








1990). The other is basic and has less than 50% SiO,. The basic magma is relatively
rich in iron, magnesium and calcium. A further differentiation according to the silica
content of the magma results in a broad classification of rocks. Rocks that contain
more than 66% SiO; are acidic, 52-66% intermediate, 45-52% basic and less than
45% ultra-basic (Deer, Howie and Zussman, 1978). Table 3.1 shows the average
compositions of abundant elements in various igneous rocks (Turekian and
Wadepohl, 1961). Basic and ultra-basic rocks are recognised internationally as very
important parent material from which soils of agricultural importance originate. In
South Africa, dolerite is a very important example of such rock. It is widespread
throughout the country in the form of dikes and sills with limited geographical extent.
Dolerite is rich in bases, especially calcium and magnesium. This is because it
contains 46% plagioclase and 37% augite (total: 83%) which are both rich in bases
(Laker, 1990). It can thus be expected that soils developed on basic (dolerite) parent
material have higher amounts of clay (higher amounts of clay forming minerals
present) and also higher pH values generally (higher amounts of basic cations) as
compared to soils developed on acidic parent material. This will only be true for soils

formed under the same climatic conditions (Buol, Hole and McCracken, 1973).

Table 3.1 Average composition of igneous rocks in mg kg™

Element Ultrabasic Basic High Ca Granite | Low Ca granite
Si 205 230 314 347
Al 20 78 82 72
Fe 94 86 30 14
Ca 25 76 25 5
Mg 204 46 9 2
Na 4 20 28 26
K 0.04 8 25 42
Ti 0.30 14 34 1.2
Mn 1.6 1.5 0.54 0.4
P 0.22 1.1 0.92 0,6
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Table 3.2 Summary of parent material, weathering intensity and localities of the
soils used in the study by Smith (1990)

Parent material
Basic rock Acidic rock

Locality Amsterdam | Irene Towoomba Sabie | Krugersdorp | Marken
Degree of weathering | High Med Low High Med Low
Annual rainfall (mm) 995 697 636 912 795 601
Humidity Max % 80 74 77 77 81 83

Min % 33 38 31 37 33 29
Average temp. °c 15 18 19 13 17 19
Height above sea level
in (m) 1620 1524 1143 2118 1699 1215

3.2.3.1 Results and discussion by Smith (1990)

3.2.3.1.1 Chemical, mineralogical and physical properties of the soils

The soils used in this study were sampled in the areas shown in Table 3.2,
corresponding to different weathering levels (high, medium and low), and basic or
acidic parent material. Soils developed on basic parent material show a strong
tendency to have higher values for CBD extractable iron and aluminium, while clay

percentage is also higher than in soil from acidic parent material. These are indicated
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Table 3.3 Some chemical properties of the uncultivated soils studied (Smith, 1990)

Parent material Basic igneous rock Acidic igneous rock
Degree of Weathering | High Medium Low High Medium Low
Fe% 16,3 7,3 59 3,3 3,2 1,65
Al% 1,5 0,15 0,09 0,20 0,09 1,04
C% 3,3 3,2 2,0 3,7 1,8 1,04
pH (H20) 5.4 7,0 6,0 4,7 4,8 54
K cmolkg | 2.8 57 101 |20 23 7,0
Na “ 0,8 1,5 1,9 <1 <1 <1
Ca ¢ 11,2 60,4 35,1 1,6 15,2 18,1
Mg “ 12,2 27,3 11,3 2,0 6,9 13,1
CEC (soil) “ 4,7 10,3 6,35 9,0 2,83 3,56

(clay) “ 9,59 46,8 28,86 |32,14 14,15 39,5
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Table 3.4 Particle size analysis of the soils studied (Smith, 1990).

Particle size classes

Coarse sand  Medium sand | Fine sand Silt Clay
Parent Weathering
mateial Status 2-05 0,5-0,2 0.2 - 0,02 0,02 - 0002 | <0,002
mm mm mm mm mm
(Per cent)
Uncultivated
Basic High 9 5 14 17 49
Medium 8 14 30 21 22
Low 5 21 42 8 22
Acidic High 16 18 24 11 28
Medium 16 20 28 13 20
Low 19 17 39 13 9
Cultivated
Basic High 16 7 13 25 45
Medium 10 11 27 21 26
Low 5 19 50 6 18
Acidic High 15 18 27 11 27
Medium 12 20 43 12 12
Low 25 14 29 12 18
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Table 3.5 X-ray diffraction data of the clay fractions of the soils studied

(Smith, 1990)

Parent material

Basic

Acidic

Degree of weathering

High

Medium

Low

High

Med

Low

Uncultivated soils

Smectite

Kaolinite

N | —

N | —

wn 1

| —

| —

Vermiculite

Quartz

W

W

N

Mica

NN |=—ltn] !

Wl

Hornblende

Gibbsite

[FSR RIS N P ]

Cultivated soils

Smectite

Kaolinite

wn 1

wn 1

!

| —

N

Vermiculite

Quartz

W

W

Mica

N[ | |n]!

— 2]

Wikt

WKl

Hommblende

Gibbsite

Interstratified minerals

1=0-15% 3=25-50%

5 =75-100%

2=15-25% 4=50-75%

Values 1 — 5 indicate peak intensities only and not percentages of minerals

present.
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Fe;03) increased under less intensive weathering conditions. Smaller ratios are thus

associated with higher stability against crust formation on the soil surface.
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FIG 3.1 (a) Infiltration curves for the basic parent material soils.
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Table 3.6 Multiple range analysis for FIR values.

Main effect Average FIR
mm h’!
Uncultivated 12,52 a
Cultivated 8,40 b
Basic soil group 12,02 a
Acidic soil group 8,90 b
Untreated 12,89 a
ESP § 9,23b
ESP 10 9,38b
High degree of weathering 14,77 a
Medium degree of weathering 9,06 b
Low degree of weathering 7,65 ¢

*Figures followed by the same letter within a column for each treatment, do not differ

significantly at 95 % confidence level.
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Table 3.7 Multiple range analysis for CI values after 100 mm of rain.

