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ABSTRACT geous at different times. The competing species may
also have very different phenologies, which are likelyPrevious studies in the United Kingdom (UK) and Australia have
to have significant influences over the competitive hier-led to the hypotheses that reversals in competitive hierarchy between

wheat (Triticum aestivum L.) and oat (Avena spp.) could occur only archies as they develop. Thus, the identification of com-
in situations in which (i) there is a reversal in the relative heights of petitive traits may not be straightforward. One example
the competitors during the year and (ii) there is strong competition of such complex dynamics comes from research on wild
for light. Reversals in competitive hierarchy should not, therefore, oat (Avena fatua L.) in competition with wheat and
occur where the wheat is either taller or shorter than oat throughout barley (Hordeum vulgare L.) in the UK, in which
growth. We grew near-isogenic lines of wheat for height in monocul- Cousens et al. (1991) reported a late reversal of competi-
ture and in replacement mixtures with oat (A. sativa L. and A. strigosa

tive hierarchy between wild oat and both crops. On anSchreb.) in 2 yr. In the drier year and with a late-maturing oat cultivar,
individual plant basis, the cereals were initially moreheight of wheat had no influence over its competitive superiority,
competitive, but after crop anthesis, the wild oat becamewhich was maintained throughout the season. In a somewhat wetter
equal to or more competitive than the crops. One expla-year and with an earlier-maturing oat cultivar, the shortest wheat

lines were less competitive than corresponding taller near-isolines. nation was that this might be caused by the relative
Results were consistent for near-isogenic lines in three contrasting patterns of resource allocation by the species. It was
genetic backgrounds. Partial reversals in competitive hierarchy were suggested that if this was the case, by experimentally
seen in a late sowing, but these did not correspond with patterns in moving the timing of key developmental stages, the
the relative height growth of the species. timing of the reversal in competitive hierarchy would

also move. In research in Australia with cultivated oat
(A. sativa) and wheat (Cousens et al., 2003), it was

Significant interest is being shown worldwide in the confirmed that small changes in the relative time of
identification of crop cultivars that are able to sup- emergence (and therefore also of later developmental

press weed seed production and/or maintain their yield stages) have a strong influence on the outcome of com-
in the presence of weeds (see review by Lemerle et petition between species of similar height. Differences
al., 2001). Competitive cultivars will be beneficial in of a few days in anthesis among lines of a single wheat
situations where weeds are difficult to control, such as cultivar had no detectable effect on competition. How-
where herbicide resistance has developed or in organic ever, no reversals of competitive hierarchy were found
farming systems. Improvements in the competitive abil- in any of these experiments, either with cultivated oat
ity of cultivars can be achieved through both traditional or with other Avena taxa.
selection methods and by using modern genetic technol- An alternative explanation for the reversal of compet-
ogies. It is to be anticipated, however, that the greatest itive hierarchy in the original UK study (Cousens et al.,
advances will be achieved where we link plant breeding 1991) was the relative patterns of height development
with scientific understanding. For example, consider- of the competitors. The part played by plant height in
able genetic improvements in crop establishment under competition is well known (Harper, 1977) and has been
dryland conditions are now being achieved through a highlighted in many studies of weed–crop competition,
detailed understanding of crop physiology (Rebetzke particularly where there are major-gene height differ-
and Richards, 2000). However, our scientific under- ences among the crop genotypes (Lemerle et al., 2001).
standing of competitive ability remains poor. Most of Taller species will have their leaves higher in the canopy,
our knowledge comes from correlations between com- causing the growth of shorter competitors to be reduced.
petitive outcomes (most often measured at the end of It is common in experiments on weed–crop competition
the growing season) and a small number of measured to measure height of cultivars only at maturity. In some
traits (Lemerle et al., 2001). There have been relatively circumstances, however, the species with the height ad-
few field studies of weed physiology or of the growth vantage at maturity may not be the taller species
dynamics of competing weeds and crops. throughout growth. A species with short leaves, for ex-

