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Wanneer dit kom by appels, is Philagro se produkte nommerpas vir oesbestuur en kwaliteit van begin tot einde. Hierdie 
produkte voeg waarde toe om ’n optimale oes te verseker en is gewis ’n goeie belegging.

Ons appelprodukte:
DiPel® DF – vir die beheer van Afrika Bolwurm en Bladroller larwes.
Dormex® – vir rusbreking en verminderde vertraagde bot.
MaxCel® – vir vruguitdunning, verbeterde vruggrootte en vermindering van alternerende drag.
PoMaxa® – vir vruguitdunning en verbeterde vruggrootte. 
Promalin® – vir die beheer van skilverruwing en verbeterde vruggrootte. 
Regulex® 10 SG – vir die beheer van skilverruwing. 
ReTain® – vir optimale oesbestuur, verminderde vrugval, verhoogde kwaliteit en opbergingspotensiaal.
Sumi-Alpha® 200 EC / EW – vir die beheer van Gebande Vrugte Kalander en Afrika Bolwurm.
Sumimax® WP – ’n onkruiddoder met lang residuele werking vir die beheer van breëblaar- en grasonkruide.

Jou oes verdien die heel beste

Philagro se produkreeks vir appels

RAADPLEEG DIE ONDERSKEIE PRODUKETIKETTE VIR VOLLEDIGE GEBRUIKSAANWYSINGS & BEPERKINGS.

DiPel® (Reg. nr. L6441, Wet nr. 36 van 1947) bevat Bacillus thuringiensis, var. kurstaki (bakterie). Dormex® (Reg. nr. L5749, Wet nr. 36 van 1947) bevat Sianamied, skadelik. MaxCel® (Reg. nr. L7876, 
Wet nr. 36 van 1947) bevat 6-Bensieladenien, versigtig. PoMaxa® (Reg. nr. L5119, Wet nr. 36 van 1947) bevat 1-Naftielasynsuur, versigtig. Promalin® (Reg. nr. L5119, Wet nr. 36 van 1947) bevat 
6-Bensieladenien en Gibberrelliene, versigtig. Regulex® (Reg. nr. L5120, Wet nr. 36 van 1947) bevat Gibberelliene, versigtig. ReTain® (Reg. nr. L6141, Wet nr. 36 van 1947) bevat [S]-trans-2-amino-
4-(2-aminoetoksi)-3-butanoësuur hidrochloried, versigtig. Sumi-Alpha® (Reg. nr. L6452, Wet nr. 36 van 1947) bevat esfenvaleraat, giftig. Sumi-Alpha® (Reg. nr. L8821, Wet nr. 36 van 1947) bevat 
esfenvaleraat, skadelik. Sumimax® (Reg. nr. L6358, Wet nr. 36 van 1947) bevat Flumioksasin, versigtig. Dormex® is die geregistreerde handelsmerk van AlzChem, Duitsland. DiPel®, MaxCel®, 
PoMaxa®, Promalin®, Regulex® en ReTain® is die geregistreerde handelsmerke van Valent BioSciences, VSA. Sumi-Alpha® en Sumimax® is die geregistreerde handelsmerke van Sumitomo 
Chemical Company, Japan. 

Philagro Suid-Afrika (Edms) Bpk l Reg. nr. 1998/106581/07 PostNet Suite #378, 
Privaatsak X025, Lynnwoodrif 0040 l Pretoria: 012 348 8808 l Somerset-Wes: 021 851 4163 
www.philagro.co.za
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This issue has its origins in a set of questions that growers were asking about 
carbon sequestration. Growers wanted to know to what extent sustainable 
activities on their farms — such as removing aliens or applying mulch — 
sequester carbon, and whether they can benefit from these inputs. The fruit 
industry has the carbon-calculator tool for measuring emissions, but shouldn’t it 
also take account of sequestration?

Unfortunately, sequestering carbon is not as simple as planting an orchard. In this 
issue, we explain the different forms of carbon sequestration, why fixing carbon does 
not always equal sequestration, and what activities might qualify for carbon credits.

Soil health has become increasingly topical, thanks to the role of soil as a 
carbon store. But the concept of soil health is not new — growers have been 
very aware of the importance of improving their soil. As there’s greater pressure 
on the orchard system in terms of market demands, quality requirements, and 
sustainability concerns, soil health is becoming more and more relevant.

Hortgro has a long history of funding soil health projects, and soil health was a 
key objective of the Orchards of the Future programme.

Cover crops were first emphasised as a result of research by Ken Pringle on 
integrated pest management for mite control. Subsequently, the need to reduce 
water use reduced the interest in cover crops, but they’re now undergoing a 
revival, as we describe in several articles in this issue.

Integrating the need to save water with the benefits of cover crops is just one of 
the challenges facing growers. In the end, soil health must translate into better tree 
management and better fruit, in terms of quality, size, and production. One aim of 
our research is to find ways to integrate soil science, horticulture, and entomology.

To me, soil health is very closely related to integrated pest management. Most 
growers would welcome the chance to achieve the same level of pest and disease 
control without spraying as much. Less chemical intervention also matches 
consumer expectations much more strongly.

Here at Hortgro Science, we need to make sure that we provide research and 
information that is aligned with the environment in which growers operate, and carbon 
is central to all aspects of that environment — from soil health to market demands. 
This issue of Fresh Quarterly brings you articles from each part of that spectrum.

Enjoy!

Hugh Campbell,
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Confronting 
climate change
C a r b o n  e m i s s i o n s  a n d 
t h e  f u t u re  o f  S o u t h 
Af r i c a n  a g r i c u l t u re

Global warming threatens South African 
agriculture as much by changing consumer 
behaviour as by changing the climate. 
Growing awareness of the environmental 
impacts of agriculture is leading consumers 
to question how their food is produced and 
transported ̶answering those questions 
have consequences for the future of our 
export industries. By Anna Mouton

common perception among consumers 

is that so-called food miles — the distance 

between farm and fork — determine the 

contribution of a foodstuff  to climate change. 

But distance is not everything, contends 

Hugh Campbell, general manager of Hortgro 

Technical. Factors such as effi  ciency of 

production are among the many that also play 

a role.

Th e South African fruit and wine industries 

recognised that maintaining market share 

would hinge on addressing consumer concerns. 

Th ey combined forces and established the 

Confronting Climate Change initiative in 2008. 

One of the main aims of the initiative was to 

develop a carbon calculator.

“Th ere was increasing pressure — a push — 

from the markets to know what our carbon 

footprint was,” recalls Campbell. “And the pull 

from a South African perspective was to make 

sure that we were developing a pathway to 

reduce our emissions — to do the right thing.”

Seed funding from the Department for 

International Development in the United 

Kingdom, along with support funding from 

the Post-Harvest Innovation Fund and the 

National Agricultural Marketing Council, 

kick-started the project. Th is was followed 

by substantial support from the Western 

Cape Department of Agriculture. Th e current 

A
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partners in the project include the industry 

bodies for pome and stone fruit, citrus, table 

grapes, and wine. Implementation is by 

sustainability consultancy Blue North.

The right tool for the job
The carbon footprint of a foodstuff is the 

sum of the greenhouse gases emitted in its 

production and transport. All the gases are 

converted to carbon-dioxide equivalents — 

CO2e. Sources of greenhouse gases in fruit 

production typically include electricity, fuel, 

agrochemicals, and fertilisers. Sources in fruit 

packing include electricity, fuel, and packaging.

Working out a footprint starts with 

knowing the inputs — how much of each 

emission source was consumed. “Each of 

those inputs is multiplied by an emission 

factor,” explains Anél Blignaut, senior 

associate at Blue North. Emission factors 

relate the inputs to a quantity of carbon 

dioxide that is specific to that input.

For example, container ships emit on 

average 0.02 kg of CO2 per cargo-tonne per km, 

compared to airfreight, which emits on average 

0.53 kg of CO2 per cargo-tonne per km.

The carbon-calculator tool guides users 

through the process of entering all their 

inputs, as well as their outputs — for example 

crop yields or tonnage packed. Blignaut 

emphasises the importance of basing the tool 

on international standards, to ensure correct 

accounting for inputs. “Our tool has been 

reviewed by the Carbon Trust, to ensure that 

we followed the standard correctly.”

Users access the carbon calculator online. 

“We thought it would just be a matter of 

developing this online calculator,” says 

Campbell, “but we soon realised that a 

major part of its success would depend on 

doing extensive training.” The Confronting 

Climate Change initiative holds workshops 

throughout the year, including free 

workshops for first-time users. Users also 

have access to support.

“The user receives a very detailed report,” 

says Blignaut. “Your report will benchmark 

you against others in your area, in kg CO2 

per kg fruit, as well as relative to the inputs 

that contribute the most to your overall 

carbon footprint.

“One of the biggest benefits that’s come out 

of carbon footprinting is the information on 

operational usage which then translates into 

costs,” reflects Campbell. “The biggest one is 

electricity.” The shock of seeing the numbers 

motivated many in the industry to innovate 

and to reduce their electricity usage, resulting 

in substantial savings.

Trading in carbon credits
As growers have acted to reduce their carbon 

footprint, and to adopt sustainable practices, 

they’ve begun to wonder whether there could 

be additional financial benefits, in the form of 

carbon credits.

Carbon credits can be defined as the 

monetary value of reducing greenhouse-

gas emissions. “Let’s say I produce a lot of 

emissions, and you have a way of capturing 

those emissions — I can pay you to offset my 

emissions,” explains Blignaut. “But I still need 

to reduce my emissions, and only offset those 

emissions that I can’t practically reduce.”

There are standards for what counts as 

a carbon credit. Offsets must be measured 

and verified before they can be registered 

as carbon credits. The credits then 

become available for purchase on carbon 

The carbon footprint of 
a foodstuff is the sum of 
the greenhouse gases 
emitted in its production 
and transport.
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exchanges. In theory, certain activities on 

farms could qualify as carbon credits. “By 

planting an orchard — planting trees — 

you don’t necessarily offset emissions,” 

cautions Campbell, “because you’re 

removing them twenty years later.”

When the trees are removed, a certain 

portion of the carbon they captured is 

released, so that carbon remains in the 

short-term carbon cycle. But to register a 

carbon-credit project, you must sequester 

carbon for the long term. You must prove the 

permanence of that carbon sequestration.

South African growers have struggled 

to register carbon credits so far, but 

Blignaut thinks that change is happening. 

“Confronting Climate Change and Blue North 

are working with an international company, 

the Climate Neutral Group, to see how we can 

streamline the process, and make it easier for 

growers. We plan to approach producers soon, 

to hear whether they would be interested in 

being the guinea pigs for this process.”

What do users say about the carbon-
calculator tool?
Bernedette Ferreira, Compliance Manager, Fruitways
“We’ve been using the carbon calculator for some time 
now, and we find the tool very useful. The tool enables 
us to monitor our carbon output, and to understand 
the main drivers of our carbon footprint. Knowledge of 
these aspects helps us to have a focused approach to 
reducing our footprint. The tool is well-designed, easy 
to use, and helps us to benchmark ourselves against 
other role players.”

Paul Clüver, Managing Director, De Rust Estate
“We have to know what our environmental impact is, and how to reduce 
it. And for that we need to measure our emissions. That’s why the carbon 
calculator is important. We’re collecting data, with the ultimate goal of 
learning how to achieve sustainability.

