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ABSTRACT. We investigated the effect of nitrogen fertilizer on the competitive balance between
spring wheat (Triticum aestivum L.) and volunteer oilseed rape (Brassica napus L.). The nature of
the response of the species was also studied through evaluations of canopy structure and N
absorption. Wheat and weed were sown in the field in monocultures and mixtures, receiving
each of three nitrogen fertilizer levels (0, 40 and 100 kg/ha N). Aerial biomass production and N
content were determined at four times during the experiment. Light interception and plant height
were measured twice and relative leaf area was periodically evaluated using a point quadrat
method. Nitrogen fertilizer increased biomass yield of both wheat and oilseed rape, but signifi-
cantly altered the competitive balance between the two species. The crop was more competitive
than the weed at low soil N availability. However, they were equally competitive at the highest N
fertilizer level; significant crop losses due to weed competition were observed only under this
situation. Total light interception was greater under the 100 kg/ha N fertilized (87%) than under
the unfertilized treatment (40%). Observations of the structure and development of the canopies
showed that the crop had access to relatively more light at low than at high soil N when in
competition with volunteer oil seed rape. The oilseed rape N absorption was significantly lower
in crop-weed mixtures than in monocultures for any N fertilizer treatment, but crop N absorp-
tion was only reduced at high N fertilizer doses. Soil fertility manipulation has to be considered
part of wheat�s integrated weed management programs.

RESUMEN. La fertilización con nitrógeno y el balance competitivo entre trigo (Triticum aestivum
L.) y poblaciones espontáneas de colza (Brassica napus L.): Se investigó el efecto de la fertiliza-
ción nitrogenada sobre el balance competitivo entre trigo (Triticum aestivum L.) y colza (Brassica
napus L.). Los mecanismos de respuesta a la competencia fueron estudiados a través de evalua-
ciones en la estructura del canopeo y la absorción de N de cada especie. En un experimento a
campo se sembró trigo y colza en monoculturas y en mezclas con tres niveles de fertilización
nitrogenada (0, 40 y 100 kg/ha N). Se evaluó la producción de biomasa aérea y el contenido de N
de ambas especies en cuatro momentos del ciclo de trigo. La intercepción de radiación y la altura
de las plantas se midió dos veces durante el experimento y el área foliar de trigo y maleza fue
determinada periódicamente en parcelas puntuales por medio de un instrumento óptico. La apli-
cación de N aumentó la producción de biomasa de trigo y la maleza al mismo tiempo que modi-
ficó el balance competitivo entre ambas especies. El trigo fue más competitivo que la maleza en
condiciones de baja disponibilidad de N. En cambio, fue igualmente competitivo a la dosis más
alta de N, disminuyendo significativamente el rendimiento del cultivo. La radiación intercepta-
da fue mayor con dosis de 100 kg/ha N (87%) que aquellas sin fertilizar (40%). El análisis de la
estructura y desarrollo del canopeo reveló que el trigo tuvo acceso a una mayor cantidad de
radiación en competencia con la colza en bajas dosis de N. La cantidad de N absorbida por la
maleza fue significativamente menor en las mezclas con trigo que en sus monoculturas en las tres
dosis ensayadas. Sin embargo, la absorción de N por el trigo sólo se redujo en la dosis más alta.
Estos resultados sugieren que la manipulación de la fertilidad edáfica debería ser considerada en
el diseño de estrategias integradas para el manejo de malezas.
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INTRODUCTION

Weed competition effects on crops are one
of the most important causes of yield losses
(Eussen 1982; Koch et al. 1982; van Heemst
1985). Since the appearance of herbicides in
the 1950s, much effort has been invested to
reduce the effects of weeds through their use,
especially in developed countries (Le Baron
1991). Relatively little effort has been invested
in effective non chemical control practices sup-
ported on studies of crop weed interactions
(Liebman & Dyck 1993), although it is now
recognized that continuous herbicide use may
cause contamination of the environment and
herbicide resistance in weeds (Kropff & Lotz
1992; Wyse 1992; Mortimer & Maxwell 1994).
Therefore, there is an increasing need to im-
prove the understanding of weed interference
processes for developing integrated weed
management systems, where crop manage-
ment techniques may be considered effective
parts of weed control methods (Ghersa et al.
2000).