Main effect Average CI
mm
Uncultivated soil group 47,12 a
Cultivated 34,050
Basic soil group 48,13 a
Acidic soil group 33,03b
Untreated 48,81 a
ESP 5 3596b
ESP 10 37,38Db
High degree of weathering 54,90 a
Medium degree of weathering 37,58b
Low degree of weathering 29,56 c
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Table 3.8 Weathering degree as indicated by Si0O,:Al,0; + Fe,O; ratios

Parent Rainfall | Locality Weathering degree SiO,
material Al,O3 + Fe, O3
Basic 995 Amsterdam High 1.0

697 Irene Medium 3.1

636 Tawoomba Low 8.1
Acidic 912 Sabie High 3.5

795 Krugersdorp | Medium 7.9

601 Marken Low 9.5
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Table 3.9 Calculated cumulative infiltration (CI mm) after 100 mm of rain and

Measured final infiltration rates (FIR mmh™)

Parent material Degree of weathering | CI FIR
(mm) (mm h')

Basic Low 34.59 8.49
Medium 43.45 9.11
High 66.95 18.60

Acidic Low 24.32 6.76
Medium 3195 9.00
High 42.85 10.94

3.3 D’HUYVETTER, JHH (1985): DETERMINATION OF THRESHOLD
SLOPE PERCENTAGES FOR THE IDENTIFICATION AND
DELINEATION OF ARABLE LAND IN CISKEI

3.3.1 General background and objectives of the study

The erosion extent in Ciskei had been increasing at an alarming rate, especially in
cultivated maize fields of so-called “betterment schemes” or “rehabilated areas”.
Hensley and Laker (1978) identified the main reason as being the use of a standard
slope criterion of 12% for arability by “planners”, without taking the inherent
differences between the erodibilities of different soils into account. It was therefore
crucial to develop criteria and models by means of which arable land could be

identified and delineated. D’Huyvetter focussed on establishing threshold slope
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criteria for the dominant soils of three different pedosystems of the former Ciskei.
Attempts were made to derive predictive which could be used to predict threshold

slopes from soil-slope-erosion data.

3.3.2 Research procedures

3.2.2.1 Areas studied

Three pilot areas were selected in three main pedosystems of the area formerly known
as Ciskei, namely Mavuso, Keiskammahoek and Middledrift. The pedosystems were
delineated and described by Hensley and Laker (1978). Pilot areas were selected by
means of aerial photographs and orthophoto maps. The areas studied in each
pedosystem ranged between approximately 2000 and 2400 ha in extent. Only
“planned” areas on which small-scale farmers grew (or had grown) maize were

included in the study.

The climate was outlined by Marais (1978). The climate of all three areas is described
as temperate warm, with rainfall peaks in spring/early summer and late
summer/autumn and a pronounced mid-summer drought. Rain is mainly in the form

of intense thunder storms.

3.3.2.2 Determination of slope parameters

The topographical factors which received attention were: slope gradient, slope form
(convex, concave or plane), and slope length above the point of study. These have all

been identified as important parameters in regard to erodibility.

With the help of high quality large-scale (1:5 000) orthophoto maps accurate
measurements of the important slope factors length and gradient were obtained. It also
provided an excellent method for the determination of slope form and the transition

between different types of slopes.
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3.3.2.3 Determination of extent and degree of erosion

In the study the emphasis was on gully erosion, because its extent and degree is
relatively easy to determine. Furthermore, it was the dominant type of erosion in the
area. It was determined by means of stereoscopic analysis of contact aerial
photographs, which proved to be a very efficient method. Some field verification was

also done.

Four erosion classes were defined. A small number of classes was used, so as to have

more observations per class, thus facilitating statistical analysis of the data.

3.3.2.4 Soil parameters

Detailed soil surveys were conducted, using 1:5 000 orthophoto maps as base maps.
Soils were classified according to the South African binomial soil classification
system (Macvicar ef al., 1977). Soil data were collected by means of field sampling
and laboratory analysis of both topsoils and subsoils. The soil parameters that were
selected were those that have been identified by other researchers as being most
important in regard to erodibility and were feasible to determine within a short time

space. These included:

(1) Morphological features: diagnostic horizon, depth to limiting layer,
total depth, colour, etc.

(2) Parent material.

3) Particle size distribution.

“) Chemical properties; CEC, exchangeable bases, organic carbon.
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3.3.3 Results

3.3.3.1 Mavuso Pedosystem

3.3.3.1.1 Field observation and soil classification

Soils were divided into three groups. The first group included the very stable red soils
of the Shortlands and Hutton forms, derived from dolerite. The second group of soils
included soils of the Glenrosa, Oakleaf, Westleigh and Swartland forms, of which the
Glenrosa form is the most common soil in the Mavuso pedosystem. The third group
included soils of the Sterkspruit, Valsrivier, Vilafontes and Estcourt forms. These
highly erodable soils occur on footslopes and valley bottoms. Two areas were chosen.
The one at Mabandla’s location was characterized by stable soils and virtually no
visible erosion, having predominantly dolerite as parent material. The adjacent area
was very unstable and so badly eroded that most of the cultivated fields had been
abandoned and hardly any form of further cultivation was possible. The soils of this
area formed on grey to blue mudstone of the lower Beaufort group. Average annual
rainfall ranges between 500 mm and 600 mm. The most common soil forms and
series, classified according to the South African binomial system (Macvicar ef al.,
1977), are given in Table 3.10.
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Table 3.10 Classification of soils in the pilot areas of the Mavuso pedosystem
(D’Huyvetter, 1985)

Seil form Soil series
Bonheim Bonheim
Glenrosa Williamson
Hutton Shorrocks
Mayo Mayo
Mispah Mispah
Qakleaf Jozini
Shortlands Kinross
Glendale
Shortlands
Swartland Hogsback
Valsrivier Arniston
Herschel
Vilafontes Blythdale

3.3.3.1.2 Type(s) of erosion that occurred

Topsoil removal by sheet erosion occurred to some extent in both Shortlands and
Hutton form soils, but did not result in a significant deterioration of the fields.
Damage from sheet flow was extensive and linear erosion features such as rills and
“dongas” were observed on Oakleaf, Westleigh and Swartland form soils, but this
happened on steeper slope segments. Severe erosion occurred on Sterkspruit,

Valsrivier and Escourt form soils.
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3.3.3.1.3 Calculation of threshold slope percentages

To determine whether significant correlations exist between the degree of erosion
observed in the field and slope gradient for the different soil forms, linear,
exponential, geometric and n™ order regressions were carried out. In cases where
simple linear and geometric regressions were used, best fitting curves were produced.
Since the maximum possible erosion intensity has a value of four, each curve should
level off at that value. D’Huyvetter did not include all values of slope percentage and
degree of erosion, e¢.g. only one value for Arcadia soils was recorded in his

dissertation.

