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ABSTRACT

Dan, Y. H., and Stephens, C. T. 1995. The development of asparagus somaclones with high
levels of resistance to Fusarium oxysporum f. sp. asparagi and F. proliferatum. Plant Dis.

79:923-927.

Asparagus somaclones were produced by subculturing shoots initially generated from callus-
derived protoplasts of Asparagus officinalis cv. Lucullus 234 through callus cycles for more
than a 3-year period. One hundred twenty protoplast-derived somaclones of Lucullus 234 were
screened for resistance to two virulent Michigan isolates of Fusarium oxysporum f. sp. as-
paragi (FOA10 and FOA50) and F. proliferatum (FM12 and FM49) in the greenhouse. Soma-
clones had significantly (P < 0.05) more resistance to the Fusarium spp. than did the vegeta-
tively micropropagated plants of the parental cultivar Lucullus 234. Of the somaclones that
contained higher levels of disease resistance, a minimum of 12 micropropagated plants from
each were produced and rescreened for resistance to the most virulent isolate (FOAS50) among
the four isolates tested in the greenhouse. Two somaclonal lines, R7 and R4, were highly sig-
nificantly (P < 0.01) more resistant to the FOAS0 of E o. f. sp. asparagi than were the vegeta-
tively micropropagated parental plants. No morphological or growth differences were observed

between these lines and the parental cultivar.
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Asparagus officinalis L. is an economi-
cally important vegetable crop that is pro-
duced worldwide (34). However, aspara-
gus decline syndrome, primarily caused by
Fusarium oxysporum Schlechtend.:Fr. f.
sp. asparagi S.1. Cohen & Heald and F.
proliferatum (T. Matsushima) Nirenberg
(syn. F. moniliforme J. Sheld.), occurs
throughout the asparagus-growing regions
of the world and is the major limiting fac-
tor in asparagus production (3,12,19,20,47).
The disease syndrome is characterized by
reduced production resulting from declin-
ing plant densities and reduced size of
spears (40). Asparagus decline causes loss
in longevity and productivity of estab-
lished fields, and causes difficulty in re-
planting asparagus where it was previously
grown. These characteristics, of course,
decrease annual yields of asparagus over
time. The use of conventional methods,
including chemical and cultural methods
for controlling Fusarium spp., has been
limited (24,41,42). Development of resis-
tant cultivars appears to be the most viable
long-term strategy for control, but no re-
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sistant cultivars have been developed by
traditional breeding methods (11,43). In
addition, when traditional breeding meth-
ods are used, A. officinalis has low regen-
erative potential (34), and the development
of new cultivars requires many years be-
cause of its perennial nature. It is likely
that genetic diversity among the asparagus
cultivars in North America is low
(11,17,27).

Genetic variability has been detected
from tissue, cell, and protoplast cultures,
especially on periodic subculturing for var—
ious morphological and genetic changes
such as polyploidy, aneuploidy, chromo—
some breakage, deletion, translocation,
gene amplification, inversions, mutations,
etc. (4,28,32). Somaclonal variation was
first proposed as a novel source of agri—
culturally useful variation for asexually
propagated crops such as sugarcane (22)
and potato (36). Agriculturally useful so—
maclonal variants have been identified that
have desirable traits such as increased
solids in tomato, male sterility in tomato
and rice, higher yields and enhanced
protein production in rice, earliness in
maize, freezing tolerance in wheat, and
increased sugar content in sugarcane (1,14).

Development of resistance to fungal,
bacterial, and viral diseases in various
crops has been the major contribution of
somaclonal variation (25). In alfalfa, so-
maclones resistant to F oxysporum were
regenerated (21). Screening of alfalfa so-
maclones that were regenerated from pro-
toplasts resulted in plants that were resis-

tant to Verticillium albo-atrum Reinke &
Berthier (26). Two somaclonal lines of rice
were resistant to sheath blight in the field
(45). Daub (8) reported that protoplast-
derived somaclones of tobacco cultivars
increased resistance to several major to-
bacco pathogens, including tobacco mo-
saic virus, Meloidogyne incognita (Kofoid
& White) Chitwood, and Phytophthora
parasitica var. nicotianae Tuck., and iden-
tified three somaclones whose progeny had
enhanced resistance to black shank (P. p.
var. nicotianae) in both field and green-
house tests. Resistance in celery to
Fusarium oxysporum f. sp. apii race 2 was
enhanced with somaclonal variation (46).
Somaclonally derived resistance to tomato
mosaic virus and tobacco mosaic virus has
been obtained in tomato (38). Among six
cultivars or varieties derived from soma-
clonal variation to date (13,23,29,30,37),
two possess enhanced disease resistance.
The sugarcane cv. Ono is higher yielding
and shows increased resistance to Fiji dis-
ease (23). DNAP 17, a tomato variety,
shows resistance to Fusarium oxysporum
f. sp. lycopersici race 2 (13).

