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ABSTRACT

Angeles-Ramos, R., Vidaver, A. K., and Flynn, P. 1991. Characterization of epiphytic Xanthomonas campestris pv. phaseoli and pectolytic xanthomonads
recovered from symptomless weeds in the Dominican Republic. Phytopathology 81:677-681.

Xanthomonas campestris pv. phaseoli and pectolytic xanthomonads
were isolated from symptomless weeds collected inside and adjacent to
fields of dry edible beans ( Phaseolus vulgaris) showing common blight
symptoms in the Dominican Republic. Strains of X. ¢. phaseoli were
identified on the basis of characteristic yellow colony pigmentation; starch
hydrolysis on the semi-selective medium MXP; pathogenicity on dry bean
leaves and pods; absence of extracellular melanin ‘fuscans’ pigment on
modified nutrient broth yeast extract and King’s medium B; and isolation
of xanthomonadin pigment with a characteristic R, value of 0.45 deter-
mined by thin-layer chromatography. Pectolytic xanthomonads also had
most of the aforementioned properties, except that they failed to induce
disease on bean leaves, caused an atypical incompatible response on bean

pods, showed strong pectolytic activity on crystal violet pectate medium,
and grew at 4 C on yeast extract-dextrose-calcium carbonate medium.
Single-dimension polypeptide analysis of cellular proteins by poly-
acrylamide gel electrophoresis showed that the two groups of bacteria
were distinctly different in their overall profiles. The percentage of patho-
genic strains from 77 weed samples was 229 of the 132 strains collected.
The majority of the pathogenic strains (91%) were recovered from inside
infected bean fields. These results suggest that weeds may not be an
important inoculum source for the common blight bacterium, but that
they could serve as a reservoir of inoculum and harbor atypical xantho-
monads of unknown function as well.

Many plant pathogenic microorganisms grow on leaf surfaces
of healthy plants without causing visible symptoms (18). Several
species of pathogenic bacteria have a resident stage either on
their hosts or nonhosts in which they multiply and are the most
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likely source of inoculum for disease initiation on crops (11,26).
Some bacterial pathogens can colonize bean ( Phaseolus vulgaris
L.) and multiply as foliar epiphytes before disease outbreaks (23).
Xanthomonas campestris pv. phaseoli, which causes common
blight of dry beans, can be present as an epiphyte on bean pods,
seeds, and leaves (3,27,28).

Weeds play a role in the survival and dissemination of several
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bacterial pathogens (6,7,13,16,17,21,22). None of the previous
studies on X. c¢. phaseoli associated with weeds (2,8,25) deals
with naturally occurring populations on symptomless plants.
Heavy weed infestations are frequent problems in bean-growing
areas around the world, particularly in the tropics. Cafati and
Saettler (2) suggested that weeds, as well as associated crops such
as maize, could function as important inoculum sources of
common blight in tropical and semitropical bean-production
regions.

Atypical xanthomonads have been found to be associated in
nature with various plants. Such xanthomonads have been
reported to be saprophytic in apple buds (20), while others have
been isolated from bean debris (9) and soft rots of fruits and
vegetables (19). Thus far, it appears that these xanthomonads,
especially those that are pectolytic, can be opportunistic pathogens
or survive epiphytically on cultivated plants and weeds. However,
their taxonomic status still needs to be clarified (10).

The semi-selective medium, MXP (5), developed for isolation
and recovery of X. ¢. phaseoli, enabled us to assess populations
of naturally occurring common bacterial blight strains and
atypical xanthomonads recovered from symptomless weeds in
tropical dry bean fields in the Dominican Republic.

