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1. Background and project description 
 

Mahlathini Development Foundation (MDF) (2003-2022) is one of the few NGOs in South Africa 

focussing on promoting collaborative pro-poor agricultural innovation. As such MDF is a 

specialist NGO working in the fields of participatory research, training and implementation; 

focussing on agroecological approaches, including conservation agriculture (CA).  

The Maize Trust-funded CA Smallholder Farmer Innovation Programme (SFIP) in South Africa, as 

conceptualised and implemented through MDF, has pioneered the use of agricultural innovation 

systems as a methodological approach for the promotion of an appropriate smallholder CA 

farming system, as well as adaptive research into specific elements of this system (Kruger, et al., 

2019). This approach takes cognisance of the complexity of introducing CA into a farming system, 

including working with smallholder farmers as partners in the knowledge co-creation process 

through on-farm research and experiential learning, as well as embedding the process into the 

existing socio-political environments and economic value chains. The overall goal of the CA SFIP 

is to guide, coordinate and facilitate research, development and adaptation of appropriate CA 

systems for a range of diverse and unique situations in the smallholder grain production areas of 

South Africa. 

MDF has worked with smallholder farmers in CA learning groups, who implement CA as farmer 

level trials and expand their implementation into their whole fields over time. Around 570 

smallholders across 40 villages in KwaZulu-Natal (Bergville, SKZN and Midlands) have been 

implementing CA for a period of between one to eight years, because of The Maize Trust SFIP 

support. Over this period several different indicators were designed and used to track the 

progress of the participants. Table 1 outlines the progress, using a range of output and impact 

indicators that have been monitored between 2014 and 2020. 

Table 1: Innovation system indicators for the CA-SFIP (2013-2020) 
CA innovation system indicators for smallholder farmers in KZN; 2014 and 2020 

Social agency indicators 

Indicator 2014 2020 Description/ comments 

Participants 53 482 Number of CA experimentation participants, from farmer registration lists 

across all three areas 

Learning groups 7 43 Count of number of village-based learning groups 

Gender 89% 75% Percentage of women undertaking CA experimentation, obtained from 

farmer participation lists across all three areas 

Local savings and loan 

associations 

0% 58% Percentage of all learning group members involved in VSLAs (village savings 

and loan associations); from savings groups registers and learning group 

membership lists 

Innovation platforms 0 6 Number of platforms set up that include farmers and external stakeholders 

Value chain indicators 

Months of food 

provisioning 

  
Number of participants, shown as a percentage who can provide enough 

maize meal for their family for different month-based categories; from 

annual review interviews for an average of 50 participants annually. 1 to 3 100% 8% 

4 to 6 0% 39% 

7 to 9 0% 38% 

10 to 12 0% 15% 

Local sale of crops 0% 25% Number of participants, shown as a percentage who sell maize, beans, 

cowpeas and sunflower produced, locally; from annual review interviews 

for an average of 50 participants annually. 

Saving for inputs 0% 28% Number of VSLA members who used their savings and small loans for 

agricultural inputs, shown as a percentage; from savings group records for 

150 participants, averaged for a 3-year period 
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Farmer centres 0 6 Number of farmer centres set up for sharing CA equipment, providing 

advice and sale of agricultural inputs and produce between 2014 and 2020 

Cooperatives 0 4 Number of cooperatives registered for CA smallholders between 2014 and 

2020 

Co-financing of local 

infrastructure 

0 4 Number of learning groups who took advantage of the matching grant 

funding to finance local mills, threshers and water infrastructure or 

supplementary irrigation 

Mechanisation 

committees 

0 4 Number of committees set up within learning groups to manage the group 

owned CA equipment, for use, hire and maintenance 

Productivity indicators 

Reduced labour in CA 

plots 

0% 78% Number of participants, shown as a percentage who indicated a reduction 

of labour throughout the cropping season; from annual review interviews 

for an average of 50 participants annually, across all three areas. 

Reduced weeding in CA 

plots 

0% 39% Number of participants, shown as a percentage who indicated reduced 

weeding in CA plots compared to conventionally cropped plots; from 

annual review interviews for an average of 50 participants annually, across 

all three areas. 

Use of CA planters Number of participants, shown as a percentage using different CA planters 

introduced through the programme; from planting and crop monitoring 

forms, completed for between 50-200 participants annually, across all 

three areas 

Hand hoes 97% 26% 

Hand planters 0% 69% 

Animal-drawn planters 3% 5% 

Tractor-drawn planters 0% 10% 

Average maize yield for 

CA and conventional 

plots (t/ha) 

1,8 (CA), 

2,2 (Conv) 

4,5 (CA), 

2,5 (Conv) 

Yield data measured and averaged for between 50-200 participants 

annually across all three areas. 

Crop rotation 0% 20% Number of participants, shown as a percentage who practised 

intercropping of maize and beans; from planting and crop monitoring 

forms, completed for between 50-200 participants annually, across all 

three areas. 

Intercropping maize and 

beans 

0% 92% Number of participants, shown as a percentage who practised 

intercropping of maize and beans; from planting and crop monitoring 

forms, completed for between 50-200 participants annually, across all 

three areas. 

Intercropping maize and 

other legumes 

0% 17% Number of participants, shown as a percentage who practised 

intercropping of maize and other legumes such as cowpeas and Dolichos 

beans; from planting and crop monitoring forms, completed for between 

50-200 participants annually, across all three areas. 

Winter cover crops 0% 31% Number of participants, shown as a percentage who undertook planting of 

a winter cover crop mixes (Saia oats, fodder rye, fodder radish, vetch, 

fodder peas) from planting and crop monitoring forms, completed for 

between 50-200 participants annually, across all three areas. 

Cover crops: summer mix 0% 26% Number of participants, shown as a percentage who undertook planting of 

a summer cover crop mixes ((sunflower, millet, sun hemp, sorghum) from 

planting and crop monitoring forms, completed for between 50-200 

participants annually, across all three areas. 

Seed saving 0% 11% Number of participants, shown as a percentage who undertook seed saving 

of OPV maize, legumes and cover crops; from planting and crop monitoring 

forms, completed for between 50-200 participants annually, across all 

three areas. 

Fodder: provisioning for 

livestock: through cut 

and carry, hay 

0% 

 

15% 

 

 

Number of participants, shown as a percentage who cut and baled hay from 

their CA plots and veld grass for winter feeding of livestock; from planting 

and crop monitoring forms, completed for between 50-200 participants 

annually, across all three areas. 

Reduced run-off in CA 

plots 

0% 92% Number of participants, shown as a percentage who saw less run-off in 

their CA plots compared to their control plots; from planting and crop 

monitoring forms, completed for between 50-200 participants annually, 

across all three areas. 

% runoff for CA plots 13,5% 6,9% Runoff pans were installed for 2-6 participants in each area and results 

averaged for the cropping season, for 2-4 years. 

Percentage organic matter (%OM) per annum Percentage organic matter measured and calculated for 5-8 participants 

from each area, annually, after being averaged across all CA plots for each 

participant. 

The average annual sequestration of carbon is 0,3 t/ha for CA plots (both 

trial and control) 

Midlands (2018-2020) 5,1% 7,8% 

SKZN (2018–2020) 5,7% 6,7% 

Bergville (2018–2020) 4,13% 4,05 

Water productivity 

(kg/m3) 

0,88 1,66 Water productivity is calculated as kg of crop produced per m3 of water. 

This has been calculated for between 3 and 5 participants in each of the 

three areas for maize grain and compared to conventionally tilled plots 
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Since 2020, the emphasis has shifted more towards quantitative research and less on promotion 

and awareness raising. Supporting this new emphasis, a selection of the participants now 

participates in a process of mother and baby trials, with the former also being known as 

collaboratively managed trials (CMTs) and the latter farmer-managed trials (FMTs). In CMTs 

farmers and researchers work together on problem definition, design, management and 

implementation of statistically sound trials as well as evaluation, which allow for the production 

of good quality data from the research process. These CMTs are considered the ‘Mother”1 trials 

and 55 CMTs have been implemented with participants (40) across the Bergville, SKZN and 

Midlands sites. They are managed alongside the FMTs or “baby” trials, of which there have been 

90 in this season. 

Experimentation protocols chosen by the CMT participants (researchers and farmers) in 

participatory review and planning sessions are as follows: 

1. 10x10 blocks (1 000 m²): This denotes a 10-plot layout of 100 m2 plots, for multiple 

cropping options (such as maize, legumes and cover crops), which is rotated on an annual 

basis. 

2. Strip cropping (1 000 m2): Planting is done in 4 m wide strips on contour, to provide for 

soil and water conservation concerns and ease of implementation in larger fields.  

3. Short season maize: Planting of two varies of early maturing maize (white-PAN5A172 and 

yellow-PAN5A190) alongside the normal varieties to test adaptability to climate variation. 

4. Fodder production: Planting of extra CA trial areas for annual and perennial livestock 

fodder species (Teff, Tall fescue, Lespedeza), for both in situ grazing and baling. 

The two options in italics are not part of the quantitative (statistical) measurements but are 

included in the process to promote livestock integration into the CA system and to experiment 

with different maize varieties and planting dates as an adaptation measure for changing rainfall 

patterns. 

2. Approach and methodology 
 

The CMTs for the 40 participants include different CA and conventional control plots. For the 

latter, farmers use their own fertiliser, seed and spacing combinations. Many have now used the 

two-row planters for their control plots.  

Most of the farmer participants have been implementing CA for a number of years (between 3 to 

9 years). The intention is to focus on the smaller group (CMTs) for the quantitative data. This is 

to include the following: 

1.YIELD DATA:  

• Maize yields under CA vs conventional cropping systems (40 participants) 

• Maize yields in CA rotation and intercropping systems (40 participants) 

• Biomass/dry matter yields for maize for water productivity assessments (9 participants)  

• Bean yields in CA systems (40 participants) 

 
1 Sieglinde S., Snapp S., DeDecker, J. and Davis, A. 2019. Farmer Participatory Research Advances Sustainable 

Agriculture: Lessons from Michigan and Malawi. Agronomy Journal. 111, (6); 2681-91. 
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2. WATER RELATED DATA: 

• Local rainfall measurements in each village (x 8 villages) 

• Weather station and SAEON seasonal data; ET0, temperature, rainfall per site x 3 sites 

• Run-off (run-off pans installed in CA and conventional control plots and different CA 

cropping options e.g. monocropping, intercropping, cover crops); 3-4 runoff pans per 

participant (9 participants) 

• Bulk density assessments (9 participants) 

• Water productivity assessments; 3-4 treatments per participant (9 participants) 

3. SOIL RELATED DATA 

• Soil health analyses (Haney Soil Health Test (SHT), and nematode diagnostic indices), (21 

CMT participants, 4 treatments each, including veld, control and 1-2 CA samples) 

3. Key activities: October 2021-September 2022 
 

CA farmer-level experimentation plots (CMTs and FMTs) have been implemented for 130 

participants across 10 villages in KZN (Bergville, -KZN and Midlands). The 40 CMTs or mother 

trials have been set up with 9 participants in SKZN, 13 in Midlands and 18 in the Bergville study 

area. 

Participants have the following CA treatments: strip cropping, cover crops, different maize 

varieties, use of two-row tractor drawn planters, and annual and perennial livestock fodder 

species. Crop growth monitoring has been conducted for all CMTs. 

Rain gauges and runoff plots have been set up for 9 participants across as many villages and 

participant farmers have undertaken to keep ongoing records. The South African Environmental 

Observation Network (SAEON) has assisted with weather station data for comparison with the 

farmer level records. 

Soil health samples have been taken for 21 participants across 14 villages and have been 

submitted to the Soil Health Support Centre (in the Western Cape) for Haney SHT analyses, as 

well as nematode indices (through Northwest University, Potchefstroom) for analysis of soil 

health results.  

Stakeholder engagement this season has consisted of the following activities: 

• Liaison with Landbouweekblad to provide for small videos as features for smallholder 

success stories in conservation agriculture and for seeking sponsors to assist in hosting 

open days 

• Close cooperation with both the Okhahlamba Local Municipality and the Bergville office 

of KZNDARD in use of their tractors and sprayers for planting of CA trials, as well as 

potential provision of funding for fencing 100 fields in the Bergville area 

• Continued support from the LandCare programme of DALRRD for provision of CA 

implements 

• Showcasing of the smallholder innovation programme across a number of networks and 

stakeholder platforms through meetings, discussions and webinars, including the 
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Agroecology Network and the Adaptation Network (focussing on Nature based solutions 

and agroecology), and the SANBI catchment-based Indaba  

• Collaboration in the Farming for Climate Justice short action research programme for 

committed early career researchers in “Transforming policy and practice towards 

agroecological transitions for resilient and just food and farming systems in a changing 

climate”, in association with UCT and Coventry University in the UK, including an Asset 

research symposium presentation in Stellenbosch (March 2022),  

• Presentation of a paper for the South African Mountains Conference in March 2022 

entitled “CbCCA in central Drakensberg improves resilience in smallholder farmers”. 

• Farmers’ open day at Emmaus Hall in Bergville (March 2022) and 

• A joint proposal development process with the WWF-Strategic water source areas team 

to explore the potential of volumetric water benefits through CA (June 2022).  

