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Current Challenges in
Controlling Diseases of Celery

Celery (Apium graveolens L. var. dulce
(Mill.) Pers.) originated in the Mediterra-
nean region. Although celery was origi-
nally cultivated for medicinal purposes, it
was later developed into a food and fla-
voring crop. Celery is the third most im-
portant salad crop in the United States and
is popular in most European countries (38).
It is produced year-round in California,
Florida, and Texas and during late spring,
summer, and early fall in Michigan, Wis-
consin, New York, and Ohio. Celery pro-
vides significant amounts of vitamins A
and C, calcium, and sodium, and contains
very little carbohydrate or fat, making it
popular as a diet food.

Celery is attacked by a number of im-
portant diseases that affect yield and qual-
ity. The most important in the United
States are Septoria leaf (late) blight caused
by Septoria apiicola Speg., Cercospora
leaf (early) blight caused by Cercospora
apii Fresen., northern bacterial blight
caused by Pseudomonas syringae pv. apii,
and the soilborne disease Fusarium yellows
caused by Fusarium oxysporum f. sp. apii
(R.R. Nelson & Sherb.) W.C. Snyder &
H.N. Hans. race 2 (40). Septoria leaf blight
is more important in northern states; Cer-
cospora leaf blight is more important in
southern states (especially Florida); bacte-
rial blight is important in all celery-grow-
ing states; and Fusarium yellows is a lim-
iting factor in celery production in all
states except Florida. Recent events have
drawn attention to these four diseases and
have led to new and important information
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on all of them. We discuss the current state
of knowledge on these four diseases below.

Septoria Leaf (Late) Blight

Septoria leaf blight, caused by S. apii-
cola, is an important foliar disease of cel-
ery in the United States and in the world
(40). Symptoms include irregularly shaped
spots of necrotic tissue on leaves, in which
are embedded spore-containing, flask-
shaped structures called pycnidia (Fig. 1).
The presence of pycnidia in leaf spots is an
important characteristic used to distinguish
Septoria leaf blight from Cercospora leaf
blight. These pycnidia appear to the un-
aided eye similar in size and color to grains
of ground black pepper. Septoria spp. pro-
duce long, multicellular conidia (spores)
within pycnidia in leaf or petiole tissues or
in seed coats (13,40). Each pycnidium is
capable of releasing 1,500 to 5,400 conidia
(31). Conidia within the pycnidia are sur-
rounded by a mucilaginous matrix com-
posed of proteins and sugars that swells
when the mucilage absorbs free water or is
exposed to relative humidities of 90% or
higher. The conidia and mucilage are
forced out in tendrils through a pore in the
pycnidium (17); the mucilage dissolves in
water on the leaf surface; and spores ger-
minate and infect (40).

Leaf spots expand with time and may
coalesce and eventually cause leaf death.
The disease can begin in seedlings infected
from diseased seeds or from infested debris
in soil. Conidia are spread within or be-
tween plants by splash droplets from rain-
fall or overhead irrigation and by workers
and machinery moving through the crop
when plants are wet (12). High amounts of
precipitation promote disease development
in celery (3,41). If this disease is not con-
trolled, losses can exceed 70% (27). Grow-
ers have historically applied fungicides for
control at regular 5- to 10-day intervals
(25).

In 1994, Lacy (26) reported that conidia
of 8. apiicola collected from dried infected
celery leaves did not germinate until 7 to
12 h after placement on agar plates or on
celery leaves. Time of initiation of germi-
nation was dependent on temperature and
germination medium. This is a relatively
long time for germination to begin com-
pared to many other fungi. Germination of
conidia was 20% at 21°C and 10% at 25°C
on water agar (which contains some nutri-
ents) 8 h after placement on water agar
plates. Germination of conidia did not
begin in distilled water or on celery leaves
until 12 h after placement on agar plates or
leaves. Germination was complete (95% or
higher) on water agar and reached 78 to
80% on leaves at 21 or 25°C by 36 h after

Fig. 1. Lesions caused by Septoria apii-
cola, the causal agent of Septoria leaf
(late) blight of celery.



placement on water agar or leaves. Lesions
formed on celery leaves in significant
numbers (one or more lesions per leaflet)
only after 24 h of continuous or interrupted
(12 h wet=12 h dry-12 h wet) dew within
15 days after inoculation at 21°C. Lesions
formed as early as 8 days after inoculation
following wet periods of 36 to 48 h and
reached a high of 14 lesions per leaflet
after 21 days at 21°C. A maximum of only
three lesions per leaflet formed on celery
leaves exposed to 36 to 48 h of dew at
25°C after 21 days.