A cultivar of A. officinalis, Lucullus
234, had relatively higher resistance to
virulent Michigan isolates FOA10 of F
oxysporum and FM12 of F proliferatum
among 90 cultivars and breeding lines of
this species tested (39). A previous study
screened somaclones of two cultivars of A.
officinalis, Lucullus 234 and Jersey Giant.
Somaclones of Lucullus 234 exhibited a
higher level of resistance to F. oxysporum
and FE proliferatum than did the Jersey
Giant somaclones (M. L. Smither and C.
T. Stephens, unpublished). We undertook
this survey to determine if somaclonal
variation could generate a high level of
resistance to Fusarium spp. from a mod-
erately resistant asparagus cultivar such as
Lucullus 234.

MATERIALS AND METHODS
Production of somaclones. Because of
the previously reported higher resistance
of Lucullus 234 to Fusarium spp. (39) and
the higher probability of getting variants
from plants regenerated from protoplasts
than from other types of culture (such as
callus, stems, somatic embryos, and ad-
ventitious buds [9]), initial shoots regen-
erated from callus-derived protoplasts of
Lucullus 234 (7) were used to produce
somaclones. These shoots were cultured
on Murashige and Skoog (MS) medium
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(31) that was supplemented with 6-BAP at
0.1 mg/liter (RM17). Calli formed on the
shoots within 15 to 30 days, and new
shoots developed on the calli within 30
days. Because accumulation of somaclonal
variability has been positively correlated
with the duration of the culture (16), this
technique was used to maintain shoot pro-
duction for more than 3 years, and the
produced shoots were used as the soma-
clonal source. Effects of different concen-
trations and combinations of root-inducing
agents such as auxins (NAA, 2,4-D, 1AA,
and IBA), ancymidol, and sucrose were
examined on root differentiation. Rooted
plants were cultured in a hormone-free MS
medium for shoot and root elongation for
another month. All cultures were placed at
27°C with 40 pE-m%s! light and a 16-h
photoperiod. All rooting experiments con-
tained at least 12 replicates per treatment
and were conducted at least three times.

Before plants were transferred to the
greenhouse, they were acclimatized to
greenhouse conditions. Plants were trans-
ferred to pots containing a synthetic me-
dium (vermiculite:peat:perlite, 1:1:1). The
pots were placed in a plastic bag at 22 to
24°C under cool-white fluorescent light
and a 24-h photoperiod. The bags were
completely sealed for the first week,
punctured with three holes for the second
week, and opened for the third week. The
pots were maintained one additional week
after the plastic bag was completely re-
moved at the end of the third week, then
were moved to the greenhouse.

Vegetative micropropagation of Lu-
cullus 234. Since asparagus is a cross-
pollinated plant, it has a high degree of
natural heterozygosity (34), and the con-
siderable genetic variations of several traits
in asparagus cultivars are well recognized
(44). Also, due to the limited number of
Lucullus 234 seeds, it was necessary to
develop a protocol of vegetative micro-
propagation to obtain the homozygous
parental Lucullus 234 plants for use as a
control. Two different concentrations of
cytokinin 6-BAP were tested for shoot
production. Spears of the asparagus plants
were surface-sterilized (7) and cut into
segments, each with a single node. Two to
four segments were cultured on 20 ml of
either one of two different modified MS
media supplemented with BAP at 0.5
mg/liter (RM18) and 0.1 mg/liter (RM17)
in 25 x 150 mm culture tubes. The effect
of four different auxins, IAA, IBA, NAA,
and 2,4-D, on root induction was tested.
Branched shoots at the node region were
excised after a 15-day culture in RM17
medium. Two shoots were cultured in a
culture tube with 20 ml each of four dif-
ferent root-inducing media containing
basic MS medium, and IAA, IBA, NAA,
and 2,4-D, respectively, each at a concen-
tration of 2 mg/liter. IBA resulted in the
highest root production. Six concentra-
tions of IBA, 2, 3, 5, 7, 9, and 11 mg/liter,
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were tested for improving rooting effi-
ciency. Rooted plants were cultured on a
hormone-free MS medium for further
shoot and root development for 1 month.
All cultures were maintained at 27°C with
40 pE-m%s™! light and a 16-h photoperiod.
Plants were transferred into the green-
house after acclimatization as described
above. All experiments contained at least
eight replicates per treatment and were
repeated four times.

