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THESIS STRUCTURE
This thesis consists of four chapters. Chapter one provides the introduction and
objectives of the study. Chapter two gives a general review of the literature relevant to the
study. Chapter three covers the materials and methods used in this study. The fourth chapter

reports the findings of the study, discussion of results, conclusions and recommendations.
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ABSTRACT
Soil structure and its associated physical properties are essential soil components. Soil texture
and mineralogy are inherent soil properties that influence soil management. This study
assessed the implication of tillage, texture and mineralogy on soil sieving, aggregate stability
indices and physical fractions of organic matter in soils of Eastern Cape Province of South
Africa. An Iris FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL
Spain), was used to determine settings for sieving efficiency. Mean weight diameter (MWD),
water stable aggregate (WSA), state of aggregation (SA), dispersion ratio (DR), water
dispersible clay (WDC), clay dispersion ratio (CDR), clay flocculation index (CFl), and
potential structural deformation index (PSDI) were aggregate stability indices evaluated to
check for sensitivity in evaluating aggregate stability of soils under two tillage systems and
physical fractions of carbon and nitrogen in soils of Eastern Cape Province. The T413P2 and
T414P3 settings were sensitive under tillage and T411P4, T314P3 and T414P3 were sensitive

under mineralogical considerations for sieving efficiency.

The total carbon in soils under conventional tillage (CT) was 17.7 g/kg and in soils under no
tillage (NT) it was 15.8 g/kg. The total carbon content in the clay fraction of soils under CT
was 24.1 % higher than the total carbon content in the clay fraction of soils under NT. The
total nitrogen content in the clay fraction of soils under CT was 5.4 % higher than the total

nitrogen content in the soils under NT.

The total carbon in the sandy loam (SL) textured soils was 17.4 g/kg and in the sandy clay
loam (SCL) textured soils it was 17.1 g/kg. The total nitrogen in SL soils was 3.7 g/kg and in
SCL soils it was 3.7 g/kg. The clay fraction had higher total carbon than other fractions in SI

and SCL soils. The higher values of nitrogen were observed in the silt fraction for SL soils

Xiii



and clay fraction for SCL soils. The total carbon in the soils dominated with kaolinite was
17.3 g/kg and in quartz dominated soils the value was 16.9 g/kg. The total nitrogen in the
soils dominated with kaolinite was 3.7 g/kg and in the soils dominated with quartz the value

was 3.7 g/kg.

For soils under NT the WDC was 135.8 g/kg and for soils under CT it was 139.7 g/kg. The
ASC was 72.5 for soils under NT and 92.0for soils under CT. The DR was 0.9 for soils under
NT and 0.8 for soils under CT. The CFI was 0.5 for soils under NT and 0.5 for soils under
CT. The CDR was 0.5 for soils under NT and 0.5 for soils under CT. The MWDw was 1.6
mm for soils under NT and 1.4 mm for soils under CT. The MWDd was 4.0 mm for soils
under NT and 4.0 for soils under CT. The % WSA > 0.25 mm was 61.7 % for soils under NT
and 56.2 % for soils under CT. The PSDI was 55.2 % for soils under NT and 61.15 % for
soils under CT. The SA was 43.2 % for soils under NT and 37.89 % for soils under CT. The
WDC was 125.7 g/kg for SCL soils and 151.4 g/kg for SL soils. The CDR was 0.5 for both
SCL and SL soils. The DR was 0.9 for SCL soils and 0.8 for SL soils. The CFI was 0.5 for
both SCL and SL soils. The ASC was 56.2 g/kg for SCL soils and 115 g/kg for SL soils. The
MWDw was 1.5 mm for SCL soils and 1.4 mm for SL soils. The MWDd was 3.6 mm for
SCL soils and 3.6 mm for SL soils. The % WSA > 0.25 mm was 53.0 % for SCL soils and
62.5 % for SL soils. The PSDI was 59.2 % for SCL soils and 59.7 % for SL soils. The SA

was 33.6 % for SCL soils and 45.2 % for SL soils.

The WDC was 313.3 g/kg for kaolinitic soils and 120.7 g/kg for quartz dominated soils. The
CDR was 0.5 for kaolinitic soils and 0.5 for quartz dominated soils. The DR was 0.9 for
kaolinitic soils and 0.8 for quartz dominated soils. The CFI was 0.5 for kaolinitic soils and

0.5 for quartz dominated soils. The ASC was 110.0 g/kg for kaolinitic soils and 101.7 g/kg

Xiv



for quartz dominated soils. The WSA > 0.25 mm was 57.3 % for quartz dominated soils and
68.4 % for kaolinitic soils. The MWDw was 1.6 mm for quartz dominated soils and 0.8 mm
for kaolinitic soils. The MWDd was 3.6 mm for quartz dominated soils and 3.4 mm for

kaolinitic soils. The PSDI was 56.3 for quartz dominated soils and 76.0 for kaolinitic soils.

It was concluded that Tillage, texture and mineralogy influenced the result of the sieving
operation using Iris FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL
Spain). Sieving efficiency attained for these soils varied with tillage and mineralogy. The
aggregate size composition and distribution in soils of these ecotopes are a function of

mineralogy rather than tillage.

Tillage influenced Nitrogen in the physical fractions of these soils. Changes in nitrogen
content due to tillage were expressed more in the silt fraction of the soils. Soils in these
ecotopes showed tendency for slow nitrogen accumulation. Texture influenced the
accumulation of carbon and nitrogen in these soils. Clay fraction was prominent in

determining the amount of carbon and nitrogen in these soils.

Tillage influenced the sensitivity of different aggregate stability indices in these soils. The
indices WSA > 0.25 mm, SA, and MWDw were sensitive to detect differences in macro
aggregate stability among tillage system in these soils. Micro aggregate stability indices were
generally not sensitive in detecting expected differences among tillage systems in these soils.
The micro aggregate stability indices DR and ASC were more sensitive in soils of different
texture. The macro aggregate stability indices MWDw, MWDd and PSDI were not sensitive

to detect difference in stability with texture. The SA and WSA > 0.25 mm indices were

XV



sensitive to detect differences in the stability of the soils with texture. The micro aggregate

stability indices DR and WDC were sensitive in soils of different mineralogy.

Clay fraction influenced the carbon content of these soils irrespective of mineralogy. The
soils responded to different indices differently under different conditions of tillage, texture
and mineralogy. Therefore caution must be exercised in adopting any index; it is however
suggested to use the response of more than one index for any given conclusion. Further
research on site specific measures to improve soil nitrogen retention in these soils is
suggested to forestall green house gas emission. Also proper delineation of these ecotopes
according to carbon response to tillage, texture and mineralogy for enhanced carbon

sequestration measures is recommended.
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CHAPTER ONE

1.0 INTRODUCTION

Soil tillage is an important factor in agriculture that affects soil physical properties (Stacy et
al., 2015). Tillage is the physical manipulation of agricultural soil to enhance its structural
rearrangement for agronomic purposes (Alam and Salahin, 2013). Tillage contributes to the
breakdown of soil structure, often resulting in the formation of micro aggregates and
individual soil particles (Munkholm and Schjonning, 2004). Destruction of soil structure
lowers soil’s quality (Liebig et al., 2004; Ball et al., 2007) because such soils become fragile
and vulnerable to other forms of degradation e.g. erosion. In this regard, Eastern Cape
Province contributes 28% of the total national soil loss in South Africa and about 37% of the
province has moderate to extremely high rate of soil loss (Mandiringana et al., 2005). In
Eastern Cape, soil erosion is so severe that some researchers like Murungu (2012) termed it
“alarming”. The land redistribution efforts of government has been faced with the problem of
higher population density in productive areas, land abandonment and poor management (Fox

and Rowntree, 2001)

Conventional tillage (CT) is widely practiced in Eastern Cape and has often been blamed for
the low soil organic matter (SOM) (Mandiringana et al., 2005) and aggregate stability
(Nciizah and Wakindiki, 2014). The extent of soil structure breakdown is determined by the
aggregate stability (Barthés and Roose, 2002; Nimmo and Perkins, 2002), which in turn,
depends on the soil texture and mineralogy (Wakindiki and Ben-Hur, 2002). Aggregate
stability studies usually involve the sieving procedure to obtain aggregates of a particular size
range (Barja, 2008). Sieving has traditionally been accomplished by agitating either a single
or stack of sieves by hand (Ali et al., 2013). However shaking sieves by hand is a laborious

process. Therefore, many researchers (Fernandez-Ugalde et al., 2009; Cafasveras et al.,



2010; Herath et al., 2013; Maki and Rota, 2014 and Miwa et al., 2014) used mechanical sieve

shakers.

The Eastern Cape Department of Agriculture has established several initiatives to improve
soil sustainability (Allwood, 2006). Some government initiatives include: Betterment
planning programme, soil erosion and conservation programme, irrigation scheme and water
conservation programme. However, some of these efforts either emphasised more on
identification of the existing problems or are focus on short term crop improvement,
neglecting soil physical properties. Research so far has been inadequate to meet the
increasing challenge of soils in Eastern Cape. Several studies (Hoffman et al., 1999;
Fairbanks et al., 2000; Hoffman and Todd, 2000; Hoffman and Ashwell, 2001; Wessels et al.,
2004) dwell on a national over view with no specific details on individual Provinces. Other
studies (Marco et al., 2011; Mandiringana et al., 2005) focused more on organic matter and
plant nutrients. These have left much gap in the knowledge on soil structural conditions of
fast degrading soils like soils of Eastern Cape Province. Therefore, the major objective of this
work was to determine the implication of tillage, texture and mineralogy on selected soil
structure-associated physical properties of soils in Eastern Cape Province.

