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1. Coordination and management 

Work 
Package title 

Coordination and management 

Work Package 
period 

October 2019 to September 2020 

  
Lead 
partner 

Ottosdal No-till Club (Mr Hannes Otto) and Grain SA (Dr Hendrik Smith) 

Involved 
partners 

All 

  
Objectives Coordinate activities among all partners 

Ensure timely reporting to Grain SA / The Maize Trust 
Promote synergy among project activities 

  
Justification Project size, complexity and level of integration/interdependency among 

different project actions require strict delivery and adherence to project 
timelines as essential. Partners must often work together to achieve specific 
project outputs. 

  
Description 
of work 

Activity 1: Project inception workshop.  

Progress and Results achieved: A one-day project planning and inception 
workshop was held on 20 August 2013 (at the Ottosdal country club) at the 
beginning of the project to enable all project partners to define work packages 
and procedures to achieve the project outputs and objectives. These WP’s are 
used for the financial control and payment of the project and for the monitoring 
of the agreed tasks and deliverables. Work package managers were identified at 
this meeting and will present/follow strategies and protocols which are 
frequently monitored by all partners.  

Activity 2: Frequent coordination meetings.  

The purpose of these meetings is to establish an Innovation platform for 
improved communication, integration and sharing. The essence or key action in 
these meetings will be social learning, characterised by feedback, reflection, 
planning and coordination between different work packages and stakeholders. A 
secondary activity is the creation of a wider network in support of 
communication, sharing, learning and scaling out. 

Progress and Results achieved: Project meetings took place involving all the 
key partners (project team members) in the project. Those include farmers, 
researchers, input suppliers, Grain SA/MT and manufacturers. These meetings 
are instrumental in the running of the project, serving as a platform for collective 



and adaptive project management. Some of the key project events, such as the 
farmer-led trials and the conference, were planned and coordinated form this 
platform.  

Activity 3: Annual project planning and feedback meetings 

Formal project planning and feedback meetings will be organised each year with 
representation from each work package. In order to provide the project with 
independent monitoring, advice and support and to ensure communication with 
key stakeholders, a group of experts and end users will be invited to participate. 
Presentations from each work package leader will summarise achievements. 
Discussions about progress, potential deviations from the work plan and forward 
planning will be standing items at each meeting.  

Progress and Results achieved: The annual project planning and feedback 
meeting will take place on 13 October 2020.  

Activity 4: Organise and Coordinate annual awareness event(s) 

Progress and Results achieved: The annual Ottosdal CA conference was 
cancelled due to Covid19. Instead an informal awareness day was held where 
about 100 people attended. 

Activity 5: Reporting  

All partners participate in the preparation of a six-monthly progress report. The 
lead applicant and work package managers’ report on results and work progress, 
as well as actions taken to minimise the effects of delays on other project 
activities. 

Progress and Results achieved: Reporting has been done according to the 
standards and format required by The Maize Trust. 

Activity 6: Annual progress reports  

The annual report has been done according to The Maize Trust / CA-FIP 
guidelines. Work package managers were responsible for collating information 
and making a single work page report. The lead applicant has been responsible 
for integrating these into a single full report. A similar approach will be used to 
prepare the final project report covering information from all project years. 

Progress and Results achieved: The annual report has been completed in 
September 2020. 

  
Deliverables • Project actions and reporting delivered on time 

  



Risks The project study area had an excellent rainfall season, although some sunflower 
fields were infected with sclerotina. 

 

2. Assessment of soil quality 

 
Work 

Package title 

Assessment of soil quality under Conservation Agriculture (CA) systems in 

the semi-arid cropping areas of the North-West Province 

Work Package 
period 

October 2019 to September 2020 

  
Lead partner Independent agronomist - Dr. A. A. Nel 

Involved 
partners 

Ottosdal No-till Club, Grain SA,  

  
Objectives • To characterize the soil types and soil physical & chemical parameters, 

such as particle distribution, pH, Soil Organic Matter and macro-, micro-
nutrients as well as soil health on selected trials 

• To compare the effect of different CA treatments on soil quality/health  

  
Justification A number of studies suggest that a soil and nutrient management strategy based 

on a broader range of ecosystems processes is worth further investigation. The 
approach shifts the emphasis of soil nutrient (fertility) management away from 
soluble, inorganic plant-available pools to organic and mineral reservoirs that 
can be accessed through microbial and plant mediated processes. However, a 
relatively poor understanding and capacity exist among the local research 
fraternity to investigate these crucially important subjects. 

  
Description 
of work 

Characterise the effects of different CA practices (treatments) on soil nutrient 
and physical dynamics (soil health). The work involve regular field visits, 
sampling of soil on selected trails or lands, laboratory analyses of the samples by 
a service provider, data processing, statistical analyses and report writing. 

  
Activities 1. Monitoring and Sampling  

2. Lab Analyses 

3. Monthly meetings (project team)  



4. Annual reference group meeting (advisory committee) 

5. Annual report and documentation of results 

6. Participate in Awareness events 

  
Risks • Being a dryland experiment, low and erratic rainfall may delay or 

prevent sampling; 

• Weather events such as hail, wild animals and birds may jeopardise crop 
performance and yields; 

 

DELIVERABLES, PROGRESS AND RESULTS ACHIEVED PER ACTIVITY 

Activities Deliverables Progress and Results achieved 

1. Monitoring 
and Sampling 

 

Detailed sampling at selected 
sites; 
Selected samples as required 

A total of 34 soil samples was taken 
in 2019/2020 on the crop rotation 
and nitrogen trials at Humanskraal, 
on the crop rotation plant 
arrangement trial at Korannafontein 
and at three selected fields on these 
two farms 

2. Lab Analyses 
 

Organic matter content 
Soil health through the Haney 
and PLFA analyses  

Six samples were analysed by 
Nvirotek for organic matter content 
and 28 samples were sent to Soil 
Health Solutions for soil health 
analyses. 

3. Regular 
meetings with 
project team  

Participate in club meetings, 
discussing problems and 
possible solutions  

Participated in meetings that were 
held on 10 and 31 October 2019 

4. Annual 
reference 
group meeting 
(advisory 
committee) 

Report progress and findings 
at forum meeting.  
 

Some results were presented during 
the Maize Trust CA Forum meeting 
on 18 September 2019 

5. Annual 
reports and 
admin 
(technical 
data)  

Written technical report 
covering trial procedures, 
results and progress. 

Submitted as required in March and 
September 2020. 
 



6. Participate in 
Awareness 
events 

 

Trial visits with stakeholders; 
participate in awareness 
events, such as the annual 
conference and/or cross-visits 

Results were presented at a club 
members on10 October 2019 
Some results were discussed during 
the  Ottosdal No-Till Club conferenc 
on 18 March 2020. 

 

2.3. Summary of soil quality work package 2019/2020  

 

ACTIONS TAKEN TO DATE  

 

Soil samples were collected during February 2020 on a newly implemented trial “Grain yield and soil 
health as affected by a sunflower - cover crop – maize rotation system and monoculture with maize 
and sunflower in two plant arrangements” on the farm Korannafontein. These samples were sent to 
Soil Health Solutions for soil health and PFLA analyses.   
 
Selected treatments of the crop rotation trial at Humanskraal were sampled during February 2020 
and send to Soil Health Solutions for a soil health analyses. As part of a continuous monitoring of 
farmer’s lands, three CA and non-CA paired samples were taken and analysed for organic matter 
content. Samples were also taken on a new maize-cover crop X nitrogen fertilisation trial at 
Humanskraal. 
 
PROGRESS MADE  

Selected plots of the following trials and selected lands on farms were sampled in 2019/2020.  
Trial or site Sample details 

Crop rotation systems trial at Humanskraal Six maize plots, one sunflower and one cover 
crop plot were sampled (0 - 20 cm depth) 

Crop cover crop rotation trial on the farm 
Korannafontein 

18 samples (0 – 20 cm depth) in in February 
2020, 100 days after planting to coincide with 
soil sampling for nematodes by the NWU 

Two paired  locations on farms the farm 
Humanskraal and one paired location on the 
farm Droëkraal to compare the organic matter 
content of adjacent CA and conventional tilled 
soils 

Six samples, 0 – 20 cm depth 
 

Nitrogen fertiliser requirement of maize 
following different cover crop mixtures 

New demonstration trial, started in 
2019/2020. Two soil samples (0 – 20 cm 
depth) to determine the initial soil health 
status. 

 
 
 

 



RESULTS ACHIEVED TO DATE 

The following gives a short description of the different Objectives and the conclusions. The 
addendum gives a more comprehensive description of the results.  
 

Crop rotation systems: Results from the six seasons of crop rotation suggest that some crops are 
affected by the preceding crop as indicated under Work Package 5. No crop system seems to have a 
striking organic matter content, soil respiration or aggregate stability above another. This is most 
likely due to the slow change of these parameters in view that the trial is in its sixth season. No clear 
difference exists among the plant nutrients either. None of the measured soil parameters appear to 
have any relationship with the grain yield. 
 

A comparison of conventional and conservation agriculture (CA) cropping systems: Due to a 
local lack of scientifically based results and for demonstration purposes the need existed to collect 
results on the success of CA crop systems in comparison with conventionally tilled systems in field 
trials. To compare the yield of maize in conventional and CA production systems with both 0.52 and 
0.91 m spaced rows in the CA systems. A statistically laid-out trial was done on the farm Doornspruit. 
The inorganic nutrient contents of the soil were unaffected except for phosphorus which were higher 
in the conventional than the CA soil. Contrary to what was expected, most soil health indicators were 
higher for the conventionally tilled soils than the CA soils. These results are fully described in the 
2018/2019 annual report. 
 
Grain yield and soil health as affected by a sunflower - cover crop – maize rotation system and 

monoculture with maize and sunflower in two plant arrangements: The aim of this trial is to 
determine how soil health and crop yields are affected by the rotation systems and plant 
arrangements. The potassium content increased in the sunflower-cover crop-maize system relative 
to the maize-maize system, confirming findings of other related research. Both the microbial 
diversity index and the gram negative bacterial biomass were affected by a cropping system X plant 
arrangement interaction. None of the soil parameters showed any relationship with the yield of 
maize. 
 

Soil sampled from farms for soil organic carbon (SOC) comparisons and explanation for a 

difference in growth: In 2018 conventionally, tilled soils had a higher organic carbon content than 
CA soils. It is probably due to an error at the service providing laboratory. Samples taken in 2019 and 
2020, however, confirmed that the organic carbon content of CA soils are similar or higher than that 
of conventionally tilled soil even to a depth of 20 cm. 
 
The nitrogen fertiliser requirement of maize following different cover crop mixtures: The aim 
of this trial is to determine if and how the nitrogen fertiliser requirement of maize following 
different cover crop mixtures, theoretically fixing different amounts of nitrogen, are affected. 
As this is the first season of this trial, soil samples were analysed to get an indication of the initial soil 
health, can be considering satisfactory as most of the parameters exceeded the “low” threshold. 
 
 



PROBLEMS ENCOUNTERED AND MILESTONES NOT ACHIEVED 

No serious problems were encountered and all milestones were reached.  
 

ADDENDUM: RESULTS 2019/2020 

 

2.3.1. Suitable crop rotation systems for CA 

 

Introduction 
The aim is to investigate the influence of six crops on the grain yield of each other for a number of 
years to find the best crop sequence in CA cropping systems. Cowpeas, grain sorghum, forage 
sorghum, soybean, maize and sunflower are grown in rotation with each other. All crops are also 
grown in monoculture. The trial is not replicated and consists of only one plot per season for each 
rotation system. It is expected that the soil composition and health of the upper layers of the soil will 
change over time among the rotation systems. These changes are usually slow and analyses of the 
soil only started after harvesting of the fourth season of crop rotation where maize and sunflower 
are the principle crops.  
 
Soil samples (0 - 20 cm depths) were collected on 24 February 2019 by taking eight subsamples on 
an area of 10 x 10 m per plot and mixing it into one compound. All maize and sunflower plots were 
sampled while the monoculture forage sorghum system was included due to the relative high amount 
of crop residue left on the soil surface by this crop which might accelerate changes in the soil. These 
soil samples were send Soil Health Solutions for a soil health (Haney and PLFA) analyses. Samples 
taken during the 2018/2019 season were analysed with conventional inorganic methods by 
NviroTek.  
 
Results and discussion 

Results for the soil analyses 2018/2019 are shown in Table 2.1. As this trial is not replicated it is 
unknown if differences among values are due to the rotation system or not and only general 
comments is possible. Soil analyses in time will show if apparent difference will increase indicating 
which rotation systems need addition fertilisation. The soil organic matter, pH and nutrient content 
of the monoculture forage sorghum were all within the range of that found for the maize and 
sunflower rotations and is not shown in Table 2.1.  
 
The organic matter content of the upper layer is lower than the content of the deeper layer on the 
maize crop for all preceding crops while that of the sunflower crop changes. The Ca, Mg and especially 
the K content of the upper layer was higher than that of the deeper 5 -15 cm layer across all rotations. 
This is likely due to the application of lime in the past or it may be due to the enrichment of the upper 
soil that is often found under no-till. 
 

Results of the soil health parameters through the Haney analysis method are shown in Table 2.2 for 
samples taken in 2019 and 2020. No crop system seems to have a striking organic matter content, 
soil respiration or aggregate stability above another. This is most likely due to the slow change of 



these parameters in view that the trial is in its sixth season. No clear difference exists among the plant 
nutrients either. In general, the organic matter content is below the ideal of 2.5%, with the soil 
respiration slightly below the ideal of 50 g.   

