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South Africa is poorly endowed with agricultural resources, 
and much of the country is considered marginal and 
susceptible to degradation (Laker 2004). Soil organic 
matter (SOM) is naturally very low in South Africa, and it 
is estimated that 60% of the soils contain less than 0.5% 
SOM (Laker 2004; du Preez et al. 2011). Soil organic 
matter, or its indicator element soil organic carbon (SOC), 
are indicative of healthy, productive soils, while low SOM 
or SOC are typically associated with poor soil structure, 
soil crusting, low water infiltration and poor nutrient status 
(Mills and Fey 2003; Laker 2004). Carbon (C) is furthermore 
linked to climate change and agricultural production directly 
contributes to climate change by emitting greenhouse 
gases (Lal 2004; Powlson et al. 2016). However, 
agricultural soils not only contribute to greenhouse gas 
emissions, but are also the largest terrestrial sink of C with 
a high C sequestration and mitigation potential to reduce 
the impact of climate change (IPCC 2007). Conserving and 
increasing SOC is thus important for soil health, optimal 
crop production as well as climate change mitigation (Lal 
2004; IPCC 2007). Poor agricultural management practices 
have contributed to the decline in organic C in agricultural 
soils (Mills and Fey 2003; Lal 2004; du Preez et al. 2011). 
For example, the already low SOC status of soils in South 
Africa is further compromised by cultivation, with an 

estimated average C loss of 46% (Swanepoel et al. 2016). 
Improving SOC in agricultural soils is considered critical for 
reviving and increasing productivity (Mills and Fey 2003; Lal 
2004; du Preez et al. 2011).

Sustainable and regenerative agriculture practices, such 
as conservation agriculture (CA), that conserve or replenish 
SOC and improve soil health, are increasingly promoted in 
southern Africa as an alternative to conventional farming 
systems (Smith et al. 2016). The success of CA is inter 
alia attributed to higher SOM levels, resulting from the 
implementation of three linked CA principles: (1) continuous 
zero or minimum soil disturbance, (2) permanent organic soil 
cover and (3) crop diversification, especially with inclusion of 
legumes or cover crops (FAO 2007; Govaerts et al. 2009). 
There is general consensus among researchers that CA 
improves soil health by increasing SOM (Doran and Zeiss 
2000; Lal et al. 2004; FAO 2007; Pittelkow et al. 2015). 
Increased SOC also sequestrates atmospheric carbon and 
thereby contributes to climate change mitigation targets 
(Lal 2004; Lal et al. 2004; Powlson et al. 2016). Despite 
its potential, CA has not yet been adopted by the majority 
of farmers in South Africa. In 2008/09 an area of approxi-
mately 5.2 million ha was under cultivation (DAFF 2016), of 
which 368 000 ha was under no-till cultivation (Derpsch et 
al. 2010), representing 7% of the total cultivated land. 
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Conservation agriculture (CA) is advocated as a sustainable farming method to improve soil health, increase 
crop yields and food security, while reducing input costs. In South Africa, a country with low rainfall, limited 
agricultural lands and a large smallholder farming community, implementing CA is imperative. To investigate the 
research status of CA in South Africa, a systematic review of available literature was conducted. Conservation 
agriculture initiatives as captured in the form of peer-reviewed publications, reports, dissertations, proceedings 
and projects were collected. Relevant data, such as location, type of research, CA treatments implemented, 
duration of interventions, main results, limitations and challenges were recorded. Most literature were in the 
form of peer-reviewed publications (45%). The CA interventions mostly occurred as researcher-managed field 
trials (60%), followed by farmer-led trials. While the interventions were fairly scattered throughout the country, 
there was a poor correlation between major crop-producing areas and research focus. Conservation agriculture 
interventions generally had a positive effect on soil properties and crop yield. Important limitations include poor 
reporting, short trial periods and insufficient data collection. Local research involving farmers is needed to support 
best-management practices for different agro-ecological zones. 

Keywords: commercial agriculture, cropping systems, residue retention, smallholder agriculture, tillage systems

Introduction

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
Fr

ee
 S

ta
te

] 
at

 0
1:

31
 0

4 
Ja

nu
ar

y 
20

18
 



Swanepoel, Swanepoel and Smith2

However, CA does not always lead to the desired 
improvements. This is usually the case when CA is applied 
incorrectly (i.e. where all the principles are not applied 
simultaneously and not adapted to the local situation) 
(Pittelkow et al. 2015). Challenges to implement CA correctly 
are found in all situations due to a myriad of possible 
socio-economic and biophysical factors and interactions 
(Pittelkow et al. 2015), such as under smallholder systems 
in the warm dry climates of southern Africa leading to yield 
decreases in some cases (Giller et al. 2009, 2015). One 
example often highlighted is the poor access to and use of 
appropriate rotation or cover crops by these smallholders, 
which is necessary to induce various benefits, such as 
adequate biomass for effective soil cover and increasing 
SOM (Giller et al. 2009, 2015; Powlson et al. 2016). 
However, farmers are able to transcend these challenges 
by successfully adopting and adapting CA in a wide range of 
conditions across the world (Kassam et al. 2014), raising the 
importance of using a systems approach when investigating 
and developing CA systems (Derpsch et al. 2014). 

The aim of this paper was to evaluate the status quo of 
CA research in South Africa through a systematic review 
of published and unpublished literature, which include both 
formal researcher-managed studies, as well as community-
based or farmer-centred research projects. In this review, 
the interventions were clustered and categorised according 
to different CA treatments applied (such as cropping 
systems and tillage practices), the temporal trend and 
geographical distribution of CA research. Even so, the 
vast range of topics and variables measured, the diverse 
CA treatments applied, and the different cropping systems 
investigated made it difficult to represent data quantita-
tively, and therefore a qualitative narrative approached 
was used. Where possible, key results were related 
to soil health, while gaps and future research needs 
were highlighted. 

Materials and methods

Approach followed in the review process
Using a two-pronged approach, the following methods were 
applied to locate CA research outputs or interventions in 
South Africa: (1) a systematic literature search of peer- 
reviewed literature, and (2) exploiting the CA community and 
network to access grey literature. Only outputs published 
prior to March 2017 were included. 

Method 1: a systematic literature search of peer-reviewed 
literature
This search was done using Web of Science™ as well as 
local agricultural journals, namely South African Journal of 
Plant and Soil, South African Journal of Science and African 
Journal of Agricultural Research. The following keywords 
were used in various combinations to construct research 
queries: ‘conservation agriculture’, ‘cropping systems’, ‘crop 
rotation’, ‘cover crop’, ‘tillage’, ‘no-till’, ‘livestock’ or ‘livestock 
integration’, ‘mulch’ or ‘crop retention’, and ‘agriculture’, 
which was geographically restricted to ‘South Africa’. Each 
of the returned papers was screened by searching for the 
above-mentioned keywords in either the title or the abstract, 
ensuring that these keywords were used in the correct 

context. If the paper adequately addressed CA in South 
Africa, or any aspect thereof, the paper was retained for the 
review sample. For dissertations, South African university 
online libraries were searched, also using combinations of 
the above-mentioned keywords.  