 

3.1 Budget 
The budget for this programme from October 2021-September 2022 is R886 076,00. Full 

expenditure under this programme is expected by end August 2022. 

 

Table 2: Budget summary for expenditure between October 2021 and September 2022 
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4. Progress 
 

Table 3 outlines activities related to objectives and key indicators October 2021-September 2022.     

 Table 3: Summary of progress (October 2021-September 2022) related to objectives and key 

activities 

Objectives Key activities Summary of progress % 
completion  

Objective 1: To 

assess the impact of 

a range of CA 

practices on water, 

soil and productivity 

indicators, within a 

smallholder farmer-

level 

experimentation 

process 

Key activity 1. Participatory planning, 

design and layout of experiments  

Around 160 participants across 20 villages 

plant CA trials, with intensive research 

managed treatments and plots for a 

minimum of 36 of these participants 

(across three sites) 

 

 

Key activity 2. Collection and analysis of 

results 

Researcher and farmer managed 

quantitative and qualitative outcomes are 

measured for a minimum of 3 participants 

across 6 villages (including runoff plots, 

soil health analysis, bulk density and 

water productivity calculations, and yield 

measurements (maize, cover crops and 

fodder). 

 

 

− 130 participants across 10 

villages have planted CA trials. 

40 collaboratively managed 

trials (CMTs) have been set up 

 

 

 

- Soil health samples and 

analysis for 22 participants 

across 10 villages 

- Rain gauges and runoff plots for 

11 participants across 9 villages 

- Crop growth monitoring for 40 

participants across 10 villages 

 

 

100% 

 

 

 

 

 

 

 

 

 

100% 

Objective 2: To use 

results from 

qualitative and 

quantitative results 

to outline best bet 

options for the 

smallholder CA 

farming system and 

to provide 

recommendations 

for improvement of 

the system 

Key activity 1: Write up of results  

- Interim and annual reports 

 

-Case studies (1-2 per site x 3 sites) 

 

-Popular magazine and peer reviewed 

articles (minimum of 1 each)  

 

 

 

 

-Posting on appropriate websites and 

online newsletters and forums 

 

 

 

Key activity 2: Presentation of results 

-Results presented to smallholder farmers 

in learning and review sessions, for 

analysis, interpretation, and planning 

purposes (minimum 3, maximum 6 

sessions) 

-Results presented to broader farmer 

stakeholder forums for networking and 

awareness raising (1 -3 events) 

 

- Interim report submitted in 

March 2022 and final report 

submitted in August 2022 

- Short cases presented in both 

reports 

- Conference papers; SA 

Mountain conference, Asset 

research symposium 

- Publication of a chapter entitled 

“Conservation Agriculture 

Innovation  

Systems Build Climate 

Resilience for Smallholder 

Farmers in South Africa” in an 

upcoming CABI book 

- Full peer review paper 

submitted to ‘ Taylor and 

Francis’ for online publication 

- www.mahlathini.org  

- Review and planning sessions 

held (4 sessions) 

- Bergville Smallholder 

Conservation Agriculture open 

day – 2 March 2022, Asset 

Research Symposium – SU 14 

March 2022. 

 

100% 

 

 

100% 

 

100% 

 

 

 

 

 

 

 

 

 

100% 

 

 

 

 

100% 

 

100% 

 

A performance dashboard is indicated in Table 4 which provides a snapshot of performance 

according to suggested numbers and outputs in the proposal.  
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Table 4: Performance dashboard for August 2022 

Outputs Proposed (March 2021) Actual (August 2022) 
Number of areas of operation 3 3 

Number farmer level experiments 160 130 

Number of CMTs 36 40 

Number of local facilitators  6 

VSLAs  18 

Participatory monitoring and evaluation 

process (farmer-level) 

60 75 

5. Results achieved to date 
 

Table 5 outlines the CMTs planted and monitored, numbers of participants and experimentation 

processes for the programme.  

Table 5: CMTS and baby trials, per village for October 202-February 2022  
  Spraying 

dates 
Planting 
dates 

FMTs 

Area Village Name Surname 10x 10's Strips  Fodder  
   

Bergville Ezibomvini Phumelele Hlongwane 1 1 
 

21/10/26 21/11/15 52 

18 Mantombi Mabizela 1 
 

1 21/10/26 21/11/26 
 

5 males Zodwa Zikode 
 

1 1 21/10/26 21/11/23 
 

13 females Nombono Dladla 1 1 
 

21/10/26 21/11/17 
 

 
Eqeleni Thulani Dlamini 

 
1 1 21/11/04 21/11/22 

 

  
Sthabiso Manyathi 1 

  
21/11/04 21/11/16 

 

  
Nomavila Ndaba 1 

  
21/11/04 21/11/17 

 

  
Ntombakhe Zikode 

 
1 1 21/11/04 21/11/19 

 

  
Thulile Zikode 1 

 
1 21/11/04 21/11/25 

 

 
Stulwane Nothile Zondi 1 

 
1 21/10/29 21/11/24 

 

  
Khulekani Dladla 1 

 
1 21/10/29 21/11/25 

 

  
Thulani Dlamini 1 1 1 21/10/29 21/11/25 

 

  
Dombi Buthelezi 1 1 

 
21/10/29 21/11/23 

 

  
Nelisiwe Msele 1 

  
21/10/29 21/11/24 

 

 
Vimbukhalo Sibongile Mpulo 1 

 
1 21/11/03 21/11/24 

 

  
Zibonile Sithole 1 

 
 21/11/03 21/11/30 

 

  
Zweni Ndaba 1 

 
 21/11/03 21/12/01 

 

  
Bukhisiwe Ndaba 1 1 

 
21/11/03 21/11/26 

 

SKZN Spring Valley Mboniseni Dlamini 1 
  

21/10/26 21/12/01 17 

9 Letta Ngubo 1 
  

21/10/26 21/11/17 
 

7 males Bonginhlanhla Dlamini 1 
  

21/10/29 21/11/26 
 

3 females Gertrude Khwela 1 
  

21/10/29 21/11/25 
 

 
Ngongonini Mandla Mkhize 1 

  
21/11/04 21/11/15 

 

  
Leonard  Gamede 1 

  
21/11/04 21/11/23 

 

  
Moses Zulu 1 

  
21/11/04 21/12/01 

 

 
Madzikane Cosmos Xaba 

 
1 

 
21/11/03 21/12/02 

 

  
Nombuyise Shozi 1 

  
21/11/03 21/12/02 

 

Midlands Mayizekanye Babekile Nene 1 
  

22/01/12 22/01/19 21 
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14 Ntombi Shandu 1 
 

1 22/01/12 22/01/17 
 

3 males Dumazile  Nxusa 
 

1 
 

22/01/12 22/01/17 
 

11 females Fikelephi Mapumulo 1 
  

22/01/12 22/01/18 
 

 
 

Mavis Shezi 1 
  

22/01/17 22/01/25 
 

 
Gobizembe Rita ngobese 1 

  
21/11/10 21/11/24 

 

 
Ozwathini Martina Xulu 1 

  
22/01/14 22/01/24 

 

  
Nora Sibiya 

 
1 

 
21/12/10 21/12/17 

 

  
Aaron Nkomo 1 

  
22/01/10 22/01/17 

 

  
Ndabenkhulu Myeza 1 

  
22/01/06 22/01/13 

 

  
Lindiwe  Khanyile 1 

  
22/01/11 22/01/21 

 

  
Nomcebo Zondi 1 

  
22/01/11 22/01/18 

 

  
Philani Ngcobo 1 

  
22/01/04 22/01/06 

 

  
Nokuthula Dube 

 
1 

 
21/11/24 21/11/30 

 

TOTAL 40 
  

34 11 10 
  

90 

5.1  Collaboratively managed trials (CMTs) 
 

This season, we ensured that all CMTs followed the same plot layout, across all three regions, to 

ensure the implementation of enough replications in each study area. This will facilitate a much 

easier and statistically reliable analysis of the data collected from the CMTs at different farmer 

fields. Three different CMTs layouts, namely 10x10 m plots, strip plots and fodder plots have been 

implemented to address different research questions. See Table 6 for a layout of these trials. 

− M: Maize (PAN53,PAN6479 or SC701) 

− SSM: Short season maize (PAN5A190 or PAN5A172) 

− B: Dry beans (PAN9292 or Gadra) 

− SCC: Summer cover crops (Sun hemp, fodder sorghum and sunflower) 

− Pk: Pumpkin (Queensland blue or Flat white boer) 

− WCC: winter cover crops (Fodder rye and fodder radish and Saia oats) 

Table 6: Layout for the different CMT trials 

BLOCKS (10x10 m) x 
10 plots 

1 M (sole 

crop) 

2 M+B 

(intercrop) 

3 SCC  4 M 

(sole crop) 

5 M+B 

(intercrop) 

10 M+CP/Pk 

(intercrop) 

SCC 8 M+B 

(intercrop) 

 7 M 

(sole crop) 

6 SCC 

Strips (2 mx50 m) 
x10 strips  

 1 M 

 2 M+B (intercrop) 

 3 SCC 

 4 M 

 5 M+B (intercrop) 

 6 SCC 

 7 M 

 8 M+B (intercrop) 

 9 SCC  

 10 M+CP/Pk (intercrop) 

Fodder Strips (2 
mx50 m) x 8 strips 
Short season maize 

PAN5A190=yellow 

PAN5A172=white  

 SSM 

 B/WCC (relay intercrop) 

 SSM 

 Lespedeza 

 SSM 

 Tall Fescue 

 SSM 

 B/WCC (relay intercrop) 
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5.2 Rainfall and runoff 
This season’s runoff microplot pans have been installed for 10 participants in the CMTs. The pans 

need to be installed after ploughing for the control plots, but prior to planting for both the control 

and CA plots. This provided some logistical difficulties and some of the pans could only be 

installed in December 2021 and January 2022.  

Table 7 outlines the rain gauges and runoff pans installed. 

Table 7: Rain gauges and runoff pans installed for 10 participants across Bergville, SKZN and 

Midlands for 2021-2022 
Village Name and Surname Rain 

gauge 

Runo

ff 

Plot 

Ezibomvini Phumelele 

Hlongwane 

Yes Yes Control, Plot 2(M+B), Plot 4 (M), Plot 7 (M), Plot 9 (SCC) 

Stulwane Nelisiwe Msele Yes Yes Control, Plot 2(M+B), Plot 3 (SCC), Plot 5 (M+B), Plot 7 (M) 

Vimbukhalo Sibongile Mpulo Yes Yes Control, Plot 2(M+B), Plot 3 (SCC), Plot 5 (M+B), Plot 7 (M) 

Eqeleni Thulile Zikode Yes Yes Control, Plot 2(M+B), Plot 3 (SCC), Plot 5 (M+B), Plot 7 (M) 

Ngongonini Mandla Mkhize  Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Springvalley Letha Ngubo Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Madzikane Cosmos Xaba Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Madzikane Vakashile Gambu Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Ozwathini Martina Xulu Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Gobizembe Rita Ngobese Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

Mayizekanye Dumazile Nxusa  Yes Yes Control, Plot 2(M+B), Plot 5 (M+B), Plot 7 (M) 

 

Participant farmers have been provided with monitoring sheets to record rainfall events and 

runoff for their CA trials and control plots. From previous experience it was thought to be an 

acceptable strategy to obtain data. In addition, the participants who showed a lack of commitment 

to record keeping in previous seasons were replaced with other participants and a few new 

farmers were brought on board. 

Weather station data (Bergville) for the 2019/20 to 2021/22 growing season are compared in 

Table 8. 

Table 8: Comparison of weather station and farmer rain gauge rainfall data between 2020 and 

2022 
Month Rainfall 

2019/20 
(mm); – 
Didima 

Rainfall 
2020/21 (mm); 
3 stations 

Rainfall 
2020/21 (mm); 
rain gauges  

Rainfall 
2021/22 
(mm); 3 
stations 

Rainfall 
2021/22 (mm); 
rain gauges  

October 131,0 122,7 119,8 88,1  

November 172,6 217,0 107,3 96,2  

December 143,5 229,2 265,0 229,4 185,9 

January 99,1 415,1 323,7 349,9 202,8 

February 86,1 210,6 340,8 211,3 188,5 

March 49,2 131,0 178,9 256,4 117,3 

April 17,7 55,4 61,0 266,1 237 

Totals 699,2 1 381,0 1 276,7 1497,4 931,5 
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Figure 1: Monthly rainfall averages for three weather stations in the Bergville area between 

2019 and 2022 

Given the high rainfall variability in the region, due to convective storm events, weather station 

data has now been averaged for three SAEON weather stations in the areas of Cathedral peak 

office, Mike’s Pass and Vulture’s Rest. These stations are not representative of the area, but a 

combination provides a reasonable average. 

Rainfall this season (1497,4 mm) was even higher than in 2020/21 (1271 mm) and is more than 

double the average rainfall for the area, which is around 650 mm per annum. The rainfall 

estimated from the participant’s rain gauges has underestimated the total rainfall quite 

substantially this season. 

The local flooding along with increased run-off and water logging in the fields is borne out in the 

rainfall periodicity, intensity and amounts for the December 2021-April 2022 period. The high 

rainfall towards the end of the season (March and April 2022) has had devastating effects on the 

legume yields of farmers and has also decreased the quality of the maize substantially, as cobs 

remained wet, long past their maturity date.  

