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Alternative practices for weed management, such as integrated weed manage
ment (IWM) may allow the persistence of weed populations below a given 
économie threshold. Increased species diversity of weeds also may resuit. If 
diversity increases, and the number of ecological interactions also increases, 
weed species should be viewed as an interactive community, rather than an 
unrelated set of targets for control. In this review we summarize how diversity 
is evaluated in unmanaged Systems, examine how IWM techniques may alter 
the diversity of weed species and suggest how stratégies can be developed 
for managing weed diversity under IWM. Methods used to evaluate diversity 
in natural Systems may be used to evaluate weed diversity in alternative 
Systems of weed management. We made preliminary calculations of diversity 
for reduced tillage, modified herbicide use, crop rotation, critical period of 
weed control, techniques to improve crop competitiveness, and alternative 
control methods. Many of thèse IWM techniques potentially may resuit in 
changes in weed species diversity. We examined potential effects of thèse 
changes in weed diversity within six primary éléments of community ecology: 
colonization, disturbance, the physical environment, interactions with other 
communities, community interactions and community dynamics. Opportuni-
tiesto develop stratégies of community management exist within each of thèse 
éléments. If diversity could be managed while maintaining acceptable crop 
yields, some previously unrealized benefits of the présence of weeds could be 
seen, as predicted by relationships among plants of unmanaged communities. 
Moreover, the goal of producing a more sustainable System that incorporâtes 
the diversity of the weed community would be complemented by trends in 
policy towards encouraging biodiversity in agroecosystems. 

Cléments, D.R., S.F. Weise et C.J. Swanton. 1994. Gestion intégrée des 
mauvaises herbes et diversité des espèces. PHYTOPROTECTION 75: 1-18. 

Les méthodes alternatives de gestion des mauvaises herbes, telles que la 
gestion intégrée, peuvent permettre la persistance de populations de mau
vaises herbes sous un seuil économique déterminé. Une diversité accrue des 
espèces de mauvaises herbes peut aussi en résulter. Si la diversité ainsi que 
le nombre d'interactions écologiques augmentent, les espèces de mauvaises 
herbes devraient être considérées comme une communauté interactive plutôt 
que comme un ensemble disparate de cibles contre lesquelles lutter. Cet article 
de synthèse résume les méthodes d'évaluation de la diversité dans des 
systèmes non gérés, examine comment les techniques de gestion intégrée 
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peuvent modifier la diversité des espèces de mauvaises herbes, et finalement, 
suggère des façons de développer des stratégies pour gérer la diversité des 
mauvaises herbes par la gestion intégrée de celles-ci. Les méthodes utilisées 
pour évaluer la diversité dans les systèmes naturels peuvent servir à évaluer 
la diversité des mauvaises herbes dans des systèmes alternatifs de gestion 
intégrée. Nous avons effectué des calculs préliminaires de diversité pour le 
labour réduit, l'utilisation modifiée des herbicides, les rotations culturales, la 
période critique d'intervention contre les mauvaises herbes, les techniques 
d'amélioration de la compétitivité des cultures et les méthodes de lutte alter
natives. Plusieurs de ces techniques de gestion intégrée peuvent éventuelle
ment résulter en des modifications de la diversité des espèces de mauvaises 
herbes. Nous avons examiné les effets potentiels de ces changements sur la 
diversité des mauvaises herbes à l'intérieur de six principaux éléments de 
l'écologie des communautés: la colonisation, la perturbation, l 'environnement 
physique, les interactions inter- et intra-communautés, et la dynamique de ces 
communautés. Des occasions de développer des stratégies de gestion des 
communautés de mauvaises herbes existent à l'intérieur de chacun de ces 
éléments. Si la diversité pouvait être gérée tout en maintenant des rendements 
acceptables, certains bénéfices découlant de la présence des mauvaises her
bes et non encore considérés pourraient être observés, tel que le prédisent les 
relations existant entre les plantes de communautés non gérées. De plus, 
l'objectif d'obtenir un système de production plus durable, tenant compte de 
la diversité des communautés de mauvaises herbes, pourrait être accompagné 
d'orientations vers une polit ique encourageant la biodiversité des agro
écosystèmes. 

INTRODUCTION 

Currently there are strong environmental 
and économie incentives for adopting 
alternative practices for weed manage
ment, such as integrated weed manage
ment (IWM) (Pannell 1990; Swanton and 
Weise 1991). Integrated weed manage
ment may provide a more sustainable 
approach to crop production, reducing 
the reliance on external inputs that 
characterizes conventional agriculture. 
One goal of IWM is to maintain weed 
populations below an économie thresh-
old level (Auld and Tisdell 1987; Swanton 
and Weise 1991). Management to 
achieve this goal reduces emphasis on 
stratégies of eradication or prophylaxis 
and promûtes a strategy of containment 
(Cousens 1987). Thus, IWM must incor-
porate a containment strategy for poten-
tial increases in weed diversity, because 
of increased survival of existing species 
or colonization by new species. 

Ecologists hâve studied the subject of 
diversity extensively in unmanaged 
Systems (Brown 1981; Kolosa and 

Strayer 1988; MacArthur 1972; Magurran 
1988; Silvertown and Dale 1991 ). It would 
be valuable to link ecological theory 
of community diversity with potential 
changes in weed diversity under IWM 
and to develop a management approach 
that would view weeds as a community 
ratherthan as individual species. Weeds 
of intensively managed crops hâve been 
studied mostly at the species level, and 
thus there is relatively little information 
available on the impact of weed diversity 
on weed management. In this review we 
summarize how diversity is evaluated in 
unmanaged Systems, examine how IWM 
techniques may alter the diversity of weed 
species and suggest how stratégies can 
be developed for managing weed diver
sity under IWM. 