MATERIALS AND METHODS

Weed sampling and bacterial isolations. A total of 77 weed
samples, representing 21 weed species, was collected at random
from both inside and outside (2-10 m from the borders) of
common blight diseased fields of dry beans in San Juan (south-
western region) and Higuey (eastern region), and a week after
harvest in Constanza (northern region) in the Dominican Republic
during the fall, winter, and summer of 1986-1987. These fields
had a moderate incidence of common blight, ranging from 20
to 50% of plants with symptoms. From four to 11 different weed
species were sampled, depending on the frequency of their occur-
rence, in selected quadrants of fields. In general, three to five
bulked leaves from each sample of weed species were individually
collected in plastic freezer bags and placed in a cooler with ice
packets for shipment to Lincoln, NE, where the samples were
processed upon receipt (approximately 48-96 h after collection).
Weeds were identified in the laboratory before shipment.

Leaves were detached from the stem; protective gloves were
used and changed with each sample. Bacteria were isolated from
each sample of plant material by adding 10 ml of buffer (12.5
mM K,HPO, with 10 mM MgSOy, pH 7.1) to leaves in a plastic
freezer bag and shaking the contents for 2 h at 180 rpm. Tenfold
serial dilutions were prepared from each sample and plated onto
duplicate MXP plates (5). Characteristic starch-hydrolyzing, yel-
low colonies were counted after incubation at 26 C for 2 or 3
days. Bacteria were purified by transferring two single colonies
three times onto yeast extract-dextrose-calcium carbonate (YDC)
medium (24); 132 strains were selected for further analysis. Strains
were stored on YDC or nutrient broth yeast extract agar (NBY)
plates (24) at 4 C and also in 609% sterile glycerol in buffer at
—20 C. Representative cultures were lyophilized for long-term
storage.

Bacteria used for comparative purposes were: X. ¢. phaseoli
strains DRL-827, A6LBI, DR-200, and A9Xcp 67 (avirulent);
X. ¢. phaseoli “fuscans’ strain A10; X. ¢. campestris strain Al2;
X. ¢. vesicatoria strain All; Erwinia herbicola strain C9-1B; E.
carotovora subsp. carotovora strain SR-204; and Pseudomonas
fluorescens strain Ad. All strains, except E. carotovora strain
SR-204 obtained from A. Kelman (University of Wisconsin) and
E. herbicola strain C9-1B obtained from C. Ishimaru (Colorado
State University), were from our collection.

Pathogenicity tests. Dry bean plants of Dark Red Kidney
cultivar Charlevoix were grown under greenhouse conditions at
28 + 3 Cin 10 pots, each containing two plants. Trifoliate leaves
of 20-day-old plants were inoculated individually with one of
89 bacterial strains recovered from weeds collected in the San
Juan and Higuey locations. Trifoliate leaves of about the same
age on each plant were inoculated by using the micropipette-
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tip inoculation method (1), which consisted of touching a bacterial
colony with a 200-uL micropipette tip and lightly pressing it
against the abaxial surface of a leaflet at five different inoculation
points parallel to the midrib. After continued growth in the green-
house, plants were evaluated at 3, 7, and 11 days after inoculation
for common blight symptoms in comparison with control strains.
A second experiment was done with 13 strains from Constanza.
Appropriate buffer controls were used.

A third experiment was done on immature bean pods. The
surface of a 2- to 3-cm long pod was inoculated by using a mild
circular motion with the micropipette tip at five different points.
Seventy-four strains were inoculated to the pods of two 79-day-
old bean plants of Dark Red Kidney cultivar Charlevoix in the
greenhouse. Evaluation of symptoms was done as described. At
21 days after inoculation and continued incubation in the
greenhouse, 24 pods at different developmental stages (green to
fully mature) were individually harvested and evaluated for the
presence of bacteria on the seed. Three to five seeds were removed
aseptically from each pod, placed on NBY plates, incubated at
26 C, and evaluated for bacterial growth for up to 6 days.

Biochemical characterization. To confirm and enhance the
starch hydrolysis reaction observed on dilution plates of MXP,
selected strains were grown on the same medium modified with
twice the amount of the dyes, methyl violet 2B (60 ul/L; 1%
solution in 209% ethanol) and methyl green (120 ul/L; 1% aqueous
solution). Starch hydrolysis was observed directly and by flooding
the plates with 10% Lugol’s iodine solution after 3 days.