Several wheat (Triticum aestivum L.) manage-
ment techniques have been evaluated for their
effect on weeds. Attention has been concentra-
ted in crop practices such as cultivar selection,
plant arrangement and density. Differences in
competitive ability among wheat cultivars
have been reported (e.g., Valenti et al. 1983;
Challaiah et al. 1986; Satorre & Guglielmini
1990; Satorre & Snaydon 1992; Lanning et al.
1997) and the reduction of weed yield when
increasing crop density has been also studied
(e.g., Cousens et al. 1985; Satorre & Arias 1990;
Hashem et al. 1998). Some research has shown
that fertilizer use can greatly modify the com-
petitiveness of either crops or weeds in weed
control programs, but this depends on: 1) the
factor(s) for which crop and weed compete,
and 2) the relative response of crop and weed
to applied nutrients (Satorre 1988). The avail-
able information on wheat crops suggests that
fertilizer increase the competitive ability of the
crop relative to the weed (e.g., Naylor 1972;
Valenti et al. 1983; Valenti & Wicks 1992),
though sometimes there may be no effect
(Wells 1979; Henson & Jordan 1982) and, in
other cases, fertilizer application has increased
the competitive ability of the weed (Rerkassem
et al. 1980; Carlson & Hill 1986; Satorre &
Snaydon 1992; Sindel & Michael 1992). Differ-
ential responses between crop and weed to

applied fertilizer should be considered in ra-
tional weed control decision making, particu-
larly in low input crop production systems.
This would require a thorough understand-
ing of the nature of crop�weed balance under
various soil fertility conditions.

Various species of Cruciferae are among the
most noxious weeds of spring wheat crops.
Cruciferae species are densely distributed in
the main wheat producing areas of Argentina,
and high crop losses have been reported be-
cause of these weeds (Satorre & Arias 1990;
Leaden 1995). Moreover, some Brassica napus
(L.) genotypes are important cultivated oilseed
plants, and their wild forms and volunteer
plants are recognized as highly competitive
weeds that can seriously reduce wheat yield
(Hanf 1983; Jensen 1991). This paper presents
data from a field experiment with wheat and
volunteer oilseed rape (B. napus) as a weed.
The objectives of this research were to evalu-
ate the effect of different N fertilizer applica-
tions on crop and weed competitive balance
and to identify the mechanisms involved in
the differential response of both component
species to soil N availability when in competi-
tion.

MATERIALS AND METHODS

The study was conducted during 1992 at the
experimental unit of the Plant Production
Department, Universidad de Buenos Aires
(34°35'S; 58°29' W, 25 m.a.s.l.) on a silty clay
loam (Vertic Argiudol) soil. The experimental
area was sown with wheat as a cover crop two
months before the experiment, to deplete soil
N levels. Just before planting the experiment,
the wheat was cut 2 cm above ground with a
lawn-mower and the plant material was dis-
posed away from the experimental site. After-
wards, the area was rototilled twice to form
the seedbed.

