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Abstract

A prioritisation study was conducted to address the lack of adequate information about potential pests
likely to be introduced in Zambia and become invasive. The study was conducted by subject matter
experts from relevant institutions in and outside Zambia. Although this study focused on major pest
categories, this paper only addresses bacteria and Protista. A list of 306 bacterial and 10 Protista species
adjudged to affect plants was generated using CABI’s Horizon Scanning Tool. The 316 (total) pest species
were refined to focus on pests that affect value chains important to Zambia’s economy. This resulted in a
final list of 133 bacteria and eight Protista. Four additional bacteria species considered of phytosanitary
interest were added and all 137 bacteria and eight Protista species were subjected to a rapid risk assessment
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using agreed guidelines. Vectors reported to transmit any of the pathogenic organisms were also subjected
to a risk assessment. A proportion of 53% (n = 77 of 145) comprising 73 bacteria and four Protista
species were reported as present in Africa. Of these, 42 (57%, n = 73) bacterial species and two (n=4)
Protista species were reported in neighbouring countries. Considering a cut-off of 54, the highest scor-
ing pests were 40 bacteria (highest score of 140) and three Protista (highest score of 125). Three actions
were suggested for high-scoring pests, a detection surveillance, a pest-initiated pest risk analysis (PRA) or
a detection surveillance followed by pest-initiated PRA. A “no action” was suggested where the risk was
very low although, for some pathogenic organisms, a “no action” was followed by periodic monitoring.
‘This information will contribute towards proactive prevention and management of biological invasions.
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Introduction

A number of alien species' have been introduced in sub-Saharan Africa (SSA) in the
last couple of years through intentional or unintentional human-mediated activities
(Faulkner et al. 2020; Uyi et al. 2021; Mulema et al. 2022). The majority of these
aliens have become invasive” (here referred to as invasive alien species or TAS) as evi-
denced by their effects on agricultural productivity, human health, livelihoods and bio-
logical diversity (Early et al. 2016; Paini et al. 2016; Pratt et al. 2017). In phytosanitary
terms, such organisms are considered pests® and classified as quarantine® pests if not yet
widespread within a target region. The primary objective of National Plant Protection
Organisations (NPPOs) is to prevent the introduction and spread of quarantine pests
through regulation. The effect of IAS on agricultural productivity is characterised with
loss of income due to reduced crop yields, compromised quality of harvested produce
and increased management costs (Eschen et al. 2021).

For instance, Eschen et al. (2021) estimated losses associated with the invasive lepi-
dopteran insect, Spodoptera frugiperda in SSA at USD 9.4 Bn annually. It has also been
estimated that the invasive plant pathogenic bacterium, Xylella fastidiosa, will cause
losses ranging from USD 1.9 to USD 5.2 Bn if no corrective measures, such as de-

1 A species introduced outside its natural past or present distribution.

2 A species whose introduction and/or spread by the human agency directly or indirectly threatens bio-
logical diversity.

3 The term “pest” is used within the context of the International Plant Protection Convention (IPPC)
and refers to any species, strain, or biotype of plant, animal, or pathogenic agent injurious to plants or
plant products (International Standards for Phytosanitary Measures (ISPM) Number 5). Pathogenic
agents include bacteria, fungi, oomycetes, phytoplasma, viroid and virus while animals may include
arthropods, molluscs and nematodes (IPPC Secretariat 2021).

4 A pest of potential economic importance to the area endangered thereby and not yet present there
or present, but not widely distributed and being officially controlled (ISPM Number 5), (IPPC
Secretariat 2021).
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ploying resistant cultivars and application of appropriate phytosanitary measures’, are
implemented (Schneider et al. 2020). Such phytosanitary measures include control of
vectors that transmit the bacterium, suppression of inoculum and removal of infected
host plants (Almeida et al. 2005; Liccardo et al. 2020; Castro et al. 2021; Quetglas et al.
2022). In SSA, management of IAS is associated with extensive indiscriminate applica-
tion of mostly hazardous inorganic pesticides due to limited cost-effective and efficient
pest control options (Siddiqui et al. 2023). This has resulted in the production of unsafe
food and feed for human and animal consumption and reduced biodiversity due to the
adverse effects of hazardous agro-chemicals on non-target species (Martinez et al. 2020).

The most cost-effective, efficient, sustainable and practical management option for
IAS is through restricting entry or enabling early detection in case of entry, followed
by prompt mitigation of pest spread and associated adverse effects of the IAS. How-
ever, this requires availability of adequate and up-to-date information about potential
invasions (Mulema et al. 2022). Horizon scanning is one approach through which
such information can be generated and availed to risk managers, policy and decision-
makers (Sutherland et al. 2010, 2020; Matthews et al. 2017). It is the systematic search
for potential biological invasions and an assessment of their potential impacts on the
economy, society and environment considering possible opportunities for mitigating
the impacts (Sutherland et al. 2008, 2010, 2020; Roy et al. 2014). Information gener-
ated from horizon scanning can be used to support planning on management of IAS
at country and regional level and provide information for policy and practice (Caffrey
etal. 2014).

At country level, horizon scanning has been used to prioritise IAS in countries,
such as Cyprus (Peyton et al. 2019), Spain (Gassé et al. 2009; Bayén and Vila 2019),
United Kingdom (Sutherland et al. 2008), see also Great Britain (Roy et al. 2014) and
recently in Ghana and Kenya (Kenis et al. 2022; Mulema et al. 2022). At the regional
level, horizon scanning has been utilised in the European Union (Roy et al. 2019),
Central Europe (Weber and Gut 2004) and Western Europe (Gallardo et al. 2016).
CABI is also considering assessing at regional level, the risk of new IAS to the Region-
al Economic Blocks of the East African Community (EAC), Economic Community
of West African States (ECOWAS) and Southern African Development Community
(SADC). There is a paucity of information on potential biological invasions in most
SSA countries resulting in reduced capacity for timely detection, mitigation and man-
agement of pertinent pest threats in the region. Therefore, the current study applies
the horizon-scanning approach to generate useful pest-related information for Zambia
that will enhance timely action on IAS. The study was conducted with the ultimate
objective of prioritising pests that are not currently recorded as present in Zambia, but
could be introduced and become invasive in future, thereby threatening the economy
by negatively impacting on agriculture, biodiversity and forestry.

5 Any legislation, regulation or official procedure having the purpose to prevent the introduction or
spread of quarantine pests or to limit the economic impact of regulated non-quarantine pests (ISPM
Number 5), IPPC Secretariat 2021).
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The full horizon-scanning assessment covered plant pests in the categories,
Arthropoda, Bacteria, Chromista, Fungi, Mollusca, Nematoda, Protista, Viruses and
Viroids. Previously, lists of candidate IAS for risk assessment were generated by experts
through extensive literature searches (Weber and Gut 2004; Sutherland et al. 2008;
Gassé et al. 2009; Roy et al. 2014; Gallardo et al. 2016; Bayon and Vila 2019); howev-
er, CABI has developed a Horizon Scanning Tool to support identification of pests for
risk assessment. The Horizon Scanning Tool was previously applied in studies conduct-
ed in Kenya in 2018 (Mulema et al. 2022) and Ghana in 2020 (Kenis et al. 2022). The
tool can be accessed directly from https://www.cabi.org/HorizonScanningTool and via
the CABI Compendium (https://www.cabidigitallibrary.org/cabicompendium).

Materials and methods

Selection of pests from horizon scanning

A preliminary selection of pests that had not been reported as present in Zambia was
conducted using the premium version of the Horizon Scanning Tool. In this tool, in-
formation from datasheets available in the CABI Compendium was used to generate a
list of pest species that are not yet reported in the selected ‘area at risk’ (Zambia), but
reported in specified “source areas” (such as trading partner countries). However, due
to gaps in pest reporting mechanisms by some countries, non-availability of a presence
record for a given pest in the area at risk is not necessarily a confirmation of a pest’s
absence. In the Horizon Scanning Tool, the following parameters were used.

The area at risk was identified as Zambia. This was followed by selecting areas from
which likely invasive pests could be introduced (source areas). These areas included all
geographical areas within all continents (Africa, Asia, Europe, North America, Oceania
and South America), except Antarctica. The search under source areas could be further
refined by emphasising countries with matching climatic conditions, based on the Kop-
pen-Geiger climate classification (Rubel and Kottek 2010); however, this option was not
considered because all geographical areas within all continents were selected. The search
could be refined by selecting likely pathways of introduction, affected plant hosts, affect-
ed plant parts that may be used in trade, habitats, impact outcomes and type of organ-
ism. However, all these parameters were left open, except for the type of pest organism.

