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1. Introduction
The AFRICAP project (www.africap.info) is an interdisciplinary collaborative
research and capacity building programme working with local organizations and
governments in Malawi, South Africa, Tanzania, and Zambia. AFRICAP is creating an
evidence base to underpin new country-specific policies in agriculture and food
production. This project is funded through the UK government's Global Challenges
Research Fund (GCRF) and led by the University of Leeds, in the UK, and the Food,
Agriculture and Natural Resources Policy Analysis Network (FANRPAN) in South
Africa. The in-country partners include the National Agricultural Marketing Council
(NAMC), the Department of Agriculture, Forestry and Fisheries (DAFF), the
Department of Rural Development and Land Reform (DRDLR) and the Agricultural
Research Council-Small Grain (ARC-SG) in Bethlehem.
Through this project, newly created country-specific policies will be piloted and
evaluated in large-scale test sites to enable fast implementation and to build national
capacity for future evidence-based policy development. Learned lessons will be
translated into other contexts across Africa with the support of local, national,
regional and international networks with a stake in sustainable agri- food systems.
The aim of this project is to make agriculture and food production in sub-Saharan
Africa more productive, sustainable, and resilient to climate change.
The Agroecology aspect of the project focused on investigating how climate
adaptation influenced changes in management practices, which in turn affected
insect diversity and insect pest prevalence and biocontrol. Monocropping and
agricultural intensification may affect the species distribution within an ecosystem
and result in dominance of some species, causing an increase in pests and a reduction
in abundance and diversity of other insects that contribute important ecosystem
functions. This may result in increased crop damage and associated crop yield losses
that will affect food production and security. Understanding of how farm-level
mechanisms influence insect diversity and population decline will help plan pest
management, reduce trade-offs with biodiversity and ecosystem services, and
agricultural intensification more sustainably.
2. Objectives
The objectives were to:
•
•

•

Evaluate biodiversity in commercial and smallholder farms in Thabo
Mofutsanyane district of the Free State province.
Survey and collect insects in commercial and subsistence crop production
systems in the Thabo Mofutsanyane district (Qwaqwa, Bethlehem, Clarens,
Cornelia and Vrede areas) during the four-sampling seasons (January
/February 2020, May / June 2020, October / November 2020 and March/April
2021).
Compare the abundance and diversity of insects and insect pests within the
contrasting farming systems in commercial and smallholder farms in Thabo
Mofutsanyane district.

•

Collect soil samples to determine the physicochemical properties including bulk
density of all sampling sites.

3. Materials and Methods
3.1 Study area for insect monitoring
Site selection within the Thabo Mofutsanyane district was facilitated by NAMC and
DAFF teams who earmarked the localities of Clarens, Cornelia, Vrede, Bethlehem and
Qwaqwa for undertaking the AFRICAP agroecological research initiative (Fig. 1)
(Table. 1 – Appendix 1). These teams selected landscape hotspots and located
commercial and smallholder farms which practice conservation and conventional
agriculture (CA & CT, respectively) to produce maize and dry beans or soybeans. A
survey was conducted to assess the distribution of insects in agroecological systems
with different agricultural management practices and, therefore, determine to what
extent these practices could impact insect distribution and diversity within these
systems.
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Insect abundance was monitored on 35 farms (19 conventional agriculture (CT), 16
conservation agriculture (CA). Sampling sites included 16 commercial farms, 4 in the
Clarens area, 4 in the Warden area, 6 in the Vrede area and 2 in the Bethlehem area and
20 small scale, subsistence farms in the Qwaqwa area around Phutaditjhaba. Sites were
chosen where CA farms neighbored CT farms in the same area. According to the KöppenGeiger climate classification (CSIR 2015) the study area falls in the Cwc climatic zone
(warm temperate climate with dry winter; Pwmin<Psmin and Psmax>10Pwmin). This climatic
zone comprises an area of 3 564km2 in South Africa (Fig. 1) (CSIR 2015).
Insect sampling was carried out in the field – border combinations and sampling
stations within each farm. At each field-border combination, three sampling stations (1m2
quadrat) were located in the focal field and towards the selected border type: (i) centre
- 100 m inside the focal field or centre of the field for small fields (ii) edge – 1 - 2 m*
into the field, and (iii) adjacent - 10 m in to the adjacent field. Three sampling stations
on commercial farms (stations 1, 2 & 3) and two stations (stations 1 & 3) on
smallholder farms were identified from the four field categories of maize, beans,
grassland, and fallow (Fig. 2).
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Figure 2: The presentation of the field border – combination location of the sampling stations.
A) Two sampling stations on a smallholder farm; and B) three stations on a commercial or
20m x 20m large farm. * There was a minor modification of 2 m instead of 1m from the edge
on commercial farms. Maps adapted from the sampling protocol.

