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microbial cultures, plant 
material and genetic material. 

BIOCONTROL 
MICROORGANISMS
This approach involves a three-
way interaction between the 
host commodity, the pathogen, 
and the antagonistic biocontrol 
microorganism. Dynamics such 
as competition for nutrients 
and space, parasitism of the 
pathogen, secretion of antifungal 
compounds, induction of 
systemic resistance and biofilm 
formation also play a part. 

Fusarium ear rot in maize 
is one of the main diseases 
affecting maize production 

worldwide, and poses a major 
threat to the trade of foods 
and feeds. The disease also 
has harmful effects on human 
and animal health. The fungal 
species Fusarium verticillioides, 
F. proliferatum and F. subglutinans 
are some of the most important 
causative fungal agents, with  
the fumonisin mycotoxins 
being the main toxigenic 
and carcinogenic secondary 
metabolites that contaminate 
South African maize.

Fusarium infects maize in 
the field. Fumonisins are 
concentrated in the surface layers 
and embryo of the maize kernel, 
and reach their highest levels at 
harvest-time. Fusarium growth 
and mycotoxin production are 
affected mainly by water activity, 
temperature and atmospheric 
composition, while nutritional 
factors such as kernel endosperm 
composition and nitrogen sources 
also play an important role.

Insect damage of maize by the 
maize stalk borer (Busseola fusca), 
the corn earworm (Helicoverpa 
armigera), and the spotted stalk 
borer (Chilo partellus) further 
favours Fusarium infection.

CONVENTIONAL 
CONTROL METHODS 
Existing strategies for control of 
fumonisins in pre-harvest maize 
include controlled agricultural 
practices, breeding for insect 
and fungal resistance in maize 
cultivars, and various physical 
and chemical control methods. 
However, methods involving 
fungicides pose potential 

health, safety and 
environmental risks, 
and these practices 
face increasingly 
stringent regulation. 
There is also strong 
consumer demand 
to reduce the use of 
potentially harmful 
chemicals in the 
food supply chain.

PRE-HARVEST 
BIOCONTROL
Research over 
the past 25 years 
indicates support for agricultural 
management practices and a 
renewed interest in biological 
control methods as possible 
alternatives to chemicals. 
The former, in this context, 
refer to the application of 
natural resources, including 

Dr Hanneke Alberts, who heads the mycotoxicology research group at the Cape Peninsula 
University of Technology, discusses biocontrol methods to tackle Fusarium ear rot in maize.

Interest in biocontrol methods to treat 
fungal infections in maize has grown.

Consumers prefer chemical-free  
food supply chains.

A number of commercial biocontrol 
products have been developed, but 
research continues unabated.FA
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Biocontrol: promising weapon  
in fight against maize ear rot

BELOW:
Maize cob infected 
with Fusarium 
verticillioides.
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The bacterial species 
Bacillus subtilis occupies the 
same ecological niche as 
F. verticillioides within the maize 
plant and effectively inhibits 
growth of the fungus. 

Researchers have developed 
a pre-harvest biological control 
system, involving B. subtilis 
RRC101, that reduces fumonisin 
accumulation during intercellular 
systemic fungal infection of 
plants and seeds, which cannot 
be controlled with fungicides. 

Effective biocontrol has 
also been demonstrated 
with B. mojavensis, and could 
be applied for suppression 
of seedling disease.

Trichoderma, fungal species 
present in soil, are effective 
biocontrol agents because of 
their repertoire of extracellular 
enzymes that cause necrotrophic 
action through lysis of fungal cell 
walls. Trichoderma mainly colonise 
the intercellular root areas of 
plants, and maintain interactions 
by promoting plant growth and 
protecting against infections. 

Trichoderma species are usually 
applied to soil as biocontrol 
agents. T. viride is used widely 
in bio-fertilisers for biological 
control of soil-borne plant-
pathogenic fungi in crops.

Pediococcus pentosaceus (lactic 
acid bacterial isolate from maize) 
and Clonostachys rosae (fungal 
isolate from straw, stubble, seed 
surfaces and the roots of grain 
crops) inhibit F. verticillioides 
and F. proliferatum growth. 

C. rosae exhibits potential 
to control Fusarium in maize 
at the flowering ear stages. 

Food-grade yeasts are also 
considered ideal biocontrol 
microorganisms, as they are 
generally genetically stable, 
effective at low concentrations, 
easy to cultivate, capable 
of surviving adverse 
environmental conditions, 
and resistant to pesticides.
•  Rhizobacteria (root-
colonising bacteria)
F. verticillioides is the most 
prevalent Fusarium species 
present in the rhizoplane 
and endorhizosphere areas 
of maize, while Arthrobacteria 
and Azotobacter are the 
predominant bacterial genera. 

Maize seeds pre-treated 
with Arthrobacter globiformis, 
A. armeniacus, Pseudomonas  
solanacearum, B. subtilis, 
Enterobacter cloacae and 
Microbacterium eoleovorans 
have been shown to effectively 
reduce F. verticillioides growth 
in these root areas.
•  Antioxidants, phenolic 
compounds and essential oils 
Several natural phenolic 
compounds derived from plants 
are strong antioxidants and 
exhibit antimicrobial activity 
by inhibiting the activity of 
key fungal enzymes. Although 
evaluation studies have been 

performed mainly under 
laboratory conditions, results 
indicated great potential for 
application in plants. Effective 
compounds inhibiting 
F. verticillioides growth and 
fumonisin production include 
the phenolic compound, 
butylated hydroxyanisole 
(BHA), and the phenolic 
acid, propylparaben (PP). 

