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ABSTRACT
The black spot of citrus (Citrus sp.) is caused by Guignardia citricarpa with ascospore production depending on

temperature, leaf wetness, and rainfall. The number of ascospores produced was monitored using a spore trap and
climatic factors were recorded using an automated meteorological station of ‘Natal’ and ‘Valencia’ sweet orange (Citrus
sinensis) orchards in Mogi Guaçu in the state of São Paulo, Brazil, from November 2000 to March 2001. The fruits were
bagged to prevent infection and the bags removed from different sets of fruit for one week during each of the 18 weeks
of the season in both orchards. Ascospores were produced during the entire experimental period, from spring through
summer, primarily after rain events. In both orchards, ascospore production reached a peak in January and February.
Ascospore production was related to leaf wetness only in the Natal orange orchard but was not related to total rainfall or
temperature in either orchard. Disease was most severe on fruit exposed the 7th, 8th, and 13th weeks after beginning the
experiment in both cultivars as well as after the 16th week for ‘Natal’. There was a strong relationship between disease
severity and total rainfall for both orchards and a weak correlation between temperature and severity in the ‘Natal’ block
only. There was no relationship between severity and leaf wetness or ascospore numbers.

Additional keywords: Citrus sinensis, Phyllosticta citricarpa, climatic factors.

RESUMO
Efeito da temperatura, molhamento foliar e chuva na produção de ascósporos de Guignardia citricarpa e severidade
da pinta preta dos citros em laranja Natal e Valência

A pinta preta dos frutos cítricos (Citrus sp.)é causada por Guignardia citricarpa e a produção de ascósporos
depende da temperatura, molhamento foliar e chuva. O número de ascósporos foi monitorado usando uma armadilha de
esporos e os fatores climáticos foram avaliados usando uma estação automotizada em pomares de laranja (Citrus sinensis)
Natal e Valência, no período de novembro de 2000 a março de 2001 no município de Mogi-Guaçu/SP, Brasil. Em ambos
os pomares, os frutos foram ensacados para prevenir a infecção natural, e os sacos foram removidos semanalmente em
diferentes estádios de desenvolvimento dos frutos durante 18 semanas. Ascósporos foram produzidos durante todo o
período do experimento especialmente primeiramente depois da ocorrência de chuvas. Em ambos os pomares o pico de
produção de ascósporos ocorreu em janeiro e fevereiro. A produção de ascósporos foi correlacionada com o molhamento
foliar apenas para o pomar de laranja Natal, mas não foi correlacionada com o total de chuva ou temperatura para as duas
variedades. A doença foi mais severa em frutos expostos na 7ª, 8ª e 13ª semana, após o início do experimento para ambas
variedades e, na 16ª semana para a variedade Natal. Verificou-se uma forte correlação entre severidade da doença e
quantidade total de chuva para ambas variedades e uma fraca correlação entre temperatura e severidade para o pomar de
laranja Natal. Não houve correlação entre severidade e molhamento foliar ou com o número de ascósporos.

Palavras-chave adicionais: Citrus sinensis, Phyllosticta citricarpa, fatores climáticos.
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INTRODUCTION

The black spot disease of citrus (Citrus sp.), caused
by Guignardia citricarpa Kiely, was first described by Kiely
(1949), in New South Wales, Australia. This disease is found
in Africa (Mozambique, Zimbabwe, Swaziland, and South
Africa), Asia (China, Indonesia, Taiwan, Hong-Kong,

Philippians, and Japan), Australia, and in the Americas
(Argentina, Brazil, and Peru) (Kotze, 2000; Peres & Timmer,
2003).

For many years, pathogenic and nonpathogenic forms
of G. citricarpa have been recognized (McOnie, 1964a;
Kotze, 2000). However, these strains differ in their growth
rate, colony type, color, conidial morphology, and molecular
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characteristics and are now considered separate species
(Baayen et al., 2002). Species-specific molecular probes have
been designed and are useful in differentiating the black spot
pathogen, G. citricarpa, from the non pathogenic species, G.
mangiferae (Bonants et al., 2003). Guignardia mangiferae
has a broad host range and occurs on many woody species
including citrus, whereas G. citricarpa only affects citrus.

