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ABSTRACT

A mathematical model for predicting the hydraulanductivity of Nigerian agricultural soils in Imaa Abia
states at 0 to 15cm depth was presented using diorext analysis. The model was based on the Bubkim@sn theorem
using the following soil properties; Bulk densityorosity, Cation Exchange Capacity, Soil pH, Exgeable sodium
percentage, Organic matter content, Particle der¥#itClay, % Silt, % Sand, Acceleration due to gsa\luid density and
depth of soil. The model was validated with theaddom the three locations (Soil subgroups) nodusebuilding the
model and there was no significant difference betwihe measured and the predicted hydraulic coivityotalues at 5%
level of significance. A high coefficient of detemation of 0.940 between the measured and the gisztlvalues was also

observed.
KEYWORDS: Agricultural Soil, Dimensional Analysis, Hydraul@onductivity, Prediction Equation
INTRODUCTION

Hydraulic conductivity of soil is the rate at whigkater flow into the pore spaces or the crack zaridghe soil.
Agricultural soil is the medium for crop growth,corage for plants that contain nutrients, watet @n on which plants
depend (Ibitoye, 2008). It also refers to the ey tentimetres of the land surface and soils hasirificient permeability
to maintain drainage and prevent salt accumulatiia cause damage to crops is desirable (BradyVdei, 2002).
Vukovic and Soro (1992) stated that restricted momet of water into the soil (low hydraulic condwiiy) is desired to
prevent water losses from excess drainage. Sosiphly chemical and biological properties affectngpn@rocesses in the

soil including hydraulic conductivity. The hydrazitonductivity of a saturated soil depends maimyas

The size and distribution of the pores (Boadu, 200€ll as other properties such as soil pH, thesitfgrmf the
soil-water and others. It is imperative to accuyatketermine these properties for a reliable assess of the hydraulic
conductivity. The measurement of these propertieghie determination of hydraulic conductivity oparticular soil could
be tedious, time consuming and expensive. Therdfier@resent study is undertaken to establish henatical model for
predicting the hydraulic conductivity of Nigeriargrazcultural soils in Imo and Abia states based ome selected

biological, chemical and physical properties of $bé using the dimensional analysis.

MATERIALS AND METHOD
Locations and Soil Subgroups of the Study Area

The Nigerian agricultural soils used in this studg from Imo and Abia States bounded by the wesRibver
State, on the east by Ebonyi State, on the nortArigmbra States and on the south by Cross Rivee $ppendix ).
Imo State is located between latitud€<18’N and ? 15’N and longitudes®50'E and ? 25'E with an area of about 5,100
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2 N. V. Ngwangwa, C. N. Madubuike & S. N. Asoegwu

sq. km whereas Abia State is situated betweemdeets & 40'N and 6 14’'N and longitudes®10’E and 8E with an area
of about 5,243 sqg. km. Three major soil groupsfawed in this study area. These are ferraliticssodvering about 61% of
the area; the hydromorphic soils which cover ab®i®6; and the alluvial soils covering 8% (MadubuilZ806).
Eleven soil sub-groups were identified within thebeee major groups in Imo and Abia States (MacdkdauR006).
The hydraulic conductivities for the soils wereeadatined based on these 11 soil sub-groups. Thesmill $ub-groups

sampled with seven replications each and theitilmes in the study area are presented in Appendix |
Soil Sampling

The eleven (11) locations of the soil subgroupsiwithe study area were sampled randomly from thatmof
February to March. Core sampler was used to olstElrsamples of about 3kg by weight were taken oanlgl from seven
different pits in each soil subgroup not less th@meters distance apart from each other by drigicglindrical iron core
sampler into the soil to a depth of 15cm. Sampleevproperly bagged with polythene bags and tadéeinet laboratory for
the required analyses. All the soils sampled wardréed for six days in the laboratory by spreadthem on flat forms
except for the parts for the determination of hwtlca conductivity of soils that was air dried fodt®urs only
(about 1kg of soil from each pit).

