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Abstract 
In many parts of the world, durum wheat is considered higher yielding than bread wheat particularly in yield 
environments above 3 t/ha however, this trend is not seen in Australia. Durum production in Australia is 
limited to small pockets of the higher rainfall zones or irrigated areas with the perception that compared to 
bread wheat, durum is a lower yielding and riskier crop. We conducted a series of targeted experiments at 
two locations aimed to match crop phenology and test the relative performance of durum and bread wheat 
when exposed to the same level of abiotic and biotic stresses. We found that the majority of the yield gap in 
Australia was driven by a combination of genetic and management factors that expose the increased 
sensitivity of durum to abiotic stresses such as heat and reproductive frost, and greater sensitivity to biotic 
stresses such as crown rot. When flowering at a similar time the yield gap ranged from 0.6 t/ha to 1.5 t/ha 
primarily due to increased sterility and crown rot. The primary management strategy available to growers is 
to ensure the appropriate cultivar is matched with sowing date in order to flower during a period least 
exposed to these stresses. However, our experiments found a lack of variation in flowering time of durum 
relative to bread wheat. This may restrict grower’s ability to adequately manage their crop for these stresses. 
While the future for durum is bright, we highlight there is significant scope for yield improvement with 
breeding efforts focused on increased tolerance to frost, crown rot and diversification of flowering controls 
for growers to exploit with sowing date management. 
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Introduction 
Bread wheat is widely grown across the world in a range of environments. Conversely, durum is confined to 
the Mediterranean-type areas of the world, accounting for approximately 5% of global wheat production and 
8% of wheat production area (Segezzo and Mills 2012). In many regions durum is higher yielding than bread 
wheat, particularly in yield environments over 3 t/ha (Marti and Slafer 2014). Durum is perceived to be more 
suited to Mediterranean-type environments due to its tolerance to moisture stress, whereas bread wheat has a 
higher yield potential (Monneveux et al. 2012). The Australian durum industry and breeding effort, 
particularly in South Australia (Durum Breeding Australia (DBA) Southern Node), is relatively young with 
durum varieties only being successfully grown in South Australia since the early 1990s (Table 1). While 
durum breeding has occurred steadily from the 1950/60s in northern NSW (DBA Northern Node), the 
industry has been limited to the high rainfall zones or irrigated areas, with production rarely extending into 
the lower rainfall zones (Kneipp 2008). The growth of the industry in Australia has been inhibited by the 
perception that durum is a risker crop than bread wheat and the yield gap that exists between them. 
The aim of this study was to match the crop phenology of durum and bread wheat in order to test their 
relative performance when exposed to the same level of abiotic and biotic stresses. 
 

Table 1: List of historical and current durum varieties that have been grown in SA durum growing areas, with 
year of release and breeding company. 
Variety Released Breeder 
Yallaroi 1987 DBA Northern Node 
Tamaroi 1998 DBA Southern Node
Caparoi 2008 DBA Northern Node 
Saintly 2008 AGT 
Tjilkuri 2010 DBA Southern Node 
Yawa 2012 DBA Southern Node 
DBA-Aurora 2014 DBA Southern Node 
DBA Vittaroi 2017 DBA Northern Node
DBA Spes 2018 DBA Southern Node 

 
Methods 
In 2018, field experiments were conducted at two sites in SA, one site in a traditional durum growing area 
(Giles Corner) with the second being in a low rainfall area (Loxton) where durum is not traditionally grown 
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(Table 2). At each site there were two sowing times, one being a traditional timing during May and at Giles 
Corner an early time of sowing whilst at Loxton, a later than average time of sowing. At each site, historic 
and current commercial durum varieties (Table 1), which have been or are currently grown in Australia, were 
compared with Scepter and Trojan, the two most widely grown bread wheat varieties across SA (SARDI 
2018). All experiments were arranged in a split-plot design (whole plot: time of sowing, sub-plot: variety) 
with three replicates. Nutrients, weeds, pests, and diseases were managed so they were not yield-limiting. 
 

Table 2: Location of field experiments in 2018, including growing season rainfall (GSR) and the number of heat 
and frost events recorded at each site between the 5th of September and the 10th of October. 