“I think it’s good to be part of an industry that’s attempting to develop 
a better understanding of our impact. Furthermore, I think it would 
be good if more people participated in this project, because then our 
data would get better. If you have lots of data, you can start to draw 
correlations with profitability, and figure out how to reduce your carbon 
footprint while staying profitable.”

Taxing times ahead
South Africa implemented a carbon tax in 

2019. Carbon tax works much the same as 

income tax — a tax is levied on emissions 

above a certain threshold. The threshold 

depends on the activity. Emissions from 

diesel and petrol for road travel are taxed 

separately through a levy on fuel.

Agriculture is not currently subject to the 

carbon tax. That may change when the second 

phase of the tax is implemented in 2023, 

and growers may face taxes on emissions 

resulting from fertilisers, soil amendments, 

diesel generators, and land-use changes, 

among other sources. Calculations published 

by Blue North estimate that the carbon tax 

on agriculture could amount to approximately 

R343.00 per bearing hectare.

For more about the Confronting  
Climate Change initiative, and the  

carbon-calculator tool, visit  
www.climatefruitandwine.co.za.

Agriculture is not currently 
subject to the carbon tax.

But the tax will impact the fruit industry 

regardless of whether agriculture is directly 

taxed or not. Eskom is also exempt for now — 

but their grace period expires next year. This 

could result in further significant increases in 

the cost of electricity.

The bottom line is that activities which 

generate emissions will become evermore 

costly, either due to price hikes or due to 

direct taxation. Which brings us back to  

the carbon-calculator tool. “Your report  

will highlight your hotspots — those areas 

that contribute the most to your total 

carbon footprint,” says Blignaut. “That  

will help you to prioritise, so you can 

address those areas that will deliver the 

biggest wins.”

But, Blignaut adds, we shouldn’t forget 

about the benefits of the carbon calculator for 

the industry as a whole. “There are no other 

countries with comparable industry-wide 

projects to calculate carbon footprints. South 

Africa is the leader in this area.” 
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By Anna Mouton

Carbon jargon
CO2, CO2e and GHGs
Greenhouse gases — GHGs — in the 

atmosphere trap heat that would otherwise 

radiate into space. The most abundant 

greenhouse gas in our atmosphere is water 

vapour, followed by carbon dioxide, methane, 

nitrous oxide, ozone, fluorocarbons, and a  

few others.

Carbon dioxide — CO2 — is the greenhouse 

gas most generated by human activities. The 

heat-trapping potential of other greenhouse 

gases is expressed in CO2-equivalents — CO2e. 

This facilitates comparison between different 

greenhouse gases, and allows for their 

inclusion in emission-reduction programmes.

Fixation is not sequestration
Carbon fixation is the process by which 

living organisms use inorganic carbon — 

mostly CO2 — to build organic compounds. 

Photosynthesis is the main mechanism 

for carbon fixation. Some of this carbon is 

incorporated into long-lasting compounds 

such as wood, but much of it is burnt as fuel 

during respiration by the plant, and by all 

the organisms that feed on the plant, either 

directly or indirectly. Respiration releases 

CO2, which is why carbon fixation by plants 

does not equal carbon sequestration.

Carbon sequestration is the long-

term removal of carbon dioxide from the 

atmosphere. Most of the carbon on earth 

is held in rocks, and interacts with the 

atmosphere on geological timescales of 

millions of years. For practical purposes, 

the ocean is the most important store of 

credits meet the criteria

•  they operate carbon registries to issue and 

trade credits.

Criteria for carbon credits
For an offset to qualify as a credit, it must 

represent a reduction in emissions of 1 tonne 

of CO2e. Furthermore, the reduction must 

meet five criteria:

•  additionality

•  permanency

•  not overestimated

•  not double-counted

•  not environmentally or socially harmful.

The first two are especially relevant to 

deciduous fruit producers.

Additionality means that the reduction is 

made in addition to any other reductions that 

would have been made regardless of a market 

for carbon credits. In other words, the main 

driver of the reduction is the anticipated 

financial gain from trading the carbon credit.

If a reduction in emissions is a side-effect of 

something that would have happened anyway, 

it does not meet the criteria of additionality. 

For example, if an entity is legally required 

to reduce its emissions, it doesn’t qualify for 

carbon-offset credits.

Permanence means exactly what it says — a 

temporary reduction in or short-term storage 

of greenhouse gases doesn’t qualify for 

carbon-offset credits.

A common convention is that permanence 

equals a century — far longer than the 

lifetime of an orchard or plantation. 

CO2 — the deep ocean contains significantly 

more carbon than the atmosphere, and the 

exchange between ocean and atmosphere is 

very slow, occurring over centuries.

Plants and soil hold less than a tenth as 

much carbon as the deep ocean. Nonetheless, 

permanent vegetation and soils have an 

important role to play in carbon sequestration.

Carbon capture and storage usually refers 

to artificial processes for sequestering carbon, 

typically in industrial settings. Carbon is either 

collected as it is emitted, or captured from the 

atmosphere, and stored in reservoirs.

Offsets and credits
A carbon offset is a reduction in atmospheric 

greenhouse gases that is offset against 

emissions that happen elsewhere. The 

reduction can occur either through not 

emitting greenhouse gases in the first place, 

or through increasing the capture and storage 

of gases that have already been emitted.

A carbon-offset credit — usually just called 

a carbon credit — is a tradeable certificate or 

permit that represents an emission reduction 

of 1 tonne of CO2e.

In very simple terms, if person A captures 

and stores 1 tonne of carbon dioxide, or its 

equivalent, they can earn one carbon credit. 

They can then sell that credit to person B, 

effectively granting them the right to emit 1 

tonne of carbon dioxide, or it’s equivalent.

Carbon-offset programmes provide quality 

assurance for offsets in three ways:

•  they set the criteria for carbon-offset credits

•  they review offset projects to ensure that 

Yo u r  q u i c k  g u i d e  t o Yo u r  q u i c k  g u i d e  t o 
c a r b o n  l i t e ra c yc a r b o n  l i t e ra c y
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Organic matter...  
matters

B e c a u s e  o rc h a rd B e c a u s e  o rc h a rd 
p e r fo r m a n c e  i s  ro ot e d  p e r fo r m a n c e  i s  ro ot e d  

i n  t h e  s o i li n  t h e  s o i l
Most growers would agree that soil conditions 

can determine the success of an orchard. 
This is why so much effort goes into soil 

preparation when planting. But what about the 
next twenty or thirty years? Should growers be 

thinking about long-term soil health?  
And which interventions will have the most 

impact? By Anna Mouton

spoke with 

two soil scientists about their views on soil 

carbon, soil health, and where growers should 

focus their attention.

The carbon connection
Organic compounds by definition contain 

carbon — because carbon is the basic 

building block of all life on earth. Soil 

analysis measures the amount of carbon that 

is available to soil microbes. The result is 

multiplied by 1.7 to estimate the percentage 

of organic matter in the soil.

“Soil carbon and organic matter are linked,” 

says soil scientist Dr Pieter Raath, coordinator 

of the nutrition and water management 

programme at Citrus Research International, 

“and people use the terms interchangeably.”

Anything that is or was alive can contribute to 

soil organic matter — from active microbes to 

expired weeds. Soil can also contain inert carbon 

— think coal — but that is not reported in soil 

analysis because it’s not available to soil microbes.

Ultimately, all organic compounds trace their 

origin to carbon dioxide in the atmosphere. 

“Remember that plants connect the above-

ground with the below-ground,” says Luan le 

Roux, soil scientist at agricultural consultancy 

Agrimotion. “All the carbon in the soil was laid 

down through photosynthesis — even if it 

went through an animal.”

Good things about organic matter
Soil has physical, chemical, and biological 

characteristics, and organic matter plays a role 

in all three, according to Le Roux. “The ideal 

physical medium is one which allows water 

to penetrate the surface, and allows excess 

water to move through, but which also retains 

enough water for the plant to use. Soil with 

more organic matter will have better water 

infiltration and retention than soil with less.”

Organic matter improves the physical 

structure of soil by promoting the formation 

and stability of soil aggregates — clusters 

of soil particles held together by organic 

material. Aggregate formation opens up more 

space for water movement, while aggregate 

A quick guide to  
organic matter
Mulch refers to either organic or 
inorganic material spread on the soil 
surface. All mulches suppress weeds 
and slow evaporation. Some mulches 
also improve infiltration and stabilise 
soil temperature. Organic mulches are 
incorporated into the soil over time — 
the rate varies according to the material. 
Compost and straw break down much 
faster than wood chips.

Growers tend to use the term mulch 
for wood chips or straw. These materials 
have a high ratio of carbon to nitrogen. 
As for compost, cost and availability 

stability keeps those spaces open by resisting 

compaction. Increased aggregate stability also 

helps prevent erosion.

When it comes to soil chemistry, Le Roux 

explains that organic matter increases fertility 

by improving the cation exchange capacity. 

“Cation exchange capacity is responsible for 

holding positive molecules — cations — in 

the soil, so that the plant can extract these 

cations. Organic matter has an incredibly 

high cation exchange capacity, so even a small 

amount can make a big difference.”

Another effect of organic matter is 

improved buffering — this means that the 

soil is more resistant to pH change. Le Roux 

points out that buffering makes it harder 

to correct acidification by liming. Soils that 

are high in organic matter will require the 

addition of large amounts of lime compared 

to soils that are low in organic matter.

Lastly, organic material feeds all the 

microbes and mini-beasts in the soil. 

“Microbes are responsible for all the 

biochemical processes in the soil,” says Le 

Roux, “nutrient cycling — specifically of 

nitrogen, phosphate, and sulphur.”

The underground movement
“The biggest source of organic matter in the 

Fresh Quarterly
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can restrict the widespread application 
of mulch. Buying in mulch may have a 
high carbon footprint, due to transport, 
and may deprive other regions of organic 
inputs to their soils.

Compost is decomposed organic 
material. Common ingredients include 
plant material and animal manure. 
Compost can also be made from food 
waste, garden refuse, animal carcasses, 
and seaweed. As a result, the nutrient 
levels in compost are highly variable, 
and growers would do well to request an 
analysis before use.

Compost can be worked into the soil 
or spread as a mulch. The plant-boosting 

power of compost is great for young or 
struggling orchards, but not so good for 
vigorous trees. Cost and availability limit 
the large-scale application of compost.

Cover crops are plants which are grown 
specifically to cover the soil. Cover crops can 
suppress weeds, slow evaporation, improve 
infiltration, stabilise soil temperature, and 
increase soil organic matter — thereby 
basically offering the same benefits as 
organic mulches. But cover crops can also 
compete with trees for water and nutrients 
at certain times of the year.

The addition of cover crops diversifies 
the plant population in the orchard, 
which in turn promotes diversity of 

other organisms, both above and 
below ground. Certain cover crops are 
associated with reduced pressure from 
certain pests — red spider mite comes to 
mind. Unfortunately, cover crops can also 
worsen some pest problems.

A huge advantage of cover crops is 
their low cost relative to compost and 
mulch. On the other hand, cover crops 
must be sown, and kept fed and watered 
like any other crop. They require careful 
management, usually combined with 
trial and error, if they are to reach their 
full potential. Whereas the benefits of 
cover crops in work rows are widely 
acknowledged, their effect in tree rows is 
still under investigation.

soil is plant roots,” states Le Roux, and he isn’t 

only talking about the decomposition of dead 

roots. Trees release sugars from their roots to 

feed the microbes on which the tree depends. 

