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The use of more competitive species and cultivars in small grain cereal production
may help to develop production systems that require less herbicide. This study was
designed to identify root and shoot characteristics of cereal seedlings that would
allow distinguishing the more competitive (MC) cultivars from the less competitive
(LC) ones. Two growth cabinet trials were conducted using four crops: two-row
barley, six-row barley, oat, and wheat. A total of twelve cultivars (six classified a
priori as MC and six classified a priori as LC) were grown with and without wild
mustard. The inhibitory effects of the MC cultivars on wild mustard growth were
not systematically larger than those of the LC cultivars at 3 weeks after emergence.
Oat was found to be more competitive than two-row and six-row barley. Wild
mustard adversely affected the above-ground growth of two-row barley and oat but
had no effect on below-ground growth; shoot competition may precede root
competition. For two-row barley, oat, and wheat competing with wild mustard,
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growth of MC cultivars was superior to that of LC cultivars. Only MC oat and
wheat cultivars produced more above- and below-ground growth than LC cultivars
while exerting a greater competitive effect on wild mustard growth. These results
suggest that it may be possible to select oat and wheat cultivars for greater
competitive ability against wild mustard based on root and shoot characteristics.
Key words: Small grain cereals, crop competitive ability, cultivar competitive
ability.
مصار

در مديريت علفهايهرز ،استفاده از ارقامي باا وااااايي رقاابتي بااا از ابرارهاايي اسات ها باراي هااه

علفه هاي شيميايي استفاده ميشاد .اين بررسي بمنظار شناسايي ويژگايهااي ااادا هااي هااايي و زيرزميناي
داا رست غالت ه سبب وشخيص ارقا رقيب از غير رقيب آاها مي شاد ،در اواق رشد ااجا شد .براي اين منظاار
دوازده ر قم (ش

رقم رقيب و ش

رقم غير رقيب) غالت شامل گند  ،ياا زراعي ،جا دو رديف و ش

رديفا در

حضار و غياب خردل وحشي هشت گرديد .اتايج اشان داد ه اثرات بازدارادگي ارقا رقيب وا  3هفت پس از رويا
خردل وحشي بر رشد علفهرز بروز اكرد .در بين غالت مارد بررسي ،ونها ياا زراعي از قدرت رقاابتي بيشاتري
اسبت ب جا دو رديف برخاردار باد و ساير غالت با يكديگر وفاوت معنيداري اشان اداداد .حضار خردل وحشاي در
مجاورت جا دو رديف و ياا زراعي اثر منفي بر رشد اادا هاي هاايي اين دو گياه زراعي گذاشت ،ولاي وااثيري بار
رشد اادا هاي زيرزميني آاها اداشت .اتايج اشان داد ه در مجماع ،رقابت هاايي بين خردل وحشي با غالت ماارد
بررسي زودور از رقابت زيرزميني شروع ميشاد .در حضار خردل وحشي ونها ارقا رقيب ياا زراعي و گند از رشد
اادا هاي هاايي بيشتري اسبت ب ارقا غير رقيب برخاردار باداد .اتايج اشان داد ه امكان ااتخاب ارقاا رقياب از
غير رقيب گند و ياا زراعي با استفاده از ويژگيهاي هاايي و زيرزميني داا رست آاها امكانپذير ميباشد.

