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ABSTRACT 

A method based on the spatial distribution of texture and bulk density has 
been proposed for characterizing spatial variations in the hydraulic properties 
of soils. Soil samples collected from the A and B horizons of the study field 
were analyzed for texture, bulk density, soil water retention, and saturated 
hydraulic conductivity. Analysis of the data showed that these soil properties 
are spatially variable between the A and B horizons and between zero tillage 
and conventional tillage treatments. A multiple linear regression relation was 
developed to relate the spatial variability of soil water characteristics to the 
variability of texture and bulk density. The coefficients of the derived relation 
reveal that the influence of physical properties on variability in hydraulic 
characteristics of soil does not only depend on the degree of saturation of the 
soil, but also on horizon and tillage treatment. Soil water content predicted 
with the derived relation compared fairly well with observed soil water 
content. 
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INTRODUCTION 

Richard's equation, which is based on the integration of Darcy's law with mass 
balance analysis, has been the most commonly used physically-based model for 
studying the movement of water through soil. There are two major problems 
in obtaining the solution to Richard's equation. Due to high non-linearity the 
equation is expensive to solve; and the coefficients in the equation, soil hydraulic 
conductivity and specific moisture capacity, exhibit spatial and temporal vari­
ability which renders their measurement in the field expensive and time con­
suming [1-4]. 

One approach used to deal with the variability of hydraulic properties of 
soils has been based on the assumption that the field consists of parallel non-
interacting stream tubes [5]. However, the uncertainty of an appropriate scale and 
the assumption that each stream tube is uniform with depth limit the application 
of this approach. The other approach is called the scaling approach: soil water 
properties are scaled according to the concept of similar media [2]. The strength 
of this approach is that it represents spatial variability by a single physically-
based parameter. Its major weakness however, is that it is an approximate 
method. 

Attempts to improve the stream tube and scaling theory approaches have 
resulted in the development of stochastic models [4-7]. There have also been 
attempts to quantify spatial variability of soil hydraulic properties by introducing 
chemical and physical factors [8]. Despite these efforts an approach is still needed 
which would relate the spatial variability of hydraulic properties of soil to the 
easily measurable physical properties. Even though a relation between soil water 
content and clay content, silt to clay ratio, and bulk density has been proposed, 
the equation does not include sand content [9]. Moreover, the inclusion of silt to 
clay ratio in the equation has created the possibility of eliminating the effect of 
the spatial distribution of silt and clay contents on soil hydraulic properties. 

The transmission of water and contaminants through soil is governed by four 
factors: properties of the soil, hydraulic loading on the soil, properties of the 
contaminant being transmitted, and land management practices. Therefore, before 
an appropriate model can be hypothesized for the transmission of water and 
contaminants at a particular field site, it is necessary to ascertain the extent of 
spatial and temporal variability of soil properties in the field. This paper focuses 
on the spatial variability of hydraulic and physical properties of soil in the A and 
B horizons with changes in tillage. 

METHODOLOGY 

The data set used for this study consisted of bulk density, total porosity, texture, 
organic matter content, saturated hydraulic conductivity, and volumetric soil 
water content at matric potentials of 10, 25,50,100, 333,1000,1500,3500, 8000, 
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15000 cm of water. These were determined from soil samples collected from a 
farm located in the Kettle Creek Watershed in southwestern Ontario, Canada. In 
1989 the farm was divided into zero tillage and conventional tillage sites for 
management purposes, and has remained so since then. The crop rotation fol­
lowed was wheat, soybean, and corn. The thickness of the A horizon in the study 
field varies from 25 cm to 30 cm and the portion of the B horizon considered for 
this study varies between 25 cm and 30 cm in thickness. 

Two sets of soil cores and one set of free hand soil samples were collected 
from the A and B horizons at several locations at the zero tillage and conven­
tional tillage treatment sites. Bulk density at each sampling location was deter­
mined by the gravimetric method using one set of the core samples; the other set 
was used to determine soil water characteristics at the listed matric potentials by 
using the pressure plate method [10]. The free hand samples were used to deter­
mine the soil texture and organic matter content at each sampling location. Total 
porosity at each sampling location was determined from die bulk density using 
the following relation: 

e,= 1 - * 100 (1) 

where 
et = total porosity (%), 
Pb = bulk density (kg/m3), and 
ps = particle density (kg/m3). 

