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tories, Detroit, MI) that was acidified (2 ml
of 25% lactic acid per liter). Plates were
incubated in light from a combination of
cool-white and Vita-Lite fluorescent tubes
on a 12-h light-dark cycle at 24°C and
examined after 3 to 10 days for fungal
growth. Monoconidial cultures of isolated
fungi were subsequently stored on PDA
slants at 5°C. To test for possible bacterial
pathogens, small pieces of the surface-
sterilized leaf spots were aseptically ex-
cised from leaf spot margins and macerated

ABSTRACT
Koike, S. T., Henderson, D. M., and Butler, E. E. 2001. Leaf spot disease of spinach in Califor-
nia caused by Stemphylium botryosum. Plant Dis. 85:126-130.

Beginning in 1997, a new disease of spinach was found in the Salinas Valley, Monterey County,
CA. Initial symptoms were leaf spots that were 2 to 5 mm in diameter, circular, and gray-green
in color. Spots later enlarged, turned tan in color, and became dry and papery in texture, resem-
bling phytotoxicity due to agrichemicals. Although fungal signs were generally absent from the
spots, Semphylium botryosum was consistently isolated and caused identical symptoms when
inoculated onto 20 spinach cultivars. Three isolates did not cause disease symptoms when in-
oculated onto other crop plants representing 16 different genera and a Chenopodium weed spe-
cies. A fourth isolate showed similar results with the exception of small leaf spots occurring on ¢ > Me
inoculated fava bean. Isolates produced a Pleospora herbarum teleomorph after 7 monthsincu-  in 40 pl of sterile distilled water. The re-
bation at 5°C. Preliminary experiments with cell-free culture filtrates indicateghigitoxins ~ sulting suspensions were streaked onto
apparently were not produced by these isolates. This is the first report of a foliar spinach dissasgose peptone agar plates and incubated
caused bys. botryosum. at 24°C. After 3 to 5 days, these plates
were examined for bacterial growth. Non-
sterilized leaf spot pieces were also excised
and mounted in water on glass slides to
examine for bacterial streaming with a
compound microscope.

Additional keywords: pesticides, phytotoxicifpinacia oleracea

Spinach (Spinacia oleracea L.) isanim-
portant leafy vegetable grown in four ma
jor agricultura regions of Cadlifornia
southern desert valleys, southern coast,
central coast, and the central San Joaquin
Valley (21). In 1997, over 8,500 ha of fresh
market spinach were grown having a gross
value of $55.5 million, and close to 30,000
metric tons of processed frozen spinach
were produced with a gross vaue of $4.7
million (6), making California the leading
producer of spinach in the United States
(23). The California spinach crop amost
exclusively consists of flat leaf, or
“nonsavoy,” cultivars. Approximately half

such as downy mildew, caused Bgrono-
spora farinosa f. sp. spinaciae, Cladospo-
rium leaf spot, caused bgladosporium
variabile, and anthracnose,
Colletotrichum dematium (7,17,19).

Characterization of Stemphylium iso-
lates. Semphylium fungi recovered from
spinach leaf spots were grown in petri

caused by plates containing either PDA or 20% V8

juice agar (9) and incubated under lights.

In 1997, 1998, and 1999, unusual foliar After 2 weeks, small masses of mycelium
symptoms were observed on commercial were mounted in 1% Tween 20 on a micro-
spinach in the Salinas Valley. On immature scope slide and examined for morphologi-
and mature leaves, initial symptoms con- cal features. To better observe conidial
sisted of leaf spots that were 2 to 5 mm in surface textures, small amounts of myce-
diameter, circular to oval in shape, and lium were mounted in 0.05% sodium hy-
gray-green in color (Fig. 1). As the disease pochlorite on a separate slide to effect
progressed, leaf spots expanded, remainedleaching of conidial pigments.
circular to oval in shape, and turned tan in  To measure colony linear growth rates,
color. Older leaf spots coalesced, dried up,five 100-mm petri plates containing 20%

