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Abstract

Soil water content is influenced by soil and terrain factors, but studies on the predictive value of diagnostic horizon type for 
the degree and duration of wetness seem to be lacking.  The aim of this paper is therefore to describe selected hydropedo-
logical soil-water relationships for important soils and diagnostic horizons in the Weatherley catchment.  Daily soil water 
content was determined for 3 horizons in 28 profiles of the Weatherley catchment.  These data were used to calculate annual 
duration of water saturation above 0.7 of porosity (ADs>0.7), which was correlated against other soil properties.  Significant 
correlations (α = 0.05) were obtained between average degree of water saturation per profile and slope (R2 = 0.24), coarse 
sand content (R2 = 0.22), medium sand content (R2 = 0.23), fine silt content (R2 = 0.19), and clay content (R2 = 0.38).  ADs>0.7 
per diagnostic horizon ranged from 21 to 29 d•yr-1 for the red apedal B, yellow brown apedal B, and neocutanic B horizons; 
103 d•yr-1 for the orthic A horizons; and from 239 to 357 d•yr-1 for the soft plinthic B, unspecified material with signs of wet-
ness, E, and G horizons.  A regression equation to predict ADs>0.7 from diagnostic horizon type (DH), clay to sand ratio  
(Cl:Sa), and underlying horizon type (DHu) gave: ADs>0.7 = -26.31 + 41.64 ln(Cl:Sa) + 35.43 DH + 13.73 DHu (R

2 = 0.78).  
Results presented here emphasise the value of soil classification in the prediction of duration of water saturation.
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Introduction

Van der Watt and Van Rooyen (1995) define soil water regime 
as a qualitative term referring to the state and availability of 
water in soil, especially in relation to the growth of plants.  
Another widely used, related, and probably more process-
oriented and quantitative term, is soil hydrology.  Miyazaki 
(1993) suggested that soil hydrology could be considered as a 
bridge between soil physics (where descriptions of water flow 
tend to be microscopic) and hydrology (where they tend to be 
macroscopic).  Kutilek and Nielsen (1994) defined soil hydrol-
ogy as the physical interpretation of phenomena which govern 
hydrological events related to soil, or the uppermost mantle of 
the earth’s crust.  Although both terms described above refer 
to soil-water relationships, neither are completely appropriate 
for the hydropedological focus of this study or the one by Van 
Huyssteen et al. (2005).  The focus here was specifically on the 
nature of the long-term water content above the drained upper 
limit and the marked influence it may have on soil morphology 
and therefore soil classification.

Soil water content is mainly a function of the ratio between 
precipitation and evapotranspiration, as described by the soil 
water balance equation (Hillel, 1980).  In general, the higher 
the rainfall to evapotranspiration (P/ET) ratio, the higher the 
soil water content.  At a given site the soil water content varies 
depending mainly on variations in the topography, the soil, and 
the type and density of vegetation (Famiglietti et al., 1998).  In 
a small catchment the rainfall can be considered fairly uniform 
over the whole area, although ET can vary significantly (Van 
Huyssteen et al., 2009a).  Le Roux et al. (2005) concluded that 

the vegetation composition in the Weatherley catchment is 
fairly uniform and that the influence of vegetation on soil water 
content can therefore also be considered reasonably uniform.  
Soil and terrain characteristics should therefore be the primary 
factors that influence soil water content variability in this 
catchment.

Terrain indices can be grouped into primary and compound 
attributes.  Primary terrain attributes (Famiglietti et al., 1998; 
Western et al., 1999) include:
• Slope, influencing the hydraulic gradient that drives sur-

face and subsurface flow, surface runoff, infiltration, and 
drainage

• Aspect, together with slope, which influences the irradiance 
and thus evapotranspiration

• Plan curvature (perpendicular to the aspect) and profile 
curvature (parallel to the aspect) are measures of concav-
ity or convexity of the surface.  Plan curvature provides 
a measure of the local convergence or divergence of lat-
eral flow paths, while profile curvature reflects how the 
hydraulic gradient and flow velocities change.  Curvature is 
expressed as the reciprocal of the radius of curvature of the 
surface.  Broader curves have smaller curvature values than 
tighter curves.  Positive values indicate convex surfaces, 
zero indicates a straight surface, while negative values 
indicate concave surfaces.

• Specific upslope area, also called upslope contributing area, 
is the area above the contour segment divided by the length 
of that contour segment.  It is a measure of the potential 
area that can contribute to lateral flow.

Terrain indices can be computed from digital elevation mod-
els (Mitasova and Hofierka, 1993).  Compound indices, for 
example the wetness index (WI) defined by Beven and Kirkby 
(1979), can be calculated from primary topography attributes, 
and are often adapted, for example, the ‘new index’ (NI) for 
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drier environments (Gomez-Plaza et al., 2001).  The predictive 
power of terrain indices has been researched extensively, for 
example by Western et al. (1999), who did correlation analyses 
between terrain indices and soil water content in Australia.  
They defined the potential solar radiation index as the ratio of 
potential solar radiation on a sloping plane to that on a horizon-
tal plane.  During dry conditions cos(aspect) explained up to 
12%, the potential solar radiation index explained up to 14%, 
and a combination of ln(α) and the potential solar radiation 
index explained up to 22% of the variance.

