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Effect of media and temperature on sporulation of Septoria apiicola, and of
inoculum density on septoria blight severity in celery

I. W. Mudita and A.C. Kushalappa
Department of Plant Science, Macdonald Campus of McGill University,
21 111 Lakeshore Rd., Sainte-Anne-de-Bellevue, Québec, Canada H9X 1CO

(Received 1991-05-07; accepted 1991-09-23)

The number of conidia produced by Septoria apiicola was quantified on seven media incubated at 20°C. Conidia were
produced abundantly on celery agar (CA) and celery potato dextrose agar (CPDA) after 12 days of incubation. In general,
media containing celery decoction, including cleared V8 juice agar (CVA), produced more conidia than those without
celery decoction. The number of conidia and the colony area produced per plate on CA increased with increase in
temperature up to an optimum temperature and then decreased markedly. A second-order linear regression equation
explained 99% of the variation in the number of conidia produced on CA plates incubated at temperatures ranging from
15 to 30°C, with the predicted optimum temperature of 22.4°C. Ninety eight percent of the variations in the colony area
were explained by a linearized BETE-equation with the predicted optimal temperature of 22.7°C. Blight severity in celery
(Apium graveolens var. dulce ) increased with increase in inoculum density. For inoculum density ranging from 5-140
conidia/cm?’ of leaf surface, 92% of the variations in the number of lesions per leaf, pooled from two experiments, were
explained by a second-order linear regression equation. The model was less reliable for inoculum densities less than 17
conidia/em’ of leaf surface.

Mudita,.W.,and A.C. Kushalappa. 1991. Effect of media and temperature on sporulation of Septoria apiicola, and
of inoculum density on septoria blight severity in celery. PHYTOPROTECTION 72: 97-103.

Nous avons étudié la production de conidies du Septoria apiicola sur sept milieux gélosés a 20°C. Apres 12 jours
d’incubation, la production de conidies fut abondante sur les géloses d’infusion de feuilles de céleri seules (CA) ou
additionnées de pomme de terre dextrosée (CPDA). En général, les géloses contenant des extraits de la plante hote, incluant
le jus V-8 (CVA), ont produit davantage de conidies que les autres géloses. Le nombre de conidies par boite et la surface
des colonies ont augmenté au fur et a mesure que la température augmentait jusqu’a un maximum puis a diminué
rapidement. Un polyndme du deuxiéme degré a expliqué 99% de la variation du nombre de conidies par boite. La
température optimale prédite par le modele fut de 22,4°C. Un modele BETE linéarisé a expliqué 98% de la variation de
la surface des colonies. La température optimale prédite par le modele fut de 22,7°C. La gravité de I’infection sur des
feuilles de céleri (Apium graveolens var. dulce ) a augmenté au fur et a mesure que la concentration de 1’inoculum
augmentait. Un polynome du deuxiéme degré a expliqué 92% de la variation du nombre de 1ésions par feuilles pour des
concentrations de 5-140 conidies/cm? de feuille. Néanmoins, les prévisions du modéle furent moins fiables pour des
concentrations inférieures a 17 conidies/cm? de feuille.

1987), but an efficient management strategy is
not presently available. In order to develop a
more efficient and environmentally sound ma-
nagement practice for septoria blight, better
understanding of the various biological aspects
of the pathogen and the disease is necessary.

Introduction

Celery [Apium graveolens L. var. dulce
(Mill.) Pers.] is an economically important
vegetable crop in Québec. Grown mainly in the
muck-soil region of the province, it was valued
at$ 5.4 million for a total production area of 406

ha in 1989 (Statistics Canada 1990). Septoria
blight, induced by Septoria apiicola Speg.,
threatens the crop in years of abundant rainfall
or where overhead sprinkler irrigation is used,
conditions that provide long durations of wet-
ness required for infection (Berger 1970). The
pathogen produces chlorotic spots on leaf lam-
inae and later on petioles. The lesions enlarge
rapidly and turn necrotic (Dixon 1981). When
the disease is severe, the entire crop may be lost
(Sherf and MacNab 1986). To reduce this risk,
early and frequent fungicide applications are
recommended to manage the disease (CPVQ
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The information available on factors in-
fluencing the production of conidia of S. apii-
cola is scarce. Sheridan (1968) produced coni-
dia on potato dextrose agar but Wolcan (1987)
obtained abundant conidia using Fries modi-
fied agar and V8 juice agar. Similarly, the
relationship between inoculum density and
blight severity is also not clearly understood.
Berger (1970) reported that the number of le-
sions produced by S. apiicola increased with
increase in inoculum concentration but at very
high inoculum concentrations the number of
lesions was reduced. More information on pro-
duction of conidia of S. apiicola and the effect
of inoculum density on blight severity is re-