With the exception of sour orange (Citrus aurantium
L.) and its hybrids and Tahiti limes [C. latifolia (Yu. Tanaka)
Tanaka], almost all Citrus spp., especially late maturing
cultivars, are susceptible to this disease (Kotze, 1964, 2000).
Several different types of black spot symptoms including
hard spot, virulent spot, and false melanose occur on affected
fruit and reduce its value for the fresh market (Kotze, 2000).
Premature fruit drop due to black spot causes significant
yield loss in Brazil, and probably in other citrus regions of
the world.

In South Africa and Australia, ascospores have been
shown to be the main inoculum source (Kiely, 1949; McOnie,
1964a; Kellerman & Kotze, 1977; Kotze, 1981; Smith,
1996). Pseudothecia are produced in fallen and decomposing
leaves, and ascospores of G. citricarpa can be produced
during the entire year. Their frequency and abundance
depends on alternating  periods of drying or wetting of leaves
(McOnie, 1964b; Huang & Chang, 1972; Kotze, 1964, 1981;
Schutte et al., 1997). In this pathosystem, rain is essential
for ascospore release of G. citricarpa (Huang & Chang, 1972;
Kotze, 2000; Fogliata et al., 2001).

In 1992, a severe outbreak of black spot was identified
in Siciliano lemon (C. limon L.) and late maturing sweet
orange [Citrus sinensis (L.) Osbeck] orchards in Conchal
and Engenheiro Coelho, São Paulo State, Brazil (Goes &
Feichtenberger, 1993; Goes, 1996), and is also currently
found in certain regions of this state. Sweet orange fruits
are susceptible until around 24 weeks after petal fall
(Baldassari, 2001; Reis et al., 2003). This long period of
fruit susceptibility makes successful disease control difficult
and increases citrus production costs as a consequence of
the high number of fungicide applications needed (Fagan
& Goes, 1999).

Determining the effects of temperature, rainfall, leaf
wetness, and relative humidity on the formation, release,
and germination of ascospores in different pathosystems has
been the focus of many researchers worldwide (Rowe &
Beute, 1975; Sutton, 1981; Pinkerton et al., 1998a,b;
Hartman et al., 1999; MacHardy et al., 2001; Mondal &
Timmer, 2002). Among these pathosystems, the Malus spp.-
Venturia inaequalis interaction has been the most studied
because of the importance of ascospores for epidemics of
apple scab (Hartman et al., 1999; MacHardy et al., 2001).
While ascospore production has been monitored in previous
studies in Brazil (Reis, unpublished) and elsewhere (Huang
& Chang, 1972; Smith, 1996; Fogliata et al., 2001), the
relative amounts of infection occurring at different times of
the year have not been studied in relation to ascospore release
and weather factors in the major citrus producing area in

São Paulo. This information is important for a better
understanding of the pathosystem and for the choice for
disease control.

The purpose of this study was to determine the effect
of temperature, leaf wetness, and rainfall on the production
of G. citricarpa ascospores and on disease severity in Natal
and Valencia orange orchards under natural conditions. In
addition, we tried to relate the numbers of G. citricarpa
ascospores captured and disease severity on fruits of Natal
and Valencia sweet orange.

MATERIAL AND METHODS

Ascospore monitoring
Experiments were carried out from November 2000

to March 2001 in two orchards located near Mogi-Guaçu,
São Paulo State, Brazil. Orchards consisted of 14 year old
Natal and Valencia sweet oranges on Volkamer lemon (Citrus
volkameriana Tan. & Pasq.) rootstock planted at 8 x 5 m
spacing. The orchards were about 2 km apart and the Natal
orchard was located in a low area subject to fogs. A Quest
volumetric spore trap system (Quest Developments, Pretoria,
South Africa) with a capacity of 20 l/h and discs for ascospore
monitoring during a cycle of eight days was placed in each
orchard. Periodically, discs were replaced and taken to the
laboratory and ascospores counted on a compound
microscope at 400X magnification. Ascospores were stained
with cotton blue in lactic acid (1:600 wt/vol). Ascospore
identification of G. citricarpa was based on their morphology
as described by Sutton & Waterston (1966). However,
ascospores of G. citricarpa and G. mangiferae are not
distinguishable (Baayen et al., 2002; Peres & Timmer,
2003).