The carbon in these sugars becomes part of the 

microbes — and living and dead microbes are 

ingredients of soil organic matter.

“A plant wants a healthy microbial 

community around its roots,” explains 

Raath, “and a healthy tree creates this for 

itself.” Trees have a root microbiome just 

like humans have a gut microbiome. Both 

microbiomes improve nutrition and prevent 

disease. The narrow layer of soil occupied by 

the root microbiome is called the rhizosphere.

Soil bacteria make nitrogen available 

to plants through mineralisation — the 

conversion of organic nitrogen to soluble 

inorganic forms. This is how plants get most 

of their nitrogen, and fertilisation is only 

supplementary. But herein lies a potential 

downside to increased soil microbial activity.

“High organic matter levels in soil can lead 

to uncontrollable nitrogen release, often in 

the warm season,” cautions Raath. “And the 

peak release is often when you would be giving 

little or no nitrogen as part of your normal 

fertilisation program.” Raath believes that over-

zealous addition of organic matter can lead to 

issues with fruit quality and growth vigour.

Le Roux agrees, saying that different situations 

call for different practices. “For example, if you 

start putting compost on a vigorous Packham 

orchard, you can expect problems. Then you 

should perhaps try a compost that contains less 

nitrogen, or rather go for a mulch.”

The ins and outs of soil carbon
The amount of organic matter in soil 

changes all the time. “It’s not that you can 

build up your soil carbon, and then walk away. 

It’s always going to be a continuous process,” 

says Le Roux. Microbes in the soil consume 

organic matter. They will reduce soil-carbon 

levels unless more is added.

Le Roux points out that microbial activity 

drives many of the benefits of organic matter – 

losing organic matter to microbes is a positive. 

But there are also advantages to retaining organic 

matter. The answer is to keep feeding the soil.

The main options on the organic-matter 

menu are compost, mulch, and cover 

crops. All of these have advantages and 

disadvantages, and the best option will 

depend on the goal in each situation. We 

hear about how certain growers are using the 

various options in our article on page 12.

The rate at which soil carbon is lost differs 

according to soil type — faster in sandy than 

clay soils — and climate — faster in warm 

and wet weather. Soil disturbance turbo-

charges carbon loss by increasing the access of 

microbes to organic matter, and by providing 

more oxygen. Tillage should therefore only be 

done when absolutely necessary, for example 

when establishing a new orchard.

“Producers should ensure that their 

practices don’t have a negative impact on 

soil carbon levels,” says Raath. “But it’s not 

necessary to chase after a specific carbon 

level, or to feel that you have to achieve a 

certain percentage of soil carbon.”

Raath is concerned that South African 

growers sometimes have unrealistic 

expectations about soil carbon based on 

figures from soils in other parts of the world. 

“In our environment, and our climate, the 

inputs you’ll need to achieve those levels are 

not only not financially justified, but also not 

environmentally sustainable.”

Le Roux agrees that growers shouldn’t focus 

on an arbitrary metric. “Soil carbon is the means 

to an end. But, as a grower, someone who works 

with soil, you need to realise that you need 

certain processes in your soil. And you either 

have to make them happen yourself, or have 

organic matter driving them for you.” 
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A diverse cover crop establishing 
at Bokveldskloof.

Agricultural production has grown 
exponentially for nearly two centuries. Outputs 
more than tripled in the period 1960–2015 
— the achievements of the so-called Green 
Revolution of the 1960s are so significant that 
they earned one of its founders the Nobel 
Peace Prize. By Anna Mouton

has given us synthetic 

fertilisers, fungicides, pesticides, 

weedkillers, and other agrochemicals. 

Advances in areas such as irrigation, 

mechanisation, and genetics have all 

contributed to the rise of industrial 

agriculture. The result is that agriculture 

has managed to keep feeding us as the 

world population swells inexorably to 8 

billion people.

But can we trust that our current 

resource-intensive way of farming will 

continue to deliver results? Or are we 

amassing a mounting environmental debt?

The focus of agriculture is slowly shifting 

from the present to the future, with an 

increased emphasis on stewardship and 

sustainability. Fresh Quarterly spoke to 

some of the people at the forefront of this 

movement, to learn about new approaches 

to orchard management, and to ask why 

spending on soil health is a sound investment.

Future-focussed farming
The sustainability of a business is about 

more than ecological sustainability, says 

Hendrik Pohl, production manager at 

Bokveldskloof in Ceres. “We must be 

economically sustainable, we must fulfil 

our social contract, and we must leave our 

resource in a better condition than we 

received it. From a production perspective, 

the focus is on soil health.”

Pohl is speaking to a common criticism 

of modern agriculture — the perception 

that intensive farming is destroying soil 

health. Soil health means different things 

to different people, but most growers would 

agree that healthy soils are those that 

support long-term agricultural productivity. 

Healthy soils also support natural ecosystems, 

promote biodiversity, and sequester carbon.

“I don’t like the term soil health,” says 

Angelique Pretorius, soil scientist and 

technical manager at Kromco, “because how 

do you define an unhealthy soil?” She thinks 

that soil fertility is the more scientifically 

correct term because there are norms 

for soil fertility in the context of specific 

commodities. Soil health, on the other hand, 

is not sufficiently defined.

“I prefer the term sustainable — that 

includes safeguarding your soils for the next 

generation,” states Pretorius. “But it also 

means farming profitably and in cooperation 

with the environment.” Farming sustainably 

is about balancing the urgency of the harvest 

this season with the importance of harvests 

in years to come.

“Everything we do now has an impact in 

20–30 years,” reflects Ian Cunningham, head 

of production at Fine Farms in Elgin. “We’re 

custodians of the land for a short period in 

the grand scheme of things.”

Cunningham sees the sustainability shift as 

a recalibration to some of the tried-and-tested 

methods used by previous generations. The time 

is ripe to take another look at pre-industrial 

customs such as composting and mulching — 

provided they make financial sense.

“The economics are very difficult to measure,” 

admits Keith Bradley, general manager at 

Fruitways Agri Services. “I tell growers, you’ll 

have to spend the money now, but you’ll only 

see the financial benefits later.”

Mulching is one practice which has 

proved its value, according to Bradley. 

“Twenty years ago, when people pulled 

out an orchard, they burnt it, which is the 

A new  agricultural 
revolution
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cheapest option. Now, most people are 

chipping all the product they can, and 

utilising it in the orchard. It’s an added 

cost but they’re seeing the benefit of 

spending the money.”

Health food for trees
“The big reason why I got into mulching was 

for water retention, when we went through a 

dry spell,” says Craig Johnson of Nidderdale 

in the Hemel-en-Aarde Valley.

Mulching not only reduces evaporative 

water loss, but also improves water infiltration. 

In addition, mulch is incorporated into the 

soil over time, increasing the organic-matter 

content, and consequently the ability of the 

soil to hold water.

Covering the soil has enabled Johnson to 

irrigate substantially less, thereby saving 

both water and electricity. But bringing in 

material from outside is a big cost factor, so 

he is exploring cover crops as an alternative 

to mulch.

“We have a work row that’s not being 

utilised, so why not grow something there, and 

just move it half a metre?” says Johnson. “You 

get to the same end goal of water retention, 

plus you have the benefits of soil health.”

Whether growers are applying compost or 

mulch, or growing cover crops, the organic-

matter content of the soil will increase, 

which can lead to some serendipitous effects, 

according to Pretorius. “Over time, when you 

put organic material in the tree row, the pH 

buffering improves.”

At Bokveldskloof, compost and mulch were 

initially adopted to replace synthetic fertilisers 

with organic sources of plant nutrients. 

Compost is placed on top of the soil in the tree 

row, and then covered with straw or woodchips.

The compost serves as an inoculum that 

accelerates the biological processes in the soil 

which make nutrients available to the trees, 

explains Pohl. The mulch both protects and 

feeds the microorganisms in the compost.

Pohl believes that trees do best when grown 

in soil where the microbial community is 

dominated by fungi. “The microbiology of the 

soil determines what thrives there. Pioneer 

plants — what we know as weeds — like 

a bacterially-dominated soil. Tree growth 

is promoted by a fungally-dominated soil 

because that will release the nutrients that 

trees like in the form that they like it.”

Fungi prefer complex carbohydrates, so 

Pohl makes sure to use compost that contains 

sufficient woody material and that has a high 

ratio of carbon to nitrogen.

Getting into the weeds
Even a short-term view provides compelling 

reasons for sustainable practices, argues Daan 

Brink, soil scientist and technical adviser 

at FruitMax Agri. “We are under enormous 

pressure to reduce chemical use. We have to 

look at our alternatives.”

Weedkillers are among the products that are 

falling out of favour. Brink believes that cover 

crops will play an increasingly important role 

in weed control. “Over time, you can reduce 

the weed seedbank. You’ll still have to spray, 

but you’ll need to spray so much less often, and 

you can use less harsh chemicals.”

Besides concerns about the environmental 

impact of weedkillers, there is also the 

impression that chemical control of weeds is a 

losing battle. “All you’re doing with chemicals 

is selecting for the more problematic weeds,” 

says Bradley.

Cunningham refers to sustainable weed 

control as bio-rational. “We’re including 

normal spray practices, but we’re also using 

biology and nature.”

In addition to suppressing weeds, cover 

crops and mulches are potential allies in the 

fight against pests and diseases. Mulches — 

whether woodchips or straw — have been 

shown to suppress woolly apple aphid. This 

may be thanks to anti-woolly-apple-aphid 

fungi that grow in carbon-rich mulches.

Biocontrol in orchards is further enhanced 

by cover crops. Diverse cover crops that 

contain broad-leaved plants maintain 

populations of predators which keep plant-

eating mites within bounds.

As a soil scientist, Pretorius is particularly 

interested in the relationship between soil 

health and apple replant disease. She thinks 

that, in the past, chemicals were used without 

understanding their effect on soil ecology. 

“Soil is not a sterile medium, and the way that 

we’ve been farming has created an imbalance 

in soil biology. Now we have challenges with 

replant disease.”

When it comes to issues like pests and 

diseases, Pretorius stresses that the industry 

can’t afford to wait until changes in market 

requirements have depleted the existing 

arsenal of control options. “Are we going 

to hope for solutions — like resistant 

rootstocks? Or are we going to be proactive 

and start looking at our soil biology?”

Options for organic matter
Improving soil health basically comes down 

to adding organic matter as either compost, 

mulch, or cover crops — or even all of these.

“We put a little compost in our planting holes,” 

says Pohl. “Thereafter, we spread compost in 

the tree rows, and cover it with either straw or 

a woodchip mulch, every year.” Pohl sources 

compost from a commercial supplier, and 

woodchips from chipping woody material 

generated on Bokveldskloof. He produces some 

Cover crops 
have the 
potential 

to generate 
enough 

biomass 
to serve as 

mulch.
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straw on the farm, and buys in the rest.

On top of the cost of purchasing straw and 

mulch, there is the cost of applying it in the 

orchard. Pohl spreads compost mechanically, 

but woodchips are distributed manually. 

Although he hasn’t had trouble obtaining 

sufficient volumes of either compost or mulch, 

the reality is that there would be shortages if 

all growers started using these materials.

“If every hectare in the EGVV region had to 

be mulched, we’d be trucking in product from 

as far as the Southern and Eastern Cape,” 

jokes Bradley.

Whereas Pohl started using compost and 

mulch to feed his orchards, the motivation 

for most growers was the urgent need to save 

water. A layer of either compost or straw on top 

of the soil will reduce moisture loss, but both 

disappear rapidly, devoured by soil organisms. 

