Open Access Library Journal
2020, Volume 7, €6259

ISSN Online: 2333-9721

ISSN Print: 2333-9705

Geospatial Analysis of Soil Properties and Their
Effects on Maize and Cassava Production in
Ohaji/Egbema Imo State, Nigeria

Fidelis Chinazor Okorie!*, Chikere-Njoku Chinyere?, J. Oduaro Ifeanyi!, Chikwendu Lazarus!

'Department of Geography and Environmental Management, Imo State University, Owerri, Nigeria

“Department of Soil Science and Environment, Imo State University, Owerri, Nigeria

Email: *fidelisokorie@yahoo.co.uk

How to cite this paper: Okorie, F.C,
Chinyere, C.-N, Ifeanyi, J.O. and Lazarus,
C. (2020) Paper Title. Open Access Library
Journal, 7: €6259.
https://doi.org/10.4236/0alib.1106259

Received: March 23, 2020
Accepted: April 21, 2020
Published: April 24, 2020

Copyright © 2020 by author(s) and Open
Access Library Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

Abstract

This study geospatially analyzed the effects of soil physical and chemical
properties on production of maize and cassava in Ohaji/Egbema of Imo State
Nigeria. The research adopted a free survey method of sampling soils from
ten (10) different locations (communities) in the area. Auger and soil profile
samplings were performed and soil samples were bulked for laboratory analy-
sis. Sampling sites were geo-referenced using handheld global positioning
system (GPS) receiver for map production and digital elevation model (DEM)
of the study area. Cassava and maize yield data from 1988-2017 were col-
lected from the agricultural development programme (ADP) headquarters at
Owerri, Imo State. Data were analyzed using different techniques including
laboratory studies and analysis of variance (ANOVA). Variations in proper-
ties among soil horizons were obtained using coefficient of variation, and soil
properties were correlated with crops. Results indicated that some soil prop-
erties showed high variations, such that at the two sampling depths (0 - 20 cm
and 20 - 40 cm), soils were strongly acidic with low values in organic matter,
total nitrogen, exchangeable bases and available phosphorous. Few soil prop-
erties correlated positively with, cassava at 0.05 (Total nitrogen = 0.5333; Silt =
0.7750) and maize at 0.01 (Total sand = 0.7774; Coarse sand = 0.8742) proba-
bility levels but generally, most soil properties significantly correlated nega-
tively with the crops in the area. Thus, the soils contained low/less plant nu-
trient elements for crop production enhancement. It’s paramount therefore,
to improve the quality of soils and soil fertility in order to achieve sustainabil-
ity of food security in the area.
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1. Introduction

It is envisaged that Africa’s soil resource will continue to deteriorate, probably as
a result of changes in climate, land use and human activities in general [1]. The
main problems for soils in the African continent are contamination and irre-
versible losses due to increasing erosion. Soil erosion, in particular, is regarded
as one of the major and most widespread forms of land degradation, and as
such, poses severe limitations to sustainable agricultural land use [1].

However despite Nigerian government campaigns and slogans, farm produc-
tion has not kept pace with food demand. Most food crops produced in the
country come from the efforts of small-scale farmers who depend largely on tra-
ditional farming systems for their agricultural inputs [2]. The recurrent food cri-
sis in Nigeria is partly due to high rate of population growth over the food pro-
duction level and erratic amounts of food crops produced from year to year.
This however, can be attributed to high susceptibility of the country to serious
environmental hazards from low rainfall, extreme temperature, acid rain, gas
flaring, oil spillage, poor soil quality, deforestation, continuous cropping and
unhindered desert encroachment [3]. Arable crops such as cassava, maize, yam
and cocoyam are the chief sources of dietary energy for the majority of the
people living in the lowland tropics, and many of the sub-humid tropics of West
and Central Africa [4].

Therefore, their production and utilization must be given prime attention in
food policy. Even though farmers have not yet attained the desired technical ef-
ficiency in their production as a result of weak access to external inputs such as
fertilizers and herbicides [5].