Screening somaclones for resistance to
Fusarium. One hundred twenty soma-
clones and 120 vegetatively micropropa-
gated plants of Lucullus 234, generated as
described above, were used for screening
tests. Two Michigan virulent isolates each
of F. oxysporum (FOA10 and FOAS50) and
E proliferatum (FM12 and FM49) from
the collection of M. L. Lacy of Michigan
State University were stored according to a
method described by Nelson et al. (33).
Previous work demonstrated that a cultivar
of A. officinalis, UC 157, was highly sus-
ceptible to F. oxysporum and F. prolifera-
tum, and a cultivar of an ornamental as-
paragus species A. sprengeri Regel
‘Sprengeri’ was highly resistant (39). One
hundred twenty plants each of UC 157 and
Sprengeri were used as susceptible and
resistant controls, respectively, for the
screening test.

Seeds of Asparagus spp. were surface
disinfected and germinated according to
the method of Stephens and Elmer (40).
One week later, germinated seeds were
transferred into pots containing synthetic
medium as described above and grown in
the greenhouse. Inocula of FOAI10,
FOAS50, FM12, and FM49 were prepared
by the method of Wacker et al. (48). Each
Fusarium-infested soil and the Fusarium-
free soils (control soils) were amended
with 500 g of sterile sandy loam soil, 10 g
of dried asparagus fern, and 25 ml of
0.025 M asparagine in trays; and the soil
mixes were autoclaved for 1 h on two con-
secutive days. Fifty ml of conidial sus-
pension of each of the four isolates grown
in potato-dextrose broth at 10° conidia/ml
was added to the sterile soil mix. The ster-
ile soil mix in trays was covered with
aluminum foil and incubated for 10 days
at 30°C. One-month-old seedlings of UC
157 and Sprengeri, and one-month-old
greenhouse-grown somaclones and vege-
tatively micropropagated plants of Lucul-
lus 234 were transferred to 53 x 28 x 6 cm
trays containing 7 kg of the Fusarium-
infested soil and control soil, respectively.
Plants were fertilized (Peters 20N-20P-
20K, 200 ppm) once per week.

Plants were harvested after 1 to 4
months, depending on the temperature and
humidity. Disease incidence was assessed
by a visual rating scale (39,48): 1 =
healthy plant, no evidence of disease
(highly resistant); 2 = few root lesions, less
than 25% diseased (resistant); 3 = moder-
ate number of root lesions, less than 50%

diseased (moderately susceptible); 4 =
many root lesions, less than 75% diseased
(susceptible); and 5 = all roots flaccid or
dead (highly susceptible). Experiments
were designed as a two-factorial experi-
ment using a randomized complete block
design with Fusarium spp. as factor A and
germ plasm entries as factor B, which is a
split plot on A. All experiments were con-
ducted at four different times and arranged
on greenhouse benches under a natural
photoperiod at 25 to 30°C. Data were
analyzed by MSTAT program for ANOVA.

Stability of resistance to Fusarium in
the more resistant somaclones. To de-
termine if the resistance in the individual
somaclones with higher levels of resis-
tance selected from the first cycle remains
stable, we maintained somaclones with
disease ratings of 1 and 2 in the green-
house for further disease screening. These
somaclones were vegetatively micropropa-
gated by the method described above ex-
cept that RTM30 medium was used for
root induction. At least 12 micropropa-
gated plants from the resistant somaclones
were rescreened for resistance to FOAS50
as described above. FOAS50 was chosen as
the screening agent in these tests because
FOAS50 was found to be the most virulent
to vegetatively micropropagated Lucullus
234 parental plants among the four isolates
tested. All experiments were conducted at
two different times as a randomized block
design in the greenhouse under the same
conditions as described above. Data were
subjected to a Student’s ¢ test.