The regression equations for the relationships between slope gradient and degree of
erosion for the most important soils of the Mavuso pedosystem are listed in Table

3.11. The relationships are illustrated in Figures 3.3 to 3.6.

Table 3.11 Relationship between the degree of erosion and slope percentage for

different soil of the Mavuso pedosystem (D’Huyvetter, 1985).

Soil form Regression R’ sig. Number of observations
Hutton Y =0,44 + 0,148x 0,62 0,01 13

Shortlands | Y=0,634+0,105x | 0,64 0,01 37

Estcourt

Sterkspruit

Valsrivier Y =0,689 +0,289x | 0,40 0,05 12

Vilafontes

Swartland Y =0,564 + 0,26x 0,79 0,01 7

Where Y = Degree of erosion

X = Slope percentage
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New threshold percentages for the different soils were established (Table 3.12) using
the equations in Table 3.11. A value of 2 for the degree of erosion (Y) is regarded as
being critical by the researchers,and it was therefore used as the maximum allowable

erosion value.

Table 3.12- New maximum threshold slope percentages for arability for different

major soils of the Mavuso pedosystem (D’Huyvetter, 1985)

Soil form Threshold slope %
Glenrosa 6,0 %

Hutton 10,6 %

Qakleaf 6,1 %

Shortlands 13,0 %

Swartland 5,5 %

Estcourt

Sterkspruit 45%

Valsrivier

Vilafontes

From Table 3.12 it is clear that cultivation, with proper contouring, up to a slope of
12% would be safe only on the stable Shortlands soils. On Hutton soils few areas
would have erosion problems. For the unstable Swartland, Estcourt, Sterkspruit,
Valsrivier and Vilafontes soil erosion starts at much lower slope gradients. This
explains the severe erosion found in so many of the areas included for cultivation by
the “planners”, using a blanket criterion of recommending soils on slopes up to 12%

gradient for cultivation.
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Table 3.13 Classification of soils of the Keiskammahoek pedosystem (Hensley and

Laker, 1978)

Soil form Soil series
Arcadia Arcadia
Glenrosa Saintfaiths
Williamson
Hutton Makatini
Shorrocks
Mispah Mispah
Oakleaf Jozini (Modal phase)
Jozini (Mudstone phase)
Zozini (Plinthite phase)
Shortlands Glendale
Shortlands
Swartland Swartland
Valsrivier Waterval
Sunnyside
Herschel
Valsrivier

3.3.3.2.2 Type(s) of erosion that occurred
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Significant correlations were found between slope gradient (%) and degree of erosion

for the different soil forms of the Amatola basin (Table 3.14)

Table 3.14 Relationships between the degree of erosion and the slope percentage for

the different soils of the Amatola basin.

Soil form Regressions R’ significance | Number of observations
Arcadia Y =0,201+0,148x | 0,81 0,01 21
Glenrosa Y =0,520 +0,13x 0,46 0,01 38
Hutton Y = 0,252 0,85 10,01 15
Shortlands | Y=0,169+0,136x | 0,77 0,01 49
Swartland Y =0,559+0,132x | 0,66 0,01 13
Valsrivier Y =0,664 +0,166x | 0,59 0,01 39

Where: Y = Degree of erosion
X = Slope %

By means of these regression equations D’Huyvetter (1985) calculated new threshold

slope percentages for the different soil forms of the Amatola basin (Table 3.15),

considering Y = 2,0 as the maximum permissible degree of erosion. Best fitting

curves were constructed by means of these regression equations (Figure 3.7 - 3.11).

3.3.3.2.4 Correlation between soil factors and erosion

D’Huyvetter did not elaborate much on the correlation between soil factors and

erosion in the Amatola basin. It is imperative therefore to mention that he found that

most of the soils in the Amatola basin were rich in silt size particles. However, it is

fair to indicate that in Arcadia and Valsrivier soil forms clay content was dominating.

In general most of the soils in this basin were fairly stable against erosion.
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Table 3.15 New threshold slope percentage for the Amatola basin (Keiskammahoek

pedosystem).
Seil form Threshold slope %
Arcadia 12,2%
Glenrosa 12,0%
Hutton 13,9%
Shortlands 13,5%
Swartland 10,9%
Valsrivier 8,0%

For the Shortlands soil form a significant correlation was also found between the
degree of erosion and a combination of slope gradient and the slope length above a

certain point of observation. This multiple regression can be written as:

Y=0,111+0,131x; + 2,016 10 x,
> = 0,72 (Sign. at 0,01 level)

Where: Y = Degree of erosion
X1 = Slope gradient (%)
X2 = Slope length above point of observation (m)

By using this equation new threshold slope percentages could be calculated for

Shortlands soils as a function of slope length above the point of observation (Table
3.16).
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Table 3.16 Variation in threshold slope percentage with distance from the top of a hill

(slope) for Shortlands soils in the Amatola Basin.

Distance from top | Threshold slope %
Om 14,4%
100m 14,2%
250m 14,0%
500m 13,6%
1000m 12,8%

The stronger impact of surface runoff in lower lying areas is reflected in the above
table. It indicates that somewhat steeper threshold slope percentages are permissable
in topslope positions compared to mid-slope and bottom-slope positions, but that even
large great slope lengths have unexpectedly small effects on erosion of these very
stable soils. It is very important to note that if a threshold slope percentage of 12%
was used as upper limit for arability, significant areas of good arable land at steeper
slopes on these stable soils would be excluded from cultivation. This can actually be
seen in parts of the former Ciskei. Meanwhile highly erodable soils from less stable
forms were included for cultivation just because they are on slopes of less than 12%,

leading to the severe erosion seen in many parts.
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3.3.3.3 Middledrift pedosystem

3.3.3.3.1 Field observation and soil classification

Cultivated soils in the Middledrift pedosystem belonged to five series of four soils
forms according to the South African Binomial System (MacVicar et al., 1977) (Table
3.17).

