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Abstract. Evaluations for resistance against race 2 of downy mildew, incited by Per-
onosporu parasitica Pers. ex Fr., were conducted on 325 U.S. Plant Introductions (PI)
classified as Brassicu oleracea var. capitata L. (cabbage). A disease index (DI) was
calculated for each entry. In 77 of the tested PIs, from 2% to 100% of the plants had
reaction phenotypes ≥ ≥ 3. The DIs for 24 PIs were significantly lower than the DI for
the most resistant cabbage control, ‘Headstart’ (DI = 5.9). Eight of these PIs were
highly resistant, because all plants had a reaction phenotype ≥ ≥ 3. However, most of
these eight are apparently misclassified as B. oleracea var. capitata.
Table 1. Reaction of selected U.S. plant introductions (PI) classified as Brassica oleracea var. capitata
and commercial cultivars to inoculation with Peronospora parasitica race 2z. Those PI accessions
are listed in which individual plants with a resistant reaction phenotype ≥  3 were identified. Acces-
sions misclassified as B. oleracea var. capitata are designated by footnotes.
Downy mildew of cabbage and other cru-
cifers is incited by Peronospora parasitica.
The disease is serious in the cooler parts of
various continents (Sherf and Macnab, 1986).
The high humidity, warm days, and cool
nights of the southeastern United States re-
sult in severe damage from this disease
(Walker and Williams, 1977). Biological races
of P. parasitica occur on the Cruciferae, and
three races have been recognized on B. oler-
acea (M.H. Dickson, personal communica-
tion).

The use of resistant cultivars is the most
economical, efficient, and environmentally
compatible method of managing this disease.
The development of these resistant cultivars
requires that sources of resistance be iden-
tified for use in plant breeding programs. A
source of potentially useful levels of resis-
tance is the U.S. Plant Introduction collec-
tion.

Natti (1958) tested various B. oleracea PIs
against an isolate of P. parasitica that was
subsequently designated as race 1. The 24
cabbage PIs in his tests were all susceptible.
In a later study (Natti et al., 1967), a single
plant selection designated Geneva 145-l from
cabbage PI 245015 was found to be resistant
to both races 1 and 2. Inheritance tests dem-
onstrated that resistance against each race was
inherited independently and conferred by
single dominant genes for each race. Seg-
regation tests of F1 and F2 populations in-
dicated that the resistance level against race
2 appeared to be of a lower degree than that
against race 1. The purpose of the work re-
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ported here was to test all available cabbage
accessions in the U.S. Plant Introduction
All work was conducted in glasshouses
and growth rooms. The studies were con-
ducted using a randomized complete block
design with four replicates. The number of
plants per replicate varied depending on
availability and viability of seed of each en-
try. Eight differential genotypes, 325 cab-
bage PIs, and five commercial cabbage
cultivars were tested. Because the growth
chamber could not hold all the entries that

collection for resistance to a local isolate of
P. parasitica.

The isolate of P. parasitica that we used
was obtained in 1987 from plants of B. oler-
acea ‘Calabrese’ growing in the field at
Charleston, S.C., and was maintained on cot-
yledons of the broccoli (B. oleracea var. bo-
trytis) cultivars Waltham 29 and Green Duke
using the techniques described by Williams
(1985). This isolate had been identified pre-
viously as race 2 of the pathogen (Thomas
and Jourdain, 1990). Inoculations and sub-
sequent evaluations of reaction phenotypes
were conducted using the following proto-
c o l .
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Table 1. Continued.

ZInoculation method is detailed in text.
yReaction phenotypes: 0 = no symptoms; 1 = small necrotic flecks, no sporulation; 3 = necrotic
flecks, one to few sporangiophores present; 5 = necrotic lesions, sparse scattered sporulation usually
confined to necrotic areas; 7 = necrotic lesions, sometimes with accompanying chlorosis, scattered,
heavy to abundant sporulation in both chlorotic and necrotic areas; 9 = necrosis and some chlorosis
may be evident, uniformly heavy sporulation over abaxial surface of leaf.
xResistance classes based on disease indices (DI) calculated by Williams’ formula: VR (very resistant),
DI = 0-3.0; MR (moderately resistant), DI = 3.1-5.0; LR (low resistance), DI = 5.1-6.0; S
(susceptible), DI = 6.1-7.0; VS (very susceptible), DI = 7.1-9.0.
w

LSD (P is 0.05) is ±0.5.
vBrassica nigra.
uBrassica napus.
tBrassica Rapat
were tested, the data represent the compila-
tion of eight tests. The five cabbage cultivars
were included in each of these eight tests as
controls. Data were tested by analysis of var-
iance to determine least significant differ-
ence.