The influence of terrain indices on soil water content vari-
ability is often combined with other soil properties.  Canton 
et al. (2004) and Lin et al. (2006) noted that it was difficult to 
identify the relative importance of the soil and topographic 
factors because of their mutual and multiple influences on 
soil water content.  Soil factors include infiltration rate, water 
storage capacity, hydraulic conductivity, and the presence 
or absence of an impeding layer (Burt and Butcher, 1985).  
Gomez-Plaza et al. (2001) state that the influence of the soil 
factors studied on soil water content was different in the veg-
etated and non-vegetated zones and that the predictive power of 
WI was significantly increased by incorporating aspect (i.e. NI) 
and removal of slope, especially in unburnt catchments.

The relationship between soil properties and soil wetness 
has been studied in South Africa (Donkin and Fey, 1991; Le 
Roux, 1996; Van Huyssteen and Ellis, 1997; Van Huyssteen et 
al., 1997; Van Huyssteen et al., 2005) and in other countries 
(Rabenhorst et al., 1998; Blavet et al., 2000).  Soil morphol-
ogy contains significant information on the spatial and tem-
poral distribution and circulation of water, both at profile and 
at landscape levels (Lin et al., 2005).  Researchers used this 
information to predict soil wetness from soil morphology 
(Van Huyssteen and Ellis, 1997; Van Huyssteen et al., 1997; 
Rabenhorst and Parikh, 2000; He et al., 2003; Tassinari et al., 
2002).  These studies indicate that variability in soil water con-
tent is influenced by a combination of soil and terrain factors, 
and that the two are often inseparable.  What has not yet been 
studied is the possible improvement to hydrological modelling 
that could be obtained by including the diagnostic horizon in 
the prediction of degree and duration of wetness.

The objective of this paper was to describe selected 
hydropedological soil-water relationships of selected soils and 
diagnostic horizons in the Weatherley catchment.

Materials and methods

Daily soil water contents were calculated using the procedure 
described by Van Huyssteen et al. (2009b).  This included 
daily soil water contents for two to five, 300 mm layers of 28 
soil profiles in the Weatherley catchment, for 6 years from 01 
July 1997 to 30 June 2003.  Profile numbers were defined to 
be distinctive within this catchment and also between other 
research catchments in the area (Hensley and Anderson, 1998).  
Profile numbers are used here in their original form to facilitate 
comparison.  Soil water contents were expressed in terms of 
the degree of saturation (s), which is the fraction of the poros-
ity that is occupied by water.  Expressing soil water content as 
s enables comparisons between different soils and facilitates 
pedological interpretation.  This point can be illustrated by 
considering 2 soils, say A and B, with bulk densities of 1.3 
Mg•m-3 and 1.7 Mg•m-3 respectively.  The volumetric water 
content (θv) for Soil A and Soil B at s = 0.7 would be 36% and 
25%, and at complete saturation (s = 1.0) θv would be 51% and 
36%, respectively.  Reporting the θv values (51% and 36%) 

might give the impression that Soil A is wetter than Soil B, 
unless the bulk density (or porosity) values are also reported, 
while in reality both of them are completely saturated.

Detailed morphological soil profile descriptions, with 
chemical and physical analyses, are given by Van Huyssteen et 
al. (2005).  Results for particle size analyses (Soil Classification 
Working Group, 1991) were averaged for the 0-900 mm depth 
and therefore no not necessarily add to 100%.

The ss value for the different soils in the Weatherley catch-
ment, as used here was defined as the mean daily s value of the 
0-900 mm layer over the 6-year measurement period.  There 
were only 2 profiles, P207 and P209, with measurements for 
the top 2 layers only.  For these profiles the ss values were taken 
over the 2 top layers.  The ss values of the different soils were 
compared with soil and topographic variables that might affect 
soil wetness.  Mean daily s values for each month were also 
calculated for specific diagnostic horizons.  These values aided 
in demonstrating the influence of the soil and topographic vari-
ables on s during different seasons.

Other hydropedological characteristics which were calcu-
lated for diagnostic horizons included the mean annual dura-
tion of s>0.7 (ADs>0.7), the mean annual frequency (Fs>0.7), and 
the mean duration (Ds>0.7) of periods with s>0.7 (Van Huyssteen 
et al., 2005).  The 0.7 threshold was chosen as an estimation of 
where reduction would set in, because 100% water saturation is 
seldom reached (Hillel, 1980).  The duration of s>0.7 for a par-
ticular year is the total number of days in that year on which s 
was above 0.7 of porosity.  Whenever it occurs, the value s>0.7 
could occur for periods of 1 day or longer.  These periods are 
referred to as events.  The frequency term (Fs>0.7) refers to the 
number of such events.  The mean duration of events (Ds>0.7) is 
thus the ratio of the total number of days per year to the number 
of events per year.  Due to their annual nature, a single value 
of each of ADs>0.7, Fs>0.7, and Ds>0.7 could be calculated per year 
during each of the 6 years of study for each diagnostic horizon.  
Their means were then calculated from the 6 annual values.