EVALUATING DIVERSITY IN 
NATURAL SYSTEMS 

Définitions and measures 
There are a number of key terms used in 
the discussion of diversity in ecology 
(Table 1). Species diversity, in terms of 
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species richness, is measured as the 
number of species in a community. 
Diversity could also be measured within 
species {e.g. différent weed biotypes) but 
this paper primarily deals with diversity 
among species. Two communities with 
an identical number of species can differ 
in terms of evenness, and hence it is also 

useful to know the proportional or rela
tive abundance of species within the 
community (Magurran 1988). If a com
munity is dominated by one or two 
species, it can be said to be less diverse 
than a community with an equal number 
of species with a more équitable distribu
tion of population sizes. 

Table 1. Définitions of important terms used in discussing ecological diversity (Begon et al. 
1990; Magurran 1988; Pimm 1984; Walker 1989) 

Term Définition 

Community 

Diversity 

The species that occur together in space and time 

The number of species within a community, or more generally, 
the degree of variation within the community (i.e. diversity can 
vary between communities with the same number of species 
due to différences in relative abundance) 

Relative abundance The population of a species expressed in proportion to the other 
species within the community 

Species richness 

Species evenness 

The number of species présent 

The degree to which différent species présent tend to hâve the 
same relative abundance 

Species dominance The degree to which one or a few species tend to occur more 
abundantly than the others 

Stability The tendency of a community to return to its original state 
following a disturbance 

Community structure The organization of the community as determined by the rel
ative abundance of species 

Complexity The number of connections among organisms in the commu
nity 

Connectivity The degree to which species are linked by interspecific interac
tions 

Compartmentalization The division of communities into groups of species that hâve 
distinctly more interactions amongst themselves than with the 
community as a whole 

Guild structure The division of communities into groups of species that share 
similar ecological rôles 

K and r stratégies Plants with K stratégies are adapted to long-term persistence 
in stable environments, and hâve low population growth rates, 
whereas plants with r stratégies can rapidly reproduce in dis-
turbed environments 

Niche differentiation The ability of différent species to occupy the same environment 
through différences in their resource requirements 
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Indices hâve been developed to com
bine species richness with proportional 
abundance within a single value. Exam
ples include the Shannon index, the 
Simpson index and a of the log séries 
(Magurran 1988). As yet, no one index 
has been adopted as the most appro-
priate or practical index, and the choice 
may dépend on the data set (Magurran 
1988). In particular, it is important to 
account for the biases towards species 
richness, evenness or dominance (Magur
ran 1988). Thèse biases reflect the diffi-
culty inhérent in combining species 
richness and relative abundance into a 
single parameter. 

Weed research has also employed 
synthetic importance values that attempt 
to account for the patchiness of weed 
abundance and sampling error (Conn and 
Delapp 1983; Thomas 1985; Wentworth 
et al. 1984). This may be useful when 
ordering species by abundance in 
studies of weed diversity. For example, 
Thomas (1985) computed relative abun
dance by combining frequency, density 
and uniformity into a single abundance 
value, with uniformity calculated from the 
number of quadrats containing a given 
species expressed as a percentage of 
the total number of surveyed quadrats. 
The advantage of synthetic importance 
values is to provide a single parameter 
that provides a comprehensive measure 
of abundance by including considér
ations of scale and sampling (Thomas 
and Ivany 1990). However, such values 
lose some of the information contained 
in the data used to dérive them. 

The community structure {i.e. patterns 
of relative abundance) of plant commu-
nities and its relation to other factors 

^ may also be analyzed by multivariate 
g techniques. Use of techniques such as 
Z. principle component analysis (PCA) or 
~ canonical discriminant analysis (CDA) 
i^ may in some instances overcome diffi-
§ culties inhérent in univariate analyses of 
F weed communities (Brain and Cousens 
UJ 1990; Cousens 1988; Hughes 1990). Mu l -
O tivariate techniques permit the analyses 
£ of communities as a whole because 
£ unlike univariate techniques, weed 
> species of low occurrence are readily 
Û- incorporated in the analysis. Thus, the 

structure of the entire community can be 

accounted for, without frequency or 
density biases towards certain species. 
However, sometimes thèse biases are 
real and must be considered as part of 
the analysis. 

Theory 
Simply measuring the diversity of a com
munity is not directly meaningful; for 
théories to be developed and tested, di
versity must be related to ecosystem 
processes and properties (MacArthur 
1972). Investigations of species diversity 
within theoretical ecology primarily hâve 
involved relationships between diversity 
and area, relative abundance patterns, 
and relationships between diversity and 
stability (Magurran 1988). Knowledge of 
diversity-area relationships is useful in 
accounting for the spatial scale at which 
diversity is evaluated (Leps and Stursa 
1989). Attempts hâve been made to re
late mathematical distributions of rela
tive abundance patterns to niche differ-
entiation or habitat patchiness (Kolosa 
and Strayer 1988; Sugihara 1980). 
Regardless of the mathematical distri
bution, relative abundance curves (i.e. 
cumulative relative abundance plotted 
against species) are useful indicators 
of dominance-diversity relationships 
(Whittaker 1965). 

Relationships between diversity and 
stability hâve received attention from 
both theoretical and applied biologists. 
Although the idea of higher species 
diversity leading to higher stability has 
intuitive appeal (Elton 1958; Kikkawa 1986; 
Magurran 1988), there are other aspects 
to consider. One important aspect fre-
quently considered is the complexity of 
the community (Table 1), which consists 
of the number of ecological connections 
among organisms in the community 
(Kikkawa 1986). Conceptually, the inter
action strength of thèse connections (May 
1972) may be difficult to apply to plant 
communities where ail species are at the 
same trophic level (Gitay and Agnew 
1989). Compartmentalization is also 
important; a simple ecosystem may 
consist of a single food web involving 
ail organisms présent, whereas more 
complex ecosystems may consist of 
numerous compartments, with a high 
degree of connectivity within, but not 
between compartments. 
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The t ime élément is also important 
(Walker 1989) because re la t ionships 
among species in a communi ty may or 
may not hâve had enough t ime to attain 
stability. Once a communi ty becomes 
stable, d ivers i ty may décl ine be low 
levels found during earlier successional 
stages, forming a "humpback" profile of 
diversity over t ime (Connell 1978; Gibson 
and Brown 1991; Grime 1973; Odum 1963, 
1969). The higher diversity at intermedi-
ate levels of disturbance likely results 
f rom a trade-off between the compéti
tive ability of plants and their ability to 
wi thstand disturbance (Petraitis et al. 
1989). At in te rmed ia te levels, more 
species may survive than at higher levels 
of disturbance, and compétit ive ability 
may be less important than at lower 
levels of disturbance. 