The type of pest organism considered for this study were bacteria, viruses (included
viroids) protists, fungi and chromista (oomycetes) and invertebrates (included arthro-
pods, molluscs and nematodes). Other pest categories although not considered for this
study, were plants, vertebrates and diseases of unknown aetiology. Plants were not con-
sidered due to lack of the appropriate guidelines for risk assessment. In addition, the
resulting pest list may be refined to retain only pests with enhanced (full) datasheets,
only those that affect plants and those that have been established to be invasive. For
this analysis, only pests known to affect plants were retained. The enhanced datasheet
and invasive options were left open. The list generated from the tool was downloaded
as an excel (.xlsx) file for downstream analysis.
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The list was manually assessed to remove pests that do not affect value chains of
interest to Zambia and pests represented by their genera instead of species names.
The final list was subjected to risk assessment by 24 Subject Matter Experts (SMEs)
convened from national and international agricultural research institutions, academia
and extension institutions. The SMEs had experience in the fields of bacteriology,
entomology, mycology, nematology and virology acquired from diverse backgrounds
including policy, regulation, industrial and academic research. The SMEs were allo-
cated to three thematic groups, based on their expertise: Entomology, Nematology
and Plant Pathology. Plant pathology included the field of Bacteriology (bacteria and
phytoplasmas), Mycology (included Chromista (oomycetes and fungi) and Virology

(viruses and viroids).

Description of the scoring system

The risk scoring system used was based on that described by Roy et al. (2019). This
scoring system (guidelines) had been modified in previous studies by Mulema et al.
(2022) and Kenis et al. (2022). Roy et al. (2019) assessed the likelihood of arrival,
establishment, spread and magnitude of potential negative impact on biodiversity and
ecosystem services, whereas in this assessment, the likelihood of entry (arrival), estab-
lishment and potential magnitude of socio-economic impact and potential magnitude
of impact on biodiversity were assessed. The likelihood of spread was considered under
establishment; however, once an alien species arrives on the African continent, expo-
nential spread within and between countries in SSA has been observed (Guimapi et al.
2016; De Groote et al. 2020). This is majorly assisted by human-mediated activities
especially if the criteria for entry and establishment are met and the key pathways® are
available (Mahuku et al. 2015; De Groote et al. 2020). A 5-score system for the four
parameters (entry, establishment, socio-economic and biodiversity impact) was used,
where a score of 1 suggested unlikely to enter or establish or minimal impact and a
score of 5 suggested very likely to enter or establish or major impact. The full guide-
lines and a description of the 5-score system for the four parameters are presented in
Suppl. material 1, but briefly outlined below.

To assess the likelihood of entry, a score of 1 suggested absent from Africa and unlike-
ly to be in the imported commodity; 2, absent from Africa, but likely to be infrequently
imported on a commodity; 3, present in Africa (not in neighbouring countries) and
spreads slowly; or absent from Africa, but recently spreads very fast on several continents
or often associated with a commodity commonly imported or frequently intercepted
in Zambia; 4, present in Africa (not in neighbouring countries) and spreads fast or in
a neighbouring country and spreads slowly; and 5, present in a neighbouring country
(Angola, Botswana, The Democratic Republic of the Congo (DR Congo), Malawi, Tan-
zania, Mozambique, Namibia and Zimbabwe) and spreads fast. To assess the likely path-
ways of arrival, three likely pathways as defined by Hulme et al. (2008) were considered.

6 The term “pathway” is used within the context of the IPPC and refers to any means that allows entry
and spread of a pest (ISPM Number 5) (IPPC Secretariat 2021).
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Hulme et al. (2008) defined three mechanisms through which alien species may enter a
new geographical or political region. They included importation of a commodity, arrival
of a transport vector and natural spread from a neighbouring region. The three mecha-
nisms comprised six pathways namely, contaminant, escape and release under the im-
portation of a commodity mechanism; stowaway under the arrival of a transport vector
mechanism; corridor and unaided under the natural spread from a neighbouring region
mechanism. Only three pathways were considered, contaminant, stowaway also referred
to as hitchhiker and unaided, abbreviated in the tables as CO, ST and UN, respectively.
Pathogenic organisms especially bacteria, viruses and viroids which could be carried by
vectors, the stowaway pathway was considered although the contaminant pathway was
also considered if the pathogenic organism is seed-borne” and seed-transmitted®. The
stowaway pathway was also considered for soil- and refuse-borne pathogenic organisms
which could unintentionally be introduced with soil or plant debris.

To assess the likelihood of establishment, a score of 1 suggested Zambia is climati-
cally unsuitable or host plants are not present; 2, only few areas in Zambia climatically
suitable; or host plants rare; 3, large areas in Zambia climatically suitable and host plant
rare; or only few areas in Zambia climatically suitable, but host plants at least moder-
ately abundant; 4, large areas in Zambia climatically suitable and host plants moderately
abundant; and 5, large areas in Zambia climatically suitable and host plants very abun-
dant. For the potential magnitude of socio-economic impact, a score of 1 suggested
the species does not attack plants that are cultivated or utilised; 2, the species damages
plants that are only occasionally cultivated or utilised; 3, the species damages plants that
are regularly cultivated or utilised, but without threatening the cultivation, utilisation or
trade of this crop; 4, the species has the potential to threaten, at least locally, the cultiva-
tion of a plant that is regularly cultivated or utilised; or to regularly attack a crop that is
key for the Zambian economy without threatening this latter; and 5, the species has the
potential to threaten, at least locally, a crop that is key for the Zambian economy. For
potential magnitude of impact on biodiversity, a score of 1 suggested the species will not
affect any native species; 2, the species will affect individuals of a native species without
affecting its population level; 3, the species has the potential to lower the population
levels of a native species; 4, the species has the potential to locally eradicate a native spe-
cies or to affect populations of a protected or keystone species; and 5, the species has the
potential to eradicate a native species or to locally eradicate a keystone species.

Scoring of species

After a group training of SMEs at the initial workshop conducted in July 2022, the
scoring of species was done independently by all SMEs. In September 2022, a consen-
sus follow-up workshop was held to review the risk assessments for each attribute one
by one and any discrepancies between the scores were discussed amongst the assessors.
The assessors had the opportunity to modify their scores according to the opinions

7 A seed-borne organism is any organism or pathogen that is carried in or on or with seed.
8 Seed-transmission refers to the transfer and re-establishment of a seed-borne pathogen from seed to plant.
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of the other SMEs. The risk score was validated through consensus and, in cases of
disagreement, the individual scores and the evidence on which they were based were
re-discussed. Confidence was estimated for each score recorded for species for the like-
lihood of entry; establishment; potential magnitude of socio-economic impact; and
potential impact on biodiversity; likely pathway of arrival; and for the overall score
following Blackburn et al. (2014). The rating proposed by Blackburn et al. (2014) was
originally modified from the European and Mediterranean Plant Protection Organi-
sation (EPPO) pest risk assessment decision support scheme (OEPP/EPPO 2012).
The information to support the scores and confidences and the likely pathways was
obtained from CABI Compendium datasheets, peer-reviewed journal articles and re-
views and grey literature (conference papers and proceedings; dissertations and theses;
government documents and reports and newspaper articles). The SMEs also relied on
their existing knowledge for assessing the species. The likely pathway of arrival and
associated confidence levels were used to help focus discussions on the possibility of
entry and establishment, but did not contribute to the overall score. Risk is a product
of likelihood of an event occurring and the impact associated with that likelihood.
Therefore, the overall risk score was obtained by the following formula:

Likelihood of entry x likelihood of establishment x

(mmagnitude of socio-economic impact + magnitude of impact on biodiversity)

Scores below three were considered low risk because of their low impact on the
likelihood of entry, establishment, economic and biodiversity damage; scores of three
were considered moderate, while scores above 3 (4 and 5) presented a high risk because
they had an opposite effect from the low scores. The overall risk score was used to rank
species according to their potential threat to Zambia. A minimum score of 54 was con-
sidered as the cut-off for further consideration because such a species scored an average
of three for all the assessable attributes or more than a three in at least three or more
attributes. A score of three suggested a situation that was skewed towards the possibil-
ity of entry, establishment and higher impact (social-economic or biodiversity). For all
assessed species, recommendations on the next course of action was made.

Results

The initial search yielded a total of 306 plant pathogenic bacteria and 10 protists. How-
ever, following a cleaning process to remove pests represented only by genus names, the
list was narrowed down to 283 bacterial and 10 Protista species that were eligible for
assessment (Suppl. material 2). The cleaned list comprised of 43 species reported as in-
vasive, all of which were bacterial species. The list was further refined to focus on pests
that damage value chains relevant to Zambia which resulted in a list of 137 bacteria
(Suppl. material 3) and eight Protista (Suppl. material 4) species resulting in a total of
145 pests. It is this list that was subjected to rapid risk assessment using the guidelines
presented in Suppl. material 1, but also briefly described in the methodology.
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In addition, species, not yet reported as present in Zambia, but adjudged to be
of phytosanitary concern, were added to each respective pest category although this
was only possible for the bacterial species. The additional pests are highlighted in the
column named “From horizon scanning” (Suppl. materials 3, 4) particularly those
indicated as “N” (for NO) in the list, denoting that the given pest was not part of the
original scanning process. Vectors that have been reported to transmit the assessed pest
species, especially for the bacteria species were also assessed to establish their associ-
ated level of risk (Suppl. material 5). For both categories (Bacteria and Protista), 53%
(n =77 of 145) were reported in Africa. Of the 53% reported in Africa, 60% (n = 46 of
77) were reported for neighbouring countries to Zambia (Suppl. materials 3, 4). Such
pests had very high overall risk scores because of their increased likelihood of entry.