The following were the specific objectives.

1) Determine the sieving efficiency of an Iris FTLVH — 0200 digital electromagnetic
sieve shaker (Filtra Vibracion SL Spain) using soils of different texture and
mineralogy sampled from various parts of Eastern Cape.

2) Determine the implications of tillage, texture and mineralogy on physical-based soil
organic matter fractions of soils sampled from various parts of Eastern Cape.

3) Determine the implication of tillage, texture, and mineralogy on aggregate stability of

soils sampled from various parts of Eastern Cape.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Soil sieving and sieving efficiency

Soil sieving is an essential laboratory procedure in every soil investigation. The aim
of soil sieving is to obtain aggregates of a particular size range (Naoki et al., 2015). Soil
sieving traditionally was accomplished by agitating either a single or stack of sieves by hand
(Ali et al., 2013), which is a laborious process compared to mechanical sieve shakers. In
recent times, there are numerous scientific papers and reports based on mechanical sieve
shakers such as those by Ferndndez-Ugalde et al., (2009), Cafiasveras et al., (2010), Herath et
al., (2013), Maki and Rota (2014) and Miwa et al., (2014). These reports underscore the
importance of mechanical sieve shaking in soil investigations. Nweke and Nnabude (2014)
used a mechanical sieve shaker for 10 min to separate an Ultisol into aggregate size fractions:
5t02,2to 1, 1t0 0.5, 0.5 to 0.25, and < 0.25mm. In that experiment, the authors reported
that the 5 to 2 mm size fraction was dominant. Eccles and Ekwue (2008) reported that 100%
of soil aggregates passed through a 4.75 mm sieve and 65% passed through 2.36 mm sieve
after shaking the soil in a stack for 10 min with a newly constructed sieve shaker. Sainju
(2006) used a Tyler Ro — Tap sieve shaker (Combustion Engineering Inc., Mentor, OH) to
separate aggregates in soils from a semi-arid region in Eastern Montana and Western North
Dakota into size fractions. Shaking for 3 min at 200 oscillations per minute, the author
reported that the amount of aggregates retained on the different sieves decreased with

decrease in the sieve aperture.

Many researchers using mechanical sieve shakers in soil investigations have suggested the
implications of the settings of the mechanical sieve shaker such as time, interval and power

on sieving result. These settings involve different combinations of various levels. For



example, Diaz-Zorita et al., (2007) used a Fritsch vertical sieve shaker (Model Analysett-3,
Idar — Oberstein, Germany) on a Typic Paleudalf and Typic Hapludalf for 15, 30, 60 and
120s at 2 mm amplitude and frequency of 50 Hz. The authors reported that the greatest
change in the mean fragment size was detected between 15 and 30s of sieving, the maximum
sensitivity to sieving duration was found in fragments > 16.00 mm and < 4.75 mm. The
authors concluded that increasing sieving duration from 30 to 120 s resulted in greater
fragmentation of the soil. Ali et al., (2013) experimenting with a Piarco sandy loam, Maracas
clay loam and Talparo clay soils in Trinidad, used a combination of vibration frequencies of
1.25 Hz, 1.75 Hz, 2.25 Hz and sieving times of 5, 10, 15 min settings respectively. The
authors reported that 15 min of sieving, 1.75 Hz frequency and 15 min sieving time setting

was optimum combination for aggregate size separation.

Therefore, sieving time can influence the results (Diaz-Zorita et al., 2002; Jorge et al., 2013).
Nahia et al., (2009) used a Retsch AS 200 Control Mechanical Sieve Shaker (Retsch
Technology Dusseldorf Germany) for 2 min and amplitude of 1.5 mm to separate aggregates
of a Dystric Regosol into size fractions and observed that soil aggregates > 2.00 mm were
more than those < 2.00 mm. This result was attributed to the effect of tillage on macro
aggregates. Furthermore, Nahia et al., (2011) working on a Typic Udorthents used the same
setting and mechanical sieve shaker (Retsch AS200 Control, Retsch Technology Dusseldorf
Germany) as Nahia et al., (2009) and reported that the 20 to10 mm aggregate size fraction
was higher compared to other smaller aggregate size fractions. The authors attributed the
effect to conventional tillage. However, Zhang et al., (2012) working on a Typic Hapludoll,
used the same mechanical sieve shaker (Retsch AS200 Control, Retsch Technology
Dusseldorf Germany) and settings as Nahia et al., (2009), but observed that the > 2.00 mm

aggregate size fraction dominated in the no till (NT) system compared to the < 2.00 mm size



fractions, while the 1 to 0.25 mm aggregate size fraction was predominant in soils under
conventional tillage (CT) system. Jorge et al., (2013) in an experiment on beach and dune soil
samples used 2, 5, 10, 15 and 20 min sieving times in a Ro — Tap sieve shaker (W.S. Tyler
Industrial Group, Mentor, OH USA) operated at 2.6 rpm and 300 taps per min. The authors
observed that at all sieving times, the 0.125 mm sieve size consistently retained more
particles than other sieve sizes considered (>2.000, 2.000 to 1.000, 1.000 to 0.710, 0.710 to
0.500, 0.500 to 0.355, 0.355 to 0.250, 0.250 to 0.125, 0.125 to 0.063 and <0.063 mm). The
authors concluded that sieving efficiency improved with sieving time and for the study, 10

min and 15 min were optimum for beach and dune samples respectively.

Sieving efficiency is the extent to which a sieving operation does not result to degradation of
the soil aggregates. Degradation of soil aggregates occurs when the aggregates break into
sizes that are lower than 0.25 mm, in which case they become soil particles that can easily be
eroded (Nimmo and Perkins, 2002). During sieving operation using a mechanical sieve
shaker, soil aggregates are broken into different aggregates of different sizes. The percentage
of aggregates passing through the stack of sieves is used to measure the sieving efficiency of
the sieving operation (Das, 2002). The machine setting at which a given percentage of the
aggregates begin to pass through the sieve with the least aperture size is very important in
sieving analysis. When sieving is done for soil aggregate analysis, the setting at which less
than ten percent of the aggregates pass through the sieve with the least aperture (0.25 mm) in
the stack of sieves is critical (Ali et al., 2013). But when sieving is done to separate the soil
aggregates into constituent particles, the setting at which above ten percent of the aggregates
pass through the sieve with least aperture size (0.25 mm) in the stack of sieves is critical.
These critical points determine the sieving efficiency of the machine for specific soil analysis

(Jorge et al., 2013).



2.2. Implications of tillage, texture and mineralogy on physical-based soil organic

matter fractions

The physical manipulation of agricultural soils to enhance its structural rearrangement
for agronomic purposes is the principle of CT (Alam and Salahin, 2013). Several benefits of
CT such as improved ease of root penetration, hydraulic conductivity and water- holding
capacity are well documented (Weigiang et al., 2004). Equally, other studies have
emphasized the negative effects of CT such as soil structural degradation and loss of SOM
(Sundermeier et al., 2011; Asma et al., 2015). Furthermore, other studies have suggested
conservation tillage practices such as no tillage (NT) or minimum tillage, crop residues
deposition on the soil surface and crop rotation as alternatives to CT (Ali et al., 2013;
Shangyu et al., 2015) especially with regards to soil organic carbon (SOC) management

(Liebig et al., 2004; Sundermeier et al., 2011).

Soil physical fractionation is essential for understanding SOC stabilization by physical
protection and organo-mineral interaction (Erika et al., 2015). The authors further stated that
soil physical fractionation separates SOC associated with texture. Physical fractionation of
SOC based on texture is directly related to the in situ fractions of SOC (Six et al., 2002;
Fangiao et al., 2014). The dynamics of SOC are influenced by soil texture (Fangiao et al.,
2014), although the relationship is not well understood (Francisco et al., 2008). For example a
poor relationship (r* < 0.05) was reported between clay and carbon content in some New
Zealand soils by Percival et al., (2000). McLauchlan (2006) observed a slight relationship
between SOC and texture. While Six et al., (2000) opined that clay contents have a slight
effect on SOC accumulation rate. Erika et al., (2015) concluded that SOC associated with
sand fractions was the most sensitive to soil tillage systems in a short period compared to clay

and silt fraction. But Francisco et al., (2011) had reported that sand size and its associated



carbon are not always responsive to tillage change. Eusterhues et al., (2004) noted that SOC
stabilization through aggregation is unlikely in sandy soils. The amount of SOC stored in the

soil is influenced by mineralogy (Cordula et al., 2015).

Mineralogy influences soil properties because of the differences in surface area and charge of
minerals (Gopi and Krishna, 2015). Clay minerals affect SOC retention and dynamics by
particle-occlusion and sorption processes. In Mozambique, Wattel-Koekkoek and Buurman
(2004) noted that upland, well-drained kaolinitic soils had much higher SOC than poorly-
drained lowland montmorillonitic vertisols. Schaefer et al., (2004) reported that soils with
kaolinite contents >800 g/kg clay have high bulk density, low macro porosity and low
hydraulic conductivity. There are two opposing schools of thought; one suggesting that
aggregation is controlled by texture and mineralogy (including Fe/Al oxides) (Schaefer,
2001), the other argues that SOC and biotic activity are the main aggregation factors (Van
Breemen and Buurman, 2002). Both views are probably right for specific cases but wrong for

general situations.