Table 3.17 Taxonomic classification of the dominant soils in the Middledrift

Pedosystem (Hensley and Laker, 1978)

Binomial Classification’ Approximate Soil
Taxonomy Equivalent?

Form Series

Glenrosa Williamson Lithic Ustochrepts

Oakleaf Jozini Typic Ustochrepts
Limpopo Typic Eutrochrepts

Shortlands Shortlands Typic Rhodustalfs

Valsrivier Lindley Typic Haplustalfs

'MacVicar et al., (1977)
U.S.D.A. (1975)

The main features of these soils are:

Williamson series: A shallow (usually 200 to 250 mm thick) grey apedal Ap horizon
over a layer dominated by partly weathered mudstone or shale with tongues of soil

into it. The clay content of the A-horizon is about 20%.
Jozini and Limpopo series: Deep (more than 2 metres) dark grey to dark brown soils

with a small gradual increase in clay content with depth. These are soils developed in

alluvial or colluvial drift. Clay content of the B-horizon is about 30 per cent.
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Table 3.18 Relationship between the degree of erosion and the slope percentage for

the different soils of the Middledrift pedosystem

Soil form Regression R’ sig. Number of observations
Glenrosa (sh.) | Y =0,912X % 0,62 0,01 24
Glenrosa (deep) | Y =0,823 +0,418x | 0,36 0,05 11
Kroonstad - - -
Oakleaf (d.br) |Y =0441x %™ 0,61 0,01 17
QOakleaf (grey) - - -
Shortlands Y =0,099X % 0,69 0,01 14
Valsrivier Y =0,99 X %64 0,59 0,01 34

Where: Y = Degree of erosion

X = Slope %

By means of these regression equations D’Huyvetter (1985) calculated new threshold
slope percentages for the different soil forms of the Middledrift (Table 3.19). Best

fitting curves were constructed by means of these regression equation (Figure 3.13).

Table 3.19 New threshold slope percentages for the Middledrift pedosystem

Soil form Threshold slope
Glenrosa (shallow) 3,5%
Glenrosa (deep) 6,8%
Kroonstad -

Oakleaf (dark brown) 7,8%

Oakleaf (dark grey) -

Shortlands 11,3%
Valsrivier 3,2%
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It is important to note that for the Valsrivier soil form, a significant correlation was
found between the degree of erosion and a combination of the slope gradient and

slope length above the point of observation.

Y =1,365+ 1,88x; + 9,58 10 x,
= 0,67 (sign. At 0,01)

where:
Y = Degree of erosion
X1 = Slope gradient %
X2 = Slope length above the point of observation

By using this equation new threshold slope percentages could be calculated for the
Valsrivier soil form as a function of the slope length above the point of observation
(Table 3.20).

Table 3.20 Variation in threshold slope percentage with distance from the top of a hill
(slope) for Valsrivier soils in the Middledrift pedosystem.

Distance from top Threshold slope %

Om 3,38%
100 m 2.87%
200 m 2,36%
300 m 1,85%
400 m 1,34%
500 m 0,83%
750 m 0,00%
1000 m 0,00%
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vetter, 1988)

3.3.3.4 Correlations between soil factors and erosion

A significant correlation between ESP of the A horizon and degree of erosion was
found. D’Huyvetter found that the ESP of the B horizon also gave a significant, but
much poorer, correlation. Relatively (but not absolutely) high A horizon ESP values
and high B horizon ESP values in the Valsrivier and Kroonstad soils correspond to
severe erosion. Low A and B horizon ESP values, such as found in the Oakleaf and
Shortlands soils, were associated with weak to moderate degrees of erosion. The

Glenrosa soil, having low ESP values in both A and B horizon while showing severe

erosion, was an exception.

D’Huyvetter found that S-value/100 g clay of the A horizon was significantly, but not

well, correlated with degree of erosion. S-value/100 g of the B horizon was very well
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(Potchefstroom, and Halfway House), one from the then Natal (Hluhluwe) and one
from the then Cape Province (Somerset East). The soils were classified according to
the South African binomial soil classification system (MacVicar et al., 1977) at form
level (Table 3.21)

Table 3.21 Classification of soils used in the study (Levy, 1988)

Site Seil form
Potchestroom Avalon
Halfway House Hutton
Hluhluwe Hutton
Somerset East Swartland

Profile descriptions and exact site locations of the soils are given by Levy (1988).

Infiltration and crust formation were studied using the same laboratory scale rainfall
simulator that was later used by Smith (1990) for the research discussed in Section 3.2

hereof.

The rainfall simulator consists of two parts;viz (1) the rain application system and (2)

the soil box carousel.

Soil samples of < 4 mm size fraction were packed in the boxes in a layer 20 mm thick
over an 80 mm layer of coarse sand. It was found that it is unnecessary to use soil
layers thicker than 25,0 mm since infiltration rates are unaffected even if thicker
layers are used (Morin et al., 1967). A piece of cloth was placed between the coarse
sand and the soil to ensure continuous flow of water from the soil to the sand. The soil
and the coarse sand were saturated from below using tap water (EC = 1 mS/m), thus

the soil was saturated when rain application commenced (Levy, 1988).
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clay mineral with kaolinite the secondary mineral in the region of Israel where the

Israeli samples were taken (Levy et al., 1986).

Table 3.22 Clay mineralogy, exchangeable sodium percentage (ESP) and final

infiltration rate (FIR) for the four South African soils studied and four

Israeli soils

Soil Country’ | Dominant  clay’ | ESP | CEC® | Clay FIR
minerals cmoluy/ | content
kg clay % mm/h
Hutton (Z) SA K(4), Isd(2), St(1) | 2,4 72,8 7,0 22,8
Typic Rhodoxeralf | IL StK 22 | 654 7.8 4.4
Swartland SA 1(4), Is°(3) 2,1 43,6 14,9 4,2
Typic Rhodoxeralf | [, St,K 2,5 81,7 15,9 2,6
Avalon SA K(4),1(2),5t(2) 2,7 40,5 20,0 5,5
Typic Rhodoxeralf | IL St.K 2,2 59,3 19,2 2,0
Hutton (H) SA K(5), I(1) 29 9,5 29,6 6,5
Typic Rhodoxeralf | IL St,K 2,5 76,0 32,0 3,2

*Country of origin of the soil: SA = South Africa, IL = Israel.