The value of 2650 kg/m3 was used as an estimate of particle density in this 
study [10]. 

Soil water characteristics and hydraulic conductivity of field soil are being 
recognized to be stochastic parameters [1, 8, 11]. One approach used to analyze 
these parameters has been to assume the particular parameter to be lognormally 
distributed, and then to derive the statistical moments and their confidence limits. 
With this information, values of the parameter can be estimated subject to the 
specified confidence limits [1, 2, 11, 12]. The omer approach derives a multiple 
regression relation, a pedo-transfer function between the soil hydraulic parameter 
and easily measurable soil physical parameters of sand, silt, clay, organic matter 
contents, and bulk density [12-15]. The established relation can then be used to 
estimate the hydraulic parameter. The second approach has been adopted in this 
study to relate the variability in soil water characteristics to soil physical proper­
ties. Multiple linear regression was used to develop a relationship between soil 
water content (Θ) at each value of matric potential (ψ), and texture (% sand, 
% silt, and % clay), and bulk density (pt>) using SYSTAT program [16]. The 
relationship developed is of the form: 

θψ = A0 + Ai (%Sand) + A2 (%Silt) + A3 (%Clay) + A4pb (2) 
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where 
Ao = the intercept, 
Ai = regression coefficient corresponding to % sand, 
A2 = regression coefficient corresponding to % silt, 
A3 = regression coefficient corresponding to % clay, and 
A4 = regression coefficient corresponding to bulk density. 

The multiple regression coefficients, along with the coefficients of determination 
and the standard errors of estimate for the zero tillage and conventional tillage 
treatments were determined. The regression coefficients were used to describe the 
variability in soil water characters*tcs with the variability in the corresponding 
physical property. The goodness-01 '* of the multiple regression relations was 
tested by estimating soil water content im a set of physical properties using the 
relations, and then comparing the predated values with an independent set of 
observed soil water content values. 

RESULTS AND DISCUSSION 

Soil Physical Properties 

Physical properties of soil in the test field are presented in Table 1 and Figures 
1 to 5. These data reveal the central tendency and variability of the site data by 
soil horizon and by tillage treatment. The mean represents a central value about 
which the realizations of the selected soil properties in the field are clustered. The 
coefficients of variation represent the spatial variability of the soil properties. 

The mean sand, silt, and clay contents and the corresponding coefficients of 
variation shown in Table 1 were plotted on texture triangles (Figures 1 to 5), 
along with the individual sample points. The portion of the texture triangle 
containing all the sample points is shown in Figure 1, and then expanded in 
Figures 2 to 5. These figures reveal that the soil texture points, representing the 
mean sand, silt, and clay contents in both horizons for both tillage treatments, fall 
within the texture zone for silt loam. However, there are noticeable differences in 
mean particle size, between horizons and tillage treatments. Overall the spatial 
variability of particle size distribution over the test field is fairly high. The 
variability of sand, silt, and clay contents are higher in the B horizon than in 
the A horizon as indicated by the higher coefficients of variation. The spatial 
variability of clay content in the A and B horizons is also generally higher for the 
zero tillage treatment than for die conventional tillage treatment. Sand and clay 
contents seem to exhibit higher variability in the B horizon than the A horizon 
for the zero tillage treatment. 