Bacteria

The final bacterial list for assessment comprised 137 species as indicated above. Of
these, 77 species representing a proportion of 53% were reported in Africa, with 42
of the 77 species (55%) reported in countries neighbouring Zambia. Of the 137 spe-
cies, 132 (96%) species were identified through the horizon scanning process and five
species (4%) were added because they presented a phytosanitary risk to agriculture
and, therefore, the economy of Zambia. Sixteen percent (n = 21 of 132) of the species
were recorded as invasive in some countries. The highest overall risk score was 140
recorded for Candidatus Phytoplasma pini, Dickeya zeae, Leifsonia xyli subsp. Xyli and
Xanthomonas axonopodis pv. vasculorum and the lowest was 5 recorded for Candidatus
Arsenophonus phytopathogenicus. A proportion of 66% (n = 90) could be introduced as
contaminants, 24% (n = 33) either as contaminants or stowaways or both, while the
least, 10% (n = 14) as stowaways. The contaminant pathway mainly comprised intro-
duction as seed, plants for planting or plant parts, while stowaways mainly comprised
vectors. Introduction through the unaided pathway was not considered likely for this
group of pests.

Three of the four of the species (Pectobacterium parvum, P peruviense and P pun-
Jjabense) added to the horizon scanning results belonged to the family Pectobacteriaceae
(Soft Rot Pectobacteriaceae or SRP), while one, Xanthomonas citri pv. aurantifolii be-
longed to the family Lysobacteraceae. All added SRPs recorded an overall risk score be-
low the suggested cut-off of 54, while the xanthomonad recorded an overall risk score
above the suggested cut-off of 54 (75). Eleven percent (n = 15 of 137) of the assessed
bacterial species belonged to the Phylum Tenericutes which comprises the phytoplas-
mas. A proportion of 54% (n = 74 of 137) of the species had full (enhanced) datasheets
available in the CABI Compendium which provided access to detailed information for
assessment. However, various sources of literature were used to assess the remaining
46% with only basic datasheets. Twenty-one (15%) of the assessed bacterial species are
vectored, all of which were phytoplasmas, except for C. Arsenophonus phytopathogeni-
cus, Candidatus Liberibacter africanus, Candidatus Liberibacter asiaticus, Candidatus
Liberibacter solanacearum, Pantoea stewartii, Spiroplasma citri, Xylella fastidiosa subsp.
fastidiosa and Xylella fastidiosa subsp. pauca.
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At the considered cut-off overall score of 54 as suggested by Mulema et al. (2022), six-
ty-two (47%, n = 137) of the species were classified as high-scoring and hence prioritised
for action (Table 1). The high-scoring species were all reported as present in Africa (57
species, 92%), except Sugarcane grassy shoot phytoplasma, Sugarcane white leaf phyto-
plasma, X. citri pv. aurantifolii, X. fastidiosa subsp. fastidiosa, Xylella fastidiosa subsp. Mul-
tiplex and Xylella fastidiosa subsp. pauca (Xfp) (Table 1, Suppl. material 3). A proportion
of 70% (40 of 57 pest species) were reported as present in the neighbouring countries.

Protista

Only eight species were assessed, all of which were identified using the Horizon Scan-
ning Tool with no protist of phytosanitary concern added from other sources. All
except one, Physarum cinereum, had full (enhanced) datasheets available in the CABI
Compendium and none had been reported as invasive in any country. Four of the
species were reported as present in Africa with only two reported in the neighbouring
countries of Angola, Malawi, Mozambique, Tanzania and Zimbabwe (Suppl. material
4). Considering a cut-off of 54 for the overall risk score, only three species Plasmodi-
ophora brassicae (125), Spongospora subterranea (100) and Polymyxa graminis (60) had
the highest overall risk score (Suppl. material 4). Although none of the assessed species
could be introduced in Zambia through the unaided pathway, six of the species could
be introduced through the stowaway pathway and two could be introduced through
the contaminant and stowaway pathways.

Vectors and vectored species

Two of the assessed protists species, Spongospora subterranea and Polymyxa graminis, are
reported vectors of Potato mop-top virus (Chikh-Ali and Karasev 2023) and various
diseases of wheat, barley and groundnut viruses, respectively (Kanyuka et al. 2003). A
total of eighty species were reported to vector the assessed bacterial species. Of these,
11 (18%) had been reported in Africa and were Anguina agrostis, Bactericera trigonica,
Diaphorina citri, Neoaliturus tenellus, Nephotettix nigropictus, Orosius albicinctus, Oro-
sius orientalis, Pentastiridius leporinus, Philaenus spumarius and Trioza erytreae (Table 2,
Suppl. material 5). Two of these species have been reported as present in neighbouring
countries, D. citri in Malawi and 7. erytreae in DR Congo, Malawi, Tanzania and Zim-
babwe, while 7_ erytreae has been reported as present in Zambia (Table 2, Suppl. mate-
rial 5). The highest overall risk score was 125 for D. citri, while the lowest was 2 scored
for Aphrodes bicinctus, Colladonus montanus, Euscelis lineolatus, Helochara delta, Neoal-
iturus pulcher, Zeoliarus atkinsoni and Zeoliarus oppositus. Trioza erytreae was not scored
because it was already reported as present in Zambia as indicated above (Aidoo 2023).
The assessed vectors were likely to be introduced mainly through the contaminant path-
way, especially for those reported outside Africa or in Africa, but not in neighbouring
countries, although the stowaway pathway was also possible for those reported outside
Africa as eggs or young adults. Further, those reported in neighbouring countries were
likely to be introduced as contaminant or stowaways or they could spread unaided.
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Suggested actions

For all the assessed pests, one of three actions was suggested to guide next steps which
included conducting a detection surveillance or pest-initiated pest risk analysis (PRA)
or taking no action. A detection surveillance was recommended when the pest had
been reported as present in a country or countries neighbouring Zambia or a country
or countries with high trade traffic to Zambia, such as South Africa. A pest-initiated
PRA was suggested when the pest was affecting a value chain key to the economy of
Zambia. Such a pest could be introduced as a contaminant especially through seed if it
were seed-borne or seed-transmitted. However, in some situations where the pest had
not been reported in Zambia, but was present in neighbouring countries, the suggested
actions were a detection surveillance followed by a pest-initiated PRA. The rationale
behind this was to ensure phytosanitary measures are only instituted after establish-
ing the pest status in the country. A case in point is Candidatus Liberibacter africanus,
which was indicated as absent in Zambia, based on available information in the CABI
Compendium, yet it was reported in the neighbouring countries of Malawi, Tanzania
and Zimbabwe along with the vector (77ioza erytreae) which is also reported as present
in Zambia. For some bacterial and Protista species, a “no action” recommendation was
made especially when the likelihood of entry and establishment was very low. Howev-
er, for some pests, the “no action” recommendation was followed by periodic monitor-
ing of the status of the pests especially where the low overall risk score was occasioned
by a low likelihood of entry, but the likelihood of establishment, socioeconomic and
environmental impact where medium (three) or high (above three) and the risk of this
pest could increase with a change in likelihood of entry.

Discussion

Horizon scanning was utilised to select pest species not yet reported as present in the
region at risk (Zambia) followed by an assessment of their likelihood of introduction,
establishment and potential impacts on the economy and biodiversity. The approach
has been used in several countries to avail key information about potential biological
invasions to risk managers (Sutherland et al. 2008; Gassé et al. 2009; Roy et al. 2014;
Bay6n and Vila 2019; Peyton et al. 2019), Spain (Gassé et al. 2009; Bayén and Vila
2019) and United Kingdom (Sutherland et al. 2008). This information has enabled
prevention of introduction through increased awareness to support early-warning and
rapid response and contingency planning (Peyton et al. 2020). For some of the pest
species provided by the Horizon Scanning Tool, only basic datasheets were available.
This affected assessment of risk associated with likelihood of introduction, establish-
ment and potential pathways of introduction. In addition, for most pest species, in-
formation on potential socio-economic and environmental impacts is lacking even
in enhanced datasheets or completely unavailable. Lastly, information about some of
the vectors reported to transmit some of the assessed pathogenic organisms is lacking.



Rapid risk assessment of plant pathogenic bacteria and protists 167

For instance, Xylella fastidioda subspecies have been reported to be transmitted by a
multitude of vectors, but information on these vectors is not available in SSA. This is
why assessment of risk associated with pest species identified through horizon scanning
was conducted by SMEs.

The pests that recorded high scores were those reported in Africa and mainly in
neighbouring countries or countries with high traffic of trade, such as South Africa,
demonstrating that the likelihood of entry is key in determining the overall risk score.
More than half of the pests reported as present in Africa were reported in neighbour-
ing countries. This indicates that Zambia needs to ensure that the status of the pests
reported as absent in Zambia, but present in neighbouring countries, is correctly es-
tablished. This will require collaboration of the Plant Quarantine and Phytosanitary
Service (PQPS), which is the National Plant Protection Organisation (NPPO), with
other key actors, such as public and private research institutions, international research
organisations, academia, public and private extension delivery organisations and re-
gional NPPOs.

