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Introduction
Weed management continues to face many challenges, including herbicide 
resistance, invasive species, climate change and how best to deploy the 
range of non-chemical control methods available. To tackle these challenges, 
integrated weed management (IWM) needs to evolve to embrace a more 
holistic, landscape-based and agroecological approach.

This volume provides an authoritative review of the latest developments 
in IWM, including the changes in understanding the complex ways weeds 
interact with their environment and with each other, as well as how some weed 
species may contribute to ecosystem services such as soil health. The book is 
split into three parts. Chapters in Part 1 focus on weed ecology, Part 2 chapters 
examine intelligent weed control technologies and Part 3 provides five case 
study chapters that focus on the use of IWM in various settings.

Part 1 Weed ecology
The first chapter of the book discusses advances in understanding the 
contribution of weeds to the functioning of agroecosystems. Chapter 1 first 
reviews key aspects of weed ecology, focusing on areas such as weed diversity, 
weed functional traits and ways of accounting for intraspecific variation in 
weeds. It also highlights the use of a response-effect model to assess weed 
multi-functionality and trade-offs between negative and positive effects of 
weeds. The chapter includes a case study showing how farmers can manage 
weeds beneficially, followed by a summary on how important implanting 
effective IWM is to food security in the future.

Chapter 2 focuses on advances in understanding the dynamics of weed 
communities and their responses to different IWM approaches. The chapter 
assesses the role of a functional trait-based approach able to capture both the 
complexity of weed communities and the ways they might react to different 
combinations of IWM techniques. Rather than weed eradication, which might be 
neither feasible or environmentally beneficial, such an approach can potentially 
lead to a more functionally diverse weed community that is less competitive in 
any given crop. Adopting this more holistic approach will allow IWM to create 
both more productive and more sustainable cropping systems.

Moving on from Chapter 2, Chapter 3 discusses advances in managing 
arable weed propagules which can have a major impact on weed survival and 
spread. The chapter first describes the ways by which weed propagules have 
been historically managed. It then discusses advances in managing weed 
propagules with a special focus on inactive propagules i.e. those that are not 
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germinated or sprouted. Ways of managing inactive propagules reviewed in 
the chapter includecrop harvest (weed seed crushing and milling), weed seeds 
on the soil surface (weed seed predation), weed propagules in the soil matrix 
(weed seed decay and mechanical destruction of ramets) and the process 
chains around arable farming (managing manure or crop biomass transport 
and processing). Finally, the chapter suggests new avenues for research.

Chapter 4 considers advances in allelopathic interactions between weeds 
and crops. The chapter begins by highlighting allelochemical classes and 
plant defence, how allelochemicals can be produced in plants and the use of 
a rhizosphere model for belowground microbial interactions in allelopathy. 
It also illustrates allelochemical interactions in wheat, rice, buckwheat and 
sorghum, reviews experimental methodology and allelopathic trait selection 
and provides a case study on the weed-suppressive effect of buckwheat. A 
section on using allelopathy as a future component of IWM is also included, 
focusing on the development of new herbicides based on allelochemical 
templates, the use of allelopathic crops and breeding for allelopathic traits in 
crops. The chapter then summarises how allelopathy can potentially be used in 
the future for IWM practices.

The final chapter of Part 1 focuses on advances in understanding invasive 
characteristics in weed species. Chapter 5 first examines how genetic 
modifications in plants can be considered a factor in invasiveness. It then goes 
on to discuss the four main epigenetic modifications that effect invasiveness: 
DNA methylation, histone modifications, chromatin configuration and actions 
of non-coding RNA species that affect messenger RNA availability. The chapter 
concludes by emphasising how both genetic and epigenetic modification 
analysis is important in understanding invasiveness and weediness.

Part 2 Intelligent weed control technologies
Part 2 opens with a chapter that reviews modelling the effects of cropping 
systems on weed dynamics, focusing on the how best to manage the transition 
from process analysis to practical decision support. Chapter 6 first assesses 
three contrasting models which quantify the effect of a cropping system on 
weed dynamics: a single-equation static model, matrix-based models and a 
model built from process-based sub-models. The chapter moves on to discuss 
ways of limiting the modelled system for more practical applications, focusing 
on temporal, spatial and species scales. It then reviews modelling approaches, 
first focusing on empirical versus mechanistic models, then discussing 
stochastic versus deterministic models. It also considers how to bridge the 
gap between process analysis and decision support before concluding with 
an overview of why models are essential in managing weeds and selecting the 
optimum approach to IWM.
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Chapter 7 discusses developing decision support systems (DSS) for 
weed management. The chapter begins by reviewing how DSS can be used 
in weed management to set thresholds for implementing an IWM strategy. It 
then examines the role of decision support systems in reducing herbicide use, 
as well as how these systems can be used to prevent herbicide resistance for 
effective, low-cost weed control. The chapter also highlights how DSS can be 
used for long-term management of a wide range of weed species and how 
the adoption of weed management DSS by farmers is slowly increasing. The 
chapter concludes by highlighting how research into using DSS for weed 
management is developing.

The next chapter focuses on advanced detection technologies for weed 
scouting. Chapter 8 starts by highlighting the current techniques that can be 
used to make weed management more efficient, such as on-ground and remote-
sensing methods for weed detection. The chapter then goes on to show how 
more precise weed scouting can contribute to implementing and assessing the 
effects of different IWM techniques and the ways they can be combined. These 
methods range from more targeted spraying, use of cultural techniques such 
as more competitive crop cultivars, tillage and rotation practices, through to 
better assessment of weed competitiveness and resistance in response to IWM 
strategies. The chapter concludes by highlighting the importance of improving 
detection technologies for weed scouting in the future.

