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ABSTRACT
Dalton, D. T., Postman, J. D., and Hummer, K. E. 2010. Comparative infectivity of Cronartium
ribicola aeciospores and urediniospores in genotypes of Ribes nigrum. Plant Dis. 94:461-464.

Hosts for the fungus Cronartium ribicola, causal agent of white pine blister rust (WPBR), in-
clude five-needle pines as aecial hosts, and currants and gooseberries as uredinial/telial hosts.
Aeciospores produced on diseased pine, and urediniospores produced on diseased Ribes plants,
can infect Ribes foliage. Resistance and susceptibility for both spore types have been reported
for Ribes; however, the comparative infectivity of these spore types on clonal Ribes nigrum
genotypes is under-described. Immunity, resistance, and susceptibility to WPBR resides at a
clonal level in Ribes. Previous studies have emphasized fungal diversity or forestry considera-
tions, rather than horticultural aspects. The objective of this study was to determine if aecio-
spores and urediniospores were equally infective to specific genotypes of black currant, Ribes
nigrum, with differential responses. A family of 51 black currant genotypes from a cross be-
tween a known-immune cultivar containing the Cr gene and a susceptible cultivar was examined.
Single-leaf softwood cuttings of each of these genotypes were artificially inoculated with a spore
solution and incubated in airtight plastic containers within a growth chamber. Inoculations were
replicated three times for each spore type. Twenty-two of the F; genotypes did not develop ure-
dia after artificial inoculation. These may be immune; 22 developed uredia after exposure to both
types of inoculum, and were susceptible; whereas seven exhibited differential responses and may
have some mechanism for resistance to WPBR other than the Cr gene. The infectivity of aecio-
spores and urediniospores was not significantly different on specific Ribes genotypes. Either
spore type can therefore be considered equally effective as inoculum when screening for WPBR
resistance or immunity in horticultural settings.

The fungal pathogen Cronartium ribi-
cola J.C. Fischer, causal agent of white
pine blister rust (WPBR), was introduced
to the eastern United States about 1898
(11). Hosts for the fungus include five-
needle pines (Pinus sp. section Quinguefo-
liae) and currants and gooseberries (Ribes
sp.). Natural infection of wild populations
of Pedicularis bracteosa Benth and Cas-
tilleja Mutis ex L.f. have also been docu-
mented, although these two genera are
considered minor hosts of the disease
(14,20). The damaging effects of WPBR
on host white pines diminished the appeal
of Ribes cultivation in the United States for
most of the twentieth century; however,
Ribes crops have been a mainstay of the
small fruit industry in Europe for decades
(1). The fungus produces pycnia and aecia
on five-needle pines, and uredinia, telia,
and basidia on Ribes (13,15). Aeciospores,
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produced from cankers on diseased pines,
and urediniospores, originating from ured-
inia on abaxial leaf surfaces of susceptible
Ribes, can infect Ribes foliage. Susceptible
Ribes may be defoliated by C. ribicola
where infection incidence is high (3). Pine
hosts can be killed by WPBR stem canker
infections. Resistance to WPBR has been
identified through the action of dominant
genetic inheritance in aecial hosts (11,12)
and telial hosts (1,2,4-8,16). Although
Richardson et al. (16) have reported infec-
tion in Ribes nigrum L. by both spore
types, they did not report the response of
different spore types at the Ribes clonal
level. Differential infectivity of these spore
types could change breeding strategies for
developing new Ribes cultivars resistant to
WPBR. Previous horticultural studies have
examined Ribes susceptibility to uredinio-
spores (7-9). An unanswered question is:
do aeciospores and urediniospores infect
Ribes genotypes equally? The objective of
this study was to determine whether both
spore types were infective to a set of F;
genotypes of R. nigrum with known di-
verse WPBR response.

MATERIALS AND METHODS

Plant materials. A study was initiated
in 2007 at the U.S. Department of Agricul-
ture, Agricultural Research Service, Na-

tional Clonal Germplasm Repository
(NCGR) in Corvallis, OR. F; genotypes of
R. nigrum ‘Ben Lomond’ x ‘Consort’ were
chosen for this study. Consort contains the
Cr gene for WPBR immunity, and uredia
do not form on this plant. Because this
gene is inherited as a simple dominant trait
(4), half of its F; genotypes should also be
immune, and half susceptible.

Hardwood cuttings from dormant, field-
grown F; seedlings of R. nigrum ‘Ben
Lomond’ x ‘Consort’ were rooted in the
greenhouse. The rooted cuttings were
transferred into 3.78-liter (1 gal) containers
in the early summer and maintained out-
doors. Additional clonal material was
propagated by softwood cuttings in July
2007 and remained inside the greenhouse
for the duration of the study. R. nigrum
‘Seabrook’s Black’ (PI 556176) served as
the WPBR-susceptible control (7), and
‘Coronet” (PI 617906) was the resistant
control (6).