Method 2: exploitation of the CA community and network to 
access grey literature
Various relevant implementing agencies and institutions 
who have been doing research and development work 
on CA, including community-based or farmer-centred CA 
research projects, were contacted to request publica-
tions, such as reports, proceedings, presentations 
and/or registered project summaries. The CA network, 
which includes the key CA actors, such as the Agricultural 
Research Council (ARC), Grain SA, provincial depart-
ments of agriculture, universities, private researchers or 
consultants, non-governmental organisations (NGOs) and 
farmer groups (such as the KwaZulu-Natal No-till Club), 
were contacted in October 2016 and given eight weeks 
to respond. A second round of requests was extended in 
March 2017, with two weeks to respond. 

It is acknowledged that not all CA research outputs that 
exist in South Africa were eventually captured by these 
two methods, but the documents and information that was 
received were henceforth used in the review process as a 
representative sample of CA research in SA.  

Evaluation of study results 
The CA outputs captured through the above-mentioned 
methods were first categorised according to their type 
and nature. The following types of outputs were obtained: 
(1) peer-reviewed papers, (2) reports, (3) disserta-
tions, (4)  conference proceedings or presentations, and 
(5) registered projects (reported by researchers from the CA 
community). The nature of the CA research initiatives was 
categorised as follows: (1) researcher-managed, on-farm 
and on-station field trials, (2) farmer-led, on-farm, field 
trials, (3) community-based interventions, demonstrations 
and surveys, (4) review publications (summary of existing 
research), (5) surveys (comparing contrasting treatments 
across large areas) and (6) other (including modelling 
based on laboratory trials).

The specific CA treatments applied, such as minimal 
tillage (including reduced or no-till), diversified cropping 
systems (including crop rotations, cover crops or livestock 
integration) and permanent soil cover (including mulch 
application or crop retention) were captured. The effects 
of these treatments on measured variables were then 
evaluated. The variables (such as grain yield or soil 
nutrient status) were categorised under five broad themes, 
based on factors affecting soil health, including soil 
biology, soil chemistry and soil physics (Doran and Zeiss 
2000), as well as agronomic aspects and socio-economic 
impacts (FAO 2007; Knot 2014). Table 1 indicates the 
different topics from the publications as clustered under 
the five broad themes. In addition, dates of publication 
and/or implementation (to indicate temporal trends in CA 
research), location of initiatives (spatial distribution of CA 
research), study duration and constraints were extracted 
and analysed. 
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Results and discussion

A total of 147 CA research outputs were captured and 
analysed through the review process. The following 
percentages were captured under the different types of CA 
research output categories: peer-reviewed papers (45%), 
registered projects (24%), dissertations (14%), reports 
(10%) and proceedings (7%) (Figure 1). The nature of CA 
research interventions captured was ranked according to 
the following categories: researcher-managed field trials 
(61%), community-based interventions, demonstrations 
and surveys (18%), reviews (7%), surveys (7%) farmer-led, 
on-farm, field trials (5%), and other (1%) (Figure 1). 

Although CA research in South Africa started in the 
early 1980s, the majority of the CA research outputs were 
produced fairly recently, with 70% of all outputs published 
after 2010 (Figure 2). This increase reflects a worldwide 
awareness regarding sustainable natural resource conser-
vation and management. Compared with the global trends 
in CA research and adoption in the last few decades 
(Kassam et al. 2014), South African CA research has only 
shown a sharp increase in outputs since about 2010. 

Spatial distribution of CA interventions
Conservation agriculture interventions were scattered 
across South Africa, but the majority were clustered 
around established research sites linked to a few 
universities or research institutions, such as the ARC 
(Figure 3). The experimental farm of the University of 
Fort Hare in the Eastern Cape produced the most outputs 
(n = 19), followed by the Western Cape Department 
of Agriculture’s Langgewens Research farm in the 
Swartland, Western Cape (n = 12) and the ARC Zeekoegat 
Experimental farm outside Pretoria in Gauteng (n = 10). 
The majority of sites (65%) produced only one output 
each. Most CA interventions occurred in the Eastern 
Cape (22%) and Western Cape (19%) provinces, mostly 
through community-based projects and demonstrations 
(Figure  3). Since 1997, national and provincial govern-
ments, in partnership with research institutions such 
as the ARC, launched a number of CA interventions 
under the banner of community-based natural resource 
management programmes, such as LandCare (under the 
Department of Agriculture, Forestry and Fisheries; DAFF), 
Conservation Agriculture Technologies (CATs; under the 
Department of Rural Development and Land Reform) and 
Eco-Technologies (under DAFF and provincial departments 
of agriculture), primarily to empower smallholder farmers 
(Smith 2006; Smith et al. 2016). Since 2010 CA research 

was increasingly supported and funded by the grain 
industry (mostly through the Maize Trust [MT] and Winter 
Cereal Trust [WCT]). In 2014 the CA Farmer Innovation 
Programme (FIP) was launched jointly by Grain SA, the 
MT and the WCT, to facilitate and coordinate CA research 
projects among commercial and smallholder grain farmers 
(Smith et al. 2016). A significant percentage of all the CA 
interventions has thus been focused on smallholder farmers, 
mostly in provinces with large communal areas, such as the 
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Figure 2: Trends in the number of conservation agriculture 
research outputs over time

10

20

30

40

50

60

Peer-re
vie

wed

Proceedings

Reports

Diss
erta

tions

Projects

N
U

M
BE

R
 O

F 
PA

PE
R

S

Researcher-managed field trial
Community-based field trial
Farmer-led field trial
Reviews
Surveys
Other

Soil biology Soil chemistry Soil physics Agronomy Socio-economic
Microbial composition
Enzyme activity
Nematodes
Mycorrhizae
Earthworms

Soil organic carbon
Nitrogen
Phosphorus
Nutrients
Fertility
Acidity

Soil water
Compaction
Penetrometer resistance
Aggregate stability

Yield
Biomass
Weeds
Residue
Leaf area index
Seed quality
Planting density

Economic aspects
Social acceptance

Table 1: Five conservation agriculture research themes with topics from publication results

Figure 1: Number of conservation agriculture research outputs 
categorised under type and nature
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Eastern Cape, KwaZulu-Natal and Limpopo, resulting in a 
poor correlation with the major grain production areas. 

The Highveld region in South Africa produces 70% of the 
country’s cereal crops and 90% of the commercially grown 
maize, rendering this a very important agricultural region, 
and critical for national food security (Walker and Schulze 
2008). However, less than 20% (16% in Free State and 
3% in North West) of the research output was produced 
in this area.