Only measurements that represented at least 80% of the 
volume of a particular diagnostic horizon were considered 
for this analysis.  This was necessary to avoid possible erro-
neous conclusions introduced by measurements taken over 
transitions between diagnostic horizons.  Terrain indices for 
the Weatherley catchment were calculated using ArcView 3.1 
(ESRI, 1999).  A 20 m grid-based digital elevation model was 
calculated, using kriging interpolation, from a 2 m interval 
contour map of the Weatherley catchment (BEEH, 2003).

Linear correlation analyses were done for diagnostic hori-
zons between soil chemical, physical, and morphological prop-
erties and topographic indices as independent variables, with 
ADs>0.7 and mean monthly s for the 12 months as dependent vari-
ables.  This was done in the form of a correlation matrix, with 
70 observations of each variable.  Prior to this, pair-wise scatter 
plots of independent and dependent variables were drawn to test 
the linearity of the relationships.  In some cases it was necessary 
to transform the independent variable data to linearise the rela-
tionships.  Qualitative data (diagnostic horizon and soil struc-
ture) were assigned dummy variables (Cody and Smith, 1997) to 
enable representation in the regression analyses.  Eight different 
types of diagnostic horizons were available for the analyses.  
An integer between 1 and 8 was assigned to each of them in 
increasing order of their relative wetness based on their defini-
tions (Soil Classification Working Group, 1991) and experience 
(Van Huyssteen et al., 2005).  The numbering assigned was 
neocutanic B = 1, red apedal B = 2, yellow apedal B = 3, orthic 
A = 4, soft plinthic B = 5, E = 6, unspecified material with signs 
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of wetness = 7, and G = 8.  Saprolite, which was present under-
lying a diagnostic horizon in a single instance, was assigned 9.  
Soil structure was divided into 2 classes: massive, crumb, and 
granular were assigned 0, whereas subangular blocky, angular 
blocky, columnar, and prismatic were assigned 1.

The correlation matrix results helped to identify the strength 
of relationships between independent and dependent variables.  
These results also assisted in determining if relationships existed 
between independent variables, a situation that might lead to 
multi-collinearity problems and was therefore considered unde-
sirable (NCSS, 1998; Fekedulegn et al., 2002).

Independent variables that correlated with ADs>0.7 were 
further analysed using multiple linear regression analysis 
(NCSS, 1998) to identify their combined effect on ADs>0.7.  To 
reduce the number of variables to a manageable level, while at 
the same time keeping a sufficient number in the model, a pro-
cedure known as All Possible Regressions (NCSS, 1998) was 
used.  This procedure helps to select the best number and com-
bination of independent variables from the available options.  
The most commonly used selection criteria (NCSS, 1998) are:
• Coefficient of determination (R2) – the larger the R2 value, 

the better the model
• Root mean square error (RMSE) – the smaller the RMSE, 

the better the model
• Mallow’s statistic (Cp) – in the optimum model 

the Cp value is close to p+1, where p is the num-
ber of independent variables.  Deviation from 
this indicates that the model contains either too 
many or too few variables.

Multiple regression analysis was run on the inde-
pendent variables selected according to the above-
mentioned criteria.  To use the resulting regression 
equation for prediction, the residuals (predicted 
- observed) must be independent of one another 
(Webster, 1997).  This assumption was verified 
visually by plotting the residuals against each of the 
independent and dependent variables.

A test of the predictive capacity of the fitted 
regression model was conducted using a cross-
validation procedure.  This procedure, described 
by Wilks (1995), uses all observations (n) of the 
dependent variable (Y ) for validation in a way 
that allows each observation to be treated, one 
at a time, as independent data.  It regresses n-1 
observations of Y on the corresponding observa-
tions of the predictors (X ) to develop a regression 
equation.  The equation is then used to predict 
the remaining ith observation of Y from the X on 
row i.  This is repeated for each observation (n 
times), producing n equations and therefore n 
predicted values.  The final reported equation is 
fitted using all n observations.  The advantage of 
this type of cross-validation procedure is that it 
avoids splitting the data into model development 
and validation data, thus yielding higher degrees 
of freedom.  The statistical model evaluation 
procedures of Willmott (1981) were used to test 
the cross-validation results.

Results and discussion

The values of ss display a trend that was more-or-
less consistent with the pedologically expected 

relative wetness levels of these soils (Fig. 1).  At the drier 
end of the spectrum were the Tukulu, Hutton, Avalon, 
Pinedene, and Bloemdal soil forms, followed by Longlands 
and Westleigh soil forms and, towards the wet end, by the 
poorly drained Kroonstad and Katspruit soil forms.

The increase in ss (Table 1) was accompanied by a 
discernible change in topographic and soil characteristics.  
The terrain unit changed from primarily 3 to primarily 3(1), 
4, and 5, while the slope angle generally decreased.  Particle 
size distribution changed from primarily coarser for the 
drier soils to primarily finer for the wetter soils.  Correlation 
analysis of the numeric values of the terrain and soil factors 
with ss across the soils (n = 28) resulted in significant cor-
relations (α = 0.05) for slope (R2 = 0.31), coarse sand (coSa) 
content (R2 = 0.28), medium sand (meSa) content (R2 = 0.24), 
fine silt (fiSi) content (R2 = 0.28), and clay (Cl) content  
(R2 = 0.18).  Other factors did not show significant 
correlation.

