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ABSTRACT

Soil is a natural resource that must be sustainably managed for the future of humankind.
Maintaining soil resources in the long term is of primary necessity since sustainable
agriculture is a global issue that has received special attention by the scientific community,
policymakers and the agricultural community over the past few years. Agriculture should
involve the successful management of the soil resource to satisfy changing human needs
while maintaining or enhancing its quality. Therefore, land use change that might impact on
soil quality parameters continues to be a focus for researchers. Land use changes such as
conversion of native grasslands to cultivated mixed croplands or pasture are known to result
in changes to soil physical, chemical and biological properties. However, the direction and
magnitude of these changes vary with soil type, land cover and management. The objective of
this study was to investigate the effects of land use change from undisturbed grassland to

pasture and crop farming on selected properties of four contrasting soils.

The study was conducted at Owen Sitole College of Agriculture (OSCA), which is located at
Kwesaka-Mthethwa, KwaZulu-Natal Province, South Africa, about 12.5 km north of
Empangeni and 163 km north of Durban. Nine different soil forms are found on the College
land of which Inhoek and Mayo are the most common. Shortlands and Westleigh each cover
approximately 6% of the area and Oakleaf is common on the low-lying areas along the
Cwaka and Enseleni Rivers. The land uses studied were undisturbed native grassland,
irrigated pasture, and cropland on Shortlands, Westleigh, Inhoek and Oakleaf soil forms. Due
to the absence of any areas of undisturbed Oakleaf in the study site, only pasture and arable
land use systems were compared on this soil form. The impact of these different land use

types were evaluated through their effects on some soil chemical and physical characteristics.

Samples were collected from each of the soil forms under each of the available land use types
by digging mini-pits (90 cm wide, 120 cm long and 30 cm deep). Four bulk samples were
systematically collected from each soil form at depths of 0-1, 1-5, 5-10, 10-20 and 20-30 cm
using a spade. For soil aggregate stability determinations, samples were air dried and sieved
to collect sufficient aggregates between 2.8 and 5 mm. The aggregate size distribution under
the different land use management systems was assessed by three different treatments namely

WT: water treatment, ET. ethanol treatment and SCWET: slow capillary wetting ethanol



treatment. The rest of the bulk samples were crushed with a pestle and mortar and passed
through a 2 mm sieve for the analysis of soil organic carbon (SOC), particulate organic
matter (POM), pH (KO and KCI). Samples for effective cation exchange capacity (ECEC),
available phosphorus (P), base cations and particle size distribution were bulked to three
depths of 0-10, 10-20 and 20-30 cm prior to analysis.

The results revealed that some soil properties significantly (p < 0.05) changed following the
conversion of undisturbed grassland to pasture and arable land use systems. Se® pH (H
and KCI) was significantly affected by land use in the Shortlands soil. The interaction
between land use and soil depth was only significant in the Inhoek soil form. The mean pH
(H20) values were 6.31 for the soils under the arable land use and 6.50 under pasture and
undisturbed systems. In KCI the mean pH values were 5.10 for arable and 5.43 for both
pasture and undisturbed soils. The concentration of SOC significantly followed the order:
pasture > undisturbed > arable with mean values across all depths and for all soils.
Significant interactions between land use and soil type were observed for POM in the
Westleigh and Inhoek soil forms. Inhoek soils under pasture had significantly higher POM
than the other land uses in the 0-1, 1-5 and 5-10 cm depths, while only 0-1 and 1-5 cm depths
had higher POM in the Westleigh soil under pasture. The Oakleaf form under pasture had
significantly higher POM than the arable soil at all depths. Mean POM values were in the
order of pasture (0.608%) > undisturbed (0.223%) > arable (0.118%).

Pasture soils had lower available P in the 0-10 and 10-20 cm depths than the other land uses
in the Shortlands, while in the Westleigh pasture and undisturbed land uses were similar and
higher than the arable soil. In the Oakleaf, the arable soil had higher P (18.6')1thdm
pasture (7.0 mg kY in the 0-10 cm depth, while both land uses were similar at the other
depths. There were no significant effects of land use on ECEC in the Shortlands, Westleigh
and Inhoek. The overall ECEC mean values (ekwt) for the Shortlands, Westleigh and
Inhoek soils were in the order of arable (24.12) > pasture (19.29) > undisturbed (16.11).
However, in the Oakleaf, mean ECEC values (crkgt) were in the order of pasture (14.9)

> arable (7.40). Arable soils had higher amounts of Ca in the 20-30 cm depth of both
Shortlands and Westleigh soils and in the 0-20 cm depth of the Inhoek soil form. The overall
mean values of exchangeable Ca were 23.6 chggdl (arable), 19.0 cmekg? (pasture) and

18.9 cmad kg? (undisturbed grassland). The overall mean values for exchangeable Mg were
10.0 cmaol kgt (arable), 9.29 cmelkg! (undisturbed grassland) and 8.21 cmbdgy?!
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(pasture). In the Oakleaf, the mean values (erkgt) of Ca were 19.1 (arable) and 9.58
(pasture) while those for Mg were 2.76 (arable) and 5.89 (pasture). The mean K values
(cmok kg?') were 3.33 under arable, 2.55 for pasture and 1.95 for the undisturbed land use
system. The soils under undisturbed and pasture land uses showed significantly higher mean
weight diameter (MWD) values than under the arable land use system in all the treatments.
The mean values of MWD for the undisturbed, pasture and arable land use systems were 2.99

mm, and 2.95 mm and 1.92 mm, respectively.

The 38 years of continuous cultivation of undisturbed grassland has led to changes of the
measured physical and chemical properties of the soils at OSCA. The pasture soils showed
similar trends in the measured parameters to those of the undisturbed soils and values were
higher than those found in the arable soils. The soil characteristics negatively affected by
cultivation practises were SOC, POM, pH and aggregate stability. These results showed the
need to improve agricultural practices at OSCA to limit degradation of some vital soil
properties. This can be achieved by long term monitoring of soils at the College so as to

measure changes in soil attributes and link them to a land management plan.

Vi
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CHAPTER ONE
INTRODUCTION

Most areas of previously undisturbed land in South Africa have been degraded by loss of soil
fertility due to land mismanagement (du Preeal., 2011). High population densities and
favourable agro-climatic conditions have led to a large variety of land use types of which
mixed-crop fields, improved pasture and perennial plantations are most widespread. Change
in land use, such as from undisturbed grassland to arable agriculture or improved pasture can
have significant and long lasting effects on soil quality and productivity. These effects are
largely a result of changes in both plant and microbial diversity associated with management
practices across land use types (Haynes and Beare, 1994). Some research findings have
suggested that soil type, rather than management practice, is the key determinant of the extent

to which soil quality is affected (Dominy and Haynes, 2002).

There is a considerable amount of literature on the changes to soil quality following
deforestation and cultivation (e.g. du Preez and Claassens, 1999; Whibiagd2003;
Aghasiet al., 2010). However, relatively little is known, especially in South Africa, of the
effects of conversion of natural areas (undisturbed) to other land use types such as forestry,
pasture and mixed cropping. Soil organic carbon (SOC) has been the most widely used soil
quality parameter for monitoring effects of land use change and cover patterns as it plays a
crucial role in the biogeochemical cycles of key nutrients (Cambardella and Elliot, 1992; du
Preez and Claassens, 1999; Whitbretadl., 2003). These observed changes in SOC could
have effects on soil physical, chemical and biological quality, which are all related to soil

organic matter (SOM).

Organic matter is well known for reducing soil erosion and improving soil porosity, faunal
activity, water infiltration and soll fertility (Alvarez and Alvarez, 2000). The SOM has strong
interactions with land use, farming system and soil/crop management systems (Schlesinger
and Pilmanis, 1998). Native grasslands and forest have the potential to build-up large
amounts of organic matter whereas conversion of natural ecosystems to croplands can result
in high rates of turnover leading to declining levels of organic matter and hence a decrease in
soil fertility (Six et al., 2000b ; Lutzowet al., 2002; Aucamp, 2008).



Soil fertility is an important indicator of soil quality and is defined as the ability of the soil to
supply the nutrients essential for plant growth (Elliot, 1986). Thus phosphorus, cation
exchange capacity, individual cations such as calcium, magnesium, potassium and sodium are
often quantified to evaluate changes in soil fertility. Soil organic carbon and pH are other
important indicators of fertility since changes in carbon concentration and pH values will

affect aggregate stability, nutrient supply, buffer capacity and nutrient availability.

In northern KwaZulu-Natal, the extent of natural grassland conversion to low-input arable
agricultural systems has been considerable. These changes are driven by a complex
interaction of a multitude of factors and have resulted in changes of land use and soil
management practices that affect some vital soil properties such as pH, available P and
organic matter. A study conducted by van Antwerpen and Meyer (1996) of 16 soil types in
KwaZulu-Natal showed a significant decline of organic matter following conversion of virgin
grassland to pasture and sugarcane plantation. While this study documented important
information regarding the effects of land use change on SOM, much remains to be
established about land use change effects on other soil properties such as particle size
distribution, pH, available P, effective cation exchange capacity, base cations and aggregate

stability.

The primary objective of the present study was to investigate the effect of land use change
from undisturbed land to arable agriculture and improved pasture on selected soil properties
in northern KwaZulu-Natal. In order to achieve this objective the following key questions
were formulated:

1. How does a given change in land use or management affect soil quality?

2. How are the land use effects affected by soil type?

The thesis is structured as follows:

Current knowledge of land use induced changes on soil properties is reviewed in Chapter
Two. The methodology is presented in Chapter Three. Chapter Four outlines the results.
Chapter Five contains a discussion of the comparative study of undisturbed, pasture and
arable land use types on some properties of the four soil forms. Chapter Six contains

conclusions and recommendations for future studies.



CHAPTER TWO
IMPACT OF LAND USE ON SOME SOIL QUALITY INDICATORS
A LITERATURE REVIEW

2.1 Introduction

Solil is a vital natural resource which performs key environmental, economic and social
functions. It is essentially a non-renewable resource and thus constant monitoring of its
guality is of great importance. Soil quality has been defined by Doran and (198963 as

“the capacity of the soil to function within ecosystem and land use boundaries, to sustain
biological productivity, maintain environmental quality and promote plant, animal and human
health”. High quality soils not only produce better food and fibre, but also help establish
natural ecosystems and enhance air and water quality (Grifitils, 2010). The physical
qguality of soils relates to the status of those physical properties that influence biomass
productivity and environment (Franzluebbetsal., 1994). Soil fertility quality varies from
within field to larger scale and is controlled by both land use and soil management practices
(Haynes and Williams, 1993). Assessment of the quality of a particular soil therefore
involves evaluating numerous properties including texture, bulk density, aggregation,
microbial biomass carbon, available phosphorus, organic matter, exchangeable bases, pH and
electrical conductivity. The key properties that determine soil quality differ between soils and

across ecological regions (Doran and Parkin, 1994).

Land use practices and changes in soil management affect the distribution and supply of soil
nutrients by directly altering soil properties and by influencing biological transformations in
the rooting zone (Majaliwat al., 2010). Destruction of vegetative cover can promote soil
erosion that eventually increases the degree of soil-related constraints to crop production
(Haynes and Francis, 1990). However, increasing population and lack of new land worldwide
for cultivation have forced people to transform former virgin grasslands to both cultivated
pastures and cropped lands (Hartemink, 1998). Establishing the effects of land use and land
cover changes on soil properties has implications for devising land management strategies for
sustainable use (Bekwet and Stroosnijder, 2003). Hence, “understanding the basic processes
of soil degradation in relation to land use and crop management must be allocated a high

research priority” (du Preez et.aR011).



This review is aimed at understanding how land use practices have led to changes in both
physical and chemical properties of soils. Although the focus is on South African research,
this review refers to work done in other parts of the world in order to put the local research

into a wider perspective.

2.2 Common land use management practices

Zhang (1998) defines land use as the way in which humans use and modify the land. In a
similar vein, FAO (1995) defines land use as the number of operations performed on land,

caused by humans to generate benefits from natural resources. In South Africa, common land

uses include grasslands, improved pastures and arable agriculture.

2.2.1 Natural grassland

Natural grassland is defined as “land covered with grassland and that may have between 10
and 40% tree or shrub cover” (FAO, 1995). In contrast, Aucamp (2008) allowed the tree
percentage cover to range anywhere between 15 and 50% as long as the ground has a more or
less continuous grass cover. In general, spatial adjacency of grasslands and shrublands is very
common in nature and, in many settings, grasslands tend to have scattered shrubs from dwarf
to mid-size (Zhang, 1998). These grasslands are not sown or planted and the component
species have evolved from competition with other species in harmony with the prevailing soil
and climate conditions. In the climax stage, the floral composition has been relatively
undisturbed by human agency or interference apart from probably, control of grazing
animals, generally by herding, and more or less frequent annual burning (Van der Linden,
2004). The species patterns vary from open grassland with patches of scrub forest to bushed
grassland and bushland thicket depending on the environmental conditions. Dominant grass
species in South Africa may includeragrostis capensis, E racemosa, Tristachya leucothrix,
Heteropogon contortus and Panicum maximum while Acacia karoo, A. nilotica and
Dichrostachys cinerea are common treeS.he main forage resource for livestock in South
Africa is natural rangeland grazi@iills and Fey, 2003)Cultivated pastures also contribute

to forage resources.

2.2.2 Cultivated pasture
Cultivated pastures are defined as improved grazing lands comprising of introduced or
planted grasses or legumes for temporary or permanent grazing (Van der Linden, 2004). They



may be established by improvement of native or naturalized grasslands by some form of grass
disturbance, fertilization and introduction of new species through sowing or transplanting
(Aucamp, 2008). Many studies have reported a substantial loss of soil organic matter,
microbial activity and aggregate stability under pastures tilled annually compared with those
under a permanent system (Haynes and Swift, 1990; Lal, 1994; Dominy and Haynes, 2002;
Mills and Fey, 2003). In general, when native vegetation is replaced by improved, permanent,
grazed pasture there is often an increase in soil organic matter content. This is due to the very
large inputs of organic matter mainly as root turnover, but also as above-ground litter and
animal dung, which occur under grazed pasture (Mills and Fey, 2003). In addition, pasture
yield differences increase with age and tend to be greatest in the first two years after pastures

are ploughed (Haynes and Beare, 1994).

2.2.3 Arable agriculture

Cultivation or tillage of any undisturbed land diminishes the soil carbon within a few years of
initial conversion (Majaliweet al., 2010) and substantially lowers mineralisable phosphorus
(Haynes and Beare, 1994). About 12% of South Africa’s land surface can be used for crop
production. High potential arable land comprises only 22% of the total arable land of which
1.3 million ha are under irrigation (FAO, 1995). Agricultural activities range from intensive
mixed cropping to animal production farming in the more arid regions of the country. Mixed
cropping is a major arable land use in South Africa. Traditionally, arable crops of
approximately similar growing periods (3-4 months) are grown and soil organic matter is

maintained at relatively constant levels.

2.3. Impact of land use change on selected soil quality indicators

Soil properties may differ depending on management practices and land use and they vary
naturally according to soil formation factors such as parent material, topography, time and
climate. Land use change and changes in soil management practices often occur together and
have a profound influence on the soil physical (texture, aggregation and bulk density),
chemical (pH,cation exchange capacity, salinity and sodicity) and biological (organic matter,
microbial biomass and diversity, mesofauna) environment (Six, @@00a).



2.3.1 Soil physical properties

2.3.1.1 Soil texture
Solil texture is considered to be amongst the most important factors that play a crucial role in

the development and maintenance of soil structure. A study by Bronick and Lal (2005)
indicated that clay soils tend to have more developed structure than sandy soils. They further
speculated that the poor structure in the sandy soils was due to lower organic carbon content
accompanied by low negativity on the edges of the sand particles as compared to clay
particles. As a result sandy soils suffered greater losses of organic carbon. In similar vein,
Puget and Lal (2005) reported higher organic carbon concentration in the < 2 um patrticle size

fraction than in the 2-20 pum fraction of an agricultural Mollisol in central Ohio.

When organic matter concentration is very low or absent in the soil, promotion of soil particle
aggregation by high clay content has been reported in several studies (Eagine$991;
Lutzow et al., 2002). In an attempt to confirm these findings, Tagedl. (2010) analysed
topsoils from three different Egyptian soil profiles to determine the soil aggregation
percentage and particle size distribution (Table 2.1). They concluded that soils with higher
clay content were more strongly aggregated than soils with lower clay content. In a similar
study, Simansky (2012) observed that the role of soil organic carbon as an aggregating agent
diminishes in the presence of other dominating aggregating agents, such as polyvalent metals

and silicate clay.

