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Abstract  

Conservation agriculture (CA) is a production system that involves three principles which are 

minimal or zero tillage, crop rotation and mulching with plant residues. CA improves soil physical 

properties resulting in soil fertility improvement. However, there are relatively few studies that 

have documented the benefits of CA on soil physical properties of vertisols. 

 A study was conducted to determine the influence of CA and slope position on soil bulk density 

(BD), total soil porosity (Vf), soil aggregate stability (AS), soil water holding capacity (WHC), soil 

organic carbon (SOC), soil electrical conductivity (EC), infiltration rate (IR) and cumulative 

infiltration (CI) of a vertisol, at Mutanga Wa Ndodzi Agricultural Co-operative at Tshivhilwi village 

where CA has been in practice since 2013. The farm practices CA with crop rotation. The field 

used for CA was tilled once in 2013 using a mouldboard plough. Mulching is done using maize 

stalks. After planting fertilizer was applied based on crop requirement. One set of soil samples 

were collected from a field under CA while another set was collected from a field under natural 

grass (control) which is located directly opposite the CA field. Soil samples were collected 10 m 

apart from 0-10 and 10-20 cm depths along the transects which were at, 10 m apart. A core of 

diameter of 5 cm and height of 5 cm was collected to determine soil BD. SOC was determined 

using the modified Walkley-Black wet oxidation procedure. EC was measured with glass electrode 

professional EC meter in 1:5 ratio soil water suspension. Soil AS was determined using wet 

sieving method. Soil particle density was determined using a pycnometer bottle after which the 

bulk density and particle density of the soil were used to calculate soil porosity. Soil WHC was 

determined by saturating with water 25 g of oven-dried soil in a glass funnel and its water holding 

capacity determined by gravimetric method. 

Management and slope position interaction had a significant effect at 0-10 cm and 10-20 cm soil 

depth with lower BD at the CA site lower slope position at 0-10 cm soil depth. SOC was 

significantly higher on lower and middle slope of CA than natural grassland (NG) site. The CA site 
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recorded higher EC at the middle and lower slope positions compared to NG site. Higher AS was 

observed at the CA site than NG at all slope position at 0-10 cm soil depth, at 10-20 cm CA site 

recorded higher AS at the lower and middle slope. Vf was significantly higher at the CA site than 

NG site at all slope positions, CA lower slope was associated with higher Vf followed by middle 

and summit slope. CA site exhibited a higher WHC than NG site at all slope positions, CA middle 

lower slope positions had the highest WHC. Interaction effect was observed on final IR however, 

the significant difference between the two-management system was observed at lower and middle 

slope. Conservation agriculture and slope position interaction in this research resulted in 

significantly higher BD, SOC, EC, AS, vf and WHC but had no effect on BD middle slope and 

summit slope positions at 0-10 cm, SOC summit and lower slope positions at 10-20 cm soil depth, 

EC summit slope at 0-10 cm, vf at summit and middle slope at 10-20 cm soil depth and WHC 

lower slope lower slope position at 10-20 cm soil depth. According to the findings of this study, 

practicing conservation agriculture in various slope positions could be recommended to improve 

soil properties (bulk density, soil organic carbon, soil electrical conductivity, aggregate stability, 

total soil porosity, water holding capacity and infiltration rate) of a Vertisol. 

  Key word: Conservation agriculture, Physical properties, Slope position, Vertisol,
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Chapter 1 

1.1 Introduction  

Conservation Agriculture (CA) is an agriculture production system that involves minimal or zero 

tillage and crop rotation. In addition, CA entails covering the soil surface with crop residues. 

Conservation agriculture is a sustainable production system in terms of money as it costs less to 

the farmer to produce (FAO, 2019). Conservation Agriculture sustains resources such as water 

because one of CA’s benefits is to improve infiltration and water holding capacity of the soil (FAO, 

2019). As highlighted in the following paragraphs, numerous studies have documented the 

benefits of CA. 

CA increases water infiltration and decreases soil water evaporation thereby increasing rainfall 

use efficiency. It also decreases runoff and soil erosion (Thierfielder et al., 2017). Furthermore, 

Musukwa (2017) reported that CA improves other soil physical properties leading to good soil 

fertility. For example, the building up of Soil Organic Matter (SOM) through Conservation 

Agriculture improves soil structure and increases soil moisture holding capacity (Giller et al., 

2009). In addition, soil bulk density is reduced due to minimal soil disturbance and high amount 

of organic carbon (Kuman et al., 2018). CA increases soil aggregate stability in both high clay and 

low clay soils compared with Conventional Agriculture (Giller et al., 2009). Nevertheless, CA’s 

effect is influenced by a slope position.  

Slope positions affect the quality of soil physical properties due to factors such as erosion and 

underground water movement (Plaster, 2013). Therefore, it is important to consider slope position 

when planning soil management practice. Usually, lower slope positions contain a high amount 

of soil organic carbon and have good aggregate stability compared to other slope position due to 

the deposition of materials from another slope positions (Pierson, 1990). Physical properties of 

soil such as bulk density and porosity are also affected by slope. It is generally agreed that slope 
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position has great impact (Kuman et al., 2018). However, information on how CA affects vertisol 

properties is not readily available in literature. More so, little is reported on slope position effects 

on vertisols under CA practice. 

Vertisols are dark clayey soils which have strong shrink-swell mineralogy and usually develop 

under different climates- including tropical and subtropical zones (Rezaei et al., 2015). They are 

important in plant production due to their high nutrient content, good soil physical properties and 

their high clay content. However, due to intensive agricultural cultivation, vertisols often lose their 

soil properties, such as SOM, porosity and soil structure resulting in lower productivity (Zhang et 

al.,2015). 

Water on the ground surface infiltrates the soil through the process of infiltration. Infiltration is 

critical for soil and water conservation because it determines the amount of runoff over the soil 

surface during irrigation and precipitation. The infiltration rate of a soil, and consequently its ability 

to withstand excessive rainfall or irrigation, is determined by the soil's physical properties (Oku et 

al., 2011). Vertisols may present infiltration problems especially under conditions of high sodium 

content which causes deflocculating of soil colloids and subsequent collapse of soil structure. 

Moreover, infiltration in vertisol is difficult to measure due to its shrinking-swell properties (Oku et 

al., 2011). Currently there is paucity of knowledge on how CA influences vertisol infiltration 

properties.   

1.2 Problem statement  

Conventional tillage is a common practice whereby soil is turned over and crop residues removed 

from the field. This leaves the soil bare - loosens soil particles and exposes the soil to the erosive 

force of wind and water. Soil disturbance through conventional tillage is a cause of land 

degradation through soil structure destruction and organic matter depletion. In contrast, 

Conservation Agriculture (CA) is known to arrest land degradation and improves soil productivity.  

While there is a drive towards practicing CA in South Africa, its impact on physical properties of 
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Vertisols is not well understood, particularly those properties known to influence crop production 

such as the soil’s water holding capacity and water transmission need further investigation. These 

properties influence crop water availability, which is responsible for increased crop yields. 

Understanding soil physical properties is critical for defining and/or improving soil water 

management practices to achieve optimal productivity for each soil condition. While the 

distribution of soil properties across a topo-drainage sequence in the tropics is predictable, there 

is dearth of knowledge on how CA activities influences the distribution soil properties across 

different slope positions. Therefore, this study attempts to fill this knowledge gap. The aim of this 

study is to evaluate the effect of Conservation Agriculture on some physical properties of a Vertisol 

across different slope positions. An adjacent natural grassland is used as the control. 