Site Location Sowing Date 
Average 

GSR 
(mm) 

2018 GSR 
(mm) 

Number of 
frost events 

(<2°C) 

Number of 
heat events 

(>30°C) 
Giles 

Corner 
34° 13’ 05.3” S 

138° 44’ 12.4” E 
17 April (TOS1) 
22 May (TOS2)

284 166 20 2 

Loxton 
34° 30’ 23.0” S 

140° 34’ 12.3” E 
3 May (TOS1) 
4 June (TOS2)

171 92 18 6 
 

Flowering was recorded as the time at which 50% of the plot had visible anthers. Sterility was measured 
from a random selection of 10 heads per plot as a percentage of missing grains in the distal florets, excluding 
the top and bottom spikelets. Harvest index (HI) cuts of 0.45 m2 were taken from each plot at physiological 
maturity and used to measure yield components (HI, sterility). Whole plot (4.11 m2) grain yield was 
determined using a small plot harvester. Results were analysed using split plot ANOVA using Genstat 19th 
edition, and regression analysis with Excel 2016 Analysis ToolPak.  
We collated data from SA National Variety Trials (NVT) sites that had co-located durum and bread wheat 
trials sown on the same day between 2010 and 2018 (48 sites). They were compared by linear regression in a 
Finlay and Wilkinson (1963) plot of the yield gap between the best performing durum and bread wheat. 
 
Results  
The range of environments utilised with our field trials failed to produce a scenario where the best 
performing durum wheat yielded more than the best performing bread wheat (Figure 1). There was no 
situation where a durum variety out-yielded Scepter sown in its optimum window, however some varieties 
did have comparable yields (Table 3). We found that Scepter and Saintly flower within a day of each other in 
all four environments, although Scepter yielded significantly more in all environments with a yield gap of 
between 0.6 and 1.5 t/ha. Scepter and Saintly also had difference in sterility due to environmental stresses, 
with Saintly having at least double the sterility in all environments, although both varieties were exposed to 
the same environmental conditions. In all environments, sterility was negatively correlated with yield. Of all 
the sites, sterility had the biggest impact on yield at Giles Corner, but not all durum responded the same to 
cold stress. Tjilkuri and Yawa flowered at similar times to each other but Yawa had lower levels of sterility. 
Results from co-located bread and durum wheat SA NVTs sown on the same day showed the same trend as 
our field trials with bread wheats out yielding durum (Figure 1). There was an average yield gap of 0.5 t/ha 
between the best performing bread wheat and the best performing durum in SA NVTs for the 2010 to 2018 
seasons. Only at Spalding in 2011 and 2012 did a durum yield more than the best bread wheat. 
 
Table 3: Average sterility, heading date and yield at each environment for selected varieties and correlation 
between yield and sterility for each site. 

*indicates correlations that were significant at *(p≤0.05), **(p≤0.01), and ***(p≤0.001). 

 Giles Corner  Loxton 
 Sterility (%) Heading date Yield (t/ha)  Sterility (%) Heading date Yield (t/ha) 

TOS 1 Yield:Sterility -0.53***  Yield:Sterility -0.45** 
Scepter 13% 13 Aug 4.2a  5% 20 Aug 1.4a 
Saintly 26% 13 Aug 3.3b 46% 19 Aug 0.7b
Tjilkuri 50% 23 Aug 3.3b  19% 27 Aug 0.7b 
Yawa 32% 29 Aug 3.4b 8% 1 Sep 1.3a
TOS 2 Yield:Sterility -0.66*** Yield:Sterility -0.35* 
Scepter 12% 18 Sep 4.8a 12% 10 Sep 1.6a
Saintly 24% 19 Sep 3.3c  30% 11 Sep 1.0b 
Tjilkuri 43% 25 Sep 2.6d 26% 25 Sep 0.8b
Yawa 16% 23 Sep 4.0b  5% 27 Sep 0.7b 
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Discussion 
Global trends for durum and bread wheat show that durum is a higher yielding crop. Marti and Slafer (2014) 
reviewed a range of experiments with both durum and bread wheat varieties and found that for varieties 
released post-2000, durum were higher yielding in yield environments above 3 t/ha. Results from SA NVT 
and our field experiments included many yield environments above 3 t/ha but failed to consistently show this 
same trend. The difference in trend may be explained by the fact that the majority of durum and bread wheat 
yields used by Marti and Slafer (2014) for analysis post-2000 were from CIMMYT trials of elite lines and 
did not necessarily include material that is commercially available. Furthermore, CIMMYT is located in the 
Yaqui Valley in Mexico a region renowned for its favourable conditions where irrigation is commonly used. 
It is also a region where durum is favoured over bread wheat because it is a higher yielding crop type 
(Seghezza and Mills 2012). In SA, durum is grown in areas where conditions are less favourable than 
Mexico and is predominantly rain fed. Durum production areas in SA are limited to higher yielding  
environments, particularly in yield environments above 3 t/ha, due to the perception of durum being a riskier, 
lower yielding crop not well adapted to low rainfall areas. Our results are some of the first to compare durum 
and bread wheat performance in the low rainfall zones. While in no situation did durum yield more than 
Scepter sown in its optimum window, some varieties did have comparable yields (Table 3). 