RESULTS AND DISCUSSION

Production of somaclones. Fifteen to
30 days after initial shoots were cultured
on RM17 medium, calli were produced on
the shoots, and new shoots developed on
the calli within 30 days. Shoot production
was maintained for more than 3 years by
this procedure. When the produced shoots
were transferred into different root-induc-
ing media, shoots formed a small, compact
mass resembling a crown where thick
roots were attached, and then roots formed
from the mass. The highest average root
production (55.5%) was obtained from
shoots cultured 4 weeks in an MS medium
containing IBA at 11 mg I"' (data not
shown). Further root development was
much quicker when shoots with induced
roots were cultured in a hormone-free MS
medium, as opposed to shoots cultured in
initial root-induction media. This indicated
that IBA, which is necessary for root in-
duction, inhibited further root growth.
Rooting of shoots regenerated from pro-
toplasts in this study was not improved by
ancymidol or by increasing the concentra-
tions of sucrose in contrast to the results
reported by Chin (2) and Desjardins et al.
(10) (data not shown). Two hundred plants
were transferred into the greenhouse;
80.5% of them survived and were used as
a source of somaclones.



Vegetative micropropagation of Lu-
cullus 234. Shoots (1 to 2 cm in length)
developed from more than 90% of nodes
of spears 15 days after single-node seg-
ments were cultured on RM17 medium.
Roots appeared usually 15 to 30 days after
produced shoots were cultured in root-
inducing media. Among four different
auxins tested, IBA produced the highest
rooting of 33.3% in 1 month (Fig. 1). The
auxin 2,4-D completely inhibited root
induction (Fig. 1). The optimal concentra-
tion of IBA in the RTM 26 medium was 3
mg/liter and yielded 57.5% as the highest
average for root production 1 month after
culture (Fig. 2). One month after culture in
RTM26, all the plantlets had well-devel-
oped crowns with four to seven spears and
vigorous roots. At this stage, plants were
transferred to a hormone-free MS medium
for further shoot and root development for
1 month. Two hundred fifty-seven plants
were transferred to the greenhouse after
acclimatization as described above, and
84.4% of them survived.

Screening of somaclones for resistance
to Fusarium. For the first cycle of
screening somaclones for resistance to
Fusarium, 120 somaclones of Lucullus
234 and 120 plants of vegetatively micro-
propagated Lucullus 234 parental plants,
Sprengeri, and UC 157 were screened for
resistance to the two isolates (FOA10 and
FOAS50) of E oxysporum and the two iso-
lates (FM12 and FM49) of E proliferatum.
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Fig. 1. Effects of different auxins (IAA, IBA,
NAA, and 2,4-D), each at a concentration of 2
mg/liter, on rooting frequency (%) of the shoots
produced on RM17 medium of asparagus cv.
Lucullus 234 after 4 weeks in culture.
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Fig. 2. Effects of IBA concentrations on rooting
frequency (%) of the shoots produced on RM17
medium of asparagus cv. Lucullus 234 after 4
weeks in culture.

Both Fusarium spp. and asparagus germ
plasm had a significant (P < 0.05) effect
on disease incidence, but there was no
significant interaction between them.
FOAS0 was significantly more virulent to
all plants when compared to FOA10 (data
not shown). Somaclones were significantly
more resistant to both Fusarium spp. than
were the vegetatively micropropagated
Lucullus 234 parental plants (Table 1). Of
the 120 somaclones tested, 24.2% of them
(vs. 8.3% of the parental plants) fell into
rating scale 1, 40.8% (vs. 41.6% of the
parental plants) into rating scale 2, 15.8%
(vs. 25.8% of the parental plants) into
rating scale 3, 8.3% (vs. 10.8% of the pa-
rental plants) into rating scale 4, and
10.8% (vs. 13.3% of the parental plants)
into rating scale 5 (Table 1). Of 120 plants
of Sprengeri, 50.8% of them fell into rat-
ing scale 1, 47.5% in rating scale 2, 1.6%
in rating scale 3, and none in rating scales
4 and 5. Of 120 plants of UC 157, none of
them fell into rating scale 1, 17.5% in
rating scale 2, 40.8% in rating scale 3,
27.5% in rating scale 4, and 14.2% in rat-
ing scale 5 (Table 1). Ninety-two percent
of the somaclones and vegetatively micro-
propagated plants of Lucullus 234 and
Sprengeri remained healthy when they
were planted in noninfested soils (control
soils), and 75% of UC 157 were healthy.
The rest of the plants had a few root le-
sions (at rating scale 2) when they were
planted in the control soil (data not
shown).

