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ABSTRACT

Mudita, I. W., and Kushalappa, A. C. 1993. Ineffectiveness of the first fungicide application at
different initial disease incidence levels to manage Septoria blight in celery. Plant Dis. 77:1081-

1084.

Five initial (at transplanting stage) blight incidence levels (0, 2, 4, 8, and 16%) were tested
to select the optimum level for beginning fungicide application to manage Septoria blight incited
by Septoria apiicola in celery (Apium graveolens var. dulce). The experiment was conducted
on muck soil at the Agriculture Canada Research farm at Sainte-Clotilde, Quebec, in the summers
of 1990 and 1991. An increase in the initial blight incidence levels raised the proportion of area
under the disease progress curves. The proportion of yield loss also rose significantly with
increased initial blight incidence. A logistic model established to describe yield loss as a function
of initial blight incidence levels predicted loss in yield exceeding the cost of one fungicide
application at the 0% initial blight incidence level. On the basis of this model, no initial disease
incidence threshold to initiate fungicide application could be established. Nevertheless, an analysis
of variance indicated no significant difference in yield loss between 0 and 2% initial blight
incidence levels. Because the disease increases rapidly, leading to significant loss in yield at
very low blight incidence levels at the transplanting stage, fungicide applications must be initiated
as soon as the disease is observed. If the disease appears later in the season, however, initiation
of fungicide applications can be delayed until a higher disease incidence threshold is reached.

The current heightened awareness of
fungicide residues and their environ-
mental impact has resulted in an in-
creased demand for the reduction of
fungicide applications on celery (Apium
graveolens L. var. dulce (Mill.) Pers.)
(12). Recommendations in Quebec for
the management of Septoria blight of
celery, caused by Septaia apiicola Speg.,
include fungicide applications initiated at
transplant recovery and repeated at 7-
to 12-day intervals, depending on rain
(3). As many as 10 fungicide applications
may be made to manage Septoria blight
in the field. In an integrated pest man-
agement scouting program in which fun-
gicide application was delayed in some
fields until the appearance of disease, the
number of sprays was reduced to fewer
than eight without noticeable loss in
yield.

The final disease levels in a polycyclic
disease are determined by both the
amount of initial inoculum and the rate
of disease increase (2,14). In polycyclic
diseases, the effect of the initial inoculum
is minor compared with the rate param-
eter (4). In Septoria blight, restricted dis-
semination of the initial inoculum (11)
and a few initial disease foci (1) account
for the slow blight increase at the begin-
ning of an epidemic. Reduction of the
initial disease, therefore, could aid in dis-
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. ease control when infection occurs early

in the cropping season (8). Since blight
incidence in commercial fields in Quebec
varies among locations and cropping sea-
sons, timing of the first fungicide appli-
cation to manage Septoria blight can be
based on initial blight incidence levels.
Subsequent applications may then be
based on either a fixed interval spray
schedule or a forecast system.

This study was undertaken to deter-
mine the influence of the first fungicide
application at different initial blight inci-
dence levels on Septoria blight develop-
ment and yield loss. The blight incidence
threshold for initiation of fungicide ap-
plications could be selected according to
the level at which the predicted yield loss
is equal to the cost of the application.

MATERIALS AND METHODS

The experiment was conducted at the
Agriculture Canada Research farm in
Sainte-Clotilde, in the muck soil region
of Quebec where most of the celery is
produced, during the summers of 1990
and 1991.

Blight incidence levels of 0, 2, 4, 8,
and 16% of diseased transplants per plot
were tested as the initial source of inocu-
lum. Experimental plots (5 X 5 m) were
established in a randomized complete
block design with four replicates in both
years. Each plot contained six rows and
was buffered by 5 m of uncultivated land
between blocks and 2.5 m between plots.
Seedlings were transplanted 20 cm apart
within a row, for a total of 25 plants
per row and 150 per plot. In different
plots, 0, 3, 6, 12, and 24 seedlings were
replaced at random with inoculated seed-

lings to obtain initial blight incidence
levels of 0, 2, 4, 8, and 16%, respectively.
Experimental plots for the summers of
1990 and 1991 were located in different
fields.

