Epiphytic Pseudomonas syringae on Dry Beans
Treated with Copper-Based Bactericides

K. A. Garrett and H. F. Schwartz, Department of Agricultural Biosciences and Pest Management, Colorado State

University, Fort Collins, 80523-1177

ABSTRACT

Garrett, K. A., and Schwartz, H. F. 1998. Epiphytic Pseudomonas syringae on dry beans treated
with copper-based bactericides. Plant Dis. 82:30-35.

The response of epiphytic populations of Pseudomonas syringae and other bacteria on dry bean
plants to four copper-based bactericides was evaluated. The bactericides showed little differ-
ence in efficacy, but epiphytic populations on pinto bean leaflets, flowers, and pods were occa-
sionally reduced when compared to populations on non-treated control plants, especially after
repeated bactericide applications. Although there was a trend toward a relationship between
epiphytic leaflet and flower populations, there were cases where P. syringae was undetected on
one organ but abundant in samples from the other organ. P. syringae pv. syringae strains recov-
ered from epiphytic populations demonstrated much greater copper resistance than did strains of
P. syringae pv. phaseolicola, as measured by growth on media amended with cupric hydroxide.
This difference between the pathovars may have implications for integrated pest management

strategies.

Bacterial brown spot (caused by Pseu-
domonas syringae pv. syringae van Hall)
and halo blight (caused by P. syringae pv.
phaseolicola (Burk.) Young, Dye, and
Wilkie) are two important diseases of dry
beans (Phaseolus vulgaris L.) in Colorado
and other parts of the world (14). These
bacteria pathogens are of particular inter-
est for the following reasons. Though there
is potential for using epiphytic population
size to predict risk of disease (12,19,20),
little is actually known about how P. syrin-
gae spreads as an epiphyte or the relation-
ship between natural leaflet populations
and populations on flowers, pods, and
seeds. There is concern that P. syringae
populations may develop increased resis-
tance to copper-based pesticides. A range
of tolerance levels has been found in P.
syringae pv. syringae from cherry orchards
(29) and nurseries in the Pacific Northwest
(26), for example, and plasmid-encoded
copper resistance is being found more
widely in severa genera of phytopatho-
genic bacteria (5). Laboratory experiments
indicate that plasmids conferring copper
resistance can be transferred between
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pathovars of P. syringae (1,2). Since both
P. syringae pv. syringae and P. syringae pv.
phaseolicola overwinter in seed and plant
debris and infect volunteer beans the fol-
lowing year, resistant populations could
survive from season to season and jeop-
ardize future management efforts with
bactericides and other integrated pest man-
agement approaches such as planting certi-
fied seed, varietal selection, and crop rota
tion, among others (18).

The objectives of this research were to
(i) estimate the effectiveness of different
formulations of copper-based bactericides
for reducing populations of epiphytic bac-
teria, (i) examine the relationship between
epiphytic populations on leaves and flow-
ers, and (iii) determine levels of copper
resistance present in P. syringae popula
tions during exposure to copper-based
bactericide regimes.

MATERIALSAND METHODS

Plot design and sampling procedure.
A sprinkler-irrigated bean field at the Colo-
rado State University Bay Farm research
facility in Fort Collins was studied for 2
years. Plant debris contaminated with P.
syringae pv. phaseolicola had been plowed
under (1- to 30-cm depth) in the past, and
the fidld had previousy produced bean
plants infected with halo blight. A non-
treated control was compared with four
formulations of copper-based bactericides:
cupric hydroxide (Kocide 606, Griffin
Corp., and Champion, Agtrol Chemical
Products, 24% metallic copper each) at 4.7
litersha; copper ammonium carbonate
(Copper Count N, Minera Research &
Development, 8% metallic copper) at 7
liters’ha; and elemental copper from cop-

per sdts (Tenn-Cop, Boliden Intertrade,
5% metallic copper) at 3.5 liters/ha applied
with a CO, backpack sprayer with a 8003-
type flat-fan nozzle over the top of each
row. Plots were 6 m long with 4 rows
spaced 0.56 m apart, a 1-m dley, and a 4-
row non-treated buffer between plots. Four
replications of each treatment were ar-
ranged in randomized complete blocks.
Samples for epiphytic population enu-
meration were collected at the times indi-
cated in Table 1. In 1987, the susceptible
pinto cultivar Olathe was planted. In 1986,
the bean plants at this site were destroyed
by a severe hail storm after the second
sampling period; thus, no data are pre-
sented.