Most data generated was from researcher-managed 
field trials (as opposed to farmer-led trials or review 
publications), which included all of the long-term results 
(implemented for 10 years and longer) collected from 
on-station research facilities linked to universities, provin-
cial government departments or research institutions such 
as the ARC or the South African Sugarcane Research 
Institute. This illustrates the importance of formal research. 

CA field trials 
Since field trials, either researcher-managed or farmer-
led, on-station or on-farm, have been the dominant nature 
of CA interventions captured, the results of the field trials 
were evaluated under ‘duration’ and ‘CA treatments 
implemented’. 

Duration of CA field trials
The majority of CA field trial projects (78%) lasted less than 
5 years, 17% were implemented between 10 and 15 years, 
and only 5% reported on results from CA implementation 
that exceeds 15 years (including Graham et al. 2002; Kotze 
and du Preez 2007; Loke et al. 2012, 2013). Short-term 
studies often don’t induce or detect significant changes 

in soil health, especially build-up of SOC, and changes in 
yield. The latter, is however, largely influenced by climatic 
conditions. However, resource-use efficiency (especially 
of water) could be improved through CA, especially by 
sufficient crop residue retention, and could have had 
positive impacts on yield in some cases (Govaerts et al. 
2009; Rusinamhodzi et al. 2011). To adequately observe 
and quantify the impact of CA on soil, other ecosystem 
functions and services, and yields, long-term field trials are 
ideally needed.

CA treatments implemented in field trials
The main aim of most CA field trials was either to test 
the effects of, or to adapt the three basic principles of CA 
(minimal soil disturbance, diversified cropping systems and 
permanent organic soil cover or mulch) in different study 
areas, either individually or in various treatment combina-
tions. The following treatment categories were analysed: 
(1) tillage, (2) cropping systems and (3) mulch. Under the 
tillage category the following practices were implemented: 
no-till, reduced tillage, rainwater harvesting or rip-on-row. 
Under cropping systems, various cash crops, cover crops, 
legumes or grass crops were identified. These crops were 
planted as intercropping, strip-cropping or crop rotation 
systems. In some rotation systems only two rotation crops 
were used, whereas others implemented a four-rotation 
system or included a fallow year. Some trials implemented 
a summer–winter rotation, and others integrated grains with 
livestock and pastures.  

There was considerable variation on how the three basic 
CA principles were implemented and tested. Only 4% of 
the studies included all three CA principles. However, soil 

 

Maize and wheat production areas
Minor
Major
Study sites

Figure 3: Distribution of research sites for review outputs. Bubble size indicates effort where the larger bubbles represent more outputs per site
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cover was not always added as a specific treatment, and 
it could be argued that reduced tillage implies soil cover by 
default, in which case 35% of all interventions investigated 
a combination of cropping systems and tillage which could 
be representative of all three CA principles. Most studies 
only evaluated one CA principle, such as cropping systems 
(30%) or tillage practices (17%). 

Research themes and topics
The soil themes and topics listed in Table 1 were used as 
a framework to further analyse the research data captured 
through the review process. 

Research theme: soil chemical properties
Soil organic carbon
Several studies (18%) confirmed the positive effect of 
various CA treatments on SOM or SOC and soil fertility 
(Graham et al. 2002). Increases in SOC resulted from 
the following CA treatments: reduced or no-tillage (van 
der Watt 1987; Agenbag and Stander 1988; Kotze 
and du Preez 2007; Mchunu et al. 2011; Cheesman et 
al. 2016; Beukes and Swanepoel 2017; Sosibo et al. 
2017), soil cover or mulch (Graham and Haynes 2006; 
Muzangwa 2016) and diversified cropping (du Preez et 
al. 2011; Njaimwe et al. 2016). Reduced or no-till had the 
greatest effect on increased SOM or SOC (Kotze and du 
Preez 2007; Esmeraldo 2017) compared with other CA 
treatments. Despite the positive impacts of CA treatments 
on SOC, some studies reported that these increases were 
small (Cheesman et al. 2016), slow (du Preez et al. 2011), 
or not significant compared with conventional systems 
(Njaimwe et al. 2016). 

Other nutrients and pH
Even though there was a paucity of studies investigating 
the effect of CA on soil fertility and nutrient status (n = 13), 
several of these studies reported a positive effect of CA 
on soil nutrients. Dube et al. (2013a, 2013b) and Loke et 
al. (2013) found increased build-up of phosphorus (P), 
sulphur (S) and zinc (Zn) in surface soil layers, as well as 
improved P uptake (under reduced or no-till). Similarly, an 
increase in SOC was generally accompanied by an increase 
in other nutrients, such as calcium (Ca), potassium (K) and 
P (Graham et al. 2002). Soil nitrogen (N) content was also 
positively linked to CA (Loke et al. 2012; Swanepoel et al. 
2014). While tillage practices were not reported to result in 
significant changes in soil N (Maali 2003), cropping systems, 
especially those that included legumes, were strongly 
linked to positive N contributions (Maali and Agenbag 2004; 
Dube et al. 2012a; Muzangwa et al. 2013; Swanepoel et al. 
2014). Overall, improved soil fertility was associated with 
no-till (Kutu 2012), residue retention (Muzangwa 2016) 
or CA practices in general (Wiltshire and du Preez 1993). 
However, these changes did not always significantly affect 
yields (Loke et al. 2013; Nciizah et al. 2015a, 2015b). 

Changes in soil pH as a result of CA were reported in 
three studies. Higher levels of SOC was linked to increased 
soil acidification (Graham et al. 2002; Sosibo et al. 2017). 
On the other hand, CA management practices, such as 
no-till and stubble mulch, were reported to increase soil pH 
(Loke et al. 2013). 

Soil physical properties
Soil compaction and aggregate stability
In this review, several studies (n  =  13) reported on soil 
strength (measured as penetrometer resistance; PR), 
soil compaction or aggregate stability. Soil strength or PR 
increased under reduced or no-till (Agenbag and Stander 
1988; Steyn et al. 1995; Taylor et al. 2012; Swanepoel et 
al. 2014). These increases were associated with compacted 
layers and mostly occurred in the upper soil layers (Steyn 
et al. 1995; Swanepoel et al. 2014). The results concur 
with other studies that found an increase in bulk density 
and compacted layers under no-till soils, often due to the 
absence of ploughing that could alleviate topsoil compac-
tion. These compacted layers are linked to insufficient 
biomass production and low SOC (Lampurlanés and 
Cantero-Martínez 2003). Increased PR results in reduced 
root elongation, which reduces crop production and grain 
yield and thus negatively impacts on the success of CA 
(Agenbag and Stander 1988; Swanepoel et al. 2014). 