[6] pointed out that optimum soil nutrients are sine qua non for sustainable
agriculture for food and nutrition security. [7], in their study concluded that
rapid decline in crop yield was associated with continuous cropping in Nether-
lands. Also [8] noted that the low-available water holding capacity of the soil re-
sults in poor crop growth in the tropics. In another study, [9] believes that rising
temperature affects soil moisture, which in turn could affect soil fertility. Sup-
porting the above remark, [10] observed that the major agro-climatic constraints
on agricultural production are related to insufficient, excessive or irregular mois-
ture supply, which in turn will affect the length of growing period (LGP) of crops
[11]. While assessing the characteristics of soils in the Guinea Savanna zone of
Nigeria it is reported that bulk density increased down the profile, in accordance
with increase in clay content.

According to [12], soil physical properties play a key role in soil sustainability
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and crop production; that they determine how easily plant roots can grow to
access soil nutrients, and how easily water can flow through the soil to deliver
these nutrients.

[13] reported that organic matter was generally highest in the top most hori-
zon of Imo River Basin while it was consequently highest in the topsoil because
of the continuous addition of organic matter to the soil surface by plant residues.
[14], attributed this decreasing trend of organic matter with depth primarily to
the effect of nutrient bio-cycling.

According to [15] 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. Generally ECEC was reported to be low in Imo river basin
[16] [17] [18]. Percentage Base Saturation (% Bsat) is another good indicator of
soil fertility [15]. According to [14], the low nitrogen in most of the pedons is a
common phenomenon in the soils of Southeastern Nigeria and is as a result of
the high nitrogen losses sustained in these soils through leaching of nitrates, as
well as the rapid mineralization of organic matter under the isohyperthermic soil
temperature regime.

Ultimately, physical factors such as climate, topography, land cover and spe-
cific soil characteristics have important effects on the processes of soil erosion
and soil formation, which in turn affect crop production. Therefore, this study
was investigating physic-chemical soil properties known as environmental fac-
tors among others, directly and indirectly influencing production of maize and

cassava in Ohaji/Egbema in Imo State of southeastern Nigeria.

2. Materials and Methods

2.1. Location

The study area, Ohaji/Egbema in Imo State of Southeastern Nigeria is located on
latitude 5°15'0"N and 5°36'0"N and longitude 6°35'0"E and 7°0'0"E. It is an
oil-rich Local Government Area of Imo State with Its headquarters at Mma-
hu-Egbema. The local council has an area of 890 km? and lies in the south-
western part of Imo State. Besides Oil and Gas exploration, Ohaji/Egbema is in
the rich agricultural zone of Imo State. Hence, agriculture is the mainstay of the
people with faming, fishing, palm oil processing, hunting, and animal husbandry
vigorously practiced. The area is naturally humid as the entire southeastern
Nigeria, invariably, soils from the area humid which is good for crop produc-
tion.

Moreover, Ohaji/Egbema is typically rainforest vegetation (Figure 1). Arable
crops grow very well in the area which includes cassava, yam, maize, cocoa yam,
etc. Therefore, soil moisture (helping chemical and biological activities of the
soil) was expected to be high, while soil temperature (affecting physical and
chemical processes in the soil) was expected to be low in the area. Therefore, for
the purpose of this study, it was important to test characteristics of the soils from

the area to know their potentials for production of the arable crops.
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Figure 1. Rainforest vegetation at Mmahu, in Ohaji/Egbema in Imo State.
Source: Field work, 2019.

2.2. Primary Data Collection

A free survey was employed for the study after the ten locations in the area was
purposely selected for representation of the soil sampling. The free survey was
guided by size and extent of farming activities in the area. Two types of sampling
were conducted. Auger sampling was conducted at 0 - 20 and 20 - 40 cm 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 [19].
Soil samples were collected based on horizon differentiation (see Figure 2 and
Figure 3). Sampling started from the deepest horizon upwards in each soil pro-
file. Soil profiles were geo-referenced using hand held Global Positioning System
(GPS) Receiver. Core soil samples were collected for bulk density determina-

tions. Soil samples were bagged and taken to the laboratory for analysis.

