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EXECUTIVE SUMMARY

South Africa is a water poor country. Procedures for establishing the water yield of
catchments are therefore important, and become increasingly so. as the demand for
water increases. Any expansion of knowledge in this regard is therefore desirable

Apart from the surface fiow, all outflow from a catchment must have fiowed through
the soil at some point. The way in which this process has occurred in different
locations in the catchment over thousands of years has played a major role in
pedogenesis. These results have become expressed in a discernable way in the soil
distribution pattern, in the morphology of the different soil horizons and profiles, and
in their chemical and physical characteristics. It is the elucidation of this relationship
between hydrology and pedology of the Weatherley catchment that has been the
overall objective of this project. The hypothesis was that the general elucidation of
the relationship between soil profile morphology and soil hydrology will contribute
towards understanding hillslope hydrological processes and facilitate technology
transfer between catchments. It is significant that the study of the relationship
between hydrology and pedology was formally accentuated during 2004 by the
international launching of a new subject called hydropedology, by a team of world
leaders in hydrology. pedology and soil physics. They defined hydropedology as
“The synergistic integration of classical pedology with soil physics, hydrology and
other related bio- and geo-sciences’.

The 160 ha Weatherley catchment near Maclear was selected in 1895 for a long-term
study amed at comparing hydrological conditions under natural grassiand with those
after afforestation on parts of the catchment. The study was initated and executed
by the School of Bioresources Engineering & Environmental Hydrology (SBEEH) of
the University of KwaZulu-Natal in cooperation with North East Cape Forests and
Mondi Forests, with additional funding provided by the Water Research Commission
The grassland monitoring phase started in November 1985 and continued over
seven rain seasons. The planting of forest trees on approximately 82 ha, with three
selected areas planted to three different species viz. Eucalyptus nitens (33 ha), Pinus
patula (23 ha) and Pinus eliottii (26 ha), was done in September 2002




Hydrological monitoring at the Weatherley catchment has been achieved by the
installation of a wide range of appropriate instruments spread out over the catchment
including twe flow measuring weirs.  All results have been made available for this
project. Measurements for this project commenced duning June 2000

The first objective of this project was to characterize and quantify the soil water

regime and soil profile morphology in the Weatherley catchment. The soil water

regime referred to here is that which occurred under natural grassiand. The objectve

was reached by the following actions

a) Detail descriptions of 28 modal profiles located at different sites in the catchments

b) Detailed sampling of the different soil horizons of each of these profiles and
subjecting them to detailed analyses

c¢) Digital colour photographs of each of the modal profiles and horizons and initiating
the development of a computer aided process to quantify the colours in an
objective manner

d) Installing piezometer pipes at selected profiles and extracting water samples from
each of these at appropriate intervals to study the composition of the soil water

e) Employing neutron water meter (NVWM) soil water content measurements, taken at
a number of depths at each of the 28 modal profile sites. at approximately weekly
intervals for the six year period July 1987 to June 2003 in a soil water balance
modelling exercise to estimate the soil water content at each measurement point
in @ach modal profile on a daily basis for the six year period

f) Making 86 bulk density determinations. in duplicate, by the core method
supported by determinations of bulk density using a gamma density probe at all
NWM measurement points. in order to improve NWM calibration lines

This objective was satisfactorily achieved. For the 28 profiles, detailed profile
descriptions. analytical data. photographs and daily water regme data for the six
years are available. Hydromorphic soils dominate in the catchment. Of the total area
25 % consists of marshiand with mainly soils of the Katspruit and Kroonstad forms
which remain close to saturation for most of the year. Eleven of the 28 modal profiles
belong to these forms. Other fairly wet soils are those belonging to the Longlands
and Westleigh forms. represented by three and five modal profiles respectively. Only
one of the 28 modal profiles is freely drained (Hutton form) The remaining eight

v




belong to the Avalon. Pinedene, Tukulu and Bloemdal forms, all of which have freely
drained characteristics in the upper portion of the profile overlying horizons with signs

of

wetness. These soils occur on the hill slopes surrounding the marsh.

Seven Katspruit, 5 Kroonstad, 4 Westleigh, 3 Longlands, 2 Bloemdal, 2 Pinedene, 2
Tukulu, 1 Avalon, 1 Hutton and 1 Oakleaf soil were identified during field
investigations. The chemical data for the Weatherley soils can be summansed as

follows
Diagnostic Cay _ S CEC, CECy BS OC N pHawe pHec Fe Mn
horizon (%) (omol: kg ™) (%) img kg ") (mg kg )
neoccutanic B 186 20 46 201 451 035 343 522 4.3 9741 15523
m%w' 136 12 44 280 283 022 187 518 388 5152 252
red apedal B 214 16 45 1863 385 035 259 536 417 10338 1446
orthic A 148 32 68 270 460 083 645 533 436 7588 456

soft plinthic B 176 32 60 327 525 019 249 579 431 6B3S 645

E 130 18 68 445 343 045 374 544 420 7024 168
unspecified

material with 234 43 T0 281 582 013 208 558 427 8569 1154
signs of wetness

G 282 68 105 353 642 020 305 615 444 9227 330

The second objective was to determine the relationship between soil water regime
and soil profile morphology. This objective was achieved in the following ways.

A preliminary assumption was made that the degree of saturation (s) at which
anaerobic conditions would be acute enough to cause redox reactions of sufficient
intensity to produce visible signs of redox morphology was $>0.7. In accordance
with this assumption the daily soil water regime was used to obtain values for the
following parameters for the diagnostic honzons for each modal profile:

AD,.q 7 = the average duration in days year  that s was above 0.7 of porosity

Fs>07 = the average frequency of s>0 7 events year -

Dy.o 7 = the average duration of s>0.7 events.

The results from all the profiles were pooled to give average values for the
following diagnostic horizons: G (331 = 10 days year '), unspecified material with
signs of wetness (248 + 37 days year™'), E (202 & 45 days year™ '), soft plinthic B
(182 + 25 days year '), orthic A (148 + 19 days year '), red apedal B (80 + 58
days year™'), yellow-brown apedal B (75 + 25 days year ') and neocutanic B
horizons (37 + 24 days year™")




The third objective was to develop a procedure. in collaboration with hydrologists. 10
correlate diagnostic and non-diagnostic soil characteristics with hydrological
response charactenstics in the landscape. The following procedure was followed to
achieve this objective.

a) ldentification of the portion of the hydrograph expected to provide the most
information about the soils of the catchment - necessary because the hydrological
response charactenstics of a catchment are reflected in the shape of the
hydrograph. Peaks in the hydrograph are due t0 surface runoff, and the baseflow
line is determined by flow from the soil water table and the lower vadose zone. It
was therefore cecided that the curved portion between these two would be the
mest useful for our purposes. It should reflect the hydrographical response
caused mainly by water which had entered the soil (upper vadose zone) and
flowed laterally to the stream bed at a fairly rapid rate compared 1o the water
fiowing laterally at greater depths

b) Determination of the amount and rate of interflow water released from a small sub-
catchment at the end of the rain season and correlating 1t with the hydrological
characteristics of the soils in the sub-catchment

¢) ldentification of important preliminary steps in a procedure to be adopted to
correlate soil charactenstcs and hydrological response characterstics in a
particular catchment

Results to test the hypothesis presented under (a) were obtained by companng
typical autumn, rain free penod, hydrographs for Weatherley (160 ha) and
Cathedral Peak Catchment VI (68 ha). The total outflow, presumably mainly from
interflow (ie excluding baseflow) from the two catchments during these periods
was 4 382 and 52083 m’ for Weatherley and Cathedral Peak VI respectively
This large difference. accentuated by the differences in sizes of the catchments. is
attributed mainly to two soil-related factors wiz. (a) far larger marsh area at
Weatherley (40 ha) compared to Cathedral Peak VI (6 ha) (b) far larger water
storage capacity of the deep, high organic matter content, low bulk density. high
clay content apedal soils on the hillslopes of the Cathedral Peak catchment. The

value of the “interflow” portion of the hycrograph was therefore demonstrated




Results of action (b) were obtained for the sub-catchment represented by the
toposequence P201 to P204 from which water flows out over the sandstone shelf
during the rainy season and stops in autumn. The estimated total flow during a
selected late-summer/autumn period in 2001 was 453 m° The drainable water
capacity, i.e. the amount of water available for interflow, in the soils of the sub-
catchment was estimated to be 1 889 m® There are many factors which could
have contributed to the poor agreement between the two values. These were
identified. The value of the exercise was in the determination of an approximate
procedure for such a study

Action (c) resulted in the formulation of the following initial steps in a procedure to
correlate soil charactenstics with hydrological response charactenstics in a
particular landscape or catchment First. construct detailled large-scale
topographical, geological and soil survey maps. Secondly, collect the data that will
make it possible to estimate the total drainable water capacity of the upper vadose
zone, and if possible also the lower vadose zone. Thirdly, obtain reliable ET data
for the vegetation of the catchment; this is an important step since small errors in
this value have a large influence on the water balance, especially for the “interflow”
portion of the hydrograph

Diagnostic horizons can be used to infer hydrological and other soil properties.  Since
this study was concermed mainly with soils that have developed in siliceous parent
material, the effect of different parent materials on Fe supply. and hence soil colour
should be researched further. The same is true for climate — mainly rainfall and
temperature. Similar studies should therefore be carried out under different climatic
conditions. The predictive value of diagnostic horizon and soil form charactenzation
in relation to hydrology should also be evaluated by verification against other profiles
in other catchments.

Technology transfer has taken place through four refereed articles, nine conference
presentations and three other publications. Capacity building took place within the
research group, through two students appointed as co-workers, two Ph D. students
and one Hons. B.Sc. Agric. student.




The possibilities of digital photograph interpretation holds great promise and should
be investigated further. It is especially the effect of different cameras and lighting
conditions, the relatonship between Munsell and RGB colour notation and
meaningful differentiation between diagnostic red. yellow and grey colours. as well as
the interpretation of soil photographs in the dry and wet states should be investigated
further

The results of a comparison between the Weatherley catchment and Cathedral Peak
catchment VI showed that the curved portion of the hydrograph dunng a rain-free
period, and following a high rainfall period which filled the catchment, was correlated
with the soil distribution pattern and soil characteristics of the catchment. Three
important initial steps - discussed above - were identified in the procedure to
correlate soil characteristics with hydrological characteristics in a catchment. Future
research at Weatherley should focus on (a) the continuation of measuring and
processing neutron water meter measurements and improving the relationship
between these and other continuous water monitoring procedures. (b) changes in the
water regmes of specific soils caused by specific tree species. (¢) changes in ET
caused by afforestation (d) intensive studies regarding soil redox reactions. and (e)

the formulation of appropnate wetness classes for South African soils
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Introduction

1 INTRODUCTION

This report describes a project that researched the relationship between soil
morphology and duration of water saturation to aid hydrological modelling. The
project built on current and previous research done by Lorentz, Van Zyl and others in
the Weatherley catchment in the northern Eastern Cape Province. This project also
followed a one-year WRC project (K8/419) that initiated soil water sampling in the
catchment (Van Huyssteen ef al. 2002)

1.1 Problem statement

South Africa is a water poor country. Procedures for establishing the water yield of
catchments are therefore important, and become increasingly so as the demand for
water increases. Any expansion of knowledge in this regard is therefore desirable.
This led to the establishment of an intensively measured catchment on the farm
Weatherley in the northern Eastern Cape Province. Various Water Research
Commission (WRC) funded, and other projects have been conducted in this
catchment (Lorentz & Hickson, 2001; Lorentz ef al, 2001, Van Huyssteen ef al,
2002: 2003a) The relationship between soil water regme and soil profile
morphology has, however. up to now received very little attention. Soil water regime
refers to the state and availability of water in soil (Van der Watt & Van Rooyen, 1985)
and is used in this research to refer to the degree of wetness of a soil, with the critical
parameter mean AD,.;; defined as the mean annual duration of water saturation
above 0.7 of porosity, expressed in days year .

There is a close relationship between the water regime of a soil profile and its
morphology, since water plays a primary role in soil genesis. The guantity and
quality of water available during pedogenes:s is reflected in the morphology of the
profile. The hydrological characteristics of soil can either be determined
quantitatively by regular measurements, or qualitatively by inference from the soil
properties such as colour, exchangeable bases, occurrence of mottles and
concretions. Soil colour is the most common morphological soil property used to
predict the water regime of soil. The major soil classification systems of the world
apply soil colours as distinguishing criteria at various levels. The South Afncan

system applies it at the highest level to distinguish between diagnostic horizons, and
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thus soil forms. The definitions for colour defined honzons (Soil Classification
Working Group, 1991) were compiled to differentiate between horizons with differing
hydrological charactenstics. The hypothesis is that red apedal B horizons are freely
drained. yellow-brown apedal B honizons are well drained, and E horizons are poorly
drained (Le Roux et al, 1999) This conforms to the hypothesis that degree of
wetness determines the quantity and type of iron oxide minerals present and hence
the soil colour (Schwertmann, 1983)

In a paper titled “Hydrology and Soil Science”. Amerman (1873) concludes that
hydrologists need an improved understanding of the hydrology of soils, and that they
are looking to soil scientists for assistance. This need has up to now received
relatively littie attention in South Afica. Schwertmann wrote in 1885 that “Studes in
which soil temperature and soil moisture regimes are measured and directly related
to the pedogenic Fe oxides would thus be very desirable © The importance of this
relatonship was accentuated by Lin ef al. (2004), launching the new subject termed
hydropedology

Improved understanding of the relationship between the water regimes of soil profiles
and their morphology will improve soil classification. This will lead to improved
understanding of landscape hydrology and improved definitions of hydrological
response units (Flugel. 1993) and similarly ecotopes (MacVicar et al. 1974) This
will contribute to improved pedotransfer and performance of models such as ACRU
(Schulze, 1985) and SWAMP (Bennie et al  1998)

An expenment conducted in the Weatheriey catchment. close to Maclear, to monitor
and model total catchment hydrology The study has been in operation since 1995
and other soil water relationships were studied thoroughly. The development of
pedotransfer functions from these results. for application to other catchments, will be
enhanced if the relationship between soil water regime and soil morphology is better
understood The relationship between soil properties and soil water regime has been
studied in South Africa (Donkin & Fey. 1991; Van Huyssteen, 1985 Le Roux, 1996)
and in other countnies (Blavet et a/, 2000: 2002)



1.2 Hypothesis

Both the genesis of soil and its suitability for common land uses (agricultural,
ecological and engineering purposes) depend to a large extent on the soil water
regime. The soil water regime can either be determined by regular long-term
measurements of soil water content or by inference from soil properties such as soil
colour, exchangeable bases, and the occurrence of mottles and concretions, Soil
colour has always been regarded as the best tool to predict the water status of soil
(Cutler, 1983). The major soil classification systems of the world apply soil colour as
distinguishing criteria. For example Soil Taxonomy (Soil Survey Staff, 1975) rates
soil colours with a chroma equal to or less than two as indicators of a significant ime
of water saturation in that horizon per year. The frequency and / or duration of a
specific degree of water saturation are, however, not specified  On the other hand it
has been stated that the importance of soil colour is somewhat overrated, since plant
roots are colour-blind and the value of colour interpretation is often questioned
(Evans & Franzmeier, 1986, Cogger & Kennedy, 1992).

In the South African soil classification system the definitions for colour defined
diagnostic horizons were compiled to differentiate, amongst other things. between
horizons with differing water regimes (Soil Classification Working Group. 1991).
Distinguishing definitions for colour ranges were established by long term experience
of field observations (Lambrechts, 1994 personal communication) These colour
definitions form the basis of definitions for the diagnostic red apedal B, yellow-brown
apedal B, soft plinthic B, E and G horizons and unspecified material with signs of
wetness. Colour is also applied to differentiate between the families of several soil
forms. The differentiation between families with yellow and grey E horizons is an
example. It is speculated that yellow E horizons are somewhat better drained than
grey E horizons. This is in line with the hypothesis of Schwertmann (1993) that water
saturation impacts on the quantity and type of Fe oxide minerals, and therefore soil
colour

The relationship between soil morphology and soil water regime is used to delineate
wetlands (Land-Use and Wetland/Riparian Habitat Working Group, 2000), because
soils in wetlands typically have morphology associated with long periods of water
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saturation. Soil water content data for the Weatherley catchment may contribute

towards quantifying this relationship

Improved knowledge of the relationship between soil water regimes and soil
morphology will improve technology transfer between catchments Soil
morphological features could thus be used to interpret the hydrology of catchments

under similar climatic and geological conditions

It is hypothesized that eluc:dation of the relationship between soil profile morphology
and soil hydrology will contnibute towards understanding hilislope hydrological
processes

1.3 Objectives
a) To characterize and quantify the soil water reqgime and soil profile morphology
in the Weatheriey catchment

b) To determine the relationship between soil water regime and soil profile
morphology in the Weatherley catchment

c) To develop a procedure. in collaboration with hydrologists, to correlate
diagnostic and non-diagnostic soil charactenstics with hydrological response
charactenstics in the landscape
The original third objective was changed to its current formulation and the
onginal fourth objective was deleted during the inaugural meeting of the
steering committee held on 28 May 2002 at the Roya! Hotel in Maclear. The
third objective originally read: "To develop a new model, using the above-
mentioned data, which will faciitate in the assessment of the hydrological
characteristics of catchments where soil water measurements are limited or
absent”™ The fourth objective read To calibrate the above-mentioned

model.”

The first objective is discussed in chapters 4 and 5. the second objective in chapter 6

and the third objective in chapter 7
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2 LITERATURE REVIEW

2.1 Introduction
This chapter reviews the literature on the relationship between soil colour and soil
water regime, especially colour indices. It also focuses on iron oxide minerals in soil

as well as soil forming processes where excess soil water influences soil
morphology.

2.2 Soil colour and soil water content
The major soil classification systems of the world (Soil Survey Staff, 1975 and FAO,
1998b) also use low soil chroma (< 2) as an indicator of long term water saturation
for part of the year.

In South Africa Henning & Von Harmse (1883) found that soil saturation can be
detected by hydromorphic properties such as the presence of grey matrix colours,
motties, and the presence of diagnostic and non-diagnostic soft plinthic and G
horizons. MacVicar (1978) also stated that the formation of soft plinthic B horizons is
the result of current profile hydromorphy and not translocation of pre-weathered
material. He suggests that the presence of water tables in these soils is consistent
with red-yellow-grey vertical profie morphology, and the red-yellow-grey catenas
found over vast areas of the country. In his opinion these features support the
contention that plinthic soils are a result of current pedogenesis.

Van Huyssteen (1995) studied red apedal B, yellow-brown apedal B, yellow E and
grey E horizons for one year on three catenas in the Grabouw district. He found that
duration of free water was 1.3 % in red apedal B, 18.8 % in yellow-brown apedal B,
422 % in yellow E and 54 4 % in grey E horizons. [Duration of free water was
defined as the period that free water was measured in each horizon, expressed in
days year' as a percentage.] Coarse silt, fine silt, clay and CEC as well as Fe and Al
oxides decreased from red apedal B to yellow-brown apedal B to yellow E to grey E
horizons. Total Fe oxides correlated with duration of free water (R? = 0 41), while
amorphous Fe (R? = 0.37) and fine crystalline Fe (R? = 0.40) were mainly correlated
with dry soil colour chroma. Van Huyssteen (1985) also stated that dry soil colour is
a good indicator (R? = 0.59) of duration of free water and developed the following
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eguation to predict duration of free water in red apedal B. yellow-brown apedal B
yeliow E and grey E honzons

Duration of free water (%) = 2.35 x huey, + 5.79 x values, = 7.31 x chroma,, - 27.89 (2.1)

He concluded that the present colour definitions for red apedal B. yellow-brown
apedal B and E honizons (Soil Classification Working Group. 1991) distinguish
satisfactonly between these horizons with respect to duration of free water

Le Roux (1996) studied published data on plinthite soils 1o determine the vanation in
environments where these soils occur and to relate the environmental factors to the
nature of these soils. He constructed a phase diagram using andity index and a soil
index defined as {(Si + Cl) : depth of occurrence}. The phase diagram indicatec that
plinthite soils are in harmony with their present environment He concluded that the
conditions during soil formation correlate well with the current environment. Either
the climate has not changed in pedogenic terms or it IS now again similar to the
conditions of formation. These results therefore support the conclusions drawn by
MacVicar (1978) in this regard

2.3 Soil colour indices
The main challenge. when attempting to use colour in mathematical eguations, is to
present colour differences in some numerical format. Various authors have proposed
different colour indices in an attempt to attain this goal

Godlove (1851) proposed a colour difference equation (AE). which accounts for the

difference in value and chroma scales

\E= | 2C.C,[1- c0os(36 + AH)]- (AC) - (41V)’ (2.2)

Where C1 and C2 are the chroma units of two colours. separated by AC chroma
units, AH hue units and AV value units. Two sets of different colours can therefore
have the same colour difference. due to the fact that the Munsell colour system

comprises a three dimensional space (Figure 2.1)
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BLACK

Figure 21 The Munsell color solid (Fujihara Industry Company. 1967). Note that
colours further from the centre of the solid are further from one another.

Torrent ef al. (1983) studied soils from Europe and Brazil. Samples were ground to
pass a 50 ym sieve and the colour determined with a spectrophotometer. They
employed the redness rating (RR) index developed by Torrent ef al. (1980), and
found a high correlation between the index and hematite content. They found that
the relationship between redness rating and hematite content varied between the
samples from Europe and Brazil. They therefore proposed that different correlations
be used for different locations.

R« (0-H)<C 23
Where:

Hr = numeric hue (with 2.5 units between hue sheets)

C = chroma

Vv = value

The equations developed by Torrent et al. (1983) to give the relationship between
hematite content and redness ratings are as follows

European soils:. RR =-0.1 + {2.6 x hematite content (%)} (2.4)
(R*=081)

Brazilian soils: RR = 2.45 + {8.2 x hematite content (%)} (2.5)
(R*=0.76)
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Evans & Franzmeier (1988) studied soils formed from loess in north-central Indiana
with the am of devising a numercal index to predict wetness. based on soil
morphology. They developed two colour indices: C1, is based on chroma alone,
while C2, is based on numeric hue + chroma. The colour indices had the following

basic format

CL - (A, C1,)-{(A,- C1)- (A, - C1,)- -(A, - C1)}- (A g_ ) i
1- A,
Where
A = abundance of matrix with colour index Cm
= 1-(A+A+ +A)
Ay A A, = abundance of different sized and coloured motties with
colour index C1,, C1;...C1,
A, = abundance of clay cutans with colour index C,
C, = chroma

Evans & Franzmeier (1988) found correlation coefficients between -0.862 and -0 82
(R? = 0.38 to 0.85). depending on the depth of the soil horizon and the temperature
during saturation. They defined saturation as the presence of a water table
measured in 14-day intervals using piezometers. For practical purposes. they found

no marked difference in correlation coefficients between C1,, and C2,,

Mokma & Cremeens (1981) studied the relationship between soil colour patterns
depth and duration of water tables, and developed a horizon colour index (Cl,) based
on matrix colour, size and colour of motties and continuity and colour of clay films

Cl=C_,-{(S.,»C,)=(S,~C,)..-(S,~C )}~ (C, - Cl,) (2.7)

Where
Cn = colour index of the soil matrix

numeric hue + (8 - chroma)

S' 52 Sr
Cq = continuity of clay cutans with colour index C

size of mottles with colour index C;. C;...C,

8
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They found a good correlation (R* = 0.76) with duration of water saturation, when
temperature is above 5 °C. The equation used to predict duration of water saturation
(Sat) from the horizon colour index is given by:

Sat=-528+73Cl, (R?=0.76) (2.8)

Blavet ef al. (2000) found a significant relationship between the duration of
waterlogging (%), mean angular hue (R? = 0.52) and mean redness rating (R* = 0.52)
as defined by Torrent ef al. (1980 and 1983). Blavet ef al. (2000) also concluded that
waterlogging is rare in materials redder than 10YR and is almost permanent in
materials greener than 2.5Y. This suggests that colour limits could be defined, when
constructing relatonships between soil morphology and the duration of water
saturation. Blavet ef al (2000) employed sigmoidal functions to describe the
relationship. These relationships were. unfortunately, not reported. The lack of
correlation between chroma and duration of water saturation is related to the fact that
chroma only measures the saturation of a colour. The low correlation between
Munsell value and duration of water saturation (R* = 0.12) is explained by the fact
that value is masked by the presence of organic matter (Schulze et al.. 1293 as cited
by Blavet et al. 2000).

2.4 Iron oxide mineralogy and soil water content
241 Ongin
According to Fitzpatrick (1980), iron is found in most igneous rocks. It is found in
several minerals, for example olivine (61 % FeO), biotite (22 % FeO), augite (20 %
FeO) and homblende (13 % FeO). Iron-bearing minerals include pyrite (FeS;),
pyrrhotite (FeS), magnetite (Fe304), chromite (FeCr204) and iimenite (FeTiO3)

In magmatic rocks divalent iron is bound by silicate. This iron is released from the
silicate minerals through protolysis or oxidation:

Fe(ll)-O-Si + H;0 _— Fe(lllOH + -Si-OH + e~ (2.9)
[Fe(ll) silicate] [Fe(lll) oxide]
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This reaction is irreversible and can therefore be used to estmate the degree of
weathering. This can easily be done by expressing the dithionite-soluble Fe as a
fraction of the total Fe (Schwertmann, 1985)

The released iron has a strong tendency to hydrolyse and form the oxides hematite
(Fe;O3) and goethite (FeOOH) where the soil pH i1s in excess of 3. Below this pH,
iron is normally present in the reduced form. The formation of Fe™" oxides is due to
the high affinity of Fe’* for the OH ligand and the ready polymerisation of Fe'* as
hydrolysis proceeds. The Fe” oxides conseguently have low solubility constants
(Kso = 107 to 107™*) and the dissolution of iron oxides by protolysis is therefore

improbable, because the scil pH is seldom low enough to permit this reaction.

Iron can, however, easily be mobilised through a reductive reaction
FeOOH + ™ + 3H" —_— Fe’" + 2H.0 (2.10)

This reaction takes place whenever reducing conditions occur caused by the
reduction in O; content by microbial and / or root respiration, normally under
conditions of water saturation. The ferrous iron (Fe®) produced by this reaction can
be re-oxidised or transported New mineral phases can be formed durng oxidation
The type and properties of the neo-formed minerals depend on the pedo-
environment The ferrous iron can be transported over very short to long distances
giving rise to spatial redistribution as motties, concretions in the form of horizons
within the soil profile or in the landscape The removal of iron ultimately results in a
grey colour = a result of the remaining soil matrix commonly consisting of quartz and
clay minerals. The grey colours are manifested as mottles cutans or hornizons

242 Minerals

Goethite (a-FeOOH) has a needle-like crystal structure The crystal structure may
vary considerably - to such an extent that it cannot be used for identification. The
needle length varies from 50 to 100 nm, but may be as small as 20 nm. The surface
area varies between 60 000 and 200 000 m’ kg™’ (Schwertmann et al. 1985
Schwertmann & Taylor, 1885) A high rate of Al substitution for Fe is observed in
tropical soils and saprolite. Lower substitution of Al is prevalent in weakly acid soils
and in redoximorphic soils (Fitzpatrick & Schwertmann. 1982)

10
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The important soil factors that determine the relationship between goethite and
hematite are temperature, water activity, pH and organic matter (Schwertmann,
1985).

Goethite or hematite 1s formed from the dehydration of fernhydrite (SFe;03°9H;0).
Hematite is favoured as the temperature increases. Goethite does not dehydrate to
form hematite. With a decrease in relative humidity and therefore soil water content,
there is a drastic decrease in the transformation of iron oxides. Hematite is, however,
still formed in preference to goethite (Torrent ef al., 1582). It therefore seems that
hematite formation is influenced more by temperature fluctuation than by the soil
water content (Schwertmann, 1985).

The goethite . (goethite + hematite) ratio is a handy tool to correlate soil colour with
Fe mineralogy. If the ratio is close to one, goethite is dominant and if the ratio
approaches zero, then hematite predominates (Schwertmann, 1985). From the
above it should be clear that pedo-environments that favour the preservation of
carbon (i.e. cool and moist conditions) also favour the formation of goethite relative to
hematite. It also seems that organic matter inhibits the formation of ferrihydrite and
therefore also hematite. The formation of goethite from ferrihydrite also seems to be
favoured as the pH decreases from 8 to 4. In warmer climates, the dominance of
temperature favours the preferential formation of hematite from ferrihydrite

Hematite (a-Fe;0;) gives soils a bright red colour (SYR and redder). Due to its high
pigmenting power, it can mask the yellow colour of goethite that may occur in higher
concentrations. There is a significant correlation between the redness of a soil and
its hematite content (Torrent ef al.,, 1983). An increase in crystal size leads to a
purple colour (Torrent & Schwertmann, 1987) Hematite has a hexagonal crystal
shape. The crystal size varies between 20 and 50 nm and the surface area varies
between 50 000 and 120 000 m? kg™'. Al substitution for Fe is only half of that
observed in goethite. The substitution of Al gives hematite a lighter colour (Barron &
Torrent, 1984 as cited by Schwertmann & Taylor, 1989).
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Lepidocrocite (y-FeOOH) is a polymorph of goethite and has an orange colour. Itis
widespread in redoximorphic soil, where it occurs as motties. bands. pipe stems anc
concretions. The crystals usually form elongated plates or laths with serrated ends
Where lepidocrocite 1s formed by rapid oxidation. as is the case in root channels or at
the soil's surface, the crystals tend to be very poorly developed and only a few layers
thick. Al substitution is not common in lepidocrocite It may be that small amounts of
Al lead to the formation of goethite, instead of lepidocrocite (Taylor & Schwertmann
1978)

Lepidocrocite should not be stable in pedo-environments, because goethite Is
kinetically more stable It forms in hydromorphic soils when Fe®" is oxidised and is
usually better crystallised than goethite. This may. however, vary depending on the
rate of cxidation. Lepidocrocite precipitates inside structure units where the rate of
Fe*" and O; supply is low Under these conditions it will be well crystaliised. Inside
macro pores and root channels the rate of Fe*” and air supply will be faster and less
crystalline oxides will form. Less crystalline lepidocrocite is more reddish in colour
(Schwertmann, 1985)

Lepidocrocite is found in association with goethite. but not with hematite. This may
be because goethite and lepidocrocite form as a result of competitive processes
Goethite is formed preferentially as the CO; concentration increases Goethite would
thus be found closer to macro pores and root channels. where the CO; concentration
is higher, and lepidocrocite would be found some distance away. It has been shown
in laboratory expenments (Taylor & Schwertmann, 1878) that > 10 mole % Al
completely suppresses the formation of lepidocrocite. This will influence the
occurrence of lepidocrocite in strongly acid. hydromorphic soils (Blume, 1968 as cited
by Schwertmann, 1885)

Magnetite (Fe;O.) occurs as black grains in soil and is inhented from the parent
matenal Magnetite converts to hematite durng pedogenesis Fine-grained
magnetite can also easily oxidise to maghemite, which contains Fe*" and Fe™
(Schwertmann, 1985)

12




Literature review

Maghemite (y-Fe;O3) occurs in many soils of the tropics and subtropics. It has a
reddish-brown colour. Substitution of Al for Fe is possible. Maghemite is similar in
structure to magnetite and is a dimorph of hematite (Schwertmann. 1985)

Ferrihydrite (5Fe;O+9H;0) is widespread and is characteristic of young Fe
accumulations. It typically precipitates during the oxidation of Fe-containing water as
well as in podzol horizons. The colour of ferrinydrite is redder than goethite, but less
so than hematite. It forms spherical particles, 3 to 7 nm in diameter, with a surface
area of 200 000 to 500 000 m? kg" (Table 2 1). It therefore possesses the ability to
adsorb silicate, phosphate and organic molecules, Ferrihydrite is almost completely
soluble in ammonium oxalate (Schwertmann, 1985).

Table 21 General characteristics of iron oxide minerals (Schwertmann, 1985)

Mineral Hematite  Goethite Lepidocrocite Ferrihydrite  Maghemite Magnetite
Compoesition o-Fe;0;, o-FeOOH y=-FeOOH 5Fe.0,9H,0 y=-Fe.,0, Fe.O.
R:‘:YY) 5 260 4250 4090 3960 4870 5 180
Colour brght red  yellowish- orange redder than  reddish- black
brown goethite brown
5R-25YR75YR-25Y5YR-75YR S5YR-75YR
Size (nm) 10t0 20 50 to 100 3to7
Surface area
_(_X‘IO’m: kg™') 5010 120 _60to200 ) 290!0 500

243 Properties
2431 Mineral surface structure

The Fe ions at the surface of an oxide complete its ligand shell by hydroxylation in
the presence of water. This is followed by the adsorption of water molecules through
hydrogen bonding (Figure22). The amount of water that is bound in a
monomolecular layer increases with increasing surface area, but generally ranges
between 0.3 and 0.4 mg m~2. This water seems to be tightly bound and can only be
driven off at 200 °C (Schwertmann & Taylor, 1989).




The relationship between soil water regime and sod profile morphology
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Figure 2.2 The reaction of surface Fe in oxides with water through two steps
hydroxylation (step 1) and hydration (step 2) (Schwertmann & Taylor
1889)
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2432 Surface charge
A positive or negative charge can be created at the hydroxylated or hydrate surface
by the adsorption of H™ (Figure 2.3). The charge can therefore vary, depending on
the soil pH. The pH at which the net surface charge equals zero is called the point of
zero charge. The point of zero charge varies between 7 and 9. but is normally lower

in soill (pH < 7) due to the adsorption of anions (Schwertmann & Taylor, 1589)

OH, |0 OH |~
+OH™ /
— Fe C+
+H"b \
OH OH

Figure 23 Adsorption and desorption of H° on Fe oxides. resultng in a pH
dependent charge (Schwertmann & Taylor. 1989)

2433 lon adsorption
The positive or negative charge on Fe oxides are balanced by anions or cations, held
in an outer diffuse double layer. Cations and anions can also chemically bind to the

Fe oxide surface. thus increasing or decreasing the charge

Heavy metals can be adsorbed by Fe oxides. The extent of adsorption is determined
by the pH. due to its influence on the pH dependent charge. Heavy metals are
adsorbed in the order Cu > Pb > Zn > Cd > Co > Ni > Mn (Schwertmann & Taylor

1989)

14
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Anions such as phosphate, silicate, molybdate, arsenate, selenate, sulfate and
organic anions can also be adsorbed on Fe oxides. Borggaard (1983), for example,
found that there is a correlation between adsorbed phosphate and the amount of
oxalate extractable Fe This can severely impact on P fertiization

24 3.4 Adsorption of organic molecules
Humic acid and fulvic acid are found concentrated with Fe oxides in podzol horizons.
The amount of fulvic and humic acid adsorbed on the surface of the Fe oxides
increases as the pH decreases from 8 1o 3. Simple organic acids and herbicides
behave in a similar manner to humic and fulvic acids (Schwertmann & Taylor. 1989).

2435 Aggregation and cementation
Finely divided Fe oxides can act as binding agents between individual soil particles,
binding them into larger units. This results in aggregation or cementation
(Schwertmann & Taylor, 1989)

Cementation is a process whereby Fe oxides fill the pores between the particles -
through crystal growth - to form nodules and ferricretes. These are often quite large,
although they may also be small. Cementation can inhibit root and water movement,
while at the same time immobilising nutrients.

Aggregation takes place when the positively charged Fe oxides form bndges
between the negatively charged silicate clays. This process is pH dependent,
because the positive charge on Fe oxides is pH dependent. It can therefore be
expected that aggregation by Fe oxides will increase with an increase in Fe oxide
content as well as a reduction in pH. The amount of Fe oxides required for
aggregation is much lower than that required for cementation, although all
intergrades are possible (Shadfan et al., 1985). The lower the Fe oxide crystallinity
and the higher the oxalate extractable fraction, the higher the aggregation effect.
There also seem to be examples where Fe oxides do not affect aggregation
(Borggaard, 1983, Deshpande ef a/, 1964, 1968, Schwertmann & Kampf 1385)
The aggregation effect of Fe oxides therefore seems to vary with the amount and
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nature of Fe oxdes as well as the nature of the pedo-environment dunng their

formation.

244 Iron oxides and micro organisms
Although Fe oxides are highly insoluble, they can easily be mobilised through
reduction by micro organisms. Reduction of Fe occurs whenever oxygen is deficient,
and micre organisms use other electron acceptors during the oxication of organic
matter substrate. Reduction of Fe™" takes place when O; becomes deficient and the
redox potential (Eh) has been lowered to approximately +100 mV (Bohn ef al., 1985)

The micro-organisms in the soil respirate. This means that they use oxygen as final
electron acceptor in a long range of chemical reactions in orger to extract energy
from the organic material they use as a food source. The use of oxygen as final
electron acceptor ensures that the highest amount of energy can be released from
the organic matter. Some micro organisms can use other electron acceptors in this
process in the absence of oxygen. as is the case in soils saturated with water These
other elements are used in order of decreasing redox potential. This ensures that the
maost energy is always released by the reaction. There are therefore three
prerequisites for a decrease in the redox potential of the soll. The first i1s the
presence of micro organisms. second is the presence of organic matter food
substrate. and third a restricted oxygen supply. Data for this study suggests that
organic matter is present throughout the profile, although it diminishes with depth
(see for example Table 2 in Appendix A)

Vanous micro organism species. mainly anaerobic bactena, can utiise Fe in this
process (Ottow & Glathe, 1871, Schwertmann et al. 1985). The Fe’" produced by
this reaction is soluble and enters the soil solution It can therefore be leached or it
can move to a zone with a higher Eh, where it will be re-oxidised. The activity of Fe®’
in the soil solution will therefore increase with a decrease in the Eh and pH. At a
given Eh and pH the activity of Fe’* will increase with a decrease in the solubility of
the Fe’* oxide (Schwertmann 1985)

Typical reguction reactions (Bohn et a/, 1985) and their redox potentals in the soil

are presented in Table 2 2. From these reactions it 1s clear that reduction will take
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place in the sequence: NO;™ - MnO; - FeOOH - SO,*" - H’, due to the decreasing
redox potential and therefore energy supply, of each reaction

Table 2.2 Typical reduction reactions and their redox potentials in the soil (Bohn

____etal, 1985) B - S
Half reaction Redox potential measured
in soil (mV)
O;+4e +4H — 2H0 600 to 400
NOy +2e” +2H — NO;” + H,0 500 to 200
MnO; +2e" +4H — Mn* + 2H;0 400 to 200
FeOOH +e” + 3H" — Fe’'+ 2H;0 300 to 100
SO +6e +9H — HS +4H,0 0 to =150
2H +2e — H; -150 to =220
2 CH;0O — CO; + CH, -150 to -220

The products formed during anaerobic respiration are, however, not stable in soil and
quickly oxidise in the presence of oxygen. Fe and Mn also play an important role in
soil, because they act as colouring agents. Fe and Mn are immobile in their oxidised
states. Reduction and redistribution or removal of these agents causes distinct
colour patterns that can be associated with the water regime in soils, due to the
above-mentioned relationships

From the above one can expect that the redox potential will be lowest in soils with the
longest duration of water saturation This relation is clear from the redox potential
data in Table 2.2.

There is an inverse relationship between redox potential (mV) and pH in soil. This is
because H" is used in the reduction reactions during the oxidation of organic matter
(Table 2.2). This causes a decrease in the H' concentration, resulting in an
increased pH. It can be expected that horizons not saturated for long periods, have
extracted soil water pH values closer to the measured soil pH, and that soils with
longer durations of saturation have higher pH values in the extracted soil water

Ferrihydrite can be dissolved and reprecipitated within a few days, even under mildly
reducing conditions. On the other hand coarse crystalline hematite will resist
reduction even under long term reduced conditions (Schwertmann, 1985)
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245 Determination
Iron oxides can be identified and quantified by their mineral-specific colour
differential dissolution, and X-ray diffraction analysis (XRD)

Dithionite-citrate-bicarbonate (CBD) extracts practically all secondary Fe oxides (Fe,)
1.e. Fe not part of the clay lamce (Mehra & Jackson 19560: McKeague et al.. 1871)
Acid ammonium oxalate extracts poorly crystalline and organic complexed Fe oxides
(Fe.). Pyrophosphate extracts organic complexed Fe oxides (Fe;). The amorphous
Fe oxide (mainly ferrinydnte) content (Fe,) can therefore be calculated as Fe, - Fe,
The crystalline Fe oxide content (Fe.) can be calculated as Fey - Fe,, while the ratio
of oxalate (Fe,) to dithionite (Fe,) extractable iron quantifies the active iron fraction in
the soil (Mehra & Jackson. 1960. Schwertmann. 1985, McKeague et al.. 1971)

X-ray diffraction analysis is used for identification of the various crystalline phases
(Brindiey & Brown. 1980) Detection of Fe by these techniques is hampered by the
low concentration of Fe. Concentration techniques can be used to overcome this
Particle size separation (Fe is usually found in the finer fractions). magnetc
separation (Schulze & Dixon. 1879), and a 5 M NaOH treatment which dissolves
silicate clay minerals (Norrish & Taylor. 1961), can be used as concentration
techniques

2.5 Pedogenesis and water content
iron plays a prominent role in four processes of soil formation. Brinkman (1979)
proposes two processes (cheluviation and ferrolysis) for the genesis of a bleached
horizon. In ferrugination and gleying. the presence of oxidized iron is responsible for
the reddish and grey colouring of soils respectively (Buol. Hole & McCracken. 1989)

Cheluviation is the result of Al”" removal by chelating agents. This results in the
dissolution of Al-nch minerals e g. chiorites, and eventually montmorillonite. The
removal of the weathering products ultimately results in a pure gquartz matrix
Accumulation and liberation of AI** from the chelates can cause the precipitation of

an aluminium hydroxide Al-interlayenng in 2:1 clay minerals, or synthesis of new clay

minerals. Where these processes are dominant, soils will have a higher CEC,,, In
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the A and E horizons than in the underlying B or C horizons. The clay fraction of the
E horizon will also contain more montmorillonite and less chlorte. kaolinite and Fe
oxides, compared to the lower horizons.