 
Table 2.1  Soil organic matter, pH, Ca, Mg, P and K content of maize and sunflower preceded by 
different crops since 2014/15 at Humanskraal in 2018/2019  
 

Parameter 
Preceding crop 

Cowpea 
Forage 
sorghum 

Grain 
sorghum 

Maize Soybean Sunflower 

  Maize 0 – 5 cm depth   
OM* (%) 0.62 0.49 0.49 0.55 0.63 0.53 
pH (H20) 6.89 6.49 6.39 6.36 6.46 7.27 
Ca (mg kg-1) 1304 1145 1038 717 849 1110 
Mg (mg kg-1) 189 238 216 156 180 220 
P (mg kg-1) 89 77 103 53 60 89 
K (mg kg-1) 328 424 438 346 292 450 
  Maize 5 – 15 cm depth   
OM (%) 0.82 0.87 0.61 0.71 0.95 1.04 
pH (H20) 6.33 5.94 5.85 5.66 5.85 5.93 
Ca (mg kg-1) 640 741 644 467 534 482 
Mg (mg kg-1) 139 186 156 108 126 107 
P (mg kg-1) 27 71 88 58 31 96 
K (mg kg-1) 254 220 294 232 199 307 
  Sunflower 0 – 5 cm depth   
OM (%) 0.44 0.52 0.56 0.35 0.47 0.24 
pH (H20) 7.99 7.94 6.84 6.15 6.64 6.31 
Ca (mg kg-1) 988 1337 876 824 797 776 
Mg (mg kg-1) 171 208 180 158 146 150 
P (mg kg-1) 77 72 75 59 62 58 
K (mg kg-1) 497 466 409 469 395 467 
  Sunflower 5 – 15 cm depth   
OM (%) 0.48 0.49 0.47 0.30 0.47 0.38 
pH (H20) 7.78 7.43 5.75 5.87 5.63 6.00 
Ca (mg kg-1) 469 572 909 494 441 496 
Mg (mg kg-1) 105 125 119 107 93 110 
P (mg kg-1) 40 49 87 75 73 43 
K (mg kg-1) 266 282 250 241 185 334 

* Organic matter 
 
 



Table 2.2 Soil health (0 – 20 cm depth) and other parameters of selected rotations in July 2019 and February 2020 on the crop 
rotation trial at Humanskraal 
 

Parameter Sunflower - maize Maize - 
maize 

Soybean - maize Cowpea - maize Forage 
sorghum - 

maize 

Grain 
sorghum - 

maize 

Forage 
sorghum - 

forage 
sorghum 

Sunflower - 
sunflower 

 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Soil organic matter  1.1 1.4 1.1 1.3 1.0 1.5 1.3 1.6 1.3 1.6 1.0 2.0 1.2 1.3 1.2 1.1 

Soil respiration 28.0 49.3 23.6 48.9 21.1 28.7 33.3 46.8 33.4 37.4 23.3 46.8 31.5 45.2 39.6 17.2 

MAC 23.1 39.4 19.6 58.9 21.8 33.8 26.9 44.2 27.6 34.6 20.9 45.9 28.1 31.8 31.6 9.9 

Health Index 6.4 8.9 5.9 7.2 4.9 5.5 7.0 7.8 6.9 6.9 5.5 7.2 6.4 8.3 7.6 6.4 

Aggregate stability 17.0 12.0 9.0 4.0 7.0 4.0 10.0 4.0 10.0 6.0 17.0 12.0 7.0 4.0 7.0 4.0 

Total available N 28 70 24 37 18 54 30 49 31 45 23 36 24 40 28 33 

Total available P 47 73 73 66 31 45 46 59 31 66 53 51 41 71 54 46 

pH (Water) 6.6 6.4 6.4 6.1 6.9 6.7 6.7 6.5 6.4 6.3 6.1 6.8 6.6 6.1 6.8 5.9 

K 195 244 244 164 132 150 176 151 200 145 164 155 145 216 185 185 

Ca 286 507 507 389 421 621 457 522 285 475 196 626 363 306 475 301 

Mg 77 94 94 75 95 99 94 96 85 111 80 104 79 79 89 88 

S 2.4 5.1 5.1 5 2.9 5.3 3.3 4.4 2.5 4.8 5.3 4.6 2 3.8 4.4 4.5 
Units: Soil organic matter: %; Soil respiration: 24-hour CO2 – carbon release: g kg-1; MAC = Microbial active carbon: %; Aggregate stability: %; Total 
available N: kg ha-1; Total available P, K, Ca, Mg, S + Zn: g kg-1. 



The microbial active carbon was in most cases above the threshold of 20% which is satisfactory. 
The soil health index was above 7, which is described as ideal in five of the 16 possible cases. The 
soil volumetric aggregate stability of all systems was low considering that the ideal is >45%. No 
clear differences are present among the pH and nutrient content values. All nutrient values were 
within or close to the ideal range with the exception of sulphur and zinc which were low and high 
respectively. None of the soil health or other parameters showed any relationship with the grain 
yield.  

 

2.3.2. Grain yield and soil health as affected by a cover crop – sunflower – maize rotation 

system and monoculture with maize and sunflower in two plant arrangements 

 
Introduction 

The aim of this trial is to determine how soil health and crop yield is affected by a cover crop 
mixture – maize -sunflower rotation and maize in monoculture with maize in 90 cm rows at 24 
000 plants ha-1 and 50 cm spaced rows at 40 000 plants ha-1 and sunflower in 90 and 50 cm 
spaced rows at 40 000 plants ha-1. The background and yield results of this trial are presented 
and discussed under Work Package 5 of this report. 
 
Procedure 

Treatments consisted of two crop rotation systems and two plant arrangements in a field trial 
with a randomised complete block design with three replicates. 
 
Crop rotation systems:  1. Monoculture maize (M-M) 
       2. Sunflower – cover crop mixture – maize (S-C-M) 
 
Plant arrangement: Maize: 1. 90 cm rows at 22 000 plants ha-1 (R90-22K) 
    2. 50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 
   Sunflower: 1. 90 cm rows at 40 000 plants ha-1 (R90-40K) 
     2. 50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 
   Cover crop: 30 cm spaced rows at 25 kg seed mixture ha-1 

 
Ten soil samples (0-20 cm depth) were taken and mixed to form one composite sample per plot 
on 24 February 2020 about 100 days after planting. These samples were analysed by Soil Health 
Solutions for organic matter content, microbial activity, soil health, nutrient content and 
microbial composition (PFLA test). These results were subjected to analyses of variance. 
 
Results 

The results of the organic matter content, microbial activity, soil health and nutrient contents are 
shown in Table 2.3. With one exception, none of these parameters were affected by either the 
cropping system, nor by the plant configuration or an interaction between these two treatments. 
The soil’s potassium content of the S-C-M system was 20% higher than that of the M-M system. 
This confirms results of previous work that potassium is the first nutrient to respond to cropping 
systems in CA. The lack of any significant affect from the treatments on the other parameters and 
nutrients is most likely due to the early stage of this trial. Affects will most probably only develop 
in due course. 
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Table 2.3 Soil health (0 – 20 cm depth) and other parameters as affected by crop rotations and 
plant arrangement during February 2020, at Korannafontein. Treatments were: Monoculture 
maize (M-M), Sunflower – cover crop mixture – maize (S-C-M) and plant arrangements were: 90 
cm rows at 40 000 plants ha-1 (R90-40K) and 50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 
 
 

Season System Plant configuration  ANOVA 
  R50-40K R90-22K Mean Source F-ratio Probability 

Organic matter (%) 
 M-M 0.80 0.87 0.83 System 3.00 0.23 
2019/2020 S-C-M 0.90 0.87 0.88 Configuration 0.20 0.68 
 Mean 0.85 0.87 0.86 S X C  1.80 0.25 

24 hour CO2 release (g kg-1) 
 M-M 19.3 22.0 20.6 System 0.24 0.67 
2019/2020 S-C-M 17.0 21.0 19.0 Configuration 0.56 0.50 
 Mean 18.2 21.5 19.8 S X C  0.02 0.89 

Microbial active carbon (%) 
 M-M 27.5 35.5 31.5 System 1.22 0.38 
2019/2020 S-C-M 24.8 27.0 25.9 Configuration 0.93 0.39 
 Mean 26.2 31.3 28.7 S X C  0.30 0.61 

Health index 
 M-M 3.7 3.7 3.7 System 0.02 0.90 
2019/2020 S-C-M 3.4 4.1 3.8 Configuration 0.51 0.51 
 Mean 3.6 3.9 3.7 S X C  0.40 0.56 

Aggregate stability (%) 
 M-M 10.0 7.7 8.8 System 1.46 0.35 
2019/2020 S-C-M 5.3 6.0 5.7 Configuration 0.53 0.51 
 Mean 7.7 6.8 7.3 S X C  1.72 0.26 

Total available nitrogen (kg ha-1) 
 M-M 12.2 14.0 13.1 System 1.62 0.33 
2019/2020 S-C-M 14.2 14.6 14.4 Configuration 0.53 0.51 
 Mean 13.2 14.3 13.7 S X C  0.19 0.68 

Total available phosphorus (g/kg) 
 M-M 34.3 41.0 37.7 System 0.38 0.60 
2019/2020 S-C-M 29.7 36.0 32.8 Configuration 4.35 0.11 
 Mean 32.0 38.5 35.3 S X C  0.00 0.96 

Potassium (g kg-1) 
 M-M 147.7 128.7 138.2 System 47.80 0.02 

2019/2020 S-C-M 171.0 159.3 165.2 Configuration 1.53 0.28 
 Mean 159.3 144.0 151.7 S X C  0.09 0.78 

Calcium (g kg-1) 
 M-M 175.7 171.0 173.3 System 0.05 0.85 
2019/2020 S-C-M 172.0 177.3 174.7 Configuration 0.00 0.98 
 Mean 173.8 174.2 174.0 S X C  0.19 0.69 

Magnesium (g kg-1) 
 M-M 58.7 58.3 58.5 System 1.73 0.32 
2019/2020 S-C-M 59.3 60.3 59.8 Configuration 0.02 0.91 
 Mean 59.0 59.3 59.2 S X C  0.06 0.81 

Sulphur (g kg-1) 



14 

 

Season System Plant configuration  ANOVA 
  R50-40K R90-22K Mean Source F-ratio Probability 
 M-M 3.4 3.1 3.3 System 0.32 0.63 
2019/2020 S-C-M 3.1 3.2 3.2 Configuration 0.29 0.62 
 Mean 3.3 3.2 3.2 S X C  1.17 0.34 

 
The soil microbial community as affected by the treatments are shown in Table 2.4. The total 
microbial, bacterial, fungal, and actinomycetal biomass were not affected by the treatments.  

The diversity index was affected by a cropping system X plant configuration interaction. This 
index value is an indication of the diversity of organisms in the soil. It is known that soils with a 
more diverse community of organisms are more resilient, crop disease suppressive and fulfilling 
the soil functions more efficiently. The diversity index was similar for the two crop systems in the 
R50-40K plant arrangement, while the index for the S-C-M arrangement was 24% higher than the 
index for the M-M system in the R90-22K arrangement.  

 

Table 2.4 Soil microbial organisms as affected by crop rotations and plant arrangement during 
February 2020, at Korannafontein. Treatments were: Monoculture maize (M-M), Sunflower – 
cover crop mixture – maize (S-C-M) and plant arrangements were: 90 cm rows at 40 000 plants 
ha-1 (R90-40K) and 50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 

 
Season System Plant configuration  ANOVA 
  R50-40K R90-22K Mean Source F-ratio Probability 

Total microbial biomass (ng g-1) 
 M-M 144 98 121 System 1.05 0.41 

2019/2020 S-C-M 133 242 187 Configuration 0.66 0.46 

 Mean 138 170 154 S X C  4.06 0.11 

Diversity index 
 M-M 1.19 1.03 1.11 System 2.06 0.29 

2019/2020 S-C-M 1.16 1.27 1.21 Configuration 1.72 0.26 

 Mean 1.17 1.15 1.16 S X C  65.93 <0.01 

Bacterial biomass (ng g-1) 
 M-M 144 98 121 System 1.05 0.41 

2019/2020 S-C-M 133 242 187 Configuration 0.66 0.46 

 Mean 138 170 154 S X C  4.06 0.11 

Fungal biomass (ng g-1) 
 M-M 11.54 5.05 8.30 System 0.78 0.47 

2019/2020 S-C-M 10.64 31.68 21.16 Configuration 1.93 0.24 

 Mean 11.09 18.37 14.73 S X C  6.92 0.06 

Actinomycetal Biomass (ng g-1) 
 M-M 21.5 11.5 16.5 System 4.74 0.16 

2019/2020 S-C-M 23.9 49.3 36.6 Configuration 0.62 0.48 

 Mean 22.7 30.4 26.6 S X C  3.25 0.15 

Gram (-) Biomass (ng g-1) 
 M-M 50.1 36.8 43.4 System 0.29 0.65 

2019/2020 S-C-M 39.2 68.4 53.8 Configuration 1.16 0.34 

 Mean 44.7 52.6 48.6 S X C  8.23 0.04 
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Season System Plant configuration  ANOVA 
  R50-40K R90-22K Mean Source F-ratio Probability 

Gram (+) Biomass (ng g-1) 
 M-M 94.1 60.8 77.4 System 1.52 0.34 

2019/2020 S-C-M 93.5 173.7 133.6 Configuration 0.50 0.52 

 Mean 93.8 117.3 105.5 S X C  2.94 0.16 

Gram(+):Gram(-) ratio 
 M-M 1.91 1.71 1.81 System 17.68 0.05 

2019/2020 S-C-M 2.39 2.48 2.44 Configuration 0.02 0.89 

 Mean 2.15 2.09 2.12 S X C  0.14 0.73 

 

Gram (-) bacterial biomass was also affected by a cropping system X plant configuration 
interaction.  According to Soil Health Solutions, a gram (-) dominated soil may be due to 
anaerobic conditions or other stressors such as pesticide application or heavy metal 
contamination. The decomposers are usually gram positive. The gram-negative bacteria 
are mostly anaerobic, and a gram-negative dominated soil would indicative of a poorly 
aerated or anaerobic soil. The gram-negative value of the R50-40K plant arrangement 
was 36% higher than that of the R90-22K arrangement in the M-M system while the 
opposite (74%) was true for the S-C-M system. This result cannot be logically explained. 

Arbuscular mycorrhiza was found on only two of the possible 18 plots, both on M-M plots 
while no Protozoa could be found.   

 

2.3.3. Adjacent CA and conventional tilled soils 2017/2018 to 2019/2020 

 
Introduction 

The organic matter content of soil is an important indicator of soil quality and health. It 
known that the organic matter of CA soils improves with time, especially in the upper part 
of the profile. The purpose of this investigation was to determine if the organic matter 
content of soils where CA are practiced are higher than that of adjacent conventional 
tilled soils. The Ottosdal No-till club needed proof that their soil show improvement as a 
result of their CA effort. 
 
Procedure 

Soil samples were taken on four farms where the CA and conventional lands are adjacent 
in 2017/2018 and two paired samples on Humanskraal in 2018/2019 and three paired 
samples on Humanskraal and Droëkraal in 2019/2020. Soils were sampled as described 
previously with the sampling points between 30 and 50 m apart. These samples were 
analysed for their organic matter content only. 
 
Results and discussion   
The results of the soil analysed for their organic matter contents are shown in Table 2.5. 
The organic matter content (0-5 cm depth) of the conventional tilled soils was between 
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23 and 71% higher than that of the CA soils in 2018. This is completely opposite of what 
was expected. It is suspected that the two sets of samples got switched at the service 
providing laboratory.  
 
The 2019 results confirmed that the organic matter content (0-10 cm depth) can improve 
soil under CA practices improves above that of neighbouring conventionally tilled soils 
(Table 2.5).  The organic matter content of field 1 was 2.9 times higher than that of the 
adjacent conventionally tilled soil. Soil from field 7 had a slightly higher organic matter 
content than the adjacent conventionally tilled soil.  
 
In 2020, the sampling depth was increased to 20 cm. The organic matter content of this 
layer was between 3 and 9% higher than that of the conventionally tilled soil. Assuming 
that the soil bulk density is 1.3 kg l-1 this increase equals 520 to 1820 kg organic matter 
ha-1. 
 

Table 2.5 The organic matter content (%) of soil layer on farms where CA and 
conventional tillage are practiced on adjacent lands in 2018 (0-5 cm depth), 2019 (0-10 
cm depth) and 2020 (0-20 cm depth) 
 

Season System  Farm  
  Droëkraal 1 Droëkraal 2 Doornpoort Humanskraal 

2017/2018 CA 0.40 0.34 0.62 0.56 
Conventional 0.63 0.58 0.76 0.80 

2018/2019 

 Humanskraal   
 Field 1 Field 7   
CA 0.39 0.14   
Conventional 0.10 0.13   

2019/2020 

 Humanskraal Droëkraal  
 Field 1 Field 7   
CA 0.67 0.71 0.86  
Conventional 0.65 0.67 0.79  

 

 

2.3.4. The nitrogen fertiliser requirement of maize following different cover crop 

mixtures 

 

Introduction 

The aim of this trial is to determine if and how the nitrogen fertiliser requirement of 
maize following different cover crop mixtures, theoretically fixing different amounts of 
nitrogen, are affected. This trial and the reasoning behind it is described under Work 
Package 5 of this report. 
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Procedure 

Two composite soil samples were taken on 24 February 2020 on the maize and cover 
crops respectively. These samples were analysed by Soil Health Solutions for soil health 
and related parameters. 
 