Monthly means of daily s values for each month of the 
year, averaged from the 6-year daily data and grouped per 
diagnostic horizon, are presented in Fig. 2.  E horizons 
had the highest mean s, followed by G, unspecified mate-
rial with signs of wetness, and soft plinthic B horizons.  
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 Figure 2
Monthly mean of daily degree of water saturation (s) for different diagnostic 
horizons, for six years (gh = G, gs = E, ne = neocutanic B, on = unspecified 

material with signs of wetness, ot = orthic A, re = red apedal B, sp = soft 
plinthic B, ye = yellow brown apedal B)

Figure 1
Mean daily degree of saturation for 0-900 mm depth (ss) at 28 soil profiles, 
with the soil form abbreviations (Soil Classification Working Group, 1991) 

in brackets, in the Weatherley catchment



Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 36 No. 5 October 2010

ISSN 1816-7950 (On-line) = Water SA Vol. 36 No. 5 October 2010524

Ta
bl

e 
1

H
yd

ro
pe

do
lo

gi
ca

l d
at

a 
fo

r 2
8 

so
il 

pr
ofi

le
s 

in
 th

e 
W

ea
th

er
le

y 
ca

tc
hm

en
t. 

 V
al

ue
s 

of
 s

s a
nd

 s
el

ec
te

d 
so

il 
an

d 
to

po
gr

ap
hi

c 
fa

ct
or

s.
  

Te
rr

ai
n 

un
its

 a
re

 a
cc

or
di

ng
 to

 th
e 

La
nd

 T
yp

e 
Su

rv
ey

 S
ta

ff
 (2

00
0)

.
Pr

o-
fil

e
So

il
fo

rm
Te

rr
ai

n
un

it
Sl

op
e

(%
)

Pl
an

C
ur

va
-

tu
re

Pr
ofi

le
cu

rv
a-

tu
re

ρb
(M

g•
m

-3
)

Pa
rt

ic
le

 s
iz

e 
(%

)
s s

gr
av

el
co

Sa
m

eS
a

fiS
a

vf
Sa

co
Si

fiS
i

C
l

co
Sa

+ 
m

eS
a

fiS
a+

 
vf

Sa
fiS

i +
C

l
co

Si
+ 

fiS
i+

C
l

P2
12

Tu
ku

lu
3

13
-0

.0
3

-0
.0

6
1.

60
14

.9
21

.1
14

.5
15

.6
15

.6
9.

3
12

.3
13

.1
35

.6
31

.1
25

.4
34

.7
0.

41
P2

01
Lo

ng
la

nd
s

3
10

0.
04

-0
.0

4
1.

58
10

.8
21

.0
30

.1
13

.5
9.

5
6.

4
7.7

11
.1

51
.0

22
.9

18
.8

25
.2

0.
47

P2
03

Tu
ku

lu
3

14
0.

11
0.

08
1.

67
7.

2
15

.7
25

.7
21

.1
15

.1
5.

7
4.

3
11

.9
41

.3
36

.2
16

.1
21

.8
0.

48
P2

34
A

va
lo

n
3

11
-0

.10
-0

.0
9

1.
60

2.
9

25
.6

20
.0

12
.4

8.
7

9.
9

9.
0

13
.7

45
.6

21
.1

22
.7

32
.6

0.
50

P2
21

H
ut

to
n

3
10

0.
00

0.
03

1.
59

14
.4

13
.8

13
.1

10
.3

12
.2

12
.9

13
.4

22
.3

26
.9

22
.6

35
.8

48
.7

0.
53

P2
02

Pi
ne

de
ne

3
17

-0
.0

1
-0

.0
2

1.
67

11
.4

10
.9

21
.9

21
.5

16
.4

6.
0

6.
7

15
.4

32
.8

38
.0

22
.1

28
.1

0.
54

P2
20

Bl
oe

m
da

l
3

13
0.

03
0.

06
1.7

2
1.1

16
.6

22
.6

14
.5

11
.4

13
.3

6.
4

13
.1

39
.2

25
.9

19
.6

32
.8

0.
56

P2
37

W
es

tle
ig

h
3(1

)
10

0.
01

0.
16

1.
64

3.
3

15
.9

21
.2

16
.3

9.
2

10
.3

6.
2

19
.4

37
.1

25
.6

25
.6

35
.9

0.
56

P2
10

Bl
oe

m
da

l
3

8
0.

01
-0

.0
9

1.
58

10
.0

24
.5

10
.4

5.
0

6.
7

13
.6

14
.8

24
.1

34
.9

11
.8

38
.9

52
.5

0.
58

P2
05

K
ro

on
st

ad
3(1

)
8

0.
02

0.
03

1.
69

5.
9

28
.8

23
.0

12
.5

11
.2

4.
2

8.
6

10
.8

51
.8

23
.8

19
.4

23
.7

0.
59

P2
25

Lo
ng

la
nd

s
3(1

)
5

-0
.10

0.
03

1.
58

18
.8

15
.6

17
.3

10
.8

9.
4

14
.8

16
.2

15
.0

32
.8

20
.1

31
.2

46
.1

0.
60

P2
33

Pi
ne

de
ne

3
10

0.
13

0.
18

1.
61

6.
1

15
.8

22
.0

20
.3

12
.3

9.
0

8.
5

10
.3

37
.8

32
.6

18
.9

27
.9

0.
62

P2
22

Tu
ku

lu
3(1

)
10

-0
.11

0.
02

1.
61

4.
3

10
.3

10
.4

7.
8

13
.9

16
.3

15
.6

23
.8

20
.6

21
.6

39
.5

55
.8

0.
64

P2
04

Lo
ng

la
nd

s
4

8
-0

.2
8

-0
.6

4
1.7

4
6.

