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C
rops can have pandemics too. 
Just like the SARS-CoV-2 virus, 
plant pests and pathogens do not 
respect international borders and 
present a worldwide threat to food 

security. One-third of crop yields globally 
are lost to pests and diseases. Crop 
epidemics are diffi cult to diagnose, spread 
quickly and are hard to track in remote 
rural areas. Take the maize pest, fall 
armyworm, for example. It entered West 
Africa from the Americas in 2016 and 
reached South Africa within one year. Fall 
armyworm has devastated yields across 
sub-Saharan Africa. 

THE LINK BETWEEN 
AI AND CROP HEALTH

How artifi cial intelligence is 
being deployed to fi nd smarter 
ways to combat pests and 
pathogens and monitor crop 
health, writes PROFESSOR 
DAVE BERGER, Department 
of Plant and Soil Sciences, 
Forestry and Agricultural 
Biotechnology Institute 
(FABI), University of Pretoria

A drone monitors 
crop health in a 

maize fi eld.

W
e asked this question at the 
University of Pretoria (UP), 
where the Forestry and 
Agricultural Biotechnology 
Institute (FABI) has an ongoing 

research programme into tree and crop 
health. Maize underpins food security in 

South Africa and yields are constantly 
threatened by fungal diseases of their 
leaves. In a recent publication, we 
quantifi ed a 72 per cent yield loss from 
northern leaf blight disease in 
susceptible maize grown in South 
Africa. In a pilot crop health monitoring 
project, we focused on four maize leaf 
diseases with distinctive symptoms, 
which are often found together on the 
same leaf – this makes it more diffi cult 
to identify each disease (see Figure 1).

We developed a deep learning 
method for automated identifi cation 
of maize diseases using photos of the 
leaves. These diseases are widespread 
in farmers’ fi elds in the wetter and 
hotter regions of KwaZulu-Natal and 
the Eastern Cape. Fieldwork in these 
hotspots enabled us to create a photo 
collection of diseased leaves. 

Plant pathologists went through 
these photos and classifi ed them 
based on the diseases shown on the 
leaves. These classifi cations formed 
the “ground truth” for training a 
deep learning model using a 
method called convolutional 
neural networks. 

APPLYING 
AI’S PATTERN 
RECOGNITION 
ABILITY

If artifi cial intelligence can 
recognise patterns in data, such 
as facial features, why not apply 
this to patterns of disease spots 
on maize leaves?  
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disease-causing culprits, the farms affected, 
and how fast an epidemic is spreading. When 
it comes to crop health, plant pathologists 
are the “plant doctors”, experts in the 
identification of crop pests and diseases. if a 
farmer spots an unknown disease symptom 
on the crop, he calls in a plant pathologist for 
a diagnosis. if the disease is severe, samples 
are sent to 
a diagnostic clinic for laboratory analysis,  
very much like a doctor sending you for a  
coVid-19 test.

artificial intelligence could bring about a 
revolution in crop health monitoring as instead 
of the “plant doctor” going to the field, we can 
bring the field to the “doctor”. the diagnosis 
would be done by a mobile app powered by 
ai. anyone could take a photo of a diseased 
maize leaf using their phone and upload it to 
the cloud for automated identification by ai. 
this would dramatically improve the efficiency 
whereby plant pathologists deal with crop 
epidemics in real-time. they could then focus 
their efforts on priority outbreaks or potential 
threats of invasive pests and pathogens.  

We developed a deep learning method 
for automated identification of maize 
diseases using photos of the leaves.

This means that when shown a new 
photo of a diseased maize leaf, the 
deep learning model can identify the 
disease. In other words, it has “learned” 
how to identify the diseases based on the 
initial “ground truth” photos. The artificial 
intelligence (AI) model identified the 
correct disease 75 per cent of the time. 

However, the power of AI is that the more 
accurate data you feed the model, the 
better it performs at prediction. We expect 
the accuracy to increase to more than  
90 per cent.

PRACTICAL IMPLEMENTATION
The exciting development from this 
research is its practical application  
in crop health monitoring countrywide  
and across the continent.

Our goal is to develop a mobile app that 
integrates into a larger biosecurity hub. 
Such a plant health biosecurity hub is  
one of the programmes of Innovation 
Africa @UP. 

There are three essential elements: a  
cloud-based database of plant disease  
sample identifications from the diagnostic 
clinic (35 000 samples already processed 
for the forestry industry with additional 

samples from grain crops); surveillance 
apps for the capture of pest and disease 
data and photos; and geographic 
information system-enabled data  
analysis tools powered by AI for pest 
and disease identification, mapping 
of epidemics in time and space, and 
prediction of future scenarios. 

