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Abstract

Background: Alien species are severely impacting the environment, public health and socioeconomy at a global
scale. Their management is thus of crucial importance and the subject of intensive research efforts. Common rag-
weed Ambrosia artemisiifolia L. is an alien species with negative impacts on agriculture, human health and biodiver-
sity. Itis a highly allergenic, wind-pollinated herb native to North America that was first introduced to Europe during
the seventeenth century. It has since become widespread and is currently in an ongoing phase of rapid spread and
increasing abundance. Several management approaches are currently implemented and effective control of the
species can have strong socioeconomic benefits. However, evidence for management effectiveness is scattered and
has not yet been synthesised systematically. For these reasons, we here aim to systematically review the evidence to
assess (a) what is the effectiveness of management options used for control of Common ragweed Ambrosia artemisii-
folia and (b) what is the effect of confounding factors such as habitat, climate and frequency and timing of treatment?

Methods: This protocol specifies the methods for conducting a systematic review to answer the specified questions.
Search terms relating to the population and the intervention (type of management) will be combined and searched
in a range of databases and other sources. Specific inclusion criteria are (i) any population of Ambrosia artemisiifolia at
any habitat including populations in agricultural settings and such used for experimental research at any geographic
location (including its native range), (ii) any physical, chemical, biological or combined management action; (iii) direct
outcome measures including change in coverage, abundance, biomass, survival, reoccurrence, biology (e.g. growth,
height, leaf area) or pollen production. The wide range of quality of primary literature will be evaluated with a tailored
system for assessing susceptibility to bias and the reliability of the studies. If extracted data are suitable for quantita-
tive synthesis, we aim to calculate effect sizes and conduct meta-analyses.

Keywords: Alien plant, Allergen, Asteraceae, biological invasions, Biological control, Chemical management, Invasive
plant, Invasive species, Physical management, Public health

Background

Alien species are a global challenge and cause multi-
ple environmental and socio-economic impacts [1-8].
Recent estimates for the EU amount to annually at least
€ 12 billion damage by alien species [9]. The magnitudes
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of alien species introductions and of their impacts are
increasing rapidly [10, 11] and expected to further
increase due to globalization and climate change [12—14].

Common ragweed Ambrosia artemisiifolia L. is an alien
species with negative impacts on agriculture, human
health and biodiversity [15-20]. It is a highly allergenic,
wind-pollinated herb with an annual life cycle. It is native
to parts of North America and was first introduced to
Europe in botanical gardens and in the wild during the
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seventeenth and eighteenth centuries [18, 19]. Only rare
introductions occurred in Europe until 1930, incipient
spread and local naturalization happened between 1930
and 1960, followed by increased spread and emergence
of large populations in the wild until 1990 and further
spread and increasing abundances since then [19]. Spread
is strongly favoured by the species’ biology, mainly high
numbers of seeds and the quick and efficient seed disper-
sal by human means [19-22]. Ambrosia artemisiifolia is
a competitive weed in spring-sown crops. Impacts can
amount to 10-50 % and under special circumstances to
80 % of yield loss [18-20, 23, 24]. Human health impacts
are related to A. artemisiifolia being a primary cause of
pollen allergy in its native and alien ranges [19, 20, 25—
27]. In Europe, its pollen shows increasing prevalence
of sensitization [28]. Although biodiversity impacts of
A. artemisiifolia are supposed to be low and qualify in
Europe as ‘no impact’ according to the impact assessment
scheme of Blackburn et al. [5], the species occasionally
colonizes habitats of high conservation value such as dry
grasslands, tall herb communities and open forests [18,
19].

