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yield and grain quality in four of the seven tillage treatments. And no differences were 

found in canola seed yields in 2019. Further reduction in the application of synthetic 

agrochemicals, as was done in the system with minimum synthetic agrochemicals, did 

not yield positive crop productivity results due to severe weed problems. 

Overall, results from this study highlight the importance of reducing both the intensity 

of tillage and the application of synthetic agrochemicals as doing so can improve soil 

quality and crop productivity. However, there are trade-offs. Some form of tillage is 

required to prevent nutrient stratification, but this should not be so intensive or frequent 

as to deplete the soil organic matter stocks. Also, the application of standard synthetic 

agrochemicals, as conducted in most conservation agriculture systems, can be 

reduced, but it is risky to completely avoid the synthetic agrochemicals as shown by 

crop failure in the system with minimum synthetic agrochemicals in 2020. Furthermore, 

results from the system with reduced synthetic agrochemicals shows that the Western 

Cape province has the potential to gradually introduce more agroecological farming 

practices in wheat and canola production by using bio-chemicals although further 

research is needed to optimise these approaches. 
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CHAPTER 1  

General introduction 

 

1.1 Background 

Tillage has been practised for millennia through the use of simple implements which 

did not invert the soil (Lal et al., 2007). However, the industrial revolution led to the 

development, marketing and adoption of the modern-day mouldboard plough and the 

spreading of conventional tillage practices in most European countries (Derpsch, 

2004) and the Americas (Lal et al., 2007). Industrialisation also led to the manufacture 

and distribution of tractors that could be used to pull the mouldboard plough, leading 

to increased tillage intensity (Baumhardt et al., 2015). During the same era, the 

manufacture of synthetic agrochemicals (fertilisers, herbicides, fungicides and 

insecticides) started (Timmermann and Félix, 2015). 

The use of tractors, mouldboard plough and application of synthetic herbicides broadly 

resulted in significant increases in agriculture production (Timmermann and Félix, 

2015). The success of the mouldboard plough led to its spread and adoption in various 

parts of the world, including Africa (Derpsch, 2004). However, the mouldboard plough 

inverts soil and mostly does not leave a surface that is conducive for seeding, therefore 

a couple of secondary tillage passes may be necessary to get a fine tilth for seeding 

(Laker and Nortjé, 2020). This multiple tillage practice not only leaves the soil bare 

and unprotected but also breaks down the soil structure and create a tough plough 

pan below the depth of regular tillage (Bogunovic et al., 2018; Hamza and Anderson, 

2005). A plough pan limits root growth, and water and nutrient infiltration down the soil 

profile. Incidences of soil erosion, crusting and poor soil structure are often associated 

with the practice of intensive conventional tillage (Baumhardt et al., 2015; Bogunovic 

et al., 2018; Hamza and Anderson, 2005; Hösl and Strauss, 2016; Kladivko, 2001). In 

addition, conventional tillage practices can lead to reduced soil fertility through 

depletion of soil organic carbon (Tshuma et al., 2021) and reduced soil microbial 

diversity (Habig et al., 2018). 

The benefits of conventional tillage are thus only temporary therefore the practice of 

reduced tillage, including no-tillage, is now being advocated as a better means of 
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preserving soil quality. However, reduced tillage is generally unable to effectively 

control weeds and is primarily dependent on the use of synthetic agrochemicals such 

as herbicides and pesticides (Lal, 2009). Like the temporary benefits of intensive 

tillage, the use of synthetic agrochemicals in the past few decades has led to higher 

yields but has also resulted in the evolution of herbicide-resistant weeds such as 

ryegrass (Lolium rigidum) and hairy fleabane (Conyza spp.) (Heap, 2021; Ndou et al., 

2021) and detrimental effects on beneficial insects (Pannell et al., 2014).  

As the first European settlers started to farm in Africa, the use of the modern-day 

mouldboard plough was introduced. As in other places, conventional tillage with the 

mouldboard, and disc ploughs became the norm in South Africa. For example, the 

Europeans who settled in the Western Cape province of South Africa, produced wheat 

(Triticum aestivum) using conventional farming practices (Strauss et al., 2021b). 

Continued conventional tillage practices in the Western Cape province led to the 

deterioration of soil quality such that in the mid-1980s, most farmers observed 

declining yields and increased production costs to the extent that the economic viability 

of the production systems became questionable (Strauss et al., 2021b; Swanepoel et 

al., 2016). Farmers subsequently started to convert to no-tillage systems. To help local 

farmers to make the correct tillage choice, a long-term tillage experiment was started 

in 1976 at Langgewens Research Farm, in the Swartland, a winter cereal growing 

region of the Western Cape province. The experiment investigated the effects of 

various tillage treatments and cropping systems on soil quality and crop yield as well 

as the effects of different rates of fertiliser applications on soil quality and crop yield. 

The cropping system included wheat monoculture at first, and later also crop rotation, 

which involved: wheat, canola (Brassica napus) and a cover crop mixture. The tillage 

treatments included continuous no-tillage, tillage with a mouldboard plough, tine 

tillage, shallow tine tillage and three different infrequent tillage treatments. 

By the year 2000, most farmers in the Western Cape province had changed their 

farming systems by adopting one or more aspects of conservation agriculture, which 

is based on three principles: (i) minimum mechanical soil disturbance, (ii) crop rotation 

or species diversification and (iii) permanent soil organic cover (FAO, 2017). As of the 

year 2020, 25% of commercial farmers in South Africa had fully adopted conservation 

agriculture, of which 83% of the farmers were in the Western Cape province (Strauss 

et al., 2021b). The positive effects of conservation agriculture on soil quality and plant 



3 
 

productivity have been well documented (Alizadeh and Allameh, 2015; Fooladi Vanda 

et al., 2009; Montgomery, 2007; Six et al., 2004). Limitations, however, still remain. 

The practice of no-tillage can, inter alia, lead to increased weed pressure (Yankov et 

al., 2015), nutrient stratification (Franzluebbers, 2002; Tshuma et al., 2021) and 

inability to adequately ameliorate soil acidification problems (Grove et al., 2007). 

Nutrient stratification can be problematic if the topsoil dries out, reducing the 

availability of immobile nutrients such as phosphorus (Shen et al., 2011). Soil 

acidification can also limit nutrient availability to plants, particularly during drier periods 

(Franzluebbers, 2002) and can result in reduced crop productivity. Also, soil 

compaction in a conservation agriculture system, which can be caused by the 

movement of farming implements (Swanepoel et al., 2015), can limit the movement of 

water and nutrients into the soil.  