Determination of Model Parameter

Bulk density:Bulk density, [ was determined insitu using the core method desdrby Grossman and Reinsch
(2002). This was done by driving the core samplettieally into the soil to 15cm depth in order id the sampler.
The core sampler was later removed carefully frbemtole so as to get an undisturbed soil sampitiirnEhe weight of
the sampler when empty and its weight with the saihple was recorded as;\Ahd W after trimming the soil extending
from both ends of the sampler with a knife,. Théuate of the soil sample which is the same as thermve of the core

sampler was calculated using Eqgn. 1.
V=ar*h (incn) 1)

Where, h and r are the height and radius of the sampler respectively. Bulk density is calculadsdstated in
Eqgn. 2.

Bulk density,

Dy

=221 (in glen) )
Particle densityParticle density, Pwas determined using pycnometer (specific grabistle) as described by
Ibitoye (2008). This involves cleaning an empty 80ml specific gravity bottle weighing say,WA known quantity of air
dried soil was poured inside it and weighed asDistilled water previously boiled and cooled imer to remove gas was
used to fill the bottle containing the soil gentp as to remove air between the particles and wdighs W,
The temperature of the contents was determined afigood stirring. Finally, the content of the botivas removed.
The bottle was then filled with boiled, cooled distl water at the same temperature with that olethipreviously and

weighed as \ly. The particle density was calculated using Eqgn. 4:

Density of water,

_ Ww—W,
50

d, (in g/lcm) (3)
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Particle density,

_ dw(Ws—Wq)
P (WS_Wa)_(WSW_WW) (4)

Porosity: Porosity, P was determined using Eqn. 5.
- Dy
P=[l 1-""/p |x100] % (5)
p

P = porosity, %, D= particle density, g/cirand B = bulk density, g/cth

Exchangeable Calcium and Magnesiufxchangeable calcium and magnesium determinaticsdeae using
EDTA titration method as described by Ibitoye (2D0Bhis procedure was done as follows; ten milékt of soil-water
solution sample was pipetted into a 250ml conilzakf as V4, 100ml of deionized water added together with 1100ih20g
of potassium cyanide (KOH). Also, 10 drops of 2dgagsium cyanide (KCN) was added to the solutiotofedd by 10
drops of 5g hydroxyl ammine hydrochloride (OHMHCL). A pinch of calcine indicator was then addetbithe solution
and then the solution was titrated with 0.01 mdIETE from wine red to deep blue. The titration wapeated three times
and the mean value, T calculated. Egn. (6) gives#icium ion content, while Eqn. (7) gives the megjum ion content.

Sum of them gave the total cation in the soil.

Calcium,

Ca= T x mol of EDTA x . * L x =2 (inMg/100g) (6)

Magnessium, M, = (Ca + Mg) — C, (In Mg/100g) (7

Ca, Mg, W, V, and w represents total calcium ion in the soil gigimtotal magnesium ion in the soil sample;

volume of final extract, ml; volume of initial tér ml and weight of sample, grams respectively.

Particle size:Using 2mm mechanical sieve shaker, particle siatridution of less than 2mm fractions was
determined using hydrometer method as describdtitnye (2008). Hundred millilitre of calgon solati was added into
a 250ml beaker containing 50grams of 2mm sievedda@d soil sample and stirred for about 3minufBise whole
suspension was transferred into a sedimentatiandsi and filled to the maximum mark with distillegater having the
hydrometer immersed in it. After stirring again migusly, the hydrometer was lowered carefully itite suspension and
hydrometer reading taken after 40 seconds gsdaRd the temperature Rf the suspension read using a thermometer.
The Rysreading was taken simultaneously by two attendamdsthe readings were taken to ensure that dleli@ading
has been obtained. After 2hrs, the hydrometer ngadias taken again asyR as well as the temperature; &d all were
recorded appropriately. After 40seconds, all thedsaould have settled and silt and clay remainimgsiispension.
The procedure was repeated for the blank solutidimowt soil sample and readings taken a$dR 40seconds and,Ror
2hours. The hydrometer stem reads directly in grafmsoil/litre of suspension. To correct the hydeder reading for
temperature, add 0.36g/l for every 1°C above 20af@ subtract 0.36g/l for every 1°C below 20°C (&, 2008).
The whole readings were substituted in Eqns. (8sb®s to get the percentage clay, silt and sapkctively.