An understanding of the effectiveness of Ambro-
sia artemisiifolia management can have strong socio-
economic benefits and is crucial for informing effective
future policies on environmental management and
public health [29]. However, efficiency, costs and ben-
efits strongly depend on the effectiveness of the applied
management. Attempted control of Ambrosia artemisii-
folia has employed a range of physical, chemical and bio-
logical management techniques [19] that might also be
combined. Ambrosia artemisiifolia tolerates substantial
physical damage such as removal of the stem apex and
leaves, because the plants regenerate from buds from the
base or increase growth of existing lateral stems [30-33].
Cutting of vegetative plants is reported to delay the initia-
tion of flowering but does not prevent reproduction [31],
whereas hand pulling is reported to be most effective but
very laborious [34, 35]. Mowing is commonly applied,
but studies have found it efficient only if cutting was done
as close to the soil surface as possible [34] and under
particular timing [36]. Tillage may kill A. artemisiifolia
plants and reduce their densities [37]. Emerging physi-
cal management techniques include crop rotation, ther-
mal treatments and establishment of closed vegetation
in combination with mowing [19]. Several options for
chemical management with herbicides exist, in particu-
lar for the control of A. artemisiifolia on arable land [19].
Biological control has been implemented in the native
range [38, 39] in Europe [40], Australia [41] and Asia [42].
Biological control agents used to date include the noc-
tuid moth Tarachidia candefacta Huebner, the leaf bee-
tles Zygogramma suturalis F. and Ophraella communa,
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and the pathogen Pustula tragopogonis (Pers.) Thines
(synonym Albugo tragopogonis (D.C.) Gray) (Oomycota:
Albuginaceae) [19].

Objective of the review

The aim of this review is to identify and synthesize avail-
able evidence on the effectiveness of management for
control of Ambrosia artemisiifolia.

Primary question

What is the effectiveness of management options used

for control of Common ragweed Ambrosia artemisiifolia?
The question consists of the following components (see

study inclusion criteria for detailed definitions):

Population Common ragweed Ambrosia artemisiifolia.
Intervention Any physical, chemical or biological man-
agement intervention.

Comparator Any relevant, e.g. temporal or spatial control
or different application frequency and timing.

Outcome Any demonstrating a direct impact of man-
agement (or no impact) on Ambrosia artemisiifolia
populations.

Secondary question

What are the effects on ragweed control effectiveness of
factors such as habitat, climate and frequency and timing
of treatment?

Methods

Search strategy

The aim of the search is to undertake a comprehensive
survey of the available literature on the effectiveness of
Ambrosia artemisiifolia management. Terms relating to
the population and the intervention (type of manage-
ment) will be combined and searched in a range of data-
bases and other sources to maximise the relevant results
returned. All searches, sources, dates and the number of
hits retrieved will be recorded for inclusion in the final
systematic review report appendices and the results of
searches exported into reference management software
to facilitate review management wherever possible.

Search terms

All database searches will be conducted in the English lan-
guage. Potentially relevant non-English language articles
will be recorded in an appendix, and may be included in
the final systematic review if resources allow. Searches will
be conducted using a combination of the species name
and specific intervention and outcome keywords that
have been refined by test searches in Thomson Reuters
Web of Science (WoS; search function “TOPIC” search-
ing titles, abstracts and keywords) in the following way
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(cf. Additional file 1): (i) three synonyms of the species
name (i.e. Ambrosia artemisiifolia’, “common ragweed”
and “Ambrosia elatior”) were complemented with the
treatment terms “management” and “control’, (ii) further
40 specific terms for treatments were added all together
and (iii) tested one by one. At each steps the additional
hits and their relevance for the review topic were assessed
by checking the abstracts of all or a sample of them.
Finally, we added, in a stepwise forward procedure, more
and more treatment terms ordered by their relevance
until no new relevant hits could be obtained (Additional
file 1). The following search string was thus obtained and
assessed regarding its comprehensiveness (see below sec-
tion “Search comprehensiveness assessment”). While it
was directly applied in WoS, it was slightly modified for
some of the other databases (Additional file 1):

Proposed search terms

(“Ambrosia artemisiifolia” OR “common ragweed*” OR
“Ambrosia elatior”) AND (“manage*” OR “control” OR
“Ophraella” OR “leaf beetle*” OR “herbicid*” OR “damag*”
OR “till*” OR “natural enem*” OR “Zygogramma” OR
“Lolium” OR “crop rotat*” OR “remov*” OR “mow*”).

Databases
The following literature databases will be searched
using the terms above to identify studies relevant to the
question:

+ Web of Science: http://wokinfo.com/.

+ SCOPUS: http://www.scopus.com/.

+ MEDLINE: https://www.nlm.nih.gov/bsd/pmresources.
html.

+ CAB Direct including CAB Abstracts and Global
Health: http://www.cabdirect.org/.

+ AGRICOLA: http://www.proquest.com/products-ser-
vices/agricola-set-c.html.

+ ProQuest Dissertations and Theses.