98 PHYTOPROTECTION 72 (3) 1991

quired to study specific environmental factors
critical for blight development.

The objectives of this study were to select a
suitable medium and temperature level for in-
oculum production, and to model the effect of
inoculum density on the number of lesions
produced by S. apiicola.

Materials and methods

Production of inoculum. S. apiicola was
isolated from a diseased celery plant collected
from a commercial field in Sainte-Clotilde,
Québec, in 1989. The isolate was used to inoc-
ulate plants grown in the greenhouse from
which one diseased leaf was selected for further
isolation. The leaf was cut into discs and the
discs were surface disinfected by immersing in
1% NaOCI for 2 min. After being rinsed, the
discs were suspended in sterile water for 10-15
min to release the conidia. The suspension of
conidia was diluted to approximately 1 000
conidia/mL and 5 mL of the suspension was
dispersed on water-agar medium in a Petri
plate. Following overnight incubation at 20°C,
one germinating conidium was transferred into
each of five plates of celery-agar medium and
incubated at 20°C and a 16-h photoperiod in a
growth chamber (Forma Scientific Model
3740) for 12 days. Only the conidia cultured in
this medium were used in all the experiments,
with no subsequent sub-culturing.

Inoculum for all experiments was obtained
by flooding 12-day-old culturcs with 2 mL
sterile distilled water. After 10-15 min, the
resulting suspensions of conidia were filtered
through two layers of sterile muslin cloth and
the concentration of the suspensions was deter-
mined using a hemacytometer.

Preparation of media. Media tested were
potato dextrose agar (PDA), potato dextrose
peptone agar (PDPA), cleared V8 juice agar
(CVA), celery agar (CA), celery dextrose agar
(CDA), celery peptone agar (CPA), and celery
potato dextrose agar (CPDA). PDA and CVA
were prepared as recommended by Tuite (1969)
and PDPA by following the method of Louis
and Cooke (1985). CA was prepared by adding
320 mL of celery decoction into 680 mL of
water containing 12 g bacto-agar (Difco). Cel-
ery decoction was prepared from 50 g of shred-
ded celery leaves steamed in 500 mL distilled
water for | h. CDA and CPA were prepared by
adding 5 g dextrose and 2.5 g peptone, respec-

tively, into 250 mL CA. CPDA was prepared
from CA by replacing bacto-agar with dehy-
drated bacto-PDA (Difco). All media were
autoclaved for 20 min at 100 kPa and then were
adjusted to a pH of 5.0 with 25% lactic acid.

Inoculation, incubation and quantifica-
tion of conidia. Five 10-uL droplets of conid-
ium suspension were dispensed onto each plate
(100mm x 15 mm) using a digital micropipette
(Eppendorf). Inoculum concentrations used
for media and temperature experiments were
200000 and 150000 conidia/mL, respectively.
Forthe mediacxperiment, plates were incubated
at 20°C in the growth chamber (Forma Scien-
tific Model 3740) for 12 and 18 days whereas
for the temperature experiment, plates were
incubated at 15°,20°, 25° and 30°C for 12 days.
Two 15-W cool black fluorescent tubes posi-
tioned at 0.3 m above the cultures provided the
lighting for a photoperiod of 16 h. There were
four and three replicates for the media and the
temperature experiment, respectively.

After incubation, 15 mL of 1% formalde-
hyde with 0.01% Tween-80 in sterile distilled
water was poured into each plate. Fifteen min-
utes later, the resulting suspension of conidia
was then filtered using two layers of muslin
cloth. The number of conidia in each suspension
was counted, four counts per suspension, with
the aid of a hemacytometer. The shape of the
conidia was also noted. Colony diameter was
measured at five random directions per colony
and the colony arca was calculated based on the
average value.

