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1 Assessment of soil quality 
 

1.1 Work package  

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 2020 to September 2021 

  
Lead partner Independent agronomist – Dr A.A. Nel 

Involved 
partners 

Ottosdal No-till Club, North West University (Dr Gerhard du Preez)  

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

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

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

  
Justification Several 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 involves 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 reporting. 

  
Activities 1. Monitoring and sampling  

2. Lab analyses 
3. Regular meetings (project team)  
4. Annual reference group meeting (advisory committee) 
5. Annual report and documentation of results 
6. Participation 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 effects on the soil. 
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1.2 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 33 soil samples was taken 
in 2020/2021 on the cover crop and 
nitrogen trials at Humanskraal, on 
the crop rotation plant arrangement 
trial at Korannafontein, and three 
selected fields on these two farms. 
Twenty-one samples were taken by 
NWU for analyses of nematodes. 

2. Lab analyses 
 

Organic matter content 
Soil health through the Haney 
and PLFA analyses  
Nematode analyses 

Six samples were analysed by 
Nvirotek for organic matter content 
and 27 samples were sent to Soil 
Health Solutions for soil health 
analyses. Twenty-one samples were 
analysed by the NWU for nematodes 
composition. 

3. Regular meetings 
with project team  

Participate in club meetings, 
discussing problems and 
possible solutions  

Participated in a meeting held on 13 
October 2020. 

4. Annual feedback 
meeting  

Report progress and findings 
at the forum meeting  

Due to Covid-19 restrictions, the 
annual feedback meeting was 
postponed. 

5. Annual reports 
and admin 
(technical data)  

Written technical report 
covering trial procedures, 
results and progress 

Submitted as required in March and 
September 2021 (current report).  

6. Participation in 
awareness events 

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

Results were presented during a 
trial visit on 18 March 2021.  

 

1.3 Summary of soil quality work package results from 2020/2021  

 

ACTIONS TAKEN TO DATE  

Soil samples were collected on 17 March 2021 on the “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” trial on the farm Korannafontein. Samples were also taken on four plots of 
“The nitrogen fertiliser requirement of maize following different cover crop mixtures” and cover 
crop trials at Humanskraal on 17 March 2021. These samples were sent to Soil Health Support 
Centre for Haney soil health tests (SHT) and PFLA analyses. As part of continuous monitoring of 
farmers’ lands on the farms, Humanskraal and Droëkraal, three CA and non-CA paired samples 
were taken and analysed for organic matter content.  
 
  



 

6 
 

PROGRESS MADE  

Selected plots of the following trials and selected lands on farms were sampled in 2020/2021.  
 

Trial or site Sample details 

Cover crop rotation trial on the farm 
Korannafontein 

21 samples (0–15 cm depth) on 17 March 
2021, about 100 days after planting  

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

Six samples (0–15 cm depth) and infiltration 
rates 
 

Nitrogen fertiliser requirement of maize 
following different cover crop mixtures 

Four soil samples (0–15 cm depth) to 
determine the initial soil health status 

Cover crop trials Five samples (0–15 cm depth) on various 
crops 

 

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 2020/2021 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 3. 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 
appears to have any relationship with the grain yield. This trial was concluded in 2019/2020 and 
the results are fully described in the 2019/2020 annual report. 
 

A comparison of conventional and conservation agriculture (CA) cropping systems: Owing 
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. The aim was 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 was 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: This trial aims 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. Up to date, none of the soil parameters showed any 
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relationship with the yield of maize. Nematode-specific indices were calculated and used to infer 
the soil ecosystem health status of the treatments. Differences were found. This trial continues.  
 

Soil sampled on adjacent CA and conventionally tilled lands on two farms for organic 

carbon content comparisons: 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 
that were taken in 2019 and 2020, however, confirmed that the organic carbon content of CA soils 
is similar to or higher than that of conventionally tilled soil even to a depth of 20 cm. In 2021 the 
organic carbon content of the CA soils (0–15 cm depth) was substantially higher than that of the 
conventionally tilled soils. These measurements will continue in future. 
 

The nitrogen fertiliser requirement of maize following different cover crop mixtures: This 
trial aims 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 that were analysed to get an indication of the initial soil 
health can be considered satisfactory as most of the parameters exceeded the “low” threshold. In 
2020/2021 soil health was improved by the cover crop with a higher legume content. 
 

PROBLEMS ENCOUNTERED AND MILESTONES NOT ACHIEVED 

No serious problems were encountered and all milestones were reached.  
 

1.4 Addendum: soil quality results 2020/2021 

 

1.4.1 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 

 
Introduction 

This trial aims to determine how soil health and crop yield are 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 3 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 

 
Since 2020/2021 sunflower was planted in 90 cm rows at 40 000 plants ha-1 only. 
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Ten soil samples (0–20 cm depth) were taken and mixed to form one composite sample per plot 
on 24 February 2020 and 17 March 2021 approximately 100 days after planting in both seasons. 
These samples were analysed by Ward lab (in the USA) through the Soil Health Support Centre 
(situated in the Western Cape) for organic matter content, microbial activity, soil health, nutrient 
content and microbial composition (PFLA test). These results were subjected to analyses of 
variance. Subsamples, of the above-mentioned samples, were composited and homogenised. A 
representative 200 ml portion was used to extract nematodes following the decanting and sieving 
followed by the sugar flotation method (Marais et al., 2017). Next, nematodes were identified and 
counted at the genus or family level. The generated information was used to calculate nematode-
specific indices, which were used to infer the soil ecosystem health status of the studied 
treatments. 
 
Results 

The results of the organic matter content, microbial activity, soil health and nutrient contents are 
shown in Table 1. Apart from the soil nutrients, which will be dealt with separately, all other 
parameters have very low values. With one exception, none of these parameters was affected by 
either the cropping system or by the plant configuration, or an interaction between these two 
treatments in 2019/2020. The exception was the soil’s potassium content with the content of the 
S-C-M system, 20% higher than that of the M-M system. This confirms the results of previous work 
that potassium is the first nutrient to respond to cropping systems in CA.   
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Table 1 Soil health (0–20 cm depth) and other parameters as affected by crop rotations and plant 

arrangement, of maize 100 days after planting during February 2020 and March 2021, at Korannafontein. 

Treatments were: Monoculture maize (M-M), Sunflower–cover crop mixture–maize (S-C-M) and plant 

arrangements were: 90 cm rows at 22 000 plants ha-1 (R90-22K) 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 Interaction 1.80 0.25 
 M-M 0.80 0.87 0.83 System 0.14 0.74 
2020/202 S-C-M 0.83 0.87 0.85 Configuration 1.80 0.25 
 Mean 0.82 0.87 0.84 Interaction 0.20 0.68 

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 Interaction 0.02 0.89 
 M-M 22.4 24.5 23.5 System 0.82 0.46 
2020/2021 S-C-M 20.0 22.3 21.2 Configuration 1.03 0.37 
 Mean 21.2 23.4 22.3 Interaction 0.00 0.96 

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 Interaction 0.30 0.61 
 M-M 24.3 25.7 25.0 System 0.09 0.79 
2020/2021 S-C-M 24.4 22.9 23.6 Configuration 0.00 0.98 
 Mean 24.3 24.3 24.3 Interaction 0.85 0.41 

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 Interaction 0.40 0.56 
 M-M 4.9 5.2 5.0 System 6.16 0.13 
2020/2021 S-C-M 4.2 5.1 4.6 Configuration 5.60 0.08 
 Mean 4.5 5.1 4.8 Interaction 1.09 0.36 

