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Abstract Leaves from gold kiwifruit plants, Actinidia
chinensis, with dark brown angular spots and flowers that
were brown and wilted, first yielded non-fluorescent
bacterial colonies following isolation. These bacterial
colonies were identified by diagnostic polymerase chain
reaction (PCR) as Pseudomonas syringae pv. actinidiae.
These samples were obtained from the Te Puke region of
New Zealand. All isolates were Gram negative and were
levan positive, oxidase negative, potato soft rot negative,
arginine dehydrolase negative and tobacco hypersensitivity
positive (LOPAT 1a). Sequences of the gyrB and the rpoD
genes of these isolates were 100% homologous to sequences of P.s. pv. actinidiae deposited in GenBank including
the type strain. Koch’s postulates were proven by pathogenicity tests on kiwifruit seedlings.
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Kiwifruit (Actinidia spp.) is an economically important fruit
crop grown in New Zealand, Italy, France, Chile and many
other countries. In New Zealand, kiwifruit earns c. $NZ1
billion per annum, and is the second most important
horticultural export crop by value. Kiwifruit originates in
Asia, and since the commercialisation of Actinidia deliciosa
‘Hayward’ by New Zealand growers and government
agencies in the 1980s, a breeding programme based on
the importation of germplasm from Asia has been established in New Zealand (Ferguson and Huang 2007). In the
early 1990s, the first economically significant product of
the government and industry-sponsored breeding
programme was commercialised (Actinidia chinensis
‘Hort16A’) and this variety is now grown throughout the
world. A further species of kiwifruit (A. arguta) has also
been commercialised (Warrington and Weston 1990) by
New Zealand breeders, and is now marketed as Kiwiberry.
Pseudomonas syringae pv. actinidiae (Psa) was first
described causing a disease of kiwifruit (Actinidia deliciosa) in Japan in 1989 (Takikawa et al. 1989). Since then it
has been reported from Korea (Koh and Lee 1992), Italy
(Scortichini 1994), Portugal (Balestra et al. 2010), China
(CABI and EPPO 2008), France (Vanneste et al. 2011a;
EPPO 2010), and Chile (Anonymous 2011). This pathogen
can cause serious symptoms of cane die-back and vine
death, and less serious symptoms of leaf spotting and
flower wilting, accompanied by flower and bud drop
(Serizawa et al. 1989). Psa is pathogenic on all commercial
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Fig. 1 Symptoms in the field
showing a dark angular leaf
spots, b wilted and browned
Actinidia chinensis ‘Hort16A’
flowers and c cane dieback,
wilting and browning in early
November 2010

species of kiwifruit: A. deliciosa ‘Hayward’, A. chinensis
‘Hort16A’ (Ferrante and Scortichini 2009) and A. arguta
(Serizawa et al. 1989). Symptoms resembling those caused
by Psa were first observed on Actinidia chinensis in Te
Puke, Bay of Plenty, New Zealand in the first week of
November 2010. The symptoms consisted of angular
necrotic dark brown leaf spots and wilting and browning
of flowers, and a number of shoots showing blackening and
terminal wilting and die-back. (Fig. 1). In early December

Fig. 2 Leaf spots (a) and brown
and wilted Actinidia deliciosa
‘Hayward’ flowers (b) in the
field in early December 2010

2010, similar symptoms were observed on flowers and
leaves of ‘Hayward’ (Fig. 2). After a further 3 months,
production of red ooze was observed from affected canes
and trunks of Actinidia chinensis as well as the formation of
young cankers at the bases of canes (Fig. 3). White-creamy
bacterial colonies that did not fluoresce on King’s medium
B (King et al. 1954) were consistently isolated from both
leaf spots and affected flower petals from ‘Hort16A’
sampled in November 2010.
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All isolates were Gram negative and showed characteristics of Pseudomonas syringae LOPAT group 1a,