3.2 Insect sampling protocol
All insect assemblages were monitored in four distinct seasons during 2020-21:
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i)
ii)
iii)
iv)

8-31 January 2021: Mid-summer. Crops: Maize and soya – seedling-jointing stage.
11 May - 12 June 2021: Late autumn. Crops: Maize and soya – mature-harvest.
15 October – 11 November 2021: Late Spring. Crops: pre-seeding.
14 March – 12 April 2022: Mid-summer. Crops: Maize and soya – seedling-jointing stage.

Insect (invertebrate) sampling was performed by using broad-spectrum yellow sticky traps and
pitfall traps. For canopy or flying insects, one sticky trap card was fixed on a metal dropper using
twisted wires on each sampling station. For ground dwelling invertebrates, two pitfall cups
(made from cut coke bottles) at 50cm distance on both sides of the sticky trap dropper were
embedded into the soil in a hole which was dug using an auger (Fig. 3). These cups contained
1/3rd volumes of a brine solution (water, vinegar, salt and liquid detergent) to preserve trapped
specimens until collection. Pitfall trap cups were roofed with paper plates that were suspended
above the cup by the skewer sticks to reduce evaporation of the brine and splashing of trapped
insects by rain. All trapped specimens were retrieved (collected) 7 days post installation.
Invertebrate specimens collected from the pitfall traps were sifted from the brine using a tea
strainer, transferred into 100ml specimen jars with a low volume of 96% alcohol (Ethanol) for
specimen preservation. All specimens were transported to the ARC – Small Grain (SG)
laboratory, sorted into morpho species (i.e., based on morphological characteristics) and were
later identified to the nearest possible taxa by Dr Astrid Jankielsohn at ARC – SG, Bethlehem,
South Africa.

5

B

A

C

Figure 3: A) Main Picture: Installation of broad-spectrum sticky trap and pitfall traps on a
grass – maize border combination field during October / November sampling. Maize was
planted in October 2020; seedlings begin to emerge (not yet visible on the picture). B)
Positioning of the traps per sampling station; C) Close view of installed traps. Main Photo by:
Amos Msia, ARC- SG; Other photos by: Teboho Mofokeng, AFRICAP RA.

In addition to invertebrate trapping and collection, visual observations of the crop,
recorded using the CyberTracker Application (version 1.0.343), comprised the growth
stage, pest and disease damage (on roots, leaves, stems, and fruiting bodies), directindirect evidence of animals, and the sampling station coordinates. The Application
assisted the research assistants in capturing the necessary information and pictures.