of the state’s spinach crop is produced inand became papery in texture. Leaf spotsV8 juice agar were inoculated with a 6-
the Salinas Valley, which is located in the could enlarge and result in death of signifi- mm-diameter agar plug of actively grow-
central coast region of Monterey County. cant portions of the leaves (Fig. 1). Overall ing mycelium from each of seven isolates.
The moderate climate in this coastal loca- on both fully expanded and young leaves, Duplicate sets of plates were incubated at
tion allows spinach to be grown 12 months symptoms strongly resembled the tan, 18 and 24°C. Colony diameters were
of the year. circular spots caused by pesticide and fer-measured after 4, 6, and 8 days, and a
Spinach production in the Salinas Valley tilizer spray damage (Fig. 1). Visual signs mean was derived for the measurements of
involves exceptionally high seeding rates. of fungal growth also were generally ab- each set of five plates.
Spinach grown for processed frozen, stan-sent from the spots; hence the foliar Long incubation periods often are neces-
dard fresh market, and fresh market “baby symptoms were not due to downy mildew, sary for the formation of théleospora
leaf” (harvested at the four- to five-leaf Cladosporium leaf spot, or anthracnose. perfect states ofSemphylium species
stage) products is planted at 1.9 to 3.1, 6.2The purpose of this study was to determine (15,20,34). To test isolates for the produc-
to 9.1, and 9.1 to 18.5 million viable seed the cause of this leaf spot problem andtion of the teleomorph, carrot slice agar
per ha, respectively. Such high plant densi- characterize the pathogen. A preliminary was prepared by cutting thin (<3 mm thick)

ties create conditions that may favor the report has been published (18).

development of various foliar diseases,
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MATERIALSAND METHODS
Isolation of the causal agent. Sympto-

transverse slices of raw carrot root, auto-
claving the slices in distilled water for 10

min, then adding three slices to each Extra-
Deep 100-mm-diameter petri plate (Fisher

matic leaves were surface-sterilized by Scientific Co., Pittsburgh, PA) prior to
soaking leaf pieces in 10% bleach (0.525% adding 70 ml of autoclaved 2% water agar.
sodium hypochlorite) solutions for 3 min. Additional Extra-Deep petri plates con-
Small (3 x 3 mm) sections of tissue were taining 70 ml of 20% V8 juice agar or 33%
aseptically excised from leaf spot margins malt extract agar (Difco) were also pre-
and placed into petri plates containing pared. Because cellophane strips might
potato dextrose agar (PDA,; Difco Labora- facilitate perithecial development (10,28),



autoclaved cellophane strips (2 x 4 cm) spinach cultivars at the four- to six-true-  Pathogenicity of S. botryosum to other
were placed on the agar surfaces of the V8leaf stage (Table 1). A water control was plants. To investigate the host range of the
juice and malt extract media. Separate setsncluded for each cultivar. After 2 weeks, spinach isolates o8 botryosum, conidial

of carrot slice, V8 juice, and malt extract plants were evaluated for symptom sever- suspensions of the four isolates used previ-
agar media were each inoculated with oneity according to the following scale: — = no ously were prepared and sprayed onto the
6-mm-diameter agar plug of seven isolatessymptoms; + = small (<5 mm diameter) following plants: alfalfa Medicago sativa
(three plates per isolate per medium), leaf spots; ++ = medium (>5 mm diameter) cv. DK 189), beanRhaseolus vulgaris cv.
placed into plastic boxes, then incubated inleaf spots. Isolations were conducted onBlue Lake), beetReta vulgaris cv. Early
the dark at 5, 18, or 24°C for up to 10 representative leaf spots to confirm the Wonder), carrot@aucus carota subspsat-
months. An additional set of inoculated presence of the pathogen. The experimentivus cv. World Vision), endive Gichorium
plates was incubated following a protocol was conducted twice. endivia cv. Frisee), fava bean/tia faba
similar to that developed by Leach (20):

inoculated plates were incubated in the o . ) ) .