The subject of Chapter 9 is advances in precision application technologies 
for weed management. The chapter begins by reviewing advances in precision 
weed control systems, including more precise herbicide application techniques 
(such as off and online patch spraying) for site-specific weed management. It 
also looks at advances in areas such as camera-guided mechanical weed control 
and robotic weeding. The chapter then examines emerging technologies such 
as improvements in image processing and weed identification, the use of 
genetic modification, signalling compounds, topical and systematic markers to 
help distinguish crops more easily from weeds. It also assesses the potential 
of nanotechnology in such areas as non-markers and sensors. A section on 
herbigation – the application of herbicides through an irrigation system – is also 
provided, followed by a discussion on tracking spatial distribution patterns of 
weeds for improved pre-emergence management. A summary on why new 
developments in precision weed management are essential to improving IWM 
practices closes the chapter.

Expanding on topics previously touched upon in Chapter 9, 
Chapter 10 focuses on advances in mechanical weed control technologies. The 
chapter first discusses the principles of mechanical weed control, then goes on 
to examine the three main types of mechanical weed control, starting with full-
width cultivators then discussing inter-row and intra-row cultivation. The chapter 
looks, for example, at how vision and global navigation satellite system (GNSS) 
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technologies can improve guidance systems for mechanical intra-row weed 
control possible, opening the possibility of automatic intra-row weeding to 
revolutionize weed management in direct-sown row crops

Part 3 Case studies
The first chapter of Part 3 assesses on-farm implementation of integrated 
weed management. Chapter 11 reviews the cognitive, social and individual 
dispositional factors which help to explain the lack of IWM adoption by 
farmers. It assesses factors such as lack of available knowledge on IWM, limited 
evidence for its efficacy, reliability and cost-effectiveness of IWM. The chapter 
also discusses the challenges associated with trade-offs against other attributes 
of cropping systems and the increased complexity involved in implementing 
an IWM strategy. The chapter reviews the infrastructure needed to support 
learning by farmers to change existing beliefs of farmers and resistance to 
change. The chapter includes a case study on understanding the decision-
making processes for on-farm IWM amongst European farmers.

Chapter 12 looks at optimising integrated weed management in narrow-
row crops. The chapter uses the IWMPRAISE framework which focuses on the 
five pillars of IWM. It first discusses cropping system diversification, then moves 
on to examine cultivar choice and establishment, field and soil management 
and direct control tactics. The chapter includes four separate case studies on 
IWM programmes for cereals in the United Kingdom, France, Slovenia and 
Denmark. The chapter then assesses the relative success of each programme 
to identify those approaches worth exploring in future research.

The next chapter reviews the current status of integrated weed 
management for grasslands. Chapter 13 first describes the weed management 
toolbox for grasslands, focusing on prevention, cultural, physical and biological 
control. It then moves on to review how weed management practices can be 
integrated in grasslands, supported by case study. The chapter also addresses 
how multiple transitions in the weed’s life cycle can be dealt with, looks at the 
vertical and horizontal integration of weed management practices and the 
integration of grazing and mowing practices. A section on use of invertebrates 
and pathogens for weed control in combination with other management 
practices is also provided. The chapter concludes with an outlook for further 
improving IWM in grasslands.

Chapter 14 focuses on integrated weed management in perennial woody 
crops. The chapter discusses two case studies. The first of these is on olive 
orchards in Spain, focusing on strategies such as the use of soil management 
systems, tillage, no tillage with chemical control, inert cover with plant residue 
mulches, as well as use of spontaneous and cultivated cover crops. The 
second case study focuses on vineyards in the UK. The case study reviews 
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soil management systems and, in particular, a NIAB EMR integrated weed 
management experiment, as well as the influence of weed management on 
canopy development, yield and grape quality. The chapter concludes by 
highlighting how the most suitable integrated weed management strategy can 
be influenced by factors such as location, topography, soil type, crop features, 
farmer preferences and climatic conditions.

The final chapter of the book reviews evaluating the economics of 
integrated weed management. Chapter 15 first looks at the various approaches 
to economic evaluation, then moves on to provide a case study on the economic 
performance of IWM for winter wheat production in Denmark. It focuses on 
comparing current weed management practices using crop rotations with 
alternative IWM strategies. The chapter compares the economics of different 
IWM strategies and describes the different approaches that can be used to 
assess the economics of IWM.
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Preface
Weeds are ubiquitous and cause substantial yield and quality losses across 
all arable and horticultural systems and are thus a major concern to farmers. 
In many countries, weeds outnumber pests and disease in terms of potential 
impact on crop production. Some weeds are toxic and their presence in 
grassland may be a threat to grazing animals. Weeds also creates problems in 
recreational areas and the pollen of some weeds can cause allergenic reactions 
in humans.

