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Sclerotinia rot caused by Sclerotinia sclerotiorum is one of the most important diseases of processing tomatoes in
Central Brazil. Yield losses in tomato cultivars (cv.) IPA-5 were assessed in mature plants from 1995 to 1997, and
related to different disease intensities, in a naturally infested area irrigated by centre pivot. Over the 3 years, there were
no differences (Tukey at 5%) in fruit numbers between plants without symptoms (NS) and with intermediate
symptoms (IS), which yielded higher numbers than plants with severe symptoms (SS). The greatest reduction in fruit
number was 56·8% in 1997. Significant differences were observed in fruit weight and size among NS, IS and SS plants
in 1995 and 1997. In 1996, NS and IS plants were similar, but different from SS, which yielded significantly less.
Weight and size reductions in SS plants reached 84·3% and 62·0%, respectively, in 1997. In 1996 and 1997, yield
losses related to time of symptom appearance and physiological age were also assessed. Significant correlations were
found (P <0·01), with nearly total losses observed when plants were infected from early to mid bloom, as opposed to
plants infected near harvest, which had lower disease incidence and produced economically acceptable yields.
Quadratic and exponential models best fitted the relationship between yield and time of symptom appearance, and
yield vs physiological age could be explained by logistic and Gompertz functions.
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Introduction

Processing tomatoes are an important agricultural
commodity in Brazil, which is now one of the leading
tomato producers in the world (FAO, 1996; Sullivan,
1996). Sclerotinia rot, caused by Sclerotinia sclero-
tiorum, is one of the most important diseases affecting
the tomato crop in central Brazil, where most fields are
cultivated under centre pivot irrigation (Lopes & Santos,
1994). Negligible in the early 1980s (Nasser & Hall,
1997), sclerotinia rot can now be found in more than
50% of the irrigated fields in this region (Mitsueda &
Charchar, 1992). During the winter, the average
temperature is around 208C (Ferraz, 1987; Nasser
et al., 1990; Morais, 1994) and beans, soybeans, peas
and tomatoes are the main crops.

Plant infection occurs either by myceliogenic germi-
nation of sclerotia or by ascospores produced in
apothecia from a sclerotium (Purdy, 1979). In central
Brazil, myceliogenic germination of sclerotia provides
the main source of infection on processing tomato crops,

resulting in rotting of aerial parts of the plant in contact
with the soil (Lopes & Santos, 1994).

Successive cropping of susceptible species, particularly
tomato monocultures, has resulted in direct and indirect
economic losses, caused by the yearly increase of
sclerotinia rot. Despite their obvious importance,
losses from this rot have not yet been quantified for
tomatoes in Brazil.

Losses to diseases caused by S. sclerotiorum have been
quantified for various crops in different countries (Kerr
et al., 1978; Morral et al., 1984; Holley & Nelson, 1986;
Tu, 1989; Conn & Tewari, 1990). The objective of this
work was to quantify losses of processing tomatoes
grown under centre pivot irrigation in central Brazil,
taking into account disease intensity on the mature plant
and the developmental stage of the plant, based on
chronological and physiological age. The term disease
intensity is used here as synonymous with disease
severity (Zadoks & Schein, 1979; Nutter et al., 1993).

Materials and methods

Field trials and crop management

Experiments were conducted from 1995 to 1997 at the
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National Vegetable Crop Research Center, EMPRAPA
Hortaliças, Brasilia, DF. Processing tomato cultivar (cv.)
IPA-5, the most popular in Brazil, was direct seeded
yearly in April, under centre pivot irrigation, in an area
naturally infested with S. sclerotiorum. The tomato area
was part of a crop rotation study started in 1991 (Silva
et al., 1997). Processing IPA-5 tomatoes have an
indeterminate growth, and require 120–125 days from
sowing to harvest. The crop was managed according to
local recommendations (Silva et al., 1994). Airborne
pathogens were successfully controlled by fungicide
sprays, and no other soilborne pathogen was recorded
in the experimental field during the experiment.

Relationship of yield losses with disease intensity
near harvest

In each year, tomato plants were marked 10 days before
harvesting according to three levels of disease intensity:
apparently healthy (NS), where no symptoms were
observed; intermediate (IS), with distinct symptoms, but
plants still alive and with good fruit set; and severe (SS),
where most of the stems were destroyed by the disease and
fruit set was poor. For each intensity level, five plants were
collected randomly, from each of six replications in a
complete randomized block design, where blocks repre-
sented tomato plots under different crop rotations.

