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ABSTRACT

Spotts, R. A., and Cervantes, L. A. 1994. Pseudomonas canker of pear trees in Oregon, cultivar
resistance, and effect of trunk guards on canker incidence and bacteria survival on bark. Plant

Dis. 78:907-910.

Extensive cankers caused by Pseudomonas syringae pv. syringae were observed on young pear
trees in early spring 1991 following low-temperature injury in December 1990. The majority
of cankers were on the trunk and lower scaffold limbs, usually close to or extending into
the trunk. Canker incidence was greater on trees with trunks enclosed in corrugated, white
plastic guards than on trees without guards. Survival of P. 5. syringae inoculated on the surface
of the bark of Bartlett trees was significantly greater when tree trunks were covered with guards
than when guards were not used. P. s. syringae was isolated from all canker margins in spring
1991, but incidence decreased to 30-509% of the cankers after two growing seasons. The cultivars
Bosc and Comice were rated as susceptible to Pseudomonas canker. Red strains of d’Anjou
and Bartlett were considered resistant in both field evaluations and a detached shoot test.

Pseudomonas syringae pv. syringae
van Hall infects pear (Pyrus communis
L.) and causes blossom blight, fruit and
leaf spots, and cankers (1,14). The condi-
tions for induction of blossom blast were
described recently (21). Also, the distri-
bution, population dynamics, and
characteristics of P. 5. syringae in decidu-
ous tree fruit orchards in the Pacific
Northwest have been studied (4). The
canker phase of the disease on pome
fruits, however, has not received much
attention. Wilson (24) described the
symptoms of limb cankers on pear trees
in California as early as 1934, He re-
ported that Bosc pear trees were more
severely infected than Bartlett and that
infected limbs and young trees were killed
occasionally. McKeen (11) reported a
blossom blast and canker disease of pear
on Vancouver Island, British Columbia.
The cankers often developed from
diseased buds and peduncles, enlarged
throughout the winter, and eventually
killed young trees. Cameron (1) stated
that infection of pear trees less than 5
yr old through pruning cuts and wounds
caused considerable tree loss in Oregon.
Recently, Larsen and Higgins (9)
reported that a temperature drop from
16 to —21 C in early February caused
longitudinal bark cracking on trunks of
young Asian pear trees.
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During December 1990, Pseudomonas
canker, in conjunction with low-temper-
ature injury, was associated with serious
disease and death of trees in some areas
of the Pacific Northwest. In the lower
Hood River Valley of Oregon, tempera-
tures during November and the first half
of December 1990 were seldom below
freezing. On 20 December, the temper-
ature dropped to —15.5 C and remained
between —14 and —20 C for six nights.
Trees between 2 and 5 yr old were most
seriously infected, and those that had not
hardened off properly were affected
worst. Thus, growers who extended the
normal growth cycle of their trees by late
summer fertilization, irrigation, or train-
ing often experienced an epidemic of
Pseudomonas canker in their orchards.

In this paper we report the results of
a survey of five severely infected com-
mercial pear orchards and present infor-
mation concerning location of cankers
on the tree, cultivar resistance, and origin
of cankers in relation to pruning cuts,
dead spurs, and tissue injured by low
temperatures. Survival of P. s. syringae
on the bark of pear trees with and
without trunk guards was studied be-
cause white plastic wraps, which are used
to protect trunks of young pear trees
from winter injury, appeared to affect
canker incidence,

MATERIALS AND METHODS

Field survey. Five commercial pear
orchards near Parkdale, Oregon, were
selected for determination of severity of
Pseudomonas canker associated with
low-temperature injury that occurred in
December 1990. Three orchards, desig-
nated A, B, and C, were selected on the
basis of the presence of multiple cultivars
of the same age in the same or adjoining
rows. Trees in orchards A, B, and C were
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planted in 1986, 1985, and 1985, respec-
tively. Trees that had visible cankers of
each of three cultivars were evaluated—
23 in orchard A, 12 in orchard B, and
21 in orchard C. The length of all cankers
on each tree was measured, and the loca-
tion and origin (pruning cut, spur, or
winter-injured tissue) of the cankers were
recorded. Cultivar susceptibility data
were analyzed with analysis of variance
and LSD when the F test was significant.