Competition can be highly complex, with different ample, may be shaded by another species during vegeta-
resources becoming limiting at different times in the tive growth, but if its reproductive development is initi-
season and different traits therefore becoming advanta- ated earlier and/or its rate of stem extension is greater,

it may then become the superior competitor for light.
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monthly rainfall was well below average in June and August.subsequent canopy extension of wild oat continued
Areas were cultivated before sowing to produce a fine seed-longer, leading to later shading by the weed.
bed. A commercial fertilizer was applied (13.6 kg N ha�1, 11.6Height, however, will only confer a competitive ad-
kg P ha�1, and 9.3 kg S ha�1) at sowing in both years.vantage in situations where competition for light is im-

In all experiments, plots were 3.2 by 1.2 m arranged in aportant. This would certainly have been the case in the
randomized complete block design. The number of wheatUK study where stem densities, leaf sizes, and LAI were cultivars and the oat taxon, along with the number of repli-

high. In the Australian study (Cousens et al., 2003), cates, varied among experiments and are given below. In each
however, water availability was often low, leading to experiment, there were monocultures of wheat and oat, plus
very few tillers, small leaves, high leaf mortality, and a single mixture consisting of equal proportions at the same
low LAI. Competition belowground would have been total plant density as monocultures, i.e., a replacement-series
intense, but the shorter species perhaps would still have design. In mixtures, different species were sown alternately

within rows, and these positions were staggered in adjacentreceived sufficient light. Indeed, the one case in the
rows (giving a checkerboard layout). Seeds were sown individ-Australian study where relative heights of the species
ually by hand to a depth of approximately 5 cm using a spe-reversed during growth did not result in a reversal of
cially made planting device. Spacing was 15 cm between rowscompetitive hierarchy. Hence, we can qualify the pro-
and 5 cm between plants within rows. This gave a density ofposed mechanism: Reversals of relative height of species
approximately 133 plants m�2. Fungicides and insecticidesduring growth can lead to reversals in competitive hier- were sprayed as required to control diseases and insect dam-

archy, but this will only occur under conditions in which age. Other weeds were removed by hand throughout the grow-
aboveground competition is intense. If we advance the ing season.
time at which species’ relative heights cross over (with- There were three experiments as follows:
out altering other traits), then we should advance the
time at which the competitive hierarchy reverses. If spe- Competition between Wheat Height Isolinescies maintain their relative height differential during and Avena strigosa cv. Saiagrowth, there should be no reversal of competitive hi-

In this experiment, conducted in 1999, we compared growtherarchy.
of three wheat height isolines in competition with A. strigosa.It is not easy to test these predictions, however, be-
This oat taxon was used because of its late pattern of heightcause ideally we require competitors to differ only in
development (Cousens et al., 2003). Near-isogenic height linesthe desired traits of height development. Tall and short
of the wheat cultivar Maringa have been used extensively incrop cultivars may differ in many other aspects because
scientific studies (e.g., Miralles and Slafer, 1997; Miralles et al.,they may have very different genetic backgrounds. More 1998). We obtained lines supposedly containing the following

meaningful information can be obtained from the com- dwarfing genes: Rht-B1b (Rht1), Rht-D1b (Rht2), both Rht-
parison of near-isogenic lines differing in particular B1b and Rht-D1b (Rht1�2), Rht-B1c (Rht3), and the tall Mar-
height genes (Seefeldt et al., 1999). We can use dwarf inga (rht) parental line. Preliminary experiments in plant pots
wheat isolines that remain shorter than oat and tall showed that the allele composition of each line was unreliable:
isolines that are taller than oat throughout growth. Sem- Three lines were therefore chosen to represent tall (rht), sem-

idwarf (Rht-B1b or Rht-D1b), and dwarf statures (Rht3). Seedsidwarf isolines may be found that are overtopped by
of all lines were passed through sieves to obtain seed of similaroat later in growth, depending on the characteristics
size. Each line and the oat (A. strigosa) cultivar Saia wereof the oat taxon. Unfortunately, genes affecting plant
sown in monocultures and in mixtures of the two species.height may have other pleiotropic effects on growth.
Avena strigosa was chosen in preference to the wild oat weedFor example, dwarfing genes affect coleoptile length,
to ensure reliability of emergence, minimal variation in growthseedling establishment, leaf size, tiller number, harvest
rate, and synchronous development. The experiment was sownindex, grain size, and grain mass (Gale and Youssefian, from 8 to 10 June 1999. There were three replicate blocks of

