability in AWC, total

sand, silt fraction and fine sand while high variability occurred in coarse sand.

4.9. Soil Chemical Properties of Ikwo LGA in Ebonyi State

The chemical properties of soil of Ikwo Local Government Area, Ebonyi State
are presented in Table 9. The soils are strongly acidic according to [16] rating
with low variation. The mean values of organic carbon, organic matter, and total
nitrogen were 4.74, 8.18 and 0.52 g/kg respectively. These values according to [6]
rating was low and the highest values were recorded at the epipedon. This could
be attributed to litter decomposition and expected microbial population that in-
creases organic matter decomposition and nutrient transformation. Exchangea-
ble Ca, Mg, K and Na were low and the total exchangeable cations were medium
in variability. Exchangeable Ca decreased with increase in depth. There were low
variability in total exchangeable acidity, effective cation exchange capacity, base
saturation and available phosphorus. The concentration of base saturation and

available phosphorus were low based on [16] rating.

4.10. Relationship between Edaphic Factors and Maize and
Cassava Yield in Ebonyi State

The results interestingly showed that there is a relationship between edaphic factors
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Table 8. Soil physical properties of Ikwo LGA in Ebonyi State.

Horizon

AB

Btl1

Bt2

Bt3

Depth
(cm)

7 -39

39-88

88 - 130

130-17

Mean

5

CV (%)

SE

Ccs
glkg
20
16
36
22
120
43
102.4

43.8

FS
glkg
170
110
220
200
210
182
24.4

44.4

TS Si Cl BD TP Om EFC PWP AWC
TC
g/kg g/kg g/kg g/cm® % % g/kg g/kg g/kg
190 480 330 L 1.2 54.71 20.56 0.243 0.122 0.121
126 490 384 CL 1.34 49.43 21.62 0.256 0.116 0.14
256 330 414 CL 1.41 46.79 22.86 0.266 0.119 0.147
222 340 438 C 1.59 40 22.92 0.333 0.141 0.192
330 260 410 C 1.63 38.49 21.88 0.258 0.115 0.143
225 380 395 1.43 45.88 21.97 0.27 0.12 0.15
33.7 26.5 10.4 124 14.6 4.4 13.1 8.70 17.7
75.9 100.7 41.2 0.18 6.72 0.97 0.04 0.001 0.03

Table 9. Soil chemical properties of Ikwo LGA in Ebonyi State.

D OC OM TN Ca Mg K Na TEB H Al TEA ECEC ACEC Bsat Av.P
. epth  pH pH
Horizon (cm) (KCI) (H,0)
27 glkg glkg glkg Cmol/kg % Mg/kg
A 0-7 4 4.9 10.4 18 1.3 2.2 1.8 02 04 46 25 378 628 1088 1506 42.27 18.86
AB 7 -39 4 5.1 5.8 9.8 0.7 1.6 1.2 01 03 32 25 39 6.4 9.6 1446 3333 18.2
Btl 39-88 4.1 5.2 3.7 6.4 0.3 1.4 1 02 03 29 20 3.0 5.0 7.9 12.68 36.7 18.5
Bt2 88 - 130 4.1 5.1 2.3 4.1 0.2 1.2 1.1 01 04 28 2 3.7 5.7 8.5 13.54 3294 18.16
Bt3 130-175 4.0 5.0 1.5 2.6 0.1 1.8 14 01 02 35 308 3.08 6.16 9.66 145 36.23 16.24
Mean 4.04 506 474 818 052 164 13 0.14 032 34 2416 349 591 930 14.05 36.29 17.99
CV (%) 1.4 2.3 75.1 749 946 235 243 391 261 213 185 12 9.7 12.4 6.7 10.3 5.7
SE 0.05 0.11 356 6.12 049 037 032 005 0.08 0.73 045 042 057 1.15 0.97 3.74 1.02