INTRODUCTION
Concerns over the economic and environmental impact of modern agriculture have
raised interest in production systems that require fewer chemical applications
(Hallberg, 1987; Liebman & Robichaux, 1990). One way to reduce herbicide
applications is to use crop competition to suppress weed growth and reproduction
(Callaway, 1992; Challaiah et al., 1986; James et al., 1988). Crop species and
cultivars that rapidly develop tall leafy shoots and long branched roots are
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reportedly more competitive than other species and cultivars (Bozsa & Oliver,
1990; Evetts & Burnside 1973; Monks et al., 1988; Richards & Davies 1991;
Rooney, 1991). Above-ground competition has been perceived as determining the
outcome of crop and weed interactions (Zimdahl, 1991; Dunan & Grundy &
Froud-Williams, 1993; Verschwele & Nieman, 1994; Christensen, 1995), but
below-ground competition may also be key (Pavlychenko, 1937; Hackett, 1969;
Wilson, 1988; Wang & Below, 1992; Arnone III & Kestenholz, 1997).
Species and cultivars of small grain cereals differ in shoot and root
morphology; these differences can affect grain yield and crop competitiveness
against weeds. Dunan & Zimdahl (1991) report that barley is a stronger competitor
than wild oat because it has a greater leaf area, root and shoot biomass, absolute
growth rate, and shoot to root ratio. Mian et al.(1993) identified differences in the
root and shoot characteristics of winter wheat genotypes. Wheat genotypes with
larger root systems produce more grain than those with smaller root systems (Mian
et al., 1994). Variations in competitive ability of wheat (Wicks et al., 1986) and
bean (Phaseolus vulgaris L.) (Wortmann, 1993) genotypes against weeds have also
been reported.
Wild mustard is an annual weed that is prevalent in field crops throughout
Europe and North America (Holm et al., 1997). In a series of surveys conducted
in cereal fields across Canada from 1976 to 1997, the percentage of small grain
cereal fields in which wild mustard was present was 48% in Québec and 57% in
Manitoba (Warwick et al., 2000).
Competition with wild mustard can affect the growth of cereal crops (Dahl et
al., 1982), and the reverse is also true (Liebman & Robichaux, 1990). As small
grain cereals can help to suppress weed growth, breeders may be interested in
implementing a program to select and develop more competitive species and
cultivars (Callaway, 1992). In order to identify appropriate criteria for selecting
competitive lines, we have looked at crop/weed interactions between spring cereals
and wild mustard seedlings. The first objective of this study was to identify root
and shoot characteristics of cereal seedlings to distinguish the more competitive
(MC) cereal cultivars from the less competitive (LC) ones. The second objective
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was to determine the effect of wild mustard on the root and shoot development of
cereal crops.

MATERIALS AND METHODS
The first trial of this experiment was established at the Agriculture and Agri-Food
Canada Research Centre at Sainte-Foy, QC, Canada, in December 1995 (trial № 1).
The experiment was repeated in December 1996 (trial № 2). Four spring cereals
were used: two-row barley (two cultivars), six-row barley (two cultivars), oat (four
cultivars), and wheat (four cultivars). These twelve cultivars were selected on the
basis of weed response to crop competition (Table 1).

Weed response was

evaluated by measuring weed density and dry weight at Zadok-39 crop growth
stage (flag-leaf expansion) in preliminary field-scale screening tests involving 40
spring cereal cultivars (Preradov-Odobasic 1997); selected cultivars were classified
a priori as MC or LC (Table 1). Each cultivar was grown with and without wild
mustard. A total of 25 treatments (including a treatment of wild mustard alone)
were arranged in a randomized complete block design with four replicates.

Table1. Spring cereal cultivars selected based on the results of a field-scale screening test
involving 40 cultivars (Preradov-Odobasic 1997); following this preliminary work, selected
cultivars were a priori classsified as more-competitive or less-competitive
Crop
Two-way barley
Six-way barley