°I = llite, is = interstratified material, K = Kaolinite, St = Smectite,

(1) = very weak, (5) = very strong.

“C.E.C = Cation exchange capacity of the clay fraction of the soils.

“IS = material containing 1:1 clay components.

‘IS = material containing swelling components.

The Israeli soils were richer in iron than the four South African soils included in the

study, containing approximately 3% free iron (Frenkel, 1970), compared with <1,1%

in the SA soils. This factor would have been expected to increase the relative stability
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Table 3.23 The cumulative infiltration (CIF) after 100 mm of rain and
final infiltration rates (FIR) for the four South African soils.

Soil ESP CIF* FIR®
mm mmh’!
Hutton (Z) 1,0 85,2 a 21,3 a
6,3 85,9 a 21,9 a
13,0 63,4 b 11,0 b
Avalon <1,0 43,1 a 12,9 a
4,8 22,5 b 41 b
9,7 21,5 b 2,7 ¢
Hutton (H) 1,2 38,6 a 6,7 a
53 40,4 a 6,3 a
8,9 38,7 a 54 a
Swartland 1,1 28,1 a 8,4 a
4,3 21,7 b 52 b
11,3 14,1 c 2,5 c

3.4.3.3 The effects of exchangeable Mg and K on infiltration rate as opposed to

their effects on hydraulic conductivity

This study was carried out since some of the waters in South Africa (SA) contain a
high concentration of Mg. The molar Ca/Mg ratio in the P.K le Roux and Paul Sauer
dams, which supply water to big irrigation schemes in South Africa, is 1:1. The use of
such waters for irrigation, coupled with an increase in irrigation efficiency, will result
in large increases in exchangeable Mg in the soil. There are many views concerning
the effect of adsorbed Mg on hydraulic properties of soil. The U.S salinity laboratory
staff (1954) grouped Ca and Mg together as similar ions, beneficial in developing and
maintaining soil structure. On the other hand, Van der Merwe and Burger (1969)
found that Na-Mg saturated soil was structurally less stable than Na-Ca soil. From

81





































TABLE 3.24: Classification and location of soil samples #.

Soil SA Binomial system *¥** USDA *##*
Code ** | Location | Latitude** | Longitude Soil form | Soil family | Taxonomy
South African soils
ANA | Aliwal North 30.38 26.44 Sterkspruit Smithfield Natrustalf
TH3 Thabazimbi 24.29 27.08 Hutton Stella Typic Camborthid
TH2 Thabazimbi 24.35 27.15 Oakleaf Richie Entic Haplumberpt
PB Piketberg 3252 18.46 Glenrosa Williamson | Lithic Haplumberpt
HO Holfontein 26.33 24.41 Westleigh Mareetsane | Plinthaqualf
TB Taaibosbult 26.54 26.55 Westleigh Mareetsane | Plinthaqualf
CY Cyres 26.52 27.00 Westleign Mareetsane | Plinthaqualf
R Riviersonderend 19.54 34.09 Glenrosa Robmore Lithic Xaplumbert
IR Irene 25.54 28.12 Hutton Suurbekom | Paleudalf
TH1 Thabazimbi 24.13 26.54 Oakleaf Ritchie EnticHaplumbert
ANB Aliwal North 30.38 26.44 Sterkspruit Smithfield Natrstalf
NC Ncera 32.45 26.55 Shortlands Bolweni Typic Kandiustalf
Israel soils##
H Bet Dagan 32.00 3449 Coastal plain | Hamra Typic Rhodoxeralf
L Nahal Oz 31.28 34.29 Northern Loess Calcic Haploxeral
Negev
\Y Qedma 31.41 34.46 Pleshet plain | Vertisol Typic
Chromoxerert
# Soils are arranged according to their texture. Clay percentage increased down the list.
#i The USDA taxonomy of the IL soils are based on Koyumdjisky et al., (1988) and Dan ez al.,
(1968).
* Soil codes are related to site location of the soil samples and to the soil form of
the RSA soil and Israeli soils, respectively.
*ok Latitude and longitudes are given in a format of* degree.minutes
RSA soils are with South latitudes while those of the Israeli soils are North.
All longitudes are east.
***  Soil Classification Working Group, 1991.
dokkk

Soil Survey Staff, 1975.
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Table 3.25 Some physical and mineralogical properties of the soils

Soil clay silt Sand CEC pH ESP | Organic | Mineralogy Caco; | EC**
Fine Coarse Total Very fine Fine Medium Coarse Total Soil carbon g ;:n;lfn;:; ‘(:'::);sﬂon)
<0.002 | 0002602 | 0.02-0.005 | 0.0-20.05 | 0.05-0.106 0.106-0.25 0.25-0.5 052 0.05-2 water
mm Ratio
code g kg-l Cmol(+) % Gkg'! Sm* | M K Sm | Gkg' | Dsm’
(kg soil) " | 1:2.5
South African soils
ANA 67 30 45 75 144 372 310 2 828 533 15 375 | 1.8 6 7 10 74 1.25
TH3 85 26 45 71 68 135 424 188 815 4.82 5.6 2.28 10.7 16 14 66 0.55
TH2 113 41 63 104 86 274 387 10 757 15.26 7.9 0.72 13.5 68 3 26 14.3 0.87
PB 173 148 118 266 64 102 305 83 554 5.53 7.3 470 | 74 4 55 37 0.68
HO 201 68 76 144 130 194 287 32 643 9.89 5.6 090 | 123 10 19 66 0.34
TB 224 67 59 126 124 212 275 16 627 10.18 6.2 108 [ 7.1 11 11 71 19.93
CY 234 44 52 96 119 185 06 38 648 12.53 5.8 0.79 | 10.2 17 8 69 6.76 0.46
R 254 228 169 397 73 94 49 113 329 10.21 6.6 2.25 | 232 6 48 38 0.96
IR 335 106 79 185 58 107 241 60 466 12.51 5.9 048 | 11.7 13 20 61 1.21
TH1 336 175 217 392 74 34 144 1 253 26.14 7.1 0.84 6.3 68 5 24 1.51
ANB 339 14 56 130 89 196 221 1 507 17.32 8.4 12,7 | 24 15 10 73 2.45
8
NC 414 289 126 415 25 14 103 0 142 17.15 6.1 1.05 | 271 9 83 0.40
Israeli soils
H 100 50 850 11.86 7.1 1.00 | 7.0 S8+ | § 30 10
L 250 233 517 23.80 8.0 350 | 87 50 15 15 20 182
v 465 225 310 38.70 8.0 1.60 | 120 65 i0 15 10 151
*