Production of seedlings and inocula-
tion. Seedlings of celery cv. Florida 683
were produced from certified seeds on
seedling trays at a commercial green-
house in Sainte-Clotilde, Quebec. At the
fourth-leaf stage, two trays of seedlings
(15 X 20 seedlings per tray) were in-
oculated.

S. apiicola was isolated from a dis-
eased plant in a field in Sainte-Clotilde,
and conidia were produced on celery de-
coction agar at 20 C and an 18-hr pho-
toperiod in a growth chamber. Twelve-
day-old cultures were flooded with sterile
distilled water containing 0.01% Tween
80 and then rubbed with a curved glass
rod. The concentration of suspended
conidia was determined with a hemacy-
tometer and diluted to about 2 X 10*
conidia per milliliter. Seedlings were in-
oculated by placing the seedling trays on
a bench positioned 1.5 m below the solid-
cone-type spray nozzle of an automatic
spray chamber. The speed of the hori-
zontally moving spray nozzle was ad-
justed to deliver 35 conidia per square
centimeter of leaf surface at a constant
pressure of 172 kPa (9). Trays were then
placed in a mist chamber at 20 C with
a 14-hr photoperiod for 72 hr.

Transplantation, cultural practices,
and fungicide applications. Uninocu-
lated seedlings were manually trans-
planted to the field. A predetermined
number of transplants was replaced on
the day of planting with seedlings that
had been inoculated 1 wk previously. In
the summer of 1990, some inoculated
transplants did not produce lesions until
2 wk after being transplanted, and these
were inoculated again in the field. During
inoculation, each designated plant was
covered with a plastic housing to prevent
contamination of the neighboring trans-
plants. A small hand sprayer was used
to apply an inoculum concentration of
10* conidia per milliliter.

The field was fertilized 4 wk prior to
transplanting with 55 kg/ha of N, 100
kg/ha of P,0s, and 150 kg/ha of K,0.
A second application of 55 kg/ha of N
was side-dressed 5 wk after transplant-
ing. To prevent blackheart, a foliar spray
of 10 kg/ha of Ca(NO,),2H,0 was ap-
plied when plants reached 15 cm. Plots
were irrigated when necessary, and no
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insecticide was applied.

Chlorothalonil (Bravo 500, 500 g
a.i./L) was applied to all treatments
starting 3 wk after transplanting and re-
peating at intervals of 10 days when there
was no rain and of 7 days when there
was rain. Nine sprays were applied in
1990 and eight in 1991. In 1990, sprays
were applied with a knapsack sprayer
through a conical nozzle; in 1991, sprays
were applied with a tractor-mounted
commercial boom sprayer at the rate of
2.3 g a.i./L of water and at a pressure
of 827 kPa through Tee Jet hollow-cone
nozzles.

Disease and yield loss assessment.
Blight was assessed at weekly intervals
beginning 2 wk after transplanting on
every fully opened leaf of 10 plants ran-
domly sampled from four inner rows per
plot. The severity rating was based on
a three-digit Horsfall-Barratt scale with
the aid of diagrams (7). DISPAR, a mi-
crocomputer program for the calculation
of foliar disease parameters developed by
Kushalappa and Carisse (6), was used
to calculate: 1) the disease incidence, i.e.,
the proportion of diseased leaves and the
proportion of the area under the disease
progress curve (PAUDPC) based on the
proportion of leaves diseased, and 2) the
disease severity, i.e., the proportion of

leaf area diseased and the PAUDPC
based on proportion of leaf area dis-
eased.