1985; Richards, 1992; Rebetzke and Richards, 2000). each treatment.
Notwithstanding these limitations, near-isogenic height
lines provide the best material available with which to

Competition between Wheat Height Isolinescharacterize the effects of plant height on competition.
and Avena sativa cv. VasseIn this study, we compared the dynamics of competi-

tion between cultivated oat and different wheat isolines In this experiment, conducted in 2000, we grew three wheat
varying in plant height. We also varied the intensity of height isolines from each of three genetic backgrounds in

competition with cultivated oat. Because the three back-competition for sunlight by supplying additional water
grounds differed in height even in the absence of dwarfingthrough irrigation.
genes, we hoped to establish a range of different patterns of
relative height development of competing species. The same

MATERIALS AND METHODS tall, semidwarf, and dwarf lines of Maringa were used as in
1999. We also included two other sets of near-isogenic linesThe field site used for this experiment was the Wimmera
developed by Richards (1992). The KCD lines were derivedResearch Station, in northwestern Victoria, Australia. A de-
from crosses between Kalyansona (Rht1) and Chenab 70scription of the site is given by Cousens et al. (2003). Long-
(Rht2); the APD lines were from crosses of Arz (Rht1) andterm average annual rainfall for the site is 419 mm. Growing
Pato Argentino (Rht2). Lines contained zero, one (either Rht1season rainfall (June–November) was 190 mm in 1999 and
or Rht2), or two (Rht1�2) height-reducing alleles. The experi-195 mm in 2000 compared with the long-term average of 250
ment was sown on 5 to 7 June 2000. All other details weremm. In 1999, the site received less than half the long-term

monthly averages in June, July, and September while in 2000, the same as for the previous experiment.
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Effect of Irrigation on the Competitiveness of Wheat RESULTS
Height Isolines with Avena sativa cv. Vasse Competition between Wheat Height Isolines

In this experiment, conducted in 2000, we compared compe- and Avena strigosa cv. Saia
tition under rainfed and irrigated conditions. Irrigation was

The oat cultivar used in 1999 was shorter than allintended as a way of increasing the intensity of competition
wheat height isolines throughout much of plant develop-for light. Because the experiment was sown later than the
ment, only telescoping its stems as the wheat was reach-previous experiment, yet was adjacent to it, this study could
ing maturity (Fig. 1). The dwarf line produced signifi-also be used to compare the effects of sowing date on the
cantly less grain yield in monoculture than the tallerinteraction between height line and competition. Only the
lines; number of grains per head, 1000-grain weight, andthree Maringa height near-isolines were included. Irrigated

plots were separated physically from rainfed plots and were harvest index were also reduced (Table 1). All three
therefore analyzed as separate experiments. Plots were sown wheat isolines produced significantly (P � 0.05) more
from 14 to 17 August. Irrigation supplemented rainfall from biomass in mixture than in monoculture from 500 GDD
the four- to five-leaf stage of wheat onwards. If rainfall in onwards (Fig. 2a). Similar effects were seen for leaf area
the previous week was less than 25 mm, sufficient water was and tiller number (data not shown). In contrast, oat
applied to bring the total amount of water (rainfall � irriga- produced a greater mean biomass in monoculture than
tion) to at least 25 mm. A total rainfall equivalent of 165 mm any mixture from 1200 GDD onwards, but this was
was added in this way. significant (P � 0.05) only for some isolines and at some

sample dates (Fig. 2b). Grain yield and number of heads
per plant for wheat were significantly greater in mixtureSampling Procedures
than in monoculture. Temporal patterns of RP wereSeedling emergence, defined as the stage when the coleop-
similar among the three isolines (Fig. 3) although thetile tip first became visible, was recorded daily in a 1-m2 perma-
response of the semidwarf line to oat was somewhatnent quadrat within each monoculture. Recording ceased
less than for the other lines. Wheat quickly became thewhen there was no further emergence on five consecutive
superior competitor and maintained this throughoutdates. The few gaps where no seedling emerged were left
growth.unfilled. Five adjacent plants of each species were sampled

from every plot at frequent intervals to grain maturity, starting
from a randomly selected end of each plot. Within each plot, Competition between Wheat Height Isolines
the two outside rows were left intact, and two rows were and Avena sativa cv. Vasse
left between sampling dates. Each plant was measured at its