Evidence againstthe diversity-stability 
hypothesis includes theoretical models, 
based on random connectivity among 
species, that predict lower stability wi th 
greater diversity (May 1971, 1972, 1973). 
However, connections among species 
developed over t ime are not random and 
may be based on a variety of complex 
ecological factors. Connections favour-
ing stability are formed through gui ld 
structure development, K and r straté
gies, compartmental izat ion of t rophic 
structure, niche differentiation, and eco
logical succession (Gitay and Agnew 1989; 
Kikkawa 1986; Murdoch 1975; Pianka 
1980)(see Table 1 for définitions). The 
concept of diversity leading to stability 
does not form a gênerai principle for ail 
ecosystems (Goodman 1975; Walker 
1989). A detailed knowledge of the inter-
r e l a t i o n s h i p s , t o g e t h e r w i t h ac tua l 
measurements of stability, are necessary 
to de f ine the re la t i onsh ip be tween 
diversity and stability for a given ecosys-
tem (Murdoch 1975; Woo lhouse and 
Harmsen 1987). Furthermore, stability is 
not the sole criterion for success in pest 
management, because a stable System 
does not ensure pest suppression below 
an économie threshold level (Andow 1991; 
Murdoch 1975). 

The ecology of species diversity has 
been studied for many commun i t i es 
inc lud ing coral reefs (Connell 1978), 
tropical rain forests (Connell 1978), grass-
lands (Chaneton and Facelli 1991; Gitay 

and Agnew 1989), meadows (Kull and 
Zobel 1991 ), oldf ields (Gibson and Brown 
1991), and agr icu l tura l c o m m u n i t i e s 
(Mclntyre et al. 1991). However, because 
suppression of both weed density and 
diversity has been sought wi th in agricul
tura l Systems, l i t t le ef for t has been 
devoted to the study of diversity wi th in 
agricultural weed communi t ies. Weed 
species generally hâve been studied as 
an unrelated set of targets for weed 
control , rather than as ecological com
munit ies. In the fo l lowing section we 
compare the diversity and stabil i ty of 
agricultural communi t ies w i th natural 
communit ies, and discuss the potential 
influences of alternative practices em
ployée! under IWM on the diversity of 
weed communit ies. 

DIVERSITY OF WEED 
COMMUNITIES UNDER IWM 

Before considering the potential rôle of 
IWM in modi fy ing weed diversity, we 
must first discuss the gênerai issue of 
diversity in agriculture. The decrease in 
diversity associated wi th growing crops 
in monocultures has been cited as an 
important source of instability in agricul
tural communi t ies (Elton 1958; Odum 
1969), but there are other possible rea
sons for the instabil i ty of agricultural 
Systems in comparison to natural Sys
tems (Murdoch 1975; Pimm 1984). Possi
ble reasons for the relative instability of 
agricultural communit ies include lower 
structural and spatial diversity, higher 
levels of disturbance, lower successional 
matur i ty , lack of coevo lu t ion among 
biotic constituents and taxonomic com
posi t ion (Murdoch 1975; Pickett and 
Bazzaz 1978; van Emden and Wil l iams 
1974; Woolhouse and Harmsen 1987). In 
particular, the high levels of disturbance 
caused by pesticide use can lead to 
outbreaks in pest populations, if pests 
become résistant or natural enemies are 
disrupted. Al though the rules governing 
the dynamics of cropping Systems and 
natura l Systems do not co r respond 
directly (Murdoch 1975), it is useful to 
compare features of agr icul tural and 
natural Systems in the pursuit of more 
ecological approaches to pest manage
ment. Certain natural Systems, such as 
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early successional communities, hâve much 
in common with artificially disrupted 
agroecosystems (Pickett and Bazzaz 1978). 

As well as being species-poor relative 
to other communities of herbaceous 
plants (Hodgson 1986), agricultural weed 
communities are fairly uniform through-
out the temperate régions (Pysek and 
Leps 1991 ). The number of weed species 
within géographie régions is quite low. 
Several species tend to dominate (Mcln-
tyre et al. 1991), with the remainder 
présent at densities too low to hâve major 
impacts on the crop. 

When agronomie practices undergo 
long-term changes, fundamental changes 
in weed communities may occur (Mahn 
1984). Surveys hâve linked agronomie 
practices to différences in weed diversity 
(Hidalgo et al. 1990; Pysek and Leps 1991; 
Salonen 1989; Shaltout and El Fahar 1991; 
Thomas and Ivany 1990). Characteristics 
of weeds, such as short life cycles, seed 
dormancy, plasticity, colonization ability 
and high reproductive rate, facilitate 
rapid turnover of communities (Gibson 
and Brown 1991; Grime 1979; Pickett and 
Bazzaz 1978; Radosevich and Holt 1984; 
Shaltout and El Fahar 1991; Thompson 
and Grime 1979). At présent, many alter
native management practices are under 
considération (SwantonandWeise 1991), 
which, if adopted on a large scale, may 
alter the structure and diversity and per-
haps even the stability of weed commu
nities. A better understanding of thèse 
potential changes is necessary to facili
tate a reasonably efficient transition f rom 
conventional to alternative management 
approaches such as IWM. 

Preliminary comparisons of diversity 
under alternative management practices 
with diversity under conventional prac
tices are presented in Table 2. Thèse 
comparisons are selected cases where 
there was a large différence in density 
between alternative and conventional 
treatments. When control measures are 
integrated under IWM, the composition 
of the resulting weed community results 
from the trade-offs among various man
agement practices. Nevertheless, it is 
useful to look at the potential impacts of 
each practice on weed diversity. 