Results of germination studies were used
to develop and evaluate weather-based
spray schedules for Septoria leaf blight
control. With a wetness period of 12 h or
more as a conservative threshold value for
a risk of infection, chlorothalonil sprays
were applied to inoculated field plots
weekly or after 12 h or more of wetness
(provided that no sprays had been applied
within the previous 7 days) (26). In 3 years
of trials, two fewer sprays annually were
applied using the 12-h leaf wetness thresh-
old than were applied on a weekly sched-
ule without any sacrifice in efficacy of
disease control (Table 1).

Leaf wetness sensors are available on
field weather instruments such as Environ-
caster (Neogen Food Tech, 620 Lesher
Place, Lansing, MI 48912) and Field
Monitor (Sensor Instruments Co., 41 Ter-
rill Park Drive, Concord, NH 03301),
among others. These instruments record
wetness periods and store them in memory
for later retrieval. Leaf wetness can also be
measured and recorded on a paper chart
with the deWit leaf wetness recorder
(Valley Stream Farms, Orono, Ontario,
Canada).

Cercospora Leaf (Early) Blight

Cercospora leaf blight, caused by C.
apii, is a very destructive disease of celery
in warm, humid climates. Prior to 1975, it
was not unusual for celery growers in
Florida to experience 50% or more losses
in yield to Cercospora leaf blight during
the fall and spring seasons (4,42). Crop
losses occur when blighted stalks (petioles)
or leaves have to be removed or trimmed
at harvest (42). Under extreme disease
conditions, only the celery hearts may
remain after trimming. Additionally, the
application of fungicides to control
Cercospora leaf blight is a major com-
ponent of the total cost of growing a crop
(40).

Cercospora leaf blight first appears as
small, yellow spots visible on both sides of
the leaf, which rapidly enlarge to lesions
up to 10 mm in diameter containing dead
tissue of a tan to gray color (Fig. 2). All
aboveground tissues of celery plants can be
infected by the early blight fungus, which
sporulates profusely on leaf lesions during
favorable weather conditions. The long
(200 to 400 um), narrow (3 to 5 pum), nee-
dlelike conidia are readily detached and

moved by wind for several kilometers.
Because the conidia are so easily wind-
borne, gradients of disease between areas
are seldom seen. A wider distance between
plants in the row and between rows conse-
quently has little effect on slowing the
epidemic (42). Infections take place on the
younger leaves as they are formed from the
hearts of plants and move into the upper
canopy. After an incubation period of
about 10 days, brown circular lesions
appear. By this time, new leaves have
formed, and leaves with lesions have been
forced to the periphery of the plant.
Conidia are almost always present on
diseased older leaves in the humid
understory of the crop canopy.

To avoid crop loss to epidemics of early
blight, celery growers use an intense pro-
gram of preventive sprays of efficacious
fungicides (40). During warm, rainy peri-

ods, a typical program in Florida would be
one to three applications per week (20 to
40 sprays during the 3-month life of the
crop in the field). The applications are
made with ground rigs, fixed-wing aircraft,
or helicopters.

In celery-producing areas of Florida, the
crop season is 13 months long, with stag-
gered plantings beginning with the first
seedbeds in May and ending with the har-
vest of the last crop in June of the follow-
ing year. It is during the winter period of
November to March that forecasting of
early blight can be used to reduce the num-
ber of applications of fungicides. After
1975, Florida growers were able to begin
their celery crops with transplants that
were disease-free, or nearly so, by growing
their seedlings under shade houses rather
than under cumbersome A-frames covered
with tobacco cloth. Timing sprays with

Table 1. Disease severities and yields in celery plots sprayed according to leaf wetness peri-

ods or weekly with chlorothalonil

Timing of spray Number of sprays* % Disease” Yield (kg/ha)©
Timed? 1991 5 0.1 58,581
Weekly 1991 ¢ 0.1 68,868
Nonsprayed 1991 0 45.0° 17,864¢
Timed 1992 5 0.1 51,867
Weekly 1992 7 0.0 50,204
Nonsprayed 1992 0 52.59 17,494¢
Timed 1993 5 0.0 61,600
Weekly 1993 7 0.0 59,444
Nonsprayed 1993 0 52.5° 17,864¢

* Plots were sprayed with chlorothalonil as Bravo 720 6FL at 1,753 ml/ha (1.5 pints/acre).
® Percent leaf area containing Septoria leaf blight lesions was visually estimated.