dark at 5°C for 10 days and then incubatedTable 1. Pathogenicity o&temphylium botryosum to various spinach cultivars

in the dark at 18°C for the remainder of the Disease rating for Stemphylium isolates and controlY
experiment.  Observations  were  made gin.h cuyltivar? 98-01 98-03 98-04 98-07 Water

monthly.
Pathogenicity of Stemphylium botryo- ~ Flat leaf

sum isolates to spinach. To test for patho- ~ Bolero +* e +* ++ -
ici i ; : Nordic IV ++ ++ ++ ++ _
genicity on spinach, eight representative o, - Tt . ot N ~
isolates ofS bo.tryosum were grown for 4 Poncho — + -+ + _
weeks on V8 juice agar plates under the Rushmore + -+ + + _
12-h light—dark regime. Conidial suspen- Shasta ++ ++ ++ ++ _
sions (16 conidia per ml) were prepared Space + ++ ++ ++ -
and sprayed with a hand-held mister until Spinnaker ++ ++ + ++ -
runoff onto 24 spinach (cv. Bolero) plants SPringfield ++ ++ ++ ++ -
Unipak 131 ++ ++ ++ ++ -

at the four- to six-true-leaf stage. Plants '
were incubated in a humidity chamber S€mi-savoy

maintained at 100% relative humidity (RH) -Sr{?)ikum : o o : -
for 72 h and then incubated in a green- gg ;¢ ++ — ++ -+ _
house (20 to 24°C). Control plants were gg.130 + + + + _
sprayed with distilled water and handled in 8g-212 ++ ++ ++ ++ -
the same way. If symptoms developed on 88-310 ++ ++ ++ ++ -
inoculated plants, isolations were con- 90-252 ++ ++ ++ ++ -
ducted as previously described. The in- 91-248 ++ ++ ++ ++ -
oculation and isolation experiments were Savoy
conducted three times. Vienna + + + + -
Samish ++ ++ ++ ++ _

To evaluate the responses of various
spinach cultivars to the pathogen, conidial ¥ Plants were evaluated after 2 weeks for disease severity by using the following rating scale: — = no
suspensions of four isolates (98-01, 98-03, symptoms; + = small (<5 mm diameter) leaf spots; ++ = medium (>5 mm diameter) leaf spots. The
98-04, 98-07) were prepared as previouslyz EI?ClIJIattlons weret (iﬁm?d outt two t;mesI anfd tthe reSLrl\ItS for the two t?s:s(;/ver_:ehthe s_z_mle. )

; plants were at the four- to six-true-leaf stage when spray inoculated with conidial suspensions
described and spraye_d onto 12 plants each (10* conidia per ml). Controls were sprayed with sterile water. Plants were incubated in a humidity
of 10 flat leaf, 8 semi-savoy, and 2 Savoy chamber for 72 h, then maintained in a greenhouse (20 to 24°C).

