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ABSTRACT

Miles, M. R., Pastor-Corrales, M. A., Hartman, G. L., and Frederick, R. D. 2007. Differential
response of common bean cultivars to Phakopsora pachyrhizi. Plant Dis. 91:698-704.

Soybean rust (Phakopsora pachyrhizi) has been reported on common bean (Phaseolus vulgaris)
in Asia, South Africa, and the United States. However, there is little information on the interac-
tion of individual isolates of Phakopsora pachyrhizi with common bean germplasm. A set of 16
common bean cultivars with known genes for resistance to Uromyces appendiculatus, the causal
agent of common bean rust, three soybean accessions that were sources of the single gene resis-
tance to P. pachyrhizi, and the moderately susceptible soybean ‘Ina’ were evaluated using seed-
lings inoculated with six isolates of P. pachyrhizi. Among the common bean cultivars, Aurora,
Compuesto Negro Chimaltenango, and Pinto 114, were the most resistant to all six P. pachyrhizi
isolates, with lower severity, less sporulation, and consistent reddish-brown (RB) lesions associ-
ated with resistance in soybean. A differential response was observed among the common bean
cultivars, with a cultivar—isolate interaction for both severity and sporulation levels, as well as
the presence or absence of the RB lesion type. This differential response was independent of the
known genes that condition resistance to U. appendiculatus, suggesting that resistance to P.
pachyrhizi was independent of resistance to U. appendiculatus.

Soybean rust (Phakopsora pachyrhizi
Syd. & P. Syd.) has been a major disease
limiting soybean production in the tropical
and subtropical areas of Asia, where yield
losses ranging from 10 to 80% have been
reported (8). The host range of P. pachyr-
hizi is broad, with over 90 species reported
in the literature, including several eco-
nomically important crops. Among these
are common bean (Phaseolus vulgaris L.),
scarlet runner bean (P. coccineus L.), lima
bean (P. lunatus L.), cowpea (Vigna ungui-
culata L.), pea (Pisum sativum L.), and
lentil (Lens culinaris Medik.) (1,17,18,
22,28). As the pathogen spread through
Africa and South America, it initially was
reported on only soybean (Glycine max L.)
and kudzu (Pueraria lobata (Willd.)
Ohwi). However, it was identified on
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Phaseolus vulgaris, common bean, in
South Africa during the 2004-05 growing
season, where the pathogen was found in a
germplasm evaluation trial adjacent to
heavily infected soybean fields (5). The
level of infection within the common bean
germplasm trial was low. Few entries were
infected with the pathogen, and the sever-
ity on infected leaves was much less than
that observed in the adjacent soybean field.

Phakopsora pachyrhizi first was re-
ported in the continental United States in
November 2004 (23). Since the initial find
in Louisiana, soybean rust has been re-
ported on soybean or kudzu in 12 states in
the southeastern United States. The first
report in the United States of P. pachyrhizi
infection on a plant species other than
soybean or kudzu was on Florida beggar-
weed (Desmodium tortuosum (Sw.) DC.)
in southwestern Georgia (24), followed by
a report on Phaseolus coccineus L. (scarlet
runner bean), P. lunatus L. (lima bean),
and two P. vulgaris (kidney bean) cultivars
adjacent to a rust-infected soybean field in
Quincy, FL (13).

Physiological races in Phakopsora
pachyrhizi were first described in Taiwan,
where nine single-urediniospore isolates
collected at three locations were inoculated
on six soybean and five legume accessions,
including common bean, Phaseolus vul-
garis (12). All nine isolates produced sus-
ceptible lesions on the six soybean acces-
sions, but were separated into six
pathotypes based upon their reaction on

common bean, asparagus bean, kidney
bean, and short-podded yam bean. Physio-
logical specialization had been identified
in several wild legumes (4) and is well
known in soybean (2,3,7,21,25).

