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Pseudomonas syringae pv. actinidiae pv. nov.:
The Causal Bacterium of Canker of Kiwifruit in Japan
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Shinji Tsuyumu* and Masao Goro*

Abstract

Bacterial canker of Kiwifruit (Actinidia chinensis) has recently been reported in
Japan. The causal pathogen is classified in Pseudomonas syringae on the basis of
laboratory tests and is similar to, but not identical with, P. syringae pv. morsprunorum.
In inoculated kiwifruit, the pathogen from kiwifruit reproduces the characteristic canker
and leaf spot symptoms. P. syringae pv. syringae and P. syringae pv. morsprunorum
are only weakly virulent to kiwifruit. The pathogen from kiwifruit is weakly patho-
genic to peach and Japanese apricot, but not to 24 other piant species tested. The
pathogen is considered to be a pathovar of P. syringae and the name P. syringae pv.
actinidiae pv. nov. is proposed. Strain Kw-11 (ICMP 9617) is designated as the patho-
type strain.

(Received February 27, 1989)
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INTRODUCTION

A bacterial canker disease of kiwifruit (Actinidia chinensis) has become one of the most
destructive diseases in kiwifruit orchards in Japan in the past three to four years. The symp-
toms are characterized by cankers formed on leaders and trunks, shoot blight, and leaf spot
lesions with halos®1%, The causal pathogen has been isolated from all symptoms on kiwi-
fruit and its pathogenicity to this host has been confirmed'®. Our preliminary study indicated
that the causal pathogen resembled to Pseudomonas syringae and was virulent to some stone
fruit trees. In the work reported here, the pathogen is fully characterized, using laboratory
and pathogenicity tests, is compared with P. syringae pv. syringae and P. syringae pv. morspru-
norum, and is classified.

MATERIALS AND METHODS

Bacterial strains. Bacterial strains used in this study were listed in Table 1. Four-
teen strains were isolated from kiwifruit in 1984, in the Shizuoka Prefecture, Japan. The isola-
tions were made from leaf spots, blighted blossoms and canker lesions on leaders and shoots
by conventional plating methods on nutrient agar plates. Strains of P. syringae pv. syringae
and P. syringae pv. morsprunorum, kindly supplied by Dr. K. Takanashi, Fruit Tree Research
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Table 1. Bacterial strains used in this study

Strains (number) Ho(s;aggnt Origin
Kiwifruit strains (14) kiwifruit This study
Kw 1, 11, 13, 21~25 (leaf)
Kw 12 (blossom)
Kw 30~32 (shoot)
Kw 41, 42 (leader)
P. syringae
pv. syringae (3)
W 7835, 7837, 7844 peach K. Takanashi
pv. morsprunorum (5)
group C
U 7805, 7806, 8017 Japanese apricot K. Takanashi
group B
W 8011, 8107 Japanese plum K. Takanashi

Station, Ibaraki, Japan, were included for comparative studies (see Table 1). Grouping of
P. syringae pv. morsprunorum strains was designated by Takanashi according to the report of
Tominaga et al® Group C and B include typical and variant strains of P. syringae pv.
morsprunorum, respectively. All cultures were grown on potato peptone glucose agar (PPGA)
medium (potato 200 g, peptone 5 g, glucose 5 g, Na,HPO,-12 H,O 3 g, KH,PO, 0.5 g, NaCl
3 g, agar 15 g, distilled water 1 liter)'® at 25 C and were suspended in sterile distilled water (ca.
108 cfu/ml). The suspension was used as an inoculum for physiological and biochemical tests.

Morphology and cultural properties. Cell morphology was observed by phase con-
trast microscopy of unstained preparations. Flagella insertion was determined by light micro-
scopy of slide preparations which had been stained using modified Yamanaka’s silver staining
method®”, and by transmission electron microscopy of preparations negatively stained with
19 phosphotungstate. Gram reaction was determined by the method of Ryu!'®. Poly-f-
hydroxybutyrate granules were detected by staining with Sudan black B®». Colony morphology
was observed on nutrient agar plates.