More-competitive cultivars

Less competitive cultivars

Winthrop

Iona

Chapais

Cadette

Oat

Ac-Rigodon

Laurent

Oat

Donegal

Ultima

Wheat

AC-Pollet

Celtic

Wheat

SS-Blomidon

Roblin
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Plants were established in a walk-in growth chamber with a 16h/8h light and
dark period, light being provided by fluorescent tubes at an intensity of 610 µE m-2
s-1 at plant level. Air temperature was maintained at 21 °C/17 °C, day /night, with
relative humidity ranging from 45 to 50%. Crop and wild mustard seeds were pregerminated for 2 days in Petri dishes on top of a damp №1 Whatman filter.
Germinating seeds were transferred into wooden boxes (100 cm long, 6 cm wide
and 80 cm deep each containing 16 6- by 5- cm compartments. To prevent roots
from sticking to the walls, compartments were lined with plastic bags (90 cm long,
9.5 cm diameter) that were perforated at the bottom. The compartments were filled
with an inert medium (Turface™ 1). Two germinating seeds of crop species and/or
three germinating seeds of wild mustard were transplanted to a 2-cm depth in each
compartment. After 3 days, emerged seedlings were thinned to one plant of the
crop or wild mustard, or one each of cereal and wild mustard (in mixed treatments)
per compartment. The plants were watered every other day, or as needed, and 4 L
of single strength Hoagland’s solution was supplied to each box every 4 days.
The net photosynthesis rate of the cereals was measured under ambient
conditions 2 weeks after transplanting using a portable infrared gas analyzer
system (LI-6200™). At the time of measurement, air temperature in the chamber
was between 20 and 25 °C, relative humidity was between 30 and 35% and the
base level of CO2 concentration was between 300 and 400 ppm. The
photosynthetic photon flux density (Q-Beam 2001-A™ 2) was maintained at 2200
µE m-2 s-1. Net photosynthesis was measured on the last fully-developed leaf as
µmol CO2 m-2 leaf area s-1. Three readings were made per sample.
Root and shoot development of the seedlings were measured 3 weeks after
transplanting. Crop height, from ground level to apex of longest leaf, number of
wild mustard leaves, crop and wild mustard leaf area (LI-3100™3), and total
above-ground dry weight (oven-dried at 65 °C for 72 h) of crop and wild mustard
1
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were measured. After sampling the above ground plant material, boxes were
disassembled and the plastic bags from individual compartments were opened with
a teasing needle and the roots extracted by washing away the growth medium with
water. In the case of mixed treatments, root samples were floated in water and
separated into cereal and wild mustard roots. These samples were stored in plastic
bags at 4 °C until measured. At the time of measurement, roots were soaked for 5
minutes in an organic stain solution (3 g of Congo red4 dissolved in 100 mL ethyl
alcohol, and diluted in 3.3 L of distilled water), washed with clean water, and
displayed on a 20-cm by 30-cm transparent dish containing 4 mm of water.
Rooting depth, total root length, length of roots <1-mm diameter, length of roots
≥1-mm diameter, root surface area, root average diameter, and root dry weight
(oven-dried at 65 °C for 72 h) were all measured. Root length, area and average
diameter were measured using image analysis software (WinRHIZO™ V2.05)
coupled to a scanner at a resolution of 200 dots per inch.
Statistical analysis was in three steps. The first step was to obtain Pearson
correlation coefficients among wild mustard traits and among crop traits. For any
pair of traits presenting high correlation, one trait was dropped, as high correlation
between two traits means they both convey similar information.

Second, a

principal component analysis (PCA) was run to identify dominant trends, to select
the most appropriate traits to conduct ANOVA, and to select the most appropriate
treatments for contrasts (Tacq, 1997). Third, treatment effects were assessed by
ANOVA.

The assumption of homogeneity of variance was tested using the

Bartlett’s test (Steel & Torrie 1980) and data were transformed to log10 scale,
whenever necessary; in the latter cases, reported means were back-transformed.
Single degree of freedom comparisons were used to test competitiveness of crops
and cultivars. All statistical analysis were performed using SAS™ (SAS Institute
Inc. 1989).
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RESULTS AND DISCUSSION
The Pearson correlation coefficients between total root length and length of roots
smaller than 1-mm diameter was 0.97 (P<0.0001) for wild mustard and 0.93
(P < 0.0001) for cereals. We chose to remove total root length from the data set to
ensure that the traits used to conduct the PCA were, as much as possible,
independent from each other. The remaining data set, therefore, included data
(observations) from two trials, four replicates, and 25 treatments, for which nine
wild mustard traits (leaf number, leaf area, shoot dry weight, root dry weight,
rooting depth, root surface area, length of small diameter (< 1 mm) roots, length of
large diameter (≥ 1 mm) roots, and average root diameter) and 11 crop traits (plant
height, leaf area, shoot dry weight, rooting depth, root dry weight, average root
diameter, root surface area, length of small diameter (< 1 mm) roots, length of
large diameter (≥ 1 mm) roots, net photosynthesis, and shoot to root ratio) were
measured.
A PCA is a multivariate statistical technique that explores a complex set of
response traits for the purpose of simplifying it to a set of new transformed traits;
the principal components (PC) (Tacq, 1997). Each component is a linear
combination of all the traits; for each subject (observations) the scores of a
component are computed as the observed data value of each response trait,
weighed by the loadings for that component (weight assigned to each response
trait). The components, by definition, are orthogonal and the selection of a limited
number of them accounts for a large proportion of the variability observed in the
set of response traits. Usually two or three components describe the principal
features of the system.
Using the PC, it becomes possible to position response traits and subjects
(observations) within a two- or three-dimensional space. Such a graph allows traits
to be selected according to their relative contribution to the PC. The scores of
individual subjects can also be plotted and identified within a given category (in
this case trial, crop, or cultivar). Differences in the dataset can be determined with
respect to the categories represented on the graph.
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For our data set, the PCA identified two PC which explained 48% of the total
variation. The graphical representation of individual observations on a biplot for
first and second PC, with scores identified by trials, indicated that data from both
trials did not differ significantly (Figure 1-A). Therefore, further analyses were
performed on combined data from the two trials.
The graphical representation of individual scores, identified by crop
(Figure 1-B) and cultivar (Figure 1-C and 1-D), facilitated the identification of
contrasts for the ANOVA. Figure 1-B shows that oat is slightly apart from the
other three crops. Although observations from all four crops are spread more or
less evenly along the first PC, their spread along the second PC axis differentiates
oat from two-row barley, six-row barley, and wheat. This indicates that oat might
be distinct from the other three crops.