Preparation and inoculation of plants.
Transplants of celery cv. Florida 683 werc
produced by placing one seed on the surface of
each cell of a seedling tray previously filled
with Profi-Mix B type VPW 30 (a mixture of
peat moss, dolominitic lime stone, perlite, and
vermiculite) and then lightly covered with a
layer of fine sand. The seedling tray was then
placed in a growth chamber (Conviron Model
E15) adjusted to a 22°C day/18°C night tem-
perature anda 14-h photoperiod. Aftersix weeks,
seedlings were transplanted into plastic pots
(12-cm deep, 12-cm upper-internal diameter)
filled with a mixture of 2/3 part (v/v) soil
containing 20% organic matter, 1/6 part peat,
and 1/6 part perlite. Potted plants were main-
tained in a growth chamber and were watered
daily. A 15-15-18 fertilizer (Plant-Prod) pre-
paredat0.3 g/L was applied daily along with the



irrigation water. CaCO, was applied twice a
week at 8 g/L to prevent black-heart disease.

At the sixth-leaf stage, three fully expanded
leaves per plant were tagged for blight monitor-
ing. Plants were inoculated using an automatic
spray chamber (Incom Int.). The canopy level
was placed at 1.3 m below the solid-cone-type
spray nozzle which moved horizontally. Prior
to spraying each suspension, at a constant pres-
sure of 172 kPa, the speed of nozzle movement
was adjusted to deposit 140, 70, 35.5, 17.5, 8.8,
and 4.4 conidia/cm? from inoculum suspen-
sions of 80 000, 40 000, 20 000, 10 000, 5 000,
and 2 500, respectively. The density of deposition
of conidia was determined by placing three
water-agar plates (100 mm x 15 mm) at the
canopy level and the counts were made on four
1-cm? circles per plate. The actual number of
conidia deposited from each suspension was
140.04, 69.98, 35.02, 17.51, 8.76, and 4.80,
respectively. After spraying the inoculum, each
plant was enclosed in a transparent plastic bag
and placed in the growth chamber (Incom Int.)
maintained at 20°C for 72 h. The bags were then
removed and the plants were transferred into
the greenhouse and arranged according to a
randomized complete block design on a bench.
Lesions were counted daily on the three-tagged
leaves after their first appearance until they
began to coalesce. The experiment was con-
ducted twice.

Data analyses. Analysis of variance was
performed on the number of conidia and the
colony area from the media experiment. The
Duncan’s new multiple range test was used to
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separate treatment means. Regression analysis
was used to model the effect of temperature on
the number of conidia and on the colony area
and the effectof inoculum density on the number
of lesions. A second model considered appro-
priate for the temperature experiment is the
BETE-function (Analytis 1977). The linear-
ized form of this function was fitted to the
proportion of maximum number of conidia and
to the proportion of maximum colony area. For
the number of lesions, the analysis was carried
out on the data from the individual experiment
and also on the pooled data. All analyses were
conducted using SAS/STAT™ software for
IBM-PC (SAS Institute Inc. 1987).

Results

Effect of media on sporulation. Conidia
were produced most abundantly on CA and on
CPDA after 12 days of incubation at 20°C
(Table 1). In general, media containing celery
decoction produced more conidia than those
without celery decoction. Two exceptions
were noted, CDA after 12 days of incubation
and CPA after 18 days of incubation. Dextrose
or peptone combined with celery decoction
enhanced colony development. Large colony
area on CPDA after 12 days of incubation was
followed by marked increase in the produc-
tion of conidia after 18 days of incubation.
Marked increase in the number of conidia
was also observed on CVA, CDA, and CPA.

Differences in shape were observed among
conidia produced on different media. Conidia
produced on PDA and PDPA were slightly

Table 1.  Eftect of various media on number of conidia and colony area of S. apiicola at 20°C
Media® Number of conidia per plate (x 106)" Colony area (mm?)"