% (Clay +Silt) = [Ree==F2)tRe] 100 8)
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4 N. V. Ngwangwa, C. N. Madubuike & S. N. Asoegwu

% Clay = [M} X 100 9)

wt
% Sand = 100 — %(Clay + Silt) (20)

R40s and Rps= hydrometer reading after 40 seconds and 2hours, grams; R, and R = 40seconds and 2hours blank
hydrometer reading, grams;.Rand R = Temperature readings of the suspension for 40skc and 2hours,

°C; wt = weight of soil sample, grams.

Organic matter conten®rganic carbon was determined using Walkley-Blaek @xidation method procedure as
described by Nelson and Sommers (1996). Half grafrsoil was crushed to a fine material and put uplitate into
250ml conical flask. Ten millilitres of 0.167 madé K,C.,O; and 20ml of conc. $$0, was added rapidly and immediately
the flask was gently swirled until the soil andgeats are mixed. The flask was rotated again gemitlallowed to stand
on a sheet of asbestos for about 30minutes aftkng@d 00ml of distilled water. Four drops of femandicator was added,
titrated with 0.5mole of fé and immediately the solution takes a greenish aiadtthen changes to dark green. Then, the
ferrous sulphate was added drop by drop until gothanges sharply from green to brownish red. Ttoeq@ure was
repeated for the blank titration without soil saeplhe KC,,0O; oxidizes the carbon and the exces€O- is titrated
with the Iron (11) solution. In wet oxidation methaall the organic carbon is oxidized. Some reststgoup such as
ring-compounds (compounds in which their ring ftsebntained just carbon atoms) are only slightltacited. It is
assumed that an average of 75% of the total orgearigon is attacked and the amount calculated fiwantitration is
multiplied by 100/75 (1.33) to give % organic cambmrrected. It is also assumed that soil orgaritters contain 58% of
carbon and can be expressed as % organic carbdipliedl by 100/58 (1.724). The percentage orgamicbon was

calculated using Eqn. 11, where one millilitre $iolo of 0.167 mole of KC,,O; contains 0.003grams of carbon.
% Organic Carbon=(B-T) x M x 0.003 x 1.33 x M0 (12)

Where; wt, B, T and M represents weight of soil pean0.5g; Blank titre value, 21ml; Sample titrelue
14.67ml and Molarity of (Ng)2fe (SQ)6H,0, 0.48M respectively.

Soil pH: Using a mechanical sieve shaker, 20grafv¥&sron sieved air dried soil sample was put into 1B@ml
beaker, 20ml of distilled water was added makireygbil-water ratio to be 1:1 and the whole soluistirred for about
30minutes vigorously. The solution was left to stand settle for about 6hrs and the glass electoddbe pH meter
immersed deep enough in the clear solution on fdpeosettled suspension so as to read and rehercesult shown on

the pH meter.

Hydraulic conductivity:The hydraulic conductivity was determined using fééing head permeameter of type
ELE 25-0605 cell with manometer tubes which is ldtworatory method. One kilogram of air dried (24tsodrying) soil
samples from each pit were taken to the laboratored with about 500g of water by weight and lefstand for 24hours
and using the falling head permeameter; the indaliggarameters for determining the hydraulic cotidities were got.
Hydraulic conductivities were calculated using Bigksen (1991) formula (Eqn.12).

