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Abstract   Nine commercial cultivars of wheat were
grown in the field to investigate competition with an-
nual ryegrass (Lolium rigidum Gaudin). The experi-
ment was laid out in a strip-plot design with L. rigidum
sown as a weed at right angles to the direction of seed-
ing wheat. The competitive ability of wheat cultivars
was determined by the suppression of ryegrass and the
ability to maintain yield in the presence of weeds. In
the same experiment, 169 doubled haploid (DH) lines
derived from an F

1
 cross of Cranbrook × Halberd were

also grown. These DH lines have been studied exten-
sively by researchers and a detailed genetic linkage
map is already available. During the growing season
various plant morphological traits usually associated
with crop vigour and weed competitiveness were meas-
ured. These included the length and width of the first
two leaves, flag leaf length and width, dry matter pro-
duction, height, leaf area index, and time of anthesis.
Molecular markers associated with quantitative traits
such as plant height, leaf size and time to anthesis were
identified. The potential application of marker-assisted
selection for weed suppressive traits in wheat was
evaluated.

INTRODUCTION

Competition with weeds can cause large reductions in
the grain yield of Australian crops (Poole and Gill
1987). Traditionally, herbicides have been the princi-
ple method of weed control used in Australian agri-
culture (Pratley 1996). However, widespread develop-
ment of resistance in weeds (Gill 1995) has forced re-
searchers and farmers to develop and implement inte-
grated weed management (IWM) strategies. A core
component of these IWM programs involves maxim-
ising crop competition to reduce yield losses and seed
production of the surviving weeds. Increasing seeding
rate to increase crop density (Medd et al. 1985) can
enhance crop competitiveness against weeds. However,
farmers in some areas of southern Australia are con-
cerned about the impact of high crop densities on grain
quality and in some situations even on grain yield.
Therefore, the adoption of high seeding rates to

improve crop competition has been variable. Crop
cultivars on the other hand, are usually adopted quickly
by growers. Development of weed competitive cultivars
is therefore likely to be adopted much more readily as
a component of the IWM programs.

Crop species and cultivars within them are known to
differ in their competitiveness with weeds (Lemerle et
al. 1995). This offers opportunities to select and breed
for competitive cultivars that can be adopted by farm-
ers as a part of IWM programs at little or no additional
cost. Previous research has shown that the competi-
tive ability of a crop cultivar can either be based on its
ability to reduce weed growth and seed production or
on its ability to tolerate weed presence and maintain
grain yield. However, to enable selection and breed-
ing to occur for weed competitiveness, heritable plant
traits that confer competitiveness need to be identi-
fied.

A number of experiments have examined the relation-
ship between competitive ability of the crop and dif-
ferent plant characteristics. Those characteristics of
wheat that appear to confer competitiveness include
crop height (Challaiah et al. 1986, Lemerle et al. 1996),
tiller number (Challaiah et al. 1986, Lemerle et al.
1996), and percentage light interception (Lemerle et
al. 1994, Lanning et al. 1997). Flag leaf length and
orientation can also affect crop competitiveness (Huel
and Hucl 1996), possibly due to its effect on light in-
terception by the crop canopy. There have been few
studies on the contribution of root growth and activity
on crop-weed competition. In rice however, Fofana et
al. (1995) found that competitive varieties tended to
have good root growth.

Cranbrook × Halberd DH population of wheat is known
to differ in almost all of the above mentioned traits
that confer competitiveness. Furthermore, this DH
population has been extensively studied and a detailed
linkage map is already available. This has been devel-
oped using restriction fragment length polymorphism
(RFLP) markers, amplified fragment length
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polymorphism (AFLP) markers and microsatellites
(ARC Special Research Centre for Basic and Applied
Plant Molecular Biology). Information collected on
plant traits that confer competitiveness will enable iden-
tification of quantitative trait loci (QTLs) for competi-
tive traits that would aid selection for competitive geno-
types.