It also suggests that there is no need to

establish contrasts to compare two-row barley, six-row barley, and wheat with each
other. Figure 1-C shows the distribution of oat cultivars along the axes for first and
second PC. Figure 1-D shows the distribution of wheat cultivars along the same
axes. In these cases the capacity of one component to discriminate among cultivars
is not as precise as that for crops. However, when positioning along both PC is
considered, it is possible to identify relatively distinct groupings for the oat
cultivars ‘Rigodon’ and ‘Donegal’ (Figure 1-C) and for the wheat cultivars ‘SSBlomidon’ and ‘AC-Pollet’ (Figure 1-D). Both of these groupings correspond to
the a priori competitiveness classification (Table 1). As a result, we established
contrasts between oat and wheat cultivars according to the a priori competitiveness
classification.
The position of crop and wild mustard traits along the first and second PC
allows identification of crop traits that are in opposition with wild mustard
(Figure 2). We chose to conduct ANOVA only on those traits.

For crops they

were: height, leaf area, shoots dry weight, root dry weight, root surface area, length
of small diameter (< 1 mm) roots, and 200 length of large diameter (≥ 1 mm) roots.
For wild mustard they were: leaf number, leaf area, shoots dry weight, root surface
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area, length of small diameter (< 1 mm) roots, and length of large diameter
(≥ 1 mm) roots.

Competitive Effects
A competitive effect is the ability to suppress other individuals (Callaway 1992).
In presence of a crop wild mustard produced significantly fewer leaves, less leaf
area, biomass, root surface area, and shorter roots (Table 2).

Oat and wheat did

not have differential effect on wild mustard for any of the traits studied. However,
the Inhibitory effect of oat on wild mustard growth was larger than that of two-row
barley for length of small diameter roots, and larger than that of six-row barley for
leaf area, length of small diameter roots, and root surface area. Within six-row
barley, ‘Chapais’ was more detrimental than ‘Cadette’ for length of small diameter
wild mustard roots and root surface area. Among oat cultivars, ‘Ultima’ was more
detrimental to wild mustard leaf number than ‘Laurent’; taken together, the two
cultivars classified a priori as MC were more detrimental than the LC ones for
length of small diameter wild mustard roots and root surface area. Among wheat
cultivars, ‘Celtic’ was more detrimental to wild mustard leaf area than ‘Roblin’;
taken together, the two cultivars classified a priori as MC were more detrimental
than the LC ones with respect to wild mustard leaf number, length of small and
large diameter roots, and root surface area.
Although the effect of small grain cereals on wild mustard growth was
significant and consistent for all above- and below-ground traits, the differential
effect of crops and cultivars was not as consistent as expected. The inhibitory
effects of the cultivars classified a priori (Table 1) as MC was not systematically
larger than those of cultivars classified a priori as LC. Also, inhibitory effects of
oat were not systematically different from those of other crops. Our results did not
delineate clear groups, nor did they totally support earlier findings on the relative
competitiveness of crop species. For example, Zimdahl (1980) concludes that
barley is more competitive that oat and wheat.

In our case, although the

competitive effect of oat and wheat cannot be differentiated, we found no evidence
that barley was more competitive. In contrast the contrary, oat was found to be
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more competitive than two-row barley with respect to some root characteristics and
more competitive than six-row barley for some shoot and root characteristics
(Table 2). While Moss (1985) reports differential competitive ability among twoand six-row barley cultivars, our data did not support such differences. This may
indicate that the effects of crop and cultivar competitiveness on wild mustard
cannot be determined within 3 weeks of emergence and that competition studies
should be for a longer period. It may also suggest that growing conditions such as
soil type, moisture availability or plant density may affect resource supply/demand
ratio and play an important role when ranking crops and cultivars according to their
competitive effects on weeds.

