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The conidia formation of several Fusarium species
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Abstract - Four strains of several species of the genus Fusarium: F. culmorum, F. sambucinum and F. verticillioides were 
investigated from the morphological and cultural point of view. To carry out the study two techniques were used: light mi-
croscopical and cryogenic scanning electron microscopical observations. The conidiogenous cells formation of all fungi took 
place inside of false heads from one conidiophore or more. The branched monophialides emerged from the degradation of 
false heads. Hypothetically F. culmorum and F. sambucinum no formed microconidia, what was observed that immature 
conidia in the substrate were consequence of the destruction of the false heads by a bad manipulation of the samples later 
of their processing. Sporulation of all strains was carried at the water activities of 0.995, 0.98 and 0.95 at both tempera-
tures. The formation structure did not change with the temperature and the water activity of the strains but it was observed 
that increasing the value numeric of these abiotic factors their development was faster.
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INTRODUCTION

The geneneric concept of Fusarium was first diagnosed in 1809 
by Link with the primary character being the presence of the 
distinctive canoe- or banana-shaped conidia well know to all 
researchers with eve a passing acquaintance with the genus 
(Leslie and Summerell, 2006).
 The genus Fusarium contains over 66 species. Cultural 
characters for identification of species or this genus are princi-
pally shape and septa of macroconidia but presence or absence 
of microconidia, chlamydospores, circinate hyphae, production 
of crystals in the media, the ability of produce sclerotial-like 
structures, production of mesoconidia and the existence of 
sexual stage, are other characters could help to complement 
the characterization of the strains species.
 Identification of Fusarium species is difficult due to great 
variation in morphological characteristics. Traditional studies 
of cultural characteristics in basic media, microscopic observa-
tion of the different reproductive structures and their conidia 
as well as the presence or absence of the other morphological 
structures have allow the identification and classification of 
the species until they appeared the molecular techniques. By 
means of these investigations a better classification has been 
possible but it is essential to complement with the classical 
techniques.

 Actually many of the Fusarium species currently used in 
taxonomic systems are poorly defined and type specimens 
may not even exist. These descriptions probably could not be 
published today as they would not satisfy the requirements of 
the International Code of Botanical Nomenclature because the 
descriptions are vague or poorly defined, but they have been 
conserved due to priority and their wide usage (Leslie and 
Summerell, 2006).
 In recent year equips of microscope observations have 
been evolutioned. The application of cryogenic scanning elec-
tron microscopy in previous researches carried in the labora-
tory of the Fungal Diversity Collection of Valencia Region have 
allowed the knowledge of new morphological aspects of the 
fungi not described previously (Sempere and Santamarina, 
2008). 
 Fusarium culmorum (W.G Smith) Saccardo (sexual stage 
no known), Fusarium sambucinum Fükel sensu stricto (tele-
omorph Gibberella publicaris (Fries) Saccardo var. publicaris) 
and Fusarium verticillioides (Saccardo) Niremberg (tele-
omorph Gibberella moniliformis Wineland) are species com-
monly associated with cereals causing crop damages of differ-
ent consideration.
 The objectives of this study were (1) the comparison of 
the growth of the different strains at different temperatures 
and water activities (2) to examine the conidia’s formation of 
F. culmorum, F. sambucinum and F. verticillioides by means of 
light microscopy and cryogenic scanning electron microscopy 
and (3) the study of sporulation at different temperatures and 
water activities.
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MATERIALS AND METHODS

Microorganisms and culture medium. Strains of Fusarium 
culmorum, Fusarium sambucinum and Fusarium verticillioides 
were isolated at the laboratory of Agroforest Ecosystems of 
the School of Rural Environments and Enology from samples of 
rice grains collected from different rice fields and cooperatives 
of the main rice producing areas in Valencia. All fungal species 
were kept in Potato Dextrose Agar (PDA).
 The synthetic medium used for the ecophysiological assay 
was Rice Extract Agar (REA) similar to rice composition with a 
pH of 5.5. To adjust the medium to the different water activi-
ties required, the substrate was modified by adding different 
amounts of glycerol (Sempere and Santamarina, 2006a). 

Identification of fungal strains. The samples were identi-
fied at the laboratory of Fungal Diversity Collection of Valencia 
Region by means of classical and molecular techniques.

Fungi cultural characterization. Plates with the same water 
activities (aw) were placed in water impermeable plastic con-
tainers together with two 100 ml beakers containing a glycerol 
water solution with an equilibrium relative humidity value 
identical to the aw of the plates (Sempere and Santamarina, 
2007). In this way, equilibration to the target aw levels was 
achieved within 24 h, maintaining a constant relative humid-
ity inside the Petri plates and also controlling the aw of the 
substrate.