Soft Rot Pectobacteriaceae (SRP) are one of the most devastating phytopathogenic
organisms known to affect a wide range of crops, especially in Solanum tuberosum,
Zea mays and a multitude of horticultural crops (Gallois et al. 1992; Adeolu et al.
2016; van der Wolf et al. 2021; Van Gijsegem et al. 2021). The SRPs identified
through horizon scanning and assessed included Dickeya chrysanthemi, D. dadantii,
D. dianthicola, D. fangzhongdai, D. paradisiaca, D. solani, D. zeae, Pectobacterium
aroidearum, P atrosepticum, P betavasculorum, P brasiliense, P carotovorum, P, cypripedii,
P odoriferum, P parmentieri and B polaris, all of which affect S. ruberosum, except,
D. zeae, P cypripedii and P odoriferum. All these SRPs recorded overall risk scores
above 54, except D. fangzhongdai, D. paradisiaca, D. solani, P aroidearum, P cypripedii,
P odoriferum and R polaris majorly because they had not been reported in Africa with
the exception of P ¢ypripedii, which has been reported as present in South Africa. The
SRPs that recorded scores above 54 have all been reported in neighbouring countries,
except D. dianthicola and P betavasculorum. It is on this basis that there was a suggestion
for detection surveillance to be conducted for these pests before any phytosanitary
measure is instituted. However, for the SRPs not recorded in neighbouring countries,
detection surveillance was still suggested to confirm pest status, followed by a pest-
initiated PRA.

The SRPs that were added because they presented a phytosanitary risk to S. zubero-
sum value chain included D. oryzae, P parvum, P punjabense and P peruviense. Pecto-
bacterium punjabense is a new species which was recently isolated from S. ruberosum
(Sarfraz et al. 2018). This species was added because it is closely related to P parmen-
tiers, a species that was highlighted through horizon scanning. Pectobacterium parmen-
tieri was reported in the neighbouring country of Zimbabwe and also highlighted as
invasive. Both 2 parvum and P punjabense were recently elevated from P carotovorum,
a species highlighted by horizon scanning and reclassified into new species (Waleron et
al. 2018; Pasanen et al. 2020). Pectobacterium carotovorum was reported in a number of
countries and in the neighbouring country of Zimbabwe. Dickeya oryzae was recently
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elevated from D. zeae, hence this elevation from a strain that had been highlighted
through horizon scanning dictated the inclusion of D. oryzae in the risk assessment
process. All the added SRPs recorded low overall risk score because they have not yet
been reported in Africa. However, because they have been elevated from SRPs already
reported in Africa and more so in neighbouring countries, detection surveillance was
suggested to establish pest status.

The xanthomonad, X. citri pv. Aurantifolii, was added because, along with Xan-
thomonas citri pv. Citri, both cause Citrus canker disease (CCD) or Asiatic citrus can-
ker (Gottwald et al. 2002; Gabriel et al. 2020; Naqyvi et al. 2022). The disease affects
several plants in the family Rutaceae particularly Citrus, Fortunella and Poncirus species
(da Gama et al. 2018; Nagqvi et al. 2022). All known commercial varieties of Citrus
have been reported to succumb to the diseases (Gottwald et al. 1989, 2002; Vojnov et
al. 2010). The economic impacts due to CCD result from stem die-back, fruit blem-
ishes which affect the quality and eventual price and early fruit drop (Graham 2001;
Gottwald et al. 2002). The two pathovars, X. citri pv. aurantifolii and X. citri pv. citri
are mainly introduced into new geographical areas through the transportation of in-
fected fruits from infested zones to production areas free of the disease (Gottwald et al.
2002; Nagqvi et al. 2022). The two pathovars are considered quarantine organisms in
most countries where they have not yet been reported (Schubert et al. 2001; Gottwald
et al. 2002; Naqyi et al. 2022), hence the overall risk score of 75 and 100 for X. cizri
pv. aurantifolii and X. citri pv. Citri, respectively, was enough to instigate a suggestion
of surveillance since X. citri pv. citri had been recorded in the neighbouring country
of Tanzania.

One of the emerging bacterial pathogenic species of economic importance, Xylella
Jastidiosa that has now been reported in America, Asia, Europe and Oceania, but not
yet in Africa, was also assessed (Baldi and La Porta 2017; Rapicavoli et al. 2018). Xy-
lella fastidiosa is divided into three main subspecies, each with a specific host range,
X. fastidiosa subsp. fastidiosa which causes Pierce’s disease; X. fastidiosa subsp. multiplex
which causes almond leaf scorch and phony peach disease; and X. fastidiosa subsp.
pauca which causes citrus variegated chlorosis and olive quick decline syndrome (Sand-
erlin 2017; Rapicavoli et al. 2018; Greco et al. 2021). Three other subspecies, although
of limited economic importance and host spectrum, also cause X. fastidiosa disease
symptoms. They are X. fastidiosa subsp. morus, X. fastidiosa subsp. sandyi which causes
oleander leaf scorch and X. fastidiosa subsp. tashke which causes leaf scorch in Chitalpa
tashkentensis (Schuenzel et al. 2005; Randall et al. 2009; Nunney et al. 2014; Rapica-
voli et al. 2018). The three major subspecies and X. fastidiosa subsp. sandyi were picked
through horizon scanning and assessed. Two of these subspecies, X. fastidiosa subsp
Jastidiosa and X. fastidiosa subsp. pauca affect crop species (Citrus sinensis and Coffee.
arabica) (Marucci et al. 2008; Bergsma-Vlami et al. 2017; Esteves et al. 2020) that
are key to the Zambian economy. Xylella fastidiosa has the capacity to rattle the trad-
ing capacity of any country. It is a quarantine pest in most of Europe, the destination
of agricultural produce from Africa and, therefore, it is essential that it is kept out of
Zambia and other African countries.
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Based on the results from the rapid risk assessment, the following recommenda-
tions are suggested; (1) conduct detection surveillance especially for pests reported in
neighbouring countries to establish pest status before any further action, such as de-
veloping pest-initiated PRAs is conducted. Where the pest is established as present, a
delimiting survey is suggested to establish the boundaries of infestation. Although not
yet detected in Africa, periodic surveillance for X. fastidiosa should be conducted. It is
also essential for funds to be allocated to conduct research on the likely vectors of this
pathogen; (2) Pest-initiated PRA should be conducted for pests that cause high eco-
nomic damage or may endanger trade in value chains key to the Zambian economy;
(3) The risk associated with the assessed pests needs to be reviewed periodically to es-
tablish any changes and devise necessary mitigation measures. The suggested periodic
review will require the establishment of a pest risk register to which these bacteria and
protist species will be added. The risk registers are developed, based on the concept by
the United Kingdom’s Plant Health Risk Register9, Northern Ireland’s Plant Health
Risk Register'” or Finland’s FinnPRIO-Explorer''. Lastly, the results from this assess-
ment will support the updating of the list of regulated pests. The actions suggested will
be implemented by the Zambian NPPO, Plant Quarantine and Phytosanitary Service
(PQPS) working with key actors in Extension, Research and Academia.

Funding

This work was financially supported by the Foreign, Commonwealth and Develop-
ment Office (FCDO), United Kingdom, the Directorate-General for International
Cooperation (DGIS), Netherlands, the European Commission Directorate-General
for International Cooperation and Development (DEVCO) and the Swiss Agency for
Development and Cooperation (SDC) through CABI’s PlantwisePlus Programmes.
CABI is an inter-governmental, not-for-profit organisation and we gratefully acknowl-
edge the core financial support from our member countries and lead agencies.

References

Adeolu M, Alnajar S, Naushad SS, Gupta R (2016) Genome-based phylogeny and taxonomy
of the “Enterobacteriales’: Proposal for Enterobacterales ord. nov. divided into the families
Enterobacteriaceae, Erwiniaceae fam. nov., Pectobacteriaceae fam. nov., Yersiniaceae fam.
nov., Hafniaceae fam. nov., Morganellaceae fam. nov., and Budviciaceae fam. nov. Interna-
tional Journal of Systematic and Evolutionary Microbiology 66: 5575-5599. https://doi.
0rg/10.1099/ijsem.0.001485

9 https://planthealthportal.defra.gov.uk/pests-and-diseases/uk-plant-health-risk-register.
10 https://www.daera-ni.gov.uk/publications/ni-plant-health-risk-register.
11 https://finnprio-explorer.rahtiapp.fi.


https://doi.org/10.1099/ijsem.0.001485
https://doi.org/10.1099/ijsem.0.001485
https://planthealthportal.defra.gov.uk/pests-and-diseases/uk-plant-health-risk-register
https://www.daera-ni.gov.uk/publications/ni-plant-health-risk-register
https://finnprio-explorer.rahtiapp.fi

170 Joseph Mulema et al. / NeoBiota 91: 145-178 (2024)

Aidoo OF (2023) The African citrus psyllid Trioza erytreac (Hemiptera: Triozidae): Biology,
management, and its role as a vector of huanglongbing. Crop Protection (Guildford, Sur-
rey) 172: 106348. https://doi.org/10.1016/j.cropro.2023.106348

Almeida RPE, Blua MJ, Lopes JRS, Purcell AH (2005) Vector Transmission of Xylella fastidi-
osa: Applying fundamental knowledge to generate disease management strategies. Annals
of the Entomological Society of America 98(6): 775-786. https://doi.org/10.1603/0013-
8746(2005)098[0775:VTOXFA]2.0.CO;2

