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Genetics
to the fore
Kirsty Botha tells us about research to improve disease resistance in wheat
What is Fusarium crown rot?

Fusarium crown rot (FCR) is a soil-borne plant disease
caused by Fusarium pseudograminearum. This is a
fungal pathogen that can infect many cereal crops and
is particularly severe in bread wheat. The symptoms
include lower stem browning and crown necrosis (cell
death). Pink fungal growth can sometimes be seen in the
stems, while white or dead heads containing shrivelled or
no grain is a common feature.

Why should we be concerned?

FCR is one of the most important soil-borne diseases of
wheat in South Africa, as well as many other countries.
It is known to have the greatest impact on yield in waterscarce wheat-cropping regions. Early rains followed by
drought conditions have also been shown to increase
FCR incidence. The amount of F. pseudograminearum in
the field is increased by planting susceptible cultivars and
practising conservation farming (e.g. no-tillage).
In South Africa, wheat-producing areas of the Western
Cape have the largest occurrence of FCR and this is
also where adoption of conservation farming is widely
expanding. South Africa is a semi-arid country where
water is a precious resource, and the Western Cape is still
recovering from the recent drought. With climate change,
this region may receive increasingly unpredictable
rainfall, creating perfect conditions for F. pseudograminearum to thrive. This would cause increased
yield losses for farmers, and reduced food security for
consumers.

What can we do?

Dr Sandra Lamprecht

An integrated approach is the most effective way
to control the disease. FCR management strategies
include crop rotation, controlling grass weeds, stubble
burning (not recommended for conservation farming),
maintaining nutrient levels, seed treatment, and disease
resistance.

Honey brown discoloration of the bases of wheat tillers
caused by Fusarium pseudograminearum.
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Most of the research on disease resistance has been
conducted in Australia, and information for wheat
cultivars in South Africa is still very limited. Improving
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Identifying a QTL

Gregor Mendel, the
‘father of genetics’.

In the 1800s, Gregor Mendel investigated how
specific traits are transmitted from parents
to off spring in cross-pollination experiments
with garden peas. His work mostly focused on
how one gene can influence a single qualitative
trait, such as round or wrinkled peas. Mendel
undoubtedly facilitated our understanding of
genetic heritability, but in crops like wheat, most
traits have more complex characteristics. These
are called quantitative traits.
While a qualitative trait is easy to identify, a
quantitative trait such as FCR resistance is less
distinct, as plants will have a range of disease
severities. These traits are normally controlled
by a number of genes with minor effects,
working together to provide resistance. A
section of DNA shown to influence differences in
a quantitative trait is called a quantitative trait
locus (QTL).
The process of identifying a QTL is shown here.
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How are we doing this?

A high-yielding South African bread-wheat cultivar
produced by Sensako in 2008 was found to have partial
resistance against FCR. We then set out to identify the
genetic components responsible for FCR resistance in this
cultivar by using a quantitative trait locus (QTL) mapping
approach (see box).
A population was created using the resistant source
as one parent, and an FCR-susceptible cultivar as the
other parent. The population was then screened with
thousands of DNA markers, which act as DNA ‘road signs’,
allowing regions along the chromosome to be linked to
the resistance trait.
In order to link this genetic information to FCR resistance,
the disease scores for each plant in the population are
needed. This is referred to as phenotypic data, and is
obtained by conducting very labour-intensive field trials
in which individual plants are grown in FCR-infected soil.
After harvest, individual plants are rated for disease
severity by measuring the amount of browning present
on the stems of the plants.
Once all the data is collected, it is analysed using
specialised software, and the QTL contributing towards
disease resistance is identified. DNA markers are
developed in order to incorporate these QTL regions into
new bread-wheat cultivars.

CSIRO

Outcome

White or dead heads of wheat are symptomatic of Fusarium
crown rot.

FCR resistance of South African wheat cultivars is
an important goal and will contribute greatly to the
effective management of the disease. Combining plant
breeding with DNA-based tools can speed up this process
considerably.

Kirsty Botha completed her master’s degree, specialising in plant
physiology and biotechnology, at the University of Pretoria in 2017.
She now works at CenGen, a private plant genetics company based
in Worcester in the Western Cape. One of the major research focuses
at CenGen is characterising new sources of pathogen resistance in
bread wheat, and helping breeders to incorporate these genes into
new cultivars.
The FCR project is funded by The Winter Cereal Trust, and is jointly
led by Dr Renée Prins (CenGen) and Dr Anke Martin (University of
Southern Queensland), in collaboration with Dr Sandra Lamprecht
(ARC–Plant Health and Protection) and Mr Driecus Lesch (Sensako).
http://www.cengen.co.za

Driecus Lesch

To date only partially resistant or tolerant wheat cultivars
have been identified, and DNA regions contributing
towards resistance have only had minor effects. It is
vital to identify new sources of resistance and to breed
cultivars with durable resistance if future yield losses to
this disease are to be prevented.

This project is making use of current genetic resources
in South Africa to gain a better understanding of FCR
resistance, and to help wheat breeders produce cultivars
that are resistant to FCR, which will be to the benefit of
farmers and consumers in the future.

The Sensako team planting wheat for an FCR resistance field trial in Napier; two months after planting; established field trial.
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