2.3 Implication of tillage, texture, and mineralogy on aggregate stability

2.3.0 Processes of aggregation and factors affecting aggregation

Soil aggregates are soil groupings formed by primary soil particles (sand silt and clay) which
are bound together (Bast et al., 2015; Jatta et al., 2015). Soil aggregation is a key ecosystem
process which results in the formation and stabilization of soil structure. The aggregation of
soil is a complex process, regulated by a range of abiotic factors (e.g. texture). Soil
aggregation is a major indicator of soil quality and the environmental sustainability of
agricultural management practices (Todd et al., 2015). Macro aggregate (> 250 pum)

formation is induced by organic matter inputs, while SOM decomposition within macro



aggregates leads to the formation of micro aggregates (< 250 um) (Six et al., 2000; Gale et
al., 2000). Further more root length, microbial biomass, mycorrhizae and soil fauna have
been reported to have positive effect on aggregation. Silt and clay particles are involved in
micro aggregate formation, while microbial- and plant-derived polysaccharides as well as
fungal hyphae play significant part in macro aggregate formation. (Zhang et al., 2012; Zhang

etal., 2013; Todd et al., 2015)

2.3.1 Methods of measuring soil aggregation

Soil aggregate stability is a measure of soil structural stability or the extent to which
soil aggregates resist break down by the destructive forces of water or wind (Ciri¢ et al.,
2012; Ogban et al., 2013; Ondie;j et al., 2015) or any other mechanical force. Consequently,
aggregate stability is an important soil property that is used to evaluate the risk of soil
structure deterioration (Martinez et al., 2015; Mohammad et al., 2015; Selen et al., 2015).
According to Han et al., (2010) water stability test of aggregate is an indirect and discrete
method for estimating aggregation and the effect of tillage on aggregation. Soil tillage is
aimed to improve soil structure and quality (Takahiro et al., 2015). It is widely reported that
water stable aggregates are a standard feature of soil structure that is sensitive to tillage
practices (Sanchez-Marafion et al., 2002; Barthés and Roose, 2002; Green et al., 2005;
Williams and Petticrew, 2009; Spohn and Giam, 2010). The degradation of soil structure
should be balanced and/or exceeded by regeneration in order to have a sustainable soil use
(Munkholm and Schjonning, 2004). Optimal soil structure supports plants, sufficient water

supply, aeration and release of available nutrients (Alvarez et al., 2012).

Quantitative assessment of soil structural stability at discrete aggregate levels is fundamental

to understanding the macro scale structural attributes of the whole soil (Blanco-Canqui et al.,



2007). Studies on soil structure are many in literature and cover many soils in different
environments (Six et al., 2002; Igwe and Stahr, 2004; Ball et al., 2007; Alvarez et al., 2012;
Igwe et al., 2013; Antonio, 2014). Consequently, many indices have been proposed to
measure soil structural stability (Mbagwu, 2003; Martinez et al., 2015) which depend on soil
tillage practices and inherent properties like texture and mineralogy (Pinheiro et al., 2004,

Erika et al., 2015; Chen-Yang et al., 2015).

2.3.2 Micro aggregate stability indices

The stability of soil micro aggregate opposed to its dispersion is a very important soil
phenomenon that checks degradation (Trakoonyingcharoen et al., 2012). Some of the indices
widely reported include: Water-dispersible clay (WDC), Clay flocculation index (CFI),
Dispersion ratio (DR), (Igwe and Udegbunam, 2008), Aggregated silt and clay (ASC), Water

dispersible silt (WDSi), and Clay dispersion ratio (CDR) (Trakoonyingcharoen et al., 2012).

The WDC refers to clay that can be easily dispersed by water (Paradelo, 2013), while CFI
and ASC indices reveal the ability of the soil to resist dispersion in water. The WDC, WDSi
and DR are indices that determine the clay and silt dispersibility in water. Higher WDC,
WDSIi, CDR and DR soils are weaker in their structure. These indices are inversely
proportional to CFI and ASC indices, hence higher values of CFl and ASC imply greater soil
aggregation at micro aggregate level (Igwe et al., 2006; Igwe and Nwokocha, 2006; Igwe and

Udegbunam, 2008).

In general, soils with DR > 0.15 are more erodible while soils with DR < 0.15 are less
erodible (Singh and Khera, 2008). Furthermore, Maharaj and Paige-Green (2013) reported

that soils with DR > 0.5 were highly dispersive, soils with DR = 0.3 to 0.5 were moderately



dispersive, soils with DR 0.15 to 0.3 were slightly dispersive and soils with DR < 0.15 were
non dispersive.
2.3.3. Macro aggregate stability indices

Mean weight diameter from wet (MWDw) and dry (MWDd) sieving is an index that
characterizes the structure of the macro aggregate by integrating the aggregate size class
distribution into one number (Six et al., 2000). The MWDw indicate the effect of different
tillage practices on soil structure and proportions of macro aggregates, it is directly
proportional to structural stability (Igwe and Stahr, 2004; Adesodun et al., 2004; Martinez et

al., 2015). High values of MWDd usually indicate lower stability of soil (Cirié et al., 2012).

Percent water stable aggregates (%WSA) within aggregate size classes and in > 0.25 mm
aggregate fraction index is a measure of the aggregates’ resistance to breakage by water
(Amezketa et al., 2003). Soils with high %WSA resist compaction but soils with low %WSA
form surface crusts which can reduce both water infiltration and air exchange (Six et al.,

2000).

State of aggregation index is the amount of naturally occurring discrete clusters or groups of
soil particles that can only exist when the binding force exceed the force between adjacent
aggregates (Igwe et al., 2013). State of aggregation correlates with soil binding agents and
soils with high state of aggregation do not disperse easily (Igwe et al., 2013). Potential
Structural Deformation Index (PSDI) measures the susceptibility of dry soil aggregates to

disintegrate upon impact with water (Ogban et al., 2013).

Many studies have shown that soil aggregate stability is influenced by tillage (Shepherd et al.,

2002; Williams and Petticrew, 2009; Stacy et al., 2015), texture (Wakindiki and Ben-Hur,
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2002; Nciizah and Wakindiki, 2012; Bast et al., 2015) and mineralogy (Wakindiki and Ben-
Hur, 2002; Lado et al., 2007; Nciizah and Wakindiki, 2012; Rabbi et al., 2015). However
these studies only dealt with one or two indices and relate them often to tillage, organic
matter or sesquioxides. This hinders useful information which could be generated when

several indices are combined.

2.4 Effect of tillage on soil structure

Tillage operation on agricultural soils is a major factor involved in soil structure
degradation, due to aggregate disruption (Garcia-Franco et al., 2015). Several authors
(Barbera et al., 2012) (Lieskovsky & Kenderessy, 2012) (Moraes et al., 2013) have reported
on the effect of tillage practices on soil structure. Tillage modifies soil structure (Alvarez &
Steinbach, 2009). Tillage promotes the breakdown of soil macro aggregates into micro
aggregates and silt plus clay-sized particles (Eden et al., 2011). Minimum tillage practices,
including no-till (NT) and reduced tillage (RT) improve soil structure (Jatta et al., 2015).
However (Ferro et al., 2014) had observed that no tillage can create a soil structure
stratification that negatively affects root-growth and root-induced parameters by modifying

the soil structure within the soil profile.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Soil sampling

Soil samples were collected at 0 to 20 cm depths from thirteen sites in Eastern Cape

Province of South Africa (Figure 1).
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(Source: Nciizah and Wakindiki, 2012)
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Twenty samples were collected from each site making a total of two hundred and sixty
samples. Samples from each site were bulked to form a composite sample. The locations
were chosen based on similarity in climate, slope and soil, which were designated as
Ecotopes (Nciizah and Wakindiki, 2012). The composite sample from each Ecotope was

divided into three replicates, giving a total of thirty nine samples.

3.2 Implication of soil tillage and mineralogy on sieving efficiency of Iris FTLVH —

0200 digital electromagnetic sieve shaker (Filtra Vibraciéon SL Spain)

3.2.1 Sieving operation

Each sub sample was passed through a 4.75 mm sieve, gently pressing the large
aggregates by hand. Following the procedure described by Barja (2008), fifty grams of each
sample, which passed through the 4.75 mm sieve was placed on a nest of sieves 2.0, 1.0, 0.50
and 0.25 mm, stacked top to bottom in descending order. The stack was placed on an Iris
FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL Spain) to separate
the soil into the different aggregate size fractions. The samples were subjected to 64 possible
combinations of time (T), interval (I) and power (P) settings. The study was arranged as a
factorial in completely randomised design with three replicates, with a total of 192 of sieving
operation. The factors comprised four levels each: T1 (one minute), T2 (five minutes), T3 (15
minutes) and T4 (35 minutes); P1 (power level one), P2 (power level three), P3 (power level
six), and P4 (power level nine); 11 (one second), 12 (three seconds), 13 (six seconds), and 14
(nine seconds). This was combined to fit into a statistical model for completely randomised
factorial design using JMP®version 11 (SAS 2013). The aggregates on each sieve were
carefully collected using a soft brush and weighed. The aggregate size distribution,
percentage weight of aggregate retained on each sieve, percentage weight of aggregates

passing through the stack and eventually the sieving efficiency were determined.
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3.2.2 Sieving efficiency
The percentage weight of aggregates retained on each sieve was calculated using

equation (1) described by Isavi and Mahmoudi (2013).