¢ Weight of celery trimmed for packing.

¢ Timed plots were sprayed after leaf wetness periods exceeded 12 h, provided that no fungi-
cide had been applied during the previous 7 days; weekly plots were sprayed weekly.

¢ Significantly different from sprayed treatments (Student-Newman-Keuhl test, P = 0.05) in a
given year. Sprayed treatments were not significantly different from each other in a given

year.

CERCOSPORA 1} \FBLIGHT

(EARLY

BLIGHT)

Fig. 2. Lesions caused by Cercospora apii, the causal agent of Cercospora leaf (early)

blight of celery.
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forecasts works best if transplants are ini-
tially free from Cercospora leaf blight.
Mature conidia of C. apii are formed on
conidiophores only during periods of high
relative humidity (95% or higher) of 10 h
or more duration at temperatures of 15 to
30°C (blight-favorable hours) (4). The
conidia on lesions in the crop overstory are
detached during the morning (0800 to 1000
hours) as temperatures rise and relative
humidity decreases, accompanied by an
increase in wind speed. Light rain may
splash conidia to vulnerable tissues in the
canopy, and heavy rain may wash conidia
from the lesions and carry them to the
ground. The optimum conditions for infec-
tion are the same as those for spore forma-
tion. Thus, the typical infection process
encompasses conidial formation at night,
dissemination the next morning, then spore
germination and infection through stomata
the following night. After a prolonged
period of cold, dry weather, two successive
nights of 10 or more blight-favorable hours
are necessary lo reinitiate the epidemic.
Environmental conditions favorable for
sporulation and dispersal were verified (4)
by the use of volumetric spore samplers
operated in commercial fields of celery in
Florida over a period of more than 1,000
trap-days (days in the field x number of
traps). The conidia of C. apii are readily
identifiable on trapping surfaces because of
their lack of color, length, needlelike
shape, sharply defined base with attach-
ment scar, and acute apex. With early
blight present in celery fields, significant
numbers of conidia were always found on
trapping surfaces when conditions were
favorable (10 or more hours of RH 95% or
higher at temperatures of 15 to 30°C).
When these conditions were not met, sig-
nificant numbers of conidia were caught

b

Fig. 3. Lesions caused by Pseudomonas syringae pv. apii, the causal agent of north-
ern bacterial blight.
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only when the crop upwind of the samplers
was disturbed by mechanical operations
(primarily cultivation or harvesting) (4).

For implementation of the forecasting
system, hygrothermograph charts are ex-
amined daily at about 0800 hours to deter-
mine the likelihood of the presence of in-
oculum for that day. If 10 or more blight-
favorable hours have occurred and if no
fungicide has been applied during the pre-
vious 3 days, then a spray is advised. Some
growers use 2-day intervals between sprays
during periods of blight-favorable weather
after midseason because large areas of
new, unprotected leaf tissue are rapidly
produced (5). Large growers of celery in
south Florida generally choose to contract
weather monitoring and scouting duties to
crop consultants. When farm managers
conduct their own forecasting, they are
frequently distracted from their monitoring
duties by the problems of labor, equipment,
and crop culture in their daily supervisory
routine.

Northern Bacterial Blight

P. 5. pv. apii was first described in 1921
as the causal agent of a foliar disease of
celery in New York State (22). Disease
symptoms on celery are characterized ini-
tially by small, water-soaked lesions
(rarely larger than 5 mm) that are roughly
circular to angular and are confined to
leaves. Lesions later become necrotic (Fig.
3) and can coalesce and cause leaf blight
and extensive leaf tissue death under con-
ducive conditions, This disease is referred
to as northern bacterial blight to differenti-
ate it from southern bacterial blight, a
similar disease caused by P. cichorii (43),
which is found predominantly in Florida.
Northern bacterial blight has been a mod-
erately important disease in the major cel-

ery-growing regions of the United States
and Canada, and causes losses mostly due
to additional trimming at harvest (40).
Prior to 1989, northern bacterial blight had
not been reported in California, although it
had been reported in other states (40). It
has since become an important disease in
California.