2.3. Secondary Data Collection

The secondary data used was annual crop yield data on maize and cassava (in
tons/hectare), for Imo State from 1988 to 2017 (30 years). The data was collected
from Agriculture Development Programme (ADP) office in Owerri, Imo State.
The crop yields data (see Table 1), for the entire state was used to represent crop
yields for the study area, which was correlated with physicochemical soil proper-
ties to determine their relationship. The values of Maize and cassava in metric
tons/hectare were obtained from the archrivals of the Agriculture Development

Program (ADP), Owerri office, Imo State.
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Figure 3. Field officer collecting soil samples at Mmahu, Ohaji/Egbema, Imo
State.

3. Results and Discussions
3.1. Results

The primary and secondary data collected for this research were subjected to se-
ries of analytical methods including laboratory soil analyses, geospatial data

analysis, and statistics models analysis.

3.1.1. Laboratory Studies
Soil samples were air-dried and sieved using 2-mm sieve.
Particle size distribution was determined by hydrometer method [20] while
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Table 1. Crop yield for Imo State in Metric tons (1988-2017).

Year Maize Cassava
1988 1.92 6.40
1989 1.50 7.80
1990 1.95 6.55
1991 1.90 6.75
1992 1.85 6.80
1993 1.92 6.40
1994 1.50 7.80
1995 1.55 7.55
1996 3.00 8.20
1997 3.06 7.88
1998 3.20 7.90
1999 2.17 13.58
2000 2.14 13.24
2001 2.15 12.99
2002 2.21 13.90
2003 2.07 13.76
2004 2.21 14.02
2005 2.40 16.21
2006 2.32 14.87
2007 2.16 14.99
2008 1.31 14.94
2009 1.35 14.91
2010 1.35 15.08
2011 1.43 15.07
2012 1.80 14.47
2013 2.39 15.60
2014 2.40 15.65
2015 2.50 15.85
2016 3.05 15.90
2017 3.05 15.75
Total 63.81 360.81

Source: ADP Owerri, Imo State.

bulk density was measure by core procedure [21]. Results from particle size
analysis (sand, silt and clay) values were used to obtained textural class using
textural triangle. In the process of the analysis, Robinson’s pipette method (Pi-
pette) and Bouyoucos hydrometer method were used.

Bulk density values were used to calculate total porosity of soils given a rela-

tionship between bulk density and particle density [22].

Total Porosity (TP) = %xloo
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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

outlined in [23].

_ NS-DS

om x100%

where @m = gravimetric 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-
tions:water-ratio [24].

Soil organic Carbon was measured by wet digestion using the procedure out-
lined in [25].

Soil organic matter was calculated by multiplying organic carbon value by
1.724.

Exchangeable basic cations were extracted using ammonium acetate at pH.
Therefore, exchangeable calcium and magnesium were determined using ethy-
lene diamine-tetraascetic acid (EDTA) titration, and exchangeable potassium
and sodium were determined by flame photometry [25].

Exchangeable acidity (exchangeable hydrogen and aluminum) were measured
by apparent titration [26].

Cation exchange capacity (ACEC) was measured at pH of 7.0 (neutral) [25].

Total nitrogen (TN) was determined by micro-kjedahl apparatus [27]. Availa-
ble phosphorous was estimated by Bray 2 method according to procedure of
[28].

Base saturation was computed as a sum of exchangeable basic cations (Ca,
Mg, K, Na) divided by Cation Exchange Capacity, multiplied by 100% [25].

3.1.2. Date Analytical Techniques
In probability theory and statistics, coefficient of variation is a standardize
measure of dispersion of a probability distribution or frequency distribution. It
is a statistical measure of the distribution of data points in a data series around
the mean, and it represents the ratio of the standard deviation to the mean.
While variation is a measure of how far from the mean data set varies, coeffi-
cient of variation compares the standard deviation to the mean of each sample.
In this study, soil data from auger samples were subjected to analysis of va-
riance (ANOVA). Therefore, variation in properties among soil horizons were
obtained using coefficient of variation. Also, the correlation coefficient (r) and
the coefficient of determination 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, soil

parameters (independent variables) were correlated with crop yield (dependent
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variables) toestablish relationship between soil properties and production of

maize and cassava in the area.