R %= Vi 100 (1)
W,

t
Where,

Riy= percentage weight of aggregates retained on the sieve i,
i =i"sieve,

W= weight of aggregates on sieve i,

W, = total weight of aggregates.

The percentage weight of soil aggregates (P;) that passed through the sieve i was calculated

using equation (2) as described by (Isavi and Mahmoudi, 2013).

P%=100-> R ).

Where,

Ri% is as described in equation (1),

n = number of sieves used = 4.

The setting at which > 10 % of the aggregates began to pass through the < 0.25 mm was

considered as the sieving efficiency limit.

3.3 Soil Organic Matter in Soil Physical Fractions

Modified method described by Francisco et al., (2011) was adopted. Briefly, 100 g of
soil sample was placed in a 500 mL capped plastic bottle containing 20 glass beads, 5 mm
diameter, and 180 mL of deionized water. The suspension was allowed to shake on a rotary

shaker for 16 h (100 cycles/min) after which the samples were poured unto a stainless steel
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pan, any floating material (Fw) was collected and placed in a labelled petri dish. The soil
suspension was stirred and poured unto a 250 pm sieve and material retained on the 250 um
sieve (coarse sand fraction) was placed in a glass beaker and washed several times with
deionised water. Soil materials that pass through the 250 pum sieve consisting of fine sand
particles plus silt and clay were mixed together with the washed coarse sand fraction and re-
suspended in 100 mL of deionized water. The suspension was poured into a stack of sieves
(250, 106, 53 and < 53 pum), arranged in descending order of aperture size and using an Iris
(FTLVH — 0200) digital electromagnetic sieve shaker (Filtra Vibracion SL Spain) the soil
samples were separated into coarse sand (> 250 um), fine sand (106 to 250 um), silt-size (53

to 106 um) and clay-size (< 53 um).

3.3.1 Soil carbon and nitrogen

The carbon and nitrogen concentration in Fw, particle-size classes (> 250, 106, 53,
and < 53 um) and whole bulk soil samples were determined using the TruSpec CNS analyser
(LECO Corporation, USA). Determination of SOC by dry combustion converts all carbon in
the presence of oxygen to CO, during a heating process (Krull et al., 2004). The relative
percentage change of carbon and nitrogen in the whole soil and in the physical fractions of
the soil samples was calculated using the relationship (equation 3 and 4) described by

Francisco et al., (2011).

C -
%AC = PC © %100 A).

p

Where,
%AC = Percentage change in carbon
Cp = Percentage of the total carbon in the whole soil sample or in the physical fractions of

soils under no tillage system,
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Cc = Percentage of the total carbon in the whole soil sample or in the physical fractions of

soils under conventional tillage system,

0 NN
YoAN =N x100 (4).

p
Where,
%AN = Percentage change in nitrogen
Np = Percentage of the total nitrogen in the whole soil sample or in the physical fractions of
soils under no tillage system,
Nc = Percentage of the total nitrogen in the whole soil sample or in the physical fractions of

soils under conventional tillage system.

3.4 Aggregate stability

3.4.1 Micro aggregate stability

The hydrometer method (Okalebo et al., 2002) was used to determine the micro
aggregate stability. Fifty grams of the air dried < 2.0 mm soil sample was weighed into a 400
ml beaker and saturate with distilled water, 10 ml of 10 % calgon solution was added to the
suspension as a dispersant. The suspension was allowed to stand for 10 min and transferred
into a dispersing cup. About 300 mL of water was added before mixing the suspension for 2
min with an electric high speed stirrer. The suspension was transferred into a graduated
cylinder and made up to mark with distilled water. The suspension was stirred with a plunger.
Amyl alcohol was added to reduce foaming. A hydrometer reading was taken and recorded
after 40 s, the suspension was again stirred with the plunger and allowed to stay for two hours
before another hydrometer reading was taken and recorded. The procedure was repeated
without calgon. The temperature of the suspension was taken before each hydrometer
reading.
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Micro aggregate stability was calculated using the following indices.

0] Dispersion ratio (DR),

DR = (5).

a
b

Where,
a = percent silt + clay in water-dispersed samples,

b = percent silt + clay in calgon dispersed sample.

(i)  Clay flocculation index (CFl),

b-a

CFl = —2x100 (6).

Where,

a and b are as described in equation 5.
(iii) Clay dispersion ratio (CDR),

cpr=VPC ).
TC

(iv) Aggregated silt and clay (ASC),

ASC =(TC +TS)-(WDC +WDS) 8).

Where,

TC = Percentage total clay obtained with calgon,

TS = Percentage silt obtained with calgon,

WDC = Water dispersible clay. Percent clay obtained using deionised water,
WDS = Water dispersible silt. Percent silt obtained using deionised water.
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3.4.2 Macro aggregate stability

Wet sieving

Macro aggregate stability was studied using the method described by (Igwe et al.,
2013). Fifty grams of < 4.75 mm air-dried soil was put in the topmost of a nest of four sieves
of 2.00, 1.00, 0.50, and 0.25 mm mesh size and pre-soaked for 5 min in deionised water.
Thereafter, the nest of sieves and its content were oscillated vertically in water 60 times using
40 mm amplitude at the rate of one oscillation per second. After wet-sieving, the resistant soil
materials on each sieve and the unstable (< 0.25 mm) aggregates were transferred into

beakers, dried in the oven at 105 °C for 24 hours.

Dry sieving

Following the method described by Zhang et al., (2012), fifty grams of the <4.75 mm
air-dried soil samples were placed on a nest of sieves; 2.00, 1.00, 0.50, and 0.25 mm mesh
size mounted on a Iris FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion
SL Spain). The sieves were mechanically shaken to separate the dry aggregates into size
classes >2,1t0 2,0.5to0 1, 0.25to 0.5 and < 0.25 mm. The data obtained were used in the

following macro-aggregate stability indices.

(i)  Mean-weight diameter (MWD),
The mean weight diameter for both water-stable and dry aggregates was computed using the

relationship described by Igwe et al., (2013).
MWD = > x,w, (9).
i-1

Where,
MWD = mean weight diameter of stable aggregates (mm),
Xi = mean diameter of each size fraction (mm),
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w; = proportion of the total sample weight in the corresponding size fraction (g)

n = number of sieves used = 4.

(i) Water stable aggregates (WSA).
The percentage of the aggregates in each sieve represented the water-stable aggregates (>
0.25 mm) and was calculated using the following relationship.

wsa=Mas =M. 165 (10).
M, —M

t s
Where,

WSA = Percentage of water-stable aggregates,

Ma+s = mass of the resistant aggregate plus sand fraction (g),

M; = mass of the sand fraction alone (g),

M; = total mass of the soil sieved (g).

(i)  Water stable aggregate of different aggregate size fractions

The percentage ratio of aggregates in each sieve represented the water stable aggregate of

aggregate size fractions 1 to 2, 0.5to 1, 0.25 to 0.5 and < 0.25 mm.

(iv)  State of aggregation (SA) (%)

~ WSA>0.25-M

SA x100 (11).

t
Parameters are as described in equation (10).
(v) Potential Structural Deformation index
The potential structural deformation index (PDSI) as described by Mbagwu (2003) was

computed as follows:
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PSDI =|1— MWD,
MWD

}xlOO (12).

d
Where,
MWDw = MWD from wet sieving,

MWDy= MWD from dry sieving.

3.5 Soil Mineralogy

The Rietveld method for x-ray diffraction quantitative analysis as described by (Zabala et al.,
2007) was used to determine the mineralogy of the soils. Briefly, milled soil samples were
prepared according to the back-loading method. The samples were analysed with a
PANalytical X’Pert PRO powder diffractometer with a X’celerator detector, variable
divergence and fixed receiving slits with Fe-filtered Co-K o radiation. The phases were
identified using X’Pert Highscore Plus software. The relative phase amounts (weights %)

were then estimated using the Rietveld method.
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSIONS

4.1 Tillage and soil structure-related properties

The tillage and soil structure-related properties are shown in Table 1. Two tillage
systems (CT and NT systems) were common practices in these ecotopes. Under conventional
tillage, soils were ploughed up to 20 cm depth during land preparation and preceding crops
were harvested manually, removing the above ground biomass. In the case of NT the
aboveground parts of the crop residues were cut after harvest and left on the soil
surface. Sowing of the next crop was done by placing seeds into the holes drilled between the
standing stubbles. These tillage systems have been practiced for at least five years prior to
this study. Sites under NT were observed to be used for grazing livestock. The dominant
textural classes are sandy clay loam and sandy loam. The mineralogy showed a predominance
of quartz and Kaolinite while the SOM ranged from 24.0 g/kg to 66.1 g/kg. The percentage
sand was higher than silt and clay for all soils. The soils were classified as Oakleaf (Soil

Classification Working Group, 1991)
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Table 1. Tillage and soil structure-related properties from the various soils

Texture % Soil Mineralogy (%)