Table 2.1: The influence of different texture classes on soil aggregation in some topsoils in
Egypt (modified from Tayeét al., 2010)

Profile Depth  Aggregation Coarse sand  Fine sand Silt Clay
number (cm) (%) () TSN
1 0-25 63.86 7.35 35.67 23.02 33.96
2 0-30 81.45 1.55 16.37 31.36 50.71
3 0-20 80.50 1.23 3.85 24.65 70.28

2.3.1.2 Aggregate stability
Soil aggregation refers to the process whereby ggtge are formed through the joining of

sand, silt and clay particles (Amezketa, 1999). Soil organic matter is considered a major
binding agent that stabilizes soil aggregates (Tisdall and Oades, 1982). As a consequence,
soils consist of aggregates of different sizes with pores between and within the aggregates.
Many studies have reported that aggregates physically protect soil organic matter, influence



soil tilth, regulate water flow, determine microbial biomass and nutrient reserves and reduce
run-off (Tisdall and Oades, 1982; Lal, 1994; Amezketa, 1999¢eSak., 2000a; Sixet al.,
2000b; Carter et al2002; Bronick and Lal, 2005; Covaleda et al., 2006).

Though several theories of soil aggregate formation exist, the aggregate hierarchy concept is
the most commonly accepted (Bronick and Lal, 2005). The model is based upon the
hypothesis that macroaggregates (> R&% are collections of smaller microaggregates (<

250 um) held together by temporary and transient orgbimding agents (Tisdall and Oades,
1982). These consist of plant roots, fungal hyphae, microbial or plant exudates, and humic
material (Lal, 1994). More recently, the heat-stable protein glomalin which is produced by
arbuscular mychorrizae has also been shown to cause soil aggregation (Cevaleda
2006). Glomalin promotes soil aggregation especially in coarse textured soils and its content
in soils decreases with duration of arable use of the soils (Chewll@t, 2004).The
arrangement of minerals, amorphous material, organic matter, and biota in aggregates of
diameter < 20, 20-53, 53-250, and 250-2Q060is highly dependent on aggregate size €5ix

al., 2000b). The hierarchical model of aggregation proposes that the bonds within
microaggregates are stronger than the bonds between microaggregates. This aggregate
hierarchy theory has been used in several studies to explain correlations between reduction of
aggregation and loss of soil organic matter (Six gt2002; Bronick and Lal, 2005; Covaleda

et al., 2006).

Tillage is one of many agricultural management peastthat have a profound effect on soil
aggregate stability (Siet al., 2000a; Dominy and Haynes, 2002; Bronick and Lal, 2005).
Aggregate dynamics generally differ between cultivated and uncultivated (no-tillage)
conditions (Pulleman and Marinissen, 2004) with soils that are subjected to frequent and
intensive cultivation generally suffering decline in structure, which is reflected by a decrease
in stability of aggregates (Amezketa, 1999). Soil tillage indirectly affects stability mainly
through its influence on soil moisture, redistribution of organic matter, microbial activity, soll
solution and population of soil fauna (Angers, 1992; Besiral., 1994). During tillage,
aggregates are broken down exposing organic matter to microbial attaat §5ix2000a).
Consequently organic matter is lost resulting in weakly bonded aggregates, which are subject
to degradation (Siet al., 2000b). The effects of cultivation on aggregate stability have been
extensively researched (e.g. Ashn&ral., 2003; Bongiovanni and Lobartini 2006; Spohn

and Giani, 2010). The study conducted by Spohn and Giani (2010) showed that the mean
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weight diameter (MWD) of the water stable aggregates was reduced during the first 46 years
after the conversion from pasture to cropland. They concluded that the decrease in MWD was
caused by a breakdown of macroaggregates (>200 um), which resulted in an increase in the
proportion of microaggregates (63-200 um) as a result of cultivation. Similarly, Bongiovanni

and Lobartini (2006) reported that the content of macroaggregates was 1.7 times lower after

nearly 50 years of cropland use than at a natural forest site in Artland, Germany (Figure 2.1).

Figure 2.1: Relationship between the mean weight diameter (MWD) of the water-stable
aggregates and the time after conversion of soils from pasture to cropland from O to 46 years

in Artland, Germany (Bongiovanni and Lobartini, 2006).

In contrast, the lack of tillage in native grasslands reduces soil mixing and soil disturbance
which allows soil organic matter to accumulate. This land use is also characterised by
promotion of fungal growths which contribute to the formation and stabilisation of
macroaggregates (Tisdall and Oades, 1982). A study conducted bgt &ix (2000b)
indicated a significant increase in the mass of macroaggregates and a decrease in

microaggregates with no-tillage compared with conventional tillage.

Furthermore, different crops have different effects on soil aggregation and this is strongly
influenced by the amount of carbon accumulated (Powers and Schlesinger, 2002). A number
of studies have showed that annual crops are less efficient in soil aggregation improvement
than perennial grasses (Tisdall and Oades, 1982; Dominy and Haynes, 2002; Aishiman
2003). These studies further indicated that aggregates (200-2000 um) in pasture soils are



significantly richer in monosaccharides than those in cultivated soils and, in turn, these
aggregates account for most of the soil carbohydrates. In fact, xylose which is highly
decreased within macroaggregates after cultivation, is responsible for the management-
induced changes in aggregate stability (Pulleman and Marinissen, 2004). Roots have also
been found to play a crucial role in the stability of aggregates. This is through their ability to
increase the percentage of small sized aggregates, organic carbon, tensile strength and
stability of aggregates. Shepheetlal. (2001) observed high aggregate stability in high
organic matter soils under pasture and this was attributed to the presence of a protective
water-repellent lattice of long-chain polymethylene compounds around the soil aggregates.
Similarly, Carter (2002) concluded that changes in aggregate size distribution and properties
are related to root length density. Root length density was in the order of ryegrass > pea>
wheat. These results are consistent with those obtained by a number of other researchers (e.g.
Haynes et al, 1991; Beare et al., 1994; Aghasi et ,a2010).

In addition, soil texture and cover crops may possibly influence soil aggregation and
associated carbon pools, thereby affecting soil quality and productivity. In the study
conducted by Shephem al. (2001), mica-rich, fine textured soils high in organic matter
showed the greatest increase in MWD compared to sesquioxide-rich, allophanic soils as a
result of differences in clay content. A long period of annual cropping with intensive tillage
without a cover crop has also been considered to decrease soil organic carbon stocks and
therefore aggregation (Feller and Beare, 1997). These conditions might result in a potential
increase in erosion accompanied by a decrease in productivity of a given area due to the

removal of the fertile top-soil (Chevalier et a2004).

2.3.2 Soil chemical properties

2.3.2.1 Organic matter and organic carbon
Organic matter can be described as “the total complement of organic substances present in

the soil, including living organisms of various sizes, organic residues in various stages of
decomposition and dark-coloured humus consisting of non-humic and humic substances”(du
Preezet al., 2011). Organic carbon and total nitrogen are used as measures of organic matter
content in many studies (e.g. Pulleman and Marinissen, 2004; Snyman and du Preez, 2004;
Bongiovanni and Lobartini, 2006). Soil organic matter is a vital constituent of the soil—plant
ecosystem and its depletion causes a loss in water holding capacity, poor aggregation,

acceleration of soil erosion, poor retention of applied nutrients and reduced soil biological

9



and enzymatic activities (Tisdall and Oades, 1982; Hillel, 1998; Rtiget 2000; Mills and

Fey, 2003). A combination of these factors causes loss of productivity. Therefore
maintenance and improvement of soil organic matter in agricultural soils is essential to land
sustainability (Campbelt al., 1991; Doran and Parkins, 1994). Soil organic matter content

is determined naturally mainly by climate, vegetation cover and, to a lesser extent, by
topography, parent material and time. However, land use change or agricultural management
practices may lead to changes in, and often loss of, soil organic matter content. The largest of
these changes results from the conversion of native grasslands to arable agricultural activities
such as crop and stock farming (du Preeal., 2011). Tillage is often highlighted as the

main cause of soil organic matter decline especially in the particulate organic matter fraction
(Mills and Fey, 2003).

Particulate organic matter is a labile intermediary in the soil organic matter continuum from
fresh organic materials to humified soil organic carbon. The size of particulate organic matter
is strongly influenced by soil management and has been used as an early indicator of trends in
soil organic matter managed soils (Cambardella and Elliott, 1992; Cambatds!la2001;
Covaledaet al., 2011). van Antwerpen and Meyer (1996) compared organic matter content of
native grasslands and adjoining cultivated fields at 29 sites in KwaZulu-Natal 15 of which
were from dryland and 14 from irrigated sugarcane. Cultivated fields had been under
sugarcane production for between 2 and 50 years. These 29 sites represented 16 soil forms
including Shortlands, Westleigh, Oakleaf and Inhoek (Soil Classification Working Group,
1991), the soils used in the present study. The sampling depths were 0-15, 15-30 and 30-45
cm. The soil organic matter content decreased with depth in all the soils and the depletion
was higher in the irrigated than in the dryland areas (Table 2.2).

Table 2.1: Average depletion of organic matter in dryland and irrigated soils (modified from

van Antwerpen and Meyer, 1996)

Dryland Irrigated
Depth initial mass  final mass initial mass final mass
(cm) e eneeineeesninneee (G CLOBBQID. .
0-15 3.87 3.31 (p<0.05) 2.40 1.88 (p<0.05)
15-30 3.33 3.19 (p<0.05) 2.08 1.69 (p<0.05)
30-45 3.16 3.04 (p<0.05) 1.46 1.39 (p<0.05)
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In similar vein, Dominyet al. (2001) showed a decline in soil organic matter from 4.6%
under undisturbed grassland to 3.4 and 1.3% for Hutton and Glenrosa soil forms,
respectively, after 30-50 years of cropping in the KwaZulu-Natal Midlands. The higher
percentage of organic matter maintained by the Hutton soil was attributed to its higher clay
content (62%) compared to 18% in the Glenrosa. These results are consistent with those
obtained by Qonggo and van Antwerpen (2000) where organic matter declined from 4.7%
under native grasslands to 2.4% over 50 years of dryland sugarcane cropping. In general,
cultivation decreases the amount of soil organic matter by (i) reducing organic matter inputs
via roots and leaf litter and (ii) accelerating erosion (Mills and Fey, 2003; Bongiovanni and
Lobartini, 2006).

Removal of vegetation during ploughing may result in oxidation of organic matter and the
formation of nitrates. These nitrates are normally subjected to loss through leaching and
denitrification processes (van Antwepen and Meyer, 1996). Nitrogen can also be transferred
by livestock from the veld into the kraal and this may lead to unbalanced C : N ratios
resulting in a net loss of soil carbon (Mills and Fey, 2003). The loss of nitrogen is
accompanied by loss of carbon and these losses are accompanied by a gradual deterioration
of soil structure. The weakly structured aggregates on the surface are exposed to the force of
raindrops and dispersed clay blocks soil pores and run-off takes place resulting in a net loss
of topsoil. The first few centimetres of top soil generally holds more humus, nutrients and
salts than the underlying layers, therefore not much soil loss is needed for soil organic matter
decline to take place (Mills and Fey, 2003). In addition, soil organic matter tends to be
positively correlated with precipitation and negatively correlated with temperature (Feller and
Beare, 1997). Warm areas and semi-deserts tends to have low soil organic matter contents,

typically in the range of 0.2 -1.7% C in surface soils (du Preez,@@11).

Loss of soil organic matter has also been linked to a reduction of N, P and K in most South
African studies. Wiltshire and du Preez (1993) showed that cultivation in the Free State
resulted in the loss of 30-50% of the total N. Prinséb@l. (1990) similarly found that
cultivation reduced N in the top 15 cm of soil from 1.8 to 0.5% A#ey further speculated

that soil N loss was due to the removal of crops especially where no organic manure or
fertilizer had been added. In general, crop production leads to removal of plant nutrients from
the soil unless these nutrients are returned as fertilizers. Fertilization can, however, increase

nutrient levels above that of virgin soils and potentially improve soil quality (Mills and Fey,

11



2004b). The effect of crop production on soil nutrients therefore varies widely and is a
function of soil type, crop type and management (Carter, 2002). Wiltshire and du Preez
(1993), for example, found that K decreased while P levels increased under dryland
cultivation in the central region of South Africa. In another study conducted by Miles and
Hardy (1999) at Cedara in the KwaZulu-Natal Midlands, it was found that Italian ryegrass
production removed 518 kg of K fha

Reduction in labile P has also been closely associated with soil organic matter losses in South
Africa. A study conducted by du Preez and Snyman (1993) on the South African Highveld
indicated a 30% loss of labile P as a result of cultivation. They, however, pointed out that
inorganic P fertilizers are converted to stable soil P forms and can be viewed as a long term P
pool for plants. van Zyl and du Preez (1997) showed that the concentration of inorganic P
was greater than organic P in cultivated fields, while the reverse was true for undisturbed
native soils. Similar findings have been obtained by Milne and Haynes (2002) who found a
lower total P concentration in native pasture than cultivated soil at Tsitsikamma, southern
Cape. Such low P concentration was attributed to the removal of vegetation by grazing
animals over a long period. After comparing conventional tillage with native savannah soils,
Lilienfein et al. (2000) found that conventionally tilled soils were 28% higher in total P than
native savannah soils due to regular fertilization. Research in other parts of the world has also
indicated that nutrients such as P can be depleted in grassland soils due to their removal with

dairy products where animals are grazed (Jobbagy and Jackson, 2004).

The main effects of land use practices can be observed by changes in the distribution of soail
organic carbon within particle-size classes (Covaktdal., 2011). Mills and Fey (2004a)
indicated that vegetated soils tend to have more carbon than exposed soils because plants
recycle carbon and they may suppress mineralization by releasing antibacterial exudates.
Plants can also reduce mineralization through wetting and drying of the soil and by shading

and cooling accompanied by rainfall interception (Covaleda e2@ll1).

Dominy et al. (2001) investigated the effects of the main agricultural land uses on soil
organic carbon in the Midlands of KwaZulu-Natal. Undisturbed native grasslands were found
to have higher soil organic carbon than improved pasture (kikuyu) and cultivated fields of
maize and sugarcane. Du Teital. (1994) found that 5-90 years of cultivation in the Free

State resulted in a loss of 10-73% of the soil organic carbon relative to natural grasslands. Nel

12



et al. (1996) conducted a study on a Hutton soil at Pretoria and they found a 50% decline of
soil organic carbon after 50 years of cropping. Leba. (2001) recorded a 50% decline in

soil organic carbon after only 3.5 years of cropping in the Free State. In a similar study by
Covaledeet al. (2011), the soil under cropland contained 45% less carbon than the grassland
soil. Grassland in the study area included shrub and herbaceous vegetation which resulted in
a higher litter input compared with agricultural land where crop residues and harvested crops
were removed. In grassland soils, much of the litter input is from root biomass (Dominy and
Haynes, 2002).

Soil carbon has been found to decline with deptla loyymber of researchers worldwide (du

Toit et al., 1994; Six et a, 2000a; Mills and Fey, 2003; Covaleda et &006; du Preez et al

2011). In a study conducted by du Preeal. (2011) to examine the overall organic carbon
distribution in different soil profiles, the A horizon had the highest organic carbon at 1.21%,
decreasing to 0.54% in the B and 0.40% in the C horizon. The organic carbon in the E
horizon (0.40%) was lower than in the B, C and G horizons. Mills and Fey (2004b) studied
the impact of transforming thicket to savanna on soil quality in the Eastern Cape region. Total
carbon was amongst other soil quality indicators that were measured and its concentration
decreased with change of land use and with depth (Figure 2.2).
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Figure 2 2: The change in total carbon with depth (0-40 cm) in a xeric succulent thicket that

was transformed to savanna in the Eastern Cape region (Mills and Fey, 2004b).
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Moreover, land use changes or agricultural management practices that lead to changes in soill
organic carbon content often occur gradually and are therefore difficult to detect in the short
or medium-term (Campbelt al., 1991). From an environmental perspective, short-term
sensitivity of a measurement is desirable for its use as an indicator. Soil microbial biomass
has been shown to be sensitive to short-term changes in soil management (Doran and Jones
1996). However, the determination of soil microbial biomass is a time-consuming process.
Also, in most cases, soil microbial biomass has to be measured at field-moist conditions or
pre-incubated at a certain moisture and temperature for a fixed period éPabetl995).

This creates further delays in analysis.

2.3.2.2 Soil pH
Soil pH influences plant growth directly, via the effect of the hydrogen ions, and indirectly,

via its effect on nutrient availability (Bouajila and Gallali, 2010). Increased soil acidity may
result in lower rates of nitrification and higher nitrate leaching (Geigsaln, 2009). Soil pH

affects the decomposition of organic matter by influencing microbial activity, hydrolysis and
protonation processes (Aghasi, 1981). Protonation in particular, regulates many soil processes
including complexation and solubilisation that affect the stability of soil organic matter by
controlling sorption and desorption of organic carbon on mineral surfaces (Anderson, 1988).