Baldi B, La Porta N (2017) Xylella fastidiosa: Host range and advance in molecular identification
techniques. Frontiers in Plant Science 8: 944. https://doi.org/10.3389/fpls.2017.00944

Bayé6n A, Vila M (2019) Horizon scanning to identify invasion risk of ornamental plants mar-
keted in Spain. NeoBiota 52: 47-86. https://doi.org/10.3897/neobiota.52.38113

Bergsma-Vlami M, van de Bilt JLJ, Tjou-Tam-Sin NNA, Helderman CM, Gorkink-Smits
PPMA, Landman NM, van Nieuwburg JGW, van Veen EJ, Westenberg M (2017) Assess-
ment of the genetic diversity of Xylella fastidiosa in imported ornamental Coffea arabica
plants. Plant Pathology 66(7): 1065-1074. https://doi.org/10.1111/ppa.12696

Blackburn TM, Essl E, Evans T, Hulme PE, Jeschke JM, Kiihn I, Kumschick S, Markovd Z,
Mrugata A, Nentwig W, Pergl J, PySek B, Rabitsch W, Ricciardi A, Richardson DM, Sendek
A, Vila M, Wilson JRU, Winter M, Genovesi P, Bacher S (2014) A unified classification of
alien species based on the magnitude of their environmental impacts. PLoS Biology 12(5):
€1001850. https://doi.org/10.1371/journal.pbio.1001850

Caffrey JM, Baars JR, Barbour JH, Boets P, Boon P, Davenport K, Dick JTA, Early J, Edsman
L, Gallagher C, Gross J, Heinimaa P, Horrill C, Hudin S, Hulme PE, Hynes S, Maclsaac
HJ, McLoone P, Millane M, Moen TL, Moore N, Newman J, O’Conchuir R, O’Farrell M,
O’Flynn C, Oidtmann B, Renals T, Ricciardi A, Roy H, Shaw R, Van Valkenburg JLCH
(2014) Tackling invasive alien species in Europe: The top 20 issues. Management of Bio-
logical Invasions 5(1): 1-20. https://doi.org/10.3391/mbi.2014.5.1.01

Castro C, DiSalvo B, Roper MC (2021) Xylella fastidiosa: A reemerging plant pathogen that
threatens crops globally. PLoS Pathogens 17(9): ¢1009813. https://doi.org/10.1371/jour-
nal.ppat.1009813

Chikh-Ali M, Karasev AV (2023) Chapter 11 - Virus diseases of potato and their control. In:
Caligkan ME, Bakhsh A, Jabran K (Eds) Potato Production Worldwide. Academic Press,
199-212. hteps://doi.org/10.1016/B978-0-12-822925-5.00008-6

da Gama MAS, Mariano R de LR, da Silva Janior W], de Farias ARG, Barbosa MAG, Ferreira
MASYV, Costa Junior CRL, Santos LA, de Souza EB (2018) Taxonomic repositioning of
Xanthomonas campestris pv. viticola (Nayudu 1972) Dye 1978 as Xanthomonas citri pv.
viticola (Nayudu 1972) Dye 1978 comb. nov. and emendation of the description of Xan-
thomonas citri pv. anacardii to include pigmented isolates pathogenic to Cashew plant.
Phytopathology 108(10): 1143-1153. https://doi.org/10.1094/PHYTO-02-18-0037-R

De Groote H, Kimenju SC, Munyua B, Palmas S, Kassie M, Bruce A (2020) Spread and
impact of fall armyworm (Spodoptera frugiperda J.E. Smith) in maize production areas of
Kenya. Agriculture, Ecosystems & Environment 292: 106804. https://doi.org/10.1016/j.
agee.2019.106804

Early R, Bradley BA, Dukes JS, Lawler JJ, Olden JD, Blumenthal DM, Gonzalez B, Grosholz
ED, Ibafiez I, Miller LP, Sorte CJ, Tatem AJ (2016) Global threats from invasive alien


https://doi.org/10.1016/j.cropro.2023.106348
https://doi.org/10.1603/0013-8746(2005)098%5B0775:VTOXFA%5D2.0.CO;2
https://doi.org/10.1603/0013-8746(2005)098%5B0775:VTOXFA%5D2.0.CO;2
https://doi.org/10.3389/fpls.2017.00944
https://doi.org/10.3897/neobiota.52.38113
https://doi.org/10.1111/ppa.12696
https://doi.org/10.1371/journal.pbio.1001850
https://doi.org/10.3391/mbi.2014.5.1.01
https://doi.org/10.1371/journal.ppat.1009813
https://doi.org/10.1371/journal.ppat.1009813
https://doi.org/10.1016/B978-0-12-822925-5.00008-6
https://doi.org/10.1094/PHYTO-02-18-0037-R
https://doi.org/10.1016/j.agee.2019.106804
https://doi.org/10.1016/j.agee.2019.106804

Rapid risk assessment of plant pathogenic bacteria and protists 171

species in the twenty-first century and national response capacities. Nature Communica-
tions 7(1): 12485. hetps://doi.org/10.1038/ncomms12485

Eschen R, Beale T, Bonnin JM, Constantine KL, Duah S, Finch EA, Makale F, Nunda W, Ogun-
modede A, Pratt CE Thompson E, Williams E Witt A, Taylor B (2021) Towards estimating
the economic cost of invasive alien species to African crop and livestock production. CABI
Agriculture and Bioscience 2(1): 18. https://doi.org/10.1186/s43170-021-00038-7

Esteves MB, Kleina HT, de M Sales T, Lopes JRS (2020) Selection of host plants for vector trans-
mission assays of citrus variegated chlorosis strains of Xylella fastidiosa subsp. pauca. European
Journal of Plant Pathology 158: 975-985. https://doi.org/10.1007/s10658-020-02134-2

Faulkner KT, Burness A, Byrne MJ, Kumschick S, Peters K, Robertson MP, Saccaggi DL, Weyl
OLE Williams VL (2020) South Africa’s pathways of introduction and dispersal and how
they have changed over time. In: van Wilgen BW, Measey ], Richardson DM, Wilson JR,
Zengeya TA (Eds) Biological Invasions in South Africa. Springer International Publishing,
Cham, 313-354. https://doi.org/10.1007/978-3-030-32394-3_12

Gabriel D, Gottwald TR, Lopes SA, Wulff NA (2020) Chapter 18 - Bacterial pathogens of
citrus: Citrus canker, citrus variegated chlorosis and Huanglongbing. In: Talon M, Caruso
M, Gmitter FG (Eds) The Genus Citrus. Woodhead Publishing, 371-389. https://doi.
0rg/10.1016/B978-0-12-812163-4.00018-8

Gallardo B, Zieritz A, Adriaens T, Bellard C, Boets B, Britton JR, Newman JR, van Valken-
burg JLCH, Aldridge DC (2016) Trans-national horizon scanning for invasive non-native
species: A case study in western Europe. Biological Invasions 18(1): 17-30. https://doi.
org/10.1007/5s10530-015-0986-0

Gallois A, Samson R, Ageron E, Grimont PAD (1992) Erwinia carotovora subsp. odorifera
subsp. nov., associated with odorous soft rot of Chicory (Cichorium intybus L.). Inter-
national Journal of Systematic and Evolutionary Microbiology 42: 582-588. https://doi.
0rg/10.1099/00207713-42-4-582

Gassé N, Sol D, Pino ], Dana ED, Lloret E Sanz-Elorza M, Sobrino E, Vila M (2009) Explor-
ing species attributes and site characteristics to assess plant invasions in Spain. Diversity &
Distributions 15(1): 50-58. https://doi.org/10.1111/j.1472-4642.2008.00501 .x

Gottwald TR, Timmer LW, McGuire RG (1989) Analysis of disease progress of citrus canker
in nurseries in Argentina. Phytopathology 79(11): 1276-1283. https://doi.org/10.1094/
Phyto-79-1276

Gottwald TR, Graham JH, Schubert TS (2002) Citrus Canker: The pathogen and its impact.
Plant Health Progress 3(1): 15. https://doi.org/10.1094/PHP-2002-0812-01-RV

Graham JH (2001) Varietal susceptibility to citrus canker: Observations from southern Brazil.
Citrus Ind. 82: 15-17.