Ecotope/sampling site :};Isltigﬁ . Egm“/ Ti)l(;g;al . pH Sé(/)k':;/l _

Sand Clay  Silt Climate H# K Mi Mu P Q S
Alice Jozini CT 60 12 28 47.9 SL SA 578 35.7 0.29 - 440  6.10 12.2 77.01 -
Amatola CT 47 37 15 28.47 SCL SH 580 66.1 191 324 436 2.74 9.29 28.88 147
Debenek CT 56 18 26 49.23 SL SA 579 240 0.30 2.10 4.59 8.50 84.5 - -
Kamastone CT 72 19 9 66.47 SL SA 6.27 31.8 0.67 8.56 10.0 18.8 5.90 5.96 -
Lujiko Leeufontein CT 68 19 11 5223 SL SA 545 38.2 0.63 - 8.61 5.14 10.4 75.14 -
Mamatha CT 61 18 21 3450 SL SA 550 29.9 0.43 - 5.52 6.46 12.2 7532 -
Mbems Koedosvlei NT 56 21 23 55.17 SCL SA 5.65 343 1.10 - 4.99 6.58 9.97 7735 -
Mbems Koedosvlei CT 56 22 22 80.97 SCL SA 576 427 0.65 - 4.69 7.76 1050 76.37 -
Ncera CT 48 26 26 61.50 SCL SH 5.08 419 1.12 9.30 4.48 3.12 8.23 6190 9.9
Newtondale CT 65 21 14 40.34 SCL SA 6.25 514 0.76 - 105 7.83 8.11 7274 -
Ngwenya Jozini CT 72 18 10 41.27 SL SA 6.49 36.4 0.56 - 8.83 5.78 16.60 68.22 -
Ngwenya Swertland NT 67 21 12 53,57 SCL SA 553 284 0.66 - 7.50 6.51 1720 68.11 -
Phandulwazi NT 58 21 21 37.80 SCL SA 549 247 0.58 - 0.98 3.95 7.64 86.85 -

CT = Conventional Tillage, NT = No Tillage, SOM = Soil organic matter, H"= hematite, K = kaolinite, Mi = microline, Mu = muscovite,

P = plagioclase, Q = quartz, S = smectite
SC =sandy clay, SL = sandy loam, SCL = sandy clay loam
SA = semi-arid, SH = sub-humid

(Source: Nciizah and Wakindiki, 2012)
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4.2 Implications of tillage, and mineralogy on the sieving of the aggregates
4.2.1 Percentage of aggregates retained on each sieve.

The percentage of aggregates retained on each sieve is shown in Table 2. Percentage
aggregates retained on the sieves decreased with decrease in sieve aperture for both tillage
systems and mineralogy considerations. About 70 % of the aggregates were retained on the 2

mm sieve. Hence these soils did not contain much micro aggregates (<0.5 mm).

Under tillage system consideration, the highest percentage of aggregates retained on the
sieves was 71.9 % on the 2 mm sieve in the soils under CT, and the least was 0.5 % on the
0.25 mm sieve in soils under NT. The percentage of aggregates retained on each sieve for
soils under CT was higher compared to the percentage of aggregates retained on
corresponding sieves for soils under NT. This is because of the breakdown and redistribution
effect of tillage on soil aggregates. Similar report was given by Munkholm and Schjonning

(2004).

Under mineralogy considerations the highest percentage of aggregates retained on the sieves
was 86.0 % on the 2 mm sieve and the least 0.2 % on the 0.25 mm sieve. Both of these were
in soils dominant in quartz. The percentages of aggregates retained on sieves < 2 mm aperture
were comparatively higher in soils dominant in kaolinite than soils dominant in quartz. This
result shows that kaolinite dominated soils were of smaller particle (< 2 mm) size than quartz
dominated soils. Ramasamy et al., (2014) observed that quartz was of sand size while
kaolinite was of clay size. This result implies that in these ecotopes, soils dominant in
kaolinite would be less porous, prone to water logging and susceptible to high wind erosion.
Ecotopes dominant in quartz are likely to show traits opposite to ecotopes dominant in

kaolinite. Management strategies should aim at these factors for enhanced soil productivity.
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Table 2. The percentage of aggregates retained on each sieve after sieving

Sieve aperture

Percentage of aggregates retained on the sieves

(mm) Tillage System Mineralogy

CT NT Quartz Kaolinite
2.00 72 69 86 72
1.00 19 13 6 19
0.50 4 1 0.3 4
0.25 2 0.5 0.2 2
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4.2.2 Percentage of aggregates which passed through each sieve aperture

The percentage of aggregates which passed through each sieve aperture is shown in
Figure 2. The aggregate distribution decreased with decrease in sieve aperture for all
considerations. The 2 to 4.75 mm aggregate class was predominant in soils under CT and
soils under NT systems. Previous studies (Ciri¢ et al., 2012; Gajié et al., 2013) have noted the
predominance of 1 to 2 mm size aggregates in top soils irrespective of tillage system. The
decrease in aggregates with decrease in sieve aperture was more consistent in soils under CT
than in soils under NT. The study showed that CT in these ecotopes affected aggregate size

distribution.

The 2 to 4.75 mm aggregate class was dominant in soils with both kaolinite and quartz
minerals. The 1 to 2 mm aggregates was higher in the kaolinitic soils than in the soils with
quartz. Kaolinite dominated soils had stable 1 to 2 mm aggregate class than quartz dominated
soils. The decrease in aggregates with decrease in sieve aperture was more consistent in soils
dominant with kaolinite than in soils dominant with quartz. Quartz crystals are of sand size
which influenced the aggregate size distribution in these soils. These results are in line with
the aggregate hierarchy theory of Tisdall and Oades (2012) which showed the existence of

soil aggregates in different size ranges.
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4.2.3 Implications of tillage, texture, and mineralogy on sieving efficiency

The machine settings that affected the sieving of these soils are shown in Figure 3.
Sieving for 35 min (T4) was critical for all significant distribution of aggregate size fractions
result. Sieving for 35 min significantly affected the percentage of aggregates that were
retained in the sieves irrespective of interval and power levels. For aggregates to pass through
the 0.25 mm aperture the aggregates had to be broken into the constituent particles (sand, silt
and clay). The 1.00 to 2.00 mm aggregate size was significantly broken when sieving was
done for more than 15 min, with the interval and power kept above 6 sec and level 3

respectively.

The T4I3P2 and T4I4P3 settings significantly (p < 5%) influenced the 1.00 to 2.00 mm
aggregate size distribution in the soils irrespective of tillage system (Figure 3). For soils
under NT, sieving beyond 5 min at 9 sec interval and power level 6 caused the soil aggregates
to be broken into constituent particles, but for soils under CT, sieving lasted up to thirty five
minutes before aggregates were broken into the constituent particles. Nahia et al., (2009)
working on some Dystric Regosol of the Atlantic area in the Basque Country reported similar
findings. The authors attributed the result to the compaction effect of CT equipment on soil

aggregates.

Increase in power level from P2 (level 3) to P4 (level 9) significantly influenced the
percentage of aggregates retained on the 2.00 mm sieve for soils dominated with kaolinite.
The > 0.50 mm aggregates responded either after sieving for 35 min (T4) or increasing both
Interval and Power to (I3) 6 sec and (P3) level 6 respectively and sieving for 15 min (T3).
The setting T4P411 (time 35 min, power level 9 and sieving interval 1 sec) significantly (p <

5%) influenced the aggregates retained on the 0.50 mm sieve for quartz soils. The setting
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T414P4 (time = 35 min, power = level 9 and sieving interval 9 sec) significantly (p < 5%)
influenced the percentage of aggregates passing through the stack for all the soils irrespective
of mineralogy. As the setting levels increased the percentage of soil aggregates passing
through the stack of sieves also increased. In a similar study Diaz-Zorita et al., (2007)
studying a Maury silt loam and a Mc Afee clay loam in Kentucky USA concluded that
increase in sieving time increased fragmentation. Hence increase in the percentage of

aggregates passing through the stack of sieves.

More than 10 % of the aggregates passed through the stack of sieves at settings beyond
T314P3 in quartz dominated soils while in kaolinite dominated soils > 10 % of the soil
aggregates passed through the stack of sieves at settings beyond T414P3 (Figure 3). Therefore
sieving beyond 15 min at 9 sec interval and power level 6 will cause aggregates of soils
dominant in quartz to degrade into the constituent particles while sieving beyond 35 min at 9
sec interval and power level 6 will cause degradation in kaolinitic aggregates when using Iris
FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL Spain) for

aggregate analysis of these soils.

For soils under CT system sieving efficiency for aggregate analysis was achieved at T414P4.
For soils under NT system the sieving efficiency for aggregate analysis was achieved at
T214P3. Under mineralogy consideration, sieving efficiency was achieved at T314P3 setting
in quartz dominated soils and at T414P3 setting in Kaolinite dominated soils when using Iris

FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL Spain).
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Figure 3. Percentage of aggregates passing through the stack of sieves at different machine settings
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4.3 Implication of tillage, texture, and mineralogy on carbon and nitrogen in soil

physical fractions

4.3.1 Implication of tillage on carbon and nitrogen in soil physical fractions

The total carbon and nitrogen content of the soils under different tillage systems is
shown in Figure 4. The total carbon in soils under CT was 17.7 g/kg and the total carbon in
soils under NT was 15.8 g/kg (Figure 4). The result shows that total carbon was higher in
soils under CT. This is attributed to the incorporation of SOM by tillage. These incorporated
SOM mineralise into SOC and are retained within soil aggregates. The soils under NT
experienced reduction in total carbon due to grazing and wind action which remove plant
materials from the soil. Similar finding was reported by Erika et al., (2015) who reported that
tillage affected the carbon content in the 0 to 10 cm depth of a Brazilian Dystrophic Red
Latosol (Typic Haplortox). The authors concluded that CT incoporated above and below

ground crop residue.