There is, therefore, a need to change the current farming systems to environmentally 

friendly ones. Strategic/ or occasional tillage, the deliberate one-off tillage conducted 

in a no-tillage field to solve a particular problem,  may mitigate the problems associated 

with conservation agriculture (Dang et al., 2018; Labuschagne et al., 2020). 

Alternatively, farmers could minimise the use of synthetic agrochemicals by gradually 

adopting some agroecological farming principles within the current farming systems. 

Agroecology refers to a system of agriculture that does not involve any application of 

synthetic agrochemicals but rather focuses on applying ecological concepts and 

principles to the design and management of sustainable agroecosystems (Udall et al., 

2015; Wibbelmann et al., 2013). 

1.2 The long-term tillage experiment at Langgewens Research Farm 

The long-term trial was laid out in a randomised block design with four replicated 

blocks. Each block had 14 plots and each plot measured 50 m x 6 m. The blocks were 

separated by a buffer zone of at least 9 m, and plots were separated by a 1 m buffer 

zone.  

The primary tillage treatments included: the mouldboard plough (MB) which involved 

ploughing and inverting the soil to a depth of 200 mm; tine tillage (TT) which involved 

the use of non-soil inverting tine implements that ploughed to a depth of 150 mm, and 

no-tillage (NT) which did not include any primary tillage (Agenbag, 2012).  
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Initially, wheat was the only crop grown on the trial site. However, as production costs 

and soil deterioration increased in the Western Cape province, the cropping system 

and tillage treatments on the research site were changed to meet the needs of the 

local farming community. Crop rotation was introduced on the long-term trial site in 

1990 such that the long-term experiment was split into continuous wheat production 

and a four-year rotation system where wheat was rotated with lupins (Lupinus spp.) 

and canola (Brassica napus). Four-year crop rotation sequences used were 

continuous wheat (wheat-wheat-wheat-wheat) and wheat-lupin-wheat-canola 

(Agenbag, 2012). The tillage treatments were changed to include shallow tine-tillage 

(ST) treatments, but the MB, TT and NT treatments in the continuous wheat system 

were still applied on the same plots as before (Agenbag, 2012). The shallow tine-tillage 

involved primary tillage with tine implements to a depth of 75 mm. Tillage rotations, 

herewith referred to as infrequent tillage was also started in 1990. The infrequent 

tillage treatments were: (i) ST every second year in rotation with NT, (ST-NT); (ii) ST 

every third year in rotation with NT, (ST-NT-NT); and (iii) ST every fourth year in 

rotation with NT, (ST-NT-NT-NT).  

The agronomic practices such as fertilisation, weed and pest control, were conducted 

according to the advice from the Langgewens Technical Committee, which included 

agricultural researchers and industry experts. The application of herbicides, fertilisers, 

fungicides and insecticides were thus not constant from one season to another, but 

varied depending on the crops planted, seed variety and available synthetic 

agrochemicals. The quantity of herbicides and pesticides applied in all plots per 

growing season was, however, generally equal. Although there were no further 

changes in the tillage treatments, the research aims did change from time to time. For 

example, Maali and Agenbag, (2006) investigated the effects of tillage, crop rotation 

and nitrogen application rates on bread-baking quality of spring wheat, whilst Agenbag 

and Maree, (1989) investigated the effects of tillage on soil strength of simulated 

surface crusts in two cropping systems for wheat (Triticum aestivum). Fertilisation 

applications were therefore not constant due to the differing aims but generally ranged 

between 60 and 140 kg N ha-1, and 14.5 kg P ha-1 per year, depending on the aims of 

the trials being conducted. 

Increasing cases of insecticide and herbicide resistance (Heap, 2021) necessitated a 

further change in the management of the long-term trial site. In 2018, the use of bio-
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chemicals (referred to as reduced synthetic agrochemicals) was started on two of the 

four blocks but the tillage treatments were not changed (Figure 1.1).  

 

Figure 1.1: Layout of the long-term trial site at Langgewens Research Farm in 2018, 
showing the four blocks (1; 2; 3 and 4), and the level of synthetic agrochemicals 
(Standard synthetic chem; and Reduced synthetic chem). The system with standard 
synthetic agrochemicals was started in 1976 whereas the system with reduced 
synthetic agrochemicals was introduced on two of the four blocks in 2018. MB = 
ploughing with a mouldboard plough to a depth of 200 mm; TT = ploughing with a 
chisel plough to a depth of 150 mm; ST = ploughing with a chisel plough to a depth of 
75 mm; NT = no-tillage; ST-NT = ploughing with a chisel plough to a depth of 75 mm 
once every two years in rotation with NT; ST-NT-NT = ploughing with a chisel plough 
to a depth of 75 mm once every three years in rotation with NT; ST-NT-NT-NT = 
ploughing with a chisel plough to a depth of 75 mm once every four years in rotation 
with NT. The numbers 1 to 56 represent the plots. 
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performed when a problem has already been identified in the field. Infrequent tillage 

practices could be adopted as a means of regularly controlling weeds and 

incorporating soil amendments. Infrequent tillage is different from strategic tillage in 

that it refers to a pattern of planned tillage rotations involving a phase of no-tillage and 

a phase of tillage (Tshuma et al., 2021). The phase of no-tillage can be one, two, or 

three consecutive years which are followed by tillage. 

A better understanding of the relationship between tillage frequency, soil quality and 

plant productivity is essential to promote tillage practices that may be adopted in 

farming systems without compromising on soil quality whilst enabling the reduction of 

synthetic agrochemical applications. 

1.4 Research aim 

This research aimed to establish an acceptable tillage frequency regime that can be 

adopted in the conservation agriculture systems to gradually minimise the application 

of synthetic agrochemicals in the Swartland region of South Africa. This research was 

conducted within a long-term (44-years) trial at Langgewens Research Farm.  

1.5 Research objectives 

To obtain answers concerning the aforesaid research aim; the specific objectives of 

the study were as follows: 

i. To assess the effects of long-term infrequent tillage on the stratification of 

selected soil chemical parameters to a depth of 300 mm in a dryland crop 

rotation system. 

ii. To assess the progressive impact of tillage practices and varied rate (standard, 

reduced, and minimum) of synthetic agrochemical application on soil 

microbial diversity indices and enzyme activity in a dryland crop rotation 

system. 

iii. To determine the long-term (44-years) tillage effects on wheat grain yield in a 

dryland farming system. 

iv. To determine the effects of tillage practices on wheat and canola yield and 

quality in a dryland crop rotation system that received, either standard, 

reduced, or minimum synthetic agrochemicals. 
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v. To determine the effects of long-term (44-years) tillage practices and short-term 

use of varied rates (standard, reduced, and minimum) of synthetic 

agrochemicals on the soil weed seedbank in a dryland crop rotation system. 