12 days 18 days 12 days 18 days
CA 544 a 7.00 a 9la 123 ac
CPDA 539a 7.03a 135b 146 b
CPA 503b 6.30b 122 ¢ 147 b
CVA 274 ¢ 7.00a 76d 128 a
PDA 081d l.16d 86 ad 109 ¢
PDPA 0.52d 1.27d 87 ad 121 ac
CDA 051d 232¢ 112¢ 17¢

§ CA=celery agar; CPDA=celery potato dextrose agar; CPA=celery peptone agar; CVA=cleared V8 juice agar;
PDA=potato dextrose agar; PDPA=potato dextrose peptone agar; CDA=celery dextrose agar.

+ Average of four replicates. Numbers in a column followed by the same letter are not significantly different (P > 0.05)

according to the Duncan’s new multiple range test.
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atypical while those produced on other media
were similar to those found in lesions.

Effect of temperature on sporulation. The
number of conidia produced per plate increased
with increase in temperature up to a maximum
level and then decreased markedly (Fig. 1A).
Colony area also followed the same pattern
(Fig. 1B). A second-degree linear polynomial
regression equation explained significantly

NUMBER OF CONIDIA (X 10°/PLATE)
F -3

ke

(P £ 0.01) the cffects of temperature on the
number of conidia per plate (Eq. 1):

CONIDIA=-48.06+4.84T-0.11 T, [1]
R>=0.99

where CONIDIA is the predicted number of
conidia produced per plate (x 10°) and T is the
temperature (°C). The optimum temperature for
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Figure 1. Effect of temperature (T) on A) number of conidia (x 10°)
and B) colony area (mm?). The equation to predict pro-
duction of conidiais CONIDIA=—48.06 +4.84T-0.117T-,
R-=0.99 and the equation to predict colony development is
PMCA=exp(3.58+3.29InT'+2.16In[1 -T']),R"=0.98
where CONIDIA is the predicted number of conidia per
plate, PMCA is the proportion of maximum colony area
(colony area in mm?), T is the temperature, T* is (T-T )/
(T =T ), and R is the coefficient of determination.
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production of conidia predicted using Eq. 1 was
22.4°C. For the colony area, the polynomial
model underestimated the colony area at 25°C
since the overall responses were skewed to the
lower temperatures. A good fit to the proportion
of maximum colony area was obtained from
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transformed BETE-equation for the proportion
of the maximum colony area (the observed
maximum=1.97 x 10°> mm?) is:

PMCA = exp (3.58 +3.29 InT’
+2.16n[1-T7),

(2]

use of the linearized BETE-function. The back- R2=0.98
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Figure 2.  Effect of inoculum density on disease severity induced by

S. apiicola for A) experiment 1 and experiment 2 and B)
pooled data. Equations to predict number of lesions are:
NLES,=6.02+2.89INODEN-0.01INODEN?, R’=0.98,;
NLES =-15.79+3.35INODEN-0.01INODEN?,R’=0.91; and
NLES ,=-10.99+3.13INODEN-0.01INODEN?, R°=0.91,
respectively, where NLES is the predicted number of lesions
per leaf, subscripts /, 2, and P indicate the number of ex-
periment and pooled data, respectively, INODEN is the in-
oculum density (conidia/cm?® of leaf surface), and R? is the
coefficient of determination.
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where PMCA is the predicted proportion of
maximum colony area ( (,olony areainmm?) and
T=1-1T )T, -T ) in which T is the tem-
perature (°C) and subscripts min and max indicate
the minimum and the maximum temperature
for activity, respectively. T and T, — were
selected iteratively until the highest coefficient
of determination (R?) was obtained. Equation 2
was obtained at the T’ and T value of 11.0
and 30.5°C, lespecnvely Basedon thisequation,
the predicted optimum temperature for colony

development was 22.78°C.