Improvements in soil aggregate stability are usually 
positively linked to improvements in soil structure, water 
infiltration, water-holding capacity, root penetration and 
a reduction in soil erosion (Lampurlanés and Cantero-
Martínez 2003). In one study, grazing vetch increased 
aggregate stability, whereas oats reduced aggregate 
stability (Mupambwa and Wakindiki 2012). In various 
studies aggregate stability increased under reduced and 
no-till systems (Kidson 2014; Beukes and Swanepoel 2017; 
Esmeraldo 2017) and as a result of cover crops (Graham et 
al. 2002; Graham and Haynes 2006; Njaimwe et al. 2016). 

Soil water content
Plant-available water was higher under no-till (Kongo and 
Jewitt 2006; Kosgei et al. 2007; Mupambwa and Wakindiki 
2012; Taylor et al. 2012; Kidson 2014) and intercropping 
systems (Mzezewa et al. 2011), with an increase in runoff 
under conventional tillage (Kosgei et al. 2007). Similarly, 
Knot (2014) observed that cover crops increased infiltra-
tion and soil water content (Myburgh 2013; Knot 2014) and 
decreased runoff (Bennie and Hensley 2001; Tesfhuney et 
al. 2013) and associated soil loss (Russel 1991; Mchunu et 
al. 2011). 

Soil biological properties
Increased SOM is beneficial to soil biology, supporting a 
larger population and diversity of soil organisms (Graham 
and Haynes 2006). Soil disturbance (such as tillage 
practices) and chemical treatments have a negative 
impact on soil biology (Badenhorst 2016). These negative 
impacts could be immediate and could persist for well over 
a year (Swanepoel et al. 2015b). Biological changes were 
strongly linked to changes in SOM. Conservation agriculture 
treatments that affected SOM, subsequently also affected 
soil biology (Mukumbareza et al. 2015). For example, 
reduced or no-till linked to increased SOM, also increased 
glomalin levels (Koch 2017), earthworm abundance 
(Mcinga et al. 2017) and nematode populations (Swanepoel 
et al. 2014; Swart et al. 2014). Cropping systems, especially 
cover crops and residue retention, resulted in higher 
microbial biomass and enzyme activity (Mukumbareza et al. 
2015). However, not all soil biology changes were positive. 
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Swanepoel, Swanepoel and Smith6

Chiduza and Dube (2013) reported increased pests, such 
as cutworm, snail and slug infestations, under certain CA 
treatments, resulting in an increased need for integrated 
pest management strategies.

Agronomic aspects
Productivity and yields
Varied results were documented regarding productivity. 
Yields were strongly related to soil conditions (Maali and 
Agenbag 2003) and climatic conditions (Bennie et al. 
1995), and thus significantly affected by seasonal rainfall, 
tillage and cropping system as well as fertiliser interaction 
with CA. Reduced or no-till has been associated with yield 
increases due to increased water infiltration (Kosgei et al. 
2007; Elleboudt 2012; Kutu 2012), although not always 
significantly (Kutu 2012). Some studies reported a lower 
yield under reduced or no-till due to poor crop establish-
ment in such soils (Russel 1991), reduced nutrient uptake 
due to accumulation of immobile nutrients such as P in the 
surface soil (Loke et al. 2013), soil compaction (Swanepoel 
et al. 2014), or unknown reasons (Bennie et al. 1995), 
whereas others reported higher yields in some years, 
and lower yields in others (Jansen van Rensburg 2002; 
Trytsman 2008; Swanepoel et al. 2014). The effect of 
different cropping systems on yield varied (Trytsman 2008). 
Certain crops showed potential to improve soil properties 
and yield, especially rotation systems that include legume 
crops, such as cowpea or grazing vetch. Cover crops that 
produced high biomass, such as grazing vetch (Dube et al. 
2012b), lablab (Trytsman 2008) or pastures (Swanepoel 
et al. 2015b; Le Roux et al. 2017), had positive effects on 
grain yield the following year, supported livestock integra-
tion (Trytsman 2008) and effectively increased SOM 
(Swanepoel et al. 2015b). 

Weeds
Reports on weed dynamics under CA varied. Some studies 
reported high biomass and effective soil cover under CA 
systems, resulting in effective weed suppression (Thobatsi 
2009; Murungu et al. 2010; Dube et al. 2012c, 2014). 
Crops that produced high biomass were effective in weed 
control, whereas treatments with low biomass production 
(Murungu et al. 2010) or fallow conditions (Murungu et 
al. 2011b) were less effective. Even though some studies 
reported that mulch could reduce problematic weed 
species over time (Dube et al. 2012c), others reported 
that mulch had no effect on certain weed species (such 
as narrow leaf weeds) (Chiduza and Dube 2013). In one 
study, reduced tillage was associated with an increase in 
weed species diversity and biomass during three cropping 
seasons (Swanepoel et al. 2015a).

Economic and social aspects
Few studies included an economic assessment of CA 
(n = 9). Crop rotations under CA improved profitability of 
wheat production (Visser 2014; Knott 2015). De Wit et al. 
(2015) applied models to estimate profitability of CA, and 
observed, similar to Lawrence et al. (1999), that CA was 
more profitable and less risky than conventional tillage 
practices in maize production in the long term. Elleboudt 
(2012) reported that while yields increased under CA in 

smallholder farming systems, these improvements were 
not enough to offset the additional costs. Swanepoel et al. 
(2014) reported that some CA treatments (such as maize/
vetch intercropping) were more profitable than maize 
monoculture, while at the same time other CA treatments 
(such as maize/soybean rotation) were less profitable than 
maize monoculture. Conservation agriculture profitability 
will always be a function of various factors, such as market 
trends, climatic conditions, farmer’s attitude, knowledge and 
skills, but improved soil health and eco-efficiency under CA 
systems could play a critical role to maximise agronomic 
production and profitability, while enhancing ecosystem 
services (Lal 2010).  

In the review sample, the community-based interven-
tions were mostly captured through reports, dissertations 
or proceedings. It is clear that these types of CA interven-
tions have been implemented quite widely, resulting in 
higher levels of awareness, knowledge and skills among 
participating communities. However, these reports are not 
very accessible and contain little quantitative technical 
information and supporting data. 

In our sample, a number of studies were captured aiming 
to assess the impact of CA among participating farmers, 
which primarily included farmer-led, on-farm trials and 
community-based interventions (Smith et al. 2005). Overall, 
the farmers’ attitudes toward CA were positive (Jansen van 
Rensburg 2002; Lange and Ellis 2010). Farmers indicated 
that crop rotation increased yields, but that weeds can pose 
a problem (Matlou et al. 2015), especially in smallholder 
farming systems where manual labour is used. In some 
cases, farmers had to rely heavily on pesticides (du Toit 
2012). However, some farmers reported no improvements 
in yields after implementing CA, which is often ascribed to 
incorrect or incomplete implementation of CA principles 
(Smith et al. 2005; Smith 2006; Muzangwa 2016). 

In a study focused on a smallholder community-based 
(LandCare) CA intervention, Smith (2006) found that farmer-
centred innovation systems, which include approaches such 
as farmer field schools and action research, could effectively 
be used to mainstream CA in South Africa.  

