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Abstract
Understanding of clay properties is of prime importance for better understanding of soil-plant
relationships. A Regression Model was developed relating clay composition (dependent variable) with
selected soil properties (independent variables) by taking soil samples from the Kano River Irrigation
Project (KRIP). The parameters measured were saturated hydraulic conductivity, Bulk density,
Organic Matter (OM) and texture. Pearson Correlation and spearman coefficients were used to
determine the relationship between these variables. The data was used for the development of the
model using Response Surface Regression in Minitab 17 statistical software. The Performance of the
model was tested by comparing the measured and predicted values of the % clay content of the soil
from the 40 sectors. Plot of the residual against the fitted values shows the absence of a systemic error.
A two-way Analysis of Variance was carried out for all the terms (i.e. saturated hydraulic
conductivity, bulk density, and organic Matter content) of the soil to ascertain their effects on the
percentage clay content of the soil. The model contains four important variables which control soil
physical, chemical and hydrologic properties. The model performance evaluation shows that the model
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has 94.18% coefficient of determination (R2). The parity plots also show negligible variation. The
study has demonstrated that these variables can be used to predict approximate percentage clay
content of the forty sectors studied.
Keywords: Clay, irrigation, soil properties, prediction, response surface regression
Introduction
The term clay refers to soil consisting of particles less than 0.002 mm in equivalent diameter
(Dixon, 1991). The small size of the particles and their unique crystal structures lead to
special properties which affect their mechanical and physical properties (Suzanne et al.,
2017).Usually, soil contain some amount of clay which influences its management and
productivity (Newman, 1984). Clay soil contributes to the formation of soil structure by
undergoing seasonal shrinking and swelling. Therefore, the amount of clay in the soil is very
important as it influences the soil structure (Dixon, 1991). Plant growth and production
under any environmental condition are influenced by soil structure resulting from reactions
involving clay. Soil with the low amount of clay such as sand exhibit a narrow range over
which physical properties can change and may have low fertility and therefore,
unfavourable for crop growth (Page, 1952).
Clay influences many of the chemical and physical properties that make the soil a useful
medium for crop growth. Among these properties is Cat-ions Exchange Capacity (CEC) of
clays which is important in retaining plant nutrient as the selectivity of cat-ions influences
soils as a medium for crop growth and disposal of wastes e.g., toxic metal and radioactive
ions (Dixon, 1991). Compared to other soils separates, clay often have a negatively charged
large surface area that retains nutrients against leaching and buffers the soil against extreme
change in pH. When clay degrades, it is a source of nutrients for plants (Newman, 1984). To
a very large extent, both chemical and physical properties of soils are influenced by
properties of clay (Page, 1952).Sodium Adsorption Ratio and Exchangeable Sodium
Percentage (SAR-ESP) relationships vary with soil type due to differences in the composition
of clay minerals and consequently soil texture (Ezlit et al., 2010). Soil organic matter content
tends to increase as the clay content in soil increases (Chaudhari et al., 2013). Organic matter
has been related directly to soil fertility and soil production potential. It is sometimes
assumed that high amount of organic matter content in the soil will lead to a higher
saturated hydraulic conductivity (Ksat), and the reason for such assumption is that good soil
aggregation is related to greater organic matter content (Nemes et al., 2005).
According to Chaudhari et al. (2013), increase in soil organic matter leads to change in a
nutrient concentration such that available nutrients in the soil may play a significant role in
the variation of bulk density. Organic matter also increases aggregate stability, resistance to
soil compaction and erosion, biological activity, and reduces nutrient leaching and soil bulk
density. In addition to organic matter, the Bulk density of soil is influenced by texture,
minerals constituents and porosity. Bulk density is a basic soil property influenced by some
physical and chemical properties of soil. Knowledge of soil bulk density is important for
management, and planning of modern techniques of farming. Soil bulk density
measurements are often required as an input parameter for the development of models
aimed to predict soil processes. Bulk density of soil increases with profile depth due to
variation in organic matter content, porosity and compaction. (Chaudhari et al., 2013).
Greater porosity of soil implies higher hydraulic conductivity (Nemes et al., 2005). All these
properties are influenced by the amount of clay in the soil.
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Understanding of clay properties is of prime importance for better understanding of soilplant relationships. Studies of clay must be made with the objective of arriving at an
understanding of how its properties affects the whole soil complex (Page, 1952). In the past
there has been important developments in formulating constitutive models incorporating
the influence of soil structure. The Cam-Clay and Modified Cam-clay (MCC) were the first
models for describing the behavior of soft soils such as clay. The MCC model is widely used
in solving boundary value problems in geotechnical Engineering Practice (Liu and Carter,
2002). The model is based on the critical theory and was originally meant to simulate the
behavior of normally and near normally consolidated soil in triaxial test conditions (LimChang and Pio-ch, 2010). Liu and Carter, 2002 also formulated a Structured Cam Clay Model
which has been used in predicting the behavior of structured soil in both compression and
shearing stress by introducing the influence of soil structure.
Model that relates the percentage of clay with important properties of soil around KRIP has
not been developed /in the study area. This paper is aimed at developing a model for
predicting clay composition from the Percentage organic matter content, bulk density and
saturated Hydraulic conductivity of soil in KRIP by using Response Surface Regression
Analysis (RSA).The method was used because it is unique tool for modelling as it combined
all the three major requirements (statistical experimental design fundamentals, regression
modelling techniques, and optimization methods) for modelling.
Materials and Methods
Study Area
The Kano River Irrigation Project is located between latitudes 11°32`N to 11°51`N and
longitudes 8°20`E to 8°40`E in North-western Nigeria. It is the largest and pioneer irrigation
project in Nigeria (Yakubu et al., 2018). The Project has a total area of about 62,000 ha which
is divided into two phases. Twenty- two thousand hectares (22,000 ha) were to be developed
under phase I while the remaining forty thousand hectares (40,000 ha) were to be developed
under phase two (Figure 1). The developments of two phases were initially planned to be
completed in 1982. The two phases are both located at Garun Mallam, Kura, and Bunkure
Local Government Areas (Mohammed, et al., 2015).
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Figure 1: Map of Kano River Irrigation Project.
Source: Advance Space Technology Laboratory, 2019