+ OpenGrey: www.opengrey.eu.

Search engines

The general key words identified above will be entered
into the advanced search function of Google Scholar
(http://www.scholar.google.com) and zanran.com and the
first 100 hits from each exported for assessment against
the inclusion criteria. This will provide a further compre-
hensiveness check to test if any sections of the literature
are missed by the main search.

Specialist sources

The results or publications web pages will be searched to
identify relevant materials produced under the following
European projects:
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+ HALT AMBROSIA http://www.halt-ambrosia.de.
+ SMARTER (http://www.ragweed.eu)—others?

Further relevant studies will be searched for in the fol-
lowing specialist sources:

+ Global Invasive Species Database (GISD): http://
www.issg.org/database/welcome.

+ CABI Invasive Species Compendium: http://www.
cabi.org/isc.

o European and Mediterranean Plant Protection
Organization (EPPO): http://www.eppo.int/.

+ Global Compendium of Weeds (GCW): http://www.
hear.org/gcw/.

All issues of the following journals will also be searched
online for relevant articles as there are currently not
indexed in the databases:

+ NeoBiota: http://neobiota.pensoft.net/.

+ Management of Biological Invasions: http://www.
reabic.net/journals/mbi/.

+ Biolnvasion Records:
nals/bir/.

http://www.reabic.net/jour-

Early view articles and the three most recent issues of
the following journal will also be searched online for rel-
evant articles:

+ Biological Invasions:  http://www.springer.com/
life++sciences/ecology/journal/10530.

+ Invasive Plant Science and Management: http://www.
bioone.org/loi/ipsm.

+ Weed Biology and Management: http://onlinelibrary.
wiley.com/journal/10.1111/(ISSN)1445-6664.

+ Weed Research: http://onlinelibrary.wiley.com/jour-
nal/10.1111/(ISSN)1365-3180.

+ Weed Science: http://wssajournals.org/loi/wees.

+ Weed Technology: http://wssajournals.org/loi/wete.

Supplementary searches

The reference lists of retrieved review articles will be
checked to ensure that any relevant articles are captured
and included into the search record.

Search comprehensiveness assessment

The comprehensiveness of the searches was tested
by running Web of Science searches with the search
terms identified during scoping and then checking the
results compared to 52 references in the management
section of the recent review on Ambrosia artemisiifo-
lia by Essl et al. [19]. Both search strings, the complex
one with the full list of 40 specific treatment terms
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as well as the proposed simpler one with 12 specific
treatment terms (Additional file 1) yielded 29 of the 52
papers (Additional file 2). The 23 articles undetected
by the searches mostly matched the inclusion criteria
and included nine journals publications (e.g. [43-45]),
five reports (e.g. [18, 37] including one EU regulation
[46]), three conference papers [47-49] and two Ph.D.
thesis [31, 50] not indexed by Web of Science. They
further included three articles [41, 51, 52], that were
indexed and relevant, but missed by the search string,
because Ambrosia artemisiifolia was only one of
many weed species studied and not prominently men-
tioned in title, abstract or keywords (Additional file 2).
Assessing which of these 23 articles could be detected
by our search string in the other literature databases,
we detected 18 out of 23 articles, seven with Scopus
secondary, four with CABI Direct and fourteen with
Google Scholar. Scopus, Medline, ProQuest (Agricola;
Dissertations and Theses) and OpenGrey did not yield
any hits (n = 0 out of 23). With the applied means,
we could not detect five articles, i.e. one German
Ph.D. thesis [31], the mentioned EU regulation [46],
a 45 year old Russian conference paper [47], a short
chapter published in an American hand book [53] and
a report in Hungarian language [54] (Additional file 2).
We conclude from this comprehensiveness assessment
that the shorter search string would perform equally as
the long one in terms of comprehensiveness, that Sco-
pus Secondary and CABI Direct are complementary
to Web of Science and that google scholar will have an
important role to detect relevant papers that were not
covered by the searches in the other literature data-
bases. Retrieving papers dealing with multiple weed
species must partly rely on snowballing, because inclu-
sion of general search terms such as “weed” cause too
many hits which are not relevant for this review (Addi-
tional file 1).