Greco D, Aprile A, De Bellis L, Luvisi A (2021) Diseases caused by Xylella fastidiosa in Prunus
genus: An overview of the research on an increasingly widespread pathogen. Frontiers in
Plant Science 12: 712452. https://doi.org/10.3389/fpls.2021.712452

Guimapi RYA, Mohamed SA, Okeyo GO, Ndjomatchoua FT, Ekesi S, Tonnang HEZ (2016)
Modeling the risk of invasion and spread of 7uta absoluta in Africa. Ecological Complexity
28: 77-93. https://doi.org/10.1016/j.ecocom.2016.08.001

Hulme PE, Bacher S, Kenis M, Klotz S, Kiithn I, Minchin D, Nentwig W, Olenin S, Panov
V, Pergl ], Pysek B, Roques A, Sol D, Solarz W, Vila M (2008) Grasping at the routes of


https://doi.org/10.1038/ncomms12485
https://doi.org/10.1186/s43170-021-00038-7
https://doi.org/10.1007/s10658-020-02134-2
https://doi.org/10.1007/978-3-030-32394-3_12
https://doi.org/10.1016/B978-0-12-812163-4.00018-8
https://doi.org/10.1016/B978-0-12-812163-4.00018-8
https://doi.org/10.1007/s10530-015-0986-0
https://doi.org/10.1007/s10530-015-0986-0
https://doi.org/10.1099/00207713-42-4-582
https://doi.org/10.1099/00207713-42-4-582
https://doi.org/10.1111/j.1472-4642.2008.00501.x
https://doi.org/10.1094/Phyto-79-1276
https://doi.org/10.1094/Phyto-79-1276
https://doi.org/10.1094/PHP-2002-0812-01-RV
https://doi.org/10.3389/fpls.2021.712452
https://doi.org/10.1016/j.ecocom.2016.08.001

172 Joseph Mulema et al. / NeoBiota 91: 145-178 (2024)

biological invasions: A framework for integrating pathways into policy. Journal of Applied
Ecology 45(2): 403—414. https://doi.org/10.1111/j.1365-2664.2007.01442.x

Kanyuka K, Ward E, Adams M] (2003) Polymyxa graminis and the cereal viruses it transmits:
A research challenge. Molecular Plant Pathology 4(5): 393—406. https://doi.org/10.1046/
j-1364-3703.2003.00177 .x

Kenis M, Agboyi LK, Adu-Acheampong R, Ansong M, Arthur S, Attipoe PT, Baba A-SM,
Beseh B, Clottey VA, Combey R, Dzomeku I, Eddy-Doh MA, Fening KO, Frimpong-Anin
K, Hevi W, Lekete-Lawson E, Nboyine JA, Ohene-Mensah G, Oppong-Mensah B, Nua-
mah HSA, van der Puije G, Mulema ] (2022) Horizon scanning for prioritising invasive
alien species with potential to threaten agriculture and biodiversity in Ghana. NeoBiota 71:
129-148. https://doi.org/10.3897/neobiota.71.72577

Liccardo A, Fierro A, Garganese E, Picciotti U, Porcelli F (2020) A biological control model to
manage the vector and the infection of Xylella fastidiosa on olive trees. PLOS ONE 15(4):
€0232363. https://doi.org/10.1371/journal.pone.0232363

Mahuku G, Lockhart BE, Wanjala B, Jones MW, Kimunye JN, Stewart LR, Cassone BJ,
Sevgan S, Nyasani JO, Kusia E, Kumar PL, Niblett CL, Kiggundu A, Asea G, Pappu
HR, Wangai A, Prasanna BM, Redinbaugh MG (2015) Maize lethal necrosis (MLN),
an emerging threat to maize-based food security in sub-Saharan Africa. Phytopathology
105(7): 956-965. https://doi.org/10.1094/PHYTO-12-14-0367-F1

Martinez B, Reaser JK, Dehgan A, Zamft B, Baisch D, McCormick C, Giordano AJ, Aicher
R, Selbe S (2020) Technology innovation: Advancing capacities for the early detection of
and rapid response to invasive species. Biological Invasions 22(1): 75-100. https://doi.
org/10.1007/s10530-019-02146-y

Marucci RC, Lopes JRS, Cavichioli RR (2008) Transmission efficiency of Xylella fastidiosa by
sharpshooters (Hemiptera: Cicadellidae) in coffee and citrus. Journal of Economic Ento-
mology 101(4): 1114-1121. hteps://doi.org/10.1093/jee/101.4.1114

Matthews J, Beringen R, Creemers R, Hollander H, Kessel N (2017) A new approach to hori-
zon-scanning: Identifying potentially invasive alien species and their introduction pathways.
Management of Biological Invasions 8(1): 1-16. https://doi.org/10.3391/mbi.2017.8.1.04

Mulema J, Day R, Nunda W, Akutse KS, Bruce AY, Gachamba S, Haukeland S, Kahuthia-Gathu R,
Kibet S, Koech A, Kosiom T, Miano DW, Momanyi G, Murungi LK, Muthomi JW, Mwangi
J, Mwangi M, Mwendo N, Nderitu JH, Nyasani ], Otipa M, Wambugu S, Were E, Makale F
Doughty L, Edgington S, Rwomushana I, Kenis M (2022) Prioritization of invasive alien spe-
cies with the potential to threaten agriculture and biodiversity in Kenya through horizon scan-
ning. Biological Invasions 24(9): 2933-2949. https://doi.org/10.1007/s10530-022-02824-4

Naqvi SA, Wang J, Malik MT, Umar U-U-D, Ateeq-Ur-Rehman, Hasnain A, Sohail MA, Sha-
keel MT, Nauman M, Hafeez-ur-Rehman, Hassan MZ, Fatima M, Datta R (2022) Citrus
canker - distribution, taxonomy, epidemiology, disease cycle, pathogen biology, detection,
and management: A critical review and future research agenda. Agronomy (Basel) 12(5):
1075. https://doi.org/10.3390/agronomy12051075

Nunney L, Schuenzel EL, Scally M, Bromley RE, Stouthamer R (2014) Large-scale intersub-
specific recombination in the plant-pathogenic bacterium Xylella fastidiosa is associated
with the host shift to Mulberry. Applied and Environmental Microbiology 80: 3025-3033.
hteps://doi.org/10.1128/AEM.04112-13


https://doi.org/10.1111/j.1365-2664.2007.01442.x
https://doi.org/10.1046/j.1364-3703.2003.00177.x
https://doi.org/10.1046/j.1364-3703.2003.00177.x
https://doi.org/10.3897/neobiota.71.72577
https://doi.org/10.1371/journal.pone.0232363
https://doi.org/10.1094/PHYTO-12-14-0367-FI
https://doi.org/10.1007/s10530-019-02146-y
https://doi.org/10.1007/s10530-019-02146-y
https://doi.org/10.1093/jee/101.4.1114
https://doi.org/10.3391/mbi.2017.8.1.04
https://doi.org/10.1007/s10530-022-02824-4
https://doi.org/10.3390/agronomy12051075
https://doi.org/10.1128/AEM.04112-13

Rapid risk assessment of plant pathogenic bacteria and protists 173

OEPP/EPPO (2012) Decision-support scheme for an express pest risk analysis. EPPO Bulletin
42: 457-462. hteps://doi.org/10.1111/epp.2591

Paini DR, Sheppard AW, Cook DC, De Barro PJ, Worner SB, Thomas MB (2016) Global threat
to agriculture from invasive species. Proceedings of the National Academy of Sciences of the
United States of America 113(27): 7575-7579. https://doi.org/10.1073/pnas.1602205113

Pasanen M, Waleron M, Schott T, Cleenwerck I, Misztak A, Waleron K, Pritchard L, Bakr
R, Degefu Y, van der Wolf J, Vandamme B, Pirhonen M (2020) Pectobacterium parvum
sp. nov., having a Salmonella SPI-1-like Type III secretion system and low virulence.
International Journal of Systematic and Evolutionary Microbiology 70(4): 2440-2448.
hteps://doi.org/10.1099/ijsem.0.004057

Peyton J, Martinou AE Pescott OL, Demetriou M, Adriaens T, Arianoutsou M, Bazos I, Bean CW,
Booy O, Botham M, Britton JR, Cervia JL, Charilaou P, Chartosia N, Dean HJ, Delipetrou
P, Dimitriou AC, Dérflinger G, Fawcett J, Fyttis G, Galanidis A, Galil B, Hadjikyriakou
T, Hadjistylli M, Ieronymidou C, Jimenez C, Karachle B, Kassinis N, Kerametsidis G,
Kirschel ANG, Kleitou P, Kleitou D, Manolaki P, Michailidis N, Mountford JO, Nikolaou
C, Papatheodoulou A, Payiatas G, Ribeiro F, Rorke SL, Samuel Y, Savvides P, Schafer SM,
Tarkan AS, Silva-Rocha I, Top N, Tricarico E, Turvey K, Tziortzis I, Tzirkalli E, Verreycken
H, Winfield IJ, Zenetos A, Roy HE (2019) Horizon scanning for invasive alien species with
the potential to threaten biodiversity and human health on a Mediterranean island. Biological
Invasions 21(6): 2107-2125. hteps://doi.org/10.1007/s10530-019-01961-7

Peyton JM, Martinou AF, Adriaens T, Chartosia N, Karachle PK, Rabitsch W, Tricarico E,
Arianoutsou M, Bacher S, Bazos I, Brundu G, Bruno-McClung E, Charalambidou I,
Demetriou M, Galanidi M, Galil B, Guillem R, Hadjiafxentis K, Hadjioannou L, Hadjistylli
M, Hall-Spencer JM, Jimenez C, Johnstone G, Kleitou P, Kletou D, Koukkoularidou D,
Leontiou S, Maczey N, Michailidis N, Mountford JO, Papatheodoulou A, Pescott OL,
Phanis C, Preda C, Rorke S, Shaw R, Solarz W, Taylor CD, Trajanovski S, Tziortzis I,
Tzirkalli E, Uludag A, Vimercati G, Zdraveski K, Zenetos A, Roy HE (2020) Horizon
Scanning to Predict and Prioritize Invasive Alien Species With the Potential to Threaten
Human Health and Economies on Cyprus. Frontiers in Ecology and Evolution 8: 566281.
hteps://doi.org/10.3389/fevo.2020.566281