Woodchips last longer — and cost more.

“We’ve seen woodchips eaten away within 

18 months, when we’ve used compost,” 

says Cunningham, “We can’t afford to keep 

bringing in woodchips, but if we stop feeding 

the system, well then it’s going to crash, after 

we put all the effort into establishing it.”

Enter cover crops — the grow-your-own 

mulch solution. Cover crops have the potential 

to generate enough biomass to serve as mulch, 

especially in the winter-rainfall areas of the 

Western Cape. Like any other mulch, cover 

crops can increase water infiltration, reduce 

water evaporation, suppress weeds, and build 

organic matter in the soil.

“What attracts me to living mulches is that 

their roots are putting organic matter into the 

soil,” comments Pohl.

Some cover crops go even further, by 

boosting soil nitrogen. This can reduce 

fertiliser inputs, but there is also the risk that 

too much nitrogen at critical periods of fruit 

development can impact quality.

“My end goal is not to decrease my 

fertiliser, although less fertiliser will hopefully 

be an unintended consequence,” says 

Cunningham. “I’m adding organic matter 

because I’m seeing the improvement in the 

condition of the soil, and subsequently in the 

performance of my trees.”

Cover-crops in practice
“Historically, when we planted a new orchard, 

we tried to establish a permanent cover crop, 

normally opting for fescue,” recalls Bradley. 

“So, it was a monoculture. Now we’re talking 

about planting and replanting multi-species 

mixtures on a continuous basis.”

In an ideal world, a grower would sow a cover 

crop once, and from then on, the cover crop 

would propagate itself. But in the real world, 

cover crops usually need to be resown regularly. 

Breaking up the soil surface in the work row to 

sow cover crops is counterproductive because it 

accelerates the breakdown of the very organic 

matter that growers try to boost by planting 

the cover crop.

Establishing a cover crop involves multiple 

actions — discing, sowing, covering, and 

rolling — that compacts the soil. Not to 

mention the challenges of trying to carry out 

these actions while simultaneously harvesting 

fruit, especially when it rains.

To get around these problems, Johnson has 

teamed up with Stoney Steenkamp of Stoney 

Agricultural Services, and Carel van Niekerk 

of Piket Implements to develop a no-till 

planter for cover-crop seeds.

“The first two years, we grubbed and 

disced, because of years of compaction,” says 

Johnson. “This year we did nothing, just 

used the no-till planter, and the seedlings are 

coming through.”

Cover-crop seed is available through several 

companies. The suppliers can recommend 

winter-growing and summer-growing mixes 

that are suitable for different soil types. They 

can also advise on which mixes are best for 

achieving specific goals such as fixing nitrogen, 

generating biomass, or countering compaction.

In the winter-rainfall regions, cover crops 

may need little supplementary irrigation 

during winter. However, lack of water can 

lead to disappointing germination and 

establishment, and poor biomass production, 

so it’s best to be ready and able to irrigate.

Although many questions remain about 

cover-crop management, growers are actively 

experimenting to find solutions for their own 

orchards. “We’re going to change the species 

of cover crops that we plant,” asserts Brink, 

“but we’re not going to change between cover 

crop and no cover crop.”

With sustainable practices in general, Pohl 

would like to see more rapid change. “We have 

to start taking care of our soil, and improving 

its health. Producers need to make large-scale 

shifts to sustainability, instead of doing small-

scale trials, so that they can see the benefits. 

Otherwise, they never reach the decision to 

fully commit to sustainability.” 

Mulching young trees with wood chips 
is becoming standard practice.
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Tianna DuPont

CARBON

Q+A with Tianna DuPont
The United States is the second largest apple-
producing country — total production in 
2020 was 5.1 million tonnes. Seventy percent 
of these apples come from Washington State. 
Fresh Quarterly spoke to Tianna DuPont, tree 
fruit extension specialist with the Tree Fruit 
Research and Extension Center at Washington 
State University, to learn more about soil health 
practices in the state. By Anna Mouton

Q What soil-health practices  
 are growers using?

A Mulches are one of the soil health  

  practices that orchardists are using in 

Washington. Woodchip mulches in particular 

are becoming more and more common. That’s 

because we’ve got good research showing that 

it moderates both soil temperature and soil 

moisture. In six out of six studies published 

over the last ten years, the woodchip mulch 

increased tree growth compared to other soil 

management practices. So, it’s been one of our 

most consistent soil-health-related practices.

Another emerging practice is what we call 

mow-and-blow — mowing the alleyways 

and blowing those grass clippings into the 

tree row. That results in a really thin layer 

of mulch, which is advantageous for soil 

moisture retention as well as for carbon 

building. Out of three studies that have 

been done on mow-and-blow, two resulted 

in increased tree growth, so it’s still a newer 

practice with less data behind it.

Because mow-and-blow produces a very 

thin layer of mulch, it’s not very attractive 

to rodents, which is one of the big problems 

with mulches if they’re too thick. Some of 

the other materials which have been tested 

in the past resulted in pretty severe rodent 

issues. Voles will girdle the trees at the base, 

particularly with smaller apple trees on 

dwarfing rootstocks.

Q Where do growers source 
woodchip mulch?

A Many growers make their own 

  woodchip mulch. For example, when 

they remove plantings in one orchard, 

they chip their old trees, and move that 

to a different site. There are also some 

folks who buy in woodchip mulch, but it’s 

quite expensive, so most of it comes from 

the orchards. But we do not have enough 

availability to cover all of the acres in 

Washington by any means.
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Q Do growers make use  
of compost?

A Compost is certainly used. We don’t  

  have great access to compost in Central 

Washington, and so there are restrictions on 

availability of compost as a carbon input. In 

some areas there’s more access to manure-based 

composts than in others. There’s one company 

that produces primarily manure-based compost, 

and then there’s poultry-litter compost that’s 

used as well. And one company in particular 

produces a non-manure-based compost, so it 

consists of all-plant material — yard waste, and 

waste from processing and from the field.

Q Are growers using  
cover crops?

A The standard practice in Washington  

  is to plant a grass cover crop in the 

alleyway. Some folks that are focussing on 

mow-and-blow have chosen different grass 

species to grow more biomass. But oftentimes 

it’s the standard grass mixes that they’re 

using for mow-and-blow. 

Some folks have experimented with growing 

alfalfa, and other cover crops, in the alleyway for 

mow-and-blow. There may be some concern here, 

because we do have issues with nematodes and 

leafhoppers with some of the forb [herbaceous 

perennials other than grasses] cover crops.

There are some research studies where 

they’ve grown a cover crop all the way into the 

tree row. However, in five out of eight of those 

studies there was reduced tree growth, due to 

competition from the cover crop right in the 

tree row. Interestingly, in a very long-term 

study — 16 years — they didn’t see reduced 

tree growth, because the root system had 

adapted and grown to a deeper layer.

In some organic pear and apple orchards, 

and in the old standard plantings on non-

dwarfing rootstocks, having your cover crop 

all the way across the orchard can work 

quite well, and it helps to moderate vigour. 

However, most studies have been done on the 

dwarfing M.9-type rootstocks, and there we 

do see considerable competition when cover 

crops are grown in the tree row.

Q  How do soil-health 
practices tie in  
with irrigation?

A We’re in Central Washington which is 

   really quite dry, and an irrigated area. 

The average rainfall in Central Washington 

is 178–300 mm. So, soil moisture is really 

important, and that’s one of the reasons that 

these woodchip mulches and other practices 

are particularly interesting.

In conventional orchards, we generally keep 

the tree row bare for a 4–6 foot [1.2–1.8 m] 

strip, and then have grass in the work row. 

We have to irrigate the work row to have that 

grass strip. So, we generally use a combination 

of drip and microsprinklers, depending on 

the time of year, in order to maintain the 

trees and the grass. We try to conserve water 

as much as possible, and the combination 

allows you to manage the water to the trees 

more intensively while still keeping the larger 

surface area irrigated.

Q  What can you tell our 
readers about your soil-
health research?

A Dr Lee Kalcsits [tree fruit physiologist 

  in the Department of Horticulture 

at Washington State University] and I are 

concluding a four-year study looking at soil-

health indicators for Central Washington 

orchards. Orchardists in our area were really 

interested in what soil health is, and what it 

means for them, particularly how it relates to 

their bottom line — yields and pack-outs.

We measured 21 indicators of soil health in 

101 orchards across Central Washington, and 

looked at biological, physical, and chemical 

properties of soil. We’re finding that soil-

health indicators relating to root health and 

water regulation are particularly important in 

our orchards. That’s not surprising, because 

we have a history of replant disease and 

soil-borne pathogens being important in our 

orchards. We’re also in an irrigated climate 

where soil moisture is very important.

Another constraint that showed up in some 

of the orchards was compaction — having 

an area, usually 10–18 inches [25–45 cm] 

down, where the roots couldn’t penetrate. 

This is going to limit the roots’ ability to 

access that soil volume, as well as create an 

oversaturation effect sometimes.

Another indicator that looks to be 

important is available nitrogen — the 

nitrogen that’s mineralizable from the soil. In 

some of our soils there was quite a large pool 

of mineralizable nitrogen available. If folks are 

not measuring that slowly available nitrogen, 

they could end up overapplying nitrogen, 

which is obviously not only expensive, but can 

also cause a fruit-quality problem.

Q Is adoption of soil-health 
practices on the rise?

A Growers in Washington over the  

  past ten years have had an increasing 

interest in soil health. Over the past five that 

I’ve been working in Washington, I’ve seen 

more and more acres adopting soil-health 

management practices, as well as growers 

working hard to learn more about their  

soil health. But there’s a lot of questions  

still to be answered, and also limitations  

in the availability and transferability of  

these practices. 

Central Washington State, where 
Tianna DuPont is based.
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Plants put a lot of Plants put a lot of 
energy into cultivating energy into cultivating 
microbes. A signifi cant microbes. A signifi cant 
portion of the sugars portion of the sugars 

that plants make during that plants make during 
photosynthesis is pushed photosynthesis is pushed 

out into the soil in the out into the soil in the 
form of root exudates. form of root exudates. 
Root exudates attract Root exudates attract 

and support microbes. and support microbes. 
And microbes help to And microbes help to 
support plants. Some support plants. Some 

plants even host useful plants even host useful 
microbes on and in their microbes on and in their 
roots. By Anna Moutonroots. By Anna Mouton

should growers know about the 

microbes in their soil? Fresh Quarterly spoke 

to Prof. Karin Jacobs who heads up the 

Microbial Ecology and Mycology Laboratory 

in the Department of Microbiology at 

Stellenbosch University. We were joined by 

Casper Brink, soil microbiologist with soil-

analysis company Sporatec.

Pillars of the soil community
“We never refer to microbes as individuals,” says 

Jacobs. “We always talk about them collectively, 

as a colony or a community, and this is how they 

function.” Jacobs explains that the characteristics 

of a soil will determine which microbes live there. 

Factors such as pH, oxygen, water, and nutrient 

availability all aff ect the microbial community.

As a microbiologist, Jacobs is particularly 

interested in bacteria and fungi. Fungi can be 

single-celled or multicellular. Multicellular fungi 

typically grow as a network of threadlike hyphae. 

Fungi are the main decomposers in ecosystems. 

Th ey have enzymes to break down complex 

carbohydrates such as the lignin in wood.