Artificial intelligence could bring about a revolution in crop health 
monitoring as instead of the “plant doctor” going to the field, we can  
bring the field to the “doctor”.

Figure 1: Maize leaf with 
multiple disease symptoms. 

Artificial intelligence (AI) is a computer 
system able to perform tasks usually 
requiring human intelligence. AI is already 
built into many aspects of our daily lives 
such as GPS route selection, Netflix 
movie recommendations and facial 
recognition. AI identifies patterns, such 
as facial features, in the data.

Two common AI approaches are 
machine learning (ML) and deep learning 
(DL). Both can be used  for facial 
recognition, for example. ML is based on 
predefined measurements of each image 
(face shape, distance between eyes, nose 
width) after which a series of classifier 

algorithms are used to “learn” to identify 
a person from many other facial images. 

On the other hand, DL “mimics” the 
human brain by implementing a series of 
neural networks that “learn” to identify 
patterns in the images that distinguish 
one person from another. Both methods 
require large datasets, usually containing 
a training set that the developer has 
labelled (for example, with the person’s 
name). ML requires smaller datasets, 
but requires more decision-making by 
the developer to set up the features that 
should be measured in each image.

USING AI TO COMBAT PESTS AND PATHOGENS
artificial intelligence (ai) is being deployed 
to find smarter ways to combat pests and 
pathogens. crop health is critical to reaching 
the sustainable development goals (sdg), 
especially sdg2 – Zero Hunger. to raise  
global awareness, the united Nations  
through the Food and agriculture organisation 
designated the international Year of plant 
Health in 2020 (iYpH 2020). the good news is 
that south african scientists, innovators and 
policy-makers are at the coal face in the fight 
against pests and pathogens, as reported 

in the recent public discussion forum of the 
National science and technology Forum 
entitled “plant health in south africa – threats to 
biosecurity, biodiversity and food security”.

monitoring of pests and diseases is where ai 
is set to make a major impact on crop health. 
Real-time surveillance is needed to identify the 

WHAT IS AI AND HOW WOULD THIS WORK?

Artificial intelligence’s (AI) impact on food 
security in South Africa can be illustrated by 
a few scenarios, which are likely to become 
reality very soon. 

Mpumalanga: A farmer or citizen scientist is 
the first to give early warning of a new invasive 
fungal pathogen from a neighbouring country 
by uploading a photo to the AI disease ID app. 

Kwazulu-Natal: A farmer enjoys morning 
coffee in bed while a drone takes off 

automatically, scans the fields and sprays 
fungicides on only those plants with 
disease symptoms. 

Eastern Cape: Crop protection 
managers track in real-time the maize 
disease epidemic across the SADC region 
and dispatch plant pathologists and 
agricultural extension officers to remote 
rural areas to advise smallholder farmers 
on disease control methods.

THE IMPACT OF AI ON FOOD SECURITY IN SOUTH AFRICA
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Capacity building, education and awareness 
for local communities must be given. Local 
communities need not be seen as enemies 
of the MPA, but rather as stewards who will 
ensure its successful implementation. 

Climate scientists have analysed evidence 
on nine components of our climate system – 
referred to as “tipping points” because they are 
under growing threat of abrupt and irreversible 
changes. The majority of these are on the 
oceans or ocean edges. So protection of the 
oceans needs to be a priority. Governments 
must revisit the plan to mine oean floors for oil 
and gas – exploration for oil and gas remains 
the biggest threat to MPAs and our oceans 
in general. For as long as we allow greed to 
be stronger than the desire to protect nature, 
the collapse of our ecosystems and resultant 
suffering will be inevitable. 

As a country and global community, 
we must start looking at nonharvesting 
forms of economic activities for coastal 
communities. For example, the development 
of nonconsumptive economic activities such 
as boat tours, diving into coral reefs and 
aquaculture. Threats of trawlers that come to 
our shores and enter MPAs during the night 
pose the biggest threat to our MPAs. People 
with engine-propelled boats who travel long 
distances to come fish, unmonitored, in MPAs 
cause more harm than local people with less 
sophisticated fishing gear who fish from the 
rocks along the shoreline. 
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Without good functioning, oceanic ecosystems life would 
be impossible on our planet, writes environmentalist and 
MPA guide Sinegugu Zukulu

T
he oceans cover 72 per cent of our 
planet, regulating our climatic systems 
and supplying about 50 per cent of 
the oxygen on our planet. Therefore, 
ecosystem goods and services 

supplied by the ocean are not limited to coastal 
communities, but all life on the planet. People 
need nature to thrive, but nature does not need 
people to thrive. 

