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1. Project Background 

Increasingly the environmental impact of agricultural supply chains is being scrutinized by 

consumers, NGO’s and governments.  South Africa made a commitment to the international 

community to reduce its carbon footprint, hence the recent focus on carbon emissions, policy 

and the introduction of a carbon tax. 

Improved cropland management has been highlighted as a very practical and viable carbon 

emission mitigation option and for that reason (and others) Conservation Agriculture (CA) is 

currently promoted by many role players in the agricultural industry, including Grain SA. 

However, it is important to conduct an in-country, or regional, study to assess the carbon 

sequestration potential of different systems, which will provide essential information 

eventually facilitating the reduction in the carbon budget and increase in carbon sequestration 

rates. 

It will therefore be important to demonstrate the impacts of different farming systems on the 

carbon sequestration potential through accurate assessment tools and calculators of the 

carbon budgets. It will be possible to determine the impact of various management options on 

the net carbon budget and show how this can lead to improved farming efficiency, reduced 

emissions and alignment with the future carbon tax. The proposed carbon tax legislation also 

contains mechanisms for selling agricultural carbon credits to other South African 

organisations to reduce their carbon tax exposure. This project will take the first steps 

towards understanding the potential of this farm-based carbon credit income stream. 

 

2. Project Goal and Objectives 

The long-term goal of this project is to determine the carbon sequestration potential of 

selected maize-based farming systems across key agro-ecological regions of the summer 

rainfall crop production area of South Africa. 

 

The project’s short-term objectives of Phase 2 are: 

1. To collect or generate C-sequestration model input data (including weather variables 

required by the numerical C-sequestration model for a climate station in each of the key 

agro-ecological regions of the summer rainfall crop production area); 

2. To conduct C-sequestration modelling in the summer rainfall crop production area based 

on data provided by Grain SA; 

3. To analyse and integrate modelling results; 

4. To report and communicate C-sequestration assessment results for Phase 2. 

 



 

3. Project Approach  

 

Phase 2 of this project aims to model the carbon sequestration of selected maize-based 

farming systems across eight key agro-ecological regions and for three different farming 

systems (conventional, conservation agriculture with high external inputs (minimum tillage) 

and future ideal CA with low external inputs (no tillage)) from a sample of 1 dataset per 

region, per farming regime. Phase 2 forms part of a longer term project where the carbon 

footprint methodology and results can be used within the grain industry as an adaptive 

management tool (Figure 1). 

 

 

 

 
Figure 1: Carbon footprint project phases envisaged by Grain SA. 

 

The extensive production cost database of Grain SA was used as basis for this assessment.  It 

is important to recognise that the assessment will therefore not be representative of all farms 

in a specific region but rather to provide a “snapshot” view of particular farming systems in a 

particular region. This process often challenges current farm management systems and 

highlights areas where farm management systems can be improved. Combined with data on 

soil health and sequestration under different practices in the regions identified, the net C 



footprint or C budget can further stimulate thinking and awareness on more sustainable and 

climate-smart agricultural options. The calculation of soil carbon sequestration potential is 

envisaged as part of Phase 2 of the project.   

 

4. Project Scope and Methodology 

4.1 Soil carbon sequestration tool and numerical model 

The Intergovernmental Panel on Climate Change (IPCC) Good Practice Guidance for Land 

Use, Land Use Change and Forestry (2003) carbon sequestration tool for annual crops, 

specifically grains, will also be ‘built’ and applied in this study. The tool will take into 

account 2 parts, firstly the land use “Cropland remaining Cropland” or any other land uses 

remaining as such and secondly ‘Land converted to Cropland’ or any other land uses 

converted to other land uses during the audit period.  Information is required for the period of 

12 months.  Each section will take into account the change in carbon stocks in living biomass, 

change in carbon stocks in soils and Non-CO2e GHG emissions.  