The crop was harvested 98 and 105
days after transplanting in 1990 and
1991, respectively. A random sample of
10 plants per plot was harvested and
trimmed. After all diseased petioles were
removed, each plant was weighed. Yield
loss was calculated as the proportion of
maximum plant weight loss: YIELD
LOSS,] = (YIELDmaij - Y[ELD,])/
YIELD,,,,, where YIELD LOSS is the
proportion of maximum yield loss, i is
the initial blight incidence level, j is the
block, and max is the maximum plant
weight in kilograms at the 0% initial
blight incidence level.

Data analyses. The effect of initial
blight incidence levels on the blight prog-
ress and on yield loss was evaluated by
means of regression analysis (10,13). The
initial blight incidence was regressed
against the PAUDPC based on disease
incidence, the PAUDPC based on dis-
ease severity, and the proportion of max-
imum yield loss (5). All statistical
analyses were carried out by the NON-
LIN procedure of SAS/STAT software
for the IBM PC (10). A logistic model
was fitted for all three data sets: ¥ =
bo/(1 + b, exp(—b,X)), where Y rep-
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Fig. 1. Progress of Septoria blight in celery, with curves based on the proportion of leaves
diseased in (A) 1990 and (B) 1991 and of leaf area diseased in (C) 1990 and (D) 1991 at
different initial blight incidence levels, provided as source of initial inoculum. All plots were
sprayed, starting 3 wk after transplanting and repeating at intervals of 7 or 10 days.

1082 Plant Disease/Vol. 77 No. 11

resents PAUDPC or proportion of max-
imum yield loss, X represents initial
blight incidence, and by, b;, and b, are
coefficients of response function. For
iteration, the Marquard method with
derivatives for all three coefficients was
used.

The initial blight incidence level at
which the predicted yield loss exceeded
the proportion of maximum yield equal
to the cost of one fungicide application
was considered as the threshold to ini-
tiate fungicide application. The cost of
one fungicide application was trans-
formed into the proportion of the max-
imum yield per hectare. The proportion
of maximum yield per hectare equivalent
to the cost of one fungicide application
(PYEF) was calculated as: PYEF =
YEF| YIELD,,,, where YEF is the yield,
in crates of celery (24 kg per crate),
equivalent to the cost of one fungicide
application per hectare and YIELD,,,
is the maximum yield in crates of celery
per hectare at the 0% initial blight in-
cidence level. The price of celery at the
farmer level was $6.50 per crate, and the
cost of commercial fungicide appli-
cations was $45.00 per application per
hectare.

RESULTS

Effect of initial blight incidence levels
on blight progress. The disease progress
curves of Septoria blight in 1990 and
1991 are shown in Figure 1. For all initial
blight incidence levels, the proportion
of leaves diseased increased steadily
throughout the cropping season, whereas
the proportion of leaf area diseased in-
creased slowly at first and markedly after
the second week. At the end of the sea-
son, no apparent differences were ob-
served in these two disease parameters
among the initial blight incidence levels
tested.

The PAUDPC based on both disease
incidence and severity rose with increases
in the initial blight incidence levels (Fig.
2). The experimental errors associated
with the two PAUDPC parameters in
1990 and 1991 were homogeneous (P >
0.01), and therefore analyses were per-
formed on the pooled data. The logistic
models established to predict the disease
incidence and severity from the initial
blight incidence were: 1) PAUDPC =
0.8828/(1 + 0.4452 exp(—20.0205/BI)),
with R = 0.71, and 2) PAUDPC =
0.0335/(1 + 5.0603 exp(—30.876/BD)),
with R? = 0.96, where PAUDPC is the
proportion of area under the disease
progress curve based on disease incidence
and disease severity, IBI is the initial
blight incidence, and R? is the coefficient
of determination. Significant relation-
ships of initial blight incidence levels with
both the above disease parameters in-
dicated that the initial inoculum plays
a major role in disease development,
independent of the influence of other
factors.