What

The underground 
movement that 
supports orchards
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Fungi can break down 
complex carbohydrates 
found in woody material.
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Fungi reduce dead plant material to simple 

sugars which bacteria can use. Bacteria are single-

celled organisms that make up the second-largest 

group of life on earth by mass — readers will be 

pleased to hear that plants are number one.

“Bacteria can take up certain nutrients, and 

change them a little bit, so that they can then 

be used by other organisms,” says Jacobs. 

Bacteria are essential for recycling organic 

material, fixing atmospheric nitrogen, and 

increasing nutrient availability.

“Phosphates are one of the insoluble 

substrates that farmers struggle to get 

plants to take up,” says Brink. “Bacteria have 

phosphatase enzymes that make phosphates 

soluble, so they become available to plants.”

Bacteria and fungi also serve as prey for 

other soil organisms, including protozoa, 

nematodes, collembola, and mites, which get 

eaten in their turn. At the same time, some 

bacteria and fungi infect plants and animals – 

certain fungi even trap and kill nematodes.

A mutually beneficial arrangement
“Plants have, through millennia of evolution, 

started to select their preferred microbial 

partners,” says Jacobs. The production of 

sugary root exudates is one way in which 

plants entice desirable bacteria. Another is 

to allow useful bacteria and fungi to take up 

residence in or on plant roots.

“It’s a mutualistic relationship — give and 

take — between the plant and the microbe,” 

clarifies Brink. “The plant gives sugars; the 

microbe gives some of the other nutrients 

that the plant can’t get by itself.”

Plants can manipulate the soil and select 

for their preferred microbes, but the downside 

is that monocultures can end up with limited 

microbial diversity. Ecologists have different 

metrics to assess species communities. Richness 

is the number of different species, whereas 

diversity also takes the number of individual 

members of each species into account.

The problem with low diversity, explains 

Jacobs, is reduced redundancy. A diverse 

community has many individuals of many 

different types that can perform a given 

function. When conditions change, for 

example during a drought, chances are that 

someone will survive to continue performing 

that function. But if diversity is low, a change 

might wipe out entire functional groups, 

leaving no one to do a particular job.

Interactions between plants and soil 

microbes are concentrated in the thin layer 

of soil attached to the roots — this is called 

the rhizosphere. Nutrient levels are elevated 

in the rhizosphere thanks to all the microbes 

living there. Resident microbes keep others 

out through competitive exclusion. This can 

also protect plants by warding off disease-

causing microbes. For their part, many 

plants will lower the pH of the rhizosphere to 

facilitate uptake of certain nutrients.

“The rhizosphere is where everything 

happens,” observes Jacobs. “That’s where 

farmers need to concentrate if they want to 

make changes in the plant-soil relationship.”

Getting to the roots of soil health
The key to increasing diversity, says Brink, is to 

feed the microbes. “Cover crops, for example, 

stimulate bacteria, because they get the simple 

sugars from the root exudates, whereas mulching 

and composting provide more food for fungi, 

because they break down all the dead material.”

The worst thing, according to Brink, is to 

have nothing growing in the work rows, thereby 

starving the microbes. Cover crops and mulches 

further protect microbes by shading the soil, and 

preventing large temperature fluctuations of 

the soil surface. Bare soil tends to dry out, and 

reduced water equals reduced microbes. Drip 

irrigation can therefore deliver a twofold blow to 

microbes — less plant growth and less soil water.

In a water-scarce environment, growers 

will have to find the balance between water-

saving drip irrigation, and microbe-enhancing 

moisture in the work rows.

Fertilisers are yet another influence on soil 

microbes. There are both free-living and root-

associated bacteria that can fix atmospheric 

nitrogen, and make it available to plants. 

Too much nitrogen fertiliser suppresses the 

ability of these bacteria to fix nitrogen. And 

remember than, unlike fertiliser, atmospheric 

nitrogen is free.

Plants can also draw on root-associated 

fungi — known as mycorrhizae — to aid their 

nitrogen uptake. But if plants are getting 

enough nitrogen from fertiliser, they may 

expel their mycorrhizae, which then start 

competing with the plants for other nutrients.

Growers who want a better idea of their soil 

health can turn to companies like Sporatec 

for specialised testing. Brink has been 

analysing samples from the cover-crop trials 

run by Matthew Addison, crop-protection 

programme manager at Hortgro Science, to 

assess the impact of increased plant diversity 

on microbial diversity.

Preliminary results show differences 

between communities in the tree and the work 

rows, especially for fungi. Brink speculates that 

mulching the tree rows is selecting for certain 

fungi. Analyses of samples from more than 

one season are needed to see how the different 

treatments are influencing the soil microbes.

“That’s why most of our samples are 

submitted,” says Brink. “Growers want to 

see, am I improving by building soil carbon, 

increasing microbial activity and diversity, 

and building resilience in my soil.”

Jacobs and Brink think that the time is 

ripe for a microbial mind shift in agriculture. 

Brink explains. “The focus should be more on 

biology — not just on chemicals and on using 

the soil just as a growth medium, but on using 

the microbes to your benefit as well. Because 

if you keep your microbes happy, then you’re 

halfway there.” 

The time is 
ripe for a 
microbial 
mind shift in 
agriculture.
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A magnifi ed view 
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What are collembolans 
doing in your orchard?

Collembolans are among the most common animals on earth ̶ they occur 
on every continent and in almost all terrestrial habitats. You can probably fi nd 
somewhere between 10 000 and 100 000 collembolans in every square metre 
of your orchards. What are they doing there? Fresh Quarterly put this question 
to Dr Charlene Janion-Scheepers, invertebrate ecologist in the Department of 

Biological Sciences at the University of Cape Town. By Anna Mouton

are collembolans?
Collembolans — also called springtails — are six-

legged animals related to insects. Collembolans 

are wingless. Most of them have a special tail-like 

appendage called a furca that can snap open to 

propel the collembolan away from danger — a 

bit like having a built-in ejection seat.

Most collembolans are only 2–4 millimetres 

long. “But some can get really big,” says 

Janion-Scheepers, “up to 6 millimetres.” � e 

world record is just over 1 centimetre for a 

forest-dwelling species in New Zealand.

Collembolans can live on plants, or 

in litter, mulch, compost, and soil. � e 

majority of collembolans eat algae, fungi, 

and decomposing plant material. “� ey’re 

important for nutrient cycling because they 

speed up the decomposition rates of litter, 

thereby providing nutrients to plants,” 

explains Janion-Scheepers.

While feeding, collembolans break up 

organic material, exposing it to microbes. 

� is enhances carbon cycling, and has been 

shown to make nitrogen, potassium, calcium, 

and magnesium more available to plants. 

Collembolans also excrete nitrogenous waste 

in forms that plants can take up. Research has 

shown that collembolans can contribute to 

improved soil structure.

Other intriguing research found that some 

species of collembolans feed on fungi that 

cause diseases in plants.

“Studies abroad have shown that predator 

populations survive on collembolans during 

the times when there aren’t any pests 

around,” says Janion-Scheepers. “� en, when 

the pests arrive, the abundances of predators 

are high enough to control them. � at’s why 

we encourage the conservation-agriculture 

approach — to keep predator levels high.”

� e impalas of the soil
“Collembolans are like the impalas in the 

Kruger,” says Janion-Scheepers, “they carry a 

wide range of predators, including mites that 

also prey on other, plant-eating, mites.”

Predatory mites are key to the control 

of pests — notably red spider mite — in 

orchards. Hortgro is funding a new project, led 

by Prof. John Terblanche of the Department 

of Conservation Ecology and Entomology 

at Stellenbosch University, to examine the 

importance of collembolans in supporting 

predatory mite populations in South Africa.

� e project will take two approaches. One 

is to collect predators and prey from orchards, 

and to study them under controlled conditions 

in the laboratory. � is will provide a window 

into the preferred menu options for predatory 

mites. According to Janion-Scheepers, not 

all collembolans taste good. “� ere’s a group 

that has a repellent in their skin, so they won’t 

always be eaten by predators.”

� e second approach is to conduct stable-

isotope analysis on samples collected from the 

laboratory experiments, as well as on samples 

collected from orchards. � e researchers will 

examine various components of the food web — 

plant material, plant litter, predators, and prey.

What

doing in your orchard?
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Eve r y t h i n g  c o u n t s 
i n  l a rg e  a m o u n t s
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Isotopes are di� erent forms of the same 

element. � ey occur in speci� c ratios in 

di� erent food sources, and therefore in the 

animals that consume those food sources.

For example, 13C is an isotope of carbon that 

contains seven neutrons in its nucleus — most 

carbon atoms have six neutrons in the nucleus. 

Di� erent types of plants contain di� erent 

amounts of 13C, depending on their method 

of photosynthesis, and this in turn a� ects the 

amount of 13C in the organisms that feed on 

them. So, determining the amount of 13C in 

collembolans and mites from orchards can help 

identify their primary food source.

Nitrogen isotopes, on the other hand, 

provide clues as to how high up the food 

pyramid an organism � nds itself. A predator 

will have a relatively higher ratio of 15N to 14N 

than its prey.

Just as the number of lions depends on 

the number of impalas, and the number of 

impalas depends on the amount of grazing, 

so the size of the predatory mite population 

hinges on the food chain to which they 

belong. A better understanding of this food 

chain could open opportunities for growers to 

boost their biocontrol.

Collembolans as bio-indicators
Another Hortgro-funded study, led by Janion-

Scheepers, is characterising collembolan 

populations from orchards under di� erent 

management conditions. Abdul Ghaseeb Jacobs 

is the master’s student on the project. He 

has been looking at collembolans from apple 

orchards, some of which are mulched and some 

of which aren’t. One surprising � nding so far is 

that the communities sampled from the tree rows 

are very similar to those from the work rows.

Preliminary data show that collembolan 

communities di� er in sites with and without 

mulch. Jacobs found a signi� cant decrease 

in the total number of collembolans in sites 

without mulch over the course of two seasons. 

� is suggests that mulch is important in 

maintaining collembolan populations.

� e researchers will identify the collembolan 

species from the di� erent samples, and see 

whether they are indigenous or introduced. 

“About 25% of South Africa’s collembolan species 

are introduced or invasive,” clari� es Janion-

Scheepers. “Invasive collembolans are usually 

more tolerant of heat and desiccation than 

indigenous species, so if you think about a very 

barren soil without mulch, those invasive species 

can better tolerate the dryness and the heat.”

Jacobs has also been sampling collembolans 

from orchards under shade-netting, to learn 

more about how the shade-netting boom 

could impact the species living under them.

� e ultimate goal of this research is 

to � nd collembolans that can be used as 

biological indicators of the soil health in 

agroecosystems, says Jacobs. Measurements 

based on the identi� cation and enumeration 

of nematodes are already well-established 

methods for monitoring soil health. 

Collembolans can expand the bio-indicator 

tools available to growers.

“� is might, for example, give you an 

indication of whether your mulch treatment 

is successful in getting the right species 

composition to enhance predators,” says 

Janion-Scheepers.

Preliminary results from cover-crop trials 

conducted by Matthew Addison, crop-

protection programme manager at Hortgro 

Science, showed that collembolan numbers 

tended to be higher in treatments with more 

diverse cover crops, compared to treatments 

with no cover crop, or treatments with a 

grass-only cover crop. � is suggests that 

enhancing collembolan biodiversity may be 

one of the mechanisms by which cover crops 

could improve soil health and pest control.