B0 o s R

Fig. 1. Stemphylium leaf spot of spinach caused by Stemphylium botryosum. A, Initial symptoms consist of circular, gray-green leaf spots. B and C, In
advanced stages of the disease, |eaf spots are light tan and papery in texture and coalesce. Sporulation of the pathogen is generally absent. D, Infections on
young spinach foliage can result in significant leaf death. E, Phytotoxicity from herbicide drift, pictured here on spinach and weed leaves, resembles
Stemphylium leaf spot. F, Conidia of S. botryosum from 21-day-old V8 juice agar cultures (images were photographed at x400).
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cv. Bdll), lettuce (Lactuca sativa cvs. Es- were incubated for 21 days at 23°C. The fungal growth, and leaf spot cut edges
meralda, Green Supreme, Green Towers, liquid medium was that of Karr et al., as lacked bacterial streaming. No bacteria
Red Sdad Bowl, Sdinas), landino clover modified by Barash et al. (3,16). Four were recovered from the leaf section sus-
(Trifolium repens), lupine (Lupinus Russell’s spinach isolates (98-01, 98-03, 98-04, 98- pensions streaked onto sucrose peptone
Mix), onion (Allium cepa cv. Stockton Early  07) were prepared in this way as well as agar plates. However, a fungus was con-
Yellow), parsley Petrosdinum crispum cv. two controls: a culture of &emphylium sistently isolated from leaf spot tissue
Moss Curled), pea P{sum sativum cv. sp. isolated from alfalfa leaves, and plated onto acidified PDA. Monoconidial
Alaska), radish Raphanus sativum cv. uninoculated culture medium. cultures of representative isolates were
Scarlett Globe), sugar be@®ga vulgaris cv. After 21 days, cell-free culture filtrates stored on PDA slants at 5°C for further
Spreckels), yellow sweet cloveM@ilotus (CFCFs) were prepared by successively studies.
officinalis), tall fescue Festuca arundinacea filtering each culture through two layers of ~ Characterization of Stemphylium spp.
cv. Apache 1), and tomatoLycopersicon cheesecloth, Whatman no. 2 filter paper, isolated from spinach. All isolates of
esculentum cv. Shady Lady) (Table 2). A and a millipore filter (0.2-um pore size). Semphylium recovered from symptomatic
Chenopodium weed, nettleleaf goosefod®.(  The resulting solutions were applied to spinach leaves were morphologically
murale), was also inoculated. Spinach (cv. potted test plants by first making a cluster similar. When incubated on PDA under
Bolero) was inoculated as a positive control. of five to six puncture wounds on adaxial lights, isolates produced dense aerial my-
Water served as a control for all plants. The leaf surfaces with a syringe needle, then celium that was green-brown to green-gray
plants used in this experiment were selectedapplying 30 pl of solution to the top of in color, interspersed with large patches of
becauses. botryosum has been reported as a each wound. For each cultivar tested, four white mycelium, and lacked conidia. How-
pathogen (1,9,12,14,22,25-27,29,31,37) orfully expanded and four immature leaves ever, on V8 juice agar incubated under
they were closely related to spinach (beet,were treated. After treatment, plants were lights, the isolates produced dark green-
sugar beet, nettleleaf goosefoot). Diseasekept in a greenhouse (20 to 24°C) for ob- brown mycelium and abundant conidia
symptoms were evaluated after 2, 3, and 4servation. Test plants were 7 to 8 weeksafter approximately 10 days. Conidio-
weeks using the same rating scale asold and were the following: bean (cv. Blue phores were mostly unbranched, 5 pm
described for the spinach pathogenicity tests.Lake), cauliflower Brassica oleracea var. wide, with distinctly swollen apical cells (7
The experiment was carried out twice. botrytis cv. Icecap), lettuce (cv. Alpha), pm wide) having darkly pigmented bands
Examination of phytotoxin produc- spinach (cv. Spinnaker), and tomato (cv. (Table 3). Dictyoconidia were brown col-
tion. Because some isolates &tem Shady Lady). Leaves were examined at 12,ored, broadly ellipsoidal to broadly ovoid,
phylium produce phytotoxins (3,5,8), we 24, 48, and 72 h for symptoms of phyto- and borne singly (Fig. 1). A conspicuous
tested the spinach isolates $fbotryosum toxic damage. The experiment was com- constriction was present at the median

for production of toxic substances. Liquid pleted twice. transverse septum. Outer conidial walls
fungal cultures were grown by placing five had verrucose ornamentation. Conidia
mycelial plugs per isolate into 300 ml of RESULTS dimensions were mostly 19 to 28 x 14 to
sterilized culture medium in 3-liter low- Isolation of the causal agent. Leaf spot 19 pm, and the mean length:width ratio

form flasks. Flasks were not shaken and surfaces generally did not have visible was 1.46 (Table 3). The fungus was identi-
fied as Stemphylium botryosum Wallroth
(4,11,13,24,32-34,38). For seven isolates,

Table 2. Pathogenicity of Stemphylium botryosum to various commercial crops and Chenopodium mean colony linear growth rates at 18 and

murale 24°C were 0.62 and 0.85 cm/day, respec-
- - — N tively (Table 4).
Disease rating for Stemphylium isolates and control Stock cultures ofS botryosum, stored

