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Abstract 
The development of winter wheats suitable for early sowing in the semi-arid Mediterranean environments of 
southern Australia can potentially increase water-limited potential yield despite decreasing autumn rainfall. 
Early-sown winter wheats generally have higher biomass than later-sown spring wheats. However, this 
increased biomass does not always translate to greater yield in comparison to spring wheats, as winter wheats 
often have lower harvest index. This study aimed to determine whether yield physiology differs in winter and 
spring wheats with concurrent flowering times. We hypothesised that the partitioning traits harvest index and 
fruiting efficiency would be more closely related to yield in winter wheats than in spring wheats. Inbred lines 
derived from a Mace/Gauntlet cross, incorporating 42 winter- and 24 spring- types were sown in a partially-
replicated field experiment at Narraport, VIC in 2018. Vegetative and reproductive growth rate, heading 
date, harvest dry matter, yield, yield components, harvest index and fruiting efficiency were measured. There 
was a wide range of heading dates, particularly for the winter lines, suggesting that minor development genes 
or genetic variation not captured by molecular markers have a significant role in development rate. There 
was no difference in the relationship between phenotypic traits and yield for winter wheat lines compared to 
spring wheat lines. Harvest dry matter and grain number explained the largest amount of variation in grain 
yield, whilst harvest index and fruiting efficiency were both weakly associated with yield. This study will be 
repeated with lines matched for flowering time and with a greater level of replication in 2019. 
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Introduction 
The practice of early sowing, in which crops are established earlier than traditional May – June sowing dates, 
has been suggested as a strategy to increase the water-limited yield of wheat despite declining autumn 
rainfall (Hunt et al. 2019). Early sowing needs to be practiced with suitable cultivars to ensure that wheat 
flowers during the optimal flowering period (OFP), a window during which the risk of damage to wheat 
yield by drought, frost and heat are minimised (Flohr et al. 2017).  
 
Most wheat cultivars grown in semi-arid environments of southern Australia are spring wheats, weakly 
sensitive to changes in daylength (photoperiod) and vernalisation (Eagles et al. 2010). Vernalisation genes 
(Vrn-A1, Vrn-B1, Vrn-D1) control the sensitivity of wheat to cool temperatures (-1 to 16 °C, Porter and 
Gawith 1999). Sensitive alleles at all three vernalisation loci creates an obligate vernalisation requirement, 
the defining trait of winter wheats. Winter wheats must experience a defined period of cool temperatures 
before reproductive growth can begin. While an early-sown spring wheat will develop rapidly and flower 
early, the vernalisation requirement of winter wheats gives them a relatively stable flowering date across a 
range of sowing times (Flohr et al. 2018). A winter wheat with the right phenology is capable of flowering 
within the OFP even when sown earlier than the currently available suite of spring wheats allows.  
 
High yield is conventionally associated with biomass accumulation in spring wheats (Rebetzke and Richards 
1999). However, while the longer growing season afforded to winter wheats results in a higher biomass 
compared to later-sown spring wheats, a poor harvest index means that winter wheat yields are usually 
comparable to spring wheats (Gomez-Macpherson and Richards 1995). Potential advancements for high-
yielding winter wheat varieties may lie in an improvement in partitioning traits, such as harvest index (HI) 
and fruiting efficiency (FE), rather than accumulation traits.  
 
This study aimed to determine whether yield physiology differs in winter and spring wheats that flower 
concurrently. It was hypothesised that growth and biomass traits would be more positively related to yield in 
spring wheats, while partitioning traits would be more positively related to yield in winter wheats.  
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Methods 
Population 
A reciprocal cross was made between two high-yielding spring cultivars, Mace and Gauntlet, adapted to 
semi-arid southern Australia. Both cultivars have insensitive alleles at the major photoperiod loci (Ppd-B1 
and Ppd-D1), and sensitive alleles at two of the three vernalisation loci – Mace at Vrn-A1 and Vrn-D1; 
Gauntlet at Vrn-B1 and Vrn-D1 (Bloomfield et al. 2018). After segregation ~25% of the progeny should be 
of winter type (sensitive alleles at all three Vrn loci). 
 
F1 seeds were planted, the resulting F2 seed pooled and 200 seeds put through single seed descent (SSD) in a 
glasshouse (day/night temperature 23/18°C with 14-hour days) until the F5 generation (93.75% 
homozygosity). At each generation, winter-type plants were identified based on their delayed development. 
Winter lines were vernalised at 5°C for 28 d before being moved back into the glasshouse. Spring lines were 
put through SSD until the F6 generation (96.88% homozygous). 42 winter and 24 spring lines were selected 
for the experiment based on plant type and concurrent flowering in the glasshouse. 
 
Field trial 
The chosen lines were sown in a partially replicated split plot row:column design near Narraport (-35.935, 
143.053), north-western VIC in 2018. A barley crop was grown in 2016, and the site was chemically 
fallowed from harvest in 2016 to sowing in 2018. Winter lines were sown on April 15 (ToS1), and spring 
lines on April 30 (ToS2). ToS x line combinations were blocked as replicated whole plots. Each plot had six 
rows on 0.3 m spacing and was 5 m long. Sowing rate was 70 seeds/m2. A lack of seed prevented replication 
of Mace/Gauntlet lines, but three replicates of ToS1 winter checks (Longsword, Illabo) and ToS2 checks 
(winter cultivar Longsword and spring cultivars Mace, Gauntlet and Scepter) were sown. Plots were irrigated 
with 10 mm using pressure-compensating drip line after sowing to ensure even and timely establishment. 
Fertiliser and pesticides were applied such that nutrient limitation, weeds, pests and diseases did not limit 
yield.  
 