1.3 Significance of the study 

Practicing CA is a sustainable way of soil management which in addition to bringing cost savings 

for the farmer by means of minimal soil disturbance which also aids in soil organic matter that 

builds up through mulching. Benefits of increasing soil organic matter results in improved soil 

structure that lead to reduced soil erosion, low bulk density and increased water infiltration. 

Furthermore, CA provides plant nutrients through organic matter decomposition thereby saving 

the farmer the cost of inorganic fertilisers. Improved soil properties lead to increased crop yields 

and household food security.    

Findings from this research generates knowledge on how Vertisols respond to CA practice across 

different slope positions and may guide agriculture experts in developing recommendations for 

the adoption of CA on vertisols. 
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Objectives 

1.4.1 Main objective  

To determine the effect of Conservation Agriculture and slope position on selected soil physical 

properties of a Vertisol in Limpopo Province. 

1.4.2 Specific objective  

To determine the effect of CA and slope position on: 

a. Soil bulk density   

b. Soil organic carbon 

c. Soil electrical conductivity     

d. Soil aggregate stability  

e. Soil total porosity 

f. Water holding capacity  

 1.4.3 Null hypotheses (HO)  

Conservation Agriculture and slope position does not have a significant effect on soil: 

a. Bulk density  

b. Soil organic carbon  

c. Electrical conductivity 

d. Aggregate stability     

e. Total porosity 

f. Water holding capacity 
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Chapter 2  

Literature review 

2.1 Conservation Agriculture   

Conservation Agriculture (CA) is a type of crop production system that ensures minimal physical 

disturbance of soil through zero or minimum tillage. It provided permanent soil cover which was 

accomplished either through growing a crop or mulching with dead crop residues. In addition, 

crop rotation and intercropping are an integral part of CA (Giller et al., 2017). Conservation 

Agriculture was at its infancy in South Africa yet in the early 1950’s, when the USA started to 

practice Conservation Agriculture and it was one of the countries that had the largest hectarage 

under Conservation Agriculture (Kassam, 2020). Conventional tillage resulted in soil erosion 

because the soil was unprotected (Chivenge et al., 2007). Conservation Agriculture was 

introduced to reduce soil degradation and increase soil fertility. More small- scale and large-scale 

farmers adopted this agricultural practice system over the world (Kassam et al., 2017). 

Appropriate CA inputs (e.g., organic manure, compost, and other better management practices) 

were critical to the success of CA in deficient soils, as they resulted in greater productivity. Given 

the wide range of CA benefits elsewhere in the world, it was vital to look into the viability and 

potential of CA to alleviate food security restrictions in South Africa in a variety of environmental 

conditions (Nyamangara et al., 2015).  

2.2 Conservation Agriculture (CA) in South Africa 

The productivity of rainfed cropping systems in South Africa is well below capacity, largely due to 

poor soil fertility associated with prolonged dry spells in the mid-season (Nyamangara et al., 

2015). The use of CA in the sub-region should therefore be assessed against its ability to reduce 

climate risk in the face of significant crop yield losses associated with soil moisture deficits. The 

initial version of CA in Southern Africa was first introduced at a commercial farm in the sub-humid 
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area in the 1980s (Nyamangara et al., 2015). Most smallholder farmers who practiced CA in South 

Africa had mostly adopted minimum tillage.  

In the 1980s, a commercial farm in the sub-humid area of Zambia was the first to adopt the first 

version of CA in southern Africa (Thierfelder et al., 2017). The goals back then were to prevent 

soil erosion, stabilize agricultural yields, and improve profits by reducing soil tillage and retaining 

crop residues (Nyamangara et al., 2015). CA's goal is more expansive, and it is founded on three 

principles: minimal soil disturbance, permanent soil cover given by mulch, and crop rotation 

(Thierfelder et al., 2017). CA was first widely promoted in Southern Africa few years ago, when 

the International Maize and Wheat Improvement Center (CIMMYT) was established. CA was 

mostly practiced by large commercial farmers in South Africa, and it was still in its early stages in 

most of the region in Zambia. 

Agricultural productivity was generally low on many smallholder farms in Southern Africa because 

of declining soil fertility, inadequate and unsuitable fertilizer application, unpredictable rainfall and 

a changing climate, a lack of cultivars, labor shortages, and occasionally poor tillage practices 

(Thiefelder et al., 2015). Thus, an increasing number of farmers were locked in abject poverty, 

food insecurity, and malnutrition (Ngwira et al., 2013). A cropping system based on no tillage, 

mulch cover made of living or dead plants, and diverse crop rotation and relationships have been 

proposed as a possible remedy to such restrictions in Southern Africa (Thiefelder et al., 2017).  

Organic matter decomposition, soil moisture, rainfall infiltration, and soil erosion were all impacted 

by CA practices such as no-tillage, mulching with live or dead plants, and crop rotation. Higher 

moisture conservation during critical crop phases increased crop yields at harvest or reduced the 

risk of total crop failure in scenarios of unpredictable rainfall distribution marked by mid-season 

dry spells, where CA may make a difference. No-tillage with mulch and herbicide treatment 

appeared to sustain and boost soil production and increased maize yields in the tropics 

(Thiefelder et al., 2017). 
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South Africa's agricultural resources were limited, and much of the nation was considered 

marginal and vulnerable to environmental damage (Laker, 2004). In South Africa, SOM levels 

were naturally low, with 70% of soils containing less than 0.5 percent SOM (Swanepoel et al., 

2016). Low SOM or an indicator of it Soil Organic Carbon (SOC) was frequently linked to poor 

soil structure, crusting, low water infiltration, and nutrient status whereas high SOM or SOC were 

indicative of healthy, productive soils (Swanepoel et al., 2016). Cultivation further degraded the 

already low SOC condition of South African soils (Swanepoel et al., 2016). In southern Africa, CA, 

a sustainable and regenerative agriculture technique that preserves or replenishes SOC and 

enhances soil health, has received more attention (Smith et al., 2016). 

2.3 Vertisols 

Vertisols are dark clayey soils with strong shrink-swell mineralogy (Rezaei et al., 2015). According 

to SSSA (1997) vertisols usually had deep wide cracks when dry and wedge-shaped structural 

aggregates. Vertisols develop under different climatic conditions. They are found in tropical and 

subtropical zones (Rezaei et al., 2015). They are also found in the cold temperature regimes 

(Rezaei et al., 2015). Most of Vertisols are dark in colour due to large variable organic matter 

content on the surface horizon. 

Vertisols are important in crop production because they had high water holding capacity due to a 

high clay content and a deep soil profile (Virmani et al., 2000). Usually, the top layer of Vertisol 

consisted of a high percentage of organic matter which is rich in plant nutrients essential for plant 

growth. Due to heavy rains Vertisol became waterlogged and sticky and it is difficult for farmers 

to cultivate in such soil condition. However, CA decrease the level of water logging and stickiness 

because the soil is covered by crop residues as part of mulching (Pathak et al.,2011).    

When properly managed, vertisols can be very productive due to their relatively high inherent 

fertility. However, their distinct physical properties are the most significant constraints to 
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predominantly low-input agriculture. They necessitate careful management to realize their full 

potential while avoiding a decline in soil quality. 