Ferrolysis relies on alternate reduced and oxidised conditions. During saturation,
reduction takes place, consuming H* and releasing of Fe*". The dissolved Fe®
distorts the cation ratio and is adsorbed on the clay complex, releasing the
exchangeable bases. Exchangeable bases, Al** and Fe" are leached, leading to Al-
interlayering between the 2:1 clay minerals and ultimately the formation of 1.1 clays.
Some Fe oxides may be trapped in the interlayer spaces during this process. This
lowers the CEC and increases the Fe content of the clay fraction. During oxidation
the Fe’ concentration in the soil solution decreases and exchangeable Fe® is
released to the outer soil solution where it 1s oxidised, with the associated release of
H®, leading to an acid environment and the formation of H® saturated clay. This leads
to clay decomposition, releasing Al and Mg that leads to the formation of Al and Mg
saturated clays. The process i1s more rapid in smectite and vermiculite soils, than in
chlorite and kaolinite soils. Horizons subjected to ferrolysis therefore have less
smectite and vermiculite, more interlayered clays. a lower CEC and a higher Fe oxide
content than the underlying horizons

Ferrugination (Buol, Hole & McCracken. 1989) is the process of soil reddening in
upland soils, resulting in dispersion and oxidation of Fe oxides throughout the profile.
Gleying on the other hand is the reduction of Fe oxides, its segregation into motties
or concretions and / or its removal from the gleyed horizon

Eluviation and leaching (Buol, Hole & McCracken, 1589) are analogous, in the sense
that both refer to the dissolution and removal of material (colloids and / or elements).
Eluviation is the removal of suspended colloids while leaching refers to the removal
of dissolved elements. Both processes require mobilisation and translocation of the
material in question.

lluviation and enrichment are analogous in the sense that both require the
interruption of translocation, resulting in immobilisation and accumulation of the
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transported material in a honzon or solum. llluviation refers to the accumulation of
clay minerals while enrichment refers to the accumulation of soluble elements

The transformation of hematite to goethite is closely related o a change in the
organic matter content of a soil. which is in tum determined by the climate
(Schwertmann, 1871). Increased availability of organic matter results in increased
reduction and / or complexing of Fe. Reprecipitation upon oxidation usually resuits in
the formation of goethite. The hematite to goethite ratio therefore refiects the carbon
regime of a soil. which in tum reflects the cimate. Warm. dry conditions favouring
the mineralisation of organic matter will therefore favour the formation and
persistence of hematite. On the other hand, wet and cool conditions will favour the
dissolution of hematite and the precipitation of goethite (Schwertmann. 1671)

Fey (1981) amended the theory of Schwertmann (187 1) by proposing that the greater
stability of goethite relative to hematite results in the preferential dissolution of the
latter. This leads to the removal of the red colouring agent while the yellow goethite
remains. The yellowing of soils will therefore be determined by the initial Fe content
of the parent material. the extent of Al substitution, the availabilty of an organic
substrate and the soil redox status Fey (1981) concluded that "the intensity and
duration of reducing conditions reflected by pedogenic yellowing will probably vary
widely” and that “once it is possible to identify more quantitatively the soil conditions
reflected by yellowing in its various forms, it should become pecssible to predict the
extent to which chemical transformations such as denitrification and manganese

reduction will manifest themselves as agronomic problems

McCarthy & Bremner (1892) supported the hypothesis of lower rates of reduction at
lower levels of organic carbon deeper down in the scil. They found that denitrification
of nitrate in subsoils is not due to a lack of denitnfying bactena. but due to a lack of
organic carbon substrate. De Villiers (1965) found that lepidocrocite is active
(hematte and goethite are absent) in yellow-brown honzons where the organic
mobilization of Fe is active. while hematite and goethite predominate in the deeper,

red honzons
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In reduced soils Fe is mobilised through reduction, leading to an increase in
exchangeable Fe which replaces exchangeable bases on the exchange complex
This results in the mobilisation of Fe and exchangeable bases For example,
Tarekegne (2001) found that ammonium extractable nutrients increased with
increasing severity of waterlogging and postulated that the damaging effects of
wateriogging were not due to Mn, Fe, or Na toxicity, but rather decreased nutrient (P
& Zn) uptake due to O; deficiency. The concentration of Mn and Fe greatly
increased in the soil due to waterlogging.

Fiedler ef al. (2002) determined that redox conditions and an abundance of chelating
agents are the main factors that lead to the mobilization of cations. Fe, Mn and clay
They found that redox conditions in the mid-catena zones led to the depletion of Fe
and Mn_ while accumulation of Fe, Mn and organic carbon took place lower down in
the catena. They concluded that taxonomic soil type (Soil Survey Staff, 1975; FAO,
1998b) reflects pedogenic soil processes and soil matenal dynamics, but that these
dynamics are not adequately represented for the low lying soils

2.6 Colour models

Sight and the perception of colour is probably an individual's greatest git. We are
able to distinguish different shapes and are able to associate different colours to that
shape. This ability of man is also applied in soil classification, with nearly all
diagnostic criteria reliant on visual soil properties. Colour of the soil 1s especially
useful in this regard. The big challenge is, however, to be able to note soil colour in a
standardised manner. With this in mind, the USDA adopted the Munsell color charts
as a colour reference system (Soil Survey Staff, 1975). New technology. e g. digital
cameras, scanners and image processing software, however opens new avenues to
analyse images of soil profiies. The challenge now shifts to finding correlations
between the following different platforms: reality vs. captured image vs. computer
analysis

26.1 Munsell
During 1975 the Soil Survey Staff adopted the Munsell Soil Color Charts as standard
soil colour referencing system (Soil Survey Staff. 1975). This was done in an attempt
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to standardise soil colour representation. Until then colour was noted in a freestyle

manner

The Munsell Soil Color Charts (Munsell Color Company. 1975) are extracts from the
more comprehensive Munsell Book of Color (Munsell Color Company. 1980). The
system takes the shape of a colour ball. where the central (vertical) axis denotes the
"value” (Figure 2.4). The value ranges from zero at the bottom of the axis to ten at
the top. Value denotes the darkness of a colour. where one is the darkest (absolute
black) and nine is the lightest (absolute white). Absolute achromatic colours, where
the chroma is zero, do therefore not have a hue and are designated as neutral The
letter "N" takes the place of the hue designation

Looking from the top of the colour ball (Figure 2 5), the "hue" forms radians from the
central axis. The hue is defined in terms of five major colours: red. yellow. green
blue and purple. Complementary colours (yellow-red yellow-green, biue-green
purple-blue and red-purple) are arranged between these major colours. Each colour
ranges from zero to ten. The zero value coincides with the ten value of the previous
colour. The hues are arranged on a circular scale. This configuration gives rise to
100 hues, each separated by a 3.6 degree angle. Only the 25 5, 7.5 and 10 hues
are represented in the Munsell Soil Color charts The separation between hue pages
in the Munsell Soil Color Charts is therefore nine degrees (Melville & Atkinson. 1985)

Chroma ranges from zero for the neutral grey colours to about twenty (Figure 2. 1)
Chroma expresses the strength of a colour, or its departure from neutral at the same
lightness. Not all chromas are found in soil and some are therefore excluded from
the Munsell Soil Color Charts The chromas in the Munsell Soil Color Charts
normally range from zero to eight

22
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Figure 25 The division of hues in the Munsell Color System (Fujhara Industry

Company. 1967)

The Munsell Color System is a decimal system ie there exist intermediaries

between the different hues, values and chromasThese intermedianes are
expressed as decimals e.g. 2.5YR3.2/4.8. The colours depicted in the Munsell Color

System were selected to represent equal steps of visual colour perception (Melville &
Atkinson, 1985). There are therefore discrete steps when the Munsell colour values

are plotted against any other colour system.

23
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Melville and Atkinson (1985) list the following main acvantages of the Munsell Color
System
a) The system is not limited by present cay colour preduction techniques. but
can be expancded as production technology develops
b) The colour chips are produced to very stringent tolerances
c) Equal steps in visual perception and spacing exist between each of the

colour co-ordinates

“Few color systems are nearly as good in this respect, the Munsell system is the
standard to which other systems are compared.” (Billmeyer & Saltzman. 1981 as
cited by Melville and Atkinson, 1985)

262 CIE

In 1831 the Commission Internationale de I'Eclairage (CIE). or the international
commission on light deveioped a system for specifying colour stimuli using
tristimulus values for three imaginary primaries (Poynton, 1898). The CIE system
works by weighting the spectral power distnbution of an object in terms of three
colour matching functions. These functions are the sensitivities of a standard
observer to light of different wavelengths. The weighting is performed over the visual
spectrum. from around 360nm to 830nm in 1nm intervals. This process produces
three CIE tri-stimulus values, XYZ. which describe the colour. The main advantage
of the CIE XYZ system s that it i1s completely device independent The main
disadvantage with CIE based colour spaces is the complexity of implementing them;
in addition some are not user intuitive (Poynton, 1998) An example of the CIE colour
space 1s given in Figure 2 6

Conversion from RGB to CIE XYZ can be done with the following matrix (Poynton
1999)

X = 0412411. Red+0.357585 . Green+0.180454 . Blue (2.11)
Y = 0212649 . Red+0.715169 . Green+0.072182 - Blue (2.12)
Z = 0019332. Red+0.119185. Green+0.950330 . Blue (2.13)
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263 RGB

RGB (Red-Green-Blue) is an additive colour system (Figure 2.7) based on
trichromatic theory. RGB colour notation is commonly used in television cameras,
computer graphics. etc. It is easy to implement, non linear, device dependent and
unintuitive. Red, Green and Blue are also known as additive primary colours,
because a colour is produced by adding different quantities of the three components,
red, green, and blue (Poynton, 1899) The values of RGB range from 0 to 255, which
also define the colour space (Figure 2 8)

To convert between RGB and CMY, the following eguations can be used. provided
the RGB values are expressed as a fraction:

RGB to CMY

Red = 1-Cyan (0sCyans1) (2.14)
Green = 1-Magenta (0 < Magenta < 1) (2.15)
Blue = 1-Yellow (0 = Yellow s 1) (2.16)
CMY to RGB

Cyan = 1-Red (0<Red<1) (2.17)
Magenta = 1-Green (0sGreens 1) (2.18)
Yellow = 1-Blue (0 s Blue s 1) (2.19)

The algorithm for conversion from RGB to Munsell colour notation is proprietary
(Poynton, 1998). In this study a computer program, which allows for conversion
between all the major colour notation systems, was used (Anon, 2003b). Look-up
tables can alsc be used with equal success (Travis, 1891 as cited by Adderley et al_,
2002)

264 CMY
CMY (Cyan-Magenta-Yellow). CMY are known as subtractive colours (Figure 2.7),
because the colour i1s generated by subtracting different quantities of cyan, magenta
and yellow from white. It is used in printing and photography. Printers often include
a fourth (black) component to improve the colour range, tc improve black colours, to
save money and for speeding drying (because there is less ink to dry). CMY is fairly

25
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easy to implement but it is difficult to transfer properly from RGB - sometimes
resulting in colour differences between those visible on screen and printed in

documents. CMY is device dependent, non-linear and unintuitive (Poynton, 1999)

26.5 Application
Adderiey et al. (2002) described a method for determining the colour of thin sections
and converting it to Munsell color notation. They used a three-chip video camera to
obtain HLS images (576 pixels x 760 pixels) through a polarizing microscope. CIE
was calculated from the HLS images (Harrington, 1997 as cited by Adderley et al.,
2002), which was then converted to Munsell color notation using look-up tables
(Travis, 1991 as cited by Adderley et al., 2002).

v 10

1y chromatic ey

Figure 26 The CIE colour space (Anon., 2003a)

Additive colour Subtractive colour

Magenta Blue

Blue Red Cyan Magenta

Cyan Yellow Green Red

Green Yellow

Figure 2.7 Examples of additive (RGB) and subtractive {CMY(K)} colour spaces
(Anon., 2003a).
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Green

Figure 28 The RGB colour space (Anon., 2003a)

2.7 Summary
Due to their striking colour Fe oxides play an important role in soil morphology. They
can be reduced, leached, eluviated, illuviated and oxidised. Fe oxides are therefore
the main colouring agents responsible for the red and yellow colours in soil. Lack of
Fe oxides on the other hand causes uncovering of the grey soil matrix, resulting in
the predomination of these colours. It is mainly the redox status of a soil that
determines the fate of Fe oxide, because it is not soluble or mobile in the oxidised
state. The presence and distribution of Fe oxides can therefore be used to infer soil

redox status, and therefore degree of wetness.
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3 GEOGRAPHY OF THE STUDY AREA
3.1 Introduction

The Weatherley study area is situated in one of the most picturesque areas of South
Africa, on the footsiopes of the Drakensberg mountain range (Figure 3.1). The
climate is cool and wet. with warm wet summers and cold dry winters. This region
has only recently been deemed suitable for forestry and has been planted since
1988. Weatherley escaped this development and only received attention during
18995 when it was decided to utilise this catchment to monitor the impact of forestry
on catchment water yield, Pitting in the Weatherley catchment was done during 9 to
18 April 2002. Partial planting of the catchment was done from 2 to 13 September
2002 (Figure 3.2).

3.2 Location
The study catchment is located in the north-eastern part of the Eastern Cape
Province. It occupies approximately 160 ha and constitutes most of the farm
Weatherley. It is situated 4 km south-west of Maclear, on the road to Ugie
(Figure 3.1). The study area is covered by the 1:50 000 sheet 3128AB Maclear
(Chief Director of Surveys and Mapping, 1993)

3.3 Relief
The study area is the upper-most catchment of one of the very small tributaries of the
Mooi River (Figure 3.1). There is therefore no inflow of water into the catchment
(Figure 3.3), which makes it highly attractive for hydrological studies. It drains in a
north-easterly direction and is therefore closed on the eastern. southern and western
slopes

The eastern and southern slopes have prominent shelves at approximately 1 320 m
above mean sea level. This is largely due to the resistance of Elliot sandstone
against weathenng.

The highest point in the catchment, at 1 352 m. occurs in the south western comer of
the catchment. The stream runs in a north easterly direction and occurs at a height
of between 1 254 and 1286 m
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Moles and earthworms are very active in the catchment This is probably due to the
moist conditions that predominate in the soils. It leads to the formation of many
surface mounds, to such an extent that walking becomes difficult It is possible that
macro faunal activity is associated with changing water regimes in the soil. Moles
and earthworms will move to dner soil in summer when it rains and back to the wetter

soils in the dry winter months

3.4 Geology
Elliot sandstone and mudstone are found above approximately 1 300 m above mean
sea level (Figure 3.4). This covers the upper slopes on the Eastern and Southern
slopes. Both sandstone and mudstone of the Moltenc Formation predominates
below 1 300 m above mean sea level. There are two dolente dykes in the catchment
(Figure 3.4), both running roughly in a north-south direction. one in the south western
comer and one in the north eastern comer. The former creates a natural sub

catchment in the south western part of the catchment

3.5 Soils

Due to the high rainfall and the siliceous lithology. the soils in the catchment are
highly acidic. The soils also have a very low cation exchange capacity. A soil survey
was done by Roberts et a/ (1998), using Soil Classification = A Taxonomic System
for South Africa (Soil Classification Working Group, 1991). The soils range from very
wet (Katspruit soil form) to very dry (Hutton and Oakleaf forms). Most of the soils do,
however, show clear signs of water saturation. These signs range from faint motties
to grey zones characterised by clay depletion, often referred to as silans or skeletans
(Le Roux et al, 2003. Soil Science Society of Amenca, 2001). Strongly structured
Sepane soils also occur on the northwest facing slopes in the southern part of the
catchment (Figure 3.5)

3.6 Climate
Two automatic weather stations were installed in the catchment on 1 January 1996
by the ARC-ISCW and were operated by NECF (BEEH. 2003). Mean annual rainfall
is given in Table 3.1. A rain and mist gauge is alsc located at the eastern edge of the
catchment (close to P201. Figure 3.3) A Bowen ratio apparatus. for the
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measurement of evapotranspiration. was Installed and operated by the CSIR-
Environmentek, from 13 July 2001 to & December 2001, just north of the upper-
catchment weir The best long-term climate data available is that recorded at
Maclear, roughly 4 km from the Weatherley catchment (Table 3.2).

The study area has moderately high rainfall, which occurs mainly in summer. The
mean annual andity index (P/ET) is 0.50 and the value for the penod December to
March is 0.84. The summer is hot, with mean maxmum temperatures of 25 °C.
Winters are cold and snow is common, especially on the surrounding higher lying
areas. Mean winter minimum temperatures are 4 °C.

Table 3.1  Yearly rainfall, measured at Weatherley (BEEH, 2003)

Year Rainfall
e mmy)
1996 1196
1897 852
1998 1187
1999 956
2000 1304
2001 1092
2002 8986
2003 714
2004 1 005
Mean 1013

Table 3.2 Monthly mean rainfall and evaporation for Weatherley and temperature
from a weather station roughly 4 km from the study area (Roberts et al.

1996)
Month Rainfall Evaporaton P/ETo Temperature
(mm) (A-pan) (°C).
(mm) Maximum  Minimum Mean
January 1953 1421 1.37 25 14 20
February 1543 1206 1.28 25 14 20
March 1404 116.9 1.20 24 12 18
April 616 97.1 0.63 24 1 18
May 30.3 842 0.36 21 7 14
June 249 716 0.35 18 4 1
July 15.2 735 0.21 19 4 1
August 288 98.2 0.29 19 6 1
September 366 1114 033 21 8 14
October 652 1340 0.49 21 10 15
November 1313 137.0 0.96 24 12 18
December 180 5 1416 1.27 24 13 19
Total 1064 .3 1328.1 0.80

3
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Figure 3.1 The location of the Weatherley catchment, 4 km south of Maclear on
the road to Ugie (Chief Director of Surveys and Mapping, 1993).
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Figure 3.5
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3.7 Hydrology

Runoff is measured at two crump weirs in the Weatherley catchment (Figure 3 3)
Some data for the lower weir is given in Figure 3.6. It is clear that runoff is
concentrated in the first quarter of the year and that runoff normally occurs as peaks,
presumably after large rain storms. The large variation in annual runoff is also
apparent in the graph
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Figure 36 Hydrograph. showing runoff at the lower weir in the Weatherley
catchment (BEEH, 2003)

3.8 Summary
The Weatherley catchment was selected mainly because a vast amount of work has
been, and is continuously being done at this site. It therefore offers the opportunity to
build on previous research whilst at the same time creating the cpportunity to make
valuable contributions to future research. Lithology in the Weatherley catchment is
mainly Elliot and Molteno sandstone. with two dolerite dykes bisecting it The
summers are wet and hot. while the winters are cold and dry. The mean annual
aridity index is 0.50. Soils in the Weatherley catchment are characterized by varying
degrees of hydromorphy. This complicates the study. but also provides ample
opportunity to study water saturation in these highly leached and sometimes
permanently saturated soils
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4 METHODOLOGY
4.1 Introduction

The aim of data accumulation during this study was to measure those soil properties

that would shed more light on the processes that influence soil morphology. In this

regard, soil water content formed the backbone of the data accumulation phase

Bulk density, through its influence on volumetric water content and degree of
saturation was further deemed to be very important Soil profiles were described,
classified, photographed and analysed to illustrate soil morphology and the soil
chemical and physical environment as well as possible

4.2 Selection of the study site
Defining the relationship between soil profile morphology and soil water regime is
generally difficult due to the lack of sufficient quantitative and qualitative soil water
data. This is not the case at Weatherley. The available information includes the
following:
a) Detailed hydrological measurements over six years at 28 strategic sites
and continuous tensiometer readings at selected sites
b) Bulk density, hydraulic conductivity and matric suction curves for important
honzons at selected sites.
c) Detailed soil survey data (28 modal profiles. with 427 soil auger
observations by Roberts ef al (1996)
d) Data from two automatic weather stations (BEEH, 2003).
e) Hydrological data from two crump weirs, sited to allow for detailed
process-based hydrological modelling (BEEH, 2003).
f) Runoff measurements from two runoff plots, situated on the western and
eastern sides of the catchment (BEEH, 2003).
g) Evapotranspiration measurements from a Bowen ratic apparatus, located
to measure integrated evaporation within the catchment (BEEH, 2003).

Research in the catchment has also resulted in the publication of various reports,
theses and conference contributions:




The relationship between soil water regme and soil profile morphology

a) Four WRC project reports (Lorentz. 2001. Lorentz et al. 2001. Van
Huyssteen ef a/. 2002: Van Huyssteen ef a/, 2003a: Van Zy! & Lorentz
2003)

) Two M Sc. (Hydrology) theses (Esprey. 1997; Hickson, 2000)

c) Various conference papers (Lorentz & Esprey. 1998 Lorentz & Hickson
2001: Le Roux et al.. 2003; Van Huyssteen ef a/, 2003b; Van Huyssteen
et al., 2003c)

The Weatherley catchment was chosen for this study because of the vast amount of
data that has been collected for the catchment. It further provided the opportunity to
work across established research boundanes

4.3 Field measurements

Neutron water meter measunng sites were selected by a hydrologist to elucidate
hillside water movement. At that time there was no thought that these measunng
sites would be used to relate soil profile morphology with soil hydrology. Because of
all the measurements available now. the results can, however, also be used
beneficially for the latter purpose. This is true in spite of some profiles being located
in sites which are transitional or non-representative from a pedological point of view
e g P204 (Longlands) and P207 (Westieigh). as shown in Figure 3.3

The profiles (Figure 3 3) were sited so as to occur close to current neutron water
meter access tubes and tensiometer nests. while keeping a distance of 2 m between
the in-field instrumentation and the profile pits. Initial pedological field measurements
were done dunng the last two weeks of June 2001 During this period soil profiles
were dug. profiles were described, and soil samples and bulk density samples were
taken. Soil profile morphology was described in detail, using the methods proposed
by Tumer (1991). Additional features were noted and included in the descriptions.
Special attention was given to colour variations and the occurrence of motties

The three dominant dry and wet matrix colours were descnbed, using new Munsell
Soil Color Charts (Munsell Color Company. 1875). An estimate of the occurrence
(area percentage) of each colour was also made. The colour, size. shape,
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occurrence, boundary and cause of motties were also described. Colours were
described by a number of people. to eliminate personal bias.

Representative soill samples were taken per diagnostic horizon at 100 mm intervals
throughout the solum. Intervals were varied to accommodate morphological variation
and were increased to 200 or 300 mm in the lower part of the solum. Soil samples
were air dried and crushed with a rubber pestie in a ceramic mortar. Samples were
sieved through a 2 mm sieve to remove the gravel. The soil and gravel were
weighed and stored.

Digital photographs of each profile and individual horizons were taken. These
photographs were analysed, using GIS techniques, 1o quantitatively determine soil
matrix colour and the colour, size, shape and quantity of motties. Photographs were
taken in direct sunlight.

The lithology of the parent material was described for each soil profile. Special
attention was given to soil profiles with more than one parent material. Samples of
the rock and saprolite were taken for analysis.

Soil water contents were measured using a neutron water meter. Three CPN
instruments (2022, 3411 and 8550) were used to collect the data used in this study.
Details regarding calibration of the instruments are presented in section 441 The
instruments were calibrated against each other, using standard high density plastic
tubes (Reginato & Nakayama, 1887). Data is stored in a Microsoft Access database
This data was extracted and the volumetric soil water contents calculated.
Volumetric soil water contents and degree of water saturation were caliculated from
the neutron water measurements. Calculations are described in section 44,
Although neutron water meter (NVWWM) measurements were started on 9 November
1895, only data for nine measurements are available up 10 the end of 1896. Fairly
regular measurements were taken during the ensuing years. Measunng depths were
kept at standard 300 mm intervals. Although every effort was made to do regular
measurements, the mean duration between measurements was 8.7 days. while the
median duration between measurements is 7.0 days. Measurements were made 353
times at the relevant access tubes between 1 January 1987 and 21 February 2005.
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4.4 Calculation of degree of water saturation
The cegree of water saturation (Hillel. 1980) was calculated as

Vv
s~ X (4.1)
Vi
Where
s = gegree of saturation (as a fraction)
Ve = water content (mm® mm™)
Vi = total pore volume (mm® mm™?)

The degree of saturation measures the volume of water relative to the total pore
volume It ranges from zero in dry soil to unity (one) when all soil pores are filled with
water. Complete saturation is seldom reached. because some air is almost always
trapped by the water in wet soil (Hillel, 1980). In soil with a small pore volume a
small amount of water will lead to saturation. while in a soil with a larger pore volume

more water will be required to reach saturation

The porosity (f) was calculated as follows

)
f=1-12 (4.2)
Where
Ps = bulk density (Mg m™)
Ps = particle density (Mg m™), assumed to be 265 Mg m ™’

The term “annual duration of degree of water saturation above 07 of porosity”
(ADs»q 7) s defined here to be very specific for the following reasons: First. the redox
system that was studied is a complex one. Soil water content, pore size distribution
within each porosity class. soil water O; content. microbial factors, soil Fe content
and soil carbon content are probably the main. but not necessarily all, the factors that
cgetermine the redox conditions in a soil. Secondly, these factors are further
influenced by landscape position, climate, parent matenal and living organisms. The

choice of 70 % of porosity as a lower threshold for the onset of significant reduction is
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therefore a first approximation, based on the motivation presented in section 44.1. It
is further likely that this value will be different for different honzons and soil profiles,
due to the complex nature of the system, as specified above. Because of these
factors it would be advantageous if more detailed research could be done regarding
the degree of saturation where reduction would set in and the impact of bulk density
on this value. The unit used for AD,.q 7 in this study is days year'. This is based on
the fact that D,.o; was calculated on an annual basis. Instead of days year' one
could simply express the penod as a fraction of a year. This is, however, considered
to be undesirable as it may invite the reader to apply it on a monthly or weekly basis,
which would be erroneous

The mean value of s>0.7 events for a particular year were calculated as the yearly
duration divided by the frequency events during that year:

Fss07 = number of times per year that s increases above 0.7 (events year™')  (4.3)
AD,.
Dgo7 = ?‘ 07 (44)
0.7
Where:
ADyso 7 = duration of s>0.7 (days year™')
Fsr07 = frequency (events year™')
Dero 7 = mean duration of >0.7 events (days event ')

441 Improving neutron water meter calibrations
4.4.1.1 Introduction
Data was initially coliected for this purpose in a combined effort by NECF and the
ARC-ISCW when the 28 access tubes were inserted in November 1895. It consisted
of NWM readings with CPN instrument serial No. 8550 and concomitant gravimetric
soil water content (6,) measurements at most of the tubes. Additional relevant data
was collected by Esprey (1997) and Lorentz ef al. (2001) in their hydrological studies
This consisted of bulk density determinations at some of the NWM measuring sites
In March 1997 a large amount of additional data was collected by ARC-ISCW. This
consisted of NVWWM readings with CPN instrument serial No. 3411 at 16 access tubes,
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concomitant 6, measurements. and readings with CPN density probe senal No
8547 All the data described above was processed to produce the first detailed set of
calibration equations in June 1997 (Table 4.1)

Table 4 1 NWM calibration equations for Weatherley compiled in June 1897 by

ARC-ISCW
Calbration Honizon Instrument a (Slope) b R
_equation group No. (intercept)
1 A horizons 8550 15.872 -0.840 096
3411 16 570 -1.003
2 B horizons 8550 17.157 -5.920 0.92
3411 17 912 -5.989
3 CandE 8550 21.272 -12.665 078
horizons 3411 22.208 -12.750
4 G horizons 8550 14 543 +2.801 0.71
3411 15183 +2.743

Because it 1s known that there are fundamental differences in the properties of
different kinds of horizons, separate calibration eguations were developed for the
groups recorded in Table 41. The R? values for the A and B horizons are
satisfactory, and those for the last two groups less satisfactory. An important reason
for the latter is that one can seidom obtain dry tv values for C, E and G horizons
This reduces the range of values available for the regression analysis. and therefore
mitigates against good correlation. In the operating manual supplied with the NVWWM it
i$ stated that the relatonship between the NVWM count ratic and volumetnc water
content is linear over “the most commonly used moisture range”. It is also stated that
for “moisture contents higher than this. it i1s necessary to have a special calibration
that covers the intended range of use”. The need for this special calibration at the
wet end has been confirmed in practice over a long period  Note that there are no
special “wet end” calibration equations in Table 4 1. The data available at that time
proved to be inadequate for this refinement

4 412 Bulkdensity determinations and use of the density probe
Because volumetnc water content (6v) is obtained by multiplying 6m by bulk density
(Db). reliable Db values are of fundamental importance for reliable NVWM caiibration
Because of the time and cost involved in determining bulk density at all depths by the
core method. the first set of calibration equations was based on a minimum number
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of core determinations. All other Db values for the initial set of calibrations were
obtained by using the CPN density probe. This instrument employs gamma photons,
emitted by a cesium source, to determine the density of the matenal in a sphere
around the source. As the cylindrical probe part of the instrument has the same
diameter as the NVWWM. it is lowered down the same access tubes as those used for
Ov determinations

If suitably calibrated and under certain conditions, a density probe provides a method
for making rapid and reliable Db determinations over a wide range of depths
(Reginato, 1974, Erbach 1987). It does, however, have weaknesses which need to
be taken into account when interpreting results. A description of the procedure will
reveal these, and at the same time provide the necessary background against which
to describe the measures taken to moderate these weaknesses as far as possible,
while exploiting the advantages of the procedure

The density meter measures the density of the total matrix, i.e. mineral material,
organic material and water. Since most Weatherley soils are low in organic matter,
complications due to this factor and not important in the present discussion, but Ov at
the time of measurement is very important. Equation 4 5 was used for calculation of
density with the CPN density probe

DWp = -bxin on-C (4.5)
Where:
DWp = probe value of wet density, i.e. the density of the solid matrix
and the water (g cm™)
CR = count ratio obtained with the instrument
b.c A = coefficients specific for the instrument

Values for b, c and A are obtained by calibrating the particular instrument in three
large blocks of known density ranging from 2.62 to 1.50 Mg m~. This can be done at
the CSIR in Pretoria. It needs to be repeated every few years because of the
relatively short half-life of the radio active source. The relevant calibration of the
instrument used at Weatherley was carried out at the CSIR in 1989 and early in
2003
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The probe value for dry density (DDp) is obtained by subtracting the water content
expressed in g cm™, from the DWp value

DDp = DWp-6vigem™) (4.6)

It is therefore imperative 1o have a reliable tv value obtained at the same time as the
DWp value. Studies at Weatherley and elsewhere have shown that the relationship
between DDp values and Db values obtained by the core method is different for
different kinds of soil. For this study it has been assumed that this relationship will be
constant for a particular diagnostic horizon or group of similar diagnostic horizons. A
further necessary step towards improving the NVWM calibration equations was
therefore to define these relationships for the main diagnostic horizons found at
Weatheriey

For this discussion to be fully meaningful it is necessary to expose a fundamental
problem in connection with studies involving soil Db. It revolves around the relatively
large vanation of this parameter in natural soils. This is due to the influence of a
number of factors. eg spatial vanation in organic matter content unevenly
distributed voids in the soil caused by faunal activity and/or old root channels, spatial
vanation in texture (a2 few small stones in one specific sample could for example
produce an extraneous value). These problems are best overcome by using fairly
large cores replicated as many tmes as possible Spatal vanation alsc has a
detrimental influence when comparing results obtained by the core method with those
obtained with the density probe. This is because different volumes of soil are being
sampled. In view of the basic problems it i1s not surpnsing to generally find poor
correlations assocciated with studies involving Db (Lorentz et a/.. 2001; Kaur et al.,
2002)

4413 Procedure
It has been found convenient in this project to express fv as a fraction of porosity (f)
This is advantageous for two reasons. First it normalizes the data and therefore

facilitates comgparisons between different horizons within a particular profile. and
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between different profiles. Secondly, it presents the data in a form that is meaningful
with regard to the redox reactions which influence soil colour and therefore soil
morphology. This is because of the fact that significant redox reactions can only be
expected to occur when soils are relatively wet, which they are at 6v values > 0.7 s,
the first approximation threshold value chosen for this project. Since f = 1-Db/2.65
the importance of rekable Db values is again accentuated

Data collection actions to improve the NVWWM calibration equations were undertaken
during June 2001 and June 2003. Concomitant measurements of 6m, 8v by NWM,
and Db using the density meter, were included at all of the 28 measuring sites to a
depth of at least 1500 mm. Eighty six Db determinations by the core method (Blake
& Hartge, 1986), in duplicate, were also made. The cores had a radius of 50.5 mm
and height of 116.5 mm /e a volume of 933 000 mm’. This relatively large size was
chosen to increase the volume sampled and therefore decrease the influence of
spatial variation. Undisturbed core samples with a volume of 644 000 mm® were also
taken in case they might be needed for later studies concerned with the shape of the
matric suction curves. These Db values were used to convert Om to Gv. The Ov
values made it possible to obtain DDp values using equation 4 6 where concomitant
density probe and 6m measurements had been made This provided a valuable set
of DDp values for horizons for which equivalent core determined Db values were also
available, and therefore made it possible to calculate a regression of Db on DDp.
The need to define this relationship is referred to in the paragraph below equation
46

Since starting neutron water meter measurements at Weatherley in November 1995
a number of different instruments have been used. To avoid data collection problems
ansing from instrument failure, each time a new instrument was used it was
standardised by making measurements in plastic standards as described by
Reginato and Nakayama (1987). These measurements made it possible to make
reliable calibration graph conversions between instruments. The instrument which
has been longest in service at Weatherly is 3411. For this reason it has been used to
provide the basis for the improved calibration lines. The equivalent lines for the other
instruments were obtained by using the inter-instrument relationships obtained via
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the plastic standards. That is the reason why the R? values for correlation between
the count ratios of the different instruments and water content are therefore the
same. The correlation between the count ratios of the different instruments are given
below

CR:,.H = (0.958 CRass: + 0.004 \4 7)
CR’,‘-- = 1.069 CR;-:,;; +0.017 4 8)

The coefficient of vanance (CV) values associated with each of the improved
calibration lines are as follows.
orthic A honzons: dry porton: 27%
wet portion 16%
re. ye. ne, gs group of horizons 34%

gh. sp. on, so group of honzons: 21%

4414 Results and discussion
Separate Db vs. DDp regressions were computed for the following groups of
honzeons: the first group — orthic A honizons (ot). the second group — red apedal (re),
yellow-brown apedal (ye) and neocutanic (ne) B horizons, and E (gs) horizons, the
third group included the following horizons - gley (gh), soft plinthic (sp). unspecified
material with signs of wetness (on), and saprolite (sc). Computation of the Db vs.
DODp regressions for each of these groups revealed a number of values which were
clearly extraneous and which therefore needed to be excluded. The data was also
relatively scattered with R® values surpris ng low. especially for the re group.
Possible contributing factors are: the natural relatively large spatial variability of Db,
possibly some inherent weakness of the density probe for measuring Db in the range
present here. the fact that many of the DWp readings were made in relatively wet
soils which could have impaired the accuracy of the DDp results obtained using
equation 4 6 (since there is inevitably a certain amount of error in the 6v value). For
convenience all the DDp readings obtained during the three data collections were
expressed in terms of the 2003 data set The following equations were obtained for

the three groups. using the symbol for the first horizon in each group for identification
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Db(ot) = 0.647 (DDpyg) + 0.396 n=237 RZ=076 (4.9)
Db(re) = 0322 (DDp(03)) + 1.030 n=34 R®=039 (4.10)
Db(gh) = 0.450 (DDp(03)) + 0.822 n=68 R=083 (4.11)

Equations 4 8. 4.10 and 4 11 were used to estimate Db values of all horizons at the
28 sites where Db had not been determined by the core method. The complete set
of Db values is presented in Appendix A. Mean values (Mg m™) for the three groups
are as follows: ot = 157, re = 165 gh = 1.71. The values are all significantly
different from each other at the 1% level These results made it possible to calculate
reasonably reliable 6v values for all 8m measurements. These, together with the
concomitant NWWM measurements provided the information needed to compute the
NVWM calibration equations. Because of the known differences between diagnostic
horizons, separate calibration equations were developed for each of the groups
represented by equations 49, 410 and 4.11. The calibrations for the three CPN
instruments of orthic A horizons are presented in Figure 4.1, of red apedal B, yellow-
brown apedal B and neocutanic B, and E honzons in Figure 4.2 and for G and soft
plinthic B horizons as well as unspecified material with signs of wetness, and
saprolite in Figure 4 3. For computational convenience an exponential equation has
been used 10 describe the calibration line for the re group

o b o . . .
D40 080 ol 100 12 140 16¢ 18 200 e 240
Court et
Figure 4.1 Calibration equations of orthic A horizons for CPN 3411, used at
Weatherley
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Figure 42 Calibration eguations of red apedal (re). yellow-brown apedal (ye) and
neocutanic (ne) B horizons, and E (gs) horizons for CPN 3411, used at
Weatherley
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Figure 43 Calibration equations of G (gh). soft plinthic B (sp). unspecified matenal
with signs of wetness (on), and saprolite (so) for CPN 3411, used at
Weatherley

Evaluation of the calibrations i1s facilitated by considenng relevant results obtained by
other scientists. Excellent research work in this connection was done at Stellenbosch
and published between 1960 and 1975 (Marais & Smit 1960; Marais & Smit 1962

Karsten & Haasbroek. 1973, Karsten ef al, 1875). They showed that “variation in

bulk density causes a parallel shift in the calibration curve, but differences in soll type




Methedology

present a more complex problem since both intercept and slope of the calibration
curve are affected” (Karsten et al 1875). One of these “complex problems” was
shown to be the amount of water contained in the crystal structure of the clay
minerals, which they called “structural water”. It is released abcve 105°C when a soil
sample is heated to 700°C, ie. a loss on ignition determination. In a soil low in
organic matter this water provides the main contribution to the size of the negative
value of the intercept. It is therefore true that the higher the content of smectites in a
soil the larger the negative intercept is expected to be. Holmes (1966), working in
Australia, came to conclusions similar to those of the Stellenbosch researchers, and
concluded that “there appears to be no alternative to individual calibration of each
soil intended for investigations™ It was considered to be an advantage in this study
to develop separate calibration lines for groups of soil horizons with fairly similar
properties, e g. Db value and CEC (as an index of smectite content), in preference to
determining separate calibration lines for different groups of soils

Figure 4 1 shows that for a CRy1y reading of 2.1 in an orthic A horizon the 1987
calibration gives a water content of 5.1% less than the improved one. This is a
significant difference, especially considering that it is in the v range > 0.7. Valdity of
the improved calibration line is shown by the fact that it passes close to what is
expected to be the maximum Ov value (= 0.8S), as determined by the mean Db (1 57
Mg m?), and therefore mean porosity (40.7%) of these horizons. at the maximum
CRaar (= 2.1). The slightly flatter slope of the new “dry end” line is according to
expectation. This is because the deficiency of wet end data for the 1897 line resulted
in some of it being included with the dner values to give a single line with a steeper
slope.

Although the horizon grouping for the 1987 and new calibration lines is slightly
different, since the main contributors are the same in both cases, it is considered
useful to make the relevant compansons. Figure 4.2 shows that the improvement of
the new calibration line over the 1897 one is similar to that in Figure 4.1. At the
maximum CRy4y4 value of around 2 1 the 19587 line gives a 6v value of 3 3% less than
the new value. The validity of the new line is confirmed by its close proximity at
CR3eyy around 2.1, to 0.9 s as defined by the mean Db value for these horizons of
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165 Mg m~, and therefore a mean porosity of 37.7% The two lines are almost
identical over the drier range below 0.7 s

The horizons included in Figure 4.3 are naturally almost always fairly wet It was
therefore not possible, and also not necessary. to obtain sufficient 6v values for a dry
end line. It is considered that the additional measurements made during 2001 and
2003 have improved this calibration considerably in spite of there being no
improvement in the R® value In accordance with an expected fairly large amount of
“structural water”, the new line has a negative intercept of 13.3 whereas the 1937 line
has a positive intercept of 2.7

The three new calibration lines, for CPN instrument 3411, are plotted together in
Figure 4 4. Only the linear lines are shown for the re group as the line described by
the exponential equation becomes spurious when extrapolated. The fact that the ot
line is above the other two is in accordance with the findings of Marais & Smit (1962)
and Karsten ef al (1875). that an increase in Db causes a parallel displacement of
the calibration line to give a higher NWM count at the same 6v value Although there
is little difference between the calibration lines for the re and gh groups, they
nevertheless correctly reflect known differences in the charactenstics of these two
groups of horizons. First. the lower porosity of the gh group is reflected by the lower
év value at the maximum CRa4yy of around 2.1. Secondly, comparing the intercepts
of the two lines reflects the difference in water held in the crystal structures of the
clay minerals (Karsten ef al. 1975). Whereas the intercept of the gh line is - 13.3
causing the line to be relatively steep and indicating a considerable amount of water
held between 105°C and 700°C. the intercept of the re line is + 0.118.  Theoretically
this value should be negatve as these must also be some “structural water” in these
horizons. The dewviation is presumably due to sampling error and too small a number
of samples Both pedology logic and chemical analyses provide support for the
contention that the gh group is richer in smectites than the re group. The mean
CEC,. values for the two groups are around 8 and 5 respectively.
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Figure 44 Calibration equatnons' of the orthic A (ot), red (re) and G (gh) horizon
groups. for CPN instrument 3411, used at Weatherley

4415 Conclusions

Karsten ef al. (1975) have proposed a procedure for obtaining a single calibration line
for a range of different soils. The procedure involves introducing correction factors
for differences in Db and loss on ignition. Although they obtained very good results,
which are also very valuable from a theoretical point of view, it needs to be kept in
mind that they worked under laboratory conditions. The 10 different soils they used
were contained in drums packed to produce different Db values. The natural factors
causing much spatial variation in Db were therefore absent. Therefore, although their
procedure is attractive, it 1s not certain that it would be worthwhile to try to implement
it for this Weatherley project. The extent to which data processing has been
simplified by computers neutralises to some extent earlier urges to try to reduce the
number of calibration lines being used

Considerable effort has been expended to improve the calibration lines to ensure that
reliable Ov values are obtained. The results presented indicate that this objective has

been satisfactonly achieved

4.5 Laboratory Measurements
All chemical analyses were done according to standard methods (The Non-Affiliated

Soil Analysis Work Committee, 1980). Soil samples were analysed for particle size
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distribution (7 fractions), pH (H;O and KCI), exchangeable cations. cation exchange
capacity (CEC). organic carbon. nitrogen, as well as dithionite-citrate-bicarbonate,
pyrophosphate and oxalate extractable Fe and Mn

The results of pyrophosphate and oxalate extraction of Fe and Mn yelded
disappointing results, to such an extent that no attempt was made to interpret them
This is also supported by the findings of Loeppert & Inskeep (1996). They stated
that the pyrophosphate extract. following high-speed centnfugation includes
microcrystalline iron oxide particles ..." and that “the pyrophosphate extractable Fe
cannot be designated as organically bound Fe'

Due to the very low clay content in some of the honzons, the CEC.,, was calculated
by subtracting the CEC ganc maner from the CEC,,. This was then divided by the clay
content to yield the CEC.,, The organic matter content was caiculated as
1.74 * organic carbon content and the CECoanc maner Was taken as 200 cmol. kg™
organic matter (Brady & Weil, 1996)

4.6 The soil water balance
461 The soil water balance eguation
The data presented in previous reports on this project was based on neutron water
meter (NWM) measurements made at approximately weekly intervals To provide
more accurate information it 1s desirable that estimates on a daily basis be obtained

The procedure to achieve this is described in the following subsections

It is necessary that it be clearly understood that this is a point study and therefore
volumes of water are not under consideration. The water balance equation for a

particular point on a particular day can be described by equation 4.12.