It also affects the microorganism population by increasing the availability of biologically
toxic Al with decreasing pH. A decrease in microbial activity is commonly associated with a
change in solil structural stability. Acidity decreases microbial activity as microbes do not
function properly in soils with low pH (Bekwet, and Stroosnijder, 2003). Many studies have
indicated that large aggregates generally form in soils of high pH (Bronick and Lal, 2005;
Geisseret al., 2009; Bouajila and Gallali, 2010). Conversion of native grasslands to arable
agriculture involves, in most cases, the use of fertilizers to supplement nutrients lost when
crops are removed. However, a long-term effect of fertilizer application, particularly
nitrogenous fertilizers, is to decrease soil pH by increasing the concentration of hydrogen and
aluminium ions in soil solution (Anderson and Nilsson, 2001; Falkengren-Grerup and
Diekmann, 2003). Robertt al. (1990) investigated the impact of cultivation on pH. It was
found that when native grassland was brought into crop production, soil pH significantly
increased after eight years of cultivation. Increasing years of cultivation caused further pH
rise and this was attributed to loss of topsoil by erosion with cultivation, so that subsoil with

higher pH was brought up and mixed into the plough layer.
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2.3.2.3 Cation exchange capacity and exchangeable cations

Cation exchange capacity (CEC) refers to the capacity of soil to hold and exchange cations
(Jobbagy and Jackson, 2004). It provides a buffering effect to changes in pH, available
nutrients and soil structural changes. As such it is a major controlling agent of soil structural
stability, nutrient availability for plant growth, soil pH and reaction to fertilizers and other
amendments. A low CEC means that the soil has a low resistance to changes in chemistry

that are caused by land use (Johnson, 1992).

The cultivation of native grassland can have a marked effect on the distribution of materials
and cations within aggregates of different sizes. Ereadl. (2000) conducted a study to
determine the distribution of exchangeable cations and nitrogen within different water stable
aggregate (WSA) fractions of soils under different land uses i.e. virgin grassland, cultivated
pasture and forest in the Alborz Mountains of northern Iran. The selected aggregate fraction
ranges were macroaggregates (4.75 - 0.25 mm) and microaggregates (< 0.25mm). Figure 2.3
shows the distribution of the exchangeable cationd*(®4?*, K* and Nd&) within WSA for

soils under virgin grassland and cultivated pasture. Cultivation of virgin soil generally led to

a reduction in the concentration of total exchangeable cations in the macroaggregate
fractions, but an increase in concentration of these cations in the <0.25 mm fraction. A
similar trend was obtained under forest. These results are consistent with those obtained by
Adesodunet al. (2007) who reported that cultivation induced redistribution of exchangeable
nutrients into the smaller aggregates.

Small aggregates (< 0.25 mm) are, however, subject to erosion under most cultivated
conditions resulting in the net removal of exchangeable cations from the soil (Bnahdli

2000). Saikhet al. (1998) also reported significant decreases in exchangeable Ca and Mg

after conversion of forest into cultivated fields. The removal of exchangeable cations can also
have effects on soil structure. Calcium, for example, is an aggregating force in many soils and
its loss due to erosion could reduce soil structural stability (Mills and Fey, 2003). Haynes and
Francis (1990) indicated that low Ca:Mg ratios enhance dispersivity of clays and cause
structural instability. In addition removal of exchangeable cations from the soil may affect the

salinity status and this might impact on soil structural stability (Emadi et al., 2000).

15



Figure 2 3: Distribution of exchangeable cations in water stable aggregates of pasture soils in

northern Iran. (A) virgin grassland, (B) cultivated pasture (Erazali, 2000).

2.4 Conclusions

The conversion of native grasslands to arable land has been associated with reduction in
organic matter content of the topsoil and subsequently a decline in productivity, since organic
matter is a major factor responsible for the productivity of soils (Haynes and Beare, 1994).
The loss of particulate organic matter after the removal of vegetation accounts for much of
the total organic matter depletion in soils. The mechanisms resulting in the binding of
primary soil particles into stable aggregates vary with vegetation and management practices
among other factors. Plant residues through microbial processes generate complex substances
that serve as a framework for linking soil particles into aggregates. Plant roots and residues
are the primary organic skeleton in the formation of both macro- and microaggregates.
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Therefore, loss of soil organic matter following cultivation results in the formation of weakly
structured aggregates which are susceptible to erosion through raindrop impact. Vegetation or

soil cover plays a crucial role in diminishing soil erosion.

Solil total organic carbon and total N, P and K are major fertility elements. Cultivation tends
to destroy the macroaggregate structure of native grassland soils with a concomitant
reduction in soil C and N. The soil organic matter possesses a great capacity to absorb cations
such as Ca and Mg but its reduction following cultivation results in redistribution of these
cations such that their content increases in microaggregates (< 0.25 mm) which are more
susceptible to erosion. The more years of cultivation, the less total organic carbon and N
remain. The forms and dynamics of soil P are affected by agricultural management practices
which often involve dramatic changes in vegetation cover and biomass production. It is
reported that differences in fertilization and cropping systems following cultivation of native
grassland may lead to higher total P levels in arable fields. pH is also sensitive to
environment and soil management practices. Its value will affect nutrient supply, buffer

capacity and nutrient availability.

Changes in land use, such as from undisturbed grassland to arable agriculture or improved
pastures can have significant and long lasting effects on some soil quality parameters and
hence productivity. Research into these impacts on the soil is important to determine how soil
fertility can be maintained and the land use system improved. In this present study, the effects
of land use systems are evaluated on the following soil properties: particle size distribution,

pH, organic C, available P, particulate organic matter content and exchangeable bases in

some soils from northern KwaZulu-Natal.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Site description

This study was conducted at Owen Sitole College of Agriculture (OSCAR285"S and

31° 55' 31"E) located at Kwesaka-Mthethwa about 12.5 km nérEinmgpangeni and 163 km
north of Durban, KwaZulu-Natal Province, South Africa (Figure 3.1). The eastern boundary
is formed by the old Mtubatuba road and the southwestern boundary by the Nseleni River.
Altitude ranges from 23 m a.s.l. in the river valley to 120 m a.s.l. on the north-western
portion of the farm. The College farm is approximately 672 ha in extent and the climate is
subtropical with hot, humid summers and cooler, drier winters. The mean annual rainfall is
867 mm (Van der Linden, 2004), with a third falling between October and March and most of
the remainder between April and September. Mean daytime temperatures range@am 19
winter to 33C in summer. The mean annual temperature € Z&€amp, 1994) and frost

occurs only rarely.

Figure 3.1: The location of Owen Sitole College of Agriculture (OSCA) in KwaZulu Natal

Province, South Africa.
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The OSCA land area is underlain by volcanic basalts that belong to the Letaba Formation of
the Lebombo Group (Van der Linden, 2004). Nine different soil forms (Soil Classification
Working Group, 1991) are found within the College grounds of which Mayo and Inhoek are
the most common types (Figure 3.2). Soil classification and description of OSCA were done
by Drennan, Maud and Partners (1986). Camp (1994), with a project planning group of the

Department of Agriculture and Forestry confirmed the soil forms occurring within the area.

Figure 3.2: Soil map of the Owen Sitole College of Agriculture showing the study areas
under undisturbed grassland, pasture and arable land use systems and the soil sampling points
(Camp, 1994).

3.2 Land use history

Based on interpretation of aerial photographs, this area was under settlement with a typical
mixed crop—livestock system at subsistence scale between 1937 and 1968. Most parts of the
farm were cultivated and overgrazed and the veld was burned by frequent fires. From 1968,
after all the subsistence farmers were removed and the area fenced, the area reverted to the

original vegetation of natural grassland.
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The undisturbed grassland has not been cultivated for the past 45 years and the area is very
patchy due to the wide range of treatments given in the past. The common grass species
include Themeda trianda, Tristachya leucothrix, Hyparrhenia filipendula and Chloris

gayana. Other vegetation under this land use comprise a variety of forbs and small to tall
bushes such ablypoestes aristata, Hewittia sublobata and Cassia mimosodes Acacia

karroo, Phoenix reclinata and A. nilotica are among other trees common in this area.
Undisturbed areas close to rivers and drainage lines consist of a dense woodland/forest that
become more open savanna with distance from the waterways (Van der Linden, 2004).

The pasture is a mix of weeping love graBsafrostis curvula), Italian ryegrassLolium
multiflorum) and kikuyu Pennisetum clandestinum). The approximate area under pasture is

six hectares. All the pastures have been tilled with a rotary parlour every 2-3 years for 38
years to a depth of about 15 cm in spring (September to November), prior to resowing the
pasture with the exception of the kikuyu which has been untilled for 38 years. Limestone
ammonium nitrate (LAN) is the most common fertiliser applied when resowing. The pasture
is rotationally grazed by cattle and goats, fertilised (75 kg N; 15 kg P and 5 kg ¥ Ha

and irrigated using a sprinkler irrigation system. Wheeled travel over the area at other times
of the year consists of occasional movement of tractors for livestock management. The

College also rears pigs, poultry, dairy as well as Nguni cattle.

The arable land has been under cultivation for 38 years and mostly used for vegetables
(spinach, carrot, butternut, green pepper, tomatoes and cabbage) and field crops (sugarcane,
potatoes, maize, sweet potatoes, dry-beans and madumbe). This field has a history of annual
applications of fertilizer (LAN, monoammonium phosphate, potassium chloride and lime
(CaCQ) at commercially recommended rates. Typical annual rates are: 2 t lif)&5@ kg

N hat, 75 kg K ha and 25 kg P ha

Currently bananas, mangos, macadamias and oranges are the most common tree crops grown.
Common field crops include sugarcane, maize and butternut while tomatoes, spinach,
cabbage and carrots are the most important vegetables. The fruits, vegetables and some

agronomic crops are produced mainly under irrigation.
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3.3 Soil sampling and preparation

In the absence of prior information for this study area, changes in soil properties induced by

land use dynamics were evaluated by taking soil samples from plots of land under different

land use systems (pasture and arable) and comparing their physicochemical properties with
soils under natural or semi-natural vegetation (grassland) that has been less disturbed in its
history. A prerequisite for this method was that the reference undisturbed grassland and the
land use treatments were located such that differences in geology, topography and climate
were negligible. Given this condition, any differences in soil properties could then be

attributed to the differences in land use.

A preliminary soil survey was carried out to ensure that land use types at each site were on
soils of the same type. The sampling (Figure 3.2) was done as two investigations. In the first
investigation, sampling was carried out from the Shortlands, Westleigh and Inhoek soil forms
under the undisturbed, pasture and arable land use systems. In the second investigation,
sampling was carried out on the Oakleaf soil form under the pasture and arable land use

systems due to the absence of this soil form under undisturbed grassland.

Soil samples were collected by digging mini-pits (90 cm wide, 120 cm long and 30 cm deep).
Four bulk samples were carefully collected from each soil form at 0-1, 1-5, 5-10, 10-20 and
20-30 cm depths using a spade to ensure natural aggregates were not broken during sampling.
All the samples were transferred in labelled plastic bags to the laboratory for analysis. For
soil aggregate stability determinations, samples from the upper four sampled depths were air
dried and sieved to collect sufficient aggregates between 2.8 and 5 mm for aggregate stability
measurements. The bulk of each sample was crushed with a pestle and mortar and passed
through a 2 mm sieve for the analysis of pH, organic carbon and particulate organic matter.
For the analysis of soil fertility and particle size distribution samples were bulked to three
depths of 0-10; 10-20 and 20-30 cm.

3.4 Laboratory analysis

3.4.1 Aggregate stability

Aggregate stability was measured on separated 2.8-5 mm aggregates according to the French
AFNOR norm NF X 31-515 (AFNOR, 2005). This method uses three disruptive tests having

a range of different wetting conditions and energies namely fast wetting (water treatment-

WT), slow wetting (ethanol treatment-ET) and mechanical breakdown after prewetting (slow
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capillary wetting-ethanol treatment-SCWET). The WT mimics rainfall with > 50 mm h
intensity on dry soil (representing the effect of rapid slaking); ET mimics rainfall with about

10 mm h! intensity on dry soil to represent slow (less aggressive) wetting of soils; SCWET
represents the situation when rainfall is deposited on aggregates that are already saturated
with water (least aggressive) (AFNOR, 2005). Aggregates were oven driefCafot(24

hours prior to analysis.

In the WT test, a known mass of aggregates between 5 and 10 g were immersed in 50 ml of
deionised water for 10 minutes before the water was extracted by pipetting. For the ET test, a
similar amount of aggregates was immersed in 50 mL of ethanol for 30 minutes. After 30
minutes, ethanol was removed with a pipette and aggregates transferred into a 200ml
Erlenmeyer flask containing 50 ml of distilled water. The solution was adjusted to 200 ml
with distilled water, stoppered and gently agitated end-over-end by hand for 20 times. The
suspension was left to stand for 2-3 hours for sedimentation of coarse fragments, after which
the excess water was removed with a pipette. For the SCWET test, a similar amount of
aggregates was capillary wetted using filter papers for 60 minutes. Each treatment was
replicated four times. After each test, residual aggregates were collected and transferred onto
a 50 um sieve previously immersed in ethanol for the measurement of aggregate size
distribution. The remaining aggregates were collected, dried & 10 sieved using a nest

of six sieves: 2000, 1000, 500, 200, 106 and 50 um. The mass of each fraction of stable
aggregates was measured. Results were expressed as mean weight diameter (MWD)

corresponding to the sum of the mass fraction remaining on each sieve (Equation 3.1).

MWD = [(3.5xPa)+(1.5xPa)+(0.75xPa)+(0.35xPa)+(0.15xPa)+(0.075xPa)+(0.025xPa)] .......... Equation 3.1

100
Pa = mass of aggregates as percentage aggregates per sieve (using the mean sieve size (mm)

3.4.2 Particle size distribution

Particle size distribution was measured in bulked@as (< 2 mm) from the 0-10, 10-20 and
20-30 cm depths using the pipette method (Gee and Bauder, $88pended clay and fine

st were determined after dispersion and sedimentation while sand fractions were determined
by sieving (Day, 1965). Silt (0.002-0.05mm) was estimated by difference (Manson and
Roberts, 2000). Once the particle size distribution was known, the textural class was

determined from the texture triangle (Soil Classification Working Group, 1991).
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3.4.3 Particulate organic matter and organic carbon

Particulate organic matter (POM) was determined using the wet sieving method of
Cambardella and Elliot (1992). Soil (20 g) was dispersed in 60 ml of a 0.5% (w/v) solution of
sodium hexametaphosphate by shaking for 15 hours on a reciprocal mechanical shaker. After
shaking, the sand material was allowed to settle for about five minutes and decanted. The
suspension was then passed through a 106 um sieve that retained the flocculated material,
defined as POM. This material was transferred to a glass beaker and dried in an ovéh at 40
for 24 hours. The mass of the oven dried material was weighed and POM was calculated and

expressed as a percentage of the original soil sample mass used.

For the analysis of soil organic carbon (SOC), soil samples were bulked into depths of 0-5, 5-
10 and 10-20 cm before analyzing by the dichromate oxidation method (Walkley, 1947). This
method measures the readily oxidizable organic carbon. The organic matter is oxidized by
potassium dichromate in a sulphuric acid medium. The excess dichromate was determined by

titration with ferrous ammonium sulphate solution.

3.4.4 Extractable phosphorus, exchangeable potassium, zinc, copper and manganese

Available phosphorus and micronutrients were measurebulked samples from the 0-10,
10-20 and 20-30cm depths using the Ambic-2 extractant as described by Manson and Roberts
(2000). The Ambic-2 extracting solution consists of 0.28MsCOz + 0.01MN&EDTA +
0.01MNH4F + 0.05 g t! Superfloc (N100), adjusted to pH 8 with a concentrated ammonia
solution. This solution (25 mL) was added to 2.5 mL soil, and the suspension was stirred at
400 r.p.m. for 10 min using a multiple stirrer. The extracts were filtered through a Whatman
No.1 paper. Phosphorus was determined on a 2 mL aliquot of filtrate using a modification of
the Murphy and Riley (1962) molybdenum blue procedure (Hunter, 1975). Potassium was
determined by atomic absorption spectrophotometry (Varian 2600) on a 5 mL aliquot of the
filtrate after dilution with 20 mL deionised water. Zinc, Cu and Mn were determined by

atomic absorption spectrophotometry on the remaining undiluted filtrate.

3.4.5 pH, exchangeable calcium and magnesium and effective cation exchange capacity
Soill pH in 1 M KCI and deionised water (1:2.5 soil: solution) was determined

electrometrically using a standard glass electrode (MetrohmHersiau E396B). Ten ml of soil
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was scooped into a 50 mL plastic beaker before addition of 25 mL of solution. The

suspension was stirred and allowed to stand for 30 minutes before the pH was measured.