Physiological and biochemical properties. Fluorescent pigment production was
determined on medium B of King et al.'® The oxidation/fermentation (OF) test was performed
in the medium of Hugh and Leifson®. For H,S and ammonia production, cultures were grown
in nutrient broth, and tested using lead-acetate paper and Nessler’s reagent, respectively. In
the test for indole production, NaCl tolerance and maximum temperature for growth, cultures
were grown in peptone water. Indole was detected using Kovac’s reagent. Nitrate respiration
activity was detected using the method of Iizuka and Komagata®. Phenylalanine deaminase
activity was determined on the medium of Ewing ef al.¥ Urease activity was determined on
the Christensen’s urea agar plates?. Dye’s methods? were used in the tests for reducing sub-
stances from sucrose, nitrate reduction and reaction in purple milk. Lecithinase activity and
V.P.-M.R. tests were performed as described in the Manual of Microbiological Methods?D, .
and tests for catalase activity and hydrolysis of casein and starch were performed as described
in the Manual of Methods for General Bacteriology?. Coronatine-like activity was assayed
on potato slices as described by Nishiyama and Ezukal¥. Tests for arbutin hydrolysis, acid
production in purple lactose agar, growth in sucrose broth, longevity on nutrient sucrose agar
(NSA) and utilization of r-tyrosine and L-leucine as sole sources of both carbon and nitrogen
were performed as described in Garrett ez /.9  Utilization of organic compounds as sole sources
of carbon was determined on the medium of Ayers ef al.?V, incorporating the carbohydrates
at 1.0% and the other compounds at 0.2%. The organic compounds were autoclaved mo-
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mentarily at 115 C with basal medium. Results were observed after 2, 4, 7, 14 and 21 days.
A positive result was scored only when visible growth was observed. The followings were tested
by the methods described by Lelliott ez al.’V: arginine dihydrolase, oxidase, lipase and tryosinase
activities, hydrolysis of Tween 80 and esculin, gelatin liquefaction, gluconate oxidation, levan
production, potato soft rot, and tobacco hypersensitive reaction, with the exception of lipase
test in which cotton-seed-oil was used instead of margarine.

Pathogenicity test. Two- to three-year-old plants grown from seedlings and adult
six- to seven-year-old vines of kiwifruit (cv. Hayward) were inoculated by spraying or punc-
turing methods with all strains. For spray-inoculation, the leaf laminae of tested plants were
wounded using a sterile needle and sprayed with the bacterial suspensions (ca. 10° cfu/ml) simply
to run off. For puncture-inoculations, the plants were pricked with a needle through a drop
of bacterial suspension placed on them. Young shoots of peach (Prunus persica) were also
inoculated by the puncturing method with all strains.

Strains Kw-1 and Kw-11 from kiwifruit were selected for determining the host range. They
were puncture-inoculated on the following plant species: Castanea crenata (Japanese chestnut),
Citrus natsudaidai (natsudaidai), Cucumis sativus (cucumber), Diospyros kaki (Japanese per-
simmon), Eriobotrya japonica (loquat), Ficus erecta, Ficus carica (fig), Glycine max (soybean),
Lycopersicon esculentum (tomato), Malus pumila (apple), Morus bombycis (mulberry), Myrica
rubra (Chinese bayberry), Nicotiana tabacum (tobacco), Phaseolus vulgaris (kidney bean), Pho-
tinia glabra (Japanese photinia), Pisum sativum (pea), Prunus jamasakura (cherry), Prunus mume
(Japanese apricot), Prunus salicina (Japanese plum), Pyrus serotina (Japanese pear), Raphanus
sativus (radish), Solanum melongena (eggplant), Syringa vulgaris (lilac), Thea sinensis (tea) and
Zea mays (corn). The plants of cucumber, kidney bean, soy bean, pea, tomato, eggplant, to-
bacco, corn and radish were grown in pots and kept under ca. 20 C in green house. They were
inoculated at three to five true leaf stages. The other woody plants were grown in field and
were inoculated on newly developed shoots. All inoculated plants were covered with poly-
ethylene bags overnight to maintain high humidity.

With the exception of the inoculation of dormant vines of kiwifruit in December 1984, all
other inoculations were made in June and July 1984.