Celery production in California is con-
centrated in the cool coastal counties, such
as Monterey, San Benito, Santa Barbara,
and Ventura, and fields are established with
greenhouse-produced transplants. These
transplants are grown in closely spaced
plug trays in the greenhouse (Fig. 4) for 8
to 10 weeks before being planted in the
field. Growers of celery transplants in
California historically had few significant
disease problems, except for an occasional
outbreak of Septoria leaf blight. However,
in 1989, a leaf blight disease that resem-
bled northern bacterial blight was reported
from a few celery transplant houses and
production fields (23). By 1991, the dis-
ease was found in all celery-growing re-
gions of California and was most severe on
greenhouse-produced  transplants  (32).
Disease incidence reached nearly 100% in
some greenhouses (24,32), resulting in a
brown, blighted appearance in plantings.
The vigor and value of blighted transplants
was reduced, and these transplants were
occasionally rejected by growers. The dis-
ease was carried into the field on infected
transplants, but there the disease was gen-
erally confined to older leaves. However,
in fields with overhead irrigation, the dis-
ease often progressed onto younger foliage,
which resulted in additional trimming at
harvest.

Isolations made from blighted leaves
collected from transplant greenhouses and
from the field consistently yielded a white,
fluorescent bacterium that was identified as
Pseudomonas syringae based on the LOPAT
determinative tests (Levan positive, Oxi-
dase, Potato rot, and Arginine dihydrolase
negative, and Tobacco hypersensitivity
positive) (30). When tested for patho-
genicity on celery, representative strains
caused bacterial blight symptoms that were
indistinguishable from symptoms induced
by the ATCC type strain of P. s. pv. apii.
The disease was identified as northern
bacterial blight based on these results.

Fig. 4. Plug trays producing celery
transplants in a California greenhouse.



Susceptible celery cultivars and cultural
practices conducive to northern bacterial
blight development had been used in celery
transplant greenhouses before 1989, but the
disease had not been observed. Northern
bacterial blight was therefore probably
introduced recently into California, as
opposed to being a minor endemic problem
that suddenly increased in severity. A study
was initiated to determine the inoculum
sources of the blight epidemic and to iden-
tify management strategies for control.
Epiphytic populations of P. s. pv. apii and
disease development were monitored for 3
years during the transplant-growing season
(January to July) in three greenhouse op-
erations in the Salinas Valley. Epiphytic P.
§. pv. apii was not recovered from leaves
until April in each of the 3 years with a
leaf wash and dilution plating assay. Ap-
proximately 7 to 10 days after epiphytic
populations were detected on symptomless
leaves, disease symptoms were observed
on transplants.

A variety of environmental factors and
cultural practices were associated with the
buildup of P. s. pv. apii populations and the
development of northern bacterial blight in
celery transplant greenhouses. High-pres-
sure overhead irrigation caused wounding
and water congestion in leaves, which
favored infiltration of epiphytic P. 5. pv.
apii into leaves. Development of blight
was most severe on rapidly growing trans-
plants with succulent leaves. Heavy appli-
cations of nitrogen fertilizer also were
associated with extremely lush and succu-
lent foliage and persistent outbreaks of
northern bacterial blight. Longer duration
of leaf wetness periods was the only envi-
ronmental factor associated with outbreaks
of blight. These periods corresponded with
the increasing water demands of trans-
plants 6 weeks of age or older. Favorable
temperature (10 to 25°C) and relative hu-
midity (60 to 100%) conditions inside the
greenhouses provided optimal conditions
for increases in P. 5. pv. apii populations on
leaves and disease development. Secon-
dary spread of P. 5. pv. apii in greenhouses
was favored by a number of factors.
Mowing of transplants is a common prac-
tice that produces robust and uniform
plants. This practice can rapidly spread P.
s. pv. apii within and between greenhouses,
and provide wounds for entry of bacteria
into plants.

The sudden appearance of northern
bacterial blight in California may have
resulted from the introduction of P. 5. pv.
apii associated with celery seed. Thus, a
celery seed assay was developed (33) in
which the celery seed (20 g = 40,000 to
50,000 seeds) was washed in potassium
phosphate buffer for 4 h at 4°C and the
diluted seed wash solution was plated onto
a semiselective medium (KBBC) (36).
Some commercial lots of celery seed were
contaminated with bacteria at levels rang-
ing from 10 to 91 CFU/g of seed. Thus, P.

5. pv. apii can be seedborne, and seed is a
potential inoculum source for northern
bacterial blight.