The spore trap used had discs with eight sections per
day which were divided into 3-h time periods each. When
the readings were conducted, ascospores were counted in
four passes of one field width each in each 3-h time period.
The number of counts varied depending on the rainfall.
When rainfall occurred, all 3-h periods were counted the
day of the rain and the two days following. During extended
dry periods, few ascospores were captured and only the
sections at midnight and noon were counted on days 1, 3, 6,
7, and 8 after installation of the trap. The reading method
was based on a previous study that demonstrated that few
or no ascospores were released during dry periods (Reis,
unpublished). Counts were adjusted by dividing, by the
proportion of the area counted so that they represented
equivalent numbers per week.

Determination of leaf wetness, temperature, and rainfall
An automated meteorological station, Adcon

Telemetry model (Adcon Telemetry Inc., Santa Rosa,
California, USA) with sensors for air temperature, leaf
wetness, and precipitation was installed at each location in
the period from November 2000 to March 2001. Leaf wetness
sensors were placed within the tree canopy.
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Determination of black spot severity on fruit
In each orchard 36 trees were used for this evaluation.

After ¾th of petal fall, on 24 October 2000, the plants selected
were sprayed with benomyl at 0.25 g a.i.l-1 of water, plus
0.5% Assist® BASF mineral oil (756 ml/l) to eliminate any
latent infections (Kotze, 1981) that may have occurred prior
to initiation of the experiments. After spraying, 300
arbitrarily selected fruits on each of the 36 trees were covered
with 13 x 21 cm waxed paper bags when the fruits were
about 0.4 cm in diameter. Since considerable natural fruit
drop occurs, especially when fruit is 2-3 cm in diameter, it
was necessary to bag many more fruits than were finally
evaluated. Later, the paper bags from ten fruits on each of
36 different trees were removed weekly to allow exposure
to natural infection for one week. After one week of exposure
to natural infection, these fruits were rebagged and tagged
for evaluation when the fruit was mature. This procedure
was continued each week throughtout 8 March 2001. One
set of fruit was left unbagged for the entire season and
another set remained bagged for the entire time.

Disease severity was evaluated on 9 September 2001
using ten fruits from each of 36 trees for each week, using the
method of Fagan & Goes (1999). The scale used was from 0 to
3, where: 0 – symptoms absent; 1 – from one to three small,
individual lesions; 2 – from four to six small, well-defined
lesions; 3 – more than sis well-defined lesions. False melanose
symptoms which are caused by pycnidiospore infection (Kotze,
1986; Spósito, 2003) were not considered in the ratings.

Data analysis
The total number of ascospores collected per week,

average weekly temperatures, the average number of leaf
wetness hours per day during the week and total weekly
rainfall (mm) were plotted from 2 November 2000 to 8
March 2001. Linear regression analyses were conducted
between weather factors and ascospore numbers and with
disease severity using the GLM procedure of SAS version
6.0 (SAS Institute, Cary, North Carolina, USA). Various
transformations of the data were attempted to reduce the
variances and improve the fit to curves.

RESULTS

Ascospore release
Ascospore release was similar in the Natal and

Valencia sweet orange orchards, but some differences were
noted (Figure 1). High numbers of ascospores were observed
from weeks 12 to 15 in the Natal block and in weeks 13 and
15 in the Valencia block.  Moderate numbers were observed
in weeks 7, 8 and 9 in the Natal block and in weeks 7, 8, 9,
12, 16 and 18 in the Valencia block. Ascospore capture was
low in other weeks, but spores were present nearly every week
in both orchards, except in week 6 in the Valencia orchard.