In two orchards, designated D and E,
trees with and without trunk guards (Fig.
1) were present in alternating rows
throughout the orchards on two cultivars
per orchard. Both orchards were estab-
lished in 1989, and one-half of the trees
of cach cultivar in each orchard had
trunk guards installed at the time of
planting. Only the lower trunk of each
tree was examined for Pseudomonas
cankers, 72-80 trees of each cultivar in
orchard D and 110-116 trees of each
cultivar in orchard E. Data were ana-
lyzed by chi-square. Evaluations in all
five orchards were done between 17 and
19 June 1991,

Effect of trunk guards on survival of
P. s. syringae on the bark surface. A
spontaneous, rifampicin-resistant mutant
of P.s. syringae isolate 90-163 was grown
on Pseudomonas agar F (PAF) at 23 C.
Colonies were harvested from 48-hr-old
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Fig. 1. Corrugated plastic guard with white
outer and black inner surface around the trunk
of a pear tree.
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plates with sterile distilled water (SDW),
and the suspension was adjusted to 0.3
A at 600 nm in a colorimeter. The sus-
pension contained 2.9 X 10’ cfu/ml as
determined by standard dilution plate
assay. The bacterial suspension was
sprayed to runoff with a hand-pump
sprayer on the lower 30 cm of the
uninjured trunks of 5-yr-old Bartlett pear
trees. After the bark was dry (approxi-
mately 1 hr), white, corrugated plastic
trunk guards (Treewrap, Diversa-Plast,
Minneapolis, MN) were placed around
one-half of the trees. The trunk guards
were 40 cm in height and were placed
around the trunks so ends touched but
did not overlap, leaving about 1 cm of
space between the trunk and the guard.
When trunks were dry and at weekly
intervals thereafter, two 16-mm-diameter
disks of bark were removed from each
of three replicate trees with a sterile No.
9 cork borer and returned to the lab-
oratory in sterile glass petri plates. The
two disks were placed, outer bark surface
down, in 5-10 ml of SDW and sonicated
for 1 min. In a preliminary experiment,
sonication for an additional | and 2 min
did not result in greater numbers of bac-
teria recovered. After sonication, 100-
500 ul of the undiluted suspension and
of a 1:9 dilution suspension were spread
on two replicate plates containing PAF
amended with 100 pg of rifampicin and
40 ug of cycloheximide per milliliter. At
the lower dilution, the detection limit was
2.5 cfu/100 mm® of bark. Plates were
incubated 72 hr at 23 C and colonies were
counted. Plate counts were converted to
colony-forming units per square millime-
ter of bark, and log-transformed data
were analyzed with an unpaired ¢ test.
The experiment was done twice, with
inoculations on 14 November (trial 1)
and 11 December 1991 (trial 2).