Wheat as the crop and oilseed rape as the
weed, were sown on 23 July in a split plot de-
sign in three complete blocks. Nitrogen fertil-
izer applications (the equivalent of 0, 40 and
100 kg/ha N) constituted main plots. Additive
mixtures of crop and weed density (1:1) and
monocultures of the crop and weed consti-
tuted subplots. Urea fertilizer (46-0-0) was
hand applied before sowing and incorporated
in the soil with the second pass of the rototiller.
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Each experimental unit consisted of 13 crop
rows, 0.15 m apart and 5 m long. Spring wheat
seeds (cv. Marcos Juárez INTA) were placed
by hand in rows and oilseed rape seeds
(collected from a field grown plot of the com-
mercial hybrid Iciola 41) were broadcast im-
mediately after the crop was sown. Crop and
weed seeds were lightly covered with a
handrake. Crop and weed emerged simulta-
neously and both components were thinned
to 330 plants/m2 closely after emergence; other
spontaneous weed species were handweeded
periodically from all treatments. Plant density
was set high to assure full competition be-
tween crop and weed and to avoid any effect
of density on competition indexes (Satorre
1988). Meteorological data (max. and min. air
temperature and precipitation) were obtained
from a weather station located 500 m from the
experimental field. Climatic variables for the
period 1986�1999 at this site were used to com-
pare the experimental conditions with prevail-
ing conditions in the area. Crops were rainfed
but no water deficit was evident at any time
during the experiment. Insecticide (Di-
methoate) was used to control aphids.

Canopy structure was evaluated weekly with
a point quadrat procedure using an optical
device as described by Beaumer & de Wit
(1968) and Ghersa & Martínez Ghersa (1991).
Seven point quadrats were randomly assigned
to each of six positions around each experi-
mental unit, i.e., 42 point quadrats at an angle
of 45° were recorded per subplot at each of the
10 weeks observation period. Relative leaf area
of wheat (Rw) and of B. napus (Rb) were calcu-
lated as:

42
Nw

Rw =
  and  

42
Nb

Rb =   ,

where Nw and Nb are the number of point
quadrats intercepting crop and weed leaves,
respectively. This method estimates how the
light resource is partitioned among compo-
nents in mixtures.

The photosynthetically active radiation (PAR)
was measured at ground level and above the
crop using a 1 m long linear photon flux sen-
sor (LI 191 S, Licor Inc., Lincoln NE, USA).
Canopy light interception was calculated as
the ratio of the difference between PAR above
and at ground level to above measured radia-
tion. PAR at ground level was measured by

inserting the linear sensor parallel to ran-
domly chosen central interrows of each plot.
Measurements were taken on clear sunny
days during the 2 h period around solar noon,
at day 54 and day 76 after sowing. Crop and
weed plant height were also measured 75 and
106 days after sowing.

A decimal code was used to periodically reg-
ister crop (Zadoks et al. 1974) and weed phe-
nology (Lancashire et al. 1991). Above-ground
biomass was harvested at four occasions. One
0.21 m2 sample area was harvested from each
subplot at the terminal spikelet initiation stage
(60 days), booting (80 days) and anthesis
(90 days) and 0.42 m2 sample plots were taken
at crop maturity (130 days). In all samples,
plant material of each species was separated,
oven-dried at 70 °C and weighed. Once
weighed, all plant fractions were ground in a
hammer mill and total N concentration was
determined by Kjedahl digest combustion. At
crop maturity grain yield was also determined.

Analyses of variance were performed for all
variables at each sampling date, except for rela-
tive leaf area measurements that were ana-
lyzed considering sampling time as a factor.
Crop and weed biomass data were trans-
formed to decimal logarithms to homogenize
variance. Aggressivity (AG) indices (McGilchrist
& Trenbath 1971), which consider the effect of
competition on both the crop and the weed,
were calculated as:

RWYRCY
RWYRCY

AG
+

-
=  ,

according to the modification introduced by
Satorre (1988), where RCY and RWY are the
ratios of the biomass yield per unit area of crop
and weed in mixtures to their biomass yield
in monocultures, respectively. When AG > 0
the crop is more competitive than the weed,
and if AG < 0 the weed is more competitive
than the crop; AG = 0 means that crop and
weed were equally competitive. Analyses of
variance were also performed on AG values.