Exchangeable Ca and Mg were measured in bulked samples from the 0-10, 10-20 and 20-30
cm depths following methods described by Manson and Roberts (2000). Approximately 2.5
mL of soil was scooped into sample cups. KKl solution (25 mL) was added and the
suspension stirred at 400 r.p.m. for 10 minutes using a multiple stirrer. The extracts were
filtered through a Whatman No.1 paper. Five mL of the filtrate was diluted with 20 mL of
0.0356MSrCh, and Ca and Mg determined by atomic absorption spectrophotometry (Varian
2600). To determine extractable acidity, 10 mL of the filtrate was diluted with 10 mL of
deionised water containing 2-4 drops of phenolphthalein, and titrated with 0.RQ&N.
Effective cation exchange capacity (ECEC) was calculated as the sum of KCl-extractable Ca,

Mg, and acidity and Ambic-2 extractable K.

3.4.6 Data analysis

A separate analysis of variance (ANOVA) was performed to compare land use types and soil
depth on each of the soil quality indicators measured for each soil using GENSTAT 14
(Payneet al., 2011). The Least Significant Difference (LSD) at both 0.1 % (highly
significant) and 5% (moderately significant) were used to indicate treatment differences.
Correlation matrices were calculated for the main variables measured to determine significant

relationships between the soils.
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CHAPTER FOUR
RESULTS

4.1 Introduction

Soil quality decline is one of the most crucial problems facing agriculture (Doran and Parkin,
1994; Puget and Lal 2005). This chapter reports the results of the effects of the three different
land use types (undisturbed natural grassland, irrigated pasture and arable) on some selected

soil quality properties in four contrasting soils.

4.2 General description of the soils and particle size distribution

The four soil forms and their families were classified as Shortlands 1210 (Empangeni),
Westleigh 2000 (Mareetsane), Inhoek 1100 (Oatlands) and Oakleaf 2110 (Cooper) (Soil
Classification Working Group, 1991). From the World Reference Base for Soil Resources
(IUSS Working Group WRB, 2014), the Shortlands, Westleigh, Inhoek and Oakleaf are
classified as Nitisol, Acrisol, Fluvisol and Arenosol respectively. The Shortlands was a dark
reddish brown (2.5YR 3/3) clay (Tables 4.1 to 4.3) at the surface and was mostly found on
the upper to middle slopes of the study site. Westleigh was a dark greyish brown (10YR 4/3)
clay loam at the surface and mostly found on the middle slopes. The Inhoek soil form was a
black (10Y 2.5/2.5) clay loam at the surface and was generally found on the lower to middle
slopes. The Oakleaf was a deep soil derived from alluvium on Cwaka river terraces and lower
slopes. It had a dark reddish grey (2.5YR 4/1) colour at the surface with sandy loam texture
overall. Although sampling from the mini-pits was limited to 30 cm depth, an auger
investigation to allow full classification showed that the soils were deep (> 1 m) with the
exception of Westleigh which had a much shallower effective rooting depth (< 0.4 m). Brief
soil profile information for each of the soil forms is given in Appendix 4.1. Shortlands and
Inhoek had higher clay content that increased with depth (0-30 cm) in all land uses with the
exception of the arable Inhoek where the clay decreased with depth. In the Westleigh and
Oakleaf soil forms, clay content initially decreased in the 10-20 cm depth and then increased
in the 20-30 cm depth. The 10-20 and 20-30 cm depths of Westleigh, Inhoek and Oakleaf soil
forms under the pasture and arable land use systems had higher clay contents than those

under the undisturbed land use.
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Table 4.1: The average patrticle size distribution (zSD; n = 4) of the 0-10 cm depth of the
Shortlands, Westleigh, Inhoek and Oakleaf under undisturbed, irrigated pasture and arable

land use systems

Clay Silt Sand Texture
Soil form Land Use  (>0.002mm) (0.002- 0.05mm) (0.05-2 mm) class
............................ () T
Undisturbed 57+5.8 13+5.3 28+4.1 Clay
Shortlands Pasture 65+1.1 16+6.3 20+4.1 Clay
Arable 54+4.7 11+3.6 36+4.3 Clay
Undisturbed 34+4.1 14+2.0 53+3.8 Clay
Westleigh Pasture 44+2.1 13+4.1 43+8.1 Clay
Arable 52+7.0 17+6.1 31+7.8 Clay
Undisturbed 34+3.6 11+3.1 54+3.0 Sandy loam
Inhoek Pasture 47+1.0 16+4.1 3745.1 Clay
Arable 60+2.3 17+2.9 23+1.2 Clay
Oakleaf Pasture 16+5.9 7+3.1 77+4.0 Sandy loam
Arable 16£2.0 9+3.3 75+4.4 Sandy loam

Table 4.2: The average particle size distribution (£SD; n = 4) of the 10-20 cm depth of the
Shortlands, Westleigh, Inhoek and Oakleaf under undisturbed, irrigated pasture and arable

land use systems

Clay Silt Sand Texture class
Soil form Land Use < 0.002mm) (O 002- 0. 05mr)1 (0.05-2 mm)
..(%)...

Undisturbed 60+3.1 15+2.6 25+1.4 Clay
Shortlands Pasture 65+5.2 18+1.6 17+2.4 Clay

Arable 55+4.1 842 3 3747.0 Sandy clay

Undisturbed 38%6.1 11+2.1 51+4.1 Sandy clay
Westleigh Pasture 40+7.3 10+1.7 50£2.6 Sandy clay

Arable 49+3.0 16+1.9 35+3.0 Clay

Undisturbed 41£1.0 16+4.1 43+7.0 Sandy clay
Inhoek Pasture 63%3.0 14+£2.0 23+1.8 Clay

Arable 57+5.0 10+7.7 33£2.5 Clay
Oakleaf Pasture 13+1.0 5+1.6 83+2.0 Loamy sand

Arable 13+1.1 2+1.6 85+3.7 Loamy sand
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Table 4.3: The average patrticle size distribution (xSD; n = 4) of the 20-30 cm depth of the
Shortlands, Westleigh, Inhoek and Oakleaf under undisturbed, irrigated pasture and arable

land use systems

Clay Silt Sand Texture class
Soil form  Land Use (< 0.002mm) (0.002- 0.05mm) (0.05-2 mm)
............................ () T
Undisturbed 6615.8 12+3.2 22+3.8 Clay
Shortlands Pasture 71+1.1 16+1.9 13+2.5 Clay
Arable 56+5.0 10+2.2 35+3.7 Clay
Undisturbed 26+2.1 6+4.8 68+1.3 Sandy clay
Westleigh  Pasture 42+1.2 1546.0 43+5.3 Sandy clay
Arable 56+4.8 945.2 3516.1 Clay
Undisturbed 42+1.0 1246.5 46+6.0 Sandy clay
Inhoek Pasture 6615.0 16+4.4 19+7.1 Clay
Arable 53+3.2 13+2.9 34+1.1 Clay
Oakleaf Pasture 17+2.2 6+4.5 78+3.9 Sandy loam
Arable 23+3.1 5+6.3 73+2.2 Sandy loam

4.3 Soil pH and exchangeable acidity

The mean pH (kD and KCI) values for Shortlands, Westleigh, Inhoek and Oakleaf are
shown in Appendices 4.2 to 4.5, respectively. Soil pEO(Hwas significantly (p < 0.001)
affected by land use in the Shortlands and the interaction between land use and soil depth was
only significant in the Inhoek soil form (Appendix 4.6). The pH (KCI) was also significantly

(p < 0.001) affected by land use in both the Shortlands and Westleigh and the interaction
between land use and soil depth was significant in the Inhoek soil form (Appendix 4.7).
Arable land generally had lower pH values, which were not affected by soil depth whereas
soil pH under pasture declined with depth in all soil forms. The undisturbed grassland on the
other hand, showed an initial decline of pH with depth (0-20 cm) and then a slight increase at
the 20-30 cm depth in all the soils. The mean pbkD)H/alues were 6.31 for the arable soil

and 6.50 for both pasture and undisturbed soils. In KCI, the mean pH values were 5.10 for
arable and 5.43 for both pasture and undisturbed soils. The Oakleaf soil under the arable land
use tended to be more acidic compared to that under pasture at all depths even though this
was only significant (p < 0.001) in the pH (KCI) treatment (Appendices 4.8 to 4.10). Both
land use systems were less acidic in the top 0-5 cm and the acidity status increased with depth
(10-30 cm). There were no significant interactions between land use and soil depth in the
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Oakleaf soil form (Appendix 4.11). In the Oakleaf soil the mean pH (KCI) values were 5.04
(arable) and 5.61 (pasture). The pH@) mean values were 6.21 (arable) and 6.50 (pasture).

4.4 Organic carbon

The soil organic carbon (SOC) showed significant (p < 0.001) change with land use in all the
soils (Appendix 4.12). However, the interaction between land use and soil depth was only
significant in the Oakleaf soil form (Appendix 4.13). The 0-5 cm depth had a higher SOC
than the 5-10 and 10-20 cm depths under in the pasture whereas there were no significant
depth effects under arable in the Oakleaf soil form (Figure 4.1D). The pasture soils had
similar SOC with undisturbed soil for all soils (which had undisturbed soil) at all depths
except in the 5-10 cm depth of Westleigh where it had higher levels. At all depths and for all
soils the arable land had lower SOC (Figure 4.1A to D). In all the land uses and soil types,
SOC decreased with depth. The concentration of SOC followed the order: pasture >
undisturbed > arable (Figure 4.1) with mean values at all depths and for all soils of 3.52, 3.37
and 1.85%, respectively.
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Figure 4.1A: The change in soil organic carbon (SOC) concentration in Sd: Shortlands soil
form with depth (0-20 cm) under U: undisturbed; P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.1B: The change in soil organic carbon (SOC) concentration in We: Westleigh soil

form with depth (0-20 cm) under U: undisturbed; P: pasture and A: arable land use systems (n

= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.1C: The change in soil organic carbon (SOC) concentration in Ik: Inhoek soil form
with depth (0-20 cm) under U: undisturbed; P: pasture and A: arable land use systems (n = 4).

The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.1D: The change in soil organic carbon (SOC) concentration in Oa: Oakleaf soil
form with depth (0-20 cm) under U: undisturbed; P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.

4.5 Particulate organic matter

Significant interactions between land use and soil type were observed for particulate organic
matter (POM) in the Westleigh and Inhoek soil forms (Figure 4.2B and C; Appendix 4.14).
Levels of POM in the different land uses were similar for each of the depths. In the Inhoek
soil form, pasture soils had significantly (p < 0.001) higher POM than the other land uses in
the 0-1, 1-5, 5-10 cm depths, while in the Westleigh pasture was only higher in the 0-1 and 1-
5 cm depths. Mean POM values were in the order of pasture (0.608%) > undisturbed
(0.223%) > arable (0.118%). In the Oakleaf soil form, pasture soils had significantly (p <
0.05) higher POM than arable soils at all depths (Appendix 4.15; Figure 4.2D).
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Figure 4.2A: The change in particulate organic matter (POM) in Sd: Shortlands soil form
with depth (0-30 cm) under the U: undisturbed; P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.2B: The change in particulate organic matter (POM) in We: Westleigh soil form
with depth (0-30 cm) under the U: undisturbed; P: pasture and A: arable land use systems (n

= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.2C: The change in particulate organic matter (POM) in Ik: Inhoek soil form with
depth (0-30 cm) under the U: undisturbed; P: pasture and A: arable land use systems (n = 4).
The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.2D: The change in particulate organic matter (POM) in Oa: Oakleaf soil form with
depth (0-30 cm) under the U: undisturbed; P: pasture and A: arable land use systems (n = 4).
The error bar represents the least significant difference (LSD) at p = 0.05.

4.6 Phosphorus

Although there were no interaction effects of soil depth and land use on soil P in the

Shortlands, Westleigh and Oakleaf soil forms, these interaction effects were significant in the
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Inhoek soil form (Appendices 4.16 and 4.17). In the 0-10 and 10-20 cm depths, pasture soils
had lower P than the other land uses in the Shortlands, while in the Westleigh pasture and
undisturbed were similar and higher than under arable (Figure 4.3 A and B). In the Oakleaf,
the 0-10 cm depth under arable had higher P (18.6 Mptkgn pasture (7.0 mg Kywhile

the other depths for both land uses were similar (Figure 4.3D). There was a notable decline in
soil P with depth for all soils across all land uses and there were no land use effects on soil P
in any soil at the 20-30 cm depth. Available P was highly correlated to SOC in the
undisturbed (r = 0.92), pasture (r = 0.72) and arable (r = 0.71) in the Shortlands soill
(Appendices 4.28 and 4.29) than in the undisturbed Inhoek (r = 0.42) (Appendix 4.34).
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Figure 4.3A: The change in available phosphorus (P) concentration in Sd: Shortlands soil
form with depth (0-30 cm) under U: undisturbed; P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.3B: The change in available phosphorus (P) concentration in We: Westleigh soll
form with depth (0-30 cm) under U: undisturbed; P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.3C: The change in available phosphorus (P) concentration in Ik: Inhoek soil form
with depth (0-30 cm) under U: undisturbed; P: pasture and A: arable land use systems (n = 4)
The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.3D: The change in available phosphorus (P) concentration in Oa: Oakleaf soil form
with depth (0-30 cm) under U: undisturbed; P: pasture and A: arable land use systems (n = 4).

The error bar represents the least significant difference (LSD) at p = 0.05.

4.7 Effective cation exchange capacity and base cations

There were no significant effects of land use on effective cation exchange capacity (ECEC) in
the Shortlands, Westleigh and Inhoek (Appendix 4.18). However, pasture had significantly
higher ECEC than the arable land use system in the Oakleaf soil form and under both land
uses the distribution of cations was not significantly affected by soil depth (Appendix 4.19).
For each land use the mean ECEC values (gkgd) were in the order of arable (24.12) >
pasture (19.29) > undisturbed (16.11) in the Shortlands, Westleigh and Inhoek (Figure 4.4A
to C). However, in the Oakleaf for the two land uses the mean ECEC values kghol

were pasture (14.9) > arable (7.40) (Figure 4.4D). No significant correlation was observed
between ECEC and SOC in all land use systems. The ECEC was nevertheless correlated to
clay in the undisturbed Shortlands (r = 0.80) (Appendix 4.27) and under pasture (r = 0.71)
and arable (r = 0.72) in the Inhoek soil form (Appendices 4.35 and 4.36).
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Figure 4.4A: The change in effective cation exchange capacity (ECEC) in soil forms Sd:
Shortlands with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.4B: The change in effective cation exchange capacity (ECEC) in We: Westleigh
soil form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.

36



ECEC (cmol, kg?)
0 5 10 15 20 25 30 35 40

———

T

S r,raOE,E,EOEE

=

o

s U

MO,

oP
BA

Figure 4.4C: The change in effective cation exchange capacity (ECEC) in Ik: Inhoek soil
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.4D: The change in effective cation exchange capacity (ECEC) in Oa: Oakleaf soil
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.

Because the dominant cations in all four soils were calcium (Ca) and magnesium (Mg) it is

not surprising that the observed differences in Ca and Mg content related well to the ECEC
under all the land use systems and that the ECEC was positively correlated to Ca and Mg in
all the soil forms and land use systems (Appendices 4.28 to 4.38). As for ECEC, both these
cations were not affected by land use and soil depth (Appendices 4.20 and 4.22). The highest

exchangeable Ca and Mg values were recorded in the Inhoek soil form across all land use
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systems (Figures 4.5 and 4.6). Arable soils had higher amounts of Ca in the 20-30 cm depth
of both the Shortlands and Westleigh soils and in the 0-20 cm depth of the Inhoek soil form.
The overall mean values (craokg?) of Ca were 11.8 (arable), 9.5 (pasture) and 9.4
(undisturbed grassland). Undisturbed grassland had the lowest Mg content which increased
markedly with depth. The overall mean values (enkgt!) for exchangeable Mg were 8.3
(arable), 7.7 (undisturbed grassland) and 6.8 (pasture). In the Oakleaf soil form, the arable
land use soil contained significantly more Ca (Figure 4.5D) and lower Mg (Figure 4.6D) than
under pasture. The interaction of land use and soil depth was significant for Ca but not for
Mg in the Oakleaf soil form (Appendices 4.21 and 4.23). The mean values kgipbf Ca

were 9.55 (arable) and 4.8 (pasture) while those for Mg were 2.3 (arable) and 4.9 (pasture).
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Figure 4.5A: The change in exchangeable calcium (Ca) concentration in Sd: Shortlands soil
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.5B: The change in exchangeable calcium (Ca) concentration in We: Westleigh soil
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.5C: The change in exchangeable calcium (Ca) concentration in Ik: Inhoek soil form

with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use systems (n
= 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.5D: The change in exchangeable calcium (Ca) concentration in Oa: Oakleaf soil
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.6A: The change in exchangeable magnesium (Mg) concentration in Sd: Shortlands
soil form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.6B: The change in exchangeable magnesium (Mg) concentration in We: Westleigh
soil form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.6C: The change in exchangeable magnesium (Mg) concentration in Ik: Inhoek soill
form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.6D: The change in exchangeable magnesium (Mg) concentration in Oa: Oakleaf
soil form with depth (0-30 cm) under the U: undisturbed, P: pasture and A: arable land use

systems (n = 4). The error bar represents the least significant difference (LSD) at p = 0.05.

