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Abstract 
Weeds represent a serious and ongoing problem to wheat production in Australia. The increasing cost 
of weed infestation and the rise of herbicide resistance suggest the critical need for an integrated 
approach to weed management. One strategy is to develop more vigorous wheat cultivars that can 
better compete with weeds for light above ground and water and nutrients below-ground. Root traits 
that help plants explore more soil and extract its resources include root length, root depth, branching 
pattern, root angles and root hair length. To evaluate the relationship between shoot vigour and 
below-ground competitiveness in wheat, we measured several root traits in a set of CSIRO pre-
breeding lines selected for high early shoot vigour and compared them with commercial and historic 
wheat cultivars and a triticale cultivar. Root biomass, total root length and root depth of the high 
vigour lines were greater than the commercial cultivars. We conclude that the selection for increased 
early shoot vigour also modified many major root traits potentially associated with below-ground 
competitiveness. 

Keywords 
competition, root architecture, early root biomass, maximum rooting depth, early vigour 

Introduction 
Weeds compete with crops for essential resources in the canopy (light) and the soil (water and 
nutrients) (Gallandt & Weiner, 2015). The farming systems that emerged with the “Green 
Revolution” controlled weeds using a combination of primary tillage and agrochemicals (Evers & 
Bastiaans, 2016). While successful, these practices respectively negatively impacted soil health 
(Lowry & Smith, 2018) and caused the emergence of herbicide-resistant weeds (Broster et al., 2013; 
Heap, 2018). These concerns, combined with the limited release of new herbicides with different 
modes of action, highlight the urgent need for integrated approaches to weed management. 

Improving the competitive ability of cereals would be a valuable and cost-effective strategy for 
suppressing weeds without growers having to invest in new equipment or adopt different management 
practices (Lowry & Smith, 2018). Plant height is positively correlated with weed competitiveness in 
wheat (Murphy et al., 2008), but tall plants have a lower harvest index and a greater risk of lodging 
(Zerner et al., 2008). The introduction of the dwarfing genes (Rht) improved yields but reduced early 
vigour, canopy biomass and weed competitiveness (Vandeleur & Gill, 2004). However, it is possible 
to increase early vigour (Rebetzke & Richards 1999) and competitiveness of semi-dwarf lines 
without compromising the harvest index (Bertholdsson, 2005; Zerner et al., 2016). 

During the early stages of growth, the competition occurring between the roots of crop species and 
weeds may be even more important than the competition between their shoots (Kiær et al., 2013). The 
critical resources in the soil are heterogeneously distributed (Jackson & Caldwell, 1993), so traits that 
improve the capacity to explore a greater volume of soil (Craine & Dybzinski, 2013) and exploit 
nutrient deposits are advantageous (Giehl et al., 2014). In this study, we analysed the effect of shoot 
vigour on root traits and assessed their contribution to the overall competitiveness of the plants. We 
measured several traits in a set of breeding lines selected for high shoot vigour and compared them 
with commercial and historic wheat cultivars and a triticale cultivar. Experiments were conducted in 
controlled environment chambers and in the field.  



Methods 
Genetic material 
Four high shoot vigour and weed-competitive wheat lines (W lines), generated from top-crosses 
between germplasm from a recurrent selection for increased shoot vigour (Zhang et al. 2015) and 
Australian commercial cultivars were included. These lines are identified as follows: W400203 and 
W470201 derived from a cross with cv. Yitpi, and W010709 and W670704 derived from a cross with 
cv. Wyalkatchem (Zerner et al., 2016). Reference genotypes included the commercial cvs Condo,
Yitpi, Wyalkatchem and Mace. Triticale (cv Chopper) was included as a known vigorous and weed-
suppressive control. Seeds for all genotypes were sourced from the same previous glasshouse
experiment. Seed weights were standardised for the experiments.