RESULTS

Climatic variables

Monthly average temperature and precipi-
tation registered during the experiment and
calculated from a 14-years data series are
shown in Table 1. Monthly precipitation val-
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ues were close to the used series average for
all months during the experiment but, regis-
tered temperatures tended to be lower than
the 1986�1999 average values. However, tem-
perature deviations were greater at the begin-
ning and at the end of the crop growing cycle
(i.e., July and November) and were low dur-
ing the active crop and weed growth periods
(Table 1).

Crop and weed yield

Nitrogen fertilizer increased biomass yield of
both crop and weed (P < 0.05). Mean biom-
ass of wheat in monocultures varied between
334 and 962 g/m2 at maturity for 0 and
100 kg/ha N, respectively, while weed biom-
ass in monoculture increased from 110 to
516 g/m2 for 0 and 100 kg/ha N, respectively
(Figure 1a,b). Weed competition consistently
reduced wheat dry matter in the early stages
at the 100 kg/ha N treatment (Figure 1a). At
maturity, there were no significant differences
in wheat dry matter in monocultures and
weed infested plots in the two low soil N treat-
ments (P > 0.05). In contrast, weed competi-
tion reduced crop biomass by 35% in the
100 kg/ha N treatment. Looking at the effect
of the crop on the weed, wheat competition
significantly (P < 0.01) reduced weed biom-
ass in mixtures. Biomass reduction of the weed
was higher (P < 0.01) than that experienced
by the crop, particularly from the crop boot
stage at the low soil N level treatments (0 and
40 kg/ha N), i.e., weed biomass reduction av-
eraged 78% at low soil N availability, while at
high soil N weed biomass reduction only av-
eraged 49% (Figure 1b).

There were significant differences (P < 0.05)
among treatments for the aggressivity of the

crop relative to the weed at anthesis (Table 2).
Aggressivity indices reflected the change in
competitive balance under the various soil N
conditions. When 100 kg/ha N was applied,
wheat and volunteer oilseed rape had almost
the same competitive ability, since the aggres-
sivity value (0.207) was not significantly
different from zero. However, when 0 or
40 kg/ha N was applied, the crop was signifi-
cantly more competitive than the weed
(AG = 0.769 and 0.731, respectively).

Crop grain yield was affected by N applica-
tion and weed competition in a similar way
as crop biomass at maturity, i.e., grain yield
was almost unaffected by weed competition
at 0 and 40 kg/ha N but it was reduced by 44%
due to weed competition when 100 kg/ha N
was applied (Table 2).

Table 1. Monthly mean temperature and precipitation values in 1992 and 1986�1999 for the period of the
experiment. Probabilities of 1992 values in a normalized distribution estimated from the 1986�1999 data
series are also presented.
Tabla 1. Temperatura media mensual y valores de precipitación de 1992 y de la serie 1986�1999 para el perío-
do comprendido por el experimento. Se presentan los valores de probabilidad normalizados de 1992 estima-
dos a partir de la serie 1986�1999.

Temperature (°C) Precipitation (mm)

Jul Aug Sep Oct Nov Dec Jul Aug Sep Oct Nov Dec

1992 8.7 12.7 14.4 18.1 18.3 23.2 46.5 78.1 67.5 135.8 89.1 138.6
1986�1999 11.3 13.4 14.7 17.7 20.7 23.7 50.8 72.4 57.1 115.6 110.7 131.5
Probability 0.04 0.27 0.38 0.69 0.01 0.34 0.45 0.54 0.65 0.65 0.38 0.54

Table 2. Log10 transformed wheat yield at harvest (g/
m2) in monocultures and mixtures with crop
aggressivity indexes (AG) at anthesis. Arithmetic val-
ues are presented between brackets. SE for individual
values of wheat yield and crop AG are presented
(n = 3).
Tabla 2. Valores transformados logarítmicamente
(Log10) del rendimiento de trigo (Wheat yield; g/m2)
en monoculturas y mezclas e índices de agresividad
del cultivo (AG) en antesis. Los valores aritméticos
son presentados entre paréntesis. SE: Error estándar
de los valores individuales para el rendimiento de
trigo y del índice de agresividad del cultivo (n = 3).