The separation of Phakopsora pachyr-
hizi into two species (18), P. meibomiae
(Arthur) Arthur and P. pachyrhizi, has
caused some confusion in interpreting
previous host range studies because P.
pachyrhizi was the species name used for
all isolates (1,22,28). Analysis of the nu-
cleotide sequence of the internal tran-
scribed spacer region of the isolates used
in host range studies done at the United
States  Department of  Agriculture—
Agricultural Research Service (USDA-
ARS) Foreign Disease-Weed Science Re-
search Unit (FDWSRU) Biosafety Level 3
(BSL-3) Plant Pathogen Containment Fa-
cility revealed that isolates from Asia were
P. pachyrhizi, whereas isolates from
Puerto Rico and Brazil were P. meibomiae
(6). Many of the legume species evaluated
in the original host range studies, including
common bean, Phaseolus vulgaris, were
more susceptible to Phakopsora mei-
bomiae isolates from Brazil (BZ82-1) and
Puerto Rico (PR) than the P. pachyrhizi
isolate from Taiwan (TW72-1) (22,28).
The common bean cvs. V3249-13-1C,
Ecuador 299, IAN 5091, California Small
White 643, Compuesto Negro Chimal-
tenango (CNC), B-190, Pinto 111, Great
Northern 1140, Lake Shasta, Montcalm,
Rufus, and Seafarer were compared with
the susceptible soybean cv. Wayne in
greenhouse inoculations with P mei-
bomiae collected from Puerto Rico and
Brazil, and the P. pachyrhizi isolate,
TW72-1 (27). When inoculated with both
P. meibomiae isolates, the common bean
cultivars had susceptible lesions with ured-
inia number and size similar to those on
the soybean cv. Wayne. Of the five com-
mon bean cultivars inoculated with P
pachyrhizi, V3249-13-1C, Ecuador 299,
TIAN 5091, and California Small White 643
were susceptible, producing lesions similar
to those on Wayne, but CNC was highly
resistant, with necrotic lesions that did not
produce uredinia. Because a single P
pachyrhizi isolate was used in these stud-
ies, no information on physiological spe-
cialization was obtained beyond the differ-
ence between the two species. When lesion
sizes and spore production were compared



between the two Phakopsora spp. and
Uromyces appendiculatus (Pers.) Unger,
the causal agent of common bean rust,
both soybean rust pathogens had smaller
lesions with less spore production than
observed with the bean rust pathogen. It
was concluded that P. pachyrhizi was less
of a threat to common bean production
than U. appendiculatus (27).

Many genes for resistance to U. appen-
diculatus have been identified in common
bean (11). Several of these genes, particu-
larly Ur-3, Ur-4, Ur-5, Ur-6, and Ur-11,
have been used extensively in the USDA-
ARS Bean Project at Beltsville, MD to
develop dry and snap bean germplasm
lines with resistance to U. appendiculatus.
The first bean germplasm lines developed
at Beltsville had only one or two genes for
resistance. More recently, pinto and great
northern bean germplasm lines have been
released with four genes (Ur-3, -4, -6, and
-11) for resistance to U. appendiculatus
(19,20).

The objectives of this research were to
evaluate 16 common bean cultivars with
different genes for resistance to U. appen-
diculatus against several isolates of P.
pachyrhizi, compare their reactions with
those of the soybean accessions that were
the sources of the known single gene resis-
tance to P. pachyrhizi, detect any potential
sources of resistance within the common
bean cultivars, and determine whether
there is a differential response among the
resistance sources. Included in the com-
mon bean cultivars were seven bean rust
differential cultivars with single resistance
genes to U. appendiculatus; eight im-

proved bean germplasm lines with two,
three, and four genes for resistance to U.
appendiculatus; and common bean cv.
Pinto 114, susceptible to all current iso-
lates of common bean rust. Although P.
meibomiae has been shown to be a patho-
gen of common bean, P. pachyrhizi was
used in this study because it is considered
to be a greater threat to common bean
production. P. pachyrhizi has spread from
Asia into Africa, South America, and fi-
nally into the United States, while P. mei-
bomiae has not spread from the highlands
in Puerto Rico and has been found infre-
quently in South America.