Relationship of yield losses and time of symptom
appearance, based on chronological age of tomato
plants

To establish the relationship between yield losses and time
of symptom appearance (TSA), plants were marked at
different developmental stages in which disease appeared
in each of six replications in 1996 and 1997. At biweekly
intervals, from appearance of the first diseased plant, five
plants with initial symptoms were randomly marked
with a wire stake and a coloured strip, in order to obtain
a gradient of disease intensities at harvest. All other
plants with initial symptoms were also marked at each
evaluation time, to ensure that only initial symptoms
occurring during the next interval would be counted.
Care was taken to mark only plants with symptoms
typical of infections from myceliogenic germination. The
blocks were the same as for the preceding experiment. In
both years the first diseased plants were observed in the
first week of July, approximately 60 days after sowing
(DAS), when flowering had just begun and before
adjacent rows became close. Therefore five evaluations
were conducted at 60, 75, 90, 105 and 120 DAS,
corresponding to TSA 1, 2, 3, 4 and 5.

Relationship of yield losses and time of symptom
appearance, based on physiological age of tomato
plants

Fruit number, weight and size, assessed at different
chronological ages, were transformed into percentage

values, as the proportion of those characters for plants
with no disease symptoms. Tomato physiological ages
were calculated according to minimum temperatures for
different crop stages, given by Geisenberg & Stewart
(1986), using daily temperatures obtained at Embrapa
Hortaliças weather station, located nearby.

The number, total weight and size (g per fruit) of fruits
on plants at the three disease intensities were compared
by analysis of variance and the means were compared by
the Tukey test (P< 0·05). The relationship between these
fruit measurements and TSA in chronological age was
examined by Pearson’s correlation and regression
analysis (Snedecor & Cochran, 1981) and according to
mathematical models proposed by Zadoks & Schein
(1979). Models were fitted according to higher coeffi-
cient of determination, lower sum of squares of error,
and a random residuals distribution in a scatterplot. All
statistical analyses were performed with SAS software
(SAS Institute, 1988), and carried out with glm, corr and
reg procedures. As statistically indicated, the variance in
ANOVA was stabilized when the data were transformed to
square root (x þ 0·5) for analysis.

Results

Relationship of yield losses and disease intensity near
harvest

In each of the 3 years, there were no differences in fruit
numbers between plants without symptoms (NS) and
with intermediate symptoms (IS), both of which yielded
more fruits than plants with severe symptoms (SS)
(Fig. 1a). The reductions of fruit numbers from SS plants
as compared with NS plants were 23·6%, 47·9% and
56·8%, respectively, for 1995, 1996 and 1997.

When total fruit weights were compared, significant
differences were observed among NS, IS and SS plants in
1995 and 1997. In 1996, NS and IS plants were similar,
but different from SS, which yielded significantly less.
Weight reductions in SS plants varied from 69·5% in
1996 up to 84·3% in 1997. Results from the 3 years
combined showed significant differences between
healthy plants, and plants with intermediate and severe
symptoms (Fig. 1b).

Fruit size reduction in 1995 was estimated at 21·3%
and 53·1% in IS and SS plants, and in 1996, fruit size in
SS plants was 41·5% less than in NS plants. In the final
year, fruit size was reduced by 28·4% in IS and 62·0% in
SS plants. Differences were found among NS, IS and SS
plants in 1995 and 1997, but not in 1996, when SS and
IS plants were similar. Combined data from the 3 years
(Fig. 1c) showed significant differences in fruit size
among NS, IS and SS plants, as for total fruit weight.

Relationship of yield losses and time of symptom
appearance, based on chronological age of tomato
plants

All yield components were correlated (P <0·01,
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r ¼ 0·73–0·82 in 1996, and P <0·01, r ¼ 0·84–0·90 in
1997) with TSA in chronological age. Regressions of
yield components with TSA were best fitted by expo-
nential models in 1996 and quadratic models in 1997,
which fitted a nonlinear relationship observed between
yield and TSA (Fig. 2a–c). A drastic yield reduction was
detected in plants attacked early in the cycle, usually
resulting in plant death before complete fruit set. Near-
total losses were found for TSA from 1 to 4 (from 60 to
105 DAS), demonstrating that infections from early to
mid bloom promoted severe losses, and only plants
infected near harvest had a reasonable yield. Predicted
values by regression analysis produced nearly parallel
curves, showing a stable relationship between times of
symptom appearance for all yield components.