Wheat yield (g/m2)
N level
(kg/ha) Monoculture Mixture

AG at
anthesis

0 2.141 (138) 2.134 (136) 0.769
40 2.358 (228) 2.289 (195) 0.731
100 2.649 (446) 2.402 (252) 0.207
SE 0.048 0.089
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Canopy structure and light use

Crop and weed canopies developed simul-
taneously. However there were slight pheno-
logical differences between the species.
Volunteer oilseed rape plants began to flower
at the booting stage of wheat and total wheat
growth period until maturity was 20 days
longer than the weed growth period.

Intercepted radiation in monocultures and
mixtures increased (P < 0.05) with N applica-
tion at both sampling dates: the amount of
light intercepted by mixtures canopy 54 and
76 days after sowing varied from 22% and 40%
in unfertilized plots to 85% and 92% in
100 kg/ha N treatments, respectively (Table 3).

The relative leaf area of crop and weed direc-
tly intercepting light was significantly differ-
ent among treatments (Figure 2a�c). Nitrogen
application affected the relative leaf area of
crop and weed in monocultures and mixtures.
Crop and weed monocultures in the 0 kg/ha N
treatment reached maximum relative leaf area
values of 79% and 40%, respectively, while on
plots with 100 kg/ha N fertilizer application,
maximum values of relative leaf area in mo-
noculture were 98% for the crop and 93% for
the weed. Moreover, the relative leaf area of
the weed when in competition with the crop
was significantly (P < 0.01) lower at 0 kg/ha N
than at 100 kg/ha N treatments, i.e., the weed
had access to relatively less light at low than
at high soil N levels when in competition with
the crop (Figure 2a�c).

Crop and weed height were increased
(P < 0.05) by N fertilizer application. Compe-
tition from volunteer oilseed rape did not af-
fect wheat height at any fertilizer treatment.
However, weed height was significantly redu-
ced (P < 0.001) by crop competition 106 days
after sowing at 0 and 40 kg/ha N. Weed height
was almost unaffected at 100 kg/ha N (Table 3).

Nitrogen use by crop and weed

The crop and the weed absorbed more N
(P < 0.05) at all growth stages when
100 kg/ha N was applied (Table 4). At nil or low
(40 kg/ha) N applications, total N absorbed by
the crop in monocultures and in mixtures did
not significantly differ. However, volunteer oil-
seed rape plants absorbed significantly less N
in mixtures than in weed monocultures. When
100 kg/ha N was applied, the crop and the

Figure 1. Plant dry matter of a) wheat and b) volun-
teer oilseed rape and in competition with others spe-
cies at three nitrogen fertilizer levels (0, 40 and 100 kg/
ha N). Vertical lines indicate SE for individual values
at each sampling date (n = 3).
Figura 1. Materia seca de a) trigo y b) colza en com-
petencia con tres niveles de fertilización nitrogenada
(0, 40 y 100 kg/ha N). Las líneas verticales indican el
EE de los valores individuales para cada momento
de muestreo (n = 3).
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weed, in competition, tended to absorb simi-
lar amounts of N from the soil, despite the fact
that the weed absorbed significantly more N
than the crop at booting when in monocul-
ture (Table 4). The ratio between the biomass
produced and the N absorbed by plants (N use
efficiency) tended to be greater in wheat than
in rape at low soil N availability (Table 5).

DISCUSSION

Nitrogen was the main factor limiting crop
and weed growth in either monocultures or
mixtures. This is suggested by the fact that N
application from 0 to 100 kg/ha N increased
most plant attributes of both wheat and oil-
seed rape. Although light became a more im-
portant competition factor and N may have
become less important when N fertilizer dos-
age was increased, it appears that N uptake
and use regulated crop and weed growth, and
their relative contribution to the total leaf area
and biomass produced in mixtures.

