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Science within 
reach of 
heat-tolerant 
wheatS

n Considerable progress is being made to 
develop genetic ‘tools’ that plant breeders 
need to select heat-tolerant genotypes for 
future crops able to withstand heat stress.

The genetics that protect wheat 
against heat stress are under systematic 
analysis by the Adelaide-based Australian 
Centre for Plant Functional Genomics 
(ACPFG) and the New South Wales 
Department of Primary Industries (DPI).

In Australia, days of heat stress (above 
30°C) are occurring with increasing frequency 
during the flowering and grain-filling stages 
of crop growth, and because the reproductive 
structures are particularly heat sensitive, 
the occurrence of these heatwaves result in 
significant losses of grain yield and quality. 

Heat events are unpredictable, severely 
hampering field-based selection for tolerance. 
The group’s aim is to enable breeders to 
sidestep these difficulties by providing 
molecular markers that will allow them 
to select for heat tolerance and generate 
heat-tolerant varieties more efficiently. 

In growth-chamber studies, two yield-
related effects have been identified depending 
on whether the short (three-day) heat-stress 
treatments are applied around awn emergence 
or at 10 days after anthesis. Heat at these 
stages results in floret sterility and reduced 
grain filling (1000-grain weight), respectively. 

Chromosome regions influencing heat 
tolerance have been identified by PhD 
students Hamid Shirdelmoghanloo and Million 

Erena, using a mapping population derived 
by crossing wheat varieties DrysdaleA and 
WaaganA. They discovered that tolerance 
to the fertility and grain size effects of 
heat were determined by independent 
chromosome regions, demonstrating control 
by different tolerance mechanisms. 

Heat tolerance at grain filling was associated 
with slower senescence (plant deterioration) 
under heat, manifested as ‘staygreen’ in 
the leaves and an ability to maintain grain 
filling for a relatively long period. 

Vegetative growth rate and chlorophyll 
content responses of seedlings to a brief 
heat stress was measured using high-
throughput automated plant imaging at The 
Plant Accelerator®, the Adelaide node of the 
Australian Plant Phenomics Facility. It was 
found that these seedling traits could potentially 

FIGURE 1  Heat tolerance rankings 
of semidwarf bread wheat varieties, 
as defined by performance in late 
versus normal sowings with 
irrigation, in field trials at Leeton 
and Wagga Wagga, for grain size 
and yield.
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Smaller values indicates greater degree 
of tolerance. The 30 best and 30 worst 
performers on average, out of 137 
tested genotypes, are shown. 
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acpFG project members in the automated plant 
imaging room of The plant accelerator, Waite 
campus, University of adelaide. (From left) hamid 
Shirdelmoghanloo, Dr Nick collins, iman lohraseb 
and Million Erena.

The high resolution plant phenomics centre (with facilities in adelaide and canberra) is helping plant 
breeders accelerate discovery of new traits needed to confront environmental challenges to crop production.
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predict grain size responses of the same 
varieties to heat at the later grain-filling stage. 

As such, opportunities may exist to use 
rapid chlorophyll and/or seedling-based 
screens to enrich for reproductive-stage 
heat tolerance in breeding populations. 

In parallel to the chamber-based work, 
tolerant germplasm has been identified in 
field trials. Delayed sowing with irrigation 
was used to expose plots to late-season 
heat stress and heat tolerance was defined 
by comparing varietal performance 
in late versus normal sowings. 

More than 300 lines were screened in this 
way during 2011–12 at Wagga Wagga and 
Leeton, NSW, in work led by Dr Livinus 
Emebiri (NSW DPI) (Figure 1). The 2014 
season saw 50 of the best performers tested 
at the GRDC’s Managed Environment 
Facilities (MEFs) at Merredin, Western 
Australia, Yanco and Narrabri, NSW, and at 
a University of Sydney site also at Narrabri. 
Included were Australian durum and common 
wheat varieties as well as exotic landraces. 

Lines bred at the International 
Maize and Wheat Improvement Center 
(CIMMYT) were among the most heat-
tolerant types identified with this assay. 

Grain samples from the field experiments 
are also being used to identify varieties that 
maintain better grain quality under heat stress, 
in work led by Helen Taylor and Denise 
Pleming (NSW DPI, Wagga Wagga) and 
Dr Mike Sissons (NSW DPI, Tamworth). 

In addition to increasing screenings 
and reducing milling yield, heat at grain 
filling alters dough physical properties, 
resulting in inconsistent mixing 
properties and lower loaf volumes. 

With regards to bread-making, the work 
currently focuses on building a predictive model 
for quality measures using data generated in 
cheap and small-scale physical or biochemical 
assays, such as the 10-gram mixograph. 

The work on durum centres on pasta 
quality traits in which the effects of 
heat stress are poorly understood. 

The expected outcome of this work 
is the identification of bread wheat and 
durum genotypes able to produce grain of 
stable and high quality under heat stress.  

A reassuring finding so far has been 
the considerable genetic variation for all 
heat-tolerance-related traits measured, 
including within Australian varieties. This 
genetic variation needs to be leveraged 
as much as possible for breeders, by 
identifying tolerance-associated markers.

However, there are concerns growth-
chamber conditions are artificial 
and that late sowing with irrigation 
in the field is not representative of 
commercial production environments. 

Therefore, an essential next step will 
be to quantify the yield benefits associated 
with the markers under normal rain-fed 
conditions, and under various naturally 
occurring heat scenarios in different 
Australian wheat-growing regions.

So the next step will be extensive 
field trials of wheat lines essential to the 
development of molecular markers; and 
most likely in partnerships with Australian 
breeding companies AGT, LongReach and 
InterGrain. This has already been formalised 
under the new Australian Research Council 
Industrial Transformation Research Hub 
project ‘Genetic diversity and molecular 
breeding for wheat in a hot and dry climate’. 

Data from the first validation trials is 
expected to become available in 2017.  

This work is funded mainly by the GRDC, 
with additional support from the University of 
Adelaide, the South Australian Government, 
NSW DPI and NSW DPI’s BioFirst scheme.  □
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Scientists are 
working to decode 
the genetic basis of 
tolerance to the yield 
and quality effects 
of heat stress.  
Dr nick collins, from 
the adelaide-based 
australian centre 
for Plant functional 
Genomics, reports 
on progress


