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2. Short project report

2.1. Short executive summary

Pseudomonas syringae pv. actinidiae (Psa) is the causal agent of bacterial canker of kiwifruit.
This pathogen affects Actinidia species (Actinidia deliciosa and A. chinensis) worldwide. The
main symptoms are oozing of whitish or reddish exudates from cankers present along the trunk
and branches, spots surrounded by yellow halos on the leaves, twig dieback, fruit collapse,
leaf and plant wilting. The disease is a serious threat for kiwifruit production, due to high tree
mortality and reduced production and, consequently, having an increasing socio-economic
impact. The recent severe outbreaks of bacterial canker of kiwifruit in the European and
Mediterranean Plant Protection Organization (EPPO) regions and in New Zealand has been
related to the appearance of a local, very aggressive aplotype of Psa.called Psa biovar 3.

Possible pathways of pathogen introduction and disease spread into new territories are
Actinidia spp. plants for planting, which represent the main pathway for long distance
dissemination of Psa. However, positive pollen samples were recovered in New Zealand and
in Italy. Therefore, the possibility that infected pollen could be a pathway for Psa introduction
and disease spread was investigated and confirmed (EPPO, 2012; Tontou et al., 2014). It was
suggested that pollen, as a pathway, should be certified free from Psa (Zespri, 2012; EPPO,
2016). Other dissemination pathways are wind and wind driven rain, spring frost, equipment
and tools.

Recently an EPPO standard has been published as formal guidance on procedures for the
detection of Psa (EPPO, 2014). Screening and identification methods are mainly based on
conventional PCR (single and duplex PCR’s) (Rees-George et al., 2010, Gallelli et al., 2011a)
and of repetitive-PCR (rep-PCR). Considering the worldwide high impact of this pathogen on
kiwifruit, during the last few years several authors have developed new molecular methods
(Biondi et al., 2013; Balestra et al., 2013; Gallelli et al., 2014). However, these latter methods
need to be validated for their inclusion in the procedure for detection of Psa as screening and/or
identification tests.

2.2. Project aims

The project aims to develop innovative diagnostic tools to improve Psa detection and
identification in symptomatic and symptomless kiwifruit plant material, including pollen and to
improve the knowledge on the epidemiology of Pseudomonas syringae pv. actinidiae in
different areas of Europe.

In particular a test performance study will be organised to produce validation data for relevant
detection methods to be used for the detection and identification of Psa on symptomatic and
symptomless kiwifruit materials (leaves, pollen and wood tissues).

2.3. Description of the main activities

2.3.1. Test performance study for validation of diagnostic and detection methods
National Reference Laboratories (NRL) need to verify the performance of detection and
identification methods developed in-house or choose from those available. The most reliable
methods should be taken into consideration during the development of official diagnostic
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procedures. In order to meet these needs, a test performance study (TPS) was performed
among ten European laboratories (from France, Spain, Greece, Austria, Portugal, Italy), two
laboratories from New Zealand and one from Turkey. The TPS allowed to compare the
available Psa detection methods: isolation on selective NSA and KB media, single, duplex,
nested, multiplex, real-time PCR tests (Rees-George et al., 2010, Gallelli et al., 2011a, Biondi
et al., 2013; Balestra et al., 2013; Gallelli et al., 2014). The performance of these tests was
assessed on blind samples consisting of 13 woody extract and 11 pollen samples of kiwifruit
spiked with Psa bacterial suspensions at different concentrations (from 107 up to 10 CFU/mL
of plant extract). The TPS was organised in accordance to the EPPO Diagnostic Standards
PM7/76(4) (EPPO, 2017), PM7/98(2) (EPPO, 2014a), and PM7/122(2) (EPPO 2014b).

Data from the TPS was statistically analysed to assess the performance of each test. In order
to provide complete validation data, both for detection and identification, this TPS was
supplemented by a further study of identification from pure culture of phylogenetically closely
related Pseudomonas spp., Psa, and bacterial strains associated with kiwifruit.

All details about methods are reported in the article Loreti et al., 2018.

2.3.2. Epidemiological studies on Pseudomonas syringae pv. actinidiae in different
areas of Europe
Italy - In northern Italy, an experimental orchard was planted in 2011, in order to perform
experiments to confirm the epidemiological role of contaminated pollen in the introduction and
survival of Psa in the field and its possible association to a disease outbreak. The orchard was
located 90 km away from the nearest kiwifruit area, to be sure that no natural Psa inoculum
could contaminate the experimental area, through wind and rain driven cells, possibly present
in infected kiwifruit orchards.
During the growing season 2014 the experimental orchard (4-year old trees) was artificially
pollinated, according to the common application procedures, and disease development
monitored. As a control, a neighbouring kiwifruit orchard planted at the same time as a negative
control (same age, same cultivar), was pollinated with pollen certified free from Psa. During
the five months after pollination, the experimental orchards were fortnightly inspected, in order
to monitor disease development.

