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Abstract
Quantification of the impact of weeds on
crops is an essential requirement in develop-
ing integrated weed management systems.
Different models have been developed for
this purpose, but they have been used to
assess the impact of weeds on tropical crops
in only a few studies. Eco- physiological
simulation models for crop -weed competi-
tion integrate knowledge, and help to obtain
quantitative insight into the effects of weeds
on crops in response to the environment that
can be used to improve crop management.
Simple regression models may be helpful to
predict yield loss caused by weeds shortly
after crop emergence and so facilitate
decision making in weed management.
Directions for research on weed impact on
rice and other tropical crops are indicated
with special focus on practical application.

Introduction
The use and application of herbicides was one
of the main factors enabling intensification of
temperate and tropical agriculture. A well
known example is the recent expansion of
direct- seeded rice in Asian countries that was
not widely practised before the late seventies,
largely due to difficulties in weed control (3).
However, increasing herbicide resistance in
weeds, the necessity to reduce costs of inputs,
and widespread concern about environmental
side effects of herbicides, have resulted in
greater pressure on farmers to reduce the use
of herbicides. This urges the development of
strategies for integrated weed management
based on minimization of herbicide use and
the use of alternative methods for weed
control. Rather than trying to eradicate weeds
from a field, emphasis should be on the
management of weed populations. This
requires thorough quantitative insight in the
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behaviour of weeds in agroecosystems and
their effects.

In this paper an overview will be given of
the impact of weeds on rice and other tropical
crops and recently developed approaches to
quantify the impact of weeds on crops.

The impact of weeds on rice and other
tropical crops
Research indicated that, worldwide, over 10%
of agricultural production is lost as a result of
crop weed competition for the resources light,
water and nutrients (10). Akobundu (1)
reported loss estimates of 5% in developed
countries, 10% in the less developed countries
and 25% in the least developed countries. This
clearly indicates problems associated with
weed control in tropical crops.

When weeds are left uncontrolled, yield
losses range from 20 100 %, depending upon
the crop and its environment (1). Van Heemst
(13) ranked different crops according to their
competitiveness with respect to uncontrolled
weeds, based on extensive literature data.
Wheat appeared to be the most competitive
crop, followed by peas, potatoes, soybean,
sugarcane, maize, sorghum and transplanted
rice (yield loss less than 50 %). Many tropical
crops like groundnut, cassava, upland rice,
yam and mungbean were less competitive with
yield losses ranging from 60 100 %. Van
Heemst (13) found a strong correlation be-
tween the relative length of the critical period
for weed control and the yield loss in the
different crops. Such studies clearly indicate
the strong differences in competitiveness
between crops and the differences in weed
management practices which are required.

Competitive interactions are influenced by,
several morphological and physiological
characteristics of the crop and the weed
species, related to growth height, leaf area
development and light absorption capacity of
the leaves. Besides these inherent properties of
the species, weed and crop density, spatial
arrangement, the dates of crop and weed
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emergence and the influence of environmental
variables on growth processes largely deter-
mine the competition process, making global
analyses across environments less useful for
practical use. Quantitative insight into the
effect of these factors on crop -weed interac-
tions may help to improve weed management
and to reduce the site specificity of research
outputs.

Descriptive regression models
The majority of the regression models used to
quantify competition effects are static: a
description is given of competition effects at a
certain moment. The hyperbolic yield- density
equation for the description of yield loss in
relation to weed density is the most widely
used (2,12). However; these approaches have
rarely been used to quantify weed effects in
rice and other tropical crops. These hyperbolic
yield- density equations fit very well to data
from additive experiments when only the weed
density is varied (2,12). However, model
parameters may vary strongly among experi-
ments, due to the effect of other factors on
competition processes. The most important
one is the period between crop and weed
emergence (8).

A new, simple empirical model for early
prediction of crop losses by weed competition
was introduced by Kropff and Spitters (7). It
was derived from the well tested hyperbolic
yield- density model. This model relates yield
loss to relative leaf area of weeds (expressed
as leaf area weeds/leaf area crop +weeds)
shortly after crop emergence with the "relative
damage coefficient" as model parameter. It
was demonstrated theoretically and empiri-
cally that the model accounts for the effect of
weed density and the period between crop and
weed emergence (7). A strong advantage of
this approach is that it can be used when
weeds emerge in separate flushes, since it can
handle the effect of the period between crop
and weed emergence. Unfortunately, hardly
any existing data sets on yield loss by weeds
can be used, since generally only weed density
has been measured or the relative leaf area of
the whole weed population is estimated, which
confounds results, since competitive weeds
with a high relative damage coefficient are
lumped with weeds with a low relative damage
coefficient. The model was parameterized for
competition between maize (Zea maize L.) and

barnyardgrass (Echinochloa crus -galli L.);
sugarbeet (Beta vulgaris L.) and lambsquarters
(Chenopodium album L) and tomato
(Lyopersicon esculentum L.) with eastern
black nightshade (Solanum americana L.)
growing at temperate conditions. Recently an
extended version of the model was developed
with an additional parameter for maximum
yeild loss at high weed infestations ( Kropff et
al., in preparation). This model performed
very well for weed effects on rice yield.