The oat cultivar used in 2000 showed a pattern ofhighest point without disturbing the canopy and was then
height development similar to all three wheat heightremoved. The number of live tillers was counted on each plant.
near-isolines although it was similar in its final heightGreen leaf area was measured using a LI-COR (Lincoln, NE)
to the dwarf lines of Maringa and KCD (Fig. 4). APDLI-1300 area meter, and plant dry weight (material above the
was shorter than equivalent height lines of Maringa andcrown node only) was recorded after drying at 80�C for 48 h.
KCD and also achieved its maximum height later duringGrain at maturity was threshed by hand and weighed; 1000-
development. The wheat backgrounds also differed ingrain weight and harvest index were determined. Growing

degree days (GDD) were calculated above a base temperature various other traits when growing in monoculture. For
of 0�C. example, Maringa produced the largest number of tillers

while APD produced the fewest. APD also produced
smaller biomass and grain yield (Table 2) despite havingData Analysis

All measured variables were examined within a sample
date by analysis of variance for a randomized complete block
design, using the Minitab (State College, PA) statistical pack-
age. Means were compared using the least significant differ-
ence for the appropriate a priori contrasts. After anthesis and
where the attribute had reached an asymptote (determined
by eye), data were combined across the last three sample dates
to achieve greater precision in comparisons of treatments.
There was no indication that any data transformation was
required. For each date, the relative performance (RP) of
each species was calculated as the mean value of the measured
attribute in mixture divided by its mean value in monoculture.
Thus, if growth in mixture is unaffected by the identity of the
neighboring species, RP will maintain a value of 1.0; if species
B has a larger effect on A than A does on itself, then the RP
of A will fall below 1.0, and so on. Thus, we can plot the
time course of competitive hierarchy of the two species. A

Fig. 1. Height of oat [Avena strigosa cv. Saia] (*) and three near-disadvantage is that statistical analysis of RP is difficult. How- isogenic height lines of wheat cultivar Maringa in 1999. Symbols
ever, where the plant attribute (such as mass) differs signifi- indicate the wheat height line: � � tall, � � semidwarf, and
cantly between mixture and monoculture, the RP can be con- � � dwarf. Vertical bars indicate the standard error within a

sample date.sidered to differ from unity.
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Table 1. Components of yield and other parameters for three wheat height near-isolines of wheat cultivar Maringa and oat in 1999.

Final 1000-grain Heads Grains Grain yield Plant Harvest
height weight per plant per head per plant mass index

cm g g %
Wheat

Tall—monoculture 78.7 39.9 1.53 19.7 1.20 3.47 34.6
Tall—mixture 76.3 36.5 2.47 21.3 1.81 5.39 32.8
Semidwarf—monoculture 63.0 32.8 1.73 22.2 1.25 3.77 33.2
Semidwarf—mixture 67.3 34.5 2.00 20.2 1.41 4.10 34.6
Dwarf—monoculture 38.0 19.6 1.87 16.0 0.61 2.60 22.8
Dwarf—mixture 38.3 26.9 2.33 17.9 1.10 3.73 30.2
SE 2.52 2.08 0.19 1.24 0.15 0.57 1.62
P for:

Height line �0.001 �0.001 NS �0.05 �0.01 NS �0.001
Mixture vs. monoculture NS NS �0.01 NS �0.01 �0.05 NS
Interaction NS 0.08 NS NS NS NS �0.05

Oat
Monoculture 76.3 – 1.87 – – 2.86 –
Mixture—tall wheat 76.2 – 1.47 – – 1.67 –
Mixture—semidwarf wheat 70.1 – 1.64 – – 1.63 –
Mixture—dwarf wheat 72.2 – 1.93 – – 2.19 –
SE 4.0 – 0.27 – – 0.33 –
P NS – NS – – NS –

the highest harvest index. Highest harvest indices were
commonly achieved by the shortest height lines.