Controlled environment experiment 
Root pouches composed of two germination papers (25 × 38 cm) hung vertically in opaque boxes 
with water at the bottom, which kept the pouches damp. A seed was positioned between the papers at 
2.5cm from the top. Boxes were in a growth chamber at 12 h (day/night) with 20oC/15°C and light 
100 μmol.m−2s−1. Root traits were assessed after 12 d, by which time the seminal roots for some 
genotypes had reached the bottom of the pouches. The average leaf stage at harvest was 1.7 leaves. 
Six replicates of each genotype were sown per experiment, and the entire experiment was performed 
three times. 

Field experiment 
A field trial was performed from May to December 2020 at the Boorowa Agricultural Research 
Station (34°47’S, 148°70’E; NSW, Australia). The soil was a red kandosol soil. Each cereal genotype 
was sown in six replicated plots of 5.0 x 1.8 m in a randomised complete block design. Maximum root 
depth was assessed at mid tillering (Z23), early stem elongation (Z32) and crop maturity (Z99) 
(Zadoks et al. 1974). Root depth was determined by coring and using the core-break method (Wasson 
et al. 2014). Four cores were taken on a transect across each plot: two in the sowing rows and two 
from the inter-row spaces. 

Results 
For seedlings grown in the pouches, the shoot biomass (Fig 1A) and root biomass (Fig 1B) increased 
over time in a similar manner. The high-vigour (HV) lines accumulated greater biomass both above- 
and below-ground than the commercial cultivars. No significant differences in root-to-shoot ratio 
(R/S) (Fig 1C) were detected between the wheat genotypes, but Triticale had a greater R/S ratio due to 
greater root biomass accumulation.  

Figure 1.  Early biomass accumulation in commercial wheat cultivars (Mace, Wyalkatchem, Yitpi 
and Condo), high vigour lines (W010709, W400203, W470201 and W670704), historical cultivar 
(Federation) and Triticale (Chopper). A) Shoot biomass, B) root biomass, C) root to shoot ratio. Data 
mean and SE. Statistical significance is indicated by letter (P<0.05). 

The HV lines generated longer roots than the commercial cultivars (Fig 2A) due to greater seminal 
(main) root length (Fig. 2B). Interestingly, the tall heritage cultivar Federation, considered a 
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competitive cultivar, generated longer roots and greater root biomass than the HV lines. There were 
no significant differences in lateral root length between wheat genotypes (Fig. 2C), but the triticale 
control line exhibited greater lateral root length. 

Figure 2: Early root growth of the commercial wheat cultivars (Mace, Wyalkatchem, Yitpi and 
Cando), high vigour lines (W010709, W400203, W470201 and W670704), historical cultivar (cv 
Federation) and Triticale. Shown are A) average total root length, B) average main seminal root 
length, and C) average branch root length (mean & SE). Significance is shown by letters (P=0.05). 

A field experiment was conducted using the same set of germplasm. At Z23, only the historic cultivar 
(Federation) had significantly deeper roots than the other groups (Fig 3). Significant differences in 
maximal root depth were detected between commercial cultivars and HV lines at early stem 
elongation (Z32) and at maturity (Z99), where root depth of the HV lines was comparable to Triticale. 

Figure 3: Average maximum root depth at three Zadok stages (23, 32 and 
99 Zadok) in the commercial cultivars (CC, green), the historical cultivar 
(Hist, purple), high vigour lines (HV, orange) and Triticale (Trit, yellow). 
Data show mean and standard errors. 

Conclusions 
In a developing wheat crop, rapid root growth provides a competitive advantage against weeds 
because it allows the occupation of a greater soil volume and improved access to critical resources 
(Casper & Jackson, 1997). We found that the recurrent selection for greater shoot vigour also resulted 
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in greater root biomass, confirming previous reports (Palta & Watt, 2009). The greater root biomass in 
the HV lines, compared with commercial cultivars, was associated with longer seminal roots in the 
controlled environment experiments and significantly greater rooting depth in the field experiments at 
later growth stages. Deeper roots in the HV lines can provide a competitive advantage for these 
genotypes. Moreover, the ability to access deeper water late in the season could be important for yield 
improvement in dry Mediterranean climates, critical to wheat production in inland Australia 
(Kirkegaard et al., 2007). We conclude that selection for increased shoot biomass modifies root traits 
and that these root traits can be targeted to improve wheat competitiveness and yields. 
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