The averages have been calculated for monthly rainfall and runoff for each area as recorded by 

the participant farmers. Table 9 provides a summary of results compiled from Stulwane, 

Ezibomvini, Eqeleni and Vimbukhalo (4 farmers). 

  

Oct Nov Dec Jan Feb Mar Apr Total

Rainfall 2019/20 (mm) 131 172,6 143,5 99,1 86,1 49,2 17,7 699,2

Rainfall 2020/21(mm) 103,4 207 204,7 409,2 197,1 101,6 48 1271

Rainfall 2021/22 (mm) 88,1 96,2 229,4 349,9 211,3 256,4 266,1 1497,4
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Table 9: Runoff data for four farmers in Bergville, 2021/22 

Month Ave monthly 
rainfall (mm) 

Ave monthly runoff 
CA plot (L) 

Average monthly 
runoff control plot 

December2021 185,9 8,4 13,0 

January 2022 202,8 11,4 14,2 

February 2022 188,5 5,7 5,3 

March 2022 117,3 5,5 6,7 

April 2022 237,0 8,1 9,9 

Totals 931,5 38,9 48,9 
Percentage rainfall 
as runoff 

 
4,2% 5,3% 

 

Runoff and rainfall results have not been well documented this season. Neither the rain gauges, 

nor the runoff pan buckets (10 litres) were big enough to accurately measure rainfall, as they 

filled up and over-flowed completely for a number of rainfall events between December 2021 and 

April 2022. The farmers keeping records and the young field workers supporting them, did not 

know how to manage the situation. As a result, records were not kept by some farmers and for 

others the values are much lower than they would have been in reality. 

From a sample of the results kept and analysed, Table 9, the difference in percentage runoff 

between the CA control and trial plots is quite small this season at around 1,1%, compared to an 

average of 5% in the previous seasons.  

In future, these records will need to be kept by a field staff member or a junior researcher. This 

will unfortunately increase costs considerably given the increased time and logistics 

requirements for such an arrangement.  

 

5.3  Bulk density 
 

Soil bulk density (ρb), also known as dry bulk density, is the weight of dry soil (mass of solids) 

divided by the total soil volume (Vsoil). Total soil volume is the combined volume of solids and 

pores which may contain air (Vair) or water (Vwater), or both. 

On cropland, long-term solutions to bulk density and soil compaction problems revolve around 

decreasing soil disturbance and increasing soil organic matter. A system that uses cover crops, 

crop residues and/or reduced tillage results in increased soil organic matter, less disturbance and 

reduced bulk density. Additionally, the use of multi-crop systems involving plants with different 

rooting depths can help break up compacted soil layers. 

Samples were collected from the top 5 cm of soil using sampling rings 7,2 cm in diameter using 

the following procedure: 

• The ring was pushed (buried) into the ground using a piece of wood and a hammer (the 

piece of wood was used to protect the ring). 

• A spade was used to dig the ring out of the soil.  
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• Excess soil sticking out of the ring was cut using a knife to ensure the soil fitted perfectly 

into the ring (making sure the volume was the same for all samples). 

• The soil samples (in the ring) were wrapped with aluminium foil and transported to the 

lab for analysis. 

• At the lab, samples were unwrapped, placed in aluminium dishes, weighed and assigned 

codes, and put in an oven to dry at 100 °C for 48 hours. 

• After 48 hours samples were weighed and the masses were recorded for calculation of the 

dry mass. 

The equation used to calculate the total soil volume is: 

������ (	
��)  = ��� × �  

Where π is pi, r is radius and d is depth for the ring. Volume was calculated in cm3 and mass of the 

sample was measured in grams (g). 

Average dry mass for all samples collected in the same plot was used to calculate the bulk density 

and the same volume (based on the dimensions of the ring) was used. Equation 2 was used to 

calculate the BD. 

���� ������� (��) =
���� �� ���� (�)

������ �� ���� ( �!)
 

Bulk density samples were taken for 6 participants across all three areas, for CMT plots with M 

(Plot or Strip 1) and maize and beans intercrop (plot or strip 5), as well as CA control plots planted 

to maize.  

Table 10 outlines samples taken and the bulk density results. 

Table 10: Bulk density samples and results for 6 participants from Bergville, SKZN and Midlands, 
July 2022 

Area Farmer Plot/Strip No. Bulk density 

Bergvile Nelisiwe Msele  P1 (M) 1,28 

Bergvile Nelisiwe Msele P5 (M+B) 1,16 

Bergvile Nelisiwe Msele Control 1,24 

Bergvile Phumelele Hlongwane P1 (M) 1,34 

Bergvile Phumelele Hlongwane P5 (M+B) 1,12 

Bergvile Phumelele Hlongwane Control  1,28 

Midlands Babhekile Nene P1 (M) 1,13 

Midlands Babhekile Nene P5 (M+B) 1,15 

Midlands Babhekile Nene Control  0,97 

Midlands Mrs Xulu P5 (M+B) 0,98 

Midlands Mrs Xulu P1 (M) 1,04 

Midlands Mrs Xulu Control 1,04 

SKZN Cosmos Xaba S1 (M) 0,96 

SKZN Cosmos Xaba S5 (M+B 0,99 

SKZN Cosmos Xaba Control  1,15 

SKZN Letha Ngubo P1 (M) 1,16 

SKZN Letha Ngubo Control  1,08 

Average 
  

1,12 
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In general, bulk densities greater than 1,6 g/cm3 tend to restrict root growth (McKenzie, et al., 

2004). Sandy soils usually have higher bulk densities (1,3–1,7 g/cm3) than fine silts and clays 

(1,1–1,6 g/cm3) because they have larger but fewer pore spaces. In clay soil with good soil 

structure, there is more pore space because the particles are very small, and many small pore 

spaces fit between them. It has also been shown that minimum tillage practices can increase bulk 

density without restricting aeration and water movement in the soil, compared to the same soils 

under tillage (Long-term effects of no-tillage on soil physical properties in a Rhodic Ferrasol in 

Paraná, Brzil, 2009). Soils rich in organic matter (peaty soils) can have densities of less than 0,5 

g/cm3. 

The bulk density calculations for all cropping options in all three areas were within the low to 

average range. The CA plots planted to intercropping with legumes had lower bulk densities than 

the CA maize only plots. This indicates the immediate beneficial effect of intercropping on 

improving soil porosity. 

Bulk density sampling has now been calculated in Bergville for four consecutive seasons. 

Table 11: Bulk density calculations for different CA cropping options between 2018 and 2022 

Bergville ρb (g/cm3) 2018/19 2019/20 2020/21 2021/22 
CA multi cropped plots combined 1,26 1,29 1,12 1,14 

CA control (M) 1,36 1,40 1,23 1,26 

Conventional control (M) 1,30 - 1,24 - 

 

From Table 11, it is evident that ρb for the CA plots; both the intercropped plots and the mono-

cropped plots has decreased over time, even though the relationship is not completely linear.  

What can also be seen from the results is that generally bulk density differs between seasons for 

all sample types taken, indicating that potentially both changes in climate and land use 

management affect the bulk density result.  

5.4 Water productivity 
 

Crop water productivity (CWP) relates to the amount of yield per unit of water used. It is an 

important measure of the impact of different practices on productivity in rain-fed agricultural 

systems. Practices for improving CWP at the field level include cropping systems, planting or 

tillage methods, soil surface cover, improved transpiration rates, nutrient management, 

improved infiltration and drainage, and reduced runoff. Average water productivity (WP) for 

maize is 1,2-2,3 kg/m3 (FAO, 2003). In this research process, WP has been compared for different 

crops and crop combinations under CA and for the purposes of this report a generic crop 

coefficient of 0,8 was used, as outlined by the FAO. 

5.4.1 Methodology  

5.4.1.1 Study sites  

WP of rainfed smallholder farming systems was estimated at CMTs in the following areas: 

Bergville, Southern KwaZulu-Natal (SKZN) and the Midlands of the KwaZulu-Natal Province. 



18 

 

Table 12 outlines the areas, farmers and CMT plots (according to the layouts presented in Section 

5.1 above).  

Table 12: Water productivity sampling outline for 8 participants across three sites n KZN: 

2021/22 

Area Village Name and 
surname 

Plots sampled Crops 

Bergville Ezibomvini Phumelele 
Hlongwane 

P2, P4, P8, P10, CA-
control 

M, M+B, M+Pk, M-cont 

 Eqeleni Ntombakhe 
Zikode 

S2, S5, S8, S10, CA-
control 

M+B, M+Pk, M-cont 

 Stulwane Nelisiwe 

Msele 

P4, P7, CA-control M, M-cont 

 Vumbukhalo Sibongile 

Mpulo 

P2, P4, P5, CA- control M, M+B, M-cont 

SKZN Madzikane Cosmos Xaba P1, P2, P4, CA-control M, M+B, M-cont 

 SpringValley Letha Ngubo P1, CA-control M, M-cont 

Midlands Mayizekanye Babekhile 

Nene 

P1, P2, P4, CA-control M, M+B, M-cont 

 Ozwathini Martina Xulu P1, P2, P4, CA-control M, M+B, M-cont 

 

5.4.1.2 Sampling  

 

The CMTs in the Bergville and SKZN areas were planted between middle October and early 

November of 2021. The CMTs in the Midlands area were planted around 15 January 2022. Sample 

collection was undertaken for all three areas between 30 May and 2 June 2022. Three whole 

maize plants excluding the roots were randomly collected for each sample and from each of the 

selected plots or strips. On the (10 m X 10 m) plots, to avoid the edge effect, samples were 

collected 1, 5 m away from the edge of the plots. All samples were labelled with the name of the 

famer, date collected, plot number and what was planted in the plot or strip. 

Preparation of the samples for drying  

• The biomass portion of the maize plant was chopped into smaller pieces (in order to speed 

up the drying process). The biomass samples where then repackaged into brown paper 

bags and relabelled and were ready for the oven 

• The maize cobs were sun dried after removing the ears. This was done for making 

threshing easier  

Figure 2: Preparation of grain samples; Left removal of ears and right separation of cobs and 

grain for further drying and weighing 
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KZNDARD provided access to their Soil science laboratory at CEDARA (Pietermaritzburg) for the 

drying and weighing of samples. The biomass, grain and cobs from each maize plants were oven 

dried at 100oC for a minimum of 48 hours, after which the samples were weighed using an 

electronic scale, to be able to do the dry matter calculations.  

 

Figure 3: Weighing and recording of samples at the CEDARA laboratory 

  

Calculation of the water productivity (WP)  

Data needed:  

• Yield (Kg)  

• Water consumed (WC) or water use (m3) – this was based ET0 

"# (���−!) =
%(��)

"& (�3)
                      (1) 

Where WP, is the Water productivity, Y the yield and WC is the volume of water consumed  

Procedure followed in working out the Yields (Kg)  

• Yield results were calculated per plot or strip  

• The average weight of the grain from the three cobs from each plot was calculated  

• Percentage germination was assumed as 90% for all plots and strips  

• Plant population was calculated using the size of the lot and plant spacing in and between 

rows and also compensating for spacing and plant population for the intercropped plots 

• The average weight of the grain was then multiplied by the plant population to get the 

yield (kg)  

 

Procedure followed in working out the water consumed or used  

• This is calculated using depth of water (m) multiplied by the Area (m2) 

Depth of water used was based on ET0 obtained from Davis Automatic Weather Stations 

- A combination of 3 weather stations were used for Bergville – Didima, Mike’s Pass 

and Cathedral peak (Information provided by EFTEON and UKZN) and 3 weather 
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stations in villages across Midlands and SKZN (Information provided by Potato-

SA and University of Johannesburg)  

• To work out the actual evapotranspiration (ETa), the ET0 was multiplied by the crop 

coefficient (Kc) for maize.  

• To determine the water consumed (WC) or water used, the cumulative ETa value was 

multiplied by the area of the plot or strip. The assumptions made here are as follows: all 

the rainfall infiltrated into the soil was used by the planted crop and there was zero deep 

percolation. Furthermore, it was assumed that the water only left the soil through 

evapotranspiration (ET). These same assumptions have been used in the two previous 

seasons where WP has been calculated. Compensation can be made for runoff, as that is 

calculated. 

 

To calculate the ET0, the following equation belowis used. The weather station calculates the 

reference evaporation ET0 using the Penman Monteith equation.  

)*+ =
0.408∆(12 − 3) + 5

900
* + 273

��(�	 − �9)

∆ + 5(1 + 0.34��)
  

Where,  

ET0 is reference evapotranspiration (mm/day) 

Rn is net radiation at the crop surface (MJ m-2 day-1) 

G is soil heat flux density (MJ m-2 day-1) 

T is air temperature at 2 m height (°C) 

u2 is wind speed at 2 m height (m s-1) 

es is saturation vapour pressure (kPa) 

D is slope vapour pressure curve (kPa °C-1) 

g is psychrometric constant (kPa °C-1). 

 

 

5.4.2 WP for maize grain 

Traditionally for intercropping, WP is calculated for the total grain in the plot, thus including 

maize and beans or cowpea grain to get an overall view of the WP in the plot. The same is done 

for the biomass. Maize grain yields are usually somewhat lower in intercropped plots than in 

mono-cropped plots.  