Disease severity
Black spot severity was generally greater in the Natal

than in the Valencia block.  Disease severity was greatest
when fruit remained unbagged during weeks 4, 7, 8, 13,
and 16 on Natal and during weeks 7, 8, and 13, on Valencia
(Figure 1). Fruit bagged for the entire 18-week period had
ratings of 0.07 on Natal and 0.04 on Valencia. A small
amount of infection in the bagged controls may have
occurred on a few fruits, where bags were temporarily
broken. Fruit that was never bagged had ratings of 2.55 on
Natal and 2.31 on the Valencia.

Weather effects
The average weekly temperature did not vary greatly

throughout the 18-week period and usually ranged from 22
to 25 °C (Figure 1). Temperatures were slightly higher during
weeks with low rainfall and slightly lower during weeks with
high rainfall. Rainfall varied considerably with almost no
rain some weeks to over 200 mm in others. Wetness duration
varied from a low of only about 3 h/day in week one in the
Valencia orchard to nearly 14 h/day during several weeks.

Neither temperature nor rainfall amount was related
to the number of ascospores captured in either the Natal or
the Valencia block (Table 1). Ascospore capture was
significantly related to the duration of leaf wetness in the
Natal block (P < 0.05), but weakly related in the Valencia
block. Where ascospore counts were transformed to log10 prior
to regression analysis, ascospore numbers were more strongly
related to leaf wetness in both the Natal block (R2 = 0.36, P =
0.01) and in the Valencia block (R2 = 0.21, P = 0.05). No
other transformations increased the regression coefficients.

Rainfall total was highly related (P < 0.01) to disease
severity in both the Natal and Valencia blocks (Table 1).
The number of ascospores trapped had no relationship to
disease severity in either block. There was a weak negative
relationship between temperature and disease severity in
the Natal block. However, this was probably due to the
negative relationship between rainfall and temperature.
There was no relationship between leaf wetness and disease
severity in either block.

DISCUSSION

The ascospores of G. citricarpa are formed on
decomposing leaves on the soil surface as are ascospores of
some other Ascomycotina (Hartman et al., 1999; MacHardy
et al., 2001; Mondal & Timmer, 2002). Pseudothecia develop
in 40 to 180 days after leaf drop depending on the frequency
of wetting and the temperature (Kotze, 2000). Ascospore
release is triggered by rainfall or irrigation (Kotze, 2000).
As little as 3 mm of rainfall can trigger ascospore release
(McOnie, 1964b).

The disease cycle of citrus black spot is similar to
that of citrus greasy spot (Mondal & Timmer, 2002) and
not unlike that of other diseases caused by Ascomycetes such
as Venturia inaequalis (Cooke) G. Wint. (Hartman et al.,
1999; MacHardy et al., 2001), Anisogramma anomala (Peck)
E. Müller (Pinkerton et al., 1998a,b), and Calonectria
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FIG. 1 - Black spot severity on fruit, number of ascospores of Guignardia citricarpa captured, leaf wetness duration, rainfall, and
temperature in orchards of Natal and Valencia orange (Citrus sinensis) near Mogi-Guaçu, São Paulo, Brazil for 18 weeks from November
2000 to March 2001. The severity rating on fruit that was unbagged the entire time was 0.07 for Natal and 0.04 for Valencia. On fruit
bagged the entire time, black spot severity ratings were 2.55 and 2.31 for Natal and Valencia, respectively.
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TABLE 1 - Linear regression analysis of the effect of weekly average temperature, total hours of leaf wetness and
rainfall amount on number of Guignardia citricarpa ascospores captured and between the same effects and weather
factors on  number of ascospores or disease severity of Natal and Valencia sweet orange (Citrus sinensis)

Ascospores captured

Slope (b) R
2

PFactor

Natal Valencia Natal Valencia Natal Valencia
Temperature 89.18 42.34 0.03 0.01 0.45 0.63
Leaf wetness 100.88 49.83 0.24 0.19 0.03 0.07
Rainfall 0.39 0.78 0.002 0.02 0.84 0.52