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 Interaction 1.72 0.26 
 M-M 1.9 1.9 1.9 System 0.25 0.67 
2020/2021 S-C-M 1.9 2.1 2.0 Configuration 0.25 0.64 
 Mean 1.9 2.0 2.0 Interaction 0.25 0.64 

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 Interaction 0.19 0.68 
 M-M 14.6 13.9 14.3 System 0.09 0.79 
2020/2021 S-C-M 12.3 15.4 13.9 Configuration 0.84 0.41 
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Season System Plant configuration ANOVA 
  R50-40K R90-22K Mean Source F-ratio Probability 

 Mean 13.5 14.7 14.1 Interaction 2.16 0.22 
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 Interaction 0.00 0.96 
 M-M 33.3 48.2 40.7 System 2.59 0.25 
2020/2021 S-C-M 40.4 61.2 50.8 Configuration 25.4 0.01 

 Mean 36.8 54.7 45.7 Interaction 0.71 0.45 
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 Interaction 0.09 0.78 
 M-M 88.0 70.3 79.2 System 8.42 0.10 

2020/2021 S-C-M 108.0 110.7 109.3 Configuration 1.38 0.31 
 Mean 98.0 90.5 94.3 Interaction 2.53 0.19 

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 Interaction 0.19 0.69 
 M-M 128.7 127.7 128.2 System 2.88 0.23 
2020/2021 S-C-M 141.7 141.3 141.5 Configuration 0.02 0.90 
 Mean 135.2 134.5 134.8 Interaction 0.00 0.95 

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 Interaction 0.06 0.81 
 M-M 48.0 54.7 51.3 System 0.06 0.83 
2020/2021 S-C-M 51.3 53.0 52.2 Configuration 1.39 0.30 
 Mean 49.7 53.8 51.8 Interaction 0.50 0.52 

Sulphur (g kg-1) 
 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 Interaction 1.17 0.34 
 M-M 1.3 1.5 1.4 System 2.10 0.28 
2020/2021 S-C-M 2.1 1.6 1.9 Configuration 0.24 0.65 
 Mean 1.7 1.6 1.6 Interaction 1.31 0.32 

 

In 2020/2021, both potassium and phosphorus were significantly affected. Potassium responded 
(P ≤ 0.1) in the same way to the cropping systems as in 2019/2020. Phosphorus was affected by 
plant configuration with the R90-40K configuration having a 49% higher content than the R50-
40K configuration. This difference may be due to the soil sampling procedure rather than the 
difference due to the nutrient uptake by the crop or any other factor. 
 
The soil microbial community as affected by the treatments are shown in Table 2. The total 
microbial, bacterial, fungal and actinomycetal biomass was not affected by the treatments in 
2019/2020. In 2020/2021 none of the soil microbial organisms was affected by any of the 
treatments. 
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The 2019/2020 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 Soil microbial organisms as affected by crop rotations and plant arrangement, of maize 100 days 
after planting during February 2020 and March 2021, at Korannafontein. Treatments were: Monoculture 
maize (M-M), Sunflower–cover crop mixture–maize (S-C-M) and plant arrangements were: 90 cm rows at 22 
000 plants ha-1 (R90-22K) 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 Interaction 4.06 0.11 

 M-M 541 939 740 System 0.86 0.45 

2020/2021 S-C-M 614 361 487 Configuration 0.13 0.74 

 Mean 577 650 613 Interaction  2.57 0.18 

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 Interaction 65.93 <0.01 

 M-M 1.06 1.09 1.08 System 1.04 0.42 

2020/2021 S-C-M 1.06 1.25 1.16 Configuration 1.04 0.36 

 Mean 1.06 1.17 1.12 Interaction 0.64 0.47 



 

12 
 

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

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 Interaction 4.06 0.11 

 M-M 89 178 134 System 1.55 0.34 

2020/2021 S-C-M 58 36 47 Configuration 0.50 0.52 

 Mean 74 107 91 Interaction 1.37 0.31 

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 Interaction 6.92 0.06 

 M-M 6.51 45.09 25.80 System 0.41 0.59 

2020/2021 S-C-M 9.52 11.50 10.51 Configuration 1.19 0.34 

 Mean 8.01 28.30 18.16 Interaction 0.97 0.38 

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 Interaction 3.25 0.15 

 M-M 11.4 34.5 22.9 System 1.65 0.33 

2020/2021 S-C-M 6.1 3.2 4.6 Configuration 0.96 0.38 

 Mean 8.7 18.9 13.8 Interaction 1.59 0.28 

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 Interaction 8.23 0.04 

 M-M 31.7 55.9 43.8 System 0.84 0.46 

2020/2021 S-C-M 27.2 15.9 21.5 Configuration 0.09 0.77 

 Mean 29.4 35.9 32.7 Interaction 0.71 0.45 

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 Interaction 2.94 0.16 

 M-M 57.4 122.4 89.9 System 1.99 0.29 

2020/2021 S-C-M 31.2 20.5 25.8 Configuration 0.94 0.39 

 Mean 44.3 71.4 57.9 Interaction 1.84 0.25 

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 Interaction 0.14 0.73 

 M-M 1.85 2.17 2.01 System 2.86 0.23 

2020/2021 S-C-M 1.45 1.27 1.36 Configuration 0.01 0.92 

 Mean 1.65 1.72 1.69 Interaction 0.17 0.70 

 
Gram (-) bacterial biomass was also affected by a cropping system X plant configuration 
interaction in 2019/2020. According to Soil Health Support Centre, 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 
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mostly anaerobic, and a gram-negative dominated soil would be indicative of 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 in 2019/2020.  
 

1.4.2 Nematodes (by NWU) 

The faunal analysis (Figure 1) is used to measure the status of the soil food web (Sieriebriennikov 
et al., 2014; Yeates et al., 2009). It relies on two nematode-based indices, namely the Enrichment 
Index and the Structure Index, both scored from 0–100. While the Enrichment Index represents 
the level of resource availability in the soil, the Structure Index serves as a measure of the 
complexity and stability of the soil ecosystem. Higher structure values are therefore indicative of 
healthier soils. These two indices are calculated by considering the trophic group(s) (bacterivore, 
fungivore, omnivore and predators) and coloniser-persister classification (c-p) (Table 3) of 
beneficial nematodes present in the soil. The c-p classification series ranges from 1 to 5, 
concurrently ranging from the most tolerant to the most sensitive nematodes groups with 
regards to environmental disturbance. 

 
Figure 1 Criteria for interpreting the food web analysis scheme using beneficial nematodes as bio-indicators 
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Table 3 Characteristics of nematodes assigned a specific coloniser-persister (c-p) value. The trophic groups 
relevant to this classification system include bacterivores (Ba), fungivores (Fu), predators (Pr), and 
omnivores (Om) 

 Life cycle Offspring production Trophic groups Sensitivity 

c-p 1 Short High Ba Tolerant 
c-p 2 Longer Lower Ba, Fu, Pr Tolerant 
c-p 3 Longer Lower Ba, Fu, Pr More sensitive 
c-p 4 Longer Lower Ba, Om, Pr  Greater sensitivity 
c-p 5 Longest Lowest Om, Pr Greatest sensitivity 

 

Brief results summary 

 
Figure 2 Nematode faunal analysis of the Ottosdal trial during the 1st sampling interval (February 2020) 
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Figure 3 Nematode faunal analysis of the Ottosdal trial during the 2nd sampling interval (March 2021) 

 
Figure 2 and Figure 3 present the two sampling intervals of the Ottosdal trial. Natural 
veld and maize monoculture served as the positive and negative reference sites (i.e. 
treatments), respectively. During both sampling intervals, all the treatments presented 
reduced enrichment (i.e. availability of nutrients) with varying food web structures. 
However, the veld treatment was consistently plotted in the mature and fertile quadrant 
(Figure 1), while maize monoculture was plotted during both intervals in the degraded 
and depleted quadrant. This confirms natural veld as a ‘benchmark’ in terms of 
background levels of soil ecosystem health for the Ottosdal trail. Finally, the sunflower–
cover crop–maize rotation generally presented higher Structure Index values compared 
against maize monoculture, indicating the soil ecosystem benefit derived from this 
practice.  
 