To determine stability of resistance to
Fusarium in the most resistant somaclones
selected from the first cycle, we main-
tained 54 somaclones with a disease rating
of 2 or less in the greenhouse for further
disease screening. Of 54 somaclones
maintained in the greenhouse, 15 (27.7%)
developed spears that could be used as
explants for micropropagation. The 15
somaclones were then vegetatively micro-
propagated as described above. Only two
somaclones (R7 and R4) developed
healthy roots in vitro. At least 12 micro-
propagated plants each of R7 and R4 were
rescreened with FOASO in the greenhouse
by using a randomized complete block

design. Somaclonal line R7 was highly
significantly (P < 0.01) more resistant to
FOAS0 than were the vegetatively micro-
propagated Lucullus 234 parental plants.
Of 12 micropropagated plants of R7,
91.7% were rated 1 or 2, in contrast to
6.67% of the parental plants (Table 2).
Somaclonal line R4 had highly signifi-
cantly (P < 0.01) more resistance to
FOASO than did the vegetatively micro-
propagated Lucullus 234 parental plants.
Of 18 micropropagated plants of R4, 50%
of them were rated at 1 or 2, in contrast to
6.7% of the parental plants (Table 3).
These results indicated that the increased
levels of resistance of R7 and R4 to the
isolates of Fusarium spp. from the first
cycle of screening were stable after vege-
tative micropropagation. In addition, no
morphological and growth differences
between these lines and the parental culti-
var were observed.

Although Lucullus 234 was more resis-
tant to FOA10 and FM12 in comparison
with 90 other cultivars and breeding lines
of A. officinalis tested (39), our results
showed that the vegetatively micropropa-
gated plants of Lucullus 234 seed plants
were as susceptible to FOA50 as UC 157
(Tables 2 and 3).

Asparagus somaclones of Lucullus 234
expressed a higher level of resistance to
the isolates of Fusarium spp. than did the
vegetatively micropropagated Lucullus
234 parental plants after the first cycle of
screening. The vegetatively micropropa-
gated plants of two somaclones with
higher resistance levels were rescreened to
the most virulent isolate FOAS50. These
two somaclonal lines, R7 and R4, were
highly significantly more resistant than the
parental plants, indicating the maintenance
of the increased resistance in R7 and R4
lines after vegetative micropropagation.
More highly resistant somaclones were
regenerated at a high frequency of 24.2%
(vs. 8.3% in the parental plants of Lucul-
lus 234) from the moderately resistant
cultivar Lucullus 234 after the first cycle
of screening. Ninety-two percent of the
vegetatively micropropagated plants of R7
had disease ratings of 1 or 2, whereas

Table 1. Disease rating of asparagus plants screened with Fusarium oxysporum f. sp. asparagi
(isolates FOA10 and FOA50) and F. proliferatum (isolates FM12 and FM49) in the greenhouse

Mean
No. of plants in disease rating scales’ disease
Plant source 1 2 3 4 5 rating*
UC 157 (susceptible control) 0 21 49 33 17 338A
Micropropagated seed
plants of Lucullus 234 10 50 31 13 16 2.74B
Somaclones
of Lucullus 234 29 49 19 10 13 241C
Sprengeri (resistant control) 61 57 2 0 0 1.51D

¥ One hundred twenty plants of each plant source were screened at four different times. Disease was
assessed using a visual rating scale: 1 = no disease, 2 = less than 25% diseased, 3 = less than 50%
diseased, 4 = less than 75% diseased, 5 = greater than 75% diseased.

z Means of disease rating within a column with different letters are significantly different (Duncan’s

multiple range test, P < 0.05).
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93.3% of the parental plants had rating of
3 or greater. Fifty percent of the vegeta-
tively micropropagated plants of R4 had a
rating of 1 or 2, while 93.3% of the paren-
tal plants had a rating of 3 or more.

Somaclonal variation could be affecting
the resistance to Fusarium by a mutation
resulting in the addition of another resis-
tant gene or by amplification of a naturally
existing resistant gene in Lucullus 234,
although the resistant gene in Lucullus 234
has not been determined. The resistant
somaclonal lines R7 and R4 were found to
have a normal diploid (2n = 20), as did the
parental Lucullus 234 cultivar, and to have
carried DNA sequence variations that were
unique to the parental cultivar (6) and to
its somaclones susceptible to F o. f. sp.
asparagi (Y. H. Dan and C. T. Stephens,
unpublished). It is not clear whether the
resistance to the Fusarium spp. in R7 and
R4 is due to monogenic or multigenic
mutations.