The K content was significantly affected by land use and soil depth in the Shortlands soil
form (Appendix 4.24). The mean K values (ceiaf?) were 0.85 (arable), 0.65 (pasture) and

0.5 (undisturbed). Unlike Ca and Mg, the Westleigh contained more K under the arable and
pasture land use systems even though the results were not significant. The Inhoek on the
other hand had lower K values which were not affected by land use with the exception of the
20-30 cm depth for the undisturbed grassland (Figure 4.7A to C). In the Oakleaf, the
interaction between land use and soil depth on K concentration was statistically significant (p
< 0.001) (Appendix 4.25). While the K concentration in the 10-20 cm depth was lower than
at 0-10 cm under the arable land use, under pasture, the 10-20 cm depth had higher K

concentrations (Figure 4.7D).

In addition to K, soils under irrigated pasture had higher mean extractable Zn, Mn and Cu
contents. The concentration of these nutrients also declined significantly with depth (p <
0.001). The effect of land use on Zn (mgikdollows the order: pasture (2.04) > arable
(1.74) > undisturbed (0.82). Copper (mgikdollowed the same order i.e., pasture (16.4) >
arable (13.9) > undisturbed (13.8). Manganese (M, kan the other hand showed a trend of
pasture (24.0) > undisturbed (19.3) > arable (18.6). These observations were all statistically
significant (p < 0.001). Higher concentrations (mg-kof Zn (2.33) and Mn (30.0) were
obtained in the Shortlands soil form under the arable land use system. The Inhoek soils on the
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other hand, tended to have the lowest mean concentrations (fhgfkigoth Zn (0.60) and
Mn (10.8) under native grassland and arable land uses, respectively. In the Shortlands under

pasture the Cu content significantly (p < 0.001) increased with depth from 20.9 to 26.3 mg
kgl
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Figure 4.7A: The exchangeable potassium (K) in Sd: Shortlands soil form with depth (0-30

cm) under the U: undisturbed, P: pasture and A: arable land use systems (n = 4). The error
bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.7B: The exchangeable potassium (K) in We: Westleigh soil form with depth (0-30

cm) under the U: undisturbed, P: pasture and A: arable land use systems (n = 4). The error
bar represents the least significant difference (LSD) at p = 0.05.
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Figure 4.7C: The exchangeable potassium (K) in lk: Inhoek soil form with depth (0-30 cm)

under the U: undisturbed, P: pasture and A: arable land use systems (n = 4). The error bar
represents the least significant difference (LSD) at p = 0.05.
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Figure 4.7D: The exchangeable potassium (K) in Oa: Oakleaf soil form with depth (0-30 cm)
under the U: undisturbed, P: pasture and A: arable land use systems (n = 4). The error bar

represents the least significant difference (LSD) at p = 0.05.

4.8 Aggregate stability

The mean weight diameters (MWD) of aggregates in the four soils under the three different
land use management systems as assessed by three different treatments are shown in Figures
4.8 (WT: water treatment), 4.9 (ET: ethanol treatment) and 4.10 (SCWET: slow capillary
wetting ethanol treatment). The undisturbed land use showed significantly higher MWD
values than the pasture and arable land use systems in all the treatments (Appendix 4.26). The
WT showed significantly lower MWD values than ET and SCWET treatments under all land
use systems. In the WT, the obtained MWD values were 2.74 mm (undisturbed), 2.61 mm
(pasture) and 1.43 mm (arable). In the ET, the values were 3.11 mm (undisturbed), 2.85 mm
(pasture) and 2.21 mm (arable) while in the SCWET values were 3.05 mm (undisturbed),
2.85 mm (pasture) and 2.27 mm (arable). In the Oakleaf, the MWD values were significantly
(p < 0.001) higher under pasture than the arable land use system (Appendix 4.27). The
interaction between soil depth and land use on MWD was not significant in all the treatments
and land use systems. The Westleigh had the lowest MWD values under both undisturbed
and pasture land use systems while the highest MWD values were obtained in the undisturbed
Shortlands soil after the ET (Figure 4.9A).
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Figure 4.8A: The change in mean weight diameter (MWD) of the Sd: Shortlands soil form

with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems
using the water treatment (WT) (n

= 4). The error bar represents the least significant
difference (LSD) at p = 0.05.
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Figure 4.8B: The change in mean weight diameter (MWD) of the We: Westleigh soil form

with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems
using the water treatment (WT) (n

= 4). The error bar represents the least significant
difference (LSD) at p = 0.05.
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Figure 4.8C: The change in mean weight diameter (MWD) of the Ik: Inhoek soil form with
depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using

the water treatment (WT) (n = 4). The error bar represents the least significant difference
(LSD) at p = 0.05.
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Figure 4.8D: The change in mean weight diameter (MWD) of the Oa: Oakleaf soil form with
depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using

the water treatment (WT) (n = 4). The error bar represents the least significant difference
(LSD) at p = 0.05
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Figure 4.9A: The change in mean weight diameter (MWD) in the Sd: Shortlands soil form
with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems

using the ethanol treatment (ET) (n = 4). The error bar represents the least significant
difference (LSD) at p = 0.05.
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Figure 4.9B: The change in mean weight diameter (MWD) in the We: Westleigh soil form
with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems

using the ethanol treatment (ET) (n = 4). The error bar represents the least significant
difference (LSD) at p = 0.05.
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Figure 4.9C: The change in mean weight diameter (MWD) in the Ik: Inhoek soil form with
depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using

the ethanol treatment (ET) (n = 4). The error bar represents the least significant difference
(LSD) at p = 0.05.
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Figure 4.9D: The change in mean weight diameter (MWD) in the Oa: Oakleaf soil form with
depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using

the ethanol treatment (ET) (n = 4). The error bar represents the least significant difference
(LSD) at p = 0.05.
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Figure 4.10A: The change in mean weight diameter (MWD) in the Sd: Shortlands with depth
(0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using the slow

capillary wetting ethanol treatment (SCWET) (n = 4). The error bar represents the least
significant difference (LSD) at p = 0.05.
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Figure 4.10B: The change in mean weight diameter (MWD) in the We: Westleigh soil form
with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems

using the slow capillary wetting ethanol treatment (SCWET) (n = 4). The error bar represents
the least significant difference (LSD) at p = 0.05.
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Figure 4.10C: The change in mean weight diameter (MWD) in the Ik: Inhoek soil form with
depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems using

the slow capillary wetting ethanol treatment (SCWET) (n = 4). The error bar represents the
least significant difference (LSD) at p = 0.05.
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Figure 4.10D: The change in mean weight diameter (MWD) in the Oa: Oakleaf soil form
with depth (0-20 cm) under the U: undisturbed, P: pasture and A: arable land use systems

using the slow capillary wetting ethanol treatment (SCWET) (n = 4). The error bar represents
the least significant difference (LSD) at p = 0.05.

In addition, the correlation of soil quality parameters with SOC was done through correlation
matrix. The correlation between POM and SOC was only significant (p < 0.05) in the

undisturbed Westleigh (r = 0.62) and pasture (r = 0.53) under the Inhoek soil form
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(Appendices 4.31 and 4.35). Available P was highly correlated to SOC in the undisturbed (r =
0.92), pasture (r = 0.72) and arable (r = 0.71) on the Shortlands soil form (Appendices 4.28
and 4.29). No significant correlation was observed between ECEC and SOC in all land use
systems. The ECEC was nevertheless correlated to clay in the undisturbed Shortlands (r =
0.80) (Appendix 4.27) and under pasture (r = 0.71) and arable (r = 0.72) in the Inhoek saill
form (Appendices 4.35 and 4.36). K was highly correlated to the available P in the
undisturbed (r = 0.78), pasture (r = 0.80) and arable (r = 0.50) land uses in the Shortlands soil
form (Appendices 4.28 to 4.30) and in the undisturbed Westleigh (r = 0.96) (Appendix 4.31).

4.9 Summary

The conversion of native grassland into pasture and cropland affected the particle size
distribution of the individual soils. In many cases, pasture and arable land use types had more
clay than the undisturbed land use system with the exception of the Shortlands soil form. The
clay content of the Inhoek increased with depth under the pasture and undisturbed land use
systems and under all land use types in the Shortlands soil form. In the Westleigh and
Oakleaf, clay initially decreased with depth and then increased markedly in the 20-30 cm
depths of these soils. The SOC was lower under arable land compared to pasture and
undisturbed grassland in all the soils. The POM was significantly higher under pasture than
undisturbed and arable land use systems in the Westleigh, Inhoek and Oakleaf. Th® pH (H
and KCI) was affected by land use in the Shortlands and Inhoek soil forms and soils under the
arable land use had slightly lower pH values than the pasture and undisturbed grassland. The
exchangeable acidity on the other hand did not show much variation between land use
systems. The available P did not show consistent trends between soil types and land use
systems. The concentration of available P was higher in the Oakleaf under arable than pasture
and in the Westleigh and Inhoek soils under the pasture and undisturbed grassland. As for
pH, no clear trends were observed for ECEC between land use systems in all soil forms
except for Oakleaf where values under pasture were significantly higher than under the arable
land use system. The MWD determined by all three stability tests was higher in undisturbed

and pasture soils compared to those under the arable land use system.
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CHAPTER 5
DISCUSSION

5.1 Introduction

The need to maximise agricultural production with less environmental impact has renewed
interest in assessing how land use systems and management influence soil properties and
whether changes create any adverse effect on soil properties such as organic carbon,
particulate organic matter, cation exchange capacity, available phosphorus and aggregate
stability (Muelleret al., 2009). This chapter discusses the effect of improved pasture and
arable land use systems on some selected soil properties in the Shortlands, Westleigh, Inhoek
and Oakleaf soil forms. The measurement of the soil properties for this study have been

described in Chapter 3 and the results were outlined in Chapter 4.

5.2 Particle size distribution

Particle size distribution differed among the land use types. The higher clay fraction in soils
under the pasture and arable land use systems may be due to the fact that trampling by
animals and cultivation shears and pulverizes the soil to smaller particles (Nsleinadna

2004). These particles are further exposed to chemical weathering processes such as
dissolution, oxidation and hydrolysis resulting in the re-arrangement of larger particles into
more stable clay fraction (Kauffmaat al., 1998; Tayelet al., 2010). These results are in
contrast with those obtained by Adesodtial. (2007) in Luvisols of the Hirmi watershed in

the northern highlands of Ethopia. Their study showed lower clay contents and higher sand
fractions following conversion of native grassland to pasture and cultivated land. They
concluded that such results were due to the selective removal of clay particles by processes of
erosion leaving behind the sand fraction. The differences in the results of these studies may
therefore be attributed to the differences in climate, altitude and topography/slope of the
study areas i.e. the higher altitude (1800-2500 m a.s.l.) and rainfall (1075 mm) of the Hirmi
watershed result in more active erosion when compared to the much lower altitude (23-120 m
a.s.l.) and rainfall (867 mm) at OSCA in northern KwaZulu-Natal.

5.3 Soil pH and exchangeable acidity
The pH (HO and KCI) results showed that arable land use produced slightly more acidic
soils (6.31 and 5.10) than undisturbed (6.50 and 5.43) or pastoral (6.50 and 5.43) lands and

although significant, the differences were generally small. The lower soil pH under the arable
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land use system is partly a result of excessive disturbance of the soil during seedbed
preparation which causes high rates of organic matter turnover and its rapid decompaosition.
This view was supported by the lower organic C results in the arable soils compared to the
other land uses. Through the process of decomposition, the reaction afitB®-O forms

both organic (HCGOs) and inorganic acids @$Qs, HNGs), which are potential suppliers of
hydrogen ions in the soil encouraging the development of acidity (Esteban and Roberts,
2001). The continuous cultivation of the same land with resulting export of basic cations in
harvested produce may also be another possible cause for decrease of pH in the arable fields.
Additionally, nitrification of NHy* originating from N fertilisers (LAN) and organic residues
releases Hions into the soil solution. As nitrate (NJOs leached down the profile &a

Mg?* and K usualy serve as counter-ions (Zhah@l,1996; Grahanet al,1995; Dominyet

al., 2001). This leaves a higher concentration dfitHthe surface layer, hence the pH drops.
Covaledaet al. (2006) reported a considerable decrease of pH following conversion of virgin

grassland into arable farming in Nitisols of Mexico.

The small differences in pH between land use types indicate that the soils in the study area
are well buffered and is a reason why no major differences were found in exchangeable
acidity in all the land use types. The low amount of exchangeable acidity in the topsoils of the
study area could also be due to complexation with organic matter because it is in that layer
where this is concentrated (White, 1981; Haynes and Swift, 1990). The observed increase of
pH with depth in the undisturbed grassland site could be attributed to the uptake of cations by
plant roots in the near surface or accumulation of basic cations from the parent material
(Ashmanet al., 2003). In the case of pasture land use, the notable decline of pH in the 10-20
cm depth may be a result of LAN fertilizer applied during the resowing period and as split

dressings of 40 to 75 kg N haver the growing season.

5.4 Organic carbon

The results showed that soil organic carbon (SOC) concentration (%) was in the order:
pasture (3.52) > undisturbed (3.37) > arable (1.85). The higher concentration of SOC under
pasture may possibly be a result of less disturbance allowing more SOC build-up (Mills and
Fey, 2003). Under pasture and undisturbed grassland, soil disturbance by cultivation is
reduced and plant material is added to the surfaceg{@lx, 1998; Milne and Haynes, 2002,
Voundi-Nkana and Tonye, 2002). This, together with the lower surface soil temperature and

increased biological activity generally occurring under minimum cultivation, has been
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reported to increase in SOC content in the surface layer compared to those management
systems where soil is cultivated (Sikal., 2002a; Konget al.,2005; Puget and Lal, 2005;

Mao and Zeng, 2010). The similarity of pasture and undisturbed grassland in the present
study was in contrast to Boajilla and Gallali (2010), who reported lower SOC under pasture
than the native grassland in three toposequences in Tunisia. The difference could be due to
the differences in climatic conditions of the two places. The hot dry Mediterranean summers
and mild winters of Tunisia generally favour less biomass production in the area (detPreez
al., 2011) when compared to the warm, moist conditions of the northern KwaZulu-Natal. The
frequent irrigation of the pasture also favoured the rapid build-up of organic matter to a
similar levels to that of the undistubed grassland. The mean SOC values for all land use types
are nevertheless within the range of values reported by du Bredz(2011) for South
African soils. On the other hand, the lower content of SOC in soils under arable cultivation
might be due to the rapid decomposition and mineralization of organic matter subsequent to
soil disturbance through cultivation (Leinwebatral, 1993; Dominy and Haynes, 2002).
Cultivation increases soil organic matter breakdown because it aerates and disrupts soil
aggregates which exposes previously protected SOC to microbial degradatione{kabng

2006; Tayekt al., 2010).

In the Oakleaf soil form, the SOC decreased with depth under pasture, since most inputs of
organic matter under pasture occur close to the soil surface (Six20@Rb). In contrast, the

0-30 cm depth under arable land use contained relatively uniform amounts of SOC because
cultivation had altered the distribution of C with depth. The results also showed different
significant heterogeneity within the same land use. For example, the mean SOC (%) for
pasture land use was 3.06, 3.94, 3.57 and 2.41 in the Shortlands, Inhoek, Westleigh and
Oakleaf respectively. While the distribution of SOC in these soils may be related to land use
effect, various horizon forming processes active in the individual soil form could have also
contributed. Shortlands and Inhoek were expected to have higher SOC due to their significant
natural SOC arising from intense faunal activity (Koutdtaal., 1997; Kauffmanet al.,

1998). The higher SOC in Westleigh compared to Shortlands on the other hand was not
expected since, Westleigh has poor chemical properties in nature due to its low biological
activity (du Pree=zt al., 2011). The sandy texture of the Oakleaf might have played a major
role in the lower concentration of SOC obtained in this soil form, directly by affecting the
biomass production of the pasture (less than under the more clay rich soils) and indirectly by

allowing faster decomposition of the organic matter due to greater aeration.
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5.5 Particulate organic matter

Conversion of undisturbed grassland to cultivated land decreased soil organic matter and, due
to its high sensitivity to management (Sixal., 1999; Tornquiset al, 1999; Dornet al.,

2009; Boajilla and Gallali, 2010), the particulate organic matter (POM) fraction decreased
from 0.223% (undisturbed) to 0.118% (arable). The wider plant spacing, removal of the
harvested crop and residue removal resulted in lower biomass input under arable soils hence
lower POM. However, the greater accumulation of POM under pasture (0.608%) is
attributed to the greater productivity of the grass sward following fertilization with LAN and
hence larger returns of litter than on the undisturbed land (Mills and Fey, 2004b). The POM
is a fraction of organic matter that depends on the intermediate products of the decomposition
of litter as well as roots (Cambardella and Elliot, 1992). It has been reported in a number of
studies (Haynest al., 1991; Sixet al., 1999; San Jose and Motes, 2001; Dosteai., 2009)

that the SOC is usually positively correlated with POM as was observed in the undisturbed

(Westleigh) and pasture (Inhoek) land uses in this study.