3.2.1 Specimen sorting protocol
Prior to specimen sorting, specimens on sticky traps were released from the sticky
surface by immersing cut pieces of the sticky card in a cup or bowl of kerosene (Paraffin)
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(cups were contained in big box with a lid) for 2 hours to dissolve the glue. Specimens
were t h e n sifted from kerosene using a tea strainer, air – dried for 15 - 30 minutes
on the tabletop, after which they were transferred and fixed in 96% alcohol in the same
manner in which the specimens were preserved (Fig.4). All samples were stored at
ambient temperature while awaiting the sorting process.
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Figure 4: A) Caught specimens on sticky traps were released from the sticky surface of the
stick card by immersing the cut pieces of the sticky card into a cupful or bowl of kerosene; B)
Insect specimens released from the sticky cards, ready to be sifted; and C) After sifting from
the kerosene, specimens were preserved in 96% alcohol contained in the specimen jars.
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A. Sorting specimens from Sticky Traps
Specimens from each sampling station were placed in a sorting tray; individual insects
were identified to unique morphospecies or operational taxanomic units (OTUs) using
a dissecting microscope, and their abundance and body sizes (L x B in mm) were
recorded. A representative sample (± 10 insects) of each OTU was collected in 2µL vials
containing 96% alcohol. Labels (e.g F1 - 1 - S1 – J or M) were placed on the vial of each
OTU with reference codes (1; 3 or 10) inside the vial. If OTUs appeared again in
different farm samples, information for such OTUs was recorded accordingly. All
samples in vials were placed in vial containers and sent to Dr Jankielsohn for
identification.
325 identified specimens were listed on a reference collection, which entailed
information about the sample reference code, order, family, species, body size and the
functional feeding group (FFG) (Appendix 2).
B. Sorting specimens from Pitfall traps
Pitfall trap specimens were placed into a tea strainer and rinsed with water to clean off
any mud. After repeated washing, clean contents were emptied into a sorting tray
of 30 cm x 20cm (L x B). Sorting, labelling and referencing used the same protocol as
with sticky traps. However, reference codes inside the vials were given as PJ- 1; PJ - 3
or PJ – 10. When the specimen sorting was done, all the vials were placed in the vial
containers and stored at ambient temperature.
Data for each farm were recorded on each respective day and/or on the second day
of sorting. Insect abundance and size were digitised and compiled into a composite
data sheet which comprised both commercial and smallholder farm data. Where data
could not be provided, “N/A” was assigned followed by a statement to explain the
nature of the circumstances. Among the common reasons was ….. “data not available
due to flooding of pitfall cups during heavy rains”; or “cups trampled by the tractor
or animals” while in the field. Data were shared through emails to respective team
members in the UK (Leeds University) for data analyses.
3.3 Soil sampling
3.3.1. Collecting soil samples for texture, pH, carbon, N, P, and other nutrients
In each field, soil samples were collected from 0-15 cm and 15-30 cm depths at three
and two randomly selected points per field at commercial and smallholder farms,
respectively. Soil samples were collected with an auger (Fig. 4). Prior to soil sampling,
the auger was marked at 15 cm and 30 cm length (Fig. 4). Collected soil samples were
contained in plastic bags one for 0-15cm soil samples and the other for 15-30cm soil
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samples which were marked or pre-labelled with a code that reflected the farm, field,
and sample number as well as the sampling depth, e.g F1 - 1 - 1 and 0 - 15 cm or 15 30cm, accordingly. The same sampling procedure was repeated in two or three
sampling points (depending on field size) in the same field. Soil samples from each
field were thoroughly mixed and about 350g (estimated in the field) was put in a prelabelled sampling bag and packed in a cooler bag.
Soil samples from each farm were then taken to the laboratory where about 200g
samples were each placed in a new pre-labelled plastic bag with number codes from
1 –80. All 80 samples were transported to the ARC – SG Soil laboratory for further
preparation such as grinding and sieving before analysis of the physicochemical
parameters was done.
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Figure 5: Pictures of the auger used
for bulk density soil sampling. A)
Showing permanent marks at 15 cm interval scale. B) At this position this
auger is pushed 15 - 30cm deep into the
soil. C) Hammer used for pushing the
auger to the desired depth into the soil.
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Photos by: Teboho Mofokeng, AFRICAP Research Assistant (RA).
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3.3.2. Collecting soil samples for bulk density

The sampling protocol was same as above (section 3.3.1). Prior to sampling, the
volume of the auger at 15cm height was calculated. Soil samples from each sampling
station were collected into plastic bags which were also marked or pre-labelled with
a code that reflected the farm, field and sample number followed by “BD” which
denoted bulk density, and lastly the sampling depth, e.g F1 - 1 – 1 BD and 0 - 15 cm or
15 - 30cm, accordingly. Three samples (replicates) for each of 0-15cm and 15-30cm
depths on commercial farms and two on smallholder farms were collected.
Samples were taken to the ARC – Small Grain soil laboratory for bulk density
determination. Moist soil samples from each farm (field and sampling station) were
weighed using the weighing balance, Precisa 12000D – SCS (Precisa Instruments AG,
Switzerland) (Fig. 6C), emptied onto drying boards (Fig. 6A, B), and then placed on open
surfaces on the tabletop and exposed to air (care was taken to ensure that samples were
not contaminated or exposed to direct sunlight). The samples were air-dried for three
(3) days and then the dry weight was recorded. Bulk density data was prepared on Excel
spreadsheet and shared with UK team members for further data analysis.