Spore collection and storage. Aecio-
spores were collected from three Oregon
populations of C. ribicola. Spores were
collected from mature aecia with a hand-
held aspirator on 12 March 2008 at the
USDA, Umpqua National Forest, Dorena
Genetic Resource Center (DGRC) near
Cottage Grove, OR. Aeciospores from C.
ribicola strain OR07.01 were collected on
4 June 1995 at Miller Lake, Winema Na-
tional Forest, Klamath County, OR and
cryogenically preserved at —80°C (P. J.
Zambino, personal communication). Aecio-
spores from a third population of C. ribi-
cola were sampled on 12 July 2008 near
Tombstone Pass (TP), Willamette Na-
tional Forest, Linn County, OR. The
DGRC aeciospores were stored at 4°C
until early summer, and both of the other
aeciospore sources were maintained at
—20°C for the duration of the study.
Aeciospores were assayed on 2% agarose
plates for viability.

Urediniospores were harvested from
heavily infected Ribes leaves. The first
urediniospore inoculation trial used field
inoculum from the NCGR. To increase the
late-season urediniospore inoculum, sus-
ceptible R. nigrum ‘Baldwin, ‘Bogatyr,
and ‘Minaj Shmyrev,” and R. malvaceum
Sm. ‘Wunderlich’ were inoculated with TP
aeciospores on 8 August and 2 September
2008. Multiple sources of spores were
used so that sufficient inoculum could be
obtained.

Plant Disease / April 2010 461



Growth chamber inoculations. To pro-
duce aeciospore—water—agarose solution,
dry aeciospores were added to sterile wa-
ter—agarose solution (0.07% concentration)
at a rate of 250 mg 1,000 ml”’ and dis-
persed evenly in solution. A Neubauer
hemacytometer (Hausser Scientific Part-
nership, Horsham, PA) was used to deter-
mine spore concentration. The aeciospore—
water—agarose solution contained ap-
proximately 5 x 10* spores ml™'. The spore
solution was poured into a sterile mist
bottle to facilitate spray inoculation of the
softwood cuttings.

Urediniospores were collected by scrap-
ing uredinial pustules of infected Ribes

leaves with the plastic tip of a disposable
transfer pipette (VWR Scientific, Inc., San
Francisco, CA) to dislodge mature spores.
Sterile water—agarose solution was then
pipetted over the leaf surface to wash the
spores into a beaker. The spore density of
the resulting urediniospore—water—agarose
solution was determined and diluted with
sterile water—agarose solution to approxi-
mately 5 x 10* spores ml™'. Urediniospore—
water—agarose solution was limited, due to
unavailability of additional spores, and was
dabbed onto the abaxial leaf surfaces with
the aid of a disposable transfer pipette.
Aeciospore and urediniospore treat-
ments uniformly covered the leaf surfaces

Table 1. Ribes nigrum F, genotype susceptibility following inoculation in 2008 with aeciospores and

urediniospores of Cronartium ribicola

Genotype Status?

Aeciospore
no. infected

Urediniospore
no. infected

001
002
003
005
006
007°
008
009
010
011
013°
014>
015
016
023°
025°
027
029
031
032
033°
037
041
042
043
045
047
048
049
050°
053
057
065
066
069
073
074
076
081
082
085
096
097
101
103
106
107
114
115
116
117
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2 Status: r = resistant; s = susceptible.
b Differentially infected genotypes.
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nearly to the point of runoff. Spore solu-
tion was agitated periodically during in-
oculation to ensure uniform distribution of
spores in suspension. Leaves were calcu-
lated to receive a mean 542 spores cm™ for
spray inoculation with aeciospores and 703
spores cm for dab inoculation with ured-
iniospores.

Inoculation chambers were modified
from Zambino (19). The experiment was
2-way factorial design with interaction;
spore type and genotype were the main
effects; with three replicates. Limited
growth chamber space precluded treatment
of all genotypes on a single date, although
three replicates of each genotype received
applications of each spore type in separate
trials. Aeciospore inoculation treatments
were applied in 2008 on 27 March, 9 June,
6 August, and 14 October. Urediniospore
treatments were applied on 13 August, 31
August, 8 September, 16 September, 27
September, and 6 October. Urediniospores
were used fresh from heavily infected
leaves as needed, except for the last date,
on which the remaining urediniospore
solution from the previous date was used.
This spore solution was re-assayed to con-
firm viability at the time of inoculation.