Studies of epiphytic bacteria on dry
beans in eastern Colorado were conducted
a four sites in 1986 and three sites in
1987; data are presented for only two fields
each year (1 and 2 in 1986, 3 and 4 in
1987) where at least 2 epiphytic samples
could be collected during the vegetative
and/or flowering periods of plant develop-
ment. The commercia bean fields were in
the Holyoke area, Phillips County, planted
with the pinto cultivar Olathe following a
1- to 2-year rotation with field corn. Each
site received two treatments: a non-sprayed
control and a weekly spray of cupric hy-
droxide (Kocide 606) at 4.7 liters’ha (2.5
kg Cu/ha) in 477 liters water/ha. Plots were
12.2 m long with 4 rows spaced 0.76 m
apart, a 1.5-m dley, and a 4-row non-
treated buffer between plots. Four replica-
tions of each treatment were arranged in a
completely randomized design. Plant sam-
ples were collected the day following spray
application. In 1986, field 2 was sprinkler-
irrigated; all other fields were furrow-irri-
gated. In 1987, dl fields were furrow-irri-
gated.

Bulked samples of 40 symptomless
leaflets, flowers, or pods were randomly
selected from each plot at each sampling
date. Three-quarter to fully expanded |eaf-
lets were collected from the upper one-
third of the canopy. Flowers were collected
when open but prior to yellowing after
fertilization. Green pods sampled were 5 to
10 cm long. Samples were collected in the
morning and stored in sealable plastic bags
on ice for processing that afternoon. In the
lab, samples were placed in 200 ml of
sterile phosphate buffer formulated to limit
the action of copper in vitro (24), and
shaken on a horizontal shaker for 1 h. The

resulting suspension was plated on King's



medium B (KB; 15) using a 10-fold dilu- This identification was verified by addi- (neopathotype strain, ATTC 19304) were
tion series. After 3 days’ incubation at tional tests on representative cultures puri-also tested. Levels of copper resistance
22°C, a most probable number method (9)fied and streaked onto Nutrient Glucose were compared using an analysis of vari-
was used to estimate the total number of Agar (NGA; 25). These bacteria were then ance.
bacteria andPseudomonas syringae-type  tested for oxidase production and identified  Pathogenicity tests. Bacterial suspen-
bacteria recovered. CFU/40 leaflets, flow- asP. syringae pv. syringae or P. syringae sions of P. syringae pv. phaseolicola
ers, or pods were used for analyses. pv. phaseolicola based upon carbon source strains were adjusted to L@FU/mI in
Population data taken from dilutions do utilization. Growth after 5 days at 22°C on sterile phosphate buffer and used to soak a
not exhibit the complete range of values, Ayers et al. mineral salts medium (25) sterile gauze pad. A florist's frog was used
because smaller counts cannot be detectedamended with the following carbon to puncture half-expanded trifoliate leaves
The detection limit for transformed data sources was used to determine utilization. (supported by the saturated pad) of 4-
was 3.6 logy CFU/40 leaflets, flowers, or Strains able to utilize quinic acidnyo- week-old cv. Olathe bean plants. Inocu-
pods. One approach to dealing with this inositol, b-mannitol, and betaine, but not lated plants were placed in a mist chamber
which might be viewed as “liberal” is to tartaric acid or homoserine, were identified for 24 h, then transferred to the greenhouse
treat populations below the detection level asP. syringae pv. syringae. Strains able to at 25+ 3°C and examined 10 days after
as nonexistent. A “conservative” approach, utilize quinic acid, but not-tartaric acid, inoculation for evidence of water-soaking
in which undetectable populations were myo-inositol, b-mannitol, or homoserine around puncture wounds. Plants inoculated
treated as present at the highest undetectwere identified a. syringae pv. phaseoli- with sterile water showed no water-soak-
able level of 3.6 log CFU/40 organs, was cola. Strains collected in 1987 were also ing. Isolations from plants exhibiting wa-
used here. Hirano et al. (10) discuss sometested for acid production with sucrose as ater-soaking showed thaP. syringae pv.
statistical issues involved in choosing a sole carbon source by using Ayers et al. phaseolicola was present in tissue sur-
method for dealing with data censoring. medium as above with an indicator to de- rounding wounded areas. Strains identified
Because availability of symptomless tect pH changes. as P. syringae pv. syringae were assayed
leaflets, flowers, and pods varied greatly Randomly selected representative strainsfor pathogenicity by D. E. Legard using a
among fields and years, field-year combi- were also tested for ice nucleation activity. pod inoculation method at Cornell Univer-
nations were evaluated as separate cas€ultures were incubated for two days to sity (3).
studies.P values were calculated for an prepare suspensions of 21GFU per ml.
analysis of variance at each sampling time Two test tubes, each containing 50 pl of RESULTS AND DISCUSSION
for each plant organ. This resulted in a bacterial suspension, were placed in a Bactericide efficacy and epiphytic
great number of separate tests, so the Bonimethanol refrigeration bath at —3.5°C. Af- populations. Copper-based bactericides
ferroni-corrected (23) cut-off for 0.05 ter 5 min, the test tubes were examined forhad a variable effect on epiphytic bacterial
probability of case-wise Type | error was ice formation. Strains were stored by ly- populations recovered in these experi-
calculated for each case study. The Bonfer-ophilization (8) in 1986, and by freezing ments, as they have in other studies
roni correction to the cut-off, simply suspensions mixed with glycerol in 1987. (4,18,24). Results at the Fort Collins re-
0.05/no. tests per case, was based on the When collections were completed for search farm were not conclusive in 1987
number of tests made after bactericides hadl986, strains were stabbed into petri dishes(Table 1). The early presence of foliar
been applied. For comparisons where re-containing autoclaved NGA amended with bacterial disease symptoms prior to bacte-
sponses from one treatment were all below16, 32, 45, 64, 90, 128, 181, 256, 362, orricide application precluded the sampling
the detection limit, the standard error from 512 pl of cupric hydroxide (Kocide 606) of symptomless leaflets, and made it possi-
the other treatment was used for the testper liter of medium. Each strain was tested ble only to sample flower populations.
rather than a pooled estimate. For the Fortagainst each concentration of cupric hy- Halo blight symptoms were observed to
Collins site, blocks were included in the droxide. Strains were randomized, and upspread through the field from a single plot
analysis of variance and a two-tailed Dun- to 24 were stabbed into the medium in designated for treatment with Tenn-Cop.
nett's test (6) was used to compare eacheach plate. The presence or absence of &he presence of disease symptoms and
treatment to the control at each date. halo of growth at each stab was recordedhigh epiphytic populations were both cen-
Analysis of strains. Pseudomonas sy- after 5 days’ incubation at 22°C. American tered around this diseased plot, resulting in
ringae-type bacteria were identified for Type Culture Collection isolates &f sy- quite variable epiphytic levels across the
counting purposes by colony morphology ringae pv. syringae (type strain ATTC field. Though the flower epiphytic popula-
and typical blue fluorescence on KB (15). 19310) andP. syringae pv. phaseolicola tion ranking of the different copper for-