Since the introduction of organic chemical herbicides shortly after World 
War 2, farmers in the developed world have relied heavily on the use of chemical 
herbicides. Mechanical weed control and cultural practices, which can prevent 
or reduce weed infestation, and which were widely practiced before the 
introduction of chemical herbicides, were given up. This change was perhaps 
most clearly reflected in the adoption of less diverse crop rotations. The blanket 
use of chemical herbicides became a standard practice in many crops even 
when the use of insecticides and fungicides against pests and disease was, at 
least partly, based on reaching certain thresholds for use and more targeted 
application. One reason why many farmers have been unwilling to skip the 
use of herbicides, even in fields with low weed infestations, is the long-term 
implications of surviving weeds on the soil seed bank.

In recent years, the intensive use of chemical pesticides has come under 
increased scrutiny and interest in alternative control measures has increased. 
In conventional farming, this renewed interest in non-chemical weed control 
measures has very much been triggered by the steadily increasing cases 
of herbicide resistance. At the same time, particularly in the EU, pesticide 
legislation has been tightened, and the criteria required for a pesticide to 
receive authorization have become stricter than ever. This is expected to lead 
to a reduction in the number of pesticides (including herbicides) available to 
EU farmers. The 2009 Sustainable Use of Pesticides Directive (SUD) sought 
to further reduce reliance on chemical control in favour of integrated pest 
management (IPM). Recently, the EU agreed on the ‘Green Deal’, at the heart of 
which is the Farm to Fork strategy that includes a 50% reduction in the use of 
pesticides by 2030.

One of the requirements of the SUD is that EU farmers should adopt IPM 
and follow the eight principles laid out in one of its annexes. IPM in entomology 
can be traced back to the 1900s while integrated weed management (IWM) is 
more recent. The backbone of IWM is more diverse crop rotations, requiring 
the trend towards less diverse crop rotation associated with the introduction 
of effective chemical herbicides to be reversed. Furthermore, non-chemical 
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methods and biological control methods need to be developed, optimized 
and implemented to reduce the reliance on herbicides. However, most non-
chemical tools are less effective or less reliable than herbicides. They cannot be 
considered stand-alone methods but need to be combined with other methods 
to provide an IWM strategy, making effective weed control more complex. The 
high level of complexity of IWM partly explains why it has not received the 
same attention as integrated management of pests and diseases. On the other 
hand, if the complexity of IWM can be resolved successfully, it could inspire 
others to proceed and develop integrated crop management solutions, which 
should be the final goal.

The present book addresses some of the issues that need to be resolved 
to reach this goal. This book complements the book ‘Integrated weed 
management for sustainable agriculture’ edited by Prof. Bob Zimdahl but also 
present results from the EU Horizon 2020 project ‘IWMPRAISE’, the first EU 
research and innovation project focusing solely on IWM. Hopefully the book 
will be of inspiration to the reader and promote both IWM research and uptake 
by end-users.



http://dx.doi.org/10.19103/AS.2021.0098.01
© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Chapter 1
Advances in understanding the 
contribution of weeds to the functioning  
of agroecosystems
Sandrine Petit, Séverin Yvoz, Alexandre Ploteau, Camille Zuccolo and Stéphane Cordeau 
Agroécologie, AgroSup Dijon, INRAE, Univ. Bourgogne, Univ. Bourgogne Franche-Comté, 
Dijon, France

 1 Introduction
 2 How key issues of weeds are addressed
 3 Conclusion
 4 Future trends in research
 5 Where to look for further information
 6 References

1  Introduction
Weeds are an essential component of the agroecosystem. They are one of the 
main biotic factors limiting crop productivity (Oerke, 2006), as they compete 
with the crop for sunlight, water and nutrients (Bastiaans et al., 2000). Their 
primary producer status also places them at the base of the agroecosystem 
food web (Pocock et al., 2012). The vast array of interactions weeds have with 
diverse biotic components found in cultivated fields can modulate ecological 
processes occurring above and below the ground in the agroecosystem 
(Marshall et al., 2003; Petit et al., 2011). As such, weeds are part of the functional 
biodiversity, defined as the biotic components that stimulate the ecological 
processes driving the agroecosystem and that provide ecosystem services 
(Blaix et al., 2018).

Research describing the functional role of plants in driving ecological 
processes is well developed in many ecosystems (e.g. grasslands, see Manning 
et al., 2015), but it is relatively recent in arable ecosystems where the focus 
has mostly been on processes underpinning food production (Moonen and 
Barberi, 2008; Martin and Isaac, 2015). However, over the last two decades, a 
number of studies have attempted to quantify the contribution of individual 
weed species and weed communities to a wide range of processes. One of the 
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rationales was to assess the potential ecological consequences of the general 
decline in weed diversity observed in many parts of the world (Storkey and 
Neve, 2018). Another objective was to enhance our capacity to identify farming 
management strategies that can ensure crop productivity and enhance weed 
biodiversity and associated ecological processes, while being economically 
sustainable (Petit et al., 2015; Adeux et al., 2019a).

Weeds are primarily considered as pests (e.g. Shennan, 2008) and the 
outcome of weed–crop competition has been the topic of numerous studies 
and syntheses (Oerke, 2006). Losses in crop yield due to weeds are highly 
variable and affected by (i) the characteristics of the crop and of the species 
composing the weed community (Adeux et al., 2019b), (ii) the environmental 
conditions and crop management (Milberg and Hallgren, 2004), and (iii) the 
methodological approach implemented to relate weeds to crop yield (Colbach 
et al., 2020). The contribution of weeds to other agroecosystem services has 
received much less attention, although their role as trophic resource providers 
has been highlighted early on (Palmer and Maurer, 1997; Norris and Kogan, 
2000; Marshall et al., 2003). In a recent review, Blaix et al. (2018) identified 129 
studies describing weed contribution to ecological processes underpinning 
regulation services. Weeds were found to contribute to nutrient cycling and 
were shown to improve the soil’s physical properties. The review highlighted 
knowledge gaps concerning the benefits of weeds for crop pollination and 
natural pest control. In the latter case, many studies only provided evidence 
that the presence of weeds increases the abundance or diversity of natural pest 
enemies, with no quantification of the positive feedback on crop yield.