Limitations and gaps 
The studies sampled showed slow changes in SOM, so the 
positive effects resulting from a build-up of SOM affecting 
yields and profitability were not always detected. Adequate 
biomass could not be generated in many situations due 
to climatic conditions or use of suitable rotation or cover 
crops (Murungu et al. 2011a; du Toit 2012; Cheesman et 
al. 2016). Study periods were often too short and did not 
allow for sufficient time to adequately build up SOM (Dube 
et al. 2013b), leading to inconclusive results (Murungu et al. 
2011b; Elleboudt 2012). 

Diversified cropping systems with at least three crops 
in rotation are advocated in CA, with legumes an integral 
element due to their positive impact on soil N content. 
However, it was found that this effect is diluted with no 
measurable advantage if the rotation interval period is too 
long (Maali and Agenbag 2003; Murungu et al. 2011b). 
Management changes, such as alternative cropping systems 
and associated improved soil nutrient status (Murungu et 
al. 2011b), did not always result in any measureable yield 
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changes. Often the positive effects of CA principles per se 
were over-shadowed by other management aspects, such 
as fertiliser practices (Maali and Agenbag 2003; Kutu 2012), 
effective weed control, planting date (Fourie et al. 2001), 
or environmental factors such as temperature and rainfall 
(Maali and Agenbag 2003; Sithole et al. 2016) and inherent 
soil properties (Swanepoel et al 2015b; Sosibo et al. 2017). 

While CA was generally associated with positive results, 
some researchers reported unintended drawbacks. In some 
cases, reduced or no-tillage practices were associated with 
compaction layers (Steyn et al. 1995; Bennie and Hensley 
2001; Taylor et al. 2012) or changes in weed dynamics 
(Murungu et al. 2010; Dube et al. 2012c; Swanepoel et al. 
2015a), which in turn led to increased labour or chemical 
inputs (Giller et al. 2009). 

Limited research has been done (or published) on crop 
residues or soil cover, cover crops, soil biology, soil water, 
livestock integration, economics, greenhouse gas emissions 
and C fractions, including particulate organic matter. More 
emphasis should be placed on recommending and using 
appropriate CA approaches and technologies across 
diverse agro-ecosystems and communities (Smith 2006; 
Thierfelder et al. 2016), supportive government policies 
(Aghdasi and Lange 2011; Nkala et al. 2011), farmer 
support (du Toit 2012) and funding (Jansen van Rensburg 
2002), and reporting and data capturing. 

Conclusions and recommendations

A collection of peer-reviewed papers, dissertations, reports, 
proceedings and projects were captured and reviewed 
as a representative sample of CA initiatives across South 
Africa. Although these initiatives were reasonably scattered 
throughout South Africa, most occurred at on-station field 
trials and in communal areas in the form of farmer-led 
trials. Very few CA initiatives were implemented in the key 
commercial grain-producing areas, where they were mostly 
driven by farmers themselves. The following recommenda-
tions can be made: 
•	 Long-term research: in view of the pressing major threats 

of land and water degradation, biodiversity loss, climate 
change and economical decline of conventional farming 
practices, research conducted in various agro-ecolog-
ical zones needs to focus on immediate impacts, but 
with a long-term view of continuous adaptation of CA 
principles in local farming conditions through systems 
research approaches. 

•	 Formal research approaches should complement CA 
studies where possible. Formal research studies lead to 
peer-reviewed publications or dissertations, which are 
easily available and accessible through libraries and 
online databases. Most of the useable data extracted for 
this review was captured from formal research. 

•	 Prioritising and funding long-term CA systems research 
in various regions of South Africa should be supported. 
These efforts would help to identify and adapt best 
management practices and quantify the immediate to 
long-term effects of CA practices, either through farmer-
led or on-station trials.

•	 Facilitating scaling-out/up: creating and strengthening 
CA farmer-centred innovation systems through research 

initiatives could be an important platform to scale-out/up 
CA across South African agro-ecosystems. 

•	 Reporting and data sharing: infrequent or inadequate 
data collection, reporting and unavailability or difficulty 
to access information render many of the CA initiatives 
worthless in terms of knowledge sharing. Appropriate 
platforms and mechanisms are needed to share data, 
results and experiences with a wider audience. 

Acknowledgements — The authors would like to thank the 
researchers who provided their publications, reports or project 
summaries, as well as Dr Thomas Fyfield (Agricultural Research 
Council–Institute for Soil, Climate and Water) for editorial comments. 

References

Agenbag GA, Stander JJ. 1988. Die invloed van grondbewerking 
op enkele grondeienskappe en die gevolglike ontwikkeling en 
opbrengs van koring in Suid-Kaapland. South African Journal of 
Plant and Soil 5: 142–146.

Aghdasi F, Lange D. 2011. Report 2010/11 Conservation 
Agriculture Thrust to the Superintendent General Eastern Cape 
Department of Rural Development and Agrarian Reform. Alice: 
University of Fort Hare.

Badenhorst H. 2016. Mesofaunal assemblages in soil of selected 
crops under diverse cultivation practices in central South Africa, 
with notes on collembola occurrence and interactions. MSc 
thesis, University of the Free State, South Africa.

Bennie ATP, Hensley M. 2001. Maximizing precipitation utilization 
in dryland agriculture in South Africa — a review. Journal of 
Hydrology 241: 124–139.

Bennie ATP, Hoffman JE, Coetzee ME. 1995. Sustainable crop 
production on aeolian sandy semi-arid soils in South Africa. 
African Crop Science Journal 3: 67–72.

Beukes DJ, Swanepoel CM. 2017. The effects of conservation 
tillage practices and fertilizer management on soil structural 
properties at an experimental farm. South African Journal of 
Plant and Soil 34: 19–26.  

Cheesman S, Thierfelder C, Eash NS, Kassie GT, Frossard E. 
2016. Soil carbon stocks in conservation agriculture systems of 
Southern Africa. Soil and Tillage Research 156: 99–109.

Chiduza C, Dube E. 2013. Maize production challenges in high 
biomass input smallholder farmer conservation agriculture 
systems: a practical research experience from South Africa. 
African Crop Science Conference Proceedings 11: 23–27.

DAFF (Department of Agriculture, Forestry and Fisheries). 2016. 
Abstract of agricultural statistics 2016. Pretoria: DAFF.

Derpsch R, Franzluebbers AJ, Duiker S, Koeller K, Reicosky DS. 
2014. Why do we need to standardize no-tillage research? Soil 
and Tillage Research 137: 16–22.

Derpsch R, Friedrich T, Kassam A, Hongwen L. 2010. Current 
status of adoption of no-till farming in the world and some of its 
main benefits. International Journal of Agriculture and Biology 
Engineering 3(1): 1–25.