2.4 Effect of slope position on soil physical properties  

One of the most important factors in universal soil loss is slope. Its geometry, such as slope angles 

and length, had a substantial impact on runoff, drainage, and soil erosion, with significant 

differences in soil physical attributes. As the slope length and steepness increase, as well as a 

corresponding rise in surface runoff velocity and volume, erosion was projected to occur. 

Soil physical properties changed with slope position even when the soil is formed from the same 

parent materials (Esu et al., 2018). Usually, lower slopes have good quality soil physical 

properties because all material that are leached and eroded from summit slopes are accumulated 

there. Because of the movement of water in a hill slope soil exhibit a difference in physical 

properties because of vertical movement of water across a profile (FAO, 2019).  

When planning to practice agriculture on hill land it is important to have good soil management 

practices which are best for land with different slope position. Soil physical properties and their 

genesis are directly affected by slope. A study of slope position and their physical properties is 

important because it played a role in saving the land and soil fertility (Esu et al., 2018).  

Soil drainage and soil erosion are influenced by slope positions (Aytenew, 2015). Usually slope 

position have great impact on soil physical properties. Aytenew (2015) reported that slope position 

affected the development of soil which led to variation of soil physical properties along the slope. 

Bulk density and total porosity are greatly affected by slope. Middle slope positions usually had 

lower bulk density due to high clay content (Aytenew, 2015). Soil organic matter is greatly affected 

by different slope positions. Due to the movement of soil material because of erosion and 

deposition, lower slope position usually has high organic matter content compared to summit and 

mid slope positions (Khan et al., 2013).  
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2.5 Effect CA on soil properties 

2.5.1 Bulk Density  

The weight of oven-dry soil per unit total volume of dry soil is denoted by BD (Mckenzie et al., 

2002). Bulk Density is used in the analysis of physical properties of the soil, and it is important in 

converting water percentage by weight to water percentage by volume and for calculating the total 

pore space. 

Soil management practice such as ploughing temporarily decreased bulk density and increased 

pore space. Soils which are relatively low in total pore space and had high bulk densities are 

sandy soils. They had more compact particle arrangement, less aggregation and lower level of 

organic matter. Average bulk density of dense sub-soils is 1.8 g cm3. Soil management practices 

that involved the addition of organic material such as CA are encouraged to decrease the soil’s 

bulk density (Evanylo and McGuinn, 2008). Under CA bulk density in the 0–30 cm layer of soil is 

usually lower because of high microbial activity and mulching using organic matter (Rai et al., 

2018). Lower bulk density in CA improved water infiltration (Wang et al., 2014) and improve more 

solid and porous structure. Those pores are important to maintain good functioning of soil physical 

properties (Wang et al., 2014).   

Mahanty (2015) noted that CA decreased bulk density due to the increase of soil organic matter 

which resulted in high infiltration rate. The decrease in soil bulk density under CA go with the 

duration of CA practices in the field (Muchabi et al., 2014). However, soil bulk density under CA 

differed with soil depth. Paliwal et al. (2017) found that soil bulk density increased in the 15-30 

cm depth and decreased in the 0-10 cm depth under zero tillage. Where BD or porosity is more 

of a capacity indicator, the intensity of other parameters such as hydraulic conductivity, which 

affect water fluxes in the soil, is also important to consider.  
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 2.5.2 Soil Organic carbon (SOC) 

SOC, particularly the concentration of SOC at the surface, is the most essential soil health 

indicator. SOC aided in the storage of nutrients, the reduction of soil erosion, and the improvement 

of water infiltration (Lal, 2004). Land use and natural vegetation, soil texture, meteorological 

circumstances, topographic position, and the initial SOC stock all influence SOC concentration 

(Lal, 2004). SOC rate in soil is influenced by vegetation types, irrigation, crop rotation, integrated 

pest and nutrient management, and livestock (Lal, 2004). A positive SOC balance is 

accomplished at the field size by increasing organic matter supply to the soil and minimizing C 

losses through mineralization, leaching, and erosion, or by slowing the rate of SOC 

decomposition.  

Good SOM is linked to improved plant nutrition, crop performance, and soil physical properties 

(greater aggregate stability, reduced bulk density, improved water holding capacity, enhanced 

porosity) (Musukwa, 2017). West and Post (2002) reported that SOC contents which are low 

under conventional tillage increased post adoption of zero tillage. Sisti et al. (2004), The 

concentrations of SOC to 100 cm depth under zero tillage are not significantly different from those 

under conventional tillage in a continuous sequence of wheat (winter) and soyabean (summer). 

Conventional tillage is reduced to N-fixing because of leaching of nitrate, due to SOM 

mineralisation stimulated by tillage. 

CA improved building up of soil organic matter. According to Alves at al. (2013) soil organic matter 

changed over time in clay soil; usually from 0-20 cm layer under CA practice. Musukwa (2017) 

found that zero tillage, organic matter content differed from the method of planting; where he 

found that bed planting resulted in higher organic matter compared to flat planting method. In 

Zimbabwe, Musukwa et al. (2017) found that in a 0-20 cm layer of clay loam soils, all tillage 

strategies tested showed that soil organic matter increased with time. In the 0-15 cm layer of a 

sandy loam soil in India, Alves et al. (2013) discovered that no tillage with bed planting and no 
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tillage with flat planting had 28 percent and 26 percent higher soil organic matter, respectively, 

than conventional tillage (CT). Musukwa et al. (2017) reported that Conservation Agriculture 

enhanced soil organic matter in a clayey loam (fine, mixed, thermic, Cumulic Haplustoll) soil in 

Mexico when compared to conventional tillage, but only at 0-5 cm soil depth. 

2.5.3 Electrical conductivity 

Soil EC refers to the measurement of soil salt amount which is present in the soil or salinity of soil 

(Adviento-Borbe at al., 2006). Electrical conductivity was one of the most important indicators of 

good yield and good soil health. It had an impact on plant nutrient present in soil, crop yields, crop 

quality and soil microorganism’s activity. Some soil processes including greenhouse gases 

emission, nitrogen oxide and carbon dioxide were affected by EC (Adviento-Borbe et al., 2006). 

Under zero tillage practices gradual accumulation of salt was observed next to soil surface during 

rice growth stage, compared to conventional tillage (adviento-Borbe et al., 2006). Furthermore, 

there was a significant interaction between soil tillage and soil depth. There were no differences 

in soil electrical conductivity between tillage systems in the 5-15 cm layer. Tillage practices had 

little effect on EC concentrations in some cases. Regardless of tillage, extractable Na increased 

with depth. (Franzluebbers and Hons 1996). 

2.5.4 Aggregate stability   

Soil structure was important in the determination of crop production and proper functioning of soil 

Passioura. (1991). Soil structure is defined as the size, shape, and arrangement of solids and 

voids, as well as the ability to support root growth. The degree of aggregate stability was 

frequently used to describe soil structure (Bronick and Lal 2005). 

Dry aggregate size distribution of soil was improved under no till with the residue retention 

compared to conventional tillage (Govaerts et al., 2009). Giller et el. (2009) reported that 

Conservation Agriculture (CA) increased aggregate soil stability in both high clay soil and low clay 
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soils compared with conventional agriculture. Covering or mulching soil using organic matter 

support the formation of stable aggregates and soil structure and reduce soil erosion and 

degradation (Musukwa, 2017). 