 

The WinEPIC (Environmental Policy Integrated Climate), a numerical model that simulates 

the physico-chemical processes that occur in soil and water under agricultural management, 

will be used to predict the soil carbon sequestration potential for conventional and 

conservation agriculture grain farming systems in the eight regions. This model was selected 

for the Western Cape after a thorough evaluation process of fourteen (14) models and is 

viewed as the most suitable model for this project given the expected level of available data. 

 

4.2 Data collation 

4.2.1 Numerical soil carbon sequestration models 

Information relevant to this study will be obtained by Grain SA which includes the following 

minimum data required:  

 

 Climate data:  

- Minimum data required by WinEPIC, namely daily rainfall and air temperature, and 

long-term (≥40 years) monthly rainfall and air temperature, 

- Available daily rainfall, air temperature, solar radiation, windspeed and reference 

potential evaporation (Et0) to complement the minimum required weather data input 

for WinEPIC to improve modelling results.  

 

 Soils data such as:  

- Minimum data required by WinEPIC, namely soil profile and horizon thicknesses, 

soil texture and rock contents,  

- Available data on organic carbon content, soil nitrogen content, particle size 

distribution, dry bulk density, hydraulic conductivity, occurrence and depth of 

impermeable layer, water holding capacity, water retention curve, and soil pH to 

complement the minimum required soils data input for WinEPIC to improve 

modelling results;  

 

 Plant data such as:  

- Minimum data required, namely crop yield, 



- Available data on carbon and nitrogen contents of plant components, amount of N of 

litter fall, and plant tissue C:N ratio; to complement the minimum required plant data 

input for WinEPIC to improve modelling results; 

 

 Land-use and management such as:  

- Crop rotation, planting dates, residue incorporation and tillage type, amount and 

timing, inorganic fertilizers type, amount and timing, and N input to the system.  

 

The data obtained by Grain SA will be used to prepare the model input data files for the 

WinEPIC numerical C-sequestration model. 

 

4.2.2 The IPCC carbon sequestration tool 

The methodology used in the development of the tool was the following: 

• IPCC Good Practice Guidance for Land Use & Land Use Change & Forestry (IPCC 

GPG LULUCF) (IPCC, 2003);  

• IPCC Guidelines 2006: Volume 4, Chapter 5 for Croplands (IPCC, 2006); 

• National Carbon Sinks Assessment (Department of Environmental Affairs, 2015a) 

 

The methodologies take into account current land use and land use change taking place 

during a certain period.  The land uses classified in the IPCC documents are as follows: 

• Forestland; 

• Cropland; 

• Grassland; 

• Wetlands; 

• Settlements and; 

• Other. 

 

For the current land use section, which is “Cropland remaining Cropland”, information on 

current land use within the boundaries of the farm is required.  The land uses to be provided 

are the following: 

• Infrastructure; 

• Croplands; 

• Indigenous vegetation specific for South Africa (Grassland, Savanna, etc); 

• Wetlands; 

• Alien vegetation encroachment and; 

• Degraded land. 

 

For each land use, information on hectares, soil type, management regime, organic matter 

inputs and lime application as well as the period between current and previous land use is 

required. 

 

The second section encompasses the ‘Land converted to “Cropland or other land uses”.  This 

section will look at the conversion from a land use to other land uses, for example: 

• Conversion from cropland to infrastructure or; 

• Conversion from indigenous land to cropland. 

 



The different combinations of land use change to another will be taken into account.  For 

each of the conversions, hectares, soil type, management regime, organic matter inputs and 

lime application information of previous and current land use will be required. 

 

The results from the 2 sections will be in the form of tonnes of carbon per hectare 

sequestrated during the 12 month period.  This value can be offset with the total carbon 

dioxide equivalent emissions from the farm during the same audit period. 

 

 

4.3 Soil carbon sequestration modelling 

4.3.1 Numerical soil carbon sequestration model 

Soil carbon sequestration potential will be predicted at field-scale that represents a farmers’ 

field based on readily available data for these regions.  

The primary aim of the carbon sequestration modelling exercise is to assess the application, 

potential shortcomings and ability to of numerical C-sequestration model(s) to predict long-

term carbon sequestration potential for the grain farming land management practices using 

readily available data. The collection of non-readily data or data that is not available for the 

C-sequestration modelling is beyond the scope of the proposed study. 