MATERIALS AND METHODS

A field trial was conducted at Roseworthy, SA. The
field trial consisted of nine commercially grown
cultivars - Halberd, Cranbrook, Molineux, Janz, Spear,
Machete, Krichauff, RAC710 and Trident. In addition
to these cultivars, 169 doubled haploid lines were sown
on June 15, 1998. There were two replications in the
trial, which was laid out in a strip plot design. The
paired plots for each line consisted of a weed-free plot
and a plot in which L. rigidum was sown to achieve a
density of approximately 500 plants m-2. The density
of wheat plants achieved in the experiment was ap-
proximately 200 plants m-2. Details of various obser-
vations recorded are presented in Table 1.

Table 1. Different plant traits recorded during the grow-
ing season.

Trait Measured (days after
sowing or stage)

Wheat seedling emergence 21

Length and width of leaf 21
1 and 2 for wheat

Crop dry matter 21,77

Leaf area index 92

Canopy height 77, and at anthesis

Flag leaf size At anthesis

Ryegrass dry matter At maturity

Wheat yield At maturity

LAI-2000 (LI-COR, USA) was used to determine leaf
area index and percentage of diffuse light penetration
(DIFN) in the weed-free plots. Analysis of variance
was performed on all data collected using GENSTAT.
Significant spatial trends were detected in the grain
yield data, therefore the data were analysed using spa-
tial techniques (M. Lorimer, Biometrics SA, pers.
comm.).

The computer program Qgene (Nelson, 1997) was used
to locate quantitative trait loci (QTLs) for the plant
traits measured above, using the Cranbrook × Halberd
linkage map. The map consists of 479 markers with 27

linkage groups of various sizes. There are currently
180 RFLP markers, 252 AFLP markers and 47
microsatellites. The analysis involved both interval and
regression analysis using the means of the DH lines.
The threshold for significance for the log-likelihood
(LOD) score was above three.

RESULTS

The commercial cultivars varied significantly (P<0.05)
in weed-free yield, the effect of weeds on the yield and
the influence of the crop on L. rigidum dry matter (Ta-
ble 2). For ranking purposes the values have been ad-
justed for spatial variation. Two-sample t-tests (P=0.01)
indicated that the yield of the weedy plots was signifi-
cantly lower than the yield of the weed-free plots for
the commercial cultivars. The very low yield of Ma-
chete could be attributed to its emergence being ap-
proximately half of the other cultivars. There were sig-
nificant differences (P<0.05) between commercial
cultivars in traits such as the length of the first and
second leaves, the canopy height at 77 DAS and
anthesis and flag leaf size.

Table 2. Grain yield and L. rigidum DM of the com-
mercial cultivars (adjusted for spatial variation).

Cultivar Weed-free Weedy YieldL. rigidum
yield yield loss DM

(g m-2) (g m-2) (%) (g m-2)

RAC710 259 189 27 112

Molineux 277 199 28 68

Halberd 293 208 29 80

Trident 318 218 31 96

Spear 290 197 32 64

Cranbrook 281 186 34 92

Krichauff 360 218 39 100

Janz 285 170 40 164

Machete 194 98 49 212

The correlation analysis has provided some indication
of the crop traits that confer competitiveness with
weeds (Table 3). Crop height, size of the first and flag
leaf and DIFN appear to contribute to the competitive
ability of the crop. This is further reinforced by the
regression analysis which showed that the length of
the first leaf and crop height accounted for 30% of the
variation in yield loss and 47.5% of the variation in L.
rigidum dry matter.

There was a significant relationship between yield re-
duction in wheat and L. rigidum dry matter. Weed dry
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matter production explained 35.5% of the variation in
crop yield loss and 51.8% of the variation in the yield
of the weedy crop. There was no association between
the yielding ability and yield loss, indicating that higher
yielding cultivars are not inherently less competitive
with weeds.

Table 3. Significant (P<0.05) correlations between
competitiveness and plant traits measured in weed-free
plots (n=22).

