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OPTION 1: 
5% refuge with no chemical control

OPTION 2: 
20% refuge where chemical control 

may be administered
Non-Bt refuge Bt planting Non-Bt refuge Bt planting

Africa maize stalk borer 
(Busseola fusca)

No application of insecticide
Insecticide applied if 
5% - 10% damage is visible

Insecticide applied if 
10% damage is visible

Insecticide applied if 
5% - 10% damage is 
visible

Chilo borer 
(Chilo partellus)

No application of insecticide
Insecticide applied if 
5% - 10% damage is visible

Insecticide applied if 
10% damage is visible

Insecticide applied if 
5% - 10% damage is 
visible

Fall armyworm 
(Spodoptera frugiperda)

No application of insecticide
Insecticide applied if 
5% - 10% damage of 3 or > 
on Davis scale is visible

No application of 
insecticide

Insecticide applied if 
5% - 10% damage of 
3 or > on Davis scale 
is visible

Only: Insecticide applied if > 20% damage registers 3 or > on the Davis scale. 
In this case Bt planting must also be sprayed.

Summary of options to follow when the high-dosage refuge strategy is used.

THE FALL ARMYWORM (PHOTO 3) IS A SERIOUS 
PEST ON MAIZE IN SOUTH AFRICA AND CAUSES 
DAMAGE TO THE WHORL AND TO MAIZE EARS. 
THIS ARMY WORM CAN CAUSE SIGNIFICANT 
YIELD LOSSES AND MUST THEREFORE BE CON-

TROLLED URGENTLY.

Bt maize that was genetically modified to control larvae like the fall 
armyworm is successfully planted in America and in other parts of the 
world. However, it is not sufficient to rely on one control measure like 
Bt maize to control the fall armyworm in South Africa. An integrated 
pest management system must always be kept in mind to combine 
and rotate control measures.

INTEGRATED PEST CONTROL
Bt maize that is cultivated in South Africa can contain one of the 
following Bt events MON810 (YieldGard), MON89034 (YieldGardII) 
and Bt11 (AgriSure). Even though Bt maize is a good control measure 
to use for controlling the fall armyworm, it is clear that it is not a sus-
tainable option for the future on its own. 

In addition to controlling the fall armyworm with the aid of Bt maize, 
it is important to also follow an effective insecticide spraying programme 
in order to ensure effective control.

 
70% OF MAIZE CONTAINS BT GENE 
More than 70% of the maize planted in South Africa contains the 
Bt gene, therefore there is always a risk that the target insect pests 
can develop resistance. The main concern is the rate at which these 
targeted pests can develop resistance. 

Producers should prevent the development of resistance by us-
ing a specific approved resistance-control strategy. In order to prevent 
the development of resistance, the high-dosage refuge strategy should 
be used.

HIGH-DOSAGE REFUGE STRATEGY
This strategy is based on the combination of Bt maize that produces 
high dosages of toxin with the proximity of non-Bt maize as a refuge. 
The aim of the high-dosage refuge strategy is to kill as much as pos-
sible of the target pest. 
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The provision of the refuge is to produce moths of the targeted pest 
that survive on non-Bt maize. The intention is to make sure that a 
scarce, resistant moth from Bt maize does not produce totally resist-
ant offspring by mating with other resistant moths. 

On the contrary, susceptible moths from the non-Bt refuge are 
supposed to mate with the resistant individuals that survive on the 
Bt maize. The offspring of the mating are expected to have a low to 
moderate level of resistance and then not to have the ability to sur-
vive on maize with high Bt levels (Figure 1). 

The basis of integrated resistance management is that producers 
plant sufficient hectares of non-Bt crops to serve as refuge to the 
target pest. This reduces the selection pressure for the development 
of Bt-resistant insects and guarantees that Bt-susceptible pests will 
be available to mate with Bt-resistant insects if there are any of them.

 There are certain prescribed guidelines to be followed if the pro-
ducer plants Bt maize in South Africa. There are two options that can 
be followed: a 5% refuge of non-Bt maize where larvae may not be 
chemically controlled, or a 20% refuge of non-Bt maize where larvae 
may be chemically controlled. 

If the 5% option is selected, the producer must plant 5 ha of non-Bt 
maize and 95 ha of Bt maize for every 100 ha of maize planted. If the 
20% option is selected, the producer must plant 20 ha of non-Bt maize 
and 80 ha of Bt maize for every 100 ha of maize planted.

ACTION THRESHOLD VALUE
The following action threshold value is recommended (summarised 
in Table 1):

Africa maize stalk borer and Chilo borer
For Busseola fusca (Africa maize stalk borer) (Photo 1) and Chilo partellus 
(Chilo borer) (Photo 2) – Bt maize planting: Insecticide application if 5% to 
10% of the plants show stalk borer damage (5% preventive, 10% action 
threshold value), non-Bt maize refuge: 5% refuge – no insecticide applica-
tion, 20% refuge – insecticide application if 10% of the plants show stalk 
borer damage.

Fall armyworm
For Spodoptera frugiperda (fall armyworm) (Photo 3) – Bt maize plant-
ing: Insecticide application if 5% to 10% of the plants show damage 
of 3 or more on the Davis scale (5% preventive, 10% action threshold 
value); non-Bt maize refuge: 5% refuge – no insecticide application, 
20% refuge – insecticide application if 10% of plants show damage 
of 3 or more on the Davis scale.

 Only for Spodoptera frugiperda (fall armyworm) – in cases of 
extreme infestations (> 20% of plants with damage of 3 or more on 
the Davis scale) in the 5% refuge where no insecticide was applied, it 
may be necessary to control larvae by applying insecticide. If the ref-
uge is sprayed in such an event, the Bt planting must also be sprayed. 

GENETICALLY MANIPULATED FARMING
In the product manual for genetically manipulated farming the following 
matters are highlighted: 
•  The field of a neighbouring producer does not qualify as an adequate 

refuge. 
•  It is not acceptable to mix Bt and non-Bt seed when using a refuge. 
•  The refuge must be planted in the same field and have the same 

growing conditions as the Bt maize.
•  If the Bt maize is cultivated under irrigation pivot, the refuge must also 

be under irrigation pivot. 
•  Producers must regularly monitor fields for insect damage. 
If the above guidelines are followed, Bt maize can be produced 
sustainably to control significant pests like stem borers and the 
fall armyworm. 

The information provided in this article is summarised in the docu-
ment, Integrated Pest Management (IPM) & Insect Resistance Man-
agement (IRM) for Fall Armyworm in South African Maize, compiled 
by the Insecticide Resistance Action Committee (IRAC) of South Africa, 
May 2018 (https://www.irac-online.org/), with the insect resistance 
management recommendations as provided by the South African 
National Seed Organisation (SANSOR).  Chilo borer, Chilo partellus larf.

Fall armyworm, Spodoptera frugiperda larf.

Figure 1: How the high-dosage refuge strategy works 
to prevent resistant insects from occurring.
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