RESULTS

Phenotypic characteristics

All the bacterial strains tested were gram-negative, aerobic, non-sporing, straight rods,
and motile with one to three polar flagella. Poly-f-hydroxybutyrate granules were not accu-
mulated. Strains metabolized glucose oxidatively, and produced catalase, ammonia and levan.
They also produced reducing substances from sucrose, and gave a positive tobacco-hypersensitive
reaction. All strains gave negative reactions in the following tests: arginine dihydrolase, oxi-
dase, lecithinase and phenylalanine deaminase activities; growth at 40 C; production of H,S,
indole and 2-keto-gluconate; reduction of nitrate; nitrate respiration; hydrolysis of starch and
cotton-seed-oil; V.P.-M.R. test; growth factor requirement; potato rot; and acid production
in purple lactose agar. Coronatine-like activity was not observed.

All strains utilized the following organic compounds as sole sources of carbon: glucose,
p-galactose, fructose, D-mannose, sucrose, glycerol, mannitol, sorbitol, citrate, gluconate, gly-
cerate, L-malate, succinate, D-quinate, L-asparagine and y-amino butyrate. No growth was
observed on: D-arabinose, lactose, maltose, melibiose, L-rhamnose, cellobiose, trehalose, D-
melezitose, dulcitol, adonitol, starch, salicin, arbutin, a-methyl-p-glucoside, triacetin, formate,
n-butyrate, propionate, mesaconate, sebacate, levulinate, anthranilate, r-valine, L-isoleucin
and f-alanine. Acid or alkali production respectively was observed in melibiose and formate
without any visible growth.

All strains produced white, circular with entire to undulate margin, convex, butyrous or



440 BAMYRESREE $55% 45 FRITFEI0A

slightly slimy, translucent and glistening colonies on nutrient agar plates. Colonies of P. syringae
pv. syringae strains became visible after one day and 2~3 mm in diameter after 3 days. Col-
onies of strains of kiwifruit and P. syringae pv. morsprunorum became visible after 2 days and
1~2 mm in diameter after 3 to 4 days. Diffusible brown pigment was produced on nutrient
agar slants only by the group B strains of P. syringae pv. morsprunorum and not by the other
strains.

The results for tests, which distinguish the canker pathogen from P. syringae pv. syringae
and pv. morsprunorum, are given in Table 2. The results of utilization test of L-tyrosine and
L-leucine as sole sources of carbon and nitrogen were identical with the results of utilization
test of them as sole sources of carbon.

Pathogenicity tests

All 14 strains from kiwifruit were highly virulent on kiwifruit trees. Following puncture-
inoculation of leaves, the initial symptom occurred only around the wounds as a dark water-
soaked area that expanded to produce angular spots measuring 2~5 mm. The lesions became
red-brown from the center and were usually accompanied by large bright-yellow halos 10 to
20 mm in diameter. On the lower side of the lesions, scale-like bacterial exudates were observed.
The initial water-soaked symptom of spray-inoculated leaves occurred primarily at the leaf
margins and wound points, but other lesions were scattered over the leaf, indicating stomatal
infection. The development of symptoms after water-soaking was the same as described for
wound-inoculated plants.

When young shoots of kiwifruit were inoculated, water-soaked lesions appeared and elon-
gated rapidly to 5~10 cm. The infected shoots became necrotic and showed typical shoot
blight symptoms. Copious amounts of bacterial exudate were often formed at the inoculated
point and the leaf axil of infected shoots, especially during wet weather. '

Strains of P. syringae pv. syringae and pv. morsprunorum were also pathogenic to kiwi-
fruit when inoculated on the leaves either by puncturing or by spraying. However, the lesions
were small and circular and restricted to wounded sites, indicating that they could not infect
via stomata or waterpores. The strains of P. syringae pv. syringae formed halos of 5 to 7 mm
in diameter. When young shoots were inoculated in spring, strains of pv. syringae and pv.
morsprunorum also produced small water-soaked lesions, which did not enlarge but became
necrotic spots.

Following the inoculation of dormant vines in winter, only strains from kiwifruit gave rise
to progressive symptom development. Symptoms appeared from February to March as blight
of buds or of emerging shoots on the inoculated canes, and as cracks which formed on the canes
which become canker lesions similar to those of natural infection. The strains of pv. syringae
and pv. morsprunorum induced no symptoms.

All strains including pv. syringae and pv. morsprunorum were pathogenic on young shoots
of peach, causing water-soaked lesions at the inoculated sites which enlarged rapidly to become
10~20 mm in length. The lesions became sunken and necrotic at the center and slightly swollen
at the margin to form cankers.