Table 1. Epiphytic bacterial populations (log,g CFU per 40 flowers; standard error in parentheses) recovered from pinto bean plants under different cop-
per-based bactericide regimes at the research station in Fort Collins, Colorado, during 1987

Julian Day
Treatment 1822 189 201 220
Pseudomonas syringae population estimates
Control 3.6 (0.08) 4.3(0.75) 4.7 (0.95) 5.4 (1.06)
Copper Count N 3.6 (0.08) 3.8(0.22) 4.4 (0.50) 3.6 (0.08)
Tenn - Cop 4.7 (1.13) 4.9 (0.94) 4.8 (1.07) 4.5(0.88)
Champion 3.6 (0.08) 4.3(0.76) 4.3(0.63) 4.1(0.52)
Kocide 3.6(0) 3.6 (0) 4.0 (0.39) 3.9(0.32)
Total bacterial population estimates
Control 6.2 (0.19) 6.4 (0.17) 6.3(0.41) 6.9 (0.28)
Copper Count N 6.1(0.14) 6.1(0.10) 5.6 (0.17) 5.5 (0.16)°
Tenn - Cop 6.8 (0.42) 6.6 (0.34) 6.4 (0.56) 6.1 (0.40)
Champion 6.3 (0.16) 6.1 (0.24) 6.0 (0.22) 54 (0.11)c
Kocide 6.3 (0.09) 6.3 (0.09) 6.1 (0.10) 5.7 (0.26)

aTherewere0, 1, 2, and 4 applications of bactericides made before plant samples were recovered on Julian Dates 182, 189, 201, and 220, respectively.
b Underlined entries are significantly different from the control (P < 0.05).
¢ Bold entry is significantly different from the control based on the Bonferroni-corrected criterion (P < 0.002).
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mulations was not consistent over years
(data not presented for 1986 due to mid-
season hail damage), in both years the non-
treated plots had the highest mean popula
tion at the end of the sampling period.
High epiphytic levels were still present in

Flower populations increased from mid-
season in both non-treated and some
treated plots. The total population of bacte-
ria epiphytes, though reduced in treated
plots, was still high. Control late into the
season in field 2 was consistent with

1. P. syringae-type bacterial populations
from pods could not be determined suc-
cessfully by plating on KB for most sites
because of the great numbers of mucoid,
rapidly growing, fluorescent bacteria
which were also recovered from pods.

the treated plots.