The differences in variability of particle size distribution between horizons and 
between tillage treatments are also indicated by the relative sizes of the zones of 
variability and the degree of cluster of the sample points in Figures 2 to 5. 
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Table 1. Physical Properties of Soils Used in the Study 

Horizon 

Sand(%) 

Silt (%) 

Clay (%) 

Organic Matter 
Content (%) 

Bulk Density 
(kg/m3) 

Total Porosity 
(%) 

Zero Tillage 

A 

24.3-31.3 
(27.92) 
[0.072] 

51.8-55.5 
(54.05) 
[0.023] 

15.5-22.1 
(18.05) 
[0.117] 

3.5-4.3 
(3.66) 
[0.082] 

1250-1450 
(1390) 
[0.057] 

43.7-51.4 
(45.10) 
[0.063] 

B 

12.8-30.2 
(24.54) 
[0.329] 

42.3-59.4 
(52.54) 
[0.092] 

10.4-37.1 
(2292) 
[0.425] 

0.7-1.2 
(0.94) 
[0.191] 

1450-1650 
(1600) 
[0.011] 

36.5-44.8 
(41.11) 
[0.062] 

Conventio 

A 

30.1-36.5 
(32.36) 
[0.075] 

49.9-55.6 
(53.92) 
[0.042] 

13.4-14.9 
(13.85) 
[0.040] 

2.3-3.5 
(2.98) 
[0.140] 

1250-1450 
(1370) 
[0.070] 

44.1-51.0 
(41.25) 
[0.075] 

nal Tillage 

B 

27.5-34.3 
(30.23) 
[0.083] 

53.9-59.8 
(57.45) 
[0.037] 

10.0-15.1 
(12.32) 
[0.152] 

0.9-1.4 
(1.1) 

[0.208] 

1280-1630 
(1610) 
[0.041] 

38.6-39.9 
(42.26) 
[0.017] 

* - * : Range of Values 
( ) : Mean Value 
[ j : Coefficient of Variation 

The sample points in Figure 2 are more tightly clustered together than those in 
Figure 5, while the zone of variability is greater in the latter than the former. 
Considering the zone of variability, there was greater variability in particle size 
distribution in the B horizon than in the A horizon for the zero tillage treatment 
(Figures 2 and 3). Similarly for the conventional tillage treatment there was 
greater variability in particle size distribution in the B horizon than the A horizon 
(Figures 4 and 5). The variability in particle size distribution was greater for the 
zero tillage treatment than for the conventional tillage treatment. A two-sample t 
test showed that the differences in coefficients of variation are significant at the 
5 percent significance level. Hence, for particle size distribution, any notice­
able differences from one location to another are part of a random variability in 
the field. 
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Figure 1. Texture triangle showing portion containing all the soil 
samples analyzed. 

The summary of results presented in Table 1 reveal that bulk density in the test 
field varies from 1250 to 1650 kg/m3. From these results it appears that the mean 
bulk density values differ from horizon to horizon, being higher for the B horizon 
but essentially the same from the zero tillage treatment to the conventional tillage 
treatment. The variability in values is a function of horizon and tillage treatment, 
being greater in the A horizon than in the B horizon and being greater for the 
conventional tillage treatment than for the zero tillage treatment. A two-sample t 
test at the 5 percent significance level confirmed that the means are significantly 
different between horizons but not between tillage treatments, and the variances 
are significantly different between horizons and between tillage treatments. The 
timing of sampling may be one possible cause of similar mean bulk densities 
between tillage treatments. Soil samples were collected in October, by which time 
the tilled soil had set well enough for the bulk densities of the zero tillage and 
conventional tillage treatments to be similar. 

The results on organic matter presented in Table 1 show that in the test field this 
soil property varied between 0.7 and 3.5 percent. The mean organic matter 
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Figure 2. Zone of variability showing mean (X) and sample points 
of particle size distribution in A horizon for zero tillage treatment. 

content is a function of both horizon as well as tillage treatment, being greater in 
the A horizon than in the B horizon for both tillage treatments. In the A horizon 
the mean organic matter content is higher for the zero tillage treatment than for 
the conventional tillage treatment, while this order is reversed in the B horizon. 
This is probably attributable to the mixing of decomposed vegetation during 
tillage. Such a process is likely to reduce the amount of organic matter that would 
have been present in the A horizon while making some of it available in the B 
horizon. The spatial variability of organic matter content is higher for the con­
ventional tillage treatment than for the zero tillage treatment, being more in the 
A horizon than in the B horizon. Statistical analysis revealed that the means and 
coefficients of variation between the zero tillage and conventional tillage treat­
ments, are significantly different at the 5 percent significance level in the A 
horizon but not in the B horizon. 