Selected strains were evaluated for ‘fuscans’ extracellular brown
pigment (melanin) production on King’s medium B (15) and in
7.5- X 0.9-cm test tubes containing NBY medium devoid of glucose
and MgSO, (C. Ishimaru, personal communication). Pectolytic
activity was determined by streaking the bacterial strains onto
crystal violet pectate medium (CVP) (24). E. c. carotovora and
X. ¢. campestris were used as positive controls.

Thin-layer chromatography of xanthomonadin pigment. The
procedure used was a modification of the method of Irey and
Stall (12). Seventeen selected strains were grown at 26 C on King’s
medium B. After 2 days, bacterial cells were scraped from the
surface and suspended in 1.5 ml of methanol in 2-ml plastic screw-
cap vials. The suspension was boiled at 90 C for 10 min in a
Temp-blok Module Heater (Curtin Matheson Scientific Inc.,
Houston, TX) and then cooled to room temperature. After
centrifugation for 10 min at 15,000 rpm (Eppendorf model 5413
centrifuge; Brinkmann Instruments, Co., Westbury, NY) to pellet
the cell debris, the supernatant containing the methanol suspen-
sion was concentrated to a final volume of | ml by evaporation
at 75 C for 40-50 min. After cooling, 5 ul of the yellow
concentrated extracts were spotted with a 100-ul precision micro-
pipette onto channeled precoated thin-layer chromatography glass
plates of silica gel 60, 250 um thick with preabsorbent spotting
areas (Whatman International Std., Maidstone, England). Spots
were placed on each channel at 5 mm below the silica gel
preabsorbent interface and thoroughly dried before development
with methanol. The chamber was saturated previously with the
developing solvent. Separations were performed at ambient tem-
perature and the R, values were calculated from measurements
made from the silica gel preabsorbent area interface. Xantho-
monadin extracted from X. ¢. phaseoli strain A6LBI and the
yellow pigment of E. herbicola strain C9-1B were spotted as
controls.

Polyacrylamide gel electrophoresis of total cellular proteins.
The method of Carlson and Vidaver (4) with minor modifications,
principally the substitution of a linear (12%) resolving gel (P.
Flynn and A. Vidaver, unpublished data) was used. Representative
pathogenic and nonpathogenic strains were examined.

RESULTS

Bacterial isolations and populations. Of the 132 weed samples
collected in three locations, only four did not yield bacterial
colonies on MXP. Some bacteria that grew on MXP did not
hydrolyze starch, and some others were unable to grow when



transferred to YDC. Yellow, mucoid colonies that hydrolyzed
starch were selected for further analysis. When strains were
transferred after 2 days of incubation at 26 C to storage at 4
C, colonies of strains that were later identified continued to grow
on YDC plates, whereas pathogenic strains grew slowly, if at
all, over a period of 4-6 wk. Populations of X. ¢. phaseoli and
atypical xanthomonads obtained from weed leaves ranged from
undectable to greater than 10° colony forming units (cfu) per
sample (Table 1). The great majority of samples yielded 10°-10°
cfu/sample. In only six cases were both pathogenic and
nonpathogenic xanthomonads recovered from the same weed
sample. However, high numbers of nonpathogenic strains may
have masked recovery of low numbers of X. ¢. phaseoli.

Pathogenicity tests. Strains from weeds that were pathogenic
to bean leaves induced a small water-soaked zone around the
inoculation point after 3-4 four days. After 7 days, a light yellow,
irregular zone was observed around a light brown center. The
chlorotic zone intensified in brightness by 10-11 days. Later,
tissues around the site of inoculation became necrotic and
collapsed. By 2 wk, the yellow zone was expanded and covered
an ample area around the necrotic brown center. Plants inoculated
with known X. ¢. phaseoli strains gave the same response.
Pectolytic strains induced a weak, incompatible response on bean
leaves. Small, light tan spots were observed after 2-3 days of
incubation.