Survival of P. s. syringae in cankers
of pear trees in the orchard. In orchard
B, 10 trees each of cultivars d’Anjou,
Bartlett, and Comice with a large canker
on the main trunk were selected. Simi-
larly, 10 infected Columbia Red d’Anjou
trees were selected in an orchard near
Hood River. On 20 June and 17 October
1991 and 6 October 1992, a 1 X 4 cm
piece of bark tissue at the margin of each
canker was removed with a sterile scalpel.
In the laboratory, the outer bark was
removed, and each sample was cut into
five to seven pieces. Pieces were surface-
sterilized in 0.42% sodium hypochlorite
for 30 sec, rinsed in SDW, and placed
on PAF. Plates were incubated 4-5 days
at 23 C, then examined for colonies
producing fluorescent pigment under UV
light at 350 nm. Fluorescent colonies
were purified on nutrient agar, then
tested for oxidase activity (8). All fluores-
cent, oxidase-negative isolates recovered
on 6 October were tested for patho-
genicity with the tobacco hypersensitivity
method (6) using Nicotiana tabacum L.
‘Samsun’.
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Detached shoot test for evaluation of
resistance of pear cultivars to Pseudo-
monas canker. Actively growing terminal
shoots about 20 cm long were removed
from trees of 11 pear cultivars at the Mid-
Columbia Experiment Station. Leaves
and petioles were removed, and shoots
were surface-sterilized in 0.05% sodium
hypochlorite for 1 min, rinsed in SDW,
dipped in 95% ethanol, and rinsed again
in SDW. A 5-cm length was removed
from the base of each shoot, then five
shoots were placed in each of three
sterile, 250-ml beakers containing 50 ml
of SDW. Inoculum of P. s. syringae iso-
late 90-163 was prepared as described
above. A 3-cm length was removed from
the shoot apex, and a 10-ul drop of
inoculum was placed on the cut surface.
The inoculum was absorbed by the tissue
within a few minutes, and the beaker was
covered with a polyethylene bag secured
with a rubber band. Control shoots were
inoculated with 10 ul of SDW. Beakers
were placed at 10 C, and canker length
was measured after 14 days. The exper-
iment was done twice. Data were ana-
lyzed by analysis of variance after an
arcsine square root transformation to
obtain a random distribution of residuals.
The two trials were treated as blocks,
and the block X cultivar mean square
was used as the error mean square,
Separation of treatment means was done
with Tukey’s HSD test.

RESULTS

Field survey. Extensive Pseudomonas
cankers developed on pear trees in early
spring of 1991 following low-tempera-
ture injury in December 1990. For exam-
ple, Comice trees in orchard B had an
average of 40 cankers per tree, with an
average canker length of 10 cm. About
one-half of the cankers were on major
scaffold limbs, usually close to or extend-
ing into the trunk (Fig. 2). About one-
third of the cankers were on the trunk
below the first whirl of scaffold limbs.

In orchards A and B, 21-31% of the
cankers were centered at a dead spur,
8-250 were at a pruning cut, and 54-61%
were at locations with no visible mechan-
ical injury or dead spurs and were prob-
ably associated with low-temperature
injury. In orchard C, 77-95% of the
cankers occurred in winter-injured tissue

and scaffold limb of Columbia Red d’Anjou
pear tree.

and very few were associated with dead
spurs or pruning cuts. The percentage
of cankers originating at dead spurs,
pruning cuts, or low-temperature injury
was similar for all three cultivars in each
orchard. Direct cultivar comparisons of
canker resistance were limited to those
cultivars present in the same orchard. In
these comparisons in orchards B and C,
Cascade and Sensation Red Bartlett were
most resistant based on number of
cankers per tree or canker length (Table 1).
Bosc and Gebhard Red d’Anjou in
orchard A and Comice in orchard B were
most susceptible to canker (Table 1).
Bosc was more resistant than Comice in
orchard D, and Max Red Bartlett was
more resistant than Columbia Red
d’Anjou in orchard E (Table 2).

The presence of tree guards affected
canker incidence. In orchard D, more
trees with than without guards had in-
fected trunks; the difference was signif-
icant (P = 0.05) for Comice but not for
Bosc. In orchard E, significantly (P =
0.05) more trees with than without
guards had trunk cankers (Table 2). This
effect was similar for both Max Red
Bartlett and Columbia Red d’Anjou.

Table 1. Pseudomonas canker on pear trees
in the Hood River Valley in June 1991

Canker length Cankers
Orchard per tree per tree
Cultivar (em) (no.)
A
Columbia 39a’ 6a
Bosc 99 b Ilb
Gebhard 89b 13b
B
Sensation 63 a 10 a
Columbia 105 a 19b
Comice 400 b 40 c
C
Cascade 2a la
Sensation 4a la
Columbia 18 b 3b

‘Numbers followed by the same letter within

columns for each orchard are not signifi-
cantly different at P = 0.05 according to
LSD.