**  EC= electrical conductivity of the saturated soil extract

Kaolinite, M=Mica, Sm=Smectite, I/Sm=intrastified illite and smectite, Cal=Calcite, I=Illite, Qua=Quartz

*** Clay mineralogy of the IL soils is based on Koyumdjisky et al.,(1998) and Banin and Amiel, 1969.
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Table 3.26 Bulk density (pb) and moisture content (MC) of the soils in the miniflume

Soil Soil Capillary
Bulk density Moisture
Code Kg.m™ | Std. # g kg’ | Std
South African soils
ANA 1.447 0.04 302.71 12.0
TH3 1.562 0.04 262.66 15.8
TH2 1.281 0.03 410.71 17.8
PB 1.603 0.06 241.04 23.8
HO 1.431 0.04 32253 7.6
TB 1.485 0.05 305.59 184
Cy 1.424 0.03 352.83 15.1
R 1.359 0.04 358.84 15.7
IR 1.346 0.03 375.43 14.9
THI1 1.389 0.02 397.70 25.8
ANB 1436 0.04 36943 19.7
NC 1.332 0.04 400.11 16.2
Israeli soils
H 1.407 0.08 420.33
L 1.391 0.05 448.78
\ 1.287 0.01 553.63
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Table 3.27: Rill erodibility (K;) and critical shear stress (t.) as affected by the

salinity of the flowing water and soil sodicity.

soil Electrolyte concentration of the flowing water

De-ionized water 10 mol (+)m" 50 mol (+) m”
code | ESP | Kr# STDs | Te#4 | STDs | Kr 8TDs | Te¢ | STDs | Kr STDs Te STDS
IR 048 | 2.22 0.97 0.51 0.41 3.01 0.87 022 | 0.13 3.85 1.50 0.16 0.18
TH3 | 228 | 5.18 252 0.48 0.16 3.77 145 030 | 0.15 5.15 1.54 0.15 0.09
AN | 375 | 3650 | 14.834 | 0.36 027 4526 | 475 042 | 0.02 43.24 | 7.62 0.50 0.03
A
PB 4.70 | 9.70 2.22 0.27 0.09 5.38 0.85 612 | 0.10 4.44 0.15 0.07 0.06
ANB | 12.7 | 30,09 | 3.02 0.00 0.00 2250 | 1.52 003 | 0.04 18.81 | 2.18 0.00 0.00

# Rill erodibility (sm™) X 1000
## Critical shear stress (Pa)

3.7 STERN, R (1990): EFFECTS OF SOIL PROPERTIES AND CHEMICAL
AMELIORANTS ON SEAL FORMATION, RUNOFF AND EROSION

3.7.1 General background and objectives

As mentioned in the introduction, “soil erosion is the biggest environmental problem
in South Africa” (Clem Sunter, The Star, 20™ August 1990). Although soil lost from
one field may be deposited on another, its transport into streams, rivers, or dams often
results in quick silting up of dams and pollution by sediments containing nutrients and
pesticides. This is of importance because many dams have become uneconomic

through sediment accumulation.

Estimation and measurement of runoff erosion have been carried out in SA since
1929, since when runoff plots had been maintained by various organizations, either
continuously or for brief periods. Other studies which estimated the rates of erosion
using sediment accumulation rates of dams and sediment yield from a number of
South African rivers have been carried out by Rooseboom and Harmse (1979) and
Rooseboom and Mulke (1982) in the Orange Free State. It should be noted that these
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3.28 Some physical, chemical and mineralogical properties of the kaolinitic

soils
Soil Sand®
CEC* ESP organic Fe pH Clay®
Series Location Taxonomy Clay Silt V.fine Coarse carbon (HO)  minerals
gkg! Cmol.kg' % _ gkg'

Msinga (D) Irene Paleudalf | 319 [258 |66 357 138.0 1,4 17 55 5,6 [ K(5),1(2),1S(1)
Hutton (D) Roodeplaat Rhodudalf | 300 142 1148 [410 |384 1,3 9 20 6,0 | K(5),1(2),Is(2)
Shorrocks (D) | Potchefstroom | Rhodustalf | 158 121 | 187 [534 (247 3,1 5 18 5,0 | K(5), I(1), Is(1)
Msinga (S) Dundee Paleudalf | 238 188 | 145 1429 | 252 2,5 20 42 6,1 | K(5), I(2)
Shorrocks (S) | Potchefstroom | Rhodustalf | 189 106 | 156 | 549 18.9 1,5 14 17 54 | K(®6), D

A CEC = Cation exchange capacity cmol, per kg clay following the subtraction of OM contribution

B K = kaolinite , I = illite, Is = interstratified materials (swelling minerals). (1) = Weak... (5) = Strong
€ V.Fine Sand (<0,10mm); Coarse Sand (<2,00mm)
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FIG. 3.18 Infiltration curves of untreated and PG treated Msinga (D)
soil at 5% and 39% slope gradients
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TABLE 3.29 Final infiltration rates and cumulative runoff of untreated and PG

treated kaolinitic soils at 5 and 30% slopes.

Control Phosphogypsum
FIR® Runoff FIR Runoff

Soil Slope Stat.