8=8_,-P=R=D, =D -ET 4.12)
Where

2] = soil water content on day i (mm)

e = soil water content on day i-1 (mm)

- = rainfall on day i (mm)

R = runoff on day i (mm)

D = vertical (D,) and lateral (D)) drainage on day i (mm)

ET = evapotranspiration on day | (mm)
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Equation 4 12 was solved on a daily basis for the soil water content of each layer
based on the NWM data. which provided the # , term of equation 4.12 for days on

which measurements were made, Determination of the other terms in eguation 4.12
1s described in the following sections

462 Rainfall

Daily rainfall data is needed to solve equation 4.12. This data was obtained from the
Weatherley database version 1 (BEEH, 2003) for the period 26 November 1957 to 08
July 2003, which had missing values for the period 02 December 2001 to 21 January
2002, The data gap was filled with daily rainfall generated from regression
(R? = 0.82) between daily rainfall data obtained from a nearby farm (Mr. Coetzee.
personal communication, 2004) and daily Weatherley rainfall for the months of
December and January of 2000 to 2003.

463 Runoff

In this report runoff refers to overland flow, due to the wide use thereof in Soil
Science. The two terms should therefore be seen as synonyms. Lorentz and
Hickson (2001) analyzed the runoff data collected at their runoff plots located on the
mid slopes of the Weatherley catchment. They concluded that surface runoff, that
reaches the stream, is generally negligible within the catchment. Water generally
flows only 20 m on the soil's surface before it infiltrates or enters a stream. Runoff
from on part of the catchment would therefore be run-on at another part of the
catchment. Equation 4.12 could therefore be simplified to equation 4.13, where all
the terms are as defined in equation 4 12

8=6_,+P<D, <D, -ET (4.13)

464 Evapotranspiration
Measured evapotranspiration (ET) for the veld grass in the Weatherley catchment
was not available for this study It was therefore necessary to make an estimate of
this parameter in order to solve equation 4.13. Estimation of ET was carried out in
several steps. First daily FAC Penman-Monteith reference evapotranspiration (ETo)
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data was compiled. as described below. Then ET/ETo ratios were established from
NWM soil water contents at appropriate sites during suitable periods. Finally daily ET
was generated from the ET/ETo and daily P cata

4641 ETo
Reference evapotranspiration (ETo) is defined by Allen ef a/ (1998) as that which
occurs from a hypothetical extensive surface of green. well watered, actively growing
grass of 0.12 m height. a fixed surface resistance of 70 s m”, and albedo of 0.23
The standard method for its computation from meteorological data is carned out
using the FAO Penman-Monteith equation (equation 4 14)

0.4081(Rn-G) rus(e, - e,K900/(T- 273))

ETo = —— —— - n b (4 1‘)
A-y(1-034u,) D-»(1-034u,)
Where:
ETo = reference evapotranspiration (mmd”’)
\ = slope of vapour pressure curve at mean air temperature
(kPa C")
Rn = net radiation at the crop surface (MJ m* day ')
G = soil heat flux density (MJ m* day ')
; = psychometric constant (kPa C)
T = mean daily air temperature at 2 m height ( C)
Uz = wind speed at 2 m height (ms™)
e, = saturation vapour pressure (kPa)
e, = actual vapour pressure (kPa)
e, -e, = saturation vapour pressure deficit (kPa)

For this study, limited dailly ETo data for Weatherley and surrounding stations was
obtained from the ARC-ICSW (L. Maritz. personal communication, 2004) The
stations and the penods of reported data include

Weatherley (31.1000S, 283333 E), from 01 June 1987 to 28 February 2001
Somerton (31.1567 S; 28.3843E) from 01 January 1997 to 3 August 2003
Wildebees (31.2000 S;: 28 2167 E) from 25 March 1937 to 28 February 2001, and
Tsolo (31.3000 S: 28.7667 E) from 3 December 1997 to 6 January 2004

The ETo data from all of the above stations contains many missing values. In order
to fill the data gaps at Weatherley, ETo for Weatherley was regressed on those of

S6
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each of the surrounding stations (Figure 4.5). The resulting scatter plots and the
regression equations indicate that Somerton ETo, followed by Tsolo ETo matched
Weatherley ETo fairly well. Wildebees ETo showed slight scatter, specifically for ETo
values exceeding 4 mm day'= Missing daily Weatherley ETo data were therefore
estimated using the resulting regression equations in the following order of
preference: Somerton, Tsolo, and Wildebees

(a) Weatherey vs Somenon ETo 0) Weatheriey vs Vikebees ETo
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Figure 45 Regression equations for ETo values of Weatherley vs surrounding
stations. Data obtained from ARC-ISCW climate database (L. Maritz,
personal communication, 2004)

An appropriate ET/ETo relationship is necessary to estimate actual dally grass ET
from the dailly ETo data. Such a relationship was developed for Weatherley by
solving equation 4.12 for selected profiles during selected periods. for both water

stressed and stress-free soil water conditions




The relabonship between so water regime and soil profile morphology

The following assumptions were made.:

e The effective root zone for the veld grass is 0-800 mm

e Drainec upper limit (DUL) for a freely drained layer is at s = 0.6 (s is degree of
saturaton)

o Stress-free ET occurs at water contents above first matenal stress (FMS)
FMS is defined as the water content of the root zone at the onset of stress
(Hensley. 1980). In this case the onset of stress is approximated by the value
halfway between DUL and the lower limit of plant available water (LL)

e At soil water contents below FMS, ET decreases linearly with decreasing soil
water content (/. & with increasing stress level). Although the relationship is in
fact curwilinear, this assumption 1s considered to be acceptable in view of the
very small amounts of water involved, and the extent to which computations
are affected This assumption is similar to the procedure employed in ACRU
(Smithers & Schulze. 1935).

e Small amounts of rainfall (ZP < § mm) in a period of approximately one week
are lost rapidly by ET and therefore do not influence 8 in equation 4 12, but
are nevertheless considered as contributing to ET (Table 4 2). This is based
on Ritchie (1972)

4642 ET/ETodunng a stress-free penod

A suitable stress-free perod for this study was defined as one in which the soil water
content was between DUL+5 mm, and FMS. and in which there was little or no
cumulative rainfall (ZP < 5 mm). During such a penod R and D, can be considered
negligible. and soil water availability is such that ET can take place without significant
stress Solving equaton 4 13 for ET duning such a penod also requires selection of
soils where the root zone (0-900 mm) is freely drained, /.e. D is negligible. The
suitable penods and soil profiles selected for this purpose are presented in Table 4.2
The profiles were. P202 (Pinedene), P203 (Tukulu), P210 (Blcemdal). P212 (Tukulu)
P220 (Bloemdal), P221 (Hutton). and P234 (Avalon) Although the whole profiles of
most of these soils are not freely drained, a study of their morphology shows that to
consider the 0-800 mm layer as freely drained is a reasonable assumption
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Tabled4 2 Calculated ET/ETo for non-stressed veld grass during selected periods at profiles with freely
drained 0-900 mm layers at Weatherley -
“Profile Period " Measured water loss (nm)  Period Period  Dailly Period  Period
No. Start End  Length m P ET ET ETo ETETo

Ein date  date (days) 0 00 900 _(mm) _ (mm) _ (mm) __(mm)
P202 28-0c1-99 4-Nov-99 7 125 47 05 06 18.3 261 401 0 46
P202 24-Mar-03  2-Apr-03 9 16.0 76 42 24 302 336 3z 082
P203  18-Jun-87 26-Jun87 B 55 39 02 00 96 121 229 042
P203 1-Apr-99  B-Apr99 7 10.3 2.1 0.0 00 123 176 263 0 47
P203 21-Sep-00 29-Sep-00 B 88 28 00 00 1186 144 374 03N
P203 28-FebD1 7-Ma-01 7 122 14 32 08 178 252 347 051
P203  16-Apr-02 23-Apr02 7 8.7 30 15 02 134 191 239 0.56
P203  10-Jan-03 15-Jan03 5 87 20 1.1 12 130 260 282 048
P210  6-Aug97 14-Aug87 B 93 34 00 0o 127 159 27.9 045
P210  15-0c1-97 230097 7 155 9.2 52 0.0 298 426 351 085
P210 2-Apr-98  9-Apr-98 7 129 45 22 08 204 291 268 077
P210 1-Apr-99  B-Apr-89 7 78 37 03 00 17 167 263 044
P210  13-Oct-00 19-Oct-00 6 64 20 07 02 93 1.55 305 030
P210  10-Oct-02 16-0ct-02 6 106 49 28 04 187 an 3186 059
P210  10-Jan-03 15Jan03 5 81 37 1.1 12 141 282 282 050
P210  24-Mar-03 2-Apr03 9 105 8.1 49 24 260 289 371 070
P212  4-Mar-87 12-Mar-87 B 73 64 27 40 205 256 314 065
P212  10-Jan03 15Jan03 5 a4 2.1 06 12 124 247 28.2 044
P220  30-Oct-97 6-Nov-97 7 15 20 1.1 0o 147 209 407 038
P220  10-Oct-02 16-Oct02 6 109 as 13 04 164 274 316 052
P221  6-Aug97 14-Aug87 B 134 08 00 00 140 175 279 0.50
P221 16-Oct-97 23-Oct-97 7 176 89 26 00 290 415 351 083
P221 2-Apr-98  9-Apr-98 7 17 45 06 08 178 252 266 066
P221 29-Sep00 8Oct00 9 100 62 46 45 255 283 335 0.76
P234  17-0407 240097 7 13 05 13 25 157 224 190 082
P234 2-Apr-98  9-Apr-98 7 134 40 12 08 194 278 2686 073
P234 1-Apr-89  BApr-99 7 150 57 24 00 231 330 26.3 0.88

Mean
I.ay:r lrac_uom _(l.) Mi | 0.25 2110  ETiETo o.sg




The relatonship between soil water regime and soll profile morphology

The soil water loss during the selected periods was computed and together with the
small rainfall amounts. considered as ET. Total ETo data was also computed for
each of the selected periods. The values were used to calculate ET/ETo for each of
the selected periods

As shown in Table 4 2. a mean ET/ETo of 0 58 was obtained. This value enables the
computation of daily ET from ETo during stress-free periods. The ET values
obtained in this way descnbe the evapotranspiration rate of the veld grass under
optimum conditions, /.&. minimum stress., and therefore provide the best available
approximation of the evapotranspiration rate that would occur under such conditions

Another necessary parameter revealed by the data in Table 4 2 1s the fraction of ET
provided by each 300 mm layer. It is clearly indicated in the results that the average
layer fraction (l;) values, during a stress-free period, are 65%, 25% and 10% of ET
for the 0-300. 300-600. and 600-900 mm layers respectively These values proved
valuable for modelliing the soil hydrology of each layer on a daily basis for the
different soils at Weatherley

4643 ET/ETo during a stress period
For dry penods the ET/ETo values determined in the previous section are not valid
since the veld grass may be stressed to varying degrees, causing ET to be
suppressed After the onset of stress the ET/ETo ratio 1s expected to decrease as a
function of 8. The value of 0.58 obtained during stress free periods is thus clearly too
high for these drier conditions. Another ET/ETo ratio was therefore necessary to
estimate ET from ETo during periods when 8 drops below FMS. To estimate ET/ETo
under such conditions a similar procedure was followed as for the stress-free periods

A suitable stress period was defined as one in which ET occurs below optimum. At
the extreme lower end of such a period the soil water content (8) would typically be
around LL. Several such penods were identified at the end of winter  Soil water loss
(A8) was computed from the weekly NWM measurements at suitable soil profiles
duning these periods. The soils selected for this purpose were: P202 (Pinedene),
P203 (Tukulu), P210 (Bloemdal). P221 (Hutton), and P234 (Avalon). A mean
ET/ETo of 0.19 was obtained (Table 4 3). The mean percentages of ET provided by
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each 300 mm layer, i.e. the layer fraction values (l;) in this case were 51%, 33% and
16% for the 0-300 mm. 300-600 mm and 600-S00 mm depths. respectively
Compared to the fractions during stress-free periods, there is a clear increase in
extraction with increasing depth. This is expected because, as the top layers
become drier. the roots would normally be forced to extract more water from the
deeper layers.

To estimate the ET/ETo values between the stress-free rate and the minimum rate,
i.e during periods having soil water contents below FMS, a linear relationship was
assumed to exist between the ET/ETe and 6. In this case 8 was expressed in terms
of degree of saturation (s) in order to eliminate the effect of variation in the water
holding capacities between different layers in the different soils. The s value for each
layer of the selected profiles was calculated both at FMS and at LL. The mean s
value at FMS for the profiles selected for the stress-free ET/ETo was found to be
0.51, and the mean ET/ETo ratio above this s value was 0.58. Near the dry end of
the soil water spectrum, the mean s value at LL for the profiles selected for this
purpose was found to be 0.36, and the ET/ETo was 0.19. These two points have
been designated as A and B in Figure 46




Table 4.3 Calculated ET/ETo for water-stressed veld grass during selected periods at profiles with freely
drained 0-900 mm layers at Weatherley
No. Beginning End Length Layer depth (mm) P ET ET ETo ET/ETo

date date (days) 0.300 300-600 600-800 (mm) (mm) (mm) (mm)

P20 25 Sep Y/ 1-Oct-9 ¢ h¢ 17 7 ' 0 10 10 1% 169 2R 1 H
P20; 9 Sop 99 16-Sep 99 7 12 ) s 04 38 054 34 ! )11
P20 17-Aug-01 23-Aug-01 ( 11 17 15 00 43 07: 223 019
P20; 16Ot 05 240105 B 19 60 2 i 18 119 145 439 (
P203 26.Sen- 5 1.0¢c2.5 { 57 1B 0o 0 106 176 28 3
P20 0 Sep-99 16-Sep- 56 7 0s 01 00 04 10 014 4 5 003

17-Aug-01 23-Aug-01 f ) ¢ 0% 0o 0o 10 23 004
P203 16-Oct-04 24.0a.02 A 78 28 U 18 133 1 6 439 ) 30
P210 17-Aug 01 23 Aug-ON £ ) 4 07 18 ) 0 29 14 ) D13
P221 6. Sep 87 1 Oxt0 6 53 1 6 00 10 118 1 1 D42
P221 17 Aug 0V 23 Aug 01 3 )0 11 0o 00 1 000
P234 9 Sep 99 16500 99 13 05 U4 il 14 M5 01
P234 17-Aug-01 23-Aug-01 f 12 1( 04 ) 0 ) 4% 012

Layer fraction (I;) 0.51 033 0.16 Mean ET/ETo 0.19
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Figure 46 ET/ETo as a function of degree of saturation (s) between FMS and LL

The equation for the straight line connecting points A and B in Figure 4.6
(equation 4.15) was used to estimate ET/ETo from s at water contents below FMS.

ET/ETo = 2613s-0.736 (4.15)

Where:
s = degree of saturation

4.6 4.4 Final daily ET calculations

From the discussion above it follows that ET/ETo can be taken to be a constant value
of 0.58 when the soil s is at FMS or above, and decreasing linearly with the
decreasing values of s below FMS. During very wet periods, however, ET/ETo
should be considerably higher than 058 Ritchie (1972) considered that during the
intial stage of evaporation (for example, following significant rainfall events) ET is
equal to the potential rate, or in our case, ETo. Therefore, ET values for each day
during the period of daily soil water balance calculations were determined using a
logical procedure which endeavours to simulate the maximum ET during very wet
days (Figure 48). The calculated ET (ETa) is the ET value for a certain day
computed as a fraction of the day's ETo (from ET/ETo ratios described in previous
sections). If ETo during a particular day exceeds that day's P+ETa then ET is
considered to be equal to P+ETa, otherwise ET is considered to be equal to ETo

To estimate the ET for each layer (ET, in Figure 4 8B) from the total profile ET the layer

fractions in Figure 4.3 (l;) and Figure 4.4 (I;) were used, depending on the value of s.
The ET calculation was carried out in a spiral manner on a dailly basis The
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calculation exercise started one day after a day of NVWWM measurement. On this
starting day, the measured value (8.,) was used to determine the degree of
saturation (s) in order to choose the correct ET/ETo ratio for calculating ET. Then the
ET calculated from this rato, and the adjustments discussed in the previous
paragraph. were used to contribute to the solution of equation 4. 13 for 8, After 6 had
been calculated (section 366) its value was. in tumn, used to determine s for
calculating ET on the next day. The caiculation continued in this manner for the
period of six years. from 01 July 1987 to 30 June 2003

4645 Companson of ET values estimated using the procedure
described. and ET estimates obtained by other procedures
Daily ET values were calculated at 3 measurement depths for 28 sites in Weatherley
for the six year period (Table 4 5). The resulting mean ET values for the six years
ranged from 1.4 mm/day (40% of ETo) at the driest site (P212) to 2.6 mm/day (71%
of ETo) at the marsh (P218)

A whole catchment water balance calculation was carred out for four years for
Weatherley in order to obtain an estimate of the total ET dunng this penod (ETt),
based on measured stream flow data at the lower weir (Rt) and total rainfall (Pt) A
volumetric version of equation 4 13 was solved for total ET during the four year
period between 30 June 1989 and 30 June 2003, as described in equation 4 16.
Results are presented in Table 4 5

ETt-(Pt- A8)-(Rt-D) (4.16)

Where:
ETt = ftotal grass evapotransp-r?tvon for the whole Weatherley
catchment in four years (m”)

Pt = total rainfall for the whole Weatheriey catchment in four years
(m?)

Rt = total stream flow at the lower weir in four years (m?)

A8 = difference in stored soil water at the beginning and at the end
of the four years penod (m°)

D = deep drainage at the base of the Weatherley catchment (m”?)

In order to keep the change in soil water content (A8) at a minimum the caiculation

was carmmed out for the penod 30 June 1989 to 30 June 2003. The soil water
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contents at both the starting and ending dates were nearly the same, as these were
during winter. Because of this A0 1s negligibly small compared to Pt and Rt and can
therefore be ignored. Because of the geology of the catchment it is reasonable to
assume that deep drainage beyond the base of the catchment (D) is negligible.
Equation 4.16 therefore simplifies to equation 4.17.

ETt=Pt-Rt (4.17)

Results are presented in Table 4 4. The catchment water loss due to ET during the
four years was 66% of the total ETo

Table44  Weatherley total catchment water balance results for the period 30 June
1899 to 30 June 2003; and results partitioned into hilisiope and marsh

areas
Parameter Value
Hillslope area (m”) 1200195
Marsh area (m’) 400065
Total area (m°) 1600260
Total reference evapotranspiration, ETo (m®) 8350797
Total rainfall, Pt (m®) 8731153
Total stream flow, Rt (m°) 1210544
Total evapotranspiration, ETt = Pt-Rt (m”) 5520609
ETVETo from catchment water balance 0686
ETVETo from P202 0.5¢
ETVETo from P218 0.72

_Weighted mean of ETUETo at P202and 218 062

The estimated ET during this period was 59% of ETo at P202 and 72% of ETo at
P218 Assuming that the ET at P202 represents that of the hillslopes (ie 75% of the
total area of Weatherley). and the ET at P218 represents that of the marsh area (i.e.
25% of the total area) the weighted mean of the two is 62% of ETo. This is slightly
less than the 66% obtained by the catchment water balance. The discrepancy could
mainly be due to errors inherent in estimating ET using the catchment water balance.
Everson ef al (1998) describe this method as. *... not precise enough tc enable
accurate predictions of water yield from hydrological models.”

Daily ET values, measured using the Bowen ratio energy balance method from the
marsh area in Weatherley, were obtained for 40 non-consecutive days during the
period 13 July 2001 to 0% December 2001 (Everson & Jarmain, 2004). These data,
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together with the estimated ET at P218. ETo and P data for the days on which
Bowen ratio data was reported are presented in Figure 4 7
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Figure 47 Bowen ratio measured ET (BR ET), estimated ET at P218 (Est ET)
reference ET (ETo) and rainfall (P) data for Weatherley for 40 non-
consecutive days during the second half of 2001

The Bowen ratio ET data was collected mainly from the marsh area of the catchment
as the apparatus was instalied at the northern end of the marsh, facing down the
valley in an approximately NNE direction. The estimated ET at P218 was selected
because this site is also located in the marsh and fairly close to the Bowen ratio site
(Figure 3.3). The mean Bowen ratio ET reported was 27 mm/day, which is
practically the same as our estimated mean ET of 2.8 mm/day at P218 for the same
set of days For most days there is reasonably good agreement between the two
sets of values. Wide variations occur. however, on rain days, e.g. on 03. 18, 26, and
29 November. This may well be due to the procedure adopted for estmating ET on
these days (section 3.6.4.4). Although this procedure appears to be logical, similar
results are not reflected by the Bowen ratio measurements. The R® between the
daily estimated ET and Bowen ratio ET during the 40 days was 0.38. This fairly low
agreement on a daily basis could also be due o estmation errors of the two methods
and spatial variations between the sites. These errors, however, tend to balance out

with ime. as indicated by the mean values



Methodology

The lower ET/ETo values for the hillsides. compared to the values for the marsh,
presented in Table 4.4 are in agreement with similar results obtained by Everson et
al. (1998) for the Cathedral Peak catchment (V1). They found that ET from their
marsh area amounted to 120 mm more than that from the adjacent hililside over a
period of 1 year,

465 Drainage

After daily ET had been estimated, the unknown parameters required to solve
equation 4.13 for daily 6 were only D, and D,. It is difficult to differentiate between
these two based on the available weekly NWM measurements. More frequent
readings are required to construct reliable drainage curves. An estimate of daily
values of D, and D, was nevertheless made based on 6,,, P, ET, and certain soil
properties (Figure 4.8). Daily D, out of a 300 mm layer was estimated by solving
equation 4.13 for 8, and comparing the result with the DUL of the layer. If 8 did not
exceed DUL then D was considered to be 0. If on the other hand 8 exceeded DUL a
certain fraction (c) of the excess waler was allowed to drain to the underlying layer
The value of c was determined based on the degree of saturation of the underlying
layer on the previous day (s.1). If s,y was small (say s, < 0.7f, f being total porosity),
indicating relatively dner underlying soil conditions, then a relatively larger value (cz)
was adopted compared to ¢, where s, was above 0.7f. Thus one of the two
coefficients (¢, or ¢;), ranging between 0 and 1.0, was used depending on the value
of s, of the underlying layer

An algonthm was written to empirically choose on each day between ¢, and c; for a
soil layer. Initial values between 0 and 1.0 were given to ¢, and c; to temporarily
calculate 8., The final values for each soil layer were then determined at the end of
the whole soil water balance exercise. This was carried out by studying the overall
agreement between the weekly measured and estimated 8 values over the six year
period during which daily 8 was calculated. The values of c, and c; were repeatedly
changed until the best possible level of agreement was reached (Figure 4.9). These
coefficients were therefore used to “calibrate” the soil water balance procedure for
each soil layer
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The following additional points were considered during the calculation procedure

(i) For all layers below 300 mm the D out of the overlying layer, instead of
P. was used as input

(1)  ET was considered negligible below the root zone (900 mm)

(i)  For the lowermost layer it was assumed that the underlying material is
fairly impermeable. suppressing deep drainage. Therefore only C, was
used for this layer

(v) During days on which measured soil water content (8m) data was
available any excess in the estmated soil water content (8¢c) was
considered to be deep drainage loss (1e when 8¢ > 8m. and 6¢ >
DUL)

An estimate of D, was made empircally for each soil horizon at the end of the
modelling procedure. As part of the model calibration exercise. any general tendency
to overestimate 8, was considered to be due to unaccounted for water loss by D, to
downslope soils. and so it was removed from the estimated 8. On the other hand
any general tendency to underestimate 6, was considered to be due to unaccounted
for addition by D, from upslope soils, and so it was added to the estimated 6. D, can
be distinguished from D, because D, does not normally cascade vertically: it is a net
loss, or sometimes net gain. to the water balance of a soil profile

466 Daily soil water content
466 1 Calculation procedure
The final step and the purpose of the soil water balance calculations was estimation
of daily 8. This was carried cut by solving equation 4.13 for 6, for each 300 mm layer
for which weekly NWM data was reported. In order to obtain measured 8, as an
input, the calculation procedure was started on a day following a day of NWM
measurement. The estimated 8 value was then used as input for subseguent
calculation on the next day. This practice continued each day until the day when the
next NWWM reading was reported The same exercise was then repeated dunng the
next week, and so on. The calculation procedure is described using the flow diagram
in Figure 4 8. An intermediate value (8.,) was first calculated from 8,4, P. and ET. If
this value was smaller than the DUL for that layer then it was taken to be 8, for the
layer. If the value was larger than DUL, however, it was corrected for D, and D, The
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corrected value is referred to as 8., in Figure 4 8. Finally 8., was compared to 0.9f
for this layer, and 8, was taken to be equal to the smaller of the two values

The 0 9f value was assumed to be the upper limit of the soil water content in all
cases, since complete saturation in the field by water entry from above is generally
not possible due to the presence of small air pockets in the soil. The 8, calculation
procedure was the same in all the relevant layers in a profile, with the exception that
D, from the overlying layer was used as an input, instead of P. in all layers below the
top one.

4662 Results

Daily 8 data was generated using the procedure described above for each 300 mm
soil layer, for six years from 01 July 1997 to 30 June 2003, for all the 28 measuring
sites at Weatherley. A sample of the calculation worksheet is presented in Table 4 5.
Possible estimation errors of the procedure were ‘reset’ using measured NVWWM data
on days when the latter was reported. The estimated 8 values during days when
measured 8 values were reported were compared to the latter to test the output of
the procedure. A quick test of the agreement between the measured and estimated
values over the six year period was carried out by studying the R® values, the
ahgnment and closeness of the least squares line to the 1:1 line, and the spread of
the data along the 1:1 line. If necessary, the estimation was then improved by
repeatedly changing the drainage coefficients described in section 3.6.5. A scatter
plot between the measured and estimated values at P202 is presented in Figure 4.9.

A statistical test of model performance, according to Willmott (1982), was carried out
on estmated vs. measured 8 values at P202 The following parameters were
calculated: Index of agreement (D-index), mean absolute error (MAE), root mean
square error (RMSE), systematic RMSE (RMSEs) and unsystematic RMSE
(RMSEu). The statistical results (Table 4.6) indicate that the procedure for estimated
daily soil water contents worked well at P202. According to Willmott (1982), a good
model D-index should approach 1.0, while the RMSEs should approach 0. as a large
RMSEs indicates bias. For P202 the mean D-index was 0.91 and the mean RMSEs
was 22% of the mean RMSE. A similar performance was obtained for most of the
other soil profiles. Values of R? sometimes exceeded 0.8 It is therefore concluded
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that the procedure adopted gave predictions of daily soil water contents that are

satisfactory for the purposes of this study
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graned upper it for the
consigered layer
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the case of subsol layers

FAQ Penman Monteith reference
evapotranspration

veld grass evapotranspiration for the
root zone

mermediate value n the ET
calculaton

fracton of ET for the considered
layer

vertical dranage out of the
consicered layer

soill water content for the considered
layer

6 for the day of calculaton

0 for the previous cay

intermediate values =n the ©
calculation

coefficent n the calculation of D,
used when s for the underlying layer
s>07f

coefficcent in the calculation of Dv
used when s for the undertying layer
ss07f

non-stressed  layer fractions as
presented in Table 4.2
walter-stressec layer frachons as
presented in Table 4.3

Figure 48 Flow diagram for estmating daily soil water content




Tabled4d 5 Example of daily soil water balance calculations in a worksheet
Site data 190 men depth 430 mwn depth 790 mwn depth 1090 mm depth 15_“10-‘.'0
Diagnostic horizon ot ye v on on
BD (Mg m ) 168 161 172 17 172
1 (mem) 1008 "7 1053 106 4 105 3
0% ELL 1060 M8 58 ™M
0.71 (mum) %9 nza 77 745 737
A DUL (mem) 692 671 %05 216 . a4
" Date P Efo Ela ETJET D, ®, @& @& JFT D, 6 @& @ JET D, 6. n, & JET D, 6, & & Jer 0 o &, @ [sean
mm mm M m g mm mm mm mm g mm mm mm mm § mm mm mm ™ 3 mm mm mm  mm § mm mm  mm -
- . R ge08 D'OH;-/-OI 09 De0f,~04 =08 D=0.*02 +05  D=0k=~03 e D=0}
29-Dec-00 0 50 29 2019 0 60 0 60§ 07 0 653 0D 653103 01 ™M 0 M8 0 04 94aB 0D M3 0 0 W5 D 945)] 060
30-Dec-00 0 52 30 30§20 0 670 670§ 08 0 640 G48) 03 118 NS 29 0 112 964 052 0 22 956 835) 068
31-Dec 0O 0 44 26 3019 a 651 651307 0 638 638) 03 08 026 98 0D oS 960 956 0o 17 M0 823) 067
01-Jan-01 24 22 13 22 74 158 B67 00§ 05 B84 ™1 707302 38 999 b D 11 M3 058 0 15 aya M) on2
02-Jan-01 3 27 16 27§18 17 711 60407 232 717 sasj o3 29 977 48] 0 10 96 58] 0 14 wo M6 om0
03-Jan- 01 0 50 29 2019 a 678 67507 o8 678 673 03 18 M9 832 0 oa 975 958 0o 12 924 MN2) 069
04-Jan-01 0 56 33 3 0 653 653 ) 08 0 M5 665)] 03 08 028 99 0 o8 967 958 0o 10 918 %8 ) 068
0% Jan.01 0 87 33 3y 22 a 632 632) 08 0 657 6571 03 04 M6 92 0 05 962 957 0 09 913 904 ) 087
06-Jan-01 0 73 43 4328 0 604 80411 0 645 645 ] 04 01 07 W7 0 04 957 93] 0o o7 909 901 ] 088
07-Jan-01 0 52 230 30§20 o0 %92 o84 ww2jon 0 2 &30 w2j03 o0 19 003 Mol 0 03 w28 950 928 O 06 855 899 B55) 08)
08-Jan 01 20 36 21 36] 23 58 54 s oe 0 08 608 | 04 D4 M5 91 0 13 132 W2 0 14 869 869 | 087
09-Jan 0 5 48 28 anja3r 14 707 s03f 12 0 811 611J0s o 006 206 0 0 932 2] o 0 B9 869 | 087
10-Jan .01 0 41 24 2418 0 678 678) 06 0O M5 6050z o 903 03] 0 (] 932 2] o 0 B9 889 | 088
11-Jan-01 D 38 22 224 0 663 esajos 0 9 sesjoz o 901 %01 0 (] M2 w2 o 0 869 869 | 088
12-Jan.01 0 78 45 45030 0 671 634 671011 0 604 588 604 ] 05 O 48 Ao M8 0 D 948 932 asfl o 0 97 869 %7)] 067
13-Jan-01 25 82 36 62] 40 148 857 708 ) 15 44§ 737 a01 ) 06 33 e Ma] 0o o9 e81 058) o0 10 916 97| on
14-Jan-01 3 24 14 24018 7 711 wa) 08 22 02 68002 24 w7 2] o o9 w2 s8] o 09 916 6| 070
15-Jan 01 0D 43 286 25018 o 677 677§ 06 02 674 672§ 02 15 M2 271 o o7 e72 s8] o0 09 014 205| o860
16-Jan-01 D 45 26 26017 0 660 60f 06 0 66 666 ) 03 o8 wa 7] 0 08 w5 058 0 08 e11 03| o068
17-Jan-01 D 40 23 2318 o 648 sa5) 08 0 60 660 02 04 g1a 911 0 08 w1 056 0 o7 %08 901| o867
18-Jan-01 1 72 42 712)] 47 0 6860 680§ 14 0 42 642) 07 0 903 %03 0 04 L L 0 08 WS 9| osy
19-Jan 01 5 46 27 4630 0 660 677 6600 11 0 568 631 568 05 0 506 899 %06)] 0 03 907 ™0 07| 0 05 85 807 850 068
Symbols:
BD  bulk density ETa mtermediate value n the ET calculation s degree of satluration for the rool zone
f porosity D,  wvertcal dranage C coefficent in the D, calculation used when s
DUL drained upper kmat 0y  measured soill water conlent for the undertying layer is > 0.71
P ran‘all 0 daly measured'estimated soil water content ¢ coefficient in the D, calculation used when s
ETo FAO Penman Monleith reference 0.y inermmediale value in the O calculation (when for the undertying layer is s 0 7f
evapotranspwation 0, s reporied 0., s replaced by the final O
ET  veld grass evapol-anspiration estmate which is used for comparison 1o 0,,)
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Methodology

Table46 Results of statistical test of model performance for & at P202 for five

horizons -
_ Measunng depth (mm)

Parameter 180 450 790 1080 1390
n 234 234 234 234 234
D-index 0985 088 054 080 089
MAE (mm) 480 456 303 213 207
RMSE (mm) 667 654 487 326 324
RMSEs (mm) 008 0.51 084 1.51 1.18
RMSEu (mm) 662 692 450 289 302
R 080 0.70 0.78 085 081

4.7 Digital photographs
Digital colour photographs were taken of each profile and master honzon, with a
Sony MVC-FD83 digital camera. Photographs were cropped to remove shaded
areas. the measuring tape, grass and other foreign matter from the photo. This
photographic “sample” of each horizon was used in further calculations.

An attempt was made to classify the digital photograph into diagnostic red, yellow
and grey colours (Soil Classification Working Group. 1991). Analyses of colour
photographs were done using ArcView's SpatialAnalyst extension (ESRI. 2000).
Digital photographs. however, use RGB notation (Poynton, 1999), while soil colour
definitions are in Munsell colour notation (Soil Classification Working Group, 1991).
The transformation between Munsell and RGB is discussed in section 2.6.

Calculated RGB values did, however, not correspond to the actual RGB values of a
photographed Munsell hue sheet. There does, however, exist a good correlation
(R? = 0.99) between calculated and actual RGB values for the 7. 5YR Munsell hue
sheet (Figure 4.10)

Red = 009238x-3724 R‘=099 (4.18)
Green = 0.9975x - 3898 R*=008 (4.19)
Blue = 09841x-3574 R*=099 (4.20)

Bartlett's test (Snedecor & Cochran, 1989) was done to determine the difference
between the regression lines of Red, Green and Blue, determined by calculation and
photography. The values are significantly higher than 3.12 - indicating that the lines
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differ at the 395 % confidgence level (Table 4 7). The slopes and the Y-intercept also
differ for the three eguations

Table 47  Bartlett's test results (Snedecor & Cochran, 198%8), measuring the
homogeneity of error variance in regression lines of calculated vs
photographed Red. Green and Blue. Y-intercepts and slopes

- Red Green Blue
regression lines 24 68 20 61 322
y-intercept 15.88 3568 6.30
slope 13.18 1712 751

Lighting influences the colour of the object (Melville & Atkinson, 1985), but for all
three colours this correlation seemed to be independent of lighting source when
indirect indoor sunlight, direct sunlight shaded sunlight and neon light were tested
(Figure 4.11, Figure 4,12 and Figure 4.13). It is therefore proposed that analyses of
digital photographs can be compared. irespective of the ighting conditons. It 1s
however, imperative to correct the Munsell colour co-ordinates for instrument

deviations from the calculated values. using the above equations

There exists an exponential relationship between scanned and calculated RGB
values for the 7 5YR hue sheet (Figure 4 14) It i1s not certain why this is. but it
should be clear that there would be different results between the analyses of digital
photographs and scanned optical photographs. This relationship was not studied in

more detail. because all photographs in this study were made with a digital camera
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Figure 411 The relationship between calculated and photographed Red values of

the 7.5YR Munsell hue, in different light sources.




The relatonship between soil water regime and soll profile morphology

—
Diffuse light
-
LLJ
n hgh
200 Neon lght

175 Diffuse

w

o
o 1 s -
g '9¢ Dwrect sunlight
A
oS-
£
ol 100
- VN
Jse hght
oU n hight
a euinlinht
R JSe sunig
Fis

-
o LwreCt sunight

25 50 78 100 125 180 175 200 225

on
L4 )

Caiculated Green

Figure 4.12 The relationship between calculated and photographed Green values of
the 7.5YR Munsell hue, in different light sources

Diffuse lignt y=0646x-304

R
P Neon light y=0640x-317
R

“=00ac
175 Diffuse sunlight y=102x-37%
R:=0D0G8
8 150 Direct sunkight =103x-429
3
e
S 125
=
£
T 400
7S o Diffuse light
y e lald
. a Neon hght
o & Diffuse sunlight
o] - Dire~t cunhinn
& wl UG
: 25 S S 100 125 180 175 00 225  25(

Calculated Blue

Figure 4 13 The relationship between calculated and photographec Blue values of
the 7 SYR Munsell hue in different light sources

.-




p—
Green y = 31 5¢° %™
R*=0.09
200
175 Blue yw= 322e""™
o R?=085
z 150 a Red y = 31 5¢°
§ 125 R =0.98
% 100
75
50 N an . Rad
25 o Green
s Blue
0

0 25 S0 75 100 125 150 175 200 225 250
Calculated RGB

Figure 4.14 The relationship between calculated and scanned Red, Green and Blue
values of the 7. 5YR Munsell hue.

4.8 Interpretation of digital photographs
The biggest challenge in interpreting digital photographs is the difference in colour
notation systems. As discussed previously, digital photographs are in RGB notation
This results in three values that need to be evaluated to determine the eventual
colour. Furthermore, there exists an overlapping relationship between RGB and the
diagnostic colour definitions of the Scil Classification Working Group (1991)

The distribution of diagnostic red. yellow-brown and grey colour classes as defined
for the red apedal B, yellow-brown apedal B and E horizons (Soil Classification
Working Group, 1991), plotted against Red and Green (RGB notation) are given in
Figure 4.15, Figure 4.16 and Figure 4.17. Only Red and Green gave a meaningful
differentiation between the diagnostic red, yellow-brown and grey classes. Two
empirical ines were drawn to differentiate between grey and yellow and between
yellow and red (Figure 4.15). The equations are listed below

Between grey and yellow: Green=088"Red -5 (4.21)
Between yellow and red. Green =0.78 * Red - 11 (4.22)
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Figure 415 The distribution of diagnostic red, yellow-brown and grey colour classes
(Soil Classification Working Group. 1991), when plotted against Red
and Green (RGB notation). The two lines are used to differentiate
between the grey and yellow-brown and between yeliow-brown and red
colour classes

Because there i1s not a 11 relationship between calculated RGB and photo RGB
values (section 4.7), equations 4 23 and 4.24 can now be derived by substitution of
equations 4 18 and 4.15 into equations 4 21 angd 4 22

Photo Green = 0.95 * Photo Red - 3.7 (4.23)
Photo Green = 0.85 * Photo Red - 9.7 (4 24)

Black was calculated as those cells which had Red and Green values less than 75
These included shaded areas as well as manganese mottles and concretions. This
1s unfortunate. but unavoidable at this stage Black was eliminated to remove the

effect of shadows on the photograph
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Figure 4. 16 The distribution of diagnostic red. yellow-brown and grey colour classes

(Soil Classification Working Group, 1991) plotted against Blue and
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(Soil Classification Working Group, 1991) plotted against Red and Blue
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Using equations 4.23 and 4.24 to classify RGB colours into diagnostic red, yellow-
brown and grey classes resulled in an 18.7% (44 out of 235) miscalculation of the
Munsell chips defined by the Soil Classification Working Group (1991). The
classification is, however, a significant improvement over visual determinations, as
human perceptions of colour can greatly differ (Melville & Atkinson, 1985). There
was, however, little change in the amount classified into the diagnostic red, yellow-
brown or grey classes (Table 4.8). Only photographs taken in the dry state were
used in the calculations. The result of the application of equations 4.23 and 4.24 to
classify a digital photograph of the soft plinthic B horizon of P229 is given in
Figure 4.18.

Table48 Number of Munsell chips defined as diagnostic red, yellow-brown and
grey class (Soil Classification Working Group, 1991) by calculation from

RGB-values - 7

Defined Calculated
Red 82 81
Yellow 95 97
Grey 58 57
Total 235 235

S : 3 .
»t NIHy ‘ R il
Figure 4.18 Result (right) of the application of equations 4.23 and 4.24 to classify a
digital photograph (left) of a soft plinthic B horizon, using ArcView

SpatialAnalyst (ESRI, 2000).

49 Summary
The study site was selected mainly due to the availability of a large quantity of
relevant data. Methods used were kept standard, except for the development of the
photograph interpretation procedure.
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Daily soil water contents can be calculated, using the soil water balance eguation
and weekly neutron water meter measurements. This served to improve the
estimations of the annual durations of water saturation,

These initial results show promise for the use of digital photographs to be used as a
versatile, reproducible, objective, quantitative, reliable and unintutive tool for the
analysis and interpretation of soil colour. The technology to do this is not yet refined
and requires substantial user input. It does. however, enable users to objectively
analyse and interpret soil colour features. The following equations can be used to
differentiate between diagnostic grey, yellow-brown and red:

Photo Green = 0.95 * Photo Red - 3.7 (4.25)
Photo Green = 0.85 * Photo Red - 9.7 (4.26)

Initial results indicated a 19 % misclassification, but represented a significant
mprovemént when compared to visual methods. Camera and lighting differences as
well as the relationship between colour notation systems should receive further
investigation. Results of this technique, applied for each horizon, tested against

published techniques and correlation with soil water regime are discussed in
chapter 6.
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5 SOIL PROFILE AND WATER REGIME CHARACTERIZATION

5.1 Introduction
The aim of this chapter is to describe the morphological. chemical and physical
charactenstics of the 28 soil profiles. The profile descriptions and analytical data for
each profile are presented in Appendix A.