All three dwarf wheat isolines, when grown in mix-
ture, grew poorly when compared with monoculture
though the corresponding growth of oat was affected
little in mixture (Table 2 and Fig. 5). On average, wheat
produced less grain and fewer heads per plant in mixture
than in monoculture. There was no significant influence
of wheat line on the sizes of oat plants at maturity
(Table 3). The onset of competitive superiority of oat
over wheat (as indicated by the point of divergence of
their RP lines) varied among the three genetic back-
grounds (Fig. 5.). For KCD, wheat and oat were almost
equal competitors throughout growth. For APD, oat
tended to be more competitive than wheat from about
800 GDD onwards, with oat being most dominant over
the dwarf isoline. For Maringa, the dwarf isoline was
again the least competitive, being suppressed by oat,
whereas the semidwarf was slightly more competitive
than oat (only significant at one sample date) and the
tall isoline was not significantly different in mixture
than monoculture.

Effect of Irrigation on the Competitiveness
of Wheat Height Isolines with

Avena sativa cv. Vasse
Irrigation had no obvious effect on plant height of

either species in the later sowing date in 2000 (Table 4).
However, wheat growing in monoculture under irriga-
tion tended to produce heavier plants with more stems,
heavier grains, and greater harvest index, leading to
greater grain yields than under dryland conditions. Simi-
larly, oat plants also tended to be larger under irriga-
tion (Table 5).

Under both dryland and irrigated conditions, dwarf
isolines in monoculture produced plants with lower bio-
mass, fewer heads, and lower grain yield than the taller

Fig. 2. Biomass over time for (a) wheat cultivar Maringa and (b) oat isolines (Table 4). Mean grain size also tended to be
(Avena strigosa cv. Saia) in monoculture (solid lines and solid reduced for dwarf isolines, but this was not significant.
symbols) and replacement mixtures (dotted lines and open sym- Under irrigation, harvest index was significantly higherbols) in 1999. Symbols indicate the wheat height line used: � �

in the dwarf isoline.tall, � � semidwarf, and � � dwarf; oat monoculture is shown
by *. Vertical bars indicate the standard error within a sample date. Wheat plant mass, grain yield, and heads per plant
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Fig. 3. Relative performance, as measured by the ratio of plant mass
in mixture to plant mass in monoculture, for oat [Avena strigosa
cv. Saia] (�, �, and �) and three height lines of wheat cultivar
Maringa in 1999: tall (�), semidwarf (�), and dwarf (�). The Fig. 4. Height of oat [Avena sativa cv. Vasse] (*) and three near-
horizontal line indicates the expected value for equal mass in mix- isogenic height lines of (a) wheat cultivar Maringa, (b) APD, and
ture and monoculture. Asterisks indicate those observations for (c) KCD in 2000. Symbols indicate the wheat height line: � � tall,
which mixture biomass significantly differs from monoculture (P � � � semidwarf, and � � dwarf. Vertical bars indicate the standard
0.05), i.e., relative performance is significantly different from 1.0. error within a sample date.

dryland), there appeared to be a reversal of the competi-were, with one exception (tall, dryland), reduced by
tive hierarchy, with wheat being the better competitorgrowing in mixture (Table 4). Oat plants tended to be
until the final two harvests (although this was not signifi-smaller when growing with the tall isoline, but this was
cant). With irrigation, oat plants tended to be morenot significant (Table 5). Time courses of RP showed
competitive than wheat, regardless of the height of thedivergence (i.e., the establishment of competitive supe-
wheat line. However, in dryland conditions, the tallerriority) after about 800 GDD in all cases except for the
wheat lines tended to compete equally with oat.tall line under dryland conditions (Fig. 6). In that case,

wheat was the better competitor after 1500 GDD. For Comparisons among Experimentsthe two shorter-height lines, there was a tendency for
this competitive superiority to decrease toward maturity There were a few differences among experiments in

environmental conditions and field procedures that areunder both irrigation regimes. In one case (semidwarf,
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Table 2. Components of yield and other parameters for wheat height near-isolines in 2000.