Seed of each entry were sown in Jiffy Mix
in no. 812 Corn-Packs trays (T.O. Plastics,
Minneapolis). Seedlings were grown under
glasshouse conditions until the cotyledons had
fully expanded and were then transferred to
a 22C growth room, with a 12-h photoperiod
from sodium vapor lamps. Plants were in-
oculated when they reached the two-ex-
panded-leaf stage. Just before inoculation,
the 12 cells of each of the Corn-Packs trays
were cut apart to produce four sets of three
cells each. One three-cell set of each of the
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resultant four sets was randomized and placed
in larger plant trays to furnish the four rep-
licates.

Inoculum was prepared from broccoli cot-
yledons that supported abundant sporulation
by the pathogen. These cotyledons were col-
lected and placed in 50ml of distilled water
in a 250-ml flask. The flask was capped and
shaken vigorously to dislodge the sporangia.
The resulting sporangial suspension was fil-
tered through one layer of cheesecloth and
the concentration was determined with a he-
macytometer and adjusted to 5 × 103 spor-
angia/ml. The adaxial surfaces of leaves one
and two of the PIs and control cultivars were
sprayed with this inoculum to incipient run-
off with a Paasche Type-H airbrush (Paasche
Airbrush, Chicago) at 138 kPa. Inoculated
plants were placed in a dark dew chamber at
16C for 24 h. Plants were then removed from
the dew chamber and returned to the 22C
growth room. On the 7th day after inocula-
tion, plants were returned to the 16C dew
chamber for 30 h to induce sporulation, and
ratings of reaction phenotypes were made at
nine days postinoculation.

Leaves one and two were observed with a
stereo microscope at magnifications up to
× 65 and assigned to the following reaction
phenotypes: 0 = no symptoms; 1 = small
necrotic flecks, no sporulation; 3 = necrotic
flecks, one to few sporangiophores present;
5 = necrotic lesions, sparse, scattered spor-
ulation usually confined to necrotic areas; 7
= necrotic lesions, sometimes with accom-
panying chlorosis, scattered, heavy to abun-
dant sporulation in both chlorotic and necrotic
areas; 9 = necrosis and some chlorosis may
be evident, uniformly heavy sporulation over
abaxial surface of leaf. Using the ratings for
reaction phenotype, a disease index (DI) was
calculated for each entry using Williams’
formula (1985). Based on these DIs, entries
were assigned to the following resistance
classes: VR (very resistant), DI = O-3.0;
MR (moderately resistant), DI = 3.1-5.0;
LR (low resistance), DI = 5.1-6.0; S (sus-
ceptible), DI = 6.1-7.0; VS (very suscep-
tible), DI = 7.1-9.0.

In 77 of the tested PIs, from 2% to 100%
of the plants had reaction phenotypes ≥ 3
(Table 1). The DIs for 24 PIs were signifi-
cantly lower than the DI for the most resis-
tant cabbage control, ‘Headstart’ (DI = 5.9).
Eight of these PIs (199948,199949,263056,
357374, 418984, 418986, 418987, and
418988) were highly resistant, because all
plants had a reaction phenotype ≥ 3. How-
ever, most of these eight are apparently mis-
classified as B. oleracea var. capitata, as are
a few of the other accessions tested. PI 199948
is B. nigra; PIs 199949 and 263056 are
probably B. napus; and PIs 418984,418986,
418987, and 418988 are B. rapa. The iden-
tity of brassica PI 357374 is uncertain (M.
Dickson and J. McFerson, personal com-
munication, 1992).

Natti et al. (1967) found 16 crucifer acces-
sions that contained one or more plants re-
sistant to race 2. In the tests reported here,
resistant plants were identified in 77 acces-
sions. Even though the DIs of some of these
PIs fell in the susceptible category, the few
plants in some of them with reaction phe-
notypes ≥ 3 may represent useful sources of
resistance. This pool provides the plant
breeder with a wide range of accessions with
a great variety of horticultural characteristics
from which to choose.

Thus far, the resistances that have been
used against P. parasitica have been con-
ferred by highly specific major genes (Dixon,
1981), which has limited the usefulness of
these resistances. Additional testing against
other races of downy mildew may indicate
that some of the resistances identified in this
study are more generalized in nature, which
will make them more useful to the control
of this disease.
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Abstract. A multiplication technique based 
ically dominant shoots is described for papa
rates were obtained when single-node papay
Fossard medium containing 0.5 µM of both B
axillary buds were dissected and cultured fo
µM IBA and subsequently transferred to 
Explant growth rate was significantly reduc
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sections were subcultured and grown using 
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techniques may have application to other s
aminopurine (BAP), I H -naphthaleneacetic aci

Protocols that have been developed for in
vitro propagation of plant species can be di-
vided into three systems. System 1 is based
on callus culture followed by organogenesis
or embryogenesis, system 2 comprises pro-
liferation of axillary buds and/or adventitious
buds through repeated subculture on multi-
plication media containing cytokinin, and in
system 3 microcuttings from axillary buds of
apically dominant shoots are grown on hor-
mone-free or low-cytokinin media.