Nyamangara et al. (2015) investigated the impact of basin-based Conservation Agriculture (CA) 

on selected soil quality indicators and discovered that, as compared to conventional agriculture, 

water stable aggregates rose by 19% and 8% in high clay soils and low clay soils, respectively. 

They attributed this to Conservation Agriculture's better soil organic matter build-up and less soil 

disturbance (tillage). This backed up previous researchers that suggested soil organic content 

lessens the danger of erosion by enhancing the production of stable aggregates and soil structure. 

2.5.5 Soil total porosity  

Soil porosity is the amount of open space between soil particles (Kay and Vanden 2002). Different 

pore sizes were generated by different tillage systems and were influenced by root growth as well 

as burrowing fauna (Kay and Vanden, 2002). Root penetration and water movement in the soil 

were related to soil porosity. Pore size and shape were influenced by different tillage systems. 

Under CA mulching using straw increased total porosity of soil (Tangyuan, 2009).  Increase in soil 

bulk density resulted in the loss of pore space which was corrected by introducing zero tillage 

practice. Other researchers have indicated that increased porosity of top 5 cm layer of soil was 

caused by organic matter build-up (Hulugalle, 1999). The adoption of CA was important in limiting 

the possible loss of pore space. 

2.5.6 Water holding capacity 

Soil WHC is the amount of water that soil can hold. Pore size and distribution determined the 

movement and storage of soil water (Thierfelder et al., 2009). The presence of macropores and 

mesopores fraction in the topsoil layer due to organic matter determined the soil water holding 

capacity (Shaxson 2003). In a study by Thierfelder et al. (2009) CA increased soil water holding 
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capacity. Similarly, Mlozo-Banda et al. (2015) reported similar results when they carried out a 

study to assess impacts of CA on soil properties in small scale farms. CA and soil management 

practice that increase the organic matter content in the soil increased WHC of the soil (Hatfield et 

al., 2001). Other researchers reported that WHC of the soil was high in CA compared to 

conventional tillage in different locations (D’Haene et al., 2008). 

2.5.7 Infiltration rate   

In soil water management and water resource conservation methods, water infiltration into the 

soil is a critical issue. The process by which water on the ground surface enters the soil is known 

as infiltration. As a result, it calculated the amount of runoff over the soil surface during irrigation 

and precipitation, as well as infiltration, which was critical for soil and water conservation. The 

infiltration rate of a soil, and consequently its ability to withstand excessive rainfall or irrigation, 

was determined by the soil's properties (Oku et al., 2011). Poor infiltration suggested a greater 

risk of runoff and erosion, both of which had an impact on the amount of water stored in the root 

zone of a plant (Thomas et al., 2020). This made it harder for the soil to supply the crop's essential 

water demand. 

Furthermore, because soil infiltration behavior has a direct impact on critical variables such as 

inflow rate, length of run, application duration, and depth of percolation, surface irrigation system 

design, operation, and management are heavily reliant on it. 

Infiltration enabled the soil to temporarily store water, allowing plants and soil organisms to absorb 

it. Poor management had the potential to limit penetration. Water cannot easily penetrate the soil 

in these conditions, so it runs off or collects in ponds on the surface, where it evaporated. Thus, 

less water was held in the soil for plant growth, and plant production declined, resulting in lower 

organic matter in the soil and reduced soil structures, which further reduced infiltration rates 

(Haghnazari et al., 2015). Suggested by Haghnazari et al. 2015 that management measures such 
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as increasing plant cover, particularly of species that had beneficial impacts on infiltration, 

reducing compaction by avoiding intensive grazing, and avoiding the use of machinery when the 

soils were moist be considered. 
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Chapter 3 

3. Materials and methods 

3.1 Study site description 

The study was conducted at Mutanga wa Ndodzi Agricultural Co-operative farm. It is located at 

Tshivhilwi village 22°50ʹ56ʺS and 30°38ʹ36,7ʺE, Vhembe District Limpopo province of South Africa 

(Figure 1). Annual average temperature and rainfall is 21.4ºC and 642 mm, respectively.  The 

farm was established in 2013 and practices CA. The farm consists of two blocks of land, one is 

used for crop production and the other which is directly opposite across the river is natural 

grassland. The field used for crop production was tilled once in 2013 using a mouldboard plough 

when the farm was established. Thereafter conservation agriculture was practiced. The form of 

conservation agriculture is described in the next paragraph. 

CA at this farm consist of minimum tillage. Mulching or covering the ground with crop residue is 

only done after harvesting maize, where maize stalks are left on the ground (Figure 2). A few days 

before planting poultry manure is applied especially during planting of cabbage and spinach at 

the rate of about 2 t/ha. Drip irrigation pipes are laid before planting so that the planting stations 

can be identified easily. A digging fork is used to open a hole for planting. After planting, fertilizer 

is applied based on crop requirements usually 30 g of 2:3:2 (14) fertilizer per planting station. Two 

methods of weeding are used depending on the type of crop which is planted. For maize, round 

up® (Glyphoste) is used for weeding control and sometimes weeds are removed by hand. Hand 

hoeing is used for weeding in cabbage and spinach.   
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Figure 1: Study area 

Figure 2: Mulching with crop residues (maize stalks) 
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3.2 Soil sampling  

Two fields with similar soil type (Vertisol) were chosen. The fields are separated by a river and 

are directly opposite each other. One field was under natural grassland (NG) and was used as 

the control while the other was under CA. Both fields were subdivided into ten evenly spaced 

transects. Auger soil samples were collected from 0-10 and 10-20 cm depth along the transects 

from the summit (S), middle slope (MS), and lower slope (LS) positions of both fields and core 

ring was used to collect bulk density sample. Therefore, six soil samples were collected from each 

transect giving a total of 120 samples (3 slope positions × 20 transects × 2 depths) samples from 

both CA and NG fields. Slope gradient was measured at each slope position by using a 100 m 

tape measure in combination with a GPS (Germin GPS Map 65s handheld). 

The collected soil samples were air-dried, cleared of visible root or organic residues and passed 

through a 2-mm sieve. Crushed and sieved soil sample of aggregate size <2mm was used to 

determine the selected soil physical properties except for aggregate stability (AS). Soil samples 

meant for the determination of AS were collected using a spade and transported to the laboratory 

with minimum disturbance to preserve their natural aggregates. 

3.3 Soil analysis  

3.3.1 Bulk density  

A core sampling method was used to determine soil bulk density (Black and Hartge, 1986). Soil 

samples were collected using a core sampler, which consists of a metal cylinder with one end 

sharpened and a sampler head with a handle for pushing the cylinder into the soil. Five-

centimeter-diameter and five-centimeter-high soil core samples were gathered and taken to the 

lab for additional processing. In the laboratory, the core was weighed before drying and reweighed 

after drying in oven model Series 2000 at 105°C for 48h. 

Soil BD was calculated using the following equation: 
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 BD (g/cm3) = Dry soil weight (g) / Soil volume (cm3) …………………. (1) 

3.3.2 Soil organic carbon  

The modified wet oxidation method was used to determine SOC concentration (Nelson and 

Sommers 1982). In the digester tube, 0.1 to 0.5 g of soil was mixed with 5 ml of potassium 

dichromate solution and 7.5 ml of H2O4. The digest was transferred to 100 ml conical flask, and 

0.3 ml of the indicator solution and the digest titrated with ferrous ammonium sulphate solution 

(Figure 3). 