The ability of P. s. pv. apii to infest cel-
ery seeds was examined in a field plot of
celery plants. Young plants were inocu-
lated with a cell suspension of the bacte-
rium. The plants developed only a few
small, inconspicuous lesions on leaves and
flower umbels, but flower umbels had high
epiphytic populations of P. 5. pv. apii (10*
to 10° CFU/g fresh weight) (33). The seeds
harvested from these plants were heavily
contaminated with the bacterium (2 x 10°
CFU/g of seed). Celery seedlings produced
with this infested seed had high epiphytic
populations of P s. pv. apii (10* to 10°
CFU/g fresh weight); therefore, the source
of this epiphytic population probably was
infested seeds.

Various seed treatments were evaluated
for the capacity to reduce bacterial con-
tamination of the experimentally infested
seed lot. Hot water treatment (50°C for 25
min) reduced contamination with P. 5. pv.
apii by 99.9% (using the seed wash assay)
and did not significantly reduce seed ger-
mination.

A number of management practices for
northern bacterial blight were developed
for celery transplant growers. To reduce
initial inoculum, celery seed should be hot
water—treated (50°C for 25 min). Planting
trays and greenhouses should be disin-
fested between celery-transplant seasons to
eliminate additional carryover inoculum.
Transplants should be irrigated at pressures
where wounding and water congestion will
not occur on leaves and during times where
subsequent periods of leaf wetness will be
shortest. Ventilation (i.e., by opening side
vents or curtains or using fans) can be used
to reduce humidity and duration of leaf
wetness in greenhouses. Heavy use of fer-
tilizers, particularly those high in nitrogen,
should be minimized. Growers can reduce
secondary spread of P. 5. pv. apii by mow-
ing transplants when leaves are dry, disin-
fecting mowers when they are moved to
different greenhouses, and removing
clipped leaf material. Movement of work-
ers between celery houses should be re-
stricted, especially when northern bacterial
blight is present and plants are wet. In
some cases, disinfection of workers’ hands,

Fig. 5. Field symptoms of a severe case
of Fusarium yellows of celery, caused by
Fusarium oxysporum {. sp. apii race 2.

and even changes of clothing, may be nec-
essary.

Beginning in the 1993 season and con-
tinuing into the 1994 and 1995 seasons,
some or all of the above strategies were
used in the three transplant operations in
the Salinas Valley. These growers experi-
enced a significant reduction in incidence
and severity of northern bacterial blight,
and major outbreaks have not occurred in
their greenhouses since these strategies
were employed.

Fusarium Yellows

Fusarium yellows was first found in a
field near Kalamazoo, Michigan, in 1914
(7). The disease caused yellowing, stunt-
ing, and withering of petioles and leaves
(Fig. 5), and a red to brown discoloration
in the water-conducting tissues of the
crown, roots, and petioles (Fig. 6). The
disease spread and grew more serious with
time, and by 1931 Fusarium yellows was
widespread in North America. Resistant
varieties began to appear about 1939, and
in 1952 an immune variety (Tall Utah 52-
70), developed from a single plant found in
screening trials, was introduced (19).
Within a few years, most of the celery
acreage in the United States was planted to
this variety and its descendants, and the
disease essentially disappeared. However,
in 1978, Hart and Endo (19) reported that
the disease had reappeared in California in
about 1959 (its first occurrence since 1937)
and was widespread by 1978. The causal
agent was identified as a new strain of the
Fusarium yellows fungus (F o. f. sp. apii).
The original strain attacked Golden Detroit
and Fordhook varieties but not Tall Utah
52-70; the new strain attacked all three

Fig. 6. Vascular discoloration in root,
crown, and basal petiole of susceptible
celery caused by Fusarium oxysporum f.
sp. aplirace 2.

Plant Disease / October 1996 1087



varieties (39). The original strain of
Fusarium was given the designation race 1,
while the new strain was designated race 2
(39). Race 1 caused disease mainly in the
older, self-blanching varieties; whereas the
newer green varieties derived from Tall
Utah 52-70 and its descendants were
highly resistant.

By 1987, Fusarium yellows was preva-
lent in California (39), Michigan (8), New
York (2), and Texas (35). By 1991, it was
also present in Canada (6,15). Florida is
the only major celery-producing area in
which Fusarium yellows is not prevalent.
Summer flooding of fields in Florida,
which results in anaerobic fermentation at
high temperatures, keeps populations of
plant parasitic nematodes in check (16). It
is possible that populations of the
Fusarium yellows fungus are also affected
in Florida. Muck soils in Michigan where
celery is grown are routinely flooded in
winter, but this has never been observed to
result in a reduction in disease level (M. L.
Lacy, unpublished).