5.6 Phosphorus

Overall results of available P indicated no consistent change between land use systems. It
would be expected that under undisturbed grassland and pasture the recycling of vegetation
would increase the soil organic matter and thus the available P content in the near surface
layers. Available P is also recycled during grazing periods through cattle dung under these
land use systems (Naidtial, 1996; Saiklet al., 1998; Sixet al., 1999; Geissest al., 2009).

By contrast, in an arable land use system, crops are harvested so P is not returned to the soill
and its concentration falls as was observed in the 0-10 and 10-20 cm depths of the Westleigh
soil form in this study. The higher amount of available P under the arable land use as
observed in the Oakleaf, Shortlands and, to a lesser extent, the Inhoek soils may partly be due
to the greater addition of P fertilizer to these soils. Lilienfeinal. (2000) reported
significant differences between three land use systems on Brazilian red soils. Their study
compared arable agriculture with native savanna soils and it showed a 28% increase of
available P in soils under arable agriculture compared to native savanna soils due to regular
fertilization. Many studies have reported a greater P concentration in the 0-20 cm depth
(plough layer) following P fertiliser application (Paustian et1#897; Saikh et a|1998; Six et

al., 1999; Ishaget al., 2002; Milne and Haynes, 2002; Bekwet and Stroosnijder, 2003).

Hajabbasiet al. (1997) however, reported no significant differences in available P between
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virgin grassland, pasture and mixed cropping fields on the Luvisols of Broojen, Iran. Similar
results were obtained by Aghaial. (2010) who investigated the decline in soil quality as a
result of land use change from natural grassland to pasture and wheat production in Nitisols

of Semirom, Iran.

The overall mean P values in the Oakleaf soil form varied between 7 (pasture) and 18.6
(arable) mg kg and these results are slightly higher than the range of 5.5 (pasture) to 15.9
(arable) mg kg reported by Geisest al. (2009) in tropical soils of Mexico. The small
differences in results of the two studies is most likely to be a result of higher P fertilisation
rates in pasture (15 kg P ‘Haand arable (25 kg P fpland use systems of northern
KwaZulu-Natal compared to pasture (10 kg P)hand arable (19 kg P fiain Mexico. The

mean available P values for the Shortlands, Westleigh and Inhoek on the other hand are too
low and may partly be attributed to the higher clay contents of these soils compared to the
Oakleaf soil form. Alves and Lavorenti (2004) studied the effects of clay content on available
P in 15 different soils of the S&o Paulo State, Brazil. Nine of the soils were clayey, two very
clayey and three had medium texture while one was very sandy. In their results, soils that had
higher clay contents fixed more P than medium and coarse textured soils. It was concluded

that available P is to some extent dependent on the clay type and content of a given soil.

The observed differences in P with depth seem to relate well with the obtained levels of SOC
and POM observed per soil depth across all the land use systems. According to Zhang and
Mackenzie (1997), most P exists in organic form and since P is very stable in the soll, it is a
good indicator of organic matter accumulation as was shown by the positive correlation
between available P and SOC in the Shortlands and undisturbed Inhoek in this study. While a
positive correlation between SOC and available P has been reported by @istla{®993),

a significant (p > 0.05) negative correlation between these soil properties was observed by
Sumannret al. (1998) in soils on the North American Great Plains. The forms and dynamics
of soil P are generally affected by agricultural management practices which often involve
dramatic changes to vegetation cover, biomass production, soil organic matter content and
nutrient cycling in the ecosystem (Wright and Horns, 2004; Datrar, 2009). In addition,

climate, land use and time also influence P dynamics (Reeves, 1997; Hartemink39@).
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5.7 Effective cation exchange capacity and base cations

The weak correlation between effective cation exchange capacity (ECEC) and SOC in all the
land use systems indicates that the organic matter did not recycle significant concentrations
of base cations in these soils. The significant concentration of bases observed in these soils is
rather a result of base rich parent material accompanied by low rainfall which favours less
leaching of bases in the soils of the study area. The clay content seems to be a greater driving
factor of the ECEC determination than SOC (Tagell., 2010) as was shown by a stronger
correlation between ECEC and clay under pasture (r = 0.71) and arable (r = 0.72) land uses in
the Inhoek soils as well as in the undisturbed Shortlands (r = 0.80). This was also shown by
the lack of correlation between ECEC and SOC in the Westleigh and Oakleaf soils which
were characterised by lower clay content even though these results were not significant.
Therefore, the ECEC in these soils (Westleigh and Oakleaf ) may possibly be a result of pH
rather than SOC and clay type or content. The ECEC is crucial as an indicator of solil fertility
in that it (i) affects the quantity of nutrients available to plants as exchangeable cations, and
(i) influences the degree to which hydrogen and aluminium ions occupy the exchange
complex and thus affects the pH of soils (San@hetk, 2003). The overall ECEC of 16.74 to

17.66 cma) kg! would be considered to be at moderate levels by Estenban and Robert
(2001). Buolet al. (1975) noted that soils with an ECEC of 4 cadal! or less had limited

ability to retain nutrient cations.

Even though exchangeable Ca values were not significantly different between the three land
use systems, a higher concentration of this cation was observed under the arable land use
type. This was probably due to frequent calcium carbonate applications on the arable fields.
Overall values of exchangeable Mg (in all land use types) were lower than those of Ca and
this was ascribed to the higher Ca content in soils across the study area, and because it is held
more strongly than Mg on the colloidal complex (Jobbagy and Jackson, 2004). These results
coincide with Dominy and Haynes (2002), who described a large increase in soil Ca and Mg
after conversion of undisturbed grassland into sugarcane plantations. The increase of Ca and
Mg contents with soil depth (0-20 cm) suggests that the vertical distribution is influenced
mostly by weathering (Jobbagy and Jackson, 2004; Muelllef, 2010). The continuous
supply of cations from the base rich parent material accompanied by the dry the climate of
the study area are the main driving factors of Ca and Mg accumulation in these soils. Similar
results were obtained by Kabriekal. (2011) who concluded that parent material influenced

Ca and Mg concentration through weathering which subsequently affected the ECEC in the
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0-30 cm depth in Ozark forestry, Arkansas, United States of America. The overall mean Ca
and Mg values obtained in the present study are higher than those reported by Raji and
Ogunwole (2006) in a study to determine the effect of improved land use types on soil quality
at Ibadan, Nigeria. The selected land uses included native grassland, pasture and cowpea
cultivation. Such differences in results could possibly be due to the higher rainfall of Ibadan
compared to OSCA and hence more leaching of bases in the Nigerian soils. As expected, Ca

and Mg were correlated with the ECEC in all soil forms at OSCA.

While the higher K levels in the top 0-10 cm of the arable soils could be a result of K
fertilizer application, the higher concentrations of this cation in deeper layers under pasture
(and the 20-30 cm depth under arable) may be due to leaching leading to a reduction of K
content in the upper layers (Shepherd, 2003; Agtiai, 2010). The mean K values (cmol

kg?') obtained in this study are in the order of arable (3.33) > pasture (2.55) > undisturbed
(1.95) and they concur with the results of Raji and Ogunwole (2006) who reported K values
(cmok kg?) of 2.23 (cowpea), 2.13 (pasture) and 2.10 (native grassland) in Nigerian soils. As
for Ca and Mg, the K values for the Nigerian soils are howver lower than OSCA soils. While
difference in rainfall might be the cause, the granite derived soils from Nigeria would also be

expected to have lower amounts of bases.

5.8 Aggregate stability

In the WT and SCWET, the dominant breakdown mechanism is slaking, with intensities that
differ according to the wetting rate of the aggregates (Le Bissonnais, 1996). The WT test
corresponds to a rainfall of strong intensity (> 30 m begoutet al., 2005), and hence

more intense slaking is observed because of the greater compression of entrapped air inside
the aggregates when suddenly immersed in water. The extent of aggregate breakdown is
therefore reflected by a smaller mean weight diameter (MWD) of a given soil as was shown
by the lower MWD values from the of the WT treatment of all the soils irrespective of the
land use or soil type in this study. On the other hand, SCWET involves a weaker disruptive
energy since the aggregate wetting is done gradually by capillarity. In addition, minimal or no
slaking occurs during the ET since aggregate porosity is saturated with ethanol that decreases
surface tension and contact angle and thus favours water penetration (Le Bissonnais, 1996).
As a response to both SCWET and ET, soils subjected to these tests tend to have higher
MWD values (Le Bissonnais, 1997; Boajilla and Galali, 2010) than those subjected to the

WT test as was observed in the current study.
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The lowest MWD value (1.43 mm) recorded in the arable land use system from the WT test
indicates that these soils are generally stable with low risk of surface sealing, overland flow
and interrill erosion (Le Bissonnais, 1996). On the other hand the WT, ET and SCWET tests
results from the undisturbed and pasture land uses all showed MWD values greater than 2
mm indicating very stable soils such that sealing, overland flow and interrrill erosion will be
very rare (Le Bissonnais, 1996). The lower MWD value under the arable land use system
reflects the effect that cultivation has had on weakening soil structure. The correlation
between SOC and MWD was positive but weaker in the Shortlands soils (r = 0.41) compared
to the undisturbed Inhoek (r = 0.66). A positive correlation between SOC and MWD is
commonly observed (Haynes and Williams, 1993; Haynes and Beare, 1994; Bouajila and
Gallali, 2010) and reflects the central role of organic matter in formation and stabilization of
soil aggregates (King and Campbell, 1994; Hartemink, 1997). The role of SOC in aggregate
stability is, however, still a controversial issue worldwide because other workers e.g. (Carter,
2002, Madikizela, 2014) have found no correlation between aggregate stability and SOC (as
observed in the Westleigh and Oakleaf soils in the present study), suggesting that some
components of the organic carbon pool are more actively involved in stabilizing aggregates
than others (Amezketa, 1999).

In the Shortlands soils the stability of aggregates seemed to be more dependent on clay
content than SOC under all the land use systems. This was shown by stronger correlations
between MWD and clay in the undisturbed (r = 0.55), pasture (r = 0.65) and arable (r = 0.51)
land use systems. Clay content influences soil aggregate stability both directly and indirectly.
Directly, the clay easily flocculates because of its colloidal properties and increases the soil
aggregate stability. Indirectly, clay holds cations which bind the soil particles together and
increase the stability of soil aggregates (Islaim and Weil, 2000; Bronick and Lal, 200%; Fey

al, 2006). The overall aggregate stability results nevertheless concur with those of Bouajila
and Gallali (2010) who described a large decline in MWD after conversion of virgin

grassland (2.79 mm) to pasture (2.10 mm) and mixed cropping (1.70 mm) land use systems.

5.9 Summary
The arable land use system had a higher clay content at all depths than other land use types

mostly clearly in the Westleigh and Inhoek soil forms. Arable farming also reduced the
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distribution of SOC and POM while the pasture land use system increased or maintained the
guantity of these soil components. The stability of aggregates was similar in the undisturbed
and pasture land use systems and stronger than that of the arable land use system at all depths
for all soils. No clear trend of available P was observed except for the Oakleaf soil form
where arable land use had higher P than pasture. The ECEC was higher under the arable land
than in soils under the undisturbed and pasture land uses soils except in the Oakleaf soil form
where pasture had higher ECEC values than those of the arable land use system. The arable
soils had slightly lower pH values but the exchangeable acidity results were very low

indicating the absence of Al on the exchange sites.

61



CHAPTER SIX
CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

6.1 Introduction

A change in land use, mainly through conversion of undisturbed grasslands to pasture or
cropland, influences many natural phenomena and ecological processes (Mills and Fey,
2004a) leading to considerable changes in soil propertiese(@lx, 1999). This study was
initiated to determine the effects of converting undisturbed grassland into pasture and arable
land use at Owen Sitole College of Agriculture (OSCA) in northern KwaZulu-Natal. The soil
parameters measured were pH, exchangeable acidity, soil organic carbon (SOC), particulate
organic matter (POM), available phosphorus (P), effective cation exchange capacity (ECEC),
exchangeable bases (Ca, Mg and K) and aggregate stability. These parameters were
compared under the three land use types (undisturbed, pasture and arable) in Shortlands,

Westleigh, Inhoek and Oakleaf soil forms.

The findings of this study suggest that under different land uses, SOC is mainly a function of
land-use. The pasture land use system significantly increased or maintained the quantity of
POM, SOC, pH and aggregate stability, whereas the arable farming significantly affected
these properties negatively. This implies that the use of land should be adapted to its natural
conditions and that regulations must be provisioned that protect the environment. In the case
of OSCA, conversion of undisturbed grassland to arable fields has not been beneficial to
POM, SOC and aggregate stability. The progressive loss of POM, SOC and aggregate
stability under arable agriculture, as compared to pasture and undisturbed grassland, is likely
to leave the soils more susceptible to structural breakdown and surface compaction (Shepherd
et al., 2000; Shepherdt al., 2001), and these factors may well be limiting production.
Therefore, long term monitoring of soils at the College is the most reliable way to measure
changes in soil attributes and link them to a land management plan. It can be concluded that
conversion of undisturbed grassland to arable agriculture affected both the physical and
chemical properties of the soils in the study area. This study revealed that pasture production
is the most appropriate land use that can be implemented when native grasslands are
converted to another agricultural land use at OSCA.

There is, however, a need to extend this research to investigate soil properties that were not
measured in the present study. These may include the role of soil biological activity, hot

water soluble carbon, clay mineralogy, bulk density (BD), electrical conductivity (EC) and

62



sodicity. Soil biology strongly influences all the physical and chemical properties. The soll
biological activity is regarded as a crucial indicator of changes that have occurred in the soil
environment (Beareet al., 1994), therefore its consideration will properly broaden the
subject. While SOC is related to a set of soil chemical, physical and biological attributes as
well as temporal and spatial variations, changes in total SOC content may be difficult to
detect because of the natural soil variability. In general, biological properties and water
soluble carbon are much more sensitive to soil management than is SOC as a whole. The four
soil forms used in this study behaved differently in numerous ways and some of the
underlying reasons for such behaviour may relate directly to the type of clay minerals
occurring in each soil. Therefore a better understanding of the detailed nature of clay
minerals in each soil and the way in which they relate to overall soil chemical and physical
properties would provide a sound basis for being able to predict, at least in general terms, soll
behaviour in the context of land use change. The determination of bulk density would also
broaden this subject as many studies worldwide (Boone, 1994; Amezketa, 1999; Mills and
Fey 2004a; Abu, 2013) have reported a significant increase in bulk density when undisturbed
land is converted to arable agriculture.

Lastly, there is a need to extend this study to other South African regions where comparable

land uses can be found. This would allow other landscape factors such as climate,
topography, parent material and vegetation to be investigated.
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APPENDIX:

Appendix 4.1: Soil profile description of Shortlands, Westleigh, Inhoek and Oakleaf

Soil form and family Shortlands 1210: EMPANGENI
Latitude and Longitude 28.63817 S/ 31.94145%E
Altitude (m) 135

Texture (%) 15-35

Permeability (s) 2.1 (Rapid)

ERD* (cm) 52

ED** (cm) >100

Colour (dry) 2.5YR 3/3 (Dark reddish brown)
Soil form and family Westleigh 2000: MAREETSANE
Latitude and Longitude 28.63232 S/ 31.96449E
Altitude (m) 172

Texture (%) 5-15

Permeability 2.3 (Rapid)

ERD* (cm) 13

ED** (cm) 765

Colour (dry) 10YR 4/3 (Dark greyish brown)
Soil form and family Inhoek 1100: OATLANDS
Latitude and Longitude 28.64238 S/ 31.9370%E
Altitude (m) 144

Texture (%) 15-35

Permeability (s) 3.6 (Good)

ERD* (cm) 35

ED** (cm) >100

Colour (dry) 10Y 2.5/2.5 (Black)

Soil form and family Oakleaf 2110:COOPER
Latitude and Longitude 28.6432% S/ 31.92567E
Altitude (m) 48

Texture (%) 0-5

Permeability (s) 0.6 (Extremely rapid)

ERD* (cm) 30

ED** (cm) > 100

Colour (dry) 2.5YR 4/1 (Dark reddish grey)

ERD* = effective rooting depth, ED** = effective depth



Appendix 4.2: The mean pH (KD and KCI) and exchangeable acidity in Shortlands soll

form under undisturbed, irrigated pasture and arable land use systems (n = 4).