7
9.

3
19

.6
28

.1
22

.0
4.

2
5.

5
10

.3
28

.9
50

.1
15

.8
20

.1
0.

66
P2

32
K

at
sp

ru
it

4
6

-0
.0

1
0.

08
1.

59
13

.5
13

.0
15

.3
17

.0
11

.3
11

.2
13

.1
17

.3
28

.3
28

.2
30

.4
41

.6
0.

67
P2

13
K

at
sp

ru
it

4(1
)

6
-0

.0
5

-0
.0

3
1.

65
34

.5
7.

6
8.

2
6.

9
12

.7
14

.0
20

.9
27

.7
15

.8
19

.6
48

.5
62

.5
0.

68
P2

08
K

ro
on

st
ad

4(1
)

7
0.

14
0.

23
1.

61
7.

0
6.

1
5.

6
7.

6
15

.1
32

.1
17

.6
16

.9
11

.7
22

.7
34

.5
66

.6
0.

69
P2

07
W

es
tle

ig
h

5
5

-0
.0

8
0.

03
1.

61
4.

3
6.

5
3.

8
3.

6
11

.1
35

.6
18

.3
21

.8
10

.3
14

.6
40

.2
75

.8
0.

71
P2

30
W

es
tle

ig
h

4(1
)

5
0.

10
0.

10
1.

69
11

.0
9.1

9.
4

13
.5

18
.9

14
.4

12
.9

19
.7

18
.6

32
.4

32
.5

46
.9

0.
72

P2
31

W
es

tle
ig

h
4(1

)
10

0.
03

0.
11

1.
68

7.7
10

.9
12

.8
16

.4
12

.6
13

.0
17

.3
15

.4
23

.7
29

.0
32

.7
45

.7
0.

72
P2

18
K

at
sp

ru
it

5
2

0.
01

0.
00

1.
63

2.
7

10
.1

11
.5

9.
9

14
.3

14
.2

16
.6

22
.2

21
.6

24
.3

38
.8

53
.0

0.
77

P2
36

K
at

sp
ru

it
3(1

)
6

0.
00

0.
02

1.
67

10
.9

10
.3

11
.5

14
.8

12
.9

10
.7

12
.3

25
.9

21
.8

27
.8

38
.2

49
.0

0.
77

P2
09

K
at

sp
ru

it
3(1

)
13

-0
.0

3
0.

13
1.

55
14

.6
4.

0
2.

7
6.

4
19

.7
22

.2
18

.4
26

.0
6.

7
26

.2
44

.4
66

.6
0.

78
P2

35
K

at
sp

ru
it

4(1
)

3
0.

02
0.

08
1.7

1
8.

6
13

.6
13

.7
17

.9
13

.6
14

.0
9.

8
17

.0
27

.3
31

.5
26

.8
40

.8
0.

79
P2

11
K

at
sp

ru
it

4(1
)

5
0.

01
0.

03
1.

59
7.1

5.
0

5.
3

3.
7

8.
2

12
.9

26
.6

35
.7

10
.3

12
.0

62
.3

75
.2

0.
79

P2
29

K
ro

on
st

ad
3(1

)
13

-0
.0

4
0.

10
1.

54
7.7

21
.1

25
.5

15
.0

7.
4

7.
4

11
.7

12
.5

46
.6

22
.3

24
.1

31
.5

0.
82

P2
26

K
ro

on
st

ad
4

4
0.

00
0.

01
1.

53
1.

0
16

.7
21

.0
12

.3
12

.1
11

.9
12

.8
11

.1
37

.7
24

.3
23

.9
35

.8
0.

82
P2

06
K

ro
on

st
ad

4(1
)

7
0.

00
-0

.0
2

1.
47

6.
1

9.1
8.

4
9.1

13
.6

16
.8

16
.2

25
.4

17
.5

22
.7

41
.7

58
.4

0.
84

Sy
m

bo
ls

: 
ρ b

 
 

bu
lk

 d
en

si
ty

  
 

 
 

co
Sa

 
co

ar
se

 sa
nd

 c
on

te
nt

  
 

m
eS

a 
m

ed
iu

m
 sa

nd
 c

on
te

nt
fiS
a	
	

fin
e	
sa
nd
	c
on
te
nt
		

	
	

vf
Sa
	

ve
ry
	fi
ne
	sa
nd
	c
on
te
nt
	

	
C
l	
	

cl
ay
	c
on
te
nt

3 
 

(u
pp

er
) m

id
sl

op
e  

 
 

3(1
)  

lo
w

er
 m

id
sl

op
e 

 
 

 
 

4 
 

(u
pp

er
) f

oo
ts

lo
pe

  
 