 

4.3.2 The IPCC carbon sequestration tool 

The predicted C-sequestration for the study sites will be used to assess the impact of 

conventional and conservation agriculture systems grain farming systems on the long-term 

dynamics of soil organic matter under a variety of land management practices in order to 

determine the potential for soil carbon sequestration. 
 

The following farming systems will be simulated: 

• Conventional tillage representing different tillage practices with high external inputs in 

each of the regions; 

• Conservation agriculture: 

- Minimum tillage representing conservation agriculture with high external inputs 

(current systems), 

- No tillage representing conservation agriculture with low external inputs and the 

‘ideal future state’ of conservation agriculture farming systems. 

 

4.4 Study Sites 

4.4.1 Broad production regions 

The following six (6) broad production regions have been identified as a framework for the 

assessment: 

• North West Province 

• NW Free State 

• Eastern Free State  

• Northern Free State (Vrede, Frankfort, Sasolburg/Vanderbijl, Heidelberg, Koppies, 

Standerton, Parys) 



• Eastern Highveld (Mpumalanga) & KZN 

• Smallholders (KZN) 

 

The regions represent the range in climatic and specific land management practices, such as 

rotation systems, cultivation and fertilisation of grain farming systems of the summer rainfall 

grain production area of South Africa.  

 

4.4.2 Agro-ecological zones  

The soil carbon sequestration potential will be predicted with the IPCC tool and extrapolated 

from field-scale for a typical/likely conditions case scenario for each of the six broad 

production regions. The WinEPIC modelling exercise will not involve the spatial upscaling 

from field-scale to agro-ecological zones. The WinEPIC modelling will also not involve 

modelling based on a GIS systems approach. The total regional assessment will be based on 

the total (weighted) hectares under CA and CT systems in the eight broad zones and the 

predicted C-sequestration results of the scenarios simulated at the field-scale. 

  

4.5  Modelling data integration  

Soil carbon sequestration modelling results and implications will be integrated with Phase 1 

emission results. This implies an attempt to integrate ‘above-ground’ (results from Phase 1) 

and ‘below-ground’ C-sequestration (results from Phase 2) carbon budgets for the assessment 

of the total or net carbon footprint of grain farming systems in northern summer rainfall 

regions. 

 

5. Project Expected Impacts 

This project (Phase 2) will continue the process to provide novel (new) data on and create 

awareness in the entire agricultural value chain (from farmers to markets) on their carbon 

footprint (with the emphasis on C-sequestration) and provide information on which farming 

systems to implement in order to improve soil health and farming efficiency and reduce the 

impact on climate change. In the long term this will lead to improved land management, 

healthier natural resources and a reduction in greenhouse gas emissions. Furthermore, if 

carbon tax, or any other incentive scheme is implemented in the future, this information, 

followed by a rigorous monitoring and implementation process, will be very useful for this 

sector. Determining the impact of various farming systems on carbon budgets also has long 

term policy implications as the information can be used to assist government in focussing 

their mitigation strategies for the agriculture sector. 

6. Project Collaboration 

Grain SA will collaborate with the following institutions: 

Blue North Sustainability (Pty) Ltd manages the Confronting Climate Change (CCC) 

Initiative on behalf of the South African Fruit and Wine Industry Bodies.  CCC was 
established in 2008.  The initiative focuses on the Life Cycle Assessment (LCA) of 

greenhouse gas emissions at farm-level and across agricultural value chains, as well as a 

climate change knowledge resources for the industry. The initiative currently focusses on 



perennial tree orchards, but CCC has already developed a carbon footprint protocol, the data 

collection tools, database and reporting tools for grain farming in South Africa. 

The CCC initiative is project managed by Blue North Sustainability, a Stellenbosch-based 

sustainability practice that is focused on the development and implementation of robust and 

credible sustainability programs in agricultural businesses and value chains. Blue North was 

founded in 2011. Blue North Sustainability completed the C-sequestration assessment of the 

WCT funded C-footprint project in the Western Cape. 