Effect of initial blight incidence levels
on yield loss. The proportion of yield
loss rose with increases in the initial
blight incidence levels (Fig. 3). The data
sets for both years were pooled because
the Ftest indicated that the experimental
error was homogeneous (P > 0.01). A
logistic model was fitted to the data:
YIELD LOSS = 0.559/(1 + 54.4888
exp(—59.62361BI)), with R* = 0.99,
where YIELD LOSS is the proportion
of maximum yield loss.

It is important to note that at the 0%
initial blight incidence level, even though
the outer leaves of most of the plants
were diseased, a marketable petiole had
to be removed very rarely during proc-
essing because of lesions on it. In the
other treatments, the outer leaves and
petioles often had more disease than the
inner ones. Even in the inner leaves, not
all the diseased leaf laminae had diseased
petioles.

Prediction of action threshold based
on yield equivalent to the cost of one
fungicide application. At the 0% initial
blight incidence level, the maximum
yields in 1990 and 1991 were 2,037.26
and 1,689.66 crates per hectare, respec-
tively, and the gross values of celery at
$6.50 per crate were $13,242.19 and
$10,982.79 per hectare, respectively. The
proportions of maximum yields equiv-
alent to the cost of one fungicide appli-
cation per hectare were 0.0034 and 0.0041
in 1990 and 1991, respectively. Substi-
tution of /BI = 0.0 to the above equation
yielded a proportion of maximum yield
loss of 0.01, which is higher than the
proportion of yield equivalent to the cost
of one fungicide application (almost
equal to three applications). However,
no loss in yield was observed in this study
at the 0% initial blight incidence level.
On the basis of the equation developed
here, it is too dangerous to postpone the
initial fungicide application until a blight
incidence threshold is reached. This is
justified by high crop value, low fungi-
cide application cost, and high rate of
yield loss.

DISCUSSION

Determination of an action threshold
for timing fungicide applications in-
volves various aspects. For most dis-
eases, such timing is mainly based on the
predicted effect of environmental and
biological variables on epidemiological
processes. In this work, an effort was
made to incorporate fungicide cost into
the selection of action thresholds for
timing the first fungicide application to
manage Septoria blight. The first fun-
gicide application is postponed until the
initial blight incidence reaches a level at
which the resulting disease would cause
a yield loss at least equal to the cost of
that fungicide application. In this study,
however, it was not possible to establish
any action threshold because the equa-
tion predicted loss in yield even at the

0% initial blight incidence level at
transplant time. Nevertheless, at the 0%
initial blight incidence level, even though
most of the plants were diseased, a mar-
ketable petiole had to be removed very
rarely during processing because of a
lesion on it. Also, an analysis of variance
study indicated no significant difference
between 0 and 2% initial blight incidence
levels. Development of an equation with
variables at a lower range of initial blight
incidence levels may improve the predic-
tion. Although it is not practical to rec-
ommend such a low threshold to grow-
ers, it should be possible to postpone
fungicide application until the disease is
noticed in the field, even though some
infected plants with sporulating pycnidia
show no symptoms.

The failure to establish an initial blight
incidence threshold to begin fungicide

application may be attributed to numer-
ous factors. First, yield loss occurred at
a very low initial blight incidence level.
Second, the risk of yield loss is very high
at low initial disease incidence levels, as
indicated by high partial regression
coefficient values for the yield loss in
relation to initial blight incidence. An
increase in the initial blight incidence
level increased the PAUDPC and the
yield loss. Third, since the cost of fun-
gicide application was very low and the
value of celery was relatively high, a delay
in fungicide application cannot be jus-
tified on the basis of economics only.

