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ABSTRACT

Fusarium oxysporum is a devastating pathogen which causes huge economic losses to
several crops including cucurbits. F. oxysporum has different formae speciales (f. sp.)
which have similar morphological characters, but in general they are host-specific. The f.
sp. of F. oxysporum pathogenic to cucurbits are mostly host-specific and distinguished on
the basis of host species. However, some exceptions to the concept of host specificity of the
f. sp. are there, where cross-pathogenicity exists in the formae specials infecting
cucurbits. Mostly, the f. sp. of F. oxysporum is not pathogenic to single host plant only, but
is also able to infect other plants in the family cucurbitaceae. However, aggressiveness of
cross-pathogenicity may vary according to the host plant it infects.

Fusarium oxysporum which is a soil-borne phytopathogenic fungus has gained great attention in
the recent years owing to its wide host-range as well as the economic losses it causes to a variety
of crops (Khan et al., 2017; Shahid, 2023). Cucurbits are one of the oldest and economically
important vegetable crops (Wehner and Guner, 2004) and are rich in minerals, vitamins and
dietary fibre. Fusarium wilt disease caused by F. oxysporum is considered as one of the most
devastating disease of cucurbits causing significant losses to cucurbits all over the world (Shahid
et al., 2023). The most economically important crops of the cucurbitaceae family attacked by this
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pathogen are muskmelon, watermelon, cucumber, bottle guard, bitter gourd, pumpkin, squash
etc.

Generally, F. oxysporum shows high functional as well as genetic diversity (Steinberg et al.
2016). The strains which have similar host-ranges are grouped in to intraspecific groups, known
as formae speciales (f. sp.). Each wilt disease of the plant species in the family cucurbitaceae is
due to different formae speciales (f. sp.) of F. oxysporum. Even though all the f. sp. of F.
oxysporum are morphologically similar, but host-specificity is present in them. On the basis of
virulence on a specific host/group of hosts, F. oxysporum is further divided into different formae
speciales. For e.g. the formae speciales that attack cucumber is F. oxysporum {. sp. cucumerinum,
muskmelon is F. oxysporum f{. sp. melonis, bitter gourd is F. oxysporum f{. sp. momordicae, bottle
gourd is F. oxysporum {. sp. lagenariae, watermelon is F. oxysporum {. sp. niveum, etc.

The concept of formae speciales was first emerged to differentiate the strains of the fungus
named Puccinia graminis revealing similar morphological features/characters but dissimilar
host-ranges. Hence, this new rank was titled as the “spezialisierten formen” (Eriksson 1894).
Later in 1940, Snyder and Hansen described 25 “biologic forms” within the pathogen, F.
oxysporum according to their host-ranges. Later, Gordon (1965) designated these forms of
pathogenic strains of F. oxysporum as the formae speciales or f. sp. The narrow host specificity of
the fungus has led to formae speciales concept, each formae speciales grouping strains with the
similar range of host (Edel-Hermann and Lecomte, 2019). Differentiation of F. oxysporum into its
formae speciales (f. sp.) is based on their host-range which is usually limited to either one or a
very few plant species, and at present >150 formae speciales in F. oxysporum have been
designated (Michielse and Rep, 2009). Virulence genes or even the entire chromosomes can go
through horizontal transfer which confers host-specific virulence or host-specific pathogenicity
(Mehrabi et al., 2011). In some cases, the pathogenic specificity is governed by the specific
genes which encode for “virulence factors” which are the determinants of host, e.g. secreted
proteins (called effectors) as well as enzymes that are involved during the synthesis of toxins
which are host-specific (van der Does and Rep, 2007).

In the beginning, the host range was limited to only a single plant species, but later on it was
reported to be of wide range for several of the formae speciales. Each strain of the pathogen
exhibits selective pathogenicity or virulence to a more/less narrow host-range. Those strains
which have the similar limited host-range, usually single plant species, are clustered into
a “formae speciales” such as formae speciales lycopersici which is particularly restricted to
strains causing Fusarium wilt of tomato, similarly, those strains of F. oxysporum which is
responsible for banana wilt belong to the formae speciales cubense. In cucurbits also, the
formae speciales (f. sp.) of F. oxysporum are distinguished by their capability to cause wilt
disease in a restricted taxonomic range of the host plants.