Wheat plants had almost the same ability to
capture N as the weed, since the pattern of N
absorption in monocultures was similar be-
tween species (Table 4). However, N use
efficiency was slightly greater in wheat than
in oilseed rape at all soil N levels (Table 5).
When no N fertilizer was applied, competi-
tion effects from oilseed rape on wheat were
low (Figure 1a). Overall low levels of light in-
terception were attained and the crop inter-
cepted most of the incident radiation (Figure 2
and Table 3). Clements et al. (1929) and Donald
(1963) first pointed out that some species may
reduce their ability to compete for light when
in competition for a limiting soil factor such
as N. However, the nature of such responses
in wheat-weed mixtures have been rarely ex-
plored (Exley & Snaydon 1992; Satorre &
Snaydon 1992). In the case of some Cruciferae
species, it is recognized that they are gener-
ally adapted to high N environments. For
example, Liebman & Robichaux (1990) dem-
onstrated that CO2 net assimilation is greatly
reduced in two weedy species of mustard (B.
hirta Moench and B. kaber (DC) L.C. Wheeler)
when leaf N content is lowered, affecting their
performance in mixtures.

It appeared that when 100 kg/ha N was ap-
plied, belowground competition was partially
relieved and the weed was able to take up
more N from the soil, particularly at early
stages of weed growth (Table 4). Under that
condition, weed height and relative leaf area
increased and the volunteer oilseed rape
plants were able to intercept as much light as
the crop (Figure 2). The overall competitive
ability of the crop was, therefore, partially re-
versed by the manipulation of soil fertility,
from AG = 0.769 to AG = 0.207 (Table 2). Sev-

Figure 2. Relative leaf area (%) of wheat and volun-
teer oilseed rape in monocultures (solid lines with
solid symbols) and mixtures (dashed lines with
empty symbols) at three nitrogen fertilizer levels: a)
0, b) 40 and c) 100 kg/ha N. Vertical lines indicate SE
for individual values considering all the samples
throughout the experiment (n = 30): (i) wheat and
(ii) volunteer oilseed rape.
Figura 2. Area foliar relativa (%) de trigo y colza en
monoculturas (línea llena y símbolos llenos) y mez-
clas (líneas punteadas con símbolos vacíos) con tres
niveles de fertilización nitrogenada: a) 0, b) 40 y c)
100 kg/ha N. Las líneas verticales indican el EE de
los valores individuales para los diez momentos eva-
luados (n = 30): (i) trigo y (ii) colza.
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eral other studies with wheat and weeds have
also reported that N application increased the
effects of shoot competition (Aspinall 1960;
Bulmer 1987; Satorre & Snaydon 1992). In ac-
cordance with our results, Liebman (1989) also
found that high doses of N fertilizer applied
to barley-pea intercrops increased white
mustard cv. Kirby (Brassica hirta Moench) com-
petitiveness while the weed was strongly sup-
pressed at low soil N conditions (Liebman
1989; Liebman & Robichaux 1990). The wheat
crop also absorbed more N when 100 kg/ha N
was applied than in either the 0 or 40 kg/ha N
treatments, but this had only a low impact on
crop height and relative leaf area (Figure 2 and
Tables 3 and 4).

It is not surprising that biomass production
of both species in this experiment increased
when high N levels were applied, since both
are crops known to be very responsive. How-
ever, the effect of N on the competitive bal-
ance of the species was not previously evident.
The results clearly suggest that reversal of the
competitive balance between wheat and oil-
seed rape among the different soil N condi-
tions was related to the weeds ability to
modify its access to light.