Several key issues need to be addressed in order to improve our ability 
to predict the potential services and disservices provided by weeds and to 
identify farming management strategies that could reconcile crop productivity 
and the provision of regulation services. We need to better understand the role 
of weed diversity in the functioning of the agroecosystem. Some advances are 
also required in the development of functional approaches, that is, identifying 
key functional traits and accounting for their intraspecific variability. There is 
also an urgent need to implement functional approaches linking farming 
management to weed traits and to the multiple functions provided by weeds.

2  How key issues of weeds are addressed
2.1  The role of weed diversity

Agricultural intensification, including increased use of tillage, fertilisers and 
herbicides, on top of the simplification of crop rotations, has led to a widespread 
decline of weed diversity in many parts of the world over the last decades (e.g. 
Sutcliffe and Kay, 2000; Fried et al., 2009; Cirujeda et al., 2011). Although field 
edges (Fig. 1) still harbour higher weed diversity than field interiors (e.g. Fried 
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et al., 2009), this loss of weed diversity is a concern, because it threatens the 
delivery of multiple functions and services in agroecosystems. The consequences 
of weed decline on higher trophic levels are quite easy to grasp. For example, at 
the national scale in UK, the decline in the population of farmland birds was partly 
explained by a reduction in the frequency and cover of bird food plants in arable 
fields (Smart et al., 2000). Similarly, the decline of bumblebee forage plants at a 
national scale over the last decades was identified as the likely principal cause of 
decline in bumblebee species across the UK (Carvell et al., 2006).

It is also increasingly suggested that in-field weed diversity could alleviate 
weed–crop competition, notably because it could protect the weed community 
from being dominated by a few highly competitive and/or herbicide-resistant 
weeds (Storkey and Neve, 2018). The idea that a diverse weed community 
will be less competitive is supported by several studies (Poggio and Ghersa, 
2011; Cierjacks et al., 2016). More recently, through a detailed analysis of the 
effect of weed communities on several components of crop yield in a multi-year 
and multi-site field experiment, Adeux et  al. (2019b) demonstrated that high 
levels of weed diversity were always associated with low weed biomass and 
reduced interference with the crop. The authors observed a positive relationship 
between the evenness of weed communities (evenness represents the similarity 
of contribution of the different weed species to the community and ranges from 
0 to 1, a value of 1 meaning that all species in the community have an equal 

Figure 1 Field edges and field interiors harbour different weed communities.
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contribution) and crop productivity at all the critical crop stages, that is, stem 
elongation, heading, grain filling and maturity (Fig. 2). Besides the effect of weed 
diversity/evenness, the composition of weed communities was also a main factor 
explaining the variations in the degree of interference with the crop, with higher 
yield losses when competitive trait values were high at the community level.

2.2  Adopting weed functional approaches

Approaches based on functional traits have allowed a shift in perspective 
that better reflects the ecological processes that drive weed communities. 
Similarly, functional trait diversity, rather than the diversity of species per se, is 
the dimension of biodiversity most directly related to ecosystem functioning. 
Relevant functional traits can inform our understanding of plant responses to 
environmental and management factors (response traits). They can also have 
an effect on ecosystem processes underlying ecosystem service delivery 
(effect traits). Trait-based approaches have been widely applied in semi-natural 
ecosystems, yet their application to agriculture could help better identify the 
mechanisms underlying the role of agrobiodiversity in providing services. In 
agricultural systems, research on effect traits has initially focused on grasslands 
(e.g. see Manning et al., 2015). Lately, much effort has been devoted to 
arable systems and the identification of weed traits that are key for processes 
underlying the provision of agroecosystem services (Navas, 2012; Gaba et al., 
2017; Cordeau et al., 2017). In parallel, weed mean trait values have become 
increasingly accessible in databases such as TRY (Kättge et al., 2011), LEDA 
Traitbase (Kleyer et al., 2008) or BiolFlor (Klotz et al., 2002).

Functional approaches accounting for the pattern of weed productivity 
and weed competitive ability and the resulting impact on crop yield have 
been the focus of several studies (Storkey, 2006; Adeux et al., 2019b). A low 

Figure 2  Relationships between (a) weed and crop dry biomass (b) weed community 
evenness (calculated from biomass data and crop biomass) and (c) weed community 
evenness (calculated from biomass data) and weed biomass at four crop stages in 
un-weeded winter cereals (Source: Adeux et al., 2019b).