Land Use Depth (cm) pH 0O) pH (KCI)  Exch acidity (mmol 1)
0-1 6.12+0.14 5.19+0.04 nd
1-5 5.89+0.12 4.91+0.02 nd
Undisturbed 5-10 5.98+0.14 4.88+0.47 0.06
10-20 6.13+0.23 4.89+0.10 0.05
20-30 6.64+0.21 5.29+0.13 0.05
0-1 6.58+0.18 5.93+0.03 nd
1-5 6.24+0.20 5.52+0.25 nd
Pasture 5-10 6.25+0.11 5.25+0.16 0.07
10-20 6.41+0.10 5.03+0.01 0.06
20-30 6.41+0.09 5.03+£0.10 0.06
0-1 6.05+0.01 4.99+0.15 nd
1-5 5.96+0.12 4.88+0.26 nd
Arable 5-10 6.18+0.14 4.84+0.40 0.06
10-20 5.90+0.09 4.85+0.24 0.05
20-30 6.17+0.19 5.00+0.11 0.06

nd = not determined

Appendix 4.3: The mean pH (kD and KCI) and exchangeable acidity in Westleigh soil form

under undisturbed, irrigated pasture and arable land use systems (n = 4).

Land Use Depth (cm) pH 0O) pH (KCI) Exch acidity (mmol £&)
0-1 6.71+0.14 5.75+0.01 nd
1-5 6.53+0.06 5.56+0.10 nd
Undisturbed 5-10 6.55+0.01 5.30£0.10 0.05
10-20 6.58+0.22 5.36+0.03 0.05
20-30 6.76+0.12 5.79+0.10 0.05
0-1 6.58+0.13 5.69+0.13 nd
1-5 6.45+0.11 5.42+0.05 nd
Pasture 5-10 6.66+0.13 5.33+0.08 0.07
10-20 6.52+0.03 5.35+0.25 0.06
20-30 6.84+0.25 5.38+0.20 0.06
0-1 6.29+0.15 5.21+0.11 nd
1-5 6.20£0.29 5.15+0.02 nd
Arable 5-10 6.21+0.13 5.13+0.27 0.06
10-20 6.33+0.20 5.084+0.13 0.06
20-30 6.87+0.27 5.16+0.06 0.06

nd = not determined



Appendix 4.4: The mean pH (KD and KCI) and exchangeable acidity in Inhoek soil form

under undisturbed, irrigated pasture and arable land use systems (n = 4).

Land Use Depth (cm) pH 0O) pH (KCI) Exch acidity (mmol 1)
0-1 6.21+0.22 5.17+£0.41 nd
1-5 6.11+0.14 4.89+0.32 nd
Undisturbed 5-10 6.34+0.11 4.83+0.21 0.05
10-20 6.44+0.33 6.39+0.12 0.06
20-30 7.77+0.13 6.391£0.13 0.05
0-1 6.60£0.19 5.77+£0.31 nd
1-5 6.45+0.43 5.41+0.20 nd
Pasture 5-10 6.39+0.20 5.10+0.09 0.05
10-20 6.39+0.15 5.07+0.33 0.05
20-30 6.57+0.13 5.24+0.16 0.05
0-1 6.41+0.11 5.30+0.12 nd
1-5 6.46+0.01 5.36+0.08 nd
Arable 5-10 6.41+0.36 5.41+0.00 0.07
10-20 6.46+0.13 5.28+0.10 0.06
20-30 6.78+0.28 5.34+0.03 0.06

nd = not determined

Appendix 4.5: The mean pH (D and KCI) and exchangeable acidity in Oakleaf soil form

under irrigated pasture and arable land use systems (n = 4).

Land use Depth (cm) pH (water) pH (KCI) Exch acidity (mmd) L
0-1 6.21+0.22 5.21+0.13 nd
1-5 6.36+0.04 5.75+0.17 nd

Pasture 5-10 6.33+0.43 5.22+0.04 0.06
10-20 6.24+0.18 5.78+0.38 0.05
20-30 6.42+0.20 5.28+0.26 0.06
0-1 5.97+0.16 5.05+0.15 nd
1-5 5.98+0.13 5.15+0.11 nd

Arable 5-10 5.71+0.09 4.65+0.01 0.06
10-20 5.96+0.12 4.81+0.13 0.06
20-30 6.48+0.12 5.24+0.20 0.07

nd = not determined
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Appendix 4.6: The summary of statistics (t-test) for the mean pH (water) in three soil forms
(Sd: Shortlands; We: Westleigh and lk: Inhoek) under undisturbed, irrigated pasture and
arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 1.115 0.557 3.870 <0.029

Soil_Depth 4 0.968 0.242 1680 0.174 Sd
Land_Use.Soil_Depth 8 0.939 0.117 0.810 0.595

Land_Use 2 0.776 0.388 2.680 0.079

Soil_Depth 4 1.217 0.304 2100 0.096 We
Land_Use.Soil_Depth 8 0.559 0.070 0.480 0.862

Land_Use 2 0.095 0.048 0.700 0.502

Soil_Depth 4 4131 1.033 15.180<0.001 Ik

Land_Use.Soil_Depth 8 3.863 0.483 7.100 <0.001

Appendix 4.7: The summary of statistics (t-test) for the mean pH (KCI) in three soil forms
(Sd: Shortlands; We: Westleigh and lk: Inhoek) under undisturbed, irrigated pasture and

arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 2.096 1.048 16.570<0.001

Soil_Depth 4 1.380 0.345 5450 0.001 Sd
Land_Use.Soil_Depth 8 1.609 0.201 3.180 0.007

Land_Use 2 1.730 0.865  3.880<0.028

Soil_Depth 4 0.745 0.186 0.840 0.510 We
Land_Use.Soil_Depth 8 0.417 0.052 0.230 0.982

Land_Use 2 0.564 0.282 4.690 0.014

Soil_Depth 4 2556 0.639 10.630<0.001 Ik

Land_Use.Soil_Depth 8 8.847 1.106 18.400 <0.001

Appendix 4.8: The summary of statistics (t-test) for the mean pH (water) in Oakleaf soil
form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.

Land_Use 1 0.850 0.850 4.210 0.049
Soil_Depth 4 0.897 0.224 1.110 0.370
Land_Use.Soil_Depth 4 0.057 0.014 0.070 0.990
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Appendix 4.9: The summary of statistics (t-test) for the mean pH (KCI) in Oakleaf soil form

under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 3.493 3.493 17.690 <0.001
Soil_Depth 4 3.537 0.884 4.480 0.006
Land_Use.Soil_Depth 4 0.192 0.048 0.240 0.912

Appendix 4.10: The summary of statistics (t-test) for the mean exchangeable acidity in three
soil forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under undisturbed, irrigated
pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 0 0 1.791 0.186

Soil_Depth 2 0 0 1.790 0.186 Sd
Land_Use.Soil_Depth 4 0 0 3.522 <0.020

Land_Use 2 0 0 0.831  0.447

Soil_Depth 2 0 0 2.361 0.113 We
Land_Use.Soil_Depth 4 0 0 1.404 0.259

Land_Use 2 0 0 1.753  0.193

Soil_Depth 2 0 0 3.252 0.054 Ik
Land_Use.Soil_Depth 4 0 0 0.253  0.907

Appendix 4.11: The summary of statistics (t-test) for the mean exchangeable acidity
measured in Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 0 0 0.350 0.563
Soil_Depth 1 0 0 0.350 0.563
Land_Use.Soil_Depth 1 0 0 1.410 0.258

Appendix 4.12: The summary of statistics (t-test) for the mean soil organic carbon in three
soil forms (Sd: Shortlands; We: Westleigh and lk: Inhoek) under undisturbed, irrigated

pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 21.592 10.796 62.18 <0.001

Soil_Depth 2 2710 1.355 7.810 0.002 Sd
Land_Use.Soil_Depth 4 2689 0.672 3.871 0.014

Land_Use 2 19.744 9.872 28.51k0.001

Soil_Depth 2 1.665 0.832 2405 0.109 We
Land_Use.Soil_Depth 4 2.262 0.565 1.632 0.195

Land_Use 2 25.091 12545 24.53(0.001

Soil_Depth 2 7875 3.937 7.691  0.002 Ik

Land_Use.Soil_Depth 4 2599 0.650 1.270 0.307
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Appendix 4.13: The summary of statistics (t-test) for the mean soil organic carbon in Oakleaf

soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 29.943 29.943 256.870 <0.001
Soil_Depth 2 5.777 2.889 24,780 <0.001
Land_Use.Soil_Depth 2 4.747 2.374 20.360 <0.001

Appendix 4.14: The summary of statistics (t-test) for the mean particulate organic matter in
three soil forms (Sd: Shortlands; We: Westleigh; lk: Inhoek) under undisturbed, irrigated
pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 0.001 0.001 0.200 0.823

Soil_Depth 4 0.048 0.012 4.430 <0.004 Sd
Land_Use.Soil_Depth 8 0.014 0.002 0.630 0.748

Land_Use 2 0.098 0.049 10.250<0.001

Soil_Depth 4 0.048 0.012 2.500 <.001 We
Land_Use.Soil_Depth 8 0.066 0.008 1.730 0.118

Land_Use 2 0.428 0.214 5.920<0.001

Soil_Depth 4 0.673 0.168 4.660 <0.001 Ik

Land_Use.Soil_Depth 8 1.080 0.135 3.730 0.002

Appendix 4.15: The summary of statistics (t-test) for the mean particulate organic matter
measured in Oakleaf soil form under undisturbed, irrigated pasture and arable land use

systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 13.439 13.439 19.620 <0.001
Soil_Depth 4 21.616 5.404 7.890 <0.001
Land_Use.Soil_Depth 4 16.908 4.227 6.170 <0.001
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Appendix 4.16: The summary of statistics (t-test) for the mean available phosphorus in three
soil forms (Sd:Shortlands; We: Westleigh; Ik: Inhoek) under undisturbed, irrigated pasture
and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 84.500 42.250 3.630 0.040

Soil_Depth 2 81.170 40.580 3.490 0.045 Sd
Land_Use.Soil_Depth 4 101.330 25.330 2.180  0.098

Land_Use 2 48.720 24.360 1.990 0.156
Soil_Depth 2 122.390 61.190 5.000 0.014 We
Land_Use.Soil_Depth 4 24.280 6.070 0.500 0.739

Land_Use 2 41.167 20.583 8.480<0.001

Soil_Depth 2 56.167 28.083 11.580 0.031 Ik

Land_Use.Soil_Depth 4 33.167 8292 3.420 0.022

Appendix 4.17: The summary of statistics (t-test) for the mean available phosphorus in

Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.

Land_Use 1 196.000  196.000 2.550 0.136
Soil_Depth 1 64.000 64.000 0.830 0.379
Land_Use.Soil_Depth 1 182.250  182.250 2.370 0.149

Appendix 4.18: The summary of statistics (t-test) for effective cation exchange capacity
measured in three soil forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under

undisturbed, irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 54340 27.170 1410 0.263

Soil_Depth 2 14.210 7.100 0.370 <0.001 Sd
Land_Use.Soil_Depth 4 58.710 14.680 0.760 0.561

Land_Use 2 57.770 28.890 0.980 0.387

Soil_Depth 2 22.360 11.180 0.380 <0.001 We
Land_Use.Soil_Depth 4 49.500 12.370 0.420 0.792

Land_Use 2 310.760155.380 3.960 0.031

Soil_Depth 2 90.320 45.160 1.150 0.001 Ik

Land_Use.Soil_Depth 4 509.540 127.390 3.240 0.027
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Appendix 4.19: The summary of statistics (t-test) for the effective cation exchange capacity

in Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 230.736  230.736 24.800 <0.001
Soil_Depth 1 14.669 14.669 1.580 0.233
Land_Use.Soil_Depth 1 15.406 15.406 1.660 0.222

Appendix 4.20: The summary of statistics (t-test) for the mean exchangeable calcium in
three soil forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under undisturbed, irrigated
pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 1581891 790945 3.300 0.052

Soil_Depth 2 470781 235391 0.980 0.387 Sd
Land_Use.Soil_Depth 4 538431 134608 0.560 0.692

Land_Use 2 683197 341598 0.630 0.539
Soil_Depth 2 647969 323984 0.600 0.557 We
Land_Use.Soil_Depth 4 728156 182039 0.340 0.851

Land_Use 2 51279282563964 4.920 0.015

Soil_Depth 2 1049603 524801 1.010 0.379 Ik

Land_Use.Soil_Depth 4 6876646 1719161 3.300 0.025

Appendix 4.21: The summary of statistics (t-test) for the mean exchangeable calcium in

Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 3643327 3643327 34.250 <0.001
Soil_Depth 1 557636 557636 5.240 <0.041
Land_Use.Soil_Depth 1 416993 416993 3.920 <0.071
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Appendix 4.22: The summary of statistics (t-test) for the mean exchangeable magnesium in
three soil forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under undisturbed, irrigated
pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 206832 103416 1.530 0.236

Soil_Depth 2 22947 11473 0.170 0.845 Sd
Land_Use.Soil_Depth 4 167642 41911  0.620 0.653

Land_Use 2 149008 74504 0.920 0.409

Soil_Depth 2 474363 237181 2.940 0.070 We
Land_Use.Soil_Depth 4 195217 48804 0.600 0.663

Land_Use 2 664513 332257 2.810 0.078

Soil_Depth 2 1079158 539579 4.560 0.020 Ik
Land_Use.Soil_Depth 4 1720342 430086 3.640 0.017

Appendix 4.23: The summary of statistics (t-test) for the mean exchangeable magnesium in

Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 390000 390000 10.190 <0.008
Soil_Depth 1 1560 1560 0.040 0.843
Land_Use.Soil_Depth 1 225 225 0.010 0.94

Appendix 4.24: The summary of statistics (t-test) for the mean exchangeable potassium in
three soil forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under undisturbed, irrigated
pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 340450 170225 17.710<0.001

Soil_Depth 2 430722 215361 22.410<0.001 Sd
Land_Use.Soil_Depth 4 75430 18857 1.960 0.129

Land_Use 2 222187 111094 0.94 0.403

Soil_Depth 2 33371 16685 0.14 0.869 We
Land_Use.Soil_Depth 4 362202 90551 0.77 0.556

Land_Use 2 12378 6189 1.470 0.248

Soil_Depth 2 56482 28241 6.690 0.004 Ik
Land_Use.Soil_Depth 4 9271 2318 0.550 0.701
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Appendix 4.25: The summary of statistics (t-test) for the mean exchangeable potassium in

Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 56565 56565 48.450 <0.001
Soil_Depth 1 19367 19367 16.590 <0.001
Land_Use.Soil_Depth 1 88903 88903 76.150 <0.001

Appendix 4.26: The summary of statistics (t-test) for the mean weight diameter in three soill

forms (Sd: Shortlands; We: Westleigh and Ik: Inhoek) under undisturbed, irrigated pasture

and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr. Soil form
Land_Use 2 16.554 16.554 28.350<0.001

Soil_Depth 2 0.335 0.167 0.290 0.752 Sd
Land_Use.Soil_Depth 4 0.393  0.197 0.340 0.716

Land_Use 2 60.219 30.110 115.11€0.001

Soil_Depth 2 0.075 0.038 0.140 0.866 We
Land_Use.Soil_Depth 4 3.397 0.849 3.250 0.013

Land_Use 2 13.697 6.848 26.180<0.001

Soil_Depth 2 4556 2.278 3.900 0.026 Ik
Land_Use.Soil_Depth 4 3.964 0.991 1.700 0.164

Appendix 4.27: The summary of statistics (t-test) for the mean weight diameter measured in

Oakleaf soil form under irrigated pasture and arable land use systems (n = 4).

Source of variation d.f. S.S. m.s. V.I. F pr.
Land_Use 1 16.554 16.554 28.350 <0.001
Soil_Depth 2 0.335 0.167 0.290 0.752
Land_Use .Soil_Depth 2 0.393 0.197 0.340 0.716
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Appendix 4.28 Correlation matrix for the Shortlands soil form under the undisturbed land use system.

pH pH SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
(H20) (KCI)

pH 1.00

(H20)

pH 0.61 1.00

(KCI)

SOC -0.58 0.14 1.00

POM 0.11 0.72 0.45 1.00

MWD 0.17 0.03 0.09 -054 1.00

P -0.46 0.05 0.9Z 046 0.57 1.00

K -051 -0.08 052 083 0.14 0.78 1.00

Ca 0.81 069 -0.03 -0.06 0.17 -0.18 -0.52 1.00

Mg 0.86 0.67 -0.23 -0.42 0.24 -0.34 -0.59 092 1.00

Acidity  -0.10 0.26 0.21 098 0.01 0.34 052 -052 -0.35 1.00

ECEC 0.84 0.74 -0.07 0.08 0.24 -0.18 -0.48 0.98 0.97 -0.29 1.00

Zn -043 -0.30 -0.07 047 -0.42 0.15 045 -046 -046 0.66 -0.44 1.00

Mn -0.12 -0.14 0.21 -047 044 0.19 0.10 -0.08 -0.01 -0.63 -0.04 -0.72 1.00

Cu -045 -0.63 -042-065 -056 -0.34 -0.05 -050 -041 0.27 -0.50 0.78 1.00

0.60
Clay -0.69 -0.77 -0.03 -0.74 055 -0.05 0.15 -0.68 -0.83 0.04 -0.80 0.29 - 0.49 1.00
0.07

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphori¥; tadPktpssium
(cmok kg?); Ca: Calcium (cmaekg™);Mg: Magnesium (cmekg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (erkgt);

Zn: Zinc (mg Y); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.29 Correlation matrix for the Shortlands soil form under the pasture land use system.