Disease severity

Slope (b) R
2

PFactor

Natal Valencia Natal Valencia Natal Valencia
Temperature -3.00 -1.84 0.21 0.15 0.05 0.11
Leaf wetness 0.67 0.61 0.05 0.16 0.33 0.10
Rainfall 0.08 0.04 0.51 0.48 <0.01 <0.01
Ascospores 15.56 15.92 0.04 0.04 0.39 0.39

crotalariae (Coos) Bell & Sobers (Rowe & Beute, 1975).
As with Mycosphaerella citri Witheside, ascocarp
development requires extended periods of wetting and drying
(Mondal & Timmer, 2002). However, as with most of the
other Ascomycetes, ascospores may be released quickly with
minimal amounts of wetting once mature.

Ascospore release by G. citricarpa in South Africa
occurs from November to March during the rainy season
with the highest numbers in December to January. In lemon
orchards in Argentina, the peak of ascospore production also
occurs in December to January (Fogliata et al., 2001).
Previous work (Goes & Feichtenberger, 1993) indicated that
ascospores were produced from October to June in Brazil.
In our study, comparatively low to moderate numbers were
produced from October to March with peak ascospore
production in January and February in both orchards.

In our study, the number of ascospores captured was
not related to temperature or to total rainfall during the week,
but was related to the duration of leaf wetness. In that respect,
G. citricarpa behaves similarly to M. citri (Whiteside, 1974;
Mondal & Timmer, 2002). Even a small amount of rain
triggers release of ascospores and at least some ascospores
continue to be released as long as the leaves are moist. There
was no relationship to total rainfall because a small amount
of rain triggers release of ascospores and additional rainfall
produces no more spores.

The severity of the disease did not vary greatly during
the 18 weeks of the study. The low amount of infection in
the first two weeks may have been due to the earlier benomyl
application. The amount of disease was strongly related to
rainfall which is logical since rain is needed to trigger
ascospore release. However, there was no significant
relationship between ascospore release and rainfall amount.
Severity was weakly and negatively related to temperature,
but that relationship is probably due to the negative
relationship between temperature and rain. Even though the
number of ascospores captured varied considerably, there
was no relationship between ascospore numbers and severity.

Similar results were observed in South Africa (Smith, 1996).
Apparently there are sufficient numbers present all summer
to infect fruit if conditions are favorable. Ascospores of G.
mangiferae and G. citricarpa are not distinguishable on
spore trap slides, but G. mangiferae is not commonly isolated
from orchards with black spot in South Africa (Meyer et
al., 2001). Thus, we presume that most of the ascospores
captured in the groves that were severely infected with black
spot were those of G. citricarpa. However, we cannot
preclude the possibility that sufficient ascospores of G.
mangiferae were present at times to confuse the relationship
between ascospore numbers and disease severity.

In this study, we hoped to define periods of the year
when fruit was less susceptible, conditions were less
favorable, or ascospores were unavailable in order to advise
growers how to more effectively time fungicide applications.
Fruit in South Africa is considered to be susceptible for four
to five months after petal fall (Kotze, 1964, 2000). In Brazil,
fruit appeared to be susceptible for at least that long, since
our study continued for at least five months after petal fall.
The results of evaluations with copper fungicides indicated
that at least one preventive spray a month is needed to control
black spot in Brazil (Reis et al., 2003). When fungicide
applications were omitted in monthly spray programs, black
spot was slightly more severe when sprays were omitted in
November than when sprays were omitted in March or April.
However, it appears that some infection occurs throughout
the spring and summer and we did not succeed in identifying
key periods when fungicide sprays may be reduced or need
to be intensified.

Additional studies should be conducted to determine
the patterns of spore release and infection under other
conditions. It would be valuable to do similar studies in
drier areas in northern São Paulo, cooler regions in
southeastern São Paulo, or other areas further south.
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