Soil redox reactions are driven by the presence or absence of water. In an aerated
environment there is normally sufficient oxygen available to supply the respiratory
demand of microorganisms. As the soil becomes increasingly more saturated, a
point is reached where insufficient oxygen is available for microorganism respiration.
Some microorganisms then utilize other electron acceptors (e.g. Mn**, Fe) during
respiration. This causes the reduction of these elements, their mobilization and
redistnbution, and an associated reduction in the redox potential of the soil. These
elements have a marked and clearly visible influence on soil colour. The influence
on soil colour is also dependant on their state of oxidation. The long term soil water
regime is therefore important in any study aiming to relate soil water content to soil
morphology. The aim of this chapter is to characterize the long term soil water
contents of the profiles studied

The soil was deemed to be sufficiently saturated, for redox reactions to occur, if the
degree of saturation was above 0.7 of porosity. This fraction was chosen as a first
approximation, based on the following observations. First, expenence has shown
that the drained upper limit (DUL) of a soil is generally around 06 of porosity
(Hensley, 2002 personal communication). Since it is reasonable to expect that
reduction reactions will only occur to a significant extent above DUL, the critical value
for this study needs to be > 0.6 of porosity. Secondly, a study of the degree of water
saturation versus time graphs in Appendix A provides the following evidence that 0.7
of porosity is a reasonable first approximation: (a) in horizons that are known to drain
rapidly, e g the first two horizons in profiles 201 and 210, the water content only
exceeds 0.7 of porosity for very short times and normally occur during periods of
heavy rainfall. (b) the inflection point in the “water loss” (i e. drainage + ET) curves
of these rapidly drying horizons is always well below 0.7 of porosity, indicating that

DUL is < 0.7 of porosity. (c) in horizons that are known to be very wet eg. G
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horizons in profiles 204, 205, 208 and 209, the water content exceeds 0.7 of porosity
for long penods

A summary of mean ADy.q7. Fesp7 and Dy 7 values are given in Table 5.1 Annual
values for AD;.q 7. frequency of saturation above 0.7 of porosity (Fs.q ) and annual
and mean duration of saturation events above 0.7 of porosity (Dy.q7) are given in
Appendix B. Measuring depths frequently deviate from the original sequence of 150
450. 750 mm etc. because the access tubes penetrate slightly deeper into the soil

over time due to frequent readings with the fairly heavy neutron water meter

Table 5.1 Mean annual duration of $>07 (AD,.s;). mean freguency of s>07
(Fs»07) @and mean duration of s>0.7 events (Ds.q7) for profiles 201 to
237, based on estimated daily soil water contents (section 4 6.6) from
01/07/1897 until 30/06/2003

Profile Depth Diagnostic AD,.c- Feoor Dy s*
~No (mm) horizon days year events year days event
201 1680 ot < 1 3
450 gs 24 5 S
760  sp g3 3 32
202 190 ot 1 1 1
450 ye 2 4 1
790 ye 234 2 130
1090 on 385 1 318
B 1390 on 385 - 1 321
203 180 ot 1 1 KB
450 ne 5 K 1
790 ne 6 5 1
1090 on 135 B a3
_ 13%0  on 100 SR,
204 220  otgs £ 3 2
§20 sp 124 3 37
820 gh 251 2 143
120 gh 365 1 365
205 230 ot 3 [ C
5§30 3s 47 ¢ 10
830 gh 244 3 87
1130 gh 365 1 286
1430 gh 385 1 334
205 170 ot 313 1 30
470 gs 3£5 1 304
770 gs 365 1 316
1070 gh 365 1 365
207 180 ot 187 g 2
480 sp 230 2 87
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Depth Diagnostic  AD,..: Fes- Duct
(mm)  horizon  days year events year ' days event '
205 ot 180 2 85
505 gs 133 g 21
B80S gh 1656 8 30
1105 gh 365 1 365
1405 gh 365 1 385
230 ot 213 5 43
530 ot/gh 285 2 178
190 ot 1 1 1
490 ot 45 6 8
780 re 109 7 1
1080 re 357 2 171
1380 on 170 3 57
200  otgh 215 7 29
500 gh 363 2 227
800 gh 357 1 267
1100 gh 365 1 »5
200 ot 3 2 1
500 ne 0 0 0
800 ne 1 2 1
1100 ne 1 2 1
1400 on 4 8 1
180 ot 171 13 13
480 ot 218 7 32
780 gh 205 5 43
1080 gh a3 2 208
1380 _gh 358 2 - 236
200 ot 201 5 v
500 gh 292 7 40
800 gh 360 2 236
1100 gh 365 1 385
1400 gh 365 1 385
175 ot 81 10 8
475 ot 152 16 10
775 e 0 0 0
1075 on 7 1 "
1375 on 300 4 67
140 ot 9 1" 3
440 re 1 1 1
740 e 0 0 2
1040 e 1 1 17
1340 on 10 1 13
180 ot m 1" 15
480 ne B0 7 12
780 ne 164 5 34
1080 on 365 1 334
220 ot 38 B 4
520 gs 155 3 49
820 gs 21 2 49
1120 sp 220 3 73
1420 $0 255 2 149
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~Profile  Depth Diagnostc AD,.-+ F, Duc®
No mm honzon days year events year days event
226 190 o 268 e 71
490 gs 3150 2 170
790 - 152 1 253
1000 g 185 1 385
1380 gh 365 1 385
22% 225 ot 234 3 -
525 ol/gs 359 2 215
825 as 52 2 234
1128 gn 185 1 165
230 150 ot 195 11 18
450 5o 82 g 18
750 g" 312 p. 131
1050 gn 55 1 365
1350 o 85 1 85
231 150 ot 191 7 28
450 sp 15 4

b

790 gh
1050 gn
1350 gn
232 230 ot

530 gn
830 gn

[ N N
0N O,
oD

Lo

W W
O,
oo O O

@ ol
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~

1430 gn

.
»
J
]
<«
J
W w N

s OO

Ao OO O OPDOVDWLW O

j|=s = DU 2O 200
W
o

233 190 ot 3
450 ye 2 3
790 r 38 334
1090 on 35 385
1390 on 35 355
234 210 ot 2 3
510 ot 25 7 4
810 ye &8 9 S
1110 D 287 2 155
1410 on 322 1 229
235 185 ot 178 5 28
485 o 185 2 232
785 ot 365 1 287
1085 gh 365 1 365
1385 gh 365 1 385
236 190 ot 156 O T
490 ot 288 3 88
780 gh 365 1 323
1080 ah 365 ' 185
1390 ah 385 1 85
237 210 ot 53 8 7
510 sp 100 2 40
810 sSp 186 2 a7
1110 on 365 333
1410 on 365 1 385

* 0, :5,75 event ), was calculated as days year \ F events yearr
Because these values represent averages caculated over six years and have
been rounded 1o whole numbers F « X D,.« » does Nt always equal AD
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5.2 P201 (Longlands 2000)
521 Morphology

The profile is situated in an upper midsiope position, with a slope of 10 %
(Figure 3.3). It has a coarse sandy loam texture throughout the profile. The clay
content increases and then decreases from9-12-13-11% fromthe Atothe E. B
and C horizons. The profile description and analytical data for this profile are given in
Appendix A Tables 1 and 2. The profile can be classified as Albic Hypodistric
Arenosol (ferric) (FAO. 1988b) or Aeric Endoaguents (Soil Survey Staff, 1998). The
brown (10YR4/4) orthic A horizon (0-430 mm) overlies slightly lighter, redder dull
orange (7.5YR6/4) E (430-730 mm) and soft plinthic B horizons (730-980 mm) on
light yellow orange (10YR8/4) to light brownish grey (7.5YR 7/2) to brown (10YR4/8)
saprolite.

522 Chemical properties
PHwaer and pHyc, are somewhat constant throughout the profile, decreasing slightly
from 473 and 4.54 in the topsoil to 4 14 and 4 52 in the bottom of the profile
(Figure 5.1). pHwaer and pHge differ only shightly from one another, indicating very
little reserve acidity (Brady & Weil, 1996) in this profile.

0

L]
~ 250 j‘ ot
3 $
~ 500 I' - - =DHwater
g ’,' gs —e— HKCI
G 750 4r
R -
1000 =

35 45 55 65 75

pH
Figure 5.1  pHyume and pHxg for P201 (Longlands 2000).

Base saturation (BS) decreases from 44 % in the topsoil to 15 % in the E and then
increases to 25 % in the lower soft plinthic B horizon (Figure 5.2). The decrease is
associated with a continuous decrease in sum of bases (S) with depth in the profile
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Figure 52 Distnbution of organic carbon (OC. as a percentage) and base
Saturation (BS, as a fraction) in P201 (Longlands)

Total Fe content (CBD extractable Fe) is fairly constant at 4 510 to 6 875 mg kg™
throughout the profile (Figure 5.3). The peak occurs in the lower part of the E
horizon, just above the soft plinthic B. It therefore seems that maximum Fe
accumulation in the soil matrix (excluding concretions >2 mm). is not in the soft

plinthic B, but rather just above it (Figure 5.3)

= 0
! N |
P . ¢ 250 / o ‘
,F . E -
= 50 N R . f 500 . ~ .
A ¢ as s -
5 . 3 S i |
50 % e - ol — =
» P | » 10 ‘
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500 30000 45000 500 1000 500 2000
Fe mg g e
o B
Figure 5.3 CBD extractable Fe (A) and CBD Fe clay rato (B) for P201 (Longlands
2000)

523 Physical properties
There is @ systematic increase in clay content from 7 to 14 %. with depth throughout
the profile (Figure 5 4). A slight decrease occurs at 100 to 300 mm in the A hornzon
If a uniform parent matenal is assumed more clay removal has taken place from the

A than from the E. or luviation played an important role in the genesis of the profile
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This hypothesis supports the borderline colour of the E horizon as being a borderline
E / yellow-brown apedal B horizon. There is a marked decrease in silt content at the
boundary between the A and the E horizon This probably indicates a lithological
discontinuity, as the sand content increases correspondingly.

0 -
{ a )
-~ 250 .
E » 4 - «a= = Sa
- .
fi 500 e s f —— Si
3 ) a —_—
750 i
' Ll
1000 2 -
0 10 20 30 40 50 60 70 80
Content (%)
Figure 54 Particle size distribution of the fine earth fraction of P201 (Longlands

2000).

524 Hydrology
Mean AD.. ; values increase with depth (Figure 55). On average, for the E horizon
(430-730 mm) s>0.7 events occurred 5 times during the year. with each event
lasting 5 days. The mean AD,.;; value is 24 days year ' It ranged from O days in
2002/03 to 142 days in 1999/2000, when the highest annual rainfall during the
measunng pernod was recorded.

Dept ()

gs

&p

° 20 40 60 80 100
AD, ., (%)

Figure 55 Mean AD,.q» values based on estimated daily soil water contents, for
the three measuring depths at P201 (Longlands 2000)
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In the soft plinthic B honzon (730-980 mm) s>0.7 events were less frequent (3 times
year'). but for a much longer total mean duration of 32 days per event The total
duration of the s>0.7 is therefore longer (83 days) than in the E horizon (24 days)
The longer s>0.7 events in the soft plinthic B can be expected, given the presence of
the underlying relatively impermeable saprolite, which impedes further vertical
drainage. Although no water measurements are available for the saprolite honzon, it
is expected that the horizon is saturated for longer periods than the soft plinthic B
horizon

The results indicate adequate hydraulic conductivity in the profile. The underlying
saprolite. however. forms an impervious layer. resulting in accumulation of water in
the overlying horizons, resulting in redox conditions, leading to the formation of Fe
motties. Rapid lateral drainage in the E horizon results in these being fewer and less
prominent than in the underlying horizon. Slower lateral drainage from the soft
plinthic B hornizon results in increased saturation and reduction, leading tc the
redistnbution of Fe and Mn and the formation of many prominent Fe oxide motties

5.3 P202 (Pinedene 1100)
§3.1 Morphology

The profile i1s situated in an upper midsiope position. with a slope of 17 %
(Figure 3 3). It has a medium sandy loam texture in the A and B horizons, with a fine
sandy loam texture in the two C horizons. The clay content increases systematically
(10 - 18 - 20 - 25 %) down the profile. The profile description and analytical data for
this profile are given in Appendix A, Tables 3 and 4. The profile can be classified as
Gleyic Orthi-distric Cambisol (FAQ, 1898b) or Aquic Ustipsamments (Soil Survey
Staff. 1989). The orthic A horizon (0-400 mm) has a dull yellowish brown (10YR4/3)
colour. The yellow-brown apedal B honzon (400-820 mm) is brighter and lighter
(bright brown. 7. 5YRS5/6) in colour. The unspecified material with signs of wetness is
light grey, 10YRS8/2 in the C1 (820-890 mm) and pinkish white (2 5YR8/2) in the C2
(990-1500 mm). Soil colour therefore becomes paler (value increases) with depth

532 Chemical properties
PHwaer and pHxg are constant throughout the profile (Figure 56). pHwue ranges
between 4 44 and 4 67, while pHyc ranges between 4.00 and 4 25 The difference
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between pHyuer and pHyc (almost half a unit) indicates more residual acidity in this
profile. than was the case with P201 (Longlands 2000)
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Figure 56 pHwme and pHgg for P202 (Pinedene 1100)

Base saturation increases from 35 % in the A horizon to 74 % in the lower
unspecified material with signs of wetness (Figure 5.7). This is associated with an
increase in basic cation concentration that more or less follows the increase in
CEC. and a small increase in the clay content
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Figure 5.7 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P202 (Pinedene 1100)

Total Fe content increases from 4 372 mg kg™ in the A horizon to 7 045 mg kg™ in
the B horizon (Figure 5.8). It then increases sharply to 15 600 mg kg™’ in the upper
unspecified material with signs of wetness, before dropping to 6 347 mg kg™’ in the
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lower half. It 1s therefore an indication of active Fe accumulation in the upper
unspecified matenal with signs of wetness (Figure 5 8)
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Figure 58 CBD extractable Fe (A) and CBD Fe clay ratio (B) for P202 (Pinedene

1100)

5.3.3 Physical properties
Clay content (Figure 5 9) in the A (10 %) is much less than in the B horizon (16 %)
The B horizon qualifies as a luvic B. The clay content increases further from the B to
the C1 (20 %) and C2 (25 %) horizons. There is alsc a marked increase in silt
content from the B to the C1 horizon. The increase in clay and silt content probably

results in decreased hydraulic conductivity. promoting reducing conditions
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Figure 58 Texture of the fine earth in P202 (Pinedene 1100)

534 Hydrology

This profile i1s characterized by a very dry orthic A honzon. dry to vanable degree of

saturation in the yellow-brown apedal B. and almost constant s > 0.7 conditions in the
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Soil profile and water regme charactenzation

unspecified material with signs of wetness (Figure 5 10). Very few s>0.7 events were
recorded in the A horizon. It therefore seems that short durations (< 7 days) of s >
0.7 events are responsible for the grey colour in the orthic A honzon. This is
probably as a result of the high organic carbon content, which gave rise to reduced
conditions, even at short periods of wetness. Two NWM measuring depths (450 mm
and 750 mm) are located within the yellow-brown apedal B horizon. At 450 mm the
mean AD,.; ; value is 2 days year™

8
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Figure 5.10 Mean AD,.q7 values based on estimated daily soil water contents, for
the six measuring depths at P202 (Pinedene 1100).

At 750 mm the yellow-brown apedal B horizon had a mean AD;., ; value of 234 days
year'. The AD,. 7 varied from 194 days in 1999/2000 to 361 days in 2000/01. The
frequency of s>0 7 events is therefore low (2 times year™'). One third of the NWM
measuring volume at 750 mm lies within the upper part of the C1 horizon. It can
therefore be expected that water content will be over estimated as far as the yellow-
brown apedal B 1s concerned, mean AD,.; 7 also corresponds much better to that of
the underlying C horizons. If the measurement is assumed to be correct it would
indicate that horizons situated deeper in the soil profile (less organic matter and
possibly less micro organisms) can be saturated for longer periods before it impacts
on the morphology. This is possibly due to the lower organic carbon contents in
these horizons, providing less substrate for microorganisms and therefore resulting in
less reduced conditions, even at longer periods of ADs.q 7

In the unspecified material with signs of wetness (1050, 1350 and 1650 mm
reading depths) s > 0.7 was almost continuous, giving a mean AD;.; 7 value of 365
days year ' and mean F,.q 7 of less than once per year
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This profile 1s characterized by an almost continuous s > 0.7 in the horizons deeper
than 600 mm. There are no s>0.7 events in the A, and minimal (2 days year ') in the
B1 horizon. The increase in AD,.g 7 corresponds to an increase in Munsell colour
value, clay content and a decrease In the medium and fine sand fractions. It is
postulated that water drains fast laterally above the C horizons and that the C
horizons drain very slowly due to their high clay content and high bulk density. This
is supported by the pH and base saturation that is lower in the yellow-brown apedal B
horizon and higher in the unspecified material with signs of wetness

54 P203 (Tukulu 2100)
541 Morphology

The profile 1s situated in an upper midsiope position, with a slope of 14 %
(Figure 3.3). It has a coarse sandy loam texture except for the B horizon which has
a medium sandy loam texture. The clay content increases (10 — 13 - 14 - 28 %)
down the profile. The profile description and analytical data for this profile are given
in Appendix A, Tables S and 6. The profile can be classified as Gleyic Hyperdistnc
Arenosol (FAO, 1988b) or Aquic Ustipsamments (Soil Survey Staff. 1998) The orthic
A (0-380 mm) has a dull yellowish brown (10YRS/3) colour. The neocutanic B
honzon and the upper unspecified material with signs of wetness (C1) have a dull
orange (7 SYR7/4) colour. The lower unspecified material with signs of wetness (C2)
has a ght grey (7 SYRB8/2) colour

542 Chemical properties
PHwaer INCreases shightly from 4.25 in the topsoil to 4 82 in the subsoil. while pH«c
increases from 406 to 417 (Figure 5.11). The increase in pH as well as the
increased difference between pHuaer and pHxa 1S most probably linked to the
increase in base saturation down the profile. The mean pH in this profile is similar to

that in the previous two profiles
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Figure 5.11 pHyme and pHgg for P203 (Tukulu 2100).

Base saturation increases from 23 % in the upper A horizon 10 41 % in the lower A
horizon (Figure 5.12). It then decreases to 19 % in the B horizon and increases to 69
% in the lower unspecified matenal with signs of wetness. This pattern is determined
by the CEC distnibution in the profile, rather than the sum of basic cations which is
constant at approximately 1.0 cmol. kg™ in the profile. only increasing to 4.1 in the
lower unspecified matenal with signs of wetness (Figure 5.18)

0
.:.\’ ot
250 ‘.
-
E— 500 e - == «0OC
£ /3 o S
a 750 1
o .\'
1000 | <o on
1250 L& —
00 02 04 06 08 10

(%)
Figure 5.12 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P203 (Tukulu 2100)

Total Fe content increases from 4 839 mg kg™ in the topsoil to 8 100 mg kg™' in the
subsoil (Figure 5.13). There is a slight accumulation of Fe in the middie of the
neocutanic B horizon, indicating some plinthitisation in the horizon (Figure 5.13).
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543 Physical properties
The clay content stays fairly constant (£ 11 %) throughout the A and B honzon
except for the very low (3.7 %) clay contents over the first 100 mm (Figure 5.14)
This is probably due to the desert pavement-like feature observed on the surface of
the first four profiles, situated on the upper Elliott sandstone shelf. The clay content
then sharply increases to the C, which has 28 % clay. There is @ marked decrease in
silt content at 350 mm. corresponding with an increase in the sand (primarily medium

and coarse sand) content. This might indicate a lithological discontinuity
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Figure 5.14 Texture of the fine earth in P203 (Tukulu 2100)

544 Hydrology
An average of one s > 0 7 event per year (Figure 5.15) were recorded at the orthic A
horizon (190 mm), and four events per year at the orthic A / neocutanic B transition
(490 mm). At 790 mm (in the middie of the neocutanic B) the mean AD,..; value
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was 6 days year”'. The AD,.q7 values ranged from 1 day in 1997/98 to 20 days in
1999/2000. These occurred as 5 s>0.7 events, lasting 1 day each In the
unspecified material with signs of wetness at 1 090 mm the mean AD,.¢ 7 value was
135 days year™' These took place in 4 s>0.7 events, and lasted 33 days each. In
the unspecified material with signs of wetness (1 390 mm) the mean ADs.;; value
was 100 days year™'

Depth (rmm)

on

0 20 40 S0 80 100
AD,.,; (%)

Figure 515 Mean AD;.7 values based on estimated daily soil water contents,. for
the six measuring depths at P203 (Tukulu 2100)

The high clay content and high bulk density in the C2 probably restricted vertical
water movement. causing a high AD,.o7 value in the C1 horizon. This wetness
probably extended into the overlying neocutanic B honzon dunng wet spells. The
result of extended s > 0.7 events in the C1 horizon is evidenced by the occurrence of
many Fe oxide mottles

5.5 P204 (Longlands 2000)
551 Morphology
The profile is situated in a footslope position, with a slope of 8 % (Figure 3.3). The
orthic A horizon has a loamy medium sand texture, and the rest of the profile a fine
sandy loam texture, except for the G horizon which is a coarse sandy loam. The clay
content increases (8 - 10 - 14 - 30 %) cown the profile. The profile description and
analytical data for this profile are given in Appendix A Tables 7 and 8. The profile
can be classified as Stagnic Hyperdistric Gleysol (ferric) (FAO, 1988b) or Aenc
Albaqualfs (Soil Survey Staff, 1899). A greyish brown (7.5YR6/2) orthic A horizon
(0-140 mm) overlies an orange (7. 5YR7/5) E (140-300 mm) on a lght grey
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(10YR8/2) soft plinthic B (300-470 mm) on a light grey (10YR8/2) G horizon
(470-1 000 mm)

5§52 Chemical properties
PHwae 1S almost one unit higher in thig profile than in the previous three profiles. It
increases from 4.96 in the topsoil to 6 06 in the upper E horizon and then decreases
to 545 in the subsoil (Figure 5.16). A somewhat constant pHxa. varying between
4 .36 and 4 44 characterizes this profile
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Figure 5 16 pHuue and pHyc for P204 (Longlands 2000)

Base saturation increases with the CEC. but 1s lower in the E and soft plinthic B

horizons than in the A (Figure 5.17). This supports the classification of the E honzon
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Figure 517 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS. as a fraction) in P204 (Longlands 2000)
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Total Fe content increases from 3 360 mg kg™ in the A horizon to 7 145 mg kg™’ in
the E, 12 600 mg kg™' in the soft plinthic B and then decreases to 3 363 mg kg™ in
the underlying non-diagnostic unspecified material with signs of wetness
(Figure 5.18). The high total Fe content and Fe : clay ratio in the soft plinthic B is a
clear indication of Fe accumulation in this horizon.
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Figure 518 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P204 (Longlands

2000)

553 Physical properties
The clay content increases steadily from the A (8 %), through the E (10 %) to the soft
plinthic B (14 %) horizon (Figure 5.18). This indicates eluviation of clay from the A
and E horizons to the soft plinthic B horizon, and therefore supports the classification
of an E horizon. The sharp decrease in clay from the soft plinthic B to the upper part
of the C horizon is probably due to ferrolysis, which leads to clay degradation. This is
supported by the observed silans in the upper C horizon. From there, the clay
content rises sharply 1o 52 % at a depth of 500 to 1 100 mm, and then decreases 10
25 % below 1 100 mm. The sharp increase in clay content could be due to eluviation
from the upper horizons and upslope profiles, while the decrease is probably due to
lack of weathering
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Figure 5 18 Texture of the fine earth in P204 (Longlands 2000)

554 Hydrology
Mean AD,.; values increase with depth (Figure 5.20). similar but higher than that
observed in P201 (Longlands) At the orthic A/E honzon transition (220 mm) the
mean AD;. - value is 94 days year™'. with 3 s>0.7 events per year. each lasting 29
days. It seemed that this is the minimum duration of an s>0 7 event that would result
in rusty root channels in orthic A horizons. At the soft plinthic B/G horizon transition
(520 mm) the mean AD,.; ; value is 124 days year™', with 3 s>0 7 events per year
each lasting 37 days. For the unspecified matenal with signs of wetness (820 mm)
the mean AD,.o; value was 251 days year ', with 2 s>0 7 events per year, each
lasting 143 days. In the lower unspecified material with signs of wetness (1 120 mm)

mean AD,.; y was almost continuous (365 days year™ ')
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Figure 520 Mean AD,.;; values based on estimated daily soil water contents, for
the four measunng depths at P204 (Longlands 2000)
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The high AD,.;7 values in this profile resulted in the formation of Fe oxide mottlies
and a bleached colour. In the orthic A. where s>0.7 events are shortest, there are
only a few, fine Fe oxide mottles This increased to many in the E and common in
the soft plinthic B. The E, and soft plinthic B horizons alsc have a pale (10YR8/2)
colour, providing evidence that colourants such as Fe and organic matter have been
depleted.

This profile is located at the lower end of the upper shelf (Figure 3.3). Here the hard
Elliott sandstone (Figure 3.4) prevents downward movement of water. This results in
water moving laterally, slowly through the profile, before it cascades over the
sandstone shelf.

5.6 P205 (Kroonstad 2000)
§6.1 Morphology

The profile is situated in a lower midslope position. with a slope of 8 % (Figure 3.3).
It has a coarse sandy loam texture throughout the profile. The clay content
decreases from the A to the E horizon and then increases tothe G (13- 11-11-28
%). The profile description and analytical data for this profile are given in Appendix
A Tables 8 and 10. The profie can be classified as Gleyic Albic Plancsol
(hyperdistnc) (FAO, 1998b) or Aenc Albaqualfs (Soil Survey Staff, 1998) A dark
greyish yellow (2.5Y5/2) orthic A horizon (0-220 mm) overlies a yellowish grey
(2.5Y6/1) E1 (220-460 mm), on a greyish yellow brown (10YR6/2) E2 (460-660 mm)
on a light grey (2.5Y7/1) G horizon (660-1 400 mm).

562 Chemical properties
pPHuater increases from 5.38 in the topsoil to 5.87 in the subsoil (Figure 521). pHka
stays somewhat constant at 4 20 to 4 57 throughout the profile. The pHyg — value of
5.82 at a depth of 875 mm is most probably due to experimental error. The large
difference between pHwae and pHyxg indicates a large residual acidity in this profile
As in the case of profile 204.
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Figure 521 pHuwume and pHyg for P205 (Kroonstad 2000)

Base saturation decreases from 21 % inthe Ato 8 % in the E1 and E2, increasing to
34 % in the G horizon (Figure §22) The decrease in base saturation from the A to
the E supports the classification of the E, while the increase in base saturation to the
G supports its classification
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Figure 522 Distribution of corganic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P205 (Kroonstad 2000)

A~

Total Fe content is fairly constant at 4 500 to 5000 mg kg™' throughout the profile
(Figure 5.23). It is higher in the E1 horizon, with a maximum of 5 625 mg kg™’ and
lower in the E2 horizon. with a minimum of 3 865 mg kg~ The Fe content is variable
in the G horizon. with @ mean of 4 793 mg kg ' It therefore seems that some Fe

accumulation has taken place in the E1 horizon. while it has been depleted from the

E2 and from zones in the G horizon (Figure 5.23)
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Figure 5.23 CBD extractable Fe (A) and CBD Fe.clay. ratio (B) for P205 (Kroonstad
2000).

56.3 Physical properties
The texture pattem in this profile is remarkably similar to the previous profile. Clay
content (Figure 5.24) is fairly stable throughout the A (10 %), E1 (10 %) and E2
(13 %) horizons, but then sharply increases in the G horizon (28 %). The texture
pattern supports the classification of the E and G horizons, given the removal of clay
in the E and the accumulation thereof in the G.
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Figure 524 Texture of the fine earth in P205 (Kroonstad 2000)

56.4 Hydrology
Mean AD,.qy values increased down the profile (Figure 5.25), similar to the pattern
observed for P202 (Pinedene). In the orthic A horizon the mean AD,.o 7 value was 31
days year™', with a mean of 6 s>0.7 events per year, each lasting 5 days. In the E1
and E2 horizons the mean AD,. 7 value was 47 days year ' with a mean of 5 >0.7
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events per year, each lasting 10 days In the upper G horizon s>0 7 was 244 days
year' and continuous at the 1 130 and 1 430 mm measuring depths.
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Figure 525 Mean AD,.;; values based on estimated daily soil water contents, for
the four measuring depths at P205 (Kroonstad 2000Q)

The high clay content ancd high bulk density in the G horizon probably prevented
water from draining from the horizon. It might also be responsible for the
accumulation of water in the overlying A and E horizons The location of the profile
(Figure 3.3), on a little ridge also causes the A and E horizons to drain faster. The
presence of rusty pore coatings in the A, and common and many Fe oxide motties in
the E provide supporting evidence for the relatively high mean AD,.; ; value here,
compared to the surface horizons of profiles 201. 202 and 203. The bleached colour
as well as common Fe oxide mottles in the G horizon is an indication of the high
AD,.q 7 value in this horizon.

5.7 P206 (Kroonstad 1000)

57.1 Morphology
The profile is situated in a lower footslope pesition, with a slope of 7 % (Figure 3.3)
The orthic A and E honzons have a loamy texture. while the G horizon has a clay
loam texture. The clay content decreases from the A to the E and then increases to
the G horizon (21 - 17 - 38 %) The profile description and analytical data for this
profile are given in Appendix A (Tables 11 and 12). The profile can be classified as
Mollic Gleyic Plancsol (albic, endo-eutric) (FAQ. 1988b) or Typic Argialbolls (Soail
Survey Staff 1999). A brownish grey (10YRS/1) orthic A horizon (0-550 mm)
overlies a brownish grey (10YRS5/1) E (550-800 mm) on a brownish grey (10YR6/1)
G horizon (800-1100 mm).
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572 Chemical properties
PHwae I8 constant at 570 to 623 throughout the profile (Figure 5.26). pHka
decreases from 5.66 in the topsoil to 4.28 in the subsoil. The high pHuae In relation
to the previous profiles can be an indication of a cumulative pedological environment.
This is supported by the base saturation which is in excess of 50 % The widening
difference between pHyawe and pHyo indicates increasing residual acidity with depth.
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Figure 526 pHumer and pHxe for P206 (Kroonstad 1000).

Base saturation is practically constant throughout the profile, ranging between 50 %
in the A and 64 % in the E and G horizons (Figure 5 27). This profile does not have
the clear decrease in base saturation associated with the E horizon, which can be
observed in P201 (Longlands), P204 (Longlands) and P205 (Kroonstad).
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Figure 5.27 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P206 (Kroonstad 1000).
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Total Fe content decreases down the profile, from 7 975 mg kg™ in the topsoil to
1240 mg kg~ in the lower G horizon (Figure 5.28). The total Fe content decreases
markedly from a depth of 300 to 700 mm. pointing to an absolute removal of Fe from
the profile (Figure 5.28). This might point to erroneous demarcation of the E horizon
As was stated previously, the high organic matter content in A and E horizon partially

masked the presence of the E horizon
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Figure 528 CBD extractable Fe (A) and CBD Fe clay ratio (B) for P205 (Kroonstad
1000Q).

5.7.3 Physical properties
The clay content decreases from 22 % in the A honzon to 17 % in the E. and
increases to 38 % in the G honizon (Figure 5 29). The sharp decrease in clay content
at 30C mm might indicate that the lower boundary of the A honzon should be at this
depth. or at least that the 300 — 500 mm horizon is a transition between the orthic A
and the E honzon (the grey colour could be masked by the presence of large

amounts of organic matter). The increase in clay content from the E to the G is

consistent with the classification
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Figure 529 Texture of the fine earth in P206 (Kroonstad 1000).

574 Hydrology
The water content of almost the whole profile is above 0.7 of porosity for the entire
year (Figure 530). The frequency of s>0 7 events is therefore once per year, and
the mean AD;.q 7 value is 365 days year .

0 20 40 60 5 100
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Figure 530 Mean AD,.;; values based on estimated daily soil water contents. for
the four measuring depths at P206 (Kroonstad 1000).

The high AD;.; 7 value in this profile is attributable to the fact that it is situated in a
small seep (Figure 3.3). Water from the higher lying soils therefore flows through this
profile. Extended wetness has resulted in the accumulation of organic matter in the
profile. especially at the soil's surface where 4 4 % organic carbon was measured.

107




The relationship between soil water regme and soil profile morphology

5.8 P207 (Westleigh 1000)
£81 Morphology
The profile is situated in a valley bottom paosition, with a slope of 5 % (Figure 3 3)
The orthic A as well as the B1 and B2 soft plinthic B horizons have a silty loam
texture. while the underlying unspecified material with signs of wetness has a clay
texture. The clay content increases from the A to the B1, decreases to the B2 and
then sharply increases to the unspecified matenal with signs of wetness (23 - 24 -
19 - 48 %). The profile description and analytical data for this profile are given in
Appendix A, Tables 13 and 14 The profile can be classified as Gleyic-stagnic
Albeluvisol (ferric, hyperdistric) (FAO, 1898b) or Aeric Albaqualfs (Soil Survey Staff,
1999). A greyish yellow brown (10YR6/2) orthic A horizon (0-300 mm) overlies a dull
yellow orange (10YR6/3) soft plinthic B1 (300-560 mm) on a light grey (10YR8/1)
soft plinthic B2 (560-670 mm) on a light grey (10YR8/2) unspecified matenral with

signs of wetness (§70-1 300 mm)

582 Chemical properties
PHuwaee increases with depth, from 535 in the topsoil to 6.36 in the subsoil
(Figure 5.31). pHkc vanes slightly from 4 .07 to 4 46 throughout the profile. The pH
pattern is similar to that of profile 205 (Kroonstad 2000)
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Figure 531 pHuwaue and pHxa for P207 (Westleigh 1000)

Base saturation decreases slightly from 38 % in the topsoil to 26 % in the soft plinthic
B and then increases to 57 % in the unspecified material with signs of wetness

(Figure 5.32). The decrease in base saturation is linked with an absolute decrease in
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basic cations, in the same order as CEC,,:. The decrease in basic cations indicates
significant leaching from the soft plinthic B and accumulation in the unspecified

material with signs of wetness
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Figure 5.32 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS. as a fraction) in P207 (Westieigh 1000).

Total Fe content is fairly constant in the first three horizons, decreasing from a

maximum of 8 200 mg kg™’ in the topsoil to a minimum of 6 825 mg kg™’ in the B1
before increasing to 7 980 mg kg™' in the B2 (Figure 5.33). The B1 was described as
having many Fe oxide motties. It would appear from the analyses as if removal of Fe

has taken place from this horizon. This would be a motivation for the classification of
this horizon as an E horizon. The slight increased Fe content in the B2 horizon was

expected, as it has common Fe oxide mottles.
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Figure 533 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P207 (Westleigh

1000).
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58.3 Physical properties
Clay content is fairly stable from the A to the B1, but then drops sharply to the B2
(Figure 5.34). The clay content then sharply increases in the C horizon. The low
clay content in the B2 might indicate that it should somewhat be classified as an E

horizon
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Figure 5.34 Texture of the fine earth in P207 (Westleigh 1000)

584 Hydrology
Although only two depths are measured in P207 (Westleigh), the AD,.c; was
somewhat similar to that in P208 (Kroonstad) and P209 (Katspruit) The mean
AD,.qy value for the A honzon was 197 days year ' (Figure 535). The ADgor
ranged from 89 days in 1997/98 to 273 days in 2000/01. The s>0.7 events took
place 9 times per year and each lasted 43 days. In the soft plinthic B1 (at 480 mm)
the mean ADs>0.7 value is 285 days year'. The ADs>0 7 varied from 76 days in
1999/2000 to 302 days in 2000101 The mean frequency of s>0 7 was 2 times per
year, each event lasting 87 days. Unfortunately no deeper NVWM measurements are

availlable, due to a short pipe installed at this site
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Figure 5.35 Mean ADs>0.7 values based on estimated daily soil water contents, for
the two measuring depths at P207 (Westieigh 1000).

Fairly high AD,..; values in this profile are associated with the occurrence of Fe
oxide motties in the A and B1 horizons. The lack of deeper NWM measurements
prevents interpretation of the morphology of the B2 and G horizons

5.9 P208 (Kroonstad 1000)
581 Morphology

The profile is situated in a lower footslope position, with a slope of 7 % (Figure 3.3).
The orthic A honizon has a silty loam texture, while the rest of the profile has a loam
texture. The clay content increases down the profile (13 = 17 = 25 = 25%). The
profile description and analytical data for this profile is given in Appendix A, Tables
15 and 16. The profile can be classified as Albic Planosol (epidistric) (FAO, 1998b)
or Aeric Albaqualfs (Soil Survey Staff. 1989). A brownish grey (10YR6/1) orthic A
horizon (0-350 mm) overlies a greyish yellow brown (10YR6/2) E (350-530 mm) on
a light grey (10YR7/1) G1 (530-800 mm) on a greyish yellow brown (10YR6/2) G2
horizon (800-1 400 mm)

5982 Chemical properties
pHume and pHyo increases with depth throughout the profile (Figure 5.36). pHuwater
increases from 517 in the A horizon to 7.13 in the lower G horizon, while pHkg
increases from 4.05 to 543. The increasing pH, as well as the difference between
PHwae: and pHuc 1S Similar to that observed in profiles 204, 205 and 207
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Figure 536 pHume and pHyg for P208 (Kroonstad 1000)

Base saturation increases from 27 % in the topsoil to 98 % in the G horizon
(Figure 5.37). The increase is associated with sum of bases that follows the same
pattern as the CEC,,, and i1s probably due to basic cation accumulation as a result of

lateral water movement,
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Figure 537 Distnbution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P208 (Kroonstad 1000)

Total Fe content decreases from 2 955 mg kg~ in the topsoil to 1 820 mg kg™ in the
E. and then increases to 7 555 mg kg™’ in the G1 and 7840 mgkg™' in the G2
(Figure 5.38). It has a minimum of 1 335 mg kg" in the upper part of the G2. The
low Fe content in the E honzon indicates reduction and leaching of Fe from this
horizon, while the relatively higher Fe content in the G horizon might be due to Fe
accumulation in this honzon. The lower Fe content in the upper G horizon indicates
selective removal of Fe here, as evidenced by the silans. The G horizon of profile

205 has a similar reduction in Fe content within the G honzon
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Figure 538 CBD extractable Fe (A) and CBD Fe clay ratio (B) for P208 (Kroonstad

1000).

5983 Physical properties
Clay content increases throughout the profile, but decreases slightly at 350 mm,
supporting the classification of an E horizon (Figure 5.38). The increase in clay
content from the E to the G horizon also supports the classification of the latter. The
silt content in this profile is somewhat different from that in the other profiles,
indicating a possible difference in parent matenial, and possibly due to the dolerte
dyke upslope from the profile (Figure 3.4)
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Figure 539 Texture of the fine earth in P208 (Kroonstad 1000)

594 Hydrology
The mean AD,.o; value for the orthic A horizon is 180 days year'. The ADy.q;
values ranged from 102 days in 1997/98 to 256 days in 2000/01. The mean
frequency of s>0.7 events was 2 per year, each lasting 86 days. The mean ADy.q7
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The relationship between soil water regime and soil profile morphology

value for the E horizon was 133 days year' with AD,.q; ranging from 33 days in
1895/2000 to 265 days in 2001/02. The mean frequency of $>0.7 events was 6 times
per year with each event lasting 21 days. Mean AD,.; - values for the G horizon
were 166 days year' at BO5 mm and 365 days year’' at 1105, and 1405 mm
(Figure 5 40)
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Figure 540 Mean ADs.,; values based on estimated daily soil water contents, for
the five measunng depths at P208 (Kroonstad 1000)

This profile was located in a small seep. receiving water from three directions in the
landscape. This, linked with high clay content in the G, results in the long periods of
wetness. Wetness in the overlying A and E horizons is probably due to the lack of
internal drainage. The lower AD..c; value in the G1 horizon can be linked to its
position in the profile, and / or the slightly lower sand anc higher silt content

5.10 P209 (Katspruit 1000)
5101 Morphology

The profile is situated in an upper midsiope position. with a slope of 13 %
(Figure 3.3). The orthic A horizon has a loam texture, while the rest of the prcfile has
a clay loam texture The clay content increases down the profile (16 - 36 - 36 %)
The profile description and analytical data for this profile is given in Appendix A
Tables 17 and 18, The profile can be classified as Stagnic Orthi-eutric Gleysol (FAO
1988b) or Typic Albaqualfs (Soil Survey Staff, 1999) A greyish yellow brown
(10YRS/2) orthic A horizon (0-450 mm) overies a brownish grey (10YRS8/1) G
horizon (450-1 100 mm) on brownish grey (10YR6/1) saprolite (1 100-1 400 mm)
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5.10.2 Chemical properties
PHuaer and pHxe increase with depth (Figure 5 41). pHuume Increases from 560 in
the topsoil to 6.64 in the subsoil, while pHxc increases from 471 to 535. The
distribution is similar, although with slightly larger values than that observed in
profiles 204, 205, 207 and 208
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Figure 541 pHuame and pHye for P20S (Katspruit 1000)

Base saturation increases from 57 % in the topsoil to over 100 % in the G horizon
(Figure 542). This is associated with a similar increase in sum of bases that more or
less follows the CEC.. distribution.
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Figure 542 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P209 (Katspruit 1000).

Total Fe content increases from 5 255 mg kg~ at the surface to 7 180 mg kg™’ in the
lower A horizon, and then decreases to 390 mg kg™ in the lower G horizon
(Figure 5.43). The peak at 500 mm is most probably due to accumulation of Fe in
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the upper part of the G horizon. The accumulaton of Fe is also evidenced by the
occurrence of many fine prominent Fe oxide mottles in the G horizon (Figure 5.43)
The distnbution of Fe in the profile points to some Fe accumulation in the lower part
of the A horizon, a large accumulation in the upper G horizon and almost a depletion
of Fe in the lower G horizon. This is supported by the Fe : clay ratio (Figure 5.43)
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Figure 543 CBD extractable Fe (A) and CBD Fe:clay ratic (B) for P209 (Katspruit
1000)

5.10.3 Physical properties
The clay content steadily increases from 16 % inthe At0 48 % at 900 mm in the G
horizon (Figure 544). There 1s a slight decrease (1 %) in clay content at 300 -
400 mm, possibly indicating the presence of an E horizon. The high silt content,
similar to that of P208 (Kroonstad) also possibly indicates a different parent matenal
It should be remembered that P208 (Kroonstad) and P209 (Katspruit) are located just

below a dolente dyke (Figure 3 4)
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Figure 544 Texture of the fine earth in P209 (Katspruit 1000).

5104 Hydrology
The mean AD,.q7 value for the orthic A horizon was 213 days year'. The ADy.q7

values range from 103 days in 19G7/98 to 324 days in 2000/01. The mean frequency
of >0.7 events was 5 per year, with each event lasting 43 days. The mean AD;.o7
value at the boundary between the A and the G horizon is 285 days year’, with
ADs>0.7 values ranging from 185 days in 1998/2000 to 365 days in 1898/99 and
2001/02. The mean frequency of s>0.7 events is 2 per year, with each event lasting
178 days (Figure 5.45).
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Figure 545 Mean AD,.;; value based on estimated daily soil water contents, for the
two measuring depths at P209 (Katspruit 1000).