1.6 Use of terminology 

Throughout the thesis the bold terms: standard, reduced, and minimum represents 

the rate of synthetic agrochemical application:  

i. Standard: synthetic agrochemicals were applied as would be applied on farms 

that follow conservation agriculture practices. The application of synthetic 

agrochemicals on the trial site was determined by the Langgewens Technical 

Committee according to best practices for the Swartland region. 

ii. Reduced: half of the synthetic agrochemicals applied in the standard system 

were replaced with bio-chemicals. Therefore, a combination of synthetic 

agrochemical and bio-chemicals were applied on the allocated plots. In this 

thesis, the term bio-chemical does not imply organic certification but refers to 

products derived from natural compounds. A full list of chemicals applied is 

available in the appendix Tables S1-5. 

iii. Minimum: Only one application of a broad-spectrum herbicide before planting, 

and no other chemical was applied. 

iv. Tillage sequence: refers to the specific order in which the tillage treatments are 

conducted per each crop growing season/year. This can be continuous no-

tillage; continuous mouldboard plough; or infrequent tillage. 

1.7 Outline of the thesis  

The thesis comprises eight chapters including the general introduction, literature 

review, five research chapters that are based on the objectives listed in section 1.4, 

and a general conclusions chapter. Except for Chapters 1, 2 and 8, the rest are 

structured as manuscripts for scientific publication with their abstracts, introduction, 

methodology, conclusions, and a list of references.  

Chapter 2 provides a literature review on soil tillage and synthetic agrochemical 

application practices in various farming systems in South Africa and around the world. 

The chapter explains the shortcomings of the current tillage practices and the effects 
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Figure 2.4: Non-soil inverting tractor-drawn chisel plough with seven shanks; (Photo 
credit: Tshuma F). 

 

Although tillage can be an effective method of controlling weeds (Conyers et al. 2019; 

MacLaren et al. 2021), improving soil aeration and providing a suitable surface for 

planting crops, intensive tillage has led to massive erosion of the fertile topsoil and 

desertification such as evidenced by the Dust Bowl incident. Amongst other things, the 

practice of conventional tillage generally leads to soil organic carbon depletion 

(Tshuma et al., 2021), creating a tough plough pan below the depth of regular tillage 

(Laker and Nortjé, 2020). This reduces soil microbial diversity (Habig et al., 2018), and 

increases greenhouse gas emissions from the soil as well as the fossil fuel used during 

the many tillage operations (Strauss et al., 2021b). Unlike highly mechanised 

countries, the use of tractor-drawn tillage implements remains low in many parts of 

South Asia and Africa (Lal, 2009), especially in subsistence farming. However, animal-

drawn soil inverting tillage implements are used, and these too expose the soil to 

degradation through erosion.  

The practice of conventional tillage has been often accompanied by the repeated 

growing of the same crops year after year. For example, the first Europeans in South 

Africa in the 1650s introduced wheat (Triticum aestivum) for cultivation in the Western 

Cape province. However, they were only willing to sponsor and to buy wheat and no 

other crop from the farmers, therefore, wheat was grown in monoculture systems 

under conventional tillage practices until the 1980s (Swanepoel et al., 2016). Growing 
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lead to increased soil microbial diversity and enzyme activity (Habig et al., 2018). 

Unlike the soil inverting conventional tillage practices, conservation tillage is not able 

to effectively incorporate soil amendments into the deeper soil or control weeds as the 

soil is not turned. For weed control, the success of conservation tillage practices is 

largely dependent on the use of synthetic herbicides. The practice of conservation 

tillage was made possible by the production and use of synthetic herbicides such as 

triazine, paraquat, and glyphosate, and roundup-ready crops (Lal, 2009). Round-up 

ready crops are genetically modified to be resistant to glyphosate-based herbicides.  

2.4 Use of synthetic herbicides 

In the past few decades, the use of synthetic agrochemicals in cropping systems has 

resulted in increased crop yields (Dahal and Dhakal, 2016; Foteinis and 

Chatzisymeon, 2016; Knapp and van der Heijden, 2018; Loaiza Puerta et al., 2018) 

because of their effective control of weeds, pests and provided nutrients to pants. 

Synthetic herbicides can kill weeds and their propagules (Gibson, 2010; Pardo et al., 

2019) by targeting specific sites of action in the plants and causing malfunctioning of 

the plant cells or metabolic pathways (Ndou et al., 2021; Pieterse, 2010). Strauss et 

al., (2021a) highlighted that some farmers who practice conservation tillage, especially 

no-tillage, have taken measures to prevent excessive use of synthetic herbicides. 

However, the general repeated use of herbicides has led to the development of 

herbicide-resistant weeds such as ryegrass (Lolium spp.) (Heap, 2021), hairy fleabane 

(Conyza spp.) (Pieterse, 2010), and plantain (Plantago lanceolata) (Ndou et al., 2021). 

As more plants evolve herbicide resistance, weed scientists have the daunting task of 

identifying new modes of action that can be explored to chemically control weeds and 

pests (Westwood et al., 2018). In the last decade, there has been little development 

in the manufacture of new synthetic agrochemicals with different modes of action that 

can be used to replace current agrochemicals. The recent development of herbicide 

resistance seems to suggest that, even if new chemicals with different modes of action 

are discovered, plants may still be able to evolve and develop resistance (Westwood 

et al., 2018). 

In addition to the declining effectiveness of the current synthetic agrochemicals, other 

studies show that the synthetic chemicals are harmful, not only to the environment 

(Lackmann et al., 2021; Udall et al., 2015) but to humans too (Alsen et al., 2021; 
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Strauss et al. (2021a) stated that diversification of conservation agriculture systems 

can be increased by growing pasture and forage crops. This enables integration of 

livestock with the crop system which can increase the financial stability and profitability 

of the farming enterprise. 

The three principles of conservation agriculture are (i) continuous minimum 

mechanical soil disturbance through the practice of no-tillage and direct seeding. The 

disturbed area for crop establishment must be less than 30% of the cropped area (ii) 

maintenance of permanent soil organic cover with crop residues and/or cover crops to 

the extent allowed by water availability, and (iii) species diversification through varied 

crop rotations, sequences and associations involving at least three different crops 

(Corsi and Muminjanov, 2019). 