3.1.3. Geospatial Data Analysis

From the coordinates captured in the fields by the global positioning system de-
vice at the soil samples location points, Arc-GIS software was used in the GIS
laboratory to produce GIS vector “soil sample collection location map” of the
study area. Also digital elevation model DEM of the study area was produced
using the coordinates (Figure 4 and Figure 5).
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3.1.4. Physical Properties of Ohaji/Egbema Soils in Imo State
The physical properties of soil of Ohaji/Egbema Local Government Area of Imo
State are presented in Table 2. Statistical formula for standard error was used for

the calculation regarding the soil physical properties (variables) shown in Table 2.

The formula is given as; SE = ,}[Z(X— X)Z/NJ .

Results therefore, showed that the mean value of CS, FS, TS, Si and Cl from 0 -
190 cm depth were 534, 132, 559.8, 26.4 and 307.6 g/kg respectively. There were
also variations in the textural classes of the soil from A to Bg3 horizons. The
bulk density increased from A to Bg3 horizon due to higher organic matter con-
tent (Table 2). There were low variability in soil bulk density, coarse sand, total
porosity and AWC and medium variability in clay, fraction, field capacity, and
permanent wilting point. High variability occurred in fine sand, total sand, silt

and moisture content.

3.1.5. Chemical Properties of Ohaji/Egbema Soils in Imo State

The chemical properties of soils in Ohaji/Egbema Local Government Area Imo
State are shown in Table 3. The soils are strongly acidic with low variability. The
mean values of organic carbon, organic matter, and total nitrogen were 11.74,
20.1 and 1.20 g-kg respectively. These values were low using [19] rating and the
highest values were recorded at the epipedon (0 - 18 cm depth). This could be as
a result of litter fall and higher biodiversity within this layer of soil.

Exchangeable Ca, Mg, K and Na were low. Effective cation exchange capacity
and base saturation were low according to [29]. Available phosphorus was low
with mean value of 14.68 mg/kg. There was low variability in soil pH. Exchan-
geable K, and Na, and base saturation while medium variation occurred in ex-
changeable Mg, total exchangeable bases, effective cation exchange capacity,
ACEC, and available P. Organic carbon, organic matter, total nitrogen, exchan-
geable Ca and H had high variability.

Table 2. Physical properties of Ohaji/Egbema soils in Imo State.

Depth CS FS TS Si Cl TC BD TP &m FC PWP AWC
(cm) g/kg g/kg g/kg g/kg glkg g/em® % % gkg gkg g/kg

Horizon

A 0-18 500 200 700 22 278 SCL 1.31 50.56 10.3 0.218 0.11 0.108
AB 18-40 510 210 720 10 270 SCL 137 483 9.6 0.212 0.113 0.099

Bgl 40-79 490 100 59 30 380 SC 143 46.03 32.3 0.241 0.149 0.092

79 -
Bg2 130 520 100 620 20 360 SC 1.48 44.15 288 0.258 0.138 0.12
130 -

Bg3 190 650 50 700 50 250 SCL 1.55 41.5 304 0.331 0.229 0.102
Mean 534 132 559.8 26.4 307.6 1.428 46.108 22.28 0.252 0.148 0.104
CV (%) 12.3 529 505 56.8 19 65 7.6 508 19 32.7 10.1

SE 65.3 69.8 285.6 14.99 583 0.09 3.52 11.33 0.05 0.05 0.01
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Table 3. Chemical properties of Ohaji/Egbema soils in Imo State.

Horizon Depth (cm) (Ilzgl) (I-I;ZI_é) OC OM TN Ca Mg K Na TEB H Al TEA ECEC ACEC Bsat Av.P
ghkg g/kg glkg o C':;U > % Mglkg
A 0-18 4.3 5.2 249 43 2 1.6 05 012 08 232 04 1 14 372 782 6236 156
AB 18 - 40 4 4.8 122 21 1.6 08 03 0.1 0.6 1.8 0.8 13 21 39 796 46.15 164
Bgl 40-79 4.5 54 106 183 1.2 1 03 011 0.7 211 04 1 14 351 6.88 6011 14.8
Bg2 79 - 130 4.3 5.3 8.0 13 09 09 03 0.1 0.6 1.9 03 09 12 3.1 6.45 61.29 16.2
Bg3 130 - 190 4.1 4.9 30 52 03 06 02 009 06 149 02 09 1.1 259 532 5752 104
Mean 4.24 5.12 11.74 20.1 1.2 098 0.32 0.104 0.66 1.924 042 1.02 1.44 3.364 6.886 57.486 14.68
CV (%) 4.6 5.1 69.3 704 543 385 342 11 13.6 163 543 16.1 272 156 157 115 16.8
SE 0.19 0.25 8.14 142 0.65 0.38 0.11 0.01 0.09 032 023 0.16 039 0.23 1.08 6.59 2.47