Fusarium yellows can be spread readily
by movement of infested soil or infected
transplant seedlings (40). The fungus sur-
vives for long periods in soil as resistant
overwintering chlamydospores, even in the
absence of a susceptible celery crop. The
persistence of these chlamydospores makes
short-term crop rotation ineffective once
fungus populations have built up to the
point where serious disease occurs. At-
tempts to control the disease in production
fields with fungicides have been unsuc-
cessful (2).

Fusarium yellows incidence increased in
seedbeds, which resulted in the rapid
spread of the disease by means of infected
transplant seedlings. However, the disease
could be controlled in seedbeds with
methyl bromide fumigation or with steam
pasteurization (1). More recently, many
growers in the United States have aban-
doned seedling production in greenhouse
benches filled with soil, and switched to
plastic plug trays and clean artificial
planting media to prevent seedling infec-
tion in the transplant production phase of
celery culture.

Celery researchers quickly began look-
ing for sources of resistance to race 2 of
the Fusarium yellows fungus. In 1984,
Orton et al. (37) released a breeding line
developed at the University of California
from celeriac (Apium graveolens var. ra-
paceum) X celery crosses designated UC-1.
While UC-1 had superior resistance, its
horticultural type was not acceptable.
However, it was used successfully as a
breeding line by seed companies. Deacon
and Tall Utah 52-70 HK were the most
resistant commercially available varieties
in Michigan in 1986 (10). In 1992, Toth
and Lacy (46) reported that newer varieties
(Picador, Matador, A863, and Starlet) had
increased levels of resistance to Fusarium
yellows in Michigan. By this time, soil
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infestation levels had increased sufficiently
in many fields that Deacon and Tall Utah
52-70 HK were not producing acceptable
crops. Since then, the resistant cultivars
Picador, Peto 285, Promise, and Rocket
have been introduced and are being widely
grown in Michigan (28) as well as in other
locations. In California, additional culti-
vars such as VTR 1330, VTR 1758, PSR
10490, and Conquistador have received
favorable reviews in field trials (18).

In 1988, a novel method of introducing
resistance into existing celery varieties that
did not involve traditional breeding tech-
niques was reported (20). Individual
plantlets were induced to grow from undif-
ferentiated celery cells grown in a steril-
ized liquid nutrient broth. When these
plants were screened for their reaction to
Fusarium yellows, a wide range of resis-
tance levels was found. Some plants re-
acted in a more susceptible and others in a
more resistant way than the parent mate-
rial. This type of reaction is termed soma-
clonal variation. By selecting the most
resistant individuals, a breeding line called
UC-T3 was released (21).

Toth and Lacy (45) also used this un-
conventional breeding method to produce
variants of Tall Utah 52-70 HK that were
highly resistant compared to the moder-
ately resistant parent line. With a program
of field screening and recurrent selection,
and a vernalization technique that shortens
the normal seed generation time from 2
years to 1 year, five superior lines were
produced and field-tested with selected
growers. One selection, called MSU SHK-
5, was released to commercial seed pro-
ducers to be used directly in seed produc-
tion or as a breeding line (29). This new
line was produced in about 6 years, a
shorter time than is generally required to
produce a new variety using conventional
breeding methods. Selections from the
cultivar Florida 683, which is more horti-
culturally desirable but also more suscepti-
ble than Tall Utah 52-70 HK, have been
used in a similar program. Release of a
resistant line of Florida 683 is projected to
be about 2 to 3 years in the future.

Modifications in cultural practices also
promise to improve Fusarium yellows
management. Soil populations of the
Fusarium yellows fungus were suppressed
with amendments of onion or peppermint
crop residues in the greenhouse (9). Toth
(44) further showed that, in a field previ-
ously monocropped to celery, populations
of Fusarium in soil had dropped to levels
undetectable by means of soil dilutions
after 5 years in various vegetable crops
other than celery. In contrast, soil popula-
tions of Fusarium were 80 propagules per
gram (ppg) in the spring of 1986 (a level
high enough to cause severe damage in
susceptible cultivars) in an adjacent field
that was planted to celery continuously for
at least 20 years. After a crop of onions in
summer 1986, populations were at 94 ppg

at season’s end, but had dropped to 26 ppg
by spring of 1987. When celery followed
this onion crop in 1987, populations of the
fungus had increased to 160 ppg by the end
of the growing season. Michigan celery
growers have been encouraged to rotate
celery with onions as part of their disease
management strategy. Almost all Michigan
growers now practice this rotation. Where
rotation is used along with resistant varie-
ties, good crops of fresh market celery are
being produced in Fusarium-infested soil.