In the A horizon lower organic matter content for the conventional tillage 
treatment than for the zero tillage treatment is likely to make the soil under 
conventional tillage treatment more susceptible to erosion. Also, under each 



178 / DIIWUETAL. 

Figure 3. Zone of variability showing mean (X) and sample points of 
particle size distribution in B horizon for zero tillage treatment. 

tillage treatment the higher organic matter content in the A horizon also provides 
more favorable conditions for biological activity and plant growth in this horizon, 
and so stable aggregates and macropores are more likely to be found in the A 
horizon than in the B horizon. 

Total porosity of soil in the test field as revealed by results presented in Table 1 
ranges from 36.5 to 51.4 percent. This soil property seems to be a function of 
horizon but not of tillage treatment as shown by noticeable differences between 
the total porosity in the A and B horizons for both tillage treatments, but only 
slight differences between the zero tillage and conventional tillage treatments in 
both the A and B horizons. A two-sample t test at the 5 percent significance level 
indicated that the mean total porosities in the A and B horizons for each tillage 
treatment are significantly different, but not so between treatments in each soil 
horizon. The variability in total porosity is the same in the two horizons for the 
zero tillage treatment, but slightly different for the conventional tillage treatment 
where it is higher in the A horizon than in the B horizon. 
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Figure 4. Zone of variability showing mean (X) and sample points of 
particle size distribution in A horizon for conventional tillage treatment. 

Soil Hydraulic Properties 
Saturated hydraulic conductivity and soil water characteristics are the two 

soil hydraulic properties analyzed for the test field. The measured soil water 
characteristics for the zero tillage and conventional tillage treatments are 
presented in Table 2. The water retention capacity of soil has been described by 
the amount of gravity water and capillary water. The gravity water was deter­
mined by taking the difference between water content at saturation and that at 
field capacity. The capillary water has been computed by taking the difference 
between water content at field capacity and permanent wilting point. Water 
content at field capacity and permanent wilting point correspond to matric poten­
tials of 333 cm and 15000 cm of water, respectively. These data show that for 
both tillage treatments gravity water is more in the A horizon than in the B 
horizon. The gravity water depends on total porosity. In this case as explained 
earlier the total porosity of the A horizon was greater than that of the B horizon. 
Greater amount of organic matter resulted in better degree of aggregation in the 
A horizon for both tillage treatments. 
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Figure 5. Zone of variability showing mean (X) and sample points of 
particle size distribution in B horizon for conventional tillage treatment. 

Table 2. Distribution of Soil Water Characteristics in the Field 

Matric 

(cm of Water) 

10 
100 
333 

1000 
1500 
3500 
8000 

15000 

Zero 

A Horizon 

0.449 
0.329 
0.281 
0.259 
0.245 
0.231 
0.209 
0.199 

Soil Water Content (cm3/cm3) 

Tillage 

B Horizon 

0.410 
0.292 
0.277 
0.255 
0.232 
0.211 
0.186 
0.167 

Conventiona 

A Horizon 

0.414 
0.344 
0.274 
0.244 
0.225 
0.209 
0.182 
0.169 

I Tillage 

B Horizon 

0.417 
0.283 
0.257 
0.213 
0.186 
0.158 
0.123 
0.100 



HYDRAULIC PROPERTIES / 181 

The capillary water did not show any trend between A and B horizons. In this 
case for zero tillage treatment there is more capillary water in B horizon than in 
the A horizon, while the trend is reversed for conventional tillage treatment. For 
this tillage treatment the water content at field capacity between the A and B 
horizons was very similar. This may be due to similar degree of aggregation, 
which depends upon the combined effect of organic matter and clay content. 
The effect of more organic matter in the A horizon was probably neutralized by 
low clay content. 