and yield of the arable crops in the state. For example, cassava yield significantly
correlated negatively with some chemical properties like base saturation (—0.5296)
at 0.05 probability level, exchangeable Ca and Na at 0.01 probability level, organic
matter and organic carbon at 0.05 probability level, total exchangeable bases, to-
tal nitrogen and total porosity at 0.01 probability level but significantly correlated
positively with physical properties such as bulk density (0.8637) and available wa-
ter capacity at 0.01 probability level and 0.05 probability level, respectively.
Similarly, maize yield significantly correlated negatively with the following chem-
ical properties; available phosphorus, total nitrogen, total exchangeable bases, and
Si at 0.05 probability level, and total porosity, and exchangeable Ca at 0.01 proba-
bility level. On the other hand, maize yield significantly correlated positively some
physical soil properties such as available water capacity, bulk density and fine
sand FC at 0.01 probability level and with coarse sand (CS) at 0.05 probability

level.
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5. Discussions

This research shows that at 0 - 20 cm depth, there was medium variation in the
CS and Cl, content in the three locations and low variations in Bulk density, total
porosity, moisture content field capacity, permanent wilting point and AWC
while high variations were observed in FC, TS and Si. At 20 - 40 cm depth, there
were low variations in bulk density, total porosity, moisture content, FC and PWP
while there were moderated variations in FS, Cl, and AWC. High variations were
observed in CS, TS, and Si. However, this study is in agreement with the research
by [17], which reported that the bulk density of sub surface horizons were usually
significantly greater than those of surface horizons, since the BD of 0 - 20 cm
depth is 1.27 g/cm® and 20 - 40 cm depth is 1.41 g/cm’. To support this further
[18], while assessing the characteristics of soils in the Guinea Savanna zone of Ni-
geria reported that bulk density increased down the profile, in concord with in-
crease in clay content. Hence, in this study, clay content increased down the pro-
file from 126.7 kg to 146.7 kg.

[17], reported that volumetric moisture content at field capacity and wilting
point increased significantly as sampling depth increased. This is in agreement
with this study where 6m increased from 19.11% to 19.55%. Similarly, according
to Landon [19], pH > 8.5 = very high, 7.0 - 8.5 = high, 5.5 - 7.0 = medium and
<5.5 = low. However, results from this research generally show that pH in water
{pH (H,0)} is always higher than pH in KCl {pH (KCI)}, hence pH (H,0) and pH
(KCI) at the two sampling depths are 4.97 to 4.07 and 4.07 to 3.93. These results
also give support to the study by Ukaegbu and Akamigbo [20] that recorded a
higher pH in water than pH in KCI (1N) while working on the soils of the Cross
River plains.

Furthermore, [21], reported that such reaction is characteristic of soils in sou-
theastern Nigeria and it is the result of the acidic nature of the parent rocks,
coupled with the influence of the leached profile under high annual rainfall con-
dition. [20] [22], reported that total nitrogen is usually highest in the topsoil,
decreasing down the profile. To support the results of the previous studies cited
here, this research reports high values of total nitrogen at the topsoil, decreasing
down the profile. Thus, in this study results show that Akaeze soil total nitrogen
ranges from 0.013% to 0.008%, Agbaja = 0.025% to 0.009% and Ikwo = 0.011%
to 0.006%.

According to [21], the low nitrogen in most of the pedons is a common phe-
nomenon in the soils of Southeastern Nigeria and is as a result of the high nitro-
gen losses sustained in these soils through leaching of nitrates, as well as the
rapid mineralization of organic matter under the isohyperthermic soil tempera-
ture regime.

The research also show that in Ebonyi State, the average available Phosphor-
ous of the soils at the two sampling depths are moderate according Landon [19]
rating with values of 9.37 mg/kg and 6.77 mg/kg, respectively. This is in line with

the result reported by [22] of moderate concentration of available phosphorous
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(8.64 - 9.61 ppm) in the topsoils of soils overlying the Coastal Plain Sands of Imo
state in southeastern Nigeria.

According to Landon [19] ECEC is used to estimate the potential fertility of
the soil, the possible response to fertilizer application and as a rough guide to the
types of clay minerals present. According to this study therefore, Ebonyi State
has medium values of ECEC with 21.75 cmol/kg and 16.72 cmol/kg in the top
soils and sub soils, respectively. However, the values of ECEC decrease with in-
crease in depth, which is a common condition with most soil properties in the
southeast Nigeria as reported in other studies [23] [24] [25] [26]. This study es-
tablished that edaphic factors have negative effects on the yield of cassava and
maize in Ebonyi State because some soil properties that normally promote crop
growth such as total Nitrogen, available phosphorus, organic matter, total exchan-
geable bases; exchangeable Ca and Na are still low in value. Similar case was re-
ported in [16] and [27] where decreased in the yield of arable crops in southeas-

tern Nigeria were attributed to low level of soil nutrient elements in the region.