TerraSim is an environmental consulting company specialising in the earth science 

component of sustainable land use, rehabilitation of mine- and degraded land, and 

remediation of contaminated land. Terrasim has a registered professional soil scientist with 

24 years of experience in soil science and the environmental field. Terrasim specialises in the 

application of numerical modelling of the climate-plant-soil-water- and waste-soil-water 

continuum aspects.    

 

7. PROGRESS AND RESULTS 

7.1 Carbon footprint data collection 

7.1.1 The IPCC carbon sequestration tool 

Grain SA sourced data from different role-players in the summer grain production regions. 

The main participants who collaborated with production input data for the different systems 

include: 

• Grain and oilseed farmers 

• Agribusinesses  

• Input suppliers (chemical, fertiliser)  

• Grain SA personnel 

• Independent experts 

 

An excel sheet was compiled to collect the required input data in a uniform way for the 2 

farming systems. Raw input data will be collected for conventional (CT) and conservation 

agriculture (CA) systems. The raw data will then be processed by Blue North.  

 

In order to calculate the potential carbon sequestration (tonnes carbon per hectare), Grain SA 

will gather and provide data for the following maize production regions: 

• North West Province 

• NW Free State 

• Eastern Free State  

• Northern Free State  

• Eastern Highveld (Mpumalanga) & KwaZulu-Natal 

• Smallholders (KZN) 

 

The following input data were collected per region for each farming system, to calculate the 

carbon sequestration for CA and CT:  



 Crops in rotation 

 Yield per crop  

 Lime application 

 Residue (% burn / bale / removal after harvest) per crop  

 Management regime 

 Organic matter inputs 

 

Progress and results achieved 

Information on the different rotation systems was obtained from the data provided by Grain 

SA for use in Phase 2. Table 1 illustrates the three different grain farming systems with their 

maize-based crop rotations in the summer grain production regions. The commodities 

cultivated per system differ from one system to the other. In the CT system maize is mostly 

planted with one other crop in rotation while a bigger variety of crops are planted in rotation 

with each other in the CA systems.   

Table 1: Two different grain farming systems in the summer grain production region with 

their crop rotations 

Regions   
Farming regime 

Year CT – Full Till CA – Minimum Till CA Future – No Till 

North West 

1 Maize  Maize  Maize 

2 Maize Maize Cover crops (summer) 

3 Sunflower Sunflower Sunflower 

4 Maize Maize Cover crops (summer) 

NW Free State  

1 Maize Maize Maize 

2 Maize Soybeans Cover crops (summer) 

3 Maize Sunflower Sunflower 

4 Maize  Cover crops (summer) 

Northern Free state   

1 Maize Maize Maize 

2 

Soybeans Soybeans 

Cover crops 

(summer+winter) 

3 

   

Soybeans Cover crops 

(winter) 

4 

   

Cover crops 

(summer+winter) 

Eastern Free state  

1 Maize Maize Maize 

2 

Soybeans Soybeans 

Cover crops 

(summer+winter) 

3 

Maize Maize 

Soybeans Cover crops 

(winter) 

4 

Dry beans Dry beans 

Cover crops 

(summer+winter) 

Eastern Highveld &  

KwaZulu-Natal 

 

1 

Maize Maize 

Maize; cover crops 

(winter) 

2 

Soybeans Soybeans 

Cover crops 

(summer+winter) 

3 

  

Soybean; cover crops 

(winter) 

4 

  

Cover crops 

(summer+winter) 



Smallholders (KZN) 

1 Maize Maize Maize intercropping 

2 Maize Maize Maize intercropping 

3 Maize Maize Maize intercropping 

4 Maize Maize Maize intercropping 
WCC=Winter cover crop 

 

Table 2 summarises the raw data that was gathered - yield, total fuel usage, fertiliser and crop 

residue. The rotations and crop residue data are specifically applicable to the carbon 

sequestration component of Phase 2. 

