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ABSTRACT: Greenhouse experiments were conducted to compare the competitive ability of sulfonylurea resistant
and susceptible kochia (Kochia scoparia L. Schard) compared to wheat. The results of several replacement series
experiments indicate that wheat was the dominant competitor, and an average of one wheat plant reduced resistant
kochia yield per plant equal to the effect of 4.8 resistant kochia or 5.4 susceptible kochia plants. Intraspeciflc
competition was more important than interspecific competition for wheat, whereas the reverse was true for the
resistant and susceptible kochia. The results of the niche differentiation index (NDI) indicate that wheat and either
resistant or susceptible kochia are only partly limited by the same resources. The resistant and susceptible kochia,
however, are limited by the same resources.
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EFEITOS COMPETITIVOS DA MISTURA DE STANDS DE TRIGO E BIOTIPOS
DE KOCHIA (Kochia scoparia) RESISTENTES E SUSCEPTÍVEIS AOS

HERBICIDAS INIBIDORES DA ACETOLACTASE SINTASE

RESUMO: Experimentos foram instalados em condições de casa-de-vegetação com o objetivo de comparar a capaci-
dade competitiva de biotipos resistentes e suscetíveis aos herbicidas inibidores da enzima acetolactase synthase da
planta daninha kochia (Kochia scoparia L. Schard) comparada com trigo. Os resultados de diversos experimentos,
utilizando a metodologia chamada de substitutiva, indicaram que o trigo foi o competidor dominante, e em média
uma planta de trigo reduziu o crescimento da planta de kochia resistente igual ao efeito de 4,8 plantas de kochia
resistente ou 5,4 plantas de kochia suscetível. A competição chamada de intraespecífíca foi mais importante que a
competição interespecífica para o trigo, porém o inverso foi verdadeiro para os biotípos resistentes e susceptíveis de
kochia. Os resultados do índice de diferenciação ecológica indicaram que trigo e qualquer um dos dois biotípos de
kochia estudados foram limitados apenas parcialmente pelos mesmos recursos de crescimento. No entanto, o
crescimento dos biotípos resistentes e susceptíveis de kochia foram limitados pelos mesmos fatores de crescimento.
Descritores: plantas daninhas, resistência aos herbicidas, sulfonilureas, kochia, competição de plantas.

INTRODUCTION

Kochia is a major broadleaf weed in a
number of crops, and specially in wheat (BLACK
et al., 1969). Several herbicides are used for
kochia control in wheat; however, since 1982,
growers have intensively used sulfonylureas
(acetolactate synthase enzyme inhibitor herbicides)
for weed control on fallow area and in winter
wheat (MALLORY-SMITH et al., 1990). As a
consequence, biotypes of kochia resistant to
sulfonylureas have been isolated from wheat fields

treated with chlorsuifuron (a sulfonylurea
herbicide) for five consecutive years (PRIMIANI et
al., 1990).

Kochia was found to reduce wheat yield
from 15% to 58% when the density of kochia
varied from 4 to 70 plants/m2, respectively
(CHALLAIAH et al., 1983). No data were found
in the literature on resistant and susceptible kochia
biotype interference in wheat.

Replacement series experiments (a
substitutive experimental design) allow the stand
densities of the crop and weed to vary, but the sum



of the crop and weed density is held constant
(HARPER, 1977; PANTONE & BAKER, 1991).
Replacement seríes experiments have been used in
weed-crop competition studies involving crop and
weed; however, no paper has been found where
replacement seríes is used to determine the
competitive ability of species biotypes and crops.
According to RADOSEVICH (1987), the
replacement seríes experiment is most valuable for
assessing the competitive effects of species
proportion at a single total density. It is also
possible to determine the relative effects of intra-
and interspecific interference using this design, but
the partitioning of the absolute effects cannot be
accomplished readily.

The specific aim of this study was to
assess the influences of density and proportion on
competition between wheat x resistant kochia
biotype and wheat x susceptible kochia biotype, as
well as between the two kochia biotypes, using
replacement series experiments performed at three
differents total densities. The broader goal of the
experiment was to compare the competitive ability
of wheat and the two kochia biotypes to determine
possible applicability to techniques and tactics of
managing herbicide resistance of kochia in wheat
fields.