Competitive Responses
Competitive response is the ability to avoid being suppressed (Callaway 1992).
After 3 weeks the presence of wild mustard had no significant effect on plant
height but was slightly detrimental (6.7% decrease on the average) to the other
above-ground growth characteristics (Table 3).

This overall effect can be

attributed mainly to two-row barley, which grew taller (8.6%) and produced more
leaf area (16.3%) and above-ground biomass (25.8%) without wild mustard. In
oat, above ground dry weight was also reduced (29.8%) by the presence of wild
mustard.
The presence of wild mustard affected (9.9% increase on average) all belowground growth characteristics (Table 3). This overall effect is mainly attributed to
six-row barley for which length of small and large diameter roots, as well as root
surface area, were larger (35.6% increase on average) with wild mustard. In wheat,
root growth (length of large diameter roots) was also increased (29.8%) by the
presence of wild mustard.
Although we were unable, initially, to detect a difference between two- and
six-row barley in their impact on wild mustard, we detected a difference in their
bility to avoid competition. The above-ground growth characteristics of two-row
barley are sensitive to the presence of wild mustard, while the below-ground

Iranian Journal of Weed Science (2005), Volume 1, No., 1, 19-40

Figure 1. Results of a principal component analysis performed using crop and wild mustard
traits and data for all crops and trials; graphs present the distribution of individual
observations with respect to the first two principal components (explaining 48% of total
variability): A) observations are identified according to trials, ○ for first trial and ▲ for
second trial; B) observations are identified according to crops, ○ for two-row barley, ∆ for
six-row barley, ■ for oat, and ◊ for wheat; C) observations are identified according to oat
cultivars, Laurent (La), Ultima (Ul), AC-Rigodon (Ri), and Donegal (Do); and D)
observations are identified according to wheat cultivars, Celtic (Ce), Roblin (Ro), ACPollet (Po) and SS-Blomidon (Bl).
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Figure 2. Results of a principal component analysis performed using crop and Brassica
traits and data for all crops and trials; graph presents the distribution of traits with respect to
the first two principal components (explaining 48% of total variability); traits are: Brassica
leaf number (BLN), Brassica leaf area (BLA), Brassica shoot dry weight (BSW), Brassica
root dry weight (BRW), Brassica rooting depth (BRD), Brassica root surface area (BRA),
length of small diameter (< 1 mm) Brassica roots (BR1), length of large diameter (≥1 mm)
Brassica roots (BR2), Brassica average root diameter (BRM), crop height (CH), crop leaf
area (CLA), crop shoot dry weight (CSW), crop rooting depth (CRD), crop root dry weight
(CRW), crop average root diameter (CRM), crop root surface area (CRA), length of small
diameter (< 1 mm) crop roots (CR1), length of large diameter (≥ 1 mm) crop roots (CR2),
crop net photosynthesis (CPH), and crop shoot to root ratio (CSR).
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Table 2. Average number of leaves, leaf area, above ground dry weight (DW), length of small diameter (< 1 mm; cm plant-1) roots, length of large diameter roots
(≥1 mm; cm plant-1), and root surface area of wild mustard grown for 3 weeks with and without competition from two-row barley, six-row barley, oat, and wheat
cultivars.

a

4.58±0.41
4.56±0.29
4.59±0.52
NSb

Leaf area
cm2 plant-1
27.85±0.33
28.37±0.35
27.34±0.33
NS

Above ground DW
g plant-1
81±21
83±18
78±24
NS

Length of small
diameter roots
903±286
939±357
866±212
NS

Length of large
diameter roots
94±72
107±87
82±58
NS

Root surface area
cm2plant-1
120±40
126±47
114±33
NS

Six-row barley (mean)
Cadette (Ca)
Chapais (Ch)
Contrast (Ca vs Ch)

4.58±0.58
4.72±0.77
4.44±0.26
NS

31.37±0.33
33.05±0.3
29.98±0.36
NS

85±22
89±26
82±18
NS

956±300
1057±366
856±187
*

111±94
123±104
99±88
NS

134±47
151±52
118±37
*

Oat (mean)
Laurent (La)
Ultima (Ul)
AC-Rigodon (Ri)
Donegal (Do)
Contrast (La vs Ul)
Contrast (Ri vs Do)
Contrast (Ri&Do vs
La&Ul)