6. Conclusions

The study shows that soils of Ebonyi State had a good correlation with the food
crops. This means that soils physico-chemical properties affect crop production
in the area, but other factors such as technology, environmental hazards, and
farmers’ adaptive skill to climatic variations and change can also account for varia-
tions recorded respectively in maize and cassava yields in the state. Comparing
the two sampling depths, 0 - 20 cm and 20 - 40 cm, there were low variability in
the Cl, bulk density, total porosity, moisture content, FC, and PWP while medium
variability occurred in AWC and high variability occurred in CS, FS and Si.
These variations in the physical properties in the three locations could be attri-
buted to parent materials, climatic influences and land management. The study
also shows that at 0 - 20 cm depth, the soils are acidic with pH in water lower
than pH in KCI but based on [15] rating, there were low variability in the soils’
pH and exchangeable H at 0 - 20 cm depth while medium variability occurred in
exchangeable Ca, and base saturation. High variability occurred in OC, OM, to-
tal N, exchangeable Mg, K, Na, TEA, TEB, ACEC, and available P. At 20 - 40 cm
depth, low variations occurred in soil pH, medium varijability was observed in or-
ganic matter and organic carbon, total N, exchangeable Na, TEB, ACEC and base
saturation while other chemical properties exhibited high variability. As was noted
in soil physical properties, at 0 - 40 cm depth, there were variations in soil
chemical properties.

Furthermore, it was observed that Ebonyi State soil contains some plant nu-
trient elements that will support crop production. This means that Ebonyi State
soils are fertile to an extent as was also reported in [27]. However, the chemical
properties of soils in the state are still low according to [6] [16] [19] soil fertility
rating. Hence, there is therefore need to boost more the productivity of soils in

the State by applying proper amount of nutrients for maximum crop production.
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This is also to support the study by [28] which reported that optimum soil nu-

trients are sine qua non for sustainable agriculture for food and nutrition security.

7. Recommendations

Proper soil management strategy is necessary for the farmers in the state to adopt
in order to improve soils qualities for optimum food production. In this case, re-
searchers and extension workers should prove to farmers that application of or-
ganic amendments is important for getting higher yield of crops like maize and
cassava.

Climate is another physical factor affecting soils quality; therefore, farmers
need education and awareness on the climate risks, which reduces soil quality and
in turn affects their crops. In other words, farmers’ hands-on training is needed
in order to produce quality organic manures/fertilizers and application tech-
nology.

Ebonyi State government and federal government of Nigeria need to give in-
centives like organic fertilizers to resource poor farmers which will support growth
and development of food crops for yield maximization.

Finally, it is significant to introduce and develop genotypes of crops (such as
maize, cassava, etc.) which are adapted to the environment and soils of specific

areas for getting sustainably higher yield.
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Appendix

CS = Coarse Sand

FS = Fine Sand

TS = Total Sand

Si = Silt

Cl = Clay Sand

TC = Textural Class

SL = Sandy Loam

SCL = Sandy Clay Loam

SC = Sandy Clay

BD = Bulk Density

TP = Total Porosity

OM = Gravimetric Moisture Content
FC = Field Capacity

PWP = Permanent Wilting Point

AWC = Available Water Capacity
pH(KCL) = pH Potassium Chloride
pH(H20) = pH water

OC = Organic Carbon

OM = Organic Matter

TN = Total Nitrogen

Ca = Calcium

Mg = Magnesium

K = Potassium

Na = Sodium

TEB = Total Exchangeable Base

H = Hydrogen ion

Al = Aluminium

TEA = Total Exchangeable Acidity
ECEC = Effective Cation Exchange Capacity
ACEA = Apparent Cation Exchangeable Capacity
Bsat = Base Saturation

Av. P = Available Phosphorous

+ = Exchangeable

SOC = Soil Organic Carbon

SO = Soil Organism

CEC = Cation Exchange capacity

EC = Electrical Conductivity

ESP = Exchangeable Sodium Percentage
EPP = Exchangeable Potassium Percentage

pH = (Soil reaction) hydrogen ion concentration
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