Eco- physiological models for crop -weed
interactions
Eco- physiological models for interplant
competition for light, water, and nutrients
were first introduced by Spitters and Aerts
(11), and further developed in subsequent
studies (5). Similar approaches were devel-
oped by Graf et al. (4) and Wilkerson et al.
(14). These models are based on the principle
that competition is a dynamic process that can
be understood from the distribution of the
growth determining (light) or limiting (water,
nutrients) resources over the competing
species and the efficiency with which each
species uses the amounts of resources. Eco-
physiological models that simulate these
processes, provide insight into competition
effects observed in (field) experiments and
may aid in searching for ways to manipulate
competitive relations, like those between crop
and weeds.

The competition models have been tested
firstly with data from competition experiments
for several crop -weed combinations in the
Netherlands and Canada (5,8,11). Graf et al.
(4) evaluated their model with data on rice and
a mixture of weed species from Madagascar.
Their model accurately simulated the effect of
different weeding treatments.

From sensitivity analysis of the model it
appeared that morphological species character-
istics (height growth development and leaf
area development) are the most significant
factors determining competitive relationships
in favourable growing conditions (5). Physi-
ological characteristics like photosynthetic
rates or respiration characteristics are less
important.

A special type of competition model was
developed by Kropff and Schippers (6) for
interactions between broadbean (Vicia faba L)
and Orobanche crenata Forsk. This study
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indicated gaps in the knowledge needed to
understand the effect of the parasite quantita-
tively.

Although further validation of the
ecophysiological models with independent
data sets may be required, the results of the
different studies indicate that interplant
competition can be well understood from the
underlying physiological processes.

Systems approaches and weed
management in tropical crops
The development of integrated weed manage-
ment systems requires thorough quantitative
insight into the behavior of weeds in
agroecosystems. The question that has to be
addressed here is: can the quantitative tools
that have been developed by weed scientists/
biologists be used to improve weed manage-
ment systems for tropical crops?

To improve weed management systems
two strategies could be formulated: (1) reduce
weed effects through adapted crop manage-
ment, and (2) improve decision making by
predicting yield loss due to weeds early in the
growing season.

With respect to the first option, the follow-
ing questions arise: what management prac-
tices can we follow to favour crops in competi-
tion with weeds; and which plant characteris-
tics leading to competitive success might serve
as objectives in plant breeding, and in crop and
cultivar selection for different cropping
systems? Coupled to these questions, the trade-
off between competitiveness and yield poten-
tial of the cultivar has to be quantified. For
rice it is well documented that the higher
yielding, short cultivars are less competitive
than the lower yielding, tall cultivars (9).
Questions like these require thorough quantita-
tive insight into the competition process, and
how physiological and morphological growth
characteristics of weeds and the crop are
related to competitive relationships between
crop and weed. Systems analysis and simula-
tion are indispensable tools for the study of
such complex interrelationships and may help
to bridge the gap between knowledge at the
process level to management at the field level.

Since weed problems obviously cannot be
solved solely by adapting general management
practices, decision making on the application
of specific weed control measures is needed.
The application of pre- emergence herbicides

should be based on long -term experience and
knowledge of weed infestations in the preced-
ing seasons. Thereafter, post- emergence
decision making on weed control is required.
Therefore, the severity of the weed infestation
shortly after crop emergence should be
quantified using a simple practical method
based on which weed effects on the crop can
be predicted accurately. These observations
should be repeated until newly emerging
weeds no longer affect crop yield. Besides
this, the efficacy and cost of the different
possible weed control measures have to be
quantified, based on observations of weed
infestations. Criteria must be defined (i.e., the
cost effectiveness of weed control) to enable
this decision making.

The complex eco- physiological models
require too many inputs to be useful for
linking field observations to yield loss in
agricultural practice, such as the dates of crop
and weed emergence (which is practically
impossible when weeds emerge in separate
flushes) and weed densities. Simple ap-
proaches like the relative leaf area yield loss
model (7), which allow a reasonably accurate
prediction of the effect on final yield, can
serve as tools if simple observation methods to
obtain relative leaf cover are developed.

The need for development and optimiza-
tion of weed management systems that aim at
a rational use of chemical weed control
measures is challenging for weed scientists. At
present, it is difficult to indicate where knowl-
edge obtained by weed ecologists in the last
decades is used in practice. Therefore, it is of
utmost importance to use systems approaches
to indicate the needs for basic and applied
research, to ensure that research findings fit in
practice.

Ecophysiological simulation models for
crop weed interactions can be well used to
couple field -level observations of weed effects
to the underlying processes and thus provide
understanding. They can be helpful too, in the
design of effective, simple predictive regres-
sion models that can be used at the farm level.
Systems approaches may help to develop and
optimize weed management systems that are
as effective as current weed management
procedures, but that meet multiple criteria
such as cost effectiveness and minimization of
environmental effects.
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