3.1.6. Relationship between Soil Properties and Crop Yield in the
Study Area

Results of the relationship between soil properties and crop yield are presented
in Table 4. Results showed that there was significant positive relationship be-
tween moisture content and cassava yield (r = 0.6743) and significant negative
correlation between moisture content and maize yield (r = —0.6490). Exchangea-
ble Al significantly correlated positively with cassava yield and negatively with
maize yield. Bulk density, CS, exchangeable K and TS significantly correlated
negatively with cassava yield and positively with maize yield. There was signifi-
cant positive relationship between Cl, effective cation exchange capacity, ex-
changeable Mg, Si, total porosity and total N with cassava yield and negative re-
lationship with maize yields. The results showed that soil properties influence
the yield of cassava and maize in the area and Imo State in general. Therefore
improving the fertility status of soil and improving soil quality is a panacea for
better cassava and maize yield. Similarly some soil properties that favour cassava
yield may not favour maize yield and hence understanding these factors will help
in policy managing agricultural lands for crop production.

The “r” means the correlation coefficient value for the relationships between
soil properties and crop yields. Hence, soil data from auger sample were statisti-
cally correlated with crop yields using coefficient of variation at both the 0.01

and 0.05 probability levels.

3.2. Discussion

Generally, this research supports previous studies, which revealed that physical
and chemical properties of soils influence crop yields in different regions of the
world. Soil physical properties determine how easily plant roots can grow to
access soil nutrients, and how easily water can flow through the soil to deliver
these nutrients. Supporting this, studies in Southern Cameroon by [30] [31]; in
Nigeria by [32] and [33]; in the US by [34]; show that soil physical properties af-
fected maize grain yields [35], indicated that inadequate moistures in the soil
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Table 4. Relationship between soil factors and yields of maize and cassava in the study
area.

Parameter Cassava yield Maize yield
Cassava Yield 1
Maize Yield —0.9728** 1
Moisture Content 0.6743* —0.649*
Anion Exchange Capacity 0.4834 —-0.4627
Available Water Capacity (AWC) 0.4557 —0.4740
Exchangeable Al 0.7573** —0.6948*
Available Phosphorus 0.2843 —-0.1926
Bulk Density —0.627* 0.6506*
Base Saturation 0.2254 —-0.2826
CS —0.8557** 0.8742**
Exchangeable Ca 0.0119 —0.0827
Cl 0.7162** —0.7728**
ECEC 0.5713* —0.5496*
FC 0.4768 —-0.4589
FS 0.1089 —-0.0938
Exchangeable H 0.4221 —-0.2155
Exchangeable K —0.596* 0.5759*
Exchangeable Mg 0.6911* —0.6845*
Exchangeable Na —0.3452 0.3437
Organic Carbon 0.4232 —0.4928
Organic Matter 0.4232 —-0.4927
PWP 0.4655 —-0.3865
Si 0.7750* —0.7222**
Total Exchangeable Acidity 0.7215* —0.6149*
Total Exchangeable Bases 0.4036 —0.4344
Total N 0.5333* —-0.5928*
Total Porosity 0.6258* —0.6495*
TS —0.7501** 0.7774**
pH (H20) 0.0441 —-0.041

*and ** = sig at 0.05 and 0.01 probability levels respectively. Source: Field work (2019).

reduce maize production.

[36] reported, very low to moderate silt/clay ratios (0.04 to 0.029) that gener-
ally decreased with depth while working on soils at Isienyi Ibeku, which is within
Ikwuano soil zone in Abia State. This study however reported high to very high
silt/clay ratios (1:2.99) in Ohaji/Egbema in general, and the ratios increased with
depth, which was in agreement with the research by [37], which reported that
the bulk density of sub surface horizons were usually significantly greater than

those of surface horizons. The value of bulk density in the study area at 0 - 20 cm
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depth was 1.33 g/cm’® while the value at 20 - 40 cm depth was 1.39 g/cm®.