Effect of inoculum densities on disease
severity. Lesions were large and non-coalesc-
ing on plants inoculated with 4.8 conidia/cm?
and werc small and readily coalesced on plants
inoculated with 70 and 140 conidia/cm’. Al-
though the lesions tended to appear earlicr on
older leaves, the final number of lesions de-
pended more on the leaf size than on the leaf
position. The maximum number of lesions was
observed 18 days after inoculation and this
maximum was used for further analyses. The
number of lesions increased with the increase in
inoculum density (Fig. 2). Second-degree lin-
ear regression equations explained significant-
ly (P £ 0.01) the variation in the number of
lesions from the individual experiment. Since
the F-test carried out to examine the homoge-
neity of experimental error from both experi-
ments indicated no significant difference
(P>0.01), a regression model was also fitted to
the pooled data. Equations to predict the number
of lesions based on the data from experiment 1,
experiment 2, and pooled data are:

NLES, =-6.02 +2.89 INODEN [3]
—0.01 INODEN?,
R*=0.98
NLES = —15.79 + 3.35 INODEN [4]
" —0.01 INODEN”,
R =091
NLES,= —10.99 + 3.13 INODEN [5]
—0.01 INODEN-,
‘=091

where NLES is the predicted number of lesions
per leaf, subscripts /, 2 and P indicate experi-
ment |, experiment 2, and the pooled data,
respectively, and INODEN is the inoculum
density (conidia/cm?). Models based on data
from individual experiments and pooled data

accounted for up to 91% of the variation in the
number of lesions observed. The model based
on cxperiment 1 had a higher coefficient of
determination (R°) and a lower mean square
error (MSE) but a less desirable pattern of
residuals as compared to the model based on
experiment 2 or to that based on pooled data.
Models based on data from individual experi-
ments gave poorer predictions than that based
on pooled data at the lower inoculum densities.
All models had negative intercepts which were
not significantly different from zero (P >0.01).

Discussion

Production of sufficient amount of inoculum
is a primary concern for quantitative epidemi-
ological studies of many diseases including
septoria blight. Abundant conidia were ob-
tained when celery decoction was added into
media. The magnitude of the increment, how-
cver, was influenced by the basal medium used.
When celery decoction was added into media
containing dextrose or peptone, more conidia
were produced after 18 days than after 12 days
of incubation. Larger colony area as a result of
addition of peptone or dextrose to media con-
taining celery decoction accounted for more
sporulation.

CA and CPDA readily produced abundant
conidia, but preparation of these media re-
quired a supply of celery leaves. When celery
fcaves are not readily available, however, CVA
which contains celery could be considered as an
alternative. Wolcan (1987) reported that V8
juice agar was one of the best media for produc-
tion of secondary conidia of S. apiicola. Here,
CVA provided abundant conidia but signifi-
cantly less than those produced on CA, CPDA,
and CPA after 12 days.

Media not containing celery deccction pro-
duced slightly atypical conidia. The shape of
conidia varied more in conidia produced on
media containing no celery decoction than in
those produced on media containing celery
decoction. However, according to Gabrielson
and Grogan (1964) this variation was common
in S. apiicola and was not likely attributed to a
particular isolate.

Temperature may have affected sporulation
directly by influencing production of conidia or
indirectly by influencing colony development
which later provided a larger colony area for
further production of conidia. As a result, both



production of conidia and colony area had
similar response curves. However, the opti-
mum temperature for the development of colo-
nies was closer to the maximum than that for the
production of conidia. Consequently, use of
second-order polynomial to model the effect of
temperature on the colony area appeared inad-
equate. The linearized BETE-functions gave a
better fit to the colony area. For fitting BETE-
functions to the colony area, T, and T were
selected merely based on the coefficients of
determination. Experimental proof of 7 and
T would improve the model.

LA

The variations in the pooled number of le-
sions per leaf obtained from different inoculum
densities were explained by a second-order
linear regression equation with a non-signifi-
cant negative intercept. The equation implied
that, within the range of inoculum densities
tested, the ratio of disease to inoculum de-
creased with the increase in inoculum density
and that the minimum inoculum threshold for
the pathogen was not critical. A decrease in the
ratio of disease to inoculum may occur when
there is competition among conidia for sus-
ceptible infection sites (Van der Plank 1975).

The model based on the pooled data was less
reliable for inoculum densities lower than 17.5
conidia/cm?. Densities above 70 conidia/cm?
resulted in more crowded and easily coalesced
lesions, making reading more difficult. There-
fore, for quantitative studies involving plant
inoculations and lesion counting, an inoculum
density from 17-35 conidia/cm? of leaf surface
is considered the most appropriate.
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