Although the formae speciales (f. sp.) of F. oxysporum are host specific, but exceptions to this
concept of formae speciales have been found in the formae speciales of F. oxysporum pathogenic
to cucurbits. This is called as cross-pathogenicity or cross-infectivity. It means that a single {. sp.
can infect more than one plant species of the same family. To our present knowledge, half of
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the f. sp. discovered so far, each is pathogenic to single host plant only, whereas the other half {.
sp. comprises of those strains whose specificity of interaction is much widespread which leads to
the cross-pathogenicity. Cross-pathogenicity phenomena may also be explained through
horizontal gene transfer. Horizontal gene transfers among both pathogenic strains and non-
pathogenic strains of F. oxysporum has already been demonstrated and confirmed under the
controlled conditions, and revealed that competition among the populations of F.
oxysporum near the root surface in the rhizosphere of host plant provides suitable conditions for
these horizontal gene transfers.

Cross-pathogenicity of the specific isolates of F. oxysporum to host species besides their major
hosts has been described for the formae speciales pathogenic to cucurbits. Some cross
pathogenicity studies were conducted by Mc Millan (1986) through which it was demonstrated
that F. oxysporum isolates that were isolated from the wilted plants of cucumber in the Bahamas
were also pathogenic to watermelons and muskmelons. Kim et al. (1993) found that F. oxysporum
f. sp. cucumerinum, the causal pathogen of cucumber wilt was also pathogenic to melon mainly at
the seedling stage. Cafri et al. (2005) reported cross-pathogenicity of F. oxysporum f{. sp.
cucumerinum on melon. Martyn and McLaughlin (1983) have noted that few isolates of F.
oxysporum f{. sp. niveum also infected some summer squash cultivars. Gerlagh and Blok (1988)
found that F. oxysporum f. sp. melonis was also pathogenic to the cucumber plants. The {. sp.
momordicae of F. oxysporum, which causes balsam pear wilt was also revealed to cause wilt
disease in pumpkins, malabar gourds and bottle gourds (Namiki et al., 1992). Najafina and
Sharma (2009) reported that F. oxysporum strains isolated from wilted plants of melon or
cucumber were highly pathogenic on their original host species and less aggressive on other
hosts, while the symptoms of cross pathogenicity revealed that melon plants showed less
harmful symptoms due to attack by F. oxysporum f. sp. cucumerinum but high cross-
pathogenicity of F. oxysporum f. sp. melonis was observed on cucumber plants which showed
destructive disease symptoms.

Molecular identification of formae speciales (f. sp.) of F. oxysporum would preferably target the
pathogenicity-related genes. Even though knowledge on these aspects i.e. genetic determinants
was limited, but it has substantially upgraded during the last few years. Whole genome
sequencing of fourty five strains of F. oxysporum was performed by van Dam et al. (2016) to
distinguish  the formae speciales melonis, niveum, cucumerinum, radicis-cucumerinum,
and lycopersici based on their effector pattern. Genomic comparison studies of whole formae
speciales genomes was conducted in 2018 by van Dam et al. by extracting candidate effectors
from eighty-two genome assemblies on the basis of which he differentiated seven formae
speciales which infect the family cucurbitaceae and concluded that the effector repertoire of
each of the {. sp. likely determines host specificity.

CONCLUSION

F. oxysporum is regarded as fifth important plant pathogenic fungi over the world causing huge
losses to the cucurbit crops. Within the F. oxysporum species complex, a large number of formae
speciales are present that infect several different hosts leading to vascular wilt disease. The
status of formae speciales was designated on the basis of its specificity to be exclusively
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pathogenic on a particular host and not at all infecting the closely related hosts. However, in
cucurbits, most of the formae speciales have a unique ability to infect other hosts of the same
family which is called as cross-pathogenecity. It is important to have the information of cross-
pathogenic isolates of F. oxysporum for better disease management. Molecular studies and
whole genome sequencing of the pathogen F. oxysporum offer promising visions into the
evolution and diversity of F. oxysporum pathogenicity for several large-scale projects in future
which will definitely improve its host range identification and help in management of Fusarium
wilt disease.
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