The yield gap between durum and bread wheat in SA is likely driven by differences in sensitivity to frost and 
cold stresses, which is a key determinant of final grain number. In our study, at all four environments, 
numerous frosts occurred between flowering and grain fill. From the 5th of September to the 10th of October 
at Giles Corner there were 20 days below 2 °C and 18 at Loxton. The response to these cold events differed 
between bread wheat and durum as well as between durum varieties (Table 3). Saintly had high levels of 
sterility in all environments although flowering at the same time as Scepter. Yawa had the lowest levels of 
sterility of the durum varieties with sterility more consistent with amounts seen in bread wheat varieties.  
The best method of managing exposure to frost and cold stresses is for flowering to occur within the 
optimum period when the risk of cold events is lower. The optimum flowering period (OFP) and 
development speeds of common bread wheat varieties is well characterized and understood (Flohr et al 
2017). We believe that the increased sensitivity of durum to cold stress makes flowering within the OFP 
even more essential, however, currently, the OFP and development speeds of durum is not well understood. 
There is currently no variety suited to sowing prior to April 25 due to the lack of a strong response to 
photoperiod or vernalisation requirements. In current durum varieties, the optimum sowing period in SA is 
therefore likely to be early to mid-May in order to achieve the OFP. From our field experiments we believe 
that the OFP for durum is likely to be narrower than that of bread wheat due to increased sensitivity to 

 
Figure 1: Yield of the best performing durum (○) and bread 
wheat (□) plotted against the site average for bread wheat at co-
located NVT sown on the same day in SA between 2010 and 2018 
(www.nvtonline.com.au). The linear function fitted to the best 
performing bread wheat (solid line) is y=1.09x + 0.25 (p<0.01, R2 
= 0.98) and to the best performing durum (broken line) is 
y=1.10x – 0.58 (p<0.01, R2 = 0.92). Our field experiments from 
2018 also plot the yield of best performing durum (●) and bread 
wheat (■) against environment yield average for bread wheat. 

 
Figure 2: Average grain yield at Loxton (◊) and 
Giles Corner (♦) for durum varieties released 
between 1987 and 2018. The linear function 
fitted to the Giles Corner site (solid line) is y = 
0.014x – 25.5 (p<0.05, R2 = 0.36). The Loxton 
site (broken line) is not significant (p=0.961). 
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environmental and biotic stresses. As demonstrated, durum has a higher sensitivity to cold stress than bread 
wheat, therefore the start of the OFP is likely to be later than for bread wheat. Durum is also more 
susceptible to crown rot than bread wheat. Crown rot causes yield loss through the expression of white heads 
during periods of moisture stress, hence making the OFP finish earlier to minimize the exposure to heat and 
moisture stress. 
The yield gap in Australia between durum and bread wheat may be driven by disparities in breeding efforts 
between the two crop types. Bread wheat breeding in Australia has had a long history, with breeding 
occurring since the 1900s. In comparison, durum breeding in SA is young with breeding only occurring since 
the 1990s. Breeding in NSW started in the 1930s but was intermittent with continuous breeding only 
occurring since the 1950s/60s (Kneipp 2008). However, NSW durum varieties are more suited to higher 
rainfall areas, under irrigation and on the fertile soils of northern-NSW. Globally, durum breeding has a 
much longer history than in Australia, with many countries having dedicated breeding programs since the 
1900s and been grown many years prior (Kabbaj et al. 2017). In the major durum growing areas of the 
world, Canada, Spain and Italy, breeding efforts have produced genetic improvement in grain yields of 
approximately 0.7% per year. In Mexico, the genetic improvement is even higher with improvement in 
national yields of 2.8% annually from 2003 to 2013 (Clarke et al. 2017). From our field experiments in 2018, 
we found that in durum growing regions of SA (Giles Corner) the genetic improvement was 14 kg/ha/year 
equating to a yield improvement of 0.4% per year (Figure 2). While in non-durum growing regions, like 
Loxton, there has been no significant genetic yield improvement. This is likely due to a lack of breeding 
focus for low rainfall environments. The short history of the durum industry in Australia and germplasm that 
is constrained for yield potential may be driving some of the yield gap between durum and bread wheat. One 
possible explanation is that there has been a strong focus on grain size and grain quality resulting in 
considerable improvements in these traits with recent releases (data not presented), however this may have 
come at a trade-off in grain number. 
 
Conclusion 
Increasing the understanding of the flowering controls in durum will allows for growers to better manage 
sowing to achieve flowering within the optimum period. Achieving the OFP is even more essential for 
durum growers due to durum being more sensitive to frost and crown rot than bread wheat. Currently, the 
best frost management practices are limited to achieve flowering within the OFP to reduce the risk of frosts 
causing yield loss. For durum, there is a lack of phenological variation in current germplasm, which limits 
the length of the sowing window. We conclude a breeding focus on diverse flowering controls allowing 
greater agronomic manipulation and decreased sensitivity to frost will enable the yield gap between durum 
and bread wheat in Australia to close, bringing production trends in line with the rest of the world. 
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