“You want to create an environment where 

collembolans can thrive, and you want the right 

mixture of species in your system,” says Janion-

Scheepers. Collembolans are a vast unpaid 

workforce, labouring tirelessly to support your 

orchards. So, investing in their well-being makes 

good ecological and economic sense. 

Above left: Abdul Ghaseeb Jacobs collecting 
samples in an orchard. Right: Collembolans under 

the microscope and ready for counting.
CHARLENE JANION-SCHEEPERS AND ABDUL GHASEEB JACOBS RESPECTIVELY | UNIVERSITY OF CAPE TOWN
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Setting the stage
“The initial motivation for cover-crop 

diversity had to do with the biological control 

of mites in orchards,” says Addison. It turned 

out that the key to controlling pests such as 

red spider mites is to encourage a population 

of predators. Food and shelter for predators 

are provided by broadleaved plants that form 

part of diverse cover crops in the work rows. 

Predators can also hunt and hide in plant 

litter and mulches.

Once the idea of diverse cover crops 

caught on, growers became aware of 

other advantages, says Addison. He 

became involved in a study on cover-

crop management in organic stone-fruit 

orchards in the Western Cape. The research 

team was led by Klaus Birkhofer of the 

Brandenburg University of Technology in 

Germany. Organic orchards in this study 

had significantly different ecosystems to 

conventional orchards, but it wasn’t clear 

which practices offered the best outcomes.

More research was needed. “My interest was 

in whether diverse cover crops are productive, 

and whether they allow for really beneficial 

ecosystem services in orchards,” says Addison. 

We humans often 
describe a clean floor as 
one you can eat off. But 

a clean orchard floor 
starves soil organisms. 
Cover crops can boost 

diversity both above 
and below ground, as 
well as offering many 
of the same benefits 

as mulch. An ongoing 
study led by Matthew 

Addison, crop-
protection programme 

manager at Hortgro 
Science, examines the 

impact of cover-crop 
diversity in orchards. We 

spoke to Addison  
to learn more about  

the results so far.  
By Anna Mouton

It takes an ecosystem 
to grow a tree

Treatment Work row Tree row
1 Grass1 + triticale Compost + straw mulch

2 Grass1 + triticale + medicks Compost + wood chip 
mulch

3 Grass1 + triticale + medicks 
+ clover2

Compost + medicks

4 Grass1 + triticale + medicks 
+ mix3

Compost + medicks + 
clover2 + other4

Control Not planted Compost + straw mulch

Table 1: Cover-crop trial 
treatments and control

1Tall fescue, creeping red fescue, and perennial rye grass. 2Subterranean clover.
3Buckwheat, tillage radish, chicory, and oats. 4White mustard, and nasturtiums.

Cover crops  in orchards
DIVERSITY & COVER CROPS

He partnered with farming group ZZ2 to test 

diff erent cover crops, and to fi gure out the best 

ways for measuring their performance.

ZZ2 have been leaders in implementing 

systems to improve soil health, and Addison 

was able to draw on the experience of Hendrik 

Pohl, production manager at Bokveldskloof. 

Th e cover-crop trials were conducted on two 

ZZ2 sites in Ceres — a Cape Rose orchard in 

the Warm Bokkeveld, and a Bigbucks orchard 

in the Koue Bokkeveld.

Cover-crop performance in orchards
Cover crops were fi rst sown at the Warm 

Bokkeveld site in 2017, and at the Koue 

Bokkeveld site in 2018. Th e plants were 

resown in 2020 using a seed drill. Four 

treatments — see table 1 — were established 

on each site and compared to a control with 

no planting in the work row.

“We go from simple to complex in four 

steps in the work row,” explains Addison. 

“In the tree row, we’ve planted what are 

eff ectively cover crops under the trees in two 

of the treatments.” Each treatment occupies 

four orchard rows of 120 metres.

So far, the performance of all the 

treatments is satisfactory, although they 

all experience weed competition. Weed 

suppression is a potential benefi t of cover 

crops, but only if the cover crops can outgrow 

the weeds.

Dry mass production of the diff erent 

groups of cover-crop plants was measured 

at the end of 2018. Th e Koue Bokkeveld site 

yielded substantially more dry matter than 

the Warm Bokkeveld site. Overall, the more 

diverse the cover crop, the more dry mass 

was produced. In subsequent years, the cover 

crops were rolled, in both the work and tree 

rows. Th is allows the plant biomass to be 

incorporated into the soil.

One aim of the trial is to fi nd a non-

destructive way to measure the growth and 

production of cover crops over time. Addison 

and Ansuli Th eron, the master’s student on 

the project, captured digital photographs 

monthly, and evaluated these to determine 

the height and volume of the plants.

Soil samples were collected for physical, 

chemical, and biological analyses; nematode 

assessment, including a diversity index; 

fungal diversity index; and soil fauna and 

litter decomposition. Preliminary results 

show a trend toward increased soil carbon 

and soil aggregate stability from 2018 to 

2019 in the treatments. Microbial activity 

as measured by soil respiration rate has also 

been increased.

Th e status of the various cover-crop species 

as hosts for plant-eating nematodes was 

investigated by Dr Rinus Knoetze of the 

Nematology Laboratory at the Agricultural 

Research Council. Most of the cover crops 

were found to be poor hosts, but buckwheat 

turned out to be a very good host.

Comparison of soil food webs in the 

Koue Bokkeveld shows that these became 

more complex, with more species and more 

interactions between species, from 2018 to 

2019. Th is was true for the treatments and 

the control, and refl ects the restoration of the 

system after the orchard was cultivated prior 

to planting in 2017.

In general, food webs appear to be more 

stable and complex in the treatments than in 

the controls. Bacterial and fungal diversity, 

and the number of collembola, were also 

higher in treatments with greater plant 

diversity than in treatments with less.

“It takes time for the system to stabilise 

and become diverse, and there are strong 

links between what happens under the tree, 

and what happens in the row,” says Addison.

For more on the cover-crop trials, visit our 

YouTube channel at https://www.youtube.

com/c/HORTGROSA/playlists and search for 

the Cover-crop Trials playlist.

Small-scale cover-crop trials
Addison and Th eron tried out several 

additional cover-crop candidates 

in small-scale assessments 

conducted in orchards in the 

Warm and Koue Bokkeveld. Teff , 

white mustard, peas, lucerne, 

DIVERSITY & COVER CROPSDIVERSITY & COVER CROPS

The more 
diverse the 
cover crop, 
the more dry 
mass was 
produced.

https://www.youtube.com/c/HORTGROSA/playlists
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Common name Species name
Tall fescue Festuca arundinacea

Creeping red fescue Festuca rubra

Perennial rye grass Lolium perenne

Triticale × Triticosecale species

Oats Avena sativa

Table 2: Grasses 
used in Addisonʼs 
cover-crop trials.

GraB es
Grasses are very common cover crops, because they 

are relatively easy to establish, grow fast, and produce 
lots of biomass. Grasses have fi brous root systems that 
protect the soil from erosion. In addition to competing 
against weeds, some grasses, such as stooling rye, also 

give off  compounds that directly suppress weeds.

strawberry clover, crimson clover, and 

serradella were tested. Each was sown in 

three plots of 3 x 2 metres located in the 

work row.

Th e fi rst sowing was in May 2018. 

Teff  and serradella failed to germinate. 

Lucerne, strawberry clover, and crimson 

clover established and grew moderately well 

at the Koue Bokkeveld site. White mustard 

and pea survived throughout winter at the 

Warm Bokkeveld site. In general, germination 

and seedling survival were poor at the Warm 

Bokkeveld site, most likely due to poor 

drainage on heavy clay soils.

A similar experimental design was used 

to trial several plants that could serve as 

fl oral crops in the tree row. Floral crops are 

benefi cial because they attract pollinators 

and predators. Felicia, vygies, chamomile, 

coriander, dill, thyme, origanum, and alyssum 

were sown in May 2018. Neither thyme 

or origanum germinated, and all species 

performed badly at the Warm Bokkeveld site.

Th e fl oral crops fared better at the Koue 

Bokkeveld site. Chamomile and alyssum 

fl owered strongly, and when the plots were 

checked in 2019, alyssum had established. 

Both chamomile and alyssum are low-

growing, making them ideal for establishment 

under trees.

Overall, the establishment of cover crops 

at the Warm Bokkeveld site was challenging, 

due to heavy clay soils and strong weed 

competition. Th is highlights the importance 

of site diff erences in cover-crop management, 

and why growers will have to experiment to 

see what works best in their own orchards.

Addison believes that the demand for more 

sustainable and resilient food production will 

continue to increase, and that cover crops will 

be central to helping South African growers to 

achieve this. 

“I’m convinced that our markets are 

going to start diff erentiating on how we’re 

producing our food,” says Addison. “And if you 

look at the basic ecological research, diverse 

soils are more sustainable and productive 

when compared to soils with low diversity.”

Know your cover-crops
Single-species 

cover crops can be very 
successful, especially when the 

cover crop only needs to do a 
single job, for example suppress 

weeds. But, as Addisonʼs research 
shows, planting a mix of species 

can off er a wider range of benefi ts.

DIVERSITY & COVER CROPS
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Completed projects
2011. Meyer A. Eff ect of soil-surface management 

practices on soil and root microbiology, rootzone 

parameters and tree performance in apple.

2011. Addison P. Scoping study to investigate the eff ect of 

mulches on insect communities in pome fruit and vines. 

2011. Lötze E. Quantifying the eff ect of compost 

mulches on nutrient uptake and fruit quality.

2012. Joubert M. Evaluation of soil-surface and mulching 

practices for organic production of deciduous fruit.

2013. Lötze E. Quantifying the eff ect of inorganic and 

organic mulches of two soil types on nutrient uptake 

and fruit quality of Cripps Pink apples.

2018. Fourie J. The eff ect of diff erent cover-crop 

management practices on the soil and on performance 

of apple trees.

2018. Meyer A. Validation of an enzyme-based soil-

alteration index for testing soil health in local apple 

orchard soils.

2019. Storey S. Nematode community structure 

and function as bio-indicators of the eff ects of soil 

amendments on soil health in deciduous fruit orchards.

2020. Knoetze R. Host status of certain cover crops 

for root-lesion nematodes, a major pest of economic 

importance in apples.

Current projects
Addison M. Orchard-fl oor management and soil health 

in deciduous fruit orchards. 

McLeod A. Alternatives for the management of apple 

replant disease.

McLeod A. Eff ect of mulching, compost, and 

rootstock genotype on white root rot of apple.

McLeod A. The eff ect of organic amendments on the 

severity of apple replant diseases in subsequent apple 

orchard re-plantings.

Mostert L. Determining the risk of mulches in the 

spread of canker pathogens in apple orchards.

A list of research projects and publications related 
to soil health funded by Hortgro.

RESEARCH INVENTORY

Common name Species name
Medicks Medicago species

Subterranean clover Trifolium subterraneum

Red clover Trifolium pratense

Table 4: Legumes used in 
Addisonʼs cover-crop trials.

Legumes are plants in the family Fabaceae. Examples include peas, beans, clovers, medicks, and 
vetches. Most legumes can fi x atmospheric nitrogen thanks to symbiotic bacteria that live in nodules 
on their roots. Some, such as red clover and hairy vetch, produce weed-suppressing compounds. 

Common name Species name
Tillage radish Raphanus raphanistrum

White mustard Sinapis alba

Chicory Cichorium intybus

Phacelia Phacelia species

Table 3: Broadleaves used in 
Addisonʼs cover-crop trials.