% mmh’ mm° %" mmh’ mm % Sign.
Msinga (D) 5 24 |701 |876 | 98 |424 530 |+
Msinga (D) 30 52 1650 813 |108 |44.,6 557 |+
Hutton (D) 5 42" 1612 1765 |162 |36,5 456 |+
Hutton (D) 30 61 |586 732 |144 (374 46,7 |+
Shorrocks (D) 5 9,5 50,2 62,7 14,8 38,0 47,5 +
Shorrocks (D) | 30 87 1542 [680 [152 ]399 490 |+
Msinga (S) 5 14,5 |326 (40,7 |225 |264 330 |+
Msinga (S) 30 156 1322 402 [21.8 |28, 350 |+
Shorrocks (S) | 5 151 [356 (44,5 |40,0° | 6,8 85 |+
Shorrocks (S) | 30 150 1379 1473 1207 (263 329 |+

A FIR - IR after 80 mm rain

B Cumulative runoff from 80 mm rain

€ 9% runoff from 80 mm rain

’ Significant differences in slope effect (P=0,05)

+ Statistical significance between final IR’s and cumulative runoff of

control and PG treatments for the same soil and level of slope (P=0,05)
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FIG. 3.21 Infiltration curves of untreated and PG treated Shorrocks (D)

soil at 5% and 30% slope gradients
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TABLE 3.30 Effect of PG and slope gradient on soil loss (t ha™)

from kaolinitic soils (48 mm rain)

Control PG Treatment
ratio® Erodibility
Soils slope slope slope slope K* order”
5% 30% ratio® 5%  30% 5% 30% K  Data
Msinga (D) 1,31bD | 6,77¢ 5,2 0,47b | 2,12¢ 2,8 32 10,10 1 4
Hutton (D) 1,60b 7,15¢ 4,5 0,58b | 1,18b 2,7 6,1 10,10 1 5
Shorrocks (D) 1,18b 339 (29 0,84c | 1,16b 1,4 29 (0,16 3 3
Msinga (S) 0,38a 0,42a 1,1 0,22a | 0,25a 1,7 1,7 10,11 2 1
Shorrocks (S) 0,32a 0,84a 2,7 0,142 | 0,45a 2.3 1,9 10,10 1 2

A Slope ratio — The ratio between soil losses at 30% slope and that at 5% slope for the control

B Ratio between soil losses of untreated to PG treated soils at 5% and 30% slopes respectively

€ K — Soil erodibility factor. Values obtained from the nomograph (Wischmeier and Smith, 1978)
D Different letters indicate significant differences between soils of each treatment (P=0,05)

E Erodibility order (1 — least erodable, 5-most erosdible). K- according to calculation in

C. Data — according to soil losses of untreated soils at 30% slope.
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FIG. 3.24 Particle concentration in the runoff of Msinga (D) and
Shorrocks soils at 5% and 30% slope gradients
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TABLE 3.31 Particle concentration in runoff as affected by slope and PG treament

Particle concentration in runoff
Control PG

Soil slope

5% 30% 5% 30%

g kg

Msinga (D) 11,5 29,6 4.5 14,9
Hutton (D) 12,1 51,8 4.8 10,6
Shorrocks (S) | 12,0 22,7 13,2 15,0
Msinga (S) 6,2 7,6 4,5 4,8
Shorrocks (S) 3,8 8,5 3,0 6,4

3.7.5 Conclusions

Stern (1990) found that the soils which contain pure kaolinite form stable aggregates,
maintain high IR and have low erosion. However, kaolinitic soils which contain small
amounts of smectites are dispersive even at pH below 6. They form seals with low
hydraulic conductivity and the high runoff, due to low IR, causes high soil losses. Soil
loss from the dispersive soils increased markedly with an increase in slope gradient.
The intensive erosion on the steep slope removes the seal which limits rain
infiltration. Thus the final IR of the dispersive soils increases with increased slope

gradient. PG amendment reduces runoff and soil loss from all soils.
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TABLE 3.32 Some physical, chemical and mineralogical

properties of the illitic soils studied

SA Soil series Jozini Rosehill Trevanian
Location Aliwal North Riviersonderend Piketberg
Soil taxonomy Haplustalf haplargid Haplargid
Clay g kg 166

Silt - 78 233 189

V F Sand -“- 651 317 323

Sand == 105 165 88
CEC’cmol (1) kg 354 285 400

ESP % 1,6 43,8 20,8

C g kg 11 2,5 8,4

Fe gkg' 7 20 9

pH (H;0) 6,7 5,7 6,8
Clay I(5), K(1) I(4), K(3) I(5),K(4)
Minerals® Is(1) Cl(2), Is(1) Cl(2)

A Very fine sand <0,10 mm

B CEC=Cation exchange capacity cmol, per kg clay following the

subtraction of organic carbon contribution

€k = kaolinite, I = illite, C1 = Chlorite, Is = interstratified material (swelling material)

(1) = weak... (5) = strong
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FIG. 3.25 Effect of PG and slope on the IR of the Jozini soil
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FIG. 3.26 Effect of PG and slope on the IR of the Rosehill soil
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TABLE 3.33 Infiltration rates and cumulative runoff of untreated

and PG treated soils at different slope gradients

Control Phosphogypsum
Soil Slope FIR®  Cum. Runoff FIR Cum. Runoff Stat.
%  mmh' mm® %°  mmh! mm % Sign.
Jozini 5 42 58,5 73,17 14,2 40,1 | 50,0 |+
Jozini 30 9,0 50,4 63,0 12,5 444 556 |+
Rosehill 5 42" 64,8 81,0° 10,7 523 653 |+
Rosehill 30 3,0 71,6 89,5 11,5 548 685 |+
Trevanian 5 1,8 73,8 92,7 2,0 732 91,5 |+
Trevanian | 30 2,1 74,6 93,2 2,0 740 1925 |+

A FIR - IR after 80 mm rain

B Cumulative runoff from 80 mm rain

€ % runoff from 80 mm rain

* Significant differences in slope effect (P = 0,05)

* Statistical significance between IR’s and cumulative runoff of control

and PG treatments for the same soil and level of slope (P=0,05)
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TABLE 3.34 Effect of slope gradient and PG on soil loss from the illitic soils

Soil loss t ha (48 mm rain)