De Wit MP, Blignaut JN, Knot J, Midgley S, Drimie S, Crookes DJ, 
Nkambule NP. 2015. Sustainable farming as a viable option 
for enhanced food and nutritional security and a sustainable 
productive resource base. Synthesis report. Green Economy 
Research Report. Midrand: Green Fund, Development Bank of 
Southern Africa.

Doran JW, Zeiss MR. 2000. Soil health and sustainability: 
managing the biotic component of soil quality. Applied Soil 
Ecology 15: 3–11. 

Dube E, Chiduza C, Muchaonyerwa P. 2012a. Biomass production 
weed suppression, nitrogen and phosphorus uptake in white oat 
(Avena sativa L.) and grazing vetch (Vicia dasycarpa L.) cover 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
Fr

ee
 S

ta
te

] 
at

 0
1:

31
 0

4 
Ja

nu
ar

y 
20

18
 



Swanepoel, Swanepoel and Smith8

crop bicultures under an irrigated no-till system. South African 
Journal of Plant and Soil 29: 135–141.

Dube E, Chiduza C, Muchaonyerwa P. 2012b. Conservation 
agriculture effects on soil organic matter on a Haplic Cambisol 
after four years of maize-oats and maize-grazing vetch rotations 
in South Africa. Soil and Tillage Research 123: 21–28.

Dube E, Chiduza C, Muchaonyerwa P. 2013a. Conservation 
agriculture effects on plant nutrients and maize grain yield after 
four years of maize–winter cover crop rotations. South African 
Journal of Plant and Soil 30: 227–232.

Dube E, Chiduza C, Muchaonyerwa P. 2013b. High biomass 
yielding winter cover crops can improve phosphorus availability 
in soil. South African Journal of Science 110: Art. #2013-0135, 
4 pages.

Dube E, Chiduza C, Muchaonyerwa P. 2014. A vetch winter cover 
crop can improve response to nitrogen fertiliser and profitability 
of no-till maize. South African Journal of Plant and Soil 31: 
45–48.

Dube E, Chiduza C, Muchaonyerwa, P, Fanadzo M, Mthoko TS. 
2012c. Winter cover crops and fertiliser effects on the weed 
seed bank in a low-input maize based conservation agriculture 
system. South African Journal of Plant and Soil 29: 195–197. 

du Preez CC, van Huyssteen CW, Mnkeni PNS. 2011. Land use 
and soil organic matter in South Africa 1: A review on spatial 
variability and the influence of rangeland stock production. South 
African Journal of Science 107: 27–34.

du Toit APN. 2012. Revitalising cropping systems in selected areas 
of Limpopo and Mpumalanga through conservation agriculture 
(CA). Internal report. Bethlehem: Agricultural Research Council– 
Small Grain Institute.

Elleboudt R. 2012. Are conservation agriculture practices an 
interesting option for the smallholder farmer communities of the 
Okhahlmba Local Municipality, KwaZulu-Natal, South Africa? 
MSc thesis, Universiteit Gent, Belgium.

Esmeraldo MQ. 2017. Effects of tillage practices on some key soil 
parameters: A case study in the KwaZulu-Natal Midlands, South 
Africa. MSc thesis, Stellenbosch University, South Africa.

FAO (Food and Agriculture Organization of the United Nations). 
2007. Conservation agriculture. Available at http://www.fao.org/
ag/ca/ [accessed August 2016].

Fourie JC, Louw PJE, Agenbag GA. 2001. Effect of seeding date 
on the performance of grasses and broadleaf species evaluated 
for cover crop management in two wine grape regions of South 
Africa. South African Journal of Plant and Soil 18: 118–127. 

Giller KE, Jens AA, Corbeels M, Kirkegaard J, Mortensen 
D, Erenstein O, Vanlauwe B. 2015. Beyond conservation 
agriculture. Frontiers in Plant Science 6: 870.

Giller KE, Witter E, Corbeels M, Tittonell P. 2009. Conservation 
agriculture and smallholder farming in Africa: the heretics’ view. 
Field Crops Research 114: 23–34.

Govaerts B, Verhulst N, Castellanos-Navarrete A, Syre KD, Dixon 
J, Dendooven L. 2009. Conservation agriculture and soil carbon 
sequestration: between myth and farmer reality. Critical Reviews 
in Plant Science 28: 97–122. 

Graham MH, Haynes RJ. 2006. Organic matter status and the size, 
activity and metabolic diversity of the soil microbial community 
in the row and inter-row of sugarcane under burning and trash 
retention. Soil Biology and Biochemistry 38: 21–31.

Graham MH, Haynes RJ, Meyer JH. 2002. Changes in soil chemistry 
and aggregate stability induced by fertilizer applications, burning 
and trash retention on a long-term sugarcane experiment in South 
Africa. European Journal of Soil Science 53: 589–598.

IPCC (International Panel on Climate Change). 2007. Climate 
change 2007: impacts, adaptation and vulnerability. Contribution 
of Working Group II to the fourth assessment report of the 
Intergovernmental Panel on Climate Change. Cambridge: 
Cambridge University Press. 

Jansen van Rensburg HG. 2002. Final report for Mlondozi LandCare 
Project. Demonstration and assessment of sustainable land 
management practices in the Mlondozi district of Mpumalanga. 
Report number GW/A/2003/05. Pretoria: Agricultural Research 
Council–Institute for Soil, Climate and Water.

Kassam A, Friedrich T, Shaxson F, Bartz H, Mello I, Kienzle J, 
Pretty J. 2014. The spread of conservation agriculture: policy 
and institutional support for adoption and uptake. Field Actions 
Science Reports 7. Available at http://factsreports.revues.
org/3720.

Kidson MV. 2014. Comparison of soil erosion under no-till and 
conventional tillage systems in the high rainfall Mlondozi 
area, Mpumalanga province, South Africa. MInstAgrar thesis, 
University of Pretoria, South Africa.

Knot J. 2014. Promoting conservation agriculture: commercial 
farmers in the eastern Free State. PhD thesis, University of the 
Free State, South Africa.

Knott SC. 2015. An analysis of the financial implication of 
different tillage systems within different crop rotations in the 
Swartland area of the Western Cape, South Africa. MSc thesis, 
Stellenbosch University, South Africa.

Koch S. 2017. Effect of time, tillage and cropping systems on 
glomalin production by arbuscular mycorrhiza in Western Cape 
soils. Paper presented at the Combined Congress, Klein Kariba, 
23–26 January 2017.

Kongo VM, Jewitt GPW. 2006. Preliminary investigation of 
catchment hydrology in response to agricultural water use 
innovations: a case study of the Potshini catchment, South 
Africa. Physics and Chemistry of the Earth 31: 976–987.

Kosgei JR, Jewitt GPW, Kongo VM, Lorentz SA. 2007. The 
influence of tillage on field scale water fluxes and maize yields 
in semi-arid environments: a case study of Potshini catchment, 
South Africa. Physics and Chemistry of the Earth 32: 1117–1126.