 
4(1

)  
 

lo
w

er
 fo

ot
sl

op
e 

 
 

 
5 

va
lle

y 
bo

tto
m

   
   

   
   

   
   

   
   

   
   

   
 s s 

 
m

ea
n 

de
gr

ee
 o

f s
at

ur
at

io
n 

fo
r t

he
 0

-9
00

 m
m

 d
ep

th
 



Available on website http://www.wrc.org.za
ISSN 0378-4738 (Print) = Water SA Vol. 36 No. 5 October 2010
ISSN 1816-7950 (On-line) = Water SA Vol. 36 No. 5 October 2010 525

Pedologically, one would expect the E horizons to be drier 
than the G horizons and unspecified material with signs 
of wetness (Soil Classification Working Group, 1991).  
However, this was not the case in this study.  The discrep-
ancy could be due to error introduced by the small number 
of E horizons (3), as compared to the G horizons (21) and 
unspecified material with signs of wetness (18), possibly 
causing bias.  One of the E horizons was from P226 (Kd) 
and the other two were from P229 (Kd), both of which were 
very wet soils (Table 1).  In both cases, the E horizons were 
underlain by G horizons which were wetter than the overly-
ing E horizons.  On average, the G horizons were, however, 
drier than the E horizons (Fig. 2).  A significant contribut-
ing factor was probably the G horizons located in drier soils 
(Table 1) in the catchment e.g., P205 (Kd), P208 (Kd), and 
P232 (Ka).

Orthic A horizons were considerably wetter than the 
yellow brown apedal B, red apedal B and neocutanic B 
horizons during the summer (rain) months (December, 
January, February, and March).  During the drier months 
of the year, however, the orthic A horizons were drier than 
the yellow brown apedal B and red apedal B horizons.  This 
was expected, because orthic A horizons, being the upper 

horizons, have the greatest net water loss due to evapotran-
spiration (ET) during the rain-free winter months, while 
receiving most of the rainfall in summer months.

The yellow brown apedal B, red apedal B, and neocu-
tanic B horizons decreased in wetness in the order: yellow 
brown apedal B > red apedal B > neocutanic B.  These 
3 horizons, as well as orthic A and soft plinthic B hori-
zons, displayed considerable variations through the year, 
as opposed to the fairly constant wetness of the E and G 
horizons and unspecified material with signs of wetness.  
This reflected the extent of lateral and vertical drainage 
and losses due to ET from the orthic A and soft plinthic B 
horizons.  The deeper and less permeable horizons lost less 
water through drainage and ET, while receiving more inter-
flow water from higher-lying soils.

The ADs>0.7, Fs>0.7, and Ds>0.7 values for the diagnostic 
horizons are presented in Table 2.  Summary statistics,  
averaged over 6 years and grouped by diagnostic horizon 
(Table 3), were done to facilitate comparisons of the vari-
ability of the values within and between diagnostic hori-
zons.  Mean ADs>0.7 values ranged from 21 to 29 d•yr-1 for 
the red apedal B, yellow brown apedal B, and neocutanic 
B horizons; 103 d•yr-1 for the orthic A horizons; and from 

Table 2
ADs>0.7, Fs>0.7, and Ds>0.7 values for 70 diagnostic horizons in the Weatherley catchment, 

averaged over 6 years (n = 6)
Pro- 
file

Diagnostic
horizon

ADs>0.7
(d yr-1)

Fs>0.7
(events•yr-1)

Ds>0.7
(d•event-1)

Pro- 
file

Diagnostic
horizon

ADs>0.7
(d•yr-1)

Fs>0.7
(events•yr-1)

Ds>0.7
(d•event-1)

P201 ot 18 2 11
P222

ot 121 14 9

P202
ot 0 0 1 ne 167 5 37
ye 0 0 0 on 364 1 312
on 358 2 239 P225 ot 41 9 5

P203
ot 0 0 1 sp 242 4 58
ne 5 3 2 P226 gs 351 3 117
ne 2 2 1 gh 360 1 270
on 119 4 34