Soil organic carbon (%) was calculated using the following equation: 

Organic carbon (%) = (T×0.2×0.3)/ (sample weight) …………………………………………… (2) 

Where T = the titration volume 

  

Figure 3: soil organic carbon determination Modified wet organic oxidation procedure.  
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3.3.3 Soil electrical conductivity 

Electrical conductivity was measured with glass electrode (EC probe) professional EC meter 

(CDM 210 model) in 1:5 ratio soil water suspension as per the procedure described in the Non-

Affiliated committee (1990). Air dry soil (10 g) (<2mm) was weighed into a bottle. A volume of 50 

ml of deionised water were added and the soil sample left in the mechanical shaker at 15 rpm for 

1 hour to dissolve soluble salts. Calibrated EC meter was used to measure electrical conductivity 

(non-Affiliate committee, 1990).  

3.3.4 Aggregate stability   

Soil aggregate stability (AS) was determined by the wet sieving method (Kemper, 1986). Sieve 

mesh were filled with 4 g of soil aggregate. Aggregate was pre- moistened for 5 minutes before 

submerging. The first set of cans were fill with distilled water and placed in the sieve can holder. 

Sieve mesh with aggregate was submerged into distilled water cans for 3 minutes. Cans 

containing particles and aggregates fragment that have broken loose from the aggregate and 

come through the sieve were replaced with other set of cans filled with dispersing solution (2 g 

sodium hexametophosphate/L) for pH >7 soil. Sieves mesh with aggregate were submerged 

again into cans filled with sodium hexametophosphate until only sand particles and roots left in 

the sieve. Both set of cans were placed in an oven (Series 2000) at 110°C until water evaporated. 

The weight of the material in each can was determined by weighing the can. Soil aggregate 

stability was calculated using: 

WSA=
𝑤𝑑𝑠

(𝑤𝑑𝑠−𝑤𝑑𝑤)
 …………………………………………………………………………………… (3) 

Where: WSA= is the index of water stable aggregates 

  wds= is the weight of aggregates dispersed in the dispersing solution (g) 

  wdw= is the weight of aggregate dispersed in distilled water (g)  
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3.3.5 Soil porosity  

Total soil porosity was determined by using indirect measurement, through determination of soil 

particle density (Pd). The pycnometer flask was half filled with air-dry soil and weighed. Water 

was added to the flask slowly until full and the soil and water thoroughly mixed. The full flask was 

weighed. The flask was refilled with water only and weighed. 

Particle density was calculated using this equation: 

Pd = mass of dry soil/ volume of dry soil…………………………………………………… (4) 

After determination of soil particle density, soil porosity was calculated by this equation:  

Vf= 1−
Pb

Pd
  ………………………………………………………………………………………. (5) 

Where Vf = porosity   

 Pb = bulk density 

 Pd = particle density  

3.3.6 Water holding capacity 

A mass of 25 g of soil was saturated with water in a glass funnel and allowed free drainage for 48 

hours, with the top surface covered by plastic to prevent evaporation. After 48 hrs the weight of 

the soil was measured and water holding capacity was calculated by using the following equation: 

WHC= (weight of saturated drained soil – weight of dry soil) / weight of dry soil…………. (6)  

3.3.7 Infiltration rate 

Double ring infiltrometers, consisting of two concentric rings, were used to measure the infiltration 

rate. The inner and outer rings had a diameter of 32 cm and 57 cm respectively. The rings were 

driven 5 cm into the soil using a metal plate and sledgehammer (Figure 4a). At CA site the rings 

were filled with maize stalks for mimicking CA and water was added up to 20 cm above the soil 
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surface (Figure 4b). The rings were re-filled to the 20 cm head level each time when the head 

approached 5 cm above the soil surface. Water level was recorded at the increment of 2, 3, 5, 

10, 15, 20, 30, 45 and 60 minutes and then at 30 minutes interval after that for the calculation of 

infiltration rate and cumulative infiltration. The measurements were designed to determine the 

steady-state infiltration rate, and this was accomplished when the amount of water infiltrated 

remains constant over time.  

  

Figure 4a: double ring infiltrometer      Figure 4b: double ring infiltrometer with mulch  

3.3.8 Soil particle size distribution, soil texture and soil pH  

Soil particle size distribution was determined using hydrometer method (Bouyoucos 1962). Mass 

of 50 g of air-dry soil was weighed into 400 ml beaker and saturated with distilled water, 10 ml of 

Calgon solution was added and allowed to stand for 10 minutes. Suspension was transferred in 
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to dispersing cup mixed for about 2 minutes with an electric high-speed stirrer. Suspension was 

transferred into gradual cylinder and filled with 1000 ml of distilled water. Hydrometer reading was 

taken at 40 seconds and temperature reading was taken by use of thermometer. The cylinder 

with suspension left to stand without disturbance for 2 hours, after 2 hours’ suspension was stirred 

10 times and hydrometer reading and temperature was recorded. Percent (%) sand, clay and silt 

were calculated.  

Soil pH was measured by weighing a mass of 10 g of soil sample was weighed. A volume of 50 

ml of denoised water was added. The mixture was stirred for 10 minutes and allowed to stand for 

30 minutes and stirred again for 2 minutes. A pH meter (model PHS-25PH Meter) was used to 

measure the pH of soil suspension in 1:5 soil water suspension (Rhoades, 1982)  

3.4 Data analysis 

The data collected was subjected to two-way analysis of variance (ANOVA) Statisix software, 

version 10 package. The treatment means were separated by least of significant difference (LSD) 

when the analysis of variance F- test was significant at P ≤ 0.05 probability level. 
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Chapter 4 

4.1 Results  

4.1.1 Site and soil characteristics 

At 0-10cm depth, there was no pattern in particle size distribution under CA across all slope 

positions. However, the summit slope position recorded the highest sand percentage (48%) whilst 

the middle slope position recorded the highest percent clay (46%) (Table 1). A similar pattern was 

repeated under NG site at summit and middle slope positions. However, clay content was highest 

at lower slope position (42%) which recorded a clay texture. 

Table 1. Percent sand, clay, silt and textural class at 0-10 cm depth at the study site.  

Management  % Sand %Clay %Silt Textural Class 

CA     

Summit  48 40 12 Sandy clay  

Middle  40 46 14 Clay  

Lower  38 45 17  Clay 

NG     

Summit  62 30 8 Sandy Clay loam 

Middle 50 30 20 Sandy Clay loam 

Lower 40 42 18 Clay  

 

At 10-20 cm depth, it was observed that percentage sand decreased whilst percentage clay and 

silt marginally increased from summit to lower slope position on CA site (Table 2). The highest 

percentage sand (52%) was observed at the summit slope position whereas, highest percentage 

clay (40%) was observed at the middle slope position (Table 2). A nearly uniform soil particle size 

distribution pattern was observed under NG site where a constant clay percentage (36%) was 
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recorded at summit and middle slope positions. However, the NG site was sandy compared to 

the CA site. 

Table 2. Percent sand, clay, silt and textural class at 10-20 cm depth at the study site. 