This profile is subjected to long periods of wetness, probably due to its location
(Figure 3.3) in a little seep, just upslope from P208 (Kroonstad). Evidence of long
periods of s>0 7 is the occurrence of many distinct Fe oxide motties as well as many
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bleached and rusty pores in the A horizon. Many prominent Fe oxide motties. Mn
concretions as well as bleached and rusty pores occur in the G horizon

5.11 P210 (Bloemdal 1100)
5.11.1 Morphology

The profile is situated in an upper midsiope position, with a slope of 8 % (Figure 3.3)
It has Molteno sandstone as parent matenal, and is situated above the dolerite dyke
The A1 horizon has a clay loam texture, the A2, B1 and B2 horizons have a loam
texture and the C1 honizon a coarse sandy loam texture. The clay content is fairly
stable throughout the profile (18 - 17 - 24 - 18 - 17 - 20 %), but increases sharply
at 780 mm. The profile description and analytical data for this profile are given in
Appendix A. Tables 19 and 20. The profile can be classified as Hyper-distric
Regosol (FAO, 1998b) or Aquic Ustorthents (Soil Survey Staff, 1993). A greyish
yellow brown (10YR4/2) orthic A1 horizon (0-260 mm) overlies a dull yellowish
brown (10YR4/3) A2 (260-530 mm) on a brown (7.5YR4/6) red apedal B1 (530-800
mm) on an orange (7.5YR6/5) red apedal B2 (810-1200 mm) on dull orange
(7.5YR6/4) unspecified material with signs of wetness (1 200-1580 mm)

5.11.2 Chemical properties
The pHuae 1S SOMewhat constant throughout the profile. ranging from 5.08 to 560
(Figure 5.46). The pHxo decreases sharply from 5.10 in the topsoil to 3 85 at the top
of the red apedal B honzon (590 mm). It then stays constant with increasing depth
Although the distribution pattern differs the magnitude is remarkably similar to that in
profiles 204 to 205. excluding 206

118




Soll profile and water regime characterization

0
250 P -
-
E 500 B'_r ot
g— 750 '2, .. re - @ «pHwater
g 2 t. re —e— pHKCI
8 1000 .
2% i‘ o
= on
1500 2
35 65 75
pH

Figure 546 pHuyue and pHko for P210 (Bloemdal 1100).

Base saturation is somewhat constant at 15 to 25 % throughout the profile and is
associated with a narrow range in basic cation content of 1.0 to 1.5 cmol. kg™
throughout the profile, and a decreasing CEC,. (Figure 5.47).
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Figure 547 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P210 (Bloemdal 1100)

Total Fe contents in this profile do not show clear horizonation, ranging between
3860 mg kg™’ and 13 850 mg kg™ (Figure 5.48). The peak occurs in the lower part
of the B2 honizon, while the lowest point occurs at a depth of 200 - 300 mm in the A1
horizon. The lack of Fe horizonation can be expected from these soils. because no
removal and / or accumulation of Fe are evident from the morphology. The lack of
Fe horizonation might also be due to even removal or accumulation of Fe in the
profile. The decreasing organic carbon content and increasing water saturation
probably resulted in this profile not being exposed to sufficiently reduced conditions
that could have led to the formation of a soft plinthic or E horizon. The peak at
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1010 -1 100 mm might be the first indications of Fe localisation and accumulaton
(plinthite formation) due to a fluctuating water table on the unspecified material with

signs of wetness (Figure 5 48)
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Figure 548 CBD extractable Fe (A) and CBD Fe clay ratio (B) for P210 (Bloemdal
1100)

5.11.3 Physical properties
Clay content is somewhat uniform throughout the profile. ranging from 18 % in the A
to 24 % in the B and 17 % in the C1 (Figure 5.48). The increase in clay content at
750 mm might be due to clay illuviation at this depth. The decreasing clay content in
the C1 and C2 horizons are due to the slower rate of weathenng at this depth. Silt

and sand patterns indicate a different parent material to that in the other profiles
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Figure 549 Texture of the fine earth in P210 (Bloemdal 1100)
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5.11.4 Hydrology
Mean AD,.q 7 in the A1 horizon was 1 day per year (Figure 5.50). At 480 mm, the A
horizon had a mean AD,.; 7 value of 46 days year'. The mean AD,.: ; value for the
A2 horizon was 46 days year ', with AD,.; ranging from 4 days in 1997/98 to 161
days in 1989/2000. The mean frequency of s>0.7 events was 6 per year, with each
event lasting 8 days. In the red apedal B1, the mean AD,..; was 109 days year'
with AD,.¢ 7 values ranging from 39 days in 1997/98 to 228 days in 2000/01. The
mean frequency of s > 0.7 events was 7 per year, with each event lasting 15 days.
The mean AD,.;; value for the red apedal B2 horizon was 357 days year' At
1 350 mm the unspecified maternal with signs of wetness had a mean AD,. 7 value of
170 days year”, with AD,.q 7 values ranging from 81 days in 1898/99 to 358 days in
2001/02. The mean frequency of s > 0.7 was 3 events per year, lasting 57 days per

event
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Figure 550 Mean AD,.;; values based on estimated daily soil water contents, for
the five measuring depths at P210 (Bloemdal 1100).

The low AD,.s7 values in the B1 were expected in view of the red colour. The high
AD,.; 7 value in the B2 was, however, not expected. This might be due to a degree
of water accumulation above the unspecified material with signs of wetness that is
insufficient to cause reduction and therefore redox morphology. A contributing factor
may be wetness caused by oxygenated water that provides an electron acceptor for
microorganisms and / or the absence of organic matter that inhibits the activity of

microorganisms.
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5.12 P211 (Katspruit 1000)
5.12.1 Morphology

The profile is situated in an upper footsiope position. with a slope of 5 % (Figure 3.3)
It has Moltenc sandstone as parent matenal, and is situated above the dolerite dyke
The A G1 and G2 horizons have a clay loam texture. The clay content is fairly
constant throughout the profile (32 - 38 - 38 %). The profile description and
analytical data for this profile are given in Appendix A Tables 21 and 22. The profile
can be classified as Endo eutric Gleysol (FAO, 1898b) or Typic Endoaqualfs (Soil
Survey Staff. 1999) A dark greyish brown (10YR4/2) orthic A horizon (0-150 mm)
overlies a grey (10YRS/1) G1 honzon (150-450 mm) on a grey (10YRS5/1) G2 horizon
(450-1 200 mm)

5.12.2 Chemical properties
The pHuxe increases down the profile, from 507 t0 6.19. and then decreases to 5. 81
(Figure 551). The pHxa follows the same trend. from 3 89 in the topsoil to 4.50 in

the lower G2 honzon (550 mm)
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Figure 551 pHuaer and pHxe for P211 (Katspruit 1000)

Base saturation decreases sharply down the profile from 148 to 62 % (Figure 5 52)
and is associated with relatively high basic cation content of 7.2 to 20 9 cmol. kg™

and an increasing CEC,,
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Figure 552 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P211 (Katspruit 1000)

Total Fe contents increases slightly from 9 250 mg kg™’ in the orthic A horizon to
10 900 mg kg™’ in the upper G2 horizon and then decreases to 4 985 mg kg™' lower
down (Figure 5 53). The lower Fe content in the G2 honzon can be expected. given
the presence of silans in the horizon
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Figure 553 CBD extractable Fe (A) and CBD Fe.clay ratio (B) for P211 (Katspruit
1000).

5123 Physical properties
Clay content increases from 33 % in the A to 41 % in the lower G1, decreases 0
32 % in the upper G2 and then again increases to 42 % (Figure 5 54). The increase
in clay content at 750 mm might be due to clay illuviation at this depth. The
decreasing clay content in the upper G2 horizon is probably linked to the occurrence
of silans.
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Figure 5 54 Texture of the fine earth in P211 (Katspruit 1000)
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5.12.4 Hydrology
Annual duration of $>0.7 (AD,.¢ ;) in the A horizon was 215 days year ' (Figure 5 55)
This increased to 363, 357 and 365 days year ' in the G1, G2 and G3 horizons. The
high durations of s>0 7 were expected. given the location of this profile in the bottom
of the landscape (Figure 33) The high durations of $>0.7 correlates with the
reduced nature of the G horizons, the occurrence of common distinct Fe-oxide
motties and rusty pores.
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Figure 5.55 Mean AD,.q7 values based on estimated daily soil water contents, for
the five measunng depths at P211 (Katspruit 1000).

5.13 P212 (Tukulu 1110)
5.13.1 Morphology
The profile is situated in an upper midslope position. with a slope of 13 %
(Figure 3.3). It has Molteno sandstone as parent material, and is situated above a
dolente dyke. The whole profile has a fine sandy loam texture The clay increases
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slightly throughout the profile (10 - 12 - 18 — 17 %). The profile description and
analytical data for this profile are given in Appendix A, Tables 23 and 24. The profile
can be classified as Orthi eutric Cambisol (FAO, 1988b) or Oxyaguic Udorthents (Soil
Survey Staff, 1998). A dark brown (10YR3/2) orthic A horizon (0-300 mm) overlies a
dark yellowish brown (10YR4/4) neocutanic B1 (300-570 mm) on a brown
(7 5YR4/4) neocutanic B2 (570=1 300 mm) on brown (7. 5YR4/4) unspecified matenal
with signs of wetness (1300-1 500 mm).

5.13.2 Chemical properties
The pHuwaer 1S fairly constant throughout the profile. ranging from 522 to 574
(Figure 5.56). The pHkc is also fairly constant, ranging from 4 .05 to 4 44,
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Figure 5.56 pHuyuer and pHyg for P212 (Tukulu 1110).

Base saturation decreases shghtly from 53 to 34 % down the profile (Figure 5 57),
with an increase in the middie of the B1 and unspecified material with signs of
wetness. It is associated with a low basic cation content of 1.3 to 1.9 cmol. kg™’ and
a low CECyea (2.4 10 4.0 cmol. kg™')
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Figure 557 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS. as a fraction) in P212 (Tukulu 1110)

Total Fe contents seem to increase down the profile, ranging between 3810 mg kg™’
and 12600 mg kg™’ (Figure 5 58). A peak occurs in the upper part of the B2 honzon
while the lowest value occurs at a depth of 100 = 200 mm in the A1 horizon. The
lack of Fe honzonation can be expected from these soils. because no removal and /
or accumulation of Fe are evident from the morphology. The lack of Fe honzonation
might alsc be due to even removal or accumulation of Fe in the profile The
decreasing organic carbon content and increasing water saturation probably resulted
in this profile not being exposed to sufficiently reduced conditions that could have led

to the formation of a soft plinthic or E horizon
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Figure 558 CBD extractable Fe (A) and CBD Fe.clay ratio (B) for P212 (Tukulu
1110).
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5.13.3 Physical properties

Clay content increases down the profile. from 8 % in the A to 20 % in the B2 and then

decreases to 16 % in the C (Figure 5.59). The increase in clay content at 1 000 mm

might be due to clay llluviation at this depth. while the decreasing clay content in the

C horizon is probably due to the slow rate of weathering at this depth
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Figure 559 Texture of the fine earth in P212 (Tukulu 1110)

5.13.4 Hydrology
This profile was very dry, with an annual duration of $>0.7 (ADy.q7) throughout the

profile of less than 4 days year' (Figure 560)

The low durations of s>0 7 were

expected, given the location of this profile in the upper midslope of the landscape

The low durations of s>0 7 correlates with an absence of Fe-oxide

(Figure 3.3)
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Figure 560 Mean AD,.;; values based on estimated daily soil water contents, for

the five measunng depths at P212 (Tukulu 1110)
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5.14 P213 (Katspruit 1000)
5141 Morphology

The profile 1s situated in an upper footslope position. with a slope of 6 % (Figure 3.3)
It has Molteno sandstone as parent matenal, and is situated above the dolente dyke
The A horizon has a loam texture. the G1 a clay loam and B2 horizon a loam texture
The clay content is fairly stable throughout the profile (27 - 30 = 27 %). but increases
slightly in the G1 horizon. The profile description and analytical data for this profile
are given in Appendix A. Tables 25 and 26. The profile can be classified as Orthi
eutnic Gleysol (FAOQ, 1998b) or Typic Endoaqualfs (Soil Survey Staff 1899). A dark
brown (10YR3/2) orthic A horizon (0-500 mm) overlies a dark grey (10YR4/1) G1
(S00-810 mm) on a dark grey (10YR4/1) G2 honzon (810-1 500 mm)

5142 Chemical properties
The pHuae increases slightly from 5.46 in the topsoil to 6.37 in the lower G2 honzon
(Figure 561). The pH«c is somewhat constant throughout the profile ranging

between 4 38 in the topsoil and 4.59 in the lower G2 horizon
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Figure 561 pHuwae and pHxe for P213 (Katspruit 1000)

Base saturation ranges between 65 and 100 % (Figure 5.62). It is associated with a

basic cation content of 6.3 to 10 5 cmol. kg™, and an increasing CEC,..
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Fe depleted

horizon (Figure 563)
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5.14.3 Physical properties
Clay content increases in the A horizon to the upper G1, and then decreases slowly
down the profile (Figure 5 64). The decrease in clay content at 550 mm might be due
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Figure 562 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P213 (Katspruit 1000)

Total Fe contents increases from 6015 mgkg™' in the upper A horizon to
10 150 mg kg™ in the upper G1 and then decreases to 5 000 mg kg~ in the lower G2
There is a marked decrease in Fe just below the upper
boundaries of the G1 and G2 horizons. These are probably due to the silans that are

1000
FeCl

8

B

Figure 563 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P213 (Katspruit
1000)

129




The relabonship between soil water regme and soil profile morphology

ot

an - A= =523
—_—

9"

0 10 20 30 40 5 60 70 80

Content (%)
Figure 5 64 Texture of the fine earth in P213 (Katspruit 1000)

514.4 Hydrology
Annual duration of $>0 7 (AD,.g 7) increased down the profile, from 171 days year™ in
the A horizon to 358 days year ' in the lower G horizon (Figure 565). This profile
was located in the midslope of the landscape, close to a local seep (Figure 3.3). The
high durations of $>0.7 correlates with the reduced nature of the G horizons, and the
occurrence of many distinct Fe-oxide motties.

Depth (mm)

©

20 0 60 8C 00
AD&Q.‘ '*!

Figure 565 Mean AD..q; values based on estimated daily soil water contents, for
the five measuring depths at P213 (Katspruit 1000).

5.15 P218 (Katspruit 1000)
5151 Morphology
The profile is situated in a valley bottom position, with a slope of 2 % (Figure 3.3). It
probably has mixed Molteno and Elliott sandstone and dolerite as parent matenal,
due to its location in the valley bottom. The A1 and A2 horizons have a loam texture,
and the G henzon has a clay loam texture. The clay content increases drastically in
the G horizon (19 - 18 — 31 %). The profile description and analytical data for this
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profile are given in Appendix A, Tables 27 and 28. The profile can be classified as
Orthi eutric Gleysol (FAO, 1998b) or Typic Albaqualfs (Soil Survey Staff, 1999). A
dark grey (7.5YR4/1) orthic A1 horizon (0-260 mm) overlies a dark greyish brown
(10YR4/2) A2 (260-530 mm) on a strong brown (7. 5YR5/6) G horizon (530-800
mm)

5.15.2 Chemical properties
The pHuser and pHyc, decreases from the A1 to the A2 and then increases in the G
horizon (Figure 5.66). Average difference between pHwue and pHuo is 1.20,
indicating high reserve acidity. The decrease in pH is associated with a decrease in
base saturation, and is a possible indication of the formation of an E honzon.
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Figure 566 pHyue and pHyc for P218 (Katspruit 1000).

Base saturation follows the same trend as pH, decreasing from 95 % in the A1 to
58 % in the A2 and then increasing to 122 % in the G horizon (Figure 5 67).
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Figure 567 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P218 (Katspruit 1000).

Total Fe contents decreases from 5440 mg kg™’ in the A1 to 2200 mg kg™ in the A2,
increases to 19250 mg kg™’ in the upper G and then decreases to 5000 mg kg™’
lower in the profile (Figure 568). The peak occurs in the upper G horizon is
associated with bright yellow colour in the profile (Figure 27 in Appendix A)

0 0
| A~ ot Bs
250 | o 250 -'f ot
= 50 = 80 :>
E 750 ‘ § 750
£ ! w £ ’
X 1000 i Xoo| & o
1250 | 1250
1500 l 1500
0 15000 20000 45000 0 500 1000 1500 200¢
Feimgkg") FeCl
A B
Figure 5.68 g:oeog)extractable Fe (A) and CBD Feclay ratic (B) for P218 (Katspruit

5.15.3 Physical properties
Clay content increases from about 20 % in the A honzons to 30 % in the G horizon
(Figure $68). The increase in clay content in the G horizon is expected, given the
cumulative environment of the profile.
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Figure 5698 Texture of the fine earth in P218 (Katspruit 1000).

5.15.4 Hydrology
Annual duration of s>0.7 (AD,.q 7) increased down the profile, from 201 days year in
the A horizon to 365 days year ' in the lower G horizon (Figure 5.70). This is similar,
but wetter than P213 (Katspruit 1000). The profile was located in the valley bottom
(Figure 3.3), giving rise to the accumulation of water in this locality. The high
durations of s>0.7 correlates with the reduced nature of the G horizons. and the
occurrence of many prominent Fe—oxide mottles

0 20 40 &0 80 10
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Figure 570 Mean AD,.,; values based on estimated daily soil water contents, for
the five measuring depths at P218 (Katspruit 1000).

5.16 P220 (Bloemdal 2100)
5.16.1 Morphology
The profile is situated in an upper midslope position, with a slope of 13 %
(Figure 3.3). It has Moltenoc sandstone as parent material, and is situated above the
dolerite dyke. The whole profile has a sandy loam texture. The clay content is fairly
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stable throughout the profile (14 = 1S = 20 = 11 %) The profie description and
analytcal data for this profile are given in Appendix A, Tables 25 and 30. The profile
can be classified as Epidistric Cambisol (FAO, 1998b) or Aquic Ustipsamments (Soil
Survey Staff, 1998) A dark brown (7.5YR3/2) orthic A horizon (0-540 mm) overlies
a yellowish red (SYR4/6) red apedal B (540-880 mm) on dark reddish brown
(SYR3/4) unspecified material with signs of wetness (880-1 080 mm) on reddish

brown (SYR4/4) unspecified material with signs of wetness (1 080-1 580 mm)

5.16.2 Chemical properties
The pHxc decreases throughout the profile, from 4.77 in the upper A horizon 10 4.14
in the lower C2 horizon (Figure 571). The pHuae also decreases from 5860 to 522
in the upper A horizon, but then slowly increases to 5.90 in the C1 horizon
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Figure 571 pHume and pHyg, for P220 (Bloemdal 2100)

Base saturation is somewhat constant in the A horizon at 47 %. but then increases to
68 % in the upper C1 before decreasing to 52 % in the C2 horizon (Figure 5.72)
This trend is associated with a decreasing basic cation content and CEC,,. The

base saturation trend is therefore the result of CEC,,, that decreases at a faster rate

than the decrease in basic cation concentration




Soil profile and water regime charactenzation

o -
o/) .",’.so
| 4. .oeee -~
= oy
E " S
§ | - - re - =9 =0OC
= L il i o BS
3 e . =
1000 | ¢ ) 4
. “
1250 -
1 . ~ -
1500

00 02 04 06 0B 10 12 14
(%)
Figure 572 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P220 (Bloemdal 2100)

Total Fe contents in the profile increases slowly from 4 560 mg kg™'in the top of the A
horizon to 7 910 mg kg™’ in the lower C2 horizon (Figure 5.73) This pointed to the
partial removal Fe from the red apedal B horizon, and accumulation of Fe in the C1
and C2 horizons
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Figure 573 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P220 (Bloemdal

1100)

5.16.3 Physical properties
Clay content decreases from 14 % in the A horizon to 11 % in the lower C2 honzon
(Figure 5.74). There is a slight increase in clay content in the red apedal B
(750 mm), followed by a decrease in the C1 and increase in the C2. The decreasing
clay content in C1 might partially be responsible for the grey motties in this horizon
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Figure 5 74 Texture of the fine earth in P220 (Bloemadal 2100)

5.16.4 Hydrology
Annual duration of $>0.7 (ADs.4 7) was fairly high in the orthic A honizon (81 and 152
days year'). decreased to 0 days year' in the red apedal B horizon and then
increased to 300 days year ' in the lower unspecified matenal with signs of wetness
(Figure 5.75). This profile was located in the upper midsiope of the landscape, and
probably gave rise to the dry nature thereof (Figure 3.3). The high duration of §>0.7
in the orthic A horizon was unexpected, also given the absence of any motting. The
absence of saturation in the red apedal B was expected and also correlated with an
absence in Fe-oxide mottling. The high duration of s>0.7 in the unspecified matenal
with signs of wetness was expected and correlated with the occurrence of many
distinct Fe—oxide mottles. The high duration of s>0.7 in the orthic A honzon can
possibly be attributed to the high bulk density (1.73 - 1.78 Mg m™) there, resulting in
a low porosity and therefore little water needed to exceed s>0 7. The bulk density in

the B1 horizon is 1.63 Mg m™, resulting in a much higher porosity
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Figure 575 Mean AD,.q; values based on estimated daily soil water contents, for
the five measuring depths at P220 (Bloemdal 2100).

5.17 P221 (Hutton 2100)
517.1 Morphology
The profile is situated in an upper footslope position, with a slope of 10 %
(Figure 3.3). It has Molteno sandstone as parent material, and is situated below the
dolerite dyke. The A and B1 horizons have a loam texture, while the B2 and C
horizons have a sandy clay loam texture. The clay content is fairly stable in the A
and B1 horizons, but increases markedly in the B2 and C horizons (17 - 18 - 31 -
33%). The profile description and analytical data for this profile are given in
Appendix A Tables 31 and 32 The profile can be classified as Orthi-distric
Cambisol (FAO, 1988b) or Typic Ustorthents (Soil Survey Staff, 1998). A dark
reddish brown (2 5YR3/4) orthic A horizon (0-250 mm) overlies a dark brown
(7.5YR32) red apedal B1 (250-580 mm) on a dark reddish brown (2. 5YR3/4) red
apedal B2 (580-1 250 mm) on dark reddish brown (2 5YR3/4) unspecified matenal
with signs of wetness (1 250-1 800 mm)

5.17.2 Chemical properties
The pHwuer i1 Somewhat constant throughout the profile, ranging from 5.40 in the A
horizon to 5.53 in the lower C horizon (Figure 5.76). The pHxa is also somewhat
constant throughout the profile, ranging from 4 .46 in the topsoil to 4.85 in the lower C

horizon
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Base saturation increases shghtly from 50 to 58 % throughout the profile
(Figure 5.77). There is a slight decrease at 450 and 850 mm. The former is
associated with a decrease in basic cation content. while the latter is associated with

and increase in CEC,.
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Figure 577 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P221 (Hutton 2100)

Total Fe contents increases from 5 370 mg kg™ in the A horizon to 10 250 mg kg™’ in

the lower C horizon (Figure 5.78) Peak accumulations occur in the B1

(14 250 mg kg™') and B2 (16 150 mg kg™') horizons

<
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Figure 578 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P221 (Hutton
2100)

5.17.3 Physical properties
Clay content increases from 17 % in the A to 33 % in the C horizon (Figure 5.78). A
slight decrease occurs in the upper B1 horizon, but is probably due to experimental

error
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Figure 579 Texture of the fine earth in P221 (Hutton 2100)
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5.17.4 Hydrology
Annual duration of $>0.7 (AD,.o ;) decreased from 99 days year” in the A horizon to
0 and 1 day per year in the red apedal B1 and B2 horizons and then increased to 11
days year' in the lower B2 horizon and 10 days year” in the unspecified material
with signs of wetness (Figure 5.80). The short durations of s>0.7 correlates with the
absence of Fe—oxide mottles
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5.18 P222 (Oakleaf 1210)
518 1 Morphology

The profile is situated in a lower midsiope position. with a slope of 10 % (Figure 3.3)
It has Molteno sandstone as parent material, and is situated below the dolente dyke
The A1, B1 and C horizons have a loam texture. while the B2 horizon has a clay
loam texture. The clay content increases slightly throughout the profile (20 - 23 - 28
- 20 %). The profile description and analytical data for this profile are given in
Appendix A Tables 33 and 34 The profile can be classified as Endo eutnc Cambisol
(FAO, 1988b) or Typic Ustorthents (Soil Survey Staff, 1999) A dark brown
(7.5YR372) orthic A honzon (0-260 mm) overlies a dark reddish brown (SYR3/4)
neocutanic B1 (260-530 mm) on a dark reddish brown (2 5YR3/4) neocutanic B2
(530-800 mm) on yellowish red (SYRS5/8) unspecified material with signs of wetness
(1 200-1580 mm)

5182 Chemical properties
The pHuaer decreases from 546 in the A to 5.19 in the B1 horizon and then
increases to $.97 in the lower C horizon (Figure $.81). The pHxs decreases from
462 in the A horizon to 5.94 at 1 500 mm. A peak of 4 87 occurs at 550 mm
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Figure 581 pHwmer and pHxg for P222 (Oakleaf 1210).

Base saturation decreases from 66 % in the topscil to 42 % in the B1 honzon
(450 mm) and then increases to 85 % in the C horizon (Figure 582). The base
saturation is associated with first a decreasing and then increasing sum of basic
cations and CEC,,,
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Figure 582 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS. as a fraction) in P222 (Oakleaf 1210)

Total Fe contents is constant at 7 300 mg kg™’ in the A horizon. It then increases to
15550 mg kg™’ in the B1, before decreasing to 12750 mgkg™’ in the B2 and
7 790 mg kg™ in the C horizon (Figure 5 83)
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518.3 Physical properties
Clay content increases from 21 % in the top of the A horizon to 30 % in the lower B2
horizon. It then decreases to 20 % at 1 500 mm (Figure 5 84). The increase in clay

content is probably due to clay illuviation
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Figure 5 84 Texture of the fine earth in P222 (Oakleaf 1210)

5.18.4 Hydrology
Annual duration of s>0.7 decreased from 171 days year  in the orthic A horizon to 80
days year in the neocutanic B1 and then increased to 164 days year’ in the
neocutanic B2 and 365 days year ' in the unspecified material with signs of wetness
(Figure 5.85). The relatively high AD,.; ; values in the B horizons were unexpected

but correlated with few distinct Fe-oxide motties
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Figure 585 Mean AD..;; values based on estimated daily soil water contents, for
the five measuring depths at P222 (Oakleaf 1210).

5.19 P225 (Longlands 1000)
5.19.1 Morphology
The profile is situated in a midslope position, with a slope of 5 % (Figure 3.3). It has
Molteno sandstone as parent material. The A. E2 and B horizons have a sandy loam
texture, while the E1 honzon have a loam and the C honzon a sandy clay loam
texture. The clay content is fairly stable, with a slight increase down the profile (13 -
17 = 15 - 21 =25 %). The profile description and analytical data for this profile are
given in Appendix A, Tables 35 and 36. The profile can be classified as Ferric-Endo
eutric Albeluvisol (FAO, 1988b) or Aeric Endoaquents (Soil Survey Staff, 1989). A
very dark greyish brown (10YR3/2) orthic A horizon (0-340 mm) overlies a dark
greyish brown (10YR4/2) E1 (340-560 mm) on a greyish brown (10YRS5/2) E2
(560-840 mm) on an yellowish red (5YR4/6) soft plinthic B (840-1 220 mm) on
yellowish red (SYR4/6) unspecified material with signs of wetness (1 220-1 640 mm)

5.19.2 Chemical properties
The pHuue Increases from 5.34 in the A horizon to 6.46 at 1 600 mm (Figure 5.86).
The pHxc decreases shightly from 4.48 in the A horizon to 4 .22 in the E2 horizon and
then increases to 4 99 in the lower soft plinthic B and unspecified matenal with signs
of wetness (1 400 mm).
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Figure 586 pHyue and pHkg for P225 (Longlands 1000

Base saturation decreases shightly in the A honzon (from 52 to 31 %) and then

increase to 88 % in the bottom of the profile (Figure 5.87). This pattern is associated

with decreasing basic cation content and a decreasing CEC,.
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Figure 587 Distnbution of organic carbon (OC, as a percentage) and base
saturation (BS. as a fraction) in P225 (Longlands 1000

Total Fe contents is low in the A horizon (3700 mg kg™'). It is higher in the E

AN A 10 00 e e TaT s

horizons (8 700 to 10 000 mg kg~ ') and then increases to 12 200 mg kg™’ lower in the

profile (Figure 5 88)
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Figure 588 CBD extractable Fe (A) and CBD Fe clay ratio (B) for P225 (Longlands

1000).

5.18.3 Physical properties
Clay content increases from 14 % in the A to 19 % in the E1, decreases to 12 % in
the E2 and is then fairly constant further down at 19 % (Figure 5.89).
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Figure 5.89 Texture of the fine earth in P225 (Longlands 1000).

5194 Hydrology
Annual duration of $>0.7 increased from 38 days year ' in the orthic A horizon to 121
days year ' in the E horizon, 220 days year’' in the soft plinthic B and 255 days year™
in the unspecified material with signs of wetness (Figure 5.90). The relatively high
AD,.q 7 values in the E and B horizons correlated with few faint and many prominent
Fe-oxide mottles.
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5.20 P226 (Kroonstad 1000)
5201 Morphology

The profile is situated in an upper footslope position. with a slope of 4 % (Figure 3.3)
It has Molteno sandstone as parent material The A. E1 and E2 horizons have a
sandy loam texture, while the G horizon has a sandy clay loam texture. The clay
content increases shightly down the profile (10 - 10 - 13 - 21%). The profile
description and analytical data for this profile are given in Appendix A Tables 37 and
38. The profile can be classified as Gleyic-Albic Planosol (FAO, 1998b) or Aeric
Endoaquents (Soil Survey Staff. 1998) A very dark grey (10YR3/1) orthic A honzon
(0-200 mm) overlies a very dark grey (10YR3/1) E1 (200-500 mm) on a very dark
grey (10YR3/1) E2 (500-740 mm) on a dark greyish brown (10YR4/2) G horizon
(740-1 000 mm)

5202 Chemical properties
The pHume 1S between 522 and 5.66 in the A honzon. decreases to 4 87 in the E1
and then slowly increases to 583 in the G honzon (Figure 581). The pHx«c
decreases from 4.68 in the A horizon to 3.98 at the top of the E2 horizon. It then
increases with depth to 4 43
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Figure 591 pHuue and pHxe for P226 (Kroonstad 1000)

Base saturation decreases from 97 % in the A horizon to 30 % in the E1 and E2
horizons and then increases to 70 % in the G horizon (Figure 582) This trend is
associated with a decreasing and then increasing basic cation content and CEC,.
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Figure 592 Distnbution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P226 (Kroonstad 1000)

Total Fe contents decreases from a high of 25000 mg kg™’ in the A horizon to
3500 mg kg™ in the G horizon (Figure 5.93)
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5.20.3 Physical properties
Clay content increases from 10 % in the A and E1 horizons to 13 % in the E2 and
21 % in the G horizons (Figure 594) Although the clay content is low in the E
horizons, there is no nett removal of colloidal matenal as specified by the Soil

Classification Working Group (1991)
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Figure 594 Texture of the fine earth in P226 (Kroonstad 1000)

5204 Hydrology
Annual duration of >0 7 increased from 288 days year in the orthic A horizon to
360 days year ' in the E horizon and 365 days year ' in the G horizons (Figure 5 95)
The high AD..;; values in the profile were unexpected. given the location of the
profile in the footslope. the G horizon morphology and the occurrence of many

distinct Fe—oxide motties
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Figure 595 Mean AD,.;; values based on estimated daily soill water contents. for
the five measuring depths at P226 (Kroonstad 1000)

5.21 P229 (Kroonstad 1000)
5.21.1 Morphology

The profile is situated in an upper midslope position, with a slope of 13 %
(Figure 3.3). 1t has Molteno sandstone as parent material. The A, E1 E2 and E3
horizons have a sandy loam texture, while the G honzon has a sandy clay loam
texture. The clay content decreases from the A to the E1 and E2 and then increases
to the E3 and G horizons (14 - 12 - 11 = 15 =26 %). The profile description and
analytical data for this profile are given in Appendix A Tables 38 and 40. The profile
can be classified as Gleyic-Albic Planosol (FAQ. 1998b) or Aenc Endoaguents (Soil
Survey Staff, 1999). A very dark grey (7.5YR3/0) orthic A horizon (0-190 mm)
overlies a very dark grey (7. 5YR3/0) E1 (190-450 mm) on a dark grey (7.5YR4/0) E2
(450-540 mm) on a dark grey (7 5YR4/0) E3 (540-1 000 mm) on a strong brown
(7.5YR5/6) G horizon (1 000-1500 mm).

5.21.2 Chemical properties
The pHuue decreases from 580 in the A honzon to 5.14 in the upper E1 and then
increases to 5.81 in the lower E3 horizon (Figure 596). The pH«c also decreases
from 4 .91 in the A horizon to 4.14 in the E1 and then increases to 4 46 in the lower

E3 horizon.
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Figure S 96 pHuwue and pHue for P228 (Kroonstad 1000)

Base saturation decreases from 68 % in the A to 38 % in the E1 and then increases
to 82 % in the G horizon (Figure 587). This is associated with a similar pattern in

basic cation content and CEC,.
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Figure 597 Distnbution of organic carbon (OC. as a percentage) and base
saturation (BS. as a fraction) in P229 (Kroonstad 1000)

Total Fe contents decrease from 14 000 mg kg™’ in the A horizon to 7 375 mg kg™ in
the upper E1, but then increases to roughly 18000 mg kg™’ in the E2 and E3

horizons (Figure 5.98) It 1s therefore only in the upper E1 that removal of

sesquioxides have taken place
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5.21.3 Physical properties
Clay content is somewhat uniform throughout the A. E1, E2 and E3 horizons, ranging
between 11 % and 14 %, only increasing to 26 % in the G horizon (Figure 5.99)
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Figure 5899 Texture of the fine earth in P229 (Kroonstad 1000).

5214 Hydrology
Annual duration of $>0.7 increased from 234 days year' in the upper orthic A horizon
to 359 days year' in the lower orthic A and E horizons and 365 days year' in the G
horizons (Figure 5.100). The relatively high AD,.;; values in the profile were
expected, given the location thereof in a local seep on the upper midslope, and
correlated with the E and G horizon morphology and the occurrence of many
prominent Fe-oxide motties.



The relationship between soil water regime and soil profile morphology
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Figure 5 100 Mean AD,.;; values based on estimated daily soil water contents for
the five measuring depths at P223 (Kroonstad 1000)

5.22 P230 (Westleigh 1000)
5.22.1 Morphology

The profile is situated in a lower footslope position. with a slope of 5 % (Figure 3.3)
It has Molteno sandstone as parent material. The A and B horizons have a fine
sandy loam texture, while the C1 and C2 honzons have a clay loam texture. The
clay content increases down the profile (12 — 18 = 29 - 29%) The profile
description and analytical data for this profile are given in Appendix A Tables 41 and
42 The profile can be classified as Femnmc-Epidisinic Gleysol (FAQ. 1988b) or Aeric
Endoaquents (Soil Survey Staff. 1999). A weak red (2 5YR4/2) orthic A horizon
(0-400 mm) overlies a yellowish brown (10YR5/4) soft plinthic B (400-650 mm) on
light yellowish brown (10YR6/4) (650-870 mm) unspecified matenal with signs of
wetness on light brownish grey (10YR6/2) unspecified material with signs of wetness
(870-1 680 mm)

5.22.2 Chemical properties
The pHume and pH«c increase down the profile, with a peak in the G1 honzon
(Figure 5.101). pHuue Increases from 5.26 to 6.85 while pHyxo increases from 4 40
to a high of 5 50
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Figure 5.101 pHuater and pHxo for P230 (Westleigh 1000).

Base saturation increases from 53 % in the A horizon 10 74 % in the B and 118 % In
the G horizon (Figure 5.102). This pattern is associated with a basic cation content
and CECW
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Figure 5.102 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P230 (Westleigh 1000).

Total Fe contents decreases from 17 399 mg kg™’ in the A horizon to 5 345 mg kg™
in the soft plinthic B and then increases to 9 333 mg kg™’ and 9425 mg kg™’ in the
G1 and G2 (Figure 5.103). This analysis does not support the classification of the
soft plinthic B horizon, but rather suggests the presence of an E hornizon, where nett
removal of Fe has taken place.
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522 3 Physical properties
Clay content ailmost increases linearly from 12 % in the A horizon to 28 % in the G1
and G2 horizons (Figure 5 104). The high clay content in the G honzons is expected
but not in the soft plinthic B, where clay normally degrades due to ferrolysis. The
higher clay content in the B horizon does not support the argument for the

classification of an E horizon. indicated by Fe analyses
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Figure 5.104 Texture of the fine earth in P230 (Westleigh 1000)

5224 Hydrology
Annual duration of >0 7 decreased from 196 days year' in the orthic A horizon to 82
days year' in the soft plinthic B and then increased to 312 days year ' in the upper
and 365 days year' in the lower unspecified matenal with signs of wetness
(Figure 5.105). The relatively high AD;.q > values in the B horizons were expected,

given the correlation with few faint Fe-oxide motties in the orthic A, common
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prominent Fe—oxide motties in the soft plinthic B and common prominent Fe-oxide
motties in the unspecified material with signs of wetness
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Figure 5 105 Mean AD,.;; values based on estimated daily soil water contents, for
the five measunng depths at P230 (Westieigh 1000)

5.23 P231 (Westleigh 2000)
5.23.1 Morphology

The profile is situated in a lower footslope position, with a slope of 10 % (Figure 3.3)
It has Molteno sandstone as parent material, and is situated below the dolerite dyke.
The A, B1 and B2 honzons have a fine sandy loam texture, while the C1 horizon has
a loam texture. The clay content increases from the surface of the profile downwards
(12 = 18 = 17 - 21 %), but s fairly constant in the B1 and B2 horizons. The profile
description and analytical data for this profile are given in Appendix A, Tables 43 and
44 The profile can be classified as Ferric-Orthi eutnic Gleysol (FAO, 1998b) or Aeric
Endoaquents (Soil Survey Staff, 1999). A very dark grey (10YR3/1) orthic A horizon
(0-300 mm) overlies a dark greyish brown (10YR4/2) soft plinthic B1 (300-420 mm)
on a light brownish grey (10YR6/2) soft plinthic B2 (420-550 mm) on a light reddish
grey (2. 5YR7/1) unspecified material with signs of wetness (550-1 440 mm).

5.23.2 Chemical properties
The pHwume Increases from 520 in the A horizon to 6.70 in the lower C horizon

(Figure 5.106). The pHxg increases less steeply, from 4.37 in the A horizon to 5.30
in the lower C horizon.
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Figure 5.106 pHumer and pHxa for P231 (Westleigh 2000)

Base saturation increases from 60 % in the A horizon to 145 % in the upper C and
then drops to 95 % in the lower C horizon (Figure 5 107). This pattern is associated

with an increasing and decreasing basic cation content and CEC,.
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Figure 5.107 Distnbution of organic carbon (OC. as a percentage) and base
saturation (BS. as a fraction) in P231 (Westieigh 2000)

~

Total Fe contents decreases from 13 682 mg kg™ in the A horizon to 8 875 mg kg™
in the B1, 8450 mg kg™ in the B2 and 2 666 mg kg™ in the C horizon (Figure 5.108)

The total Fe analyses do not support the classification of the soft plinthic B horizons

but rather the classification of E horizons
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5233 Physical properties
Clay content increases from 12 % in the A to 18 % in the B1, 17 % in the B2 and
21 % in the C horizon (Figure 5.108). The increase in clay content in the B1 and B2
horizons does not support the classification of E horizons. The increased clay
content in the C horizon is expected as this forms a restriction to water movement,
leading to mottie formation in the horizons above it.
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Figure 5.109 Texture of the fine earth in P231 (Westleigh 2000).

5234 Hydrology
Annual duration of s>0.7 increased from 191 days year~ in the orthic A horizon to
215 days year’ in the soft plinthic B and upper unspecified material with signs of
wetness, and 365 days year' in the lower unspecified material with signs of wetness

(Figure 5.110). The relatively high AD;.q 7 values in the B horizons were expected,




The relationship between soil water regime and soil profile morphology

given the correlation with few faint Fe-oxide motties in the orthic A. many prominent
Fe—-oxide motties in the soft plinthic B and unspecified material with signs of wetness
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Figure £.110 Mean AD,.or values based on estimated dailly soil water contents. for
the five measuring depths at P231 (Westleigh 2000)

5.24 P232 (Katspruit 1000)
5.24.1 Morphology

The profile is situated in a crest in the footsiope position, with a slope of 6 %
(Figure 3.3). It has Molteno sandstone as parent matenal, and is situated below the
dolerite dyke. The A1 and A2 horizons have a fine sandy loam texture, the G1, G2
and G3 honizons have a clay loam texture and the G4 horizon a sandy loam texture
The clay content increases from the A to the G1, but is then stable throughout the
profile (12 = 20 - 20 = 21 - 21 - 14 %) The profile description and analytical data
for thus profile are given in Appendix A, Tables 45 and 46 The profile can be
classified as Hyperdistric Gleysol (FAO, 1998b) or Typic Endoaqualfs (Soil Survey
Staff 1989). A very dusky red (2 5YR2/2) orthic A1 (0-220 mm) overlies a dusky red
(2 5YR3/2) orthic A2 (220-500 mm) on a weak red (2.5YR4/2) G1 (500-840 mm) on
a pale red (25YR6/2) G2 (840-1 120 mm) on a reddish brown (25YRS5/4) G3
(1 120~ 1 360 mm) on a weak red (10YRS5/2) G4 horizon (1 360-1 S00 mm)

524 2 Chemical properties

The pHuaer and pHxa IS Somewhat constant throughout the profile. The pHuwaer
ranges from 5.15 in the A horizon to 5 64 in the G4 horizon (Figure 5.111). The pHuo
ranges from 4 28 in the A honzon to 3 85 in the G4 horizon
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Figure 5.111 pHwuer and pHxe for P232 (Katspruit 1000).

Base saturation decreases from 30 % in the A to 22 % in the G1, and then increases
to 53% in the G2 and 53 % in the G3 horizon (Figure 5.112). This pattern is
associated with a decreasing and then increasing basic cation content and CEC,.
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Figure 5112 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS. as a fraction) in P232 (Katspruit 1000).