Study inclusion criteria

All studies retrieved by the searches will be assessed at
title, abstract and full text (as appropriate) against the
following study inclusion criteria to ensure that only rel-
evant articles are admitted to the systematic review. A
subset of 100 studies or 10 % of the total results retrieved
by the searches (whichever is highest) will be checked
against the inclusion criteria at title and abstract by two
independent reviewers and a kappa test used to deter-
mine agreement, with 0.6 or above indicating substan-
tial agreement. Any disagreements will be discussed and
any definitions that require clarifying will be adjusted
accordingly. Studies will be included in the systematic
review database if they meet the following inclusion
criteria:
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Population Any population of Common ragweed
Ambrosia artemisiifolia in any habitat including popu-
lations in agricultural settings and such used for experi-
mental research (e.g. in greenhouses) at any geographic
location.

Intervention Any physical (e.g. hand pulling, mowing,
tillage), chemical (e.g. herbicide application), biologi-
cal or combined weed management treatment, exclud-
ing preventive pathway management (e.g. physical
pathway management [19]).

Comparator No treatment or an alternative treatment.
Outcomes Only direct outcome measures will be con-
sidered, including impact on ecological, biological and
phytosociological parameters of Ambrosia artemisii-
folia such as coverage, abundance, survival, reoccur-
rence, growth rate, height, leaf area, biomass accumu-
lation, as well as pollen and seed production.

Types of study Studies applying Before-After-Control-
Impact (BACI), before/after or treatment/control
designs as well as studies that compare differing inten-
sities of management (e.g. particular kinds of physical
management, type or concentration of herbicide) or
different application frequencies and timings (e.g. in
cutting regimes). Any study providing suitable data for
both intervention and comparator (including details on
intensity and frequency of application) for an outcome
of interest.

Studies excluded at full text will be recorded and pro-
vided as supplementary material along with reasons for
exclusion.

We will not consider in this review data or articles that
relate management of Ambrosia artemisiifolia to changes
in outcome measures that are not directly related to the
focal species such as agricultural yield, biodiversity and
public health, but we acknowledge that such manage-
ment effects can be relevant and should be considered
when developing management and control strategies,
alongside with the direct costs of the management [18,
19]. Although we acknowledge the importance of path-
way management [55], we neither include in this review
preventive measures which are dealing with introduc-
tion pathways, because they are of very different nature
for typically consisting of policies related to trade restric-
tions [55]. Evidence for effectiveness of pathway man-
agement, relies on totally different kind of literature and
would require a different set of search terms. In this
context, we further exclude particular physical manage-
ment operations, when they are related to pathway man-
agement [19, 35]. Consistent with the Guidelines of the
Collaboration for Environmental Evidence [56] we will
provide a supplementary file listing all articles excluded
at full text together with reasons for exclusion.
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Study quality assessment

Study quality assessment is required to group studies
according to their quality and to add quality covariates to
the analyses. Reviewers will conduct study quality assess-
ment in all articles that fully match the inclusion crite-
ria. Study quality will be scored following a hierarchy of
evidence based on susceptibility to bias [57-59]. Each
criterion (Table 1) will be scored by the reviewer, and
complemented by a short text specifying the reasons for
the scoring. For example, a study design with spatial and
temporal control such as the BACI (Before/After/Control/
Impact) type [60] would be of higher quality than a sim-
pler one relying only one spatial but not temporal con-
trol. The maximum overall score will equal 100 points
(Table 1). For studies assessing the management efficiency
of several management options, the scoring might be dif-
ferent for each conducted analysis, because sampling effort
might vary across considered taxa or some of the primary
analyses and results may be presented incompletely. The
particular system developed for the purpose of this review
considers the features recommended by Bilotta et al. [61]
and was adapted from the quality assessment system
developed by Schindler et al. [62]; it will be based on an
evaluation of the following criteria (cf. Table 1):

i. Study design and repetitions: the study design deter-
mines the study results susceptibility to bias, robust-
ness, explanatory power and generalizability. Scor-
ing will follow a scheme that considers study design
expressed in temporal and spatial repetitions.

ii. Appropriateness of methodology, and spatial and tem-
poral coverage: appropriate sampling methods and
statistical approaches are required to make best and
unbiased use of information gathered. Validity and
relevance of study results depends on the appropriate-
ness of methods used and on the appropriate coverage
in terms of the spatial and temporal scale of the study.
Intervention, intra-treatment variation, and confound-
ing factors: interventions might be badly specified or
many different measures might be treated as ‘interven-
tions’ and compared to control sites. Other confound-
ing factors might lead to the conclusion that the study
results might be prone to bias or error.