Kiwifruit strains were also pathogenic on Japanese apricot forming similar canker lesions
on the shoots, but smaller than those observed on peach shoots. They also produced small
necrotic spots at inoculated sites on shoots of cherry, plum, mulberry and fig, and formed halos
of 2~3 mm on natsudaidai leaves. However, these reactions were considered to be hyper-
sensitive reactions of the host plants or reactions to a toxin produced by the pathogen, and these
plants are excluded from the host range of the kiwifruit pathogen. They did not produce any
symptoms on the other plant species tested.

DISCUSSION

The bacterial isolates from kiwifruit which cause canker disease in Japan formed a homo-
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Table 2. Bacteriological characteristics which differed among the pseudomonad strains used in this study

P. syringae P. syringae

Kiwifruit P. syringae pvV. morsprunorum
strains  pv. syringge ——————— pv. pv. mors-

Group C Group B syringae® prunorum®

Characteristic

Fluorescent pigment

on King’s medium B — + — + + —
in Uschinsky’s solution - + — +
Gelatin liquefaction —Db 4© — — + —
Hydrolysis of
Esculin — + - + —
Arbutin — + — — 4 —
Casein + 1o — — + -
Tween 80 + + — +
Tyrosinase — — + T - +
Urease — + — +
Purple milk reaction Kw KD Kw K
Maximum NaCl tolerance 3%® 4% 1% 3% 5% 3~5%
Maximum growth temperature 30C >35C 32C 32C
Growth in sucrose broth white yellow white white yellow white
Longevity on NSA (days) >8 >8 <3 6~8 8~14 2~6
Utilization of
D-Xylose —e + — +
L-Arabinose (+)e + — 4 + +
D-Ribose 4 + _ _
Raffinose -+ +8 +& —
Inositol + + — +
Erythritol — + — +
DL-Tartrate —_ — + — — +
pL-Lactate — + — - + —
Malonate + + — +
Acetate (+) + + 40
n-Caprate — 4 — 4
Glutarate (e + D +
Saccharate -+ + (+) +
L-Histidine — + D + + +
L-Serine (+) + — + + -+
L-Arginine + + (+) + + T
Betaine + + — —
Trigonelline — + — —
L-Leucine (+) 4 D 4 + _
L-Tyrosine + - (+) + — +
+: positive; —: negative; (-+): delayed positive after 2 to 3 weeks; K: alkaline reaction; D: digestion;

w: weak reaction.

a) Data from Garrett ef al. (1966).

b) Kiwifruit strains showed delayed and weak liquefaction after 3 to 6 weeks.
¢) Strain W 7837 negative.

d) Strain Kw 21 could grow in 2% but not in 3%, NaCl.

e) Acid production was observed without any visible growth.

f) Strain Kw 22 negative.

g) Strains W 7844 and U 7805 negative.

h) Strain W 8107 negative.

i) Strain U 7805 positive.
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geneous group in their bacteriological properties. They were gram-negative, obligately aerobic
rods with 1~3 polar flagella, and formed white colonies, indicating that they should be included
in the genus Pseudomonas Migula 1894. The kiwifruit pathogen did not produce fluorescent
pigment, and did not accumulate poly-S-hydroxybutyrate, grow at 40 C, reduce nitrate or utilize
L-valine, f-alanine or L-isoleucine. In the LOPAT determinative tests'®, the cultures of the
kiwifruit pathogen produced levan on sucrose, were oxidase negative, did not rot potato, were
arginine dihydrolase negative, and produced a hypersensitive reaction in tobacco. Therefore
they belong in LOPAT Group Ta. These results show that the pathogen is a member of P.
syringae.

The kiwifruit pathogen is distinct from the strains of pv. syringae and pv. morsprunorum
in the laboratory tests listed on Table 2, and also distinguishable from other pathovars reported
elsewhere'®-1%:1%.29) in several laboratory tests.