Pratt CE Constantine KL, Murphy ST (2017) Economic impacts of invasive alien spe-
cies on African smallholder livelihoods. Global Food Security 14: 31-37. https://doi.
org/10.1016/j.g£5.2017.01.011

Quetglas B, Olmo D, Nieto A, Borras D, Adrover F, Pedrosa A, Montesinos M, de Dios
Garcia J, Lépez M, Juan A, Moralejo E (2022) Evaluation of Control Strategies for Xylella
fastidiosa in the Balearic Islands. Microorganisms 10(12): 2393. hteps://doi.org/10.3390/
microorganisms10122393

Randall JJ, Goldberg NP, Kemp JD, Radionenko M, French JM, Olsen MW, Hanson SF
(2009) Genetic analysis of a novel Xylella fastidiosa subspecies found in the Southwestern
United States. Applied and Environmental Microbiology 75(17): 5631-5638. https://doi.
org/10.1128/AEM.00609-09

Rapicavoli ], Ingel B, Blanco-Ulate B, Cantu D, Roper C (2018) Xylella fastidiosa: An ex-
amination of a re-emerging plant pathogen. Molecular Plant Pathology 19(4): 786-800.
hteps://doi.org/10.1111/mpp.12585


https://doi.org/10.1111/epp.2591
https://doi.org/10.1073/pnas.1602205113
https://doi.org/10.1099/ijsem.0.004057
https://doi.org/10.1007/s10530-019-01961-7
https://doi.org/10.3389/fevo.2020.566281
https://doi.org/10.1016/j.gfs.2017.01.011
https://doi.org/10.1016/j.gfs.2017.01.011
https://doi.org/10.3390/microorganisms10122393
https://doi.org/10.3390/microorganisms10122393
https://doi.org/10.1128/AEM.00609-09
https://doi.org/10.1128/AEM.00609-09
https://doi.org/10.1111/mpp.12585

174 Joseph Mulema et al. / NeoBiota 91: 145-178 (2024)

Roy HE, Peyton ], Aldridge DC, Bantock T, Blackburn TM, Britton R, Clark P, Cook E,
Dehnen-Schmutz K, Dines T, Dobson M, Edwards F, Harrower C, Harvey MC, Minchin
D, Noble DG, Parrott D, Pocock MJO, Preston CD, Roy S, Salisbury A, Schénrogge
K, Sewell J, Shaw RH, Stebbing B, Stewart AJA, Walker KJ (2014) Horizon scanning for
invasive alien species with the potential to threaten biodiversity in Great Britain. Global
Change Biology 20(12): 3859-3871. https://doi.org/10.1111/gcb.12603

Roy HE, Bacher S, Essl F, Adriaens T, Aldridge DC, Bishop JDD, Blackburn TM, Branquart
E, Brodie J, Carboneras C, Cottier-Cook EJ, Copp GH, Dean HJ, Eilenberg J, Gallardo
B, Garcia M, Garcia-Berthou E, Genovesi P, Hulme PE, Kenis M, Kerckhof F, Kettunen
M, Minchin D, Nentwig W, Nieto A, Pergl J, Pescott OL, M Peyton J, Preda C, Roques A,
Rorke SL, Scalera R, Schindler S, Schonrogge K, Sewell J, Solarz W, Stewart AJA, Tricarico
E, Vanderhoeven S, van der Velde G, Vila M, Wood CA, Zenetos A, Rabitsch W (2019)
Developing a list of invasive alien species likely to threaten biodiversity and ecosystems in
the European Union. Global Change Biology 25: 1032-1048. https://doi.org/10.1111/
gcb.14527

Rubel E Kottek M (2010) Observed and projected climate shifts 1901-2100 depicted by world
maps of the Kdppen-Geiger climate classification. Meteorologische Zeitschrift (Berlin)
19(2): 135-141. hteps://doi.org/10.1127/0941-2948/2010/0430

Sanderlin RS (2017) Host specificity of pecan strains of Xylella fastidiosa subsp. multiplex. Plant
Disease 101(5): 744-750. https://doi.org/10.1094/PDIS-07-16-1005-RE

Sarfraz S, Riaz K, Oulghazi S, Cigna J, Sahi ST, Khan SH, Faure D (2018) Pectobacterium pun-
jabense sp. nov., isolated from blackleg symptoms of potato plants in Pakistan. Internation-
al Journal of Systematic and Evolutionary Microbiology 68(11): 3551-3556. https://doi.
org/10.1099/ijsem.0.003029

Schneider K, van der Werf W, Cendoya M, Mourits M, Navas-Cortés JA, Vicent A, Oude Lan-
sink A (2020) Impact of Xylella fastidiosa subspecies pauca in European olives. Proceedings
of the National Academy of Sciences of the United States of America 117(17): 9250-9259.
https://doi.org/10.1073/pnas. 1912206117

Schubert TS, Rizvi SA, Sun X, Gottwald TR, Graham JH, Dixon WN (2001) Meeting the
challenge of eradicating citrus canker in Florida - Again. Plant Disease 85(4): 340-356.
hteps://doi.org/10.1094/PDIS.2001.85.4.340

Schuenzel EL, Scally M, Stouthamer R, Nunney L (2005) A multigene phylogenetic study of
clonal diversity and divergence in North American strains of the plant pathogen Xylella
fastidiosa. Applied and Environmental Microbiology 71(7): 3832-3839. https://doi.
org/10.1128/AEM.71.7.3832-3839.2005

Secretariat IPPC (2021) International Standards for Phytosanitary Measures (ISPM), Publi-
cation No. 5: Glossary of Phytosanitary Terms. Food and Agriculture Organization of
the United Nations, Secretariat of the International Plant Protection Convention (IPPC),
Rome, Italy, 36 pp.

Siddiqui JA, Fan R, Naz H, Bamisile BS, Hafeez M, Ghani MI, Wei Y, Xu Y, Chen X
(2023) Insights into insecticide-resistance mechanisms in invasive species: Challenges
and control strategies. Frontiers in Physiology 13: 1112278. https://doi.org/10.3389/
fphys.2022.1112278


https://doi.org/10.1111/gcb.12603
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1111/gcb.14527
https://doi.org/10.1127/0941-2948/2010/0430
https://doi.org/10.1094/PDIS-07-16-1005-RE
https://doi.org/10.1099/ijsem.0.003029
https://doi.org/10.1099/ijsem.0.003029
https://doi.org/10.1073/pnas.1912206117
https://doi.org/10.1094/PDIS.2001.85.4.340
https://doi.org/10.1128/AEM.71.7.3832-3839.2005
https://doi.org/10.1128/AEM.71.7.3832-3839.2005
https://doi.org/10.3389/fphys.2022.1112278
https://doi.org/10.3389/fphys.2022.1112278

Rapid risk assessment of plant pathogenic bacteria and protists 175

Sutherland W7J, Bailey MJ, Bainbridge ID, Brereton T, Dick JTA, Drewitt J, Dulvy NK, Dusic NR,
Freckleton RP, Gaston KJ, Gilder PM, Green RE, Heathwaite AL, Johnson SM, Macdonald
DW, Mitchell R, Osborn D, Owen RB, Pretty J, Prior SV, Prosser H, Pullin AS, Rose B, Stott
A, Tew T, Thomas CD, Thompson DBA, Vickery JA, Walker M, Walmsley C, Warrington
S, Watkinson AR, Williams R], Woodroffe R, Woodroof HJ (2008) Future novel threats
and opportunities facing UK biodiversity identified by horizon scanning. Journal of Applied
Ecology 45(3): 821-833. https://doi.org/10.1111/j.1365-2664.2008.01474.x

Sutherland WJ, Albon SD, Allison H, Armstrong-Brown S, Bailey MJ, Brereton T, Boyd IL,
Carey P, Edwards J, Gill M, Hill D, Hodge I, Hunt AJ, Le Quesne WJE Macdonald
DW, Mee LD, Mitchell R, Norman T, Owen RP, Parker D, Prior SV, Pullin AS, Rands
MRW, Redpath S, Spencer ], Spray CJ, Thomas CD, Tucker GM, Watkinson AR,
Clements A (2010) Review: The identification of priority policy options for UK nature
conservation. Journal of Applied Ecology 47(5): 955-965. https://doi.org/10.1111/
j-1365-2664.2010.01863.x

Sutherland WJ, Dias MP, Dicks LV, Doran H, Entwistle AC, Fleishman E, Gibbons DW, Hails R,
Hughes AC, Hughes J, Kelman R, Le Roux X, LeAnstey B, Lickorish FA, Maggs L, Pearce-
Higgins JW, Peck LS, Pettorelli N, Pretty J, Spalding MD, Tonneijck FH, Wentworth J,
Thornton A (2020) A horizon scan of emerging global biological conservation issues for 2020.
Trends in Ecology & Evolution 35(1): 81-90. https://doi.org/10.1016/j.tree.2019.10.010