K= (2—Lt) In (:—:) (in cm/sec) (12)

A, L, a, Hy, H, and t represents cross-sectional area of thedridal soil column, crf length of soil column, cm;

cross-sectional area of the burette through wHiehpercolating fluid is introduced into the systemf; initial head of

Impact Factor (JCC): 2.0445 Index Copernicus Value (ICV): 3.0
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water in the burette, cm; final height of water, and time taken to get a head loss, seconds résggct
Model Development

Dimensional analysis was utilized in the model rafthoosing the major properties of importance ieficing
hydraulic conductivity of agricultural soils (Tablg and using them to predict the kind of relatlipshetween them and

hydraulic conductivity based on the fundamentalatisions of mass (M), length (L) and time (T).
The following influencing factors were considered the model development:

e Physical factors/properties: grain size distribatigoarticle density, bulk density, porosity, fluidensity,

acceleration due to gravity and soil depth.
» Biological factor/property: organic matter contesrd
» Chemical factor/properties: cation exchange capaeitchangeable sodium percentage and soil pH.

Table 1: Dimensions of the Selected Variables Infencing Soil Hydraulic Conductivity

S/IN Variables Symbol | Unit Dimension

1 | Hydraulic K cm/sec| ML'T?
conductivity

2 | Soil pH pH % ML T®
Acceleration cm/sec 0 142

3 | dueto gravity 9 2 MLT

4 Organic matter OMC % VPLOTO
content

5 Exc_hangeable ESP % ML o7
sodium
Cation

6 | exchange CEC % MLoT®
capacity

7 | Porosity P % NL°T®
8 | Bulk density R glcn? ML T
9 | Particle density P glcn? ML T
10 | Fluid density o) glcnt ML
Percentage

11 %S % MLoT®
sand

12 Percentage %Cl % MPLOTO
clay

13 | Percentage silt %Si % APTO

14 | Soil depth H cm T

Before developing the model, the following assuommiwere made:-
* The gravitational force is constant throughoutlduations of the soil subgroups.
*  Soil depth of 15cm remained constant throughous#rapling process.
» The ambient air temperature remains constant thmauigghe experimental area.

Based on the aforementioned assumptions, the diomisanalysis was determined using Burkingham pi

theorem. The hydraulic conductivity can be exprésseshown in Egns. 13-15 below:-

K = (pH, OMC, ESP, CEC, P,;[Dy, Dy, g, H, %S, %Cl, %Si) (13)
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Or it can be expressed as:-

f1 (K, pH, OMC, ESP, CEC, P,PDy, Dy, g, H, %S, %Cl, %Si) = 0
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(14)

The total number of variables, n = 14 and numbdunfamental dimensions, m = 3.

Then, the number of dimensionlesserms =n—-m =14 -3 = 11.

The equation’s dimensionlessterms as deduced from Buckinghamstheorem is:-

f1 (mq, T, T3, T4, T, e, T7, Mg, Tg, M10, M11) = O

(15)

In the dimensional analysis, the eight dimensiantesms already observed from Table 1 are exclbdédhas to

be added when the other dimensionless terms haddetermined (Ndukwu and Asoegwu, 2011). Thesadyr@bserved

dimensionless terms are: - pH, OMC, ESP, CEC, B,%d, and %Si.

Ther terms were determined appropriately based on tlekiBgham’sr theorem and substituting the values of

14, Mo, M3,... Ty1 IN EQN. (15) gives:-

D, D

K .
f, [E; o D—‘;;pH; OMC; ESP; CEC; P; %S; %Cl; %Si

Or
J% = f[%‘:; ’;—‘;;pH; OMC; ESP; CEC; P; %S; %Cl; %Si

my = f(ny; 35 My Ts; e Ty Mg o TMyg; Tp1)

Applying the rule of combination of dimensionless terms to

(16a)

(16b)

(16c¢)

reduce it to a manageable level

(Shefii et al., 1996; Ndukwu and Asoegwu, 2011 )vayltiplication and division gives the following:-

Combiningm, and 5 by division gives:

_ Df D, D
n23=n21><n3=D—f><D—p=D—p
b Dr b

Dividing m, by ms gives:

_ -1 _ pH
Ty =Ty X5~ = oMe
Dividing ¢ by m, gives:

_ 1 _ ESP
Mgy = Mg X7~ = _CEC

Multiplying Egns. 17, 18 and 19 gives:

Dy xpHXESP
DpxOMCxXCEC

= |G = Tyg X My X Mgy =
Similarly,
Dividing g by mq gives:

— -1 _(°F
= Tlgg = Mg X Mg —(%)

Impact Factor (JCC): 2.0445

17)

(18)

(19)

(20)

(21)
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Dividing 7y, by my, gives:

I _ %Si
=Ty = Myg XMyq = (_%cz) (22)

Multiplying Egns. 21 and 22 gives:

Px%Si
= Y = Mgg X Mg = ( ) 23
3 89 10 %CIX%S (23)

Reducing Eqn. (16¢) using the rule of combinatgives:
= my = f(nz;m3) (24)
Where,

K . _a_ DpxpHXESP o ([ Px%Si
M= E M= o omexcre T8 = \neeo
g pXOMCXCEC %CIX%S

Substituting in Eqn. (24) gives

K D,xpHXESP PX%Si
= 77 = [5romencee bcvoisl @)
gH DpxoMCxCEC’ L%Cix%s
Dy, XpHXESP ] [ PX%Si ]}
I P .
K=ygH {[DbXOMCXCEC > Lo cix%s (26)

Equation (26) is the developed model using dimaradianalysis.
Prediction Equation

The equation predicting hydraulic conductivity &ablished by allowing one term to vary at a tinfelevkeeping
the other constant and observing the resulting @dsim the function (Ndukwu and Asoegwu, 2011)sTas established
by plotting the values at, againstty; keepingr§ constant at an average value of 0.5151 and atgting the values of

m, againstry; keepingry constant at an average value of 2.1104 as showig&(1) and (2) respectively.

0.01L +
0.008 - my=-0.0037%,+ 0.010
RP=0.878
D00
[
E
oond A
o0z -
] T T T T 1
0.5 1 15 2 2.5 3
T

Figure 1: Plot Of r; Against Dimensionlesgtg With

5 Constant at average value of 2.1104
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0.009 -
0.008 -
0.007 -
0.006 -
0.005 -
0.004 -
0.003 -
0.002 - M, = 0.007T +0.000
o.oo0l 4 ,.’ Rl =0.554

T

Figure 2: Plot of ry against Dimensionless§ with
n§ Constant at average value of 0.5151

The linear equations are presented as shown in Ejfjsand (28) below with coefficient of determiioat,
R?=0.978 and 0.954 respectively.

m, =-0.003c¢ + 0.01 127
m, = 0.0077% + 0.000 (28)

Thus, from Figs (1) and (2), the plot of théerms forms a plane surface in linear space acdrding to Ndukwu
and Asoegwu (2011); it implies that their combiaatifavours summation or subtraction. Therefore, ¢chenponent

equation is formed by the combination of Eqns @ (28).
M == = i) + fy(nf ) + K (29)
Note;

At f1; m§ was kept constant (0.5151) whit§varies; atf,; w3 was kept constant (2.1104) whit§varies.

K
T = (-0.00373 + 0.01) £ (0.00715 + 0.00) ... (30)

Subtraction combination gives

K, = (—0.00373 — 0.007x3 + 0.01) x (y/gH) @1
Whereas addition combination gives

K, = (—0.003n3 + 0.007x3 + 0.01) x (,/gH) (31b

Substituting the values of the dimensionlgserms from Eqns (20) and (23) into equations (@ 31b) gives

the general equations for hydraulic conductivitgdiction using dimensional analysis:

Hence, the predicting equation using dimensionalyais gives:

K, = [—0.003 ([:":O"M—HCXXE;‘D —0.007 (/"CXISS) + 0.01] [/eH] (32a)

Impact Factor (JCC): 2.0445 Index Copernicus Value (ICV): 3.0
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K, = [-0.003 (DPX"—HXESP) +0.007 (222 ) +0.01] [/gH] (32b)

DypXOMCXCEC %CIX%S

Where,

D, X pH x ESP o P X %Si

a _—
"2 =D, x OMC X CEC’ ™ ~ %Clx %S

Equations (32a and 32b) give the prediction eqoaf@ hydraulic conductivity involving 12 parametein

different combinations using dimensional analysis.