iv. Baseline comparison: studies might be confounded in
terms of the baseline case selected, because the control
sites are too different in regards their ecology or because
they had been sampled at a large spatial or temporal dis-
tance or even with a different sampling protocol com-
pared to the sampling units subject to interventions.

v. Bias linked to clarity and publication: the rigor that
was implemented during all the stages of a primary
study remains uncertain for the reviewer. However,
clarity and thoroughness of the presentation of meth-

=

iii.
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ods and results might indicate overall scientific rigor
and reduce the probability of wrong interpretations by
the reviewer [63]. Errors might occur during all stages
of a study and confounding statements or very unre-
liable results in tables and figures that are not men-
tioned in the text or explained in the discussion, might
indicate flaws in data processing or reasoning. Missing
results for specific cases can lead to directional bias,
for instance when only significant results are reported
[64].

Data extraction strategy

Data allowing the estimation of effect sizes will be
extracted into a purpose built spreadsheet by one
reviewer and checked for consistency and accuracy by a
second. A single article can contain several cases of valid
and relevant analyses and all of them will be extracted
in different spreadsheet rows. Data to be extracted will
include the intervention and its intensity (dose, fre-
quency of application), the outcomes, the methodology
and other potentially confounding factors that have been
identified as possible reasons for heterogeneity in the pri-
mary studies.

Data extraction forms will be piloted on a representa-
tive sample of the articles, to represent the range of
articles available, and amended if necessary to improve
repeatability and efficiency. For most study designs, we
expect to extract raw data (means, standard deviations
sampling sizes) as well as F values, p-values, sample sizes
and degrees of freedom. Special care will be taken regard-
ing potential publication bias that occurs when only sig-
nificant results are sufficiently presented in a paper that
contains several kinds of analyses, for instance related to
different kinds or intensities of treatments.

Missing data for the most important issues (e.g. statis-
tics, sample sizes, degrees of freedom) will be calculated
or inferred where possible from raw data or summary
statistics presented: if not possible the authors will be
contacted. Missing data regarding some of the covariates
(altitude, years of data collection, etc.) will be researched,
if considered as relevant for the particular case.

Potential effect modifiers and reasons for heterogeneity
The following effect modifiers and reasons for heteroge-
neity will be extracted:

— General study parameters: country, longitude, latitude,
altitude, geographic zone, biogeographic realm, biome
[65], Koppen-Geiger climate classes [66], investigated
environment (artificial surfaces, agricultural areas, for-
ests, wetlands, mixed and others), habitat type, years of
data collection, spatial extent of the study area, natural-
ness of the study area [67];
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— Methodological variables: the kind of intervention,
method of application, time since implementation of
the treatment (e.g. length of time since biological con-
trol agent released), length, intensity and/or frequency
of treatment, specific weather conditions after appli-
cation of the treatment, type of control, study design
(cf. Table 1), number of replicates of plots per sampling
site, sampling method, outcome measure used (see
above), statistical method applied.

Data analysis, synthesis and presentation

The extracted study cases will be grouped into hierarchi-
cal categories by intervention, also considering types of
comparators, time since intervention and study quality.
Whereas the first level category for interventions will be
physical, chemical, biological and combined (i.e. applica-
tion of >1 of the other three) treatment, the exact catego-
ries will depend on the quality and type of data retrieved
during the data extraction stage. The analyses will focus
on the differences in effect size among the four major
types of interventions, i.e. physical, chemical biological
and combined control. Additionally, we will test for the
effects of the main covariates such as time since interven-
tion, and habitat investigated.

If the extracted data are suitable for quantitative synthe-
sis, we aim to calculate effect sizes based on standardised
mean differences (if the units differ across studies) and carry
out meta-analyses [68]. Sensitivity analyses will be run to
explore the effects of including studies with different designs
and methodological quality. If possible, tests for publication
bias will be conducted. Outcomes from this review will be
discussed with selected stakeholders and implications for
environmental management policies considered.

Additional files

Additional file 1. Search string development in web of science (Novem-
ber 2015).

Additional file 2. Search comprehensiveness assessment.
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