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index

2-Benzoxazolinone (BOA) 90, 91
2,4-Dihydroxy-1,4-benzoxazin-3-one 

(DIBOA) 90
2,4-D ihydr oxy-7 -meth oxy-1 ,4-be nzoxa zin-3 

-one (DIMBOA) 90, 91, 93
6-Methoxybenzoxazolin-2-one (MBOA) 90
2009 Sustainable Use of Pesticides Directive 

(SUD) xxiv
Additive Dose Model (ADM) 197
Advanced detection technologies, weed 

scouting
agroecosystems sustainability 

contribution 215
agroecology 217
collaborative research 215–217
control actions impact 218–219
cropping systems 218

future trends 219
optimizing herbicide treatments 207

on-ground weed detection 207–210
remotely sensed weed 

detection 210–213
overview 205–207
replacement of herbicide treatments, 

control tactics 213–214
Aerial images 217
Agricultural development crop yields 

challenge 285
Agroecological weed management 71
Agronomic models 164
Allelopathic interactions between weeds and 

crops
allelopathic crops

allelochemical release 100–101
current agricultural and farming 

practices 101–105
allelopathy in crop–weed interactions

allelochemical classes and plant 
defence 87–88

allelochemical production 88–89
buckwheat, Swiss case study 95–98
experimental methodology and 

allelopathic trait selection  
94–95

rhizosphere model for belowground 
microbial interactions 89–91

in wheat, rice, buckwheat and 
sorghum 91–94

breeding for allelopathic traits
breeding programmes and allelopathic 

rice varieties 106–107
genetic variation in plants with 

allelopathic potential 105–106
herbicides based on allelochemical 

templates 98–99
new bioherbicides 99–100
new chemical herbicides 99

overview of 85–87
Allelopathy, definition 86
All-terrain vehicles (ATV) 207
Amaranthus powellii (Powell’s 

amaranth) 104
Ambrosia artemisiifolia 121, 124, 127
Anaerobic biogas process 69
Anaerobic digestion 69
ANTHOCYANIN1 (ANT1) gene 236
Arable soils 48
Arable weed propagules management

collecting and destroying seeds in 
crops 53–55

current and historical management
between main crops 52
in movements across fields 52–53
related to main crop 

management 50–51
inactive weed propagules 

management 53
overview 47–49



Index420

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

predating weed seeds at the soil 
surface 55–57

maximising weed seed exposure and 
encounter rates 58–59

suitable conditions to increase seed 
predator populations 59–60

research 70–71
dormancy role 71–72
inactive weed propagules, integrating 

management of 71
seed vs. site limitation 72–73

seeds in modern circular process 
chains 68–70

weed propagules below ground
microbial decay in soil 61–64
physical and chemical methods, 

collecting and destroying weed 
propagules 64–67

ATV. see All-terrain vehicles (ATV)
Automatic assessment using cameras/

sensors 209
Automatic steering systems 276
Autonomous tool carriage systems 264
AvenaNET 188, 191
Avena sterilis (winter wild oat) 209

Band-spraying 277
BEA. see Business economics analysis (BEA)
Benzoxazinoid (BX) allelochemicals 90
Biogas fermentation 69
Biological control measures 345
Biomass production 214
Biosystems Engendering (YBENG) 247
Black-box models 169
Brassica species 103
Bud limitation 73
Business economics analysis (BEA) 403

Canopy evolution 382
CAP. see Common Agricultural Policy (CAP)
Case-based reasoning systems (CBR) 195
CBC. see Classical biological control (CBC)
CBR. see Case-based reasoning systems 

(CBR)
CC. see Cover crops (CC)
Centaurea solsticialis 57
Cereals 16
Chemical control measures 344
Chemical crop protection products 27
Chlorophyll fluorescence imaging 

sensors 189
Cirsium arvense (creeping thistle) 217, 255

Classical biological control (CBC) 345
CNN. see Convolutional neural networks 

(CNN)
Combination practices 350
Combination tactics

Denmark
alternative strategies 327
demonstration trial 331
relative index 330
weed biomass 331
winter wheat 328–329

Slovenia
aim of 323
relative index 326
strategies, winter barley 323–324
strategies, winter wheat 324–325
weather conditions 323–324
weed biomass 326

Combine harvesting 51
Common Agricultural Policy (CAP) 364
Common tillage strategies 50
COMPAG. see Computers and Electronics in 

Agriculture (COMPAG)
Competitive ability 213
Computers and Electronics in Agriculture 

(COMPAG) 220, 247
Conservation agriculture 50
Conservation tillage (CT) system 318–322
Continuous sampling 207
Conventional growers 277
Convolutional neural networks (CNN) 231
Cover crops (CC) 102
CPO. see Crop Protection Online (CPO)
CRISPR/Cas-based genome-editing 

technique 239
Crop leaf cover 214
Cropping systems 161
Cropping systems effects, weed dynamics

comparing models 145–146
differences 156–157
matrix-based models 151–152
model built from process-based 

submodels 152–156
single-equation static model 146–151

future trends 172
mechanistic model

vs. empirical model 162–163
to organise research and synthesise 

knowledge 161–162
testing scenarios 161

modelled system limitation 157
spatial scales 158–159



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 421

species scales 159–160
temporal scales 157–158

modelling approaches 160–161
choice of stochastic vs. deterministic 

approach 165
contribution of model evaluation 166
tackling residual variability 164
variability in input variables 164–165

moving from multicriteria evaluation 
of weed floras to cropping 
system 171–172

overview 143–145
support decision-making/synthesise 

knowledge processes 166–168
metamodel to 168–171

Crop Protection Online (CPO) 197
Crop rotation 192
Crop scouting 205
Crop signalling methodology 240
Crop–weed canopies 158
Crop yields 265
Cultural control practices 343
Cyanus segetum 14
Cynodon dactylon 64