Disks of 9 mm diameter were cut out from actively grow-
ing pure cultures of the colonies of the isolates used in this 
study on PDA at 25 °C. The mycelial fragments were placed in 
the centre of 90 and 150 mm Petri plates containing REA. The 
samples were maintained during a period of 60 days.

In total 10 conditions were tested combining five water 
activities (0.85, 0.90, 0.95, 0.98 and 0.995) and two tem-
peratures (15 and 25 °C).
 The growth was measured after 5 days at intervals of 24 h 
according to the method described by Sempere et al. (2007). 
To calculate the growth rates (mm·day-1) a linear regression 
of the radius (mm) as opposed to the time (days) was carried 
out. The computer software used was Microsoft Excel 2003.

Morphological study. After the cultural and morphological 
study in conventional media of the filamentous fungi they 
were examined in REA medium. Light Microscopy and Cryo-
Scanning Electron Microscopy techniques were used to ana-
lyse the isolates of F. culmorum, F. sambucinum and F. verti-
cillioides at different temperatures (15 and 25 °C) and water 
activities (0.95, 0.98 and 0.995).
 For the light microscopy, dual microculture technique was 
carried (Sempere and Santamarina, 2006b, 2007). For the 
Cryo-SEM analysis of the samples, the species were inocu-
lated at the same procedure of microculture technique but 
without coverslip. 
 To maintain the levels of water activity, filter paper disks 
impregnated with different water levels (0.995, 0.98 and 0.95 
aw: 2.5, 11 and 23.5 g glycerol/100 mL distilled water) were 
aseptically placed on the Petri plates.

After the incubation period, the squares of REA medium 
were mounted on a stub and were frozen in liquid nitrogen. 
Its were subsequently sublimed at -90 °C for 15 min, covered 
with gold for 30 s, and visualized by scanning microscope at 
10 kV. The type of signal detected for this microscope was 
secondary electrons.

Microscopic examination of samples grown alone was per-
formed 7-30 days after inoculation depending on the water 
activity and temperature assayed.

RESULTS 

Ecophysiological study
Maximum growth rate of F. verticillioides grown alone occurred 
at a temperature of 25 °C and 0.995 aw. The growth colony was 
of 5.16 mm day-1 (Fig. 1).
The minimum amount of water activity producing growth in 
REA occurred at 0.90 aw. Although initially development was 
not registered at 0.95 aw and 15 °C, and at 0.90 aw at both 
temperatures, it was observed during the eight testing weeks.

Fusarium culmorum registered the maximum growth of the 
three strains followed by F. sambucinum and F. verticillioides in 
all conditions assayed (Tables 1 and 2). Only the numeric value 
registered for growth of F. sambucinum was bigger than the 
value of F. culmorum at 0.90 aw at 25 °C. At the same condi-
tions but with other substrate – rice - the development of the 
species was the same in order, but with different growth rates 
(data not shown). 

Similar growth rates of F. verticillioides at 0.98, 0.995 aw at 
15 °C and 0.95 aw at 25 °C were observed (Fig. 1). 

Single factors (water activity, temperature) had a sig-
nificant effect on fungal growth of F. verticillioides (P < 0.01) 
(Table 3). 

Cultural characterization
Fusarium culmorum formed filamentous colonies of different 
reddish-orange shades at the temperatures and water activities 
assayed. Whitish-pink to orange cotton-like aerial mycelium, 
more abundant at high water activities -0.98 and 0.995 aw. 
The development of the tested strains at 0.95 aw was more 
irregular with the margin lobulated. Occasionally, this strain 
generated a whitish exudation. Reverse of the strains were 
reddish to pink (Fig. 2).

Unlike of F. culmorum, F. sambucinum showed orange colo-
nies. At 0.95 aw and 25 °C, when the colony matured, it was 
transformed the orange to brownish-blackish colour. Meanwhile 
at the same water activity at 15 °C and at both temperatures 
at 0.98, the shade of the colonies were increased in their colo-
ration. Whitish cotton-like aerial mycelium more abundant at 
0.98 aw and both temperatures. Reverse of the colonies orange 
to brown. Occasionally, the mature colonies generated a whit-
ish exudation (Fig. 3).
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FIG. 1 - Temperature-dependent influence of water activity on 
the growth rate of Fusarium verticillioides grown indi-
vidually in Rice Extract Agar.
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 Scarce and whitish aerial mycelium and colonies of different 
pink shades were the macroscopic characters observed when 
the colonies were analysed F. verticillioides at the different 
temperatures and water activities (Fig. 4).