Management  %Sand %Clay %Silt Textural Class  

CA     

Summit  52 36 12 Sandy Clay  

Middle  44 40 16 Clay  

Lower  40 43 17 Clay  

NG     

Summit  56 36 08 Sandy clay loam 

Middle  54 36 10 Sandy Clay  

Lower 56 32 12 Sandy Clay  

 

The results showed that CA site summit slope position recorded the lowest gradient (9.3%) 

compared to NG site. However, it was observed that CA site had slightly higher slope gradient at 

middle slope (7%) compered to NG site (Table 3).  
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Table 3: Slope position (lower, middle and summit) gradient percent at the study area  

                     Management   

Slope position  %CA %NG 

Lower  5.3 4.76 

Middle  7 6.8 

Summit  9.3 9.54 

  

4.1.2 Bulk density   

A significant management × slope position interaction effect (P<0.01) was observed on BD 

(Figure 5a and 5b). The lowest BD (0.76 g/cm3), was observed at the CA lower slope position at 

0-10 cm, followed by middle slope and summit slope position. However, there was no significant 

difference between BD on the middle and summit slope positions at 0-10 cm depth. 

 

Figure 5a: BD (g/cm3) as a function of interaction between management and slope position 

(0-10cm soil depth) 
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Figure 5b: BD (g/cm3) as a function of interaction between management and slope position 

(10-20cm soil depth) 

4.1.3 SOC (soil organic carbon)  

A significant management × slope position interaction effect (P<0.001) was observed on soil 

organic carbon at 0-10 cm soil depth (Figure 6a). Organic carbon was significantly higher (P<0.01) 

on lower and middle slope of CA than NG sites. The highest SOC content of 1,19% was obtained 

at the CA lower slope position whilst the lower was observed at the summit slope of both CA and 

NG sites.  At 10-20 cm soil depth, CA recorded a significantly higher OC content than the NG site 

only at the middle slope position (Figure 6b). 
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Figure 6a: SOC (%) as a function of interaction between management and slope position 

(0-10cm soil depth) 

 

Figure 6b: SOC (%) as a function of interaction between management and slope position 

(10-20cm soil depth) 
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and lower slope positions compared to the NG site. The highest EC at lower slope of CA site and 

the difference was significant between the two sites (Figure 7b). A similar trend was observed at 

the middle and lower slope positions.  

 

Figure 7a: EC (ds/m) as a function of interaction between management and slope position 

(0-10cm soil depth) 
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Figure 7b: EC (ds/m) as a function of interaction between management and slope position 

(0-10cm soil depth) 

4.1.5 AS (aggregate stability) 

A significant management × slope position interaction effect (P<0.05) was observed on soil 

aggregate stability (Figure 8a and 8b). The CA site had higher AS than NG site at all slope 

positions at 0-10 cm depth. CA lower slope had the highest soil aggregate stability percent 

followed by middle and summit slope. There was also a significant management × slop interaction 

(P<0.01) at 10-20 cm depth (Figure 8b). CA site recorded higher AS than NG at all slopes 

positions. 
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Figure 8a: AS (g/g) as a function of interaction between management and slope position 

(0-10cm soil depth) 

 

Figure 8b: AS (g/g) as a function of interaction between management and slope position 

(10-20cm soil depth) 
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4.1.6 Vf (Total soil porosity) 

There was a significant (P<0.05) management × slope position interaction at 0-10cm soil depth 

(Figure 9a). The CA site recorded higher total porosity than the NG site at all slope positions. The 

highest total porosity was observed at the CA summit slope position followed by the lower slope 

and middle slope, in that order. There was also a significant interaction effect between 

management and slope position at 10-20cm soil depth (P<0.001) (Figure 9b) although there was 

no significant difference between the middle and summit slope positions at 10-20 cm soil depth 

(Figure 9b). 

 

Figure 9a: Vf (v/v) as a function of interaction between management and slope position (0-

10cm soil depth) 
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Figure 9b: Vf (v/v) as a function of interaction between management and slope position 

(10-20cm soil depth) 

4.1.7 WHC (soil water holding capacity)  
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Figure 10a: WHC (mm/cm) as a function of interaction between management and slope 

position (0-10cm soil depth) 

 

Figure 10b: WHC (mm/cm) as a function of interaction between management and slope 

position (10-20cm soil depth) 
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4.1.8 Final infiltration rate (IR) and Cumulative infiltration (CI) 

A significant management × slope position interaction effect (P<0.05) was observed on final IR 

(Figure 11a). The significant difference between the two management systems was observed at 

lower and middle slopes. Similarly, a significant interaction effect (P<0.01) between slope position 

and management was observed on CI (Figure 11b). Summit slope of CA site was associated with 

the higher CI (54.23 cm) compared to NG site (48.01 cm).   

 

Figure 11a: IR as a function of interaction between management and slope position  
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Figure 11b: CI as a function of interaction between management and slope position  
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Chapter 5 

5.  Discussion  

5.1 Effect of conservation agriculture and slope position on  

5.1.1 BD (Bulk density) 

The soil BD generally reflects the material's state of compaction and, indirectly, total porosity. 

When the BD is high, the soil does not contain pores necessary for root growth, water capacity is 

reduced and flow of fluids (Schwyter, 2021). Significant effect in BD is observed under CA and 

NG site at 0-10 cm and 10-20 cm (Appendix A & B). Suryawanshi et al. (2018) previously reported 

that land use significantly affects the soil bulk density.  

A significant management and slope position interaction effect is observed on BD (appendix and 

B). The lowest BD (0,76 g/cm3) is observed at the CA lower slope position at 0-10 cm. The lower 

BD under CA at lower slope position is possible due to more aggregation and higher SOC content 

at the soil surface. The lower value of BD at all slope positions of CA site from 0–10 cm, and 10–

20 cm of soil depth demonstrates that the soil at the CA management site has high voids, and the 

particles are not compacted, and this demonstrates that CA management at all slope positions 

has good impact on soil health improvement. As a result, the flow of water and infiltration process 

is improved as well as roots growth (Mermound, 2010). The exceptional decrease of BD from 

summit slope to lower slope positions at CA site management is due to considerable improvement 

in SOM, this supports the finding of Maryam et al. (2011). 

It was discovered that the clay and silt content increased while the sand content decreased down 

the slope. (Table 1 & 2). This observation agrees with the finding of Abadllah et al. (2017). 

Abadllah et al. (2017) reported that when there is little soil erosion, finer particles become 

suspended in the accumulating water and are transported down the slope, leaving coarser 

materials at the top of the slope with less micro pore space and higher bulk density. In contrast, 
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the suspended finer particles are transported down the slope, where they accumulate at the 

bottom, increasing the clay and silt content with lower bulk density at the bottom slope position. 

5.1.2 SOC (Soil Organic Carbon) 

A significant management and slope position interaction effect is observed on SOC at 0-10 cm 

and 10-20 cm (Figure 6a & 6b). SOC is significantly higher on lower slope position of CA than 

NG. The highest SOC content of 1,19% is obtained at the CA lower slope position. The reason 

for this can be mostly due to minimal soil disturbance and consistent organic matter intake though 

mulching. This can be due to the downward movement of residue utilized for mulch from the top 

slope to the lower slope, where it accumulates. The findings are consistent with those of 

Jagadamma et al. (2019), who discovered a significant increase in total SOC concentration in the 

surface layer of CA-treated soils. The increase in SOC in the soil's upper layer can be due to a 

combination of adding organic wastes such as chicken manure practiced on this farm to the soil 

surface while not affecting the existing organic matter reserves beneath the surface. The increase 

in SOC is great when comparing the 0-10 cm soil depth of the CA site to the 10-20 cm soil depth 

of the CA site (Figure 6b). CA techniques practiced on all slope positions has higher SOC content 

in the 10-20 cm soil depth, which can be attributed to crop residue retention on the soil surface, 

increased plant biomass output, which results in more root residues in the system, and a delayed 

SOM decomposition rate due to minimal soil disturbance. Crop residues increase biological 

activity, reduce nutrient release into the soil, and help to regulate soil hydrothermal cycles. In the 

first 10-20 cm of soil depth, a combination of crop residue and low tillage can retain more carbon 

(Valenzuela, H. 2020). Differences in crop rotation (maize, green beans and cabbages) based on 

slope position in the CA site may also have an impact on SOC increasing rate at 0-10 cm to 10-

20 cm soil depth.  