The International Institute of Rural Reconstruction (IIRR), together with the African 

Conservation Tillage Network (ACT), emphasised the importance of adopting 

simultaneous implementation of all the three principles of conservation agriculture by 

using an illustration of a three-legged cooking pot which is very common in many 

African households (Figure 2.5). They reasoned that the three-legged cooking pot 

would be best able to balance and stand on its own if it has all three legs (IIRR and 

ACT, 2005). If one of the legs is missing, it will be difficult for the cooking pot to remain 

in balance. Likewise, if farmers implement only one or two of the three conservation 

agriculture principles, their farms may fail to perform optimally. For example, if a farmer 

did not maintain permanent soil cover, the field may be subject to increased weed 

pressure or soil erosion as the soil will be unprotected.  

 

 

 

 

 

 

  

Figure 2.5: Illustration of a three-legged cooking pot (Source: IIRR and ACT 

(2005)). 
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In principle, the practice of no-tillage, retention of soil cover and crop diversification all 

aid in reducing soil exposure and thus minimise soil erosion by both wind and water 

(Derpsch et al., 2014). Maintenance of permanent soil cover also prevents weeds from 

intercepting sunlight and therefore inhibits weed growth (Strauss et al., 2021b). 

Growing different crop species or diversification helps to break the life cycle of crop-

specific pests, therefore diversification is important for pest and disease control (IIRR 

and ACT, 2005; Strauss, 2021), and may help prevent nutrient loss (Rayns et al., 

2010). Also, crop diversification enables the use of different herbicides to control 

weeds which may become problematic if crops are grown in monoculture (MacLaren 

et al., 2021). 

2.5.1 Adoption of conservation agriculture 

Conservation agriculture has been adopted and hailed as climate-smart agriculture in 

many parts of the world such as South and North America, Australia and New Zealand, 

Asia, Russia and Ukraine, Europe and Africa. (Kassam et al., 2019). Amongst other 

things, conservation agriculture has led to improvements in soil quality through 

increased carbon sequestration (Smith et al., 2017), reduced greenhouse gas 

emissions (Carbonell-Bojollo et al., 2019), soil water retention and increased crop yield 

(Strauss et al., 2021b; Swanepoel et al., 2017). In most parts of Africa, commercial 

farmers have adopted conservation agriculture. Nonetheless, the adoption of 

conservation agriculture by resource-poor small-scale farmers in Africa has been low 

(Corbeels et al., 2014; Swanepoel et al., 2017). For example, in Zambia, Kafwamfwa 

et al. (2017) reported that between 53 and 83% of small-scale farmers did not practice 

conservation agriculture due to severe weed problems. In Namibia, Taapopi et al. 

(2018) found that technological know-how, limited agricultural inputs and implements 

hindered the uptake of conservation agriculture by small-scale farmers. As in Namibia, 

small-scale farmers in the Eastern Cape province of South Africa cited a lack of finance 

and tillage implements as a hindrance to the uptake of conservation agriculture 

(Muzangwa et al., 2017). 

Concerning the adoption of conservation agriculture by the commercial farmers in 

South Africa, Findlater et al. (2019) and Strauss et al. (2021b) noted that while the 

uptake is higher than that of small-scale farmers, most farmers have only adopted one 

or two aspects of conservation agriculture. As of 2020, 25% of South African 

commercial farmers had fully adopted conservation agriculture. However, the majority 
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(83%) of the commercial farmers that have adopted all three principles of conservation 

agriculture are based in the Western Cape province (Strauss et al., 2021b). Findlater 

et al. (2019) explained that some of the commercial farmers who practised 

conservation tillage regarded themselves as practising conservation agriculture. The 

same misconception of conservation agriculture was also found with small-scale 

farmers in the Eastern Cape province as noted by Muzangwa et al. (2017). This shows 

that researchers investigating the adoption of conservation agriculture must confirm 

which principles have been adopted by the farmers so that they may get accurate 

adoption figures. Inconsistency in studies and reports often leads to inaccurate data. 

For example, Kafwamfwa et al. (2017) noted that there were two conflicting reports on 

the adoption of conservation agriculture in Zambia. One report stated that in 2007, 

Zambia had around 120,000 farmers, including small-scale farmers, who practised 

some form of conservation agriculture whereas another report put the figure at 

170,000. This discrepancy suggests greater need for consistency in the definition of 

conservation agriculture and more accurate research. In South Africa, the practice of 

no-tillage is the most adopted of the three principles of conservation agriculture 

(Findlater et al., 2019; Muzangwa et al., 2017; Strauss et al., 2021b).  

The fact that most farmers in Africa, including South African farmers, have not fully 

adopted the three principles of conservation agriculture could be suggestive of great 

reliance on synthetic agrochemicals for fertilisation and control of weeds and pests. 

2.5.2 Problems associated with conservation agriculture 

Every system has its advantages and disadvantages. The advantages of conservation 

agriculture have been highlighted in section 2.5.1 above. The fact that conservation 

agriculture has been promoted as climate-smart agriculture (Corsi and Muminjanov, 

2019) broadly suggests that its advantages outweigh its disadvantages. However,  

long-term no-tillage practices may lead to stratification of some soil nutrients (Tshuma 

et al., 2021), meaning that some layers of the soils, especially the topsoil, may have 

more nutrients than the lower soil profile. Nutrient stratification can become a problem 

when the topsoil becomes dry because immobile nutrients become unavailable for 

uptake by plant roots (Shen et al., 2011). When the topsoil is wet, plant roots can get 

both nutrients and water from the topsoil. However, if the topsoil becomes dry, plants 

roots tend to move deeper into the soil profile in search of water. Immobile nutrients 
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such as phosphorus will remain bound by soil particles within the topsoil and therefore 

become unavailable for uptake by plants, leading to poor plant growth and productivity. 

Many weeds can easily be controlled by tillage (Mahé et al., 2021), therefore, if no-

tillage is practised, some weeds can proliferate and become a problem. Weed 

infestations have been reported as one of the reasons why the most resource-poor 

small-scale farmers have not been able to adopt conservation agriculture (Corbeels et 

al., 2014; Kafwamfwa et al., 2017). As stated in section 2.3, the practice of no-tillage 

is often accompanied by using synthetic herbicides for weed control.  

Also, tillage can be vital for incorporating soil amendments such as lime, manure, and 

biochar. No-tillage does not cause much soil disturbance and cannot incorporate these 

soil amendments to deeper depths, therefore long-term no-tillage has been associated 

with an inability to ameliorate soil acidity problems (Grove et al., 2007; Tshuma et al., 

2021). 

