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in Curvularia and Bipolaris species isolated from the air
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Abstract Fungi are the cause of numerous plant
diseases. Leading plant pathogens include various
species of the genera Curvularia and Bipolaris. In this
study of 21 airborne isolates, seven species with
pathogenic potential for rice crops were identified
(Curvularia aeria, Curvularia clavata, Curvularia
pallescens, Curvularia trifolii, Bipolaris australiensis,
Bipolaris hawaiiensis and Bipolaris sorghicola). For
all isolates, optimum temperatures for mycelial
growth and germination of conidia were determined
over the 1040 °C range. All strains were mesophilic,
and optimum temperatures for germination of conidia
lay within the range favourable for colony growth. In
addition to their practical application in protecting the
rice crop, these findings are of ecological interest in
that they improve awareness of the aeromycological
biodiversity of the study area.
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1 Introduction

Since rice (Oryza sativa L.) is a staple cereal and a
major component of the daily diet in Cuba (Barrios
and Pérez 2005), it is essential to minimise damage to
rice crops. The chief fungal pathogens affecting rice
are dispersed via the airborne route; characterisation
of the aerial ecosystem in rice-growing areas is
therefore a valuable tool for integrated rice disease
management (Almaguer et al. 2011).

A number of fungi have been identified as rice
pathogens (Estrada and Sandoval 2004); leading
pathogens include various Curvularia and Bipolaris
species (Cardona and Gonzalez 2008), such as Curvu-
laria aeria, C. affinis, C. brachyospora, C. clavata,
C. eragrostridis, C. lunata, C. pallescens, C. trifolii,
Bipolaris australiensis, B. hawaiiensis, B. oryzae and
B. sorokiniana, as well as species belonging to other
genera including Drechslera spp, Exserohilum spp.
and Alternaria spp. (Cardenas et al. 2003). These fungi
can directly affect the growing grain, giving rise to
so-called “pecky grain” or “kernel spotting,” and may
also affect other parts of the plant, thus facilitating the
transmission and spread of the pathogen to the whole
crop. Adverse effects include impaired seed germina-
tion, reduced seedling size and vigour, lower number
of grains per head, and the formation of broken and
chalky grains (Barrios and Pérez 2005).

Airborne Curvularia and Bipolaris spores have
been recorded in various tropical and subtropical
ecosystems (Picco and Rodolfi 2002; Picco et al. 2004;
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Sharma 2010). In Cuba, Curvularia is one of the main
fungal rice pathogens, causing seedling blight, panicle
blight, leaf spot and seed spot (Neninger et al. 2003;
Estrada and Sandoval 2004).

Prior to the development of fungal disease in a crop,
spores must be released, dispersed and deposited on
the substrate; later, if environmental conditions are
favourable, spores will germinate in the affected areas,
forming infective structures (Agrios 2005). Temper-
ature plays a key role in the germination of conidia and
in subsequent mycelial growth, and thus influences
both the onset and the severity of plant diseases. In
many species of filamentous fungi, high temperatures
(>25 °C) stimulate enzyme activity and favour the
development of germ tubes and infective structures
(Freire et al. 1998; Webster and Weber 2007). This is
one reason why pecky grain is one of the most
widespread fungal rice diseases in Cuba.

This study of airborne isolates identified potentially
pathogenic species belonging to the genera Curvularia
and Bipolaris, and determined optimum temperatures
for colony growth and germination of conidia.

2 Materials and methods
2.1 Biological material

Sampling for airborne fungal spores was carried out in
a paddy field in Bauta (Cuba) in 2007, using a Surface
Air System (SAS) air sampler. A total of 21 isolates
were selected, five belonging to the genus Bipolaris
(B1 to B5) and sixteen to the genus Curvularia (C1
to C16). These strains are part of the fungal culture
collection maintained by the University of Havana
Biology Faculty (CCFB), storage under mineral oil.

2.2 Identification of isolates

Isolates of the two genera were identified according to
criteria suggested by Ellis (1971), Sivanesan (1987)
and Mena (2004). Species differentiation was based on
colony morphology and analysis of morphobiometric
characteristics including distribution of conidia on
conidiophores, size, shape, colour, texture and number
of septae. In all cases, observations were made on
fresh preparations of young and mature areas of
colonies (Rashid 2001; Cardona and Gonzalez 2008;
Motlagh and Kaviani 2008).
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2.3 Optimum temperature for mycelial growth

A single 4-mm plug cut from the young area of culture
dishes that had been incubated for 4 days at 30 °C
was placed upside down in the centre of a new
90-mm Potato Dextrose Agar (PDA) plate. Plates were
incubated for 7 days at a range of temperatures (10,
20, 25, 28, 30, 32, 35, 37 and 40 °C); three replicate
dishes were prepared for each treatment. Growth was
quantified by measuring colony diameters at 7 days
(Taylor and Khan 2010).