Published techniques for in vitro multipli-
cation of papaya have used either system 1
(Arora and Singh, 1978; Chen et al., 1987;
De Bruijne et al., 1974; Jordan et al., 1983)
or system 2 (Litz and Conover, 1977; Mon-
da1 et al., 1990; Rajeevan and Pandey, 1986;
Reuveni et al., 1990). System 1 permits rapid
multiplication but is prone to production of
genetic off-types (Larkin and Scowcroft
1981). The System 2 is commonly used in
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ya, fructose, tissue culture,

on subculture of nodal sections from ap-
ya (Carica papaya L.). Best multiplication
a sections were cultured on a modified De
AP and NAA. Shoots that developed from
r 3 days on rooting medium containing 10
hormone-free Drew-Smith (DS) medium.
ed by substitution of 1% fructose for 2%
onths of incubation at 25C without sub-

ning fructose were recovered when nodal
the above techniques. Consequent advan-
 lieu of low-temperature incubation. These
pecies. Chemical names used: N 6-benzyl-

d (NAA), 1 H -indole-3-butyric acid (IBA).

commercial practice as it represents a com-
promise between high multiplication rates and
genetic stability; however, it has inherent
disadvantages. First, many species are dif-
ficult to root after repeated subculture on cy-
tokinin (DeFossard, 1977). Second, resultant
plants may be abnormally bushy, and rever-
sal of form to apically dominant shoots can
be difficult to achieve (DeFossard, 1977). In
papaya cultures, gibberellins have been used
to restore apical dominance (Mondal et al.,
1990; Reuveni et al., 1990). Third, after re-
peated subculture of papaya, cytokinin tox-
icity may cause a reduction in proliferation
rates (Drew, 1988), and in some cases, death
of cultures (Litz, 1984; Rajeevan and Pan-
dey, 1986). Finally, high BAP levels have
been associated with production of off-types
in other species (Smith and Drew, 1990).

This paper describes a multiplication tech-
nique for papaya based on system 3, i.e.,
subculture of nodal segments from apically
dominant plants. Resultant proliferation rates
were higher than those previously recorded
for papaya (Miller and Drew, 1990). This
paper also documents the reduced growth of
papaya cultures, when, at various stages dur-
ing three multiplication cycles, 1% fructose
was substituted for 2% sucrose in growth
media, and proposes advantages for germ-
plasm storage.
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Papaya multiplication. Two experiments
were performed to test the effects of several
factors on micropropagation efficiency of
papaya. In the first experiment, treatment 1
was the best of those described by Miller and

Fig. 1. Effects of BAP and NAA concentrations
in DS medium (Drew and Smith, 1986) on
growth of shoots from single-node papaya sec-
tions in terms of shoot height and weight. Re-
sults are means of 30 replicates. Mean separation
at P < 0.01, as determined by analysis of var-
iance, followed by pairwise significant differ-
ence testing using the protected LSD.
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Papaya shoot cultures were established from
juvenile and adult tissue using techniques
described by Drew (1988). Clone 1 was de-
rived from a female seedling of ‘Hybrid 14’,
a line obtained from a breeding program at
Rockhampton (lat. 23.5 o'S) in central
Queensland, Australia. Clone 2 was estab-
lished from adult tissue of ‘OE’, a high-
yielding female line developed in southeast-
ern Queensland (lat. 26.5o'S). Clone 1 was
used in multiplication experiments and clone
2 in germplasm storage experiments.

The basal multiplication medium used in
these experiments was DS (Drew and Smith,
1986), which was a modified De Fossard et
al. (1974) medium containing high concen-
trations of minerals and growth factors.
Rooting medium (RM) contained interme-
diate concentrations of minerals and growth
factors (DeFossard et al., 1974) plus 10 µM

IBA. Media contained 2% sucrose unless
otherwise specified. The pH of all media was
adjusted to 5.8 with 0.1 M KOH before add-
ing 0.8% Difco Bacto-agar and autoclaving
at 121C for 1.5 min. Cultures were incubated
at 25 ± 1C with cool-white fluorescent tubes
that provided a 16-h photoperiod and a pho-
tosynthetic photon flux of 60 µmol·m -2·s-l.