Some fields under long-term no-tillage have been found to have soil compaction 

problems, which can be caused by the movement of farm vehicles and implements 

(Laker and Nortjé, 2020; Swanepoel et al., 2015). Soil compaction can limit the 

movement of water and nutrients into the soil, hinder root development, and ultimately 

reduce plant productivity.  

2.5.3 The potential benefits of alternative tillage practices 

To mitigate the use of synthetic herbicides, soil nutrient stratification, soil compaction 

weeds and other problems associated with long-term no-tillage, some tillage could be 

reintroduced in the no-tillage fields. Strategic tillage, also known as occasional tillage, 

could be conducted. Strategic tillage refers to the deliberate one-off tillage conducted 

in a no-tillage field to solve a particular problem. Some studies have already shown 

that strategic tillage does not degrade soil quality or decrease crop yield but can help 

with weed control, loosening of soil, and mitigate other problems associated with 

conservation agriculture (Dang et al., 2018; Labuschagne et al., 2020). However, the 

effectiveness of strategic tillage will also depend on the type of soil being ploughed. 

Another option would be to conduct infrequent tillage. Unlike strategic tillage, 

infrequent tillage refers to a pattern of planned tillage rotations involving a phase of 

no-tillage and a phase of tillage (Tshuma et al., 2021). The phase of no-tillage can be 
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difference between biodynamic agriculture and other agroecological systems is that 

biodynamics is based on esoteric, spiritual physical principles such as involving 

cosmic factors (position of the moon relative to the sun) to estimate appropriate 

planting dates (Reganold, 1995).  

2.7.1.1 Reduced tillage in organic agriculture 

Traditionally, tillage with a mouldboard plough is common practice in organic 

agriculture systems to control weeds. However, the use of the mouldboard plough has 

already been shown to cause the breakdown of soil aggregates, deplete soil organic 

matter and increase chances of soil erosion (Lal et al., 2007). Therefore, some 

research has focused on assessing the possibility of implementing conservation tillage 

practices in organic agriculture systems (Bond and Grundy, 2001; Krauss et al., 2020; 

Loaiza Puerta et al., 2018; Peigné et al., 2018; Weber et al., 2017). All these studies 

found that the practice of reduced tillage resulted in greater improvement in soil 

organic matter content. Nonetheless, Peigné et al. (2018) observed that wheat grain 

yield did not differ (P>0.05) between the fields under reduced tillage and those that 

were ploughed with a mouldboard. They reasoned that soil compaction, which was 

greater in fields with reduced tillage, could have negatively affected yield in those fields 

by hindering root development. Compaction is thought to have been caused by farm 

implements as they conducted weeding (four to five times during the growing season) 

through the use of shallow harrows (Peigné et al., 2018).  

Regardless of the yield similarities, these studies broadly show that there is a 

possibility of further improving soil quality in organic fields by reducing tillage intensity 

and frequency. Furthermore, the studies seem to indicate that agroecological 

principles could be gradually adopted in food production systems that are currently 

heavily reliant on synthetic agrochemicals. For example, wheat and canola (Brassica 

napus) are currently produced under conventional agriculture systems in the Western 

Cape province. Instead of solely applying synthetic herbicides, weeds could be partly 

controlled by the use of shallow tine weeders or harrows. As already indicated in 

section 2.7, agroecology does not require one to be certified but empowers farmers to 

be agents of change. Farmers could gradually change their farming systems to 

become more environmentally friendly until they become certified if they so desire. 

However, there are trade-offs to the application of reduced tillage as shown by Peigné 
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et al. (2018). Soil organic matter can increase, but also compaction and weed 

infestation. The success of such weed control measures may also depend on the 

topography, implements availability and condition of the soil in the field.  

2.8 Farming systems common in South Africa 

Most farmers in South Africa apply synthetic agrochemicals in their fields, therefore, 

conventional farming is more common than farming systems that do not involve the 

use of synthetic agrochemicals. Most commercial farmers have, however, stopped 

conventional tillage and adopted no-tillage practices (Strauss et al., 2021a). As briefly 

stated in section 2.2, conservation agriculture was introduced to local farmers when 

conventional tilling of monoculture systems became unsustainable (Strauss et al., 

2021b; Swanepoel et al., 2016). And, grain yields in monoculture systems declined 

due primarily to the build-up of weeds (MacLaren et al., 2021), pests and diseases 

(Strauss, 2021) and declining soil organic matter (Dube et al. 2020). Soil erosion had 

become a major contributor to land degradation such that laws were put in place to try 

and minimise soil erosion. Rabie, (1974) explained that the Soil Conservation Act 76 

of 1969 came into operation in 1970 and it prohibited cultivation on any land that had 

a slope of 2% or more unless contours were put in place. Le Roux et al. (2008) 

estimated that more than 70% of South Africa is affected by varying intensities of soil 

erosion. 

The adoption of conservation tillage systems was also driven by economic factors. 

The deregulation of the agricultural economy in the 1990s meant that farmers could 

no longer get subsidies from the government. Also, rising input costs and low 

commodity prices prompted many farmers to change their tillage practices and 

introduce crop rotation (Strauss et al., 2021a; Swanepoel et al., 2016). Some farmers, 

along with the departments of agriculture in the Western Cape and KwaZulu-Natal 

provinces encouraged other farmers to adopt conservation agriculture as a means of 

improving soil quality. Consequently, by the early 2000s, most farmers had adopted 

components of conservation agriculture (Strauss et al., 2021a; Swanepoel et al., 

2016). Of the nine provinces of South Africa, the Western Cape province has the 

highest adoption rate of conservation agriculture (Swanepoel et al., 2017). 
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reluctant to include the annual medics and clovers in their crop rotation systems 

(Strauss et al., 2021a).  

To generate scientific information that could be used in the agricultural industry, 

several research farms, including Langgewens Research Farm, were established in 

various locations within the Western Cape province. The research farms provided 

science-based solutions in response to challenges faced by farmers in the various 

regions (Western Cape Government, 2021). This included the establishment of 

several long-term trials to facilitate the study of the effects of management on soil and 

crop performance. For example, a long-term tillage experiment was established in 

1976 to investigate the tillage effects on soil quality and crop productivity. 

2.10 Synthesis 

The history of tillage has shown us that tillage is not new in the field of agriculture. 