Saturated hydraulic conductivity was determined using the constant head 
permeameter method [17] and its spatial variability was analyzed. Table 3 sum­
marizes values of saturated hydraulic conductivity by horizon and tillage treat­
ment. The mean saturated hydraulic conductivity in the A and B horizons for 
the conventional tillage treatment are significantly different at the 5 percent 
significance level, but not for the zero tillage treatment. 

In each horizon the mean saturated hydraulic conductivity for the zero tillage 
treatment is significantly different from that for the conventional tillage treat­
ment. The range of values of saturated hydraulic conductivity is high and is a 
function of horizon and tillage, being greater for the zero tillage treatment than 
for the conventional tillage treatment. For the zero tillage treatment the range is 
higher in the A horizon than in the B horizon, while for the conventional tillage 
treatment it is higher in the B horizon than in the A horizon. The variability of 
saturated hydraulic conductivity seems to be a function of horizon as well as 
tillage, being greater for the zero tillage treatment than for the conventional 
tillage treatment. The variability of this soil property is also greater in the A 
horizon than in the B horizon for the zero tillage treatment, and in the B horizon 
than in the A horizon for the conventional tillage treatment. 

Tillage tends to modify the bulk density and hence total porosity and pore 
size distribution of soil, and so it is expected that saturated hydraulic conduc­
tivity would be correspondingly affected. The higher mean saturated hydraulic 

Table 3. Distribution of Saturated Hydraulic Conductivity (cm/hr) in the Field 

Zero 

A Horizon 

0.929-50.753 
(9.745) 
[1.403] 

Tillage 

B Horizon 

1.210-37.296 
(9.134) 
[1.198] 

Conventional Tillage 

A Horizon 

1.012-6.530 
(3.341) 
[0.684] 

B Horizon 

0.731-14.242 
(5.839) 
[0.850] 

* - * : Range of Values 
( ) : Mean Value 
[ ] : Coefficient of Variation 
Depth of plough layer: 25 cm 



182 / DIIWUETAL 

conductivity for the zero tillage treatment than for the conventional tillage treat­
ment may be partly attributed to the effect of tillage, since undisturbed macro-
pores for the zero tillage treatment provide channels for the transmission of water. 
The other probable cause of these higher mean values is that tillage tends to alter 
the pore size distribution of soil, especially in the large and small size ranges. 

The greater variability of saturated hydraulic conductivity in the A horizon than 
in the B horizon for the zero tillage treatment may be attributed to the greater 
likelihood of the occurrence of aggregates in the former than in the latter horizon 
which could be a result of the higher organic matter content in the A horizon. In 
the case for the conventional tillage treatment the higher variability of saturated 
hydraulic conductivity in the B horizon than in the A horizon is probably due 
to non-uniform compaction under the plough layer in the B horizon during 
tillage. Since some aggregates are destroyed in both the A and B horizons for 
the conventional tillage treatment during tillage, aggregates are more likely to 
occur in both horizons for the zero tillage treatment than for the conventional 
tillage treatment. This probably caused the higher variability of saturated 
hydraulic conductivity for the zero tillage treatment than for the conventional 
tillage treatment. 

The ranges and coefficients of variation values of saturated hydraulic conduc­
tivity are much higher than those of the other soil properties analyzed in this 
study. This reveals that saturated hydraulic conductivity is the most variable of all 
the soil properties in the field. However, further studies would be needed to be 
able to explain the possible causes of the greater variability of saturated hydraulic 
conductivity than the variabilities of other soil properties in the field. 

Relating Variability in Hydraulic Properties 
to Physical Properties of Soil 

Correlation coefficients between saturated hydraulic conductivity and the other 
soil water properties were computed and presented in Table 4. Since all the 
correlation coefficients are non-zero this indicates the existence of a relationship 
between the physical and hydraulic properties of soil. However, the correlations 
are a function of horizon and tillage treatment. They are all significant except 
for bulk density in the A horizon as well as for bulk density, sand and clay 
contents in the B horizon for the tillage treatment. For the conventional tillage 
treatment the correlation coefficients are significant except for silt content and 
effective porosity in the A horizon, and silt and organic matter content in the B 
horizon. The results indicate that saturated hydraulic conductivity is not highly 
correlated with bulk density for the zero tillage treatment probably because the 
effect of macroporosity and aggregation on this soil hydraulic property tends to 
be greater than that of bulk density. Also saturated hydraulic conductivity is not 
highly correlated with silt content but fairly highly correlated with bulk density 
for the conventional tillage treatment. 
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Table 4. Correlation Coefficients of Saturated Hydraulic Conductivity 
with Bulk Density, % Sand, % Silt, % Clay, % Organic Matter, 