The total nitrogen in the soils under CT was 3.8 g/kg and the total nitrogen in soils under NT
was 3.6 g/kg (Figure 5). The results showed that total nitrogen in soils under CT was more
than that in soils under NT. This trend is consistent with the result in total carbon. Shadrack
et al., (2014) had reported similar finding and concluded that CT affected carbon and nitrogen
content in the subsoil. Mineralization of SOM results in the release of both carbon and
nitrogen. Tillage enhances SOM mineralization. Sources of nitrogen like inorganic fertilizer
and leguminous crops were limited in soils under NT. The build up of nitrogen was slower

than the rate of removal in soils under NT.
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The distribution of carbon in the physical fractions of the soils is shown in Figure 6. The total
carbon content in the physical fractions of soils under CT increased with decrease in size of
physical fraction. Total carbon content in the physical fractions of soils under NT did not
show a consistent trend with size of physical fractions. The total carbon content in the coarse
sand (Cs) fraction of soils under NT was 37.1 % higher than the total carbon content in the Cs
fraction of soils under CT. The total carbon content in the clay fraction of soils under CT was

24.1 % higher than the total carbon content in the clay fraction of soils under NT.

For soils under CT the total carbon content was 12.9 g/kg in the Cs fraction, 12.6 g/kg in the
fine sand (Fs) fraction, 13.3 g/kg in the silt fraction and 18.7 g/kg in the clay fraction. While
for soils under NT the total carbon content was 20.5 g/kg in the Cs fraction, 12.0 g/kg in the

Fs fraction, 11.3 g/kg in the silt fraction and 14.2 g/kg in the clay fraction.

The results showed that CT influenced the total carbon content in the Clay fraction while NT
influenced the total carbon content in the Cs fraction. This result was attributed to the
redistribution of soil physical fractions and incorporation of SOM by tillage operations. The
redistribution affected the carbon attached to these physical fractions. Erika et al., (2015) had
reported similar finding and attributed the result to the linkage between organic matter and
soil mineral fraction. The relative change in the carbon content in the whole soil and physical
fractions of the soils with change in tillage system is shown in Figure 7. This figure shows
that CT resulted to a loss in the total carbon content in the Fs, silt, clay fractions and whole

soil. Also CT caused an increase in the total carbon of the Cs fraction of the soils.
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Figure 6. Total carbon in the physical fractions of the soils under contrasting tillage systems.
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The loss in total carbon increased with decrease in size of physical fractions (Figure 7).
Similar observation had been made by previous authors who reported changes in the carbon
content of sand fractions (Leifeld and Kdgel-Knabner, 2005; Erika et al., 2015) silt and clay
fractions (Gregorich et al., 2006). Francisco et al., (2011) concluded that such changes were

sensitive indicator to land-use and ecological changes.

The distribution of nitrogen in the physical fractions of the soils is shown in Figure 8. The
total nitrogen content in the Cs fraction (5.1 g/kg) was not influenced by tillage systems. For
soils under CT there was increase in total nitrogen content in the physical fractions with
decrease in the size of physical fraction. Total nitrogen was 5.1 g/kg in the Cs fraction, 5.3
g/kg in the Fs fraction, 5.6 g/kg in the silt fraction and 5.6 g/kg in the clay fraction of soils
under CT. For soils under NT, the total nitrogen content was 5.1 g/kg in the Cs fraction, 4.8

g/kg in the Fs fraction, 4.2 g/kg in the silt fraction and 5.3 g/kg in the clay fraction.
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The results show that the total nitrogen content in the clay fraction of soils under CT was
higher than the total nitrogen content in the clay fraction of soils under NT by 5.4 %. The
total nitrogen content in soils under CT and soils under NT was higher in the clay fraction
compared to other physical fractions. Similar findings were reported by Solomon et al.,
(2000). The authors observed higher nitrogen content in the clay fraction of chromic luvisols
in Tanzania. The authors attributed this to the association of SOM with silt and clay fractions.
In their study however the authors observed that CT caused a decrease in nitrogen within
three years of continuous cultivation. This result showed that beyond three years of

continuous cultivation there would be a gradual build up of nitrogen in soils under CT.

The percent change in total nitrogen content in the whole soil and physical fractions is shown
in Figure 9. The figure showed that CT resulted in a loss in total nitrogen in the whole soil,
Fs, silt and clay fractions of the soils. There was an increase in total nitrogen in the Cs

fraction of the soils under CT. The highest loss in total nitrogen occurred in the silt fraction.

This result is contrary to the findings of Francisco et al., (2011) who repoted an increase in
the nitrogen content of the silt fraction with tillage. The authors studied soils classified as
Ferrasols in Mexico which had been under continuous cultivation for nine years. This result
suggests that the length of time under tillage affect the change in nitrogen content in the

physical fractions of the soil.
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4.3.2 Implication of texture on carbon and nitrogen in soil physical fractions

The total carbon and nitrogen content of the soils with contrasting texture is shown in
Figures 10 to 13. The total carbon in the soils with sandy loam (SL) texture was higher than
the total carbon in the sandy clay loam (SCL) textured soils (Figure 10). The total carbon in
the SL texture was 17.4 g/kg and the total carbon in the SCL texture was 17.1 g/kg. The
results showed that soils dominated with SL texture accumulated more carbon than soils
dominated with SCL texture. This accumulation could be associated with depth of
occurrence, mineralogy and tillage practice. Bayer, et al., (2000a) held similar views. The
affinity of clay with carbon as reported by some authors (Plante et al., 2006 and Sakin, 2012),

cannot be relied upon alone for these soils when considering soil carbon sequestration.

The total nitrogen in SL soils (Figure 11) was 3.7 g/kg and the total nitrogen in SCL soils was
3.7 g/kg. These results showed that the influence of texture on the nitrogen content of these
soils was the same. This result was attributed to the high sand content of these soils. Nitrogen
content is influenced by surface area of sand and the effect of texture on SOM (Six et al.,
2002; Castellano et al., 2012, 2013). The implication of this result is that accumulation of
nitrogen in these soils would be slow, and nitrogen attached to sand can be lost easily with
sand due to erosion and leaching. Therefore measures to improve nitrogen content of these

soil would have to involve both organic and inorganic measures.
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The total carbon content in the physical fractions of the soils is shown in Figure 12. The
highest (17.7 g/kg) value of total carbon was observed in the clay fraction of soils of SL and
SCL textural classes. Therefore clay content in soils in these ecotopes will determine the
amount of carbon contained in the soil. The distribution of total carbon across the physical
fractions of the soils in both textural classes did not show any regular trend with size of
physical fraction. This irregular trend in the distribution of carbon across the physical
fractions of the soil can be attributed to other carbon regulating factors like tillage, climate,

organic matter accumulation, and microbial activity.

The total carbon in the SL texture soils was 11.9 g/kg in Cs fraction, 10.5 g/kg in the Fs
fraction, 11.8 g/kg in the silt fraction and 17.7 g/kg in the clay fraction. For SCL texture soils
the total carbon was 17.0 g/kg in the Cs fraction, 14.1 g/kg in the Fs fraction, 13.7 g/kg in the

silt fraction and 17.7 g/kg in the clay fraction.

This result showed that the interaction between carbon and physical fractions of the soils was
more in the clay fraction. Similar result was reported by Sakin (2012). The author reported
higher significant relationship between SOC and clay compared to other fractions for Harran
plain soils in South Eastern Turkey. The author attributed the relationship to the organo-
mineral complexes formed when Clay combine with SOC in soil. This affinity of clay with
carbon and the high clay content of these ecotopes makes these soils potential carbon sink.
Further research on carbon saturation limit will enhance the adoption of carbon sequestration

strategies in these ecotopes.
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Other authors had reported varying views on the relationship between clay and carbon
content in soils. Percival et al., (2000) in their study of New Zealand soils reported a poor
relationship (r* < 0.05) between clay and carbon content. McLauchlan (2006) observed a
slight relationship between SOC and texture. Six et al., (2000) opined that clay has a slight
effect on SOC accumulation rate. These results imply that the relationship between clay and
SOC is not universal and caution must be exercised in making assertions based on this
relationship. It is suggested that other factors like mineralogy might have contributory effect

on texture — SOC relationship.

The total nitrogen content in the physical fractions of the soils is shown in Figure 13. There
was no consistent trend in the distribution of nitrogen across the physical fractions of the soils
in both SL and SCL textural classes. The total nitrogen was highest (5.7 g/kg) in the silt
fraction of the SL soils and the highest in the SCL soils (5.5 g/kg) was observed in the clay
fraction. For SL soils the total nitrogen was 5.1 g/kg in the Cs fraction, 5.1 g/kg in the Fs
fraction, 5.7 g/kg in the silt fraction and 5.6 g/kg in the clay fraction. The total nitrogen for
the SCL soils was 5.1 g/kg in the Cs fraction, 5.2 g/kg in the Fs fraction, 4.9 g/kg in the silt

fraction and 5.5 g/kg in the clay fraction.
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Figure 13. Total nitrogen in the physical fractions of the soils with contrasting texture.