Results and discussion 

Mean values of the soil health and other parameters of the two samples, representing the 
trial plots are shown in Table 2.6. As the soil is for several seasons under no-till, a number 
of the health and other parameters can be considered ideal or even exceeding the lower 
threshold. Parameters still below the ideal are the soil organic matter content, soil 
respiration, aggregate stability and sulphur content. This is most likely due to the semi-
arid climate and the sandy texture of the soil. 
 
Table 2.6 Health and other parameters (0-20 cm depth) of the soil of the trial area at 
Humanskraal in 2020 
 

Parameter/element Value 
Ideal 
level 

pH (water) 6.3 5.5-6.5 
Soil organic matter (%) 1.25 >2.5 
Soil respiration (g kg-1) 43.7 >50 
MAC (%) 32.5 >20 
Health Index 8.0 >7 
Aggregate stability (%) 5.0 >45 
Total available N (kg ha-1) 38 - 
Total available P (g kg-1) 37 10-20 
K (g kg-1) 147 120-200 
Ca (g kg-1) 309 - 
Mg (g kg-1) 80 - 
S (g kg-1) 4.3 >12 
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3. Assessment of cover crop adaptability and suitability for soil health 

and livestock integration 

 

3.1. Work package  

 

Work Package title Assessment of cover crop adaptability and suitability 

Crop and Livestock integration 

 

  
Work Package period October 2019 to September 2020 

Lead partner Independent Researcher (Mr Gerrie Trytsman) 

Involved partners Grain SA, Ottosdal no-till club, Seed companies  

  
Objectives • To establish and maintain an on-farm screening trials 

• Determining the biological production of different cover crops 
• Measuring the production of crop residues of each cover cropping system 
• Measure the adaptability of cover crops in different agro-ecological regions 
• Planting of cocktails that can be used as livestock feed or soil primers 
• Planting of cash crops after green fallow treatment 
• Monitor and determine crop yield on mixtures 
• Established new mixtures from seed companies 
• Fine turning cover crops mixtures for the agro-ecological region 

  
  

Description of 
work 

Summer mixture for livestock integration; cash crop (maize) rotation and green 
fallow trials; sorghum screening trial, 15 varieties + legume trial including open 
pollinate varieties of cowpea, sunnhemp and lablab. New trial different (legume: 
grass) mixtures looking at carry over Nitrogen. Close cooperation with the seed 
companies (Agricol, Barenbrug, AGT and K2); Goal: Building a sustainable 
farming system for the North West province  

  
Activities 1. Land preparation (finding a suitable location, sourcing materials) 

2. Purchase Materials & Equipment  
3. Establishing and planting of trials  
4. Seasonal management and maintenance of trials 
5. Monitoring and Sampling (including harvesting, biomass and yield 

determination, nutrient analysis) 
6. Lab analyses 
7. Monthly meetings (project team) & training 
8. Annual reference group meeting (advisory committee) 
9. Harvesting, biomass and yield determination, nutrient analysis 
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10. Annual report and admin (production & technical data) 
11. Participate in Awareness events 

  
Risks Finding a suitable site for a trial of this magnitude  

Getting the right equipment and seed to do the job well 
Acts of God (drought, hail, etc.)   
Labour (weed control, harvesting, etc.)  

 

3.2. Deliverables, progress and results achieved per activity 

 

Activities Deliverables Progress and Results 

achieved 

1. Land 
preparation 
(finding a 
suitable 
location, 
sourcing 
materials, 
action 
planning) 

 

Description of natural resources. This 
will include positive and negative 
factors that can impact on plant 
growth. Selection of suitable site(s). 
 
Drawing up a concept note for 
livestock integration. 
Action plan that will include 
acquisition of seed, inoculum, stickers, 
implements, chemical inputs, 
monitoring and evaluation of trial, 
harvesting, collecting and 
interpretation of data. 
 
The action plan should clarify the roll 
of every party involved. 

 

A plot of 55 ha mixed summer 
annuals were planted at 
Humanskraal. The seed was 
sourced from different seed 
companies. The CC will be used 
for livestock integration and be 
a field point during the 
conference. 
 
Sorghum type seed (babala, 
sudan, sorghum and sweet 
sorghum) and legume 
(sunnhemp, cowpea and 
lablab) were used for the 
screening trials.  
 
Green fallow again was planted 
(10ha) and on the previous 
year’s cover crops maize and 
sunflowers were established 
(10ha). Soybean not 
established.  
 
A new trial was established. 
Four different mixtures with 
varies amounts of legume and 
grasses in mixtures were 
planted.  

2. Purchase 
Materials & 
Equipment 

Acquisition of seed, inoculum, 
stickers, implements, chemical inputs. 
 

Warm season legume seed and 
the sorghum type varieties 
were delivered to farmers after 
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  purchasing it from the seed 
companies. 
 

3. Establishing 
and Planting of 
trials  

 

Drawing up a field plan. 
Establish screening trial December. 
Established trial according to the field 
plan. 
Extended summer annuals area for 
soil priming and livestock integration 
was planted. 
 

Regenerative trial (green 
fallow) was planted by farmers 
 
The livestock integration trial 
was planted with two planting 
actions to accommodate big 
and small seeds.  
 
The sorghum screening and 
legume screening trials were 
planted by the farmer 
facilitator. 
 
A nitrogen trial was also 
established by the farmer 
facilitator  
 

4. Seasonal 
management 
and 
maintenance of 
trials 

Regular visits to the trial site for 
inspection of weeds and insect 
damage and control if needed. 
 
Treatment of cover crop at 
appropriate time (usually before seed 
set) using appropriate equipment. 
 
Submission of technical report after 
each visit.  
 
Photos from trial during visits. 
 
Harvest trials 
 

Trials were discussed at a 
project committee meeting on 
31/10/2019 
  
Trial sites were visited and trial 
layout and establishment 
procedures were discussed 
with farmers. 
 
Fertilizer was applied as 
discussed in report 
 
Photos was taken with every 
visit of the trials. 
 
 

5. Monitoring and 
Sampling 

 

Completed data sheets for  
 

1. Input cost 
2. Germination 
3. Cover % 
4. Height of cover of each 

addition  
5. Biological productivity t/ha  
6. Root evaluation:  

All trials were harvested on the 
4th of May and DM determined. 
Soil samples were taken on 
the17th of March for analyses. 
The morphological trades of all 
crops in the screening trial 
were monitored. Soil cover was 
determined. 
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6. Lab Analyses 
 

C:N content of plant material. Only funds for soil samples are 
available this season 
 

7. Monthly 
meetings 
(project team) 
& Training 

 

Partake in monthly forum meetings, 
discussing problems and possible 
solutions to that.  
 

31/10/2018 Meeting at 
Ottosdal project committee. 
 
Constantly in contact with seed 
companies.  
Discussed conference and my 
role with Hannes Otto 
 

8. Annual 
reference 
group meeting 
(advisory 
committee) 

 

Report progress and findings to 
advisory committee.  
Discussion and evaluation of trials. 
Learning from previous mistakes. 
 

Scheduled in fourth quarter.   

9. Annual report 
and admin 
(production & 
technical data)  

 

Written technical report covering trial 
procedures, results and progress. 

On-going process.   
Annual technical report 
completed by 3/20. 

10. Participate 
in Awareness 
events 

Trial visits with stakeholders; 
participate in awareness events, such 
as information day and/or cross-visits 

Field point at conference. 
Write CA chapter for 
proceedings with Dr Smith. 
Compile information booklet 
for Conference with Dr Andre 
Nel. 
  

 

 

3.3. Soil health principals and why cover crops leads to better soil health. 

• Keep the soil covered as much as possible 
• Disturb the soil as little as possible 
• Keep plants growing throughout the year to feed the soil 
• Diversify crop rotations as much as possible, including cover crops 
• Introduction of livestock. 

 

3.3.1.     Key impacts of cover crops on soil health 

Besides contributing to the five basic goals or principles for soil health, there are a number of 
specific ways that cover crops lead to better soil health and potentially better farm profits. 
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1. Cover crops feed many types of soil organisms 

Most fungi and bacteria that exist in the soil are actually beneficial to crops. Many of these soil 
fungi and bacteria feed on carbohydrates that plants exude (release) through their roots. In 
return, some fungi and bacteria will trade other nutrients, such as nitrogen or phosphorous, to 
the crop roots. While cover crops directly feed bacteria and fungi, many other soil organisms eat 
the fungi and bacteria, including earthworms and arthropods. Thus cover crops can help support 
the entire soil food web throughout the year. 

2. Cover crops increase the number of earthworms 

Earthworms are usually the most visible of the many organisms living in the soil. Cover crops 
typically lead to much greater earthworm numbers and even the types of earthworms. Some 
earthworms tunnel vertically, while other smaller earthworms, like indigenous type tunnel more 
horizontally. Both create growth channels for crop roots and for rainfall and air to move into the 
soil. 

3. Cover crops build soil carbon and soil organic matter (SOM) 

Like all plants, cover crops use sunlight and carbon dioxide to make carbon-based molecules. This 
process causes a build-up of carbon in the soil. Some of that carbon is rapidly cycled through the 
many organisms in the SOM, but some eventually becomes humic substances that can gradually 
build SOM. A higher level of SOM improves both the availability of nutrients and soil moisture for 
crops. 

 

4. Cover crops contribute to better management of soil nutrients 

By building SOM, cover crops can gradually impact the need for some types of fertilizer. Just as 
important to nutrient management is the way cover crops can scavenge or collect any nutrients 
left at the end of a growing season, such as nitrogen left in the field after maize is done growing. 
The cover crop will hold that nitrogen rather than letting it escape into groundwater leading to 
rivers and lakes contamination. Eventually that nitrogen will be released the next season to help 
the next year’s cash crops. 

5. Cover crops help keep the soil covered 

When it rains on bare soil, the soil is much more likely to erode, form an impermeable crust and 
then overheat in summer when exposed to direct sun. Some bare soils can reach 50 degrees, hot 
enough to kill soil organisms and stress the crop from both heat and excessive soil moisture 
evaporation. The residue of a cover crop like cereal rye can protect the soil while cash crops are 
getting established and keep it from getting too hot. 

6. Cover crops improve the biodiversity in farm fields 

Generally, the more plant diversity in a field and the longer that living roots are growing, the more 
biodiversity there will be in soil organisms, leading to healthier soil. Growing mixes of cover crops 
or adding a few different cover crop species to an overall crop rotation—such as cereal rye before 
soybeans, and oats, radishes or crimson clover before maize—improves diversity. They 
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sometimes graze cover crop mixes for extra profit and because animal manure benefits soil 
biology. 

7. Cover crops aerate the soil and help rain go into the soil 

It’s not just earthworms that open up soil channels for rain, but also the roots of the cover crops 
themselves. This is particularly the case where soil disturbance is minimal from tillage. The extra 
rain that gets into the soil instead of running off can make a big difference for crop yields, such as 
in mid-to-late summer, when the rain can come fast in thunderstorms and be followed by long 
dry spells. The extra aeration created by cover crop roots and earthworms also benefits crop 
roots and other soil organisms. 

8. Cover crops reduce soil compaction and improve the structure and strength of the soil 

The typical solution to compaction from heavy farm equipment has been more tillage, but that 
provides only the briefest of benefits while compounding the problem in the long term. Excess 
tillage destroys soil structure, while cover crops and the soil organisms they feed create the glue 
(glomalin) that binds soil particles together, leading to better soil aggregation and strong soil 
structure. Research has shown that cover crops (with an assist from earthworms) help loosen 
compacted soil even more effectively than sub-soiling equipment, which takes a lot of diesel fuel. 
A field with cover crops and minimal tillage, or better yet no-till, will lead to much better soil 
structure without compaction issues. 

9. Cover crops make it easier to integrate livestock with field crops 

Beef cattle and other livestock are usually kept in pastures and out of crop fields, which has some 
conveniences but is not ideal for soil health. You can see how natural systems evolved to have an 
integration of plants and grazing animals. The manure from livestock grazing on cover crops in a 
grain field can be beneficial for building organic matter and soil health. It is also a great way to 
get immediate profit from cover crops, as certain cover crop species can be very high-quality 
forage in late fall or early spring. 

 

10. Cover crops greatly reduce soil erosion and loss 

On many fields that have some slope to them, half the topsoil has already been lost from the days 
when they were first farmed. The future success of farming and our food supply depends on 
keeping the topsoil we still have, and cover crops are exceptional at helping stop erosion. Using 
no-till with cover crops can reduce erosion to a tiny fraction of what it would otherwise be in a 
conventional farming system. 
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3.4. Results achieved 

Seed were bought and distributed to participating farmers and all the following trials were 
planted: 
  
1. Green fallow trial 
2. Grazing trial (integration trial) 
3. Sorghum and legume screening trials 
 

3.4.1. Green fallow (Regenerative trial) 

In field A, the same summer cover crop mixture was planted as in previous year consisting of 
sorghum (10 kg); cowpeas (10 kg), babala (4 kg), lablab (3 kg), sunnhemp (2 kg), maize (2 kg), 
sunflower (1 kg), soybean (2 kg) and radish (1 kg) in the mixture. Small seeds and big seeds were 
mixed separately and planted with different planter plates at a rate of 110 000 seeds for each, per 
hectare. Although time consuming this reduced the input cost of the seed and drilling resulted in 
better seed to soil contact that enhanced the germination and stand. Table 3.1 represent the yield 
of the cash crops and the summer annual CC for the trial period for field A & B. 

Table 3.1: Production from two separate fields on the green fallow trial 

Years Field A (t ha-1) Field B (t ha-1 ) 

2016 Summer CC Commercial maize field 
11.8 (DM t ha-1) 

2017 Soybeans Sunflower Maize Summer CC 
1.7 (t ha-1 ) 1. 6 (t ha-1) 8.8 (t ha-1) 16.8 (DM t ha-1) 

2018 Summer CC Soybeans Sunflower Maize 
13.1 (DM t ha-1) 1.2 (t ha-1) 1.5 (t ha-1) 3.9 (t ha-1) 

2019 Maize Soybeans Sunflower Summer CC 
3.0 (t ha-1) 0.5 (t ha-1) 1.0 (t ha-1) 13.6 (DM t ha-1) 

2020 Summer CC Maize Sunflower Soybean 
 30.2 (DM t ha-1) 5.6 (t ha-1) 1.3 (t ha-1)  

 

These soils are fairly shallow with lower water holding capacity. The producer wanted to convert 
these fields into perennial pastures but after proposing a restoration trial with cover crops, this 
is the current soil health situation. As can be seen in Table 3.1, the cover crop DM for year 2020 
was higher than all the previous years. A remarkable high yield of 30.2 tons was produced.  Plate 
3.1 shows the mount of biomass available in 2020.  
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Plate 3.1: Summer cover crop at harvest 

Unfortunately, the farmers did not plant the soybeans but the maize and sunflower had a yield of 
5.6 and 1.3 t ha-1 respectively. In Figure 3.1 maize yields for different fertilizer treatments 
(broadcast, i.e. applying urea before planting maize and with plant, i.e. the application of fertilizer 
with plant). The other four treatments (integration; after soya, green fallow and lablab) received 
fertilizer with plant.   

 

 

Figure 3.1: Maize yields t ha-1 for different fertilizer and rotation treatments (2020) 

It is clear from the data that broadcasting had a negative effect on maize yield compared to 
applying fertilizer with plant. Interesting though are the fact that maize yield in rotation with 
integration and soya treatment was the highest at 6.4 and 6.6 t ha-1, respectably. The lablab 
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treatment was harvested the previous year for hay but received the same fertilizer treatment. 
This is a clear indication that any biomass removed from the field can have detrimental 
consequences.  Taken into account the production potential of the soil where the green fallow 
treatment was established, the 5.6 t ha-1 yield seems above average.  