Portugal - In 2010, Psa was first detected in the North region of Portugal in Actinidia deliciosa
orchards, as well as in propagation material used to plant new orchards. Since then, yearly
national surveys have been performed by the Portuguese Phytosanitary Authority and samples
analysed by the INIAV phytobacteriology laboratory. Disease incidence and progression was
also assessed in the North and Central regions, where kiwifruit orchards are economically
important.

France - Psa was detected for the first time in 2010. Since 2011, a national survey was
performed to determine the orchards and nurseries affected by Psa. No extension of the
epidemic was observed in 2012 (Bourgouin & Fritsch, 2013). However, the climatic conditions
during spring 2013 favoured the spread of Psa and by the end of that year it was estimated
that 10 to 15% of the orchards were affected (Bourgouin & Fritsch, 2013). A study on the
characterization of Psa isolated from France was performed as reported in Cunty et al. (2015).
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Spain - The presence of Psa was first discovered in Pontevedra, Galicia region, the main kiwi
fruit producing region of Spain. The isolates were identified as similar to the virulent Psa biovar
3 reported in other countries (Abelleira et al. 2013). In the course of surveys performed in the
following years, strains of P. syringae pv. actinidifoliorum were found in the close region of A
Corufia (Abelleira et al. 2015). Other P. syringae strains close but not identical to this new
pathovar are under study for their accurate taxonomic classification.

As the asymptomatic plant material has been considered responsible of the introduction of the
disease in new areas, regional surveys were performed since then and plant material analysed
following the EPPO protocol, with small modifications.

2.4. Main results

2.4.1. Test performance study for validation of diagnostic and detection methods
Results on the detection and isolation of Psa from pollen samples were unexpected (little
success in isolating the pathogen or to detect its DNA from experimentally infected samples),
probably because Psa cells died during sample transportation. The hypothesis taken into
consideration was that the artificial inoculation of pollen makes Psa more vulnerable to external
conditions, with respect to the natural colonization, and Psa died and was degraded. Wood
samples allowed the participating laboratories to apply all the required methods reliably, thus
obtaining an overview of the performance criteria either for Psa detection and identification for
all tested protocols.
The results showed that simplex PCRs gave good results, whereas duplex-PCR and real time
PCR were the most reliable tools for detection and identification of Psa. Nested and multiplex-
PCR gave false-positive results.
A detailed description of the obtained results is reported in Loreti et al., 2018.

2.4.2. Epidemiological studies on Pseudomonas syringae pv. actinidiae in different
areas of Europe

Italy - Disease symptoms, (leaf spots) developed during 8-10 weeks after pollination with
contaminated pollen; no canker developed. No symptoms were detected in the control orchard.
In spring 2015, typical bleeding cankers started to develop in the orchard pollinated with Psa-
contaminated pollen the previous year. Until September 2015, the disease progressed
dramatically: a few trees died and several others showed cankers on wines, cordons and
trunks. No symptom related to Psa was detected in the control orchard during 2015. Therefore,
according to our experimental results, it was possible to confirm that pollen is an efficient
pathway for Psa dissemination into new areas and might be the cause of severe disease
outbreaks through artificial pollination. We also observed, that the highest disease intensity
may appear not during the months following pollination, but the following year, when a
sufficiently high population of Psa may have built in the pollinated orchard.

Portugal - Between 2010 and 2013, more than 100 bacterial isolates were collected along the
country from infected plants of different cultivars and ages. The use of two conventional PCR
protocols allowed identifying all known Psa biovars. Further, characterization based on genes
coding for coronatin (Cfl) and/or phaseolotoxin (argK) allowed excluding the presence of biovar
2 among the Portuguese strains. Additionally, BOX-PCR fingerprinting profiles and the
phylogenetic tree based on rpoD were characteristic of biovar 3 for most of the strains tested.
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The lack of avrD1 amplification indicated the presence of a small population of biovar 4 strains
recently allocated to Pseudomonas syringae pv. actinidifoliorum. Conclusions were drawn on
the presence of two different pathovars of Psa affecting Portuguese kiwi orchards. P. syringae
pv. actinidifoliorum might have been introduced in the early 2000, while the main population,
highly aggressive, is present in the infected plants within the major production areas, leading
to relevant yield losses (Cruz et al., 2014).

France - The deep characterization of the Psa strains collected during the monitoring activity
performed in France, confirmed that Psa bv. 4 strains differed from Psa strains belonging to
bv. 1, 2, 3 and was renamed Pseudomonas syringae pv. actinidifoliorum pv. nov., (Cunty et al.
(2015). P. syringae pv. actinidifoliorum differed mostly from Pseudomonas syringae pv.
actinidiae at pathogenic level, as this pathovar cannot induce canker on wood. Pseudomonas
syringae pv. actinidifoliorum seems to be present in France before the detection of recent
outbreaks of Psa.