44




The highest total nitrogen (5.7 g/kg) of the two textural classes (SL and SCL) considered was
observed in the silt fraction of the SL soils. Higher values of total nitrogen were observed in
the silt and clay fractions in SL soils compared to SCL soils. This result implies that nitrogen
accumulation in these soils was influenced more by SL than SCL texture. Clay fraction
influenced the total nitrogen content of these soils more than other physical fractions.
Studying chromic luvisols in semi-arid northern Tanzania, Solomon et al., (2000) observed
similar relationship between nitrogen and clay fraction. The authors asserted that there was
nitrogen enrichment in the association of SOM with clay. This association the authors further
stated was characterised by a strong attachment with the mineral phase. This result implies
that nitrogen content expressed by these soils is a result of the combined effect of all physical
farctions. Management practices aimed at improving the nitrogen content of the soils should
take into cognisance the textural composition of the soils without much empharses on the

physical fractions.

4.3.3 Implication of mineralogy on carbon and nitrogen in soil physical fractions

The total carbon and nitrogen content of the soils as influenced by mineralogy is
shown in Figures 14 to 19. The total carbon in the soils dominated with kaolinite (Figure 14)
was 17.3 g/kg and the total carbon in quartz dominated soils was 16.9 g/kg. The results
showed that kaolinite influenced the total carbon in these soils more than quartz. This result
could be attributed to the surface charges of the kaolinite crystals. Schulten and Leinweber
(2000) observed an attraction between kaolinite platelets and SOC. Trakoonyingcharoen et

al., (2012) reported the effect of the size of kaolinite on cooperation bonding with SOC.

The total nitrogen in the soils with contrasting mineralogy (Figure 15) showed that the total

nitrogen in the soils dominated with kaolinite was 3.7 g/kg and the total nitrogen in the soils
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dominated with quartz was 3.7 g/kg. The margin between the effects of kaolin and quartz
minerals for these soils was small but significantly different (p >5%). The implication of this
result is that the mineralogy of these soils only influence carbon mineralisation differently.
Therefore management measures considering kaolinite and quartz will vary in terms of
carbon and nitrogen accumulation. Similar conclusion was reached by Cote et al., (2000) and
Castellano et al., (2013) who observed that the total amount of nitrogen an ecosystem can

retain is a function of the SOM properties of the ecosystem.

The total carbon in the physical fractions of kaolinite and quartz dominated soils is shown in
Figures 16 and 17. The total carbon in the clay fraction was higher than the total carbon in
other fractions for both kaolinite and quartz dominated soils. The total carbon in the Fs and
silt fractions were consistent for both kaolinite and quartz dominated soils. The total carbon
in kaolinite dominated soils (Figure 16) was 13.5 g/kg in the Cs fraction, 14.2 g/kg in the Fs
fraction, 15.3 g/kg in the silt fraction and 20.6 g/kg in the clay fraction. For quartz dominated
soils (Figure 17) the total carbon was 14.9 g/kg in the Cs fraction, 12 g/kg in the Fs fraction,
12.4 g/kg in the silt fraction and 17.1 g/kg in the clay fraction. The total carbon expressed in
both kaolinite and quartz dominated soils is higher in the clay fraction. For these soils it could

be said that the clay fraction influenced the carbon content irrespective of mineralogy.
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Figure 15. Total nitrogen in the soils with contrasting mineralogy.
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The total nitrogen in the physical fractions (Figure 18) showed that the physical fractions of
soils dominated with kaolinite did not influence the total nitrogen in the soil. The effect of
kaolinite on the nitrogen content of these soils was expressed more in the clay fraction. The
total nitrogen was 5.4 g/kg in the Cs fraction, 5.4 g/kg in the Fs fractions, 5.4 g/kg in the silt
fraction and 5.8 g/kg in the clay fraction. For quartz dominated soil (Figure 19) the total
nitrogen was 5.1 g/kg in the Cs fraction, 5.1 g/kg in the Fs fraction, 5.2 g/kg in the silt
fraction and 5.5 g/kg in the clay fraction. This result is an indication of the effect of texture
on nitrogen mineralization in these soils. The nitrogen mineralization in these soils was not a

function of any individual physical fraction.

This result showed that the nitrogen content was lower in the Cs and Fs fractions compared to
the silt and clay fractions. Similar result was obtained by Bimuller et al., (2014) who
observed a lag in nitrogen mineralization in the sand fraction of a German soil classified as
Rendzic Leptosol. The lag was due to the larger C/N ratio in the sand fraction compared to
other fractions (Aber, 2001) and a labile carbon-rich organic matter pool in the sand fraction
(Weintraub & Schimel, 2003) which must first be exhausted before microbes become carbon-

starved and start mineralizing nitrogen (Bimiiller et al., 2014).
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4.4 Implication of tillage, texture, and mineralogy on aggregate stability
4.4.1 Implication of tillage on aggregate stability

The response of the soils under different tillage management to micro aggregate
stability indices is shown in Figures 20 and 21. The WDC for soils under NT was 135.8 g/kg
and the value for soils under CT was 139.7 g/kg. The value of ASC for soils under NT was
72.5 and the value for soils under CT was 92.0. The DR for soils under NT was 0.9 and the
value for soils under CT was 0.8. The value of CFI for soils under NT was 0.5 and the value
for soils under CT was 0.5. The value of CDR (Figure 21) for soils under NT was 0.5 and the

value for soils under CT was 0.5.

These results showed that the soils under different tillage management were responsive to
WDC, ASC, DR micro aggregate stability indices. While CFI, CDR indices did not show any
difference in values between CT and NT soils. Generally the micro aggregate stability of
these soils was weak irrespective of tillage system. Igwe and Udegbunam (2008) regarded the
values of 0.50 to 0.80 for DR of an Ultisol in southeastern Nigeria as high and implied weak
structure. While the values of 0.20 to 0.85 for CFI were regarded as low and implied weak
structure. Other researchers (Six et al., 2000; Amezketa et al., 2003; Ogban et al., 2013)
reported that soil disaggregation was predominantly attributed to slaking forces irrespective
of tillage system. Further studies on slaking and related conditions in these soils will be

helpful in management planning.
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Figure 20. Micro aggregate stability of the soils under contrasting tillage systems.
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The response of the soils to macro aggregate stability indices is shown in Figures 22, 23 and
24. For soils under NT, the MWDw (Figure 22) was 1.6 mm and the value for soils under CT
was 1.4 mm. The MWDd was 4.0 mm for soils under NT and 4.0 mm for soils under CT. The
WSA > 0.25 mm was 61.7 % for soils under NT and 56.2 % for soils under CT. The PSDI
was 55.2 % for soils under NT and 61.15 % for soils under CT. The state of aggregation for
the soils under contrasting tillage systems is shown in Figure 23. The SA for soils under NT

was 43.2 % and the value for soils under CT was 37.89 %.

The WSA of different aggregate size classes is shown in Figure 24. The SA was 43.2 % for
soils under NT and 37.89 % for soils under CT. The WSA of different aggregate size classes
is shown in Figure 24. The WSA for 1 to 2 mm aggregate size class was 0.27 % for soils
under CT and 0.22 % for soils under NT. For the 0.5 to 1 mm aggregate size class the WSA
was 0.19 % for soils under CT and 0.15 % for soils under NT. For the 0.25 to 0.5 mm
aggregate size class, WSA was 0.15 % for soils under CT and 0.15 % for soils under NT. For
the < 0.25 mm aggregate size class the WSA was 0.08 % for soils under CT and 0.07 % for

soils under NT.

These results indicate that tillage influenced the response of the soil to these indices. The
WSA > 0.25 mm, SA, and MWDw indices were sensitive to detect differences in macro
aggregate stability among tillage system in these soils. The MWDd index was not sensitive to
detect differences in macro aggregate stability among tillage system in these soils. The
indices showed a decrease in macro aggregate stability with tillage. These results are
consistent with the reports of Zhangliu et al., 2015; and Jatta et al., 2015 who reported
decrease in macro aggregate stability with CT. The implication of these results is that reports

on macro aggregate stability can be misleading with some indices.
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The PSDI showed that dry soils under CT had higher susceptibility to disintegrate upon
contact with water compared to soils under NT. The implication of this result is that PSDI
was sensitive in these soils. This result suggests that the negative impact of CT on these soils
in dry condition is expressed upon contact with water. Therefore introduction of water to
these soils after dry conditions using irrigation or rainfall must consider this fact. Further
studies on moisture properties of these soils will enhance management approach that will
better suit the water needs of these soils. Maria, et al., (2015) and Deborah et al., (2015) had

reported that CT enhanced the disruption of soil aggregates.

The WSA index was sensitive within different aggregate size classes. There was decrease in
WSA with decrease in aggregate size class for soils under CT. For soils under NT the WSA
values for the 0.5 to 1 mm and 0.25 to 0.5 mm classes were close. The implication of this
result is that stability of these soils at different aggregate size classes can be assessed using
the WSA index. While soils under CT showed a distinction in WSA values in different
aggregate size classes, soils under NT did not show much variation in WSA values. This
result showed a close level of aggregate stability among aggregate size classes for these soils
under NT. Similar findings were reported by Gaji¢ et al., (2013) who observed a decrease in

WSA along aggregate size classes when natural grassland was converted to arable soils.