H H
(320) (rgco SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
pH (HzO) 1.00
oH (KC)  -0.04 1.00
SOC -0.05 041 1.00
POM -0.26 0.36 0.49 1.00
MWD -0.16 0.20 0.40 0.11 1.00
P 0.67 054 0.72 -050 -0.65 1.00
K 0.12 055 0.82 070 -0.82 0.80 1.00
Ca 030 -0.15 0.35 0.18 -0.27 0.48 0.63 1.00
Mg -0.04 -0.30 0.34 0.22 -0.30 0.32 0.60 0.95 1.00
Acidity 0.04 0.30 0.64 0.02 -0.550.73 0.85 -0.79 0.79 1.00
ECEC 0.18 -0.11 0.44 025 -0.38 0.500.72 0.99 0.97 0.85 1.00
Zn 0.67 0.28 080 -0.30 -0.82 09I 0.85 0.55 044 0.68 0.59 1.00
Mn -0.93 -0.32 -0.08 0.27 0.01 056 -0.09 -0.04 027 005 ©60.0-042 1.00
Cu 0.60 -0.18 0.23 -098 -0.28 040 -0.05 -0.21 -0.28-0.06 -0.22 043 -042 1.00
Clay 0.52 0.72 0.45 -044 065 065 0.31 -0.34 -0.50 0.05 -0.32 050 -064 056 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphor™); K: Potassium (cme kg™);
Ca: Calcium (cmekg?);Mg: Magnesium (cmekg™); Acidity (mmol kg*); ECEC: Effective cation exchange capacity (gkgf); Zn: Zinc (mg L); Mn :
Manganese (mg1); Cu: Copper (mg t); Clay (%).

“Correlation is significant at p < 0.05
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Appendix 4.3Q Correlation matrix for the Shortlands soil form under the arable land use system.

H H
(I—ﬁJzO) (Ecb SOC POM MWD P K Ca Mg Acidity ECEC Zn  Mn  Cu Clay

pH (H,0)  1.00

pH (KCl)  -0.02  1.00

socC 0.03 021 1.00

POM -0.14 036 050 1.00

MWD -0.11 0.00 04 -021 1.00

P 017 024 07r 051 -0.05 1.00

K 008 025 053 042 -0.32 050 1.00

Ca 036 -0.18 0.5 -0.13 -007 028 063 1.00

Mg -0.30 045 014 032 -010 013 060 071 1.00

Acidity 001 025 044 001 -035053 065 -063 079 1.00

ECEC 040 041 043 035 -0.38 020042 0.89 090 043 1.00

Zn -0.02 -0.08 040 -0.10 -0.32 04 055 065 034 038 049 1.00

Mn 093 -031 -0.18 067 021 036 -0.09 -014 017 0.5 360. -0.31 1.00

Cu 010 -0.02 023 -018 -028 020 -005 -041 -018 -021 -012 033 -0.22 1.00

Clay 050 048 043 -024 05T 035 031 -0.30 -030 0.09 -030 0.30 -034 046 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphor™); K: Potassium (cme kg™);
Ca: Calcium (cmekg?);Mg: Magnesium (cmekg™); Acidity (mmol kg*); ECEC: Effective cation exchange capacity (gkgf); Zn: Zinc (mg L); Mn :

Manganese (mg1); Cu: Copper (mg t); Clay (%).

“Correlation is significant at p < 0.05
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Appendix 4.32 Correlation matrix for the Westleigh soil form under the undisturbed land use system.

pH H
(H20) (ECI) SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
pH (H:0) 1.00
pH (KCI) 0.9 1.00
SOC 0.06 012 1.00
POM 029 035 0.62 1.00
MWD 0.05 -0.08 047 -062 1.00
P 0.69 0.86 0.02 -0.25 0.30 1.00
K 0.66 0.97 0.05 -0.10 0.04 0.89 1.00
Ca 066 089 -020 -0.01 0.05 096 09I 1.00
Mg -0.38 -045 -0.10 0.30 -0.73 -0.68 -055 -0.54 1.00
Acidity 040 024 0120 -033 004 -009 -009 -0.11 0.13 1.00
ECEC 066 091 -0.21 0.03 -0.08 092 090 099 -041 -0.09 1.00
Zn 064 079 -003 -0.12 033 09 086 093 -069 -026 0.88 1.00
Mn -0.89 -0.70 -0.03 056 -0.38-0.74 -058 -0.67 051 -0.39 -0.63 -0.60 1.00
Cu -0.79 -091 025 005 -0.11 -0.93 -0.89 -097 0.59 -0.05 -0.94 -0.89 0.77 1.00
Clay -0.03 046 -035 049 077 033 047 052 0.28 -0.24 0.62 0.28 0.05 0.38 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphor™); K: Potassium (cme kg™);
Ca: Calcium (cmekg™);Mg: Magnesium (cmekg™); Acidity (mmol kg*); ECEC: Effective cation exchange capacity (¢kgf); Zn: Zinc (mg L); Mn :
Manganese (mg1); Cu: Copper (mg t); Clay (%).

“Correlation is significant at p < 0.05
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Appendix 4.3Z: Correlation matrix for the Westleigh soil form under the pasture land use system.
pH pH
(H:0) (KCl) SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
pH (HzO) 1.00
pH (KCI) 0.45 1.00

SOC 0.28 0.15 1.00

POM -0.27 -0.58 -0.25 1.00

MWD 0.17 -046 -0.26 033 1.00

P -0.64 -0.56 -0.29 055 0.36 1.00

K -046 -051 -0.21 0.09 053 0.67 1.00

Ca 0.61 0.52 0.05 -041 -0.20 -0.41-0.86 1.00

Mg 0.58 0.61 -0.08 -0.37 -0.21 -0.42-0.84 094 1.00

Acidity 002 -002 039 019 016 050 -0.08 0.14 -0.07 1.00

ECEC 0.57 052 -0.01 -037 -020 -0.36 -0.820.99 0.97 0.11 1.00

Zn -049 -046 -064 089 048 07 022 -0.02 -011 033 0.00 1.00

Mn -095 -087 -0.17 056 -021 065 051 -0.64 -0.62 0.07 0.61 0.3%00

Cu -049 -056 003 -003 039 051 070 -0.66 -0.70 0.24 0.67 0m30 1.00
Clay -0.87 -0.70 -043 038 -0.27 013 013 -040 -0.31 -0.45.3800.08 0.73 0.33 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphor™); K: Potassium (cme kg
1); Ca: Calcium (cmekg™);Mg: Magnesium (cmekg™); Acidity (mmol kg*); ECEC: Effective cation exchange capacity (gkgf); Zn: Zinc (mg LY); Mn
: Manganese (mg1); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.33 Correlation matrix for the Westleigh soil form under the arable land use system.
pH pH
(H=0) (KCl) SOC POM MWD P K Ca Mg Acidty ECEC Zn Mn Cu Clay
pH (H20) 1.00
pH (KCI) 0.45 1.00

SOC 0.55 0.39 1.00

POM -0.12 0.29 0.03 1.00

MWD 0.29 -0.04 -042 -0.11 1.00

P -0.47  -0.12 -0.45 0.97 -0.47 1.00

K -0.38 0.24 004 004 -0.17 -0.25 1.00

Ca -0.25 0.14 -0.01 -0.33 -0.14 -0.49 0.91 1.00

Mg -0.02 0.03 0.50 -0.55 -0.09 -0.58 0.17 0.43 1.00

Acidity 0.27 -0.09 0.24 -0.31 0.37 -0.24 -0.62 -0.35 045 1.00

ECEC -0.25 0.15 0.08 -0.34 -0.15 -0.53 0.87 099 056 -0.26 1.00

Zn 0.04 0.75 031 0.08 -0.53 -0.08 0.70 0.62 0.16 -0.50 0.61 1.00

Mn -0.38 -0.21 0.05 051 -0.84 0.50 -0.09 -0.09 025 -010 -0.03 0.09 1.00
Cu 0.15 -0.34 -051 -0.11 -0.12 0.52 -0.87 -0.82 -037 030 -0.83 -0.56 0.26 1.00
Clay 0.07 -0.41 0.07 0.09 -0.48 0.14 -0.52 -0.36  0.43 0.31 -0.27 -0.33 0.84 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphort; ttadPktpssium (cmelkg™);
Ca: Calcium (cmelkg™®);Mg: Magnesium (cmelkg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (gkgl'); Zn: Zinc (mg L%); Mn :
Manganese (mg1); Cu: Copper (mg t); Clay (%).

“Correlation is significant at p < 0.05
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Appendix 4.34 Correlation matrix for the Inhoek soil form under the undisturbed land use system

pH pH SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
(H:0) (KCI)

pH (KCI) 047 1.00

SOC -0.22 -0.35 1.00

POM -0.15 -0.17 0.34 1.00

MWD -0.40 -0.38 0.66 0.33 1.00

P -0.59 -0.70 0.42* 0.26 0.69 1.00

K -0.32 -037 0.13 -062 044 044 1.00

Ca 0.85 031 -028 0.72 -0.43 -043 -0.47 1.00

Mg 0.75 052 -030 0.72 -0.36 -044 -0.54095 1.00

Acidity -0.36 000 0.12 -0.66 -0.05 -0.23 -0.07 -0.64 -0.66 1.00

ECEC 0.82 041 -029 073 -0.39 -043 -0.480.99 0.98 -0.68 1.00

Zn -0.02 -065 -0.35 -0.20 003 037 051 -0.18 -0.33 -0.26.24 1.00

Mn -0.24 -0.79 -0.16 -0.31 0.12 048 052 -042 -059 0.03 -04995 1.00

Cu -0.15 0.28 -0.02 0.38 -0.40 -024 -069 0.12 0.27 -0.0217 -0.18 -0.23 1.00

Clay 049 -005 -0.02 0.02 -042 -038 -022 036 017 028 027 -030 -0.24 0A3

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphori¥; ¢tadPktpssium
(cmok kg?); Ca: Calcium (cmakg™);Mg: Magnesium (cmekg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (erkgt);

Zn: Zinc (mg ); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.35 Correlation matrix for the Inhoek soil form under the pasture land use system.

pH pH SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
(H0) (KCI)

pH (H20) 1.00

pH (KCI) 0.7 1.00

SOC -0.26  0.32 1.00

POM -0.17 -0.06 0.53 1.00

MWD 0.46 037 -0.25 -0.09 1.00

P -0.25 -0.17 050 0.84 0.15 1.00

K -0.50 -0.40 0.35 0.10 -0.24 0.18 1.00

Ca -0.13  0.00 0.09 -0.82 -0.11 -049 0.52 1.00

Mg 0.04 -0.07 -0.40 -0.89 -0.01 -0.82 0.24 076 1.00

Acidity 0.21 0.3 0.15 0.10 0.04 0.18 0.0t0.21 -0.11 1.00

ECEC -0.06 -0.05 -0.16 -0.86 -0.07 -0.69 0.43 0.94 0.93 -0.18 1.00

Zn -0.39 -029 027 08I 015 0.8 -0.21 -0.63 -0.85 -0.42 -0.79 1.00

Mn -0.44 -0.34 068 -0.03 -0.42 0.300.80 046 0.14 0.12 034 -0.11 1.00

Cu -0.17 -0.12 -0.04 -051 -031 -058 0.69.8Tr 078 036 086 -0.79 043 1.00

Clay -0.57 -058 -0.16 -060 -0.18 -0.50 0.25 0.6@.73 0.06 0.7 -031 0.29 050 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphori¥; tadPkitpssium
(cmok kg?); Ca: Calcium (cmakg™);Mg: Magnesium (cmekg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (erkgt);

Zn: Zinc (mg Y); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.36 Correlation matrix for the Inhoek soil form under the arable land use system.

pH pH SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay
(H:0) (KCI)

pH (KC) 042  1.00

SOC 0.14 -046 1.00

POM -0.02 0.02 0.03 1.00

MWD 015 -014 -024 -0.39 1.00

P 040 072 -057 -0.87 0.28 1.00

K -0.13 037 -0.02 -0.18 -0.18 -0.23 1.00

Ca -0.29 -0.80 0.70 0.58 0.00 -0.89 0.17 1.00

Mg -0.20 -0.71 0.91 0.94 -0.26-0.88 0.02 090 1.00

Acid 044 089 -037 -042 -0.05 0.86 -0.07 -092 -0.74 1.00

ECEC -0.26 -0.78 0.79 0.75 -0.11 -091 013 099 096 -0.87 1.00

Zn -0.02 064 -055 -083 001 052 056 -038 -060 036 -0.47 1.00

Mn 0.16 090 -0.13 -0.22 -050 037 056 -052 -034 0.69 -0.45530 1.00

Cu 0.04 049 -047 -097 032 048 054 -026 -057 024 -038%94 032 1.00
Clay -0.38 -0.32 0.66 0.29 -055 -064 036 0.690.7f -056 072 0.05 0.06 0.05 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphori¥; tadPkitpssium
(cmok kg?); Ca: Calcium (cmakg?);Mg: Magnesium (cmekg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (erkgt);
Zn: Zinc (mg ); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.37 Correlation matrix for the Oakleaf soil form under the pasture land use system.

pH pH SOC
(HO0) (KCL)

POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay

pH (KC) -0.28 1.00

SOC 0.17 0.29 1.00
POM 0.08 048 0.28
MWD -0.08 -0.41 0.03
P 0.16 -0.13 -0.26
K 0.34 -0.36 -0.31
Ca 0.35 -0.20 -0.10
Mg 0.12 -0.08 0.12

Acidity -0.33 0.37 0.27
ECEC 030 -0.17 -0.01

Zn 0.18 -0.18 -0.29
Mn -0.31 0.39 0.26
Cu -0.07 -0.22 -0.01
Clay -0.04 0.21 0.32

1.00

-0.46  1.00

015 042 1.00

0.31 0.13 0.8 1.00

035 -0.09 011 0.89 1.00

0.11 -039 -0.71 0.33 0.62 1.00

-0.29 0.02 -0.26:0.99 -0.94 -0.49 1.00

029 -0.22 -0.210.78 095 084 -0.85 1.00

0.17 041 099 085 020 -0.64 -035 -0.12 1.00

-0.26 0.07 -0.14099 -093 -058 0.99 -0.88 -0.23 1.00
-0.12 -0.39-0.8T -0.89 0.17 0.8 -0.19 044 -0.76 0.33 1.00
-0.02 -0.43-094 -046 0.16 0.83 0.06 045 -092Z 0.04 072 1.00

SOC: Soil organic carbon (%); POM:

Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphortfs tadPkeassium

(cmok kg?); Ca: Calcium (cmakg™);Mg: Magnesium (cmekg?); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (erkgt);
Zn: Zinc (mg ); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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Appendix 4.38 Correlation matrix for the Oakleaf soil form under the arable land use system.

pH pH
(H0) ((c)) SOC POM MWD P K Ca Mg Acidity ECEC Zn Mn Cu Clay

pH (H.0) 100
pH (KCl) 0.66  1.00

SOC 0.26 -0.01 1.00

POM -0.42 -0.47 -0.10 1.00

MWD 0.6 014 -0.17 028 1.00

P 022 -034 -016 -0.11 044 1.00

K 044 -041 076 034 026 -0.09 1.00

Ca -0.05 058 -0.22 -0.27 0.12 044 -057 1.00

Mg 0.05 040 -0.01 -009 040 056 -0.350.92 1.00

Acidity 032 -046 048 -024 -0.06 -0.13 0.23 -0.6e0.74 1.00

ECEC 0.02 053 -0.10 -021 023 049 -046099 096 -0.70 1.00

Zn -0.06 036 -026 005 -0.02 033 -0.300.83 0.74 -046 0.83 1.00

Mn -0.40 -0.29 -096 026 -032 040 034 -0.08 0.02 -0.16 -0.03 0.0300

Cu -0.18 -0.04 -057 -018 032 066 -041 038 054 -030 041 @ 1.00
Clay -0.07 019 -039 -031 035 069 -039 059 073 -044 063 @2 095 1.00

SOC: Soil organic carbon (%); POM: Particulate organic matter (%); MWD: Mean weight diameter (mm); P: phosphort} ndktassium
(cmok kg?) ; Ca: Calcium (cmaekg™);Mg: Magnesium (cmekg™); Acidity (mmol kg'); ECEC: Effective cation exchange capacity (crkgh);
Zn: Zinc (mg Y); Mn : Manganese (mgl); Cu: Copper (mg t); Clay (%).

"Correlation is significant at p < 0.05
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