Other effective plant-derived 
phenolic compounds include: 
tetrahydrocurcuminoids, 
extracted from the roots of 
Curcoma longa L.; vanillic and 
caffeic acid, chlorophorin, 
iroko, maakianin and ferulic 

acid; flavonoids, phenolic 
acid and terpine extracts of 
the non-toxic food-grade 
plants Equisetum arvense and 
Stevia rebaudiana; extracts of 
Gynostemma pentaphyllum; and 
a wide range of essential oils 
and oleoresins extracted from 
Zingiber officinale, cinnamon, 
clove, oregano and palmarosa. 

The bioactivity of antioxidants, 
essential oils, phenolic 
compounds and combinations 
thereof in the vapour phase 
makes them promising as 
fumigants or sprays.

Fumigation with trans-2-
hexanal, carvacrol, and eugenol 

THE PAST 25 YEARS HAS SEEN A RENEWED 
INTEREST IN BIOLOGICAL CONTROL 
AS AN ALTERNATIVE TO CHEMICALS

ABOVE:
Chemical 
structures of 
the fumonisin 
mycotoxins 
produced by 
Fusarium species 
in maize.  

ABOVE RIGHT:
Fusarium 
verticillioides 
cultures. 
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fungal disease are currently 
commercially available.

Genetic engineering approaches 
include the cloning and 
expression of genes encoding 
maize secondary metabolites 
with antifungal properties 
and the overexpression of 
pathway-limiting enzymes. 

Expression of antifungal 
protein in tissue critical for 
fungal infection could be a 
strategy, while different types 
of resistance could be employed 
by pyramiding different 
types of resistance genes into 
commercial germplasm.
•  Genetic engineering for 
enzymatic detoxification 
of fumonisins in crops
This approach involves the 
expression of microbial genes 
coding for detoxification 
enzymes in plants. 

Success depends on the  
extent to which the plant-
produced enzyme reaches 
its target substrate and the 
effectiveness or stability of the 
detoxification process. The 
fumonisins are water-soluble 
and most of the toxin would be 
available to soluble enzymes 
produced in host tissues. 

Genes of Exophiala spinifera  
(black yeast widely found in  
plant debris) have been used 
as a source for esterase and 
amine oxidase enzymes for 
detoxification of the fumonisins 
in transgenic maize.

Although a number of 
commercial products for 
biological control of Fusarium 
diseases and the fumonisins  
have been developed for 
application alone, in combination 
or as part of an integrated  
control strategy, much effort 
continues to be expended 
on laboratory studies. 

The growing knowledge 
base on this subject should 
be further developed for 
application in plants. 
• Email Dr Hanneke Alberts at 
AlbertsH@cput.ac.za for more 
information, or for relevant 
sources for this article. ▪FW

effectively inhibits F. verticillioides 
conidial germination and 
mycelial growth in maize kernels. 
•  Genetic engineering 
for resistance to insect 
infestation in crops
Genetic modification of maize 
plants to express insecticidal 
Cry proteins of B. thuringiensis 
(Bt maize) provides a safe and 
highly effective method for 
insect control and accompanying 
Fusarium infection and 
fumonisin production. 

Corn borers cause considerable 
damage to maize stalk and 
ear tissue, which in turn 
stimulates germination of 
F. verticillioides spores, leading to 
progressive ear and kernel rot 
and eventually production of 
increased levels of fumonisins.

Insect-resistant Bt maize has 
seen impressive adoption rates 
since its introduction to South 
Africa in the 1998/1999 season, 
and results from a 2004-2008 
study conducted in rural areas 
in northern KwaZulu-Natal 
demonstrated the clear advantage 
of Bt maize over conventional 
hybrids and traditional maize 
seed. Bt maize had 40% less 
fumonisin than traditional 
varieties. Relative to the non-Bt 
commercial maize hybrids, 

Bt maize had, on average, 16% 
less fumonisin contamination. 
Field trials conducted in 2002 
and 2003 at two locations in a 
commercial maize-growing area 
of South Africa showed that 
the fumonisin levels in the Bt 
hybrids were generally between 
39% and 83% lower than their 
respective non-Bt isolines. 

The study also highlighted 
the considerable diversity in 
results among the different 
hybrids/isolines, locations 
and cropping seasons.

In South African rural areas, 
farmers are more likely to 
purchase herbicide-tolerant 
transgenics than Bt hybrids. 
The highly variable incidence 
of stalkborer infestation due 
to the influence of seasonal 
and climatic conditions does 
not appear to warrant the 
purchase of expensive Bt seed. 
•  Genetic engineering 
for resistance to Fusarium 
infection in crops 
The development of transgene 
resistance to fungal disease 
appears to be more challenging 
than insect resistance. Although 
moderate resistance has  
been demonstrated in model 
systems, no transgenic crops  
with effective resistance to 

ABOVE:
Genetically 
engineered 
insect-resistant 
maize is growing in 
popularity, as insect 
damage generally 
makes Fusarium 
infection easier. 
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