2.4 Optimum temperature for germination
of conidia

The 21 isolates were cultured in tubes containing
Potato Dextrose Agar (PDA) and incubated at 30 °C
for 7 days. Conidia were then harvested, suspended
in 5-ml saline with 0.05 % Tween 80®, vortexed and
resuspended in sterile distilled water. Suspensions
were then incubated at different temperature (10, 20,
25, 28, 30, 32, 35, 37 and 40 °C) for 24 h. Percentage
germination was determined by counting total spores
and germinated spores in ten visual fields of 50 pl of
each suspension. A conidium was considered to have
germinated if it had a germ tube at least as long as the
smallest diameter of the conidium (Yeo et al. 2003).

2.5 Statistical analysis

Data for colony radial growth at different temperatures
were tested for normality (Kolmogorov—Smirnov) and
equality of variance (Bartlett). A one-way ANOVA
was used to test for significant differences in radial
growth for the same strain at different temperatures,
and means were compared using a Tukey test.
Differences in conidial germination rates for the same
strain at different temperatures were examined by
means of the percentage comparison test. All tests
were carried out using the STATISTICA v. 6.0
software package for Windows.

3 Results

Four Curvularia and three Bipolaris species were
identified. Table 1 shows morphological characteris-
tics for Curvularia trifolii (Kauffman) Boedijn (7
isolates), C. aeria (Bat. J. A. Lima and C. T. Vasconc)
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Table 1 Morphological characteristics of conidia of the identified species of the genus Curvularia

Species/strains Hilum Conidia shape Colour of central cells  Colour of end Size (um)

cells
C. trifolii Protuberant Curved/clavate Brown/dark brown Subhyaline or 23-28,
Cl1, C2, C3, C4, C5, pale brown 2 x 11-15
C8 and C13

C. aeria Scarcely protuberant Curved Brown/dark brown third Light brown 18-26,

C6. C12. C14 and C16 and truncated cell darker 3 x 8-12

C. clavata Scarcely protuberant Straight/clavate Brown/dark brown Basal cell paler 1520 x 7-11

C7 and C15 and truncated

C. pallescens Scarcely protuberant Straight or Pale/pale brown Pale/pale brown  20-26,
slightly curved 3 x 810

C9, C10 and C11

(4 isolates), Curvularia clavata B.L. Jain (2 isolates)
and Curvularia pallescens Boedijn (3 isolates). All
isolates displayed smooth, mostly three-septate con-
idia; the central septum was not thickened or situated
in the medial portion of the conidium. Table 2 shows
morphological characteristics for the three Bipolaris
species identified: B. australiensis (M. B. Ellis) Tsuda
and Ueyama (2 isolates), Bipolaris hawaiiensis (M.
B. Ellis) Uchida & Ueyama (2 isolates) and Bipolaris
sorghicola (Lefebvre and Sherwin) Alcorn (1 iso-
lates). All species had smooth conidia.

Colony radial growth for Curvularia strains at
different temperatures is shown in Fig. 1. The opti-
mum temperature ranges for growth of C. trifolii, C.
aeria and C. pallescens were 25-35 °C, 20-35 °C and
25-30 °C, respectively. C. clavata strain C7 displayed
significantly greater growth at 28 °C than at the other
temperatures tested, whilst strain C15 of the same
species attained optimum growth at between 25 and
35 °C. None of the colonies exhibited radial growth at
40 °C, except C. aeria strains C12 and C16, and to a
lesser extent C. clavata strains C7 and C15, although
growth in the latter (3—7 mm) was significantly lower
than at the other temperatures.

For the two B. australiensis strains, growth was
significantly greater at 30 °C than at the other
temperatures tested (Fig. 2), whilst the optimum
temperature range for the growth of B. hawaiiensis
strains was 30-35 °C for Bl and 25-32 °C for B4.
Bipolaris sorghicola strain B5 displayed significantly
greater growth at 28 °C than at the other temperatures
tested.

Conidial germination rates for Curvularia strains at
different temperatures are shown in Table 3. For all

strains, the highest germination rate was observed
at 28 °C, rates being statistically higher than those
recorded at the other temperatures tested; the only
exceptions were the three strains of C. trifolii (C3, C4
and C13) which displayed optimum germination
temperatures of 37, 30 and 32 °C, respectively.

Conidial germination rates for B. hawaiiensis and
for B. australiensis strain B3 also peaked at 28 °C,
whilst the optimum temperature for germination in
B. australiensis strain B2 was 30 °C. The maximum
germination rate in B. sorghicola was recorded at
20 °C (Table 4).