Inoculation trials utilized unrooted soft-
wood cuttings from the F; genotypes (14).
Clones were watered and fertilized 24 to
48 h prior to inoculation and placed in a
staging area to allow the leaves to dry. On
inoculation day, a cutting was taken from
each clone and stripped of all but the
youngest fully expanded leaf. The abaxial
surface of the leaf was treated with spore
solution. Following treatment, the plantlet
was immediately set into moist, sterile
vermiculite inside an individual airtight
polypropylene inoculation chamber. To
provide humidity, the upper segment of the
inoculation chamber was misted with
dH,0 just prior to sealing the plantlet in-
side. Only one spore type was used per
inoculation date.

Treated plantlets were incubated inside
an illuminated growth chamber pro-
grammed to provide a 16-h photoperiod on
a diurnal cycle. Aeciospore treatments
remained within the growth chamber at
16°C for 3 days following treatment, after
which the temperature was increased to
20°C (19). Urediniospore treatments were
maintained at 20°C for the entire period
within the growth chamber. These tem-
peratures are within the optimal tempera-
ture range for spore germination and infec-
tion (10,15). The plastic lids of the
inoculation chambers were replaced with
tissue paper after 3 days to allow the inte-
rior surfaces to dry. These techniques dis-
couraged secondary infection, promoted
adventitious rooting of the cuttings inside
the cells of vermiculite, and provided an
environment favorable for spore germina-
tion and disease development. To make
space for subsequent inoculation trials,
inoculation chambers were removed from



the growth chamber after 1 week and
placed into large, clear plastic bins (Tup-
perware Corporation, Orlando, FL) under
ambient room temperature and diffuse
light. The inoculated leaves were examined
weekly with a magnifying lamp for signs
of C. ribicola. If no infection was present,
plantlets received a score of 0, and if ured-
inial colonies were visible, plantlets re-
ceived a score of 1.

Due to space limitations and contamina-
tion of the rooted cuttings with powdery
mildew (Podosphaera mors-uvae (Schwein)
U. Braun & S. Takam.), no single inocula-
tion procedure screened all F; genotypes
concurrently. However, each of the 51 F;
genotypes received three treatments with
each spore type. To control powdery mil-
dew in the greenhouse, piperalin (Pipron
liquid concentrate) was applied in spring
2008 according to label instructions. Once
powdery mildew had been eradicated,
elemental sulfur was vaporized nightly to
create an unfavorable environment for
spread of powdery mildew. The climate-
controlled growth chamber had insufficient
capacity to hold all representative geno-
types at once, and each set of experimental
units required at least 1 week within the
growth chamber before being transferred
to the large plastic bins. Given these limi-
tations, a random number generator se-
lected suitable clones for each inoculation
date from the available greenhouse-grown,
non-WPBR-infected plants.

Statistics. A two-factor analysis of vari-
ance (ANOVA) model was evaluated using
the S+ statistical package (Insightful Cor-
poration, Seattle, WA) to determine the
significance of spore type and F; genotype,
and their interaction, for susceptibility. In
addition, homogeneity chi-square analysis
was conducted, with the null hypothesis
assigned that the aeciospore and uredinio-
spore results would be homogeneous (17).
Because the expected numbers of suscep-
tible and resistant genotypes were greater
than 20, the Yates correction factor was not
used in chi-square analysis (17).

RESULTS

Control genotypes Seabrook’s Black
(susceptible) and Coronet (immune) were
not included in statistical analyses of ge-
netic resistance in the F; population. Coro-
net was asymptomatic throughout the
study.

In the greenhouse, a total of 357 single-
leaf plantlets, representing 51 distinct F,
genotypes, were inoculated during the
2008 growing season (Table 1). Of the
plantlets, 92 (25.8%) developed C. ribicola
uredia, representing 29 of the 51 geno-
types. The proportion of greenhouse-
infected genotypes supported the expected
1:1 segregation ratio of the Cr gene (x> =
0.48,df =1, P = 0.49) (Table 2).

The F, population did not deviate from
the expected 1:1 ratio of resistance to C.
ribicola. Artificial inoculation with uredin-

iospores caused infection on 27 of the 51
genotypes (x> = 0.088, df = 1, P = 0.767).
The pooled results (51 infected, 51 unin-
fected) yielded a chi-square value match-
ing the expected 1:1 ratio (y*=0,df =1, P
=0.999). A chi-square test of homogeneity
showed that aeciospore and urediniospore
inoculations produced disease on a similar
number of genotypes (x> = 0.157,df =1, P
=0.692) (Table 2).