Species richness was increased as 
density increased with reduced tillage, 
banded herbicides, nitrogen management 
(more précise rates and fertilizer place
ment) and cultivation (Table 2). By com-
parison to preemergence herbicides (re-
sidual), applications of postemergence 
(non-residual) herbicides reduced species 
richness less (species richness was re
duced from 28 to 25 by postemergence 
herbicides, and from 9 to 3 by pre
emergence herbicides). Although a criti-
cal period of weed control decreased spe
cies richness in relation to a season-long 
weedy treatment, the reverse would be 
true for a comparison for season-long 
weed control. Species richness decreased 
with decreased weed density for crop 
rotation with fallow, use of compétitive 
cultivars, higher density planting and the 
use of cover crops. Thus, IWM techniques 
do not promote increased species rich
ness consistently, but there are good 
indications (Table 2) that increases or 
decreases in weed density may be ac-
companied by changes in weed species 
richness. 

The diversity indices generally con-
curred with the trends in species richness 
(Table 2), particularly the Shannon diver
sity index, which is biassed toward spe
cies richness (Magurran 1988). However, 
in some cases the community structure 
did not differ greatly between treatments 
in terms of relative abundance. Simp-
son's diversity index was very similar 
between tillage methods for above-
ground weeds, and between cultivars of 
différent competitiveness, indicating 
that the relative abundance of the more 
common species was fairly constant. 
Conversely, although there was only a 
slight différence in species richness 
between nutrient management treat
ments, both diversity indices indicated a 
strong trend toward greater diversity in 
relative abundance with a lower nutrient 
input. Although cover crops reduced 
species richness, they increased Simpson's 
diversity. This increase was the resuit of 
increased equitability when weed density 
was reduced. The bare soil treatments 
were dominated by one or two species. 
More detailed analyses are neecled to 
better understand trends in relative abun
dance under IWM, and interpret their 
significance for the management of weed 
communities. 
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Table 2. Comparison of standard and alternative weed management practices employed under 
integrated weed management (IWM) and their impacts on weed density and diversity 

Management practice 

Weed Species Shannon Simpson's 
density richness diversity diversity 

(m2) (S)a [HY [DY Source 

Reduced tillage: 
Conventional tillage 
weed seeds 
No-till weed seeds 

2 233 
29 433 

3.9 
7.6 

0.70 
1.20 

0.20 
0.50 

Cardina ef al. 
(1991) 

Conventional tillage weeds 
No-till weeds 

16 
30 

18.7 
22.0 

0.97 
1.31 

0.86 
0.87 

Derksen (1991) 

Herbicide use: 
Broadcast herbicide 
Banded (with cultivation) 

8 
14 

11.8 
14.0 

0.70 
0.87 

0.65 
0.81 

Swanton 
(unpublished data)b 

Before postemergence 
application 
After postemergence 
application 

444 
34 

28.0 
25.0 

0.86 
0.85 

0.80 
0.74 

Derksen (1991) 

Without preemergence 
application 
With preemergence 
application 

150 
12 

9.0 
3.0 

0.64 
0.29 

0.68 
0.35 

Swanton 
(unpublished data)0 

Crop rotation: 
Continuous croppingd 

Rotation with fallow 
22 
12 

16.7 
14.0 

1.03 
0.79 

0.88 
0.77 

Derksen (1991) 

Critical period: 
Season-long weedy 
Minimum weed-free 
(to prevent 2.5% yield loss) 

230 
3 

5.0 
3.0 

0.59 
0.41 

0.71 
0.56 

Van Acker (1992) 

Crop competitiveness: 
Least compétitive cultivar 
Most compétitive cultivar 

171 
81 

9.0 
6.7 

0.68 
0.66 

0.73 
0.74 

Weise 
(unpublished data)6 

Low density planting 
High density planting 

73 
58 

10.5 
10.0 

0.71 
0.68 

0.71 
0.73 

Dibo (1991) 

High nitrogen treatment 
Low nitrogen treatment 

59 
68 

12.0 
13.2 

0.75 
0.91 

0.75 
0.85 

Nissanka (1991) 

Alternative control methods: 
No cover crop 
Cover crop 

91 
26 

6.0 
2.7 

0.30 
0.34 

0.39 
0.52 

Moore (1992) 

Broadcast herbicide 
Cultivation only 

8 
34 

11.8 
16.3 

0.70 
0.83 

0.65 
0.80 

Swanton 
(unpublished data)5 

S= number of species; H= - I (p){\og p.); D= X (p,2); 
p. is the proportion of the sample belonging to the ith species; indices are calculated 
by summing the expressions for the total number of species in the sample. 
Data from weeds growing in no-till soybeans and corn in 1991 and 1992 at the Wood
stock Research Station, Woodstock, Ontario. 

Data from weeds growing in corn in 1989 at a démonstration site near Fingal, Ontario. 
The preemergence herbicide combination was cyanazine + metolachlor. 
Crop séquences including wheat, flax, canola and barley. 

Data from weeds growing in soybeans at the Woodstock Research Station, Woodstock, 
Ontario in 1990. 
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Efforts to expand on the prel iminary 
analysis presented in Table 2 wou ld 
involve surveys and field studies, and 
calculating diversity indices (Cardina et 
al. 1991; Mahn 1984; Topham and Law-
son 1982), synthetic importance values 
(Frick and Thomas 1992; Thomas 1985; 
Thomas and Ivany 1990) and mult ivari-
ate statistics (Conn and Delapp 1983; 
Derksen et al. 1993; Hume 1982, 1987; 
Mesléard et al. 1991; Mohler and Lieb-
man 1987; Pysek and Leps 1991; Went-
wor th et al. 1984). Given the importance 
of weed distr ibution (Brain and Cousens 
1990), it also wou ld be useful to compare 
weed patchiness between conventional 
and alternative Systems. There may be 
spatial différences in terms of germina
t ion and estab l ishment w i th vary ing 
levels of d is tu rbance that in f luence 
pattern diversity (Pielou 1966; Scheiner 
1992). However, a prel iminary look at the 
effects of IWM practices on diversity 
(Table 2) reveals that in some cases, 
species richness and communi ty struc
ture may be altered appreciably, and may 
hâve implications for management. 