In this research process, WP has been calculated for maize only, both in single and intercropped 

plots. The intention is to explore the WP of maize planted under different cropping options for 

farmer participants who have been implementing CA for between 3 and 8 years.  

The aim was to ascertain whether the different cropping options within the CA system provide 

for different water productivity outcomes and to compare CA with conventional tillage in terms 

of mono-cropped maize.  

For the 2020/21 and 2021/22 seasons the WP was calculated for the different CA cropping 

options, as shown in Table 13. 
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Table 13: WP calculated for KZN for different CA cropping options 2020/21 (n=11) and 2021/22 

(n=8)  

WP 
(kg/m3) 
2020/21 

Farmer name M 21 M 22 
M+B 

21 
M+B 

22 
M+CP 

21 
M+Pk 

22 

M-CA 
Control 

21 

M-CA 
control 

22 

M-Conv 
Control 

Bergville 
Boniwe 

Hlatshwayo 

(strip) 

2,74      0,96   

  Nelisiwe Msele 2,57 3,96 2,32 2,04 2,1 2,43 1,01 0,98  

  
Ntombakhe 

Zikode (Strip) 
1,91   3,34  3,55 0,72 2,07  

  
Phumelele 

Hlongwane  
4,65 5,37 4,45 6,42 4,31 4,1 1,16 2,19  

  
Sibongile 

Mpulo 
3,27 3,73 3,04 4,02 2,12  1,44 2,72  

SKZN 
Cosmos Xaba 

(strip) 
1,87 1,22  1,47   1,19 0,49  

  Letta Ngubo  0,89 3,52    2,08 0,76  

  Mandla Mkhize    2,15    1   

  
Thandiwe 

Hadebe  
  2,55    0,92   

Midlands Mrs Xulu   0,95 1,92 1,38   0,2 1,35 0,98 

  
Nomusa 

Shandu 
0,44  1,01      0,53 

  
Babhekile 

Nene  
1,87 2,35 0,85 2,84   0,63 0,79  

  Rita Ngobese   3,14    0,85   

Overall averages 2,28 2,64 2,5 3,07 2,84 3,36 1,01 1,42 0,75 

 

From Table 13 the following is evident: 

• WP values for the 2021/22 cropping season are higher for all treatments than in the 

202/21 season.  

• The same trends seen for both seasons where: 

- WP for CA plots are substantially higher than WP for conventionally tilled plots 

- WP for the CA control plots, which have been repeatedly mono-cropped to maize 

are substantially lower (1,01 and 1,42 kg/m3 respectively for 2020/21 and 

2021/22) than CA plots planted to mono-cropped maize in a multi-crop rotation 

(2,28 and 2,64 kg/m3 respectively for 2020/21 and 2021/22) 

- WP for inter-cropped CA plots (maize plus beans (M+B), or cowpeas (M+CP) , or 

pumpkins (M+Pk)) is substantially higher than mono-cropped CA plots  

These trends are further discussed in Figures 4, 5 and Table 14, which shows average WP results 

for all three sites combined, across three seasons. 
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Figure 4: WP comparison for maize grains for three sites in KZN combined, across three 

seasons: 2019-2022 

Despite the difference in absolute values between the three cropping seasons, the trends are same 

for all three seasons. CA with intercropping and crop rotation practices show very clear 

improvements in WP compared to mono-cropping in CA systems and very clear benefits over 

conventional tillage. The close spacing used in the CA trial plots provides extra WP benefits when 

compared to the ‘normal’ spacing used in these villages. 

5.4.3 WP for maize biomass 

 

The CWP was also calculated for the above-ground maize biomass (Dry Matter in kg/m3) (stalks 

and leaves) as in Figure 5. 

 

Figure 5: WP comparisons for maize biomass for three sites in KZN: 2021/22 
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(M+Pk)

CA- Maize

control (M-

CA control)
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ally tilled

maize (M-

Conv

Control)

WP (kg/m3) 2021/22 (n=8) 2,64 3,07 3,36 1,42

WP (kg/m3) 2020/21 (n=11) 2,28 2,50 2,84 1,10 0,75

WP (kg/m3) 2019/20 (n=9) 1,11 1,21 1,43 0,80 0,36

Ave WP (3 seasons) 2,01 2,26 2,14 3,36 1,11 0,56
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From Figure 5 the following is evident: 

• WP for biomass production (as well as grain) is substantially higher in Bergville than in 

the Midlands and SKZN. This has to do with a number of factors, including weather and 

soil characteristics, but also with the rigour and quality of the CA implementation and 

notably successful long-term application of all three CA principles of reduced soil 

disturbance, increased organic soil cover and increased crop diversity.  

• Whereas WP for grain production is higher in all intercropped options compared to 

mono-cropped maize, this is not as clearly the case with biomass production, although the 

general trend holds.  

Volumetric water benefit assessment 

It is possible to assign a volumetric water benefit to WP to indicate the reduction in water 

consumption per hectare. This is part of more recent approaches for volumetric water benefit 

accounting, as a system promoting integrated water resources management at catchment level 

supporting the restoration and improvement of water source areas (Reig, et al., 2019). 

From Table 14, calculating the volumetric water saving (VWS) in litres/ha for the different tillage 

options, shows that the CA intercropping and crop rotation options save around 8,8 million litres 

of water per hectare when compared to CA monocropping with maize and CA maize mono- 

cropping saves 0,34 million litres of water per hectare when compared to conventional tillage 

maize monocropping. These are very significant amounts of water that is saved through the 

improved water use efficiency of the CA system. 

 
Table 14: Calculation of VWB for WP improvements in different cropping systems, using a 3-

year average WP figure  
CA trial (inter cropping 

and crop rotation) 
CA control (mono 

cropped M) 
Conv control 

(mono cropped M) 
kg/m3 (WP) 2,66 0,93 0,81 

Difference (CA trial-CA 

control- Conv control) 

1,73 0,12 
 

Volumetric water difference 

(l/kg) 

1 730 120 
 

Yield (t/ha) 5,11 2,87 
 

VWS (l/ha) 8 840 300 344 400 
 

 

Note: This value of ~7million litres of water saved, is around 10% of the savings possible for 

clearing of dense stands of alien invasive trees. It does however provide a good indication of the 

increased water availability and water holding capacity benefits of CA in a field cropping 

situation.  
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5.5  Soil health analysis  
 

Sampling and analysis for the nematode indices were presented in the interim report in February 

2022. 

The intention is to compare the soil health characteristics for several cropping options within the 

CA trials, with conventionally tilled mono-cropped control plots, over time.  

The Haney Soil Health Test (SHT) offers a more comprehensive look at the nutrient needs and 

overall health of a soil system. However, it is not a complete evaluation of a soil’s health due to its 

lack in the direct measuring of some of the other soil health indicators such as bulk density, water 

infiltration rates or water holding capacity. Some of the items measured by the Haney Soil Health 

test are similar to traditional tests. Soil pH and organic matter, for example, are evaluated in the 

same way as the more traditional soil tests many have used in the past. In addition, plant-available 

nutrients such as NPK are evaluated with the same instrumentation. The Haney test, however, 

uses different soil extracts, namely H3A and H2O, to determine what quantities of these nutrients 

are available to the crop and accessible to the microbes. Nitrate, for example, is soluble and there 

is little difference between various extracts. Other nutrient levels, however, will vary from 

traditional tests that use different extracts due to the unique ability of each extract to effectively 

pull nutrients out of the soil. The Haney test differs from traditional soil tests in that it also 

evaluates some soil health indicators such as soil respiration, the water-soluble fractions of 

organic carbon and organic nitrogen and the ratio between them. Finally, a soil health score is 

calculated based on a combination of these different soil health indicators. 

5.5.1 Sampling 

Sampling has been done for each of the three areas for between 3-seasons. As the Haney SHT 

results are not comparable across areas, they will be handled per area  

 

Table15: Soil health test samples taken across areas for implementation between 2019 and 2022 
Area Village  2021/22 2020/21 2019/20 2018/19 
Bergville Stulwane 4 4 3 2 

(5-8 years) Ezibomvini 3 3 3 2 

 Ndunwana - 1 2 2 

 Eqeleni 2 2 - 2 

 Vimbukhalo 2 2 - - 

 Mhlwazini - - - 2 

SKZN Madzikane 2 2 2 2 

(3-5 years) Ngongonini 1 1 1 1 

 Spring Valley 1 1 1 1 

 Ofafa 1 1 1 1 

Midlands Gobizembe 1 1 1 1 

(1-3 years) Mayizekanye 1 2 3 3 

 Ozwathini 3 3 - - 

 

For the 2021-2022 season soil samples were collected from 21 participants across 11 villages. 

Samples were taken in September 2021 prior to the planting season, to remain coherent with 

sampling procedures to date. These samples were used for both the Haney SHT and for Nematode 

analysis.  
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Treatments considered this season were: 

 Conventional control (Conv Control): These plots are ploughed and planted to a maize 

monocrop using typical fertiliser applications and spacing (90 cm row spacing). 

 CA (M) control: CA plots planted to a maize monocrop using typical fertiliser applications 

and spacing (90 cm row spacing). 

• CA treatment (CA trial plots): Either plots (from the 10 block 10x10 m trial layout) or 

strips (from the 10strip 20x5m strip trial layout) were collected from 2-4 plots/strips in 

the respective trials using plots 2, 7 or 2, 4, 7 or 2, 4, 6, 9 depending on the specific 

participant’s trial. This ensures a wide distribution of plots with the full range of cropping 

options namely maize only, maize and bean intercrop, summer cover crops, and pumpkin 

(M, M+B, SCC, Pk) 

 Veld: A composite veld sample for each participant with combined subsamples of soil 

from veld at the four locations surrounding the participant’s homestead and field. 

Table 16 outlines samples taken across the three areas. 

Table16: Soil samples taken for 21 participants across all three areas in September 2021 
Name Surname Trial plot Control plot Veld Number of 

soil 
samples 

Ezibomvini 

Phumelele Hlongwane Plot 2, 4, 6. Strip 2, 4 Maize CA  Yes 6 

Zodwa  Zikode Plot 2, 4, 7 Maize CA  Yes 5 

Nombono Dladla Plot 2, 4, 7 Maize CA  Yes 5 

Stulwane 
Dlezakhe Hlongwane Plot 2, 4, 7 Maize CA  Yes 5 

Khulekani  Dladla Plot 2, 4, 7 Maize CA  Yes 5 

Nelisiwe  Msele Plot 2, 4, 7 Maize CA  Yes 5 

Matolozana Gumbi Plot 2, 4, 7 Maize CA  Yes 5 

Eqeleni 
Ntombakhe  Zikode Plot 2, 4, 7 Maize CA  Yes 5 

Thulile  Zikode Plot 2, 4, 7 Maize CA  5 

Vimbukhalo/Emazimbeni 

Sibongile Pulo Plot 2, 4, 7 Maize CA  Yes 5 

Zweni  Ndaba Plot 2, 7 Maize CA  4 

Springvalley 

Letta  Ngubo  Trial (M+B) Maize CA  Yes 3 

Ofafa 
Velephi  Hadebe Trial (M+B) Maize CA  Yes 3 

Madzikane 
Vakashile Gambu Trial (M+B) Maize CA  Yes 3 

Cosmos Xaba Plot 2, 7 Maize CA  

Maize Conventional 

Yes 4 

Ngongonini 
Mandla Mkhize Mkhize Trial (M+B) Maize CA  Yes 3 

Mayizekanye 
Babhekile  Nene Trial (M+B) Maize CA  Yes 3 

Manene  Mkhize Trial (M+B) Maize CA  Yes 3 

Gobizembe 
Rita  Ngobese Plot 2, 7 Maize CA  Yes 4 

Ozwathini 
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Doris  Chamane Plot 2, 4, 7 Maize CA  Yes 3 

Martina Xulu Plot 2, 7 Maize CA  Yes 3 

Aron Nkomo Trial (M+B) Maize CA  Yes 3 

 

5.5.2 Laboratory analysis 

Haney SHT laboratory analyses was undertaken by Soil Health Support Centre 

(https://www.soilhealthlab.co.za/), linked to Regen Ag Laboratories (https://regenaglab.com/) 

in the USA.  

 

5.5.2.1 Soil health test parameters2 

The method uses nature’s biology and chemistry by using (1) a soil microbial activity indicator; 

(2) a soil water extract (nature’s solvent); and (3) the H3A extractant, which mimics the 

production of organic acids by living plant roots to temporarily change the soil pH, thereby 

increasing nutrient availability. 

These analyses are benchmarked against natural veld for each participant, due to high local 

variation in soil health properties, and measured at different times. The veld scores provide for 

high benchmarks against which to compare the cropping practices.  

Soil respiration one-day CO2-C: This result is one of the most important numbers in this soil test 

procedure. This number (in ppm) is the amount of CO2-C released in 24 hours from soil microbes 

after the soil has been dried and rewetted (as occurs naturally in the field). This is a measure of 

the microbial biomass in the soil and is related to soil fertility and the potential for microbial 

activity. In most cases, the higher the number the more fertile the soil. 