4.59±0.39
4.84±0.27
4.44±0.26
4.38±0.38
4.69±0.5
*
NS
NS

25.47±0.4
26.07±0.45
26.01±0.38
24.03±0.46
25.83±0.4
NS
NS
NS

76±22
80±18
77±20
74±20
74±30
NS
NS
NS

803±275
944±313
892±254
617±175
768±261
NS
NS
**

91±73
106±94
84±67
81±63
93±76
NS
NS
NS

108±38
125±43
116±37
88±27
103±37
NS
NS
*

Wheat (mean)
Celtic (Ce)
Roblin (Ro)
AC-Pollet (Po)
SS-Blomidon (Bl)
Contrast (Ce vs Ro)
Contrast (Bl vs Po)
rast (Bl,Po vs Ce,Ro)

4.66±0.45
4.75±0.33
4.94±0.26
4.59±0.48
4.38±0.55
NS
NS
**

27.27±0.36
26.41±0.37
30.94±0.38
26.85±0.32
25.19±0.42
*
NS
NS

81±27
80±29
91±20
77±25
75±33
NS
NS
NS

839±284
899±393
962±238
791±279
686±103
NS
NS

104±96
113±122
123±102
105±101
70±51
NS
NS

117±47
126±67
135±41
110±46
95±17
NS
NS

Crop/Cultivar

# of leaves plant-1

Two-row barley (mean)
Iona (Io)
Winthrop (Wi)
Contrast (Io vs Wi)a

Single degree of freedom comparisons.
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growth of six-row barley was significantly different with or without presence of
wild mustard. This may partly explain why six-row barley has been reported to be
more competitive than two-row barley (Moss 1985).
We cannot explain why wild mustard appears to favor an increased root growth in
six- row barley, and to a lesser extent, in wheat. According to Römer et al. (1988),
mineral deficiencies (e.g., phosphorus) can stimulate root growth, but that is
unlikely in this case as the growth media was regularly supplied with large
amounts of Hoagland’s nutrient solution. Also, no visual symptoms of mineral
deficiency were observed in both trials of the experiment. Similarly, the possibility
that exudates arising from cereal roots would stimulate wild mustard root growth is
highly improbable as previous work demonstrated that cereal root exudates (same
species and cultivars) significantly reduce wild mustard radicle growth (Baghestani
et al., 1999).

One may speculate that, in presence of wild mustard, these

speciesmay show the capacity to avoid competition by extending their roots below
the zone explored by wild mustard. In this study we did not specifically studied the
occupation of below ground space by crop and wild mustard.

However we

collected data (not shown) on longest root length, which are not supportive of the
latter hypothesis: in wild mustard longest root length averaged 57.0 cm; in six-row
barley it reached 81.9 cm in weeded compartments and 80.2 cm in weed free
compartments; in wheat it was 77.3 cm in weeded compartments and 74.0 cm in
weed free compartments.
As the presence of wild mustard had a detrimental effect on the above-ground
growth of some crops, but no adverse effects were noted on below-ground growth,
shoot competition may precede root competition. In contrast, for soybean and
common cocklebur (Xanthium strumarium L.), below-ground competition is
reported to occur first (Bozsa & Oliver, 1990).

We cannot explain this

discrepancy, but we note that competition in our study was between a dicot plant
and grass species while in Bozsa and Oliver (1990) competition was between two
dicot species.

Iranian Journal of Weed Science (2005), Volume 1, No., 1, 19-40

Table 3. Average plant height (ht), leaf area, above ground dry weight (DW), length of small diameter (< 1 mm; cm plant-1) roots, length of large diameter
(≥1 mm; cm plant-1) area, and root dry weight, root surface area of two-row barley, six-row barley, oat, and wheat cultivars grown for 3 weeks with and
without competition from wild mustard.
Plant ht
cm
31.6±0.2

Leaf area
cm2 plant-1
22.41±0.47

Above ground
DW g plant-1
118±37

Length of small
diameter roots
1391±298

Length of large
diameter roots
131±86

Root surface area
cm2 plant-1
221±58

Root DW
g plant-1
77±28

32.2±0.2
23
NSb

86±0.47

127±39

1297±314

114±80

202±58

71±23

*

**

*

*

**

*

Two-row barley with
wild mustard
Two-row barley
without wild mustard
Contrast (with vs
without)