and Effective Porosity 

Zero Tillage Conventional Tillage 

Bulk Density 
% Sand 
% Silt 
% Clay 
% OrgM" 
Effective Porosity 

A Horizon 

-0.120* 
0.552 
0.500 

-0.971 
0.493 
0.252 

B Horizon 

-0.132* 
0.029* 

-0.406 
0.145* 

-0.224 
0.347 

A Horizon 

-0.443 
0.319 

-0.015* 
0.339 

-0.235 
0.048* 

B Horizon 

-0.443 
0.486 

-0.143* 
-0.371 

0.029* 
0.347 

*Not significant 
"OrgM: Organic Matter Content 

Regression relations of the form of equation 2 were developed by taking soil 
water content at various matric potentials as criterion variable, while sand, silt, 
and clay contents and bulk density were taken as the predictor variables. Total 
porosity was not used for the regression since that could have resulted in multi-
collinearity due to correlation between this soil property and the other soil physi­
cal properties. 

The data for the A and B horizons were pooled for each of the zero tillage and 
conventional tillage treatments. The physical properties of soil in each horizon 
incorporate the effects of solutes, swelling and shrinking of clay, development of 
soil from parent material, and land management factors on that horizon. Hence 
the pooled data would incorporate the effects of all these factors in the A and B 
horizons. Since variability in soil hydraulic properties is partly due to these 
effects, it is expected that the regression coefficients obtained would account 
for such variability. Moreover, along with analytical expressions for soil water 
characteristics, it should be possible to adequately describe soil water flow in the 
field with limited information. The multiple regression coefficients, along with 
the coefficients of determination and the standard errors of estimate for the zero 
tillage and conventional tillage treatments are shown in Tables 5 and 6. 

The regression coefficients presented indicate the degree of impact of 
variability of the physical properties on variability of soil water characteristics in 
the field. The regression coefficients corresponding to bulk density for the zero 
tillage treatment are very low compared to those corresponding to the other soil 
physical properties for that tillage treatment. The regression coefficients cor­
responding to sand, silt, and clay contents probably indicate that in the field the 
variability of clay content would have a slightly greater effect on soil water 
characteristics man those of sand and silt contents. For the conventional tillage 
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Table 5. Coefficients of Multiple Regression as Used in Equation 2 
for the Zero Tillage Treatment 

Matric 
Potential 
(cm) 

10 
100 
333 

1000 
1500 
3500 
8000 

15000 

Ao 

^33.52 
-58.55 
-21.29 
-17.47 
-18.93 
-18.01 
-18.67 
-21.65 

A, 

0.339 
0.587 
0.213 
0.176 
0.191 
0.182 
0.189 
0.22 

Aa 

0.341 
0.59 
0.216 
0.176 
0.192 
0.183 
0.189 
0.219 

A3 

0.34 
0.59 
0.217 
0.18 
0.196 
0.187 
0.194 
0.225 

A4 

-0.038 
-0.035 

0.021 
0.011 

-0.042 
-0.072 
-0.094 
-0.132 

ff 
0.873 
0.857 
0.948 
0.955 
0.957 
0.965 
0.959 
0.963 

SEE 

0.048 
0.042 
0.025 
0.027 
0.028 
0.031 
0.032 
0.033 

Table 6. Coefficients of Multiple Regression as Used in Equation 2 
for the Conventional Tillage Treatment 

Matric 
Potential 
(cm) 