Untreated PG

Treatment
Soils ---slope--=---- Slope  --------- slopg------- ratio® K®
5% 30% ratio® 5% 30% 5% 30%

Jozini 1,62 19,28 5,7 0,55 1,85 2,9 5,0 0,36

Rosehill | 0,84 |2,12 2,5 0,51 1,34 1,6 1,6 0,27

A Slope ratio — the rate between soil loss of 30% and 5% slope for the untreated soils

B Ratio between soil losses of untreated to PG treated soils upon 5% and 30% slope
€K - Soil erodibility factor. Values obtained from the nomograph
(Wischmeier and Smith, 1978)
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TABLE 3.35 Effects of surface treatments on runoff from several rainstorms
(1988/1989)- Irene (Msinga (D) soil)

Rainstorm Surface runoff, % of rainfall
No | Depth Interval Control PG Mulch  Stat. PG/Ct
(mm) (days) Sign.*
1 |44 - 11,8 3,8 0,1 + 0,32
2 |14 24 9.8 2,5 0,6 + 0,25
3 120 6 17,5 7,2 0,7 + 0,41
4 |21 2 584 379 29 | * 0,65
5 8 18 28,8 15,7 0,0 * 0,54
6 |30 22 9,9 2,4 05 |+ 0,24
7 138 4 61,5 38,6 12,3 * 0,63
8 119 9 21,2 5,6 0,6 + 0,26
9 17 5 11,7 2,1 0,1 + 0,18
10 21 10 66,5 48,2 8.4 * 0,72
11 7 4 29,3 16,4 1,5 * 0,56
12 | 8 7 9,5 13 00 |+ 0,14
12 139 14 40,4 31,0 2,4 * 0,77
14 |54 8 334 25,7 6,2 * 0,77
Total 340
Percent of annual rain 1329 [183 | 35 |* | 0,56

S.E of Mean - 4,1
A Statistical significance
+ Significant differences between control and other treatments

* Significant differnces between the different treatments
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TABLE 3.36 Effects of surface treatments on runoff from several
rainstorms (1988/1989) — Potchefstroom (Shorrocks D) soil).

Rainstorm Surface runoff, % of rainfall
No Depth  Intervals Control PG Mulch  Stat. PG/Ct
(mm)  (days) Sign.*
1 66 - 64,0 26,4 4,6 * 0,41
2 66 9 70,1 32,8 3,5 * 0,47
3 20 4 43,3 14,5 2,7 * 0,33
5 28 15 80,5 56,7 0,5 * 0,70
6 17 16 23,9 4,4 0,0 * 0,18
7 30 6 45,1 22,0 0,1 * 0,49
8 10 2 27,6 5,9 1,4 + 0,21
9 60 12 91,4 73,5 14,2 * 0.80
10 25 11 51,9 30,0 1,2 * 0,58
Total 316
Percent of annual rain | 63,6 | 35,9 | 4,6 * | 0,56

S.E of Mean- 1,5

A Statistical significance

+ Significant differences between control and other treatments

* Significant differences between the different treatments
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TABLE 3.37 Effect of PG application on runoff per cent from several rainstorms

(1988/1989) — Aliwal North (Jozini soil)

Rainstorm Surface runoff, % of rainfall
No Depth Intervals  Control PG Mulch Stat. PG/Ct
(mm) (days) Sign.

1 60 - 45,5 20,0 4,7 * 0,44
2 18 6 433 20,8 0,1 * 0,48
3 21 2 448 25,0 0,1 * 0,56
4 46 11 51,0 18,9 3,0 * 0,37
5 11 10 18,5 6,4 0,0 + 0,34
6 8 11 4,0 2,0 0,0 N.S. 0,50
7 140 14 94,6 75,5 25,8 * 0,80
8 19 5 27,5 10,1 0,0 * 0,37
9 9 2 74,6 49,9 2,1 * 0,67
10 10 4 31,9 20,5 0,0 * 0,64
11 13 20 49,5 39,0 1,0 * 0,79
12 8 5 68,2 51,4 1,8 * 0,75
13 19 8 79,5 65,6 1,5 * 0,82
14 13 1 89,7 70,6 3,1 * 0,79
15 12 1 80,7 66,0 3,1 * 0,82
16 11 22 36,1 20,8 0,1 * 0,58
17 8 5 37,0 6,5 0,1 + 0,18
18 46 6 94,3 78,3 2,6 * 0,83
19 17 7 424 7,9 0,1 * 0,19
20 12 18 53,9 13,4 0,1 * 0,25
Total 501

Percent of annual rain 66,9 453 8,1 * 0,68
Excluding storm no 7 56,0 33,8 1,4 * 0,60

S.E of Mean - 3,8

A Statistical significance

+ Significant differences between control and other treatments

* Significant differences between the different treatments

B PG at rate of 6 t ha™ was re-applied to the PG plots
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TABLE 3.38 Particle size distribution (<100 pm fraction) of sediments and original

Soil from the Potchefstroom site (Shorrocks (D) soil)

Particle size distribution (%)
Treatment V.F. Sand Silt Clay
(100-20 pm) (20-2 pm) (<2 pm)
Mulch 25,5 73,2 1,3
PG 22,4 68,5 9,1
Natural soil 40,1 26,0 339

3.7.7.3.2 Effect of mulch on seal formation

Runoff from mulch covered plots was significantly lower than runoff from other
treatments (Table 3.35 to 3.37). It was often less than 10% of the runoff from control
plots, and ranged between 0 to 25,8% during the various storm events (Table 3.37).
The percentages of annual runoff from mulch covered plots were low and ranged
between 3,5% (Table 3.35) and 8,8% (Table 3.37).

When raindrops impact mulch the energy of the drops is dissipated and physical
disintegration of soil aggregates is prevented. Since the stirring effect of raindrops is
prevented, chemical dispersion processes are also inhibited. Particle size analysis of
the sediments showed that those from mulched plots contained relatively more silt and
much less clay and very fine sand particles than the natural soil (Table 3.38). Stern
found that the reduction in very fine sand particle size in the sediments was due to
lower preferability in transportation by the overland flow. However, the enrichment in

silt size particles implies that minimal dispersion took place during the rainfall event
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