 



 
Table 2: Inputs per hectare for farming regimes. The phase 2 data applicable is the crop residue data and rotations. 

 

Inputs Crop Residue

Region Total fresh 

weight yield
Calcitic Lime

Dolomite 

Lime

Gypsum 

Lime
Dry matter

% Crop residue 

burnt

Crop residue 

removed

tons/ hect kg/ hect kg/ hect kg/ hect kg/ hect %/ hectare %/ hectare

North West Province CT Maize 3.5                        150                 150                 -                  3,045.0                  -                          80%

Maize 3.5                        150                 150                 -                  3,045.0                  -                          80%

Sunflower 1.5                        150                 150                 -                  1,365.0                  -                          80%

CA Maize 4.5                        150                 150                 -                  3,915.0                  -                          10%

Maize 4.5                        150                 150                 -                  3,915.0                  -                          10%

Sunflower 1.5                        150                 150                 -                  1,365.0                  -                          10%

Future CA Maize 5.0                        150                 150                 -                  4,306.5                  -                          10%

Sunflower 1.7                        150                 150                 -                  1,501.5                  -                          10%

Cover crops (Summer & Winter) 17.0                      150                 150                 -                  15,300.0                -                          10%

Free State (Northern) CT Maize 5.0                        200                 750                 -                  4,350.0                  -                          80%

Soybeans 1.6                        -                  -                  250                 1,456.0                  -                          0%

CA Maize 7.0                        -                  -                  -                  6,090.0                  -                          30%

Maize 7.0                        -                  -                  -                  6,090.0                  -                          30%

Soybean + WCC 2.0                        -                  -                  -                  1,820.0                  -                          30%

Cover crops (Summer & Winter) 17.0                      -                  -                  -                  15,300.0                -                          30%

Soybean + WCC 2.0                        -                  -                  -                  1,820.0                  -                          0%

Future CA Maize 7.7                        -                  -                  -                  6,699.0                  -                          10%

Maize 7.7                        -                  -                  -                  6,699.0                  -                          10%

Soybean + WCC 2.2                        -                  -                  -                  2,002.0                  -                          10%

Cover crops (Summer & Winter) 18.7                      -                  -                  -                  16,830.0                -                          10%

Soybean + WCC 2.2                        -                  -                  -                  2,002.0                  -                          10%

Free State (North West) CT Maize 5.0                        250                 250                 -                  4,350.0                  -                          80%

CA Maize 5.0                        250                 250                 -                  4,350.0                  -                          20%

Soybeans 2.1                        250                 250                 -                  1,911.0                  -                          20%

Cover crops (Summer & Winter) 17.0                      250                 250                 -                  15,300.0                -                          50%

Sunflower 2.0                        250                 250                 -                  1,820.0                  -                          20%

Future CA Maize 5.5                        250                 250                 -                  4,785.0                  -                          10%

Soybeans 2.3                        250                 250                 -                  2,093.0                  -                          10%

Cover crops (Summer & Winter) 18.7                      250                 250                 -                  16,830.0                -                          10%

Sunflower 2.2                        250                 250                 -                  2,002.0                  -                          10%

Regime

CT: Conventional

CA: Conservation 

Agriculture

Commodity

 



Free State (North West) CT Maize 5.0                        250                 250                 -                  4,350.0                  -                          80%

CA Maize 5.0                        250                 250                 -                  4,350.0                  -                          20%

Soybeans 2.1                        250                 250                 -                  1,911.0                  -                          20%

Cover crops (Summer & Winter) 17.0                      250                 250                 -                  15,300.0                -                          50%

Sunflower 2.0                        250                 250                 -                  1,820.0                  -                          20%

Future CA Maize 5.5                        250                 250                 -                  4,785.0                  -                          10%

Soybeans 2.3                        250                 250                 -                  2,093.0                  -                          10%

Cover crops (Summer & Winter) 18.7                      250                 250                 -                  16,830.0                -                          10%