MATERIALS AND METHODS
Sixteen selected common bean cultivars
with known genes for resistance to U.
appendiculatus (26), three soybean acces-
sions that were sources of three of the
known single genes for resistance to P.
pachyrhizi (Rpp) (2,9,10,14), and the mod-
erately susceptible soybean ‘Ina’ (16) were
evaluated in seedling inoculations with six
isolates of P. pachyrhizi in the USDA-ARS
FDWSRU BSL-3 Containment Green-
house at Ft. Detrick MD (Table 1). Two
seeds of each entry were planted in a sin-
gle cell of a flat (27 by 52 cm) containing
6 x 12 cells filled with Sunshine LC1 mix
(Sun Grow Horticulture Products, Belle-
view, WA) and were thinned to one plant
after germination. Cells on the outside
edge of the flats were planted with a sus-
ceptible soybean cultivar as a border. The
experimental design was a randomized
complete block with three replications.
Blocks were individual isolates, which

Table 1. Known resistance genes in the 16 common bean differentials and four soybean accessions

inoculated with six Phakopsora pachyrhizi isolates™

Cultivar accession number or name

Type of bean

Known rust resistance genes*

Aurora
BelDakMi-RMR-14
BelDakMi-RMR-18
BelDak-RR-2
BelMiDak-RMR-10
BelMiNeb-RMR-5
BelMiNeb-RMR-7
BelMiNeb-RMR-8

Common bean Ur-3
Common bean
Common bean
Common bean
Common bean
Common bean
Common bean
Common bean

Ur-3, Ur-6, Ur-11
Ur-3, Ur-4, Ur-6, Ur-11
Ur-3, Ur-6, CNC

Ur-4, Ur-11

Ur-4, Ur-6, Ur-11
Ur-4, Ur-6, Ur-11
Ur-3, Ur-4, Ur-6, Ur-11

BelNeb-RR-1 Common bean Ur-5, Ur-6, Ur-7
CNCY Common bean Not defined
Early Gallatin Common bean Ur-4

Golden White Wax Common bean Ur-6
Mexico 309 Common bean Ur-5

PI 181996 Common bean Ur-11
P1260418 Common bean Not defined
Pinto 114 Common bean None known
Ina* Soybean None known
PI 200492 (Komata) Soybean Rppl
P1230970 Soybean Rpp2

PI 459025B (Bing-Nan) Soybean Rpp4

WA replicated seedling assay was conducted at the United States Department of Agriculture—Agricul-
tural Research Service Foreign Disease-Weed Science Research Unit Biosafety Level 3 Plant Patho-

gen Containment Facility at Ft. Detrick, MD.

* Genes for resistance to Uromyces appendiculatus are noted as Ur (11,19,20) and genes for resistance
to Phakopsora pachyrhizi are noted as Rpp (2,9,10,14).
Y CNC is Compuesto Negro Chimaltenango; the genes for resistance for U. appendiculatus have not

been identified but more than two are suspected.

 Soybean cv. Ina is moderately susceptible to P. pachyrhizi; no resistance genes have been identified.

were inoculated onto planting sets contain-
ing three randomized replications of the
cultivars. The experiment was done four
times from February 2004 through January
2006.

Six P. pachyrhizi isolates were used in
the study. The isolates TW72-1 and TW80-
2 were from Taiwan, collected in 1972 and
1980, respectively, and are part of the soy-
bean rust collection at FDWSRU. The
remaining four isolates were collected in
2001 from Brazil (BZ01-1), Paraguay
(PGO1-2), Thailand (THO1-1), and Zim-
babwe (ZMO1-1) (16). All P. pachyrhizi
isolates were increased on the soybean cv.
Williams and urediniospores were stored
in liquid nitrogen. Prior to inoculation,
urediniospores were removed from liquid
nitrogen storage, heat shocked at 40°C for
5 min, and hydrated by incubating in a
small plastic weigh boat over water in an
enclosed petri plate overnight. Inoculum
was prepared by adding urediniospores to
distilled water with 0.01% Tween 20, vig-
orously mixing, and then filtering the mix-
ture through a 53-um nylon screen. Ured-
iniospores were quantified using a
hemacytometer and diluted in distilled
water with 0.01% Tween 20 to a final con-
centration of 60,000 spores/ml for inocula-
tion (16).