1.4.3 Adjacent CA and conventional tilled soils 2017/2018 to 2020/2021 

 
Introduction 

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

Soil samples were taken in March or April 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 
(Walkley Black method) for their soil organic matter (SOM) content only by NviroTek as the 
service provider. The water infiltration rate was measured in duplicate by pressing metal rings 
(16 cm diameter X 10 cm height) about 2 cm into the soil. A measured volume of water (503 ml) 
representing a depth of 25 mm, was poured into each ring and the time it takes to completely 
infiltrate, measured. 
 

Results and discussion  
The results of the soil analysed for their organic matter contents are shown in Table 4. The SOM 
contents of these soils are extremely low. The organic matter content (0–5 cm depth) of the 
conventionally tilled soils was between 23 and 71% higher than that of the CA soils in 2017/2018. 
This is the complete opposite of what was expected. It is suspected that the two sets of samples 
got switched at the service providing laboratory.  
 

The 2018/2019 results confirmed that the organic matter content (0–10 cm depth) can improve 
soil under CA practices above that of neighbouring conventionally tilled soils (Table 4). The 
organic matter content of land 1 was 2.9 times higher than that of the adjacent conventionally 
tilled soil. Soil from land 7 had a slightly higher organic matter content than the adjacent 
conventionally tilled soil.  
 
In 2019/2020, 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. In 2020/2021 
substantial differences were found (0–15 cm). The organic matter content of land 1 was 70% 
higher than that of the adjacent conventionally tilled soil. Soil from land 7 had a 93% higher 
organic matter content than the adjacent conventionally tilled soil, while the difference was 52% 
at Droëkraal. Assuming that the soil bulk density is 1.3 kg l-1 the organic matter content of CA soils 
surpasses that of the conventionally tilled soil from 5 000 kg ha-1 to 6 500 kg ha-1 in 2020/2021. 
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Table 4 The organic matter content (%) (determined with the Walkley Black method) of soil layers on farms 

where CA and conventional tillage are practised on adjacent lands from 2017/2018 to 2020/2021 

 
Season & System  Farm  
Depth (cm)  Droëkraal 1 Droëkraal 2 Doornpoort Humanskraal 
2017/2018 

(0–5) 
CA 0.40 0.34 0.62 0.56 
Conventional 0.63 0.58 0.76 0.80 

2018/2019 
(0–10) 

 Humanskraal   
 Land 1 Land 7   
CA 0.39 0.14   
Conventional 0.10 0.13   

2019/2020 
(0–20) 

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

  Humanskraal  Droëkraal  
2020/2021  Land 1 Land 7   
(0–15) CA 0.78 0.54 1.00  
 Conventional 0.46 0.28 0.66  

 
The time it took for 25 mm of water to infiltrate in 2020/2021 on the three lands are shown in 
Figure 4. A shorter time indicates a higher infiltration rate and vice versa. Large infiltration rate 
differences exist between the different lands, probably due to differences in texture.  
 
In two cases namely, land 7 at Humanskraal and Droëkraal the infiltration rate of the CA soils 
exceeded the rates of the conventionally tilled soil with 26 and 37%. On land 1 at Humanskraal 
the opposite was true most likely due to a soil cultivation action shortly before the measurements 
meaning that the soil surface was still without a surface seal. 
 

 
 

Figure 4 The time it took for 25 mm water to infiltrate the undisturbed soil surface of CA and adjacent tilled 

soil on three lands in 2020/2021. 
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1.4.4 The nitrogen fertiliser requirement of maize following different cover crop 

mixtures 

 
Introduction 

This trial aims 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. 
 
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 a legume to non-legume (mostly grass) species seed count ratios of 20:80 (L20 
G80), 40:60 (L40 G80), 60:40 (L60 G80) and 80:20 (L80 G20). 
 
In 2020, two composite soil samples were taken on 24 February 2020 on the maize and cover 
crops, respectively, to get an initial indication of the soil health status at the beginning of the trial. 
In 2021, composite samples were taken on four maize plots (N zero L80 G20, N zero L20 G80, N 
100 L80 G20 and N 100 L20 G80) on 17 March 2021 about 90 days after planting. 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 in 2020 and for selected plots in 2021 are shown in Table 5.  
 
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 in 2020. Parameters still below the 
ideal are the soil organic matter content, soil respiration, aggregate stability and sulphur content. 
In 2021 however, values of almost all parameters were lower than in 2020, for which no logical 
explanation can be given. 
 
Table 5 Health and other parameters (0–15 cm depth) of the soil of the trial area at Humanskraal in 2020 
and on maize plots for selected treatment combinations in 2021, 90 days after planting. Selected treatments 
were zero nitrogen and preceded by a cover crop of legumes 80% and grasses 20% (N zero L80 G20), zero 
nitrogen and legumes 20% and grasses 80% (N zero L20 G80), 100 kg ha-1 nitrogen and legumes 80% and 
grasses 20% (N 100 L80 G20) and 100 kg ha-1 nitrogen and legumes 20% and grasses 80% (N 100 L20 G80) 

 

Parameter/element 2020 
Ideal 
level 

2021 

   
N zero  

L80 G20 
N zero 

L20 G80 
N 100 

L80 G20 
N 100 

L20 G80 

pH (water) 6.3 
5.5–
6.5 

4.6 5.7 4.8 4.8 

Soil organic matter (%) 1.25 > 2.5 0.7 0.9 0.7 0.7 

Soil respiration (g kg-1) 43.7 > 50 18.6 14.5 20.3 16.9 

MAC (%) 32.5 > 20 16.6 14.1 19.5 20.1 

Health index 8.0 > 7 4.9 4.5 4.8 4.0 

Aggregate stability (%) 5.0 > 45 1.6 2.1 2.1 2.1 

Total available N (kg ha-1) 38 - 32.6 23.6 26.6 28.1 
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Total available P (g kg-1) 37 10–20 31.5 58.2 54.6 32.2 

K (g kg-1) 147 
120–
200 

102 65 80 125 

Ca (g kg-1) 309 - 119 413 90 97 

Mg (g kg-1) 80 - 48 66 43 44 

S (g kg-1) 4.3 > 12 1.5 1.4 1.5 1.5 

 
In 2021, some parameters and elements show expected differences. The pH of the N 100 
treatment is lower than the N zero probably due to urea which is acidifying the soil. Soil 
respiration and health index were higher for plots that had previously a higher legume population 
(L80). No obvious patterns are evident for other parameters nor elements.  
 
