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Introduction Methods

Plant material

Three replicate plants of each of 100 wheat genotypes were grown in metre-long rhizotubes in an inert grit-sand-
gravel substrate with defined nutrient supply (Karley et al., 2011). Plants were monitored throughout development
and harvested as the main stem reached maturity. The structure and partitioning of dry matter to roots and to
shoot structures was determined.

613C-composition of leaf tissue

Dried tissues were milled to a powder and 0.2 mg leaf samples of a subset of genotypes (24) were analysed for 13C
isotopic composition using an elemental analyser (Flash EA-1112) coupled to a Delta V Advantage isotope ratio mass
spectrometer (Thermo-Fisher, Bremen, Germany). International reference materials (USGS40 and IAEA-CHS6,
International Atomic Energy Agency, Vienna, Austria) were used for scale calibration of *3C isotope results to Vienna
PeeDee Belemnite (VPDB). Relative enrichment with 13C (less negative 613C values) indicates reduced stomatal
aperture during plant growth and therefore reduced water loss and higher transpiration efficiency.

Data analysis

Genotypic differences in dry mass allocation to root and shoot structures and grain, and in leaf 63C values, were
tested by ANOVA in Genstat (v. 14, VSN International Ltd.). Principle component analysis was applied to root dry
mass accumulated down the depth profile to explore genotypic differences in spatial patterns of root dry mass
allocation, and to test for correlations with grain production or water use efficiency.

Results

Significant genotypic variation was detected in wheat plant development, grain yield, and dry matter accumulation
and allocation to root and shoot structures.

Root phenotype Water use efficiency

Principle component analysis of root dry mass data (not
shown) identified genotypes that differed in root size and
distribution with depth (Fig. 1). Variation along PC1 (97.1% of
the variation) was largely due to differences in total root size
(Figure 1A), while variation along PC2 (2.5% of the variation)
differentiated genotypes that allocated relatively more or less
root mass to the upper part of the root-depth profile (Figure

Genotypic variation in water use
efficiency, measured as 613C value, was
significant (F,; 4, = 2.00, P=0.026) and was
weakly negatively correlated with overall
root mass (score values on PC1; Figure 2)
but not with root distribution with depth
or grain production.
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Figure 1 Root mass distribution patterns for eight different wheat
genotypes showing extreme values on (A) PC1 and (B) PC2 in
principle component analysis of root dry matter allocation.

Figure 2 Relation between wheat genotypic differences in water
use efficiency (indicated by 6'3C value) and root size (indicated by
values on PC1 derived from principle component analysis of the
root mass-depth profile).
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* Water use efficiency tended to be highest in wheat genotypes with smaller root systems, potentially
indicating that smaller root systems limit the quantity of water taken up by the plant

* Further analysis will examine the potential impact of genotypic differences in root phenotype and
water use efficiency on plant nitrogen acquisition.