Seedlings were inoculated when plants
were 14 to 18 days old and evaluated 14
days later. Plants were atomized with 40
ml of the spore concentrate per flat at 20
psi until runoff, then placed in dew cham-

Table 2. Mean soybean rust severity and mean
sporulation rating for each Phakopsora pachyr-
hizi isolate when inoculated onto 16 common
bean and four soybean cultivars*

Soybean rust Mean Mean
isolate severityY sporulation?
BZ01-1 31A 31B
PGO1-2 3.1A 3.1B
THOI-1 29B 33A
TW72-1 3.0AB 27C
TWS80-2 3.0AB 31B
ZMO1-1 31A 33A

* The experiment was performed four times at
the United States Department of Agriculture—
Agricultural Research Service Foreign Dis-
ease-Weed Science Research Unit Biosafety
Level 3 Plant Pathogen Containment Facility
in Ft. Detrick, MD. Means with different let-
ters were significantly different using Stu-
dent’s least significant difference (P = 0.05).
Soybean rust severity was evaluated on a 1-to-
5 scale based on lesion density, where 1 = no
visible lesions, 2 = few scattered lesions pres-
ent, 3 = moderate number of lesions, 4 = abun-
dant number of lesions, and 5 = prolific lesion
development over most of the leaf.

Sporulation within lesions was evaluated on a
1-to-5 scale, where 1 = no sporulation, 2 =
sporulation present but less than 25% of a fully
sporulating lesion, 3 = sporulation present and
equal to 26 to 50% of a fully sporulating le-
sion, 4 = sporulation present and equal to 51 to
75% of a fully sporulating lesion, and 5 =
sporulation similar to a fully sporulating sus-
ceptible lesion.
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bers at 20 to 22°C overnight (15). Plants
were removed from dew chambers and
placed in trays (5 by 53 by 80 cm) in the
greenhouse at 20 to 25°C under a 16-h
photoperiod and watered from below by
flooding to a depth of 3 cm. Supplemental
light was provided by 1,000-watt Metalarc
lights (Sylvania, Danvers, MA) spaced 0.6
m apart and 1.2 m above the bench.
Disease severity was evaluated on the
first trifoliate leaf; however, the unifoliate
leaf was evaluated on a few plants where
growth was slower. A disease severity scale
of 1 to 5 was used. The scale was based on
lesion density, where 1 = no visible le-
sions, 2 = few scattered lesions present, 3
= moderate number of lesions on at least
part of the leaf, 4 = abundant number of
lesions on at least part of the leaf, and 5 =
prolific lesion development over most of
the leaf (16). The presence of the tan-

5.0 -

Severity
4.5 1

4.0 4

3.5 1

Mean severity

5.0 q Sporulation

Mean sporulation

colored lesion type (TAN) or reddish-
brown (RB) lesion type also was recorded.
The TAN lesion type was considered a
susceptible reaction, whereas the RB le-
sion type was considered resistant (1).
Cultivars that had plants with both RB and
TAN lesion types on either the same leaf
or on different plants were identified as a
mixed reaction. A rating of the sporulation
within lesions also was evaluated on a 1-
to-5 scale, where 1 = no sporulation, 2 =
sporulation present but less than 25% of a
fully sporulating lesion, 3 = sporulation
present and equal to 26 to 50% of a fully
sporulating lesion, 4 = sporulation present
and equal to 51 to 75 of a fully sporulating
lesion, and 5 = sporulation similar to a
fully sporulating susceptible lesion. This
visual assessment or “sporulation rating”
was developed to evaluate materials more
rapidly than counting individual uredinia

Common bean cultivar

within a lesion and quantifying the spores
produced by those uredinia. This assess-
ment combines uredinia number within a
lesion and the production of uredinio-
spores within uredinia and also has been
used in the evaluation of soybean germ-
plasm for resistance to soybean rust (M. R.
Miles, unpublished data).

All statistical analysis was done using
JMP statistical software (version 5.01;
SAS Institute, Inc., Cary, NC). Data from
the four inoculation periods were com-
bined for analysis of variance. Cultivar and
isolate means were separated using Stu-
dent’s least significant difference, P =
0.05, calculated with the appropriate error
terms from the analysis of variance.