MANAGEMENT OF WEED 
DIVERSITY 

A number of éléments influence commu-
nities (Fig. 1). Important éléments include 
colonizat ion (Noss 1990), disturbance 
(Petraitis et al. 1989; Pickett et al. 1987), 
the physical environment (Brown 1981; 
T i lman 1982), and in teract ions w i t h 
organismsof othercommuni t ies(Gïbson 
and Brown 1991). 

The éléments that structure communi -
ties can be linked to the development of 
IWM, as indicated by the key examples 
listed in parenthèses in Figure 1. In the 
case of colonization, new weed manage
ment methods may permit the establish
ment of weeds wi th reproductive straté
gies not previously encountered (Swan-
ton et al. 1993). Modi f icat ions in the 
degree of disturbance can be related to 
changes in ti l lage practices and herbicide 
applications. Changes in the physical 
envi ronment under IWM may include 
fertilizer placement proximal to the crop 
or increasing organic matter content of 

COMMUNITY DIVERSITY 
DYNAMICS 

COLONIZATION 
(Régénération 
stratégies) 

COMMUNITY 
INTERACTIONS 

INTERACTIONS 
WITH OTHER 
COMMUNITIES 
(Crop-weed) 

DISTURBANCE 
(Herbicides, 
cultivation) 

PHYSICAL 
ENVIRONMENT 
(Fertilizer, 
crop residues) 

Figure 1. Interactions among environmental factors impacting community interactions. Key 
examples of links between thèse factors and changing weed management practices in agricul-
tural Systems are given in parenthèses. 

8 



CLEMENTS ET AL.: INTEGRATED WEED MANAGEMENT 

the soi/ in reduced til lage (Swanton and 
Weise 1991). Interactions wi th other com
munities in alternative weed management 
Systems encompass a wide spectrum of 
communit ies such as weed seed preda-
tors (Brust and House 1988), mycorrhizae 
(McGonigle et al. 1990) or pathogenic 
fungi (Ayres and Paul 1990), but the crop 
communi ty (or monoculture) is of funda-
mental importance in influencing weed 
communi ty interactions (Swanton and 
Weise 1991). 

Diversity and commun i t y dynamics 
are the resuit of numerous interactions 
between factors intrinsic and extrinsic to 
the communi ty (Chaneton and Facelli 
1991; Connell 1978; Maurer 1987; Noss 
1990; Pimm 1984), and so it is important 
toaccoun t fo ra l l possible factors pertain-
ing to the ecosystem under study. This 
may be especially true for agroecosys-
tems, where nearly ail ecological factors 
are subject to agronomie manipulat ion. 
Implications of weed diversity for man
agement and research are discussed 
below wi th in the context of colonization, 
d i s t u rbance , phys ica l e n v i r o n m e n t , 
interact ions w i th other commun i t i es , 
communi ty interactions and communi ty 
dynamics (Fig. 1; Table 3). As previously 
out l ined, thèse catégories relate to major 

é léments that inf luence communi t ies 
(Begon et al. 1990), but it should also be 
recognized that thèse é léments also 
inf luence one another, such that the 
boundaries between catégories are often 
blurred. 

Colonization 
Changes in the environment under IWM 
may promote colonization by weeds from 
other areas that were not previously 
associated wi th conventional cropping 
Systems. Réduc t ion in d i s t u r b a n c e 
through adopt ion of IWM techniques, 
such as reduced t i l lage and reduced 
herbicide use, tends to provide safe sites 
(Sagarand Harper 1961) for weed germi
nation and establishment not présent in 
more conventional Systems. An example 
is the colonization of Bromus tectorum L. 
of fields in southwestern Saskatchewan 
in response to a réduction in t i l lage, lack 
of effective herbicides, and weather con
dit ions favour ing autumn germinat ion 
and early spring compéti t ion (Douglas et 
al. 1990). 

Reduced ti l lage reduces disturbance 
and potential ly al lows colonization of 
species adapted to the modif ied environ
ment (Swanton et al. 1993). Changes in 

Table 3. Implications of increased diversity, in terms of factors affecting weed communities and 
their management under integrated weed management (IWM) 

Factor 

Implications of increased diversity 

Weed community Weed management 

Colonization 

Disturbance 

Physical 
environment 

Interactions 
with other 
communities 

Community 
interactions 

Community 
dynamics 

Increased variety of weed species 

More varied weed life historiés 

Changed resource utilization patterns 

Increased stress on weeds 

Increased weed-weed interactions 

Improved chance of greater 
community stability 

Adjustment to différences in life 
history, competitiveness 

Reconsideration of control 
techniques, stratégies 

Manipulation of resources to 
favour the crop 

Manipulation of stresses to 
minimize impacts of weeds on 
crops 

Economie thresholds adjusted 
for interactions within weed 
communities 

IWM Systems designed to 
produce optimal community 
structure 
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community structure may involve a 
larger proportion of grass species, wind-
disseminated species or perennials 
(Froud-Williams 1988). Weed species 
contributing to increases in diversity in 
Table 2 included Hordeum jubatum L 
and Bromus inermis Leyss. (Derksen 
1991); and Stellaria média L. Cyrill., 
Lamium amplexicaule L, Panicum capil-
lare L. and Abutilon theophrasti Medic. 
(Cardina et al. 1991). 

If season-long weed control is replaced 
by control during a critical period (Hall et 
al. 1992; Van Acker et al. 1993; Weaver 
1984; Woolley et al. 1993), weeds may 
colonize during times when weed control 
is unnecessary. Responses to a critical 
period of weed control would be expect-
ed to vary among weed species, based 
on timing and duration of émergence. 
Van Acker (1992; Table 2) observed that 
Sinapis arvensis L, Erysimum cheiran-
thoides L, and Setaria glauca (L.) Beauv. 
failed to émerge after the critical period, 
and this was responsible for the lower 
species richness than in the season-long 
weedy treatment. Postemergence weed 
control stratégies may favour higher 
diversity because of the early émergence 
times of many weed species. Van Acker 
(1992) found that the maximum species 
richness was frequently attained as 
early as the first development stage of 
soybeans. 