4.4.2 Implication of soil texture on aggregate stability indices

The response of different micro aggregate stability indices to these soils under
different texture is shown in Figure 25 for WDC, CDR, DR, and CFI indices while for ASC
index is shown in Figure 26. The WDC was 125.7 g/kg for SCL soils and 151.4 g/kg for SL
soils. The CDR was 0.5 for SCL soils and 0.5 for SL soils. The DR was 0.9 for SCL soils and

0.8 for SL soils. The CFI was 0.5 for SCL soils and 0.5 for SL soils. The ASC (Figure 26)
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was 56.2 g/kg for SCL soils and 115 g/kg for SL soils. These results indicate that the WDC,
DR and ASC indices were more sensitive in dictating differences between SCL and SL soils
compared to CDR and CFI indices. Caution has to be applied when using indices in

determining micro aggregate stability for these soils under different texture.

The macro aggregate stability of the soils under different texture is shown in Figure 27
(MWDw, MWDd, WSA > 0.25 mm, PSDI), Figure 28 (ASC) and Figure 29 (WSA aggregate
size classes). The MWDw was 1.5 mm for SCL soils and 1.4 mm for SL soils. The MWDd
was 3.6 mm for SCL soils and 3.6 mm for SL soils. The WSA > 0.25 mm was 53.0 % for
SCL soils and 62.5 % for SL soils. The PSDI was 59.2 % for SCL soils and 59.7 % for SL

soils. The SA was 33.6 % for SCL soil and 45.2 % for SL soils.

The indices MWDw, MWDd, SA, and WSA > 0.25 MM were sensitive to detect differences
in stability of the soils with different texture in these ecotopes while PSDI was not. These
results indicate that texture did not influence dry aggregate stability of these soils and that
only water stable aggregates were detectable using indices. These results are important for
consideration since rainfall in these areas is low and mosture availability is limiting.
Determination of dry aggregate stability for these soils should consider several indices for

better assessment in management decisions.
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Figure 25. Micro aggregate stability of the soils with contrasting texture.
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The WSA decreased with aggregate size class (Figure 29) for both SCL and SL textured
soils. The WSA index was sensitive to detect stability of different aggregate size classes in
SCL and SL soils. For 1 to 2 mm aggregate size class in SCL soils the WSA was 0.2 % and
for SL soils WSA was 0.3 %. The WSA for 0.5 to 1 mm aggregate size class was 0.1 % for
SCL soils and 0.2 % for SL soils. The WSA for SCL soils in the 0.25 to 0.5 mm aggregate
size class was 0.1 % and the value for SL soils was 0.2 %. These results showed that macro
aggregate stability in both SCL and SL soils can be detected with indices in these ecotopes.
WSA index is sensitive at different aggregate size ranges. The implication is that
management strategies to enhance structural stability can be better implemented with early

detection of structural weakness at individual aggregate size ranges.
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4.4.3. Implication of mineralogy on aggregate stability indices.

The responses of these soils with contrasting mineralogy to aggregate stability indices
are shown in Figures 30 and 31. For micro aggregate stability indices (Figure 30), the WDC
was 313.3 g/kg for kaolinitic soils and 120.7 g/kg for quartz dominated soils. The CDR was
0.5 for kaolinitic soils and 0.5 quartz dominated soils. The DR was 0.9 for kaolinitic soils and
0.8 for quartz dominated soils. The CFI for kaolinitic soils and quartz soils was 0.5. The ASC

(Figure 31) was 110.0 g/kg for kaolinitic soils and 101.7 g/kg for quartz soils.

These results showed that DR and WDC indices were more sensitive in detecting differences
in micro aggregate stability between soils dominated with kaolinite and quartz. The influence

of Kaolinite and quartz on micro aggregate stability were expressed by DR and WDC

Macro aggregate stability of the soils using several indices is shown in Figures 32 and 33.
The WSA > 0.25 mm was 57.3 % for quartz dominated soils and 68.4 % for kaolinitic soils.
The MWDw was 1.6 mm for quartz dominated soils and 0.8 mm for kaolinitic soils. The
MWDd was 3.6 mm for quartz dominated soils and 3.4 mm for kaolinitic soils. The PSDI
was 56.3 for quartz dominated soils and 76.0 for kaolinitic soils (Figure 32). The macro
aggregate stability of the soils with contrasting mineralogy using SA index the (Figure 33)
showed sensitivity. This result however has to be accepted with caution because factors
reported to influence aggregate stability in kaolinitic soils vary from moisture regime
(Shrestha et al., 2007), electrostatic charges between platelets (Schulten and Leinweber,
2000), organic matter and/or oxides (Amrakh et al, 2012) to cristal size

(Trakoonyingcharoen et al., 2012).
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Figure 30. Micro aggregate stability of the soils with contrasting mineralogy

66



120.0 H

|
l
80.0 - ASC
40.0 A
0.0 .

KAOLINITE  QUARTZ

ASC = Aggregated silt and clay. Bars indicate standard error

Figure 31. Micro aggregate stability of the soils with contrasting mineralogy using ASC
index.

67



80.0 1

% WSA > 0.25mm 4.0 1
0.0 - MW Dw
0 A T
T 3.0 A
40.0 4 50 4
T
o ]
g 200 1.0 A
=
[=a]
g 0.0
w2 : QUARTZ KAOLINITE ' 0.0 -
! QUARTZ KAOLINITE
-
&)
[S3)
g 3.7 9
&} 80.0 - PSDI
- :
() L
& 3.6
= 60.0 - T
= 1
3.5 A
T 40.0 -
1
3.4
20.0 4
3-3 - i o 0.0
QUARTYZ KAOLINITE QUARTZ, KAOLINITE

MINERALOGY

WSA = Water stable aggregates (%), MWDw = Mean weight diameter (wet sieving) (mm), MWDd = Mean weight diameter (dry sieving) (mm),
PSDI = Potential structural deformation index (%). Bars indicate standard error. Scales on Y-axis vary.

Figure 32. Macro aggregate stability of the soils with contrasting mineralogy.
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The WSA > 0.25 mm, MWDw, MWDd, PSDI and SA indices were sensitive to detect
difference in aggregate stability of these soils under different mineralogy. Quartz dominated
soils had higher values of MWDw and MWDd than kaolinitic soils. The values of WSA >
0.25 mm and PSDI indices were similar with mineralogy, but these results have opposite
implications. This can be explained by the report of Shrestha et al., (2007) who observed that
the stability of kaolinitic soils was also determined by the moisture regime of the soils. The
MWDw and MWDd indices were more sensitive to interpret the stability of the macro

aggregates of soils in these ecotopes with contrasting mineralogy.

The macro aggregate stability of the soils within different aggregate size classes is shown in
Figure 34. Aggregates within different size classes were expressed for both quartz and
kaolinitic soils. The WSA for 1 to 2 mm size class was 0.2 % in quartz dominated soils and
0.4 % for kaolinite dominated soils. For the 0.5 to 1 mm size class WSA was 0.2 % in quartz
dominated soils and 0.3 % for kaolinite soils. The WSA for the 0.25 to 0.5 mm size class was
0.1 % for quartz dominated soils and 0.2 % for kaolinite soils. The WSA for the < 0.25 mm

size class was 0.1 % in quartz dominated soils and 0.1 % for kaolinite soils.

The WSA for all aggregate size class was higher in kaolinite soils compared to corresponding
aggregate sizes in quartz soils. This result was due to the response of kaoline mineral crystals
to moisture which had been reported to influence aggregate stability (Shrestha et al., 2007).
For these ecotopes, soils dominated with kaolinite were more stable at both micro and macro

aggregate levels than quartz dominated soils.
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CONCLUSION
Tillage, texture and mineralogy influenced the result of the sieving operation using Iris
FTLVH — 0200 digital electromagnetic sieve shaker (Filtra Vibracion SL Spain). Sieving
efficiency attained for these soils varied with tillage and mineralogy. The aggregate size
composition and distribution in soils of these ecotopes are a function of mineralogy rather

than tillage.

Tillage influenced Nitrogen in the physical fractions of these soils. Changes in nitrogen
content due to tillage were expressed more in the silt fraction of the soils. Soils in these
ecotopes showed tendency for slow nitrogen accumulation. Texture influenced the
accumulation of carbon and nitrogen in these soils. Clay fraction was prominent in

determining the amount of carbon and nitrogen in these soils.

Tillage influenced the sensitivity of different aggregate stability indices in these soils. The
indices WSA > 0.25 mm, SA, and MWDw were sensitive to detect differences in macro
aggregate stability among tillage system in these soils. Micro aggregate stability indices were
generally not sensitive in detecting expected differences among tillage systems in these soils.
The micro aggregate stability indices DR and ASC were more sensitive in soils of different
texture. The macro aggregate stability indices MWDw, MWDd and PSDI were not sensitive
to detect difference in stability with texture. The SA and WSA > 0.25 mm indices were
sensitive to detect differences in the stability of the soils with texture. The micro aggregate

stability indices DR and WDC were sensitive in soils of different mineralogy.

For these soils it could be said that the clay fraction influenced the carbon content

irrespective of mineralogy. The soils responded to different indices differently under different
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conditions of tillage, texture and mineralogy. Therefore caution must be exercised in adopting
any index; it is however suggested to use the response of more than one index for any given
conclusion. Further research on site specific measures to improve soil nitrogen retention in
these soils is suggested to forestall nitrogen emission. Also proper delineation of these
ecotopes according to carbon response to tillage, texture and mineralogy for enhanced carbon

sequestration measures is recommended
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