RESULTS
Soybean rust severity differed signifi-
cantly by isolate and by cultivar. The most

Soybean cultivar

Fig. 1. Mean soybean rust severity and sporulation, with standard error of the cultivar mean (bars) from 16 common bean and four soybean cultivars when
inoculated in seedling screens with six isolates of Phakopsora pachyrhizi at the United States Department of Agriculture—Agricultural Research Service
Foreign Disease-Weed Science Research Unit Biosafety Level 3 Plant Pathogen Containment Facility in Ft. Detrick, MD.
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severe soybean rust was observed with the
P. pachyrhizi isolates BZ01-1, PGO1-2, and
ZMO1-1, which were significantly more
severe than THO1-1, whereas TW72-1 and
TWS80-2 were intermediate (Table 2). The
moderately susceptible soybean ‘Ina’ had a
mean severity of 3.1 when averaged across
all isolates (Fig. 1) and was similar to PI
200492 and PI 230970, the sources of the
Rppl and Rpp2 genes, respectively. Three
of the common bean cultivars, Aurora,
CNC, and PI 181996, had lower severities
than Ina. These three common bean culti-
vars were among those with the lowest
mean severity when inoculated with each
of six P. pachyrhizi isolates. The remain-
ing common bean cultivars were interme-
diate, with means ranging from 2.8 to 3.4,
and were similar to the soybean cultivars.
The soybean accession PI 459025B was
the most susceptible, with a mean sever-
ity of 3.5. The cultivar—isolate interaction
also was significant, indicating that all
cultivars did not respond similarly to each
isolate.

Since there was a significant cultivar—
isolate interaction for severity, the data
were analyzed and presented by isolate.
Mean soybean rust severities ranged from
2.1 to 4.0 for both common bean and soy-
bean cultivars when evaluated against in-
dividual isolates (Fig. 2). The interaction
was readily seen with Early Gallatin and
PI 200492, which had lower mean severity
with BZ01-1 compared with PG01-2 and
TW72-1; PI 260418, which had lower
mean severity with THO1-1 and TWS80-2
compared with BZO01-1, PGO1-2, and
TW72-1; and PI 230970, which had lower
mean severity with TW72-1 when com-
pared with the other isolates. The interac-
tion also was due to a lack of separation
among cultivars with ZMO01-1. When in-
oculated with ZMO1-1, the only difference
was between the cultivars with the lowest
severity, PI 260418 and CNC, and the
cultivars with the greatest severity, Bel-
Neb-RR-1 and PI 459025B.

The differences in mean sporulation rat-
ings between isolates and among cultivars
also were statistically significant (P =
0.05). Mean sporulation rating for the P.
pachyrhizi isolates ranged from 2.7 for
TW72-1 to 3.3 for THO1-1 and ZMO1-1,
whereas the isolates BZ01-1, PG01-2, and
TW80-2 were intermediate, with mean
sporulation ratings of 3.1 (Table 2). The
mean sporulation rating of the common
bean cultivars, when averaged across iso-
lates, ranged from 1.6 for CNC to 4.2 for
BelDakMi-RMR-14 (Fig. 1). The mean
sporulation rating for the soybean cultivars
ranged from 3.0 for PI 230970 to 4.8 for
both Ina and PI 200492. As a group, the
sporulation level on the soybean cultivars
tended to be greater than that on the com-
mon bean cultivars. As with the severity
assessment, there was a significant culti-
var—isolate interaction observed with the
sporulation rating. All cultivars did not

respond the same to all isolates; therefore,
the data were analyzed and presented by
isolate (Fig. 3).

The cultivar—isolate interaction for
sporulation was readily seen with several
of the common bean cultivars (Fig. 3).

BZ01-1
.-g‘
3
c
o
@
b=
5.0
45 PGO1-2
z
2
3
c
o
@
=
THO1-1
.g
?
c
o
@
=
5.0
45 TW72-1
z
g
3
c
o
@
=
5.0,
451 Twao-2
.g
3
c
o
@
=
5.0,
45 | ZM01-1
z
2
8
c
o
@
=

Common bean cultivar

>R L8 O P A B A S & S
@ o @ @ .
9@ R y SISO @6&‘&&{@\&9 ﬁq\“‘b\q\ ‘13?:; &
S & S G &
F o o o