 
2 Assessment of cover crop adaptability and suitability for soil health 

and livestock integration 
 

2.1 Work package  

Work package title Assessment of cover crop adaptability and suitability 

crop and livestock integration 

 

  
Work package period October 2020 to September 2021 
Lead partner Independent Researcher (Mr Gerrie Trytsman) 
Involved partners ASSET Research, Ottosdal No-till Club, Seed companies  

  
Objectives • To establish and maintain on-farm screening trials 

• To determine the biological production of different cover crops 
• To measure the production of crop residues of each cover cropping system 
• To measure the adaptability of cover crops in different agro-ecological 

regions 
• To plant cocktails that can be used as livestock feed or soil primers 
• To plant cash crops after green fallow treatment 
• To monitor and determine crop yield on mixtures 
• To establish new mixtures from seed companies 
• To fine-tune cover crops mixtures for the agro-ecological region 

  
  

Description of 
work 

Cash crop (maize) rotation and green fallow trials. Legume trial including open 
pollinated varieties of cowpea, sun hemp and lablab. Companion planting of 
crops with sunflower for the possible control of sclerotinia. Different (legume: 
grass) mixtures looking at carrying 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) and training 
8. Annual reference group meeting (advisory committee) 
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9. Harvesting, biomass and yield determination, nutrient analysis 
10. Annual report and admin (production & technical data) 
11. Participation 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.)  

 
2.2  Deliverables, progress and results achieved per activity 

Activities Deliverables Progress and results 

achieved 

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

 

Selection of suitable site for 
companion planting of sunflower. 
During a planning session with the 
no-till members, a suitable site was 
identified for planting the mixture 
containing 10 different varieties.  
 
Legume screening trial containing 
cultivars from cowpeas, lablab and 
sun hemp with a total of 13 cultivars 
were planted at the same location as 
the previous season. 
 
The green fallow trial was planted 
again to monitor the influence on 
the yield of cash crops between 
summer annual mixture and cash 
crops.  
 
 

A plot of 1.2 ha mixed summer 
and winter annuals were 
planted with sunflower 
(companion cropping) at 
George Steyn. The seed was 
sponsored by Barenbrug. 
Legume screening (sun hemp, 
cowpea and lablab) trial was 
planted.  
 
Green fallow again was planted 
(10 ha) and on the previous 
year’s cover crops maize was 
established (10 ha). Soybean 
and sunflower were not 
established. 
Due to the heavy infestation of 
sclerotinia, the farmers only 
planted maize this season. 
 

2. Purchase 
materials & 
equipment 

 

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

Warm season legume seeds 
were delivered to farmers after 
purchasing it from the seed 
companies. 
Barenbrug sponsored the 
mixture for the sunflower 
sclerotinia trial.  
The farmers used their own 
seeds to plant the green fallow 
trial. 
 

3. Establishing and 
planting of trials  

 

Drawing up a field plan. 
Establish screening trial 7 
December. 

Regenerative trial (green 
fallow) was planted by the 
farmer. 
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Established trial according to the 
field plan. 
 

Legume screening trial planted 
by Lollie on 7 December. He 
also established the mixture 
containing sunflower seed at 
the same time with a small seed 
planter. 

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 an 
appropriate time (usually before 
seed set) using appropriate 
equipment. 
Submission of a technical report 
after each visit.  
Photos from the trial during visits. 
Harvest trials. 
 

The trial was discussed at a 
steering committee meeting on 
13/10/2020. 
The trial site was visited and 
trial layout and establishment 
procedures were discussed 
with farmers. 
The fertiliser was applied as 
discussed in the report. 
Report back to farmers and 
planning took place on 8 
September at Ottosdal. 

5. Monitoring and 
sampling 

 

Photos were taken from the trial 
sites. The green fallow trial site had 
severe damage from rodents 
(nagmuise), whiles the legume 
screening trial had signs of water 
erosion damage.  

The trial sites were visited on 8 
January. All trials were 
established as planned. Heavy 
rain caused a fair amount of 
erosion in some of the plots. 
21/02/2021: The legume 
screening trial and the green 
fallow trial were harvests to 
determine the DM yield. 
17-18/03/2021: Took soil 
samples at Korannafontein and 
held farmers day. 
14-15/03/2021: Harvest seed 
from the legume screening trial. 
During lockdown 
telephonically kept in touch 
with farmer co-workers.  

6. Lab analyses 
 

C:N content of plant material. Only money for soil samples is 
available this season. 

7. Monthly 
meetings 
(project team)  

 

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

31/10/2018 Meeting at 
Ottosdal steering com. 
Constantly in contact with seed 
companies.  
Discussed conference and my 
role with Hannes Otto. 
Manning a field point at the 
farmer’s day. 
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8. Annual feedback 
meeting  

 

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

Scheduled in the 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. 
Finish a chapter of an 
international Journal with the 
project team. 

10. Participation 
in awareness 
events 

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

Presented at a field point 
during the annual farmers day.  

 
2.3 Trials 

I. Green fallow 
II. Companion cropping with sunflower and cover crops 

III. Screening trial of annual legumes 
 

2.3.1 Green fallow trial 

The trial was initiated in 2016 was planted again during the 2020/21 season. Owing to heavy 
sclerotinia infestation the farmers decided not to plant the soybean and sunflower treatments. 
This action defeated the purpose of the trial. As reported previously the plot with sunflowers 
significantly produced a higher yield than the commercial plot by 500 kg/ha, which equates to 
R4 000.00 per ha taken into account last year’s prices. The reason given by the farmers for this 
action is the amount of effort to change planters and harvesters to accommodate crops such as 
soybean and sunflowers. This is understandable and maize was planted on these plots instead.  
 

Planting the cover crop: In field B, the same summer cover crop mixture was planted as in the 
previous year consisting of sorghum 10 kg; cowpeas 10 kg, babala 4 kg, lablab 3 kg, sun hemp 2 
kg, maize 2 kg, sunflower 1 kg, soybean 2 kg and radish 1 kg in the mixture. The cover crop was 
established well as can be seen in Plate 1. Good rains fell during the early growing season and are 
continuing.  
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Plate 1 Summer cover crop 

 

Maize planted in rotation with cover crop: Owing to Covid-19, the farmer was asked to delay 
the termination of the cover crop so that we could determine the yield of the mixture. This meant 
that crops produced viable seeds that were identified as a potential tread of becoming a problem. 
Plate 2 is a testimony of the amount of seed at the soil’s surface.  
 

 
Plate 2 Legume and sorghum seed under the mulch layer  

 

Gerbil (nagmuise) infestation: This, however, did not materialise but instead became a source 
of food for the devastating gerbils. The mulch created a safe hiding place while the seed at the 
soil surface was a source of food that attracted the gerbils. Damage was caused to maize planted 
on the plot that had cover crops previously as shown in Plate 3.  
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Plate 3 Damage caused by gerbils 

 

As a researcher, I believe that this situation was fuelled by bad decisions made on my part. Asking 
the farmer to delay termination of the cover crop, has created an ideal opportunity for the gerbils 
to invade the maize field with food and shelter available.  
 

Results  

Harvesting of the summer cover crops took place on 22 February 2021. A 1 m2 of wet material 
was harvested to determine the dry matter (DM). As can be seen in Table 6, the wet mass for the 
three harvest plots was between 94 and 97 tons of wet material per ha. This is by far the highest 
wet material recorded from the summer cover crop since the inception of the project in the 
2013/14 season. Late rains during autumn of 2020 the previous year and good rains from 
November 2020 to January 2021 contributed to the good yield. The amount of rainfall for the 
2020/2021 season was 655 mm.  
 