P229
gs 356 2 214

P204 on 264 3 93 gs 364 1 312
on 365 1 365 gh 365 1 365

P205 gh 258 5 48
P230

ot 164 10 16
gh 355 2 213 on 339 3 102

P207 ot 183 8 24 on 365 1 365
sp 243 4 61

P231
ot 176 6 28

P208
ot 179 5 34 sp 258 7 40
gh 233 6 39 on 231 7 35
gh 365 1 365 on 365 1 365

P209 ot 203 6 33
P232

ot 96 6 18
P211 gh 363 1 272 gh 242 5 48

gh 365 1 365 gh 354 2 212

P212
ot 1 1 1

P233
ot 23 5 4

ne 0 0 0 ye 32 7 4
ne 0 0 0 on 364 1 312
ne 0 0 0 on 365 1 365

P213
ot 131 13 10 P234 ot 26 6 4
gh 256 6 46 ye 50 6 8
gh 326 3 122

P235
ot 181 8 22

P218
ot 190 4 45 gh 364 2 243
gh 312 4 85 gh 365 1 365
gh 363 1 311

P236
ot 157 6 28

P220 ot 101 12 8 gh 365 1 365
on 26 2 17 gh 365 1 365

P221
 

ot 115 9 14 P237 ot 49 6 8
re 4 2 3 sp 215 3 81
re 8 4 2
re 50 2 23

Symbols: 
s  degree of water saturation   Ds>0.7 mean duration of events with s > 0.7 
ADs>0.7 mean annual duration of s > 0.7  Fs>0.7 mean annual frequency of events with s > 0.7
gh	=	G	horizon,			 	 gs	=	E	horizon,		 	 	 	 ne	=	neocutanic	B	horizon,		 	 	 on	=	unspecified	material	with	signs	of	wetness,	
ot = orthic A horizon,  re = red apedal B horizon,  sp = soft plinthic B horizon,    ye = yellow brown apedal B horizon
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Table 3
Summary statistics for the mean ADs>0.7, Fs>0.7, and Ds>0.7 over 6 years and grouped per diagnostic 

horizon.  Values were calculated for each horizon during each of the 6 years and then averaged.  Hence 
n = 6 x the number of diagnostic horizons

Diagnostic
horizon n

ADs>0.7 (d•yr-1) Fs>0.7 (events•yr-1) Ds>0.7 (d•event-1)
min max med mean SE min max med mean SE min max med mean SE

re 18 0 143 1 21 10 0 19 1 3 1 0 48 1 5 3
ye 18 0 139 16 28 9 0 14 4 5 1 0 16 3 4 1
ne 36 0 258 0 29 11 0 8 0 2 0 0 112 0 9 4
ot 126 0 343 99 103 8 0 21 6 6 0 0 212 10 21 3
sp 24 79 364 227 239 16 1 9 5 4 0 25 227 59 83 13
on 72 0 365 365 294 14 0 11 1 2 0 0 365 365 235 18
gh 108 148 365 365 332 6 1 10 1 2 0 18 365 365 255 14
gs 18 310 365 365 357 4 1 10 1 2 1 34 365 365 277 28

Symbols: 
n    number of observations 
min    minimum observation
max    maximum observation

med    median
SE    standard error of the mean
The	rest	of	the	symbols	are	defined	in	Table	2

239 to 357 d•yr-1 for the soft plinthic B, unspecified mate-
rial with signs of wetness, E, and G horizons.  All 3 red 
apedal B horizons in this analysis (Table 3) were located in 
P221, which had a relatively wet orthic A horizon (ADs>0.7 
= 115 d•yr-1) and very dry red apedal B horizons (ADs>0.7 ≤ 
50 d•yr-1).  The reason for this anomaly was not clear.  The 
relatively high standard error for the neocutanic B horizons 
can be attributed to the relatively wet neocutanic B horizon 
(ADs>0.7 = 167 d•yr-1) at P222, compared to the drier neocu-
tanic B horizons at P203 and P212 (ADs>0.7 ≤ 5 d•yr-1).  The 
ADs>0.7 values in the yellow brown apedal B horizons ranged 
from 0 at P202 to 32 d•yr-1 at P233 and 50 d•yr-1 at P234, 
resulting in the high standard error.

The means of Ds>0.7 values (Table 3) were consistent with 
the morphology of the diagnostic horizons.  All the diag-
nostic horizons which normally show considerable signs of 
wetness (i.e. soft plinthic B, unspecified material with signs 
of wetness, G, and E) had mean Ds>0.7 ≥ 83 d•event-1.  This 
agreed with previous findings that the average period needed 
for the onset of Fe reduction was 21 d (He et al., 2003; 
Vepraskas et al., 2004).

Sand content, the logarithm of carbon to nitrogen ratio, 
and slope were negatively correlated with the degree of 
water saturation, while the other variables were positively 
correlated (Table 4).  Wetter horizons were mostly located 
at the bottom of the soil profile, which normally had less 
sand and more clay than overlying horizons, because finer 
particles are normally luviated to lower-lying horizons and 
soils.  Steeper slopes experience more runoff and will thus 
result in drier soil.  The negative correlation between mean 
monthly s and ln(C:N) is supported by Le Roux et al. (2005), 
who reported that the C:N ratio decreases more sharply in 
the strongly hydromorphic soils (Kd, Ka, Lo) than in the 
other soils.  Only slope and wetness index were significantly 
correlated with mean monthly degree of water saturation.  
The correlation with WI was only significant during the very 
wettest months of February and March.  Lin et al. (2006) 
report similar observations.

The strength of the correlations between several vari-
ables and the mean daily degree of water saturation seem to 
vary systematically through the year (Table 4).  For exam-
ple, the coefficient of determination (R2) between depth and 
mean daily degree of water saturation increased from 0.13 in 
February to 0.49 in October and then it gradually decreased 

to 0.18 in January.  It is expected that as the soil profile dries 
out during the low rainfall months (April to October) from 
the top down to ± 900 mm due to ET, leading to an increas-
ing contrast in degree of water saturation with depth, it will 
result in better correlations. Similar but less pronounced 
trends were observed for bulk density, clay content, ln(C:N), 
iron content, and diagnostic horizons.