Vegetation in the area is Sudan savanna consisting of a variety of trees, shrubs, and
grassland. The geology of the area consists of older granites and younger Meta sediments of
Precambrian to lower Palaeozoicage. The soils are mostly moderately deep to deep and
well-drained with sandy loam texture at the surface and sandy clay loam textured subsoil
(Jibrin, et al., 2008). There are two major seasons, the dry and rainy season. The dry season
starts from October and ends in June. Between Novembers and January, temperatures may
drop to as low as 15 ° C and may rise to more than 40 °C from March to May. Average
annual rainfall ranges from 635 to 889 mm, about 60% of which falls in July and August and
varies considerably from year to year (Maina, et al, 2012). KRIP is one of the most successful
irrigation projects in Nigeria. The main source of water for irrigation is the Tiga dam which
was constructed across River Kano between 1970 and 1974 (Maina et al, 2012).
The dam has a capacity of 1.968billion m3, a length of 6km and a height of 48m. Crops grown
in the scheme are tomato, rice, carrot, pepper, maize, sugarcane, lettuce, and other
vegetables (Mohammed et al, 2015). Water is supplied by gravity through the main canal to
the irrigated area and this is achieved through the distribution network, comprising of
secondary canals and tertiary canals (Sangari, 2006).
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Soil Samples Collection
Soil samples were collected from 40 sectors in the study area for the measurement of soil
properties. The collection was done with soil auger, digger, a wooden plank and core
samplers. The auger was driven to a depth of 45 cm (active rooting depth for the crop grown
in the study area). More than 500 g of soil samples were collected to allow for weight loss
during drying.
This will also ensure that enough soil is available in the event of an accident or mistake
made (Rengasamy et al., 2010).
The collected samples were placed in a properly labelled polythene bags. The choice of the
sampling points in a sector was done making sure that a representative sample was
collected in the areas. The coordinates of all the sampling points were taken with Garmin 78
GPS and recorded (Figure 2). The samples were taken to Centre for Dry Land Agriculture
(CDA) of the Bayero University, Kano for the analysis.