However, ancient farmers only practised minimum tillage using simple tools that were 

available during their time. Industrialisation led to the production of powerful tillage 

implements and tractors, as well as synthetic agrochemicals, which led to increased 

tillage intensity. Although the use of powerful mechanical tillage implements and 

synthetic agrochemicals led to a marked increase in crop production, the overall 

benefits have dwindled over the last few decades. Amongst other things, intensive 

tillage has led to massive soil degradation by soil erosion and depletion of soil organic 

matter, whereas repeated use of synthetic agrochemicals has resulted in the evolution 

of insecticide and herbicide-resistant insects and weeds. Unlike intensive tillage, the 

practice of no-tillage has led to improvements in soil quality but contributed to 

excessive use of synthetic agrochemicals. There is, therefore, a need to re-evaluate 

the current farming practices and to develop ways to grow crops without total reliance 

on synthetic agrochemicals. Both the quantity of synthetic agrochemicals and the 

intensity of tillage need to be reduced so that our farming may become sustainable. 

The long-term (44-years) trial at Langgewens Research Farm could be used to assess 

the effects of long-term tillage treatments and synthetic agrochemicals on soil quality, 

crop productivity and weeds dynamics. Synthetic agrochemicals applications on this 

long-term trial could be adjusted to include environmentally friendly bio-chemicals. The 

adjustments may enable the investigation of the combined effects of long-term tillage 
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Table 3.1: The F-values with degrees of freedom, and P-values from the mixed model ANOVA for the soil nutrients, as affected by 
the tillage sequence, sampling depth and by the tillage sequence x depth interactions at the Langgewens long-term tillage trial in 
2018; Significant treatments (P < 0.05) are highlighted in bold. 

 Soil nutrient  Tillage sequence  Sampling depth  Tillage sequence x depth interaction 

 F(6,18) P F(3,9) P F(18,165) P 
pHKCl 1.384 0.274 102.97 <0.001 5.206 <0.001 

Exchangeable acidity  3.297 0.023 18.39 <0.001 2.084 0.009 

Log(Soil organic C) 6.471 0.001 164.48 <0.001 5.217 <0.001 

Exchangeable Ca 1.962 0.125 131.73 <0.001 5.135 <0.001 

Log(Exchangeable Mg) 2.043 0.112 119.54 <0.001 5.063 <0.001 

Log(Exchangeable K) 1.767 0.163 366.66 <0.001 1.259 0.221 

Log(Exchangeable Na) 1.025 0.441 39.86 <0.001 1.576 0.071 

Log(Cation exchange capacity)  2.515 0.060 176.98 <0.001 7.022 <0.001 

Extractable P  2.946 0.035 73.08 <0.001 3.171 <0.001 

Log(Extractable S)  0.407 0.865 31.33 <0.001 0.447 0.975 

Log(Extractable Cu) 3.632 0.015 0.73 0.559 0.173 0.999 

Extractable Mn 2.117 0.102 0.36 0.786 0.198 0.999 

Extractable Zn 1.792 0.157 99.70 <0.001 2.044 0.010 

Log(Extractable B) 2.056 0.110 50.66 <0.001 1.109 0.347 
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4.2.2 Trial history and treatments 

The study was conducted within a long-term trial, which was established in 1976. Fifty-

six plots, each measuring 50 m x 6 m, were laid out within four replicated blocks. The 

blocks were separated by a buffer zone of at least 9 m, and plots were separated by 

a 1 m buffer zone. Wheat (Triticum aestivum) was rotated with canola (Brassica 

napus) and lupins (Lupinus spp.) in a four-year cycle; wheat-canola-wheat-lupin. From 

the beginning of the long-term trial, seven tillage treatments were investigated, 

however, the current experiment (microbial study between 2018 and 2020) only 

considered four of the seven tillage treatments (Table 4.1). The tillage treatments were 

chosen based on the degree of soil disturbance, from most intensive (as caused by 

the mouldboard plough) to the least (as caused by no-tillage). Based on the four 

selected tillage treatments, only 32 of the 56 plots were used in this study.  

 

Table 4.1: Summary of the four tillage treatments, abbreviations and the implements 
used at Langgewens Research Farm. All plots were sown with a no-till drill. 

Tillage treatment  Abbreviation  Tools used and tillage intensity 

Mouldboard 

 

MB 

 

Ploughing with a chisel (tine) plough to a 
depth of 150 mm, followed by the 
mouldboard plough to a depth of 200 mm 
and field cultivator to a depth of 50 mm. 

Shallow tine-tillage 

 

ST 

 

Tillage with a chisel plough to a depth of 
75 mm followed by a non-selective pre-
plant herbicide. 
 

No-tillage 

 

NT 

 

Tillage was not conducted. Non-selective 
pre-plant herbicides were used to control 
the weeds and volunteer plants 
 

ST applied every 4th 
year in rotation with NT 

 

ST-NT-NT-NT 

 

Tillage with a chisel plough to a depth of 
75 mm was conducted once every four 
years. 
 

 

Prior to the current experiment, lime (4000 kg ha-1) was evenly broadcast within this 

trial site in 2016 to raise the soil pH across all treatments. In March 2018, the soil pHKCl 

at the trial site was found to be slightly below 5.0. Detailed information regarding the 
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seven tillage treatments and soil chemical parameters of this study site is available in 

Tshuma et al. (2021).  

Three rates of synthetic agrochemical application were also investigated: standard, 

reduced, and minimum. In this article, the bold terms standard, reduced, and 

minimum, represent the rates of synthetic agrochemical application. Initially, only 

synthetic agrochemicals were applied on this trial site. The use of varied rates of 

synthetic agrochemicals; reduced and minimum were only introduced in 2018 and 

2019, respectively.  

From 2018, sixteen of the 32 plots received the standard synthetic agrochemicals as 

determined by the Langgewens Technical Committee, according to best practices 

common in the region (ARC-Small Grain Institute, 2020; FERTASA, 2016). The 

remaining 16 plots received the reduced synthetic agrochemicals, in which, some of 

the synthetic agrochemicals were replaced with bio-chemicals. All bio-chemicals were 

manufactured and supplied by RealIPM. In this article, the term, bio-chemical does not 

imply organic certification but refers to products derived from natural compounds. Bio-

chemicals that were used were Trichoderma asperellum, silicic acid, and triacontanol 

and bull kelp (Nereocystis luetkeana) extracts. Bio-chemicals were mainly for 

improving plant health and pest and disease control. They were applied twice within 

30 days in the wheat crops of 2018 and 2020. In the canola crop of 2019, the bio-

chemicals were applied three times within 90 days. A full list of chemicals applied is 

available in supplementary Tables S1-5. 

In 2019 and 2020, all 32 plots were divided into two subplots, separated by a buffer 

zone of 1 m. One sub-plot measured 35 m x 6 m and continued to receive either the 

standard or reduced synthetic agrochemicals. The second subplot measured 14 m x 

6 m and received a single application of a broad-spectrum herbicide at the beginning 

of the planting season with no additional chemicals other than fertiliser and, will be 

referred to as the system with minimum synthetic agrochemicals. 