Microbes exist in the soil in great abundance. They are highly adaptable to their environment and 

their composition, adaptability, and structure are a result of the environment they inhabit. They 

have adapted to the temperature, moisture levels, soil structure, crop and management inputs, as 

well as soil nutrient content. Since soil microbes are highly adaptive and are driven by their need 

to reproduce and by their need to acquire C, N, and P in a ratio of 100:10:1 (C:N:P), it is safe to 

assume that soil microbes are a dependable indicator of soil health. Carbon is the driver of the 

soil nutrient-microbial recycling system.  

Water extractable organic C (WEOC): Consists of sugars from root exudates, plus organic 

matter degradation. This number (in ppm) is the amount of organic C extracted from the soil with 

water. This C pool is roughly 80 times smaller than the total soil organic C pool (% organic 

Mmatter) and reflects the energy source that feeds soil microbes. A soil with 3% soil organic 

matter, when measured with the same method (combustion) at a 0-10 cm sampling depth, 

produces a 20 000 ppm C concentration. When the water extract from the same soil is analysed, 

the number typically ranges from 100-300 ppm C. The water-extractable organic C reflects the 

quality of the C in the soil and is highly related to the microbial activity. On the other hand, the 

percentage SOM is about the quantity of organic C. In other words, soil organic matter is the house 

that microbes live in, but what is being measured is the food they eat (WEOC and WEON). 

 
2 Haney/Soil Health Test Information Rev. 1.0 (2019). Lance Gunderson, Regen ag Laboratories. 
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If this value is low, it will reflect in the C02 evolution, which will also be low. So, less organic carbon 

means less respiration from microorganisms, but again this relationship is unlikely to be linear. 

The microbially active carbon (MAC = WEOC/ppm CO2) content is an expression of this 

relationship. If the percentage MAC is low, it means that nutrient cycling will also be low. One 

needs a %MAC of at least 20% for efficient nutrient cycling. 

Water extractable organic N (WEON): Consists of atmospheric N2 sequestration from free-

living N fixers, plus organic matter degradation. This number is the amount of the total water-

extractable N minus the inorganic N (NH4-N + NO3-N). This N pool is highly related to the water 

extractable organic C pool and will be easily broken down by soil microbes and released to the 

soil in inorganic N forms that are readily plant available. 

Organic C:Organic N: This number is the ratio of organic C from the water extract to the amount 

of organic N in the water extract. This C:N ratio is a critical component of the nutrient cycle. Soil 

organic C and soil organic N are highly related to each other as well as the water-extractable 

organic C and organic N pools. Therefore, we use the organic C:N ratio of the water extract since 

this is the ratio the soil microbes have readily available to them and is a more sensitive indicator 

than the soil C:N ratio. A soil C:N ratio above 20:1 generally indicates that no net N and P 

mineralisation will occur. As the ratio decreases, more N and P are released to the soil solution 

which can be taken up by growing plants. This same mechanism is applied to the water extract. 

The lower this ratio is, the more organisms are active and the more available the food is to the 

plants. Good C:N ratios for plant growth are <15:1. The most ideal values for this ratio are 

between 8:1 and 15:1. 

Soil health calculation: This number is calculated as one-day CO2-C/10 plus WEOC/50 plus 

WEON/10 to include a weighted contribution of water-extractable organic C and organic N. It 

represents the overall health of the soil system. It combines five independent measurements of 

the soil’s biological properties. The calculation looks at the balance of soil C and N and their 

relationship to microbial activity. This soil health calculation number can vary from 0 to more 

than 50. This number should be above seven and increase over time. 

 

5.5.3 Soil health scores 

The following hree assumptions are made regarding SH scores: 

• SH scores for the CA trial plots will be higher than for the conventionally tilled control 

plots. 

• SH scores will increase over time for CA trial plots. 

• SH scores for different cropping combinations, such as monocropped plots, intercropped 

plots and multi cropped plots will be different. 

 

5.5.3.1 Bergville 

As this area is the most well-established with on-farm trials, soil health assessments have been 

conducted over seven seasons. To determine trends in soil health over time, the results from all 

CA trial plots for each soil health parameter were averaged for between 11 participants across 

the Bergville study area. The figures for the veld benchmark samples have not been included, but 

follow similar trends over time. 
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Figure 6: Haney SH parameters for 5 participants from Bergville 2015-2021 

From Figure 6, all the values used to calculate the soil health index are lower in 2021 than in all 

the other seasons, except for the % soil organic matter. 

The following trends are visible: 

• The soil health index scores vary considerably between 2015 and 2021. The first 

reduction is from 2015-2016 – the latter following an extreme short term drought year. 

After that for 2017-2018 the SH scores increased substantially (16,6 and 17,9 

respectively) to a similar level as the starting point in 2015 (16,5), just to plummet again 

for between 2019 and 2021. The latter three years showed a very late onset of rains, with 

increased heat and midseason dry spells. The 2021 season also had a high level of late 

season rainfall. 

• Organic N increased at variable levels from 2015 to 2019 and then decreased dramatically 

for the 2020 and 2021 seasons.  

• Organic C increased although at variable levels between 2015 and 2019 and then also 

reduced substantially for 2020 and 2021. 

• CO2-C respiration has shown the same periodicity as the overall SH scores, decreasing 

dramatically after a drought, late-onset rains and mid-season dry spells.  

• % soil organic matter (SOM) has remained reasonably stable as expected but has shown 

no overall increase until 2020 of CA implementation. The reasonably sharp increase for 

2021 to 3,9%, is difficult to explain in relation to the reduction in the values of the other 

soil health parameters. 

These average soil health values for the Bergville area follow no specific trend in terms of either 

soil management or in terms of weather conditions. In addition, these results do not reflect the 

yield improvements and improved water productivity results, as the increase in the latter two 

indicators would assume an improvement in soil health characteristics as well, which is not the 

case from these results. 

2015 2016 2017 2018 2019 2020 2021

CO2 - C 179,1 75,1 100,8 147,6 65,8 55,5 48,8

 organic N 7,4 13,6 21,1 15,7 20,8 6,6 6,2

Organic C 89,0 205,1 302,3 233,2 260,9 146,5 79,2

C/N 12,1 15,7 13,4 16,7 12,8 28,5 12,8

%SOM 3,1 3,3 3,5 3,5 3,1 3,9

Soil Health Calculation (Index) 16,5 8,4 16,6 17,9 13,9 9,1 7,1

0,0
50,0

100,0
150,0
200,0
250,0
300,0
350,0

SH parameters , Bergville 2015-2021



29 

 

The high loss of Organic N and Organic C from the soil between 2019 and 2021 can be considered 

a combined effect of high temperatures early in the season, leaching, due to extreme rainfall 

events mid to late season (January-March 2021 and 2022) and reduced stover or soil cover, due 

to increased grazing pressure from livestock because of dwindling grazing in the area.  

 

This effect, combined with the significantly lower CO2-C respiration values for 2020 and 2021, 

indicate the need for new applications of stable organic matter into the system and Nitrogen 

supplementation. 

 

This season SH samples were taken from the same plots or strips for each participant, and also 

for the same crop combinations planted in each plot or strip. The intention is to provide for 

greater conformity to allow for clearer trends in the results. 

As per trial layouts described in the beginning of this document crops planted are as follows: 

 

Plot/strip2: Maize and beans inter crop 

Plot/strip 4: Maize sole crop 

Plot 6: Summer cover crop mix 

Plot 7: Maize sole crop 

CA(M) control: Maize sole crop 

 

 
Figure 7: Soil health parameters according to CA trail plots in Bergville for 2021 (n=11) 

 

CA(M)

control
Plot 2 Plot 4 Plot 6 Plot 7 Strip 2 Strip 4 Veld

Average of Microbial respiration

(CO2-C)
51,50 46,65 53,73 50,50 46,36 40,40 46,60 41,61

Average of Organic  N(H2O extract) 6,21 6,12 6,89 3,92 6,28 5,09 4,06 6,09

Average of Organic C (ppm C) 79,98 79,68 87,47 49,51 79,19 67,72 57,29 79,76

Average of C/N ratio 12,81 13,01 12,81 12,60 12,62 13,30 14,10 28,82

Average of Siol health

index/calculation
7,37 6,88 7,80 6,40 6,81 5,90 6,20 6,34

Average of Soil Organic matter % 3,74 3,98 4,11 3,00 4,03 2,80 3,00 4,38
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SH parameter results for 11 participants from Bergville 2021
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Strip cropping was introduced as an alternative to the 100 m2 blocks in the CA trial plots two 

seasons ago. What can be seen from the above table and figure is that the soil health results for 

the CA control and blocks (which have been implemented for a minimum of 6 years for these 

participants) are higher than the veld benchmark results, but the strip results are not. This 

indicates soil health improvement for the CA cropping system over time. There is some variation 

in the soil health results for the different plots (2,4,6 and 7) which is not related to the crop 

planted in those plots.  

 

Despite gains made in soil health and structure through implementation of CA principles these 

results clearly indicate that: 

1. Smallholders need to ensure increased permanent soil cover through reduced removal of 

stover during the winter season and 

2. They need to increase and consolidate their multi-cropping processes- specifically with 

legumes, the latter inter alia aiming to reduce the C:N ratio. 

Without these interventions the effects of climate variability can easily outweigh the gains made 

in their CA implementation. 

 

5.5.3.2 Midlands 

 

To determine trends in soil health scores over time, the results from all CA trial plots for 4 

participants were averaged across villages for the study area. The figures for the veld benchmark 

samples have not been included. The results for the veld samples mirrored the same trends as the 

CA trial plots although to a lesser extreme. 

 

Figure 8 shows the result from this analysis. 

 

 

Figure 8: Soil health scores for 4 participants in the Midlands 2018-2021 

 

Average of CO2 -

C

Average of

Organic C

Average of

organic N
Average of C/N Aferage %SOM

Average of Soil

Health

Calculation

(Index)

2018 28,5 144,8 10,3 14,0 6,0 6,8

2019 41,3 151,0 16,5 9,3 7,7 8,9

2020 39,9 131,7 7,5 21,9 7,7 7,7

2021 38,8 61,4 5,2 11,7 7,4 5,6

0,0
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140,0

160,0

SH scores for 4 participants from the Midlands from 2018-2021



31 

 

From Figure 8 the following trends can be seen: 

• A distinct reduction in Organic C and Organic N can be seen for both the 2020 and 2021 

seasons. 

• The microbial respiration has been reasonably stable throughout, albeit quite low. 

• The average % soil organic matter has remained similar for all 4 seasons. 

The low microbial respiration is indicative of soils with very little microbial activity. The soils in 

this area are naturally high in organic matter, more so than for Bergville for example and these 

low respiration values are indicative of long term ‘biological mining’ or suppression of the soils – 

frequent disturbance through tillage with too little diversity through cropping systems and living 

roots and good soil organic cover. The fairly high Organic C values are encouraging and show a 

fresh stream of food that could reactivate the soil microbes. 

It is evident that two seasons of high rainfall towards the end of the rainy season has substantially 

reduced the active carbon and nitrogen stocks in the soil.  

Recommendations for increased permanent soil cover and much increased inclusion of legumes 

and cover crops are important here as well.  

 

5.5.3.3 Southern KwaZulu-Natal (SKZN) 

 

This area consists of reasonably spread-out villages from Ixopo to Creighton in SZKN. 

To determine trends in soil health scores over time, the results from 5 participants on all CA trial 

plots were averaged across villages into one average for each of the soil health parameters in the 

study area. The values for the veld benchmark samples have not been included. The results for 

the veld samples mirrored the same trends as the CA trial plots although to a lesser extreme. 

 

Figure 9 shows the result of this analysis. 

 

 
Figure 9: SH parameters for 5 participants form SKZN: 2017-2022 

2017 2018 2019 2020 2021

Average of CO2 - C, ppm C 92,0 119,8 78,2 53,4 46,1

Average of Organic C ppm C 175,5 172,9 172,5 129,7 80,0

Average of Organic N ppm N 15,0 12,5 13,7 7,5 7,3

Average of C:N ratio 11,7 13,9 13,9 53,4 11,0

Average of Soil health Calculation 13,2 14,7 12,6 8,7 6,3

Average of %OM 5,7 9,2 6,3 6,3 6,9
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• The soil health index scores here follow a similar trend as those in Bergville increasing 

for 2017-2018, decreasing in 2019 and with a dramatic decrease for 2020 and 2021. 

• This dramatic decrease is related primarily to a significant drop in the Organic N and 

Organic C in the soil. This again is a trend reflected in both Bergville and the Midlands. 

• SOM% values show a steady increase under CA over time, although the high value in 2018 

(9,2) is  an outlier due to possible errors in the laboratory or during the soil sampling. 

 

The drastic changes of sensitive indicators, such as Organic N (related to a drop in Organic C and 

CO2 respiration) from the soil between 2019 and 2021 can be considered a combined effect of 

increased temperatures especially early in the season (September-November), extreme rainfall 

events mid to late season (January-March 2021) and reduced stover or soil cover, due to 

increased grazing pressure from livestock because of dwindling grazing in the area.  

 

Overall, the results for all three areas indicate that climate variability (short-term droughts late 

onset of summer rains, mid-season dry spells and high early season temperatures) had a 

significant effect on soil health status and that unless CA participants can substantially improve 

their soil cover and crop diversification with leguminous cover crops, gains made by the present 

level of reduction in soil tillage, increase in diversity and small increases in soil cover, are not 

likely to be able to sustain the higher yields that participants are looking for. 