Table 2. Effect of guards on infection of pear
tree trunks by Pseudomonas syringae pv.
syringae

Number of
Ovehiid trunks infected”
Cultivar Guard  No guard
D
Bosc 44 a’ 27a
Comice** 72b 25a
E
Max Red Bartlett* 50 a 29a
Columbia* 8l1b 60 b

*Trunk cankers were counted in June 1991.
YNumbers followed by the same letter within
columns for each orchard are not signifi-
cantly different at P=0.05 according to chi-
square.

“* = Guard effect is significant at P = 0.05.



Effect of trunk guards on survival of
P. 5. syringae on the bark surface. Sur-
vival of P. s. syringae on the bark surface
was significantly (P = 0.01) greater on
trees with trunk guards than on those
without guards (Fig. 3). Even with
guards, however, populations decreased
logarithmically, and few bacteria were
recovered beyond 3-4 wk. The average
daily maximum and minimum tempera-
tures were 9.2 and 2.2 C, respectively,
fortrial 1 and 5.5 and 0.1 C, respectively,
for trial 2. Initial P. 5. syringae popula-
tions for trials 1 and 2 were 3.05 X 10°
and 7.37 X 10° cfu/ mm? of bark, respec-
tively. After 4 wk, trial 2 was extended
an additional 20 wk, and populations
remained below 1 cfu/mm® of bark
except on 17 April, when 11.9 cfu/ mm?
were recovered. No tree in either trial
became infected.

Survival of P. s. syringae in cankers
of pear trees in the orchard. On 20 June
1991, P. s. syringae was isolated from
tissue at canker margins of all cankers.
By 17 October, P. s. syringae was re-
covered from 60, 60, 78, and 67% of
cankers of d’Anjou, Bartlett, Comice,
and Columbia Red d’Anjou, respec-
tively. On 6 October 1992, recovery
decreased to 40, 30, 50, and 33%, respec-
tively, of cankers of d’Anjou, Bartlett,
Comice, and Columbia Red d’Anjou.
Thus, while survival of P. s. syringae in
tissue at canker margins declined over
time, the bacterium was still recovered
from one-third to one-half of the cankers
even after two growing seasons. In the
tobacco hypersensitivity test, isolates
from 62% of the cankers from which P.
s. syringae was recovered were positive.

Detached shoot test for evaluation of
resistance of pear cultivars to Pseudo-
monas canker. Canker severity was
greatest in detached shoots of Forelle and
Cascade (Table 3). Although Sensation
Red Bartlett and d’Anjou, including the
two red strains, had the smallest cankers,
disease severity in these cultivars did not
differ significantly (P = 0.01) from that
in all other cultivars except Forelle and
Cascade (Table 3). In several tests, the
outer bark was removed and the length
of discolored wood was measured. In
almost all cases, there was no difference
between the length of external cankers
and that of inner tissue discoloration.
Control shoots usually were free of
cankers, but those that formed were no
longer than 1-2 mm.

DISCUSSION

When pear trees reach their maximum
level of hardiness, they can withstand
temperatures below —33 C (12,15). Fac-
tors that delay maturity and development
of cold hardiness include excess nitrogen,
late season irrigation, and early autumn
pruning (20). These cultural practices are
often used by growers to “push” young
trees into rapid development and pro-
duction. The differential development of
cold hardiness throughout a tree was
illustrated during 1990-1991 by a pattern
of low-temperature injury on the lower
trunk and crotches. This pattern also
occurred on pome fruit trees in the
Pacific Northwest in 1955 (20). The
importance of freezing temperatures to
development of canker caused by P. s.
syringae has been well documented for
apricot (7), poplar (2), peach (19), and
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Fig. 3. Effect of trunk guards on the survival of Pseudomonas syringae pv. syringae on the
surface of the bark of Bartlett pear trees. Vertical bars represent standard error of the mean.

sweet cherry (17).