Final 1000-grain Heads Grains Grain yield Plant Harvest
height weight per plant per head per plant mass index

cm g g %
Maringa

Tall—monoculture 94.1 35.6 3.20 23.4 2.69 9.89 27.0
Tall—mixture 88.5 34.8 3.13 22.9 2.51 9.00 27.7
Semidwarf—monoculture 81.0 30.9 3.07 24.4 2.07 6.56 31.5
Semidwarf—mixture 94.8 27.1 3.20 27.4 2.20 9.01 25.8
Dwarf—monoculture 52.4 31.5 3.53 25.8 2.76 7.80 35.4
Dwarf—mixture 45.3 30.1 3.60 17.2 1.74 4.35 39.6

APD
Tall—monoculture 89.5 32.4 2.33 28.8 2.01 5.80 34.7
Tall—mixture 85.2 30.0 1.73 33.9 1.77 4.94 35.5
Semidwarf—monoculture 69.1 32.1 2.00 31.4 2.00 5.56 36.9
Semidwarf—mixture 72.3 32.2 1.80 33.7 1.92 4.91 39.2
Dwarf—monoculture 49.3 25.4 1.80 36.1 1.66 4.24 39.1
Dwarf—mixture 47.7 24.6 1.20 32.2 0.93 2.13 43.4

KCD
Tall—monoculture 105.4 32.3 2.93 30.0 2.87 10.65 26.7
Tall—mixture 100.5 39.9 2.73 25.0 2.18 10.59 21.2
Semidwarf—monoculture 87.9 35.4 2.93 30.6 3.15 9.80 32.2
Semidwarf—mixture 73.5 35.4 2.40 38.1 2.73 8.67 31.1
Dwarf—monoculture 62.5 38.9 2.87 25.7 2.82 8.28 33.8
Dwarf—mixture 61.9 35.5 2.20 33.1 2.59 7.05 37.0
SE 6.13 3.97 0.26 5.55 0.37 1.08 1.96
P for:

Height line �0.001 0.09 �0.001 NS �0.01 �0.001 �0.001
Monoculture vs. mixture NS NS �0.05 NS �0.05 NS NS
Interaction NS NS NS NS NS NS NS

worthy of further exploration. Maringa was sown in all smaller than in similar experiments in 2000 (Cousens et
al., 2003). This probably reflects the low rainfall of 1999experiments, but plants were notably smaller in 1999

than in 2000. Plants of A. strigosa in 1999 were also during early growth, particularly in July and September.

Fig. 5. Relative performance, as measured by the ratio of plant mass in mixture to plant mass in monoculture, for oat (Avena sativa cv. Vasse)
and three height lines of wheat cultivar Maringa (row i), APD (row ii), and KCD (row iii) in 2000: tall (column a), semidwarf (column b),
and dwarf (column c). Solid symbols refer to wheat and open symbols to oat. The horizontal line indicates the expected value for equal mass
in mixture and monoculture. Asterisks indicate those observations for which mixture biomass significantly differs from monoculture (P �
0.05), i.e., relative performance is significantly different from 1.0.
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Table 5. Final harvest parameters for oat competing with heightTable 3. Final harvest parameters for oat competing with wheat
height near-isolines in 2000. near-isolines of wheat cultivar Maringa in 2000, sown late under

dryland conditions or with supplementary irrigation.
Final Heads Plant
height per plant mass Final Heads Plant

height per plant mass
cm g

cm gMonoculture 57.6 2.07 9.09
IrrigationMixture with:

Monoculture 53.8 4.40 9.06Maringa tall 62.5 1.87 8.31
Mixture with: tall wheat 52.2 3.33 8.45semidwarf 58.9 1.67 6.70

semidwarf wheat 51.9 3.67 8.72dwarf 52.0 1.67 9.76
dwarf wheat 49.3 3.33 9.47APD tall 62.9 1.87 11.71

SE 1.15 0.34 0.82semidwarf 61.3 1.60 9.75
P NS NS NSdwarf 60.4 1.80 9.38
DrylandKCD tall 74.9 1.60 7.09