Total Fe contents increases from 1 130 mg kg™’ in the A1 horizon to 8 145 mg kg™ in
the G3 horizon, and then decreases slightly to 8 050 mg kg™ in the G4 horizon
(Figure 5 113). The total Fe analyses support the classification of the G horizons,
since it is a cumulative environment.
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524 3 Physical properties
Clay content increases from 12 % in the A1 horizon to 20 % in the A2 and is than
somewhat uniform throughout the profile at 21 %. before decreasing to 14 % in the
G4 horizon (Figure $5.114). The increase in clay content is typical of G horizons, and

IS probably due to clay illuviation
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Figure 5.114 Texture of the fine earth in P232 (Katspruit 1000)

5.24 4 Hydrology

-~

Annual duration of $>0.7 increased down the profile. from 87 days year” in the orthic
A horizon to 165 days year ' in the soft plinthic B1, 203 days year” in the soft plinthic
B2 and 385 days year' in the unspecified material with signs of wetness
(Figure 5.115) The relatively high AD,.;; values in the B honzons were expected
given the correlation with G horizon morphology and the occurrence of many distinct

and prominent Fe-oxide motties in the G honzons
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Figure 5 115 Mean AD,.;; values based on estimated daily soil water contents, for
the five measuring depths at P232 (Katspruit 1000)

5.25 P233 (Pinedene 2100)
5251 Morphology

The profile is situated in a footslope position, with a slope of 10 % (Figure 3.3). It has
Molteno sandstone as parent material. The A B1 and B2 horizons have a sandy
loam texture, while the C1 and C2 honzons have a clay loam texture. The clay
content is fairly stable in the A and B horizons, but increases to the C horizons (10 -
11 - 10 - 34 - 28 %). The profile description and analytical data for this profile are
given in Appendix A, Tables 47 and 48. The profile can be classified as Hyperdistric
Cambisol (FAO, 1988b) or Aquic Ustipsamments (Soil Survey Staff, 1989). A very
dark greyish brown (10YR3/2) orthic A horizon (0-300 mm) overlies a dark brown
(10YR3/3) yellow-brown apedal B1 (300-500 mm) on a dark yellowish brown
(10YR4/4) yellow-brown apedal B2 (500-600 mm) on dark greyish brown (10YR4/2)
unspecified material with signs of wetness (600-1 040 mm) on dark yellowish brown
(5YR4/6) unspecified material with signs of wetness (1 040-1 570 mm)

5252 Chemical properties
The pHuwer is Somewhat constant throughout the profile, ranging from 5.31 in the A
honizon to 5 50 in the lower C2 horizon (Figure 5.116). The pHxc decreases slightly
from 4.52 in the A horizon to 3.77 in the lower C2 horizon.
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Figure 5 116 pHuuwe and pHyc for P233 (Pinedene 2100)

Base saturation is low and decreases slightly in the profile, from 46 % in the upper A
honzon to 25 % in the lower C honzon (Figure 5.117). The pattern is associated with
decreasing basic cation content and CEC,. in the A and B horizons, followed by an

increase in the C honzons
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Figure 5 117 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P233 (Pinedene 2100)

Total Fe content is low and somewhat constant in this profile. It decreases from
4257 mg kg’ in the A horizon to 3633 mg kg™’ and 3 335 mg kg ' in the B1 and B2

horizons and then increases to 4 954 mg kg™ and 4 168 mg kg™ in the C1 and C2

horizons (Figure 5 118)




Soil prefile and water regime charactenzation

0 0
20 } = 260 > .
g o e g w0 — ®
s ™ - £ 750 ? -
Tl iy, P
1280 { A 1250 \ on
1500 L& 1500 &
0 15000 30000 45000 0 500 1000 1500 2000
Fe(mgkg ') FeCl
A B
Figure 5 118 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P233 (Pinedene
2100)

5.25.3 Physical properties
Clay content is somewhat uniform throughout in the A (10 %), B1 (11 %) and B2
(10 %) horizons, but then increases in the C1 (34 %) and decreases again to 28 % in
the C2 (Figure 5.118). The increase in clay content in the C1 might be due to clay
iluviation
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Figure 5.119 Texture of the fine earth in P233 (Pinedene 2100).

5254 Hydrology
Annual duration of $>0.7 increased down the profile, from 10 days year in the orthic
A horizon to 20 days year ' in the yellow-brown apedal B1 and B2 horizons, and 365
days year' in the unspecified material with signs of wetness (Figure 5.120). The low
ADqs0 7 values in the A and B horizons were expected, given their morphology, while
the high AD,.q 7 values in the unspecified material with signs of wetness correlated
with its morphology
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Figure 5.120 Mean AD,.,: values based on estimated daily soil water contents, for
the five measuring depths at P233 (Pinedene 2100)

5.26 P234 (Avalon 2100)
5.26.1 Morphology

The profile is situated in a midslope position, with a slope of 11 % (Figure 3.3). It has
Elliot sandstone as parent material The A. B1 and B2 horizons have a sandy loam
texture, while the B3, C1 and C2 horizons have a loam texture. The clay content is
fairly stable throughout the profile (10 — 14 - 17 - 19 - 15 - 15%). The profile
description and analytical data for this profile are given in Appendix A, Tables 45 and
50. The profile can be classified as Ferric-Hyperdistric Cambisol (FAO, 1998b) or
Agquic Ustipsamments (Soil Survey Staff 1999). A very dark greyish brown
(10YR3/2) orthic A horizon (0-500 mm) overlies a dark yellowish brown (10YR4/4)
yellow-brown apedal B1 (500-880 mm) on a yellowish brown (10YRS5/4) yellow-
brown apedal B2 (880~ 1070 mm) on an yellowish brown (10YRS5/6) soft plinthic B3
(1 070-1 300 mm) on light yellowish grey (10YR6/2) unspecified matenal with signs
of wetness (1 300~ 1 500 mm) on yellowish brown (10YRS5/4) unspecified material
with signs of wetness (1 500-1 600 mm)

526 2 Chemical properties
The pHuue increases slightly from 5.25 in the top of the A horizon to 5.76 in the soft
B3 honzon (Figure 5.121). The pHy«c, decreases slightly from 4 44 in the top of the A
horizon tc 3.93 in the B3 horizon
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Figure 5.121 pHwue and pHya for P234 (Avalon 2100).

Base saturation decreases from 38 % in the upper A and to 11 % in the upper B1
horizon and then increases to 41 % in the C horizonn (Figure 5.122). This pattern is

associated with first a decreasing and then increasing basic cation content and a

decreasing CEC,..
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Figure 5,122 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P234 (Avalon 2100)

Total Fe contents is fairly low, decreasing from 6093 mgkg™ in the A to
4887mgkg’ in the B1, 4810mgkg™ in the B2 and then increasing to
5375 mg kg™’ in the B3 and 6 260 mg kg~ in the C (Figure 5 123)
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Figure 5.123 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P234 (Avalon
2100)

5.26.3 Physical properties

Clay content increases from 10 % in the A to 14 % in the B1, 17 % in the B2 and

19 % in the B3, before decreasing to 15 % in the C horizon (Figure 5.124)
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Figure 5 124 Texture of the fine earth in P234 (Avalon 2100)

526 4 Hydrology

Annual duration of $>0.7 increased down the profile, from 24 days year in the orthic

A horizon to 44 days year ' in the yellow-brown apedal B1 and B2 horizons, 287 days

year' in the soft plinthic B3 horizon, and 322 days year ' in the unspecified material

with signs of wetness (Figure 5 125). The low AD,.;; values in the A. B1 and B2

horizons were expected, given their morphology. while the high AD,.; r values in the

soft plinthic B2 honzons and unspecified matenal with signs of wetness correlated

with its morphology
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Figure 5.125 Mean AD,.q; values based on estimated daily soil water contents, for
the five measuring depths at P234 (Avalon 2100)

5.27 P235 (Katspruit 1000)
5.27.1 Morphology

The profile is situated in a lower footslope position, with a slope of 3 % (Figure 3.3).
It has Molteno sandstone as parent matenal. The A1 and A2 horizons have a sandy
loam texture, the G1 a sandy clay loam texture and the G2 a clay loam texture. The
clay content increases from the A to the G horizons (10 = 11 = 30 - 36 %). The
profile description and analytical data for this profile are given in Appendix A, Tables
51 and 52. The profile can be classified as Hyperdistric Gleysol (FAO, 1998b) or
Typic Albaqualfs (Soil Survey Staff, 1999). A dark greyish brown (10YR4/2) orthic A1
horizon (0-250 mm) overlies a dark grey (10YR4/1) orthic A2 (250-490 mm) on a
grey (10YR6/1) G1 (490-780 mm) on a grey (10YR6/1) G2 (780-1 200 mm).

527.2 Chemical properties
The pHuwae is constant at 5.50 in the A horizons, but increases to 6 10 and 6.76 in
the G horizons (Figure 5.126). The pHx«c decreases slightly from 4.25 in the A1 to
4.07 in the A2, but then increases to 4.14 in the G1 and 4.87 in the G2
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Figure 5.126 pHyue and pHxo for P235 (Katspruit 1000)

Base saturation increases from 36 % in the A1 t0 39 % in the A2; 70 % In the G1 and
then decreases to 20 % in the G2 (Figure 5.127). This pattern is associated with a
basic cation content that increases to the G1 and then decreases. and an increasing

CECs
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Figure 5.127 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P235 (Katspruit 1000)

Total Fe contents decreases from 6 685 mg kg™’ in the A1 to 5 185mg kg™’ in the

A2 increases to 5 745 mg kg™’ in the G1 and then decreases to 4 438 mg kg" in the
G2 (Figure 5.128)
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Figure 5128 CBD extractable Fe (A) and CBD Fe:clay ratio (B) for P235 (Katspruit

1000)

5.27.3 Physical properties
Clay content increases from 10 % in the A1, and 11 % in the A2 to 30 % in the G1
and 36 % in the G2 (Figure 5.129).
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Figure 5.129 Texture of the fine earth in P235 (Katspruit 1000)

527 4 Hydrology
Annual duration of §>0.7 increased down the profile, from 178 days year' in the
orthic A1 horizon to 365 days year” in the orthic A2 and G horizons (Figure 5.130)
The high ADy.o7 values in this profie were expected, given the G horizon
morphology, and the occurrence of common distinct and prominent Fe-oxide

motties.
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Figure 5.130 Mean AD,.;; values based on estimated daily soil water contents, for
the five measuring depths at P235 (Katspruit 1000)

5.28 P236 (Katspruit 1000)
528 1 Morphology

The profile is situated in a midslope position, with a slope of 6 % (Figure 3.3). It has
Molteno sandstone as parent material The A horizon has a sandy loam texture and
the G1 and G2 horizons have a clay loam texture. The clay content is fairly stable
throughout the profile (15 - 34 - 28 %). The prefile description and analytical data
for this profile are given in Appendix A Tables 53 and 54 The profile can be
classified as Epidistric Gleysol (FAQ. 1998b) or Typic Albaqualfs (Soil Survey Staff
1998). A very dark grey (10YR3/1) orthic A honzon (0-500 mm) overlies a grey
(10YR6/1) G1 (500-970 mm) on a grey (10YR&/1) G2 horizon (370-1 650 mm).

5.28.2 Chemical properties
The pHuae increases from 563 in the A horizon to 6 18 in the G1 and 6.57 in the G2
horizon (Figure 5.131). The pHu«z increases from 4.08 in the A horizon to 4 20 in the
G1 and 4.82 in the G2 honzon
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Figure 5.131 pHuwawr and pHxa for P236 (Katspruit 1000)

Base saturation increases from 34 % in the A horizon to 65 % in the G1 horizon and
84 % in the G2 horizon (Figure 5.132). The pattern is indicative of the cumulative
nature of G horizons and is associated with an increasing basic cation content and
CECyu-
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Figure 5.132 Distribution of organic carbon (OC, as a percentage) and base
saturation (BS, as a fraction) in P236 (Katspruit 1000)

Total Fe content increases from 3 264 mg kg™’ in the A horizon to 7 780 mg kg™ in
the G1 horizon and then decreases to 6113mgkg™ in the G2 horizon

(Figure 5.133). This pattern is also indicative of the cumulative nature of G horizons
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5.28.3 Physical properties
Clay content increases sharply from 15 % in the A horizon to 34 % in the G1 and
then decreases to 28 % in the G2 horizon (Figure 5.134). This pattern is also

indicative of the cumulative nature of G horizons
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Figure 5 134 Texture of the fine earth in P236 (Katspruit 1000)

5.28.4 Hydrology
Annual duration of $>0.7 was relatively high and increased down the profile, from 156
days year' in the orthic A horizon to 385 days year in the G horizons
Figure 5.135). The high AD,.q; values in this profile were expected, given the G
horizon morphology. and the occurrence of common and many, distinct and

prominent Fe-oxide motties

.72
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Figure 5.135 Mean AD,.; values based on estimated daily soil water contents, for
the five measunng depths at P236 (Katspruit 1000).

5.29 P237 (Westleigh 1000)
5291 Morphology

The profile is situated in an upper midslope position. with a slope of 10 %
(Figure 3.3). It has Molteno sandstone and mudstone as parent material. The A1
and A2 horizons have a sandy loam texture; the B1 horizon has a loamy coarse sand
texture, the B2 a clay texture, the B2 a sandy loam texture and the C horizon a sandy
clay loam texture. The clay content is low in the B horizons, except the B3 (8 - 10 -
4 - 40 - 5 - 23 %), and increases in the C horizon. The profile description and
analytical data for this profile are given in Appendix A, Tables 55 and 56. The profile
can be classified as Hyperdistric Gleysol (FAO, 1998b) or Aeric Endoaguents (Soil
Survey Staff, 1998). A very dark grey (7. 5YR3/0) orthic A1 horizon (0-200 mm)
overlies a very dark grey (7 5YR3/0) orthic A2 (200-500 mm) on a grey (7.5YR5/0)
soft plinthic B1 (500-760 mm) on a light brown (7.5YR6/4) soft plinthic B2
(760-1 100 mm) on a pinkish grey (7.5YR6/2) soft plinthic B3 (500-1 100 mm) on
reddish yellow (7.5YRE/8) unspecified material with signs of wetness
(1 100-1 500 mm).

5.29.2 Chemical properties
The pHyser decreases from 5.52 in the A1 horizon to 5.43 in the A2, it then increases
to 596 in the B1, decreases to 5.73 in the B2 and increases again to 5 95 in the B3
and 5.91 in the C horizon (Figure 5.135). The pHkc decreases from 4.35 in the A1 to
4 11 in the A2 increases 1o 4 34 in the B1 and 4 33 in the B2 and decreases 10 4.15
in the B3 and 4.14 in the C horizon.
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Figure 5 136 pHyume- and pHxg for P237 (Westleigh 1000)

Base saturation decreases from 38 % in the A1 to 26 % in the A2, it then increases to
70 % in the B1; decreases t0 34 % in the B2 and increases to 58 % inthe B3 and C
(Figure 5.137). This pattern is associated with a similar distribution in basic cation
content and CEC..
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Figure 5.137 Distribution of organic carbon (OC. as a percentage) and base
saturation (BS, as a fraction) in P237 (Westleigh 1000)

Total Fe contents increases from 4 610 mg kg™ in the A to 5898 mg kg™’ in the B
and 6 435 mg kg ' in the B2: decreases slightly to 6 145 mg kg™’ in the B3, increases
to 8240 mg kg™' in the upper C and decreases to 1740 mg kg™ in the lower C

horizon (Figure 5.138)
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5.29.3 Physical properties
Clay content increases from 8 % in the A1 to 10 % in the A2 and 40 % in the B1;
decreases 10 4 % in the B2 and 5 % in the B3 and then increases t0 23 % in the C
horizon (Figure 5.139).
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Figure 5.139 Texture of the fine earth in P237 (Westieigh 1000).

5.29.4 Hydrology
Annual duration of $>0.7 increased down the profile, from 53 days year” in the orthic
A horizon to 196 days year ' in the soft plinthic B1, and 365 in the days year' in the
soft plinthic B2 horizon and unspecified material with signs of wetness (Figure 5.140)
The high AD,.; 7 values in the soft plinthic B horizons and unspecified material with
signs of wetness were expected, given their morphology. and the occumrence of
common and many prominent Fe—oxide mottles.



The relationship between soil water regime and sod profile morphology

-

ot

so

Degth (rem)
- -

-

o

0 20 40 &0 a0 100
AD,.., (%
Figure 5.140 Mean AD,.; 7 values based on estimated daily soil water contents, for
the five measuring depths at P237 (Westieigh 1000)

5.30 Summary

Soil pH values in the Weatherley catchment were low, ranging between 3.7 and 54
for pHka. This is common for the region. given the high rainfall and the acid nature of
the sandstone parent material. pH.ue and pHyc, were generally constant with depth
except in cumulative environments (G horizons and unspecified materials with signs
of wetness) where it increased The same higher pH values were observed for
profiles in cumulative environments like depressions in the landscape. This was the
case with, for example, P206 (Kroonstad) pHxc was generally 1.26 units lower than
pH.aer. This indicated significant acidity on the exchange complex

The organic carbon content ranged from 2.50 % to 0.03 % in the soils of Weatherley
Organic carbon content it the orthic A honzons was generally around 1%, and
decreased t0 0.2 % in the subsoil. It is postulated that 0.2 % carbon in the subsoil
was sufficient to provide sustenance for reducing bacteria. It could therefore be ruled
out as a imiting factor in the reducing process

Base saturation generally increased down the profile. from 20 % in the topsoil to
60 % and sometimes 100 % in the subsoil. Base saturation reflects the cumulative
nature of honzons (G horizons and unspecified matenal with signs of wetness) and
profiles that occur in lower lying positions (P208, P213. P218 and P231)

The observed Fe contents ranged between 75 and 2 296 mg kg . No real difference
was found in the distribution of Fe and Fe:clay. The Fe content was fairly stable with
depth in most profiles, but did accumulate in some G horizons and unspecified
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material with signs of wetness. No clear evidence of accumulation in soft plinthic B
horizons or depletion of Fe in E honzons was observed.

Topsoils were generally sandy in nature with 10 % clay. This increased to 40 % in
the G horizons and unspecified material with signs of wetness, or stayed constant in
the absence of these horizons. The sandy nature of the soils was attributed to the
Elliott and Molteno sandstone. while the increase in clay content with depth was
probably due to geological clay layers and luviation

AD,.o; was almost constant (365 days year') in the poorly drained profiles
(Kroonstad and Katspruit) Only P212 (Tukulu 1110) and P221 (Hutton 2100) had
negligible ADy.o7. ADgsp7 in the other profiles generally increased with depth, from
zero in the topsoil to constant in the subsoil. These relationships confirmed current

understanding, but with the main advantage of providing measured values







Quantification of soil colour from digital images

6 QUANTIFICATION OF SOIL COLOUR FROM DIGITAL IMAGES

6.1 Introduction
This chapter discusses results obtained from digital photograph colour quantification,
using the methods discussed in section 2.6.5. This chapter does not directly address
the project aims, but were researched to ascertain the feasibility of the methodology
Due to the degree of further research needed, it was only applied to the ten profiles
P201 to P210

The results of digital photographs classification can be summarised to calculate the
occurrence of each diagnostic colour, using the amount of cells classified into each
colour (Table 6.1). Erroneous colour classification (sections 47 and 48) may
influence the results. All colours refer to the dry state, because only photographs
taken in the dry state were used in the calculations. Yellow and grey E horizons can
therefore not be differentiated

6.2 Incidence of diagnostic colours

The digital colour classification of most of the orthic A horizons as diagnostic grey is
in line with the Munsell notations determined during the field descriptions (Table 6.2).
The grey colour in A horizons may form during varying periods of wetness (section
7.2). Diagnostic grey dominates in E, G and unspecified materials with signs of
wetness. The grey count can increase, decrease or remain constant down the
profile. Yellow-brown colours dominate in some orthic A horizons, the yellow-brown
apedal B horizons, the upper soft plinthic B of P207 (Westleigh), neocutanic B
horizons and unspecified materials with signs of wetness under neocutanic B
horizons, while red colours only dominate in the red apedal B horizons and the G
horizon of P204 (Longlands) (Table 6.1).
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Quantification of soil colour from digttal images
Table 62 Results of Munsell colour calculation from RGB values determined from
digital photogra -
Profile .gonn Depth Horizon Calculated from Dry Caculatec rom RGB
(mm) photo Munsell
R G B colour hue value chroma
(field)
P201 Lo 430 ot 133 118 §7 10YR44 086BY 7.26 133
730 @5 153 126 B4 7TS5YR6M  145Y 7.49 26
1000 SsPp 133 125 121 75YR6M 305YR 743 049
— 1270 on 138 136 141 7SYR7/2 363P 768 061
P202 Pn 400 ot 120 121 120 10YR4/3 129G 7.29 0.05
820 ye 82 62 48 75YRSS 052GY 543 113
950 oOn 134 127 119 10YR82 8 17YR 747 0.51
1500 ©On 132 127 114 25Y82 375Y 7.45 064
P203 Tu 380 ot 123 118 117 10YRS/3 2 76YR 7.26 025
950 ne 40 42 27 75YR7M4 207GY 454 1.77
1300 on 140 120 63 75YR7M4  0D44Y 7.33 174
P204 Lo 140 ot 127 122 111 75YR62 290Y 733 0.57
300 95 136 126 107 TSYR™S 221 744 1.02
470 sp 154 126 ©7 10YR82 B76YR 752 208
1000 on 158 126 112 10YR8/2 231YR 757 189
P205 Kd 220 ot 134 118 99 25Y52 0.38Y 7.2 1.28
450 95 122 120 112 25Y81 5TTY 726 038
650 95 1356 1280 112 10YR6/2 348Y 75 084
1400 gh 163 128 99 25Y71 775YR 7.62 220
P206 Kd 550 o 110 115 120 10YRS/1 236PB 7.12 071
800 95 142 141 139 10YRS/1  123Y 7.78 0.09
1100 gh 157 153 132 10YR6/1  664Y 804 0.83
P207 We 300 ot 128 124 119 10YR62 975YR 7.38 0.21
560 sSp 138 126 103 10YR&/3 225Y 7.44 125
670 SPp 142 132 116 10YR8/1 121Y 759 088
1300 on 137 128 106 10YR8/2  354Y 7 48 1.11
P208 Kd 350 of 111 114 116 10YR6/1 052PB 71 033
530 9% 133 133 136 10YR6/2 ©§53P8 76 036
800 gh 138 131 124 10YR71 027Y 7.56 04
1700 gh 131 131 128 10YR62 0237GY 7.54 0.12
P208 Kd 450 of 118 111 100 10YRS2 067Y 7.08 071
1100 gh 138 127 110 10YR&/1  058Y 748 1.01
1400 s0 157 158 146 10YRE/1 2 28GY 814 0.42
P210 Bd 260 of 120 114 111 10YR42 310YR 7.14 0.38
530 of 120 113 108 10YR4/3 &56YR 7.11 0.52
810 re 151 121 98 75YR4S 674YR 7.41 1.09
1200 re 153 117 B84 75YR8B B28YR 7.33 264
1580 on 165 128 87 10YR&/M4 §43YR 7.50 285

The digital classified colour of the diagnostic horizons in P201 (Longlands 2000) is
totally dominated by a single diagnostic colour, contrary to other profiles. The orthic
A and E horizons are dominantly yellow (96.9 % and 98.6 % respectively) and
change abruptly to dominantly grey in the soft plinthic B (78.5 %) and saprolite
(90.9 %) horizons. This correlates with Munsell determined brown (10YR4/4) colour




The relationship between soil water regime and soil profile morphology

in the orthic A, a red dull orange (7.5YR&/4) colour in the E and a red dull orange
(7 5YR6/4) colour in the soft plinthic B horizons (Table 6 2). There are very few red
colours (1.3 %) in the E, some yellow (19.4 %) and very few black (1.6 %) in the soft
plinthic B honzon and some yellow in the saprolite (8.1 %). Yellow, red and black
colours due to mottling are expected in the E, soft plinthic B and underlying saprolite
horizons

The E horizon, classified as diagnostic grey in the dry state during field
investigations, may have classified as yellow during calculation due to two reasons
First the observed dry Munsell colour (7.5YR6/4), is a colour definition boundary
value. Secondly, the mathematical description of diagnostic grey, yellow-brown and
red can be improved to allow for more accurate colour classification. The
combination of colours in the saprolite 1s expected given the typical pale Elliott
sandstone and the redistribution of Fe and Mn in the weathered localities

In profile P202 (Pinedene 1100). the orthic A horizon and both layers of the
unspecified matenal with signs of wetness are dominated by a digitally determined
diagnostic grey colour (21.0 %, 64.2 % and 747 % respectively) and the yellow-
brown apedal B horizon by a yellow colour (67.4 %) and some grey (28.6 %). This
correlates with dull yellowish brown (10YR4/3). bnght brown (7 SYRS5/6). light grey
(10YR8/2) and pinkish white (2.5YR8/2) colours in the orthic A, yellow-brown apedal
B and unspecified material with signs of wetness respectively. The digital caiculation
identified 3.¢ % to 8.5 % black colour in all the horizons of the profile and negligible
red colouring. The dominance of grey in the orthic horizon is probably due to short
periods of saturation and reduction, followed by vertical leaching of Fe and Mn. This
1S supported by the Fe and Mn:clay ratios that are fairly low in the A hornzon
However the yellow and grey colour domination in the yellow-brown apedal B honzon
and the unspecified material with signs of wetness are according to expectation. The
nearly 30 % of grey in the yellow-brown apedal B honzon may indicate a significant
duration of water saturation. The occurrence of black colours is probably due to
shadows occurring in the photograph. The occurrence of 1 % diagnostic red in the

C2 horizon is due to the presence of very small red motties




Quantification of soil colour from digital images

The A horizon of P203 (Tukulu 2100), is also predominantly grey (886 %). as
observed in P202 (Pinedene). The colour distribution of the neocutanic B horizon
and the unspecified material with signs of wetness are very similar, mainly diagnostic
yellow (83.1 % and 81.9 % respectively) with some grey, red and black colouring.
This correlates with dull yellowish brown (10YRS5/3) in the orthic A dull orange
(7 5YR7/4) in the neocutanic B honzon and pinkish white (7. 5YR8/2) the unspecified
material with signs of wetness (C1). The yellow-brown colour count in both horizons
is higher than in the yellow-brown apedal B horizon of P202 (Pinedene). The digitally
determined colour of the subsoil horizons of the Tukulu is more normally distributed,
supporting the variegated colour found in neocutanic horizons. The black colouring
may again be shadow.

The colour pattern in P204 (Longlands) is remarkably similar to that in P203 (Tukulu).
The digitally calculated colour values change from predominantly grey in the upper
two horizons to predominantly yellow-brown and red in the deeper subsoil. The
orthic A is also predominantly grey but the E horizon has more diagnostic grey and
less diagnostic yellow. This correlates with a greyish brown (7.5YR6/2) orthic A
horizon, an orange (7.5YR7/5) E, a light grey (10YR8/2) soft plinthic B (300-470
mm), and a light grey (10YR8/2) G horizon, as determined in the field. The soft
plinthic B horizon has 27.0 % diagnostic red colouring, an indication of the Fe oxide
motties present. It therefore supports the classification as a soft plinthic B horizon
The unspecified material with signs of wetness, underlying the soft plinthic B horizon,
has a broad normal distribution pattern with 45 1 % diagnostic red, 44.3 % diagnostic
yellow and 8.9 % diagnostic grey colouring calculated. The morphology of the deep
subsoil is typical of some underlying horizons with very small prominent red spots,
where preparation of the profile face resulted in red streaking. This effect can
account for up to 95 % of the red colour in these photographs.

The A (dark greyish yellow. 2. 5Y5/2) and G horizons (light grey, 2 5Y7/1) of P205
(Kroonstad 2000) is predominantly diagnostic yellow (87.0 % and 52 5 %). while the
E1 (yellowish grey, 2.5Y6/1) and E2 (greyish yellow brown, 10YR6/2) horizons are
predominantly diagnostic grey (98 9 % and 91.7 %). The quantified colours therefore
support the classification of these horizons. The G horizon has 41.8 % diagnostic
red, the reason being the same as discussed for P204 (Longlands)

183



The relationship between soil water regime and sodl profile morphology

P206 (Kroonstad 2000) i1s diagnostic grey throughout the profile (90.3 % - 992 % -
98.0 %). This correlates with a brownish grey (10YRS/1) orthic A horizon. a brownish
grey (10YRS5/1) E and a brownish grey (10YR6/1) G horizon The A horizon has
8 6 % black. which is largely due to the high level of organic material (4.4 % OC in
the 0 - 100 mm layer). and shadows in the horizon

The dominant colours in P207 (Westleigh 1000) are 94.6 % diagnostic grey in the A
honizon (greyish yellow brown; 10YRSE/2), 71.8 % diagnostic yellow in the soft plinthic
B1 horizon (dull yellow orange; 10YR6/3). 70.4 % diagnostic grey in the soft plinthic
B2 honzon (light grey. 10YR8/1), and 66.0 % diagnostic grey in the C honzon (light
grey. 10YR8/2). The subdominant colour in the B1 horzon is diagnostic grey
(27 1 %), while it 1s diagnostic yellow (26 8 % and 31.1 %) in the B2 and C honzons
The B1 horizon was classified as a soft plinthic B horizon, although it has grey colour,
as defined for an E honizon, due to the presence of prominent vesicular motties. The
vaned nature of this horizon's colour is clear from the colour classification. The
presence of 26.9 % diagneostic yellow in the B2 horizon is due to Fe oxide mottles. It
therefore supports the classification as a soft plinthic B horizon. The occurrence of
black in these honzons is mainly due to shadows.

The horizon colours of P208 (Kroonstad 1000) are classified as diagnostic grey
throughout the profile (929 % - 987 % — 894 % - 963 %) This correlates with a
brownish grey (10YR&/1) colour in the orthic A, a greyish yellow-brown (10YR6/2)
colour in the E. a light grey (10YR7/1) colour in the G1. ang a greyish yellow brown
(10YR6/2) colour in the G2 horizon There is 10.3 % diagnostic yellow in the G1
horizon and 2 9 % diagnostic yellow in the G2 horizon. The colours indicate a very
wet profile. It also supports the classification of the diagnostic horizons and the
profile as a whole. The presence of yellow colours in the G1 1s as a result of Fe
oxide motties. The black colours in the G1 and G2 horizons are mainly due to
shadows caused by cracks

Diagnostic grey increases (554 % — 54 6 % - S8 4 %) throughout P209 (Katspruit
1000). This correlates with a greyish yellow-brown (10YRS5/2) colour in the orthic A
horizon. a brownish grey (10YR6/1) colour in the G honzon and a brownish grey
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(10YR6/1) colour in the saprolite. It has 40.3 % diagnostic yellow in the A and
38.0 % diagnostic yellow as well as 5.5 % diagnostic red in the G horizon. The
yellow and red colours in the A and G horizons are due to Fe oxide mottling. The
black colours in the A horizon are due to shadows. The increasing area of diagnostic
grey as well as yellow mottling might indicate increased durations of water saturation

P210 (Bloemdal 1100) is the only profile with significant areas of diagnostc red
colours. The A1 and A2 horizons are predominantly diagnostic grey (65.3 % and
68.7 %). The B1 horizon has 67.6 % diagnostic yellow and 31.6 % diagnostic red
while the B2 horizon has 36.4 % diagnostic yellow and 62.2 % diagnostic red. The
underlying unspecified matenal with signs of wetness has 44.3 % diagnostic yellow
and 54 .8 % diagnostic red. This correlates with a greyish yellow brown (10YR4/2)
orthic A1, a dull yellowish brown (10YR4/3) A2, a brown (7 5YR4/6) red apedal B1,
an orange (7.5YR6/6) red apedal B2 and a dull orange (7.5YR6/4) unspecified
material with signs of wetness. The colour classification of the B1 and B2 honzons
supports the diagnostic horizon classification. The over-estimation of diagnostic
yellow in the B1 horizon might be due to unrefined colour definitions for the colour
classification.

6.3 Mean horizon colour
The mean colour of each horizon, excluding diagnostic colour classification can be
calculated in ArcView as a zone summary, or it can be caiculated as the product of
the percentage diagnostic colour occurrence and the respective R. G or B values.
An evaluation of the results provided by the two methods is given in Figure 6.1. Itis
clear that these two methods are fairly similar (R = 0.98), although the weighed
mean values are typically 12 units higher for Red, 11 units higher for Blue and one
unit lower for Green, than the zone summary. The weighted mean values can
therefore be used to save time during the calculation process — provided they are
corrected, using the proposed equations.
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Figure 6.1 The relationship between two methods for determining soil colour

An attempt was made to calculate the Munsell colour from the mean RGB honzon
colour. This yielded results that were difficult to interpret. due to the continuous
nature of the hue values and the fact that hue values fell outside that normally
expected in soil (Table 6.2). This might be due to the colour classification procedure
and the colour correlation programme used (Anon, 2003b). A further disadvantage is
that the programme cannot be forced to select a colour within the expected soil
colour limits, or within a specific hue. It is proposed that these issues be researched
further, due to the possibilities that they offer for the objective determination of soil

colour

6.4 Colour correlations
Although colour correlations were not a specific am of this research. it would be
interesting to evaluate results obtained against published colour indices. The colour
indices developed by Torrent ef al. (1980 and 1983) Mokma & Cremeens (19S1) as
well as Van Huyssteen (1995). are discussed in section 23 These colour indices
were evaluated against colour and soil water data obtained for this study. The colour
index developed by Van Huyssteen (1935) gave the best correlation with duration of

water saturation with R?* = 033 The redness rating developed by Torrent ef al
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(1980 and 1983), had a R? = 0.16, while the colour index developed by Mokma &
Cremeens (1991) had a R = 0.13. The colour index of Van Huyssteen (1995) also
correlated reasonably well with mean ADy.q 7 (R = 0.35).

Determination of new coefficients for the colour index developed by Van Huyssteen
(1995), increases the correlation coefficient to R? = 0.38. The equation is given by:

AD;.;7 (days year ') = =386 xHg+ 352 xVy+ 194 xCy - 51.3 (6.1)
Where:
ADss0 7 Mean annual duration of water saturation above 0.7 of porosity
Hd = numenc dry colour hue
vd = dry colour value

Cd

dry colour chroma

Mean Red, Green and Blue values, or combinations thereof, did not correlate with
AD..;; (Table 6.3). The colour quantification methodology was not studied in further
detail, because it would not have had a marked impact on the outcome of this study.
It should, however, be studied further to exploit its possibilites for colour
quantification and therefore soil classification as well as to aid in correlations with
ADgs0 7.

Table 6.3 The correlation (R?) of mean photo Red. Green and Blue with mean
AD..s7, mean duration and mean frequency of water saturation
Red Green Blue

Mean AD,.; 7 0.10 0.17 0.19

Mean duration 0.08 0.16 0.20

Mean frequency 006 0.01 0.01
6.5 Summary

The colour variation in digital photographs of soils can be quantified and classified
meaningfully, using ArcView SpatialAnalyst This methodology is, however, not yet
sufficiently refined, but holds great promise for the unbiased and quantitative
determination of soil and mottie colour properties as well as statistical correlation with
related soil conditions.
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The black classification was used mainly for the elimination of shaded areas from the
photographs. Unfortunately this class includes Mn motties. This cannot be
prevented at this stage The occurrence of significant amounts of diagnostic red is
restncted to P210 (Bloemdal) Where diagnestic red occurs in other profiles. it is
associated with Fe oxide mottles. This is the case in P201 (Longlands) P203
(Tukulu), P204 (Longlands). P205 (Kroonstad) and P209 (Katspruit)

Grey and yellow are the dominant colours in the profiles described for this study. For
example in P201 (Longlands) and P209 (Katspruit) the amount of grey increase with
depth, at the expense of yellow. The amount of diagnostic grey is, however, much
more in the Katspruit than in the Longlands In P202 (Pinedene) diagnostic grey
decreases and then increases with depth. In P203 (Tukulu). P204 (Longlands), P205
(Kroonstad) angd P207 (Westleigh) the amount of diagnostic grey decreases with
depth. This might indicates a drier subsoil water regime. Artificial increases in the
amount of red caused by smearning of Fe oxide motties during profile preparation
explain this feature in P204 (Longlands) and P205 (Kroonstad). Profiles P206
(Kroonstad) and P208 (Kroonstad) are diagnostic grey throughout the profile

Mean horizon colour can be calculated directly in ArcView. or from the results of
diagnostic colour classification The two methods do not give significantly different
results. Results of colour classification do not show great promise regarding
correlations with AD..o;. but can successfully be used in colour determination for
diagnostic horizon classification, or for the determination of cther soil morphological

features
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7 DIAGNOSTIC HORIZON CHARACTERIZATION

7.1 Introduction

Duration of $>0.7 can be described in relation to soil profiles, or it can be described
for each individual diagnostic horizon group. The South African soil classification
system (Soil Classification Working Group, 1991) gives high priority to horizon
identification in profiles. This makes it possible to characterize the diagnostic
horizons in terms of diagnostic and non-diagnostic soil qualities. The aim of this
chapter is 1o characterize diagnostic honzon hydrology and to propose subdivisions
when appropnate.

The mean values of a number of different parameters, and standard errors of the
means per diagnostic horizon group are presented as follows: AD,.; > in Figure 7.1
clay content in Figure 7.2, texture in Figure 7.3, organic carbon content in Figure 7 4.
nitrogen content in Figure 7.5; CEC,. and CEC.,, in Figure 7.6, sum of basic cations
in Figure 7.7, base saturation in Figure 7.8, pHwame In Figure 7.9 pHkz In
Figure 7.10; Fe content in Figure 7.11; and Mn content in Figure 7.12.
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Figure 7.1 Mean and standard error of mean the AD,.q; values per diagnostic
horizon group
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Figure 7.12 CBD extractable Mn and Mn:clay mean and standard error of, per
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7.2 Orthic A horizons
Orthic A horizons (ot) have varying properties, including degrees of wetness. This is
mainly due to the definition by which all non organic, vertic, humic or melanic A
horizons are classified as orthic A horizons (Soil Classification Working Group, 1991).
The properties of orthic A horizons can, however, largely be determined by inference
from the underlying horizons (Le Roux ef al, 1999, Van Huyssteen et al., 2005).

Thirty seven orthic A horizons are included in this study. All profiles have at least
one orthic A honizon, while for some two orthic A horizons were described. The
varied nature of orthic A horizons is clear from the soils used in this study. Mean
AD,. 7 values range from 1 to 360 days year"' (Figure 7.1), clay content from 8 to
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32% (Figure 7.2 and Figure 7.3) and organic carbon content from 0.3 to 25%
(Figure 7 .4).

The mean value of the sum of basic cations (3.17 cmol. kg™’ with standard error of
043 cmol. kg™'). is significantly higher in the orthic A horizons, than in the E. or
chromatic horizons and significantly lower than in G horizons (Figure 7.7). This is
probably due to biocycling, resulting in the accumulation of organic matter and basic
cations in the topsoil. The higher organic matter content could alsc result in a higher
CEC. Basic cation concentration in the orthic A honzon i1s. however, lower than in
the G horizons or unspecified matenal with signs of wetness. This is largely due to
cation accumulation in these horizons, due to lateral leaching from up-siope profiles
and vertical leachung from the overlying horizons

Organic carbon and nitrogen are higher in the orthic A horizons than in E. chromatic,
soft plinthic B. G horizons or unspecified material with signs of wetness (Figure 7.4
and Figure 7.5). The higher organic carbon and nitrogen contents are most probably
due to the proliferation of plant roots in the topsoil, followed by the accumulation of
organic matter by humification and slow mineralization

PHuae In Orthic A honizons 1s significantly lower than in soft plinthic B, G and
unspecified matenal with signs of wetness. It does not differ significantly from the
other horizons (Figure 7 8) pHxe significantly higher than in yellow-brown apedal B
and red apedal B horizons (Figure 7.10). Residual acidity is therefore much less in
orthic A horizons. probably due to the accumulated organic matter. The lower pH
points to increased leaching of basic cations from the orthic A honzons as well as the
increased acidity of organic matter, which is higher in these horizons. Other
variables did not differ significantly between orthic A and the other horizons

Wetness classes (in terms of duration of saturation) as defined by the USDA's Soll
Survey Division Staff (1983) are presented in Table 7.1, They do not however
specify the degree of saturation (volumetnc water as a fraction of porosity) As a
useful first approximation it has been assumed here that s > 0.7 will qualify as being
“saturated” in their terminology. The orthic A horizons of this study are ranked
according to these classes in Table 7.2. There is a reasonably good agreement

194




Dragnostic horizon characterization

between the defined Soil Survey Dwision Staff (1993) wetness classes and the
measured mean ADj.; ; values for orthic A horizons in this study.

There is also a good relationship between defined wetness classes of the orthic A
horizons and nature of the underlying horizon. Wetness class A has yellow-brown
apedal B, red apedal B and neocutanic B horizons as the underlying horizon. The
that the second horizon in profile 201 was an E horizon with wetness class A can be
explained by the fact that it was a border-line case as far as colour is concerned and
at least one researcher classified it as yellow-brown apedal B (Roberts et al, 1996).
Wetness class A generally had no motties, except for profile 201 where there were
few

Wetness classes B. C and D seem generally to apply to orthic A horizons overlying
E. soft plinthic B and G horizons. There does not seem to be a meaningful
differentiation in terms of underlying horizon between these wetness classes. The
occurrence of mottles and matnx colour can, however. be used for further
differentiation.

Orthic A horizons in the B wetness class are those in profiles 210 and 204. The
mean AD,.,y data for profile 210 at 150 mm is highly suspect, as it increases yearly
It seems that the pale colour (chroma = 2) of these orthic A horizons might be
indicative of the longer duration of water saturation. The orthic A horizon in the C
wetness class had common mottles, with matrix chroma equal to 2.