In 1986 at Holyoke, bactericides were
effective in reducing leaflet and flower P.
syringae-type populations at both fields,
although populations on treated plots rose
toward the end of the season (Table 2).

Menkissoglu and Lindow's (22) finding Total population counts of bacteria from

that free C&" ions on cupric hydroxide- pods showed low variance, and cupric
treated leaves increased for 10 to 20 dayshydroxide significantly reduced total bacte-

after application. A comparison of total ria on pods (Table 2). Overall at both Ho-

bacterial epiphyte populations on pods waslyoke sites in 1986, there was evidence of a
possible on the final sampling date at field reduction in bothP. syringae-type popula-

Table 2. Epiphytic bacterial populations (log;o CFU per 40 |eaflets, flowers, or pods; standard error in parentheses) recovered from pinto bean plants un-
treated or treated with cupric hydroxide in two commercial fieldsin eastern Colorado during 1986

Julian Day
Field / tissue Treatment 1982 205 212 219 233
Pseudomonas syringae population estimates
1/ leaflets Control 4.1 (0.50) 4.3(0.512) 4.8 (0.55)
Treated 3.8(0.08) 3.6(0) 3.6(0)
1/ flowers Control 3.7(0.09) 4.9 (0.45) 4.5 (0.43)
Treated 3.9(0.30) 3.6 (0)° 3.6 (0)
2/ leaflets Control 5.6 (0.33) 6.7 (0.13) 7.4(0.16) 7.2 (0.26)
Treated 5.0 (0.43) 4.3 (0.48)° 3.9(0.21) 6.3(0.33)
2/ flowers Control 3.6(0) 4.7 (0.69) 5.6 (0.17)
Treated 3.6(0) 3.7(0.17) 4.8(1.22)
Total bacterial population estimates
1/ leaflets Control 6.8 (0.09) 6.6 (0.05) 6.9 (0.03)
Treated 6.3(0.11) 5.8(0.12) 5.9 (0.48)
1/ flowers Control 6.4 (0.24) 6.8 (0.14) 6.8 (0.13)
Treated 6.3(0.18) 5.7(0.22) 6.1 (0.20)
1/ pods Control 8.1 (0.05)
Treated 7.8(0.05)
2/ leaflets Control 7.2 (0.06) 7.6 (0.13) 7.9 (0.05) 8.4(0.17)
Treated 7.1(0.21) 6.5 (0.08) 7.0(0.52) 7.7(0.22)
2/ flowers Control 7.6 (0.06) 7.5(0.22) 7.5(0.01)
Treated 6.9 (0.09) 6.7 (0.12) 6.8 (0.02)
a There were 1, 2, 3, and 4 applications of cupric hydroxide made before plant samples were recovered on Julian Dates 198, 205, 212, and 219, respec-
tively.

b Underlined entries are significantly different from the control (P < 0.05).
¢ Bold entries are significantly different from the control based on the Bonferroni-corrected criterion (P < 0.004).

Table 3. Epiphytic bacterial populations (log;o CFU per 40 leaflets or flowers; standard error in parentheses) recovered from pinto bean plants untreated or
treated with cupric hydroxide in two commercial fieldsin eastern Colorado during 1987

Julian Day
Field / tissue Treatment 1902 198 205 211 219 225
Pseudomonas syringae population estimates
3/ ledflets Control 8.2(0.11)
Treated 8.0 (0.15)
3/ flowers Control 6.9 (0.28) 4.1(0.35)
Treated 6.6 (0.21) 3.6(0)
4/ ledflets Control 49(0.71) 4.5(0.51)
Treated 45(091)  45(0.56)
4/ flowers Control 3.8(0.18) 3.6(0) 5.9(0.80) 5.4(0.64)
Treated 3.6(0) 3.6(0) 36(0)°  45(0.94)
Total bacterial population estimates
3/ ledflets Control 8.2(0.11)
Treated 8.0 (0.15)
3/ flowers Control 7.4 (0.10) 6.2 (0.09)
Treated 7.2(0.07) 5.6 (0.26)
4/ lesflets Control 6.5 (0.14) 5.8(0.32)
Treated 6.2(0.34)  54(0.25)
4/ flowers Control 5.8(0.22) 6.2 (0.02) 7.4(0.20) 6.7(0.14)
Treated 56(0.10) 67(0.22) 6.6(0.37) 6.2(0.53)