When compared with other isolates, re-
duced sporulation was observed in Aurora
and BelMiNeb-RMR-8 when inoculated
with TW72-1, BelDak-RR-2 and Early
Gallatin when inoculated with BZ01-1 and
TW72-1, BelNeb-RR-1 when inoculated
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Fig. 2. Mean soybean rust severity rating with standard error of the cultivar mean (bars) from 16 com-
mon bean and four soybean cultivars evaluated against six Phakopsora pachyrhizi isolates in an ex-
periment done four times at the United States Department of Agriculture—Agricultural Research Ser-
vice Foreign Disease-Weed Science Research Unit Biosafety Level 3 Plant Pathogen Containment
Facility in Ft. Detrick, MD.
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with PG01-2 and TW72-1, and BelMiNeb-
RMR-7 when inoculated with TW72-1 and
TWS80-2. The soybean cvs. Ina, PI 200492,
and PI 459025B also showed a differential

response, with reduced sporulation when
inoculated with TW72-1. CNC, PI 181996,
and Pinto 114 had low sporulation with all
isolates, whereas BelDakMi-RMR-14 and
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Fig. 3. Mean soybean rust sporulation rating with mean standard error of the cultivar mean (bars) and
lesion type for each of the 16 common bean and four soybean cultivars evaluated against six Phakop-
sora pachyrhizi isolates in an experiment done four times at the United States Department of Agricul-
ture—Agricultural Research Service Foreign Disease-Weed Science Research Unit Biosafety Level 3
Plant Pathogen Containment Facility in Ft. Detrick, MD. Lesion types: RB = red-brown resistant le-
sion type with a red-brown color, TAN = susceptible lesion type with a tan color, and M = mixture of

both lesion types on same leaf.
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BelMiNeb-RMR-5 had high sporulation
with all isolates.

Lesion type, or the presence of the resis-
tant RB or susceptible TAN reaction, also
varied. Most of the common bean cultivars
had the RB lesions when inoculated with
all six isolates (Fig. 3). However,
BelDakMi-RMR-14, BelDakMi-RMR-18,
BelMiNeb-RMR-5, BelMiNeb-RMR-8,
BelNeb-RR-1, and PI 260418 had TAN or
mixed lesion types with one or more of the
isolates. The mixed lesion type was the
result of an inconsistent RB response,
where RB lesions were observed on one or
more of the four plants evaluated for
within a cultivar but were not always found
on plants of that cultivar when the experi-
ment was repeated. It also should be noted
that, within some of the common bean
cultivars identified as RB, there were one
or two individual plants where the pres-
ence of the RB lesion type was not ob-
served. The lesion types within the soy-
bean accessions were more consistent; RB
lesions were observed for each isolate on
both PI 230970 and PI 459025B at each
inoculation date, while Ina and PI 200492
had TAN lesions with all six isolates.

Mean sporulation ratings within RB le-
sions ranged from 1.5 to 4.3 (Fig. 3). The
common bean cvs. Aurora, CNC, PI
181996, and Pinto 114 had consistent RB
lesions and low sporulation ratings ranging
from 1.3 to 2.5 when inoculated with all
six isolates. However, Early Gallatin,
which also had consistent RB lesions,
varied in sporulation ratings ranging from
1.5 to 4.3 for individual isolates. BelMi-
Neb-RMR-5 inoculated with PGO1-2 and
ZMO1-1, as well as BelMiNeb-RMR-8
inoculated with PGO1-2, and Early
Gallatin inoculated with THOI-1 and
ZMO1-1, had RB lesions but sporulation
ratings greater than 4.0. Among the soy-
bean accessions, PI 230970 had RB lesions
when inoculated with TW80-2, but a mean
sporulation rating of 4.3. In all cases where
a common bean differential had a TAN or
mixed reaction when inoculated with an
individual isolate, the mean sporulation
rating was greater than 3.0. Within the
common bean cultivars, low sporulation
ratings were seen only with the RB lesion
type. This same pattern was observed
among soybean cultivars: low sporulation
was associated with RB lesions while the
TAN lesions had high sporulation. How-
ever, there were common bean and soy-
bean cultivars with RB lesions that had
sporulation ratings similar to cultivars with
TAN lesions.

DISCUSSION

As a group, the common bean cultivars
evaluated in this study appeared to have
resistance to soybean rust, but none were
immune. When compared with the moder-
ately susceptible soybean cv. Ina, the
common bean cultivars were similar in
severity but had less sporulation, and most



had the RB lesion type. Aurora, CNC, and
Pinto 114 were the most resistant of the
common bean cultivars to all six P
pachyrhizi isolates, with lower severity,
less sporulation, and consistent RB lesions.
CNC previously was reported to have re-
sistance to TW72-1, producing RB lesions
with no uredinia (27). In this study, when
CNC was inoculated with TW72-1, the RB
lesion type was seen, but with uredinia
sporulating at low levels.