Table 7.1 Classes of duration of the wet state (Soil Survey Division Staff, 1893)

Wetness Description Saturation

class  (monthsyear’)  (daysyear)
A Well drained <1 <30

B Moderately well drained 1-4 30 - 122

Cc Moderately to poorly drained 4-6 122 - 183

D Poorly drained >6 > 183

Wetness class D had either common, many, or no motties described. No motties
were described in the A honzon of profile 205. This horizon does, however, have a
very pale colour with a chroma of 1.
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The theory in soil science that Fe mottles is associated with significant periods of
subsoil saturation was confirmed by the absence of these motties in orthic A honzons
with AD,. 7 less than 50 days year ' and a general presence in horizons with AD;.0 7
more than 178 days year' However an exemption o this rule is confirmed by the
absence of Fe mottles in P229 (Kroonstad 1000) at 0 to 375 mm depth
(measurement at 225 mm) The horizon had an AD,.. 7 value of 234 days year' and
overied an E horizon. More exemptions are P222 (Tukulu 1210) and P213
(Katspruit 1000). The orthic A honzens of these profiles have nc Fe motties but had
AD;.2 7 171 days year”

Table 72 Classification of mean AD,.;; values in orthic A horizons according 1o
_the wetness classes of Soil Survey Division Staff (1983)
Profie Depth Diagnostic Mean AD,..r Wetness Undertying Occurrence of

No (mm) honzon (daysyear ) class  horizon mottles

202 190 ot 1 A ye -

203 190 ot 1 A ne o

210 190 ot 1 A ot v

212 200 t 3 A re -

201 180 ot < A gs few geo

233 190 ot 10 - ve commaon humus

234 210 ot 24 A ot few humus

234 510 ot 25 - ye few humus

205 230 ot 31 8 cs -

225 220 ot 38 8 gs few humus

210 490 ot 45 B re -

237 210 ot 83 8 sp common Fe

220 175 ot 81 8 ot -

232 230 ot 87 B8 gh common Fe

204 220 ot - B as few Fe

221 140 ot 99 8 re -

220 475 ot 152 C re -

236 190 ot 155 Cc ot common Fe

213 180 ot 17 C ot few humus

222 180 ot 171 Cc ne -

235 185 ot 178 C ot common Fe

208 205 ot 180 C gs common Fe

231 150 ot 191 D sp few Fe

230 150 ot 196 D ) few Fe

207 180 ot 197 D $p common Fe

218 200 ot 201 D gh few Fe

209 230 ot 213 D ot many Fe

rak 200 ot/gh 215 D gh many Fe

213 480 ot 218 D gh few humus

22% 225 t 234 D 3s -

238 480 ot 266 D gh common Fe

225 190 t 268 D as few Fe

208 530 ot'gh 285 D gh many Fe

208 170 ot 313 D gs few Fe

235 485 ot 365 0 ot common Fe
_ 235 785 ot 365 0 ___gh common Fe
Mean 148
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7.3 E horizons
E horizons (gs) are inter alia defined as a grey horizon, having undergone marked in
situ nett removal of colloidal material, defined as Fe oxides, silicate clays and organic
matter (Soil Classification Working Group, 1991).

The mean AD,.q 7 values in E horizons vary from 24 days year ' in profile 201 to 365
days year’ in profile 206. The group mean AD,.;; values for E horizons are 202
days year with standard error of 45 days year' (Figure 7.1). The colour of the E
horizon in profile 201 is close to that of a yellow-brown apedal B horizon. It can
therefore be expected to have a relatively dry water regime. The motties in this
horizon are bleached, indicating somewhat more Fe oxide removal relative to Fe
oxide accumulation than in the other E horizons (Table 7.3).

The relatively dry E horizon of profile 205 (mean AD,.; ; = 34 days year ') can only be
attributed to the location of the profile on a local ridge. It is possible that the water
regime in this profile has changed over time, as the local drainage lines shifted. This
horizon is characterized by many Fe oxide mottles and a very pale 2 5Y6/1 colour

Table 7.3  Classification of mean AD,.; values in E horizons (gs) using the
wetness classes of the Soil Survey Division Staff (1993)
Profile  Depth  Diagnostic Mean AD,..» Wetness Undertying Mottie

_ No _ (mm) _ horizon (daysyear™)  class  horzon  occurence
201 460 gs 24 A sp many Fe
205 530 gs 47 B gh many Fe
204 300 gs = B sp many Fe
225 820 gs 121 B gs common Fe
208 505 gs 133 C oh many Fe
225 520 gs 155 Cc sp common Fe
226 480 gs 360 D gh common Fe
229 825 gs 362 D gh common Fe
206 470 gs 365 D gs common Fe

206 770 g % O @ gh  commonFe

Mean 202

The E honzons in profiles 206 and 208 have mean AD,.;; values larger than 232
days year'. They therefore fall into the "poorly drained” wetness class (Soil Survey
Division Staff (1993). These horizons also occur exclusively on G horizons, or
unspecified matenal with signs of wetness, and have common or many Fe oxide
motties. The colour is mainly pale (10YRS5/1. 10YR&/3 and 10YR6/2). It is therefore
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proposed that E horizons with these characteristics. and occurring on G honzons or
unspecified material with signs of wetness, should be classified as poorly drained
while those occurning on soft plinthic B horizons should be classified as well or

moderately well drained

E horizons with shorter AD,.: » values had more Fe mottles. indicating that Fe motties
were associated with varied redox conditions. E honzons with AD,.; 7 less than about
100 days year' had many mottles (< 20 %) and those with AD,.;; more than about
140 days year’' had common mottles (2 — 20%). The role of varying redox
conditions on the nature of Fe motties should be investgated further.

AD;.o 7 values of 24 to 94 days year were recorded in the yellow E horizons and
values of 121 to 365 days year ™ in grey E horizons. This is in line with the perception
that yellow E horizons are drier than grey E horizons, but wetter than yellow-brown
apedal B horizons

The sum of basic cations (1.85 cmol. kg™ with standard error of 0.31 cmol. kg™') is
significantly lower in E honzons than in orthic A soft pinthic B. G horizons or
unspecified material with signs of wetness (Figure 7.7). The sum of basic cations (S)
is significantly higher in E than in yellow-brow apedal B horizons. The sum of basic
cations is similar in E. red apedal B and neocutanic B horizons. These relationships
are indicative of accumulation of basic cations in orthic A soft plinthic B and G
horizons and unspecified material with signs of wetness. with associated removal
from E and chromatic B horizons.

The clay content in E horizons, with a mean of 13.0 % and standard error of 0.8 %
(Figure 7.2) is significantly lower than in soft plinthic B, red apedal B, neocutanic B, G
and unspecified material with signs of wetness. It has a similar clay content to
yellow-brown apedal B and orthic A honizons. The mean CBD extractable Fe (7 924
mg kg~'. with standard error of 1 354 mg kg™') is significantly higher than in yellow-
brown apedal B honizons and smilar to the other hornizons (Figure 7.11)
Mn (16.8 mg kg~", with standard error of 5.4 mg kg™'), is significantly lower in E than
in orthic A soft plinthic B. red apedal B. neocutanic B and G horizons and
unspecified material with signs of wetness (Figure 7.12). Clay content and Mn
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analyses support their classification which stipulates net removal of colloidal material
relative to the over and underlying horizons (Soil Classification Working Group
1991). Clay and total Fe content are not significantly lower in E than in the orthic A
honzons.

7.4 G horizons
G horizons (gh) are saturated for long periods and have grey colours on the macro
pore and ped surfaces. They have not undergone marked removal of colloidal
material, as in the case of E horizons, but are rather charactenzed by the
accumulation of colloidal material (Soil Classification Working Group, 1991).

With a mean AD;. of 331 days year ', with standard error of 10 days year ', the G
horizons are significantly wetter than all other diagnostic horizons (Figure 7.1). The
main causes are presumably the location of these horizons at the bottom of the
profile. as well as the position of the profiles in which they occur in the landscape,
normally as the end member of a catena. The relatively high clay content and high
bulk density in these horizons are also contributing factors. All G horizons fall into
the “poorly drained” wetness class (Table 7 4), with the exception of the upper G
horizons in P208 (Kroonstad) and P232 (Katspruit), which falls in the moderately to
poorly drained class

The theory that G horizons are saturated with water for prolonged periods was
confirmed by the results. The duration of AD,.q; of 200 to 365 days year' is a
significant norm for this region. An inconsistency in the data is the duration of ADs.q 7
of 166 days year' at 805 mm for P208 (Kroonstad 1000). This could imply that the
upper G horizon of the profile is part of the E horizon. The texture and Fe content of
the horizon supports this theory

The sum of basic cations (6.84 cmol. kg ', with standard error of 0.81 cmol. kg™"),
clay content (28.2 %, with standard error of 1.4 %), CECyu (10.8 cmol. kg, with
standard error of 0.8 cmol. kg') and pHuue (6.15, with standard error of 0.17) is
significantly higher than in the other horizons (Figure 7.7. Figure 7.2. Figure 7.6 and
Figure 7 9). Base saturation (64 2 %, with standard error of 5.4 %) in the G horizons
is also significantly higher than in orthic A, E or chromatic horizons (Figure 7.8). The
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CBD extractable Fe is significantly higher than in the soft plinthic B and yellow-brown
apedal B horizons, while the CBD extractable Mn is significantly lower than in soft
plinthic B. red apedal B. neocutanic B and unspecified material with signs of wetness

(Figure 7.11 and Figure 7 12). The data i1s characteristic of honzons that form in

cumulative environments

Table 74  Classification of mean AD,.; ; values in G horizons (gh) according to the
wetness classes of Soil Survey Division Staff (1993)

Profile Depth ODiagnosuc  Mean AD,.. Wetness Occurrence Type

No (mm hornzon (days year ) class of of
. S . __motles  mofties

232 330 gh 165 C many Fe
208 805 gh 166 C common Fe
232 830 gh 203 D common Fe
213 780 gh 205 D many Fe
205 830 gh 244 D commen Fe
218 500 gh 282 D many Fe
213 1080 gh 323 D many Fe
22 790 gh 352 D few grey
21 800 gh 357 D commen Fe
21 1380 gh 358 D many Fe
218 800 gh 350 D many Fe
21 00 gh 363 D commeon Fe
205 1130 gh 365 D common Fe
205 1430 gh 365 D common Fe
208 1070 gh 385 D many Fe
208 1105 gh 365 D many T
208 1405 gn 365 D many Fe
21 1100 gh 365 D common Fe
218 1100 gh 3685 D many Fe
218 1400 gn 365 D many Fe
226 1090 gh 365 D faw ey
226 1380 gh 365 D few grey
229 1125 gh 365 D many grey
232 1130 gh 365 D many Fe
232 1430 gh 365 D many Fe
235 1085 gh 365 D common Fe
235 1385 gh 365 D common Fe
238 790 gh 3685 D many Fe
236 1080 gn 365 D common Fe

236 1380 gh 365 D common Fe

Mean 331 D

|

7.5 Red apedal B horizons
The red apecal B (re) horizons are defined by virtue of their red. high chroma cclour
(typically @ chroma of 3 or 5 or more), lack of structure and lack of ime. Red apedal

B horizons occurred only in three profiles
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The mean AD;.; ; value for red apedal B horizons is 80 days year ', with a standard
error of 58 days year . It is the driest diagnostic horizon group, although it is not
significantly different from the E, soft plinthic B and orthic A horizons. Chromatic
horizons fall into the A, B, C and D wetness classes (Table 7.5). The wetter
chromatic horizons are typically deeper than 600 mm, and occur on unspecified
material with signs of wetness. The AD,.q» values for the two red apedal B horizons
in P210 are probably erroneous. In profiles P220 (Bloemdal 1100) and P221 (Hutton
2100) they had AD..;; values as expected, with a few days of AD,.,; per year.
However in P210 (Bloemdal 1100) the red apedal B horizon exceed this for 108 days
year™' at a depth of 790 mm and for nearly the full year a depth of 1 090 mm. The
colour of this red apedal B horizon is similar to that of the other two profiles and
mottling is restricted to humus. This anomaly requires more investigation. The mean
AD;.; 7 value for red apedal B horizons, excluding the two anomalies is 4 days year ™.

Table 75 Classification of mean AD,.;; values in red apedal B horizons (re),
according to the wetness classes of Soil Survey Division Staff (1993)
Profie  Deptn  Diagnostic MeanAD,..;, Wetness  Occurrence Type
No

(mm) horizon  (days year ) class of of

. motties motties
220 775 re 0 o few humus
221 740 re 0 A - -
21 440 re 1 B - -
221 1040 re 1 A - -
210 780 re 108 B many humus
210 1090 re 357 D many humus

Mean 80

Clay content in red apedal B horizons (21.4 %. with a standard error of 2.9 %) is
significantly higher than in E, orthic A and yellow-brown apedal B horizons and
significantly lower than in G horizons (Figure 7.2).

Sum of basic cations in red apedal B horizons (1.61 cmol. kg™, with a standard error
of 0.35 cmol. kg™”) is significantly lower than in G, orthic A, soft plinthic B and
unspecified material with signs of wetness (Figure 7.7). It does not differ significantly
from the other horizons.

Organic carbon in red apedal B horizons (0 35 %, with a standard error of 0.12 %) is
significantly higher than in G, unspecified material with signs of wetness, yellow-
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brown apedal B and soft plinthic B honzons, and significantly lower than in orthic A
horizons (Figure 7 4). It does not differ significantly from the other honzons

Total Fe in red apedal B horizons (10 338 mg kg™, with a standard error of 1 285
mg kg ') is significantly higher than in orthic A soft plinthic B and yellow-brown
apedal B honzons (Figure 7.11). It does not differ significantly from the other

honzons

Total Mn in red apedal B horizons (145 mg kg ', with a standard error of 28 mg kg ')
1s significantly higher than in G, E orthic A soft plinthic B and yellow-brown apedal
horizons (Figure 7.12). It does not differ significantly from neocutanic B horizons and

unspecified material with signs of wetness

7.6 Yellow-brown apedal B horizons
The yellow-brown apedal (ye) B honzons are defined by virtue of their yellow-brown
high chroma colour (typically a chroma of 3 or 5 or more). lack of structure and lack
of lime

The mean AD,.;; value for yellow-brown apedal horizons is 75 days year™' . with a
standard error of 53 days year™'. Itis the driest diagnostic horizon group. although it
is not significantly different from the E. soft plinthic B and orthic A horizons
Chromatic honzons fall into the A B. C and D wetness classes (Table 76) The
wetter chromatic horizons are typically deeper than 600 mm, and occur on
unspecified material with signs of wetness. These results confirmed that yellow-
brown apedal B horizons do saturate for a significant time. The short duration of
ADgs5 7 in P202 (Pinecene 1100) at 430 mm would, however, rather fit the red apedal
or neocutanic B horizons. In contrast the AD;.:; at 790 mm is 234 days year ', much
longer than expected. This may be explained by the point of measurement and the
presence of motties. The measurement incorporates about 25 % of the underlying
unspecified matenal with signs of wetness. Although only a few motties (< 2 %) were
described it may be significant The Fe content was also higher than the other
horizons, indicating soft plinthic horizon characteristics. The mean AD,.; ; value for
yellow-brown apedal horizons, excluding the measurement at 790 mm in P202 was
22 days year™'
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Table 76  Classification of mean AD,.;; values in yellow-brown apedal B horizons
(ye), according to the wetness classes of Soil Survey Division Staff

(1983) ~ . _

Profle  Depth Diagnostic Mean AD,..- Wetness Occurenceof Type of
No (mm) horizon (days year )  class motties motties
202 480 ye 2 o few Fe
233 490 ye 20 ) many humus
234 810 ye a4 8 many humus
202 780 @ ye 234 D few __Fe

Mean 75

Clay content in yellow-brown apedal horizons (13.6 %, with a standard error of
1.4 %) is significantly lower than in G, neocutanic B, and red apedal B horizons and
unspecified material with signs of wetness (Figure 7.2)

Sum of basic cations in yellow-brown apedal horizons (1.20 cmol.kg”, with a
standard error of 0.12 cmol. kg”) is significantly lower than in G, E, neocutanic B,
orthic A and soft plinthic B horizons and unspecified matenal with signs of wetness
(Figure 7.7). It does not differ significantly from red apedal B horizons

Organic carbon in yellow-brown apedal horizons (0.22 %, with a standard error of
0.04 %) is significantly lower than in E, neocutanic B, orthic A and red apedal B
horizons and significantly higher than in unspecified matenal with signs of wetness
(Figure 7 4). It does not differ significantly from G and soft plinthic B horizons

Total Fe content in yellow-brown apedal horizons (5 152 mg kg ', with a standard
error of 1 033 mg kg ') is significantly lower than in the other horizons (Figure 7.11)

Total Mn content in yellow-brown apedal horizons (25 mg kg', with a standard error
of 8 mg kg™') is significantly lower than orthic A, neocutanic B. red apedal B and soft
plinthic B horizons and unspecified material with signs of wetness (Figure 7.12) It
does not differ significantly from G and E horizons.

7.7 Neocutanic B horizons
Neocutanic B horizons (ne) are defined as being non-calcareous and having
undergone limited pedogenesis (Soil Classification Working Group, 1991).
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The mean AD;.; + value for neocutanic B horizons is 37 days year™ . with a standard
error of 24 days year . It is the dniest diagnostic horizon group, aithough it is not
significantly different from the E, soft plinthic B and orthic A horizons. Chromatic
horizons fall into the A B. C and D wetness classes (Table 7.7) The wetter
chromatic horizons are typically deeper than 600 mm. and occur on unspecified
matenal with signs of wetness. The presence of common Fe motties in most of the
neocutanic horizons contradict the low AD,.. 7 values. In profiles P212 (Tukulu 1110)
and P203 (Tukulu 2110) the colour of the B horizon disqualified it as red or yellow-
brown apedal B horizons The colour of the neocutanic horizon of P222 (Oakleaf
1210) was, however. diagnostic red and very similar to that of the other red apedal
horizons. The varied colour and motties disqualified it as a red apedal B horizon. It
is therefore surprising to find AD,.o» values of 80 and 164 days in P222 (Oakleaf
1210). Without these two values. the mean AD;. 7 value for neocutanic B horizons
would have been 3 days year™

Table 7.7 Classification of mean AD,.;; values neocutanic B horizons (ne),
_____according to the wetness classes of Soil Survey Division Staff (1993)
Profile  Depth Oiagnestic  Mean AD,..- Wetness Occurrence of Type of

No (mm)  honzon x_d_ays_x_eai ) dass = motles morties
212 500 e 0 - many humus
212 800 ne 1 A common Fe

212 1100 ne 1 A common Fe

203 450 ne 5 3 common Fe

203 7 ne 6 B common Fe

222 480 ne 80 B few Fe

222 780 ne 164 C common  Fe

Mean 37

Clay content in neocutanic B horizons (18.6 %, with a standard error of 3.2 %) is
significantly higher than E and yellow-brown apedal B horizons; and significantly
lower than G horizons (Figure 7.2). It does not differ significantly from orthic A, red
apedal B and soft plinthic B horizons and unspecified material with signs of wetness

Sum of basic cations in neocutanic B horizons (1.95 cmol. kg™~ with a standard error
of 0.36 cmol. kg') is significantly higher than yellow-brown apedal B horizons and
significantly lower than orthic A. G and soft plinthic B horizons and unspecified

material with signs of wetness (Figure 7.7). It does not differ significantly from E and
red apedal B honzons
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Organic carbon in neocutanic B horizons (0.35 %, with a standard error of 0.09 %) is
significantly higher than in G, soft plinthic B and yeliow-brown apedal B horizons and
unspecified material with signs of wetness and significantly lower than in orthic A
horizons (Figure 7.4) It does not differ significantly from E and red apedal B
horizons.

Total Fe content in neocutanic B horizons (9 741 mg kg™, with a standard error of
2 115 mg kg'') is significantly higher than in soft plinthic and yellow-brown apedal B
horizons (Figure 7.11). It does not differ significantly from G, E. orthic A and red
apedal B horizons and unspecified material with signs of wetness

Total Mn content in neocutanic B horizons (155 mg kg ' with a standard error of 73
mg kg'') is significantly higher than in G, E, soft plinthic B, yellow-brown apedal B and
orthic A horizons (Figure 7.12). It does not differ significantly from red apedal B
horizons and unspecified material with signs of wetness

7.8 Soft plinthic B horizons
Soft plinthic B horizons (sp) form due to the localisation and accumulation of Fe and
Mn oxides under a fluctuating water table to produce more than 10 % mottles (Soil
Classification Working Group. 1891).

Soft plinthic B horizons have a mean AD..;; value of 171 days year' with a
standard error of 25 days year'. This is significantly lower than in G horizons and
unspecified material with signs of wetness (Figure 7.1). It does. however not differ
significantly from the mean AD;.,y value in orthic A, E and chromatic horizons. Soft
plinthic B horizons fall into the B, C and D wetness classes (Table 7.8). ADy.q7
values in soft plinthic B horizons were varied. This seemed 1o be the nature of these
horizons. Future research, focussing on the impact of fluctuating periods of
saturation, coupled with variations in duration and bulk density might shed more light
on this issue.
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Table 78 Classification of mean AD,.;7 value in soft plinthic B horizons (sp)
according to the wetness classes of Soil Survey Division Staff (1983)

Profie  Depth  Dagnosbc Mean AD,..- Wetness Occurrenceof  Type of
No (mm) horizon  (daysyear ) class  mottles motties
230 450 sp 82 B fers Fe/Mn
201 750 sp 83 8 many Fe'Mn
237 $10 sp 100 B many Fe
204 520 $p 124 C common Fe
237 810 sp 188 D common Fe
231 450 s0 215 D many Fe
225 1120 sp 220 D many Fe
207 480 $p 230 D many Fe

_ 2% vw  sp 0 267 20O 2 commen =~ Fe
Mean m

|
|
|
|
|
|

The clay content in soft plinthic B horizons (17.6 % with a standard error of 2.7 %) is
significantly higher than in E horizons and significantly lower than in G honzons and
unspecified material with signs of wetness (Figure 7.2). It does not differ significantly
from neocutanic B. red apedal B, yellow-brown apedal B and orthic A horizons

Sum of basic cations in soft plinthic B horizons (3.20 cmol. kg~' with a standard error
of 0.83 cmol. kg™") is significantly higher than in E, neocutanic B, red apedal B and
yellow-brown apedal B hornizons and significantly lower than in G horizons
(Figure 7.7). It does not differ significantly from orthic A horizons and unspecified

matenial with signs of wetness

Organic carbon in soft plinthic B horizons (0.19 %, with a standard error of 0.04 %) is
significantly lower than in E. neocutanic B, red apedal B and orthic A horizons
(Figure 7.4). It does not differ significantly from G and yellow-brown apedal B
horizons and unspecfied material with signs of wetness

Total Fe content in soft plinthic B horizons (6 835 mg kg™ . with a standard error
428 mg kg™') is significantly higher than in yellow-brown apedal B horizons and
significantly lower than in G, neocutanic B and red apedal B horizons and unspecified
material with signs of wetness (Figure 7.11). It does not differ significantly from E
and orthic A honzons

Total Mn content in soft plinthic B horizons (64 mg kg™ . with a standard error
16 mg kg™') is significantly higher than in G. E and yellow-brown apedal B horizons
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and significantly lower than in neocutanic B and red apedal B horizons and
unspecified matenal with signs of wetness (Figure 7.12). It does not differ
significantly from orthic A horizons

7.9 Unspecified material with signs of wetness

The properties of unspecified material with signs of wetness (on) vary considerably
The main diagnostic criterion is the presence of grey, low chroma matrix colours due
to the reduction and loss of Fe oxides (Soil Classification Working Group, 1991). Itis
therefore analogous to the G horizons and unconsolidated material with signs of
wetness (Soil Classification Working Group. 1881), the main difference being its
occurrence under a red apedal, neocutanic or neocarbonate B horizon. In this study,
the material underlying a soft plinthic B was also included into this group.

The mean AD;,.o7 in unspecified material with signs of wetness is 248 days year’
with a standard error of 37 days year' (Figure 7.1). The measurements in P212,
P220 and P221 are clearly erroneous. This might be due to erroneous classification
or errors in the water content measurements and calculations. Without these three
values AD,.q 7 in unspecified material with signs of wetness would be 304 days year”
with a standard error of 28 days year'. This is significantly higher than the value for
the soft plinthic B, orthic A and chromatic horizons, and significantly lower than the
value in G horizons, Although the mean AD,.;7 is higher than in E horizons, the
difference is not significant. Unspecified material with signs of wetness fall into the C
and D wetness classes (Table 7.9) The low ADs.o7 values in the unspecified
horizons with signs of wetness of P212 (Tukulu 1110), P220 (Bloemdal 2110) and
P203 (Tukulu 1110) is in harmony with the theory that these horizons underlie better
drained horizons. The AD,.o7 value of 170 days year’ for P210 contradicts this
theory
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Table 78  Classification of mean AD,.. ; values in unspecified matenal with signs
of wetness (on) according to the wetness classes of Soil Survey
___ Division Staff (1993)

Profie Depth  Diagnostc Mean AD,,. - Wetness Occurrence of Type of

No __(mm) honizon  (daysyear )  cClass moftles ~ mottles
212 1400 on 4 = common grey
220 1075 on 7 A many grey
221 1340 on 10 A few Fe
203 1380 on 100 8 many Fe
203 1090 on 135 C many Fe
210 1390 on 170 Cc —
231 750 on 218 D many Fe
204 820 on 251 L many Fe
220 1375 on 300 D many Fe
230 750 on 312 D ‘ew Fe
234 1410 on 322 D common Fe
202 1090 on 365 D many Fe
202 1390 on 365 D many Fe
204 1120 on 365 D many Fe
222 1080 on 365 D -
230 1050 on 365 D few M~
230 1350 on 365 D few Mn
231 1050 on 365 D many Fe
231 1350 on 365 D many Fe
233 790 on 365 D many Fe
233 1090 on 365 D many Fe
233 1390 on 365 D many Fe
237 1110 on 365 D many grey
2377 140 on 385 D __many grey

Mean 248

‘
|
|
|
‘
0

The clay content in unspecified material with signs of wetness (234 % with a
standard error of 1.9 %) is significantly higher than in E, soft plinthic B, yellow-brown
apedal B and orthic A horizons and significantly lower than in G horizons
(Figure 7 2) It does not differ significantly from neocutanic B and red apedal B

horizons

Sum of basic cations in unspecified material with signs of wetness (4 25 cmol. kg™
with standard error of 0 74 cmol. kg™') is significantly higher than in E neocutanic B
red apedal B and yellow-brown apedal B horizons and is significantly lower than in G
honzons (Figure 7.7). It does not differ significantly from soft plinthic B and orthic A
horizons

Organic carbon content in unspecified maternal with signs of wetness (0.13 % with
standard error of 0 02 %) 1s significantly lower than in G. E, neocutanic B. red apedal
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B. soft plinthic B and orthic A horizons (Figure 7 4). It does not differ significantly
from the soft plinthic B horizons.

Total Fe content in unspecified material with signs of wetness (8 669 mg kg™ with
standard error of 1 122 mg kg™') is significantly higher than in soft plinthic B and
yellow-brown apedal B horizons (Figure 7.11). It does not differ significantly from G,
E. neocutanic B, red apedal B and orthic A horizons.

Total Mn content in unspecified material with signs of wetness (115 mg kg™' with
standard error of 30 mg kg™') is significantly higher than in G, E, soft plinthic B,
yellow-brown apedal B and orthic A horizons (Figure 7.12). It does not differ
significantly from neocutanic B and red apedal B horizons

7.10 Summary
This information exposed by this research lays down quantities norms of the wetness
of soils and diagnostic soil horizons that was inferred from field observations in the
past.

The diagnostic horizons and soil forms of the SA Soil Taxonomy are not unique
functional units as far as AD,.;; are concerned. Although the average values for
AD..q 7 Is roughly following the trend observed and interpreted from field observations
there are several exceptions. In general, neocutanic B horizons had AD;.;7 3 days
year' red apedal B horizons had AD,.,; 4 days year ', yellow-brown apedal B
horizons had ADs.q: 22 days year ', soft plinthic B horizons had AD,.o; 182 days
year' E horizons had AD;,.;; 202 days year ', unspecified material with signs of
wetness had AD,.; 7 248 days year ', and G horizons had AD;.; 7 331 days year .

Orthic A horizons can be meaningfully subdivided, to differentiate between wetness
classes. Subdivision is mainly on the nature of the underlying horizon, with orthic A
horizons on red apedal B, yellow-brown apedal B and neocutanic horizons classified
in the A wetness class. Orthic A horizons in the B wetness class occur on E horizons
and have either no mottles or few motties. Orthic A horizons in the C wetness class
occur on E and G horizons and have few to many mottles. The orthic A horizons in
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the D wetness class occur on soft plinthic B and E horizons and have cocmmon

motties

As expected the orthic A honzons have the highest organic carbon and nitrogen
content. The organic carbon content is lowest in G horizons and unspecified material
with signs of wetness. There is no significant difference in the organic carbon
content of E. neocutanic B and red apedal B horizons. The nitrogen content follows

a similar pattern

Sum of bases is significantly higher in orthic A horizons than in E. neocutanic B. red
apedal B and yellow-brown apedal B horizons and is significantly lower than in G
horizons. There is no significant difference in sum of basic cations between orthic A
and soft plinthic B horizons and unspecified material with signs of wetness

The clay content does not differ significantly between neocutanic B. red apedal B
yellow-brown apedal B and soft plinthic B horizons and unspecified material with
signs of wetness. It is. however, significantly higher in G horizons and is lowest in E
yellow-brown apedal B and orthic A horizons

Total Fe content is highest in red apedal B horizons and lowest in soft plinthic B and
yellow-brown apedal B horizons. It does not vary significantly between G, E
neocutanic B and orthic A hornizons and unspecrfied matenal with signs of wetness

Total Mn content is lowest in G. E, soft plinthic B. yellow-brown apedal B and orthic A
horizons. Highest total Mn content was found in neocutanic B and red apedal B

horizons and unspecified material with signs of wetness

The chemical and physical analyses as well as mean AD;.;; values generally
supported the classification of diagnestic horizons (Soil Classification Working Group
1981). This mplies that diagnostic horizons can be used to infer these properties

given the current research environment
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8 CORRELATION OF SOIL CHARACTERISTICS WITH

HYDROLOGICAL RESPONSE CHARACTERISTICS

8.1 Introduction

The large amount of hydrological and pedological data that has been collected for the
Weatherley catchment provides a favourable environment for initial contributions on
this subject The cooperation of Prof S. Lorentz is greatly valued. His expenence is
clearly reflected in the careful way in which the Weatherley project has been planned
and executed since 1995 All the hydrograph data in this section and much of the
soil water content data come from his records. The 12 minute tensiometer records,
during critical periods, at carefully selected sites, have provided invaluable
information for estimating interflow rates.

The total runoff (R) from a small catchment, as expressed by the hydrograph, can be
subdivided into three categories viz. (a) the runoff which occurs from the soil surface
immediately after a rainfall event dunng which rainfall intensity (Pi) exceeds the
infiltration rate of the soil and which provides the peaks in the hydrograph. (b)
baseflow; (c) the flow recorded on the hydrograph between (a) and (b), caused by
relatively rapid lateral flow (interflow) in the vadose zone. The vadose zone is
defined by Lin (2003) and Lin et al. (2004) as the region between the water table and
the soil surface (Figure 8.1). For our purpose it will be subdivided into two portions,
the upper vadose zone consisting of the soil profile to a maximum depth of around
1.5 m. and the lower vadose zone consisting of the remaining portion down to the
water table. Although there are specific portions of the hydrograph which represent
each of the subdivisions of the hydrograph, there will not be clear boundaries
between them, The fraction of runoff contributed by each of these categories. and
the shapes of the respective portions of the hydrograph, are determined by a number
of catchment characteristics. Significant rainfall events cause peaks in the
hydrograph. These reflect conditions in the catchment regarding topography,
infiltration rate, land use, and rainfall intensity and duration during the event The
peaks do not give definitive information about the pedology of the catchment. The
contribution of category (b) is frequently extremely important for socio-economic
reasons in spite of its relatively low volume. It is hypothesized that the portion of the
hydrograph which is most closely correlated with the soils of the catchment, their
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distribution pattern, and their extent and characteristics, is presented by category (c).
This portion of the hydrograph, and to a lesser extent category (b), will therefore
receive the most attention in this study.

Figure 8.1 The extent of the vadose zone in relation to the ground water (Lin,
2003)

During autumn each year the rain at Weatherley generally stops fairly abruptly
around the end of March. This sharp decrease in rainfall is well described by
comparing the long term average rainfalls for March and April at Maclear; they are
108 and 43 mm respectively (Roberts ef al, 1996). At the end of the normal wet
summer the water content of the whole vadose zone in the Weatherley catchment is
generally far above the drained upper limit. This water then drains in autumn
providing what is considered to be a characteristic category (c) portion of the
hydrograph. It is suggested that the closer a measuring site, with soil from which
interflow comes, is located to the hydrograph, the easier it is to correlate soil
characteristics with hydrological response characteristics. This is presumably an
important reason why hydrological process studies are considered on small ‘primary’
catchments like Weatherley. Hence the wisdom of Prof. Lorentz in focussing
attention (Lorentz, 2001) on the sub-catchment, designated here as the ‘upper
eastern catchment’ or UEC (Figure 8.2), where interflow seepage discharges over
the sandstone shelf at P204,
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§ &

Figure 82 The Weatherley catchment showing contours (2 mm interval), some
convenent sub-catchments, hydrographical weirs, and NWM measuring
sites

It is possible to estimate the amount of this outflow because of the intensive soil
water content and other measurements made since 1995 at P204. Although this is
an advantage for studying the UEC it is postulated in the following section that the
relevant physiographic feature, i.e. the sandstone shelf, is one of the factors in the
Weatherley catchment that tends to camouflage the correlation between soil
charactenstics and hydrological response charactenstics for the catchment as a
whole.

8.2 Catchment features camouflaging the correlation between soil and
hydrological response characteristics

The first prominent landscape feature is the sandstone top of the Molteno formation

which forms a clearly visible shelf around the nim of the catchment along the eastern

and southern sides at an altitude of approximately 1 316-1 318 m (Figure 8.2). The
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shelf is present. but less visible, along the western side where the slope is less steep.
Sandstone and mudstone of the Elliot formation occur above the Molteno shelf The
latter appears to be relatively impermeable, causing lateral drainage water from the
soils above it (Figure 8.2), to flow slowly over the shelf at specific sites during the rain
season. Over centuries these flows have eroced the shelf into defined indentations.
Below these indentations small rivulets have formed. channelling the runoff (surface
and interfiow) into the marsh below. and eventually into the stream bed. They are
most clearly defined where the land above the shelf is fairly steep. 1 e on the eastemn
and southern sides of the catchment. They are clearly shown in Figure 3.3 These
rivulets appear to play an important role in the hydrological response characteristics
of the catchment They promote a very rapid hydrograph response after rainfall
events. and conseguently are probably one of the causes of the low baseflow from
the catchment. On the upper side of the shelf edge particularly opposite the
indentations. hydromorphic soils have developed. They exhibit the diagnostic
horizons E (gs). soft plinthic (sp). G (gh) and unspecified matenal with signs of
wetness (on). Interflow from the higher lying soils is conducted through these
horizons to the marsh below. These patches, with map symbol Ca or Cb can be
identified by comparing Figure 3 3 and Figure 3.5, for example at P204, P232, above
P212

The second prominent landscape feature 1s the large marsh area which occupies
approximately 25% of the catchment. Below the indentations / flow points in the
sandstone shelf the marsh has frequently crept right up to the shelf, even on
relatively steep slopes (Figure 3.5). This is due to the hydromorphic conditions which
prevail over long penods at these sites The dominant soils in the marsh belong to
Katspruit (Ka) and Kroonstad (Kd) forms. They remain close to saturation for most of
the year (Figure 5 40 and Figure 5 45). Because of this the runoff response from the
marsh is very rapid after the start of a storm. and also ends relatively abruptly. An
example is presented in Figure 8 3, where the flow rate at the upper weir is plotted
against rainfall intensity values during two rainfall events in February 1998, The
marsh serves as a buffer by absorbing the lateral drainage water from the upslope
parts of the catchment, and retaining it for a considerable time. Due to the relatively
higher ET rate of the marsh compared to that of the hillsides. a large fraction of the
water in the marsh is lost to ET.
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Figure 83 Examples of gquick runoff response to varying rainfall intensities as
reported at the upper weir in February 1999 (BEEH, 2003).
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The third prominent landscape feature is the marked difference between the
topography west of the stream and that to the east An associated feature is the
location of most of the marsh on the eastern side of the catchment, that also being
the side on which the sandstone shelf is most prominent. The geological
characteristics and geomorphological forces responsible for this topographical
difference cannot be explained at present. It is possible that the dolernte dyke which
occurs along the western side (Figure 3.4) at least as far northwards as P210
(Figure 3.3) and probably beyond. could have been a contributing cause. It may
have provided relatively easily weatherable material for the formation of the deep red
soils in the large Af map unit to the northern end where the marsh is at its narrowest.
Although its influence cannot be measured, this soil-related topographical feature will
certainly cause the hydrological response characteristics of the western portion to be
significantly different from that of the eastern portion

The influence of the named catchment features and related soil charactenstics on the
hydrological response characteristics of the Weatherley catchment become
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highlighted when they are compared with another catchment with very different
charactenistics. viz. Cathedral Peak (V1) in the Drakensberg region of KwaZulu-
Natal. Detailed information about the water balance in this catchment is presented in
a report to the Water Research Commission by Everson ef al. (1998). A topographic
map is presented in Figure B4 The area 1s 67.7 ha, with 2% having slopes greater
than 11%. Other important features are. two relatively small saturated zones, the
upper one “on a topographic convergence midway in the catchment and the other
where the stream flattens before the catchment outiet” - the total area is
approximately 55 ha or about 8% of the catchment. soils classified as “lateritic red
and yellow earths’, grading into black soils (Katspruit and Champagne) in the
saturated zones and along the stream banks.” Although Everson ef al (1998) do not
present a soill map of the catchment, other information about the soils shows that
they are generally deep. high in organic matter (6-10 %). have low bulk densities and
high infiltration rates. Typical autumn drainage curve hydrographs of the two
catchments are presented in Figure 85 They are clearly very different. Total
outflow during rain-free penods from the two catchments was 4 362 m® (2.7 mm) for
Weatherley and 52 093 m’ (76.8 mm) for Cathedral Peak (V1) Outflow was
presumed to come mainly from interflow (/.e. excluding base flow). Surface flow (or

runoff) could be excluded, because a rain-free penod was chosen
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Figure 84 Topographic map of Catchment VI showing the location of the various
monitoring sites (Everson et a/, 1998)

It is suggested that the reason for the large difference is mainly the large difference
between the water storage capacities of both the upper and lower vadose zones in
the two catchments. For the upper vadose zone of the Cathedral Peak catchment a
detailed soil survey will be needed before this calculation can be made, whereas for
Weatherley the necessary information is available. It is quite clear, however, that the
deep, high porosity soils of the Cathedral Peak catchment, and relatively small
saturated zone, compared to the shallow low storage capacity soils and large marsh
area of Weatherley, have made a major contribution to the differences recorded
above.
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Figure 85 Typical hydrographs for the Weatherley and Cathedral Peak (VI)
catchments during 2 rain-free period at the end of the rain season
approximately up to the stage when base flow starts

What has been presented in this section provides the motivation for three important
initial steps In a procedure for correlating soil characteristics and hydrological
response charactenstics in the landscape. The first one is the constructon of
detalled, large scale, topographical, geoclogical, anc soil survey maps of the
catchment The second one is the collection of data that will make it possible to
estimate the total catchment storage capacity of the upper vadose zone, and if
possible also the lower vadose zone. The third one is obtaining reliable ET data for
the vegetation in the catchment Even small errors in this value have a large
influence on the water balance. especially for the “interflow”™ portion of the

hydrograph

8.3 Upper eastern catchment
8.3.1 Topographical and hydropedological characteristics
An enlarged map of the upper eastern catchment (UEC) is presented in Figure 86
This sub-catchment consists of an approximate area of 36 530 m? or about 3.7 ha. It
is located above the Molteno shelf on a western aspect with 10% slope. 255 m In

length. A large variety of soils occur in this relatively small catchment. They include
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soils with apedal and neocutanic B horizons, generally overlying horizons with
hydromorphic characteristics (mainly Bd, Pn, Av, Tu forms); hydromorphic soils
(mainly Ka, Kd, Lo, forms); and shallow soils. The areas for each soil type, in the
form of map units, and the depths above a slowly permeable horizon were obtained
from the detailed soil survey results of Roberts ef al. (1996). This information,
together with bulk density data collected in this research project, was used 1o
compute the total pore space in the fairly rapidly water conducting zone of the UEC,
e the zone above a slowly permeable horizon.

Assuming an average degree of saturation under field conditions of 0.8f (f = the total
pore space of the soil above the slowly permeable honzon), and an average drained
upper limit (DUL) of 0.6f, about 0 2f would be available to drain out of the very wet
hillsiope after good rains. For these assumptions to be meaningful attention needs to
be drawn to section 7.1 regarding focusing on the portion of the hydrograph which
best describes the contribution of fairly rapid interflow (ie lateral flow) It is
considered that this portion of the hydrograph provides the most information
regarding the correlation between soil characteristics and hydrological response
characteristics in the landscape. For the sake of this study the fraction of the pore
space that potentially provides fairly rapid interflow water is termed drainable water
capacity (DWC). The areas and DWC values for each map unit are presented in
Table 8.1
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Figure 86 Map of the upper eastern catchment with its map units and 2 m interval
contour lines. 201 to 204 (204 is at location B in Figure 8 8) are the
sites of soil profiles, tensiometer nests and NWM access tubes Soil
map information obtained from Roberts ef a/ (1996)

>

Table 8 1 Soils in the UEC areas they occupied and their drainable water

capactes
Map Soil Depth Area DWC™ DWC/ha
unit family (m) (m*) (m’)  (m'ha)
And Cv2100 151 2640 289 1086
Bd11 842100 075 3 050 170 558
Bf14 Pn2100 045 810 28 341
815 Pn2100 080 6 070 359 562
BHE Av2100 075 7070 427 504
817 Pn2100 045 400 14 341
Sub-total 20050 1286
a1 Fw1210 151 1340 163 1216
He18 Tu2210 035 4 140 109 264
He19 0a2120 1.51 1010 109 1076
He20 Tu2110 0 45 1700 85 324
Sub-tota § 190 436
Cata Ka1000 040 2480 71 284
Casb Ka1000 040 837 27 284
Sub-total 3427 97
Ib2a Gs1121 020 2990 42 142
Ib2b Gs1121 020 1873 27 142
Sub-total 4863 65
Total 36530 1889

DWC (drainable water capacity) = 08f - 06f f = total pore

space of the soi' above a slowly permeadle horzon
The DWC and DWC/ha values in Table 8.1 indicate the potential contribution of each
map unit to the total catchment water yield via fairly rapid interflow. Nearly 70% of
the total DWC value of the UEC comes from the apedal soils which occupy about
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55% of the whole area. Considering the DWC/ha values, the deepest soils have the
highest values.

832 Hydrological response characteristics
The hydrological response characteristics of the UEC will be described in two ways.
First, by describing the response of representative soils after isolated rainfall events
and secondly. by quantifying the total fairly rapid outflow of water from the catchment
at the end of a wet season. The procedures are briefly described in the following two
sub-sections.