Relationship of yield losses and time of symptom
appearance, based on physiological age of tomato
plants

When fruit set was plotted against physiological age of
tomato plants, sigmoid curves were found (Fig. 2d–f),
similar to results of Ho & De Hewitt (1986) for fruit
growth on healthy plants. Sclerotinia rot at early
development stages prevented the plant from proceeding
to the next physiological stage, therefore resulting in
higher losses. High correlations between TSA and fruit
number, weight and size were found between yield and
TSA in physiological age (P <0·01, r ¼ 0·79–0·84 in
1996, and P< 0·01, r ¼ 0·86–0·90 in 1997). The logistic
model was the most suitable for fitting the relationship
between yield components and physiological age in both
years, although the Gompertz model could also explain
these relationships.

Discussion

The grouping of diseased plants according to intermedi-
ate or severe symptoms 10 days before harvest allowed
the identification of different levels of loss caused by
sclerotinia rot. Plants which were NS, IS and SS could be
distinguished easily by their symptoms, and marked
differences in fruit weight and size were found. This has
practical importance for tomato growers and may help
in evaluating yield loss. Statistical analysis showed no
interactions between disease intensities and years of
disease assessment (P<0·2605), suggesting that group-
ing plants on intermediate or severe symptoms offered
an efficient discrimination of yield between apparently
healthy plants and those with different disease inten-
sities, in particular for fruit weight and size.

In 1996 yield was higher than in 1995 and 1997,
probably because of higher temperatures and rainfall,
after irrigations were over. Rains are unusual in Brasilia
from May until September and the similar performance of
NS and IS plants could be explained by the unusually high
amounts of water in the soil and by higher temperatures.
Increased temperatures accelerate plant growth and fruit
ripening (Geisensberg & Stewart, 1986). The lower yield
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Figure 1 Tomato cultivar IPA-5 fruit numbers for five plants (A), total
fruit weight (B) and size (C) produced in plants with no symptoms
(NS), with intermediate (IS) and with severe symptoms (SS) of
sclerotinia rot, assessed 10 days before harvest, from 1995 to 1997.
Means followed by different letters were statistically different
(P ¼ 0·05), according to the Tukey test.
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in 1997 was probably related to a higher inoculum
density rather than to an earlier disease onset, because
epidemics started around 60 DAS in all years.

The effect of disease intensity on yield components
differed when results for the 3 years were grouped (Fig. 1),
or compared for each individual year. Fruit number was
already set in IS plants when symptoms appeared, and
therefore would not differ from that in healthy plants.
The closeness of fruit weight and size in 1996 for SS and
IS plants was not observed in 1997, and, despite similarity
in numbers, these fruits could not increase their weight
and size as did NS plants. Lower scores for all yield

components remained in SS plants, and were a conse-
quence of earlier infections that were visually obvious.

The recording of disease intensity and yield relation-
ships is usually conducted during different growth stages
(Sah & Mackenzie, 1987; Nutter, 1990; Hartman &
Wang, 1992; Agrios, 1997), as yield can be highly
affected by time of infection with plant pathogens
(Madden & Nutter, 1995). This is particularly impor-
tant in crops such as tomatoes, when a long period is
necessary for fruit development (Francl et al., 1997), as
disease onset in different periods of fruit development
may account for different yield losses. As for tomato
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Figure 2 Relationship between fruit number, weight and size of IPA-5 tomatoes and time of sclerotinia rot symptom appearance, according to
chronological (A, B, C) and physiological age (D, E, F), assessed in 1996 and 1997. Plants with initial sclerotinia rot symptoms were marked at
60, 75, 90, 105 and 120 days after planting, and assessed 10 days before harvest.
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spotted wilt tospovirus (Moriones et al., 1998), sclero-
tinia rot intensity had a close relationship to TSA, and this
may be useful for future studies on yield loss prediction.
Different weights could be attributed to differences in
TSA, with a higher damage potential for earlier TSA.

At harvest, plants with early disease onset (TSA 1 and
2) were highly affected, with only one or two stems, and
in some cases, with only a few olive-sized fruits that
wilted after plant death. Plants with TSA 3 and 4 were
infected at an intermediate stage of flowering and when
adjacent rows were closing, and their yields were also
low, with a few small fruits, hardly marketable. As most
infections took place at stem base, fruit filling and weight
gain was almost halted, also restricting the production of
new fruits. Only plants with TSA 5, infected in the
2 weeks before harvest, produced a satisfactory yield.
Visually, the disease intensity was similar to that of
intermediate symptoms. Whenever the disease appeared
during fruit ripening, direct losses were insignificant, and
this might lead to an underestimation of the importance
of the disease if most infections occur near harvest.

Sclerotinia rot quickly prevents water and nutrient
uptake, mainly because of lesion depth rather than
length, which is typical of stem rot diseases (Gaunt,
1995). Plant development almost ceases in the phenolo-
gical stage after infection, and severe incidence of rot in
the early and middle stages of the crop may be very
damaging, particularly when the weather is conducive
for disease development. Under these conditions, losses
of 100% were observed in a commercial tomato field
near Brasilia. Tomato crops have a relatively long period
from the onset of fruit development until ripening, about
60 days in cv. IPA-5.