Broadleaves
The broadleaved cover crops include fl owering plants 

other than grasses and legumes. Broadleaves have 
been shown to promote biocontrol of pests such as 

red spider mite. Flowering broadleaves off er the bonus 
of attracting pollinators as well as predators. Some 
broadleaves, such as mustards, also give off  weed-

suppressing compounds, and may reduce populations 
of disease-causing microbes and nematodes.

Legumes
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Plant-parasit ic  
nematodes in orchards

How to keep your trees safe
Have you noticed a decline in your yields without a clear 

explanation? Experts warn that it could be due to plant-parasitic 
nematodes. By Jorisna Bonthuys

handful of soil contains hundreds 

of nematodes, most of which are so small 

that you need a microscope to see them. 

The majority of nematodes are free-living, 

meaning they are active in soils, and feed on 

a variety of organisms in their environment. 

A few nematodes infest and damage roots 

— these plant-parasitic nematodes are 

ubiquitous in agricultural soils.

For producers, such infestation poses 

a significant threat. “Although they are 

microscopic, these pathogens can have a 

negative influence on the health of a large 

variety of crops,” says Sheila Storey, director 

of nemlab, a diagnostic laboratory specialising 

in soil and root analyses.

Tiny pests of huge concern
Plant-parasitic nematodes are worm-like 

organisms, 0.4–1.5 mm long. They have a 

long, thin, hollow tube called a stylet that 

serves as a specialised feeding apparatus. It 

is used to inject toxins into plant cells and to 

extract plant sap.

The damage caused by plant-parasitic 

nematodes to roots reduces the uptake of 

water and nutrients. This affects tree growth 

and fruit yields.

Harmful nematodes are divided into 

ectoparasites, migratory endoparasites, and 

sedentary endoparasites. Ectoparasites, such 

as ring nematodes, feed outside the roots. 

Migratory endoparasites, such as root-lesion 

nematodes, feed as they migrate through the 

roots, while sedentary endoparasites, such as 

Type of 
nematode Apples Pears Apricots Peaches Plums

Root-knot 
nematode* Unknown

Very 
important

Very 
important

Root-lesion 
nematode

Very 
important

Rare Rare Important Unknown

Citrus 
nematode

Ring 
nematode

Very 
important

Very 
important

Very 
important

Dagger 
nematode

Very 
important

Important Rare Important
Very 
important

Stubby-root 
nematode Rare Important Rare

Pin 
nematode Rare Rare Rare

Spiral 
nematode Indicator Indicator Indicator Indicator Indicator

Table 1: The 
host-nematode 
relationship in 
pome and  
stone fruit

*Not applicable to root-knot-
nematode resistant rootstocks.  
Very important: can cause severe  
damage. Occurs commonly. 
Important: can sometimes cause 
severe damage in high numbers. 
Occurs commonly. 
Rare: seldom causes a problem.  
Little knowledge available. 
Unknown: insufficient evidence  
to establish host status. 
Indicator: indicator of soil  
organic matter.

Each root-knot nematodes, tunnel into the roots, 

and establish feeding sites from which they do 

not move.

Plant-parasitic nematodes are not able to 

move far under their own steam. They are mainly 

transported by humans, leading to uneven or 

patchy infestation in a field or orchard.

“In most cases, nematode-related damage is 

only detected once patches of dwarfed, poor 

or stunted trees are observed,” says Storey.

Other symptoms include yellowing of the 

leaves, early wilting, reduced fruit size, and 

production loss over 3–5 years. Affected areas 

in orchards can vary in size from a few square 

metres to several hectares, and will expand 

over time.

Plant-parasitic nematodes also play a role 

in replant disease. Replant disease is caused 

CROP PROTECTION
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by the build-up of a variety of harmful 

microorganisms in the soil, including disease-

causing fungi. It is a widespread problem in 

intensive tree-growing areas, aff ecting stone- 

and pome-fruit producers.

Table 1 summarises some of the more 

familiar nematodes that occur in pome and 

stone fruit. 

Because root-knot nematodes do not attack 

pome fruit, many producers believe that pome 

fruit are not attacked by any nematodes. Th is 

is not the case. Pome-fruit trees are attacked 

by root-lesion, dagger, and stubby-root 

nematodes. Stubby-root nematodes are often 

the cause, in very sandy soils, of severely 

stunted pear trees.

“Nematode problems in pome and stone 

fruit primarily stem from the fact that soil 

is reused, new trees are planted in soils 

previously used to grow the same crop, and 

new trees are established within four months 

of the removal of the previous crop, without 

fumigation,” says Storey.

Th e source of the problem
Soil is the most important source of 

nematode infestation, according to Storey. 

“Th e scale of the infestation depends on the 

previous crop, cover crops, weeds or natural 

vegetation growing in the soil. If any of these 

plants were a host for the plant-parasitic 

nematodes that occur on fruit trees, the 

nematode population will increase rapidly in 

the presence of these fruit.”

For this reason, it is essential to minimise 

the nematode population before planting 

new trees, says Storey. “Always remove as 

many of the old roots of the previous crop as 

possible, as they may still contain nematodes, 

especially endoparasitic nematodes.”

Storey recommends collecting soil and root 

samples to test for nematodes before removing 

trees, vines, or other crops. Once new 

plantings have been established, wait at least 

eight months before sampling. Samples can be 

taken throughout the year in existing orchards, 

but keep in mind that nematode populations 

are highest in the summer months.

Rooted plant material is another possible 

source of infestation, especially of migrating 

endoparasitic nematodes that live inside roots. 

Nematodes with long stylets, such as ring 

nematodes, can become attached to roots, and 

be transported on infested plant material.

Th e current plant-material certifi cation 

scheme requires only visual freedom from 

nematode infestation. Yet, the symptoms of a 

nematode attack on pome fruit are not easily 

seen. In Storey’s opinion, this certifi cation 

for pome fruit is of no value when it comes 

to nematodes. “Th ere are, however, plans to 

ensure that nurseries provide relatively clean 

plant material in future.”

trees is planned for the same year as orchard 

removal. Decisions about control should be 

based on a laboratory report.

“Th e intensive cultivation of nematode host 

plants creates a mechanism through which 

nematodes can multiply and quickly reach 

pest status,” says Storey. “In such cases, let 

the soil rest for at least a year, and preferably 

three years.”

Plants that are either poor hosts, or non-

hosts, can also help to reduce nematodes. 

Non-hosts of plant-parasitic nematodes 

include marigolds, rattlepods, and 

lovegrasses. Poor hosts include oats, triticale, 

and wheat. It is important to analyse the 

infestation again before the crop dies or is 

ploughed in, says Storey.

Where root-knot nematodes are a risk and 

soil fumigation is not possible, nematode-

resistant rootstocks can be considered. Most 

stone fruit that are not grown on resistant 

rootstocks are exceptionally susceptible to 

root-knot nematodes. Resistance to root-knot 

nematodes does not confer protection against 

other nematodes.

Solarisation and biofumigation are other 

options for controlling disease-causing 

soil-borne organisms. Solarisation raises the 

soil temperature above 50°C by covering a 

moist soil surface with a thin, transparent 

polyethylene plastic. Solarisation will reduce, 

but not eradicate, the nematode population.

Biofumigation relies on plants, especially 

mustards, that produce volatile compounds. 

Th e plants are harvested prematurely, fi nely 

slashed, and incorporated into the soil. As 

for conventional fumigation, biofumigation 

is followed by fallowing for 10–14 days. 

Fumigation can only be carried out before 

planting new crops.

“Over the last few years, we have made 

signifi cant strides in improving our 

understanding of harmful nematodes in 

orchards,” says Matthew Addison, crop-

protection programme manager at Hortgro 

Science. For more about the three nematode-

related projects funded by Hortgro, turn the 

page to our next article. 

Water from fast-fl owing rivers in areas with 

signifi cant agricultural activity is considered 

a minor source of infestation compared to 

the others, as few nematodes occur in water. 

Th e build-up of nematodes in soil due to 

infested water sources is slow. Trees planted 

in relatively clean soil will also resist this 

build-up.

Dealing with nematode infestation
Th ere are four main control options for 

nematodes in orchards, depending on the 

severity of infestation and on the time between 

plantings: treating the existing crop, allowing 

the soil to rest between plantings, replanting 

with resistant rootstocks, and fumigation.

More than one treatment might be 

necessary, especially if the re-establishment of 

Ring nematodes attack 
stone-fruit trees.
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plant material in future.”

Ring nematodes attack 
stone-fruit trees.
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Three projects funded by Hortgro are generating 
new knowledge about plant-parasitic nematodes. 

The studies focus on whether different cover 
crops host any of three lesion-nematode species, 

whether new apple rootstocks are resistant or  
tolerant to lesion nematodes, and whether certain  

soils suppress ring nematodes. Fresh Quarterly 
spoke to project leader Dr Rinus Knoetze, senior 

researcher at the ARC Infruitec-Nietvoorbij, to 
learn more. By Jorisna Bonthuys

Cover-crops as potential  
nematode hosts
Root-lesion nematodes — Pratylenchus 

species — are a major apple-orchard pest 

in South Africa. These nematodes are 

migratory endoparasites that feed inside 

roots, tunnelling back into the soil and to new 

roots at will. Infected apple trees, especially 

younger trees, display poor growth, and yields 

of older orchards may decline over time. Root-

lesion nematodes have also been implicated in 

apple replant disease.

Knoetze recently completed a study on the 

host status of certain cover crops for root-

lesion nematodes. He modified a laboratory 

method that enabled him to mass culture 

the three lesion nematode species most 

prevalent in local apple orchards. Knoetze cut 

sterilised carrots into coin-sized disks before 

inoculating them with lesion nematodes. 

The nematodes were left to multiply for two 

months, and then extracted in large numbers.

After propagating cover crops, Knoetze 

infected the plants by burying nematode-

infested carrot disks close to them. He also 

planted cover crops next to apple rootstocks 

infected with lesion nematodes. Later, he 

extracted nematodes from plant roots, and 

determined how many nematodes were 

present per gram of root sample analysed.

The results showed that some crops — like 

nasturtiums, and Indian buckwheat — are 

from three Hortgro 
-funded projects

The highlights
Research reveals  new facts 
a b o u t  n e m a t o d e  p e s t s

CROP PROTECTION
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Far Left: Canola is not a host for root-lesion 
nematode. Left: Indian buckwheat is a moderately 

good host for root-lesion nematodes. 

CROP PROTECTIONCROP PROTECTION

Far Left: Canola is not a host for root-lesion 
nematode. Left: Indian buckwheat is a moderately 

good host for root-lesion nematodes. 

crops — pink serradella, rye, triticale, 

subterranean clover, and medicks — during 

spring and summer if these crops persist in 

the orchard.

Th e study has contributed to a database 

of cover-crop characteristics which enables 

growers to select the best options for their 

specifi c circumstances. “If the species of lesion 

nematode in an orchard is known, producers 

can now make a more informed decision about 

the choice of cover crops,” says Knoetze.

“Th e project has increased our understanding 

of these plant-parasitic nematodes in orchard 

fl oor management signifi cantly,” says Matthew 

Addison, crop-protection programme manager 

at Hortgro Science.

Furthermore, this study has made 

another valuable contribution by fi ne-tuning 

the carrot-disk method for cultivating 

nematodes, which will support future 

moderate to good hosts for the root-lesion 

nematodes that occur in apple orchards. 

