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PROBLEM

Nitrogen is one of the
most expensive nutrients
required by plants,
however 50-70 per cent
of applied nitrogen is not
absorbed.

PROJECT

Twelve durum genotypes
were selected for
glasshouse and field
trials to improve nitrogen
use efficiency and

reduce nitrogen fertiliser
requirements.
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ENHANCED N-USE EFFICIENCY IN
DURUM THROUGH IMPROVED
GENETICS

Variations in the nitrate transporter gene NRT2.3, which is
associated with higher nitrogen use efficiency and grain yield
in rice (Fan et al. 2016) were detected in ten durum lines. These
were then evaluated in both controlled-environment and field
conditions over two years, under two levels of N-input.

These results were compared with those for the leading durum
varieties DBA Aurora and Saintly, as controls to identify lines
with potential for durum breeding programs.

BACKGROUND

Nitrogen fertiliser is an expensive input for grain growers. Although crops
have been bred to show improved yields in the presence of surplus
nitrogen, this does not allow for limits in nitrogen use efficiency.

In rice, a particular form of a nitrate transporter gene (NRT2.3b) has
been shown to improve nitrogen use efficiency up to 40 per cent (Fan et
al. 2016, PNAS 113: 7118). A similar increase in nitrogen use efficiency in
durum wheat would significantly reduce the amount of nitrogen fertiliser
required to achieve the 13 per cent grain protein required for Durum 1
(DR1) specification.

RESEARCH AIMS

The core objectives of the project were to:

» Benchmark N-use efficiency for leading commercially grown durum
varieties.

= Understand the importance of background genetics in N-use
efficiency.

» Evaluate N-use efficiency in selected durum germplasms through tub-
and field-based trials

IN THE FIELD

The durum version of the N-use efficiency gene (NRT2.3) was amplified in
104 durum genotypes, which were then screened for the presence of a
known high N-use efficiency variant.

Twelve genotypes were then selected for glasshouse experiments and
field trials at Roseworthy and Bordertown. Five of these expressed
NRT2.3 variants containing an insertion or deletion, while others
contained single nucleotide polymorphisms (SNPs) or amino acid
changes.



Commercial durum varieties DBA Aurora and Saintly were also included
for benchmarking.

Each line was subject to low (75 kilograms per hectare) and high (150
kg/ha) N treatments and grown to harvest, when grain was assessed for
grain yield, thousand kernel weight (TKW) and grain protein level.

Field and glasshouse trials were conducted in 2018 and 2019.
Expression of the NRT2.3 gene was confirmed in developing grains, with
highest expression observed at growth stage 85. However, frost and
dry conditions impacted the later maturing varieties, leading to reduced
yields and grain protein levels.

RESULTS

The early-maturing varieties DBA Aurora, Saintly, AUS 20668 and 4WA
737 achieved the highest yield, thousand kernel weight (TKW), and
nitrogen harvest index (NHI) in these trials, while the later-maturing
varieties were affected by frost and a dry finish.

The second year of field trials used full-sized plots but with fewer lines,
due to limited amounts of imported germplasm. Soil testing was used to
establish baseline N levels and N was applied between stem elongation
and anthesis to bring soil N up to 75 or 150 kg/ha.

Again, early maturing varieties fared best, while late maturing varieties
were affected by frost events and rising temperatures.

The first year of glasshouse and field trial data revealed genotypic
differences in physiological and morphological traits, grain protein
content and yield components between the durum lines.

In the field trials, most genotypes achieved DR1 (13% protein) at both
N-treatments with similar yields, indicating sufficient nitrogen under the
low N application. Plant height, biomass, plant numbers, spike numbers,
spikelet length, and the number of grains were comparable across the
two N treatments but differed between genotypes.

In the glasshouse experiments, high N resulted in higher yields.
However, yields from both treatments were less than the equivalent
field trials and protein content was below DR1, possibly due to using
tubs.

Even so, the glasshouse trials indicated that most of the genotypes have
yield potential equal to or higher than DBA Aurora and Saintly under
ideal growing conditions.

VALUE FOR GROWERS

The durum genotypes identified in this project could be used in
breeding programs to create enhanced N-use efficient lines. These
varieties also provide benchmarks against which to screen other durum
germplasm in breeding programs.

Using these findings to develop new durum lines with specific genetic
traits for N-use efficiency could help reduce input costs and support
grower profitability.
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The field trial site at Roseworthy
in 2018, with replicates under
Low N treatments on the left, and
the replicates receiving High N on
the right.

SAGIT DISCLAIMER

Any recommendations, suggestions or opinions
contained in this communication do not
necessarily represent the policy or views of the
South Australian Grain Industry Trust (SAGIT). No
person should act on the basis of the contents
of this communication without first obtaining
specific, independent, professional advice. The
Trust and contributors to this communication
may identify products by proprietary or trade
names to help readers identify particular types
of products. We do not endorse or recommend
the products of any manufacturer referred

to. Other products may perform as well as or
better than those specifically referred to. SAGIT
will not be liable for any loss, damage, cost or
expense incurred or arising by reason of any
person using or relying on the information in this
communication.

CAUTION: RESEARCH ON UNREGISTERED
AGRICULTURAL CHEMICALS USE. Any research
with unregistered pesticides or of unregistered
products reported in this communication does
not constitute a recommendation for that
particular use by the authors or the author’s
organisations. All pesticide applications must
accord with the currently registered label for
that particular pesticide, crop, pest and region.
Copyright © All material published in this
communication is copyright protected and may
not be reproduced in any form without written
permission from SAGIT.
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