The seeds planted in the systems with reduced and minimum synthetic 

agrochemicals were treated with the bio-chemical Trichoderma asperellum before 

planting. Furthermore, the systems with reduced and minimum synthetic 

agrochemicals received a mixture of synthetic fertiliser and pelletised chicken manure. 
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Half of the synthetic fertiliser quantity applied to the standard treatment was replaced 

with pelletised chicken manure. 

Wheat cultivar SST 056 was planted on 11th May 2018 at a rate of 100 kg ha-1. Canola 

cultivar Alfa TT was planted on 30th April 2019 at a rate of 3.5 kg ha-1. The wheat 

cultivar SST 0166 was planted on 12th May 2020 at a rate of 90 kg ha-1.  

After crop harvesting, the trial site remained fallow through the dry summer period 

(November to April), therefore, to prevent sprouting of summer weeds, all plots were 

treated with non-selective herbicides. Crop residues were not removed from the plots 

and remained on the soil surface until the start of the growing season when tillage 

treatments were conducted. 

4.2.3 Assessments  

4.2.3.1 Soil microbial functional diversity and evenness 

Soil augers (90 mm Ø) were used to aseptically collect soil samples in August of each 

year from 2018 to 2020 during the flowering stage of crops. Random soil samples 

were collected at a depth of 0-150 mm from each plot. The soil samples were divided 

into two batches: one for soil microbial enzyme activity analysis, and the other for 

microbial functional diversity analysis. Freshly collected soils were kept cool at 4-6 °C 

until analysis. 

The carbon source utilisation profiles (or functional diversity) of soil microbial 

populations were determined by using the number of different substrates utilized 

(species richness) in the Biolog EcoplatesTM (Garland and Mills, 1991). For soil 

microbial analyses, 10 g soil was added to 90 ml sterile distilled water (Buyer and 

Drinkwater, 1997) shaken and inoculated into Biolog EcoPlatesTM (Biolog® Inc., 

Hayward, CA, USA) that contained 31 wells with a range of carbon sources plus a 

control well, in triplicate. The plates were incubated at 28°C and the optical density 

was measured twice daily for 7 days at 590 nm to determine the average well colour 

development within each plate (Winding and Hendriksen, 1997). The rate of carbon 

source utilisation was indicated by the reduction of the tetrazolium dye found at the 

bottom of each well. This indicator dye changed from colourless to purple as soon as 

the individual carbon sources were utilised by the microbial communities. The 
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Table 4.2: The F-values with degrees of freedom, and P-values from the mixed model ANOVA for the soil microbial diversity 
(Shannon-Wiener diversity) and Evenness indices for 2018 to 2020 growing seasons (system with standard and reduced synthetic 
agrochemicals), and 2019 to 2020 growing seasons (system with standard, reduced and minimum synthetic agrochemicals) as 
affected by the tillage sequence, rate of synthetic agrochemical application and growing season and their interactions at Langgewens 
Research Farm. Boldfaced P-values denote significant effects at P<0.05. 

Parameter  

Tillage 
sequence (T) 

Agrochemical 
application (A) 

Growing 
season (G) 

T x A T x G A x G T x A x G 

 F(3,6) P F(1,2) P F(2,4) P F(3,6) P F(6,12) P F(2,4) P F(6,12) P 

2018 to 2020 data (standard and reduced)         

Shannon-Wiener 
diversity index  

1.16 0.40 0.04 0.87 15.9 0.01 1.22 0.38 1.57 0.24 3.04 0.16 0.58 0.74 

Evenness index 0.78 0.55 0.14 0.75 3.67 0.12 1.96 0.22 0.68 0.67 0.24 0.80 0.88 0.54 

2019 and 2020 data (standard, reduced and minimum)  

Shannon-Wiener 
diversity index  

1.36 0.32 2.14 0.26 0.40 0.57 0.17 0.98 1.89 0.21 0.87 0.50 1.39 0.24 

Evenness index 0.17 0.92 0.13 0.88 0.09 0.79 1.68 0.23 1.47 0.29 1.18 0.41 1.66 0.15 
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5.1 Introduction 

Historically, most small grain producers in the Mediterranean region of South Africa 

relied on conventional tillage with mouldboard and disc ploughs to grow crops in 

monoculture systems (Strauss et al., 2021b). However, over time, grain yields in these 

monoculture systems declined due primarily to the build-up of weeds (MacLaren et al., 

2021), pests and diseases (Strauss, 2021), and declining soil organic carbon (Dube 

et al. 2020). Further pressure on these conventional production systems came with 

the deregulation of the agricultural economy in the 1990s. Farmers had to become 

self-sufficient as they could no longer get subsidies from the government. This 

prompted many farmers to change their tillage practices and introduce crop rotation. 

Relatedly, the farmer-driven conservation agriculture (CA) adaptation activities and 

the departments of agriculture in the Western Cape and KwaZulu-Natal provinces 

encouraged farmers to adopt CA as a means of improving soil quality (Strauss et al., 

2021b). Consequently, by the early 2000s, most farmers had adopted components of 

CA (Swanepoel et al., 2016). 

Conservation agriculture is based on three principles namely, minimum soil 

disturbance, maintenance of permanent soil cover and crop rotation (FAO, 2010). As 

of 2020, 25% of commercial grain farmers in South Africa have adopted all three 

principles of CA but at least 40% have adopted one of the three principles (Strauss et 

al., 2021b). Unlike the rest of South Africa, most small grain producers in the 

Mediterranean climate region (Western Cape province) have adopted at least two 

principles of CA. Minimum disturbance of soil is the most widely adopted component 

of CA, whilst the maintenance of permanent soil cover is the least adopted (Findlater 

et al., 2019). The hot dry summers of the Mediterranean climate of the Swartland 

region in the Western Cape province are not conducive for the growing of cover crops 

in rainfed farms (Swanepoel et al., 2016). Producers can only retain the stubble from 

a previous season to cover soil. The comprehensive adoption of CA can reduce weed 

pressure (MacLaren et al., 2021; Pittelkow et al., 2015), lead to an improvement in soil 

structure, an increase in soil organic carbon stocks and increased crop yield. Crop 

rotations may help prevent nutrient loss (Rayns et al., 2010), loosen the soil and break 

disease and insect pest cycles (Schillinger and Paulitz, 2018). In contrast, the adoption 

of only one or two components of CA may lead to poor control of weeds and a 

reduction in yields (Findlater et al., 2019; MacLaren et al., 2021; Pittelkow et al., 2015).  
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Figure 5.1: The location of Langgewens Research Farm relative to major roads and 
towns in the Swartland region, in the Western Cape province of South Africa, (Map 
courtesy of the Western Cape Department of Agriculture, South Africa). 