Bean pods inoculated with pathogenic strains developed symp-
toms earlier than leaves. About 3 days after inoculation, inocula-
tion sites were visibly water-soaked. After 7 days, the spots became
larger, and greasy water-soaked zones were observed. By 11 days,
the greasy spot often spread on the pod surface, depending on
the physiological stage of the pod (Fig. 1). Occasionally, a purple

discoloration occurred around or mixed with the water-soaked
area.

The pectolytic xanthomonads caused a very strong incompatible
response on pod tissues, but the intensity of the reaction was
less on older pods. At 24 h after inoculation, the tissues were
noticeably brown, A few strains caused transient water-soaking,
After 3 days, the area around the inoculation sites had a reddish
brown color. Younger pods showed a dark brown rotlike zone
after 11 days (Fig. 1).

Strains that were pathogenic on leaves also were pathogenic
on pods. In some cases, bacterial slime emerged from inoculation
sites on pods. Bacterial slime was produced by seven of 52 non-
pathogenic strains and only one of 22 pathogenic strains. Seeds
from two of the nine pods collected that had an incompatible
reaction resulted in bacterial growth on NBY, while the seeds
from all seven pods inoculated with pathogenic strains yielded
typical growth on NBY. In general, the pods that were green
and mature after inoculation had more externally contaminated
seeds than those pods that became dry. Seeds from buffer controls
and noninoculated pods did not yield any xanthomonads.

Twenty-two of the presumptive 102 xanthomonads were X.
¢. phaseoli (Table 2). These came from 14 samples making up
eight weed species. The remaining strains nonpathogenic to beans
were isolated from different samples composing 21 weed species.
The ratio of pathogenic to nonpathogenic strains was 1:3.6. Most
pathogenic strains (91%) were recovered from weeds collected
inside diseased fields. None of the 13 strains from weeds collected
after harvest caused common blight symptoms on bean plants.

Biochemical characteristics. The starch hydrolysis reaction on
MXP sometimes was faint. Increasing the amount of methyl green
and methyl violet twofold in MXP intensified the hydrolysis zones

TABLE |. Epiphytic populations of Xanthomonas campestris pv. phaseoli and atypical xanthomonads isolated from weeds in the Dominican Republic

Population (log;, cfu/ml)*

Location and Number X e

weed species” Family of samples phaseoli Xanthomonads

San Juan
Aeschynomene americana (1F)° Leguminosae 4 4.56 4.38
Cassia tora (IF) Leguminosae 3 ND? 5.07
Cleome viscosa (OF) Capparidaceae 3 ND 6.51
Euphorbia heterophylla (IF) Euphorbiaceae 2 ND 4.76
Euphorbia heterophylla (OF) Euphorbiaceae 2 ND 491
Lagascea mollis (IF) Compositae 2 ND 4.90
Lagascea mollis (OF) Compositae 3 ND 5.47
Macroptilium lathyroides (OF) Leguminosae 3 ND 4.58
Panicum maximum (OF) Gramineae 3 ND 4.39
Parthenium hysterophorus (1F) Compositae 2 ND 5.46
Rhynchosia minima (OF) Leguminosae 3 4.80 5.78

Higuey
Acanthospermum hispidum (IF) Compositae 3 5.43 3.65
Barreria laevis (OF) Rubiaceae 3 ND 3.83
Corchorus aestuans (OF) Tiliaceae 1 ND 5.08
Echinochloa colona (1F) Gramineae 3 4.45 ND
Eleusine indica (OF) Gramineae 3 ND 3.71
Euphorbia heterophylla (IF) Euphorbiaceae 3 3.22 ND
Leptochloa filiformis (1F) Gramineae 3 5.20 NE*
Leptochloa filiformis (OF) Gramineae 3 ND 5.00
Malachra alceaefolia (OF) Malvaceae 3 3.51 4.76
Malvastrum sp. (OF) Malvaceae 2 ND 4.40
Portulaca oleracea (1F) Portulacaceae 3 3.7 5.10