Figure 2: Map Showing sampling Points
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Laboratory Analysis
Samples were prepared by spreading on a plastic sheet and dried for 3 days. Care was taken
to ensure that the samples are not contaminated and as well labelled to avoid mixing up. All
particles larger than 2 mm were crushed. Grain size analysis was performed in the
laboratory by the Bouyoucos hydrometer method (Gee and Or, 2002). The percentage of
sand, silt and clay particles in the samples were determined using appropriate equations.
Bulk density was determined by the use of the core sampler method (Grossman and
Reinsch, 2002). The saturated hydraulic conductivity (Ksat) was measured using the
constant-head permeameter method (Klute and Dirksen, 1986).
Statistical Analysis
The data were subjected to correlation analysis to examine the relationships between the
variables. The variables are percentage clay content, saturated hydraulic conductivity, bulk
density, organic matter and location. The normality of saturated hydraulic conductivity,
bulk density and percentage organic matter (%OM) were tested when correlation analysis
showed that there is no relationship between clay composition and location (Latitude and
Longitudes). Data were then fitted for a linear regression model using response surface
regression analysis(RSA) in Minitab 17 statistical software. The method was used because it
is unique tool for modelling as it combined all the three major requirements (statistical
experimental design fundamentals, regression modelling techniques, and optimization
methods) for modelling.
A stepwise selection method was adopted. The stepwise procedure was adopted in order to
maintain a hierarchical model at each step. The model results was compared with the field
data using 2 sample t-test to determine if there is any significant difference between the two
sets of data i.e. the measured and predicted value. Analysis of variance (ANOVA) was also
carried out for the three variables (Sat. hydraulic conductivity, Bulk density g/cm3 and %
Organic Matter).
Results and Discussion
The result of laboratory analysis for clay composition (% clay), saturated hydraulic
conductivity (Ksat), bulk density (ℽb), organic matter content (O.M) and the texture of the
soil in the study area is presented in Table 1. The texture is dominated by loamy sand and
the % clay in the area ranges from 22.12 to 5.4% as observed in Raje and Butalawa,
respectively. Based on spearman correlation analysis Table 2, longitude and latitude
(location) was screened out because they have no relationship with the % clay content.
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Table 1: Measured physical parameters of soil around the KRIP
S/n.

Sector

Latitude

Longitude

%clay

Ksat.
Mm/s

13.76
14.12

ℽb
g/cm3

%OM

37.09

1.48

0.93

sandy loam

40.1

1.49

0.75

sandy loam

Texture

1

Makwaro

2

Samawa

11.79361
11.72648

8.42555
8.41517

3

Maura

11.71181

8.41544

5.76

86.15

1.44

0.89

Loamy sand

4

Yadakwari

19.85

1.42

2.3

Loam

Karfi

8.43
8.49362

16.12

5

11.75556
11.82691

13.04

48.18

1.48

0.62

sandy loam

6

Yakasai

11.80896

8.48967

6.12

91.26

1.44

0.72

Loamy sand

7

Fako

11.80427

8.4489

7.76

72.48

1.45

1.13

Loamy sand

8

Majabo

11.80896

8.48967

6.12

96.48

1.44

1.17

Loamy sand

9

Kadawa

11.65653

8.42211

13.76

38.08

1.48

1.17

sandy loam

10

Agalawa

11.66929

8.41747

14.12

0.56

1.4

2.71

Silt loam

11

Raje

11.67514

8.41458

22.12

12.94

1.43

0.86

Loam

12

Bangaza

11.62383

8.4228

9.76

39.37

1.44

1.06

Loam

13

Yantomo

11.62702

8.4181

11.76

50.82

1.48

1.06

sandy loam

14

Waire

11.62011

8.42201

12.12

33.66

1.45

1.48

Loam

15

Gayere

11.6088

8.4401

10.12

42.15

1.45

2.13

sandy loam

16

Dorayi

11.60343

8.45695

15.76

30.06

1.49

1.13

sandy loam

17

Butalawa

11.80043

8.43136

5.4

85.05

1.43

0.96

sandy loam

18

Gore North

11.7838

8.41911

9.76

54.28

1.46

1.34

sandy loam

19

Gore South

11.77794

8.41166

17.76

24.83

1.49

2.37

sandy loam

20

Rakauna

11.77254

8.41522

17.76

23.19

1.48

1.37

sandy loam

21

Azore

11.75889

8.40485

9.76

51.12

1.46

0.65

sandy loam

22

Makwaro T.