The implication of colonization for the 
weed community is the potential for a 
graduai introduction of a greater variety 
of reproductive stratégies and life histo
riés (Table 3; Grime 1979). The implica
tion for management is that adjustments 
would hâve to be made according to the 
life historiés and competitiveness of weed 

^ species adapted to the new disturbance 
S régime (Table 3). Superficially, an increase 
Z. in the variety of weed life historiés may 
~ appear to be a serious threat to crop 
•** production. Weed management strate-
O gies generally hâve attempted to mini-
F mize the numberof distinct types of weed 
LU problems. However, many of the newly 
o encountered or minor weeds may be 
S. less compétitive. Furthermore, manage-
£ ment can manipulate colonization itself 
^ (Maxwell and Ghersa 1992), and this may 
°- be especially crucial for species that are 

inherently good invaders (Barrett 1992). 

Disturbance 
As mentioned with respect to coloniza
tion, the nature of agricultural distur-
bances changes under IWM with modifi
cations in tillage, herbicide use or other 
practices. Thèse modifications potential-
ly favour différent weed life historiés, even 
among weed species already occupying 
land that is converted to IWM. Thus, 
even if new species do not colonize an 
area, there may be shifts in the relative 
abundance patterns. The implication for 
management is that control stratégies 
must be reconsidered (Table 3). 

Reduced disturbance via reduced 
primary tillage generally has been thought 
to produce shifts in species composition 
(Froud-Williams 1988; Hinkle 1983; 
Koskinen and McWhorter 1986), although 
management modérâtes thèse potential 
shifts (Swanton et al. 1993). Management 
should constitute some form of "succes
sion management", and use "designed 
disturbance" to détermine the résultant 
community structure (Luken 1990). 
Reconsideration of control stratégies 
(Table 3) may require assessing the life 
history stratégies most likely to succeed 
under reduced tillage and developing 
stratégies to restrict populations of thèse 
weeds. Addit ionally, the System of 
conservation tillage that results in the 
most manageable weed community 
should be identified. 

Cultivation for the purpose of weed 
control within the established crop {e.g. 
inter-row cultivation) is an important form 
of disturbance among IWM Systems. 
Cultivation may be substituted for herbi
cide use or used in conjunction with 
banding of herbicides. Cultivation alone, 
in comparison to broadcast herbicide 
treatments, resulted in higher weed den-
sity and diversity (Table 2). In at least two 
of four crop-year combinations, Echino-
chloa crusgalli (L.) Beauv., Oxalis stricta 
L, Digitaria sanguinalis (L.) Scop., 
Chenopodium album L, Cirsium arvense 
(L.) Scop., Setaria viridis (L.) Beauv. and 
Amaranthus retroflexus L. were found in 
the cultivation treatment but not in plots 
with herbicidal control. A doser exami-
nationof thèse species would berequired 
to détermine whether they possess any 
spécifie adaptations to mechanical 
control. 
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Réduction in disturbance through 
reduced herbicide use in IWM (Swanton 
and Weise 1991) has important consé
quences for weed communities, particu-
larly if species new to a given field 
become established. Banding of herbi
cides allowed two additional weed 
species to survive in the study referred to 
in Table 2. Weeds hâve a wide range of 
stratégies for tolerating herbicides, and 
some, such as postharvest growth and 
development (Hume 1988), may be 
enhanced if non-residuals are used in 
place of residual herbicides. The tenden-
cy toward increased diversity caused by 
reduced rates and non-residual herbicides 
(Table 2) may be compensated for by the 
increased use of tank mixes to provide 
more broad spectrum control (Martin 
1987). However, even the most intensive 
use of herbicides tends to alter propor-
tional abundance rather than eliminate 
weeds (Chancellor 1979; Hume 1987). 
Although herbicides reduce the popula
tions of target weeds, non-susceptible 
weed species may exhibit compensatory 
increases in abundance (Evetts and 
Burnside 1975; Harper 1957; Holzner 
1978). Detailed examinations of the 
effects of modified herbicide use on 
community structure are needed. 

Diversity may provide a buffer against 
the development of herbicide résistance. 
If single-species outbreaks are prevented, 
there wi l l be less opportuni ty for 
résistant gènes to be propagated. 
Greater diversity within weed species may 
also preventthe prolifération of résistant 
biotypes. Re-evaluation of techniques and 
stratégies for herbicide use should 
consider particular concerns regarding 
spécifie species while at the same time 
developing stratégies for the entire 
community. Some species need to be 
kept at extremely low populations to 
minimize seed production and promote 
long-term control (Légère and Deschênes 
1989; Norris1992;Zanin and Sattin 1988). 
Alternatively, threshold management 
may be sufficientto maintain acceptable 
control of many weed species under 
optimal conditions (Cousens 1987; 
Jordan 1992; Swanton and Weise 1991). 
A community management strategy 
should develop a threshold for herbicide 
use based on the entire weed spectrum 
présent, ratherthan only on certain species. 

Physical environment 
Developing an IWM System to produce 
yields comparable to more conventional 
Systems involves redesigning the crop 
production System (Swanton and Weise 
1991), including both fertility manage
ment and tillage (Fig. 1). Thus, a very 
différent physical environment results 
from changing the disturbance régime, 
as discussed in the previous two sections 
on colonization and disturbance. Thèse 
physical influences should be modified 
to provide favourable growing conditions 
for the crop, while discouraging weed 
growth (Table 3). Fertilizer placement in 
close proximity to the crop is one such 
sélective mechanism, designed to ferti-
lize the crop but not the weeds (Swanton 
and Weise 1991). However, Nissanka 
(1991) found that low levels of nitrogen 
actually produced higher weed density 
(Table 2), likely because compétition with 
the crop was reduced at low nitrogen 
levels. An awareness of the nitrogen 
requirements of particular weed species 
would facilitate the design of fertilizer 
management Systems that do not 
promote the more compétitive members 
of weed communities. 