Constanza
Acanthospermum hispidum (AH) Compositae 2 ND 4.14
Amaranthus sp. (AH) Amaranthaceae 3 ND 4.32
Chenopodium album (AH) Chenopodiaceae 3 ND ND
Portulaca oleracea (AH) Portulacaceae 3 ND 4.06
Setaria sp. (AH) Gramineae 3 ND 2.52

*Average of one to four weed samples. Individual samples of three to five leaves yielded either X. ¢. phaseoli, other xanthomonads, or neither.
"Weeds identified by R. Hansen, Plant Protection Division, S.E.A., C.E.S.D.A., San Cristobal, Dominican Republic.

°IF = inside field; OF = outside field; AH = inside field after harvest,

IND = not detected.
“NE = not estimated.
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for both pathogenic and nonpathogenic xanthomonads after 3
days of incubation.

Strains of X. ¢. phaseoli from weeds either did not grow or
grew poorly, without any pectolytic activity, on CVP medium.
In contrast, the nonpathogenic xanthomonads generally grew well
and showed positive pectolytic activity after about 48 h. The
pectolytic xanthomonads formed characteristic pits in the agar
similar to those formed by E. ¢. carotovora and X. c. campestris.

None of the selected strains produced ‘fuscans’ pigment either
on King’s B or in modified NBY media. After 6 days at 26 C,
the pigment was detected only in media inoculated with X. ¢.
phaseoli strain A10.

Xanthomonadin pigment production. All test strains and X.
¢. phaseolistrain A6-LB contained yellow pigments with R, values
of about 0.45, which is typical of xanthomonadin. The yellow
pigment of E. herbicola strain C9-1B had an R, value of 0.78.
Strains from weeds tended to show a second spot of about 0.65
R, The xanthomonadin spots disappeared a few minutes after
drying the silica gel plates, as reported also by Irey and Stall
(12).

Polypeptide profiles. Polypeptide bands of the pathogenic
xanthomonad strains could be clearly distinguished from the
nonpathogenic xanthomonads (Fig. 2). The band pattern of
known strains of X. ¢. phaseoli were indistinguishable from the
isolated pathogenic strains (not shown). The relationship of the
nonpathogenic strains to other xanthomonads remains to be
determined.

DISCUSSION

The semi-selective medium MXP (5) enabled recovery of X.
¢. phaseoli and pectolytic xanthomonads from symptomless
weeds. The latter differ in a number of properties from the com-
mon blight bacterium. Their presence, often in high populations,
suggests a role in plant interactions, particularly because they
were found more frequently on weeds than X. ¢. phaseoli.

Gitaitis et al (10) and Gilbertson et al (9) also have found
pectolytic xanthomonads to be epiphytic on weeds. Whether their
bacteria or ours produce pectolytic enzymes on plant surfaces
is unknown. At least some pectolytic strains of X. ¢. campestris
have the potential to cause postharvest rots of fruits and vegetables
(19). The induction of a limited rotlike symptom on some inocu-
lated young pods by high concentrations of our atypical xantho-
monads could have been due to production of pectolytic enzymes
in such succulent tissue. While the relationships among these
pectolytic xanthomonads remain to be determined, the usefulness

T gty | '.‘5'9;'_ ' = “lﬂ?.m - W " . ] i e
Fig. 1. Reactions produced by epiphytic xanthomonads isolated from
weeds on dry bean pods Il days after inoculation. Notice the rotlike
spots and bacterial slime emerge from the lesions of fresh spots (no.
3). Strains 71, 75, and 203 were also pathogenic on leaves; strains 3,
97, and 102 were nonpathogenic to leaves. C = buffer control. First
pod is a noninoculated control.
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of polypeptide analysis for identification and differentiation of
bacteria was confirmed (14).