Danish crop protection online (CPO) 
DSS 187

Danish organic growers 263
DAPS. see Decision algorithm for patch 

spraying (DAPS)
Data mining 169
DeciFlorSys tool 169
Decision algorithm for patch spraying 

(DAPS) 209
Decision rule 165
Decision support system for agrotechnology 

transfer (DSSAT) 186
Decision support systems (DSS) 183–184, 

233, 293, 308
increasing adoption of weed 

management 193–195
and long-term management of broad 

spectrum 191–193
and preventing herbicide 

resistance 189–191
in reducing herbicide use 187–189
setting thresholds 184–187

Deep inversion tillage 60
Deep learning (DL) 213
Deepweed 213
Detection models 274
DL. see Deep learning (DL)

DNA methylation 129
Drip application 244
DSS. see Decision support systems (DSS)
DSSAT. see Decision support system for 

agrotechnology transfer (DSSAT)
DSSs. see Decision support systems (DSSs)
Dutch minimum lethal herbicide dose 

DSS 187

Ecballium elaterium seeds 245
Ecology 144
Economics evaluation

approaches of, integrated weed 
management strategies 405

study of, Pardo 405–406
study of, Vasileiadis 406–407

approach method 397–398
comparison of, integrated weed 

management strategies
business economics analysis 

(BEA) 403
costs and profits 404
direct energy use 402
expert elicitation 403
farm profit 402
IWM delayed sowing strategy 404
IWM wider rows strategy 404–405
KWIN-AGV 2018 403
labour, investment, total costs 402

evaluation of, integrated weed 
management strategies

data and methods 410–411
economic evaluation 407–410
methods for, different aims 411–413

IWMPRAISE case study
crop protection and weed 

management 398–399
current weed management 400–401
integrated vs. current weed 

management 401–402
performance of 399
two crop rotations 399
winter wheat and spring barley 400

overview 395–397
Economic weed thresholds (ETs) 230, 231
Efficiency, substitution, redesign (ESR) 

conceptual framework 207
Elymus repens 66
Empirical models 151

weed population dynamics 36, 37
Epigenetics 128
Epigenetic variation 129, 130



Index422

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Equisetum arvense 64
ESR. see Efficiency, substitution, redesign 

(ESR) conceptual framework
ETs. see Economic weed thresholds (ETs)
EU Commission 286
EU Horizon2020 IWMPRAISE Project 395
European farmers 294–297
European Union (EU) 285
Extended field trials 191

Farmdroid 271, 273, 274
Farmer field school (FFS) 291–292
Fatal germination 51
Ferrari Remoweed 270
FFS. see Farmer field school (FFS)
Field-edge weed communities 16, 17
Field-interior weed communities 16, 17
FILP. see Fluorescence-inducing laser 

projector (FILP)
FlorSys 152, 155, 156, 159, 160, 162, 163

model 8, 12, 187
Fluorescence-inducing laser projector 

(FILP) 239
Fruchtfolge DSS 192
FSPM. see Functional–structural plant models 

(FSPM)
Full-width cultivation 276
Functional–structural plant models 

(FSPM) 157, 159

GALIRUMI project 220
Genetic engineering methodologies 239
GeoSeed 278
Geranium genus 14
GESTINF 191
GFP. see Green fluorescent protein (GFP)
Global navigation satellite system 

(GNSS) 256
Gramine biosynthesis 105
Grasslands

bioherbicides 346
definition 339
examples of, weeds 340
future trends 353–354
herbicides 340–341
integrated weed management (IWM) 

framework 342
examples of 348–349

management practices 341
management toolbox 341–342

biological control 345
chemical control 344

cultural control 343
physical control 344
prevention 342–343

practices, case studies
grazing and mowing practices 

integration 351–352
invertebrates and pathogens 

combination 352–353
multiple transitions 347–350
vertical and horizontal 

integration 350–351
problems 340
species composition and 

productivity 354
temperate zones 339–340

Green Deal xxiv
Green fluorescent protein (GFP) 238
Green Revolution 28

Hand-held decision support tool (HH-
DST) 184

Hard seedness 70
Harrowing 258
Harrowing intensity 258
Helianthus annuus (sunflower) 104
Heracleum mantegazzianum 217
Herbicide-oriented system vs. integrated 

weed management 29
Herbicide performance 187
HH-DST. see Hand-held decision support 

tool (HH-DST)
High-density planting 267
High-residue crop management 

practices 214
Hoeing between crop rows 261
Hybridization 127

IAP. see Invasive alien plants (IAP)
IAS. see Invasive alien species (IAS)
ICM. see Integrated crop management (ICM)
ICPAs. see International Conferences on 

Precision Agriculture (ICPAs)
Impatiens glandulifera 125
Imperata cylindrica 124
Improved crop detection 238
Inactive weed propagules 49
Individual tactics

soil tillage system
efficacy 320
ploughed vs.conservation 

tillage 318–323
relative index 321–322



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 423

treatments list 319
yield of, treatments 320

sowing date of, spring cereals
blackgrass 317
impact of, sowing date and herbicide 

treatments 317
relative index 318
treatments list 316

Information packages 291–292
Innovative UAV platforms 212
Integrated crop management (ICM) 290
Integrated pest management (IPM), 

xxiv 197, 286
Integrated weed management (IWM) 197, 

207, 217, 230
combination tactics

Denmark 327–332
Slovenia 323–327

delayed sowing 401–402, 404
framework 306
individual tactics 315

France 318–323
UK 316–318

low adoption factors
cognitive factors 287–288
dispositional factor 288
social factor 288

performance of 404
strategies 287
wider rows 401, 404–405

Intelligent weeding 272, 273
Intensity of tillage 34
Intercropping 102
International Conferences on Precision 