MATERIAL AND METHODS

Kochia seeds used in the experiments
were obtained from Reeder, ND, where the
resistant biotype seeds were collected from
cultivated fields with confirmed cases of ALS
inhibitor herbicide resistance, and the susceptible
biotype was collected in the vicinity of this area.
The resistant and susceptible kochia seeds were
tested for chlorosulfuron resistance under
greenhouse conditions in 1990 and 1991, and the
resistance and susceptibility of the biotypes were
confirmed, were in average the commercial dosage
of chlorosulfuron controlled 90% of the susceptible
plants and less than 25% of the resistant biotype.

Monoculture of wheat, resistant kochia
biotype, and susceptible kochia biotype were
planted in 0.04 m2 (22.5 cm diameter, 25 cm deep)
pots in the greenhouse to evaluate the responses of
species and biotypes to density. Densities of 50,
100, 200, and 400 plants/m2 were obtained by
growing 2, 4, 8, and 16 plants in separate pots.
Four replicates of the monoculture density
experiment were conducted as a completely
randomized design.

Replacement series at total density of
100, 200, and 400 plants/m2 were performed in
0.04 m2 (22.5 cm diameter, 25 cm deep) pots. The
densities were obtained by planting 4, 8, and 16
plants in separate pots. Therefore, three
replacement series experiments were conducted:
1) Monoculture of wheat (100:0), 75:25, 50:50,
25:75, and monoculture of resistant kochia biotype
(0:100); 2) Monoculture of wheat (100:0), 75:25,
50:50, 25:75, and monoculture of susceptible
kochia biotype (0:100); and 3) Monoculture of
resistant kochia biotype (100:0), 75:25, 50:50,
25:75, and monoculture of susceptible kochia
biotype (0:100). Each complete replacement series
was replicated four times. Excess of seeds were
planted and seedlings were thinned to desired
densities within two weeks after emergence.

In all experiments, the soil used was a
greenhouse potting soil. Water was provided as
needed, and a balanced fertilizer was applied
during irrigation watering approximately every two
weeks. Plants received natural light in a
photoperiod of approximately 15 hours. The
average daily maximum temperature was 25°C,
and the average minimum temperature was 1S°C.

Plants were harvested at approximately 70
days of growth. The number of plants of each spe-
cies and biotype in each pot at the time of harvest
was recorded. The above-ground biomass was col-
lected, dried at 90°C for 48 hours, and weighed.

Conventional analysis of the replacement
series data (WIT & VAN DEN BERGH, 1965) was
performed qualitatively by visual interpretation of
the responses of relative yield to proportion
(HARPER, 1977; WIT, 1960). Relative yields for
each species and biotypes were calculated as yield
at each density and proportion, divided by the
mean monoculture yield at that density. A statisti-
cal analysis was performed to determine whether
competitive interactions occurred between the two
species or biotypes. The test for competitive effects
was performed using regression analysis, with
relative yield as the dependent variable and density
and proportion as independent variables. The null
hypothesis was that observed responses did not
deviate from a noninteraction of competitive
equivalence line. A test for significant nonlinear fit
of the data was used to indicate whether the null
hypothesis could be rejected and that competition
occurred between the species or biotypes.

To perform the analysis proposed by
JOLLIFFE et al. (1984), data from the
monoculture were evaluated first. Linear regression



analysis on the reciprocal of total yield (1/Y) and
the reciprocal of density (1/N) was conducted to
estimate constant final yield (Ymax) and the density
where yield reached 50% of the Ymax (Kn).

Projected yield (Yp) with no intra- or
interspecific interactions was calculated from Ymax

and Kn obtained in the monoculture density experi-
ment. Using data from the replacement series at
100, 200, and 400 plants/m2 and the monoculture
density data up to 400 plants/m2, a modified
replacement series diagram was constructed with
plots of projected yield (Yp), monoculture density
response (Ym), and replacement series yield (Yx).
Regression equations were fit to the monoculture
(Ym) and mixture (Yx) data to develop the
responses for each species or biotype in the
modified replacement series diagram. From these
regression equations, we calculated relative
monoculture or monobiotype response:

relative species mixture response:

The mean yield per plant from wheat and
kochia biotypes from each replacement series were
fit using regression analysis (SPITTERS, 1983):
- Wheat x resistant kochia biotype replacement
series:

- Wheat x susceptible kochia biotype replacement
series:

-Resistant x susceptible kochia biotype replacement
series:

The data were also fitted to equations
describing reciprocal yield responses to total
density and proportion:
- Wheat x resistant kochia biotype replacement
series:

- Wheat x susceptible kochia biotype replacement
series:

Resistant x susceptible kochia biotype
replacement series:



Equations 9 to 14 simply rearrange the
independent variables in 15 to illustrate interactions
between density and proportions. The coefficients
for intraspecific or intrabiotype competition (Bww,
Brr, and Bss) and interspecific or interbiotype
competition (Bw, Bws, and rs were then used to
calculate relative competitive abilities (RC) for
wheat and kochia biotypes, and an index for NDI
differentiation:

- Wheat x resistant kochia biotype replacement
series:

- Wheat x susceptible kochia biotype replacement
series:

Resistant x susceptible kochia biotype
replacement series:

RESULTS AND DISCUSSIONS

The yields of wheat, and of resistant and
susceptible kochia biotypes are independent of the
density (constant final yield response at total
density of 100, 200, and 400 plants/m2, indicating
that these densities are not a significant factor in
the conventional replacement series analysis.
Therefore, data for all densities (100, 200, and 400
total plants/m2) were pooled to evaluate the effects
of proportion. Mean total yields in monoculture
over all densities were 302, 1397, and 1591 g/m2

for wheat and for resistant and susceptible kochia
biotypes, respectively. Regression analysis of the
relative yields for each species and biotype in
response to proportion indicated that the
relationship was described most precisely by a
quadratic equation. The significant quadratic terms
(indicated by the p values) suggest that relative
yields for wheat versus the resistant and the
susceptible kochia biotype deviated from the null
response (no interaction or equivalence line) and
that competition occurred between wheat and both

kochia biotypes. Since the relative yield of wheat
was enhanced while relative yield of resistant and
susceptible kochia biotypes was suppressed, wheat
was interpreted as the superior competitor. The
nonsignificance of the quadratic terms for the
relative yield of resistant versus susceptible kochia
biotype indicates that they did not differ from the
no-interaction line. The results of replacement
series of resistant x susceptible Kochia confirm and
shows that the ability of the two kochia biotypes to
interfere with the other is equivalent; i.e., each
biotype contributes to the yield in direct proportion
to its presence in the mixture. The maximum
(constant) final yield obtained from the monocultu-
re and monobiotype response of wheat and resistant
and susceptible kochia biotypes to density (plants/
m2) were 367.3, 1567.4, and 1965.6 for wheat and
for resistant and susceptible kochia biotypes, res-
pectively. The equations that best represent the
results of regression analysis fitting the
monoculture data to a double-reciprocal model are:

These curves represent results of
regression analysis fitting wheat and resistant and
susceptible kochia biotypes data to a double-
reciprocal model:

YMax is the constant final yield, and Kn is
the density at which 50% of the constant final yield
is approached. The Kn, densities were 38.4, 24.7,
and 43.7 plants/m2 for wheat and for resistant and
susceptible kochia biotypes, respectively. Since the
Kn for susceptible biotype was less than that for
wheat and resistant biotype, susceptible kochia



biotype approached constant final yield sooner than
wheat and resistant biotype as density increased.
This analysis suggested that the sensitivity to
intraspecific competition decreased in the following
order: susceptible kochia biotype, wheat and
resistant kochia biotype. The densities above
which wheat, resistant kochia biotype, and
susceptible kochia biotype yields were not
significantly different from YMax were 100, 200,
and 400 plants/m2, respectively.

Projected yield (YP) of each species and
biotype with no intra- and interspecific competition
was derived from the monoculture yield-density
responses and described by the equations:

Monoculture yield curves were described
most precisely by the double reciprocal-yield-
density models (equations 1, 2, and 3). These
equations account for 94%, 83%, and 89% of the
variation of wheat, resistant kochia biotype, and
susceptible kochia biotype yields, respectively.
The mixture yields from the replacement series
experiments were described most precisely by a
natural log transformation of the yield:

- Replacement series wheat x resistant kochia
biotype:

- Replacement series wheat x susceptible kochia
biotype:

- Replacement series resistant kochia biotype x
susceptible kochia biotype:

Relative influences of intra- and
interspecific competition of yields of wheat,
resistant kochia biotype, and susceptible kochia
biotype show that relative monoculture and relative
mixture yields varied with species and biotype
proportion; therefore, contributions of intra- and
interspecific competition varied with species and
biotype proportion. As the proportion of wheat
increased, both the influence of intraspecific
competition among wheat plants and the
interspecific influence of wheat on resistant and
susceptible kochia biotypes increased. As the wheat
proportion decreased, the influence of resistant and
susceptible kochia biotypes on wheat yield
(interspecific competition) was not as important as
on itself (intrabiotype competition). When the two
kochia biotypes were grown in a replacement
series, the relative yields showed approximately the
same degree of intra - and interbiotype competition.
The wheat relative mixture yield showed values
always very close to zero, and this indicates that
the wheat prefers the kochia biotypes as neighbors
to itself, and that intraspecific competition is more
important than interspecific competition at any
density. Resistant and susceptible kochia biotypes
were suppressed more than wheat biomass
whenever wheat was in the mixture.

The multispecies reciprocal yield models
(equations 3 to 8) are used to graph the response of
wheat or kochia biotypes to its own density for
varying density of the competitor species or
biotype. Responses of wheat and kochia biotypes
are also graphed as the reciprocal of the yield per
plant in response to total density for varying
proportions of the competitor species or kochia
biotypes (equations 9 to 14). For wheat, as density
or proportion of kochia biotypes increased, reci-
procal yield of wheat individual plants decreased;
therefore, the average yield of individual plants
was enhanced by increasing density or proportion



of kochia biotypes. Reciprocal yield of kochia
biotype individuals increased with increasing
density or proportion of wheat; thus kochia
biotypes were suppressed by increasing density or
proportion of wheat. As total density increased,
there was an increasing divergence of the influence
of proportion. The results indicate that wheat and
kochia biotypes responded best with kochia as
neighbors and that this effect was enhanced as the
total density increased.

The multibiotype reciprocal yield models
show the response of each biotype to its own
density for varying the density of the competitor
biotype, and the response to total density for
varying proportions of the competitor species.
These results indicate that both density and
proportion had the same influence on the response
of the kochia biotypes. As density of one biotype
increased, the reciprocal yield of the other biotype
individual plants increased, and as proportion of
one biotype increased, the reciprocal yield of the
other biotype individual plants decreased. The
results indicate that resistant and susceptible kochia
biotypes responded indistinctly for either resistant
or susceptible plant as neighbors.

The reciprocal yield analysis (SPITTERS,
1983; WATKINSON, 1980) provided regression
equations that described the relationship of average
individual plant yield and the density of wheat and
kochia biotypes:

-Wheat x resistant kochia biotype replacement
series:

-Wheat x susceptible kochia biotype
replacement series:

-Resistant x susceptible kochia biotype
replacement series:

The coefficients for intra- and
interspecific between wheat and kochia biotypes in
these equations were used to calculate relative
competitive abilities of wheat and kochia biotypes
(equations 4.15 to 4.17): RCw = 4.8, RCr = 0.50.
These ratios indicate that wheat responded similarly
to 4.8 resistant kochia plants and to one wheat
plant in competition, and the resistant kochia
biotype responded to one wheat plant as it would to
approximately 2.0 resistant kochia plants.

According to SPITTERS (1983) when the
NDI exceeds the unity there is a niche
differentiation. For the wheat/resistant experiment
we find a value of 2.4. So, the species are only
partly limited by the same resource; they partly
avoid each other. The same tendency is observed
for wheat and the susceptible kochia biotype, where
RCw= 5.4; RC s= 0.34; and NDI = 1.85.

For the resistant/susceptible kochia
biotype experiment, there is not a niche
differentiation, because the NDI =0.57. From the
descriptive equation for the per-plant biomass of
susceptible kochia biotype, we derive that for
susceptible biotype the presence of one resistant
plant is similar to the presence of 0.57 other
susceptible plants. For resistant biotype this ratio
was 0.71. The influence of a resistant plant,
expressed relative to the influence of a susceptible
plant, is therefore smaller for resistant biotype than
for susceptible biotype. Interbiotype competition
is greater than intrabiotype competition. So,
the biotypes are limited by the same
resources; they do not avoid each other (no
niche differentiation).
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