Medium B of King et al (15) is routinely used for detection
of fluorescent Pseudomonas species. We also noted that a brown
pigment was produced in King's medium B by X. ¢. phaseoli
‘fuscans’ variant strain A10, Thus, the absence of brown pigment
on this medium and modified NBY suggests that no ‘fuscans’

TABLE 2. Selected characteristics among strains of Xanthomonas
campestris pv. phaseoli and pectolytic xanthomonads from weeds in the
Dominican Republic

Number
of strains X e Pectolytic
Characteristic tested phaseoli  xanthomonads
Yellow colonies on
MXP and YDC? 102 +° (22)° + (80)
Starch hydrolysis on MXP 102 +(22) + (80)
Pathogenic on bean leaves 102 +(22) —4(80)
Incompatible response on pods 74 —(22) +(52)
Pathogenic on bean pods 74 +(22) —(52)
Pectolytic activity on CVP* 38 —(16) +(22)
‘Fuscans’ pigment on
modified NBY and KB* 44 —(22) —(22)
Xanthomonadin pigment* 17 + (1) + (6)

*Media are: MXP, a semi-selective medium for X. ¢. phaseoli; YDC
= yeast extract-dextrose-calcium carbonate agar; CVP = crystal violet
pectate; NBY = nutrient broth yeast extract, and KB = King’s medium
B (5,15,24).

"Positive reaction.

“Numbers in parentheses are the number of strains that tested either
positive or negative.

“Negative reaction.

“Ry value of 0.45; average of two silica gel plates.

Fig. 2. Polyacrylamide gel electrophoresis of total cellular proteins of
xanthomonads from weeds. Nonpathogenic strains 59, 67, and 102 are
in lanes B, C, and D, respectively; pathogenic strains 15, 73, and 91

are in lanes E, F, and G, respectively. Markers are in lane A and range
from 116 (top) to 26.6 kDa (bottom).



strains were isolated from symptomless weeds. Perhaps such
variants are rarely found as epiphytes, at least on common tropical
weeds.

Colonies of pigmented Xanthomonas species are difficult to
distinguish on many media from colonies of other yellow-pigmented
bacteria. Irey and Stall (12) reported that xanthomonadin, a pig-
ment characteristic of most Xanthomonas species and pathovars,
had R, values of 0.42-0.49 and that other yellow bacteria did
not yield pigments of those R, values. Likewise, Gitaitis et al
(10) found R, values of 0.36-0.49 for xanthomonadin extracted
with methanol from yellow pectolytic xanthomonads. The average
R, value of 0.45 found for X. ¢. phaseoli and for pectolytic
xanthomonad epiphytes on weeds in this study agrees with
previous reports. The pectolytic strains also were identified by
fatty-acid analysis as belonging to the genus Xanthomonas (M.
Sasser, unpublished data).

Weed samples collected inside infected fields yielded more
pathogenic strains of X. ¢. phaseoli than samples gathered outside
those fields or after harvest. Thus, symptomless weeds with
epiphytic common blight bacteria inside bean fields may contri-
bute to secondary spread of the disease, whereas the role of weeds
outside such fields may be less important as an inoculum source.
The finding of eight weed species from six families that can act
as symptomless hosts strongly indicates that many other weeds
will undoubtedly be found harboring epiphytic X. ¢. phaseoli.
However, because no pathogenic strains were detected on weeds
7 days after beans were harvested from a diseased field, weeds
may play a limited role in bacterial survival for the long-term.

The role, if any, of the pectolytic xanthomonads remains to
be determined. Such pectolytic xanthomonads isolated from dry
bean leaves or debris have subsequently been found in Nebraska
(C. Ishimaru and A. Vidaver, unpublished data) and Wisconsin
(9), and thus are not peculiar to the tropics. Such strains may
be progenitors of pathogenic xanthomonads, pathogens of some
other crop or weeds, or simply saprophytic xanthomonads
involved in normal degradation of plant material in the field.
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