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Mechanism of Infection of Valsa Canker caused by Vaka ceratosperma with Special
Reference to Twig Canker from a Cluster Base

Kinsuke Yukita
Aomori Apple Experiment Station

Key ward : Apple canker, Cluster-base canker, Mechanism of infection,
Pedicel, Fruit-scar, Valsa ceratosperma

Summary

In apple trees, Valsa cankers caused by Valsa ceratosperma (Tode ex Fr.) Maire on a young branch,
up to 4-5 years old, are referred to as twig cankers, while those on the main part of a limb.or a tree
trunk are referred to as trunk cankers. In the present study, orchard surveys were firstly conducted to
detect key factors associated with twig cankers. Since the surveys identified the importance of the
cluster base as an infection locus, mechanisms of infection at this locus were studied experimentally.
In all inoculation tests, pycnospores were used as inoculum at a concentration of 2-4 X 107/ml
The cluster base, or bourse, is the short spur that bears the flowers and subsequently the fruit and
a growth shoot.

A. Orchard surveys

1) Surveys were conducted on four mature apple orchards with various cultivars under conventional
cultural management. In two orchards, the surveys were from 1990 to 1996; while the other two
orchards were surveyed from 1992 to 1996. In the first two orchards, twig cankers were counted
once a month except for the two summer months of July and August; while in the second two
orchards cankers were counted once a year in April or May. The number of twig cankers in the
entire tree crown was counted for all trees in each orchard. All such cankers found were examined
for the invasion loci at which cankers had been initiated. In the second two orchards, if twig canker
had begun from a cluster base (here after called a ‘cluster-base canker’), the cluster base was checked
precisely to determine its age.

2) More than 95% of twig cankers recorded had been initiated either at a cluster base, a pruning cut
or a dieback shoot. Of these three loci, the cluster base was the most important, accounting for 70-80%
of all twig cankers.

3) Cluster-base cankers first appeared in February and increased in number during March-April.
Numbers had leveled off by June.

4) Cankered cluster bases could be classified into two age groups, ie, one- and two-year-old.
A negligible number were 3-years-old or older. This finding strongly suggests that two different path
ways exist in inducing cluster-base canker, as is described below. The proportions of the one-year
group varied from 72 to 94%, or 55 to 77%, depending on the orchards and years.

5) The incidence of cluster-base canker differed markedly among cultivars. It was highest in cultivars
Hokuto, Fuji and Ralls Janet, moderate in cultivars Jonagold and Red Delicious, and lowest in cultivars
Tsugaru, Senshu, Orin, Yoko and Mutsu.

6 ) Climatic factors had been previously considered important in causing the twig canker, especially
that initiated from shoot dieback. On the contrary, the present survey indicated that the incidence of
cluster-base canker was little affected by climatic factors, so that other factors such as biological
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aspects were much more important.

7 ) Many cluster-base cankers had '"pulled-stems" or "broken-stems' A pulled-stem is a pedicel that
has been pulled from the fruit during thinning or harvesting but remains attached to the cluster base,
while a broken-stem is a pedicel that has been broken during harvesting with the lower part remaining
attached to the cluster base. Their repeated presence indicated that they were related in some way to
the formation of cluster-base cankers.

B. Experimental evidence - thinning wounds

1) Inapple cultivation, a large proportion of flowers and fruit are removed through thinning operations in which
i) all flowers that develop from lateral buds are thinned out; ii) all fruit on 2/3 to 3/4 of fruit clusters
that develop from apical buds are thinned; and ii) of the remaining fruit clusters developing from
apical buds, all fruit except those developed from the king flowers are removed. Thinning is
conducted by hand or with scissors. Where hand thinning is used, an entire pedicel remains attached
to a cluster base, while the lower part of the pedicel remains where scissors are used to cut off
flowers or fruit. In this research, the induction of cluster-base cankers through the pedicels was
tested experimentally.

2) Pedicels were experimentally left attached to the cluster base by thinning fruit either by hand or
with scissors. The pedicels were then inoculated. Inoculations yielded cluster-base cankers similar to
those produced naturally in the field. Some cankers appeared in December in the year of inoculation;
and they became most abundant in March-April the following year. Although the initial symptom
differed depending upon the time when the canker first appeared, any canker resulted in dieback by
April-May the following year.

3) As well as artificial inoculations, an inoculation that mimicked the natural situation was created by
placing trunk cankers with abundant stromata above the crown in a tree. This not only produced
cluster-base cankers, but also showed that spores dispersed only on a day when rainfall occurred and
that the dispersion was concentrated in a small area with in a range of several meters from the source.

4) The pathogen required 10 to 20 days to reach the cluster base through a pedicel held at 25C and
over 90% RH. Outdoors, where the daily maximum and minimum temperatures changed from 21.3 to
30.7C and 12.3 to 23.8C respectively, this required 20 to 30 days.

5) Using three cultivars, Tsugaru, Red Delicious and Fuji, thinning was conducted on five different
days after petal fall for each cultivar. Immediately after the thinning, pedicels that were left attached
were inoculated. In cultivars Tsugaru and Red Delicious, almost all the pedicels fell naturally with in
10-20 days of thinning, irrespective of the time of thinning. No cluster-base cankers were induced
in these cultivars. ‘Fuji’ also showed the same result when the thinning was conducted with in
a week of petal fall However, when the thinning was conducted 18 or more days after petal fall,
a large proportion of the pedicels remained attached to the cluster base, and a large proportion of
twigs developed cluster-base cankers.