83.2.1 Hydrological response characteristics of selected soils in the
UEC

Tensiometer data (BEEH, 2003). describing the soil water regime before, during and
following isolated rainfall events, were used to describe the hydrological response
characteristics of certain diagnostic horizons at soil profiles P201, P202, P203 and
P204. The rainfall events include a low intensity event on 23 March (17 mm in
6.2 hr). and a high intensity event on 10 Apnl 2001 (32 mm in 30 min). During the
17-day interval there was little rain with only two events which would have exceeded
the day's ET, ie. 7 mm on 3 April and @ mm on 8 April. The data are presented in
Figure 8.7. At P201 both the ot and gs responded rapidly to both rainfall events,
becoming saturated immediately. The ot dried out quicker and further compared to
the gs because of its greater loss by ET.

As shown in Figure B.7, at P202 the ot became saturated for a short period following
both events and dried immediately thereafter. The ye also became saturated but
then dried out to a lesser degree compared to the ot The third measurement at the
top of the on horizon remained close to saturation throughout showing no clear
response to any of the rainfall events
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Figure 87 Hydrological responses of different diagnostic horizons following isolated rainfall events
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At P203 the ot responded rapidly to both events in a similar manner to the ot
horizons at P201 and P202. The upper part of the ne (ne1) became wet to near
saturation for a brief period following the first event. and thereafter dned fairly rapidly
for the next few days. After that it slowly became wet to near saturation during the
period before the second rainfall event, presumably due to lateral water movement
from higher lying soils. This wetting rate was accelerated by the second event. The
lower part of the ne (ne2) also responded only slightly to both events. but never
reached saturation during or between the events, This probably indicates that the
slowly permeable ne1 did not allow water to redistribute to ne2.

At P204 the two readings taken in the gs and the on horizons clearly show that both
horizons remained saturated dunng the whole period and did not respond
significantly to the rainfall events. These horizons were clearly maintained in a
saturated state by lateral water movement from above

8322 Hydrological response of the UEC
Lorentz (2001) described the major flow mechanisms prevailing in the UEC using
Figure 8.8. His description of the flow mechanisms are presented in the first three
columns of Table 8.2. In the last column we provide a brief description of the
dominant diagnostic horizons associated with each type of flow. The hydrological
conditions prevailing in different parts of the landscape. as descnbed in Table 8.2,
have resulted in the formation of specific soils in specific places.

Water outfiow out of the UEC was estimated during the period 23 March 2001 to 12
May 2001. This period was selected because the landscape was fairly full on the
starting date, causing continuous flow over the sandstone shelf at location B in
Figure 8.8. Since the water flowing over the shelf was not measured, flow was
estimated using tensiometer data together with estimated ET values.

NWM measured soil water contents reported on 23 March 2001 at P201, P202, P203
and P204, and matric suction data (section 7.4.2.1), indicate that the soils were fairly
full on this date. There were no other NWM measurements available until later in the
season. Matric pressure head data obtained from tensiometers programmed to read
at 12 minute intervals at P204 (BEEH, 2003) were therefore used to estimate the
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saturated rate of flow out of the catchment during the period 23 March to 1 May
2001, and thereafter the decreasing flow rate until 12 May. The matric pressure
head data were converted to soil water contents using soil water characteristic curve
parameters reported by Lorentz ef al. (2001). Results for readings taken at 250 mm
and 700 mm depths at P204 are presented in Figure 8.9.

N @

Figure 88 Conceptual model of flow mechanisms in the Weatherley research
catchment (Lorentz, 2001).

The readings at both depths showed that the profile was saturated until 1 May 2001,
i.e. there were negligible changes in water content, indicating that the net inflow rate
into this soil from upslope was equal to the outflow rate over the shelf plus the water
loss due to ET. The water content started decreasing on 1 May in the 0-470 mm
layer (ot + gs + sp), and on 11 May in the 470-770 mm layer (upper part of the on).
The outflow rate during the period 23 March to 01 May can therefore be considered
to have been fairly constant.
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Table 8.2 Summary of flow mechanisms and their occurrence in the Weatherley
catchment (first three columns, Lorentz, 2001) and correlation of flow
mechanisms and pedology (fourth column)

Code Description Occurrence Hydrology of the dominant

chagnostic soil honzons

A

Rapid lateral flow near the
surface due to macropore
conductance. Local perched
water table of short duration

In upper siope segments in
downstream catchment
during high intensity events
and some low intensity
events with large volumes
{>30 mm).

Vertically draining ot, re, ye.
and ne: laterally draning gs
and sp. slowly vertically and
laterally draining on and gs.

emergence and flow owver

In upper slope segments In
cownstream catchment.

Laterally draining ot, gs and
sp. slow lateral drainage from
the on.

In all siope segments for
most evems except low

intensity and volume.

NA

PE—

All siope segments.
Disconnected from soil water
in upper
cownstream catchment, but
connected in lower siopes
and in upstream catchment
during moderate 1o intense
events

N/A

E

Seepage of old water
through fractured bedrock

Assumed 10 occur in all siope
segments

:

holiows.
F Rapd lateral flow n fatler

Vertical recharge i1s more Suspect that |ateral flow
marsh siopes and infiltration rapid than lateral movement occurs through gs and sp
to marsh ground water n lower slopes of from slightly raised areas in

downstream catchment and the marsh into shallow

n upsiream catchment nvulets The fact that most

of the marsh is Ka indicates
minimal lateral flow within the
marsh soil self
G Marsh ground water level Rapid for most events in N/A
fluctuation. lower downstream

catchment Slower, but

connected in upper
. catchment

H Exfiltration and macro-pore In cownstream catchment Laterally drainng gs and sp

discharge to stream Not cbserved in upstream
catchment.
| Marsh ground water Assumed to occur in Slowy lateral draining gh or
discharge into stream. upstream and downstream on

catchments
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Figure 89 Changes in the degree of saturation (s) between 1 May and 12 May
2001 at P204. at 250 mm and 700 mm depths

The shape of the hydraulic conductivity vs. water content curve indicates that the
hydraulic conductivity characteristically remains fairly constant for a short penod just
below saturation, and then decreases rapidly The constant flow rate was therefore
estimated from the flow rate that occurred immediately after the water content had
started decreasing below saturation An estmated value of lateral Ks of 3 16 mm hr”’
was obtained. This agrees well with the vertical Ks value of between 5 and 7 mm hr”’

for these layers reported by Lorentz et a/ (2001)

The outflow rate in Figure 8 9 indicates that the change in water content after 12 May
is only due to water loss by ET. The measurement at 700 mm depth indicates that
the water content of this layer started decreasing only around 11 May, just one day
before the top layer stopped draining at all. However, the water loss from the on s
so small that it could be attnbuted to ET loss. Calculating the water balance for the
whole sub catchment for the period between 23 March and 12 May provides an
estimate of lateral drainage out of the UEC for this penod. Results are presented in
Table 8 3. Note that surface runoff. and vertical drainage below the on. have been

considered to be negligidle
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Table 8.3 Soil water balance for the UEC during the period 23 March 2001 to

12 May 2001 o
Parameter o Value
Estimated area of UEC (m") 36 530
Width of water conducting zone at P204 (m) 100
mm m’
Total P 104 3792
Total ET 102 3741
P-ET 51
Water loss out of 0-470 mm depth
During constant rate period (38 days) 2 B84 288
During decreasing rate period (12 days) 66 7
Total - 295
Water loss out of 470-770 mm depth:
During constant rate period (48 days) 2088 209
Dunng decreasing rate pernod (2 days) 5 05
Total 209
_Estimated total water loss 504
Estimated total outflow (corrected for P and ET) - 453

In Table 8.1 data is presented showing the estimated drainable water capacity
(DWC) of the UEC. The total value is 1 888 m® There is a reasonable similarity of
order of magnitude between this value and the estimated outflow from the sub-
catchment in autumn after being fairly full of water in the late summer, ie. 453 m®.
The results obtained are considered to provide support for the procedure adopted to
obtain an estimate of the amount of interflow water in a catchment based on the
distribution and characternistics of its soils. There are a number of possibilities to
explain the discrepancies between the estimated DWC and outflow values. Among
these are the following: inaccuracies in estimating the water content of each of the
polygons at the start of the measuring period (23 March), inaccuracies in the
estimation of the lower limit of DWC for each polygon: possible underestimation in
the estimates of ET and runoff from the saturated zone around 204, lack of reliable
information about the width of the water conducting zone on each side of 204;
inaccuracies in the determination of the saturated lateral hydraulic conductivity in the
upper vadose zone; and inability to estimate the amount of water lost by seepage at
E in Figure 88. The results obtained and the procedures followed do, however,
provide some guidance as to how the relationship between hydrology and pedology
can be studied in a very small catchment.

8.4 Summary
This chapter suggested a procedure to correlate soil characteristics with hydrological
response characteristics in the landscape. The procedure consisted of three initial

227




The relabonship between sof water regime and scil prefile morphology

steps: (i) construction of detailed, large scale. topographical, geological, and soil
survey maps of the catchment: (i) collection of data enabling the estimation of the
total catchment storage capacity of the upper (and if possible the lower) vadose
zone: and (iii) obtaining reliable evapotranspiration (ET) data for the vegetation in the
catchment These inital steps were carried out for the whole Weatherley This and
other information was used toc correlate soil characteristics with hydrological response
charactenstcs in the upper eastern (UEC) part of Weatherley

Three prominent catchment features tended to camouflage this correlation in
Weatherley. namely the sandstone shelf the large marsh area, and the marked
difference between the topography west of the stream and that to the east The
influence of these catchment features and related soil charactenstics on the
hydrological response characteristics in Weatherley was clearly visible when the
catchment water yield was compared to that of Cathedral Peak (V1), KwaZulu-Natal
The latter has >11 % slope on 92 % of its area and a marsh of about 8% of its total
area. and generally has deep soils with low bulk density high organic matter (6-
10 %) and high infiltration rates. Typical autumn interflow rates were 27 m® ha"' for
Weatherley and 769 m” ha™' for Cathedral Peak

The topographical and hydropedological charactenistics of the UEC were described in
detail. The interflow portion of the total stream flow was considered to be closely
correlated with the soils of the catchment, their distnbution pattern, their extent and
characteristcs. The fraction of the total pore space that potentially provided fairly
rapid interflow water, termed drainable water capacity (DWC). for 50 days in winter
2001 was 1 889 m®. Apedal soils (55 % of total area) contributed nearly 70 % of the
total DWC of the UEC. The highest DWC ha ' values were observed in the deepest
soils The DWC values compared fairly well with the estimated outflow of the UEC

Hydrological response characteristics of selected soils in the UEC descnbed by
matric suction data indicated that ot. gs and ye horizons of the hillslope soils
generally responded fairly rapidly to rainfall events. whereas gs horizons of footsiope
soils remained saturated throughout the observation period due to lateral water
movement from above. The on honzons also generally remained saturated. with no
clear response tc the rainfall events
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9 SUMMARY AND RECOMMENDATIONS
9.1 Summary

Orthic A horizons can be subdivided, to differentiate between wetness classes. using
the nature of the underlying horizon. Orthic A horizons in the well drained wetness
class occurred on red apedal B, yellow-brown apedal B and neocutanic horizons.
Orthic A horizons in the moderately well drained wetness class occurred on E
horizons and had no to few motties. Orthic A horizons in the moderately to poorly
drained wetness class occurred on E and G horizons and had few to many mottles.
The orthic A horizons in the poorly drained wetness class occurred on soft plinthic B
and E horizons and had common motties.

Table 9.1 lists the means of selected soil properties, grouped per diagnostic horizon.
Orthic A horizons had the highest organic carbon (0.93 £ 0.07 %) and nitrogen
content. Organic carbon content was lower in E. red apedal B and neocutanic B
horizons (0.45 £ 0.08 %, 0.36 £ 0.12 % and 0.35 £ 0.09 % respectively). The organic
carbon content was lowest in yellow-brown apedal B (0.21 £ 004 %), G (0.20 =
0.03 %), soft plinthic B horizons (0.19 = 0.04 %) and unspecified material with signs
of wetness (0.13 £ 0.02 %). The last three of these horizons had clear signs of
hydromorphy, caused by microbial induced reduction in redox potential. It therefore
seemed that sufficient organic material was available throughout the profile to supply
substrate needed by micro organisms to fulfil their role in reduction whenever the soil
was wet enough. It should be borne in mind. however, that the threshold carbon and
water contents for reduction to occur are interdependent The higher the water
saturation, the less carbon is required for redox conditions to occur and vice versa.

The sum of basic cations was highest in G horizons (6.94 £ 0.81 cmol. kg™"). It then
decreased in the following order: unspecified material with signs of wetness (4.25 ¢
0.74 cmol. kg™"); orthic A (3.17 £ 0.43 cmol. kg™"); E (1.85 £ 0.31 cmol. kg™'); soft
plinthic B (3.20 £ 0.83 cmol. kg™"); neocutanic B (1.95 £ 0.36 cmol. kg™"). red apedal
B (161 = 035cmol.kg”™’) and yellow-brown apedal B horizons (1.20 =
0.12 cmol. kg™'). The difference in sum of basic cations was, however, not significant
between these horizons. The high sum of bases in the G horizon indicated a
cumulative environment, and therefore minimal leaching. Consequently, from a
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hydrological point of view, it either releases water very siowly 1o the stream or a very
small amount. or both In contrast. the low sum of bases in the E. soft plinthic B and
chromatc horizons indicated leaching and removal of basic cations. These horizons
therefore supplied water more rapidly to the stream. compared to the G honzons
The relative volume of these horizons in a catchment can therefore be expected to
have a significant influence on the shape of the cutflow hydrograph It was especially
Ca’" and Mg that differed between the diagnostic horizons. whereas K* and Na’
remained almost constant throughout the profiles

The clay content was significantly higher in G horizons (282 + 14 %) and
unspecified matenal with signs of wetness (234 2 1.5 %) than in red apedal B (214
: 2.9 %) neocutanic B (18.6 £ 3.2 %), soft plinthic B (17.6 £ 2.7 %). orthic A horizons
(14 8 £ 1.1 %) and yellow-brown apedal B (136 £ 1 4 %). It was lowest in E horizons
(130 = 08 %) The pattern in clay content substantiated the process of
accumulation in the G honzon and luviation from the E and soft plinthic B horizons

Total Fe content (CBD extractable) was highest in red apedal B honizons (10 338 ¢
1284 mgkg™'), followed by neocutanic B (8741 £ 2115 mgkg™'). G (9227 1
1 398 mg kg™'), unspecified material with signs of wetness (8669 + 1 122 mgkg™)
soft plinthic B (6 835 + 428 mg kg™ '), orthic A (7 586 = 820 mg kg™'), and horizons E
(7924 £+ 1353mgkg™). It was lowest in yellow-brown apedal B (5152 £ 1032
mg kg™')

Table 9.1 Means of selected soil properties in the Weatheriey catchment, grouped
per diagnostc horizon

Hor Clay S CECuw CEC.s, B85 OC N  PHowe PH- Fe M Mean
ADs.s ;

% cmokkg ) (%)  Imgkg)  imgkg )  (daysyear
ne 186 20 46 201 451 035 343 522 421 G741 1583 a7
ye 136 12 44 280 283 022 187 518 389 5152 252 75

re 214 16 45 163 385 035 258 536 417 10338 1446 80
ot 148 32 68 270 450 083 645 533 436 7588 466 148
sp 176 232 60 327 S25 0.1% 248 578 431 €835 645 182
gs 130 19 68 445 343 045 374 544 4286 To24 168 202
on 234 43 70 281 582 013 208 556 427 8888 1154 248
gh 282 68 105 353 642 020 306 615 444 8227 33.0 331

Total Mn content (CBD extractable) showed the same trend as the total Fe content
except that two clear groups could be distinguished. Total Mn was significantly

230




Summary and recommendations

higher in neocutanic B (1554 + 72.5mg kg™'), red apedal B (1446 + 278 mgkg™'),
unspecified material with signs of wetness (115.4 + 298 8 mg kg™') than in soft plinthic
B (645 + 158mgkg™’). orthic A (466 + 114mgkg™"), G (33.0 £ 10.0mgkg™).
yellow-brown apedal B (252 + 8.3 mg kg™") or E (16.8 £ 5.4 mg kg™') horizons.

G horizons (331 ¢ 10 days year™') and unspecified material with signs of wetness
(248 + 37 days year') had the highest mean AD,.07. Mean AD,.;; was slightly
lower in E (202 £ 45 days year '), soft plinthic B (182 + 25 days year™') and orthic A
horizons (148 + 19 days year '), although there was no significant difference within
the latter group. Red apedal B (80 + 58 days year '), yellow-brown apedal B (75 =
25 days year ') and neocutanic B horizons (37 + 24 days year™') had the lowest
mean ADy.q 7

Colour indices, used to predict duration of s>0.7 from morphological data did not
yield meaningful correlations in this study. The following equation yielded the best
correlation (R* = 0.38):

AD;>0 7 (days year‘) ==- 38 6 x Hg + 352 X Vg + 194 x Cd = 51 3 (9 1)
Where:
ADgsp 7= mean annual duration of water saturation above 0.7 of porosity
My - dry colour (numernc) hue
Vq dry colour value

dry colour chroma

9.2 Conclusions
It is considered that the three objectives of the project have been achieved in a
satisfactory way and that the necessary results have been appropnately presented.

It seemed likely that one of the best ways that pedologists, working in collaboration
with soil physicists, will be able to make a useful contribution to hydrologists was to
provide quantitative and qualitative information on the hydrological and related
properties of diagnostic horizons and soil profiles. It should be useful for hydrological
process modelling. for technology transfer between catchments, and for making a
contribution towards the shape of the interflow and low flow portions of the
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hydrograph. An added bonus is the contribution made to soil classification and
interpretation in South Africa and possibly internationally

Digital classification of digital photographs of soil horizons for colour classification
could be done with reasonable accuracy. Results have shown that digital
photographs could be quantfied and classified meaningfully using ArcView
SpatialAnalyst. This methodology holds great promise for the unbiased quantitative
determination of soil colour and motties, but will need further refinement before it can
be mplemented.

The results of a comparison between the Weatherley catchment and Cathedral Peak
catchment VI showed that the curved portion of the hydrograph dunng a rain-free
period, and following a high rainfall period which filled the catchment, was correlated
with the soil distribution pattern and soil charactenstics of the catchment. Three
important initial steps iIn the procedure to correlate soil charactenstics with
hydrological characteristics in a catchment were identified They were: (a)
construction of detailed large scale topographical. geological and soil maps. (b)
collection of the data needed to estimate the drainable water capacity of the soils; (c)
obtaining reliable estimates of ET for the vegetation in the catchment

Chemical and physical analyses as well as mean AD,.; ; values generally supported
the classification of diagnostic honzons in Soil Classification - A Taxonomic System
for South Africa. Diagnostic horizons could therefore be used to infer these
properties within the current research environment These relationships could be
extrapolated, with caution, to other catchments having similar climate and geology.

9.3 Recommendations for future research
Since this study was concerned mainly with soils that have developed in siliceous
parent matenal, the effect of different parent matenals on Fe supply. and hence soil
colour should be researched. The same s true for climate - especially rainfall and
temperature.  Similar studies should therefore be carned out under different climatic
conditions. The predictive value of diagneshc horizon and soil form characterization
in relation to hydrology should also be evaluated by verfication against other profiles
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in other catchments. The hypothesis regarding these relationships and the effect of
lithology, topography and time on it should therefore receive further scrutiny.

Research should be done to quantitatively determine the degree of saturation where
reduction would set in and the impact of bulk density on thus value. This should
refine the limit of 0.7 of porosity used in this study.

The possibilities of digital photograph interpretation should be investigated further. It
is especially the effect of different cameras and lighting conditions that should receive
attention. The relationship between Munsell hue, value and chroma on the one hand
and RGB colour notation on the other should alsc be investigated, for example the
difference between look-up tables and computer algorithms. Meaningful
differentiation between diagnostic red, yellow and grey colours, as well as the
interpretation of dry and wet photographs should also be investigated

Further research at Weatheriey is needed on the following:

a) Continuation of measuring and processing neutron water meter

measurements and improving the relationship between these and other
continuous water monitoring procedures

b) Changes in the water regime of specific soils caused by specific tree species

c) Changes in ET caused by afforestation.

d) In depth redox studies. For example the role of frequency and duration of
saturation events.

e) The formulation of appropriate wetness classes for South African soils.

f) Determination of pre-planted soil organic carbon contents. This should be
repeated in five to ten year cycles. The aim should be to determine the impact
of forestry on the organic carbon sequestration in soil

Study the interconnectivity of the surface water, soil water and ground water.
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Appendix A

Appendix A

Results for 28 profiles (P201 to P237). Data is grouped per profile and is
given in the following sequence

a) Profile description

b) Chemical and physical analyses.

c) Photograph of the profile, including horizon demarcations,
location of piezometer pipes., tensiometers and NWM
measurements.

d) Degree of water saturation and daily rainfall is given from 1

January 1997 until 31 December 2004
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Profile 201 (Longlands 2000), in

-

dicating diagnostic horizons as well as

Figure 1
measurement depths for tensiometers [T), neutron water meter [N] and
piezometers [P).
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Table 2 Profile description for profile 201 (Longlands 2000)
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The relationship between soil water regime and sod profile morphology

Table 4 Profile descnption for profile 202 (Pinedene 1100)
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Appendix A

Figure 3 Profile 202 (Pinedene 1100), indicating diagnostic horizons as well as
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P).
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Figure 4 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 202.
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Table 6 Prefile description for profile 203 (Tukulu 2110)
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Appendix A

Figure 5 Profile 203 (Tukulu 2110), indicating diagnostic horizons as well as

Saturation
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Figure 6 Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 203
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Table 8 Profile descnption for profile 204 (Longlands 2000)
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Profile 204 (Longlands 2000), inditing diagnostic horizons as well as

Figure 7
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P].
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Figure 8

Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 204
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Table 10 Profile descnption for profile 205 (Kroonstad 2000)
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Appendix A

Figure 9 Profile 205 (Kroonstad 2000), indicating diagnostic horizons as well as
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P]
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Figure 10 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 205
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Appendix A

Figure 11 Profile 206 (Kroonstad 1000), indicating diagnostic horizons as well as
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P].
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Figure 12 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 206.
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Appendix A

Figure 13 Profile 207 (Westleigh 1000), indicating dlagoi;nc horizons as well as
measurement depths for tensiometers [T], neutron water meter [N]) and

piezometers [P).
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Figure 14 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 207.
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Table 16 Profile descnption for profile 208 (Kroonstad 1000)
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Appendix A

Figure 15 Profile 208 (Kroonstad 1000), indicating d‘iagnostic horizons as well as
measurement depths for tensiometers [T), neutron water meter [N] and

piezometers [P].
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Figure 16 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 208
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Appendix A

Profile 209 (Katspﬁm 1000) — mducatmg dnagnostnc horizons as well as

Figure 17
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P).
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Table 20 Profile description for profile 210 (Bloemdal 1100)
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Appendix A

Figure 19 Profile 210 (Bloemdal 1100), indicating diagnostic horizons as well as
measurement depths for tensiometers [T], neutron water meter [N] and
piezometers [P).
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Figure 20 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 210.
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Appendix A

Figure 21 Profile 211 (Katsprunt 1000), indicating diagnostic horizons as well as

Ssturation
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Figure 22 Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 211 (Katspruit 1000)
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: 0
Figure 23 Profile 212 (Tukulu 1110), indicating diagnostic horizons as well as

measurement depths for neutron water meter [N] and piezometers [P]

measurements.
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Figure 24 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 212 (Tukulu 1110).
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g

Figure 25 Profile 213 (Katspruit 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 26 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 213 (Katspruit 1000)
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Appendix A

Figure 27 Profile 218 (Katspruit 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
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Figure 28 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 218 (Katspruit 1000)
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Appendix A

Figure 29

Profile 220 (Bloemdal 2100), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]

measurements.
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Figure 30 Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 220 (Bloemdal 2100).
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Appendix A

Figure 31 Profile 221 (Hutton 2100), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 32 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 221 (Hutton 2100).
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Appendix A

Figure 33

; T} ’ ‘, ! )

- d - 4
Profile 222 (Oakleaf 1210), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]

measurements.

Saturation

Figure 34

Rainfall (menid)

1956.01.01 19698.01.01 202000101 200401401 2002-01-01 20030101 20040101 20050401
150mm == -450 mm — ~ = TSD mm = 1050 mm = Ranls

Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 222 (Oakleaf 1210).
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Appendix A

Figure 35 Profile 225 (Longlands 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 36 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 225 (Longlands 1000).
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Appendix A

Rainfall (mam'd)

Rairdwl

Figure 37 Profile 226 (Kroonstad 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]
measurements
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Figure 38 Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 226 (Kroonstad 1000).
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Appendix A

Figure 39 Profile 229 (Kroonstad 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]
measurements
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Figure 40 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 229 (Kroonstad 1000).
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Appendix A

Figure 41 Profile 230 (Westleigh 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)]

measurements
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Figure 42 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 230 (Westleigh 1000).
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Appendix A

Profile 231 (Westleigh 2000‘). mdo&étm diagnostic horizons as well as

Figure 43
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 44

Degree of water saturation and daily rainfall from 1 January 1997 until 31

December 2004 for profile 231 (Westleigh 2000).
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Appendix A

Profile 232 (Katspruit 1000), indicating diagnostic horizons as well as

Figure 45
measurement depths for neutron water meter [N] and piezometers [P)
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Figure 46 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 232 (Katspruit 1000).
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Table 48 Profile description for profile 232 (Pinedene 2100)
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Appendix A

Figure 47

Profile 233 (Pinedene 2100), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 48 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 233 (Pinedene 2100)
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Appendix A

Figure 49 Profile 234 (Avalon 2100), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]
measurements
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Figure 50 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 234 (Avalon 2100).
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Table 52 Profile description for profile 235 (Katspruit 1000)
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Appendix A

Figure 51 Profile 235 (Katspruit 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P)
measurements.
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Figure 52 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 235 (Katspruit 1000)
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Appendix A

Figure 53 Profile 236 (Katspruit 1000), inicatmg diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]

measurements.
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Figure 54 Degree of water saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 236 (Katspruit 1000).
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Soil analyses for profile 237 (Westlesgh 1000)
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Appenchx A

Figure 55 Profile 237 (Westleigh 1000), indicating diagnostic horizons as well as
measurement depths for neutron water meter [N] and piezometers [P]
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Figure 56 Degree of waler saturation and daily rainfall from 1 January 1997 until 31
December 2004 for profile 237 (Westleigh 1000).
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Correlation of soill charactenstics with hydrological response characienstics

Table 1 Annual duration of $>0.7, for profiles 201 to 237, calculated from
weekly neutron water meter data from 01/07/1997 until 30/06/2003

Srofie %m “Diag 57/88 GR/90 Ga00 DOGT 01002 0203 Total Mearn Medan  Sid dev
No (mm) honzon (days year |

200 160 3 1 8 8 6 0 0D 100 35 167 326

480 ot 20 3% 142 28 - D 234 240 W0 521

760 s a5 80 168 EEd .1 38 513 @S 858 427

202 190 ot 0 1 1 2 0 0 4 08 07 08

420 ye ] 4 - [ 0 0 1% 20 30 a7

790 ve 180 241 184 361 226 280 1400 2335 2483 672

1090 on 355 365 224 3BS 3BS85 2148 MED 358 2 187

1380 on 35 385 299 365 S M5 2124 650 354 0 26 9

203 180 ot [ 1 0 1 0 0 3 0s 08 08

450 e 1 Y 18 13 2 1 42 45 7.0 7.1

790 e 1 8 20 13 3 3 48 58 80 73

1080 en 2 45 13 228 1682 136 V66 15 1277 779

1380 en 11 20 127 203 181 73 624 1000 1040 79.4

204 220 ogs 2 127 W% 137 o\ a5 &8 40 @7’ 74

520 1) B0 135 1188 200 112 5 811 1238 1352 45 6

820 [ al 185 276 122 338 226 255 bk 2510 244 o

1120 35 65 366 365 365 5 2191 650 I6S2 D4

208 2% ot 19 38 104 711 FE] 4 280 NS 432 s

530 s 39 52 171 119 & 1 423 485 705 624

8% pn 172 286 197 320 233 255 483 240 2438 LR

" g 352 365 I 385 IS IS5 2142 W50 3ISTO 142

1430  gn 355 365 355 365 358 IK5 2184 S50 3840 30

206 170 > 337 267 307 318 332 300 18680 3130 3113 251

470 o 31 363 M6 S S S 2188 W0 642 1.8

™0 o 35 365 381 365 65 365 2186 650 3643 16

1070  gh 355 365 355 365 IS IS5 2191 650 3652 04

200 180 > B9 123 211 273 187 196 1080 1%65 1815 658

480 p 228 158 76 302 231 256 1251 2265 208 8 800

208 205 E 102 147 213 256 218 144 1080 1800 1800 579

€08 o5 134 97 33 192 265 137 852 1328 1420 756

805 b B3 133 16 288 273 198 001 1655 1852 1075

105 g0 385 365 355 365 365 365 2191 3650 3852 04

1405 385 365 IS5 385 B8 385 2101 WSO 882 04

209 2 o 103 213 213 324 232 147 1226 2130 204 3 T68

830 otgh 306 365 185 253 365 203 1747 2845 2912 673

20 il -3 0 1 1 < 1 0 T 10 12 15

a0 e 4 16 181 127 52 39 300 455 665 633

790 ne % 50 188 228 1 88 720 1085 1200 %8

1090 on 208 388 337 M3 8T IS8T 20a8 MMTO M08 380

1390 on 188 91 173 310 358 153 1251 1665 2085 1026

211 200 ogh 43 140 2006 230 223 282 1134 2145 1890 865

500 on 300 361 342 365 365 365 2008 I6I0 3497 259

800 on 45 365 260 339 265 36S 2043 3570 308 0%

1100 oh 385 365 366 I65 365 65 2191 IS0 3852 D4

212 200 ot 2 3 7 4 1 0 1" 25 28 25

S00 L] 0 0 2 1 0 ] 3 00 0s 08

800 ne 0 @ 8 2 0 0 " 10 18 22

1100 ne 0 4 3 2 0 0 2 10 15 18

1400 on 0 5 13 7 3 0 28 40 47 4%

213 180 ot 3% 07 187 179 162 162 060 1705 1433 621

480  ough 157 149 200 285 236 264 1292 2180 2183 53

780 oh 212 198 16 283 343 150 1224 2050 2040 1128

1080  gh 204 307 118 339 385 365 1788 3230 2080 929

1380 gh 387 344 348 S S 288 273 M0 848 103

218 200 ot B7 143 225 254 243 177 1129 2000 1882 650

500 ar 247 0 250 287 297 AN 12 2620 2870 333

800 ar 337 385 354 355 320 365 2115 3565 3525 159

100 gh 365 BS5 BE MBS W5 85 2991 eSS0 682 0a

1400 gh 65 A5 M6 M5 M5 M5 2181 MMSD s 2 04

220 178 ot 33 68 180 153 88 73 535 @805 %2 58

475 ot 06 W08 200 20 183 10 & 1,5 1562 531

775 1] 0 0 0 0 0 0 0 00 00 o0

07 on [} 0 0 1 14 L] 145 70 2458 47 4

1375 on 280 321 71 320 360 270 1631 3000 2718 1028

51 13 ot 15 53 1;1 141 16! L] m 35 |Ei !55

440 re 0 1 4 1 0 0 S0 05 83 194

T40 L] 0 0 Ly - 0 0 o 00 160 33

1040 e 0 § 127 18 ) 17 266 M0 “up 54

1340  on 01120 3 8 166 08 277 462
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Appendix B

“rofile Deptt  Dag J¢ C2N03 Total Mean Median 533 dew
Na mm) _ honzon days yeor
2 180 ot = 167 167 174 178 B & 1aad 565
48C ne 0 1628 87 63 568 80C a7 66 3
780 &1 1 165 223 143 957 154C 1565 7866
1080 35 [ 35 M8 2184 ¥SC 34 3.0
228 22( S 7 43 38 13 23 37 £ 38 3 7
Trd 158 112 813 1545
130 161 112 40 M 12t
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4 ye 14 5 78 $ 9 J 28 T4
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1410 splon 256 308 282 361 220 )68 5 gl e
238 182 Df &8 154 201 218 203 147 5 - -}
45c o' W 355 b W« 3% (L] 5 152 4 55 |
TR otgh £ IR RN K B
1085 ‘g w 55 ) 85 2 4 |
13RS gh o 365 ) 6L 4
1% 0 ¥4 '8 J 1453 a7y
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Correlation of soil characteristics with hydrological response characteristics

Table 2 Frequency of s>0.7 events, for profiles 201 to 237, calculated from

weekly neutron water meter data from 01/07/1897 until 30/06/2003
Profie Depth Diag 67488 58%8 6800 0001 01402 0203 Mean Mecan Sid dev
No

(mm) horzon (events yesr |
2n 160 o 1 3 n 1 0 0 27 10 42
450 g 3 10 1" 7 2 0 LE. 50 a5
760 0 2 7 ) 4 1 2 35 30 2.3
202 190 o 0 1 1 2 0 0 a? 05 cs
450 ye 0 4 “ L) 0 0 30 20 7
790 w ] - 2 1 1 6 45 40 a6
1090 on 1 1 4 1 1 1 15 10 12
1390 on 1 1 3 1 1 1 13 10 08
203 190 ot 1 1 0 1 0 [+] 0s 05 s
480 e 1 6 17 10 2 1 62 40 £4
790 e 1 L} 20 12 3 3 78 55 12
1080 on 4 L) kS 3 3 L] 48 45 22
1390 on 2 5 9 6 7 4 55 88 24
204 220 ol'gs s 2 < ] 3 2 37 35 16
520 P 4 2 5 4 4 3 40 40 11
&20 oh L [ 3 1 1 2 30 25 21
1120 ah 1 1 1 1 1 1 10 10 00
208 23 ot 4 ] n 4 7 3 78 75 42
30 o 3 6 & 10 o 1 62 70 s
&3 oh 10 12 ) 1 2 10 73 es ‘8
1130 G 2 1 4 1 1 1 17 10 12
1430 gh 1 1 1 1 2 1 12 1.0 va
206 170 o 10 20 12 N [ 1M N7 105 43
470 -1 2 2 1 1 1 1 13 10 0s
™ 3 1 1 £ 1 1 1 17 10 16
1070 oh 1 1 1 1 1 1 10 10 00
207 180 o 10 5 6 B 1 15 #3 85 36
480 [* & 2 2 2 1 & 33 20 29
208 20% ot 6 1 1 k) [ 13 [y ) 40 45
504 oS 8 12 4 ? 7 E T2 70 28
805 gn 7 7 2 6 - [ 57 65 23
11058 gh 1 1 1 1 1 1 10 10 00
1408 ok 1 1 1 1 1 1 10 10 00
209 23C ot 12 10 6 ) 2 10 78 [ a8
530 ough B 1 4 2 1 3 25 25 14
210 180 ot 0 1 1 3 1 1] 10 10 11
45 ~ 3 7 8 16 ‘4 3 as 75 55
790 ne 5 ) L] 14 e 4 63 L8] 88
1090 on 5 1 5 2 2 2 28 20 17
1390 on 6 13 6 S 2 4 60 58 az
21 200 otgh 6 ? 7 10 “ [ 70 70 a0
500 gh 6 2 a 1 1 1 a3 15 34
800 gh K3 1 1 1 1 1 15 10 12
1100 gn 1 1 1 1 1 1 10 10 00
212 200 ot 1 F] ) 3 ! 0 22 15 21
500 ne 0 0 2 1 0 0 0s 00 08
800 ne 0 4 8 2 0 0 18 10 22
100 ne 0 4 3 2 0 0 15 10 18
1400 on 0 8 13 € 3 0 a5 40 48
213 180 ot 6 10 11 10 172 17 10 108 35
480 otgh 7 3 12 -] 4 26 100 80 80
7 gh 10 ] 1 (4 ) [ 57 60 33
1080 gh - 6 2 1 1 1 25 15 21
12380 gh 3 @ 3 1 1 1 22 20 13
218 200 ot 5 3 3 B 5 13 88 48 38
500 oh 5 1" 12 $ 10 6 62 80 32
800 gr 3 1 1 1 2 1 23 15 18
1100 gh 1 1 1 1 1 1 10 10 00
1400 b 1 1 1 1 1 1 10 10 00
220 75 ot 0 " 14 “ 18 & 18 128 'Y
475 ot 18 18 14 1”7 0 12 165 175 29
775 L] 0 0 0 0 0 0 00 00 00
1075 on 1 0 0 3 1 1 10 10 11
1375 0N 7 € S 4 2 L] 83 58 22
2 140 of 6 i 18 n - 1" N2 10 s
440 e 0 1 " 1 0 0 27 0s 56
7 L] 0 0 " 2 0 0 22 oo 44
1040 re 0 1 2 6 1 2 20 15 21
1340 on 0 1 2 3 1 1 13 10 10







Correlation of soil charactenstics with hydrological response characiensics

Table 3 Duration of s>0.7 events, for profiies 201 to 237, calculated from

weekly neutron water meter data from 01/07/1987 until 30/06/2003
1 Y Mear Medan S(d dev

No (mm) horizon (days event |
201 160 ol 10 27 77 60 00 00 29 18 33
450 o 67 36 1289 40 40 00 52 40 42
760 3 28 114 38 248 B850 178 18§ 236 268
202 190 ot 00 10 10 10 00 [+1 ] es 05 0S
490 ye 00 10 10 10 00 00 0s 0s 0s
790 e 236 268 S20 3610 2260 482 1266 701 1362
1080 on G50 M50 810 2650 80 MSO0 17T WSO 1158
1380 on G50 650 997 M50 M50 MSO 208 365 0 108 3
203 190 ot 10 10 00 10 00 00 ©f 0s 0s
490 i3 10 12 11 13 10 10 1.1 10 0
790 ne 10 10 10 11 10 10 10 1.0 00
1080 on 80 90 14 TS0 640 278 2332 211 208
1390 on 55 58 36 259 183 172 16.2 112
204 220 ougs 44 635 410 228 203 225 261 27 205
520 » 200 &5 s S0 220 190 371 29 169
820 oh 30 40 407 2350 2260 1778 27 mas 1244
1120 o 3650 650 660 IGS0 650 WSO W52 IS0 04
208 250 ot 48 4B 85 51 33 13 a3 48 1
530 gs 130 87 214 118 48 10 101 103 71
830 gh 172 238 218 2200 165 2885 878 247 1200
13 oh 1760 J650 825 JI650 3650 3650 206 4 650 1263
1430 gh 3B50 850 G600 S50 1750 3B50 3342 3650 76 0
206 170 ol 337 134 258 354 415 276 296 ) o8
47 9s 1805 1875 3850 23850 3880 M50 38 B0 951
™ 1) 3650 650 722 IBS50 650 W50 62 3850 11985
1070 gh 3650 3650 660 3850 3BE0 S0 W52 3850 04
207 180 ot 69 246 32 NI 179 1317 217 213 102
450 p S70 790 380 1510 2310 284 674 68 0 787
208 205 ol 170 1470 2930 853 436 111 B62 64 5 800
08 25 268 81 83 274 379 184 208 218 s
805 on 16 %0 80 480 683 248 300 219 234
1105 gh 3650 36850 3660 3650 3650 IS0 652 3850 04
1408 IS0 S50 MS0 M50 MA0 MS0 MMA2 8 0 0a
209 230 ot BE 213 355 G548 1160 141 424 284 405
530 otgh 765 M50 488 1265 3650 87T 1782 107 .1 146 8
210 190 ot 00 10 10 13 10 00 07 10 06
490 ne 13 23 201 76 37 130 81 58 73
790 ne 78 S6 MO0 163 73 215 1 120 100
1080 on 832 M50 674 W18 17885 1785 1707 1788 1118
1380 on 277 70 288 620 1790 383 571 335 62 3
n 200 ovgh 72 200 204 230 558 385 286 262 165
500 gh SO0 1805 380 3550 3850 650 2273 2728 1590
800 gh 873 350 2500 3350 WA0 S0 2089 320 1108
1100 gh 3650 3650 nsa 3850 3650 3650 3852 3650 04
212 200 ol 20 15 12 1.3 10 00 12 1.3 07
500 ne 00 00 10 10 00 00 03 00 0S8
800 ne 00 10 10 10 00 00 05 05 05
1100 ne 00 10 10 10 00 00 08 0s 0s
1400 on 00 10 10 12 10 00 07 10 0S5
213 180 ot 68 87 174 176 138 N3 127 124 a4

480 augh 24 AT BT N8 WO WE N7 a7 191

780 gn 212 330 190 488 1943 %59 427 a7 369
108C gh 738 612 590 3350 3850 S50 2088 2083 1621
1380 gh 1170 8650 1150 3650 3850 3650 2355 2410 1423
218 200 ot 174 477 750 638 486 1136 443 481 245

500 gh 494 282 208 ST4 297 552 401 %6 157
800 gh 674 50 B85 050 1648 50 2259 2048 1451

1100 oh 50 50 60 I650 WSO IS0 ¥S52 M50 D4
1400 an 50 650 ISE0 3650 650 3650 52 650 D4
20 175 ot 55 62 1290 109 456 01 82 77 32
478 ot 58 59 e 124 97 82 96 94 35
178 e 00 00 00 6o o0 00 00 00 00
1078 on 60 00 00 403 %40 80 M4 70 151
137% on 400 535 142 BOO 18500 349 671 46 8 554
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Other related WRC reports available:

Hydraulic properties of stony soils
Van Deventer PW; Bennie ATP; Hatting JM

The hydraulic conductivity of the soil used in this investigation, decreased with increasing
stone contents until it reached a specific threshold stone content and then increased
for higher stone contents due to the formation of preferential flow paths around the
stones. Because of the limited number of tests (21) of this study, the stone contents
where preferential flow started to become important was ill-defined between 40 and
70%). Therefore it was suggested that the threshold value can be taken at a stone
content of about 50%

The water retention of the experimental soil decreased with an increase in stone content
The pore sizes did not decrease proportionally with the stone content, in fact the ratio
between large and small pores actually increased with stone content. The relatively good
hydraulic conductivity of stony soils compared to their low porosity can be attrnibuted
to a higher percentage of large pores. However, the absence of small pores, especially
in the range 10um to 0.6um, reduces the water-holding capacity of stony soils

The soil matrix used in this study had a strong crusting tendency and surface crusting
largely controlled the infiltration rate. For any given stone content crusting was prevented
at slope angles steeper than 25°, through the combined effect of less effective rainfall
and the dissipation of raindrop energy by the stones. For a constant slope angle (10°)
the infiltration rate decreased rapidly for stone contents higher than 30% by volume
This study once again confirmed that stones have an ambivalent effect on runoff
generation. Stones promote runoff by concentrating rainwater or reducing the infiltration
of the soil but it can also dissipate raindrop energy and thereby protecting the soil from
forming crusts. The major effect of stones was the reduction of infiltration and thereby
ncreasing runoff. Stones can play a role in erosion control but the decision to use stones
or not should be based on other factors as well.
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