C
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Figure 6: Soil samples dried on drying boards and exposed to air at the table top in the ARC
– Small Grain soil laboratory. A) Wet soil samples organised on a table on Day 1 of drying
after weighing; and B) dry sample on Day 3 before weighing. (C) Soil samples wet- and dry
masses were determined using the weighing balance, Precisa 12000D – SCS (Precisa
Instruments AG, Switzerland). Photos by: Teboho Mofokeng, AFRICAP RA.
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4. Results and discussion
Seasonality: According to our observations, almost all selected farms were engaged
in the production of crops in combinations of maize and beans; or maize and soybeans;
maize alone or soybeans / beans alone. All farms practiced seasonal monocropping
and to a lesser extent rotations between maize and beans were practiced. Rotations
in this pattern were observed during the March/April sampling season in commercial
farms. Production of crops in most farms was affected by the country-wide above
average rainfall (0 – 2000mm) experienced in the season July 2020-March 2021. Due
to floods that came with heavy rains, some fields were not planted, whereas in other
areas farmers anticipated a loss and therefore decided to wait for winter crop
production, hence fallowed lands were observed.
Conversely, for some farms which were planted before the rains started in October
2020, the crop stands showed stunted growth because of soil water logging and
subsequent nutrient leaching. This negatively impacted crop productivity within
those affected farms, hence low yields could be expected. On the other hand, some
farms, particularly smallholder farms, lost their crops to overgrown weeds because
they deprived their crops of the necessary care and tending management operations
like weeding and control of pests and diseases during the rains.
Through this survey, outcomes for insect monitoring on commercial and smallholder
farms which practiced conventional agriculture (CT) were compared to conservation
agricultural fields (CA) in all selected sampling sites across the entire study area
(Appendix 3). Relative to the three preceding sampling seasons, the March / April
season recorded high disease prevalence on both maize and soybeans (Appendix 4 &
5). On the other hand, abundance of ground dwelling insects was lower than in the
previous seasons. It could be argued that some small insect species were killed or
washed away with heavy rains (Moran and Hoffmann 1987); or killed due to lack of
soil oxygen in water-saturated soils. This resulted in a decline in insect populations as
compared to the previous seasons.
Conservation agriculture practices: Commercial CA farmers mainly practiced
cover cropping to allow livestock integration in the crop fields. In contrast, smallscale CA framers had cover crops for use as animal feed. Some of the small farmers
also used manure (n-10) and intercropping (n=9). We assessed how these activities
affected biodiversity by comparing richness and abundance of pests, predators,
decomposers, and pollinators among the contrasting farms (i.e., CA vs CT). On
commercial CA farms where cover cropping, low till and livestock integration were
common activities, richness, and abundance of the invertebrate communities,
including that of pests and predators, were lower than CT farms (Figure 7). This is a
surprising result as CA is often expected to have positive associations with
biodiversity (de Pedro et al. 2020). Further, we also found that fields which used
manure and did intercropping had greater species richness and abundance.
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Specifically, use of manure was associated with greater pest and decomposer
diversity and abundance, whereas intercropping promoted diversity and abundance
of predators suggesting that intercropping may increase biocontrol and reduce pest
pressures.

Figure 7: Association of CA and CT farms with different functional groups and contrasting production models – small- and large-scale
farms.