Monoculture 53.9 3.27 8.10semidwarf 72.2 1.93 7.65
Mixture with: tall wheat 42.6 2.38 5.29dwarf 72.9 1.53 9.23

semidwarf wheat 48.0 3.33 8.66SE 7.76 0.21 1.29
dwarf wheat 49.7 3.33 8.55P NS NS NS

SE 0.84 0.44 1.54
P �0.01 NS NS

Plants had very few fertile tillers and little green leaf
area at anthesis. As a result, competition for light would relative patterns of height growth. Increases in the avail-
have been much less than in a year of average to high ability of water and/or nutrients would thus both in-rainfall. It is possible that site conditions could have crease the sensitivity of competition to plant height andhad some influence as a neighboring field was used make reversals of competitive hierarchy more likely.in 1999: The soil type was very similar, but the weed

No evidence was found to support the alternative hypothe-population appeared to be considerably higher (though
sis that reversals in competitive hierarchy are driven bythese were controlled). The competitive superiority of
patterns of phenological development (Cousens et al.,wheat in 1999, compared with the superiority of oat in
2003).2000, appears to be due to the oat taxon used in that

In the present paper, in a very dry year and with ayear. In other experiments (Cousens et al., 203), A.
late-maturing oat cultivar, we found that three wheatstrigosa cv. Saia was a poorer competitor than A. sativa
height isolines performed similarly under competition;cv. Vasse.
there were no reversals of competitive hierarchy even
when (for the semidwarf and dwarf cultivars) the wheatDISCUSSION was overtaken in height later in the season. Wheat was
more competitive than oat in the dry year. In a slightlyIn a previous paper (Cousens et al., 2003), we pro-

posed that the relative heights of competitors will only wetter year with an earlier-developing/larger-leaved oat
cultivar, whether sown early or late and whether underbe an important factor in competition when above-

ground competition for light is strong. Moreover, rever- natural rainfall or with supplementary irrigation, oat
was competitively superior to very short dwarf wheatsals in competitive hierarchy during the season would

only occur in those situations if they were driven by lines. Competitiveness among taller wheat height lines

Table 4. Components of yield and other parameters for three wheat height near-isolines of wheat cultivar Maringa in 2000, sown late
under dryland conditions or with supplementary irrigation.

Final 1000-grain Heads Grains Grain yield Plant Harvest
height weight per plant per head per plant mass index

cm g g %
Irrigated

Tall—monoculture 84.2 20.0 5.40 34.1 3.62 12.85 28.7
Tall—mixture 91.6 23.7 3.60 32.3 2.74 9.03 30.5
Semidwarf—monoculture 83.5 18.6 3.80 35.2 2.54 7.96 32.2
Semidwarf—mixture 78.9 20.9 3.40 31.6 2.32 7.11 32.4
Dwarf—monoculture 47.5 18.0 3.27 33.2 1.98 5.87 33.8
Dwarf—mixture 44.8 16.7 2.47 37.3 1.61 4.78 34.2
SE 2.33 1.88 0.53 4.00 0.56 1.86 1.14
P for:

Height line �0.001 NS �0.05 NS 0.094 �0.05 �0.01
Mixture vs. monoculture NS NS �0.05 NS NS NS NS
Interaction 0.068 NS NS NS NS NS NS

Dryland
Tall—monoculture 88.7 19.6 3.47 30.9 2.04 7.44 27.5
Tall—mixture 89.6 17.8 3.97 35.8 2.46 8.87 27.7
Semidwarf—monoculture 75.7 18.8 3.53 31.9 2.14 7.11 30.0
Semidwarf—mixture 75.9 17.6 2.87 33.7 1.70 5.55 30.3
Dwarf—monoculture 43.5 16.6 2.80 29.9 1.40 4.65 29.8
Dwarf—mixture 41.6 14.6 2.40 24.9 0.90 3.50 25.5
SE 3.30 1.74 0.36 3.86 0.30 0.91 1.51
P for:

Height line �0.001 NS �0.05 NS �0.05 �0.01 NS
Mixture vs. monoculture NS NS NS NS NS NS NS
Interaction NS NS NS NS NS NS NS