PlantY Cultivar? 98-01 98-03 98-04 98-07 Water Continuous|y at 5°C on PDA S|antsl devel-
Alfafa DK 189 - - — - — oped mature ascospores after 7 to 8
Bean Blue Lake - - - - - months. However, none of the isolates
Beet Early Wonder - - - - - cultured on either carrot slice, V8 juice, or
Carrot World Vision - - - - - malt extract medium formed ascospores
Egg;vgean Fg:ﬁ’e - - - A - after 10 months incubation at 5, 18, or
Lettuce Esmeralda _ _ _ _ _ 24°C. Plates incubated at 24°C contained
Lettuce Green Supreme _ _ _ _ _ only mycelium; plates incubated at 5 or
Lettuce Green Towers - - - - — 18°C had a few structures that appeared to
Lettuce Red Salad Bowl - - - - - be ascomata but which lacked asci. The set
Lettuce Salinas - - - - - of plates incubated first at 5°C for 10 days
Landino clover n.a. _ - - - - - then at 18°C for 9 months likewise con-
Lupine Russell's Mix - - - - - tained only a few immature ascomata. In
gg:g{; y S,vtl‘;cs';t%”uﬁ;;'y Yellow - - - - - all plates, such structures formed randomly
Pea Alaska _ _ _ _ _ or in concentric rings and were not associ-
Radish Scarlett Globe _ _ _ - _ ated with the cellophane strips.

Sugar beet Spreckels - - - - - Ascospores produced from PDA slants
Sweet clover  n.a. - - - - - of all isolates were similar in appearance
Tall fescue Apache II - - - - - and morphology (Table 3). Mature asco-
Tomato Shady Lady - - - - - spores were dictyospores, clavate with

Chenopodium murale - - - - —

: rounded ends, and brown in color. Asco-
Spinach Bolero ++ ++ ++ ++ _

spores consistently had seven transverse

* Plants were evaluated after 2, 3, and 4 weeks for disease severity by using the following ragepta, usually one complete longitudinal
scale: — = no symptoms; + = small (<5 mm diameter) leaf spots; ++ = medium (>5 mm diametgshtum extending along the length of the
leaf spots. The inoculations were carried out two times and the results for the two tests Werestﬁlsre, and several incomplete longitudinal

same. T .
Y All plants were at the four- to six-true-leaf stage when spray inoculated with conidial suspensi &ta' Conidia dimensions were 33 t0 36 x
to 14 pm (Table 3). The fungus was

(10* conidia per ml). Controls were sprayed with sterile water. Plants were incubated in a humid . '
chamber for 72 h, then maintained in a greenhouse (20 to 24°C). identified asPleospora herbarum (Fries)
Zn.a. = not applicable. Rabenhorst (4,13,33-35).
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Pathogenicity of S. botryosum to
spinach. When eight representative
spinach isolates were inoculated onto
spinach cv. Bolero plants, circular, gray-
green leaf spots developed after 1 week
and were similar to those observed on
diseased plants in the field. By the sec-
ond week, these spots turned the char-
acteristic tan color and generally lacked
any visible signs of fungal infection.
Semphylium  fungi  morphologically
similar to the original isolates were con-
sistently isolated from the leaf spots and
after characterization were confirmed to
be identical to the original isolates.
None of the control plants treated with
sterile distilled water developed symp-
toms. Results from the three experi-
ments were consistent.

All 10 flat leaf, 8 semi-savoy, and 2 sa-
voy spinach cultivars developed leaf spots
after 2 weeks when inoculated with four
isolates of S. botryosum. Symptoms were
similar to those observed in commercia
fields. Differences in disease severity
among the cultivars were slight, with cvs.
Polka, Space, and Spinnaker exhibiting
slightly smaller leaf spots than other culti-
vars when inoculated with isolates 98-07,
98-01, and 98-04, respectively (Table 1).
The savoy cv. Vienna had smaller leaf
spots than other cultivars when inoculated
with all four isolates. None of the control
plants treated with sterile distilled water
developed symptoms. Results from the two
experiments were similar.