The sunflower treatment outperformed the commercial field by 500 kg ha-1. Sclerotinia 
devastated the commercial plot and a 100% infestation of the disease was recorded. Plate 3.2 
represent a photo of the devastating effect of this disease.  

 

    

Plate 3.2: Sclerotinia in commercial fields.  

The above mentioned problem with the high incidences of sclerotinia is a reminder that diversity 
is an absolute necessity for disease prevention. The farmer expressed his concern and informed 
me to the fact that for the 2021 season he will plant only maize.     

As far as the soil health calculations are concerned, a value of above seven is regarded as good. 
For both researchers and producers this is a positive result and we are elated with the results of 
2019. In Table 3.2 the biological analyses had a rating of ‘excellent’ after soil analysis in 2019. In 
2020 the soil sampling method was altered. Previously we only took samples from the top 5 cm 
while this year the depth was changed to 20 cm. The dilution effect of deeper sampling can be 
seen in Table 3.2 The soil health score that was excellent the previous year are now only scored 
as ‘below average’. Permission was granted by the Programme manager to repeat the sampling 
at the previous depth of 5 cm. and the soil analytical results were not available at the publication 
of this report; if any notable difference is forthcoming, the matter will be reported. Sampling 
method for this type of project should be standardized.        
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Table 3.2: Biological analysis from the soil after 4 year (2 summer mix and 2 cash crop) 

 

BIOLOGICAL ANALYSES 

Sample # 
Soil Respir 

CO2 - C, 
ppm C 

WATER EXTRACT 
C/N 

Soil Health 
Calculation 

(Index) 
Comment Organic C 

ppm C 
Organic 
N ppm N 

9 DG 
(2019) 

79.6 130 11.2 11.6 11.7 Excellent 

5 DG 
(2020) 

23 239 7 19.9 5.8 Below Average 

 

 

The sample taken at 20 cm this year also shows that only prey species are present and that 
predators are absent from the samples. The SOM was also negatively affected and lower values 
were recorded across all the samples. In Plate 3.3 the new sampling method is demonstrated. 

 

 

Plate 3.3: Soil sample taken to a depth of 20 cm 

The conclusion that can be drawn from this situation, is that biological parameters respond faster 
to good CA practices than parameters that depend on carbon. Farmers should guard against any 
actions that can lead to the breakdown of carbon in the soil profile. The best way is to build 
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carbon, to have ample soil cover and use planters that minimize disturbance. A good canopy cover 
is also essential. We have to be reminded that for every 10°C increase in soil temperature, the 
respiration from microbial breaking down carbon, will double.  

Below in Plate 3.4 is a sunflower that shows no sign of any sclerotinia as part of a summer cover 
crop mix. Companion cropping between rows of sunflower might be a solution to the disease 
outbreak. Lower plant densities also seem to have a negative effect on the disease and in Australia 
plant densities of 22 000 plants per hectare seems to be the norm.  

 

Plate 3.4: Sunflower as part of a cover crop mixture (2020) 

Acknowledgement and thanks are hereby extended to all the farmers and technical members 
involved in planting and maintaining the trials. Hopefully this trial will be continued in the future. 

 

3.4.2. Grazing trial (Livestock integration) 

The previous report highlighted the previous two-year data on animal and CC performance. This 
year the farmer decided that he is not going to graze the CC and rolled the land on 16 May 2020.  

Plate 3.5 is a photo of the amount of residues 
being created by the CC. The soil cover is 
100%.   

Plate 3.5: CC rolled with heavy roller 

However, rolling the CC this late in the 
season might cause problems. The C:N ratio 
will be high because the grass component 
was fully developed. In Plate 3.6 the legume 
seed under the mulch is clearly visible. This 
might cause problems for the farmer if it 
geminates after planting maize.  
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Plate 3.6: Legume seed under the mulch of the CC 

A solution might be to plant round-up ready maize. The high C:N ratio of the CC might also lead 
to a situation that inorganic N in the soil is mobilized by micro-organisms, breaking down the 
carbon rich CC. The termination of CC is a concept not fully understood at the stage, although this 
topic was discussed previously. For CC to really have an impact it should be terminated at the 
right growth stage. For a CC mixture with a high annual grass component this action must take 
place at a soft dough stage. CC with a high legume component can be left to winter kill because of 
the mineralization of N as a result of the narrow C:N ratio.  

During our visit on 8 January, it was noted that maize had signs of sulphur deficiency as seen in 
the photo in Plate 3.7. The farmer had leaf samples taken and it was concluded that it was an N 
deficiency. Denitrification of the nitrate in the soil took place where micro-organisms in a 
waterlogged situation extract oxygen from the NO3 and the N becomes unavailable to the plants 
and are prone to leaching. The same signs on maize was encountered at Hannes Otto where maize 
following maize was planted.     

  

Plate 3.7: Signs of sulphur and nitrogen 

deficiency following intense rain  

A compaction zone at a depth of about 200 mm 
developed in maize fields where grazing took 
place the previous year. No root development 
was observed in this zone. Discussing this 
phenomena, it was concluded that, due to 
intense raining events that took place after 
planting, these soils, having a high silt content, 
became suspended and thus formed a layer 
beneath the soil surface. Animals hoof action 

and heavy machinery might have added to the problem. This is not an ideal situation but 
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fortunately for the farmer the maize roots penetrated this layer and grew deeper than 200 mm. 
The farmer made a decision to plant with tines instead of coulters this coming season. We will 
monitor this situation and report our findings. On 17 March we had a small gathering of farmers 
at Humanskraal. One of the field points that was visited was the CC that was earmarked for 
grazing this season. The farmers could not hide his joy when numerous earthworms were found 
in the CC plot, a sure sign that life is returning if a more ecological approach to farming is 
implemented. 

The cost of these type of trials is enormous but an absolute necessary exercise if we want to really 
get behind the impact of animal integration into a CA system.  

Hannes Otto planted a summer mixture which he grazed during February. It is an added 
opportunity to sample the site and monitor animal performance. Hopefully in the future these 
situations can be used to extend our data and understanding integration. We will, however, ask 
Hannes to share his experience and monitor the cash crop yields that will follow.    
 

3.4.3. Screening of sorghum  

The previous year we concentrated on sorghums because of the important role of this functional 
group on biomass production. We evaluated the different genotypes in terms of dry matter 
production and differences were highlighted in the technical report. Farmers requested that we 
again repeat the sorghum genotype trial this season.  

In Table 3.3 the different prices for the sorghum type varieties are highlighted for 2020. Prices 
are slightly different than the previous year but the trends remains basically the same. Babala and 
sorghum x sudan crosses are relatively cheap compared to the other genotypes. In terms of 
animal nutritional needs from the previous year’s analysis, it was highlighted that when grazing 
the different sorghum type early, not a huge difference exists. Crops that have the ability to stay 
greener for longer, have a higher nutritional value.   

Table 3.3: Different sorghum genotypes and prices per kg.    

 Genotypes Varieties (Cultivars) Price kg-1 in Rand 

Millet Millet (Bar) 
Millet (AGT) 
Osakhana (Agricol) 

11.70 
17.40 
19.80 

Hybrid millet Pearler (Bar) 
Agrigreen (Agricol) 

140.00 
35.00 

Sweet Sorghum Sugargraze (K2) 
Sweet Betty (AGT) 
Barsweet (Bar) 
Hunnigreen (Agricol) 

60.00 
39.00 
65.04 
77.50 

Sorghum X Sudan Bargrazer (Bar) 
Supergrazer (AGT) 
AgFlash (Agricol) 
Sentop (K2) 
Nutritop plus (K2) 

11.20 
9.20 

30.40 
10.80 
58.00 

Sudangrass K2 Sudan (K2) 34.00 
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Plate 3.8 shows the sorghum and legume trials that were established successfully. Carry over seed 
from the previous year was used to plant the sorghum trial. It is clear from Plate 3.8 that certain 
cultivars were effected and that some varieties geminated less than others. This result will shed 
light on what seed need to be bought on a yearly basis and which can be kept for future use. A 
planter for the establishment of small seed trials was develop by Ottosdal Landini (Mr Louwrens 
Rudolph), which is acknowledged. 
 
 

  
 
Plate 3.8: A treatment that did not established well 

 

Dry Matter (DM) production and discussion of the genotypes 

 

Sorghum genotypes grows tall with long, slender leaves, stalks up to 1,5 cm in diameter and with 
aggressive root systems. These features ensure that it produce ample biomass, usually about 9 – 
30 DM t ha-1.  Mowing when stalks reach a height of 1 m, increases the root mass five to eight 
times compared to un-mowed stalks, and forces the roots to penetrate deeper. In addition, it 
regrowth (until frost kills it) with tillering that creates up to six new, thicker stalks per plant. The 
roots of mowed plants break subsoil compaction, resulting in wormhole-like openings that 
improve surface drainage.  

When sown at higher seeding rates than normally used for forage crops, sorghum-sudangrass 
hybrids make an effective smother crop. Their seedlings, shoots, leaves and roots secrete 
allelopathic compounds that suppress many weeds. The main root exudate, sorgoleone, is 
strongly active at extremely low concentrations, comparable to those of some synthetic 
herbicides. As early as five days after germination, roots begin secreting allelochemical, which 
persists for weeks and has visible effects on follow up crops. Sorghum-sudangrass hybrids 
suppress annual weeds. 

Planting sorghum-sudangrass hybrids instead of a host crop is a great way to disrupt the life 
cycles of many diseases, nematodes and other pests. The combination of abundant biomass 
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production, subsoiling root systems, and weed and nematode suppression can produce dramatic 
results. 

Sorghum genotypes and hybrids can be grown throughout the maize producing area where 
rainfall is adequate and soil temperature reaches 17°C at least two months before frost. Once 
established, they can withstand drought by going into dormancy. Sorghum-sudangrass hybrids 
tolerate pH as high as 9.0 and as low as 5.0 and are often used in rotation with barley to reclaim 
alkaline soil.  

Sorghum types is valued as summer forages. It can provide quick cover to prevent weeds and 
erosion from occurring but care should be taken as these hybrids and other sorghums can 
produce prussic acid poisoning in livestock. Grazing poses the most risk to livestock when plants 
are young (up to 60 cm tall), drought stressed or killed by frost. Toxicity danger varies between 
cultivars. Sorghum types that were tested will be discuss. 

I. Sweet sorghum 

Sweet sorghum has a vigorous growth habit. Leaves are very coarse and resemble that of maize. 
Plants are typically tall and generally late in maturing. They have low tillering capacity and re-
growth rates after cutting or grazing. They are not recommended for grazing and is mainly 
harvested for silage when past the heading stage in order to maximize DM yield rather than 
quality. The level of cyanide in sweet sorghum are higher than in other summer annual grasses. 

II. Sudangrass 

Sudangrass is native to Sudan in Africa. It is a tall annual forage crop with erect stems and narrow 
leaves. It is very fine stemmed with exceptional tillering capacity and excellent regrowth after 
cutting or grazing. However, sudangrass produces less forage yield compared to other summer 
annuals. Sudangrass is therefore recommended for either grazing or forage conservation. Plants 
do not tolerate frost and cold conditions and they then become dormant.   

III. Sorghum x Sudangrass 

Sorghum x sudangrass is a cross between sorghum (Sorghum bicolour (L) Moench) as the female 
plant and sudangrass (Sorghum sudanense (Piper.) Stapf) as the male parent. They are the most 
common hybrid and are considered possible forage alternatives to maize silage in drought prone 
areas. These hybrids are intermediates of sweet sorghum and sudangrass in terms of character 
expression (medium tillering, regrowth capacities and nutrient value). The hybrids are higher 
yielding than sudangrass and pearl millet but they yield less than sweet sorghum. In order to 
ensure an excellent quality, it should be harvested or grazed to at least 45 to 60 cm.  

IV. Pearl millet 

This is a summer annual grass that originates in Africa and India. Of all the millets, pearl millet is 
the most important crop. It is robust and quick growing and can be interchanged with sorghum 
and maize. It is more drought resistant than sudangrass and sorghum x sudangrass. Hence, it 
produces excellent pasture and it has better digestibility than sorghum x sudangrass grown under 
the same conditions. Pearl millet is very sensitive to cold temperatures and at 2 – 3°C will kill the 
crop. It is also very sensitive to overgrazing and a stubble high of less than 15 cm can be 
detrimental to the crop. 
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V. Hybrid millet (information from the product catalogue of Barenbrug) 

Grazing Management – ‘Pearler’ poses no risk of prussic acid poisoning, therefore it can be 
grazed at a much earlier stage than forage sorghum. For best results graze early i.e. as soon as the 
plants are not easily pulled out of the ground. There may not appear to be a lot of feed at this 
stage, but due to quick regrowth and high tillering ability, feed supply is good. Early grazing will 
maximize protein and energy content, boosting animal productivity. At high stocking rates, 
‘Pearler’s’ quick regrowth and lack of prussic acid means it can be grazed heavily for long periods. 

 Soil selection - Although ‘Pearler’ can produce exceptional livestock productivity, it does 

require suitable soil and management conditions to achieve this. Being a forage Pennisetum 

cross, a good well-drained soil is required and a soil temperature of 18°C or more. Because 

‘Pearler’ has small seeds (60,000 to 80,000 seeds kg-1) compared to the 32,000 seeds kg-1 for 

sorghum varieties, it can be planted at lower seeding rates. 

3.4.3.1 DM production 

DM production is closely link to rainfall and from Figure 3.2 it is clear that there are differences 
between amount and distribution between the previous and past production years in terms of 
rainfall. During 2019, 50% of the rainfall received was during the month of April. Some of this 
moisture was available to the plants during the 2020 season. Above average rain was recorded 
for the 2020 growing season, where a total of 719 mm was measured at Humanskraal.  

 

 
Figure 3.2:  Rainfall data for 2019 and 2020 at Humanskraal 

 
 
The difference in total rainfall had a profound effect on DM production as is evident in Figure 3.3. 
The millets from AGT, Barenbrug and ‘Osakhana’ from Agricol had similar DM production. From 
the two hybrid babala types ‘Pearler’ ftom Barenbrug outperformed ‘Agri-green’ from Agricol. 
From the sweet sorghum genotypes ‘Sugargraze’ from K2 had the lowest yield, whiles ‘Sweet 
Betty’ from AGT and ‘Barsweet’ from Barenbrug performed similar. The highest recorded DM for 
the sweet sorghum type came from ‘Hunnigreen’ marketed by Agricol. This cultivar has a PPS 
gene and will stay green until seed formation is triggered by shortening day length. 
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Sorghum-sudan hybrid performed well considering their prices. ‘Bargrazer’ from Barenbrug and 
‘Sentop’ from K2 were the lowest producing hybrid. ‘Supergazer’ from AGT and ‘Agflash’ from 
Agricol performed intermediate. The top performer in terms of DM in this genotype was 
‘Hunnigreen’ from Agricol, but it is also the highest priced in the group. As a cultivar it possesses 
the BMR gene that will increase digestion due to the lower lignin contend of the stems. The Sudan 
grass ‘K2’ performed the worst of the sorghum types.    
 

 
Figure 3.3: DM production (t ha-1) of sorghum genotypes for 2019 and 2020 at 

Humankraal 

 
 

3.4.3.2 General 

 

The morphological development of the group between the two seasons (wet and dry) changed 
some traits somewhat. During the 2020 wet season the plant grew higher with wider leaves and 
thicker stems. Less tillers were produce by al the genotypes screened.  
 