Kotze E, du Preez CC. 2007. Influence on long-term wheat residue 
management on organic matter in an Avalon soil. South African 
Journal of Plant and Soil 24: 114–119.

Kutu FR. 2012. Effect of conservation agriculture management 
practices on maize productivity and selected soil quality indices 
under South Africa dryland conditions. African Journal of 
Agricultural Research 7: 3839–3846. 

Laker MC. 2004. Advances in soil erosion, conservation, land 
suitability evaluation and land use planning research in South 
Africa, 1978–2003. South African Journal of Plant and Soil 21: 
345–368.

Lal R. 2004. Soil carbon sequestration impacts on global climate 
change and food security. Science 304: 1623–1627. 

Lal R. 2010. Enhancing eco-efficiency in agro-ecosystems through 
soil carbon sequestration. Crop Science 50: 120–131.

Lal R, Griffin M, Apt J, Lave L, Morgan MG. 2004. Managing soil 
carbon. Science 304: 393. 

Lampurlanés J, Cantero-Martínez C. 2003. Soil bulk density 
and penetration resistance under different tillage and crop 
management systems and their relationship with barley root 
growth. Agronomy Journal 95: 526–536. 

Lange D, Ellis R. 2010. Results of the 2009/10 Monitoring and 
evaluation survey. Alice: Conservation Agriculture Thrust, 
University of Fort Hare.

Lawrence KF, Prinsloo MA, Berry WAJ. 1999. Long and short 
term effects of tillage systems on grain yield, the incidence of 
diseases and production costs for maize. South African Journal 
of Plant and Soil 16 (2): 85–91.

Le Roux AA, Strauss JA, Pieterse PJ. 2017. Effect of varying 
degrees of plant residue cover from different crops on annual 
medic pasture re-establishment and production. South African 
Journal of Plant and Soil 34 (1): 75–78. 

Loke PF, Kotze E, du Preez CC. 2012. Changes in soil organic 
matter indices following 32 years of different wheat production 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
Fr

ee
 S

ta
te

] 
at

 0
1:

31
 0

4 
Ja

nu
ar

y 
20

18
 

http://www.fao.org/ag/ca/
http://www.fao.org/ag/ca/
http://factsreports.revues.org/3720
http://factsreports.revues.org/3720


South African Journal of Plant and Soil 2017: 1–10 9

management practices in semi-arid South Africa. Nutrient 
Cycling in Agroecosystems 94: 97–109.

Loke PF, Kotze E, du Preez CC. 2013. Impact of long-term wheat 
production management practices on soil acidity, phosphorus 
and some micronutrients in a semi-arid Plinthosol. Soil Research 
51: 415–426.

Maali SH. 2003. Biomass production, yield and quality response of 
spring wheat to soil tillage, crop rotation and nitrogen fertilisation 
in the Swartland and wheat producing area of South Africa. PhD 
thesis, University of Stellenbosch, South Africa.

Maali SH, Agenbach AG. 2003. Effect of soil tillage, crop rotation 
and nitrogen application rates on grain yield of spring wheat 
(Triticum aestivum L.) in the Swartland wheat producing area of 
the Republic of South Africa. South African Journal of Plant and 
Soil 20: 111–118.

Maali SH, Agenbag GA. 2004. Effect of soil tillage, crop rotation 
and nitrogen application rates on plant-N content of spring wheat 
(Triticum aestivum L.) in the Swartland wheat-producing area of 
the Republic of South Africa. South African Journal of Plant and 
Soil 21: 255–260.

Matlou MC, Wakindiki IIC, Mashalane MB, Sangqu N, Sebopela N. 
2015. Second quarterly research report - Candu CATs project 
phase 3. Pretoria: Department of Rural Development and Land 
Reform.

Mchunu CH, Lorentz S, Jewitt G, Manson A, Chaplot V. 2011. 
No-till impact on soil and soil organic carbon erosion under 
crop residue scarcity in Africa. Soil Science Society of America 
Journal 75: 1502–1511.

Mcinga S, Muzangwa L, Mnkeni PNS. 2017. Effects of tillage, crop 
rotation, and residue management on earthworm diversity and 
abundance in the Alice Jozini ecotope in the Eastern Cape, 
South Africa. Poster presented at the Combined Congress, Klein 
Kariba, 23–26 January 2017.

Mills AJ, Fey MV. 2003. Declining soil quality in South Africa: 
effects of land use on soil organic matter and surface crusting. 
South African Journal of Science 99: 429–436.

Mukumbareza C, Muchaonyerwa P, Chiduza C. 2015. Effects of 
oats and grazing vetch cover crops and fertilisation on microbial 
biomass and activity after five years of rotation with maize. South 
African Journal of Plant and Soil 32: 189–197.

Mupambwa HA, Wakindiki IIC. 2012. Winter cover crop effects 
on soil strength, infiltration and water retention in a sandy loam 
Oakleaf soil in Eastern Cape, South Africa. South African Journal 
of Plant and Soil 29: 121–126.

Murungu FS, Chiduza C, Muchaonyerwa P. 2010. Biomass 
accumulation, weed dynamics and nitrogen uptake by winter 
cover crops in a warm-temperate region of South Africa. African 
Journal of Agricultural Research 5: 1632–1642. 

Murungu FS, Chiduza C, Muchaonyerwa P. 2011a. Effects of relay 
intercropping summer cover crops with maize on cover crop 
biomass and maize yields in a warm-temperate region of South 
Africa. South African Journal of Plant and Soil 28: 147–150.

Murungu FS, Chiduza C, Muchaonyerwa P. 2011b. Productivity 
of maize after strip intercropping with leguminous crops under 
warm-temperate climate. African Journal of Agricultural 
Research 6: 5405–5413.

Muzangwa L. 2016. Effects of conservation agriculture components 
on soil carbon sequestration, carbon dioxide fluxes, enzyme 
activities and crop yields in two ecotopes in the Eastern Cape 
province, South Africa. PhD thesis, University of Fort Hare, 
South Africa.

Muzangwa L, Chiduza C, Muhaonyerwa P. 2013. Feasibility of winter 
cover crop production under rainfed conditions in the Eastern 
Cape province of South Africa. African Crop Science Journal 21: 
173–184.

Myburg PA. 2013. Effect of shallow tillage and straw mulching on 
soil water conservation and grapevine response. South African 

Journal of Plant and Soil 30: 219–225.
Mzezewa J, Gwata ET, van Rensburg. 2011. Yield and seasonal 

water productivity of sunflower as affected by tillage and 
cropping systems under dryland conditions in the Limpopo 
province of South Africa. Agricultural Water Management 98: 
1641–1648.

Nciizah AD, Matlou MC, Wakindiki IIC. 2015a. Weed assessment 
report: Mveso CATs project phase 2. Pretoria: Department of 
Rural Development and Land Reform.