1312 AGRONOMY JOURNAL, VOL. 95, SEPTEMBER–OCTOBER 2003

Fig. 6. Relative performance, as measured by the ratio of plant mass in mixture to plant mass in monoculture, for oat (Avena sativa cv. Vasse)
and three height lines of wheat cultivar Maringa sown late in 2000 under dryland conditions (row i) or supplemented by irrigation (row ii):
tall (column a), semidwarf (column b), and dwarf (column c). Solid symbols refer to wheat and open symbols to oat. The horizontal line
indicates the expected value for equal mass in mixture and monoculture. Asterisks indicate those observations for which mixture biomass
significantly differs from monoculture (P � 0.05), i.e., relative performance is significantly different from 1.0.

and oat varied among wheat genetic backgrounds and Again, it is possible that the treatments included in this
study were not sufficiently different: The effect mayexperiments, but oat and wheat tended to have similar

effects on each other. occur under conditions that lead to an even greater
LAI, such as higher plant densities and greater fertilizerThese experimental results thus support the hypothesis

that height will only be important when there is more in- application. Hence, we must conclude that the reasons
for late reversals in competitive hierarchy betweentense competition for light. Seefeldt et al. (1999) also found

that the percentage yield loss of a dwarf (Rht1�Rht2) line wheat and oat in some experiments remain unclear.
While the competitive environment of late-sownwas greater than that of taller lines while the reduction

of weed seed production was greatest for taller lines. plants was modified by a single irrigation regime, a more
comprehensive series of water and nutrient additionsComparisons among crop cultivars often (but not al-

ways) find that competitiveness is correlated with height for midseason sowings could lead to greater clarity. Such
experiments have been conducted previously for weeds(Lemerle et al., 2001). To a certain extent, the strength

of such correlations will depend on whether the cultivars in additive experimental designs (e.g., Mortensen and
Coble, 1989) but not with respect to the temporal devel-included in the experiment differ in major, or only mi-

nor, height genes. Studies of cultivar competitiveness opment of competitive effects. Moreover, most conclu-
sions concerning the temporal effects of weeds arehave usually been conducted under conditions that are

either of reasonable rainfall or are well watered. We drawn indirectly from the effects of time of weed re-
moval on crop yield (Zimdahl, 1999). If we aim to de-are not aware of any studies of the competitiveness

of height lines that have been undertaken under low velop an understanding of weed–crop competition that
is as soundly based as our understanding of crop growth,rainfall conditions.

Reversals of height advantage were seen for dwarf we need to take a more physiological approach to the
study of weeds and take the appropriate measurements.and semidwarf wheat in 1999 (Fig. 1) and for dwarf

Maringa, dwarf KCD, and semidwarf APD in 2000 Presence of the Rht-B1b and Rht-D1b dwarfing genes
is associated with concomitant reductions in leaf area(Fig. 4: in all three cases, the changes in height advantage

were only marginal). However, late reductions of com- early in the season (Richards, 1992; Rebetzke and Rich-
ards, 1999). This reduction has been observed previouslypetitive superiority, as shown by the RP in mixture, were

apparent (but not significant) only for the semidwarf for the Maringa (Keyes and Paolillo, 1989) and KCD
and APD (Richards, 1992) height near-isolines used inMaringa height line under dryland conditions when

sown late (Fig. 6). The hypothesis that reversals of com- the current study. Other dwarfing genes are available
that reduce plant height, reducing plant lodging andpetitive hierarchy occur when there is a reversal of

height advantage during growth is not supported. How- increasing grain yield (e.g., Rht4, Rht8, and Rht12) but
do not reduce leaf area or shorten coleoptile lengthever, it is still possible that the effect might occur in

situations where the changeover in relative heights is (Rebetzke and Richards, 2000). Indeed, presence of
these gibberellin-responsive dwarfing genes enables se-greater. The hypothesis that reversals of competitive

dominance will be more apparent under the most inten- lection of wheat with even greater leaf area develop-
ment early in the season (Botwright et al., 2003).sive aboveground competition is also not supported.
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