Uyi O, Mukwevho L, Ejomah AJ, Toews M (2021) Invasive alien plants in sub-Saharan Africa:
A review and synthesis of their insecticidal activities. Frontiers in Agronomy 3: 725895.
https://doi.org/10.3389/fagro.2021.725895

van der Wolf JM, Acufa I, de Boer SH, Brurberg MB, Cahill G, Charkowski AO, Coutinho
T, Davey T, Dees MW, Degefu Y, Dupuis B, Elphinstone JG, Fan ], Fazelisangari E,
Fleming T (2021) Diseases caused by Pectobacterium and Dickeya species around the
World. In: van Gijsegem E van der Wolf JM, Toth IK (Eds) Plant diseases caused by
Dickeya and Pectobacterium species. Springer, 215-261. https://doi.org/10.1007/978-3-
030-61459-1_7

Van Gijsegem E Toth IK, van der Wolf JM (2021) Soft Rot Pectobacteriaceae: A brief overview.
In: Van Gijsegem F, van der Wolf JM, Toth IK (Eds) Plant diseases caused by Dickeya
and Pectobacterium species. Springer International Publishing, Cham, 1-11. https://doi.
0rg/10.1007/978-3-030-61459-1_1

Vojnov AA, Morais do Amaral A, Dow JM, Castagnaro AP, Marano MR (2010) Bacteria caus-
ing important diseases of citrus utilise distinct modes of pathogenesis to attack a common
host. Applied Microbiology and Biotechnology 87(2): 467-477. https://doi.org/10.1007/
s00253-010-2631-2

Waleron M, Misztak A, Waleron M, Franczuk M, Wielgomas B, Waleron K (2018) Transfer
of Pectobacterium carotovorum subsp. carotovorum strains isolated from potatoes grown at
high altitudes to Pectobacterium peruviense sp. nov. Systematic and Applied Microbiology
41(2): 85-93. https://doi.org/10.1016/j.syapm.2017.11.005

Weber E, Gut D (2004) Assessing the risk of potentially invasive plant species in central
Europe. Journal for Nature Conservation 12(3): 171-179. hteps://doi.org/10.1016/j.
jnc.2004.04.002


https://doi.org/10.1111/j.1365-2664.2008.01474.x
https://doi.org/10.1111/j.1365-2664.2010.01863.x
https://doi.org/10.1111/j.1365-2664.2010.01863.x
https://doi.org/10.1016/j.tree.2019.10.010
https://doi.org/10.3389/fagro.2021.725895
https://doi.org/10.1007/978-3-030-61459-1_7
https://doi.org/10.1007/978-3-030-61459-1_7
https://doi.org/10.1007/978-3-030-61459-1_1
https://doi.org/10.1007/978-3-030-61459-1_1
https://doi.org/10.1007/s00253-010-2631-2
https://doi.org/10.1007/s00253-010-2631-2
https://doi.org/10.1016/j.syapm.2017.11.005
https://doi.org/10.1016/j.jnc.2004.04.002
https://doi.org/10.1016/j.jnc.2004.04.002

176 Joseph Mulema et al. / NeoBiota 91: 145-178 (2024)

Supplementary material |

All data from horizon scanning for Zambia

Authors: Joseph Mulema, Sydney Phiri, Nchimunya Bbebe, Rodwell Chandipo,

Mutibo Chijikwa, Hildah Chimutingiza, Paul Kachapulula, Francisca Kankuma

Mwanda, Mathews Matimelo, Emma Mazimba-Sikazwe, Sydney Mfune, Mtawa

Mkulama, Miyanda Moonga, Wiza Mphande, Millens Mufwaya, Rabson Mulenga,

Brenda Mweemba, Damien Ndalamei Mabote, Phillip Nkunika, Isaiah Nthenga,

Mathias Tembo, Judith Chowa, Stacey Odunga, Selpha Opisa, Chapwa Kasoma,

Lucinda Charles, Fernadis Makale, Ivan Rwomushana, Noah Anthony Phiri

Data type: docx

Explanation note: The table presents the data yield from the Horizon scanning exercise
using the Horizon Scanning Tool. The initial search yielded a total of 306 plant
pathogenic bacteria and 10 protists. However, following a cleaning process to re-
move pests represented only by genus names, the list was narrowed down to 283
bacterial and 10 Protista species that were eligible for assessment.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.91.113801.suppl1

Supplementary material 2

Guidelines for scoring species

Authors: Joseph Mulema, Sydney Phiri, Nchimunya Bbebe, Rodwell Chandipo,

Mutibo Chijikwa, Hildah Chimutingiza, Paul Kachapulula, Francisca Kankuma

Mwanda, Mathews Matimelo, Emma Mazimba-Sikazwe, Sydney Mfune, Mtawa

Mkulama, Miyanda Moonga, Wiza Mphande, Millens Mufwaya, Rabson Mulenga,

Brenda Mweemba, Damien Ndalamei Mabote, Phillip Nkunika, Isaiah Nthenga,

Mathias Tembo, Judith Chowa, Stacey Odunga, Selpha Opisa, Chapwa Kasoma,

Lucinda Charles, Fernadis Makale, Ivan Rwomushana, Noah Anthony Phiri

Data type: xlsx

Explanation note: The documents includes the guildes used in making assessments for
the pests.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDBL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.91.113801.suppl2


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.91.113801.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.91.113801.suppl2

Rapid risk assessment of plant pathogenic bacteria and protists 177

Supplementary material 3

Plant pathogenic bacteria assessment for Zambia

Authors: Joseph Mulema, Sydney Phiri, Nchimunya Bbebe, Rodwell Chandipo,

Mutibo Chijikwa, Hildah Chimutingiza, Paul Kachapulula, Francisca Kankuma

Mwanda, Mathews Matimelo, Emma Mazimba-Sikazwe, Sydney Mfune, Mtawa

Mkulama, Miyanda Moonga, Wiza Mphande, Millens Mufwaya, Rabson Mulenga,

Brenda Mweemba, Damien Ndalamei Mabote, Phillip Nkunika, Isaiah Nthenga,

Mathias Tembo, Judith Chowa, Stacey Odunga, Selpha Opisa, Chapwa Kasoma,

Lucinda Charles, Fernadis Makale, Ivan Rwomushana, Noah Anthony Phiri

Data type: xlsx

Explanation note: The table presents all the 137 plant pathogenic bacteria prioritised
for assessment based on value chains.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.91.113801.suppl3

Supplementary material 4

Plant pathogenic protist assessment for Zambia

Authors: Joseph Mulema, Sydney Phiri, Nchimunya Bbebe, Rodwell Chandipo,

Mutibo Chijikwa, Hildah Chimutingiza, Paul Kachapulula, Francisca Kankuma

Mwanda, Mathews Matimelo, Emma Mazimba-Sikazwe, Sydney Mfune, Mtawa

Mkulama, Miyanda Moonga, Wiza Mphande, Millens Mufwaya, Rabson Mulenga,

Brenda Mweemba, Damien Ndalamei Mabote, Phillip Nkunika, Isaiah Nthenga,

Mathias Tembo, Judith Chowa, Stacey Odunga, Selpha Opisa, Chapwa Kasoma,

Lucinda Charles, Fernadis Makale, Ivan Rwomushana, Noah Anthony Phiri

Data type: xlsx

Explanation note: The table presents the 8 plant pathogenic protists prioritised for as-
sessment based on value chains.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/neobiota.91.113801.suppl4


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.91.113801.suppl3
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.91.113801.suppl4

178 Joseph Mulema et al. / NeoBiota 91: 145-178 (2024)

Supplementary material 5

Assessment for vector species

Authors: Joseph Mulema, Sydney Phiri, Nchimunya Bbebe, Rodwell Chandipo,

Mutibo Chijikwa, Hildah Chimutingiza, Paul Kachapulula, Francisca Kankuma

Mwanda, Mathews Matimelo, Emma Mazimba-Sikazwe, Sydney Mfune, Mtawa

Mkulama, Miyanda Moonga, Wiza Mphande, Millens Mufwaya, Rabson Mulenga,

Brenda Mweemba, Damien Ndalamei Mabote, Phillip Nkunika, Isaiah Nthenga,

Mathias Tembo, Judith Chowa, Stacey Odunga, Selpha Opisa, Chapwa Kasoma,

Lucinda Charles, Fernadis Makale, Ivan Rwomushana, Noah Anthony Phiri

Data type: xlsx

Explanation note: The table presents assessment scores for vectors known to transmit
the assessed plant pathogenic organisms especially the bactria species.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the

original source and author(s) are credited.
Link: https://doi.org/10.3897/neobiota.91.113801.suppl5


http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/neobiota.91.113801.suppl5

	Rapid risk assessment of plant pathogenic bacteria and protists likely to threaten agriculture, biodiversity and forestry in Zambia
	Abstract
	Introduction
	Materials and methods
	Selection of pests from horizon scanning
	Description of the scoring system
	Scoring of species

	Results
	Bacteria
	Protista
	Vectors and vectored species
	Suggested actions

	Discussion
	Funding
	References