Yield of processing tomatoes depends mainly on the
concentrated production of flowers early in the flower
development stage, allowing only one mechanical
harvest. For cv. IPA-5, most flowers are produced in
the first 20 days of flowering, and only those produced in
the first third of the flowering stage are able to develop
into marketable fruits. The lower fruit size and weight in
earlier TSA suggested that plants could not provide the
carbohydrates needed for fruit development (Gaunt,
1987), with a negative effect on yield, even if most
flowers were already developing fruits.

A similar situation was found by Ristaino et al.
(1989), who described a severe impact of phytophthora
root rot on vegetative and reproductive stages of
processing tomatoes. The disease caused a water stress
at these critical stages, with reductions in stand, fruit dry
weight, and number of flowers and leaves. The same
effect may occur with other diseases that strongly reduce
water uptake and cause irreversible wilt.

When a plant is affected in its early stage of
development, there is a compensatory effect on the
yield of adjacent plants, which have more space and
nutrients for growth. Therefore, losses resulting from
death or damage to plants from 60 to 120 DAS may be
partially compensated (Stofella & Sonoda, 1984) by
healthy neighbouring plants, which must be taken into

consideration in yield loss assessment. However, for
diseases such as sclerotinia rot, early infected plants die
and function simply as missing plants when they are
surrounded by other diseased plants, resulting in
minimal compensation.

The mathematical models presented for yield vs TSA
or physiological age are the result of statistical fit to the
data observed. No mechanistic (biological) model is
inferred or proposed based on the statistical fit, which
was produced by an empirical process to obtain curves
that best agreed with the actual data obtained.

Tomato growers should avoid early incidence of
disease, focusing control measures from the earliest
crop stages until 100 DAS, when the highest yield losses
are produced. It is expected that if the disease begins
early but with a low incidence, or if disease is controlled
successfully from the beginning, or even if higher disease
incidence occurs, but only near harvest, losses will not be
extensive. However, an increase in the frequency of
sclerotia in soil may account for higher disease severity
and losses in subsequent crops. Only plants that showed
symptoms in the last 2 weeks of the crop cycle could
support disease incidence without damage. After the
critical stage (100 DAS), fruits were physiologically
developed and at the ripening stage. Although stopping
irrigation did not prevent disease progress, the environ-
ment became drier and unfavourable to the pathogen.
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Brazil, Potafos, 101–11.

Francl LJ, Neher DA, Campbell CL, 1997. Multiple-point
regressions of yield loss. In: Francl LJ, Neher DA, eds.
Exercises in Plant Disease Epidemiology. St Paul, USA:
APS Press, 147–51.

Gaunt RE, 1987. A mechanistic approach to yield loss assess-
ment based on crop physiology. In: Teng PS, ed. Crop Loss
Assessment and Pest Management. St Paul, USA: APS
Press, 150–9.

Gaunt RE, 1995. The relationship between plant disease sever-
ity and yield. Annual Review of Phytopathology 33, 119–44.

Geisensberg C, Stewart C, 1986. Field crop management. In:
Atherton JG, Rudih J, eds. The Tomato Crop – A Scientific

Sclerotinia rot in processing tomatoes 55

Q 2000 BSPP Plant Pathology (2000) 49, 51–56

 13653059, 2000, 1, D
ow

nloaded from
 https://bsppjournals.onlinelibrary.w

iley.com
/doi/10.1046/j.1365-3059.2000.00394.x by C

A
PE

S, W
iley O

nline L
ibrary on [26/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Basis for Crop Improvement. London, UK: Chapman &
Hall, 511–57.

Hartman GL, Wang TC, 1992. Black leaf mold development
and its effect on tomato yield. Plant Disease 76, 462–5.

Ho LC, De Hewitt JD, 1986. Fruit development. In: Atherton
JG, Rudih J, eds. The Tomato Crop ¹ a Scientific Basis for
Crop Improvement. London, UK: Chapman & Hall, 201–39.

Holley RC, Nelson BD, 1986. Effect of plant population and
inoculum density on incidence of sclerotinia wilt of sun-
flower. Phytopathology 76, 71–4.

Kerr ED, Steadman JR, Nelson LA, 1978. Estimation of white
mold disease reduction of yield and yield components of
dry edible beans. Crop Science 18, 275–9.

Lopes CA, Santos JRM, 1994. Doenças do Tomateiro. Bra-
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