On comparing soil carbon between CA and CT farms of both small and largescale
production types, we found that CA farms had lower % carbon and higher bulk
density (Figure 8). This finding is in contrast with the general understanding from
the wider literature that CA and specifically cover cropping is associated with an
increase in soil carbon (Poeplau and Don 2015). The lower soil carbon in CA farms
may be due to the priming effect i.e., rapid addition of plant material (low C:N ratio)
leading to accelerated C decomposition (Fontaine et al. 2004) or more likely due to
the greater spatial heterogeneity at sampling sites.
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Figure 8: CA farms with cover crops showing negative associated with Soil organic carbon (%C). Open circles indicate % carbon at
sampling points.

Effect of landscape: On testing the effect on landscape structure, we found positive
effects of landcover heterogeneity and non-crop habitat on biodiversity as well as soil
carbon. Specifically, we measured landscape diversity by analyzing land cover maps
of South Africa obtained at 10 m resolution (Phiri et al. 2020). We calculated
landcover richness (patch richness) by identifying all the possible distinct landcover
patches in the region (crop, grasses, trees, shrubs, and waterbody) within a 500m
radius from the sampling field in each farm. We also estimated the proportion of land
covered by the different landcovers.
We found that landcover richness and farm-level crop richness had a positive effect
on species richness (figure 9-left) and ecosystem services, especially from predators
and decomposers. Also, grass cover was positively related with % carbon at 15cm
and 30 cm depths (figure 9-right).

Figure 9: Biodiversity response to increasing patch/landcover richness (left panel) and positive effect of grass cover on
soil carbon (right panel)
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5.Conclusions
Based on our observations there more abundant canopy (flying) insects than ground
dwellers regardless of the farming practices and the systems. This could be attributed to
the extent of crop hygiene engagement as it was observed that most crops on
smallholder farms were overgrown with weeds. Some of these weeds could have
potentially harbored beneficial insects, such as pollinators, as well as insect pests or
disease vectoring insects. Commercial farms which practiced conservation agriculture
had better crop yield and quality as compared to smallholder farms in conservation
agriculture. This underscores the importance of deploying efficient agricultural
management practices and biosecurity measures at all farming levels to ensure
sustainable food production. Our study also highlighted the importance of farm richness
and landcover diversity in increasing agrobiodiversity and associated ecosystem
services.
We recommend the following policy and management implications:
• Promote diversity within and between farms, and among landscapes by encouraging
crop and farm diversification and maintenance of non-crop habitat patches.
• Maintaining non-crop habitat patches within agricultural landscapes may have better
outcomes for soil quality and biodiversity than cover cropping with livestock
integration.
• There is a need for longer-term monitoring to better understand trade-offs between
expected outcomes – livestock fodder or grazing, soil conservation, and biodiversity
(pests and biocontrol).
• More case studies and long-term observations are needed across different socioecological geographies to better understand land reform trajectories and how they
shape landscape structure and biodiversity.
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APPENDICES
Appendix 1: Study area consisting of different localities of Clarens, Cornelia, Vrede,
Bethlehem and Qwaqwa areas for undertaking the AFRICAP agroecological research.
Representation of different farming practices as conservation – (CA); and
conventional agriculture (CT) on both commercial and smallholder systems.

15

Appendix 1: Study area consisting of different localities ..................................continued.
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Appendix 2a: Sticky trap reference collection which entailed identified specimens’
information with sample reference code, order, family, species, body size and the
functional feeding group (FFG).
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Appendix 2a: Sticky trap reference collection which entailed identified specimens….
(continued).
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Appendix 2a: Sticky trap reference collection which entailed identified specimens….
(continued).
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Appendix 2b: Pitfall reference collection which entailed identified specimens’
information with sample reference code, order, family, species, body size and the
functional feeding group (FFG).
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Appendix 3: Some indicators from insect monitoring on commercial and smallholder
farms which practice conventional agriculture (CT) were compared to conservation
agricultural fields (CA) in all selected sampling sites across the entire study area.
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Appendix 4: Some general observations showing signs of nutrient deficiencies and
disease prevalence on both maize and soybeans.

22

Appendix 5: General overview of land management practices (CT vs CA) in crop
farming as observed among different commercial and smallholder farms across the
study area.

23

Research in Collaboration between AFRICAP – University of
Leeds, UK and the Agricultural Research Council of South
Africa (Small Grain)

Research Team

21