Because the kiwifruit pathogen was pathogenic not only on kiwifruit but also on species
of Prunus, we compared it with the stone-fruit pathogens, P. syringae pv. syringae and pv. mor-
sprunorum. In a preliminary report®®, we tentatively identified the kiwifruit pathogen as a
variant of P. syringae pv. morsprunorum for the following reasons: 1) strains of P. syringae pv.
syringae and pv. morsprunorum were pathogenic on kiwifruit, 2) the reactions of the kiwifruit
pathogen in the tests of Garrett et al.®, indicated that the pathogen was similar to pv. morspru-
norum (Table 2), and 3) because pv. morsprunorum is heterogeneous, with variants having dif-
ferent bacteriological characteristics, and differing in their host ranges’-?%, it seemed possible
that the pathogen responsible for canker of kiwifruit could be classified as a variant of P. syringae
pv. morsprunorum. However, the inoculation of dormant vines with pv. morsprunorum or pv.
syringae did not produce typical canker symptoms on kiwifruit, and although they could produce
small lesions at wound inoculations in leaves, they could not infect leaves via stomata or water-
pores. The above data show that the pathogen from kiwifruit, although similar to other patho-
vars, differs significantly in laboratory and pathogenicity tests. In terms of the International
Standards for Naming Pathovars of Phytopathogenic Bacteria®, we concluded that the kiwi-
fruit pathegon should be classified as a new pathovar of P. syringae. The name P. syringae
pv. actinidiae pv. nov. is proposed and the strain Kw 11 is designated as the pathotype strain,
which has been deposited in the International Collection of Micro-organisms from Plants (for-
merly Plant Disease Division Culture Collection (PDDCC)) under the number of ICMP 9617.

A canker disease of kiwifruit has been reported in California, U.S.A.»» The canker
symptom described resembles that found in Japan but leaf spots and infections of buds and
flowers which occur in Japan were not reported in the U.S.A. The pathogen was identified
as P. syringae and resembles P. syringae pv. syringae. P. syringae pv. actinidiae differs from
the California pathogen in not producing fluorescent pigment, not liquefying gelatine and lack-
ing ice nucleating activity (unpublished data).

Bacterial blight of kiwifruit has also been reported in New Zealand?$:2". Symptoms of
leaves and flowers affected by bacterial blight resembles to that found in Japan. The pathogen,
however, was identified as P. viridiflava and is easily distinguishable from P. syringae pv. ac-
tinidiae in not producing levan type colonies and positive potato soft rot activity.

Description of Pseudomonas syringae pv. actinidiae pv. nov.

Pseudomonas syringae pv. actinidiae (actinidiae. M.L. f. n. Actinidia generic name of kiwi-
fruit; M.L. gen. n. actinidiae of kiwifruit). Gram-negative rods, motile with 1~3 polar flagella
and aerobic. Colonies on nutrient agar plates are round, convex, glistening, translucent and
white. Growth factors are not required. Poly-S-hydroxybutyrate granules are not accumulated.
Fluorescent pigment is not produced on King’s B medium. Positive for following reactions:
catalase, production of ammonia, levan and reducing substance from sucrose, hydrolysis of
casein and Tween 80, and tobacco hypersensitive reaction. Negative for following reactions:
oxidase, arginine dihydrolase, tyrosinase, urease, phenylalanine deaminase, lecithinase, reduc-
tion of nitrate, nitrate respiration, gelatin liquefaction, production of H,S, indole and 2-keto-
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gluconate, hydrolysis of esculin, arbutin, starch and cotton-seed-oil, and potato rot test. Max-
imum growth temperature is 30 C. Utilizes glucose, L-arabinose, D-ribose, fructose, sucrose,
raffinose, mannitol, glycerol, inositol, sorbitol, gluconate, glycerate, malonate, acetate, glutarate,
saccharate, L-malate, succinate, D-quinate, L-asparagine, L-serine, L-arginine, L-leucine, L-tyrosine
and betaine. Does not utilize p-arabinose, D-xylose, lactose, maltose, melibiose, L-rhamnose,
cellobiose, trehalose, melezitose, dulcitol, adonitol, salicin, arbutin, a-methyl-p-glucoside tri-
acetin DL-tartrate, pL-lactate, formate, n-butyrate, propionate, mesaconate, n-caprate, sebacate,
levulinate, anthranilate, L-valine, L-isoleucine, f-alanine, L-histidine, trigonelline. Pathogenic
on Actinidia chinensis, Prunus persica and Prunus mume. Pathotype strain is Kw 11 (ICMP
9617).

We gratefully acknowledge Dr. K. Takanashi for kindly supplying us his cultures, and Dr. J. M.

Young for critically reading this manuscript.
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