Agriculture (ICPAs) 220
Inter-row hoeing 262
Intra-row cultivators 268
Intra-species variability 160
Invasive alien plants (IAP) 121
Invasive alien species (IAS) 121, 131
Invasive characteristics in weed species

epigenetic modifications 128–131
genetic modification 123–128
overview 121–123

Inversion tillage 59
IPM. see Integrated pest management (IPM)
Ipomoea triloba 122
IWM. see Integrated weed management 

(IWM)
IWMPRAISE

aim of 411
case study 398–402

economic evaluation 412
expert elicitation 411
farmer’s perspective 412
framework

cultivar choice and 
establishment 309–311

direct control 313–315
diverse crop rotation 307–309
field/soil management 311–313

project 221
research context and analysis scale 412–

413

Jacobaea aquatica 351

Kult-Robocrop® hoe 233
K.U.L.T. Vision Control System 234
KWIN-AGV 2018 403–404

LAI. see Leaf area index (LAI)
Late blight 243
LDMC. see Leaf dry matter content (LDMC)
Leaf area index (LAI) 186
Leaf dry matter content (LDMC) 9
LIDAR sensors 210
Life cycle model, generic annual weed 38
Lipophilicity of compound 242
Long-term perennial systems 353

Machine learning (ML) 213, 274
Macroscopic variability 164
Management practice 347
Map-based approach 207
Mechanical weed control (MWC) 

technologies 214
full-width cultivation 258–260
future trends 276–278
inter-row cultivation 260–267
intra-row cultivation 267–268

automatic intra-row weed 
control 272–274

automatic intra-row weeding 269–
272

in direct-sown row crops 274–276
stacking tools 268–269

mechanisms 257–258
overview 255–257

Mechanistic models 161
Meta-analysis 289
Meta-modelling 169
Microorganisms 63
Minimum tillage 60



Index424

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

ML. see Machine learning (ML)
Moderate resolution imaging spectrometer 

(MODIS) 214
Modern remote-sensing techniques 189
MODIS. see Moderate resolution imaging 

spectrometer (MODIS)
Momilactone synthesis 87
Monocotyledonous crop residues 104
Multi-annual tillage system 50
Multivariate regression trees 169
Multi-view mirror system 240
MWC. see Mechanical weed control (MWC) 

technologies

Narrow-row crops optimization
agricultural practices 305
case studies 315

combination tactics (see Combination 
tactics)

individual tactics (see Individual tactics)
synopsis 332

cropping system diversification
cover crops and intercropping 

methods 308–309
crop rotation 307–308
decision support systems (DSSs) 308
field margins and crop edge 

management 309
Medicago sativa (lucerne) 308

cultivar choice and establishment
competitive cultivars 310–311
cultivar selection 310
cultural tactics 309
delayed sowing 309–310
sowing pattern and spatial 

arrangement 309
direct control 313–314
field and soil management 311–313
herbicides 305–306
IWMPRAISE 306

NDVI. see Normalized difference vegetation 
index (NDVI)

Net present value (NPV) 397
Non-chemical weed control 143
Non-inversion tillage systems 50
Normalized difference vegetation index 

(NDVI) 212
No-till 214

Object-based image analysis (OBIA) 213
OEM CLAAS stereo camera 233
Offline patch spraying 231

Olive cultivation
cover crops 371–375
crop establishment and features 363–

364
distribution of 364
drawbacks 365
environmental and cross-

compliance 364–365
geographical area 363
no-tillage management 368–369
plant residue mulches 369–371
soil management techniques 363, 

365–366
synopsis 375–376
tillage management 364–368

On-farm implementation
complexity 290–291
decision process

adapted version 295
cropping systems 296
field and soil management 296
interviews, knowledge expert 295–

296
IWMPRAISE project 294–295
relevance and risks 297

evidence of, efficiency, reliability and 
costeffectiveness 289–290

future trends 298
infrastructure 291–292

approach steps 292
farmer field school (FFS) 291–292
farming system prototypes 292
new technology 292
relevant learning 292

knowledge lack 288–289
resistance 294
synopsis 297–298
trade-offs, cropping system 290
values and beliefs, farmers 293–294

OptiWeeder 260
Organic growers 277

PA. see Precision Agriculture (PA)
Participatory learning 291–292
PDS. see Phytoene desaturase (PDS)
Pelargonic acid 100
Perennial woody crops

cover crops 362
farming systems 362
flowering and fruiting 361
management 362
olive orchards, Spain



© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Index 425

cultivated cover crops 373–375
future trends 375–376
inert cover, plant residue 

mulches 369–371
managed cover crops 371–373
no tillage, chemical control 368–369
overview 363–365
soil management systems 365
tillage 365–368

species variety 361
vineyards, UK

future trends 386–388
influence of, canopy 

development 381–385
influence of, yield and berry 

quality 385–386
materials and methods, NIAB IWM 

experiment 378–381
overview 376–377
soil management systems 377

Pest Management Science (PMS) 247
Phragmites australis 125
Physical control measures 344
Physical labelling approach 240
Phytoene desaturase (PDS) 239
PLA. see Polylactic acid (PLA)
PMS. see Pest Management Science (PMS)
Polylactic acid (PLA) 240
Population dynamics model 35–40
Post-dispersal seed predation 55
Power take off (PTO) 264
Precise weed management (PWM) 229, 245
Precision Agriculture (PA) 220, 247
Precision application technologies

future trends 246–247
herbigation 243–244

limitations 245
for weed control in crops 244–245

optimizing application precision 235–
236

crop signalling 239–241
genetic modifications 236–239
nanotechnology 242–243
systemic markers 242
topical markers 241–242

overview 229–230
precise pre-emergence 

management 245–246
precision weed control systems

mechanical weed control 233–234
precise herbicide application 230–233
robotic weeding 234–235

Predictive weed models 144
Pre-emergence application 246
Primot’s threshold 149
Pteridium aquilinum 101
PTO, seev Power take off (PTO)
PWM. see Precise weed management (PWM)
Pyropteron chrysidiforme 353
Pyropteron doryliforme 353

Quantitative trait loci (QTLs) 106

Reactive oxygen species (ROS) 243
Real-time approach 207
Real-time kinematic global positioning 

system (RTK-GPS) 263
Real-time kinematic positioning-global 

navigation satellite system (RTK-
GNSS) 235

Red-green-blue (RGB) sensor 209
Remote Sensing (RS) 210, 220
Residual herbicides 246
Resistance 294
RGB. see Red-green-blue (RGB) sensor
Rhodamine B (RhB) 242
Rice germplasm 105
Ridging potatoes 259
RIM DSS 190
Robocrop InRow weeder 271
Robovator 270, 272–274
Robustness 195
ROS. see Reactive oxygen species (ROS)
Rotary tillage 60
RS. see Remote Sensing (RS)
RTK-GNSS. see Real-time kinematic 

positioning-global navigation 
satellite system (RTK-GNSS)

RTK-GPS. see Real-time kinematic global 
positioning system (RTK-GPS)

Secale cereal (cereal rye) 104
Seed coat thickness 70
Seed dormancy 160
Selective harrowing 258
Sensors (SE) 220
Sensor system 234
Shallow tillage 52
Site-specific treatments 209
Site-specific weed control 232
Site-specific weed management 

(SSWM) 207
SLA. see Specific leaf area (SLA)
Smart sensors 243



Index426

© Burleigh Dodds Science Publishing Limited, 2022. All rights reserved.

Snap bean seeds 242
Soil tillage system 318–323
Solarisation 67
Sorghum halepense 209
Sorghum intercropping 102
Sorgoleone 94
Soybean 16
Specific leaf area (SLA) 9
SSWM. see Site-specific weed management 

(SSWM)
Stacking 269
Steketee IC-weeder 270, 275
Stochasticity 165
Stochastic models 144
Stubble cultivation 52
Sustainable Use Directive (SUD) 285–286
Systemic signalling compounds 242

Taraxacum officinalis 64
Target efficacy 187
Temporal information 246
Tines 259
Trait-based approaches 6
Treatments list, weed control 316
Treffler harrow 259
Triadica sebifera 127
Triketones 99

UAVs. see Unmanned aerial vehicle (UAVs)
UGV. see Unmanned ground vehicle (UGV)
Ultrasonic sensors 210
Unmanned aerial vehicle (UAVs) 237
Unmanned ground vehicle (UGV) 220

VallicoNET 188, 191
Vegetation cover fraction (VCF) 212
VIGS. see Virus-induced gene silencing 

(VIGS)
Vineyards cultivation

canopy development 381–385
evolution of canopy 382
herbicide treatment 384–385
mulching effect 384–385
NBI suggestion 384
nutrients 384–385
petiole analyses 384
treatment differences 381
vigour reduction 381
weed management treatments 383

location of 378
NIAB IWM experiment

design 379

four treatments 379
statistical analyses 381
weeding treatments 378, 380

plantation 376–377
soil management systems 377
synopsis 386–388
yield and berry quality 385–386

effects of 386, 387
four weed management 

strategies 385–386
Virus-induced gene silencing (VIGS) 237
Vision guidance technologies 263
Volatile organic compounds (VOCs) 89
Volatilisation 101

Weed community dynamics
case studies 32–35
functional ecology 29–32
herbicide-oriented system vs. integrated 

weed management 29
new approach in weed science 27–29
trait-based approach 35–40

Weed density 214
Weed evolution and adaptation 123
Weed harrowing 260
Weed infestations, visual assessment 

of 209
Weeding efficacy 257
Weeding treatments 378–380
Weed models 160
Weed population density 214
Weeds contribution, agroecosystems 

functioning
adopting weed functional 

approaches 6–8
future trends 18–19
intraspecific variation in trait values  

9–10
overview of 3–4
response–effect model 

implementation 10–11
weed diversity role 4–6
weed multi-functionality 11–12

linking farming management strategies 
to weed services 12–16

weed species, ranking of 14, 15
Weed scouting 205, 207, 210
Weed seed decay 61, 64
WeedSOFTt DSS 186
Winter mustard 16
Winter oilseed 16
WorldView-3 satellite images 214


	Contents
	Introduction
	Preface
	Part 1: Weed ecology
	Chapter 1
	Advances in understanding the contribution of weeds to the functioning of agroecosystems
	1 Introduction
	2 How key issues of weeds are addressed



	Index