Above ground dry matter (DM) harvest were taken by cutting 0.5 m of two of the four middle rows of plots 
(0.6 m2) 16 weeks after ToS1 (August 14). Heading (DC55) date was recorded as per Tottman (1987), when 
the main stem on 50% of plants had fully emerged from the boot. Further DM cuts (0.6 m2) were taken as 
above when plots reached DC65 (50% of anthers had emerged on 50% of plants). Dry matter was harvested 
from 0.5 m of the four middle rows (1.2 m2) at maturity. 40 culms were subsampled and partitioned into 
heads, leaves and stems before the main sample and sub-sample were dried at 70°C to constant weight. 
Grains were threshed from the samples, and yield, grain weight and number were then measured. Harvest 
index was calculated by dividing grain yield by total DM at maturity. Fruiting efficiency was calculated by 
dividing grain number by head weight at anthesis. A seeder malfunction meant that one whole plot in ToS1 
was sown incorrectly and the only result collected from these 14 plots was heading date.  
   
All 42 winter lines were genotyped to confirm that they were insensitive at the two photoperiod alleles (Ppd-
B1 and Ppd-D1) and sensitive at the vernalisation alleles Vrn-A1 and Vrn-B1. As both parent lines are known 
to be sensitive at Vrn-D1, this was not analysed. Data were analysed using mixed linear models (spatial 
analysis in a regular grid) accessed through the GenStat v19.1 interface with line as a fixed effect and block 
and whole plot as random effects. Row was used as the row term, column as the column term and an AR1 
model was applied across columns. Predicted means from the analysis were used for subsequent regression. 
Simple linear regression (GenStat 19.1) was used to test for significant differences (p<0.05) between winter 
and spring lines with yield as response variate and accumulation and partitioning traits as explanatory 
variates. 
 
Results and discussion 
Growing season rainfall in 2018 was 138 mm and there was ~100 mm of stored soil water available at 
sowing from the long fallow in 2017. There was no evidence of frost or heat damage in any plots, but all 
plots showed mild to moderate signs of water stress during a dry September (4 mm rainfall) and October (15 
mm). 
  
Heading date 



© Proceedings of the 2019 Agronomy Australia Conference, 25 – 29 August 2019, Wagga Wagga, Australia © 2019. 
www.agronomyaustralia.org/conference-proceedings  

3

There was a wide range of observed heading dates (Figure 1) but the median heading date of spring-type 
lines (7 September) was earlier than that of winter-type lines (17 September). Heading dates in winter lines 
ranged from 7 September to 27 September. All winter lines were sensitive at all three major vernalisation 
loci and carried no major photoperiod-sensitive alleles. This suggests that the large variation in heading time 
of winter lines is driven by minor development genes, or variation in major genes not captured by current 
markers.  
 

 
Figure 1. Frequency distribution of observed heading dates of 24 spring and 42 winter lines at Narraport 2018. 
 
Comparative yield physiology 
There was no significant difference in the slope of winter- and spring-type lines for any yield-trait 
relationship. Across all treatments, yield correlated positively with each of harvest DM, grain number, 
harvest index and fruiting efficiency (Figure 2). The relationship was strongly positive and significant for 
yield-biomass and yield-grain number regressions (Figure 2a, b). While these relationships have previously 
been well-observed in spring wheats, they were similarly observed in winter wheat lines here. Grain weight 
did not have a significant relationship with yield (data not shown). 
 
It has previously been demonstrated that early-sown winter wheats can yield up to 15% more than later-sown 
spring wheats as the longer growing season allows them to accumulate more biomass to convert to yield 
(Penrose 1993). In this study, the winter wheat growing season was only two weeks longer than that of the 
spring wheats, which did not result in an increase in plant biomass. Additionally, the earlier median heading 
date of the spring wheats (Figure 1) would have reduced the incidence of water stress during flowering, and 
improved grain yield relative to winter wheats. 
 
The yield-HI and yield-FE relationships were significant but weakly positive (Figure 2c, d). This suggests 
that wheat lines that can effectively partition finite resources to components of yield (grain number and 
weight) have a greater yield that lines that partition poorly. However, the accumulation of biomass was more 
important to grain yield. This indicates that accumulation traits were more important for grain yield in both 
spring- and winter-type lines than partitioning traits. 
 
Further research and conclusions 
It was initially thought that because the winter lines were fixed for major development genes, there would be 
less variation in heading date of winter wheat lines compared to the spring wheat lines. The wide variation in 
heading date of winter lines was therefore an unexpected observation. This presents the opportunity to 
investigate which genetic regions are influencing heading date once major genes are fixed by performing 
genetic mapping studies on an expanded set of Mace/Gauntlet winter lines. 
 
Initial results from this study indicate that biomass and grain number may be the main phenotypic drivers of 
yield in both spring- and winter-type wheat lines. Partitioning traits may also play a smaller role in 
determining yield. As these results are taken from a single trial at one location, further investigation is 
required before conclusions can be drawn from these data.  A subsample of Mace/Gauntlet winter and spring 
wheat lines matched for heading date will therefore be studied in a fully replicated experiment at Birchip in 
2019. 
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Figure 2. Relationship between predicted (using spatial analysis) yield and biomass (a), grain number (b), 
harvest index (c) and fruiting efficiency (d) for 24 spring-type (solid triangles) and 32 winter-type (hollow circles) 
wheat lines. Dashed line is the common line for each of the regressions; p and r values for common line displayed 
in bottom right corner. 
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