 

The CA trial designs have been altered, with the intention of planting the same crop in the same 

plot/strip for each participant for three consecutive years, to ascertain whether more stable 

trends in soil health parameters can be obtained. The design to date, which includes both inter 

cropping and crop rotation potentially provides for too many variables to ascertain clear trends.  

 

 

5.6  Mycotoxin analysis 

 

Mycotoxin analysis 

Mahlathini is collaborating with another project funded by The Maize Trust and managed by Dr 

Belinda Janse van Rensburg from the ARC Grain Crops Institute in Potchefstroom to analyse the 

presence of mycotoxins on smallholder CA participants’ maize.  

Mycotoxins are secondary metabolites produced by filamentous fungi which contaminate a large 

fraction of the world’s food, mainly staple foods such as maize and beans in our case. This 

worldwide contamination of foods is an enormous problem to human populations, principally in 

less industrialised countries and the rural areas of some developed countries. The adverse effects 

of mycotoxins on human health can be both acute and chronic, provoking problems such as liver 

cancer, reduction of immunity, alterations in the protein metabolism, gangrene, convulsions, and 

respiratory problems, among others. Mould growth can occur either before harvest or after 

harvest, during storage and on/in the food itself often under warm, damp and humid conditions. 

Most mycotoxins are chemically stable and survive food processing. 
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Several hundred different mycotoxins have been identified, but the most commonly observed 

mycotoxins that present a concern to human health and livestock include aflatoxins, ochratoxin 

A, patulin, fumonisins, zearalenone and nivalenol/deoxynivalenol. 

Some factors which influence the presence of mycotoxins in foods are related to environmental 

conditions, such as storage, that can be controlled without too much expense. 

Good practices for reducing the presence of mycotoxins are summarised in the following  list. 

• Host resistant or tolerant varieties are the most  effective and practical means of 

combating the disease. 

• Avoid planting maize at unacceptably high densities as this increases stress. 

• Rotate with non-hosts of the Fusarium graminearum species complex such as legumes, 

cotton and sunflower. 

• Harvest early to avoid lodging. Get rid of infected debris to avoid the build-up of inoculum. 

• Control insects such as stalk borers which may serve as possible vectors, observing the 

threshold value of 10% infested plants for chemical control. 

• In order to prevent ear rot after harvest, store grain under low moisture conditions. 

• Maize that is harvested can be further decayed and contaminated by the already 

present Fusarium spp. Maize harvested must contain a low moisture content and the area 

in which the maize is stored must be kept dry and clean. 

Table 17 summarises the mycotoxins tested for and some of their characteristics. 

Table 6: Mycotoxins tested for and health effects in humans and animals 
Mycotoxin type Fungal origin Health effects in humans Health effects in animals 
Aflatoxins (B1, B2 

G1, G2) 

Aspergillus 

flavus and 

parasiticus 

Liver damage, liver cancer, 

immunosuppressive, 

damage to DNA - genotoxic 

(10 µg/kg) 

Liver cancer, immunosuppressive 

(50 µg/kg) 

Fumonisins Fusarium spp, 

Fusarium 

verticillioides  

Oesophageal cancer in 

humans, liver toxicity, 

immunosuppressive (2000 

µg/kg) 

 

Carcinogenic, liver and kidney 

toxicity, immunosuppressive  

(5 000 µg/kg for horses and pets, 

10 000 µg/kg for pigs and 50 000 

µg/kg for cattle and poultry) 

Trichothecenes 

(T-2 HT-2) 

Fusarium spp Liver damage, liver cancer, 

immunosuppressive 

Liver damage, live cancer, 

immunosuppressive 

Deoxynivalenol 

(DON) 

Fusarium spp Anaemia, skin lesions, 

vomiting, diarrhoea, and 

damage to liver damage 

(2000 µg/kg) 

Anaemia, skin lesions, vomiting, 

diarrhoea, and damage to liver 

damage  

(1000 µg/kg for pigs, pets and 

calves, up to 5000 µg/kg cattle) 

Zearalenone 

(ZEN) 

Fusarium ssp Hormonal imbalance and 

reproductive effects 

Carcinogenic, hormonal imbalance 

and reproductive effects (500 

µg/kg for cattle, 3000 µg/kg for 

pigs) 

Ochratoxin A Aspergillus 

and 

Penicillium spp 

Upper urinary tract disease, 

carcinogenic, liver and cell 

toxicity 

Upper urinary tract disease, 

carcinogenic, liver and cell toxicity  

(50 µg/kg pigs, 200 µg/kg poultry) 

Diplodiatoxin Stenocarpella 

maydis and 

Stenocarpella 

macrospora. 

 Reluctance of the animals to move, 

a wide-based stance, 

incoordination, tremors, paralysis 

and death. The disease also causes 

abnormal foetal development and 
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foetal death. Effects can be 

reversed by removing mouldy 

maize in the feed (lower than 10% 

of total feed) 
NOTE 1: References: National mycotoxin regulations for foodstuffs to be consumed by humans (Government Gazette, No 

987) and National mycotoxin regulations for maximum allowable levels of mycotoxins in animal feeds (Act 36 of 1947; 

Government notices No.R.70; SAGL, 2019,) 

NOTE 2: Neither aflatoxins nor Ochratoxin was found in samples analysed. 

 

Fusarium ear rot is especially common in fields with bird or insect damage to the ears. Affected 

ears usually have individual diseased kernels scattered over the ear or in small clusters 

(associated with insect damage) among healthy-looking kernels. The fungus appears as a whitish 

mould and infected kernels sometimes develop a brownish discolouration with light-coloured 

streaks (called starbursts) 

Gibberella ear rot is similar but presents more like a white- pinkish mould. The main difference 

is that it is favoured by cool, wet conditions whereas the Fusarium ear rot is favoured by hot and 

dry conditions. Gibberella and Fusarium ear rot pathogens overwinter on corn residue and in the 

soil ( www.pioneer.com/us/agronomy/common_corn_ear_rots_cropfocus.html). 

 

Stenocarpella macrospora ear rot symptoms are almost identical to those of Diplodia ear rot but 

occur under different climatic and epidemiological 

conditions. Macrospora ear rot appears to be 

predominant in areas of KZN where Diplodia ear rot 

can occur throughout the entire maize production area 

of South Africa. Diplodia ear rots are usually noted in 

seasons with early drought followed by excessive and 

extended rainfall during the maturation stage of the 

maize plant. Diplodia stalk rots become common in 

seasons where early season rainfall is followed by a 

midseason drought period during grain fill. 

Diplodiosis is defined as a nervous disorder of cattle 

and sheep resulting from the ingestion of mouldy cobs infected by S. maydis. Some isolates are 

acutely toxic, while others are not toxic at all. The specific toxins have not been isolated or well 

defined (Flett, 2014).  

Table 18 outlines the participants and samples where high levels of mycotoxins were found. 
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Table 7: Mycotoxin analysis results for 13 participants across Bergville, SKZN and Midlands, 
July 2022 

Sample name and number   

Fumonisin ppb 

(µg/kg) 

Deoxyniv

a-       lenol 

(DON) 

ppb       

(µg/kg) 

15-

Acetyl

-DON        

ppb       

(µg/k

g) 

Zearal

e-     

none         

ppb 

(µg/kg

) 

T2             

ppb        

(µg/k

g) 

HT-2            

ppb        

(µg/k

g) 

Diplodi

a- 

toxin 

ppb 

(µg/kg) 

B1 B2 B3 

Limit of quantitation 

(µg/kg) 

20 20 20 100 100 20 20 20 50 

Sibongile Mpulo 
(Vimbukhalo, (M+Pk) 

108 36 ND <LOQ ND 9487 ND ND ND 

Sibongile Mpulo 
(Vimbhukalo, M+B) 

ND ND ND 826 ND 1099 ND ND ND 

Sibongile Mpulo 
(Vimbukhalo, M)  

ND ND ND ND ND ND ND ND 12798 

Sibongile Mpulo 
(Vimbukhalo, Control-M) 

ND ND ND 175 ND 3870 ND ND ND 

Nelisiwe Msele (Stulwane, 
M) 

<LOQ ND ND ND ND ND ND ND ND 

Nelisiwe Msele (Stullwane, 
Control-M) 

ND ND ND 387 ND ND ND ND 647 

Nelisiwe Msele (Stulwane, 
M+B) 

ND ND ND 907 271 ND ND ND 1526 

Nelisiwe Msele (Stulwane, 
M+Pk) 

36 <LOQ ND ND ND ND ND ND ND 

Ntombakhe Zikode 
(Eqeleni, Control-M) 

ND ND ND ND ND ND ND ND ND 

Ntombakhe Zikode 
(Equeleni, M+B) 

107 30 ND ND ND ND ND ND ND 

Ntombakhe Zikode 
(Eqeleni, M+Pk) 

1201 298 151 ND ND <LOQ ND ND ND 

Ntombakhe Zikode 
(Eqeleni, M) 

ND ND ND 1548 136 92 ND ND ND 

Boniwe Hlatswayo 
(Ndunwane) 

128 50 45 ND ND 374 ND ND 12971 

Boniwe Hlatswayo 
(Ndunwane, M) 

ND ND ND ND ND ND ND ND ND 

Boniwe Hlatshwayo 
(Ndunwane, Control-M) 

ND ND ND ND ND <LOQ ND ND 234 

Phumelele Hlongwane 
(Ezibomvini, M+B) 

175 79 30 ND ND ND ND ND 842 

Phumelele Hlongwane 
(Ezibomvini, M) 

118 50 ND ND ND ND ND ND ND 

Phumelele Hlongwani 
(Ezibomvini, Control-M) 

3824 1517 409 1623 159 31 ND ND 15433 

Ntombi Shandu 
(Mayizekanye, Control-M) 

ND ND ND 2533 ND ND ND ND 1340 

Ntombi Shandu 
(Mayizekanye, M) 

ND ND ND ND ND 117 ND ND 1338 

Ntombi Shandu 
(Mayizekanye, M+B) 

950 282 77 ND ND ND ND ND ND 

Babhekile Kunene 
(Mayizekane, Control-M) 

168 <LOQ ND ND ND 25 ND ND ND 

Babhekile Nene 
(Mayizekanye, M) 

ND ND ND 1645 198 2902 ND ND ND 

Babhekile Kunene 
(Mayizekane, M+B) 

73 44 ND 593 ND 6110 ND ND ND 

Rita Ngobese (Gobizembe, 
Control-M) 

ND ND ND ND ND ND ND ND 427 

Rita Ngobese (Gobizembe, 
M+Pk) 

<LOQ ND ND 885 175 862 ND ND ND 
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Rita Ngobese (Gobizembe, 
M) 

ND ND ND ND ND 3288 ND ND ND 

Rita Ngobese (Gobizembe, 
M+B) 

497 178 49 ND ND ND ND ND 118 

Martina Xulu (Ozwathini, 
Control-M) 

26 ND ND 549 <LOQ 113 ND ND 15736 

Martina Xulu (Ozwathini, 
M) 

434 137 73 ND ND <LOQ ND ND 89 

Cosmos Xaba (Madzikane, 
M) 

ND ND ND ND ND ND ND ND ND 

Cosmos Xaba (Madzikane, 
Control-M) 

40 <LOQ ND ND ND ND ND ND ND 

Cosmos Xaba (Madzikane, 
M+B) 

2717 994 231 151 ND 37 ND ND ND 

Cosmos Xaba (Madzikane, 
M) 

ND ND ND ND ND ND ND ND 525 

Thandiwe Hadebe (Ofafa, 
M+B) 

ND ND ND ND ND ND ND ND ND 

Thandiwe Hadebe (Ofafa, 
M) 

597 246 31 ND ND ND ND ND ND 

Thandiwe Hadebe (Ofafa, 
Control-M) 

<LOQ ND ND ND ND ND ND ND ND 

Mandla Mkhize 
(Ngongonini, M) 

260 130 22 ND ND ND ND ND ND 

Mandla Mkhize 
(Ngongonini, Control-M) 

ND ND ND ND ND ND ND ND ND 

Mandla Mkhize 
(Ngongonini,M+B) 

ND ND ND ND ND ND ND ND ND 

Letta Ngubo 
(Springvalley,M) 

ND ND ND ND ND ND ND ND ND 

Letta Ngubo (Springvalley, 
M+B) 

39 <LOQ ND 255 <LOQ 13703 ND ND ND 

Letta Ngubo (Springvalley, 
Control-M) 

1537 492 438 ND ND 1646 ND ND ND 

No of samples with 

mycotoxins 

20 15 11 13 5 16 
  

14 

% of samples with 

mycotoxins 

47% 35% 26% 30% 12% 37% 0% 0% 33% 

% of samples with high 

levels of mycotoxins. 

5% 
 

2% 
  

16% 
  

7% 

NOTE: Red cells indicate toxic levels of the mycotoxin concerned and pink cells indicate high levels, although slightly 

below the maximum level allowable.  

 

A total of 43 samples from 13 participants across all three areas were analysed for mycotoxins. 

Samples were taken from CA trial plots (M, M+B and M+PK) as well as the CA control plots planted 

to maize. Of these, 12 samples contained high levels of mycotoxin and 10 samples contained no 

mycotoxins. 16 Samples contained low levels of a range of mycotoxins. In several cases 

participants had both high levels of mycotoxins in some of their plots and no mycotoxins in others. 