The réduction in soil disturbance due 
to conservation tillage causes a complex 
séries of changes in the soil environment. 
Three primary effects are réduction in 
soil mixing, greater rétention of water, 
and increased bulk density. AN of thèse 
may promote a wide range of changes in 
the soil that interact to produce a soil 
environment very différent than that 
found under conventional tillage. The 
increased biological activity of the soil is 
the resuit of many interacting factors such 
as the présence of organic matter from 
crop residues, increased soil moisture and 
increased microporosity (Froud-Williams 
et al. 1983; Unger 1984). This increased 
biological activity is évident within the 
détritus food web (Hendrix et al. 1986). 
Furthermore, the diversity and number 
of birds (Basore et al. 1986; Duebbert and 
Kantrud 1987), mammals (Rodgers and 
Wooley 1983; Warburton and Klimstra 
1984), arthropods (Blumberg and 
Crossley 1983; House and Parmelee 1985), 
earthworms and other soil fauna (House 
and Brust 1989; Parmelee et al. 1990) on 
conservation tillage land often is greater 
than on conventionally tilled land. Thèse 
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changes in fauna likely would hâve impli
cations in the composition of weed 
species through successional changes 
(McBrien et al. 1983). 

Other, more subtle, changes in the 
physical environment may also occur in 
response to changes under IWM, includ-
ing changes due to the effects of reduced 
pesticide loading, and the effects of 
changing community interactions and 
dynamics, as discussed below. 

Interactions with other 
communities 
A sparse weed community would be less 
likely to form many connections with 
other communities than a more diverse 
one. If a more diverse community inter-
acts more with other communities, many 
of thèse interactions could cause stress 
to the weeds présent (Table 3). If thèse 
stresses can be manipulated, they could 
be used to the advantage of weed man
agement. Of the communit ies that 
interact with the weed community in a 
typical agroecosystem, two communities 
of interest are the crop and herbivore 
communities, as discussed below. 

A central issue is whether or not an 
increased diversity of weed species, at 
the same weed density, would hâve a 
reduced effect on crop yield. Mohler and 
Liebman (1987) found that because the 
dominant weed was competitively inhib-
ited by the crop as crop productivity 
increased, the most dominant weed 
species was more suppressed than 
other species. Breeding programs are 
producing crops with greater compéti
tive ability (Haas and Streibig 1982), 
through changes in growth patterns and 
canopy structure. Given the potential 

S influence of crop competitiveness on 
? weed diversity (Table 2), it may be useful 
£ to make detailed studies of the interac-
£ tions between weed diversity and the 
z crop. 
O 
£ Expérimental approaches could involve 
w planting différent species assemblages 
O and applying différent levels of weed 
o. control. The influences of more diverse 
H life historiés and resource allocation 
x stratégies could be evaluated. Such 
°* approaches would be quite complex, but 

could take advantage of récent innova

tions in the study of plant compétition 
(Aldrich 1987; Beyrouty and Oosterhuis 
1989; Pacala and Si lander 1987; 
Radosevich 1987). 

Although the crop community is 
generally fairly monotonie, diversity is 
introduced in the form of crop rotation, 
cover crops and other more complex 
cropping Systems. Crop rotation produces 
a greater variety of weed-crop compéti
tive relationships (Harper 1957; Heather-
ly et al. 1990). Weed density is generally 
reduced, because problem weeds asso-
ciated with a particular crop do not 
hâve a chance to build up populations in 
succeeding years, and because herbicides 
are also rotated (Bullock 1992). This re
duced weed density within years may be 
associated with a réduction in diversity 
(Table 2), although higher diversity across 
the rotation may also be predicted on the 
basis of multiple weed-crop associations 
(Slife 1981). Derksen (1991) found that 
several species were associated with 
continuous cropping in western Canada, 
whereas only Matricaria matricarioides 
(Less.) Porter was associated with a 
crop-fallow rotation. 

Moore ( 1992) observed that cover crops 
reduced weed species richness (Table 2). 
Four weed species: Polygonum convoi-
vu lus L, P. aviculare L, S inapis arvensis 
and Amaranthus retroflexus were found 
exclusively in bare soil treatments. 
However, as previously discussed, Simp-
son's diversity was higher in association 
with cover crops, such that abundances 
of the fewer species were distributecl more 
equitably. Thus, the use of cover crops 
may be a good technique for reclucing 
populations of compétitive weed species 
adapted to highly disturbed environ-
ments. 

Herbivory on weeds has been com
parée! in conservation versus conven-
tional tillage Systems (Blumberg and 
Crossley 1983; Brust and House 1988; 
House and Brust 1989), and in diverse 
versus monotonie communities (Altieri 
and Letourneau 1982; Andow 1991; 
Andres 1982). A positive corrélation was 
observed between increased diversity and 
the effectiveness of biological control of 
weeds and other pests (Altieri and 
Letourneau 1982; Andow 1991; Andres 
1982). This is consistent with the natural 
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enemy hypothesis which states that "crop 
diversification favours the natural ene-
mies of crop pests, mainly by providing 
them wi th additional and supplementary 
resources" (Helenius 1989). Altieri and 
Letourneau (1982) recommended in-
creasing weed diversity in the fo rm of 
weed borders, alternating rows or select-
ed periods of weed release. More infor
mation is needed on the incidence of 
herbivores in association wi th IWM. 

C o m m u n i t y interactions 
A more diverse weed communi ty likely 
wou ld exhibit more weed-weed interac
t ions (Table 3), particularly if higher weed 
densities were présent. Al though weed 
species in cropping Systems generally 
hâve been examined ind iv idua l l y , it 
may be possible to identify compétit ive 
relationships among species (Roush and 
Radosevich 1985). It may be useful to 
construct compét i t i ve hiérarchies for 
weed species in alternative management 
Systems (Keddy and Shipley 1989; Miller 
and Werner 1987; Mitchley and Grubb 
1986), although there may be di f f icul tés 
assoc ia ted w i t h such an a p p r o a c h 
(Silvertown and Dale 1991). 