Table 6 Data from the summer cover crop harvest at George Steyn  

 

Plot W/ 
weight 
(kg) 

Sample 
W/weight 
(g) 

Sample 
D/weight 
(g) DM % 

DM/t 
ha-1 Grass Legumes 

 

Brassicas sunflower 

9.7 270 84 31.1 30.18 15 4 
 

1 1 

9.7 199 69 34.7 33.63 15 4 
 

1 3 

9.4 161 57 35.4 33.28 9 5 
 

0 1 

   Average 32.4 13 4.3 
 

0.7 1.7 
 
The average DM for the three samples was 32.4 t ha-1. Grasses contributed the bulk of the DM 
followed by legumes, sunflower and brassicas, respectively. From Plate 4 the height of the cover 
crop is clearly visible with a dense undergrowth of smaller trailing plants visible. The sward was 
left standing by the farmer during the winter and will be rolled with a heavy roller to prepare a 
seedbed for the subsequent cash crops.  
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Plate 4 Summer cover crops, 22/02/2021 

 
Although close to 20% yield was lost to the gerbil infestation, the potential for an above average 
maize yield, planted after the summer cover crop, is clearly visible from Plate 5. The farmer 
harvested the maize with a combine and recorded a yield of 7.5 t ha-1. 
 

 
Plate 5 Maize planted in rotation with summer cover crop 

 
Table 7 shows a summary of the yield obtained from the two separate fields from 2016 to 2021. 
From the cover crop yields, it is eminent that rainfall plays a dominating role in DM production. 
For years 2017, 2020 and 2021 higher annual rainfall amounts were received than the 550 mm 
average of the area. Consecutive above average annual rainfall for 2020 and 2021 seasons 
recorded DM yields above 30 t ha-1. Predictions for the coming season is also very positive with 
meteorologists predicting above average rainfall for the North West Province. 
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Table 7 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)  
2021 Maize  Summer CC 

7.5 (t ha-1) 32.4 (DM t ha-1) 
 

2.3.2 Companion cropping between sunflower en cover crops 

Sunflower fields not affected by the infestation of the pathogen sclerotinia produced an average 
yield of 2.3 t/ha. Doing the calculation after planting 500 ha of sunflowers the farmers lost nearly 
700 tons due to sclerotinia at a cost of R 5 600 000. This prompted us to test innovative solutions 
to the problem. Under conventional tillage inoculum from the pathogen is reduced by ploughing 
the field. In this way, the pathogen cannot germinate and produce spores that can contaminate 
the growing sunflower. Consulting and discussing the matter with Douw Steyn from Barenbrug it 
came to light that Barenbrug as a seed company also identified this as a problem that needs urgent 
attention. They already identified some cover crop plant species that are non-hosts for the 
pathogen and was willing to sponsor a seed mixture that could be planted as a companion mixture 
with sunflower to curb the sclerotinia disease. The mixture that was proposed contains black oats 
10 kg (Saia oats); stooling rye 5 kg (Barpower); cowpea 5 kg (Dr Saunders); tillage radish 1 kg 
(Daikon); buckwheat 5 kg (Common); coriander 5 kg; flaxseed 5 kg and vetch 5 kg (Haymaker). 
The seed was supplied by Barenbrug. This seed was mixed with 5 kg of sunflower seed and 
planted with a fine seed planter on the research plot of approximately 1.2 ha at 40 kg/ha.  
 
The goal of this trial is to measure the infection rate of sclerotinia visible later as the sunflower 
mature and also measure the yield of the sunflower. The companion crops will also be monitored 
in terms of soil coverage and yield. The only non-palatable species in the mixture is flaxseed. The 
possibility of grazing the cover crop can also be of great benefit. Some of the crops such as oats 
and rye will produce viable seeds that can produce volunteer seedlings due to the shredding of 
seed before winter. This can be beneficial for the soil having living roots in the soil for longer in 
the season. Plate 6 is a picture of the trial on 8 January. 
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Plate 6 Sunflower emerging between the cower crop  

 
Both sunflower and soybeans are host plants for the sclerotia disease, which produces an 
apothecium that releases windborne ascospores that infect the different crop parts such as leaves, 
stem and roots. Figure 5 represents a schematic proposal of the life cycle of sclerotinia.  
 

 
Figure 5 Life cycle of sclerotinia  

 
Creating a living mulch during the spore release period, the hypothesis is that the windborne 
spores will be trapped beneath the plants at the soil surface and not be able to infect the sunflower 
plants, having the same effect as ploughing in a conventional system. The farmer makes use of 
Euro-Lightning® technology which creates a very clean seedbed under the canopy of the 
sunflowers, which might benefit the release and spread of the spores. A detailed literature study 
will be done as the year progresses.  
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Results 

On the farmer’s day that was held on 18 March, farmers showed much interest in the sunflower 
intercrop trial. Some farmers found the quality and quantity of the amount of biomass, as shown 
in Plate 7, produced by the cover crop for grazing, appealing. Estimates of the sunflower yield on 
that day were around 1.2 t ha-1.  
 
A sunflower expert from Pannar inspected the sunflower field, specifically looking for symptoms 
of sclerotinia infestation. None was found. 
 

   
Plate 7 Sunflower intercrop 22/02/2021 

 
A representative soil sample (Table 8) for the trial site revealed low values for biological 
parameters (soil respiration, active carbon), while the %SOM, total N and P and K were at 
adequate or high levels. The soil health score was good at 8.3. Ward laboratories did the analysis.  
 

Table 8 Haney soil test revealed positive values for all nutrients  

 

Sample ID 

Organic 

matter % 

Soil 

respiration 

CO2-C 

(ppm C) 

% 

Microbially 

active 

carbon 

N kg/ha P kg/ha 
K 

kg/ha 

Sunflower 
intercrop 1.9 39.4 37.2 167.6 47.6 155.1 
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2.3.3 Screening trial of annual legumes 

 
Cowpea (Vigna unguiculata (L.) Walp) can be referred to as ‘a lost crop of Africa’ and very little 
research has been done on it. Cowpea is one of the most ancient human food sources and has 
probably been used as a crop plant since Neolithic times. It is also regarded as useful livestock 
fodder and its ability to fix atmospheric nitrogen make it a favourite crop to plant in a rotation 
system in semi-arid areas.  
 
During 2019–2020 eight cowpea cultivars were planted for screening purposes. Lablab planted 
by the farmer for hay was cut and DM determined after sun hemp and lablab seed got lost. This 
year after farmers requested that the screening trial should be repeated, the seed companies 
(AGT, Barenbrug, Agricol and K2) sponsored 10 kg of cowpea seed for evaluation purposes. This 
gesture is highly appreciated. Barenbrug also sponsored trial seeds of red hemp (sun hemp) and 
dolichos (lablab) to be evaluated. This seed is currently not available as cultivars still need to be 
registered by SANZAR. A total of 13 plots were planted to be screened.  
 
The screening trial was planted on the same plot as the previous year. Strips of 6 m from each 
cultivar were planted on the length of the field. Planting was done by Lollie Zietsman our technical 
helper that assisted us with the trial. Field markers were given to Hannes Otto to mark the trial 
plot after planting. Identification of the plots is essential for identification purposes.  
 
As shown in Plate 8, the different crops established well and the farmer co-workers confirmed 
that the legumes are doing well during the season.  
 

 
Plate 8 Legume screening trial 

 
Owing to the good rains and the fact that legumes do not produce such a lot of residues as well as 
fast decomposition due to a narrow C:N ratio, some water erosion took place on the plot.  
 

Results  

Unlike leaves of other grain legumes, cowpea leaves may be more valuable than the seed because 
their protein content and protein productivity exceed that of the seeds on a dry weight basis. 
Protein concentrations of 29 to 43% have been reported for cowpea leaves but only from 21 to 
33% in the seed. Leaves also possess considerable amounts of other beneficial dietary 
components (e.g. on a weight-for-weight basis) compared to raw cowpea seed, 20% more 
thiamine, twice the amount of riboflavin, and equal amounts of niacin. 
 