a At field 3, therewere 0, 1, 2, 3, and 4 applications of cupric hydroxide made before plant samples were recovered on Julian Dates 190, 198, 205, 211,
and 219, respectively. At field 4, there were 0, 1, 2, and 3 applications before samples were recovered on Julian Dates 205, 211, 219, and 225, respec-
tively.

b Underlined entries are significantly different from the control (P < 0.05). No differences were significant based on the Bonferroni-corrected criteria P =
0.008 (field 3) or P = 0.004 (field 4).
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tions and total epiphytic bacterial popula
tions, especialy after severa applications
of bactericide.

An early outbreak of halo blight in the
Holyoke area in 1987 made sampling
symptomless leaflets difficult. There was
no evidence of control by bactericide ap-
plications of either epiphytic P. syringae-
type bacteria or total epiphytic bacteria
from the small number of leaflet samples
obtained (Table 3). There was some evi-
dence of a reduction in epiphytic flower
population counts, and populations in non-
treated plots were almost aways higher on
average than in treated plots, but the mag-
nitude of reduction of epiphytes was not
great.

During both years at the Holyoke sites,
copper-based bactericides were more ef-
fective at reducing total epiphytic bacterial
counts than at reducing epiphytic P. syrin-
gae-type counts. This may have occurred
because P. syringae-type bacteria were
sheltered in microscopic lesions, or simply
because other epiphytic bacteria were more
sensitive to copper bactericides. Popula
tions recovered by plating on KB tended to
be either dominated by P. syringae-type
bacteria or apparently free from them.

No P. syringae pv. syringae strains were
recovered in 1987. When P. syringae-type
strains from either year were tested for
carbon source utilization, a few strains did
not exhibit the pattern of usage considered
characteristic for P. syringae pv. syringae
or P. syringae pv. phaseolicola. It seems
likely that as P. syringae is studied more
carefully, more of the intermediate forms
such as these and the FD (pathogenic bac-
teria resembling P. syringae) described by
Leben and Miller (17) will be identified.

Total bacteria counts generally showed
less variation than counts of P. syringae-
type bacteria. Perhaps this was because
the great variety of morphological types
observed acted as a buffer to keep popu-
lation levels more constant in the face of
macroclimatic and microclimatic changes.
Samples would occasionally appear to be
dominated by a particular type other than
P. syringae. It is likely that a variety of
complex interactions occur on the leaf
surface; the fact that copper-based bacte-
ricides reduce total bacterial epiphyte
population counts may or may not be
useful in controlling halo blight and bac-
terial brown spot, since other epiphytes
may compete with and/or inhibit P. syrin-
gae development on surfaces. Conversely,
they may have synergistic reactions with
P. syringae as does Achromobacter, a
bacterium which may be present inside
bean plants (21).

The great variability typically found in
bacterial population counts (10) was a
problem in relating flower and leaflet
population counts to each other. Among
the potential sources of variability are rain
and overhead irrigation, which can remove
bactericide residues and reduce efficiency

or can help redistribute the pesticide, de-
pending on moisture intensity and duration.
Dew was often present in mornings at Ho-
lyoke sites and may also have contributed
to the redistribution of bactericides on
plant surfaces.

The relationship between flower and
leaflet populations was considered for the
sampling dates when both organs could
be collected: the second and third leaflet
samples at fields 1 and 2 in 1986 (Table
2). There was a great deal of variability
between individual plots, and many plots
with a high leaflet population count had
no detectable flower populations. The
means for total bacterial epiphyte popu-
lations were near a one-to-one relation-
ship. Means for P. syringae-type popula-
tions showed a tendency toward higher
leaflet populations. It is possible that for
the cases in which leaflet populations
were much higher than flower popula-
tions, there were microscopic lesions or
other favorable foliar niches supporting
the larger leaflet populations.