Pathogenicity of S. botryosum to other
plants. After 2, 3, and 4 weeks, disease
symptoms did not develop on the 21 se-
lected plants and one weed species inocu-
lated with four representative isolates.
However, one isolate (98-07) caused small

Examination of phytotoxin produc-
tion. None of the CFCFs of the four iso-
lates of S. botryosum caused any symptoms
of phytotoxic damage to punctured |leaves
of the five plant cultivars after 72 h. Like-
wise, the CFCFs of the Semphylium sp.
from afalfa and sterile culture medium did
not cause any symptoms. Results from
both tests were the same.

DISCUSSION

This is the first report of Stemphylium
leaf spot of spinach caused by S botryo-
sum. We have placed a voucher specimen
in the University of California Herbarium
(accession no. 1,726,619). The only previ-
ous report of a Semphylium species asso-
ciated with spinach indicated that the fun-
gus caused spinach seed mold (2,12).
While S botryosumis usually considered a
saprobe or weak pathogen, our studies
demonstrated that the spinach isolates were
primary pathogens and can cause signifi-
cant damage. The disease occurred in spo-
radic outbreaks in various fields in coastal
California beginning in 1997 and each year
thereafter. Our spinach isolates apparently
do not produce a phytotoxin; however,
additional research is needed to confirm
this preliminary observation.

Stemphylium leaf spot on mature foliage
in the field could be confused with initial
symptoms of Cladosporium leaf spot or
phytotoxic damage caused by pesticide
sprays or fertilizer applications. Prior to
1997, the University of California Coop-
erative Extension Diagnostic Laboratory in
Salinas had received samples of spinach

having symptoms resembling those of
Stemphylium leaf spot; however, because
of the close resemblance to chemica burn,
such samples were not further analyzed. It
is possible, therefore, that Stemphylium
leaf spot had occurred in California prior to
1997 but was misdiagnosed as chemical
damage.

S botryosum is reported as a leaf spot
pathogen on numerous crops, including:
dfalfa, bean, beet, cotton, fava bean, let-
tuce, landino clover, lupine, onion, parsiey,
pea, sugar beet, sweet clover, and tomato
(1,2,9,10,12,14,22,25-27,29-31,36,37).

This fungus is also associated with seed
and other tissues of various crops (carrot,
radish, tall fescue) (12). However, when
the spinach isolates & botryosum were
inoculated onto cultivars of many of these
crops, symptoms did not develop. On the
basis of these inoculation experiments, it
appears that this spinach pathogen has a
narrow host range and does not infect
plants other than spinach. The spinach
isolates may be a distinct forma specialis
within S botryosum, although additional
investigations would be appropriate to
confirm this conclusion. Previous forma
specialis designations have been suggested
for other Semphylium pathogens, such as
S botryosum f. sp. lactucae for isolates
infecting only lettuce (26) an& botryo-

sum f. sp.lycopersici for isolates infecting
only tomato (30).

In identifying this spinach leaf spot
pathogen asS. botryosum Wallroth, we
have followed Wiltshire (38), who had
examined Wallroth’s holotype and fur-

Table 4.Colony diameters and linear growth rates of Stemphylium botryosum

(<2 mm diameter) leaf spots on fava bean Mean + s colony diameters (cm) Linear growth

(Table 2). All spinach controls developed ~ Temp. Day 4 Day 6 Day 8 rate (cm/day)
leaf spots similar to those observed inother  18°C 2.17 +0.20 3.60 +0.14 4.65 + 0.24 0.62
experiments. Semphylium fungi morpho- 24°C 3.83+0.14 5.59 +0.21 7.24+0.22 0.85

logicaly similar to the original isolates
were isolated only from the spinach con-
trols and the fava bean inoculated with
isolate 98-07. None of the control plants
treated with sterile distilled water devel-
oped symptoms. Results from both ex-
periments were similar.

Y Five V8 juice agar plates for each of seven isolates were inoculated with a 6-mm-diameter agar
plug of actively growing mycelia. Sets of plates were incubated at 18 and 24°C. Colony diameters
were measured at 4, 6, and 8 days, and a mean was derived for the measurements of each five-plate
set. For each temperature and time period, measurements for the seven isolates were combined into
a mean + s, with s = standard deviation of the mean.