26.7±0.2

18.2±0.33

91±30

1387±409

98±71

194±69

60±19

29.2±0.2

21.76±0.49

123±33

1424±358

113±86

199±60

60±22

*

**

***

NS

NS

NS

NS

Six-row barley with
wild mustard
Six-row barley
without wild mustard

26.3±0.2

20.56±0.36

96±29

1246±281

119±87

196±59

62±20

26.5±0.1

19.37±0.25

89±19

984±173

80±52

149±37

50±14

Crop/Cultivar
All crops with wild
mustard
All crops without
wild mustard
Contrast (with vs
without)a
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Table3. continue
Plant ht cm

Leaf area cm2
plant-1

Above
ground DW
g plant-1

Length of small
diameter roots

Length of large
diameter roots

Root surface area
cm2 plant-1

NS

NS

NS

**

**

**

NS

Oat with wild
mustard
Oat without wild
mustard
Contrast (with vs
without)

37.6±0.1

31.8±0.29

146±30

1369±239

163±86

250±43

90±24

37.6±0.1

34.13±0.37

158±42

1294±294

153±97

235±62

84±24

NS

NS

*

NS

NS

NS

NS

Wheat with wild
mustard
Wheat without wild
mustard
Contrast (with vs
without)

31.5±0.2

18.23±0.42

115±34

1490±272

121±88

219±53

80±33

31.9±0.1

19.32±0.3

118±23

1399±26

4 93±51

197±38

73±17

NS

NS

NS

NS

**

NS

NS

Crop/Cultivar
Contrast (with vs
without)

a
b

Single degree of freedom comparisons.
NS, *, **, and *** stand for not significant, and significant at the 5, 1, and 0.1% levels, respectively.

Root DW
g plant-1
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Differential Growth of Crop Kind and Cultivar with Weed Competition.
In the presence of wild mustard, oat growth (as measured by plant height, leaf area,
above and below-ground dry weight, length of large diameter roots and root
surface area) was more than that of two-row barley, six-row barley, and wheat
(Table 4). Length of small diameter roots is the only diverging trait as it did not
differ significantly between oat and two-row barley. Also, the length of small
diameter roots is larger for wheat than for oat.
Growth of two-row barley, oat, and wheat cultivars classified a priori as MC was
generally larger than that of LC cultivars (Table 4). However, growth of six-row
barley ‘Cadette’ and ‘Chapais’ did not differ. A few erratic differences in some
growth characteristics were also observed between LC oat cultivars ‘Laurent’ and
‘Ultima’ and LC wheat cultivars ‘Celtic’ and ‘Roblin’. Among MC oat cultivars,
‘AC-Rigodon’ had higher values for two of the seven growth traits, while among
MC wheat cultivars, ‘SS-Blomidon’ had higher values for four of the seven growth
traits.
In summary, all cereals can reduce wild mustard growth but two- and six-row
barley were less efficient than oat for some of the growth characteristics measured.
For two-row barley, this corresponded to an inability to avoid above-ground
competition (competitive response) from wild mustard. For six-row barley,
however, there seems to be no link between competitive effect and competitive
response.
In terms of cereal growth in the presence of wild mustard, oat produced
significantly more above- and below-ground growth than the other cereals. This
may partly explain the relative success of this crop (compared with two- and sixrow barley) in terms of competitive effects. However, this does not explain the
competitive effects and competitive responses among the other crops studied. Oat
and wheat, for example, had a similar competitive pattern but a different growth
pattern.
Within species, the competitive pattern and growth patterns are inconsistent for
barley, but consistent for oat and wheat. For two-row barley, the MC cultivar
‘Winthrop’ produced more biomass than the LC cultivar ‘Iona’, but both had
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Table 4. Average plant height (ht), leaf area, above ground dry weight (DW), length of small diameter (< 1 mm; cm plant-1) roots, length of large diameter
(≥1 mm; cm plant-1) roots, root surface area, and root dry wt of two-row barley, six-row barley, oat, and wheat cultivars grown for 3 weeks in competition
with wild mustard.
Plant ht
Leaf area
Above ground
Length of small
Length of Large
Root surface area
Root dry wt
Crop/Cultivar
cm
cm2plant-1
DW g plant-1
diameter roots
diameter roots
cm2plant-1
g plant-1
Two-row barley (mean)
26.7±0.2 18
2.00±0.33
91±30
1387±409
98±71
194±69
60±19
Iona (Io)