4 Discussion

There have not been many aerobiological studies
linked to rice growing in Cuba, and no reports have
hitherto been published on potential airborne patho-
gens in rice agroecosystems, even though it is clear
from the literature that conidial dispersal takes place
largely through the airborne route and that these fungal
species are major pathogens for cash crops.

Of the Curvularia species identified in this study,
the most abundant was C. trifolii (7 isolates), which is
commonly found on a wide range of plants and in
various ecosystems; in Cuba, it has been isolated on
the leaves of Clusia rosea, the seeds of Rottboellia
cochiniensis, the leaves and seedlings of Saccharum
oficinarum and the leaves of Zea mays (Mena 2004).
Neninger et al. (2003) also report C. trifolii, C.
pallescens and C. clavata as part of the pathogenic
mycobiota in rice crops.
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Table 2 Morphological characteristics of the identified species of the genus Bipolaris

Species/strains Hilum Distosepta Conidiophores Size (pm)
B. australiensis Scarcely protuberant (2-5) Not branched 20-21 x 5-8
B2, B3 Truncated Predominate 3
B. hawaiiensis Scarcely protuberant 2-7 Not branched 24-27 x 5-8
Bl1, B4 Truncated Predominate 5 Geniculated
B. sorghicola Scarcely protuberant 3-9) Not branched 55-75 x 12-17
BS Predominate 7 Secondary conidiophores
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Fig. 1 Growth species of the genus Curvularia in PDA medium at different temperatures

Curvularia aeria (4 isolates), a plurivorous species,
has been isolated in the air and on various plants in the
tropics, including several gramineae; in rice, it causes
seed discolouration. Curvularia pallescens (3 isolates)
is a cosmopolitan fungus classified as a saprobe
and minor pathogen on various gramineous hosts,
including several cereals (Mena 2004). Estrada and
Sandoval (2004) first reported C. trifolii, C. aeria and
C. pallescens as the cause of leaf spot and seedling
blight in rice in Cuba, whilst Huang et al. (2005) have
identified C. trifolii and C. pallescens as the causal
agent of leaf spot in China.
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The main hosts of C. clavata (2 isolates) are Oryza,
Saccharum, Sorghum, Tripogon and Zea; it has been
reported as the cause of various diseases in Oryza
sativa and Sorghum spp (Niaz and Dawar 2009).
Gutiérrez and Manzzanti (2002) identified C. clavata
and C. aeria as causes of pecky grain in Argentina.

The Bipolaris species identified in the present study
have also been reported as plant pathogens by a
number of authors. Bipolaris australiensis (2 isolates)
has been associated with pecky grain (Gutiérrez and
Manzzanti 2002), and has also been isolated in other
gramineae (Jones and Harrison 2004), in a wide range
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Fig. 2 Growth species of the genus Bipolaris in PDA medium at different temperatures

of dicotyledons, in the soil and in the air. It is the cause
of leaf spot in Penisetum glaucum and leaf blight in
Cymbopogon winterianus and is common in seeds
(Mena 2004).

Bipolaris hawaiiensis (2 isolates) is a plurivorous
species causing blight in the seeds and seedlings of a
number of crops (e.g. Oryza sativa, Zea mays,
Saccharum officinarum), although Pratt (2005) does
not consider it a major rice pathogen. In Cuba, it is
reported to cause seedling wilt in S. officinarum at
nursery stage and is often encountered on the leaves
both of this species and of other gramineae (Mena
2004). Both B. australiensis and B. hawaiiensis have
been identified by Cardenas et al. (2003) on rice grains
in Cuban paddy fields.

Finally, although B. sorghicola (1 isolate) has not
hitherto been identified as a rice pathogen, it is a major
cause of disease in sorghum (Islam et al. 2009) and

maize (Farr et al. 2005), and could well spread to other
Ccrops.

Analysis of optimum growth temperatures for the
Curvularia and Bipolaris strains identified disclosed
that all strains were mesophilic in terms of Cooney and
Emerson’s classification criteria (1964): they did not
display optimum growth at high temperatures (40 °C),
and grew at below 18 °C (Salar and Aneja 2007).
Whilst strains of both genera exhibited capacity for
growth between 10 and 37 °C, the optimum temper-
ature for the in vitro growth of Curvularia ranged from
20 to 35 °C, whilst for Bipolaris the optimum range
was from 25 to 35 °C; similar optimum growth
temperature ranges have been reported by Hassikou
et al. (2003) and Freire et al. (1998).