Trait Yield L. rigidum Weed-free Weedy
measured loss  DM yield yield

(%) (g m-2) (g m-2) (g m-2)

Leaf 1 length -0.54 0.45 0.59

Leaf 1 area -0.50 0.46

DIFN1 0.40

Flag leaf -0.45
length

Flag leaf -0.47
width

Height at -0.44 -0.64 0.65 0.69
77DAS

L. rigidum 0.62 -0.74
DM
1 DIFN: fraction of short-wave radiation (<490 nm)
not blocked by the foliage.

There was a significant variation (P<0.05) between the
DH lines for the traits measured. A comparison of the
means of the parents and the range of phenotypic ex-
pression of the DH lines indicates that transgressive
segregation was occurring for the traits measured (Ta-
ble 4). For example the length of leaf 1 differed by 3
mm between the parents, while the DH lines had a range
of 66 mm.

QTLs were located for five traits, leaf 2 length, height
at 77 DAS, height at anthesis, flag leaf area, and
anthesis time (Table 4). Two QTLs were detected for
the length of leaf 2 on chromosomes 1A and 2D. As
compared to Halberd, Cranbrook alleles made a greater
positive contribution to this trait. For flag leaf area
three QTLs were detected on chromosomes C2-2 (not
currently identified), 2D and 2DS (short arm of 2D).
Cranbrook alelles had an increasing effect for the lat-
ter two QTLs. The QTLs for time to anthesis had an
identical location to those for flag leaf area, but the
influence of the parents was opposite. Two QTLs from
Cranbrook that increased height (77 DAS) were de-
tected on chromosomes 2D and 2DS. For height at

anthesis an increasing QTL from Halberd was found
on chromosome 4D and an increasing QTL from
Cranbrook was on chromosome 2DS.

DISCUSSION

The traits that appeared to confer competitiveness did
compare favourably with those observed in previous
studies (Lemerle et al. 1996, Huel and Hucl, 1996).
Early vigour and the size of the first leaf appear to be
important, as do flag leaf length and height. These traits
are associated with ground cover and light intercep-
tion, which could be particularly important for L.
rigidum, a species that is shorter than wheat. The
greater ground cover developed by the wheat canopy
is likely to reduce the amount of light reaching the L.
rigidum canopy.

All morphological and physiological traits of a crop
that affect capture and utilisation of essential growth
factors are likely to influence its competitive ability
with weeds. Approximately half of the variation in
competitive ability of the commercial cultivars can be
explained by the above-ground traits. This could im-
ply that the root characteristics involved in competi-
tion for nutrients and water may also explain a propor-
tion of the variation in competitive ability. This varia-
tion may be associated with root surface area, root
length, root density, nutrient acquisition efficiency or
possibly an allelopathic effect. A solution culture ex-
periment is currently being undertaken to examine the
root growth of different cultivars. Mian et al. (1993)
reported that the root growth of wheat in the solution
culture was a good predictor of the relative genotype
performance in the field, except under drought condi-
tions. Furthermore, the root growth at the seedling stage
was predictive of the growth at later stages. Growing
plants in the solution culture is a simpler and more
rapid screening method than sampling for roots in the
field.

The lack of QTLs detected for yield and yield loss
(competitive ability) could be due to the complexity
of these traits in terms of the number of characteristics
involved. As shown in this study, the probability of
finding QTLs for the individual components of yield
and competitive ability is likely to be much greater.
The QTLs can then be utilised for rapid and simple
selection in plant breeding programs. This would be
particularly useful for traits that are complicated and
time consuming to measure, such as embryo size which
has been shown to influence early crop vigour (Lopez-
Castaeda et al. 1996). Furthermore, the use of QTLs
can largely remove the impact of the environment on
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genotypic selection under field conditions. Another
potential application is for the selection of parents with
suitable QTLs for the crossing program. This approach
is likely to increase the efficiency of the conventional
breeding programs and would enable large shifts in
important crop traits in a relatively short time.

The field trial will be repeated in 1999 to obtain more
data for genetic analysis and to improve confidence in
the results by examining the genotype × environment
interactions. This will also enable determination of the
heritability of the traits selected for possible use in
breeding programs.
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