This season an analysis for diplodiatoxin was also included.  

6. Crop yields for CMTs 
 

Crop yields have been calculated for the CMTs across all three regions: Bergville, Midlands and 

SKZN. The season yields have been calculated for maize only as yields for beans have been all but 

non-existent due to the extreme weather conditions, relating to very high late season rainfall 

resulting in very low legume yields. A similar situation exists for the SCC planted.  
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For all three areas maize yields are calculated per plot or strip for each CMT, consisting of 

averaging the weight of three cobs per plot (cob and grain weight) and then weighing a 50 kg bag 

and counting the number of bags per plot. This weight is multiplied by the % grain weight for 

each bag to get the overall weight for the plot. Yield in t/ha is calculated using the area of the trial 

under maize, both mono-cropped and intercropped. 

 

6.1 Crop yields in Bergville  
 

In Bergville, maize yields for 18 CMTs were calculated. Averages for the CA block and strip trials 

are compared across the 4 villages where CMTs were planted as shown in the Table 19. 

Table 8: Maize yields for CMT plots (blocks and strip) for 4 villages in Bergville 2021/22 
Average of weight (t/ha) Villages 

CA plot description Eqeleni Ezibomvini Stulwane Vimbukhalo 

M 3,69 3,43 3,50 3,92 

CA 4,98 5,69 3,68 4,75 

CA-Strip 3,30 4,18 
  

Control 2,82 1,84 3,30 3,61 

M+B 5,95 6,99 5,16 3,59 

CA 5,96 5,35 5,03 3,66 

CA-Strip 5,92 13,58 5,94 3,15 

M+Pk 4,42 4,21 3,86 1,35 

CA 3,87 3,52 3,86 1,35 

CA-Strip 5,25 5,94 
  

Overall average 4,44 4,26 3,96 3,66 

Average for Bergville 4,1    

 

 

Figure 10: Maize yields for CMT trial plots in Bergville 2021/22 (n=18) 

From Figure 10 the following can be seen: 

• Yields for maize in the CA block and strip trial plots are considerably higher than maize 

mono-cropped in the CA control plots, at 4,6 and 3,74 t/ha respectively compared to 2,87 

t/ha. 

M M+B M+P

CA 4,60 4,81 3,58

CA-Strip 3,74 7,15 5,60

Control 2,87

0,00
1,00
2,00
3,00
4,00
5,00
6,00
7,00
8,00

t/
h

a

Yields of maize in CMTs (18) Bergville 2021/22
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• Yields for maize in the intercropped CA trial plots (blocks and strips), both for 

intercropping with beans (B) and pumpkins (P) are higher than the CA maize only trial 

plots and the CA control mono-cropped maize plots. 

• Yields for maize in the intercropped CA strip intercropped plots at 7,15 and 5,6 t/ha 

respectively were much higher this season than the CA trial blocks. This is a very 

interesting outcome and points towards a significant advantage for strip cropping in 

seasons with high rainfall, as this one has been. 

Table 9: Average yields for maize and beans in CA trial plots; Bergville (2014-2021/22) 
  Maize and bean yields (CA trial plots), Bergville 
 Season 2014 2015 2016 2017 2018 2019 2020 2021 

Number of villages 9 11 17 18 19 18 4 4 

Number of trial 
participants 

83 73 212 259 207 225 28 18 

Area planted (trials) (ha) 7,2 5,9 13,5 17,4 15,2 13,9 3,5 2,4 
Average yield maize 
(t/ha) 

3,63 4,12 5,03 5,7 3,4 3,6 6,3 4,6 

Minimum and maximum 
maize yield (t/ha) 

1-6,7 0,6-7,4 0,3-

11,7 

0,5-

12,2 

0,1-

8,5 

0,5-

12,8 

1,6-

14,8 

0,3-
13,6 

Average trial quantity of 
maize (kg) 

576 654 487 206 113 261 390 143 

Rand replacement value 
of maizemeal 

R3312 R4120 R4900 R2350 R994 R1850 R3120 R1516 

Average yield of beans 
(t/ha) 

0,26 0,79 1,05 1,22 0,56 1 0,88 0,44 

 

Due to climate variability (late onset rain and rainfall variability in season) the initial gains in 

average maize yields under CA implementation from 3,6 t/ha to 5,7 t/ha on average between 

2014 and 2017 could not be maintained into 2018 and 2019. Good average yields were again 

attained in the 2020 season, which had high rainfall later in the season, despite late onset of rains. 

These gains however were not realised again in the 2021 season where the average CA trial plot 

yield decreased to around 4,6 t/ha, due to substantial late season rain and a number of heavy 

rainfall events within the season that caused damage to growing crops.  

Maximum yields obtained by individual smallholders have, however, increased from 6,7 t/ha to 

13,6 t/ha between 2014 and 2021, indicating that for high performing smallholder farmers a yield 

gain of around 1 t/ha per annum is possible under CA cropping systems despite difficult climatic 

conditions. Between 2014and 2020, average maize control plot yields did not increase but 

remained stable at between 2,5 t/ha to 3,9 t/ha. This season the control plot yield was 2,87 t/ha.  

This indicates the advantages of intercropping, strip cropping and crop rotation as well as close 

spacing on the CA maize cropping system in terms of yield. Yields for these plots are around 1,7 

t/ha to 2 t/ha higher than the CA control plots planted successively to maize only.  
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6.2 SKZN CMT yields 
In SKZN, for the 16 CMTs undertaken this season, yields for all trial plots were combined, given 

the very bad season in the area.  

 

Average of yield (t/ha) 

Village Control Trial 

Madzikane 1,20 1,42 

Ngongonini 0,79 1,62 

Plainhill 0,34 0,59 

Spring Valley 0,79 1,38 

Grand Total avg 0,86 1,29 

 

Figure 11: CMT yields for trial and 

control plots in SKZN: 2021-2022 

 

A comparison of yields has been made for the period between 2014-2021/22. 

Table 10: Average yields for maize and beans in CA trial plots: SKZN 2014-2020/21 
  Maize and bean yields (CA trial plots), SKZN 

 Season 2014 2015 2016 2017 2018 2019 2020 2021 

Number of villages 
10 8 8 13 13 11 5 4 

Number of trial participants 16 43 54 93 75 93 37 16 

Area planted (trials) (ha) 0,3 0,37 1,18 3,58 4 3,72 1,25 0,8 

Average yield maize (t/ha) 
0,7 1,37 2,52 2,17 2,6 3,4 3,4 1,29 

Minimum and maximum maize 
yield (t/ha) 

0,3-1,8 0,5-4,4 1,1-5,2 0,2-6,7 0,2-6,9 0,3-9,6 0,5-10,2 0,3-2,7 

Average trial quantity of maize 
(kg) 

64 125 161 66 97 78 110,5 66 

Rand replacement value of 
maizemeal 

R500 R1 000 R1 700 R752 R854 R553 R884 R593 

Average yield of beans (t/ha) 
1,26 0,34 0,69 1,28 0,35 0,6 1,16 0,37 

 

From Table 21 it can be seen that the average maize yield for 2021/22 at 1,29 t/ha is much lower 

than the of 3,4 t/ha in 2020/21. These low yields are related directly to the severe weather 

conditions this season. Late onset of summer rainfall, followed by excessive rainfall towards the 

end of the season meant an ineffective fertiliser application, most of which was washed away, 

water logging, excessive weed growth and low cob formation in maize fields. The different 

treatments in the CMTs could not be compared under these conditions. 
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6.3 Midlands CMT Yields 
 

For the Midlands, the weather conditions were not conducive for optimum crop growth and good 

yields. Three  of the 13 CMT participants realised zero yields and yields for the remaining 10 

participants have been very variable. This has been the trend throughout this period for 

implementation in the Midlands. 

 

Figure 12: CMT yields for CA trials; both blocks, strips and CA control plots for the Midlands: 

2021-2022 

Interestingly, for this area the CA control plots and the CA strips outperformed the 10x10 m block 

trials. It is surmised that the contoured strips provided significant benefits in terms of reduced 

runoff and increased water holding. The ease of weeding in the wider spaced CA control plots 

assisted in timely weeding for a season where weed growth has been very high and yields limited.  

A comparison of yields has been made for the period between 2014-2021/22. 

Table 11: CA trial yield comparisons for the Midlands for 2017-2022 
 Maize and bean yield for CA trial 
plots 

Midlands 

 Season 2017 2018 2019 2020 2021 
Number of villages 4 9 14 9 4 

Number of trial participants 42 70 164 87 13 
Area planted (trials)(ha) 1,36 3,1 4,2 4,3 1,3 
Average yield CA maize (t/ha) 2,04 1,43 1,35 2,6 3,7 

Minimum and maximum yield 
maize (t/ha) 

0,4-7,1 0,3-4,6 0,5-6,3 0,3-5,8 1,0-6,3 

Average trial quantity of maize 
(kg) 

87 65 118 160 184 

Rand value (maizemeal) R992 R572 R836 R1 280 R1 652 

Average yield beans (t/ha) 0,62 0,87 0,78 1,1 0,38 

 

From Table 22 it can be seen that the average maize yield for 2021/22 is 3,7 t/ha, a reasonable 

improvement over the 2020/21 season average of 2,6 t/ha, which was slightly higher than the 

yields in previous seasons. Legume yields (dry beans) however were the lowest since inception 

of this process in 2017. For the past season, the close spacing and intercropping practised for 

bean planting provided a distinct disadvantage for bean grain yields.  

CA Control CA Strips CA Trial

Mayizekanye 4,61 6,32 2,98

Ozwathini 3,33 2,21
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Figure 13: Summary of income from green maize sales for Midlands participants: 2021-2022 

Average income for green maize has been R40 043,25 /ha, with participants earning between 

R420 and R23 580. Earning, as with yield has been very variable. In general, access to the market 

for the participants close to large city centres such as the Midlands, provides them with a 

significant income earning opportunity.  

7. Livestock integration 
 

Herewith a brief description of later season fodder production (winter cover crops) as well as 

winter fodder supplementation through baling and use of supplements in the Bergville and 

Midlands regions. 

Winter cover crops consist of a mixture of Saia oats, fodder radish and fodder rye. Table 23 

outlines the participants interested in planting (19) and those who actually managed to plant 

(12). Participants were interested in providing some nutritious early winter fodder for their 

livestock and in improving their soil health. Excessive rain meant participants could not manage 

the pre plant spraying and that fields were too wet to do planting.  

 

7.1 Midlands 
 

In the Midlands, a demonstration plot was planted at Mrs Xulu from Ozwathini and seeds were 

provided to a further 5 participants. She bought and fenced a new site just outside her homestead 

to plant different fodder species for her 5 cattle. The land that was used to plant WCC was 

previously not used for farming. She sprayed with Roundup prior to planting the WCC using a 

Haraka planter. Germination was around 95%. 

 

CA Control CA Strips CA Trial

Mayizekanye R15 350,00 R9 315,00 R5 985,00

Ozwathini R10 150,00 R5 490,00
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Figure 14: Left: After spraying herbicide, rows were marked for planting. Note new fencing for 

this plot. Right: Winter cover crops germinating and growing in the grass stubble around 3-4 

weeks later. 

 

Table 12: The participants that  planted winter cover crops. 

Village Famer’s Name & Surname Planted Area Planted (m2) 
Ozwathini Mariam Xulu Yes 960 

Thokozile Hlophe No - 

Mr Sikhakhane No - 

Gobizembe Mr Zuma No - 

Rita Ngobese No - 

Stulwane Thulani Dlamini Yes 700 

Khulekani Dladla Yes 200 

Nothile Zondi Yes 300 

Eqeleni Sithabiso Manyathi Yes 115 

Thulani Dlamini Yes 350 

Lungile Dladla Yes 286 

Talente Mdluli No - 

Vimbukhalo Sibongile Mpulo Yes 300 

Sizwe Hlongwane Yes - 

Zibonele Sithole Yes 300 

Gebezi Zondo No - 

Sulubha Mkhwanazi Yes 300 

Ezibomvini Phumelele Hlongwane Yes 500 

Ntombhenhle Hlongwane No - 

 

 

Other farmers whom we intended to assist with planting the WCC were unable to plant in time. 

The heavy rainfall prevented farmers from spraying herbicides and also preparing the fields. Most 

of these have not been planted before and are either filled with grass or heavily infested with 

weeds that need clearing; none of which could be done.  

7.2 Bergville 
 

We have conducted WCC workshops for farmers in Bergville and planted for a few using a Haraka 

planter in the presence of other participants with an interest of planting WCC. Here a combination 

of relay cropping and planting in separate plots was used as strategies. In addition, farmers chose 

between broadcasting, planting the cover crops in rows and using the Haraka planter. 
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Figure 15: Right and far right Sithabiso Manyathi (Eqeleni) and Nothile Zondi (Stulwane) 

practise with the Haraka planter 

In the learning sessions a number of different farmers tried out the Haraka wheel planter for 

planting the cover crop mix. 