Resistance to F. oxysporum is found in
15 different vegetable crops, and over half
of these are controlled by a single domi-
nant gene (18). Somaclones derived from
protoplasts of tomato were resistant to F
o. f. sp. lycopersici race 2, and this resis-
tance was due to a single dominant gene
mutation (35). Evans and Sharp (15) re-
covered 13 single-gene mutations from
230 regenerated tomato plants from leaf
explants. A tomato variety (DNAP 17)
developed from the 230 regenerated plants
expressed the resistance to F o. f. sp. ly-

copersici race 2 and had good agronomic
performance. In this case, the resistance
was the result of a single-gene, dominant
mutation (14). The mode and nature of
resistance to F. proliferatum was barely
reported. Tolerance, such as related to
plant vigor, seems to be a mechanism
against F. proliferatum (5).

In further experiments, the resistant so-
maclonal lines, R7 and R4, should be
tested in the field for resistance to
Fusarium spp. or to other biotic factors
implicated in asparagus decline, such as
asparagus virus I and II (49) and Stem-
phylium vesicarium (42), after vegetative
micropropagation or sexual propagation
by crossing with other horticulturally de-
sirable cultivars of asparagus. These resis-
tant somaclonal lines could provide a
source of increased resistance to F ox-
ysporum and F. proliferatum in an aspara-
gus breeding program.

LITERATURE CITED

1. Bajaj, Y. P. S. 1990. Somaclonal variation -
origin, induction, cryopreservation, and im-
plications in plant breeding. Pages 3-49 in:
Biotechnology in Agriculture and Forestry.
Vol. 11, Somaclonal Variation in Crop Im-
provement L. Y. P. S. Bajaj, ed. Springer-Ver-
lag, Berlin, Germany.

2. Chin, C. K. 1982. Promotion of shoot and
root formation in asparagus in vitro by an-
cymidol. HortScience 17:590-591.

3. Cohen, S. I, and Heald, E D. 1941. A wilt
and root rot of asparagus caused by Fusarium
oxysporum (Schlecht.). Plant Dis. Rep.
25:503-509.

Table 2. Disease rating of vegetatively micropropagated plants of the more resistant somaclone R7
rescreened with Fusarium oxysporum f. sp. asparagi (isolate FOA50) in the greenhouse

Mean

No. of plants in disease rating scales’ disease

Plant source 1 2 3 4 5 rating®

UC 157 (susceptible control) 0 1 9 2 347 A
Micropropagated seed plants

of Lucullus 234 0 1 12 1 1 3.13A

Micropropagated plants of
somaclone R7 of Lucullus 234 3 8 1 0 0 1.83B
Sprengeri (resistant control) 14 1 0 0 0 1.07C

Y Twelve vegetatively micropropagated plants of R7 were screened with FOAS0. Disease was as-
sessed using a visual rating scale: 1 = no disease, 2 = less than 25% diseased, 3 = less than 50%
diseased, 4 = less than 75% diseased, and 5 = greater than 75% diseased.

% Means within a column with different letters are significantly different (Student’s ¢ test, P < 0.01).

Table 3. Disease rating of vegetatively micropropagated plants of the more resistant somaclone R4
rescreened with Fusarium oxysporum f. sp. asparagi (isolate FOA50) in the greenhouse

Mean
No. of plants in disease rating scalesY di
Plant source 1 2 3 4 rating®
UC 157 (susceptible control) 0 1 5 5 3.80A
Micropropagated seed plants 0 1 7 4 3 3.60 A
of Lucullus 234
Micropropagated plants of 1 8 6 2 1 267B
somaclone R4 of Lucullus 234
Sprengeri (resistant control) 14 1 0 0 0 1.07C

Y Eighteen vegetatively micropropagated plants of R4 were screened with FOAS0. Disease was as-
sessed using a visual rating scale: 1 = no disease, 2 = less than 25% diseased, 3 = less than 50%
diseased, 4 = less than 75% diseased, and 5 = greater than 75% diseased.

% Means within a column with different letters are significantly different (Student’s ¢ test, P < 0.01).

926 Plant Disease/ Vol. 79 No. 9

10.

11.

12.

19.

20.

22.

23.

24.

. D’Amato, F. 1985. Cytogenetics of plant cell

and tissue cultures and their regenerates. CRC
Crit. Rev. Plant Sci. 3:73-112.

. Damicone, J. P,, Manning, W. J., and Ferro, D.

N. 1987. Influence of management practices
on severity of stem and crown rot, incidence
of asparagus miner, and yield of asparagus
grown from transplants. Plant Dis. 71:81-84.