11.76028

8.41473

12.12

44.32

1.47

1.44

sandy loam

23

Agolas

11.76083

8.76083

21.76

14.88

1.47

2.3

loam

24

Kosawa

11.77075

8.45932

13.76

44.27

1.5

0.82

sandy loam

25

Dalili

11.78264

8.42941

19.76

18.01

1.47

1.85

sandy loam

26

Kuruma

11.65692

8.54608

13.4

31.58

1.45

2.75

Loam

27

Turba

11.67368

8.5572

5.76

73.85

1.44

0.75

Sandy loam

28

Danbaki

11.6786

8.57298

12.12

33.66

1.45

0.1

Loam

29

Lautaye

11.68669

8.57095

13.76

40.1

1.49

1.85

sandy loam

30

Bunkure East

11.70087

8.54927

9.4

56.48

1.45

0.86

sandy loam

31

Bunkure west

11.70425

8.53818

5.76

73.85

1.44

0.62

Sandy loam

32

Danbala

11.72052

8.52496

9.76

69.45

1.47

0.79

Loamy sand

33

UnguwarRimi

11.7253

8.52774

11.76

40.61

1.46

1.1

sandy loam

34

Korawa

11.70209

8.53122

13.76

32.3

1.46

2.26

sandy loam

35

Barnawa

11.59692

8.46341

11.4

43.52

1.46

1.68

sandy loam

36

Shiye

11.62968

8.48921

9.76

49.57

1.46

1.48

sandy loam

37

Kode

11.6458

8.50751

13.76

26.97

1.44

2.33

Loam

38

Cirin

11.64561

8.52347

23.64

13.36

1.53

1.34

Sandy clay loam

39
40

Gafan
Kore

11.67092
11.71632

8.41915
8.42597

17.2
13.76

22.41
28.69

1.46
1.45

1.82
1.48

Loam
Loam
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Table 2. Correlation analysis of % clay content and saturated hydraulic conductivity
(Ksat), bulk density (ℽb), organic matter content (O.M)
Latitude
Longitude
Variables
% Clay content
Sat. hydraulic conductivity
Bulk density
%OM

correlation
Coefficient
-0.10
0.283
0.055
-0.255

P-value

correlation
Coefficient
-0.20
0.152
-0.052
-0.48

0.531
0.076
0.735
0.113

P-value
0.217
0.348
0.749
0.769

Normality of the Data
The normality of the data of saturated hydraulic conductivity, bulk density, and organic
matter content was then tested after it has been established that location has no relationship
with clay composition. Based on the results from the preliminary analysis, more than 90% of
the data points falls along the probability line as shown in Figure 3a. The normality of the
data is also clearly visible in the histogram of the frequency against residual as seen in
Figure 3b of the normal probability plot of the data.
Response Surface Regression
Response Surface Regression Analysis (RSA) was carried out on %clay versus hydraulic
conductivity (mm/s), Bulk density (g/cm3) and Organic Matter (%). The measured data
were input into the designed experiment in Minitab 17 software and the data run.

a)

b)

c)

d)