Falloon (1975) notes that temperatures around
30 °C favour the in vitro growth of C. trifolii and that
this is the optimum temperature for the development
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Table 3 Percentage of germination of Curvularia species at different temperatures

Species Strain 10 °C 20 °C 25 °C 28 °C 30 °C 32 °C 35°C 37 °C 40 °C
C. trifolii Cl 10.6 37.6 124 77.8 30.9 65.9 33.7 48.4 0.0
C2 0.0 41.7 333 57.1 333 27.3 333 54.2 0.0
C3 0.0 0.0 333 44.6 22.9 524 28.6 57.1 0.0
Cc4 14 1.8 04 53 34.3 39 39 0.8 0.0
C5 1.0 14.7 0.7 22.5 4.9 18.3 35 17.8 0.0
C38 0.0 45.5 6.0 73.2 17.1 11.9 17.9 25.5 0.0
Cl13 0.0 0.0 63.6 41.9 28.6 70.0 17.9 7.7 0.0
C. aeria C6 55 23.7 18.0 68.8 23.5 10.0 10.0 41.7 0.0
Cl12 7.9 36.8 333 78.6 14.3 20.8 20.8 43.6 0.0
Cl4 2.7 14.1 50.8 63.3 20.7 33 33 10.5 0.0
Cl6 2.3 20.6 3.8 80.3 55.0 28.0 28.0 51.9 0.0
C. clavata Cc7 0.0 22.5 5.9 83.6 94 16.5 144 17.0 0.0
Ci15 5.6 222 234 95.7 33.1 27.1 11.8 79.3 0.0
C. pallescens c9 22 4.8 2.3 42.3 12.5 6.9 19.0 21.7 0.0
C10 0.0 17.1 9.3 90.2 23.1 13.3 38.2 22.8 0.0
Cl11 5.5 12.5 14.5 69.4 31.2 25.0 8.2 21.6 0.0
Table 4 Percentage of germination of Bipolaris species at different temperatures
Species Strain 10 °C 20 °C 25 °C 28 °C 30 °C 32 °C 35 °C 37 °C 40 °C
B. australiensis B2 7.7 11.1 333 63.6 68.9 65.2 64.0 14.3 0.0
B3 2.2 0.7 1.0 53.8 17.3 1.5 8.1 5.1 0.0
B. hawaiiensis Bl 5.5 39.3 43.6 86.1 49.7 48.0 46.6 53.6 0.0
B4 1.3 2.5 39 55.2 12.5 14.9 17.8 19.6 0.0
B. sorghicola B5 7.0 100 46.5 35.6 47.1 61.0 63.2 83.9 0.0

of seed spot in gramineae. Olufolaji (1985) also
reports that the optimum temperature for the growth
of mesophilic C. pallescens strains ranges from 25
to 28 °C. Differences between C. clavata strains C7
and C15 may reflect the fact that the physiological
behaviour of each strain can differ considerably as a
function of the timing of isolate collection, ecosystem
characteristics and the source of the inoculum. Here,
all strains were collected in the atmosphere of an
agroecosystem; as a result, the inoculum source was
both varied and indeterminate. Moreover, isolates
were collected at different times of year, which may
account for variations in the behaviour of some of the
species studied.

Ojeda and Subero (2006) suggest that differences in
the growth of Bipolaris species may also be due to the
use of inocula from different sources. In a study of B.
sacchari strains, Elliotta and Rayamajhib (2008) noted
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maximum growth rates over a range of temperatures
similar to that observed here.

It should be stressed that the optimum growth
temperatures recorded for the species studied are
reached in the study area over most of the year; this
favours the development of these pathogens (Agrios
2005), which thus pose a potential risk for rice crops
both in the field and during post-harvest storage
(Deshmukh and Gawai 2008).

The risk is heightened by the fact that, as the results
of this study showed, the optimum temperature for
conidial germination in most of the species studied
was 28 °C, thus falling well within the range of
optimum temperatures for colony growth. Within the
range of optimum growth temperatures for Curvularia
strains (20-25 °C), conidial germination rates average
around 28 %; at a temperature of 28 °C, however,
germination rates increase to 62 %. Similarly, the
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mean germination rate for Bipolaris conidia in the
optimum temperature range for colony growth
(25-35 °C) is 40 %; germination rates rise to 59 %
at 28 °C.

Once the rice has been harvested, spores from these
fungal pathogens may remain on grains, giving rise to
infective structures favouring the development of
post-harvest diseases, particularly since in Cuba rice is
generally stored at ambient temperature (Neninger
et al. 2003).

A review of the literature suggests that this is the
first study of airborne Bipolaris and Curvularia
isolates; the results are thus likely to be of particular
value. The species studied are taxonomically and
ecologically related and are major crop pathogens
(Pratt 2005; Picco et al. 2004), so their identification
and determination of the optimal conditions for their
development can be a useful tool to implement
phytosanitary measures against these pests.

5 Conclusions

Determining the optimum growth temperature of
the species of the genera Curvularia and Bipolaris
allowed the classification of all strains tested as
mesophilic. The optimum temperature for germination
of conidia of all strains was within the range favoured
the growth, which is a potential risk in the develop-
ment of post-harvest diseases depending on the
conditions storage.
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