. Dan, Y. H. 1994. Development of Fusarium

resistance of asparagus via tissue culture and
gene transformation. Ph.D. thesis. Michigan
State University, East Lansing.

. Dan, Y. H,, and Stephens, C. T. 1991. Studies

of protoplast culture types and plant regen-
eration from callus-derived protoplasts of As-
paragus officinalis L. cv. Lucullus 234. Plant
Cell Tissue Organ Cult. 27:321-331.

. Daub, M. E. 1986. Tissue culture and the

selection of resistance to pathogens. Annu.
Rev. Phytopathol. 24:159.

. Demarly, Y. 1986. Experimental and theoreti-

cal approach of in vitro variations. Pages 84-
99 in: Somaclonal variations and crop im-
provement. J. Semal, ed. Martinus Nijhoff
Publishers, Dordrecht, Netherlands.
Desjardins, Y., Tiessen, H., and Harney, P. M.
1987. The effect of sucrose and cymidolon on
the in vitro rooting of nodal sections of as-
paragus. HortScience 22:131-133.

Ellison, J. H. 1986. Asparagus breeding.
Pages 521-569 in: Breeding Vegetable Crops.
M. J. Bassett, ed. Avi Publishing, Westport,
Connecticut. 114:1019-1024.

Endo, R. M., and Burkholder, E. C. 1971. The
association of Fusarium moniliforme with the
crown rot complex of asparagus. (Abstr.)
Phytopathology 61:891.

. Evans, D. A. 1987. DNAP-9. Plant Variety

Protection Certificate No. 8400146.

. Evans, D. A. 1989. Somaclonal variation -

genetic basis and breeding applications.
Trends Genet. 5:46-50.

. Evans, D. A, and Sharp, W. R. 1983. Single

gene mutations in tomato plants regenerated
from tissue culture. Science 221:949-951.

. Evans, D. A, Sharp, W. R,, and Medina-

Filho, H. P. 1984. Somaclonal and gameto-
clonal variation. Am. J. Bot. 71:759-774.

. Gleason, H. A., and Cronquist, A. 1963.

Manual of Vascular Plants of the Northeastern
United States and Adjacent Canada. Van
Nostrand, New York. Page 810.

. Goth, R. W,, and Webb, R. E. 1981. Sources

and genetics of host resistance in vegetable
crops. Pages 377-401 in: Fungal Wilt Dis-
eases of Plants. M. E. Mace, A. A. Bell, and
C. H. Beckman, eds. Academic Press, New
York.

Graham, K. M. 1955. Seedling blight, a
fusarial disease of asparagus. Can. J. Bot.
33:374-400.

Grogan, R. G,, and Kimble, K. A. 1959. The
association of Fusarium wilt with the aspara-
gus decline and replant problem in California.
Phytopathology 49:122-125.

. Hartman, C. L., McCoy, T. J., and Knous, T.

R. 1984. Selection of alfalfa (Medicago sa-
tiva) cell lines and regeneration of plants re-
sistant to the toxin(s) produced by Fusarium
oxysporum of sp. medicaginis. Plant Sci. Lett.
34:183.

Heinz, D. J., Krishnamurthi, L. G., Nickell, L.
G., and Maretzki, A. 1977. Cell, tissue and
organ culture in sugarcane improvement.
Pages 3-17 in: Applied and Fundamental As-
pects of Plant Cell, Tissue and Organ Culture.
J. Reinert and Y. P. S. Bajaj, eds. Springer-
Verlag, Berlin.

Krishnamurthi, M., and Tlaskal, J. 1974. Fiji
disease resistant Saccharum officinarum var.
Pindar subclones from tissue cultures. Proc.
Int. Soc. Sugar Cane Technol. 15:130-137.
Lacy, M. L. 1979. Effects of chemicals on



25.

26.

27.

28.

29.

30.

3L

32

33.

stand establishment and yields of asparagus.
Plant Dis. Rep. 63:612-616.

Lal, R, and Lal, S. 1990. Crop Improvement
Utilizing Biotechnology. Pages 1-59. CRC
Press, Boca Raton, FL.

Latunde-Dada, A. O., and Lucas, J. A. 1983.
Somaclonal variation and reaction to Verticil-
lium wilt in Medicago sativa L. plants regen-
erated from protoplasts. Plant Sci. Lett.
32:205.