RESULTS AND DISCUSSIONS
Model Validation

The mathematical models in Egns. (32a and 32b) wedlidated using the values got from the measueéetted
soil properties from three locations different frélne ones used in developing the models so asdw kine combination
that predicted hydraulic conductivity better. Misoft Excel 2007 statistical package for Window ¥istas used for the
statistical analysis based on general linear m@@eM). The predicted and the measured hydraulicdoetivity values
got from subtraction and addition combinations jpresented in Table (2) with subtraction combinati@ving closer

values than that predicted by the addition commnafl herefore, the best prediction equation (32ajven below;

_ I DpXpHXESP \ Px%Si g
K = [ 0.003 (DbXOMCXCEC> 0.007 (%Clx%S) + 0'01] [ gh ' (322)
1.5
Epred=1331Kmeas-0.154

— F2= [ 995
T o
Gt
=
E (] -
& 0.5

0.z 04 0e 0.E 1 1.z

Measured
# Predicted —— Linear (Predicted)

Figure 3: Plot Showing the Trend of Line for the Three Locations Used in Testing the Model

Table 2: Measured and Predicted Hydraulic Conductiity Values from the Three Locations
Not Used In Building the Model

Measured | Predicted Predicted

Location (Soil Subgroup) (Kmeas) (K pred) (K pred)

Aba (Dystric Ferrasol) 0.3011 0.2788 0.6849
Isuochi (Dystric Nitosol) 0.3796 0.3154 0.9655
Igbere (Rhodic Ferralsol) 0.9889 1.1671 1.2117

From Figure 3; it can be observed that the meastakek and the predicted value has a very higretation with
R? value of 0.995 with a standard error of 0.048 leefthe measured and the predicted value whigsssthan 1% of the
average value of the measured hydraulic condugtaitd with standard deviation of 0.50 and 0.37 doedicted and

measured hydraulic conductivity values respectively

Figure 4 shows the trend of line between the measand the predicted hydraulic conductivity valémsall

www.iaset.us anti@iaset.us



10 N. V. Ngwangwa, C. N. Madubuike & S. N. Asoegwu
locations in the study area. Also the validity loé tmodel equation was examined by testing if therdept and the slope
were statistically significantly

Different from 0 and 1.0 respectively in the 1:1dabequation (Simonyan et al., 2010).The slope feasd not

to be significant at 5%. The regression equatidaiobd by the least square method is:
Kpred = 1.331Kmeas. — 0.154 (R = 0.995) (34)

Where: Kpred and Kmeas represents predicted hydraoinductivity and measured hydraulic conductivity

respectively.

14 -

Eps=1.1630eas-0.136 °

R?= 0940 -
— e 4 __a-"'
I PUL N
A -
o -
= P
<04 -
& 5,.’
J”.

0.1 0.3 0.5 0.7 0.9 11
Mea sured
® Dimensional Analysis Predicted Eovalue
----- Linear (Ditmensional  Analysis  Predicted..

Figure 4: Plot Showing the Trend of Line for All the Locations

From Table (2), the model developed using dimeradianalysis under-predicted hydraulic conductiVdy the
Dystric soil-subgroups by between 7.4 — 16.9% amdr@stimated it by 18.0% for Rhodic soil sub-grotipis might be
as a result of changes in time of sampling and @x@atation, microbial activity change during thmeé of test and the
differences in the soil sub-group characteristicstérms of Dystric Ferralsol (Aba) and Dystric MNibd (Isuochi)
possessing classic red soil with high iron, strawidity, and low organic matter content with moderaesilience
(elasticity) according to FAO (2014) classificatidh was observed that the difference between &¢tuaasured) and

predicted values of hydraulic conductivity weredve20% which implies a good model.
CONCLUSIONS

A mathematical model was presented using dimenkianalysis based on the Buckinghamistheorem.
A functional relationship between some soil projesrtand hydraulic conductivity was established. Thedel was
validated with data from the three locations (Abayohi and Igbere) not used in building the moddiere was no
significant difference between the measured andiged hydraulic conductivity values at 5% levelsignificance. The
results showed a high coefficient of determina(igh= 0.995) and the difference between the actuahgémed) and the

predicted hydraulic conductivity values were bel@% which implies good a model.
ACKNOWLEDGEMENTS

The authors would like to thank K.S Ndukwe; F.O Nizema at Michael Okpara University of Agrriculture,

Umudike, Umuahia and Engr. lyama at Federal unityee$ Technology Owerri for providing the laboragdacilities.