10 
100 
333 

1000 
1500 
3500 
8000 

15000 

Ao 

3.664 
2.419 
2.766 
3.941 
4.913 
4.843 
4.844 
5.136 

Ai 

-0.032 
-0.018 
-0.023 
-0.033 
-0.04 
-0.038 
-0.039 
-0.043 

A2 

-O.032 
-0.021 
-0.03 
-0.044 
-0.055 
-0.054 
-0.054 
-0.056 

A3 

-0.034 
-0.01 
-0.016 
-0.023 
-0.033 
-O.033 
-0.032 
-0.033 

A4 

-0.01 
-0.17 
0.076 
0.037 
0.024 
0.001 

-0.025 
-0.073 

Ff 
0.992 
0.821 
0.933 
0.973 
0.977 
0.965 
0.885 
0.883 

SEE 

0.055 
0.033 
0.037 
0.012 
0.013 
0.018 
0.034 
0.035 

treatment the impact of variability of bulk density on soil water characteristics 
would be the same as that of the variability of each of the other physical proper­
ties as indicated by the low regression coefficients for all the soil properties 
considered. The regression coefficients probably also indicate that the soil physi­
cal properties considered would influence soil water characteristics more at low 
matric potentials than at high ones. 

The high coefficient of determination (R2) values indicate that the multiple 
regression relations are statistically good, these being even better as the soil 
degree of saturation decreases for the zero tillage treatment and as the degree of 
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saturation increases for the conventional tillage treatment. The relations are at 
least 95 percent reliable as indicated by the low standard error of estimate (SEE) 
values, but there is no clear trend in this with respect to matric potential. 

The goodness-of-fit of the multiple regression relations were further illustrated 
by predicting soil water content using the fitted multiple regression equations, 
and then comparing them with some observed independent set of soil water 
content valuese at the corresponding matric potentials. There was quite good 
agreement between predicted and observed soil water contents in both the A and 
B horizons for the zero tillage and conventional tillage treatments, as illustrated 
by the approximation to the 1:1 line in Figures 6 to 9. Hence the proposed relation 
performs quite well. 

CONCLUSIONS 
The analysis of soil physical properties of particle size distribution, organic 

matter content, bulk density, and total porosity showed that each of these soil 
properties varies in the field. The saturated hydraulic conductivity and soil water 
characteristics were also found to be variable within each horizon, between the 
zero tillage and conventional tillage treatments, and between the A and B 
horizons for each tillage treatment. Non-uniform distribution of organic matter 
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Figure 6. Comparison of observed and predicted soil water content 
using multiple regression relation in A horizon for zero tillage treatment. 
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Figure 7. Comparison of observed and predicted soil water content 
using multiple regression relation in B horizon for zero tillage treatment. 
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Figure 8. Comparison of observed and predicted soil water content using 
multiple regression relation in A horizon for conventional tillage treatment. 
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Figure 9. Comparison of observed and predicted soil water content using 
multiple regression relation in B horizon for conventional tillage treatment. 

content in the field is one probable cause of the variability of bulk density. The 
spatial distribution of structural voids such as macropores as well as aggregation 
in the field soil are other probable causes of the variability of the physical and 
hydraulic properties. 

The variability of saturated hydraulic conductivity may be partly attributed 
to spatially distributed macropores and aggregates in the field. It may also be 
attributed to the fact that tillage tends to alter pore size distribution, especially in 
the large and small size ranges. Hence the spatial distribution of the transmission 
of water in the field is correspondingly affected. The coefficient of variation 
values of saturated hydraulic conductivity are between 70 percent and 140 per­
cent as compared to 1 percent to 40 percent for all the physical properties, 
indicating that saturated hydraulic conductivity is likely to be the most variable 
soil property in the test field. However, the physical properties have influence on 
the hydraulic properties directly or indirectly, as indicated by the correlation 
coefficients between them. 

The derived multiple regression relation between soil water characteristics 
and physical properties of field soil has been found to perform quite well. 
The regression coefficients indicate that the impact of any of the physical 
properties on the variability in soil hydraulic properties depends on horizon and 
tillage treatment. The coefficients also reveal that the physical properties would 
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influence variability in soil hydraulic properties more as the degree of saturation 
of the soil increases than as it decreases. 
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