Furthermore, the management practice (CA) has the potential to improve C and N cycling as well 

as soil aggregation, which increases the amount of organic carbon sequestered in the soil 
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(Thierfelder et al., 2015). CA is a critical agricultural management practice that can improve SOC 

content. Findings are supported by Hossein et al. (2015), who reported that the slope position 

and CA practice has a significant impact on SOC content. Based on our findings, it cannot be 

inferred that the slope gradient is the primary determinant of SOC content, but that other factors 

such as land use/cover, slope aspect, management strategies, soil type, depth, and elevation 

play a significant role (Valenzuela, H. 2020). Based on our findings from this study, it is possible 

to conclude that the slope position and management systems which are CA and NG had a 

significant impact on distribution of SOC. 

5.1.3 EC (Electrical Conductivity) 

EC is a significant measure of soil physical quality. It is the soil electrical conductivity resistance 

to disintegration under the effect of water, wind, and management, and it has an impact on a 

variety of physical, biological, and chemical processes in the soil. (Amézketa, 1999). 

There is a significant effect of management and slope position interaction at 0-10cm and 10-20 

cm soil depth on EC (Figure 7a and 7b). There is no significant difference at summit slope. 

Significance is observed at middle slope and lower slope positions and the highest EC is recorded 

at the middle slope (74.4 dS/m) at CA site at 0-10 cm soil depth. The CA site recorded the highest 

EC at middle slope (74,24 dS/m) and lower slope (88,91 dS/m) at 10-20 cm soil depth. The 

findings support those of Farmanullah et al. (2013), who observed an increase in soil EC down 

the slope, as well as a similar increase in soil EC down the profile. Because the soil is covered 

throughout and there is minimal soil disturbance. One of the advantages of CA is that it reduces 

surface runoff. As the buildup of water, soluble cations, and anions movement down the slope is 

reduced, this could be another reason for the increasing trend in soil EC down the slope. The 

percolation of soluble cations and anions down the soil profile could explain the increasing trend 

in soil EC down the profile. Farmanullah et al. (2013) also observed that the increase in EC with 

depth is attributable to the downward flow of soluble ions, as they had hypothesized. 
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The most essential aspect of EC for fertility is that it indicates the availability of nutrients in the 

soil (Farmanullah et al., 2013). The higher the EC, the more negatively charged sites clay and 

organic particles must have in the soil, and thus the more cations positively charged particles 

must be stored in the soil (Farmanullah et al., 2013). The EC of soil is highly correlated with 

particle size and soil texture. Because clay soil textures have high EC, this could be the cause of 

the high EC at all slope position of CA site and NG site. 

5.1.4 AS (aggregate stability) 

The results from this study showed significant management and slope position interaction effect 

on soil AS (Figure 8a and 8b). The CA site has higher AS than NG site at all slope positions at 0-

10 cm depth. CA lower slope (1,36 g/g) has the highest soil aggregate stability percent followed 

by middle (1,34 g/g) and summit slopes (1,27 g/g). As pattern observed in this study could be 

attributable to limited tillage and crop rotation, which are important variables in the CA system. 

Due to stable soil aggregates and soil biodiversity, soil under CA at all slope position at the study 

area have better soil strength, which helps to increase the amount of water and nutrients available 

to growth and development plans (Rilling et al., 2017). CA method which was practiced at the 

farm could have increased soil aggregation by limiting soil disturbance due to tillage 

avoidance/minimization and residue retention. The results are in line with the finding reported by 

Jayaraman (2022) who reported that agricultural residue retention aids in soil particle binding and 

residue development of macro aggregates. Higher aggregate stability at lower slope position can 

be attributed to higher SOM content due to surface cover. The slight decrease in soil aggregate 

stability from summit to lower slope is attributed to a lower degree of soil erosion due to crop 

residues covering the land. The findings of this study are in line with the findings of Rilling (2017) 

who reported the increase of soil aggregate stability when there is decrease in bulk soil.  
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5.1.5 Soil porosity 

There is a significant effect of management and slope position interaction at 0-10 cm soil depth 

(Figure 9a). The CA site records higher total porosity than the NG site at all slope positions. The 

results indicates that the highest total porosity is observed at the CA summit slope position (0,69 

v/v) followed by the lower slope (0,67 v/v) and summit slope (0,66 v/v), in that order. There was 

also a significant interaction effect between management and slope position at 10-20 cm soil 

depth (Figure 9b) although there is no significant difference between the middle and summit slope 

positions at 10-20 cm soil depth (Figure 9b). The results suggests that CA-based management 

approaches have an impact on soil porosity, particularly in the surface soil layer. The impacts of 

CA-practices and slope position on soil porosity vary based on soil texture, climate, and the length 

of time after they are applied (Abdallah et al., 2017). At the CA site, the increased amount of crop 

wastes absorbed by the soil year after year promotes the formation of stable soil aggregates and 

increases soil organic matter, potentially increasing soil resistance and resilience to pore 

deformation. (Indoria et al., 2020). Furthermore, increased biological activity in CA practices 

improves soil organic matter status through a variety of micro-organism activities such as fungal 

hyphae development and exudates released during bacterial growth, as well as macro-organism 

activities such as earthworm or termite activity, resulting in a more stable soil pore system with 

improved aggregate size and facilitating crop root exploration of the soil profile. (Indoria et al 

2020). Sasal et al., (2006) observed that overall porosity in the surface soil layer (0–15 cm) was 

3.5 percent higher under conventional agriculture than it was under CA-based management 

approaches. Based on the results of this study, short-term CA-based management strategies 

enhanced the fraction of small pores while reducing overall and macro-porosity depending on 

slope position.  

The high bulk density (Appendix A & B) decreases clay content (Table 1), and low organic matter 

content may be responsible for the slightly different in total soil porosity found at summit, lower 
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and middle slope positions. However, the lowest slope location with the highest clay content 

(Table 1) has the higher total soil porosity, indicating that clay concentration has a beneficial 

impact on total soil porosity. Aytenew (2015), reported similar results, recording the lowest total 

soil porosity on moderate slope area and the highest total soil porosity on gently sloping area. 

This suggests that the soils from all slope position under CA in the study area are physically fertile. 

5.1.6 WHC (soil water holding capacity) 

A significant management and slope position interaction effect is observed on water holding 

capacity at 0-10 cm depth. CA site exhibited higher WHC than the NG site at all slope positions. 

CA lower (13.47 mm/cm) and middle (11.08 mm/cm) slopes have the highest WHC followed by 

the summit slope position (9.95 mm/cm) at 0-10 cm depth (Figure 10a). the finding also reports 

that there is a significant management and slope position interaction effect which was observed 

at 10-20 cm soil depth except the lower slope position. The highest WHC is observed at lower 

slope position (13.54 mm/cm), followed by middle slope (13.53 mm/cm) and summit slope position 

(9,32 mm/cm), of CA site in that order. This can be due to the improved aggregate stability, in 

conjunction with residue retention in CA systems, that has a positive impact on soil water storage. 