Additionally, leaves contain considerably larger amounts of the essential amino acids, methionine 
and cysteine and they are a significant source of β-carotene, a vitamin A precursor. The previous 
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year due to Covid-19 harvesting was delayed and took place on 5 May. This meant that most 
leaves were lost due to weathering. The lablab cultivar (Rongai) with a longer growing season, in 
fact, a true biannual in the tropics, yielded the most. 
 
This year lablab and cowpea cultivars were harvested on 21 February which might negatively 
influence the lablab yield. For the cowpeas, as can be seen in Figure 6 with a shorter growing 
season, this seems to be close to the optimal harvesting growth stadium. It is also clear from 
Figure 6 that certain varieties such as Betchuana white, Dr Saunders and to a certain extent 
Glenda produced good yield in both years. This year for the first time Barenbrug includes a variety 
called “Barenbrug Brown” which out-yielded the rest of the accessions.  
 
The amount of biomass is crucially important, although the nutritive value of the forages is 
relevant to livestock farmers. For pasture legumes and grass forages, biomass and age are 
generally negatively correlated with forage quality. Nutritive value has been linked to several 
factors, ranging from species to harvesting and curing methods. 
 

 
Figure 6 DM yield for cowpea and lablab accessions  
 
In addition, legume forages are known to contain high levels of anti-nutrients that form 
complexes with proteins and carbohydrates as it matures, rendering them unavailable. The 
presence of tannins and low fibre content can however be advantageous in mitigating enteric 
methane (CH4) production. Forage legumes possess lower levels of soluble carbohydrate content 
compared to grasses, which can influence methane production.  
 
The shade tolerance characteristic of cowpea makes it compatible as an intercrop with maize, 
millet and sorghum as well as with many plantation crops. Thus, although monocrop cowpea is 
profitable, farmers plant cowpea in various types of intercropping systems. 
 
In cowpea grain production systems, it is generally recommended that no N fertiliser application 
should be applied post-emergence. Only a small dose of ‘starter’ N should be applied at planting 
as the cowpea can fix its own N. Cowpea is dependent on vesicular-arbuscular mycorrhizas (VAM) 
for P nutrition and its roots are the most densely colonised among crop species. As a result, it is 
sometimes recommended that cowpea can be grown with very little or no P fertiliser. Because of 
VAM colonisation, it has also been recommended at times that growing cowpea could improve 
the P nutrition of subsequent cereal crops in soils of low P status as a soil improvement strategy 
for resource-poor farmers. For dual-purpose cowpea, it is also important therefore that farmers 
choose planting dates that synchronise the vegetative phase of the cowpea with the high rainfall 
period. 
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Seed yield for the different cowpea accessions is given in Figure 7 and it is clear from the data 
that a good correlation exists between pod weight seed production weight and husk weight. Dr 
Saunders outperformed the rest of the accessions in terms of seed production. Good seed yield is 
also realised for accessions such as Beshuana white, Agrinawa and Barenbrug Brown. Being open 
pollinated means that farmers can breed their own adapted seed stock. Genetic variability within 
and between the different varieties is clearly visible in terms of morphological traits.  
  

 
Figure 7 DM yield for cowpea and lablab accessions  
 

To monitor seed production, a 1 m2 plot was harvest dry in an over at 80 C°. Seeds and husk were 
separated and weighed as can be seen in Plate 9. 

 
Plate 9 Seeds and husk of Barenbrug Brown 

 
Leave morphology such as leaf length and leaf width and a general description of the leaves was 
discussed in the previous report and will not be discussed again. These traits are of interest to 
researchers and breeders. Farmers on the other hand are more interested in seed and biomass 
production that are discussed in this report.  
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3 Field trial and awareness activities 
 

3.1 Work package  

Work 
package title 

Conducting field trials and organising awareness events 

Work package 
period 

October 2020 to September 2021 

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

Dr A Nel, Mr G Trystman, Participating farmers, Dr S Haarhoff (Yara) 

  
Objectives • To coordinate on-farm experimentation activities among participating 

farmers 
• To ensure timely and correct implementation of relevant activities and 

treatments 
• To assist with the use of specialised implements for trial purposes 
• To assist in organising and facilitating awareness events 

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

central to research projects. This implies that trial treatments or replications 
are implemented on the farm by the respective farmer participants. A range of 
support measures is 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 are that of a local farmer facilitator, primarily assisting, 
guiding, calibrating and implementation of the experimental designs 
(treatments) correctly. This person also has to maintain trials and harvest or 
assist in harvesting it while managing temporary labour. The person selected 
is locally based and have an intimate knowledge of the local natural resources 
and stakeholders, especially the farmers. The 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. 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 the 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. Participation 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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3.2 Deliverables, progress and results achieved per activity 

Activities Deliverables Progress and results 

achieved 

Land preparation 
(10 visits) 
 

Lay out 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 the land of 
4 trials on 2 farms 

Planting 
(10 visits) 
 

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

Assisted to establish 4 trials on 
2 farms 
See a list of trials in Table 9 

Seasonal 
management 
(30 visits) 

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

Completed seasonal activities 
for 2020–2021 

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

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

Completed seasonal activities 
for 2020–2021  

Monthly meetings  
 

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

Participated in several informal 
meetings 

Annual report and 
admin  
 

Written report covering trial 
implementation, results and 
progress 

N/A 

Participation in 
awareness events 

Assist in organising and managing 
annual conference and trial visits 

An awareness event was held 
on 18 March 2021 (see 
description below) 

 

3.3 Annual farmers’ day 

A farmers’ day was held on 18 March 2021 at a key trial site on the farm Humanskraal of George 
Steyn, where numerous trials have been done since 2013. About 100 people, mostly farmers from 
the region, attended the day. The programme started with a gathering at the Ottosdal Gholf Club 
in town, whereafter the participants departed for the trial site at Humanskraal. The participants 
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were divided into three groups that rotated between three field points, where the following topics 
were demonstrated and discussed: i) soil health and cover crops (presented by Dr Gerhard du 
Preez from NWU and Gerrie Trytsman (ASSET Research), ii) weed management and agronomy 
(by Prof. Charlie Reinhard (NWU) and Dr Andre Nel (ASSET Research team member), and iii) 
nutrient use efficiency and soil profile evaluation (by Dr Stephano Haarhoff (Yara) and Adriaan 
Dreyer (SGS)). After lunch two more field points were visited where the following two topics were 
dealt with: i) farmers experiences in CA, and ii) maize cultivars evaluated under CA in the local 
trial. See Photos 1a and b. 

 
Photos 1a and b Dr Gerhard du Preez (NWU) talked about soil health, Mr Gerrie Trytsman (ASSET Research) 

on cover crops and livestock integration and Mr Adriaan Dreyer (SGS) did a soil profile evaluation during the 

trial visit field day at Ottosdal (18 March 2021). 

 

Table 9 List of location and type of trials established in Ottosdal area, 2020/2021 season 
 

Trial Number 1 2* 3 4 5 

Farmer co-

worker or farm 

Cover crops, 

intercropping 

& green fallow 

Maize 

fertilisation 

Maize 

cultivar 

evaluation 

Cover crop 

rotation trial 

(Korannaf.) 