Potential bénéficiai interactions among 
weeds or between weeds and crops 
shou ld also be inves t iga ted . Thèse 
inc lude i m p r o v e m e n t of the soi l or 
microclimate, providing physical support, 
transferring nutrients,deterring predators 
or parasites, reducing the impact of other 
compe t i t o r s , encourag ing bénéf ic ia i 
rhizosphere components and attracting 
poll inators or dispersai agents (Hunter 
and Aarssen 1988). Some weed species 
may be manipulated to function as cover 
crops. It may be possible to identify weed 
species that could play bénéficiai rôles in 
s imu l taneous ly p romo t i ng b io log ica l 
control and compet ing wi th other weeds. 
Analogous species of arthropod pests 
that compete wi th more serious pests 
wi thout causing serious damage them-
selves hâve been recognized (Croft and 
Hoying 1977; Moon 1980). 

In the development of stratégies for 
c o m m u n i t y m a n a g e m e n t , increased 
weed-weed interactions could al low the 
ad jus tmen t of économie th resho lds 
(Table 3). It may be useful to détermine 

if signif icant interactions occur among 
weed populations that are suppressed 
below économie thresholds. Also, weeds 
may app roach fa i r l y h igh dens i t ies 
wi thout the need for control , such as in 
the early seedling stage or late in the 
season when weed abundance no longer 
influences crop yield. There is also the 
potential for indirect effects, such as the 
graduai replacement of species adapted 
to fo rmer management practices by 
species adapted to the new practices. 

C o m m u n i t y dynamics 
Agricultural weed communities are gen
erally unstable because eradication or 
near eradication of some weed species 
créâtes a vacuum that may encourage 
future weed outbreaks. In considering the 
potential rôle of stability in more diverse 
Systems, it must be remembered that 
there is no direct relationship between 
diversity and stability (Goodman 1975). 
However, stabilizing influences on com
mun i ty dynamics can be recognized. 
Thus, changes resulting in increased di
versity under IWM may support an im-
proved chance of greater commun i t y 
stability (Table 3). A more stable weed 
c o m m u n i t y m a y lead to i m p r o v e d 
predictabi l i ty of weed dynamics and 
more proactive weed management. 

I n s t a b i l i t y m a y a lso resu i t f r o m 
increased diversity, particularly if accom-
panied by higher weed populations than 
normal ly encountered in conventional 
Systems. One of the most impor tant 
causes of instability of weed populations 
is the large and po ten t ia l l y vo la t i le 
seedbanks of some of the more domi 
nant weeds (Cavers and Benoit 1989). 
With greater diversity under IWM, seed 
bank d y n a m i c s m a y b e c o m e m o r e 
s tab le , pa r t i cu la r l y if t he seedbank 
contains a smal ler f ract ion of seeds 
f rom tradit ionally dominant weeds. Such 
a change might arise if the tradit ionally 
dominant weeds were reduced above-
ground, thus reducing seed production 
by thèse species. 

Merely increasing diversity wi l l not like
ly produce an idéal System. The onus is 
on the IWM approach to produce the 
desired communi ty structure (Table 3). 
An IWM program should take ail aspects 
of the cropping System into considera-
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t ion wi th in a mult idiscipl inary approach 
and should be flexible to adjust to chang-
ing factors whi le at the same t ime incor-
porating the long-term impact of spécifie 
measures (Swanton and Weise 1991). 

CONCLUSION 

The number of weed species found in 
cropland likely wi l l increase as alterna
tive management practices are adopted 
under IWM. However, if the increase in 
diversity does not affect communi ty struc
ture significantly, and the same species 
are d o m i n a n t as before , the mana
gement implications wou ld be few. If, on 
the other hand, the number of species 
increases enough to change the domi-
nance pattern, or the evenness of the 
weed communi ty increases, the weed-
crop compétit ive interactions wou ld be 
affected. More observations are needed 
to evaluate weed communit ies in con
nection w i th alternative management 
practices, employing techniques that hâve 
been used to evaluate natural Systems. 
However, the alternative management 
practices associated wi th IWM are still 
evolving, and as part of this évolut ion, 
basic ecological research must be con-
ducted before the diversity implications 
can be assessed fully. 

The use of alternative practices for 
weed management should encourage 
greater involvement of principles f rom 
communi ty ecology in weed manage
ment. Some practices associated wi th 
IWM (Swanton and Weise 1991), such as 
conservation ti l lage, reduced herbicide 
inputs and critical period stratégies, tend 
to promote higher weed diversity, whi le 
others, such as improvement of crop 
competit iveness and alternative control 
methods, tend to reduce diversi ty in 
themselves, but are part of an integrated 
package that al lows for the persistence of 
the weed populat ion below a defined 
économie threshold. If évaluations of 
w e e d c o m m u n i t y d ive rs i t i es reveal 
increases in the number of species that 
make upthese populations, particularly if 
relative abundance patterns change, the 
structure and properties of the commu
nity wil l bechanged. Changes couldoccur 
in the influence of colonization, distur-
bance, the physical env i ronment and 

o the r c o m m u n i t i e s on the w e e d 
communi ty . 

There is a risk that thèse changes could 
create serious weed problems if ecolog
ical features are not properly understood. 
I n f o r m a t i o n d e s c r i b i n g e c o l o g i c a l 
features of weed commun i t ies in an 
agricultural setting is lacking. Detailed 
research into the var ious commun i t y 
interactions in agricultural weed com
munit ies, using approaches grounded in 
eco log ica l s tud ies of mo re na tura l 
Systems, could form a basis for predict-
ing and understanding the dynamics of 
diverse weed communi t ies . A l though 
there is no simple relationship between 
diversity and stability (Goodman 1975), 
factors con t r ibu t ing to stabi l i ty may 
be elucidated, and this could form an 
important aspect of weed communi ty 
diversity studies. Ult imately, this knowl-
edge could be used to develop IWM strat
égies aimed toward producing a more 
stable, sustainable system. Given the 
increased attention paid to agroecosys-
tem biodiversity f rom the point of v iew of 
conservation biology (Kevan et al. 1990; 
Paoletti et al. 1992), it may also be wise 
to adopt stratégies for managing weed 
communit ies that promote weed species 
diversity. 
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