6) Pedicel persistenée and the susceptibility to cluster-base canker were compared between pedicels of
king and lateral fruit in the cultivar Fuji When lateral fruit were thinned later than 30 days after
petal fall, pedicels persisted longer and hardly fell. These pedicels readily resulted in cluster-base cankers
if they were inoculated immediately after thinning. For king flowers, the critical point was the 20th
day after petal fall.

7) After fruit thinning the pedicel was highly susceptible to canker inoculation until ca. the 5th day later.
It gradually became hardened 10-20 days after thinning.

8 ) Pedicel persistence and susceptibility to cluster-base canker were compared experimentally for
23 cultivars. Thinning was conducted 30 days after petal fall for each cultivar and the pedicels were
inoculated immediately after thinning. Six cultivars, Natsumidori, Kitanosachi, Fuji, Fukunishiki, Kouyoko
and Ralls Janet, had pedicels that remained attached to the cluster base for longer. All these cultivars
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were highly susceptible to cluster-base canker. Twelve cultivars, Vista Bella, Tsugaru, Redgold, Senshu,
Red Delicious, Sekaiichi, Golden Delicious, Jonagold, Kaori, Kinsei, Mutsu and Orin, had pedicels that
fell easily from the cluster base. They were much less susceptible to cluster-base canker, and were
considered field resistant. Five cultivars, Megumi, Jonathan, Hokuto and Mellow, were intermediate
between the above. ‘

9) If dieback was used as the critical symptom of cluster-base canker, the time of its occurrence was
spring the year following thinning for all cultivars. '

C. Experimental evidence - harvesting wounds

1) Fruit-scars have been considered to be the main route of postharvest infection for twig canker.
Since pulled-stems and broken-stems were repeatedly noted from cankered twigs in the orchard surveys,
their roles as an infection route were tested in comparison with fruit-scars.

2) Pulled-stems and broken-stems were artificially produced on Red Delicious and Fuji trees. They were
then inoculated. These inoculations yielded the cluster-base canker similar to the ones produced naturally
in the field. Cankers first appeared in March-August the following year and gradually increased in
number until April-May the year after that. Fruit-scar inoculation also yielded a similar trend of infection,
but the final level of canker was much higher than for stem inoculations. Almost all of the stems
remained attached to the cluster bases until July the following year.

3) When artificially prepared broken-stems of the cultivars Red Delicious and Fuji were inoculated and
maintained under conditions of 25C and over 90% RH, no pathogen reached the cluster base even
30 days after inoculation. When they were inoculated outdoors, the first pathogen was detected
in the cluster basein March the next year. Almost all cluster bases had been invaded by the pathogen
by July.

4) Artificially prepared broken-stems of Fuji were inoculated at harvest time, and they were then
abscised from their cluster bases at about one-month intervals. None of the cluster bases were
cankered when the stems were abscised before May the next year. The percent infection increased to
55.0 - 62.5% when the stems were abscised later than July the next year.

5) In cultivars Red Delicious and Fuji, fresh fruit-scars were susceptible to inoculation for ca. 20 and
10 days respectively, while fresh broken-stems were susceptible for ca. 30 and 20 days. In Tsugaru,
no cankers were induced through fresh fruit-scars. In this cultivar, no cankers were induced from
the broken-stems since they all fell in the year of inoculation.

6 ) The persistence of broken-stems and susceptibility to cluster-base cankers through broken-stems
were compared experimentally for 12 cultivars. Broken-stems were left attached to the cluster base
at the conventional harvesting time for each cultivar. Immediately after picking, the broken-stems were
inoculated. Eight cultivars, Kitanosachi, Senshu, Red Delicious, Mellow, Jonagold, Hokuto, Fuji and Rolls Janet,
had broken-stems that persisted longer on the cluster bases. All of these cultivars readily suffered from
cluster-base canker induced through the broken-stems. In 4 cultivars, Tsugaru, Mutsy, Orin and Kinsei,
the broken-stems  readily fell so that little cluster-base canker was induced by this route.
The cankers first appeared in spring the next year in Kitanosachi and Senshu, while in the other
10 cultivars it did not appear until the spring after that, almost 18 months after inoculation.

7) Susceptibility to cluster-base canker through fruit-scars were compared for the above 12 cultivars.
Immediately after picking at the conventional harvesting time for each cultivar, fruit-scars were inoculated. -
Three cultivars, Kitanosachi, Red Delicious and Jonagold, were very susceptible to infection by this route,
while the other 9 cultivars, Tsugaru, Senshu, Hokuto, Mellow, Mutsu, Kinsei, Orin, Fuji and Rolls Janet,

were less susceptible. -

Concluding Remarks
1) The fruit-scar has long been recognized as an infection locus for Valsa canker. The present study
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found that wounds on pedicels which were made during thinning and harvesting were very
significant other infection loci.

2) Whether or not a pathogen entering a pedicel results in a successful infection , was solely determined
by the timing of pedicel abscission; the longer a pedicel persisted attached to a cluster base, the greater
the chance of infection.

3) Apple cultivars differed markedly in their susceptibility to the canker via stem infection. The difference
between cultivars is determined solely by the timing of pedicel abscission.

4) Since dead or flagging leaves are easy to spot, dieback is a useful symptom to determine twig canker
from an applied point of view. When the pathogen entered from thinning wounds, the dieback first
appeared in spring the following year on a one-year-old cluster base. In contrast, when the pathogen
entered from harvesting wounds, it first appeared on a two-year-old cluster base in spring - 18 months
after inoculation,with the exception of two cultivars, Kitanosachi and Senshu, in which it first appeared
on a one-year-oldcluster base the following spring.