In establishing an action threshold it
was assumed that the disease incidence
threshold is reached at the time of trans-
planting, and following this the fungi-
cides are applied at fixed intervals of 7
or 10 days, depending on the rain. How-
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Fig. 2. The proportion of area under the disease progress curves (PAUDPC) based on proportion
of (A) leaves diseased and (B) leaf area diseased predicted from initial blight incidence levels
using a logistic fit: (A) PAUDPC = 0.8828/(1 + 0.4452 exp(—20.0205/BI)), with R* = 0.71,
and (B) PAUDPC = 0.0335/(1 + 5.0603 exp(—30.8761BI)), with R*> = 0.96, where PAUDPC
is based on the proportion of (A) leaves diseased or (B) leaf area diseased, IBI is the initial
blight incidence level, and R’ is the coefficient of determination (data for 1990 and 1991).
All plots were sprayed, starting 3 wk after transplanting and repeating at intervals of 7 or

10 days.

Plant Disease/November 1993 1083



o
o

®  (Observed values

== Predicted values

o o e
w » o
1 1 1

Prop. max. yield loss
o

0 002 004 006 008 01 012 0.14 0.16

Initial blight incidence

Fig. 3. The proportion of maximum yield loss predicted from the initial blight incidence levels
using a logistic fit: YIELD LOSS = 0.559/(1 + 54.4888 exp(—59.6236/BI)), with R* = 0.99,
where YIELD LOSS is the proportion of maximum yield loss, /BI is the initial blight incidence
level, and R? is the coefficient of determination (data for 1990 and 1991). All plots were sprayed,
starting 3 wk after transplanting and repeating at intervals of 7 or 10 days.

ever, often no blight is seen in commer-
cial fields for at least a month after
transplanting. If blight starts late in the
cropping season, it is not necessary to
apply fungicides until the disease is seen.
The number of fungicide applications
saved depends on how long it takes for
blight to appear in the field. This, in turn,
depends not only on the initial inoculum
coming from the seedlings but also on
the inoculum surviving in crop residue
in the field and on other factors affecting
blight development.

The current recommendation in Que-
bec is to begin application of fungicides
at transplant recovery, which requires
about 2-3 wk. In an integrated pest man-
agement scouting program for the Mon-
treal area of Quebec, the fungicide appli-
cations are initiated only when the blight
is noticed in the field. In 1990, blight
did not appear until 40 days after trans-
planting in any of 14 fields scouted; it
appeared within 40-60 days in three of
the fields and at 60 days in the remaining
11 fields. Similarly, in 1991, blight did
not appear until 30 days after trans-
planting in any of 14 fields scouted; it
appeared within 40 days in two fields,
within 40-60 days in four fields, and at
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60 days in the remaining eight fields
(A. C. Kushalappa and P. Auclair, un-
published). In this program the total
number of applications was reduced
from 10 (in the conventional method) to
fewer than seven, depending on the field.
It is interesting to note in our study (Fig.
1A and B) that 60 days after trans-
planting, more than 30% of the plants
were diseased at the 0% initial blight
incidence level, with almost no loss in
yield. Thus, it is possible to use a higher
disease incidence threshold to begin
fungicide applications at later growth
stages of celery and save three or more
sprays (0.01/0.0034 or 0.01/0.0041, pre-
dicted loss less than the cost of three
sprays at 09 IBI), compared with the
conventional method.

The estimates of yield loss, develop-
ment of Septoria blight, etc., as de-
termined in small plots may not represent
actual commercial field conditions very
well. Under commercial conditions, the
appearance of blight at the time of
transplanting is extremely rare. The time
of blight appearance varies according to
the amount of initial inoculum surviving
in crop debris and coming from infected
seeds. Postponing fungicide application

until the blight was noticed in the field
saved at least three sprays. At the 0%
initial blight incidence level, lesions
rarely occurred on a marketable petiole
even though the plants were severely dis-
eased at harvest. Thus, the first fungicide
application can be postponed, without
much risk, especially at later growth
stages, until blight is noticed in the field.
However, more studies under commer-
cial field conditions are required to opti-
mize fungicide sprays, a dynamic disease
incidence threshold depending on the
plant growth stage.
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