Of the 51 F, genotypes, 22 showed sus-
ceptibility to both aeciospores and uredin-
iospores in the growth chamber, and 22
were resistant to both treatments. Two
genotypes were susceptible only to aecio-
spores, whereas five appeared susceptible
only to urediniospores (Table 3). A two-
factor ANOVA demonstrated a significant
effect of genotype (P < 0.001) but a non-
significant effect of spore type (P = 0.291)
on susceptibility, and the interaction of
genotype by spore type was not significant
(Table 4).

DISCUSSION

Aeciospores and urediniospores of C.
ribicola are equally able to cause disease
on Ribes genotypes. In addition, the geno-
type X sporetype interaction was not sig-
nificant, indicating that phenotypic re-
sponses to WPBR were consistent;
aeciospore and urediniospore treatments
produced disease on the same genotypes.
Despite these findings, 7 of the 51 geno-
types showed differential disease re-
sponses to C. ribicola spore type (Tables 1
and 3). For these genotypes, uredinio-
spores revealed five susceptible plant
genotypes not detected by aeciospores, and

aeciospores revealed two susceptible geno-
types not detected by urediniospores.

In R. nigrum, the Cr gene is inherited in
a simple dominant pattern (4). This study
produced no evidence that separate genetic
mechanisms control resistance and suscep-
tibility in F; genotypes. Rather, certain
genotypes escaped infection by one or both
spore types.

Our findings go beyond that of Richard-
son and colleagues (16), who observed
aeciospore or urediniospore infectivity dur-
ing inoculation experiments within Pedicu-
laris and Ribes populations. They did not
examine multiple inoculations of specific
clones, as we did. Because of the equivalent
qualitative infection outcome of both aecio-
spores and urediniospores, these data indi-
cate that either spore type can be applied to
Ribes foliage during artificial greenhouse
inoculation trials or for disease assessment
in areas where WPBR is naturally absent or
occurs sporadically. Nonetheless, in forest
settings, Ribes may produce more uredinia
when challenged with aeciospores as com-
pared to urediniospores. This is likely due to
timing of leaf emergence and aeciospore
hardiness. Aeciospores can survive in the jet
stream and travel 500 km (18); uredinio-
spores are less tolerant of extreme condi-
tions (15). Young leaf tissue is more suscep-
tible to infection by C. ribicola than is old,
hardened, or sun-exposed material (15,19).
Leaf age may therefore play a significant
role in spore infectivity. Variations in topog-
raphy and microclimatic effects cause varia-
tion of aeciospore production. These factors
allow aeciospores to be shed nearly year-
round (15), thereby extending the time

Table 2. Disease response of 51 Ribes nigrum F, genotypes to Cronartium ribicola aeciospore and

urediniospore treatments with chi-square values

Treatment Susceptible Resistant Exp. ratio 1 P df
Total 29 22 1:1 0.48 0.49 1
Aeciospore 24 27 1:1 0.088 0.767 1
Urediniospore 27 24 1:1 0.088 0.767 1
Pooled 51 51 1:1 0.0 0.999 1
Homogeneity chi-square 0.157 0.692 1

Table 3. Contingency table comparing genotypic differences in resistance against artificial inoculation
of 51 Ribes nigrum genotypes with aeciospores and urediniospores of Cronartium ribicola

Aeciospore-treated F

Contingency - Total
Urediniospore- + 22 5 27
treated F, - 22 24
Total 24 27 51

Table 4. Two-way ANOVA displaying effects of genotype and spore type and their interaction on
susceptibility of 51 Ribes nigrum F; genotypes to aeciospores and urediniospores of Cronartium ribi-

cola

Source df SS MS F stat P
Genotype 50 26.77 0.535 3.948 <0.001
Spore type 1 0.152 0.152 1.119 0.291
Genotype x Spore type 50 7.981 0.159 1.219 0.164
Residuals? 255 33.38 0.130

2 Both spore treatment were replicated 3 times.
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frame in which Ribes hosts are exposed to
primary inoculum, in comparison to the
limited dispersal distance and short period
of urediniospore production in the mid- to
late-summer.

Our result indicates that either spore
type should work equally well as inoculum
in resistance trials on R. nigrum. Aecio-
spores are easy to collect and can tolerate
freezing during laboratory storage. Aecio-
spores are suggested as a first choice for
Ribes inoculation tests. Uredinial fungal
colonies, available in cultivated Ribes set-
tings, should be gathered fresh and used
directly, or maintained on young, vigorous
plants. Artificial inoculation treatments
with either aeciospores or urediniospores
can determine Ribes resistance to WPBR.
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