Sunflower 2.2                        250                 250                 -                  2,002.0                  -                          10%

Free State (East) CT Maize 5.5                        200                 750                 -                  4,785.0                  -                          80%

Soybeans 1.8                        -                  -                  250                 1,638.0                  -                          0%

Maize 5.5                        200                 750                 -                  4,785.0                  -                          80%

Drybeans 1.8                        200                 750                 -                  1,620.0                  -                          0%

CA Maize 5.5                        167                 233                 -                  4,785.0                  -                          40%

Soybeans 2.0                        167                 233                 -                  1,820.0                  -                          40%

Wheat 1.4                        167                 233                 -                  1,246.0                  -                          0%

Sunflower 1.9                        167                 233                 -                  1,729.0                  -                          40%

Cover crops (Summer & Winter) 17.0                      167                 233                 -                  15,300.0                -                          40%

Future CA Maize 6.1                        167                 233                 -                  5,263.5                  -                          10%

Soybeans 2.2                        167                 233                 -                  2,002.0                  -                          10%

Wheat 1.5                        167                 233                 -                  1,370.6                  -                          10%

Sunflower 2.1                        167                 233                 -                  1,901.9                  -                          10%

Cover crops (Summer & Winter) 18.7                      167                 233                 -                  16,830.0                -                          10%Entity

Eastern Highveld & KZN CT Maize 7.0                        500                 500                 -                  6,090.0                  -                          10%

Soybeans 2.0                        500                 500                 -                  1,820.0                  -                          10%

CA Maize 7.0                        500                 500                 -                  6,090.0                  -                          10%

Soybeans 2.0                        500                 500                 -                  1,820.0                  -                          10%

Future CA Maize 7.7                        500                 500                 -                  6,699.0                  -                          10%

Maize 7.7                        500                 500                 -                  6,699.0                  -                          10%

Soybean + WCC 2.2                        500                 500                 -                  2,002.0                  -                          10%

Cover crops (Summer & Winter) 17.0                      500                 500                 -                  15,300.0                -                          10%

Soybean + WCC 2.2                        500                 500                 -                  2,002.0                  -                          10%

Smallholders CT (HEI) Maize 4.5                        500                 500                 -                  3,915.0                  -                          100%

CT (LEI) Maize 2.0                        100                 100                 -                  1,740.0                  -                          100%

CA Maize intercropping 6.0                        500                 500                 -                  5,220.0                  -                          80%

Future CA Maize intercropping 6.6                        500                 500                 -                  5,742.0                  -                          50%  
 

*WCC= Winter cover crop 

 



 

 

7.1.2 Numerical C-sequestration model 

Data on climate, soil properties, crop rotation, tillage practices and agronomic practices were 

obtained and prepared for data input to the soil carbon sequestration  

(C-sequestration) numerical model for the summer grain production regions. The data 

collation is discussed in subsequent sections. 

Climate 

Minimum data required for the C-sequestration numerical model, WinEPIC, is daily rainfall 

and air temperatures. Solar radiation and windspeed are also important to simulate the soil 

water budget and plant growth aspects for the C-sequestration model component.  

Climate files were prepared from the daily rainfall, and minimum- and maximum temperature 

data included in the Weather Database developed by NB Systems CC. The database includes 

daily rainfall and temperature records of 50 years based on recoded data and from infilled data 

for record periods with missing data. Daily solar radiation was calculated from the 

temperature data.  

Climate files were prepared for selected climate stations that serves as a “driver” (primary) 

climate station to represent the climate of a summer grain production region.  

Soil 

Soil property files were prepared for WinEPIC for two soils in a summer grain production 

region based on the main texture classes of the A- and B1 soil horizons in a production region.  

The main soil texture classes were determined for the A-horizon in a summer grain 

production region from the information included in the ARC-ISCW Digital National Soil 

Profile Database (Soil Survey Staff, 1972-2010). This was followed by determining the main 

texture classes of the B1- (or E-) soil horizons underlying the selected A-horizon texture 

class(es). 