i.e., levan positive, oxidase negative, potato soft rot
negative, arginine dehydrolase negative and tobacco
hypersensitivity positive (Lelliott et al. 1966). Testing of
DNA extracted from cultures from leaf spots and flowers
with the specific PCR primers Psa F1/R2 and Psa F3/R4
(Rees-George et al. 2010) confirmed that these isolates
were Psa (Fig. 4). DNA extracted from these cultures was
also amplified by the Psa specific primers PAV1/P22
(Scortichini et al. 2002).
The housekeeping genes gyrB and rpoD (Sarkar and
Guttman 2004) were amplified from two New Zealand
isolates (ICMP 18708 and 18801), producing a 600 bp
amplicon for each gene. BLAST analysis of these amplicons showed that the regions were 100% homologous to
the respective Psa sequences in GenBank, accessions
FN652889 and FN652897 from the 2008 epidemic in Italy
(Ferrante and Scortichini 2010) for the gyrB gene, and
FN433222 and AB016304 from the type strain (Kw-11,
ICMP 9617) for the rpoD gene. Analysis of neighbour
joining trees generated in Geneious Pro (ver. 5.0.4) placed
these isolates into Group 1, as defined by Sarkar and
Guttman (2004), which also contains the Psa type strain
from Japan (ICMP 9617 or Kw-11).
Pathogenicity tests with three selected isolates of Psa
from New Zealand (ICMP 18708, 18801 and 18805)
were conducted on kiwifruit (A. chinensis ‘Hort16A’)
seedlings. A bacterial suspension (c. 108 cfu/mL) from
each isolate was sprayed onto the abaxial sides of the
leaves of five seedlings without wounding. After inoculation, the seedlings were kept in a humid saturated
environment at c. 20°C under ambient light and checked
daily for symptoms. Controls were inoculated in the same
way using sterile bacteriological saline (0.85% NaCl). The
pathogenicity tests were performed twice. Necrotic leaf
spots developed on the kiwifruit leaves 7 days after
inoculation. These symptoms were similar to those caused
by natural infections. Bacterial colonies isolated from the

Fig. 4 PCR reactions using primers PsaF1/R2 (top) and PsaF3/R4
(bottom) to identify Pseudomonas syringae pv. actinidiae. Bacterial
DNA was extracted from; flowers 2, 3, 4, 5, 6, 7, and leaves 8, 9, 10,

11, 12, 13. 14. P.s. pv. actinidiae ICMP 9617, 15. ICMP 9855. Lanes
1, and 17=1Kb Plus DNA marker (Invitrogen), Lane 16 is the water
control

Fig. 3 Young canker forming at the base of canes (a), red exudate
from young canker (b) and brown staining of vascular tissue (c) on
Actinidia chinensis ‘Hort16A’ in February 2011 in the field in Te
Puke, New Zealand
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Fig. 5 Pseudomonas species
grown at 25°C on King’s medium B and examined under UV.
Some cultures were stored at
4°C for 2 weeks before photographing. Isolates grown on
Kings’ medium B in Petri plates
were Pseudomonas syringae pv.
actinidiae type strain from Japan
(a; ICMP 9617), strains KACC
10754, 10594 and 10584 from
Korea (b, c and e), strain B4 (d)
and strain BF (f) from two
properties in the Bay of Plenty,
New Zealand

leaf spots were identified as Psa by PCR tests using
specific primers PsaR1/R2, fulfilling Koch’s postulates.
No disease symptoms developed on the control plants.
Later isolations, from A. chinensis in January 2011 were
of both fluorescent and non-fluorescent colonies (Fig. 5).
The identity of these two isolates (B4 and BF) was
confirmed using the primers of Rees-George et al. (2010)
in both conventional and real-time PCR reactions. The
product was 100% homologous to the type strain (ICMP
9617 or Kw-11) from Japan following sequencing and a
BLAST search in GenBank . Fluorescence has been shown
to be a variable quality in the pseudomonads (Palleroni
1984), and recently faint fluorescence has been reported
for some strains of Psa from Italy and France (Vanneste et
al. 2011a, Vanneste et al. 2011b). The fluorescence
reported here is not faint (Fig. 5). The identity of the
Korean isolates (KACC 10754, 10594 and 10584) has
previously been confirmed as Psa (Rees-George et al.
2010).
Recently, Psa was recorded to cause disease symptoms
on ‘Hort16A’ for the first time, in Italy (Ferrante and
Scortichini 2009). The epidemic affecting ‘Hort16A’ in
Italy was caused by a strain that appeared to be more
virulent than a strain reported in 1994 (Scortichini 1994;
Balestra et al. 2009; Ferrante and Scortichini 2010). The
epidemic in Italy has caused severe vine losses, with

removal of entire orchards as a consequence (Balestra et
al. 2009). It is estimated that economic losses of 2 million
Euros will result from the epidemic in Italy. If the strain in
New Zealand is confirmed to be the same as that causing
this recent outbreak in Italy, then, depending on climatic
differences, economic losses can also be expected.
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