Luzny, J. 1979. The history of asparagus as a
vegetable, the tradition of its growing in
Czechoslovakia (CSSR) and prospect of its
further propagation and breeding. Pages 17-
21 in: Proc. Int. Asparagus Symp. Sth. G.
Reuther, ed. Eucarpia Section Vegetables.
Geisenheim Forschungsanstalt, Germany.
Meins, F. 1983. Heritable variation in plant
cell culture. Annu. Rev. Plant Physiol.
34:327-346.

Morrison, R. A., and Evans, D. A. 1988. Bell
sweet. Plant Variety Protection Certificate No.
8700124,

Moyer, J. W., and Collins, W. W. 1983.
‘Scarlet’ sweet potato. Hortic. Sci. 18:111.
Murashige, T., and Skoog, F. 1962. A revised
medium for rapid growth and bio-assays with
tobacco tissue cultures. Physiol. Plant.
15:473-497.

Nagl, W. 1972. Evidence of DNA amplifica-
tion in the orchid Cymbidium in vitro. Cytol.
5:145-154.

Nelson, P. E., Toussoun, T. A., and Marasas,

34.

35.

36.

37.

38.

39.

40.

W. FE. O. 1983. Fusarium species: An Illus-
trated Manual for Identification. Pennsylvania
State University, University Park.

Reuther, G. 1984. Asparagus. Pages 211-242
in: Handbook of Plant Cell Culture. Vol. 2, W.
R. Sharp, D. A. Evans, P. V. Ammirato, and Y.
Yamada, eds. Macmillan, New York.

Shahin, E. A., and Spivey, R. 1986. A single
dominant gene for Fusarium wilt resistance in
protoplast-derived tomato plants. Theor. Appl.
Genet. 73:164-169.

Shepard, J. F, Bidney, D., and Shahin, E.
1980. Potato protoplasts in crop improve-
ment. Science 208:17-24.

Skirvin, R. M., and Janick, J. 1976. ‘Velvet
Rose’ Pelargonium, a scented geranium.
HortScience 11:61-62.

Smith, S. S., and Murakishi, H. H. 1993.
Restricted virus multiplication and movement
of tomato mosaic virus in resistant tomato
somaclones. Plant Sci. 89:113-122.

Stephens, C. T, De Vries, R. M., and Sink, K.
C. 1989. Evaluation of Asparagus species for
resistance to Fusarium oxysporum f. sp. as-
paragi and E  moniliforme. HortScience
24:365-368.

Stephens, C. T., and Elmer, W. H. 1988. An in
vitro assay to evaluate sources of resistance in
Asparagus spp. to Fusarium crown and root
rot. Plant Dis. 72:334-337.

. Stephens, C. T., Kusnier, J. J., III, and Haus-

beck, M. K. 1991. Control of asparagus root
rot using root dips and foliar sprays, 1990.

42.

43.

4.

45.

46.

47.

48.

49.

Fungic. Nematicide Tests 46:107.

Stephens, C. T., and Sink, K. C. 1992. As-
paragus decline syndrome and replant prob-
lems in Michigan. Pages 23-24 in: The USDA
Grant No. 88-34144-3400. Department of
Botany and Plant Pathology and Horticulture,
Michigan State University, East Lansing.
Takatori, F. H., and Souther, F. D. 1978. As-
paragus Workshop Proceedings. Department
of Plant Sciences, University of California
Riverside. Page 100.

Takatori, F. H., Souther, E D., and Legg, P. D.
1968. Plant variations in asparagus lines.
Calif. Agric. 22:7-8.

TCCP. 1987. Tissue Culture for Crops Project.
Newsl. No. 7, Colorado State University, Fort
Collins.

Toth, K. E, and Lacy, M. L. 1991. Increasing
resistance in celery to Fusarium oxysporum f.
sp. apii race 2 with somaclonal variation.
Plant Dis. 75:1034-1037.

Van Bakel, J. M. M,, and Kerstens, J. J. A,
1970. Root rot in asparagus caused by
Fusarium oxysporum f. sp. asparagi. Neth. J.
Plant Pathol. 76:320-325.

Wacker, T. L., Smither, M. L., Stebbins, T. C.,
and Stephens, C. T. 1990. Methods used to
screen for Fusarium resistance in asparagus
plants regenerated from protoplasts. Acta
Hortic. 271:331-335.

Yang, H. 1979. Early effects of viruses on the
growth and productivity of asparagus plants.
HortScience 14:734-735.

Plant Disease / September 1995 927