Other cover crops — like pink serradella, rye, 

and subterranean clover — are good hosts for 

Pratylenchus penetrans only.

“If these crops are used as cover crops in 

apple orchards, it could cause an increase 

in nematode numbers if planted at high 

density,” cautions Knoetze.

Crops like perennial ryegrass, Saia oats, 

tillage radish, mustard, canola, plantain, 

and marigolds do not support signifi cant 

reproduction of the lesion-nematode species 

tested. As such, they can be used in South 

African apple orchards without contributing 

to the lesion-nematode problem.

Knoetze found that reproduction of the 

most common lesion-nematode species, P. 

hippeastri, is minimal on most cover crops 

in winter. Still, it can increase on certain 

Reproduction of 
the most common 
lesion-nematode 

species, P. hippeastri, 
is minimal on most cover 

crops in winter.
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research efforts. “The availability of 

large numbers of lesion-nematode 

inoculum will enable us to take 

on projects where such high 

numbers of inoculum are required,” 

explains Addison. “These include rootstock 

screening trials for nematode resistance, and the 

evaluation of control measures.”

Screening rootstocks for resistance 
to lesion nematodes
“Very few of the current commercially 

available apple rootstocks are known to be 

tolerant of or resistant to these nematodes, 

so this is a problem you really want to avoid,” 

says Knoetze. Once established in an orchard, 

root-lesion nematodes are difficult to control.

In an ongoing project, Knoetze is 

investigating the resistance or tolerance 

of apple rootstocks to the most common 

root-lesion nematode species — Pratylenchus 

hippeastri, P. vulnus, and P. penetrans — 

found in South African orchards. The aim 

is to evaluate new rootstocks, including the 

promising Geneva rootstocks.

Knoetze obtained selected rootstocks 

produced by tissue culture. All rootstock 

batches were screened to ensure freedom 

from lesion nematodes. The researchers then 

employed the same carrot-disk technique used 

in the study above to cultivate nematodes and 

inoculate plants.

One growing season after inoculation, 

Knoetze determined how many nematodes 

were present per gram of root.

Preliminary results indicate that the 

rootstocks he screened are susceptible to the 

root-lesion nematode species that occur in 

South African apple orchards. In addition to the 

laboratory study, Knoetze is also assessing the 

prevalence of lesion nematodes on rootstocks at 

industry rootstock-evaluation sites.

The project continues until March 2022.

A close up view of a 
ring nematode.
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The research team is 
focussing on soils that 

suppress ring nematodes — 
Criconemoides xenoplax. 

Ring nematodes are 
important pests of stone 

fruit, and among the most 
abundant nematode 

species in vineyards in the 
Western Cape
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A list of research projects and publications related 
to plant-feeding nematodes funded by Hortgro.

RESEARCH 
INVENTORY

Studying soils that suppress  
ring nematodes
Certain healthy soils can suppress plant-

parasitic nematodes, preventing them from 

establishing and from causing disease. 

Hortgro and SATI are jointly funding a project 

to better understand the characteristics of 

naturally nematode-suppressing soils.

According to Addison, this research can 

help clarify how soil ecology affects nematode 

diversity. “The suppression mechanism may 

well be common to nematodes in general, in 

other words not a rootstock characteristic.”

The research team is focussing on soils that 

suppress ring nematodes — Criconemoides 

xenoplax. Ring nematodes are important pests 

of stone fruit, and among the most abundant 

nematode species in vineyards in the Western 

Cape, so suppressive soils are of interest to 

both stone-fruit and table-grape producers.

Nematicides are not very effective against 

ring nematodes, because they occur deep 

underground — up to one metre below the 

surface — where nematicides do not reach.

Evidence suggests that the biological 

control of nematodes occurs naturally in 

many areas, this control being related to the 

specific soil microbiome. There are certain 

field sites where plant-parasitic nematodes are 

maintained at very low population densities 

by one or more indigenous microorganisms.

Knoetze thinks that new biological agents 

could be found in these soils. “Hopefully, our 

investigation of natural suppressive soils will 

provide more techniques for inducing plant-

parasitic nematode control.”

The researchers plan to assess nematode 

diversity in each soil sample. They are 

also interested in how crop management 

practices can help support the biological 

control of problem nematodes. Changes in 

soil composition related to these practices 

can increase the number of beneficial 

nematodes present, while decreasing plant-

parasitic nematodes.

The project continues until March 2022. 

Completed projects
2003.  Hugo H. Management of accelerated microbial degradation of nematicides in  

Western Cape soils.

2004. Hugo H. Biology and control of ring nematodes in stone fruit orchards.

2009. Hugo H. Root pathology and symptoms of nematodes attacking apple roots.

2009. Storey S. Nematode survey in deciduous fruit-tree nurseries.

2013.  Hugo H. Comparison of the host status of different rootstocks to ring nematode  

(Criconemoides xenoplax).

2013.  Storey S. The role of nematodes and their use as bio-indicators in soil health under  

local conditions.

2014.  Hugo H. Investigations into the survival of ring nematodes (Criconemoides xenoplax) 

 in soil.

2014.  Hugo H. Measurement and evaluation of the effect of soil factors on ring nematodes 

(Criconemoides xenoplax).

2016.  Stassen P. Tolerance and susceptibility of commercial stone-fruit rootstocks to plant  

parasitic nematodes.

2018.  De Klerk A. Control and management of lesion nematodes in apple rooted layers  

and nurseries.

2018.  Malan A. Ring nematode (Criconemoides xenoplax) distribution, characterisation,  

and culture methods.

2018.  Van Der Walt L. A survey to determine the Pratylenchus species present in South African  

apple orchards.

2019.  Storey S. Nematode community structure and function as bio-indicators of the effects of 

soil amendments on soil health in deciduous fruit orchards.

2020.  Knoetze R. Host status of certain cover crops for the root-lesion nematode, a major pest of 

economic importance in apples.

Current projects
Booi S. Ring nematode (Criconemoides xenoplax) resistance of South African-bred rootstock 

selections in potted-plant trials and high pH soils.

Knoetze R. Identification and characterization of naturally suppressive soils specific to ring 

nematodes (Criconemoides xenoplax).

Knoetze R. Screening of apple rootstock resistance against the most prevalent Pratylenchus 

species affecting orchards in South Africa.

Van Der Walt L. Biological control agents currently available for plant-parasitic  

nematode control.
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The lack of government support was given 

as the second-most significant barrier to 

adopting organic practices. This may indicate 

that growers feel they need some support and 

guidance from a larger entity, should they 

decide to convert. The three-year conversion 

period and the cumbersome certification 

process also made the top-five list of obstacles.

These results run counter to findings reported 

in the literature, which state that pest and 

disease risk is the most significant challenge 

facing growers when converting to organic 

production. Lower yields due to pest and disease 

risk was only rated sixth in this study.

Coetzee also found that older producers 

and producers from larger farms have a lower 

willingness to convert.

As a lack of motivation could also pose a 

barrier to conversion, Coetzee measured the 

importance of certain motivational factors  

to respondents.

The most important motivational factor for 

producers to convert to organic farming was 

the internal conviction that they need to farm 

more environment-friendly, and that they 

should conserve nature. This finding surprised 

Coetzee, who initially assumed that financial 

reward would be the main motivational factor 

for converting to organic farming.

““It seems that growers first need to believe 

in the principles of organic farming, before 

they tackle the technical compliance hurdle,” 

says Coetzee. “Without this conviction, on 

a personal level, other motivational factors 

will not be enough to ensure the successful 

conversion to producing fruit organically.”

Producers also indicated that the success 

stories of fellow growers who converted 

successfully were very important.

Key insights
Although Coetzee cautions that results 

pertain only to the growers who responded to 

the survey, the study did provide certain key 

insights that could be used to initiate more 

organic production.

As a lack of knowledge and the need 

to learn novel practices were the most 

significant challenges identified by 

respondents, highlighting the increased 

demand for organic produce and subsequent 

financial reward will not get more producers 

to convert to organic production.

“The results clearly indicate that 

organisations must start by making sure 

their producers see the need to start 

producing products in a more sustainable and 

environmentally friendly way,” says Coetzee.

“Once this conviction is clearly embedded, 

they can start educating and informing 

producers about organic production and all 

the important facets thereof. If these two 

cornerstones — conviction and knowledge 

— are not firmly in place, there will be no 

successful, sustainable conversion to organic 

production. In short, this research indicates that 

the process of producing organic temperate fruit 

starts long before the first tree is planted.”

The research also suggests that producer 

organisations and the South African 

government must improve climate-change 

policies and make these changes visible. This 

will further boost the internal conviction 

that growers need to produce fruit more 

sustainably, and potentially lead to more 

organic conversion.

The government should also actively 

support organic production, for example 

through research funding and tax incentives. 

In addition, exporters must ensure that 

product demand is firmly in place, and that 

there will be a financial reward in producing 

organic products, says Coetzee.

“Once these two very important foundation 

blocks are laid down, the normal business 

model can be applied to get growers accredited, 

and to produce and sell organic products,” 

concludes Coetzee. “This foundational process 

can be long, but from the results, it is clear that 

if these stumbling blocks are not first removed, 

sustainable conversion to organic production 

will not be possible.” 

Lack of knowledge and 
the need to learn novel 
practices were the most 
significant challenges 
identified by respondents.
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into producers’ perceptions  
of organic farming
W h a t  h o l d s  S o u t h  Af r i c a n 
f r u i t  g ro w e r s  b a c k ?
The demand for organic produce is increasing 
globally, but the supply does not seem to be 
growing at the same rate. Currently, organic 

farming is a niche activity, with only 1.4% of global 
agricultural land under organic production, of 

which just over 200 000 hectares are made 
up of temperate fruits. In South Africa, fewer 
than 100 hectares of temperate fruit orchards 

are certified as organic. By Jorisna Bonthuys

, chief operating 

officer at TopFruit, recently completed 

an MBA at the University of Stellenbosch 

Business School, focusing on this topic. His 

research supervisor was Dr Lize Barclay.

South African consumers buy organic 

produce primarily through either the four 

major retail chains or traditional farmers’ 

markets. From Coetzee’s discussions with 

these retailers, it was clear that there is a 

demand for organic fruit and vegetables, but 

that the supply is simply not there.

This led Coetzee to examine, on the one 

hand, key barriers to successful organic 

conversion among conventional producers, 

and on the other, motivational factors that 

are essential for conversion.

Surveying the scene
Coetzee conducted a survey to collect 

data for his analysis. The survey was a 

self-administered questionnaire that was 

distributed to 70 growers of conventionally 

grown deciduous fruit.

The questionnaire was completed 

anonymously, and asked about the challenges 

of both conventional and organic production, 

and the benefits of organic products. 

Gender, age, level of education, fruit-farming 

experience, farm size, management level, and 

the degree of ownership were included.

Respondents agreed that consumers are 

becoming more concerned about food safety, 

and about how food is produced. They also 

noted that conventional production can be 

vulnerable to periodic water shortages, and 

that it is not sustainable without the use of 

synthetic pesticides and herbicides.

At the time of the study, none of the 

respondents were formally certified as 

organic. However, 67% indicated that they 

were applying some organic techniques. 

Most respondents felt that they were using 

sufficient environmentally safe production 

techniques, even though they were not 

formally certified organic.

Stumbling blocks and  
motivational factors
Local growers identified a lack of knowledge 

about organic fruit production as the most 

crucial stumbling block to organic conversion.

Hein Coetzee
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