The soil hydraulic properties, such as wilting point, field capacity, plant available water 

capacity and saturated hydraulic conductivity, were predicted for the selected soils with the 

Soil Water Characteristics utility. The Soil Water Characteristics utility make use of pedo-

transfer functions and a soil hydraulic properties database that includes an extensive amount 

of soils for which the hydraulic properties were determined. The Soil Water Characteristics 

utility was developed by the US Department of Agriculture Agricultural Research Service and 

Department of Biological Systems Engineering of the Washington State University.   

Soil property files were selected from the WinEPIC database with analogous soil textures to 

the soils selected for the summer grain production regions. Parameter values of soil properties 

important to C-sequestration, such as soil horizon thickness, particle size fractions, rock 

contents, dry density, soil hydraulic properties and initial soil organic matter content were 

adjusted to represent the properties of selected soils.  
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The conventional cultivation (base case) scenario will be used to predict the soil organic 

carbon contents until equilibrium conditions is reached in the carbon content in the long-term 

(>20 years). This carbon content will be used as the initial soil carbon content in the 

Conservation Agriculture (CA) farming systems scenarios. This approach will be followed in 

establishing the initial organic carbon contents of a soil. The approach is based on the 

assumption that conventional cultivation practices were followed historically for over a 

decade and that the soil organic carbon content has decreased to equilibrium conditions of a 

conventional cultivation system.   

Cropping systems 

The crop rotation and sequence of crops needs to be specified in WinEPIC’s cropping system 

files. The crop rotations that will be simulated for the farming systems of the summer grain 

production regions are summarised in Table 3. The crop rotations are based on data provided 

by Grain SA.  

Table 3: Crop rotation systems for the summer grain production regions 

Region Farming system Crop rotation 

Northwest 

Conventional cultivation Maize-Maize-Sunflower 

Conservation agriculture Maize-Maize-Sunflower 

Future conservation agriculture Maize-Sunflower-Cover crops 

Northwest 

Freestate 

Conventional cultivation Mono-crop maize 

Conservation agriculture Maize-Soybeans-Cover crops-Sunflower 

Future conservation agriculture Maize-Soybeans-Cover crops-Sunflower 

North 

Freestate 

Conventional cultivation Maize-Soybeans 

Conservation agriculture Maize-Maize-Soybean-Cover crops 

Future conservation agriculture Maize-Maize-Soybean-Cover crops 

East 

Freestate 

Conventional cultivation Maize-Soybean-Maize-Drybean 

Conservation agriculture Maize-Soybean-Wheat-Cover crops 

Future conservation agriculture Maize-Soybean-Wheat-Cover crops 

Eastern 
Highveld 

Conventional cultivation Maize-Soybeans 

Conservation agriculture Maize-Soybeans 

Future conservation agriculture Maize-Maize-Soybeans-Cover crops 

KwaZulu-

Natal 

Conventional cultivation Maize-Soybeans 

Conservation agriculture Maize-Soybeans 

Future conservation agriculture Maize-Maize-Soybeans-Cover crops 

 

Cover crops were included in the conservation agriculture cropping systems with the 

objective to increase soil organic carbon content and C-sequestration potential by limiting soil 

disturbance with minimum- or no tillage, providing large root mass in addition to high crop 

residue rates, and fixing atmospheric nitrogen to optimise crop- and soil organic carbon to 

nitrogen (C:N) ratio. Cover crops generally includes a mixture of crops to achieve above-

mentioned objectives by including crop(s) with a high root mass and a legume.   

Crop characteristics 

The crop characteristics file includes an extensive list of parameters relating to crop growth, 

leaf properties and development, root development, biomass production, plant nutrient uptake, 

harvest index and organic carbon and nitrogen contents of leaves, roots and grain. The 
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parameter values represent the maximum potential growth rate, leaf area, nutrient uptake and 

harvest index that could possibly be attained under non-stressed conditions.  