The low-temperature injury and
Pseudomonas canker that we observed
differed from the typical pattern of injury
to the southwest area of the trunk that
occurs on cold, sunny winter days when
a large temperature differential develops
between the sunny and shaded sides of
the trunk. Painting trunks white has been
recommended to reduce this type of dam-
age (5,13). Similarly, trunk-insulating
wraps reduce temperature fluctuations
by decreasing maximum day tempera-
tures but not affecting minimum night
temperatures (16). We found, however,
that incidence of Pseudomonas canker
was greater in orchards where trunk
guards were used. These guards were
wrapped loosely on the trunk with about
1 cm of space between the trunk and the
guard. In early spring, we observed that
the trunk and weeds inside the guards
remained wet considerably longer than
when guards were not used. The guards
may alter the microclimate at the bark
surface, resulting in increased survival of
P. 5. syringae. Trunk guards installed
with a space between the ends or with
large vent holes may be less likely to
increase the canker problem described
herein.

Even when trunk guards were used,
populations of P. s. syringae on bark
declined to very low levels within 1 mo
after inoculation and failed to increase
during the last S mo of the experiment.
In a previous study on flower and leaf
buds of d’Anjou pear, populations of P.
s. syringae decreased from leaf fall to
bloom (4). Similarly, populations of P.
s. syringae declined to very low levels
within 6 wk after inoculation in October
of the surface of peach buds and leaf
scars (3). In contrast, P. s. syringae
sprayed on the branches of maple in July
declined by November but increased
throughout the winter until March (10).
While surface populations of P. s.

Table 3. Resistance of detached shoots of 11
pear cultivars to canker caused by Pseudo-
monas syringae pv. syringae

Mean
canker
length®

Cultivar (mm)
Sensation Red Bartlett 24a
Columbia Red d’Anjou 38a
Gebhard Red d’Anjou 39a
d’Anjou 43a
Bartlett 6.1 ab
Hosui 6.2 ab
Max Red Bartlett 6.8 ab
Bosc 10.7 ab
Comice 13.6 ab
Cascade 29.9 be
Forelle 477 ¢

“Shoots were evaluated 14 days after inocu-
lation, and each value represents the mean
of 30 shoots. Means are separated with
Tukey’s HSD at P = 0.01.
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syringae often fluctuate greatly, internal
populations are more stable, whether in
peach twigs (3), sweet cherry buds (18),
or pear stem and root tissue (23). Simi-
larly, we found that P. s. syringae sur-
vived in bark tissue at the canker mar-
gins, even after the 1991 and 1992
growing seasons. The summer of 1992
was unusually hot, with the maximum
daily temperature exceeding 32 C on 25
days between May and August.

Field observations and the detached
shoot method for ranking resistance of
pear cultivars to Pseudomonas canker
generally were in agreement, with
Comice and Bosc as susceptible and
d’Anjou and red strains of Bartlett as
resistant according to both methods.
Wilson (24) also reported that Bartlett
was more resistant than Bosc to Pseudo-
monas canker. The detached shoot test,
however, only indicates the potential
genetic resistance that can be altered by
cultural and environmental factors in the
orchard. For example, Cascade (a cross
of Max Red Bartlett and Comice) was
highly susceptible to canker in the
detached shoot test but showed a low
level of infection in the orchard. Tree
vigor in the orchard appeared low, and
trees probably developed early cold
acclimation. Thus, low-temperature
injury and canker were greatly reduced,
even in a cultivar that is potentially
susceptible to canker. Conversely, de-
tached shoots of Gebhard Red d’Anjou
were resistant to canker, but Gebhard
trees in orchard A were severely infected,
perhaps due to a greater response to
irrigation and fertilization programs
than other cultivars in the orchard. This
resulted in increased late season vigor
that predisposed trees to winter injury
and subsequent bacterial infection.

A similar detached shoot method was
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used to rank resistance of pear to
blossom blast caused by P. s. syringae
(22). Forelle was considered more
resistant and d’Anjou more susceptible
to blossom blast than to canker. Rank-
ings for red d’Anjou strains and for Bosc
and Comice were similar for both canker
and blossom blast.
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