This supports that BD increases with increase in depth down the profile. This
research further observed that there is irregular silt to sand ratio in the entire
Southeast Nigeria.

[38] reported high variations in silt fraction and total sand and fine sand in
southeast Nigeria. This study showed high and irregular variations these soil
properties which supports the previous study by [38].

This research showed that pH in water {pH(H,O)} was higher than pH in KCI
{pH(KCI)}. For example, mean of pH in water was 5.12 and pH(KCl), 4.24, and
generally, the soil of the area was highly acidic with low pH values. Hence [14],
reported that such reaction is characteristic of soils in southeastern 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 condition.

[39] and [40] reported that total nitrogen is usually highest in the topsoil, de-
creasing down the profile. In support, this research reported high values of total
nitrogen at the topsoil in Ohaji/Egbema, decreasing down the profile, from 2
g/kg at A horizon to 0.3 g/kg at Bg3. These results generally showed that the ni-
trogen values are decreasing down the profile.

[13] reported, that organic matter was generally highest in the top most hori-
zon of Imo River Basin and highest in the topsoil because of the continuous ad-
dition of organic matter to the soil surface by plant residues. This study, howev-
er, is in consonance with the reports of the previous studies by indicating that
organic matter contents in the study area are generally higher in the topsoil. In
the area, OM decreased from total value of 124.46 kg in the topsoil to 67.56 kg in
the sub soil.

ECEC was reported to be low in Imo river basin [16] [17] [18]. The present
study supports previous studies by reporting also a low ECEC in the area with
total value of 11.63 cmol/kg in the top soil and 10.63 cmol/kg in the subsoil.
However, the values of ECEC decrease with increase in depth, which is a com-
mon condition with most soil properties in the southeast Nigeria as reported in

other studies.

4. Conclusions

The study established that there are variations in physical and chemical proper-
ties of soils in Ohaji/Egbema area of Imo State, Nigeria and the variability in the
soil properties which affect crops growing in the area. It further indicated that
the soil properties negatively influenced maize and cassava yields, particularly in
the area, and it is susceptible to future decrease. From the study also, it is ob-
served that Ohaji/Egbema soil contains less plant nutrient elements that will
support crop production. Therefore, the chemical properties of soils in the area
are low according to [19] and [29] soil fertility rating. Hence, there is therefore
need to boost the productivity of soils in the area and entire Imo State for max-

imum crop production, in order to achieve sustainable food security.
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However, apart from soil characteristics, there are other factors that can cause
variations in cassava and maize yield in the area. These factors are, not limited
to;

e Farm machines or technologies in use;

e Climate change and variability;

e Level of fertilizer and insecticide application;

e Adaptive practices to rainfall variation and climate change;

¢ Educational level and farming experience of the farming population.

Recommendations

The data for this research allow suggesting recommendations to achieve increased
productivity and resources use efficiency for these major food crops in the area.

Therefore, the government will need to design policies to counteract the ef-
fects of climate change in relation to agriculture. This will allow farmers to ad-
just their management strategies like early planting and to minimize the risk of
crop failure.

Also, since this study ascertained that some soil properties negatively influ-
ence production of maize and cassava in the area, therefore, improving the fer-
tility status of soil and improving soil quality will be a panacea for better maize
and cassava yield. Similarly, some soil properties that favour maize yield may not
favour cassava yield and thus, understanding these factors will help in policy
managing agricultural lands for crop production. Therefore, farmers in this re-
gion can reduce the potential damage through adaptation such as the practice of
organic agriculture, which is one of the most important strategies for adaptation
to climate change and variability.

Furthermore, using different crop varieties with varying planting dates is sig-
nificant at farm level. Since different crops are affected differently by climatic
changes, farmers in the area can grow varieties of crops on the same farmland or
on a different lands and this will reduce the risk of complete crop failure.

They are as well recommended to practice crop adaptation using possible ex-
isting genetic diversity and biotechnology.

Finally, farmers in the region should resort to some more management prac-
tices such as contour ploughing, ridges and cross-bars between ridges, which will
definitely reduce erosion and runoff thereby preventing leaching of soil nu-

trients.
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