Sibongile Mpulo (Vimbukhalo) used the Haraka planter in two plots of M+B (maize and bean 

intercropped plots;after beans were harvested) and planted the cover crops in rows in a further 

plot using the furrow method to observe the difference. Phumelele Hlongwane (Ezibomvini) 

experimented with both broadcasting and the Haraka planter in her fields. However, on 

monitoring it was discovered that she pruned the top part of her maize to speed up drying and 

that this process covered and trampled her cover crop seed.  

 

 

Figure 16: Winter cover crops relay cropped in between maturing maize. Right: for Sibongile 

Mpulo (Vimbukhalo and Farright: for Nothile Zondi (Stulwane) 

Most of the other participants who tried relay cropping, experienced very poor germination, 

mostly due to their free range chickens feeding on the seed and germinating plants. 

Thulani Dlamini (Eqeleni) has planted 350 m2 down at the bottom end of his fields near the 

stream using a Haraka planter and obtained 95% seed germination. He currently wants to expand 

from the planted area as he is slashing weeds in a 250 m2 area adjacent to his planted plot with 

intension of spraying gramoxone when he is done with clearing the weeds. He also plans to 

irrigate his planted area, by pumping water from the nearby stream and in future he wishes to 

keep seeds so that he can be self-sufficient during every planting season. Sithabiso Manyathi 

(Eqeleni) also planted his separated plots further away from his homestead and has two small 
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plots (one where seed was broadcast and one where it was planted in furrows). Germination was 

fairly good from  both his plots.  

 

 

Figure 17: Above left: Thulani Dlamini in his WCC plot, Above Centre: Sithabiso Manyathi’s 

WCC plot planted in furrows and Above Right: His plot where WCC seed was broadcast 

7.2.1 Winter Fodder Supplementation 

 

In March of 2022 workshops were conducted in Bergville across 4 villages to encourage the 

participants to cut the grass early in preparation for the dry season while it is still nutritious for 

baling. The group in Stulwane now has access to a group brush cutter and one that Nelisiwe Msele 

bought using her bulk loan fund finances. Both however needed some repairs. Some of the 

farmers who cut early could not dry their grass properly and are forced to cut again. Most farmers 

have waited until end April-beginning May to cut their grass. However, we had an issue with the 

brush cutter as the starter was broken but was fixed immediately within that week for farmers to 

get going with baling. The brush cutter was left at Nelisiwe Msele after repairs and made available 

for each farmer to use on request to field workers.  

Table 24 lists the learning group participants who have undertaken to cut grass for baling in 

Bergville. 

 

Table 13: Bergville participants volunteering for cutting and baling of veld grass for winter 
fodder supplementation during the monthly meeting held in April 2022 

Vimbukhalo Stulwane Ezibomvini Eqeleni 

Zibonele Sithole Nothile Zondi Phumelele Hlongwane Thulile Zikode 

Sulubha Mkhwanazi Danger Buthelezi Dlamini Lungile Dladla 

Bongani Msele Khulekani Dladla Ntombenhle Hlongwane Thulani Dlamini 

Nosipho Msimango Khethabahle Miya  Sithabiso Manyathi 

Sibongile Mpulo Kholiwe Dlamini  Simephi Hlatshwayo 

Tshitshana Ndaba Dombolo Buthelezi  Talent Mdluli 

Gebezi Zondo    

Sizwe Hlongwane    

 

In the Midlands, we attended the monthly meeting held by the livestock association on 11 April 

2022 to provide a small presentation on winter fodder supplementation.  
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Figure 18: Right: Winter fodder supplementation workshop in Ozwathini (Midlands), April 

2022 

The livestock association members were encouraged to participate in this experiment as it will 

benefit their livestock during the dry season. Other members of the association have been 

intensively rearing and selling calves and the supplementation may assist them as well. The 

association members are currently rearing 10 calves which were recently bought from Creighton. 

Table 14: List of farmers from Ozwathini interested in winter fodder supplementation 
Farmers Name & Surname Cattle herd 
Doris Chamane 1 

Philani Ngcobo 4 

Mariam Xulu 5 

Thokozile Hlophe Calves only 

Mama Dube 4 

 

7.2.2 Calf rearing interest group in Ozawathini 

 

The calf rearing interest group in Ozwathini has been meeting consistently for more than two 

years now. This is one project the farmers grabbed with both hands and never looked back 

despite challenges with procuring calves. In 2021 the group was largely inactive in terms of 

getting new calves as they could not find suppliers, and only bought calves twice. Nonetheless 

they still continued to meet monthly and are currently in the process of drafting a constitution. 

The group recently bought another 10 friesland x angus crossbred calves from Creighton with the 

help of Dr Brigid Letty from INR. Unfortunately, this was the last group of calves from Creighton. 

The farmers  decided to continue buying calves from Estcourt which cost between R 850.00 and 

R 1500.00 each and rather  not buy from the PMB suppliers as their prices are much too high. The 

reason is that the long periods between calf purchases makes them feel stagnant, as they rear the 

calves and sell them off before the new batch arrives. They would rather continue more 

consistently with a lower profit. 

Due to the high level of interest in calves and the everincreasing number of people joining the 

group (now at around 45 members), the farmers developed criteria for selecting those who will 

receive calves. The deciding factors were monthly payments, meeting attendance, and number of 

times the person has received calves. 
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Farmers seem to have mastered the calf feeding programme and the farmers who have been 

rearing calves for longer provide support to the newer farmers. However, they seem to have 

stopped buying colostrum and rather mix the calf milk with raw eggs. The calves are fed milk 

twice a day and calf meal is slowly introduced while the quantity is gradually increased over time.  

Some farmers have not sold the older calves and decided to establish a herd with them,  others 

have kept one or two calves and sold the rest. The latest batch of 8 calves was bought in April 

2022. In general, the cross bred calves (e.g., Friesland x Nguni) do better than the pure bred dairy 

calves. 

 

Figure 7: Left: Mrs Xulu’s cross bred calves doing very well; Right: Mrs Mdiande’s newly 

acquired 6weekold calf, which she is still keeping inside 

 

7.2.3 Philani Ngcobo’s case study 

Mr Ngcobo is an active member of the livestock association from Ozwathini. He assists the 

livestock association with scouting and liaison with the sellers of calves. He also volunteered his 

transport to deliver the calves to members. He is active in providing advice to farmer members 

regarding calf rearing. He said that he has raised over 20 calves, suffered not more than 2% 

mortality since joining the association and has kept 1 of the cows, with the majority sold to 

abattoirs. He sells the calves to the abattoir at 6 months of age for around R3 000.00 per calf. He 

has thus made an income of around R51 000 from calf rearing. Costs incurred can be high if calves 

aren’t cared for carefully. 

 

Figure 20: Mr Philani Ngcobo with the most recent calf she has procured for hand rearing and 

sale 
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Small calves are procured from farms in different areas, depending on availability and price. This 

supply is something that needs to be continually monitored, as it is not constant and new options 

appear and disappear frequently. The table below outlines the most reliable options. Mr Ngcobo 

prefers the calves supplied directly from the dairy farm in Creighton as those have been stronger 

and healthier than other sources.  

Table 15: The different locations where calves have been procured by the Ozwathini Farmers’ 

Association 
Farm location Type of breed Gender Price 
Creighton Angus x Friesland Bull calf R400 

 Heifers R400 

Vainer Jersey cross breed Bull calf R850 

Heifer R1500 

Estcourt Friesland pure breed Bull Calf R400 

Heifer R650 

Friesland cross breed Bull Calf R700 

Heifers R800 

 

The KZNDARD extension officers assist in diagnosing any diseases in the calves and also have 

access to veterinary services for post-mortems if calves die. In this way it is possible to buy and 

keep healthy calves with good weight gain potential. 

Mr Ngcobo said that they have also been advised about feeding the calves. As an example, the 

young calves are provided 2 litre milk twice a day at regular times. They cannot be overfed, as 

their second stomach is not well developed and if milk overflows into that, it rots  and can cause 

diarrhoea and potentially death. They were trained to clean the holding pens daily so that the 

calves are not exposed to bacteria. Vaccination is required 1 month after arrival, followed by 

another injection after 3 months.  

8. General discussion and recommendations 
 

Climate variability and severe weather events had a significant impact on crop performance in 

CMTs this season. The combined effect of very little rainfall early in the season (October to 

November), with consistently high rainfall for the rest of the season (December to April) proved 

difficult for a number of reasons: 

• The first is that it remained too dry to effectively pre-spray the fields with systemic 

herbicides prior to planting, necessitating a move towards the use of a burn-down 

product instead.  

• The second was that when the rain started, it did not stop, this caused issues with 

herbicides being washed off plants, reducing efficacy, combined with conditions that were 

too wet for respraying predominated and led to high weed competition throughout the 

season. 

• Severe storms in January led to high levels of runoff and erosion and in a number of cases, 

seed and crops were washed away. This severely restricted the planting of short season 

maize, fodder crops and winter cover crops. 
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• In SZKN and the Midlands, where soils are sandier and not well structured there was a 

definite leaching effect of the fertilisers applied, which in SKZN specifically led to 

extremely low yields for maize. 

• The continued high levels of rainfall, combined with hailstorms, meant that yields for 

legumes were virtually non-existent as they were outcompeted by weeds that could not 

be removed and rotted in the fields. 

Despite these conditions, a number of farmers, who were able to manage these constraints, 

achieved very good growth and yields, both in the Midlands and in Bergville.  

The cropping system promoted for CA in the three areas (SKZN, Midlands and Bergville), 

consisting of blocks or strips of mono-cropped maize, maize and bean intercrops, summer cover 

crop mixes and maize and pumpkin intercrops, which are rotated annually (mixed, rotated) has 

provided the following distinct benefits over a CA system where maize is consistently mono-

cropped: 

• Decreased runoff: 4,2% of rainfall for the mixed, rotated system versus 5,3% for the maize 

monocrop system 

• Decreased soil bulk density: 1,14 g/cm3 for the mixed, rotated system versus 1,26 g/cm3 

for the maize monocrop system 

• Increased water productivity: 2,26 kg/m3 of maize grain for the mixed, rotated system 

versus 0,89 kg/m3 for the maize monocrop system 

• A volumetric water benefit of 8,8 million litres/ha for the mixed, rotated system over the 

maize mono-crop system 

• And a yield advantage of 4,9 t/ha for maize in the mixed, rotated system versus 2,9 t/ha 

for the maize monocrop system 

• In addition, soil health analyses provide an indication of improved soil health, with more 

regulated ecosystems which supress diseases. 

9. Issues and recommendations 
 

1. Despite the difficulties and inefficiencies resultant from the COVID-10 pandemic, most 

smallholder farmers in the programme continued with their farmer-managed trials 

(FMTs) and worked well with MDF staff to plan and monitor the CMT’s. 

2. Record keeping for the rain gauges and runoff plots this season, for both the farmer 

participants and the research support staff has been very limited and unreliable. This is 

partly due to both the rain gauges and runoff pan buckets spilling over due to large rainfall 

events, or a number of consecutive days of raining and the farmers and staff did not deal 

well with this ‘new’ situation. A dedicated field staff member will need to be brought on 

board to undertake a more methodical and monitoring of these instruments.  

3. As these communities fall within one of South Africa’s strategic water source areas, there 

is a strong interest from various stakeholders to support evidence-based activities that 

improved water use efficiency in the system. It is thus proposed to further concentrate on 

the water related indicators that have been monitored, namely runoff and water 

productivity. These two sets of indicators have also shown the most consistently positive 

results for the smallholder experimentation process in CA. 
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4. Results for soil health and nematode population indicators have been very inconsistent 

and variable in the 3 to 4 years that they have been measured. It is recommended to 

continue with this process, given the greater attention now being paid to treatment 

replicates and site consistency across the farmers’ trials, but at a slightly less intensive 

level; so fewer samples for fewer farmers to provide opportunity to focus more on the 

water related indicators in the system 

5. It is proposed to start with small, fenced-off CA trials, as a demonstration  where the soil 

cover (stover) is not removed at all through grazing and to compare these results with 

various intensities of grazing and stover removal. Generally, the smallholder farmers are 

not paying enough attention to stover retention, and this is also reducing the potential 

benefits of the CA system  

6. It is also proposed to initiate a new set of CA trials, to focus on remediation of soil and 

fields prior to starting the CA treatments. This is proposed as some of the farmers’ soil 

conditions are so limiting, that the CA implementation is not showing the desired soil 

fertility and soil health improvements. Results are very variable and slow to improve. The 

suggestion is to do liming (to the recommended amount for those fields), do contouring 

and undertake soil conservation works (swales and ditches) and to do an intensive cover 

cropping process for 1 to2 seasons, prior to starting again with the maize-based 

intercropping and crop rotation process. It is envisaged that the improvement in soil 

health and fertility will then show a much more consistent and positive trend. 

7. Smallholder farmers in SKZN have not shown an immediate interest in fodder production 

and winter supplementation for livestock as a way of integrating livestock into their CA 

systems. The research process will thus focus implementation in the Bergville and 

Midlands areas going into the future. 

8. For the Midlands areas, it will be important to be somewhat more directive in terms of 

implementation of the trials, to be able to increase the multi-cropping and cover crop 

planting in these areas, so that the experimentation can be comparable to that in the 

Bergville region. 

9. Collaboration with NWU and the ARC has provided valuable insights into soil health, 

nematode population balances and mycotoxins and will be continued into the future. 
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