With the Covid 19 pandemic in mind we wish to thank George for his patients during the time of 
lockdown. He was willing to hold back on rolling the sward, in order for us to gather data.     
 

3.4.4. Summer legume screening trial results 

 
Grown as summer annuals, this crop produces N and provide ground cover for weed and erosion 
control, as well as other benefits of growing cover crops. Establishment and management 
practices varies widely depending on climate, cropping system and the legume itself. Legumes 
are generally lower in carbon and higher in nitrogen than grasses. This lower C:N ratio results in 
faster breakdown of legume residues. Therefore, the N and other nutrients contained in legume 
residues are usually released faster than from grasses. Weed control by legume residues may not 
last as long as for an equivalent amount of grass residue. Legumes do not increase SOM as much 
as grasses. Different cultivars of the species have specific growth habits. Some species growth 
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forms vary from upright to prostate and trailing. A sudden cold snap when seedlings are small 
can also have a devastating effect on seeding density. Residual herbicide such as Atrazine can 
cause problems and care should be taken for residual contamination. Planting after good rainy 
events seems to dilute herbicides and initiate good germination. Warm season annuals are 
regarded as a suitable functional group for sandy soil conditions. As a companion crop in an 
intercrop system, legumes also do well. Vining types like lablab and cowpeas are often used with 
tall growing annual grasses.  
 
This year the focus is on the different summer legumes (cowpea, lablab and sunnhemp). As a 
functional group these crops can use N2 from the air and in symbioses with rhizobium bacteria 
fix nitrogen in the soil.  
 
Soil health is directly related to the amount of organic matter in the soil. SOM, however, has a C:N 
ratio of 1:8 which is very narrow and microbes tend to use available inorganic nitrogen from the 
soil solution to build SOM. This immobilization from inorganic N can lead to situations where 
follow-up crops in rotation, such as maize, suffer symptoms of nitrogen deficiency. Increasing 
SOM needs both these functional groups to be present in cover crop mixtures. If we had to supply 
the nitrogen to increase SOM out of a bag it will be very expensive. To increase SOM by 1% the 
nitrogen requirements will be in the region of 1200 kg N ha-l. While all other elements in the soil 
is part of the soil mineral complex, no soil mineral contains nitrogen. Therefore, plants in 
symbioses with rhizobium and free living bacteria are the only viable way of obtaining the 
nitrogen that we need to increase soil health.   

3.4.4.1 Short description of the summer legumes 

I. Cowpea (Vigna unguiculata) 

 
Other common names for this plant include black-eye pea and southern pea. Cowpea is a fast 
growing, summer cover crop that is adapted to a wide range of soil conditions. Having a taproot 
that can obtain moisture from deep in the soil profile, it does well under drought conditions. 
Vigorous Cowpea varieties compete well against weeds. Cowpea yields on average 3 000 to 4 000 
kg ha-1 of dry biomass, containing 3 to 4% nitrogen. Maximum biomass is achieved in 60 to 90 
days. Residues are succulent and decompose readily when incorporated into the soil. Cowpea can 
be planted after the first significant rain in summer. Cowpea seed can be drilled in rows 15 – 20 
cm apart at 40 – 50  kg ha-1 or broadcasted at 70 – 120 kg ha-1. However, higher seeding rates are 
necessary if soil moisture is likely to be limiting. Plants normally grow up to 80 – 100 cm tall, but 
some cultivars can climb when planted in mixtures with other species. Good mixture options are 
Sorghum-Sudangrass and Millet. When killed mechanically, Cowpeas can have considerable 
regrowth after mowing; but was killed with a roller at Humanskraal and no burn-off herbicide 
was needed. 
 

II. Lablab (Lablab purpureus) 

 
Lablab is a popular choice as a cover crop on infertile, acidic soils, and it is drought tolerant once 
established. Like other legumes, it can be incorporated into a grazing rotation. Be aware of one 
important limitation: lablab is susceptible to root knot nematode infection. Lablab is a climbing 
or erect perennial herbaceous crop often grown as an annual. It grows up to 1 m tall, with long 
stems in climbing types extending as much as 6 m from the base of the plant. The leaves are 
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trifoliate, and the flowers are purple or white. It has a strong taproot with many lateral and 
adventitious roots. It grows rapidly in fertile soil. Both determinate (bush) and indeterminate 
(vining) varieties exist. It has an approximate growing cycle of 120 days. 
 
III. Sunnhemp (Crotalaria juncea) 

 
Sunnhemp is a tall, herbaceous, warm-season annual legume that has been used extensively for 
soil improvement. The erect fibrous stems compete well with weeds. It grows rapidly and can 
reach a height of 2.2 m in 60 days. It can tolerate poor, sandy, droughty soils but requires good 
drainage. Sunnhemp tolerates moderate alkalinity and a soil pH below 5 reduces growth. 
Sunnhemp should be broadcasted or seeded in rows. Higher seeding rates will lead to prolonged 
succulence of the stems and are recommended if the crop will only be grown for 4 to 5 weeks. 
Sunnhemp becomes fibrous with age, but the plants will remain succulent for about 8 weeks after 
seeding. It will produce high biomass yields and N in the months before frost. Residues left on the 
soil surface over the winter months will facilitate no-till crop production the following season. 
Seed is not currently readily available, but if the demand is increased, seed availability would 
most likely respond. While forage of some Crotalaria species is toxic to animals, tropic sun 
cultivar is not.  
 

In Table 3.5 the different legume varieties that were included in the trial is highlighted. What are 
we trying to achieve by planting these crops? Evaluating the different open pollinated varieties 
for their ability to produce seed in the different agro ecological zone are imperative. If we can find 
one that has the ability to produce enough viable seed for farmers to propagate their own seed in 
the future, it will be seen as positive. This will cut input cost and planting of cover crops will be 
within reach of any farmer. Being tropical and sub-tropical legumes the ability of these summer 
annual legumes to convert resources into biomass are unmatched. Growing young animals can 
benefit from the palatability, high protein content and digestibility of these crops.   

Table 3.5: Different legume varieties and prices per kg. 

Genotypes Varieties (cultivars) Price kg-1 in Rand 

Cowpea varieties Glenda (Bar) 
Bechuana white (Bar) 
Dr Saunders (Bar) 
I.T. 18 (AGT) 
Black eye (AGT) 
Brown mix (AGT) 
Agrinawa (Agricol) 
K2 Bruin (K2) 

17.00 
17.00 
17.00 
22.40 
22.40 
22.40 
35.00 
30.00 

Dolichos (Lablab) Rongai (Bar) 
Highworth (Bar) 

45.00 
28.00 

Sunnhemp (Crotalaria) Sunnhemp (Bar) 26.50 

 
‘’Sunnhemp and ‘Highworth’ were not established at planting since the seeds got lost somehow. 
All the cowpea cultivars and lablab cultivar ‘Rongai’ were evaluated. From Figure 3.4 it is clear 
that cowpeas performed well. Most of the cultivars are sold by all seed companies. ‘Bechuana 
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white’, a favourite with farmers in CC mixture due to it climbing ability, produced the most DM 
but seed production was low. ‘Glenda’, ‘Dr Saunders’ and ‘K2 Bruin’ also produced high DM with 
‘K2 Bruin’ and ‘Glenda’ producing expectable yield in terms of seed with 688 kg and 1180 kg ha-

1, respectively.  
 
‘Agrinawa’, ‘Brown mix’, ‘Black eye’ and ‘I.T 18’ had all good yields but performed less in terms of 
DM. ‘Agrinawa’ produced the second highest seed yield of 1036 kg ha-l. Although not included in 
Figure 3.3, ‘Rongai’ produced DM in excess of 13 t of DM ha-1. The farmer baled th ‘Rongai’ and 20 
ha delivered a total of 520 round bales, weighing about 330 kg each.       
 

 
 
Figure 3.4: DM production t ha-1 and seed production for the different cowpeas. 

 

3.4.4.2 General 

 

A general description of the growth form of the cowpea genotypes is shown in Table 3.6. 
‘Agrinawa’ and ‘Dr Saunders’ are types that grows upright and under normal circumstances ‘Dr 
Saunders’ produces good seed yields. Both these cultivars will struggle in a mixture containing 
tall growing crops such as sorghum. The genetic diversity in these cultivars are huge and both 
trailing and erect types of plant are present in most varieties. Where leaf shape is referred to as 
hastate, the trifoliate leaves edges resembles a spear point, whiles sub-globose referred to a much 
more rounded trifoliate leaf form. ‘Brown mix’ contain both forms of leaves. ‘Black eye’ and 
‘Agrinawa’ are very short growing cowpeas and might be an option in a mixture with crops such 
as Buckwheat.   
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Table 3.6: General comments on growth forms, leaf shapes, and place of seed bearing by 

cowpea. 

 

Genotype Growth form Leaf shape General 

K2 Bruin (K2) trailing hastate Dry, short grower 
Bechuana white 
(Bar) 

trailing; twining sub-globose No pods 

Dr Saunders (Bar) erect sub-globose Seed high 
I.T. 18 (AGT) trailing sub-globose No pods, green 
Black eye (AGT) erect; trailing sub-globose Dry, short grower 
Brown mix (AGT) trailing; twining hastate; sub-globose Green, less pods 
Agrinawa Agricol) erect sub-globose Dry, short grower 
Glenda (Bar) erect; trailing sub-globose Seed difficult to 

harvest 
 
 

3.5. Any problems that have been encountered with the project 

Heavy rains after planting led to denitrification and crops were affected negatively, where crops 
had typical N deficiency symptoms. 

3.6. Milestones not achieved and reasons for that 

After a number of years, it is pleasure to admit that the spinoffs in terms of knowledge generated 
and local implementation of the cover crop technology is gaining momentum.  

 

4. Coordination and facilitation of project activities  

 

Work 
Package title 

Coordination and facilitation of project activities among farmer 

participants 

 

Work Package 
period 

October 2019 to September 2020 

  
Lead partner Local facilitator Mr L Zietsman (Ottosdal No-till Club) 

Involved 
partners 

Dr A Nel, Mr G Trystman, Grain SA, Participating farmers 

  
Objectives • Coordinate on-farm experimentation activities among all participating 

farmers 
• Ensure timely and correct implementation of relevant activities and 

treatments 
• Assist with the use of specialised implements for trial purposes 
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• Promote synergy among farmer participants 
• Monitor and report on project activities and progress related to farmer 

involvement. 
  
Justification On-farm experimentation involving farmers as ‘researchers’ are seen as 

central to research projects under the banner of the CA-Farmer Innovation 
Programme at Grain SA. This implies that trial treatments or replications are 
implemented on the farm by the respective farmer participants. A range of 
support measures are needed to ensure the success and quality of these 
farmer-led actions, including the engagement of relevant research and 
technical team members around these farmers. A particular role and function 
identified by the project team is that of a local farmer facilitator, primarily 
assisting, guiding, calibrating and coordinating the participating farmers to 
implement the experimental designs (treatments) correctly. This person also 
has to manage and move specific specialised implements (e.g. a no-till planter) 
between trials/farms, allowing timely and correct use of it and source and 
manage temporary labour. The person selected is locally based and have an 
intimate knowledge of the local natural resources and stakeholders, especially 
the farmers. Expected result of this function is the elimination of undesirable 
variables and the increased quality of the trials and data.     

  
Description of 
work 

Prepare farmers and implement on-farm trials. Manage, maintain and move 
implements to be used by the various trials/ farms. Making sure that farmers 
understand the treatments and what is expected from them. Calibrate specific 
implements and apply the correct practices with equipment. Acquire and 
manage temporary labour as needed. Conduct regular field/farm visits, 
monitor and coordinate relevant activities such as weed and pest control, 
assist with sampling of soil and other observations where necessary. 
Document inputs and activities, harvest trials and record yields. Attend regular 
project meetings and assist with report writing. 

  
Activities 1. Land preparation 

2. Planting 
3. Seasonal trial management 
4. Monitoring, sampling and harvesting  
5. Regular meetings (project team) 
6. Participate in Awareness events 

  
Risks • Being a dryland experiment, low and erratic rainfall may compromise crop 

yields; 
• Wild animals and birds may jeopardise crop performance and yields; 
• Instrumental and logistical failure can result in incomplete activities and 

results 
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DELIVERABLES, PROGRESS AND RESULTS ACHIEVED PER ACTIVITY  

Activities Deliverables Progress and Results 

achieved 

1. Land 
preparation 
(10 visits) 

 

Assist farmers to lay out their trial 
plots  
Make sure land preparation (e.g. 
weed control) is done according to 
specifications 
Make sure the correct type and 
quantity of production inputs are 
ready 
Manage temporary labour 

Assisted to prepare land of 5 
trials on 2 farms 

2. Planting 
(10 visits) 

 

Service and adjust planter for 
planting 
Acquire or rent tractor for planting 
and other actions 
and move, planter between trials for 
timely planting 
Make sure trials are planted to 
standard treatment specifications 
and according to the trial layout 
Manage temporary labour 

Assisted to establish 5 trials on 
2 farms 
See list of trials in Table 4.1 
below. 

3. Seasonal 
management 
(30 visits) 
 

Assist farmers in weeding and 
pest/disease management  
Manage temporary labour 

Completed seasonal activities 
for 2019-2020 

4. Monitoring, 
sampling and 
harvesting 
(Done with 
activity 3 
above) 

Assist farmers to complete field 
forms 
Monitor the farmer-led actions 
Harvest or assist in harvesting of 
trials 
Manage temporary labour 

Completed seasonal activities 
for 2019-2020  

5. Monthly 
meetings 
(project team) & 
Training 

 

Participate in regular forum 
meetings, discussing problems and 
possible solutions to that and 
organisation of activities.  

Participated in several informal 
meetings 

6. Annual report 
and admin    
 

Written report covering trial 
implementation, results and 
progress. 

NA 

7. Participate in 
Awareness 
events 
 

Assist in organising and managing of 
annual conference and trial visits 

CA conference in Ottosdal was 
cancelled due to Covid19  
Assist in informal visit of  small 
scale farmers from Mahikeng 
on 12 March 2020. 
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Table 4.1: List of location and type of trials established in Ottosdal area, 2019/2020 season 

Trial Number: 1 2 3 4 5 

Farmer co-worker 

or farm: 

Cover 

crops 

Crop 

Rotation 

Maize 

cultivar 

evaluation 

Cover crop 

rotation 

trial 

(Koranna-

fontein.) 

Cover crop –maize 

X nitrogen 

fertilisation 

George 
Steyn/Humanskraal √ √ √  √ 
H 
Otto/Korannafontein      √    

 

 

5. Agronomic field trial planning and analyses 

 

5.1. Work package 

Work 

Package title 
Agronomic field trial planning and analyses 

  
Work Package 
period 

October 2019 to September 2020 

Lead partner Independent agronomist - Dr. A. A. Nel 

Involved 
partners 

Ottosdal No-till club members, Grain SA 

  
Objectives • To plan the various on-farm maize CA related field trials 

• To analyse and report the results of these trials 
  
Justification The soil and probably also the micro climate are dramatically changed when 

conventional cropping systems are abandoned and conservation agriculture crop 
systems implemented. This environmental change affect most, if not all, 
agronomical parameters which need to be revised for optimization.  This can only 
be achieved through field trials. It is also important to determine if the ultimate 
goal of CA, namely, the reversing of soil degradation, is achieved. 