Figure 3: Residual plots for % clay

A stepwise selection method was adopted in order to maintain- a hierarchical model at each
step. Figure 3c is the plot of the residual against the fitted values and as it can be seen from
the figure, the fitted values lie on the two sides of the horizontal line indicating an absence
of a systemic error.
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The Response Surface Regression Equation
The regression equation developed is as shown below:
Y = β0 + β1X1 + β2X2 + β3X3 + β12X1+ β13X2 + β23X2 X3
Where:
Y = % Clay in soil
βo = -1344
β1 = - 0.4749
X1= Saturated Hydraulic Conductivity in mm/s
β2 =1841
X2 = Bulk density in g/cm3
β3 = -42.9
X3 = Organic matter content in %
β12= 0.002905
β13 = - 618
β23 = - 29.1
The model contains four important variables which controls soil physical, chemical and
hydrologic properties. As it can be seen in Table 3, the terms such as the constant, the Ksat,
the bulk density as well as the square of the Ksat are highly significant in the model.
However, the percentage organic matter was statistically not significant in the model. The
above assertion was further supported with the magnitude of the coefficients and their
standard errors as indicated on Table 3.
Based on the organic matter content, the soil has been classified as organic or mineral soil.
Most of the world cultivated soils are mineral soil which contain from traces to 30% organic
matter (Bot and Benites, 2005). Organic matter composition help in remedial measures for
improvement of soil fertility. Most of the productive agricultural soils have organic matter
content ranging between 3%-6%. Finding from this research has shown that the organic
matter composition of soil in all the sectors is below this range as the highest value of 2.71%
was observed at Agalawa (Table 1.0). However, the organic matter composition of 65 % the
sectors in the study area is typical of agricultural soils. SARE, 2012 reported that the organic
matter composition of agricultural topsoil is usually within the range of 1–6%.
Bulk density is an indicator of soil compaction and affects infiltration, rooting depth,
available water capacity, soil porosity, nutrient availability, and activities of soil
microorganisms which influence key soil processes and productivity (Katherine and
Andrew, 2019). It is generally desirable to have soil with a Bulk Density <1.5 g/cm 3 for
optimum movement of air and water through the soil (Hunt and Gilkes, 1992). In all sectors,
the bulk density recorded is below this value except at Cirin where a slightly higher value of
1.53 g/cm3was recorded. Saturated hydraulic conductivity is an important parameter of soil
hydrology that depends on texture. It measures the ability of soil to conduct water under
saturation. Ksat also affects many aspects of soil functioning such as water infiltration,
runoff, groundwater recharge, and nutrient transport in soil. It’s knowledge is essential in
designing control structures and management practices, such as irrigation scheduling,
drainage, flood protection, and erosion control (García-Gutiérrez, et al., 2018). These
properties (Organic matter, bulk density and saturated hydraulic conductivity) are
influenced by the amount of clay in soil.
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Therefore, the model is developed for use inprediction of variables that influences many of
the chemical and physical properties that make the soil a useful medium for crop growth
and management of soil because the structure which determines the soil response to
management practice is controlled by the amount of clay in the soil.
Model Performance
Analysis of variance (ANOVA) Table 3 for all the terms in the model has shown that Ksat
and ℽb are highly significant at p<0.05. Other terms in the model that are also significant are
the square of Ksat and ℽb. The interaction ℽb and O.M are not significant at P<0.05, the O.M
content is also insignificantly correlated with % clay (P = 0.493)
Table 3: The standard error and level of significance of the terms in the developed model

The model has coefficient of determination (R2) of 94.18%. The comparison (Figure 4) of the
measured and predicted values of the % clay content of the soil from the 40 sectors was
carried out. The parity plot of the two set of data is as shown in Figure 4.

% Clay Content

25
20
15
10
5
0

Sectors
Measured % clay content

Predicted % clay content

Figure 4: comparison of the measured values the predicted values of the % clay content of the soil from the 40
sectors
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**
Figure 5. Parity plot of the measured and predicted % clay content

The data were also analysed using 2 sample t-test to see whether there is any
significant difference between the two set of data. The measure and predicted values are
presented in Figure 5. The results showed that there is no significant difference between the
set of data at P<0.05. The box plot in Figure 6 of the two data sets also show no significant
difference.
Boxplot of Measured % clay content, Predicted % clay content
25

Data

20

15

10

5
Measured % clay content

Predicted % clay content

Figure 6: Boxplot of the measured and predicted % clay content

Conclusion
A model was developed from three variables for predicting the composition of clay in soil
because understanding of clay properties is of prime importance in understanding soil plant
relationships. Performance of the model was tested by comparing the measured and
predicted values of the % clay content of the soil from the 40 sectors. The t-test between the
two set of data showed no significant difference at P<0.05. The box plot of the two data sets
also show no significant difference. The model contains four important variables which
controls soil physical, chemical and hydrologic properties. Information obtained from the
model can be applied in the use and management of soil under both rain fed and irrigated
condition in KRIP. Information on physical, chemical properties and hydraulic properties
will help in the choice of crops to be grown in a particular area and in choosing appropriate
method of irrigation. The Model can be applied in the study area based on the findings.
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