Taking care of all creation is everybody’s 
responsibility, and we need to up education 
and awareness around this. Awareness alone 
may not lead to actions to protect and conserve 
oceans, however, only when we are all aware 
and educated about these linkages, will we 
then take serious action to protect the oceans 
and thus sustain other life forms on the planet. 

THE IMPORTANCE OF MARINE PROTECTED AREAS
establishing marine protected areas (MPA) 
helps us to maintain biological diversity.

MPAs that are effectively implemented and 
enforced, support biodiversity conservation, 
boost fisheries yield for local communities, 
support climate change adaptation, and much 
more. They are essential for safeguarding the 
resources and ecosystem services provided 
by the ocean and long-term sustainable 
development. Coastal communities that rely on 
oceans for their livelihood stand to benefit more 
where planning and management of the MPA 
has considered their needs. 

About 17–50 per cent of protein in our food 
comes from the oceans, and billions of people 
depend on the ocean as a source of food and 
income. MPAs, therefore, remain the best tool 

MPAs that are effectively implemented 
and enforced, support biodiversity 
conservation, boost fisheries yield for 
local communities, support climate 
change adaptation, and much more.

PEOPLE NEED THE 
OCEAN TO THRIVE

Pondoland

for protecting the ocean, and helping it maintain 
its resilience against the effects of human 
interference and climate change.

STEWARDSHIP AND OTHER MEASURES
if the MPA journey is to be implemented 
successfully it must be done jointly with the 
local communities whose lives are dependent 
on the ocean. involvement must include all 
phases: preliminary engagements, legislation, 
planning, implementation, monitoring and 
evaluation. Failure to include the local 
communities may collapse the intentions no 
matter how good they are. 

indigenous knowledge of the local 
people must be thoroughly investigated and 
understood to find a way to use it as a basis  
or foundation for conservation. Local people 
must take responsibility for patrolling and 
enforcing compliance with help from officials. 

About 17–50 per cent of protein in our food comes from the oceans, and billions of 
people depend on the ocean as a source for food and income. MPAs, therefore, remain 
the best tool for protecting the ocean.

Sinegugu 
Zukulu
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27 JUNE — 01 JULY 2022
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AFRICA FOOD SAFETY 
WORKSHOP 2022

• Advances in screening and confi rmatory analysis 
applied to food safety testing

• Measurement standards, inter-laboratory 
comparisons and profi ciency testing 

• Food monitoring activities and contributions towards 
MRLs/MLs

• Risk Assessment capabilities in Africa: 
Exposure evaluation

• Food safety education, the private sector and 
stakeholder awareness

• Notifi cation and responses in terms of Food Borne 
illnesses/outbreaks and epidemiology

• Equivalence: Recognising each other’s capabilities 
and good practices

• Regional approaches - transboundary 
hazard testing

• Scientifi c capacity building and reliable testing 
laboratory services 

• Sanitary and Phytosanitary standards within 
the AfCFTA

Join Industry Experts discussing a variety of Food Safety related topics including:

And more

Join us for this Workshop to promote food safety 
standards, reliable analytical methods, and 

inter-institutional cooperation, for better public 
health and trade.

For more information contact FoodSafetyWorkshop@nmisa.org
Details on registrations, presentations, and exhibition opportunities will be loaded on the 

NMISA website soon: www.nmisa.org
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Sodium in Food matrices 
QC materials
• Stock Powder (4) 
• Crisps
• Noodles  
• Lyophilised viennas

Calibration CRMs

27 JUNE — 01 JULY 2022
EMPERORS PALACE, JOHANNESBURG, SOUTH AFRICA

AFRICA FOOD SAFETY 
WORKSHOP 2022 Ochratoxin A

Sale price for 4 units is R3 500 Sale price for 2 units is R1 730 Sale price for 2 units is R2 000

Zearalenone Deoxynivalenol 

Register for any 2 of these PTSs and receive a Wheat fl our CRM worth R7 500  free
•  Nutritional content in Fortifi ed milk Powder PT-75 (Oct 2021) only R3 500

•  Vitamin A and nutritional elements in  fortifi ed food matrix PT-70 (Jan 2022) only R4 000

•  Afl atoxin M1 in milk powder PT 65 only R3 000

PROFICIENCY TESTING SCHEMES

MATRIX QC MATERIALS

All 7 for only R2 500

Email ReferenceMaterials@nmisa.org Sale ends on 26 November 2021 (Black Friday) 

Join us for this Workshop to promote food safety 
standards, reliable analytical methods, and 

inter-institutional cooperation, for better public 
health and trade.

Deoxynivalenol 
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