Improvements in aggregate stability near the profile's surface and the larger number and 

continuity of macropores available to quickly transfer water into the soil profile in the absence of 

tillage are frequently blamed for increases in infiltration (Page et al., 2020). The results observed 

in this study contradict the findings of Masukwa (2018), who found no significant differences in 

WHC under CA with the highest average value of WHC (12.56 mm/cm) in topsoil. In contrast, soil 

water holding capacity is significantly higher on NG than CA at 10-20 cm soil depth. The significant 

increase of WHC at lower slope position for 0-10 cm and 10-20 cm soil depths can be attributed 

to accumulation of SOM to the lower slope position. At 0-10 cm and 10-20 cm soil depths, lower 

slope position consists of clay soil texture which can also be a reason of high-water holding 

capacity at lower slope position due to the fact that smaller clay particles, which makes up the 
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majority of soil texture, have a larger surface area and a higher water holding capacity, thus more 

easily able to hold water (Christina, 2017). In contrast, at summit slope position soil texture is 

more sandy clay which can be the reason of lower WHC, due to the higher particle size of sandy 

soil, which results in a reduced surface area and a low water holding capacity (Christina, 2017). 

5.1.7 Final infiltration rate (IR) and Cumulative infiltration (CI) 

A significant management and slope position interaction effect is observed on final IR (Figure 

11a). However, the significant difference between the two management systems is observed at 

lower and middle slopes. Similarly, a significant interaction effect between slope position and 

management is observed on CI (Figure 11b). Summit slope of CA site is associated with the 

higher CI (54.23 cm) compared to NG site (48.01). This can be due to the covered soil at both 

study sites. At the CA site the soil is covered with crop residues and at NG site is covered with 

grasses which results in increased final infiltration rate. This observation may be due to 

undisturbed soil at NG site which build strong soil structure which can hold high volume of surface 

water.  

The results suggested that the relationship between conservation agriculture and final IR and CI 

depends on the slope position, and it is also observed that IR rate increases with slope gradient. 

However, the finding of this study is different from the finding of Fox et al., (1997) who found a 

decrease in ultimate infiltration rate as the slope angle increases. Moreover, the summit slope 

position had higher final IR and CI. The higher IR at summit slope position can be due to coarse-

grained texture of the soil as summit slope position has the highest percent of sand compared to 

other slopes and it is composed of sandy loam soil texture. 
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Chapter 6 

6.1 Conclusion and recommendation  

The current study investigates the effect of conservation agriculture and slope position on 

selected soil properties of Vertisol in the Limpopo province of Tshivhilwi. Conservation agriculture 

and slope position interaction in this research resulted in significantly higher BD, SOC, EC, AS, 

vf and WHC but had no effect on BD middle slope and summit slope positions at 0-10 cm, SOC 

summit and lower slope positions at 10-20 cm soil depth, EC summit slope at 0-10 cm, vf at 

summit and middle slope at 10-20 cm soil depth and WHC lower slope lower slope position at 10-

20 cm soil depth. Conservation agriculture and slope positions had an influence on IR and CI, but 

conservation agriculture and slope positions had no effect on IR at summit slope.  

According to the findings of this study, practicing conservation agriculture in various slope 

positions could be recommended to improve soil properties (bulk density, soil organic carbon, soil 

electrical conductivity, aggregate stability, total soil porosity, water holding capacity and infiltration 

rate) of a Vertisol. It is also suggested that in order to obtain a significant influence results of 

conservation agriculture and slope position interaction similar long-term investigations should be 

carried out in the future. Practicing conservation agriculture following all three principles could be 

recommended at any slope position. Additionally, the current investigation amply shown that to 

improve soil quality in different slope position conservation agriculture is essential.  
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8. Appendices 

 

8.1 Appendix A: Means of BD, OC, EC, AS, Vf and WHC as affected by conservation 

agriculture and slope position from 0-10cm depth.  

Treatment  (g/cm3) 

BD  

(%) 

SOC  

(dS/m) 

EC 

(g/g) 

AS 

 (v/v) vf (mm/cm) 

WHC  

Management        

CA 0.81b 1.06a 90.53a 0.69a 0.73a 12.50a 

NG 1.05a 0.93b 48.75b 0.51b 0.55b 11.76a 

SED 0.03 0.06 4.58 0.05 0.02 0.49 

Slope position        

1. Lower  0.89b 1.10a 63.63a 0.83a 0.67a 13.54a 

2. Middle  0.92b 1.02b 74.40a 0.68b 0.66ab 13.53a 

3. Summit  1.04a 0.86c 70.88a 0.56c 0.60b 9.32b 

SED 0.04 5.61 5.61 0.04 0.03 0.60 

P value        

Management  *** * *** ** *** ns 

Slope ** ** ns * * *** 

Management x slope  ** *** ** * * ** 

CV 10.59 11.59 25.48 18.29 14.70 15.62 

ns = not significant; * = significant at P<0.05; ** = significant at P<0.01;    *** = significant 

at P<0.001. Different letter in the column represents significant difference  
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8.2 Appendix B: Means of BD, OC, EC, AS, Vf and WHC as affected by conservation 

agriculture and slope position at 10-20cm depth.   

Treatment  BD 

(g/cm3) 

SOC 

(%) 

EC 

(dS/m) 

AS 

(g/g) 

Vf (v/v) WHC 

(mm/cm) 

Management        

CA 0.81b 1.13a 101.41a 0.68a 0.72a 10.48b 

NG 1.10a 0.96b 47.87b 0.56b 0.61b 12.39a 

SED 0.02 0.05 4.61 0.07 8.46 0.49 

Slope position        

1. Lower  0.87b 1.05a 88.91a 0.63a 0.69a 13.47a 

2. Middle  0.95a 1.08a 74.24b 0.54a 0.65b 11.08b 

3. Summit  0.97a 1.04a 60.76c 0.40b 0.64b 9.95c 

SED 0.03 0.56 5.64 0.06 0.01 0.59 

P value        

Management  *** ** *** ** *** *** 

Slope *** ns *** * *** *** 

Management x 

slope  

*** *** * * *** *** 

CV 8.80 16.17 23.90 18.05 4.95 16.46 

ns = not significant; * = significant at P<0.05; ** = significant at P<0.01;    *** = significant 

at P<0.001. Different letter in the column represents significant difference 
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Appendix C. Means of final Infiltration rate (cm/min) and cumulative infiltration as affected 

by conservation agriculture and slope position of vertisol at Tshivhilwi. 

Treatment   (cm/hour) 

(IR) 

 (cm) (CI) 

Management    

CA 9.17a 47.79a 

NG 9.10a 54.31b 

SED 1.15 3.11 

Slope position    

1. Lower  7.46b 40.54b 

2. Middle  8.45ab 48.53ab 

3. Summit   11.50a 54.23a 

SED 1.62 4.39 

P Value   

Management  ns ** 

Slope * ** 

Management * slope  * ** 

CV 86.97 83.31 

ns = not significant; * = significant at P<0.05; ** = significant at P<0.01. Different letter in the column 

represents significant difference  

 

 

 

 