Cover crop –

maize X 

nitrogen 

fertilisation 

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

*In participation with Yara fertiliser company 
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4 Agronomic field trial planning and analyses 
 

4.1 Work package 

Work 
package title 

Agronomic field trial planning and analyses 

  
Work package 
period 

October 2020 to September 2021 

Lead partner Independent agronomist – Dr A.A. Nel 
Involved 
partners 

Ottosdal No-till Club members, ASSET Research 

  
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 are implemented. This environmental change affects most, if not all, 
agronomical parameters which need to be revised for optimisation. 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, fertilisation practices, weed control, the 
role of cover crops, and more. 
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. To generate scientifically sound 
recommendations on these agronomical parameters, proper planning, analyses 
and interpretation of the results are needed. 
Field trials will also be of value to demonstrate the benefits of conservation 
agriculture and serve as observation and training opportunities 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 datasheets 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 
• Regular attendance of meetings 
• Reporting as required 
• Popular articles once enough results have been acquired 

Risks 
Adequate involvement and participation of farmers. Crop damaging weather 
events. 
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4.2 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 the reporting period) 
 

Planning of trials Field trial plans 
and datasheets  

After a club meeting (13 October 2020) where 
the objectives were discussed, three field trial 
plans and datasheets were compiled and 
supplied. 

Statistical analyses, 
interpretation, 
discussion and 
drawing of 
conclusions from 
the collected data 

Report on results  All 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 the 2019/2020 season were 
presented to the No-till Club club meeting on 13 
October 2020. Only 8 people were present due to 
Covid-19 restrictions. 
A two-page summary titled “Wat het ons geleer 
sedert 2013/2014” on the trial results was 
compiled printed and handed out during the trial 
visit on 18 March 2021. A six-monthly progress 
report on the trial planning and analyses was 
compiled and submitted to the project leader. 

 

 

4.3 Summary of agronomic work package for 2020/2021  

 

ACTIONS TAKEN TO DATE  

Field trials were described and planned according to the objectives decided on by club members 
during the planning meetings held in October 2020. The trial plans were provided to the No-till 
Club for execution. All measurements and data collection were done as planned. Data of 
2020/2021 were added to results of previous seasons, analysed and conclusions made and 
documented. The research objectives or topics of both completed and continuing were:  

1. To compare crop rotation systems (since 2013/2014 to 2019/2020) 
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 
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composition (2019/2020, continuing) 
9. To find the optimal nitrogen fertilisation rate of maize following a cover crop (2019/2020 

only) 
 

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

PROGRESS  

The following number of trials were planned, conducted from 2013/2014 to 2020/2021 and the 
results were analysed for each objective: 
 

Objective Number of trials 

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

Argentinian versus local row widths and 
populations 

23 (three crops, four seasons, completed) 

Tines versus coulter fitted on the planter 5 (three seasons, completed) 
Plant population densities 17 (four crops, completed) 
Maize cultivar evaluation 15 (farm x season combinations, 

demonstration trial, continuing) 
Conventional crop systems vs CA crop systems 7 (farm x season combinations, 

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

1 (three seasons, one farm, replicated 
trial, started in 2018/2019 continuing) 

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

1 (one season, replicated trial, completed 
in 2019/2020) 

Nitrogen fertiliser requirement of maize 
following different cover crop mixtures 

1 (two seasons, demonstration trial, 
started in 2019/2020 continuing) 

 

RESULTS ACHIEVED TO DATE 

Since 2013/2014, a total of 87 field trials or repetitions of trials were done on various farms. Since 
2015/2016, more intensive trials, some replicated, are done on two 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 2020/2021 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. A detailed description and discussion of the results can be found in the 
progress report of 2019/2020 submitted in September 2020. 
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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. Except for 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 m spaced rows at 
similar plant densities. A detailed description and discussion of the results can be found in the 
progress report of 2018/2019 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 and discussion of the results can be found in the progress report of 2018/2019 
submitted in September 2019. 
 

Plant population densities: This study aimed 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 and discussion of the results can be found in the progress report of 
2018/2019 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, if needed. The results are presented as required each season. 
 

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 was 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 was higher (by 0.8 t ha-1) than the yield of one of the no-till systems. 
In the other six 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 and discussion 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 
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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 monoculture crop. In contrast, yield did not respond to plant 
arrangement nor to rotation system in 2020/2021, probably due to excessive rainfall and hail 
damage. 
 

Nitrogen fertilisation of maize following a cover crop mixture utilised by cattle: This 
statistically laid-out trial aims to determine whether the application rate of nitrogen can be lower 
when rotated with a cover crop mixture that is utilised by cattle. Results of this first season 
suggest that the nitrogen fertilisation rate can be reduced by about 40 kg ha-1 from what is 
normally recommended for maize in the area. The results are presented in the annual report of 
September 2020.  
 

Nitrogen fertiliser requirement of maize following different cover crop mixtures: The aim 
is to determine if and how the legume to grass ratio or composition of a cover crop affects the 
yield of maize rotated with it. In 2019/2020, the yield of the still non-rotated maize fertilised with 
zero to 100 kg nitrogen ha-1 responded expectedly and reflects the results of the above-mentioned 
trial well. In 2020/2021 no response either to the nitrogen fertilisation or to the composition of 
the cover crop was found, probably due to excessive rain during December 2020. 
 
PROBLEMS ENCOUNTERED AND MILESTONES NOT ACHIEVED IN 2020/2021 

Heavy rain in December 2020 resulted in runoff and loss of cover in parts of some trials. Hail 
damaged crops at Korannafontein.  
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4.4 Addendum: Results of continuing trials 2020/2021 

The most limiting and variable resource for crop production in this semi-arid area is rainfall. As 
background for evaluation of these results, the seasonal rainfall at Humanskraal en 
Korannafontein are shown in Table 10 and the cumulative rainfall of Humanskraal is shown in 
Figure 8. In four of the seven seasons, the cumulative rainfall was for some periods above the 
long-term mean. Above mean rainfall was recorded in only 19 (or 39%) of the 49 summer months. 
Compared to the long-term pattern, the rainfall from 2014/2015 to 2020/2021 is remarkable. 
Rainfall above the long-term mean was recorded only once for October and twice for November, 
while above mean rainfall was recorded for five of the seven months of April. It is also clear from 
the rainfall data that the monthly total rainfall is highly variable from season to season. 
 
 
Table 10 The long-term mean rainfall for the area and the seasonal rainfall at Humanskraal since 
2014/2015 and Korannafontein since 2019/2020 
 

Season   Octo- 
ber 

Novem- 
ber 

Decem- 
ber 

Jan- 
uary 

Feb- 
ruary 

March April 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 
2020/2021 10 120 137 214 77 77 20 655 

Korannafontein 
2018/2019 18 16 25 30 94 32 261 476 
2019/2020 0 60 174 137 57 96 55 579 
2020/2021 53 110 125 128 125 52 39 632 
*Long-term mean of the area       

 

 
 

Figure 8 Long-term monthly, 2014/2015 to 2019/2020 and 2020/2021 cumulative rainfall 
at Humanskraal 
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4.4.1 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 probably not done in no-till or 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 2–3 December 2020 on the farm Humanskraal. Twenty-three 
cultivars, supplied by six seed companies were included. The trial layout consisted of 12 rows of 
a particular cultivar planted in 0.52 m spaced rows of 80 m length at a density of 40 000 seeds ha-

1. A 12-row control cultivar strip was included between every two adjacent tested cultivars. No-
till is practised on the cultivar trial area for more than eight years and an excellent soil cover 
developed over time. The soil cover was 82% (Photo 2) and the density 48 267 plants ha-1, much 
higher than intended.  
 
The cobs of three 18 m2 plots (6 rows x 0.5 m spaced x 6 m long) were hand harvested in each 
cultivar strip and the weight was measured. The mass of 10 randomly selected cobs were 
determined, it was threshed, the grain weight determined and the grain-to-cob mass ratio 
calculated. Grain yield was calculated from the plot cob yield and the grain-to-cob mass ratio.  
 