Agronomic parameters include, row widths, plant population densities, crop 
rotation systems, planting technique, fertilization practices, weed control, the 
role of cover crops and more. 
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Crop responses to changes in management and the environment are usually 
liable to interactions resulting in variation of the results, which might lead to 
wrong conclusions and recommendations. In order to generate scientifically 
sound recommendations on these agronomical parameters, proper planning,  
analyses and interpretation of the results is needed. 

Field trials will also be of value to demonstrate the benefits of conservation 
agricultue and serve as observation and training oppertumities in other research 
fields such as pests and diseases.  

  
Description of 
work 

Planning of trials in collaboration with participating farmers. Analyses and 
interpretation of collected results and reporting of findings.  

  

Activities 

Planning of trials through the attendance of the frequent coordination meetings 
where aims and procedures will be discussed with farmers. Planning of trial 
layout and compiling of data sheets to be completed by participating farmers. 
Statistical analyses, interpretation, discussion and drawing of conclusions from 
the collected data. Presentation and reporting of the results to participants and 
MT as required. 

  

Deliverables 

• Annual trial plans report 
• Regular attendance of meetings 
• Reporting as required 
• Popular article once enough results have been acquired. 

Risks 
Adequate involvement and participation of farmers. Crop damaging weather 
events. 

 

5.2. Deliverables, progress and results achieved per activity   

Activities  

(as specified in Work 

Package or project 

proposal) 

Deliverables or 

Milestones 

(as specified in 

Work Package or 

project proposal) 

Progress and Results achieved; 

and/or 

Problems and Milestones not achieved 

(in report period) 

 

Planning of trials Field trial plans 
and data sheets.  

After two Club meetings (10 and 31 October 
2019) where the objectives were discussed, five 
field trial plans and data sheets were compiled 
and supplied. 
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Statistical analyses, 
interpretation, 
discussion and 
drawing of 
conclusions from 
the collected data. 

Report on results  Al results collected were added to previous 
results for continuing trials where applicable, 
analysed, conclusions drawn and documented. 
The results of these trials are presented in the 
addendum at the end of this report. 

Presentation and 
reporting of the 
results to 
participants and MT 
as required. 

Annual and 
biannual reports 
and presentation 

Results of 2018/2019 were presented to the No-
Till Club at an open meeting on 10 October 2019. 

An article “Ottosdalproewe keer 
wisselboukennis dalk op sy kop” was published 
in June 2019 edition of SA Grain magazine.  

An 18-page booklet on the trial results was 
compiled and printed as conference handout. 
Two articles written by journalists were 
published in Landbou Weekblad during 2020. 

A talk on crop rotation during the trial visit was 
given during the 2020 field (around 100 
attendees). Informal talks were given to small 
scale farmers (about 40) from Mahikeng on 12 
March 2020 during a trial visit. 

Two CA presentations were compiled and 
handed to Mr P du Toit (ARC-GCI) for 
presentation at North West small scale farmer 
study groups. 

A six monthly progress report on the trial 
planning and analyses was compiled and 
submitted to the project leader. 

 

 
 

5.3. Summary of agronomy work package for 2018/2019  

ACTIONS TAKEN TO DATE  

Field trials were described and planned according to the objectives decided on by club members 
during the planning meetings of October 2019. The trial plans were provided to the No-till club 
for execution. All measurements and data collection were done as planned. Data of 2019/2020 
were added to results of previous seasons, analysed and conclusions made and documented. The 
research objectives or topics were:  
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1. To compare crop rotation systems (since 2013/2014, continuing) 
2. To compare Argentinian and local row widths and populations (2013/2014 to 

2016/2017) 
3. To compare Tines and coulter fitted on planters (2013/2014 & 2015/2016) 
4. To determine optimal plant population densities (2013/2014, 2015/2016 & 2016/17) 
5. To compare maize cultivars (since 2013/2014, continuing) 
6. To compare conventional crop systems and CA crop systems (2015/2016 to 2017/2018) 
7. Grain yield and soil health as affected by a cover crop – sunflower – maize rotation system 

and monoculture with maize and sunflower in two plant arrangements (2018/2019 - 
continuing) 

8. To determine how the nitrogen fertiliser requirement of maize is affected by cover crop 
composition (2019/2020, continuing) 

9. To find the optimal nitrogen fertilisation rate of maize following a cover crop (2019/2020, 
continuing) 

 

Results from these trials were presented at meetings and published as indicated above under 
“Progress and Results achieved”. 

PROGRESS MADE 

The following number of trials were planned, conducted from 2013/2014 to 2018/2019 and the 
results analysed for each objective: 

Objective Number of trials 

Crop rotation systems  9 (farm x season combinations, 
continuing) 

Argentinian versus local row widths and 
populations 

23 (three crops, four seasons, completed) 

Tines versus coulter fitted on planter   5 (three seasons, completed) 

Plant population densities 17 (four crops, completed) 

Maize cultivar evaluation  13 (seven seasons, demonstration trial, 
continuing) 

Conventional crop systems vs CA crop systems    7 (three seasons, completed) 

Grain yield and soil health as affected by a cover 
crop – sunflower rotation under two plant 
arrangements 

  1 (Two season, replicated trial, started 
in 2018/2019 continuing) 

Nitrogen fertilisation of maize following a cover 
crop mixture utilised by cattle 

1 (One season, replicated trial, started in 
2019/2020) 

Nitrogen fertiliser requirement of maize 
following different cover crop mixtures 

1 (One season, demonstration trial, 
started in 2019/2020) 
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 RESULTS ACHIEVED TO DATE 

Since 2013/2014, a total of 78 field trials or repetitions of trials were done on various farms. Since 
2015/2016, more intensive trials, some replicated, are done on two or three farms. The following 
gives a short description of the different objectives and the conclusions from the various trials. 
The addendum gives a more comprehensive description of the results.  

Crop rotation systems: As crop rotation is one of the pillars of CA, the objective is to find the 
best rotation systems for this area. Results from the six seasons of crop rotation indicate that 
maize following sunflower and maize in monoculture in no-till systems outperform maize 
following other crops such as forage sorghum and even soybean. This is contrary to published 
results for tilled soil. The rainfall use efficiency for maize was also relatively high, in comparison 
with that of tilled maize of the area, indicating that the efficient use of the limited resource is 
improved by CA systems. Sorghum performed well when it followed maize, cowpea, soybean and 
sunflower crops. Soybean performed well when preceded by cowpeas, maize and forage 
sorghum. Sunflower yields were above the mean when preceded by forage sorghum, maize and 
sunflower in monoculture.  

Argentinian versus local row widths and populations: Narrow 0.52 m spaced rows with 
increased plant population densities were compared to the local width of 0.76 to 0.91 m spaced 
rows and lower plant densities for maize. With the exception of three trials, the yield of maize 
was similar or higher in the Argentinian system compared to that of the local system in the 
remaining 16 trials. Over all trials the yield advantage of the narrow rows was 0.55 t ha-1. In the 
case of sunflower, 0.52 m spaced rows had an average yield advantage of 0.16 t ha-1 over the 0.91 
spaced rows at similar plant densities. A detailed description of the results can be found in the 
progress report of 2018/2029 submitted in September 2019. 

Tines versus coulter fitted on planter: Yields were similar for treatments although a tine 
working depth of 240 mm instead of 150 mm, resulted in a maize yield increase. A detailed 
description of the results can be found in the progress report of 2018/2029 submitted in 
September 2019. 

Plant population densities:  The aim of this study was to get an indication of the optimum plant 
population density for maize, soybean sunflower and sorghum in conservation agriculture 
systems. Three of the maize response curves of the 0.9 m spaced rows indicate that the optimum 
plant population density is between 30 000 and 38 000 ha-1 while the third curve is inconclusive.  
Two of the 0.76 m row spaced trials suggest an optimum plant density of between 23 000 and 30 
000 ha-1. Sunflower and sorghum yields showed no significant response to a range of “normal” 
plant population densities while the optimum for soybean appears to be above 300 000 plants 
ha-1. A detailed description of the results can be found in the progress report of 2018/2029 
submitted in September 2019. 

Maize cultivar evaluation: Seed companies participate in these trials by suppling four cultivars 
each season for evaluation. These cultivars are no-till planted at 40 000 seeds ha-1 in strips of 12 
rows at 0.52 m spacing. Every third strip is planted with a selected control cultivar. After 
harvesting, yields of all cultivars are adjusted or normalised according to the yield of the nearest 
two control strips. The adjusted yields are presented as required each season. 
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Conventional crop systems vs CA crop systems: Seven trials were done on three farms in three 
seasons. The performance of no-till maize grown in 0.52 m rows at 40 000 ha-1 and in 0.91 m rows 
at various densities were compared to the performance of maize grown in the tillage system 
which is applied on the farm and plant densities equal to or below 24 000 ha-1. Tillage systems 
varied from moldboard ploughing, strip till to deep ripping. There is strong evidence that the yield 
of the no-till maize improves due to no-till. In only one out of the seven trials was the yield of the 
conventionally tilled maize higher (by 0.8 t ha-1) than the yield of one of the no-till systems. In six 
of the seven other cases, the yields of the no-till systems were equal to, or higher (from 0.04 to 
2.42 t ha-1) than the yields of the conventional system, most likely due to improved water 
infiltration capacities of the soil as found in one trial. A detailed description of the results can be 
found in the progress report of 2018/2019 submitted in September 2019. 

Grain yield and soil health as affected by a cover crop – sunflower rotation under two plant 

arrangements: This statistically laid-out trial started in 2018/2019 and was planted extremely 
late (January 2019) due to drought. Maize plant arrangement affected yield. Maize in 0.52 m rows 
at 40 000 plants ha-1 had a significantly higher yield (0.65 t ha-1) than maize in 0.91 m rows at 22 
000 plants ha-1, confirming previous results. The results of the 2019/2020 season showed that 
the yield of maize is affected by a rotation X plant arrangement interaction. In monoculture, the 
yield of the 0.52 m spaced rows was only 3% higher than that of the 0.91 m spaced rows.  The 
corresponding value for rotated maize was 19%. Across row widths, the yield of the rotated maize 
was 24% higher than that of the monocultured crop. The soil health showed almost no response 
to the cropping systems in 2019/2020. 

Nitrogen fertilisation of maize following a cover crop mixture utilised by cattle: The aim of 
this statistically laid-out trial is to determine whether the application rate of nitrogen can be 
lower when rotated with a cover crop mixture which is utilised by cattle. Results of this first 
season suggest that the nitrogen fertilisation rate can be reduced with about 40 kg ha-1 from what 
is normally recommended for maize in the area. More results are needed to confirm this result.  

Nitrogen fertiliser requirement of maize following different cover crop mixtures: The aim 
is to determine if and how the legume to grass ratio of a cover crop affects the yield of maize 
rotated with it. 2019/2020 was the first season of the trial. The yield of the non-rotated maize 
fertilised with zero to 100 kg nitrogen ha-1 responded in the expected way and reflects the results 
of the above mentioned trial well. 2020/2021 will be the first with results for maize rotated with 
varying cover crop mixtures. 

PROBLEMS ENCOUNTERED AND MILESTONES NOT ACHIEVED IN 2019/2020 

Heavy rain in December 2019 resulted in runoff and loss of cover in parts of some trials. Hail 
damaged crops at Humanskraal and Korannafontein especially the legumes and sunflower. All 
milestones were atchieved. 

 

5.4. Results of continuing and new trials 2019/2020 

The most limiting and variable resource for crop production in this semi-arid area, is rainfall. As 
back ground for evaluation of these results, the seasonal rainfall at Humanskraal en 
Korannafontein are shown in Table 5.1 and the cumulative rainfall of Humanskraal is shown in 
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Figure 5.1. In only three of the six seasons, the cumulative rainfall was for some periods above 
the long-term mean. Above mean rainfall was recorded in only 16 (or 38%) of the 42 summer 
months. Compared to the long-term pattern, the rainfall from 2014/2015 to 2019/2020 is 
remarkable. Rainfall above the long-term mean was recorded only once for October and once for 
November, while above mean rainfall was recorded for five of the six months of April. 

Table 5.1.   The long-term mean rainfall for the area and the seasonal rainfall at Humanskraal 
since 2014/2015 and Korannafontein since 2019/2020 

Season  Oct Nov Dec Jan Feb Mar Apr Total 

Humanskraal 

LT* 42 64 79 96 89 79 44 493 

2014/2015 0 82 133 46 48 46 15 370 

2015/2016 0 30 22 128 45 53 87 365 

2016/2017 26 38 49 111 273 27 84 608 

2017/2018 43 0 61 68 57 102 67 398 

2018/2019 24 15 8 50 111 37 252 497 

2019/2020 0 59 188 158 61 147 70 683 

Korannafontein 

2018/2019 18 16 25 30 94 32 261 476 

2019/2020 0 60 174 137 57 96 55 579 

*Long-term mean of the area       

 

 

 

Figure 5.1. Monthly cumulative rainfall at Humanskraal from 2014/2015 to2019/2020. 
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5.4.1. Suitable crop rotation systems for CA 

Introduction 

It is well known that crop rotation can reduce the risk of diseases, pests and weeds, and enhance 
soil quality. When grown in rotation, yields are often higher than those of monoculture crops. 

Crop rotation is one of the three principles of conservation agriculture. Limited research results 
regarding crop rotation in conventional tillage are available, while the influence of crop rotation 
in no-till on the performance of any of the crops currently grown in the Ottosdal area, is unknown.  
Preliminary results indicate that limited monoculture (a few years) with maize may be successful 
in conservation agriculture, however, the long-term effect of crop rotation is unknown and need 
clarification.  

Aim 

The aim is to investigate the influence of six crops on the grain yield of each other for a number 
of years to find the best crop sequence. 

Procedure 

The six crops namely, cowpeas, forage sorghum, grain sorghum, maize, soybeans and sunflower 
were grown during the 2013/2014 season on three farms. The cycle length of the rotation 
systems is two years and a crop matrix is used for the trial layout. The matrix consists of strips of 
each crop next to each other (2013/2014). In 2014/2015 the strips were planted square on those 
of 2013/2014, resulting in five rotation plots and one monoculture plot for each crop. In 
2015/2016, 2017/2018 and 2019/2020 the layout of year 2013/2014 was used and in 
2016/2017 and 2018/2019, the 2014/2015 layout was repeated.   

Crops were planted in 0.52 m wide rows, fertilised according to the potential of the soil using 
well-adapted cultivars of the various crops. Farms where trials were planted in 2014/2015 were 
Humanskraal, Noodshulp and Holfontein. Since the extreme drought of 2015/2016, the trial 
continued only at Humanskraal. Plant population densities were 40 000 ha-1 for maize and 
sunflower, 150 000 ha-1 for grain sorghum, 300 000 ha-1 for soybean and 230 000 ha-1 for cowpeas 
respectively. The trial is usually planted in December except in 2018/2019 when it was planted 
on 6 January 2019 due to extremely low rainfall in November and January.  

Results 

The first season of this trial served only to create a “rotational effect” in the soil. Yields recorded 
in two of the three trials planted in 2013/2014 are shown in Table 5.2. Yield results of the 
2014/2015 to 2019/2020 seasons are shown in Table 5.3. 

Yield of crops in 2014/2015 

The yield of both maize and grain sorghum was significantly affected by the previous crop, 
although all yields were low. The yield of maize preceded by forage sorghum was 60% or 0.84 t 
ha-1 higher than the mean yield of maize preceded by cowpea, maize, soybean and sunflower. The 
grain yield of grain sorghum preceded by maize and soybean was 127% or 0.78 t ha-1 higher than 
that of grain sorghum preceded by sunflower. Compared with the other rotational crops, 
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sunflower was the only crop that had a suppressive effect on the yield of both maize and grain 
sorghum. Due to a lack of replicates, no conclusion can be made about the soybean yield response. 

