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STATE OF THE ART
Kiwifruit industry has been growing in Portugal, having increased 1 thousand ha between 2005 and 2014. Portugal was the 11th worldwide kiwifruit producer in 2014, with 12 thousand tones
exported, which represented an income of 13 million euros (FAO, 2016). Currently, one of the major threats to Kiwifruit industries worldwide is the bacteria Pseudomonas syringae pv. actinidiae
(Psa), that causes the bacterial canker of kiwifruit. Psa has been the subject of several studies in attempt to know the population structure, development of reliable detection techniques and
control strategies of the pathogen. However, the knowledge of the microbial populations present in the orchards is also fundamental for the development of disease control strategies.

The aim of this study was to assess the diversity of Pseudomonas sp. present in Portuguese kiwifruit orchards.

MATERIALS & METHODS
During 2016, both epiphytic and endophytic Pseudomonas sp. were isolated from Actinidia deliciosa orchards (Table 1 and
Figure 1).
Non-Psa isolates were confirmed by Gallelli et al. (2011), and were identified and characterized by morphological and
molecular tests, such as BOX-PCR (Lows et al., 1994), MLST (Sarkar and Guttman, 2004) and 16SrRNA gene sequencing.
Table 1. Description of studied orchards

Figure 2. BOX-PCR profiles obtained from Pseudomonas sp. strains isolated from plant samples. M: ladder III
(Nzytech); Reference strains: CFBP 4909 strain; Psa2b: CFBP 19074 strain; Psa3b: CBFP 7286 strain, CFBP
7811 strain; Psa4b: CFBP 7909 strain, CFBP 8044 strain. KW: isolates in this study; C-: negative control.

Figure 1. Geographical localization of the
five sampling orchards in Portugal.
Source: https://www.google.pt/maps

RESULTS & DISCUSSION
A total of 974 Pseudomonas sp. were isolated from the 5 studied orchards corresponding to 34 BOX profiles
(Figure 2).
Based on the MLST analysis inferred from the partial sequence of gapA, gltA, gyrB and rpoD genes, 26
clusters were identified (Figure 3). Representative strains from each group were identified based on the
sequence of the 16SrRNA gene. A high diversity was found among isolates since they were phylogenetically
distributed by 12 discrete clusters.
Some strains were closely related with P. viridiflava, well known by kiwifruit producers due to the leaf
necrotic spots and necrotic buds and flowers that causes economical losses (EPPO, 2014). In addition,
several isolates were phylogenetic clustered with known plant pathogenic bacteria namely P. amygdali, P.
tremae, P. savastanoi, P. caricapapayae, P. ficuserectae and P. cerasi. Curiously, P. protegens known for its
biocontrol properties against Fusarium oxysporum, R. solani, P. ultimim and Xanthomonas citri subsp. citri
(Jara, 2015; Michavila et al., 2017) was also found.
In a discrete cluster one strain evidenced high similarity with P. putida, whose inhibitory effect against Psa
was demonstrated in vitro (Tontou et al., 2016). Similarly, an isolate clustered with P. graminis related with
antagonistic activity against Erwinia amylovora (Mikiciński et al., 2016).
The remaining isolates were scattered through the phylogenetic tree related with other plants associated
Pseudomonas sp. with unknown functions.

CONCLUSIONS
Given the high diversity of Pseudomonas sp. recovered from Actinidia orchards, these bacteria could be
involved in important biological and ecological functions that could ultimately be developed and integrated
in new management strategies against Psa. Further studies will help clarify the role of these bacteria in
kiwifruit plants microbiota.
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Figure 3. Neighbour joining tree constructed with the
concatenated partial sequences of four housekeeping
genes (gapA, gltA, gyrB and rpoD). The scale bar
represents the number of nucleotide substitutions per
site. Percentage of bootstrap scores obtained for 1000
replicates.
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Figure 4: Phylogenetic neighbour joining
tree inferred from the 16S rRNA gene
sequences showing the relationship of
isolates with closely related Pseudomonas
sp. reference strains retrieved from the
database EZTaxon.