Spain - In general, a good correlation has been observed among the results obtained by the
different techniques reported in EPPO protocol. Results from Galicia, where around 851 ha of
kiwi are currently cultivated, indicate that in 2012-2014, 31 asymptomatic samples from
nurseries (out of 164) and 47 from orchards (out of 165) were Psa positive. In Asturias, where
around 168 ha of kiwi are currently cultivated, in 2012-2014, 5 samples from nurseries (out of
104) were Psa positive. In Comunidad Valenciana, where the estimated area of kiwi has
increased from 23 ha in 2011 to 262 ha in 2013, in 2012-2014, 276 samples from nurseries
and 36 from orchards were negative for the target. In Cantabria, where around 40 ha of kiwi
are currently cultivated, in 2013-2014, 39 samples from orchards were negative for the target.
In Pais Vasco, where around 75 ha of kiwi are currently cultivated, in 2013-2014, 5 samples
from orchards analysed were also negative. These results confirm the frequent dissemination
of the bacterium with asymptomatic plant material.

2.5. Conclusions and recommendations to policy makers

The TPS activity allowed to obtain validation data for the most suitable methods for the
detection and identification of Psa. In particular, whereas simplex PCRs (Rees-George et al.,
2010) gave good results, duplex-PCR (Gallelli et al., 2011) and real time PCR (Gallelli et al.,
2014) demonstrated to be the most reliable tools for both the detection and identification of
Psa. Nested (Biondi et al., 2013) and multiplex-PCR (Balestra et al., 2012) gave false-positive
results. The use of the most reliable detection test is suggested for routine analyses, but when
Psa free status needs to be accurately assessed, it is recommended that at least two detection
tests are used as reported in Loreti et al. (2018). These evidences are useful for the National
Plant Protection Organisation (NPPQO) laboratories (references laboratories, plant protection
services laboratories) and for a possible revision of the official diagnostic protocols (e.g.
European and Mediterranean Plant Protection Organization (EPPO) protocol PM7/120 for the
detection of Psa).

The epidemiological studies showed several evidences. First, Psa bv. 4 was a new pathovar,
named P. syringae pv. actinidiofoliorum. This aspect is crucial because of the higher
phytosanitary impact of Psa (i.e. destruction of infected material) with respect to P. syringae
pv. actinidiofoliorum, notoriously less aggressive on kiwifruit, not included in the A2 list of
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EPPO or considered a quarantine pathogen. Another important aspect revealed by this study
is the risk of Psa dissemination by asymptomatic material and by pollen. This suggests the
importance of using plant propagation material and pollen controlled, for the absence of Psa,
by reliable laboratory analyses. The use of Psa-free certified material avoids the large-scale
dissemination of this pathogen.

2.6. Benefits from trans-national cooperation

The results obtained by the TPS provide a wide comparison of the available diagnostic
methods. The involvement of 13 laboratories experienced in the Psa analysis permitted to
share information about the most used methods for Psa detection and identification. Through
this collaboration a complete and harmonized diagnostic protocol was developed, taking into
account all the methods used by the different labs in different regions of the world.
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3. Publications

3.1. Article(s) for publication in the EPPO Bulletin
None

3.2. Article for publication in the EPPO Reporting Service
None

3.3. Article(s) for publication in other journals

The results of the test performance study organized in the framework of the present project
was published in a peer-reviewed scientific journals as folllowing reported:

Loreti S., A. Cunty, N. Pucci, A.Chabirand, E. Stefani, A.Abelleira, G. M. Balestra, D. A.
Cornish, F.Gaffuri, D. Giovanardi, R. A. Gottsberger, M. Holeva, A.Karahan, C. D. Karafla, A.
Mazzaglia, R. Taylor, L. Cruz, M. M. Lopez, J. L. Vanneste and F. Poliakoff, 2018. Performance
of diagnostic tests for the detection and identification of Pseudomonas syringae pv.actinidiae
(Psa) from woody samples. Eur J Plant Pathology https://doi.org/10.1007/s10658-018-1509-5

Meeting talks:

Loreti S., F. Poliakoff, E. Stefani, A. Abeillera, G. M. Balestra, L. Cruz, F.Gaffuri, D. Giovanardi,
P.E. Glynos, R. Gottsberger, M.C. Holeva, A.Karahan, C. D. Karafla, M. M. Lopez,
A.Mazzaglia, N. Pucci, M. Pilotti, R. K. Taylor, M. C. Taratufolo, Joel L. Vanneste. A test
performance study (TPS) on the detection and identification of Pseudomonas syringae pv.
actinidiae from wood and pollen blind samples. Il International PSA Symposium, 10-13 giugno
2015, Bologna, Italia.
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