Nciizah AD, Matlou MC, Wakindiki IIC. 2015b. Weed assessment 
report: Candu CATs project phase 2. Pretoria: Department of 
Rural Development and Land Reform.

Njaimwe AN, Mnkeni PNS, Chiduza C, Muchaonyerwa P, 
Wakindiki IIC. 2016. Tillage and crop rotation effects on carbon 
sequestration and aggregate stability in two contrasting soils at 
the Zanyokwe Irrigation Scheme, Eastern Cape province, South 
Africa. South African Journal of Plant and Soil 33: 317–324.

Nkala P, Mango N, Corbeels M, Veldwisch GJ, Huising J. 2011. 
The conundrum of conservation agriculture and livelihoods in 
southern Africa. African Journal of Agricultural Research 6: 
5520–5528.

Pittelkow CM, Linquist BA, Lundy ME, Liang X, van Groenigen KJ, 
Lee J, van Gestel N, Six J, Venterea RT, van Kessel C. 2015. 
When does no-till yield more? A global meta-analysis. Field 
Crops Research 183: 156–168. 

Powlson DS, Stirling CM, Thierfelder C, White R, Jat ML. 2016. 
Does conservation agriculture deliver climate change mitigation 
through soil carbon sequestration in tropical agro-ecosystems? 
Agriculture, Ecosystems and Environment 220: 164–174.

Rusinamhodzi L, Corbeels M, van Wijk MT, Rufino MC, 
Nyamangara J, Giller KE. 2011. A meta-analysis of long-term 
effects of conservation agriculture on maize grain yield under 
rain-fed conditions. Agronomy and Sustainable Development 31: 
657–673.

Russel WB. 1991. The effect of various tillage methods on soil and 
water losses from maize lands. South African Journal of Plant 
and Soil 8: 160–163.

Sithole NJ, Magwaza LS, Mafongoya PL. 2016. Conservation 
agriculture and its impact on soil quality and maize yield: a South 
African perspective. Soil and Tillage Research 162: 55–67.

Smith HJ. 2006. Development of a systems model facilitating 
action research with resource-poor farmers for sustainable 
management of natural resources. PhD thesis, University of the 
Free State, South Africa.

Smith HJ, Kruger E, Knot J, Blignaut J. 2016. Conservation 
agriculture in South Africa: lessons from case studies. In: Kassam 
A, Mkomwa S, Friedrich T (eds), Conservation agriculture for 
Africa: building resilient farming systems in a changing climate. 
Wallingford: CAB International. pp 214–245.

Smith HJ, Trytsman G, Bloem JF, Everson T, Mthethwa S. 2005. 
Fourth progress report Bergville/Emmaus LandCare Project. For 
the KwaZulu-Natal Department of Agriculture and Environmental 
Affairs. ARC-ISCW report no. GW/A/2005/04. Pretoria: Agricultural 
Research Council–Institute for Soil, Climate and Water.

Sosibo NZ, Muchaonyerwa P, Visser L, Barnard A, Dube E, Tsilo 
TJ. 2017. Soil fertility constraints and yield gaps of irrigation 
wheat in South Africa. South African Journal of Science 113: Art. 
#2016-0141, 9 pages.

Steyn JT, Tolmay JPC, Human JJ, Kilian WH. 1995. The effect of 
tillage systems on soil bulk density and penetrometer resistance 
of a sandy clay loam soil. South African Journal of Plant and Soil 
12: 86–90. 

Swanepoel CM, Habig J, Thiebaut N, Swanepoel LH. 2015a. 
Temporal variation in weed occurrence and biomass under 
conservation agriculture and conventional farming practices. 
African Journal of Agricultural Research 10: 3921–3929.

Swanepoel CM, Marais M, Swart A, Habig J, Koch S, Sekgota 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
Fr

ee
 S

ta
te

] 
at

 0
1:

31
 0

4 
Ja

nu
ar

y 
20

18
 



Swanepoel, Swanepoel and Smith10

WM, Mampana R, Trytsman G, Beukes DJ. 2014. Final report: 
Quantifying effects of CA practices on soil and plant properties. 
ARC-ISCW report no. GW/A/2014/37. Pretoria: Agricultural 
Research Council–Institute for Soil, Climate and Water.

Swanepoel CM, van der Laan M, Weepener HL, du Preez CC, 
Annandale JG. 2016. Review and meta-analysis of organic 
matter in cultivated soils in southern Africa. Nutrient Cycling in 
Agroecosystems 104: 107–123.

Swanepoel PA, du Preez CC, Botha PR, Snyman HA, Habig J. 
2015b. Assessment of tillage effects on soil quality of pastures in 
South Africa with indexing methods. Soil Research 53: 274–285.

Swart A, Marais M, Habig J. 2014. The effect of conservation 
agriculture on nematode populations and soil microbial 
community dynamics. Journal of Nematology 46: 243–244.

Taylor TS, Titshall LW, Hughes JC, Thibaud GR. 2012. Effect 
of tillage systems and nitrogen application rates on selected 
physical and biological properties of a clay loam soil in KwaZulu-
Natal, South Africa. South African Journal of Plant and Soil 29: 
47–52.

Tesfhuney WA, van Rensburg LD, Walker S. 2013. In-field runoff 
as affected by runoff strip length and mulch cover. Soil and 
Tillage Research 131: 47–54.

Thierfelder C, Matemba-Mutasa R, Bunderson WT, Mutenje 
M, Nyagumbo I, Mupangwa W. 2016. Evaluating manual 
conservation agriculture systems in southern Africa. Agriculture, 
Ecosystems and Environment 222: 112–124.

Thobatsi T. 2009. Growth and yield responses of maize (Zea 
mays L.) and cowpea (Vigna unguiculata L.) in an intercropping 
system. MSc thesis, University of Pretoria, South Africa.

Trytsman G. 2008. Intensification to promote sustainable farming 
systems in rural development applying conservation agricultural 
principals. MSc thesis, University of the Free State, South Africa.

van der Watt HvH. 1987. The effect of reduced tillage on soil organic 
carbon. South African Journal of Plant and Soil 4: 147–149.

Visser MH. 2014. Influence of cropping sequence on wheat 
production under CA in the eastern Free State. MSc thesis, 
University of the Free State, South Africa.

Walker NJ, Schulze RE. 2008. Climate change impacts on 
agro-ecosystem sustainability across three climate regions 
in the maize belt of South Africa. Agriculture, Ecosystems and 
Environment 124: 114–124. 

Wiltshire GH, du Preez CC. 1993. Long-term effects of conserva-
tion practices on the nitrogen fertility of a soil cropped annually to 
wheat. South African Journal of Plant and Soil 10: 70–76.

Received 23 June 2017, revised 27 September 2017, accepted 6 October 2017
Associate Editor: Johan van Tol

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
th

e 
Fr

ee
 S

ta
te

] 
at

 0
1:

31
 0

4 
Ja

nu
ar

y 
20

18
 