Z Linear growth rate was calculated by determining the differences in diameter between 4 and 8 days
growth and dividing these values by 4 (number of days between measurements).

Table 3. Dimensions of conidia of Semphylium botryosum and ascospores of Pleospora herbarum

Isolate measurements (um) Isolate

Structure? 98-01 98-03 98-04 98-07 means
Conidia

Length (19-) 19-28 (-31) (19-) 25-28 (-33) (19-) 19-28 (-31) (19-) 22-28 (-31) 25

Width (14-) 14-17 (-19) (14-) 17-19 (-19) (11-) 14-19 (-22) (14-) 17-19 (-22) 17

Mean length/width ratio 1.50 1.45 1.44 1.43 1.46
Conidiophores

Width 5 5 5 5 5

Apical cell width 7 7 7 7 7
Ascospores

Length (31-) 33-36 (-39) (33-) 33-39 (-39) (31-) 33-36 (-39) (31-) 33-36 (-36) 35

Width (11-) 11-14 (-14) (11-) 11-14 (-17) (11-) 11-14 (-14) (11-) 11-14 (-14) 13

2 Fungal structures were taken from either 4-week-old V8 juice agar plates (Stemphylium botryosum conidia and conidiophores) or 8-month-old potato
dextrose agar slants (Pleospora herbarum ascospores). For each isolate, 50 spores and 20 conidiophores were measured.
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nished illustrations from that origina
specimen. Wiltshire also examined Stem-
phylium samples of other researchers and
listed some of these fungi as synonyms of
S botryosum. Although his sketches of the
holotype show great uniformity in conidial
morphology, his writings indicate that he
held a very broad view of the species, d-
lowing for much variation in conidia size
and the effects of environment on conidial
morphology. Our isolates fit descriptions
and illustrations of the holotype as re-
corded by Wiltshire and other mycologists
(24,38).

Regarding the teleomorph, Wiltshire
recognized Pleospora herbarum (Fries)
Rabenhorst as the perfect stage of S bo-
tryosum and also observed that Pleospora
perithecia were on the same stem and as-
sociated with Wallroth’s type. In the case
of the spinach pathogen, ascomata and
ascospores have been observed to form
only in culture on agar in tubes, in dark-
ness, at 5°C, after 7 to 8 months. Ascomata
are very large and extremely irregular in
shape. Simmons (34) has redefined one
species . herbarum) and created a new
species R. tarda Simmons) based upon
maturation times of ascomata and dimen-
sions of ascospores. The difficulty with
this proposed arrangement is that the spin-
ach isolates do not fit well in either cate-
gory. Our isolates mature their ascocarps
slowly and in this respect resembfe
tarda. The same isolates, though, have
ascospore dimensions that more closely fit
P. herbarum. Hence we have little confi-
dence in assigning a teleomorph name to
the spinach pathogen, although the history
of S botryosum, which allows for wide
variation, suggests we ude herbarum
Rab. Note that Simmons (34) mak8&s
botryosum the anamorph oP. tarda. It is
evident that additional study and examina-
tion of many more isolates from various
hosts would be necessary to further define
the taxonomic relationships of such a vari-
able genus.

Following the spring rains in 2000,
Stemphylium leaf spot again developed in
limited acreage in coastal California spin-
ach fields. This continued occurrence per-
haps indicates that the pathogen is becom-

ing established in the state. Although no 10.

study has yet examined the epidemiology
of Stemphylium leaf spot of spinach, the

development of this disease during the rainy 11

season and in fields irrigated with overhead
sprinklers indicates that splashing water and

free moisture likely aide in the distribution 12

of S botryosum conidia and create con-
ditions favorable for infection and disease

development. While downy mildew and 13.

Cladosporium leaf spot are typically the
most destructive diseases of the spinach
crop, the addition of Stemphylium leaf spot

adds yet another challenge that California 14

growers must overcome in producing high-
quality, defect-free spinach.
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