 

Table 5.2. Grain yields of the crops planted in the crop rotation trial in 2013/2014 

Farm Maize 

(t ha-1) 

Sorghum 

(t ha-1) 

Soybean 

(t ha-1) 

Sunflower 

(t ha-1) 

Humanskraal 8.92 2.85 2.05 2.85 

Noodshulp 6.08 3.73 2.67 2.92 

 

Mean crop yields 2015/2016 to 2019/2020  

Due to a lack of replication, no annual statistical analyses could be made since 2015/2016. Crop 
yields showed a very large variation from season to season. The yield of maize for example, varied 
from slightly more than 1 t ha-1 to more than 9 t ha-1. Due to the extremely late planting of the 
2018/2019 seasonal, cowpeas, sorghum and soybean did not produce any significant yield while 
the maize and sunflower crops produced relatively low yields. Hail in January 2020 caused severe 
damage to crops, especially the sunflower, soybean and cowpea crops. The soybean crop showed 
poor recovery and it was not harvested.  

The overall mean maize yield for the six seasons 2014/2015 to 2019/2020 was 5.12 t ha-1.  The 
mean yield of maize following sunflower and maize (monoculture) was respectively 7 and 4% 
higher than the overall mean yield, while the maize yield following soybean and forage sorghum 
were 9% and 3% respectively lower. Maize yields following sunflower and grain sorghum was 
above the seasonal mean in four of the six seasons. It must be noted that heavy rainfall early in 
the 2019/2020 season caused runoff and almost complete removal of the soil cover from the 
sunflower – maize and maize – maize plots, which could have affected the results. 

Excluding the crop failure of 2018/2019, the five-year mean yield of grain sorghum following 
cowpeas, maize, soybean and sunflower was 6, 21, 5 and 6% higher than the overall grain 
sorghum yield of 3.49 t ha-1. Yields following forage sorghum and grain sorghum (monoculture) 
were 19 and 6% respectively lower than the overall mean.  

Soybean yields were strongly affected by crop rotation. The four year (excluding the 2018/2019 
and 2019/2020 failures) mean yield was 19, 17 and 8% higher than the overall mean of 1.61 t ha-

1 following cowpeas, maize and forage sorghum respectively. However, mean yields were 
between 3 and 22% lower than the overall mean following soybean, sunflower or grain sorghum.  

The six-year mean sunflower yields after forage sorghum, maize and sunflower itself, were 10, 2 
and 2% respectively higher than the overall mean yield of 1.68 t ha-1. Yields were between 1 and 
9% lower than the overall mean after cowpeas, grain sorghum and soybean.  
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Table 5.3. Grain yields in t ha-1 from 2014/2015 to 2019/2020 as affected by the preceding 
crop. Yields equal to, and above the mean in a particular year, are indicated in bold print 

Season 

Preceding crop 

Cowpea 
Forage 
sorghum 

Grain 
sorghum 

Maize Soybean Sunflower 

  Maize   

2014/2015 1.11B* 2.23A 1.72AB 1.51B 1.45B 1.51B 

2015/2016 4.17 4.17 3.85 5.38 3.79 5.94 

2016/2017 8.93 7.86 9.24 9.18 8.96 9.29 

2017/2018 6.53 6.40 7.20 8.23 6.63 7.74 

2018/2019 2.74 2.32 1.95 1.61 2.59 2.51 

2019/2020 7.28 6.77 7.04 5.92 4.54 5.93 

Mean  5.13 4.96 5.17 5.31 4.66 5.49 

  Grain sorghum   

2014/2015 1.08AB 1.08AB 1.03AB 1.24A 1.53A 0.61B 

2015/2016 3.20 2.76 2.60 3.22 2.62 3.27 

2016/2017 2.81 3.39 3.17 2.39 3.28 3.46 

2017/2018 6.64 2.20 5.27 7.51 5.89 3.85 

2018/2019 0 0 0 0 0 0 

2019/2020 7.28 6.77 5.13 5.71 5.44 5.29 

Mean# 3.69 2.81 3.28 4.23 3.66 3.26 

   Soybean    

2014/2015 0.75 0.95 0.80 0.63 0.93 0.56 

2015/2016 1.09 0.85 0.61 1.51 0.93 0.49 

2016/2017 2.75 2.91 1.32 2.30 1.89 1.86 

2017/2018 3.09 2.22 2.22 3.09 2.47 2.35 

Mean#  1.96 1.34 1.48 1.77 1.77 1.32 
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  Sunflower   

2014/2015 1.61 2.23 3.35 2.00 1.28 2.00 

2015/2016 1.57 0.99 1.00 1.10 1.98 1.96 

2016/2017 2.20 2.14 1.84 1.92 2.27 2.05 

2017/2018 1.74 1.69 1.75 2.02 1.64 1.63 

2018/2019 0.76 0.79 0.65 0.88 0.69 0.86 

2019/2020 2.09 2.41 1.74 1.40 1.96 1.40 

Mean 1.66 1.85 1.53 1.72 1.61 1.72 

*Means followed by different letters in a row are significantly different at P = 0.05.   
#Seasons with zero yield not included in calculation of mean. 

 

Soil cover 

The soil cover left by the preceding crop after planting of the current grain crop at Humanskraal 
from 2016/2017 to 2019/2020, is shown in Table 5.4. The cover left by all crops varied markedly 
from season to season. As expected, the cover left by cowpeas, sunflower and soybeans (overall 
mean of 34 to 48%) was lower and more variable than the cover left by forage sorghum, grain 
sorghum and maize (overall mean of 73 to 85%). 

Table 5.4. The soil cover left by the preceding crop after planting of the current grain crop from 
2016/2017 to 2019/2020 at Humanskraal 

Season 

Preceding crop 

Cowpea 
Forage 
sorghum 

Grain 
sorghum 

Maize Soybean Sunflower 

  Maize   

2016/2017 27 98 82 96 42 26 

2017/2018 90 88 90 90 55 53 

2018/2019 50 98 89 96 36 66 

2019/2020 36 77 45 82 27 55 

Mean 51 90 77 91 40 50 

  Grain sorghum   

2016/2017 27 90 82 70 18 24 

2017/2018 93 93 95 88 65 50 
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2018/2019 61 70 82 77 20 30 

2019/2020 45 82 73 91 32 55 

Mean 57 84 83 82 34 40 

   Soybean    

2016/2017 28 90 64 90 16 28 

2017/2018 73 88 83 73 60 35 

2018/2019 41 80 91 82 11 43 

2019/2020   9 73 32 50 27 23 

Mean 38 83 68 74 29 32 

  Sunflower   

2016/2017 40 82 64 76 22 26 

2017/2018 75 88 78 90 60 49 

2018/2019 39 86 80 73 25 39 

2019/2020 32 73 36 73 23 59 

Mean 47 82 65 78 33 43 

Over all mean 48 85 73 81 34 41 

       

Rainfall use efficiency 

The rainfall use efficiency is calculated by dividing the grain yield by the accumulated rainfall 
from 1st October to 30th May for each season. The results are shown in Table 5.5. 

Rainfall use efficiencies show large variation from season to season for all crops due to the 
amount and distribution of the seasonal rainfall as well as the variation of the rainfall intensity of 
thunder storms which can cause runoff. High efficiencies were found in 2017/2018 and low 
values in 2018/2019, the latter due to the extremely late planting date and the fact that about half 
of the rainfall fell in April at the end of the growing season. 

Maize rainfall use efficiencies showed a large variation with the highest value 6.1 times higher 
than the lowest value among season and preceding crops. The overall mean efficiency for maize 
was 10.8 kg ha-1 mm-1. The ranking order of preceding crops for maize rainfall use efficiency was 
sunflower > maize > cowpea > grain sorghum > forage sorghum > soybean.  
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Table 5.5. Rainfall use efficiency in kg ha-1 mm-1 accumulated rainfall from 1st October to 30th 
April for the different grain crops as affected by the preceding crop at Humanskraal 
from 2015/2016 to 2019/2020  

Season 

Preceding crop 

Cowpea 
Forage 
sorghum 

Grain 
sorghum 

Maize Soybean Sunflower 

  Maize   

2015/2016 9.0 9.0 8.3 11.6 8.2 12.8 

2016/2017 13.1 11.6 13.6 13.5 13.2 13.7 

2017/2018 15.7 15.4 17.3 19.8 15.9 18.6 

2018/2019 5.51 4.67 3.92 3.24 5.21 5.05 

2019/2020 10.7 9.9 10.3 8.67 6.65 8.68 

Mean  10.8 10.1 10.7 11.4 9.8 11.8 

  Grain sorghum   

2015/2016 6.9 6.0 5.6 7.0 5.7 7.1 

2016/2017 5.0 4.7 3.5 5.1 4.1 4.8 

2017/2018 16.0 5.3 12.7 18.1 14.2 9.3 

2019/2020 6.1 7.1 7.5 8.4 8.0 7.8 

Mean# 8.5 5.7 7.3 9.6 8.0 7.2 

   Soybean    

2015/2016 2.3 1.9 1.3 3.3 2.0 1.1 

2016/2017 4.3 1.9 3.4 2.7 4.0 2.8 

2017/2018 7.4 5.3 5.3 7.4 5.9 5.7 

Mean# 4.7 3.0 3.3 4.5 4.0 3.2 

  Sunflower   

2015/2016 2.1 2.2 2.4 4.2 3.4 4.3 

2016/2017 3.2 2.7 2.8 3.0 3.2 3.3 

2017/2018 4.2 4.1 4.2 4.9 3.9 3.9 

2018/2019 1.5 1.6 1.3 1.8 1.4 1.7 

2019/2020 3.1 3.5 2.6 2.1 2.9 2.0 

Mean 2.8 2.8 2.7 3.2 3.0 3.1 

# Seasons with zero yield not included in calculation of mean. 
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The rainfall use efficiency of grain sorghum (mean = 7.7 kg ha-1 mm-1) also showed large variation 
with the highest value more than 5 times the lowest value.  The ranking order of grain sorghum 
preceding crops for rainfall use efficiency was maize > cowpeas > soybean > grain sorghum > 
sunflower and forage sorghum. 

Soybean rainfall use efficiencies (mean = 3.8 kg ha-1 mm-1) also showed a high variation with the 
highest value more than 6 times the lowest value among seasons and preceding crops. The 
ranking order of grain soybean preceding crops for rainfall use efficiency was cowpeas > maize > 
soybean > grain sorghum > sunflower > forage sorghum.  

Sunflower had the lowest variation of all crops with the highest rain fall use efficiency value at 
3.8 times that of the lowest value. The overall mean rainfall use efficiency of sunflower was 2.9 kg 
ha-1 mm-1. The ranking order of sunflower preceding crops for rainfall use efficiency was maize > 
sunflower > soybean > cowpeas > forage sorghum > grain sorghum. 

 

Discussion and conclusions 

The 2013/2014, 2016/2017, 2017/2018 and 2019/2020 seasons will be remembered for 
abundant well distributed rain resulting in exceptionally high yields. In contrast, 2014/2015, 
2015/2016 and especially 2018/2019 will be remembered for drought and late plantings. The 
2017/2018 season had a relatively low rainfall with zero recorded in November and more than 
100 mm in March which benefitted the yields of maize, sorghum and soybean crops. In 
2018/2019 planting of crops were possible only in January due to a very poor distribution of 
rainfall with about half recorded in April. Only two (maize and sunflower) of the six crops 
produced harvestable yields. In 2019/2020 heavy rain caused runoff and loss of soil cover in 
some plots Although 2019/2020 was the season with the highest amount of rainfall, hail seriously 
damaged young crops. 

The yields of maize, sorghum and soybean are most likely affected by a rotation x season 
interaction as the effects of the preceding crops are not straightforward. A preceding crop that 
enhances the yield of a particular crop in one season, may suppress it in a second season (Photo 
5.1). What is surprising over the six seasons, is how well maize performed in monoculture and 
after sunflower. In four of the six seasons, maize had above mean yields following sunflower. 
Maize yield following the two legumes namely, cowpeas and soybean had above mean yields in 
only two and one of the six seasons respectively. The opposite is expected as the yield enhancing 
effect of legumes on maize is well known. The possibility exists that this well-known rotational 
effect of legumes found on tilled soil is absent in no-till soils. 

Sorghum performed well when it followed maize, cowpea, soybean and sunflower crops while 
sorghum in monoculture and especially following forage sorghum performed poorly. Soybean 
performed well when preceded by cowpeas, maize and in monoculture and it performed poorly 
when preceded by forage sorghum and sunflower.  

Sunflower yields were higher after forage sorghum, maize and sunflower (monoculture) and 
lower after grain sorghum, cowpeas and soybeans. The good performance of both maize and 
sunflower when grown in rotation is encouraging as they are the main crops grown in the area.   
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Crop yields were often relatively lower when preceded by grain and forage sorghum. This may 
be, in part, due to lowered plant population densities. Grain and forage sorghum usually left a 
high amount of residue and stubble which also intercepts wind-blown residue from other crops 
like maize which hampers the planting and crop establishment. Forage sorghum, planted in the 
previous season, often regrow in the newly planted following crop, negatively affecting its growth 
and yield.  

The soil cover left by the grass type crops is most of the time more than 50% higher than the cover 
left by the broad leave crops. As expected, the extend of soil cover is affected by the amount of 
seasonal rain. After as season of low rainfall, soil cover values are relatively low, especially for the 
legume and sunflower crops. Due to the relative high biomass of forage sorghum, maize and grain 
sorghum, the soil cover after these crops are high despite the effect of rainfall. What is clear from 
these results is that the soil cover, when not utilised by animals, easily exceeds 30% which is 
contrary to the popular believe that no significant and effective soil cover can be created in the 
area.  

No guidelines are available to score the water infiltration rates. However, the time it took for 25 
mm to infiltrate on all maize plots was less than 6 minutes which is far less than the 8 to 20 
minutes generally found on tilled soil in the area. (Results reported in the 2018/2029 progress 
report) With this high infiltration rate, and protection of the soil by the cover, the risk of runoff, 
and soil erosion is substantially reduced while the capturing of water for crop use in enhanced.  

The capturing of most rainfall is reflected by the high rainfall use efficiencies found for maize. In 
53% of the 24 season and rotation instances, the rainfall use efficiency exceeded 10 kg ha-1 mm-1. 
In a recently published article, maize rainfall use efficiencies of the Lichtenburg and Delareyville 
areas were higher than 10 kg ha-1 mm-1 in only two out of 11 seasons for both areas (Van der Walt, 
Smith & Fourie, 2018. Reëngebruiksdoeltreffendheid in die Noordwes-streek. SA Graan, Augustus 
2018). The latter values represent the rainfall use efficiency of conventionally tilled soil as it is 
the predominant systems for the areas. This contrast in the rainfall use efficiency values is a clear 
indication that conservation agriculture systems are superior in the utilisation of the most 
limiting resource, rainfall. 
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Photo 5.1. Maize preceded by grain sorghum (left) and sunflower (right). The difference in 
appearance is most likely due to a difference in soil health and/or allelopathy. 

 

5.4.2. Maize cultivar evaluation in conservation agriculture  

Introduction 

Cultivar selection is an important aspect in the optimisation of maize production, which the 
farmer can control. Currently, national cultivar trials are not done in no-till or in any conservation 
agricultural system. It is thus unknown how cultivars will perform in no-till, under high (40 000 
seeds ha-1) population densities and row widths of 0.52 m.  

Aim 

The aim is to compare the yields of available maize cultivars at 40 000 plants ha-1 in 0.51 m spaced 
rows, annually. 