Morphological characterization and formation of conidia of 
Fusarium species
Sporulation of all strains of the three species F. culmorum, F. 
sambucinum and F. verticillioides was observed at all water 
activities and temperatures assayed (Fig. 5, 6, 7, 8, 9, 10, 11). 
Morphological analysis of filamentous fungi was discarded in this 
study for water activities of 0.85 and 0.90 since the development 
of the strains was null or minimal after testing period.

The monophialides’ formation of F. culmorum was produced 
inside of the globose or subglobose false heads with a size of 6.9 
μm (Fig. 6A and 6B). The false heads development took place 
from one conidiophore (Fig. 5A, 5B, 5C and 5D) or two (Fig. 6E, 
6F (see the indicator) and 6G).
 At first the false heads often appeared coiled around of the 
hypha of the conidiophore and they were unrolled at the same time 
that they increased their size until all structure was straight (Fig. 
6A, 6B, 6C, 6E and 6G). Finally the false heads’ wrappers broke 
down by the pressure exerted by the monophialides and the conidia 
with different degree of development (Fig. 5C, 5E, 5F and 6H).
Conidia’s apical cells of F. culmorum usually are rounded but in 
some isolates it is slightly papillate which can lead to confusion 
with those of F. sambucium. The four isolates of F. culmorum 
showed an apical cell slightly papillate but the upper growth 
rate of these strains confirmed with other analysis that the iso-
lates were F. culmorum. In the studied samples usually 3 or 4 
numbers of septa were shown by conidia, occasionally 5. The 
strains formed chlamydospores smooth-walled, singly, in clumps 

or chains. The microscope observation of F. culmorum showed 
seldom the formation of conidiophore into the false heads.

The formation of conidiophores of Fusarium sambucinum 
was carried at the same way of F. culmorum (Fig. 7 and 8). In 
this sense, the size of false heads was bigger and their shape 
was sometimes ellipsoidal (Fig. 7B, 7D, 8C, 8D, 9E and 9F) .The 
upper size of F. sambucinum false heads was consequence of 
the intervention of more conidiophores (Fig. 7D and 9E).The 
conidiophores arising as single, later branching sparsely, and 
verticillately branched. 
 Other morphological character that differenced both species 
was that the conidia of F. culmorum were wider that F. sambuci-
num (Fig. 9C and 9D). The different strains of this latter species 
formed smooth macroconidium with 3-5 transversal septa with 
apical cells papillates and basal cells foot-shaped. These filamen-
tous fungi formed smooth chlamydospores in chains and cluster 
in hyphae either on the surface or submerged in the agar (Fig. 
9A and 9B).

Fusarium culmorum and F. sambucinum did not formed 
microconidia. Hypothetically the observation of inmature mac-
roconidia was consequence of the destruction of false head by a 
bad manipulation of the samples. 
 In the aerial mycelium of the strains of Fusarium verticilliodes 
was observed long chains of microconidia emerging of aggre-
gates microconidia and false heads (Fig. 10H, 11D and 11E). 
Sometimes it was difficult to distinguish if the conidia were 
formed in false heads or in aggregates microconidia (Fig. 10C, 
10D, 10E, 10F and 10G 11A, 11B and 11C). The conidiogenus 
cells were formed in branched or unbranched monophialides (Fig. 
10C, 11A, 11B and 11C). An abundant formation of thin-walled 
oval to club shaped usually no septate microconidia also emerged 
of monophialides.

TABLE 1 -  Growth rates of Fusarium culmorum, Fusarium sambucinum and Fusarium verticillioides grown alone at 25 °C and different 
water activities

Water activity Fusarium culmorum Fusarium sambucinum Fusarium verticillioides

0.85 0 0 0
0.90 0.15 0.45 0
0.95 2.7 2.41 2.3
0.98 6.48 5.41 4.8
0.995 9.76 6.7 5.8

TABLE 2 - Growth rates of Fusarium culmorum, Fusarium sambucinum and Fusarium verticillioides grown alone at 15 °C and different 
water activities

Water activity Fusarium culmorum Fusarium sambucinum Fusarium verticillioides
0.85 0 0 0
0.90 0 0 0
0.95 1.48 1.41 0
0.98 3.98 2.88 1.6
0.995 6 3.13 2.3

TABLE 3 - Analysis of variance of the growth rate of Fusarium verticillioides; significance of water activity (aw), temperature (T) and 
their interaction (aw x T) 

Factor DF MS F-ratio P-value
aw 4 793.392 51.99 0.0000**
T 1 1618.81 106.07 0.0000**
aw x T 4 333.833 21.87 0.0000**

DF: Degrees of freedom. MS: Mean squares. **Indicates that the factor elicited a significant effect (P < 0.01).
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FIG. 3 - Fusarium sambucinum´s colonies after 8 weeks of growth at 25 °C and at different water activities. Row A: 25 °C. Row B: 
15 °C. * 4 weeks of growth.