Many of the independent variables were correlated with 
each other.  For example depth was significantly correlated 
with most of the independent variables, except silt content, 
slope, and wetness index.  This situation is undesirable when 
carrying out multiple regression analysis and needs to be 
investigated further (NCSS, 1998).  The ADs>0.7 values were 
significantly correlated with nearly all of the independent 
variables (Table 4).  The highest correlation was observed 
with the diagnostic horizons under consideration (DH;  
R2 = 0.70) and the underlying diagnostic horizon (DHu;  
R2 = 0.55).

Variability of ADs>0.7 was best explained by DH, DHu, 
and the clay to sand ratio (Cl:Sa).  The proposed model  
(Eq. 1) had R2 = 0.78 (Fig. 3a), RMSE of 68 d•yr-1 (Fig. 3b), 
and a Mallows’ statistic of 3.3 (Cp, Fig. 3c): The Cp value 
was acceptable, because it is smaller than the number of 
variables + 1 (NCSS, 1998).

 ADs>0.7 = -26.31 + 41.64 ln(Cl:Sa) + 35.43 DH + 13.73 DHu     (1)

where:
ADs>0.7  = mean annual duration of s > 0.7 (d•yr-1)
ln(Cl:Sa) = the natural logarithm of the ratio of clay to  
     sand content
DH   = integer representing the diagnostic horizon  
     under consideration
DHu  = integer representing the horizon underlying  
     the one under consideration

The regression coefficients of the 3 independent variables 
were significantly different from zero at α = 0.05, indicat-
ing that each of them contributed significantly to the model 
(Table 5).  The intercept was not significant at α = 0.05, 
negating the importance of the negative intercept value in 
the model.

A cross-validation analysis (Fig. 4) indicated that  
Eq. (1) slightly overestimated lower ADs>0.7 values and 
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slightly underestimated higher ADs>0.7 values.  The overall 
agreement was very good, with a D-index of 0.93.  The large 
unsystematic fraction of the total RMSE (RMSEu/RMSE = 
0.88) indicated the absence of serious bias in model predic-
tions.  The model was therefore considered to be accept-
able for predicting ADs>0.7 values for soils in the Weatherley 
catchment.

There is an inherent hypothesis in the South African soil 
classification system (Soil Classification Working Group, 
1991; Le Roux et al., 1999; Van Huyssteen and Ellis, 1997; 
Van Huyssteen et al., 1997) that diagnostic horizons con-
tain integrated information about, inter alia, soil wetness.  
Equation (1) provides strong support for this hypothesis 
and therefore supports the use of soil classification for the 
prediction of duration of water saturation.  This finding 
does, however, require further investigation and validation 
in other catchments.

Summary

Comparisons of the mean daily soil s values for the 0-900 
mm layer (ss) for different soils indicated general agreement 
with the pedologically expected wetness.  The ss values for 
the solum generally increased from the driest Tukulu, Avalon, 
and Hutton soils to the intermediate Bloemdal, Pinedene, 
and Longlands soils, and finally to the wettest Westleigh, 
Kroonstad, and Katspruit soils.  The ss values also generally 
increased downslope (from the crest to the valley bottom), and 
with decreasing slope and decreasing particle size.  Significant 
correlations (α = 0.05) were obtained between ss values and 
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Results of model selection criteria: (a) coefficient of determination (R2), (b) root mean square error 

(RMSE), and (c) Mallow’s statistic (Cp)

Table 5
Significance tests of regression coefficients for the 

variables in Eq (1): the natural logarithm of clay to sand 
ratio (ln[Cl:Sa]); the diagnostic horizon being considered 

(DH), and the underlying diagnostic horizon (DHu)
Variable Regression 

coefficient
Probability 

level (p)
Intercept -26.3 0.473ns

ln(Cl:Sa) 41.6 0.003**
DH 35.4 0.000**
DHu 13.7 0.013*
ns	 =	 not	significant	at	α	=	0.05
**	 =	 significant	at	α	=	0.01
*	 =	 significant	at	α	=	0.05

y = 0.78x + 44.69
R2 = 0.78
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slope (R2 = 0.24), coarse sand content (R2 = 0.22), medium sand 
content (R2 = 0.23), fine silt content (R2 = 0.19), and clay content 
(R2 = 0.38).

ADs>0.7 values, averaged per diagnostic horizon type, ranged 
from 21 to 29 d•yr-1 for the red apedal B, yellow brown apedal 
B, and neocutanic B; 103 d•yr-1 for the orthic A horizons; and 
from 239 to 357 d•yr-1 for the soft plinthic B, unspecified mate-
rial with signs of wetness, E, and G horizons.  Sand content, 
carbon to nitrogen ratio, and slope were negatively correlated 
with the mean daily s values for diagnostic horizons; while 
depth, clay to sand ratio, and base saturation were positively 
correlated.

A regression equation was developed to predict ADs>0.7 
values from diagnostic horizon type (DH), clay to sand ratio 
(Cl:Sa), and underlying horizon type (DHu): ADs>0.7 = -26.31 + 
41.64 ln(Cl:Sa) + 35.43 DH + 13.73 DHu (R

2 = 0.78).  A model 
validation test gave an index of agreement of 0.93, a ratio of the 
unsystematic to the total root mean square error of 0.88, indi-
cating that the results of the model were reliable.  Diagnostic 
horizon was shown to have a strong influence on ADs>0.7, 
emphasising the value of soil classification in the prediction of 
duration of water saturation.
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