While a single ledflet (or flower or pod)
is oneintuitive standard unit of plant mate-
rial for sampling, we collected 40 leaflets
in a bulked sample in an effort to represent
the population in an experimenta plot.
Bacterial counts per leaflet have been ob-
served to be lognormally distributed (11).
Just as a single leaflet sample may give an
overestimate for the mean number of bac-
teria per g plant material, a bulk sample of

40 leaflets may overestimate the mean
number of bacteria per leaflet (16). Be-
cause we do not have representative data
for the distribution of single-leaflet bacte-
rid counts, we lack information to con-
struct a bias-corrected estimate of mean
count per single leaflet. For this reason,
our results are presented in terms of
CFU/40 leeflets. What standard unit of
plant material might be most useful for
predicting disease incidence from epiphytic
counts is an open question.

Copper resistance. Analysis of copper
resistance was based on 204 P. syringae pv.
syringae strains (mean highest survival
concentration [MHSC] = 306 pl/liter me-
dium, SD = 65) and 16€. syringae pv.
phaseolicola strains (MHSC = 107, SD =
32) recovered during 1986. Of tResyrin-
gae pv. syringae strains, 9% were from the
Fort Collins site (MHSC = 303, SD = 86)
and the others were from Holyoke sites
(MHSC = 307, SD = 62); of the. syrin-
gae pv. phasedlicola strains, 96% were
from the Fort Collins site (MHSC = 105,
SD = 29) and the others were from Ho-
lyoke sites (MHSC = 142, SD = 64).
Among the experimental factors examined
in 1986, only the difference between
pathovars had a significant effedP (<
0.0001; Fig. 1) on copper resistance of
recovered strains as measured in vitro. The
differences between ATCC strains were
similar to the differences observed in Colo-
rado strains.P. syringae pv. syringae
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Fig. 1. Levels of cupric hydroxide resistance in epiphytic strains of Pseudomonas syringae pv. syrin-
gae and P. syringae pv. phaseolicola recovered from pinto dry beans during 1986.
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(ATCC 19310) grew up to the level of 256 pathogenic or express pathogenicity differ- 6.
ul, andP. syringae pv. phaseolicola (ATCC ently. The five pathogenic strains were all
19304) grew only up to the level of 128 pl from field 2 in Holyoke and had typical
Kocide 606/liter NGA. The colony mor- levels of copper resistance in our in vitro -
phology of the two pathovars also differed tests.

as their growth was suppressed at higher In 1987, when the growing season began
copper levels in vitro. As the copper con- with cool, wet weather, pathovghaseoli-
centration increasedP. syringae pv. cola dominated the epiphyti®. syringae-
phaseolicola colonies became thinner and type population throughout the season.
maintained their diameter, while colonies Earlier work in Colorado revealed a trend
of P. syringae pv. syringae maintained toward an increased percentage of epi-
their thickness and were reduced in phytic P. syringae pv. phaseolicola over 9.
diameter. There was no consistent trendthe course of the season (18). This may

in level of resistance over time at the sites have been caused by the typically cooler ;4

or in bactericide-treated plots compared and wetter environmental conditions which
to non-treated plots. Garrett (7) gives favor P. syringae pv. phaseolicola devel-
more detailed results of copper resistanceopment near the end of the season. When
analyses. field data were examined to determine if
If selection for resistant populations oc- there was a difference between the two
curred in the presence of a copper-basedpathovars in susceptibility to copper-based
bactericide, it would be important to de- bactericide application, the small number
termine whether there is significant selec- of strains collected from treated samples
tion against copper resistant strains in theprecluded statistical analysis. Only field 2
absence of copper-based bactericides. Foiin 1986 had significant populations of both
example, copper resistance was associateghathovars. At this siteP. syringae pv.
with avirulence inXanthomonas campes-
tris pv. vesicatoria (27). But Sundin and of P. syringae strains recovered from bac-
Bender (28) have demonstrated tHat tericide-treated plants than in samples from
syringae pv. syringae strains with plasmids non-treated plants throughout the sampling ;4
encoding copper resistance may have ap-period. Currently, bacterial brown spot is a
proximately the same performance as greater problem than halo blight in eastern

plasmid-free strains growing as epiphytes Colorado, western Kansas, and western15.

on bean leaves. Work by Bender and Nebraska (H. F. Schwartzunpublished
Cooksey (1,2) demonstrated that plasmidsdata). If the difference in in vitro copper

conferring increased copper resistance mayresistance between the cultivars found in 16,

be transferred from oneé syringae patho- the 1980s persists in current bacterial
var to another. If the greater copper resis-populations, copper-based bactericides
tance found inP. syringae pv. syringae may be more effective for controlling halo
isolates was determined by a plasmid, it blight than for controlling bacterial brown
might be transferred td® syringae pv. spot.

phaseolicola. As of 1997, we are not aware
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