Impact Factor (JCC): 2.0445 Index Copernicus Value (ICV): 3.0



Predicting Hydraulic Conductivity of Nigerian Agric ultural Soils Using Dimensional Analysis 11

REFERENCES

1.

10.

11.

12.

13.

Boadu, F. K. 2000. Hydraulic Conductivity of Sofiom Grain-Size Distribution: New Models. Journdl o

Geotechnical and Geoenvironmental Engineering5p. 4

Brady, N. C. and R. R. Weil. 2002. The Nature angpBrties of Soils, 13th Edition. Prentice Hall.ggp Saddle
River, New Jersey. P. 960.

Dirksen, C., 1991. Unsaturated Hydraulic Conduttivin 'Soil analysis, physical
Methods, K.A. Smith and C.E. Mullins (eds), MarBelkker, New York, p. 209-269.
Grossman, R. B. and T. G. Reinsch. 2002. Bulk dgasid linear extensibility. In: Dane,

J.H., Topp, G.C. (Eds.), Methods of Soil Analy$iart 4.Physical Methods. Soil Sci. Soc. Am. Booki€2eNo.
5. ASA and SSSA, Madison,  WI, Pp.  201-228.http//wiaa.org/docrep/W85940C.htm
(assessed 2nd July, 2014)

Ibitoye, A. A. 2008. Laboratory Manual on Basic IS&halysis. Department of crop, soil and pest mamagnt
FUTA. Foladave Nig. Ltd. Pp. 4-91.

Madubuike, C. N., 2006. Development of the USLEd&tbr for soil loss estimation in Abia, Ebonyi aimio
states of Nigeria. Proceedings, Nigerian Institftégricultural Engineers. Vol. 21, pp 240-243.

Ndukwu, M. C. and S. N. Asoegwu. 2011. A mathenahtimodel for predicting the cracking efficiency of
vertical-shaft centrifugal palm nut cracker: Resbakgric Eng., 57:110-115.

Nelson, D. W. and L. E., Sommers. 1996. Total carlmrganic carbon, and organic matter. In: Spakks,
(Ed.), Methods of Soil Analysis. Part 3. Chemicathbds. No. 5.ASA and SSSA, Madison, WI,pp. 9616101

Shefii, S., S. K. Upadhyaya and R. E. Garret. 199® importance of experimental design to the dgwaknt of
empirical prediction equations: A case study. Taatisn of ASABE, 39: 377-384.

Simonyan, K. J., Y. D. Yilijep and O. J. Mudiar€1®. Development of a mathematical model for pitaaicthe
cleaning efficiency of stationary grain threshesing dimensional analysis. Applied Engineering igridulture,
26: 189-195.

Vukovic, M. and A. Soro. 1992.Determination of Hgdlic Conductivity of Porous Media from Grain-Size

Composition. Water Resources Publications, Littletoolorado. Pp. 231-350.

www.iaset.us anti@iaset.us



12

APPENDICES

Appendix |

N. V. Ngwangwa, C. N. Madubuike & S. N. Asoegwu

Location - FAD ClssificMion
Egbeema - Eutne Flassy
Owarri - Dystr Farmasol
el - O Al
Lo = Eytne Glysal
Dk - Eulree: Mool
Bande - Dysirc Cambesl
e Ibky - Dystnc Gleyncd
Al - Dysing Fésalsal
teuoch - Dysine Nsal
Ighere - Rrade Farabal

EBONYI STATE

*iGBERE

EGBEMA e

- -
OWERRI ISIEKE IBEKU

CROSS RIVER
STATE

Impact Factor (JCC): 2.0445

Map Showing the Study Area in Nigeria

Index Copernicus Value (ICV): 3.0