Seed prices of all cultivars for the 2021/2022 season were sourced from the suppliers. The net 
return, taking the seed prices of the various cultivars into account was calculated at a seeding rate 
of 40 000 ha-1 and a grain price of R2 850 t-1.  
 

Results 

Cultivar yields are shown in Figure 9. Seed cost and net returns are shown in Figure 10 and Figure 
11. 
 

Discussion and conclusions 

Well performing (0.5 t above the overall mean yield) cultivars in the 2020/2021 season were DKC 
75-65 BR, DKC 76-77 BR, LG 31-750, P 2432 R, P 2927WYR, PAN5285 and PAN 5R-854BR. In 
terms of nett return, DKC 75-65 BR, IMP 53-49 BR, LG 31-750, P 2432 R, P 2927WYR, PAN5285 
and PAN 5R-854BR exceeded the mean with more than R1 200 ha-1. 
 

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



 

42 
 

 
  Figure 9 The grain yield of cultivars at Humanskraal 2020/2021 

 

 
Figure 10 The 2020/2021 seed cost ha-1 for each cultivar (excluding the experimental cultivar 97 

Y02 BR) at a seeding rate of 40 000 ha-1 
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Figure 11 The nett return for cultivars (excluding the experimental cultivar 97 Y02 BR) calculated 

at a grain price of R2 850 t-1 at Humanskraal 2019/2020 in descending order 

 

 
Photo 2 Part of the 2020/2021 cultivar trial on 8 December 2020, seven days after planting showing an 

excellent soil cover of 82% due to the narrow row spacing, high plant population density and a planter with 

discs causing minimal disturbance of crop residues 
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4.4.2 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 benefits of a cover crop mixture on soil health are well known and it is promoted worldwide 
as a practice to enhance sustainability. Under local conditions, only limited preliminary research 
has been done with cover crop mixture to evaluate 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 the plant configuration 
interacts with the inclusion of a mixed cover crop in the rotation system is unknown.  
 
Aim 

This trial aims 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 a sunflower. In the second season, the trial was planted on 14 November 2019 
and the third season was on 8 December 2020. Treatments consisted of two crop rotation systems 
and two plant arrangements. 
 
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, DKC 7276 in 2019/2020 and PAN 
5R-785 BR in 2020/2021. Sunflower cultivars planted were Agsun 8251 in 2019/2019 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). In 2020/2021 maize were fertilised with 100 kg LAN (28) 
ha-1 + 80 kg MAP ha-1 + 25 kg KCl ha-1 during planting and 200 kg LAN (28) was applied about six 
weeks after planting as topdressing. The 2019/2020 sunflower crop received 80 kg MAP plus 80 
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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). 
In 2020/2021, 70 kg N ha-1 + 16 kg P ha-1 was applied to the sunflower crop. 
 
The cover crop was Agri-Life 12 (supplier: Agricol) consisting of 44% cowpeas, 20% sun hemp, 
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. In 2020/2021 the 
sunflower cultivar PAN 7102 CLP and cover crop mixture Agri-Life 12 was planted. The sunflower 
was fertilised with 70 kg N, 18 kg P and zero K ha-1. The cover crop received 60 kg MAP ha-1 and 
100 kg LAN ha-1. 
 
Soil samples were taken and analysed and the results are reported in work package 1. The cover 
crop was flattened with a “rolmoer” and the maize and sunflower yields were 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 yield 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. The results of the analysis of variance are shown in Table 11.  
 
Table 11 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, 2019/2020 and 

2020/2021 

 

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 

2020/2021 
M-M 7.17 6.75 6.96 System <1 0.35 
S-C-M 6.94 6.65 6.80 Arrangement 3.7 0.13 
Mean 7.06 6.70  S X M interaction <1 0.74 

 
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 the 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 
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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 and 2020/2021. Despite this damage, a 
yield of 1.77 t ha-1 was recorded in 2019/2020 and 1.63 in 2020/2021 t ha-1. The mean dry matter 
yield of the cover crop, measured on 24 February 2020 was 11.9 t ha-1. Hail also caused damage 
in 2020/2021 although to a lesser extent than in 2019/2020. High rainfall during November and 
December in 2020/2021 caused damage to all crops as visualised by the yellowing of plants. 
 
In 2019/2020, the yield of maize was affected by the cropping system, plant arrangement and 
interaction between them (Table 11). 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. 
 
In contrast with the 2020/2021 season, the yield of maize was not affected by the cropping 
system nor by the plant arrangement or an interaction between them. A possible explanation for 
this lack of response is most likely due to the high rainfall and concurrent crop damage. 
 
At this stage of the trial, the results support the general view that maize benefits from crop 
rotation and is planted at a high density (40 000 plant ha-1) in narrow rows of 50 cm in most 
seasons. As found in 2020/2021, seasons also exists where no response can be expected 
indicating a season X crop system and plant arrangement interaction.  
 
Soil health results are presented in work package 1, “Assessment of soil quality”. 
 

 
Photo 3 A visible difference in the vegetative growth between monoculture maize (left) and rotated maize 

(right) on 19 January 2021. Visible differences in this early vegetative growth stage is usually a poor indication 

of the grain yield.  
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4.4.3 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 be 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 receives 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. 
 
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 and on 3 December 2020. 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 a legume to non-legume species seed count ratios of 20:80, 40:60, 
60:40 and 80:20. The composition of the mixtures is shown in Table 12.  
 
The row direction of the cover crop was perpendicular to that of the maize. In 2020/2021, the 
maize was planted on the 2019/2020 cover crop plots resulting in a cover crop–maize rotation 
system. The row direction of each crop is fixed, that is, north-south for maize and east-west for 
the cover crop. With this configuration, 16 subplots were created in 2020/2021 where each maize 
fertilisation rate and cover crop mixture ratio are combined. Biomass yield of the cover crop 
mixtures was measured on 19 March 2020 and 17 March 2021 and the yield of maize in July 2020 
and 2021. 
 
Table 12 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 
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Results 

Owing to the above average rainfall in both 2019/2020 and 2020/2021, the cover crop 
performed well. The mean biomass yield of the cover crops was 16 t ha-1 in 2019/2020 and 23 t 
ha-1 in 2020/2021. In 2019/2020 the maize was not rotated yet and the grain yields of the 
fertilisation rates are shown in Figure 12. 

 

 
Figure 12 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 trial number 4 reported 
above. 
 
Grain yield showed no relation to fertilisation rate for any of the rotations in 2020/2021. The 
results are shown on a bar graph (Figure 13). The lack of a response is unexpected as differences 
in vegetative growth among the nitrogen rates were visible during the growing season. Excessive 
rain during December, which resulted in runoff and possible leaching most probably caused a loss 
of nitrogen fertiliser resulting in a lack of response.  
 
There is also no correlation between the grain yield and any of the soil health parameters 
reported in part 1 (Assessment of soil quality) of this report. A conclusion on the question on how 
the composition of the preceding cover crop would affect the nitrogen requirement of the 
following maize, could thus not be made. 
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Figure 13 The yield of maize as affected by nitrogen fertilisation rate at Humanskraal in 

2020/2021. The preceding cover crop mixture is indicated by the legume to grass ratio e.g. 

20% legume to 80% grass seed (L20 G80), etc. 

 

  
 

Photo 4 Maize fertilised with 66 and zero kg nitrogen ha-1 on the right and left of the white peg 

respectively. The differences in vegetative growth due to different nitrogen fertilisation rates were 

visible in both 2019/2020 and 2020/2021.  
 
 