FIG. 4 - Fusarium verticillioides´ colonies after 8 weeks of growth at 25 °C and at different water activities. Row A: 25 °C. 
Row B: 15 °C.

FIG. 2 - Fusarium culmorum´s colonies after 8 weeks of growth at 25 ºC and at different water activities. Row A: 25 ºC. Row B: 
15 ºC.
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FIG. 5 - Light micrographs showing the conidia´s formation of Fusarium culmorum at different temperatures and water activities. A, 
B, C: Different degree of formation of conidial false heads. D: Initial rupture of the false head. E: Conidia disposition into the 
false head. F: Detachment of the false head´s wall. G: Disappearance of false head and unrollement of conidiophore   H: 
Conidiophore completely unrolled, where it can be seen some mature macroconidia are scattered in the substrate. X 400.   
White bars: ≈5 μm.
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FIG. 6 - Cryo-scanning electron micrographs showing the conidia´s formation of Fusarium culmorum at different temperatures and 
water activities. A, B,C, D: Initial formation and different development degree of F. culmorum conidiophores from the false 
heads. In these photographs the false heads have been formed from a conidiophore. E, F, G: Formation of false head from two 
conidiophores (see the arrow). G: Straight conidiophore with the conidia still immature. H: Conidiophore completely formed.
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 Fusarium verticillioides in Rice Extract Agar formed long and 
slender scarce macroconidia with a curved apical cell and often 
tapered to a point with a basal cell notched or foot shaped with 
3 or 5 septa. The strains did not form chlamydospores.

DISCUSSION

Formation of false heads with different characteristics in the 
genus Fusarium has been described for over 41 species. The 
presence of false heads in F. sambucinum and F. verticillioides 
has been previously reported but have not been described their 
formation. Anyway this is the primer research with report the 
formation the false heads by F. culmorum.
 Previous studies have detailed the important influence of 
abiotic factors such as aw, temperature on the ability of Fusarium 
species to germinate, grow and produce mycotoxins (Miedaner 
and Perkowski, 1996; Picco et al., 1999; Hope and Magan, 2003; 
Llorens et al., 2004; Sempere et al., 2004, 2007). Previously 
minimal values for growth of F. verticillioides of 0.87 and 0.89-
0.90 aw have been described (Woods and Duniway, 1986; Marín 
et al., 1995, 1998; Pitt and Hocking, 1999). 

Just like that F. verticillioides, Sempere et al. (2004, 
2007) reported the same maximum growth at 0.995 aw and 
25 °C for the other rice Fusarium sp., Fusarium culmorum 
and F. sambucinum, grown individually and jointly others 
strains. Velluti et al. (2000) obtained the highest growth 
rate for F. verticillioides at 0.98 aw and 25 °C on maize but 
this water activity was the maximum value experimented. 
 Fusarium culmorum may be confused with F. sambucinum 
or F. crookwellense, as all can be isolated from similar hosts and 
climatic regions (Leslie and Summerell, 2006). 
 According Wagacha and Muthomi (2007) cereal fusaria do 
not form microconidia, except under certain cultural conditions, 
and are generally distinguished on the basis of morphology 
of the macroconidia. The formation of microconidia has been 
reported for F. sambucinum by Leslie and Summerell (2006) 
but no for Samson et al. (2004). These researchers and others 
not reported microconidia formation for F. culmorum. On the 
other hand all researchers coincide with the formation of conidia 
of F. verticillioides. This investigation reported the formation of 
microconidia only for F. verticillioides.
 In this study it was observed that the rupture of the false 
heads was carried by the pressure exerted by the growth of the 

FIG. 7 - Light micrographs showing the conidia’s formation of Fusarium sambucinum at different temperatures and water activities. A, B: 
False heads at different development degrees. C: It can be seen the wall’s structure of the degraded false head where it’s emerge 
the macroconidia. D: Conidiophores without false head where it can be seen the conidia at different development degrees. 
White bars:≈5 μm.
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conidia and phialides. However others factors may be involved: 
fungi metabolites, etc. In addition it was suggested that the 
number of conidiophores in the formation of the false heads a 
differential character between species.

The application of this technical allow to find characters 
of Fungi Kingdom so far not described for other researchers 
and it is less tedious that other techniques employed actu-
ally (Sempere and Santamarina, 2007; 2008). The technical’s 
problem is what the sample has to handle with precaution and 
low voltage. 
 Nevertheless, more assays over the genus Fusarium are 
necessary for a right classification and characterization of its 
species.
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water activities. A, B, C: Initial formation and different development degrees of false heads. D: Long chains of microconidia 
emerging of two false heads. E: General prospect of development of  F. verticillioides.
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