 

5.2.2 Trial history and treatments 

The trial was laid out in a randomised block design with four replicated blocks. Each 

block had 14 plots and each plot measured 50 m x 6 m. The blocks were separated 

by a buffer zone of at least 9 m, and plots were separated by a 1 m buffer zone. Seven 

tillage treatments were investigated and are summarised in Table 5.1. 

Tillage trials were started in 1976 with only one cropping system (wheat monoculture) 

on the four blocks. In 1990, each of the blocks was equally split into two sections and 

a second cropping system (crop rotation) was randomly introduced on one section 

whilst the other section continued with the wheat monoculture system. In the crop 

rotation system, wheat was rotated with lupins and canola. The four-year crop rotation 

sequences used were continuous wheat (WWWW) and wheat-lupin-wheat-canola 

(WLWC) (Agenbag 2012; Maali and Agenbag 2006).  
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weed control, insect and disease control and liming were kept constant across all 

tillage treatments. 

Instead of wheat, black oats (Avena strigosa) were grown on all plots on this trial site 

in 2011 and 2012 as a means of controlling weeds. In 2013, cover crops mixtures were 

grown on all plots in different species combinations instead of wheat. Ten cover crops 

species were grown, namely black oats, forage barley (Hordeum vulgare), annual 

ryegrass (Lolium multiflorum), stooling rye (Festuca arundinacea), clovers (Trifolium 

spp.), vetch (Vicia sativa), oat (Avena sativa), mustard (Brassica spp.), triticale 

(× Triticosecale), and sulla (Hedysarum coronarium). The cover crop mixtures 

(species combinations) were equally replicated per tillage treatment to prevent giving 

an unfair advantage to one treatment over the other, which could distort future grain 

yields. 

Tillage treatments were typically conducted after the first autumn rains (usually in April) 

and seeding was mostly conducted within the first two weeks of May of each year. The 

MB treatment mostly incorporated crop residues into the soil. The TT and ST 

treatments loosened the soil to depths of 150 and 75 mm, respectively and lead to 

some incorporation of crop residues into the soil. The NT treatment led to some 

dragging of crop residues, therefore, in some years (depending on quantity), the 

stubble of the previous crop was burnt before seeding.  

Grain harvesting was done in October or early November of the same year. A plot 

harvester was used to harvest a strip of 1.25 m × 50 m along the centre of each plot. 

However, a plot harvester could not be used in 2018 as a severe windstorm led to crop 

damage just before harvesting. Therefore, 50 visibly undamaged wheat spikes were 

randomly collected from each plot and used to determine the average weight of seeds 

per spike. The weight of seeds per spike and the number of wheat ear-bearing tillers 

per m2 were used to estimate wheat grain yield.  Grain yield from each plot was 

standardised to 12% water content. The seed varieties that were planted within the 

trial site changed with time as new, improved varieties became available.  

5.2.3 Data analyses 

Linear regression was carried out with STATISTICATM software version 13.5.0.17 

(TIBCO Software Inc.) to assess the association between the seasonal rainfall (April 

to September) and the wheat grain yield for the data from 1996 when the infrequent 
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10 years, consistently increased with an increase in the quantity of N-fertiliser applied. 

In the early to mid-1990s, the grain yield in the monoculture reached a peak and then 

declined with time until the monoculture practice was stopped in 2010 (Figure 5.3a). 

The introduction of infrequent tillage practice in 1996 did not lead to an improvement 

in wheat grain yield but rather a further decline. In almost all the monoculture trial 

period, the mouldboard (MB) sequence led to the highest (P>0.05) wheat grain yield 

relative to other tillage treatments (Figure 5.3a and 5.4). Overall, the three infrequent 

tillage treatments did not lead to higher grain yields F (6,26) = 1.14, P > 0.05 relative 

to no-tillage (NT), tine-tillage (TT) and shallow tine-tillage (ST) (Figure 5.4). The 

infrequent tillage ST-NT-NT generally led to the lowest (P<0.05) grain yield in the 

wheat monoculture system but did not differ (P>0.05) from other infrequent tillage 

treatments (Figure 5.4).   

For the crop rotation system, wheat grain yields fluctuated with time but there was 

relative yield stasis from 1990 to 2010 and then a sharp increase in yields from 2014 

to 2020 (Figure 5.3b). Cover crops were grown in all plots for three consecutive years, 

from 2011 to 2013 on the trial site, therefore there was no wheat grain yield during that 

period. From the inception of the crop rotation system (in 1990) to 1997, the NT, TT 

and MB led to relatively similar grain yields. From 1997 to 2009, the NT sequence 

treatment led to higher grain yields, closely followed by the TT sequence treatment. 

The grain yield then substantially increased from 2014 to 2020 across all tillage 

treatments. After 2018, all tillage treatments except the ST-NT sequence led to grain 

yields greater (P>0.05) than that in the MB sequence. The three infrequent tillage 

sequences generally resulted in lower grain yields than all other tillage treatments but 

improved with time.  
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5.5). Except in 2020 when the MB sequence resulted in the lowest (P>0.05) yield, the 

infrequent tillage treatment ST-NT sequence consistently led to the lowest wheat grain 

yields in all years. 
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Figure 5.5: The wheat grain yield in 2014, 2016, 2018 and 2020, as influenced by the 
interaction between tillage sequence and year (growing season) at Langgewens 
Research Farm. Error bars denote the standard error of the mean. MB = Mouldboard 
at 200 mm depth; TT = Tine-tillage at 150 mm depth; ST = Shallow tine-tillage at 75 
mm depth; NT = No-tillage. The different letters on top of the bars denote a significant 
difference (P<0.05). 

 

Unlike the infrequent tillage treatment ST-NT, the infrequent tillage sequence ST-NT-

NT-NT led to grain yields that were similar (P>0.05) to the highest yielding treatments 

in all years, except for 2014. In 2018 and 2020, there were no differences (P>0.05) in 

wheat grain yield between any tillage treatments per growing season, except for the 

treatment ST-NT in 2018 and MB in 2020, (Figure 5.6). In 2020, the wheat grain yield 

was more than 4000 kg ha-1 in all tillage treatments, except in the MB sequence. 

Overall, there was a general increase (P<0.05) in grain yield from 2014 (2673 kg ha-
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