24.5±0.2 17

28.00±0.29

76±25

1258±363

80±47

174±55

58±23

Winthrop (Wi)

29.0±0.100

19.18±0.38

106±30

1516±435

117±88

215±79

62±16

***

**

**

***

NS

**

NS

Six-row barley (mean)

26.3±0.2

20.56±0.36

96±29

1246±281

119±87

196±59

62±20

Cadette (Ca)

27.2±0.2

21.49±0.32

95±28

1280±288

125±101

202±65

63±20

Chapais (Ch)

25.4±0.1

19.67±0.42

97±32

1211±289

113±77

191±56

62±21

NS

NS

NS

NS

NS

NS

NS

Contrast (Io vs Wi)

a

Contrast (Ca vs Ch)

b

Oat (mean)

37.6±0.1

31.8±0.29

146±30

1369±239

163±86

250±43

90±24

Laurent (La)

40.7±0.1

30.71±0.46

155±26

1195±194

52±85

227±40

92±17

Ultima (Ul)

35.7±0.1

30.39±0.30

130±32

1402±258

157±92

253±43

85±18

AC-Rigodon (Ri)

37.7±0.1

34.47±0.21

155±28

1533±166

176±92

271±34

104±37

Donegal (Do)

36.5±0.1

31.77±0.21

143±31

1348±236

164±90

250±48

79±18

Contrast (La vs Ul)

**

NS

***

**

NS

NS

*

Contrast (Ri vs Do)

NS

NS

NS

*

NS

NS

*

Contrast (Ri&Do vs
La&Ul)

NS

*

NS

*

**

**

NS
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Table 4. Continue

Wheat (mean)

Plant ht
cm
31.5±0.2

Leaf area
cm2plant-1
18.23±0.42

Above ground
DW g plant-1
115±34

Length of small
diameter roots
1490±272

Length of Large
diameter roots
121±88

Root surface area
cm2plant-1
219±53

Root dry wt
g plant-1
80±33

Celtic (Ce)

28.9±0.2

14.27±0.32

92±25

1375±250

99±76

193±41

68±18

Roblin (Ro)

30.4±0.1

17.14±0.28

106±22

1439±278

112±88

209±49

71±11

AC-Pollet (Po)

33.3±0.1

18.79±0.31

115±24

1514±242

115±70

221±44

79±19

SS-Blomidon (Bl)

33.8±0.2

23.93±0.55

147±45

1652±291

163±120

259±66

102±59

Crop/Cultivar

a
b

Contrast (Ce vs Ro)

NS

*

NS

NS

NS

NS

NS

Contrast (Bl vs Po)

NS

**

*

NS

*

NS

*

Contrast (Bl&Po vs
Ce&Ro)
Contrast (Oat vs two-row
barley)
Contrast (Oat vs sixrow barley)
Contrast (Oat vs wheat)

**

***

***

*

*

*

**

***

***

***

NS

***

***

***

***

***

***

***

***

***

***

***

**

***

***

Single degree of freedom comparisons selected after the principal component analysis.
NS, *, **, and *** stand for not significant, and significant at the 5, 1, and 0.1% levels, respectively

***
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similar competitive effects. For six-row barley, above- and below-ground
growth of the MC cultivar ‘Chapais’ and the LC cultivar ‘Cadette’ were similar,
but ‘Chapais’ had a greater competitive effect on wild mustard growth. For oat and
wheat, the MC cultivars produced more above- and below-ground growth than the
LC cultivars and also had a greater competitive effect on wild mustard growth.
These results do not show a universal link between the shoot and root
characteristics of 3-week-old seedlings of individual cereal lines and their ability to
compete with wild mustard. In the case of two- and six-row barley, the evidence in
support of such a link is inconclusive. For oat and wheat, a link can be established.
Oat cultivars that produced more leaf area, root length, and root surface area were
identified as being more competitive than the other cultivars. For wheat, cultivars
that grew taller, produced more leaf area and above-ground biomass, produced
longer roots, and more root surface area and below-ground biomass were identified
as being more competitive than the other cultivars. Based on root and shoot
characteristics, these results suggest that it may be possible to select oat and wheat
cultivars for greater competitive ability against wild mustard.

The use of

competitive cereal cultivars may improve weed control and reduce herbicide use in
cereal production systems.

We suggest that breeders use this information to

compare oat and wheat lines for evaluating competition with weeds.
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