Conclusions and Outlook

Septoria leaf blight. Because of in-
creasing concerns about chemical inputs
into the environment and the cost—price
squeeze placed on growers by the high cost
of fungicide applications, it has become
important to have more efficient, lower
cost production without sacrificing good
disease control. Spray predictors allow
growers to time sprays for optimum benefit
and to skip unneeded sprays during periods
of nonconducive weather without com-
promising disease control effectiveness.
The Septoria leaf blight predictor saves
about two sprays per year compared to a
weekly schedule (Table 1). We should also
try to increase levels of resistance to
blights in celery using either traditional
breeding methods such as interspecific
crosses or nontraditional methods such as
somaclonal variation, discussed earlier in
this paper. Even partial resistance to a dis-
ease can have an additive effect in in-
creasing the effectiveness of fungicidal
disease control (14).

Cercospora leaf blight. Resistance to
early blight exists in certain celery culti-
vars (5,40), but even the most resistant
cultivars available require an intense fun-
gicide program in Florida during periods of
blight-favorable weather. Celery growers
in Florida and Texas save costs of fungi-
cidal applications during the cooler and
drier winter months with disease forecast-
ing and spray timing. However, even dur-
ing this time, occasional sprays of fungi-
cide are necessary to reduce the occurrence
of Rhizoctonia stalk rot and other diseases.
During the time when weather is very fa-
vorable for sporulation of and infection by
C. apii, epidemics of Cercospora leaf
blight can be suppressed with frequent
sprays of reduced (0.25x) rates of effica-
cious fungicides.

Northern bacterial blight. Ultimately,
the most effective control of northern bac-
terial blight will involve the production
and use of celery seed free of P. s. pv. apii
contamination. The California Crop Im-
provement Association has recently estab-
lished a set of guidelines for future pro-
duction of certified celery seed that
includes inspection of seed fields for
northern bacterial blight. A test to rapidly
diagnose blight was developed based on
the use of the polymerase chain reaction
(PCR) (34). Random amplified polymor-
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phic DNA (RAPD) analysis of P. 5. pv. apii
strains and other pathovars of P. syringae
was used to identify a unique 800-bp frag-
ment of P. 5. pv. apii DNA. The sequence
of this fragment was used to design PCR
primers that directed the amplification of a
700-bp fragment from total genomic DNA
of all P. 5. pv. apii strains tested, as well as
from extracts of boiled colonies of P. 5. pv.
apii. The bacterium was consistently de-
tected from DNA extracts prepared from
celery leaf lesions using the PCR and the P,
s. pv. apii primers, The PCR test can pro-
vide a positive diagnosis of blight in less
than 1 day, compared to the weeks or
longer that are required for a positive diag-
nosis based on isolations and pathogenicity
tests. Detection of P. s. pv. apii from con-
taminated celery seed by the PCR method
was also evaluated, but the method devel-
oped was not reliable and failed to provide
increased sensitivity compared to the seed
wash assay. The use of cultural practices,
hot water seed treatment, certification of
celery seed, and rapid diagnosis will be
important tools in future management of
bacterial blight.

Fusarium yellows. Celery production
has declined in some northern states (New
York, Ohio, and Wisconsin) because of the
inroads made by Fusarium yellows, but
Michigan is still ranked third nationally,
behind California and Florida (11). Celery
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yields in Michigan remained relatively
constant over a 5-year period from 1990 to
1995 at 47,000 to 51,500 kg/ha (420 to 460
CWT per acre), in spite of increasing inci-
dence of Fusarium yellows. Most Michi-
gan growers have abandoned monoculture
of celery and have entered into a rotation
program with onions, another crop com-
monly grown in the Midwest. This rota-
tion, along with the use of resistant culti-
vars, should enable growers to produce
celery competitively in Fusarium-infested
soils for the foreseeable future. Celery
growers in other parts of the United States
may profit from this experience.
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