 

Procedures 

A cultivar trial was planted on the 12th December 2019 on the farm Humanskraal. Twenty-seven 
cultivars, supplied by seven seed companies were included. The trial layout consisted of 12 rows 
of a particular cultivar planted in 0.52 m spaced rows of 75 m length at density of 40 000 seeds 
ha-1. A 12-row control cultivar strip was included between every two adjacent tested cultivars 
(Photo 2).   

The cobs of two 80 m2 plots were hand harvested in each cultivar strip and the weight measured. 
The mass of 10 randomly selected cobs were determined, it was threshed, the grain weighted 
determined and the grain to cob mass ratio calculated. The grain yield was calculated from the 
plot cob yield and the grain to cob mass ratio.  
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Seed prices of all cultivars for the 2020/2021 season were sourced from the suppliers. The net 
return, taking the seed prices of the various cultivars into account were calculated at a seeding 
rate of 40 000 ha-1 and a grain price of R2 300 t-1.  

Results 

The cultivar yields are shown in Figure 5.2.  Seed cost and net returns are shown in Figure 5.3. 
and Figure 5.4. 

Discussion and conclusions 

Well performing (0.5 t above the overall mean yield) cultivars in the 2019/2020 season were DKC 
72-76 BR, DKC 74-74 BR, KKS 8411, P 2432R, P 2927WYR, PAN 5285, PAN 5R-590R and PAN 5R-
591R.  In terms of nett return, KKS 8301, KKS 8411, P 2432R, P 2927WYR, PAN 5285, PAN 5R-
590R, PAN 5R-591R and US 9612 exceeded the mean with more than R1 000 ha-1. 

New cultivars are introduced every season, replacing older ones. The weather also varies from 
season to season which impact on the relative performance of cultivars. Cultivar evaluation is 
thus a continuous process.  

 

 

 Figure 5.2. The grain yield of cultivars at Humanskraal 2019/2020.  
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Figure 5.3. The 2019/2020 seed cost ha-1 for each cultivar at a seeding rate of 40 000 ha-1. The 
mean is indicated by the horizontal line. 

 

 

 Figure 5.4. The nett return for cultivars calculated at a grain price of R2 300 t-1 at 
Humanskraal 2019/2020 in descending order.  

 

 



59 

 

 

Photo 5.2: The cultivar trial in 2019/2020 with 27 entries from seven companies covering an 
area of 75 X 246 m. 

 

5.4.3. Grain yield and soil health as affected by a cover crop – sunflower – maize rotation 

system and monoculture with maize and sunflower in two plant arrangements  

 

Introduction 

The benefits of a cover crop mixture on soil health is well known and it is world-wide promoted 
as a practice to enhance sustainability. Under local condition only limited preliminary research 
has been done with cover crop mixture with the aim of evaluating different species. How it may 
affect soil health and cash crop yields when included in a three-year rotation system is still 
unknown. CA cash crops are grown in row widths from 0.5 to 0.9 m. Previous trials have shown 
that plant configuration (row widths and populations) can affect crop yield. How plant 
configuration interacts with the inclusion of a mixed cover crop in the rotation system is 
unknown.   

Aim 

The aim of this trial is to determine how soil health and crop yield is affected by a cover crop 
mixture – maize -sunflower rotation and maize in monoculture with maize in 90 cm rows at 24 
000 plants ha-1 and 50 cm spaced rows at 40 000 plants ha-1 and sunflower in 90 and 50 cm spaced 
rows at 40 000 plants ha-1. 

Procedure 

A no-till field trial was planted on 10 January 2019 (first season) on the farm Korannafontein. The 
preceding crop was sunflower. In the second season the trial was planted on 14 November 2019. 
Treatments consisted of two crop rotation systems and two plant arrangements. 
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Crop rotation systems: 1. Monoculture maize  

   2. Sunflower – cover crop mixture – maize 

 

Plant arrangement: Maize: 1.90 cm rows at 22 000 plants ha-1 (R90-22K) 

    2.50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 

   Sunflower: 1.90 cm rows at 40 000 plants ha-1 (R90-40K) 

     2.50 cm spaced rows at 40 000 plants ha-1 (R50-40K) 

   Cover crop: 30 cm spaced rows at 25 kg seed mixture ha-1 

The cover crop row width was 30 cm. The trial layout was a randomised complete-block with 
three replicates or blocks with split plots.  Plots consisted of strips of 700 x 30 m across a field. 
Crop rotation systems were assigned to main plots and plant arrangements to subplots. 

The maize cultivars planted were DKC 78-79BR in 2018/2019 and DKC 7276 in 2019/2020 while 
the sunflower cultivars were Agsun 8251 in 2019/2029 and PAN 7102 CLP in 2019/2020. In 
2018/2019 both maize and sunflower crops received 30 kg N and 18 kg P ha-1 at planting plus a 
further 50 kg N ha-1 as a topdressing.  In 2019/2020 the maize crop was fertilised with 80 kg MAP 
plus 80 kg LAN ha-1 at planting with 110 kg urea ha-1 as topdressing (total of 82 kg N ha-1 + 18 kg 
P ha-1). The 2019/2020 sunflower crop received 80 kg MAP plus 80 kg LAN ha-1 at planting with 
70 kg urea ha-1 as topdressing (total of 63 kg N ha-1 + 18 kg P ha-1). 

The cover crop was Agri-Life 12 (supplier: Agricol) consisting of 44% cowpeas, 20% sunhemp, 12 
pearl millet, 8% forage sorghum, 8% Japanese millet, 4% “Nigger” and 4% Dolichos in both 
2018/2019 and 2019/2020 at a rate of 25 kg ha-1. In both seasons 50 kg MAP ha-1 plus 40 kg urea 
ha-1 (total 24 kg N ha-1 and 13 kg P ha-1) was applied on the cover crop. 

Soil samples were taken and analysed and the results are reported in Work package 2. The cover 
crop was flattened with a “rolmoer” and the maize and sunflower yields harvested with a combine 
and the yields recorded. Maize yield was subjected to an analysis of variance. Sunflower yields 
were not separately recorded for plant arrangement.  

 

Results 

Yield 

Sunflower yielded recorded in 2018/2019 was 1.3 t ha-1. The overall maize yield was a 
remarkable 5.38 t ha-1 taking into account that the planting date was about three weeks later than 
the last recommended date. Results of the analysis of variance is shown in Table 5.6.  
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Table 5.6. The yield of maize as affected by crop rotation system namely monoculture maize (M-
M) and sunflower – cover crop maize rotation (S-C-M) and plant arrangement, 90 cm rows at 22 
000 plants ha-1 (R90-22K) and 50 cm rows at 40 000 plants ha-1 (R50-40K) at Korannafontein in 
2018/2019 and 2019/2020 

Yield (t ha-1) ANOVA 

System Plant arrangement Mean Source F-ratio Probability 

 R50-40K R90-22K     

2018/2019 

M-M 5.69 5.10 5.40 System -  

S-C-M 5.71 5.01 5.36 Arrangement 84 <0.01 

Mean 5.70 5.05  S X M interaction -  

2019/2020 

M-M 6.59 6.42 6.51 System 233 <0.01 

S-C-M 8.76 7.39 8.07 Arrangement 34 <0.01 

Mean 7.68 6.91  S X M interaction 21 0.01 

 

In 2018/2019, the yield of maize was affected by plant arrangement. The yield of the 50 cm row 
width planted at 40 000 plants ha-1 was 0.65 t ha-1 (13%) higher than the yield of the 90 cm rows 
at 22 000 plant ha-1. This result confirms results of previous trials conducted on several farms. As 
this is the first year of this trial, a “rotational effect” was not present and no such effect was 
expected which is confirmed by the analysis of variance. It also shows that the yield advantage is 
still present despite the extremely late planting date.  

Hail caused damage to the sunflower crop in 2019/2020.  Despite this damage, a yield of 1.77 t 
ha-1 was recorded. The mean dry matter yield of the cover crop, measured on 24 February 2020 
was 11.9 t ha-1. 

In 2019/20202, the yield of maize was affected by the cropping system, plant arrangement and 
an interaction between them (Table 3.1). In monoculture, the yield of the R50-40K was only 3% 
higher (not significant) than the yield of the R90-22K arrangement. In the S-C-M system the yield 
of the R50-40K was 19% higher than the yield of the R90-22K arrangement. It should be taken 
into account that some volunteer maize was present in the R90-22K monoculture system which 
may have affected the yield of this treatment. The effect of crop rotation is also remarkable as the 
mean yield of the S-C-M system was 24% higher than that of the monoculture system. 

 



62 

 

At this early stage of the trial, the results support the general view that maize benefit from crop 
rotation and planted at a high density (40 000 plant ha-1) in narrow rows of 50 cm. However, 
results from more seasons are needed to confirm this. 

(Soil health results are presented in Work Package 2 above) 

 

Photo 5.3. An aerial view of the trial taken on 24 February 2020 when soil samples were taken. 

 

5.4.4. Nitrogen fertilisation of maize following a cover crop mixture utilised by cattle 

Introduction 

As elsewhere in the world, it has been shown in this project that cover crops improves soil health. 
Improvement in the health of the soil usually results in improved cycling of nutrients and a 
decrease of nutrient losses, especially nitrogen. It is also most likely that the efficiency of nutrient 
up take by the crop is higher in soil with greater health due to reduced damage caused by 
pathogen and pests to the root system. This implies that the nitrogen fertilisation requirement of 
maize can be reduced when grown in a rotation with a cover crop mixture. 

Aim 

To determine the optimal nitrogen fertilisation rate of maize following a cover crop mixture. 

 

Procedure 

The maize cultivar DKC 77-77BR was plant at a density of 21 000 plants ha-1 in 76 cm spaced rows 
on 13 December 2019 on a land which had a cover crop mixture during 2018/2019. The land 
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received a broad cast application of 75 kg ammonium sulphate ha-1 (16 kg N + 18 kg and S ha-1) 
before planting. The crop was planted with 125 kg MAP (33) ha-1 (14 kg N and 28 kg P ha-1).  

A randomised complete block layout was used with three replications. For treatments, different 
rates of urea ranging from zero to 165 kg ha-1, were broadcast on plots of consisting of 30 rows 
spaced 76 cm and 1180 m in length. Nitrogen fertilisation rates were thus 30, 56, 82 and 106 kg 
N ha-1. 

Results 

An analyses of variance showed that the yield was affected by the application of nitrogen. Yields 
obtained are graphically shown in Figure 5.5. 

 

 

 

Figure 5.5. The yield of maize preceded by a cover crop mixture as affected by nitrogen 
fertilisation in 2019/2020 at Humanskraal. 

The economically optimal fertilisation rate is the point on the curve where one monetary unit 
increase in fertilisation result in only one monetary unit increase in yield, thus a marginal product 
of one. As different prices exist for different nitrogen sources two nitrogen prices representing 
urea and LAN were used with a single maize grain price. The results are shown in Table 5.7. 

Table 5.7. The economically optimum nitrogen fertilisation rate of maize following a mixed 
cower crop in 2019/2020 at Humanskraal for urea and LAN and a maize grain price of R2335 t-1 

 

N source Price 

(R kg-1 N) 

Optimal N rate 

(kg ha-1) 

Optimal yield 

(t ha-1) 

LAN 18.00 85 6.8 

Urea 12.83 101 6.9 
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The Fertiliser Society of South Africa (2007) recommend in their guidelines a nitrogen 
fertilisation rate of 142 kg N ha-1 for a yield of 6.85 t ha-1 which is substantially higher than the 
optimal rates shown in Table 5.7. The results suggest that the maize fertilisation rate can be 
reduced when rotated with a mixed cover crop. However, more results collected from more trials 
are needed to confirm this. 

 

 

Photo 5.4. Visitors from the Mahikeng area participating in a discussion next to a mixed cover 
crop. The maize nitrogen fertilisation trial is visible in the background on the left. A similar mixed 
cover crop preceded the maize. 

 

5.4.5. The nitrogen fertiliser requirement of maize following different cover crop 

mixtures 

Introduction 

The symbiotic fixation of nitrogen between Rhizobium and a legume is enhanced when the 
amount of mineral nitrogen in the soil is limited. When this nitrogen is fixed by legumes in a mixed 
cover crop, it will most likely recycled and will be available for the next non-nitrogen fixing maize 
crop. This implies that the nitrogen fertiliser requirement of the maize crop will be lower than 
the recommended rate for monoculture maize. By rotating maize, which receiving a range of 
nitrogen application rates, with different cover crop mixtures, the yield of the maize will indicate 
if and how the nitrogen fertilisation requirement is affected. 
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Aim 

To determine if and how the nitrogen fertiliser requirement of maize following different cover 
crop mixtures, theoretically fixing different amounts of nitrogen, are affected. 

Procedure 

This non-replicated trial was planted on 13 December 2019. It consisted of four 15 x 60 m plots 
of maize in 50 cm spaced rows. These four plots received, zero, 33, 66 and 100 kg N ha-1 
respectively. Adjacent to these maize plots, four similar plots were planted with four cover crop 
mixtures with legume to non-legume specie seed count ratios of 20:80, 40:60, 60:40 and 80:20.  
The composition of the mixtures is shown in Table 5.8.  

The row direction of the cover crop was perpendicular to that of the maize. In following seasons, 
the maize will be planted on the current cover crop plots and vice versa creating a cover crop-
maize rotation system. The row direction of each crop will be fixed, that north-south for maize 
and east-west for the cover crop. With this configuration, 16 sub plots are created in the 
2020/2021 season where each maize fertilisation rate and cover crop mixture ratio are 
combined. Biomass yield of the cover crop mixtures were measured on 19 March 2020 and the 
yield of maize in July 2020. 

Table 5.8. The seed mass composition of the four cover crop mixtures 

Group Specie Mixture ratio Legumes: non legumes 

  80:20 60:40 40:60 20:80 

Legumes Cowpea 6.7 5 3.3 2.5 

Lablab 4.2 5 2.5 2.5 

Sunhemp 6.7 8 5.3 4 

Grass Pearl millet 2 3 6 8 

Sorghum-sudan 1 2 4 4 

Brassica Tiller radish 0.5 0.5 0.5 0.5 

Other Sunflower 0.5 0.5 0.5 0.5 

 

 

Results 

Due to the above average rainfall, the cover crop performed well. The mean biomass yield of the 
cover crops was 16 t ha-1. As this is the first season of this trial and the maize was not rotated yet, 
grain yields of the fertilisation rates only are shown in Figure 5.6. 
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Figure 5.6 The yield of maize as affected by nitrogen fertilisation rate at Humanskraal in 
2019/2020. 

The yield showed the expected relationship with the nitrogen fertilisation rate. The high yield of 
more than 5 t ha-1 for the zero fertilised rate is remarkable and indicate that the soil was able to 
supply at least 135 kg nitrogen. This value agrees with the results of the trial no 4 reported above. 

 

 

 

Photo 5.5. Maize fertilised with 66 and zero kg nitrogen ha-1 on the right and left of the white peg 
respectively.  
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6. Summary of expenses on August 2020 

 

Description of Ottosdal CA 

project work packages 

Total Actual YTD 

by Aug 2019 

Total Budget YTD 

2018/19 

Available to use 

In Sep 2019 

Soil 48 640 118 396 69 756 

Cover crops 102 173 150 570 48 397 

Agronomy 108 399 109 050 651 

Grain SA 59 017 110 000 50 983 

Farmer facilitator 63 510 64 723 1 213 

Total 381 738 552 739 171 001 

 

* Expenses and invoices still expected which will affect the final amount until 30 

September 2020. 
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