The reversal of weed competitive ability ex-
plained the interaction found for crop yield
between N fertilizer application and weed
control condition, i.e., crop losses due to weed
competition were negligible at low soil N lev-

Table 3. Light interception (%) of crop and weed in monocultures (Mono.) and mixtures at day 54 and day 76
after sowing, and plant height at harvest (106 days after sowing). SE for individual values of wheat and rape
at each sampling date are presented (n = 3).
Tabla 3. Intercepción de luz (%) por parte del cultivo (Wheat) y de la maleza (Rape) en monoculturas (Mono.)
y en mezclas a los 54 y 76 días después de la siembra y altura de las plantas a la cosecha (106 después de la
siembra). SE: Error estándar de los valores individuales de trigo y maleza para cada muestreo (n = 3).

Table 4. Nitrogen utilization (g/m2) by crop and weed in monocultures (Mono.) and mixtures at three dates
during crop development: terminal spikelet (60), boot (82) and anthesis (92 days after sowing). SE for indi-
vidual values of wheat and rape at each sampling date are presented (n = 3).
Tabla 4. Utilización de nitrógeno (g/m2) por el cultivo (Wheat) y la maleza (Rape) en monoculturas (Mono.) y
mezclas en tres estados de desarrollo de trigo: espiguilla terminal (60), bota (82) y antesis (92 después de la
siembra). SE: Error estándar para valores individuales de trigo y maleza para cada momento (n = 3).

Light interception (%)

54 days 76 days
Height (cm)

106 days

Wheat Rape Wheat Rape Wheat RapeN level
(kg/ha) Mono. Mixture Mono. Mixture Mono. Mixture Mono. Mixture Mono. Mixture Mono. Mixture

0 18 22 11 22 40 40 19 40 60 58 56 40
40 50 51 46 51 63 67 59 67 75 69 90 57

100 63 85 72 85 81 92 83 92 85 90 98 102
SE 5.9 9.6 4.8 8.3 3.5 7.7

Nitrogen utilization (g/m2)

Wheat Rape
N level
(kg/ha) 60 days 82 days 92 days 60 days 82 days 92 days

Monoculture 0.99 2.35 2.11 0.72 1.20 1.90
0

Mixture 0.66 1.56 1.96 0.25 0.19 0.20
Monoculture 1.89 2.87 3.81 3.20 4.81 5.73

40
Mixture 1.79 2.69 4.24 0.82 1.59 0.86
Monoculture 3.64 7.61 8.71 3.98 9.75 9.82

100
Mixture 2.95 4.04 4.60 2.58 3.98 3.71

SE 0.29 1.04 1.11 1.48 1.36 1.21
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els but were high when N level in the soil was
increased. This result has implications for
weed management, particularly since most
wheat producers will tend to reach high crop
yields by applying N fertilizer or choosing fer-
tile fields for their crops. On one hand, the
return from weed control will be higher at
high N availability than at low N availability,
promoting the use of herbicides when N fer-
tilizer is applied. On the other hand, weed
control thresholds and weed density tolerance
are reduced by the increase of relative weed
competitive ability at high N availability, sug-
gesting the need to control volunteer oilseed
rape at a lower weed density in high-N fields
than in low-N fields. Since weed control con-
dition and N availability interact for crop grain
yield, there is no simple economic substitution
of one crop management technique by the
other, i.e., within the range of conditions ex-
plored in this experiment, more N would con-
tinuously need to be applied to compensate
for yield losses due to the weed as wheat yield
potential increases from almost 1 ton/ha to
2.5 ton/ha (no compensation appeared to be
possible above that yield, since weed relative
competitive ability increases significantly;
Table 2). Under low-input, low-yield manage-
ment systems (i.e., low N fertilizer use) the
expected high relative wheat competitive abil-
ity may prevent yield losses from the weed
and reduce the use of herbicides. From these

results, it may also be suggested that changes
in weed abundance may be promoted by the
increase in crop fertilizer management in the
main wheat producing areas, i.e., B. napus
populations as weeds would become more
important with the increase of N fertilizer use
in the crops; while they will remain as domi-
nated poor competitors in low-N, low-input
wheat crops. However, more research is
needed to confirm this hypothesis.
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