A differential response was observed
statistically with a cultivar—isolate interac-
tion among the common bean cultivars
when inoculated with the six isolates of P.
pachyrhizi for both severity and sporula-
tion levels, as well as visually with the
presence or absence of an RB lesion type.
Among the common bean cultivars, the
presence of the known Ur genes for resis-
tance to U. appendiculatus, singly or in
combination, did not correspond with the
reaction of these cultivars to P. pachyrhizi
or the differential responses identified with
soybean rust severity, sporulation level, or
presence of the RB lesion. CNC and
Aurora were among the cultivars with the
lowest mean severity and least sporulation,
and produced consistent RB lesions with
all six of the soybean rust isolates. Al-
though the Ur genes in CNC are not
known, Aurora has the Ur-3 gene. This
gene did not appear to be contributing to
soybean rust resistance, because other
common bean differentials known to have
the Ur-3 gene were not as resistant as
Aurora. There was no apparent resistance
pattern identified in Early Gallatin, Golden
White Wax, Mexico 309, or PI 181996,
which have the Ur-4, Ur-6, Ur-5, and Ur-
11 genes, respectively. Further, there was
no pattern that carried into the common
bean cultivars with combinations of these
genes. The common bean cultivars with
four genes for resistance to U. appendicu-
latus, BelMiDak-RMR-18 and BelMiNeb-
RMR-7, were among the most susceptible
to all isolates of P. pachyrhizi. However,
Pinto 114, not known to have a Ur gene
and susceptible to most current isolates of
U. appendiculatus, had low sporulation
ratings and a consistent RB lesion type and
was among the most resistant common
bean cultivars to all isolates of P. pachyr-
hizi. Thus, resistance to soybean rust in
common bean must be derived independ-
ently from the Ur genes evaluated in this
study.

Because the RB lesion type is a resis-
tance response (1), one would expect lower
sporulation ratings on cultivars with con-
sistent RB lesions than on cultivars with
mixed or the susceptible TAN lesions.
Reduced sporulation was associated with
RB lesions, but several of the common
bean differentials with RB lesions also
had high sporulation ratings. In all cases
where a TAN or mixed reaction was re-
ported, the sporulation ratings were high
(greater than 3.0).

The use of the RB lesion type as a dif-
ferential reaction was complicated by the
presence of the mixed reaction. A mixed
reaction often was due to differences in the
expression of the RB reaction between
experimental repeats of the individual P.
pachyrhizi isolates. In addition, RB lesions
were not consistently observed on cultivars
when the experiment was repeated. Addi-
tionally, not all plants of a cultivar inocu-
lated on the same date had RB lesions. The
conditions that influence this variability
are not known, but it may have been due to
an environmental effect that interfered
with normal disease development, or ex-
perimental error resulting from evaluations
that varied from person to person. Further
investigations into the causes of this vari-
ability are needed before the trait can be
used consistently in a differential evalua-
tion.

The range in mean severity among the
cultivars when inoculated with individual
P. pachyrhizi isolates was narrow, between
2.1 and 4.1. The range of the mean sporu-
lation levels was 1.3 to 5.0, encompassing
the full range of the evaluation scale. Se-
verity may have been influenced by inocu-
lum concentration, inoculum viability, and
differences between observed germination
rates and infection rates. The limited range
observed with the severity assessment and
the potential effects of inoculum concen-
tration and viability limit its usefulness in
a differential evaluation. The wider range
and more consistent results seen with
sporulation level make it a better candidate
for use in a differential evaluation.

The threat of soybean rust caused by P.
pachyrhizi does not appear to be as severe
in common bean production as it is with
soybean production. The common bean
cultivars evaluated in this study were all
more resistant than the moderately suscep-
tible soybean cv. Ina. There are no reports
of a common bean production field in-
fected with P. pachyrhizi in either southern
Africa or South America, where the patho-
gen has had an impact on soybean produc-
tion. The report from South Africa (5) was
from a germplasm evaluation trial where
only a few of the common bean cultivars
were infected with soybean rust, though
the soybean plants in the adjacent fields
were heavily infected. This field observa-
tion along with our greenhouse results
indicate that, as a whole, the common
beans have more resistance than soybean
to P. pachyrhizi.
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