Parameter values should be based on experimental data where crop stresses related to climate 

and moisture- and plant nutrient availability have been minimised to allow the crop to attain 

its potential. A literature study is conducted to obtain crop parameter values for those 

parameters sensitive to crop growth and biomass production. A questionnaire to obtain crop 

parameter values will also be sent to agronomists/plant physiologists. Parameter values 

included in the WinEPIC database for crops will be used as values were data is not obtained 

from the literature study and questionnaire.  

It should be noted that the effect of climate, moisture and plant nutrient stresses on plant 

growth, plant nutrient uptake and biomass production are accounted for in the model 

components related to soil water balance and plant available water, plant growth and C-

sequestration. The soil water balance modelling component included in WinEPIC was 

imperative to predict changes in soil moisture, plant available water and crop stress (drought) 

during the growing season.    

Agronomic and tillage practices 

The crop management file of WinEPIC requires that the type and schedule (timing) of 

agronomic- and tillage activities are specified for each cropping system. The agronomic- and 

tillage activities that were accounted for in the C-sequestration modelling include: 

• Planting and harvesting; 

• Tillage before, during and after planting; and 

• Fertilizer and lime application.  

The scheduling of agronomic- and tillage activities for a cropping system is based on the data 

provided by Grain SA on the type and timing of the activity for the summer grain production 

regions. 

The following activities will not be accounted for in the C-sequestration modelling:  

Pesticide application. The frequency and specific pesticide to be used can vary between 

growth seasons. Minimum soil disturbance also occurs during pesticide application. 

Consequently, the activity of pesticide application was not included as it unnecessary 

complicates the modelling without having a significant effect on C-sequestration. The  

C-sequestration modelling is based on healthy crops that are not affected by pests; 

Grazing and burning of crop residue after harvesting. Livestock stocking rates and duration 

of grazing is highly variable. Consequently, the fraction (%) of crop residue removed during 

grazing and burning was account with harvesting to simplify the modelling.    

Information is also required describing each agronomic- and tillage practice when an activity 

is scheduled in the crop management file. The information includes: 

Implement type and properties. The data provided by Grain SA on the various implements 

used for the farming systems was used as basis to select the implements from the extensive 

list of implements included in the WinEPIC database. The WinEPIC database also includes a 
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detailed description on a tillage implement, including the tillage depth and extent of soil 

mixture and crop residue incorporation during tillage;  

Planter type, properties and planting density. Data provided by Grain SA on the planters used 

for conventional, minimum- and no tillage was used as basis to select the specific planters 

from the implements list included in the WinEPIC database. The WinEPIC database also 

includes detail description of the planters and their effect on extent of soil mixture during 

planting.; 

Fertilizer and lime application. Data provided by Grain SA on the nitrogen, phosphorus, 

potassium and lime (calcitic and/or dolomitic) application rate for the various cropping 

systems were used to specify the amount fertiliser- and lime applied before, during and after 

planting for the cropping systems for each summer grain production region; 

Harvesting. A combine, self-propelled harvester was selected from the WinEPIC implements 

database. The amount of crop residue that was specified to be removed is based on the data 

provided by Grain SA on residue removal through grazing and burning after harvesting for 

the cropping systems for the various regions. 

 

8. BUDGET ON FEBRUARY 2020 

Project activities  Total Actual 

YTD  

Feb 2020 

Total Budget 

YTD 2018/19 

Available to 

use 

MT Carbon Footprint Traveling & 

Accommodation 

               6 757  6 757 

Data collection for modelling - BN              43 712  43 712 

Data collection for modelling - TS              47 250  47 250 

Modelling of soil carbon 

sequestration - BN 

             67 620  67 620 

Modelling of soil carbon 

sequestration - TS 

             78 750  78 750 

Analysing & Integrating modelling 

results - BN 

             28 637  28 637 

Analysing & Integrating modelling 

results - TS 

             16 275  16 275 

Total Maize trust: CA Carbon 

Footprint expenses 

           289 000  289 000 

Management fee (5%)              14 450  14 450 

Grand Total  303 450 303 450 

 

Costs were incurred in March 2020 that does not show on this statement. 
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